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Metallogenesis and Tectonics of the Russian Far East, Alaska, and 
the Canadian Cordillera 

Abstract 

The Proterozoic and Phanerozoic metallogenic and tectonic evolution of the Russian Far East. Alaska, and the Canadian 
Cordillera is recorded in the cratons, craton margins, and orogenic collages of the Circum-North Pacific mountain belts which 
separate the North Pacific from the eastern North Asian and western North American Cratons. The collages consist of 
tectonostratigraphic terranes and contained metallogenic belts which are composed of fragments of igneous arcs, accretionary- 
wedge and subduction-zone complexes, passive continental margins, and cratons. The terranes are overlapped by continental- 
margin-arc and sedimentary-basin assemblages and contained metallogenic belts. The metallogenic and geologic history of 
terranes, overlap assemblages, cratons, and craton margins has been complicated by post-accretion dismemberment and translation 
during strike-slip faulting which occurred subparallel to continental margins. 

Seven processes overlapping in time were responsible for most of metallogenic and geologic complexities of the region. 
(1) In the Early and Middle Proterozoic, marine sedimentary basins developed on major cratons and were the loci for ironstone 
(Superior Fe) deposits and sediment-hosted Cu deposits which occur along both the North Asia Craton and North American 
Craton Margin. (2) In the Late Proterozoic, Late Devonian, and Early Carboniferous, major periods of rifting occurred along the 
ancestral margins of present-day Northeast Asia and northwestern North American. The rifling resulted in fragmentation of each 
continent, and formation of cratonal and passive continental-margin terranes which eventually migrated and accreted to other sites 
along the evolving margins of the original or adjacent continents. The rifting also resulted in formation of various massive-sulfide 
metallogenic belts. (3) From about the late Paleozoic through the mid-Cretaceous, a succession of island arcs and contained 
igneous-arc-related metallogenic belts, and tectonically paired subduction zones formed near continental margins. (4) From about 
mainly the mid-Cretaceous through the present, a succession of continental-margin igneous arcs (some extending offshore into 
island arcs) and contained metallogenic belts, and tectonically paired subduction zones formed along the continental margins. (5) 
From about the Jurassic to the present, oblique convergence and rotations caused orogen-parallel sinistral, and then dextral 
displacements within the plate margins of the Northeast Asian and North American cratons. The oblique convergences and 
rotations resulted in the fragmentation, displacement, and duplication of formerly more continuous arcs, subduction zones, passive 
continental margins, and contained metallogenic belts. These fragments were subsequently accreted along the margins of the 
expanding continental margins. (6) From the Early Jurassic through Tertiary, movement of the upper continental plates toward 
subduction zones resulted in strong plate coupling and 

accretion of the former island arcs, subduction zones, and contained metallogenic belts to continental margins. In this region, the 
multiple arc accretions were accompanied and followed by crustal thickening, anatexis, metamorphism, formation of collision- 
related metallogenic belts, and uplift; this resulted in the substantial growth of the North Asian and North American continents. 
And (7) in the middle and late Cenozoic, oblique to orthogonal convergence of the Pacific Plate with present-day Alaska and 
Northeast Asia resulted in formation of the present ring of volcanoes and contained metallogenic belts around the Circum-North 
Pacific. Oblique convergence between the Pacific Plate and Alaska also resulted in major dextral-slip faulting in interior and 
Southern Alaska and along the western part of the Aleutian-Wrangell arc. Associated with dextral-slip faulting was crustal 
extrusion of terranes from Western Alaska into the Bering Sea. 

Introduction 

This report provides an analysis of the metallogenesis and tectonics of significant metalliferous lode deposits, selected 
major nonmetalliferous lode deposits, and host rocks in the Russian Far East, Alaska, and the Canadian Cordillera. The report is 
based on a series of published terrane and overlap assemblage maps, mineral deposit and metallogenic belt maps, and mineral 
deposit databases, and interpretive articles for the region (Nokleberg and others, 1987, 1993, 1994a, b, c, d, 1995a, 1996, 1997a, 
b, c, 1988a, b, 1989a, b, 2000). For the analysis, this report synthesizes and combines coeval and genetically-related groups of 
significant lode mineral deposits into metallogenic belts. Each section on a specific metallogenic belt contains: (1) a description of 
the significant mineral deposits; (2) a description of the host rocks for the significant lode deposits; and (3) an interpretation of the 
origin of, and tectonic controls for the host rocks and contained deposits and metallogenic belt(s). The report also provides: (1) 
metallogenic and tectonic definitions; (2) explanation of methodology; (3) list of mineral deposits models; (4) an integrated 
metallogenic and tectonic model for the Phanerozoic geologic history of the region; and (5) an extensive list of cited references for 
the geology, mineral deposits, metallogenesis, and tectonics of the region. The descriptions of sigrllficant mineral deposits in this 
report are adapted from Nokleberg and others (1997a), with additional data and revision from the authors. For British Columbia 
(southwest Canadian Cordillera), descriptions of significant mineral deposits are also revised with new data from MlNFlLE 
(2002). 

The Russian Far East, Alaska, and the Canadian Cordillera are commonly regarded as frontier areas in the world for the 
discovery of metalliferous lode and placer deposits. During the late 1800's and early 1900's, the region was subject to recurring 
ncvhes or sfnmpedes to sites of newly discovered deposits. During the last few decades, the region has been substantially explored 





for lode and placer deposits, and geologically mapped and assessed for mineral resource potential at various scales. These 
activities have resulted in abundant new information on lode and placer deposits, geology, and patterns of mineral resources. In 
addition over the last three decades, various tectonic analyses have interpreted the region as being composed of numerous fault- 
bounded assemblages of rocks defined as tectono-stratigraphic terranes (Jones and others, 1987; Monger and Berg, 1984, 1987; 
Zonenshain and others, 1990; Silberling and others, 1992; Nokleberg and others, 1994c, 1997~; 2000; Parfenov. 1995a; Monger 
and Nokleberg, 1996). 

This report defines, describes, synthesizes, and interprets the major metallogenic belts and contained significant lode 
mineral deposits according to tectonic origins. This paper contains five types of information and interpretation: (1) an introduction 
and discussion of terms, methods, and concepts applied to the metallogenesis and tectonics of the region; (2) descriptions and 
interpretations of metallogenic belts and their notable or significant lode deposits; (3) description of the host rocks for the major 
metallogenic belts; (4) interpretation of the tectonic origin of metallogenic belts and host rocks; and (5) a model for the 
Phanerozoic metallogenic and tectonic evolution of the region. The method of metallogenic analysis utilized in this study is 
modeled after that employed for a metallogenic and tectonic analysis of porphyry copper and molybdenum (gold, silver), and 
granitoid-hosted gold deposits of Alaska (Nokleberg and others, 1995). Related recently-published articles are: (1) a dynamic 
computer model, which illustrates the metallogenesis and tectonics of the Circurn-North Pacific (Scotese and others, 2001); and an 
article interpreting the Phanerozoic tectonic evolution of the Circum-North Pacific by Nokleberg and others (2000). 

Associated Project 

This study is the concluding part of a project on the significant mineral deposits, metallogenesis, and tectonics of the 
Russian Far East, Alaska, and the Canadian Cordillera. The project provides critical information on bedrock geology and 
geophysics, tectonics, major metalliferous mineral resources, metallogenic patterns, and crustal origin and evolution of 
mineralizing systems of the region. The major scientific goals and benefits of the project are to: (1) provide a comprehensive 
international data base for the mineral resources of the region in English; (2) provide major new interpretations of the origin and 
crustal evolution of mineralizing systems and their host rocks, thereby enabling enhanced, broad-scale tectonic reconstructions 
and interpretations; and (3) promote trade, scientific, and technical exchanges between North America and the Russian Far East. 
The project provides sound scientific data and interpretations for commercial firms, governmental agencies, universities, and 
individuals which are deveIoping new ventures and studies In the project area, and also for land-use planning studies which deal 
with mineral-resource potential issues. Vast potential for known and undiscovered mineral deposits exists in the western part of 
the study area; however, prior to this study, little information ex~sted In English in the West. 

Major companion studies already published are: (1) a compilation and analysis of the regional metallogenesis of the 
Circum-North Pacific (Nokleberg and others, 1993); (2) a tectono-stratigraphic terrane map of the Circum-North Pacific at a scale 
of 1 :5,000,000, including a detailed explanation of map units and stratigraphic columns (Nokleberg and others, 1994~;  digital 
version in Grenninger and others, 1999); (3) a summary terrane map of the Circum-North Pacific at a scale 1 : 10,000,000 
(Nokleberg and others, 1997~); (4) detailed tables of mineral deposits and placer districts for the Russian Far East, Alaska, and the 
Canadian Cordillera in paper format (Nokleberg and others, 1996) and in CD-ROM format (Nokleberg and others, 1997a); (5) a 
GIs compilation of the summary terrane map, mineral deposit maps, and metallogenic belt maps of the Russian Far East, Alaska, 
and the Canadian Cordillera (Nokleberg and others, 1998); (6) a study of the Phanerozoic tectonic evolution of the Circum-North 
Pacific (Nokleberg and others, 2000); and (7) a dynamic computer model for the metallogenesis and tectonics of the Circum-North 
Pacific (Scotese and others, 2001). These articles, tables, and maps contain the full suite of mineral deposit data, mineral deposit 
location maps, metallogenic belt maps, and tectonic interpretations which are utilized in this study. 

A complete listing of the project goals, and methods are available on the Internettweb at http://minerals.er.usgs.gov/ 
wr/projects/majdeps.html. Major recent articles for the project (Nokleberg and others, 1993, 1994a, 1996, 1997a, b, c, 1998,2000) 
are available on the 1nternetIWeb at http://wrgis.wr.usgs.gov/. T h ~ s  project was started at the invitation of the Soviet Academy of 
Sciences to the U.S. Geological Survey in 1988. Subsequently, several organizations and many individuals volunteered to work on 
various aspects of the project which has produced a large variety of articles and maps. Other organizations participating in the 
project include the Russian Academy of Sciences, Russian Ministry of Natural Resources (former Ministry of Geology and 
ROSKOMNEDRA), Alaska Division of Geological and Geophysical Surveys, Geological Survey of Canada, Geological Survey 
of Japan, Exxon Exploration Company, University of Alaska, and Michigan State University. 

This project represents a major joint attempt of a large group of geologists from Russia, Alaska, and the Canadian 
Cordillera to compile, synthesize, interpret, and publish major studies on the mineral resources, metallogenesis, and tectonics of 
this vast and geologically complicated region of the earth. The project includes a number of geologists who have each gathered 
field data and observations in their respective parts of the Russian Far East, Alaska, and Canadian Cordillera over many years and 
who have come together as a large international team to compile and synthesis a vast amount of data for a large region of the 
earth. Other recent metallogenic synthesis of parts of the Russian Far East, Alaska, and the Canadian Cordillera include those by 
Dawson and others (l991), Sidorov and Eremin (1994), Goncharov (l995a, b), Goryachev (1995,2003), Nekrasov (1995), 
Parfenov (1995d), Popeko (1995), Ratkin (1995), Ratkin and Khanchuk (1995), NoWeberg and others (1984, 1987, 1988,1993, 
1994a, b, 1995a, 1996, 1997a, b), Sidorov and Eremin ( 1995), Goldfarb ( 1  997), Goldfarb and others (1 997, 1998,2000). and 
Young and others (I 997). A volume containing papers on the geology and mineral deposits of the Russian Far East was edited by 
Bundtzen and others (1995). A volume containing papers on the stratiform ore deposits in northeastern Asia was edited Goryachev 



and Byalobzhesky (1996). A volume containing papers on the mineral deposits of Alaska was edited by Goldfarb and Miller 
(1997). A volume on the geology of Mesozoic gold quartz veins in Northeastern Asia was published by Goryachev (1998). A 
volume on the pre-Cretaceous metallogeny of Northeastern Asia was published by Shpikerman (1998). A volume containing 
papers on the Tintina Gold Belt in Alaska and the Yukon-Territory, Canada was edited by Tucker and Smith (2000). 

Metallogenic Belts 

In this study, the regional metallogenesis of the Russian Far East, Alaska, and the Canadian Cordillera is synthesized, 
compiled, and interpreted in terms of metallogenic belts. This synthesis and compilation is based on data for about 1,079 
significant lode deposits and 144 major metallogenic belts for the region (Nokleberg and others 1997a, b, 1998). A key element 
for this type of analysis is definition of metallogenic belt which is defined on the basis of a geologic unit (area) which either 
contains or is favorable for a group of coeval and genetically related, significant lode mineral deposit types (defined in the below 
section on definitions). A metallogenic belt may be of irregular shape and variable size; the size is partly a function of the scale of 
the analysis; in this study, metallogenic belts were synthesized and compiled at a scale of 1: 10,000,000 scale (Nokleberg and 
others 1997a, b, 1998). Ln this report for each time span, metallogenic belts are described in a clockwise geographic succession, 
according to similar tectonic environments, around the Circum-North Pacific, from the Russian Far East to Alaska to the Canadian 
Cordillera. 

For definition and outline of metallogenic belts, the following criteria were used. (Nokleberg and others, 1995a). (1) 
Mineral Deposit Association. Each metallogenic belt includes a single mineral deposit type or a group of coeval, closely-located 
and genetically-related mineral deposits types for the region, as listed in Table 1. (2) Tectonic Event for Fortnation of Mineral 
Deposits. Each belt includes a group mineral deposits which formed in a specific tectonic event (e.g., collision, accretion, rifling, 
etc.). And (3) favorable Geological Environment. Because a metallogenic belt is underlain by a geological host rock and (or) 
structure which is favorable for a particular suite of mineral deposit types, a belt is predictive for undiscovered deposits. 
Consequently, the synthesis and compilation of metallogenic belts can be useful for mineral exploration, land-use planning, and 
environmental studies. 

In this study, a metallogenic belt is essentially synonymous with the term mineral-resource tract as originally defined by 
Pratt (198 1) and used for assessment of mineral resource potential in the USA, as exemplified in Ludington and Cox (1996). The 
metallogenic belt maps and underlying regional geologic (terrane and overlap assemblage) maps constitute a basic part of the 
three-part methodology of quantitative mineral resource assessment as described by Cox (1993) and Singer (1993, 1994). 

Methodology 

The methodology for the analysis of the complex metallogenic and tectonic history of the Russian Far East, Alaska, and 
the Canadian Cordillera consists of the following steps. (1) The significant lode deposits are described and classified according to 
defined mineral deposit models (table 1). Description of the mineral deposit models for the region, and descriptions of the 1,079 
significant lode deposits and 16 1 placer districts for the region are contained in Nokleberg and others (1996, 1997a); (2) 
Metallogenic belts are delineated (Nokleberg and others, 1997b). (3) Tectonic environments (Tables 2, 3) for the cratons, craton 
margins, orogenic collages of terranes, overlap assemblages, and contained metallogenic belts are assigned from regional 
compilation and synthesis of stratigraphic, structural, metamorphic, isotopic, faunal, paleomagnetic, and provenance data. The 
tectonic environments include cratonal, passive continental margin, metamorphosed continental margin, continental-margin arc, 
island arc, transform continental-margin arc, oceanic crust, seamount, ophiolite, accretionary wedge, subduction zone, turbidite 
basin, and metamorphic (Nokleberg and others, 1994c, 1997~; Greninger and others, 1999). (4) Correlations are made between 
terranes, fragments of overlap assemblages, and fragments of contained metallogenic belts. (5) Coeval terranes and their contained 
metallogenic belts are grouped into those that formed in a single metallogenic and tectonic origin, for instance, into a single island 
arc or subduction zone. (6) Igneous-arc and subduction-zone terranes, which are interpreted as being tectonically linked, and their 
contained metallogenic belts, are grouped into coeval, curvilinear arc-subduction-zone-complexes. (7) Geologic, faunal, and 
paleomagnetic data are employed to interpret the original geographic positions of terranes and their metallogenic belts. (8) The 
paths of tectonic migration of terranes and contained metallogenic belts are constructed. (9) The timing and nature of accretion of 
various terranes and contained rnetallogenic belts are determined from geologic, age, and structural data. (10) The nature of 
collision-related geologic units and their contained metallogenic belts are determined from geologic data. (I I) The age and nature 
of post-accretionary overlap assemblages and contained metallogenic belts are determined from geologic and age data. The part of 
this methodology, that enables the correlation of belts of related lode deposits to the tectonic origin of host rock units, was first 
employed for Northern and Central America by Albers and others (1988). 

For additional information on the tectonic analysis of the region, including correlations of terranes and tectonic linkages 
between terranes and overlap assemblages, the reader is referred to Table 2 (derived from Nokleberg and others. 2000). For a 
summary of the tectonic setting (environment) of the major Proterozoic and Phanerozoic metallogenic belts in the region, the 
mineral deposit models, and the significant mineral deposits in each belt, the reader is referred to Table 3. For a listing of the 
significant mineral deposits in each major metallogenic belt, locations of deposits, major metals in each deposit, refer to Table 4. 
Most significant mineral deposits for British Columbia (southwest Canadian Cordillera) have deposit numbers from MlNFILE 
(2002). These deposit descriptions can be accessed from the MINFILE Web site at www.em.gov.bc.ca/mining/geolsurv/minfile/ 



A theoretical example of rbe first steps of the methodology for the metallogenic and tectonic analysis is provided in 
figure 1. Figure 1A illustrates a theoretical suite of metallogenic belts which are hosted in several geologic unils cratons, terranes, 
and overlq assemblages, or along major faults between terranes. Figure 1B illustrates the stratigraphic and metallogenic hislory of 
the map area. The steps in this theoretical example are as follows. (1) Key terms are defined or cited from previous studies (e.g., 
Naklebug end others, 1997a). (2) A regional geologic base map is constructed which illustrates two major cratoas (A, B), seven1 
fault-bounded terranes ( i ,  2,3,4),  one accretionary assemblage (a), and four post-accretion overlap assemblages (b, c, d, e). (3) A 
series of mineral deposit models are defined and described, and a high-quality mineral deposit data base is compiled. For this 
theoretical example, the m u p r  mineral deposit types are low-sulfide Au quartz vein, ironstone, epithermal Au vein, porphyry Cu, 
b d e d  barite, and kuroko massive sulfide. (4) Metallogenic belts are delineated. For simplicity i.n this example, each metallogenic 
belt containa only a single mineral deposit type. 'The two cratons (A, B) each contain distinctive, pre-accretionary meleOogenic 
belts (ironstone and bedded barite deposits) which formed early in their geologic history, and an island asc assmblaga (terrae 4) 
contains a pre-accretionary mctaUogenic belt of kuroko massive sulfide deposits. A collisiond granitic pluton with a porphyry Cu 
mttallogenic belt formed during accretion of terrane 3 against terrane 4. A metallogenic bell containing Au quartz vein deposits 
formed during accretion of terrme 1 against terrane 2. Overlying all terranes and both cratons is a post-accreliw overhp 
assemblage which contains a rnetallogenic belt of epithexmal Au vein deposits. (5) The genesis of formation of bedrock geologic 
mits and {or) structures and contained mineral resource tract or metallogenic belt is interpreted using modem lectonic cancepts 
(fig. IB). Examplee include: kuroko massive sulfide deposits forming in an island arc environment; porphyry Cu and bw-sulfide 
Au quartz vein deposits forming in an accretionary environment, and epithermal Au vein deposits f o m h g  in a continental-margin 
igneous-arc environment. And (6) by carefully defining each metallogenic belt to be the geologically-favorable area for a group of 
coeval and genetically-related mineral deposits, a predictive character is established within the beb for undiscovered deposits. 
Henca, regional metallogenic analysis should be valuable for mineral exploration, land-use planniag, and environmental studies, 
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Tectonic Controls for Metallogenesis 

Interpretation of the coqrehensive data base of mineral deposits (Nokleberg and others, 1997a), mineral-resome tract 
maps ( W e b e r g  and others, 1997b, 1998), terrane and overlap assemblage maps (Nokleberg and others, 1997c, 1998), and the 
companion rnetallogenic and tectonie rnodel for the Russian Far East, Alaska, and the Canadian Cordillem, f t j v d  seven major 
tectonic environments for tbe Phanerozoic metallogenesis of the region: (1) subduction-related arc; (2) coUki0d (anatectie) 
related arc; (3) post-collisional extension; (4) oceanic rift; (5) continental rift; (6) back-arc rift; and (7) transform continental- 
margin arc. Each teclomc environment provides a unique interpretation for the origin of the 144 major metallogenic belts and 



1,079 significant mineral deposits in the region. Examples of metallogenic belts associated with each of the seven tectonic 
environment are as follows: (1) An example of a subduction-related arc tectonic environment is the mid- and Late Cretaceous 
Eastern Asia metallogenic belt of mainly epithermal and polymetallic vein deposits which is hosted by the Okhotsk-Chukotka 
volcanic-plutonic belt. (2) An example of a collisional (anatectic)-related arc tectonic environment is the Late Jurassic-Early 
Cretaceous Yana-Kolyma metallogenic belt of mainly Au quartz vein deposits which is hosted along the suture bordering Kolyma- 
Omolon superterrane. (3) An example of a post-collisional extension tectonic environment is the Late Cretaceous and early 
Tertiary Chugach Mountains metallogenic belt of Au quartz vein deposits which is associated with underthrusting of Kula- 
Farallon oceanic ridge and post-underthrusting extension. (4) An example of an oceanic rifling tectonic environment is the Early 
Tertiary Prince William metallogenic belt of Besshi and Cyprus massive sulfide deposits which is associated with the Kula- 
Farallon oceanic ridge. (5) An example of a continental rifting tectonic environment is the Late Devonian Selennyakh 
metallogenic belt of Southeast Missouri Pb-Zn deposits which is associated with rifting of North Asian craton margin. ( 6 )  An 
example of a back-arc rifting tectonic environment is the Late Triassic Alexander metallogenic belt of Cyprus massive silltide 
deposits associated with the back arc of Talkeetna-Bonanza arc. And (7) an example of a transform continental-margin arc 
tectonic environment is the Early Tertiary Central Koryak metallogenic belt of polyrnetallic and epithermal vein deposits 
associated with the Kamchatka-Koryak igneous belt. The tectonic controls for each of the metallogenic belts of the region are 
listed in Table 3 and described in more detail in the below sections on descriptions and interpretations of origins of metallogenic 
belts. 

The tectonic classification of lode mineral deposits has been a topic of considerable debate (Sawkins, 1990); however 
classification of lode mineral deposits by mineral deposit types and tectonic environment can be extremely useful. These 
classifications are useful for regional mineral exploration and assessment, for research on the critical or distinguishing 
characteristics of metallogenic belts, and for synthesizing of metallogenic and tectonic models. For this report in describing the 
metallogenic belts of the region, the significant lode deposits are classified both according to mineral deposit type and tectonic 
environment. 

Metallogenic a n d  Tectonic Definitions 

Definitions for mineral deposit, metallogenic, and tectonic terms used in this report were adapted from Coney and others 
(1980), Jones and others (1983), Howell and others (1985), Monger and Berg (1987), Nokleberg and others (1987, 1994a, c, 
2000), and Wheeler and others (1988). In alphabetical order, these terms and their definitions are as follows. 

complex 
le. This 0 
s. Units al 

Accretion. Tectonic juxtaposition of two or more terranes, or tectonic juxtaposition of terranes to a craton margin. 
Accretionary wedge and subduction-zone terrane. Fragment of a mildly to intensely deformed : of varying 

amounts of turbidite, hemipelagic, and pelagic deposits, and oceanic crust and upper mant .ane is divided 
into units composed predominantly of turbidite deposits or predominantly of oceanic rock :led to have 
formed during tectonic juxtaposition in a zone of major thrusting of one lithospheric plate over another, generally along the 
margin of a continent or an island arc. The terrane may include large fault-bounded units which contain a coherent internal 
stratigraphy. Many subduction-zone terranes contain fragments of oceanic crust and associated rocks which exhibit a complex 
structural history, occur in a major thrust zone, and possess blueschist-facies metamorphism. 

Collage of terranes. A composite group of tectonostratigraphic terranes. 
Craton. Regionally metamorphosed and deformed shield assemblages of Archean and Early Proterozoic sedimentary, volcanic, 

and plutonic rocks, and overlying platform successions of Late Proterozoic, Paleozoic. and local Mesozoic and Cenozoic 
sedimentary and lesser volcanic rocks. 

Craton margin. Chiefly Late Proterozoic through Jurassic miogeoclinal units deposited on a continental shelf or slope. Locally 
has, or may have had an Archean and Early Proterozoic cratonal basement. 

Cratonal terrane. Fragment of a craton. 
Continental-margin arc terrane. Fragment of an igneous belt of coeval plutonic and volcanic rocks, and associated sedimentary 

rocks which formed on or close to a continent, above a subduction zone dipping beneath a continent. Inferred to possess a 
sialic basement. 

Deposit. A general term for any lode or placer mineral occurrence, mineral deposit, prospect, and (or) mine. 
Island-arc terrane. Fragment of a belt of plutonic rocks, coeval volcanic rocks, and associated sedimentary rocks which formed 

above an intraoceanic subduction zone. 
Metallogenic belt. A geologic unit (area) which either contains or is favorable for a group of coeval and genetically-related, 

significant lode and placer deposit models. Using this definition, a metallogenic belt is a predictive tool for undiscovered 
deposits. 

Metamorphic terrane. Fragment of a highly metamorphosed or deformed assemblage of sedimentary, volcanic, and (or) plutonic 
rocks which cannot be assigned to a single tectonic environment because the original stratigraphy and structure are obscured. 
Includes intensely-deformed struclural melanges which contain fragments of two or more terranes. 

Metamorphosed continenfa1 rnargln terrane. Fragment of a passive continenlal margin, in places moderately to highly 
metamorphosed and deformed, which cannot be linked with certainty to the nearby craton margin. May be derived either from 
a nearby craton margin or from a distant site. 



Mine. A site where valuable minerals have been extracted. 
Mineral deposit. A site where concentrations of potentially valuable minerals for which grade and tonnage estimates have been 

made. 
Mineral occzrrrence or prospect. A site of potentially valuable minerals on which no known exploration has occurred, or for which 

no grade and tonnage estimates have been made. 
Oceanic crust, seamount, and ophiolite terrane. Fragment of part or all of a suite of eugeoclinal deep-marine sedimentary rocks, 

pillow basalt, gabbro, and ultramafic rocks which are interpreted as a fragment of oceanic sedimentary and volcanic rocks and 
the upper mantle. lncludes both inferred offshore oceanic and marginal ocean basin rocks, minor volcaniclastic rocks of 
ma-matic arc derivation, and major marine volcanic accumulations formed at a hotspot, fracture zone, or spreading axis. 

Overlap assemblage. A postaccretion unit of sedimentary or igneous rocks deposited on, or intruded into two or more adjacent 
terranes. The sedimentary and volcanic parts either depositionally overlie, or are interpreted to have originally depositionally 
overlain two or more adjacent terranes, or terranes and the craton margln. Plutonic rocks, which may be coeval and 
genetically related to overlap volcanic rocks, may stitch together adjacent terranes, or a terrane and a craton margin. 

Passive continental margin terrane. Fragment of a craton margin. 
Post-accretion rock unit. Suite of sedimentary, volcanic, or plutonic rocks which formed late in the history of a terrane, after 

accretion. May occur also on adjacent terranes or on the craton margin either as an overlap assemblage or as a basinal deposit. 
A relative-time term denoting rocks formed after tectonlc juxtaposition of one terrane to an adjacent terrane. 

Pre-accretion rock unit. Suite of sedimentary, volcanic, or plutonic rocks wh~ch formed early in the history of a terrane, before 
accretion. Constitutes the unique stratigraphy and igneous geology of a terrane. A relative-time term denoting rocks formed 
before tectonic juxtaposition of one terrane to an adjacent terrane. 

Prospect. A site of potentially valuable minerals at which exploration has occurred. 
Significant mineral deposit. A mine, mineral deposit, prospect, or occurrence which is judged as important for the metallogenesis 

of a geographic region. 
Subtet-rune. A fault-bounded unit within a terrane which exhibits similar, but not identical geologic history relative to another 

fault-bounded unit in the same terrane. 
Superterrane. An aggregate of terranes which is interpreted to share either a similar stratigraphic kindred or affinity, or a common 

geologic history prior to accretion (Moore, 1992). An approximate synonym is composite lerrane (Plafker and Berg, 1994). 
Tectonic linkage. The interpreted association of a suite of coeval tectonic units which formed in the same region and as the result 

of the same tectonic processes. An example is the linking of a coeval continental-margin arc, forearc deposits, a back-arc rift 
assemblage, and a subduction-zone complex, all related to the underthrusting of a continental margin by oceanic crust. 

Tectonostratigraphic terrane. A fault-bounded geologic entity or fragment which is characterized by a distinctive geologic history 
which differs markedly from which of adjacent terranes (Jones and others, 1983; Howell and others, 1985). 

Transform conlinen~al-margin arc. An igneous belt of coeval plutonic and volcanic rocks, and associated sedimentary rocks 
which formed along a transform fault which cuts the margin of a craton, passive continental margin, and (or) collage of 
terranes accreted to a continental margin. 

Tzrrbidite basin terrane. Fragment of a sedimentary basin filled with deep-marine clastic deposits in either an orogenic forearc or 
backarc setting. May include continental-slope and continental-r~se turbidite, and submarine-fan turbidite deposited on 
oceanic crust. May include minor epiclastic and volcaniclastic deposits. 

Mineral Deposit Models 

For the metallogenic analysis of the Russian Far East, Alaska, and the Canadian Cordillera, metalliferous and selected 
non-metalliferous lode deposits are classified into various models or types as described in Nokleberg and others (1996,1997a) and 
as listed in Table 1. This classification of mineral deposits was chiefly derived mainly from the mineral deposit types of Eckstrand 
(1984), Cox and Singer (1986), Bliss and others (1992), and Eckstrand and others (1995), but includes some modifications. The 
mineral deposit types are systematically arranged to describe the essential properties of a class of mineral deposits. Some mineral 
deposit models are descriptive (empirical), in which instance the various attributes are recognized as essential, even though their 
relationships may not be known. An example of a descriptive mineral deposit type is the basaltic Cu type in that the essential 
attribute is empirical datum of a geologic association of Cu sulfides with relatively Cu-rich metabasalt or greenstone. Other 
deposit types are genetic (theoretical), in which case the attributes are related through some fundamental concept. An example is 
the W skam deposit type in which the essential attribute is the genetic process of contact metasomatism is the essential attribute. 
For additional information on the methodology of mineral deposit types, the reader is referred to the discussions by Eckstrand 
(1984), Cox and Singer (1986), and Bliss (1992). The lode deposit models which are utilized in this report and previous, related 
publications (Nokleberg and others, 1996, 1997a) are listed in Table I, and are grouped according to host rock lithologies and (or) 
origin. Lode deposit models which share a common origin, such as contact metasomatic deposits, or porphyry deposits, are 
grouped together under a single heading. 
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Introduction to Phanerozoic Metallogenic 
and Tectonic Model for the Russian Far 
East, Alaska, and the Canadian Cordillera 

In the below Phanerozoic (Devonian through Recent) rime-span sections on metallogenesis of the region, m 
interpretative model is presented for tbe Phanerazoic rneirUogenic-tectonic evolution of the Russian Far East, Alaska, and the 
Canadian Cordillera. The model is derived from the below descriptions of metallogenic belts and host rocks, md from a detailed 
analysis of the Phanerozoic tectonic evolution of the region (Nokleberg and others, 2000). The metalloge~uc-tectonic model 
attempts to: (1) integrate stratigraphic, age, structural. and paleomagnetic data and field reladons for the region; (2) integrate data 
on metallogenic belts and contained lode deposits witb host-rock geology and structures; and (3) portray the regional 
metallogenic-tectonic interactions between the North Asiaa and North American continents. The model concentrates on the 
Devonian through the Present. For more descriptions of the regional geology and tectonics of the region, a detailed analysis was 
published by Nokleberg and others (2000). 

The metallogenic-tectonic model illustrates: (1) major metallogenic belts superposed, at approximate scale, over major 
units, including cratons, craton margins, terranes, and overlap assemblages; (2) geologic units which are proportional to those on 
detailed terrane and overlaps assemblage m a p  (Nokleberg and athers, 1994a, 1997b,c; Monger and Noklhrg ,  1996); and (3) 
known or interpreted displacements along major strike-slip and thrust faults. In most cases, however, the tectonic model does not 
incorporate internal deformation of t e m e s  or tectonic erosion of terrane margins. In the following des&iiption!4 ofthe 
metallogenic-tectonic model, the tectonic features of the model are condensed. For complete description of Wonis features, refer 
to the separate publication on Phanerozoic tectonic evolution of the Circum-North Pacific (Nokleberg and others, 2800). A 
dynamic (computer) version of the metallogenic-tectonic model is published by Scotese and others (2001). 

The metallogen~c-tectonic model provides a guide for future research by: (1) integrating geologic, mined  deposit, 
metallogenic belt, paleontologic, isotopic, and paleomagnetic data from the Russian Far East, Alaska, the Cmdan CordilIm, the 
Pacific Ocean, and the Arctic Ocean; (2) proposing a new, unified interpretation which spans the area from nurhwtem parr of 
the North Asian Craton to the northwestern part of the Nor& American Craton; and (3) identifying problems with data and 
interpretations. Because of a lack of abundant Proterozoic and older rock units exterior to the craton margins. the madcl staris with 
the Devonian. For various published tectonic reconstructions for the Proterozoic, which illustrate highly diffeent global 
interpretations, the studies of Hofhan (1989, 1991). Moores (1991), Ross aind others (1992), Scotese (19971, U w g  (1997), and 
Karlstrom and others (1999) are recommended. 

An important complication of terrane recognition and analysis is that the margins of terranes and parts of their pre- 
accretionary metallogenic belts, have been tectonically removed, either by dislocation of terranes f h m  distant locations, or by 



tectonic erosion of the margins of terranes. In the case of dislocation, detailed analysis of each terrane with respect to in-place 
overlap assemblages, passive continental-margin assemblages, and cratonal assemblages should provide the original site of origin. 
In the case of lectonic erosion, as in the case of subduction-zone terranes, large parts of the original unit (such as an oceanic plate) 
may have been thrust to great depths and thereby may essentially have disappeared. 

An important interpretation in the metallogenic-tectonic model is that a succession of coeval single arcs and companion 
subduction zones, and their contained, pre-accretionary metallogenic belts formed on or near the margins of the North Asian and 
North American Plates. One consequence of this interpretation is that many of the complexities of the collage of accreted terranes 
and contained metallogenic belts in the region are the results of oblique subduction and resultant strike-slip displacements within 
active continental margins, rather than the migration of island-arc systems across ocean basins to accrete eventually to the margins 
of plates. Substantiation of this interpretation will require: (1) determination of the facing directions of the arcs with respect to 
cratons; (2) correlation of coeval arc and tectonically linked (companion) subduction zones to establish them as different parts of a 
former, single, curvilinear arc/subduction-zone system; and (3) determination of the linkage of arcs to cratons. This interpretation 
is reasonably well established for most of the Mesozoic and Cenozoic, but less so for the Paleozoic. For each time interval (stage) 
in the metallogenic-tectonic model, specific (numbered) tectonic events are described in a clockwise order, according to similar 
tectonic environments, starting with the area of the Russian Southeast and ending with the area of the southern Canadian 
Cordillera. The time scale used for the tectonic model is from Palmer (1983). 

Paleomagnetic Dilemma: 
Loci of Accretion of Wrangellia Superterrane 

A major paleomagnetic dilemma exists for the loci of accretion of superterranes to the margin of the North American 
Craton in the mid-Cretaceous to early Tertiary. The dilemma consists of two conflicting hypotheses for the loci of accretion of the 
Wrangellia superterrane, which constitutes most of the Insular superterrane, and the Intermontane superterrane which consists of 
the Stikinia, Quesnellia, and Cache Creek terranes (Cowan. 1994; Cowan and others, 1997). One hypothesis, based on geologic 
evidence, including magmatic, stratigraphic, and faunal ties, interprets the Wrangellia superterrane as accreting at a northerly 
paleolatitude, approximately at its present latitude. The other hypothesis, based on paleomagnetic data for both continental 
volcanic rocks and coeval plutonic rocks, interprets the Wrangellia superterrane and the western part of the Intermontane terrane 
as accreting at a paleolatitude approximately 3,000 km farther south. This hypothesis is informally named the Baja British 
Columbia controversy, in reference to accretion of the Wrangellia superterrane at the approximate latitude of Baja California 
(Umhoefer, 1987; Cowan and others, 1997; Dickinson and Butler, 1998). For the synthesis of the tectonic evolution of the 
Circum-North Pacific, these two hypothesis are called the northern-accretion interpretation and southern-accretion interpretation. 
For the metallogenic analysis of the Wrangellia superterrane in the Mesozoic and early Cenozoic, only the northern-accretion 
interpretation is considered. For additional information and references for both interpretations, please refer to the discussion and 
references in Nokleberg and others (2000). 

Proterozoic Metallogenic Belts 
(2500 to 570 Ma; Figures 2, 3) 

Overview 

The major Proterozoic metallogenic belts in the Russian Far East, Alaska, and the Canadian Cordillera are summarized in 
table 3 and portrayed on figures 2 and 3. The major belts (and their major mineral deposit types) are as follows. (1) In the central 
and southeastern part of the Russian Northeast, are the Bilyakchan (BI) (basaltic Cu), Oroek (OK) (ironstone and sediment-hosted 
Cu), Omolon (OM) (Ironstone (Superior Fe)), and Ulkan (UL) (Felsic Plutonic REE and related deposits) metallogenic belts. 
These belts are interpreted as forming during incipient rifting of the passive continental margin of the North Asian Craton or 
Craton Margin. (2) In the same region are the Lantarsky-Dzhugdzhur (LD) metallogenic belts of anorthosite-hosted apatite Ti-Fe 
and gabbroic Cu-Ni-Co-PGE that is interpreted as forming during Mesoproterozoic rifting of passive continental margin of North 
Asian Craton. (3) On the Seward Peninsula in Western Alaska, the Sinuk River (SR) metallogenic belt, which contains massive 
sulfide-barite and stratabound Fe-Mn deposits, is hosted in Proterozoic or older metavolcanic and sedimentary rock. The belt is 
interpreted as forming during marine volcanogenic rifling(?) of the North American Continental Margin. (4) In Southwestern 
Alaska, the Kilbuck (KI) metallogenic belt, which contains mainly ironstone (Superior Fe) deposits, is hosted in the Kilbuck- 
Idono cratonal terrane and is interpreted as forming during rifting of the North Asian Craton. (5) In the northern part of the 
Canadian Cordillera is the Wernecke (WR) metallogenic belt of U-Cu-Fe (Au-Co) vein and breccia deposits. This belt is hosted in 
the North American Craton Margin and is interpreted as forming during hydrothermal activity along a Paleoproterozoic passive 
continental margin. 
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(6) In the same region is the aillespic (GE) metallogenic belt of SEDm Pb-Zn deposits that is hosted in the North American 
Craton Margin and is interpreted as forming during Intrusion of gabbro and diorite sills during Paleoproterozoic rifting. (7) In the 
same region is the Rapitan (RA) metallogenic belt of iron formation deposits that is hosted in the North hnerican Craton Margin. ##, 
This bell is interpreted as forming during marine exhalation along Mesoproterozoic North American Craton Margin. (8) In the P1 
same region is the Redstone (RD) metallogenic belt of sediment-hosted Cu-Ag. deposits that is hosted in the North American Craton . . 
~ a r ~ i n . - ~ h i s  belt is interpreted as formingduring incipient Nwproterozoic rifting of the North American C r a m  Margin. (9) In 
the southern Canadian Cordillera is the Monashee (RD) metallogenic belt of SEDEX Zn-PbAg depmls. This belt, that is hosted in 
the Monashee terrane, is interpreted as a fiagment of North American Craton and formed during Late Proterozoic rifting of North 
American Craton. (10) In the same region, the Purcell (PR) belt of massive sulfide deposits is hosted in the North ~rnehcan  
Craton Margin, and is interpreted as forming during incipient rifting of the craton. And (1 1) in the same region, the Clark Range 
(CR) belt of sediment-hosted Cu-Ag deposits is hosted in the North American Craton Margin, and is interpreted as forming d&ng 
incipient rifling of the craton margin. In the below descriptions of metallogenic belts, only notable examples of significant lode 
deposits are described for each belt. Table 4, which is adapted and revised from Nokleberg and others (1997a), lists the significant 
lode deposits in each metallogenic belt. 
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Metallogenic Belts Formed During 
Proterozoic Rifting of North Asian Craton 
or Craton Margin 

Oroek Metallogenic Belt of ironstone and 
Sediment-Hosted Cu Deposits (Belt OK) 
West-Central Part of Russian Northeast 

The Oroek metallogenic belt of ironstone and sediment-hosted Cu deposits (fig. 2; tables 3,4)occurs mainly in the 
Shamaulikha River basin in the central part of tbe Russian Northeast (Shpikerman, 1998). The belt is hosted in the Shamanikha 
subterrane of the Prikdyma passive continental margin terrane of the Kolyma-Omolon superterrane (Noklebag d others, 1994c, 
1997~). The belt trends north-south for 400 km along the axis of the Prikolyma terrane and has a maximum width of 100 km. The 
ironsione deposits occur in the Late Proterozoic Spiridon and Gorbunov Formations. The significant deposits are at P&eda and 
Oroek (Nokleberg and others 1997a, b, 1998). The Oroek metallogenic belt is herein interpreted as a faulted fragment of the 
Bilyakchan metallogenic belt, described below, which is hosted in the North Asian Craton Margin (Verkhoyansk fold belt, unit 
NSV). 

Pobeda Ironstone Deposlt 

One part of the Pobeda ironstone deposit (fig. 4) occurs in the Spiridon Formation consists of stratiform hematite (Z.G. 
Potapova, written commun., 1954; A.G. Kats, written commun., 1979) and is interpreted as a fossil littoral zircon-titanium- 
magnetite placer deposit. The other part of the deposit occurs in Late Proterozoic dolomitic marble of the Gorbunov Formation in 
a zone of imbricated thrust faults. This part of the deposit consists of gabbro and gabbro-amphibolite bodies and with hematite 
masses which occur along thrust fault planes. The deposit contains massive, brecciated, and stockwork ores. Massive ores contain 



Figure 3. Generalized map of mtljor ProkmZoic and CarrJxian through S H u h  frbdallag9nlc belt6 and tsrrsnes for Abeika. 
Canadian Cordillera, and adjacenl offshore atme. Refer 6 text for description d metallogenic M. Adap6ed ban N&leberg and 
others (l997b, 1998). 

up to 70% Fe. The brecciated ores are cmposed of clash of dblomik sod g a b b a r q h i b d i b  m k d  by hem&e. The 
stockwork is defined by separate, halo-shaped bodies which are located around the massive and bfecciakd ores. Qra edaerals also 
include calcite, quartz, barite, chlorite, pyrite, chalcopyrite, galena, and malachite. The ore-bearing horizon exbends for 18 km, but 
the best defined stratiform hematite deposit is 150 to 600 m kmg and 2 to 20 m thick. A mlateddolomitahosted Fa w i t  in 
theGorbunov Formation is interpreted as farming during chemid deposition of Fe fmfn seawater. 

Oroek Sediment-Hosted Cu Depostt 

The sediment-hosted Cu Oroek deposit (fig. 5 )  (I.G. Vokodav and Kombitsyn, A.V. wriitte.n cammun., 197'9, 
Shpikerman md Sbpikerman, 1996) occurs in the Oroek Fomdon which consists of an Late Ptotero20ic volcaniclastic rock 
sequence which varies between 150-180 m thick. Tbe s e q w e  consists mainly of quartzite, ~ c h l o ~  and graphite-chlorite 
schist, and phyllik and thia conformable beds of basalt and tuffieaus rocb. The major ore mine& are chalmcite, bornite, and 
chalcopyrite which occur in metamorphosed sandstone, siltstone, and slide. Local abundant qua& bodies also contain 
chalcopyrite, bornite, and hamatite. Later c r w t l i n g  quartz veins also contain minor malachite, chalcocite, azurite, c&ysacolIa, 
bornite, and d v e  copper. M i n d e d  rocks are defomwd a d  fonn an wcxhuned, isocliaal fold whose limb dip s c d m s t  at 
40" to 90". 

Origin of and Tectonic Controls for 
Oroek Metallogenic Belt 

The sediment-hosted Cu deposits of h e  Oroek metallogenic belt me b l e d  mainly in the Middle Riphean Or& 
Formation which consists of metamorphosed sedimaotary rock with a thickness of 1300 to 1500 m (Shpikeman, ,998). Tht Cu 
deposits occur only in two lithologies: quartz-chitxitoid Eind quartz-cblofite %hist. The quartz-chloritoid schisthdy cmldus 
polimictic siltstone and sandstone with parallel and oblique laminations. The chlorite s c b h  contain dark green cWtoid 
porphyryblasts, dark  en chlorite, quartz, epidote, mica, d mtile, and have e dark color, finegrain composition, d 8 
laminated shaky and lcnkicular textum l'he me-bearing rocb of fhe Omek Formation me derived &om sum-, polxmictk 
sandstone, siltstone and shale (pelite) which contain wnsidembk vnkanic rock fragments (L.A. Shpikemai, writfen eommm., 
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1999). Metamorphism occurred at quartz-albite- epidote-biotite subfacies, and the age of metamorphism is probably he-Vendian 
(Shpikerman, 1998). The sediment-hosted Cu deposits and host rocks are interpreted as forming in rift-related troughs in a 
sublittoral and shelf area during the early history of the Prikolyma passive continental margin terrane, during Middle or Late 
Proterozoic incipient rifling of the North Asian Craton Margin (Shpikerman, 1998). The ironstone deposits of the Oroek 
metallogenic belt (Pobeda deposit and others) occur in the Vendian Syapyakane suite which ranges from 300 to 800 m thick and is 
composed of mainly feldspathic-quartz sandstones with thin interbeds and lenses consisting of hematite (martite), magnetite, 
titanic magnetite, ilmenite, rutile, and zircon (Shpikerman, 1998). The sandstones are typical occurrences of Vendian beach 
placers and are similar to sandstones in the Middle Riphean Spiridonova Formation which occurs to the west, also in the 
Prikolyma terrane. However, these formations are underlain by the Gorbunova Formation which contains beds of dolomite and 
stratiform hematite-carbonate iron deposits. The Prikolyma terrane is interpreted as a rifled fragment of the North Asian Craton 
Margin (Verkhoyansk fold belt, unit NSV; Nokleberg and others, 1994c, 1997c; Shpikerman, 1998). 

Lantarsky-Dzhugdzhur Metallogenic Belt of 
Anorthosite Apatite-Ti-Fe and 
Gabbroic Ni-Cu (PGE) Deposits (Belt LD) 
Central Part of Russian Far East) 

The Lantarsky-Dzhugdzhur metallogenic belt of anorthosite apatite-Ti-Fe and gabbroic Cu-Ni-Co-PGE deposits is hosted 
in the co-named igneous belt of layered gabbro and anorthosite complexes in one of a linear series of mafic plutons which crop out 
along in the Stanovoy block along the southern flank of the North Asian Craton (fig. 2; tables 3,4) (Nokleberg and others, 1997b, 
1998).. The belt occurs in the northern Khabarovsk Province in the central part of the Russian Far East and in southern Yakutia. 
U-Pb and Sm-Nd isotopic ages for the host anorthosite intrusions range from 1.7 to 1.9 Ga (Sukhanov and others, 1989; Neimark 
and others, 1992). 

The Lantarsky-Dzhugdzhur igneous belt consists of five gabbroic Cu-Ni-Co-PGE deposits that are hosted in anorthosite 
and gabbro bodies that occur along the 1,000 km-long Stanvoy suture (collisional) zone between the Archean Aldan shield of the 
North Asian Craton to the North and the Proterozoic Stanovoy block to the south. The Archean rocks to the north consist of gneiss 
and schist intruded by Paleozoic to Mesozoic granitic rock (Lennikov, 1979). The rocks south of the suture zone consist of 



Archean granulite facies metamorphic rock, and Paleozoic greenschist to amphibolite facies metamorphic rock. The Lantrasky- 
Dzhugdzhur anorthosite complex is elongated along the Stanvoy suture zone, is 170 km long, varies from 5 to 34 km wide, and 
covers and areas of approximately 2,700 km2. The complex is composed of approximately 70 percent anorthosite, and 30 percent 
gabbro, norite, and ultramafic rock. The complex contains a classic layered series of anorthosite plutons, incli~ding those in 
Finland, Canada, and South America (Papunen, 1986; Ryan and others, 1995). The five gabbroic Cu-Ni-Co-PGE prospects, that 
have been identified since 1990, are at Avlandzhinsky, Kontaktovy, Nyandomi, Ozerny, and Odorin. These prospects occur near 
the contact between anorthosite and gabbro layers, and REE-bearing alkali granitic rock. The two largest prospects at the 
Kontaktovy and Nyandomi are 300 to 600 m wide and range up to several km long. Surface samples of massive sulfides contain 
up to 3.4% Cu, 0.74% Ni, 0.17% Co, 5.43 g/t Pt, 2.8 g/t Pd, and 0.85 g/t Rh (Pollack, 1997; Panskikh, 1978). These prospects are 
geological and geochemical analogs to the Cu-Ni-Co-PGE deposits in the layered Svecokarelian complexes of Finland and 
Western Russia, and Cu-Ni-PGE deposits in the Nain plutonic suite at Voisey Bay, Canada (Papunen, 1986; Pollack, 1997). The 
deposits in the Lantasky-Dzhugdzhur belt have been explored by Vostok Gold Corporation. 

Another similar group of anorthosite Apatite-Ti-Fe deposits are the Bogidenskoe, Gayumskoe, Maimakanskoe, and 
Dzhaninskoe deposits. These deposits occur to the south of the above-described deposits generally consist of apatite, ilrnenite, and 
titanium magnetite which are hosted in melanocratic olivine gabbro, gabbrosyenite, gabbro-pyroxenite, and pyroxenite. These 
mafic and ultramafic rock often forms stock-like bodies in the Geransky anorthosite massif (Lennikov and others, 1987) that has a 
Pb-Pb isotopic age of 2.2 to 1.8 Ga. The deposits occur on the southern, southwestern, and western margins of the Geransky 
anorthosite massif. The four largest deposits are spaced about 15 to 30 km between each other, and together contain an estimated 
350 million tonnes PzO5 (Panskikh and Gavrilov. 1984). Together, the deposits in the belt contain approximately one billion 
tonnes of PzO5, an amount which is comparable with deposits in the Kola province in northwestern Russia near Sweden. 

Origin of and Tectonic Controls for 
Lantarsky-Dzhugdzhur Metallogenk Belt 

The Lantasky-Dzhugdzhur metallogenic belt is interpreted as forming during Mesoproterozoic rifting along the edge of 
the North Asian Craton. During rifting, coeval, large anorthosite plutons intruded the Stanovoy suture and adjacent area for a 
distance of more than 1,000 krn, and adjacent region to the south. 

Ulkan Metallogenic Belt of 
Felsic Plutonic REE Deposits (Belt UL) 
Northwestern Part of Russian Southeast 

The Ulkan metallogenic belt of felsic plutonic REE deposits occurs in the northwestern part of the Russian Southeast (fig. 
2; tables 3,4) (Nokleberg and others, 1997b, 1998). The belt occurs mainly in the Paleoproterozoic Ulkan volcano-tectonic basin 
that has isotopic ages of 1.9 to 1.5 Ga, and which overlies folded Archean basement rocks of the North Asian Craton (unit NSC) 
The REE, Be, U-Mo, Nb-Ta and related deposits are interpreted as forming in two periods. 

Ornolon Metallogenic Belt of Ironstone 
(Superior Fe) Deposits (Belt OM) 
Central Part of Russian Northeast 

The Omolon metallogenic belt of ironstone (Superior Fe) deposits (fig. 2; tables 3.4) occurs in the central part of the 
Russian Northeast. The belt is hosted in Archean metamorphic rocks of the Omolon cratonal terrane of the Kolyma-Omolon 
superterrane (Nokleberg and others, 1994~. 1997c; Shpikerman, 1998). More than ten local ironstone deposits are known in the 
belt (table 4) (Nokleberg and others, 1997a, b, 1998). The significant deposit is at Verkhny-Ornolon. 

Verkhny-Omolon Ironstone Deposit 

The significant Verkhny-Omolon ironstone deposit (fig. 6) consists of sheet-like and podiform bodies of banded iron 
formation which occur in Archean migmatite, amphibole and biotite-amphibole plagiogneiss, amphibolite, and rnafic schist 
(Gelman, Titov, and Fadeev, 1974; Fadeev, 1975; Zhulanova, 1990; Milov, 199 1). The banded iron ore consists of medium- to 
coarse-grained masses or layers of magnetite and quartz which is intergrown with apatite and actinolite. The deposit extends for 
3.5 
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Figure 4. Pobeda ironstonedeposit, Oroek metallogenic belt, Russian Northeast. Adapted from Shpikman (1998). 

km, averages 250 m thick in the central portion, and locally consists of alternating, nearly conformable ore bodies and horizons in 
the country rock. Tke original quartzite and possibly the ironstone deposits may be derived From marine sedimentary rocks which 
originally conlabed ironstone (Superior Fe) deposits. The host rocks are extensively granitized. Rb-Sr isotopic data reveal 
polymefarnorphisms of the Archean basement. Granulite facies metamorphism occurred at 3.4 to 3.8 Ga; regional graditizatbn 
occurred approximately at 2.0 Ga; and low grade metamorphism and deformation occurred approximately at 1.0 Oa (Zhulansva, 
1990, Milov, 1991). 

Orlgin of end TecKInk Controk fw 
Omdon MelUCogonic Belt 

The Omolon mehilogenic belt is hosted in various outcrops of the Archean crystalline basemen4 of the halon 
metamorphic assemblage in the Omobn cratonal terrane (Zhulanova, 1990; Shpikeman, 1998). These crystalline rwks consist of . 
Archean lo h r l y  P m f e m i c  sedimentmy, volcanic, and magmatic rocks which are metamorphosed at granulite and amphibolite 
facies into gneiss, granitic &s, and amphibolite. Isotopic ages range from 2.3 to 1.7 Ma. The assembtage exhibits granulite 
facies of metamorphism, including amphibole, clinopyroxene-amphibole, and hypersthembearing schist, and biotite-hypersthene 
plagiogneiss aod garnet-dinopyroxene gneiss. Leucocratic migmatites prevail in the assemblage and formed from multiple 

- 
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recently been studied (Kirillov, 1991,1993). Insufficient data preclude determining the origin of the Ulkan melnllogenic belt. The 
Ulkan belt is coeval anorthosite to the south which is interpreted as forming in a Mesoproterozoic rift-related v~lcanic-plutonic 
cenler. 

BWyakohan Metallogedo Belt of 
SedirnentSlosed Cu and 
Basaltic Cu Deposlls (Belt 81) 
Sowhwegtern Part of Russian NoM~east 

The Bilyakchan metallagenic belt of sediment-hosted Cu and basalt Cu deposits (fig. 2; tables 3,4) occurs in the 
southwestern part of theRussian Northeast in Proterozoic rocks of the Verkhoyansk fold belt (unit NSV) that cbnztitutt~ the NoHh 
Asian Cra to~  Margin (Nokleberg and others, 1994c, 1997b, c, 1995; Shpikerman, 1998). The belt strikes north-nodetast for 350 
km along the westem foMed margin of the Okhotsk cratonal terrane and is about 50 km wide. The deposit3 occur in 
metamorphosed sandstone a d  basalt of the Riphean and Vendian Bilyakchan sequence with a thiche-u of 3,100 m (Kutyrev and 
others, 1986). The Bilyakchan metallogenic belt is correlated with the tectonically-displaced Oroek metalkogenic belt of ironslone 
and sedimenthosted Cu deposits which is described above. 

Dzhegdag B ~ I f f c  Cu and Severny Uy Occurrences 

Basaltic Cu occurrences, as at Dzhagdag, occur in the lower part of the sequence. The Dzfiagdag deposit c ~ s i s l s  of two 
layers of late Ripheam (Vendian) arnygdaloidal basalt, intercalated with tuff and sandstone, which contain (3-bearing horizons 
which are 0.4-5 m thick and contain finely disseminated to small masses of chalcocite, bornite, native copper, cuprite, covellite, 
and malachite (Kutyrev md  others. 1988). The basaltic Cu deposits and the hosting basalts are interpreted aa forming during 
rifting on a shallow-submerged scarp of the western Okhotsk cratonal terrane. The sediment-hosted (sendstone) Cu occurrences, 
as at Severny Uy and Borong, occur at higher stratigraphic levels. The Severny Uy deposit consists of Cu-bearing horizons &om I 
to 3 m thick and occur in Late Riphean (Vendian) quartz- and polymictic sandstone and siltstone (Kulyrev and otkers, 1986). The 
deposit contains fine disseminations and pockets of massive pyrite, chalcopyrite, bornite, chalcocite, and hematite. The sediment- 
hosted Cu deposits and tbe bast sandstones are interpreted as forming during erosion of volcanic rocks with basaltic Cu d m & .  

Origin of end Tectonic Contrdf for 
Bilyakchn Metallogenic Belt 

The southwestern par! of the North Asia Craton Margin (Verkhoyansk fold belt, unit NSV), which b o a  the Bilyakchan 
metaligenic belt., consisls of the following major units: (1) Middle to Late Riphean shelf limestone, sandstone, Pnd shale with a 
cambiead thickness of more thiln 3 km; and (2) Late Riphean to Late Vendian clastic and volcanic rocks, mduding variegated 
conglomerate, srtndarona, silbtonc, basalt, and rare rhyolite. The late Riphean (Vendian) sedimentary and volcanic rockwMcb host 
the Cu &posh are interpreted as f m i n g  in a rift-related depression which formed in the transition between a continental shelf 
and adjacent onshore a m ,  w i t h  the Siberian paleocontinental passive margin. The rift-related sedimentary cocks and Cu deposits 
were suhequtntly deformed into gentle folds and metamorphosed at greenschist facies. Sedimentary rocks of the fold belt are 
epparently tectonically detached fiom crystalline basement of craton. In this region, the Verkhoyansk fold kllis separated from 
h e  North Asian Craton by a west-verging thrust fault. 

Kllbuck MsWtqpnlc Eelt of Ironstone 
{Superior Fe) Deposits f Belt KI) 
SouthweSkrn Alwka 

The Kilbuck metallogenic belt of ironstone (probable Superior Fe type) deposits (fig. 3; tables 3,4)  occurs in 
southwestern Alaska. The metallogenic belt is hosted in the Kilbuck-Idono cratonal terrane which occurs in two dif~~at inuous 
6agments separated along the dextral-slip Nixon Fork fault (fig. 3). The one known occurrence is at Canyon Cnak (table 4) 
(Noldebetg aad others 19974 b, 1998). 

The Canyon Creek ironstone (Superior Fe) occurrence consists of rhythmically-layered hematite, magsahte, and siderite 
in layers up lo 4 cm thick which occur in bleached Early Proterozoic quartzite (Bruce Hickok, T.K. Bindtzen, andML. Miller, 
written commun., 1992). The host rocks are mainly quartzite, garnet-biotite schist, meta felsic volcanic rocks, and amphibolite 
which are me~orphosed at amphibolite facies. The occurrence is about 150 m long, but is poorly exposed. 

The Wbuck-Idono terrane which hosts the Canyon Creek ironstone (banded Fe formation) occurrence wnsiats chicfly of 
rnctmnorpbosed diorite, tonalite, trondhjemite, and granite orthogneiss, subordinate amphibolite, and minor metsedimentary 
roch  (Box and others, 1993; Miller and others, 1991). The metasedimentary rocks of the terrane are mainly quartz-mica schist, 
marble, garnet amphlbolltc, and minor banded iron formation. The metaplutonic rocks of the terrane yield Early Proterozoit (2.06 
to 2.07 Ga) U-Pb zirconages of emplacement (Box and others, 1990; Miller and others, 1991). The Kilbuck-lho terrmu may be 
a displaced cratodd kagment of either the North America Craton or the North Asian Craton. The Kilbuck-ldono t m  is 
wsibly 
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Figure 6. Verkhny-Omolon ironstone hktpogit, Omdon metallogenic b i t ,  Russian N d m i s t .  Schematic gdogl~: map. Mapipxi ern 
Gelman and Fadeev (1983). 

correlative with the Omolon terrane of the Kolyma-Omolon superternme, or the Okhotak terrfum, both in tbe Russian Northeast 
and interpreted as rifted fragments of the North Asian Craton (fig. 2) (Nokleberg and others, 1 9 9 4 ~ ~  lWc,  2000). Tbe Omobn 
terrane has a somewhat similar stratigraphy and also contains irorlgtone deposits in the Omolon msrall@c belt. 

Metallogenic Belts Formed During Proterozoic 
Sedimentation, Rifting, and Hyclrothemal Activity 
Along Cratons or Craton Margins 

Sinuk River Metallogenic Belt of 
Massive Sulfide-Barite and 
Stratabound Fe and Mn Deposits (Belt SR) 
Northwestern Alaska 

The Sinuk River metallogenic belt of stratiform massive sulfide-barite and stratabound Fe deposits occurs in the Sin& 
River area in the southwestem part of the Seward Peniyula in northwestern Alaska (fig. 3; tables 3.4) (Nokleberg md o h m ,  
1997b, 1998). Tbe metallopnic belt occurs in a 250 krn region of metamorphosed, upper Paleozoic, carbonate-dominated rocks 
of the Seward metamorphosd continental margm terrane (Nokleberg and others, 1994~. 1997c), about 30 km west ofNome 
(Herreid, 1968; Hudson and others, 1977; Bundtzen and others, 1994, 1995; Newberry and others, 1997). At least 15 separate 
occurrences of massive to disseminated galena, sphalcrite, fluorite, and barite, and massive hematite occur in the area. The 
deposits vary widely in morphology and size and consist of: (1) disseminated to massive basite sulfide l e x ~ s ~  (Aurom Creek, 
Nelson, Rocky Mountain Creek, Quany) which are hosted in felsic metavolcanic schist, carbonate rock, and memorphmed 
mafic flows(?), and which are interpreted as kuroko massive sulfide and replacement dep~dts; and (2) massive, stratabound 



segregations of hematite, magnetite, and pyrolusite, interpreted as volcanogenic(?) Fe and Mn deposits (American, Bear, Cub, 
Monarch) which are hosted in calc-schist and marble. 

Aurora Creek Massive Sulfide-Barite Deposit 

The Aurora Creek massive sulfide-barite deposit (Herreid, 1968, 1970; Bundtzen and others, 1994, 1995; Schmidt, 
1997b) consists of disseminated to massive sphalerite, galena, barite, pyrite, magnetite, and minor chalcopyrite in muscovite- 
feldspar metavolcanic schist of Aurora Creek sequence, which is pad of the Late Proterozoic and early Paleozoic Nome Group. 
Sulfide minerals occur for 2,400 m along strike. Significant dolomite formation is interpreted to have accompanied sulfide 
deposition. The deposit has been explored by with limited drill cores and trenches. lntense alteration to toi~rmaline occurs in 
feldspar-rich metavolcanic schists near massive sulfides and barite occurrences. Limited sulfur isotopic analyses indicate which 
heavy sulfur probably formed in a seawater-contaminated, marine volcanogenic setting. Lead isotope analyses from the Aurora 
Creek, Quarry, and Rocky Mountain Creek suggest either a kuroko massive sulfide and SEDEX deposit type (Bundtzen and 
others, 1995). One zone in one drill core contains an average of 15.9% Zn, 1.38% Pb, 0.07 % Cu, 35% Ba, 2.6 g/t Au, 45 glt Ag. 
Similar, but smaller occurrences are located at the Nelson, Rocky Mountain Creek, and Quarry prospects. The Aurora Creek and 
nearby deposits are interpreted as similar to the Ansil mine and related deposits in the Noranda area of Quebec. 

Origin of and Tectonic Controls for 
Sinuk River Metallogenic Belt 

The Sinuk River metallogenic belt, which contains the Aurora Creek, Quarry, Nelson, and Rocky Mountain Creek Zn- 
Pb-barite-Ag deposits, is hosted in the Aurora Creek sequence of the Nome Group (Bundtzen and others, 1994; Schmidt, 1997b). 
The Monarch, Quany, American, and Cub Bear Fe-Mn deposits are hosted in the overlying Mount Distan sequence. New U-Pb 
zircon isotopic ages of 675 and 68 1 Ma were obtained from orthogneiss which intrudes the Mount Distan sequence (T.K. 
Bundtzen, this study). This relation suggests which both the stratiform massive sulfide-barite and stratabound Fe and Mn deposits 
of the Sinik River metallogenic belt are probably of Late Proterozoic or older age (Bundtzen and others, 1994, 1995; Patrick and 
McClelland, 1995). Sulfur isotopic analyses of sulfides from the massive sulfide-barite deposits suggest formation in a seawater- 
contaminated, marine volcanogenic rift(?) environment. The Aurora Creek sequence and the hosting Nome Group are part of the 
Seward metamorphosed continental margin terrane that is interpreted as part of the North American Continental Margin 
(Nokleberg and others, 2000). The Sinuk River metallogenic belt is interpreted as forming during marine volcanogenic rifting(?) 
of the North American Continental Margin. 

Gillespie Metallogenic Belt of 
SEDEX Zn-Cu-Pb-Au-Ag Deposits 
(Belt GM)  Northern Yukon Territory 

The Gillespie metallogenic belt of SEDEX Zn-Cu-Pb-Au-Ag deposits occurs in the northern Yukon Territory (fig. 3; 
tables 3 ,4)  (Nokleberg and others, 1997b, 1998). The belt is hosted in the Gillespie Lake Group which is the uppermost unit of 
the Early Proterozoic Wernecke Supergroup of the North American Craton margin. The group is about 1 krn thick and consists 
mainly of dolostones and dolomitic clastic rocks (Mustard and others, 1990). The major SEDEX occurrences are Blende in the 
eastern Ogilvie Mountains, and Hart River. 

Blende SEDEX Zn-Cu-Pb-Au-Ag Deposit 

The East and West Zones of the Blende deposlt consist primarily of galena, sphalerite and pyrite, with lesser chalcopyrite 
and tetrahedrite, in vein and breccia zones with siderite-dolomite-quartz gangue (NDU Resources, press release, 1993; Robinson 
and Godwin, 1995). The deposit contains an estimated resource of 19.6 million tonnes grading 3.04% Zn, 2.81% Pb, 1.6% Cu, 56 
g/t Ag, and 2.75 g/t Au. Ore horizons extend over 700 m vertically and 6 krn along strike along a structural zone of shears and 
breccia. The mineralization is multistage. The deposits are hosted in stromatolite-bearing dolostone of the Middle Proterozoic 
Gillespie Lake Group in the Wernecke Supergroup. Stocks, plugs, and dlkes of hornblende gabbro intrude the dolostone and 
appear to be associated with mineralization (Robinson and Godwin, 1995). 

Hart River SEDEX Zn-Cu-Ag Deposit 

The Hart River SEDEX Zn-Cu-Ag deposit consists of pyrite and pyrrhotite and minor sphalerite, galena and tetrahedrite 
which occur as a tabular mass along a facies change from dolomite to calcareous black argillite of the Early Proterozoic Gillespie 
Lake Group (EMR Canada, 1989; Maclntyre, 1991). The host rocks are cut by numerous diabase sills and dikes which 
metamorphose the dolomite to serpentinite-talc and the argillite to hornfels. The footwall is silicified and contains a stockwork of 
sulfide veinlets, whereas the hanging wall contains thinly layered sulfides. The deposit has estimated reserves of 1.1 million 
tonnes grading 3.6% Zn, 1.45% Cu, 0.9% Pb, 49.7 g/t Ag, and 1.4 git Au (MacIntyre, 1991; Abbott and others, 1994). 



Origin of and Tectonic Setting for 
Gillespie Metallogenic Belt 

The Gillespie metallogenic belt SEDEX deposits is hosted in the Wernecke Supergroup which is part of a shelf 
assemblage, at least 14 km thick and is part of the North American Craton Margin. The assemblage consist of fine-grained, 
turbidite clastic rocks which grade upward into carbonate rocks, and is broadly correlated with the Purcell Supergroup of the 
southern Canadian Cordillera (Young and others, 1979). The major SEDEX occurrences in the Gillespie metallogenic belt at 
Blende (and the Carpenter Ridge prospect) may be related to Proterozoic gabbro-diorite sills (Robinson and Godwin, 1995), or 
may be possibly related to correlative overlying mafic volcanic flows as at Hart River (Abbott and others, 1994). Other SEDEX 
Zn-Pb occurrences, as at Cord, which is hosted by the upper Gillespie Lake Group in the Wernecke Mountains, and other 
stratabound Zn-Pb-Ag vein occurrences, as at Oz, Monster, and Tart, may also be related to this mafic igneous activity. Similar 
mineralization ages occur at Blende (1.4 Ga; Robinson and Godwin. 1995). Hart River (1.24 to 1.28 Ga; Morin, 1978), and 
Sullivan (I .43 Ga; LeCouteur, 1979). These ages and host rock setting indicate sedimentary exhalation occurred in a distal 
sedimentary shelf facies and was possibly related to a widespread Middle Proterozoic event, including faulting, rifling, and 
associated mafic intrusion (Dawson and others, 1991). This rifting is interpreted as influencing sedimentation in the Wernecke and 
Purcell Supergroups and the Muskwa Ranges Assemblage. 

Wernecke Metallogenic Belt of 
UGu-Fe (Au-Co) Vein 
and Breccia Deposits (Belt WR) 
Central Yukon Territory 
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The Wernecke metallogenic belt of U-Cu-Fe (Au-Co) vein and breccia deposits (fig. 3; tables 3.4) occurs in the central 
Yukon Territory and is hosted in the Early Proterozoic Wernecke Supergroup in the North American Craton Margin. In this area, 
the Early Proterozoic Wernecke Supergroup consists of a thick sequence of dominantly fine-grained clastic rocks (Delaney, 198 I). 
More than forty deposits of Cu, U and Fe are associated with extensive heterolithic breccias, as veins. and dissemi I the 
matrices and clasts, and in adjacent hydrothemally altered rock (Nokleberg and others 1997a, b, 1998). The signi osits 
are at Dolores, Igor, Irene, Pagisleel, Porphyry, and Slab (table 4). Chalcopyrite, brannerite, hematite and magneti ~ciated 
with alteration assemblages of Na and K-feldspar, silica. chlorite and carbonate (Dawson and others, 1991). No d e ~ ~ n ~ u v c  tonnage 
and grade data exist for the deposits and occurrences in the Wernecke metallogenic belt; however, resource estimates exist for two 
significant occurrences which contain varying proportions of Cu. U, Au, Fe and Co. The lgor occurrence contains an estimated 
resource of 0.5 million tonnes grading 1.0% Cu, and the Pagisteel occurrence contains an estimated resource of 1 tonne grading 
29% Fe (Archer and others, 1986; Hitnnan and others, 1992; Abbott and others, 1994). Other significant occurrences are at Slab, 
Irene, Porphyry, Dolores, Athens, and Olympic (table 4). 

Formation of the vein and breccia deposits in spatial relationship lo associated mafic dikes and minor diorite intrusions 
was proposed by Abbott and others (1994). Similarities between these deposits in the Wernecke belt and those in the better known 
Kiruna-Olympic Dam deposit type were discussed by Gandhi and Bell (1 996), but evidence of coeval, large-scale magmatic 
activity, regarded as an important feature of the later deposit type, is lacking. A deep-seated magmatic hydrothermal source for the 
formation and mineralization of the breccias was proposed for both the Kiruna-Olympic Dam deposit type and the deposits in the 
Wernecke belt (Hitzman and others, 1992; Thorkelson and Wallace, 1993). A recent, unpublished U-Pb zircon isotopic age of 
1.72 Ga for a post-deposit dike suggests an Early Proterozoic age for both the Wernecke Supergroup and the mineralization (D.J. 
Thorkelson, personal communication, 1994). 

Rapitan Metallogenic Belt of Sedimentary 
lron Formation Deposits (Belt RA) 
Central Yukon Territory 

The Rapitan metallogenic belt of iron formation deposits (fig. 3; tables 3,4) occurs in the central Yukon Territory and is 
hosted in the Rapitan Sedimentary Assemblage, the lowest and easternmost unit of the Windermere Supergroup which is part of 
the North American Craton Margin. The Rapitan assemblage is interpreted as forming in a rift environment which exhibits rapid 
facies and thickness changes, and contains a suite of rift-related igneous intrusions and extrusions with isotopic ages of about 770 
Ma (Gabrielse and Campbell, 199 1). Diamictite, in part glaciogenic, occurs at several localities and stratigraphic levels, notably at 
two well defined horizons in eastern Mackenzie Mountains. The largest deposit of hematite-jaspilite iron deposit in North America 
occurs in one of these horizons at Snake River (Crest; table 4) (Nokleberg and others 1997a, b, 1998). 

Crest lron Formation Deposit 

The Crest lron (Snake River) formation deposit consists of a main zone of banded. laminated or nodular jasper hematite 
which occurs along a stratigraphic interval about 130-m thick near the base of the 'ice marginal' glacial diamictite complex of the 
Shezal Formation. The richest part of the deposit occurs in the top 80 m which contains little or no interbedded sedimentary rocks. 
Estimated resources are 5.6 billion tonnes grading 47.2% Fe. Numerous smaller regional occurrences are also hosted in the 
'proglacial' siltstone facies of the underlying Sayunei Formation (Eisbacher, 1985; Yeo, 1986). This type of banded iron 



formation mineral deposit is named the Rapitan-type by Gross (1996). This type iron of deposit exhibits distinctive lithological 
features, including association with diamictites (tillite) which contain dropstone, sandstone, conglomerate, and argillite. The Crest 
Iron deposit and the Jacadigo iron formation in Brazil are interpreted as having been deposited in Late Proterozoic or early 
Paleozoic rocks grabens and fault-scarp basins along the rifted margins of continents or ancient cratons (Gross, 1996). 

Origin of and Tectonic Setting for 
Rapitan Metallogenic Belt 

An origin of marine exhalation along synsedimentary faults was proposed for this type of hematite-jaspilite iron 
formation by Gross (1965), with modifications by Yeo (1986) to include brine transport by currents generated by the thermal 
gradients between cold glacial and warm hydrothermal waters. The iron deposits in the Rapitan assemblage are correlated with 
hematite-jasper iron formation in siltstone and diamictite of the Late Proterozoic Tindir Group near Tatonduk River in eastern 
Alaska (Payne and Allison, 1981; Young, 1982). Dawson and others (1994) correlate the iron deposits in the Rapitan Assemblage 
and Tindir Group with Late Proterozoic tillite and hematite iron units of the Prikolyma terrane of the Kolyma region in eastern 
Siberia (Furduy, 1968). This interpretation tentatively supports juxtaposition of Siberia and Laurentia in the Late Proterozoic. 

Metallogenic Belts Formed During 
Proterozoic Rifting of North American 
Craton or Craton Margin 

Redstone Metallogenic Belt of 
Sediment-Hosted CU-Ag Deposits (Belt RS) 
Central Yukon Territory 

The Redstone metallogenic belt of sediment-hosted Cu-Ag deposits (fig 3; tables 3,4), which occurs in the western 
Mackenzie district in the central Yukon Territory, is hosted in the dominantly clastic rocks of the Late Proterozoic Windermere 
Supergroup which is part of the North American Craton Margin (Gabrielse and Campbell, 1991; Nokleberg and others, 1997b, 
1998). The largest deposits is at Coates Lake (Redstone); the other deposit in the belt is the June Creek (Baldwin-Shell) deposit 
(table 4) (Nokleberg and others 1997a, b, 1998). 

Coates Lake (Redstone) sediment-hosted CU-Ag Deposit 

The Coates Lake (Redstone) sediment-hosted Cu-Ag deposit consists of chalcopyrite, bornite, digenite, chalcocite and 
covellite as disseminations stratabound in eight repetitive algal carbonatelevaporite sabkha sequences along a transgressive contact 
with underlying continental redbeds of the Redstone River Formation (Chartrand and others, 1989). The deposit contains 
estimated reserves of 37 million tonnes grading 3.9% Cu and 11.3 g/t Ag. Other deposits in the belt are at June Creek, Hayhook 
Lake, and Per. 

Origin of and Tectonic Controls for 
Redstone Metallogenic Belt 

The Coates Lake deposit is the largest and best-documented example of Kuperschiefer-type, syngenetic mineral deposit 
in Canada. Typically Kuperschiefer deposits are zonally distributed and contain disseminated sulfides at oxidation-reduction 
boundaries in anoxic marine sedimentary rock at the base of a marine or large-scale saline lacustrine transgressive cycle. The host 
strata either overlie or are interbedded with continental redbeds. The redbeds, along with characteristically-associated evaporites, 
are a probable source of evaporite-derived ore fluid and copper (Kirkham, 1996a). 

The Redstone metallogenic belt of sediment-hosted Cu-Ag deposits and hosting Windermere Supergroup are interpreted as 
forming during a period of major Late Proterozoic rifting along the western continental margin of North America (Gabrielse and 
Campbell, 1991). The Coates Lake Group which hosts the Coates Lake deposit is an unconformity-bounded rift assemblage which 
occupies several fault-controlled embayments over a 300 km-long trend which is located along the eastern limit of Late 
Proterozoic strata in the Mackenzie Mountains (Jefferson and Ruelle, 1986). 

Churchill Metallogenic Belt of 
Cu Vein Deposits( Belt CH) 
Northern British Columbia 

The Churchill metallogenic Belt of Cu vein deposits occurs in the Muskwa Ranges assemblage in northern British 
Columbia (fig. 3; tables 2, 3) (Nokleberg and others, 1997b, 1998). This assemblage consists of a platformal succession, about 6- 
km-thick, of quartzite, carbonate rocks, and flysch which are tentatively correlated with the Purcell (Belt) Supergroup which was 
deposited along the passive continental margin of the North American Craton (Bell, 1968; Aitken and McMechan, 1991). The 
Muskwa Ranges assemblage consists of a lower sequence of platformal quartzite and carbonate rocks which is about 3.5 krn thick, 
and an upper sequence of shaley flysch which is about 2.5 krn thick. In this area are twelve significant Cu vein deposits which 



occur in clastic and impure carbonate rocks of the Aida and Gataga formations in the Racing River-Gataga River region (Taylor 
and Stott, 1973). The significant deposit is at Churchill. Other CLI vein deposits in the Churchill metallogenic belt are at Davis Keays, 
Gataga, and Fram. 

Churchill (Davis Keays) Cu Vein Deposits. 

The major Churchill (Davis Keays) Cu vein deposit occurs along the Magnum vein system. The deposit consists of 
chalcopyrite, pyrite, quartz. and ankerite in a zone which is 100 m wide (Preto and Tidsbury, 1971; Dawson and others. 1991). 
The deposit occurs in strongly folded Late Proterozoic dolomites and slates of the Aida Formation (with K-Ar isotopic age 780 
Ma), and is intruded by diabase dikes and sills. Overlying Cambrian basal conglomerate contains clasts of mineralized vein 
material. The deposit age is interpreted as Late Proterozoic. From 197 1 to 1974,498,OO tonnes grading 3.43% Cu were produced. 
The grade is highly variable and discontinuous. 

Origin of and Tectonic Controls for 
Churchill Metallogenic Belt 

The Cu vein deposits in the Churchill metallogenic belt are associated with a northwest-striking diabase dike swarm 
which crosscuts folded sedimentary rocks in the Purcell (Belt) Supergroup which were deposited along the passive continental 
margin of the North American Craton. The Cu vein deposits are partly concordant with and intruded by genetically-related diabase 
dikes. However, no diabase dikes occur in the Late Proterozoic Windermere Group to the west, indicating an early Late 
Proterozoic age for dike emplacement and formation of associated Cu vein deposits (Dawson and others, 1991). The Churchill 
metallogenic belt is interpreted as forming in a major, Mesoproterozoic rifling event which is reflected in the sedimentary 
assemblages of the Purcell and Wernecke Supergroups and the Muskwa Ranges assemblage. 

Monashee Metallogenic Belt of Sedimentary 
Exhalative (SEDEX) Zn-Pb-Ag Deposits (Belt MO) 
Southern British Columbia 

The Monashee belt of sedimentary exhalative (SEDEX) Zn-Pb-Ag deposits (fig. 3; tables 3,4), located in southern British 
Columbia in the southeastern Canadian Cordillera, is hosted in the Monashee cratonal terrane. The major SEDEX deposits (table 
4) are Big Ledge, Ruddock Creek, Cottonbelt, and River Jordan (King Fissure), as well as the Neoproterozoic Mount Copeland 
porphyry Mo deposit which is herein included in the metallogenic belt because the porphyry systems are part of the Monashee 
cratonal terrane (Nokleberg and others 1997a, b, 1998). The SEDEX deposits and prospects are within the upper paragneiss part 
of the terrane. Estimated resources range from less than 1 million to 6.5 million tonnes. 

Big Ledge SEDEXZn-Pb Deposit 

The Big Ledge SEDEX Zn-Pb deposit consists of sphalerite, pyrrhotite, galena, and pyrite in lenses (Hnry, 1982a; 
MINFILE, 2002). The deposit contains estimated reserves of 6.5 million tonnes grading 4% Zn. The deposit is in a dark, 
pyrrhotite and pyrite-rich, graphitic, calcareous schist which extends along strike for approximately 10 km. The schist is part of 
paragneiss which is interpreted as the arnphibolite-grade metamorphic equivalent of the Late Proterozoic Windermere Group. 

Ruddock Creek SEDEX Zn-Pb Deposit 

The Ruddock Creek SEDEX Zn-Pb deposit consists several layers with banded sphalerite, pyrrhotite, galena, pyrite and 
minor chalcopyrite and local barite and fluorite which occur in discontinuous lenses and layers along strike length for several 
kilometers (Dawson and others, 1991; H0y, 1982a, 2001; MINFILE, 2002). The deposit has estimated reserves of approximately 
5.0 million tonnes grading 7.5% Zn, 2.5% Pb and is hosted in possibly Paleoproterozoic schist, calc-silicate gneiss, quartzite and 
marble. 

Mount Copeland Porphyry Mo Deposit 

The Mount Copeland porphyry Mo deposit consists of molybdenite, pyrite, pyrrhotite, bornite, chalcopyrite and galena 
which occur along the northern boundary of a large mass of nepheline syenite gneiss flanking the southern boundary of the 
Frenchman's Cap Dome, one of several gneissic domes flanking the eastern margin of the Shuswap Metamorphic Complex 
(McMillan, 1973; Okulitch and others, 1981; MINFILE, 2002). The deposit has estimated reserves of 180,000 tonnes grading 
1.82% MoS2 and production of 171,145 tonnes grading 0.75% MoS2. The deposit is hosted in irregular lenses of aplite and 
pegmatite syenite. U-Pb zircon isotopic analysis suggests an age of 773 Ma. This age indicates the porphyry deposit formed in the 
early history of the Monashee cratonal terrane prior to fragmentation and migration. 



Origin of and Tectonic Controls for 
Monashee Metallogenic Belt 

The SEDEX Zn-Pb deposits in the Monashee metallogenic belt, which are interpreted as Broken Hill type Pb-Zn-Ag 
deposits by Hay (2001), consist of extensive, thin, sulfide layers which are folded and metamorphosed along with their 
predominantly calcareous and schistose host rock (Fyles, 1970; Hsy, 1982a, 2000; Dawson, and others, 1991). A correlation of 
the SEDEX Zn-Pb deposits and host rocks of the Monashee terrane with those in the Kootenay terrane may exist (Dawson and 
others, 1991; Hsy, 2001). The Monashee terrane is interpreted as a displaced fragment of the North American Craton which 
consists of a core of basement paragneiss (with a Late Archean and Paleoproterozoic isotopic age of 2.8 to 1.96 Ga), intruded by 
orthogneiss (2.1 Ga), and mantled by paragneiss which is intruded by a syenite pluton which may be as old as 1,852 Ma 
(Scammell and Brown, 1990; Nokleberg and others, 1994c, 1997c; Crowley, 1997). In the area of the Mount Copeland porphyry 
Mo deposit, minor occurrences of pyrochlore and columbite-tantalite in carbonatite associated with syenite gneiss (McMillan, 
1973) suggest a genetic relationship of these alkaline intrusions to a rifting event which resulted in the separation of the Monashee 
terrane from the craton in the Late Proterozoic (Monger and Nokleberg, 1996). 

Purcell Metallogenic Belt of SEDEX 
Zn-Pb-Ag Deposits (Belt PR)  
Southern British Columbia 

The Purcell metallogenic belt of sedimentary exhalative (SEDEX) Zn-Pb-Ag deposits (fig. 3; tables 3,4) occurs in the 
southern Canadian Cordillera and is hosted in sedimentary rocks of the Mesoproterozoic Purcell Supergroup. The sedimentary 
rocks of the supergroup comprise a dominantly passive margin depositional sequence of fine-grained, basinal clastic rocks at least 
11 km thick. This basinal sequence thins eastward into platformal sedimentary rocks toward the North American Craton (Aitken 
and McMechen, 1991). The Purcell Supergroup is correlated with the Belt Supergroup in the western and northern USA. The 
major SEDEX deposit is Sullivan; other significant deposits in the belt are the Moyie (St. Eugene) and Vine Ag-Au polymetallic 
vein deposits (table 4) (Hsy, 199 1, 2001 ; Nokleberg and others 1997a, b, 1998). 

Sullivan SEDEX Zn-Pb-Ag Deposit 

The Sullivan SEDEX Zn-Pb-Ag deposit (fig. 7) consists of a laminated sulfide assemblage of galena, sphalerite and 
pyrite which has undergone metamorphic recrystallization, and tectonically-induced mechanical and chemical remobilization 
(Leitch and Turner, 1991, 1992; Lydon, 1995). The deposit occurs near a north-trending rift axis at an intersection with the east- 
west-trending, proto-Kimberley fault. The Sullivan deposit originally contained 170 million tomes of ore with a grade of 5.5% Zn, 
5.8% Pb, and 59 glt Ag. About 70% of the deposit occurs in a massive pyrrhotite-galena-sphalerite vent complex which overlies a 
heavily tourmaline-altered hydrothermal upflow zone. The remaining 30% of the deposit occurs in concordant laminated pyrrhotite- 
sphalerite-galena "ore bands" which extend eastwards fiom the vent complex (Lydon, 1995). Ongoing hydrothermal activity from 
marine brines generated successive chlorite-pyrrhotite-muscovite and albite-chlorite-pyrite-sericite-calcite assemblages in ore zone 
and hanging wall and footwall, all coincident with gabbro dikes and sills. The deposit is hosted conformably within folded, 
Middle Proterozoic turbidite of the Early Aldridge formation of the Purcell Supergroup. The turbidites fill an intracontinental 
extensional rift marine basin which is extensively intruded by tholeiitic Mesoproterozoic Moyie Sills series. The sulfide deposition 
is interpreted as predating the Mine Sill series, part of the Moyie Sills series, and was accompanied by extensive boron 
(tourmaline) alteration of marine sedimentary origin. Related, smaller Zn-Pb-Ag deposits are at Fors, Stemwinder, North Star, and 
Vine. 

Origin of and Tectonic Setting for 
Purcell Metallogenic Belt 

The Purcell metallogenic belt of SEDEX Zn-Pb-Ag deposits (fig. 3; tables 3,4) is hosted in the Purcell Supergroup which 
ranges up to 10 km thick to the west, but thins eastward into platformal sedimentary rocks. The Supergroup is overlain by shallow 
marine and non-marine rocks (Aitken and McMechan, 1991), is underlain by basement rocks older than 1.7 Ga, and is intruded by 
the tholeiitic Moyie Sills with a U-Pb zircon isotopic age of 1,467 Ma (Anderson and Davis, 1996). Up to 30% of outcrops of the 
turbidite sequence consists of the tholeiltic sills which were emplaced before significant consolidation of the sedimentary rocks. 
The sills are interpreted as forming during rifting (Hsy, 1989; Lydon, 1995). The SEDEX Zn-Pb-Ag deposits of the Purcell 
metallogenic belt are interpreted as forming at the beginning of major period of mid-Purcell (middle Paleozoic) rifting which 
consisted of exhalation of Zn-Pb-Ag-bearing fluids and associated hydrothermal alternation which was followed by intrusion of 
the abundant Moyie Sills series. Several other similar metallogenic belts of Mesoproterozoic stratiform massive sulfide deposits 
occur in parts of the North American Craton Margin and are Interpreted as forming during a major period of Middle Proterozoic 
rifting along the passive continental margin of the North American Craton (Stewart, 1975). These belts include: (1) Churchill belt 
of Cu vein deposits; (2) Clark Range belt of sediment-hosted Cu-Ag deposits; and (3) Gillespie belt of SEDEX deposits. The 
SEDEX deposits are interpreted as directly associated with mafic volcanic rocks and hydrothermal activity. 



Figure 7. Sullivan sedimentary-exhalalive Zn-FtMg cBposTt, Pwcell mztdbgpmic M Goladan Ced lhm SdietThOtjE twtmed 
cross section. Adapted from Lydon (1995). 

Clark Range Metallogenic Belt of 
Sediment-Hosted Cu-Ag Deposits 
Southern Brttish Columbia (Belt CR) 

The Clark Range metallogenic belt of sediment-hosted Cu-Ag deposits occurs in the Clark Range of southeastern British 
Columbia and southwestern Alberta (fig3; tables 3,4) (NoMeberg and others, 1997b, 1998). The belt is hosted in the 
predominantly clastic rocks of the Appekuny, Grinnell, and Siyeh Formations of the lower Purcell Supergroup which was 
deposited along the passive continental margin of the North American Craton. The metallogenic belt contain numerous, minor 
occurrences of sediment-hosted Cu-Ag and less common Z n - M u  deposits (Kirkham, 1974; Morton and others, 1974; Collins 
and Smith, 1977; Binda and others, 1989). The sedimentary rocks of the Mesoproterozoic Purcell Supergroup comprise a 
dominantly passive margin depositional sequence of fine-grained, basinal clastic rocks at least 11 km thick. They thin eastward 
into platformal sedimentary rocks toward the North American Craton. The supergroup is correlated with the Belt Supergroup in 
the western and northern USA The metallogenic belt contains no significant mineral deposits (Noldeberg and others, 1997a, b). 

Clark Range Sediment-Hosted Cu-Ag Deposits 

The sediment-hosted Cu-Ag sulfide occurrences in the Clark Range metallogenic belt are most abundant in the Grinnell 
Formation. The deposits typically consist of erratically disseminated chalcocite, bornite, and less common Cu sulfides which are 
hosted in relatively permeable white quartz-arenite interlayered with red argillite. Larger Canadian occurrences include Kinshena 
Creek and Bull River, and an extensive occurrence in the Akarnina syncline along the contact between the Grinnell and Siyeh 
Formations (Binda and others, 1989). None contain measured reserves or resources. The Grinnell Formation is the stratigraphic 
equivalent of the Revett Formation of Montana which hosts the important Spar Lake Cu (Ag) deposit (Hayes and others, 1989). In 
this area is a 75-km-long belt of sediment-hosted Cu-Ag and Zn-Pb occurrences that are located in the Spokane and Helena 
Formations in the eastern Belt basin of western Montana. These unils are the equivalents to the Siyeh Formation in Canada (Lange 
and others, 1989). 



Origin of and Tectonic Controls for 
Clark Range Metallogenic Belt. 

The Clark Range metallogenic belt is hosted by sedimentary rocks which are interpreted as part of Proterozoic through 
middle Paleozoic passive margin along the North American Craton (Nokleberg and others, 1994c, 1997b. c, 1998, 2000; Monger 
and others, 1996). The sediment-hosted Cu occurrences in the Clark Range metallogenic belt, which occur in quartz-arenite beds 
in dominantly red argillite, were interpreted by Kirkham (1974) as forming during late diagenetic mineralization of eolian beds in 
a sabkha sequence. In contrast, the occurrences are interpreted by Collins and Smith (1977) as the product of cyclically-controlled 
redox conditions during short-lived, fluvial to lacustrine episodes. Alternatively, Morton and others (1974) interpret the metal- 
bearing fluids forming from exhalations along faults. 

Deposition of a prograding wedge of Purcell (Belt) sedimentary rocks is interpreted as the result of major 
Mesoproterozoic rifting along the passive continental margin of the North American Craton (Monger and others, 1972). A rift- 
related, exhalative origin for the sediment-hosted copper deposits in the Clark Range metallogenic belt is supported by analogous, 
similar deposits elsewhere in the North American Craton Margin: (1) Cap Mountains deposit in the southern Franklin Mountains, 
Northwest Territories (Aitken and others, 1973); (2) Churchill belt of Cu vein deposits; (3) Gillespie belt of SEDEX deposits; and 
(4) the Purcell belt of SEDEX deposits. Many of the metallogenic belts with SEDEX deposits are directly associated with mafic 
volcanic rocks and hydrothermal activity. 

Cambrian through Silurian 
Metallogenic Belts (570 to 408 Ma) 

Overview 

The major Cambrian through Silurian metallogenlc belts in the Russian Far East, Alaska, and the Canadian Cordillera are 
summarized in table 3 and portrayed on figures 2 and 3. The major belts, although wlth disparate origins, are as follows. (1) In the 
Russian Southeast, Voznesenka (VZ) and the Kabarga (KA) belts, which contain Korean Pb-Zn and Ironstone (Superior Fe) 
deposits, are hosted in the Khanka continental-margin arc superterranes. These belts are interpreted as forming during marine 
sedimentation in rifted fragments of the Gondwandaland supercontinent. (2) In the same region, the South Khingan (SK), and Gar 
(GA) belts, which contain ironstone (Superior Fe), volcanogenic Fe, Cu massive sulfide, and stratiform Zn-Pb deposits, are hosted 
in the Bureya or Khanka continental-margin arc superterranes. These belts are interpreted as forming These belts are interpreted as 
forming during early Paleozoic sedimentation or marine volcanism in Manchurid and Altaid orogenic systems. (3) In the central 
part of the Russian Far East, Galam (GL) belts, Omulevka River (OR), Rassokha (RA), which contain Volcanogenic Fe and Mn; 
sedimentary, Austrian Alps W, Kipushi Cu-Pb-Zn, and Basaltic Cu, sediment-hosted Cu deposits, are interpreted as during early 
Paleozoic sea-floor spreadmg, regional metamorphism, or during subduction-related volcanism. (4) In the Russian Northeast, 
Dzhardzhan River (DZR) belt, which contains Southeast Missouri Pb-Zn, sediment-hosted Cu, and sandstone-hosted U deposits, 
is interpreted as forming during incipient rifting of early Paleozoic (Cambrian) continental-margln. ( 5 )  In the Canadian Cordillera, 
the Anvil (AN), Howards Pass (HP), and Kootenay (KO) belts, which contain SEDEX Zn-Pb-Ag deposits, are hosted in the North 
American Craton Margin, or in the Yukon-Tanana and Kootenay continental-margin terranes which are interpreted as having been 
rifled from the North American Craton Margin. These belts are interpreted as forming during rifting of early Paleozoic (Cambrian) 
North American Continental-Margin. And (6) in southeastern Alaska, the Prince of Wales Island (PW) porphyry Cu and 
polymetallic vein deposits, which are hosted in the Alexander sequence of the Wrangellia superterrane, are interpreted as forming 
in a short-lived continental-margin arc. In the below descriptions of metallogenic belts, a few of the notable or significant lode 
deposits are described for each belt. Table 4, which is adapted and revised from Nokleberg and others (1997a), provides a 
complete listing of significant lode deposits in each metallogenic belt. 

Metallogenic Belts Formed During 
Early Paleozoic Marine Sedimentation in 
Rifted Fragments of Gondwandaland 
Supercontinent 

Voznesenka Metallogenic Belt of Korean Pb-Zn 
Deposits (Belt VZ )  
Southern Russian Southeast 

The Voznesenka metalIogenic belt of Korean Pb-Zn massive sulfide deposlts (fig. 2; tables 3 ,4)  occurs in the southern 
part of the Russian Southeast. The belt is hosted in the Voznesenka terrane of the Khanka superterrane, a fragment of a Paleozoic 
active continental-margin arc (Androsov and Ratkin, 1990; Nokleberg and others, 1994c, 1997c; Khanchuk and others, 1996, 
1998; Ryazantseva, 1988). The significant deposits are at Voznesenka-I and Chemyshevskoe (table 4) (Nokleberg and others 



I 1997a, b, 1998). The massive sulfide ores generally occur conformable to organic-rich, bituminous limestones near a contact with 
overlying marl. Banded magnetite ore associated with algae bioherms is a peculiarity of the stratiform deposits of the Vomesenka 
metallogenic belt. 

Voznesenka-1 Korean Pb-Zn Deposit 

The Voznesenka-I (Korean Pb-Zn deposit (fig. 8) (Androsov and Ratkin, 1990; Ryazantseva, 1988) consists of massive 
and thick-banded sphalerite and magnetite-sphalerib layers in bedded Early Cambrian limestone turbidite. The ore bodies are 
lenticular, 1-2 m thick, 20 to 100 m long, and occur in dolomitic limesione and marl. The sulfide bodies and host rocks are folded 
and regionally metamorphosed. The sulfide bodies were locally altered to skarn and greim during emplacement of a Silurian 
panitic stock which intrudes the carbonate unil. The deposit is of medium size with an average grade of 4% Zn. 
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Figure 8. Voznesenka-1 Korean Zn massive sulfkle deposit (Vomesenka metallogenic belt) and Voznesenkall Rrr~te greiwn 
deposit, Yaroslavka metallogenic belt, Russian Southeast. Schematic geologic map. Adapted from Ratkin (1995). 

Chemyshevskoe Korean Pb-Zn Deposlt 

The nearby Chernyshevskoe Korean Pb-Zn &posit (Bhanov ,  1988; Ryazantseva. 1988) consists of sheeted pynhotite- 
arsenopyrite-pyrite-galena-sphalerite bodies which occur at the contact of a limestone sequence with overlying Early Cambrian 
siltstone. Rare conformable zones of disseminated sulfide mhcrahation occur within h e  limestone away from the contact. The 
sulfide bodies are 1 to 2 m thick, with a surface exposure 100 to 200 m long. The deposit was drilled to a depth of abut 100 m. 
The deposit is small with an average grade of 1 . 5 4 5 %  Pb and 0.7-2.5% Zn. Both the Voznesenka-1 and Chemyshevskoe deposits 
were formerly interpreted as s k m  and were previously not evaluakd properly. Locally abundant sedimentary-exhalalive 
siliceous rocks have anomalously high F. B, and Zn values. 



Origin of and Tectonic Controls for 
Voznesenka Metallogenic Belt 

The Cambrian through Silurian units of the Voznesenka terrane consists are (Nokleberg and others, 1994c, 1 9 9 7 ~ ;  
Khanchuk and others, 1996, 1998): (1) Cambrian sandstone, pelitic schist, rhyolite, felsic tuff, and limestone and dolomite which 
together are up to several thousand meters thick, are intensely deformed; (2) Ordovician collision-related biotite and Li-F 
protolithionite granitoid rocks with Rb-Sr and Sm-Nd ages 450 Ma (Belyatsky and others, 1999); and (3) Ordovician to Early 
Silurian conglomerate and sandstone with questionable-age flora. The limestone turbidites hosting the Voznesenka-I and 
Chernyshevskoe Korean Zn-Pb deposits are interpreted as forming on the upper part of an Early Cambrian continental slope. The 
limestone turbidite and other Cambrian sedimentary and volcanic units of the Voznesenka terrane are interpreted as a fragment of 
a Late Proterozoic to early Paleozoic carbonate-rich sedimentary rock sequence which formed on a passive continental margin. 
Archaeocyathid fauna in Cambrian limestone is related to the Australia paleogeographic province. The Voznesenka terrane 
probably was a part of the passive continental margin of Gondwanaland (Khanchuk and others, 1998). Similar stratiform 
Cambrian Zn deposits occur in fragments of Gondwanaland in Africa and South America. 

Kabarga Metallogenic Belt of 
lronstone Superior Fe) Deposits (Belt KB) 
Southern Russian Southeast 

The Kabarga metallogenic belt of ironstone (Superior Fe) deposits (fig. 2; tables 3,4) occurs in the southern part of the 
Primorye province in the Russian Southeast and is hosted in the Kabarga terrane of the Khankha superterrane (Nokleberg and 
others, 1994c, 1997~). The belt is defined principally by a group of ironstone deposits at Ussuri which consist of beds of 
magnetite- and hematite-magnetite-bearing chert which occur in a sequence of Early Cambrian clastic-carbonate rocks which 
overlie Early Cambrian dolomite (Denisova, 1990; Nokleberg and others 1997a, b, 1998). Magnetite and hematite layers also 
occur along the layering planes between chert and intercalated with quartz-sericite-chlorite and quartz-sericite schist and dolomite. 
The upper part of the Fe deposit is oxidized, and contains Mn deposits, mainly pyrolusite, which occur in addition to the Fe 
deposits. Mineralogic and geochemical studies suggest an exhalative-sedimentary origin. The deposits are generally small, with Fe 
contents which range from 24 to 39%). 

The Kabarga metallogenic belt of ironstone (Superior Fe) is hosted in the Kabarga terrane of Khanka superterrane 
(Nokleberg and others, 1994c, 1997~).  The ironstone deposits occur in Cambrian siliceous limestone, limestone, graphitic pelitic 
shale, ferromanganese and phosphate layers, and dolomite. The rocks are intensively deformed. The stratigraphic thickness ranges 
up to 1 krn. The older units of the Kabarga terrane, which underlie the deposits described above, consist of highly metamorphosed 
and deformed marble, calc-schist, gneiss, and quartzite which exhibit granulite and amphibolite-facies metamorphism, and yield a 
Rb-Sr whole-rock isotopic age of greater than 1,517 Ma. Younger units consist of Silurian sandstone, limestone, Silurian 
collisional-related granitoid plutons, Permian basalt, andesite, and rhyolite, and Early Triassic sandstone. The Khanka superterrane 
is interpreted as a fragment of a Paleozoic continental-margin arc (Nokleberg and others, 1994c, 1997~) .  In the Early Cretaceous, 
the Khanka superterrane was accreted to the eastern margin of Asia. 

Metallogenic Belts Formed During 
Early Paleozoic Sedimentation or 
Marine Volcanism in Manchurid or 
Altaid Orogenic Systems 

South Khingan Metallogenic Belt of lronstone 
(Superior Fe) Deposits (Belt SK) 
Southern Russian Southeast 

The South Khingan metallogenic belt of ironstone (Superior Fe) deposits (fig. 2; tables 3,4) occurs in the southwestern 
parts of the Khabarovsk province in the Russian Southeast in the Malokhingansk terrane of the Bureya superterrane. The belt 
contains a group of significant deposits at South Khingan (table 4) (Nokleberg and others 1997a, b, 1998). 

The South Khingan deposit (fig. 9) consists of Fe- and Mn-bearing beds which are composed of magnetite-, hematite-, 
and magnetite-hematite-bearing quartzite in beds 18 to 26 m thick which are ~nterlayered with chlorite-dolomite breccia 
(Kazansky, 1972). Underlying sedimentary rocks contain braunlte-haussmanite-rhodochrosite layers between 2 and 9 m thick. The 
Fe- and Mn-bearing layers are overlain by a dolomite sequence which is overlain in turn by shale, limestone, and dolomite which 
all occur in the lower portion of the Early Cambrian Khingan series. The deposit has not been developed because of the difficulties 
with ore concentration and steeply-dipping beds. The largest deposits at Kimkanskoe, Kastenginskoe, and South Khingan are 
estimated as containing approximately 3 billion tonnes of Fe and Mn minerals. Mineralogic and geochemical studies suggest an 
sedimentary-exhalative origin. The Early Cambrian Khingan series is part of the Bureya superterrane which is interpreted as a 
fragment of a continental-margin arc which was accreted to Sino-Korean Craton during the Paleozoic (Nokleberg and others, 
1994c, 1997~).  The superterrane contains Late Proterozoic and Devonian granitoid rocks with K-Ar isotopic ages of 604 and 301 



Ma which locally form extensive plutons and batholiths. The metallogenic belt is interpreted as forming in volcanjc and 
sedimentation basin along an miable  proto-coahnental margin, or in a fragment of Arcbean craton which was incqomte<Xints 
an accretionary wedge terrme. 

Figure 9. South Khingan ironstone depodt, South Khfngm metallogenic belt, Russian Southeast. Schem& geoloqicmawp and 
cross section. Adapted from Korosbelev and others (1990). 

Gar Metallogenic Belts of Volcanogenic Fe Deposits and 
Stratiform Cu and Pb-Zn Depostts (Belt GR) 
Western Part of Russian Southeast 

Two Gar metallogenic belts of volcanogenic Fe and sbatiform Cu and Pb-Zn deposits (fig. 2; tables 3.4) occur in the 
northwestern part of the Russian Southeast. The belts are hosted in the Mamyn continental-margin arc terrane (unit MM, fig. 2) 
(Nokleberg and others, 1994c, 1997~). The Fe deposits generally consist of lenses and beds of magnetite which is spatially 
associated with basalt and limestone. A large deposit occurs at Gar; coincidental with the Gar of volcanogenic Fe deposits is a 
metallogenic belt of Cu and PbZn stratiform sulfide deposits (Nokleberg and others 1997a, b, 1998). The belt also contains (table 
4): (1) smaH massive Cu sulfide deposits, as at Kamenushinskoe, which occur in rhyolite which underlies a sequence of magnetite- 
bearing basalt; and (2) a small stratiform Pb-Zn vein deposit at Chagoyan. 

Gar Volcanogenic Fe Deposit 

The large Gar volcanogenic Fe deposit (Zimin, 1985; Z imi  and Konoplev, 1989) consists of sheeted iron ore bodies 
which occur in metamorphosed, Eady Cambrian(?) felsic and rnafic volcanogenic rocks with limestone lenses part of the Gar 
terrane. The iron ore beds occur chiefly in the upper Early Cambrian(?) section composed mainly of mafic volcanic rocks. The ore 
occurs within a section 220 to 250 m thick, but most of the ore, about 75 percent, occurs within an interval ranging from 156 to 
184 m thick. The ore horizon occurs for 4 km along strike. The deposit has estimated reserves of 389.1 million tomes grading 
41.7% Fe. Total inferred reserves in the metallogenic belt are 4 billion t o ~ e s  (Zimin and Konoplev, 1989). The Gar deposit has 
not been mined. The deposit is intruded by early Paleozoic gabbro, diabase, and plagiogranite and is locally metamorphosed to 
skam. Magnetite is the dominant ore mineral. Similar vokanogenic iron deposits occur north of the Gar deposit and need M e r  
exploration. 

Kamenushinskoe Cu Massive Sulfide Deposit 

The small Kamenushinskoe Cu massive sulfide deposit (P.N. Radchevsky, written csmmua, 1956, V.V. Ratkin, this 
study) consists of lenses, from 100 to 800 m long and 2 to 12 m thick, which occur conformable to bedding. Eleven ore b&es 
have been explored by drilling to a depth of 300 m. Pyrite is the most common ore mineral; however, some ore bodies consist of 
hematite-magnetite-pyrite ore. Chalcopyrite locally comprises up to 1 to 2%. The deposit is locally contact-metasomatized into 
skam by Paleozoic granite. The deposit is interpreted as of sedimentary-exhalative origin which was associated with felsic 
seafloor volcanism. The Kamenushinskoe deposit occurs in Cambrian rhyolite of the Mamyn terrane. The rhyolite underlies a 
basaltic and limestone sequence which contains the volcanogenic Gar deposit. 



Chagoyan Stratiforrn Pb-Zn Deposit 

The Chagoyan stratiform Pb-Zn deposit (I.G. Khel'vas, written commun., 1963; V.V. Ratkin, this study) consists o f a  
galena-sphalerite aggregate which occurs as cement between grains in sandstone. Veinlets are also common. The deposit is about 
270 m long and 1.0 m thick, and is hosted in quartz-feldspar sandstone which underlies Cambrian(?) limestone and dolomite. 
Galena and sphalerite are the dominant ore minerals, with subordinate pyrite, pyrrhotite, and chalcopyrite. Post-ore dikes and 
stocks of Early Cretaceous diorite and granodiorite cut the deposit. The Mesozoic igneous rocks and the contained stratiform ore 
bodies !ocally exhibit hydrothermal alteration to quartz, sericite, and tourmaline. The deposit occurs on the northern bank of the 
Zeya River and is small. Average grades are 1.42% Pb, 5.16% Zn, and up to 3,000 g/t Ag. The deposit contains estimated reserves 
of 65 thousand tomes zinc. 

Origin of and Tectonic Controls for 
Gar Metallogenic Belts 

The rocks hosting the two Gar metallogenic belts are interpreted as forming in a Late Proterozoic volcanic-tectonic basin 
in which marine basalt to rhyolite volcanism occurred (V.V. Ratkin, this study). The volcanogenic Fe deposits of the Gar 
metallogenic belt consist of sheeted Fe layers, mainly magnetite, which are hosted in metamorphosed Early Cambrian(?) felsic and 
mafic volcanic rocks and limestone. The stratiform Cu and Pb-Zn deposits of the Gar metallogenic belt are hosted in Cambrian 
rhyolite (Cu deposits) and quartz-feldspar sandstone (Pb-Zn deposits) which underlies Cambrian(?) basalt and calcareous rocks. 
These stratified units comprise part of the Mamyn continental-margin arc terrane (fig. 2). Tbese stratigraphic units and stratiform 
deposits are (Nokleberg and others, 1994c, 1997~):  (1) underlain by Archean(?) gneiss and schist, granite-gneiss, gabbro, and 
amphibolite which exhibit granulite facies metamorphism, and Proterozoic(?) and Early Cambrian sequence consists of 
greenschist, metasandstone, marble, quartzite, felsites, sandstone, and siltstone; and (2) are overlain by Silurian clastic rocks and 
Middle Devonian siltstone, sandstone, and limestone which are gently folded. The tectonic origins of the stratiform sulfide 
deposits are poorly understood and need further study. 

Metallogenic Belts Formed During 
Early Paleozoic Sea-Floor Spreading, 
Regional Metamorphism, o r  During 
Subduction-Related Volcanism in 
Russian Far East  Terranes 

Galarn Metallogenic Bett of Volcanogenic Fe, 
Volcanogenic Mn, and Sedimentary P Deposits (Belt GL) 
Central Part of Russian Far East 

The Galam metallogenic belt of volcanogenic Fe, volcanogenic Mn, and sedimentary P deposits (fig. 2; tables 3 ,4)  
occurs in the central part of the Russian Far East in the Galam accretionary wedge terrane (Shkolnik, 1973). The significant 
deposit is the Gerbikanskoe volcanogenic Fe deposit; other deposits are: the North-Shantarskoe, Nelkanskoe. Ir-Nimiiskoe-2, and 
Lagapskoe sedimentary P deposits; and the Ir-Nimiiskoe- 1, Milkanskoe, Galamskoe, Gerbikanskoe, Kurumskoe, and Itmatinskoe 
volcanogenic Fe and Mn deposits (table 4) (Nokleberg and others 1997a, b, 1998). The Fe and Mn deposits occur in Cambrian 
beds and lenses with chert in seafloor basins and are interpreted as forming during seafloor hydrothermal activity which was 
associated with mafic volcanism. 

The sedimentary P deposits are phosphorites which formed in limestone caps which formed in two stages on accreted 
seamounts, atolls, and guyots. The older stage consisted of siliceous deposition of phosphate coquina (inarticulate brachiopods, 
trilobites, etc) in the section of those atolls. Abrasion resulted in the formation of fragmentary trains, including phosphorite 
fragments. The younger stage consists of accumulations of phosphorite fragments. The deposits are interpreted as being 
subsequently deformed and metamorphosed during subsequent accretion of the Galam terrane. 

Gerbikanskoe Volcanogenic Fe Deposit 

The Gerbikanskoe volcanogenic Fe deposit (fig. 10) (Shkolnik, 1973) consists of two zones separated by a sequence of 
sandstone and siltstone. The two zones contain approximately 30 steeply-dipping sheets and lenses of magnetite and hematite. 
Individual bodies are several tens of m to 5 to 7 km long, and locally occur in a closely-spaced en-echelon pattern. Thickness 
varies from 5 to 50 m and is commonly 8 to 28 m. Fe-rich zones vary from banded to thinly-banded, lenticular-banded, and 
bedded, and consists of finely-dispersed hematite, magnetite, and rare pyrite and chalcopyrite. The deposit is large with an average 
grade of 42-43% Fe (soluble Fe 33-53%); 1.8% Mn, and 9.6% P. 



Figure 10. Gerbikanskoe vdcanogenic Fe-, Galam W n Y e h e g  RUssb&uthW. tkbmWegedogicm& cmss 
section. Adapted from Shkolnk (1973). 

Origin of and Tectonic Contmle kw 
Galam Metallogenic Belt 

The volcanogenic Fe *sits in ths GPkm mctahgikmcbdi coneis1 of I!WWXRU lastj~ular and sheeted magnetitehadim 
which consist of conformabk, solcsply-dippmg Mto ofcmnph canpxition b&gwtiPe bodies occur in a layer up to 600 m 
thick which consists of altemetiog, weakly ~~ C8idm-k dnrk @my japer, sddst, shale, spilite, basalt, and basaltic 
tuff which is interlayered wilb rwe dblaw, mdn@Bobbrgr liun%Wm&, and doknnb. The xodcaa@c Ma 
deposits consist of partly m~~ #qly-dlrrpm8,1- and rbasta4 bedded h?Sn bodies which occur in a diverse 
Lower Cambrian sequence oijrsper, ebale, rcbirc, spilite, basalt. aod W c  &IB which overlays a carbonate reef complex 
seamounts. The Fe and Mn &pa-its aoour ip long bxk a d  lenses and am hkpmkd forming during seafloor h y d r o t h ~  
activity and associated with basaltic v o l m h  which TYX! m a q e n i e d  by ct)aI cllposith in ~r~ The 
sehmentary P deposits are ho&d in coqlen,  steeply-dippi- ~ d f d d d  aqueoce 6f,fjaspta & Ytolccinic rocks which r-& 
reef edifice. The depos i~  coarriet of cubonata bab wbicb oo~Etin phOqbrik-b@dng, breccia with Cambrian f 4 8 .  Thc 
sedimentary breccia is interpreted as forming in atod fraD md (- 1993). 

The Galam terram m b u  of a compMy4dll acmdianary p r k o  6 t h  numerim regbal&*W &&it& 
Paleozoic (Cambrian a d  CMovici-) marine basah, &cut, a d  CkPtk ID& (Khm&&, 1993). The r i ~ & ~  consists of hte 
Paleozoic turbidite and o M W m e .  Ths wly hknmic mta and o v d y h g  to late hk-k dime- m d ~ ~  
interpreted as forming ip a marire basim ~~~ 1973: K h d &  1999). 

Omulevka River Metallogenic 8 M  of Auctrfarr A$, W 
and Kipushi Cu-Pb-Zn Deporb (Um# OR) 
Northwest Part of Russinn MWha#t 

The Omulevka River mctehgcnie belt af fitratdxmd Aurtrian Alp& W iandEpu& Cu-Pb-Zo&pmhts {fig, 2; tabk3,  
4) occurs in the northwest part Rwmian Norhaat ( S h p h t ~ ~ ,  1WV. The Wt cmtm betwtm the Monaa and bul~ l srr  
Rivers, and is hosted in the m a r t e m  part af tbe Omulevh p s h i v t  c 6 t 1 M  msrgin tearme &the K g 1 ~ 0 i o n  
superterrane (Nokleberg and others, 19W, 1997~). T k  belt ie pater them 300 km long and mages up to 100 wi&. The 



significant deposits are the Ornulev stratabound Austrian Alps W deposit, and the Vesnovka Kipushi Cu-Pb-Zn deposit (table4) 
(Nokleberg and others 1997a, b, 1998). 

Omulev Austrlen Alps W Deposit 

The Omulev Austrian Alps W deposit (fig. 1 1)  (Shpikerman and others, 1986) consists of veinlets in Middle Ordovician 
black, carbonaceous, calcareous siltstone. The main ore mineral is scheelite with local pyrite, antimony realgar, orpirnent, galena, 
and chalcopyrite. The ore minerals are restricted to a conformable, thin layer which is intricately folded along with adjacent 
sedimentary rocks. The ore minerals and sedimentary rocks exhibit greenschist-facies metamorphism. The deposit occurs in the 
core of a large, open, northwest-trending anticline, and covers an area of about 100 km2. The deposit is small and has an average 
grade of up to 1% W03. 
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Figure 11. Omulev Austrian Alps W deposit, Omulevka River metallogenic belt, Russian Northeast. Schematic geologic map. 
Adapted fromshpikerman and others (1 986). 

Vesnovka Kipushi Cu9b-Zn Deposit 

The Vesnovka Kipushi Cu-Pb-Zn deposit (Shpikerman, 1998) consists of veinlets and disseminated sulfides in Middle 
Ordovician limestone, shale, and siltstone. The ore bodies trend east-west and form metasomatic replacements conformable to 
bedding. The chief ore minerals are sphalerite, galena, chalcopyrite, and renierite(?). The calcareous siltstone which hosts the ore 
bodies is silicified and cut by calcite veins. Local tuff beds in these formations suggest which a volcanic island arc occurred along 
the margin of an Early and Middle Ordovician continental-margin sedimentary basin (Bulgakova, 1986). 



Origin of and Tectonic Controls for 
Omulevka River Metallogenic Belt 

The Omulevka River metallagenic belt of stratabound Audrian Alps W and Kipushi Cu-Pb-Zn deposits consists mainly 
of vein deposits which are hosted in the Omukvka passive continental margin terranc (Shpikeman, 1998). 

The stratabound Austrian Alps W mineralization deposits are hosted in the lower part of the Middle Ordovician 
(Llanvirnian) Krivun Formation which ranges from 600 to 700 m hick and conrists of flysch composed of rhythmically- 
Interbedded black clay-carbonaceous limestone, calcareous siltstone a d  phytlitu. ore-bearing rock hrkm ranges from 10 to 
15 rn thick and is composed of black calcarem sillstone with clastic. rowd grains ~f calcite ( 55-7W), quartz ( 20-30%), and 
graphite (3-5%). Metarnorph~srn has produced a fine-gmined granoblaftic and lapidogr~oblasic textwe. Former interstitial clay is 
metamorphosed to a fine-grained epidote aggregate. 

The Vesnovka and related Kipushi Cu-Pb-Zn deposita art hasted in the Mi#le Ordovician hhutka F m t i o n  which is 
about 325 m thick and consists of rhythmically interlayered black clay limtstane and ehale wit beds of siltstone and cdcareous 
sandstone. The sulfide deposits are beds of saRdslonc aod calcareous siltstone. The deposits and host rocks are interpreted as 
having been regionally metamorphosed in the Late Silurian for seveml reasons. (1) The Ordovician and Silurian sedimentary rock 
of Rassokha terrane and the northern pan of the Chndevka terrane arc unconfombly overlapped by Lower Devonian 
conglomerates, and pebbles of the m ~ r p b i c  rocks occur in these cmgfomtratcs. And (2) a model Pb age of 410 to 432 Ma is 
obtained for the galena from the sulficte oras of the Omulcvka Austrian Alps W deposit { Shpikffman, 1998). 

Because the stratabound Austrian Alps W and Kipushi Cu-Pb-Zn deposits m u r  as veins and replacements, the 
Omulevka River metallogenic belt is interpreted as brming during regi.ona1 rncbmorphism. The regional metamoxphhn is 
interpreted as occurring during accretion of tbe s~nall Rassdcha oceanic crust krrane to the North Asian Craton Margin 0 in 
the Late Silurian (Shpikeman, 1998), The host Omulevka continental margin krrane is interpreted as a dked fragment of the 
North Asian Craton Margin (Nokleberg and others, 19!24c, 1997~). IU%ng is interpreted as occurring in the Late Devonian and 
Early Carboniferous. 

Rassokha Metallogenic Belt of Basdtk Cu and 
Sediment-Hosted Cu Deposit3 (Belt RA) 
Northern Part of Russian Northeast 

The Rassokha metallogenic belt of basaltic Cu and sediment-hosted Cu deposits (fig. 2; tableg 3,4) occurs in tbQ uorthem 
part of the Russian Northeast (Shpikerman, 1998). The bdt is 80 km long and 20 km wide and is hmkd in the Rassokha passive 
continental-margin terrane of the Kolyrna-Omoh supertenanc (Nokleberg and others, 19%, 1997~). The aaetahgezh belt also 
contains sparse Pb-Zn vein deposits which occur in the Middle a d  Late Ordovician Bulkui Formation. This volcanic-rock- 
dominated unit consists of potassic trachybasalt, trachyandesite, basalt, and tracbyte flows, interbedded tuff, siiicmtis shale, red 
sandstone, conglomerates and gray limestone, m d  hypabyssal shoshanite bodies. The Pb-Zo vein deposits sre intwptetd aa 
forming during a period of post-volcanic, hydrothermal activity. The B&t F ~ m t i o n  is i n t e r p d  M of a distal(?) oceanic 
island arc volcanic assemblage. The significant deposit is tht basaltic Cu and sediment-hosted Cu A p d j a  deposit (table 4) 
(Nokleberg and others 1997a, b, 1998). 

Agyndja Basaltic Cu and Sediment-Hosted Ou lkposlt 

The basaltic Cu and sediment-hosted Cu Agyndja deposit (Shpikcrrnan and others, 1988) consists of disseminsted and 
vein-like ore bodies, and sparse breccia ores which are hosted i~ amygdaloidai trachybasait and &tone of Middle to Late 
Ordovician age. The ore minerals are bornite, chalcocite, chalcqyrite, covelllte, and local native copper. The lowerparl of the 
stratified deposit is commonly composed of mineralized h-achybasait which overlain by Ch-bearing sandstone. The Cu minerals in 
trachybasalt occur in amygdules and synvokanic fissures in tbc ufrp# portion of lava flows. The (=u eera.ls a h  occur botb as 
cemenr and as clasts in sandstone. Tbe deposit ocem ovw an area dabout 100 km2. hdivibual om horizons are 1 to 30 m thick 
and trend northwest. The Cu sulfide depovits occur in nubmarhe l a w  flows, subvolcanic p~phyry fntausiow, and %h&ow-water 
sandstones. The Agyndja deposit 1s large with an average gtade of about 1% Cu. 

Origin of and Tectonic Controls for 
Rassokha Metallogenic Belt 

The Rassokha passive continental-margin terrene, which host the Rassokha metallogenic belt, consist of two stnxc-1 
complexes (Shpikerman, 1998). A lower cornplax consists mainly of Qrdavicim marhe sedimentary and volcanic rock is about 
5,000 m thick. The major lithologies are Cambrian eandstatle and congkmcrate with round clads of serpentinite, Whybasalt, 
tuff, volcaniclastic sandstone, mmor tracbyte. The basaltic Cu and sediment-hosted Cu deposits ofthe Rasokha metallogenic belt 
are hosted in the Middle and Late Ordovician Agyndja Formation whlch contains s&edw arrd vol&c rbcb  and rattgcs from 
800 to 1000 m thick. The major litbologics in the fonnation ara interbeddad lava flows (10-30 m thick), mainly red porphyry 
trachybasalt, rare trachyte, trachyandesik, tuff, volcaniclastic srrnbtone, and conglomerate. Locd l k t o n e  md dolomite with 
marine fauna occur ( Shpikerrnan, 1998). The lower complex is intruded by sills of K-rich basalt, momnite, and syenite porphyry 



which are interpreted as comagmatic with the flows. The igneous rocks are interpreted as forming during rifting of an island arc 
complex located close to a continent. The unconformably overlying upper complex consists of marine and abyssal sedimentary 
rock, including coarse clastic rock. carbonate, volcaniclastic rock, and black shale. Based on Devonian graptolites, the age of the 
upper complex ranges from Devonian to Triassic. The upper complex is interpreted as having been deposited along the middle 
Paleozoic passive continental margin in the Verkhoyansk fold belt (North Asian Craton Margin). The basaltic Cu and sediment- 
hosted Cu deposits of the Rassokha metallogenic belt are interpreted as forming during Ordovician rifting of an island arc 
(Shpikerman, 1998). 

Metallogenic Belts Formed During 
Early Paleozoic Rifting of Continental Margins 
or in Continental-Margin Arc Terranes 

Dzhardzhan River Metallogenic Belt of 
Southeast Missouri Pb-Zn, Sediment-Hosted Cu 
and Sandstone-Hosted U deposits (Belt DZ) 
Northern Part of Eastern Siberia 

The Dzhardzhan River metallogenic belt of Southeast Missouri Pb-Zn, sediment-hosted Cu, and sediment-hosted U 
deposits (fig. 2; tables 3 ,4)  occurs in two areas in the northern part of eastern Siberia in the northeastern North Asian Craton 
Margin (Verkhoyansk fold belt, unit NSV; Nokleberg and others, 1994c; Shpikerman, 1998). The two parts of the belt trend for 
more than 400 krn from the Dzardzhan River in the south to the Laptev Sea in the north. The Dzhardzhan River metallogenic belt 
contains sparse stratabound deposits in Vendian, Early Cambrian, Late Devonian, and Early Carboniferous sedimentary rocks. 
The major Southeast Missouri Pb-Zn deposits are at Manganiler and Aga-Kukan, and the major sediment-hosted U deposit is at 
Kyongdyoi (table 4) (Nokleberg and others 1997a, b, 1998). 

Manganiler Southeast Missouri Pb-Zn and Deposit 

The Manganiler Southeast Missouri Pb-Zn and similar deposits generally consist of layers of concordant, lenticular 
galena-sphalerite ore bodies which occur in Early Cambrian dolomite (Shpikerman, 1998). The ore bodies vary from 0.4 to 3.6 m 
thick and are up to 135 m long. Disseminated sulfides are locally replaced by massive, predominantly sphalerite in the lower 
portion of the deposit. The sulfides are banded locally. The major ore minerals are sphalerite and lesser galena. Subordinate ore 
minerals are pyrite, marcasite, and srnithsonite. The occurrences also exist to the south, as at the Aga-Kukan deposit, is a 
Southeast Missouri Pb-Zn occurrence, and is hosted in Early Carboniferous limestone. Nearby Late Devonian sandstone and shale 
contain sediment-hosted Cu occurrences. 

Kyongdyoi Sandstone-Hosted U Deposit 

The Kyongdyoi sandstone-hosted U deposit consists of uraninite crust which occurs in Late Proterozoic (Vendian) and 
Early Cambrian sandstone and limestone (unit NSV, Verkhoyansk fold belt; Yu.M. Arsky and others, written commun., 1963). 
Uranium occurs in disseminated sulfides such as pyrite and sphalerite, and in bitumen (kerite) inclusions. The deposit occurs in 
various stratigraphic levels of anticlinal domes and in lens-shaped bodies which range from 0.3 to 2.3 m thick and from 100 to 400 
m long. The uranium-bearing zone ranges up to 50 km long. 

Origin of and Tectonic Controls for 
Dzhardzhan River Metallogenic Belt 

The southeast Missouri Pb-Zn deposits of the Dzhardzhan River metallogenic belt occur two stratigraphic horizons, in the 
lower part of a Cambrian sedimentary rock sequence, and in the Early Carboniferous Aga-Kukan suite. The Lower Cambrian 
sedimentary rocks, about 1 10 m thick, consist of bituminous and clay limestone and sandstone, conglomerate, basalt flows, tuff 
(Natapov and Shuligina, 1991). The Early Carboniferous Aga-Kukan suite is about 150 m thick and consists of limestone and 
sandstone (Melnikov and Izrailev, 1975). The sediment-hosted Cu deposits are hosted in the Late Devonian and Early 
Carboniferous Artygan suite which is about 800 m thick and is stratigraphically beneath the Aga-Kukan suite. The suite is 
composed of red limestone, siltstone, and sandstone (Melnikov and Izrailev, 1975). The sandstone-hosted U deposits are hosted in 
Vendian sandstone which contain local bitumen (kerite). 

The Southeast Missouri Pb-Zn and sediment-hosted U deposits in the Dzhardzhan River metallogenic belt are herein 
interpreted as forming during prolonged action of subsurface water in carbonate and sandstone along the passive margin of the 
North Asian Craton Margin (Verkhoyansk fold belt, unit NSV; Shpikerman, 1998). The sediment-hosted Cu deposits are 
interpreted as forming during migration of Cu from the craton to a shallow sea during both Riphean and Late Devonian rifting of 
the North Asian Craton Margin. This unit is chiefly a thick wedge of continental margin deposits which range up to 20 krn thick 
(Nokleberg and others, 1994c, 1997~).  The sedimentary rocks of the Verkhoyansk fold belt are apparently tectonically detached 



from crystalline basement of craton. The fold belt is separated from the Siberian platform by the Late Cretaceous, west-verging 
Lena thrust belt (fig. 2). 

Anvil Metallogenic Belt of SEDEX 
(SEDEX) Zn-Pb-Ag Deposits, 
Yukon Territory, Canada (Belt AN) 

The Anvil metallogenic belt of sedimentary exhalative (SEDEX) Zn-Pb-Ag deposits (fig. 3; tables 3.4) occurs in the 
Anvil district in the western Selwyn Basin, Yukon Territory, Canada. The deposits are hosted in the passive continental margin 
rocks of the North American Craton which represent the transition from shelf to off-shelf facies. The SEDEX deposits occur in 
calcareous and non-calcareous phyllites which are correlated (Jennings and Jilson, 1986) with Early Cambrian to Silurian strata in 
the Howards Pass region (Gordey and Anderson, 1993) which contain Early Silurian SEDEX deposits (Howards Pass 
metallogenic belt described below). The major deposits are in the Anvil district are the Faro, Vangorda Creek. Grum, Firth, DY, 
and Swim (table 4) (Nokleberg and others 1997a, b, 1998). 

Anvil District SEDEX Zn-Pb-Ag Deposits 

The Anvil district contains six pyrite-bearing, stratiform Zn-Pb-Ag (Au-Cu-Ba) deposits and two stratiform pyritic Cu-Zn 
occurrences which extend southeastward along strike for 45 km. The deposits and occurrences are hosted in distinctive, Early 
Cambrian graphitic phyllite which forms a district-wide metallotect. Ore from tbe three principal deposits (Faro. Vangorda, and 
Grwn) consists of massive pyrite, pyrrhotite, sphalerite, galena and marcasite with patchy barite in a siliceous gangue. Higher ore 
grades are associated with barite. Pyrite-bearing massive sulfides are overlain by barite-bearing massive sulfides, and are 
underlain by pyrite-bearint quartzite which grades laterally into ribbon-banded graphitic quartzite and graphitic phyllite. The Faro 
deposit (fig. 12) occurs approximately 100 metres stratigraphically below the contact between phyllite and quartzite of the Early 
Cambrian Mount Mye Formation and calcareous rocks of the Cambrian and Ordovician Vangorda Formation. At the northern end, 
the deposit is intruded and contact metamorphosed by the Cretaceous Anvil batholith and related dikes. For the district, the 
combined, pre-mining reserves were 120 million tonnes grading 5.6% Zn, 3.7% Pb, and 45-50 g/t Ag (Jennings and Jilson, 1986). 
Faro, the largest deposit, ceased production in 1997. The Vangorda deposit, a smaller mine, containing 7.1 million tonnes of ore, 
was largely exhausted between 1990 and 1993 (Brown and McClay, 1993), and the Gnlm mine produced 16.9 million tonnes of 
ore from 1993 to 1996. 

Origin of and Tectonic Controls for 
Anvil Metallogenic Belt 

The Anvil metallogenic belt is hosted by sedimentary rocks of western Selwyn basin which are part of the Cambrian 
through Devonian passive margin of the North American Craton (Nokleberg and others, 1994c, 1997c; Monger and Nokleberg, 
1996). The host sedimentary strata represent a transition from shelf to slope facies. The coincidence of southwestward thickening in 
the graphitic phyllite with a linear array of alkaline basalt volcanism centers suggests which rift-related synsedimentary faults may 
have served as conduits for the SEDEX fluids. However, demonstrable feeder zones have not been observed. The elongate sub- 
basins hosting the deposits are interpreted as forming during Middle Cambrian to Early Ordovician extension and faulting 
(Jennings and Jilson, 1986). The result~ng structural conduits provided concentrated exhalative metalliferous brines in a reducing 
environment in which the deposits formed. Related extensional faulting and emplacement of Middle Ordovician alkalic basalt 
dikes, which occur along the eastern margin of Selwyn Bas~n  and southward to Gataga Trough, may have served both as a tectonic 
control on the development of the sed~mentary basins in the Anv~l  and Howards Pass areas, and a source of both heat and 
metal liferous brines. 

The mineral assemblages, host rock age, and geologic setting for the Anvil metallogenic belt are similar to those for the 
Howards Pass and Kootenay metallogenic belts of the Canadian Cordillera (described below). All three metallogenic belts are 
interpreted as forming from Pb- and Zn-rich fluids resulting during rifting, volcanism, basinal subsidence, local marine 
transgression, and related hydrothermal activity along the passive continental margin of the North American Craton. Rifting is 
interpreted to have formed the Misty Creek Embayment in the Early to Middle Cambrian (Cecile, 1982), the Selwyn Basin in the 
Late Proterozoic to Ordovician (Gabrielse, 1963), and the Meilleur River Embayment in the Early to Middle Ordovician (Morrow, 
1984), with the latter event marked by alkal~c basaltic volcanism (Fritz and others, 1991). SEDEX occurrences also formed during 
these events mainly in the Anvil and Howards Pass metallogen~c belts, and to a minor extent in the Misty Creek and Meilleur 
River ernbayments. 

Howards Pass Metallogenic Belt of Sedimentary 
Exhalative Zn-Pb Deposits (Belt HP) 
Eastern Yukon Territory 

The Howards Pass metallogenic belt of sedimentary exhalative (SEDEX) Zn-Pb deposits (fig. 3; tables 3 ,4)  occurs in the 
eastern Yukon Territory. The belt is hosted in the Selwyn Basin which constiti~tes part of a Cambrian to Devonian passive margin 



of the North American Craton Margin. The major deposits are at Howards Pass and Anniv (table 4) (Nokleberg and others 1997a. 
b, 1998). in!! 
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Figure 12 Faro sedlmentary-exhalative Zn-Pb-Ag deposit, Anvil metallogenic belt, Canadian Cordillera. Schematic MOgg section. 
Adapted f m  Jennings and Jilson (1 986). 

Hmvards -8s (XY) Zn- Pb SEDEX Deposit 

The Howards Pass (XY) sedimentary exhalative (SEDEX) Zn- Pb deposit (fig. 13) consists of finagmhed, well-bedded 
sphalerite and galena with pyrite as stratiform and stratabound massive bodies, up to 50 meters thick and 3 to 4 lun long, which 
are interlaminated with carbonaceous, cyclical, limy mudstone and chert of the rift-related Early Silurian "Active Zone" of the 
Ordovician to Devonian Road River Group (Yukon Minfile, 1984; Abbott and others, 1986a, b; Abbott and others, 1 H 4 ;  
MacIntyre, 1991). The deposit is one of three related Zn-Pb SEDEX deposits which occur in an elongate, 20 km-wide sub-basin in 
the eastern Selwyn Basin. The deposits are interpreted as forming at the base of the continental slope, about 10 krn to 20 km 
seaward of a carbonate platform margin. Total reserves and resources are estimated at about 500 million tonna grading 5% Zn, 
and 2% Pb (Placer Developments Ltd. Annual Report, June 1982). 

Anniv (OF) SEDEXZn- Pb Deposit 

The Anniv (OP) SEDEX Zn- Pb deposit consists of sphalerite and galena which occur in saucer-shaped stratiform and 
stratabound bodies in Early Silurian cyclic, rift-related carbonaceous mudstone and chert of the Ordovician to Silurian Road River 
Group (Morganti, 1981; Yukon Minfile, 1984; EMR Canada, 1989; MacIntyre, 1991). The host rocks interpreted as part of a 
Cambrian and Devonian passive margin of the North American Craton Margin. The deposit averages 13 m thick (maximum 45 m) 
over a 1.5 km strike length. 
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Mastadon SEDEX Pb-Zn(?) Deposit 
The Mastadon SEDEX Pb-Zn (?) deposit consists of pyrite, arsenopyrite, sphalerite, galena and sulfosalts which occur in 

bands, lenses and stringers from 0.1 to 12 meters wide (Mining Review, 1992). The hanging wall part of deposit consists of 
disseminated sphalerite, galena and pyrite; footwall part of deposit consists of massive arsenopyrite, sphalerite and pyrite. Ore 
minerals are concentrated along the contact between phyllite and limestone. Au is refractory and associated with arsenopyrite. The 
deposit contains estimated production and reserves of 12.27 million tonnes grading 4.9% Zn, 2.3% Pb, and 62 g/t Au. The deposit 
is hooted in Early Cambrian Hamill Formation quartzite and Badshot Formation with limestone forming the footwall. The deposit 
origin is poorly understood. 

Jersey SEDEX Pb-Zn Deposit 

The Jersey deposit consists of fine grained sphalerite and galena with pyrite, pyrrhotite and minor arsenopyrik in five ore 
bands ranging from 0.30 to 9 meters thick (Fyles and Hewlett, 1959; Sangster, 1986; Maclntyre, 1991). Sulfides occur more 
abundantly in fold troughs relative to fold crests. Cd is associated with sphalerite, Ag with galena. The deposit bas produced 7.7 
million tonnes grading 3.49% Zn, 1.65% Pb, 3.08 g/t Ag. The deposit is hosted in the folded Reeves Member dolomite of the 
Early Cambrian Laib Formation, and may be a SEDEX Pb-Zn deposit. 

H. B. (Zincton) Pb-Zn SEDEX Deposit 

The H.B. (Zincton) Pb-Zn SEDEX deposit consists of pyrite and sphalerite which occur in narrow bands, irregular lenses 
or disseminations in dolomite of the Early Cambrian Reeves Formation (Sangster, 1986; MacIntyre, 1991; Hoy, 1982b; MINFLLE, 
2002). Local cross-zones contain fine-grained massive sulfides which commonly occur as matrix in a coarse breccia. Tbe breccia 
zones are related lo thrust faults and are interpreted as secondary structures. Much of the dolomite in the West orebody is altered 
to talc The dcposlt has produced 6.7 rnillion tonnes grading 3.91% Zn, 0.74% Pb, 4.42 g/t Ag. 

Origin of and Teotvnic Setting for 
Komnay ldetallogenic Belt 

The Kootenay metallogtnic belt of Zn-Pb SEDEX deposits is hosted in platformal, Early Cambrian carbcmate rocks in the 
Kootenay metamorphosed continental margi.n terrane. The deposits commonly consist of bands and lenses of rphderite, galena 
and pyrite both conformable and discordant 10 often isoclinally folded and regionally metamcuphosed dolostone of the Badshat, 
Reeves and Laib formations. Mong with their host rocks, these deposits were deformed prior to deposition of uncdormably 
overlying strata of the Carboniferous Milford Assemblage (Monger and others, 1991). The age of the carbonate-hosed deposits is  
not h o w n  with certainty, and may be either SEDEX, or highly-deformed replacement deposits in Ea~ly Cgmbrian carbonate rock. 
The mineral msemblagu, host rock age, and geologic setting for the Kootenay metallogenic belt are similar to those for the Anvil 
and Howards Pass metallogenic belts of the northern Canadian Cordillera as described above. All three belts are interpreted as 
fofilling from Pb- and Zn-rich fluids resulting during rifting, volcanism, basinal subsidence, bcal marine trulsgrcssion, and related 
hydrothermal activity aloag the passive continental margin of the North American Craton. Episodic rifling in the Cambrian 
through Ordovician is interpretd as opening several sedimentary basins in the Canadian Cordillera, such as the Selwyn Basin, 
with related formation of Zn-Pb SSEDEX deposits which are similar to those in the Kootenay metallogenic belt. 

Prtnce of Wales Island Metallogenio Belt of 
Coniinental-Margin ArcRelated Deposits (Belt PW) 
Southeastern Naska 

The Prince of Wales Island metallogenic belt occurs in Southeastern Alaska and consists mainly of a suite &porphyry 
Cu-Mo, polyrnelallic vein, and skarn deposits (fig. 3; tables 3 ,4 )  which occur mainly in alkalic Orodovian and Silurian piutons in 
the Alexander sequence of the Wrdngellia superterrane. The deposits and metallogenic belt occw on central and southeno Prince 
of Wales Island, and to a much lesser extent on Chichagof, Annette, and Gravina Islands in central- southeastern Alaska 
(Nokleberg and others, 199%). These alkalic plutons range in age from Late Ordovician to EarIy Silurian. The plutans intrude the 
meramorphosed Devonian(?) St. Joseph Island Volcanics (Eberlein and others, 1983; D.A. Brew, oral ccrmmun., 1995), Early and 
Middle(?) Devonian Karheen Formation (Gehrels, 1992; D.A. Brew, oral commun., 1995), Middle to Late Ordovician to Early 
Silurian Descon Formtion (Herreid and others, 1978; D.A. Brew, oral commun., 1995), and metamorphosed Latc Proterozoic and 
Early Cambrian(?) Wales Group (Gehrels and Berg, 1992; D.A. Brew, oral commun., 1995). The plutons and rnetasedimentary 
rocks form the older pail of the Alexander sequence in the region. The major granitic-magmatism-related deposits are represenlad 
by deposits in four areas: (1) several deposits in the McLean Arm porphyry Cu-Mo district; (2) the Klaka Inlet plymetallic skun 
and vein +sit; (3) the Kassan Peninsula Cu-Fe skarn deposit; and (4) the major zoned mafic-ultramafic Cu-Au-PGE depoail at 
Salt Chuck (table 4) (Nokleberg and others 1997a, b, 1998). 



McLean Arm Porphyry Cu-Mo District 

The McLean Arm porphyry Cu-Mo district (fig. 14) contains a group of porphyry copper-molybdenum deposits which 
consist of precious metal stockworks and veins at Poison, Ickis, Veta, Apex, and Stone Rock Bay prospects in the central part of a 
northwest-trending belt of middle Paleozoic, multi- phase plutons composed of pyroxenite, syenite, quartz monzonite, and mixed 
intermediate-composition igneous rocks. The plutonic rocks intrude the clastic rocks of the Descon Formation on the extreme tip 
of southern Prince of Wales Island. The central part of the complex which contains the deposits is mainly syenite. The altered and 
mineralized syenite at Stone Rock Bay has a a U-Pb zircon age of436 Ma (Gehrels. 1992). The sulfide deposits occur mainly in 
stockwork which occurs along joints and faults which strike 25" or 295" and dip steeply. The deposits and their host joints and 
faults appear to be related to a concentric alteration zone, of about 5 km2 area, with a carbonate-albite center, and an albite and 
sericite rim. The higher grade veins and stockwork range from 0.4 to 5.6% Cu, 0.01 to 0.08% Mo, and 2.1 to 1 1.0 g/t Au. 
Anomalous Ag, Pt, Bi, Te, and base metals also occur in the deposits (MacKevett, 1963; F.D. Forgeron and L.W. Leroy, written 
commun., 1971; T.K. Bundtzen, unpublished data, 1990; Nokleberg and others, 1995a). Soil sampling, trenching, and limited 
diamond drilling done in 1972 suggests a potential for 40 million tonnes of Cu-Mo ore at the Apex zone. 

Polymetallic Vein, Skarn, and Disseminated 
Deposits in Paleozoic Plutons at Klakas Inlet 
and Kassan Peninsula 

A suite of polymetallic vein, skam, and disseminated deposits, which form part of the Prince of Wales Island 
metallogenic belt, are associated with Silurian or older alaskite and granodiorite in Klakas Inlet. The granodiorite, with a minimum 
K-Ar isotopic age of 428 Ma (Turner and others, 1977). contains sericite-altered veinlets of chalcopyrite, molybdenite, and galena 
in a I00 mZ area. The deposit contains up to 0.23% Cu, 0.06% molybdenum, 0.05% Co, 0.05% Sn, and 0.01% W. The high Sn 
and W values occur adjacent to the main Cu and Mo deposits (Herreid and others, 1978). 

A suite of polymetallic Cu vein, Cu-Fe (magnetite) skam, and disseminated deposits also occurs in or near altered Late 
Ordovician to Early Silurian, intermediate-composition plutons on Kasaan Peninsula. About 607,690 tonnes of Fe and Cu ore 
were mined in this area prior to World War 11 (Warner and Goddard, 1961). Most of the deposits consist of irregular bodies of 
magnetite, chalcopyrite, and pyrite, and contain lesser amounts of sphalerite and galena. The deposits contain minor Au and Ag, 
and generally occur in skarn associated with alkali gabbro, diorite, and granodiorite. The plutonic rocks exhibit U-Pb zircon 
isotopic ages ranging from the Late Ordovician to the Early Silurian (Gehrels and Berg, 1992). The largest skarn deposit in the 
area occurs at the Mount Andrew-Mamie mine, the biggest Cu producer in the district (Bundtzen, 1978). The deposits in this area 
are associated with peripheral polymetallic veins and stockworks which contain chalcopyrite and pyrite, and Au values. 
Concentric magnetic anomalies in the area are interpreted by Warner and Goddard (1961) as reflecting as a buried porphyry Cu 
deposit. 

Salt Chuck Zoned Mafic-Ultramafic 
CU-Au-PGE Deposit 

The Salt Chuck zoned mafic-ultramafic Cu-Au-PGE deposit (fig. 15) consists of irregularly and randomly distributed 
veinlets of bornite and associated minor chalcopyrite, chalcocite, covellite, native copper, and magmatic magnetite (Donald 
Grybeck and David A. Brew, written commun., 1985; Loney and others, 1987; Loney and Himmelberg, 1992; Foley and others, 
1997). The deposit produced about 300,000 tonnes grading 0.95% Cu, 1.2 g/t Au, 5.8 g/t Ag, 2.2 g/t PGE (mainly Pd and Pt), and 
produced 610,400 g PGE from 1907 to 1941. The sulfides and oxides occur as disseminations and along cracks and fractures in 
pipe-like late Paleozoic or Mesozoic gabbro-clinopyroxenite stock intruding Silurian metagraywacke. Clinopyroxenite and gabbro 
grade irregularly into one another. Bornite, the principal sulfide; occurs mainly as interstitial grains in clinopyroxenite in amounts 
up to 15 percent. Extensive, late magmatic or hydrothermal epidote veins occur in gabbro and clinopyroxenite. Low-K, altered 
biotite from clinopyroxenite has a K-Ar isotopic age of 429 Ma. The deposit is interpreted to be magmatic, however, considerable 
hydrothermal remobilization of sulfides has occurred. 
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Origin of and Tectonic Controls for 
Prince of Wales lsland Metallogenic Belt 

The continental-margin arc-related deposits deposits of the Prince of Wales Island metallogenic belt are mainly hosted in 
Orodovician and Silurian granitoid rocks which intrude early Paleozoic stratified rocks of the Alexander sequence of the 
Wrangellia superterrane (Nokleberg and others, 1995a). The stratified rocks consist of felsic to mafic volcanic and associated 
marine sedimentary rocks. The known porphyry Cu and associated deposits occur in plutons which range from 472 to 432 Ma in 
age (Turner and others; 1977; Herreid and others, 1978; Eberlein and others, 1983; Gehrels, 1992; Gehrels and Berg, 1992). The 
zoned mafic-ultramafic Salt Chuck deposit, one of a series of mafic-ultramafic bodies intruding the Descon Formation (Loney and 
Himmelberg, 1992), has a K-Ar isotopic age of 429 Ma (Loney and others, 1987). This suite of deposits and host rocks are 
interpreted as forming during Ordovician and Silurian, subduction-related, island-arc magmatism in the Alexander sequence of the 
Wrangellia superterrane (Gehrels and Berg, 1994; Nokleberg and others, 1994c, 1995a, 1997c, Goldfarb, 1997). The granitoid 
plutons and associated plutons are herein interpreted as forming at intermediate levels of the arc, whereas the Salt Chuck zoned- 
mafic-ultramafic deposit is herein interpreted as forming from magmas which intmded into the deeper levels of the arc. 

Middle and Late Devonian 
Metallogenic Belts 
(387 to 360 Ma; Figures 16, 17) 

Overview 

The major Middle and Late Devonian metallogenic belts in the Russian Far East, Alaska, and the Canadian Cordillera are 
summarized in table 3 and portrayed on figures 16 and 17. The major belts are as follows. (1) In the Russian Southeast, the 
Yaroslavka (YA) belt, which contains F and Sn greisen deposits, is hosted in the Khanka continental-margin arc terrane. The belt 
is interpreted as fonning during anatectic granitic plutonism which occurred during terrane accretion. (2) In the Russian Northeast, 
Northern Alaska, and the Canadian Cordillera, the Arctic (AT), Brooks Range (BR), Dawson (DA) Frances Lake (FR), Kedon 
(KE), Kootenay-Shuswap (KS), and Tracy (TR) belts contain deposits associated with felsic to mafic marine volcanism or with 
granitic magmatism. These belts are hosted in the North Asian or North American Cratons or Craton Margins, or in cratonal or 
continental-margin (arc) terranes which were derived from those craton margins. These belts are interpreted to be associated with 
formation of a short-lived continental-margin arc (Kedon arc in the Russian Northeast) along the margin of the North Asian 
Craton and Craton Margin and the North American Craton Margin. And (3) in Southern Alaska and the Canadian Cordillera, the 
Mount Sicker belt, which contains kuroko massive sulfide deposits, is hosted in the Wrangellia island-arc superterrane. This belt is 
interpreted as forming during subduction-related volcanism in the short-lived Sicker island arc. 

In the Russian Northeast, Alaska, and Canadian Cordillera, the Berezovka River (BE), Cathedral (CA), Dempster (DE), 
Finlayson Lake (FL); Gataga (GA), Ingenika (IN), Liard (LI), Northern Cordillera (NCO), Macmillan Pass (MP), older pan of 
Mystic (MY), Robb Lake (RL), Selennyakh River (SEL), Sette-Daban (SD), Southern Rocky Mountain (SRM), Tornmot River 
(TO), Urultun and Sudar Rivers (URS), and Yarkhodon (YR) belts. which contain massive sulfide, bedded barite, carbonatite- 
related Nb, Ta, and REE, and related deposits, are hosted either in the North Asian or North American Craton Margins, or in 
passive continental margin terranes derived from those craton margins. These belts are interpreted as forming during late Late 
Devonian and (or) Early Mississippian rifting of either the North Asian or the North American Craton Margins (table 3), or during 
generation of low-temperature brines from adajacent shale basins. In the below descriptions of metallogenic belts, a few of the 
noteable or significant lode deposits (table 4) are described for each belt. 

Metallogenic-Tectonic Model for 
Middle through Late Devonian 
(387 to 360 Ma; Figure 18) 

During the Middle to Late Devonian (387 to 360 Ma), the major metallogenic-tectonic events were (fig. 18; table 3): (I)  
formation of a discontinuous continental-margin arc (Kedon arc in Russian Northeast) and contained metallogenic belts, and 
associated subduction zone along the North Asian and North American Craton Margins; (2) in the late Late Devonian, inception 
of rifting of the North Asian and North American Cratons and Craton Margins, resulting in formation of new terranes and 
associated metallogenic belts (table 3); and (3) formation of the Sicker arc and contained metallogenic belts, and associated 
subduction zone in the Wrangellia superterrane. Sedimentation continued along the North Asian and North American Craton 
Margins. Out of the field of view of figure 18 was formation of the Yaroslavka (YA) belt which contains F and Sn greisen 
deposits. The belt is hosted in the Voznesenka terrane in the Khanka continental-margin arc superterrane and is interpreted as 
forming during anatectic granitic plutonism which occurred during accretion of the Voznesenka terrane with other parts of the 
Khanka superterrane in the early Paleozoic. 



Figwe 16. GeneraCied map of major Middl6 and Lafe Devonian and Mississippian metallogenic belts and ferranes Tor Russian Far 
Essl, northern Japan, and adjacent offshore areas. Refer to W for description of metallogenic belts. Adapted from Nokleberg and 
others (1 997b. 1998). Refer to flw 2 for axpbnathn. 

Specific Events for Middle Through 
Late Devonian 

( I )  In the early Paleuzoic, on tbc basis afpslaonqpetio dats, the North Asian Craton and QWm MBF@ @SC, EJSV, 
KN) migrated to a position adjacent b the NorQl Arawiun C.mh tknd Gat011 M e  WAC, NAM) dong a p'6.Ihonilltl 
sinstral-slip suture. 

(2) The Kedon continmlal-mugin arc end associated subduction zone h w d  along the margin of the RQh Atkn 
Craton and Craton Margin (NSC, NSV, KN) md along the marpin o f  the North American Craton Margin o. The reMve 
positions of the two cratons (NSC, NAC) bod their unton margin unib (NSC, NSV, KN, NAM) arc d e t .  fwax pdwmgfic 
data for the cratons (see Nokldberg and others, 2000). In Iht North Asian CmQa Margm and outboard temiws, tba erc is 
preserved today in: 



Figure 17. Generalized map of major Middle and Late Devonian metallogenic and Mississippian belts and terranes for Alaska, 
Canadian Cordillera, and adjacent offshore areas. Refer to text for description of metallogenic belts. Adapted from Nokleberg and 
others (1 997b, 1998). Refer to figure 3 for explanation. 

(1) sporadic occurrences of marine and continental volcanic and associated rocks and subduction-related -tic r d s  in tbe 
southern part of the craton margin (NSV); (2) units which overlie parts of the Okhotsk (OK), Akekova (w, Omobr~ (OM] 
cratonal terranes; (3) the Oloy (OL) and Yarakvaam (YA) island-arc terranes; and (4) the Beryozovka (BE) turhi&t-kh tmttne. 
Associated with this arc was the subduction of the older part of the Galarn (GL) accretionary-wedge terranc alosg tbe d 
the North Asian Craton and Craton Margin (NSC, NSV), and subduction of the Angayucham and ancestral P d i k -  dvng 
the margin of the North American Craton Margin (NAM). Forming in part of the North Asian Craton M- h WW ihe 
Omolon terrane was rifted, was the Kedon metallogenic belt which contains deposits related to felsic to a d c  tnud V- Qr 
to granitic magmatism in the Kedon arc. 

In the Alaska and the Canadian Cordillera, the arc is preserved today in sporadic occurrences crf m b ~  uakmic and 
associated rocks and shallow- to deep-level subduction-related granitic rocks in various parts of the Arctic AI& @A), Coldfoot 
(CO), Ruby (RB), Seward (SD), Yukon-Tanana (YT), and Kootenay (KO) terranes. Occurring in this mc, now pnxu~d in 
various continental-margin terranes, were the Arctic (AT), Brooks Range (BR), Dawson (DA),  franc^ b k ~  (FR), 
Shuswap (KS), and Tracy (TR) metallogenic belts, which contain deposits related to felsic to mafic marine voitanism or to 
granitic magmatism. The Devonian arc is interpreted as extending discontinuously from Arctic Alaska to wrt.h Californlr 
(Rubin and others, 199 1 ; Mortensen, 1992; Smith and Gehrels, 1992; Nokleberg and others, 1994a; Plafker md B-, 1994). 

(3) In the late Late Devonian, rifting of the North Asian and North American Cratons and C r a m  P&IW ocwu~ed. 
Derived from the North Asian Craton (NSC) and Craton Margin (NSV) were the Kotelnyi (KT), Omukvka (OV), h h l p  
(PR), Nixon Fork-Dillinger-Mystic (NX, DL, MY), Viliga (VL), and Zolotogorskiy (ZL) passive contincod-mugin ta t -we,  tb. 
Avekova (AK), Kilbuck-Idono (KI), Okhotsk (OK), and Omolon (OM) cratonal terranes. Derived from he Pevarhtn ~WUEUIU 
margin arc which formed along the margins of the North Asian Craton Margin were the Beryozovka (BE), OLay OL), d 
Yarakvaam (YA) terranes (fig. 18). The newly-created terranes migrated into the Angayucham Ocean. Derived from the ~ o n h  
American Craton Margin (NAM) were the Kootenay (KO) and Yukon-Tanana (YT) passive continental-mugm tmw. The .: 

following metallogenic belts, which contain massive sulfide, carbonatite-related Nb, Ta, and REE, or related depolEi&, Bararcd 
during rifting: Berezovka River (BE); Cathedral (CA), Dempster (DE), Finlayson Lake (FL); Gataga (GA), hgtnilss {&), Li&, ' 

(LI), older part of Mystic (MY), Northern Cordillera (NCO), Macmillan Pass (MP), Robb Lake (RL), Selemyakh River (m), ' 

Sette-Daban (SD), Southern Rocky Mountain (SRM), Tomrnot River (TO), Urulh~n and Sudar Rivers (URQ, md Y a r k k d m  . . 
(YR). 



AKY - Alaska Range 8 
Yukon-Tanana Upland 

AT - Arctic 
BE - Berezovka River 
BR - Brooks Range 
DE - Dempster 
F L - F i n l a w  Lake 
FR - Franc- Lake 
GA - Gataga 

EARLY MISSISSIPPIAN KE - K&M 
SINISTRAL-SLIP KR - Khamna River 

FAULT& RIFT KS - Kootenay-Shuswap 
MP - Mamillan Pass 

PRE-DEVONIAN MS - Mount Sicker 

NBR - Northwestern Brooka 

NCO - Northern Cordillera 
RL - Robb Lake 
SD - Sette-Daban 
SEL - Seknnyakh River 
SRM - Swthem Rocky Mwn- 
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Figure 18. Middle through Late Devonian (387 to 360 Ma) stage of metallogenic-tectonic model and explanation. Refer to text for 
explanation of rnetallogenic-tectonic events, and to tables 3 and 4 for descriptions metallogenic belts and significant deposits. 
Adapted from Nokleberg and others (1997b, 1998, 2000). 
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(4) The Sicker island arc was active along most of the length of the Wrangellia superterrane (WRA), wbith at thk t h e  
was composed only of b e  Akxmckr sequence (AX) of the Wrangellia superterrane. Associated with the Sicker arc Was m 
unknown subduction zone (UFIK). In the southern Canadian Cordillera today, the Sicker arc is defined by the Sicker Group which 
consists of Late Devonian arc-related volcanic and sedimentary strata, having a U-Pb zircon age of 367 Ma, end coeval intrusiow 
(Muh, 1980; Parish aod McNicoll, 1m). Occurring in the Alexander sequence (AX) was the Mount Sicka meta1logmi~ belt of 
broko massive sulfide deposits which fonned in the subduction-related, short-lived Sicker arc. h u f f i c i e ~  data exist to a s c m i h  
h e  relative pmsitions of the WrangelKa superterrane (WRA) and associated subduction zone. On the h i s  of paleomagneric, 
geologic, geochroaologic, and faunal data, the Wrangellia superterrane (Alexander sequence, AX) may haw been defhtd fiota 
the Russian platform (8dica) in the Bar& Sea region (Bazard and others, 1993, 1994) or possibly from Autmlia (&hld8 smd 
Salerby, 1987). 



Metallogenic Belt Formed During Collision 

Yaroslavka Metallogenic Belt of Fluorite and 
Sn Greisen Deposits (Belt YA) 
Southern Part of Russian Sauthast 

The Yaroslavka metalloganic belt of fluorite and Sn greisen deposits (fig. 16; tables 3,4) occurs in tbe southwestern part 
of the Primorye province of the Russian Southeast (Ryazantseva, 1998). The deposits occur in numerous early Paleozbic granitoid 
plutons which intrude Cambrian clastic and limestone units in the Vosenswka continental-margin arc terrane of the Kh&a 
superterrane. The major fluorite greisen deposit is at Vomesenka-11; the major Sn greisen deposit is at Yaroslavka (table 4) 

Thd 
(Nokleberg and others 1997a, b, 1998). 

Voznesenka-11 Fluorite Grelfen Depwif 

The major Vomeseh- i l  fluorite greisen deposit (fig. 19) (Androsov and Retkin, 1990, Ryazsntzeva., 1998) wmists of 
fluorite which occurs above the apex of a 1.5 km-wide Late Cambrian intrusion of lithium-fluorine alaskite granite with Rb-Sr 
isotopic ages of about 5 1 2-475 Ma. The fluorite is interpreted as forming fiom mtasomatic replacement and alteration of Early 
Cambrian, black organlc limestone lo greisen along a north-south-trending fault into which the askite m i t e  iatrudad An 
aggregate of muscovite and fluorite bccurs at the periphery of the ore zone whereas the greisen rn in the middle of the zonc. 
The greisen is often brecciatd into fragments of mica and fluorite, fluoritized limestone, greisen, and grehnized granite which 
are cemented by an aggregate of quartz, topaz, and micaceous-fluorite. The &posit is very large and cwbins an estimated 450 
million tons fluorite ore averaging 30-35% C f i .  The V o m ~ - L l  deposit has been mined since 1 960'8, is the sole producer of 
Russian fluorspar, and is c u r d y  one of the largest fluorine producers in the world. 
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Figure 19. Voznesenka I I  F greisen ckposk, Yaroslavka mehilogenic bell, Russian Southeast. Schematic crosssection thmgh 
Glavnoe depos~t. Adapted from Androsov and Ratkin (1990) and Ryamtzeva  (1998). 

The formation of the greisen fluorspar deposils is interpreted rts related to intrusion of Late Cambrian Iwco@anite 
(Ryazantzeva and Shurko, 1992). The high fluorine content of the granitic intrusions is rehred to the presence of Precambrian 
accumulations of boron, fluorine, and s d k ,  and other metals in the tone in the bost sedimentary rocks. lsofopic analyses of boron 
in tourmaline fiom leucogranite suggests which evaporite6 were the source for the boron, and which florine may be dtrived from 
associated dolomite. 



Yaroslavka Sn Greisen Deposit 

The major Yaroslavka Sn greisen deposit (fig. 20) (Govorov, 1977; Ryazantzeva, 1998) occurs mainly in greisen which 
mainly replaces skam, limestone, and schist; and to lesser extent in granite and granite porphyry witb a Rb-Sr isotopic age of 408 
Ma and an initial Sr ratio of 0.7 136 (Rayazantseva and others, 1994). Tln-bearing quartz and quartz-tourmaline veins, related to 
replacement of skarn by greisen, are classified into: ( 1 )  mineralized fracture zones; (2) ore veins; (3) veinlets and ore pods; and (4) 
saddle-shaped and sheeted ore. The Sn ores are classified into three types based on mineral associations: (1) tomalinequartz; (2) 
tourmaline-fluorite; and (3) sulfide-tourmaline-quartz with subordnate cassiterite-polymetallic a d  chlorite-sulfides. The sulfide 
minerals are dominantly pyriie, arsenopyrite, galena, and sphalerite. The deposit occurs along the conhct of a early Paleozoic 
biotite granite (approximately 400 Ma) which intrudes Early Cambrian shale, siltstone, sandstone, end limestone. The pre-ore 
pyroxex-scapolite, vesuvianite-garnet, and epidote-amphibole skarn occurs in limestone and shale dong the granite contacts, and 
in rare limestone inclusions within the granite. The deposit is of medium size. The average grade is 0.52% Sn. The deposit was 
mined h the 1950's through the 1970's. Over forty occurrences of and vein deposits are known in the Yaroslavka metallogenic 
belt. 

roslavka Sn greisen deposit, Yaroslavka metallogenic belt, Russian Southeast. Schematic geologic n 
(1 977) and Ryazantzeva (1 998). 

Adapted 



Origin of and Tectonic Controls for 
Yaroslavka Metallogenic Belt 

The leucogranites hosting the Yaroslavka metallogenic belt of fluorite and Sn greisen deposits are lithium-fluorine-REE 
enriched (Ryazantseva, 1998). The extensive deposits occur in the apical parts of plutons, altered to quartz-mica-fluorite-REE 
greisen) which intruded Early Cambrian limestone of the Voznesenka passive continental-margin terrane. The leucogranites are 
interpreted as forming during anatectic melting of older granitic gneisses and Cambrian sedimentary rocks (Khetchikov and 
others, 1992) presumably during collision of the Voznesenka and Kabarga terranes in the early Paleozoic (Nokleberg and others, 
1994c, 1 9 9 7 ~ ;  Khanchuk and others, 1996, 1998). The Voznesenka terrane hosting the Yaroslavka metallogenic belt consists of 
four major units. (1) Cambrian sandstone, pelitic schist, rhyolite, felsic tuff. and limestone and dolomite comprise a section up to 
several thousand meters thick with rhyolite which yields a Rb-Sr whole-rock isotopic age of 5 12 Ma. (2) Ordovician to Early 
Silurian conglomerate and sandstone which contains a questionable flora. (3) Early Devonian rhyolite and felsic tuff, Middle to 
Late Devonian rhyolite, felsic tuff, and rare basalt. And (4) Late Permian basalt, andesite. rhyolite, sandstone. The stratified 
Cambrian rocks are intensely deformed and intruded by collision-related Devonian granitoid rocks with isotopic ages of 440 to 
396 Ma (Ryazantseva and others, 1994. The Cambrian sedimentary and volcanic units of the Voznesenka terrane are interpreted as 
a fragment of a Late Proterozoic to early Paleozoic carbonate-rich sedimentary rock sequence which formed on a passive 
continental margin. Archaeocyathid in Cambrian limestone is related to the Australia paleogeographic province. The Voznesenka 
terrane is interpreted as a fragment of the passive continental margin of Gondwanaland (Khanchuk and others, 1998). 

Metallogenic Belts Formed in a 
Middle Paleozoic Continental Arc 
Along North Asian a n d  North American 
Craton Margins 

Kedon Metallogenic Belt of Au-Ag Epitherrnal Vein, 
Porphyry Mo, Fe Skarn, and Associated Deposits (Belt KE) 
Central Part of Russian Northeast 

The Kedon metallogenic belt of Au-Ag epithemal vein, porphyry Mo, Fe skarn and associated deposits (fig. 16; tables 3, 
4) occurs in the central part of the Russian Northeast. The belt is hosted in early and middle Paleozoic granite, and coeval rhyolite, 
andesite, trachyandesite, silicic tuff, and associated sedimentary rocks of the Omolon cratonal terrane of the Kolyma-Omolon 
superterrane (Nokleberg and others, 1994c, 1997~).  The areal extent of the Kedon metallogenic belt is approximately 40,000 d. 

The Au-Ag epithermal vein deposits occur in subaerial extrusive rocks and subvolcanic equivalents, and in tuff of Middle 
Devonian through Early Carboniferous age. The significant deposits are at Olcha, Kubaka, and Zet (table 4) (Nokleberg and 
others 1997a, b, 1998). These deposits occur in trachyandesite-trachydacite volcanic rocks of Early Carboniferous age (Igor N. 
Kotlyar, written cornrnun., 1995). Small deposits, such as at Tumannaya, Obyknovennoe, and Yolochka, occur in felsic volcanic 
rocks of Late Devonian age. Some epithermal vein deposits, as at Grisha, also occur in early(?) Paleozoic syenite. Porphyry Mo- 
Cu deposits, as at Vechernee and elsewhere, occur in middle Paleozoic, potassic granitoid rocks and subvolcanic rhyolites. Fe 
skarn deposits, as at Skarnovoe and elsewhere, occur in early Paleozoic granite which intrude Archean iron formation which 
provided Fe for the Fe skarn deposit (Fadeev, 1975). The available field, isotopic, and paleoflora data indicate that the magmatic 
rocks of the Kedon metallogenic belt formed mainly in the Middle Devonian through the Early Carboniferous (Lychagin and 
others, 1989). 

Kubaka Au-Ag Epithermal Vein Deposit 

The Kubaka Au-Ag epithermal vein deposit (fig. 21) (Savva and Vortsepnev, 1990; Stepanov and others, 1991; V.A. 
Banin, oral cornrnun., 1993; 1.N. Kotlar, written cornrnun., 1986; Layer and others, 1994) consists of veins and zones of adularia- 
quartz and adularia-chalcedony-hydromica-quartz veinlets which contain fluorite, barite, and carbonate. The veins occur in a 
northwest-trending elongate caldera 4 km in diameter. The caldera lies transverse to the northeast trend of the main regional 
structural trend. The caldera is rimmed by Middle to Late Devonian volcanic rocks and volcanogenic sediments and is filled with 
Late Devonian to Early Carboniferous volcanic rocks. The Au-bearing veins occur within the caldera, and are localized in 
subvolcanic trachydacite in a stratified, Middle to Late Devonian volcaniclastic sequence composed of ignimbrite, pumiceous 
rhyolite to dacite, trachyandesite and rhyolite-dacite sills, and tephra and agglomerate tuff of various compositions. The veins die 
out in the overlying Early Carboniferous carbonaceous shale and siltstone. The most intensely mineralized veins trend about east- 
west and west-northwest. The host rocks are intensely silicified, adularized, and sericitized; with the development of much 
hydromica. Initial stage of mineralization was marked by a gold-chalcedony association with colloidal gold ( with electrum and 
kiistel~te). A later adularia-quartz stage contains coarser, recrystallized native gold and scattered, disseminated pyrite, arsenopyrite, 
galena, freibergite, acanthite, aguilarite, naumamite, argentopyrite, and Au-Ag sulfides in fine-grained aggregates. Native gold 
predominates markedly over sulfide-bound gold. The Au:Ag ratio is 1:1 to 1:2. The deposit is medium size with proven reserves 
of about I00 tonnes Au and an average grade of about 17 g/t Au and 15.7 g/t Ag. Siince 1996, the Kubaka deposit has been 



developed under a joint venture agreement between the Kinross Gold Corporation of Canada and a consortium of Russian firms 
under the Omolon Mining Company. The joint venture is the first Western and Russian mining venture to succeed in the Russian 
Federation. 
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Figure 21. Kubaka Au-Ag epitherrnal vein deposit, Kedon rnetallogenic belt, Russian Northeast. Schematic geologic map and 
oblique view cross sections. Adapted from I.N.Kotlyar and N.E. S a w a  (written cornrn. 1994) and Sidorov and Goryachev (1994). 

The stratified volcanic rocks and subvolcanic caldera rocks yield Rb-Sr isochron ages of are 332-344 Ma. Post-ore alkalic 
basalt dikes exhibit K-Ar isotopic ages of 124- 155 Ma. Adularia from ore vein samples exhibit Ar-Ar ages which range from 110 
to 175 Ma, with plateau ages ranging from 110-130 Ma. Cretaceous rhyolite and alkalic basalt dikes occur within and beyond the 
mineralized tectonic block. Basalt dikes cross the mineralized veins and are themselves cut by later, Au-poor quartz-carbonate 
veins and veinlets. The age of mineralization is interpreted as Late Devonian to Early Carboniferous because fragments of Au- 
bearing calcedonic quartz occur in the adjacent conglomerates which contain Early-Middle Carboniferous fossils. 

Olcha Au-Ag Epithermal Vein Deposit 

The Olcha Au-Ag epithermal vein deposit (Zagruzina and Pokazaniev, 1975; Pokazaniev, 1976a, b; I.N. Kotlar, written 
commun., 1984) consists of steeply dipping quartz, carbonate-quartz, and adularia-quartz veins and stockwork zones ranging from 



several tens of meters to 1,300 m long. The veins and stockworkr are hosted in Middle to Late Devonian or Early Carboniferous 
volcanic rocks of the Kedon series. The veins occur along fractures, malndy In extrusive andesite breccia of a volcanic vent, and 
more rarely, in hypabyssal dacite-porphyry bodies and felsic extrusive rocks. The ore minerals include gold, chalcopyrite, 
argentite, polybasite, galena, sphderite, pyrite, hematite, Mn-oxides, slrameyeriie. letrahedrite, native silver, and tellurides. The 
gangue minerals are quartz and adularia. with lesser calcite, dolomite, rbodochrosire, and barite. Au md Ag Is asstleiattd with Hg, 
Cu, Mo, Pb, Zn, Mn, and As. The deposit exhibits propytitic and quartz-suicilc Illterntion The Au-Ag ore bodies are controM by 
arcuate faults which occur around a volcano-tectonic depression over a basement composed of Archean metamorphic rock end 
early Paleozoic(?) carbonate and clastic sedimentmy rocks. Adularia hbm qu& velns has been dated by K-Ar isotopic shldie~ 
268 Ma and by Rb-Sr isotopic studies as 25 1 Ma. More recent K-Ar dating of adularia from Au-bearing veins yield an age of 3 18 
Ma. The deposit is medium size, and gade ranges from 0.5 to 273 glt Au and 26.3 to 4,978 g/t Ag. 

Origin of and Tectonic Controls for 
Kedon Metallogenic Belt 

The Omolon cratonal termne, which hasts the Kedon rnetallogenic belt, consists of  a long-lived succession of Archean to 
Early Proterozoic crystalline basement, Middle Proterozoic thf~ugh middle Paleozoic miogeoclinal sedimentary rocks (Nokleberg 
and others, 1994c, 1997~). Tba younger part of the stratigraphy consists of unconformably overlying, widespread, gently-drpping 
Middle and Late Devonian calc-alkaiic lava, and rhyolite tuff, and Early Carbonikous trachyte, trachyandesite, and basalt which 
are interlayered with nonrnarine sandstone, conglomerate, and siltstone. These rocks constitute the Kedon arc of Shpikennan 
(1998). The felsic-magmatism-related lode deposits and host rocks of the Kedon metallogenic beit are interpreted as farming in 
the Kedon continental-margin magmatic arc which formed in the Late Devonian. Subsequent to the Kedm are, the h l o n  
terrane is interpreted having been rifted f r m  the North Asian Craton (Nokleberg and others, 2000; Shpikennan, 1998). 

Eastern Seward Peninsula (Klwaltk M m a i n )  
Metallogenic Belt of Kurokd Massive S U M  Deposits 
(Belt ES) Northwestern Alaska 

The Eastern Seward Peninsula metallogenic belt of kuroko massive sulfide deposiu occurs in the Kiwalik Mountah 
region of the Seward Peninsula in northwestern A k k a  (fig. 17; l a b b  3.4) (Nokleberg and others, 1997b. 1998, Ske: 4). The 
metallogenic belt is hosted in a thin, tectonicdy-transposed unit of middie Paleozoic(?) felsic schism and meavolcenic i d s  of 
the Seward metamorphosed cootinenlal margin terrane (Nokleberg and orhers, 1994c, 1997~). Two stnall occurreaces on tbe west 
flank of Kiwalik Mountaln consist of chalcopyrita, galena, tetrahedrik, and sphdmik in layers and as dissanhtiom. The layers 
range from 0.2 to 2 m thlckand occur parallel to compositional layering in a 200 mekr-lhi&sechn of mchfehlte, "button schist'. 
and metatuff. The Klwalik Mountain belt are interpreted as the extension of the Arctic metallogenic belt ofkuroke m i v e  sulfide 
deposits described below (T.K. Bundtzen and Thomas Craffvrd, witten cornmun., 1991). 

Arctic Metallogenic Belt of 
Kuroko and Kipushi Massive Sulfide Depodts 
(Belt AT) Northern Alaska 

The extensive Arctic metallogenic belt of major kuroko massive sulfide deposits (tables 3,4), which contains the Ambler 
district, and one Kipushi Cu-PBZn deposit, occurs along an east-west trend for about 260 km along the southern flank of the 
Brooks Range in northern Alaska (fig. 17). The metallogenic belt is hosted in a sequence of metavolcanic and sedimrn~ rocks 
which occur in both the Coldfoot metamorphosed continental-margin t e m e  of the southern Brooks Range, and in the Nonie 
Group in the southern Seward Peninsula in the Seward metamorphosed continental-margin t t m e  (Nokleberg and oxhers, 1994~, 
1997c; Schmidt, 1997b). The Arctic kwoko massive sulfide and the Ruby Creek Kipushi Cu-Pb-Zn (fig. 22)deposits occur in the 
Ambler district (Hitzman and others, 1986); other lruroko massive sulfide deposits of the district are at Smucker, Michigan Creek. 
BT, Jerri Creek, Sun, and Roosevelt Creek prospects (table 4) (Nokleberg and others 1997a, b, 1998). 

Arctic Kuroko Massive Sulfide Deposit 

The Arctic kuroko massive sulfide deposit (Wiltse, 1975; S i c h e m  and others, 1936; HitPnan m d  O W ,  19Q 
Schmidt, 1983; Schmidt, 1986, 1988; HitPnan and others, 1986) consists of suatifonn, semi-massive to mas;sive chalegpyril md 
sphalerite accompanied by lesser pyrite, minor pyrrhotite, gelena, ktdaedrite, amnopyrite, and m e s  of bornite, magnetite, and 
hematite. The deposit occurs in a thick horizon which has an areal exfent of about 900 by 1.050 m, and in two thinnt~ hciri~011s 
above the main horizon. The sulfides form multiple lenses up to 15 m thick over stratigraphic interval of 6 to 80 m. The gangue 
minerals are mainly calcite, dolomite, barite, quartz, and mica. Locally abundant chlorite, phlogopi~t8lc-barite, aad pyrite- 
calcite-white mica occur in hydrothermally-altered wall rocks overlying, underlying, and interlayered with sulfide mjnet~liizstion, 
The alteration is interpreted as occuning during rapid influx of cold seawater into a hot hydrothermal vent system. The deposit 
contains an estimated 37 million tomes grading 4.0% Cu, 5.5% Zn, 0.8% Pb, 47 glt A&, 0.62 g/t Au. The deposit is h~sred in part 
of the 
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Goldfarb (197) who interprets that the Arctic metallogenic belt as forming during a long-protracted, 100-m.y.-long event which 
included formation of SEDEX zinc-Jead deposits in the Northwestern Brooks Range metallogenic belt (described below). 

Brooks Range (Chandalar) Metallogenic Belt of 
Granitic Magmatism Deposits (Belt BR) 
Northern Alaska 

The Brooks Range metallogenic belt of granitic magmatism deposits (fig. 17; tables 3,4), mainly porphyry, polymetallic 
vein, and skarn deposits, occurs in the core of the Brooks Range in northern Alaska (Nokleberg and others, 1995a, 1997b, 1998). 
The metallogenic belt is hosted in the Coldfoot. Hammond, and North Slope terranes of the Arctic Alaska si~perterrane (Moore 
and others, 1992, 1994; Nokleberg and others, 1994c, 1997~). The belt is discontinuous, but extends for over 900 km along the 
length of the Brooks Range. The significant deposits in the belt are: the Mount Igikpak and Arrigetch Peaks polymetallic vein, Au 
quartz vein, Sn skarn, Cu-Pb-Zn skarn deposits; the AM (Ernie Lake), Galena Creek, Porcupine Lake, and Romanzof Mountains 
polymetallic vein deposits; the Jim-Montana Cu-Zn skarn deposit; the Sukakpak Mountain Sb-Zu vein deposit; the Victor, Venus, 
Evelyn Lee, and Ebo porphyry Cu and Cu skarn deposits; the Geroe Creek porphyry Cu-Mo deposit; the Esotuk Glacier Pb-Zn 
skarn and fluorite vein deposit; and the Bear Mountain porphyry Mo deposit (table 4) (Nokleberg and others 1997a, b, 1998). 
These significant deposits occur in two groups described below: a major group in the central Brooks Range, and a minor group in 
the northeastern Brooks Range. In the northeastern Brooks Range, the belt is sometimes referred to as the Chandalar belt 
(Newbeny and others, 1997a, b). 

Vein, Skarn, and Porphyry Deposits 
Central Brooks Range 

Significant deposits in the central Brooks Range part of the belt are at Mount Igikpak and Arrigetch Peaks, Sukakpak 
Mountain, Victor, and Geroe Creek. These deposits include polymetallic quartz veins containing base-metal sulfides, Sn skarns 
containing both disseminated cassiterite and base-metal sulfides, Cu-Pb-Zn skarns containing disseminated Fe and base-metal 
sulfides, and porphyry Cu and Mo deposits (Nokleberg and others, 1995a). 

The Victor and associated porphyry Cu and Cu skarn deposits at Venus, Evelyn Lee, and Ebo (DeYoung, 1978; Donald 
Grybeck, written cornmun., 1984; Newbeny and others, 1997a) consist of veinlet and disseminated chalcopyrite, bornite, 
molybdenite, and pyrite in schistose Devonian granodiorite porphyry which intrudes either the Silurian and Devonian Skajit 
Limestone or older marble. calc-schist, and pelitic schist. The skarn minerals are mainly garnet, magnetite, and diopside, and 
retrograde vein and replacement epidote, amphibole, chlorite, calcite, and quartz. The skarns were subsequently regionally 
metamorphosed during the Mesozoic. Skarns in marble adjacent to plutonic rocks contain vugs containing interstitial bornite, 
chalcopyrite, bornite, chalcocite, pyrite, magnetite, and some digenite. Zones in granitoid rocks up to 30 m wide contain up to 
0.4% Cu. Grab samples of skarn contain up to 5.5% Cu, 0.4 1 g/t Au, and 0.29 g/t Ag. 

The felsic-magmatism-related deposits in the central Brooks Range are hosted in a structurally complex and 
polymetamorphosed assemblage of Devonian or older carbonate rocks, including Silurian and Devonian polymetamorphosed 
limestone, calc-schist, quartz-mica schist, and quartzite, which is intruded by mainly Late Devonian gneissic granitoid rocks which 
together with the metasedimentary rocks constitute the Hammond passive continental margin terrane of the Arctic Alaska 
superterrane (Moore and others, 1992). 

Skarn, Vein, and Porphyry Deposits 
Northeastern Brooks Range 

Significant deposits in the Brooks Range metallogenic belt in the northeastern Brooks Range are a cluster of Pb-Zn skarn, 
fluorite vein, polymetallic vein, and porphyry Cu deposits at Esotuk Glacier, Porcupine Lake, Romanzof Mountains. and Galena 
Creek (Nokleberg and others, 1995a). This part of the belt is sometimes referred to as the Chandalar belt (Newberry and others, 
1997a, b). 

The Romanzof Mountains polymetallic vein and Pb-Zn skarn deposit (Brosge and Reiser, 1968; Grybeck, 1977; Sable, 
1977; W.P. Brosge, oral commun., 1984; Newbeny and others, 1997a) consists of numerous scattered mineral occurrences of 
polymetallic sulfides. The most common types of deposits are: (1) zones of disseminated galena, sphalerite, chalcopyrite and 
pyrite, locally with Au and Ag, in Devonian(?) granite; (2) Pb-Zn skarn in marble with disseminated magnetite, pyrite, pyrrhotite, 
sphalerite, and galena in gangue of carbonate, clinopyroxene, epidote, amphibole, beryl, tourmaline, and fluorite; (3) disseminated 
galena, sphalerite, chalcopyrite, and (or) molybdenite in quartz veins along sheared contact in in Devonian(?) granite; and (4) local 
fluorite greisen in in Devonian(?) granite. Grab samples contain up to 0.15% Sn. The skarns and quartz veins occur in 
Precambrian marble and calc-schist of the Neruokpuk Quartzite at the periphery of the Silurian or Early Devonian Okpilak 
(granite) batholith. 

These felsic-magmatism-related deposits are hosted in a variety of Paleozoic and late Proterozoic metasedimentary rock 
which consist mainly of marble, calc-schist, limestone, quartzite, and greenstone of the North Slope passive continental margin 
terrane (part of the Arctic Alaska superterrane) where intruded by Devonian gneissose granite plutons (Newbeny and others, 
1997a). The paucity of deposits in the northeastern Brooks Range most likely reflects the limited geological exploration of the 



area. Although not part of this metallogenic belt, a nearby porphyry Mo deposit in this area at Bear Mountain consists of 
molybdenite- and wolframite-bearing Tertiary(?) granite porphyry stock (Barker and Swainbank, 1986). The stock intrudes the 
Late Proterozoic(?) Neruokpuk(?) Quartzite, and the Tertiary(?) isotopic age for the stock may be a reset Devonian age. If so, the 
Bear Mountain deposit would be part of the Brooks Range metallogenic belt. 

Origin of and Tectonic Controls for 
Brooks Range Metallogenic Belt 

Field, chemical, and isotope data indicate the granitic magmatism deposits in the Brooks Range metallogenic belt formed 
during intrusion of the Devonian gneissic granitoid rocks (Dillon and others, 1987; Nokleberg and others, 1995a). High initial Sr 
ratios (about 0.715), and Pb and Sm-Nd isotopic studies indicate the presence of an older, inherited crustal component (about 
1,000 to 800 Ma) and involvement of Proterozoic or older continental crust in the genesis of the plutons (Dillon and others, 1987; 
Nelson and others, 1993; Miller, 1994; Moore and others, 1994). U-Pb zircon and Rb-Sr isotopic studies indicate intrusion from 
about 402 to 366 Ma (Dillon and other, 1987; Moore and others, 1994). Most of the gneissic granitoid plutons contain a 
moderately- to intensely-developed, subhorizontal to gently-dipping schistosity which formed at lower greenschist facies. K-Ar, 
and incremental Ar studies indicate which mid-Cretaceous greenschist metamorphism was superposed on older blueschist facies 
metamorphism (Dusel-Bacon and others, 1993; Moore and others, 1994). 

These field, petrologic, chemical, and isotopic data indicate that the Brooks Range metallogenic belt and associated 
Devonian gneissic granitoid plutons formed along a Devonian continental-margin arc which developed above a subduction zone 
(Newberry and others, I997a; Nelson and others, 1993; Miller, 1994; Moore and others, 1994; Nokleberg and others, 1995a, 
2000). U-Pb zircon isotopic ages indicate that the Devonian gneissic granitoid rocks intruded about 30 to 40 m.y. after the 
eruption of the submarine volcanic rocks which host the kuroko massive sulfide deposits to the west in the Arctic metallogenic 
belt (Newbeny and others, 1997a; Nokleberg and others, 1997a) described above. Herein the Brooks Range metallogenic belt is 
interpreted as the axial arc part of a continental-margin arc in which the Arctic metallogenic belt of kuroko massive sulfide and 
associated deposits formed in the back arc. Regional tectonic analyses also suggest that the Devonian igneous of the Brooks Range 
are part of a discontinuous Devonian continental-margin arc which extended along the margin of the North American Cordillera 
(Rubin and others, 1991 ; Nokleberg and others, 1994~. 1997c, 2000; Plafker and Berg, 1994; Goldfarb, 1997). An alternative 
interpretation by Goldfarb and others (1997, 1998) proposes which some of the deposits in the Arctic metallogenic belt formed 
during subsequent rifting, as indicated by Pb isotope data reported by Dillon and others (1987). 

Alaska Range and Yukon-Tanana Upland 
Metallogenic Belt of Kuroko Massive 
Sulfide Deposits (Belt AKY) 
Central and East-Central Alaska 

The Alaska Range and Yukon-Tanana Upland metallogenic belt of kuroko massive sulfide deposits (fig. 17; tables 3,4) 
occurs in the central and eastern Alaska Range in the southern part of the Yukon-Tanana metamorphosed continental margin 
terrane. The massive sulfide deposits extend for 350 krn along st~ike on the northern flank of the Alaska Range, and constitute one 
of the longer belts of massive sulfide deposits in Alaska. The significant deposits are WTF, Red Mountain, Sheep Creek, Liberty 
Bell, Anderson Mountain, Miyaoka, Hayes Glacier, McGinnis Glacier, and in several deposits in the Delta district (table 4) 
(Newberry and others, 1997; Nokleberg and others 1997a, b, 1998). 

BonnMeld District of Kuroko Massive Sulfide Deposits 

In the Bonnifield district along the Wood River drainage, the best-studied deposits are at Anderson Mountain and WTF, 
and Red Mountain. Twenty sulfur isotopic analyses from seven stratiform deposits in the Bonnifield district indicate enrichment 
by heavier sulfur during deposition, typical of many volcanogenic massive sulfide deposits (Gilbert and Bundtzen, 1979; 
Newberry and others, 1997). One lead isotopic analysis from the Anderson Mountain deposit yielded a single-stage lead age of 
370 Ma (Devonian). 

Anderson Mountain Kuroko Massive 
Sulfide(?) Deposit 

The Anderson Mountain kuroko massive sulfide(?) deposit (Gilbert and Bundtzen, 1979; Curtis J. Freeman, written 
commun., 1984; Newberry and others, 1997a) consists of massive sulfide layers with pyrite, chalcopyrite, galena, sphalerite, 
enargite, and arsenopyrite in gangue of quartz, sericite, chlorite, calcite, barite and siderite. The deposit is hosted in 
metamorphosed marine tuffaceous rhyolite and metamorphosed calcareous clastic rocks which are correlated with the Moose 
Creek Member of the Mississippian(?) Totatlanika Schist. Numerous high-angle faults cut the deposit. The massive sulfide beds 
lie on an irregular paleosurface in footwall with domal sulfide accumulations. The absence of footwall alteration and stringer 
mineralization suggests off-vent deposition. Grab samples contain up to 19% Cu, up to 5% Pb, 28% Zn, and 17 1 g/t Ag. High 
geochemical values of As, Sb, Hg, and W may be derived from underlying schist. 



WTF and Red Mountain Kuroko Massive 
Sulfide Deposit 

The WTF and Red Mountain Kuroko massive sulfide deposits (Gilbert and Bundtzen, 1979; David R. Gaard, written 
commun., 1984) consist of masslve pyrite, sphalerite, galena, and chalcopyrite in a quartz-rich gangue. The sulfides are hosted in 
in  felsic metavolcanic rock derived from crystal and lapilli tuff, minor flows, and metasedimentary rock. The stratiform massive 
sulfide layers occur on both sides of a large. east-west trending synche. The massive sulfide layers at Red Mountain occur in a 
proximal setting on the south limb of the a n t i c k ,  and occur in a sulfide-silica exhaIite which ranges up to 130 rn thick. An older, 
southern horizon contains spbalerite and coarse pyrite in black chlorite schist. The WTF deposit occurs on the north limb of the 
antifonn and consists of a thin blanket of fine-grained sulfides which are interpreted as having formed in a distal setting relative to 
the vent. The WTF deposit contains an estimated 1.10 million tonnes @ng 0.15% Cu, 2.5% Pb, 7.9% Zn, 270 glt Ag, and 1.9 
g/t Au. The deposits occur immediately below the Sheep Creek Member and above the Mystic Creek Member of the 
Mississippian(?) Totatlanika Schist. 

Delta District of Kuroko Masstve Sulfide DeposELr 

The best-known kuroko massive sulfide deposits of the ALaska Range and Yukon-Tanana Upland metallogenic belt are 
part of the Delta district in the eastern part of the Alaska Range (fig. 23). The district and large massive suEde deposits have been 
described by several authors (Nauman and others, 1980; Lange and Nokleberg, 1984; C.R. Nauman and S.R. Newkirk, written 
commun., 1984; Lange and others, 1990, 1993; Newberry and others, 1997a). The district comprises an area of about 1,000 km2. 
The district contains about 26 deposits, many of which are sttatifom or transposed and some of which are replacement deposits 
which occur along four regional trends. The deposits consist of varying amounts of pyrite, chalcopyrite, galena, spbale~ite, and 
lesser malachite and bornite. The gangue minerals are mainly quartz, carbonate, and white mica Hydrothermal alteration consists 
of chlorite, quartz, serici.te, pyrite, and Zn-Ag-Au sulfide mimds. The massive sulfides and adjacent disseminated sulfide layers 
occur in zones which average 500 m long, 200 m wide, and 15 rn thick. The deposits are hosted in metamorpbd Devonian 
spilite, andesite, and keratophyre suite, which initially formed in flows, W, and breccia, and in metamorphosedshallow- to deep- 
marine sedimentary rocks; now mainly quartz schist, quartz-chlorite-feldspar schlSt, dc-schis1, and marble. The host rocks are 
part of the extensive Devonian and Mississippian Yukon-Tmam terrane. Intruding the deposits are numerous tholeiitic greenstone 
sills which are interpreted as Triassic(?) to Cretaceous(?). The largest deposit contains an estimated 18 million tonnes grading 0.3 
to 0.7% Cu, 1 to 3% Pb, 3 to 6% Zn, 34 to 100 g/t Ag, 1 to 3.4 g/t Au. 

Origin of and Tectonic Controls for Alaska Range and 
Yukon-Tanana Upland Metallogenic Belt 

The Alaska Range and Yukon-Tanana Upland metallogenic belt of kuroko massive sulfide d-its is hbskd in Devonian 
metavolcanic and interlayered metasedimentcuy rocks of the swhem Yukon-Tanma ternme which which ia interpreted as a 
fragment of metamorphosed Devonian and Mississippian continental-margin arc (Lange and others, 1990, 1993; N o k l h g  and 
others, 1994c, 1997,2000). The metavolcanic rocks, which host most of the major base and precious metal depoeits, are derived 
from a volcanic suite which varies in composition h m  spilite to andndesite to keratophyre. Most studies of kwoko massive sulfide 
deposits interpret a back-arc or arc-related rift origin for the deposits (Sawkins, 1990); however, in the eastera Alaska Range, the 
lack of coeval mafic plutonic or volcanic rocks appears to preclude a rift origin. The Yukon-Tanana terrane in east-cenaal Alaska, 
Southeastern Alaska, and the Canadian Cordillera, and tbe correlative Kootenay terrane in southern British Csluanbia are 
interpreted to be fragments of the herein. informally named, Kootenay arc, a discontinuous Devonian continental-margin arc 
which extended along the margin of the North American Cordillera from Arctic Alaska to Mfornia  (Grma and others, 1991; 
Rubin and others, 199 1 ; Mor tmm,  1992; Plaiker and Berg, 1994; Noldeberg and others, 1994c, 1997~; Monger and Nokle- 
1996; Nokleberg and others, 2000). Fragments of the Kootenay arc include several metallogenic bits which host kuroko d v e  
sulfide and related depos~ts (Noklebetg and othus, 1997a, b, c): (I) The Arctic metallogenic belt in the & l d f i  terrane in Arctic 
Alaska; (2) the Frances Lake metallogenic belt (Murphy and Pierccy, 1999) in the Yukon-Tanam tenam in the southern Yukon 
Territory; (3) the Tracey metallogenic belt in the Yukon-Tamma tenme in !hutheastern Alaska and westem British Coiumbia; and (4) 
the Kootenay-Shuswap belt in the Kootenay terrane in the southern Canadian Cordillera 

Dawson Metallogenic Bett of 
Volcanogenic Pb-Zn-Cu Massive Sulfide and 
SEDEX Pb-Cu-Zn-Ba Deposits (Belt DA) 
Northwestern Yukon Territory 

The Dawson metallogenic belt of volcanogenic Pb-Zn-Cu massive sulfide and SWEX Pb-Cu-Zh-Ba @CWC~$ is 
located in the Yukon-Tanana terrane in the southern Yukon Territory (fig. 17; tables 2,3) (Noklebesg &nd others, 1997b, 1998). 
Stratifonn massive sulfide occurrences exist in three sequences within the terrane. With more detajlkd stu*, ea6h of the thee 
sequences and contained massive sulfide deposits might be designated as separate metallogenic belts. 
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interpreted by and as part of a extensive continental-margin arc in the Late Devonian and Early Mississippian which formed along 
the margin of the North American Craton Margin (Lange and others, 1985; Mortensen. 1992; Nokleberg and others, 2000). 

Small pyrite-bearing Pb-Zn-Ba lens-shaped occurrences, as at Mickey (Mortensen, 1992). are hosted in carbonaceous 
schist and quartzite and Middle Mississippian felsic metatuff. These deposits are interpreted as SEDEX Zn-Pb deposits may be 
correlated with slmilar-age SEDEX deposits of the Gataga metallogenic belt 1,000 km to the southeast, across the Tintina fault 
(fig. 17) (Johnston and Mortensen, 1994). However, the Dawson metallogenic bell is hosted in the Yukon-Tanana terrane which is 
interpreted as a rifted fragment of the North American Craton Margin (Mortensen, 1992: Monger and Nokleberg, 1996; Nokleberg 
and others, 2000) whereas these metallogenic belts to the east containing SEDEX deposits are hosted in a Devonian-Mississippian 
clastic wedge deposited on the North American Craton Margin (Nokleberg and others, 1997b, 1998, Sheet 4). The host rocks for 
this part of the Dawson metallogenic belt are part of the Nasina assemblage which consists of Late Devonian to Middle 
Mississippian mafic to felsic metavolcanic rocks, quartzite, schist, and metaplutonic rocks. The tectonic origin of this group of 
deposits is unclear. 

Pyrite-bearing Kuroko Pb-Zn-Cu (Au-Ba) massive sulfide occurrences, as at Lone Star (Mortensen. 1992), are hosted in 
middle Permian felsic metavolcanic rocks. The host rocks are part of the Klondike schist and associated units which consist 
mainly of middle Permian felsic metavolcanic and metaplutonic rocks (Mortensen, 1992). Structurally interleaved with the 
metavolcanic rocks are blueschist and eclogite which are interpreted as remnants of a former subduction zone which was 
tectonically linked to the volcanic arc which formed the metavolcanic rocks and associated occurrences. 

Frances Lake Metallogenic Belt of Volcanogenic 
Zn-Cu-Pb Massive Sulfide Deposits (Belt FR)  
Southern Yukon Territory 

The Frances Lake metallogenic belt of volcanogenic massive sulfide deposits (fig. 17; tables 3,4) occurs in the 
southeastern Yukon Territory and is hosted in Early Mississippian felsic metavolcanic rocks and meta volcaniclastic units in the 
Yukon-Tanana terrane. The kuroko massive sulfide deposits, which occur northeast of the Tintina Fault and southwest of 
Finlayson Lake, are interpreted as equivalent to: (1) smaller kuroko massive sulfide occurrences in the Dawson metallogenic belt 
(as at Mickey) which occur southwest of the Tintina fault and are hosted in the Nasina Assemblage (Johnston and Mortensen 
1994); and (2) major kuroko volcanogenic massive sulfide deposits which occur across the Tintina fault in the Alaska Range and 
Yukon-Tanana Upland metallogenic belt in East-Central Alaska. The significant deposits are at Kudz Ze Kayah and Wolverine 
(table 4). Local Besshi and Cyprus volcanogenic massive sulfide deposits also occur in the belt. 

Kudz Ze Kayah Kuroko Massive Sulfide Deposit 

The Kudz Ze Kayah kuroko Zn-Cu-Pb massive sulfide deposit consists of pyrite-bearing massive sulfide bodies which 
are associated with deformed, subvolcanic domes or thick sills which occur within felsic metavolcanic units. The deposit contains 
mineable reserves of 1 1.3 million tonnes grading 5.9% Zn, 0.98% Cu, 1.5% Pb, 133 g/t Ag, and 1.34 g/t Au (Mining Review, 
summer, 2000). The deposit and similar occurrences are hosted in felsic metavolcanic rocks of the Late Devonian to Middle 
Mississippian Nasina Assemblage which constitutes the middle structural sequence of the Yukon-Tanana terrane (Mortensen, 
1992). 

Wolverine-Lynx Kuroko Massive Sulfide Deposits 

The Wolverine-Lynx kuroko Zn-Cu-Pb-Ag-Au massive sulfide deposits consist of massive sulfides in a fragmental 
rhyolite unit which is capped by an extensive magnetite iron formation and limy exhalite. The deposit contains estimated reserves 
(Wolverine and Lynx) of 6.2 million tonnes grading 12.66% Zn, 1.3% Cu, 1.5% Pb, 350 g/t Ag, and 371 glt Au (Mining Review, 
summer 2000).The deposit occurs in the Yukon-Tanana terrane about 135 krn southeast of Ross River. Yukon Territory. It is 
hosted by interbedded felsic volcanics and argillite of Devonian and Mississippian age. 

Origin of Tectonic Setting for 
Frances Lake Metallogenic Belt 

The eastern Frances Lake belt of kuroko massive sulfide deposits is hosted subvolcanic felsic domes or sills (Johnston 
and Mortensen, 1994) which form lensoidal metavolcanic units which interfinger with fine-grained quartzite and carbonaceous 
schist of the Devonian and Mississippian Nasina Assemblage or Nisutlin subterrane of the Yukon-Tanana terrane. The Nasina 
Assemblage consists of carbonaceous quartzite, quartz-mica schist, marble, mafic and felsic metavolcanic rocks and lesser 
amounts of metaplutonic rocks. These units are interpreted as part of the extensive Kootenay continental-margin igneous arc 
which formed along the margin of the North American Craton Margin, subsequent to rifting of the Yukon-Tanana and related 
terranes (Mortensen, 1992; Nokleberg and others, 2000). Remnants of the extensive middle Paleozoic Kootenay continental margin 
arc and associated lode deposits extend for several thousand km in various metamorphosed continental margin tenanes in Northern 
Alaska, East Central Alaska, the northern and southern Canadian Cordillera, and southeastern Alaska (Rubin and others, 1991; Plafker 
and Berg, 1994; Nokleberg and others, 199412, 1997c; Monger and Nokleberg, 1996; Nokleberg and others. 2000). Fragments of the 



Kootenay arc include the following metallogenic belts, in addition to the Frances Lake belt, which host kuroko massive sulfide and 
related deposits (Nokleberg and others, 1997a, b, c): (1) The Arctic metallogenic belt hosted in the Coldfoot terrane in Arctic Alaska; (2) 
Alaska Range and Yukon-Tanana Upland metallogenic belt hosted in the Yukon-Tanana terrane in central and eastern Alaska; (3) Tracy 
metallogenic belt hosted in the Yukon-Tanana terrane in Southeastern Alaska and western British Columbia; and (4) Kootenay-Shuswap 
metallogenic belt hosted in the Kootenay terrane in the southern Canadian Cordillera. 

Tracy Metallogenic Belt of Kuroko Massive 
Sulfide Deposits (Belt T R )  Southeastern 
Alaska and Western British Columbia 

The Tracy metallogenic belt of kuroko massive sulfide deposits (fig. 17; tables 3 ,4 )  extends from Southeastern Alaska into 
western British Columbia and is hosted in Devonian and Mississippian interlayered metavolcanic and metasedimentary rocks of the 
Yukon-Tanana terrane. In this region, the Yukon-Tanana metamorphosed continental margin terrane occurs as two, colinear, 
narrow fault-bounded fragments which extend discontinuously north-northeast for several hundred krn west of the Stikinia island- 
arc terrane. The significant deposits are at Alamo, Ecstall, Packsack. Red River, Scotia, Sumdum, and Sweetheart Ridge (table 4) 
(Nokleberg and others 1997a, b, 1998). 

Surndum Kuroko Zn-Cu Massive Sulfide Deposit 

The Sumdum kuroko Zn-Cu massive sulfide deposit consists of massive lenses and disseminated zones containing 
pyrrhotite, pyrite, chalcopyrite, sphalerite, and lesser bornite, malachite, azurite, and galena in bodies up to I5 m wide (Brew and 
Grybeck, 1984; Kimball and others, 1984). The deposit contains an estimated 24 million tonnes grading 0.57% Cu, 0.37% Zn, and 
10.3 to 103 g/t Ag, assuming deposit continues beneath the Sumdum Glacier. The zones occur parallel to layering along the crest 
and flanks of an isoclinal fold in Paleozoic or Mesozoic metasedimentary schist and gneiss at the western edge of the informally 
named Coast plutonic-metamorphic complex of Brew and Ford (1984). Local sulfide-bearing veins(?) and fault breccia, which 
may postdate the stratabound deposit, may represent remobilization of the onginal deposit. 

Ecstall Kuroko Zn-Cu Massive Sulfide Deposit. 

The Ecstall kuroko Zn-Cu massive sulfide deposit, which consists of pyrite, chalcopyrite, sphalerite, pyrrhotite, 
marcasite, and galena, occurs in two tabular massive stratabound lenses in Middle Devonian schist, quartzite which are intruded 
by granitoid gneiss. These units are part of the Nisling assemblage of the Yukon-Tanana terrane in the Coast Plutonic Complex of 
British Columbia, Canada (EMR Canada, 1989; Hoy, 1991; Allrick and others, 2001; MINFILE, 2002). The deposit contains 
estimated reserves of 6.9 million tonnes grading 0.65% Cu, and 2.5% Zn. The deposit occurs in a metavolcanic sequence which is 
overprinted by an intense hydrothermal alteration assemblage of chlorite, ser~cite, and silica. 

Origin of and Tectonic Controls for 
Tracy Metallogenic Belt 

The Tracy metallogenic belt of kuroko massive sulfide deposits IS hosted in metavolcanic and interlayered 
metasedimentary rocks of the Cambrian to Devonian Nasina and Nisling assemblages and equivalent rocks of the Yukon-Tanana 
terrane. The assemblage consists of carbonaceous quartzite, quartz-mica schist, marble, mafic and felsic metavolcanic rocks and 
lesser amounts of metaplutonic rocks. Locally large parts of the terrane occur in pendants and screens within plutons of the Coast 
Plutonic Complex. These units are interpreted as part of the extenslve continental-margin igneous arc which formed along the 
North American Craton Margin, prior to rifting of the Yukon-Tanana and related terranes (Nokleberg and others, 1994c, 1997~).  
Remnants of the extensive middle Paleozoic Kootenay continental margin arc and associated lode deposits extend for several thousand 
krn in various metamorphosed continental margin terranes in Northern Alaska, East Central Alaska, the northern Canadian Cordillera, 
and Southeastern Alaska (Rubin and others, 199 1 ; Plafker and Berg, 1994; Nokleberg and others, 1994c, 1997c; Monger and 
Nokleberg, 1996; Nokleberg and others, 2000). Fragments of the Kootenay arc include several metallogenic belts hosting the kuroko 
volcanogenic massive sulfide and related deposits (Nokleberg and others, 1997a, b, c): (1) The Arctic metallogenic belt in the Coldfoot 
terrane in Arctic Alaska; (2) Alaska Range and Yukon-Tanana Upland metallogenic belt In the Yukon-Tanana terrane in central and 
eastern Alaska; (3) the Tracy metallogenic belt hosted in the Yukon-Tanana terrane in Southeastern Alaska and western British 
Columbia; and (4) the Frances Lake belt in the Yukon-Tanana terrane in the southern Yukon Territory; and (5) the Kootenay- 
Shuswap belt in the Kootenay terrane in the southern Canadian Cordillera, and the Frances Lake metallogenic belt in the southern 
Yukon Territories. 



Mount Sicker Metallogenic Belt of Kuroko 
Volcanogenic Massive Sulfide 
Zn-Cu-Pb-Au-Ag Deposits (Bett MS) 
Vancouver Island 

The Mount Sicker metallogenic belt of kuroko massive sulfide Zn-Cu-Pb-Au-Ag deposits (fig 17; tables 3,4) occurs in 
southwestern British Columbia on Vancouver Island. The belt is hosted by the Late Devonian to Early Permian Sicker Group, a 
sequence of arc-related volcanic and sedimentary strata in the southern Alexander sequence of the Wrangellia superterrane. The 
significant deposits are at Mount Sicker near Duncan (Lenora-Tyee, Twin J, Lara, Copper Canyon), and Myra Falls (Buttle Lake, 
Lynx, H-W, Battle; table 4) (Nokleberg and others 1997a, b, 1998). 

Mount Sicker (Lenora-Tyeq Twln J, Lara, 
Copper Canyon) Kuroko Massive Sulllde 
Zn-Cu-Pb-Au-Ag Deposit 

The Mount Sicker (Lenora-Tyee, Twin J, Lara, Copper Canyon) kuroko massive sulfide Zn-Cu-Pb-Au-Ag deposit 
consists of massive pyrite, chalcopyrite, sphalerite, galena with barite hosted in Late Devonian felsic volcanic tuffs of the 
McLaughlin Ridge Fomtion (Juras, 1987; Sicker Group; Hoy, 1991; Robinson and others, 1994). The combined estimated 
reserves and production for the Lenora-Tyee-Twin J deposit are 594,852 tonnes grading 2.46% Cu, 3.85% Zn, 0.37% Pb, 117.0 
g/t Ag, and 2.5 glt Au. Estimated reserves for the Lara deposit are 529,000 tonnes g d m g  1.01% Cu, 5.87% Zn, 1.22% Pb, 100.1 
g/t Ag, and 4.73 g/t Au. Estimated reserves for the Copper Canyon deposit are 32.4 million tomes grading 0.75% Cu, 8.57 g/t Ag, 
and 1.17 g/t Au (Dawson and others, 1991). 

Myra Falls (Buttle Lake, Myra, Lynx, KW, Battle) 
Kuroko Massive Sulfide Zn-Cu -Au-Ag Deposlt 

The Myra Falls (Lynx-Myra, Price, H-W, Battle) kuroko volcanogenic massive sulfide Zn-Cu -Au-Ag deposit (fig. 
24)consists of massive spbalerite, chalcopyrite, pyrite and lesser galena and barite with minor tennantite, bomite, pyrrhotite, 
digenite, covellite and slromeyerite which occur in a number of lenses along an east-west trend (Juras, 1987; Juras and Pearson, 
199 1 ; Dawson and others, 199 1 ; Hoy, 199 1; George Cross Newsletter no. 30, February 12, 1993; Pearson, 1993). The deposits 
contain an estimated combined production and reserves of 30.3 million tonnes grading 2.23gIt Au, 54.5glt Ag, 2.12% Cu, and 
7.1 % Zn. The deposit is hosted within felsic volcanics of the Late Devonian Myra Formation in the Sicker Group. The deposits 
occur at two stratigraphic levels; the H-W horizon, at the base of the Myra Formation, and the Lynx-Myra-Price horizon, in the 
central portion of the Myra Formation. Under the H-W deposit, the stratigraphic footwall consists of greater than 300 rn o f  basaltic 
andesite of the Price Formation which in tensely altered to to quartz-smicite-pyrite. 

Figure 24. H-W kuroko massive s~lphfde LpCbb- S b  m, mm. 
cross section. Adapted fmm Bwralt Md ~~~k (1-1. 

Origin of and Tectonic Controls for 
Mount Sicker Mdafbgwh Belt 
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culminations. The calc-alkaline volcanic rocks hosting the Mount Sicker metallogenic belt are interpreted as part of the minor, middle 
Paleozoic Sicker island arc which forms the oldest part of the Alexander sequence of the Wrangellia superterrane (Monger and 
Nokleberg, 1996; Nokleberg and others, 1994c, 1997~). In this paper. following Nokleberg and others (1994c, 2000), the Wrangellia 
superterrane is subdivided into three sequences, from west to east to southeast, the Peninsular, Wrangellia, and Alexander sequences. 
These sequences are interpreted as form the once continuous core of the superterrane and have been subsequently tectonically 
dismembered. 

Kootenay-Shuswap Metallogenic Belt of 
Volcanogenic Zn-Pb-Cu-Ag-Au 
Massive Sulfide Deposits(Be1t KS)  
Southern British Columbia 

The Kootenay-Shuswap metallogenic belt of volcanogenic Zn-Pb-Cu-Ag-Au massive sulfide deposits (fig. 17; tables 3, 
4) occurs in Southern British Columbia. The belt is hosted in is a discontinuous assemblage of metamorphosed and intensely 
deformed siliceous clastic, carbonate, volcanic, and plutonic rocks of the Kootenay terrane in the Shuswap region. This 
metamorphosed continental margin terrane occurs between the North America Craton Margin to the east, and the accreted island 
arc Quesnellia terrane to the west (fig. 17). The belt contains Kuroko, Besshi, Cyprus, SEDEX Zn-Pb, Southeast Missouri, and 
bedded barite deposits (table 4) (Nokleberg and others (1997a, b). Four types of volcanogenic massive sulfide deposits are 
recognized by Preto and Schiarriza (1985).The significant deposits in the metallogenic belt are the Cyprus-type Chu Chua and 
Harper Creek Cyprus massive sulfide deposits, the kuroko-type Homestake and Rea (Hilton) kuroko sulfide deposits, the 
Goldstream Besshi massive sulfide deposit, the Adams Plateau Zn-Pb-Ag SEDEX deposits (Spar, Lucky Coon, King Tutt, 
Mosquito King), and the Rexspar (Birch Island) felsic plutonic U-REE deposit (Nokleberg and others 1997a, b, 1998). 

Homestake and Rea Gold Kuroko 
Zn-Pb-Cu-Au-Ag Deposits 

The Homestake kuroko Zn-Pb-Cu-Au-Ag deposit consists of two tabular sulfide-barite horizons which occur in intensely 
quartz-sericite-pyrite altered sericite schist derived from felsic to mafic tuffaceous units of the Devonian Eagle Bay Assemblage 
(Dawson and others, 1991; Hw, 1991). Sulfide minerals are tetrahedrite, galena, sphalerite, pyrite, and chalcopyrite. Estimated 
reserves are 919,420 tonnes grading 248 g/t Ag, 2.5% Pb, 4% Zn, 0.55% Cu, and 275,500 tonnes grading 36.7% Ba. The deposit 
is overlain by intermediate to felsic volcanics of Eagle Bay Assemblage. The Rea Gold volcanogenic sulfide deposit occurs about 
4 krn to the norwest, and contains contains mining reserves of 376,385 tonnes grading 2.2% Pb, 2.3% Zn, 6.1 g/t Au, and 76 g/t 
Ag. 

Goldstream Besshi Cu-Zn-Ag Deposit 

The Goldstream Besshi Cu-Zn-Ag volcanogenic massive sulfide deposit occurs in the eastern part of the Kootenay 
terrane and consists of massive pyrrhotite, chalcopyrite and sphalerite often exhibiting gneissic texture with sub-rounded quartz, 
phyllite and carbonate inclusions (Hsy, 1991; MINFILE, 2002). The deposit occurs as a thin, conformable sheet (400 x 1500 x 1- 
3m thick) and as several other horizons in sericite quartzite and calcareous and chloritic phyllite in the lower lndex Formation of 
the Cambrian Lardeau Group. The host metavolcanic-phyllite unit consists of mafic tholeiitic volcanic rocks, massive greenstone, 
chloritic phyllite, ultramafic pods and dark calcareous to pelitic schist. In 1983 and 1984,427,886 tonnes were mined averaging 
8.9 g/t Au, 4.43% Cu, and 0.12% Zn. Production restarted in 1992; estimated reserves are 3.2 million tonnes grading 4.5% Cu, 
3.1% Zn, and 20 g/t Ag. 

Harper Creek and Chu Chua 
Cu-Zn-Ag-Au Deposits 

The Harper Creek Cu-Ag-Au volcanogenic massive sulfide deposit consists of disseminated pyrite, pyrrhotite and 
chalcopyrite with minor molybdenite, galena, sphalerite, and tetrahedrite which occur in tabular zones in mafic metavolcanic rocks 
and quartz-sericite phyllite of the Devonian Eagle Bay Formation (Preto and Schiarizza, 1985; Schiarizza and Preto, 1987; H@y, 
1997. The deposit occurs in two parts: (1) the East Zone with reserves of 42.5 million tonnes grading 0.39% Cu, 2.4 g/t Ag, and 
0.044 g/t Au; and (2) the West Zone with reserves of 53.5 million tonnes grading 0.42% Cu, 2.6 g/t Ag and 0.047 g/t Au. The 
deposit has estimated reserves of 96 million tonnes grading 0.41%Cu, 2.5g/t Ag, 0.04gIt Au, and 0.016% Mo. A skarn or porphyry 
origin was interpreted by Schiarizza and Preto (1987) with a relation to Devonian intrusive rocks which are now metamorphosed 
to orthogneiss and are interpreted as derived from bimodal, calcalkaline volcanic rocks. The deposit is herein interpreted as a 
kuroko massive sulfide deposit. 

The Chu Chua Cyprus Cu-Zn volcanogenic massive sulfide consists of pyrite with chalcopyrite and minor sphalerite 
which occur in two major and several smaller stratiform massive sulfide lenses associated with pyritic, cherty sediments and 
pillow basalt of the late Paleozoic (Devonian to Permian) Fennel Formation (McMillan, 1980; Schiarizza and Preto, 1987). 
Chalcopyrite and sphalerite occur interstitially to pyrite. Basalt is locally extensively altered to talc and carbonate in structures 



interpreted as vents. The deposit contains estimated reserves of 2.5 million tomes grading 2% Cu, 0.5% Zn, 0.5 g/t Au, 9 g/L Ag. 
The deposit is interpreted as a Cyprus(?) massive sulfide deposit (Hay, 1991). 

Adams Plateau SEDEX Zn-Pb-Ag Deposits 

Several SEDEX Zn-Pb-Ag deposits, which occur in the Admu Plateau area, are hosted in clastic metasedirnentary- 
sequences of probable Cambrian age and lower Eagle Bay Assemblage (Schiarizza and Preto, 1987; kby, 1991) in the Kootenay 
terrane, and Devonian and older magmatic arc rocks in the Yukon-Tmans terraae in the Canadian Cordillera. The assemblage is 
correlative in past with the Nisutlin Assemblage of the Yukon-Tanana t e m e  (Wheeler and McFeely, 1991). The si@kant 
deposits are two previously-producing, small mines at Mosquito King and Lucky Coon. 

Origin of and Tectonic Setting for 
Kootenay-Shuswap Metallogenic Belt 

A diverse group of volcanogenic d rclalcd m i m d  &posits occur in the KootenayShuswap metallogmic belt. Becaw of a 
wide range of age of host rocks and deposibs, this mtrUogenic belt may be divided into two rnetitllogenjc belts, one of Cambrian 
age and the other of Devonian and Mississippian age. 

The Kuroko massive sulfide w i t s  in the KootcoayShuswap metallogenic belt are basted in Devonian and 
Mississippian felsic to intermediak metavalcanic units. n e  a&lc-alkaline igneous-arc rocks are interpreted as part of tbs: extfmive 
middle Paleozoic continental-margin arc which e x t d  fw several thousand km along the North American b t o n  Margin (Grantz 
and others, 1991 ; Rubin and others, 1991; Plafber and Berg, 1994; Nokleberg d others, 1994c, 1997c; Monger andNokleberg, 
1996). Fragments of the continental-mgia arc include several metidlogenic belts hosting the k m k o  massive sulfide and related 
deposlts (Nokleberg and others, 19974 b, c): (1) The h t i c  mtslbgenk belt hosted in the Coklfoat &ram in Arctic Alaslut; (2) 
Alaska Range and Yukon-Tanana Upland m4dogenic belt bwted io the Yukon-Taana t e r n  iB central and a t e r n  Ahska; and 
(3) the Frances Lake and Finlayson Lake metallqanics belt h t e d  in the Yukon-Tanma tenme in the southem Yltlran Territory. 

The Cyprus massive sulfde depwib in tbe KookmyShwap metallogenic belt are bated in Devonian M c  volcanic 
and associated metasedimentary rocks. The deposits and hasr oaumic sssemblges, together with SEDEX sulfide deposits and 
thelr host rocks, occur in imbricard Lmst &to within other lssrremblages in the Kootenay tcmme. Them oceanic assemblages 
and deposits, which are interpreted to have farmed in the back-(UY: of tbe Kootenay arc, and were s u ~ u e o c a I l y  structurally 
emplaced within shelf and contiaenlal-mtwgin arc parts of h Korrtenay terrane during accretion of the outbwd.Slide Mountain 
oceanic terrane in the Jurassic (Monger and NoUeberg. 1996; Nddeberg and others, 2000). 

The Besshi Cu-Zn-Ag deposits in the Kmkn@hu%wrp metallogenic belt are hosted in Cm- tboleiitic metavolcanic 
and associated rocks which const~tutes the older pert of h e  Kmtenay terrane. The Besshi Cu-Zn-Ag deposits in the Kootmy- 
Shuswap metallogenic belt are herein interpreted as forming in a short-lived Cambrian contiaental-margin arc, 

The Adams Plateau SEDEX Zn-PbAg deposits in the btenay-Shmmp metallogenic belt are hosted in Cambrim 
metasedimentary rocks. The deposits ate mrrelated with similar SEDEX deposits m the Kooknay metidlogenie belt to the east, 
and with deposits in the Anvil and Howards Pass metallogenic.belts to the north in the Sewn Besin of xhe n o r k n  Canadian 
Cordillera. All three metallogenic belts are interpreted as forming h m  Pb- and Zn-rich fluids during rifibg, u o l ~  kina1 
subsidence, local marine transgression, and related h y d r o t h m l  activity along the passive conhmiffll margirt of the North 
American Craton. 

Metallogenic Belts Formed During 
Middle Paleozoic Rifting of North Asian 
Craton Margin 

Khamna River Metallogenic Belt of 
Carbonatite-Related Nb, Ta, and REE 
Deposits (Belt KR) Southern Part of 
Eastern Siberia 

The Khamna River metalloggnic belt of carbonatite-relaud Nb. Ta, aad REE deposits [tables 3,4) wcm in the southem 
part of eastern Siberia in the N ~ r l h  Asim Cmton -gin (fig. 16; Verkhoyansk fold belt, unit NSW (Notdeberg and stbezs, 
1994~). The belt strikes nortb-south, is about 300 krn long, and varies from 20 to 60 krn wide, The significant dcposits are at 
Khamna and Garnoye Ozero (table 4) @&erg and others 1997% b, 1998). These deposits msbt of pyroohhte, arthiwr, 
perovskite, and m~nozite which occur in halos adjacent to or around U i c  igrmus rocks. The Khamna fiver metallogenic belt is 
simllar to the Tomrnot River mcrallogrmlc Mt, described below, occurs in the paesive continental mmgh h d e v k a  terrane of the 
Kolyma-Omolon supertenme in the westun part of the Russian Northeast. 



Khamna CarbamtlMdaded RE€ Deposits 

The Khamna deposit (Elyanov and Moralev, 1973; N.D. Kobtseva and T.G. Devyatkina, writtm cornmu., 1988) 
consists of steep fluorite<a~bonate veins and stockworks which occur in Late Proterozoic metasomatic carbanatt: in the vicinity of 
d i e s  and stocks of probable Late Devonian alkalic syenite and alkalic magmatic breccia. The veins range from 0.1 to 1.5 km long 

' 

and from 1.4 to 30 m hick. individual stockworks are 100-500 m' in size. The main ore minerals arc htnaesite, parisik, and 
galena. Disseminatd mineralization also occurs. The average grade is 0.2-1.93% REE; 0.03-0.26% NbzOs. The syenite exhibits U- 
Th-Pb isotopic ages of which range from 240 to 417 Ma (V.1. Shpikerman and N.A. Goryachev. this study). 

Gornoye O m  Carb0natf)oRelated REE Deposit 

The major Gomoe Ozero Nb-Ta-REE deposit (fig. 25) (Korostylyov, 1982; N.D. Kobtseva and T . k  Devyatkina, written 
commun., 1PS8) occu~s in a middle Paleozoic (Late Devonian) ellipsoid intrusion of alkalic rocks, with a surfwe area of 10.3 km2. 
The a b i i c  inbusion exhibits a zoned structure. The core consists of nepheline-cancrinite syenite and small relic pyroxenite and 
rmlraigite pockets. Carbonathe comprises up to 90% of the intrusion and occurs mostly in the periphery. The host rocks are 
limestone, shale, and silktone of the middle Riphean Lakhandin suite which is altered to fenite near the intrusion. T'he cwbonatite 
consists of domrnate cakite, along with ankerite-calcite and dolomite-calcite. Other parts of the carbanatite ~ontain aegirine, 
mphibok, chlorite, pyroxulc, magnetite, biotite and barite. Relatively older parts of the intrusion cmtain pyroxenite rue in 
association with perovskile, magnetite, spinel and apatite. Pyrochlore, apatite and magnetite occur in syenite which fonned a i k  
pyroxeoite. The relleively younger carbonatite formed during two stages: (1) an earlier stage of pyrochlore-hatchettolit; and (2) a 
klw stage of REE mjnerals including basmasite, parisite and monazite, and also pyrochlore md coIuMrs). The average p d e  is 
0.35% REE oxides; 0.09-0.36% /6hO5; 0.01 1% Ta205. The complex exhibits K-Ar isotopic ages of 280 to 350 Ma and the age of 
mineralization is interpreted as probably 290 Ma. 

E] Kandyhkayia suite 
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Figure 25. Gomye Oram carhatilerelated REE deposit. Khamna metallogenic belt. Russian Southeast. Adapted from 
Korostelev (1982). 



Origin of and Tectonic Controls for 
Khamna River Metallogenic Belt 

The carbonatites and alkalic igneous rocks of the Khamna River metallogenic belt intrude Late Proterozoic and early 
d 

Paleozoic sedimentary deposits of the folded margin of the North Asian Craton Margin (Shpikemn, 1998; Verkhoyansk fold 
belt, unit NSV). U-Pb isotopic studies of the carbonatites and ores yield an age of 417 to 240 Ma, and K-Ar isotopic studies yield 
an age of 350 to 280 Ma (Elyanov and Moralev, 1973). Because coeval, rift-relaled basaltic rocks formed in adjacent areas 
neighboring areas, the Khamna River metallogenic belt is interpreted as forming during rifting of the North Asian Craton during 
the Late Devonian to Early Mississippian. The sedimentary rocks of the Verkhoyansk fold belt are apparently tectonically 
detached from crystalline basement of craton.. The fold belt is separated h m  the Siberian p l a t f m  d i  a Late ~retacmusi west 
verging thrust belt. 

Sette-Daban Range Metallogenlc Belt of ,-&&' KM A, 

Southeast Missouri Pb-Zn, Sediment-Hosted Cu, - .. ';I 
L! 

and Basaltic Cu Deposits (Belt SD) 
Southern Part of Eastern Siberia 

The Sette-Daban Range metallogenic belt of Southeast Missouri Pb-Zn, sediment-hosted Cu, and basaltic Cu &posits 
(fig. 16; tables 3,4) occurs In the southern part of eastern Siberia (Nokleberg and others, I W c ,  1997%; Shpikaman, 1998) in the 
North Asian Craton Margin (Verkhoyansk fold belt, unit NSV). The metallogenic belt trends south to north for more than 700 km 
along the Sette-Daban Mountain Range. The deposits, of Late Proterozoic to Early Carbonifmow age, occur at different 
stratigraphic levels of the North Asian Craton Margin (Verkhoymsk fold belt, unit NSV). The major Southeast Missouri Pb-Zn 
deposits are at Lugun, Sakyryr,, Segenyakh, and Urui; the major sediment-hosted Cu deposit is at Kurpn* and the major 
basaltic Cu deposit is at Dzhalkan (table 4) (Nokleberg and others 3997a, b, 1998). The Southeast Missouri fb-Zn deposits are the 
dominate deposit type in the metallogenic belt. The Southeast Missouri Pb-Zn deposits at Urui and Lugun occur in Vendian 
dolomite of the Udom Formation and the Southeast Missouri Pb-Zn-fluorite occurrences at Segennyak and Sakyryr are hosted by 
Late Silurian dolomite of the Oron Formation. The sediment-hosted Cu deposits are associated with basaltic Cu deposits which 
usually occur at the same or nearby sh-atigraphic levels. The sediment-hosted Cu deposits are hosted in Late Devonian and Early 
Carboniferous sandstone and shale. 

Sardana Missouri Pb-Zn Deposit 

The Sardana Missouri Pb-Zn deposit (ftg. 26) (Kuwetsov and Yanshin, 1979; Ruchkin and others, 1979; Kutyrev and 
others, 1989) consists of disseminated, banded, massive, and breccia and ore and stringers which occur within and adjacent to a 
dolomite bioherm which ranges from 50-80 m thick. The biahenn is hosted in the Late Proterozoic (Late Ymdian) dolomite of the 
Yudom Formation. The ore bodies are lenticular, ribbon-like, and cylindrical in form, and are mostly conlhed to the overturned 
limb of a syncline. The limb dips eastward at 75-85". The ore bodies range up to 40 m thick and are 200 to 300 m long at depth. 
Drilling indicates additional ore bodies occur at a depth of 200 to 300 m. Most of the ore is associated with inetasomatic, sugar- 
textured dolomite and zebra (brown and white striped) dolomite. The main ore minerals are sphalerite, galena, calcite, and 
dolomite, and subordinate ore minerals are pyrite, marcasite, arsenopyrite, quartz, and anthraxolite. Oxidized ore minerals include 
smithsonite, cerussite, anglesite, goethite, hydrogoethite, md aragonite. Low-grade disseminations m in Late Proterozoic (Late 
Vendian) dolomite for many kilometers in both limbs, and in the axis of a north-south-trending synsline which b 3 km wide and 
more than 10 km long. The deposit is medium to large with reserves of more than 1.0 million tomes PWZn, md a Pb:Zn ratio of 
1 :3-4. The dolomite of Yudom Formation is 200 m thick and transgressively overlies Late Proterozoic (hte Riphean) quartz and 
quartz-feldspar sandstone and siltstone which in turn is conformably overlain by Early Cambrian variegated clay and carbonate 
rocks. The deposit intruded by sparse diabase and dolerite dikes. & ?  
Urui Southeast Missouri Pb-Zn Deposit 

The Urui Southeast Missouri Pb-Zn deposit (Rucbkin and others, 1977; Volkodav and others. 1979; 8sgovh and others, 
1979; N.D. Kobtseva and T.G. Devyatkina, written comrnun., 1988) consists of slralified ribbon-like @mi#, fPam 2-3 to 40 m 
thick and 0.5 to 1.2 km long, which occur in metamorphosed Late Proterozoic (Vendian) doiomite. The ore bodies are 
conformable to host rocks and strike 30-45"NW; and commonly wedge out at a depth of 3040 rn. The deposits vary from 
massive, pocket-stringer-disseminated, to banded. Galena and sphalerite are the m ain ore minerals; pyrite, marcasite, menopyrite 
are secondary; and pynhotite, chalcopyrite, and electrum are scarce. Calcite, quartz, and anthraxolite also occur. The deposit is 
medium to large with an average grade of 9.9-25.6 Pb; 6.4-21.3% Zn; 6.8-200 glt Ag; up to I0 glt Oe. The deposit is associated 
with a significant recrystallization of dolomite and formation of peculiar zebra dolomite rocks. The general struchlral pattern of 
deposit controlled by monoclinal strike of sedimentary rocks to the west and by numerous postare faults which trend roughly 
east-west and strike northwest. Local Paleozoic diabase dikes in area. 
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Figure 26. Sar&na Southeast Missouri Pb-Zn deposit, Sette-Daban metallogenic belt, Russian Northeast. Schematicgedoglc m p  
and cross section. Adapted from Shpikerman (1998) using materials of A.I. Starnikov and A.V. Prokopiev. 

Kurpw,&he SactlmenBHosted Cv Deposit 7: I . ,, 
The Kurpandzha Southeast sediment-hosted Cu deposit (Kutyrev, 1984; loganson, 1988) consists of more than three 

stratified horiz~lls of finely disseminated to massive copper ore which is hosted in Late Devonian to E d y  Crrrboniferous ooastsl 
and del4aic sandstcm. The mnh ore minerals are chalcocite, bornite, chalcopyrite, and pyrite. Ore bodies range fn>m 0.2 9 to 4 m 
thick and up lo 1.5 km long. The host polymictic sandstone contains pyroclasts of volcanic rock. The deposit occurs in a 
slraligraphic interval from 50 up to 300 m thick which is underlain by Famennian basalt which also contains copper 
mineralization. The deposit o ~ c m  within a major syncline which has an amplitude of up to 4 km. Ore bodies and host rocks shilce 
at 40 to 706 on syncline limbs. 

The well-known basaltic Cu deposit af Dzhalkan (Kutyrev, 1984; Kutyrev and others, 1988) o c c ~  in a F B ~ ~ P U I  
amygdaloidal basak flow and near the Kurpandzha sediment-hosted Cu deposit. The deposit consists of dimmbated Cu in ti 
sequtnce of basak flows with a (Otal thickness of 180 m. The deposit is mostly confined to horizons which range from 0.5 to 2.0 
thick and contain both cinders and amygddes at the top of flows. The ore minerals include rmative copper and cuprite, with lesser 
h i t e ,  chakocite, md chalcopyrite. Epidasite (epidote-quartz) wallrock alteration occurs locally. The ore bodies range from 0.3 
to 1.0 m thick and up to 100 rn long. Areas ofcopper mineralization are separated by unmineralized areas of up to several 
kilometers. The deposit is small with average w d e s  of 0.3 up to 4.5% Cu. The basalt flows erupted into shallow water and 
subaerial eavh-ents. The host basalt9 are folded, with fold limbs dipping 40 to 60'. 



Origin of and Tectonic Controls for 
Sette-Daban Range Metallogenic Belt 

The Sette-Daban metallogenic belt occurs within the Sette-Daban horst/anticlinorium in the southwestern part of the 
North Asia Craton Margin (the Verkhoyansk fold belt, unit NSV; Shpikerman, 1998). The local units which host the Sette-Daban 
metallogenic belt consist of mainly thick, shelf carbonate and clastic rocks, and volcaniclastic deposits of Riphean, Vendian, and 
Cambrian age with a combined thickness of up to 13 krn. The major lithologies are limestone, dolomite, marl, mudstone, shale, 
mudstone, siltstone, sandstone, quartzite, conglomerate, basalt, tuR, Cu-bearing sandstone, and Cu-bearing basalt. Rare mafic and 
ultramafic dikes occur. The units are metamorphosed to lower greenschist facies. The sulfide deposits, as at Sardana, are 
interpreted as syngenetic. 

The Southeast Missouri Pb-Zn deposits are located in the upper part of the Oron Formation of Ludlovian age (350-500 m 
thick) which consists of large black and thin bedded dolomites and hydrogenic dolomite breccia. Hiod unit is overlapped by the 
Hurat Formation which consists mainly of marl. The Southeast Missouri Pb-Zn deposits of the Sette-Daban Range metallogenic 
belt are interpreted as forming from artesian thermal waters which circulated through the carbonate rocks of the North Asia 
passive continental margin. The sediment-hosted Cu deposits of the Sette-Daban belt are hosted in volcanic sedimentary rocks of 
Givetian, Fronian, Famenian and Turonian age. The significant deposits are in the upper Famenian and Turonian Menkule suite 
which ranges from 100 to 550 m thick and contains coastal-marine and continental sandstone, tuffaceous sandstone, siltstone, and 
dolomite. The basaltic Cu and sediment-hosted Cu deposits are interpreted as forming during rifting, mainly in the Middle 
Devonian to Early Carboniferous (Shpikerman, 1998). 

Selennyakh River Metallogenic Belt of 
Southeast Missouri Pb-Zn, Stratabound Hg and Au, 
and Pb-Zn Vein Deposits (Belt SEL) 
Northwestern Part of Russian Northeast 

The Selennyakh River belt metallogenic belt of diverse lode deposits, including Mississippi Zn-Pb, stratabound Hg and 
Au, and Pb-Zn vein deposits (fig. 16; tables 3.4) occurs in the northwestern part of the Russian Northeast (Shpikerman, 1998). 
The metallogenic belt is hosted in the Ornulevka terrane of the Kolyma-Omolon superterrane in early through late Paleozoic, 
passive continental margin carbonate and shale (Nokleberg and others, 1994c, 1997c; Shpikerman, 1998). The significant deposits 
are (table 4) (Nokleberg and others 1997a, b, 1998): (I) stratabound Hg deposits such the Gal-Khaya carbonate-hosted Hg 
deposit; (2) small Southeast Missouri type Pb-Zn occurrences as at Kondakovskoe; (3) Pb-Zn vein deposits as at Chistoe; and (4) 
Au quartz vein deposits as at Khatynnakh-Sala. This metallogenic belt, which needs further study, occurs along a sublatitudinal 
strike for more than 600 km (fig. 16). 

Gal-Khaya Carbonate-Hosted Hg Deposit 

The Gal-Khaya carbonate-hosted Hg deposit (Babkin, 1975) consists of a zone of quartz-carbonate breccia and veins 
which occurs along the contact of Early Silurian limestone and calcareous shale. The zone is 600 m long, 60 to 80 m wide, dips 
75", and is concordant to host rock bedding. The ore occurs in cylindrical ore shoots, mainly in carbonate breccia cemented with 
calcite and quartz-calcite. The main ore mineral is cinnabar. Also present are metacinnabar, galkhaite (Hg, Cu, Zn; As, Sb), 
stibnite, realgar, orpiment, pyrite, chalcopyrite, fluorite, barite, native gold, tennantite, sphalerite, bomite, chalcocite, covellite, 
malachite, and azurite. Gangue minerals include quartz, calcite, dolomite, barite, dickite, kaolinite, and bitumen (anthraxolite). The 
(syngenetic) deposit is interpreted as forming in the Late Devonian or Carboniferous (Shpikerman, 1998). or as an epigenetic 
deposit which formed in the Late Cretaceous (Galkin. 1968). 

Kondakovskoe Southeast Missouri Pb-Zn Occurrence 

The Kondakovskoe Southeast Missouri Pb-Zn deposit (Bakharev and others, 1988) consists of sulfide disseminations and 
pockets in Devonian limestone which is locally metamorphosed to marble. The deposit is localized along the southern contact of 
the Early Cretaceous Ulakhan-Siss granodiorite intrusion. The mineralized layer is several hundred meters long and consists of 
two mineral assemblages: (1) galena-sphalerite; and (2) less common pyrite-tetrahedrite. The deposit contains up to 0.1% Cd, 
0.05-1% Pb, 0.08-1.5% Zn, and 0.01-0.3% Sb. 

Chistoe Pb-Zn Vein Deposit 

The Chistoe Pb-Zn vein deposit (Shpikerman, 1998) consists of a galena vein which occurs in a shear zone in Ordovician 
Limestone locally metamorphosed to marble. The vein varies from 10 to 20 m thick and is about ten meters long. The ore minerals 
include galena, which is predominant, and also pyrite, sphalerite, chalcopyrite, cerussite, and smithsonite. Oxidized minerals are 
locally abundant. 



Khatynnakh-Sala Au Quartz Vein Deposit 

The Khatynnakh-Sala Au quartz vein deposit (Nekrasov, 1959, 1962; O.G. Epov and others, written commun., 1964) 
occurs in anticlinal domes and is controlled by bedding-plane faults. The ore bodies include 30 veins, lenses, lenticular bodies, and 
stockworks. The veins are generally not more than 1 m thick, generally 15-20 m long, and not more than 30-40 m long. Most of 
the veins and host rocks are isoclinaIly folded. The host rocks include Ordovician and Silurian amphibole-mica-carbonate shale 
and limestone locally metamorphosed to marble. Two levels of intensely sulfidized shale, from 0.4-6 m thick and up to 250 m 
long, also occur in the deposit. Post-mineralization diabase and diorite porphyritic dikes are present, which are probably Late 
Jurassic-to-Early Cretaceous in age. Besides pyrite and pyrrhotite, the ore minerals are arsenopyrite, galena, fahlore, sphalerite, 
and gold. Gangue minerals constitute 95% of the deposit and include quartz, albite, ankerite, barite, and fluorite. Pyrite is altered 
to pyrrhotite, and metamorphic actinolite, zoisite, biotite, sphene replace gangue minerals along with recrystallization of quartz. A 
late Paleozoic age is interpreted for the deposit and associated metamorphism. The deposit averages 0.2 to 2 g/t Au. 

Origin of and Tectonic Controls for 
Selennyakh River Metallogenic Belt 

The Selennyakh River metallogenic belt is hosted in the Omulevka passive continental margin terrane. The local units 
which host the Selennyakh River metallogenic belt consist of a continuous success~on of Ordovician, Early Carboniferous, and 
Pennian sedimentary rocks which are about 10,000 to 12,000 km thick. The major lithologies are continental-shelf carbonate 
rocks with layers of deep-marine limestone and shale. The stratabound Hg and Au deposits, which are the major element of the 
Selennykh River belt, are hosted in Middle Ordovician and Lower Silurian limestone and dolomite which ranges from 300 to 500 
m thick. The ore-bearing carbonate stratum is overlapped by calcareous shale (Shpikerman, 1998). Local middle Paleozoic mafic 
and syenite intrusions also occur. The younger, Carboniferous and Permian stratiform deposits are interpreted as forming during a 
short-lived rifting event within the Omulevka terrane. 

The diversity of deposit types in the Selennyakh River metallogenic belt is interpreted as the result of a complex 
metallogenic history (Shpikerman, 1998) of the terrane which consisted of  (1) subsurface mineralization occurring in artesian 
thermal basins associated with Late Devonian rifting, thereby forming Southeast Missouri Zn-Pb and stratabound Hg deposits; and 
(2) subsequent formation of veins during intrusion and regional metamorphism of the stratabound deposits, thereby forming Hg, 
Au, and Pb-Zn vein deposits. The local units which host the S e l e ~ y a k h  River metallogenic belt consist of a continuous 
succession of Middle Ordovician to Middle Devonian sedimentary rocks which are about 10,000 to 12,000 km thick. The major 
lithologies are continental-shelf carbonate rocks with layers of calcareous shale. Local, rift-related, middle Paleozoic alkali-mafic 
and syenite intrusions also occur and have 4 0 ~ r - 3 9 ~ r  isotopic ages of 300 and 141507 Ma, respectively (Trunilina and others, 
1996). The host Omulevka terrane is interpreted as a rifted fragment of the North Asian Craton Margin (Verkhoyansk fold belt, 
unit NSV; Nokleberg and others, 1994c, 1997c; Shpikerman, 1998). 

Tommot River Metallogenic Belt of 
Carbonatite-Related Nb, Ta, and 
REE Deposits (Belt TO) 
North-Central Part of Russian Northeast 

The small Tommot River metallogenic belt of carbonatite-related Nb, Ta, and REE deposits occurs in the north-central 
part of the Russian Northeast (fig. 16; tables 3,4) (Nokleberg and others, 1997b, 1998). The belt is hosted in the passive 
continental margin Omulevka terrane of the Kolyma-Omolon superterrane (Nokleberg and others, 1994c, 1997~1, extends almost 
50 km, and varies between 20 to 30 km wide. The Tomrnot River metallogenic belt is herein correlated with the Kharnna River 
metallogenic belt which is hosted in the North Asian Craton Margin (unit NAV, Verkhoyansk fold belt). This interpretation 
suggests that the Omulevka terrane is a faulted fragment of the North Asian Craton Margin. 

Tommot REE Deposit 

The one significant deposit in the belt at Tommot (Nekrasov, 1962; L.M. Parfenov, P.W. Layer, written commun., 1994) 
consists of REE, Ta, and Nb minerals which occur in fenite, metasomatic alkalic pegmatite, and aegirine granite and in country 
rock adjacent to a zoned Late Devonian (?) alkalic gabbroic-syenite pluton. These igneous rocks intrude early Paleozoic slate. The 
20 ore bodies at the deposit include metasomatic veins and lenses which vary from several to 25 m thick and range up to a 
hundred meters long. The most important elements in the deposit are Y, Ce, La, Ta, and Nb. Some rock samples contain 0.1-0.2% 
Y; 0.1-0.5% Zn; and 0.01-0.5% Nb. K-Ar isotopic studies indicate a Permian to Carboniferous age whereas U-Pb isotopic studies 
indicate an age of 368 Ma (Nekrasov, 1962). 



Origin of and Tectonic Controls for 
Tommot River Metallogenic Belt 

The intrusion of alkal~c igneous rocks which host the Nb, Ta and REE deposits of the Tommot River metallogenic belt 
are interpreted as forming during Late Devonian rifting of the North Asian Craton and the formation of the Omulevka Ornulevka 
passive continental margln terrane (Nokleberg and others, 1997b, 1998). The alkalic igneous rocks, that host the Tommot River 
metallogenic belt, are part of a sequence of Mississippian igneous rocks in the terrane. The Omulevka ternerne is herein interpreted 
as rifted fragment of the Paleozoic passive continental margin of North Asian Crato~l (Nokleberg and others, 1994c, 1997c, 2000) 
which in the Khamna River area contains a possibly similar belt of carbonatite-related Nb, Ta, and REE deposits. 

Urultun and Sudar Rivers Metallogenic Belt of 
Southeast Missouri Pb-Zn, Carbonate-Hosted Hg, 
Basaltic Cu, and Volcanogenic Mn Deposlts 
(Belt URS) West-Central Part of Russian Northeast 

The Urultun and Sudar Rivers metallogenic belt of Southeast Missouri Pb-Zn, volcanogenic-sedimentary Mn, basaltic 
Cu, bedded barite, and carbonate-hosted Hg deposits (fig. 16; tables 3,4) occurs in three discontinuous f i a p n t s  which extend 
northwesterly for 170 km in the west-central part of the Russian Northeast (Shpikerman, 1998. The southeastern portion of the 
belt is in the Si~dar River basin, and the northwestern portion of the belt is in the Late Taskan and Umlhln Rivers. The deposits 
occur in various parts of the Pakeozoic Sudar rift sequence in the Omulevka passive continental margin terrane (Nokleberg and 
others, 1994c, 1997~). Southeast Missouri Pb-Zn-fluorite deposits, as at Urultun, are most prevalent, and occur in Late Ordovician 
through Middle Devonlan strata (Shpikerman, 1987, 1988). The significant deposits are the Urultun Southeast Missouri Pb-Zn 
deposit; the Uochat carbonate-hosted Hg deposit, the Batka basaltic Cu deposit, the Lygiykhtakh volcanogenic M.n deposit, and 
the Prizovoe bedded barite deposit (table 4) (Nokleberg and others 1997a. b, 1998). 

Urultun Southeast Missouri Pb-Zn Deposit 

The Urultun Southeast Missouri Pb-Zn deposit (fig. 27) (Shpikerman, 1987, 1998) consists of disseminated veinlets and 
brecciated ore which occur in Early Devonian dolomite overlain by Middle Devonian (Givetian) marl. The ore bodies are 
composed of dolomite, calcite, fluorite, galena, sphalerite, and anthraxolite. Barite, pyrite, and cinnabar are present locally. The 
deposit is interpreted as forming in two stages: (1) an early sphaleritefluorite stage which resulted in disseminated metasomatic 
ore; and (2) a galena-fluorite-calcite stage which resulted in brecciated and veinlet ores. The orebearing dolomite sequence is up 
to 240 m thick and occurs along a synclinal limb of a fold which generally trends northwesterly. Two to five conformable ore 
horizons, varying in thickness from 1 to 10 m, occur in the dolomite sequence. The ore bodies are sporadic within a given horizon. 
The deposit occurs over an area of about 20 by 4 krn. This and other deposits and host rocks are stratigraphically overlapped by 
deep-sea argillaceous and carbonaceous sedimentary rocks. The deposit contains an estimated resource of 23 million tomes with 
an average grade of about 2.85% Pb, 6.74% Zn, and 10% fluorite. 

Carbonate-Hosted Hg Deposits 

The carbonate-hosted Hg deposits of the Urultun and Sudar Rivers metallogenic belt are interpreted as forming in the 
same event as the Southeast Missouri Pb-Zn deposits. The signjficaot deposit at Uochat (Babkin, 1975) consists crfdisseminated, 
cinnabar-bearing veinlets which occur in brecciated Early(?) Devonian dolomite along a major north-south-trendjag fault. The 
deposit is about 20 m long and 4 to 7 m thick. The main ore mineral is cinnabar, which occurs with calcite h masses and irregular 
veinlets. Pyrite, quartz, sphalerite, and anthraxolite also occur. The deposit formed in several stages: (I)  presre silicification; (2) 
pre-ore calcite alteration; (3) deposition of cinnabar and calcite; and (4) post-ore deposition of calcite. The deposit is small. 

Basaltic Cu, Volcanogenic Mn, and 
Bedded Barite Deposits 

The stratabound basaltic Cu deposits occur in rift-related trachybasalt flows of Lhe Givetian Formation which formed in a 
shallow marine environment. The significant deposit is at Batko. 

The Batko basaltic Cu deposlt (Shpikennan and others, 1991) consists of disseminated and irregular masses of sulfides 
which occur in subakalic, amygdaloidal basalt flows up to 200 m thick, within folded red beds of Middle Devonian (Givetian) 
age. The ore minerals are bornite, chalcocite, and covellite. The deposit occurs at the tops of the basdt flows. The adjacent 
trachybasalt is intensely epidotized aad carbonatized. The upper mineralized horizon is no more than 2-3 rn thick. The deposit. is 
small with grab samples which contain up to 3.1% Cu and 13.7 g/t Ag. Ag and Ba are associated with the Cu. 

The stratiform volcanogenic Mn deposits, as at Lyglykhtakh, and the bedded barite deposits occur in folded Early 
Carboniferous (Mississippian) through Late Permian siliceous shales, cherts and siliceous-carbonate rocks which are intercalated 
with tuff and diabase bodies. The Priwvoe bedded barite deposit occurs in the Early and Middle Carboniferous Batko Formation. 
Associated stratifom rhodochrosite deposits, at Lyglykhtakh and elsewhere in the Sudar and nearby river basins, occur in the 
lower part of the Late Permian Turin Formation. Stratigraphic breaks may exisl between these formations of sedmentary rocks. 
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Figure 27. Urultun Southeast Missouri Pb-Zn deposit, Urultun and Sudar Rivers metallogenic belt, Russian Northeast. Generalized 
geologic map of the Bitum-Sdvig area of stratabound F-Pb-Zn deposit. Adapted from Shpikerman (1987). 

Origin of and Tectonic Controls for 
Urultun and Sudar Rivers Metallogenic Belts 

Both the Southeast Missouri Pb-Zn and carbonate-hosted Hg deposits are interpreted as forming in a middle Paleozoic 
thermal artesian paleobasin in a major petroleum area (Shpikerman, 1998). Early and middle Carboniferous rifting is interpreted as 
the source of mineralizing fluids. Similarly, the deep-marine sedimentary and mafic volcanic rocks which host the basaltic Cu, 
volcanogenic Mn, and associated deposits of the Urultun and Sudar Rivers metallogenic belt are interpreted either as 
allochthonous blocks of oceanic-floor sedimentary rocks, or as sedimentary and volcanic rocks which were deposited during 
Devonian rifting of the North Asian Craton Margin to form the Omulevka terrane (Nokleberg and others, 1994c, 1997~). 
Characteristic pyroclastic debris in the sedimentary rocks indicates which submarine volcanism and was associated with these 
SEDEX deposits. This interpretation is supported by anomalous values of Pb, Zn, Cu, Ag, and Hg in the host rocks. In spite of the 
variety of mineral deposit types in this belt, a genetic relation is interpreted between most of the deposits. The sedimentary- 
exhalative accumulation of M n  and barite ores, and anomalous Pb, Zn, Cu, Ag, and Hg concentrations are interpreted as forming 
during deposition of the Southeast Missouri Pb-Zn deposits in artesian horizons. The younger parts of the Omulevka terrane 
consists of Carboniferous and Permian fossiliferous tuff, chert, shale, limestone, siltstone, and sandstone, and Triassic fossiliferous 
siltstone, mudstone, marl, and shaley limestone. 

Yarkhodon Metallogenic Belt of 
Southeast Missouri Pb-Zn Deposits (Belt YR)  
West-Central Part of Russian Northeast 

The Yarkhodon metallogenic belt of Southeast Missouri Pb-Zn-barite deposits occurs mainly in the Yarkhodon River 
basin in the west-central part of the Russian Northeast (fig. 16; tables 3 , 4 )  (Nokleberg and others, 1997b, 1998). The belt is 



hosted in the Yarkhodon subterrane in the eastern part of the Prikolyma passive continental margin tcnane. The belt is 330 km 
long and up to 50 km wide. Most of the deposits occur in the same stratigraphic level of the Yarkhodon Formation of Givetian age 
and are hosted in diagenet~c dolom~te and dolomitized limestone. Rare deposits occur in Proterozoic dolomite. The depositional 
environment for the original l~mestone is interpreted as a carbonate bank formed on a passive continental shelf. The significant 
deposits are at Slezovka and Gomoe. 

Slezovka Southeast Missouri Pb-Zn Deposit 

The S lezovka Southeast Missouri Pb-Zn deposit (A.V. Artemov and others, written commun., 1976; hyydov  aad athers, 
1988) consists of vein, disseminated, and breceia sulfides which occur in Middle Devonian a mineralized dolbmile s q u m  
which occurs in a sequence d c h s t i c  sedimentary rocks and carbonate rocks. The deposit contains up to five mineralized beds, 
each 3 to 5 m thick which sepprated by barren interbeds ranging h r n  3 lo 10 rn thick. The ore minenth are mainly galena, 
sphalerite, pyrite, and barite. The deposit is cut by quartz and calcite veinlets. The deposit is small. 

Origin of and Tectonic Controls for 
Yarkhodon Metallogenic Belt 

The Yarkhodon subterraoe of rhe Prikoiyma passive wrthental margin tenrane, which hosts the Ywkoda metallogmic 
belt, consists of the follow major umta: (.I) Givetian limestme, dolomite, marl, and siltstone; (2) Faaennian to Early Permian 
argillite, siltstone, volcan~clastic sandston% rhyolite tuff, and basal$. The sedimentary rocks are very tbick are interpreted as 
forming along continental-slope base of a rift-related trough w i h n  a passive continental-margin area. The Prikolyma teaane is 
interpreted as a rift-related fragmerd of the North Asia Craton (unit NSC; Nokleberg and olhers, 19%, 1997~). TheSoufheast 
Missouri Pb-Zn-barite deposits of the Yarkodon metallogenic belt are interpreted as forming cturing riftiag during the Late 
Devonian through the Mississippian. 

Berezovka River Metallogenlc bit of 
Kuroko Massive Sulfide Deposlts @eY BE) 
Central Part of Russian Northeast 

The Berezovka River mlallogmic belt of kuroko m s i v e  sulfide and mJfide vein deposits in the Berezdvka River basin 
in the west-central part of the Russian Northeast (fig. 16; tables 3,4) (IWdeberg and others, 1997b, 1998). The belt is hosted in 
the Late Devonian through Late Permian turbidite deposits which are part of the Beryozovka hubidite basm terms of the 
Kolyma-Omolon superterrane (Nokleberg and others, 1994c, 1997~). The northwest-trending belt is 120 lun long ad up to 100 
krn wide. The belt occurs in four areas s q w ~ € e d  by units o f p t - a c c r e f i a m  volcanic rocks. In addition to kuroko massive 
sulfide deposits, the belt also contains numerous stratiform vein and veinletdisseminated Au- and Ag-bearing Ba-Pb-Zn deposits. 
The significant deposit at Berezovskoe and other similar deposits are hasted in the Tynylyndzhin formation of Late Devonian 
(Frasnian and Famennian) age. 

Berezovskoe Kuroko Massive S u m  Ckcumrnce 

The Berezovskoe deposit consists of tuffaceous sandstone and siltstone, and rhyolite and basalt flows (Gorodinsky and 
others, 1974; N.A. Bobrov, w r i m  carnun.,  1976; Shpikeman, 1998). The Berezovskoe deposit consists of quartz-sulfide v e b  
and stratiform barite-sulfide bodies which are conformable to bedding in the host rooks. The major sulfide minerals are galena and 
sphalerite. Some of the vein deposits are interpreted as fo&g during late Mesozoic magmatism which remobilized md 
redeposited the volcanic-rock-hosted massive sulfide deposits (Davydov and others, 1988). Because of a bimodal assemblage of 
basalt and rhyolite has recently been recognized in the Devonian rocks of the Berezovka terraoe (Dylevsky, 19921, potential exists 
for the discovery of new stratiform massive sulfide deposits. 

Origin of and Tectonic Controls for 
Berezovka River Metallogenic Bett 

The Beryozovka turbidite basin terrane occws in a series of tectonic sheets which are thrust southward over the mdmn 
margin of the Omolon tenane wokleberg and others, 1994c, 1997~). The Betyozovka terrane consists of (1) a basal section ~f 
deep- and shallow-marine basalt, rhyolite, siliceous siltstone, chert, sandstone, and conglomerate which form& ia a rift settiag end 
which conlains Late Devonian conodonts and radioltuians, and Early Carboniferous f o W e m ,  conodonts, and mracrofossils; 
and (2) Midde and Late Carboniferous to Early Jurassic chert, siltstone, mudstom, md shale with pel~tomorphic limestone layers 
and argillaceous-calcareous concretions. The Late Devonian Kuroko massive sulfide deposits and associated b~modal vo~wnic 
rocks are herein interpreted as forming during rifting which was the earliest interpreted event for the Beryoz~vEca kmme 
(Nokleberg and others, 1994c, 1997~). 



Metallogenic Belts Formed During Middle 
Paleozoic Rifting of North American Craton 
Margin o r  in Low-Temperature Brines 
Along Craton Margin 

Mystic Metallogenic Belt of SEDEX Bedded Barite 
and Southeast Missouri Pb-Zn Deposits 
(Belt MY) West-Central Alaska 

The Mystic metallogenic belt of SEDEX massive bedded barite and Southeast Missouri Pb-Zn deposits occurs in West- 
Central Alaska (fig. 17; tables 3 ,4)  (Nokleberg and others, 1997b, 1998). The belt is hosted in the Mystic and Nixon passive 
continental margin terranes (Nokleberg and others, 1994c, 1997~) .  The significant deposits are at Gagaryah and Reef Ridge. The 
belt also contains younger a younger Besshi massive sulfide(?) deposit at Shellebarger Pass. In addition, very high Cu background 
values (350 to 450 ppm Cu) occur in Late Triassic basalt, and several small syngenetic Cyprus-type chalcopyrite deposits occur 
within interstices of pillow structures and in aquagene tuff of the Mystic terrane in the McGrath quadrangle (T.K. Bundtzen, 
written commun., 1992). 

Bedded Bariteand Southeast Missouri Pb-Zn Deposit 

A sedimentary-exhalative (SEDEX) bedded barite deposit is hosted Gagaryah at in Late Devonian (Frasnian) shales and 
clastic rock host barite mineralization in the Lime Hills D-4 Quadrangle (Bundtzen and Gilbert, 1991). The deposit consists of 
nodular, laminated, composite, and massive, light gray barite in Frasnian (early Late Devonian) shale, limestone, and minor chert 
of Mystic Terrane. The deposit extends along strike for 640 meters, has an average thickness of 20 meters, and an estimated down- 
dip extension of 300 meters. The deposit contains slightly elevated levels of Av, V, Sr (in celestite), but no lead or zinc. Sulfide 
isotopic analyses of +20 and +24 determined from nodular and massive barite respectively. The deposit contains 2.3 million 
tonnes grading 51% barite. The barite is interpreted as deposited syngenetically into host shale basin with barite rapidly 
precipitating from low temperature hydrothermal fluids distal from exhalative vents. Barite nodules and spheroids are also 
commonly encountered in either Devonian or Mississippian strata at other localities in the Mystic terrane to the northeast. 

A Southeast Missouri Pb-Zn deposit at Reef Ridge consists of stringers of brown sphalerite and minor galena in 
hydrothermal breccia in carbonate rocks of the Silurian and Devonian Whirlwind Creek Formation in the Nixon Fork terrane 
(Harold Noyes, written cornmun., 1984). The deposit extends along sh-ike for 2,000 m and ranges up to 15 m thick. The sulfides 
pinch and swell along strike. The deposit is the best known of ten similar nearby occurrences, and contains bout 181,000 tonnes of 
15% combined Zn and Pb. 

Shellebarger Pass Besshl Massive Sulfide(?) Deposit 

The younger Shellebarger Pass Besshi massive sulfide(?) deposit (Reed and Eberlein, 1972; Bundtzen and Gilbert, 1983) 
consists of a very fine grained mixture of mainly pyrite and marcasite and lesser sphalerite, chalcopyrite, galena, and pyrrhotite in 
a gangue of siderite, calcite, quartz, and dolomite. The sulfides and gangue occur in massive, lenticular sulfide bodies, as 
replacements of carbonate-rich beds, and as fracture fillings, mainly in chert and siltstone. The host rocks are a Triassic and (or) 
Jurassic age sequence of chert, dolomite, siltstone, shale, volcanic graywacke, conglomerate, aquagene tuff, and overlain by an 
upper sequence of pillow basalt, agglomerate, and breccia. At least six individual sulfide bodies are known. The main sulfide 
bodies may be proximal to basaltic flow fronts. The highest chalcopyrite concentrations occur in the basal parts of bodies. Minor 
sphalerite occurs in or near the hanging wall. Extensive hydrothermal alteration occurs in the footwall, but is to absent in hanging 
wall. The basalt displays high background Cu values of 250 to 300 glt. The deposit contains an estimated several hundred 
thousand tonnes of unknown grade. Individual samples contain up to 5% Cu and average about 2% Cu and 1% Zn. 

Origin of and Tectonic Controls for 
Mystic Metallogenic Belt 

The Mystic metallogenic belt is hosted in the Mystic and Nixon passive continental margin terranes which consist of a 
complexly deformed but partly coherent, long-lived stratigraphic succession, including Devonian through Pensylvanian carbonate 
and clastic sedimentary rock, Permian flysch and chert, and Triassic(?) pillow basalt (Nokleberg and others, 1994c, 1997~): 
Recent studies report early to middle Paleozoic fauna in these terranes that are typical of taxa that occur in similar age units in the 
Kolyrna region in the Russian Northeast and suggest that these three terranes were rifted from the Siberian continent (North Asian 
Craton Margin) (Blodgett and Brease, 1997; Blodgett, 1998; Fryda and Blodgett, 1998; Dumoulin and others, 1998, 1999; 
Blodgett and Boucot, 1999). The Mississippian and older parts of these terranes and a stratigraphy that is similar to the North 
Asian Craton Margin (NSV). Accordingly, these Mississippian and older parts of these terranes and their Mississippian and older 
lode SEDEX bedded barite deposits and metallogenic belts are herein interpreted as being derived from rifting of the North Asian 
Craton Margin (NSV) (Nokleberg and others, 2000). Coeval metallogenic belts with similar origin deposits residing in the Russian 
Northeast include the Urultun and Sudar Rivers, Selennyakh River, and Sette-Daban, and Yarkhodon belts (table 3). The tectonic 



origin of the younger Triassic(?) Besshi(?) and Cyprus massive sulfide deposits in the Mystic metallogenic belt, as at Shellebarger. 
is not clear. 

Northern Cordillera Metallogenic Belt of 
Southeast Missouri Zn-Pb Deposits (Belt NCO) 
Central Yukon Territory 

The Northern Cordillera metallogenic belt of Proterozoic and early Paleozoic Southeast Missouri Zn-Pb deposits (fig. 17; 
tables 3,4) occurs in the east-central Yukon-Temtory and western Northwest Territories and is hosted in an extensive pericratonic 
platformal sequence in the North American Craton Margin. The major Proterozoic deposits are at Gayna River and Goz Creek. 
The major early Paleozoic deposit is at Bear-Twit; other examples are at Gayna River, Goz Creek area (Barrier Reef), and Rusty 
Springs (Termuende) (table 4) (Nokleberg and others 1997a, b, 1998). 

Gayna River Southeast Missouri Zn-Pb Deposit. 

The Gayna River Southeast Missouri Zn-Pb deposit consists of sphalerite with minor pyrite and galena which occur in 
breccias and as tabular replacement bodies in Late Proterozoic shallow water carbonate of the Little Dal Group (Mackenzie 
Mountain Assemblage; Hardy, 1979; Aitken, 1991; Hewton, 1982; EMR Canada, 1989). Sphalerite and lesser galena occur as 
disseminations in breccias which formed as slumps over the flanks of stromatolitic reefs. Sphalerite is also concentrated in 
solution-collapse and fault-related crackle breccias. The Gayna River district contains 18 deposits and more than 100 occurrences. 
Several deposits exceed 1 million tonnes grading 10% combined Zn and Pb. 

Goz Creek (Barrier Reef) Southeast Missouri Zn-Pb Deposit 

Deposits in the Goz Creek area consist of sphalerite with minor galena, pyrite and boulangerite which occur as frach~re 
and breccia filling and disseminations (EMR Canada, 1989; Dawson and others, 1991; Fritz and others. 199 1). The deposit 
contains estimated reserves of 2.49 million tonnes grading 11% combined Zn and Pb. The deposits occur in both stratigraphically 
and tectonically controlled zones in pervasively silicified sandy dolostone. Smithsonite occurs as weathering product of sphalerite. 
The deposit age is interpreted to be Late Proterozoic. Other Southeast Missouri Pb-Zn districts hosted by Late Proterozoic 
dolostone include Nadaleen Mountain, south of Goz Creek, and Coal Creek Dome, north of Dawson. 

Bear-Twit Southeast Missouri Zn-Pb District. 

The Bear-Twit Southeast Missouri Zn-Pb district consists of galena and sphalerite with minor tetrahedrite which occur in 
brecciated dolomitized shallow water (reef) carbonates of the Early Devonian Whittaker, Delorme and Camsell Formations 
(Dawson, 1975; Archer Cathro and Associates, unpublished company report, 1978; EMR Canada, 1989). The deposit contains 
estimated reserves of 8 million tonnes grading 5.4% Zn, 2.6% Pb, and 0.5 g/t Ag. The deposit occurs in cross-cutting fractures, 
breccia matrices, fossil replacement, and also as disseminations in dolomite. The deposit age is interpreted as Early Devonian. In 
the Godlin Lakes region, are numerous deposits are hosted by orange-weathering ferroan dolostone of the Early Cambrian Sekwi 
Formation (Dawson, 1975). The Rusty Springs deposit in northwestern Yukon is an Ag-rich Southeast Missouri Pb-Zn deposit 
hosted by brecciated dolostone of the Middle Devonian Ogilvie Formation. 

Origin of and Tectonic Controls for 
Northern Cordillera Metallogenic Belt 

The deposits in the Northern Cordilleran metallogenic belt are classic Southeast Missouri Pb-Zn deposits composed of 
sphalerite, galena, and pyrite, with a gangue of dolomite, quartz, calcite and barite, and lesser gypsum. fluorite, chalcopyrite, and 
pyrobiturnen. These minerals occur in vugs, pores, burrows, various sedimentary and tectonic breccias, and minor to major 
fractures. Secondary dolomite commonly accompanies mineralization. Zn: Pb ratios average 10: 1, and Ag and Fe contents are 
low. The deposit form is highly irregular and usually discordant on a local scale, but stratabound on a district scale. The deposit 
sizes range from a few tens of thousands to about 10 million tonnes, and grades range from 3 to 10% combined Zn and Pb in 
larger deposits to about 50% combined Zn and Pb in small bodies (Dawson and others, 1991). Remote location and lack of 
infrastructure has limited drilling and development to only a few of the several hundred known occurrences. 

The Late Proterozoic to Middle Devonian passive part of the North American Craton Margin consists of a miogeoclinal 
sedimentary prism which is segmented into two contrasting facies belts. To the northeast are shallow water sandstone, dolostone 
and limestone which define the Mackenzie Platform, whereas to the southwest are turbiditic sandstone, deep-water limestone, 
shale and chert which define the Selwyn Basin. Sedimentary lithofacies exerted a primary control upon the localization of pre- 
accretionary sediment-hosted mineral deposits. Minor occurrences of Southeast Missouri Pb-Zn deposits are a common feature of 
carbonate rocks of all ages in the North American miogeocline; however, significant deposits commonly are localized along the 
carbonate-shale facies changes near the tectonically-unstable, western margin of Late Proterozoic to early Paleozoic platformal 
carbonate successions. 



The apparent spatial relationship of mineralization to extensional structures suggests format~on of the Southeast Missouri 
Zn-Pb deposits during major rifting and basinal subsidence along the passive North American Craton Margin. These structures 
include rift-induced, synsedimentary and block faulting, uplift, basinal subsidence, resultant facles changes, reefal development, 
development of karsts, brecciat~on, and basinal brine migration (Dawson and others, 1991). The common association of 
hydrocarbons with Zn-Pb deposits in carbonate rocks suggests a genetic relationship between mineralization and oil maturation, 
migration, and entrapment (Jackson and Beales, 1967). Although the timings of mineral deposltlon commonly are not well known 
(Sangster, 1986), the two major age groups of Southeast Missouri Zn-Pb deposits are herein interpreted as forming during two 
major periods of incipient rifting of the North American Continental Margin, the Late Proterozoic and early Paleozoic. 

Other metallogenic belts in the Canadian Cordillera, which contain stratiform or stratabound massive sulfide deposits 
which are hosted in parts or rifted fragments of the North American Craton Margin, are (in order of decreasing age): ( 1 )  Monashee 
belt of Late Proterozoic SEDEX deposits; (2) Redstone belt of Late Proterozoic sediment-hosted Cu deposits (3) Cathedral belt of 
Cambrian Southeast Missouri Zn-Pb deposits; (4) Churchill belt of Late Proterozoic Cu vein deposits; (5) Kootenay belt of 
Cambrian SEDEX deposits; and (6) Anvil belt of Cambrian through Silurian SEDEX deposits. An important distinction occurs 
between some of the metallogenic belts. Many metallogenic belts with SEDEX deposits are directly associated with mafic 
volcanic rocks and hydrothermal activity whereas the metallogenic belts containing Southeast Missouri Zn-Pb deposits are not. 

Dempster Metallogenic Belt of SEDEX Ba, 
Sedimentary-Exhalative (SEDEX), 
SEDEX Ni-Zn-PGE-Au, and Kuroko Zn-Pb-Cu 
Massive Sulfide Deposits (Belt DE) 
Northwestern Yukon Territory 

The Dempster metallogenic belt of SEDEX Ba, SEDEX Ni-Zn-PGE-Au, and Kuroko Zn-Pb-Cu massive sulfide deposits 
occurs in the northwestern Yukon Territory (fig. 17; tables 3 ,4)  (Nokleberg and others, 1997b, 1998). The belt is hosted in the 
North American Craton Margin in a sequence Devonian and Mississippian clastic strata which are part of the Earn assemblage, in 
the region north of Tintina Fault and south of Dawson Fault. The significant deposits are the Rein SEDEX, Marg Kuroko massive 
sulfide, and the Nick SEDEX deposits. 

Rein SEDEX Ba Deposits 

The Rein and several other large SEDEX deposits in the region contain barite, barytocalcite, and witherite and are hosted 
in Early to Middle Devonian (late Emsian to early Eifelian) sedimentary rocks which crop our near Dempster Highway (M.J. 
Orchard, written communication, 1985). None of the occurrences has measured reserves. The upper Earn Assemblage includes 
beds between the Tombstone and Robert Service thrust faults previously interpreted to be Mesozoic, including the Keno Hill 
quartzite, which host the large polymetallic silver vein district of Keno Hill in the Tombstone metallogenic belt. 

Marg Kuroko Volcanogenic Zn-Pb-Cu Deposit 

The Marg kuroko Zn-Pb-Cu-Au-Ag massive sulfide deposit consists of pyrite, sphalerite, chalcopyrite and galena with 
minor arsenopyrite and tetrahedrite which occur in a quartz and barite gangue (Eaton, written commun., Archer, Cathro, and 
Associates, 1989; Yukon Minfile, 1991). The deposit occurs in four stacked massive sulfide lenses which occur at the contact of 
quartz-sericite-chlorite phyllite and graphitic phyllite. The deposit contains an estimated 2.097 million tonnes grading 5.0% Zn, 
2.7% Pb, I.8%Cu, 65g/t Ag, 1.2 g/t Au. The host rocks are tectonically interleaved with, and overlain by the Keno Hill quartzite 
of the Late Earn Assemblage, part of a Devonian and Mississippian clastic wedge (Mortensen and Thompson, 1990; Turner and 
Abbott, 1990). The felsic metavolcanic rocks are interpreted as part of a Carboniferous continental-margin arc form along the 
North American Craton Margin. 

Nick SEDEX Ni-Zn-PGE-Au Deposit 

The Nick SEDEX Ni-Zn-PGE-Au deposit consists of pyrite, vaeslte, melnikovite-type-pyrite, sphalerlte and wurtzite 
which occur in a gangue of phosphatic-carbonaceous chert, amorphous silica and intergrown bitumen (Hulbert and others, 1992; 
Yukon Minfile, 1992). The deposit has reserves of 900,000 tonnes grading 5.3% Ni, 0.73% Zn, and 0.8 g/t PGE, along with minor 
Au. The deposit forms a thin, conformable unit at the contact between Middle and Late Devonian Earn Group. The deposit 
extends laterally over a 80 krn2 basin (Hulbert and others, 1992). The host rocks are the basinal sedimentary part of a Devonian 
and Mississippian clastic wedge exposed In an east-west trending syncline. The basin is Interpreted as a local trough or 
embayment on the eastern margin of the Selwyn Basin. The only known deposits similar to this rare SEDEX deposit are the Ni- 
Mo sulfide beds of the Yangtze Platform, China (Coveney and others, 1994). 



Origin of and Tectonic Controls for 
Dempster Metallogenic Belt 

In the Middle Devonian, a dramatic change in sedimentation patterns occurred throughout the North American Craton 
Margin when continental shelf platform assemblages of carbonate and clastic rocks were drowned and starved of clastic sediments 
before being inundated by mainly turbidite and chert-rich clastic rocks derived from the west and north. The abrupt change from 
passive-margin to variably coarsening-upward clastic sedimentation represented by the Earn Assemblage is interpreted as the 
result of local block uplift as a consequence of regional extension or strike-slip faulting (Gordy, 1991; Gordey and Anderson, 
1993), or as interpreted herein, related to syndepositional faults which bounded a westerly trending, rift-related trough. The 
formation of the Dempster metallogenic belt and the similar Macmillan Pass and Gataga metallogenic belts is interpreted as 
occurring during deposition of the clastic wedge. 

Macmillan Pass Metallogenic Belt of 
Zn-Pb-Ag-Ba SEDEX Deposits, 
Central Yukon Territory (Belt MP) 

The Macmillan Pass metallogenic belt of SEDEX Zn-Pb-Ag-Ba deposits (fig. 17; tables 3 ,4)  occurs in the central Yukon 
Territory and is hosted in the Devonian and Mississippian sedimentary rocks of Earn Group, part of the North American Craton 
Margin in the northern Canadian Cordillera. The significant deposits are at Cathy (Bar, Walt, Hess), Gravity (BA), Jeff (Naomi, 
Baroid), Macmillan Pass (Tom, Jason Main, Jason East), Moose (Spartan, Racicot), Oro (Buc, Mar, Dar, Tang), and Tea (Brock) 
(table 4) (Nokleberg and others 1997a, b, 1998). 

Tom, Jason Main, and Jason East 
Pb-Zn-Ag-Ba SEDEX Deposits 

Tom, Jason Main, and Jason East SEDEX Pb-Zn-Ag-Ba deposits occur in two or more stratigraphic intervals in the 
Middle to Late Devonian lower Earn Group. interpreted as part of a Devonian and Mississippian clastic wedge in the MacMillan 
Pass area. The deposits are interpreted as spatially related to syndepositional faults bounding a rift-related trough filled with fine- 
to coarse-grained siliceous turbiditic clastic rocks(Maclntyre, 1991; Mining Review, 1992). Estimate reserves are 9.3 million 
tonnes grading 7.5% Pb, 6.2% Zn, and 69.4 g/t Ag for the Tom deposit, and 14.1 million tonne ), 6.57% Zn, and 
79.9 g/t Ag for the Jason deposits (MacIntyre, 1991; Mining Review, 1992). The distribution o j of: (1) a Cu- 
and Ag-rich footwall stockwork which is overlain by Pb- and Zn- rich massive sulfide facies; ( ateral gradation 
into a Zn- and Fe-rich, laminated sulfide facies; and (3) a distal gradation into Ba-rich ore. This distribution is interpreted as 
forming during a zonal deposition from low-temperature brines exhaled into an anoxic sub-basin (McClay and Bidwell, 1986; 
Large, 1983). The Jason deposits, 5 krn southwest of Tom, possess similar ore facies but occur closer to a graben margin and are 
characterized by slump and debris flows and discordant, replacement ore textures. 
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Moose Ba SEDEX Deposit 

The Moose Ba SEDEX deposit consists of finely laminated barite which occurs in two beds from 25 to 45 meters thick 
and exposed for 200 to 250 meters along strike (Dawson and Orchard, 1982; Yukon Minfile, 1992). The deposit has estimated 
reserves of 3.0 million tonnes grading 84% BaS04, 12% to 14% SiO?. The deposit occurs near the base of a shale member of the 
Middle to Late Devonian lower Earn Group, immediately above an underlying chert pebble conglomerate. The host rocks are 
interpreted as part of a Devonian and Mississippian clastic wedge. 

Origin of and Tectonic Setting for 
MacMillan Pass Metallogenic Belt 

The MacMillan Pass metallogenic belt of Zn-Pb-Ag-Ba SEDEX deposits is hosted mainly in Late Devonian (Frasnian) 
units of the North American Craton Margin (Dawson and Orchard, 1982). Most of the SEDEX deposits in the metallogenic belt 
are related to syndepositional faults which bound a westerly trending, rift-related trough filled with turbiditic siliceous clastic 
rocks of the lower Earn Group (Abbott, 1986b). The Devonian and Mississippian Earn Group, which hosts the metallogenic belt, 
represents a dramatic change in sedimentation patterns. The change consisted of drowning of shelf carbonate-clastic platforms and 
subsequent inundation by turbidite- and chert-rich clastic rock derived from the west and north (Gordey and others, 1991). The 
abrupt change from passive continental margin sedimentation to variable, coarsening-upward clastic sedimentation is interpreted 
as the result of local block uplift as a consequence of regional extension related to rifting or strike-slip faulting (Gordey, 1992), or 
a consequence of ensialic arc magmatism, uplift and foreland clastic wedge deposition (Gabrielse and others, 1982). 



Finlayson Lake Metallogenic Belt of 
SEDEX Zn-Pb-Ag-Cu-Au Deposits 
(Belt FL) Southern Yukon Territory 

The Finlayson Lake metallogenic belt of SEDEX Zn-Pb-Ag-Cu-Au deposits (fig. 17; tables 3,4) occurs in the Selwyn 
Basin of the North American Craton Margin in the Yukon Territory. The significant deposits at Maxi and Matt Berry (table 4) 
(Nokleberg and others 1997a, b, 1998) are hosted in deformed sedimentary rocks of the Road River Group. The stratigraphic 
position and age of the host rocks at Maxi are better known than at Matt Berry. 

Maxi SEDEX Zn-Pb-Ag Occurrence 

The Maxi SEDEX Zn-Pb-Ag occurrence conslsts of galena, sphalerite, and quartz which occur as penetratively-deformed 
and transformed lamellae and bands in black phylllte in the basal Road Rlver Group (Blusson, 1978). The sulfides are commonly 
coarse-grained and concentrated in minor fold hinges, indicating mobilization during pre-Late Devonian, regional metamorphism. 
A second stage of folding and thermal metamorphism is interpreted as related to Cretaceous granitoid plutons in the area (Blusson, 
1978). No reserves or resources are reported. 

Matt Beny SEDEX Pb-Zn Deposit 

The Matt Berry SEDEX deposit consists of massive galena, sphalerite, pyrrhotite and chalcopyrite which occur with 
minor antimony-silver minerals (Ostler, 1979; Bremner and Ouellette, 199 1). The deposit contains estimated reserves of 533,434 
tonnes grading 6.81% Pb, 4.8% Zn, and 102.9 g/t Ag (Northern Miner, August 5, 1980). The sulfides are concentrated with 
quartz, in fold noses, and in discontinuous en-echelon lenses over a strike length of 500 m. The rocks have undergone at least 
three periods of deformation and metamorphism, including thermal metamorphism along the contacts of a Cretaceous granitoid 
pluton. The deposits constitute a zone of sulfide lenses up to 10 m thick hosted by deformed black phyllite and quartz-sericite 
phyllite, probably of the Paleozoic Road River Group in eastern Selwyn Basin, Yukon. The copper and antimony minerals are 
interpreted as related to local Cretaceous intrusive activity which overprints the Paleozoic SEDEX mineralization which formed 
along a Devonian and Mississippian passive continental margin. 

Origin of and Tectonic Setting for 
Finlayson Lake Metallogenic Belt 

The Maxi and Matt Berry deposits are interpreted as originally stratiform SEDEX sulfides deposits which were deposited 
with black shale in the Ordovician and Silurian Road River Group and are provisionally correlated with the adjacent Howards 
Pass metallogenic belt to the northeast. The Maxi and Matt Berry deposits were attenuated, deformed, remobilized, and contact 
metamorphosed during mid-Cretaceous magrnatism, uplift and deformation. 

Liard Metallogenic Belt of 
Southeast Missouri Ba-F Deposlts 
(Belt LI) Northern British Columbia 

The Liard metallogenic belt of Southeast Missouri Ba-F deposits occurs in northern British Columbia and is hosted 
mainly in early to middle Devonian shelf carbonate rocks in the North American Craton Margin (fig. 17; tables 3,4) (Nokleberg 
and others, 1997b, 1998). The deposits are epigenetic stockworks, breccia-fillings, replacements, and (or) veins which exhibit 
stratigraphic and structural controls similar to those of Southeast Missouri Zn-Pb deposits. The large deposits exhibit a southward 
lateral gradation towards several, small Zn-Pb vein and breccia occurrences which are hosted in a dolomite-barite-fluorite gangue 
(Dawson, 1983). The Ba-F deposits are herein interpreted as analogous to Southeast Missoliri Pb-Zn deposits. However, local 
epigenetic barite deposits occur in the area without fluorspar and Pb-Zn sulfides. 

Leguil Creek Bedded Ba Deposit 

The Leguil Creek (Letain) bedded Ba deposit consists of three stratabound zones of veins and lenses of barite which are 
hosed in Cambrian to Devonian shale and siltstone (MINFILE, 2002). The barite and host rocks are gently folded. Discordant, 
fault-controlled barite vein zones range from 1 to 4 m thick. Barite sulphur isotopic analysis indicate a Devonian age of 
mineralization (K.M. Dawson, unpublished data, 1995). A SEDEX barite origin, similar to that for the adjacent Gataga SEDEX 
metallogenic belt, with subsequent tectonic remobilization, is herein proposed. 

Lower Liard Southeast Missouri Ba-F and 
Muncho Lake Ba Deposits 

The Lower Liard Southeast Missouri Ba-F deposit consists of fluorite with barite, witherite, barytocalciite, quartz and 
calcite which occurs as veins, lenses and breccia-fillings at the contact between limestone of the Middle Devonian Dunedin 
Formation and shale of the Besa River Formation (EMR Canada, 1989; MINFILE, 2002). Fission-track dating suggests a 



Mississippian age of mineralizalioi~ (MINFILE, 2002). Massive stratabound Ba deposits, which occur in the same region at 
Muncho Lake, northern British Columbia, are no& hosted by the sam strata, and may be spatially related to fluorite-free barite 
replacements and breccias. The Muncho Lake Ba deposit in northern British Columbia consists of mssive, stratabound barite 
which is devoid of fluorite. The barite layer overlies the Waknash Formatoin and is bedded and contains local abundant sandstone, 
and may exhibit evaporite textures (Dan Hora, writlen commun., 2000). A h  bccurring in the area area barite veins (Butnerchuk 
and Hancock, 1997; MINFILE, 2002). 

Origin of and Tectonic Setting hr 
Liard Metallogenic Belt 

The Liard metallogenic belt of !hutbeast Missouri(?) 3214 deposits is hosted in Devonian passive contineatal margin 
sedimentary rocks of the N o h  American Craton Margin. The dtpdsits exhibit characteristics similar to Southeast Missouri Pb-Zn 
deposits in the Robb Lake metallogebic belt of Southeast M i m i  Pb-Zn deposits (described herein), and to the Gatagzt 
metallogenic belt of SEDEX deposit (described herein). Sulpbur isotope analyses exhibit beavy values for barite sulfur in (111 thne 
metallogenic belts (K.M. Dawson, unpublished data, 1995). These data and a similar geologic setting suggest a gmetic retation 
between the two deposit types and Lhree metallogenic belh A r imih rifling origin is interpreted kr all three metahgenic belts. 
The rifting is interpreted as occurring duriag the Lete Devonian a d  Early Mississippian rifling event when the Yukon-Tanana and 
Kootenay metamorphosed continental margin rerraaes seperakd hom h a  North h m i c a n  Cmbn Margin (NoMeberg and ot6~118, 
1994c, 1997c, 2000; Monger and Nokieberg, 1996). During the rifhg, volcanism, plutonism, related hydrothermal activity, and 
sedimentary exhalations o c c m d  in the North American Craton Margin ond in the Yukon-Tanana and Kootsnay ~~ (Paradis 
and others, 1998). 

Gataga Metallogenic Belt of Zn-Pb-Ag-Ba 
SEDEX Deposits (Belt GA) 
Northern British Columbia 

The Gataga metallogenic belt of Zn-Pb-Ag-Ba SGDEX deposits (fig. 17; tables 3,4) occurs in mmtem British 
Columbia. The deposits are hosted in basbid sedhenuuy strlta of h Kechilca Trough, a suutbeastera extension of Selwyn Basin 
(Fritz and others, 199 1). The belt contaiar eight significant dapasiB and extends for 180 krn southmard from L)Olltpik Creek to 
Akie River. The deposits are localized in inf'd euxinic sub-basins in a structurally controlled trough which was p d y  flanked 
by carbonate reefs (MacIntyre, 1982, 1998). The si.pificant dqmib arc at Akie, Cirque (Stromay), and Driftpile Creek (Saint, 
Roen; table 4) (Nokleberg and otkers 1997% b, 1998). The deposils and bost rocks are part of a sequence of Late Devonian 
(Famennian) turbiditic shale and cherty argillite of the E m  Group (Pigagc, 1986; Paradis and others, 1998). 

Cirque (Stronsay) Deposit 

The Cirque (Stromy) Zn-Pb-Ag-Ba SEDEX deposit (fig. 28), tkt largest in the Gataga belt, mxwjsts of sbtifona, 
laminar banded, massive berite with pyrite, galena and sphalerite which occur in twbidite $Me, chert, and cherty argillite of the 
Late Devonian Gunstee1 Formation (Jefferson and others, 1983; Gorzynski, 1986). The host rocks are s~licxous and contacts 
between sulfide bodies and sadimmb are 3barp. Tbc deposit forms a 1 0 0  by 300 m taping, wedgeshaped Iw whicb is about 
10 to 60 m thick. The Cirque and adjacent South Cirque &posits contain estimated reserves of 52.2 million tonnes pading 8% Zn, 
2% Pb, and 47 g/t Ag (Mining Review, 1992). 

Driftpile Creek SEDEX 
Zn-Pb-Ag-Ba Deposit. 

The three sulfide bodies at the Driflpile SEDEX Zn-%Ag-Ba deposit consist of stratifarm Ryritc, sphaleribe, galene, and 
barite in siliceous black turbiditic shale of F a m i a n  (Late Devonian) age ( P d s  and others, 1998). The deposit has estimated 
reserves of 18.1 million tonnes grading 2.38% Zn+Pb (bley,  1991; Pmdis and others, 1995). The sulfide bodies wcut in three 
stratigraphic levels in the Gunsteel Formation of the Earn Assemblage in different thrust-bounded pantIs. The host &ntary 
rocks are interpreted as part of a Devonian-Mississippian elastic wedge. 

Origin of and Tectonic Setting for 
Gataga Metallogenic Belt 

The SEDEX Zn-PbAg-Ba deposits of the Gataga metallogenic beh are interpreted as forming during deposition of 
basinal clastic rocks of the Earn Asscmbhge during tbe early to lak Famennim over a time span of not more than 7 million years. 
This relatively brief episode occuated during or immediately after a period afcontinental-margin arc f o ~ t i o n  and subsequent 
rifting of the North American Craton Margin in the early Mississippian (Paradis and otbers, 1998). The rifting is interpreted to 
have influenced sedimentailon and volcanism in the Yukon-Tanma and Kootenay terranes (Nokleberg and otbers. 1994c, 1997~;  
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Figure 28. Cirque (Stronsay) sedimentary-exhalative Zn-Pb-Ag-Ba deposit, Gataga metallogenic belt, Canadian Cordillera. 
Schematic map and cross section. Adapted from Jefferson and others (1 983). 



Monger and Nokleberg, 1996; Nokleberg and others, 2000). The SEDEX deposits of the Gataga metallogenic belt are interpreted 
as forming during a relatively brief period immediately after rifting (Paradis and others, 1998; this study). However, other 
metallogenic belts containing Devonian-Mississippian SEDEX deposits are interpreted as forming over a longer age range, from 
Frasnian (early Late Devonian) at Macmillan Pass to Tournasian (Early Mississippian) in the Cassiar terrane. 

Robb Lake Metallogenic Belt of 
Southeast Missouri Zn-Pb Deposits (Belt RL) 
Northern British Columbia 

The Robb Lake metallogenic belt of Southeast Missouri Zn-Pb deposits occurs in northern British Columbia (fig. 17; 
tables 3. 4) (Nokleberg and others, 1997b, 1998; Nelson and others, 2002) and is hosted in the Proterozoic to Devonian passive 
continental units of the Rocky Mountains which constitute part of North American Craton Margin. The Southeast Missouri Pb-Zn 
deposits in the Robb Lake metallogenic belt occur in secondary breccias of either solution or tectonic origin in folded dolostones 
mainly of the Silurian and Devonian Muncho-McConnel Formation (Taylor and others, 1975; Nelson and othes, 2002). 
Occurrences also are located in the underlying Silurian Wokkpash and overlying Devonian Stone,Dunedin, Pine Point, and Slave 
Point Formations (Macqueen and Thompson, 1978; Nelson and others, 1999; Paradis and others, 1999). The significant deposit is 
at Robb Lake. 

Robb Lake Southeast Missouri Zn-Pb Deposits 

The Robb Lake deposit consists of sphalerite, galena and pyrite which occur primarily in tabular and lenticular zones 
parallel to bedding in dolomite collapse breccias of the Silurian and Devonian Muncho-McConnel Formation (EMR Canada, 
1989; Dawson and others, 1991; Mining Review, 1992; Nelson and others, 2002). The deposit occurs on the west limb and crest 
of a large south plunging anticline. The deposit occurs in an 8 krn' area, and consists of a series of interconnected, bedding- 
parallel and crosscutting breccia bodies with a matrix of dolomite, sphalerite, galena, pyrite, quartz, calcite, and pyrobitumen, and 
peripheral veins and stockwork. (Nelson and others, 2002). Estimated reserves are 7.1 million tonnes grading 4.7% Zn and 1.5% 
Pb (Mining Review, summer, 2000). A significantly larger. but less defined resource for the district and belt is an estimated 20.1 
million tonnes grading 5.1% combined Pb and Zn (Dawson and others, 1991). 

Origin of and Tectonic Controls for 
Robb Lake Metallogenic Belt 

The southern part of the Robb Lake metallogenic belt occurs along a Devonian carbonate facies front in shales of the 
Besa River Formation to the west for 250 km, extending from Mount: Burden on the south to the CTV and DODO deposits near 
Tuchodi Lakes on the north. The stratigraphic setting for these occurrences, that consists of a carbonate front adjacent to the major 
Great Slave Lake basin, is interpreted as analogous to that at Pine Polnt (Nelson, 1991). Some occurrences in the northern part of 
the Robb Lake metallogenic belt contains fluorite, barite, and pyrobitumen and are poor in sphalerite, galena, and pyrite. This 
feature suggests continuity with the southern end of the Liard metallogenic belt of Southeast Missouri Ba-F deposits which occurs 
in similar Devonian host rocks (Nelson and others, 2002). The timing of mineralization is poorly constrained, but is interpreted as 
pre-early Tertiary (pre-Laramide) on the basis of rotated geopetal structures (Manns, 198 1) or as Devonian or Missippian on the 
basis of isotopic studies (Nelson and others, 2002). 

The Robb Lake metallogenic belt exhibits characteristics similar to the Liard metallogenic belt of Southeast Missouri(?) 
Ba-F deposits (described above), and to the Gataga Lake metallogenic belt of SEDEX deposit (described above). Sulphur isotope 
analyses exhibit heavy values for barite in all three metallogenic belts (K.M. Dawson, unpublished data, 1995). These data and a 
similar geologic setting suggest a genetic relation between the two deposit types and three metallogenic belts. A similar rifting 
origin is interpreted for all three metallogenic belts. A major period of Late Devonian and Early Mississippian rifting along the 
North American Craton Margin is interpreted with rifting away of the Yukon-Tanana and Kootenay continental margin terranes 
and formation of the Robb Lake and coeval metallogenic belts (Nokleberg and others, 1994c, 1997c; Monger and Nokleberg, 
1996; Nokleberg and others, 2000). Nelson and others (2002) propose a somewhat contrasting interpretation of back-arc and intra- 
arc spreading, and exhalative activity for the genesis of the Robb Lake and related, coeval metallogenic belts. This back-arc and 
intra-arc spreading would be coeval with the slightly older Kootenary arc as interpreted by Nokleberg and others (2000). 

lngenika Metallogenic Belt of Southeast 
Missouri Zn-Pb-Ag-Ba Deposits, and 
Manto Zn-Pb-Ag Deposits (Belt IN) 
Northern British Columbia 

The Ingenika metallogenic belt of Southeast Missouri Zn-Pb-Ag-Ba deposits and manto Zn-Pb-Ag deposits occurs in 
central British Columbia. The belt is hosted jn Late Proterozoic to Devonian carbonate-dominated strata of the proximal 
pericratonic Cassiar terrane (fig. 17; tables 2, 3) (Nokleberg and others, 1997b, 1998). The significant deposits are in the Wasi 
Lake area at Susie, Beveley, and Regent. 



Westlake Area (Susie, Beveley, Regent) 
Southeast Missouri Zn-Pb-Ag-Ba Deposits 

The Susie, Beveley and Regent Southeast Missouri Zn-Pb-Ag-Ba deposits consist of sphalerite, galena and barite in four 
zones of vein and breccia-filling which are hosted in Late Proterozoic to Devonian platformal dolostones (EMR Canada, 1989; 
Ferri and others, 1992). The deposits contain estimated resources of 2.82 million tonnes grading 2.24% Zn, 1.42% Pb, and 36.3 glt 
Ag. The deposit age is interpreted as Cambrian to Devonian, similar to the host rocks. A series of probably early Tertiary foliated 
felsic dikes occur along the top of Bevely Mountain. The dikes range up to 200 m wide. 

Origin of and Tectonic Setting for 
lngenika Metallogenic Belt 

The Southeast Missouri Zn-Pb-Ag-Ba deposits and Manto Zn-Pb-Ag deposits in the Ingenika metallogenic belt possess 
an ore mineral assemblage and morphology characteristic of manto replacement (Nelson, 1991). The deposits in the belt are 
interpreted as forming during deposition of metal From low temperature brines which may have originated within an adjacent shale 
basin. The Ingenika metallogenic belt is herein interpreted as a displaced part of the Cathedral metallogenic belt of Southeast 
Missouri Zn-Pb-Ag deposits (Dawson, 1996a; Nokleberg and others, 1997b, 1998) which occurs mainly in the western margin of 
the North American Craton Margin. Rock sequences in the Cassiar terrane are similar to those in the western North American 
Craton Margin to the south, thereby suggesting a dextral, northward displacement of Cassiar terrane about 700 krn along the 
Tintina-Rocky Mountain Trench fault system in the Late Cretaceous and early Tertiary, as proposed by Gabrielse (1985). 
Restoration of this displacement would juxtapose the lngenika and Cathedral metallogenic belts of Southeast Missouri Pb-Zn 
deposits. 

Cathedral Metallogenic Belt of 
Southeast Missouri Zn-Pb-Ag Deposits 
Southern British Columbia (Belt CA) 

The Cathedral metallogenic belt of Southeast Missouri Zn-Pb-Ag deposits occurs in southern British Columbia (fig. 17; 
tables 2,3) (Nokleberg and others, 1997b, 1998). The metallogenic belt is hosted in the Middle Cambrian Cathedral and Jubilee 
Formations which contain dominantly carbonate rocks which are part of a shallow-water, carbonate-clastic shelf which was 
deposited along the passive continental margin of the North American Craton Margin. The deposits in the Cathedral metallogenic 
belt contain the only Southeast Missouri Pb-Zn deposits in the Canadian Cordillera with significant production. The significant 
deposit is at Monarch (Kicking Horse). 

Monarch (Kicking Horse) Southeast 
Missouri Zn- Pb Deposit 

The Monarch Southeast Missouri Zn-Pb-Ag deposit extends along strike for of over 1,370 m in folded, brecciated and 
dolomitized limestone of the Cathedral Formation (Hw, 1982; MINFILE, 2002). The deposit consists of argentiferous galena, 
sphalerite, and pyrite which occur as fillings in north-south striking, vertical fissures along the east limb of an anticline. Combined 
production and reserves are 820,000 tonnes grading 5.63% Pb, 8.85% Zn, 3 1 g/t Ag. The deposit age is interpreted as Middle 
Cambrian. Minor similar occurrences are at Hawk Creek, Steamboat and Shag, to the southeast of the Monarch (Kicking Horse) 
deposit. 

Origin of and Tectonic Controls for 
Cathedral Metallogenic Belt 

The age of mineralization for the Cathedral metallogenic belt is not known precisely, and the genesis of Southeast 
Missouri-type deposits is debatable. Faults, breccias and other open spaces in the host shelf limestone are filled by an assemblage 
of sulfide minerals and calcite-dolomite-fluorite gangue. The ore metals probably were transported and deposited by low 
temperature brines which may have originated within the adjacent shale basin. The Cathedral metallogenic belt is correlated with 
the DevonianI(?) Ingenika metallogenic belt in central British Columbia, described above. This relation suggests dextral, 
northward displacement of about 700 km along the Tintina fault system (Gabrielse (1985). 

Southern Rocky Mountains Metallogenic Belt of 
Stratabound Barite-Magnesite-Gypsum Deposits 
(Belt SRM) Southern British Columbia 

The Southern Rocky Mountains metallogenic belt of stratabound barite-magnesite-gypsum deposits (fig. 17; tables 3,4) 
occurs in southeastern British Columbia and is hosted in passive continental margin sedimentary rocks of the North American 
Craton Margin. The significant deposits are at Brisco, Forgetmenot Pass, Kootenay River Gypsum, Lussier River (United 
Gypsum), Marysville, Mount Brussilof, Parson, and Windermere Creek (Western Gypsum) (table 4) (Nokleberg and others 1997a, 
b, 1998). Most of the deposits range in age from Cambrian to Devonian; a few formed in the Triassic (Nokleberg and others, 



1997a, b). Most of the magnesite and barite deposits in the belt are hosted primarily in Cambrian carbonate units. Ln southeastern 
British Columbia, the belt contains a major group of gypsum mines which are hosted in Devonian strata. Also occuning in thc belr 
are local magnesite, and Zn-Pb deposits, as at Kicking Horse. 

Windermere Creek (Western Gypsum) 
Chemical-Sedimentary Gypsum Deposit 

The Windermere Creek (Westem Gypsum) chemical-sedimentary gypsum deposit consists of gypsum and anbydrite 
which underlie basal carbonate strata of the Devonian Bumis F m t i o n  (5ritish Columbia Departmeat of Mines and Petroleum 
Resources, 199 1 ; MINFILE, 2002). The deposit and relaled occurrences form a belt which extends 80 lun from Windermere 
Creek southeastward to Kootenay River md L d c r  River. Estimated reserves range from 7 to 12 million tomes of ore grading 
90% gypsum. About 6.8 million tonnes of ore has been produced at four open-pit operations. A synsdmf:ntrvy wapaPib origin is 
interpreted for the deposib md for gypsum in concordant beds dolostone of the Late Triassic Whitehorse Formation at 
Forgetmenot Pass. 

Marysville and Mount BrusaiW (Baymag) 
ChemicaE-Sedimentary Megnesite Deposits 

These chemical-sedirnedary mqgesite deposits consist of conformable, interbedded mgmsite which is hosted within 
quartzites of the upper 100 m of the Early Cambrian Cranbrook Formation (Grant, 1987; Simandl and Hbcock, 1999; MNFILE. 
2002). The thickest beds range up to approximately 15 metas thick and are exposed o v a  a strike length of 5.5 Ism. The average 
grade is 40 to 45% MgO. Chemical-dunentary magnwik forms extensive replacements of carbonates of the Middle Cambrian 
Cathedral Formation at the Maunt Brussilof (Baymag) deposit (Grant, 1987; Sirnandl md Haocock, 1991; MMFLE, 2002). 
Estimated reserves are 40.7 rnillion tonnes grading 92.4% to 95% MgO. 

Parson and Brisco Barite Vein and Gypsum Deposits 

The Parson barite vein deposit cans& of barhe and lesser gypsum in vein aad breccia fillings in Early Cambrian 
quartzite which is underlain by dolmt~ne and M e  wi tch ,  1991; MWFILE, 2002). The mine at Paason produced 75,000 tome$ 
of barite at unspecified m e  from two pa~allel veim between 1957 m d  1988. Tbe BBrisco vein and breccia deposit oceurs in a 
breccia zone in Ordovician dolosbne (Reesor, l!?73; MWFILE, 2002). Between 1947 and 1973 the mine at the *sit produced 
140,000 tonnes grading 98% barite. In both cases, early Pdeozoic replacement is interpreted 

Origin of and Tectonic Setting for 
Southern Rocky Mountains Metallogenic Belt 

The Southern Rocky Mmmhim uWaIloSen;c belt w~Lrrins a diverse age group of large, stretdxmad and stratiform deposits 
of gypsum-anhydrite, barite, and magncsib. From oldest ta youngest, the ages olnd modes of f o d m  of the s i ~ ~ t  deposits 
are: (1) early Paleozoic replacement h r  Sonnarion 04 Fkmn Bb vein deposit; (2) Cambrian synsdimentary &position of 
stratiform Marysville chemical-sedimentary magmite deposit; (3) Middle Cambrian r-nt Eor formation of Mount 
Brussilof chemical-sedimentary magnpsite deposit; (4) Ordovician replacement for formation of Brim Ba vein deposit; and (5) 
Devonian synsedimenury deposition of stratiform W i n h a r e  Creek chemical-sedimentary gypswl deposit. A few deposits am 
also interpreted as forming in either the la& Paleozoic or Triassic (Nokleberg and others, 1997a, b)& From this short list, at Icest 
two major origins exist, either stratifarm evaporate-related deposits, or replacement vein deposits which formed over a long 
geologic history. With huther study, the Southem Rocky Mountains metallogenic belt may be divided into several metallogenic 
belts which formed during several tectonic events whicb rfFected the passive continental margin sedimenbzuy mks of the North 
American Craton Margin. 

' 4 y . r  

Mississippian MetaYoganic Bells ~~(f4;.,=. 
(360 to 320 Ma; Figures 16,17) . *-i - * 
Overview ' L '  2 - #-- - - 

The Mississipjian metallogenic belts in the Russian Far East, Alaska, and the Canadlan CordiiIera are ammmizd in 
table 3 and portrayed oo figures 16 and 17. The major belt was the Northwestern Brooks Range (NBR) belt of SEDEX ZB-Pb aacl 
bedded barite deposits which is haled in the Arctic Almka superternme. Thb belt is interpreted as f d g  dwbg Mississippian- 
Pennsylvanian back-alr: spreading along North Amkcao Craton Margin. Continuing on from the Middle and Late Devanian were 
the Berezovka River (BE), Selennyakh River (SEL), SettoDeban (SD), U d m  and Sudar Rivers (URS), Kedon (ICE), 
Yarkhodon (YR), Northern Cordillera (NCO), Macrnillan Pass (MP), Finlayson Lake (FL), and Gataga (GA) metallogenic belts. 
In the below descriptions of metallogenic bells, a few the ndetble or significant lode deposits (table 4) -are described for each beit. 



Metallogenic-Tectonic Model for 
Mississippian (360 to 320 Ma; Figure 29) 

During the Mississippian (360 to 320 Ma), the major metallogenic-tectonic events were (table 3): (1) separation of North 
Asian and North American Cratons and Cratons Margins along a series of oblique-sinistral rifts; (2) ending of rifting of fragments 
from cratons and their margins and formation of associated metallogenic belts; (3) continuation of the Sicker arc and associated 
subduction in the Wrangellia superterrane. Sedimentation continued along the North Asian and North American Craton Margins. 

Specific Events for Mississippian 

(1) From the late Devonian and to the Early Mississippian, rifting occurred along the eastern margin of the North Asian 
Craton Margin (NSV, KN). This event formed the Kotelnyi (KT), Omulevka (OV), Prikolyma (PR), Nixon Fork-Dillinger-Mystic 
(NX, DL, MY), Viliga (VL), and Zolotogorskiy (ZL) passive continental-margin terranes, the Avekova (AK), Kilbuck-Idono (KI), 
Okhotsk (OK), and Omolon (OM) cratonal terranes, and the Beryozovka (BE), Oloy (OL), and Yarakvaam (YA) terranes. Before 
the rifling, these terranes were parts of either the North Asian Craton (NSC), the North Asian Craton Margin (NSV), or the 
Devonian continental-margin arc which formed along the margins of the North American and North Asian Craton Margins (fig. 
29). The newly-created terranes remained into the Angayucham Ocean. Derived from the North Asian Craton (NSC) and Craton 
Margin (NSV) were the Kotelnyi (KT), Omulevka (OV), Prikolyma (PR), Nixon Fork-Dillinger-Mystic (NX, DL, MY), Viliga 
(VL), and Zolotogorskiy (ZL) passive continental-margin terranes, the Avekova (AK), Kilbuck-Idono (Kl), Okhotsk (OK), and 
Omolon (OM) cratonal terranes. Derived from the Devonian continental-margin arc which formed along the margins of the North 
Asian Craton Margin were the Beryozovka (BE), Oloy (OL), and Yarakvaam (YA) terranes (fig. 29). Derived from the North 
American Craton Margin (NAM) were the Kootenay (KO) and Yukon-Tanana (YT) passive continental-margin terranes. 
Accompanying the rifting was formation of the Northwestern Berezovka River (BE), Brooks Range (NBR), Dempster (DE), 
Finlayson Lake (FL), Gataga (GA), Northern Cordillera (NCO), Macmillan Pass (MP), older part of Mystic (MY), Selennyakh 
River (SEL), Sette-Daban (SD), Southern Rocky Mountain (SRM), Tomrnot River (TO), and Urultun and Sudar Rivers (URS) 
metallogenic belts which all contain massive sulfide, carbonatite-related Nb, Ta, and REE, and related deposits. 

(2) Movement along a series of oblique-sinistral rifts resulted in the separation of North Asian and North American 
Cratons and Cratons Margins. 

(3) The Kedon continental margin arc and associated subduction zone continued activity along the margin of the North 
Asian Craton and Craton Margin (NSC, NSV) until about the late Early Mississippian. Associated with the arc was subduction of 
the older part of the Galam (GL) accretionary wedge terrane. Remnants of the arc are preserved in the in part of the North Asian 
Craton and Craton Margin (NSC, NSV, KN (2) units which overlie parts of the Okhotsk (OK), Akekova (AK), Omolon (OM) 
cratonal terranes; (3) the Oloy (OL) and Yarakvaam (YA) island-arc terranes; and (4) the Beryozovka (BE) turbidite-basin terrane. 

(4) The Sicker island arc, which formed in the Devonian along most of the length of the Wrangellia superterrane (WRA) 
ceased activity. Insufficient data exist to ascertain the relative positions of the Wrangellia superterrane. 

Metallogenic Belt Formed During 
Mississippian-Pennsylvanian Back-Arc 
Spreading Along North American 
Craton Margin 

Northwestern Brooks Range 
Metallogenic Belt of SEDEX Zn-Pb, 
Bedded Barite, Kuroko Massive Sulfide, 
and Sulfide Vein Deposits (Belt NBR) 
Northwestern Alaska 

The major Northwestern Brooks Range metallogenic belt of large SEDEX Zn-Pb-Ag (SEDEX), kuroko massive sulfide, 
bedded barite, and sulfide vein deposits (fig. 17; tables 3,4) occurs in northwestern Alaska. The metallogenic belt is hosted in the 
Kagvik sequence in the Endicott Mountains passive continental margin terrane of the Arctic Alaska superterrane (Nokleberg and 
others, 1994c, 1997~).  The belt extends along strike for more than 200 km. Locally associated with the SEDEX deposits are vein 
sulfide deposits. The larger SEDEX Zn-Pb-Ag deposits are at Lik and the Red Dog Creek deposit, a world-class mine of zinc and 
lead (Schmidt, 1997a), and the Drenchwater Creek kuroko-massive sulfide deposit (Nokleberg and Winkler, 1982; Lange and 
others, 1985). Other deposits in the belt are the Hannum Creek metamorphosed SEDEX Zn-Pb? deposit, the Omar Kipushi Cu-Pb- 
Zn deposit, the Frost, Story Creek, and Whoopee Creek Cu-Zn-Pb-Ba sulfide vein deposits, and the Nimiuktiik bedded barite 
deposit (table 4) (Nokleberg and others 1997a, b, 1998). 
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Figure 29. Mississippian (360 to 320 Ma) stage of mebllogenic-tectonic model. Refer to text for expianatlon of metaltogenic-tectonic 
events. Refer to text for explanation of metalbgenic-tectonic events, to tables 3 and 4 for descriptions metallogenic belts and 
significant deposits, and to figure 18 for explanation of abbreviations, symbols, and patterns. Adapted from Nokleberg and others 
(1997b, 1998,2000). 

Red Dog Creek SEDEXZn-Pb Deposit 

The Red Dog Creek SEDEX Zn-Pb-Ag deposit (fig. 39) (Tailleur, 1970; Phhula, 1978; Booth, 1983; Joseph T. Blhuta, 
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1997a; Schmidt and Zierenberg, 1988; Bundtzen and others, 1996) consists of disseminated and massive sphateritc, galena, pyrite, 
and barite in Mississippian and Pennsylvanian shale. chert, and silica exhalite ofthe Kuna Formation. The deposit is 1,600 m long 
and up to 150 m thick and occurs near the base of the Kuna Formation. Bnrite-rich lenses, up to 50 m hick i6cbily cap the deposit. 
The sulfide minerals occur as: disseminated sulfides in organic-rich siliceous shale; coarse-grained sulfide veins; fine-gained, 
fragmental-textured to indistinctly bedded sulfides; and silica exhalite lenses. Minor hydrothermal alteration consists of 



silicification and decarbonatization of shale. A small, propylitically altered diorite plug or hydrothermally altered pyroxene 
andesite flow occurs at north end of deposit. Prior to mining, which began in 1990, the Main deposit was estimated to contain 85 
million tonnes grading 17.1% Zn, 5% Pb, and 82 g/t Ag. By the end of 1999, the four SEDEX deposits at Red Dog (Main, 
Aggaluk, Hill Top, Anarrag) contained an estimated 142.3 million tonnes grading 15.8% Zn, 4.3% Pb, and 83 g/t Ag (Swainbank 
and Szumigla, 2000) The host rocks and deposit are extensively structurally imbricated along many subhorizontal thrust faults. 
Graywacke of the Cretaceous O k p i h a k  Formation structurally underlies deposit. 

%q Okpikruak Fmrnation - sha le  > sands tone  
(Cretaceous) 

O h k  Famatan - chert  a n d  sha le  (Triassic) 

F 1  Siksikpuk Form- - shale a n d  chert 
(Permian and P m y + v a n i a n )  

I larite and hritic ore (Pennsylvanian a n d  
RAississrpplan) . .  . rn Sit)cews ore  and s # k  rock (Pennsylvanian 
& Mississippiart) . .  . 

EssI Veined - siliceous 
bbdc shak 1 Kuna Formation 
Calcareous  Mack shale (Pennsylvanian - I a n d  ~ i s s i s s i ~ ~ i a n )  
V d c a n i d a s k  rocks 
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Figure 30. Red Dog Creek sedimentary exhalative Zn-Pb-barite deposit, Northwestern Brooks Range metallogenic belt, Northern 
Alaska. Schematic geologic cross section through the Main deposit showing the structural interpretation of thrust plates and the 
nvertr~rned fold related tn thrrrst farrlts Snctinn alnnn N An F Adantnd frnm Schmidt (1QQ7\ 

Drenchwater Creek SEDEXZn-Pb and (or) 
Kuroko Massive Sulfide Deposit 

The Drenchwater Creek SEDEX Zn-Pb and (or) kuroko massive sulfide deposit consists of disseminated and massive 
sphalerite, galena, pyrite, and barite in Mississippian shale, chert, tuff, and quartz-exhalite of the Kagvik sequence (Nokleberg and 
Winkler, 1982; Lange and others, 1985). Volcanic sandstone and keratophyre are locally abundant. The sulfides occur as 



disseminations in chert, disseminations and massive aggregates in qual-tz-exhalite, and as sparse, remobilized disseminations in 
sulfide-quartz veins crosscutting cleavage in shale and chert. Locally extensive hydrothermal alteration of chert and shale is 
accompanied by extensive replacement by kaolinite, montmorillonite, sencite, prehnite, fluorite, actinolite, chlorite, calcite. and 
quartz. Grab samples contain more than 1% Zn, 2% Pb, and 150 glt Ag. The deposit ranges up to 1,800 m long and up to 50 m 
thick. The host rocks and deposit are extensively faulted and structurally imbricated by many thrust faults which dip moderately 
south 

Origin of and Tectonic Controls for 
Northwestern Brooks Range Metallogenic Belt 

The Northwestern Brooks Range metallogenic belt of Zn-Pb-Ag SEDEX, bedded barite, kuroko massive sulfide, and 
vein deposits is hosted in a tectonically disrupted and strongly folded assemblage of Mississippian and Pennsylvanian chert, shale, 
limestone turbidite, minor tuff, and sparse intermediate to silicic volcanic rocks, mainly keratophyre, named the Kuna Formation 
by Mull and others (1982). The Kuna Formation is the basal unit of the Kagvik sequence of Churkin and others (1979) and the 
Kagvik terrane of Jones and others (1987), and part of the DeLong Mountains terrane of the Arctic Alaska superterrane of Moore 
and others (1 994). Thls unit, and younger, late Paleozoic and early Mesozoic cherts and shales are interpreted either as a deep- 
water, allochthonous oceanic assemblage (Churkin and others, 1979; Nokleberg and Winkler, 1982; Lange and others, 1985), or 
as an assemblage deposited in an intracratonic basin (Mull and others, 1982; Mayfield and others, 1983; Schmidt, 1997a). Herein, 
the SEDEX Zn-Pb-Ag, bedded barite, and kuroko volcanogenic massive sulfide deposits in the Northwestern Brooks Range belt 
are interpreted as forming during a short-lived period of Late Miss~ssipp~an and Early Pennsylvanian rifting or back-arc spreading 

oln arc. that was possibly associated with a short-lived continental-mar,' 
South of the maln east-west-trending belt of SEDEX Zn-Pb-Ag and bedded barite deposits are a group of sulfide vein 

deposits at Story Creek, Whoopee Creek, and Frost, and a Kipushi Cu-Pb-Zn deposit at Omar. The vein deposits generally consist 
of sphalerite and galena in association with quartz and minor carbonate gangue In veins and fractures (Ellersieck and others, 1982; 
Mayfield and others, 1983; Schmidt, 1997b). The vein deposits occur in the middle Paleozoic continental-margin sedimentary 
rocks of the Arctic Alaska superterrane. The veins and fractures occur in 1.5-3-km long linear zones which cross tightly folded 
strata, indicating an epigenetic origin (Schmidt, 1997b). No tonnage and grade data are available. Insufficient data preclude 
assignment of these deposits to a specific mineral deposit type. The vein deposits are interpreted by some workers as the possible 
feeders to the Zn-Pb SEDEX deposits and as having possibly formed during dewatering of the same source basin (Schmidt, 1993). 
However, this interpretation is contradicted by the field relation in which the vein deposits cross tightly-folded strata, indicating 
formation of veins after Cretaceous deformation of the strata. 

Pennsylvanian Metallogenic Belts 
(320 to 286 Ma; Figures 31, 32) 

Overview 

The major Pennsylvanian metallogenic belts in the Russian Far East, Alaska, and the Canadian Cordillera are 
summarized in table 3 and portrayed on figures 29 and 30. The major belts are as follows. (1) In the Russian Southeast, the 
Laoelin-Grodekovsk (LG) belt, which contains granitic-magmatism-related deposits, is hosted in the Laoelin-Grodekovsk island- 
arc terrane. This belt is interpreted as forming during subduction-related granitic plutonism that formed the Laoelin-Grodekovsk 
island arc, part of Khanka superterrane. (2) In the Russian Northeast, the Aluchin (AC) and Ust-Belaya (UB) belts contain 
podiform Cr deposits and are hosted mainly in fragments of ophiolites that are preserved in the Aluchin, and Penzhina-Anadyr 
subduction-zone terranes, respectively. The Aluchin belt is interpreted as forming in Oceanic lithosphere preserved in Aluchin 
subuction zone that was tectonically linked to Alazeya island arc. The Ust-Belaya belt is interpreted as forming in Oceanic 
lithosphere preserved in Penzhina Anadyr subuction zone that was tectonically linked to Koni-Murgal continental margin and 
island arc. (3) In northwestern Alaska, the Northwestern Brooks Range metallogenic belt, which contains SEDEX Zn-Pb-Ag., 
kuroko volcanogenic massive sulfide, bedded barite, and sulfide vein deposits, continued to form. (4) In Southern Alaska, the 
Alaska Range-Wrangell Mountains (ARW) and Ketchikan (KK) belts, which contain granitic-magmatism-related deposits and 
kuroko massive sulfide deposits, are hosted in the Wrangellia superterrane, and are interpreted as forming in the short-lived Skolai 
island arc. In the below descriptions of metallogenic belts, a few of the noteable or signficant lode deposits (table 4) are described 
for each belt. 



Figwe 31. Gmaalized map of major Pennsylvanian metahgenic belts a d  &manes for Russian Far Em northern Japan, and 
adjtlet4t oflbbre tiraw. Rbfbr to text for description of metallogenic belts. Adapted from Noklebtrg and Mhers (1997b, 1998). 
Refer to figwe 2 &r e x p ~ o a  
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Drying the Pennsylvanian (320 to 286 Ma), the major metallogenic-tectonic events were (table 3): (1) in- &the 
ddtwparts of SWnia-QwmeIliaan: (Stikinia and Quesnellia terranes) and associated subduction zone in ttBe YUkW-T$m%W 
and Kmtaay (KO) temrrnes in an area offshore of the North American Craton Margin (NAM); and (2) formstion of tb S h ~  
i s M  ate and assxirated mtdbgmic belt, and associated subduction zone in the Wrangellia supertenme. Sahentatiom . 

conhued along the pawive continental margins of North Asia and North America. Out of the field of view offigure 33 was 
formation ofthe Ladh-Ch-vsk (LG) metallogenic belt, which contains granitic-magmatism-related deposits amd which 
fonnd in the L.welh-Gmbkovsk idand-arc terrane. 



F~gure 32 GemMzed m p  of mejw -nian and Late Triassic metatlogenic belts and terranes for Alaska, Canadim U 

Cordillera, a d  adfewkt uMme sear, RBW b text fnr descr~pbon af metallogen~c hdtsAdapted from Nakle&xp ar$ o m  
(19!97b, 11998). R ~ b C l g m 3 R ~ ~  6 - 

- 
Sp+cMc Evsnk f a  Pennqhanh .+ 

+-- 

(1) ~ o n .  themrr@ofk ~ a t h  k balm ~ S O ,  h d - g $  omwed a h g  *bIm@-Okh&atzhrs f ~ ) ,  
rem&m& in dspbcment of iU coathem nwg.b relarive tp lk h4ongol-Qkho@k k n  

(2) B a t e n  (he North 
t b  m a  p a c l ~ c  o c ~ r r n  aad 

h-8- 
sve8lwee* 

A ~ C A C ) , ~ ~ ~ U S ~ - ~ ~ R C L I B ) ~ ~ W W ~ ~ ~ ~ ~ ~ ~ C T ~ W L , B P Q ~ Q I ~ ~ ~ ~  
ophiotitse which arc n m  pr& in t b  Ahdh ,  d P . 

-hW-mpbdr&- 
O c a s l r ~ ~ r - a d h & I k b i n a o d ~ ~ p - ~ & ~ ~ . I l d ~ ~  , 
preserved in tbe Angryudam md Goodnawa kmmua, (fig. 33). -. 

~ ~ i n ~ w ~ ~ w n t & ~ = a ~ ~ ~ , * ~ ~ i m t k N c l O ~ ~ ~  
(NSC), and he  Nixm Park-Mllingu4ystle @+u c ~ t a h w g i n  tmmmai DL, MY), d e h d  hm- N* A& 
Craton Margm (NSV). During lhiu time gpm, bthm fqse4ioa to Vls present Honh hmerhn 4I.e N ' b w D k b p -  
Mystic tcmme may lnvs wcptdacd several post- evmm whiab mnlled a&itiomi ruch ra h dhich@lo radu  ef 
the Sheep Creek F m &  and lhew Dall -I&. 

( 3 ) l k  & a o c e a h i c ~ u ~ & r ~ i ~ p e , ~ ~ & e ~ d d P o n r b f i c  - c m & d o f t f ~  
o m u l e v h  (OV), h k d p a  PR). rvrd O i m d ~  (0 tbann- Ib4w tmwmm w w  pmioufy ~idkl bm W& Aitb~m llld 
Craton Margin in the M y  Missi3sppha n o  Paleazoit YamLormn P A ) ,  Oby CQL), d Qs A k q a  ~ ) J b h  baRrrsr, 
together with the Beryomsvka turbidicebesin tmum (RE), w inbm-pra w p m  d ra d v e  nl*pd U c  aa zm- ad- 
Omulevka Ridge. 

(4) Along tht mar@ of the Aapyucbam O c q  bebeem tba Nutla  A s h  4 N d  A a d c m  a d  - 
Margins, wa% the Tbymyr Peninsula cokge flA; Vcmor&y a d  otfiers (1998) which k aapraBe8 as a swidd* 



Proterozoic ophiolite, island-arc, and passive continental-margin terranes which were displaced along dextral-slip faults along the 
margin of the 

KK - Ketchrkan 
UB - M l a y a  

Figure 33. Pennsylvanian (320 to 286 Ma) stage of metallogenic-tectonic model. Refer to text for explanation of metallogenic- 
tectonic events, to tables 3 and 4 for descriptions metallogenic belts and significant deposits, and to figure 18 for explanation of 
abbreviations, symbols, and patterns. Adapted from Nokleberg and others (1997b, 1998, 2000). 

North Asian Craton (NSC) and North Asian Craton Margin (NSV, KN) (Zonenshain and others, 1990; Vemikovsky and others, 
1998). 

(5) Fragments of the North American Craton Margin (NAM), including the Yukon-Tanana (YT) and Kootenay (KO) 
terranes, which formed offshore during Early Mississippian rifting, occurred offshore from the North American Craton Margin 
(NAM). Towards the North American Craton Margin were the Slide Mountain and Seventymile Oceans. An extensive but thin 
submarine fan was deposited in the Slide Mountain Ocean (Anvil Ocean of Templeman-Kluit, 1979) between the Yukon-Tanana 
(YT) and Kootenay (KO) continental-margin terranes and the North American Craton Margin (NAM). 

(6) At an unknown location, the Skolai island arc was active along the length of the Wrangellia superterrane (WRA). 
Associated with the arc was a presumed (unknown) subduction zone (UNK). The Skolai arc deposits consist mainly of Early to 
Middle Pennsylvanian plutons and Pennsylvanian and Permian marine volcanic and volcaniclastic rocks that are interpreted as 
forming at high latitudes (Nokleberg and others, 1994b, 2000). Forming with the arc was the Alaska Range-Wrangell Mountains 
(ARW) metallogenic belt which contains granitic-magmatism-related deposits and the Ketchikan (KK) metallogenic belt which 
contains kuroko massive sulfide deposits. The basement for the Skolai arc may in part be the Alexander terrane which contains a 
fragment of an early and middle Paleozoic continental-margin arc (Nokleberg and others, 1994b). Insufficient data exist to 
ascertain the relative positions of the Wrangellia superterrane (WRA; and contained Skolai arc), and its associated subduction 
zone, with respect to the Stikinia and Quesnellia island-arc terranes and their associated subduction zones. Fauna in the Slana Spur 
and Eagle Creek (former Mankornrnen) Formations of the eastem Alaska Range indicate a high-latitude environment (Petocz, 
1970). 

(7) Subsequently in the Permian, the major part of the Stikinia-Quesnellia arc overlapped part of the Yukon-Tanana 
terrane after weak initiation of the arc in the Mississippian. This arc, defined by Permian granitic plutons in the Yukon-Tanana 



terrane, and by the Stikine Assemblage in the Stikinia terrane, may have been tectonically linked to subduction of part of the 
Seventymile Ocean. Evidence in the Yukon Territory favors the Stikine part of the arc facing toward the North American Craton 
Margin (NAM; Monger and Nokleberg, 1996). Along strike, the extension of the arc occurs in the Harper Ranch Group of the 
Quesnellia (QN) island arc terrane. Part of the arc was probably linked tectonically to subduction of part of the Cache Creek 
Ocean (Monger and Nokleberg, 1996). 

(8) Fauna of the Quesnellia and Stikinia terranes (QN and ST) are closest to those southwestern United States and 
northern Andean regions; the terranes probably formed along the continental margin at lower latitudes than their present positions. 
Estimates suggest which Stikinian fauna were located anywhere From near 0 to 8,000 km away from the craton (Belasky and 
Runnegar, 1994). 

Metallogenic Belt Formed in 
Late Paleozoic Island Arc Terrane in 
Russian Southeast  

Laoelin-Grodekovsk Metallogenic Belt of 
Porphyv Cu-Mo and Au-Ag Epithermal Vein 
Deposits (Belt LG) 
Southern Part of Russian Southeast 

The Laoelin-Grodekovsk metallogenic belt of porphyry Cu-Mo and Au epithermal vein deposits (fig. 3 1; tables 3,4) 
occurs in the late Paleozoic Laoelin-Grodekovsk island-arc terrane in the southern part of the southern Russia Far East. The 
porphyry Cu-Mo deposits and Au-Ag epithermal vein deposits occur in, or are associated with a thick Permian marine sequence of 
felsic and mafic volcanic rocks which may also be favorable for undiscovered kuroko massive sulfide deposits. Small lenses of 
sphalerite ore occur conformable to shales in this sequence. The principal deposit porphyry Cu-Mo deposit is at Baikal, and the 
significant Au-Ag epithermal vein deposit is at Komissarovskoe (table 4) (Nokleberg and others 1997a, b, 1998). The region and 
metallogenic belt is poorly exposed and poorly studied. 

Baikal Porphyry Cu-Mo Prospect 

The Baikal porphyry Cu-Mo prospect (Petrachenko and Petrachenko, 1985) consists of veinlets and disseminations along 
contacts of gabbro-diorite and gabbro-syenite, both within and adjacent to the intrusive rocks. The mineralization occurs over an 
area of 150-200 m2 in hydrothermally altered biotite-K-feldspar rock which is surrounded in turn by propylitic epidote-chlorite 
alteration. The ore minerals are chalcopyrite, bornite, pyrite, and molybdenite. The hydrothermally altered area exhibits anomalous 
Au. The host rocks are metamorphosed Silurian and Devonian sedimentary and siliceous volcanic rocks, and Permian(?), 
subalkaline, gabbro-diorite, gabbro-syenite, and granite porphyry which intrude the sedimentary sequence. The gabbro-diorite 
highly alkaline. The gabbro-syenite and granite porphyry hosting the deposit are K-enriched. The deposit is small. Because the ore 
is highly oxidized, the Cu is content low (0.01%. Cu. Molybdenum grade is about 0.01%. 

Komissarovskoe Au-Ag Epithermal Deposit 
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The Komissarovskoe Au-Ag epithermal deposit (A.N. Rodionov, written commun., 1 v-grade, short 
Au-Ag-pyrite veins which occur in dacite volcanic rocks, presumably part of a Permian volcan~c sequence. I IIC veins contain 
minor galena and sphalerite, occur in metasomatic sericite-biotite-quartz bodies in fracture zones, and are conformable to, and 
crosscut bedding. The epithermal deposits may be related to areas of higher carbon contents in thin-bedded siltstone and argillite. 
Associated Au placer deposits occur in adjacent parts of China. The deposit is small. Average prades are 1.92 p/t Au and 49-52 g/t 
Ag. 

Origin of and Tectonic Controls for 
Laoelin-Grodekovsk Metallogenic Belt 

The Laoelin-Grodekovsk metallogenic belt of porphyry Cu-Mo and Au-Ag epithermal vein deposits is hosted by the 
Laoelin-Grodekovsk island-arc terrane which consists chiefly of two units (Nokleberg and others, 1994c, 1997~) .  (1) A lower 
tectonic melange unit is composed of fragments of Early Silurian granite-pebble-bearing conglomerate, sandstone, siliceous 
mudstone and lesser interbedded basalt, andesite, rhyolite, and tuff. The sedimentary are locally intensely deformed and 
metamorphosed to middle amphibolite facies. And (2) an upper unit is composed of Permian basalt, andesite, rhyolite, 
conglomerate, sandstone, mudstone, and shale and lesser interbedded limestone lenses which contain Late Permian Tethyan 
fusulinids. The structural thickness is about several thousand meters. The Permian rocks are intruded by zoned dunite- 
clinopyroxenite-gabbro intrusions which form Alaskan-Uralian zoned mafic-ultramafic plutons, and local tonalite and 
plagiogranite. The zoned dunite-clinopyroxenite-gabbro intrusions may be favorable for undiscovered zoned mafic-ultramafic Cr- 
PGE deposits (V.V. Ratkin, this study). The Permian igneous rocks that host Laoelin-Grodekovsk metallogenic belt are part of the 



younger Permian sequence of the Laoelin-Grodekovsk terrane that is interpreted a Permian island arc (Nokleberg and others, 
2000). 

Metallogenic Belts Formed In Late Paleozoic 
Oceanlc Llthosphm Preserved in 
Subduction Zones T e n m e s  in 
Russian Northeast 

AJuchh M&allogwic Be& of Podiform 
Cr Deposits (Belt AC) 
Central Part of Russian Northeast 

The Ahchin metallogenic belt of podiform Cr deposits (fig. 3 1; tables 3,4) occurs in the Big Anui River b s i n  in tke 
c d r a l  pert of the Russian Northeast. The belt is hosted in the Aluchin ophiolite terrane of the Kolyma-Ornoion supeaemane (fig. 
31) (Nokleberg and others, 1994c, 1997~). The podiform Cr deposits, as at Teleneut, are hosted by dunite and serpentinite, aad 
occur in the mrth-eastern and southern portions of the metallogenic belt in a large, linear mass of dunite and hahurgite which 
extends for over 100 km (Noldeberg and others 1997a, b, 1998). 

The Telenout podiform Cr &posit (Aksenova and others, 1970) occurs in serpentinite rocks at the southern end of f ie  
Alwhin alpine-type ultramafic M y  where ultramafic rocks crop out on the surface as a fault-bound lens which is 7 lun bng by 
2.5 Irm wide with a north-south trend. The ultramafic rocks consist of serpentinite (70%) and subordinate lide-sltwed dunite a d  
pyroxeaite. The Teleneut podiform Cr occurrence occurs in the central part of the lens which ccmtains mostly serpentinite. The 
chromite occurrence 1500 m long and 700 m wide along a north-south trend. The occurrence contains rare disseminations add 
massive acclunltlations with up to 70% ckomite. The structure is usually banded or lensoidal, or rarely massive. The mein &re 
mincmls ate chromite, magnetite and spinel which are associated with Ni, Fe, and Cu sulfides, and pentlandite, millerite, bravoir, 
vlolarite, pynhotib and chalcopyrite. Sulfides occur both in high-chromite-ores and in low-chromite ores and listvenites. Sulfide 
grains usually occur between chromite grains and serpentinite-altered silicates and are xenomorphic. 

Origin of and Tectonic Contmk for ! Aluchln Metrrllogenlc Belt 
I 

The ~ l t r a r n ~ c  rocks hosting the deposits of the Aluchin metallogenic belt are part of a faulted succession of the Ahohin 
subduction-zone terrane (AC) which consists chiefly of (Lychagin and others, 1989; Byalobzhesky and others, 1990; Saslavinskiy 

i rtnd Gedlco, 1990) of: (1) dismembered ophiolites of presumed middle Paleozoic age, including harzburgite. pyroxerdte, dunite, 
Ihenolik, gabbra, pkqyogranitc, a mafic dike suite, basalt, and local glaucophane schist; (2) tectonic lenses of Middle 
Carboniferous to Early Permian island-arc clastic-tuffaceous deposits, basalt, and andesitic basalt which are intruded by diohte 
and tonalhe; and (3) unconformably overlying Late Triassic (Norian) shallow-marine volcanic and sedimentary rocks, and @fitly 
Jurassic chstic deposits which contain pebbles of the underlying diorite and tonalite. In the inner part of the Kelp-OWIWI 

I supertenme, the subduction zone linked to the Alazeya arc can be traced beneath Cenozoic deposits along a Borsesho6like ; 
magnetic high (Parfwov, 1995~). The Aluchin subduction-zone terrane is interpreted as a small part of an elongate subductipn 
zone which was tectonically linktd to the mainly Late Triassic and Early Jurassic Alazeya island arc (Noklebcrg and others, 
2000). ! 
UstSekya llktalkgenic Belt of Podtform 
Cr Deposb (Belt MI) Northemtern Pert of 
Russian Northoart 

The Ust-Belaya metallogenic belt of podiform Cr deposits (fig. 3; tables 3,4) occurs in the Ust-Belayo duaite-harzbwgite 
subternme of the Penzhina Anadyr accretionary wedge-oceanic terrane in the northeastern part of the Russian Nonbcast 
(Nokleberg and ohera, 1994c, 1997a, b, c, 1998). The one significant deposit at Ust-Belaya consists of zones of closely sp~ed,  
banded chromite (10-30% chromite) which occur as lenses, schlieren, and vein-like bodies of disseminated and massive chromite 
( S i k h  1983). l'3e chrorndc occurs in layers up to 1,300 m long and 400 m wide in the dunite of the Ust-Belaya alpine-&p& 
ultramafic body. The chrornite occurrences extend northward for 13 km along a belt more than 2 krn wide. The chromite is of 
economic, low- and medium-Cr metallurgical grade (Silkin, 1983). Associated PGE placer deposits are dominated by Os, h, and 
Ru minerals wwhlch are typical of duniles and harzburgites, particularly in the Koryak Highlands (Dmitrenko and olhus, 199Q). 



--- 

Origin of and Tectonic Controls for 
Ust-Belaya Metallogenic Belt 

The Ust-Belaya metallogenic belt is hosted in ophiolite which is a tecto 
or subduction zone subterrane which forms the northemiart of the Penzhina-Anadvr' L a n e  (fin. 31).   his-ust-~elava s&terrke 

L - -  - 
consists mainly of a large early Paleozoic ophiolite with areal extent exceeding i,000 km . Extensive zones of chrornite 
deposits are confined to dunites which occur together with peridotite, metagabbro, amphiilite, and gabbro. The sub teme  
consists of the following tectonic sheets which are distinguished by contrasting lithologies (Nokleberg and others, 19!24c, 1997~). 
(1) The Otrozhnaya sheet is composed of an ophiolite which contains metamorphosed ultramafic rocks, gabbro, diabase, basalt, 
and volcanic breccia, and an overlying sequence of chert, calcareous sandstone, tuff, and limestone which yield Middle and Late 
Devonian and Early Carboniferous faunas. The Otrozhnaya sheet is intruded by diabase, plagiogranite, and diorite dikes which 
yield K-Ar ages of 180 to 304 Ma. (2) An unnamed sheet is composed of serpentinite melange. (3) The Mavrina sheet is 
composed of shallow-marine sandstone and siltstone and interlayered conglomerate and limestone which yield a Middle Jurassic 
fauna. And (4) an uppermost sheet is composed of interlayered sandstone, siltstone, and mudstone which yield an Late Jurassic to 
Early Cretaceous fauna. The Penzhina-Anadyr' terrane is interpreted as accretionary wedge or subduction zone unit which 
contains fragments of oceanic lithosphere, now preserved as ophiolites. The Penzhina-Anadyr' subduction zone t m e  is 
tectonically linked to the Late Jurassic part of the Kony-Murgal island-arc tarane (Nokleberg and others, 2000). 

Metallogenic Belts Formed in Late Paleozoic 
Skolai Island Arc in Wrangellia Superterrane 

Alaska Range-Wrangell Mountains 
Metallogenic Belt of Granltlc Magmatism 
Deposits (Belt ARW) Central and Eastem- 
Southern Alaska 

The Alaska Range-Wrangell Mountains metallogenic belt of granitic magmatism deposits (fig. 32; tables 3,4) (mainly 
porphyry, polymetallic vein, and skam deposits) occurs in the Alaska Range and the Nutzotin and Wrangell Mountains in central 
and eastem-southem Alaska (Nokleberg and others, 1995a). The metallogenic belt is hosted in the late Paleozoic part of the 
Wrangellia sequence of the Wrangellia island-arc terrane which contains late Paleozoic volcanic and granitoid rocks (Nokleberg 
and others, 1994c, 1997~). The significant deposits are the Rainy Creek Cu-Ag skam deposit, and the Chistochina deposits, and 
smaller occurrences or prospects as the Rainbow Mountain and Slate Creek porphyry Cu deposits (table 4) (Nokleberg and others 
1997a, b, 1998). Farther to the southeast in the Nutzotin and Wrangellia Mountains, similar small, subvolcanic intrusions occur in 
the Permian and Pennsylvanian Slana Spur, Hazen Creek, and Station Creek Formations, and in the Tetelna Volcanics (kchter, 
1975; MacKevett, 1978). 

Rainy Creek CU-Ag Skarn District 

The Rainy Creek Cu-Ag skarn deposit (Rose, 1966; Lange and others, 198 1; Nokleberg and others, 1984, 199 1) 
comprises a zone about 10 krn ling and ui to 5 km wide which contains scattered garnet-pyroxene &am bodies which have 
disseminated to small masses of chalcopyhe and bornite, minor sphalerite, galena, magnetite, secondary Cu-minerals, and sparse 
gold. The deposits occur in faulted lenses of marble of the Pennsylvanian and Permian Slana Spur Formation adjacent to late 
Paleozoic(?) metagabbro, rnetadiabase, and hypabyssal meta-andesite intrusive rocks. Local disseminated sulfides also occur in 
meta-andesite. The sulfide-bearing bodies and adjacent wall rocks are locally intensely faulted. Grab samples contain up to 5.6% 
Cu, 300 g/t Ag, 1.2 g/t Au, 0.07% Zn. 

Chistochina District 

The Chistochina porphyry Cu and polymetallic vein deposit (Richter, 1966; Rainier J. Newbarry, written wmmua, 1985) 
contains several small areas containing galena, pyrite, chalcopyrite, tetrahedrite, and gold in quartz veins, small masses, and 
disseminations in margins of the Pennsylvanian and Pennian Ahtell quartz diorite pluton and in adjacent volcanic and sedimentary 
rocks of the Pennsylvanian and Permian Slana Spur Formation. The quartz veins range up to 10 m wide, locally contain massive 
barite, calcite, and cerussite, and occur over an area about 5 km long and 3 km wide. The district also contains small Cu-Au and 
Pb-Zn skams. Grab samples contain up to 20% Pb, 1.4% Cu, 21 gft Ag, 1.4 g/t Au. 

Origin of and Tectonic Controls for Alaske Range- 
Wrangell Mountains Metallogenic Belt 

The Alaska Range-Wrangell Mountains metallogenic belt is hosted by granitoid plutons and associated volcanic rocks of 
the Pennsylvanian and Early Permian Skolai arc (Nokleberg and others, 1984, 1985; 1995a; Nokleberg and Lange, 1985, 1994d; 
Plafker and others, 1989). The Skolai arc forms a lithologically variable suite of volcanic and plutonic: rocks which is 



discontinuously exposed in the Wrangellia and Alexander sequences of the Wrangellia superterrnae which extends fiom eastem- 
southern Alaska into adjacent parts of the western Canada Cordillera. The granitoid rocks in this arc are Early to Middle 
Pennsylvanian plutons of granodiorite and granite which were preceded by gabbro and diorite, and succeeded by shoshonite 
(Beard and Barker, 1989; Barker, 1994). U-Pb zircon isotopic age studies reveal ages of 290 to 3 16 Ma (late Paleozoic) for this 
suite of plutons and volcanic rocks (Richter and others, 1975a; Barker and Stem, 1986; Aleinikoff and others, 1987; Gardner and 
others, 1988; Plafker and others, 1989). Common Pb isotopic compositions for the granitoid rocks yield low radiogenic Pb values 
and suggest derivation from a mixture of oceanic mantle and pelagic sediment leads, without an older continental component 
(Aleinikoff and others, 1987). Rb-Sr isotopic data, and REE volcanic and plutonic whole-rock chemical analyses suggest an intra- 
oceanic island arc origin (Barker and Stem, 1986; Beard and Barker, 1989; Barker, 1994; Miller, 1994). A marine origin for the 
Skolai arc is supported by submarine deposition of the volcanic flows, tuff, and breccia, and associated volcanic graywacke and 
argillite (Richter and Jones, 1973; Bond, 1973, 1976). The principal data for an island arc origin are: (1) the absence of abundant 
continental crustal detritus in late Paleozoic stratified rocks; (2) little or no quartz in the volcanic rocks and associated shallow- 
intrusive bodies; (3) high-latitude fauna; and (4) isotopic data summarized above. 

Ketchikan Metaltogenic Belt of 
Kuroko Massive Sulfide Deposits (Belt KK) 
Southeastern Alaska 

The Ketchikan Metallogenic Belt of kuroko massive sulfide deposits occurs in Southeastern Alaska (fig. 32; tables, 3,4) 
(Nokleberg and others, 1997b, 1998). The belt strikes north-south, is about 300 km long, and varies from 20 to 60 krn wide. The 
significant kuroko massive sulfide deposit at Moth Bay consists of discontinuous lenses and layers of massive pyrite and 
pyrrhotite, minor chalcopyrite and galena, and local disseminated pyrite (Berg and others, 1978; Newberry and others, 1997). The 
deposit contains an estimated 91,000 tonnes grading 7.5% Zn and 1% Cu and an additional 181,000 tonnes grading 4.5% Zn and 
0.75% Cu. The host rocks are light brown-gray, upper Paleozoic or Mesozoic muscovite-quartz-calcite schist, subordinate pelitic 
schist and quartz-feldspar schist, and possibly metachert. Layers and lenses of massive sulfides, up to 1 m thick, occur parallel to 
compositional layering in the schist. 

The Moth Bay deposit is hosted in the former Taku terrane, now designated as part of late Paleozoic sedimentary and 
volcanic rocks of the Wrangellia sequence of the Wrangellia superterrane which consists of a poorly-understood sequence of 
mainly Permian and Triassic marble, pelitic phyllite, and felsic metavolcaniclastic and metavolcanic rocks which are overlain by 
Late Jurassic to mid-Cretaceous units of the Gravina belt (Gehrels and Berg, 1994). The Ketchikan metallogenic belt and host 
rocks are herein interpreted as a fragment of a late Paleozoic Skolai island arc which formed early in the history of the Wrangellia 
superterrane (Nokleberg and others, 1994c; 2000). 

Late Triassic Metallogenic Belts 
(230 to 208 Ma; Figure 32) 

Overview 

The major Late Triassic metallogenic belts in the Alaska and the Canadian Cordillera are summarized in table 3 and 
portrayed on figure 32. No major Late Triassic metallogenic belts exist in the Russian Far East. The major belts in Alaska and the 
Canadian Cordillera are as follows. (1) In the same region is the Farewell belt of gabbroic Ni-Cu-PGE deposits that is hosted in 
the Dillinger, Mystic, and Nixon Fork passive continental margin terranes. The tectonic origin of this belt is uncertain. (2) In 
Southern Alaska, three belts are interpreted as forming in the middle Mesozoic Talkeetna-Bonzana island arc in Wrangellia 
Superterrane. These belts are the: (a) the Kodiak Island and Border Ranges (KOD) belt of podifonn Cr deposits, that is interpreted 
as forming in the roots of the Talkeetna-Bonzana arc; and (b) Eastern and Western Alaska Range (EAR) belt of gabbroic Ni-Cu, 
Besshi massive sulfide, and related deposits, and the Alexander (AX) belt of massive sulfide and related deposits. Both belts are 
interpreted as forming during back-arc rifting of the Takeetna-Bonzana arc preserved in the Wrangellia island-arc superterrane. 
And (3) in the Canadian Cordillera, the Copper Mountain (North; CMN), Copper Mountain (South; CMS), Galore (GL), Guichon 
(GU), and Texas Creek (TC) belts which all contain granitoid magmatism-related deposits, are interpreted as forming in the axial 
parts of the Stikinia-Quesnellia island arcs. The Stikinia and Quesnellia island-arc terranes are interpreted as forming on the 
deformed continental margin strata of Yukon-Tanana terrane which was previously rifted from the North American Craton Margin 
(Gehrels and others, 1990; Monger and Nokleberg, 1996; Nokleberg and others, 1994c, 1997c, 2000). Mineralization in all these 
belts continued into the Early Jurassic. And (4) also in the Canadian Cord~llera, the Sustut metallogenic belt of basaltic Cu deposits, 
that is hosted in the Stikinia island arc terrane, formed in the upper oxidized parts of an island arc volcanic pile during shallow burial 
metamorphism and diagenesis. In the below descriptions of metallogenic belts, a few of the noteable signficant lode deposits 
(table 4) are described for each belt. 



Metallogenic-Tectonic Model for 
Late Triassic (230 to  208 Ma; Figure 34) 

During the Late Triassic (Carnian to Norian - 230 to 208 Ma). the major metallogenic-tectonic events were (table 3): (1: 
inception of continental-margin arcs and associated subduction along the North Asian Craton Margin; (2) continued formation oi 
the Stikinia and Quesnellia island arcs and inception of subduction-relaled Talkectna and Bonanza island arc in the WrmgeHia 
superterrane, and associated metallogenic beits in these island arc systems; and (3) beginning of sinistral-slip imbrication of the 
Stikinia-Quesnellia island arc and metallogenic bells, and associated subduction zones. Sedimnlation continued along the passi\ 
continental margins of North Asia and N o h  America. 

Figure 34. Late Triassic (Camian through Norian - 230 to 208 Ma) stage Of teCtmiC model. Refer to text fof expianation of 
metallogenic-tectonic events, to tables 3 and 4 for descriptions metallogenic bdts and significant deposits, and to figure 18 for 
explanation of abbreviations, symbols, and patterns. Adapted frwn Nokleberg and others (1997b, 1998, 2000). 



Specific Events for Late Triassic 
(Camian through Norian) 

(1) The continental-margin Uda arc, defined by the Uda volcanic-plutonic belt (ud) and associated units, commenced 
activity and was associated with subduction and sinistral transpression of the Mongol-Okhotsk Ocean plate to form the 
Turkuringra-Dzhagdi (TD), Ulban (UL), and older part of Galam (GL) terranes. Both subduction and sinistral transpression 
occurred along the Mongol-Okhotsk suture (MO). 

(2) The extensive Kony-Murgal island arc (KM) commenced activity as an offshore extension of the Uda arc. Associated 
with the arc was subduction of part of the ancestral Pacific Ocean plate to form the Talovskiy (TL) and Penzhina-Anadyr (PA) 
terranes. Inboard of the Kony-Murgal arc, the Okhotsk (OK) cratonal terrane was accreted to the North Asian Craton (NSC) and 
Craton Margin (NSV), together with the Viliga (VL) passive continental-margin terrane, and the Omolon (OM) and Avekova 
(AK) cratonal terranes. The Kony-Murgal terrane (KM) contains Triassic, Jurassic, and Neocomian Boreal fauna (Dagis and 
others, 1979; Dagis and Dagis, 1984; Zakharov and others, 1984). The Viliga terrane contains Carboniferous, Permian, Triassic, 
and Jurassic Boreal fauna. 

(3) The Alazeya arc, consisting of the Alazeya (AL) and Khetachan (KH) island-arc terranes, continued activity and 
moved toward the Omulevka Ridge. Associated with the Alazeya arc was subduction of part of the Ancestral Pacific Ocean to 
form the Aluchin (AC) and Argatas (ARG) accretionary-wedge terranes. These terranes can be traced by magnetic anomalies 
under extensive Cenozoic deposits of the Russian Northeast (Parfenov and others, 1999). Behind the arc were fragments of prior 
Devonian to Pennsylvanian island arcs, including the Beryozovka turbidite-basin (BE), and the Oloy (OL), and Yarakvaam (YA) 
island-arc terranes. 

(4) The Kotel'nyi passive continental-margin terrane (KT) was accreted and became part of the Taimyr Peninsular 
collage (TA). Within the Angayucham, Goodnews, and Seventymile Oceans were previously rifted terranes, including the 
Kilbuck-ldono cratonal (KI), and the combined Nixon Fork-Dillinger-Mystic passive continental-margin terrane (NX, DL, MY). 
During this time span, before accretion to the North American continent, the Dillinger, Mystic, and Nixon Fork terranes may have 
experienced several post-rifting events which formed additional units, such as the Triassic basaltic rocks which occur in the Tatina 
River area. Coeval mafic-ultramafic sills and dikes and cogenetic alkali-olivine basalt flows host gabbroic Ni-Cu-PGE deposits of 
the Farewell (FW) metallogenic belt. 

(5) The complex Stikinia-Quesnellia island arc and associated subduction zones were active. The Stuhini Group is 
preserved in the Stikinia (ST) terrane, whereas the Takla and Nicola Groups are preserved in the Quesnellia (QN) terrane. 
Forming with the Stikinia-Quesnellia island arc were the Copper Mountain (North; CMN), Copper Mountain (South; CMS), 
Galore (GL), Guichon (GU), and Texas Creek (TC) belts which contain granitic magmatism-related deposits. Also in the Stikinia 
island arc terrane is the Sustut (SU) metallogenic belt of basaltic Cu deposits that is interepreted as forming in in the upper 
oxidized parts of an island arc volcanic pile during shallow burial metamorphism and diagenesis. The Stikinia-Quesnellia arc is 
interpreted as forming stratigraphically on the Yukon-Tanana (YT) and Kootenay (KO) terranes, previously rifted fragments of 
the North American Craton Margin (NAM; Mihalynuk and others, 1994). On the outboard side of the arcs was subduction of part 
of the Cache Creek Ocean plate to form the Cache Creek terrane (CC). The Cache Creek terrane and similar subduction-zone 
assemblages, which were tectonically linked to the Talkeetna and Bonanza arcs, along with the Chugach (CG), possibly Bridge 
River (BR), and Baker (BA) terranes, all contain exotic Permian Tethyan faunas in carbonate blocks in matrices of mainly early 
Mesozoic age. The Cache Creek terrane contains detritus probably derived from the Stikinia-Quesnellia arc (Monger and 
Nokleberg, 1996). 

(6) Parts of the Seventymile (SV) and Slide Mountain (SM; Anvil Ocean of Templeman-Kluit, 1979) Ocean plates were 
obducted onto the Yukon-Tanana (YT) and Kootenay (KO) terranes, and onto the North American Craton margin (NAM). Part of 
the obduction occurred by the Late Triassic and (or) Early Jurassic when granitic plutons of the Stikinia-Quesnellia arc intruded 
across an intervening fault. 

(7) The beginning of dextral-slip imbrication of the Stikinia-Quesnellia arc occurred along the Tally HO shear zone 
(Hansen and others, 1990; Hart, 1995; inset, fig. 34). Alternatively, the present-day configuration of the Stikinia-Quesnellia 
island-arc and associated subduction zone terranes may have formed by oroclinal warping and counter-clockwise rotation of the 
Stikinia-Quesnellia arc in response to a combination of oblique convergence, and arc migration toward the companion subduction 
zone of the Cache Creek terrane (fig. 34) (Mihalynuk and others, 1994). Migration of the Stikinia-Quesnellia arc and associated 
terranes toward North America was accomplished by subduction and (or) obduction of the Seventymile terrane along the 
continental margin. 

(8) The Talkeetna and Bonanza arcs formed along the length of the Wrangellia superterrane. Forming with the arcs were: 
(a) the Kodiak Island and Border Ranges (KOD) metallogenic belt whlch contains podiform Cr deposits and is interpreted as 
forming in the roots of the arc; (b) the Eastern and Western Alaska Range (EAR) metallogenic belt which contalns gabbroic Ni- 
Cu, Besshi massive sulfide, and related deposits; and (c) the Alexander (AX) metallogenic belt which contains deposits related to 
felsic to mafic marine volcanism. The Talkeetna arc is preserved in the Late Triassic(?) and Jurassic Talkeetna Formation and 
coeval granitic plutonic rocks of the Peninsular sequence (PE) of the Wrangellia superterrane (WRA), and the Bonzana arc is 
preserved in the Cadwallader island-arc terrane (CD). Associated with the island arcs was subduction of part the Cache Creek 
Ocean plate to form the Chugach (CG), possibly Bridge River (BR), and Baker (BA) terranes. These terranes locally contain early 
Mesozoic blueschist (Plafker and others, 1994). 
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(9) During subduction of the Cache Creek Ocean plate to form the Talkeetna, Bonanza, and Stikinia-Quesnellia arcs, 

limestone blocks contalnlng mainly Permian Tethyan faunas were accreted, locally in thick and extensive blocks in the 
subduction-zone complexes of the Chugach (CG) and Cache Creek (CC) terranes (Monger and Berg, 1987; Monger and 
Nokleberg, 1996). Tethyan faunas are generally interpreted as being derived from the late Paleozoic and earIy Mesozoic Tetbys 
Ocean, remnants of which occur in the present-day Mediterranean region, Middle East, Hunalayas, Southeast Asia, eastern China, 
Russian Southeast, and Japan (Monger and Ross, 1971; Monger and others, 1972; Stevens and others, 1997). 

(10) In the Wrangellia superterrane (WRA), back-arc rifting or hot-spot activity formed the widespread baedt fields of 
the Nikolai Greenstone and Karmutsen Formation (Barker and others, 1989; Richards and others, 1991; Lassita and others, 1994). 
The rnafic magmatism forming those rocks was fist interpreted as forming in a rift setting (Barker and otbers, 1989). 
Alternatively, the mafic magmatism may have formed in a short-lived mantle-plume setting similar to which io Java (Richard9 and 
others, 199 1; Lassiter and others, 1994). 

Metallogenic Belt Formed During 
Early Mesozoic Rifting? in Alaskan 
Passive Continental-Margin Terranes 

Farewell Metallogenic Belt of 
Gabbroic Ni-CU-PGE Deposits (Belt EAR) 
Western Alaska 

The Farewell metallogenic belt of gabbroic Ni-Cu-PGE deposits (fig. 32; tables 3,4) is hosted in the the Ddhgw, Nixon 
Fork, and Mystic subterranes of the Farewell composite terrane of Decker and others (1994) in Western Alaska Tbe bell GO-s 
the Farewell gabbroic Ni-Cu districi (Foley and others, 1997; Bundtzen and others, 2003a, b; Bundtzen, Sidorov, and Chubmv, 
2003) in the west-central Alaska Range. The deposits in the district are hosted in the infody-named Farewell mafic-d-c 
suite that consists of differentiated, tholeiitic, perkbtite, clinopyroxenite, and gabbro sills, and cogenetic rtlkali-olivine basalt 
flows that intrude or overlie: (1) sdty Limestone and sbale of the Cambrian to Ordovician Lyman kiib Formation; and (2) 
calcareous sandstone and shale of the Pamian-Pe~sylvanian Sheep Creek Formation. The md~c-ultnunafic suite are enstatite 
rich, orthopyroxene poor, and contain Ti-chromitite. REE and other m e  element data from tbe Farewell suite suggests a magma 
mixing model with locd c d  contamination. * ~ . r / ~ ~ ~ r  isotopic ages for three silk range fiam 225.640-233.7 Ma (Nodan). Tbe 
Farewell district contains three prospects at Gargaryah, Roberts, and Straight Creek. 

Roberts PGM Prospect 

The Roberts PGM prospect consists of disseminated to semi massive pyxhothe, chalcopyrite, peotlendite, spwrylite, and 
bravoite that occur in the lower part of an ewtatite-rich ulbamatic sill that intrudes the Lyman Hills Formation. SurFace chaMel 
sampling yields grades of up to 16.9 g/t PGE, 1.48 g/t Au, 2.27?/a Ni, 1 3  1% Cu, and 0.14% Co. A 5-meter-thick drill interval 
yields grades of up to 4.13 glt PGE, 0.67% Ni, 0.32% Cu, and 298 ppm Co. The Straigbt Creek and Gargaryah fiver deposits, 
discovered in 2001, consists of rills with up to 1.59 g/t PGE, 1.008%~ Cct, 0.87% Ni, and 250 ppm Co. S c v d  sills cantaming t&w 
PGE-Ni-Cu-Co prospects in the Farewell district exhibit a strong magnetic signature with maximWn intensities of up to 4,300 
milligals. Trace element data oblained for the sill intrusions hosting the prospects and PGE element ratios (Pt, Pd, Ir, Rh, Rn, 09) 
are similar to those reported from fulfide-bearing matic intrusions in the Paxsm-Canwell Glacier in the Easam Alaska Range, 
and Kluane Lake area in the Yukon Territory. These deposits are part of the Eastern Alaska Range metallogenic belt, dewr'bed 
below, that is hosted in the WrangeUia superlerrane. 

Origin of and Tectonic Conhots for 
Farewell Metallogenic Belt 

The Farewell rnetallogenio belt is hosted in the Dillinger, Mystic, and Nixon Fork pasgive continental margin terranes of 
Nokleberg and others (1997~) millinger, Mystic, and Nixon Fork subterranes of the Farewell (composite) kmne of Decker and 
others, 1994 and Bundtzen a d  others, 1997). North of the Farewell district in the Dillinger Mrrane are similar, deformed mafic- 
ultramafic sills In the Nlxon Fork t e m e  at St, Johns Hill (McGrath qwdraagle) and in the Babybasket Hitls (Mcdfm qwhngle) .  
Geological mapping and paleontological data indicate tbat the Nixon Fork and Dilhger tmanes were coeval, continental margin 
platform sections that were ovcrlain by fhe Mystic terrane. These three terranes are interpreted as having been rifted &om the 
North Asian Craton Mvgin in the Late Devonian and Early Mississippian (Bhdgett and Breese, 1997; Blodgert, 15%; Fryd~ and 
Blodgett, 1998; Dumouh and others, 1998,1999; Blodgett and Bwcot, 1999) when the North Asian tn North American 
Cratons (and their margins) are interpmted as having been adjacent (Nokleberg and others, 2000). Tne early to middle Fataaoic 
fauna in the Dillnger, Nirm Fork, and Mystic terranes are typical of taxa that occur in similar age units in the Kolyma region of 
the North Asian Craton Margin (Verkhoyansk fold belt) in the Russian Northeast, 

The tectonlc origin of the Farewell metallogenic belt is uncertain. The Late Triassic gabbroic Ni-Cu deposits ofthe 
Farewell metallogenic belt and host rocks are similar to the deposits and host rocks of the Late Triassic Eastern Alaska Range 



I metaUogeoic belt, now located a few hundred krn to the east in Southern Alaska. However, available paleomapetic data (table 3 
inNokleberg and others (2000)), lodicate that the Wrangellia superterrane, that hosts the East~rn Alaskan Range metallogenic 
bell was withia a few degrees of Be Late Triassic paleoequator. In contrast, the three subterranes (Dilhger, Nixon Fork, and 
Mystio), colYfituling the Farewell t m n e ,  are interpreted as having been located several thousand km away, near he North 
American Craton Margin (fg 34) (Ndrleberg and others, 2000). Additional work is needed to determine ths tecfonic origin of the 

i 
Farewell metallogenic belt, ccmtained deposits, and host rocks. Herein, the Farewell metallogenic belt is interpreted a6 w i n g  
during incipient Late Triassic rifting ~EDiIlinger and adjacent passive continental margin terranes 

! M ~ ~ n i c  Q e b  Formed in 
Middle Mesozoic Tm+k.etna-Bonzana 
lslond Arc in Wragellla Superterrane 

Kodak khad and Border Ranges 
Metallogedc Belt of Podifom Cr Deposits 
( b l t  KOD) S o h e m  Coastad Nwka 

The Kodittk laland and Border Ranges metallogenic belt of podiform Cr deposits and om g a b h i e  Ni-Cn depmt (fig 
32; tables 3,4) occurs along the northern margin of Kodiak Island, on the Kenai Peninsula, and along the northern flu& af UIU 
Chugacb Mountains in swrhem coastal Alaska (Foley, 1985; Foley and others, 1997). This belt occurs discontimusly dong a 
strike dipkme ofseveral hundred kihmeters from Kodiak Island pn the southwest to the eastern CBugach Motmtaim w Ihe east. 
The mttallogcuic beh is hosted in the Border Ranges ultramafic-mafic assemblage which forms the southern part o€ the Talkeem 
part of the TalLeetna-Bonznna island arc in Wrangellia superterrane (Bums, 1985; Plafker and others, 1989; Nokbcrg and o h ,  
1994c, t997c, 2000). The sipifitant deposits are at Halibut Bay, Claim Point, Red Mountain, and Bernard and h t  Mountains; a 
possibly dated gabbroic Ni-Cu w i t  at Spirit Mountain (table 4) (Nokleberg and others 1997a, b, 1998). 

The Red Mountain podifonn Cr deposit (fig. 35) (Guild, 1942; Bundtzen, 1983b; Burns, 1985; Foley and Barker, 1985; 
Foley and others. 1985, 1997) consists of layers and lenses of chromite in dunite tectonite; the layers and lensea w e  up to 
several hundred meters long and 60 m wide. The largest chrornite layer is about 190 m long and up to 1.5 m wide, md mom &an 
10 smaller ore bodits exist. TRc host Late Triassic to Early Jurassic dunite tectonite is interlayered with s u b r h t e  pyweaite in 
mws about 60 m thidc. Sqentinite is locally abundant along contacts of bodies. Exploration and development occurred 
spora&aI.ly fiom b u t  1919 to the 1980's. Several hundred meters of underground workings and trenches were cmstmcted. An 
eatimatdd 26,000 tonne of ore, ranging fiom 38 to 42% Cr203, was produced from 1943 to 1957. The two Largest remaining 
deposits are esthatsd to contain 87,000 tonnes grading about 25 to 43% Cr20,. An additional, low-grade deposit contains im 
estimated 1.13 million tomes Cr201. The nearby Windy River chromite placer deposit, which occurs downs~eam from Red 
Mountah deposit, in hosted in glrtciohial sand and gravel deposits and is estimated to contain 15.6 m i l l h  m3 grading about 
133% Crp,. 

Origin of and Technic ConVols for 
thdhk lslsnd 8nd Border Ranger Metallogenic Belt 

The Kodiak lsland and Border Ranges metallogenic belt of podiform Cr and associated deposits occlrn in She La& 
Triassic to Early Jurassic Border Ranges ultrarnafic and mafic assemblage (Bums, 1985; Plaker and athers, 1989; DeBari and 
Cala~lan, 1989; Fdey and o h ,  1997). The assemblage is a major belt of ultramafic tectonite, cumulate gabbm, d norite 
which ocuws almg bbe southern, faulted margin of the Peninsular sequence of the Wrangellia island luc wpemrrme c b d y  
mrlh ofthe Border R~agea  fault system (unit WR, fig. 32) (MacKevett and Plaker, 1974; Burns, 1985; Plafker p ~ d  ohm, 1989; 
Nokleberg and ohen, 19Wc, 1997~). In this region, the ultrarnafic and mafic rocks are interpreted as the decpTevd mot dthc 
Late Trimk to Jurassic Peninsular sequence (Talkeetna part of the Talkeetna-Bonanza island arc) of t k  WrangeHia supertarrane 
(Burns, 1985; h b u i  ard Coleman, 1989). This sequence consists of the Late Triassic(?) and Early Jurassic marine mdesito 
vokrulic rocks of tbe Talkaetna Formation and the Middle Jurassic plutonic rocks of the Alaska-Aleutian Raage balbolith. lk e p  
of the Talkeetna part oftbe Talkeeba-Bonanza island arc is interpreted as about 180 to 2 17 Ma (Newbemy and other& 1986q 
Rocske and others, 1989). Tbtse data hdicate that the Kodiak Island and Border Ranges melallogenic belt an a deep-levd suih of 
lode deposits formed in the root of the Talkeetna-Bonanza island arc along the margin of the Wrangellia a m r r a n e  (NoWcrg 
and o l b a  1994d, 2000). 



Eastern Alaska Range Metallogenic Belt of 
Gabbroic Ni-Cu Deposits, Besshi Massive 
Sulfide, and Related Deposits (Belt EAR) 
Southern Alaska and Northwestern 
Canadian Cordillera 

The Eastern Alaska Range metallogenic belt of gabbroic Ni-Cu. Besshi massive sulfide, and related deposits (fig. 32; 
tables 3,4) occurs in the eastern Alaska Range and Wrangell Mountains in southern Alaska and in the northwestern Canadian 
Cordillera (Foley, 1982; Foley and others, 1997) and is equivalent to h e  Kluane- Nikolai belt (Mortensen and Hulbert, 1991; 
Hulbert, 1995; Hulbert and C a m ,  1995). Bundtzen and others (2000) named this belt as the Kluane-Nikolai rnafic-ultramafic belt. 

Figure 35. Red M o u n t o k r ~ C r ~  ~ k ~ s n d  W & Y m i D & d C o g e n l c k r e 3 t , m  e 
geologic map showing imit'bs of the lager d u m b  deiposb fdodikd fffsln Ekrl* (1952)t and F ~ ~ . ~  (I$&@ 

In Alaska, Bukn (1W7) 
addition to Cu and Ni. Y'bm mafi 
the Wrangellia sequancc of the W 
Greenstone and coeval mlfic and t&mr& s i l k t  dikes* a d  
are at Denali, Fish Lda, md W d p e a  {tdh 4) 
Triassic marine pillow basalt ad *byend marine ebtk r # b s d m w  m& of& Wrangdh %xpi& rPFh W~~ 
superterrane. 

Denali CU-Ag Besshi(?) M a s s b  Sum Depmdd 

The Denali Cu-Ag Besshi(?) massive sulfi&e dqmsiLt @teven8,1#1; Ser&@h, 497% !%&h, 1H 
stratiform bodies of very fine grained aod dqthdcaily bered cb&qy@& &pyrite Iamb&W &i 

f% 
carbonaceous, and limy argillite encfwndin the La& Tries& U h l d  -. The kgW hdy 36;8no;h#rrab9m 
wide, and extends at least 212 rn belmmrhce.  Tbe mtBiv~;suUl& IayarsmWtbsrburadprpt Ccr dagb 
deposits and host rocks are m e t a r n o ~ a i  ~owm greexwW fkb etnd kx%& m&btWly f&dd,T'3ie 5 

hundred meters of underground workbqp wbkh weraw-  Bpm 196410 1%& tPUt-f#thW. 



interpreted as forming in a submarine volcanic environment of a reducing or euxinic marine basin containing abundant organic 
matter and sulfate reducing bacteria. 

Fish Lake Gabbroic Ni-Cu Deposit 

The Fish Lake gabbroic Ni-Cu deposit (Stout, 1976; Nokleberg and others, 1984; I.M. Lange and W.J. Nokleberg, 
written comrnun., 1985; Nokleberg and others, 1991) consists disseminated and wispy-layered chromite, in serpentinized olivine 
cumulate. The deposit occurs in a zone up to 15 km long along strike, and ranges up to 2 km wide. Isolated grab samples contain 
greater than 0.5% Cr and up to 0.3% Ni, and local anomalous Cu and Ni in stream-sediment and rock samples. The gabbroic Ni- 
Cu deposit is hosted in small- to moderate size gabbro plutons and local cumulate mafic and ultramafic rocks. The mafic and 
ultramafic rocks intrude the Nikolai Greenstone and older rocks, and are interpreted as co-magmatic with the mafic magmas which 
formed the Middle and Late Triassic Nikolai Greenstone (Nokleberg and others, 1994d, 2000). 

Wellgreen Gabbroic Ni-Cu Deposit 

The Wellgreen gabbroic Ni-Cu deposit (fig. 36) (Campbell, 1976; Hulbert and others, 1988; EMR Canada, 1989; Mining 
Review, 1991) consists of massive pyrrhotite, pentlandite, chalcopyrite and magnetite lenses which are scattered along the 
footwall contact of a steeply dipping fault zone in gabbroic rocks of the Late Triassic Quill Creek Complex. In the Yukon 
Territory, the belt includes the Canalask deposit at White River (Bremes, 1994) in which Cu-Ni sulfides generally occur as 
disseminations in mafic dikes and peridotite. The deposit is medium size and has estimated reserves of 50 million tonnes grading 
0.36% Ni, 0.35% Cu, 0.5 lg/t Pt, 0.34 g/t Pd. The deposit occurs in a 130-km-long belt of Ni-Cu-Co-PGE occurrences which, 
along with host gabbroic bodies, are interpreted as Late Triassic. 
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Figure 36. Wellgreen gabbroic Ni-Cu deposit, Eastern Alaska Range metallogenic belt. Schematic cross section through East Zone. 
Adapted from Hulbert and others (1998). 

Origin of and Tectonic Controls for 
Eastern and Western Alaska Range 
Metallogenic Belt 

The gabbroic Ni-Cu and PGE deposits in the Eastern Alaska Range metallogenic belt are hosted in gabbro and ultramafic 
sills and plutons which are interpreted as coeval with, and genetically related to the mainly Late Triassic Nikolai Nikolai 
Greenstone (Nokleberg and others, 1994d). The Nikolai Greenstone, which forms a major part of the Wrangellia superterrane, 
consists mainly of massive, subaerial, amygdaloidal basalt flows, lesser pillow basalt flows, and thin beds of argillite, chert, and 
mafic volcaniclastic rocks which are up to 4,350 m thick (Nokleberg and others, 1994c, d, 2000). The flows are predominantly 
intermixed aa, pahoehoe, and pillow basalt flows with minor interlayered chert and argillite (Nokleberg and others, 1994d); 



individual flows range from 5 cm to more than 15 m thick. The Late Triassic mafic volcanic and sedimentary rocks of the NikoAai 
Greenstone also host the Besshi massive sulfide deposit at Denali. 

In the southwesternmost Yukon Territory, the Wellgreen and associated deposits of the Eastern and Western Alaska 
Range metallogenic belt occur in gabbroic bodies which intrude the Pennsylvanian Skolai assemblage, part of the Wrangellia 
sequence of the Wrangellia superterrane (Campbell, 1960; Read and Monger, 1976; Nokleberg and others, 1994~. 1997c; Hulbert, 
1994). The Skolai assemblage IS overlain by m d y  Late Triassic h a l t  of the Nikolai Greenstone and by Late Triassic carbonate 
rock (Nokleberg and others, 1994c, 1997~). In this area, the gabbro bodies hosting the Wellgreen deposit, and similar gabbroic Ni- 
Cu deposits in the same area, are also interpreted as coeval with tbe Late Triassic Nikolai Greenstone. This suite of m a k  flows 
and related units, and mafic and ultramaf~ shallow intrusive to plutonic rocks are interpreted as forming during eitber a short- 
lived period of back-arc rifting or hol spof (oceanic plume) activity within the Talkeefna-Bonanza island arc in Wrangellia 
superterrane (Nokleberg md Lange, 1985a; Nokleberg and others, 1985a; 1987,1994c, d, 2000; Plafker and others, 1989). 

Also occurring in part of the Eastern Alaska Range metallogenic belt in the Yukon Tenitory are generally subeconomic 
volcanic redbed Cu deposits which are hosted in the predominantly subaerial tholeiitic basalt of the Late Triassic Karmutsen 
Formation, part of the Wrangellia sequence of the Wrangellia superterrane (Read and Monger, 1976). Significant volcanic redbed 
Cu-Ag deposits at Silver City and Johobo consist of stratabound lenses of native Cu, chalcocite, bornite, chalcopyrite and pyrite 
(Sinclair and others, 1979; Carriere and others, 1981). The origin of these deposits is not well understood Kirkham (1996a. b) 
proposed that the deposits formed dwhg early-stage burial metamorphism, analogous to diagenesis in sedimentary Cu deposits. 
Also in the Yukon Tenitory, the Eastem and Western Alaska Range metallogenic belt conrains sparse stratifonn gypsum deposits, 
as at Bullion Creek, which me hosted in l h d o n e  of the Late Triassic Nizina Formation, also part of a structurally displaced 
fragment of the Alexander sequence of the W r a n p b  superkrranc (Monger and others, 1991; Noklebeq and others, 1994c, 
1997~). 

Alexander Metallogenic Belt of Volcanogenic Cu-PMn 
and Carbonate-Hosted Masshre SuHSde Deposits, 
Southeastern Alaska (Belt AX) 

The Alexander metauogenic belt of volcanogenic and carbonate-hosted massive sulfide and associated deposits (fig. 32; 
tables 3,4) occurs for about 750 km along the length of Southeaslern Alaska. The metallogenic belt is hosted in the early 
Paleozoic (and older) to Late Triassic Alexander sequence of the Wrangellia s u m m e  (Nokleberg and others, 19946, 1997~). 
The belt contains volcanic- a ~ d  carbonate-hosted massive sulfide deposits, and bedded barite deposits. The significant deposits in 
the belt (tables 3,4): are the Windy Craggy massive sulfide deposit (Alsek River area, British Columbia): he  Glacier Creek, 
Greens Creek, Khayyam, Kupreaoof Isbod, Niblack, and Orange Point kuroko massive sulfide deposits (Dawson and others, 
199 1 ; Nokleberg and others, 1994c, 1997a, b, 1998,2000; Newberry and ochers, 1997); the Castle Island, Hainw, and Lime Point 
bedded barite deposits (Nokleberg and others, 1994e,1997a, b, 1998; Schmidt, 1997b); and the Moonshine arbanate-hosted 
massive sulfide deposit (Herreid and others, 1978; Noklebergaad others 1997% b, 1998). 

Windy Craggy Cu-Co Massive Sult7de Depalt  

The world-class Windy Craggy deposit (fig. 37) occurs in the Tatshashhi River area, northern BriW Columbia, Canada, 
and consists of one or more pyrrhotite, pyrite a d  chalcopyrite massive sulfide bodies which are hosted in Late Triassic submasine, 
tholeiitic to calcalkaine basalt flows, with lesser intercalated siltstone, chert, argillite, and limestone, and nmerow diorite dikes 
and sills which cut footwall units (EMR Canada, 1989; Sche te r  and Lane, 1991; G. Hzuper, written c o m m ,  1992; Maclntyre 
and others, 1993). Both zones have adjacent sulfide stringer stockworks. The deposit contains reserves of 265 million toones 
grading 1.44% Cu, 0.07% Co and 0.20 g/t Au. Five additional stratiform Cu occurrences were discovered in tht are in 1992. The 
deposit age is interpreted as Late Triassic on the basis of Norian conodonts in limestone fiom h e  deposit (M. t&hud, written 
comrnun., 1983). The host rocks are intruded by calc-* diorite sills and dikes, and overhh by calc-alkaline pillow basalt at 
least 1,500 m thick. The large. Cu-bearing pyrite-pyrrhotite massive sulfide bodies are folded, faulted, and sheared. The de&t is 
transitional between Cyprus and Besshi volcanogenic massive sulfide deposit types. 

Greens Creek Kuroko Zn-Pb-Cu Massive 
Sulfide Deposit 

The Greens Creek Kuroko Zn-Pb-Cu massive sulfide dcposit (fig. 38) occurs on Adntiralg l s h d  and consists of 
sphalerite, galena, chalcopyri.te, and tetrahedrite in a pyrite-rich matrix. The sulfides occur in massive pods, bands, laminations, 
and disseminations, and are associaled with pyrilc&mte-chert exhalite (Berg, 1984; Wells and ofhem, 1986; Brew and others, 
1991 ; Newbeny and others, 1997). The structural hanging wall ~ontatns chdorite- and sencite-baring metssedknmtafy rocks. The 
structural footwall contains black graphitic argiLlitc. "Black ore" forms w extensive blanket d m t ,  and is composed of h e  
grained pyrite, sphalerite, galena, and Ag-rich sulfosah fs i n t i o n s  in black carbonaceous exhalite and strgillite. "White ore" 
occurs along edges of ~ W ~ V G  sulfide pods srnd is composed of minot tetrahedrite, pyrite, galena, and sphalerite in laminations, 
stringers, or disseminations in massive chert, carbonate rocks. QT sulfate-rich exbalite. Local veins occur below the massive 
sulfides and contain bornlte, chalcopyrite, and gold. The veins m y  constilute brine conduits. The and host rocks are 



underlain by serpentinized mafic volcanic flows and tuffs. An incremental Ar age of 2 1 1 Ma was obtained for hydrothermal 
mariposite from a small massive sulfide occurrence near Greens Creek (Taylor and others, 1995). The host rocks are part of a 
Triassic suite of metasedimentary and metavolcanic rocks in the Wrangellia sequence which overlies the early to middle Paleozoic 
rocks of Alexander sequence. Both are part of the Wrangellia superterrane (Nokleberg and others, 1994c, 1997~) .  The host roc 
are tightly folded into a southeast-plunging, overturned antiform. The deposit is interpreted as forming during marine exhalati 
a Triassic back-arc or wrench fault extensional basin during deposition of the arc. From 1989-1999, the Greens Creek mine 
produced 299,480 tonnes zinc, 122,400 tonnes lead, 1,896 tonnes silver, and 10,617 kg gold from 2,924,294 tonnes of ore 
(Swainbank and Szumigala, 2000). 

Volcanic rocks 

Figure 37. Windy Craggy Cyprus massive sulfide deposit, Alexander metallogenic belt, northern British Columbia, Canadian 
Cordillera. Schematic cross section through North Zone. Adapted from Downing and others (1990). 

Castle Island Bedded Barite Deposit 

The Castle Island bedded barite deposit consists of lenses of massive barite interlayered with metamorphosed limestone 
of probable Triassic age, and with metamorphosed calcareous and tuffaceous clastic rock (Berg and Grybeck, 1980; Berg, 1984; 
Grybeck and others, 1984; Brew and others, 1991). Sulfide-rich interbeds contain sphalerite, galena, pyrite, pyrrhotite, bornite, 
tetrahedrite, and chalcopyrite. The deposit produced 680,000 tonnes of ore grading 90% barite. Sulfide-rich layers contain up to 
5% galena and sphalerite, and 100 g/t Ag. 

Origin of and Tectonic Controls for Alexander 
Metallogenic Belt of Massive Sulfide Deposits 

The deposits in the Alexander metallogenic belt of massive sulfide and associated deposits (tables 3,4) are hosted in a 
variety of rocks. At the Windy Craggy deposit, the basalt flows hosting the massive sulfide deposit consist of a thick unit of 
dominantly alkaline to sub-alkaline composition, and abundant interleaved, craton-derived clastic sedimentary rocks which are 
more characteristic of a Besshi-type deposit. Hosting the Greens Creek and other kuroko massive sulfide deposits are suites of 
Triassic metasedimentary rocks, arglllite, and siliceous metavolcanic rocks. Hosting the Castle Island bedded barite deposit is 
Triassic(?) limestone, and calcareous and tuffaceous clastic rocks. The Triassic units constitute the younger part of the Wrangellia 
sequence in Southeastern Alaska which in this area overlies the early to middle Paleozoic Alexander sequence; together the two 
sequences form the Wrangellia superterrane in the region (Nokleberg and others, 1994c, d, 1997c, 2000) 

In Southeastern Alaska, in addition to marine basalt, the Triassic part of the Wrangellia sequence contains siliceous 
(meta)volcanic rocks (rhyolite and tuff), limestone, argillite, and conglomerate in a relatively narrow belt on the eastern side of the 
terrane (Gehrels and Berg, 1994). In contrast, in southern Alaska, the Triassic part of the Wrangellia sequence consists of thick 
unit of marine and subaerial basalt in the Nikolai Greenstone, and lesser limestone (Nokleberg and others, 1994c, 1997~) .  In 
southern British Columbia on Vancouver Island, similar thick marine basalt forms the Karmutsen Volcanics (Nokleberg and 
others, 1994c, 1997~) .  

The Triassic strata and contained massive sulfide deposits of the Alexander metallogenic belt are interpreted as forming 
in a back-arc rift environment on the basis of (Dawson, 1990; Gehrels and Berg, 1994; Nokleberg and others, 1994c, 1997~):  ( I )  
the presence of bimodal volcanic rock (basalt and rhyolite); (2) a variety of deposit types (Cyprus to Besshi, kuroko, and 
carbonate-hosted massive sulfide deposits, and bedded barite deposits) which are generally related to rifting; and (3) the 
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occurrence of turbiditic clastic rocks. On the basis of geochemical data, either back-arc rifting or hot-spot activity is int 
have formed the widespread basalt fields of the Nikolai Greenstone and Ka~mutsen Formation and coeval rnafic and ultramafic 
sills and plutons (Barker and others, 1989; Richards and others. 1991; Lassiter and others, 1994). Herein, back-arc rifting is 7 .  
inte~preted as the tectonic environment for the Triassic strata and contained massive sulfide deposits. The rifting is tectonically 
linked to the coeval Bonzana-Takeetna island arc which occurs along the length of the Wrangellia superterrane for several 
thousand km (Nokleberg and others, 3000). %iw . -- - 
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Figure 38. Greens Creek kuroko massive sulfide deposit, Alexander metallogenic belt, Southeastern Alaska, Schematic, 
predeformation, cross-section model based on drill core logging and underground and surface mapping. Modified from Newberry 
and others (1 997) 



Metallogenic Belts Formed in 
Middle Mesozoic Stikinia-Quesnellia 
Island Arc 

Galore Creek Metallogenic Belt of 
Porphyry Cu-Au Deposits (Belt GL) 
Northern British Columbia 

The Galore Creek metallogenic belt of porphyry Cu-Au deposits (fig 32; tables 3,4) occurs in northem British Columbia and 
is hosted in alkaline granitoid plutons which are coeval and comagmatic with volcanic, volcaniclastic and subordinate sedimentary 
rocks of the Late Triassic Stuhini Group of the northern Stikinia terrane. The significant deposits are the Galore Creek, Gnat Lake, 
and Red Chris porphyry Cu, porphyry Cu-Au, and Cu-Au skarn deposits (table 4) (Nokleberg and others 1997a, b, 1998). 

Galore Creek Alkalic Porphyry Cu-Au Deposit 

The Galore Creek alkalic porphyry Cu-Au deposit consists of chalcopyrite, pyrite, bornite and magnetite which occur as 
disseminations, skams, coarse replacements, and fracture fillings in syenitic porphyry and breccias and the Late Triassic Stuhini 
Group metasedimentary and metavolcanic rocks (Allen and others, 1976; EMR Canada, 1989; Dawson and others, 1991; Mining 
Review, 1992, J. Mortensen, written cornrnun., 1993; Ems and others, 1995). The deposit contains estimated reserves of 125 
million tonnes grading 1.06% Cu, 7.7 g/t Ag, and 0.4 g/t Au. Approximately 80% of deposit consists of altered skarn and 
replacements along contacts between syenite intrusives and Triassic volcanic and sedimentary rock. A U-Pb zircon isotopic age of 
210 Ma is reported for the intramineral syenite porphyry. The porphyry is typical of undersaturated, feldspathoid-bearing subclass 
of alkalic porphyry deposits. 

The Galore Creek deposit is hosted in volcanic rocks of the Stuhini Formation. The rocks are dominantly augite and 
plagioclase phyric basalt and andesite flows, fragmental rocks and less abundant feldspathoid-bearing flows. Prograde Cu skams, 
which occurs in calcareous pyroclastic, volcaniclastic, and shoshonite volcanic rocks adjacent to contacts of pseudoleucite-phyric 
syenite dikes, constitutes about 80% of ore reserves in the Central Zone. Potassic alteration assemblages of orthoclase and biotite, 
which occur in or adjacent to potassic host rocks, are replaced by a calcic skarn assemblage of zoned andradite, diopside, Fe-rich 
epidote, and vesuvianite along with chalcopyrite, bomite, pyrite, and magnetite, and minor chalcocite, sphalerite, and galena. 
Retrograde assemblages consist of anhydrite, chlorite, sericite, calcite, gypsum, and fluorite (Dawson and Kirkham, 1996). 

The Southwest Zone consists of disseminated chalcopyrite in a late-stage, diatreme breccia and adjacent orthoclase 
porphyry. The North Junction and other satellite deposits consist of disseminated chalcopyrite and bornite in volcanic rocks. 
Reserves calculated in 1992 are: Central Zone -233.9 million tonnes gading 0.67% Cu, 0.35 g/t Au, and 7 g/t Ag; Southwest Zone 
-42.4 million tonnes grading 0.55% Cu, 1.03 g/t Au, and 7 g/t Ag; and North Junction - 7.7 million tonnes grading 1.5% Cu. 

Red Chris Porphyry Cu-Au Deposit 

The Red Chris alkalic porphyry Cu-Au deposit consists of a stockwork and a set of sheeted-veins containing quartz, 
pyrite, chalcopyrite, and increasing bornite at depth. The deposit is hosted in an elongate porphyritic monzonite stock emplaced 
within the Late Triassic alkaline volcanic and volcaniclastic rocks of either the Stuhini, Group (EMR Canada, 1989; American 
Bullion Minerals Ltd., news release, Jan. 1995; Newell and Peatfield, 1995; Ash and others, 1997). The monzonite exhibits an 
isotopic age of 203+1.3 Ma (Friedman and Ash, 1997). An early K-Na alteration stage of orthoclase-albite-biotite with variable 
quartz- sericite, was succeeded by pervasive quartz-ankerite-sericite-pyrite alteration. Pyrite occurs as a halo to the steeply dipping 
deposit which is both controlled and offset by east-northeast trending subvertical faults. The deposit contains estimated resources 
of 320 million tonnes grading 0.38% Cu and 0.30 g/t Au (American Bullion Minerals, news release, Jan., 1995). A minimum K- 
Ar isotopic age of mineralization of 195 Ma (Early Jurassic) is obtained from a post-mineral dike (Newell and Peatfield, 1995). 
Subvolcanic complexes similar to the Red stock occur at the Rose and Groat Creek porphyry Cu-Au prospects which are located 
10 km northwest, and 25 krn southwest of Red Chris, respectively (Newell and Peatfield, 1995). Porphyry Cu-Au prospects at 
June and Stikine in the Gnat Lake area are hosted in quartz monzonite and granodiorite phases of the Hotailuh Batholith 
(Panteleyev, 1977). 

Origin of and Tectonic Controls for 
Galore Creek Metallogenic Belt 

The Galore Creek metallogenic belt of porphyry Cu-Au deposits is hosted in and adjacent to a Late Triassic (2 10 Ma) 
center of alkaline volcanism, contemporaneous with multi- phase intrusion and magmatic- hydrothermal activity, and late diatreme 
breccias, which together probably contributed to the high Cu and Au contents at Galore Creek relative to other alkaline porphyry 
systems as at Cat Face in British Columbia (Enns and others, 1995). The Galore Creek metallogenic belt is part of the subduction 
related Stikinia island arc (Monger and Nokleberg, 1996; Nokleberg and others, 2000). Isotopic ages indicate intrusion of host 
granitoid plutons and formation of associated mineral deposits from the Late Triassic to the Early Jurassic. This age represents the 
main and final part of subduction-related igneous building of the Stikinia island arc, just before accretion of the Stikinia terrane, 



along the with tectonically-related Quesnellia island arc and Cache Creek subduction-zone terranes, onto the Nortb American 
Craton Margin (Monger and Nokleberg, 1996; Nokleberg and others, 2000). 

Sustut Metallogenic Belt of 
Basaltic Cu Deposits (Belt SU) 
Northern British Columbia 

The Sustut metallogenic belt of basaltic Cu deposits, whlch ocam in northern British Columbia, is hosted in fhgmmtal 
volcanic rocks of intermednte c q o s i t i o n  and interlayered sedimentary rocks of h e  Late TriassicTakla Group in the 
northeastern part of the Stllunia ~sland-arc terrane (fig. 32; tables 3,4) (Nokleberg and others, 199%. 1998). A more extensive, 
but less coherent belt could be defined to the south and west which would include minor volcanic redbgd Cu occurrences in the 
overlying Hazelton Assemblage a d  the Nicola Assemblage in soutberp Quepnellia island-arc terrane. In each case, the deposits 
are located within emergent, subaerial parts of island-arc terranes. The significant deposit is at Sustut. 

Sustut Basaltic Cu Deposit 

The Sustut basaltic Cu deposit consists of a s t ra tabod assemblage of hematite, pyrite, chalcocite, bomjte, chalcopyrite 
and native copper which occurs as disseminations and as blebs and grains in the matrix of sandstone, conglomerate, tuff breccia 
and lahar of the Late Triassic Takla Group (EMR Canada, 1989; Dawson and others, 1991). The deposit is a large concordant 
body which is strongly zoned inward from an outer zone of pyrite, chalcopyrite, and bornite into a core of chalcocite, native 
copper and hematite. The zonation is inlerpreted as reflecting the migration of ore fluids along permeable aquifers. Tbe host rocks 
are sandstone, conglomerate, laher, and &green or grey tuff breccia of subaerial origin. Estimated resources are 21 million 
tonnes grading 1.1 1 % Cu (Kirkham, 1996b; Harper, 1977; Mining Review, summer 2000). The grade increases in finer grained 
units. Pyrite forms an incomplete envelope around Cu-bearing lenses, and bematite is ubiquitous. The deposit age is interpreted as 
Late Triassic. The Northstar deposit to the south of Sustut is a faulted block of lower-grade, chalcocite-bearing sedimentary rocks 
which are apparently interlayered within volcanic flows of the Takla Group (Sutherland Brown, 1968). 

Origin of and Tectonic Controls for 
Sustut Metallogenic Be& 

The origin of basaitic Cu deposits hosted in volcanic rocks is interpreted as analogous to that for diagenetic sedimenmy 
Cu deposits in sedimentary sequences. H m v e r ,  the common presence of low-grade metamorphic minmals may also supports a 
metamorphic origin (Kirkham, 1996b). h Lne Sustut metallogenic belt, the deposits are inteapreted as forming in the upper 
oxidized parts of volcanic piles during shallow burial metamorphism and diagenesis (Kirkham, 1996b) which was coeval with 
Late Triassic island-arc volcanism in the Stikinia and Quesnellia terranes. 

Copper Mountain (North) Metallogenic Belt of 
Porphyry Cu-Au Deposits (Bett CMN) 
Northern British Columbia 

The Copper Mountain (North) metallogenic beh of porphyry Cu-Mo-Au w i t s  (fig. 32; tables 3,4) mlua in northern 
British Columbia and is hosted in pamitoid plutonic rocks of the mainly in intermediate-cornpasition @toid plutom in the 
Copper Mountain suite in the QueswIlia island-arc terrane. Most plutons in the mite are small, equant stocks with diameters 
ranging up to a few kilometers. The significant deposits are the Lorraine and Mount Mulligad porphyry Cu-Au dqmsiits (table 4) 
(Nokleberg and others 1997a, b, 1998). 

Lorraine Porphyry Cu-Au Deposit 

The Lorraine porphyry Cu-Au deposit consists of two fault-bounded zones of chalcopyrite, &mite and magoetite which 
occur as disseminations in the 30- by 5-km-wide Middle Jurassic Duckling Creek Syenite Complex which is part of the largest 
pluton in the Hogem Batholith of the alkalime Copper Mountain Suite (EM? Canada, 1989; Dawson and others, 1991; 
Woodsworth and others, 199 1 ; Bishop and others, 1995; MINFIU, 2002). The sulfides are d o m a y  bc:minSt6d, but also 
occur in veins. In the Lower Zone, sulfides occur in rnafic-rich lenses and sue zoned from chalcopyrite i- at the rim, through 
chalcopyrite with minor bornite to bornite with minor chalcopyrite at the core. Magnetite is common in veinlets and as an 
accessory mineral. The deposit contains an estimated resource of 9.1 million tomes g d ~ ~ g  0.70% Cu and 0.27 $/t AU (MINFILE, 
2002). An Upper Zone is similar but is highly oxidized (Garnett, 1978). The Cu-Au deposit exhibits characteeisti~~ ~f both 
hydrothermal and magmatic origins, and is related to orthommgmatic-hydrothermal fluid flow contemporaneous with mgmtism 
and development of migmatitic fabrics(Bishop and others, 1995). Cu minerals are associated with elevated intensity of biotite, 
chlorite, potassium feldspar and sericite alteration. A K-A. isotopic age of 175 91- 5 Ma (Middle Jurassic) for the syenite at 
Lorrine is interpreted as a reset age; a U-Pb zircon age is a b u t  18 1 Ma (Bishop and others, 1995). 



Mount Milligan Porphyry Cu-Au Deposit 

The Mount Milligan Porphyry Cu-Au deposit consists of pyrite, chalcopyrite, bornite and magnetite which occur as 
disseminations and in quartz veinlets (Delong and others, 1991; McMillan, 1991; Nelson and others, 1991; Banie, 1993; 
Sketchley and others, 1995). The deposit has estimated reserves of 298.4 million tonnes grading 0.22% Cu and 0.45 g/t Au. The 
deposit is hosted in augite porphyritic andesite of the Witch Lake (informal) formation of the Late Triassic to Early Jurassic Takla 
Group which is intruded by several small brecciated diorite and monzonite porphyry dikes and stocks. Cu-Au mineralization in the 
Main deposit accompanied the emplacement of the MBX stock and Rainbow dyke; the Southern Star deposit surrounds the stock 
of the same name. A U-Pb zircon isotopic age of 183 * 1 Ma is obtained for the Southern Star monzonite. Cu and Au minerals are 
associated with moderate to intense potassic alteration around intrusive contacts. Potassic alteration, which is ubiquitous in 
mineralized stocks and surrounding volcanic rocks, is surrounded by propylitic alteration which decreases in intensity outward 
from intrusive. A well-developed mineral zoning consists of a biotite-rich core in the potassic zone which contains most of the Cu 
and Au. Numerous polymetallic veins are hosted by the propyliyic alteration zone immediately beyond the limits of the porphyry 
deposit. 

Origin of and Tectonic Controls for 
Copper Mountain (North) Metallogenic Belt 

The Copper Mountain (North) metallogenic belt is hosted mainly in intermediate-composition granitoid plutons in the 
Copper Mountain suite which are part of the subduction-related Quesnellia island arc (Nokleberg and others, 1994a, b; Monger 
and Nokleberg, 1996; Nokleberg and others, 2000). Emplacement of plutons was apparently along faults and intersections of 
faults. In both the Copper Mountain (North) and Copper Mountain (South) metallogenic belts, many of the porphyry Cu-Au 
deposits occur in alkaline plutons. Isotopic ages indicate intrusion of host granitoid plutons and formation of associated mineral 
deposits from about 175 to 185 Ma in the Middle Jurassic in the Copper Mountain (North) metallogenic belt. This age represents 
the end of subduction-related igneous building of Quesnellia island arc, just before accretion of the Quesnellia terrane, along the 
with tectonically-related Stikinia island arc and Cache Creek subduction-zone terranes, onto the North American Craton Margin 
(Monger and Nokleberg, 1996; Nokleberg and others, 2000). 

Copper Mountain (South) Metallogenic Belt of 
Porphyry Cu-Au Deposits (Belt CMS) 
Southern British Columbia 

The Copper Mountain (South) metallogenic belt of porphyry Cu-Au deposits (fig. 32; tables 3,4) occurs in southern 
British Columbia and is hosted in the Copper Mountain alkalic plutonic suite in the Quesnellia island-arc terrane. The significant 
deposits are the Copper Mountain, Iron Mask area (Afton, Ajax), and Mt. Polley (Cariboo-Bell) porphyry Cu-Au deposits, and the 
Lodestone Mountain zoned mafic-ultramafic Fe-V deposits (table 4) (Nokleberg and others 1997a, b, 1998). 

Copper Mountain (Ingerbelle) 
Porphyry Cu-Au Deposit 

The Copper Mountain (Ingerbelle) alkalic porphyry Cu-Au deposit (fig. 39) consists of mainly of chalcopyrite and 
bornite which occur as disseminations and in stockworks in Early Jurassic alkaline intrusive rocks of the Copper Mountain Suite 
and similar age volcanic and volcaniclastic rocks of the Nicola Assemblage (Preto, 1972; McMillan, 199 1; P. Holbeck, 
Cordilleran Roundup, written commun., 1995; MlNFlLE, 2002). This and similar deposits in the Copper Mountain area occur 
along a northwest trend for over 4 km. The main ore bodies are the Copper Mountain Pits 1-3, Ingerbelle East, Ingerbelle, Virginia 
and Alabama. Production up to 1994, was 108 million tonnes containing 770,000 tonnes Cu and 21.8 tonnes Au. Estimated 
reserves are 127 million tonnes grading 0.38% Cu, 0.16 g/t Au, and 0.63 g/t Ag (MINFILE, 2002). Estimated resources are 200 
million tonnes grading 0.4% Cu equivalent. Significant values in Pt and Pd were reported from assays of chalcopyrite- and 
bornite-rich concentrates. 

The Copper Mountain (Ingerbelle) deposit consists of a silica-deficient, chalcopyrite-pyrite-bornite stockwork hosted 
almost entirely by fragmental andesitic volcanic rocks, calcareous volcaniclastic rocks and minor carbonate strata (Fahrni and 
others, 1976). Intrusive rocks are equigranular diorite stocks, and more siliceous dikes, sills, and irregular plugs of the Lost Horse 
Intrusive Complex, a porphyritic unit which is often closely associated with bornite-chalcopyrite-pyrite-magnetite mineral deposits 
and occurrences. A K-Ar biotite isotopic age of 197 to 200 Ma is interpreted as an Early Jurassic age for the deposit. Alteration 
mineral assemblages at the Copper Mountain Pits 1 to 3, and the Alabama and Virginia ore bodies are early albite-diopside- 
epidote-calcite; and potassium feldspar-biotite-epidote-magnetite; and a later propylitic assemblage of chlorite-pyrite-epidote- 
scapolite-calcite (Preto, 1972; Stanley and others, 1995). 

At the Ingerbelle deposit, skarn-like ore and gangue mineral zonation occurs along the contact of the Lost Horse stock 
where i t  intrudes agglomerate, tuff, tuff-breccia, and sedimentary rocks of the Nicola Assemblage (Sutherland Brown and others, 
197 1; Preto, 1972; Macauley, 1973; Fahmi and others, 1976; and Dawson and Kirkham, 1996). In these areas, early biotite 
hornfels was overprinted by prograde albite-epidote, chlorite, andradite, diopside, and sphene; then both the stock and prograde 
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stage albite and peripheral propylitic alteration. Potassic and scapolitic alteration crosscuts albite and propylitic alteration (Ross 
and others, 1992, 1993, 1995). The Afton deposit consists of a tabular-shaped body of chalcopyrite and bomite which is hosted in 
fractured diorite of the Cheny Creek pluton. A deeply penetrating supergene zone contains native copper and lesser chalcocite. 
Aggregate pre-production reserves and production for the Ajax East and West deposits and for the Afton deposit are 66 million 
tonnes grading 0.77% Cu and 0.56 glt Au. The common occurrence of picrite intrusions along faults which cut the Nicola Group and 
their association with the porphyry deposits in the Iron Mask pluton indicate which regional, steeplydipping faults controlled 
emplacement of the plutons in the batholith and also served as conduits for mineralizing fluids. An U-Pb zircon isotopic age of 207 Ma 
(Late Triassic) for the Cheny Creek pluton. 

Deep drilling in 2001-2002 southwesl of and below the Afton orebody by DRC Resources Corporation has proven a 
resource of 34.3 million tonnes of 1.55% Cu, 1.14 g/t Au, 3.42 g/t Ag and 0.125 g/t Pd in the Main Zone, and an additional 1.1 
million tonnes of similar material in the Northeast Zone. The roughly tabular body is 850 m long, 750 m deep, and 70 m wide, and 
is open to length and depth. The deposit exhibitsboth hydrothermal and magmatic characteristics (DRC Resources Corp, news 
release April 2003). 

Mt. Polley (Cariboo-Bell) Porphyry Cu-Au Deposit 

The Mt. Polley (Cariboo-Bell) Porphyry Cu-Au deposit consists of magnetite, chalcopyrite and minor pyrite which occur 
in several intrusive phases and three distinct breccias in an Early Jurassic pseudoleucite-bearing alkaline complex which intrudes 
Upper Triassic Nicola alkaline volcanic and volcaniclastic rocks of the Quesnel trough (EMR Canada, 1989; McMillan, 199 1; 
Mining Review, 1991; Gosh, 1992; Fraser and others, 1993; MINFILE, 2002). Some skarn and vein occurs in tuff and flows of 
the Nicola Assemblage. Supergene mineralization includes malachite, native copper, cuprite, chalcocite and covellite. The deposit 
contains proven reserves of 76.5 million tomes grading 0.30% Cu, 0.47 g/t Au. Production through 1999 was 15.26 million 
tonnes with 341,000 g Ag, 6,858,448 g Au, and 31,637,173 kg Cu (MINFILE, 2002). A U-Pb zircon isotopic age of 200 * 1.5 
Ma for diorite and a monzonite porphyry indicates an Early Jurassic age for intrusion of the host granitoid rocks. 

Lodestone Mountain Zoned Mafic-Ultramafic Fe-Ti Deposit 

The Lodestone Mountain zoned mafic-ultramatic Fe-Ti deposit consists of titaniferous magnetite and ilmenite which 
occur in pods and lenses and as disseminated grains in pyroxenite of the Tulameen zoned mafic-ultramafic (Alaskan type) 
complex (St. Louis and others, 1986; Nixon and others, 1997). The deposit contains estimated reserves of 8 1.65 million tonnes 
grading 17.56% Fe (EMR Canada, 1989). Minor Pt and Pd are reported. Reported Ti content of magnetite is 1%. An additional 
249 million tons of possible and inferred ore is estimated. The deposit is interpreted as forming primarily by magmatic 
differentiation. The Late Triassic Tulameen layered mafic-ultramafic (Alaskan-type) complex is coeval, and in part cogenetic with 
adjacent gabbro plutons of the Lost Horse intrusive complex (Findlay, 1969). The complex intrudes basaltic andesite of the Nicola 
Group. Several lode and placer Pt-Pd deposits occur at Grasshopper Mountain in the Tulameen Complex (Findlay, 1969). 

Origin of and Tectonic Controls for 
Copper Mountain (South) Metallogenic Belt 

The Copper Mountain (South) metallogenic belt is hosted in the Copper Mountain plutonic suite. Syenite, rnonzonite, and 
monzodiorite are most common, but diorite, monzogranite, clinopyroxenite occur locally. The porphyry Cu-Au deposits are hosted 
in the felsic plutons, whereas the major Fe-Ti deposit at Lodestone Mountain is hosted in zoned mafic-ultramafic rocks. Many 
felsic plutons are lithologically and texturally complex, with multiple phases of intrusion and potassic metasomatism, 
characterized by abundant apatite and magnetite. Some plutons are nepheline-and leucite-normative; others are both quartz- 
saturated and quartz-undersaturated (Woodsworth and others, 1991 ). The deposits in the Copper Mountain (South) and (North) 
metallogenic belts are part of the subduction related Quesnellia island arc (Monger and Nokleberg, 1996; Nokleberg and others, 
2000). In both the Copper Mountain (North) and Copper Mountain (South) metallogenic belts, many of the porphyry CU-AU 
deposits occur in alkaline plutons. Isotopic ages indicate intrusion of host granitoid plutons and formation of associated mineral 
deposits occurred from about 207 to 197 Ma in the Late Triassic and Early Jurassic (Ross and others, 1995; Stanley and others, 
1995). This age represents the end of subduction-related igneous building of Quesnellia island arc, just before accretion of the 
Quesnellia terrane, along the with tectonically-related Stikinia island arc and Cache Creek and Slide Mountain subduction-zone 
terranes, onto the North American Craton Margin (Monger and Nokleberg, 1996; Nokleberg and others, 2000). 

Guichon Metallogenic Belt of Porphyry Cu-Mo-Au 
and Au Skam Deposits 
(Belt GU) Southern British Columbia 

The Guichon metallogenic belt of porphyry Cu-Mo-Au and Au skarn deposits (fig. 32; tables 3,4) occurs in southern 
British Columbia and is associated with the Guichon Suite of numerous large calc-alkaline granitoid plutons hosted by the western 
Quesnellia island-arc terrane. The Guichon Suite has close spatial and temporal affinities with the Late Triassic and Early Jurassic 



island-arc volcanic rocks of the Nicola Assemblage of the QuesneUia island-arc terrane (Woodsworth and others, 1991). Parallel 
facies belts define a west-facing arc which progresses compositionally from calc-alkaline on the west to alkaline on the east for 
both volcanic and comagmetic granitoid plutoojc rocks (Mortimer, 1987). The significant deposits in the belt are: (1) porphyry 
Cu-Mo deposits in the Highland Valley district (Bethlehem-JA, Valley Copper, Lomex, Highmont (Gnawed Mountain)); (2) 
porphyry Cu-Mo deposits at Axe (Summers Creek), Brenda (Peachland area), and Gibraltar ~ol lyanna,  Granite Mt); (3) porphyry 
Cu deposits at Primer (North Zone); (4) the Craigmont Cu-Fe skam deposit; and (5) the Hedley Camp (Nickel Plate, Mascot) Au 
skarn deposit (table 4) (Nokleberg and others 1997a, b, 1998). 

Highland Valley District (Bethlehem, Valley Copper, 
Lornex, Highmont) of Porphyry Cu-Mo Deposits 

The Highland Valley district contains large porphyry Cu-Mo deposits which occur in the calc-alkaline, composite 
Guichon Creek Batholith in the southern Quesnellia t e m e .  Associsled with the youngest, innermost, and most leucocratic phases 
of the batholith are late-stage dike swarms (McMillan, 1985Casselman and others, 1995). The batholith ranges from dioite and 
quartz diorite at the border, to younger granodiorite in the center. Although much variation occurs, individual deposits typically 
exhibit concentric zonation alteration which grades h m  central sdicic alteration, to potassic, phyllic, and argillic alteration in an 
intermediate zone, and to peripheral propylitic alteration (McMiUan and others, 1995). The principal deposits in the district at 
Bethlehem, Valley Copper, Lomex, and Highmont have combined production and reserves o-f about 2,009 million tonne6 grading 
0.45% Cu. The Highland Valley district is the largest porphyry Cu district in the Canadian Cordillera ( M c M i h ,  1985). 

Valley Copper, Brenda, Axe, and Mmer 
Porphyry Cu-Mo Deposits 

The Valley Copper porphyry Cu-Mo deposit (fig. 40) consists of ftacnue-controlled cbrrlcupynte (prrtassic alteration) and 
bornite (phyllic alteration) with minor digenite, covellite, pyrite, pymhotite, molybdenite, sphalerite and galena (h4cMifflan, 1985, 
1991; Highland Valley Copper Ltd., annual report, 1991; W I L E ,  2002). The linkages between sulfide minerals and alteration 
types are not clear because chalcopyrite also occurs in the phyllic zone and bornite occurs in the potassic zone. Combined 
estimated production and reserves are 716 million tomes grading approximately 0.47% Cu, and 0.006% Mo. The deposit is hosted 
in granodiorite and quartz rnonzonite of the Bethsaida phase of the Guichon Creek Batholith. Minor amounts of Fe-Sb sulfide 
(gudmundite) and native gold are reported. An oxidized halo ranging in thickness from 0.3 to 100 meters consists of lbnonite, 
malachite, pyrolusite, digenite, native copper and tenorite. The average thickness of the oxidized m e  is 33 meters. 

The smaller Brenda, Axe, and Primer porphyry Cu-Mo deposits are hosted in calc-dkahe Jurassic stocks south of 
Highland Valley. The Gibraltar porphyry Cu-Mo deposit (Bysoutb and others, 1995) is hosted in the calc-alkaline Granite 
Mountain granodiorite pluton which intruded the Cache Crsek terrane during accretion with the tectonically-linked S- 
Quesnellia island-arc terranes to the east and west, respectively. This accretion is interpreted as occuning during orocliw warping 
of these terranes in the Early Jurassic prummond and others, 1976; Dawson and others, 199 1). 

Brenda Porphyry Cu-Mo Deposit 

As another example, the Brenda porphyry Cu-Mo deposit consists of chalcopyrite and molybdenite with minor pyrite and 
magnetite which occur within veins and fractures (McMillan, 1991; Weeks and others, 1995; klINFILE, 2002). The deposit 
contains estimated combined production and reserves of 164.0 million tomes grading 0.16% Cu, 0.04% Mo, 0.03 I g/t Au, and 
0.63gtt Ag. The deposit is hosted in granodiorite and quartz dioritc of the Middle Jurassic Brenda Stock. Mineralization is 
interpreted as occuning dwing at least five stages of vein emplacement, each with unique attitudes awl overaIl mineralogy 
developed in fractures. Grade is a function of bcture density and mineralogy of the veins. Potassic alteration (K-feldspar and 
biotite) accompanies sultide mineralization. K-Ar hornblende ages are 176 Ma for the Brenda Stock and K-Ar biotite ages of 146 
Ma is interpreted as the age of deposit. 

Craigmont Cu-Fe S h r n  DepasCf 

The Craigmont Cu-Fe skam deposit occurs 30 km soutb of Highland Valley and consists of magnetite, hanatite and 
chalcopyrite which occur as massive pods, lenses and disseminations within a calc-silicate skam assemblage which replaces 
carbonate of the Nikola Assemblage (Dawson and others, 1991; MUWILE, 2002). Combined production and mserves are 
estimated at 34.9 million tonnes grading 1.2 1 % Cu and 19.6% Fe. The hast rocks are calcareous v01caniclastic and reefbid 
carbonate rocks of the western facies belt of the Nicola Assemblage, at their ernbayed contacts with the border phrrse of the 
Guichon Creek Batholith. Younger intrusive phases in the core of h e  batholith host the large Highland Valley pwphyry Cu-Mo 
district (Dawson and others, 1991). Production between 1962 and 1982 was 33.4 milIion tonnes grading 1.21% Cu, 0.002 gft Au 
and 0.007 g/t Ag. Reserves are estimated at 1.5 million tomes grading 1.13% Cu. A 590,000 tome stockpile of magnetite ore 
exists, from which approximately 45,000 t o ~ e s  per year are shipped to coalfields for use in heavy mcdia separation. The deposit 
age is interpreted as Early Jurassic. 
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lley Copper porphyry Cu-Mo deposit, Guichon metallogenic belt, Canadian Cordillera. Schematic cross section. 
McMillian and others (1 995). 

Hedley Au Skam Oeposlt 

Hedley Au-Ag skarn deposit consists of pyrrhotite, arsenopyrite, pyrite, chalcopyrite and sphalerite with trace 
I galena, native Bi, native Au, electrum, tetrahedrite, native Cu, molybdenite and cobaltite (Ray and Webster, 1991; Ettlinger and 
! others, 1992; Ray rusd others, 1993; Ray and Dawson, 1994) (fig. 41 for Nickel Plate part of deposit). The deposit is hosted in 

calc-silicate skam associated with contact metamorphism of limestone of the eastern sedimentary facies of the Late Triasslc Nicola 
Assemblage adjacent to the Early Jurassic Hedley diorite and gabbro intrusives. Production 1904 to 1991 was 8.43 million tomes 
of ore &om whlch was extracted 62.68 tonnes Au and 14.74 tonnes Ag from the Nickel Plate, Mascot, French, Goodhope and 
Canty parts of the deposit. Remaining reserves are 5.07 million tonnes grading 3.0 g/t Au, 2.5 g/t Ag, and 0.1% Cu. The ore 
bodies are semiconformable, tabular sulfide zones developed near the skam-marble boundary, where alternating layen of garnet- 
rich and diopside-hedenbergite-rich prograde skarn follow bedding. Au together with anomalous amounts of Ag, Bi, Te, and Co 
are concentrated with arsenopyrite, pyrrhotite, and pyrite in the latest stage, a retrograde quartz-calcite-epidote-sulfide assemblage 
(Ettlingex and others, 1992). The deposit age is interpreted as Early Jurassic. 

The intrusions associated with Au skarns in the Canadian Cordillera constitute a distinctive suite of calc-alkaline to 
alkaline plutons of synorogenic to late orogenic timing. At Hedley, intrusions are enriched in Fe, depleted in total alkalie-s and 
silica, and have low ferriclferrous iron ratios, i.e. are reduced, relative to other types of skarn deposits (Ray and Webster, 1991; 
Dawson, 1996b). 

Origin of and Tectonic ControIs for 
Guichon Metallogenic Belt 

The Guichon metallogenic belt of porphyry Cu-Mo deposits is hosted in and adjacent to Late Triassic to Early Jurassic 
plutonic rocks of the Quesnellia island arc (Monger and Nokleberg, 1996; Nokleberg and others, 2000). The calc-alkaline 
Guichon Creek batholith, which hosts the porphyry Cu-Mo deposits in the Highland Valley district, was empiaced at about 210 
Ma, approximately contemporaneous with the intrusion of the composite alkaline lron Mask and Copper Mountain plutons, 40 and 
120 kilometers away to the northeast and southeast, respectively (McMillan and others, 1995). About 100 km to the south, the 
Alaskan-type, ultrmdic-mafic Tulameen Complex was emplaced. The Quesnellia island-arc is interpreted as forming on the 
deformed continental margin strata of Yukon-Tanana terrane, as a rifted fragment of the North American Craton Margin (Gehrels 
and others, 1990; Monger and Nokleberg, 1996; Nokleberg and others, 1994c, 1997c, 2000). 
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Figure 41. Nickel Plate Au skam deposit, Hedley Camp, Guichon metallogenic belt, Canadian Cordillera. Schematic 
Adapted from Dawson (1996b). . 
Texas Creek Metallogenic Belt em' 
Porphyry Cu-Mo-Au, Au-Ag PolymetalUc Vein 
and Au Qua* Vein Deposits (Belt TC) 
Northern British Columbia 

Hazelton Groups in the Siikiaia island-arc terrane. The major porphyry Cu-Mo-Au deposits are at Schaft Creek (Liard C o p p e r l p  
Kerr (Main Zone), and Sulphurets (Gold Zone) (table 4) (Nokleberg and others 1997a, b, 1998). The major polymetallic vein . .  . - ,  , 
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' . L  deposits are at Bmcejack Lake (West Zone, Shore Zone), Snip (Shan), Red Mountain, Silbak-Premier (Premier Gold), and . . , . . .I 

Snowfields. Other significant deposits are the Polaris-Taku (Whitewater) and Muddy Lake (Golden Bear, Totem) A; buartz v e h  L 

deposits, and the E & L gabbroic Ni-Cu deposit atS_ni+a+k !,Cre3: -, , , 
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The Texas Crcek district contains sigarficant parphyry Cu-Mo and polymetallic vein depo&ts. The largeSchaft Creek 
(Liard Copper) porphyry Cu-Mo deposit is hosted mainly in Trkassic andesite which is intruded by diorite and granodiorite of the 
Middle Jurassic H i c b  batholith. The deposit consists of a quartz-vein stockwork with potassic alteration in a low-grade core, 
an intermediate zone of bornite, chalcopyrite, and molybddte associated with chlurit.esericite alteration which contains the bulk 
of the ore, and epi.dote in tbe periphery (EMR Canada, 1989; Sphbwy. 1995; MDJFILE, 2002). &timated resentes are 971.5 EFw million tonnes grading 0.298% Cu, 0.033% MoS2, 1.20 g/t A& and 0.14 g/t Au. The Hickman batholith has an hobpie age of 182 
Ma. 

The Kerr and Sulphurets porphyry Cu-Au deposits @itson and others, 1995; Fowler and Wells, 1995; Kirkbarn and 3 Margolis, 1995) occur in intenncdiiate volcanic mcb, volcanicl~tic and sedimentary rocks of the Early Jurassic Uouk River 
:i 

formation of the Hazelton Assemblage. The Kerr deposit consists of an elongate shear zone, about 2 kw long by 900 rn wide. &e 
deposit contains estimated rwervcs of 134.9 million tonnes gmhng 0.76% Cu and 0.34 g/t Au @iWn and others, 1995). The 
Sulphurets deposit consists of a 1.5 km northeast-trending halo which surrwnds the Ken (Main Zone) deposit, and consists of a 
quartz-pyrite-sericite halo and m c i a t e d  stockwork of chalcopyrite add barnite surrounding the main copper deposit (Fowler and 
Wells, 1995). Estimated reserves are 18.2 million tonnes grading 0.82 g/t Au and 0.35% CU. 

The Snip (Au), Red Mountain (Au- Cu), Snowfields Au-Ag, and Brucejack Lake Au-Ag polymetallic vein deposits are 
hosted in clastic, volcaniclastic, and volcanic rocks of tbe Early Jwassic Hazelton Assemblage and adjacent plutons of the Texas 
Creek plutonic suite. The Sllip deposit, tbg only mine io the group, consists of a shear-vein system witb high Au values which 



crosscuts graywacke and siltstone adjacent to a contact with a porphyritic quartz monzonite stock. Estimated combined production 
and reserves are 1.9 million tonnes grading 29.5 g/t Au (Rhys and Godwin, 1992; Rhys and others, 1995). The Red Mountain 
deposit (Brown and Kahlert, 1995) consists of a semi-tabular stockwork of pyrite-pyrrhotite which contains high Au and Ag 
values (up to 20 g/t Au), disseminated sphalerite-pyrrhotite mineralization, and intense sericite alteration. The deposit occurs 
above a quartz-molybdenite stockwork at the top of a Early Jurassic monzodiorite and quartz monzodiorite stock and sill which 
intrude sedimentary and volcanic rocks of the Triassic Stuhini Group and the Early and Middle Jurassic Hazelton Group. 
Estimated resources at Red Mountain are 2.5 million tonnes of 12.8 g/t Au and 38.1 g/t Ag (Rhys and others, 1995). 

The Silbak Premier Au-Ag-Pb-Zn epithermal vein deposit is hosted by volcanic and volcaniclastic rocks of the Hazelton 
Assemblage. The deposit consists of argenlite and electrum which occur both in low-sulfide and base-metal sulfide ore. The veins 
are related to subvolcanic, quartz-K-feldspar porphyry dikes which form part of the Texas Creek plutonic suite. Between 19 18 and 
1987, about 56.1 tonnes of Au and 1,270 tonnes of Ag were produced. Estimated reserves are 6.1 million tonnes grading 2.33 glt 
Au and 90.5 g/t Ag (Alldrick and others, 1987). 

Polaris Au Quartz Vein Deposit 

The Polaris Au quartz vein deposit consists of native gold associated with arsenopyrite and stibnite in quartz-ankerite 
veins (Marriott, 1992; Mihalynuk and Marriott, 1992). The deposit has produced approximately 231,000 oz Au from 760,000 tons 
of ore, with a recovered grade of 0.30 oz Ault. The deposit contains estimated resources of 2.196 million tonnes grading 14.74 g/t 
Au. The deposit is underlain by late Paleozoic to Triassic Stuhini Group volcanic and sedimentary rocks. The volcanic rocks 
composed of andesite and basalt flows and pyroclastic rocks host gold in an assemblage of arsenopyrite, ankerite, sericite, pyrite, 
fuchsite, and stibnite. The structures hosting the deposit are splays of the Tulsequah River shear zone. 

Muddy Lake Au Quartz Vein Deposit 

The Muddy Lake (Golden Bear, Totem) Au quartz vein deposit consists of disseminations and fracture-fillings of 
extremely fine-grained pyrite which occur along fault contacts of tuffite and limestone (Melis and Clifford, 1987; Osatenko and 
Britton, 1987; Schroeter, 1987; Dawson and others, 199 1; North American Metals Corp, news release, February 1995). The 
deposit contains estimated reserves of 720,000 tonnes grading 5.75 g/t Au. The deposit has been interpreted as a mesothermal Au- 
quartz veins hosted by silicified limestone, dolostone and tuff of the Permian Asitka Assemblage, and mineralization is probably 
related to an unexposed pluton of the Texas Creek suite. The deposit occurs in a north-trending, 20-km-long fault zone. Four 
deposits occur on the property at Bear, Fleece, Totem, and Kodiak. Recent studies interpret the deposit as a Carlin-type deposit 
(Poulsen, 1996; Lefebure and others, 1999), which contains both oxidized and primary ore. 

Origin of and Tectonic Controls for 
Texas Creek Metallogenic Belt 

The Texas Creek metallogenic belt occurs in a suite of dominantly calc-alkaline granitoid, but in part, gabbroic and 
alkalic, plutons which intruded mainly in the Early Jurassic as part of the Stikinia arc and the flanking Cache Creek subduction- 
zone terrane, prior to accretion to North America in the Middle Jurassic (Dawson and others, 1991; Kirkham and Margolis, 1995; 
Mihalynuk and others, 1994; Monger and Nokleberg, 1996; Nokleberg and others, 2000). The Stikinia island-arc terrane is 
interpreted as forming on the deformed continental margin strata of Yukon-Tanana terrane which is interpreted as a rifted 
fragment of the North American Craton Margin (Gehrels and others, 1990; Monger and Nokleberg, 1996; Nokleberg and others, 
1994c, 1997c; 2000). Several metallogenic belts formed during granitic magmatism associated with formation of the Stikinia and 
Quesnellia island arcs. The metallogenic belts which formed in conjunction with the Stikinia island arc are the Copper Mountain 
(North), Galore Creek, Guichon, Klotassin, Texas Creek, and Toodoggone belts. The Copper Mountain (South) and Guichon 
metallogenic belts formed in conjunction with the Quesnellia island arc. 

Early Jurassic Metallogenic Belts 
(208 to 193 Ma; Figure 42) 

Qvewiew 

The major Early Jurassic metallogenic belts in Alaska and the Canadian Cordillera are summarized in table 3 and 
portrayed on figure 40. No major Early Jurassic metallogenic belts existed in the Russian Far East. The major belts in Alaska and 
the Canadian Cordillera are as follows. (1) Three belts are hosted in the Wrangellia island-arc superterrane These belts are the 
Talkeetna Mountains-Alaska Range belt (TM), which contains kuroko massive sulfide deposits, the Alaska Peninsula (AP) belt, 
which contains granitic magmatism deposits, and the Island Porphyry (IP) belt, which contains granitic-magmatism-related 
deposits,. These belts are interpreted as forming in the Talkeetna-Bonzana arc preserved in the Wrangellia superterrane. (2) In the 
Canadian Cordillera, continuing on from the Late Triassic, commencing in the Early Jurassic were the Coast Mountains (CM), 
Copper Mountain (North; CMN), Copper Mountain (South; CMS), Galore (GL), Guichon (GU), Klotassin (KL), and Texas Creek 



(TC), and Toodoggone (TO) belts which contain granitic rnagmrliom-related @si ts  aad are interpreted ae formi% in the axid 
parts of the Stikinia-Quesncllia island are. IR ~e fobwiung descriptions of mcrsaagtnic belts, a few of he mteoblt r ig~f rc fnt  
lode depasits (table 4) are described for each belt. 

Figure 42. Generalized map of major Early and Middle Junudic nW&qdc behs and for Akaska, anadian Cordillma, ~d 
adjacent offshore areas. Refer to text for deauiplbn of meMsl)agbnic bslk Adaptad ~~~ ~ R U  atha? fTm% @@F 
to figure 3 for explanation. 

Metallogenic-Tectonic Model for 
Early Jurassic (208 to 193 Ma; Figure 43) 

During the Early Jurassic (Hettangian to Pie-W - 208 lo 193 Ma), Ibe mjbf ~ ~ t e c t o a i C a ~ c w t g  were. 
(fig. 43; table 3): (1) continuation of continantaf-mrgm arcs a d  d b d  wbhctioP pbar tb NMb A s h  C- in the 
Russian Far East; (2) beginning of assembly of p r e ~ i o ~ l y  rifled cmlmd, passive QbbCibtPtal-W, W kbu4-an %@rams 
between which craton and the ancestral Pacik Ocean lo hm the KdymsOmlen Enptrramt; 0)  +3cah&mdh 
Talkeetna, Bonanza, and Stikinia-Quesnellia arcs md assoched metallogienic Mts, d fannatiw of c-awbdmh 
zones; (4) continued sinistral- 
slip imbrication of the Stikinia-Quesnellia iralaed - cootaimad.me- battr, tad associated - -- 
oblique-sinistral convergence between the ancestral h i 5 c  Ch#a plate and tfrs Norrb h e r i f a n  -P m&(q ~ i l i a  thQ 
beginning of accretion of the Stikinia-QutsnalEia arc at about 185 Mq Lbt stmt d a w n a i a  wl&g in the AmmMn 
Cordillera. Sedimentation continued along cBa p;buive contim&&l mvgh of  no^ Asian md Narth Anmiam C-s. 



Figure 43. Early Jurassic (Hettangian through Pliensbachian - 208 to 193 Ma) stage of metallogenic-tectonic model. Refer to text 
for explanation of metallogenic-tectonic events, to tables 3 and 4 for descriptions metallogenic belts and significant deposits, and 
lo figure 18 for explanation of abbreviations, symbols, and patterns. Adapted fiom Nokleberg and others (1997b, 1998.2000). 

Specific Events for Early Jurassic 

(1) The Monakin continental-margin arc, consisting of the Monakin volcanic-plutonic belt (mo) and the Umlekan continental- 
margin arc, consisting of the Umlekan-Ogodzhin volcanic-plutonic belt (uo) and associated units, commenced adivity. 
Associated with this arc was oblique (sinstral) subduction of part of the Ancestral Pacific Ocean plate to form the Samarka 
(SMA), Khabarovsk (KB), and Badzhal (BD) terranes. 

(2) The continental-margin arc Uda arc (consisting of the Uda volcanic-plutonic belt (ud) and Uda-Zeya sedimentary 
basin (uz) continued to fonn. Associated with the arc was subduction and sinistral transpression of part of the Mongol-Okhotsk 
Ocean plate to form the Turkuringra-Dzhagdinski (TD), Ulban (UL), and Galam (GL) terranes. Subduction and sinistral 
transpression occurred along the Mongol-Okhotsk suture (MO). 

(3) The extensive Kony-Murgal island arc (Kony-Mwgal terrane (KM)) continued to form as an offshore extension s f  the 
Uda arc. Associated with the arc was subduction of part of the Ancestral Pacific Ocean plate to fonn the Tdovskiy (TL) and 
Penzhina-Anadyr (PA) terranes. Inboard of the Kony-Mwgal island arc (KM) were the Okhotsk (OK), Avekova (AK), and 
Omolon (OM) cratond t e m e s  which were previously rifted from the North Asian Craton (NSC), and the Viliga WL) passive 
continental-margin Crranes which was previously rifted from the North Asian Craton Margin O\ISV). Behind the arc were 
6agments of prior Devonian to Pennsylvanian island-arc terranes, including the Beryozovka turbidite-basin (BE), and Oloy (OL), 
and Yarakvaam (YA) i.sland-arc terranes. 



(4) The Angayucham Ocean (Kobuck Sea of Plafier and Berg, 1994), along with the South Anyui Ocean, continued to 
receive sparse continental-derived detritus. Previously rified terranes, including the Kilbuck-ldono cratonal (KI) and the combined 
Nixon Fork-Dillinger-Mystic passive continental-margin (NX, DL. MY) terranes were near the North American Craton Margin. 

(5) The dextral-slip imbrication of the Stikinia-Quesnellia arc and associated subduction-zone terranes continued along 
the Tally Ho shear zone (Hansen and others, 1990; Hart, 1995) (inset, fig. 43). Part of the Tally Ho shear zone may occur be 
defined by a string of fault-bounded(?) ultramafic rocks which occur within the Yukon-Tanana t emne  in northern Southeastern 
Alaska (Himmelberg and others, 1985). Alternatively, the present-day configuration of the Stikinia-Quesnellia island-arc and 
associated subduction zone terranes may have formed by oroclinal warping in response to a combination of oblique convergence 
and arc migration toward the companion subduction zone of the Cache Creek terrane (Mihalynuk and others, 1994) (not depicted 
in fig. 43). Oroclinal warping is interpreted as forming in response to: (I) oblique-sinstral convergence between the ancestral 
Pacific Ocean plate and the Stikinia-Quesnellia arc; and (2) arc migration toward the companion subduction zone (trench 
rollback), similar to tectonics of the present-day Banda arc in Southeast Asia (McCaffrey and Abers, 1991; Mihalynuk and others. 
1994). Migration of the Stikinia-Quesnellia arc and associated terranes toward North America was accomplished by subduction 
and (or) obduction of the Seventymile Ocean plate along the continental margin. 

(6) The Stikinia part of the arc consisted of the extensive suite of the subduction-related volcanic and plutonic arc rocks 
of the Hazelton Group which also formed in response to subduction of the Cache Creek Ocean plate (CC). In central part of the 
Stikinia-Quesnellia island arc, coeval subduction-related granitic plutonic rocks also intruded the previously-accreted passive 
continental-margin Yukon-Tanana terrane (YT), which may have been the stratigraphic basement for part of the Stikinia island arc 
(Mihalynuk and others, 1994).The plutonic rocks also intrude the structurally overlying Slide Mountain (SM) and Seventymile 
(SV) terranes. The subduction-related volcanic and plutonic arc rocks of the Quesnellia part of the arc, consisting of the Takla and 
Rossland Groups, and the coeval igneous belts formed in response to continued subduction of part of the Cache Creek Ocean plate 
(CC; Mihalynuk and others, 1994). 

(7) In the axial parts of the Stikinia-Quesnellia island arc, continuing on from the Late Triassic, were the Coast (CM), 
Copper Mountain (North; CMN), Copper Mountain (South; CMS), Galore (GL), Guichon (GU), Klotassin (KL), and Texas Creek 
(TC), and Toodoggone (TO) belts which contain granitic magmatism-related deposits 

(8) Also occurring was obduction of parts of the Seventymile and Slide Mountain Ocean plates onto the North American 
Craton Margin (NAM; Mihalynuk and others, 1994). Part of the obduction occurred by the Late Triassic and (or) Early Jurassic 
when granitic plutons of the Stikinia-Quesnellia island arc intruded across an intervening fault. During the final st 
of the Slide Mountain terrane (SM) over the Kootenay metamorphosed continental-margin terrane (KO), these ter 
obduct onto the North American Craton Margin (NAM). Migration of the Stikinia-Quesnellia arc and associated t 
the North American Craton Margin was accomplished by subduction of the Seventymile Ocean plate along the conunenml-rnargln 
and by obduction. 

(9) Outboard and perhaps at a lower paleolatitude (either 25" or 4S0), the Talkeetna and Bonanza arcs continued activity 
in the Wrangellia superterrane (WRA). This extensive arc formed along most of the length of the Wrangellia superterrane with 
coeval equivalents in the Cadwallader (CD) island arc and Methow (MT) turbidite-basin terranes. Forming in the arcs were the 
Talkeetna Mountains-Alaska Range metallogenic belt, which contains kuroko massive sulfide deposits, the Alaska Peninsula 
metallogenic belt (AP), which contains Cu- and Fe-skam deposits, and the Island Porphyry metallogenic belt (IP), which contains 
granitic-magmatism-related deposits. Associated with the Talkeetna and Bonanza arcs was subduction of part of the Cache Creek 
Ocean plate to form the Chugach (CG), Bridge River (BR), and possibly Baker (BA) terranes. 
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Metallogenic Belts Formed in 
Middle Mesozoic Talkeetna-Bonzana 
Island Arc in Wrangellia Superterrane 

Alaska Peninsula Metallogenic Belt of 
Granitic Magmatism Deposits (Belt AP) 
Alaska Peninsula 

The Alaska Peninsula metallogenic belt of granitic magmatism deposits (fig. 42; tables 3,4), mainly Cu- n, and 
Fe skarn deposits, occurs on the northeastern Alaska Peninsula. The metallogenic belt is hosted in the central and tern 
part of the Peninsular sequence of the Talkeema-Bonanza island in the Wrangellia superterrane where intruded by Julamlr. g~anitoid 
plutons (Nokleberg and others, 1994c, 1997~) .  The significant deposits in the belt are the Crevice Creek, Glacier Fork, Kasna 
Creek Cu-Fe skarn deposits, and the Magnetite Island Fe skam deposit (table 4) (Nokleberg and others 1997a. b, 1998). 
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Crevice Creek Cu-Au Skarn Deposit 

The Crevice Creek Cu-Au skam deposit (Martin and Katz, 1912; Richter and Herreid, 1965) consists of at least ten 
epidote-garnet skarn bodies which occur in limestone over a 2 krn' area adjacent to the Jurassic(?) granodiorite stock of Pilot 
Knob. The skarn bodies vary from 3-800-m long and from a few centimeters to 60 m wide. Local magnetite-rich skam occurs in 
isolated pods in nearby metavolcanic rocks, and local disseminated magnetite zones occur in epidote-garnet skams. The garnet 



skarn bodies occur in limestone, chert, and argillite of the Late Triassic Kamishak Formation and in overlying metavolcanic rocks 
of the Late Triassic(?) to Early Jurassic Talkeetna Formation (Nokleberg and others, 1994d). The largest skarn body at Sargent 
Creek contains epidote, garnet, actinolite, quartz, pyrite, and chalcopyrite. Lenses up to 1 m wide and 10 m long average 7% Cu. 
Numerous airborne magnetic anomalies occur in the area surrounding the granodiofite stock. The Crevice Creek deposit produced 
11 tonnes of ore from high-grade zones, with an average grade of 4.5 g/t Au, 5 14 git Ag, and 17.5% Cu. 

Origin of and Tectonic Controls for 
Alaska Peninsula Metallogenic Belt 

The Cu-Au and Cu-Zn skarn deposits of the Alaska Peninsula metallogenic belt occur in areas where Jurassic(?) quartz 
diorite and tonalite intrude calcareous sedimentary rock, and generally consist of epidote-garnet skarn in limestone or marble, 
containing disseminations and layers of chalcopyrite, sphalerite, and pyrrhotite. The Fe skarn deposits occur in dolomite or marble 
and generally consist of magnetite skarn containing lesser garnet, amphibole, and rare chalcopyrite. The Fe skarns occur in areas 
where Jurassic(?) quartz diorite and tonalite intrude calcareous sedimentary rocks. These skam deposits occur in marine 
sedimentary rocks of the Late Triassic Kamishak Formation, in Early Triassic marble, and in volcanic and volcaniclastic rocks of 
the Late Triassic(?) to Early Jurassic Talkeetna Formation. 

The Alaska Peninsula metallogenic belt occurs in, or adjacent to, the Late Triassic(?) and Early to Middle Jurassic, 
Talkeetna part of the Talkeetna-Bonanza island arc which extends for several hundred km along the strike length of the Alaska 
Peninsular part of the Wrangellia superterrane (Burns, 1985; Plafker and others, 1989; Nokleberg and others, 1994c, 1997c; 
DeBari and Coleman, 1989). Abundant field, chemical, and isotopic data indicate that the Talkeetna arc is mainly gabbro, diorite, 
and tonalite, and rarely granodiorite, has calc-alkaline composition and lower initial Sr ratios, and is interpreted as having formed 
in an island arc above a subduction zone (Reed and others, 1983; Burns, 1985; Plafker and others, 1985). The Jurassic(?) plutonic 
rocks, which host the Alaska Peninsula metallogenic belt, form the older part of the Alaska-Aleutian Range batholith, which along 
with the Late Triassic(?) and Early Jurassic Talkeetna Formation and Border Ranges ultramafic-mafic complex, collectively define 
the Talkeetna arc which is a key comlonent of the Peninsular sequence (Nokleberg and others, 1994a). 

Talkeetna Mountains-Alaska Range 
Metallogenic Belt of Kuroko Massive 
Sulfide Deposits (Belt TM) Northern Part of 
Southern Alaska 

The Talkeetna Mountains-Alaska Range metallogenic belt of kuroko massive sulfide deposits (fig. 42; tables 3,4) occurs 
in the northern part of southern Alaska. The metallogenic belt is hosted in submarine tuff, andesite, and dacite of the Late 
Triassic(?) and Early Jurassic Talkeetna Formation, which is a major unit in the Peninsular sequence and Talkeetna-Bonanza 
islanc arc of the Wrangellia superterrane (Nokleberg and others, 1994c, 1997~) .  The one significant deposit is the Johnson River 
prospect (table 4) (Nokleberg and others 1997a, b, 1998). 

JOhnSbn River Massive Sulfide(?) Deposit 

The Johnston River kuroko massive sulfide(?) deposit (R. L. Detterman, oral cornmun., 1984; Steefel, 1987; Madelyn 
Mollholyn, written comrnun., 1988; J. Proffett, written cornmun., 1991) consists of quartz-sulfide veins and massive sulfide lenses 
containing chalcopyrite, pyrite, sphalerite, galena, and gold which occur in discordant pipe-like bodies of silicified volcanic rock. 
Veins of chlorite, sericite, and anhydrite, and a cap of barite occur proximal to the four ore horizons. The deposit occurs in 
pyroclastic and volcaniclastic rocks of Portage Creek Agglomerate in the Talkeetna Formation; s~milar mineralized horizons have 
been found along strike to the northeast. Local stockworks, which cut the metavolcanic rock, suggest either mobilization or 
additional deposition. The deposit is interpreted as forming from deposition of sulfides directly over a capped submarine vent 
system during Jurassic volcanism. The deposit contains an estimated 997,540 tonnes grading 10.35 g/t Au, 7.84 glt Ag, 8.3% Zn, 
1.1% Pb, and 0.76% Cu (Bundtzen and others, 1994). In the same region, in the Oshetna River drainage of the Nelchina district, 
northeast of Anchorage, tuff in the Talkeetna Formation contains disseminated chalcopyrite and barite. Also in this region, Au- 
enriched massive sulfide deposits in the Eskay Creek district contain many similar morphological features to those described at 
Johnson River. 

Oflgin of and Tectonic Controls for 
Talkeetna Mountains-Alaska Range Metallogenic Belt 

The Late Triassic(?) and Early Jurassic Talkeetna Formation (fig. 42) which hosts the Talkeetna Mountains-Alaska 
Range metallogenic belt consists mainly of bedded andesitic volcaniclastic sandstone and tuff, ignimbrite, breccia, and 
agglomerate; andesite and lesser rhyolite and basalt flows; and shale (Plafker and others, 1989; Nokleberg and others. 1994a).The 
Talkeetna Formation is linked to Middle Jurassic plutonic rocks which form the older part of the Alaska-Aleutian Range batholith, 
which along with the Border Ranges ultramafic-mafic complex, define the Talkeetna arc (Nokleberg and others, 1994a). The 
Peninsular sequence forms a major part of the Talkeetna-Bonanza island arc, and is one of three major sequences in the 
Wrangellia superterrane. The Talkeetna arc is tectonically linked to a discontinuous series of Early Triassic to Jurassic(?) 



blueschist units and the McHugh Complex wbich form a part& coeval subduction mdt complex which occurs along the northern 
margin of the Chugach t e m e  (Nokleberg and otbers, 2000). 

lsland Porphyry Metallogenic Belt of 
Porphyry Cu-Mo, Cu Skarn, Fe Skarn ;#ld Cu 
Skam Deposits (Belt IP) 
Vancouver lsland 

The lsland Porphyry metallogenic belt of porphyry Cu-Mo; d Fe apd Cu-FeAu skaro &pits [fig. 42; tables 3,4) 
occurs on Vancouver Lsland and Queen Chmio5tc Islands in souhm British C a b b i a  aid is Med in the: W Phkmk Suite 
rocks that are part the Gamtrier overlap assemblage of the Wranpllia superternme (Woodswwtb and others, 1991; Amiemoe 
Reichenbach, 199 1). On Vancouver Island, tbe plutons are mainly Early ta Middle lumsic, w6erePrs oil: quatn Cbar1& BlW, 
the plutons stre mainly Middle to Late Jurassic. The sigdfkmt depasits are tbe Island Copper @qmt k&), lhdximu, Red Dog, 
porphyry Cu-Nlo and porphyry Cu deposits, tbe B d y  h n  (Jib), Jedway (Mqpet, J~esskX Kamedy @ryYmm), Tam 
Sound ( W e s f i d ,  Tasu, Garnet), T e d a  h, and ZebaIh Iron (Fw@ Fe shm deposits, the Bsneoa area (Ehqme, Coe9t Cbpgwj 
Cu-Fe skarn dqmik, and th: Texada (Vananda, hhbie Bay) @-Ab sfarrn d q d  (tuble 4) ~ o k l d m g  and @hem 1997% b, 
1998). 

lsland Copper Porphyry Cu-Mh4~  58ptxM 

The Island Copper (Rupert Inlet) porphyry Cu-Mo-Au deposit (fig. 44) consists of pyriw, cbkxpynte aMt dybdanitp 
which occur as fracture fillings and disseminations (E,MR Caoada, 1989; Perello and others, 19J)S; MINPILE, 2052). W main 
part of the deposit, which occurs in a carapace which sursormds a quartz-feldspar p~phm dike; is tabtjk shapsd, rmgm 60 
to 180 meters wide, 1700 meters long and 300 metas deep, and strikes 290' and drps 60%. parallel to* dike. Betwen 1971 
and 1994, the mine at the deposit produced 345 mi&m tames wih rto average grade ofQ.41% Cu, O.Olm Mo, 0.q &rt Au, and 
1.4 g/t Ag (MINFILE, 2002). The &potat contdmt add&md e&md r e s m t s  of 247 d b f m  toan= grcading 0.52Y0 Cu and 0.22 
g/t Au. The deposit is h& in mdesite and basalt M i n  the Middle Jumssic Bonanza Omup whieh are irrbntdsd by a quartz 
feldspar porphyry dike. 

Figure 44. lsland Copper porphyry Cu-Mo deposit, lsland Coppr metallogenic belt, Canadian Cordri t~.  Sche#matk ~ m m  sectSon. 
Adapted from Perello and others (1995). 

At Island Copper, early, intraminend and late stages of quartz-feldspar porphyry dilce intrusions, which exhibit a U-Pb 
zircon isotopic age of 168.5 Ma (Ross and others, 19%). are mantled by bmcias and cuncenbridy enyeloped by earlyap 



biotite-magnetite-chalcopyrite-molybdenite, main-stage quartz-chalcopyrite-molybdenite and magnetite-actinolite-plagioclase 
veining, and a late-stage, peripheral assemblage of chlorite-sericite-clay-epidote-chalcopyrite-pyrite (Leitch and others, 1995). The 
mineralized dikes are interpreted as coeval and cogenetic with the adjacent Rupert stock to the east (Ross and others, 1996). Late 
stage porphyry dikes and associated breccia contain an advanced argillic alteration assemblage of kaolinite, pyrophyllite, sericite 
and dumortierite, similar to advanced alteration assemblages of silica, clay, pyrophyllite, diaspore, zunyite, and alunite in volcanic 
rocks of the Bonanza Group at Mount McIntosh and Pemberton Hills. These units are interpreted by Panteleyev and Koyanagi 
(1994 ) as high levels of alteration related to a stock hosting porphyry Cu-Mo deposits as at Hushamu (Dasler and others, 1995). 

Fe and Cu-Fe-Au Skarns in lsland Porphyry 
Metallogenic Belt 

Significant skarn Fe and skarn Cu deposits are hosted mainly by limestone of the Late Triassic Quatsino Formation on 
Vancouver and Texada Islands, the equivalent Kunga Formation on the Queen Charlotte Islands, and to a lesser degree, by 
volcanic rocks of the underlying Karmutsen Formation. Skarn deposits rich in iron and some deposits containing significant 
copper and precious metals, commonly occur along contacts of the above strata with granitoid plutons of the Jurassic Island Suite. 
Magnetite, chalcopyrite, bornite, pyrite, pyrrhotite and molybdenite are associated with the prograde skarn assemblage of grandite 
garnet, diopside, wollastonite and epidote. Significant concentrations of base and precious metals may be associated with the 
retrograde assemblage of actinolite, tremolite, epidote, quartz, chlorite and calcite (Dawson and Kirkham, 1996). The deposit size 
ranges up to 30 million tonnes grading 40-50% Fe. Important past iron producers were Tasu, Jedway, Burnaby Iron, Brynnor, and 
Texada Island. Significant copper skarns are Coast Copper and Marble Bay. 

Texada lron Fe Skarn Deposit 

Texada lron Fe skarn deposit consists of massive magnetite skarn mineralization which occurs as replacement bodies at 
the Prescott (fig. 45), Yellow Kid, and Paxton mines (Webster and Ray, 1990; Ray and Webster, 1997; MINFILE, 2002). The 
deposits produced an estimated 17.6 million tonnes grading 61% Fe. The deposits are hosted in limestone of the Late Triassic 
Quatsino Formation, at or near contacts with quartz monzonite of the Middle Jurassic Gillies Stock which has an U-Pb zircon 
isotopic age of 178 Ma. The deposits consist of massive magnetite and associated garnet, pyroxene, epidote, amphibole, minor 
calcite, and sporadic pyrite and pyrrhotite. Rare arsenopyrite and sphalerite also occur. Sampling of Fe-skam magnetite from the 
Texada lron Mines by Webster and Ray (1990) indicate grades of 3.14% Cu, 46.6 g/t Ag, and 2.8 g/t Au. 

[ Garnet-pyroxene skam 

Gilles Bay granodiorite stock 
(Middle Jurassic) 

Figure 45. Prescott body, Texada Fe skarn deposit, Island Porphyry metallogenic belt, Canadian Cordillera. Schematic cross 
section. Adapted from Webster and Ray (1990). 



Origin of and Tectonic Controls for 
lsland Porphyry Metallogenic Belt 

The lsland Porphyry metallogenic belt is hosted in the Jurassic volcanic and plutonic rocks which form part of the 
Gambier overlap assemblage in southern British Columbia. This group is part of the Talkeetna-Bonanza arc in the Wrangellia 
superterrane (Nokleberg and others, 2000). In southern British Columbia, the host rocks on northern Vancouver lsland consist of 
the Bonanza Group, and on Queen Charlotte Island, the host rocks consist of the correlative Yakoun Group. The Middle Jurassic 
volcanic and plutonic rocks, with isotopic ages of 165 to 170 Ma, which host the Island Copper metallogenic belt are the youngest 
part of the Bonanza arc which was initiated in the Early Jurassic (Monger and Nokleberg, 1996; Ross and others, 1996). The 
Middle to Late Jurassic plutons of the Burnaby Island suite and coeval volcanic rocks of the Yakoun Group are a younger and 
northern part of the arc. 

The younger, Late Jurassic part of the Island Porphyry metallogenic belt is coeval with: (1) the Westem-Southeastem 
Alaska metallogenic belt which is hosted in the Late Jurassic and Early Cretaceous Gravina belt of the Wrangellia superterrane in 
Southeastern Alaska; and (2) the Eastern Alaska Range metallogenic belt which is hosted in the Kahiltna and Nutzotin overlap 
assemblages in southern Alaska. Together, the granitoid plutonic and andesitic volcanic rocks of the Gravina-Nutzotin-Garnbier 
overlap assemblage, and the Kahiltna overlap assemblage define the Gravina island arc which is interpreted as forming on the 
northern, or leading edge of the Wrangellia island-arc terrane during migration towards North America (Nokleberg and others, 
1984, 1985, 2000; Nokleberg and Lange, 1985a; Plafker and others, 1989; Plafker and Berg, 1994; Nokleberg and others, 2000). 
The Gravina arc and associated granitic magmatism deposits are tectonically linked to the younger part of the McHugh Complex 
which forms the northern part of the Chugach subduction zone and accretionary wedge complex (Nokleberg and others, 2000). 

Metallogenic Belts Formed in 
Middle Mesozoic in Stikinia-Quesnellia 
lsland Arc 

Klotassin Metallogenic Belt of 
Porphyry Cu-Au-Ag Deposits (Belt KL), 
Southern Yukon Territory 

The Klotassin metallogenic belt of porphyry Cu-Au-Ag deposits (fig. 42; tables 3,4) occurs in the southern Yukon 
Territory and is hosted in the Klotassin Batholith. This bathoIith consists of a calc-alkaline granitoid pluton which forms part of 
the more extensive Klotassin Plutonic Suite which intrudes the Stikinia island-arc terrane in southwestern Yukon Territory 
(Woodsworth and others, 1991). The significant deposits are metamorphosed and deformed porphyry Cu-Au-Ag deposits at Minto 
Copper and Williams Creek (table 4) (Nokleberg and others 1997a, b, 1998). Both deposits are hosted in a foliated Early Jurassic 
granodiorite pluton. Significant PGE prospects occur in mafic and ultramafic plutons at Pyroxene Mountain (Mortensen and 
others, 1994). 

Minto Copper and Williams Creek 
Porphyry Cu-Au-Ag Deposits 

The Minto Copper porphyry Cu-Au-Ag deposit consists of an assemblage of disseminated chalcopyrite, bornite, 
magnetite and pyrite with minor hessite and native gold which occur in zones of moderate to strong gneissic foliation in diorite of 
the Early Jurassic Klotassin Batholith (EMR Canada, 1989; Minto Explorations Ltd., news release, January 25, 1994). Estimated 
reserves are 6.55 million tonnes grading 1.87% Cu and 0.51 g/t Au. The deposit is interpreted as a metamorphosed porphyry Cu 
deposit. The deposit age is interpreted as Early Jurassic (Mortensen and others, 1994). 

The Williams Creek porphyry Cu-Au-Ag deposit consists of chalcopyrite, bornite, py~ lopyrite and 
molybdenite which occur as interstitial grains parallel with the gneissic foliation in granodiorit~ otassin Batholith 
(EMR Canada, 1989; Western Holdings Ltd., annual report, 1992). Estimated reserves are 14.2 ding 1.0 1% Cu 
and 0.51 g/t Au. Jurassic regional metamorphism destroyed much of the original features of the deposit. An oxidized zone, up to 
200 meters deep, contains malachite and azurite which replaces copper sulfides. The deposit age is interpreted as Early Jurassic 
(Mortensen and others, 1994). 
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Origin of and Tectonic Controls for 
Klotassin Metallogenic Belt 

The Minto Copper and Williams Creek porphyry Cu-Au-Ag deposits are similar, pre-accretionary porphyry Cu-Au-Ag 
deposits which are hosted in foliated, gneissic granodiorite and diorite of the Klotassin pluton (Pearson and Clark, 1979). The 
original textures of the deposits were mostly destroyed during Middle to Late Jurassic regional metamorphism and associated 
deformation. These events are interpreted as occurring during accretion of the Stikinia island arc and associated terranes onto the 
North American Craton Margin (Le Couteur and Tempelman-Kluit, 1976) after oroclinal warping of the Stikinia-Quesnellia island 
arc and tectonically-linked Cache Creek subduction-zone terrane (Mihalynuk and others; 1994; Monger and Nokleberg, 1996; 



Nokleberg and others, 2000). Before accretion, the Stikinia island arc is interpreted as forming on the Yukon-Tanana terrane, a 
rifted and deformed fragment of the North American Craton Margin (Monger and Nokleberg, 1996; Nokleberg and others, 2000). 
Several metallogenic belts formed during granitic magmatism associated with formation of the Stikinia and Quesnellia island arcs. 
The metallogenic belts which formed in conjunction with the Stikinia island arc are the Copper Mountain (North), Galore Creek, 
Guichon, Klotassin, Texas Creek, and Toodoggone belts. The Copper Mountain (South) and Guichon metallogenic belts formed 
in conjunction with the Quesnellia island arc. 

Toodoggone Metallogenic Belt of Au-Ag 
Epitherrnal Vein and Porphyry CuAu 
Deposits (Belt TO) Northern British Columbia 

The Toodoggone metallogenic belt of Au-Ag epithermal vein and porphyry Cu-Au deposits (fig. 42; tables 3,4) occurs in 
northern British Columbia and is hosted by: (1) the Toodoggone Formation, a Early Jurassic succession of subaerial, intermediate, 
calc-alkaline to alkaline, predominantly pyroclastic rocks (Diakow and others, 1991, 1993; Monger and others, 1991); (2) and the 
coeval and comagrnatic calc-alkaline plutons of the Black Lake Suite (Woodsworth and others, 1991). The belt and host rocks 
occur in the eastern part of the Stikinia island-arc terrane along the southwestern flank of the Stikjne Arch. The Toodoggone 
Formation forms part of the Early Jurassic, calc-alkaline part of the Stikinia terrane and were deposited on the alkaline- 
subalkaline, Late Triassic Takla Group. The Toodoggone Formation is correlated with the Hazelton Group to the south and west. 
The significant deposits are Au-Ag epithermal vein deposits in Toodoggone district, and the Kemess porphyry Cu-Au deposit 
(table 4) (Nokleberg and others 1997a, b, 1998). 

Toodoggone District of Au-Ag 
Epithermal Vein Deposits 

The Toodoggone district contains significant Au-Ag epithermal vein deposits, with production fiom four principal 
deposits; Cheni (Lawyers, Cliff Creek), Chappelle (Baker), Shas, and Al. 

The Lawyers Au-Ag epithermal vein deposit (fig. 46) consists of native gold, silver and electrum, with amethystine 
quartz, calcite and barite occurring in veins, stockworks and breccia. The deposit is hosted in silicified, propylitized and argillized 
intermediate volcaniclastic rocks which are proximally associated with plutons of the Black Lake Suite and with regional faults. 
The current resource is estimated at 1.76 million tonnes grading 6.8 g/t Au and 242.7 g/t Ag (Schroeter, 1983; Vulimiri and others, 
1986; Dawson and others, 1991). This and other deposits in the district display higher sulfide content and higher-temperature 
alteration assemblages in relation to decreasing distance from contacts with granitoid stocks and plutons. 

The Chappelle (Baker) Au-Ag epithermal vein deposit consists of a Zn-Pb-Fe-sulfide-rich mineral assemblage hosted in 
calcareous sedimentary rocks of the Takla Group along the contact with the Black Lake stock (Barr, 1980). The Shasta Au-Ag 
epithermal vein deposit lacks sulfides and any evidence of underlying plutons, but exhibit advanced argillic alteration assemblages 
which indicate high-level deposition (MINFILE, 2002). 

Kemess North and South Porphyry Cu-Au Deposit 

The Kemess North, a developed prospect, and the Kemess South mine are porphyry Cu-Au deposits which consist of 
pyrite, chalcopyrite, magnetite, hematite, molybdenite and digenite which occur in stockwork veinlets and fractures and as 
disseminations (Diakow and others, 1991, 1993; Rebagliati and others, 1995, Diakow, 2001). The deposits are hosted in 
equigranular intrusions which cut mainly mafic volcanic rock of the the Late Triassic Takla Group. At the Kemess South mine, 
mineralization is related to a felsic to intermediate, mainly monzodiorite pluton of Early Jurassic age which is probably related to 
the Black Lake Suite and coeval with the Toodoggone Formation. At the Kemess North prospect, several large hydothermal 
alteration zones enclose six major zones of porphyry-style Cu-Au deposits, as well as several vein and skarn deposits. Oxidation 
of these deposits and subsequent development of a supergene blanket are interpreted as an Early Jurassic event which occurred in 
Early Jurassic volcaniclastic and epiclastic rock (Diakow, 2001). The Late Cretaceous sedimentary rock of the Sustut Group are 
interpreted as capping the supergene zone. 

The Kemess South porphyry Cu-Au deposit is hosted by the relatively flat-lying Maple Leaf quartz monzodiorite sill. 
Higher Cu and Au grades correlate with zones of intense quartz-pyrite-chalcopyrite stockwork which contains intensely- 
developed K-feldspar vein selvages and magnetite stringers. A supergene zone, which formed contemporaneously with the Late 
Cretaceous Sustut Basin, forms about 20% of the deposit, and contains elevated Cu grades and contains chalcocite and native Cu. 
Production commenced at Kemess South in 1998, based on estimated reserves of 442 million tonnes of hypogene and supergene 
ore grading 0.23% Cu and 0.4 g/t Au (Rebagliati and others, 1995; El Condor Resources Ltd., news release, July 19, 1993). 

The Kemess North porphyry Cu-Au deposit is hosted in potassic-altered, mafic volcanic rocks of the Takla Group. The 
deposit is centered on Early Jurassic porphyritic monzodiorite dikes. Higher grade Cu-Au mineral assemblages in volcanic host 
rocks are associated with hydrothermal biotite alteration, whereas potassium feldspar and propylitic alteration decrease zonally 
outwards fiom these centers, along with decreasing Cu and Au. Estimated reserves are1 16 million tonnes grading 0.19% Cu and 
0.38 g/t Au (Rebagliati and others, 1995; Northern Miner, March 10,2003). 



Figure 46. Lawyers Au-Ag epitiefmel vein deposit, Toodoggone Wllogenic belt, Canadian Cordillera. Schefnatic goologic map 
showing various zones. Adapted from Vulimiri and others (1986). 

Origin of and Tectonic Controb for 
Toodoggone Metallogenic Bedt 

The Toodoggone metallogenic belt is hosted in the Todoggone Formation, a Early Jurassic succession of subaerial, 
intermediate, calc-alkaline to alkaline, predominantly pyroclastic rocks, and coeval and cornagmatic p l u W  afthe 
Black Lake Suite which occur on the outer limb of the oroclinal warp of the Stikinia and QumUia idmd an: and m i a t e d  
terranes. Tbe transition fiom alkaline to caloalkaIise magmatism is interpreted as forming during the final stages of the oroclinal 
warp in the Early Jurassic, before accretion of the StiLinia.Quesnellia arc and associated Cache Creek subduction-zone ternme in 
the Middle Jurassic (Mihalynuk and others, 1994; Monger and Nokleberg, 19%; Noklebwg and others, 2000). Tbe volcanic rocks 
of the Hazelton Group and correlative units, such as the Toodoggone Formation, and associated granitaid plutonic rocks, represent 
emergence of the arc and a transition from marine to subaerial deposition in the Early Jurassic. The Toodoggone Formation 
consists exclusively of high-K, calc-alkaline volcanic rock which wae deposited in higb-anergy subeerial flows, associated air-fall 
tuff, and lesser lava flows batween about MO Lo 190 Ma. 

The Stikinia island-arc terrane is interpreted as forming on the &formed continental margin gtrata of Yukon-Tanana 
terrane which may be a n f t d  hgmmt ofthe North American Craton Margin (Gebrels and otbers, 1990; Monger and Nokleberg, 
1996; Noklcbexg and olbers, 1984c, 1997c, 2000). Several otbm metadlogenic belts are herein interpreted as f& during 
granitic magmatisrn associated with formation of the Stikinia and Quemellia island arcs, including the Copper Mountain (Norbh), 
Galore Creek, Guichon, Motassin, Texas Creek, md Toodoggone belts. 

Coast Mountains Metallogenic Belt of Volcanogenk 
Cu-ZnAu-Ag Massive Sulfide Deposits (Belt CM) 
Northern British Cdumbia 

The Coast Mountains metallogenic belt of volcanogenic massive sulfide deposits (fig. 42; tables 3,4) occurs in the 
western limb of the oroclinally-warped Stikinia island-arc terranc. To the west, the belt and t e m e  are border by, and in part, 
intruded by plutons dong the eastern edge of the Coast Plutonic Canplex. The metallogenic belt contaim a variety of significant 
kuroko, Cyprus, and Besshi massive sulfide deposits (Nokleberg and others, 1997a, b). The significant deposits are theTulsequah 
Chief and Eskay Creek kuroko Zn-Cu-Pb-Au-Ag massive sulfide deposits, the Granduc Besshi massive sulfide deposit, and tbe 
Alice Arm Silver and Anyox districts of Cyprus massive sulfi& deposits (table 4) (Nokleberg and ofhm 1997% b, 1998). 
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The Coast metallogenic belt contains a variety of volcanogenic massive sulfide deposits of various ages. Following are 

the major rock sequences which host volcanogenic massive sulfide deposits in the Stikinia terrane: (1) the middle to upper 
Paleozoic Stikine assemblage which contains interbedded volcanic arc, carbonate and fine-grained clastic rocks; (2) the Late 
Triassic Stuhini Group and Takla Group, which unconformably overlie the Stikine assemblage, and contain volcanic arc rocks and 
interfingering clastic rocks which are intruded by coeval granitoids; and (3) the unconformably-overlying, Early Jurassic Hazelton 
and Spatzizi Groups, and the Takwahoni Formation which contain andesitic volcanic rocks and intercalated sedimentary rocks. 
The Stikinia island-arc terrane is interpreted as forming on the deformed continental margin strata of Yukon-Tanana terrane which 
may be a rifted fragment of the North American Craton Margin (Gehrels and others, 1990; Monger and Nokleberg, 1996; 
Nokleberg and others, 1994c, 1997~) .  

Tulsequah Chief Kuroko Massive Sulfide Deposit 

The Tulsequah Chief kuroko Zn-Cu-Au-Ag-Pb volcanogenic massive sulfide deposit consists of massive to disseminated 
pyrite, sphalerite, chalcopyrite, and galena, with minor tennantite and tetrahedrite in conformable lenses which occur between a 
hanging wall of dacite tuff and a footwall sequence of basalt and andesite flows. The volcanic rocks constitute a bimodal sequence 
within the Devonian and Mississippian Mount Eaton series of the Stuhini Group. The occurrence of several stacked ore lenses, 
with repeated bimodal volcanic and sedimentary rocks indicate which several rifting events occurred in a local basin which was 
part of a mature island arc (Sebert and Barrett, 1996). Production from 1951 to 1957 was 574,000 tonnes. The deposit has reserves 
of 8.8 million tonnes of ore grading 6.42% Zn, 1.3% Cu. 1.2 1 % Pb, 2.1 g/t Au and 106.4 g/t Ag. (Dawson and others, 199 1 ; 
Redfem Resources Ltd., summary report,1995) 

Granduc Besshi Massive Sulfide Deposit 

The Granduc Besshi Cu (Ag-Au-Co) deposit consists of several overlapping, tabular sulfide lenses hosted in pelagic 
sedimentary rocks and turbidites which are underlain by basalt and andesite flows, within the Late Triassic Stuhini Group (Grove, 
1986; Dawson and others, 1991; MINFILE, 2002). The host rocks are intruded by Jurassic to Tertiary granitoid plutons of the 
Coast Plutonic Complex. The deposit contains reserves of 32.5 million tonnes grading 1.93% Cu, 7 g/t Ag and 0.13 g/t Au. A 
Besshi-type exhalative origin is supported by laterally extensive, well-bedded ore lenses, dominantly sedimentary host rock, and 
ore minerals. The deposition is interpreted as occurring in a sedimentary basin adjacent to the Stuhini island arc. 

Eskay Creek Kuroko Massive Sulfide Deposit 

The Eskay Creek Ag-Au polymetallic kuroko massive sulfide deposit consists of sphalerite, tetrahedrite, boulangerite, 
and boumonite with minor pyrite and galena which occur as stratabound and stratiform massive, semi-massive and disseminated 
layers in carbonaceous and tuffaceous mudstone of the Lower Jurassic Mount Dilworth Formation of the Hazelton Assemblage 
(EMR Canada, 1989; Prime Equities Inc., 1991; MacDonald, 1992; Sherlock and others, 1999; MINFILE, 2002). Gold and silver 
occur as electrurn grains (5 to 80 microns) within fractured sphalerite, commonly in contact with galena. The deposit has estimated 
reserves3.9 million tonnes grading 26 g/t Au and 986 g/t Ag. The 2 1B zone has reserves 1.04 million tonnes grading 63.8 g/t Au 
and 2567 g/t Ag, and the 109 zone, a coeval epithermal vein deposit, has reserves of 0.97 million tonnes grading 9.6 g/t Au and 
127 g/t Ag. 

Alice Arm Silver District of Massive Sulfide Deposits 

The Alice Arm Silver district, which contains the Dolly Varden, North Star, and other kuroko Ag-Pb-Zn deposits, is 
hosted in Early Jurassic calc-alkaline volcanic rocks of the Hazelton Group. The deposits consists of pyrite, sphalerite, galena, 
tetrahedrite, pyrargyrite and some native silver in barite-Ag-rich sulfide lenses (Devlin and Godwin, 1986; EMR Canada, 1989; 
Mining Review, 1992). The various deposits are interpreted as structurally displaced parts of a once continuous massive sulfide 
zone. The combined production and reserves for the Alice Arm Silver district are 2.9 1 million tonnes grading 390 g/t Ag, 0.53% 
Pb, and 0.82% Zn. 

Anyox Cyprus Massive Sulfide Deposit 

The Anyox Cyprus Cu-Ag-Au district contains the Hidden Creek and Bonanza deposits, and five other occurrences. The 
deposits and occurrences consist of lenticular to sheet-like ore bodies of pyrite and pyrrhotite, lesser chalcopyrite, and minor 
sphalerite and magnetite (Grove, 1986; EMR Canada, 1989; Hoy, 1991; Smith, 1993). Combined production and reserves are 26.7 
million tonnes grading 1.48% Cu, 9.6 g/t Ag, and 0.17 g/t Au. The deposits and occurrences are located near the contact between 
volcanic and sedimentary rocks in a roof pendant of tholeiitic mafic volcanic rocks and overlying turbidites which are intruded by 
the Coast Plutonic Complex. Host rock geochemistry indicates formation along an ocean ridge. The host strata are interpreted as 
Early and Middle Jurassic volcanic and sedimentary units of the Stikinia terrane (Macdonald and others, 1996). 
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Origin of and Tectonic Controls for 
Coast Mountains Metallogenic Belt 

The Coast Mountains metallogenic belt contains a variety of volcanogenic massive sulfide deposits which occur in three 
age-range groups of volcanic and associated rocks in the Stikinia island-arc terrane. The following three age-range sequences of 
massive sulfide deposits and host rocks are identified. (1) The middle to upper Paleozoic Stikine assemblage contains interbedded 
volcanic arc, carbonate and fine-grained clastic rocks. The Tulsequah Chief kuroko massive sulfide deposit and associated 
occurrences formed in this age-range of the island arc. (2) The Late Triassic Stuhini Group and Takla Group, which 
unconformably overlie the Stikine assemblage, contains volcanic arc rocks and interfingering clastic rocks which are intruded by 
coeval granitoids. The Granduc Besshi massive sulfide deposit formed in this age-range of the island arc. And (3) the 
unconformably-overlying Early Jurassic Hazelton and Spatzizi Groups, and the Takwahoni Formation contain andesitic volcanic 
rocks and intercalated sedimentary rocks. The kuroko massive sulfide deposits in the Alice Am Silver district, and the Cyprus 
massive sulfide deposits in the Anyox district formed in this age-range of an island arc. Each of the three age-range groups of 
volcanic and associated rocks are interpreted as parts of a long-lived volcanic arc which were deposited on Yukon-Tanana 
continental margin terrane, a rifted fragment of the North American Craton Margin (Gehrels and others. 1990; Monger and 
Nokleberg, 1996; Nokleberg and others, 1994c, 1997~). With more detailed study, each of the three age-range groups of volcanic 
rocks and associate massive sulfide deposits might be designated as separate metallogenic belts. 

Middle Jurassic 
Metallogenic Belts (193 to 163 Ma) 
(Figure 47) 

Overview 

The major Middle Jurassic metallogenic belts in Alaska and the Canadian Cordillera are summarized in table 3 and 
portrayed on figure 47. No significant Middle Jurassic metallogenic belts exist in the Russian Far East. The major belts are as 
follows. (1) In Southern Alaska and the Canadian Cordillera, continuing on from the Early Jurassic, are the Talkeetna Mountains- 
Alaska Range belt, which contains kuroko massive sulfide deposits, the Alaska Peninsula (AP) belt, which contains Cu- and Fe- 
skarn deposits, and the Island Porphyry (LP) belt, which contains granitic-magmatism-related deposits. These belts are hosted in 
the Wrangellia island-arc superterrane and are interpreted as forming in the Talkeetna-Bonzana arc preserved in the superterrane. 
And (2) in the Canadian Cordillera, continuing on from the Early Jurassic were the Coast Mountains (CM), Copper Mountain 
(North; CMN), Copper Mountain (South; CMS), Galore (GL), Guichon (GU), Klotassin (KL), Texas Creek (TC), and 
Toodoggone (TO) belts which contain either granitic magmatism-related deposits or deposits related to felsic to mafic marine 
volcanism. These belts are interpreted as forming in the axial parts of the Stikinia-Quesnellia island arc. 

Metallogenic-Tectonic Model for 
Middle Jurassic (193 to163 Ma; Figure 47) 

During the Middle Jurassic (Toarcian through Callovian - 193 to 193 Ma), the major metallogenic-tectonic events were 
(fig. 47; table 3): (1) continuation of continental-margin arcs and associated subduction near the North Asian Craton in the 
Russian Far East; (2) beginning of assembly of previously rifted cratonal, passive continental-margin, and island-arc terranes 
between which craton and the ancestral Pacific Ocean to form the Kolyma-Omolon superterrane; (3) continuation of the 
Talkeetna, Bonanza, and Stikinia-Quesnellia arcs, associated metallogenic belts, and formation of companion subduction zones; 
(4) continued sinistral-slip imbrication of the Stikinia-Quesnellia island arc and associated subduction zones during oblique- 
sinistral convergence between the ancestral Pacific Ocean plate and the North American Craton Margin; and (5) with the 
beginning of accretion of the Stikinia-Quesnellia arc at about 185 Ma, the start of mountain building in the North American 
Cordillera. Sedimentation continued along the passive continental margins of North Asian and North American Cratons. 

Specific Events for Middle Jurassic 

(1) The Monakin continental-margin arc, consisting of the Monakin volcanic-plutonic belt (mo) and the Umlekan 
continental-margin arc, consisting of the Umlekan-Ogodzhin volcanic-plutonic belt (uo) and associated units, commenced activity. 
Associated with this arc was oblique (sinstral) subduction of part of the Ancestral Pacific Ocean plate to form the Samarka 
(SMA), Khabarovsk (KB), and Badzhal (BD) terranes. 
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Figure 47. Middle Jurasslc (foarcian through Callovian - 193 to 163 Ma) stage of metallogenic-tectonic model. Refer to text for 
explanation of metallogenic-tectonic events, to tables 3 and 4 for descriptions metallogenic belts and significant deposits, and to 
Rgure 18 for explanaiion of abbreviations, symbols, and patterns. Adapted from Nokleberg and others (1997b, 1998, 2000). 

' (2) The continental-margin arc Uda arc (consisting of the Uda volcanic-plutonic belt (ud) and Uda-Zeya sedimentary 
basin (uz) continued to fonn. Associated with the arc was subduction and sinistral transpression of part of the Mongol-Okhotsk 
Ocean plate to form the Turkuringra-Dzhagdinski (TD), Ulban (UL), and Galam (GL) terranes. Subduction and sinistral 
transpression occurred along the Mongol-Okhotsk suture (MO). 

(3) The extensive Kony-Murgal island arc (Kony-Murgal terrane (KM)) continued to form as an offshore extension of the 
Uda arc. Associated with the arc was subduction of part of the Ancestral Pacific Ocean plate to form the Talovskiy (TL) and 
Penzhina-Anadyr (PA) terranes. Inboard of the Kony-Murgal island arc (KM) were the Okhotsk (OK), Avekova (AK), and 
Omolon (OM) cratonal terranes whch were previously rifted from the North Asian Craton (NSC), and tbe Viliga (VL) passive 
continenlal-margin terranes which was previously rifted from the North Asian Craton Margin (NSV). Behind the arc were 
fragments of prior Devonian to Pennsylvanian island-arc terranes, includmg the Beryozovka turbidite-basin (BE), and Oloy (OL), 
and Yarakvaam (YA) island-arc terranes. 

(4) During the Bathonian, the Alazeya island arc, consisting of the Alazeya (AL) and Khetachan (KH) island-arc terranes, 
as a result of flip of the associated subduction zone, migrated towards the terranes forming the Kolyma-Omolon super teme .  The 
southern part of the Kolyma structural loop was formed during the convergence of the Alazeya arc toward the terranes forming the 
Kolyma-Ornoton superterrane. The major terranes in the superterrane are the Alazeya (AL), Aluchin (AC), Argatas (ARG), 
Beryozovka (BE), Khetachan (KH), Munilkan (MU), Oloy (OL), Omolon (OM), Omulevka (OV), Prikolyma (PL), Rassokha 
(RA), Uyandina (UY), and Yarakvaam (YM) terranes. During this collision, fragments of the older part of the Angayucham Ocean 
plate were obducted onto the Onwlevka terrane to form the Munilkan (MU) ophiolite terrane, and the Uyandina, Kybytygas, and 
lndigirka ophlollte terranes of Oxman and others (1995). 
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(5) The Angayucham Ocean (Kobuck Sea of Plafker and Berg, 1994), along with the South Anyui Ocean, continued to 
receive sparse continenlal-denved detritus. Previously rifted terranes, ~ncluding b e  Kilbuck-Idono cratonal (K1) and the combined 
Nixon Fork-Dillinger-Mystic passive continental-margin (NX, DL, MY) terranes were near the North American Craton Margin. 

(6) The dextral-slip imbrication of the Stikinia-Quesnellia arc and associated subduction-zone t e m e s  was completed 
along the Tally Ho shear zone (Hansen and others, 1990; Hart, 1995). Or alternatively, the oroclinal warping of the Stkinia- 
Quesnellia island-arc and associated subduction zone terranes was completed (not depicted in fig. 47; Mihalynuk and others, 
1994). For either interpretation, migration of the Stikinia-Quesnellia arc and associated terranes toward North America was 
accomplished by subduction and (or) obductian of Ihe Seventymile Ocean plate along the continental margin. 

(8) The subduction-related volcanic and plutonic arc rocks of lbe Quesnellia part of the arc, consisting of the Takla 
Group and the coeval igneous belts formed in response to continued subduction of part of the Cache Creek Ocean plate (CC; 
Mihalynuk and others, 1994). The Stikinia part of the arc consisted of the extensive suite of the subductioo-related volcanic and 
plutonic arc rocks of the Hazelton Group h i c h  also forined in response to subduction of part of the Cache Creek Ocean plate. 
Remnants of this oceanic plate may be preserved in the termne of ultrarnafic and related rocks which occurs discontinuously along 
the Denali strike-slip fault (DE, fig. 47) for several hundred kilometers (Nokleberg and others, 1994b). 

(9) Forming in the Stikinia-Quesneliia arc and continuing on fkom the Early Jurassic were the Coast Mountains (CM), 
Copper Mountain (North; CMN), Copper Mountain (South; CMS), Galore (GL), Guichon (GU), Klotassin (U), Texas Creek 
(TC), and Toodoggone (TO) belts which contain either granitic magmatism-related deposits or deposits related to felsic to mafic 
marine volcanism. 

(10) Also completed was obckrction of parts of the Seventymle and Slide Mountain Ocean plates onto the North 
American Craton Margin (NAM; Mihalynuk and others, 1994). Migration of the Stikinia-Quesnellia arc and associated t e m e s  
toward the North American Craton Margin was accomplished by subduction of h e  Seventymile Ocean pkte along the continental- 
margin and by obduction. 

(1 1)  Outboard and perhaps at a lower paleoktitude (either 25" or 4S0), the Talkeetna and Bonanza arcs continued activity 
in the Wrangellia supertenane (WRA). This extensive arc formed along most of the length of the Wrangellia supertemrna with 
coeval equivalents in the Cadwallsder (CD) island arc and Methow (MT) turbidite-basin t m e s .  Forming ia the m and 
continuing on from the Early Jurassic were the Talkeetna Mountains-Alaska Range metallogenic belt, which contains lcuroko 
massive sulfide deposits, the Alaska Peninsula (AP) metallogenic belt, which contains Cu- and Fe-skam deposits, and the Island 
Porphyry (IP) metallogenic belt, which contains granitic-magmatism-related deposits. Associated with the Talkeetna and Bonanza 
arcs was subduction of part of the Cache Creek Ocean plate to form the Chugach (CG), Bridge River (BR), and possibly Baker 
(BA) terranes. 

Late Jurassic Metallagenic Belts 
(163 to 144 Ma; Figures 48,49) 

Overview 

~ h e m a j o r ~ a t e ~ u r a e g i c n a e t l l l o ~ b b b k R P s r d t a n F r c t ~ ~ & & ~ ~ ~  
in table 3 and portrayed on 6gu.m 48 and 49. 'Phr:majar kb 8 $ f ~ l l ~ .  (1) h thc h & m  &&%st, &% &k@ (A) btrlt, 
which contains zoned mafic-* Ti dep&&, b W in .tosadxdWn&b plutons hlm&g !hmrka 
zone terrane. The belt is intaprcted as fomxbg a h a  a &om aWin~11tal margin. (2) Also ia bh9 !hWa& i$ tbs 
North Bureya (NB) belt of granitic-mgmhn-relaled deposits which is inteqmt6d as fbdnghhe UBPlaLsn $a&tm&d- 
margin arc. (3) In the central part aftbe Rudan Far E!ast is the Stawvoy (ST) belt which contains smatecde, grsnl&--- 
related deposits and is interpreted af f o d g  during mxdioe aftha Burtya s u p t a r m e t o  NU#& A&a Cta- [4),la tbra 
Russian Northeast is the Chefsky-Argaw Raqw (CAR) belt of hvldro mamba &do deposits, and Ya@&cmp R i v e  
belt of granitic-magmatism-relM-I$, Both bebare hosted in the lndi@M%y v s W p W c  
assemblage and are interpreted as forming m rlh+ Uyandina island are. (5) h tlrs Russian North- the Olny [UL) beb 
granitic-magmatism-related d c p o h  and is hoaber4 in the Oloy k W  an. (63 h thc thaPekalhaeym bl?, whigih 
contains basaltic Cu deposits, is hbsted io Late J d  boeaaic W & ~ h k h   eta m-~ t W d d &  bctqm&& 
into the Pekul'ney subduction-zone t a r p l o ;  (7) In he same re- the Tamvabey-Muhits [ T W  Wt, which emt$b padihm 
Cr deposits, is hosted in z o d  plukm. urd the Mahits (MA) && which CO~W hrrrdso d w  s+&du 
deposits, are both interpreted s formimg m the Mahit&iy island atc. (8) Also in the region, thc S ~ r y ~ ~  @VN) belt, 
which contains Au-Ag epithemul vein deposits, L bmtd in the S v y t b y - N ~  vd& batt wK& kin&xp&dgil the 
co-named island arc. (9) In the Ruaaira Nix&o~1t, A h &  aMt tht n a t b n  C h . t d b  (hi ibm, Butem ~P~ 
and Marshall (ESM), Kobuk CKB), Kuyul (KUY), South- A h b  (SWA), and Yubn-Kv& (MI) belt&, which rontain 
podiform 
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Figwe 48: GeneraliZed mep dmajo r  Late Jurassic metallogenic belts and terranes for Russian Far East, &rn J e m  a r ~ I  
ac+iesrd d f s h e  ateas. Rdfer to text for description of metallogenic belts. Adapted from Nokleberg and others (IW'i'b, 1mi). k d f ~ r  
to figura 2 for explahatlon- 

Cr a d  r e h d d q a i l a ,  a d  ~ S P  zoned mafic-ultramafic PGE deposits, are hosted in mafic-ultramafic plutms w W  intrudad bt~ 
tbahElfPlpa of v e r j w  islaad arcs. These arcs include the Svyatoy-Nos, Kony-Murgal, Koyukuk, and T o g a  rurcr. (10) In 
So* AlaaLa, the Eapkm-Swthern Alaska (ESA) belt, which contains granitic-magmatism-related deposits, ishwted ki #IC I 

G r a v i t m - N ~ o t h - G u d i e r  &It which overlies the Wrangellia superterrane, and is interpreted as forming a b g  bha axial of 
the Gmvma an. In Soathsrtftcm Alaska, the Klukwan-Duke (KL) belt, which contains oned mafic-ultramrfic Ti-Cr-WE dPuposrrr, 
ia hwled m s u b d u c t i o ~ r ~ & ,  zoned mafic-ultramafic plutons which are associated with basal part of Gaavina i s l d  erc an the 
WmgeUia  superlprrme. (1 1) In East-Central Alaska and central Canadian Cordillera, the Fortymile (FIG) and C W  (CS] bek,  
which arntab~ wrpwlmite-haled asbestos deposits, are hosted in ultramafic rock of the Seventymile s u ~ ~  zone and Shde 
MouPtlrin aectetiooary wedge krrane. These belts are interpreted as forming during regional metamorphism wlvch cmmred 
&ra &&Won and o v & m ~ n g  of oceanic lithosphere of oceanic terranes onto the North American Cr816n Mhgin. (12) h . k  
Canadiar, Carclillara, Ihc C M ~  (CB) belt of Au quartz vein, the Francois Lake (FL) of porphyry Mo, a d  tbc Rassle~d (u) bsk 
afAu-Ag p~&~~dd. l i~  vt ia  w o e i t s ,  are hosted in various island-arc and subduction-zone terranes. These metdIog&dc b e b  wc 
both mkqmbdas formmg h u g  regional metamorphism and anatectic granitic plutonism associated with.obducti@n &the 
. S ~ - @ e ~ ~ l l i a  u c  a d  %soocirted subduction zone complexes onto the North American Craton Margin. And (13) ki the . . 

. ' sou&an Canadian Cardillem, the continuity of the Island Porphyry (IP) belt of granitic-magmatism-related depasib is b t e d i n  
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Metallogenic-Tectonic Model for 
Late Jurassic (163 to 144 Ma; Figur, !Bj . . 

h r b g  the Latc Jarnssic (Oxfpr6r~ hhtoryb -; 1 E4 lo 1 4  e}, the 
were (fig. 50; table 3): ( 1 ) ~ a f ~ c r C ~ ~ ~ ~ h N  
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Specific Events Lslr J u m  
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(2) The M o d i n  rn (Madin vvl~ic-pblonic MI, nM) hnb the U&km arc ( U m B m - m  V-W& . 
belt, uo and associated units) coslinud acdvicy. F a  in Ihp mc mr t& No& Bmym (MI) rnehlbgmk Wt, w&& wmtisw 
subduction-related ~ c - m ~ ~  depouil$. A s w W  ~f~ of& ares w& &tbtW@fw bf. 
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Figure 50. Late Jurassic (Oxfordian through Kimmeridigian - 163 to 144 Ma) stage of metallogenic-tectonic model. Refer to text for 
explanation of metallogenic-tectonic events, to tables 3 and 4 for descriptions metallogenic belts and significant deposits, and to 
figure 18 for explanation of abbreviations, symbols, and patterns. Adapted from Nokleberg and others (1997b, 1998, 2000). 

the Ancestral Pacific Ocean plate to continue forming the Samarka (SMA), Khabarovsk (KB), and Badzhal (BD) terranes. 
Forming along the transform continental margin was the Ariadny (AR) belt of zoned mafic-ultramafic Ti deposits which is hosted 
in zoned mafic-ultramafic plutons intruding the Sarnarka subduction-zone terrane. 

(3) In the same region, the Bureya (BU) superterrane accreted against the Ulban accretionary-wedge terrane (UL) along 
the Mongol-Okhotsk suture (MO) thereby closing the Mongol-Okhotsk Ocean. Forming during accretion was the Stanovoy (ST) 
metallogenic belt which contains anatectic, granitic-magmatism-related deposits. 

(4) The Uda continental-margin arc (Uda volcanic-plutonic belt, ud, and Uda-Zeya sedimentary basin, uz) continued to 
form. Associated with the arc was subduction and sinistral transpression of part of the Mongol-Okhotsk Ocean plate to form the 
Turkuringra-Dzhagdinsk (TD), and Ulban (UL) terranes. Subduction was associated with sinistral transpression along the 
Mongol-Okhotsk suture (MO). 

(5) The extensive Kony-Murgal continental-margin and island-arc terrane (KM) continued to form as an extension of the 
Uda continental-margin arc (ud). Associated with the arc was continued subduction of part of the ancestral Pacific Ocean plate to 
form the Talovskiy (TL) and Penzhina-Anadyr (PA) terranes. The Kony-Murgal island arc overlapped the Okhotsk (OK) and 
Avekova (PJO cratonal terranes which were previously rifted from the North Asian Craton (NSC), and the Viliga (VL) passive 



continental-margin terranes which were previously rifted from the North Asian Craton Margin (NSV). As a transform extension of 
the Kony-Murgal terrane, the West Pekul'ney island-arc terrane (WP) was initiated. Associated with the arc was subduction of 
part of the ancestral Pacific Ocean plate to form the Pekul'ney terrane (PK). 

(6) The Kolyma-Omolon superterrane (KLO) continued to migrate toward the North Asian Craton Margin (NSV). 
During migration, the Uyandlna arc (consisting of Uyandina-Yasachnaya volcanic belt in the western part of the long Indigirka- 
Oloy sedimentary-volcanic-plutonic assemblage (io)) started to form along the leading edge of the superterrane. Forming in the 
Uyandina arc was the Chersky-Argatass Ranges (CAR) metallogenic belt, which contains kuroko massive sulfide deposits, and the 
Yasachnaya River (YS) metallogenic belt. which contains gran~tic-magmatism-related deposits. Tectonically linked to the 
Uyandina arc was subd~lction of the oceanic crustal rocks preserved in the Garbyn'ya (GA) and Debin (DB) ophiolite belt (and 
corresponding terranes, fig. 48) of Oxman and others (1 995) which are herein interpreted as a remnants of the Oimyakon Ocean 
plate. 

(7) On the opposite side of the Kolyma-Omolon superterrane (KLO), the Oloy island arc (01) formed in response to 
subduction of part the South Anyui Ocean plate. Forming in the arc was the Oloy (OL) metallogenic belt which contains granitic- 
magmatism-related deposits. Along one part of the North Asian Craton Margin (NSV), the Svyotoy-Nos continental-margin arc 
formed along the margin of the Taymyr Peninsula collage (TA) in response to subduction of another part of the South Anyui 
Ocean plate to form the South Anyui subduction-zone terrane (SA). Forming in the arc was the Svyatoy-Nos (SVN) metallogenic 
belt which contains Au-Ag epithermal vein deposits and is hosted in the Svyatoy-Nos volcanic belt. The Angayucham Ocean 
continued to exist along with the South Anyui Ocean. 

(8) Outboard of the Oloy arc was the minor Pekul'ney island arc. Incorporated into the tectonically-linked Pekul'ney 
subduction zone terrane was the basaltic Cu deposits of the Pekulney metallogenic belt that formed in a primitive island arc and 
neighboring sea-floor environment. 

(9) Adjacent to the North American Craton Margin (NAM), two extensive arcs formed. The Nutesyn continental-margin 
arc formed in response to subduction of part of the South Anyui Ocean plate to form the V e h a y  subduction-zone terrane (VE). 
The Koyukuk (KY), Togiak (TG), and Nyac (NY) island-arc terranes formed in response to subduction of an (inner) Angayucham 
Ocean plate to extend the Angayucham (AG) subduction-zone terrane and opening of the Aerasia and Canada Basins. Outboard of 
the island arc were the outer Angayucham and the Goodnews Oceans. Forming in the basal parts of the Koyukuk (KY), Togiak 
(TG), and Nyac (NY) island arcs were the Eastern Seward Peninsula and Marshall (ESM), Klukwan-Duke (KL), Kobuk (KB), 
Kuyul (KUY), Southwestern Alaska (SWA), and Yukon-River (YR) metallogenic belts which contain podiform Cr and related 
deposits, and zoned mafic-ultramafic PGE deposits and are hosted in mafic-ultramafic plutons. The polarity of the island arc was 
continentward, toward the North American Craton Margin (NAM). 

(10) The Kilbuck-Idono cratonal (KJ) and the Nixon Fork-Dillinger-Mystic passive continental-margin terranes (NX, DL, 
MY) accreted onto the North American Craton Margin (NAM) at about the same time as obduction of the Stikinia-Quesnellia 
island arc described below. 

(1 1) Rift grabens, depicted as rifling associated with sea-floor spreading, began to open the Amerasia and Canada Basins 
(Grantz and others, 1998). These grabens were an early stage of creation of new oceanic crust in the Early Cretaceous, as 
described below. 

(12) A subduction zone (UNK) having a component of oblique sinistral-slip is inferred to have formed along, and parallel 
to the continental margin in order to accomplish migration of the Wrangellia superterrane toward the North American Craton 
Margin. Remnants of the subduction zone may be preserved in the terrane of ultramafic and related rocks which occurs 
discontinuously along the Denali strike-slip fault (DE, fig. 50) for several hundred kilometers (Nokleberg and others, 1994b). The 
mafic and ultramafic rocks may in part be derived from the Farallon Ocean plate (FAR) which separated the Wrangellia 
superterrane from the North American Craton Margin. 

( 1  3) Regional thrust faulting occurred with obduction of the Stikinia (ST), Quesnellia (QN), Cache Creek (CC), Slide 
Mountain (SM), Yukon-Tanana (YT), Seventymile (SM), and Kootenay (KO) terranes over the Cassiar (CA) terrane and the 
North American Craton Margin (NAM). This compressional event marked the beginning of a major orogenic event, including 
regional metamorphism, deformation, crustal thickening, anatectic magmatism, and uplifl in the core of the Canadian Cordillera 
(Monger and Nokleberg. 1996). Forming during the regional metamorphism, or during younger hydrothermal alteration, were the 
serpentinite-hosted asbestos deposits of the Cassiar (CS) and Fortymile metallogenic belts (FM) that are hosted in ultramafic rock 
in the Slide Mountain (SM) and (or) Seventymile (SV) terranes. The Nelson plutonic suite (ns, fig. 50), which intrudes the 
Stikinia, Quesnellia, Kootenay, Cache Creek, and Slide Mountain terranes, and the coeval Francois Lake plutonic suite formed 
during this compressional event. The Nelson plutonic suite consists chiefly of granodiorite, quartz monzonite, and local monzonite 
plutons which yield isotopic ages mainly of 185 to 155 Ma and exhibit local crustal inheritance (Parrish and others, 1988; 
Woodsworth and others, 1992). Formed in the Nelson plutonic suite was the Rossland (RL) metallogenic belt of Au-Ag 
polymetallic vein deposits. Forming nearby in the Francois Lake plutonic suite was the Francois Lake (FL) metallogenic belt of 
porphyry Mo deposits. Forming in the nearby Kootenay terrane was the Cariboo (CB) belt of Au quartz vein deposits. By the Late 
Jurassic (about 155 Ma), detritus from this emergent orogenic welt in the eastern Canadian Cordillera was shed eastwards onto the 
North American Craton Margin (Cant, 1989). 

(14) The extensive Gravina island arc was initiated along the length of the Wrangellia superterrane. Remnants of the arc 
are preserved in the Kahiltna (kh) and Gravina-Nutzotin-Gambier (gg) overlap assemblages which occur only on the Wrangellia 



supertenane. Forming in the Gravina arc were the Eastern-Southern Alaska (ESA) metallogenic belt, which contains granitic- 
magmatismrelated deposits, and the continuing lsland Porphyry (IP) belt, which contains granitic-magrnatism-related deposits. 
Tectonically linked to the arc was subduction of part of the Farallon Ocean plate (FAR) to form the Chugach (CG), Bridge River 
(BR), Easton (EA), and Baker (BA) ierranes. 

Metallogenic Belt Formed Along 
Late Mesozoic Along Continental-Margin 
1 ransform Fault 

Madny Metallogenlc Belt of Zoned Maflc- 
Mramdic TI Deposits (Bbt AR) 
Souhem Part d RussLsn Far East 

The Ariadny metallogenic belt of zoned mafic-ultramafic Ti deposits (fig. 48; tables 3,4) occurs in €he southern part of 
the Russian Soutbeaa only in the S d a  accretionary-wedge terrane. The principal Ti deposits are a1 Katenskoc, Ariadnoe, and 
Kok~harovskoe (table 4) (Nokleberg and others 1997a, b, 1998), and consist mainly of disseminated to massive hcai la  which is 
hosted in layers in gabbro md pyroxenite. Titanium-magnetite and apatite are rare. The deposits also contains spiuse PGE 
minerals, and sparse PGE minerals occur in stream-sediment samples. The bodies are several tens of m thick and several hundred 
m long. K-A.r isotopic studies yield ages of 160 to 170 Ma. The petrochemical features and mineral composition of h e  @bbm a d  
pyroxenite intiusions hosting the zoned mafic-ultramafic Ti deposits are similar to those hosting the Kondyor PGE deposit (A.1. 
Khanchuk. written commun., 1992). 

The mntd intrusions which h t  the Ariadny metallogenic belt consist of Late Jurassic ultramafic and gabbroic 
complexes with K-Ar isotopic ages of about 160 Ma age (Shcheka and Vrzhosek, 1985). The complexes are interpreted as syn- 
volcanic intnrsiws which intruded into the turbidite deposits of the Samarka accretionary-wedge terrane immediately b e h e  
aacrdion of the terraria in the Early Cretaceous (A.I. Khanchuk, written comrnun., 1993; Nokleberg and others, 1994c, 1997~). 
imthlsion of the Samarka t e m e  may have occurred in the final stages of accretion during seaward migration afthe subduction 
zone (Khmchuk and Ivanov, 1999). The Middle and Late Jurassic clastic matrix of the terrane consists of parautochkhonous 
turbidte and distosttamal dtposits rocks which contain fragments of mainly middle and late Paleozoic qhidi t ic  rocks and 
greenstone, Middle Triassic chert, Early Jurassic schist and shale, and Triassic to Jurassic clastic rocks. Olisbstromes, particularly 
in &he northern part of the terrme, c w k t  of large fragments of Carboniferous to Early Permian limestone. A Bagment of the 
lerraoe occm near the town af Bikin, where meimechite and picrite flows occur in a Late Jurassic (?) matrix (Philippov; 1990). 
T b  Smmka accrerivnary-wedge m a n e  and correlative subduction zone units in Japan are tectonically linked to Jurassic 
pmiroid mcks m Korea, and with a major Jurassic to Cretaceous volcanic-plutonic belt in southeastern China (Nokleberg and 
abhenr, 1994~. 199'7~). T b w  subdwhn-related units are interpreted as offset from their tectonically-linked igneous arcs by left- 
lateral ~ o v e m c  h m g  the Cretaceous and Cenozoic (Nokleberg and others, 1994c, 1997~). 

Metalbaenic BeUs Formed in Lde Mesozoic 
Continental Margin and kland Arc Systems 
in Russian Far East 

k t th  Btbreya MetaWogenlc BePt of 
AwAg EpMnnnel Vein and Granbtoid-Rebted 
Au Deposits (Belt NB) 
Northwestern Part d Russian Southeast 

The N o d  Bmya metallogenic belt of Au-Ag epithermal vein and granitoid-related Au deposits (fig. 48; tables 3,4) 
(Radkevich. 1984) occws in the nortbwestern part of the Russian Southeast. The deposits are hosted in Early Cretaceous felsk and 
intermediate volcanic rocks which occur: (1) mainly in the Late Jurassic and Cretaceous Umlekan-Ogodzhin volcanic-plutonic 
belt; ad (2) in the nolrhern part of the Late Jurassic to Cenozoic Late Amur sedimentary assemblage. These units overlie the 
Maldrhingansk and Turn brranes of the Bureya superterrane, and the Gonzha, North Sukhotinsk, Mamyn, and Tukuringra- 
b g d i  temanes. The vokulic rocks extend along the boundary of the Tukuringra-Dzhagdi terrane with the North Asia Stanovoy 
c t a t d  block. The major Au-Ag epitbcrmal vein deposits are at Barnskoe, Burindinskoe, and Pokrovskoe (tabla 4) (Nokleberg 
and others 1997% b, 1998). A granitoid-related Au deposit is at Pioneer. Only a few Au-Ag epitherrnal vein deposits are known. 
Several poorly-explored deposits are known in the area, but are unexplored because of extensive Cenozoic surficial deposits and 
snanps ( W i k o v ,  1974). Numerous placer Au mines occur within the North Bureya metallogenic belt. The gold in the placer 
mines L interpnted by Gurov (1978) as being mainly derived from Au-bearing quartz veins hosted in Late Jurassic to Early 
CreWeom sedimentary and vdcanic rocks. The North Bureya metallogenic belt is assessed to be promising for Au resources and 
needs Wer study. 



Pokrovskoe Au-Ag Epithermal Vein Deposit 

The Pokrovskoe Au-Ag epithermal vein deposit (Khomich and others, 1978; Mel'nikov, 1984; V.D. Mel'nikov, written 
commun., 1993; Khomich, 1990) occurs in Late Cretaceous andeeite, dacite andesite, and related tuff. This volcanic sequence 
overlies a Jurassic coal-bearing sequence of sandstone, siltstox, and argillite. The ore bodies consist of gently-dipping quartz 
veins and zones of hydrothermal alteration. Main alteration types are propylitization (albite, micite, calcite, chlorite, and pyrite), 
berezitization (quartz, seric~te, and hydromica), and argillization (kaobte ,  montmorillonite, hydromica, carbonates, quartz, and 
pyrite). The largest ore bodies ax gently-dippingzm of altered rock, located near the lower contact of andesitic sequema with a 
granodiorite porphyry sill. Hyd~othtrmally altered rocks consist of quartz (25-85%), carbonate (2-5%). hydromica (5-12%). 
adularia (up to 5%), kaol~nite (5-7%), and sutfides (less than 1% and mostly pyrite). Gold is fme-pined (0.0005 to 0.032 mm), is 
associated with quartz, and is virtually not associated with sulfides. Silver grains (0.002 to 0.016 mm) were observed in Fe- 
hydroxide alteration. The deposit is medium size with reserves of: 15 million tomes grading 4.4 g/t Au and 15 glt Ag. The deposit 
is interpreted as forming in the Late Cretaceous. 

Pioneer Granitoid-Related Au Deposil 

The Pioneer granitoid-rehted Au deposit V.E. Mdyarnis and V.E. Boc-4 d t t e n  txunmm., 1990; V.N. Akatkin. 
written commun., 199 1) occun XEK the margin of an Early C~ ta t eous  granodiorite intrusion, bofh w i t h  the intrusion, md in 
adjacent country rock of contact-metamorphosed Jurassic m&tone  and siltstone. The ore bodies consist of quartz, quartz- 
feldspar, quartz-tourmal~w, and quartz-carbonate veins and zoacs of dttred qmlz-potassium felbpar-wicitaalbite rocks. The 
ore bodies vary from 1 to 50 m thick, and in plan branch with variable trends. The are bodies m large, have low Au content, and 
have no visible boundaries. The extent of mioemhakion is  dctemhed by geochemical samplwag. BMtr gold and Au-sulfide bodit% 
are recognized. The gold ore type cansists dqW-aduluia-carbonate veins, and the Au-aulfide type consists of quartz veh 
with pyrite, galena, stibnite, and A@t-dfosalts. The dapasit ie d l ,  with estimated r e m a ?  of 17.1 tonne A y  20.1 tonne Ag, d 
average grades of grade 2.7 g/I Au, md 5.2 g/t Ag. 

Origin of and Tectonic Controls for 
North Bureya Metallogenk Belt 

The Umlekan-Ogodzhin volcanic-plutonic belt (Volsdry, 1983; Kozlovsky, 1988) whkh hosts tbe North Bureya 
metal logenic be1 t consists chiefly of: (1) Exrly Cretaceous sandstone, conglomemte, and mudstone with aparse flora 4 
freshwater fauna; (2) Early C r e t w w  calc-alkalic andmite, dacitz, and tuff which yield K-Ar isotopic qes of 112-135 Ua; and 
(3) Late Cretaceous alkalic basalt and rhyolite. The belt is i s W  By coeval W l y  Ctetaww Zganite, g~an*rite, &orb, d 
monzodiorite. Some granltoid plutcm are probably Late J ~ i c ,  w older because derired detrihs occurs in the Early Cretaceous 
part of section of the Umlekaa-Ogodzhin igneous belt. This belt was depasited on Gonzba tenrane, and an hbnyn d T m  
terranes of Bureya superterrane after collision of these ter~8a89 with the Tulmhgm-Dzhagdinsk ternme (Nakl.&rg aad otbemp, 
1994c, 1997~). 

The Umlekan-Ogodzhin volcanic-plutonic belt belt wnstitwes part of the Udekan c o n a a t a l - m  arc w b b  is 
interpreted as forming from subduction of part of the ancestral Pacific Ocean plate which is now preserved as kctoniedly 
interwoven fragments of the Badzhal (BD), older Jurassic, part part of the Khabmovsk (KB), and Smarka (SMA) ~~. This 
tectonic pairing is based on: ( I )  occufience of the accretionary-wedge terranes outboard (oeeanwd) of tbi! Umleleaa arc (fig. 48); 
(2) formation of milange structures during the Jurassic and Early Gretaceous (NoIdeberg and o tks ,  1994s: binchuk and others, 
1 996); and (3) where not disrupted by extensive Cretacsous and early Cenozoic movement aloag, the GentPal Siho-Aline strike- 
slip fault, the melange structures and bo'lmding fa& dip toward and beneath the igneous units of the arc. Sub8uctbn is generally 
interpreted as ending in the Early Cretaceous when extensive s k W a l  faulting occurred along the subductim zone (Khanchuk and 
others, 1996). 

Chersky-Argatass Ranges Inferred 
Metallogenic Belt of Kuroko Massive 
Sulfide Deposits (Belt CAR) 
West-Central Part of Russian Northeast 

An i n f e d  metallogenic belt of kuroko d v e  sulfide &posits (Q. 48; tables 3,4) occuts in the ~ t ~ t r a l  part of 
the Russian Northeasl The me&ganic b k  is hosted in M e  Jwassic volcanic rocks in the Cbersky and kga@s Ranges in the 
Indigirka-Oloy sedimentary-volcanic assemblqt (unit io. fig .48) (NWeberg md otbers, 19&, 199%). The belt extends 
northwest for nearly 700 km and o o c m  in f m  arws which  re up to 35 to 30 km wide each @aailuv ancf orhem, 1990). The 
significant deposit is at Khotoidokh in the northwest part ofthe bell ( a l e  4) (Noklekg and o h  1997% b, 1998). 



I KhotoMokh Kuroko Massive SuMde Deposit 

The Khotoidoh Kuroko massive sulfide deposit (fig. 5 1) (G.G. Naumov, written cornmun., 1987; Danilov and others., 
1990; Dylevsky and others, 1996) consists of a steeply-dipping stratiform body of massive sulfides in a lens which ranges up to 13 
m wide and 450 m long. The lens is hosted in Late Jurassic sedimentary and volcanic rocks. The deposit is underlain by rhyolite 
and overlain by siltstone. The main ore minerals are pyrite, chalcopyrite, sphalerite, galena, tetrahedrite, and barite. Also occwring 
are bornite, native Au, native Ag and matildite. The ores vary from massive to thin-banded. The ore is regionally metamorphosed, 
and wallrock metasomatic alteration includes propylitic, and late-stage silica and sericite alternation. The host rocks are the 

Sh* and siticetous 
s h d e  

Rhyolite 

I I I I I I , , , , , , , Basalt and amsite- 
I I I I I I I,.,,,,,l basalt 

- Dogdln Suite 
(Late Jurassic) 

Andesite, andesite- 
basalt, luff,*plite 1 ~ m - h  Suite 
rto~s.basalt OWS. d (Late Jurassic) 
t&&ous sartdstoneJ 
Subvdcak and 
extrusive rhyollt. 

~ h m s t  fault (a, plan view; b, 
b Cross section) 

\ Fault, sense of d i s p l a m m t  
unknown 

/ Contact 

~ 8 0 "  Strike and dip of bedding 

Figwe 51. K h ~ ~  ku& PbZn massive sulfide deposit, Schematic geologic map and cross section Adapted fiWn Dylevsky, 
UW, Chfa&4yttass h g e 6  rnetolbgenic belt, Russian Northeast. Schematic geologic map and crass sedfMI. i?d&ppted from 
DWskjr .  ZuyW. and S l - z p I k m n  (1996). 

Kimmeridgian Dogdin F ' o r m b  which is about 450 m thick. This formation consists of marine, thin-baddbd clastic sediWkry 
rocks which are interbedded with rhydite lava and tuff and, to a smaller extent, with basalt and andesitebedt The volcanic 
rods  in the deposit arc a bimodal rhyolite-basalt assemblage similar to which of island arcs. The environment of fonmtiioai of&@ 

. dqmsit is similirr to W h  of the Miocene Kuroko massive sulfide deposits of the Green Tuff belt in Japan h m  m%#H 
are 180,000 t pb, 900,000 1 Zb, 150,000 t Cu, and about 1,000 t Ag. The average grades are 5.15% Pb, 14.!9?! h, 0.7% c~u, 0-5- 
1.0 g/t Au and P K H ~  h n  100 g/t Ag. 



Origin of and Tectonic Controls for 
Chersky-Argatass Ranges Metallogenic Belt 

The Chersky-Argatass Ranges metallogenic belt is hosted in the Indigirka-Olay sedimentary-volcanic assemblage which 
consists chiefly of shallow-marine and n o d  late Middk Jurassic to Neocomian formations wbich overly various accreted 
terranes of the-~ol~ma-0molon superterrane (Nokleberg and others, 1994c, 1997~). The Indigirka-Oloy is chased mainly of 
sandstone, s~ltstone, shale, conglomerate, and volcanic rocks of varying composition. The igneous rocks of the Indigirka-Oloy 
assemblage ~nclude coeval plutonic rocks and mainly shallow-marine, rarely nonmarine basalt, andesite, rhyolite, and tuff with 
interlayered sandstone, conglomerate, siltstone, and shale. The belt also contains small bodies of granite, granodiorite, and 
monzogranlte. The igneous rocks of Ibe Indigirka-Oloy sedimentary-volcanic assemblage are interpreted as part of the Jurassic 
Uyandina island arc which formed on margin of the Kolyrna-OrnoJon superterrane during fmd stages of migration towards, but 
before accretion the northeastern North Asian Craton (Nokleberg and others, 2000). 

Yassachnaya River Metallogenic Belt of Pb-Ln 
Skarn, Porphyry Cu, and C U - 4  Vein Deposb 
(Belt YS) Western Part of Russlan Northeast 

The Yasachnaya River metaltogenic beh of Pb-Zn skam, porphyry Cu, and Cu-Ag vein deposits (fig. 48; tables 3,4) 
occurs in the Yasachnaya River basin in the western part of the Russian Northeast. The belt extends in two branches to the 
northwest for nearly 500 kin and ranges up to 100 km wide. The deposits are hosted in or near Late Jurassic granitic and 
subvolcanic intrusive bodies which are associated with the Uyandin-Yassachny volcanic-plutonic belt, part of the Migirh-Oloy 
overlap assemblage (unit io, fig. 48) (Nokleberg and others, 1994c, 1997~). The significant Pb-Zn slcarn deposits are at Terramot 
and Kunarev (table 4) (Nokleberg and others 1997a, b, 1998). A porphyry Cu stockwork deposit at Datsytovoe is spatially 
associated with the Pb-Zn skam deposit at Kunarev. Thcse relation8 define a complex mineral deposit district where Pb-Zn skarn 
and porphyry Cu deposits are closely associated. 

Terrassnoe Pb-Zn Skarn Deposit 

The Terrassnoe Pb-Zn skam deposit (Shpikerman, 1987; V.I. Shpikemmn and others, wrilten commun, 1988) occurs 
along a fault between Late Devonian (Framian) Limestone and late Paleozoic pelitic and chert in the bottom of a Late Jurassic 
volcanic depression intruded by bypabyssal dikes which overly a h i e d  late Mesozoic granitic intrusion. The skam consists of 
hedenbergite, gamet (andradite-grossular), and ilvaite. The main me minerals are sphdtrite, galena, chalcopyrite, and magnetite. 
Silver occurs mainly with sulfide minerals and Ag-plymetalk ~~ predominate. Ag Einedbation was later than the &am 
formation. The deposit conlains a probable resource of 5.2 million tonnes with an avmge p k  of about 1% Pb, 5% Zn, and 140 
g/t Ag. The deposit extends for 700 rn. 

Kunarev Porphyry Cu and Pb-Zn-Cu-Ag Skarn Deposit 

The Kunarev deposit (fig 52) (Shpikerman, 1987; V.I. Shpikerman and N.E. Sawa, written commun., 1988) is a 
composite deposit containing both porphyry Cu, PbZn-Cu-Ag skam, and p o l y m ~ c  replacement deposits. In the middle oftha 
host volcanic sequence is a Ag-Cu-Bi s-ork related to a porphyry tmchyrhyolite dike and to a quartz diorite stock, Quartz- 
carbonate veinlets in the stockwork contain pyrite, chalcopyrite, spblerite, galma, fieihgite,  d Ag-Pb-Bi sulfosalts. Tfie host 
rhyolite and quartz diorite exhibit an intense pyrile alteration, and the quartz diorite is propylitically altered. lXa part of the 
deposit is known as the Datsytovoc porphyry Cu occuneace. 

To the west and soutb is the Kunaryov Pb-Zn-Cu-Ag skarn deposit. The skams ~ c c m  as sheet-like replacements in 
Middle and Late Jurassic calcareous conglomerate, and in fissure veins above and beneath the conglomerate. The skarns C O ~ S ~ S ~ S  

of hedenbergite and gamet, along with pymhotite, sphalerite, and chalcopyrite. The centpal part of the deposit consists of relatively 
younger quartz-carbonate veins and veinlets which contain sphalerite, galena, chalcopyrite, pyrite, cobaltite, matildite, and galena- 
bismuthite. Average grades are 0.7-1.1% Pb, 1.15-10.5% Zn, and 47-170 g/t Ag. Further to south, skauns in the cob~omerale are 
replaced by epidote- and jasper-bearing melasomatic rocks. In addition are polymetallic replwtcemenls with a thickness $wn 10 uj 
25 m which occur in several places at the southern end of the deposit. The ore minerals are pyrite, sphalerite, chalcopyrite, and 
marcasite. 



Figure 52. Kunarev Pb-ZRGu-Ag skarn deposit, Yasachnaya River metallogenic belt, Russian Northeast. Schematic g e o w  nap 
and crass section. Adapted Irom Shpikerman (1998). 

The nearby Shokoe  Ag occurrence occurs farthest from the central part of the volcanic shrtcture at the northwestem end 
a€ the ore field. The deposit occurs in the lower volcanic sequence and consists of q u a r t z - c a r b n a k - ~ ~ c k  stockwork and veins 
d i c h  are hosted in Early and Wddle Devonian limestone. The stockwork and veins form conformable and ctossiag are bdl6s  
with rt complex morphology. The ore minerals are galena, Pb sulfostibnites, sphalerite, Ag sulfosalls, freibergite, acanthite, 
betechtinite, bournonite, native silver, and stibn~te (N.E.Savva, written commun., 1989). The average grade of high-mde ore is 
1,100 El/t A$, 1.3% Pb, 0.6% 24, aad 0.4% Sb. 

The Kmarev Pb-ZnCu-Ag &am depos~t is hosted in an eroded, oval-shaped, late Mesozoic volcanic structure. At the 
base of the volcanic sequence are faulted Paleozoic clastic and carbonate rocks. The main part of the voicdc  equc;n~e GO~SS~SB of 
gently-lying, Late Jurassic volcanic and sedimentary rocks. The lower part the volcanic sequence conkins d c ~ ~  
conglomerates, up to 150 m thick, overlain by argillite which is about 350 m thick. The upper part consisis OF a mixed t d  
member, with a thickness of about 80 m. In the central part of the volcanic sequence is downdropped caldera with a diameter ctf 
about 4-5 km whichextends into h e  folded Paleozoic basement. The caldera 1s filled with the upper volcartic sequence. Intrusive 
rocks iaciude subvolcanic stocks camposed of andesite, dacite, diorite, and granite-porphyries, Explosive breccias aho occur. A 
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trachyrhyolite dike is the youngest intrusive and trends norbast W r  isotopic ages f o r t h  sub~-erodrs are 141.9fi.5 Ma 
(E.F. Dylevsky, written commun., 1988). 

Origin of and Tectonic Controls iw 
Yasachnaya River metallogenic W 

The Zn-Pb skarns and associated deposits oftbe Yasachnaya River metallogenic belt occur mainly in Paleozoic carbonate 
rocks of the Omulevka passive continental margin terrane of the Kolyma-Omolon superterrane wbere iDtruded by Late J u d c  
granite, diorite, and rhyolite of the Uyandin-Ywachny volcanicplutonic belt, part ofthe Indigdm-Qfoy ovet'hp asmmblage (fig. 
48). Petrochemical zonation of the Uyanttine-Yassachny volctraic-plutonic belt suggests that the i $ a w  rocks of tbis magmatic 
arc and associated metallogenic b d  formed o w r a  subduction zone which %pad tuwards the cam ofthe Omulevka terrane. The 
Uyandin-Yassachny volcanic-plutonic belt and associated ktdc depcwits of the Y 8 9 ~ ~ b m y a  h y e r  metallogenic belt are interpreted 
as forming in the Late Jurassic U y m b  igneous arc w h d  formed done( the margin oftha KolymaUmd~n #pertemme, 
immediately before accretion of the supertemrae to the North Asian C ~ o n  (Ndchberg others, 2000). 

Oloy Metallogenic Belt of Porphyry CuMo end 
Au-Ag Epithermal Vein bepasits (Be# OL) .I 

5 , q4 ,-y$ I 

North-Central Part of Rubstan Worthoast 

The Oloy mdalbgenic belt of porphyry Cu-Mo and Au-Ag e p i t h e d  vein deposits (fig, 48; tableg 3,4) mum mainly 
in the Oloy volcanic-plutonic island arc belt mainly in the drainages between the Oloy and RoIshoy Anyui rivers in ihe north- 
central part of the Russian Northeast. The belt extends for 400 km, the central part ranges up to 1 0  km *. The numerous 
porphyry Cu-Mo-Au deposits d Au-& epitbemal depmts in the belt are hosted in tbt Oloy v o l d c  belt which forms the 
northeastern part of the h&&ka-Oiay sedimentary and igneous a?&nbIege (table 4) (Nokleberg and athem, 1 W ,  1997~). Tbe 
significant porphyry Cu deposits are at Asket, Dalny, Innakh, and P e 8 c W  (table 4) (Noldeberg and others 1997a, b, 1998). The 
significant Au-Ag epi thmal  deposite me at V-ee and Klen. Associated Cu-Mo stockwork deposits occurs mainly in stocks 
and small bodies of the gabbro-monzonite-syenite series (Gorodinsky and others, 1978). In some wass, a zonatim of falriic- 



magmatism-related deposits occurs in the Oloy metallogenic belt. Au-Ag epithermal veins generally occur peripheral to granitic 
intrusions which host porphyry Cu-Mo deposits whereas Au quartz-carbonate-sulfide polymetallic vein deposits occur in 
intermediate sites between the Au-Ag epithermal vein and porphyry Mo deposits. 

Peschanka Porphyry Cu-Mo Deposit 

The Peschanka porphyry Cu-Mo deposit (fig. 53) (Gorodinsky and others, 1978; Volchkov and others, 1982; Kaminskiy 
and Baranov, written commun., 1982; Migachev and others, 1984; V.V. Gulevich and others, written cornrnun., 1993) occurs in 
the eastem portion of the Late Jurassic to Early Cretaceous Egdegkych multiphase pluton which is composed of monzodiorite and 
quartz monzodiorite which are intruded by planar bodies of quartz monzonite and granodiorite porphyry. The deposits consists of 
sulfide veinlets and disseminations, with pervasive Cu and Mo minerals which occur throughout the entire elongated quartz 
monzonite and granodiorite porphyry body and which extend into the wall rock. The main ore minerals are pyrite, chalcopyrite, 
bomite, tetrahedrite-tennantite, and molybdenite. Minor or rare minerals are magnetite, hematite, sphalerite, galena, chalcocite, 
native gold Au-tellurides, enargite, arsenopyrite, pyrrhotite, and marcasite. The gangue minerals are quartz, carbonate, and 
anhydrite. Four mineral associations occur: (1) molybdenite which is associated with the quartz-sericite subzone of phyllic 
alteration; (2) pyrite and chalcopyrite which are associated with quartz-sericite-chlorite alteration; (3) chalcopyrite, bornite, and 
tetrahedrite which are associated with quartz-sericite and biotite alteration; and (4) polysulfide minerals which occur with aU 
alteration types. Mineralization was preceded by wide-spread pyritization in the peripheral propylitic zone. The deposit contains 
an estimated resource of 940 million tonnes with an average grade 0.5 1% Cu, 0.019% Mo, 0.42 g/t Au, and 1.4 glt Ag. 
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Figure 53. Peschanka porphyry Cu deposit, Oloy metallogenic belt, Russian Northeast. Schematic geologic map. Adapted from 
Migachev and others (1984) using materials of V.V. Gulevich and E.F. Dylevsky. 

Vesennee Au-Ag Epithermal Vein Deposit 

The Vesennee Au-Ag epithermal vein deposit (Gorodinsky and others, 1974; Shilo and others, 1975; Shapovalov, 1976; 
Sidorov, 1978; V.V. Gulevich and others, written cornrnun., 1993) consists of carbonate-quartz veins, altered veinlets, and 
mineralized breccias which occur in structurally complex forms. The veins are controlled by northeast- and approximately east- 
west-trending fractures which cut northwest-trending zones of associated granitoid rocks. Individual ore bodies range from 150 to 
500 m long. The ore minerals are sphalerite, galena, pyrite, chalcopyrite, tetrahedrite, temantite, bournonite, and electn~m, with 
minor Ag-sulfides and sulfosalts, stannite, and matildite. The main gangue minerals are quartz, calcite, and rhodochrosite with 



subordinate adularia, dolomite, celestite, and gypsum. Au:Ag ratio varies from 1:5 to 1:30. The deposit occurs mainly in 
propylitically-altered trachyandesitt which is pad of an Late Jurassic volcaniclastic sequence which is intruded by hypabyssal 
bodies and dikes of gabbro rocks, syenite, grandbrite porphyry, and andesite-dacite, all of Late Jurassic to Late Cretaceous age. 
The deposit is of medium size and p d e  rages horn 0.1 to 48 g/l Au ond up to 300 g/t Ag. 

Origin of and Tectonic Contmk for 
Oloy metallogenic belt 

The age of mineralization age for the Oloy metallogenic belt is interpreted as Late Jurassic (Gulevich, 1974). However, 
some K-Ar isotopic data indicate an Early Cretaceous age for some of the associated intrusions, and some deposits occur in Early 
Cretaceous wall rocks (Gorodinsky and others, 1978). Some, still younger porphyry and epithermal vein deposits may be related 
to remobilization during post-accretionary magmatism in the Late Cretaceous. The porphyry &pasits in the Oloy d l o g e n i c  belt 
contain characteristic, widespread magnetite, Co, and PGE minerals which are interpreted as being h i v e d  hosting oceanic 
terranes into which igneous rocks of the Oloy volcanic-plubnic belt intruded. 

The Oloy metallogenic belt is hosted in the younger (Neocomian) part of Late Jurassic-Nmcomian OIoy-Svyatoy Nos 
volcanic belt (Nokleberg md others. 1994c, 1997~). This igneous belt occurs along the northeastern -gin of the Kolyma- 
Omolon superterrane and is pgR of the Indigirka-Oloy sedimentary-volcanic-plutonic assemblage. Tbe v d d c  belt occurs along 
the northeastern margin of the Koiyma-Omolon superterrane and consists of shallow-marine and n o d e  m a ,  intermediate, 
and siliceous volcanic rocks and tuff, asassociated sedimentary rocks, and small plutons of gnmite, grmodiorite, and monzogranite 
(Shul'gina and others, 1990; Natapov and Shul'gina, 1991). The volcanic belt also contains small bodies of mite ,  grandorite, 
and monzogranite. The Oloy volcanic belt is interpreted 8s fonning the upper part of tbe Oloy island arc during a short-lived 
period of Early Cretaceous subduction of part of the South Anyui t m e  beneath the noheastern margin of tfie Kolyma-OmoIon 
superterrane, after accretion of ttvc Kolyma-Omolon superterrane to the North Asian Craton Margin (Nokleberg and others, l-, 
1997c, 2000). 

Pekulney Metallogenic Belt of 
Basaltic Cu Deposlts (Belt PK) 
Eastern Part of Russian Northeast 

The Pekulney metallogenic belt of basaltic Cu deposits occurs in a northeast-trending belt which extends along the 
Pekulney Range in the eastern part of the Russian Northeast (fig. 48; tables 3,4) (Nokleberg and others, 1997b, 1998). The belt 
extends for about 170 km and ranges up to 20 km wide. The belt is hosted m the Late Jurassic and Early Cretaceous rocks of the 
Pekul'ney subduction-zone terrane (Nokleberg and others, 1994c, 1997~). The significant deposit is at S b t a y a .  

Skalistaya Basaltic Cu Deposit 

The Skalistaya &posit (Shhmky and hhtveenko, 1973) consists of a network of prehnik-pumpeHyite-siI~-carbo~ 
and epidote-carbonate veinleis which vary from 2 to 20 cm thick and which contain disseminafed native copper. The veinlets 
occur in basalt and consist mostly ofprehnite md low-Fc pumpellyite. The secondary mine& consist of laumantite, &cite, 
dolomite, chlorite, quartz, epidote. and adularia Native copper interpowths, ranging h m  0.5 to 8 mm in diameter, occur in 
prehnite and pumpellyite masses and in wall rocks. Cu content of h e  ore is about 1 to 2%, and the native copper contains up to 
100 g/t Ag. The ore bodies occur in amygdaioidal basalt and associated tuffin a Late Jurassic to Early Cretaceous volcaniclastic 
sequence which extends over an area of about 1.0 by 0.6 km. Similar occwenca of native copper are known along a zone which 
is up to 18 km long. The deposit is small with Cu gadhg about 1-2%. 

Origin of and Tectonic Conmls Iw 
Northwestern Pekulney Metdogenic Bell 

The Pekul'ney subdudion-zone tenane, which hosts the Pekuhey metallogenic belt, is divided mto warn and eastern 
units (Nokleberg and others, 1994c, 1997~). The westein unit consisff of (1) a basalserpentinite mairix melange which contains 
fragments of metamorphic rocks, including greenschist, g l a u c w e  schist, and picritic basalt; (2) a metamorphic v k x  which 
is composed of amphibolitc and schist which are derived from dunite, spinel peridotite, clinopyro~enite rxnd which y i a k  Pb-Pb 
isotopic ages of 1,600 to 1.800 Ma, apd eclogite inclusions which yield isotopic ages of 2,400- l$OO Ma; mcl(3) the Late Jurassic 
and Early Cretaceous Pekulneyveem Formation which is co- of basalt, tuff, hyaloclastite, radiolrrriau chert, siltstone, and 
sandstone. The basalt flows range up to 60 to 80 m thick and are interbedded witb tuq end cherty ahale, al l  with abund8nt 
hematite (Shkwsky and Matveenko, 1973). The eastern Televcem unit consists of a Lhick flysch squcnce of k l y  Cmtec;aous 
(Aptian to Albian) and Late Cretaceous (Cenomanian to Turanim) age. rite basahic Cu deposits occur in the Pekuheyvm 
Formation and are interpreted as forming in a primitive island arc and neighboring sea-floor environment with subsequent 
incorporation of the host rocks and deposits into a subduction zone, now preserved in the Pekul'ney subduction-zone terrane &at 
was tectonically linked to the Pdrurney island arc. 



Tarnvetnuy-Malnlts Motaltogenic Belt of 
PodiCorm Cr Depo~lts {Belt TAM) 
East-Central Part of the Russian Northeast 

The TmvaUley-Mainits metallogenic belt of podiform Cr deposits (fig. 48; tables 3,4) occurs in the Tamvatncy ophiolite 
and other similar units in the east-central part of the Russian Northeast. The Tamvatney ophiolite is tectonically interlayered with 
other units in the Mainitskiy island-arc terrane (Nokleberg and others, 1994c, 1997~). The deposits consist of spaise localities of 
massive chrome spinel with accessory 0s-Ru-Ir minerals in dunite, pyroxenite, and associated rocks (Dmitrenko and others, 1987, 
1990). The significant deposits at Krasnaya and Chirynai occur in dunites and layered complexes of gabbro, dunite, and periwte 
(table 4) (Nokleberg a d  others 1997a, b, 1998). 

The Krasnayapodifom Cr deposit (fig. 54) (Dmitrenko and Mochalov, 1986; Dmitrenko and others, 1987) consists of 
two borizons with numerous chramlle bodies occur within the Krassnaya Gora alpine-type ultramafic body. An upper hori- 
occurs at the contact of dunite and an overlying intergrown pyroxenite-dunite-harzburgite assemblage. Chromite o m u s  in W t e  
bands. P0d1h-m aad schlieren occurrences of nearly massive to massive chromite extend for 35-70 m with a thickness ofup' to 
several met-. Severallarge podform chromite bodies at the base of dunite layers contain massive and coneentmkd chro- for 
60-100 m along slrke and arc more than 1 m thick. Zones of disseminated chromite up 22 m thick also occur. PGE associatqd 
with chromilc occur as solid sobtion in the sulfides with Os, Ir, and Ru in hexagonal sites, and Ir, Os, R, Ru, and Rh in cub% 
sites. Some secondary, rare, plalinum, rhodium, and palladium arsenides and sulfoarsenides are also identified. I 
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Figure 54. l h m a y a  Gua W k r m  Cr deposit, Tamvatney-Mainits metallogenic belt, Russian Norheast Sohemetjc gdegFc p p .  
Adapted from Dmitrenko and others (1 987). 

I 
OrfgIn ofand Tectonk Cmtrds for 
Tamvatmy-HeInIts Ilslllagenlc Belt 

! 
The Tamvabey ophiolite which hosts the Tamvahey-Mainits metallogenic belt consists o fa  large, steeply-dipping ; 

tectonic block composed of an alder assemblage of mainly serpentinite milange with peridotite and Iherzcllite, agd a youhgttf 
assemblage af Late Jurassic to Early Cretaceous (Neocomian) basalt, andesite, and mafic vokaniclasric rocks (Dmitrenko 
others, 1990). The serjmtinik rndlange has a complex structure and consists of ultramafic rocks., gabbro, ebert, Paleozoic a i d  
Early Mesozoic Limestone, amphibolite, green and glaucophane schist, and eclogite. The younger assemblage consists of@)rer, 



shale, basalt, plagiorhyolite, siltstone, and sandstone age (Tilrnan and others, 1982; Markov and others, 1982). Lower srrucRval 
assemblage is an accretionary prism dominated by former oceanic lithosphere, whereas the upper assemblage is interpreted as tbe 
base of the Late Jurassic and Early Cretaceous Mainitskiy island uc (Palandzhyan and Dmibenko, 1990). The podiform Cr 
deposits in the metallogenic belt (Krassnaya Gora and other deposits) are hosted in the older assemblage whereas the minor 
Cyprus massive sulfide deposits are hosted in the younger assemblage. The Mainitskiy tenrane is tectonically linked to the 
Alkatvaam accretionary-wedge terrane (Nokleberg and others, 2000). 

Mainits Metallogenic Belt of Kuroko 
Massive Sulfide Deposits (Belt MA) 
Eastern Part of Russian Northeast 

The Mainits metallogenic belt of Kuroko massive sulfide deposits (fig. 48; tables 3,4) occurs in the eastern part of the 
Russian Northeast. The east-west-trending belt is 170 km long, up to 40 km wide, and is hosted in the Latc Ju~.assk rtod Early 
Cretaceous Mainitskiy island-arc terrane (Nokleberg and others, 1994c, 1997~). The significant deposit in the belt is at Ugryumoe 
(table 4) (Nokleberg and others 1997% b, 1998). 

Ugryumoe Massive Sulfide Deposit 

The Ugryumoe deposit consists of miwive suEdw which contain high concentrations of Cu, Zn, Pb, and Au which 
occur along a silicified zone up to 3 km long (Oparin and Susheatsov, 1988). The sulfide horizons consists of massive pyrite, and 
chalcopyrite, pyrite, and quartz. The suffides occur in a Mesozoic sequence of interbedded basalt, plagiorhyolite, tuff, md 
siliceous tuffaceous siltstone. The deposit is interpreted as a possible kuroko massive sulfide deposit and occurs in tbe Hewangian 
and Sinemurian Lazov sequences. The sequences contain interbedded basalt, plagiorhyolite, tuffs, and t u f f ~ c e m ~ s  sibtone, 
Intrusive rocks include granite, plagiogranite, and gabbro. Abundant geological data suggest significant potential f~ a d d i t i d  
massive sulfide deposits in this belt. 

Origin of and Tectonic Controls for 
Mainits metallogenic belt 

The Mainitskiy island-arr: terraae which hosts the Mainib metallogenic belt consists of older and a younger sequences 
(Nokleberg and others, 1994c, 1997~). The older sequence consists of: (1) a lower unit of seqmtinite and se~pentinite d l a n g e  
which contain fragments of late Paleazoic and early Mesozoic ophiolites, m d  limestone with spilite and bedded jasptr which 
contain Middle and Late Jurassic radiolarim; and (2) an upper unit of graywacke, siltstone, tuff, bedded chert whiuh contain rare 
Berriasian and Valanglnian Buchia. Local olistoliths are common add are composed of ophiolik, limatone, pkgbgranice, 
andesite, and rhyalrte whch are all metamorphosed to pumpellyite fwb. The younger sequence consists of a thsck assemblage of 
Late Juraseic and Early Cretaceous island arc volcanic and sedimentary rocks composed of tholeiitic basalt, mdesitic basalt, 
rhyolite, tuf!', breccia, cheit, siltstone, and sandstone. The younger sequence is interpreted as primitive ishd arc sequmce and 
contains the Lazov sequence which hosts the rnassive sulfide deposits of the U n i t s  metallogenic belt. The Lat% Jurassic and 
Early Cretaceous part of the Mainitskiy terrane is iakrpmted as forming in in k&md rrrc which was tectonically Wexi to the 
Alkatvaam accretionary-wedge terrane (Nokleberg and others, 2000). 

Svyatoy-Nos Metallogenic Belt of 
Au-Ag Epithermal Vein Deposlts (W SW) 
Northern Part of Russian Northeast 

The Svyatoy-Nos metallogenic belt of Au-Ag e p i t h d  vein deposits (fig. 48; tables 3,4) occurs in the narrhm patt of 
the Russian Northeast. The deposits arc closely related to intermediate and felsic dike with K-Ar isotopic aps of 149 M a  which 
are part of Late Jurassic Svyaloy Nos volcanic belt (Bakharev and others, 1998). The epitbermal Au-Ag deposits ia the 
metallogenic belt, as at Polevaya, are associated with dikes and small bodies of Early Cretaceous subvolcsmic rhyolite, mauoaite, 

3 
and quartz syenite-porphyry (Noklebmg and others 1997% b, 1%). The Svyatoy-Nos metallogenic belt is partly ov~~lain by 
Cenozoic sedimentary rocks of the Rimorskaya lowland The sole sigrdcant deposit is at Polevsya (table 4). 'T , ,  Y 

Polevaya Au-Ag Polymetallic Vein W o s i t  

The Polevaya Au-Ag plymetallic vein deposit (NeImisov, 1962; Bakharev and others, 1988) consists of two thin, 
subparallel zones of intensely silicified and sericitizzd granodiorite and quartz diorite. The zones range b r n  1 to 2 m thick and up 
to 500 m long. The zones occw along and near the contact of an Early Cretaceous pluton which forms he  core of a oomplnr, Late 
Jurassic to Late Cretaceous volcanic-plutonic structure. The major minerals are chalcedony-like crypt~rysblline queutzl, calcite, 
pyrite, galena, sphalerite, chalcopyrite, and gold The sulfide content is about 2-3%. The deposit contaias up to 10 dt Au, 10 19/t 
Ag, 0.020-1% Pb, 0.050-1% Zn, 0.0054.3% Cu, aad 0.5% Sn. 



Origin of and Tectonic Controls for 
Svyatoy-Nos Metallogenic Belt 

The Svyatoy-Nos metallogenic belt is hosted in the younger (Neocomian) part of Late Jurassic and Early Cretaceous 
Oloy-Svyatoy Nos volcanic belt (Nokleberg and others, 1994c, 1997~). This igneous belt occurs along the northeastern margin of 
the Kolyma-Omolon superterrane and is part of the lndigirka-Oloy sedimentary-volcanic-plutonic assemblage. The belt contains 
mainly andesite, rhyolite, and tuff with interlayered shallow-marine sandstone, conglomerate, and siltstone (Parfenov, 1995a, b). 
The Oloy-Svyatoy Nos volcanic belt occurs adjacent to and southwest of the South Anyui terrane (fig. 48) and consists of mainly 
shallow-marine, rarely nonmarine basalt, andesite, rhyolite, and tuff with interlayered sandstone, conglomerate, siltstone, and 
shale. The volcanic belt also contains small bodies of granite, granodiorite, and monzogranite. The belt is interpreted as possibly 
related to a short-lived period of Late Jurassic Early Cretaceous subduction of the part of the South Anyui oceanic terrane beneath 
the northeastern margin of the Kolyma-Omolon superterrane, after accretion of the Kolyma-Omolon superterrane to the North 
Asian Craton Margin (Nokleberg and others, 1994c, 1997c, 2000). 

Kuyul Metallogenic Belt of Podiform Cr, 
PGE and Associated Deposits (Belt KUY) 
East-Central Part of Russian Northeast 

The Kuyul metallogenic belt of podiform Cr and associated PGE deposits (fig. 48; tables 3,4) occurs in the southern part 
of the major nappe and thrust belt of the Koryak Highlands in the east-central part of the Russian Northeast. The belt extends for 
more than 900 krn from the Taigonoss Peninsula to the northern spurs of the Pekulney Range. The metallogenic belt is hosted in 
the Kuyul ophiolite, part of the Gankuvayam and Elistratov units of the Kuyul subterrane (unit TLK) of the Talovskiy subduction 
zone-oceanic terrane (Nokleberg and others, 1994c, 1997~). The Kuyul ophiolite contains about 20 poorly-prospected Cr deposits 
in serpentinized peridotites which occur in about 50 mainly small, discontinuously-exposed ultramafic bodies. The significant 
deposits in the belt are at Talov and Tikhorechen (table 4) (Nokleberg and others 1997a, b, 1998). These deposits consist of 
chromite and accessory chromium spinel which occur with PGE minerals in dunite and associated ultramafic rocks. PGE minerals, 
in association with gold, is hosted in serpentinite and rodingite adjacent to peridotite and dunite. Local Cu-Zn-Co-Ag sulfide 
minerals occur in carbonate breccias (Gorelova, 1990). 

Origin of and Tectonic Controls for 
Kuyul Metallogenic Belt 

The Kuyul subterrane of the Talovskiy terrane consists chiefly of tectonic sheets composed of (Nokleberg and others, 
1994c, 1997~): ( I )  serpentinite melange with blocks of: (a) ultramafic rock, gabbro, plagiogranite, dike suites of oceanic and 
subduction zone origin, and amphibolite; (b) island arc volcanic and sedimentary deposits composed mainly of andesite, dacite, 
tuff; and glaucophane schist; and (c) forearc tuff and sedimentary rocks; (2) Kuyul ophiolite composed of harzburgite, gabbro, 
troctolite, wehrlite, plagiogranite, sheeted dikes, and pillow lava of Bathonian and Tithonian age (Chekov, 1982; Markov and 
others, 1982); (3) Kingiveem complex composed of oceanic volcanic, siliceous, and carbonate rocks of Permian, Middle and Late 
Triassic, and Middle Jurassic age; and (4) the Kuyul subduction-zone melange composed of Late Jurassic and Early Cretaceous 
turbidite deposits which contain Bzrchia and Middle Jurassic radiolarian chert. 

The Kulul ophiolite assemblage which hosts the Kuyul metallogenic belt is interpreted as forming either: (1) during 
spreading of a marginal-sea basin during the early stages of island arc formation; or (2) adjacent to a transform fault along the 
margin of an ocean basin (Palandzhyan and Dmitrenko, 1990). The Talovskiy subduction-zone terrane is tectonically linked to the 
mainly Late Jurassic and Early Cretaceous Koni-Murgal island-arc terrane (Nokleberg and others, 2000). 

Metallogenic Belts Formed in Late Mesozoic 
Koyukuk and Togiak Island Arc Systems in 
Western and Southwestern Alaska 

Eastern Seward Peninsula and 
Marshall Metallogenic Belt of 
Podiform Cr Deposits (Belt ESM) 
Northwestern Alaska 

The Eastern Seward Peninsula and Marshall metallogenic belt of podifom Cr deposits occurs in the eastern Seward 
Peninsula and in the Marshall (Andreatsky River) area to the south in northwestern Alaska (fig. 49; tables 3.4) (Nokleberg and 
others, 1997b, 1998). No significant lode deposits are known from the belt, but small, isolated occurrences of nickel sulfide 
minerals are found in ultramafic rocks in the region. These occurrences are interpreted as the sources of PGE minerals which have 
been recovered in placer mines in Sheep Creek and Dime Creek, and in the Ungalik River in the Koyuk district. The metallogenic 
belt is hosted in a complexly-deformed, fault-bounded unit of ophiolite and related rocks which occur discontinuously in five 
small areas (Foley and others, 1982). In the eastern Seward Peninsula area, the units consists of fault-bounded slivers of ultramafic 



rocks and serpentinite which occur along the tectonic boundary between the Koyukuk island-arc terrane to the east and the Seward 
metamorphosed cont~nental margin terrane to the west (Nokleberg and others, 1997b, 1998, Sheet 3). In the Marshall (Andreatsky 
River) area, the unit consists of pillow basalt, chert, diorite, gabbro, serpentinite, and hanbwgite. In both areas, the ophiolite and 
related rocks are interpreted as small, isolated klippen or faulted slivers of the upper part of the Angayucham oceanic and 
subduction-zone terrane. The thrust slices of ultramafic rocks in the highest structural level of the Angayucham t e r n  are 
interpeted lower part of an opbiolite which consitutes the base of the Koyukuk island arc (L-y and Himuelberg, 1989, Patton 
and Box, 1989). This interpretation suggests that the Egstern S u w d  Peninsula and Marshall metallogenic belt afpodifom Cr 
deposits formed during subduction-related intrusion of mfic-ultrenafic plutons Into tbe basal part ofthe Late J w i c  Koyukuk 
island arc (Nokleberg and others, 1993; Goldfarb, 1997; Nokleberg vlnd 0 t . b ~ ~ .  2000). 

Kobuk Metallogenic Belt of 
Podiform Cr Deposits (Belt KB) 
Northern Alaska 

The Kobuk metallogenic belt of podifonn Cr and associated PGE deposits, a d  one serpentine-hosted asbestos deposit 
(fig. 49; tables 3,4), occurs for several hundred kilometers along tbc southern flank of the Broakskmge: in norhemi Ahska. The 
metallogenic belt IS hosted in the upper structural ofthe Angayuch oceanic and subduction-zone ( J w e s  mdcrthers, 
1987; Nokleberg and others, 1994c, 1997c) which is inkpreted as the basal part of the Koyukuk island arc (Patton and others, 
1994). The major podiform Cr deposits are at Iyikrok Mountain, A~irtn, Misheguk M ~ t a i n ,  and Sinikbmeyak Mountain (table 
4) (Nokleberg and others 1997% b, 1998). The serpentine-hosd asbestos depoat is at Asbestos Mountain, 

Misheguk Mountain Podifonn Cr Deposit 

The Misheguk Mountain Podifom Cr deposit (Roedtr and Mull, 1978; DegMhart and ofhers, 1978; Zirnmernraa and 
Soustek, 1979; Foley and otbers. 1984, 1982, 1997) consists of disseminated h e -  to medium-grained chroznife in IYrasslc or 
older, locally serpentinized dunite and peridotite tectonite. The &mite and hanburgitc layers are intensely defamed mto minor 
folds. Grab samples contain up to 27.5% Cr and 0.3 1 g/t PGE, and the deposit conhim an estimated 1 10,W to 320,QOO t o m s  
chromite. Chromite-bearing zones have surface dimensions of 3 1 by 107 m. The deposit is interpreted as part of a dismembered 
ophiolite. 

Avan Podiform Cr Deposit 

The Avan podiform Cr deposit (Roeder and Mull, 1978; Degenlrart and others, 1978; Z i m m m  md Sowtek, 1979; 
Mayfield and others, 1983; Folty and others, 1985, 1982) consists of disseminated fine- to rnedhmpahed chromite En Jumsic 
or older dunite and hanburgitc tectonitb which is locally altered to sqxntinitc. Zones of chromite in &mite are up to a f&v meters 
wide and a few hundred meters long; the host dunite a .  harzburgite l a p s  exhibit intense minor Eolds. Grab samples contain up 
to 43% Cr and 0.48 g/t PGE. The deposit contains ao estimated 290,W to 500,000 toan- chromite. 

The dunite and harzburgite tectonite host rocks at Avaa and elsewhere are hosted by which occu as fhult-bounded s l a b  
in the Misheguk igneous sequence which aiso coataios pillow basalt, gabbro, chert, and minor limestwe ( R o e  and Mull, 1978; 
Zimrnerman and Souslek, 1979; Nelson and Nelson, 1982; Foley and others, 1982). The age of he u k m &  rocks hosting the 
podiform Cr deposits is probably Jurassic (Patton and othen, 1994). This sequ~ lce  is part of tbe Angayucham subduction zone 
terrane (Patton and others, 1994). The ultramafic rocks hosting the Asbestos Mountain deposit also occur as fault-bounded slabs in 
the upper part of the Angayucham lenrane. 

Origin of and Tectonic Controls tbr 
Kobuk Metallogenic Beti 

The Kobuk metallogenie belt occurs in h ighly-defod  mafic and ultxamafic rock h t  famns the upper smchual kvd of 
the Angayucham subduction zone terrane along the southern margin of the Brooks Range (fig. 49; tables 3,4). The belt occurs 
mainly in a major east-wes&s&g, south-dipping tbrust ahwt which extends for several hundred km, md in sparse isohted 
klippen. These Angayucham tmane occurs along south-dipping faults over the highly deformed metamorph~ed, middle 
Paleozoic and older metssedimcntary, m&vo~canic, and lesser metagranitoid mks of the Coldfbot rnetaimorpW continental 
margin terrane to the no&, and in turn are overthrust by the mainly island-arc, Late Jurassic and Edy Crdacdous Ihyukuk 
island-arc terrane to the wutb (Moore and others, 1992; Patton and others, 1984). The t ins t  alioee of u l W  rocks in the 
highest structural kvel of the hgayucham terrane are inteqwbd lower part of an ophiolite which consitutes the b of the 
Koyukuk island arc (Loney and Himmelberg, 1989, Patton and Box, 1989; Patton and others, 1994). This interpretation suggests 
that the Kobuk metellogenic belt of podiform Cr and related deposits formed during subduction-related bmiw of mafc- 
ultramafic plutons into the basal part of the Late Jurassic Koyukuk island arc (Nokleberg and others, 1993; G o M ,  1997; 
Nokleberg and others, 2000). 



Southwestern Akska Metrllogenic Belt of 
Zoned Mafic-Ultramafk PGE Deposits (Belt SWA) 
Southwestern Alaska 

The Southwestern Alaska metallogenic belt of zoned mafic-ultrarnafic PGE deposits (fig. 49; hblm 3,4) arc h k d  in th 
Goodnews suMuctiun zane and Tagiak island-arc terranes (Nokleberg and others, 1994c, 195%). The significaut deposits in the 
belt are: (1) a concealed Fe-Ti (PGE) deposit at Kemuk; and (2) a zoned mafic-ultramafic PGE occurrence at Rad M m t r i n  (fig. 
55) in ultramafic rocks at Goodnews Bay which is interpreted as tbe source of the extensive placer PGE deposits m the region 
(table 4) (Southworth and Foky, 1986; Foley and others, 1997; Nokleberg and others 1997% b, 1998). The ultramafic plutono 
which host tbc deposits io both areas are a part of a belt of similar zoned mafic to ultramafic plutons which intrude both the 
Goodnews oceaslic and ibe adjacent Togiak island-arc terrane (Nokleberg and others. 1994~. 1997~). 

0 Alluvium and colluvium 
(Quaternary) &" Z.: 

m Hornblende gabbm 
and tmmblsndfte 

Figure 55. Red Mountain mafi~ultramafic PGE occurrence, Southwestern Alaska metallogenic belt, Southwestern Alaska. 
Occurrence is hosted in Goodnews Bay rnafic-ultramafic complex. Schematic geologic map. Adapted from Southworth (1986) and 
Foley and others (1997). 

I Kemuk Mournin FaTP (PGE) Deposit 
I 

The Kemuk Mountain Fe-Ti (PGE) deposit (Humble Oil and Refining Company, written cornmm, 1958; Eberlein and 
others, 1977; C.C. Hawley, written commun., 1980; Foley and others, 1997) consists of a buried tibniferous magnetite deposit  IS 
crudely zoned pyroxenite which is interpreted as part of a zoned Alaskan-type ultramafic pluton. A steeply-dipping, hi@- 
tempera-, contact metamorphic zone occurs in adjacent Permian quartzlte and limestone. An aeromagnetic survey indicatcg the 
concealed pluton is about 1,500 m thick, and underlies about 6 km2 area. Based on Humble Oil and Refining Compmy $rill data 
(written comun., 1988; Bundtzen and others, 1994), the deposit is estimated to contain 2,200 million tonnes grading 15 to 17 % 

I Fe, and 2 to 3 % TiOz. 

Ortgin ofand Tectorric Controls ibr 
SwtWestern Alaska Metalloge& BeH 

I 

The ultramafic plutons which host the Kemuk Mountain and Red Mountain deposits are a part of a belt of similar zoned 
mafic to u l t r ~ c  plutons which intrude both the Goodnews oceanic terrane and the adjacent Togiak island-arc t e r m .  Thcst 

i plutonic rocks are interpreted as the oldest known remnants of the Togiak island arc which consists chiefly of two major 
sequences (Box, 1985; Nokleberg and others, 1994c, 1997~): (1) a lower ophiolite sequence at the southwestern end of the t-e 
which consists of Late Triassic midocean-ridge pillow basalt, diabase, gabbro, and ultramafic rocks; and (2) a coherent upper 
sequence of Early Jurassic to Early Cretaceous marine volcaniclastic sandstone, conglomerate, shale, hrfficeous chert, minor 
argillaceous limestone, and marine to nonmarine andesite and basalt flows, and flow breccia, and tuff. The Togiak island arc is 

I 



interpreted as forming in the Jurassic and Early Cretaceous and is tectonically linked to the Goodnews sub&tio=e t e i m ~ ~  
(Box and Patton, 1989; Decker and others, 1994; Plafker and Berg. 1994; Nokleberg and others, 2000). i 

Yukon River Metallogenic Belt of v - Podiform Cr Deposits (Belt Y R )  . .  . 
, I 4  H Y -  . *  r* 

West-Central Alaska 'I 'l 
"r-p 

The Yukon Rlver metallogenic beil of podrfom Cr deposits (fig. 49; tables 3 . 4 > ~ & s  atohglhe sduthenidadk of the 
Yukon-Koyukuk Basin in west-central Alaska (Foley and others, 1982, 1997). As in the %them Brooks Range metallogenic belt 
of podiform Cr deposits to the north, the metallogenic belt is hosted in the upper structural level of the Angayucham oceani~ and 
subduction-zone terrane which is interpreted as the basal part of the Koyukuk island arc (Noldeberg and others, 1994c, 1997c, 
2000; Patton and others, 1994). The Yukon River metallogenic belt extends for several hundred kilometers. The principal deposits 
in the northeastern part of this belt are at Caribou Mountain, Lower Kanuti River, and Holonada, and the significant deposits in 
the southwestern pan of this belt at Mount Hunt and b y u h  Hills are in the Toziba and Innok? areas (table 4) (Nokleberg and B q  
others 1997a, b, 1998). - .  

- .  

Kaiyuh Hills Podiform Cr Deposit 

The Kaiyuh Hills podiform Cr deposif (Loney and Himmelberg, 1984; Foley aid others, 1984, 1997) consists of b a n w  
and disseminated chrormte from 1 cm to 1 m thick which occur m fresb and serpenthized Jurassic(?) dunite of the Kaiyuh Hills 
ultramafic belt. The dunite interlayered wilh harzburgite tectonite. The largest deposit covers an area of1 by 100 m, and consisfs of 
massive chromite containing an estimated 5,000 tonnes Cr203. Lesser occ 
Metallurgical grade chromite containing 46% Cr203 is present. The deposit c 
in one deposit. Surface samples from the largest deposit average 60% Cr& 

Origin of and Tectonic Controls for 
Yukon River Metallogenic Belt 

Along the southern margin of the Brooks Range, the Angayucham oceanic te 
striking, south-dipping thrust sheet which extends for several hundred km, and in sparse 
structural level of the Angayucham subduction zone twrane in West-Central alaska (fig. 
klippen are thrust along north-dipping faults over the highly deformed metamorph 
metasedimentary, metavolcanic, and lesser metagranitoid rocks of tbe Ruby me 
south. To north is the Late Jurassic and Early Cretaceous Koyukuk Island-rn 
1994). The thrust sllces of ultramafic rocks in the highest structural level of th 
an ophiolite which consitutes the base of the Koyukuk idand arc (Loney and Himrnelberg, 19 
and others, 1994). This interpretation suggests that the Yukon hve r  metdogenic belt of  pod^ 
subduction-related intrusion of mafic-ultramafie plutons into the b a d  part of 
and others, 1993; Goldfarb, 1997; Nokleberg sad others. 2000). 

Metallogenic Belts Formed in Late Mesozoic 
Gravina Island Arc in Southern Alaska and 
Canadian Cordillera 

I, 

EasternSouthern Alaska Metallogenic Belt of 
Granitic Magmatism Deposits (Belt ESA) 
EasternSouthern Alaska 

The major Eastem-Southem Alaska metallogenic belt of granitic magmatism depos~ts (fig. 49; tables 3,4) conta~n! 
porphyry Cu, Mo, and Au, polymekllic vein, and FcAu skam deposits (Nokleberg and others, 1995a). The metallogenic b~.. ,. 
hosted in the northern part of tbe Wrangellia island-arc superterdne, in and adjacent to the area underlain by the Late Jurassic t 
mid-Cretaceous Gravina-Nutzotin belt and coeval granitoid plutonic rocks (Nokleberg and others, 1994c, 1995a, 1997~). This . 

igneous belt was designated as part of a volcanic-plutonic arc by Richter and others (19751, has been called the Nutzotin- 
Chichagof belt by Hudson (1983), the Chisana arc by Plafker and others (1989), and the Gravina arc by Stanley and others (I-. 
This igneous belt extends for a few hundred kilometers within and parallel to the northern margin of the Wrangellia island arc 
superterrane. The deposits of the Eastern-Southern Alaska metallogenic belt are associated with Early to mid-Cretaceous granitoid 
rocks, mainly granite and granodiorite (Miller, 1994). Most of the nt-anitoid rocks are calc-alkaline and intermediate in 
compbsition: f h e  significant deposits are the ~abesna  (fig 56) and-~ambler Fe-Au ska 
Au-Cu deposit, the Bond Creek-Orange Hill, and London 
deposit (table 4) (Nokleberg a d  others 1997a, b, 1998). 

M . - --w - 
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Figure 56. Nabesna Fe-Au skarn mine, Eastern-Southern Alaska metallogenic belt, Southern Alaska. Schemattc cross section 
I showing suffide-magnetitwkam relations. Magnetite-rich ore replaces dolomite. Gold-rich ores form small marble fbnt 

replacements. The chief ore mineral is chalcopyrite in garnet-pyroxene skarn. Adapted from Wayland (1953). Weglart (1991), and 
Newberry and others (1997). 

Pebble Copper Porphyry Au-Cu Deposit 

The Pebble Copper porphyry Au-Cu deposit occurs in the western part of southern Alaska (Phil St. George, Mitten 
comun. ,  1991; Bouley and others, 1995; Young and others, 1997). The deposit consists of disseminated chalcopyrite, pyrite, and 
molybdenum, accompanied by minor ta trace galena, sphalerite, and arsenopyrite, in a stockwork vein system. The deposit 

I contains an inferred reserve of 430 million tonnes grading 0.35% Cu, 0.4 g/t Au, and 0.015% Mo. Recent data indicates 1.0 billion 
tonnes grading 0.6 1 % Cu equivalent, or 0.4% Cu and 0.30 g/t Au, 0.0 15% Mo (Northern Dynasty news release, September 25, 
2003). The deposit is hosted in a mid-Cretaceous granodiorite porphyry and its adja~ent hornfels aureole. TBe sulfide mine& 

! formed during a late-stage intense hydrofracruring which followed potassic, silicic, and sericitic alteration events. Toma l ine  
brsccias also exist locally. K-Ar ages for hydrothermal sericite and p e o u s  K-feldspar are 90 and 97 Ma, respectively. The 

I 
granodiorite hosting the deposit is part of a lager, composite 40 krn volcanic-plutonic complex wbich also includes pyroxenite, 
alkali gabbro, and granite, and overlying dacite volcanic rocks. The volcanic and plutonic rocks are alkalic-calcic &nd q u a  
alkalic in composition. The pandorite porphyry intrudes the Late Jurassic and Early Cretaceous Kahilrna overlap ssambkge, 

I 

and is overlain by Tertiary volcanic rocks. 

9range Hill and Bond Cmek Porphyry h$a E u-Mo Deposits 

I 

I The Orange Hill a d  Bond Creek porphyry Cu-Mo deposits (fig. 57) (Van Alstine and Black, 1946; Richter and ofiers, 
I 1975a, b; Nokleberg and others, 1995a) occur in the northern Wrangell Mountains. The deposits consist of pyrite, chalcopyrite, 

and minor rnolybdenite which occur in quartz veins which contain K-feldspar and sericite, and as disseminations in the Cretaceous 
Nabesna plutoa. The pluton, wbich has K-Ar isotopic ages of 1 12-1 14 Ma, forms a complex intrusion of p d o r i t e  wid quti.tTz 
dorite intruded by granite porphyry. The deposits exhibit abundant biotite-quartz, quartz-sericite, and chlorite-sericite-epidote 

I 



/ Fault / 

Figure 57. Bond Creek and Orange MI porphyry Cu-Mo deposits, Eastem-Wthsm Alaska mebllogenlc belt, Eas&m-&utllm 
Alaska. Schematic geologic map. Adaptad from Richber (1973) a d  NoldebQ and others (f 9%). 

alteration, and late-stage anhydrite veins (R.J. Newbeny, written commun.. 1985). Wx.ia?pread, late-stage cblorite&it%apidote 
alteration also occurs in the Nabesna pluton. The a b e d  areas associated with b e  deposit have d i m d n s  of about 1.0 by 3,0 fan 
at Orange Hill, and 2.0 by 3.0 krn at Bond Creek. 



The Orange Hill deposit contains an inferred reserve of 320 million tonnes grading 0.35% Cu and 0.02% Mo, and the 
Bond Creek deposit contains an inferred reserve of 500 million tonnes grading 0.30% Cu and 0.02% Mo (Richter and others, 
1975a, b). The Nabesna pluton intrudes Late Jurassic and Early Cretaceous flysch of the Gravina-Nutzotin belt. Associated skam 
deposits contain disseminated andradite garnet, pyroxene, pyrite, chalcopyrite, bornite, and magnetite, and massive pyrrhotite, 
pyrite, chdcopyrite, and sphderite. Also associated with the Nabesna pluton are the mined Nabesna Fe-Au and the Rambler Fe- 

I 
Au skarn deposits (Weylmd, 1943; Nokleberg and others, 1987; Newberry and others, 1997a). 

I Beultoff, Hamfeld, Carl Creek 
Patphyty Cu DepasIts 

The Baultoff, Horsfeld, and Carl Creek porphyry Cu deposits (Richter and others, 1975b) occur in three nearby areas in 
the northern Wrangell Mountains. The deposits consist of pyrite and chalcopyrite which occur both in veinlets aad as 
disseminations in altered Cretaceous granitoid plutons composed of quartz diorite, quartz diorite porphyry, or granite porphyry. 
The altered areas associated with the deposits have dimensions up to 1,000 by 2,000 m. Alteration minerals are chlorite, sericite, 
albite, pyrite; local actinolite veins and disseminations also occur. The deposits contain an estimated resource of 240 million 
tonnes grading 0.2% Cu, 4 .01% Mo, and trace Au (Richter and others, 1975b). The host granitoid rocks form part of the 
Cretaceous Klein Creek batholith which intrudes Late Jurassic and Early to mid-cretaceous flysch of the Gravina-Nutzotin belt. 

O w n  of end Tectonic Contnds for 
Eastem-Southem Alaska Metatlogenic Belt 

The Eastern-Southern Alaska metallogenic belt occurs in the central and northern part of the Wrangellia island-arc 
terrane, in and adjacent to the area underlain by the Late Jurassic and Early Cretaceous Gravina-Nutzotin belt, and by the partly 
coeval Kahiltna overlap assemblage (Nokkberg and others, 1995a) (fig. 49). In the Nutzotin Mountains between the Alaska 
Range and Wrangell Mountains, the Gravina-Nutzotin belt consists chiefly of argillite, graywacke, and conglomerate, and a lesser 
w i t  of andesite and basalt volcanic and volcaniclastic rocks in the Chisana Formation (Berg and others, 1972; Richter, 1976; 
Richter and others, 1976). Sedimentary rocks range in the from deep marine turbidites to shallow-water and nomarine deposits. 
The come  clastic rocks in the Nutzotin part of the Gravina-Nutzotin belt are interpreted as derived locally fiom the underlying 
Wrangellia supertenme and fiom unknown metamorphic source terranes. Metamorphism is lower greenschist bcies (Dusel- 
&con and others, 1993). 

I 
The gmnitaid rocks of the Gmvina arc are partly coeval with the andesitic and basaltic voicanic and volcaniclastic rocks 

of the Early Cretaceous Chisam Formatian which occurs in the upper part of the Gravina-Nutzotin belt in the Nutzoh Mountah 
in eastern-southern Alaska. The igneous rocks of the Chisana Formation are A1,0, rich, exhibit pronounced light-REE 
eruichment, arr classified as tholeiitic-transitional to calc-alkalic, and are interpreted as subduction-related by Barker (1994). The 
Chisana Formation is interpreted as forming in the axial part of the Gravina arc with volcanic-rock-derived flysch of the Kahiltna 
overlap assemblage and Gravina-Nutmtin belt as forming along the arc flanks. 

To the west, in the central and western Alaska Range and adjacent areas, the Kahiltna overlap assemblage, which is 
partly coeval with the GrwiilaNutzotin belt, consists chiefly of structurally-disrupted, deep marine, partly vokaniclastic, 
flyschoid graywacke and argillite. with minor amounts of chert, I~mestone, conglomerate, and andesite (Csejtey and otben, 1986; 

I Jones and others, 1982, 1987; Wallace and others, 1989; Nokleberg and others, 1994d). The assemblage is mostly Euly 
Cretaceous in age, but includes rocks ranging in age from Late Jurassic to locally early Late Cretaceous (Cenommhn). 
Metamorphism is lower greenschist facies, but locally ranges from zeolite to amphibolite facies (Dusel-Bacon and others, 1993). 
The occurrence of locally abundant volcanic rock detritus in the flysch of the Kahiltna overlap assemblage indicates that the 
Gravha an: occurred sporadically across most of southern Alaska. 

Together, the granitic and andesitic rocks of the Gravina-Nutzotin belt and the Kahiltna overlap assemblage define the 
Gravina island arc, which is interpreted as fonning on the northern, or leading edge of the Wrangellia island-arc superternme 

I during migration towards North America (Nokleberg and others, 1984, 1985,2000; Nokleberg and Lange, 1985a; Plaflter and 
others, 1989; Plafker and Berg, 1994; Nokleberg and others, 2000). The Gravina arc and associated granitic magmatism deposits 
are tec(onically linked to the younger part of the McHugh Complex which forms the northern part of the Chugach subduction zone 
and accretionary wedge complex (Nokleberg and others, 2000). These relations reveal the long and complex history of the 
WrangeUa island-arc superterrane (Nokleberg and others, 1984, 1985,2000; Nokleberg and Lange, 1985a). The Eastern-Southern 
Alaska raeIztllogenic belt is herein interpreted as partly coeval with: (1) the Westem-southeastern Alaska metallogenic bek 
described bdow, which is also hosted in the Late Jurassic and Early Cretaceous Gravina overlap assemblage of the Wrangellia 
superterrane in Southeastern Alaska; and (2) the lsland porphyry metallogenic belt, described above, which is hosted In the 
Gambisr overlap assemblage in southern British Columbia. 



Klukwan-Duke Metallogenic Bett of 
Mafic-Ultramafic Ti-Fe-Cr-PGE Deposits 
Southeastern Alaska (Belt KL) 

The Klukwan-Duke metallogenic belt of zoned mafic-ultramafic Ti-Fe-Cr-PGE deposits (fig. 49; tables 3.4) occurs 
along the length of Southeastern Alaska horn Klukwan, near Haines, in the north, to Duke Island in the south (Taylor, 1967; 
Brew, 1993; Hirnmelberg and Loney, 1995; Foley and others, 1997). Tbe deposits occur in a suite of zoned, Alaskan-type mafic- 
ultramafic plutons of mainly mid-Cretaceous age (100 to 110 Ma) which constitute a long, discontinuous suite of zoned plutgns 
which intrude the flysch of the Late Jurassic and Early Cretaceous Gmvina-Nutzotin-Gambier volcanic-plutonic-sedimentary belt. 
This belt, whlch forms a major overlap assemblage, occurs along the length of the Wrangellia island arc superterrane (Nokleberg 
and others, 1994c, 1997~). The significant deposits (table 4) are at Union Bay, Klukwan, and Haines, and lesser deposits are at 
Funter Bay, Duke Island, Snettisham, and Union Bay (NoWeberg and others 1997% b, 1998). 

Union Bay Zoned Mafic-Ultranafic Fe-Cr-PGE Deposit 

The Union Bay zoned mafic-ultramafic Fe-Cr-PGE deposit (fig. 58) (Ruckmick and Noble, 1959; Berg, 1984; Brew and 
others, 1991; Himmelberg and Loney, 1995; Foley and others, 1997) consists of magnetite and chromite which are dissemin8te.d in 
dunite; chromite also occur as discontinuous stringers in dunite. The deposit is hosted in a mid-Cretaceous, concentrically z$ed 
mafic-ultramafic complex which has a dunite core, named the Union Bay ultrdc pluton. The dunite occurs in a pipe and 6 
lopolith in center of the ultramafic pluton. Peridotite also occurs with dunite; pyroxenite and hornblende py-roxenite on the ' 
periphery of the pluton. The phton intrudes the Late Jurassic and Early Cretaceous flysch of Gravina-Nutzotin overlap ; 
assemblage. Magnetite and chromite form primary segregations, and PGE also occurs with chromite and magnetite in dunit4 
Hand- picked specimens of chromite average 0.093 glt Pt, 0.200 g/t Pd, 0.062 g/t Rh and 0.21 5 gft Ir. The deposit is large an 
contains an estimated 1,000 million tonnes grading 18 to 20% Fe. The deposit may also contain V. I I 
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Figure 58. Union Bay zoned mafic-ullramafic FeCr-PGE deposit, Klukwan-Duke metallogenic belt. Southeastern Alaska. ~&&atic 
geologic map. Adapted from Hirnmelberg and Loney (1995). 

Klukwan Zoned hfafic-Ultramafic Fe-Ti Deposit 

The KIukwan Zoned mafic-ultramafic Fe-Ti deposit (Wells and Thorne, 1953; Robertson, 1956; MacKevsn and o b r s ,  
1974; Berg, 1984; Still, 1984; Wells and others, )986; Brew and othm, 1991; Foley and others, 1997) consists of titaniferok 
magnetite accompanied by minor chalcopyrite, hematite, pyrite, pyrrhotite, spinel, and leucoxeae which occur either as 



disseminations or in tabular zones in a pyroxenite body surrounded by diorite. Magnetite occurs interstitial to pyroxene and is 
idiomorphic against hornblende. The host pyroxenite and diorite are Cretaceous and intrude Triassic or older rock of the 
Wrangellia superterrane. Associated with the lode deposit is the nearby Klukwan magnetite placer deposit at Takshanuk Mountain 
which contains an estimated 453 million tonnes grading 10% titaniferous magnetite. The placer deposit occurs in an alluvial fan at 
the foot of the mountain slope below the Kl~~kwan deposit. 

Origin of and Tectonic Controls for 
Klukwan-Duke Metallogenic Belt 

The zoned mafic-ultramafic Fe-Ti-PGE deposits of Klukwan-Duke metallogenic belt occur mainly in concentrically 
zoned, Alaskan-type, mafic and ultramafic plutons (fig. 49; tables 3,4) (Foley and others, 1997). These plutons are part of the 
Gravina arc and intrude mainly Late Jurassic to Early Cretaceous flysch of the Gravina-Nutzotin-Gambier volcanic-plutonic- 
sedimentary belt, and adjacent units of the Wrangellia island arc superterrane (Plafker and Berg, 1994; Nokleberg and others, 
1994c, 1997c; Himmelberg and Loney, 1995). In southeastern Alaska and the Canadian Cordilkera, the Gravina-Nutzotin-Gambier 
belt consists chiefly of intercalated volcanic rocks and sedimentary rocks (Gravina, Dezadeash, and Gambier units) which range in 
age from Late Jurassic (Oxfordian) through Early Cretaceous (Albian) (Berg and others, 1972; Monger and Berg, 1987; 
McClelland and others, 1992). Coarse clastic rocks in the Gravina part of assemblage were largely derived from the 
stratigraphically underlying Wrangellia superterrane which lies mainly to west, but may also have been derived in part from the 
Stikinia and Yukon-Tanana terranes to the east. 

The Gravina-Nutzotin-Gambier volcanic-plutonic-sedimentary belt (Berg and others, 1972; Monger and Berg, 1987; 
McClelland and others, 1992) forms a major Late Jurassic and Early Cretaceous overlap assemblage. The assemblage is generally 
interpreted as an island arc which was deposited on, and intruded into the Wrangellia island arc superterrane in Southeastern 
Alaska. British Columbia, and Eastern-Southern Alaska (Nokleberg and others, 1994c, 1997~). The zoned mafic and ultramafic 
plutons and associated zoned mafic-ultramafic Fe-Cr-PGE deposits of the Klukwan-Duke metallogenic belt are generally 
interpreted as the plutonic feeders to the island arc (Plafker and Berg, 1994; Nokleberg and others, 2000; Monger and Nokleberg, 
1996). Cessation of the island arc is generally interpreted as coincident with accretion of the Wrangellia island superterrane to the 
North American continental margin in the mid-Cretaceous. 

Metallogenic Belts Formed in Late Mesozoic 
Collision and Overthrusting in 
Eastern Alaska and Canadian Cordillera 

Fortymile Metallogenic Belt of 
Serpentinite-Hosted Asbestos Deposits 
(Belt ECA) East-Central Alaska and 
Northwestern Canadian Cordillera 

The Fortymile metallogenic belt of serpentinite-hosted asbestos deposits (fig. 49; tables 3,4) occurs in the Yukon-Tanana 
Upland in east-central Alaska and in the northwestern part of the Canadian Cordillera (Foley, 1982). The metallogenic belt is 
hosted in the Seventymile oceanic and subduction-zone terrane which occurs in a discontinuous klippen thrust over the eastern 
part of Yukon-Tanana metamorphosed continental margin terrane in the Yukon-Tanana Upland (Jones and others, 1987; Foster 
and others, 1987; Nokleberg and others, 1994c, 1997~). The significant deposits are a large serpentinite-hosted asbestos deposit at 
Slate Creek, Alaska and at Clinton Creek, northwestern Canadian Cordillera (table 4) (Nokleberg and others 1997a, b, 1998). 

Slate Creek Serpentinite-Hosted Asbestos Deposit 

The Slate Creek serpentinite-hosted asbestos deposit (Foster and Keith, 1974; Robert K. Rogers, written cornrnun., 1984) 
consists of antigorite with minor clinochrysotile, chrysotile, magnetite, brucite, and magnesite in serpentinized harzburgite. The 
chrysotile asbestos occurs in zones of fracturing near centers of thicker serpentinite, primarily as cross-fiber asbestos in randomly 
oriented veins about 0.5 to 1 cm thick. The veins contain alternating zones of chrysotile and magnetite, and commonly exhibit 
magnetite selvages. Some chrysotile is altered to antigorite. The harzburgite occurs as tabular tectonic lenses, generally from 60 to 
150 m thick and up to 800 m long. The deposit contains an estimated 58 million tonnes grading 6.4% fiber. 

Clinton Creek Serpentine-Hosted Asbestos Deposit 

In the northwestern Yukon Territory, northwestern Canadian Cordillera, the Fortymile metallogenic belt contains a 
significant asbestos deposits at Clinton Creek (EMR Canada, 1989). The asbestos occurs mainly in fractures zones in fault- 
bounded lenses of serpentinite in sheared metasedimentary rocks of the tectonically-imbricated Slide Mountain and Yukon- 
Tanana (Nisling) terranes (Abbott, 1983). The chrysotile occurs as cross-fiber asbestos veinlets. The deposit has estimated 
reserves of 6.8 million tonnes grading 4.37% fibre. Approximately 0.94 million tonnes of fibre were produced from 15.9 million 



tonnes of ore mined between 1967 and 1978. A maximum Pelmian age of chrysotile formation is suggested by K-Ar and Rb-Sr 
isotopic ages which are interpreted as the age of metamorphism (Htoon, 1981). 

Origin of and Tectonic Controls for 
Fortymile Metallogenic Belt 

In east-central Alaska, the Seventymile subduction zone terrane, which contains the serpentinite-hosted asbestos deposits 
of the Fortymile metallogenic belt, occurs as discontinuous remnants of thrust sheets of ultramafic and associated rocks which are 
structurally thrust onto the subjacent Yukon-Tanana terrane. The Seventymile terrane contains serpentinized harzburgite and 
associated ultramafic rocks, gabbro. pillow basalt, chert, argillite, andesite, and graywacke of Permian to Triassic age (Foster and 
others, 1987; Nokleberg and others, 1994c, 1997~). The Seventymile terrane is interpreted as a dismembered ophiolite which 
formed during a Permian to Triassic period of sea-floor spreading (Foster and others, 1987; Nokleberg and others, 1989a, 1994c, 
1997~). The Seventymile terrane is interpreted as  a possible root to the Stikinia(?) island arc terrane in east-central Alaska 
(Nokleberg and others, 2000). In the northern Canadian Cordillera, the Slide Mountain accretionary wedge terrane is also interpreted as 
part of the root of the Jurassic Stiki~ua-QuesneUia island arc terranes. 

The serpentinite-hosted asbestos deposits in the Fortymile metallogenic belt are the products of low-grade metamorphism 
and alteration of ultramafic rock in both the Seventymile and Slide Mountain terranes. The metamorphism and alteration are herein 
interpreted as occurring during either Jurassic thrusting of these terranes onto the North American Craton Margin, or more likely, during 
younger hydrothermal activity associated with extensive Late Cretaceous granitic magmatism. 

Cassiar Metallogenic Belt of 
Serpentinite-Hosted Asbestos Deposits 
Northern British Columbia (Belt CS) 

The Cassiar metallogenic belt of serpentinite-hosted asbestos (and local jade) deposits occurs in northern British 
Columbia in the east-central part of the Canadian Cordillera (fig. 49; tables 2, 3) (Nokleberg and others, 1997b, 1998). The 
metallogenic belt is hosted in the altered ultramafic rocks of the Slide Mountain subduction-zone terrane. The two significant 
deposits are at Cassiar and adjacent McDarne. 

Cassiar (McDame) Serpentine-Hosted Asbestos Deposit 

The Cassiar (McDame) serpentine-hosted asbestos deposit (fig. 59) (Burgoyne, 1986; Learning, 1978; Northern Miner, 
December 12, 1987) consists of a chrysotile asbestos stockwork hosted in serpentinized alpine ultramafic intrusive rocks which 
occur along the fault contact of the Slide Mountain terrane and structurally underlying shelf sedimentary rocks of the passive- 
continental margin Cassiar terrane (Nokleberg and others, 1997b, 1998). The deposit consists of two-fibre vein type chrysotile 
with magnetite which occurs in vein partings and in wall rocks, accompanied by some pyrite and jade. About 2.05 million tonnes 
of fibre were produced between 1953 and 1984 from 23.3 million tonnes of ore mined between 1953-1984. The deposit age is 
uncertain, but probably Cretaceous. The deposit is large and contains pre-production reserves of 55 million tonnes with high 
quality chrysotile. 

Origin of and Tectonic Controls for 
Cassiar Metallogenic Belt 

The chrysotile asbestos deposits of the Cassiar metallogenic belt occur in sheared and altered serpentine lenses and 
bodies which occur along the contacts between alpine ultramafic intrusions of the Slide Mountain terrane and the structurally 
underlying sedimentary rocks of the Cassiar passive continental-margin terrane (Nokleberg and others, 1997b, 1998, Sheet 3). 
Chrysotile veinlets, along with lizardite, antigorite, magnetite, pyrite and nephrite, formed as infiltrational replacements of 
serpentinite in and along shear zones (O'Hanley and Wicks, 1995). An incremental " ~ r - ~ ~ ~ r  isotopic age of 94 Ma on phlogopite 
in the orebody footwall (Nelson and Bradford, 1993) is interpreted as a minimum age of serpentinization. Phlogopite formation 
apparently post-dates metamorphism related to emplacement of the Sylvester allochthon of the Slide Mountain terrane in the 
Middle to Late Jurassic (Harms, 1986; Monger and others. 199 1). 

The Slide Mountain terrane consists mainly of a fault-bounded oceanic assemblage of Devonian to Permian and locally 
Late Triassic marine volcanic and sedimentary rocks, and local mafic and ultramafic plutonic rocks (Nokleberg and others, 
1994~). The terrane occurs for about 2,000 krn along the length of the Canadian Cordillera (Nokleberg and others, 1997b, 1998, 
Sheet 1). The Slide Mountain terrane is interpreted as a sequence of oceanic crustal rocks which formed adjacent to, and were 
subducted under a late Paleozoic and early Mesozoic island arc now preserved as two fragments in the Quesnellia and Stikinia 
terranes (Nokleberg and others, 1994~; Monger and Nokleberg, 1996; Nokleberg and others, 2000). The Slide Mountain terrane 
occurs in large blocks to small, discontinuous remnants which are thrust over and (or) tectonically imbricated onto the Yukon- 
Tanana, Kootenay, and Cassiar continental-margin terranes, and onto the North American craton margin (Nokleberg and others, 
1997b, 1998, Sheet I). The Slide Mountain terrane is interpreted as being emplaced onto the North American craton and craton 
margin, along with the Stikinia, Quesnellia, and Cache Creek terranes during a major period of Jurassic accretion (Monger and 



Nokleberg, 1996). The serpentinite-hosted asbestos deposits in the Cassiar metallogenic belt are the products of low-grade 
metamorphism and alteration of ultramafic rock in the Slide Mountain terranes. The metamorphism and alteration are herein 
interpreted as occurring during either Jurassic thrusting of these terranes onto the North American Craton Margin, or more likely, 
during younger hydrothermal activity associated with extensive Late Cretaceous granitic magmatism. 
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Figure 59. Cassiar (McDame) serpentine-hosted asbestos deposit, Cassiar metallogenic belt, northern British Columbia. Schematic 
cross section. Adapted from Burgoyne (1 986). 

Francois Lake Metallogenic Belt of 
Porphyry Mo Deposits (Belt FL) 
Central British Columbia 

The Francois Lake metallogenic belt (fig. 49; tables 3 ,4)  (Nokleberg and others, 1997b, 1998) is defined by the 
distribution of porphyry Mo deposits in felsic plutons of the Francois Lake Suite (Carter, 1982) which intrude the Stikinia, 
Quesnellia and Cache Creek terranes along the eastern part of the Skeena Arch in central British Columbia. The Middle and Late 
Jurassic plutons of the Stag Lake (171-163 Ma) and Francois Lake (157-145 Ma) Suites (White and others, 1970; Whalen and 
others, 1998), with no identified coeval volcanic rocks, may correlate with the Nelson Plutonic Suite (170-155 Ma) in the 
southeastern part of the Canadian Cordillera. Both suites of intrusive rocks are herein interpreted as emplaced during major 
accretion and collision of the Stikinia-Quesnellia island arc and associated subduction zone complexes to the west with the North 
American Craton Margin. 

Endako Porphyry Mo Deposit 

The Endako quartz monzonite pluton of the Francois Lake Suite hosts the Endako porphyry Mo deposit, the largest MO 
deposit in Canada with initial reserves of 280 million tonnes grading 0.08% Mo. The deposit is essentially a stockwork of quartz - 
molybdenite, pyrite and magnetite veins about 350 m wide, which extends for about 3.3 km along a west-northwesterly axis. The 
Endako pluton is flanked to the north and south by the younger Casey Alaskite and Francois Granite plutons, respectively. 
Potassic and phyllic assemblages envelope quartz-molybdenite and other vein assemblages, and the host rocks are pervasively 
kaolinized (Dawson and Kimura, 1972; Dawson and others, 1991; Bysouth and Wong, 1995). Similar, but smaller, Mo deposits 
occur at Nithi Mountain, Owl Lake and to the north and northwest of Endako deposit (Dawson, 1972). 



Cariboo Metallogenic Belt of 
Au Quartz Vein Deposits (Belt CB) 
Southern British Columbia 

The Cariboo metallogenic belt of Au quartz vein depmits (fig. 49; tables 3,4) occurs in eatern-cend British Columbia 
and is hosted by the Early Cambrian Downey Creak Formation of tbe Barkerville subterrme of Kootenay terrane. The belt 
consists of metamorphism-related, Au-quartz-sulfide lenses wbich are emplaced concordantly with limestone of the Baker 
Member of the Downey Creek Formation and cut by discordant quartz-sulfide-gold veins which occur mainly in the Rainbow 
Member of the Downey Creek Formation (Robert and Taylor, 1989). The significant deposits in the belt are in the Cariboo- 
Barkerville district and at Frasergold (table 4) (Nokleberg and others 1997a. b, 1998). The Cariboo-Barkerville district also 
contains major placer gold deposits (Nokleberg and others, 1997a). 

Cariboo-Barkerville Distrlct 
(Cariboo Gold Quartz, Mosquito Creek, 
Island Mountain) of Au Quartz Vein Deposits 

The Canboo-Barkmilk dis&ict conlains three principal mines (Cariioo Gold Quartz. Mosquito Creek, and k h d  
Mountain Mlnes) which consists of quartz-sulfi& veins aad pyiitic replacement lenses (Robert and Taylor, 1989; , % h o e  and 
Lane, 1991; MINFILE, 2002). The quarlz-sulfide veins occur in phyllite and quartzite of tbe Rainbow Member, ustdly within 
100 m of the contact with mafic volcanic rocks a d  Limestone of the Baker Member of the Downey Creek Formalion. Pynte-gold 
lenses, which occur discontinuously in marble bands within the Baker Member, pre-date brittle defmation, are cut by quartz- 
sulfide-Au veins, and are interpreted as synrnehmorphic (Robert and Taylor, 1989; Dawson and others. 1991). From 1933-1987, 
the three principal mines produced 38 tomes of Au from 2.7 million tonnes of ore grading 13.94 g/t Au and 1.87 gft Ag. Recent 
exploration of the Mountain and Bonanza Ledge deposits indicates a probable reserve of 3,109,800 lonnes gradmg 2.95 gh Au 
(International Wayside Gold Mines 2003 Annual Report). The associated Wells-Barkerville placer Au district also produced 64.8 
tonnes of Au between 1850 and 1990. The deposit age is interpreted as Middle Jurassic through Early Cretaceous. 

Frasergold Au-Quartz Vein Deposii 

The Frasergold Au quartz vein deposit consists of pyrrhotite, pyrite and coarse-grained gold, and minor galena, 
sphalerite, and chalcopyrite whicb occur in defarmed quartz-carbonate veins and stockwork stratabound iD at least three 
stratigraphic horizons in porphyroblastic phyllite (Eureka Resources hc.,  annual report.1990; Mining Review, 1992; MlNFILE, 
2002). Estimated resources are 12.7 million tomes grading 1.87 g/t Au. The prospect occurs 25 lun south of Quesnel Lake in 
eastern British Columbia and consists of a 8-km-long zone of deformed, stratabound qutlrtz-carbonale-pyriteAu veins which are 
hosted in Late Triassic phyllite ofthe Quesnellia island-arc terrane near the suture with the adjacent Kootenay tenme (Dawson 
and others, 199 1). 

Origin of and Tectonic Contmls for 
Cariboo Metallogenic Belt 

The Cariboo metallogenic belt occurs near the margin of the Kootenay tenme near the suture (major fhdt) with the 
Quesnellia island-arc terranc (fig. 49, tables 3,4). The deposits in the Cariboo-Badcerville district are inhpmted a9 f o h g  
during chlorite- to sillimanite-grade regional metamorphism mainly in the Middle Juressic to Early Cretaceous (Andrew and 
others, 1983). This event is related to the successive overthrusting of Kootenay terrane by Cllssiar, Slide Mountain, and Quesnellia 
terranes during a major accretionary event (Struik, 1986). Similarly, the Frasergold Au quartz vein prospect is interpreted as 
forming early in the metamorphism of the area as metamorphic segregations related to the accretion of the Quesnellia island-arc 
terrane (Bloodgood, 1987). 

The deposits in the Cariboo metallogenic belt are interpreted as forming during accretion of L e  Quesnellia and adjacent 
terranes to the North American Continental Margin because of: (1) the occurrence of the deposits near a major fault; (2) the 
metamorphic textures and structures of the deposits; and (3) an age of formation which approximates the interpreted age of 
accretion of the Quesnellia and adjacent tenanes, which constitute the Intermontane SuperterrouK (Monger and others, 1972, 
1992), to the North American Continental Margin. A Middle to Late Jurassic period of regional metamorphism and awociated 
deformation IS interpreted as the age of accretion of the Quesnellia and Stikinia island-arc tenaoes, and associated bemes, to the 
North Amencan Craton Margin, after oroclinal warping of the Stkhia-Quesnellia island-arc tmmes and tectonidly-Wed 
Cache Creek and Sl~de Mountain subduction-zone terranes {Monger and others, 1972,1992; Mihalynuk and athers; 1994; Monger 
and Nokleberg, 1996; Noklekrg and others, 2000). Before accretion, the Qoesnellia islaad arc may have formed on the! Kootmay 
terrane, a rifted and deformed fragment of the North American Craton Margin, and the coevd Stikinio island arc may have formed 
on the Yukon-Tanana terrane, another rifted and deformed fragment of the North American Craton Margin (Monger and 
Nokleberg, 1996; Nokleberg and others, 2000). 



Rossland Metalogenlc Belt of 
Au-Ag Polymetallic Vein Deposits 
Belt RL) Southern British Columbia 

The Rossland m ~ U o g m i c  belt of Au-Ag polymetallic vein deposits (fig. 49; tables 3,4) occurs in southem Eltiti& 
Columbiak host4 in or near granitoid pluions of the Middle Jurassic Nelson Plutonic Suite. This granitic suite represents the 
oldest continental-margin an: in lhe Canadian Cordillera. The plutons and vein deposits intrude the QuesneDa, Kootenay, md 
Cassiar terranes, and the No& Ameaican Craton Margin (Hoy and Dunne, 1992; H0y and Andrew, 1988). The significant 
deposits in tbe belt are at R o s s W  Camp (Le Roi, War Eagle), Sheep Creek (Kootenay Belle), and Ymir-Erie Creek (Ymkee Girl; 
table 4) moueberg and others 1997a, b, 1998). 

Rossknd Au-Ag PolymetJlis Vein C m p  

The Rosflarrd Au-Ag polymetallic vein camp (fig. 60) occurs in three areas, the North belt, Main veins, and $ouh belt. 
Most production (>go%) has been from the Le Roi, Center Star, Nickel Plate, War Eagle, and Josie m h s  which occur in h e  Main 
vein system (Dawson a d  others, 1991; Schroeter and Lane, 199 1; Hoy and Dunne, 1992; MINFILE, 2002). The Main vein 
deposits consist of pynhs~ite and chalcopyrite in a gangue of quartz and calcite with an average ore grade of 1% Cu. The 
pyrrhotite-ehakopyntc veins arc located along the margins of the intrusions, are disseminated and rt~sociatd wilh K and Si skarn 
alteration at deep levels, grade to massive veins wilh minor gangue and alteration envelopes at higher levels, and in uppermost 
levels, brittle fracture-wntr~ikd veins with Pb-Zn-Ag and quartz-carbonate gangue predominate. The veins in the Main vein 
system form an en-echelon set which occurs betwm two large north-trending lamprophyre dikes. Tbe veins dip steeply north and 
strike 070". A struchtml control is inferred by growth faults which were active during deposition of R o ~ l a n d  Group. Total 
production from Rosslaod Camp between 1894 and 1941 was 7.62 million tonnes of ore grading 15.2 g/t Au, 19 g/t Ag, resulting 
in extraction of 84 tonnes of Au a d  105 tomes of Ag. The timing of vein emplacement with respect to the phtvns in the district 
is not known precisely (Files, 1984; Hoy and others, 1998). 
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Figure 60. Rossland Au-Ag polymetdk vein and related deposits, Rossland metallogenic belt, Canadian Cordillera Schematic 
geologic mep. Adapted from Hoy and Andrew (1 988). 



Sheep Creek Au-Ag Polymetallic Vein District 

The deposits in the Sheep Creek Au-Ag polymetallic vein district (Kootenay Belle and others) consist of an assemblage 
of pyrite, sphalerite, galena, and chalcopyrite which occurs in quark veins within quartzite, argillite, and argillaceous quartzite of 
the Nevada and Nugget members of the Early Cambrian Quartzite Range Formation of the North American Craton Margin 
(Panteleyev, 199 1 ; Schroeter and Laoe, 1991). Estimated combined production and reserves are 1.8 million tonnes grading 15 g/t 
Au and 6 g/t Ag. The veins are controlled by northeast-trending faults which are particularly productive where they cross the mutes 
of two north-trending anticlines. Tbe deposits are interpreted as related to local dikes of the Middle J m s i c  Nelson Plutonic Suite. 

Ymir-Erie Creek Au-Ag Polymetallic Vein Deposit 

The Ymir-Erie Creek (Yankee Gid) Au-Ag polymetallic vein deposits whjcb consist of pyrite, galena, +alerite and 
native gold, in a gangue of quartz, calcite and aidcrik which occur along northeast-trending shear zones la folded 
metasedimentary rocks of the Late Triassic Ymir end Early Jurassic Rossland ~ O C I P S  (Schroeter rrnd Lane, 1991). The veins occur 
near contacts of metasedimentary rocks int~uded by @toid dikes of the Middle J w i c  N e h n  Plutonic Suite to which the 
deposits may be related (Hoy and Andrew, 1988; Hoy and others, 1998). 

Origin of and Tectonic Controls for 
Rossland Metallogenic Belt 

The Rossland metallogenic belt occurs ir the southem Canadian Cordillera, and, on the basis of spatial, structural, and 
age data, is interpreted as forming during intrusion of dikes and plutons of the Middle and Late Jurassic N e b  Plutonic Suite 
(Parrish and others, 1988; Woodsworlh and others, 1991). The Nelson plutonic suite consists chiefly of granodiorite, quartz 
monzonite, and local monzonite plutons whicb yield isotopic ages mainly of 155 to 170 Ma witb local crustal inheritance. On the 
basis of structural and temporal relations, the Nelson Plutonic Suite is interpreted as forming immediately after a period of 
regional thrusting associated with accretion and obduction of the Stikinia. Quesnellia, Cache Creek, and Slide Mountain terranes, 
and obduction of the latter two terrmes over the Yukon-Tanma, Kootenay, and Cassiar terranes, and over the North American 
Craton Margin (Monger and Noklcberg, 1996; Nokleberg and others, 2000). This major compressional omgenic event included 
regional metamorphism, deformation, cruslal-fhickeoing, anatectic magmatism, and uplift in the core of flhe Canadian Cordillera 
By the Late Jurassic (about 1 55 Ma), dtlritras from this emergent orogenic welt in the eastern Canadian Cordillera was shed 
eastwards onto the North American Cmion Margin (Cant, 1989). 

Early Cretaceous Metallogenic Belts 
(144 to 120 Ma; Figures 61,62) 

Overview 

The major Early Cretaceous matallogeaic belts in the Russian Far East, Alaska, and the Canradian Cordillem are 
summarized in table 3 Md portrayed on figures 61 end 62. The major belts are as follows. (I )  In the s o u t h  part of the Russian 
Far East is the Samarke m a o g e n i c  belt (SA) whicb con&s W and porphyry Cu-Mo deposits. Tbis belt is Interpreted es 
forming during anatectic granitic plubnism occurring during subduction of Kula oceanic ride along tha h.aashm &ental 
margin of the Russian Soutbeasl. (2) In the same region are Algama (AL) belt which  COIL^^^ shtifiorm2r deposits, aad the 
Kondyor (KO) belt which co:odaims zoned m a f i c - u l t t d c  Cr-PGE deposits. The latter belt is hosted in zoned maffc-ul-c 
plutons intruding Stanovoy block of the North Asian Craton, and the former belt is interpreted as related alkali igneuus rock 
associated with the zoned mafic-ultra& plutonz that intrude the Stenovoy bkk. These two bb are intetpreted as f o e  
during plutonic ~ntrusion dabad to c m h e n h ~ - m g i n  transform faults. (3) In the c m l d  part of the Russian Far East are the 
Selemdzha-Kerbi (SK) and Stanovoy (ST) b e l ~ ,  which contain Au-quartz vcin and anatectic granitic-magmatistwmlaW deposits 
and are hosted in veins and piutons which intruded vmbus terranea and the Stanovoy block of the North Asian Cmtm. Tbe belts 
are interpreted as formiilg during colUsion of the Bureya and Kbnka continental-margin arc superterranes with the North Asian 
Craton and and closure of the Mongol-Okhotsk Oaern. (4) In the Russian Northeast are the AUakh-Yun (AY), Darpir (DP), Kular 
(KU), Shamanikha (SH), Tornpan (TO), Verkboymk fVK), Yana-Kolyma (YA), and Yana-Polousnen (YP) belts which contain a 
large suite of Au quartz vcin, and granitic-magmatism-related deposits. These belts are hasted in tbe Vtrkboyansk granite belt 
which intrudes the Kolyma-Omolon supemme and the North Asian Craton Margin and are interpreted as forming tkuing 
regional metamorphism and a n ~ c  granitic phtonism associated witb accretion of KolynaaOmolon s u p t a m e  onto the North 
Asian Craton Margin. (5) In the Russian Northerrs4 continuing on from the Late Jurassic, were: (a) the Oloy (OL) beh, which 
contains granitic-magmatismerelated dqmsits a d  is hosted in the Oloy island arc; (kt) the TamvatneyMainire (TAM) beh, which 
contains podifonn Cr deposits and is hosted m zoned m a f i c - u l ~ ~ c  plutom; and (c) the Mainits (MA) belt which c w ~  
kuroko massive sulfide &posits. In the C m h  Cordillera, also continuing on from the Latu Jurassic, was the Cariboo (CB) belt 
of Au quartz vein deposits. (6) Also in the Russian Northeast was the Left Omolon (LO) belt, which contains porphyry M&u, 
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Figure 61. Generalized map of major Early Cretaceous metallogenic belts, overlap assemblages, and tectonically-linked subduotion- 
zone or accretionary-wedge assemblages for Russian Far East, northern Japan, and adjacent offshore areas. Refer to text for 
description of metallogenic belts. Adapted from Nokleberg and others (1997b, 1998). 

Mo-Cu skarn deposits and is hosted in the the Oloy arc island arc. (7) In Southeastern Alaska and t& souham C d  
Cordillera are two metallogenic belts that formed during granitic plutonism that formed the Gravins islwd arc on h e  Wmtgdb . . 
superterrane. These belts are the: (a) the Westem-Southeastem Alaska (WSE) belt, which conkins g r - d  
deposits; and (b) the Britannia belt that contains Kuroko massive sulfide deposits. In the b e l w  data* of mtallogWic bdh, 
a few of the noteable or signficant lode deposits (table 4) are described for each belt. 

Metallogenic-Tectonic Model for 
Early Cretaceous (144 to 120 Ma; 
Figure 63) 

During the Early Cretaceous (Neocomian - 144 to 120 Ma), the major metallogenic-teclai 
3): ( I )  completion of accretion of the Bureya superterrane against the North Asian Craton along h e  
formation of associated metallogenic belts; (2) continuation of the continental margin and island arcs, d 
metallogenic belts and companion subduction zone assemblages around the Circum-North Pacific; (3) athxttitn~ bf fhe @Qfr 

+ Kolyma-Omolon superterrane and formation of associated metallogenic belts in the Russian Northeast; (4) hitidon ofslr- . 
5 7, * ,  
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of the North American Continental Margin under Ihe Angayucham subduction-zone terrane; ( 5 )  
Amerasia, Canada, and Eurasia Basins in response to sea-floor spreading in the Arctic Ocean; (6 

EXPLANATlON 
Overlap assem -& . -AM)---7fSbRANES 
Cenozoc~ and- - MAbazey. , IRLNneisky:KE~ 

w-m-. 
KnKhgpdun,mKop*lrk:w- 
N E N e m u 0 ; W U ~ O K A ~  

YA Y- 

AUWBC.CRETAC€aUS AMD YTERTlARY 
m x m m w - ~ m o s w m w 3 3 k z o N f  TERRPiNEs 

o V E R U P P l - ~ ~ ~ ~ u ~ ~ ~ ~ L k r r C * y g y :  

k k K  h - &llQat&h-- 

WERLAPPING LIIDDLE JURASSIC AND EARLY CRETACEOUS 
MAGMATIC ARCS AND FORE-ARC AYD BACK-ARC BASINS 
E h f P W  &XOS SC&YMA-OWU.QN SUPERTERRARIE 

AND 

r n A C T G A E D M  
-cuniiid 

A&a-m 
Thrust faull 
Major md-d- 

rS~ke-s@ dEPrhlll LII)* 

F M T  PW&S 

A C m : 4 G - . m -  
A ) ( V A n k e ; & O & u d a i e U C ~ , G L ~  
Hl+icwa;m-wHevasky: 
~ ~ P K - w . R o ~  
8AsouhAny*:snAsaltww 
TO T v  TO Tdrrro. N Tauldre; 
VEvemg.:w\le(klualriy 

AY-Rkw:UI-; 
jCUR Kunl-Kamchalka. PW 
TLTabvshy-ULutban 

CLASTIC SEMMENTARY BASINS 
(J. Jurassrc. K. Cretaceow T. Ternary) 

Wrangellia superterme in the Southern Chd ian  CordiUem, and (7) around the Circum-North Pacific, continued sinstral 
transpression between oceanic plats and contintnts. 

'.. 
Specific Events for Early Cmhceofla '* .' 

(1) Far to the south at about 32" palmlatitude, the Mainitskiy island arc (Mainitskiy terrane, MAI) commenced 
Forming in the arc were the Tamvafney-Mainits (TAM) belt, which contains podifom Cr deposits, is hosted in wned mafic- q -  - ,: -: 
ultramafic plutons, and the Mainits (MA) belt, which contains kuroko massive sulfide deposits. Tectonlcally rmlrcd to the arc was af2,1 

the Alkatvaam accretionary-wedge terrane (AV) which formed horn subduction of part of the adjacent oceanic plate. This arc and 
companion subduction zone migrated northward toward the Kony-Murgal island arc. 

: ? 4 
w 

(2) The Umlekan arc (Umlekm-Ogodzhin volcanic-plutonic belt (uo) and associated units) continued activity. ~ssociated 
with this belt was subduction of part of the Ancestral Pacific Ocean plate to form the Arnur (AM) and Badzhal (BD) t e m e s .  

(3) In the same region, the accretion of the Bureya (BU) superterrane against the Ulban accretionary-wedge terrane (UL) 
was completed along the Mongol-Okhotsk suture (MO), thereby closing the Mongol-Okholk Ocean. Forming during accretion 
was the Stanovoy (ST) metallogenic belt which contains anatectic, granitic-magmatism-related deposits, and the Selerndzha-Kerbi 



(SK) metallogenic btlt which contains Au-quartz vein deposits. In the same region is the Kondyor (KO) medlagenic bell which 
contains mnsd mafic-ultramafic Cr-PGE deposits and is hosted in zoned mafic-ultramafic intrusions intruding Slanovoy block ~f 

Figme 62. Generalized map of major Early Cretaceous metallogenic belts and overlap assemblages for Alaska, Canadian 
Cordillera, and adjaoent afkihore areas. Refer to text for description of metallogenic belts. Adapted from Ngldeberg and dtmm 
(1 OWb, 1998). 

the N o d  Asim Ciaton. Also in the same region is the Algama (AL) metallogenic belt which contain8 stntifonn Zr dep~sirs These 
two mktdogenic bdt are interpreted as forming during plutonic intrusion related to continental-margin tra~sfom faults w h e ~ Q e  
margin of the North Asian Cmon was being deformed during collision and accretion of outboard tcrrmes. 

(4) The conlinend-margin Uda arc (Uda volcanic-plutonic belt, ud, and Uda-Zeya sedimentary bash, uz) canhued to 
form. Associated wikb the arc was subduction and sinistral transpression of the final remnant of the Mongol-Okholsk Ocean plate, 
thereby forming the Ulbas (UL) hrrane. Sinistral transpression continued along the Mongol-Okhotsk suture (MO). 

( 5 )  The extensive Kony-Murgal continental-margin and island arc and Pekulney island arc cwtinued to h. Associated 
with thbee arcs was suMnction of part of the ancestral Pacific Ocean plate to form the Talovskiy (TL), Penzhinn-Anadyr (PA), and 
Pehhey (PK) terranea 

(6) Behind the buy-Murgal arc, the Kolyma-Omolon superterrane (KLO) was accreted between at about 140 to IOOMa 
During the early stage of accretion, the Main collisional granite belt (ma; 144 to 134 Ma) formed (Layer and others, 1995; Fujita 
and others, 1997). At about the final stage of accretion, the subduction-related Northern granite belt (no) f a d  st about 127 to , 
120 Ma (Fujita d others, 1997). In contrast to the Main granite belt, the coeval Northern granite belt is inkrpreted BF f&g m 
response to subduction related to closure of an inlet of the South Anyui Ocean. As a result, the northern bend ufrhe K~lyma- 
Ornotan structural loop formed (Sengor and Natal'in, 1996a). As a continuation of the structural loop, the wttensSwnl Transverse 
gratllk belt (tr) fonned (Parfenov, 1995~). Associated with accretion of the Kolyma-Omolon superterrane (KLO) and intrusion of 
anetectic $ranites were formation of the Allakh-Yun (AY), Darpir (DP), Kular (KU), Shamanikha (SH), Tompon (TO), 
Verkhoyamk (VK), Yano-Kolyma (YA), and Yana-Polousnen (YP) metallogenic belts which contain a k p e  suite of Au quartz 
vein and granitic-mapath-related deposits. 

(7) The Oloy island arc and the opposing Nutesyn and Koyukuk island arcs continued to be active on tbc oppwiie sick 
d l h e  Swlh Anyui and Angapcham Oceans. Forming in the Oloy arc were the Oloy (OL) and L t e  f l o l o n  (LO) mU?ib@ 
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belts, which contains granitic-magmatism-related deposits. Parts of the Oloy, Nutesyn, and Koyukuk island arcs are preserved in 
the Nutesyn (NU), Koyukuk (KY), Togiak (TG), and Nyac (NY) tmanes. Associated with these arcs was subduction of parts of 
the South Anyui and Angayucham Ocean plate, thereby forming the South Anyui (SA), Velmay (VE), and (her) Angayucham 
(AG) terranes, and subduction of the outboard margin of the Arctic Alaska terrane. An extensive zone of blueschist facies 
metamorphism occurs in this region in both the Angayucham and Arctic Alaska tmanes. AAer initial accretion of the Koyukuk 
arc with the Arctic 
Alaska superterrane, beginning in the Late Jurassic at about 160 to 145 Ma (Moore and others, 1994a, b), subduction flipped to 
outboard of the new continental margin of this part of Alaska. 

(8) At about 140 to 135 Ma, sea-floor spreading and associated rifling, which started with the formatim of grabens in the 
Late Jurassic or earlier (Lawver and Scotesc, 1990; Grantz and others, 1990, 1991, 1998) formed: (1) new oceanic crust and the 
large proto-Amerasla (A) and proto-Canada (cb) basins; and (2) a collage of passive contincatel-margin terranes derived from the 
North American Craton Margin (Artis Plateau {AP). Chukchi Cap (CK), Chukchi Spur (CS), and Norlhwhd Ridge (NR) tmanes). 
Sea-floor spreadmg and opening of the Amerasla and Canada Basins is herein interpreted as causi.ng: ( I )  closure of the inner 
Angayucham Ocean; (2) subduction of the North American conlinenkt1 msrgin (Chukotka terrane, CH, and the Arctic Alaska 
superterrane, AA); (3) beginning of closure of the South Anyui Ocean; (4) infense defomiioo and melamorphism of the southern 
margin of the eastern Chukotka terrane (CH) and southern Arctic Alaska supertenane (AA) lo form the Seward (SD), Coldfoot 
(CO), and Ruby (533) termnes; (5) fornation of an extensive blueschist facies belt in both the subducled continental margin 
(Arctic Alaska supertcnane (AA), and Seward (SD), Coldfoot (CO), and Ruby (RB) t m )  and in the overthrust Angayucham 
terrane (AG); and (6) deposition of synorogenic Early to mid-Cretaceous flysch in lhe Kopkuk basin in what k a m e  western 



Alaska. For additional information the opening of the Canada Basin, whether by rifting and rotation, or by strike-slrp translation, 
or by a o~mbinalion of Ihc two processes, please refer to the analyses by Grantz and others (1990, 1998) or Lane (1  994, 1997). 

FQure 63. Early Cretamus (Nemmian - 144 to 120 Ma) stage of rnetallogenic-tectonic model. Refer to text for explanation d 
metallogefiic-lectonic events, to tables 3 and 4 for descriptions rnetallogenic belts and significant deposits, and lo figure 18 for 
explenalion of abbrevlaliona, symbob, and patterns. Adapted from Nokleberg and others (1997b, 1998, 2000). 

(9) Underthrusting in a s u h c t i o n  zone along the North American Craton Margin (NAM) resulted in consumptiol, of the 
Farallon Ocean phte (FAR). Small tectonic lenses of terranes of alpine ultramafic and related rocks, whicb occur along the 
anccstnl Dcnmki fault (f~. 63) (Nokleberg and others, 1985, 1994a), may be remnants of the subduction-zone assemblages whicb 
may have been mostly thrust under b margin of what is now North America. 

(10) The Gi-avina u c  continued to form. Associated with the Gravina arc was subduction of p a t  of the Farallon Ocean 
plate to form the Chugach (CG), Bridge River (BR), Easton (EA), and Baker (BA) terranes. The arc is preserved in the Kahiksa 
(kh) and Grad-Nutzotin-Gambier (gg) assemblages which occur only on the Wrangellia superterrane. Forming in the G m v b  
an was the Westem-Southeastern Alaska (WSE) metallogenic belt which contains granitic-magmatism-related deposits. 

(1 1) The Wrangellia superterrane (WRA) started to accrete at about 60" paleolatitude. The continentward parl of the 
Wrangelh supcrterrane impinging onto a collage of terranes previously accreted to the North American Craton Marwo (NAM). 
During m c t i o a ,  the arc was extended to the south during the formation of two major overlap assemblages, the coeval Taistsa- 
Tbrte Sisters magmatic assemblage (tt) and the Spences Bridge volcanic-plutonic belt (sb). 

Metallogenlc Belb Formed Along 
Late Meeonolu Continental-Margin 
Transhm Faults in R u s h  Southeast 

Samarka Metabgenic Bell of W Skarn, and 
Pwphyry Cu-Mo Deposits (Belt SA) 
\NeoCCmtml Part d Russian Southeast 

The Sunaska mctsllogenic belt of W and Sn skarn and porphyry Cu-Mo deposits (fig. 61; tables 3,4) occurs in 
aluminous, mainly Stype granitoid rocks of Early to mid-Cretaceous age which intrude the Samarka accrdicmary-wedge tarrand 



in the west-central part of the Russian Southeast. The belt contains major W skarn deposits at Benevskoe and Vostok-2, small 
porphyry Cu-Mo deposits at Khvoshchovoe, Kafen, and Malakhitovoe, and a porphyry Mo deposit at Skalistoe (table 4) 
(Nokleberg and others 1997a, b, 1998). The deposits are hosted in Early to mid-Cretaceous granodiorite porphyry, granite, and 
gabbro-diorite. The southern-most part of the Samarka metallogenic belt occurs in a displaced fragment of the Samarka terrane 
which is displaced along a left-lateral, north-east-trending strike-slip fault (fig. 61). The small W skarn deposit at Benevskoe 
occurs in this displaced fragment. Also possibly part of the same Samarka metallogenic belt is a younger, Paleocene porphyry Cu- 
Mo deposit at Skalistoe (fig. 61). This deposit consists of veinlet molybdenum ore and wolframite which occur in a subvolcanic 
granite porphyry. Alternatively, the Skalistoe deposit may be part of post-accretionary Luzhkinsky rnetallogenic belt described 
below. 

Vostok-2 W Skarn Deposit 

The major productive Vostok-2 deposit (fig. 64) (Stepanov, 1977; Rostovsky and others, 1987) consists of vein and sheet 
skarn which formed in several stages. An older stage consists dominantly of pyroxene, plagioclase, amphibole, and garnet. A 
subsequent stage consists of greisen alteration of skam and granitoid rocks with formation of quartz, feldspar, and muscovite, 
along with minor chlorite and biotite which contains scheelite and apatite, and minor arsenopyrite, pyrrhotite, and chalcopyrite. A 
late stage consists of scheelite and quartz with followed by crystallization of low temperature scheelite and arsenopyrite. The 
deposit occurs along the flat to steeply-dipping contacts of granitoid plutons which intrude olistostromes of large, Carboniferous- 
Permian limestone and calcareous-shale. Successive skarn and greisen alternation of limestone preceded the deposition of 
scheelite and other minerals, including gold and apatite, locally up to a few tens of percent. Plagiogranite with an approximate K- 
Ar age of 110 ma is interpreted as forming with the deposlt. The deposit is large with average grades of 0.65% WzO3 and 1.64% 
Cu. The deposit has been mined since the 1980's. 

The olistosh-omes which host the Samarka belt of Sn and W skarn deposits are derived from the caps of guyots which are 
enclosed in a matrix host of highly-deformed Jurassic sedimentary rocks in the accretionary wedge complex of the Samarka 
terrane. The skarns are hosted in limestone layers and occur along the contacts of calcareous and alumosilicate clastic rock. 

Benevskoe W Skarn Deposit 

The small Benevskoe W skarn deposit (V.D. Shlemchenko and others, written cornmun., 1983) occurs along the margin 
of an Early Cretaceous biotite, peraluminous granite which intrudes olistoliths of Permian sedimentary shales and interbedded 
with limestone. The skarn occurs in altered limestone. Various mineral assemblages are magnetite, gamel, pyroxene-garnet, 
garnet-epidote, and garnet-orthoclase. Late-stage quartz-feldspar and quartz-amphibole overgrowths which replace the skarns and 
locally contain disseminated scheelite. Late-stage quartz-sericite and zeolite alterations also occur. The major ore minerals are 
scheelite with minor magnetite, arsenopyrite, pyrite, and rare cassiterite. Gangue minerals are quartz, feldspar, amphibole, epidote, 
biotite, and tourmaline. Easily-concentrated apatite also exists. The deposit is small with average grades of 0.44 to 3.15% Wz03.  
As to the north, small porphyry Cu-Mo occurrences also occur in this part of the metallogenic belt. 

Origin of and Tectonic Controls for 
Samarka Metallogenic Belt 

The W skarn deposits of the Samarka metallogenic belt occur near mainly Early Cretaceous, S-type granitoid rocks which 
intrude the Samarka accretionary-wedge terrane. The host granitoid rocks and associated deposits are herein interpreted as 
forming in underthrusting of the Kula oceanic ridge and resultant genesis of bimodal igneous activity along the transform 
continental margin of the Russian Southeast (A.I. Khanchuk, written cornmun., 1997; Khanchuk and others, 1998). K-Ar isotopic 
studies indicate inh-usive ages of 1 I0 to 115 Ma for the granitoid rocks hosting the deposits (Rostovsky, 1987; Stepanov, 1977). 

Algama Metallogenic Belt of Stratiform Zr Deposits 
(Belt AL) Northern Part of Russian Southeast 

The Algama metallogenic belt of stratiform Zr deposits (fig. 61; tables 2. 3) occurs to the north of the Kondyor massif at 
Algama in the southeastern part of the Stanovoy block of the North Asian Craton (unit NSS; Nokleberg and others, 1997b, 1998). 
in the western part of the Khabarovsk province of the Russian Southeast. The deposits are hosted in Vendian carbonate rock. The 
belt contains many small occurrences and a significant deposit at Algaminskoe which has been drilled and explored by 
underground workings (Nekrasov and Korzhinsky, 1991). The Algaminskoe deposit consists of hydrozircon and baddeleyite 
which occurs with a colloform texture. The ore occurs in long lenses, conformable to a layer of cavernous dolomite marble which 
ranges up to about 40 m thick, and in zones which crosscut metamorphosed Vendian metasedimentary rocks. The baddeleyite 
deposits are interpreted as forming during hypogene and supergene alteration which was associated with karst formation. The U- 
Pb zircon isotopic age of baddeleyite is approximately 100 Ma (J.N. Aleinikoff, written commun., 1992). The origin of the 
stratiform Zr deposits is interpreted as related to alkalic igneous rocks, possibly including carbonatite, which were associated with 
the late stage intrusion of the zoned mafic-ultramafic rocks, possibly part of the same belt of Late Jurassic to midCretaceous 
intrusives at Kondyor. With this interpretation. the Algama belt formed during intrusion of alkali igneous rock associated with 
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Figwrr44, Vmbk-2 W skim dqxrsit, Luzhkinsky metallogenic belt, Russian Southeast.Schematic $edaglc m a p a t d 5 m   oh 
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i Kondyar knotalfoganlc Belt of 
Zoned Mflc-Ultramak Cr-POE 

I Deposits (Belt KO) Northern Part of 
Russian Southeast 

The Kondyor metallogenic belt of zoned mafic-ultramafic PGE-Cr deposits (fig 6 1 ; tables 3,4) oscm in several zoned 
intrusians (Kondyar, Chad, Ingagli, Sy-Bakn, Usmun-Dara, Arbarastakh) which in a linear direction across Khabmvsk territory 



for about 850 krn (ZalishshaL ad o h m ,  1999. The deposits me e c t e d  ad cxmnhg along a-tr- &$I- 
seated, buried fault which cub fhe ~outheaslw prl of the S t a a ~ r ~ y  bluck of h e  h t b  Asian C r W  WP&$). *- b3n 
the northern part of the Khabumvr)t province ofthe R u m k w t .  The bck tamhias a SI@C mw- @ 
PGE deposit at Kondyor md Chpd (table 4) (Nolcl-d- lWa, 4 19!4&, 1n a p h  VkW, the Zm@d - 
complexes consist of cirtulrrr-dmpa plutonic lxrslits of d h  m s ~ e i y ~ ~ ~ ,  p&d&e, gab€m* p 

ojolite, and nepheline aymle&hmkusbv d others, 1m. 41. 

Kondyor Zoned Mafic-Ultramafic C r - f m  Dep&f 

The productive Kcdyix (fi&. 65) (34mdc~L8v md m, f-) 
deposits: (1) semi-massive to maauiwm dihnufk diPb map h 2 to 
dimensional m e t a s o d e  dcposite which q e  h 24'0 to ?&I m tkk l'k 
intergrowths with cbhWDjk id olivk; ad 80 W . . ' 4- ' ; r h * P m w P , * d m  
consists of PGE r n i d s  &h h * . 1Pd ~ . ~ ~ h ~ ~  
diopside, and magnetik Tli. = S 3 d . e  d ---.Ft~&'m w:w 14LmbL 
ijolite, and urtite. In a W m  i&tikmpI&xneod-* W  up lp 5 b 8% 
sulfide and arsenide m h a d ~  At appr- 13,5 W E  m e  )Qb -wid 
Sidorov, 1998). Annualp~c&&mhu W U ~ ~ U % U ~ U L ~ . ~  U 3.8 m h  m- h'1m\-%i14F~K% 
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intarprcted as having k e n  emplaced along a deep-seated, continental-margin transform fault during the Early Cretaceous, when 
t k  margin of the Norlh Asian Craton was being deformed during collision and accretion of outboard terranes. 

Metallogenic Belts Farmed During 
Late Allesozolc Closure of Mongol-Okhotsk 
Ocean in Russian Southeast 

Selemdzha-Kerbi Metallogenic Belt of 
Au Quartz Vein Deposits and Granitoid-Related 
Au Deposits (Belt SK) 
Northwestern Part of Russian Southeast 

The Selemdzha-Kerbi metallogenic belt of Au quartz vein, granitoid-related Au deposits, and the Talaminskoe clastic- 
sediment-hosted Sb-Au deposit (fig. 61; tables 3 ,4)  occurs in the northwestern part of the Russian Southeast. The belt is hosted in 
the Tukuringra-Dzhagdi subduction-zone terrane and in the Nilan subterrane of the Galam accretionary-wedge terrane (Nokleberg 
and others, 1994c, 1997~) .  

The Au quartz vein deposits, as at Afanas'evskoe, Kharga, Ingagli, Malomyr, Sagurskoe, Tokur, and Zazubrinskoe, occur 
throughout the metallogenic belt. but are mainly in three large and remote areas, the Verkhne-Selemdzha, Sophiisky, and Kerbi 
mining districts which comprise an area of over 1,000 km2 (Eirish, 1991 ; (Nokleberg and others 1997a, b, 1998). The deposits are 
interpreted as forming during regional metamorphism. In this area, Au was probably derived from black shale which commonly 
contains disseminated Au in very small quartz veinlets and rarely in small veins (Molseenko, 1977). In the Kerbi mining district, 
an exhalative origin for primary gold is interpreted because gold is concentrated near eruptive centers composed mainly of 
Paleozoic marine basalt. Placer gold mines, common in all three m~ning districts, have been active for many decades. The Au 
quartz vein mines at Tokur, the significant deposit in the belt, and at Petrovsko-Eleninsky occur near dike swarms where gold is 
interpreted as 

presumably forming just before dike intrusion. The belt also contains the Poiskovoe granitoid-related ALL deposit and the 
Talaminskoe Sb-Au vein deposit (table 4). 

Tokur Au Quartz Vein Deposit 

The Tokur Au quartz vein deposit (Radkevich E.A., Moiseenko V.G., Molchanov P.Ya., Melnikov V.D., and Fat'yanov 
I.I., 1969; Eirish, 1972; Mel'nikov V.D. and Fat'yanov I.I., 1970; Layer, lvanov, and Bundtzen, 1994) consists of Au-bearing 
veins. The ore minerals comprise 3% of the veins and consist of pyrite, arsenopyrite, gold, sphalerite, galena, chalcopyrite, 
pyrrhotite, tetrahedrite, tennantite, and scheelite. Sphalerite and arsenopyrite increase with depth. The gangue minerals are quartz, 
adularia, sericite, chlorite, and calcite. Gold fineness ranges from 650 to 800. Vein zones normally range from 25 to 90 m thick 
and carbonaceous material occurs along vein margins. The veins commonly occur conformable to bedding of host rocks and are 
locally discordant. The veins range up to 800 m in length and vary from 0.2 to 0.7 m thick. The maximum depth of deposit is 500 
m. The host rocks are argillite, sandstone, and quartzite, part of a structurally-deformed middle Paleozoic sequence of sandstone 
and schist. The deposit is medium size; 27.1 tonnes of Au were mined between 1933 and 1940. Ar-Ar isotopic study of vein 
adularia indicate an age of 1 14 Ma or Early Cretaceous which is interpreted as the age of mineralization (P.H. Layer, Ivanov, and 
Bundtzen, 1994). Diorite dikes and stocks cut the veins. The dikes are interpreted as forming during the late stage of accretion 
with Au having been derived from the host black shale which is also the source for placer gold. 

Origin of and Tectonic Controls for 
Selemdzha-Kerbi Metallogenic Belt 

The Selemdzha-Kerbi metallogenic belt is interpreted as forming during Late Jurassic and Early Cretaceous collision of 
the Bureya and Khanka continental-margin arc superterranes with the North Asian Craton and closure of the Mongol-Okhotsk 
Ocean (Nokleberg and others, 2000). During this collision, the middle to late Paleozoic passive continental-margin clastic rocks of 
the craton to the north were thrust onto the Bureya superterrane to the south. The Paleozoic clastic rocks and the lesser oceanic 
tholeiite, chert, limestone, and black shale of the Tukuringra-Dzhagdi and Galam subduction zone -accretionary-wedge terranes 
occur in large nappes. During collision and regional thrusting, these rock units underwent greenschist facies regional 
metamorphism with late-stage formation of Au quartz vein deposits formed. Local higher-grade metamorphism occurred in 
metamorphic domes. 



Stanovoy Metallogenic Belt of 
Granitoid-Related Au Deposits (Belt ST) 
Northern Part of the Russian Southeast 

The Stanovoy belt of granitoid-related Au deposits (fig. 61; tables 3,4) occurs in northern part of the Russian Southeast 
in the Stanovoy block of the North Asian Craton (unit NSS) in the northwestern part of the Russian Southeast. The granitoid- 
hosted Au deposits generally consist of quartz and quartz-carbonate veins which are spatially associated with Jurassic to Early 
Cretaceous granite and granodiorite which are generally interpreted as forming in a collisional setting (Parfenov, 1995a, b; 
Nokleberg and others, 2001). The single, large granitoid-related Au deposit in the belt is at Kirovskoe, a small Au quartz vein 
deposit is at Zolotaya Gora, and Au-Ag epithermal vein deposits are at Bamskoe and Burindinskoe (table 4) (Nokleberg and others 
1997a, b, 1998). Also occurring in the area are numerous placer Au mines, as at Dzhalinda, Yannan, and Ingagli Rivers, which 
constitute some of the largest placer Au mines in the west-central part of the Russian Far East. 

Kirovskoe Granitoid-Related Au Deposit 

The Kirovskoe granitoid-related Au deposit (Gurov, 1969; G.P. Kovtonyuk, written commun., 1990) consists northwest- 
striking Au-quartz-sulfide veins hosted in an Early Cretaceous granodiorite stock. The veins occur mainly along the contacts of 
diabase porphyry dikes which cut the granodiorite. The contacts of veins are generally sharp, although host rocks are 
hydrothermally altered. The veins are 0.5 to 1.0 m thick, and the surrounding altered rock range from 5.0 to 9.0 m thick. The 
altered rocks consist mainly of quartz (40 to 95%), and albite, sericite, and hydromica. The main sulfide minerals are pyrrhotite, 
arsenopyrite, and chalcopyrite along with common galena, sphalerite, bismuthite, and tennantite-tetrahedrite. Fineness of gold 
ranges from 844 to 977. The deposit is small. was mined until 1961, and about 10 tonnes Au were produced. 

Zolotaya Gora Au Quartz Vein Deposit 

The Zolotaya Gora Au quartz vein deposit (Mel'nikov, 1984) consists of quartz veins and zones of hydrothemally altered 
metamorphic rocks which occur conformably to host rock layering. Alteration is predominantly sericite-quartz and chlorite- 
amphibole-quartz. The main mineral assemblage is sulfides-biotite-quartz, sulfide-sericite-quartz and biotite-quartz-amphibole- 
chlorite. Less common are amphibole-quartz-feldspar mineral assemblages. Four successive stages of mineralization are 
identified: (1) magnetite-chalcopyrite-pyrrhotite-quartz; (2) Au-carbonate-sulfide; (3) zeolite; and (4) supergene. Gold occurs both 
in early and late quartz, and in hydrothemally-altered rocks. Gold generally forms films and fine plates in fractures, and is 
concentrated in selvages of quartz and quartz-pyrite veins. Gold fineness is high (985). The deposit is small, has an average grade 
of grade 52 g/t Au, and was intermittently mined from 1917 to 1948, and about 2.5 tonnes Au were produced. The deposit is 
hosted in gneissic granite, granulite, calcareous shale, and quartzite of the Stanovoi block of the North Asian Craton. 

Burindinskoe Au-Ag Epithermal Vein Deposit 

The Burindinskoe Au-Ag epithermal vein deposit (V.A. Taranenko, written cornmun., 1991; G.P. Kovtonyuk, written 
commun., 1993) occurs in steeply-dipping quartz and quartz-carbonate gold-bearing veins. The veins range up to 200 m length, 
with an average thickness of about 10 m, and are hosted in an Early Cretaceous volcanic sequence overlying the Gonzhinsky 
terrane of the Burea-Khanka superterrane. The deposit is small with an average grade of 9.5 glt Au, 42.6 g/t Ag. Ore reserves are 
about 827,400 tonnes with inferred 6,230 kg Au and 38,200 kg silver. 

Origin of and Tectonic Controls for 
Stanovoy Metallogenic Belt 

The largest number of granitoid-related Au deposits and related large placer deposits occur in the southern part of the 
metallogenic belt, near a major fault between Precambrian gneisses of the Stanovoy block to the north with the Paleozoic rocks of 
the Tukuringra-Dzhagdi subduction-zone terrane to the south (fig. 61). The latter is metamorphosed to greenschist facies. The 
Paleozoic rocks contain beds of Au-bearing, pyritized graphitic shale (V.I. Sukhov and others, written commun., 1979). Because 
of these relations, the placer Au mines and the associated granitoid-related Au deposits. mainly Au-bearing veins and veinlets in 
collisional granitic intrusions and adjacent metamorphic rocks (Gurov, 1978), are herein interpreted as forming during the Late 
Jurassic and Early Cretaceous(?) accretion of the Bureya superterrane to the south with the North Asian Craton to the north, and 
closure of the Mongol-Okhotsk ocean (Nokleberg and others, 2000). 



Superterrane in Russian Northeast 

Kular Metallogenic Belt of 
Au Quartz Vein, Granltoid-Related Au, and 
Sn Quartz Vein Deposits (Belt KV) 
Northern Part of Eastern Siberia 

The Kular metallogenic belt of Au quartz vein, granitoid-related Au, and Sn-W quartz vein deposits (fig. 61; tables 3,4) 
occurs in the northern part of eastern Siberia. The belt may extend under extensive Cenozoic deposits of the Primorskaya 
Lowland. The deposits of the Kular belt occur in or near Early Cretaceous collisional (anatectic) granitoid rocks of the 
Verkhoyansk collisional granite belt (unit vk) which intrude Late Permian and Triassic sandstone and shale of the Verkhoyansk 
complex within the Kular-Nera terrane of the Kolyma-Omolon superterrane (Nokleberg and others, 1994c, 1997~). Most of the 
deposits occur adjacent to, or in granite and adamellite of the informally-named Kular batholith (Ivensen and others, 1975). The 
significant deposits in the belt are the Burguat and Dzhuotuk Au quartz vein deposits, the Novoe and Solur granitoid-related Au 
deposits, and the Tirekhtyak district (Nagornoe, Podgornoe, Poputnoe) with Sn quartz vein deposits (table 4) (Nokleberg and 
others 1997a, b, 1998). 

The major Au quartz vein deposits, as at Bi~rguat and Dzhuotuk, typically consist of lenticular veins of quartz and 
carbonate-quartz with gold and scarce (1-2%) sulfide minerals including pyrite, galena, sphalerite, and chalcopyrite. Minor 
granitoid-related Au deposits, as at Solur and Novoe, typically consist of quartz and white mica-quartz veins. The veins and 
mineralized shear zones occur in Late Permian clastic rocks adjacent to an Early Cretaceous granitic intrusion. Also in this area 
are associated placer Au deposits in the Kular district. Small, non-economic occurrences of Sn and W occur in Sn quartz vein 
deposits, as at Nagornoe and Poputnoe in the Tirekhtyak district, and are also associated with Early Cretaceous granitoid plutons. 

The lode deposits of the Kular metallogenic belt are related mainly to the Early Cretaceous colljsional (anatectic) 
granitoid rocks of the Verkhoyansk collisional granite belt (fig. 61) (Nokleberg and others, 1994c, 1997~). The Verkhoyansk belt, 
of Late Jurassic and Early Cretaceous age consists chiefly of two major belts, the Main granite belt of Late Jurassic to early 
Neocomian age, and the Northern granite belt of Neocomian age. The Northern granite belt, which hosts the Kular metallogenic 
belt, extends for about 600 krn along northwestern margin of the Kolyma-Omolon superterrane. The Northern belt consists of 
inclined sheet-like plutons, up to 200 krn long, which are generally conformable with major folds. Major lithologies are tonalite, 
grandiorite, and, less commonly, two mica leucogranite. These granitoid rocks are interpreted as forming immediately after the 
Late Jurassic accretion of the Kolyma-Omolon superterrane to the North Asian Craton (Nokleberg and others, 2000). 

Allakh-Yun Metallogenic Belt of 
Au Quark Veln Deposits, and AssocSated 
Wan Quartz Vein Deposits (Belt AY) 
Southern Part of Russian Northeast 

The Allakh-Yun metallogenic belt Au of quartz vein deposits, W and Sn quartz vein deposits (fig. 61; tables 3,4) o c c m  
in the southern part of the Russian Northeast. The deposits are hosted in late Paleozoic to early Mesozoic carbonate and clastic 
rocks of the North Asian Craton Margin (Verkhoyansk fold belt, unit NSV; Nokleberg and others, 1994c, 1997~; Goryachev, 
1998,2003). The sedimentary rocks are regionally metamorphosed to greenschist facies, locally to staurolite grade along major 
fault zones (Simanovich, 1978). Regional metamorphism is interpreted as occurring prior to the development of AU quartz vein 
deposits. Sparse intermediate-composition granitic dikes and major granodiorite plutons, with K-Ar ages of 140-1 10 Ma, occur in 
the region (Nenashev, 1979). The Au-quartz vein deposits occur along a linear trend along the western boundary of the belt of 
granitoid plutons and dikes. The significant deposits in the belt are the Bular, Duet, Malyutka, Nezhdaninka, Novinka, Onello 
(Lider), Svetly, Voskhod, Yur, and Zaderzhnoe Au quartz vein deposits, the Dies and Muromets Cu-Mo skarn deposits, the 
Burgali porphyry-Mo (W) deposit, the Levo-Dybin granitoid-related Au deposit, and the It-Yuryak W vein and Sn (Wkquartz 
vein deposit (table 4) (Nokleberg and others 1997a, b, 1998). 

The Au quartz vein deposits consist of three types. (1) Concordant deposits, as at Bular, Yur, and Duet, are interpreted as 
metamorphic and have K-Ar isotopic ages of 170 to 140 Ma (Nenashev, 1979; Goryachev, 1998,2003). (2) Crosscuttting, 
postmetamorphic Au-quartz veins and mineralized shear zones, as at Voskhod, Novinka, Zaderzhnoe, and Nezhdanin, are closely 
related to the early stage granitic dikes and are interpreted as igneous (Ivensen, Levin, 1975; Gamyanin and others, 1985; 
Goryachev, 1998,2003). And (3) quartz granitioid-related Au deposits, as at Levo-Dybin, and W-Sn quartz vein deposits, as at 
Yt-Yuryak, are associated with and interpreted as related to late-stage granitoid rocks. The deposit sizes range from small to large. 
Related placer Au deposits are widespread in the southern portion of the metallogenic belt. 

Nezhdanin Au Quartz Vein Deposit 

The major Nezhdanin Au quartz vein (shear zone Au) deposit (fig. 66) (V.1. Korostolev, written commun., 1963; Silichev 
and Skobelev, 1970; Grinberg and others, 1970; Gamyanin and others, 1985; G.N. Gamyanin and others, written commun., 1990, 



Goryachev, 1995, 1998, 2003) consists of disseminated gold in: (1) steeply-dipping shear zones up fa40 m thick md5.4 km long; 
(2) related tension-gash quartz veins up to 200 m long and 1.2 m thick; and (3) quartz lenses within the shear zones. Vein 
rnclude quartz, carbonate, arsenopyrite, galena, sphalerite, scbelite, sericite, albite, chalcopyrite, tetlahedrite, lead a d  capper 
sulfosalts, stibnite, and gold. Wallrock alteration includes silicitication, s d f k b a h ,  end sericitization. Quartz-silver-polymetaltfc 
ore bodies both cross-cut and post-dste the fwthered quartz-vein m h e d k a ~ n .  T b  ore bocks are located along a deep hult 
which cuts the core of a doubly-plunging anticline in Late Carbonif- to Early Perm& sadstone end shale. The deposit 
extends more than 1,000 m vertically. Wotkiigs include boreboles sad seven levds af &ts. The deposit is major with provm 
reserves of 475 tonnes Au, and an estimated additioaal reswnx of more tbaP 5 OO toma Au. The avemge minimum grade is 5 gft 
Au with up to 6,748 g/t Au, and up to 8,300 g/l Ag in v e h .  
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Figure 66. Nezhdaninka Au-Ag-quartz vein deposit, South V e w  m e W l m  belt, Rusk% EasU;aW YMutia 
(Verkhoyansk area). Schematic geologic map and c m  sediom. Adapted from S b r  (1985). 



Yur Au Quartz Vein Deposit 

The small Yur Au quartz vein deposit (Strona, 1960; N.D. Kobtseva, written commun., 1988) consists of four 
interbedded quartz veins which occur in a zone of meridional faults in middle Carboniferous sandstone-shale. The veins range 
from 0.3-0.4 m thick and are 100-500 m long. The main ore minerals are gold, arsenopyrite, galena, pyrite, and sphalerite. The ore 
minerals comprise up to 2% of veins. The gangue minerals are quartz, ankerite, and albite. Wallrock alteration is insignificant, but 
includes sericite, silica, and arsenopyrite alteration. The deposit is small with an average grade of 3.5-5.7 g/t Au. 

Levo-Dybin Granitioid-Related Au Deposit 

The Levo-Dybin granitioid-related Au deposit (A.V. Kokin, written cornmun., 1978; Zubkov, 1984; Goryachev, 1998, 
2003) consists of abundant quartz stringers, from 0.2 to 0.3 m thlck, which form peculiar sheet stockworks in contact 
metamorphosed, Late Permlan sandstone beds, which range from 5 to 20 m thick. The stringers consists of quartz (90-95%), 
muscovite, potassium feldspar, scheellte, molybdenite, arsenopyrite, niccolite, lollingite, pyrrhotite, bismuth, gold, bismuthine, 
bismuth tellurides and sulfotellurides, and maldonite. The deposit occurs for 800-1,000 m along the strike of the bedding; and also 
occurs above an Early Cretaceous granitoid body and In adjacent country rocks. The deposit contalns up to 3% As, 7-13 g/t Au, up 
to 2.5% WO,, up to 1% Bi, and up to 0.6% Te. 

Origin of and Tectonic Controls for 
Allakh-Yun Metallogenic Belt 

The vein deposits of the Allakh-Yun metallogenic belt are interpreted as forming during two major tectonic events 
(Goryachev, 1998,2003). The relatively older, metamorphic-related Au quartz vein deposits are interpreted as forming during the 
early stages of thrusting and associated metamorphism of the southern part of the North Asian Craton Margin (unit NSV, 
Verkhoyansk fold belt) during accretion of the Okhotsk terrane and Kolyma-Omolon superterrane onto the North Asian Craton 
Margin. Accretion of the Okhotsk terrane may have been accentuated by the coeval accretion of the outboard Kony-Murgal 
island-arc terrane. The relatively younger, crosscutting, Au-quartz vein deposils, and granitioid-related Au and W-Sn quartz vein 
deposits of the Allakh-Yun metallogenic belt are interpreted as forming during intrusion of the Early Cretaceous anatectic 
granitoid rocks of the Verkhoyansk collisional granite belt (unit vk; Nokleberg and others, 1994c, 1997~) .  This Late Jurassic and 
Early Cretaceous granite belt consists of two main belts, the Main granite belt of Late Jurassic to early Neocomian age, and the 
Northern granite belt of Neocomian age. The Main granite belt, which hosts the Allakh-Yun metallogenic belt, extends for about 
110 km along southwest border of the Kolyma-Omolon superterrane and stltches the superterrane to North Asian Craton margin. 
The granites occur as inclined, sheet-like plutons, up to 200 km long, which are generally conformable with major folds. Ar-Ar 
ages of granitoid rocks range from 134 to 144 Ma (Parfneov, 1995). These granitoid rocks are interpreted as forming immediately 
after the Late Jurassic accretion of the Kolyma-Omolon superterrane to the North Asian Craton Margin (Nokleberg and others, 
1994c, 1997c, 2000). 

Yana-Polousnen Metallogenic Belt of 
Granitoid-Related Au, Sn Quartz Vein, W Vein, 
Sn Greisen, Co-, Au-, and Sn-Skarn, 
SnSilicate Sulfide Vein and Related Deposits 
(Belt YP) Central Part of Russian Northeast 

The Yana-Polousnen metallogenic belt of granitoid-related Au, Sn quartz vein, W vein, Sn greisen, Co-, Au-, and Sn- 
skarn, Sn-silicate sulfide vein and related deposits (fig. 61; tables 3 ,4)  occurs in an enormous, discontinuous wide zone, about. 
1000 krn and up to 200 km wide in the northwestern part of the Russian Northeast (Shpikerman and Goryachev, 1995, 1996, 
2003). The belt trends from the Iower part of the Alazeya River in the southwest to the headwaters of the Yana River in the 
northeast. The belt is locally extensively overlain by unconsolidated Cenozoic sedimentary deposits. The granitoid-related 
deposits occur in or near granitoid rocks which intrude: (1) the North Asian Craton Margln (Verkhoyansk fold belt, unit NSV); (2) 
carbonate, clastic, and igneous rocks of the Omulevka, Munilkan, and Kular-Nera terranes of the Kolyma-Omolon superterrane; 
and (3) the overlapping Polousnen flysch of the Lndigirka-Oloy sedimentary-volcanic assemblage (unit io; Nokleberg and others, 
1994c, 1997~).  

Several types of lode deposits occur in the Yana-Polousnen metallogenic belt (table 4) (Nokleberg and others 1997a, b, 
1998). (1) Medium to major Sn and W quartz vein, and Sn greisen mines and deposits, some of which are now mostly exhausted, 
occur at Argin, Kester, Balyktaah, Ploskoe, Odinokoe, Polyarnoe, and Takalkan. These deposits generally occur in the apical 
portions of granitoid plutons and are assoclated with placer Sn and W placer deposits. (2) Co, Au, and Sn skarn deposits, as at 
Kandidatskoe and Arbatskoe, and granitoid related Au quartz vein deposits, as at Chistoye and Tuguchak-2, generally occur along 
the contacts of granitold plutons. (3) Sn-silicate-sulfide and Sn polymetallic vein deposits, usually associated with Ag, occur at 
Alys-Khaya, Anomalinoe, Bugdogar, Burgachan, Ege-Khaya, Khoton-Khaya, Ilin-Tas, Sigilyakh, and Ulakhan-Egelyakh. These 
deposits generally occur adjacent to intrusions along contacts, often adjacent to mafic and intermediate dikes, and are assoclated 
with the late stage mineralization and associated granitic magmatism. And (4) Sb, Pb, and Zn polymetallic vein deposits, as at 



Altinskoe, Aragochan, Dalnee, Dokhsun, and Verkhne-Naanchan, are associated with granitoid plutons. Isotopic studies indicate 
the deposits and associated granitoid rocks formed from about 130-1 10 Ma (Nenashev, 1979; Goryachev, 1998.2003; Parfenov, 
1995; Parfenov and others, 1999). 

Polyarnoe Sn greisen and Vein Deposit 

The Polyarnoe Sn greisen and vein deposit (Nekrasov, 1962; O.G. Epov and G.S. Sonin, written commun., 1964; Flerov, 
1974) consists of quartz and quartz-topaz veins which dip gently to moderately (5-40') near and within a stock of apogranite at the 
top of the major Cretaceous Omchikandin leucogranite batholith. The veins range from 0.1 to 3.5 m thick, are up to 300 m long, 
and extend up to 260 m down-dip. The main minerals are quartz, topaz. fluorite, muscovite, zinnwaldite, wolframite. cassiterite, 
arsenopyrite, molybdenite, tourmaline, sphalerite, galena, pyrite, chalcopyrite, stibnite, bismuth, bismuthine, and bismuth 
sulfosalts. No size or grade data are available. The deposit is associated with quartz-topaz greisen. 

Kandidatskoe Au Skarn Deposit 

The Kandidatskoe Au skam deposit (Nekrasov, 1962; Bakharev and others, 1988) consists of zones of garnet-pyroxene, 
pyroxene-wollastonite, pyroxene, and epidote-pyroxene skarn which range up to 100 to 150 m long and up to 50 m thick. The 
skarn zones occur in a block of Devonian carbonate and Permian clastic rocks located between granodiorite of the Early 
Cretaceous Ulakhan-Tass pluton and monzonite of the mid-Cretaceous Kandidatsky stock. The main (No. 1) ore body occurs as a 
steeply-plunging, funnel-shaped pipe of massive and disseminated ore with an outcrop area of 150 m long and up to 20 m wide. 
The main minerals are arsenopyrite, lollingite, pyrrhotite, molybdenite, glaucodot, cobaltite. gold, bismuth, bismuthine, maldonite, 
hedleyite, and A and B joseite. The gold is fine-grained (98% less than 0.08 mm) and has a fineness of 650-1,000. At the adit level 
(50 m), the thickness of the ore body is half of which at surface. The deposit contains up to 55 g/t Au, 3% Co, 20% As, 0.5% Bi, 
3% Zn, 0.5%Ni, 0. 1% Te. 

Chistoe Granitoid-Related Au Deposit 

The Chistoe granitoid-related Au deposit (Bakharev and others, 1988) consists of a set of quartz veins which range from 
10 to 50 m long and from 0.1 to 0.5 m thick. The veins occur in two steep-lying northeast-striking shear zones which range up to 
500 m long and are hosted in contact metamorphosed Late Jurassic sandstone and in Early Cretaceous granodiorite stocks. The 
main minerals are muscovite, quartz, tourmaline, arsenopyrite, cobaltite, calcite, wolframite, native bismuth, native gold (fineness 
500-1000), bismuthine, joseite (A, B, M. L types), and maldonite. The veins are associated with greisen zones which range up to 1 
to 2 m wide. The deposit contains up to 20 g/t Au, 0.9% W, 0.5% Bi, and 1% As. 

Ilin-Tas Sn Silicate-Sulfide Vein Deposit 

The Ilin-Tas Sn silicate-sulfide vein deposit (Shur and Flerov, 1979; T.N. Spomior and others, written commun., 1985) 
consists of complex veins and less common shear zones and stringers which occur in contact metamorphosed Late Triassic 
sandstone and siltstone adjacent to the Bezymyanny granitoid pluton. Granodiorite of the early magmatic phase has an Rb-Sr 
isotopic age of 170 Ma with an initial Sr isotopic age of 0.7035, and fine-grained granite of the second phase has a Rb-Sr isotopic 
age of 143 Ma with an initial Sr ratio of 0.0761 (Nenashev and others, 1985). The ore bodies dip steeply, range from 0.01 to 6 m 
thick. and are about 100 m long. The veins are most dense at a distance of 500-1.000 m from the intrusive contact. The major 
minerals are quartz, tourmaline, cassiterite, stannite, wolframite (ferberite), pyrrhotite, pyrite, arsenopyrite, and chalcopyrite. Also 
occumng are Bi and Te minerals. The deposit is major with an average grade of 0.7-2.5% Sn; 0.3-1.0% WO,; up to 10 g/t Au. 

Origin of and Tectonic Controls for 
Yana-Polousnen Metallogenic Belt 

The lode deposits of the Yana-Polousnen metallogenic belt are related mainly to the Early Cretaceous collisional 
(anatectic) granitoid rocks of the Northern part of the Verkhoyansk granite belt (unit vk) (Nokleberg and others, 1994c, 1997c; 
Goryachev, 1995, 1998,2003). The Northern part of this granite belt, which extends for about 600 km along northwestern margin 
of the Kolyma-Omolon superterrane, consists of inclined sheet-like plutons, up to 200 km long, which are generally conformable 
with major folds. Major lithologies are granodiorite, granite, and, less commonly, leucogranite. These granitoid rocks are 
interpreted as forming immediately after the final, Early Cretaceous stage of accretion of the Kolyma-Omolon superterrane to the 
North Asian Craton (Nokleberg and others, 2000). 

Darpir Metallogenic Belt of Sn and 
Associated Felsic-Magmatism Deposits 
(Belt DP)  Western Part of Russian Northeast 

The Darpir metallogenic belt of Sn and associated felsic-magmatism-related deposits (fig. 61; tables 3,4) occurs in the 
western part of the Russian Northeast. The belt is hosted in a zone of Early Cretaceous granitic intrusions which trends northwest 
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comprises up to 70-80% in some ore bodies. The ore minerals also include ascharite, kotoite, datolite, harkerite, monticellite, 
fluoborite, clinohumite, calcite, periclase, forsterite, diopside, vesuvianite, brucite, garnet, axinite, tourmaline, biotite, phlogopite, 
serpentine, spinel, hornblende, pyroxene, feldspar, quartz, and magnetite. Sn occurs as an isomorphous admixture in ludwigite. 
Ludwigite is often replaced by sulfide minerals (pyrrhotite, sphalerite, pyrite, arsenopyrite, and chalcopyrite). Kotoite veins occur 
along the margins of ludwigite bodies. The contact between the intrusion and carbonate is highly irregular. Most of the skams 
occur where the contact forms embayments (pockets) into the intrusion. The deposit covers a 3 by 6 km area, and is of medium to 
major size. The average grades are 9.5% B20;; 0.3% Sn. 

Chepak Granitoid-Related Au Deposit 

The Chepak granitoid-related Au deposit (P.I. Skomyakov, written cornmun., 1951; V.I. Shpikerman and N.A. 
Goryachev, written commun., 1995) consists of steeply dipping, quartz-sulfide veinlets, replacement veins, and associated 
alteration zones which are both concordant with, and cut intensely contact-metamorphosed Late Triassic sandstone and shale 
which overlie a buried granitoid pluton. The Au ore bodies occur in zones of northeast-trending veins. The host rocks are intruded 
by dikes of diorite porphyry, lamprophyre, and dolerite; and by small intrusive bodies of Late Jurassic-Early Cretaceous granite 
porphyry, granodiorite porphyry, and dacite. Disseminated veinlets are also occur in the magmatic rocks and in homfels. The wall 
rocks are silicified, chloritized, and sericitized. The veins are composed mainly of quartz (30-60%), sericite, feldspar, chlorite, 
carbonate, apatite, arsenopyrite, loellingite, scheelite, pyrrhotite, and pyrite. Less common or rare are chalcopyrite, bismuth, 
bismuthinite, marcasite, wolframite, magnetite, ilmenite, rutile, sphene, tourmaline, epidote, and fluorite. Arsenopyrite and 
loellingite make up to 20 to 40% of the veins. Most gold is finely dispersed in arsenopyrite, Ioellingite, and pyrrhotite. The deposit 
is medium size. The Au content ranges from 5 to 50 g/t Au, with values as high as 200 g/t Au. Proven reserves are 30 tonnes Au 
with an average grade of 7 to 8 g/t Au. 

Origin of and Tectonic Controls for 
Darpir Metallogenic Belt 

The Early Cretaceous granitic intrusions which host the Darpir metallogenic belt are part of the Main part of the 
Verkhoyansk collisional granite belt (fig. 61) which intrudes Paleozoic and early Mesozoic bedrock of the Kolyma-Omolon 
superterrane and the adjacent North Asian Craton Margin (Nokleberg and others, 1994c, 1997~).  The Main part of the collisional 
granite belt is of Late Jurassic to early Neocomian age. The Main part of the granite belt occurs along southwest border of the 
Kolyma-Omolon superterrane and stitches the superterrane to North Asian Craton Margin (Verkhoyansk fold belt, unit NSV). The 
Main part of the granite belt occurs as inclined, sheet-like plutons, up to 200 km long, which are generally conformable with major 
folds. Younger differentiates are biotite, two-mica, and amphibole-biotite granitoid rocks. Ar-Ar ages of granitoid rocks range 
from 134 to 144 Ma. The Main part of the Verkhoyansk collisional (anatectic) granitic belt and associated Darpir metallogenic 
belt are interpreted as forming during a period of anatectic granitic magmatism which occurred immediately after the Late Jurassic 
accretion of the Kolyma-Omolon superterrane to the North Asian Craton Margin (Nokleberg and others, l994c, 1997~).  

Tompon Metallogenic Belt of 
Cu, W ,  Sn Skarn, and Sn Quartz Vein Deposits (Belt TO) 
West-Central Part of Eastern Siberia 

The small Tompon metallogenic belt of Cu, W, and Sn skarn deposits (fig. 61; tables 3,4) occurs in the west-central part 
of eastern Siberia. The belt extends for about 150 km in the North Asian Craton margin (Verkhoyansk fold belt, unit NSV; 
Nokleberg and others, 1994c, 1997~) .  The deposits are hosted in altered Triassic limestone which is interlayered with sandstone 
and shale. The major deposits in the belt are the Khi~nkhada Sn-W skam, Agylki W skam, and Erikag Sn quartz vein deposits 
(table 4) (Nokleberg and others 1997a, b, 1998). The deposits generally occur above the apical portions of unexposed granitoid 
intrusions. W in the skam deposits occurs as scheelite which is associated with chalcopyrite. The deposits contain anomalous Bi. 
The deposits are of small to medium size and are not economic. Older K-Ar isotopic studies yield an Early Cretaceous age of 125- 
130 Ma for the associated granitoid rocks. Newer Ar-Ar isotopic ages of granitoid rocks range from 134 to 144 Ma (Layer and 
others, 1995). 

The lode deposits of the Tompon metallogenic belt are associated with intrusion of the Main part (Late Jurassic to early 
Neocomian) of the Verkhoyansk collisional granite belt (unit vk; Nokleberg and others, 1994c, 1997~).  The Main collisional 
granite belt extends for about 1 10 km along southwest border of the Kolyma-Omolon superterrane and stitches the superterrane to 
North Asian Craton margin. The granites in the belt occur as inclined, sheet-like plutons, up to 200 km long, which are generally 
conformable with major folds. These granitoid rocks are interpreted as forming immediately after the Late Jurassic accretion of the 
Kolyma-Omolon superterrane to the North Asian Craton Margin (Nokleberg and others, 1994c, 1997~) .  



Shamanikha Metallogenic Belt of Au Quartz Vein 
and CU-Ag Quartz Vein Deposits (Belt SH) 
Central Part of the Russian Northeast 

The Shamanikha metallogenic belt of Au quartz and Cu-Ag quartz vein deposits (fig. 61; tables 3,4) occurs in the 
Shamanikha River basin in the west-central part of the Russian Northeast. The belt is hosted in a zone of metamorphic rocks in 
Paleozoic and older rocks in the western part of the Shamanikha subterrane of the passive continental margin Prikolyma terrane of 
the Kolyma-Omolon superterrane (fig. 61). The zone of metamorphic rocks and vein deposits is adjacent to the Late Jurassic 
volcanic and plutonic rocks of the Indigirka-Oloy overlap assemblage (unit io; Nokleberg and others, 1994c, 1997~). The major 
deposits in the belt are the Glukhariny and Kopach Au quartz vein deposits, and the Opyt Cu-Ag quartz vein deposit (table 4) 
(Nokleberg and others 1997a, b, 1998). The metallogenic belt extends north-south for about 350 km and varies in width from 5 to 
50 km. 

Au Quartz Vein Deposits 

The Au quartz vein deposits generally occur as thin quartz veins in late Proterozoic sedimentary rocks metamorphosed to 
greenschist facies. The significant Au quartz vein deposits are at Glukhariny and Kopach. The Glukhariny occurrence (E. Ya. 
Lutskin, written comrnun., 1964; V.A. Semenov, written comrnun., 1974) consists of gold in quartz veins in Late Proterozoic 
quartz-chlorite-epidote schist, quartzite, and metarhyolite; and in quartz-cemented breccias in these rocks. The wall rocks are 
metamorphosed to upper greenschist facies. The ore minerals are native gold, galena, chalcopyrite, arsenopyrite, and hematite. The 
deposit occurs in three east-west trending zones which range up to 1,200-4,000 m long and vary from 400 to 900 m wide. The 
deposit is small. Grab samples contain up to 25 g/t Au and up to 50 g/t Ag. 

CU-Ag quartz Vein Deposits 

The Cu-Ag quartz vein deposits occur in Late Proterozoic Cu-bearing sandstone metamorphosed to greenschist facies. 
The significant deposit at Opyt (E. Ya. Lyaski, written commun., 1937; V.A. Erzin, written comrnun., 1946; A.N. Ruchkin and 
S.L. Tsykarev, written commun., 1984) occurs as veins and zones of massive, disseminated, and brecciated veinlets. The ore 
minerals are pyrite, chalcopyrite, bornite, galena, sphalerite, cuprite, native copper, chalcocite, arsenopyrite, and electrum. The 
gangue minerals are quartz, calcite, dolomite, graphite, and chlorite. The veins are hosted in Late Proterozoic, Cu-bearing, 
graphite-sericite-chlorite-quartz schist, and also in Late Jurassic siltstone and sandstone. The deposit is located at the intersection 
of a Late Jurassic depression and a block of old metamorphic rocks near a barely eroded granite body. The main ore body is about 
2 km long; the entire deposit trends northwest-southeast for about 3 km. The deposit contains a probable resource of 14 million 
tonnes of reserves grading 1.5% Cu, 1.2% Pb, 0.5% Zn, 180 g/t Ag, and up to 1 g/t Au. The Cu-Ag quartz vein deposits of the 
Shamanikha metallogenic belt occur adjacent to the Late Jurassic Uyandin-Yassachny volcanic-plutonic belt which forms the 
southwestern part of the Indigirka-Oloy sedimentary and igneous assemblage (unit io, fig. 61). The Cu-Ag quartz vein deposits 
exhibit a more diverse mineral composition compared to the Au quartz vein deposits in the same belt. 

Origin of and Tectonic Controls for 
Shamanikha Metallogenic Belt 

Because the metamorphic vein deposits of the Shamanikha metallogenic belt occur partly in Late Jurassic sedimentary 
rock, the veins are interpreted in forming in the latest Jurassic or Early Cretaceous (Nokleberg and others, 2000; this study). The 
metamorphism, associated deformation, and formation of the Au and Cu-Ag quartz vein deposits are interpreted as occurring 
during one of two major tectonic events (Nokleberg and others, 2000): (1) the latest Jurassic and Early Cretaceous accretion of the 
Kolyma-Omolon superterrane, including accretion of the Prikolyma passive continental margin terrane, to the North Asian Craton 
margin (unit NSV, fig. 61); or (2) the Early to mid-Cretaceous accretion of the Chukotka superterrane against the South Anyui and 
Velmay subduction-zone terranes, and the Nutesyn island-arc terrane which were in turn were colliding with the Kolyma-Omolon 
superterrane to the southwest. Herein, the first interpretation is favored. 

Verkhoyansk Metallogenic Belt of 
Au Quartz Vein, Au-Sn Polyrnetallic Vein 
Deposits (Belt VK) Western Part of 
Russian Northeast 

The Verkhoyansk metallogenic belt of Au quartz vein and Au polymetallic vein, and Sn vein deposits (fig. 61; tables 3, 
4) occurs in the western part of the Russian Northeast (Goryachev, 1998,2003). The deposits are hosted in the North Asian Craton 
Margin (Verkhoyansk fold belt, unit NSV) (Nokleberg and others, 1994c, 1997~). The belt extends for about 1000 km from the 
Tompo River basin to the Arctic Ocean in a narrow band which occurs in the axial portion of the Verkhoyansk meganticlinorium. 
The major Au quartz vein deposits are at Anna-Emeskhin, Enichan-Tolono, Galochka, Nikolaevskoe, Otkrytoe, Syncha-I & 11, 
and Syugyunyakh-Kende, and the major Au-Sn polymetallic vein deposits are at Balbuk, Bochiyskoe, Chochimbal, Dyabkhanya, 
and Imtandzha (table 4) (Nokleberg and others 1997a, b, 1998). A Pb polymetallic vein deposit is at Balbuk. 



The Au quartz vein deposits are interpreted as synmetamorphic and formed relatively earlier than the nearly coeval Au- 
polymetallic vein deposits (Goryachev, 1998, 2003). The Au quartz vein deposits are controlled by diagonal and longitudinal 
faults and anticlinal domes (Amuzinsky, 1975) and occur both as sheeted ore bodies and sometimes as stockworks. 

An example of an Au polymetallic vein deposit is at Chochimbal. An example of a Sn polymetallic vein deposits is at 
Imtandzha. The polymetallic vein deposits occur in the southern half of the metallogenic belt and are closely associated with 
Cretaceous granitoid rocks. The Au-Sn poly~netr~llic vein deposits are relatively older than associated granitoid rocks (lvensen and 
others, 1975; Goryachev, 1998,2003). 

Nikolaevskoe and Otkrytoe Au Quartz Vein Deposits 

The Au quartz vein deposits at Nikolaevskoe and Otkrytoe (Abel and Slezko, 1988) consist of conformable and cross- 
cutting quartz veins with gold, galena, arsenopyrite, pyrite, tetrahedrite, sulfosalts, carbonates, and albite n Early 
Permian sandstone beds. The veins occur in anticlinal hinges, are up to 1 km long, and range from 0.2 to ?es up 
to 10 m thick. Sulfides comprise up to 5% of the veins. The Au quartz vein deposits are not economic, b 
placer Au mines of the Verkhoyansk district. 
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Chochimbal Au Polymetallic Vein Deposit 

The Au polymetallic vein deposit at Chochimbal (Goryachev, 1994,2003) consists of interbedded shallow-dipping, 
steeply-dipping, cross-cutting carbonate-quartz-sulfide veins which are hosted in mid-Carboniferous clastic rocks. The ore bodies 
vary from 0.1 to 2.8 m thick and from 400 to 500 m long. The major minerals are quartz, siderite, sulfides, pyrite, arsenopyrite, 
Fe-sphalerite, and galena. Less common minerals are chalcopyrite, pyrrhotite, tetrahedrite, bournonite, native gold, and 
boulangerite. 

lmtandzha Sn polymetallic Vein Deposit 

The lmtandzha Sn polymetallic vein deposit occurs in a zone of an intense fissures along the axis of an anticline which is 
about 500 m wide and 2 km long. Coeval granodiorite porphyry dikes which both cut a and are cut by the polymetallic vein 
deposits (Goryachev, 1998,2003). Early-stage polymetallic veins are mostly conformable whereas late stage, cross-cutting veins 
are less common. The early-stage veins range from 0.01 to 0.85 m thick. The major minerals are galena, sphalerite, and siderite; 
minor minerals are quartz, tetrahedrite, pyrite, arsenopyrite, and boulangerite. The late stage veins contain quartz, chlorite, pyrite, 
arsenopyrite, galena, cassiterite, tourmaline, and stannite and range from 0.1 to 0.6 m thick. 

Origin of and Tectonic Controls for 
Verkhoyansk Metallogenic Belt 

The Verkhoyansk metallogenic belt is hosted in rocks late Paleozoic to early Mesozoic clastic sedimentary rocks which 
are weakly metamorphosed, lower greenschist facies with development of metamorphic chlorite and rare biotite. Permian and 
Triassic diabase dikes are wide-spread along with isolated Cretaceous granitoid plutons and variable-composition dikes. The Au 
quartz vein deposits of the Verkhoyansk metallogenic belt are interpreted as forming during regional deformation and 
metamorphism associated with accretion of the Kolyma-Omolon superterrane to the Verkhoyansk fold belt of the North Asian 
Craton Margin (Goryachev, 1998,2003). The slightly younger Au and Sn polymetallic vein deposits of the Verkhoyansk 
metallogenic belt are interpreted forming during the Main part of the Early Cretaceous Verkhoyansk collisional granitic belt (vk) 
(Nokleberg and others, 1994c, 1997~). The belt is interpreted as forming immediately after the Late Jurassic accretion of the 
Kolyma-Omolon superterrane to the North Asian Craton Margin (Nokleberg and others, 1994c, 1997~). 

Yana-Kolyma Metallogenic Belt of Au Quartz Vein, 
Sn Vein and Greisen, W Vein, Granitoid-Related Au, 
and ClasticSediment-Hosted Hg Deposits (Belt YA) 
Central Part of Russian Northeast 

The Yana-Kolyrna metallogenic belt of mainly Au quartz vein, lesser Sn vein, Sn greisen, granitoid related Au, W vein 
deposits, and clastic-sediment-hosted Hg deposits (fig. 6 1; tables 3.4) occurs in the central part of the Russian Northeast 
(Goryachev, 1998,2003). The Yana-Kolyma belt is hosted in the upper Paleozoic through middle Mesozoic rocks of the Kular- 
Nera accretionary-wedge terrane of the Kolyma-Omolon superterrane (Nokleberg and others, 1994c, 1997~). Major, wide shear 
zones, distinct folds, and numerous granitic intrusions characterize the host rocks of the metallogenic belt. These structures and 
intrusions are interpreted as forming during collision of continental blocks in the Late Jurassic to Early Cretaceous. The collisional 
zone contains a major belt of Early Cretaceous granitoid plutons which are mainly high alumina and S-type with lesser I-type 
plutons (Shkodzinsky and others, 1992). The latter are associated with numerous andesite and granitic porphyry dike suites. 

The numerous Au quartz vein lode and related placer Au deposits in the Yana-Kolyma metallogenic belt are sites of 
extensive Russian Northeast Au production (Shilo, 1960; Firsov, 1957, 1985; Goryachev, 1998,2003). The total production has 
been more than 2,570 tonnes of placer Au, and about 100 tonnes of lode Au. The most important lode Au deposits in the 
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leucogranite plutons form large, homogeneous. batholith-like intrusions with surface areas as large as 7.000 lad. The grmitoid 
rocks occur in an axial portion of the Yantt-KoIym collision zone and consist of bide and two-mica granites witb accasory 
sill~man~te, andalusite, cordierile a d  garnet. High Rb contents ar t  characteristit, the granites are typical S-type colkisional granites 
which have init~al Sr ratios rangi~g up 0.7045 to0.71 I1 (Goryachev and Goncha.rov. 1995; Goryachev, 1998,2003). Small Sn 
occurrences are associated with these granites. 

The Late Jurassic and Early Cretaceous diorite-granodiorik intrusions form nmcrous dikts and small stocks which are 
occur as separate suites in central porhons of these zones. Diorite-porphyries grdoriteporphyries, and gmde-pcupbyries rre 
most prevalent as dikes; stocks are c o m p c ~ ~ d  of two and bet rock Kypes. h diorik k~ bidik+mphibde granodiorite or 
gran~te. These igneous rocks ere cak-alkaline, with some predominance of No over K, upd M y  -&in accessory garnet (ap to 
20.5% pyrope), and initial Sr ratios af 0.7045 to 0.7087 (Gcnyachev d Goncharov, 1995; G o r y ~ v ,  1988,2003). These 
granites are typical I-type granites ofthe ilmenite-series. Au-quark vein deposits are usually associated with theme intrusions. 

The Early Cretaceous granodiorite-granite intrusions occur in mull plutons (witb d a c e  -8s of up to 300 km3 m the 
same area occupied by the diorite-grenodiorite intrusions. The granodiorite-granite. phtons are composed of granodiolik and 
mostly biotite granite rocks, arc characterized by relatively high CaO, low alkali content, with some predominance oSK ovuNa, 
and with initial Sr rations of 0.7057 to 0.7087. Accessory minerals are i h ~ n i t e ,  garnet, zircon and sulfide minaals (Gamyanin 
and others, 1991). Associated witb these plutons are Au lode and W vein deposits. 

Also part of Ihe Yana-Kolyma metahgenic k h  are suite of Sn quartz vein and greisen. W vein, 5%-Au and &tic- 
sediment-hosted Hg occurrences (fig. 61). Notable examples are Sn quartz vein md geisen degmits at Alaskitovoye uxl Burgavli, 
the Krokhalin Sb-Au vein occurrence, and the c l a s k i c ~ ~ l - h o s t e d  Hg at K u m i h .  M U  of the Sn deposfts are small, except 
for Alaskitovoye. 

Figure 69. Natalka Au quartz vein depoait, Yana-Kolyma metallogenic belt, Russian N o w s t .  Schematic geok@c m p  end cross 
section. Adapted from Eremin (1995). 

Natalka Au Quartz Vein Deposit 

The Natalka Au quarb vein deposit (fig. 68) (Fhov, 1957% Shilo, 1960; Voto&h 6~1d dcts,  1989; Goncharov, 1995; 
Erernin and others, 1994) consists of zones of subpuallel and relicdate quartz veinlets wkiich can be g~,uped into two Or that 



systems whicb converge locally along strike into podiform and platy veins. The ore minerals cement schistose, brecciated, 
cabelastic, and graphite-altered Late Pennian tuffaceous sedimentary rocks. The deposit occurs along the Tenka strike-slip fault. 
The ore deposit is deformed with synclines and anticlines which occur near the fault zone. The deposit is intruded locally by 
abundant pre-ore and post-ore dikes of felsic to intermediate composition. The zone of mineralized vtinlets is approximately 300 
rn wide; individual ore bodies occur in zones ranging from 50 to 300 m long and from 1 to 15 m thick. The gangue in the veinlets 
are composed mainly of quartz (90-95%), albite, anorthoclase, carbonate, chlorite, and sericite; with lesser bolinite, barite, 
apatite, and graphite. The ore mherals are dominated by fine-grained disseminated arsenopyrite infergrown witb pyrite in wall 
rocks. Subor&nate and rare rnlllerds include galena, sphalerite, chalcopyrite, pyrrhotite, boumonite, boulangerite, tetrahedrite 
tammtite, scheelite, rutile, ilmwite, and stibnite. Fine-grained and microscopic, low-grade Au is commonly associated with 
arseoopyrite and galena in tbe veins and veinlets. A considerable proportion of the gold is intergrown in usempyrite in tbe wall 
rock adjacent to the veins. The Natdka deposit is large with total reserves of 450 t Au. From 1945 to 1994, the Natalka mine ha9 
produced 75 toon- Au and 22 tomes Ag. The annual production is 8 t Au and 4 t Ag. The lower grade ores average 4 glt. MOE 
reeeat production data are wt available. 

and Kholodnoe Au Quarh Vein Deposits 

The Svetloe Au quartz veb deposit (fig. 70) (P.I. Skornyakov. written commun., 1953; Fedotov, IgiiOb, 1967, 
Goryachev, 1998,2003) consi~ts of subparallel quartz veins 600-1 500 m long average 0.2-0.5 m thick. and 20-80 m apart. The 
veins occur as conformable bodies or in acute fractures in the limbs of an asymmetric anticline and dip 70' to 85'. The om bodies 
trend mainly northwest, but range from east-west to north-south. Hosting the Au quartz veins is Lpte Triassic and Early Jttmssic 
sandstone and shale which are intruded by a transverse set of dikes of felsic and intermediate composition. The om minds are 
m a w  arsenopyrite, pyrite, and galena containing gold (858 fine). Subordinate ore minerals are sphalerite, chalcopyrite, scblite, 
pyrrhotite, and native gold. The deposit is small and has proven reserves 3.6 t Au with grade ranging from 1 .O to 100 glt Au. The 
nearby Kholodnoe deposit, which occurs to the south, is made up of three sets of quartz veins and mineralized fracture zones 
which &end northwest Some veins occur within the dikes. Gold occurs as very small inclusions or irregular messes. 

Zhdannae Au Quartz Vehr Deposit 

The Zhdannoe Au quartz vein deposit (Gavrikov and Zharova, 1963; Rozhkov and others, 1971; Yu. A. V l a d i m a ,  
written commun., 1987; V.A. Amuzinskyi, G.S. Anisimova, and Ya.Yu. Zhdanov, written commun., 1992) consists of a set of 13 
interbedded veins which range from 0.1 to 3 m thick and to 500 m long. Some ore bodies occur in cross-cutting fissures. Ore 
m m d s  are amampyrite, pyrite, galena, sphalerite, native gold (fineness 848), and very scarce boulangerite and chalcopyrite. R e  
mineral content of 4114122 v e h  is 1 to 3%. Veins accompanied by minor wallrock alteration to bersite. The deposit is judged to be 
exhausted and was small with an average grade of 22 to 95 glt Au. The deposit occurs in the hinge of a trrschyantieline at its 
per icbalc l~ure  and is basted Late Triassic (Carnian) silty shale and sandstone. 

UZin Au Quarb Vein Deposit 

Ttw Utin Aa quartz vein dcposit (1.R. Yakushev, written commun., 1950; P.I. Skomyakov, written C O ~ D L M ~ ~ . ,  1953; 
Goryacbcv, 1995, 1998,2003) mcurs in a Late Jurassic suite of ore-bearing dikes which extend for about 35 km. The dikes cuts a 
Middle Jurassic s&ntary sequence at an acute angle to beddlng. The host sedimentary rocks are isoclindly folded into wesl- 
northwest trending structures Tbe main ore body extends 12 km and occurs in a steeply dipping dike, 0.4 to 1.3 m thick, which 
c ~ i S h  OEhydrOLhennaUy tllterad andesite porphyry. The dike is intensely crushed and d t h e d .  Tb AU quartz veins forin 
campIicrtted, often d i n g d y  ms-cutting systems within the dike. Some quartz veins also cut the dikes obliquely, and extend 
into Ihc surroundibg ndimenbery rocks. Arsenopyrite, pyrite, and pyrrhotite comprise up to several per cent of the veins. Also 
occurring are mid, galena, sphnlerite, chalcopyrite, jamesonite, Bi-boulangerite, tetrahedrite, scbeelite, mms i t e ,  and stiWte, 
The gold di~tribution is quik irregular; individual ore shoots extend from 5 to 30 m in strike and are up Lo several h u n e  of 
me- in w a .  The mall  deposit was discovered in 1929 and produced 12 tonnes Au with grade ranging Erom 8.1 to 3,923 g/t 
Au. The grade of ore shootr ranges from 5 to 3,923 g/t Au. 

AlyaskRov~s 8R W Grehen Deposit 

The Alyrtakitovoe Sn-W greisen deposit Shur, 1985; Yu. A. Vladimirtseva and V.M. V l d h n h e v ,  written t%mr~un., 
1987) coasisls of veins and greisen which occur inside and adjacent to a stock of two-mica granite whicb intmk6 Late Triassic 
sandstme and shale. The veins are greisen are variable in thickness and length and occur in f i s am whicb strike north-northeast 
and dip nprthwut at 75-85'. The veins have complex morphology with en-echelon lenses which alternate witb thin stringers. The 
Main ore m i n d s  are wolffamito, cassiterite, and arsenopyrite. The gangue minerals are mainly quartz, muscovite, b-8, 
and apatite. A complex combinnlion dsulfosalts of lead, silver, and bismuth occur in the veins. The wallrocLs exlibit qumlz- 
mlistovite, mu!$coviie-apatik, and tourmaline greisen alteration. The deposit is small and has average: grades of 0.45 bo 1.33% 
W 0 3  and up 10 0.38% Sn. 



+ , . Diorite phyry dike 
(Early ~ t a c e o u s )  

Figure 70. Svetke Au qusrtr vehr depdt .  Yem-Kolyfira m&lkQallC Mt, hMbn N13-t mgssw m p  &nd awbs 
section. Adapted h aryachBv (1908). 

Origin and Tecronk CoMrolr for 
Yana-Kolym M r ~ a n i c  belf 

The Au q u a  vein and assoeirtd & p d a  of the Yaa-Kolyma meldlegtmic bek o w  as h e w h &  and .(;luqttts 
which are conb-ollcd by two m j o r  mt.8 of strikedip h d t  mnm wbich &cad d w e i i t  ftx ~ v e r  5 0 0 6 9 0 ~  ( ~ w y d b ~ ,  199$, 
1998,2003). S e c ~ l d a r y  conmlling sbuctvrrs are h a  extensive, cham d bansverse fadl zones wbi& zuo k n d e d  by 
northwest-trending strike-slp fruit l k  hrrgcr Au qndz vtin depoMM gerterdly dccur in ib wrthwmtbadi~ zcws. T"Be Irjaam 
types of  the Au deposits occw m: ( I )  m i n d i x e d  dmr zma (hear skxkwwkt) wilb ~QW-grade ores which are not a 
widespread as tk orber types dore, but mtlin k l f  of h e  AA r e w e a  itL the mgh~f; (2) quartz Y&S WW 
commonly contain higb-gadc o m  m$ coupsgold rrBCeb me most ~ W H I I ~ ~  fw mill& bul coilbin a n d b  rwavw (3) Au- 
bearing, quartz stockwmks in alleral d l b ,  wilfr h - g d e  m, but hey OMlsjlr k~- ~ ~ - s i B ~ m d ~ & ~  . , D%~~ws; 
and (4) granitoid-reW Au quartz veins ind gmiPdne with Cow-gradt Au ad srnoic e t u d d  ores 

The hod r h  for he Au quartz vem dtpotits of tk Yw-KaIyatr mehbgmk bck are Fcrmian to JU@SS& bbk  sPlaic 
and tuffaceous sctbeutary rocks which form parl d the K&-Nw ;t~c~etiomy-wedge Wane. The &de@ b d l y  cbmtain 
anomalous syn- carbo- met-. Au minerahlion is aaa~eialbd with b u d  rad low-gmck greenscm Wes . . 
metamorphism wbich consists of boCh matact and regional, e v e  rntlamqduq d b y ~ & i t i y . ~ ~  1976),, 
The Au quartz vein ckposita of he Yana-Kolyma m t ~  td rrc EiCgilu to adltT.fkpsits cJfW type tbu&ht the w i d .  
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The main kaimes of U~is deposit type are: (1) predominance of quartz; (2) minor amounts of subordinate sulfide minerals, mmly 
uwnopyritcand pyrite, but a t e M &  minerals are absent; (3) less than 3-5% sericite, albite, carbonate mineral, andchloritc; and 
(4) in m y  p h m ,  a c ~ ~ b l e d o w n - d @  extension of ore with little or no vertical zonation. 

Mort oitbc Au quariz vein deposits are associated with the low-grade greenschist facies regional mtamarphism. They 
formed during cdlbioa evmt a h  smI1 dikes a d  stocks diorite-granodiorite intrusive suites, and befare intrusion dthe 
granitoid plutans ggrosodiaititcgiaaiie suites, and were subsequently thermally metamorphosed. Consequently, the Yana-Myma 
Au quartz V O ~ N  deposits are interpreted as being genetically or paragenetically related to the coeval, I-type, diorite dikes a d d  
granltoid plutons. The Au Ic interpreted as forming of two stage: (1) fiom the hydrothermal fluid generated during metamorphism 
of xdhernt-bostcd Au which in turn wzs derived from an older period of multi-stage redeposition of Au from a d e m u s  mnes of 
pprhotite d pyrite in SEDEX deposits; and (2) fiom hydrothermal fluid generated during intrusion of the I-typo granitoids. l h  
@toid-related Au qurrrtz vein deposits are strongly genetically connected to the Late Jurassic and Early Crcta~eous 
gramclicuite-granite and granileleucogranite plutons (Goryachev, 1998,2003). 

The Yam-Koiynm metallogenic belt is hosted in rocks upper Paleozoic through middle Mesozoic age of Cbo Yrtna- 
Kolym~ fold belt in the Khr-Nera accretionary wedge terrane of the Kolyma-Omolon superterrane (Nokiebcrg aad others, 
1994e, 1997~; Goryackv, 1998,2003). These units are weakly metamorphosed to lower greenschiat faciw with developcat of 
mdamapbic chlorite acld biotite. The Au quartz vein, granitoid-related Au, and associated deposits of the Yma-hlym art 
interprded as hrmbg during syn-collisional regional deformation, metamorphism, and granitoid magmatism &bd with 
accretion of lhe Kolyma-Om&n superterrane to the North Asian Craton Margin (unit NSV, Verkhoymsk fold belt; Nokltberg 
and others, 2000). The Sn vein, Sn @isen, W vein deposits, and clastic-sediment-hosted Hg deposits of the Ynna-Rolyma 
metallogenic belt are interpreted as forming during intrusion of the Early Cretaceous late-collisional (anatectic) granitoid rocks 
(pnadioritcgranite and granite-Jeucogranite associations) of the Main part of the Verkhoyansk collisional granite belt (unit vk; 
Nokleberg aod othen, 1994~. 1997~). Alternatively, Babkin (1975) and Berger (1993) interpret that the clastic-sedimmt-hsbwl 
Hg depoaits of tbe Yana-Kolyma meiallogenic belt formed during a younger event in the Paleocene. 

Metall~genk Belts Formed During 
Late Mcsozoic Island Arcs In 
Russian Northeast and 
Southeastern Ataeka, and Southern 
Canadian Cordllera 

Left Omolon Belt of Porphyry MoCu and 
Ms-Cu Skarn Deposits ( B a  LO) 
East-Central P;wt of Russlm Northeast 

The Left Omdon metallogenic belt of igneous-arc-related deposits is associated with a chain of Early Cretaceous 
granodiarite slocks and Pmatl bod& which trend northwest for nearly 300 km along the left side of the Omobn River Bash (6g. 
61; tabla 3,4) (Nokkbetg md otbm, 1997b, 1998). The major deposit types in the belt are porphyry Mo-Cu md related Md=u 
skarn deposits. The rignrficwt deposits are at B c b h  and Medgora. The porphyry Mo-Cu deposits are asso~iated wkb Au-A& 
a d  Pb-Zn vein deposits. 

B e M a n  Porphyry H a  Deposit 

The Bdxkan porphyry Mo-Cu deposit (Alekseenko, Korobeinikov, and Sidorov, 1990) consists of a s t ~ b o r k  of 
sulfidequartz veinlets with disseminated molybdenite, chalcopyrite, pyrite, sphalerite, pyrrhotile, menopyrite, bornite, and 
covtltite. The deposit occurs in an E d y  Cretaceous stock of porphyritic granodiorite. The ore body is confined to silicified and 
sericirizGd rocks mafked by bidite, quark, and orthoclase. The ore body is about 1.5 km by 400-500 m in size aad coincides with 
the intrusion. A pyrite aureole extends about 1 km from the intrusion and coincides with a zone of propylitk d ~ i o n  of &c host 
Late Jurassic volcmic-scdinrantary sequence. The dwosit is of small to medium size and on the average contains about 0.5% Mo 
sad 0.7% Cu with minor Pb, Zn, W, Au, and Ag. 

The Medgora Mo-Cu s h  deposit (Gorodimky, Gulevich, and Titov, 1978) consists of disseminated veinkts in s b  
which is associated with the Early Crclaceous Medgora granite and granodiorite pluton. The met&c rniLleralsare pydte, 
~hdcopyrite, rnalybdaitc, py~b&e,  m-tiie, hematite, and sphalerite. The skarns are composed of garnet, pymxw,  
actinolite, scapallte, calcite, quarb, cMorite, epidote, and green mica. Individual ore zones extend from 30 to 160 m. l& deposit 
is of medium size with gradcs of 0.1 ta 0.64% Mo, 0.94 to 2.94% Cu, and 0.4 g/t Au. The Cu content of h e  are varica from 
hundredths of a percent to over 2%. 
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Origin of and Tectonic Controls for 
Left Omolon Metallogenic Belt 

The Left Omolon metallogenic b l t  occurs dong the northeast marginal of the Omolon crabnal terrane. Two possible 
tectonic settings are interpreted for the Early Cretaceous granitic intrusions hosting this metallogenic belt: (1) The Early 
Cretaceous granitic intrusions may be a transverse, neariy orthogonal branch of the Cretaceous Okhotsk-Chukotka volcanic- 
plutonic belt; or (2) the Early Cretaceous granitic intrusives, as interpreted herein, are part of the Oloy-Svyatoy Nos volcanic belt 
that constitute part of the Early Cretaceous Oloy continental-margin magmatic arc which occurs to the norrheast of the Omolon 
cratonal terrane (fig. 6 1) (Nokleberg and others, 1 9 9 4 ~ ~  1997b, c, 1998; 2000). 

Western-Southeastern Alaska Metallogenic Belt of 
Granitic-Magmatism-Related Deposits (Belt WSE) 
Southeastern Alaska 

The Western-southeastern Alaska metallogenic belt of granitic-magmatism-rehtd &posits (fig. 662; tables 3,4) o m s  in 
Southeastern Alaska, and is hosted in Early to mid-Cretaceous p i t o i d  plutons of the Muir-Chichagof plutonic belt which intrude 
the Wrangellia superterrane (Nokleberg and others, 1995a). The significant deposits are in the Jumbo Cu-Au skarn district, and the 
Bokan Mountain felsic plutonic U-REE deposit (table 4) (NokJeberg and others 1997a, b, 1998). 

Jumbo Cu-Au Skarn Deposit 

The Jumbo Cu-Au skarn district includes sigmf3cant deposit at Jumbo, several small deposits at Magnetite Cliff, Copper 
Mountain, and Corbin, and lesser deposits at Late Magnetite, Oonnason, Houghton, Green Monster, and Hetta. All of the deposits 
occur within a few kilometus of the Jumbo deposit. The Jumbo district contains an estimated 280,000 t o w  of ore grading 45% 
Fe and 0.73% Cu, and has produced 4.6 million kg Cu, 220,000 g Au, and 2.73 million g Ag from 1 11,503 tomes of ore 
(Kennedy, 1953; Herreid and olhers, 1978; Newbeny and others, 1997). The deposits are hosted in, or lie adjacent to early 
Paleozoic marble and pelitic metasedimentary rocks of the Wales Grwp of the Alexander sequence where intruded by mid- 
Cretaceous hornblende-biotite granodiorite which exhibit concordant hornblende and biotite K-Ar isotopic ages of 103 Ma. The 
Jumbo deposit consists of chalcopyrite, magnetite, sphalerite, and molybdenite in skarn which occurs at the contact between 
marble and a granodiorite stock. Gangue is mainly diopside and garnet. The deposit has k n  explored by more than 3.2 km of 
underground workings and is the largest in the district. Tbc Magnetite Cliff deposit consists of a 25-m-thick shell of magnetite 
which mantles granodiorite in contact with gamct-diopside skam. The skam contains 2% to 3% chalcopyrite, estimated reswrces 
of 335,600 tonnes grading 46% Fe and 0.77% Cu. The Copper Mountain deposit consists of scattered chakopyrite and copper 
carbonate in diopside endoskarn which conlains veins and masses of epidote, garnet, magnetite, and scapolite near pod io r i t e .  
This deposit has produced 101,800 kg Cu, 321,300 g Ag, and 4,5 10 g A y  and has about 410 m of tunnels and shafts. 

Bokan Mountain Felsic plutonic &REE d-it 

The Bokan Mountain felsic plutonic U-REE deposit (fig. 71) consists of disseminated U, Th, REE, and niobate minerals, 
including uranothorite, uranoan thorianite, uraninite, xenotime, allanite. monazite, pyrite, galena, zircon, and fluorite which occur 
in an irregular, steeply-dipping pipe of Jurassic peralkaline granite (Warner and Barker, 1989; Brew and others, 1991; Berg, 1984; 
Foley and others, 1997; Thompson, 197). The deposit produced about 109,000 tonnes gradiog about 1% U3Qs; Th was not 
recovered. Most of ore was produced h r n  a crudely cigar-shaped upper part of the pluton. The central zone which contains the 
deposit grades outward into oonnal granite. Associated pegmatite and vein REE, Nb, Th, and U deposits acwr in the outer parts 
of granite or adjacent country rock, which consists of metamorphosed early Paleozoic gcanilic and sedimentary rocks of Alexander 
sequence. 

Origin of and Tectonlc Conbok for 
Western-Southeastem Alaska MetaIlagenlc Ben 

The Westem-Southeastern Alaska metallogenic belt is hosted in the Jurassic(?) and Early to mid-Cretaceous grmitoid 
plutons of the Muir-Chichagof plutanic belt which are interprekd by Plafker and others (198%) as part of the granitoid roots of 
the Late Jurassic to EarJy and mid-Cretaceous Gravina arc. The U-REE deposits in the belt, as at Bokan Mountaio, may have 
formed in extensional setting (Goldfarb, 1997), possibly in a back-arc environment. The Western-Southeastern Alaska 
metallogenic belt is interpreted as a northern extension of the Island metallogenic belt to the south, and as the southeastern 
extension of the Eastem-Southem Alaska metallogenic belt. All three metallogenic belts are hosted in the Late Jurassic through 
mid-Cretaceous Gravina island arc which was built on the Wrangellia superterrane. The Gravina island an: is interpreted as 
forming on the northern, or leading edge of the Wrangellia island-arc terrane during migration towards North America (Nokleberg 
and others, 1984, 1985,2000; NoMeberg and Lange, 1985a; Plafker and others, 1989; Plafker and Berg, 1994). The Gravina arc 
and associated granitic magmatism deposits are tectonicaHy linked to the youngerpart of the McHugh Complex wbich Forms the 
northern part of the Chugach subduction zone and accretionary wedge complex (Nokleberg and others, 2000). 
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Britannia Metallogenic Belt of 
Kuroko Cu-Zn Massive Sulfide Deposits, 
Southern British Columbia (Belt BR) 

The Britannia metallogenic belt of kuroko Cu-Zn massive sulfide deposits is hosted in the Late Jurassic to Early 
Cretaceous Gravina-Nutzotin-Gambier volcanic-plutonic-sedimentary belt which forms an overlap assemblage on the inward 
margin of Wrangellia superterrane (fig. 63; tables 3,4) (Nokleberg and others. 1997b, 1998, 2000). The significant deposit is at 
Britannia. The metallogenic belt also includes the Maggie, Northair, and Nifty deposits. 

Britannia Kuroko Volcanogenic Cu-Zn 
Massive Sulfide Deposit 

The Britannia deposit consists of a series of kuroko Cu-Zn (Ag-Au) ore bodies hosted a roof pendant of dacite tuff and 
breccia. The massive sulfi de  bodies consists of massive pyrite, chalcopyrite, sphalerite with minor galena, tennantite, tetrahedrite, 
barite and fluorite which occur in numerous discrete, concentrically zoned siliceous ore bodies (EMR Canada, 1989; Dawson and 
others, 199 1 ; MINFILE, 2002). A U-Pb zircon age for a feldspar porphyry dike which cuts the deposit indicates a Middle Jurassic 
or older age for the deposit (Ray and Webster, 1994). The host rocks are metamorphosed dacite to andesite pyroclastic rocks. The 
massive sulfides consist mainly of stringers which occur in the upper of two major mafic to felsic metavolcanic layers which are 
separated by, and overlain by metasedimentary rock. From 1905 to 1974, the mine at the deposit produced 47,884,558 tonnes of 
ore from which 15.3 tonnes Au, 180.8 tonnes Ag, 5 17 tonnes Cu, 15.6 tonnes Pb and 125.3 tonnes Zn were recovered. The nearby 
Northair deposits near Whistler are interpreted as volcanogenic massive sulfide deposits remobilized during emplacement of 
adjacent plutons (Miller and Sinclair, 1985). The Early Cretaceous metavolcanic host rocks form pendants and screens within 
granodiorite of the Coast Plutonic Complex. The deposit and host rocks are thinned and partially remobilized by the northwest- 
trending Britannia shear zone (Payne and others, 1980). 

Origin of and Tectonic Controls for 
Britannia Metallogenic Belt. 

The Britannia metallogenic belt is hosted in the Middle and Late Jurassic and Early Creraceous sedimentary and calc- 
alkaline volcanic rock of the Gambier Group which is intruded by partly coeval plutons which range in age from 130 to 94 Ma 
(Nokleberg and others, 1994c, 1 9 9 7 ~ ;  Monger and Nokleberg, 1966). The arc-related calc-alkaline volcanic and sedimentary rocks of 
the Gambier Group overlie Jurassic and older plutonic, volcanic and sedimentary rocks of the Coast Plutonic Complex and Harrison 
terrane on the east, and Middle to Late Jurassic plutons of Wrangellia Superterrane on the west. The Gambier Group and coeval 
plutonic rocks are part of the extensive Gravina-Nutzotin-Gambier volcanic-plutonic-sedimentary belt which forms a major middle 
Mesozoic sequence of volcanic. sedimentary, and plutonic rocks deposited on and intruded into the Wrangellia superterrane. The belt is 
interpreted as an elongate island arc which extended for several thousand km along the inner margin of the Wrangellia superterrane (sheet 
3; Nokleberg and others, 1994c, 1997~). This Middle Jurassic to Early Cretaceous island arc, which was built on the Wrangellia 
superterrane, is interpreted as forming immediately before accretion of a of the superterrane to the accretionary margin of the North 
American Cordillera in the mid-Cretaceous (Monger and others, 1994; Monger and Nokleberg, 1996; Nokleberg and others, 
2000). The volcanic exhalative activity deposited Kuroko-type massive sulfides in several centers in the Gambier Group. Mineral 
deposits and their host rocks were sheared and attenuated along faults active during and after the accretion of the Wrangellia 
superterrane. 

Late Early Cretaceous 
Metallogenic Belts (120 to 100 Ma; 
Figures 61, 62) 

Overview 

The major Late Early Cretaceous metallogenic belts in the Russian Far East, Alaska, and the Canadian Cordillera are 
summarized in table 3 and portrayed on figures 61 and 62. Six major belts are identified. ( I )  In the Russian Southeast, the 
Badzhal-Ezop-Khingan (BZ-KH) belt of granitic-magmatism-related deposits, which is hosted in the Khingan-Okhotsk volcanic- 
plutonic belt, is interpreted as forming in the Khingan continental-margin arc. (2) In the Russian Southeast, continuing on fnn the 
Early Creteacoues was the Sarnarka (SA) belt of granitic-magmatism-related deposits. (3) In the Russian Northeast, continuing on 
from the Early Cretaceous, was the Kular (KU) metallogenic belt which contains Au quartz vein, and granitic-magmatism-related 
deposits. (4) Also in the Russian Northeast, was the Anadyr River (AD) metallogenic belt of Au quartz vein deposits, which is 
hosted in the Mainitskiy, West Pekulney, and (or) Penzhina-Anadyr terranes. The belt is interpreted as forming during regional 
metamorphism and generation of hydrothermal fluids associated with accretion and collision of Mainitskiy island arc onto North 
Asian Craton margin. (5) In Northern Alaska, the Nome (NO) and Southern Brooks Range (SBR) belts, which contain Au quartz 
vein deposits, are hosted in metamorphosed continental-margin terranes and are interpreted as forming during regional 



metamorphism associated wilh extension which occurred after overthrusting of Angayucham subduction zone lenane. (6) In tke 
d t r n  Canadim CordiIkra, the Fish River (FR) metallogenic belt, which contains stratabound sedirncPtary P and Fe depbsits 
and is hbated hp the N o d  American Cra(oo Margin, is interpreted as forming during Late Mesozoic, dexh-al movement along the 
bltag-Parcupine fault syatun. (7) In the Canadian Cordillera, continuing on from the Early Cretaceous was the W O S ~ ~ ~ P -  

L 

Southw~cm AQska (WSE) belt, which contains granitic-magmatism-related deposits which art bs ted  in the Grrrvina-Nutmtin- 
Q d i t r  belt whictb ovdies the Wmgellia superterrane. And (8) also in the Canadian Cordillera, h e  Bayomc (BA), C&ar 
(CAI, Selwyn (SW), Tombslane (TS), and Whitehorse (WH) belts, which contain granitic-magmatimrelat6d deposits, areaka 
hosted in or near anatectic granitic plutons of the Omineca-Selwyn plutonic belt which is interpreted as foming during find 
aecrehn of Wrangellia superterrane to North American continental margin. In the below descriptions of metaJlo$@nk kk, a few 
of the mteable or signficant lode deposits (table 4) are described for each belt. 

Melalkgenic-Tectonic Model for 
Late t r l y  Cretaceous (120 to 100 Ma; 
Fleun, 72) 

During the late Early Cretaceous (Aptian through Albian - 120 to 100 Ma), the major metallog&-Ulanie even& were 
(table 3): (1) inception of the short-lived Khinghan continental margin arc, and formation of eaciaked metalbganic MLI and 
coropenion subdudon zwe in (he Russian Southeast; (2) accretion of the Mainitskiy island arc and asfociated A b W a o l l l  (AV) 
x d a a r y - w u d g e  tmanes to the active continental margin; (3) completion of accretion of the majar Kolyma-Omalm 
supatenme ia the Russian Norhast and fma t ion  of associated metallogenic belts; (4) abduction of Anpyuchm s u b t h ~ h -  
zone terrane onto the Arctic Alaska terrane and formation of metallogenic belts during extension which succeeded obd~cri- (5) 

I continued opening of the Arnerasia, Canada, and Eurasia Basins; and (6) continuation of the Gravina rrc and fmmsaien of 
associated metallogenic belts during continuing accretion of the Wrangellia superterrane, and inception of ml l i s io~eh tad  

I metallogenic belts. 

Figure 72. Late Early Cretaceous (Aptian through Albian - 120 to 100 Ma) stage of metallogenic-tectonic mobel. Refer to text for 
explanation of metallogeniotectonic events, to tables 3 and 4 for descriptions metallogenic belts and s i g n W  deposits, and to 
figure 18 for explanation of abbreviations, symbols, and patterns. Adapted from Nokleberg and others (1997b, $988, 2M)O).' 



Specific Events for Late Early Cretaceous 

(1) AL about 50" paleolatitude, the Mainitskiy island arc (Mainitskiy t e m e ,  MAI) continued activiv, Associated wi& 
this arc was subduction of part of the adjacent oceanic plate to form the Alkatvaam accretionary-wedge mane (AV). Thb arc and 
companion subduction zone continued to migrate northwards towards the North Asian Craton Margin and outboard terranesarid 
was accreted to the active continental margin at the end of the Early Cretaceous (about 100Ma). During this accreth,  h e  Au 
quartz vein and associated deposits of the Anadyr River (AD) metallogenic belt f o d .  The accretion is inmpreted RS oceuring 
by the beginning of the Albian with deposition of the overlying Kuibiveemsechmtary assemblage (kb), which is i u t e r p d  as a 
forearc unit to the Okhotsk-Chukotka continental margin arc (oc). Subduction stepped outboard during accretion. 

(2) At the end of the Neocomian, oblique subduction was replaced by sinistral-slip faulting parallel to tb\e coatinmtd 
margin. This faulting resulted in structural interleaving of the previously active subduction-zone terranes. 'This strucRrral 
interleaving 1s ~nterpreted as similar to the present-day region of Southern California and resulted in formation of thefault 
bounded basln of marine turbidites now preserved in the Zhuravlesk-Twin hurbiditebasin terrane (ZT) (Ciolonrbov and 
Khanchuk, 1996). 

(3) The Khlngan continental margin arc (ko) started to fonn. Forming in the arc was the lhdzhd-EzopW$an (BZ- 
KH) belt of grani tic-magmat lsrn-related deposits. Tectonically linked to the arc was oblique subduction dpmt  of the Ancestral 
Pacific Ocean plate to form the Amsv River (AM), Khabaro~sk W), and K i s e l e v ~ - ~ o m a  (KLM) subduction-me arrd 
accretionary-wedge terranes. Also in lbe same region, the Samarka (SA) belt of gmnitic---~clated deposits* which b 
hosted in the Samarka island-= terrae (SA), is interpratad as forming during anatectic plutanksm m ~ ~ ~ i a t a l  with 
thrusting of Kula-Farallon oceanic ridge under margin of southern Russian Far East. 

(4) The continental margin Uda arc and associated subduction zones ceased activity with acmchn of the Bureya 
superterrane and closure of the Mongol-OkhdPk Ocean along the ~ & ~ o l - ~ k h o t s k  suture (MO). 

(5) The extemive Kooy-Murgal continental-margin and island an: and Pdahey h M  an: continued to form. Associated 
with thm arcs was subduction of part of the ancestral Pacific Ocean plate to faan the Talovakiy (n)* ~aazhina-~nahyr (PA), and 
Pekulney (PK) tenanes. 

(6) The final stages of accretion of the Kolyma-Ornolon superterrane is interpmed as &g a second p b  of 
deformation in the V e r k h o y d  fold and thrust-belt and formatian of the West Verkhoyansk colIhional grsnite belt (wk; 90 WI 

120 Ma) aloog the Lena f a d  (LE). Forming in the associated Verkhoyansk granite belt and continuing on fiom the Early 
Cretaceous was the Kulai (KU) metallogenic belt which contains Au quartz vein and granitic-magmatism-related deposit$. 

(7) The Nutesyn and Koydcuk island arcs continued activity on the opposite sides of the South An* ami Ang~yuchm 
Oceans. Parts of these arcs are gresesved in the Nutmyn @U), Koyukuk (KY), Togiak (TG), aad Nyac (NY) tarane;s. AssociaaGd 
with lbcse arcs was subduction of par& of the South Anyui Anpyucham 0mw.1 piate thereby forming the V e h q  (VE); and 
(outer) Angayucharn (AG) lenanes, and subduction of the outbaud m q h  oftbe Arctic Alaska temne. An extensive zone of 
blueschist facies metamorphism occurs in this region in both the Angapcham and Arcejic Alaslra temraes. Forming Mng 
extension which succeeded abduction were Nome (NO) and Southern Brooks Range (SBR) metallogenic bb which contain Au 

quartz vein deposits, and are hosted in metamorphosed continmbd-margin tamus. These belts are mtmpcted heminas formkg 
during regional metamorphism tusociated with extension. 

(8) In the Arctic, sea-floor spreading and associated rifhng continued with forination J Iage s i d r u m  Wins, 
creation of a collage of passive continental-margin tcrranes derived from the Narth American Crataa. Margin (lUAh4; h w e r  and 
Scotese, 1990; Grantz and others, 1990,1991, 1998). Continuing was closure of tbe Angayucham &em, subduction erhg the 
North American continenhi margin, i n m e  thrusting in the p i v e  continental margin terranes, and deposition of Early to mid- 
Cretaceous flysch. 

(9) On the edge of the Wrangellii supertenme (WRA), the Gravina arc continued to fom Associated wictt the Gravina 
arc was subduction of part of the Farallon Ocean plate to form the Cbugach (CG), Bridge River (BR), Easton @A), and Baker 
(BA) terranes. Part of the arc was preserved in the Kahiltna (kh) and Gravina-Nutzotin-Gambier (gg) assemblages which occur 
only on the Wrangeilia supcrtenane. The Gravina an: extended into the southern Canadian Cordillera with the fornation of the 
Spences Bridge volcanic-plutonic k l t  (sb). Forming in the €hviifa arc, and continuiag on from the Early Cretaceous was the 
Westem-Southeastem Alaska ( WSE) belt which contains granitic-r~gmatism-related deposits. 

(1 0) The cenbal and northern parts of the Wrangllia swrrane (WRA) acweted to the Northem Canadian Copdillera 
and southern Alaska. Along the acaeting edge of the suparteme, the intervening oceanic plate and thelbhiltna overlap 
assemblage were t h t  during the active continentd m;ugio of the S o u h  Alaska and the nonhem Camdian Cor&Ucm (Studey 
and others, 1990). The small tectonic lenses of terranes of alphe u l e  sod related rocks along the 8n- hnd faztlt (unit 
UM; Nokleberg and o t b ,  1985,1994~~) may be r a m m t s  of this meaaic lithspbere. 

(1 I) Coeval with accretion of the Wrangellia supeaeme was inbusion of the Omfneca-Selwyn mate& @te belt 
(om) which occurs along the length of Canadian Cordillera and Alaska F o h g  in or near the granite belt were the Bayonne 
(BA), Cassiar (CA), Selwyn (SW), Tombstone (TS), and Whitehorse WH) metallogenic belts which coatfib grarutic-mxtgma69DP 
related deposits. 



Metallogenic Belt Formed in Late Mesozoic 
Continental-Margin Arc, Russian Southeast  
Badzhal-Ezop-Khingan Metallogenic Belt of 

Sn Greisen, Skarn, and Sn Quartz Vein Deposits 
(BZ-KH) Western Part of Russian Southeast 

The Badzhal-Ezop-Khingan metallogenic belt of Sn greisen and Sn quartz vein deposits (fig. 61; tables 3 ,4 )  occurs in the 
western part of the Russian Southeast. The belt consists of the Badzhal-Ezop and Khingan parts and is hosted in granitoid rocks of 
the Early and mid-Cretaceous Khingan-Okhotsk volcanic-plutonic belt (fig. 61; Nokleberg and others, 1994c, 1997~) .  The 
significant deposits in the belt are the Festivalnoe, Ippatinskoe, Loshadinayadgriva, and Solnechnoe Sn quartz vein deposits, the 
Olgakanskoe and Pravourmiskoe Sn greisen deposits, the Kapral porphyry Mo deposit, and the Ezop Sn polymetallic vein deposit 
(table 4) (Nokleberg and others 1997a, b, 1998). 

The Badzhal-Ezop part, which occurs in the northern part of the metallogenic belt, consists of Sn greisen, Sn skarn, and 
Sn quartz vein deposits. Sn minerals are predominant; Pb, Zn, Ag, Bi, Cu, and W minerals are less prevalent. The distribution of 
the Sn deposits is zoned. Quartz-cassiterite deposits (mainly greisen with rare Sn skarn and Sn quartz vein deposits, as at Verkhne- 
Ippatinskoe, Shirotnoe, Ezop, and Pravourmiiskoe) occur along the contacts of large, crustal-origin granite and leucogranite 
intrusions. These occur mainly in the western part of the metallogenic belt adjacent to the craton. K-Ar isotopic studies indicate 
the Sn deposits and associated Sn granites formed between 75 to 100 Ma. The Badzhal-Ezop metallogenic belt contains Sn quartz 
vein deposits at Ezop, Festivalnoe, Ippatinskoe, Loshadinayadgrive, and Solnechnoe. Sn greisen and polymetallic vein deposits, as 
at Ezop, Olgakanskoe, and Pravourmiiskoe generally occur in veins. 

Disseminated manto replacement deposits, as at Shirotnoe, also occur in the Badzhal-Ezop part of the belt. In this and 
similar deposits, a major and relatively older assemblage of ore minerals consists of quartz, cassiterite, topaz, fluorite, muscovite, 
tourmaline, arsenopyrite, molybdenite, and wolframite. A relatively younger and minor assemblage of ore minerals consists of 
sphalerite, galena, chalcopyrite, bismuthite, pyrrhotite, stannite, fluorite, and rare scheelite. This younger assemblage is more 
dominant to the east, away from source granitic intrusions, thereby illustrating a lateral zoning. This zoned change of mineral 
composition of ore from east to west is clearly observed in the Badzhal and Ezop mining districts. In addition to Sn, the greisen 
deposits often contain molybdenite and wolfiamite; locally each mineral is dominant. 

The Khinghan part, which occurs in the southern part of the metallogenic belt, contains Sn deposits are mainly associated 
with potassic granitic intrusions with a K-Ar isotopic ages of 80 to 90 Ma (Ognyanov, 1986 ), and a Rb-Sr whole-rock isochron 
age of 78 Ma (Gonevchuk and others, 1998). Common in the belt are both Sn greisen deposits, with topaz-muscovite-quartz 
greisen which formed adjacent to plutons (as at Khingan, Nizhnee, Obeshchayushchee, and Verkhnebidzhanskoe deposits), and 
volcanic wood tin deposits (as at Dzhalinda) which formed in the upper part of felsic vents or calderas. The major Sn quartz vein 
deposits is at Verkhnebidzhanskoe. 

S~lnechnee Sn Quartz Vein Deposit 

The Solnechnoe Sn quartz vein deposit (fig. 73) (Ognyanov, 1986, Ishihara and others, 1997) consists of highly altered 
quartz-tourmaline veins with numerous apophyses is related to a long north-south, left-lateral, strike-slip fault. The deposit varies 
from 0.5 to 15 m thick, 800 m long, and extends to the depth more than 500 m below the surface. Five vertically-zoned mineral 
assemblages are distinguished, from bottom to top: (1) quartz-tourmaline; (2) quartz-arsenopyrite-cassiterite with wolframite, 
bismuthinite, and scheelite; (3) quartz-sulfide (pyrrhotite, chalcopyrite, and marcasite); (4) quartz-galena-sphalerite; and (5) 
quartz-carbonate. The deposit is closely related to a K-rich granite phase of a gabbro-diorite-granodiorite complex with K-Ar 
isotopic ages of 75 to 86 Ma. The deposit is medium with an average grade of 0.56% Sn, 0.05% W, and 0.1% Cu. The deposit has 
been mined since 19601s(?) and is mostly exhausted. 

Pravourmiskoe Sn Greisen Deposit 

The Pravourmiskoe Sn greisen deposit (fig. 74) (Ognyanov, 1986) consists of disseminations and in veins which occur in 
a linear area over 1500 m long, 5 to 25 m thick, and extends several hundred m down dip. An earlier ore assemblage consists of 
quartz-topaz-cassiterite with fluorite, and a later assemblage consists of quartz-arsenopyrite-chalcopyrite, and quartz-tourmaline 
with cassiterite and stibnite. In addition to Sn, W, and Cu; Bi, Pb, and Sb also occur. The gangue is composed of quartz- 
siderophyllite (zwitters) with quartz-topaz greisen. The deposit is large with an average grade of 0.1-5 % Sn, 0.05% W03, and 
0.5% Cu. The deposit occurs along an east-west-trending thrust fault with small offset. The deposit is hosted in and genetically 
related to Late Cretaceous felsic volcanic rocks which overlie the large, shallow, granite and leucogranite complex of the 
Verkhneurmiisky batholith with K-Ar isotopic ages of 75 to 85 Ma. The granite has a long-ranging Rb-Sr age of 95 to 83 Ma with 
an initial Sr ratio of 0.703 to 0.708 (Lebedev and others, 1994). 
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The Sn deposits of the Badzhal (northern) part of the Badzhal-Ezop-Khingan metallogenic belt are hosted in, or near the 

Early and mid-Cretaceous Khingan-Okhotsk volcanic-plutonic belt (unit ko, fig. 61) (Nokleberg and others, 1994c, 1997~) .  The 
depos~ts occur mainly around the outcrops of large intrusions of crustal-derived granite and l e u c o p i t e  or crustal- to mantle- 
denved granitoid rocks which intrude mainly along older, elongate, east-west-striking faults which were subduction zones in the 
Middle Jurassic to Early Cretaceous. The Cretaceous Khingan-Okhotsk volcanic-plulonic bell is divided into two main sequences: 
(1) Barremian to Cenomanian andesite and minor basalt, with coeval gabbro, diorite, and granodiorite. Aridesite exhibits calc- 
alkalic composition, whereas basalt e,uhibits tholeiitic composition. And (2) Late Cretaceous (mainly pre-Senonian) suite of K-rich 
felsic volcanic rocks, tuff, ignjrnbrite, and coeval subvolcanic intrusive and granitoid rocks. These Cretaceous granitojd rocks 
include granite, leucogranite, and composite gabbro-diorite-granod,ior~te plutons (Ognyanov, 1986). The plutonic units are coeval 
and comagmatic wlth volcanic rocks; both suites exhibits high potassium contents. The Khingm-Okhotsk belt overlies the Turan 
and Malokhingask terranes of the Bureya continental-margin arc superterrane, and Badzhal and Ulban accretionary-wedge 
terranes (Nokleberg and others, 1994c, 1997~) .  The belt defines the Khingan contmental margin arc in the Russian Southeast (fig. 
61) (Nokleberg and others, 2000). 
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Figure 75. Khingan Sn greisen deposit, Badzhal-Ezop-Khngan metalbgenic belt, Russian Southeast. Schematic three-dimensional 
figure. Levels and contours in meters. Adapted from Ore Deposits of the U.S.S.R. (1978). 

The Khingan (southern) part of the Badzhat-Ezop-Khingan metallogenic belt is also hosted in the Khbgan-Okhotsk 
volcanic-plutonic belt (isotop~c age of 134 to 88 Ma). In the area underying the Khingan parl of the metallogenie belt, these 
igneous rocks occur in a post-accretionary Cretaceous volcanic-ttxtonic depression in the eastern part of Bureya continental- 



margin arc superterrane. The volcanic-tectonic depression is filled with mid- Cretaceous, intermediate-composition volcanic rocks 
and overlying Late Cretaceous tuff and rhyolite lava. The volcanic rocks range from 1.5 to 3.0 krn thick. The volcanic rocks rest 
on a basement Proterozoic metamorphic rocks of the Bureya superterrane. The intrusive rocks of the Khingan-Okhotsk belt in this 
area are dominantly granite and are comagmatic with the volcanic rocks. The granitoid rocks of the Khingan-Okhotsk belt are 
interpreted as subduction-related, calc-alkalic igneous rocks. which include both S- and 1-type granites. 

The Khingan continental-margin arc (ko) is herein interpreted as forming from oblique subduction of the ancestral Pacific 
Ocean plate. Fragments of this plate are interpreted as occurring in tectonically interwoven fragments of the Amur River (AM), 
Khabarovsk (KB; younger Early Cretaceous part), and Kiselevka-Manoma accretionary-wedge terranes (Natal'in, 199 1, 1993; 
Nokleberg and others, 1994a; Sengor and Natal'in, 1996a, b). This tectonic pairing is based on: (1) occurrence of accretionary- 
wedge terranes outboard (oceanward) of, and parallel to the various parts of the Khinghan arc; (2) formation of melange structures 
during the Early and mid-Cretaceous (Natal'in, 1991; Nokleberg and others, 1994a; Vrublevsky and others, 1988; Nechaev and 
others, 1996); and (3) where not disrupted by extensive Cretaceous movement along the Central Sihote-Aline strike-slip fault, 
dipping of melange structures and bounding faults toward and beneath the igneous units of the arc (Natal'in, 1993). Formation of 
the Khingan arc and associated subduction is generally interpreted as ending in the late mid-Cretaceous when oblique subduction 
changed into sinistral-slip faulting along the outboard margin of the arc (Nokleberg and others, 2000). 

Metallogenic Belts Formed in Late Mesozoic 
Collision and Accretion of Island Arcs, and 
Transform Continetnal-Margin Faulting, 
Russian Northwest, Western and 
Northern Alaska, and Northern 
Canadian Cordillera 

Anadyr River Metallogenic Belt of 
Au Quartz Vein and Associated Deposits 
(Belt AD) Eastern Part of Russian Northeast 

The Anadyr metallogenic belt of sparse Au quartz vein deposits occurs in the eastern part of the Russian Northeast in the 
Anadyr region (fig. 61, tables 3,4) (Nokleberg and others, 1997b, 1998). The significant deposits are at Vaegi and Nutekin. 
Significant associated placer Au districts occur at Kenkeren, Otrozhny, and Pekulney (Nokleberg and others, 1997b. 1998). The 
knowledge of associated lode deposits is poor, although placer Au deposits were discovered in the Zolotoy Range in 1902. The 
placer Au districts overlie island arc and oceanic crust terranes which occur in intricate fold, thrust, and nappe structures. 

The lode sources for the placer Au deposits are interpreted as: (1) various Au quartz and sulfide-quartz vein which 
containing feldspar, carbonate minerals, epidote, chlorite, and other minerals; and (2) various mineralized zones in Paleozoic and 
Mesozoic clastic rocks, chert, volcanogenic rocks which are intruded by Late Cretaceous calc-alkaline magmatism. Some Au 
occurrences are associated with PGE deposits which occur in silica-carbonate metasomatic rocks in serpentinite melange. Two 
small Au quartz vein occurrences are at Vaegi and Nutekin. Both are hosted in the Mainitskiy island-arc terrane (Nokleberg and 
others, 1997b, 1998). 

The lode Au deposits of the Anadyr metallogenic belt are tentatively interpreted as forming mostly during late Early 
Cretaceous accretion and associated metamorphism and deformation of the Mainitskiy arc that includes the Mainitskiy and West 
Pekulney island-arc terranes and the Penzhina-Anadyr accretionary wedge or subduction-zone terranes (Nokleberg and others, 
1994c, 1997c; 2000). 

Vaegi Au Quartz Vein Occurrence 

The small Vaegi Au quartz vein occurrence (M.N. Zakharov and V.P. Vasilenko, written comrnun., 1977) consists of thin 
quartz and carbonate-quartz veins and veinlets which contain disseminated gold, hematite, pyrite, and chalcopyrite with spare 
arsenopyrite. The deposit is hosted in Paleozoic and supposed Proterozoic intermediate metavolcanic rocks. Gold-cinnabar 
intergrowths occur in nearby heavy mineral placers which have been mined. The deposit occurs in a nappe of early Paleozoic and 
possibly older metavolcanic rocks which display both greenschist facies metamorphism and extensive host rock replacement by 
sulfide minerals and quartz, and which may have potential for vein and disseminated Au deposits (Ivanov and others, 1989). 

Nutekin Au Quartz Vein Occurrence 

The small Nutekin Au quartz vein occurrence (V.P. Vasilenko, written comrnun., 1977) consists of steeply-dipping 
quartz and quartz-carbonate veins which grade into zones of silicified and sulfidized veinlets along strike. The deposits trend 
northwest and are up to 500 m long. The Au-bearing veins occur in early Mesozoic, and less frequently Early Cretaceous, clastic 
sedimentary rocks. The highest Au contents are in veins within Paleogene dolerite dikes. The Au is associated with rare 
disseminated pyrite and arsenopyrite, and is marked by high Hg content. The deposit occurs in the axial portion of a horst- 
anticlinorium structure. 



Nome Metallogenic Belt of Au 
Quartz Vein Deposits (Belt NO) 
Seward Peninsula 

The Nome metallogenic belt of Au-bearing quartz vein deposits (fig. 62; tables 3,4) forms a 200 lan long, east-west- 
trending belt along the southern par1 of the Seward Peninsula. The metallogenic belt occurs along the  sou^ margin of the 
Seward metamorphosed continental margin terrane (Nokleberg and others, 1994c, 1997~). The most favorable mineTalized areas 
are associated with upper greenschist facies metamorphic rocks. Two major concentrations of deposits occur at (table 4) 
(Nokleberg and others 1997a. b, 1998): (I) Bluff and Big Hurrah in the Solomon District; and (2) Rock Creek, Mount Distin, and 
Sophia Gulch in the Nome District. In both areas, the deposits consist mainly of mesothermal sulfide-poor, Au-quartz depasits in 
individual high grade veins or in zones of multiple, more-or-less en-echelon, sheeted veins which generally contain lower Au 
grades. The quartz veins, which typically contain minor carbonate, albite, and oligoclase, cut shallowdipping metamorphic 
foliation. The best studied deposits in the Nome district are at Rock Creek and Mount Distin, both immediately north of Nome 
(Gamble and others, 1985; Apodaca, 1992). These newly evaluated lodes may be examples for the rich placer Au deposits mined 
in the Nome District. 

In the Nome district, Bundtzen and others (1994) recognize three major mineral deposit types: ( I )  edy-stage 
chalcopyrite-sphalerite-gold-quartz-carbonate veins, which appear as boudins which are rolled around early fold axes (Banger 
deposit); (2) Au-quartz plysulfide veins which crosscul schistosity at low angles modine, McDufQ, and Twin Mountain 
deposits); and (3) brittle, Au-polysulfide-quartz-albite-carbonate veins which crosscut schistosity at high angles ( R d  Creek, 
Sliscovish, Sophies Gulch deposits). The Au deposits are thought to have formed during various stages of dewatering of a 
metamorphic pile during Barmvian-type, greenschists facies regional metamorphism and associated plutonism, as interpreted for 
the Rock Creek deposit (Apodaca, 1992), and for the Mt. Distin and Bluff and deposits (Ford, 1990). However, recent Ar-Ar 
isotopic studies indicate the vein mica h m  quartz veins at the Bluff deposit formed at about 109 Ma, about 30 my.  after 
metamorphic mica in the urea reached closure temperature Pord and Snee, 1996). 

Rock Creek Au Quartz Vein Deposit 

The Rock Creek Au quartz vein deposit (Ted Eggelston and R.V. Bailey, written commun., 1990-1991; Apodaca, 1992) 
consists of arsenopyrite, scheelite, galena, stibnite, and pyrite which occur in a northeast-trending, sheeted, quartz vein system. At 
the surface, the deposit extends for 1,200 meters along strike, averages 70 meters width, and extends up to 150 meters in depth. 
The host rocks are phyllite and schist of the Paleozoic Nome Group. Fluid inclusion studies indicate on: deposition occurred in the 
mesothermal range (240°C-320°C). The ore minertils occur along selvages of quartz vein-host rock contacts. Vein mica yields an 
Ar-Ar isotopic age of 109 to 104 Ma (T.K. Bundtzen and P.W. Layer, written commun., 1995). The dqwit is interpreted as 
forming by hydrofracturing and dewatering during the waning stage of a midCretaceous rnetamoiphk event. The deposit contains 
an estimated 10.2 million tomes grading 2.4 g/t Au and about 0.43% W (Swainbank and Szumigala, 2000). At Mount Distin, 
several similar, en-echelon Au quartz veins occur along an east-west-trending thrust fault for at least 3 km. 

Big Hurrah Au Quartz Vein Deposit 

The Big Hurrah deposit (Collier and others, 1908; Cathcart, 1922; Asher, 1969; Mullen, 1984; Gamble and othm, 1984; 
Read, 1985; Read and Meinert, 1986) consists of four major quartz veins, and zones of ribbon quartz. The major veins and ribboo 
zones range from 1 to 5 m thick and are a few hundred meters long. The veins contain sparse gold, pyrite, and arsenopyrite, and 
minor scheelite, chalcopyrite, and sphalerite, in a gangue of quartz, carbonate, and feldspar. These veins are intenmixed with older, 
concordant, non-Au-bearing, metamorphic q u a  veins. The Au-bearing veins range from discordant tension veias to 
discontinuous quartz lodes which occur in shear zones crossing foliation. The Au-bearing veins range fcom 0.5 to 5 rn wide and 
extend to a depth of at least 90 m. Most of the veins are less than 1 m wide. The veins and ribbon quartz zones are hosted in 
quartz-rich,, graphitic, quartz-mica schist or quartzite of the Paleozoic Nome Group. The veins are interpreted as forming cturing 
shearing and uplift associated with metamorphic &hydralion in the mid-Cretaceous. Mining occurred at the deposit fiom 1903- 
1909, and from 1953- 1954. The deposit has produced about 839 kg Au, averaging about 34.3 g/t Au (Reed and Meinhart, 1986). 
Recent assays range from 25 to 65 g/t Au. 

Origin of and Tectonic Contmls for 
Nome Metallogenic Belt 

The Big Hurrah and Bluff deposits in the Solomon district and the deposits in the Nome district exhibit several 
similarities, including low-sulfide mineral concentration, fault localization, and confinement to low-grade, greenschist facies 
metamorphic rocks. In aLl the deposits, a post-metamorphic fluid origin is suggested for the deposits by (Gamble and o t h ,  
1985): ( 1 )  the discordance of the veins to metamorphic foliations; (2) oxygen isotope and fluid inclusion data; and (5) the lack of 
coeval intrusions in the belt. These relations indicate that the Au deposits formed from fluids which equilibrated witb the 
sedimentary and (or) volcanic protoliths of the Nome Group under greenschist facies regional metamorphism. Subsqueally, the 
fluids moved upward during a later, post-hnematic event to deposit the vein minerals. As in the southern Brooks Range, regiollal 



metamorphism of the Seward metamorphosed continental margin terrane occurred during two stages. A relatively older blueschist 
facies event in the Jurassic was followed by: (1) thrusting of oceanic units of the Angayucham terrane onto the passive 
continental-margin arctic Alaska superterrane; and (2) subsequent, Early to mid-Cretaceous extensional, retrograde, greenschist 
metamorphism (Armstong and others, 1986; Moore and others, 1994; Miller and Hudson, 1991; Till and Dumoulin, 1994). 

The Nome metallogenic belt is interpreted as forming in the waning stages of extension, which is defined by Early to 
mid-Cretaceous greenschist facies metamorphism and companion penetrative deformation (Miller and Hudson, 1991 ; Moore and 
others, 1992; Nokleberg and others, 1994c, 1997c; Goldfarb, 1997). In a few areas, the Nome Group exhibits an older, relict 
blueschist facies metamorphism which is interpreted as forming in a Jurassic or older period of convergent deformat~on and 
metamorphism (Armstrong and others, 1986; Moore and others, 1994; Till and Dumoulin, 1994). The convergent deformation and 
blueschist facies metamorphism is interpreted as forming during Late Jurassic and Early Cretaceous subduction of the Seward 
terrane under the oceanic Angayucham terrane, resulting in formation of the Koyukuk island-arc terrane to the south (present-day 
coordinates) (Moore and others, 1994; Patton and others, 1994; Plafier and Berg, 1994; Nokleberg and others. 2000). Incremental 
Ar isotopic studies suggest quartz vein formation at about 109 to 104 Ma (Ford and Snee, 1996), and which quartz vein formation 
was temporally related to a thermal pulse. This thermal pulse is also interpreted as causing high-grade metamorphism and 
anatectic plutons to the north in the Kigluaik Mountains, and to the east in the Bendeleben and Darby Mountains (Ford and Snee, 
1996). The Au quartz vein deposits of the Nome metallogenic belt are interpreted as coeval with the Au quartz vein deposits in the 
Southern Brooks Range metallogenic belt to the northeast. 

Southern Brooks Range Metallogenic Belt of 
Au Qua* Vein Deposits (Belt SBR) 
Northern Alaska 

The Southern Brooks Range metallogenic belt of Au-bearing quartz vein deposits (fig. 62; tables 3,4), which includes 
the Chandalar district, lies in the southern Brooks Range. The metallogenic belt is hosted in both the Hammond terrane (Arctic 
Alaska superterrane) and the Coldfoot terrane to the south (Nokleberg and others, 1994c, 1997~). The significant deposits are at 
Little Squaw and Mikado in the Chandalar district (table 4) (Nokleberg and others 1997a, b, 1998). Recent work on Au-bearing 
quartz vein deposits in the Wiseman area is summarized by Eden (2000). 

Mikado Au Quartz Vein Deposit 

The Mikado Au quartz vein deposit (Chipp, 1970; DeYoung, 1978; Dillon, 1982; Ashworth, 1983; J.T. Dillon, oral 
cornrnun., 1986; Rose and others, 1988) consists of several quartz veins up to 3 m thick in a zone about 4.0 km long and 1.6 km 
wide. The veins contain scattered, minor arsenopyrite, galena, sphalerite, stibnite, and pyrite and sparse gold. The veins occur 
along steeply dipping normal faults in Devonian or older quartz-muscovite schist, phyllite, and quartzite. The Little Squaw Mining 
Company drove more than 1,000 m of underground workings from 1980 to 1983. Minor production and several episodes of 
exploration activity have occurred, notably during the 1920's and 1960's. The Mikado deposit contained an estimated 12,000 
tonnes averaging 75 g/t Au, and produced about 542 kg Au fiom ore averaging about 30 g/t Au (Bundtzen and others, 1994). The 
Mikado deposit and surrounding district contains an estimated remaining 45,000 tonnes grading 30 g/t Au. 

Origin of and Tectonic Controls for 
Southern Brooks Range Metallogenic Belt 

The Au quartz vein deposits occur along steeply dipping normal faults in greenschist facies metasedimentary rocks that 
are part of a structurally complex, polymetamorphosed, and poly-deformed assemblage of Devonian or older carbonate rocks, 
including the Skajit Limestone, calc-schist, quartz-mica schist, and quartzite, which are intruded by Proterozoic and Late 
Devonian gneissic granitoid rocks. These early Paleozoic metasedimentary rocks and Devonian metagranitoid rocks form a major 
part of the Hamrnond passive continental margin terrane of the Arctic Alaska superterrane (Jones and others. 1987; Moore and 
others, 1992). 

Field relations indicate the deposits, that were deposited fiom hydrothermal fluids, were deposited during normal 
faulting. The normal faulting may be associated with a period of regional extension which was associated with the waning stages 
of greenschist facies regional metamorphism and companion penetrative deformation in the Early to mid-Cretaceous (Moore and 
others, 1992; Nokleberg and others, 1994c, 1997~). This period of regional metamorphism is interpreted as the last major 
metamorphic event in the Hammond and Coldfoot terranes. In a few areas, the Coldfoot and Hammond terranes exhibit relict 
blueschist facies minerals which are interpreted as forming in a Jurassic or older period of convergent deformation and 
metamorphism (Moore and others, 1994). The convergent deformation and blueschist facies metamorphism probably occurred 
during Late Jurassic and Early Cretaceous subduction of the Coldfoot and Hamrnond terranes under the Angayucham subduction 
zone terrane, and Koyukuk island-arc terrane to the south (Moore and others, 1994; Patton and others, 1994; Plafker and Berg, 
1994; Nokleberg and others, 2000). As in the Nome region, the regional blueschist facies metamorphism was followed by: (1) 
thrusting on oceanic units of the Angayucham terrane onto the Coldfoot and Hamrnond terranes, and other parts of the passive 
continental-margin arctic Alaska superterrane; and (2) extensional, Early to mid-cretaceous retrograde, greenschist metamorphism 
and formation of Au quartz vein deposits (Armstong and others, 1986; Moore and others, 1994; Till and Dumoulin, 1994). The Au 



quartz vein deposits of the Southern Brooks Range metallogenic belt only occur in a small portion of the greenschist facies 
metasedimentary rocks of the southern Brooks Range. However, the more extensive placer Au deposits along the Brooks Range 
may be derived from undiscovered, or now totally eroded Au quartz vein deposits. The Au quartz vein deposits in the Southern 
Brooks Range metallogenic belt are interpreted as coeval with the Nome metallogenic belt to the southwest. 

Fish River Metallogenic Belt of 
Sedimentary P and Fe Deposits (Belt FR) 
Northern Yukon Territory 

The Fish River metallogenic belt of sedimentary P and Fe deposits occurs in the northern Yukon Territory (fig. 62; tables 
3,4) (Nokleberg and others, 1997b, 1998)and is hosted in the Early Cretaceous Blow River Formation. The significant deposits 
are at Big Fish River and Alto. The Fish River metallogenic belt is herein tentatively interpreted as forming during Late Mesozoic, 
dextral movement along the Kaltag-Porcupine fault system. 

The Fish River (Big Fish, Boundary, Rapid) stratabound Fe-P deposit consists of siderite and phosphatic ironstone which 
occur in shale in an Early Cretaceous (Albian) clastic wedge (Yukon Minfile, 1988; Butrenchuk, 1996). The ironstone consists of 
phosphate-siderite pellets and granules in a matrix of detrital quartz and mudstone. Rare phosphate minerals occur in epigenetic 
fracture veins and to a lesser degree in vugs, bedding plane partings, and fault breccia. The deposit is the well-known type locality 
of lazulite, the official Yukon gemstone. Estimated resources are over 1 billion tonnes grading 40% Fe. 

The Alto oolitic magnetite iron formation is hosted in black shale of the Jurassic and Cretaceous Kingak Formation 
(Norris, 1976; Yukon Minfile, 1987). The deposit consists of olitic magnetite which occurs in a 45-m-thick bed, which occurs for 
a strike length of 350 m, and is part of a recessive-weathering black shale which is about 50 m above the base of the Kingak 
Formation. Estimated resources are 50 million tonnes grading 55% Fe (Norris, 1976). 

The Early Cretaceous Blow River Formation is part of a thick, clastic wedge deposited in the Blow Trough which is 
interpreted as forming during late Mesozoic, dextral movement along the Kaltag-Porcupine fault system (Norris and Yorath, 
1981). The sideritic ironstone and phosphorites are interpreted to be distal, reworked deep water pellet packstone deposits within a 
thick silt and conglomerate unit with a westerly clastic source (Yeo, 1992). The Blow River Formation contains an estimated P202 
resource of approximately 7 billion tonnes, in addition to a larger resource of low-grade iron ore Young (1977b). 

Metallogenic Belts Formed in Late Mesozoic 
Collision a n d  Accretion of Wrangellia 
Superterrane,  and  Generation of 
OminecaSelwyn Plutonic Belt, 
Canadian Cordillera 

Selwyn Metallogenic Belt of W-CU Skam, 
Zn-PbAg Skarn, and Zn-PbAg Manto Deposits, 
Eastern and Northeastern Yukon Territory (Belt SW) 

The Selwyn metallogenic belt W-Cu skam, Zn-Pb-Ag skarn, and Zn-Pb-Ag manto deposits (fig. 62; tables 3 ,4)  occurs in 
the eastern and northeastern Yukon Territory and consists primarily of an arcuate belt of W-Cu (Zn-Mo) skams, and Zn-Pb-Ag 
(Cu-W) skarns and manto deposits which are hosted in or near the related granitoid stocks of the mid-Cretaceous Selwyn Plutonic 
Suite (Anderson, 1983b). This suite is part of the Omineca-Selwyn plutonic belt which extends from southeastern Yukon Tenitory 
and southwestern Northwest Territories, northwestward into the Mayo district. The major W skam deposits are at Bailey (Pat), 
Canada Tungsten (Cantung), Lened (Rudi, Godfiey), MacTung (MacMillan Tungsten), and the major Pb-Zn skarn and manto 
deposits are at Sa Dena Hes (Mt. Hundere), McMillan (Quartz Lake), and Prairie Creek (Cadillac; table 4) (Nokleberg and others 
1997a, b, 1998). Other potentially economic skarn tungsten deposits in the belt include, from southeast to northwest, Bailey with 
an estimated resource of 405,454 tonnes grading 1 .O% WO3, Baker-Lened with an estimated resource of 750,000 tonnes grading 
1.2% W03, and Clea (Dawson, 1996~).  

Canada Tungsten (Cantung) W Skam Deposit 
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The Canada Tungsten (Cantung) W skarn deposit (fig. 76) consists of pyrrhotite, scheelite and chalco~vrite with minor 
sphalerite in diopside skarn bodies which replace two members of Early Cambrian limestone ( R Canada, 1989; 
Yukon Minfile, 1990; Dawson and others, 199 1). The host rocks are the Cambrian to Devonia American 
Continental Margin. The skarns are related to intrusion of a Late Cretaceous quartz monzonite Ma) of the 
Selwyn Plutonic Suite. Prograde garnet-pyroxene skarn is overprinted by a hydrous, retrograde, pyrrhotite-andradite-amphibole- 
biotite-scheelite skam. The deposits include the Pit orebody which produced 1.5 1 million tonnes of ore yielding 40,087 tonnes of 
W 0 3  between 1962 and 1986, and the E-Zone orebody with reserves of 4.2 million tonnes grading 1.6% W03 and 0.23% Cu, with 
associated Bi (Dawson, 1996c; Matheison and Clark, 1984). The large, high-grade E-zone scheelite orebody contains estimated 
combined reserves and resources of 7 million tonnes grading 1.5% W03 and 0.2% Cu. Production, that ceased in 1986, resumed in 



200 1 on mineable reserves of 630,OO tonnes of 1.82% W03.(North American Tungsten Corporation news release, January 21, 
200 1). 

MamriNen Pass (IWactung) Skam W Deposit 

The Macmillan Pass (Mactung) skarn W deposit consists of scheelite, pyrrhotite and minor chalcopyrite iD several 
pyroxene-garnet skarns which replace Cambrian to Ordovician limestone and limestone breccia (Sinclair, 1986; EMR Canads, 
1989; Dawson and others, 1991; Mining Review, 1992). The host rocks are part of a folded Cambrian and Devonian wler-shelf 
sequence of carbonate and pelitic rocks of the North American Continental Margin. The host rocks me flanked by a d  in faad  to 
be underlain by the Late Cretaceous quartz monzonite Mactung stock (with a K-Ar isotopic age of 89 Ma) of h e  SeIwyo Plulonic 
Suite. Hydrothermal alteration has produced three distinct concentric skam zones: a peripheral zone of gamet-pyroxene skarn; an 
intermediate zone of pyroxene skarn; and a central zone of pyroxene-pyrrhotite skam. Estimated combined reserves and resources 
are 32 million tomes grading 0.92 WO, (Atkinson and Baker, 1986; Dawson and others, 1991). 
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Figure 76. Canada Tungstm W skarn deposit, Selwyn metallogenic belt, Canadian Cordillera. Schematic cross section. Adapted 
from Gordey and Andersoh (1993). 

Sa Den8 Hes, Quartz Lake, and 
Prairie C m k  Skarn and Mento Zn*Pb-Ag Deposits 

a-Pb-Ag skam deposits occur in several belts adjacent to the Mount Billings batholith in southastern Yukon Territory. 
and the Flat River and smallex stocks in southwestern Northwest Territories. The associated granitoid plutonic rocks are part of the 



Selwyn Plutonjc Suite. The host rocks are mainly Early Cambrian limestone; the associated granitoid plutons range from high- 
silica leucogranite and topaz granite to syenite. Diorite dikes also occur. In most cases, Zn skarns occur distally with respect to 
associated igneous rocks (Dawson, 1996a). 

The Sa Dena Hes deposit at Mount Hundere, near Watson Lake, Yukon Territory consists of at least four tabular skarn 
and manto ore bodies (Abbott, 198 1; Bremner and Ouellette, 1991 ; Northern Miner, October 7, 199 1). The ore bodies are 
concordant to bedding in a deformed, Late Proterozoic and Early Cambrian craton margin sequence of limestone and phyllite. No 
nearby igneous rocks are exposed. The limestone is replaced by coarse-grained actinolite-hedenbergite-grossularite skarn, with 
pyrrhotite, magnetite, sphalerite, pyrite. and galena, and retrograde quartz and fluorite. The deposit has pre-production reserves of 
4.8 million tonnes grading 12.7% Zn, 4% Pb, and 59 glt Ag (Dawson and Dick, 1978; Dawson, 1996a). 

The Quartz Lake (McMillan) deposit is a pyrite-bearing Zn-Pb-Ag manto which is probably related to small, nearby 
Cretaceous plutons. The deposit occurs in southeastern Yukon and consists of a series of tabular and concordant bodies, lenses, 
and disseminations which replace limy quartzite and argillite of the Late Proterozoic to Early Cambrian Hyland Group of the 
North American Craton Margin. The deposit consists pyrite, galena, and sphalerite, with minor arsenopyrite, boulangerite, 
tetrahedrite, and chalcopyrite. Galena-lead isotopes indicate an age of ca. 100 Ma, similar to which of intrusives of the Selwyn 
suite (Godwin and others, 1988). Estimated reserves are 1.5 million tonnes grading 6.6% Zn, 5.5% Pb, and 102 g/t Ag (Morin, 
198 1 ; Vaillancourt, 1982). 

Recent exploration at the Prairie Creek (Cadillac) prospect, which occurs near the South Nahanni River, Northwest 
Territories, reveals a stratabound deposit with characteristics of a Zn-Pb-Ag manto which occurs at dept iive 
vein zone. No plutons are associated with the deposit which consists of galena and sphalerite, with mino 
chalcopyrite hosted in a quartz-carbonate gangue. The deposit occurs along a strike length of 10 km in 1 ound 
vein zones which are hosted in shale and dolomite of the Middle Devonian Arnica Formation. Six deeper corlcoruanr ort: lenses in 
the subjacent Ordovician Whittaker Formation are over 22 m thick. An estimated resource of 6.2 million tonnes grades 13% Zn, 
12% Pb, and 180 g/t Ag (San Andreas Resources Corp., News Releases, 1992, 1993, 1994, 1995; Dawson, 1996a). 
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Origin of and Tectonic Controls for 
Selwyn Metallogenic Belt 

The Selwyn metallogenic belt contains one of the world's largest reserves and resources of W skarn deposits. The 
associated plutons, part of the Selwyn Plutonic Suite, are mainly equant, high level bodies of granite, granodiorite and quartz 
syenite with pronounced S-type characteristics, which discordantly intrude Late Proterozoic to early Paleozoic carbonate and 
pelitic rocks of the North American Craton Margin (fig. 62). The Selwyn Plutonic Suite is interpreted to have formed from 
thickening and melting of the continental crust in the outer part of a miogeoclinal sedimentary wedge during regional compression 
(Woodsworth and others, 1991). Skarn W deposits commonly are associated with marginal or satellite phases of two-mica granites 
with aluminous accessory minerals (Anderson, 1983b). Radiometric ages for the plutonic suite range from 88 to 114 Ma, but most 
skarns are associated with early-phase plutons which range in age between I 12 and 100 Ma (Mortensen and others, 1994). 

The Selwyn Plutonic Suite is part of the collisional mid-Cretaceous Omineca-Selwyn plutonic belt which extends from 
the southern part of the Canadian Cordillera, across Interior Alaska, northwestward into the Russian Northeast, and consists chiefly 
of granodiorite, granite, quartz syenite and minor syenite plutons of Early to mid-Cretaceous age (1 10-90 Ma) (Monger and Nokleberg, 
1996; Nokleberg and others, 1994~; 2000). The spatial location of the belt, about 200 km west of the eastern limit of Cordilleran 
deformation, and chemistry suggests an anatectic origin of partial melting of cratonic crust during thickening caused by Cretaceous 
contraction (Monger and Nokleberg, 1996; Nokleberg and others, 2000) which was associated with orlhogonal convergence between 
the Farallon Oceanic Plate and North America (Englebretson and others, 1985; 1992), and subsequent regional extension (Pavlis 
and others, 1993). Other metallogenic belts of granitic-magmatism-related deposits hosted in the Omineca-Selwyn plutonic belt in 
the Canadian Cordillera, Alaska, and the Russian Northeast include the Bayonne, Cassiar, Tombstone, and Whitehorse belts (fig. 62; 
tables 3,4). Two other interpretations for the origin of the Omineca-Selwyn plutonic belt and related metallogenic belts are: (1) 
formation during A-type subduction of the miogeocline and transtensional tectonics (Woodsworth and others, 1991; or (2) 
formation in the rear of a single broad, mid-Cretaceous, Cordillera-w~de, subduction-related arc (Armstrong, 1988). 

Tombstone Metallogenic Belt of Ag Polymetallic Vein, 
AuSb Vein, and W-Sn-Au and Cu-Au Skarn Deposits, 
Central Yukon Territory (Belt TS) 

The Tombstone metallogenic belt of Ag polymetallic vein. Au-Sb vein, and W-Sn-Au and Cu skam deposits (fig. 62; tables 
3 ,4)  occurs in the central Yukon Territory, and is associated with late Early Cretaceous mafic to intermediate, alkalic plutons of the 
Tombstone Plutonic Suite which occurs in the Tombstone and Syenite Ranges of the northwestern Yukon Territory (Woodsworth 
and others, 1991; Mortensen and others, 1994). The belt contains major Ag polymetallic vein deposits at Keno Hill (Galena Hill), 
Craig (Tara, Nadaleen Mountain), and Rusty Mountain (Vera, Val, Cavey), a Sb-Au vein at Brewery Creek (Loki Gold), and a W 
skarn deposit at Ray Gulch (Potato Hills, Mar; table 4) (Nokleberg and others 1997a, b, 1998). An exploration model for 
intrusion-related Au systems has been developed from the Tombstone Plutonic Suite by Lang and others (2000). 



Keno HSldGaiene Hill Disbkt of 
Ag PoJymetallic Vein Deposits 

The Keno Hill-Galena Hill dishict of Ag polymetallic vein deposits (fig. 77) consists of argentiferous galena, fieibergite, 
and pyrargyrite with minor polybasite, stepbanire, argentite and native silver whch occur in fault veins, breccias and sheeted 
zones (Watson, 1986; Lynch, 1989; Murphy and Roots, 1992; Yukon Minfile, 1992). The deposit is hosted predominantly within 
the Keno Hill Quartzite of the Early Mississippian Upper Earn Group which fonns part of a Devonian and Mississippian clastIc 
wedge in the North American Cvatan Margin. Two stages of veining occur: an earlier stage of quartz-pyrite-arsenopyrite- 
sulpbosalts and trace Au which formed prior to movement on fault veins; and a post-fault set of siderite-galena-sphaltrite~yrile- 
fiiiebergite-pyrargyrite. A K-Ar isotopic age of 90 Ma age, which is interpreted as age of deposif may be related to granitoid 
intrusioos of similar age to the north and south of Keno Hill. Between I92 I and 1988, estimated production was 6769 t of Ag, half 
of which cstme from the Elsa, Keno No. 9, Lucky Queen, Silver King, Sadie-Ladue, and Husky Mines. Total production was 4.87 
million tomes of ore of average gra& 1412 g/t Ag, 6.8% Pb, 4.6% Zn and 0.02 g/t Au (Yukon Minfite, 1992). More than 65 ore 
deposits and prospects occur in the district. The Keno Hill-Galena Hill district is the second largest silver producer in Caaada. 
Similar Ag po1yrneta)lic vem districts occur to the west and northwest of Keno Hill at Nadaleen Mountain, Rusty Mountain, 
Kathleen Lakes, and McKay Hill. 

Figure 77. Keno Hill (Galena HAI) Ag polymetallic vein deposit, Tombstone metallogenic be#. Canadian Cordillera. Schematic 
regional geobgic map shewing locations of major deposits. Adapted from Watson (1986). 

Bmwery Creek Sb-Au Vein Deposit 

The Sb-Au vein deposits at Brewery Creek (Loki Gold) are hosted by sheared clastic rocks of the Earn Group and 
adjacent porphyry s i b  ( B m e r ,  1990). Eight separate deposits occur over a strike length of 5.5 km elong a shear zone between a 
sill of quartz momonite, syenite and latite of the Todstone suite, and graphitic argillite, chert, sandstone, coaglomeratc and 
bedded barite. The deposits consist of gold which occurs in fine-grained chalcedony-pyrite-arsenopyrire stockworks. About 90% 
of the deposit is oxidized at d e w s  of 10-1 10 m. Narrow quartz-stibnite veins post-date the Au veins. An open pit, heap-leach 
mine started m tho dqmsit ia 1995 with estimated pre-production reserves of 19.2 million tomes grading 1.53 glt Au (Brernner, 
1990; Loki Gold Corp., News Release, January 1 1, 1994). Other Au-Sb (W-Pb-Ag) veins in the region are at Antimony Mountain, 
West Ridge, and Spotted Fawn. 

Eagle (Dublin Gulch) Perphyry Au-W Deposit 

The Eagle (Dublin Gulch) porphyry Au-W deposit consists of granitoid-related Au vein stockworks which are similar to 
the Fort Knox deposits near Fairbanks, Alaska (Mortensen and others, 1994; Hitchins and Orssich, 1995). The Late Cretaceous 
Dublin Gulch biotite granodioritc stock, with a K-Ar isotopic age of 95-87 Ma, contains: (1) sheeted Au-As-Cu-Bi-W quartz veins 



along the western end in the Eagle Zone; (2) scheelite-quartz veins in the east-centml part; and (3) Au-sulfide quartz veins along 
the nort hem contact and to the west. The associated Ray Gulch (him) W skam deposit occurs on the south side of the Dublin 
Gulch stock, and casslterlte breccia deposits occur 2 km north of the stock. The Au quartz veins in the Eagl~ Zom mgt £rom I to 
2 cm wide, and are associated with potassic and phyllic envelopes which coalesce to form pervasive alteration which wfBiD. the 
closely-spaced quartz veins. Vein mineral assemblages, in addition to free gold grabs up to 1 mm in diameter, are gmenowpik, 
pyrrhotite, chalcopyrite, pyrite, bismuthinite, tetradymite, teIlwbimuthiaife, native bismuth, and rare moIyWenite md 5 e l i t e .  
Estimated resources are 64.5 million tonnes mdiag 1.03 g/t Au (Hkbhins and Otasicb, 19%). 

Ray Gulch W Skarn Deposit 

The Ray Gulch W skarn deposit consists of scheelite which occurs as disseminations a d  tabda layea in $u#kle&ee 
diopside-amphibole-epidote s k m .  The deposit is hosted in calcmus mebsedhentary rocks and €@ofthe l.,&eProterou,Ec 
Hyland Group which is intruded by quartz monzonite sills which dip gently northward towards the FortWo Hi18 StOLIk, wof fbe 
mid-Cretaceous Tombstone Plutonic Suite. Eight separate skarn zones comprise a resource of5.44 million tomes of mtezid 
grading 0.82% W 0 3  (Lennm, 1986). Other W s k m  are at Scheeiite D m ,  Lugdush, and abosgobel. Sa skaragwur in the 
Keno Hill-McQuesten River region, and include Oliver Creek, Boulder Creek, East Ridge, md B%mey Ridge. Also occuhhg in 
the area are several veln and breccia Sn-W deposits which are ho&cd by Late P r o t m i e  to Mississippian imW&nWq todrs 
and associated felslc granll~id stocks of he Tombstams Phltmk Suite (EmaJbd id L,ynch, 19921, S d  a - A u  depaita 
occur at Marn, Brenner, and Ida. 

Origin of and Tectonic Controls for 
Tombstone Metallogenic belt 

The Tombstone matallogcok ball in b a t &  in the mid-Cretaceous Tombstone Plutonic S u b  wlmicb intrudes tse P t o t P d ~  
Hyland and Cambrian through Devonhn Rocky Mountain A d a g e ,  and the Devonian and Missis8ippian c W  we&e roChLp 
of Earn Group of the North Americrcn h t o o  Mqpn (tig. 62). The Tombstone Plutonic Suite, wbicb has isotopic aga of9549 
Ma, consists mainly of alkaline pluloras which include sycnib, hornblende-biotite granodiorite, quartz mmQnite, aad qmab- 
feldspar porphyry. The plutonic suite includas xmre kleic, paahminous, tyvo-mica granite and quark d t e  plwws whicfi 
were previously included in the a6ghtly older Sdwyn Flutoak St& which has isotopic ages of 97 to 112 Ma Tbe grmitokl rods 
of the Tombstone Plutonic Suik, which are part of b w - S e l w y n  plutonic suite, are s i m h  in age, geocbmkfry, and 
petrology to mid-Cretaceous flutons which iphude Ibe Y b T ~  terrm to the west in Alaalra ~ Q S S  tha-hdi fault, md 
the suites of lode deposits a s s o c W  with each suite of lpanitoid mh are sbnilar. The T ~ t o n c  ~ o p k  bblt mbbs Ag 
polymetallic vein, gramtoid-telela8 Au, SbAn vein, W-Sn-Au skam, and Cu-Au skam depaits. The o k  (mid-Gretatxous) plart of 
the East-Central Alaska metallogenic belt contains granitoid-related A y  Sb-Au vein, Pb-Ag-Zn-Au poJymebllic vvein, d W-AU 
skarn deposits. In recent yeas, the name Tinh)ra G;oldi?eit (Tucker and Smith, 2000) has bem used for gmaitoid-related Au 
deposits and occurrences which occur throughout the Yukon Territory d in &G East-Central A h d a  xmhdkgenic belt (described 
below) of Nokleberg and otbers (1995a, 1996, I997sr), and m the comedative TainWne metdogenie bt1t of Meberg and 
others (1995a, 1996, 1997a) which occm to the oast in the ~~ Yukon Tmritory. Because the term TlatiM GohJ E d  includes 
deposits of several ages and Merelling origins, the term is not wmd in t4isstudy. Bundtzen and ot.hm (2W) inwoducexl the tan 
Tintina Gold Province to denote Mesozoic and T & h y  plutonic-related gold &posits which rn &Ead to which owxir b ~ ~ g h O l l t  
the Yukon Territory and lrderior Alaska. 

As described a b o e  fw the correlative East-Central Alasktl mdlogenic belt (mid-Cww), the polym6taflic, SbAu 
vein, and granitoid-related Au deposits of the Tombstone metallogenic belt are generally hosted in, ar nearmid-Cxetaceous 
granitoid plutons (Nokleberg andothers, 199%; McCoy and others, 1997; Smith, 1999; Smith aMf 9tbas, 1999, 2 W 1  @ki&b 
and others, 2000). In both Jiut-Central Alaska and the Central Yukon Territory, I h e  p h k w  are iuhxpreted as thing 
the waning stages of a major mid-Cretaceous collision of the Wrangellirm supatemane with the ~ o u s l y ~ c r e r e d  Yukon-Tanma 
terrane (Stanley and ohers, 1990; hrsel Bacon and others, 1993; Pavlis and others, 1993; NoUebctg and others, 2000). ']The 

collision a& aa~ociared rnehmorphiun and deformation is interpreted as forming in two phases: ( I )  a relatively alder parid of 
collision axid thrusting, assDcirted wi(h high-temperatun and h i g h - p m  metamarpbm, and (2) a slightly younger mod of 
extension asswiatcd with lower greawhist h i e s  metamorphism. The mid-Cretaceous gmitoid rocks md relalively ymmge~ 
quartz veins intiude and cmsscut bath the relatively older, lugher-grade, aad relatively younger, lower gtwb metmwpbie Eabrics 
in the region (Dusel Bacon asld others, 1993; Pavlis and others, 1993) These relations suggest that the the Tphtone 
metallogenic belt formed in rhe wantog stages of this complex d d i b n  event (Noklekg, 1997e, 2 0 .  Mher m W o @ c  
belts of granitic-magmatismrtld deposits haetod in the O m b m - m n  plufodc belt in the Camdim C&M, Alllasks, and tb 
Russian Northeast include the Bayome, C&u, Selwp, and Whi teha  beh (fig. 62; table 3). 



Cassiar Metallogenic Belt of Porphyry Mo-W; 
W Skarn, Zn-Pb-Ag Manto, Sn Skarn, and 
Au Skarn Deposits (Belt CA) Northern British 
Columbia and Southern Yukon Territory 

The Cassiar metallogenic belt of porphyry Mo-W; W skam, Zn-Pb-Ag manto, Sn skam, and Au skarn deposits (fig. 62; 
tables 3,4) occurs in northern British Columbia and southern Yukon Territory. The belt contains a variety of mineral deposit types 
which are related to granitoid plutons of the mid-Cretaceous Cassiar Plutonic Suite which forms a narrow, linear belt of 
dominantly biotite granite and granodiorite plutons which is part of the Omineca-Selwyn plutonic belt (fig. 62). The significant 
deposits in the belt are a Porphyry W-Mo deposit at Logtung (Logjam Creek), a Pb-Zn-Ag skarn and manto deposit at Midway 
(Silver Tip), a W skam deposit at Risby (Cab), a Zn-Ag polymetallic vein deposit at Logan, and a Sn skarn deposit at JC or Viola 
(table 4) (Nokleberg and others 1997a, b, 1998). The Logan polymetallic Zn-Ag vein deposit is hosted by the Marker Lake 
Batholith (Dawson, 1996a). 

Logtung Porphyry Mo- W Deposit 

The large Logtung (Logjam Creek) porphyry Mo-W deposit consists of disseminated scheelite, molybdenite and 
powellite with minor associated fluorite and beryl in garnet-diopside skam, quartz vein stockwork and fractures (EMR Canada, 
1989; Dawson and others, 1991; Yukon Minfile, 1991; Noble and others, 1995). The deposit contains estimated reserves of 230 
million tonnes grading 0.104% W03, 0.05% MoS2. The deposit is hosted in a large quartz porphyry dike which is related to a 
nearby mid-cretaceous quartz monzonite stock with a K-Ar isotopic age of 109 Ma which is part of the Cassiar Plutonic Suite. 
The Logtung deposit is typical of a group of deposits (as at Stormy and Molly) which contain a molybdenite-rich stockwork in a 
granitoid pluton and a scheelite-rich garnet-diopside skam assemblage in the wall rocks (Dawson, 1996~). At the Logtung deposit, 
early quartz-scheelite veins are related to a monzogranite stock, a later stage of quartz-scheelite-molybdenite-pyrite-fluorite veins 
is related to a felsic dyke complex, and a final stage of polymetallic W-Mo veins which form a large zone is centered on the dyke 
complex (Noble and others, 1984). Both mid-Cretaceous intrusives are part of the Cassiar Plutonic Suite. The wall rocks are 
Mississippian and Pennsylvanian chert, argillite, and quartzite of the Cassiar continental margin terrane. 

Risby Skarn W Deposit 

The significant, but undeveloped Risby (Cab) skarn W deposit consists of two diopside-garnet skarns which occur in 
Early Cambrian carbonates which are intruded by granitoid sills of the Cassiar Plutonic Suite (EMR Canada, 1989; Yukon 
Minfile, 1990; Mining Review, 1992). The No. 1 zone has a high pyrrhotite and low chalcopyrite content, whereas the No. 2 zone, 
which is intruded by a sill, has higher WO, mineralization and low sulfide content (Sinclair, 1986). The deposit has a drilled 
resource of 3.2 million tonnes grading 0.82% W03. The mineral assemblage is typical of W skam deposits associated with plutons 
of the Omineca-Selwyn plutonic belt. 

Midway (Silvertip) Manto Pb-Zn-Ag Deposit 

The Midway (Silvertip) manto Pb-Zn-Ag deposit consists of generally coarse-grained assemblage of sphalerite-galena- 
pyrite which contains elevated Ag, and minor Au, Sb and Bi values which occur as irregular, pipe-like, open-space filling and 
replacement bodies in limestone of the Middle Devonian McDame Group of the Cassiar continental margin terrane (Bradford and 
Godwin, 1988; EMR Canada, 1989). The nearest intrusive rock, interpreted as the source of mineralizing fluids, is a group of 
quartz-feldspar porphyry dikes which are about 2 km from the deposit. The dikes intrude clastic sedimentary rocks of the Earn 
Group which unconformably overlie the McDame Group. The wall rocks exhibit sericite alteration. The dikes exhibit a K-Ar 
isotopic age of 66 Ma. Estimated reserves are 2.6 million tonnes grading 8.8% Zn, 6.4% Pb, and 3258 g/t Ag according to drilling 
and underground exploration (Bradford and Godwin, 1988; Mining Review, summer 2000; Peruvian Gold/Imperial Metals 
release, February 10,2000). The deposit does not contain a calc-silicate gangue typical of skarn Zn deposits, and exhibits only 
minor amounts of a silica and carbonate gangue adjacent to replacement bodies, similar to the alteration in the large Ag-Zn-Pb 
manto deposits of northern Mexico. At both the Midway and the nearby YP manto deposits, a crude zonation in metal distribution 
exists wherein Au is concentrated commonly in massive sulfide zones which are rich in Fe, Cu, and Zn, rather than in more distal 
Pb- and Ag-rich zones (Dawson, 1996a). An origin similar to which of Sa Dena Hes Zn-Pb-Ag manto deposit near Watson Lake, 
Yukon is proposed, where mantos are developed distally to an intrusion inferred to underlie the deposit at depth (Dawson, 1996a). 

Ketza River Manto Au Deposit 

The Ketza River manto Au deposit consists of Au-quartz-sulfide veins and massive pyrrhotite-arsenopyrite-pyrite- 
chalcopyrite-Au mantos which occur in a central part; and (2) mantos and veins of similar mineralogy which contain lower 
amounts of sulfide minerals which occur in a outer part; and (3) Ag-Pb veins and mantos which occur in the periphery (Cathro, 
1990). The deposit is hosted by Early Cambrian sedimentary rocks of Cassiar continental margin terrane. The district is interpretec 
as underlain by a mid-Cretaceous pluton of the Cassiar Plutonic Suite which is interpreted as emplaced along the Ketza-Seagull 
Arch, a major structural feature (Abbott, 1986a). Homfels underlies the deposit and exhibits a K-Ar whole-rock isotopic age of 



101 Ma (K.M. Dawson, unpublished data, 1986). The mine at the deposit operated between 1988 and 1990 wivith initial oxide ore 
reserves of 282,000 tonnes averaging 13.45 g/t Au (Canamax Resources Inc., 1988  AM^ Report). 

JC Skarn Sn Deposit 

The JC Sn skarn deposit consists of mahyitc, Prannite, stamifemus tetrahextrite and ~ag~iterite in bdmbergi~opside 
skarn which occur along the contact between Devonian and Mississippian carbonate rocks and porphyritic granite o-f themid- 
Cretaceous Seagull Batholith (Layne and Spooner, 1986; EMR Canada, 1989; Yukon M i d t ,  1991). The S ~ ~ ~ l i t h  
conslsts of a two-mica A-type granite which i s  also associated with the F-, C1-, and B-rich, Sa skam deposits a! Val A eat  Viola, 
and with Zn-Pb-Ag skam depos~ts at Atom, Bom, and Bar (Dawson and Dick, lW8). At the JC deposit, h e d e n b e r w w t -  
andradite prograde skam contains elevated Sn in a hfinctive green garnet skam, and is replad by a retrograde memblapof 
cassiterite, stannite, tetrahednte, sphalerite, and d a y i t e .  hinite and fluorite fill interstices in a pipe-like breccia. m t e d  
resources are 1.25 million tomes p d i n g  0.54% Sa (Layne and Spooaer, 1986). 

Origin of and Tectonic Conkds br 
Cassiar Metallogenic Belt 

The Cassiar metallogenic belt is hosted in the Cassiar Plutonic Suite which is lithologically similar to the &yome 
Plutonic Suite, but the generally elongate plutons of the Cassiar Suite exhibit post-emplacement deformation (Woodworth and 
others, 1991). The plutons and most of the associated deposits are hosted by the Cassiar tenme which is inte~prated as a displaced 
fragment of North American Craton Margm (Monger and others, 1972, 1992; Monger and NoWeberg, 1996; Ndrleberg and 
others, 2000) and is composed of Proterozoic to Chkmiferous sedimentary mks. The C a s h  Flutonic Suih is part of the 
col lisional mid-Cretaceous Omineca-Selwyn plutonic belt which extends from the southern psct of the Camdim C o ~ e t a ,  across 
Interior Alaska, and northwestward into the Russian Northeast, and cansists chiefly of granodiorite, granite, qututz syenio and minor 
syenite plutons of Early to mid-Cretaceous age (1 19-90 Me; Monger and Nokleberg, 1996, Noidekg and &m, 1994~; 2000). The 
spatial location of the belt, about 200 laa west of the eastern limit of Cordilleras deformation, and chemistry suggwts an -tic origin 
of partial melting of cratonic crust during thickening caused by CretElGews oontreaion (Monger and Nokleberg, 1996 Noktebq and 
others, 2000) which was associated with orthogonal convergence beween the Farallon O W c  Phte and North America 
(Englebretson and others, 1 985; 1 992), and subsequent regional extension (Pavlis and others, 1993). Orher metallogenic belts of 
granitic-magmatism-related deposits hosted in the Omineat-Selwyn plutonic belt in the Canadiau CodIlera, Alaska, end the Russian 
Northeast include the Bayonne, Selwyn, Tombtone, and Whitehorse belts (fig. 62; table 3). 

Whitehorse Metallogenic Belt of 
Cu-Fe Skarn, Porphyry Cu-Au-Ag, and 
AU-Ag Polyrnetallic Vein Deposits (M WH) 
Southern Yukon Territory 

The Whitehorse metallogenic belt of Cu-Fe skarn, porphyry Cu-Au-Ag, and Au-Ag pokymetallia vein deposits (fig. 62; 
tables 3,4) occurs in the southern Yukon Tenitory, and is hosted in the Whitehorse Plutonic Suite. These plutonic rocks intrude a 
large area of the northern Stikinia and Cache Creek terranes, and Yukon-Tanana terrane in the nortbem Canrrdian Cordillera (fig 
62). The Whitehorse Plutonic Suite, which is part of the Ominex-8elwyn p h h c  belt, consists pFedo~~~&~~tly of mid- 
Cretaceous, granodiorite plutons (Woodsworth and others, 1991). The sigdkant deposits in the belt gte Cu slrarn deposits near 
Whitehorse (Little Chief, War Eagle), a d  Hopkins or Oilta.~ (table 4) (NokIeberg d others 1997% b, 1998). 

Whitehorse Copper Belt of Cu S k m  Depodts 

The Whitehorse Copper Belt (fig. 78) comprises thirty-two Cu-Fe (Mo-Au-Ag) calc-silicate sknm deposits host4 by 
both calcareous and dolomitic units of the upper Triassic Lewes River Group of Stikinia &mane (Dawson aad K i r w  1996). 
The skarns contain born~te, magnetite, and chalcopyrite, and minor native copper, tetrabedrite, and molybdtnite. The akmns accur 
in a 30-km-long belt along irregular contacts of the Whitehone Batholith which consists of a composite talc-w granodiorite 
pluton with a diorite margin (Meinert, 1986; Dawson and others, 1991; Yukon M M e ,  1991). Tht calciic ot mrrgnesian skrva 
mineralogy is a largely a function of the skarn protolith (Morrison, 1981). The bulk of sulfide minerals and higbest average Au 
and Ag grades occur in structurally controlled retrograde h alteration assemblages (Meinert, 1986). From 1898 to 1982 
estimated production was 142,000 tomes Cu, 7,090 kg Au and 90,000 kg Ag fiom 5.2 million tows ore. C o m b i d  production 
and reserves are 13.2 million tomes gfading an average of 1.4% Cu, 0.7 g/t Au, and 8.9 glt Ag (Dawson and others, 1991; 
Watson, 1984). 

Two small skams are the Cu (Mo-Ag-Au) Hopkins aod the Zn (Cu-Ag) Sekulmun slrams ( D a m n  and othm, 1991) 
whlch occur in carbonate rocks of the Cambrian through Devonian Nasina Assemblage of the Yukon-Taaana tenme where 
intruded by the Nisling Range grmudiorite plulon (Dawson and otkers, 1991). Significant Au-Ag polymetallic vein deposits 
which occur at Mount Nansen and Mount Freegold @awsan etnd othws, 1991) are hosted in interm- to BMc volcanic rocks 
of the Mount Nansen Group which are interpreted as coeval and probably comaptic the Whitehorse Suite (Woodsworth and 



others, 1991). Small, polymetallic Au-Ag veins are hosted by granitioid plutons in the Moosehorn Range on the border between Alaska 
and the Yukon Territory. 

Origin of and Tectonic Controls for 
Whitehorse Metallogenic Belt 

The Whitehorse metallogenic belt is hosted by the Whitehorse Plutonic Suite which has an isotopic age range 103 to 112 
Ma. The suite includes the Coffee Creek Plutonic Suite south of Dawson (Mortensen and others, 1994). The Whitehorse Plutonic 
Suite is part of the collisional mid-Cretaceous Omineca-Selwyn plutonic belt which extends from the southern part of the 
Canadian Cordillera, across Interior Alaska, and northwestward into the Russian Northeast (figs. 61, 62). The belt consists chiefly 
of granodiorite, granite, quartz syenite and minor syenite plutons of Early to mid-Cretaceous age ( 1  10-90 Ma; Monger and Nokleberg, 
1996; Nokleberg and others, 1994c; 2000). The spatial location of the belt, about 200 km west of the eastern limit of Cordilleran 
deformation, and chemistry suggests an anatectic origin of partial melting of cratonic crust during thickening caused by Cretaceous 
contraction (Monger and Nokleberg, 1996; Nokleberg and others, 2000) which was associated with orthogonal convergence between 
the Farallon Oceanic Plate and North America (Englebretson and others, 1985; 1992), and subsequent regional extension (Pavlis 
and others, 1993). Other metallogenic belts of granitic-magmatism-related deposits hosted in the Omineca-Selwyn plutonic belt in 
the Canadian Cordillera, Alaska, and the Russian Northeast include the Bayonne, Cassiar, Selwyn, and Tombstone belts (fig. 62). 
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Figure 78. Whitehorse Copper Belt of Cu skarn deposits, Whitehorse metallogenic belt, Canadian Cordillera. Schematic map 
showing location of major Cu-Fe skarn deposits. Adapted from Dawson and Kirkham (1996). 



I 
Bayonne Metallogenic Belt of Porphyry M o  and 
Cu-Mo-W-Zn Skarn Deposits (Belt BA) 
Southern British Columbia 

The Bayonne metallogenic belt of porphyry Mo and Cu-Mo-W-Zn skam deposits (fig. 62; tables 3,4) occurs in southern 
British Columbia and is hosted in the mid-Cretaceous Bayonne Plutonic Suite which is the extreme, southern part of the Omineca- 
Selwyn plutonic belt. The intrusions typically are S-type, felsic, enriched in large-ion lithophile elements, and have initial Sr ratios 
in the range 0.71 0 to 0.740 (Armstrong, 1988). Most of the suite forms roughly equant, plutons and large stocks of mainly 
granodiorite or granite; the stocks are strongly discordant with the wall rocks of the Quesnellia and Kootenay terranes and the 
North American Craton Margin. The significant deposits in the belt are porphyry Mo deposits at Boss Mountain and Trout Lake, a 
W skarn deposit at Emerald-Invincible, a Zn-Pb skarn and manto deposit at Mineral King, a Mo skarn deposit at Red Mountain 
Moly (Coxey, Novelty, Nevada), and a Cu-Au skarn deposit at Phoenix-Greenwood (table 4) (Nokleberg and others 1997a, b, 
1998). 

Boss Mountain Porphyry Mo Deposit 

The Boss Mountain porphyry Mo deposit consists of molybdenite in quartz veins, fracture zones and in collapse breccias 
which are hosted by a granodiorite phase of the composite Early Jurassic Takornkane batholith which is intruded by the mid- 
Cretaceous Boss Mountain stock (Soregaroli and Nelson, 1976; MacDonald and others, 1995). The emplacement of the stock was 
accompanied by rhyolite dikes, brecciation and multiple stages of veining and Mo deposition. Molybdenite was mined from a 
sheeted vein system which describes a partial annulus centered upon the apical region of the stock. Alteration assemblages 
consists of garnet, hornblende, biotite, sericite, potassium feldspar, chlorite and talc. Pyrite forms a 1.5 km-wide halo. Between 
1965 and 1971, about 2.97 million tonnes were milled with an average grade of 0.26% Mo. Between 1974 and 1980, 3.6 million 
tonnes were milled with an average grade of 0.188% Mo. Estimated remaining reserves are 3.84 million tonnes grading 0.135% 
Mo (Soregaroli and Nelson, 1976; MacDonald and others, 1995). 

Trout Lake Porphyry Mo Deposit 

The Trout Lake porphyry Mo deposit consists of molybdenite and pyrite in quartz veins, and also scheelite, pyrrhotite, 
chalcopyrite, with lesser amounts of galena, sphalerite and tetrahedrite in peripheral skarns (Boyle and Leitch, 1983; Linnen and 
others, 1995). The deposit is hosted mainly in limestone, schist, and quartzite of the Paleozoic Lardeau Group. A minor part of the 
deposit is hosted in altered granodiorite and tonalite of the Late Cretaceous Trout Lake stock which forms part of the Bayonne 
Plutonic Suite. Skarn calc-silicate alteration includes prograde clinopyroxene-garnet, and retrograde tremolite-clinozoisite with 
scheelite. Potassic (biotite) alteration overprints retrograde skarn and forms envelopes around quartz-albite Mo veins in skam and 
homfels, whereas K-feldspar replaces plagioclase in the intrusion. The highest Mo grades are associated with the later quartz-K- 
feldspar-muscovite alteration. Estimated resources are 49 million tonnes I grading 0.19% Mo (Boyle and Leitch, 1983; Linnen and 
others, 1995). 

Red Mountain Mo Skam Deposit 

The Red Mountain Mo skarn deposit (Coxey, Novelty, Giant) consists of molybdenite, pyrrhotite, chalcopyrite, 
arsenopyrite, scheelite, pyrite, magnetite, bismuthinite, galena and sphalerite which occur in veins, disseminations and shears 
within skarn and contact-metamorphosed siltstone and breccia of the Pennsylvanian to Permian Mount Roberts Formation (Ray 
and Webster, 199 1 ; Ray and Dawson, 1998). The small porphyritic intrusions of granite and granodiorite are interpreted to be 
associated with, and a late phase of the Early to Middle Jurassic subvolcanic, monzonite Rossland intrusion which is associated 
with large Au-bearing pyrrhotite-chalcopyrite vein deposits of the adjacent Rossland district (Hoy and others, 1998). An 
alternative interpretation is that the intrusions associated with the deposit are part of the mid-Cretaceous Bayonne Plutonic Suite. 
At Coxey, molybdenite and minor scheelite are associated with a prograde assemblage of pyroxene-garnet-vesuvianite and a 
retrograde assemblage of epidote-actinolite-chlorite. The Novelty and Giant Mo skarns contain abundant arsenopyrite, and minor 
pyrrhotite, pyrite, chalcopyrite, cobaltite, bismuthinite, native Bi, and Au. The Novelty deposit also contains some uraninite. 
Estimated production and reserves are 1.3 1 million tonnes grading 0.20% Mo (Ray and Webster, 199 1 ; Ray and Dawson, 1998). 

Emerald-Invincible W-Mo Skarn Deposit 

The Emerald-Invincible W-Mo skarn deposit consists of scheelite, wolframite, molybdenite, pyrrhotite, pyrite and 
chalcopyrite which generally occur as disseminations, but locally occur as massive lenses with pyrite and pyrrhotite with 
associated gold (Ray and Websler, 1991; Dawson and others, 1991). The deposit is hosted in the Early Cambrian Laib Formation 
along the contact of the Reeves Member Limestone with the Emerald Member argillite, as well as along the contact of the 
limestone with the Cretaceous Emerald and Dodger Stocks. The skam consists of garnet, diopside, tourmaline, powellite, calcite, 
biotite, and K-feldspar. Sericite alteration is predominant; but kaolinite, tremolite and silica alteration also occur. The Emerald 
deposit has produced approximately 7,4 16 tonnes of Mo-W concentrate. The Pb-Zn deposits at the nearby Jersey and Emerald 



mines are interpreted as distal skarns relative to the W skarn; however others have interpreted the Pb-Zn deposits as syngenetic 
(Dawson, 1996a). 

Phoenix-Greenwood Cu Deposit 

The Phoenix-Greenwood Cu-Au skarn deposit consists of chalcopyrite, pyrite, pyrrhotite, magnetite plus minor sphalerite 
and galena which occur in a garnet-rich calc-silicate skarn assemblage of andradite, clinozoisite, diopside and quartz (Church, 
1986; Schroeter and Lane, 1991; MINFILE, 2002). The skarn hosted by Triassic carbonate, clastic, and volcanic rocks of the 
previously-accreted Quesnellia terrane in proximity to contacts with Middle Jurassic and mid-Cretaceous granitoid intrusive rocks. 
Production from 1893 to 1985 was 270,000 tonnes Cu, 36 tonnes Au, and 117 tonnes Ag. The deposit age is interpreted as Middle 
Jurassic to Early Cretaceous. 

Mineral King Zn-Pb-Ag Skam and Manto Deposit 

The Mineral King deposit consists of sphalerite, galena and pyrite with bournonite and rare meneghinite which occur in 
steeply-dipping pipes or as manto-style replacements along steeply dipping shear zones associated with a synclinal wedge between 
two faults. The deposit is hosted in the Middle Proterozoic Mount Nelson Formation composed of dolomite and dolomitic 
quartzite. The mine at the deposit produced an estimated 2.1 million tonnes grading 4.12% Zn, 1.70% Pb, and 24.8 g/t Ag (Fyles, 
1960). Estimated current reserves are 72,576 tonnes grading 34.3 g/t Ag, 2.5% Pb, and 4.5% Zn.. No intrusive rock is exposed, 
but the deposit is interpreted as a Zn-Pb skarn and manto distally related to a buried intrusion (Dawson and others, 1991) of the 
Bayonne Plutonic Suite. 

Origin of and Tectonic Controls for 
Bayonne Metallogenic Belt 

The Bayonne metallogenic belt is hosted in the extreme, southern part of the Omineca-Selwyn plutonic belt (fig. 62). The 
iithophile geochemistry of the plutonic suite is reflected in the abundance of porphyry Mo and related skarn deposits. The 
Omineca-Selwyn plutonic belt extends from the southern part of the Canadian Cordillera, across Interior Alaska, and northwestward 
into the Russian Northeast, and consists chiefly of granodiorite, granite, quartz syenite and minor syenite plutons of Early to mid- 
Cretaceous age ( 1  10-90 Ma; Monger and Nokleberg, 1996; Nokleberg and others, 1994c; 2000). The plutons in the belt form an extensive 
linear array of discrete intrusions, and many plutons exhibit S-type character. Extrusive equivalents (such as the South Fork Volcanics in 
the Yukon Territory) are rare. The plutons commonly have high initial strontium ratios (about 0.710), indicating partial derivation from 
old cratonic crust (Armstrong, 1988: Woodsworth and others, 1991). The spatial location of the belt, about 200 km west of the eastern 
limit of Cordilleran deformation, and chemistry suggests an anatectic origin of partial melting of cratonic crust during thickening caused 
by Cretaceous contraction (Monger and Nokleberg, 1996; Nokleberg and others, 2000) which was associated with orthogonal 
convergence between the Farallon Oceanic Plate and North America (Englebretson and others, 1985; 1992), and subsequent 
regional extension (Pavlis and others, 1993). Other metallogenic belts of granitic-magmatism-related deposits hosted in the 
Ornineca-Selwyn plutonic belt in the Canadian Cordillera, Alaska, and the Russian Northeast include the Cassiar, Selwyn, Tombstone, 
and Whitehorse belts (fig. 62; table 3). 

Early Late Cretaceous 
Metallogenic Belts (100 to 84 Ma; 
Figures 79,80) 

Overview 

The major early Late Cretaceous metallogenic belts in the Russian Far East, Alaska, and the Canadian Cordillera are 
summarized in table 3 and portrayed on figures 79 and 80. The major belts are as follows. (1) In the Russian Southeast, the Kema 
(KM), Lower Amur (LA), Luzhkinsky (LZ), Sergeevka (SG), and Taukha (TK) belts, which contain a large array of granitic- 
magmatism-related deposits, are hosted in or near the East Sikhote-Aline volcanic-plutonic belt and are interpreted as forming 
during subduction-related granitic plutonism which formed the East Sikhote-Aline continental margin arc. (2) In the same region 
was the Aniva-Navil (ANN) metallogenic belt of volcanogenic Mn and Fe and Cyprus massive sulfide deposits that are interpreted 
as forming in guyots, and oceanic crustal and island arc assemblages that were subsequently tectonically incorporated into the 
Aniva and Nabilsky terranes accretionary wedge and subduction zone terranes. (3) Also in the same region, continuing on from 
the late Early Cretaceous was the Badzhal-Ezop-Khingan (BZ-KH) belt of granitic-magmatism-related deposits, which is hosted in 
the Khingan-Okhotsk volcanic-plutonic belt, and is interpreted as forming in the Khingan continental-margin arc. (4) In the 
Russian Northeast are the Chaun (CN), Dogdo-Erikit (DE), Korkodon-Nayakhan (KN), Koni-Yablon (KY), Okhotsk (OH), 
Omsukchan (OM), Verkhne-Kolyma (VK) zones which constitute various parts of the Eastern Asia belt. In the same region and 
also part of the are the Eastern Asia metallogenic belt are the Adycha-Taryn (AT), Chokurdak (CD), and Vostochno-Verkhoyansk 



(VV) belts. These zones and b e b  all contain a ricb array of gr~nitic-magrnalism-related deposits which are ~~ as forming 
during 

Figure 79. Generdized mep d major Late Cr-s metallagertic belts, wedap ammblages, and M W l y - I ' & e d  subduc&w 
zone or accretionary-- Manes for Rusgian Far East northern Japan, and adpamt ofhha~e areas Refer to text for desaiption 

r., of metallogenlc Wts. Adapted from Nokkberg and others (1997b, 1998). Rebr to Rgut'e 59 for explanation. 

subduction-related granitic p1utonism which formed the Okbo~k-Chulfotka continental-margin are. Tht h t c m  Asia matall@ 
belt of granitic-magmatism-relurcd cieposits contains a compiex array of zones (fig. 79, table 3). Each zone cuntains a 
characteristic suite of mineral deposit types which are herein interpreted a reflecting the underlying temns &mgh which the 
granitic magmas ascended (5) On northern Kamchatlra Peniosula, in the Koryak Highlands in the Russian Far East arc two 
metallogenic belts whi& are ho&d in the Oiyutorka-Kamchatka island-arc t e m e .  The K q a k  Highlands 0 belt contaias 
zoned mafic-ultramafic PGE and Cu massive sulfide deposits, snd tbe V a t p  (VT) belt contains volcanog%nic Mn and Fe dtpomts. 
Both belts are interpreted as forming in Mereat parts of the Olyutorka island arc. (6) In the Russian Northeast, ther Ch&& 
(CH) belt, which contains mainly Au quartz vein deposits, is hosted in the Chukotka passive continental-margin tarrame aod is 
interpreted as forming during regional mtamorphism and anatectic granitic plutonism associated with accretion of the Chukotka 
passive continental-margin mame to tbe North Asian Craton Margin. (7) Io East-Central and Southern Alaska, are three 
metallogenic belts which are interpreted as forming during regional m e ~ h ' i m  ~ssociated with accretion of Wrangelliia 
superterrane to southern Aladka These belts are the: (a) the Yukon-Tam Upland (YT) belt, whicb contains Au quartz vem 
deposits and is hosted in the melanMiphosed continental-margin Yukon-Tanana terrane; (b) tbe East-Central Alaska (older part) 
(ECA) belt, which contaias granilic-maptism-related deposits and is hosted in the Yukon-Tiimm ttrrane; and (c) thu Wrangell 
Mountains (WR) be1 t, which conletins Cu- Ag quartz vein and Kemecott Cu deposits and is hosted the Wrangellia island-arc 



superterrane. And (8) in the Canadian Cordillera, continuing on from the late Early Cretaceous were the Bayonne (BA), Cassiar 
(CA), Selwyn (SW), and Whitehorse (WH) belts, which contain granitic-magmatism-related deposits, and are hosted in or near 
anatectic granitic plutons of the Omineca-Selwyn plutonic belt which is interpreted as forming during final accretion of 
Wrangellia superterrane to North American continental margin. In the below descriptions of metallogenic belts, a few of the 
noteable or signficant lode deposits (table 4) are described for each belt. 
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Figure 80. Generalized map of major Late Cretaceous metallogenic belts, overlap assemblages, and tectonically-linked subduction- 
zone or accretionary-wedge terranes for Alaska, Canadian Cordillera, and adjacent offshore areas. Refer to text for description of 
metallogenic belts. Adapted from Nokleberg and others (1997b, 1998). Refer to figure 60 for explanation. 

Metallogenic-Tectonic Model for Early 
Late Cretaceous (100 to 84 Ma; Figure 81) 

During the early Late Cretaceous (Cenomanian though Santonian - 100 to 84 Ma), the major metallogenic-tectonic events 
were (fig. 81; table 3): (1) establishment of a series of continental-margin arcs and associated metallogenic belts, and companion 
subduction-zone assemblages almost continuously around the Circum-North Pacific; (2) continued opening of an ocean which 
would become the Amerasia, Canada, and Eurasia Basins; (3) completion of accretion of the Wrangellia superterrane and 
formation of associated metallogenic belts; and (4) in the eastern part of the Circum-North Pacific, a change to orthogonal 
compression between the Farallon Ocean plate and North America. 

Specific Events for Early Late Cretaceous 

(1) At about 32" to 60" paleolatitude, the Olyutorka island arc commenced activity. Parts of the arc are preserved in the 
Nemuro (NE), Kronotskiy (KRO), and Olyutorka-Kamchatka (OKA), Iruneisky (IR), Shmidt (SHT), and Terpeniya (TR) terranes. 
Forming in the Olyutorka arc were the Koryak Highlands metallogenic belt, which contains zoned mafic-ultramafic PGE and Cu 
massive sulfide deposits, and the Vatyn (VT) metallogenic belt, which contains volcanogenic Mn and Fe deposits. Also associated 
with the arc was subduction of part of adjacent oceanic plate to form the Vetlovskiy (VT) terrane. This arc and companion 
subduction zone migrated northward toward the Okhotsk-Chukotka continental-margin arc. 



I (2) The East Sikhote-Alin (es) continental-margin arc was initiated. This major Andean-type arc overlapped p&ly 
accreted adjacent terranes in both the Russian Southeast and to the south. This arc extended for a distance of over 1,600 ha along 
4he active Russian Southeast continental margin. Forming as part of the arc was the West Sakhalin (WSA) turbidite bash ttrrane. 
Forming in the East-Sikhote arc were the Kema, Lower Amur, Luzhklnsky, Segeevka, and Taukha meiallogenic belts. Also I 

associated with the East-Sikhote arc was oblique subduction of part of the Ancestral Pacific Ocean plate (PAC) to form the Hidaka 
'- (HI), h i v s  (ANY), and Nabilsiy (NAB) temes. lrorporated into ibe Aniva and Nabilsky terranes were he. mcanogenic r e  

and 
5 

Figure 81. Early Late Cretaceous (Cenomanian through Santonian 100 to 84 Ma) stage of metalogenic-tectonic model. Refer to 
* 

text for explanation of metallogenic-tectonic events, to tables 3 and 4 for descriptions metallogenic belts and significant deposits, C' I 

and to figure 18 for explanatbn of abbreviatbns, symbols, and patterns. Adapted from Nokleberg and others (1997b, 1998. 2000). , :! 
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Mn and Cyprus massive sulfide depaaits oflbe Aniva-Nabil (ANN) mctallogeaic W lba4 formed in Late d k c e o u s  oceanic crust *k$ A: 
l 

and jslm arc rocks. . - , - -  ... . . . 

(3) The Khingan continental margin arc (ko) codinucd activity. Continuing in the arc w# ibu B a d z b l - E z u p - ~  -2 
, . 

C B Z - l l )  belt of mitic-magmatism-related deposits. 4- I , 
(4) Subduction stepped seaward, afier the accretion of Ihe Mainitskiy arc with the comaprsnt PrcspEion ofthe OkhalslC-!* - 

I Chukotka continental-margin arc (oc) and related Pen% (forearc) sedimentary basin @n) along.& mw contimt?l mu*. , 
This major Andean-type arc overlapped the previously acxreted Kolym-Omolon superterrant, part of the North AgiaP Getan . . 

1 
: 

Margin (NSV), and adjacent terranes in Russian Northeast and Westcm Alaska, aml extended for about 3,500 lun along an &e 
' 

continental margin. Associated with the arc was oblique subduction of part of the ancestral Pacific Ocean plate to form the West 
Kamchatka (WK), Ekonay (EK), and Yanrmay (YN) terranes. Forming hr tbe Okhotsk-Chukolka arc was the Eastem Asia 

m 2  
metallogenic belt of grmitic-mapatism-relaid deposits which contained a complex array of zones. The zones were the Chaun 

, 44) ,; (CN), Dogdo-Wot @E), Korkodon-Nayakhan (KN), Koni-Yablon (KY), Okhotsk (OH). Ornsrdrchan (OM), and Verkhna 3 F ap - . . 
I 

Kolyma (VK) zones. Each zone contains a characleristic suite of m i n e d  deposit types which are herein interpreted as reflectink 
the geochemical s i g n a m  of the underlying terra- through which the granitic magmas ascended. Also forming in the Okhots4 
Cbukotlia volcanic-plutonic belt, and pnipherally related to the Eastern Asia rne-tallo(leric belt, wen L e  Adycha-Taryn (AT), , , ! 

I 

! 
Cbokurdak (CD), and Vostochno-Verkhoyaask (W) meteltogenic belts. 

(5) In the Arctic Ocean, sea-floor spreading and associated rifling continued (tawver and &alese, 1999 &mu and 
others, 1990, 1991, 1998) with the formation of new oceanic crust and the combined Alpha and M d e l e e v  Ridges (am) w k b m  ? 1 
interpreted as large piles of hot-spot basalt and associated deposits (Granlz and o k s ,  1990. 1991, 1998). Tk large A m t r e  ' r  - I 
(ab), Canada (cb) and Eurasia (eb) Besbs continued to form. During the opening of P e  basin, No& knericlo cootinmtai margiv$d 

I, 
terranes, including the Arctic Alaska superkrranc (AA) and the Chukotka tenane (CH). a d  oulbaard oceanic d idand terranes , . Y  
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migrated towards the North Asian Craton and previously accreted Kolyma-Omolon superterrane (KLO). The opening of the 
Amerasia (ab), Canada (cb) and Eurasia (eb) Basins is interpreted as causing oroclinal warping of Northern Alaska and the 
northern part of the Russian Far East. 

(6) Also during the opening of the Amerasia (ab), Canada (cb), and Eurasia (eb) Basins, the South Anyui and 
Angayucham Oceans were closed, and the Chukotka (CH) and Arctic Alaska terranes (AA) were accreted to Northeast Asia. 
During accretion, the Chukotka metallogenic belt, which contains Au and Sn quartz vein deposits, was formed. Also during 
accretion, the major Nutesyn and Koyukuk island arcs and companion subduction zones were thrust onto the continental margin 
Chukotka terrane (CH) and Arctic Alaska superterrane (AA) in thrust sheets which are up to 150 krn wide in Northern Alaska. 
The overthrust subduction zone terranes include the South Anyui (SA), Velmay (VE), Angayucham (AG), and Goodnews (GD) 
terranes. The overthrust island arc terranes include the Nutesyn (NU), Koyukuk (KY), and Togiak (TG) terranes. A final stage of 
blueschist-facies metamorphism of oceanic and continental-margin terranes occurred during thrusting. The lack evidence of a 
huge Himalayan-type mountain range in the Russian Northeast suggests either which: (1) strike-slip translation was more 
dominant than rifting in formation of the Canada Basin (Lane, 1994, 1997); and (or; 2) a major part of the rift migration of the 
Russian Northeast away from the Canada Basin was absorbed in the subduction zone associated with formation of the Okhotsk- 
Chukotka arc. 

(7) During accretion, the southern margin of the eastern Chukotka terrane (CH), southern part of the Arctic Alaska 
superterrane (AA), and the outboard Seward (SD), Coldfoot (CO), Goodnews (GD), and Ruby (RB) terranes continued to be 
intensely deformed and metamorphosed. At the end of accretion, a period of extensional deformation occurred along the southern 
margin of the Arctic Alaska superterrane (AA; Miller and Hudson, 1991). 

(8) Back-arc continental-margin sedimentation in Kuskokwim basin (kw) occurred in a dextral wrench-fault setting 
(Bundtzen and Miller, 1997). 

(9) The final stage of accretion of the Wrangellia superterrane (WRA) was completed at about 95 Ma. Forming during 
the final stage of accretion in Alaska were: (a) the Yukon-Tanana metallogenic belt (YT) which contains Au quartz vein deposits; 
(b) the East-Central Alaska metallogenic belt (older part, ECA) which contains granitic magmatism-related deposits; and (c) the 
Wrangell Mountains metallogenic belt (WR) which contains Cu-Ag quartz vein and Kennecott Cu deposits. Several major 
geologic events are interpreted as caused by the accretion of the Wrangellia superterrane. (a) The extensive Gravina island arc, 
which formed along the leading edge of the superterrane, and the Spences Bridge volcanic-plutonic belt (sb) ceased activity after 
accretion. (b) The Kahiltna (kh) and Gravina-Nutzotin-Gambier (gg) assemblages were thrust under the North American 
continental margin (Stanley and others, 1990; McClelland and others, 1991, 1992a, b; Nokleberg and others, 1994a) and were 
intensely deformed during a major period of orthogonal convergence which replaced the previous sinistral convergence. (c) The 
northeastem-most boundary of the accreted Wrangellia superterrane became the locus of Late Cretaceous high-grade 
metamorphism, plutonism, contractional deformation, crustal thickening, uplift, and erosion which characterizes the Coast 
Mountains of the Canadian Cordillera, Southeastern Alaska, and South-Central Alaska (McClelland and others 199 1, 1992a, b; 
Pavlis and others, 1993; Plafker and Berg, 1994; Monger and Nokleberg, 1996). (d) A regional core complex formed in the 
previously-accreted Yukon-Tanana terrane (part of the collage in present-day Alaska) and developed a subhorizontal fabric, 
imbricate thrusting of large subhorizontal nappes, and subsequent extension and removal of as much as 10 km of crust (Pavlis and 
others, 1993). (e) The southern part of Gravina arc and companion subduction zone was doubled during the latest stage of 
sinistral-slip faulting during accretion of the Wrangellia superterrane (McClelland and others 1991, 1992a, b; Monger and others, 
1994; Monger and Nokleberg, 1996). The Methow turbidite-basin terrane (MT), an Early and mid-Cretaceous forearc part of the 
Gravina arc, and the companion Bridge River (BR) and Easton (EA) subduction-zone terranes were structurally imbricated behind 
the southern part of the Gravina-Nutzotin-Gambier (gg) assemblage (Monger and others, 1994). ( f )  The mainly orthogonal 
convergence and accretion of the Wrangellia superterrane initiated eastward thrusting of the North American Craton Margin 
(NAM) over the North American Craton (NAC). (g) Coeval with thrusting, and occurring along the axis of thrusting was intrusion 
of the Omineca-Selwyn granitic belt (om) which occurs along the length of Canadian Cordillera, Alaska, and the northern part of 
the Russian Northeast. The belt was generated during an intense period of anatectic melting, major regional thrusting, and crustal 
shortening and thickening, all related to orthogonal convergence. Continuing to form in or near the Omineca-Selwyn granite belt 
were the Bayonne (BA), Cassiar (CA), Selwyn (SW), and Whitehorse (WH) metallogenic belts which contain granitic- 
magmatism-related deposits. Alternatively, the Wrangellia superterrane accreted far to the south at about 3.5' paleolatitude along 
the margin of Baja British Columbia (latitude of present-day Baja California). 



Metallogenic Belt Formed in Late Mesozoic Part of 
East Sikhote-Aline Continental-Margin Arc, 
Russian Southeast 

Sergeevka Metallogenic Belt of 
Granitoid-Related Au Deposits (Belt SG) 
Southern Part of Russian Southeast 

The Sergeevka metallogenic belt of granitoid-related Au deposits (fig. 79; tables 3,4) occurs in the southern part of the 
Russian Far East. The Au deposits occur in or near Late Cretaceous, post-accretionary granitoid plutons and dikes which intrude 
gneissic gabbro and Cambrian metamorphosed sedimentary rocks in the western part of the Sergeevka continental-margin arc 
terrane of the Khanka superterrane (fig. 79). The principal deposits are at Askold. Balykovskoe, Krinichnoe, Porozhistoe, and 
Progress (table 4) (Nokleberg and others 1997a. b, 1998). The deposits are small and generally consist of Au-bearing quartz veins 
with minor sulfides, mainly pyrite and arsenopyrite. The deposits are generally small. 

Progress Granitoid-Related Au Deposit 

The Progress granitoid-related Au deposit (A.N. Rodionov, written commun., 199 1) consists of sulfide-poor veins and 
small veinlets which contain pyrite, arsenopyrite, quartz, and gold. In addition the deposit contains poorly mineralized fracture 
zones, mylonite zones, and zones of metasomatically-altered carbonate-chlorite-sericite rock. Mineralization occurs in a near a 
Late Cretaceous granitoid pluton and dikes which intrude Cambrian granitic and gabbro rocks of Sergeevka Complex. The 
average grade is 5.89 glt Au. The deposit is also the source for local placer Au mines. 

Askold Granitoid-Related Au Deposit 

The Askold granitoid-related Au deposit (fig. 82) (M.I. Efimova and others, written commun., 1971; Efimova and others, 
1978) consists of a Au-quartz vein stockwork in a greisenized Mesozoic granite which intrudes Paleozoic volcanic and 
sedimentary rocks. A K-,k muscovite age for alteration associated with the vein is 83.2 Ma (Ishihara and others, 1997). The 
deposit is prospected to depths of more than 100 m. The deposit is of medium size with an average grade of 5.9-7.6 g/t Au. 

Origin of and Tectonic Controls for 
Sergeevka Metallogenic Belt 

The Sergeevka metallogenic belt is hosted in or near Cretaceous granitoid plutons and dikes which intrude the complex 
continental-margin arc Sergeevka terrane which consists of: ( I )  mimatized, Cambrian gneissic gabbro and quartz diorite with a 
U-Pb zircon isotopic age of 500 to 527 Ma (J.N. Aleinikoff, written commun., 1992) which contain large xenoliths ofamphibolite, 
quartzite, marble, and calc-schist; and (2) the Early Ordovician biotite-muscovite Taphuin Granite with a muscovite Ar-Ar age of 
491 Ma. Along with other units of the Khanka superterrane, the Sergeevka terrane is overlapped by Devonian continental-rift- 
related volcanic and sedimentary rocks, middle Paleozoic granitoid rocks, late Paleozoic granitoid rocks. and Permian back-arc- 
rift-related volcanic rocks. 

The Cretaceous granitoid rocks hosting the Sergeevka metallogenic belt are probably part of the East Sikhote-Aline 
volcanic-plutonic belt (fig. 79) of Late Cretaceous and early Tertiary age (Nokleberg and others, 1994~. These igneous belt 
consists chiefly of five major units (Nokleberg and others, 1994~): (1) Early Cenomanian rhyolite and dacite; (2) Cenomanian 
basalt and andesite; (3) thick Turonian lo Santonian ignirnbrite sequences; (4) Maastrichtian basalt and andesite; and (5) 
Maastrichtian to Danian (early Paleocene) rhyolite. The East Sikhote-Alin belt also contains coeval, mainly intermediate- 
composition granitoid plutons. The East-Sikhote-Alin belt is equivalent to Okhotsk-Chukotka volcanic-plutonic belt on strike to 
the north in Russian Northeast, and is tectonically linked to the Aniva, Hidaka, and Nabilsky accretionary wedge and subduction- 
zone terranes (Nokleberg and others, 2000). Other related, coeval rnetallogenic belts hosted in the East-Sikhote-Aline volcanic 
belt are the Kema, Luzhkinsky, Lower Amur, and Taukha, belts (fig. 79; table 3). 

Taukha Metallogenic Belt of B Skarn, Pb-Zn Skarn, 
Pb-Zn Polymetallic Vein, and Related Deposits 
(Belt TK) Eastern Part of Russian Southeast 

The Taukha metallogenic belt of B skarn, Pb-Zn skam, Pb-Zn polymetallic vein, and related deposits (fig. 79; tables 3,4) 
occurs in the eastern part of the Russian Southeast (Vasilenko and Valuy, 1998). The deposits in the metallogenic belt are mainly 
B skam, and Pb-Zn skam, and Pb-Zn polymetallic vein deposits which are hosted in or near mid- and Late Cretaceous and early 
Tertiary granitoid rocks of the East Sikhote-Alin volcanic-plutonic belt (Radkevich, 1991). This granitoid rocks of this belt intrude 
the intensely-deformed Taukha accretionary-wedge terrane (Nokleberg and others, 1994c, 1997~). The major B skarn deposit is at 
Dalnegorsk; Pb-Zn skarns occur at Nikolaevskoe, Partizanskoe, polymetallic vein deposits occur at Fssolnse, Krasnogorskoe 
(table 4), Lidovskoe, Novo-Monastyrskoe (fig. 83; table 4), and Shcherbakovskoe, and a Fe skam deposit occurs at Belogorskoe 



(fig. 84; table 4) (Nokleberg and others 1997a, b, 1998; Valuy and Rostovsky, 1998). An isolated porphyry Cu deposit occurs at 
Plastun, and an isolated Au-Ag epithermal vein deposit occurs at Soyuz (Valuy and Rostovsky, 1998). 

The B skarn deposits of the Taukha metallogenic belt are interpreted as fonning early in the history of the East Sikhote- 
Alin igneous belt, from about 90 to 70 Ma when part of the Taukha terrane was overlapped by ignimbrite sequences. Pb-Zn skam 
deposits occur in the central part of the Taukha metallogenic belt, mainly in the Dalnegorsk district has produced about forty 
percent of Russia's zinc and lead. The Pb-Zn skarn deposits are interpreted as forming after the B skarn deposits during a later 
stage of post-accretion volcanism, with K-Ar ages of 70-60 Ma, and composed mainly of rhyolite and dacite. The skarn deposits 
generally occur in large limestone blocks enclosed in Early Cretaceous olistostromes. The skams occur along the contacts between 
limestone and clastic rocks and chert, and between limestone and overlying post-accretion volcanic rocks which overlie the Early 
Cretaceous olistostrome. 
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Figure 82. Askold Au granitoid-related Au deposit, Sergeevka metallogenic belt, Russian Southeast. Schematic geologic map and 
cross section. Adapted from Goryachev (1995a). 



The Pb-Zn polyrnetallu: vein d e p b  are coeval witb the Pb-Zn skam deposits, but occur only in CW a d  vokutic 
rocks. Unlike the skarn deposits, h a  polprmtaJlic vein deposits contain stannite and lesser cassiterite, in addiku b mahfy galena, 
sphalerite, and chalcopyrite. The lower leveh ofthe polymetallit: vein deposits contain about 3% Ag in galena, w h  maeh I a s  A& 
in the upper levels. Some polyrnetallic vein c k p i t s ,  as at Lidovskoe, occur in the a p k s  of graaodiorite intrusions 
ornagmatic with dacite. The polymetallic vein depod at Kmm?gorskw ate asuafhed with vokanic breccia$ wMoh attqadd1y 
related to a volcanic v d .  The breccias also contain syngcnetic dssernmated galena,  mesi site^ pyri.lb, a d  cmriterilc Th. 
relation suggests a gradatiaa h Pb-Zn polymatllllic vcm inb porphyry Sn deposita (Ratkin and c r k s ,  1990): K-Ar Isotopic 
studies indicate an age of about 60 lvlr fix he wkank rocks ht iag  thc Pb-Zn polymdlic vtin dcpbaib. S$mse i&s$mumted 
and porphyry Cu deposits. ss at Piagtun. occur ie Maastrichk~ to Danicm (aarly Palwwne) volcanic r&. A wall1 Am-Au 
epithermal quartz vein deposit at Soy= cmtaios Ag-sulfmalts md $ hosted in Late Chtrasorrs *If& ad 

m Linear and lenficular z o m  
of stringer mineralization; 

Figure 83. Novo-Monastyrskoe Pb-Zn pdyrnetalk vein depodt, T w k b  metEdlagenic be#, R u w h  ScWbs!& $chnM& m88 
section. Adapted from Valuy and Rostovsky (lm). 

Dalnegorsk 6 Skarn Deposit 

The major. woild-clasa B deposit at D h g o n k  (& 85) (R~kja  1991; Ratkind W B W ,  1993; Lay*, Ifwmv, and 
Bundtzen, 1994; V a s i M o  d Vduy, 199% ShkdniL and &as, 2003) occurs in a thick dcmo ~~ in a kge, q&med 
olistolith of bedded Trirtssic limestone enclosed in Early Cretaceous clastic $.abwWy rocks. The skarn s x W  b a  depth d 
approximately 1 km, where i t  is cu4 off by a lguritic idrusion. The &am fmmed in two stages, with o ~ ~ ~ ~ v e r -  
printing an earlier skam. The twoaages oiskarn formatioo are stparatad is tirna by intsusisn o f i n t e r m e d i w m f i h  



magmatic bodies (with approximate K-Ar ages of 70 Ma). The first stage consists of grossular-wollastonite skam and 
concentrically zoned, findy banded aggregates with numerous finely crystalline datolite and &use-like accmlations of danburite 
crystals in palmhydrothermal cavities. The second stage skam consis~s predominantly of long, radiated hedenbergite and andradite 
with coarsely-crystallii datolite, danburite, quartz, axinite, and calcite. The arcuate nature of metasomtic mineral zonation in the 
skim is interpreted by Shkolnik and others (2003) as replacement of stromatolite build-ups in the host Triassic Limestone. The 
complm layering are relict biogcnic features of the stomatolite-bearing limestone. An Ar-Ar age for orthoclase indicates an age 
for the late-stage skarn assdlage of 57 Ma. The silicate mineralogy of the early-stage skam is similar to which in Pb-Zn skam 
deposits in this same region. B isotopic studies indicate a magmatic source for boron (Ratkin and Watson, 1993). The deposit is 

Quaternary alluvial deposits 

E A  Rhyolitic tuff 

[::I . . ,  Aplite dike 

Andesite and diabase dike 

Granite 

Limestone 

B &-met, garnetmagnetite skam 

rn Garnet. garnet-pyroxene, garnet-pyroxene- 
v e s u v ~ ,  and wet -magnet i te -asp id ine  skam 

Figure 84. Belogorskoe Fo skm deposit, Taukha metallogenic belt, Russian Southeast. Adapted f r m  Valuy and R D S ~ O W ~ ~  (I*&). 

*Very large and had been mhed from 1970's to present. The deposit produces over 90% of all borate in Russia. The Dalnegorsk 
@% flnbpen-Pit mioc at the &posit is prospected to the depth of I km. '-• 1 

Nfkdasvskee Pb-Zn Skarn Deposlt kr( -- . II 
The Nikolaevskpe Pb-Zn skarn deposit (fig. 86) (Garbuzov and others, 1987; V.V. Ratkin, this study; Vasilenko and 

Valuy, 1998) ~ ~ s i s t s  of large, layered ore bodies formed in a giant olistolith of Triassic limestone which is psrt of Early 
Cretaceous accrrfionary-fold complex The skam occurs at the contacts of limestone with hosting siltstone and sandstone, and 
with overlying fekic volcanic rocks o f a  Late Cretaceous to Paleogene post accretionary sequence. Small ore bodies also occur iti 
limestone blocks in the vdcanic rocks which were tom off the underlying basement. The ore minerals are dominantly 4- and 
sphaletite which replace an earlier hedenbergite skarn near the surface, and, at depth, replace a garnel-hedenbergite skam. 
Suhrcbareure minerals cue ckalcopyrite, arsenopyrite, pyrite, pyrrhotite, fluonte, and Ag-sulfosalts. K-Ar isotopic studies 
indicate which as age of mineralization between 60 and 80 Ma. A 60 K-Ar Ma isotopic age is obtained for an umnhdized 
basalt dike which cuts the deposit, and a K-Ar age of 70-80 Ma is obtained for a mineralized ignimbrite whicb overlies the 



olistolith. The deposit is currently being mined. Average grades are 62 g/t Ag, 1.5-8.7% Pb, and, 1.36-10.5% Zn. The deposit has 
been mined from 1970's to present. The main shaft is about 500 m deep. 

Partizanskoe Pb-Zn Skarn hposit  

The Partizanskoe Pb-Zn skarn deposit (fig. 87) (Ration, Simanenko, and Logvenchev, 1991) consists of numarow small 
steeply-dipping ore bodies which occur at the contact of a Triassic Iimestone olistalith stm~~nded by Early C~WWXNLS elastic 
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Figure 85. Dalnegorsk B skam deposit, Taukha metelbenlc beA, Russtgn Southe&. Schematic poiogic map. Adwted W m  
Nosenko and Chemyshov (1987). 

rocks. The ore bodies merge and form a single skarn deposit b u t  400 m below the surface, 8nd pinch ord at a depth of 
approximately 600 m. The ore and skarn assemblages are vertically zoned; higher temperature assemblages occur docpcr. 
Massive, densely dssemlnated Ag-Pb-Zn ore (m,/Zn ratio of about 1.0) occurs above a quartz-cahte aggregate io the upper part 
of the deposlt. Masslve, densely-disseminated Pb-Zn ore (PWZn ratio of about 0.8) is associatad witb b-bexl-pite &am and 
occurs at the middle part of the deposit. And disseminated Zn ore (PWZn ratio of about 0.5) occurs ia ikaite-pmd-hbbcrgite 
skarn in the lower part of the deposit Galena and sphalerite are the darninant ore minerals; chalcopyrite and mmopyriie are 
common; minor mapet.te. pyrrbotite, and mmsite  also occur. Silver-beariog minerals are Ag- and Sb-suIfWlts in the rvppcr 
part of the deposit and galena in the lower part, Galena contains Ag as a solid solution of mfttU€e. The age 0fmbmbb.m . . 

is 
bracketed between 60 and 70 Ma by basalt dikes, witb K-Ar iilobpic ages of 60-70 Ma, whichcut the &posh at the axttwt of 
olistolith, and by the lower part of the overlying volcanic strata, with K-Ar ages of 70-80 Ma, which are cur hy ore body. The 
deposit consists of four or more related ore bodies which occur over about 5 km strike leagth, including the Soviet 2, Parkxwk 
East, Partizansk West, and Svetlotvod ore bodies. The undexground workings for the ore bodies follow confacts, slad b v e  a t~hl 
length of about 1 1 km. The deposit is of medium size. Average grades are 67.6 g/t Ag,, 1.5-3 % Pb, and 8.64 Zn 46. The +sit 
has been mlned from the 1950's to present. 
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I Figure 86. Nikolaevskoe Pb-Zn skarn deposit, Taukha metallogenic belt, Russian Southeast. Schematic crose sedbn adapted h r n  

I 
Ratkin (1 995). 
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Figure 87. Pattbnskoe Pb-Zn skarn deposit, Taukha metallogenic belt, Russian Southeast. Schematic cross section adapted from 
Ratkin (1 995). 

Krasn(>gorskoe Pb-Zn Polymetallic Vein Deposit 

Tbe Kranogorskoe Pb-Zn polymetallic veln deposit (fig. 88) (Ratkin and others, 1990) consists of steeply-dipping 
quartz-sulfide veins, up to several hundred m length along strlke and from 0.2 to 1.5 m thick, which cut a sequence of Late 
Cretaceous (Cenomanian lo Turonian) ash flow tuff. Sphalerite and galena are the dominant ore m~nerals; the flanks of veins 
contain pyrite-marcasite-pyrrhotite, with lesser Sb-Ag-sulfosalts. At the deeper levels of the ore bodies, galena contains hp to 
several percent Ag and Bi in matildite. The volcanic rocks adjacent to the polymetallic veins are altered to quartz and chlofite. In 



the core of the veins, chlorite, Mn-calcite, hodoehPsite, rhodonitc, and spessartina ou;ur with qmtz gangue. The veins occur 
near an Late Cretaceous-Paleocene (h4aastrichtisa to Danian) vdcanic vent. 'Ihe vmt breccia afso eontains disseminated 
sphalerite, galena, and castilcrile. The veins farmed iamdiaw after minaalization ~f veat brew4 which were dated a$ 
approximately 65 Ma by K-Ar imopic studies. The deposit is of &c. Avmge @&$ are 62 g/t Ag, 5 % /on 026 % Sn, 
and 6.77 % Zn. 
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Figure 88. Krasnogorskoe Pb-2.n polymeWlic veln dapoait Teukha mlakqen io  bit, k~86ian % u b ~ t  &n&ed QWQ$~ map 
and cross section. Adapted h r n  Rakin imd athsrs (f990). 

Origin of and Tectonic ConlrPta for 
Taukha Metallogenic Belt 

The Cretaceous embid rocks hwlmg the Tacrkhn metahgenic balt are part of the k t  SSkhot&Ah vvolca5idutonic 
belt (fig. 79) of Late Cretaceous and early Tertiary age ( V o s i W  and V a l y ,  1988). The v d d  wd plutonic units arc 
widespread and are controlled by NE-trending suikes1i.p and p u l l - w  w m .  The B arrd Pb&-Ag suffide -$am 
hosted in tectonlc lenses of Limestone or m d l e  which occur in tbo Tauka accmtimq-wedp tarane. The temure of 
malnly of Neocomian turbidte deposits O~~HOII~OITW w d  Pdmoic Mesozoic guy@@, formed 
whlch overlying basalt pedestals, ~d CuboPifkroy~ througb J d c  Berri- brr~tgb V f b g h i h  Wditr:? md 
Permian, Triassic, and Beniasian thmugb Vdqinien &&sandstone an8 turb,idite ~ d d e k g  othm?, I*, 
1997~). 



Like the Kema and Luzhkinsky metallogenic belts, the coeval Taukha metallogenic belt is hosted by East Sikhote-Alin 
volcanic-plutonic belt of Late Cretaceous and early Tertiary age (fig. 79) which is described in the above section the origin of the 
Taukha metallogenic belt. Other related, coeval metallogenic belts hosted in the East-Sikhote-Aline volcanic belt are the Kema, 
Luzhkinsky, Lower Amur, and Sergeevka (SG) belts (fig. 79; table 3). The differences between the coeval metallogenic belts are 
interpreted as due to the host igneous rocks intruding different bedrock. The Taukha metallogenic belt contains mainly B skarn, 
Pb-Zn skarn, and Pb-Zn polymetallic vein deposits, and is hosted in or near igneous rocks of the East Sikhote-Alin belt which 
intrude the Taukha accretionary-wedge terrane which contains a complex assemblage of abundant Paleozoic and early Mesozoic 
oceanic rocks and lesser Jurassic and Early Cretaceous turbidite deposits. In contrast, the Luzhkinsky metallogenic belt contains 
mainly Sn greisen and Sn polymetallic vein, and porphyry Sn deposits, and is hosted in or near granitoid rocks of the East 
Sikhote-Alin belt which intrude the Zuravlevksk-Tumnin turbidite basin terrane which contains mainly Late Jurassic and Early 
Cretaceous turbidite deposits. 

Kema Metallogenic Belt of 
Ag-AU Epithermal Vein, and 
Porphyry Cu-Mo Deposits (Belt KM) 
Eastern Part of Russian Southeast 

The Kema metallogenic belt of Ag-Au epithermal vein and porphyry Cu-Mo deposits (fig. 79; tables 3 ,4)  occurs in the 
eastern part of the Russian Southeast. The deposits in the metallogenic belt are hosted in or near Late Cretaceous and early 
Tertiary granitoid rocks of the East Sikhote-Alin volcanic-plutonic belt which intrude or overlie the Kema island-arc terrane 
(Nokleberg and others, 1994c, 1997~) .  

The major Au-Ag epithermal vein deposits in the Kema metallogenic belt are at Burmatovskoe, Glinyanoe, Salyut, 
Sukhoe, Tayozhnoe, Verkhnezolotoe, and Yagodnoe (table 4) (Nokleberg and others 1997a, b, 1998). Porphyry Cu deposits are at 
Nesterovskoe and Nochnoe, porphyry Cu-Mo deposits are at Sukhoi Creek, and a porphyry Mo deposit is at Moinskoe. The Ag 
epithermal vein deposits, as at Tayoznoe, also occur in Early Cretaceous clastic and volcaniclastic rocks and in overlying Late 
Cretaceous and Paleogene, subalkalic, postaccretionary volcanic rocks of the East Sikhote-Alin igneous belt. Ag sulfosalt minerals 
predominate in the deposits. Concentrations of Ag are much greater than Au, and Ag/Au ratios generally are greater than 25 to 30. 
Rare Pb-Zn polymetallic vein deposits occur in the metallogenic belt, but are not economic (P.1. Logvenchev, O.L. Sveshnikova, 
and V.A. Pakhomova, written commun., 1994; Pakhomova and others, 1997). However, these deposits are generally of little 
commercial value at the present. The epithermal vein deposits generally occur mostly in or near Danian (early Paleocene) and 
Paleocene volcanic rocks; however, a few occur in granodiorite plutons (Khomich and others, 1989). 

Porphyry Cu-Mo deposits in the Kema metallogenic belt occur mainly in the northern part of the belt at Moinskoe, 
Nochnoe, and Sukhoi Creek. These deposits generally consist of disseminations and veinlets in and near the intrusive rocks and 
coeval volcanic rocks which often contain notable amounts of Pb, Zn, W, Au, and Ag in addition to Cu and Mo. The deposits 
occur in Late Cretaceous to Paleogene granitic and diorite intrusions. A porphyry Cu deposit occurs in the southern part of the belt 
at Nesterovskoe. In the western part of the belt, in the eastern part of the adjacent Luzhkinsky terrane, are porphyry Sn deposits, as 
at Mopau. 

Glinyanoe Ag Epithermal Vein Deposit 

The rich Glinyanoe Ag epithermal vein deposit (A.N. Rodionov, written commun., 1986) consists of adularia-quartz, 
sericite-chlorite-quartz, and carbonate-chlorite-quartz mineralized veins and zones which contain pyrite, arsenopyrite, galena, 
sphalerite, chalcopyrite, argentite, acanthite, Ag-tellurides, and native gold and silver. The veins and zones occur in altered, 
silicified volcanic rocks which overlie Late Cretaceous (Santonian) felsic volcanic rocks. The deposit is interpreted to have 
occurred in four stages: (1) gold-pyrite-quartz; (2) quartz-hydromica and quartz-carbonate; (3) gold-silver; and (4) quartz-chlorite- 
adularia with Ag-sulfosalts. The age of the deposit is interpreted as Late Cretaceous to Paleogene. The deposit is judged to be 
small. Average grades are 8.3 g/t Au and 122 g/t Ag. 

Sukhoi Creek Porphyry Cu-Mo Deposit 

The Sukhoi Creek porphyry Cu-Mo deposit (Petrachenko and others, 1988) consists of stockworks which reach several 
hundred m across, and in altered zones. Polymetallic ore dominates in some stocks. The ore minerals are chalcopyrite, 
molybdenite, sphalerite, galena, cassiterite, scheelite, and pyrite; with significant Au and Ag contents. The deposit occurs in Early 
Cretaceous sedimentary rocks which are overlain by Late Cretaceous volcanic rocks and are crosscut by ore-bearing granitic 
intrusions with a K-Ar isotopic age of 73 Ma. The Porphyry Mo mineralization is related to several granodiorite and granite stocks 
which are intensely hydrothermally altered. Quartz-sericite alteration and medium-temperature epidote-prehnite-chlorite propylitic 
alteration occur at the core and grade into micaceous-chlorite-carbonate propylite at the periphery. The granite is locally altered to 
quartz-muscovite greisen with tourmaline and sphene, and in a few places into a peculiar garnet-phlogopite rock with apatite. The 
host siltstone and sandstone are altered to orthoclase-actinolite-chlorite hornfels and the felsic extrusive rocks are altered to quartz 
and phyllite. Average Cu and Mo contents are low, up to 0.2 and 0.01% respectively. The deposit is not explored at depth. 



Tayozhnoe Ag Epithermal Vein Deposit 

The Tayozhnoe Ag epilhcrmal vein dcpasit (A.N. Rodjonov and others, written commun., 1976; Pakhomova and others, 
1997) consists of steeply-dipplng quartz veins which occur along northwest to north-south fractures whicb cut coarse-$rained, 
Early Cretaceous sandstone. The veins are 100 to 500 m long and O f  to 2 rn thick, and also occur laterally under the contact 
between sandstone and overlying 50-m-thick section of Late Cretaceous felsic volcanic rocks. The ore minerals occur withln the 
veins, and in metasomatic zones along the sub-horizontal contact behnreen veins and overlying volcanic rocks. The major Ag- 
bearing minerals are Ag sulfosalts md sulfides. Pyrltc and menopyrite are rare and formed before Ag-b&g mumah. In the 
upper part of veins, Ag occurs in tebrahedrite, fieibergite, stephaaite, pyrargyribe, and polybasite. At middle depths, Ag occurs in 
acanthite and stephanite dominate, dong with menopyrite and allargenturn also occur, whereas acanthite dominates at depth. The 
deposit is medium size with an average grade of 50-2000 g/t Ag and 1 g/t Au. The deposit has been mined since the 1980's, and is 
assumed to be related to a Paleocene rhyolite volcan~plutonic assemblage. 

Verkhnezolotoe Porphyry Cu Deposit 

The Verkhnezolotoe porphyry Cu dcpxit (Orlovsky and others, 1988) occurs at the northwest margin of a caldera whicb 
contains dike-like bodies of calc-akabe andesite porphyry which is interpreted as tongues of a dome-like subvolcanic intrusion. 
A stockwork occurs in a circular auraole of hydrothermally altered rocks, witb dimensionsof 200 m2, occurs over the inhusive 
dome. Successive alterations consist of: (1) q~-biotite-actinolite with pyroxene and epidote; (2) quartz-biotite-actinolite; (3) 
quartz-biotite-sericite and local cbtoritc; d (4) qlwtz-hydromica with carbonate. The stockwork indudes the first three 
alterations and consists of a thick network of quark-epidote-actinolite veinlets and lenses up to 2 to 3 cm thick with chalcopyrite, 
bornite, and pyrite. The stockwork is related fa a diwitc stock. Tke stockwork boundary coincidts with the aureole of the biotite 
alteration. An intensely-fractured breccia of mineralized siliceous silktone was encountered by drill holes which extend to 100 m 
depth. The ore minerals in breccia zones arc chalcopyrite, bornite, molybdenite, pyrite, rarely pyrrhotite, ci~banite, arsenopyrite, 
galena, and sphalerite. Carbonatc.chalcopyrite veiaIcto also occur. A m e  of oxidized ore up to 20 to 30 in deep caps the deposit. 
The deposit is small with average grades of 3 g/t Au, 86 g/t Ag, 0.35-2.27% Cu, 0.6% Pb, and 0.26% Sn. 

Origin of and Tectonic Controls for 
Kema Metallogenic Belt 

The Cretaceous grauitoid rocks hosting the Kema metallogenic belt are part of the East Sikhote-Alin volcaaic-plutonic 
belt of Late Cretaceous and early Tertiary age (fig. 79) which is described in the above section the origin of the Taulrba 
metallogenic belt. Other related, coeval mecaHogenic belts hosted in the East-Sikhote-Alina volcanic belt are the Lrzhkinsky, 
Lower Amur, Sergeevka (SG), and Taukha (TK)belts (fig. 79; Ublm 3,4). In the Kema metallogenic bit, the Cretaceous 
granitoid rocks of the East SikboteAlin belt intrude the Kana island-arc terrane which consists chiefly of distal turbidite deposits, 
andesite and basalt flows, breccia, tuft, and interbeddtd shallow-marine volcaniclastic rocks which contain Aptian to Albian 
pelecypods (Nokleberg and others, 1994~). The volcanic rocks range mainly born tholeiitic and calc-alkah. In the Kern 
metallogenic belt, the volcanic rocks an mostly intermediate and moderately felsic, rhyolite and lesser basalt with K-Ar 
ages of about 55 to 60 Ma. la contrast to the nearby Taukiba metallogenic belt, the Kema metallogenic belt contains mainly Ag- 
Au epithermal deposits and is hosted in or near granitoid rocks of the East Sikhote-Ah belt where it intrudes the Cretaceous 
island-arc rocks of the Kema krrane. 

Luzhkinsky Metallogenic Belt of Sn Oreken, 
Sn Polymetallic Vein, Sn silica+ulfkle w in ,  
and Porphyry Sn Deposits (BeR LZ) 
Southern Part of Russian Southeast 

The Luzhkinsky metallogenic belt of Sn greisun and So polymetallic vein, and porphyry Sn deposits (fig. 79; t a b h  3,4) 
occurs in the southern part of the Russian Southeast (Gonevchuyk and Kokorin, 1998). The belt is hosted in the Late Cretaceous 
and early Tertiary granitoid rocks of the East Sikhote-ALin volcanic-plutonic belt which intrude the southern part of the 
Zhuravlesk-Tumnm turb~dite basin t e m e  (Nokleberg and others, 1994c, 1997~). The Luzhlunsky metallogenic belt contains one 
of the major group of Sn mlnes in the Russian Southeast (Vwilenko and others, 1986; Radkevich, 1991; Gonevchuk and others, 
1998). The significant deposlts in the belt are Sn silicatesulfide vein deposits at Arsenyevsoe, Khntstalnoe, and Vysokogorskoe 
(fig. 89), Sn polymetallic vein deposits at Dalnetayozhnoe, Iskra (fig. 90), Nizhnee, and Zimnee, a polymetall~c vein deposit at 
Yuzhnoe, porphyry Cu and porphyry Cu-Mo deposits al Lazurnoe, Malinovskoe, Verkhnezolotoe, and Zarechnae, porphyry Sn 
deposits at Yantarnoe and Zvezdnoe, and Sn-W greisen deposits at Tigrinoe and Zabytoe (table 4) (Nddeberg and ottwFs 19978, 
b, 1998; Gonevchuk and others, 1998). 

Sn greisen and Sn polymetallic Vein DeposB 

The Sn greisen and Sn polymetallic vein deposits of the Luzhkinsky belt formed in the mid-l=retacews andearly Tertiary 
between about 90 to 100 and 60 Ma (Gonevchuk and Korkorin, 1998). The older deposits formed in the early Late Cretwxm (90 



to 100 Ma), are typical Sn greisen deposits, and are associated with Li-F granitoid rocks. These Sn greisen deposits contain 
notable amounts of W, as at the Tigrinoe deposit which occurs in the eastern part of the metallogenic belt adjacent to the Samarka 
W skarn accretionary metallogenic belt (fig. 79). Intermediate-age deposits, formed in the late Late Cretaceous (75-85 Ma), are Sn 
polymetallic vein deposits, as at Zimnee, which are interpreted as forming in coeval andesite, monzodiorite, and granodiorite 
intrusions. These Sn polymetallic vein deposits occur in the western part of the Luzhkinsky metallogenic belt. The younger 
deposits 
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Figure 89. Vysokogorskoe Sn silicate-sulfide vein deposit, Luzhkinsky metallogenic belt, Russian Southeast. Schematic cross 
section. Adapted from Gonevchuk and others (1998). 

formed in the Late Cretaceous and early Tertiary (70-60 Ma) and are Sn silica-sulfide vein deposits, as at Arsenyevsky which are 
composed mainly of cassiterite and silicate minerals. These deposits are often generally spatially related to the older Sn 
polymetallic deposits and formed simultaneously with Zn-Pb skarn deposits of the post-accretionary Taukha metallogenic belt to 
the east. The Late Cretaceous and early Tertiary Sn silica-sulfide vein deposits are interpreted as related to the formation of 
ultrapotassic rhyolite volcanic porphyries; however, any direct relation to intrusion rocks is quite obscure. 

Tigrinoe Sn Greisen Deposit 

The Tigrinoe Sn greisen deposit (fig. 91) (Rodionov and Rodionova, 1980; Rodionov and others, 1984; Ruchkin and 
others, 1986; Rodionov and others, 1987; Korostelev and others, 1990; Gerasimov and others, 1990; Gonevchuk and Gonevchuk, 
1991; Gonevchuk and others, 1998) is a complex Sn-W deposit consisting of: (1) a stockwork of quartz-topaz-micaceous greisen 
along the contact of a massif of Li-F granite; (2) a linear stockwork consisting of a thick network (5 to 10 to 70 veinlets per meter) 
of parallel north-south-trending quartz-topaz veins £rom 3 to 100 cm thick which are hosted in contact-metamorphosed 
sedimentary rocks adjacent to the granite intrusion; and (3) a sulfide breccia pipe consisting of rock fragments of the stockwork 
and greisen cemented by quartz with lesser carbonate, fluorite, and sulfides. Three stages of mineralization are distinguished: (1) 
early quartz-molybdenite-bismuthinite; (2) middle-stage REE greisen of wolfiamite-cassiterite with high contents of Sc, Ni, and 
Ta; and (3) late hydrothermal quartz-fluorite-carbonate-sulfide veins. In, Cd, Ag, and Se are enriched in sulfides of the two last 
stages. A Rb-Sr age of the lithium-fluorine granite is 86 k 6 Ma with an initlal Sr ratio of 0.7093. A Rb-Sr age of the greisen is 73 
+ 18 Ma with an initial Sr ratio of 0.7105. The average grade is 0.14% Sn and 0.045% W 2 0 3 .  The deposit is of medium size. - 
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Figure 91. Tigrinoe Sn-W greisen deposit, Luzhkinsky metallogenic belt, Russian Southeast. Schematic geologic map and cross 
section. Adapted from Korostelev and others (1 990). 

Arsenyevskae Sn Silica-Sulfide Vein Deposit 

The Arsenyevskoe Sn silicate-sulfide vein deposit (fig. 92) (Rub and others, 1974; Radkevich and others, 1980; 
Gonevchuk and others, 1998), one of the larger Sn vein mines in the Luzhkinsky belt, consists of a series of parallel, steeply- 
hpping quartz veins up to 1000 m along strike and 600 to 700 m down dip. The deposit is closely associated with moderate- to 
steeply-dipping rhyolite dikes with K-Ar isotopic ages of 60 Ma (early Tertiary). The ore mineral assemblage is vertically zoned. 
From the top downwards, the assemblages are: quartz-cassiterite, quartz-arsenopyrite-pyrrhotite, polymetallic, and arsenopyrite- 
pyrrhotite. The rhyolite exhibits quartz-sericite alteration. Local miarolithic cavities are filled with cassiterite. The deposit is of 
medium size. Sn content ranges from 0.1 lo 20-25% and averages 2-3% WO, content ranges from 0.1-0.5%, Pb and Zn from 1- 
2%, Ag conlent is about few hundred ppm. The deposit has been mined since the 1970's. 
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Origin of and Tectonic Controls for 
Luzhkinsky Metallogenic Belt 

The Luzhkinsky metallogenic belt hosts the Kavalerovo ore district whlch has produced about 30% of the tin mined in 
the former USSR (Gonevchuk and Kokorin, 1998). The belt is interpreted as forming in the back-arc part of the East Sikhote-Alin 
volcanic plutonic belt which forms a major continental-margin arc in the Russian Southeast. 

The Cretaceous granitoid rocks hosting the Luzhklnsky metallogenic belt are part of the East Sikhote-Alin volcanic- 
plutonic belt (fig. 79) of Late Cretaceous and early Tertiary age (Gonevchuk and Kokorin, 1998) which is described in the above 
section the origin of the Taukha metallogenic belt. Other related, coeval metallogenic belts hosted in the East-Sikhote-Allne 
volcanic belt are the Kema (KM), Lower Amur, Sergeevka (SG), and Taukha (TK) belts (fig. 79; table 3). The differences 
between the coeval metallogenic belts are interpreted as the result the igneous rocks which host these metallogenic belts intruding 
different bedrock. In contrast, to the nearby Kema metallogenic belt, the Luzhkinsky metallogenic belt occurs in the part of the 
East Sikhote-Alin igneous belt which intrudes the southern part of the Zuravlevksk-Tumnin turbidite basin terrane (fig. 79) 
(Nokleberg and others, 1994c, 1997~) .  Additional possible controls for the Luzhkinsky metallogenic belt are: (1) the turbidite 
deposits in the Zuravlevksk-Tumnin terrane are enriched in Sn; and (2) the Luzhinsky belt occurs in the back-arc part of the East 
Sikhote-Alin igneous belt in which magnetite-series granitoid rocks predominate. 

Lower Arnur Metallogenic Belt of Au-Ag 
Epithermal Vein, Porphyry Cu, and Sn Greisen 
Deposits (Belt LA) Northern Part of 
Russian Southeast 

The Lower Amur metallogenic belt of Au-Ag epithermal vein, porphyry Cu, and Sn Greisen deposits (fig. 79; tables 3 ,4)  
occurs in the northern part of the Russian Southeast. The deposits in the metallogenic belt are hosted in or near mid- and Late 
Cretaceous and early Tertiary granitoid igneous rocks of the East Sikhote-Alln volcanic-plutonic belt which intrude or overlie the 
Amur River and Kiselyovka-Manoma accretionary-wedge terranes. The major Au-Ag epithermal vein deposits are at Belaya Gora, 
Bukhtyanskoe, and Mnogovershinnoe; a porphyry Cu deposit is at Tyrskoe, and a Sn greisen deposit is at Bichinskoe (table 4) 
(Nokleberg and others 1997a, b, 1998). 

The Au-Ag epithermal vein deposits, as at Mnogovershinnoe, range from medium to large size and are generally hosted 
in Paleocene alkaline granitoid rocks which are closely associated with coeval andesite to dacite volcanic rocks. Some Au-Ag 
epithermal vein deposits are associated with Eocene and Oligocene volcanism (Khomich and others, 1989). The Au-Ag epithermal 
vein deposits, as at Belaya Gora and Bukhtyanskoe, are closely associated with rhyolite and trachyrhyolite flows and vent rocks 
which are commonly hydrothermally-altered to siliceous and adularia phases. Au is either disseminated throughout the 
hydrothermally-altered rocks or is concentrated in small quartz veins. The adularia phases also locally contain Au. Placer Au 
deposits, as at Kolchanskoe, Ulskoe, and Oemku, are associated with the Au-Ag epithermal vein deposits. In addition to the Au- 
Ag epithermal vein deposits, the Lower Arnur metallogenic belt includes few small W skarn, porphyry Cu, and Sn greisen 
deposits which are all hosted in or near Paleogene alkaline granitoid rocks. 

Mnogovershinnoe Au-Ag Epithermal Vein Deposit 

The large Mnogovershinnoe Au-Ag epithermal vein deposit (fig. 93) (Zalishchak and others, 1978) consists of 
hydrothermalIy altered, adularia-sericite-quartz vein-like zones up to 800 m long. The zones contain a series of adularia-quartz 
veins and veinlets. Some ore bodies consist of rhodonite-carbonate veins, and lenses of skams and sulfides. The ore minerals 
include pyrite, marcasite, gold, argentite, Au- and Ag-tellurides, galena, sphalerite, chalcopyrite, and freibergite. The ore minerals 
comprise up to 1% of veins. The Au:Ag ratio is I :  1. The deposit is hosted in Paleocene andesite-dacite which is genetically related 
to a multiphase intrusion of highly alkaline granitoid rocks. K-Ar isotopic studies indicate an age of mineralization of 49 to 69 Ma. 
During formation of local Au-bearing skams, which presumably formed during intrusion of Paleogene subalkaline granites, Au 
was remobilized (Ivanov and others, 1989). Placer Au deposits are associated with the Au-Ag epithermal vein deposits. 

Belaya Gora AU-Ag Epithermal Vein Deposit 

The mediurn-size Belaya Gora Au-Ag epithermal vein deposit (Mel'nikov, 1978) consists of disseminated and stockwork- 
type Au-Ag ore which occurs in extrusive bodies of subalkalic rhyolite-dacite and explosive breccia of an Eocene-Oligocene 
igneous complex. Alteration minerals are quartz (50-90%), kaolinite, dickite, sericite, hydromica, and adularia. The ore minerals 
are gold, silver, argentite, pyrite, marcasite, chalcopyrite, sphalerite, galena, hematite, and cinnabar. The ore assemblages are Au- 
quartz and Au-sulfosalts-sulfide-quartz. Gold distribution is highly irregular and the ore bodies do not have clear boundaries. The 
deposit extends to 100 m deep. 



Figure 93. Mnogovershinnoe A M q  @pWwmd vein &psit,.Lmmf Amw lmWbgmk !Mt, Rm#an S- ! S & e i t W i c ~  
map and cross section. Adapted h RaWn (1995). 

Origin of and Tectonic Co- far 
Lower Amur Metallogenic Ba# 

The Crebaeous gmnitoid r& B d a g  the Lcrw ~ o ~ e b c l t  am pat of the Earst SikhoteAkiaM* 
plutonic belt (fig. 79) of Late CretacsMIs and early Tertiary ~ ~ b i e h  is dmaibed m tfre:abovestdsmtbeddgh dtb Tad&& 
metallogenic kt&. Other related, meMo@nic b&s b@ed ia tb# East+-Alir~~ VOW belt rw rC- (Kbf), 
Luzhkinsky (La, S ~ ~ v ~  (SG), and T W  (TK) belts @g, m, W e  3). Tba dBbmX% betwsea &e nxM@@nic belts 
are interpreted as h e  rwdt  the igneous rocks which host thGsGp m&d&gBni~ beits htmdng clH?xe& bkdmclr. laemtm# to & b i z &  
other coeval and related belts, the: Lower Amur-metrJlagenk belt wmm wbeae Cmttweolu poitoid r x t cb  oftbe EgiOt S- 
Aline belt intrude the Arnur River and Kisclywka-Mamm  wedge temmts. 

Metallogenic Belt Formed In Late M s s o ~  
Oceanic Crust and Island Arc Tenaner, 
Russian Southeast 

Aniva-Nabil Metallogenic Belt of 
Volcanogenic Mn and Fe and 
Cyprus Massive Sulfide Deposits 
(Belt ANN) Sakhalin Island, - ,  . .. 

Southeastern Part of Russian Far East $( 

The Aniva-Nabil metallogenic belt of volcanogenic Mn md Fe, and Cyprus Cu massive sulfide deposits occurs on 
Sakhalin Island in the southeastern part of the Russian Far East (fig. 79; tables 3,4) (Nokleberg and others, 1997b, 1998). The belt 
occurs in the Aniva subduction-zone terrane and in the related Nabilsky accrelionary-wedge terrane in the central part of the island 



(Nokleberg and others, 1994c, 1997~). The volcanogenic Mn deposits, as at Bereznyakovskoe and Lyukamskoe (Sidorenko, 
1974), generally consist of small quartz-rhodonite lenses, with surficial pyrolusite and psilomelane, which are derived from 
carbonate and Mn-oxide assemblages. Associated with the occurrences are hydrothermal quartz, sericite, and carbonate alteration. 
The volcanogenic Fe deposits are mainly quartz-hematite lenses which are derived from carbonate and Fe-oxide assemblages. 
During subsequent accretion and companion metamorphism, the carbonate-oxide assemblages recrystauized to hematite 
rhodonite-quartz and hematite-quartz. The Cyprus massive sulfide deposits, as at Novikovskoe and Rys'e (Sidorenko, 19741, 
occur in highly-deformed matlc volcanic rocks with chalcopyrite and pyrite, and subordinate galena, bornite, tetrahednte, 
chalcocik and covellite. 

Both the volcanogenic Mn and volcanogenic Fe deposits, occur in fault-bounded jasper-bearing volcanic assemblages. 
The Cyprus massive sulfide deposits occur in fault-bounded fragments of mafic volcanic rocks. The host rocks are highly- 
deformed firagrnents of Late Cretaceous turbidites, limestone blocks derived from oceanic crustal and island arc assemblages, 
including blocks of volcanic-jasper deposits, and metamorphosed gabbro and ultramafic igneous rocks. These mils are interpreted 
as subducted oceanic crust and island arc fragments now contained in the highly deformed Aniva and Nabilsky subduction zone 
and accretionary-wedge terranes. These terranes are interpreted tectonically linked to the Cretaceous East Sikhote-Alin volcanic- 
plutonic belt (Nokleberg and others, 1994c, 1997c, 2000). 

Metallogenic Belts Formed in 
Late Mesozoic and Early Cenozoic 
Olyutorka Island Arc. 
Russian Northeast 

Koryak Highlands Metallogenic Belt of 
Zoned Mafk-Uftramaftc PGE and 
Cu Massive Sulflde Deposits (Belt KH) 
East-Central Part of Russian Northeast 

The Koryak Highlands metallogenic belt of zoned mafic-ultramafic PGE deposits occurs in the southern Koryak 
Highlands in the east-central part of the Russian Northeast (fig. 79; tables 3,4). The belt extends northeast for 1,000 km from the 
Sredinny Range in central Karnchatka Peninsula to the Koryak Highlands in the northern Peninsula (Bundtzen and Sidorov, 1998; 
Kozin and others, 1999; Mekomukov and Zaitsev, 1999). The belt is hosted in the Olyutorka subterrane of the Olyutorka- 
Karnchatka island-arc terrane (Nokleberg and others, 1994c, 1997~). The metallogenic belt contains several PGE and Cr deposits 
which occur in zoned, Alaskan-Uratian type plutons composed of gabbro, dunite, and clinopyroxenite. The significant deposits in 
the belt u e  the Snezhnoe zoned mafic-uktramafic Cr-PGE deposit, the Galmeononsky-Seinavsky zoned mafic-ulbamafic PGE 
(Alaskan-Uralim PGE), end a rare gabbroic Cu massive sulfide prospect at Karaginsky (table 4) (Melnikova, 1974; Kepezhinsh 
and others, 1993), L.V. Mehikov, written commun., 1993; Nokleberg and others 1997a, b, 1998; Bundtzen and Sidorov, 1998). 
The Karaginsky deposil consists of sulfide lenses hosted in spillite and siltstone, and sulfide disseminations hosted in 
serpsntinizcd ultramafic olistolitbs. Tbe sulfide minerals are chalcopyrite and pyrite, local sphalerite, and locally abundant 
magnetite, aad. In addition to Cu, the deposit contains Ni, Co, PGE, Zn, Au, and Ag. 

Smzhnoe Podfirm Cr Deposit 

The Snezhnoe zoned mafic-ultramafic Cr-PGE deposit (Kutyev and others, 1988a, b; Kutyev and others, 1991) occurs in a 
small round stock, about 2 km wide, composed of ultramafic rocks. The stock is zoned with a core of dunitc, and an outer zone of 
wehrlite-pyoxenites and pyroxenites. The ultramafic rocks in the stock intrude Late Cretaceous volmnogenic-sedimentary rocL 
which are contact metamorphosed near the stock. Chromite occurs in the dunite core and occurs as small lenses and veins in 
streaky and veinlei structures. These ore bodies range up to 1 m wide and several meters long. Fermginous chromite occurs with 
up to 48% Cr&. Titawmagnetite and Cu sulfides occur in the peripheral pyroxenites. PGE minerals occur in association with 
chromite arid form in chrome-spinel as small idiomorphic crystals, and as xenomorphic inclusions in interstices. Fa and Pl alloys 
are prdwnmant and conlain inclusions of native 0s. The chrome-spinel interstices are is dominated by cperryijte and 
teiraferroplatinum. PGE grains range up to 1 rnm diameter. PGE minerals are similar in composition to those in podifonn G 
deposits in southeastern Alaska and in the Urals Mountains. 

Galmeononsky-Sainavsky PGE Occurrences 

The Galmeonsky-Seinavsky PGE (Alaskan PGE) occurrences are located in zoned mafic-ultramafic complexea in the 
geograpbc center of the Koryak Highlands metallogenic belt (locally in Russia called the Koryak-Kamchatka platimun bell) 
(Bundtzen and others, 2003a. b). The surface area of the Galmeonsky pluton is about 45 km2, and the pluton is about 16 krn l q  
and 3 lo 4 km wide. An 4 0 ~ r / 3 9 ~ r  isotopic age of 60-73.9 Ma has been obtained for the pluton (Bunchzen and others, 2003b) The 
pluton con& a &mile core which comprises about 70 percent of the body and in the periphery is dunite which is snccessivcly 



rimmed by wehrlite, olivine-magnetite pyroxenite, and gabbro. Chromite-bearing dunite zones contain up to 100 g/t Pt (Kozin and 
others, 1999). 

The Seinavsky pluton occurs 7 krn northeast of the Galmeononsky pluton. and covers an area of about 40 km'. Dunite 
constitutes about 20 percent of pluton and the rest is mainly wehrlite and pyroxenite (Melkomukov and Zaitsev, 1999). A 
40 ~ r / ~ ~ ~ r  isotopic age of 60-73.9 Ma has been obtained for the pluton (Bundtzen and others, 2003b). Chromite-rich dunite grades 
up to 12 g/t Pt, and pyroxenite contains up to1 g/t Pd (Kozin and others, 1999). The PGE mineral the pluton and associated placer 
deposits is isoferroplatinum. Occurring in the region are native osmium, iridium, ruthenium, and platosmiridium which comprise 
a few percent of the total PGE. About 4% gold occurs in concentrates along with PGE arsenides and alloys (Melkomukov and 
Zaitsev, 1999; Bundtzen and Sidorov, 1998). 

Since 1994, rich PGE placers have been mined in six streams which radially drain both complexes. Approximately 18.1 
tonnes PGE were mined from 1994 to 1998 (Kozin and others. 1999). Production in 2000 was approximately 3.4 tonnes PGE (A. 
Koslov, written commun., 2000). The production from the Galmeononsky-Seinavsky district comprises a considerable percentage 
of total Russian PGE production. 

Origin of and Tectonic Controls for 
Koryak Highlands Metallogenic Belt 

The zoned mafic-ultramafic plutons which host the Koryak Highlands metallogenic belt intrude the Late Cretaceous 
volcanogenic-sedimentary rocks of the Olyutorka subterrane of the Olyutorka-Kamchatka terrane (Nokleberg and others, 1994c, 
1997~) .  The Olyutorka subterrane consists of a major sequence of late Mesozoic and early Cenozoic island arc volcanic and 
sedimentary rocks and occurs in a large nappe which is obducted onto the Ukelayat subterrane of the West Kamchatka turbidite 
basin terrane (Nokleberg and others, 1994c, 1997~).  The Olyutorka subterrane consists of: (1) a lower part composed of volcanic 
and siliceous oceanic rocks (Alb~an to Campanian Vatyn series); and (2) an upper part of Maastrichtian to Paleocene volcanic and 
clastic island arc deposits (Achayvayarn and lvtiginskaya formations). The subterrane is locally intruded by zoned intrusives range 
Gom dunite to clinopyroxenite to gabbro. The succession from pluton cores to margins is generally dunite which grades into 
pyroxenite which grades into gabbro and gabbro-diabase. Lntrusion occurred in the latest Cretaceous and the plutons are 
interpreted as the deep-level, magmatic roots of an island arc (Bogdanov and others, 1987). The available geologic and petrologic 
and geochemical data indicate that the zoned PGE-bearing plutons formed in a marginal-oceanic basin and frontal island arc 
during subduction of an oceanic plate (Bogdanov and others, 1987). Recent isotopic studies suggest intrusion of the zoned mafic- 
ultramafic plutons in the Late Cretaceous, as young as 71 Ma (Kepezhinskas and others, 1993; Sidorov and others, 1997; 
Bundtzen and Sidorov, 1998). The Olyutorka-Kamchatka terrane is interpreted as an island arc rock sequence underlain by 
oceanic crust. The Olyutorka subterrane is intricately faulted with, and thrust over the nearly coeval, Late Cretaceous and 
Paleogene Ukelayat turbidite basin subterrane of the West Kamchatka turbidite basin terrane to the northwest (fig. 79). The Late 
Cretaceous to early Tertiary Olyutorka-Kamchatka island-arc terrane is was tectonically linked to the Vetlovskiy accretionary- 
wedge terrane (Nokleberg and others, 2000). 

Kepezhinskas and others (1993) interpret that the zoned mafic-ultramafic complexes near Epilchak Lake at the northern 
end of metallogenic belt were emplaced as part of calc-alkaline magmas related to Late Cretaceous subduction during a short 
period of crustal extension. They interpret tha the mafic Late Cretaceous lavas which crop out near Epilchak Lake and in the 
Galmeononsky-Seinavsky areas @art of the Olyutorka-Kamchatka island arc terrane) may be co-magmatic with the zoned mafic- 
ultramafic plutons. Preliminary Ar-Ar isotopic ages fiom the Epilchak Lake and Galmeononsky zoned plutonic bodies range fiom 
69 to 71 Ma (P.W. Layer, written communication, 1998). 

Vatyn Metallogenic Belt of 
Volcanogenic Mn and Fe Deposits (Belt VT) 
Southeastern Part of Russian Northeast 

The Vatyn metallogenic belt of volcanogenic Mn and Fe deposits (fig. 79; tables 3,4) occurs in the southeastern part of 
the Russian Northeast. The belt occurs in several fragments, strikes east-west, is up to 680 krn long, and ranges from 5 up to 100 
km wide. The belt is hosted mainly in the oceanic crustal and ophiolite rocks of the Late Carboniferous through Early Jurassic and 
Cretaceous Olyutorka-Kamchatka island-arc terrane, and to a lesser extent in the Yanranay accretionary-wedge terrane (Nokleberg 
and others, 1994c, 1997~) .  In basalt flows in the Yanranay accretionary wedge-oceanic terrane are small occurrences of chert- 
hosted Fe- and Mn-bearing layers and crusts which occur at the surfaces of basalt flows. The significant deposit in the belt is the 
ltchayvayam volcanogenic Mn deposit (table 4) (Nokleberg and others 1997a, b, 1998). 

ltchayvayam Volcanogenic Mn Deposit 

The Itchayvayam and similar deposits in the metallogenic belt (Egiazarov and others, 1965) occur in a sequence of chert 
and basalt. The deposits consist of massive, patchy, and brecciated Mn ores which occur as concordant, lens-like bodies 1 to 30 m 
long and 0.3 to 10 m thick which are hosted in siliceous rocks. The main ore mineral is braunite, but pyrolusite occurs locally. Mn 
also occurs in veins of metamorphic origin which range from 2 to 10 m long and contain 11 to 47 % Mn. The deposits occur in the 
Albian-Campanian Vatyn Formation which contains abundant basalt and chert. 



Orlgln of and Tectonic Controls for 
Vatyrt Medallogenic Be& 

i The volcanogenic Mn and Fe deposits of the Vatyn metallogenic belt are interpreted as forming in a deep marginal-sea or 
oceanic bash environment during submarine basalt eruption as part of the Olyutorka subterrane of the Olyutorka-Kamchatka 

! island-arc lerrane (fig. 79) which is described in the above section on the Koryak Highlands metallogenic belt. After deposition, 
the Mn and Fe &posits were metamorphosed and locally redeposited as cross-cutting veins (Kolyasnikov and Kulish, 1988). 

I Eastern Asia-Arctic Metallogenic Belt Formed in 
Late Mesozoic Part of Okhotsk-Chukotka 

I ContinentaCMargin Arc, Russian Northeast 

General belting of Metallogenic Zones in 
I Eastern Asia-Arctic Metallogedc Belt 

I The major Eastern Asia-Arctic metallogenic belt of igneous-arc-related lode deposits occurs far several thousand 
kilom&ers abng the eastern margin of the Russian Northeast (fig. 79, tables 3,4). The mineral deposits of h e  belt occur in, and or 
are adjacent to the Cretaceous and early Tertiary Okhotsk-Chukotka volcanic-plutonic belt (Gelman, 1986; Nokleberg and others, 
1 W c ,  1997~). The major deposit types in the belt are porphyry Cu-Mo, Au-Ag epithermal vein, disseminated Au-sulfide, 
granitoid-related Au, Sn-Ag polyrnetallic vein, porphyry, and skam, Hg, Sb, and associated deposits. The Eastern Asia-Arctic 

I 

metallogenic beIt includes the rear, frontal and perivolcanic zones of the Okhotsk-Chukotka volcanic-plutonic belt. 
The major Eastern Asia-Arctic metallogenic belt is subdivided into smaller metallogenic zones which each exhibit a 

distinctive suite of feisic-magmatism-related lode deposits (fig. 79; table 4). In alphabetical order, the zones are: Anyui-Beringov. 
Chawn-Seward, Chukotka, Dogdo-Erikit, Koni Yablon, Okhotsk, Omusukchan, Verkhne-Kolyma, and the VerkhneYukonsky. 
These distinctive suites of lode deposits in each zone are defined or subdivided on the basis of: (1) the kxrane(s) which locally 
underlies the zone; (2) the occurrence of longitudinal and orthogonal faults which trend north-south or northwest; and (3) regional 
magmatic zonation of the Okhotsk-Chukotka volcanic-plutonic belt (fig. 79). In some cases, the longitudinal and orthogonal faults 
extend several hundreds of kilometers to the northwest away from the northeast-trending mass of the Okhotsk-Chukotka volcanic- 
plutonic belt; 

I Origin of and Tectonic Contrda for 
Eastern Asia-Arctic Metaltogenlc Belt 

The Easlern Asia-Arctic metallogenic belt is hosted in or near the Okhotsk-Chukotka volcanic-plutonic bdl which 
caastitules a major Eariy Cretaceous, Late Cretaceous, and locally Paleocene age assemblage which overlaps previously-accreted 
ternanas. The igneous belt extends for 3,000 km along western margin of Sea of Okhotsk, and across the Bering Straits into the 
Seward Peninsuk (figs. 79, 80). and consists mainly of gently dipping basalt, andesite-basalt, andesite, dacite, rhyolite, and tuff 
(Nokleberg and others, 1994c, 1997~). Rare beds of nonmarine clastic rocks, with conglomerate, grit, and sandstone occur at the 
base. The belt also contains local widespread silicic volcanic rock (mainly ignimbrites) and associated tonalite, quartz-diorite, and 
spar granite. To the northwest, into tbe continent, Late Cretaceous plutonic rocks grade into subalkalic and alkdic granile. The 
Paleocene part of the igneous belt locally consists mainly of plateau theoleiitic basalt. 

The Okhotsk-Chukoika belt overlies the southeastern margin of the North Asian Craton and the Kolyma-holon 
superternme, as well as the Chukotka, Kony-Murgal, Okhotsk, Seward, South-Anyui, and Zolotogorskiy terranes of the Russian 
Northeast (fig. 79). The Okhotsk-Chukotka belt is interpreted as a Pacific-facing, continental-margin arc which f o d  the A l b h  
through Campsnian and locally Paleocene boundary of northeastern Asia. The frontal part of the Okhotsk-Chukotka volcanic- 
plutoaic belt is dominated by basalt, and the rear zone is dominated by andesite and rhyolite. Coeval granitic through gabbroic 
intrusions also occur in the rear zone (Bely, 1977, 1978; Filatova, 1988). The Okhotsk-Chukotka belt is equivalent to the East 
Sikhote-Alin volcanic-plutonic belt (unit es) in the Russian Southeast (fig. 79). Together, these two igneous bells constitute a 
major continental-margin arc of Cretaceous and early Tertiary age which were tectonically linked subduction zone assemblages. 
To the north, the Okhotsk-Chukotka igneous belt was tectonically linked to the Ekonay oceanic crust, and the West Kamchatka 
turbidite basin and Yanranay accretionary-wedge terranes; to the south, the East Sikhote-Alin igneous belt was tectonically linked 
to the Aniva, Hikada, and Nabildy accretionary wedge and subduction-zone terranes (Nokleberg and others, 2000). 



Eastern Asia-Arctic Metallogenic Belt: 
Dogdo-Erikit Metallogenic Zone of 
Au-Ag Epithermal Vein, Sn-polymetallic vein 
(Southern Bolivian type?), and Volcanic-Hosted 
Hg (Plamennoe type) Deposits (Belt DE) 
West-Central Part of Russian Northeast 

The Dogdo-Erikit metallogenic zone of Au-Ag and Ag-Sb epithermal vein, and volcanic-hosted Hg deposits (fig. 79; 
tables 3,4) extends for about 1,000 km and up to 50 to 70 krn wide in a narrow band from the northwest to h e  southeast in the 
west-central part of the Russian Northeast (Goryachev, 1998,2003). This belt is hosted in the volcanic rocks of the Uyandin- 
Yasachen volcanic belt and the clastic deposits of the lnyali-Debin flysch basin (both parts of the Indigirka-Oloy sedimentary- 
volcanic assemblage), and the underlying carbonate rocks of the passive continental margin Omulevka terrane of tbe Kolyma- 
Omolon superterrane. 

The Dogdo-Erikit zone contains significant Au-Ag epithermal vein deposits, as at Kysylga, Tikhon, and Shuokoe, Sn- 
polymetallic vein (Southern Bolivian type?) deposits at Solkuchan, and a volcanic-hosted Hg deposit Dogdo (table 4) (Nokleberg 
and others 1997a, b, 1998). The Au-Ag epithermal vein deposits are closely related to Late Cretaceous hypabyssal rhyolite bodies 
with K-Ar isotopic ages of 90 to 56 Ma. The hypabyssal rhyolite5 crosscut contact metamorphic aureoles ofolder Cretaceous 
granitoid plutons (Gamyanin and Goryachev, 1988). The Dogdo volcanic-hosted Hg deposit and similar deposits are hosted in 
Early Cretaceous(?) felsic volcanic rocks which are associated with rhyolite and andesite hypabyssal bodies with K-Ar ages of 
125 to 63 Ma (Ganeev, 1974). The volcanic-hosted Hg deposits are small, uneconomic, and occur in the northwest part of the 
metallogenic belt which overlies the Selennyakh metallogenic belt of pre-accretionary Hg deposits (fig. 79). The Dogdo-Erikit 
metallogenic zone is interpreted as forming in a transverse (orthogonal) limb of the Cretaceous Okhotsk-Chukotka volcanic- 
plutonic belt (Goryachev, 1998,2003). 

Kysylga Au-Ag Epithermal Vein Deposit 

The Kysylga Au-Ag epithermal vein deposit (Shoshin and Vishnevsky, 1984; Yu.A. Vladimirtseva, written comun. ,  
1985; Nekrasov and others, 1987; Gamyanin and Goryachev, 1988) consists of veins in a zone which varies from 0.60-1.25 m 
thick and up to 400 rn long. The veins are composed of quartz, calcite, and ore minerals (1-5%) including arsenopyrite, pyrite, Ag- 
tetrahedrite, pyrrhotite, sphalerite, galena, chalcopyrite, boulangerite, Ag-jamesonite, and a low gold fineness (638). The veins 
strike from roughly east-west to northeast and dip steeply to south. The veins exhibit breccia or, less commonly, comb and 
massive structures, and often grade into stringer lodes. The deposit occurs in feathered fissures of a northwest-striking major fault 
and is hosted in Late Triassic sandstone and siltstone which exhibits linear folding and intense contact metamorphic alteration 
adjacent to a granitic intrusive. Waltracks display sericite, chlorite, and feldspar alteration. Average grades are 3.0-84.5 g/t Au, 1- 
37 g/t Ag; 0.01-0.1 As; 0.01-0.04% Sb; 0.002% Sn, and 0.03% Pb. 

Solkuchan Sn-Ag Polymetallic Vein 
(Southern Bolivian type?) Deposit 

The Solkuchan Sn-polyrnetallic vein (Southern Bolivian type) deposit (S.M. Khaustova and Yu.A. Vladimirtseva, written 
cornmun., 1987; Nekrasov and others, 1987; Shkodzinsky and others, 1992) consists of three steeply-dipping quartz-carbonate- 
sulfide veins which occur in an Early Cretaceous subvolcanic dacite stock. The veins are up to 3.4 m thick and up to 900 m long. 
The ore minerals are pyrite, pyn-hotite, arsenopyrite, sphalerite, galena, Ag-tetrahedrite (3 1-39% Ag), boulangerite, pyrargyrite, 
canfieldite, electnun (fmeness 685), cassiterite, covellite, scordte,  cerussite, smithsonite, melnikovite, and Fe-hydroxides. 
Anomalous Cu, Sb, Ge, and Id are present. The deposit is of medium size. Average grades are 200 g/t Ag, from 0.04 to 2.16% Sn, 
0.03 to 2.7 1% Pb, and 0.02 to 5.85% Zn. 

Dogdo Volcanic-Hosted Hg (Plamennoe type) Deposit 

The Dogdo volcanic-hosted Hg (Plamennoe type) deposit (Klimov, 1979; Yu.A. Vladimirtseva, written commun., 1987) 
consists of four lenticular and podiform ore bodies which occw in strongly silicified Late Jurassic andesite-dacite tuff. The ore 
bodies are 20 to 100 m long and 2 to 8 m wide. The ore minerals are quartz, calcite, barite with disseminations and stringers of 
cinnabar, pyrite, arsenopyrite, sphalerite, galena, and chalcopyrite. The ore district is characterized by a close correlation between 
Hg content and barite. Mineralization is controlled by a northwestern thrust fault, secondary quartzite occurrences, and occurrence 
of ore bodies along feathering fractures of the thrust fault. The deposit is of minor-to-medium size. Average grades are 0.35 to 
0.90% Hg. 



Eastern Asia-Arctic Metallogenic Belt: 
Okhotsk Zone of Au-Ag Epithermal Vein 
Deposits (Belt EAOH) Southeastern 
Part of Russian Northeast 

The Okhotsk zone of Au-Ag epithermal vein deposits (fig. 79; tables 3,4) occurs in the southeastern part of the Russian 
Northeast (Goryachev, 1998). The metallogenic belt is more than 1,500 km long and locally more than 100 km wide. The 
metallogenic belt occurs mainly in the rear of the Okhotsk-Chukotka volcanic-plutonic belt (Nokleberg and others, 1994c, 1997~). 
The significant deposits in the zone are (table 4) (Nokleberg and others 1997a, b, 1998): Au-Ag epithermal vein deposits at Agat, 
Aldigych, Burgagylkan, Druchak, Evenskoe, Irbychan, Julietta, Karamken, Kegali, Khakandzhinskoe (Khakandzha), Kolkhida, 
Krasivoe, Nevenrekan, Oira, Olyndja, Sentyabr, Spiridonych, Teply, Utessnoe, Verkhnenyotskoe, Vetvisty, Yurievka; a granitoid- 
related Au deposit at Maltan Stock; epithermal vein and volcanic-hosted Sb vein deposits at Senon, Utro, and Serebryanoe; a Sn 
silicate-sulfide vein deposit at Kinzhal; and a Pb-Zn-Ag skarn deposit at Skamovoe. 

The typical environments for the Au-Ag deposits are (Goryachev, 1998): (1) volcanic fields and resurgent subvolcanic 
domes which are associated with calderas of 10 to 60 km diameter; (2) contrasting volcanic sequences with high explosive indexes 
and injection breccias; (3) abundant rhyolite and dacite, with less abundant latite and trachyandesite; (4) combinations of well- 
defined or concealed basement faults with conformal, ring, arched, and radial fractures; (5) areas of propylitic alteration; and (6) 
volcanic rocks with high initial Sr ratios of greater than 0.708. Isotopic and paleontological ages for the Au-Ag epithermal vein 
deposits are Late Cretaceous to Paleocene. However, older deposits, such as the Albian(?) Nyavlenga deposit exist. 

The epithermal Au-Ag deposits are generally characterized by (Goryachev, 1998): (1) low or moderate sulfide contents; 
(2) widespread Ag-Sb sulfosalts, sulfides, selenides, and sparse Ag tellurides which occur in association with electrum and other 
Au and Ag intermetallides; (3) veins composed of adularia, carbonate, chalcedony, and quartz; (4) wall rock alteration to adularia, 
sericite, and hydromica; (4) Au:Ag ratio dominated by Ag (1: 1 to 1 :2 to 1 :300); (5) an obvious vertical zoning of deposits with a 
stage-like occurrence of ore shoots; and (6) indications of ore regeneration caused by hydrothermal temperature inversion. The 
major Au deposits occur in the middle parts of the Okhotsk zone at Karamken, Agatovskoe, Oira, Burgagylkan, and Julietta. The 
significant deposit in the northern part of the belt is at Evenskoe. The significant deposits in the southern part of the belt are at 
Khakandja and Yuryevka. Mining is underway at Kararnken, Agat, and Oira. 

Karamken Au-Ag Epithennal Vein Deposit 

The Kararnken Au-Ag epithermal vein deposit (fig. 94) (Krasilnikov and others, 1971; Nekrasova, 1972; Goldfrid, 
Demin, and Krasilnikov, 1974; Nekrasova and Demin, 1977; Sidorov, 1978; Layer, Ivanov, and Bundtzen, 1994) consists of 
numerous adularia-quartz and adularia-carbonate-quartz veins more than 200 m long and more than 0.2 m thick. The veins are 
controlled by arcuate and linear faults which define and crosscut a caldera filled with Late Cretaceous dacite, andesite-basalt, and 
rhyolite. The Main deposit, which contains about 80-90% of the reserves, is confined to few major veins which are spatially 
related to a hypabyssal body cut by circular faults and composed of andesite, andesitic dacite, volcanic breccia of andesitedacite 
composition, and rhyolite. The most productive veins are associated with an altered zone comprised of adularia-hydromica and 
quartz; and explosion and hydrothermal breccia bodies. A zone of kaolinite, alunite, and quartz alteration occurs in higher parts of 
the ore deposit. The ore minerals are pyrite, sphalerite, chalcopyrite, canfieldite, freibergite, tennantite, naurnannite (AgSe), 
polybasite, electrum, kiistelite, native silver, and other less common sulfides, selenides, sulfostannates, and sulfosalts of silver. 
The Au:Ag ratio is 1:3 to 1:4 in the richest portions of the Glavnaya vein. The veins form in clusters, which converge at depth. 
The gold-canfieldite-fieibergite-chalcopyrite and gold-pyrite-sphalerite zones are the most productive; at depth they are succeeded 
by a galena-canfieldite zone with tin-silver minerals. The deposit is medium and is mostly mined. The deposit was discovered in 
1964 and produced 40 tonnes Au from 1978 to 1992. The average grade was 100 to 129 g/t Au in 1978 and 16-1 8 g/t Au in 1992, 
Ar-Ar age isotopic study of adularia in Au-Ag vein yields an age of 79 Ma (Layer, Ivanov, and Bundtzen, 1994). 

Julietta Au-Ag Epithennal Vein Deposit 

The Julietta Au-Ag epithermal vein deposit (S.F. Struzhkov, O.B. Ryzhov, and V.V. Aristov, written comrnun., 1994; 
Struzhkov and others, 1994) consists of Au-Ag sulfide-carbonate-quartz veins which occur inside a large Early Cretaceous 
caldera. The volcanic rocks in the caldera and associated subvolcanic intrusive rocks comprised of andesite, andesite-basalt, and 
andesite-dacite. The veins dip steeply and vary from 200 to 500 m length and from 1 to 4 m wide. The major ore minerals are 
native gold and silver, freibergite, polybasite, galena, sphalerite, chalcopyrite, hessite, acantite, cubanite, pyrrhotite, and 
naumannite. Associated minerals in adjacent metasomatically-altered volcanic rocks are ankerite, calcite, chlorite, epidote, and 
hydromica. The ore minerals formed in two stages, an older gold-polymetallic stage, and a younger Au-Ag-sulphosalt stage. The 
deposit is medium size with an average grade of 29 g/t Au, 325 g/t Ag. Proven reserves as of 1994 were 18 tonnes Au and 200 
tonnes Ag. Estimated resources are 40 tonnes Au and about 1,000 tonnes Ag. A Rb-Sr adularia isotopic age of 136 Ma (Struzhkov 
and others, 1994) suggests that the Julietta deposit and host rocks may be part of an undefined pre-accretionary metallogenic belt 
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Figure 94. Karamken AU-Ag ep i thml  veln deposrt, 0-k zone, E s s m  AsiaArciic metall- Wt, Russian Northeast. 
Schematic cross sectlon showing genmliz8d geotogy of An'naMya volcanic stfuctwrre. Adapted by N.A. Shilyaeya, using 
materials of R.B. Umitbaev, RA. Enamin, G.P. Dmin, and AA. Krmil'nikw, and from Sidorov and Gayachev and others (1M). 

Agat Au-Ag Epitheml Yedn 

The Agat Au-Ag +thermal vein c@dd (V.I. Nabrodin, wri#en coimaun., 1971,1977) cxm&a of m-1 tew, 8f 
quartz, carbonate-quartz, and sul f idmprtz  veins a c h  w u r  in idwets of pmpylitically-altered Cretaceous andesite. The veins 
are generally simple and an controlled by northwt- to north-south-trending f h u r s .  Tbe ore bodies usually range from tens to 
hundreds of meters long, but somethes are up to 2 %m lung; tbcy av- from 0.2 to 1 m thick but are 50 m thick. The veins are 
usually altered to hydromica, chlorite, and silicrr; however lcsg eroded veins -lay w e d  adularia alteration. The veins generally 
display a symmetrical crustification-bding and m q d e x  &formation mctures. Thc main ore mhm& are galena, sphalerite, 
chalcopyrite, marcasite, and pyrite. LocaIly present are wenopyrite, pynhotite, tetrahedrite-tennantite, tellurides, Ag-suLfosalts, 
and other minerals. The main gangue m i n d  are quartz and c a r h t e s ,  kiuding calcite, doIomite, siderite, Mn-rich siderite, 
rhodochrosite, and kutnahoritc. Barite, chaldony, and -1 occur mar ibe periphery of the deposit. Gold occurs as electnun. Tbe 
veins average 5 to 10% sulfide, but locally ranges up to 20 to 30% sulfide. A gold-sphakitegalena-quartz assemblage is the most 
productive, and is present in most v e k .  This assemblage elm cuntaiw Clmlwpyib, tetdakite-temmb, Au-und Ag- 



tellurides, pyrargyrite, stephanite, and argentite. The Au:Ag ratio varies from 5: 1 to 1:100, and averages about 1:2 to 1:5. The 
deposit contains estimated reserves of 3.8 tonnes Au and 70 tonnes Ag. The deposit averages 6.5 to 11.8 g/t Au and 65 to 174 g/t 
Ag. Bonanza ores contain up to 30 kg/t Au. 

Eastern Asia-Arctic Metallogenic Belt: 
Koni-Yablon Zone of Porphyry Cu-Mo and 
Cu-Mo Skarn Deposits (Belt EAKY) 
Southern Part of Russian Northeast 

The Koni-Yablon zone of porphyry Cu-Mo and Cu-Mo skarn deposits (fig. 79; tables 3,4) occurs in the southern part of 
the Russian Northeast. The zone occ~~rs  in the front of the Okhotsk-Chukotka volcanic-plutonic belt along the northwest margin of 
the Sea of Okhotsk and in plutons which intrude the Koni-Murgal island-arc terrane. The significant deposits in the zone are (table 
4) (Nokleberg and others 1997a, b, 1998): porphyry Mo deposits at Guan-Ti (Arkhirned), Khakandya, Molybdenitovy, Tikas, and 
Travka; porphyry Cu-Mo deposits at Etandzha, Cora Krassnaya, Ikrimun, Osennee, Oksa, Usinskoe, Viking, porphyry Cu 
deposits at Lora, Nakhtandjin, and Yapon; a granitoid-related Au deposit at Tsirkovy; Au-Ag epithermal vein deposits at 
Berezovogor, Irgunei, Nyavlenga, Sergeev, and Serovskoe; a Cu skarn deposit at Maly Komui; a Mo greisen and vein deposit at 
Lastochka; and a volcanic-hosted Hg deposit at Uralskoe. The porphyry Cu-Mo deposits occur in parts of the volcanic-plutonic 
belt which are uplifted along major faults, as in the Okhoto-Kuhtui, Chelomdja-Yana, and Anadyr zones. Some of these zones 
occur along a regional gravity gradient between the front and rear zones of the volcanic-plutonic belt. 

In the northeastern part of the Koni-Yablon zone, the Primagadan area, the best known part of the Koni-Yablon zone, 
extends along the coast of the Sea of Okhotsk for about 500 km and contains the Osenee, Usinskoe,, Nakhatandjin-Lori, Ikrimum, 
and other deposits. These deposits occur in multiphase, large, Na-series Early Cretaceous gabbro, tonalite, granodiorite, and 
plagiogranite plutons which display low initial Sr ratios (<0.705). The ore deposits occur along circular caldera structures which 
range from 7 to 12 km diameter. The porphyry deposits generally contain chalcopyrite, molybdenum, and other minerals in 
stringers, disseminations, veins, and stockworks (Skibin, 1982; Anorov and Mayuchaya, 1988). Across the Okhotsk-Chukotka 
volcanic-plutonic belt, the porphyry deposits display a zonation. From the coast into the continent, porphyry Cu deposits are 
successively replaced by porphyry Mo-Cu and porphyry Mo-W deposits. The zonation is correlated with a greater thickness of the 
granitic layer of continental crust and with the increase of leucocratic granite and granite porphyries into the continent. Ag 
concentrations in the porphyry deposits also increase into the continent. 

In the Yablon River Basin and the Anadyr fault zone, in the extreme northeastern part of the Koni-Yablon zone, porphyry 
Cu-Mo deposits are associated with Cretaceous plutons of gabbro, diorite, and alkalic granite. The deposits may be controlled in 
part to the underlying Oloy metallogenic belt of porphyry Cu-Mo and Au-Ag epithermal vein deposits which is hosted in the 
younger (Neocomian) part of Late Jurassic-Neocomian Oloy-Svyatoy Nos volcanic belt (Nokleberg and others, 1994c, 1997~). 
Similar relations occur in the southwestern part of the Koni-Yablon zone where the significant deposits are the porphyry Cu-Mo 
deposit at Etandzha and the Cu-Mo skarn deposit at Muromets. These deposits are associated with Early Cretaceous tonalite and 
quartz monzodiorite which intrude Cambrian dolomite and with Early Cretaceous volcanic rocks. Some deposits grade from 
porphyry to skarn. 

Nakhatandjin-Lori Porphyry Cu Deposits 

The Nakhatandjin-Lori porphyry Cu deposit (Skibin, 1982; V.B. Vorob'ev, written communication, 1986.) consists of a 
stockwork of sulfide, sulfide-quartz, and sulfide-chlorite-quartz veinlets associated with disseminated sulfides occurs along east-, 
northeast-, and northwest-trending fault zones at the southeast and northern contacts of Srednin granitoid pluton. The pluton 
intrudes Triassic-Jurassic and Early Cretaceous volcaniclastic and volcanic rocks. Early Cretaceous tonalite, granodiorite, and 
explosive breccias which host the deposit are weakly sericitized and propylitized. Ore minerals are pyrite, chalcopyrite, and 
molybdenite, with subordinate magnetite and ilmenite. Deposit is closely associated with a pipe of explosive breccias. The 
deposits are medium to large with a probable resource of 178 million tonnes grading at least 0.5% Cu, 0.025% Mo, and 2.1 g/t Ag. 
The deposit is explored with about 100 shallow drill holes. 

Osennee Porphyry Cu-Mo Deposit 

The Osennee porphyry Cu-Mo deposit (L.V. Firsov and A.E. Soboleva, written commun., 1952; S.V. Sendek, written 
commun., 1965) form a crescent-shaped ore body which occurs in a north-south-trending, fractured and foliated zone within the 
granitoid rocks of the Cretaceous part of the Magadan batholith. The deposit is more than 400 m long, about 30 m thick, and dips 
at 35" to 65". The host rocks are gabbro, granodiorite, subalkalic granite and syenite, granite porphyry, and larnprophyre. 
Molybdenite is accompanied by pyrite and lesser pyrrhotite, sphalerite, chalcopyrite, and scheelite. The molybdenite and 
associated minerals occur in quartz, quartz-feldspar, and quartz-tourmaline veinlets and veins; as disseminations in porphyry; and 
in veinlets in igneous rocks displaying silicic, sericite, chlorite, K-feldspar, and pyrite alteralion along a fault and in adjacent areas. 
The deposit is small to medium, and contains from 0.1 to 0.33% Mo and up to 0.1% Cu, and up to 5 g/t Ag. Associated. undefined 
amounts of U is also present in the porphyry deposit. 



Etandzha Porphyry Cu-Mo and 
Muromets Cu-Mo Skarn Deposits 

The Etandzha porphyry Cu-Mo deposit (N.L. Kobtseva and T.G. Devyatkina, written commun., 1988) consists of 
stringers and disseminations of molybdenite and chalcopyrite which occur in Cretaceous quartz diorite. The deposit occurs along a 
northeast-trending zone with surface dimensions of 400 by 200 m. Average grades are 0.02 to 2.0 % Cu; 0.02 to 0.74 % Mo; up to 
4 g/t Au; up to 15 g/t Ag, and unspec~fied amounts of U. 

The Muromets Cu-Mo skarn deposit (Nikitin, Rasskazov, 1979; Krasny, Rasskazov, 1975) occurs along the contact of 
metasomatized Middle Cambrian dolomite and limestone which is intruded by Early Cretaceous quartz monzodiorite. The skarns 
occur in a zone which is 1 km long and dips gently (20 to 40") under the intrusion. Individual skarns range from 6 to 12 km thick 
and contain disseminated, stringer-disseminated, and less common massive ore. Skarns are abundant and contain salite, diopside, 
scapolite, grossular, and andradite. The ore minerals are magnetite, chalcopyrite, molybdenite, scheelite, pyrrhotite, bornite, pyrite, 
galena, and sphalerite. Magnesian skams are less abundant and contain spinel, forsterite, phlogopite, tremolite, diopside, and 
serpentine. The skarns developed in several stages: (1) magnesian skarn with magnetite; (2) calcareous pyroxene-garnet skarn 
with magnetite and scheelite; and (3) metasomatic quartz-feldspar rocks with molybdenite and Cu-sulfides. Copper sulfide 
disseminations also occur in altered quartz monzodiorite and form a porphyry Cu deposit. The deposit is small-to-medium size and 
contains up to 10 % Cu, up to 0.92 % WO,, and up to 0.3% Mo. 

Eastern Asia-Arctic Metallogenic Belt: 
Korkodon-Nayakhan Zone of Porphyry Mo and 
Granitoid-Related Au Deposits (Belt EAKN) 
East-Central Part of Russian Northeast 

The Korkodon-Nayakhan zone of porphyry Mo and granitoid-related Au deposits (fig. 79; tables 3,4) occurs in two parts 
in the east-central part of the Russian Northeast. Each part is about 200 km long. The zone contains a small porphyry Mo deposit 
at Orlinoe, a granitoid-related Au deposit at Khetagchan, a Fe skarn deposit at Skarn, a Au-Ag polymetallic vein deposit at 
Verkbny-Koargychan, and a Fe-Pb-Cu-Ag-Au skarn deposit at Sedoi (table 4) (Nokleberg and others 1997a, b, 1998). Both types 
of deposits are related to subalkalic felsic and intermediate composition intrusions of granite and granosyenite. The deposits 
generally occur either in the apical parts of the intrusive rocks or in the adjacent wall rocks. The granitoid-related Au deposits are 
characterized by Ag tellurides. The deposits are generally small. Most of the lode deposits in the zone consist of sulfides 
disseminations and stringers. The granitoid rocks hosting the Korkodon-Nayakhan zone form a belt which is transverse or 
orthogonal to the Okhotsk-Chukotka volcanic-plutonic belt. The relation of the origin of the granitoid rocks to the Okhotsk- 
Chukotka volcanic-plutonic belt is unclear. 

Orlinoe Porphyry Mo Deposit 

The Orlinoe porphyry Mo deposit (V.N. Okhotnikov, written commun., 1957) consists of a steeply-dipping stockwork 
which extends for tens of meters. The stockwork consists of thin quartz veins and veinlets with disseminations and masses of 
molybdenite. Subordinate minerals are pyrite, chalcopyrite, wolfiamite, powellite, muscovite, fluorite, calcite, chlorite, and garnet. 
The deposit occurs in contact-metamorphosed, Late Triassic sedimentary rocks and in Late Cretaceous granite which intrudes the 
sedimentary rocks. The deposit is small and averages 0.01 to 0.03% Mo, but locally ranges up to 8.5% Mo. 

Khetagchan Porphyry Granitoid-Related Au Deposit 

The Khetagchan porphyry granitoid-related Au deposit (V.A. Sidorov, written commun., 1990) consists of zones of 
sulfide-quartz and sulfide-chlorite-quartz veins and veinlets up to 150 m long and 10 to 15 m thick. The veins and veinlets occur 
along the contacts of a Late Cretaceous granodiorite; both within and adjacent to the intrusion. The ore minerals are galena, 
sphalerite, chalcopyrite, wolfiamite, pyrite, arsenopyrite, bismuthinite, native bismuth, gold, electrum, tetrahedrite-tennantite, Ag- 
sulfosalts, and argentite. The deposit is judged as small and contains up to 20 glt Au and up to 50 to 60 g/t Ag. 

Eastern Asia-Arctic Metallogenic Belt: 
Verkhne-Kolyma Zone of Sn-Ag Polymetallic Vein 
(Southern Bolivian type), Sn Polymetallic Vein, 
Rhyolite-Hosted Sn, and Granitoid-Related Au Deposits 
(Belt EAVK) southeastern Part of Russian Northeast 

The Verkhne-Kolyma zone of Sn polymetallic vein (Southern Bolivian type), Sn-Ag poiylrlsLalrlr, VGII~, ~hyolite-hosted 
Sn deposits, and granitoid-related Au deposits (fig. 79; tables 3,4) occurs in the southeast part of the Russian Northeast. The belt 
trends mainly northwest-southeast, extends for about 700, km and ranges up to 100 km wide. The metallogenic belt is associated 
with Cretaceous plutonic rocks which intrude the North Asian Craton Margin (Verkhoyansk fold belt, unit NSV) and the Viliga 
passive continental-margin terrane (Nokleberg and others, 1994c, 1997~). These plutonic rocks fonn an orthogonal branch of the 
Okhotsk-Chukotka volcanic plutonic belt. Sn polymetallic vein (Southern Bolivian type) and Sn-Ag polymetallic vein deposits are 



hosted mainly in Late Cretaceous dacite and rhyolite subvolcanic dikes and stocks. The significant deposits in the zone are (table 
4) (Noklebq and others 1997a, b, 1998): Sn silicate-sulfide and Sn polymetallic vein deposits at Baryllyelakh-Tsentralny, 
Bogatyr, Dneprov, Kandychan, Kharan, Khenikandja, Kheta, Khuren. Kuranakh-Sala, Kyurbelykh, Porozhistoe, Svetloe, and 

I 
Tigrets-Industriya; a Sn @cism deposit at Ossolony; a rhyolite-hosted Sn deposit at Suvorov; Au-Ag epithemal vein deposifs at 

! 
Aids and Zerkalnoe; PbZn-Ag vein or skarn deposits at Bulunga and Tektonicheskoe, granitoid-related Au deposits at Netchen- 

I Khaya, Shkolnoe, a porphyry Mo deposit at Tankist; and a Co-Bi-As vein deposit at Verkhne-Seimkan. The Co and Bi deposits, 
as at Verkhny Seimkan, art associated with Cretaceous granitoid plutons of the Okhotsk-Chukotka volcanic-piutoaic belt. The 
deposits are generally small, and either exhausted, partly mined, or starting to be mined, as at Shkolnoe. Local Sn deposits with 
Ag, Pb, Zn, may be of htura economic interest. 

I T i g ~ l n d u 9 @ y a  Sn P ~ ~ e t a l l l c  Vein Deposit 
I 
I The small Tlgrets-Iadustriya Sn polymetallic vein deposit (Lychagin, 1967; Plyashkevich, 1990) consists of quartz- 

carbonate-sujfide, quartz-sulfide, md sulfide-quartz veins, and lenticular bodies and zones of veinlets which occur in weakly 
I metamorphosed Lale Pennian sedimentary rocks intruded by a Late Cretaceous granite porphyry. The ore badies occur along 
I 
I 

northeast-bending fractures, are i00 to 200 m long, and range from 0.1 to 0.8 m thick. Late Cretaceous siliceous lava flows occur 
peripheral to the mineralized area. Several Sn and Ag mineral assemblages occur in the deposit. A period of deformation separeled 
early and late stages. The early assemblage consists of quartz-cassiterite and polysulfide containing cassiterite, menopyrite, 
pyrite, chaJcopyrite, sphalerite, galeaa, canfieldite, Fe-fieibergite, stannite, and pyrargyrite. The late seleno-canfieldite-quarlz 
assemblage conlaids q&, pyrite, sphalerite, galena, stannite, selenocanfieldite, and Mn-calcite. 

Mandych8n Sn Polpetauk Vein Deposit 

Sn polymela1lk veh  deposits, as at Kandychan and Kheta, are hosted mainly in Late Cretaceous subvdcank and flow 
rocks of modcrakly felsic to felsic composition. The Kandychan deposit (Firsov, 1972; Lugov and others, 1974a, b; N.E. Savva, 
written comun., 1980) consists of groups of veins and veinlets which occur in a generally north-south-trending band more than2 
km long m d  from 500 to 600 m wide. The host volcanic rocks are propylitized, silicified, and argiUized. The ore bodies consist of 
quartz-chlorile-cassikrites~de veins with various carbonates (calcite, siderite, dolomite), sericite, hydromica, kaohite, dickite, 
pyrophyllite, fluorite, and tourmaline. The sulfide minerals are mainly stannite, pyrargyrite, hessite, and argentite; and lesser 
pyrite, chalcopyrik, arsenopyrite, marcasite, pyrrhotite, sphalerite, galena, bornite, and covenite. The deposit ia characterized by 
high Ag, Bi, Co, and Au. The gulfide veins with colloform cassiterite near the surface change with depth to low-sulfide chlorite 
quartz veins with crystalline cassiterite. The deposit is small, is partly mined, and has produced 2,000 tomes Sn. 

I Suvomv Rhyolite-Hosted Sn Deposit 

I Rhyoiite-hosted Sn deposits, as at Suvorov, and Sn polymetallic vein and Sn greisen deposits, as at Dneprwskoe and 
K h h d j a ,  are associated with small Cretaceous granitoid plutons. The Suvorov rhyolite-hosted Sn deposit (Lugov and dhm, 
1974a, b; Flerov, 1974) consists ofcolloform cassiterite nodules (wood tin) which occur in intensely silicifltd ahd kaolinizod, 
fluidal rhyolite, aggIomerate vitric tuff flows, and tuff- and lava-breccia. The host Late Cretaceous volcanic rocks f m  various 
volcanic vent facies. Cassiterite is associated with fine-grained quartz, hematite, chlorite, kaolinite, pyrite, sod arsampyrite. The 

l 
ore is characterized by bigh Fe and In. The deposit is small. 

Shkolnoe GranltolcFRUakd Au and Au 
Quam Vein Deposit 

The Shkolnoe graaitoid-related Au and Au quartz vein deposit (fig. 95) (Orlov and Epifanova, 1988; S.V. Voroshin and 
others, written cornmu, 1990; Palymsky and Palymskaya, 1990; V.A. Banin, written commun., 1993; Gonchwov, 1995; 
Goryachev, 1998,2003) wnsists of an en echelon system of quartz veins which trend generally east-west. The v d w  occur in a 
multipbse grapitoid stock &out 4 km2 composed mainly of granodiorite and adamellite. The stock is intruded by dikos of @mile- 
porphyry, rhyolite, pegmclrile, aplile, and larnprophyre. The quartz veins are surrounded by zones of beresitic a d  argillic 
altaation, and skam and greisen alteration also locally is present. The deposit occurred in two stages separated by intnkon of 
-whyre dies (Goryachsv, 1998): (1) an older granitoid-related Au vein deposit containing moiybderdte, arsenopyrite, 
Itkllingite, native bismuth, Bi-tellurides, and native gold (herein interpreted as part of the Yana-Kolyma tn~3.allogdc belt); (2) the 
most economically-irnpwtmt stage, a Au quartz vein deposit containing arsenopyrite, pyrite, galena, sphalerite, gold, electrum, 
freibergite, telmhedrik, Pb-Sb md Ag-sulfosalts, argentite, and stibnite. The Au ore bodies extend to greal deplh into a I & - @  t a l c  
of co@cated minemlogy. gtochemistry, and structure. The total reserves are estimated at 32 tonnes Au averaging 29 B/t Au ad 
45 g/t Ag. The mine at the deposit has produced 17 t Au and 17 t Ag from 1991 to 1997. 
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Figure 95. Shkolnoe granitoid-related Au deposit, Verkhne Kolyma zone, Eastern Asia-Arctic metallogenic belt, Russian Northeast. 
Schematic geologic map and cross section. Adapted frofn Sidorov and Goryachev (1994) and Sidorov and Eremln (1995). 

Eastern Asia-Arctic Metalkgenk Belt: 
Vostochno-Verkhoyansk Zone of 
Ag Polymetallic Vein and 
Clastic Sediment-Hosted Hg Deposits 
(Belt W) West-Central Part of Russian 
Northeast 

The Vostochno-Verkhoyansk metallogenic zone of Ag polymetallic vein and clastic sediment-hosted Hg deposits (fig. 
79; tables 3,4) occurs in two fragments, each 250 km long and 20-50 km wide, in the west-central part of the Russian Northeast 



(Goryachev, 1998, 2003). The deposits are hosted in Carboniferous and Permian clastic rocks of the North Asian Craton Margin 
(Verkhoyansk fold belt, unit NSV; Nokleberg and others, 1994c, 1997~) .  The Vostochno-Verkhoyansk metallogenic belt is the 
loci of old mining which started in the 18th century. The belt contains newly-discovered deposits which are currently being 
developed for mining. The significant deposits in the belt are Ag polymetallic vein deposits at Altaiskoe, Bezymyannoe, 
Kuolanda, Mangazeika, Prognoz, and Verkhnee Menkeche, and a Sn polymetallic vein deposit at lmtachan (table 4) (Nokleberg 
and others 1997a, b, 1998). Ag polymetallic vein deposits and occurrences, as at Altaiskoe, Mangazeika, and Menkeche, occur in 
longitudinal and diagonal faults which crosscut the hinges of major folds. 

The age of mineralization for the Vostochno-Verkhoyansk metallogenic belt is interpreted as Late Cretaceous to 
Paleogene because the deposits formed prior to the development of the clastic sediment-hosted Hg deposits of the Verkhoyansk- 
Indigirka metallogenic belt in the same region (Indolev, 1979; Goryachev, 1998). The Vostochno-Verkhoyansk metallogenic zone 
is interpreted as forming in the rear (back-arc) part of the Cretaceous and early Tertiary Okhotsk-Chukotka volcanic-plutonic belt 
(fig. 79). 

Mangazeika Ag Polymetallic Vein Deposit 

The Mangazeika deposit (N.A. Tseidler, written commun., 1985; Goryachev, 1998) consists of polymetallic veins which 
occur in Early Permian argillite and sandstone which occur in gently-plunging tight folds. The veins fill fissures between argillite 
and sandstone layers and are conformable to bedding. The veins range from 50 to 1,300 m long, and from 3 cm to 1 m thick. The 
main ore minerals are galena and sphalerite; minor minerals are pyrite, arsenopyrite, chalcopyrite, owyheeite, freibergite, 
diaphorite, boulangerite, pyrargyrite, miargyrite, cassiterite, stamite, and native gold, native silver, and argentite. Gangue minerals 
are manganosiderite, quartz, ankerite, sericite, chlorite, and tourmaline. This and similar deposits do not contain significant 
amounts of sulfide minerals; silver amalgam is locally present. Other deposits, as at Menkeche and Bezymyannoe, are associated 
with Early and Late Cretaceous basaltic dikes and associated Sn polymetallic vein deposits. Wallrock alteration, including 
carbonization and silicification, is not significant. Estimated reserves are 62,375 tonnes Pb, 2,900 tonnes Zn, and 324 tonnes Ag. 
Estimated total resources are more than 1,000 tonnes Ag. Average grades are 75% Pb; 0.3-5% An; 500-3,938 g/t Ag; and 0.1-0.5 
g/t Au. Silver was mined from 19 15- 1922. 

Eastern Asia-Arctic Metallogenic Belt: 
Adycha-Taryn Zone of Au-Ag Epithermal Vein, 
AgSb Polymetallic Vein, and Clastic 
Sediment-Hosted Sb-Au Deposits (Belt AT) 
Western Part of Russian Northeast 

The Adycha-Taryn metallogenic zone forms a linear array of clastic sediment-hosted Sb-Au, Au-Ag epithermal vein, and 
Ag-Sb polymetallic vein associated deposits (fig. 79; tables 3 ,4)  which occur adjacent to the Adycha-Taryn fault in the western 
part of the Russian Northeast (Goryachev, 1998). The Adycha-Taryn fault is a major collisional suture zone between the Kular- 
Nera accretionary-wedge terrane of the Kolyma-Omolon terrane to the northeast and the North Asian Craton Margin 
(Verkhoyansk fold belt, unit NSV) to the southwest (Nokleberg and others, 1994c, 1997~) .  The metallogenic belt is about 750 km 
long and 5 to 10 km wide. Several groups of deposits occur in the metallogenic belt (table 4) (Nokleberg and others 1997a, b, 
1998): (1) small Au-Ag epithermal vein deposits, as at Ak-Altyn; (2) small Ag-Sb polymetallic vein occurrences; and (3) high- 
grade clastic-sediment-hosted Au-Sb deposits, as at Billyakh, Sarylakh, Sentachan, and Uzlovoe. Many of the clastic-sediment- 
hosted Au-Sb deposits, as at Sarylakh, are partly mined out. 

The age and genesis of the Adycha-Taryn zone is more complex than previously interpreted because some of the 
deposits: (1) are not evidently magmatism-related; (2) are relatively younger than Au quartz vein and Sn-W vein deposits which 
occur in the same area; and (3) locally crosscut homfels near granite intrusions which exhibit K-Ar isotopic ages of 110 to 90 Ma. 
Three possible origins are suggested for the genesis of the Au-Sb deposits in the Adycha-Taryn metallogenic belt. (1) A deep and 
possible mantle origin may be indicated by the local occurrence of native metals in the Au-Sb deposits (Anisimova and others, 
1983). (2) The clastic-sediment-hosted Au-Sb deposits, which occur in and near the major Adycha-Taryn fault, may have formed 
in an accretionary environment and are related to metamorphism which occurred immediately after collision and accretion of the 
Kolyma-Omolon superterrane to the North Asian Craton Margin (Verkhoyansk fold belt, unit NSV, fig. 79) along the Adycha- 
Taryn fault (Berger, 1978, 1993; Nokleberg and others, 2000). And (or; 3) the Au-Sb epithermal deposits and the polymetallic 
vein deposits may have formed in a post-accretional environment and are related to younger, Cretaceous and Paleogene basaltic 
magmatism in the region (Indolev and others, 1980). Alternatively, the clastic-sediment-hosted Au-Sb deposits may be part of a 
suite of quartz vein deposits and are part of the Yana-Kolyma metallogenic belt (Berger, 1978, 1993). The epithermal and 
polymetallic vein deposits of the Adycha-Taryn metallogenic zone are herein interpreted as forming in the rear and transverse part 
of the Cretaceous to early Tertiary Okhotsk-Chukotka volcanic-plutonic belt (fig. 79) which forms a major, post-accretionary 
continental-margin arcs in the Russian Northeast (Nokleberg and others, 1994c, 1997c; 2000). 



Sentachan Clastic-Sediment-Hosted Au-Sb Deposit 

The Sentachan clast~c-sediment-hosted Au-Sb deposit (Shur, 1985; Indolev and others, 1980; V.V. Maslennikov, written 
commun., 1985) consists of two rod-like veins which vary from 85 to 200 m long and up to 3.1 m thick which occur in northwest- 
striking shear zones in northwest-trending faults which are part of the Adycha-Taryn fault zone. The veins are hosted in Late 
Triassic (Norian and Rbaetian) clastic rocks which are deformed northwest-trending gently-plunging folds parallel to the fault. 
The main minerals are stibnite and quartz; subordinate minerals are ankerite, muscovite, pyrite, arsenopyrite, dickite, and 
hydromica. Rare minerals are sphalerite, gold, chalcostibnite, berthierite, tetrahedrite, zinkenite, jamesonite, aurostibnite, and 
chalcopyrite. The wallrocks exhibit silicic, carbonate, hydromica, and dickite alteration. The grade varies from 3.2 to 40.3% Sb. 
Mined and proven reserves total 100,000 tonnes Sb, making the Sentachan Au-Sb deposit one of Asia's largest Sb deposits. 

Ak-Altyn Au-Ag Epithermal Vein Deposit 

The small Ak-Altyn Au-Ag epithermal vein deposit (Yu.A. Vladimirtseva, written commun., 1985) consists of quartz and 
quartz-carbonate veins, up to 2 to 3 m thick and stringers which occur in a zone 10-30 m wide and 150 m long. The deposit is 
hosted in gently-dipping Middle Triassic (Ladinian) tenigenous rocks which are intruded by Early Cretaceous diorite porphyritic 
dikes. The ore is dominated by fine-grained quartz (chalcedony) with sparse sulfides (about I%), including galena, sphalerite, 
chalcopyrite, arsenopyrite, and pyrite. Gold fineness is low. Average grades are 0.2-60.4 g/t Au; and 0.1-1% combined Ag, Hg, 
Pb, Sb, Zn, As, and Cu. 

Eastern Asia-Arctic Metallogenlc Belt: 
Omsukchan Zone of Sn Polymetallic Vein, 
Sn SilicateSulfide, Porphyry Sn, 
Au-Ag Epithermal Vein, Porphyry Mo-Cu, 
and Associated Depostts (Bett EAOM) 
Southeastern Part of Russian Northeast 

The Omsukchan metallogenic zone (fig. 79; tables 3,4) occurs in the southeastern part of the Russian Northeast and 
forms an extensive transverse (orthogonal) branch of the East Asian-Arctic metallogenic belt. The zone occurs in and near the 
Okhotsk-Chukotka volcanic-plutonic belt (Nokleberg and others, 1994c, 19Wc), is more 150 km long, and ranges from 10 to 15 
up to 60 to 70 krn wide. The significmt deposits in the zone are Sn polymetallic vein deposit8 at Maly Ken and Trood, Sn silicate 
sulfide vein deposits at Egorlyk, Galimoe, Khataren-Industrial, and Okhotnichie, Au-Ag epithermal vein deposits at Arylakh, 
Dukat, and Rogovik, porphyry Sn deposits at Ircha, Nevskoe, and Novy Djagyn, and Sb-Au and polymetallic vein deposits at 
Elombal, Mechta, Tidit, and Yakor (table 4) (Nokleberg and others 1997a, b, 1998). Mainly Sn and Ag polymetallic vein, and W, 
Au, and Co vein deposits occur in the northern and middle parts of the belt, whereas mainly Au-Ag epithemal vein and porphyry 
Mo-Cu deposits occur In the southern part. 

The Omsukchan metalbgeaic belt occurs in a unique, local extensional tectonic environment in continental crust up to 52 
km thick, which in herein interpreted as forming in the back-arc portion of the Okhotsk-Chukotka volcanic-plutonic belt. The rift- 
trough is filled by Early Cretaceous volcanic and sedimentary sequences of continental coal-bearing malasse which are 
unconformably overlain by Atbian through Cenomanian andesite, rhyolite, and ignhbrite. Tbe total thickness is greater than 
3,000 m. The lower part of the molasse includes the Aptian Ascoldin Formation which is composed of hie-siliceous, ultra- 
potassic rhyolite. The plutonic rocks associated with the metallogenic belt are dominated by the potarrsic biotite granite of the 
Omsukchan Complex wbich has a K-AT isotopic age of approximately 90 Ma, and a RbSr wholarock isochron age of 80 Ma 
(Goryachev, 1998). 

The significant Sn and Sn-Ag deposits, mainly Sn polymetallic vein, Sn silicate-sulfide, and porphyry Sn deposit types, 
are at Nevskoe, Galimoa, lrcha, Khataren-Lndustrial, Trood, Novy Djagyn, and Maly Ken. Some of these deposits were recently 
discovered. Most of the numerous, small, but rich and quickly exploited Sn deposits were exhausted in the 1940's. Various types 
of Sn deposits are associated with the Omsukchan granite and comagmatic extrusive-subvolcanic complexes. At depths, these Sn 
deposits are associated mainly with granitoid plutonic rocks. At intermediate levels, the Sn deposits are associated with volcanic 
and plutonic rocks. Near the surface, the Sn deposits are associated with volcanic~ocks, and consist mainly of Sn-Ag deposits, and 
associated Ag-polymelallic and Au-Ag epithermal vein depasits. The significant Ag-polymetallic veh deposits are at Mechta and 
Tidit. 

Nevskoe Porphyry Sn Deposit 

The Nevskoe porphyry Sn deposit (Lugov, Makeev, and Potapova, 1972; Lugov, 19 
complexly intergrown pyrophyllite, topaz, quartz, muscovite, and cassiterite. Also widespread 
arsenopyrite, chalcopyrite, galena, sphalerite, pyrite, pynhotite, marcasite, tetrahedrite-tennan 
Semseyite, guanajuatite, laitakarite, silver, zunyite, apatite, fluorite and other minerals are rare. Sn content decreases with depth, as 
does topaz and pyrophyllite; quartz content increases with depth. The deposit occurs in a district which extends north-northwest 
along a zone of intensely h-actured Early Cretaceous claslic sedimentary rocks. The zone has surface dimensions of 180 by 350 m. 



The clastic sedimentary rocks are replaced by quartz, tourmaline, pyrophyllite, kaolinite, and locally, by dumortierite and topaz. 
The ore bodies coincide with the most altered rocks, are pipe-like, and extend along strike for hundreds of meters. The mine at the 
deposit is of small to medium size and is mostly exhausted. 

Mechta Ag-Polymetallic Vein Deposit 

The Mechta Ag-polymetallic vein deposit (V.1. Tkachenko and others, written commun., 1976-1979; Plyashkevich, 1986; 
V.I. Kopytin, written comrnun., 1987) consists of a set of en-echelon, generally north-south-trending, arcuate fracture zones which 
range from 3.5 to 4 km wide and 10 krn long. The zones contain quartz-chlorite-sulfide veins and veinlets. The ore bodies form a 
fan-like structure which branch at the upper levels and are hosted by Late Cretaceous ignimbrites with propylitic and argillic 
alteration. The main vein minerals are Ag-bearing galena, sphalerite, chalcopyrite, pyrlte, arsenopyrite, freibergite, pyrargyrite, 
stephanite, famatinite, tennantite, argentite, quartz, chlorite, and hydromica. Subordinate minerals are pyrrhotite, stannite, native 
gold and silver, feldspar, kaolinite, and carbonate. Ores are dominated by galena-sphalerite and chalcopyrite-freibergite 
associations. The deposit is of medium size with average grades of about 1% Pb, and 0.74% Zn, and up to 3 10 g/t Ag and 0.3 glt 
Au. 

Dukat Ag Epithermal Vein Deposit 

The major Ag epithermal vein deposit at Dukat (fig. 96) (Brostovskay and others, 1974; Savva and Raevskaya, 1974; 
Kalinin, 1975a, 1986; Raevskaya, Kalinin, and Natalenko, 1977; Sidorov, 1978; Natalenko and others, 1980; Sakharova and 
Bryzgalov, 198 1 ; Sidorov and Rozenblum, 1989; Shergina and others, 1990; Goncharov, 1995) consists of numerous, extensive 
disseminated replacement zones, and quartz-adularia-rhodochrosite-rhodonite veins with diverse Ag- and base metal sulfide 
minerals. The estimated reserves are 15,000 tomes silver (Natalenko and others, 1980; Konstantinov and others, 1998). The 
deposit occurs in ultra-potassic rhyolite, part of the Early Cretaceous Askoldin igneous complex which occurs over a concealed 
cupola of the Omsukchan granite. This deposit differs from similar precious metal epithermal deposits by a predominance of Ag 
and multi-stage formation from the Early Cretaceous through the early Paleogene. This rich vein deposit is interpreted as forming 
during partial Ag remobilization of the disseminated sulfide minerals which were deposited during Early Cretaceous Askoldin 
magmatism (Milov and others, 1990). This mining district has potential for additional, undiscovered deposits, similar to Dukat, 
with bulk-mineable low-grade Ag deposits similar to Waterloo, and other Ag pipe-like deposits in Mexico (Natalenko and 
Kalinin, 199 1). 

Eastern Asia-Arctic Metallogenic Belt: 
Chokurdak Zone of 
Granitoid-Related Sn Greisen, 
Sn-Polymetallic Vein, Sn Greisen, and 
Au-Ag Epithermal Vein Deposits (Belt EACD) 
Northern Part of Russian Northeast 

The Chokurdak metallogenic zone of granitoid-related Sn greisen, Sn polymetallic vein, and Au-Ag epithermal deposits 
(fig. 79; tables 3,4) occurs in the northern part of the Russian Northeast. The deposits are closely related to mid-Cretaceous felsic 
volcanic rocks and associated Late Cretaceous leucocratic granite dikes and plutons with K-Ar isotopic ages of 90 to 105 Ma 
(Nokleberg and others, 1994c, 1997~).  The significant deposits in the zone are Sn silicate-sulfide vein deposits at Chokurdakh, 
Churpunnya, and Sigilyakh, Sn polymetallic vein and Sn greisen deposits at Pavel-Chokhchurskoe, Deputatskoe, Djaktardakh, 
Khomustak, Odinokoe, and Ukachilkan, and Sn and Au-Ag polymetallic vein deposits at Polevaya, Prirnorskoe, and Yuzhnoe 
(table 4) (Nokleberg and others 1997a, b, 1998). The Chokurdak metallogenic belt is hosted in one of the rear, mid- to Late 
Cretaceous parts of the Okhotsk-Chukotka volcanic-plutonic belt (Nokleberg and others, 1994c, 1997~) .  

The Sn polymetallic vein deposits, as at Primorskoe, Deputatskoe, and Dyaktardak, are associated with small intrusions 
of moderately felsic granite and quartz monzonite with K-Ar isotopic ages of 1 10 to 100 Ma, and with subakalic mafic and 
intermediate dikes with K-Ar isotopic ages of 100-70 Ma. These granitoid rocks constitute one of the rear parts of the Okhotsk- 
Chukotka volcanic-plutonic belt. Sn greisen deposits, as at Khomustak and Odinakoe, occur in the apical portions of granitic 
intrusions or in subvolcanic rhyolite bodies, as at Churpunya and Odinokoe. Economic Sn deposits occur at Deputatskoe and 
Churpunnya. The Sn deposits are the sources for commercial cassiterite place deposits in the region, including a coastal belt of Sn 
placer deposits. 
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Figure 96. Dukat Au-Ag epithermal vein deposit, Omsukchan zone, Ewtern Asia-Arctic rnetailogenic belt, Russian Northeast. 
Schematic geologic map of deposit and surrounding area. Adapted fmm Goncharov (1995a). 

I Deputatskoe Sn Polymetallic Veln(7) Deposit 

I The Deputatskoe Sn polymetallic vein(?) deposit (Flerov, 1974) includes about 150 separate are bodies which occur in 
shear zones, veins, and linear stockwork zones. The main ore W e s  occur in mineralized zones which are explored to depths of 
more than 350 m with adits and drillholes. The deposit ranges up to 18 m thick and up to 1400 m long. Major ami minor minerals 
are quartz, tourmaline, chlorite, axinite, fluorite, pyrrhotik, cassiterite, chalcopyrite, pyrite, siderite, ankerite, sphalerite, galena, 

I marcasite, wolfiamite, stannite, hckei te ,  boulangerite, bismuth, bismuthiie, topaz, apatite, sheelite, and sulfosalts. The 
wallrocks altered to silica, tourmaline, chlorite, and less common greisen and sulfides. The deposit is large with an average grade 
of 0.3-0.7% Sn, and local high-grade zones with up to 10% Sn. The deposit hosted in contact metamo~phased Middle Jurassic 
shale and in an unexposed granite stock which is penetrated by drilling at 377 m depth. The stock exhibits a K-Ar isotopic age of 
108 to 104 Ma. Re-deposit, coeval and post-deposit dikes of d c ,  intermediate, and felsic intrusive rocks are wide-spread. Many 
of the polymetaIlic veins occur in felsic and inkmediate dikes. The Deputatskoe deposit has been the largest producer of Sn in the 
Russian Far East. 

Churpunnya Sn sllicat~Sdffde Vein Deposit 

The Churpunnya Sn silicate-sulfide vein deposit (Nekrasov and Pokrovsky, 197% Flerov and Shur, 1986; A.I. 
Kholmogorov, written comun., 198'7) consists of shear zones, sbingers, and veins with tourmaline and quartz-tourmaline; 
cassiterite (up to lo%), sericite, marcasite, and 1-2% arsenopyrite, bismuth, bismuthine, wolfiamite, pyrrhotite, chorlcopyrite, 
stannite, valleriite, siderite. The ore zones range from 0.1 to 0.7 m thick, are about one hundred meters long, md are drilled to a 
depth of 150 to 200 m. The deposit is small and locally contains up to 10% Sn. The deposit hosted in intmxly tourmhized and 
silicified rhyolite-dacite volcanic rocks and in a related Early Cretaceous granitoid stock. (Layer and others, 1W9.) 



Eastern Asia-Arctic Metallogenic Belt: 
Chaun Zone of Granitic-Magmatism-Related 
Deposits (Bek EACN) Northeastern Part of 
Russian Northeast 

The Chaun zone of felsic-magmatism-related deposits (fig. 79; tables 3 ,4 )  occurs in the northeastern part of the Russian 
Northeast (Goryachev, 1998,2003; this study). The principal deposit types in the Chaun zone are Sn silicate-sulfide vein, Sn 
greisen, Sn skam, porphyry Sn, Sn and Sn-Ag polymetallic vein, and granitoid-related Au deposits. The zone occurs in the rear of 
the Okhotsk-Chukotka volcanic-plutonic belt and adjacent areas (Nokleberg and others, 1994c, 1997c), and extends 
approximately east-west for about 1,300 km ti-om the mouth of the Kolyma River to Uelen. The Chaun zone is correlated across 
the Bering Straits with the Seward Peninsula metallogenic belt in northwestern Alaska which contains similar deposits (fig. 80). 
The significant deposits in the zone are (table 4) (Nokleberg and others 1997a, b, 1998): Sn silicate-sulfide vein and Sn 
polymetallic vein deposits at Dioritovoe, Elmaun, Erulen, Eruttin, Ichatkin, Kekur, Kukenei, Lunnoe, Mrarnornoe, Mymlerennet, 
Telekai, Valkumei, and Vodorazdelnoye; porphyry Sn deposits at Ekug and Pyrkakai; granitoid-related Au deposits at Kanelyvwn 
and Kuekvun; porphyry Cu-Mo and porphyry Mo deposits at Granatnoe and Shurykan; Pb-Zn skarn and Fe-Pb-Zn-Sn deposits at 
Chechekuyum, Enpylkhkan, Melyul, Reechen, and Serdtse-Kamen; an Au-Ag epithermal vein deposit at Pepenveem; a 
disseminated Au-sulfide deposit at Turnannoe; and a clastic sediment-hosted Hg or hot-spring Hg deposit at Yassnoe. 

The Sn and associated lode deposits of the Chaun zone are generally hosted in: (1) volcanic rocks and rhyolite 
subvolcanic intrusions and extrusions which often have anomalous In and Ag; (2) major plutons of Late Cretaceous leucocratic 
biotite granite with K-Ar isotopic ages of 95-70 Ma; and (3) late Early Cretaceous diorite (Kanelyveen deposit). The deposits 
generally occur in the apical parts of the granitic intrusions and in the intrusive domes. The typical deposit minerals are quartz, 
tourmaline, chlorite, and sulfide minerals. In western Chukotka, the significant deposits are at Vakumei, currently being mined, 
and at Pyrkakai, Ekug, Telekai, and Kukenei, and a possible granitoid-related Au deposit at Kanelyveen. In eastern Chukotka, 
significant Sn-Ag skarn and polymetallic vein deposits at Chechekuyum, Reechen, a d  Enpylhkan are hosted in Paleozoic 
carbonate rocks. 

Also part of the Chaun zone of felsic-mamatism-related deposits is a group of Sn and complex Sn-W polymetallic vein, 
minor associated Sn greisen deposits which occur in middle Paleozoic and early Mesozoic sandstone, argillite, and rare carbonate 
rocks of the Chauna subterrane (fig. 79). The polymetallic lode deposits are closely associated with Early and mid-Cretaceous 
anatectic, leucocratic, potassic granitoid plutons. The main Sn-W vein deposits occur to the east in the Iultin ore district. The 
Iultin, Svetloe, Chaantal, Tenkergin, and associated deposits of this district contain the most of the inferred tungsten reserves for 
the region, and the Iultin and Svetloe deposits produce all of the tungsten and by-product tin in the Russian Northeast. 

lultin Sn-W Polymetallic Vein and Greisen Deposit 

The Iultin Sn-W polymdallic vein and greisen deposit (fig. 97) (Zilbermints, 1966; Lugov, Makeev, and Potapova, 1972; 
Lugov, 1986) consists of quartz veins, mineralized stockwork zones, and disseminated veinlets hosted in greisen. The stockwork 
zones and veinlets are both steeply-dipping and gently-dipping. Some ore bodies wedge out vertically. The W ore bodies occur 
over the top of a leucogranite pluton which is about 300 m below the surface; and the So ore bodies occur in h e  marginal zone of 
the leucogranite. Approximately 65 minerals are known with the most common being quartz (95%), muscovite, fluorite, albite, 
cassiterik, wolfiamite, arsenopyrite, and ltiellingite. Less common are topaz, pyrite, pyrrhotite, bismuthinite, stannite. 
chalcopyrite, sphalerite, galena, molybdenite, scbeelite, hematite, and native silver and bismuth. Cassiterite is commonly 
associated with wolframite, arsenopyrite, and muscovite. Cassiterite occurs as short, columnar crystals up to 10 cm across. Large 
(up to 4-9 cm) and gigantic (up to 0.5 m) wolfiamite crystals and crystal intergrowths are present. The vertical extent of the ore 
bodies exceeds 900 m. The deposit occurs along the contact of the mid-Cretaceous Iultin granite with a K-Ar age of 90-1 10 Ma 
which intrudes and contact metamorphosed and metasomatizes Early and Late Triassic sandstone and shale. The biotite granite has 
a Rb-Sr isotopic age of 85.1 Ma with an initial Sr ratio of 0.7088 (Dudkinsky and others, 1986). The late stage of the lultin 
intnrsive complex consists of leucocratic granite with a Rb-Sr isotopic age of 76.3 Ma and an initial Sr ratio of 0.7 17. The deposit 
is large and has been mined since 1959 with an average grade of 0.43% Sn and 1.29% WO,. The Iutin deposit has produced 
significant W and Sn in past years, but is now inoperative. 

SveUoe Sn-Qua* Vein Deposit 

The Svetloe Sn-quartz vein deposit (Lugov, 1986; Kuleshov, Pristavko, and Plyashkevich, 1988) consists of en-echelon 
sets of quartz veins and veinlets which form two zones which diverge to the southeast. Each zone contains several tens of larger 
veins which vary from 0.2 to 1.5 m thick and are several hundreds of meters long; and about one hundred smaller veins. The ore is 
dominated by Sn minerals with abundant sulfide minerals which occur over a buried stock of greisenized granite. The veins are 
hosted in metamorphosed Triassic sandstone and shale and are cut by granite porphyry and aplite dikes of the Cretaceous Iultin 
complex. Successive mineral assemblages are: (1) topaz-fluorite-muscovite greisen; (2) cassiterite-wolframite-quartz assemblage 
with topaz, IOellingite, and fluorite (the most productive assemblage); (3) arsenopyrite-quartz with cassiterite and native bismuth; 
(4) stannite-chalcopyrite with small amounts of bismuhite ,  sphalerite, galena, pyrrhotite, and bornite; (5) scheelite-fluorite- 
albite with ch-lorite, pyrite, marcasite, and cassiterite; and (6) fluorite-calcite with kaolinite. A complex cassiterite-wolfiamite 
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assemblage is dominant in the upper portion of the dkposit whereas W minerals are dominant at depth. The deposit is of medium 
size and has been mined from 1979 to the mid- 1990's. 
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Figure 97. lultin Sn quartz vein deposit, Chukotka metallogenic belt, Russian Northeast. Schematic geologic map and cross section. 
Adapted from Lugov (1986). 

Valkumei Sn Silicate-Sulfide Vein Deposk 

The Valkumei Sn silicate-sulfide vein deposit (Lugov, h4akeev, and Potapova, 1972; Lugov, 1986) consists of simple and 
complex veins, mineralized zones, and less common linear stockworks. The deposit occurs mainly within the wgiital zone of the 
Late Cretaceous Pevek pluton, composed of granite, adamelhte, and g~aoodiorite, and to a lesser degree in Cretaceous sandstone 
and shale which host the pluton. Mineralization occurs in a north-nofiwest-trending zone alone the contact of the phtan. The ore 
bodies commonly consist of a conjugate system of  (1) major north-south veins and feathered veinlets; and (2) a zone of 
approximately east-west- and northwest-trending veins. Seventy minerals occur in the deposit but the majority of the veins are 
composed dominantly of tourmaline, with quartz, chlorite, albite, arsenapynte, cassiterite, pyrrhotite, chalcopyrite, stannite, 
sphalerite, stibnite, fluorite, and various carbonates. The ore bodies are vertically extensive. The cassiteritequartz-tourmaline 
veins are replaced by sulfide veins at depth. The deposit is large, was discovered in 1935, and has been mined from 1941 to the 
mid- 1990's. The average grade is 0.4 to 1.2 % Sn. 



Chechekuyum Pb-Zn Skarn Deposit 

The Chechekuyum Pb-Zn skarn deposit (G.A. Zhukov and others, written comrnun., 1953) dips gently, is about 18 m 
thick and 30 m long along strike, and is composed of pyrrhotite, sphalerite, galena, chalcopyrite, magnetite, pyrite, niccolite, 
marcasite, calcite, garnet, diopside, and quartz. The skarn occurs along a fracture zone in Middle Devonian limestone, which is 
overlain by Late Cretaceous felsic extrusive rocks and intruded by granite porphyry and spessartite dikes. Massive and 
disseminated pyrrhotite ore occurs in the hanging wall. Massive galena, and less abundant sphalerite-galena ore, occur in the 
middle part of the skarn. Sparse massive sphalerite ore is prominent in the footwall. The skarn also contains sparsely disseminated 
ore minerals. The skarn contains anomalous Sn, Cd, Co, Bi, and Ag. The deposit is judged as small. 

Metallogenic Belt Formed During 
Late Mesozoic Collision and Accretion of 
Chukotka Superterrane, Russian Northeast 

Chukotka Metallogenic Belt of 
Au Quartz Vein and Related Deposits (Belt C H )  
Northern Part of Russian Northeast 

The Chukotka metallogenic belt of Au quartz vein, Sn and Sn-W polymetallic vein, and minor associated Sn greisen 
deposits (fig. 79; tables 3 ,4 )  occurs in the northern part of the Russian Northeast (Goryachev, 1998,2003) in the central and 
western parts of the Paleozoic and early Mesozoic Chukotka passive continental margin terrane (Nokleberg and others, 1994c, 
1997~) .  The significant deposits in the belt are (table 4) (Nokleberg and others 1997a, b, 1998): Au quartz vein deposits at 
Dvoinoi, Karalveem, Lenotap, Ozernoe, Ryveem, Sredne-Ichuveem, and Svetlin; Sn quartz vein deposits at Chaantal, Svetloe, and 
Tenkergin; and a Sn-W polymetallic vein and greisen deposit at Iullin. 

Au Quartz Vein Deposits 

The Au quartz vein and associated Au shear zones deposits occur in the Anyui and Chauna subterranes of the Chukotka 
passive continental margin terrane (fig. 79). The significant deposits are at Karalveem, Ozernoe, Sredne-Ichuveem, Draznyaschy, 
Upryamy, and Lenotap. The Au-quartz vein deposits and Au shear zones deposits generally occur in anticlinal structures formed 
in Triassic siltstone, shale, and sandstone which are intruded by widespread Triassic gabbro-diabase sills, and by Early Cretaceous 
granitic dikes. The Au deposits are controlled by major, north-west-trending faults and feathering fault zones which formed during 
low-grade, greenschist facies metamorphism. A few Au-quartz vein deposits also occur in thrust zones in middle Paleozoic clastic 
and carbonate rocks, and in Late Jurassic and Early Cretaceous volcanic and sedimentary rocks. The Au quartz vein and Au shear 
zones deposits of the Chukotka metallogenic belt are probably the main lode source for numerous placer Au deposits of northern 
Chukotka. However, in detail, the known lode Au deposits do not correspond to the known large placer Au deposits. This 
observation suggests which undiscovered A11 quartz vein or other types of undiscovered deposits may exist in the region. 

Karalveem Au Quartz Vein Deposit 

The only commercial Au quartz vein deposit at Karalveem (fig. 98) (Olshevsky, 1974, 1976, 1984; Davidenko, 1975, 
1980; Skalatsky and Yakovlev, 1983) consists of numerous longitudinal, transverse, and diagonal, steeply-dipping ladder quartz 
veins up to several meters thick which occur in Triassic gabbro-diabase sills, especially near contacts with Triassic sandstone and 
shale. The sedimentary rocks and sills are strongly deformed into narrow, steep, northwest-trending folds. The ore bodies are 
controlled by strike-slip faults associated with the folding. Host rocks exhibit greenschist facies metamorphism. The Au quartz 
veins consist of 95-97% quartz with segregations of arsenopyrite and lenses of scheelite, albite, ankerite, and muscovite. Also 
widespread are calcite, dolomite, white mica, galena, native gold, aquamarine, sphalerite, pyrite, and pyrrhotite. Gold occurs 
mainly in bluish-gray quartz veinlets in a matrix of coarse-grain quartz and arsenopyrite, in the upper horizons of the deposit. 
Silica-carbonate and sulfide alteration occur adjacent to ore zones. Near the surface, quartz veins often host druse-like 
intergrowths of large, well-crystallized quartz and isometric gold crystals. Coarse-grained masses of gold, and less common 
dendritic gold, up to 1 cm diameter, are characteristic of the deposit. At depth, the gold occurs mainly as fine, dispersed masses in 
arsenopyrite. The deposit is of medium size, and has been prospected and developed preparatory to mining. 

Origin of and Tectonic Controls for 
Chukotka Metallogenic Belt 

The Au quartz vein and Au shear zones deposits of the Chukotka metallogenic belt are herein interpreted as forming in 
the Late Cretaceous during regional deformation and associated metamorphism and anatectic granite magmatism (Goryachev, 
1998, 2003) which occurred during a major period of collision and accretion of the Chukotka terrane (Nokleberg and others, 
2000). Preceding the accretion was: (1) Early Cretaceous opening of the Canada (Arctic Ocean) Basin; (2) migration of the 
Chukotka superterrane to the southwest; and (3) closure of the late Paleozoic(?) and early Mesozoic South Anyui Ocean. After 



closure, the Chukotka supertca&c was accreted against the South Apyui and Veknay subduction-m tcnanaF, iwd lhc Nump 
island-arc terrane which in turn collided with tbe Kolyma-Omolon supertenme farahar southwest (prasanl-day coordhtus). Tbc 
Au quartz vein deposits are interpreted as forming during the early stage of the accretion. Similar arigin ad cwvd Au quem vein 
deposits occur to the east in the Southern Brook Rmge rnetdtogenic belt of Au quartz veu beposiks (fig. 80). AnatcxB or partial 
melting is interpreted as occurring during the t i d  stage of fo#otkn and associated crustal (hickcaing. Tho Sn pdyrne& I& 

deposits are interpreted as farmisg during the fmd stage of accretion. 

Figure 98. Karalveem Au quartz vein deposit, Chukotka m e W ~ k b e L  Rwsian Northeast. Sch-gardogb map and aoo~ 
section. Adapted from Goryachev and athers (lgS8) and E N n  and Sklom (1995). 

Metallogenic Belts Formsd in 
Late Mesozoic C o l l i s h  ond 
Accretion of WrangeMa Superterrm& 
Southern Alaska 

East-Central Alaska Metallogenle Belt of 
Granitic Magmatism Deposb 
(Older, Mid-Cretaceous Partr Belt ECA) 
East-Central Alaska 

The East-Central Alaska metall@ belt of granitic magmatism &posits (older, mid-Cre~acecsus part) fig. ~ : b b s  3, 
4) (Nokleberg and others, 1995% 1996,1997a) consists of two part& m older, mid-Cretsrcaous pa& dwcribod 8nd intqmfd 
herein, and a ymger  Late Cretaceous and early Tertiary part, -bad in a subsaquGnt eactiatt The mid-C- part 
contains a wide variety of granitoid-related Au, Sb-Au vein, PbAg-h-Au plymetallic vein, a d  W-Au W dqmi ftablc4). 
The East-Centml Alasks belt is hosted mainly by mid Cretaceous &id rocks in the Yukm-Tamrea U p h d  (Miller, 1994; 
McCoy and others, 1997) which are part of the Y u k a P T ~  I&nm belt (Moll-Sbkup, 19%). Reccofly, the name wm 
described in a s t ies  of p a p  in the volume edited by Tuck* d Smith (2000). However, &eir mtge weas far butb gmitoid- 
related Au dqmiis ard ccammces in tbe East-Central Alaska metallogenic belt and in the mbtivs Tombstom meWo@c 
belt that is described above. 

Three major groups of deposits occur in the East-Central Alaska metallQgenic beIt (table 4), (1) In d;Ee wHhemWil part 
of the belt, in the Manley and Livengood area, the sigzuficant lode wits are a Pb-Ag-Zn-Au p o I ~ ~  v h  &pmt rct Hot 
Springs Dome (mid-Cretaceous?), an Sb-Au vein &posit at Sawtooth Mountain ( n a i d c C n ) ,  snd Sb-Au 4 Au guaste vein 
deposits at Gertrude Creek, Griffen, and Ruth Creek (table 4) (Nokleberg and 0 t h  IWB, b, 19!%). (2) In the cenhgtl part &the 
belt are a variety of granitoid-related deposits in the Fairbanks area. And (3)in the southem pert of dse bait #yhWdh and 
Sb-Au vein deposits in the IKantisba area in the northem Alsska Range ISundtzcn, 1981; McCog &nd stha, 1m. M W  
below are the major granitoid-reld deposits at Fort Knox, Democrat, and Pogo in the Fairbanks tuea, and vein d q w b  in the 
Kantishna district. The Fadxmks area is underlain by multiply metamorphosed md penetratively deformed, middle Paleozoic a d  
older quartz-metasedirnentary, sparse metavolcanic, and rare metagranitoid rocks of the Yukon-Tsnana continental -gin terrane 
(Nokleberg and others, 1994c, 1997~). The chcler is t ics  and origin of the mid-Cretaceous ganitoiQ1rebted Au deposits in tbks 
area are described by McCoy aad others (1997). 



Fairbanks Area 

In the eastern and southern parts of the belt in the Fairbanks area, a wide variety of granitoid-related deposits (Table 4) 
are spatially associated with mid-Cretaceous plutons. These deposits are: Sb-Au vein deposits at Dempsey Pup and Scrafford; a Sn 
polymetallic vein deposit at Table Mountain; polymetallic vein deposits at Cleary Summit, Ester Dome (Ryan Lode), Democrat 
(Mitchell Lode), Blue Lead, Tibbs Creek, and Gray Lead; a major granitoid-related Au deposit at Fort Knox; a high-grade, 
granitoid-related Au quartz vein deposit at Pogo; and an Au-As vein deposit at Miller House. The deposits at Scrafford, Cleary 
Summit, Gilrnore Dome, Ester Dome, and Democrat are in the Fairbanks district. 

Fort Knox Granitoid-Related Au Deposit 

The Fort Knox granitoid-related Au deposit (fig. 99) (Blum, 1985; Robinson and others, 1990; A.A. Bakke, written 
commun., 1991; Bakke, 1995; Hollister, 1992, McCoy and others, 1997) occurs northeast of Fairbanks and consists of free gold, 
bismuthinite, and minor to trace molybdenite and chalcopyrite which occur in a sulfide-poor, quartz vein stockwork in the Fort 
Knox (porphyritic granodiorite) pluton. The stockwork is preferentially emplaced along a steeply dipping fracture system which 
trends 290". The deposit is at least 1500 m long by 300 m wide, and 250 m deep, and contains an estimated reserve of 186.5 
million tonnes grading 1.6 g/t Au (Bakke, 1995,2000). The gold is remarkably pure (greater than or equal to 980 fine). The Fort 
Knox pluton is alkali-calcic and peraluminous. Mineralization is interpreted to have occurred either during the late stages of 
emplacement of the nearby Gilmore Dome stock which has a K-Ar biotite age of 92 Ma (McCoy and others, 1997). However, a 
younger, early Tertiary heating event that post-dates the older porphyry Mo-Bi-Cu-mineralization may have also introduced Au 
(Bakke, 1995). 
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Figure 99. Fort Knox granitoid-related Au deposit, East-Central Alaska metallogenic belt, East-Central Alaska. Schematic cross 
section looking west. Adapted from Bakke (1994). 

Democrat (Mitchell Lode) Granitoid-Related 
Au Deposit 

The Democrat (Mitchell Lode) granitoid-related Au deposit (fig. 100) (Bundtzen and Reger, 1977; T.K. Bundtzen and 
R.B. Forbes, written commun., 1990) occurs in the Richardson district south of Fairbanks, and consists of disseminated and 
stockwork tetrahedrite, galena, acanthite, owyheeite, other Ag-sulfosalts, free gold, and quartz in a hydrothermally altered granite 
porphyry. A strong sericite alteration halo surrounds the porphyry, which intrudes sillimanite-bearing metasedimentary schists of 
the Yukon-Tanana terrane. The granite porphyry has a K-Ar biotite age of 89.1 Ma and is part of a 35-km-long sill complex which 
intruded along the Richardson lineament. Free gold occurs as interlocking alloys of native silver and gold which average 67% Au 
and 33% Ag. Silver sulfosalts are abundant locally and exhibit very high grades of up to 66,000 g/t Ag. In 1989, a pilot mill 
produced 88,000 tonnes grading 2.2 g/t Au and 5.0 g/t Ag. The deposit is interpreted as forming during high level emplacement of 
a Late Cretaceous granite porphyry along the Richardson lineament. 
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Figure 100. Democrat granitoidrelated Au deposit. East-Cmtrisl Alaska metallogenic belt, East-CeW M s b .  A. Schematic 
geologic map of part of sursounding Richardson district. B. Schematic geologic map of Democrat deposit, Adapted from Bundtzm 
and Reger (1977), T.K. Bundhen ( M e n  m., 1889), and N o w e r g  and others (1995). 



Pogo Granitoid-Related Au Quartz Vein Deposit 

The Pogo deposit (Liese Zone) consists of at least two, subparallel, gently dipping tabular quartz bodies which are hosted 
by Proterozoic to early Paleozoic paragneiss and minor orthogneiss of the Yukon-Tanana Terrane (Lefebure and Cathro, 1999; 
Smith, 1999; Smith and others, 1999,2000). The deposit contains both vein and replacements quartz bodies, and consists mainly 
of three or more large, tabular, gently-dipp~ng quartz bodies at L1, L2, and L3.. The quartz bodies, none of the bodies crop out at 
the surface, vary from 1 up to 2 1 meters thick, and the largest at L1 extends at least 1,300 meters along strike. The L2 quartz body 
underlies the eastern half of the L1 body. The quartz bodies lie from 1 to 21 5 m apart, range from 1 to over 20 m thick (average 7 
m thick), are roughly parallel, and dip from 25 to 30 degrees. The bodies cut the foliation in the host rocks and are offset by high 
angle faults. 

The quartz bodies contain three percent sulfide minerals. The ore minerals are pyrrhotite, pyrite, IoeIlingite, arsenopyrite, 
chalcopyrite, bismuthinite, various Ag-Pb-Bi+S minerals, maldonite, native bismuth, galena and tetradymite. Native gold typically 
ranges from to -25 microns in diameter, and locally up to 100 microns. Gold is often rimmed by native bismuth. The deposit grade 
ranges up to more than 75 g/t Au over widths of several meters. High Au values are is associated with high values of Bi, Te, W, 
As, and possibly Sn. Both white and gray quartz occur; the former is associated pyrrhotite and loellingite and is interpreted as 
early-stage, while the latter is associated with arsenopyrite and pyrite and is interpreted as late stage. As of 1999, the L1 and L2 
zone contained an estimated 9.05 millions tonnes grading 17.8 g/t for a total of 147,386,400 grn Au at a 3.42 g/t cutoff. Median 
grade for Ag in the mineralized zones is 2 g/t (Smith and others, 1999,2000). One drill hole along steep shears and quartz-veins 
that average 8.6 glt Au for over 75 meters. This area may be a possible feeder zone. The quartz is saccharoidal to polygonal. 
Biotite alteration envelopes up to 0.5 meters wide occur adjacent to veins, and are overprinted by younger, widespread, quartz- 
sericite stockwork, and sericite-dolomite alteration. 

The host rocks consist of highly deformed, amphibolite-grade, mainly metasedimentary which rocks are intruded by 
diorite, granodiorite pegmatite and aplite dikes and sills and a granodiorite intrusion. The deposit is younger than a granite dike 
which exhibits a preliminary U-Pb monazite isotopic age of 107 Ma, and is older than a cross-cutting diorite that has a preliminary 
U-Pb zircon isotopic age of 94 Ma. The Pogo deposit shares a number of characteristics with plutonic-related quartz veins in the 
Fairbanks district and Yukon, including a similar geological setting, a close association with Cretaceous granitoid rocks, low 
sulfide content, and similar geochemistry. The Pogo deposit may represent a deeper, higher-temperature part of a plutonic-related 
Au system (D. McCoy, personal communication, 1999). 

Kantishna District 

At least seventy polymetallic and Sb-Au vein deposits occur in the Kantishna district in the western part of the southern 
Yukon-Tanana terrane in the northern Alaska Range (Bundtzen, 198 1; McCoy and others (1997). The significant deposits are Sb- 
Au vein deposits at Caribou, Eagles Den, Slate Creek, and Stampede, and polymetallic vein deposits at Banjo, Quigley Ridge, and 
Spruce Creek (Table 4) (Nokleberg and others 1997a, b, 1998). The polymetallic vein deposits occur in middle Paleozoic or older, 
polymetamorphosed and poly-deformed submarine metavolcanic and metasedimentary rocks of the Yukon-Tanana terrane, which 
also hosts an extensive belt of middle Paleozoic kuroko massive sulfide deposits described previously (Aleinikoff and Nokleberg, 
1985; Nokleberg and Aleinikoff, 1985). Most of the polymetallic vein deposits occur as crosscutting quartz-carbonate-sulfide 
veins and are confined to a 60-km-long, northeast-trending fault zone which extends from Slate Creek to Stampede (Bundtzen, 
1981). Mineralization occurred before, during, and after fault-zone movement, as illustrated by both crushed and undeformed ore 
shoots in the same vein system. 39~r-40Ar isotopic ages indicate vein formation was from 91 to 88 Ma (McCoy and others, 1997). 

Origin of and Tectonic Controls for 
East-Central Alaska metallogenic 
(mid-Cretaceous part) 

The mid-Cretaceous granitoid rocks of the older part of the Yukon-Tanana igneous belt (Moll-Stalcup, 1994), which host 
the older part of the East-Central Alaska metallogenic belt, occurs in large batholiths, and small, isolated granitoid plutons (Foster 
and others, 1987; Miller, 1994). The plutons range in area from smaller than 1 to larger than 300 krn2. The irregular-shaped 
plutons were intruded after a period of intense metamorphism and deformation in the mid-Cretaceous. The plutonic rocks exhibit 
K-Ar mineral, Rb-Sr whole rock, and U-Pb zircon ages which range from about 100 to 90 Ma (Wilson and others, 1994; Smith 
and others, 1999,2000). 

The polymetallic, Sb-Au vein, and granitoid-related Au deposits of the mid-Cretaceous part of the East-Central Alaska 
metallogenic belt, and similar deposits in the Tombstone metallogenic belt to the east, are generally hosted in or near mid- 
Cretaceous granitoid plutons (Nokleberg and others, 1995a; McCoy and others, 1997; Smith, 1999,2000) and are herein 
interpreted as forming during the waning stages of a major mid-Cretaceous collision of the Wrangellia superterrane with the 
previously-accreted Yukon-Tanana terrane (Stanley and others, 1990; Dusel Bacon and others, 1993; Pavlis and others, 1993; 
Nokleberg and others, 2000). The collision and associated metamorphism and deformation is interpreted as forming in three 
phases: (1) a relatively older period of collision and thrusting, associated with high-temperature and high-pressure metamorphism; 
(2) a slightly younger period of extension associated with lower greenschist facies metamorphism; and (3) intrusion of anatectic 
granitoid plutons and relatively younger Au quartz veins. The mid-Cretaceous granitoid rocks and relatively younger quartz veins 



intrude and crosscut both the relatively older, higher-grade, and relatively younger, lower grade metamorphic fabrics in the region 
(Dusel Bacon and others, 1993; Pavlis and others, 1993). These relations suggest that the granitoid-related Au deposits of the 
older part of the East-Central Alaska metallogenic belt, and the Tombstone belt to the east, formed in the waning stages of this 
complex deformational event (Nokleberg, 1997e, 2000). Alternatively, McCoy and others (1997) interpret the mid-Cretaceous 
granitoid-related Au deposits as forming in a continental-margin arc related to subduction. 

Misused Name: Tintina Gold Belt 

In recent years, the name Tinrina Gold Belt (as described and interpreted in a series of papers by by Goldfarb and others 
(2000), Flanigan and others (2000), Hart and others (2000), Mortensen and others (2000), Newberry (2000), O'Dea and others 
(2000), and Smith (2000) in the volume edited by Tucker and Smith (2000) has been used for granitoid-related Au deposits and 
occurrences in the East-Central Alaska metallogenic belt of Nokleberg and others (1995a, 1996, 1997a) and in the correlative 
Tombstone metallogenic belt (described below) of Nokleberg and others (1995a. 1996, 1997a) which occurs to the east in the 
central Yukon Territory. Because the Tintina Gold Belt actually includes a number of belts of differing ages and tectonic origins, 
the term is not used in this study. 

Bundtzen and others (2000) have introduced the term Tinria Gold Province to denote Cretaceous and early Tertiary 
intrusive-hosted gold deposits in East-Central Alaska and the Yukon Territory. This province includes the following metallogenic 
belts which are described and interpreted in this study: East-Central Alaska (older part; ECA), Kuskokwim Mountains (KM), 
Tombstone (TS), and metallogenic belts (table 3).  These distinct belts are separately described and interpreted herein because 
they: (1) formed over a relatively long time span; (2) are hosted in a diverse array of host rocks; and (3) formed at different times 
in strongly contrasting tectonic environments, either collisional or st~bduction-related environments. 

Yukon-Tanana Upland Metallogenic Belt of 
Auquartz vein Deposits (Belt WT) 
East-Central Alaska 

The Yukon-Tanana Upland metallogenic belt of Au-quartz vein deposits occurs in east-central Alaska (f lles 3, 
4) (Nokleberg and others, 1997b, 1998). The metallogenic belt is hosted in the Devonian and Mississippian metas ry and 
lesser metavolcanic rocks of the southern Yukon-Tanana displaced-continental margin terrane, and in the Stikiniat?) island-arc 
terrane (Nokleberg and others, 1994c, 1997~). The known deposits occur in parts of these terranes which display greenschist 
facies and associated major metamorphism which ended in the mid-Cretaceous. The significant deposit is at Purdy. 

Purdy Au Quartz Vein Deposit 

The small Purdy Au quartz vein deposit (H.L. Foster, written comrnun., 1984; W.D. Menzie, written commun., 1985) 
contains a large quartz-calcite fissure vein and smaller veinlets that contain spectacular lace gold. The deposil consists mainly of 
this one large vein which extends for about 2 m and is terminated by a fault. The large vein and smaller veinlets intrude mid- 
Paleozoic or older metasedimentary schist of the Stikinia(?) terrane. The large vein was mined out by 1960. Small veins and 
veinlets were mined in 1969 and early 1970's. 

Origin of and Tectonic Controls for 
Yukon-Tanana Upland Metallogenic Belt 

The Yukon-Tanana Upland metallogenic belt is associated with a major, low-grade regional metamorphism and intense 
deformation of the Stikinia(?) and structurally subjacent Yukon-Tanana terranes in east-central Alaska (Dusel-Bacon and others, 
1993; Pavlis and others, 1993; Nokleberg and others. 199% 1997~). As with the East-Central Alaska metallogenic belt describe 
and interpreted above, the Yukon-Tanana belt is interpreted as forming during the third stage of a mid- to Late Cretaceous 
complex deformational event that ended with intrusion of anatectic granitoid plutons and relatively younger Au quartz veins. The 
quartz vein crosscut a subhorizontal, schistose fabric that exhibits the younger stage of greenschist facies metamorphism. This 
complex event occurred during final accretion of the Wrangellia superterrane to the active margin of the North American 
continental margin (Plaflcer and others, 1989; Stanley and others, 1990; Pavlis and others, 1993; Nokleberg and others, 2000). 

Wrangell Mountains Metallogenic Belt of 
Cu-Ag Quartz Vein and Kennecott Cu Deposits 
(Belt WR)  EasternSouth Alaska 

The Wrangell Mountains metallogenic belt of Cu-Ag quartz vein and Kennecott Cu deposits (fig. 80; tables 3,4)  occurs 
in the eastern Alaska Range, Nutzotin Mountains, and Wrangell Mountains in eastern-southern Alaska. The metallogenic belt is 
hosted in the part of the Wrangellia island-arc terrane underlain by Late Cretaceous and older stratified rocks, particularly the Late 
Triassic Nikolai Greenstone, and older late Paleozoic sedimentary and volcanic rocks (Nokleberg and others, 1994c, 1997~; 
MacKevett and others, 1997). The extensive suite of minor Cu-Ag quartz vein deposits occurs mainly along the northern margin 
of the Wrangellia sequence of Wrangellia superterrane. The major Cu-Ag quartz vein deposits are at Kathleen-Margaret, Nugget 



Creek, and Nikolai; the major Kennecott Cu deposits are in the Kennecott district at Kennecott and Westover; and a basaltic Cu 
deposit is at Erickson (table 4) (Nokleberg and others 1997a, b, 1998). 

Kathleen-Margaret CU-Ag Quartz Vein Deposit 

The Kathleen-Margaret Cu-Ag quartz vein deposit (MacKevett, 1965) consists of quartz veins which are up to 140 m 
long and 3 m wide and contain disseminated to massive chalcopyrite, bornite, and malachite. The gangue is mainly q u a  and 
minor calcite. The veins cut the Late Triassic Nikolai Greenstone, strike east-west, and are intruded along shear zones. Grab 
sampIes from the deposit contain up to 13% Cu, 3.2 g/t Au, 300 g/t Ag. About 1.8 tonnes of ore was produced in the 1950's. At 
the nearby Nugget Creek deposit slablike copper nuggets of several tonnes weight occur. 

Kennecott Cu Deposits 

The large Kennecott Cu deposits (fig. 101) (Bateman and McLaughlin, 1920; MacKevett, 1976; Armstrong and 
MacKevett, 1982; MacKevett and others, 1997) consist mainly of chalcocite and covellite, and also have m k r  enargite, bomite, 
chalcopyrite, luzonite, and pyrite. Tennantite, sphalerite, and galena are extremely rare. Local surface oxidation occurs with 
alteration of sulfides to malachite and azurite. Sulfide minerals occur mainly as large, irregular, massive, wedge-shaped bodies, 
mainly in dolomitic parts of the Late Triassic Chitistone or Nizina Limestone. The bodies are generally less than 100 m above a 
disconformity over the subjacent Middle and(or) Late Triassic Nikolai Greenstone. The largest ore body (Jumbo) consists of an 
almost pure chalcocite and covellite mass, which is about 1 10 m high, up to 18.5 m wide, and which extends 460 m dong plunge. 
The Kennecott Cu mines were among the largest group of mines in Alaska from 191 1 until 1938, when the ore was mostly 
exhausted. The district contains more than 96 km of underground workings. The major mines in district are the Jumbo, Bonanza, 
Erie, Mother Lode, and Green Butte. The district produced about 544 million kg Cu and 280 million g Ag from 4.3 million tonnts 
of ore. 
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Figure 101A. Kennecott district of Kennecott Cu deposits, Wrangell Mountains metallogenic belt, Southern Alaska. Schematic 
geologic map showing the Bonanza-Mother Lode and Jumbo ore zones, major faults, and contours on contact between the Nikobi 
Greenstone and the Chitistone Limestone. Modified from MacKevett and others (1 997). 
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Subsequently, Mac 
Cu-Ag quartz vein 
In contrast, Nokleberg 
metamorphism of the Nikbhi G ~ W ~ ~ ~ I Y Q ,  sssocisZed with 
been the source of hydr~thamal  hid^ &tb'&p&6d 
in the Kemicott district &d ih d t d  -4 vafb -IS SWhnl ~ h S k S L  4 

Late Cretaceous and 
Early Tertiary Metallogenic B e b  
(84 to 52 Ma) (Figures 102,103) 

Overview 

The major Late Cretaceous md early Tertiary metallogenic belts in the R u s h  Far East, Ah&, md tk0 Cansdian 
Cordillera are summarized in table 3 and portrayed on figures t02 and 103. i%e major belts are 6s foil ow^. (1) In &a Russian 
Southeast, continuing on from h e  early Late C~O~ZIWW were tk ~III~ (m), ~ W W  h~ (LA), hd&h&y CLZ), mka 
(SG), and Taukha (TK) belts, which cantain a lsvge array of granitic-magmahm-rnW deposits. The belts ape hosted in ar ~taar 

the East Sikhote-Aline v o ~ ~ c - p l u t o n i c  belt and are interpreted as f o h g  during subduction-rebkd &tic plutmism W 
formed the East Sikhore-Aline contineaid margin arc. (2) Irl the Russian N o w &  contiatling frem & early Lgtc C-ous st% 
several zones of the Eastern Asia be& along with formation of g t v d  new zones. 'I'ho zontS, which wed in ot rn b 



Figcrpe 102; (kneaali map of major Late Cretaceous and early Tertiary metallogenic belts, overlap as6emblegos. and 
A taclonically-W a u m n - z o n e  or accretionary-wedge terranes for Russian Far East, northern Japan, and M&QIII #shm 
,. #m. Refer b text far m i o n  of metallogenic belts. Adapted from Nokleberg and others (1997b, 1W). Her bllgw 69bt 

-ion. 

Okhotsk-Cbkotka volcanic-plutonic belt, include the Adycha-Taryn (AT), Chaun (CN), Chukotka (CHI, Korkodon-Nayakhan 
(KN), Okh~tsk (OH). Ornsukchan (OM), and Verkhne-Kolyma (VK), Verkhne-Yudomsky (VY), and Verkhoyansk-lndigirka (VS) 
~bm. T e ,  h e  zones and belts of grantic-magmatism-related deposits are interpreted as forming W g  -t& 
WIic &tonism wli& hmd h e  Okhotsk-Chukotka continental-margin arc. (3) Also in the Russian N o h m G  01)ntbuhg cm 
from bhe marly Late C~&IMW& wuc the Koryak Highlands (KH) belt which contains zoned mafic-ultmmk PGE @Cu W e  
nrlfldc d o p h ,  d h e  h t y a  (VT) belt which contains volcanogenic Mn and Fe deposits. Both belts UG bwM m h~ 
Olyut~lol-Knmchotka isbmdsK; lmane and are interpreted as forming in different parts of the Otyumrkr i a l d  a ~ z  (4) Aboln 
tbe Rwlm Natheasl Wrb tbt lnaeiskiy (IR) metallogenic belt of porphyry Cu deposits that also formad in he 0lptmka ishd 
arc. (5) h Nwtbweatm Alaska, tk Northwestern Koyukuk Basin (NWK), Seward Peninsula (SP), and W- M a  
(WG4) beh, whicb are h a e l  in the Alaska extension of the Okhotsk-Chukotka volcanic-plutonic belt, are &a h&rptWd ar 
f& mhdudimrebted granitic plutonism which formed the Okhotsk-Chukotka conlimtal-mar* am. (6) h 
Soutbcm A- the East-Central Maska (younger part; ECA), Southern Alaska (SA), and Kuskokwim M d  (w huh, 
h o b  am Larted in the l bdwkwh  Mountains sedimentary and volcanic belt or the Alaska RangoTalkeetna MaunClri~ 
belf are mkqmkd as i b d g  &ring subduction-related granitic plutonism which formed the Klum contionntd-rsrgb mu. C7) 
in Sathem d Swlhcae&m Alaeka, several belts are interpreted as forming during oblique subduction of tbe K u I @ w ~ I  ' K !  

ridge vedtr  m g i n  of Southern and Southeastern Alaska. In alphabetical order, these belts are the Ehm.mf @H), Cbugasb . . 
?ubunbim (CM), 



Figure 103. Generalized map of major Late Cmkeous and early Tertiary met9llsgedc belts, owrtap awcmblag@, and 
tectonically-linked subductton-zone or wcmtbnary-wedge tmmea far Alaska, Canadian CofdNlera, end ~ w s n t  #&ore areas. 
Refer to text for description of m~togartlc bells. Adapted from Nddabsrg and others (1997b. 1998). Referto figure 6$ far 
explanation. 

Juneau (JU), and Maclaren (MC), and Talkeetna Mountains (TM) belts, which catntain Au qwtz vein dqm~& aad 'bhe Yakobi 
(YK) belt which contains gabbroic Ni-Cu deposits. (8) Also ia fhe same I.6gjanp the Rince William Sound 0 bel&whicb 
contains massive sulfide dqwb related to marine rnafic v o l d t ~  is htapmted as forming s68-$br sprea#lin$ along the 
Kula-Farallon oceanic ridge More thrusting of tfbc ridge b e ~ ~ 8 t b  mar& of Southern Ataska Ax&@) in Swkhstem Alaska 
and the Canadian Corctikra are a large m y  dmetdlogenic belts which contain granitic----- dqm& whicb are 
hosted in or near the Coast-North C d e  plutonic belt. In alphabetical order* these belts are the CatfW (CF), Central- 
Southeastern Alaska (CSE), Bulkley (BK), Fish W e - B r a l a  (FLB). Gambier (GA), Nelson @5), Sk- (%), Swpd Lake 
(SL), and Tyaughton-Yalakom (TY) belb. The belts are interpreted as fiwrning during subductimmlat6d ~ t i c p l u ~ m  which 
formed the Coast continatal mpugip arc. In the below M p t i o m  of metdogenic belts, a few of the notmklt -or eieplficant lodie 
deposits (table 4) are -bed for each belt. 

Metallogenic-Tedonic M d e I  for 
Late Cretaceous and Early Tertiary 
(84 to 52 Ma; Figure +Oh) 

During the Late Cretaceous and early Tertiary (Campmian though Early Eocene - 84 to 52 Ma), the major metallogenic- 
tectonic events were (fig. 104; table 3): (1) the continuation of a saies of continental-margin arcs, assockted metallogenic belts, 
and companion subductlon-zone assemblages around the Chum-North Pacific; (2) completion of qmbgof the Ameras& 
Canada, and Eurasia B a s k ;  (3) camplettion of accretion of the Wrmgeh s u m ,  (4) s c h g o  to &xtPol tmmpmwh in 
the eastern part of the Circum-Nosth Pacific between the KuIa Ocean plate and the North Ameaiegn eontbmtal &a~& (5) 
oblique subduction dthe  Kula-FwaUon d c  ridge under the rmugins of SloudEeno and SouhasRisB 1Qlaslra, and fomaatioll af 
associated metallogenic 
American Cordillera. 

migration of previously 



Flgrwo W. Lab Cretaceous and early Tertiary (Campanian through early Eocene - 84 to 52 Ma.) @age oC rn-aC 
indeL Re& to bxt far explanation of metallogenic-tectonic events, to tables 3 and 4 for d e s c m o n s  rn- b?kS emd 
dgr!Mcmt dspaab, and to figure 18 for explanation of abbreviations, symbols, and patterns. Adapted fm W k b @  and oRops 
('L997b,l99& ~ 0 0 ) .  

(1) Fato lhe s& d h b  50' to 60' paleolatitude, the extensive Olyutorka island aro contimed to fbm* Parts P E  
a art y~smed m h e  N&mum (NE), Kronotskiy (KRO), and Olyutorka-Kamchatka (OKA), 4adi h d y  (IQ. dmd-  
ttmneq. hU.m&g to fmm m fie Olyutorka arc were the Koryak Highlands metallogenic bell, which contaim i z d d  d~ 
d- d Cu d v e  & deposits, the Vatyn (VT) metallogenic belt, which c o d  v r > l c ~ & d c  & a d  Fa 
b b  A h  fMmng m Olyuhka arc was the Iruneiskiy (1R) metallogenic belt of porphyry Mo d-Q. wifh &tv 
arc w m  subductiun af pi KF he d jment  oceanic plate to form the Vetlovskiy (VT) terrane. TbiP arc a d  C-.-W 
;wae *ted ~ o r b m d  b w d  the Okhotsk-Chukotka continental-margin arc. 

(2) Fartb  wesl, be E a ~ t  Skhote-Alin continental-margin arc (es) and related deposik cambaed =tidry. h~ bs 
part of &e erc ww the W a t  $ a k h h  (WSA) turbidite-basin terrane. Continuing to form in ha Easl-SiLbota &kerb tb m, 
Lpwtr Amr, L u d h d k y ,  Sogwka,  and Taukha metallogenic belts. Associated with the arc was oblique s u k d b t t h  dprt of 
Ihe P d k O E c a n  plats (PAC) to fbrm the Hikada (HI), Aniva (ANV), and Nabilsky (NAB) terranes. 

(3) The O k b o r s L - W h  wntinental-margin arc continued activity. Parts afthe arc a~upteracvd ia &b -k- 
Cb- vdcanic-phkuic bdl (w) and related Penzhina (forearc) sedimentary basin 0. Associakd w i l  bt rrtc W a  

srbdwhcm dput of tbt PUG&G Qcem plate (PAC) to form the West Karnchatka (WK) m d  h y  (EK) tax&k%l. Local pWW 
m t b a ~ ~ - € h . k & a  v d d c - p l u t o n i c  belt intruded under extension, probably a khemdt ofroIlbrck a(&b *wbduC- &b 

h E a t  Crelacaws (ArPato swl Wright, 1997). Also in the same region, the Okbolsk-ChuL& d h t  - A b  
c u n t . i ~ x ~ u ~ @  arcs were af%t in a sinistral sense along the Mongol-Okhotsk fault system ( M a .  Coal- in tb+ Okbkk- 
C h d d i a  arc was the Eastan Aria metallogenic belt of granitic-magmatism-related depsib which ~ ( ~ l h k c l  I c w k  m y  d 
z& Cwdmmg M rruw wsre the Anuyi-Beringovsky (AB), Chaun (CN), Chukotka (CFI'), K o r l w c k d h ~ ~  
OkhmMk (OH), OmrukJion f~lbl ) ,  Verkhoyansk-Indigirka (VY), Verkhne-Kolyma (VK), Verkhne-Yudb-CVY) -. 
crc~thulag t6 h in the Qkhatsk-Chukotka volcanic-plutonic belt and peripherally related to the Eastem A i r  bdr; 
in h a  hOBim FY k t  tk Arfycha-Taryn (AT), and Vostochno-Verkhoyansk (VV) metallogenic W. F m  h mb 
~ b o l a k - C h b l k a  vhnkgbutnajd:  belt in western Alaska, and peripherally related to the Eastern Ada rneubqjmlbsk s e a  
& H 6 h w ~ k r n  Ko-pkuk b h & l l o g e n i c  belt (NWK) which contains felsic plutonic U deposits, the WardPrPhsule 



metallogenic belt (SP) which contains Sn skarn and related deposits, and the West-Central Alaska metallogenic belt (WCA) which 
contains porphyry Cu deposits. 

(4) Between the areas of the Russian Far East and Alaska, continental-margin arcs and companion subduction zones in 
each region were connected by a major transform fault. In the area of Western Alaska, tectonic escape (crustal extrusion) of 
terranes occurred along major dextral-slip faults, including the Denali (DE), Iditarod-Nixon Fork (NF), Kaltag (KA), and 
companion faults (Scholl and others, 1992. 1994). In association with movement on these major dextral-slip faults, dextral-wrench 
sedimentary basins formed, including the Kuskokwim basin (kw; Plafker and Berg, 1994; Bundtzen and Miller, 1997). The crustal 
extension and wrench faulting were associated with a major period of extension in Interior Alaska according to the interpretation 
of Miller and Hudson (1991). The middle and Late Cretaceous extension is interpreted as forming warm, thin continental crust 
which was favorable for crustal extrusion and dext~al-wrench faulting (Scholl and others, 1992, 1994). 

(5) By the early Tertiary, in the region of the Amerasia (ab), Canada (cb) and Eurasia (eb) Basins, sea-floor spreading 
and associated rifting was completed (Grantz and others, 1990, 1991, 1998), and sedimentation continued in the large Arnerasia 
(ab), Canada (cb) and Eurasia (eb) Basins. The formation of the Alpha and Mendeleev Ridges (am), which are interpreted as large 
piles of hot-spot basalt and associated deposits, was completed (Grantz and others, 1990, 1991, 1998). 

(6)  In the Paleocene (about 56 to 60 Ma), in the area of the Bering Sea, major counter-clockwise rotation of the Pacific 
Ocean plate (PAC) occurred (at about 30" to 50" paleolatitude; Lonsdale, 1988). The rotation resulted from compression between 
Eurasia and North America (Plafker and Berg, 1994). At the same time, the extension of dextral-slip faults from the area of 
Western Alaska into the Bering Sea resulted in accretion and capture of a fragment of the Kula Ocean plate (KULA; Scholl and 
others, 1992, 1994). 

(7) In response to oblique subduction of the Kula Ocean plate (KULA), the major Kluane continental-margin arc formed 
(Plafker, 1994; Nokleberg and others, 2000). Parts of the arc are preserved as the Kuskokwim Mountains volcanic-plutonic belt 
(krn) and Alaska Range-Talkeetna Mountains igneous belt (at). The coeval Coast arc formed along the margin of the North 
American Cordillera. Parts of this arc are preserved in the Coast-North Cascade plutonic belt (cn) and the Kamloops magmatic 
belt (kl). These continental-margin arcs overlapped the previously accreted Wrangellia superterrane and adjacent inboard terranes 
and extended for a distance of more than 3.200 krn along the active continental margin of the North American Cordillera. 
Associated with the Kluane continental-margin arc was the subduction of the laterally extensive Chugach terrane (CG) and the 
Pacific Rim terrane (PAR). 

Forming in the Kluane arc in Southern Alaska were the East-Central Alaska (younger part; ECA), Southern Alaska (SA), 
and Kuskokwim Mountains (KMT) belts, which are hosted in the Kuskokwim Mountains sedimentary and volcanic belt or the 
Alaska Range-Takeetna Mountains igneous belt. Forming in the Coast arc in Southeastern Alaska and the Canadian Cordillera 
were a large array of metallogenic belts which contain granitic-magmatism-related deposits which are hosted in or near the Coast- 
North Cascade plutonic belt. The belts include the Catface (CF), Central-Southeastern Alaska (CSE), Bulkley (BK), Fish Lake- 
Bralorne (FLB), Gambier (GA), Nelson (NS), Skeena (SK), and Surprise Lake (SL) belts. All these belts are interpreted as 
forming during subduction-related granitic plutonism. 

(8) Along the active margin of the North American Cordillera, the rapid northward migration of the Kula Ocean plate 
(KULA), which started to form at about 85 Ma (Englebretson and others, 1985). resulted in formation of major dextral-slip faults, 
including the Denali (DE), Tintina (To, Ross Lake (RL), and companion faults (Plafker and Berg, 1994). Oblique subduction of 
the Kula-Farallon oceanic ridge occurred at about 50 to 60 Ma along the margin of Southern Alaska (Bradley and others, 1993). 
The subduction of the oceanic ridge, locally partly preserved in ophiolites in the Prince William Terrane (Lytwyn and others, 
1997; Kusky and Young, 2000), in the early Tertiary is interpreted as causing: (I) a regional metamorphic welt and formation of 
anatectic granites (Plafker and others, 1989b; 1994); (2) rapid changes in components strike-slip movements along the subduction 
zone bordering the early Tertiary continental margin (Bradley and others, 1993); and (3) formation of belts of early Tertiary 
granitic and mafic-ultramafic plutonic rocks of the Sanak-Baranof plutonic belt (sab; Hudson, 1979; Moll-Stalcup and others, 
1994) in Southern and Southeastern Alaska which are interpreted as forming in a near-trench environment during subduction of 
the Kula-Farallon oceanic ridge (Bradley and others, 1993; Kusky and others, 1997). 

In Southern and Southeastern Alaska, several metallogenic belts are interpreted as forming during oblique subduction of 
the Kula-Farallon oceanic ridge under margin of Southern and Southeastern Alaska. These metallogenic belts include the Baranof 
(BN), Chugach Mountains (CM), Juneau (JU), Maclaren (MC), and Talkeetna Mountains (TM) metallogenic belts, which contain 
Au quartz vein deposits, and the Yakobi (YK) metallogenic belt which contains gabbroic Ni-Cu deposits. (9) Also in the same 
region, the Prince William Sound (PW) metallogenic belt, which contains massive sulfide deposits related to marine mafic 
volcanic rocks, is interpreted as forming during sea-floor spreading along the Kula-Farallon oceanic ridge before subduction of the 
ridge beneath the margin of Southern Alaska. 

(9) Regional extension occurred in the southern Canadian Cordillera and northeastern Washington. The extension is 
interpreted either as: (1) the result of a change from transpression to transtension at about 55 Ma (Parrish and others, 1988); (2) 
caused by a change of obliquity of convergence of the oceanic plate, or (3) alternatively, but likely, collapse of overthickened 
thrust units. 

(10) The eastward thrusting of the North American Craton Margin (NAM) over the North American Craton (NAC) ended 
at about 60 Ma in the Canadian Cordillera. 



Metallogenic Belt Formed in Late Mesozoic 
and Early Cenozoic Olyutorka Island Arc, 
Russian Northeast 

lruneiskiy Metallogenic Belt of 
Porphyry Cu Deposits (Map Unit IR) 
Southern Kamchatka Peninsula 

The small Iruneiskiy metallogenic belt (1R) of porphyry Mo deposits (Vlasov, 1977) occurs in the southern part of the 
Kamchatka Peninsula in the Iruneiskiy island-arc terrane (fig. 102; tables 3,4) (Nokleberg and others, 1994c, 1997b, c, 1998). The 
one economic porphyry Cu deposit in the belt at Kirganik (Vlasov, 1977; A.V. Ignatyev, written commun., 1980) consists of 
steeply-dipping, metasomatically altered zones of biotite and K-feldspar which occur in Late Cretaceous siliceous volcanic rocks. 
The altered zones contain veinlets and disseminations of pyrite, chalcopyrite, bomite, chalcocite, hematite, gold; the zone contain 
up to 0.8 g/t Au. The Late Cretaceous calc-alkalic volcanic rocks hosting the zones grade upward into Maastrichtian shoshonite 
which is intruded by dunite-clinopyroxenite-gabbro monzonite. The porphyry Cu deposits are interpreted as being related to the 
monzonite intrusions. The deposit has a K-Ar isotopic age of 75 to 65 Ma which is similar to which for the intrusion. The deposit 
is of medium size, and average grades are 0.1-1% Cu and 0.2 to 0.4 g/t Au in disseminated and veinlet ore, and up to 0.8 g/t Au in 
oxidized ore. The Iruneiskiy terrane is interpreted as part the Olyutorka-Kamchatka island-arc terrane which was accreted in the 
early Tertiary onto the North Asian continental margin (Nokleberg and others, 2000). 

Metallogenic Belts Formed in 
Late Mesozoic and Early Cenozoic 
Part of Okhotsk-Chukotka 
Continental-Margin Arc, 
Russian Northeast and Western Alaska 

Eastern Asia-Arctic Metallogenic Belt: 
Verkhne-Yudornsky (Yuzhno-Verkhoyansk) 
Zone of Sn and Ag Polymetallic Vein 
(Southern Bolivian type) Deposits (Belt VY) 
West-Central Part of Russian Northeast 

The Verkhne-Yudomsky (Yuzhno-Verkhoyansk) metallogenic zone of Sn and Ag polymetallic vein (Southern Bolivian 
type) deposits (fig. 102; tables 3 ,4)  extends north-south for 400 krn with a maximum width of 100 krn. The belt occurs in the 
west-central part of the Russian Northeast, and is hosted by either the clastic sedimentary rocks of the North Asian Craton Margin 
(Verkhoyansk fold belt), the Okhotsk cratonal terrane, or the volcanic rocks of the Okhotsk-Chukotka volcanic-plutonic belt. The 
significant deposits in the zone are (table 4) (Nokleberg and others 1997a, b, 1998): Sn polymetallic vein deposits at 
BalaakkaIakh, Diring-Yuryak, Khaardak, and Khoron; and various types of polymetallic vein deposits at Dzhaton, Kutinskoe, 
Nivandzha, and Zarnitsa. 

The metallogenic zone is associated with major hypabyssal Early and Late Cretaceous felsic intrusions which occur in the 
landward part of the Cretaceous to early Tertiary Okhotsk-Chukotka volcanic-plutonic belt (unit ok, fig. 102) (Nokleberg and 
others, 1994c, 1997~) .  The deposits generally consist of quartz-chlorite-sulfide veins with cassiterite, hematite, sericite, fluorite, 
arsenopyrite, pyrite, chalcopyrite, galena, sphalerite, stamite, tetrahedrite, and gold which occur in steeply-dipping shear zones to 
20 m thick and in elongate (stringer) masses in dacite, rhyolite, and granite porphyry. Wallrocks are generally altered to chlorite 
and sericite. Also associated with the Sn and Ag polymetallic vein deposits are small Sn (Bi, W) greisen deposits, generally small 
and uneconomic, which are related to leucocratic Late Cretaceous granitoid plutons. The major Sn and Ag polymetallic vein 
deposit is at Zarnitsa-Kutinskoe. The Verkhne-Yudomsky metallogenic zone is interpreted as forming in the rear of the 
perivolcanic zone of the Cretaceous to early Tertiary Okhotsk-Chukotka volcanic-plutonic belt (fig. 102). 

Zarnltsa-Kutinskoe Pb-Zn-Ag 
Polymetallic Vein Deposit 

The Zarnitsa-Kutinskoe Pb-Zn-Ag polymetallic vein deposit (V.I. Korostolev, written comrnun., 1963) consists of two 
polymetallic quartz-sulfide veins which contain galena, sphalerite, pyrite, chalcopyrite, and silver minerals. The larger vein is up 
to 500 m long and 6 m thick. The veins cut Late Cretaceous granite-porphyry and rhyolite and have a fringe of disseminated 
sulfides up to 20 m thick. The Kutinskoe deposit consists of one vein about 3 m thick and 400 m long which is composed of 
quartz, pyrite, galena, sphalerite, and pyrrhotite. The Kutinskoe vein cuts contact-metamorphosed Late Permian sandstone and 
shale. The deposit is medium size with average grades of 4.86-7.75% Pb, 4.1-5% Zn, and 44-3,268 g/t Ag. 



Eastern Asia-Arctic Metallogenic Belt: 
Verkhoyansk-lndigirka (Dulgalak) 
Zone of Clastic Sediment-Hosted Hg 
and Sb-Au Vein Deposits (Belt EAVI) 
Western Part of Russian Northeast 

The Verkhoyansk-lndigirka (Dulgalak) metallogenic zone of clastic sediment-hosted Hg, and Sb-Au vein deposits (fig. 
102; tables 3,4) occurs in a narrow arc in the western part of the Russian Northeast. The zone is more than 1,200 krn long and up 
to 50 km wide. The zone mostly occurs within the North Asian Craton Margin (Verkhoyansk fold belt, unit NSV), to a lesser 
amount in the Kular-Nera accretionary-wedge terrane of the Kolyma-Omolon superterrane. The significant deposits in the belt are 
(table 4) (Nokleberg and others 1997a, b, 1998): clastic sediment-hosted Hg deposits at Erel, Iserdek, Kholbolok, Seikimyan, 
Singyami, Zagadka, and Zvezdochka; and Sb, Sb-As, Sb-Au, and Sb-Au-Hg vein deposits at Baidakh, Betyugen. Imnekan, 
Kyuchyuss, Selerikan, Senduchen, and Stibnitovoe. The one is locally extensively overlain by unconsolidated Cenozoic 
sedimentary deposits of the Primorskaya lowland. The Verkhoyansk-lndigirka metallogenic belt may be a portion of a greater 
Verkhoyansk-Chukchi mercury belt. The major clastic sediment-hosted Hg deposits are at Zagadka and Zvezdochka, and the 
major Sb-Au vein deposit is at Kyuchyuss (fig. 105). The clastic sediment-hosted Hg, and Sb-Au vein deposits are hosted mainly 
in clastic sandstone and shale and generally occur along the hinges of anticlines which are crossed by longitudinal and diagonal 
faults. The deposits generally are along deep faults which strike subparallel to the strike of the major folds. The Sb-Au vein 
deposits generally occur where the Verkhoyansk-lndigirka metallogenic zone overlies Au quartz vein deposits of accretionary 
metallogenic belts, such as the Kular metallogenic belt (fig. 1 1). This metallogenic zone contains abundant pre-mineralization 
subalkalic basalt dikes of Late Cretaceous and Paleogene age with K-Ar isotopic ages of 90 to 45 Ma. The Verkhoyansk-lndigirka 
metallogenic zone is interpreted as possibly forming in the rear (back-arc) portion of the Okhotsk-Chukotka volcanic-plutonic belt 
(Nokleberg and others, 1994c, 1997~) .  

Zagadka Clastic Sediment-Hosted Hg Deposit 

The Zagadka clastic sediment-hosted Hg and associated deposits (V.V. Maslennikov, written commun., 1977, 1985) 
consists of cinnabar and metacinnabarite which are relatively younger than the Sb-Au vein deposits which consist of stibnite and 
berthierite. The Zagadka deposit occurs in Late Permian sandstone and siltstone which is gentle folded and cut by steeply-dipping 
faults. The deposit is located along a linear zone about 2.4 km long within one of the faults. The thickness and morphology of the 
ore bodies is influenced by shear zones and associated feathered veins and stringers. The ore bodies, mainly cinnabar, range from 
0.4 to 3 m thick. Subordinate minerals are galena, sphalerite, stibnite, Pb-sulfosalts, and cassiterite. Gangue minerals are quartz, 
dickite, and carbonate minerals. The wall rocks exhibit dickite, quartz and carbonate alteration. Average grades are 0.22-6.2% Hg, 
0.8-20% Pb, 2- 10% Zn, 4- 10% Sb, and up to 30 g/t Ag. Estimated resources are 1,7 18 tonnes mercury and 1,000 tonnes antimony. 

Kyuchyus Sb-Au-Hg Vein Deposit 

The Kyuchyus Sb-Au-Hg vein deposit (Ivensen and others, 1975; lndolev and others, 1980; Konyshev and others, 1993) 
occurs in steeply-dipping mineralized reverse shear zones up to 1 m thick and in veins up to 0.5 m thick. The shear zones and 
veins contain quartz-stibnite, cinnabar-stibnite-quartz, realgar-quartz and quartz, with various amounts of ankerite, calcite, 
kaolinite, dickite, arsenopyrite, pyrite, orpiment, berthierite, sphalerite, galena, bournonite, pyrrhotite, tetrahedrite, native mercury 
(up to IS%), and gold. The veins and shear zones crosscut a Middle Triassic (Anisian and Ladinian) sequence of sandstone and 
siltstone flysch. Alteration types include argillaceous, silicic, carbonate, and hydromica aureoles which occur near the deposit. 
Average grades are 4.5% As, up to 15% Sb, up to 0.6% Hg, and up to 300 g/t Au. The Sb-Au (Hg) vein deposits usually vary 
from small to medium in size, and are not economic. 

Eastern Asia-Arctic Metallogenic Belt: 
Anuyi-Beringovsky Zone of Au-Ag 
Epithermal Vein and Disseminated 
Au Sulfide Deposits (Belt EAAB) 
Northeastern Part of Russian Northeast 

The Anuyi-Beringovsky zone of and disseminated Au-sulfide deposits (fig. 102; tables 3,4) occurs in the northeastern 
part of the Russian Northeast. The zone extends approximately east-west for more than 1,000 km and ranges from 200 to 250 krn 
wide. The zone is hosted in the volcanic rocks of the Okhotsk-Chukotka volcanic-plutonic belt, and in adjacent areas of coeval 
granitoid plutons. Most of the deposits in the zone are near-surface, Au-Ag epithermal vein deposits of Late Cretaceous and early 
Paleocene age. These Au-Ag epithermal vein deposits occur mainly in volcanic rocks and are spatially related to disseminated Au- 
sulfide deposits which occur in clastic rocks of the Chukotka terrane which underlies the Okhotsk-Chukotka volcanic-plutonic 
belt. The significant deposits in the zone are (table 4) (Nokleberg and others 1997a, b, 1998): Au-Ag epithermal vein deposits at 
Chineyveem, Draznyaschy, Enmyvaam, Gornostai, Maly Peledon, Promezhutochnoe. Shakh, Zhilny, Sopka Rudnaya, Upryamy, 
and Valunistoe; a granitoid-related Au deposit at Pelvuntykoinen; and disseminated Au-sulfide deposits at Elveney and Maiskoe. 
The depositional environments, ore composition, and ore chemistry of the Anuyi-Beringovsky zone are similar to those of the 



O k h o u  zone of Au-Ag epitheamal vein deposits. Some post-tectonic Au-quartz vein deposits, as at S y p u c k ,  also occur im 
Anyui-Baringovsky zum These deposits display characteristics of mesothermal and epithermal deposition, snd locally conlab 
bonama gold. However, their ocownaic value is  unkoown. 
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Figure 106. KyuGhyuss S b - A A g  veh depask, Verkhoyansk-lndigirka (Dulgalak) zone, Eastern Ask-Ardic mekllogmk MU), 
Russian Northeast . Schmafic r q M  geologic map of Kyuchyus area and cross section of deposH. Adepied h m  lvense~l end 
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Tbe dirsmainatad A u - d d e  deposits of the Anuyi-Beringovsky zone occur mainly in large sirear wms whh c a t a h  
veinlets anct dissemmahs  of atseaopyrite, pyrite, finely-dispersed gold, and stibnite. The significant deposib are at Maiskoe, m>. - Peing devebped for mining, md at Elvenei and Tumanoe. About ninety percent of the gold occurs as isctusion~ in fine needfes of -. menopyrite and As-beariogpyrite, and consequently the ore IS difficult to mill. The deposits are concentrated in %reas wbm 
flysch lnh of tk Ch~kodka passive contlneatal margin terrane and the Jurassic and Early Cretaceous -&a d $ n t a r y  b e ,  
are overlain by the Okholsk-Chcrkotka volcanic-plutonic belt. The disseminated Au-sulfide deposits tend to wcur in areas where 
(Sidorov, 1987): (1) transcurrat faults which crosscut older collisional structures, thrusts, intrusive domes md horsts; and (2) 
layers of c M c  redimcnts which contain relatively high carbonaceous contents. The disseminated A u 4 d e  deposits are 
in&rpretefl sa the rovts for the Au-Ag epitberrnal vein deposits of the Anuyi-Beringovsky zone. 



Valunistoe Au-Ag Epithermal Vein Deposit 

The Valunistoe Au-Ag epithermal vein deposit (Berman and Trenina, 1968; Berman, 1969; Sidorov, 1978: f. Layer, V. 
Ivanov, and T.K. Bundtzen, written cornmun., 1994) consists ofmore than one hundred adularia-quartz, a d u l a r i a e a r e -  
quartz, and fluorite-quartz veins which comprise zones up to 1,500 km long and 400 m wide. The ore minenls ara m i d y  firmly 
disseminated electrum, argentite, aguilerite, stromeyerite, native silver, galena, sphalerite, and &akopgrite. A gold-wgenlite 
assemblage is predominant in veins of the upper portions of the deposit. At depth, the gold-argentite assemblage ie succeeded by a 
gold-chalcopyrite and gold-galena-qhakrite assemblages. The ore bodies occur in Late Cretaceous volcanic rods  in a volcanic 
dome structure which is located at the intersection of northwest- and northeast-trending faults. The wall rocks nte domiaalsd by 
andesite-dacite and dacite with quartz-adularia-hydromica and propylitic alteration. The quartz veins vary fkm leuti& to 
podiform, are commonly en-echelon, and locally grade into a stockwork of veinlets associated with hydrothermal and rubvolcanic 
breccia. Ar-Ar isotopic studies of adularia in Au-Ag vein yields an age of 72 Ma. The deposit is of medim dza and raageo &om 
1.4 to 787 g/t Au and 2 to 6,273 g/t Ag. 

Maiskoe Disseminated AuSuItSde Deposit 

The Maiskoe disseminated Au-sulfide deposit (fig. 106) [Sidorov and others, 1978; Gavrilov, Novozhjlov, and Sidmv, 
1986; Olshevsky and Mezentseva, 1986; Sfdomv, 1966, 1987; Benevolskyi and others, 1992) occurs in linear shear zones which 
generally trend north-south, have variable s'trikc and dip, and are marked by distinctive cleavage, fissures, coduiirm, and 
boudinage. The deposit consists of veinlets and disseminations of Au-bearing pyrite and arsenopyrite. The veinletr and 
disseminations occur in the more plastic rocks such as siltstone, and silty shale, and shale which are part of& Middle(?) and Late 
Triassic flysch sequence. These sedimentary rocks are iatruded by dikes of quartz-feldspar porphyry, granite, granosytnitc 
porphyry, Early Cretaceotls lampropbyre, Late Cretaceous rhyolite, as well as by vein-like bodies of intrusive beccia of Okhorsk- 
Chukota volcanic-plutonic belt. The igneous rocks are altaed to hamile, kaoliite, stricite, carbon% graphite, and irregular 
silicic alteration. The carbonaceous rocks s&cnttuy rocks are metamorphosed to phyllih. lh ore consibcs rneidy of 
disseminated high-grade AII h ecicular arsenopyrlte a d  As-rich pyrite. A later quartz-stiboite-native m m i c  stage of 
mineralization is also widespread. Exterior to the ore zones. veins of rnalybbnite-quartz and REB-polysulf d o - q  occur 
mainly in sandstone. These veins contain cassiterite, s h t i t e ,  wolbmite, Bi-minerrls, k m h & e - r d t e ,  Pad Pb- d Ag- 
sulfosalts. A K-Ar adularia a- for the vein is 79.4 Ma (lshihra end others, 1997). The Au minmkization io vdcal ly  and m d y  
extensive. The deposit contains provm reserves of 23 million tom witb an average grade 12 glr Au. 

Eastern Asia-Arctic Metallogenic Belt: 
Chukotka Zone of Igneous-Related 
Hg Deposits (Belt EACH) Northeastern 
Part of Russian Northeast 

The Chukotka zone of igneous-related Hg deposits (fq. 102; tables 3,4) occurs in the northeastern part of the Russian 
Northeast. The Chukotka zone contains numerous Hg deposits and occurrences, trends roughly east-wts, is about 1,000 km long 
and ranges from LOO to 150 km wide. The significant deposits in the belt are (table 4) (Noldeberg and orhen 1997% b, 1998): 
clastic sediment-hosted Hg deposits at Kyttadai and Palyan; volcanic-hosted Hg deposits at Kulpolney, Omrellcai, and 
Plamennoe; and a silica-carbonate Hg deposit at Matachingai. Tbe deposits occur both in the Okbotsk-Chukatka volcanic-plutonic 
belt and in the igneous rocks which intrude the Jurassic and Early Cretaceous sedimentary rocks of the Rauchrm Basin (NoWebeq 
and others, 1994c, 1997~). The Chukotka zone partly overlies the Anyui-Beringovsky and Chaun metallogenic zones (fig. 102). 

The Hg deposits in the Chukotka zone generally ocaur in linear belts up to several kilometers long, mid are partly 
controlled by northwest-southst-trending faults. The deposits are hosted in rhyolite, admite, and more rarely in ultrmmfic 
rocks, and show a distinctive relation basalt and lqhrophyre  dikes (Obolensky and Obolenskaya, 1971). The Hg deposits occur 
in faulted areas in volcanic domes, horsts, subsiding calderas, and anticlines. The deposits generally occur in stockworks and 
veins, and c~nnabar is the predominant mined, generally in association with ankcrite, quartz, and dickite. The major Hg districts 
are at Tsentral Chukotsky, Sredne-Anadyrsky, and Vostochno-Chukotsky (Babkin, 1975; Kopytin, 1978). The Paiyavaam area 
(Tsentral Chukotsky district) is the best studied, contains tbe Palyanskoe and Plamennoe deposits. Some deposits are economic. 

Palyanskoe Clastic Sediment-Hosted Hg or 
Hot-Spring Hg(?) Deposit 

The Palyanskoe clmtic sediment-hosted Hg or hot-spring Hg(?) deposit (Syromyatnikov, 1972; Balkin, 1975; 
Syromyatnikov, Dubinin, 1 978) consists of stockworks, veinlets, and disseminations, &form occurrences which are hosted in 
Late Cretaceous sandstooe and shale. The sedimentary rocks overly a deeply-eroded volcanic dome now exposed as a block of 
volcaniclastic rocks with an intrusive core. The Hg deposit fonned in several stages. Most parts of the d w i t  occw at the 
intersections of major north-south- and east-west-trending faults. The ore bodies tend to occur along extensive layering in the 
volcanic rocks and along zones of tectonic disruption and explosive brecciation. More than 30 minerals are recognized, including 



quartz, dickife, dolomite, siderite, calcite, cinnabar, marcasite, pyrite, galena, sphalerite, native arsenic, and realgar, and nickel 
minerals. WaIl-rock alteration is not identified. The deposit contains an estimated 10,117 tonnes Hg in ore grading 0.53% Hg. 
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Figure 106. Maiskoe disseminated Au-sulfide deposit, Anuyi-Beringovsky zone, Eastern Asia-Arctic metalbgenic hell, Russian 
Northeast. Schematic geologic map and cross section. Adapted from Sidorov and Eremin (1995). 

Sewad Penbrsula Metabgemlc Belt of 
Gmitic Magmatidm beposltc (Belt SP) 
Northweeterm Alaska 

The Seward Peninsula metallogenic belt of granitic magmatism deposits (fig. 103; tables 3,4) occurs on the wakrn p M  
ofthe Seward Peninsula and St. Lawrence Island (not shown on fig. 103) in northern Alaska (Nokleberg and oihers. 1995a; 
Hudson md Reed, 1997). The metallogenic belt is hosted in the part of the region intruded by L& Cretaceous sibcic granitoid 
plutom (Hudson and Arth, 1983). The deposit types are mainly Sn granite, porphyry Mo, polymdallic vein, and felsic plutonic U 
deposils. The significant deposits in the belt are (table 4) (Nokleberg and others 1997a, b, 1998): Sn quartz veio deposits at Cape 
Mountain aiad Potaloe Mountain; a Sn skarn deposit at Ear Mountain (Winfield); a complex Sn-W skarn, Sn grelsen, Carbonate- 
replacemmt Sn(7) deposit at Lost River; a Sn greisen deposit at Kougarok; polymetallic vein deposits at Independence, Omilalc, 
Quartz Creek, and Serpentine Hot Springs; a porphyry Mo deposit at Windy Creek; a sediment-hosted U deposit at De& Valley; 
and a felsic plutonic U deposit at Eagle Creek. The deposits and host granite plutons are interprated as the extreme northeastern 
end of the Cretaceous and early Tertiary Okhotsk-Chukotka volcanic-plutonic belt which extends for several thousand Icllometers 
to the west across the Bering Straits and southwest into the Russian Far East (Nokleberg and olhets, 1994c, 1993~). The variouo 
Sn depoaits are commonly referred to as the Cretaceous tin province of the Seward Peninsula. The origms of many of B e  
polymetallie vein deposib are somewhat enigmatic. 



Lost River Sn-W Skarn and Sn Greisen Deposif 

The classic Lost River Sn-W skarn and Sn greisen deposit (fig. 107) (Dobson, 1982; Hudson and Arth, 1%3; Reed, . -Y  

Menzie, and others, 1989; Newbeny and others, 1997) consists of several prospects and one mine in veins, skarns, greisens, and 
intrusion breccia formed above a shallow Late Cretaceous granite stock that intruded thick sequence of Early Ordovician 
limestone and argillaceous limestone. Early-stage andradite-idoerase skarn and later fluorite-magnetite-idocrase vein skanns are 
altered to chlorite-carbonate assemblages which are conlanporaneous with fonnatlon of cassiterite-bearing Sn greisen. The major 
ore minerals in skarn and greisen are cassiterite and w o l ~ t e ,  and lesser stamite, galena, sphalerite, pyrite, chalcopyrite, 
arsenopyrite, and molybdenite, plus a wide variety of other oonlect metasomatic and alteration minerals, The K-Ar isotopoic age 
of the granite is 80.2 Ma. Production of 320 tomes Sn occurred mostly Gom 1951 to 1956 from underground workings a few 
hundred meters deep along the Cassiterite dike, a near-vertical rhyolite dike which is utlensively altered to greisea over the buried 
granite. Similar smaller deposits nearby incLu.de Sn greisen and veins near the Tin Creek Granite md various polyme=tallic veins 
and skams near the Brooks Mountain Granite. A large beryUium &posit occurs peripheral to the skams and consists of Limestone 
replaced by fluorite-white mica veins which c w k m  diaspore, cbrysokryl. and tourmaline. The Be deposit is probably associated 
with early stages of granite intrusion. Some plaeer Sn was recovered from creek below Lost River mine. A major exploratioa 
program in early 1970's drilled several large Sn-W-fluorite-Bt are bodies. The dcpasit contains estimated reserves of 25 million 
tonnes grading 0.15% Sn, 0.03% WO,, 16.3% CaF2 (WGM, Inc., written commun., 1975). 

Felsic Plutonic U and Sandstone U deposHs 

A complex, multi-phase, fe1si.c plutonic U depoait occurs at Eagle Creek and a sandstone U deposit occurs at Death 
Valley, both in the eastern part of the S e d  Peninsula. The felsic plutonic deposit consists of disseminated U-, Th-, and REE- 
minerals, which occur along tfbe margins of alkaline dikes h d o d  hto  a Cretaceous granite pluton aod adjacent wall m b  
(Miller, 1976; Miller and Bunker. 1976). The DeaU ValJey sandstone U deposit consists mainly of metaautunite in Paleocene 
sandstone along the margin of a Tertiary sedimentary basin (Dickinson and C u n m g h n ,  1984; Dickinson and others, 1987). The 
U in the sandstone probably was transporld by groundwater h r n  Cretaceous granitoid plutons to the west (Dichson and 
Cunningham, 1984). 

a 
Origin of and Tectonic Controk for 
Seward Peninsula Metallogenic Belt 

The felsic-magmatism-related deposits of Seward Peninsuh metdogcnic belt generally occur in, or adjacent to, moderate 
or highly sil~clc granites of latest Cretacaous ape (Hubon and Arth, 1983; Nokleberg and others, 1995a). 'The porphyry Mo, felsic 
plutonic U, and polymetallic vein deposits occur in shghtly older and slightly less silic~ous granites, whereas the Sn granite and 
associated deposits occur in slightly younger and more siiicic deposits. The granites associated with both groups of deposits are 
interpreted as forming during assimilation of the continental, Late Proterozoic and early and middle Paleozoic metmtsedimentary 
rocks of the Seward metamorphosed continental margin &mane (Hudson and M h ,  1983; Swanson and OM, 1988). 
Alternatively, on the basis of trace element data, the Sn granite and related deposits are interpreted as forming during crwtal 
extension (Newbeny and others, 1997b). 

On the basis of similar geochemistry, age, and spatial proximity, the host Late Cretaceous granitic rocks oa he Sewad 
Peninsular are interpreted as part of the eastern edge of the Qkhotsk-Chukotka volcanic-plutonic belt which horn the Seward 
Peninsula metallogenic belt extends for 3000 km along western margin of Sea of Okhotsk (Nokleberg and others, 2000). The 
Seward Peninsula metallogenic belt and the nearby Northwestern Koyukuk Basin metallogenic belt of felsic plutonic U deposits, 
described below, are interpreted herein as the eastern extension of the Eastern-Asian-Arctic metallogenic belt in the Russian Far 
East (figs. 102, 103). The Seward Peninsula metallogenic belt with Sn granite and related deposits, is correlated with the Chsun 
zone of the Eastern Asia metallogenic belt which contains similar deposits to the west in the Russian Northeast (fig. 102). 

Northwestern Koyukuk Badn M-llogenk Belt of 
Felsic Plutonic U and Manto-Replacement 
(Polymetallic Pn-Zn, Au) Deposits (Belt NWK) 
West-Central Alaska 

The Northweslun Koyukuk Basin metallogenic belt of fefelsic plutonic U and manto-replacemmt @olymetdlic P n - a  Au) 
deposits (fig. 103, tables 3,4) occurs in the Purcell district and adjacent area in the northwestern Koyukuk Basin in westanhal  
Alaska. The metallogenic belt is hosted in the part of tbe region underlain by the Late Cretaceous Hog;atza plutonic belt (Miller, 
1994). The significant f&ic plutonic U deposits in the belt arc? at Clear C ~ e k  Wheeler Creek, aod h e  klills (table 4) (Miller and 
Elliott, 1969; Miller, 1976; Jones, 1977; Nokleberg and others 1997a, b, 1998). These felsic plutonic U deposits and bast plutonic 
rocks are interpreted as the extreme northeastern end of the Okbolsk-Chukotka volcani~plutonic belt of the Russian Far h a t  
(Nokleberg and others, 1994c, 1997c, 2000). Also occwTing in the metallogenic belt is a plymetallic (Au-Pb-Zn) vein and manto 
replacements(?) in the Illinois Creek area which produced 957 kg Au &om 1997 to 1999, and is isotopically dated at 1 I1 Ma, 
about the same age as the nearby Khotol pluton (Flanigan, 1998). 
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Figure 107. Lost River Sn-W skarn and Sn greisen deposit, Seward Peninsula metallogenic belt, Seward Peninsula, Alaska. 
Schematic geologic map and cross section. Adapted from Dobson (1982) and Hudson and Reed (1997). 



Wheeler Creek, Clear Creek, and Zane Hills 
Felsic Plutonic U Deposits 

The felsic plutonic U deposits at Wheeler Creek, Clear Creek, and Zane Hills (Eakin and Forbes, 1976; Miller, 1976; 
Jones, 1977; Miller and Elliott, 1977) are of two main types: (1) uranothorite and gummite in quartz-rich veinlets in altered Late 
Cretaceous alaskite, uraniferous nepheline syenite and bostonite dikes which cut Early Cretaceous andesite; and (2) uranotborite, 
betafite, uraninite, thorite, and allanite in veinlets in a foliated monzonite border phase, that locally grades to syenite. Grab 
samples contain up to 0.027% U 

Illinois Creek Manto-Replacement 
(Polymetallic Pn-Zn, Au) Deposit 

A structurally-controlled, plutonic-related epigentic deposit occurs at Illinois creek about 70 Km south of Galena 
(Flanigan, 1998; Bundtzen and others, 2000). The Illinois Creek deposit is a supergene oxidized deposit which occurs in an east- 
trending, moderately dipping shear zone. The deposit has with anomalous to ore-grade Au, Bi, AG, Cu, Pb, and Zn. The deposit 
contains supergene pyrolucite, limonite, geothite, and hernetite; sulfides are rare. Ar/Ar isotopic age, petrologic, and microprobe 
studies indicate that the Illinois Creek deposit is related to emplacement of the syn-collisional, 11 1.3 Ma Khotol Mountain granite 
(Flaniagn, 1998). The mine produced 957 kg gold from 1.22 million tomes of ore prior to 1999 bankruptcy. 

Origin of and Tectonic Controls for 
Northwestern Koyukuk Basin 
Metallogenic Belt 

The calc-alkaline granitoid rocks which host the Northwestern Koyukuk Basin metallogenic belt extend about 300 km 
from Hughes on the Koyukuk River westward to near the Seward Peninsula. The granitoid plutonic rocks are mainly ganodiorite 
and lesser tonalite and high-silica granite. The granites intrude a sequence of andesitic flows, tuffs, breccia, agglomerate, 
conglomerate, tuffaceous graywacke, and mudstone containing local intercalations of Early Cretaceous limestone which together 
form part of the Koyukuk island-an: terrane (Patton and others, 1994). These plutons are interpreted as forming in a subduction- 
related, continental-margin arc on the basis of a calc-alkaline composition, high sodium content, relatively, locally abundant mafic 
xenoliths, and low initial Sr ratios (Miller, 1994). The Northwestern Koyukuk Basin metallogenic belt and the neaxby Seward 
Peninsula metallogenic belt, described above, are herein interpreted as the eastern extension of the Eastern-Asian-Arctic 
metallogenic belt which in the Russian Far East (figs. 102, 103). This major metallogenic belt, as described above, extends west 
and southwest for 3000 km along western margin of Sea of Okhotsk. 

West-Central Alaska Metallogenic Belt of 
Porphyry Cu-Au Deposits (Belt WCA) 
West-Central Alaska 

The West-Central Aleska (Hogatza) metallogenic belt of porphyry Cu-Au deposits (fig. 103; tables 3,4) (Hollister, 1978; 
Nokleberg and others, 1995a) is hosted in a suite of Late Cretaceous quartz monzonite plutons of the Hogatza plutonic belt which 
intrude oceanic crust of the Yukon-Koyukuk island-arc terrane and overlapping Cretaceous flysch (Nokleberg and others, 1995a). 
Most of the older intrusions of the Hogatza plutonic belt exbibit K-Ar ages generally fiom 100 to 120 Ma, and are undersaturated, 
akalic igneous complexes which tend to be barren of porphyry deposits. The significant deposits in the belt are at Indian 
Mountain, Purcell Mountain, and Zane Hills (table 4) (Nokleberg and others 1997a, b, 1998). All these deposib are hosted in 
oval-shaped, epizonal, forcefully injected plutons with K-Ar isotopic mineral ages of 80-82 Ma wller and others, 1966). 

Indian Mountain and Purcell Mountain 
Porphyry Cu-Au Deposits 

The Indian Mountain and Purcell Mountain porphyry Cu-Au deposits occur in the middle Koyukuk River basin. The 
Indian Mountain deposit consists mainly of tourmaline-bearing breccias in the center of a quartz monzonite porphyry intrusion. 
The breccias contain chalcopyrite and surrounding the breccias are concentric phyllic-argillic-propylitic alteration halos. The 
quartz monzonite porphyry intrusion is approximatly 10 km2 (Miller and Ferrians, 1968; Hollister, 1978). A pyrite halo rims the 
intrusion. Limited assays at Indian Mountain range from 0.07 to 0.15% g/t Cu and 0.1 to 1.5 g/t Au. Barite, galena, and sphalerite 
have also been identified at the prospect. The Purcell Mountain porphyry copper deposit consists of stockwork veins in a quartz 
monzonite porphyry intrusion. The veins contain chalcopyrite which are also associated with concentric phyllic-argillic-propylitic 
alteration halos. The quartz monzonite porphyry intrusion is about 12 kn?(Hollister, 1978). A pyrite halo also rims the intrusion. 
The deposit contains 0.07 to 0.10% Cu but no Au; however, placer Au bas been commercially recovered firom streams draining 
both plutons. 



Zane Hills Porphyry Cu-Au Deposit 
The Zane Hills porphyry Cu-Au deposit consists of a stockwork and veins containing chalcopyrite and pyrite, and trace 

molybdenite and covellite that occur most commonly in a quartz gangue. The stockwork and veins occur in a small, 5 krn2 
monzonite porphyry which intrudes older Jurassic andesite, and also in a mid-Cretaceous granodiorite pluton. The stockwork and 
veins occurs in both the Jurassic andesite and in the monzonite porphyry which has K-Ar age of 81 Ma. Like the deposits at Indian 
and Purcell Mountains, the phyllic-argillic-propylitic alteration assemblage which is annularly distributed around the core of the 
monzonite porphyry (Hollister, 1978). The deposit contains up to 2.0% Cu, 0.2% Mo, and 2.4 glt Au (Miller and Fenians, 1968). 
The Zane Hills deposit occurs about 4 km west of the Hog River placer deposit which has yielded about 6,842 kg of placer Au. 

Origin of and Tectonic Controls for 
West-Central Alaska Metallogenic Belt 

Isotopic trace element (initial Sr isotopic ratios) and isotopic age data reported from the Late Cretaceous and early 
Tertiary igneous rocks of western Alaska indicate a variety of source rocks for the parent magmas (Moll-Stalcup and Arth, 1991; 
Moll-Stalcup, 1994; Arth, 1994), including both contaminated crustal rocks and oceanic crust. On the basis of regional geologic 
relations, igneous rock composition, and ages of igneous rock, and tectonic environment, the West-Central metallogenic belt is 
herein interpreted as hosted in the extreme northeastern end of the Okhotsk-Chukotka volcanic-plutonic belt. Other related 
metallogenic belts to the west in Alaska are the Northwestern Koyukuk Basin metallogenic belt and the Seward Peninsula 
metallogenic belt of granitic magmatism deposits (fig. 103). To the west and southwest, the Okhotsk-Chukotka volcanic-plutonic 
belt, which also hosts the Northwestern Koyukuk Basin and Seward Peninsula metallogenic belts, extends for 3000 km along 
western margin of Sea of Okhotsk(Nok1eberg and others, 1994c, 1997~).  The Okhotsk-Chukotka belt is interpreted as a 
continental-margin arc marking the Albian through Campanian and locally Paleocene active continental margin of northern Asia 
(Nokleberg and others, 1994c, 1997c, 2000). 

Metallogenic Belts Formed in 
Late Mesozoic and Early Cenozoic Kluane 
Continental-Margin Arc, Southern Alaska 

Kuskokwim Mountains Metallogenic Belt of 
Granitic-Magmatism-Related Deposits 
(Belt SWK) Southwestern Alaska 

Geologic Setting of Kuskokwim Mountains 
Metallogenic Belt 

A major Au-polymetallic metallogenic province associated wlth Late Cretaceous-early Tertiary granitoid plutons and 
associated volcanic fields occurs in the 650 long by 350 km wide Southwestern Kuskokwim Mountians metallogenic belt in 
western-southwestern Alaska (Nokleberg and others, 1995a). The metallogenic belt can be traced from Goodnews Bay in extreme 
Southwestern Alaska to Cosna Dome in the northeastern Kuskokwim Mountains, a distance of more than 650 km (fig. 103). 
Bundtzen and Miller (1997), have included the precious metal and related deposits of Late Cretaceous and early Tertiary age 
through out much of this region into the Kuskokwim Mineral Belt which is named after the Kuskokwim Mountains where most of 
the deposits occur. This name has also been adopted by other authors including Lange and others (2000) and Goldfarb and others 
(2000). Smith (2000), and Flanigan and others (2000), as stated above, regard the same area as a southwest extension of the 
Tintina gold belt, a belt of granitoid-related Au plutons of mainly Mesozoic age which spans the region of central Alaska and the 
Yukon Territory. 

During the twentieth century, lode and placer deposits derived from Cretaceous and early Tertiary igneous complexes 
within the Kuskokwim Mineral Belt have produced approximately 110,000 kg Au, 9,500 kg Ag, 3,842 kg Cu, and 1.5 million kg 
Hg (Bundtzen and others, 1992; Miller and Bundtzen, 1994; Nokleberg and others, 1996; Bundtzen and Miller, 1997; Bundtzen, 
1999). However, some of the placer gold is interpreted as derived from older bedrock sources: (1) about 15 percent of the Au 
production of 16,900 kg has been from placer deposits containing detritus from mid-Cretaceous (108 Ma) plutonic complexes in 
the Nyac district; (2) one percent (970 kg) was mined from placers erodlng Jurassic ultramafic rock complexes in the Goodnews 
Bay region; 

The significant deposits in the belt (Nokleberg and others 1995, 1996, 1997a, 1998; Bundtzen and Miller, 1997) include: 
the McLeod, and Molybdenum Mountain porphyry Mo prospects; the important Donlin Creek and Vinasale Mountain porphyry 
Au-polymetallic deposits; the Chicken Mountain, Von Frank, and Golden Horn porphyry Cu-Au prospects; Au-polymetallic vein 
and replacement prospects at Fortyseven Creek south of Sleetmute; the Arnold prospect near Marshall; the Mission Creek Owhat 
and Headwall prospects in the Russian Mountains; Cu-Au-Bi skam deposits in the Nixon Fork area; a small Fe skarn occurrence 
at Medfra; the Bismarck Creek, Win, and Won Sn-W-Ag polymetallic, greisen, vein, and skarn deposits; and epithennal Hg-Sb- 



Au veln,and hots spring deposits at Red Devil, Kaiyah, Kagati Lake, Kolmakof, Snow Gulch-Donlin, Cinnabar Creek, 
DeCourcey, and Gemuk Mountain; and felsic-plutonic U prospects at Wolf Creek Mountain andSicbu Creek. 

The lode deposits in the occur in veins, stockworks, breccia plpes, skarns and replacement deposits which formed in 
upper mesothermal to epithermal environments (Bundtzen and MUer, 1991; 1997; Gray and others, 1997). A plausibIe 
metallogenic model suggests which most of tbese deposits are similar vertically-zoned hydrothermal systems which are exposed at 
various erosional levels within the late Cretaceous and early Tertiary igneous complexes and wall rocks. Selected deposits and 
environments include: (1) the Cirque, Tolstoi, Headwall, Mission Creek, Win, Won, and Bismarck Creek, greisen Sn-Cu-Ag-As 
deposits (formed in upper mesothermal environment); (2) the Golden Horn, Chicken Mountain, and Von Frank porphyry Cu-Au 
deposits (formed in lower mesothermal envirohment); and (3) the Red Devil, DeCoursey, Donlin, and Mountain Top Hg-Sb (Au) 
deposits (epithermal deposits). The important Donlin Creek and Vinasale gold-polymetallic depasits resemble porphyry Au 
deposits (Wilson and Keyser, 1988; Hollisier, 19921, but bck metallic, fluid inclusion, and wallrack alteration more typical of 
porphyry Au systems (Bundtzen a d  Miller. 1997; Ebert and others, 2000). Unusual, U-rich, REE deposits occur in ultra-potassic 
felsic igneous rocks at Sischu Momtab and WoUCreek Mountain (Patton and othen, 1994; Bundtzw, 1998). The various Au- 
polymetallic and other mineral deposhs in the are interpreted as forming in a distinctly higher, stFUchlFEil level thaa the deeper, 
mesothennal systems in the East-Central Alaska metallogenic belt described below. Selected examples of important &posits in the 
Kuskokwim Mineral Belt are described below. 

The Southwestern Kuskokwirn Mountians metallogenic belt is hosted in the Kuskokwim Mountains sedimentary and 
volcanic belt that consists of three major types of igneous complexes: (1) calc-alkalic, metaalumiwus granite and quartz 
monzonite of Early and mid-cretaceous age (about 109 to 98 Ma); (2) peraluminous to rnetaaluminous, alkali-cakic to quartz 
alkalic, volcanic-plutonic complexes which contain plutons ranging in composition from alkali gabbro to qwvtz syedte and 
average about 70 Ma; and (3) peduminous granite porphyry sills and dikes which range from 48 to 71) M a  The various units of 
the Kuskokwim Mountains sedimentary and volcanic belt mtrude and overlie several major bixhck units, including the 
Proterozoic to Paleozoic Ruby terrane, the Paleozoic Nixon Fork terraae, tbe Late Pale~zoi~Uesozok lnnoko m e ,  the Triassic 
to Early Cretaceous Gemuk Group, the Ordovician to Jurassic Goodnews terrane, the Late Cretaceous K ~ b k w i r n  Group, and 
other basement rocks (Moll-Stalcup, 1994; Budtzen and Miller, 1-7). 

Kuskokwim Mountains Sedimentary 
and Volcanic Belt 

The Kuskokwim Mountains sedimentary and volcanic belt which hosts the Kuskolswim metallogenic belt consists of 
interlayered volcanic and sedimentary rocks which are intruded by coeval plutonic rocks. Geochemical and isotopic studies of the 
igneous rocks of the belt reveal two types of igaaourr complexes (Bundtzea and Miller, 1997): (1) peraluminous to metaluminous, 
alkall-calcic to quartz alkalic a d  lesser calc-alkalic, volcanic-plutonic complexes composed of plutons rangiag in composition 
from alkali gabbro, quartz djorite, gxaodiorite, monzonite, to syenite; and (2) peralurninous granite porphyry sills and dikes.. 
These two suites exhibit K-Ar crystallization ages ranging from 75 to 60 Ma (Late Cretaceous and early Tertiary). 

The volcanic suite consists chiefly of rhyolite and &cite domes, flows, md tuff, and dndcite, andesite, and basalt flows 
which exhibit K-Ar isotopic ages of 58 to 77 Ma (Bundtzen and Gilbert, 1983; Miller and Bundtzen, 1994; Moll-Stalcup, 1994; 
Moll-Stalcup and others, 1994). They display moderate-K, calc-alkalic to shoshonitic composilional trends with andmite and 
rhyolite being most common. REE patterns are variable, initial Sr ratios vary &om 0.704 to 0.708, and ggce element studies 
suggest assimilation of small amounts of continental crust of the metamorphosed continental margin Rutzy terrane (Miller, 1994; 
Moll-Stalcup, 1994; Moll-Stalcup and others, 1994). An unusually large range of incompatible c k n m t s  occur in the igneous 
rocks and their significance is not well understood (Moll-Stalcup, 1994). 

Sedimentary rocks underlying the Kuskokwim Mountains igneous belt include the mid- and Eate Kuskokwim Ormp 
(Cady and others, 1 955) and Cretdlceuus flysch of the Yukon-Koykuk basin (Patton and others, 1994). The Kuskokwim Group 
consists mainly of conglomerate to coarse-grained sandstone tmbidites deposited in deep-marine conditions, and lesser sandstones 
and conglomerates deposited in shallow-marine to nonrnarine conditions. The Kudsokwim Mountains igneous belt d the 
Kuskokwim Group are generally mildly fokled and faulted, and, to tbe south, are interpreted to overlie the W l n a  sedimentary 
and volcanic assemblage (fig. 103). To the east. Ihe igneous belt locally overlies the Wmgellia supertermne. Bundtaed and Miller 
(1997) and Patton and others (1994) provide more detailed geologic frameworks for both of these areas. 

Origin of and Tectonic Setting for 
Kuskokwim Mountains Metallogenic Belt 

The Kuskokwim Mountains metallogenic beIt is hosted by the Kuskokwim Mountains sedimentary and vdcanic belt 
which is interpreted as the back-arc part of the extensive, subduction-related Kluane igneous arc which occurred along the Late 
Cretaceous and early Tertiary continenbal margin of southern and southeastern Alaska (Moll and Patton, 1982; Bundtzen and 
Gilbert; 1983; Swanson and others, 1987; Ptafker and others, 1989; SzumigaIa, 1993; Miller and Bundtzen, 1994; Moll-Stalcup, 
1994; Nokleberg and others, 19951; Bundlzen and Miller, 1997). Supporting data for this interpretation include: (1) the alkali- 
calcic nature of the igneous rocks in the Kuskokwirn Mountains igneous belt which are more alkalic than the coeval Alaska 
Range-Talkeetna Mountains igneous belt; (2) trans-tensional tectonim associated with the Kuskokwh Mountains igneous belt; 



and (3) the existewe of peraluminous igneous rocks and the deposits in the Kuskokwim Mountains ignaous belt. In a similar 
setting, alkalic porphyry Cu-Au and polymetallic Sn deposits occur in back-arc extensional environments in South America 
(Hollister, 1978), and early Tertiary peraluminous intrusions in Yukon Territory are interpreted by Sinclak (1986) as forming 
during extensioaal, wrench hull lectonism related to strike-slip faulting. This interpretation is also advocated by Miller and 
Bundtzen (1994) for the mineralized plutons of the Kuskokwim Mountains igneous belt. 

In Alaska, the other major parts of the Kluane arc are the Alaska Range-Talkeetna volcanic-plutonic belt to the southeast, 
the Yukon-Kanuli igneous belt to the northwest, and the Late Cretaceous and early Tertiary granitoid rocks of the Yukon-Tam 
igneous belt to the northeast (Moll-Sblcup, 1994). The Kluane arc is interpreted as forming immediately after the accretion of 
Wrangellia superterrane in the midCretaceous, and was consequently substantially dismembered by major dextral-slip faulting in 
the Cenozoic (F'laker and others, 1989; Nokleberg and others, 1994d, 2000). These belts and the Kuskokwim Mouutains 
sedimentary and vo~canic belt are interpreted as a subduction-related arc that was tectonically linked to the Late Cretaceous part of 
the Chugacb accretionary-wedge terrane (Valdez Group and equivalent units) and to the early Tertiary part of the Prince William 
accretionary-wedge terrane (Orca Group and equivalent units) (Nokleberg and others, 2000). 

Felsie Parphyry Ma Deposits - 
Kuskokwh huntsins MWIaganic Belt, 
Southwestem Ataska 

A nortb-south-trending, linear belt of quartz monzonite to granite porphyry stocks and plutons, that host porphyry MO 
deposits and profpects, intrude the Late Cretaceous flysch of the Kuskokwim Group and older metamorphic rocks of the Ruby 
ten-ane in the west-cenhal Kuskokwim Mountains. From south to north along a linear distance of about 125 km, these deposits ~d 
prospects include the McLeod deposit in the eastern Kaiyuh Hills along the lower lnnoko River Drainage and the Molybdenum 
Mountain deposit on the Owhat River. These two felsic porphyry Mo deposits are generally similar to the model of Lowell and 
Guilbert (1970). All three deposits and prospects contain concentric phyllic and argillic alteration zones, and plot in the granite 
field of a normative QAPF diagram, and are peraluminous. 

McLeod Porphyry Molybdenum Prospect 

The McLeod porphyry Mo deposit strikes east-northeast and consists of a molybdenite-bearing quartz stockwork in a 
quartz porphyry stock h u t  3 km2 in area (Mertie, 1937a; Chapman, 1945; West, 1954; Nokleberg and others, 1995a). The stock 
intrudes undifferentiated Cretaceous greenstone of the Kuskokwim Group and is interpreted as associated with quartz latite dikes 
which occur near the eastern boundary of the pluton. In addition to quartz and molybdenite, the stockwork contains pyrite, 
pyrrhotite, and chlorite. The stockwork locally comprises up to 10% of the intrusion. Veinlets also occur in adjacent penstone. 
The quarlz-fabpai porphyry stock and latite dikes exhibit a phyllic alteration core flanked by oilicic and ugih wnfB in a 300 by 
1,100 rn area. The stockwork averages 0.89% MoSz over a 30 by 350 m surface area. The q u a  porphyry stock has a K-Ar biotite 
age of 69.3 Ma (T.K. Bundtzen, unpublished data, 1987). 

Molybdenum Mountain Porphyry Molybderwrm Prospect 

The Molybdenum Mountain porphyry Mo prospect (T.K. Bundtzen, unpublished data, 1987; Noklahg  and others, 
1995a) consists of a stockwork of vein quartz with massive and disseminated molybderrite, galena, and pyrite in the MolyW~mum 
Mountain stock, a small, 2 km2, hypabyssal felsic intrusion which occurs about 45 km mrtheest of Amiak. Alteratiom are maialy 
silicic and sericitic. A large, elongate. contact metamorphic aureole surrounds the Molybdenum Mountain stock and several 
s m k r  intrusions which occur about 4 to 6 krn to the northeast. Selected rock samples from the Molybcknum Moutltain stock 
contain up to 5.W MoS2; however, average estimates of grade are not available. The stuck intrudes conlact-rnemmxphosed, Late 
Cretaceous flysch of the Kuskokwim Group along a large shear zone which is a splay of the Iditarod-Nixo*Fork Fault, a major 
dextral-slip Cenozoic fault in west-central Alaska. A K-Ar white mica age of 60.9 Ma is obtained h m  the stock. 

Alkalic-Calcic Porphyry Cudu Pmspects - 
Kuskokwim Mountaim lwefellogenk Belt 

Alkdic-calcic, porphyry Cu-Au deposits and prospects have only been recently identified in the central K u ~ k o k ~ h  
Mountains. The general geology structure, and alteration features of the porphyry deposits in the southwestcm Kuskokwim 
Mountains metallogenic belt are generally those of the alkalic porphyry Cu-Au model of Lowell and Guilbert (1970) or to the 
porphyry Cu-Au deposit model of Cox (1 986b), except that the classic alteration patterns are lacking. The significant deposits are 
at Chicken Mountain and Von Frank Mountain. These deposits, display similar characteristics, including tourmaline-bsaring 
breccia pipes, stoekworks, metal zoning, and petrology. The host plutons for the deposits range fmm 66 to 71 Ma and intrude ]Late 
Cretaceous flysch of the Kuskokwim Group. 



Chicken Mountain Cu-Au Deposit 

The Chicken Mountain porphyry Au and polymetallic vein deposit (fig. 108) (Bull, 1988; Bundtzen and others. 1992; 
Nokleberg and others, 1995a; Bundtzen and Miller, 1997) consists of a stockwork of gold-quartz sulfide and sulfide veinlets 
which occur in tbe cupola of the Chicken Mountain pluton. The pluton is zoned: older, peripheral alkali gabbro and wehrlite is 
successively intruded by monzonite. syenite, and local quartz monzonlte. A dumbbell-shaped alteration zone of peripheral ankerite 
and sericite surrounds most of the known parts of the deposit. Large dolomite replacement zones formed synchronously with a 
sulfide mineral assemblage which includes arsenopyrite, stibnite, cinnabar, scheelite, chalcopyrite, molybdenite, various sulfosalts, 
and arsenopyrite. The sulfide minerals rarely comprise more than 5% of veins in the stockwork, and the veins typically are about 1 
to 2 cm thick. 

An apparent temperature-pressure zonation exists as determined by mineral assemblage, alteration, and fluid inclusion 
data (Bundtzen and others, 1992). A deuteric magmatic event which contained elevated Ta and Sn values was followed by 
formation of a black sulfide breccia rich in Cu and Mo; which was in turn followed by emplacement of As-W-Au veins and 
stockwork and Pb-Au-Sb sulfosalts. A final Sb-Au (Hg) quartz vein episode overprinted the older mineralizing events. K-Ar 
isotopic ages for both plutonic rocks and mineral veins average about 69.5 Ma. A secondary biotite age of 63.5 Ma from the 
Golden Horn deposit (Bundtzen and Miller, 1997) may postdate the late-stage Sb (Hg) epithermal vein mineralization. A drilling 
program conducted in 1989 through 1990 suggests a reserve of 14.5 million tonnes grading 1.2 g/t Au, 0.09% Cu, and 0.46% Sb 
to a depth of about 200 m (Bundtzen and others, 1992). 

Cirque, Tolstoi, Bismarck Creek, and Win 
Sn-Ag Polymetallic Deposits 

Sn-Ag-polymetallic deposits occur in the Beaver Mountains (fig. 109) west of McGrath, and in other areas of the 
Kuskokwim Mountains (Bundtzen and Laird, 1982; Miller and Bundtzen, 1994; Nokleberg and others, 1995a; Burleigh, 1992a,b; 
Bundtzen and Miller, 1997). The deposit consist of vein stockworks, replacements, and tourmaline breccias with anomalous Ag, 
Cu, Pb, W, Sn, Nb, and As, and uncommonly Au. The deposits occurs in both Late Cretaceous and early Tertiary plutons and in 
overlying contact-metamorphic hornfel. The significant lode prospects in the Beaver Mountains occur in a 15 km' area centered 
on the Cirque and Tolstoi prospects (Bundtzen and Laird, 1982) which are is called the South Quartz Zone by Szumigala (1993). 
A K-Ar biotite age of 70.3 Ma (Bundtzen and Laird, 1982) is obtained for quartz syenite near the northern margin of the Beaver 
Mountains pluton. The Cirque and Tolstoi deposits consist of a series of parallel tourmaline-axinite-sulfide fracture fillings and 
tourmaline-syenite breccia pipes which occur in the cupola of a quartz syenite phase of the Beaver Mountains pluton. Chip- 
channel samples range up to 2 1.0% Cu, 1.000 g/t Ag, 200 ppm Sn, and 1 g/t Au (Bundtzen and Laird, 1982; Miller and Bundtzen, 
1994). 

The Bismarck Creek deposit occurs in an east-west to northeast-trending zone of tourmaline-axinite-cassiterite-sulfide 
gossan in hornfels, about 70 km southwest of McGrath (Bundtzen and Miller, 1997). Secondary biotite is locally abundant and 
occurs in fine network veins and replacement zones in breccia. A 30-meter-wide zone extends for about 300 meters along strike. 
Based on extensive surface sampling and geological modeling, Bundtzen and Miller (1997) estimate that the Bismarck Creek 
deposit contains about 500,000 tonnes grading 0.137 percent Sn, 47.8 gramsltonne Ag, 0.26 percent Zn, and anomalous Cu, F, bi, 
Sb, and In. A nearby Sn granite intrusion on Granite Mountain is radiometrically dated at 6 1 Ma. 

The Win and Won deposits, each of which contain 5 or more individual occurrences and prospects, are about 35 km 
apart. Both deposits occur north of McGrath, and contain some of the most important Sn-polymetallic resources in the 
Kuskokwim Mineral Belt and perhaps in all of Alaska. Both groups of deposits consist of polymetallic-sulfide and quartz- 
cassiterite assemblages in vein and breccia in quartz-tourmaline hornfels (Burleigh, 1992a. b; Bundtzen and Miller, 1997; 
Bundtzen, 1999). Although neither the Win nor Won deposits are isotopically dated, both are spatially associated with several sub- 
volcanic plutons which have isotopic ages ranging from 60 to 70 Ma (Moll and others, 1981). Sulfosalt-rich veins and breccias at 
the Win deposit contain up to 643 glt Ag, and 6.97 percent Sn, but very little Au. The better studied Won deposit group is 
estimated to contain 1.94 millon tonnes grading 0.59 percent Sn and 42 g/t Ag. The Win and Won deposits are geologically and 
morphologically similar to the Bismarck Creek deposit described above. 

Von Frank Mountain Porphyry Cu-Au Prospect 

The Von Frank Mountain porphyry Cu-Au prospect (J. DiMarchi, written cornrnun., 1994; Nokleberg and others, 1995a; 
Bundtzen, 1999) occurs about 100 km northeast of McGrath and consists of stockwork in a quartz diorite and augite-biotite 
granodiorite. These rocks occur in a down-dropped structural block along the southern limit of a volcanic-plutonic complex 
exposed at Von Frank Mountain. The stockwork consists of chalcopyrite and arsenopyrite, minor molybdenite, and free gold in 
quartz-carbonate veins in a cupola of the intrusive system. Alterations are sericite, silica, and dolomite replacements which are 
similar to those in the Chicken Mountain porphyry Au deposit (Bundtzen and others, 1992). A K-Ar mineral isotopic age of 69.9 
Ma was obtained from a granitoid pluton north of the prospect (Moll and others, 1981). Bundtzen (1999) indicates which Cu and 
Au have a correlation coefficient of 0.92; coefficient values between Au and other metals are much lower. Grades range from 0.5 
to 19.1 g/t Au and from 0.05% to 0.45% Cu. One drill hole intercepted about 45 m grading 1.2 g/t Au and 0.08% Cu. The Von 
Frank Mountain deposit is the most northeastern porphyry deposit known in the Kuskokwim Mountains metallogenic belt. 
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Figure 108. Chicken Mountain and Black Creek granitoid-related Au-Ag (Cu) deposits, Flat district, Kuskokwim Mountains 
metallogenic belt, Southwestern Alaska. Schematic geologic map showing locations of Au-bearing plutons. Note the radial 
distribution of placer gold deposits surrounding the mineralized plutons. Inset shows style of mineralization at the Chicken Mountain 
gold polymetallic deposit. Adapted from Bundtzen and others (1992), and Bundtzen and Miller (1997). 
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Figure 110. Donlin Creek porphy~y Au deposit, Southwestern Kuskokwim Mountains metallogenic beY, Sawttwestern Alaska. 
SchmaUc geologic map of Donlin Creek dike swarm and adjacent units. Adapted kom Retherford and McAtet3 (1994) and 
Bundken and Miller (1897). 

Vinaede Granitdd-Related (Porphyry) Au Deposit 

The Viwale  Mountain granihd-related Au (porphyry Au) deposit (fig. 1 1 1) (DiMarchi, 1993; Nokleberg and 
1995a), which lies about 25 km south of McGrath, consists of Au-Ag-Sb-Pb-As sulfide minerals which occur as dissemimtions, in 
breccia, a d  in dolomite veins a ~ d  segregations. Mafic minerals exhibit silica, sericite, and propylitic replacements. The hig$eet 
Au concentrations occur in the central zone of the deposit in areas of intense sericite and silica alteration. Over ninety percent of 
the gold occurs in As and Sb sulMes and sulfosalts. Correlation coefficients are highest between Au and AS (0.81). The deposit is 

! hctsled in variaw phases of the Viaasale plutoa which consists of a multiphase, 6 krn2 intrusion composed of mcmzonita, ~UWZ 
moazonite, and granite porphyry. The pluton intrudes the Late Cretaceous Kuskokwim Group. A K-Ar biotite isotopic age of 69.0 
Ma is obtained a quartz monzonile phase of the Vinasale Mountain pluton (Bundtzen, 1986). Based on about 1 1,260 m o f d f i l l i  
a central zone of the Vinasale Deposit contains reserves of about 10.3 million tonnes grading 2.40 g/t Au (24,540 kg of gold 
resource) and with minor Ag and Sb, or about (Bundtzen and Miller, 1997). Recent industry exploration, including soil surveys 
and geophysicd and drilling programs (DiMarchi, 1993) indicate that the Vinasale Mountain as one of h e  most imgmrumt lode 
gold deposits in the Kuskohim Mineral Belt. 
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Figure 11 1. Vinasale Mountain granitold+elated (porphyry) Au d m .  Kuskokwtm Mountains metallogenic belt, Southwestern 
Alaska. Schematic geabgc map showing location of CerrtreJ h&n~ral Zone. Adapted from Bundtzen (1986), DiMarchi (1993), and 
Bundtzen and Mler (1W7). 

Marshall District d thm&WR&W Au Depr)slb, 
West-Central Alaska 

A suite of granitoid-rehted Au deposits of thu h&mW distric€ mxur at the Anaoldprmpct tha hssdufWillow 
Creek in southwestern Alaska (Bun* and Mk, 1997). The depmfs m& of quark- v d s  which oe~llr in, or neou 
sheared Late Cretaceous or early Tertiary dd&e sills which inaade the K o p h k  island-arc tenane (NokIehg end ofhas, 
1994c, 1997~). The significant deposits and prospects h c h k  the Arnold, K&o, and ShlyaProk gold prospects. 

The Arnold prospsct mnsista drrn 7 - .  e s s t s s t w ~ t - ~  mite of low sulfide polymetall~c v b w h i c h  wcain 
gold in quartz and carborn* gangue. Tho Mdenrinerals, whkb comptk lese khan mepemat of the deposit, 81a dhmnkkd 
chalcopyrite, molybdenite, galena, and tetrdwdth. Tbe vein system occurs m, or near sheared alaskite sills. A distinctive albite 
rhyolite d i e  or sill parallels the main vein system. Tbe sills klmk (miy Early Cretaceous) greenslono derived &om 
tholeiite metabasalt and mebdesite .  The d q w i t  exbda akwg shrike for least 400 maem and ranges from 0.5 to 2 m thick. 
Abundant carbonate alteration occurs adjacent to the main po1pnehUc veins. Mo avenges about 80 p p  in var& Mo 
anomalies occur in soils. Grab samgles of mks contain up to 97 g/t and 1100 glt Ag. 

Other significant gol&polymetallic m i n ~ t i o n  m h e  M&l U t  include impmhnt lode md essociakd placer 
gold occurrences at Kako Creek crnd SRtyahok, h u t  55 km and 75 km east of the Arnold proqml, respectively (Miller and 
others, 1998). Both af &he latter prospecis rcmmbla the Donh Creek deposit dewi'bed above, and are spaESalEy related to d l ,  
Late Cretaceous ,sills m d  dikes which intmde the Koyuhk terpana. 

Au-Ag-Hb-Sb EpMennat W t 8 ,  
Kuskokwim M i n d  B.lt 

E p i t h e d  systems of the Kuskokwin M i n d  Belt are subdivided into three majcw types (Bmdtam and q c r ,  11997; 
Gray and others, 1997): (I )  stnrcturally cootrolled (AubHgSb deposits related to altered olivhat: bas& (2) low tempamm 
Ay-Sb-Hg m i n d  m &ear zones in high level jmrhoils of bY.nisians; and (3) chPloedoay breccias hosted in subaerial volcanic. 
piles, including stockwark veins aijacent to volcanic caldmw- AkhOPlgh generally poo& classified, the three epithemal deposit 
types probably cormpand to depbsit models the horspringrs Ail-&, C d  cpithend, mil §ado epitherPael depc& mdcIs of 
Cox and Singer (1986). 

The structurnlty controIId Au-Sb-Hg depositJ (type 1) are part of a well-studied Hg beh (Sainshury md MacKevett, 
1965) which e x W  nearly 5500 EEm fi-bm the Red Top mine near Bristol Bay to Mount Joaquin near McGrath. The principle type 
1 deposit is the Red DevU Hg-SIs mine near Sleetmute which produced m o ~ e  than 85 peFCeat of the 1.5 W k m  kg o f w  Hg 



production from the Kuskokwim Mineral Belt, and was the largest mercury mine in Alaska. At Red Devil, high-angle structures 
cut flysch of the Cretaceous Kuskokwim Group and altered mafic dikes. The fluids tht deposited cinnabar and stibnite utilized 
faulted mafic dikes as structural conduits; however no clear link exists between dikes and the deposit. Bundtzen and Miller (1 997), 
Gray and others (1997), and Miller and others (1989) all report which fluid inclusion data from type 1 epithermal deposits in the 
Kuskokwim Mineral Belt which indicate shallow depths of ore deposition at less than 1,500 bars pressure, and less than 200 C. 
Gray and others (1997) report radiometric ages ranging from 72.5 to 76 Ma for several deposits. Type 2 Au-Sb-Hg vein deposits 
include the Dishna River Au-Sb prospect and Glenn and Minnie Gulch prospects, which cut high level plutonic rocks in the Flat 
area (Bundtzen and others, 1992; Bundtzen and Miller, 1997). 

During 1998-1999, an important new epithermal Au-Ag deposit (type 3 above) was discovered at the Kaiyah prospect 
about 125 km southwest of McGrath (Bundtzen and others, 2000). The deposit occurs about 2 km from a curvilinear, faulted 
contact between the Early Cretaceous flysch of the Yukon-Koyukuk basin and andesite tuff, welded tuff, and rhyodacite domes of 
the Late Cretaceous and early Tertiary Poison Creek caldera. The volcanic rocks have isotopic ages of 42.5 and 65.2 Ma, and the 
caldera covers 75 km2 (Bundtzen and Miller, 1997). The deposit occurs in a 4 by 2.5 krn altered area which contains abundant 
silica alteration, and extensive alunite, jarosite, and sericite alterations. lndividual Au-Ag veins average 30 m thick and extend 
about 450 m along strike. Anomalous elements are Sb, Hg, As, Te, Pb, Cu, and Bi. Geological and geochemical data suggest that 
the Kaiyah deposit is a high sulfidation epithermal Au-Ag deposit with a Ag:Au ratio of about 40: 1. Grades range up to 10.8 g/t 
Au gold and 465 g/t Ag (Bundtzen and others, 2000). 

Other Significant Deposits in the Kuskokwim Mineral Belt 

The high grade Au-Bi-Cu skams at Nixon Fork (fig. 1 12), 45 krn, northeast of McGrath, have been developed and mined 
since the 1920s. The ore deposits occur in irregular, and rich, pipe-like, garnet-epidote-magnetite-gold-copper-skarn which rim a 
monzonite stock that has a K-Ar isotopic age of 68 Ma. The intrusion cuts Ordovician limestone of the Novi Mountain Formation 
(Patton and others, 1994). From 1920 to 1999 Nixon Fork Mining Company and previous operators produced 6,2 10 kg Au, and 
byproduct Bi and Cu from about 128,300 tonnes of ore (Bundtzen and others, 2000). 

East-Central Alaska Metallogenic Belt of 
Granitic Magmatism Deposits (Younger, 
Late Cretaceous and Early Tertiary Part; 
Belt ECA) East-Central Alaska and 
Northern Canadian Cordillera 

This major, long, extensive, and complex metallogenic belt of Late Cretaceous and early Tertiary granitic-magrnatism- 
related deposits (belt ECA) (fig. 103; tables 3,4) occurs in east-central Alaska and the western Yukon Territory (Nokleberg and 
others, 1995a). The significant deposits are mainly various W skarn, porphyry Cu-Mo deposits, polymetallic vein, Sn greisen and 
vein, and Sb-Au vein deposits in the northern and eastern Yukon-Tanana terrane (table 4). Described below are the major Casino 
and Taurus porphyry Cu-Mo deposits, and the Road Metal tourmaline-topaz-quartz sulfide greisen deposit. 

The East-Central Alaska part of the belt contains a variety granitic magmatism deposits which are hosted in Late 
Cretaceous and sparse early Tertiary granitoids which intrude the northern and eastern Yukon-Tanana terrane (Table 4). Major 
deposits are: (1) a W skam deposit at Salcha River (possibly mid-Cretaceous); (2) porphyry Cu-Mo deposits at Mosquito, Asarco, 
Taurus, and Casino; (3) a Sn greisen deposit at Ketchem Dome; (4) Sn greisen and Sn vein deposits at Ketchen Dome and Lime 
Peak; and (5) a felsic-plutonic U deposit at Roy Creek (former Mount Prindle). For deposits in groups (1) to (4), the host rock of 
the Yukon-Tanna terrane consists of metamorphosed and penetratively deformed, middle Paleozoic and older, quartz- 
metasedimentary, sparse metavolcanic, and rare middle Paleozoic metagranitoid rocks (Foster and others, 1987). For the deposits 
in group (5), the granitoid rocks hosting the felsic-plutonic U deposits intrude a sequence of weakly deformed, quartz-rich 
sandstone, grit, shale, and slate, containing probable Early Cambrian fossils, which form part of the Wickersham passive 
continental margin terrane (Jones and others, 1987). Yukon Territory part of the belt contains porphyry Cu-Mo deposits in the 
Cannacks area. 

Casino Porphyry Cu-Mo-Au Deposit 

The large Casino (Patton Hill) porphyry Cu-Mo-Au deposit in the Carmacks area, Yukon Territory, is hosted in a breccia 
pipe and associated porphyritic dacite and granite of the Casino Intrusive Complex which has a K-Ar isotopic age 7 1.3 Ma, which 
intrudes the Early Jurassic Klotassin batholith. The deposit occurs in the center of the complex and consists of a central, conical 
breccia pipe, fine-grained quartz monzonite, intrusion breccia, and plagioclase porphyry intrusions (EMR Canada, 1989; Mining 
Review, 1992; Sinclair, 1986; Northern Miner, December 6,1993; Bower and others, 1995). An innermost zone of potassic 
alteration is associated with hypogene sulfides, and contains superimposed phyllic and pyrite alteration, and weakly-developed, 
peripheral propylitic alteration. Supergene minerals are chalcocite, digenite, and covellite which occur as replacements of 
hypogene sulfides. A 70-m-thick, Au-bearing leached cap overlies a well developed supergene enrichment blanket. Estimated 
reserves are: (1) for a combined Au-oxide zone in the leached cap and an copper-oxide supergene zone, 28 million tonnes grading 
0.68 g/t Au, 0.11% Cu, and 0.024% Mo; (2) for a sulfide supergene zone, 86 million tonnes grading 0.41 g/t Au, 0.43% Cu, and 



0.03 1% Mo; and (3) for a hypogene zone, 445 million tomes grading 0.27 g/t Au, 0.23% Cu, and 0.024% Mo (Godwin, 1976; 
Bower and others, 1995). 

Skam de osit wRh sufflde deposb; P names o individual bodies shown 

Figure 1 12. Nixon Fork Cu-Au skam deposit, adjacent prospects, and sunoundlng area, Kuskokwim Mountains metallogenic belt, 
Southwestern Alaska. Schematic geologic map. Porphyry dlkes, alteration, and main stock all geld identical K-Ar ages of69 Me. 
Modified from Cutler (1994) and Newbeny and others (1997). 

Taurus Porphyry Copper-Molybdenum Deposfi 

The Taurus porphyry Cu-Mo deposit (E.R Chipp, written commun., 1984; Leriche, 1995) occm in the tastcm part of 
the Yukon-Tanana Upland in east-central Alaska, and consists of chalcopyrite, molybdenite, and pyrite that ocwr as  
disseminations and in veinlets composed of quartz-orthoclas+~cite, quartz-magnetibanbybrite, quartz-saicibpyri~lay- 
fluorite, and quartz-o~oclase-biotite. The d i d a t i o n s  and veinlets occur in at least three mas m a zone of hypabyssal plutons 
about 13 krn long and 1.6 km wide. The plutons consist of early Tertiary granite porphyry, grsnodioiite, aod quartz latite po*yry 
(57 Ma, T.K. Bundtzen, written cwnmun., 1994) which intrude middle Palaozoic or older quartz-muswvite schist of the Yukon- 
Tanana terrane. The core of the pluton exhibits potassie alteration whereas sericitic alteration occurs in the periphery and adjacent 
wall rocks. The sequence of alteration, fiom oldest to youngest, is hydrothermal potassic, propylitic, phyllic, and sericitic. 
Magnetite-rich cores of the potassic-altered granite porphyries contain sparse sulfides. Higher concentrations of Cu md Mo 
sulfides occur in the periphery along with phyllic alteration. T o d e ,  fluorite, and replacement of chalcopyrite by chalcocite 
occur locally. Numerous fauhs and shears occur in the deposit. The deposit contains a resource of 23 million tomers grading 03% 
Cu and 0.039% Mo fleriche. 1995). 

Road Metal Tourmdtne-Topaz-Quattz-SuMds 
Greisen Deposit 

The Road Metal deposit displays the classic features of a tourmaline-topazquartz suifide p i sen  deposit (Btmdtzen, 
Schaefer, and Dashevsky, 2003). The wos i t  occm adjacent to the Alaska Highway in East- Alaska. *r8r/39~r isotopic 
ages of 68-70 Ma are obtained fiom hydrothema1 sericite in veins. The R o d  Metal deposit consists of structurally controlled, 



sulfide-rich, tourmaline-muscovite greisen, semi-massive sulfide replacement veins, massive white mica alteration zones, and 
smokey-quartz-rich, potassic alteration zones that hosted in granite and quartz monzonite with a K-Ar isotopic age of 95 Ma. 
However, sulfide-rich quartz monzonite and white mica alteration minerals In greisen yield 4 0 ~ r / " 9 ~ r  isotopic ages ranging from 
7067 Ma. Sulfide and sulfosalt minerals in drill core include kobellite, boulangerite, owyheeite, galena, chalcopyrite, pyrite, and 
tetrahedrite. The sulfide greisens strike northeast, dip vertically, range from 40-50 meters wide, and extend for about 1,400 meters 
along strike. More than twenty diamond drill holes totaling about 5,300 meters of drilling completed and significant mineralization 
occurs in about half of the drill holes. Up to 85.8 g/t Au, 4,634 g/t Ag, 6.00% Sb, 2.42% Bi, and 3.83% Cu occur in 1.5-meter- 
long drill intercepts. No resource or reserve estimates are yet established. A preliminary quartz fluid inclusion study in mineralized 
greisen indicates primary fluid inclusions have homogenization temperatures from 322-381" C. and contain 16.0 to 18.2 weight 
percent NaCl (Cameron Rombach and John Mair, University of Western Australia, written commun., 2001). Secondary inclusions 
have homogenization temperatures ranging from 277-430" C and contain 23.1 to 29.9 weight percent NaCl. These results are 
consistent with formation in a relatively high temperature saline greisen or a porphyry Cu-Au system at pressures of 1-3 kilobars. 

The Road Metal deposit shares some features with other granitoid-related deposits in the East-Central Alaska 
metallogenic belt (younger part) in the Yukon-Tanana Upland, including high Au and Ag, elevated Bi, major oxide chemistry of 
host intrusive rocks, and regional geologic setting. A high Bi:Au ratio of about 250: 1, high Ag:Au ratio of about 40: 1, elevated Sn 
and W, and intrusive and deposit isotopic ages of 67-70 Ma, collectively suggest that the Road Metal deposit is comparable with 
deposits hosted in the Carmacks Plutonic Suite in the western Yukon Territory, with isotopic ages of 75-55 Ma, and also with 
other deposits in the East-Central Alaska metallogenic belt, including the Casino, Taurus, and Mount Nansen porphyry Cu-MO 
deposits. If the 400 krn of right-lateral strike-slip along the Denali fault is restored, the area hosting the Road Metal deposit may 
link up with the Southern Alaska Metallogenic Belt (described below), which is near Chulitna and which contains both Au- 
polymetallic greisen and porphyry deposits as Golden Zone. 

Plutonic Rocks Hosting East-Central 
Alaska Metallogenic Belt 

The East-Central Alaska metallogenic belt (younger part) is hosted in Late Cretaceous (with isotopic ages of about 94 to 
70 Ma), and in early Tertiary granitoid rocks (with isotopic ages of about 74 to 55 Ma) which are the younger part of the Yukon- 
Tanana igneous belt (Miller, 1994; Moll-Stalcup, 1994) and the correlative Carmacks Plutonic Suite (Mortensen and others, 
1994). In East-Central Alaska, these granitoids intrude the Yukon-Tanana Upland which is underlain by the large Yukon-Tanana 
terrane, and a collage of smaller, continental-margin terranes, including the Wickershim and Manley terranes (Nokleberg and 
others, 1994c, 1997). In East-Central Alaska, most of the Late Cretaceous granitoids are calc-alkalic and intermediate in 
composition, and chemical data indicate which some of the plutons formed from magmas contaminated by continental crust in 
areas underlain by the continental-margin Yukon-Tanana terrane (Foster and others, 1987; Miller, 1994). The younger, 
dominantly early Tertiary granitoids generally exhibit high initial Sr ratios and are interpreted as forming from a mixture of 
mantle-derived magma and continental crust (Foster and others, 1987; Miller, 1994). 

The Late Cretaceous granitoid plutonic rocks which host the lode deposits in the western Yukon Tenitory (Carmacks 
area) consist of calc-alkaline granodiorite and quartz monzonite plutons of the Carmacks Plutonic Suite which intrude the Yukon- 
Tanana and locally the Stikinia terranes (fig. 103) (Mortensen and others, 1994). 

Origin of and Tectonic Setting for East-Central Alaska 
Metallogenic Belt (Younger Late Cretaceous and 
Early Tertiary Part) 

The younger, Late Cretaceous and early Tertiary Yukon-Tanana igneous belt, and the Carmacks Plutonic Suite are herein 
interpreted as part of the subduction-related Kluane arc which occurred along the Late Cretaceous and early Tertiary continental 
margin of southern and southeastern Alaska (Plafker and others, 1989; Moll-Stalcup, 1994; Nokleberg and others, 1994b, 1997a, 
2000). In Alaska, the other major parts of the Kluane arc (Moll-Stalcup, 1994) are the Kuskokwim Mountains sedimentary, 
volcanic, and plutonic belt, the Alaska Range-Talkeema volcanic-plutonic belt, and the Yukon-Kanuti igneous belt. The Kluane 
arc is interpreted as forming immediately after the accretion of Wrangellia superterrane in the mid-Cretaceous, and was 
substantially dismembered by major dextral-slip faulting in the Cenozoic (Plafker and others, 1989; Nokleberg and others, 1994b, 
2000). The Kluane arc is tectonically linked to the Late Cretaceous part of the Chugach accretionary-wedge terrane (Valdez Group 
and equivalent units) and to the early Tertiary part of the Prince William accretionary-wedge terrane (Orca Group and equivalent 
units; Plafker and others, 1989; Plafker and Berg, 1994; Nokleberg and others, 1997e, 2000). 

Southern Alaska Metallogenic Belt of 
Granitic Magmatism Deposits (Belt SA) 
Central and Northern Part of Southern Alaska 

The major Southern Alaska metallogenic belt contains a wide variety of felsic-magmatism-related deposits (fig. 103; 
tables 3,4) and occurs in the central and northern parts of Southern Alaska (Nokleberg and others, 1995a). The metallogenic belt 
is hosted in the Late Cretaceous to early Tertiary Alaska Range-Talkeetna Mountains volcanic-plutonic belt (Nokleberg and 



others, 1994c. 1997~) .  The granitoid rocks in this igneous belt range in age from Latest Cretaceous to early Tertiary; the largest 
events occurred in the early Tertiary (Moll-Stalcup, 1994). The significant deposlts in the belt are (table 4) (Nokleberg and others 
1997a, b, 1998): a porphyry Cu deposit at Kijik River in the Bristol Bay District; a porphyry Cu-Au deposit at Pebble Copper in 
westem-southem Alaska; and polymetall~c vein, Au-Ag breccia pipe, or porphyry Cu-Au deposit at the Golden Zone in the 
Chulitna district (Nokleberg and others. 1993). Other deposits in the belt are: Ag-Pb-Au (Cu) skam deposits at Bowser, Sheep 
Creek, Tin Creek, and Rat Fork Creek In the Farewell District; various ALL-Ag polymetallic veln, porphyry Cu, and porphyry Cu- 
Mo deposrts at Nlm, Nimbus, Ready Cash, and Silver King in the Chulitna district and at Treasure Creek; various polymetallic 
vein and porphyry Cu deposits at Bonanza Hills, Nabesna Glacier, and Partin Creek; a porphyry Mo deposit at Miss Molly (Hayes 
Glacier); a Cu-Au skam deposit at Zackly in the Valdez Creek district (fig. 113; table 4); a Sn greisen and Sn vein deposits at 
Boulder Creek (Purkeypile), Coal Creek, Ohio Creek, and Sleitat (fig. 114; table 4); and a carbonate-hosted Hg(?) deposlt at 
White Mountains. 
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i Tln Creek Cu-Pb-Zn Sknn Deposit 

The Tin Creek Cu-Pb-Zn skarn deposit (fig. 1 15) (Szurnigala, 1987; Newberry and others, 1997a) consi* of pyroxene- 
rich s k m  with abundnpl sphalerite and minor chalcopyrite, and garnet skarn with chalcopyrite and minor qhaletile; and locally 
abundant cpibte and amphble. The pyroxene skarn is distal, and the garnet skarn is proximal to an extensive Tertiary &cite to 
andesite poprhyry dike swam thar intnrdes polydeformed, middle Paleozoic contact metamorphosed, claslic a d  carbwak mck. 
The skam hms small. discontinuous bodies up to 3 m wide along dikes, as manto replacement in marble, and as irrephrbadies 
along along thrust and high-angle faults. The skams are zoned, w~th garnet-chalcopyrite-rich skarn proximal to the dike swam 
cenler, a& pyroxem-awerite-richskam distal to the dike swarm. Garnet-rich skam grades 0.5- 1% Cu and 1-2 ozti A& and 
neghgible Zn and Pb. Pyroxene-rich sharn generally contains 5-20% Zn, 0.1-3% Pb, 0.5-2% Cu, and 2-9 oalt Ag. In a aingle 
oulcrop, skarn proxcne b c c o m  mare Fe-rich, and sulfides increase towards marble. Sulfide veins occw locally in dikes md 

I w d  rocks. Many dikes are lacking associated skarn, and many dikes possess skarn only along one contect.'lhe deposit has a 
I resource of an estimated 230,000 tonnes with 16% combined Pb and Zn. 

I The Kijik River porphyry Cuckposit consists of a large area of low-grade, disseminated chalcopyrite, pyrite, d minor 
molybdenite which o m  in and @amnt to an early Tertiary dacite porphyry (Eakins and others, 1978; Nelson and others, 1985; 
T.K. &adken, writtea commun., 1984). The deposit contains a distinctive orange gossan which extends over a 3 k d  area. The 
gossan contains an exiensive sbckwork, and zones of sericite and silicic alteration and sulfides. The stockwart varies from weak 

I to intense, cansuts mainly of quartz a d  sulfide minerals, and is developed both in the dacite porphyry and in overlying vdcanic 
rocks. Evlensive propylitic and silicic alteration occurs in the dacite porphyry. The deposit conlains a possiMe r m e  af 90 
d o n  tomes and some samples containing up to 0.25% Cu and 0.17% Mo (T.K. Bundtzen, written wrnmun, 1984). 

Gdden Zone Deposit 

The Golden h e  deposit exhibits features common to polymetallic vein, Au-Ag breccia pipe, and porphyry Cu deposits. 
The sulfide mineralogy consists ~f auriferous arsenopyrite and minor chalcopyrite, sphalerite, and pyritc in a quam gangue which 
fills open spaces in a breccia pipe (Hawley and Clark, 1974; Swainbank and others, 1978; C.C. Hawley. wrilSeR commun., 1985, 
1990). The brecia pipe occurs in the highly-fractured central part of an Late Cretaceous early Tertiary quartz diorib porphyry. 
The are zone is about 125 m in diameter. At the surface, high-grade mineralization occurs in a breccia pipe whicb is 
approximately 75 m wide. Abundant polymetallic veins occur adjacent to the porphyry. The breccia pipe coatains an estimated 8.9 
million toones gradmg 3.2 g/t Au and minor Cu and Ag. The deposit contains an inferred reserve of 1.6 inision tomes grading 5.2 
gl t  Au, and 0.5% Cu. An dd mine at the deposit produced 50 kg Au, 267 kg Ag, and 19 tonnes Cu. The dioritc porphyry has been 
dated at 68 Ma (Swainbank a d  others, 1978) and intrudes Permian to Jurassic sedimentary rocks of the Chulitna (opbiolite) 
terranc, a faull-bounded Fragment within the highly-deformed Kahiltna overlap assemblage. 

Nabesna Glecisr polymeWHc veln(7) deposit 

The Nabesna G k i e r  polyrnetallic vein(?) deposit (Richter, 1975) occurs in three contiguous areas whicb contain: (1) 
quartz veins and veinlets containing pyrite and minor chalcopyrite and sphalerite; (2) a zone of disseminarad malachite and 
azurite; and (3) a zone of iateme ahralion and breccia cemented by quartz, pyrite, chalcopyrite, and galena. The w i t  o c c w  in 
late Paleozoic melavolcanic porphyry and rnetabasalt flows of the Tetelna Volcanics and may be related to nearby Late Cretaceous 
and carly Tertiary granihid plutons and dikes. 

Sn and Mo Lode Deposits Hosted by 
Granitoid plutons o.f McKinley Sequence 

A distinctive group of Sn-greisen, polymetallic vein, and porphyry Mo deposits occur in part of the southem Alaska 
metallogenic belt at Boulder Creek, Ohio Creek, Coal Creek, and Treasure Creek (Nokleberg and oihen, 1987, 1988,1993). 
These d other lesser deposits occur in ar near the early Tertiary McKinley sequence of g rade  and granodhite plulms, which 
exhibit a narrow age r a g e  of 55 to 60 Ma (Reed and Lanphere, 1973; Lanphere and Reed, 1985). Many of the McKdey 
sequence plubons arc peraluminous granites having high initial Sr ratios, suggesting incorporation of Large amounts of c w t d  
material (Reed and Jspkere,  1973; Lanphere and Reed, 1985). The plutons of the McKinley sequence iatrude the the Wrangellh 
sequence of the Wrangcllia supterterrane and the Kahiltna overlap assemblage (Jones and others, 1987). Lanphere and Reed 
(1985) interpreted these graniloid rocks as forming during early Tertiary collision of the Wrangellia composite termne with 
various parts of the passive continental-mgin Central composite terrane to the north. However, because more recent leclonic 
analyses suggest this collision occurred in the mid-Cretaceous (Nokleberg and others, 1985, 1994d; Plafker and others, 198%; 
Phfker a d  Bwg, 1994)., tbe McKinley sequence granitoid plutons are herein interpreted as forming dwing tbe crustal 
conlamhitian d magmas Born early Tertiary subduction along the southern margin of Alaska. 



Cross section 

- - 
South greisen zone North greisen zone 

Talus and rock lacier (Quaternary). 0 mainly muscovi?e granite fragments 

0 Greisen zones corn rising 50% 
tabular, greisen bo ies and 50% 
granite wallrock 

8 

Zinnwaldite granite 1 
Biotite-muscovite granite 1 Tertiary m)I fvl;:,,,ite quartz porphyry 1 

El Kuskokwim Group flysch 
Late Cretaceous), contact 
metamorphosed 

/ Contact 

Quartz vein associated with 
- - - - greisen alteration halo 

.... ._.. Quartz-tourmaline-topaz- cassiterite-wolframite ...... 
velnlng 

1 11 Granite 

Hornfels 

I I Kuskokwim Group 

Figure 114. Sleitat Sn greisen and skarn deposit, Kuskokwim Mountains metallogenic belt, Southwestern Alaska. Schematic 
geologic map and cross section. Adapted from Burleigh (1991) and Hudson and Reed (1997). 

. . . .  

Rich - - - - - . 

. .  

. . . . .  - . 
. . . . . .  - .- - - -- -~ .- 

. . . .  

I I S k a r n  

0 Dacite to andesite 
porphyry dike (Tertiary) 

Marble, calc-hornfels, 
and skamoid (Paleozoic) 

/ Vein 

, . Contact between 
skarn zones 

J , ~ S  Strike and dip 
of bedding 

/ Thrust fault 

Figure 11 5. Tin Creek Cu-Pb-Zn skarn deposit, Southern Alaska metallogenic belt, Southern Alaska. Schematic geologic map 
showing distribution of Zn-Pb skarn along dikes, bedding planes, and faults. Modified from Szumigala (1987) and Newberry and 
others (1 997). 



Alaska Range-Talkeetna Mountains Igneous Belt 

The Alaska Range-Talkeetna Mountains igneous belt, which hosts the southern Alaska metallogenic belt, extends for 
about 700 km in the western and central parts of southern Alaska (fig. 103). The igneous belt (unit at, fig 103) consists chiefly of 
(Moll-Stalcup, 1994; Moll-Stalcup and others, 1994): (1) large and small volcanic fields which are composed of rhyolite, dacite, 
and andesite flows, pyroclastic rocks, and interlayered basalt and andesite flows of 50- to 75-Ma age; and (2) numerous related 
diorite, quartz diorite, tonalite, granodiorite, and granite and locally monzonite and syenite plutons. The latter constitute the 
plutonic part of the Late Cretaceous to early Tertiary part of the Aleutian-Alaska Range and Talkeetna Mountains batholith. The 
igneous belt occurs mostly south of the Denali Fault, and is partly coeval with the Kuskokwim Mountains igneous belt to the 
northwest (Moll-Staicup, 1994). The Alaska Range-Talkeetna Mountains igneous belt overlies various terranes in southern 
Alaska, including the Wrangellia superterrane, and the Kahiltna overlap assemblage (Jones and others, 1987; Nokleberg and 
others, 1994c, 1997~). 

In the Farewell District, the granitoid rocks and adjacent areas range in age from 52 to 60 Ma (Szumigala, 1987; 
Bundtzen and others, 1988; Gilbert and others, 1990; Solie and others, 1991; Nokleberg and others, 1993). In the Chulitna 
District, the granitoid rocks which are associated with deposits (Golden Zone, Nim, Nimbus, Silver King), and in the Valdez 
Creek district (Zackly deposit) the associated granitoid rocks range in age from 65 to 68 Ma (Swainbank and others, 1978; 
Newbeny and others, 1997). The low temperature Pb-Zn skarns at Tin Creek and Sheep Creek replace and alter granodiorite dikes 
with isotopic ages of 25-30 Ma. Geochemical and isotopic data indicate that the Alaska Range-Talkeetna Mountains igneous belt 
has low Ti02, moderate KzO, no Fe-enrichment, a calc-alkalic compositional trend, and low initial Sr ratios (Szumigala, 1987; 
Moll-Stalcup, 1994). 

Origin of and Tectonic Setting for 
Southern Alaska Metallogenic Belt 

The Southern Alaska metallogenic belt is hosted by the Alaska Range-Talkeetna Mountains igneous belt which is 
interpreted as central part of the extensive, subduction-related Kluane igneous arc which formed along the Late Cretaceous and 
early Tertiary continental margin of southern and southeastern Alaska (Moll and Patton, 1982; Bundtzen and Gilbert; 1983; 
Swanson and others, 1987; Plafker and others, 1989; Szumigala, 1993; Miller and Bundtzen, 1994; Moll-Stalcup, 1994; Bundtzen 
and Miller, 1997). Supporting data for this interpretation include (Moll Stalcup, 1994; Moll-Stalcup and others, 1994): (1) the 
calcic nature of igneous rocks; (2) low initial Sr ratios; low TiOz and moderate K20 values; and (3) the occurrence of the Alaska 
Range-Talkeetna Mountains igneous belt along the southern margin of southern Alaska, a few kilometers north of major, coeval 
subduction-zone and accretionary-wedge complexes to the south which are thrust northward, under the Alaska Range-Talkeetna 
Mountains igneous belt to the north. 

Metallogenic Belts Formed During 
Early Tertiary Oblique Subduction of 
Kula-Farallon Oceanic Ridge Under 
Margin of Southern and 
Southeastern Alaska 

Maclaren Metallogenic Belt of 
Au Quartz Vein Deposits (Belt MC) 
Northern Part of Eastern-Southern Alaska 

The Maclaren metallogenic belt of Au quartz vein deposits occurs in the Maclaren continental-margin arc terrane in the 
central Alaska Range in the northern part of eastern-southem Alaska (fig. 103; tables 3,4) (Nokleberg and others, 1997b, 1998; 
Goldfarb and others, 1997, 1998). The metallogenic belt is hosted in the Maclaren Glacier metamorphic belt which is probably 
derived from Late Jurassic(?) flysch composed chiefly of argillite and metagraywacke (Nokleberg and others, 1985, 1994d). The 
significant deposits are at Timberline Creek and Lucky Hill. 

Lucky Hill and Timberline Creek Au Quartz 
Vein Deposits 

The Lucky Hill and Timberline Creek Au quartz vein deposits (Smith, 1981; Adams and others, 1992; Coldfarb and 
others, 1997) consist of free gold and minor pyrite, pyrrhotite, arsenopyrite, galena, and sphalerite in sheeted quartz veins which 
strike east-northeast and dip steeply to the northwest. The veins occur in semischist of the Maclaren Glacier metamorphic belt at 
Lucky Hill and in granodiorite at Timberline Creek. A distinctive, yellowish, ankerite-carbonate assemblage also occurs in some 
veins. Incremental Ar isotopic ages on primary micas indicate an emplacement age of 90 to 100 Ma, whereas the age of vein 
formation is 57 to 63 Ma. The latter ages are the same as determined for biotite-blocking temperature in the Maclaren Glacier 
metamorphic belt. The deposits contain an estimated 348,000 tonnes, averaging 7.1 g/t Au. One of Alaska's largest placer Au 
mines at Valdez Creek occurs downstream from the Lucky Hill and Timberline Creek deposits. 



Origin of and Tectonic Controls for 
Maclaren Metallogenic Belt 

The Maclaren Glacier metamorphic belt, which hosts the Maclaren metallogenic belt of Au quartz vein deposits, and part 
of the Mac laren terrane, displays classic prograde, Barrovian-type metamorphism of which the lower, greenschist facies portions 
are judged as highly favorable for Au-quartz vein deposits. 40Ar-39~r ages sf metamorphic minerals in auriferous quslrtz veins 
which occur in the lower greenschist facies and have isotopic ages rangeing horn about 58 to 62 Ma (early Tertiary) (Adams and 
others, 1992). These ages are interpreled to indicate that Au caineralizahon occurred in the early Tertiary during oblique 
subduction of Kula-Farallon ocearlic ridge under margin of southern Alaska (Bradley and others, 1993; Hamsla and Nelson, 
1993; Haeussler and others, 1995; Goldfarb and others, 1995; 1997; Goldfarb, 1997).. 

The Maclaren terrane is interpreted as a displaced continental-margin arc fi-agment which was tectonicatly separated &om 
the Kluane schist and the Ruby Range batholith that both occur on the northeast side of the Deslali fault some400 km to the 
southeast in the Yukon Territory (Nokleberg and othcrs, 1985,1994d, 2000; PlanCer and others, 1989). Similar major Au quartz 
vein deposits occur in the Juneau metdogenic belt of southeastcro Alaska (described herein) (Noklrberg arid othm, 1985, 1993, 
1994d). 

Talkeetna Mountains Metallogenic Bdt of 
Au Quark Vein Deposits (Belt TM) 

- 
8 

Northern Part of Southern Alaska 

The Talkeetna Mountains metallogenic belt of Au qu& vein deposits occurs in the Talkeehna Mountains in the northern 
part of southern Alaska (fig. 1 03; tables 3,4) (Nokleberg and o@m, 1997b. 1 998). The metallogenic belt is hosted in the Late 
Triassic(?) and Early Jurassic Talkeetna Fmation where intruded Jurassic and Cretaceous granitoid rocks that w ~ e  deformed 
and metamorphosed to lower greenschist hcies during the early Tertiary Wokleberg aod others, 1994c, 1997~). Tbe significant 
deposit is the Independence mine in the Willow Creek District. Other deposits in the district inchde those at Gold Bullion, Gold 
Cord, Lucky Shot, and Thope 

Independence Au Quartz Vein Deposit E"l 
The lndepeodeoce Au qurtz vein deposit, which occurs in the Willow Creek district in the Talktetna Mounmim (Ray, 

1954; Madden-McGuire and others, 1989), consists of quartz veins containing a few percent or less pyrite, chalcopyrite, 
magnetite, and gold, and minor arsenopyrite, sphlerite, tetrab&t.e, Au-tehiidcs, and galena. The veins a m g t  0.3 to I m thick, 
but some range up to 2 m thick The veins occupy east-northeast and nor&-south-striking shear zones up to 7 m wide. 
Considerable alteration of wall rocks occm marked by formation of sericite, pyrite, carbonate, aad chlorite in pasallel baa&. The 
veins occur in zones in and along the southern margin of J w i c  quartz diorite, and younger Cretaceous aml early Tertiary 
granitoid rocks of the Talkeetna Mounlahs balholith, and also locally in mica schist. The Willow Creek district consists ofseveral 
mines and many prospects, most In an area about 12.8 km long and 6.2 karr wide along southern portion of the Talkeetna 
Mountains batholith. The mine at the deposit contains several thousand meters of underground w~rkmgs  and prodwed about 
18,400 kg Au from 1909 to 1950. Ore grade ranged fiom about 17 to 69 g/t Au. 

Origin of and Tectonic Controls for 
Talkeetna Mountains Metallogenk Belt 

Hydrothermal micas from the Gold Bullion and Lucky Shot mines in the WiHow Creek district exhibit K-Ar isotopic ages 
of 66 and 57 Ma, respectively (Madden-McGuire and others, 1989). These ages are interpreted to indicate that gold mineralization 
in the Talkeetna Mountains mefaUogenic belt occurred m the Late Cretaceous or early Tertiary. Tbree different tectonic events 
might be the cause of mineralization: (1) Late Cretaceous and early Tertiary u n d e t i n g  of the Chugwh and Prince William 
accretionary-wedge terranes along the Contact fault in southern Alash, (2)as favored herein, early Tertiary ult-ing of the 
spreading Kula Ridge under the southern margia of coastal Alaska (Plafker and others, 1989); and (or; 3) early Tertiary dextral- 
slip faulting along on the Castle Mountain fault system. 

Chugach Mountains MetalloOenic Belt of 
Au Quartz Vein Deposits (Belt CM) 
Southern Alaska 

The Chugach Mountains metallogenic belt of Au quartz vein deposits (fig. 103; tables 3,4) occurs on Kodiak Island, the 
southeastern Kenai Peninsula, and in the cmtral and eastern Cbugach Mountains in southern Alaska. The Au qua& vein deposits 
occur mainly in the Late Cretaceous flyscb of the Valdez Group and Kodiak Formation where these units were metamarphosed to 
greenschist facies (Goldfarb and others, 1986, 1997, 1998; Nokleberg and others, 1994c, 1997c, 1989b). To a lesser extent, the 
belt also occurs: (1) in the northern margin of the early Tertiary Orca Group of the Prince William terrane where locally 
metamorphosed to lower greenschist facies; (2) in metasedimentiuy rock of the Orca Group within a few kibmeters of granitoid 
plutons; (3) along the southern margin of the Late Triassic through mid-Cretaceous McHugb Complex on the Kenai Peninsula; 



and (4) in Eocene and Oligocene granitoid plutons intruding the Valdez and Orca Groups. The deposits in this belt are of small 
tonnage but locally high grade. For this widespread group of mines and deposits, a unique mineral deposit model for Chugach- 
type low-sulfide Au quartz veins has been developed by Bliss (1992). The significant deposits are at Cliff, Alaska Oracle, Chalet 
Mountain, Crown Point, Kilpatrick, Gold King, Granite, Jewel, Kenai-Alaska, Lucky Strike (Palmer Creek), Mineral King 
(Herman and Eaton), Monarch, and Ramsey-Rutherford (table 4) (Nokleberg and others 1997a, b, 1998). Substantial Au 
production occurred in this district until the early 1940's; recent exploratory work has been conducted at the Cliff Mine near 
Valdez, the largest of the many known deposits. 

Cliff Au Quartz Vein Deposit 

The Cliff Au quartz vein deposit (Johnson, 19 15; Pickthorn, 1982; Jansons and others, 1984) consists of quartz veins, up 
to 3 meters thick and 515 meters long and contain gold, pyrite, galena, sphalerite, arsenopyrite, and stibnite. The veins are hosted 
in metagraywacke and minor phyllite of the Late Cretaceous Valdez Group. The veins occur in a complicated system of 
intersecting faults. Sulfide minerals compose about 3 to 5% percent of the ore. The mine contains a few thousand meters of 
underground workings. Production occurred mainly from 1906 to 1940. The average grade ranged from 34 to 69 g/t Au, and the 
mine at the deposit produced about 1,610 kg Au from about 25,000 tonnes of ore. 

Origin of and Tectonic Controls for 
Chugach Mountains Metallogenic Belt 

The Au quartz veins generally occur in the younger of two generations of quartz fissure veins (Richter, 1963; Goldfarb 
and others, 1986, 1997, 1998; Nokleberg and others, 1989b). The older and mostly barren veins are approximately parallel to the 
regional schistosity and to axial planes of minor and major folds. Their strike varies from northwest in the east to northeast in the 
west. The younger Au veins generally occur in a set of tensional cross joints or fractures, and are normal to the older, barren 
quartz veins. Both sets of quartz veins generally dip steeply to vertically. Hydrothermal muscovite from Au-bearing veins has 
been dated at 53 Ma in the Port Valdez district (Winkler and others, 1981b), at 52 Ma in the Hope-Sunrise district (Mitchell and 
others, 198 I), and at 57 Ma in the Nuka Bay district (Borden and others, 1992). 

These field relations and isotopic ages are interpreted as indicating that the deposits formed during early Tertiary regional 
metamorphism and anatectic granite plutonism. Regional tectonic and isotopic studies suggest that the Au veins formed in the 
Orca and Valdez Groups in response to subduction of the spreading Kula-Farallon Ridge beneath the southern Alaska continental 
margin (Plafker and others, 1989; Bradley and others, 1993; Haeussler and Nelson, 1993; Haeussler and others, 1995; Goldfarb 
and others, 1995; 1997; Goldfarb, 1997). 

Baranof Metallogenic Belt of Au Qua* Vein Deposits 
Southeastern Alaska (Belt BN) 

The Baranof metallogenic belt of Au quartz vein deposits occurs in Southeastern Alaska and consists of a 250-km-long belt 
hosted in the Chugach subduction-zone terrane in southern and southeastern Alaska (fig. 103; tables 3,4) (Brew, 1993; Monger 
and Nokleberg, 1996; Goldfarb and others, 1997, 1998). The significant deposit in the belt are Apex and El Nido, Chichagoff, 
Cobol, Hirst-Chichagof, and Reid Inlet (Nokleberg and others 1997a, b, 1998). The principal deposits, at Chichagoff and Hirst- 
Chichagof are quartz-sulfide veins controlled by faults in metagraywacke and argillite of the Cretaceous Sitka Graywacke of the 
Valdez Group (Reed and Coats, 1941; Nokleberg and others, 1994a). The Bauer, Silver Bay, Cache, and Lucky Chance mines of 
the Sitka district have similar graywacke-hosted quartz-pyrite-pyrrhotite-arsenopyrite veins (Berg and Cobb, 1967). Located near 
the northern end of Chichagof Island, are the Apex-El Nido and Goldwin fissure quartz-sulfide vein mines that are hosted in 
Tertiary diorite plutons and amphibolite (Reed and Coats, 194 1). 

Chichagoff and Hirst-Chichagof 
Au Quartz Vein Deposit 

The Chichagoff and Hirst-Chichagof Au quartz vein deposit consists of tabular to lenticular quartz veins which are a few 
meters thick, extend a few hundred meters along strike, and range up to a few thousand meters depth along plunge. The veins are 
mainly ribbon quartz containing minor pyrite, arsenopyrite, galena, sphalerite, chalcopyrite, and some scheelite and tetrahedrite 
locally (Berg, 1984; Bundtzen, Green, Deager, and Daniels, 1987; Brew and others, 1991). Ore shoots occur mainly in shear and 
gouge zones along the Hirst and Chichagof faults, especially along undulations in fault planes. The deposit is hosted in 
metagraywacke and argillite of the Cretaceous Sitka Graywacke. The mine produced about 24.6 million g Au, 1.24 million g Ag, 
and minor Pb and Cu from 700,000 tonnes of ore. Average grade is 7.2 g/t Au and 2.0 g/t Ag. Reserves are 9 1,000 tonnes of ore 
grading 4 1.2 g/t Au in several ore bodies. 

Apex and El Nido Au Quattz Vein Deposit 

The Apex and El Nido Au quartz vein deposit consists of quartz fissure veins up to 2 m thick and stockworks containing 
sparse pyrite, arsenopyrite, chalcopyrite, galena, sphalerite, tetrahedrite, and gold (Still and Weir, 1981; Johnson and others, 



198 1). The mine at the deposit produced an estimated 622,000 g ALL, and 93,300 g Ag The host rocks are an altered Mesozoic 
diorite pluton and an amphibolite mass within the pluton. The pluton intrudes late Paleozoic low-grade pelitic and intermediate 
volcanic rocks. Minor sulfides occur in the altered diorite wall rocks. The deposit also contains disseminations, veidets, and small 
masses of scheelite. The vein system is symmetrical around a ve~lical fault which bisects the deposit. 

Origin of and Tectonic Controls for 
Baranof Metallogenic Belt 

The Au quartz vein deposits of the Baranof melallogenic belt occur mainly in the Late Cretaceous flysch of the Sitka 
Graywacke @art of the Valdez Group) where these units are metamorphosed to greenschist facies. The Au-quartz vein deposits 
also occur in early Tertiary granitoid plutoas (with isotopic ages of about 5 1 to 52 Ma) which inhvde the Chugach terrane; 
hydrothermal muscovite from Au-bearing veins has been dated at about 52 Ma (Taylor and others, 1994). As described above for 
the origin of the Chugach Mountains metallogenic belt, tbeAu quartz veins of the Baranof metallogenic belt are interpreted as 
forming in response to subduction of the spreading Kula-Farallon Ridge beneath the southern Alaska continental margin (Plafker 
and others, 1989; Bradley and others, 1993; Haeussler and Nelson, 1993; Haeussler and others, 1995; Goldfarb and others, 1995; 
1997; Goldfarb, 1997). 

Juneau Metallogenic Belt of 
Au Quartz Vein Deposits (Belt JU) 
Southeastern Alaska 

The Juneau metallogenic belt (also refmed to as the Juneau gold belt) of Au quartz vein deposits (fig. 103; tables 3,4) 
(Twenhofel and others, 1949; Twenhofel, 1952; Goldfarb and others, 1997, 1998) occurs in the Coast Mountains of Southeastern 
Alaska. The belt, which was first defined by Spencer (1906) and redefined by Brew (1993), occurs in two areas. The northan part 
of the belt contains significant deposits at Alaska Juneau, Jualin, Riverside, Sumdum, and Treadwell. The southern part of the belt 
contains smaller deposits.The belt occurs along strike for about 250 km and is hosted in the Yukon-Tanana and S t i b a  terranes, 
the Gravina-Nutzotin Gambier overlap assemblage, and younger, early Tertiary granitoid plutonic rocks. The significant deposits 
in the belt are at Alaska-Juneau, Gold Standard (Helm Bay), Goldstream, Jualin, Kensington, Riverside, Sea Level, Swndum Chief, 
and Treadwell (table 4) (Nokleberg aad others 1997a, b, 1998). Most of h e  deposits occur in the western, greenschist hies  part 
of a belt of inverted, regional-grade metamorphic that occurs to the west of, and underneath of a extensive, foliated tonalite sill 
which intruded along the western edge of the Yukon-Tanana t e m e  and the Wrangellia superterrane (Brew, 1994; Gehrels and 
Berg, 1994). 

Alaska-Juneau Au Quartz Vein Deposit 

The Au-quartz vein deposit consists of a network of lenticular quarlz veins a few centimeters to 1 rn thick that contain 
sparse scattered masses of gold, pyrite, pyrrhotite, arsenopyrite, galena, with minor sphalerite, chalcopyrite, and silver (Goldfarb 
and others, 1986, 1988, 1991, 1997; Newbeny and Brew, 1987,1988; Light and others, 1989; Brew and others, 1991; Miller and 
others, 1992). The Alaska-Juneau mine produced 108 t Au, 59 t Ag, and 2 1,800 t Cu from 80.3 miIlion t o m s  of ore mined 
between 1893 and 1944. Reserves of 61.6 million tonne$ grading 1.8 g/t Au remain (Alaska Mineral Industry, 1993, p. l3).The 
vein lode system is about 5.6 km long and 600 m wide. The deposit consists of a series of parallel quartz stringers that are hosted 
in several units in: (1) phyllite and schist near the contact between the Late Triassic Perseverance Slate; (2) mphibolite derived 
from late(?) Mesozoic (meta)gabbro dikes and sills; and (3) the informally named Gastineau volcanics of Permian and (or) Late 
Triassic age. Most of ore occurs in quartz veins; some in adjacent altered metamorphic rocks. 

Jualin Au Quartz Vein Deposit 

The Jualin Au-quartz vein deposit consists of four or five major quartz fissure veins and pipe-like stockworks which 
contain minor gold, and considerable pyrite, chalcopyrite, galena, minor sphalerite, and secondary copper minerals (Bundtzen and 
others, 1990; Goldfarb and others, 199 1, 1997; Brew and others, 199 1 ; Swainbank and others, 199 1). Pynte is the dominant 
sulfide. Gold associated with pyrite occurs as minute blebs in goethik rims and frecture fillings in corroded crystals. The gangue 
consists of quartz and lesser ankerite, chlorite, and sericite. The mine produced about t .5 million g Au, and reserves are estimated 
at 907,000 tonnes of ore grading 10.5 g/t Au. The age of mineralization is interpreted as 55 Ma. The deposit contains more than 
5,500 m of horizontal working~.The deposit is hosted in Crebceous waltz diorite which exhibits proximal ankerite, quartz, and 
sericite alteration adjacent to veins, and more widespread propylitic alteration. The quartz diorite intrudes Late Triassic 
greenstone, graywacke, and argillite of Alexander sequence of the WrangeUia supertenane. 

Riverside Au Quartz Vein Deposlt 

The Riverside Au quartz vein deposit consists primarily of disseminated galena, pyrite, tettahedrite, pyrrbotite, 
chalcopyrite, sphalerite, gold, and scheelite in two large quark veins, but in the Lindeberg lode, part of the deposit is a combined 
quartz vein and epigenetic replacement deposit (Byers and Sainsbury, 1956; Smith, 1977). The mine at the deposit produced about 



27,200 tonnes, yielding 93,300 g Au, 3.1 million g Ag, 45,400 kg Cu, 1 13,500 kg Pb, 9,080 kg Zn, and 3,500 units (3 18,000 kg) 
W03. The veins occur in a shear zone, schist inclusion, and mylonitic gneiss derived from the Triassic Texas Creek Granodiorite 
of the informally named Coast plutonic-metamorphic complex of Brew and Ford (1 984). 

Sumdum Chief Au Quartz Vein Deposit 

The Surndum Chief Au quartz vein deposit consists of two quartz-calcite fissure veins that contain gold, auriferous pyrite, 
galena, sphalerite, chalcopyrite, and arsenopyrite (Brew and Grybeck, 1984; Kimball and others, 1984; Goldfarb and others, 1988, 
1991, 1997). Gold is unevenly distributed and occurs mainly in pockets where small veins intersect the main veins. Mining 
produced about 750,000 g each of Ag and Au from ore that averaged about 13.7 g/t Au. The veins, up to 6 m thick, occur in upper 
Paleozoic(?) or Mesozoic graphitic slate and marble of the informally named Coast plutonic-metamorphic complex of Brew and 
Ford ( 1984). 

Treadwell Au Quartz Vein Deposit 

The large Treadwell Au quartz vein deposit consists of disseminated sulfides in quartz and quartz-calcite vein systems in 
shattered albite sills and dikes. The veins contain sparse gold, pyrite, magnetite, molybdenite, chalcopyrite, galena, sphalerite, and 
tehahedrite. The best ore grade is associated with abundant quartz and calcite veinlets (Light and others, 1989; Goldfarb and 
others, 1991, 1997). Mining produced about 90.1 million grn Au fiom 25 million tonnes of ore. The albite sills and dikes are 
Eocene and intrude Jurassic(?) and Early Cretaceous(?) slate and greenstone derived from basaltic tuff or agglomerate (part of the 
Treadwell Slate in the Gravina-Nutzotin belt). Some ore forms a zone at least 1,100 m long in slate inclusions and in adjacent wall 
rock. The deposit was mined fiom above sea level to 790 m beneath sea level in Gastineau Channel from 1885 to 1922 when most 
workings flooded during a catashophic influx of sea water. 

Origin of and Tectonic Controls for 
Juneau Metallogenic Belt 

The Juneau metallogenic belt is hosted in a wide variety of metamorphosed sedimentary, volcanic, and plutonic rocks 
which occur adjacent to a complex series of faults between the Alexander and Wrangellia sequences of the Wrangellia 
superterrane (Nokleberg and others, 2000), the Gravina sequence (Gravina-Nutzotin-Gambier overlap assemblage), and in syn- to 
post-accretionary granitoid plutonic rocks, including the foliated tonalite sill of Southeastern Alaska (Brew and Ford, 1984). Late 
Paleozoic and early Mesozoic metasedimentary and metavolcanic rocks host the Jualin (Berg, 1984) and Kensington (Bundtzen 
and others, 1988) deposits in the Berner Bay district, and the Sumdum Chief (Kimball and others, 1984) and Sea Level deposits. 
Flysch of the Gravina-Gambier overlap assemblage hosts the Treadwell group of quartz-sulfide-gold deposits, across the 
Gastineau Channel from the Alaska-Juneau mine (Spencer, 1905), and the Gold Standard and Goldstream deposits. Hydrothermal 
muscovite from Au-bearing veins from the Alaska-Juneau mine has been dated at about 54 to 57 Ma (Haeussler and others, 1995; 
Goldfarb and others, 1997). As described above for the origin of the Chugach Mountains, Baranof, and Maclaren metallogenic 
belts, the Au quartz veins of the Juneau metallogenic belt are interpreted as forming in response to subduction of the spreading 
KuIa-Farallon Ridge beneath the southern Alaska continental margin (Plafker and others, 1989; Bradley and others, 1993; 
Haeussler and Nelson, 1993; Haeussler and others, 1995; Goldfarb and others, 1995; 1997; Goldfarb, 1997). 

Metallogenic Belts Formed During 
Early Tertiary Spreading Along 
Kula-Farallon Oceanic Ridge, Southern 
and Southeastern Alaska 

Prince William Sound Metallogenic Belt of 
Besshi and Cyprus Massive Sulfide Deposits 
(Belt PW) EasternSouthern Alaska 

The Prince William Sound metallogenic belt of Besshi and Cyprus massive sulfide deposits (fig. 103; tables 3,4) occurs 
in the Prince William Sound district along the eastern and northern margins in eastem-southern Alaska. The metallogenic belt is 
hosted in the southern margin of the Chugach and the Prince William accretionary wedge-turbidite terranes (Jones and others, 
1987; Nokleberg and others, 1994c, 1997~).  The significant deposits in the belt are (table 4) (Crowe and others, 1992; Newbeny 
and others, 1997; Nokleberg and others 1997a, b, 1998): Besshi massive sulfide deposits at Beatson (Latouche), Ellamar, Fidalgo- 
Alaska, Midas, and Schlosser, and Cyprus massive sulfide deposits at Copper Bullion (Rua Cove), Knight Island (Pandora), 
Standard Copper, and Threeman. Many of these deposits were producing mines in the early part of the 20Ih century. 



Beatson (Latouche) and Ellamar Besshi 
Massive Sulfide Deposits 

The Beatson (Latouche), and, Ellamar Besshi massive sulfide deposits (Johnson, 1915; Tysdal, 1978; Jansons and others, 
1984; Crowe and others, 1992) consist of massive sulfide lenses and disseminations of mainly pyrite and pyrrhotite, and minor 
chalcopyrite, cubanite, sphalerite. galena. Ag-bearing minerals. and gold. Gangue minerals are quartz, sericite, and ankerite. The 
deposits occur in graywacke and argillite of the Paleocene and Eocene Orca Group. The deposits range up to 120 m thick and 300 
long along strike. The Latouche and Beatson deposits produced more than 84 million kg Cu from 4.5 million tonnes of ore. The 
average ore grade was about 1.7% Cu, and 9.3 g/t Ag. The Ellamar deposit produced 7.2 million kg Cu, 1,596 kg Au, and 5,960 
kg Ag from 273,760 tonnes of ore. The deposit at Beatson (Latouche) was developed and produced mainly from about 1903 to 
1934, and the Ellamar deposit was mined from 1897 to 1934. 

Midas Besshi Massive Sulfide Deposit 

The Midas deposit consists of disseminated to massive chalcopyrite, pyrite, pyrrhotite, sphalerite, and minor galena in a 
folded, lens-shaped body (Moffrt and Fellows, 1950; Rose, 1965; Jansons and others, 1984; Crowe and others, 1992). The sulfides 
occur in highly deformed phyllite and metagraywacke of the Late Cretaceous Valdez Group in the southern Chugach accretionary 
wedge-turbidite terrane. Mafic metavolcanic rocks crop out in the footwall within a few hundred meters of the ore body. On the 
basis of whole rock REE analyses, the mafic volcanic rocks in the southern Chugach terrane are interpreted by Lull and Plafier 
(1990) as forming in a short-lived island-arc environment. 

Copper Bullion (Rua Cove) Cyprus 
Massive Sulfide Deposit 

The Copper Bullion (Rua Cove) Cyprus massive sulfide deposit (fig. 1 16) (Koski and others, 1985; Crowe and others, 
1992) is a lens-shaped massive body of pyrrhotite with minor chalcopyrite and sphalerite which is hosted in sheared pillow basalt 
of the lower Tertiary Orca Group of the Prince William terrane. The lens is about 200 m long and is locally interlayered with 
pillow basalt and hyaloclastite that occur stratigraphically above sheeted dikes. The sulfides include pyrite, phrrhotite, 
chalcopyrite, sphalerite, cubanite, galena, and marcasite. The gangue assemblage consists of abundant quartz and chlorite, which 
occur as fine disseminations with massive sulfides, and in pervasive and massive zones in the stockwork zone where fine-grained 
talc also occurs. The deposit contains a well-preserved feeder zone that underlies the massive sulfide lens is dominanted by 
pyrrhotite and chalcopyrite. The deposit contains reserves of 990,000 tonnes grading 1.25% Cu, and <0.005 ozlt Au, and <0.l ozlt 
Ag. 

Origin of and Tectonic Controls for 
Prince William Sound Metallogenic Belt 

The deposits in the Prince William Sound metallogenic belt, except for the Midas deposit, are hosted in the early Tertiary 
(Paleocene and Eocene) Orca Group which constitutes most of the Prince William terrane and consists of a deformed, thick 
assemblage of Paleocene and Eocene(?) graywacke, argillite. minor conglomerate, pillow basalt, basaltic tuff, sills, and dikes 
(Winkler and PlatXer, 1981; Jones and others, 1987; Nokleberg and others, 1994c, 1997c; Newberry and others, 1997). On 
Resurrection Peninsula and on Knight Island, the terrane contains a local ophiolitic rock which is interpreted as slabs of oceanic 
basement formed during early Tertiary sea-floor spreading along the Kula-Farallon oceanic ridge (Nokleberg and others, 2000). In 
the upper part of the ophiolite, the rnafic volcanic rock of the Prince William terrane was immediately succeeded by a flood of 
sediment derived from uplift and erosion of the Coast Mountains (Plafker and others, 1989; Plafier and Berg, 1994; Nokleberg 
and others, 2000). Consequently, the Prince William Sound metallogenic belt is interpreted as forming in a sea-floor spreading 
tectonic environment. The Cyprus massive sulfide deposits are interpreted as forming during rifting without abundant covering by 
clastic debris whereas the Besshi deposits are interpreted as forming during sedimentation of clastic debris onto an active oceanic 
rift. 

Yakobi Metallogenic Belt of 
Gabbroic Ni-Cu Deposits (Belt YK) 
Southeastern Alaska 

The Yakobi metallogenic belt of gabbroic Ni-Cu deposits (fig. 103; tables 3,4) occurs in Southeastern Alaska and is 
hosted in Tertiary rnafic and ultramafic stocks of the La Perouse Plutonic Suite, which intrudes metagraywacke, clastic rocks, and 
greenstone of the Cretaceous Sitka Graywacke and the Kelp Bay Group. Both units are part of the Chugach accretionary wedge 
and subduction-zone terrane (Woodsworth and others, 1991; Brew, 1993; Nokleberg and others, 2000). The principal deposits are 
at Bohemia Basin (Yakobi Island), Brady Glacier, and Mirror Harbor (table 4) (Nokleberg and others 1997a. b, 1998). At the 
north end of the belt is the Mount Fairweather Cu-Ni-Co-Pt prospect which consists of mafic-ultramafic float on the southwest 
flank of the mountain (Plafker and MacKevett, 1970). 
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Figure 116. Copper Bullion (Rua Cove) Cyprus massive sulfide deposit, Prince William Sound metallogenic belt. Southern Alaska. 
A. Schematic geologic map of 370 level. B. Interpretive model. Modified from Koski and others (1985) and Crowe and others (1992). 

Bohemia Basin Gabbroic Ni-Cu Deposii 

The Bohemia Basin gabbroic Ni-Cu deposit consists of magmatic sulfide segregations, chiefly consisting of pyrrhotite, 
pentlandite, and chalcopyrite (Himmelberg and others, 1987, Still, 1988; Brew and others, 199 1; Berg, 1984; Foley and others, 
1997). Estimated resources are19 million tonnes grading 0.33% Ni, 0.21% Cu, and 0.01% Co. The deposit occurs in a trough-like 
body, about 45 m thick, near the base of a basin-shaped, composite norite of a Tertiary lopolith. The norite, which locally grades 
into gabbro and diorite, intrudes metagraywacke, phyllite, and greenschist of the Cretaceous and Cretaceous(?) Kelp Bay Group of 
the Chugach terrane. 

Brady Glacier Gabbmic Ni-Cu Deposit 

The Brady Glacier gabbroic Ni-Cu deposit (fig. 117) consists of disseminated and lensoid pyrrhotite, pentlandite, and 
chalcopyrite, with rare pyrite. The sulfide minerals occur near the base of a large, layered Tertiary lopolith which consists mainly 
of gabbro and sparse peridotire, all part of the La Perouse layered gabbro (Czamanske and Calk, 198 1; Himrnelberg and Loney, 
1981; Foley and others, 1997). The gabbro intrudes metagraywacke and phyllite of the Cretaceous Sitks Graywackc which is part 
of the Chugach terrane. The mafic and ultramafic rocks locally contain up to 10% disseminated sulfides. Estimated resources are 
82 to 91 million tomes grading 0.53% Ni, 0.33% Cu, 0.03% Co, and minor PGE. Grab samples contain from 0.18 lo 1.30 pjt 
PGE. The deposit occurs almost entirely beneath Brady Glacier, but exposed in small nunataks. Considerable drilling and 
exploration occurred in the 1970's. Exploration stopped short of development. The deposit is now part of the Wrangcll-St. Elias 
Natiwd Park. 



Origin of and Tectonic Controls for 
Yakobi Metallogenic Belt 

The gabbroic Ni-Cu deposits and host mafic and ultramafic rocks in the Yakobi metallogenic belt formed during 
intrusion into the Oligocene La Perowe Plutonic Suite into highly-deformed and low-grade, regionally metamorphosed rocks of 
the Chugach accretionary wedge and subduction-zone tenane (Woodsworth and others, 1991; Brew, 1993, 1994; Moll-Stalcup 
and others, 1994). Intrusion occurred in the early Tertiary d i w  cessation of accretion and suMuctioa ofthe Chugach terrane in the 
earliest Tertiary. The early Tertiary La Perouse Plutonic Suite is interpreled as forming during final spreading along the Kula- 
Farallon oceanic ridge during ridge subduction at about 50 lo 60 Ma along h e  margin of southern end Southeastern Alaska 

as causing: (1) a regional metamorphic welt and formation of anateclic granites (Ptafkcr and others, 1989b; 1994); (2) rapid 

YPdl 
(Bradley and others, 1993; Kusky and others, 1997). The early Tertiary subduction of the spreading oceanic ridge, locally partly 
preserved in ophiolites in the Prince Winiam terme (Lyhvyn and olhers, 1997; Kusky and Young, 2000, in press), is interpreted 

change in component of strike-slip movements aiong the subduction zone bordering the early Tertiary continental margin (Bradley 
and others, 1993); and (3) intrusion of the early Tertiary pmitic and rnafic-ultramafie plutonic rock of the Sanak-Baranof plutonic 

P 
belt (Hudson, 1979; Moll-Stalcup and others, 1994) in Southem and Southeastern Alaska. The intrusions are interpreted as 
forming in a near-trench environmenl during subduction of the Kula-Farallon oceanic ridge (Bradley and others, 1993; Kusky and 
others, 1997). Because of temporal and spatial proximity to subduction of the Kula-Farallon oceanic ridge Pkrng h margin of 
Southeastern Alaska from about 50 to 60 Ma, the Oligocene La Perouse Plutonic Suite and amwiated plebbroic Ni-Cu &pita of 
the Yakobi metallogenic belt are interpreted as forming either: (1)  during the last gasp of oceanic ridge mafic plutonnm (&is 
article); or (2) possibly slightly later in association wilh strike-slip disnu-ent of a cmtinental-mugin u e  ( G o W .  md 
others, 1997, 1998; Goldfarb, 1997). 
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Figure 117. Brady Glacier gabbroic Ni-Cu deposit, Yakobi metallogenic belt, Southeastern Alaska. Schematic southwt--st 
cross section. Adapted from Himmelberg and Loney (1 981). 



Metaltogenic Belts Formed in 
Late Cretaceous and Early Tertiary 
Coast Continental-Margin Arc, 
Southeastern Alaska, and 
Southern Canadian Cordillera 

An extensive suite of Late Cretaceous and early Tert~ary metallogenic belts hosting granitic-magmatism related deposits 
occur in Southeastern Alaska and the southern Canadian Cord~llera (fig. 103; tables 3,4). These belts are hosted mainly in the the 
Coast-North Cascade plutonic belt and correlative unlts. In alphabet~cal order, these metallogenic belts are thc Bulkey, Carmacks, 
Catfish, Central-Southeastern Alaska, Fish Lake-Bralome, Gambler, and Surpnse Lake belts. The host Coast-North Cascade plutonic 
belt consists chiefly of quartz diorite, granodiorite, and locally more mafic or felsic plutons (Rubin and others, 1991; Gehrels and 
others, 1990; Wheeler and McFeeley, 1991; van der Heyden, 1992; Woodsworth and others, 1992; Journeay and Friedman, 1993). 
The Early Late Cretaceous through early Tertiary intrusions are interpreted as forming sequentially during contraction, local(?) 
dextral transpression, and transtension, and accompanied by regional metamorphism (Rubin and others, 199 1; Journeay and 
Friedman, 1993). The Coast-North Cascade plutonic belt constitutes part of a laterally-extensive, Andean-type Coast continental- 
margin arc which overlaps the Wrangellia superterrane, and previously-accreted, more inboard terranes in Southern Alaska and 
coastal Canadian Cordillera (fig. 103) (Nokleberg and others, 1994c, 1997c; Monger and Nokleberg, 1996). The Early Late 
Cretaceous through early Tertiary intrusions were emplaced concurrently with structures formed sequentially, first during 
contraction, and subsequently during local(?) dextral transpression and associated regional metamorphism (Woodsworth and 
others, 1977; Leitch and others, 1989; Rubin and others, 199 1; Journeay and Friedman, 1993; Schiarizza and others, 1997). The 
plutonic belt and associated metallogenic belts of granitic-magmatism deposits are interpreting as forming immediately after the 
mid-Cretaceous accretion of the Wrangellia superterrane, and the subsequent oceanward stepping of subduction and continental 
margin magmatism (Nokleberg and others, 1994c, 1997c; Monger and Nokleberg, 1996). 

Surprise Lake Metallogenic Belt of 
Porphyry Mo-W-Cu, and 
Au-Ag Polyrnetallic Vein Deposits (Belt SL) 
Northern British Columbia 

The Surprise Lake metallogenic belt of porphyry Mo-W-Cu, and Au-Ag polymetallic vein deposits (fig. 103; tables 3 ,4)  
occurs In northern British Columbia and is hosted in the northwest-trending Surprise Lake Plutonic Suite. The significant deposit in 
the belt are (table 4) (Nokleberg and others 1997a, b, 1998): porphyry Mo deposits at Adanac-Adera (Ruby Creek), Mount Ogden, 
Red Mountain (Bug, Fox, Boswell R.), and S.Q.E. (Storie, Casmo); a porphyry Cu-Mo deposit at Sutlahine River Area (Thorn, 
Kay); porphyry Mo and W- and Mo skarn deposits at Mt. Haskin West (Joem, Rain, Moly Zone), and Windy (Balsam, Star, Kuhn, 
Dead Goat); and Au-Ag polymetallic vein deposits at Engineer Mine, Montana Mountain, Venus, and Wheaton River. 

Adanac-Adera Porphyry Mo Deposit 

The Adanac-Adera porphyry Mo deposit (fig. 1 18) consists of molybdenite with accessory pyrite, fluorite, chalcopyrite, 
scheelite, and wolfrarnite, dong with minor arsenopyrite which occur in a quartz-vein stockwork. Estimate reserves are 152 
million tonnes grading 0.063% MoS2 at a cutoff grade of 0.04% Mo (EMR Canada, 1989; Dawson and others, 1991; Mining 
Review, 1992; Pinsent and Christopher, 1995; MINFILE, 2002). The deposit is hosted by a quartz monzonite stock which is part 
of the Late Cretaceous Surprise Lake Batholith (Pinsent and Christopher, 1995). The deposit exhibits silicic and potassic alteration 
which occur as envelopes, up to several centimetres thick, around quartz veins. Minor uranium occurs in the deposit. The Surprise 
Lake Batholith exhibits a K-Ar isotopic age of 70.6i3.8 Ma as an average of six dates. This value represents a cooling age and 
differs significantly fiom a U-Pb zircon age of 83.8+5 Ma (Mihalynuk and others, 1992). Associated W-, Cu-, and Sn-greisen 
vein, and W and Sn (Cu, Pb, Zn) skarns occur along contacts between the stock with limestone of Cache Creek Assemblage (Ray 
and others, 1992). 

Mount Ogden Porphyry Mo Deposit 

The Mount Ogden porphyry Mo deposit consists of molybdenite in an alaskite and quartz monzonite stock which intrudes 
amphibolite-grade, Permian and Triassic limestone, and clastic sedimentary and volcanic rocks of the Stikinia terrane ( E M  
Canada, 1989; MINFILE, 2002). Molybdenite occurs mainly in the alaskite as platy crystals in veins, in veinlets, as rosettes in 
vuggy quartz, and as interstitial grains. Some molybdenite veins range up to 10 cm wide and occur over 30 meters. Alteration 
consists of quartz-sericite, with fluorite, biotite, minor pyrite and sphalerite. Estimated reserves are 218 million tonnes grading 
0.30% MoS2. The country rocks locally contain skarns with disseminated pyrite, pyrrhotite, magnetite, and traces of sphalerite and 
scheelite. 
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118. Adanac-Adera porphyry Mo deposit, Surprise Lake metaYogenic bell, Canadian Cordillera. Gemraked cross %&ion ffmugh 
high-grade zone. Adapted from Pinsent and Christopher (1995). 

Red Mountain Porphyry Mo Deposit 

The Red Mountain porphyry Mo deposit consists of disseminated molybdenite which occurs in a quartz stockwork (EMR 
Canada, 1989; Dawson, and others, 1991 ; Yukon Minfile, 1992; Sinclair, 1986). Estimated resemes are 187 million tames 
grading 0.167% MoS2 (with a 0.1% cul-off), and 2 1.3 million tomes grading 0.293% MoS2 with a 0.25% cut-off. Tbe deposit 
occurs in an altered Late Cretaceous quartz rnonzonite stock of the Surprise Lake Suite, with a K-Ar isotopic age of 87.3 Ma, and 
in adjacent contact-metamorphosed argillite of tbe early Paleozoic Nasina Assemblage of the Yukon-Tanana Wane. The stock is 
complex, exhibits a classical alteration pattern, and is intruded by barren quartz diorite. 

Surprise Lake Polymetallic and 
Epithermal Au-Ag Veins. 

Ag-Pb polymetallic vein deposits are associated with an Late Cretaceous pluton at Boswell River, Yukon Tenitory (Lea, 
1936), and near the Red Mountain porphyry Mo deposit. Several Au-Ag polymetallic vein mines at Venus, Montana Mormtain, 
and Wheaton River are hosted in or near the Late Cretaceous Carcross plulon which occurs south of Whitehorse, Yukon Territoty 
(Hart, 1994). Au veins at the Engineer Mine, southwest of Atlin, B.C., are probably related to Eocene magmatism which formed 
both the volcanic rocks and late stocks (Mihalynuk, 1990). The deposit at the Fhqheer Mine are cut by the major Lewellyn Fault. 
The Au epithermal veins at the Engineer mine are transitional between mesothermal and epithermal, low-sulphidaiton type. 

Origin of and Tectonic Controls for 
Surprise Lake Metallogenic Belt 

The Surprise Lake metallogenic belt is associated with the Surprise Lake Plutonic Suite which consists of stocks and 
batholiths, comprising mainly felsic, high-level, Si- and lithophile tlement-rich rocks, and has K-Ar isotopic ages of 84 Ma 
(Woodsworth and others, 1991). Plutons in the suite intrude the Cassiar, Stikine, Yukon-Tanam, and Cache Creek terranes. The 
major plutonic units are the Surprise Lake batholith, near Atlin, B.C., and the Needlepoint Pluton, near Cassiar, B.C. 
(Woodsworth and others, 1991). The Surprise Lake Plutonic Suite is part of the extensive Late Cretaceous and early Tertiary 
Coast-North Cascade plutonic belt which occurs along the western and central parts of the Canadian Cordillera and into East- 
Central Alaska (fig. 103) (Noklehg and others, 1994c, 1997c; Monger and Nokleberg, 1996). Probable coeval, extrusive 
equivalents for the Surprise Lake Plutonic suite are the Windy-Table Volcanics to the east and west (Mihalynuk, 1999; Mihalynuk 
and others, 1992), and the Carmacks Assemblage to the north (Grond and others, 1984) and ulnamned tuBaceous units in the 
Sustut Basin to the south (Woodsworth and others, 1991). The Coast-North Cascade plutonic belt forms the major part of the 
Coast continental-margin arc m the region. 



Central-Southeastern Alaska Metallogenic Belt of 
Porphyry Mo and Cu Deposits (Belt CSE) 
Southeastern Alaska 

The Central-Southeastern Alaska metallogenic belt of porphyry Mo and Cu deposits (fig. 103; tables 3,4) occurs along the 
western coast of Southeastern Alaska and is hosted in (Nokleberg and others, 1995a): (1) a belt of late Oligocene and younger 
Cenozoic granitoid stocks of the Glacier Bay magmatic belt; and (2) the Tkope-Portland Peninsula volcanic-plutonic belt. These 
igneous belts intrude the Wrangellia superterrane in Southeastern Alaska, and are part of the more extensive Late Cretaceous and 
early Tertiary Coast-North Cascade plutonic belt. This belt extends along the western and central parts of the Canadian Cordillera 
for several thousand km (Nokleberg and others, 1994c, 1997~;  Monger and Nokleberg, 1996). The significant deposits in the 
Central-southeastern Alaska metallogenic belt are porphyry Cu-Mo deposits at Margerie Glacier, Nunatak, and Quartz Hill, a 
porphyry Mo deposit at Burroughs Bay, and a Fe skarn deposit at North Bradfield Canal (table 4) (Nokleberg and others 1997a, b, 
1998). 

Margerie Glacier Porphyry Cu Deposit 

The Margerie Glacier porphyry Cu deposit (MacKevett and others, 197 1; Brew and others, 1978; Berg and others, 198 1; 
Berg, 1984) consists of chalcopyrite, pyrite, arsenopyrite, sphalerite, molybdenite, and minor scheelite in shear-zone-hosted quartz 
veins, as massive sulfide veins, and as disseminations in a propylitically altered, Tertiary(?) porphyritic granite stock and adjacent 
hornfels. The granite stock is part of the Glacier Bay belt of middle Tertiary granitoid rocks which have isotopic ages of about 25 
to 30 Ma (Brew 1994). The stock intruded Permian(?) metamorphosed pelitic and volcanic rocks, and sparse marble of the 
Alexander sequence of the Wrangellia superterrane. The deposit contains estimated resources of 145 million tonnes grading 
0.02% Cu, 0.27 g/t Au, and 4.5 g/t Ag (MacKevett and others, 1971; Brew and others, 1978). Parts of the deposit are higher grade. 

Nunatak Porphyry Cu-Mo Deposit 

The Nunatak porphyry Cu-Mo deposit (MacKevett and others, 197 1; Brew and others, 1978; Berg and others, 198 1; 
Berg, 1984) occurs in northern southeastern Alaska, and consists of numerous, closely spaced molybdenite-bearing quartz veins 
and stockwork, and minor disseminated molybdenite in hornfels, skam. and a mineralized fault zone around a Tertiary granite 
porphyry stock. The granite porphyry stock has not yet been isotopically dated, but is part of the Glacier Bay magmatic belt of 
middle Tertiary granitoid rocks which range in age from about 25 to 30 Ma (Brew and Morrell, 1983; Brew, 1988). Disseminated 
sulfides within the granite porphyry stock consist of varying amounts of pyrite, pyrrhotite, chalcopyrite, and sparse tetrahedrite, 
and bornite. The most mineralized part of the stockwork contains a resource of 2.03 million tonnes grading 0.067% MO and 0.16% 
Cu; the less mineralized part of the stockwork contains 1 17.5 million tonnes grading 0.026% Mo and 0.18% Cu (MacKevett and 
others, 1971; Brew and others, 1978). Similar tonnage and grade material may exist below sea level. The granite porphyry stock 
intrudes tightly folded Paleozoic metasedimentary rocks of the Alexander sequence of the Wrangellia superterrane. 

Quartz Hill Porphyry Mo Deposit 

The Quartz Hill porphyry Mo deposit (fig. 1 19), which contains one of the world's largest concentrations of molybdenum 
(Hudson and others, 1979; P.R. Smith and J.E. Stephens, written commun., 1985; Wolfe, 1995; Ashleman and others, 1997) 
occurs in the southern part of eastem-southeastern Alaska. The deposit consists of a flat-lying, tabular stockwork of molybdenite- 
bearing, randomly oriented quartz veins and fractures, and also disseminated molybdenite, all of which are distributed throughout 
the multiply-altered hypabyssal Quartz Hill composite quartz monzonite stock which crops out over an area of several square 
kilometers. The Quartz Hill stock is roughly ovoid in outcrop, IS approximately 5 km long by 3 km wide (Brew and Ford, 1984a, 
b), and is part of the Tkope-Portland Peninsula volcanic-plutonic belt. The stock is cut by a progressively younger sequence of plugs 
and dikes consisting of porphyritic quartz latite, igneous breccia, quartz monzonite, quartz feldspar porphyry, and latite which are 
abundant in the core of the Quark Hill stock. A K-Ar isotopic age of about 27 Ma was obtain for the stock (Ashleman and others, 
1997). The host rocks are paragneiss and plutonic rocks of the Coast Plutonic Complex. The deposit contains estimated reserves of 
1,600 million tonnes grading 0.127% MoS2, at an 0.08% MoSz cut-off, and an estimated 2 10 million tonnes grading 0.22% MoS, 
(Wolfe, 1995). 

Origin of and Tectonic Controls for 
Central-Southeastern Alaska Metallogenic Belt 

The Glacier Bay magmatic belt and the Tkope-Portland Peninsula volcanic-plutonic belt, which constitute some of the 
youngest, extensive igneous units in southeastern Alaska (Brew and others, 1992, 1993), hosts the Central-Southeastem Alaska 
metallogenic belt.The Oligocene Glacier Bay magmatic belt, which hosts the Margerie Glacier porphyry Cu and polymetallic vein 
deposit, and the Nunatak porphyry Cu-Mo deposit, consists of calc-alkalic, biotite granite and alkali granite plutons which are 
dominantly unfoliated, metaluminous, and moderately peraluminous. K-Ar isotopic ages rangefrom 3 1 to 42 Ma. The Tkope- 
Portland Peninsula volcanic-plutonic belt of Oligocene age hosts the Quartz Hill porphyry molybdenum deposit (Brew and 
Morrell, 1983; Brew, 1988). The Tkope-Portland Peninsula volcanic-plutonic belt consists of calc-alkalic and alkalic, locally 
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Figure 119. Quartz Hill porphyly Mo deposll, Cerrtr;rl-- Alaska rmbktgenk belt, &- A h .  Adapted from 
and Nokleberg a d  dhers (1995). 

peraluminous, hrnblcnde-biotite ganitc d grPnilc porphyry, and haex sycnite and pbbo (hew, 198%). K-Ar, W r ,  and 
fission track isotopic ages range from 19 to 35 Ma. The belt exhibits skortgly Prsctionatsd REEpWmO, large Europium 
anomalies, and initial Sr mths of 0.747 lo 0.705 ( M h  aad o-, 1986). 

The Glacier Bay magmatic and g k o p e - B ~ h d  P a a i d  wlcenicplulanic b e h  iwe part of ?h Wl.t: h t e  
Cretaceous and early T uliary Coast -Nd Ccseads plutonic beh which Wmds rhe Len@ of the CaWdhr~ Cordillera and into 
East-Central Alaska (fig. 103) (Rubin aad olhass, 199'1; Odhrels d ohem, 1W. W b e k  and McFeley, 199 1; van der Heyden, 
1992; Woodsworth and olhm, 1992; Journeay md Fr-, 1993). The C o a s t M  Ciw%dc pIutonic belt forms tbemajor part 
of the Coast continental-margin arc in Ihe region. 

Bulkley Metallogonic Bdt of Porphyry Cu-Ma and 
Polyrnetallic Vein Do- (Belt BK) 
Central British Cdumbm 

The Bulkley mdlogenic bdt of p~phyry  Cu-Mo encl pdymtdk * d e p d s  (fig. 103; tables 3,4) oGcurs in mtral 
British Columbia and is btd in a belt of  mall stocks lurd brBobth8 d the Late CIZ~UXWU~ B ~ l l d y  P l ~ t d c  Suit& whiB 
exposed along the uplift of the S l r e m  Arch in the centml paR of dK Stiltinin ~MIYU'ICI ( C h t t ~ ,  19B; h&d~ttiUk, 1m; M h & l &  



and others, 1999). This suite is part of the extensive Late Cretaceous and early Tertiary Coast-North Cascade plutonic belt which 
occurs along the western and central parts of the Canadian Cordillera for several thousand krn (Nokleberg and others, 1994c, 
1997c; Monger and Nokleberg, 1996). The significant porphyry Cu-Mo deposits of the Bukley metallogenic belt are associated 
with generally small, calc-alkaline plutons of the Bulkley Plutonic Suite and consist mainly of biotite and hornblende granodiorite 
and quartz diorite which were emplaced at high levels along high-angle faults within an extensional stress field (Dawson and 
others, 1991). Most of the plutons hosting this metallogenic belt are too small to depict on figure 103. The significant deposits in 
the belt are (table 4) (Nokleberg and others 1997a, b, 1998): porphyry Cu-Mo and Mo deposits a1 Glacier Gulch (Hudson Bay 
Mountain), Huckleberry, and Poplar; and polymetallic vein deposits at Red Rose, Capoose Lake, and Nadina (Silver Queen). 

Glacier Gulch (Hudson Bay Mountain) 
Porphyry Mo (W, Cu) Deposit 

The Glacier Gulch (Hudson Bay Mountain) porphyry Mo (W, Cu) deposit occurs at Hudson Bay Mountain, Smithers, 
B.C., and consists of molybdenite and minor scheelite which occur in stockwork and quartz vein swarms formed during two 
periods of mineralization. The deposits are related to the intrusion of a sheet-like granodiorite body and a later quartz-porphyry 
plug, into rocks of the Hazelton Group of the Stikinia terrane (Bright and Jonson, 1976; EMR Canada, 1989; Atkinson, 1995; 
MINFILE, 2002). Most intense quartz-molybdenite-scheelite vein mineralization is related to a crudely layered granodiorite sheet. 
An estimated resource of 100 million tonnes grading 0.297% MoSz and 0.06% W 0 3  is defined by surface drilling and 
underground exploration (Kirkham, 1967; Bright and Jonson, 1976). Hydrothermal alteration patterns are irregularly developed. 

Hucklebeny Porphyry Cu-Mo (Au-Ag) Deposit 

The Huckleberry porphyry Cu-Mo (Au-Ag) deposit (fig. 120) consists of chalcopyrite and minor molybdenite which 
occur in a stockwork in contact-metamorphosed and altered Jurassic Hazelton Group tuffs at a contact with a Late Cretaceous 
granodiorite porphyry stock of the Burkley Plutonic Suite (Sutherland Brown, 1969; Carter, 1970; Maclntyre, 1984; EMR 
Canada, 1989; Mining Review, 1992; Society of Exploration Geologists Newsletter, no. 20, January, 1995, p. 26; Jackson and 
others, 1995; MINFILE, 2002). Magnetite occasionally accompanies chalcopyrite. Potassic, phyllic, and propylitic alteration 
haloes surround the stock. The stockwork consists of quartz and chalcopyrite, and lesser pyrite, molybdenite which are cut by 
younger anhydrite veinlets. Associated with the stockwork is biotite and albite alteration. Estimated, pre-production reserves, at 
cut-off grade of 0.30% Cu, for the Main Zone, are 53.7 million tonnes grading 0.445% Cu, 0.013% Mo, and 0.06 g/t Au, and for 
the East Zone, are 108.4 million tonnes grading 0.484% Cu, 0.014% Mo, and 0.055 g/t Au ( Jackson and Illerbrun, 1995). 

Poplar Porphyry Cu-Mo (Ag) Deposit 

The Poplar porphyry Cu-Mo (Ag) prospect occurs 40 krn to the north of the Huckleberry deposit and consists of 
disseminated chalcopyrite and pyrite which occur in a Late Cretaceous biotite-monzonite porphyry stock (Mesard and others, 
1979; EMR Canada, 1989; House and Ainsworth, 1995). Quartz-chalcopyrite-molybdenite veins are associated with gypsum 
gangue. The porphyry stock intrudes volcaniclastic and epiclastic rocks of the Hazelton Group in the Stikinia terrane. Estimated 
resources are 144.1 million tonnes grading 0.368% Cu, 0.10% MoS2, and 2.8 g/t Ag (Mesard and others, 1979). 

Red Rose W-Au-CU-Ag Polymetallic Vein Deposit 

The Red Rose W-Au-Cu-Ag polymetallic vein deposit occurs near Hazelton, B.C. and consists of scheelite, ferberite, 
chalcopyrite, molybdenite and uraninite which occur in a sheared quartz vein (EMR Canada, 1989; Dawson and others, 199 1). 
The sheared quartz vein cuts one of three northeast-trending diorite dikes which intrude contact metamorphosed argillite and 
siltstone of the Red Rose Formation, near the contact with porphyritic granodiorite of the Cretaceous Rocher Deboule stock. 
Estimated reserves are 20,000 tonnes grading 5% W03 have been identified (Mulligan, 1984). 

Capoose Lake Ag-AU Polymetallic Vein Deposit 

The Capoose Lake Ag-Au polymetallic vein prospect occurs 1 10 km southeast of Burns Lake in central British 
Columbia, and consists of Ag- and Au-bearing disseminations and veinlets of galena, pyrite, pyrrhotite, chalcopyrite, arsenopyrite, 
and sphalerite which are hosted in contact-metamorphosed volcanic rocks of the Hazelton Group. The disseminations and veinlets 
which occur both as replacements of garnet in the contact-metamorphosed host volcanic rocks, and as fillings in structurally- 
controlled fracture zones, are related to rhyolite sills which are coeval with, and probably satellitic to the adjacent Late Cretaceous 
Capoose batholith. Estimated resources are 28.3 million tonnes grading 36 g/t Ag and 0.91 g/t Au (Andrew and Godwin, 1987; 
Andrew, 1988). 



Figure 120. Huckleberry porphyry Cu-Mo deposit, Bulkby metallogenic Wt, Canadian Cordillera. Schematic map showing main cue 
body. Adapted from Jackson and lllerbrun (1995). 
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Nadina (Silver Queen) Ag Polymetallic Vein ~ e p &  '1 -, - 
The Nadina (Silver Queen) Ag plymetallic vein deposit consists of sph 

gangue of quartz, rhodochrosite, chdcedony, and barite which are hosted in Late Cretaceou 
volcanic rocks (EMR Canada, 1989; Leitch and others, 1990; Dawson 
tonnes grading 6.19% Zn, 328 g/t A&, and 2.7 g/t Au. Tbe &posit age is bracket 
75.0k1.0 Ma) (MINFILE, 2002), and by younger felsite dikes and sills which 

Origin of and Tectonic Controls for 
Bulkey Metallogenic Belt 

The Late Cretaceous Bulkley Plutonic Suite is coeval witb the Surprise Lake and C-b Plutonic suit&, a d  with the 
volcanic rocks of the Carmacks Assemblage which all occur in the northern part of the Stikinia terrme (WoodEworth and 0th- 
199 1). Together, these plutonic rocks form part af the extensive Late Cretaceous and early Tertiary Coast-North Cascade plutonic 
belt that constitutes the major part of the Coast continental- gin arc mainly in the western Canadian Cordillera (Nokleberg and 
others, 1994c, 1997c; Monger and Nokieberg, 1996). Local Late Cretaceous volcanic units in-retd to be minagmatic with the 
Bulkley Plutonic Suite include the Brian Boru (Sutherland Brown, 1960) and Tip Top Hill (Woodswoitb ad others, 1991) 
volcanic rocks of the Kagalka Group (Maclntyre, 1985). 

Fish Lake-Bralorne Metallogenic Belt of 
Porphyry Cu-Mo, Porphyry Cu-Au, 
Au Quark Vein, AuAg Polymetallic Vein, 
and Related Deposit Types (Belt FLB) 
Southwestern British Columbia 

The Fish Lake-Bralome metallogenic belt of porphyry Cu-Mo, Au quartz vein, and Au-A 
(fig. 103; tables 3,4) occur along the northeastern margin of the Coast Plutonic Complex in south 
belt contains the Bralorne district which contains a group of major Au mines. The Bralome-and P 
Permian and Triassic diorite, gabbro, and greenstone, part of an ophiolite assemblage, whic 
complex tectonic boundary between Bridge River and Cadwallader terranes. The Congress pol 
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stibnite vein deposits in the Bridge River mining camp are related to stocks and dikes of the early Tertiary Bendor suite with 
isotopic ages of 70 to 65 Ma (Leitch and others, 1989; Church, 1995). These deposits occur to the northeast of the Bralorne 
district. Several other Sb-Au polymetallic vein deposits occur in the mining camp and are associated with the Late Cretaceous and 
early Tertiary Bendor pluton, Robson stock, and related intrusions (Leitch and others, 1989). Also occurring in the belt are 
porphyry Cu deposits, as at Empress, which locally grade to high-sulphidation epithermal vein systems in the easternmost partr of 
the Coast Plutonic Complex, directly on strike from the coeval Bralorne deposit (McMillan, 1983). The belt also includes 
porphyry Mo and Cu-Mo occurrences which are associated with Eocene stocks which occur along major dextral strike-slip faults. 

The porphyry Cu-Mo and related deposits in the metallogenic belt are associated with Late Cretaceous porphyry dikes and 
stocks which are coeval with the adjacent eastern margin of the Coast Plutonic Complex and intrude metasedimentary rocks of the 
Methow terrane (Leitch and others, 1989). These granitoid rocks are part of the extensive Late Cretaceous and early Tertiary 
Coast-North Cascade plutonic belt which occurs along the western and central parts of the Canadian Cordillera for several 
thousand krn (Nokleberg and others, 1994c, 1997c; Monger and Nokleberg, 1996). The significant deposits in the belt are (table 4) 
(Nokleberg and others 1997a, b, 1998): porphyry Cu-Mo deposits at Fish Lake, Giant Copper (Canam, A.M.), and Poison 
Mountain (Copper Giant); and Au quartz vein deposits at Bralorne, Pioneer (Bridge River area), and Carolin. The Maggie 
(Bonaparte River) deposit occurs along the margin of the belt. 

Bralorne and Pioneer Au Quartz Vein Deposits 

The Bralorne and Pioneer mines of the Bralorne district, and the smaller Wayside and BRX mines, are typically large, 
continuous, mesothermal Au-quartz-sulfide veins which range from 1 to 2 m wide, and consist commonly of quartz, calcite, free 
gold, arsenopyrite, pyrite, and lesser sphalerite, galena, scheelite, chalcopyrite and molybdenlte (Leitch and others, 1989). The 
veins are lenticular and plunge steeply within a steeply-dipping major shear zone named the Cadwallader Break. The deposits 
have major metals of Au-W-Mo-As and Au/Ag ratios of 2 to 5. A district-wide mineral zoning varies from high-temperature Au- 
As-W-Mo through intermediate Sb-Ag-Au-As, to low-temperature Sb-Hg vein assemblages (Woodsworth and others, 1977). The 
southwest to northeast zonation is interpreted as forming in the thermal aureole of Late Cretaceous to early Tertiary plutons of the 
Coast Plutonic Complex. The Bralorne deposit is associated with Late Cretaceous (86-91 Ma) porphyry dikes. The Bralorne- 
Pioneer district mines produced 129.96 tomes Au between 1899 and 1978 from 7.3 19 million tonnes ore (Dawson and others, 
1991). Proven and probable reserves for Bralorne in 1991 were 965,000 tonnes grading 9.3 g/t Au (MINFILE, 2002). 

Fish Lake Porphyry Cu-Au (Ag-Mo-Zn) Deposit 

The Fish Lake porphyry Cu-Au (Ag-Mo-Zn) deposit consists of pyrite and chalcopyrite with minor molybdenite, bornite, 
sphalerite and tetrahedrite which occur in stockwork veins (EMR Canada, 1989; McMillan, 1991 ; Taseko Mines Ltd., news 
release, May 4, 1993; Caira and others, 1995; MINFILE, 2002). The deposit is hosted mainly in: (I)  contact metamorphosed Early 
Cretaceous(?) andesite flows and volcaniclastic rocks which occur in an embayment in a porphyritic quartz diorite stock; (2) an 
associated, east-west-elongated complex of subparallel quartz-feldspar porphyry dikes; and (3) disseminations in a Late 
Cretaceous quartz-diorite porphyry and in adjacent contact-metamorphosed Early Cretaceous sedimentary and volcanic rocks 
(McMillan, 1991; Taseko Mines Ltd., news release, May 4, 1993). The quartz diorite stock exhibits a U-Pb zircon isotopic age of 
about 80 Ma (Schiarizza and Riddell, 1997), and the biotite hornfels exhibits a K-Ar whole-rock isotopic age of 77.2 Ma 
(Wolfhard, 1976). The principal orebody is ovoid shaped with dimensions of 1500 m by 800 m and a maximum depth of 880 m. 
Estimated resource are 1,148 million tonnes grading 0.22% Cu and 0.41 g/t Au (Wolfhard, 1976; McMillan, 1991; Caira and 
others, 1995). 

Maggie Porphyry Cu-Mo Deposit 

The Maggie (Bonaparte River) porphyry Cu-Mo deposit consists of chalcopyrite and molybdenite occurring in fine 
disseminations in quartz veins and in host rock, and in narrow veinlets in or bordering quartz and calcite veins. The deposit is 
hosted by the early Tertiary Maggie quartz monzonite stock, with a K-Ar isotopic age of 61 Ma, which intrudes metasedimentary 
and metavolcanic rocks of Cache Creek terrane (Miller, 1976). The stock occurs several tens of kilometers east of other plutons in 
the Fish Lake-Bralorne metallogenic belt. Chalcopyrite and molybdenite occur in quartz veins and are disseminated in the stock. 
High Cu and Mo grades occur in overlapping potassic and phyllic alteration, and lower Cu and Mo grades occur in phyllic and 
argilIic alteration. Estimated resources are 181 million tonnes grading 0.28% Cu and 0.029% MoSz (Miller, 1976). 

Poison Mountain Porphyry Cu-Mo (Ag-Au) Deposit. 

The Poison Mountain Cu-Mo (Ag-Au) porphyry deposit consists of pyrite, chalcopyrite, molybdenite, and bornite which 
occur in veinlets, fracture fillings and disseminations (Brown, 1995; MINFILE, 2002). The deposit is concentrated at the contacts 
between a quartz diorite porphyry stock and dikes, with isotopic ages of 59 Ma, and contact-metamorphosed Early Cretaceous 
graywacke of the Jackass Mountain Group which is part of the Methow terrane. The deposit is surrounded by concentric zones of 
potassic, phyllic, and propylitic alteration. Concentric zones of copper sulfide and minor oxide minerals surround a barren 
granodiorite core. Estimated reserves, at 0.15% Cu cut-off, are: (1) in the oxide zone, 40.2 million tonnes grading 0.228% CU (s), 



0.15% Cu (ox), 0.127 g/t Au, and 0.007% Mo; and (2) in the sulfide zone, 768.3 million tonnes grading 0.232 Cu, 0.122 g/t Au, 
and 0.007% Mo (Brown, 1995; Seraphim and Rainboth, 1976; McMillan, 1991). The stock and associated dikes exhibit K-Ar 
isotopic ages which range from a hornblende age of 61.4 for biotite-altered quartze diorite, to a biotite-hornblende age of 55.5 Ma 
for contact-metamorphosed sedimentary rock in the outer part of the deposit (Brown, 1995). The deposit occurs 75 km southeast 
of Fish Lake. 

Origin of and Tectonic Controls for 
Fish Lake-Bralorne Metallogenic Bell 

The Fish Lake-Bralome metallogenic belt is defined by the distribution of a suite of small, Late Cretaceous to Eocene, 
quartz monzonite and quartz diorite stocks which are part of the Coast Plutonic Complex but occur east of the main part of the 
batholith. The plutons are essentially coeval with plutons marking the eastern edge of the Coast suite, and probably represent the 
eastern limit of Late Cretaceous-Eocene magmatism in the southern part of the continental-margin arc. The Coast Plutonic 
Complex is part of the Coast-North Cascade plutonic belt. 

Three major pulses of mineralization are interpreted for the Fish Lake-Bralome belt (Schiarizza and others, 1997): (1) 
The older, Late Cretacous deposits in the belt are interpreted as forming along early Late Cretaceous reverse to sinistral faults 
which are interpreted as forming during the last part of contractual deformation which was associated with subduction; (2) The 
younger, latest Cretaceous to Paleocene deposits in the belt occur along dextral-slip faults, such as the Castle Pass fault and may in 
part be controlled by an extensional bend in the fault system (Schiarizza and others, 1997). And (3) the still younger, porphyry 
occurrences and associated polymetallic vein deposits are associated with Middle Eocene granodiorite plutons which occur along 
dextral fault systems. 

Tyaughton-Yalakom Metallogenic Belt of 
W S b  Polymetallic Vein and Hg-Sb Vein 
Deposits (Belt TY) Southern British Columbia 

The Tyaughton-Yalakom metallogenic belt of W-Sb polymetallic vein and Hg-Sb vein deposits occurs in southern British 
Columbia and consists of several belts of scheelite-stibnite and cinnabar-stibnite veins which occur along major faults in the 
Methow and Cadwalleder terranes in southwestern British Columbia (fig. 103; tables 3,4) (Nokleberg and others, 1997b, 1998). 
The significant deposits are at Tungsten Queen, Tungsten King, Silverquick, Manitou, Eagle, and Red Eagle. 

The Tungsten Queen and Tungsten King W-Sb polymetallic vein deposits consist of banded, chalcedony-quartz-stibnite- 
scheelite veins which occur in pervasively silica-carbonate-altered ultramafic rocks (Schiarrizza and others, 1989). The Tungsten 
Queen deposit is hosted by listwanite-altered ultramafic rock along branched fractures in the Relay Creek-Marshall Creek fault 
system (Schiarrizza and others, 1990). The spatially-separated Silverquick, Manitou, and other similar Hg-Sb vein prospects 
consist of cinnabar which occurs as fracture-coatings and disseminations in both the Bridge River Greenstone and a Cretaceous 
conglomerate. These deposits may be a later overprint (Schiarrizza and others, 1989). 

The Eagle and Red Eagle prospects consist of cinnabar-carbonate veins which occur in subsidiary shears in the Bridge 
River Greenstone, adjacent to the Bridge River-Yalakom fault system (Schiarrizza and others, 1990). The Hg-Sb vein deposits of 
the Tyaughton-Yalakom metallogenic belt are clearly associated with the Eocene dextral-slip faults of the Talakom, Relay Creek, 
and Fortress Ridge fault systems (Schiarrizza and others, 1989, 1990). The W-Sb occurrences also occur along the Relay Creek 
fault may be related to probable latest Cretaceous to Eocene dikes. 

The vein deposits of the Tyaughton-Yalakom metallogenic belt are herein interpreted as forming during intrusion of the 
younger part of the Coast-North Cascade plutonic belt. The Tyaughton-Yalakom metallogenic belt is related to Fish Lake- 
Bralorne metallogenic belt of granitic-magmatism-related deposits. 

Gambier Metallogenic Belt of Porphyry 
Cu-Mo and Zn-Pb-Cu Skarn Deposits 
(Belt GB) Southern British Columbia 

The Gambier metallogenic belt of porphyry Cu-Mo and Zn-PbCu skam deposits (fig. 103; tables 3,4) occurs in southern 
British Columbia and is associated with a linear belt of early Tertiary plutons which are part the southwestern Coast Plutonic 
Complex. The discordant felsic stocks intrude older, larger, concordant and more mafic plutons, and metamorphic pendants, of the 
Coast Plutonic Complex. These granitoid rocks are part of the extensive Late Cretaceous and early Tertiary Coast-North Cascade 
plutonic belt which occurs along the western and central parts of the Canadian Cordillera for several thousand krn (Nokleberg and 
others, 1994c, 1997c; Monger and Nokleberg, 1996). The significant deposits in the belt are porphyry Cu-Mo deposits at Gambier 
Island, Hi-Mars (Lewis Lake), and O.K.., and a Zn-Pb skam deposit is at Lynn Creek (table 4) (Nokleberg and others 1997a, b, 
1998). 

Gambier Island Porphyry Cu-Mo Deposit 

The Gambier Island porphyry Cu-Mo (Zn-Pb) deposit consists of pyrite, chalcopyrite, and molybdenite which occur as 
disseminations, fracture fillings and veinlets (EMR Canada, 1989; Mining Review, 1990; Fox and others, 1995; MINFILE, 2002). 



Both sulfide-bearing and sulfide-free quartz veins occur in the deposit. The deposit forms a broad arcuate zone 1200 m long by 
200 m wide in an elliptical-shaped, early Tertiary quartz porphyry stock of the Coast Plutonic Complex and adjacent volcanic 
rocks. Estimated resources are 114 million tonnes grading 0.29% Cu and 0.018% MoS2 (MINFILE, 2002). The quartz porphyry 
stock intrudes volcanic rocks of the Cretaceous Gambier Group which is part of the Gravina-Gambier overlap assemblage. 

Hi-Mars Porphyry Cu-Mo Deposit 

The Hi-Mars porphyry Cu-Mo deposit consists of a widespread occurrence of chalcopyrite and molybdenite which occur 
as disseminations and fracture fillings in a small Cu-Mo (Au-Ag) porphyry deposit which is part of the Coast Plutonic Complex 
(British Columbia Department of Mines and Petroleum Resources, 1972, Geology, Exploration, and Mining, p. 272; George Cross 
Newsletter no. 49, March 10, 1978). The deposit, which occurs 7 km northeast of Powell River, contains an inferred resource of 
82 million tonnes grading 0.3% Cu (George Cross Newsletter No. 49, March 10, 1978); this resource may be for several zones in 
the deposit. The deposit probably is similar in age and genesis to the adjacent O.K. deposit. 

O.K. Porphyry Cu-Mo Deposit 

The O.K. porphyry Cu-Mo deposit consists of a stockwork with chalcopyrite, molybdenite and pyrite with minor 
sphalerite and bornite which occur in fractures, as quartz stringers, irregular veinlets, blebs and as disseminations (Meyer and 
others, 1976; EMR Canada, 1989; Mining Review, 1992; MINFILE, 2002). The deposit is mainly enclosed in a composite, 
narrow, northwest-trending, elliptical granodiorite pluton which contains a narrowm leucogranite porphyry dike along the exis of 
the pluton. Although both intrusions contain a quartz vein stockwork, most of the Cu-Mo sulfides occur in the granodiorite within 
a few hundred meters of the contact with the leucocratic porpohyry dike. The plutonic rocks are part of the Coast Plutonic 
Complex (Woodsworth and others, 1991). The age of the granitoids range in the Coast Plutonic Complex range from Jurassic to 
Tertiary. The deposit age is interpreted as Late Cretaceous. The deposit contains a resource of 104.9 million tonnes grading 0.46% 
Cu and 0.028% MoSz (Meyer and others, 1976; MINFILE, 2002). 

Lynn Creek Zn-Pb Skarn Deposit 

The Lynn Creek Zn-Pb skarn deposit consists of sphalerite, galena, pyrrhotite, chalcopyrite and pyrite in quartz veins and 
calc-silicate skarn. The deposit is hosted in shear zones in a roof pendant of Jurassic to Cretaceous metasedimentary and 
metavolcanic rocks of the Cretaceous Gambier Group. The plutonic rocks are part of the Coast Plutonic Complex. Poorly- 
estimated reserves are 272,000 tonnes grading 9% Zn with variable Ag (MINFILE, 2002). Local high-grade zones contain up to 
68.6 glt Ag and up to 20% Zn. The deposit age interpreted as Late Cretaceous to early Tertiary. 

Origin of and Tectonic Controls for 
Gambier Metallogenic Belt 

The Gambier metallogenic belt is defined by the distribution of a suite of small, early Tertiary granitoid bodies which 
constitute the younger part of the Coast Plutonic Complex which is part of the Coast-North Cascade plutonic belt which forms a 
major granitoid plutonic belt of Late Cretaceous and early Tertiary age which extends the length of the Canadian Cordillera and 
into East-Central Alaska (fig. 103). The belt consists chiefly of quartz diorite, granodiorite, and locally more mafic or felsic 
plutons (Rubin and others, 199 1; Gehrels and others, 1990; Wheeler and McFeeley, 199 1 ; van der Heyden, 1992; Woodsworth 
and others, 1992; Journeay and Friedman, 1993). 

Catface Metallogenic Belt of 
Porphyry Cu-Mo-Au and 
Au-Ag Polymetallic Vein Deposits (Belt CF) 
Vancouver Island 

The Catface metallogenic belt of porphyry Cu-Mo-Au and Au-Ag polymetallic vein deposits (fig. 103; tables 3 ,4)  occurs 
on Vancouver Island in the southern Canadian Cordillera and is associated with the middle to late Eocene Catface plutonic suite 
which consists of numerous, small irregular stocks, dikes and sills (Carson, 1973) which form a broad belt extending from near 
Nanaimo west to Ucluelet and north to Zeballos on Vancouver Island. The suite is part of the extensive Late Cretaceous and early 
Tertiary Coast-North Cascade plutonic belt which occurs along the western and central parts of the Canadian Cordillera for several 
thousand km (Nokleberg and others, 1994c, 1 9 9 7 ~ ;  Monger and Nokleberg, 1996). The significant deposits in the belt are at 
Catface, Domineer-Lakeview, and Privateer (table 4) (Nokleberg and others 1997a, b, 1998). 

Porphyry Cu-Mo and Polymetallic Vein Deposits 

The Catface porphyry Cu (Au-Mo) deposit consists of chalcopyrite, bornite, chalcocite, pyrite, pyrrhotite and 
molybdenite which occur in a stockwork of fractures and quartz veinlets (Dawson and others, 1991; Mining Review, 1992; Enns 
and McDougall, 1995; MINFILE, 2002). The stockwork is accompanied by biotite alteration. Estimated resources for the Cliff 



Zone are 188 million tonnes grading 0.42% Cu, 0.0 14% Mo, and 308 million tonnes grading 0.37% Cu, 0.1% Mo; ptmtial for 
additional resources exists at depth (McDougall, 1976; Enns and McDougall, 1995).The deposit is hosted in an apophysis of 
Eocene porphyritic quartz diorite of lbc Catface plutonic suite and has a K-Ar isotope agt of 48 Ma. The diorite intrudes rsfatively 
older quartz monzonite and rnttabasalt of the Late Triassic Karmuum Formation of WmgeUia. 

The Domineer-Lakeview Au-Ag polyrnetallic vein zone occurs at Mount Washington, near Comox, and consists of a 
silicified vein-shear zone which cuts basaltic volcanic rocks of the Late Trimsic Kanmrtsen Formation sed'intaxy nxks of tbe 
Late Cretaceous Nanaimo Group, and sills of the Catface Plutonic Suite. The Au-Ag polyrmtallic vein zone k iaterpteted as a 
shallow-dipping, post intrusjon body. The shear zone is intensely altered to kaolinite ~d cordah t & u h  zones which are 
silicified and cut by Au veins with quartz, pyrite, and arsenopyrite. The deposit is aesociated with a small, previously-pmhxing 
porphyry Cu-Mo deposit, and several minaalized breccia pipes. Estimated reserves are 550,298 tomes grading 6.75 g/t Auand 
32.2 g/t Ag (Muller and Carson, 1969; MWFILE, 2002). 

The Privateer Au polyme~llic vein deposit consists of a set of &in, ribbon qwtz  veins which ml contact- 
metamorphosed volcanic rocks of the Middle Jurassic Bonarua Group, as well as LLe Z e W s  stock ofthe Ca&ce Plutmh Suite. 
The Privateer is the largest and most productive of a group of small miuer in and adjacent to the W. Thc mjM ore m i n e d  are 
abundant pyrite and arsenopyrite, sphalerite, less abundant chalcopyrite, galena, and pyrrhotite, and rare free gold. Estimated 
production is 280,000 tonnes of are containing 18.8 g/t Au a1008 with Ag, W, and Zn (Stevenson, 1950; hwson  and others, 
1991). 

Origin of and Tectonic Controls for 
Cafface Metallogenic Belt 

The Middle to Late Eocene intmsionsof the b t h m  Plutonic Suite are mainly calc-alkaline, to&te a d  qutlrtk diorite 
and minor granodiorite and granite, and c o m n l y  porpbyntic. The plulans ~ T C  roughly s y n h n o u ~  with Pdmgene plutons in 
the southern Coast and Intermontane belts, were emplaced at hgh levels as indicated by asm~kted  breech^ and &atrema, and 
intrude rocks as young as the Late Cretaceous Nanaimo Group (Woodswo~th and &ITS, 1991). The Catfkw Nutonic Suh ia tbe 
southern part of the extensive Late Cretaceous and early Tertiary Coast- no^ Casce&e plutonic belt which formed a major 
continental-margin arc in mainly tbe western Canadian Cordillera mokleberg and others, 1994c, 1997~; Monger and Noltlebq, 
1996). 

Metallogenic Belts Formed in Backarc 
Part of Early Tertiary Coast 
Continental-Margin Arc, 
Southern Canadian Cordillera 

The Skeena (SK) and Nelson (NS) constitute two major metallogenic belts of granitic-tntigmath-rektwl&@C mcur 
in the southern Canadian Cordillera (fig. 103; tables 3.4) that are interpreted as forming during granitic plutmhun wcurring 
during back arc extension or transtension m an region contiuentwatd of the subduction-related Coast coatinend--gin arc. 
These two early Tertiary two rnetallbgenic belts represent the lest stage of magmatism in the Cosst=&rlh h s a d e  pi& bell 
that comprises most of the Coast o&cnral-margin B ~ C .  This period of regional extension or treasteasion in the southern 
Canadian Cordillera is interpreted a8 the result of eitber: (1) a chenge horn transpression to tranmmion at abwt 55 M a d  by 
a change of obliquity of convergence of the oceanic plate (Parrish and othes, 1988); or (2) alternatively. but likely, collapse of 
overthickened thrust units (Monger and Nokleberg, 1996; Nokkberg and others, 2000). This origin is d8gou8 to the wcmetlce 
of back-arc magmatism forming the Columbia River basalt to the rear of the Cascade arc in theMiocene (Wells and Mel&r3 1988; 
England and Wells, 199 1 ; Nokleberg and others, 2000). 

Skeena Metallogenic Belt of Porphyry Cu-Mo, 
Porphyry Mo; Ag Polymetallic Vein and 
Au-Ag Epitherrnal Vein Deposits (Belt SK) 
Central British Columbia 

The Skeena metallogenic beIt of porphyry Cu-Mo; porphyry Mo; Ag polymetallic vein, atld Au-Ag e p i t h d  vein 
deposits occurs in central British Columbia (fig. 103; tables 3,4), and is associated with s e v d  early Teftiary p l u t d c  suiw is 
the Intermontane Belt in westcentral British Columbia, i n c l u ~ g  the Namka, Babine, Quanchus md G m l y  (Weodswath md 
others, 199 1 ; Carter, 1982). Coeval and spatially related volczlllic rocks support the interpretation which maay of the plutons 
represent the roots of volcanic centres. The host plutonic rock are the younger part of the Coast-No* Cascade plutonic belt md 
the related early Tertiary Kamloops magmatic belt (Plafktr nod othera, 1989; Noldeberg and others, 1 9 9 4 ~  19flc). The 
significant deposits in the bett are (table 4) (Noklebarg d others IWa, b, 1998): porphyry Mo &posits at Aja,  Bell Moly 
(Alice Arm), Kitsault (BC Moiy), Lucky Ship, Mamt Tho*, kcdbrrd, Roundy Creek, Serb Creek; potphyfy Cu-Mo 
deposits at Berg, Big On~on, Dorothy, and NanikaPW, New Nanik); polymtalhc and AgpolymeWc vein deposits zit Capaxe 
Lake, Equity Silver (Sam Goosly), Nadina (Silver Queen), and Prbepesity-Porter Idaho; and porpbm Gu-Au (Mo) CitqW~Bsu 
Bell Copper (Newman), Graaisle, and Morrison. However the age of the Equity Silver (Sam Goosly) depsit is unrwioid, 



Porphyry Mo and Cu-Mo Deposits Associated with 
Nanika Intrusions of Nanika Plutonic Suite 

The Eocene Nanika Plutonic Suite, which forms the most widespread suite of post-accretionary granitoid plulom 
intruding the Stikinia terrae, include the Nanika Intrusions south of Bowser Basin (Carter, 1982), and the Alice Arm Inbusions 
west of the basin (Woodsworth and others, 1991). The small, multi-stage, calc-alkaline granitic to granodiorite stocks, dikes and 

I sills, which were intruded along steeply-dipping faults, are interpreted to be the roots of deeply-eroded volcanic centers, perhaps 

I of the Hazelton Group (Maclntyre, 1985). Several major porphyry deposits associated with Nanika Intrusions occur northeast of 
Hazelton, B.C. The largest of these deposits are at Berg, Mount Thomlinson, and Redbird. Other significant deposits in the Huston 
district are at Lucky Ship porphyry Mo and Nanika Mountain porphyry Cu (Mo) deposits. The Serb Creek porphyry Mo and the 
Big Onion porphyry Cu-Mo deposits (Wojdak and Stock, 1995) occur east and west of Smithers, respectively 

Berg Porphyry Cu-Mo (Pb-Zn-Ag-Au) Deposit 

The Berg porphyry Cu-Mo (Pb-Zn-Ag-Au) deposit consists of chalcopyrite, molybdenite and pyrite with minor 
sphalerite, gakna, and arsenopyrite (Panteleyev, 198 1; EMR Canada, 1989; Dawson and others 1991). Estimated reserves are 238 
million tomes grading 0.39% Cu, 0.05% MoS2, 2.84 g Ag. The deposit occurs within a fine-grained slwkwork of quartz veinlets 
which are distributed in a broad asymmetrical zone around a semicircular quartz-monzonite porphyry stock of the Eocene Nanika 
Suite, and within the peripheral, contact-metamorphosed volcanic rocks of the Hazelton Group. The most intense Mo 

I concentrations occur in the stock whereas the most intense Cu concentrations occur 60 meter beyond the contact. A pyrite birlo 
I occurs from 300 to 600 meters from the contact. Also occurring is extensive oxidation, leaching, and secondary enrichment. 
I 

Mount Thornlinson Porphyry Mo Deposit 

The Mount Thomlinson porphyry Mo deposit consists of molybdenite, chalcopyrite, along with minor magnetite and 
scheelite which occur in a stockwork of quartz veinlets near the northwest contact of a circular, Eocene quartz monzonite 
porphyry stock which intrudes argillaceous Jurassic sedimentary rocks (Carter, 1982; EMR Canada, 1989). Estimated reserves are 
40.8 million tonnes grading 0.12% MoS2. The deposit occurs predominantly within intrusive rocks along the northwest contact. 
The host sedimentary rocks are deformed and metamorphosed into biotite, muscovite, cordierite, and andalusite-bearing schists. 

Redbird Porphyry Mo Deposit 

The Redbird porphyry Mo deposit consists of molybdenite and pyrite which occur in a stockwork of quartz veinlets 
within peripheral, concentric alteration zones of a quartz-monzonite porphyry stock of the Eocene Nanika Suite which intrudes 
Middle Jurassic pyroclaslic rocks of the Hazelton Group (EMR Canada, 1989; Dawson and others, 1991). Estimated reserves are 
63.5 million tonnes grading 0.17% MoS2.The stock is dominantly one phase, and hosts a peripheral ring of molybdenum. Also 
present are polessic (K-feldspar), silica-sericite, and kaolinite alteration are present. The stock has a K-Ar isotopic age of 49.0 Ma. 

Porphyry Mo Deposits Associated with 
Alice Ann Intrusions of Nanika Plutonic Suite 

The Alice Arm Intrusions of the Nanika Plutonic Suite, which occur along the eastern margin of the Coast Plutonic 
Complex, consist of small granite to quartz monzonite porphyry stocks which intrude clastic rocks of the Late Jurassic Bowser 
Assemblage at the Intersections of north-northwest and east-northeast faults (Carter, 1982). The major porphyry deposits are the 
Ajax porphyry Mo, Bell Moly porphyry Mo-W, and Kitsault (B.C. Moly) porphyry Mo (Ag, Pb, Zn, Cu) deposit. 

Ajax Porphyry Mo Deposit 

The Ajax porphyry Mo deposit consists of molybdenum in a quartz-vein stockwork which is hosted in an Eocene quartz 
monzonite porphyry intrusion, and in adjacent, contact-metamorphosed Jurassic argillaceous rocks (Soregaroli and Sutherland 
Brown, 1976; ENLR Canada, 1989; MINFILE, 2002). The deposit occurs in four small, closely-spaced plutons. Estimated reServ& 
are 178.5 million tomes @ng 0.12 1 % MoS2. Total reserves are 4 17.3 million tonnes grading 0.099'0 MoS2 with a very high 
stripping ratio. The porphyry intrusion exhibits a K-Ar biotite isotopic age of 54.0 Ma age. 

Bell Mdy Porphyry Mo-W Deposit 

The Bell Moly porphyry Mo-W deposit consists of molybdenite and minor scheelite which occur in a quartz vein 
stockwork in an Eocene quartz monzonite porphyry and in adjacent biotite homfels in Jurassic metasedimentary and metavolcmic 
rocks (Carter, 1982; EMR Canada, 1989). Estimated reserves are 106 million tonnes grading 0.09% Mas. The deposit occurs in a 
crescent-shaped zone around the eastern portion of the stock. 



Kitsault (B.C. Moly) Porphyry Mo Deposit 

The Kitsault (B.C. Moly) porphyry Mo (Ag-Pb-Zn-Cu) deposit consists of molybdenite in quartz-vein stockworks which 
are related to an Eocene quartz monzonite and quartz diorite stock which intrudes Late-Jurassic and Early Cretaceous siltstone and 
graywacke of the Bowser Assemblage (Carter, 1982; Steininger, 1985; EMR Canada, 1989; Hodgson, 1995; W F I L E ,  2002). 
The veinlets are cut by quartz veins, up to 3 meters wide and contain pyrite, galena, sphalerite, scheelite. chalcopyrite, tetrahedrite 
and pyrrhotite. Molybdenum-bearing rocks form a ring structure around !he stock in quartz veinlets. At least five stock phases are 
recognized. Several stages of ores are associated with intraminera! dikes. The porphyry exhibits a K-Ar isotopic age of 53.7 Ma. 
Estimated combined production and reserves are 1 13.3 million tonnes grading 0.184% MoS2. Between 1967 and 1972 pr-tion 
was 9.3 million tonnes grading 0.1 12% MoS2. Estimated reserves in 1989 were 104 million tonnes grading 0.19% Mas. 

Ag Polymetallic Vein Deposits Associated with 
Goosly Plutonic Suite 

The Goosly Plutonic Suite consists of small alkaline gabbro, syenomonzonite, and quartz: monzonite stocks which occur 
near the western end of Francois Lake. The suite intrudes Late Cretaceous voleanic and clastic rocks of the Skeena Assemblage 
and is associated with subvolcanic to Eocene volcanic centers (Church, 1971). The major Ag p o l y m d c  vein &posits itre at 
Equity Silver (Sam Goosly) and Prosperity-Porter Id. 

Equity Silver (Sam Goosly) Ag Polymetallic Vein Deposit 

The Equity Silver (Sam Goosly) Ag deposit is an unusual polymetallic stockwork and vein deposit which consists of 
pyrite, chalcopyrite, pyrrhotite, and tetrahedrite, and minor sphalerite, galena, and silver sulfosalts which are accompanied by 
argillic alteration (Carter, 1982; Cyr and others, 1984; Northem Miner, March 28,1988; Schroeter and Lane, 1991; Panteleyev, 
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1995; MINFILE, 2002). The sulfides occur in veins, disseminations, and massive sulfide replacement bodies, ranging up to 120 m 
thick, which are located in tabular fracture zones roughly parallel to strstigraphy. Estimated combined production and reserves m 
32.1 million tonnes grading 71.3 glt Ag and 3.90 g/t Au. The mine closed in 1984; estimated remaining reserves are 5,915,454 
tonnes grading 72.01 g/t Ag, 0.82 g/t Au, and 022% Cu. Estimated total Au content of combined production and reserves is 16.9 
tonnes. The deposit age is poorly constrained and is younger than the host Late Cretaceous units and older than the Gcosly Lake 
intrusions. The deposit occurs between a granitic stock (with a K-Ar isotopic age of 58 Ma), and a gabbro-monzonite st& (with a 
K-Ar isotopic age of 48 Ma). The plutonic rocks are pafi of the Goosly Lake Intrusions and intrude sedimentary and pyroclastic 
rocks of the Cretaceous Skeena Assemblage. The deposit is interpreted by Panteleyev (1995) as a subvolcanic Cu-Au-Ag deposit 
which commonly occurs near or above a porphyry Cu hydrothermal system. 

Prosperity-Porter Idaho Ag Polymetallic Vein Deposit 

The Prosperity-Porter Idaho deposit, an impcutent pafl silver producer, consists of a set of n m w  plymetallic Ag veins 
hosted in volcanic rocks of the Hazelton Assemblage which is related to tbe Hyder biotite grmodtorite plbton. The pluton is part 
of an Eocene granitoid suite in the northeastem Coast Plutonic Complex (Woodsworth and others, 1991). From 1922 to 1950 the 
mine at the deposit produced 2.36 million ounces of Ag. Estimated reserves are 826,277 tomes grading 669 $h Ag and 5% PMZn 
(Schroeter and Lane, 1991). Relaled silver mines in the Stewart region are tbose at Idaho and Indian (Alldn'ck, 1985; AIldrick and 
others, 1987). 

Porphyry Cu-Au-Ag Deposits AsdocIated wlth 
Babine Plutonic Suite 

The Eocene Babine Plutonic Suite, which consists of distinctive, small, biotite feldgpar granodi 
porphyry stocks and dikes, is associated with several porphyry Cu-Au mines and significant prospeots in c 
The suite consists of a northwest-trending belt of multiple intrusions ofstocks, dikes, a d  breccias 
(Kirkham, 1971), and interpreted as the &i of volcanic centres for equivalent extrusive rocks in the area (m, 1982). The 
major porphyry Cu-Au-Ag deposits ate at Bell Copper, Granisle, and Momson. These deposits exhibit: (a) an annular zoning of 
sulfide minerals and associated potassic to phyilic to argillic alteration (Canon and Jambor, 1974); and (2) high precious-metal 
contents which are characteristic of classic (non-plutonic) calc-alkaline porphyry deposits (SincIair, and others, 1982). Other 
deposits in the Babine Lake district ( C m r  and others, 1995) are the Dorothy porphyry Cu-Mo deposit which is hosted in a 
feldspar porphyry dike, and the Heame Hill Cu-Au breccia pipe whicb is associated with a biotite-hldspar porphyry plug 
(Ogryzlo and others, 1995). 

Bell Copper Porphyry Cu-Au (Mo) Deposit 

The Bell Copper porphyry Cu-Au (Mo) deposit (fig. 121) consists of chalcopyrite and lesser bornik which occur as 
disseminations and in quartz lenses and stockwork veinlets. Estimated combined production and reserves are 71.75 million t o ~ e s  
grading 0.46% Cu, 0.23 g/t Au, 0.48 g/t Ag, and 0.006% Mo (Carson and dhws, 1976; Noranda Inc., m u d  -0% 1990; 



Buhenchuk, 1991; Diron and others, 1995; MINFILE, 2002). The deposit is hosted in biotite-feldspar porphyry of the Eocene 
Babine Plutonic Suite and the adjacent Jurassic metasedimentary rocks and metavolcanic rocks of the Hazelton Group. A K-Ar 
biotite isotopic age of 5 1.0 Ma for the porphyry is interpreted as the age of deposit. The deposit exhibits pervasive potassic 
(mainly biotite) alteration with a surrounding, concentric halo of chlorite and sericite-carbonate alteration. The alteration coincides 
with a two-km-wide pyrite halo which surrounds the deposit (Dirom and others, 1995). A supergene chalcocite zone caps the 
deposit and extends to depths of 50 to 70 meters. Higher Cu grades occur in a 60 to 90 m-thick, flat-lying area which is connected 
to a central pipe-like zone which is centered on the western contact of the intrusion. Past production was 28.7 million tonnes 
grading 0.46% Cu. 
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Figure 121. Bell Copper porphyry CuAu deposit, Skeena metallogenic belt, Canadian Cordillera. Schematic gymlogic map Of a m  
aro'ound open pit and altwatlon halos. Adapted from Butrenchuk (1991). 

Oranisle Porphyry Cu-Au (Mo) Deposit 

The Granisle porphyry Cu-Au (Mo) deposit consists of chalcopyrite, bornite and pyrite with low grade Au and Ag and 
local minor molybdenite which occur in quartz-filled fractures (Carson and Jambor, 1974; Fahrni and others, 1976; EMR Caaads, 
1989; Dawson and others, 1991; Dirom and others, 1995). The deposit is associated with Eocene Babine porphyry intrusions (with 
K-Ar isotopic ages of 5 1.2 Ma) which intrude volcanic and sedimentary rocks of the Early Jurassic Hazelton Group. C d i n s d  
estimated production and reserves re 66.2 million tonnes grading 0.42% Cu, 0.12 g/t Au, 1.12 g/t A& and 0.009 g/t Mo. The 
deposit is centered on the contact between biotite-feldspar porphyry and an earlier quartz diorite phase. A central potassic 
alteration zone is successively rimmed by a quartz-sericite-carbonate-pyrite alteration zone and by a o h l o r i t e - c a r b o n a ~ ~ o t e  
alteration zone (Dirom and others, 1995). 

Morrison Porphyry Cu-Au (Mo) Deposit 

The Morrison Porphyry Cu-Au (Mo) deposit consists of chalcopyrite and pyrite which occur in a ~tockurofk of' ireinlets 
and fractures, and as disseminations (Carter, 1982; EMR Canada, 1989; Ogryzlo and others, 1995). Estimated resources are 86 



million tonnes grading 0.42% Cu, 0.34 g/t Au. 3.4 g/t Ag, and 0.017% Mo. The deposit is hosted in biotitAmtnblende-plagioclase 
porphyry of the Eocene Babine Suite and in adjacent Jurassic sedimentilly rocks. The porphyry, sedimentary rocks, and deposit 
are displaced by a fault. 

Au-Ag Epithermal Vein Deposits Ass~~fatdd WIM 
Quanchus Plutonic Suite 

The Qi~anchus Plutonic Suite forms an arcuate chain of large stocks in west-ceatFal Britigh Columbia The phitons in the 
suite are similar in composition to plukm in the Nanika suite to the west, but contain more hornblende and biotite; in addition, the 
suite contains only minor porphyry Cu-Mo prospects (Woodsworth andothers, 1991). Comaptic with the plutofls of h e  
Quanchus suite are uplifted and eroded felaic vokanic ceilters hi the Eocene Ootstt Lake Group in the F a d e  Range. The 
significant Au-Ag epithermal vein prospects arc: (1) the Holy Cross and Uduk b deposits (Lam 4 Schmeh, 1995); (2) the 
Wolf prospect which is related to resurgent domlng d felsik intrusion within a caldera (Andrew and o~~ 1986); (3) tber 
Clisbako prospect which is hosted in felsic valcanics of dtt! Eocene Clisbako formation, and is om of several similsfidqmut8 in a 
caldera with a diameter of 40 Ian (Metcalfe and Hickson, 1995); and (4) the Blackdome mine which OWINS m $4 Eoeem &i&- 
rhyolite-volcaniclastic sequence, which is  coeval with the Ootsa Lake and Ctisbako Volcanics to the nmth, and is wntrolled by 
doming and normal faulting (Vivian and others, 1987). 

Origin of and Tectonic Controls for 
Skeena Metallogenic Belt 

The Skeena m e t a l l ~ i c  belt of porphyry Cu-Mo; porphyry Mo; Ag polymetalLic veils, aad Au-Ag epitbmal wein 
deposits occurs in central British Columbia (fig 103) and is associated with several early Tertiary phtouic suites is& 
Intermontane Belt in west-central BriM Co-in. The plutonic suites, which consist of the Nanika, Bibhe, Quen&~, and 
Goosly Suites (Woodsworth and o h m ,  1991; Carter, 19821 are coeval and spatially related to qmjwent v 0 1 W  rocks, 
indicating that the plutons were the roots of f o m  volcanic centers. The plutonic suites are canmronly cc~ltmlkd by highgngle 
faults which caused uplift and block-faulting in tbe Stikiaia terrane. The plutonic suites and coeval wlcaik Mitshpattof ad 
extensive continental-margin arc in tbe Canadian C o d h a  which consisted of the early Tertiary Kamlaop twgmatic belt(Pb&r d 
others, 1989; Nokleberg and others, 1994c, 1997~) and Lhe Late Cretacems and early Tertiary ~-~ Casaxb @to& belt 
(Nokleberg and others, 19Wc, 1 997c). TbGse v-twit suites m the southem Intermontane Belt we in- as kgh-1evel 
products of deep-seated plutoniun and melamorphiam i J e  Coast Belt to the west which f o d  m a haoqw&w emgat xeW to an 
extensional stress field (Woodswortk~ sad o b ,  1991). 

Nelson Metallogenic Belt of 
Ag Polyrnetallic Vein, Ag-Pb-Zn Manto, 
Au-Ag Epithermal Vein, Porphyry Mo, 
Paleoplacer U. and Related Deposits (Belt NS) 
Southern British Columbia 

The Nelson metallogenic belt of Ag palymstailic vein; Ag-Pb-Zn manto; Au-Ag epithennrd vein, poqbyry hh, 
paleoplacer U and related depoalts (fig. 103; tables 3,4) occm m sauthern British Coluzabia The belt cuntdns sijpfhut Au-Ag 
polymetallic vein and manto deposits which occur in two settmgs. Some deposits occur to the east, in or near the M U  Jurarwric 
Nelson Batholith which is part ofthe Nebon flutonic suite (Woodswo~.tb and others, 1991). Thesignificant deposit13 in the belt we 
(table 4) (Nokleberg and others 19a70, b. i998): Au-Ag and Ag polymetallic vein deposits at Ainswmth DWct, Highhad Bell 
(Beaverdell), Millie Mack, and Silverton District (Sandon, Siivcr Ridge), a porphyry Mo deposit at C2mni Moly; a Zn-F'bAg 
skam and manto deposit at Rloa&! (Blue Bell); and & p a l e o p h  U deposit at Lassie Lake area (Blkzard). 

Bluebell (Riondel) Zn-Pb-Ag Skarn and Msnto Deposit 

The Bluebell (Riondel) Zn-Pb-Ag skam and Pronta deposit (fig. 122) wmists of splsakib, galala, pyrrhotite, pyrite, 
arsenopyrite, chalcopyrite and kaebelite which occur in r ~ ~ t  bodies and in veins controlled by bddmg, h&ms and open 
anticlinal culminations (Hoy, 1980, 1982a; Nelson, 1991; Beaudoin and others, 1992). The manto andvein &posits occur along 
bedding or fractures, and in pre-cleformatiad biaccias, and a a d c h d  cuhimtion~ in b l y  cb'~britla -torn of the Bad&& 
Formation, and in quartz-mica schist of the Mohican Funnath A distinctive skarn mineral assemblage iacludcs p p d e  
knebelite (Fe-Mn olivine) and retrograde rninneaotaite (Fe talc), Fe-, Mn-, and Mg-carbonate, cblorib, calcite, aml cplz. A K-Ar 
isotopic age of 59 Ma for vein muscovite which cuts a gabbro dyke indicates an Eocene age of miaeralimtion for the Rh&l 
deposit and possibly for the district (Beaudoin and others, 1992). The miae at the deposit attained the largtst product@ from a 
Canadian Zn-Pb-Ag skam mine. Between 1895 and 1971 estimated production was 4.82 million tonnes of ore. and estimated 
reserves are 0.35 million tonnes gnding 6.3% Zn, 5.2% Pb, and 45 dt Ag. 



Orebody 

Upper Limestone 

Figure 122. Bluebell (Riondel) Zn-Pb-Ag skam and manto deposit, Nelson metallogenic belt, Canadian Cordillera. Schematic block 
diagram. Host Bluebell limestone occupies western limb of a north-trending antiform. Adapted from Hoy (1980) and Dawson 
(1 996a). 

Highland Bell (Beaverdell) Ag-Polymetallic Vein Deposit 

The Highland Bell (Beaverdell) Ag-polymetallic vein deposit consists of sphalerite, pyrite, galena, arsenopyrite, 
chalcopyrite and minor pyrargarite in quartz-calcite veins which occur along a northeast-trending, 3 km by 800 meter belt on the 
west slope of Mt. Wallace (Watson and others, 1982; MINFILE, 2002). The deposit was notably rich in Ag, and the mine at the 
deposit had the longest continuous operating life of any mine in British Columbia. Between 1901 and 1992, estimated production 
was 941,644 tonnes grading 1,060 g/t Ag, 1.14% Pb, and 1.37% Zn. The majority of the production (1,166 tonnes of Ag) was 
fiom the upper and lower Lass vein systems which occur in Jurassic granodiorite and adjacent turbiditic clastic and pyroclastic 
rocks of the Permian Wallace Formation. However, the Highland Bell deposit is interpreted as forming during intrusion of the 
Eocene quartz monzonitic Beaverdell stock which has a K-Ar isotopic age of 50 Ma (Christopher, 1975; Watson and others, 
1982). 

Carmi Moly Porphyry Mo-Cu (U-F) Deposit 

The Carmi Moly porphyry Mo-Cu (U-F) deposit consists of molybdenite and chalcopyrite which are disseminated in 
brecciated Early Jurassic granodiorite which has been intruded by a alkalic to calc-alkalic Eocene quartz monzonite porphyry 
Beaverdell stock with a K-Ar isotopic age of 50 Ma (Eocene), which also contains part of the deposit (Dawson and others, 1991; 
MrNFILE, 2002). The deposit occurs in a 2-km-diameter annular-shaped pyrite zone. The stock is part of the Coryell Plutonic 
Suite. Estimated reserves are 44.5 million tonnes grading 0.13% Mo. 

Lassie Lake and Hydraulic Lake Paleoplacer U deposits 

Lassie Lake and Hydraulic Lake paleoplacer U deposits consists of autunite and saleeife which occur in paleostream 
channels in Paleogene continental sedimentary rocks or basins which overly quartz monzonite of Cretaceous Valhalla pluton 
which is part of the alkaline Coryell Plutonic Suite and calc-akalic plutons of the Okanagan composite batholith underlie the 
paleoplacer U deposits. (Sawyer and others, 1981; MINFILE, 2002). Secondary U minerals, autunite and saleeite, derived from 
underlying uraniferous quartz monzonite of the Cretaceous Valhalla pluton, are concentrated in early Tertiary paleochannel 
sediments where oxidation was retarded by a capping of plateau basalt of the Pliocene Chilcotin Group. Estimated reserves are 2.1 
million tonnes containing 4000 tonnes of U and grading 0.227% U30s (Bell, 1991; Sawyer and others, 1981). The uranium 
minerals occur in oxidized facies of coarse-grained fluvial sedimentary rocks and in disseminated organic material in reduced, 
fine-grained sedimentary rocks. 

Origin of and Tectonic Controls for 
Nelson Metallogenic Belt 

The Nelson metallogenic belt contains a wide variety of Ag polymetallic vein; Ag-Pb-Zn manto; Au-Ag epithermal vein, 
porphyry Mo, paleoplacer U, and related deposits (tables 3,4). Some deposits occur to the east, in or near the Middle Jurassic 
Nelson Batholith which is part of the Nelson plutonic suite (Woodsworth and others, 1991). Other deposits occur to the west in 
the Okanagan Valley in, or near the Eocene alkaline Coryell Plutonic Suite which is interpreted as forming during regional 



extension. The Coryell Suite is interpreted as the rear or back -a~  part of the Coast-North Cascade plutonic belt. The vein and 
manto deposits which occur in, or around the Middle Jurassic Nelson Batholith, including those in the Silverton, Ainsworth, 
Slocan, and Sandon districts, were originally interpreted as forming during the Middle Jurassic inbusion of the batholith and 
associated granitoid dikes (Cairnes, 1934; Hedley 1947, 1952). However, recent isotopic studies suggest: (1) an Eocene age for 
mineralization for deposits in the district (Beaudoin and others, 19921, including Qe large Bluebell (hondel) skarn and manto; 
and (2) that the deposits formed during intrusion of (Eocene) mafic and lamprophyric dikes. 

To the west in the Okanagan Valley several other Au-Ag cpithermal vein dep0si.k are hosted by Eocene trachyte volcanic 
rocks of the Marron Formation which is genetically related to the alkalic Coryell Plutonic Suite (Woodswortb and others, 1991; 
Church, 1973). The Au-Ag epithennal vein deposils include the Vault (Pantdeyev. 199 1)  and Dusty Mac (Zhang and others, 
1989) deposits. The igneous rocks and associated deposits are interpreted as forming during Eocene regional extension associated 
with the low-angle Okanagan shear zone (Tempelman-Kluit and Parkinso& 1986; Purish and others, 1991). 

Early to Middle Tertiary 
Metallogenic Belts 52 to 23 Ma; 
Figures 102,103) 

Overview 

The major early Tertiary metallogenic belb in the Rusian Far East and the Canadian CordiUera are summarized in table 
3 and portrayed on figures 102 and 103. Tbe major belts are es follows. (1) In the Russian Southeast, the Central Sakhaiio (CS) 
belt, which contains Au quartz veln and talc deposits, is hosted in deformed units of the Aniva subduction zone terrane, and is 
interpreted as forming in collisional event dwng the early Tertiary(?) accretion of outboard t e r n s  to the east. (2) On the 
southern Karnchatka Peninsula in the Russian Northeast, the S r e d h y  metellogenic belt of Au quartz vein and metamorphic REE 
vein(?) deposits is hosted in the Sredimy-Kamchatka terrane and is ~ntupreted as forming during accretion of the outboard 
outboard Olyutorka arc and generation of hydrothermal fluids. (3) Also on the southern Kamchatka Peninsula in the Russian 
Northeast, the Kvinumsky metallogenic belt of hornblende peridotiie Cu-Ni and gabbroic Ni-Cu deposits, is hosted in corhndite 
norite-diorite intrusions which intrude the older metamorphic and granitoid rocks of the Sredinny-Kamchatka metamorphic 
terrane. The belt is interpreted as forming during backarc intrusion related to subduction beneath the Karnchatka Peninsula part of 
Northeast Asia continental margin arc. (4) In the Russian Northeast, the Canal Koryak (CKY) belt, which contains grenitie- 
magmatism-related deposits, is hosted in the Kamchatkak-Koryak volcanic-plutonic belt, and is intmpmted r*, forming along a 
transform continental-margin arc. (5) In the Russian Northeast, tbe Olyutor (OT) belt, which contains granitic-magmatism-related 
and clastlc sediment-hosted Hg deposits, is hosted in tbe East Kamchatka volcanic and sedimentary besin, and is interpreted as 
fonn~ng during subduction-related granlllc plutonkm that fonned the Karnchatka P t h u l a  part of Northeast Asia continental 
margin. (6) In the central Canadian Cordillera, the Pinchi Lake belt, which contains Hg epithermd vein, SbAu vein, silica- 
carbonate Hg deposits hosted in, or near shear zoos, is interpreted as forming during banscurrent faulting dong Cslscade volcanic- 
plutonic belt. And (7) in the southern Canadian Cordillera, the Owl Creek (OC) belt, which also contains granitic-magmatism- 
related deposits, is hosted in the Cascade volcanic-plutonic bck md is interpreted as forming h i n g  subduction-related granitic 
plutonism which fonned the Cascade continental margin arc. ln the below descriptiolu of rnetallogmic belts, a few of the noteable 
or signficant lode deposits (table 4) are described for each belt. 

Metallogenic-Tectonic Model for 
Early to Middle Tertiary (52 to23 Ma; 
Figure 123) 

During the early to mlddlc Tertiary (middte Eocene b the early Miocene - 42 to 23 Ma), the major metdogenic-tectonic 
events were (fig. 123; table 3): (1) accretion of the Olyutorka island arc; (2) coatinualion of a series of ~ ~ l l t h e n t a l - m m  arcs, 
associated metallogenic belts, and companion subduction-zone assemblages around the Cucum-North Pacific; (3) continuation of 
sea-floor spreading in the Arctic and eastern Pacific Oceans; (4) establishment of a new continental marein in the northern and 
eastern parts of the Circum-North Pacific es the m l t  of h e  disappearance of the Kula Ocean plate and inception of subduction of 
the leading edge of the Pacific Ocean plate; (5) continuation of dextral h-anspression between tbe Pacific Ocean plate (PAC) and 
the North American continental margin in the eastern part of the Chcum-North Pacific; and (6) a change ta orlhogonal 
transpression between the Pacific Ocean p t t e  and the Southern Alaska continental margin because of countmlockwise rotation of 
Western Alaska. 

At about 50 Ma (Vogt and others, 1979), the Gakkel Ridge (GK; northern extension of the Atlantk ~ d - b m  Ridge) 
was Initiated and sea-floor spreading extended tnto the Eurasia Basin (eb) in tk Arctic ocean, thereby multing in the NO& 
American-Eurasia plate boundary in the Russian Nodcast. The exact location of the Euierpole c b g e d  throughout the 
Cenozoic, thereby resulting in regional changes in h e  s t r a  regime (Savostin and others, 1984; H M  and others, 1990). 
Analysis of marine magnetic anomalies in the Eurasia Basin suggests that the region underwed extension from about 56 to 36 h b  
(Savostin and Drachev, 1988a, b; Harbert and others, 1990; Fujita and others, 1997). 



Figure 123. Early to middle Tertiary (Middle Eocene through early Miocene - 52 to 23 Ma) stage of metallogenic-tectonic model. 
Refer to text for explanation of metallogenic-tectonic events, to tables 3 and 4 for descriptions metallogenic belts and significant 
deposits, and to figure 18 for explanation of abbreviations, symbols, and patterns. Adapted from Nokleberg and others (1997b. 
1998,2000). 

Specific Events for Early to Middle Tertiary 

(1) The younger, bimodal volcanic and plutonic rocks of the youngest part of East-Sikhote Alin volcanic-plutonic belt 
(es), mainly basalt, rhyolite, and associated granitic plutonic rocks, are herein interpreted as forming in a dextral-transpression 
tectonic regime. During dextral-transpression, the the Central Sakhalin (CS) metallogenic belt of Au quartz vein and talc deposits 
formed in the Aniva subduction zone terrane during associated hydrothermal activity. 

(2) In the early Eocene, at about 50 Ma (Heiphitz and others, 1994; Brandon and others, 1997, 1998; Garver and others, 
1998; Solo'ev and others, 1998; Konstantinovskaya, 1999), the Olyutorka island arc accreted against the West Kamchatka 
accretionary-wedge terrane (WK; fig. 123) along the Vatyn thrust of Brandon and others (1997, 1998) which is interpreted as a 
low-angle, seaward-dipping zone of obduction (Brandon and others, 1997, 1998; Ramthun and others, 1997). Alternatively, Geist 
and others (1994) suggested that the Olyutorka arc and its companion subduction zone formed near the margin of Northeast Asia. 
During accretion of the Olyutorka arc was formation of the Sredinny metallogenic belt (SR) of Au quartz vein and = metamorphic 
REE vein(?) deposits. 

(3) In the area of the central and southern Russian Far East, tectonic wedging occurred because of the accretion of the 
Lndia plate against the Eurasia plate (Worall and others, 1996). The tectonic wedging resulted in sinistral displacement along the 
reactivated Mongol-Okhotsk fault (MO) and dextral displacement along the Sakhalin-Hokkaido fault (SH) parallel to the margin 
of the Russian Far East. A complex array of normal faults, en-echelon folds, and thrusts is interpreted as forming within and 
adjacent to the tectonic wedge (Worall and others, 1996). The relation of sinistral movement along the reactivated Mongol- 
Okhotsk fault and dextral movement along the Denali (DE), Tintina (TI), and related faults to the east in mainland Alaska in 
unclear. 

(4) The bimodal volcanic and plutonic rocks of the Kamchatka-Koryak volcanic-plutonic belt (kk) are herein interpreted 
as forming in a sinistral tectonic regime. The Kamchatka-Koryak volcanic-plutonic belt constitutes the Cetnral Kamchatka arc. 
Forming in the volcanic-plutonic belt was the Central Koryak (CKY) metallogenic belt which contains granitic-magmatism- 



related deposits. Forming in the backarc part of the arc was the Kvinurnsky (KV) metallogenic belt of hornblende peridotite and 
gabbroic Cu-Ni deposits. 

(5) Rifting commenced at about 50 Ma along the Gakkel Ridge (GK; northern e x t e n s i ~  of the midAtlantic ridge) and 
extended into the Russian Nor tha t  (Fujita md others, 1997). The rifting is interpretad as causing a~opti.011 of basalts in the 
Chersky Range at about 37 Ma (Fuji@ and others, 1997). The Lomonosov Ridge terrane (LD) is interpreted as forming during the 
rifting of passive continental margin units now preserved in the Bareats Sae region (out of field of 123) (Zonemihain and 
others, 1990). Sedimentation conbnued in the large Amerasia (ab), Canada (cb) and Eurasia (eb) Bwins. 

(6) A short-lived period of manne arc v d c a n h  formed the B o w m  (bw) a d  Shirshov (&)Ridges In the Bering Sea. 
The arc formed on the rear edge of lk pnviously accreted Akulia lamane (al), a Fragment of the Kuia p&e (Scboll and 
others, 1992, 1994) The Bowers Ridge vokanic belt consists chiefly of intennediale- campsirion vokanic rocks, mainly altered 
andesite, breccia, volcaniclastic sedimentary roeks, and lessw diatomaceous siltstooe (Cooper and ochwr, 1992; Scboil a d  others, 
1992). Analysis of sparse dredge samples and DSDP drill corw suggests a Mioeenc age far Lht volcnnic rocks. The presence of a 
trench filled with as much as 12 km of sedimtntary rocks located at h e  base of the northern and e a s m  s l o p  afB~owe Ridge 
suggests that the unit formed in an early Tertiary a r c - l r d  system which faced loward che norheaat Tbc Shirsbov Ridge 
volcanic belt consists chiefly of two assemblages. ( 1 )  A relatively older oceanic assemblage is composed of amphibolite, gabbro, 
diabase, basalt, and chert. Chert contaios Lale CreIacoous (Campian to Maashichtian) lo early Paleogwemicrofauna. (2) A 
relatively younger volcanic-arc assemblage is composed of attered anb i t e .  volcaniclvtic sedimemtlry rocks, aad SW of 
Miocene and younger age (Baranov and h e r s ,  1991; %boll and others, 1992). Alttrnativcly, the Bowers and Shirshov Ridges 
may be the northward extension of rhc Olyutorkn-Kamchah island arc (OM; Brandan and &em, 1997, 1998). Atgo in the 
Bering Sea, a thick sedimentary prism started to form in the Aleutiimbwen? sediIneatary basin (atb) which overlies the Aleutia 
terrane (Plafker and Berg, 1 994; Scholl md othm, 1992, 1994). 

(7) Tectonic escape (crustal extrusion) of krratm co&usd to occu  alang majorbextralstip f f u l ~ ,  W d m g  the Denali 
(DE), Nixon Fork (NF), Kaltag (KA), and compmio~ h u l b  in the area af the Westem Alash the Bering Sea (S&oU and othersI 
1992, 1994). Dextral-wrench basins continued to fom in aacmiation with the major dextral-slip faults and were rapidly filled with 
continental sediments. Coincident with cruslal extrusion was ~ ~ ~ n k r c ~ ~ ~ k w i s e  m l i n a l  bendmg of Alaska which pimps 
resulted from compression between Eurasia add North America (SchoU and others, 1992,1994; Plafker and BeFg, 1994). To the 
east, in the area of Southern Alaska, displacement continued along major dextral-slip faults, including the Denali, Nixon Fork, and 
Kaltag faults. These and similar dextrel-slip faults probably extended into the area of the Bering Sea. 

(8) The Pacific Ocean plate (PAC) mowd tower& North America as a result of sea-floor s p d n g  along the Juan de 
Fuca oceanic ridge. Along the Aleutian megathnrst (A), plate convergence continued to vary from obbque-a&qgonal in the east 
to oblique in the west. Oblique-trasspressive d~splac-t occurred between the Pacific Ocean plate (PAC) d the southern 
Canadian Cordillera. 

(9) As a result of trappiag of part of the Kula Ocean fib (&dying the Aleutian-Bowers basin), and stspout of 
subduction, the western part of Akutia~WrangeU arc (PI) was m a t e d  at about 40 Ma. This major Andean-type arc overlapped 
the previously accreted Kula Ocean plate and ioilially exteoded f o ~  6 Qstance af abaut 3,000 hn dong the Bering S k d ~  and 
Southern Alaska. Associated witb Ebc arc was subduction of part of h e  Pacific Ocean plate (PAC) to form the Prince William 
(PW) and Yakutat (YA) terrancs along Aleutian megathrust (a). 

(10) At about 25 to 30 Ma, a major tectonic change occurred in the Southern Canadian CordiUm with tectodic 
overriding of the northern segment of the Juan de Fuca oceanic ridge (JFR) and resultant establishment of dexW4ip along the 
Queen Charlotte fault (QC). This tectonic change elldad subductim of the Faralbn Ocean plate (FAR) and started northward 
migration and subduction of the Yakutat terrame (YAK), mulhing in the beginning of volcanism in the Wradgelh v d d c  fieid 
(wr) in the eastern part of the Aleuh-Wmngell am (fig. 123). Total movement of tbc Yakutat terrane is estimated at &out 
km (Plafker and Berg, 1994; Plafker and others, 1994). Movament ceased along major daxtd-slip feults in interior Canadian 
Cordillera, including the Tintina (TI) Pnd Fraser Creek-Straight C ~ e k  WS) M t s .  Between latitudes 51'' and 60", Ihe Queen 
Charlotte transform fault separated the Cascade arc end thc Ateutim-Wrangell arc. Tbis fault form the North Arnericen plate 
margin between Vancouver Island, Canada. and northern Southcastdm Alaeka. 

(1 1) Offshore of the souhem Canadian Corctiliera, sea-floor spntading occurred along tht Juan de Fuca o c k c  ridge 
(JFR). To the east, subduction of the Juan dc Fuca phte (JF) d k d  in initialion ofthe Cascade continentd-margin arc (ca). Part 
of the subducting plate is preserved in the Silefzia (SZ), O l p p k  Core (OC), a d  Hoh (HO) tmarw ak,q b m c h  of the 
Cascadia megathrust (CC). Formhg along transcurrent faults dong the extension of the Cascade arc was the PjlPCbi Creek w) 
metallogenic belt of Hg epithermal vein, Sb-Au vein. silica-mhnate Hg deposits Also forming in tbc Cascade arc was the Owl 
Creek (OC) metallogenic belt, which also cor&hs grbpiti~rnQmalism-related deposits and is interpreted as forming during 
subduction-related granitic plutonism. 



Metallogenic Belts Formed in Tertiary 
Collision of Outboard Terranes, 

I Russian Southeast 

I Central 8akhaRn Metdlogenlc Bdt of 
I Au Quartz Vein and Talc Deposits (Belt CS) 
I Sakhalin kland. Southeastern Part of 
I Rusdan Far East 

The Central Sakhalin metallogenic belt of Au quartz vein and talc deposits occurs in the Aniva subduction-zone t e m e  
in the central part of Sakhalin Island (fig. 102; tables 3,4) (Nokleberg and others, 1997b, 1998). The major deposit at 
Langeriiskoe consists of Au-bearing quartz-sulfide veins in lenticular bodies of fractured and faulted Permian-Triassic spilik and 
graywacke, Jurassic-Early Cretaceous slate, and Cenozoic volcanic rocks and chert (Khanchuk and others, 1988; Bekhtold and 

I Semenov, 1990). The Au-bearing quartz-sulfide veins are interpreted as forming during metamorphism associated with middle or 
I late Tertiary foldng and faulting. Also in the metal logenic belt are talc deposits, formed by hydrothermal alteration of ultramafic 
I intrusive rocks which are also of economic interest. 
I The host Aniva terraw is composed of intensely deformed and metamorphosed sedimentary and volcanic rocks which 

I locally display Late Cretaceous to Paleogene transitional glaucophane-greenschist facies metamorphism. The Aniva tenme is 

I interpreted as a subduction zone unit which was tectonically linked to the Cretaceous East Sikhote-Alin volcanic-plutonic belt 
(Nokleberg and others, 1994c, 1997~). The Central Sakhalin belt of Au quartz vein and talc deposits hosted in the Aniva terrane 
are herein interpreted as possibly forming in a collisional environment during the early Tertiary(?) accretion of outboard temu~es 
to the east. 

Sredlnny Metallogenic Belt of 
Au Quartz Vein and 
Metamorphic REE Vein(?) Deposits 
(Belt SR) Southorn Kamchatka Peninsula 

I The Srediany metallogenic belt of Au quartz vein deposits and a single metamorphic REE vein(?) deposit OCCU~S in the 
southern part of the Karnchatka Peninsula in the zoned metamorphic complexes of the Sredinny-Kamchatka terrae (fig. 102; 
tables 3,4) (Nokleberg and others, 1997b, 1998). The Au quartz vein deposits occur mainly in metasandstone and metasiltstone. 
The major Au quartz vein deposit is at Tumannoe and a single metamorphic REE vein(?) deposit is at Anomalnoe. 

Tumannoe Au quartz vein deposit 

The Tumannoe Au quartz vein deposit (D.A. Babushkin and others, written cornrnun., 1986) occurs in quartz phyllite am. 
which is interbedded with late Paleozoic metasandstone and metasiltstone. The major ore minerals are go14 arsenopyrite, and d?% 
pyrite, with rare chalcopyrite and magnetite. The mineralized zones vary from 30 to 1 15 m long and 20 to 50 m thick and in 
stockworks with gold, arsenopyrite, and pyrite. The deposit consists of a stockwork which is probably remobilized from black 
shale. This and associated deposits are small, but are sources for placers on the western coast of Kamchatka Peninsula. The - 1: 

average grade of the Tumannoe deposit is 0.4-2.2 g/t Au and 3 g/t Ag. 
!,$ 

Anomalnoe Metamorphic REE Vein(?) Deposit . Zf .c-. Y *m 
The small metamorphic REE vein(?)deposit at Anomalnoe (D.A. Babushkin and others, written comun. ,  1986) consists 

of an altered vein of K-feldspar and albite which is hosted in Proterozoic(?) schist. The vein is longer than 1 km and varies from 1 
to 12.5 m wide. The principal economic minerals are columbite and tantalite which contain Ta and Ni. Accessory minerals are 
ilmenite-rutile and rare epidote. A K-Ar isotopic feldspar age for the veins is 170 Ma. 

Origin of and Tectonic Controls for 
Sredinny Metallogenic Belt 

The Sredinny metallogenic belt is hosted by the by the Sredinnyi-Kamchatka metamorphic terrane which consists of 
several metamorphic sequences (Nokleberg and others, 1994c, 1997~). The belt is herein interpreted as forrejng during accretion 
of the outboard Olyutorka island arc and generation of hydrothermal fluids. A K-Ar isotopic age of about 40 Ma for the 
Tumannoe deposit is herein interpreted as a minimum time for accretion of the Olyutorka arc. The K-Ar isotopic age of 170 hrla 
for the REE vein(?)deposit at Anomalnoe is uncertain. 



Metallogenic Belts Formed in Tertiary 
Backarc Rifting and Continental-Margin 
Transform, and Transcurrent Faulting, 
Russian Southeast 

Kvinumsky Metallogenic Belt of 
Hornblende Peridotite and Gabbroic 
Cu-Ni Deposits (Belt KV) 
Southern Kamchatka Peninsula 

The Kvinumsky metallogenic belt of hornblende peiidotite and gabbroic Cu-Ni deposits occurs in the southem 
Kamchatka Peninsula and is associated with early Tertiary intmsive rock (fig. 102; tables 3,4) (Bundtzen and others, 2003a, b). 
The major Cu-Ni deposits, at Shanuch, Kvinum, and Kuvalorog, are associated with cortlandite-norite-diorite intrusions which 
intrude the older metamorphic and granitoid rocks of the Sredimy-Kamchatka metamorphic ternme (Nokleberg and oihem, 
1997b, 1998,2000). An incremental 4 0 ~ r ) 9 ~ r  isotopic age for the host intrusive rock ranges from 60-40 Ma (Bundtzen and others, 
2003a, b). The deposits generalty consists of pentlandite, Zn-bearing chrome spinel, pyrrhotite, chalcopyrite, and bomite which 
occur in veinlets and as disseminations in hornblendite-pridotite-mrite-diorite intrusions. The deposits are small and the sdfides 
occur mainly as disseminations in gabbro (Shcheka and Chubarov, 1984). Ni is less than 1 .ON, and Cu is less than 1.0%. Tbe 
sulfide disseminations contain up to 1 g/t Au and up to 6 glt Pt. The region containing these deposits is inaccessible and poorly 
explored. The Kvinumsky metallogenic belt of ho rnb lde  peridotik and gabbroic Cu-Ni deposits is herein interpreted as forming 
during backarc intrusion related to subduction beneath the Kamchacka Peninsula part of Central Kamchatka continental margin 
arc. 

Central Koryak Metallogenic Belt of 
Igneous Arc Deposits (Belt CKY) 
East-Central Part of Russian Northeast 

The Central Koryak metallogenic be!t of igneous-arc-related deposils (fig. 102; tables 3,4) occurs in the Koryak 
Highlands in the east-central part of the Russian Northeast. The beh extends From the Penzhina Inlet to the Aaadyr Bay for about 
1,000 krn and is composed mainly of Sn polyrnetallic, Au-Ag qithermal, Hg-Sb vein, and porphyry Mo-Cu deposits. The 
significant deposits in the belt are (table 4) (Nokleberg and orhers 1997a, b, 1998): Sn polyrnetallic vein deposits at Ai~tvetkin,  
Berezovaya, Khrustal (Khrustalnoe), Parkhonai, Reznikov, and Unnei; Au-Ag epilhermal vein deposits at Ametistovoe, lvolga, 
Orlovka, and Spmt; volcanic-hosted Hg deposits at Agranai and Lamut; clastic sediment-hosted Hg or hot-spring Hg? &posits at 
Krassnaya Gorka, Lyapganai, and Neptun; silica-carbonate Hg deposits at Pervenets and Tarnvatney; and porphyry Cu-Mo 
deposits at Kuibiveen, Lalankytap, and Rzhavy. 

The metallogenic belt is hosted in or near h e  calc-alkaline magmatic rocks of the western part of the Kamchatka-Koryak 
volcanic belt (fig. 102) (Pozdeev, 1986, 1990; Filatova, 1988; Naklebwg and others, 1994c, 1997~). Various, isolated ring, 
volcanic-plutonic, and volcanic structures host about a third of the metallogenic bell. The Kamchatka-Koryak volcanic belt 
unconformably overlie nappes and thrust slices of previous-accreted flypch, island arc, and ophiolite k m e s .  The Sn polymetallic 
and Au-Ag epithermal vein deposits occur minty along the sautkm flank of tbe metallogenic belt in a region underlain by a 
thick crust composed of a granitic and metamorphic rocks up to 40 km thick. The northern part of the belt consists of the 
Parkhonai district which contains Sn, Au-Ag, Sb, and Hg polymetallic vein, and clastic-sediment-hosted Hg deposits. The Central 
Koryak metallogenic belt also has potential for undiscovered Sn lode deposits. 

Sn polymetallic Deposits 

The Sn polymetallic vein deposits are hosted by metasedirnentary rocks, sibcic and intermediate volcanic rocks, and 
granite porphyry and rhyolite stocks and dikes which occur above concealed granitic batholiths (Lashtabeg and otbers, 1987). The 
significant Sn polymetallic deposits arc at Ainatvetkin, Reznikov. Khs t a l ,  and Unnei. The deposits tend to be enriched in Ag, In, 
Bi, and sometimes Au. 

Ainatvetkin Sn polymetallic Deposit 

The Sn polymetallic deposit at Alnatvetkin (Lugov and others, 1974; Lugov, ed., 1986) consists of cassiterite-bearing 
sulfide-chlorite-quartz veins and fracture zones which are up to a few hundred m long and range 1.0 to 6.0 m thick. The ore 
minerals are cassiterite, magnetite, pyrrhoiibe, chalcopyrite, galena, sphajerite, arsenopyrile, wolframite, scheelitt, pyrite, skumite, 
canfieldite, pyrargyrite, gold, and native copper. The cassiterite-chlorite-quartz veins and fracture zones contain up to 10 % sulfide 
minerals. Most economically important are brecciated zones with fragmcnb of metasomatically altered rocks and qw-chlor i te  
cement with sulfides. The deposit is bosted in complexly-folded Late Cretaceous (Santouian through Carnpanian) sandstone a d  
shale which is overlain by Late Eocene and Oligocene rhyolite, rhyodacite, rhyodacite tuff, and ignimbrite. The Late C r e m u s  



clastic rocks are cut by numerous late Paleogene stocks, dikes, and hypabyssal granitoids. The deposit is of medium size and 
averages 0.6 % Sn. 

Ag-AU and Au-Ag Epithermal Vein Deposits 

Various Ag-Au and Au-Ag epithermal vein deposits also occur in the Central Koryak metallogenic belt, as at 
Ametistovoe, Ivolga, and Sprut, are related to intermediate composition subvolcanic complexes (Khvorostov and Zaitsev, 1983). 
These epithermal deposits are vertically and lateral zoned with respect to the Sn and Sn-Ag deposits. 

Ametistovoe Au-Ag Epithermal Vein Deposit 

The Arnetistovoe Au-Ag epithermal vein deposit (fig. 124) (Khvorostov, 1983; V.P. Khvorostov, written commun., 
1986; Benevolskyi and others, 1992) contains two types of ore bodies: (1) ore pipes with small subparallel veins and veinlets; and 
(2) steeply dipping veins and zones. The veins are hundreds of meters long and several meters thick; the zones are several tens of 
meters thick. The veins are composed of quartz, kaolinlte-quartz, and sulfide-quartz types. The main ore minerals are gold, 
argentite, and kiistelite. Subordinate minerals are stephanite, stibiopearceite, aguilarite, pyrargyrite, miargyrite, freibergite, 
naurnannite, and native silver. Pyrite, galena, sphalerite, and chalcopyrite are widespread and comprise up to 20 to 30 percent of 
some veins. The gangue minerals are quartz, kaolinite, adularia, and chlorite. The Au:Ag ratio averages 1:3. The richest ore bodies 
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Figure 124. Ametistovoe Au-Ag epithermal vein deposit, Central Koryak metallogenic belt, Russian Northeast. Schematic geologic 
map. Adapted from Khvorostov (1983). 

are confined to altered rocks which contain a alteration of kaolinite, illite, and quartz superimposed on widespread epidote- 
chlorite-carbonate propylitic alteration. The deposit is centered on a magmatic structure which is about 5 to 6 km deep. The host 
volcanic rocks are Eocene and Oligocene flows with K-Ar ages of 18-24 Ma which consist mainly of andesite, andesite-basalt, 
andesite-dacite, and dacite. Associated are local abundant extrusive-vent and hypabyssal rocks of similar compositions. The 
deposit is controlled by: ( I )  a northwest- and nearly north-south-trending faults; (2) radial and concentric fractures; and (3) 
extrusive and hypabyssal bodies. The deposit is large with prove reserves of 96 tomes Au. The average grade of the Ametistovoe 
deposit is 16 g/t Au. The area around the Ametistovoe deposit has considerable potential for discovery of additional deposits. 



Hg Deposits 

Hg deposits occur throughout the Central Koryak metallogenic belt with more abundant deposits in the southern and 
northern extreme parts of the belt. Extensive mineralized fault zones contain cinnabar, stibnite and realgar which are associated 
with intermediate-composition, small intn~sions and dikes which intrude Late Cretaceous through Paleogene sandstone and shale. 
Significant clastic sediment-hosted Hg deposits are at Lyapganai, Neptun, and Krassnaya Gorka. 

Lyapganai Clastic Sediment-Hosted Hg Deposit 

The clastic sediment-hosted Hg deposit at Lyapganai (Tarasenko and Titov, 1970; Babkin, 1975; Vlasov, 1977) consists 
of a mineralized fracture zone in Late Cretaceous sandstone and mudstone. The fracture zone is cemented by quartz and dolomite 
with subordinate kaolinite and calcite. Disseminated cinnabar occurs in the vein or coats breccia clasts as thin rims. Stibnite and 
pyrite are minor. The ore minerals range from disseminated to massive and occur in breccia, veinlets, and banded disseminations. 
The ore bodies vary in size from 0.1 to 4.2 m in width by 1 10 m to 420 m in length. The most promising ore bodies occur in faults 
which trend northeast, parallel to major fold axes. The Lyapganai deposit is similar to many other clastic sediment-hosted Hg 
deposits in the Koryak upland. The deposit is of medium size and contains an estimated 1,400 tonnes of ore grading from 0.5 to 
2.4% Hg. 

Both volcanic-hosted Hg and Sn deposits occur in a major, northwest-trending transverse lineament along the 
northeastern flank of the belt. The host rocks are rhyolite, andesite, basalt, clastic, and siliceous-volcanogenic rocks and ophiolite 
allochthons. The significant deposits are the volcanic-hosted Hg deposit at Lamut, and a major silica-carbonate Hg and W deposit 
at Tamvatney. Some Hg deposits are similar to hot-spring Hg deposits. 

Lamut Volcanic-Hosted Hg Deposit 

The small volcanic-hosted Hg Lamut deposit (Babkin, Drabkin, and Kim, 1967; Rozenblyum. Zincevich, and 
Nevretdinov, 1975) consists of lenticular occurrences and masses of quartz, opal, chalcedony, dolomite, dickite, and cinnabar. 
Subordinate ore minerals are metacimabar, realgar, stibnite, and pyrite. The deposit occurs in intensely silicified, kaolinized, 
carbonatized, and chloritized late Paleogene rhyolite, and less commonly in basalt and tuff. The deposit occurs along northeast- 
trending fracture zones. 

Tarnvatney Silica-Carbonate Hg Deposit 

The major Tamvatney silica-carbonate Hg deposit (Rozenblum and others, 1973; Babkin, 1975; Voevodin and others 
' 

1979, 1980) consists of cinnabar, tungstenite, wolfiamite, and Fe and As sulfides which occur in altered serpentinite, serpentinized 
peridotite, conglomerate, and coarse-grained sandstone, and argillite. The serpentinite is deformed into mylonite and displays 
carbonate, silica, and argillic alteration. The main ore minerals are cinnabar, tungstenite, wolframite, huebnerite, scheelite, 
marcasite and pyrite. Minor minerals are metacinnabar, stibnite, realgar, orpiment, arsenopyrite, sphalerite, chalcopyrite, millerite, 
bravoite, chalcocite, pyrrhotite. and hematite. Relic ilmenite, chromite, magnetite. niccolite, and pentlandite occur in serpentinite 
and silica-carbonate alteration. The vein gangue minerals mainly quartz, chalcedony, magnesite, dolomite, kaolinite, dickite 
associated with peculiar hard and liquid bitumens, and native sulfur. The middle part of the deposit consists of stockworks, masses 
of ore minerals, veins, and a dense network of sulfide veinlets. The zone of mineralization extends for about 20 krn with an 
average thickness of about 20 to 30 m. The deposit occurs along the northern tectonic contact of the Tamvatney lherzolite 
ophiolite body which structurally overlays a clastic rocks of Early Cretaceous (Aptian and Albian) and Oligocene-Miocene age. 
The ultrarnafic rocks are intruded by Early Cretaceous gabbronorite. Late Cretaceous plagiogranite, and Neogene andesite and 
basalt. The age of the deposits is interpreted as Early Pleistocene. The deposit is large with estimated reserves of 30,000 tonnes Hg 
in ore which averages 0.8 1 % Hg. 

Porphyry Mo-Cu Deposits 

Au-bearing, porphyry Mo-Cu occurrences, such as at Kuibiveen, and numerous hydrothermal vein deposits, containing 
Au, Ag, Cu, Mo, Pb, and Zn, also occur in the Central Koryak metallogenic belt. These deposits formed at varying temperatures, 
represent a variety of mineral deposit types. The significant deposit is at Kuibiveen. 

Kuibiveen Porphyry Mo Deposit 

The porphyry Mo deposit at Kuibiveen consists of quartz-tourmaline breccias, altered rocks, veins, and zones of linear 
and stockwork quartz-sulfide veinlets which occur in a nearly east-west-trending zone which is about 25 krn long and about 4 km 
wide (Zakharov and V.P. Vasilenko, written commun., 1977; I.S. Rozenblyum, written cornmun., 1991). The deposits consists of 
disseminated molybdenite, arsenopyrite, chalcopyrite, galena, and native gold which occur in zones from tens of meters up to 
hundreds of meters thick. The deposit occurs in a Neogene complex of small intrusions and dikes of intermediate and felsic 
composition. The deposit occurs along a fault which thrusts Late Cretaceous siliceous sedimentary rocks over Oligocene and 
Miocene sandstone and conglomerate. The deposit is of small to medium size. 



Origin of and Tectonic Controls for 
Central Koryak Metallogenic Belt 

The Karnchatka-Koryak volcanic belt, which hosts the Central Koryak metallogenic belt, is composed of lesser Late 
Cretaceous and mainly of Paleocene, Eocene, and Miocene age. The belt extends for 800 km parallel to, but mainly east of the 
northern part of the Okhotsk-Chukotka volcanic-plutonic belt (fig. 102) (Nokleberg and others, 1994c, 1997~). The belt occurs in 
discontinuous and isolated volcanic fields and consists of gently dipping nonmarine volcanic rocks of various compositions, md 
sandstone, gritstone, and conglomerate with flora. The lower part of the volcanic belt consists of mafic volcanic rocks, mainly 
Maastrichtian-Danian tholeiitic basalt, along with abundant Paleocene to Eocene alkali basalt, and associated minor diorite, 
monzonite, gabbro, granodiorite, and granite which yield K-Ar ages of 56-73 Ma. The upper part of the vokanic belt consists of 
calc-alkaline dacite, rhyolite, andesite, and basalt with late Eocene and early Miocene flora and K-Ar ages, and is associated with 
subvolcanic bodies and dikes of rhyolite, granodiorite, and diorite. The Karnchatka-Koryak volcanic belt is interpreted as a major, 
mainly early Tertiary arc which formed along a continental margin-parallel t~ansform fault. (Khanchuk and Ivanov, 1999a, b). 

Metallogenic Belts Formed in Tertiary 
Continmntal-Margin Arcs, Kamchatka Peninsula, 
and Southern Canadian Cordillera 

Olyutor Metallogenic Belt of 
Igneous-Arc-Rebted Deposits (Belt OT) 
Kamchatka Peninsula 

The Olyutor metallogenic belt of igneous-arc-related deposits (fig. 102; tables 3,4) occurs in noahem Kamchatka. The 
metallogenic belt extends for more than 600 km along the Bering Sea coast and is hosted in the East and Central Karnchatka 
volcanic belts (Nokleberg and others, 1994c, 1997~). The little studied Olyutor metallogenic belt contains a variety of Au-Ag 
epilbermal vein, Sn polymetallic vein, clastic sediment-hosted Hg, and porphyry Mo-Cu deposits (table 4). Several mineable Hg, 
Au, Mo, Cu, Pb and Zn deposits occur in many, slightly-eroded volcanic structures (Taraserdro and Tttov, 1969). Numerous, 
poorly explored, porphyry Cu-Mo, Au-Ag epithermal vein, sulfur-sulfide, and Sn polymetailic vein deposits occur along the 
southern flank of the belt, and a zone of Hg-Sb and Hg-As deposits extends for more than 100 krn along the Olyutor Bay coast 
The deposits in the Olyutor belt are hosted mainly in Tertiary sedimentary, volcanic, and hypabyssal intrusive rocks. The Hg-Sb 
As deposits also occur in Neogene extrusive rocks, and in serpentinite melange zones. The porphyry Mo-Cu deposits occur in 
Tertiary diorite and granodiorite porphyry stocks and associated dikes which intrude Late Cretaceous and early Paleogene 
tuffaceous and clastic rocks. The porphyry Mo-Cu deposits extend more than 100 krn in the northern part of the belt, with 
intrusions apparently occurring along major faults. The significant deposits in the Olyutor metallogenic belt are the Olyutor clastic 
sediment-hosted Hg deposit, the Lalankytap porphyry Mo-Cu deposit, and the Maletoivayam sulfur-sulfide deposit (Nokleberg 
and others 1997a, b, 1998).. 

Olyutor Clastic Sediment-Hosted Hg Deposit 

The Olyutor clastic sediment-hosted Hg deposit (Babkin, 1975; Vlasov, 1977) consists of veins a ~ ~ d  veinlets which occur 
in steeply-dipping fracture zones. The fracture zones radiate from a large northeast-trending fault which cuts Paleogene atld 
Neogene volcaniclastic rocks which are deformed into small linear folds. Individual ore bodies extend along strike fiom tm of 
meters to 600 m. The veins have numerous apophyses typically containing mineralized breccia which often grade into zones of 
veinlets. The most productive ore bodies occur in tuff. The main ore minerals are cinnabar accompanied by stibnite and sometimes 
realgar. The ore also contains quartz cement and quartz-kaolinite breccia fragments. The main gangue minerals are quartz and 
kaolinite, and less commonly dolomite. Wall rock alteration includes weak silicification, kaolinization, and carbonathation, The 
deposit is large and contains an estimated 700 tonnes Hg averaging 1.4% Hg, and up to 0.4% Sb and 4 gh Au. 

Lalankytap Porphyry Mo-Cu Deposit 

The Lalankytap porphyry Mo-Cu deposit (Brazhnik and Kolyasnikov, 1989; Brazhnik and Morozov, 1989) consists of an 
oval stockwork about 1.2 by 0.6 km in area which contains randomly oriented quartz veinlets with irregularly disselninated pyrite, 
molybdenite, and chalcopyrite; and minor pyrrhotite, sphalerite, galena, magnetite, martite, rutile, anatase, and sphene. The ore 
minerals occur both in the veinlets and in disseminations. Cu- and Mo-minerals are related to a zone of quartz-biotite-sencite 
pyrite alteration which occurs in a Paleogene quartz diorite and monzodiorite pluton and in adjacent, intruded Late Cretaceous 
flysch. The pluton is bounded by a nearly east-west zone of pyritized altered rocks more than 1 1 krn long and from 1 to 4 km 
wide. The deposit is of small to medium size. Small amounts of gold occur in goethite-cemented, Quaternary alluvial 
conglomerate near the deposit. 



Maletoivayam Sulfur-Sulfide Deposit 

The Maletoivayam sulfur-sulfide deposit (Vlasov, 1971, 1976, 1977) occurs at the southern end of the Olyutorka 
volcanic belt, in the Miocene Korfovsky Formation. Two occurrences, lower and upper, are separated by a 10-50 m thick bed of 
kaolinite-montmorillonite and quartz-kaolinite rocks. Both occurrences are dip at 5-10' with respect to bedding orientation in the 
host rocks. The upper ore body can be traced for 1800 m along strike, is 80 to 700 m wide, and 3 to 1 15 m thick. The ore is 
disseminated in sulfide-sulfur-alunite silicified rock and in sulfuric silicified rock, which contains most of major native sulfi~r 
tonnage. The sulfide-sulfur-alunite silicified rock contains 18% S, 30-40% alunite, and 10% Fe sulfides. The ore contains up to 
30% native sulfur. Native sulfur of 96-99% purity is separated using thermal reduction. About 60% potassium sulfate is also 
separated. The deposit is large and contains up to 30% S. 

Origin of and Tectonic Controls for 
Olyutor Metallogenic Belt 

The East Kamchatka volcanic belt which hosts the northern part of the Olyutor metallogenic belt consists chiefly of a 
major chain of modem volcanoes of Pliocene and younger age (Nokleberg and others, 1994c, 1997~). The main lithologies are 
basalt, andesite-basalt, rare dacite, and tuff. The belt is the northward continuation of modem Kuril volcanic arc which started to 
form in the Neogene. 

The Central Kamchatka volcanic belt which hosts the central and southern parts of the Olyutor metallogenic belt extends 
for 1,500 km longitudinally the Kamchatka Peninsula (Sredinny Range). The volcanic belt contains the modem-day Kamchatka 
volcanic arc. The belt consists chiefly of thick, gently dipping andesite, dacite, and rhyolite strata interlayered with sandstone, 
siltstone, and conglomerate, and widespread large ignimbrite fields (Nokleberg and others, 1994~). The belt ranges from 
Oligocene to Holocene age. Shallow-marine deposits predominate in the lower part and nonmarine deposits predominate in the 
upper part. Formation of the belt culminated with eruptions of Pliocene to Quaternary plateau basalts which are associated with 
stratovolcanoes (Filatova, 1988). A minimal crustal thickness of 27 to 33 km occurs in the region. The Central Kamchatka 
volcanic belt is tectonically linked to the Kuril-Kamchatka accretionary wedge and subduction zone terrane and to the Cenozoic 
subduction of the Pacific Plate along the Kuril-Kamchatka megathrust (Nokleberg and others, 2000). 

Pinchi Lake Metallogenic Belt of 
Hg Epithermal Vein, 
Sb-Au Vein, and Silica-Carbonate 
Hg Deposits (Belt PC) 
Central British Columbia 

The Pinchi metallogenic belt of Hg epithermal vein, Sb-Au vein, and silica-carbonate Hg deposits occurs in central 
British Columbia (fig. 103; tables 3,4) (Nokleberg and others, 1997b, 1998). The belt is 100 km long, contains 12 or more Hg 
mines and prospects, and occurs along the faulted eastern boundary of Cache Creek terrane with the Stikinia terrane. Although no 
known Eocene or Oligocene intrusions exist, the mercury mineralization is interpreted as early Tertiary in age. The significant 
deposits are at Pinchi Lake. 

Pinchi Lake Silica-Carbonate Hg Deposits 

The Pinchi Lake and smaller Bralome Takla silica-carbonate Hg deposits (Armstrong, 1949; Dawson and others, 1991) 
consist of cinnabar which occurs in a stockwork of thin quartz veins, replacements, lodes and breccia fillings. The deposit is 
hosted in marine limestone and carbonatized ultramafic rocks which occur in shears along the Pinchi Fault which separates the 
Mississippian to Triassic Cache Creek terrane from the Late Triassic and Early Jurassic Quesnellia island-arc terrane. The host 
ultramafic rocks, chert, argillite, and greenstone of the Cache Creek ophiolite are intensely altered along the fault zones to an 
assemblage of Fe-Mg carbonates, quartz, mariposite and talc. Mineralization postdated both the Late Triassic blueschists and Late 
Cretaceous-early Tertiary conglomerates. Between 1942 to 1975, estimated production was 6000 tonnes of Hg. Estimated reserves 
are 1.1 million tonnes grading 0.32% Hg. 

Pinchi Lake District of Sb-Au Vein Deposits 

The Sb-Au vein deposits in the Pinchi Lake district occur in the same geological settings as which of the silica-carbonate 
Hg deposits. Both types of deposits exhibit the same, distinctive, green, silica-carbonate-mariposite or listwanite alteration 
assemblage. The Snowbird Au-Sb prospect at Stuart Lake consists of quartz-stibnite veins in a shear zone of silica-carbonate 
minerals. The shear zone occurs in sedimentary rocks of the Cache Creek terrane. Inferred reserves are 227,000 tonnes grading 
6.86 g/t Au (Madu and others, 1990). The Lust Dust Au-Ag-Zn-Sb deposit consists of veins and replacements composed of 
quartz-stibnite-boulangerite-sphalerite-pyrite. The veins and replacements occur in a shear zone in folded sedimentary rocks of the 
Cache Creek terrane (Armstrong, 1949). The Indata Lake Au-Ag prospect is composed of quartz-pyrite-arsenopyrite-chalcopyrite- 
stibnite veins which occur in sheared and brecciated volcanic rocks of the Takla Assemblage and limestone of the Cache Creek 



terrane (Eastfield Resources Ltd., News Releases of October, 28, November 4, December 1, 1987). The deposit and sheared rocks 
occur along a splay of the Pinchi Fault. 

Origin of and Tectonic Controls for 
Pinchi Lake Metallogenic Belt 

The deposits in the Pinchi metallogenic belt postdate the host bedrock units, both the Late Triassic blueschist of the 
Cache Creek terrane and overlying Late Cretaceous and early Tertiary conglomerate (Paterson, 1977). The deposits occur in 
shears along the Pinchi Fault which separates the Mississippian to Triassic Cache Creek terrane from the Late Triassic Quesnellia 
island-arc terrane. The fault is interpreted as providing a zone of permeability for mercury-bearing hydrothermal solutions 
(Dawson and others, 199 1). Reactivation and shearing along the fault, and formation of the deposits may have occurred during a 
period of uplift, magmatism, and transcurrent faulting in the Eocene and Oligocene (Gabrielse, 1985), possibly related to the 
Cascade volcanic-plutonic belt to the south. No known Eocene or Oligocene intrusions exist in the region. 

Owl Creek Metallogenic Belt of Porphyry Cu-Mo, 
Porphyry Mo, and Au Polymetallic Vein Deposits 
(Belt OC) Southern British Columbia 

The Owl Creek metallogenic belt of porphyry Cu-Mo, porphyry Mo and Au polymetallic vein deposits (fig. 103; tables 3,4) 
occurs in southern British Columbia and is associated with a belt of late Tertiary plutons which extends from northern Washington 
into the Coast Plutonic Complex. The plutons are mostly small, circular quartz monzonite to dioirite plugs which intrude major, 
northwest-trending shear zones. These granitoid rocks are part of the middle Tertiary to Recent Cascade continental-margin arc 
which occurs in the USA Pacific Northwest and southern British Columbia (Nokleberg and others, 1994c, 1997c; Monger and 
Nokleberg, 1996). The significant deposits in the belt are the Owl Creek district porphyry Cu-Mo deposits, and the Clear Creek 
(Gem) porphyry Mo deposit (table 4) (Nokleberg and others 1997% b, 1998). The deposits in the Owl Creek metallogenic belt are 
hosted in or near: (1) calc-alkaline, high-level plutons of the Chilliwack suite which is part Chilliwack Batholith on the British 
Columbia-Washington border; and (2) the Doctor's Point pluton on Harrison Lake which is coeval and probably cogenetic with 
the Pemberton belt of late Tertiary volcanic rocks (Souther, 1991; Woodsworth and others, 1991). The significant deposits are at: 
Clear Creek (Gem), Owl Creek district, and Salal Creek. Lesser deposits occur at Harrison Gold (Abo) and Doctor's Point. These 
mesothermal Au polymetallic vein deposits are intimately associated with 25-Ma quartz diorite intrusions, and either consist of 
veins in hornfels adjacent to the stiock, as at Doctor's Point, or as vein stockworks within the quartz diorite pluton, as at Hamson 
Gold (Ray, 1991). The veins contain quartz, pyrrhotite, and pyrite, and minor chalcopyrite, molybdenite, scheelite, and rare 
bismuth telluride minerals (Dawson and others, 199 1). Also occurring in the metallogenic belt are Au polymetallic vein deposits at 
Boundary Red Mountain and Lone Jack mines which are located along the western part of the Chilliwack Batholith in Washington 
(Ray, 1986). 

Clear Creek (Gem) Porphyry Mo Deposit 

The Clear Creek (Gem) porphyry Mo deposit consists of an arcuate zone of molybdenite with minor pyrite and sphalerite 
which occur in quartz and calcite veins and as fracture filling (EMR Canada, 1989; MINFLLE, 2002). Estimated reserves are 15-9 
million tonnes grading 0.07% Mo (MINFILE, 2002). The deposit occurs in an arcuate zone around the northeast margin of an 
Oligocene quartz monzonite stock, named the Gem Stock, with a K-Ar isotopic age of 35 Ma. The stock intrudes quartz diorite 
and granodiorite of the mid-Cretaceous Spuzmm pluton, and schist and gneiss of the Cretaceous Settler Schist. 

Owl Creek Porphyry Cu-Mo District 

The Owl Creek porphyry Cu-Mo district consists of veins and disseminations of chalcopyrite, molybdenite, and pyrite 
with minor bornite which occur as blebs, disseminations and hc ture  fillings (Mahoney, 1977; EMR Canada, 1989; MINFILE, 
2002). Estimated resources are 10 to 20 million tonnes grading 0.3 to 0.4% Cu and 0.03% MoSz (MINFILE, 2002).The deposit is 
hosted in probable mid-Tertiary quartz diorite and feldspar porphyry of the Coast Plutonic Complex, and in propylitic- and 
argillic-altered and volcanic rocks of the Late Triassic Cadwallader Group (Mahoney, 1977). 

Salal Creek Porphyry Mo Deposit 

The Salal Creek porphyry Mo deposit occurs along the contact between a fine-grained granite core and a medium-grained 
granodiorite margin of a pluton dated which has a K-Ar isotopic age of 8 Ma (Stephens, 1972). The deposit exhibits in a typical 
ring or circular pattern. To the north is the Franklin Glacier porphyry Cu-Mo prospect which has a K-Ar isotopic age of 7 Ma 
(Dawson and others, 199 1). 



Origin of and Tectonic Controls for 
Owl Creek Metallogenic Belt 

The Owl Creek metallogenic belt of porphyry Cu-Mo, porphyry Mo and Au polymetallic vein deposits is hosted in a belt of - - . .  - - - -  

late Tertiary plutons whlch appr&imately coincide with the Pemberton belt of late ~ e r r . ~  and ~ua tenk ry  volcanic rocks 
(Woodsworth and others, 199 1 ; Souther. 199 1). K-Ar ages of the ptuton rocks progressively decrease northward, from between 35 
and 16 Ma in the south, to about 7 Ma in the north. These relatively young plutonic rocks and associated volcanic rocks are part of 
the Cascade volcanic-plutonic bell of the U.S.A. Pacific Northwest and southern British Columbia (Nokleberg end others, 1994c, 
1997~. 2000). 

In the Canadian Cordillera. the Cascade volcanic-plutonic bell consists of Pleistocene and Holocene basalt, andesite, and 
dacite eruptive centers, and late Eocene(?), Oligocene, and Miocene plutow (Chilliwack and Mount Bm batholiths). In U.S.A. 
Pacific Northwest, the belt consists of volcanic rocks of stratovolcanoes, mostly andesite but ranging fiom basalt to rhyolite. The 
belt includes interbedded fluvial and lacustrine deposits and minor lonalite to granodiorite plutom. Ln Washington, parts of belt 
are included in the Ohanapecosh, the Fifes Pe& and h e  Northraft formations (Vance and others, 1987; Smith, 1993). The 
youngest active volcanoes in the belt are Mount Jefferson. Mom1 Hood, Mount Adams, Mount St. Helens, and M o a t  Wet. 

The Cascade volcanic plutonic belt and corresponding Cascade continental-margin arc is interpreted as forming 'm 
response to subduction of the Juan de Fuca Plate (Wells and Hdler, 1988; England and Wells, 1991; Manger and Nokleberg, 
1996; Nokleberg and others, 2000). Remnants of the subducting plate are preserved in the Siletzia, Olympic Core, and Hoh 
terranes along branches of the C ~ c a d i a  megathrusl. 

Middle Tertiary Metallogenic Bel4s 
(20 to 10 Ma) (Figures 125,126) 

Overview 

The major middle Tertiary metallogenic belts in the Russian Far East and the Canadian Cordillem are summarized in 
table 3 and portrayed on figures 125 and 126. The major belts are b~ follows. (I) In the Russian Northeast, the Ceutml Kamchatka 
(CK) belt, which contains granitic-magmatism-related deposits, and the East Kamchatka (EK) belt, which contains Au-Ag 
epithennal vein deposits, are hosted in the Central Kamchatka volcanic sod sedimentary basin, and are interpreted as forming 
during subduction-related granitic plutonism which formed the Kamchatka Peninsula part of Northeast Asia continental margin 
arc. (3) In Southern Alaska, the Alaska Peninsula and Aleutian blands (AP) bell, which also contains grrinitic-magmatism-rehted 
deposits, is hosted in the Aleutian volcanic belt and is interpreted as forming during subduction-related granitic plutonism which 
formed the Aleutian continental mar* arc. And (3) in the soutbem Canadian Cordillera, contiatring on h r n  the early Tertiary 
was the Owl Creek (OC) belt, which cantains panitic-magmatism-related deposits and is hosted in the Cascade volcanic-plutonic 
belt, is interpreted during subduction-related granitic plutonism which formed the C d e  continental m g i n  arc. In the below 
descriptions of metallogenic belts, a few of the noteable or signficant lode deposits (table 4) are dcsc:rikd for each belt. 

Metallogenic-Tectonic Model for 
Middle Tertiary (20 to10 Ma; fig. 127) 

During the middle Tertiary (Miocene - 20 to 10 Ma), the major rnetallogenic-tectonic events were (fig. 127; table 3): (1) 
continuation of a series of continental- margin arcs, associated metallogenic belts, and companion subduction-zone assemblages 
around the Circurn-North Pacific; (2) back-arc spreading behind the major arcs; (3) opening of major sedimentary basins behind 
major arcs; (4) in the eastern part of the Circurn-North Pacific, a continuation of dextral transpression between the Pacific Ocean 
plate and the Canadian Cordillera marpin, and a continuation of orthogonal transpression behKeen the Pacific plate and the 
Southern Alaska continental margin; and ( 5 )  continued sea-floor spreading in the Arctic and eastern Pacific Oceans. 

Specific Events for Middle Tertlary 

(1) After accretion of various t e m e s  in the early Eocene and outward stepping of subduction, the Northeast Asia arc 
commenced activity. Parts of this arc are preserved in the k t  Japau volcanic-plutonic belt (ej), Kuril vokgnic arc (ku), and the 
various parts of the Kamchetka arc consisting of the Central Kamchatka volcanic belt (kc), Central Kamchatka volcanic and 
sedimentary basin (ck), and West Kamchatka sedimentary basin (wk). To the northeast, the Okhotsk-Chukotka arc ceased activity. 
These two major Andean-type arcs overlapped previously accretcd adjacent lerranes in both the R u s s h  Southeast and to the 
south and extended for a distance of about 3,000 km. Associated with these arcs was subduction of part of the Pacific Ocean plate 
(PAC) along the Kuril-Karnchatka megathrust (KK) to form the Kuril-KamchaLa (KUK) subduction-zone terrane. Intra-arc 
faulting resulted in tectonic doubling of the Kamchatka-Koryak (kk) arc which started to become extincl as the Central Kamchatka 
arc (kc) enlarged. Forming in the Kamchatka part of the Northeast Asia arc was the Central Kmchatka (CK) metallogenic belt, 
which contains granltic-magmatism-related deposits, and is hosted in the Central Kamcbatka volcanic and sedimentary basin. 



PAC 

Figure 125. Generalized map of major Tertiary through Present metallogenic belts, overlap assemblages, and W2onicalty4nked 
subduction-zone or accretionary-wedge terranes for Russian Far East, northern Japan, and adjacent offshow area& R e h  to i d  k r  
description of metallogenic belts. Adapted from Nokleberg and others (1997b, 1998). Refer to figure 59 for explanation. 

(2) Regional extension associated with back-arc spreading behind the northern Japan part of tbe Nortbeapt A8k arc (Em 
Japan volcanic-plutonic belt, ej), resulted in marine eruption of the Sea of Japan back-arc unit (sj) which coaeists of mainly 
tholeiitic basalt and associated rocks. 

(3) In the Sea of Okhotsk, back-arc spreading occurred behind the Kuril Island and Kamcbatkm Pmimuh gut dtbe 
Northeast Asia arc (B.A. Natal'in in Nokleberg and others, 1994a), resulting in marine and continental eruption of thokiitic bo 
alkalic h a l t  and associated rocks forming Sakhalin-Primorye volcanic belt (sp). This regional extension is a h  inteqmtd as tbs 
result of seaward rotation of the Kamchatka Peninsula, and in formation of major units within the Sea of QkbMsk (as diEcwsad by 
B.A. Natal'in in Nokleberg and others, 1994a). Back-arc spreading may have occurred simultanaously with trmcb roll-back and 
migintion of the Northeast Asia arc into the Pacific Ocean plate. 

(4) In the Arctic Ocean, rifting continued along the Gakkel Ridge (GK) along with contimed sedimentation in the 
Amerasia basin (as). Analysis of marine magnetic anomalies in the Eurasia Basin suggests this region uderwent c c q m s b  
from about 36-5 Ma (Savostin and Drachev, 1988a7 b; Harbert and others, 1990; Fujita and others, 1997). Gedogic ma* 
reveals which late Miocene thrust faults and companion folds, which were associated with regional cony2l.ecsioa, ocamd along ,. 

the Myatisk and companion faults in the Mona and Chersky Ranges as described by Gaiduk and others (1989, 1993). Faulr 
displacements are about 15 to 20 km. 



(5) A major orthogonal junction formed between the western end of Aleutian-Wrangell arc (al) a d  Central Kamchah 
arc (kc). The western terminus of the Aleutian-Wrangell arc is interpreted as having been obducted onto fhc Karnchatka Peninsula, 
thereby forming the Kamchatskiy Mys octanic terrane (too small to depict on fig. 127), which is interpreted as the oceanic base of 
the ancestral Aleutian-Wrangell arc, and the Stolbovskoy island-arc terrane (also too s m d  to depict on fig. 127). which is 
interpreted as the older, western part of the arc (Geist and others, 1988, 1994). 

Figure 126. Generalized map of mejar middle Terllary through Present metallogenic belts, ovetlap assemblages, and tectonically- 
linked subduction-zone or accretionary-wedge terranes for Alaska, Canadian Cordillera, and adjacent offshore areas. Refer to text 
for description of metallogenic bdts. Adapted from Nofdeberg and others (1997b, 1998). Refer to figure 60 for explanation. 

(6) In the early to middle Miocene, a short apiscde (approximately 22 to 10 Ma) of sea-floor spreading along the 
Komandorsky Ridge (KOM) formed a small pair of octaroic phtes which exhibit magnetic anomalies 5 and 6. The spreading 
occurred after the marine-arc volcanism in h is  area which formed the Bowers (bw) and Shirshov (sh) Ridgas in the middle 
Eocene and early Miocene. 

(7) Intense tectonic disruption occrrrred in the western part of Aleutian-Wrangell arc, along the western Aleutian 
megathrust (AL), as a result of he transform coupling between the Pacific and North American plates (Geist and otbers, 1988). A 
complex array of strike-slip, extension, and rotation structures formed in this area (Scholl and others, 1992, 1994; Vallier and 
others, 1994). In the area of the Bering Sea, a thick sedimentary prism continued to form in the Aleutian-Bowers basin (atb) which 
overlies a fragment of accreted Kula Ocean plate (Plafker and Berg, 1994; Scholl and others, 1992, 1994). 

(8) Tectonic escape (crustal extrusion) of terranes continued to occur along major dextral-slip faults, including the Denali 
(DE), Iditarod-Nixon Fork (NF'), Kaltag (KA), and companion hulk3 (SchoLl and others, 1992,1994). Dextral-wrench basins 
continued to form in association with the dextral-slip faults and were rapidly filled with continental sediments. Dextral 
displacement continued farther east along major dextral-slip faults such as the Denali (DF), Iditarod-Nixon Fork (NF), and Kaltag 
(KA) faults. Estimates of total Cenozoic displacements along tbe Denali and Tintina faults are between 400 and 500 km each 
(Nokleberg and others, 1985; Platker and Berg, 1994; Monger and Nokleberg, 1996). These and companion dextral-slip faults 
probably extended into the area of the Bering Sea. 

(9) The Pacific Ocean plate (PAC) continued to move ~orthwestward. Along the Aleutian megathrust (AL) plate 
convergence continued to vary from oblique-orthogonal in &he east to obtique to transform in the west. 



(10) The Aleutian-Wrangell continental-margin arc was associated with mainly oblique subduction of the northern edge 
of Pacific Ocean plate (PAC) along the Aleutian megathrust (AL) to form the Prince William terrane (PW). During northward 
migration, the Yakutat terrane (YA) started to underthrust the Prince William terrane along the eastern part of the Aleutian 
megathrust. Forming in the Aleutian-Wrangell continental-margin arc in Southern Alaska was the Alaska Peninsula and Aleutian 
Islands (AP) metallogenic belt which contains granitic-magmatism-related deposits and is hosted in the Aleutian volcanic belt. 
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Figure 127. Middle Tertiary (Miocene - 
rnetallogenic-tectonic events, to tables 
explanation of abbreviations, symbols, 

20 to 10 Ma) stage of rnetallogenic-tectonic model. Refer to text for explanation of 
3 and 4 for descriptions metallogenic belts and significant deposits, and to figure 18 for 
and patterns. Adapted from Nokleberg and others (1997b, 1998, 2000). 

(1 1) Offshore of the southern Canadian Cordillera, sea-floor spreading continued along the Juan de Fuca Oceanic ridge 
(JFF). Northward movement of the Pacific Ocean plate (PAC) and associated transform displacement on the Queen Charlotte 
transform fault (QC) resulted in continued northward migration and subduction of the Yakutat terrane (YA) beneath the 
continental margin of Southern Alaska. 

(12) TO the south, the Cascade continental-margin arc continued activity. Associated with this arc was continued 
subduction of part of the Juan de Fuca plate (JF) along the ancestor of the modern Cascadia megathrust (CC). Regional extension. 
associated with back-arc spreading the behind Cascade arc (ca ), resulting in continental eruption of the Columbia River basalt (cr; 
Wells and Heller, 1988; England and Wells, 1991). Continuing on fiom the early Tertiary in the Cascade arc was the was the Owl 
Creek (OC) metallogenic belt, which contains granitic-magmatism-related deposits, and is interpreted during subduction-related 
granitic plutonism. 



Metallogenic Belts Formed in Tertiary 
Continental-Margin Arcs, Kamchatka 
Peninsula, Southern Alaska, and 
Southern Canadian Cordillera 

East Kamchatka Metallogenic Belt of 
Au-Ag Epithermal Deposits (Belt EK) 
Eastern and Southern Kamchatka Peninsula 

The East Kamchatka metallogenic belt of Au-Ag epithennal deposits (fig. 125; tables 3,4) occurs in the eastern and 
southern parts of the Kamchatka Peninsula. The deposits are hosted in the East-Kamchatka volcanic belt which overlies late 
Mesozoic and Cenozoic island-arc and terranes of accretionary-wedge terranes (Pozdeev, 1990). The Au-Ag epithermal deposits, 
most of which are economic or are potentially economic, are associated mainly with Miocene volcanoes, hypabyssal bodies, and 
small intrusions. The significant deposits in the belt are at Asachinskoe, Kitkhoi, Kumroch, Mutnovskoe, and Rodnikovoe (table 
4) (Nokleberg and others 1997a, b, 1998). 

The Au-Ag epithermal vein deposits in the East Kamchatka metallogenic belt are interpreted as forming in two stages 
(Petrenko, 1999). (1) In the early Miocene, Au-Ag Zn, Pb) epithermal vein and stockwork deposits, as at Mutnovskoe, 
Kumroch, and Kitkhoi, formed during eruptions of intermediate and felsic volcanic rocks and during formation of small diorite- 
granodiorite intrusions (Lattanzi and others, 1995). The major metals are Au, Pb, and Zn, along with Ag and sulfosalts. And (2) in 
the late Miocene, Au quartz-adularia epithermal vein deposits, as at Rodnikovoe and Asacha deposits, fonned in andesite-basaltic 
piles associated with hypabyssal bodies, and in mafic, intermediate, and felsic dikes. The deposits are sulfide poor and are 
associated with propyllitic alteration. Some of tbe deposits may be Piiocene; however, K-Ar isotopic studies of stockworks, dikes, 
and adularia-quartz veins yield ages of 12 to 5 Ma, indicating a Miocene age. The association of sulfide-rich and sulfide-poor 
epithermal deposits in the East Kamchatka metallogenic belt suggests diverse volcanic processes (Pozdeev, 1990; Lattanzi and 
others, 1995). A recent study by Takahashi and others (2002) presents a 4-fold classification of e p i t h d  Au-Ag minerahation 
in Kamchatka: (1) Late Cretaceous Okhotsk-Chukotka Beb (Sergeevka deposit); (2) the middle Tertiary Koryak-Western 
Kamchatka Belt (including tbe Amedstovoe deposit with a K-Ar isotopic age of 41.4 Ma); (3) the late Tertiary Central Kamchatka 
belt (including the Zolotoy depsit  with a K-Ar isotopic age of 17.1 Ma, and the Aginskaya deposit with a K-Ar isotopic age of 
6.9 Ma); and (4) the Eastern Kamchatka belt (including the Asachinskoye, Mutnovskoe, Rodnikovoe, and Porozhistovoe deposits 
with K-Ar isotopic ages 0.9-7.4 Ma). An overview of the major Au-Ag epitbermal vein deposits of the Kamchatka was published 
by Petrenko (1 999). 

AsachinskoeAu-Ag Epithermal Vein Deposit 

The AsachinskoeAu Au-Ag epithermal vein deposit (Shchepol'ev, 1989; I.D. Petrenko, written cormnun., 1991; A.I. 
Pozdeev, written cornmun., 1991; Petrenko, 1999;Okrugjn and others, 2002) consists of a zone of quartz-adularia veins tbat occur 
along a north-south trending, strike-slip fault. Veins split and pinch out in W a n d  andesitic lava. Ure body is a nearly flat-lying 
band, gently dipping to the south, and conformable to the hypabyssal host rocks. Ore exhibits colloform-banded structure. Ore 
minerals comprise less than 1% of the veins. Ore mineral assemblages are: gold-hydromica, gold-naumanitepolybasite, and gold- 
adularia-quartz. Major ore minerals are pyrite, gold, selenium polybasite, and naurnanite. Deposit occurs in cenbr of a bypabygsal 
dacite dome at the intersection of three large linear faults. Deposit associated with hypabyssal volcanic rocks that are inferred ia 
cross-section. A K-Ar isotopic age for the deposit is 4 Ma (Takahashi and others, 2001). The deposit is medium size with up to 20 
g/t Au and 40-50 g/t Ag. Estimated reserve are 1.56 million tonnes averaging 35 gt't Au and 62 g/t Ag. 

Mutnovskoe Au-Ag Epithermal Vein Deposlt 

The Mutnovskoe Au-Ag epitbermal vein deposit (Shchepot'ev, 1989; 1.D. Petrenko, written commun., 1991; Lattanzi and 
others, 1995; Petrenko, 1999;Okrugin and others, 2002) deposit occurs in the central part of a paleovolcano composed of 
Oligocene-Miocene mafic- and intermediate-composition volcanic rocks. Plutonic rocks consist of Miocene diorite intrusions and 
numerous dikes of varied composition. Major ore zone consists of a thick vein and some apophyses with zones of quartz veinlets 
between them. Drilling indicates which ore extends to a depth of 500 m below the surface. In heavily weathered zones, generally 
at the southern flank of the deposit, quartz veins contain fiom 10-18% sulfides. On the less weathered northern flank, the deposit 
is sulfide-poor and contains 0.2-2% base metals. The major ore assemblages are gold- temantite-tetrahcdrite, gold-argentite- 
pearsite, and chlorite-galena-sphalerite. Canfieldite, as well as the telluride minerals, hessite and altaite, also occur. The deposit is 
vertically zoned, with gold, tennantite, and tetrahedrite occurring in the upper part of the veins, and chalcopyrite, galena, sphdgtitt 
occurring in the lower part of the veins. The K-Ar age of mineralization for the north flank of the Mutnovskoe deposit is 3.3 Ma 
and 1.1 Ma for the south flank of the deposit (Takahashi and others, 2001). The &posit is of medim size. Average grades range 
up to 3 g/t Au and 10 g/t Ag. Proven reserves are to the North, 1.8 million tomes of ore averaging 16 g/t Au and 3 15 g/t Ag, and 
to the South, 5.2 million tonnes of ore averaging 12.4 g/t Au, 1300 glt Ag, and 69,000 tonnes combined Pb and Zn. The deposit 
contains an estimated resource of about 20 tonnes Au. 



Rodnikovoe Au Quartz-Adularia Epithermal Vein Deposit 

The Rodnikovoe Au quartz-adularia epithermal vein deposit (1.D. Shchepot'ev, 1989; D. Petrenko, written commun., 
1991; Petrenko, 1999) consists of a major vein and related quartz and quartz-carbonate veins and veinlets which cut the apical part 
of a gabbro-diorite intrusion. In addition to gold, the veins and veinlets contain goldfieldite, silver sulfosalts, and argentite. Gold 
fineness is 400 to 600. Alteration includes propylitic (chlorite-carbonate and epidote-chlorite facies), kaolinitic, quartz-hydromica 
alteration with montmorillonite, and silicic with quartz and pyrite. The altered rocks are laterally zoned. The ore occurs in a 
complex vein system with several funnel-shaped ore shoots which narrow with depth. The shoots dip 30-50" south. The vertical 
extent of mineralization is less than 150 m. High Au concentrations (25-30 g/t Au) occur in upper levels of ore bodies. The quartz- 
adularia veins are Late Miocene with K-Ar ages of approximately 0.9 to 1.1 Ma (Takahashi and others, 2001). The deposit is of 
medium size. Average grades range up to 1 1.3 g/t Au and 40-50 g/t Ag. The estimated reserves are 40 tonnes gold and 356 tonnes 
silver with an average grade of 1 1.0 g/t Au and 98.0 g/t Ag. 

Origin of and Tectonic Controls for 
East Kamchatka Metallogenic Belt 

The Central Kamchatka volcanic belt which hosts the East Kamchatka metallogenic belt consists chiefly of Eocene to 
Quaternary thick, gently dipping andesite, dacite, and rhyolite strata which are interlayered with sandstone, siltstone, and 
conglomerate, and widespread large ignimbrite fields. Shallow-marine deposits predominate in the lower part and nonmarine 
deposits predominate in the upper part. The formation of the belt culminated with eruptions of Pliocene to Quaternary plateau 
basalts which are associated with large composite cone volcanoes. The volcanic belt is interpreted as a major post-accretionary 
continental-margin arc which is tectonically linked to the Kuril-Kamchatka accretionary wedge and subduction zone complex (fig. 
125) (Nokleberg and others, 1994c, 1997~) .  

Central Kamchatka Metallogenic Belt of 
Au-Ag Epithermal and Porphyry Cu-Mo 
Deposits (Belt CK) Kamchatka Peninsula 

The Central Kamchatka metallogenic belt of Au-Ag epithermal vein and porphyry Cu-Mo deposits (fig. 125; tables 3 ,4)  
occurs along the length of the Kamchatka Peninsula. The deposits are hosted in the Central Kamchatka volcanic and sedimentary 
basin of Oligocene to Holocene age (Nokleberg and others, 1994c, 1997~) .  The significant deposits in the belt are (table 4) 
(Nokleberg and others 1997a, b, 1998): Au-Ag epithermal vein deposits at Aginskoe (Aga), Baran'evskoe, Oganchinskoe, 
Ozernovskoe, Sukharikovskie Grebni, Tutkhlivayam, and Zolotoi; a porphyry Cu-Mo deposit at Krasnogorskoe; and a volcanic- 
hosted Hg deposit at Chempura. 

The Au-Ag epithermal vein deposits are interpreted as formlng mainly during two stages in the Miocene. (1 )  In the early 
Miocene (22 to 14 Ma), during eruption of mainly felsic volcanlc rocks, low sulfide, Au-Ag deposits, as at Ozernovskoe and 
Tutkhlivayam, with high Te contents, formed during construction of composite cone volcanoes and associated hypabyssal 
intrusions. At the same time, sulfide Au deposits, as at Olgakanskoe, with high Cu, Pb, and Zn contents, formed in association 
with intermediate intrusions. However some of these deposits may have formed during the Late Eocene to Oligocene. And (2) in 
the late Miocene (12 to 5 Ma), in the final stages of Miocene volcanism, andesitic and basaltic alterations. Au @ Ag) epithermal 
vein deposits formed in association with small hypabyssal bodies and dikes, as at Agmskoe, Sukharikovskie Grebni, and 
Baran'evskoe deposits and some ore bodies of Tutkhlivayam deposit. These deposits consist mainly of gold and minor sulfide 
minerals in quartz-adularia veins. In the middle and northern parts of the belt, Hg deposits, as at Chempura, and Au and Au-Ag 
epithermal vein deposits occur in late Miocene hypabyssal bodies and dikes. 

Porphyry Mo, Cu, and Cu-Mo deposlts in the southern part of the belt occur in Miocene subalkaline granite porphyry and 
porphyritic diorite. These granitoid plutons intrude areas underlain by the eastern part of the Sredinny-Kamchatka metamorphic 
terrane. These deposits, as at Kirganik, Krasnogorskoe, and Malakhitovoe, are small to medium-size, and occur mainly in 
stockworks and in long fracture zones in both intrusions and adjacent metamorphic rocks. The major ore minerals are pyrite, 
chalcopyrite, and molybdenite. Molybdenite contains high amounts up to 600 g/t rhenium. 

Ozernovskoe Au-Ag Epithermal Vein Deposit 

The large Ozernovskoe Au-Ag epithermal vein deposit (Shchepot'ev, 1989) consists of Au-bearing quartz-adularia veins 
along with Cu-Mo, realgar-orpirnent, and Au-Ag deposits. The Au-Ag deposits occurs in veinlets and disseminations and is 
superimposed on various facies of hydrothermally-altered rocks. Ore formed in fracture-filling veins and veinlets, and as 
metasomatic replacement of earlier aggregates. At least four stages of mineralization are recognized: ( 1 )  gold-goldfieldite-quartz 
(fineness of 933-938); (2) tellurium-silvanite-goldfieldite-kaolinite-quartz gold 945 fine; (3) gold-hessite-hydromlca-quartz (gold 
894 fine); and (4) gold-adularia-hydromica-quartz (gold 643 to 679 fine). Host rocks exhibit several types of alteration, mainly 
propylitization and silicification. Argillite, displaying quartz-sericite, quartz-kaolinite, and quartz-montmorillonite-hydromica 
facies alteration, occurs in the central part of the ore field, near the main volcanic vent. Altered rocks consist of quartz and pyrite- 
alunite-kaolinite-quartz assemblages which form linear bodies up to 100 m thick along the fault zones. The largest ore bodies 



occur in these tabular, altered silicified rocks. The deposit occurs in a weakly-eroded volcano composed ofbasaltic andesite, 
andesite, and dacitic pyroclastic rocks and lava. The deposit is large and contain 0.01-0.1% Te and Au in rare high-gde zones, 
up to 700 g/t Au. Most of the ore is low-grade, ranging from 2-20 g/t Ail. 

Aginskoe Au-Ag Epithermal Vein Deposit 

The Aginskoe Au-Ag e p i t h e d  vein deposit (Shchepo1'ev,l989f consists dominantly of fine-grained, chalcedony-like 
quartz, adularia, and hydromica with colloform banding. The ore minerals comprise 0.3 to 1.0% of veins. The major ore m i n d s  
are tellurides, including hessite, altaite, calaverire, silvanite, and pewe. A total of 55 ore minerals are identified. Ooldfineness 
ranges from 740 to 990, and the AdAg ratio varies from 2: 1 b 7:i. Six stages of me deposition we rewgnk&: (1) quartz-pyrite; 
(2) gold-adularia-corrensite-quartz with a gold fineness of 924 to 968; (3) gold-adulariaquam with a gold fineaesa, of 936 to 952 
at upper levels, and a gold fineness of 740 to 854 at deeper IcveL; (4) gold-calaverite-quartz with a gold fkxms 940 to P60; (5 )  
gold-hessite-corrensite-quartz with a gdd  frneness 8 16 to 880 ~d (6) quartz-~eolite-calcite. E n d ~ g e n ~  zg&g is mared by a 
vertical change of ore compositian, texture, and structure. The concentrarioa of tellurides and dfidw increwses with depth. The 
deposit occurs in a volcanic caldera composed of Miocene basaltic andesile and basaltic andtsite luff:. Ore occurs in kchire zones 
and zones of intense jointing. Ore-beanng stnrctlves COW& of ~ h r  bnd breccia tectonic zones, which include nutmrmu a~degitk 
dikes and veins, lenses, and veimlets of &laria-quartz and qlum-tzcdnate composition. Tbe main ore-b$&fing mcs tire the 
Aginskaya and Surpriz. In the main ore-bearing me short we bodies merge at deptb formiag a gently-dipping rnhedkd 
band; complicated in the upper p t  by s t e e p l y - w i g  ore shook Hydrothermal alteration, c o d y  propylitic, is oammon. The 
deposit is of medium size andconlains an estimated rcsourca of 30-50 t o m s  Au and 70-100 tonnes Ag. The average grade Of the 
Aginskoe deposit is 20 g/t Au. The deposit is  currently under development. 

Kirganik Porphyry Cu Deposi? 

The Kirganik porpbyry Cu dspasir (Vhov,  1977; A V .  I p t y e v ,  written commun., 1980) e o n ~  of ekeplydipping 
zones of rocks with biotite-K-feldspar  sonret re tic alteration. The deposit is 10-15 m thick, up to 1200 rnlofig? rradoccm in Late 
Cretaceous siliceous volcanic rocks. The deposit consirhs of zones of disoeminatted and veinlet capper aod Au m i n d s .  The ore 
bodies are generally conformablt with Ihe host F Q C ~ .  The oxidizad zone extends deepest in heavily h%md rocks, to a depth of 
100 to 120 m, and contains up b 0.8 g/t Au. Tbe richest ore is in biotite-K-feldspar--matically altered rocks. Altered rocks 
containing both pyroxene aod K-feldspar are pctieally devoid of ore. Tbe ore minerds are pyrite, chalcopyrite, magnetite, 
bomite, chalcocite, hematite, and gold The richest Au values occur in ri& chalcosite-chalcopyrite-bomk ore with more than 1% 
Cu. The K-Ar isotopic age ofthe biotitebl-f 1dJpar-altered rocks which hoet the ore is 65-75 Ma. The deposit is of d u m  size. 
Average grades are 0.1 - 1% Cu and 0.2 to 0.4 gh Au in disseminatd and veinlet ore, and up to 0.8 g/t Au m oxictiztd ore. 

Origin of and Tectonic Controls for 
Central Kamchatka Metallogenlc 664 

The Central Kamchatka volcanic and sedimentafy basin (Nokleberg and others, 1994c, 1997~) which hosts the Central 
Kamchatka metallogenic belt consists chiefly of  late Otigocene to Holecene volcanic and sedimenm rocks in saqt&ace~ up to 5 
krn thick. The belt ranges from 20 to 70 km wide and is about 350 km long. The volcanic and s-rttary basin a b  contak 
mainly shallow-marine sedimentary rocks up to 6,000 m thick, and widespread tuff, basalt, and basaltic m h i t e .  Thre basid units 
overly deformed Late C r e k e o u  to early Tertiary sedimentary rocks. The bssin is intqreted as a fmarc unit of the Ceutral 
Karnchatka volcanic belt; both we interpreted as parts of the major, post-accretionary, Northeast Asia mtinmtal-rnar@ arc ira 
the Russian Far East (Noklebetg and othm, 1994c, 1997~). 

Alaska Peninsula and Aleutian Islands 
Metallogenic Belt of Igneous Arc Depeab 
(Belt AP) Western-Souttmn Alaska 

The major Alaska Peninsula and the Aleutian lslands metallogenic belt of igneous arc dqxxits ( f ig .  126; table8 3,4) 
occurs in western-southern Alaska (Nokleberg and others, 1995a). The metallogenic belt is b d  in the arc41 uderhh fx 
adjacent to the middle and late Tertiary granitic and volcanic rock of the Aleutian arc in the t ~ t e t n  Ahtim L W  and the 
southwestern Alaska Peninsula (Nokleberg and others, 1994c, 1997~). The arc is composed mainly of middle Tcrtisry to Ho1- 
andesite to dacite flows and tuff, sshiallow intrusive rocks, small silicic stocks and sills, and associated setiimerrtary rocks (Buik, 
1965; Wilson, 1985). Underlying parts of the southwestern Alaska Peninsula, almost as far west as Cold b y ,  is the mainly 
Mesozoic bedrock of the Peninsular island-arc terrae. 

Numerous e p i t h e d  vein, polyrnetallic vein, add porphyry Cu and Cu-Mo deposits occur in the metdogenic kit. The 
significant deposlts are (tahle 4) (Nokleberg and others 1997a, b, 19%): e p i t h e d  vein deposits at ApoH8-SiUra, Aquila, Canoe 
Bay, Fog Lake (Pond), Kuy, Shumagin, and San Diego Bay; po1ymetallic vein deposits at Braided CR&, M a  (Biorka), 
Cathedral Creek, and Kilokak Creek; and porphyry Cu and MO deposits at Bee Creek, Mallard Duck Bay, Mike, m d ,  Rex, 
and Sedanka (Biorka). The eplthermal and polymetallic vein and porphyry deposits of the Alaska Peninsula trad AIP;uh lsladds 



belt occur over a distance of over 800 km. This belt is related to the epithermal and hydrothermal activity associated with the late- 
magmatic stages of Tertiary and Quaternary hypabyssal plutonic and associated volcanic centers. These centers are along part of 
the Aleutian arc, one of the classic continental-margin arcs along the rim of the Circum-Pacific rim. 

Pyramid Porphyry Cu Deposit 

The Pyramid porphyry Cu deposit (Armstong and others, 1976; Hollister, 1978; Wilson and Cox, 1983; G.L. Anderson, 
written commun., 1984; R.L. Detterman, oral cornrnun., 1986) occurs in the southwestern Alaska Peninsula and consists of 
disseminated molybdenite and chalcopyrite(?) in a Fe-stained dacite porphyry stock of late Tertiary age. A zonal alteration pattern 
is defined by a core of secondary biotite, containing about 3 to 10% magnetite, which grades outward into an envelope of quartz- 
sericite alteration. Fractures adjacent to the stock are filled with sericite. Local extensive oxidation and supergene enrichment by 
chalcocite and covellite occur in a blanket as much as 100 m thick. The deposit is centered on a 3 km2 area within the stock, and 
contains a resource of 110 million tonnes grading 0.4% Cu, 0.03% Mo, and trace of Au (G.L. Anderson, written commun., 1984). 
The host stocks and dikes, and several smaller stocks which occur nearby all intrude the fine-grained clastic rocks of the Late 
Cretaceous Hoodoo Formation, and the Paleocene or Eocene to Oligocene Stepovak(?) or Tolstoi(?) Formation. The sedimentary 
rocks are contact metamorphosed adjacent to the stocks. 

Bee Creek Porphyry Cu Deposit 

The Bee Creek porphyry Cu deposit consists of chalcopyrite, pyrite, and traces of molybdenite in contact-metamorphosed 
Jurassic and Cretaceous sedimentary rocks which are intruded by a small tonalite porphyry stock of Tertiary age (Cox and others, 
198 1). The deposit, located on the Alaska Peninsula 25 km northeast of Chignik Lagoon, was discovered by Bear Creek Mining 
Company in cooperation with Bristol Bay Native Corporation in the late 1970's (E.D. Fields, written cornrnun., 1977).The 
contact-metamorphosed sedimentary rocks and the porphyry stock exhibit strong potassic (biotite) alteration, and quartz grains in 
the porphyry contain abundant, high-salinity fluid-filled inclusions. The deposit is unexplored on the southwest and northeast 
sides and probably contains a resource of between 5 and 30 million tonnes with average grade between 0.1 to 0.4 percent Cu. Five 
drill holes totaling 2,359 m explore the deposit; one hole intercepted 150 m averaging 0.25% Cu. 

Aleutian Arc 

The Aleutian arc, which hosts the Alaska Peninsula and Aleutian lslands metallogenic belt, is composed of Oligocene 
(post-30 Ma) to Holocene andesite to dacite flows, tuff, and intrusive and extrusive breccia; hypabyssal diode and quartz diorite 
and small silicic stocks, dikes, and sills; and volcanic graywacke, shale, and lahars (Burk, 1965; Wilson and Cox, 1983; Wilson, 
1985; Wilson and others, 1993; Vallier and others, 1994). To the northeast on the Alaska Peninsula, magmatism apparently started 
in the late Miocene (about 15 Ma). An older Eocene and Oligocene succession of igneous rock that yields K-Ar ages ranging h m  
40 to 30 Ma, is located in the northeastern Aleutian Islands and is defined as the Meshik arc by Wilson (1985). 

Petrologic, chemical, and isotopic characteristics of the Aleutian arc (Miller and Richter, 1994) are as  follow^. (1) The 
arc consists predominantly of andesite and low-silica dacite; rhyolite occurs only in a few volcanic centers. (2) The axial part of 
the central and northeastern parts of the arc is mostly calc-alkalic; SiOz contents typically range between 50 to 78 percent. (3) 
Volcanic centers to the southwest are either tholeiitic or transitional to calc-alkalic. (4) The back arc contains alkalic volcanic 
rocks which occur in widely separated centers. And (5) initial Sr ratios are relatively low, in the range of 0.70305 to 0.7046. 

The lode deposits of Alaska Peninsula and Aleutian Islands metallogenic belt reflect the bedrock underlying tbe arc. The 
northeastern part of the arc on the southwestern part of the Alaska Peninsula is underlain by Mesozoic bedrock of the Peninsular 
terrane, part of the Wrangellia superterrane (Wilson and Cox, 1983; Nokleberg and others, 1994d). On the Alaska Peninsula, the 
Peninsular terrane consists of a Late Triassic(?) and Early Jurassic sequence of volcaniclastic and volcanic rocks (Talkeetna 
Formation), the Middle Jurassic part of the Alaska-Aleutian Range batholith (Reed and Lanphere, 1969, 1973), and younger 
Cretaceous sedimentary rocks. In contrast, to the southwest, the Aleutian arc is interpreted to be underlain by oceanic crust 
(Wilson and Cox, 1983; Vallier and others, 1994). The Pyramid Bee, Creek, Rex, and Warner Bay porphyry Cu deposits in the 
central part of the metallogenic belt occupy a transitional zone between the parts of the magmatic arc underlain by oceanic crust to 
the southwest and by continental crust to the northeast. Some of the deposits to the northeast are Mo-rich and contain anomalous 
concentrations of Bi, Sn, and W which may be characteristic of continental-margin deposits (Wilson and Cox, 1983). K-Ar 
isotopic studies indicate a variable time span of up to two million years between igneous activity and mineralization. Isotopic 
studies also indicate sporadic occurrences of mineralization during a long period of igneous activity (Wilson and Cox, 1983). 

Tectonic Setting for Alaska Peninsula and 
Aleutian lslands Metallogenic Belt 

The Aleutian arc, one of the classic igneous continental-margin arcs along the Circum-Pacific rim, occurs structurally 
above the Aleutian megathrust, an active subduction zone which dips to the northwest and along which the Pacific Plerte is being 
thrust under the southern margin of Alaska (fig. 126). The tectonic setting, and the field, petrologic, chemical, and isotopic data 
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summarlzed above are used by analogy to & subduction zone settings for ancient bells of igneaw rocks (Vallier and othm, 
1994) and their associated granitoid-magmatism metallogenic bdls (Nokleberg and others, 1993). 

Late Tertiary and Quaternary 
Metallogenic Belts (4 to 0 Ma; 
Figures 125, 126) 

Overview 

The major late Tertiary and Quaternary metallogenic belts In the Russian Northeast, Alaska, and the Canadian Cordillera 
are summarized in table 3 and portrayed on figures 125 and 126. The major belts are as follows. 
(1) In the Russian Southeast, the Sakhalin Island (SH) belt, which contains Silica-carbonate, volcanic-hosted Hg deposits, is 
hosted in shear zones and late Tertiary volcanic rock, and is interpreted as related to backarc spreading behind the Kuril volcanic 
arc. (2) In the Russian Northeast, the Kuril (KU) belt, which contains granitic-magmatism-related deposits, is hosted in the Klrril 
volcanic-plutonic belt and is interpreted as forming during subduction-related granitic plutonism which formed the Kuril Island 
part of Northeast Asia continental margin arc. (3) Also in the same region, several metallogenic belts continued on fiom the early 
and middle Tertiary is the Olyutor (OT) metallogenic belt which is hosted in the East Kamchatka volcanic and sedimentary basin. 
(4) In Southern Alaska, also continuing on fiom the middle Tertiary, was the Alaska Peninsula and Aleutian Islands (AP) belt, 
which contains granitic-magmatism-reiated deposits and which is hosted in the Aleutian volcanic belt. This metallogenic belt is 
interpreted as forming during subduction-related granitic plutonism which formed the Aleutian continental margin arc. And (5) in 
the southern Canadian Cordillera, conlinuing oo from the early and middle Tertiary, was the Owl Creek (OC) belt, which contains 
granitic-magmatism-related deposits and is hosted in the Cascade volcanic-plutonic belt. Tbis metallogenic belt is interpreted 
during subduction-related granitic plutonisrn which formed the Cascade continental margin arc. In the below descriptions of 
metallogenic belts, a few of the noteable or signficanl lode deposits are described for each belt. 

Metallogenic-Tectonic Model for 
Late Tertiary and Quatemary 
(4 to 0 Ma; Figure 128) 

During the late Tertiary and Quaternary (Pliocene to the present - 4 to 0 Ma), the major metallogenic-tectonic events were 
and are (fig. 128; table 3): (1)  continuation of a series of continental-margin arcs, associated metallogenic belts, and companion 
subduction-zone assemblages around the Circurn-North Pacific; (2) continuation of opening of major sedimentary basins behind 
major arcs; (3) in the eastern part of the Circum-North Pacific, a continuation of dextral transpression between the Pacific Ocean 
plate and the Canadian Cordillera margin; (4) a continuation of oblique-orthogonal transpression between the Pacific plate and the 
Southern Alaska; and (5) continuation of sea-floor spreading in the Arctic and eastern Pacific Ocm-118. The modem geodynamic 
pattern is defined by interaction of the Eurasian, North American, and Pacific Ocean plates (Cook and others, 1986; Parfenov and 
others, 1989; Fujita and others, 1997). The pole of rotation between the Eurasian and North American plates is located on, or near 
the south coast of the Laptev sea in the Russian Northeast (Cook and others, 1986; Larson and others, 1997). 

Specific Events for Late Tertiary and Quaternary 

(1)  The Northeast Asia continenial-margin arc continues activity. Parts of the arc are in the East Japan volcanic-plutonic 
belt (ej), the Kuril arc (ku), the Central Kamchatka volcanic and sedimentary basin (kc), and the East Karnch& volcanic belt 
(ek). Associated with the arc is subduction of the western edge of the Pacific Ocean plate (PAC) along the Kuril-Kamchatka 
megathrust ( K K )  to form the Kuril-Kamchatka (KUK) terrane. A major orthogonal junction occurs between the western a d  of 
Aleutian-Wrangell arc (al) and Karnchatka arc (kc). Continuing on, or fonning anew in the Northeast Asia continental margin asc 
are: (a) the Sakhalin Island (SH) metellogenic belt which is hosted in shear zones in late Tertiary and older rock, and is interpreted 
as forming during backarc spreading behind Kuril arc. (b) the Central Kamchatka (CK) metallogenic belt which is hosted in the 
Central Kamchatka volcanic and sedimentary basin; (c) the East Kamchatka (EK) metallogenic belt which is hosted in the Central 
Kamchatka volcanic and sedimentary basin; and (d) the Olyutor (OT) metallogenic belt which is hosted in the East Kamcbatka 
volcanic and sedimentary basin. The latter three metallogenic belts contain granitic-magmatism-related deposits and are 
interpreted as forming during granitic plutonism associated with subduction of the P a c i f ~  Plate. 

(2) Rifting continues along the Gakkel Ridge (GK; northern extension of mid-Atlantic Ridge) and the extension of the 
r~dge toward the Eurasian plate. The Gakkel Ridge and its extension define the modern boundary between the North American md 
Eurasian plates. Analysis of sea-floor spreading anomalies in the Eurasia Basin (eb) suggest that the Russian Northeast underwent 
extension from about 5 to 0.5 Ma (Moma rift episode as discussed by Fujita and others, 1990a, b, 1997; Savostia and Drachev, 
1988a, b; Harbert and others, 1990; Fujita and others, 1997). The youngest change, a northward pole shift, occurred at about 0.5 
Ma, as indicated by resurgent or continued thrusting (Imaev, 1991). Focal mechanism studies indicate which parts of this region 
are undergoing compression (Cook and others, 1986; Parfenov and others, 1989; Fujita and others. 1990a, b; Riegel and others, 



1993). This compression is relieved by extrusion of the Okhotsk block to the southeast (Riegel and others, 1993) and by uplift and 
thrusting in the CSB area (Koz'min, 1984; Imaev and others, 1990; Koz'min and others, 1996). Sedimentation continues in the 
Amerasia basin (ab). 

AP -Alaska Pen~nsula and 
Aleut~an Islands 

OC - Owl Creek 
S H  - Sakhal~n Island 
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Figure 128. Late Tertiary and Quaternary (Pliocene through present - 4 to 0 Ma) stage of metallogenic-tectonic model. Refer to text 
for explanation of metallogenic-tectonic events, to tables 3 and 4 for descriptions metallogenic belts and significant deposits, and to 
figure 18 for explanation of abbreviations, symbols, and patterns. Adapted from Nokleberg and others (1997b, 1998, 2000). 

(3) Seismicity defines several new tectonic blocks, including the b u r ,  Okhotsk, and Bering blocks (Riegel and others, 
1993; Fujita and others, 1997; Mackey and others, 1997). Boundaries between blocks are defined by epicenters located by 
teleseismic and regional networks (Fujita and others, 1997). 

(4) Marine and continental eruption of sparse, generally small, highly dispersed flows of Bering Strait alkaline basalt (bs) 
occurred in the Quaternary and Recent. This volcanism may possibly be related to dextral-wrench faulting and tectonic escape in 
this region. Rotation of the Bering block created extension on the Seward Peninsula and on Chukotka (Mackey and others, 1997), 
or the Bering block may have formed as the back-arc with respect to the Aleutian-Wrangell arc. 

(5) Tectonic escape (crustal extrusion) of terranes continues along major dextral-slip faults, including the Denali (DE), 
Nixon Fork (NF), Kaltag (KA),  and companion faults (Scholl and others, 1992, 1994) which may extend into the Bering Sea. 
Dextral-wrench basins continue to form in association with the dextral-slip faults and are still filling with continental sediments. A 
thick sedimentary prism continues to form in the Aleutian-Bowers basin (atb; Plafker and Berg, 1994). In Interior and Southern 
Alaska, displacement continues along major dextral-slip faults, such as the Denali (DE) fault. 

(6) The Pacific Ocean plate (PAC) continues to move northwestward relative to the North American plate. Along the 
Aleutian megathrust (AL), plate convergence continues to vary from orthogonal in the east to oblique to transform in the west. 

(7) lntense tectonic disruption continues in the western part of Aleutian-Wrangell arc along the western Aleutian 
megathrust (AL), as a result of the transform coupling between the Pacific Ocean plate (PAC) and the North American plate (Geist 
and others, 1988; Scholl and others, 1992, 1994). A thick sedimentary prism continues to form in the Aleutian-Bowers basin (atb) 
which overlies a fragment of accreted Kula Ocean plate (Plafker and Berg, 1994). 

(8) Along the margin of Southern Alaska, the eastern part of the Aleutian-Wrangell arc continues activity. Associated 
with the arc is mainly oblique subduction of the northern edge of Pacific Ocean plate (PAC) along the Aleutian megathrust (AL), 
continuing the formation of the younger part of the Prince William terrane (PW). Continuing in the Aleutian-Wrangell arc is the 
Alaska Peninsula and Aleutian lslands (AP) metallogenic belt which contains granitic-magmatism-related deposits and is hosted in 



the Aleutian volcanic belt. The Yakutat terrane (YA) continues to migrale northwesward and continues to un-t the Rrince 
William terrane (PW) along the eastern part of the Aleutian megathst  (AL). 

(9) Sea-floor spreading continues along the Juan de Fuca oceanic ridge (JFR). Northward movement of the Pacsc  Ocean 
plate (PAC) continues with transform displecement on tbe Queen Charlotte transfomn hull (QC). 

(10) The Cascade conrinentd-margin arc continues to form. Conlinuing in the Cascade arc was the Owl Creek (OC) 
metallogenic belt which is hosted in Ihe Cascade volcanic-plutonic beb  Associated with the Cascade arc h subduction of part of 
the Juan de Fuca oceanic plate (SF) and formation of a subduelion-lone complex aloog the b c a d i a  meghust (CC; GolWger  
and others, 1996, 1997; F l e d  and othen, 1997). 

Metallogenic Belts Formed in Late Tertiary 
and QuaternaryContinentaI-Margin Arcs, 
Kamchatka Peninsula. Southern Alaska, and 
Southern Canadian Cordillera 

Sakhalin Island Metallogenic Beit of Silica- 
Carbonate or Volcanic-Hosted Hg Deposits 
(Belt SH) Sakhalin Island, southeastern 
Part of Russian Far East 

The Sakhalin Island metallogenic belt of silica-carbonate and volcanic-hosted Hg deposits occurs in the central and 
southern part of Sakhalin Island, in and adjacent to the Aniva, Nabilsky, and West-Sakhalin terranes (fig 125; tables 3,4) 
(Nokleberg and others, 1997b, 1998). The Russian name for the silica-carbonate Hg deposit type is Listwandite. The silica- 
carbonate Hg deposits occur along or adjacent to major faults in faulted fragments of Late Cretaceous sedimentary rocks, 
serpentinized and altered ultramahc rocks, and in post-accretionary Neogene volcanic rocks. The significant deposits along the Ln' 
River, and at lnskoe, Svetlovskoe, Oshinskoe, and Yasnoe consist of cinnabar and native Hg in fracture zones along contacts 
between gabbroic rocks and serpentinite, or in jasper, basalt, and shale. The Hg minerals either replace quartz and carbonate in 
listwandite or forms pods. Some of the Hg deposits, as along the In' River, occur in volcanic rocks, but display silica-carbonate 
alteration. Other deposits, as at Inskoe, are hosted in altered quartzite and Neogene volcanic rock. 

The origin of the Hg deposits of the Sakhalin island belt is not clear. Silica-carbonate Hg deposits are classically 
interpreted as related to thrust faults In or near subduction zones (J.J. Rutuba, in Cox and Singer, 1986). However the nearest late 
Tertiary subduction zone occurred a few hundred krn to the east, east of the Kuril arc which has been active since the late Tertiary 
(Nokleberg and others, 1994c, 1997~). The Hg deposits of the S a M i n  island metallogenic belt may have multiple origins. Some 
of the silica-carbonate Hg deposits may have formed during late Tertiary back-arc rifting and formation of the Sakhalin-firnorye 
alkali basalts and related igneous rocks. Some or all of the in the belt deposits may have formed in the back arc portions of the late 
Tertiary through Holocene Kuril arc (Nokleberg and others, 2000). 

Kuril Metallogenic Belt of Au-Ag Epithermal Vein, 
Cu-Pb-Zn Polymetallic Vein, Sn silica-sulfide vein, 
Sn Vein, Sulfur-sulfide (volcanic S), Kuroko 
Massive Sulfide, and Porphyry Mo Deposits (Belt KU) 
Kuril Islands, East-Central Part of Russian Far East 

The Kuril metallogenic belt of Au-Ag epithermal vein, Cu-PbZn polymetallic vein, Sn silica-sulfide vein, sulfarr-sulfide 
(volcanic S), kuroko massive sulfide, and porphyry Mo deposits (fig. 125; tables 3,4) occurs in the Kllril volcslnic arc in the east- 
central part of the Russian Far East. The belt contains a wide variety of volcanic and hypabyssal-related deposits (table 4) 
(Nokleberg and others 1997a, b, 1998): sulfur-sulfide (volcanic S) deposits at Ebeko, Golovninskoe, Krishtofovich Volcano, 
Novoe, Vysokoe, and Zaozernoe; Au-Ag (Zn) epi thmal  vein deposits at Prasolovskoe, Rifovoe, Semaya River, and Sofya; Cu- 
Pb-Zn polymetallic vein deposlts at Dushnoe, Koshkina, and Tet'yaevskoe; Sn silica-sulfide vein and Sn vein deposits at 
Rudnikovskoe and Spiridonovskoe; porphyry Mo deposits at the Carpinsky caldera and Reidovskoe; and a kuroko CU-Pb-Zn 
deposit at Valentinovskoe. The pmcipal Au-Ag epithermal vein, and polymetallic, Sn, and Sn silica-sulfide vein deposits are 
interpreted as forming during late Neogene during aerial vokanism (Shcheglov and others, 1984). The small occurrences of 
kuroko-type massive sulfide deposits are interpreted as  forming during early Miocene seafloor volcanism. The volcanic S deposits 
are interpreted as forming during the construction of Quaternary volcanic cones and fields. The Au-Ag epithermal vein and the 
volcanic S deposits are of potential economic interest. 

Novoe Sulfur-Sulfide (Volcanic S) Deposit 

The Novoe sulfur-sulfide (Volcanic S) deposit (Petrachenko, 1967) occurs in a flat-lying sequence, about 500 to 400 rn 
thick, of andesite, andesite-basalt, and related tuff. The sequence crops out in scarps of a 2 km-wide erosional depression. Some 
ore bodies are controlled by faults. The sulfur ore occurs in hydrothermally altered silicified rock, with opalite, alunite, and 
kaolinite. All altered rocks in the deposit contain some sulfur, but the higher-grade ores contain opalite, silicified rock, and alunite. 



Secondary minerals are barite, gypsum, marcasite, pyrite (up to 15%), and molybdenite. The age of mineralization is Pliocene and 
Quaternary. The deposit is large. Average grades are up to 20-80% S and up to 0.5% MoS2. The deposit contains about 5 million 
tonnes sulfur. 

Prasolovskoe Au-Ag Epithermal Vein Deposit 

The Prasolovskoe Au-Ag epithermal vein deposit (Danchenko, 1991) consists of ore veins which are mostly steeply- 
dipping, and range from 2-3 m thick, with a few up to 10 m thick. The veins consist mainly of banded metacolloidal gold, 
telluride, and quartz veins which contain up to 1-3% ore minerals. The deposit exhibits a vertical succession of assemblages. From 
bottom to top the assemblages are: gold-cassiterite-quartz; polysulfide-quartz; gold-telluride-quartz; and gold-adularia (carbonate)- 
quartz. The dominant ore minerals are pyrite, chalcopyrite, bornite, chalcocite, covellite, and sphalerite. Arsenopyrite, 
molybdenite, cassiterite, galena, argentite, native silver, gold, hessite, naumannite, and goldfieldite are also abundant. Limonite, 
covellite, malachite, and azurite occur in an oxidized zone. The ore bodies are explored to a depth of over 200 m. An area 1.5 by 
0.5 km is propylitically altered and impregnated with pyrite as well as numerous quartz veinlets with epidote, sericite, adularia, 
chlorite, calcite, and rare barite. Earlier veinlet and disseminated ore is related to Miocene intrusions. The later Au-Ag ore is 
related to the Pliocene volcano-plutonic complex. The deposit is associated with Pliocene plagiogranite and quartz diorite which 
intrude early and middle Miocene pyroclastic green tuff deposits. The deposit is of medium size and was mined before the 1990's. 

Koshkina Cu-Pb-Zn Polymetallic Vein Deposit 

The small Koshkina Cu-Pb-Zn polymetallic vein deposit (Petrachenko, 1978) consists of ore bodies up to 200 m long 
which occur hydrothermally altered rock types outside a granodiorite and diorite intrusion. The ore bodies consist of areas of 
closely-spaced sericitized and hydromicatized veins and veinlets with variable composition. Mineral assemblages in veins and 
veinlets are quartz-tourmaline, quartz-chlorite-sericite, chlorite-carbonate with zeolites, and quartz-chlorite-epidote. The ore 
minerals are chalcopyrite, cleiophane, galena, stibnite, realgar, orpiment, arsenopyrite, pyrite, marcasite, hematite, and magnetite. 
Polymetallic and antimony-arsenic ores are spatially separated and various alterations. The mineralogy and metal content of the 
deposit vary widely. The deposit occurs on the northern part of Shumshu Island and covers an area of approximately 5 krn2. The 
deposit is hosted in heavily altered early-middle Miocene volcanic rocks which are intruded by numerous extrusive and intrusive 
rocks, all part of a volcano-plutonic complex. Host rocks are propylitized up to epidote-chlorite facies, and are locally silicified. 
Propylitized granodiorite and diorite crops out in the middle part of the mineralized area. Alteration was the result of sulfate and 
halogene-acid hydrothermal solutions. The age of mineralization is late Miocene(?). 

Valentinovskoe Kuroko Cu-Pb-Zn Deposit 

The Valentinovskoe kuroko Cu-Pb-Zn deposit (Neverov, 1964) consists of two steeply-dipping, thin, lens-like deposits, 
up to 150 m long. Two ore types exist. (1) The first and most common type consists of massive, fine-grained sphalerite, galena, 
chalcopyrite, chalcocite, tetrahedrite, melnikovite, barite, gypsum, quartz, chalcedony, chlorite, sericite, and calcite. This ore 
contains approximately 1% Cu, 1.5-1.7% Pb, and 10-13% Zn. And (2) the second and less common ore type consists of pyrite, 
sphalerite, and chalcopyrite with galena and other sulfides. This ore contains up to 4% Cu, 10- 16% Zn, and 1-1.7% Pb. The 
deposit occurs in early Miocene rhyolite, dacite, andesite, and andesitic tuff with chert interbeds. The host rocks are propylitized 
or sericitized and are part of a submarine tuff complex. The deposit is small with average grades of 1% Cu, 151.7% Pb, and 10- 
13% Zn in fine-grained ore, and locally up to 4% Cu, 10-16% Zn, and 1-1.7% Pb. 

Origin of and Tectonic Controls for 
Kuril Metallogenic Belt 

The Kuril volcanic arc which hosts the Kuril metallogenic belt consists chiefly of tuff, breccia, andesite, basalt, and local 
hypabyssal and plutonic rocks including gabbro, diorite, and diabase (Nokleberg and others, 1994~). The arc occurs as large 
Quaternary active volcanoes which are tectonically linked to middle Tertiary through Holocene subduction of the western margin 
of the Pacific oceanic plate (Nokleberg and others, 1994c, 1997~). 

Summary of Metallogenic and 
Tectonic History 

The preceding analysis of the metallogenesis and tectonics of the Russian Far East, Alaska, and the Canadian Cordillera 
reveals a series of metallogenic belts which formed during a complicated geologic history. The metallogenic belts are hosted in 
older rock units of tectonostratigraphic terranes, along suture zones between accreted terranes, or in overlap assemblages of 
continental margin igneous arcs. Metallogenic belts formed before accretion (pre-accretion) are interpreted as forming in the early 
history of terranes and are inherently linked to the older geology and tectonic history of the host rocks. Accretionary metallogenic 
belts are interpreted as forming during collision of terranes with continental margins, resulting in varying amounts of regional 



metamorphism, anatectic granites, and associated lode deposits. Post-accretionary metallogenic belts are interpreted as forming 
mainly in parts of continend-margin arcs which overlie craton or craton margin t m e s .  

Pre-Accretionary Metallogenic Belts 

Several major and minor metallogenic belts of deposits hosted in mafic and ultramafic rocks occur in the Russian Far 
East, Alaska, and the Canadian Cordillera. The priacipal deposits we hornblende peridotite Cu-Ni, anorthosite-bkd wtite Ti- 
Fe, gabbroic Ni-Cu, hornblende peridolitt Cu-Ni, podifom Cr, serpentinite-hosted asbestos, stratifom Zr, zoned rna-fic-ultramafic 
Ti, and zoned mafic-ultramaflc PGE deposits. These deposits and host rocks are interpreted as forming mainly in oceanic tectonic 
environments, including basal island arc, ophiolite, oceanic ridge, seamount, and subduction zone environments. A few M t s  
are interpreted as rarely forming in continedal rift environments. Subsequent to formation, most of these oceanderived 
metallogenic belts and their host rocks migrated and were accreted to the margin of the North Asian Craton Maqgn or North 
American Craton Margin. Several of the metanogmic belts occur in thin, but extensive sheets of obducted ophiolites which were 
thrust onto the Paleozoic and early Mesozoic continental margin terranes of the Russian Northeast and northern Alaska. In ialand- 
arc terranes, these mafic-ultramafic-rdated deposits occur mainly in deep-level rnafic to ultrarnafic plutons, some of which are 
concentrically zoned. 

Several major we-accretionary me~l~ogeoic belts of stratiform and stratabound massive sul6de and associated deposits 
occur in Russlan Far East, Alaska, and the Canadittn Cordillera The principal deposits types are Austrian Alps W, basaltic Cu, 
bedded barite, Besshl massive sulfide, carbonate-hosted Hg, carbonate-related Nb, Ta, and REE, Cyprus massive a d e ,  
ironstone (Superior Fe), K i w i  Cu-Pb-Zo, Korean Pb-Zn, Kuroko massive sulfide, Zn-Pb SEDEX, sandstone-hosted U, 
sediment-hosted Cu deposits, sedimentary P, volcanogenic Mn and Fe, Southeast Missouri PbZn, shcahonjtehosted Cy and 
stratabound Hg and Au. This wide variety of shatXm and stratabound deposits, and associated deposits are fonned in a wide 
variety of tectonic enviranments, inchding contineotal margin, island arc, seamount, ophiolite, and continental rift envbmmcnZs. 
These and the other deposit types listed above aho occur in accreted hgments of continental margin, crated, i s l d  arc, oceanic, 
ophiolite, and subduction-zone terranes. Major suites of stratifom and stratabound sulfide deposits also occur in the North Asim 
Craton Margin (unit NSV, Verkhoyaask fold belt) and in the Nortb American Craton Margin (unit NAC). 

Several major and minor pre-accretionary metallogenic belts of felsic-magmatism-related deposits occur in the Russian 
Far East, Alaska, and the Canadian Cordillera T k  principal deposit types are Au-Ag epithemal vein, Cu-Au skam, felsic 
plutonic REE, Fe-Au skam, fluorite greisen, Pb-Zn &am, polyrnetallic vein, porphyry Cu, porphyry Cu-Mo, Sn preistn, and Sn 
vein. These deposits are hosted mainly in cootinenlal margin or island arc tectonic environments. Subsequmt to formation, most 
of these metallogenlc belts and their bsl rocks migrated along the marpin of, or were accreted Lo the North Asian C r a m  Margin 
or the North Arnerlcan Craton Margin. - 

Accretionary Metallogenic Belts 

Several major and minor accretionary metallogen~c belts occur in the Russian 
Cordillera. The principal deposit types Au polymetallic vein, Au q u a  vein, Au skam, Cu-Ag quartz vein, Cu skwq granitoid- 
related Au, Kennecott Cu, porphyry Cu-Mo, Sn quartz vein, Sn greisen, Sn skam, Sn vein, Sn-W polymetallie veh, talc, W quarlz 
vein, and W skarn. These deposits are generally interpreted as forming fiom metarnorphic-hydrothennaI and (or) rmgnatic- 
hydrothermal fluids which formed in collisional zones between tefianes or between terranes and craton margin wits. In some 
regions, the deposits are interpreted as forming in lower-grade, greenschist-facies extensional zones immediately aAet the mjor 
period of accretion and thrusting. The various felsic-magmatis~n-related deposits are mterprctcd as furming during major periods 
of anatexis which occurred during or immediately aAer accretion. The accretionary metallogenjc belts gmxdly occur dotkg both 
sides of major fault boundaries between adjacent terranes, or batween tenanes and craton margins. 

Post-Accretionary Metallogenic Belts 1 ? !  . . 4 
Several rnajor d minor metallogenic belts of igneous arc-related deposits, mainly porphyry, po1ymedl.k v&, 

epithermal, skam, and related deposits, occur in the Russian Far Ehst, Alaska, and the Canadian CordiUwe. The principal deposit 
types are Au-Ag epithermal vein, B skam, clastic sediment-hosted Rg, Cu skam, Cu-Mo &am, disseminated Au-sulfide, Pe-Au 
skam, felsic plutonic U, granitaid-rehted Au, bot-spring Hg, kuroko massive sulfide, MO-Cu skam, Pb-Zb &am, p d p d l f c  
vein, porphyry Au, porpbyry Cu, porphyry Cu-Au, porphyry Cu-Mo, porphyry Mo, porphyry Sn, rhyolite-hosted Sri, sandstone ld, 
Sb-Au vein, silica-carbonate Hg, sulfur-sulfide (volcanic S), Sn greisen, Sn quartz vein, Sn silicaie-sulfide vein, Sn &am, 
volcanic-hosted Hg, and W skarn. 

These deposits are mainly hosted in or near granitoid plutonic, hypabyssal siliceous, and volcanic rocks whkh formed 
mainly during younger, mainly Cretaceous and Cenozoic continental-margin arc igneous activity. These pstgcc~etimary, 
igneous arc deposits commonly transect several adjacent terranes and continental margin units. A general geographic and lcmpml 
pattern exists in that the older metallogenic belts and associated igneous rock belts, mainly of Cretaceous age, occur hboard, and 
the younger, Cenozoi~ belts occurring progressively outboard towards active continental-margins. Thse  m d o g n i c  blts 
contain a most diverse spectrum of lode deposits, but also have a high potential for discovery of new deposits. Particularly in the 



Russian Far East, the metallogeny of post-accretionary, igneous-arc-related deposits depends to a great extent on the lithology and 
composition of the host rocks of the basement terranes. Throughout the region, in the Russian Far East, Alaska, and the Canadian 
Cordillera, the Cretaceous and Cenozoic the post-accretionary, igneous-arc-related deposits generally exhibit a general 
metallogenic zoning typical of continental-margin arcs. 

Conclusions 

The Phanerozoic metallogenic and tectonic evolution of the Circum-North Pacific can be explained as a succession of 
arcs and tectonically paired subduction zones which formed along the margins of the Northeast Asian and North American plates 
above the subducting oceanic lithosphere of mainly the Mongol-Okhotsk, Cache Creek, ancestral Pacific, and Pacific Oceans. In 
both Northeast Asia and in the North American Cordillera, most of the arcs formed in island arcs near continental margins or 
along the continental margins. With respect to Northeast Asia and North America, the paleolocations of those arcs, which occur 
oceanward of coeval accretionary complexes, are highly suspect in the Paleozoic but are successively less so in the Mesozoic. 

The complex metallogenesis and tectonics of this region are analyzed by the following steps. (1) The notable or 
significant lode deposits are described and classified according to defined mineral deposit models. (2) Metallogenic belts are 
delineated. (3) Tectonic environments for the cratons, craton margins, orogenic collages of terranes, overlap assemblages, and 
contained metallogenic belts are assigned from regional compilation and synthesis of stratigraphic, structural, metamorphic, and 
faunal data. The tectonic environments include cratonal, passive continental margin, metamorphosed continental margin, 
continental-margin arc, island arc, oceanic cmst, seamount, ophiolite, accretionary wedge, subduction zone, turbidite basin, and 
metamorphic. (4) Correlations are made between terranes, fragments of overlap assemblages, and fragments of metallogenic belts. 
(5) Coeval terranes and their contained metallogenic belts are grouped into a single metallogenic and tectonic origin, for instance, 
a single island arc or subduction zone. (6) Igneous-arc and subduction-zone terranes, which are interpreted as being tectonically 
linked, and their contained metallogenic belts, are grouped into coeval, curvilinear arc-subduction-zone-complexes. (7) By use of 
geologic, faunal, and paleomagnetic data, the original positions of terranes and their metallogenic belts are interpreted. (8) The 
paths of tectonic migration of terranes and contained metallogenic belts are constructed. (9) The timings and nature of accretions 
of terranes and contained metallogenic belts are determined from geologic, age, and structural data; (10) The nature of collision- 
related geologic units and their contained metallogenic belts are determined from geologic data. (1 1) The nature and timing of 
post-accretionary overlap assemblages and contained metallogenic belts are determined from geologic and age data. 
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TABLE 1. Mineral deposit models for classification of significant lode deposits and for metallogenic analysis of Russian F 
Alaska, and the Canadian Cordillera. 

Besshi Cu-Zn mssive sulfide (Cu, Zn, Ag) 

Silica-carbonate Hg 

Rhyolite-hosted Sn 
Sulfur-sulfide (S, FeSz) 

Stratiform deposits in fme-grained clastic and siliceous SEDEX Zn-Pb-Ag 
sedimentary rocks Bedded barite 
Stratabound deposits in coarse clastic sedimentary rocks Sediment-hosted Cu (Kupferschiefer end Redbedl 
and subaerial basalts Basaltic Cu (Dzhalkan type.) 

Clastic sediment-hosted Hg (Nikitovka type) 
Sandstone-hosted U 

Deposits in carbonate and chemical4rnastruy rocks Kipushi Cu-PbZn 
Southeast Missouri Pb-Zn 
I b m n  Pb-Zn massive sulfide 
has tone  (Superior Fe) 
Stratabound W (Austrian Alps-type) 
Carbonae-hosted Hg ( K h a i d u h  m e )  
Stratiform Zr (Algama Type) 
Sedimentary phosphorite 

Deposits related to calc-alkaline and alkaline granitic Polymetailic veins 
intrusions- veins and replacements Sb-Au veins (simple Sb deposits: 

-. L Sn quartz veins (Rudny Gory or Replacement Sn) 
Sn silicate-sulfide veins (Cornish type) 

asociated Manto replacement deposits 
Au, Co, and As skarn 
W skarn and greisen 
Fe (+Au, Cu, W, Sn) skarn 
Sn greisen and skarn 

intrusions Porphyry Cu-Mo (Au, Ag) 
Porphyry Mo (tW, Sn, Bi) 

,;;da,, 

Porphyry Sn 
Granitoid-related Au 
Felsic plutonic U-REE 
W vein 

Deposits related to mafic and ultramafic rocks Zoned mafic-ultramafic Cr-PGE (Su, Ni, Au, Co, Ti, 
or Fe) (Alaskan-Uralian PGE) 
Zoned ultramafic, mafic, felsic, and alkalic PGE-Cr and 
apatite-Ti 

L 
. r.., . , 

8 <..-.- <. , . i .  . . 



Anorthosite apatite-Ti-Fe 
Gabbroic N i-Cu (PGE) 
Podiform Cr 
Hornblende-Peridotite Cu-Ni (PGE) 
Serpentine-hosted asbestos 

Deposits related to regionally metamorphosed rocks Au quartz vein (includes concordant vein, and shear 
zone Au) 
Disseminated Au-sulfide (Maiskoe type) 
Clastic sediment-hosted Sb-Au 
Cu-Ag quartz vein (vein Cu) 
Kennecott Cu 



TABLE 2. Summary of comlations and tectonic linkages for the C i m - N o r t h  Pacific. 

Units, correlations, and ape 
Kabarga, Sergeevka, Kabarga, and 

Vomesenka terranes of Khanka 
superterrane. 

Late Proterozoic and Paleozoic. 

Argun and Gonzha terranes. 
Archean and Paleozoic. 

Oldoi and Mamyn terranes. 
Proterozoic to middle Paleozoic. 

I 1 
- .-- - 

Baladek terrane. 
Archean, Paleozoic, Early Mesozoic. 
Ayansk terrane. 
Paleozoic. 
Bureya terrane. 
Early Paleozoic and older. 

Tectonic environineat(s) I Tectonic linkages and comments 
Passive continental margin. 1 Derived kern Gondwanaland 

supercontinent during Devonian 
rifting and formation of bimodal 

LAOELIN-GRODEKOVO ISLAND AkC IN THE RUSSIAN SOUTHEAST 
Laoelin-Grodekovsk terrane, vrriws back-arc I Island arc. . - I Formed adjacent to Khanka 

units within Khanka superterranc, a d  
Chongjin terrane (Japan). 

Yukon-Tanana and Kootenay 
Paleozoic. 

I superterrane. 

I I 
. . 

Paleozoic. - ,  . ,  
.: , : .' 

Permian. 
Spassk terrane of Khanka superten-ane. 
Early and middle Paleozoic. 

Accretionary wedge. Llnked to Laoelin-Grodekovo terrane. 

CRATONAL AND PASSIVE AND METAMORPHOSED CONllNENTALMARGnV TE-S 
I N  THE RUSSIAN NORTHEAST, ALASKA. AND CANAIMAN CORDmLERA 

Chukotka terrane, Arctic Alaska supertame,  
Cassiar terrane. 

Proterozoic, Paleozoic, and early Mmzoic.  
Seward terrane (both sides of Bering Sbaits) 

Coldfoot, and Ruby terranes. 
Early and middle Paleozoic (main1 

Passive ~o&ntal mgh. 

Metamocphosed conhmZsl 
lnar@. 

Metamorphosed continenla1 
mi=& 

Dismembered parts of Nor& American -. r . ,. , 

Craton Margin. , P - 3 .  &.&.;(: : 

Highly metamorphosed and deformed - ' . 

fragments of North American eratan 
&*- 

.-$ :w3 
Margin. Contain Late Devonian and m d -  -p - ,M,. . 
Early Mississippian continental- . . . .  

margin arc rocks. . .. .. .- .(. 
* "-1 - *  - ' , ,  . ,  . ,,' L. - 

Highly metamorphosed and deformed , ,7 .,. ? '  -, -.' *'!' ' , -  .F 7 . -. .' , i 
. . . - -  rifted fragments of North Americair . , - . 

-. . ,- Craton Margin. Contain Late 
Devonian and Early Mississippian 

8 .  I ,  

- ;. - . . . continental-margin an: rocks. , ,, : ;-. '. . . * 
- .  - . 

Dillinger, Kula-Nera, Nixon Fork. Qrikoiyma, 
Omulevka, Mystic, and Viliga tenanes. 

Paleozoic and early Mesozoic. 

Kilbuck-ldono, Okhotsk, and Ornolon 
terranes. 

Late Archean, Proterozoic, and early 

Pwiw coeri~enal  rnargn. 

Cratoml. 

Dismembered fragments of~offh Asian 
Craton Margin (Verkboyansk fold 
and thrust belt). Late Devonian and 
Early Mississbpian rifting. 

Dismembered Fragrnesit of North Asian 
Craton. Late Devonian aed Early 
Mississippian rifting. 



TABLE 2. Summary of correlations and tectonic linkages for the Circum-North Pacific - Continued. 

Badzhal, Khabarovsk, and Samarka terranes. 
(Also Taukha, and Oshima terranes) 

Paleozoic to Cretaceous. 

Unit(s) and Correlations. 
Age 

Accretionary wedge. Linked to Monakin continental-margin 
arc. Also linked to Umlekan arc 
(below). Remnants of subduction of 
Ancestral Pacific Ocean plate. 
Taukha, and Oshima terranes linked 
to coeval granitic plutonic rocks of 
Korea and volcanic-plutonic belt of 
southeast China. 

Tectonic Environment(s) Tectonic Linkages. 
Comments 

MAINLY TRIASSIC TO MID-CRETACEOUS ISLAND-ARC AND CONTINENTAL-MARGIN-ARC TERRANES 
AND OVERLAP ASSEMBLAGES, AND LINKED SUBDUCTION-ZONE TERRANES 

Monakin Continental-margin Arc 

Umlekan Continental-Margin Arc 

Uda Continental-Margin Arc 
Uda volcanic-plutonic belt, Uniya-Bom I Igneous overlap assemblage. 

Discontinuous parts of Great Hinggan 
arc. 

Monakin volcanic-pluotnic belt, granitic 
plutonic rocks of Korea, and volcanic- 
plutonic belt of Southeast China. 

Jurassic. 

Urnlekan-Ogodzhin volcanic-plutonic belt. 
Jurassic and Earlv Cretaceous 
Badzhal, Khabarovsk (older Jurassic part), and 

Samarka terranes. 
Paleozoic to Cretaceous. 

Khingan continental-margin arc 
Khingan-Okhotsk volcanic-plutonic belt. 
Early and mid-Cretaceous. 
Amur River, Khabarovsk, and Kiselevka- 

Manoma terranes. 
Jurassic and Early Cretaceous. 

Kema terrane, and Early to mid-Cretaceous 
volcanic rocks of Hokkaido Island. 

Mid Cretaceous. 
Aniva and Kamuikotan terranes. 
Cretaceous. 

turbidite-basin terrane, Umlekan-Ogodzhin 
volcanic-plutonic belt, and Upper Amur 
sedimentary assemblage. 

Late Jurassic and Earlv Cretaceous. 

Igneous overlap assemblage. 

Deposited on and adjacent to, and 
intruded into the North Asian Craton 
and Stanovoy block of the North 
Asian Craton. 

Igneous overlap assemblage. 

Accretionary wedge. 

Continental-margin arc. 

Accretionary wedge. 

Kema Continental-Margin Arc 
Igneous overlap assemblage. 

Transpressional subduction zone. 

Northern extension of Monakin arc. 

Linked to Umelkan arc and to Monakin 
arc (above). Remnants of subduction 
of Ancestral Pacific Ocean plate. 

Formed after collision of Anui 
microcontinent with Samarka terrane 

Linked to Khingan continental-margin 
arc. Remnants of oblique subduction 
of Ancestral Pacific Ocean plate. 

Transpressive continental-margin arc 
analogus to Tertiary margin of 
California. 

Linked to Kema arc. Remnants of 
subduction of Ancestral Pacific 

I Ocean plate. 
Pekul'ney island arc 

West Pekul'ney terrane. I Island arc. 

Turkuringra- Dzhagdi, Galam, and Ulban 
terranes. 

Jurassic and Cretaceous. 

Kony-Murgal terrane. 
Late Triassic to Early Cretaceous. 
Talovskiy and Penzhina-Anadyr terranes. 
Mainly Jurassic and Early Cretaceous. 

Late Triassic to Early Cretaceous. 
Pekul'ney terrane. I Subduction zone. I Linked to Pekul'ney arc. Remnants of 

Subduction zone or accretionary 
wedge. 

Kony-Murgal Island Arc 
Continental-margin and island 

arc. 
Subduction zone and accretionary 

wedge. 

Linked to Uda arc. Remnants of 
subduction of Mongol-Okhotsk 
Ocean plate. 

Linked to Kony-Murgal arc. Remnants 
of subduction of Ancestral Pacific 

Mainly Jurassic and Early Cretaceous. subduction of Ancestral Pacific 
Ocean plate. 



TABLE 2. Summary of correlations and tectonic linkages for the Circum-North Pacific -Continued. 

Unit(s) and Correlations. 

Age 

Uyandina island arc 
Uyandina-Yasachnaya volcanic belt. I Island arc. I Axial part of arc. 

Tectonic Environment(s) 
Comments 

Late Jurassic to mid-Cretaceous. 
Alkatvaam. 
Late Triassic to Paleocene. 

Late Jurassic. 
Garbyn'ya, Debin, and Chursky Range 

ophiolites. 

Tectonic Linkages. 

Mainitskiy Island Arc 
Mainitskiy terrane. I Island arc. I Axial part of arc. 

Accretionary wedge. 

- 
Oloy and Svyatov Nos Continental-Margin Arcs 

Oloy and and Svyatov Nos Arcs volcanic I Continental-margin arc. I Axial part of arc. 

Linked to Mainitskiy arc. Remnants of 
subduction of Ancestral Pacific 
Occan plate. 

Ophiolite. 

belts. 

Linked to Uyandina arc. Remnants of 
subduction of Oimyakon Ocean plate. 

Alazeya Island Arc 
Alazeya, Khetachan, and Oloy terranes. I Island arc. I Axial part of arc. 

Late Jurassic. 
South Anyui terrane. 
Late Jurassic and Early Cretaceous. 

Late Paleozoic to Early Jurassic. 
Aluchin terrane. 
Late Paleozoic to Early Jurassic. 

Subduction zone. 

I Ocean platc. 
tinental-Margin Arc 

Nutesyn terranes. Continental-margin arc I Axial part of arc. 

Linked to Oloy and Svyatov Nos arcs. 
Remnants of subduction of South 
Anyui Ocean plate. 

Subduction zone 

Mainly Late Jurassic to Early Cretaceous. 
Velmay terrane. 

Linked to Alazeya arc. Remnant of 
subduction of Ancestral Pacific 

Upper Triassic. 
Subduction zone. I Linkcd to Nutesyn arc. Remnant of I subduction of Angayucham Ocean 

date.  

Kahilma sedimentary and volcanic 
assemblage; Gravina-Nutzotin-Gambier 
volcanic-plutonic-sedimentary belt; 
Cadwaller, Methow, Izee, and Wallowa 
island-arc and turbidite-basin terranes; 
Spences Bridge volcanic-plutonic belt; 
Tahtsa-Three Sisters-Francois Lake 
magmatic assemblage. 

Juassic to mid-Cretaceous with minor Triassic 

Koyukuk lsland Arc 

Gravina lsland Arc 
lsland arc and turbidite basin. Axial part of arc. 

Axial part of arc. 

Linked to Koyukuk arc. Remnant of 
subduction of Angayucham Ocean 
date.  

Koyukuk, Nyac, and Togiak terranes. 
Mainly Late Jurassic to Early Cretaceous. 
Angayucham and Goodnews terranes. 
Devonian to Early Jurassic. 

Island arc. 

Subduction zone. 

units. 
Chugach (younger part, Valdez Group), 

Pacific Rim, Bridge River, and Baker 
terranes. 

Jurassic to Late Cretaceous. 

Accretionary wedge and 
subduction zone. 

Linked to Gravina arc. Remnants of 
subduction of Cache Creek Ocean 
plate. 



TABLE 2. Summary of correlations and tectonic linkages for the Circum-North Pacific - Continued. 

Pcninsular sequence of Wrangellia 

Unit(s) and Correlations. 
Age 

supterterrane (Talkeema Formation) in 
Alaska; Bonanza Formation and 
Cadwallader island arc and Methow 
turbidite-basin terranes in Canadian 
Cordillera. 

Talkeetna-Bonanza Island Arc 
Island arc. 

Tectonic Environment(s) 

Late Triassic and Earlv Jurassic. I I 

Tectonic Linkages. 
Comments 

Axial part of arc. 

Chugach (older part, blueschist and McHugh 
Complex), Bridge River, and Baker 
terranes. 

Paleozoic. Triassic. and Earlv Jurassic. 

Accretionary wedge and 
subduction zone. 

Linked to Talkeema and Bonanza arcs 
Remnants of subduction of Cache 
Creek and Farallon Ocean plates. 

Stikinia-Quesnellia Island Arc 
Stikinia and Quesnellia terranes. I Island arc. I Axial part of arc. 
Permian to Early Jurassic. 
Cache Creek, Slide Mountain, and I Subduction zone and accretionary I Linked to Stikinia-Quesnellia arc. 

Seventymile terranes. 
Paleozoic and Mesozoic. 

Cretaceous and early Tertiary. 
Hidaka accretionary-wedge, younger part of 

I I 

MAINLY LATE CRETACEOUS AND EARLY CENOZOIC CONTINENTAL-MARGIN ARCS, ISLAND ARCS, 
AND LINKED SUBDUCTION ZONES 

East Sikhote-ALin Continental-Margin Arc (Late Cretaceous) 

Accretionary wedge and I Linked to East Sikhote-Alin arc. 

wedge. 

East Sikhote-Alin volcanic-plutonic belt, 
Sorachi-Yezo, West Sakhalin terrane. 

Remnants of subduction of Cache 
Creek Ocean plate. 

Igneous overlap assemblage. 

the Aniva, Nabilsky, and Tokoro terranes. 
Permian to Cretaceous. 

Cretaceous and early Tertiary. 
West-Kamchatka, Ekonay, and Yanranay I Accretionary wedge. I Linked to Okhotsk-Chukotka arc. 

Axial part of arc. 

Okhotsk-Chukotka Continental-Margin Arc 

subduction zone. 

Okhotsk-Chukotka volcanic-plutonic belt and 
Penzhina sedimentary basin. 

Shmidt, Terpeniya, and Nemuro terranes. I I 

Remnants of subduction of Ancestral 
Pacific Ocean plate. 

terranes. 
Upper Paleozoic, Jurassic and Early 

Cretaceous. 

Igneous overlap assemblage. 

Remnants of subduction of Ancestral 
Pacific Ocean plate. 

- 

Kluane and C 
Kuskokwim Mountains sedimentary, volcanic, 

and plutonic belt, Alaska Range-Talkeema 
Mountains volcanic-plutonic belt, Coast- 
North Cascade plutonic belt, and Kamloops 
magmatic belt. 

Late Cretaceous and early Tertiary. 
Chugach terrane (the Late Cretaceous Valdez 

Group), older part of the Prince William 
terrane, and Pacific Rim terrane. 

Late Cretaceous and early Tertiary. 

Axial part of arc. 

Olyutorka Island Arc 
Olyutorka-Kamchatka, Iruneiskiy, Kronotskiy, I Island arc. I Axial part of arc. 

Late Cretaceous and Early Tertiary. 
Vetlovskiy terrane. 
Late Cretaceous and early Tertiary. 

I plate. - 

Accretionary wedge. 

Accretionary wedge and 
subduction zone. 

Linked to Olyutorka arc. Remnants of 
subduction of Ancestral Pacific 
Ocean plate. 

Linked to Kluane and Coast North 
Cascade arcs. Remnants of 
subduction of ancestral Pacific Ocean 



TABLE 2. Summary o f  correlations and tectonic linkages for the Circum-North Pacific - Continued. 

Kamchatka volcanic and sedimentary basin, 
East Kamchatka volcanic belt, Eastern 
Sakhalin sedimentary basin, and the West 
Kamchatka sedimentary basin. 

. .-. 



9! TABLE ectonic environment of Proterozoic and Phanerozoic metallogenic belts in the Russian Far East, Alaska, and the Canadian Cordillera. Refer to Figures L-1 8 
for location of metallogenic belts. For each time interval (time-stage) in the metallogenic-tectonic model, the metallogenic belts are listed in a clockwise order, 
according to similar tectonic environments, starting with the area of the Russian Southeast and ending with the area of the southern Canadian Cordillera. 
[Environment refers to metallogenic-tectonic environment of host rocks as defined and described here. Time scale is from Palmer (1983). Metallogenic belts are 
defined and adapted from Nokleberg and others (1997a, b, 1998b) and as modified herein. Abbreviations given for metallogenic belts as depicted on generalized 
maps of metallogenic belts and host rocks (figures 2-1 8) and on metallogenic-tectonic model for Devonian through Present (Figures 19-32).] 

PROTEROZOIC METALLOGENIC BELTS (2500 TO 570 Ma) (Figures 2 ,3)  
Metallogenic Belt I Major Mineral Deposits Types. 

(Abbreviation) I (Significant Mineral Deposits) 

Bilyakchan (BI) 

Environment. 
Host Unit. 

Omolon (OM) 

Kilbuck (KI) 

Metallogenic 
Sinuk River (SR) 

-- - - 

Tectonic Event. 
Comments 

Metallogenic Belts Formed During Proterozoic Rifting of North Asian Craton or Craton Margin 

Sediment-hosted Cu and basalt Cu. 

Oroek (OK) 

Lantarsky- 
Dzhugdzhur (LD) 

Ulkan (UL) 

Ironstone (Superior Fe). 
(Verkhny-Omolon)) 
Ironstone (Superior Fe). 
(Canyon Creek) 

Belts Formed During Proterozoic 
Stratiform massive sulfide-barite. 
(Aurora Creek, Nelson, Rocky Mountain 

Creek, Quarry) 
Stratabound Fe and Mn 
(American, B q r ,  Cub, Monarch) 

Asian Craton. 
Passive continental margin. 
Verkhoyansk fold belt, North 

Ironstone (Superior Fe), sediment-hosted 
Cu. 

Anorthosite Apatite-Ti-Fe. 
(Bogidenskoe, Gayumskoe, 

Maimakanskoe, Dzhaninskoe) 
Gabbroic Cu-Ni-Co-PGE 
(Avlandzhinsky, Kontaktovy, Nyandomi 

Ozerny, Odorin) 
Felsic Plutonic REE and related deposits. 
(Albititovoe, Burgundiy, Gurjanouskoe, 

Krasnogorskoe, Mezhdurechnoe, 
Nygvagan, Ulkanskoe, Uzhnoe, 
Zapadnoe) 

Sedimentation along Proterozoic passive continental margin (ironstone deposits). 
Neoproterozoic incipient rifting of passive continental margin. 

Asian Craton Margin. 
Marine sedimentation. 
Omolon terrane. 
Marine sedimentation. 
Kilbuck terrane (pre-rifting). 

Sedimentation, Rifting, and Hydrothermal 
Marine volcanism. 
Seward terrane. 

Sedimentation along Paleoproterozoic passive continental margin. 
Terrane interpreted as a rifled fragment of North Asian Craton. 
Sedimentation along Paleoproterozoic passive continental margin. 
Rifted fragment of North Asian Craton. 

Activity Along North American Craton or Craton Margin 
Interpreted as forming during marine volcanogenic rifting(?) of the North 

American Continental Margin. 

Passive continental margin. 
Prikolyma terrane. 

Gabbro and anorthosite plutons, 
and alkali granites intruding 
North Asian Craton. 

REE granite, alkalic dikes, and 
altered basalt in or near 
Paleoproterozoic Ulkan 
volcano-tectonic basin 
overlying older units of North 

Sedimentation along Proterozoic passive continental margin (ironstone deposits). 
Mesoproterozoic to Neoproterozoic incipient rifting of passive continental 
margin (sediment-hosted Cu deposits). 

Mesoproterozoic rifting of passive continental margin of North Asian Craton and 
intrusion of gabbro and anorthosite plutons, relatively younger, Rapakivi-type 
alkalic granite. 

Possible formed during Mesoproterozoic rifting? 



Metallogenic Belt 
(Abbreviation) 

Gillespie (GE) 

Wernecke (WR) 

Rapitan (RA) 

Major Mineral Deposits Types. 
(Significant Mineral Deposits) 

Metallogenic Belts Formed During Proterozoic Rifting of North American Craton or Craton Margin 

Purcell (PR) SEDEX Zn-Pb-Ag. 
(Sullivan, Moyie, Vine) 

SEDEX Zn-Cu-Pb-Au-Ag. 
(Blende, Hart River) 
U-Cu-Fe (Au-Co) vein and breccia 
(Igor) 

Iron formation. 
(Crest Iron) 

Redstone (RD) 

Churchill (CH) 

Moriashee (MO) 

Rifted continental margin. 
North American Craton 

Environment. 
Host Unit. 

Incipient rifting of Proterozoic North American Craton Margin. 

Tectonic Event. 
Comments 

Mafic plutons intruding North 
American Craton Margin. 

Hydrothermal replacement? 
North American Craton 

Margin. 
Marine sedimentation. 
North American Craton 

Margin. 

Sediment-hosted Cu-Ag. 
(Coates Lake) 

Cu vein 
(Churchill (Davis Kcays)) 

SEDEX Zn-Pb-Ag. 
(Big Ledge and Ruddock Creek) 

Clark Range (CR) Sediment-hosted Cu-Ag deposits 

Intrusion of gabbro and diorite sills during rifting of Paleoproterozoic passive 
continental margin? 

Hydrothermal activity along Paleoproterozoic passive continental margin. 

Marine exhalation along Mesoproterozoic North American Craton Margin. 

Rifted continental margin. Mesoproterozoic rifting of Proterozoic North American Craton Margin 
North American Craton 

Rifted continental margin. 
North American Craton 

Margin. 
Rifted continental margin. 
North American Craton 

Margin. 
Rifted craton. 
Fragment of North American 

Craton. 

Incipient rifting of Paleoproterozoic North American Craton Margin. 

Mesoproterozoic rifting of Proterozoic North American Craton Margin. 

Paleoproterozoic rifting of North American Craton. 

I (South Khingan, Kimkanskoc) I Bureya supertcrrane. I Part of Manchurid orogcnic system. 
Gar (GA) I Volcanogenic Fe, Cu massivc sulfidc. I Continental-margtn arc. I Subduction-rclated volcanisn~ associated with early Paleozoic (Cambrian) 

I Margin. 
CAMBRIAN THROUGH SILURIAN METALLOGENIC BELTS (570 to 408 Ma) (Figures 2,3) 

Metallogenic Belts Formed During Early Paleozoic Marine Sedimentation in Rifted Fragments of Gondwandaland Supercontinent 
Voznesenka (VZ) 

Kabarga (KA) 

stratiform Zn-Pb. 
(Gar, Kamenushinskoe, Chagoyan) 

Metallogenic Belts Fornied During Early Paleozoic Sedimentation or Marine Volcanism in Manchurid and Altaid Orogenic Systems 
South Khingan (SK) I Ironstone (Superior Fe). I Marine sedimentation. I Sedimentation along early Paleozoic passive continental margin. 

Korean Pb-Zn 
(Chemyshevskoe) 
Ironstone (Superior Fe) 
(Ussuri) 

(Gerbikanskoe) 

Metallogenic Belts Formed During Early Paleozoic Sea-Floor Spreading, Regional Metamorphism, or During Subduction-Related Volcanism in Russian Far East Terranes 
Galam (GL) I Volcanogcnic Fe and Mn; sedirncntary P. I Ocean floor volcanism. 1 Sea-floor spreading in early Paleozoic (Cambrian) forming part of ancestral 

Khingan tcrrane. 

Otnulevka River 
(OR) 

Marinc sedimentation. 
Khanka superterrane. 
Marine scdimcntation. 
Khanka superterrane. 

continental-margin arc. 
Part of Altaid orogenic system. 

Galam accretionary-wedge 
terrane. 

Rifting of early Paleozoic (Cambrian) continental margin. 
Rifted fragment of Gondwandaland supercontinent. 
Sedirncntation along early Paleozoic (Cambrian) continental margin. 
Rifted fragmcnt of Gondwandaland supercontinent. 

Pacific Ocean. 

Austrian Alps W, Kipushi Cu-Pb-Zn. 
(Omit lev, Vesnovka) 

Passive continental margin. 
Omulevka terrane (pre-rifting). 

Regional metamorphism associated with Late Silurian accretion of Rassokha 
oceanic crust terrane to Oniulcvka continental margin tcrranc. 



- 
(Abbreviation) 

Rassokha (RA) 

Metallogenic Belts Formed During Early Paleozoic Rifting of Continental Margins or in Continental-Margin Arc Terranes 

Kootenay (KO) SEDEX Zn-Pb. Rifted continental margin. Rifting of early Paleozoic (Cambrian) North American Continental-Margin. 
(Reeves-MacDonald, HB, Duncan Lake, Kootenay terrane. 

Major Mineral Deposits Types. 
(Significant Mineral Deposits) 

Basaltic Cu, sediment-hosted Cu. 
(Ag~ndja),  porphyry Cu. 

Howards Pass (HP) 

Prince of Wales 
Island (PW) 

Incipient rifting of early Paleozoic (Cambrian) continental-margin. 
Some deposits may have formed during late Paleozoic rifting. 

Incipient rifting of early Paleozoic (Cambrian) North American Continental- 
Margin. 

Dzhardzhan River 
(DZR) 

Anvil (AN) 

Environment. 
Host Unit. 

Distal passive continental 
margin. 

Rassokha terrane. 

SEDEX Zn-Pb. 
(XY, Anniv, OP) 

Subduction-related granitic plutonism associated with an Ordovician-Silurian 
continental-margin arc. 

Tectonic Event. 
Comments 

Subduction-related volcanism associated with incipient continental-margin arc. 
Possible precursor to Late Devonian Kedon arc? 

Southeast Missouri Pb-Zn, sediment- 
hosted Cu; sandstone-hosted U. 

(Manganile~Aga-Kukan, Kyongdyoi) 
SEDEX Zn-Pb-Ag. 
(Faro, Vangorda, Gmm, Swim, DY) 

Porphyry Cu-Mo, polymetallic vein. 
(McLean Arm, Kassan Peninsula) 
Zone mafic-ultramafic Cu-Au-PGE. 

MmDLE AND LATE DEVONIAN METALLOGENIC BELTS (387 to 360 Ma) (Figures 4,s) 
Metallogenic Belt Formed During Collision 

Yaroslavka (YA) I F & Sn greisen. I Anatectic plutonism. I Granitic plutonism associated with collision of Voznesenka and Kabarga terranes 

Rifted continental margin. 
North Asian Craton Margin. 

Rifted continental margin. 
North American Craton 

Margin. 
Rifted continental margin. 
North American Craton 

Continental-margin arc. 
Alexander sequence, 

Wrangellia superterrane. 

I (Voznesenka 11, Yaroslavkoe) 

Incipient rifting of early Paleozoic (Silurian) North American Continental-Margin. 

Khanka superterrane (pre- I of the Khanka superterrane in early Paleozoic (Devonian). I riftine). 
"I 

Metallogenic Belts Formed in a Middle Paleozoic Continental Arc Along North Asian and North American Craton Margins 
Kedon (KE) I Au-Ag epithermal vein, porphyry Mo, Fe I Continental-margin arc. I Subduction-related volcanism associated with Paleozoic (Devonian) continental- 

I by continental-margin rifting. 
Arctic (AT) (Includes I Kuroko massive sulfide and Kipushi I Continental-margin arc. ( Subduction-related volcanism associated with submerged continental-margin arc. 

Eastern Seward 
Peninsula (ES) 

Ambler district) I massive sulfide. I Coldfoot terrane. I Arc and metallogenic belt extended into Mississippian. Arc formation succeeded 

skarn. 
(Kubaka, Olcha, Zet) 
Kuroko massive sulfide. 
(Kiwalik Mountain) 

vein. 
(Victor, Esotuk Glacier, Romanzof 

Mountains) 

I (Arctic, Ruby Creek, Sun, Smucker) 

Arctic Alaska superterrane. I continental-margin arc. 

Omolon terrane. 

Continental-margin arc. 
Seward terrane. 

- . . I by continental-margin rifting. 

margin arc. Belt continued into Mississippian. 

Subduction-related volcanism associated with submerged continental-margin arc. 
Arc and metallogenic belt extended into Mississippian. Arc formation succeeded 

Brooks Range (BR) I Porphyry Cu, Cu-Pb skarn, polymetallic I Continental-margin arc. I Subduction-related granitic plutonism that formed a mainly Late Devonian 



Metallogenic Belts Formed During Middle Paleozoic Rifting of North Asian Craton Margin 
Khalnna River (KR) I Carbonatite-related Nb, Ta, REE. I Rifted passive continental I Rifting of middlc Paleozoic (Devonian) continental-margin. Hosted in Late 

Tectonic Event. 
Comments 

Metallogenic Belt 
(Abbreviation) 

I (Kharnna. Gornoe Ozero) I margin. I Devonian alkalic granitic rocks and carbonatitcs. 

Subduction-related volcanism associated with Late Devonian and Mississippian 
submerged continental-margin arc. 

Arc and metallogenic belt extended into early Mississippian. Arc formation 
succeeded by continental-margin rifting. 

Subduction-related volcanism associated with Late Devonian and Mississippian 
submerged continental-margin arc. 

Arc and metallogenic belt extcnded into early Mississippian. Arc formation 
succeeded by continental-margin rifting. 

Subduction-related volcanism associated with submerged continental-margin arc. 
Arc and metallogenic belt extended into early Mississippian. Arc formation 
succeeded by continental-margin rifting. 

Subduction-related volcanism associated with submerged continental-margin arc. 

Subduction-related volcanism associated with island arc. 

Subduction-rclated volcanism associated with submcrgcd continental-margin arc. 
Belt extended into early Mississippian. Arc formation succeeded by continental- 

margin rifting. 

Alaska Range and 
Yukon-Tanana 
Upland (AKY) 

Dawson (DA) 

Frances Lake (FR) 

Tracy (TR) 

Mount Sicker (MS) 

Kootcnay-Shuswap 
(KS) 

I ~ o r t h  ~ s i a n  Craton Margin. 
Sette-Daban (SD) I Southeast Missouri Pb-Zn, sediment- I Rifted passive continental I Rifting of middle Paleozoic (Late Devonian to Early Mississippian) contincntal- 

Ma jo r  Mineral Deposits Types. 
(Significant Mineral Deposits) 

I hosted Cu. I margin. I margin. Belt continued into Early Mississippian. 

Environment. 
Host Unit. 

Kuroko massive sulfide. 
(WTF, Red Mountain, Sheep Creek, 

Liberty Bell, Anderson Mountain, 
Miyaoka, Hayes Glacier, McGinnis 
Glacier, Delta district) 

Volcanogenic Pb-Zn-Cu Massive sulfide, 
SEDEX Pb-Cu-Zn-Ba 

(Lucky Joe, Mickey, Lone Star) 

Kuroko massive sulfide. 
(Kudz Ze Kayah, Wolverine-Lynx) 

Kuroko massive sulfide. 
(Ecstall, Alamo, Sweetheart Ridge, 

Sumdum, & others) 
Kuroko volcanogenic massive sulfide. 
(Mount Sicker (Lenora-Tyee, Twin J, 

Lara, Coppcr Canyon); Myra Falls 
(Lynx, Myra, Price, HW)) 

Kuroko, Besshi, and Cyprus massive 
sulfide. 

(Shuswap, Goldstream, Harper Creek, 
Chu Chua, Adams, Liard, & others) 

Continental-margin arc. 
Yukon-Tanana terrane. 

Continental-margin arc. 
Yukon-Tanana terrane. 

Continental-margin arc. 
Yukon-Tanana terrane. 

Continental-margin arc. 
Yukon-Tanana terrane (pre- 

rift). 
Island arc. 
Wrangellia superterrane. 

Back-arc part of continental- 
margin arc. 

Kootenay terrane (pre-rifting) 

Selennyakh Rivcr 
(SEL) 

Tommot River (TO) 

(Sardana, Urui, Kupandzha) 
Southeast Missouri Pb-Zn, stratabound 

Hg. 

Unlltun & Sudar 
Rivers (URS) 

(Gal-Khaya, Kondakovskoe) 
Carbonatite-related Nb, Ta. and REE 
(Tommot) 

Yarkhodon (YR) 

North Asian Craton Margin. 
Rifted passive contincntal 

margin. 

Southeast Missouri Pb-Zn, carbonatc- 
hosted Hg. 

Rifting of  middle Paleozoic (Late Devonian to Early Mississippian) continental- 
margin. Belt continued into Early Mississippian. 

Omulevka terrane. 
Rifted passive continental 

margin. 

(Urultun, Uochat) 
Southeast Missouri Pb-Zn 
(Slezovka, Gomoc) 

Rifting of  middle Paleozoic (Late Devonian to Early Mississippian) continental- 
margin. Bclt continued into Early Mississippian. 

Omulevka terrane. 
Rifted passivc continental 

margin. 
Rifting of middlc Paleozoic (Latc Devonian to Early Mississippian) continental- 

margin. Bclt continued into Early Mississippian. 
Omulevka terrane. 
Rifted passive continental 

margin. 

- - - - - - - - - - - -  - 

Rifting of middle Paleozoic (Late Devonian to Early Mississippian) continental- 
margin. Belt continued into Early Mississippian. 



Metallogenic Belt 
(Abbreviation) 

Berezovka River 
(BE) 

Major Mineral Deposits Types. 
(Significant Mineral Deposits) 

North American Continental Margin. Belt extended from Late Proterozoic to 

(Leguil Creek, Lower Liard) American continental-margin. 

Kuroko massive sulfide and sulfide vein. 
(Berezovskoe) 

Environment. 
Host Unit. 

- 
Tectonic Event. 

Comments 

Rifted passive continental 
margin. 

Berezovka terrane. 

Rifting of middle Paleozoic (Late Devonian to Mississippian) continental-margin. 
Belt continued into Permian(?). 



MISSISSIPPIAN METALLOGENIC BELTS (360 to 320 Ma) (Figures 4,5) 
Continuing Metallogenic Belts 

Metallogenic Belt Formed During Mississippian-Pennsylvanian Back-Arc Spreading Along North American Craton Margin 
Northwestern Brooks I SEDEX Zn-Pb. I Incipient rift(?) along I Subduction-related volcanism associated with Mississippian-Pennsylvanian, 

Tectonic Event. 
Comments 

Metallogenic Belt 
(Abbreviation) 

back-arc spreading that was possibly associated with a short-lived continental- 
margin arc 

Major Mineral Deposits Types. 
(Significant Mineral Deposits) 

Range (NBR) 

Belt started in Devonian. 
Belt started in Devonian. 
Belt started in Devonian. 

Environment. 
Host Unit. 

Selennyakh River (SEL) 
Settc-Daban (SD) 
Unlltun & Sudar Rivers (URS) 

(Lik, Red Dog Creek) 
Kuroko massive sulfide. 
(Drenchwater Creek) 
Bedded barite, sulfide vein. 

Gataga (GA) I Bclt started in Devonian. 
PENNSYLVANIAN METALLOGENIC BELTS (320 to 286 Ma) (Figures 6,7) 

Metallogenic Belt Formed During Mississippian-Pennsylvanian Back-Arc Spreading Along North American Craton Margin 
Northwestcm Brooks Ranee N B R )  I Belt started in Mississiooian. 

continental margin arc. 
Arctic Alaska superterrane. 

Kedon (KE) 
Northern Cordillera (NCO) 
Dempster (DE) 
Macmillan Pass (MP) 
Finlayson Lake 

" 
Metallogenic Belt Formed in Late Paleozoic Island Arc Terrane in the Russian Southeast 

Laoclin-Grodekovsk I Porphyry Cu-Mo, Au-Ag cpithermal I Island arc. I Subduction-related granitic plutonism that formed thc Laoclin-Grodckovsk island 

Bclt started in Devonian. 
Bclt sta~ted in Devonian. 
Belt started in Devonian. 
Belt started in Devonian. 
Belt startcd in Devonian. 

(LG) I vein. I Laoelin-Grodekovsk tcrrane. I arc, part of Khanka supertcrranc, a rifted fragmcnt of Gondwandaland I (Baikal, Komissarovskoe) I I supercontinent. Not depicted on metallogenic model bccause of formation 
I beyond map area. 

Metallogenic Belts Formed In Late Paleozoic Oceanic Lithosphere Preserved in Subduction Zones Terranes in Russian Northeast 
Aluchin (AC) I Podiform Cr. I Back-arc rifting? I Oceanic lithosphere preserved in Aluchin subuction zone that was tcctonically 

angellia Superterrane 
Alaska Range- - 1  Cu skarn, porphyry Cu. polymetallic I Island arc. I Subduction-related granitic plutonism in Skolai island arc developed along 

Ust-Belaya (UB) 

Wrangell vein. 
Mountains (ARW) (Rainy Creck, Rainbow Mountain, 

Wrangellia sequence, 
Wrangellia superterrane. 

(Telencut) 
Podiform Cr. 
(Ulst-Belaya) 

margin of Wrangellia superterrane. 

Aluchin subduction zone terrane 
Oceanic ridgc. 
Penzhina Anadyr subduction 

Ketchikan (KK) Subduction-related granitic plutonism in Skolai island arc developcd along 
margin of Wrangellia superterrane 

linked to Alazcya island arc. 
Occanic lithosphel.e preserved in Penzhina Anadyr subuction 7onc that was 

tcctonically linked to Koni-Murgal continental margin and island arc, 

Chistochina) 
Kuroko massivc sulfide 
(Moth Bay) 

Island arc. 
Wrangellia sequence, 

Wrangellia superterrane. 



- 
Major Mineral Deposits Types. Environment. 

(Abbreviation) I (Significant Mineral Deposits) 
Tectonic Event. 

LATE TRIASSIC METALLOGENIC BELTS (Carnian through Norian - 230 to 208 Ma) (Figure 7) 
Metallogenic Belt Formed During Early Mesozoic Rifting? in Alaskan Passive Continental-Margin Terranes 

Back-arc rifting associated with Bonanza part of the Talkeetna-Bonanza island 
arc in Wrangellia superterrane. 

Alternative interpretation of hot spot (oceanic plume). 

Host Unit. 

Farewell (FW) 

Kodiak Island and 
Bordcr Ranges 
(KOD) 

Eastern Alaska Range 
(EAR) (equivalent 
to Kluane-Nikolai 
belt) 

Alexander (AX) 

Comments 

Gabbroic Ni-Cu-PGE. 
(Farewell district) 

Metallogenic Belts Formed in 
Podiform Cr. 
(Halibut Bay, Claim Point, Red 

Mountain, Bernard Mountain, Dust 
Mountain) 

Gabbroic Ni-Cu. 
(Fish Lake, Wellgreen) 
Besshi massive sulfide 
(Denali) 
Strataform gypsum 

Cyprus massive sulfide, Kuroko massive 
sulfide, bedded barite. 

(Windy Craggy, Greens Creek, Castle 
Island, Kupreanof Island, Haines) 

Metallogenic Belts Formed in Middle Mesozoic in Stikinia-Quesnellia lsland Arc 

Back-arc? 
Nikolai Greenstone and 

equivalent units, Wrangellia 
sequence, Wrangellia super 
terrane. 

Galore Creek (GL) 

Sustut (SU) 

Copper Mountain 
(North) (CMN) 

Copper Mountain 
(South) (CMS) 

Guichon (GU) Subduction-related granitic plutonism that formed the Qucsnellia island arc. Belt 

Rifting? 
Dillinger terrane. 

Middle Mesozoic Talkeetna-Bonzana 
Island arc. 
Border Ranges mafic-ultramafic 

assemblage 

Back-arc rifting? 
Nikolai Greenstone, Wrangellia 

sequence, Wrangellia 
superterrane 

Tcxas Crcck (TC) 

continued into Early Jurassic. 

Incipient rifting of Dillinger and adjacent passive continental margin terrancs? 

lsland Arc in Wrangellia Superterrane 
Subduction-related intrusion of mafic-ultramafic plutons into basal part of 

Talkeetna-Bonzana island arc in Wrangellia supertcrrane. 
Metallogenic belt extended into Early and Middle Jurassic. 

Back-arc rifting associated with Talkeetna part of Talkeetna-Bonanza island arc 
in Wrangellia superterrane. 

Alternative interpretation of hot spot (oceanic plume). 

Porphyry Cu-Au. 
(Galore Creek, Red Chris) 
Basaltic Cu 
(Susut) 
Porphyry Cu-Au, porphyry Cu-Mo. 
(Lorraine, Mount Mulligan) 
Porphyry Cu-Au. 
(Copper Mountain, Ingerbelle, Iron 

Mask, Mount Polley) 
Porphyry Cu-Mo-Au, Au skam. 
(Highland Valley district, Brenda, 

Subduction-related granitic plutonism that formed the Stikinia island arc. Belt 
continued into Early Jurassic. 

Island arc. 
Quesnellia terrane. 

Gibraltar, ~ r a j ~ m o n t ,  Hedley) 
Porphyry Cu-Mo-Au, polymetallic vein. 
(Schaft Creek, Kerr, Sulphurets, Snip, 

Red Mountain, & others) 

Island arc. 
Stikinia & Quesnellia terranes. 
Island arc. 
Stikinia terrane. 
Island arc. 
Stikinia & Quesnellia terranes. 
Island arc. 
Quesnellia terrane. 

Island arc. 
Stikinia terrane. 

Subduction-related granitic plutonism that formed the Stikinia-Quesnellia island 
arc. Belt continued into Early Jurassic. 

Formation in the upper oxidized parts of the Stikinia-Quesnellia island arc 
volcanic pile during shallow burial metamorphism and diagenesis. 

Subduction-related granitic plutonism that formed the Quesnellia island arc. Belt 
continued into Early Jurassic. 

Subduction-related granitic plutonism that formed the Quesnellia island arc. Belt 
continued into Early Jurassic.. 



Metallogenic Belt 
(Abbreviation) 

Talkeetna Mountains- 
Alaska Range 
(TM) 

EARLY JURASSIC METALLOGENIC BELTS (Hettangian through Pleinsbachian - 208 to 193 Ma) (Figure 8) 
Metallogenic Belts Formed in Middle Mesozoic in Talkeetna-Bonzana lsland Arc in Wrangellia Superterrane 

Kuroko massive sulfide. 
(Johnson River) 

Major Mineral Deposits Types. 
(Significant Mineral Deposits) 

Alaska Peninsula 
(Ap) 

lsland Porphyry (IP) Porphyry Cu-Mo, Cu skarn, Fe skarn. 
(Island Copper, Tasu, Jedway, Burnaby 

Environment. 
Host Unit. 

Cu & Fe skam. 
(Crevice Creek, Glacier Fork, Kasna 

Creek, Magnetite Island) 

Island arc. 
Talkeetna Formation, Peninsular 

Tectonic Event. 
Comments 

sequence, Wrangellia 

Island arc. 
Granitic plutons Peninsular 

sequence, Wrangellia 
superterrane. 

supcrterrane. 
lsland arc. 
Wrangellia superterrane. 

Subduction-related granitic plutonism that formed the Talkeetna part of the 
Talkeetna-Bonanza island arc in Wrangellia superterrane. 

Metallogenic belt may have extended into Middle Jurassic. 

Subduction-related marine volcanism associated with Talkeetna part o f  
Talkeetna- Bonanza island arc in Wrangellia superterrane. 

Subduction-related granitic plutonism that formed the Bonan7a part of the 
Talkeetna-Bonanza island arc in Wrangcllia superterrane. Bclt continucd into 

Metallogenic Belts Formed During Middle Mesozoic in Stikinia Island Arc 

I (Lawyers, Chappelle, Al, Kemess) 
Coast Mountains ] Kuroko massive sulfide, Besshi massive I Island arc. I Subduction-related, back-arc volcanism associated with Stikinia island arc. Thruc 

Klotassin (KL) 

Toodoggone (TO) 

Island F 
Klotass 
Texas C 

Porphyry Cu-Au-Ag. 
(Minto Creek, W~lliams Creek) 

Au-Ag epithermal vein and porphyry Cu- 
Au. 

(CM) 

- -  - - -  

na Mounta 
D,,;..^..ln I 

Island arc. , Stikinia and Yukon-Tanana 
terranes. ---- 

Island arc. 
Stikinia terrane. 

sulfide) 
, (Eskay Crcck, Dolly Vardcn, North Star, 

Granduc, Anyox) 

gone (TO) 
4ountains ( 

Subduction-rclated granitic plutonism that formed the Stikinia island arc. 

Subduction-related granitic plutonism that formed the Stikinia island arc. 

- -- - Continuing Metallogenic Belts 

Belt star 
Belt star 
Belt star 

Stikinia terrane 

Texas Creek (TC) 
Galore (GL) 
Copper Mounta~n (North) (CMN) 
Copper Mountam (South) (CMS) 
Gulchon ( S U )  

tcd in Earl! 
*,<A z d  C--l- 

periods of deposit formation, middle and late Paleozoic, Late Triassic. and 
Early Jurassic. 

Belt started ~n Late Trlass~c- 
Belt started ~n Late Trlass~c. 
Belt started ~n Late Trlass~c. 
Belt started ~n Late T r ~ a s s ~ c  
Belt started in Late T r ~ a s s ~ c  

red in Earl! 
ted in Earl: 
tcd in Late 

y' Jurassic, 
4 Jurassic. 

MIDDLE JURASSIC METALL0C;ENICBELTS (Toarcian through Callovian - 193 to 163 Ma) (Figure 8) 
- - -- ContinuingiVIc * Belts 

-Talieet Ins (TM) ~ c ~ t  star 
Atdska rLIIIIISU14 (AP) -- Belt  star^^^ 111 ~ n r l ?  

y' Jurassic. 
y' Jurassic. 
Triassic. 

'orphyry (I 
~n (KL) 
'reek (TC) 

G a l o r e  (GL) - - -  - 

Toodog 
Coast h 
- - - - 

Coppel Mountam (North) (CMN) 
Copper Mountaln (South) (CMS) - 

Jurassic 
y' Jurassic 

- 
- 

-- 
Belt startcd ~n Late Tnasslc. 
Belt started ~n Earl: - - - 

Belt started ~n Earl: 
Belt startcd in Latc Trlass~c 
Belt started ~n Late Tr~assic. 



- 

Yasachnaya River 
CYS) 

(Abbreviation) 

Guichon (GU) I Belt started in Late Triassic. 
LATE JURASSIC METALLOGENIC BELTS (Oxfordian through Kimmerigian - 163 to 144 Ma) (Figures 9,10) 

Metallogenic Belts Formed Along Late Mesozoic Continental-Margin Transform Fault in Russian Southest 

Oloy (OL) 

Pekulney (PK) 

Ariadny (AR) 

North Bureya (NB) 

Chersky-Argatass 
Ranges (CAR) 

Pb-Zn skarn, porphyry Cu. 
(Kunarev, Terrassnoe, Datsytovoe) 

Major Mineral Deposits Types. 
(Significant Mineral Deposits) 

Porphyry Cu-Mo, Au-Ag epithermal 
vein. 

(Peschanka, Vesennee) 
Basaltic Cu. 
(Skalistaya) 

Zoned mafic-ultramafic Ti. 
(Katenskoe, Ariadnoe, Koksharovskoe) 

Metallogenic Belts Formed in 
Au-Ag epithermal vein and granitoid- 

related Au deposits. 
(Pokrovskoe, Pioneer) 
kuroko massive sulfide. 
(Khotoidokh) 

Island arc. 
Uyandin-Yassachny volcanic- 

Environment. 
Host Unit. 

plutonic belt. 
Island arc. 
Oloy volcanic belt. 

Tectonic Event. 
Comments 

Transform margin. 
Zoned mafic-ultramafic plutons 

inhuding Samarka terrane. 

Late Mesozoic Continental Margin 
Continental-margin arc. 
Urnlekan-Ogodzhin volcanic- 

plutonic belt. 
Island arc. 
Indigirka-Oloy volcanic- 

Oceanic crust. 
Pekul'ney subduction-zone 

Transform-margin-related intrusion of mafic-ultramafic plutons along major 
continental-margin transform faults that formed after accretion of Samarka 
subduction zone terrane. 

Belt may have extended into Early Cretaceous. 
and Island Arc Systems in Russian Far East 
Subduction-related granitic plutonism that formed the Umlekan continental- 

margin arc. 

Subduction-related volcanism associated with Uyandina island arc. 
Belt extended into Middle Jurassic. 

Subduction-related volcanism associated with Uyandina island arc. 

Subduction-related granitic plutonism that formed the Oloy island arc. 
Belt extended into Early Cretaceous 

Primitive island arc and neighboring sea-floor environment. 

Tamvatney-Mainits 
(TAM) 

Mainits (MA) 

Svyatoy-Nos (SVN) 

Kuyul (KUY) 

Eastern Seward 
Peninsula and 
Marshall (ESM) 

Kobuk (KB) 

Podiform Cr. 
(Krassnaya Gora) 

Kuroko massive sulfide. 
(Ugryumoe) 
Au-Ag epithermal vein. 
(Polevaya) 
Podiform Cr-PGE. 
(Talov, Tikhorechen) 

Metallogenic Belts Formed in Late 
Podiform Cr; serpentinite-hosted 

asbestos. 
(No significant deposits) 

- -  - -  

Podiform Cr; serpentinite-hosted 
asbestos. 

(lyikrok Mountain, Avan, Misheguk 
Mountain, Siniktanneyak Mountain) 

Island arc. 
Zoned mafic-ultramafic plutons 

in Mainitskiy terrane. 

Island arc. 
Mainitskiy terrane. 
Island arc. 
Svyatoy-Nos volcanic belt. 
Island arc. 
Talovskiy terrane. 

Mesozoic Koyukuk and Togiak Island 
Island arc. 
Thrust slices of mafic-ultramafic 

rocks, upper Angayucham 
terrane. 

Island arc. 
Thrust slices of mafic-ultrarnafic 

rocks, upper Angayucham 
terrane. 

Subduction-related intrusion of mafic-ultramafic plutons into basal part of 
Mainitskiy island arc. Mafic-ultramafic rocks hosting deposits form part of 
structurally-complex ophiolite at base of Mainitskiy island arc terrane. Belt 
extended into Early Cretaceous 

Massive sulfide deposition associated with Mainitskiy island arc. Belt extended 
into Early Cretaceous. 

Subduction-related granitic plutonism that formed the Svyatoy-Nos island arc. 

Subduction-related intrusion of mafic-ultramafic plutons into basal part of Kony- 
Murgal island arc. 

Arc Systems in Western and Southwestern Alaska 
Subduction-related intrusion of mafic-ultramafic plutons into basal part of 

Koyukuk island arc. 
Mafic-ultramafic rocks hosting deposits f o m  upper, thrust-slice pan of 

Angayucham subduction zone terrane, 
Subduction-related intrusion of rnafic-ultramafic plutons into basal part of 

Koyukuk island arc. 
Mafic-ultramafic rocks hosting deposits form upper, thrust-slice part of 

Angayucham subduction zone terrane. 



Tectonic Event. 
Comments 

Metallogenic Belt 
(Abbreviation) 

southwestern Alaska 
(SWA) 

Yukon-River (YR) 

Metallogenic Belts Formed in Late Mesozoic Gravina lsland Arc  in Southern and Southeastern Alaska, and Canadian Cordillera 

Rossland (RL) Au-Ag polymetallic vein. Collisional. Anatectic granitic plutonism associated with abduction of Stikinia-Qucsncllia 
(Rossland, Sheep Creek, Ymir Eric Veins in Nelson plutonic suite. island arc and associated subduction zone complexes onto the North American 

Major  Mineral Deposits Types. 
(Significant Mineral Deposits) 

Eastern-Southern 
Alaska (ESA) 

Klukwan-Duke (KL) 

Fortymile (FM) 

Cassiar (CS) 

Francois Lake (FL) 

Cariboo (CB) 

Environment. 
Host Unit. 

Subduction-related intrusion of mafic-ultrarnafic plutons into basal part of Togiak 
island arc. 

Mafic-ultrarnafic rocks hosting deposits occur in tectonically linked Goodnews 
subduction zone terrane. 

Subduction-related intrusion of mafic-ultramafic plutons into basal pan of 
Koyukuk island arc. 

Mafic-ultramafic rocks hosting deposits form upper, th~ust-slice part of 
Angayucham subduction zone terrane. 

Zoned mafic-ultramafic PGE. 
(Kemuk Mountain, Red Mountain) 

Podiform Cr. 
(Caribou Mountain, Lower Kanuti River, 

Holonada) 

Island arc. 
Goodnews terrane. 

Island arc. 
'Thrust slices of mafic-ultramafic 

rocks, upper Angayucham 
tcrrane. 

Porphyry Cu, porphyry Cu-Mo. 
(Pebble Copper, Orange Hill, Bond 

Creek) 

Zoned mafic-ultramafic Ti-Cr-PGE. 
(Union Bay, Klukwan, Haines) 

Metallogenic Belts Formed in Late 
Serpentinite-Hosted Asbestos. 
(Slate Creek, Clinton Creek) 

Serpentine-hosted asbestos. 
Cassiar (McDame) 

Porphyry Mo. 
(Endako) 

Au quartz vein. 
(Cariboo Gold Quartz, Frasergold) 

I Crcek). I Craton Margin. 

Island arc. 
Gravina-Nutzotin-Gambier belt, 

Wrangcllia sequence, 
Wrangcllia superterrane. 

Island arc. 
Gravina-Nutzotin-Gambicr bclt, 

Wrangel lia sequence, 
Wrangcllia superterrane. 

Mesozoic Collision and Overthrusting 
Collisional. 
Alteration of ultrarnafic rock, 

Seventymile terrane. 
Collisional. 
Alteration of ultramafic rock, 

Slide Mountain terrane. 
Collisional. 
Francois Lakc plutonic suite. 

Collisional. 
Veins in Downey Creek 

Forrnation of Kootenay tcrrane. 

Continuing Metallogenic Belt 
Island Porphyry (IP) I Belt started in Early Jurassic and ccased in early Late J~rrassic. 

Subduction-related granitic plutonism that formed the Gravina island arc on the 
Wrangellia superterrane. 

Belt continued into Early Cretaccous. 

Subduction-related mafic-ultramatic plutonism associated with basal part of 
Gravina island arc on the Wrangellia superterrane. 

Belt continucd into Early Cretaceous. 

in Eastern Alaska and Canadian Cordillera 
Regional metamorphism occurring during obduction and overthrusting of oceanic 

lithosphere of Seventymile terrane onto the North American Craton Margin. 

Regional metamorphism occurring during obduction and overthrusting of oceanic 
lithosphere of Slide Mountain onto thc North American Craton Margin. 

Anatcctic granitic plutonisln associated with obduction of Stikinia-Quesnellia 
island arc and associated subduction zone complexes onto thc North American 
Craton Margin. 

Rcgional metamorphism occurring during obduction and overthrusting of 
Kootcnay, Stikinia-Quesnellia arc island and associated subduction zone 
conlplexes onto the North American Craton Margin. Bclt continued into Early 



EARLY CRETACEOUS METALLOGENIC BELTS (Neocomian - 144 to 120 Ma) (Figures 11,12) 
Metallogenic Belts Formed Along Late Mesozoic Continental-Margin Transform Faults in Russian Southeast 

Samarka (SA) I W skarn, porphyry Cu-Mo. I Transform continental-margin. I Anatectic granitic plutonism occurring during subduction of Kula oceanic ridge 

- 

Algama (AL) 

Major Mineral Deposits Types. Environment. 
(Abbreviation) (Significant Mineral Deposits) Host Unit. 

Tectonic Event. 
Comments 

(Vostok-2, Benevskoe, Khvoshchovoe, 
Kafen. Malakhitovoe) 

Stratiforrn Zr. 
(Algamins koe) 

Kondyor (KO) 

Selemdzha-Kerbi 
(SKI 

Samarka accretionary-wedge 
terrane. 

Transform-margin. 
Alkalic igneous rock intruding 

Stanovoy block of North Asian 

Stanovoy (ST) 

Kular (KU) 

Allakh-Yun (AY) 

along the transform continental margin of the Russian Southeast. Belt 
continued into late Early Cretaceous. 

Intrusion of alkali igneous rock associated with mafic-ultramafic plutons that 
intruded along major continental-margin transform faults during subduction of 
terranes along Mongol-Okhotsk fault system. 

Zoned mafic-ultramafic Cr-PGE. 
(Kondyor) 

Metallogenic Belts Formed 
Au quartz vein and granitoid-related Au. 
(Tokur, Petrovsko-Eleninsky) 

I (Bular, Yur, Nezhdanin, Levo-Dy bin) 

Darpir (DP) 

Granitioid-related Au, Au-Ag epithermal 
vein, Au quartz vein. 

(Kirovskoe) 

Metallogenic Belts Formed During 
Au quartz vein, granitoid-related Au, Sn 

quartz vein. 
(Burguat, Solur, Novoe) 
Au quartz vein, granitoid-related Au, W- 

Sn quartz vein. 
I continued into Early Cretaceous. 

others. 
(Polyarnoe, Deputatskoe, Kandidatskoe, 

Chistoe, Ilin-Tas) 

Tompon (TO) 

Transform-margin. 
Zoned mafic-ultramafic 

intrusions intruding Stanovoy 
block of North Asian Craton. 

During Late Mesozoic Closure of 
Collisional. 
Veins and plutons intruding 
Tukuringra-Dzhagi and Galan 
terranes. 

Yana-Polousnen (YP) I Granitoid-related Au, Sn quartz vein, & I Collisional. I Anatectic granitic plutonism and regional metamorphism associated with late 

Sn skarn. Sn greisen, granitoid-related 
Au, porphyry Cu. 

(Titovskoe, Chepak, Bastion) 
Cu, W, Sn skarn, Sn quartz vein. 
(Khunkhada, Agylki, Erikag) 

Intrusion of mafic-ultramafic plutons along major continental-margin transform 
faults during subduction of terranes along Mongol-Okhotsk fault system. 

Mongol-Okhotsk Ocean in Russian Southeast 
Anatectic granitic plutonism associated with collision Bureya and Khanka 

contincntal-margin arc superterranes with the North Asian Craton and closure 
of the Mongol-Okhotsk Ocean. Belt extended into Late Jurassic. 

Transform-margin. 
Zoned mafic-ultramafic 

intrusions intruding Stanovoy 
block of North Asian Craton.. 

Late Mesozoic Accretion of 
Collisional. 
Veins and plutons in Northern 

part, Verkhoyansk granite belt. 
Collisional. 
Verkhoyansk granite belt. 

Plutons and veins in Northern 
part, Verkhoyansk granite belt. 

Collisional. 
Main part, Verkhoyansk granite 

Anatectic granitic plutonism and regional metamorphism associated with 
accretion of Bureya superterrane to North Asian Craton and closing of Mongol- 
Okhotsk Ocean. Belt extended into Early Cretaceous. 

Kolyma-Omolon Superterrane in Russian Northeast 
Anatectic granitic plutonism and regional metamorphism associated with 

accretion of Kolyma-Omolon superterrane to North Asian Craton Margin. Belt 
continued into late Early Cretaceous (Albian). 

Regional metamorphism and anatectic granitic plutonism associated with 
accretion of Kolyma-Omolon superterrane to North Asian Craton Margin. Belt 

stage of accretion of Kolyma-Omolon superterrane to North Asian Craton 
Margin. Belt continued into early Late Cretaceous. 

belt. 
-- 

Collisional. 
Skarns and veins adjacent to 

Main part, Verkhoyansk 

Anatectic granitic plutonism associated with accretion of  Kolyma-Omolon 
superterrane to North Asian Craton Margin. 

- - - - 

Anatectic granitic plutonism associated with accretion of Kolyma-Omolon 
superterrane to North Asian Craton Margin. 

Sharnanikha (SH) Au quartz vein, Cu-Ag quartz vein. 
(Glukhariny, Opy4 

granite belt. 
Collisional. 
VeinsjnPrikolyrna terrane.- 

Regional metamorphism associated w ~ t h  accretion of Kolyma-Omolon 
supcrterrane to North Asian Craton Margin. 



Tectonic Event. 
Comments 

Metallogenic Belt 
(Abbreviation) 

Verkhoyansk (VK) 

I Utin. Alvaskitovoe.) I eranite belt. I 

" 

Metallogenic Belts Formed During Late Mesozoic Island Arcs, Russian Northeast, Southeastern Alaska, and Southern Canadian Cordillera 
Left Omolon (LO) I Porphyry Mo-Cu, Mo-Cu skam. I Island arc. ( Subduction-related granitic plutonism that formcd the Oloy arc island arc. 

Major Mineral Deposits Types. 
(Signscant  Mineral Deposits) 

Au quartz vein, Au-Sn polymetallic vein. 
(Nikolaevskoe, Otkyrtoe, Chochimbal, 

Imtandzha) 

Western-Southeastern 
Alaska (WSE) 

Environment. 
Host Unit. 

Regional metamorphism and anatectic granitic plutonism associated with early 
stage of accretion of Kolyma-Omolon supertcrrane to North Asian Craton 
Margin. 

Yana-Kolyma (YA) 

(Bebekan, Mcdgora) 
Porphyry Mo, Cu-Ag skam. fclsic 

plutonic U. 
(Baker Island, Jumba, Magnetite Cliff, 

Bokan Mountain) 

Collisional. 
Skarns and veins adjacent to 

Main part, Verkhoyansk 
eranite belt. 

Oloy-Svyatoy Nos volcanic belt. 
Island arc. 
Granitic rocks intruding 

Gravina-Nutzotin-Gambier 
bclt. Wrangcllia sequence, 
Wraneellia sunerterrane. 

Regional metamorphism and anatectic granitic plutonism associated with 
accretion of Kolyma-Omolon superterrane to North Asian Craton Margin. Belt 
continued into Early Cretaceous. 

Au quartz vein, Sn vein, granitoid-related 
Au. 

(Natalka, Svetloe, Kholodnoe, Zhdannoe, 

Subduction-related granitic plutonism that forrncd the Gravina arc. 
Metallogenic belt and host granitic suite for~ncd during final accretion of 

Wrangellia superterrane. 

Collisional. 
Veins and plutons in or adjacent 

to Main part, Vcrkhoyansk 

Britannia Subduction-rclated granitic plutonism that formcd the Gravina island arc on the 
Wrangcllia superterrane. 

Kuroko massive sultide 
(Britannia, Maggie, Northair, Nifty) 

Continuine Metalloeenic Belts 

Island arc. 
Gravina-Nutzotin-Garnbier belt, 

Wrangellia sequcncc, 
Wraneellia sunerterrane. 

Olov (OL) I Belt startcd in Latc Jurassic. 

Alaska, and Northern Canadian Cordillera 
Anadyr Rivcr (AD) I Au quartz vcin. I Collison or Extensional. I Rcgional metamorphism and generation of hydrotherrnnl fluids associatcd with 

, \  , 

N o ~ n e  (NO) 

Mainits (MA) 
Tamvatney-Mainits (TAM) 
Cariboo (CB) 

Southern Brooks 
Rangc (SBR) 
(Includes 
Chandalar district) 

Belt started in Late Jurassic. 
Belt started in Late Jurassic. 
Belt started in Middle Jurassic. 

(Vacgi, Nutckin) 

Au quartz vcin. 
(Rock Creck, Big Hurrah, Mt. Distan) 
Au quartz vein. 
(Mikado) 

LATE EARLY CRETACEOUS METALLOGENIC - -  BELTS (Cenomanian - through -- Albian - - - 119 - to 100 Ma) (Figures 11,12) 
Metallogenic Belt Formed i n  L a t e  Mesozoic Continental-Margin Arc, Russian southeast 

Veins in Mainitskiy, Wcst 
Pckulney, or Penzhina-Anadyr 
terranes. 

Extensional. 
Veins in Seward terrane. 
Extcnsional. 
Veins in Coldfoot tcrrane, and in 

Hammond terrane of Arctic 
Alaska superterrane. 

Subduction-related granitic plutonism that formed the Khingan continental- 
margin arc. Belt extcndcd into Early Crctaccous. 

Badzhal-Ezop- 
Khingan (BZ-KH) 

accretion and collision of Mainitskiy island arc onto North Asian Craton 
margin. 

Metallogenic Belts Formed in Late Mesozoic Collision and Accretion of Island Arcs, and Transform Continetnal-Margin Faolting, Russian Northwest, Western and Northern 

Regional metamorphism associatcd with extension that occurrcd after 
overthrusting of Angayucham subduction zone terrane. 

Regional metamorphism associated with extension that occurrcd aftcr 
overthrusting of Angayucham subduction zone terrane. 

Sn greisen, skam, and vcin. 
(Solncchnoe, P~ourmiiskoe,  Ezop, 

Khingan) 

Continental-margin arc. 
Khingan-Okhotsk volcanic- 

plutonic bclt. 



- 

Metallogenic Belt 
Selwyn (SW) 

(Abbreviation) (Significant Mineral Deposits) Host Unit. 

Fish River (FR) 

Tombstone (TS) 
(extension of Tintina 

gold belt in 
Alaska) 

Cassiar (CA) 

Tectonic Event. 
Comments 

Whitehorse (WH) 

Late Mesozoic, dextral movement along the Kaltag-Porcupine fault system. Sedimentary P and Fe. 
(Rio Alto, Fish River) 

- 
(Logtung, Risby, Midway Manto) I Selwyn plutonic belt. I margin. 
Cu-Fe skarn, porphyry Cu-Au-Ag, Au- I Collisional. I Probable anatectic granitic plutonism (Omineca-Selwyn plutonic belt) associated 

Strike-slip fault. 
North American Craton Margin 

Formed in Late  Mesozoic Collision and Accretion of Wrangellia Superterrane, and Generation of Omineca-Selwyn Plutonic Belt, Canadian Cordillera 

Ag polymetallic vein. Whitehorse plutonic suite, with final accretion of Wrangellia superterrane to North American continental 
(Whitehorse Copper Belt, Hopkins, Omineca-Selwyn plutonic belt. margin. 

W-Cu skarn, Zn-Pb-Ag skam, Zn-Pb-Ag 
manto. 

(Canada tungsten, Macmillan Pass, Sa 
Dena Hes, Quartz Lake, Prairie Creek) 

Ag polymetallic vein, Au-Sb vein, W-Sn- 
Au skarn. 

(Ken Hill-Galena Hill district; Brewery 
Creek, Ray Gulch, Eagle) 

Porphyry Mo, W skarn, Zn-Pb-Ag 
manto, Sn skarn, Au skam. 

I Sekulmun, Mount Nansen) 
Bayonne (BA) I Porphyry Mo, Cu-Mo skam. I Collisional. I Probable anatectic granitic plutonism (Omineca-Selwyn plutonic belt) associated 

Collisional. 
Cassiar plutonic suite, Omineca- 

Selwyn plutonic belt. 

Collisional 
Veins and granitic plutons of 

Omineca-Selwyn plutonic belt. 

Collisional. 
Cassiar plutonic suite, Omineca- 

Probable anatectic granitic plutonism (Omineca-Selwyn plutonic belt) associated 
with final accretion of Wrangellia superterrane to North American continental 
margin. 

Regional metamorphism and anatectic granitic plutonism (Omineca-Selwyn 
plutonic belt) associated with final accretion of Wrangellia superterrane to 
North American continental margin. 

Probable anatectic granitic plutonism (Omineca-Selwyn plutonic belt) associated 
with final accretion of Wrangellia superterrane to North American continental 

(Boss Mountain, Trout Lake, Red 
Mountain Moly, Emerald-Invincible, 
Dodger, and others) 

Taukha (TK) 

Continuing Metallogenic Belts 

Kcma (KM) 

Bayonne plutonic suite, 
Omineca-Selwyn plutonic belt. 

Samarka (SA) 
Kular (KU) 
Mainits (MA) 
Tamvatney-Mainits (TAM) 

Luzhkinsky (LZ) 

with final accretion of Wrangellia superterrane to North American continental 
margin. 

Metallogenic belt started in Early Cretaceous (Neocomian). 
Belt started in Early Cretaceous (Neocomian). 
Belt started in Late Jurassic. 
Belt started in Late Jurassic. 

B skam, Pb-Zn skam. 
(Dalnegorsk, Nikolaevskoe, 

Partizanskoe, Krasnogorskoe) 
Au-Ag epithermal vein, porphyry Cu- 

Mo. 
(Glinyanoe, Sukhoi Creek, Tayozhnoe 

Verkhnezolotoc) 
Sn polymetallic vein, Sn silica-sulfide 

vein, porphyry Sn. 
(Tigrinoe , Zimnce, Arscnyevskoe, 

Yantarnoe) 

Continental-margin arc. 
East Sikhote-Aline volcanic- 

plutonic belt. 
Continental-margin arc. 
East Sikhote-Aline volcanic- 

plutonic belt. 

EARLY LATE CRETACEOUS METALLOGENIC BELTS (Cenomanian through Santonian - 100 to 84 Ma) (Figures 13,14) 
Metallogenic Belt Formed in Late Mesozoic Part  of East Sikhote-Aline Continental-Margin Arc, Russian Southeast 

East Sikhote-Aline volcanic- 
plutonic belt. 

Sergeevka (SG) 

Subduction-related granitic plutonism that formed the East Sikhote-Aline 
continental margin arc. 

I 

I Subduction-related granitic plutonism that I'onned the East Sikhote-Aline 

Granitoid-related Au. 
(Askold, Progress) 

continental margin arc. 

I 

I Subduction-related granitic plutonism that formed the back arc part of East 

Continental-margin arc. 
East Sikhote-Aline volcanic- 

plutonic belt. 

Sikhote-Alinc continental margin arc. 

Subduction-related granitic plutonism that formed the East Sikhote-Aline 
continental margin arc. 



Aniva-Nabil (ANN) 

Tectonic Event. 
Comments 

Metallogenic Belt 
(Abbreviation) 

Subduction-related granitic plutonism that formed the East Sikhote-Aline 
continental margin arc. 

Lower Amur (LA) 

Majo r  Mineral Deposits Types. 
(Significant Mineral Deposits) 

Metallogenic Belt Formed in Late  Mesozoic Oceanic Crust and Island Arc Terranes, Russian Southeast 

Environment. 
Host Unit. 

Au-Ag epithermal vein, porphyry Cu, Sn 
Greisen. 

(Mnogovershinnoe, Belaya Gora) 

Metallogenic Belts Formed in Late Mesozoic and Early Cenozoic Olyutorka Island Arc, Russian Northeast 

Dogdo-Erikit zone 
(EADE), Eastern 
Asia-Arctic 
Metallogcnic Bclt 

Okhotsk zonc 
(EAOH). Eastern 
Asia-Arctic 

Continental-margin arc. 
East Sikhote-Aline volcanic- 

plutonic belt. 

Formation in oceanic crustal and island arc assemblages that were subsequently 
tectonically incorporated into the Aniva and Nabilsky terranes accrctionary 
wedge and subduction zone terranes. 

Volcanogenic Mn and Fe 
(Bcreznyakovskoe and Lyukamskoe); 
Cyprus Cu massive sulfide 
(Novikovskoe and Rys'e) 

Koryak Highlands 
(KH) 

Vatyn (VT) 

Oceanic crust and island arc 
rocks. 

Aniva and Nabilskiy terranes. 

Zoned mafic-ultramafic PGE; Cu 
massive sulfide. 

(Sne7hnoc) 
Volcanogcnic Mn & Fe. 
(Itchayvayam) 

Metallogenic Belts Formed in Late Mesozoic Part  of Okhotsk-Chukotka Continental-Margin Arc, Russian Northeast 

Metallogcnic Belt I 
Koni-Yablon zone I Porphyry Cu-Mo, Cu-Mo skarn. I Continental-margin arc. I Subduction-related granitic plutonism that tbrmed the Okhotsk-Chukotka 

Au-Ag epithermal vein, Sn polymetall~c 
vein, volcanic-hosted Hg. 

(Kysylga, Solkuchan, Dodgo) 

Au-Ag epithcrmal vein. 
(Karamkcn, Julietta, Agat) 

(EAKY). Eastern (Nakhtandjin, Osennee, Lora, Etandzha) ~ k h o t s k - ~ h u k o t k a  volcanic- continental-margin arc. Axial part Okhotsk-Chukotka volcanic-plutonic belt 
Asia-Arctic plutonic belt. Zonc part of Eastern Asia mctallogenic bclt. 

Island arc. 
Olyutorka-Kamchatka termne. 

Island arc. 
Olyutorka-Kamchatka tcrrane. 

Mctallogenic Bclt I 
Korkodon-Nayakhan I Porphyry Mo, granitoid-related Au. I Continental-margin arc. I Subduction-related volcanism associated with Okhotsk-Chukotka continental- 

Subduction-related intrusion of mafic-ultramafic plutons into Olyutorka island 
arc. Belt continued into Late Cretaceous and possibly into early Tertiary. 

Sea floor sedimentation associated w ~ t h  Olyutorka island arc. Belt continucd into 
Late Cretaceous and possibly into early Tertiary. 

Continental-margin arc. 
Okhotsk-Chukotka volcanic- 

plutonic belt. 

Continental-margin arc. 
Okhotsk-Chukotka volcanic- 

plutonic belt. 

zone (EAKN). 
Eastcrn Asia- 
Arctic 

Subduction-rclatcd granitic plutonism that formed the Okhotsk-Chukotka 
continental-margin arc. Hostcd in orthogonal branch of Okhotsk-Chukotka 
volcanic-plutonic belt. Zone part of Eastern Asia metallogenic belt. 

Subduction-rclated granitic plutonism that formcd thc back-arc part of Okhotsk- 
Chukotka continental-margin arc. Bclt continucd into Late Cretaceous. Zone 
part of Eastcrn Asia ~netallogcnic belt. 

Metallogenic Bclt 
Verkhnc--Kolyma 

zonc (EAVK), 
Eastcrn Asia- 
Arctic 
Metallogcnic Bclt 

Vostochno- 
Vcrkhoyansk 7one, 
(EAVV), Eastern 
Asia-Arctic 
Metallogcnic Bclt 

. ~~ 

(Orlinoe, Khctagchan) 

Sn-Ag polymetallic vein, Rhyolite-hosted 
Sn. granitoid-related Au. 

(Tigrets-lndustriya. Kandychan, 
Butugychag) 

Ag polymctallic vein, clastic sediment- 
hosted Hg. 

(Mangazcika, Mcnkcche) 

~ k h o t s k - ~ h u k o t k a  volcanic- 
plutonic belt. 

-- 

Continental-mar~' J I ~  arc. 
Back arc part of Okhotsk- 

Chukotka volcanic-plutonic 
belt. 

margin arc. Orthogonal branch of Okhotsk-Chukotka volcanic-plutonic belt. 
Zone part of Eastern Asia metallogenic belt. 

p p p p p  

Continental-margin arc. 
Okhotsk-Chukotka volcanic- 

plutonic belt. 

1 Subduction-related magmatism associated with back-arc part of Okhotsk- 

Subduction-related volcanism associated with Okhotsk-Chukotka contincntnl- 
margin arc. Orthogonal branch of Okhotsk-Chukotka volcanic-plutonic belt. 
Belt contirlucd into Latc Cretaceous. Zone part of Eastc~n Asia rnetallogenic 
bclt. 

Chukotka continental margin arc. Bclt continr~cd into Late Crctaccous. Zonc 
part of  Eastern Asia metallogenic belt. 



- 

(Abbreviation) 

Adycha-Taryn 
(EAAT) zone, 
Eastern Asia- 
Arctic 
Metallogenic Belt 

Omsukchan zone 
(EAOM), Eastern 
Asia-Arctic 
Metal logenic Belt 

Chokurdak zone 
(EACD), Eastern 
Asia-Arctic 
Metallogenic Belt 

Chaun zone (EACN), 
Eastern Asia- 
Arctic 
Metallogenic Belt 

Metallogenic Belt Formed During Late Mesozoic Collision and Accretion of Chukotka Superterrane, Russian Northeast 

Major Mineral Deposits Types. 
(Significant Mineral Deposits) 

Clastic-sediment-hosted Sb-Au, Au-Ag 
epithermal vein, Ag-Sb polymetallic 
vein. 

(Ak-Altyn) 

Au-Ag epithermal vein, Sn polymetallic 
vein, silicate-sulfide, porphyry Sn, 
porphyry Cu-Mo, & others. 

(Nevskoe, Mechta, Dukat). 
Sn polymetallic vein, Sn greisen. 
(Deputatskoe, Churpuunaya) 

Sn polymetallic vein, Sn greisen, Sn 
skarn, Sn porphyry, granitoid-related 
Au. 

(Valkumei, Chechekuyum, Kanelyveen, 
Iultin, Svetloe) 

Chukotka (CH) 

I Chukotka terrane. I Asia. 
Metallogenic Belts Formed in Late Mesozoic Collision and Accretion of Wrangellia Superterrane, Southern Alaska 

Yukon-Tanana 
Upland (YT) 

Wrangell Mountains 
(WR) 

Environment. 
Host Unit. 

Continental-margin arc. 
Transverse extension of 

Okhotsk-Chukotka volcanic- 
plutonic belt. 

Continental-margin arc. 
Okhotsk-Chukotka volcanic- 

plutonic belt. 

Island arc. 
Svyatoy-Nos volcanic belt. 

Continental-margin arc. 
Okhotsk-Chukotka volcanic- 

plutonic belt. 

Au qualtz vein, Sn polymetallic vein. 
(Karalveem, Ozernoe) 

East-Central Alaska 
(older part) (ECA) 
(includes major 
part of Tintina gold 
belt) 

Tectonic Event. 
Comments 

Subduction-related magmatism associated with back-arc part of Okhotsk- 
Chukotka continental margin arc. Belt continued into Late Cretaceous. Zone 
part of Eastern Asia metallogenic belt. 

Subduction-related granitic plutonism that formed the back-arc part of Okhotsk- 
Chukotka continental-margin arc. Orthogonal branch of Okhotsk-Chukotka 
volcanic-plutonic belt. Zone part of Eastern Asia metallogenic belt. 

Subduction-related granitic plutonism that formed the back-arc part of Okhotsk- 
Chukotka continental-margin arc.. 

Subduction-related granitic plutonism that formed the Okhotsk-Chukotka 
continental-margin arc. Correlated with Seward Peninsula metallogenic belt. 
Belt continued into Late Cretaceous. Zone part of Eastern Asia metallogenic 
belt. 

Granitoid-relatcd Au, polymetallic vein, 
porphy~y Cu, Sb-Au vein. 

(Democrat, Fort Knox, Pogo, Kantishna 
district, Manley-Livengood area) 

Collisional 
Veins and granitic plutons in 

interior Alaska. 

Au-quartz vein. 
(Purd~)  

Cu-Ag quartz vein, Kennecott Cu 
(Kathleen-Margaret, Kennecott) 

Collisional. 
Veins and granitic plutons in 

Regional metamorphism and anatectic granitic plutonism mainly in Yukon- 
Tanana terrane associated with final accretion of Wrangellia superterrane to 
North American continental margin. Belt started in late Early Cretaceous. 

Continuing Metallogenic 
Badzhal-Ezop-Khingan (BZ-KH) 
Selwyn (SW) 
Cassiar (CA) 
Whitehorse (WH) - 

Bayonne (BA) 

Regional metamorphism and anatectic granitic plutonism associated with 
accretion of rifted Chukotka passive continental-margin terrane to Northeast 

Belts 
Belt started in late-early Cretaceous. 
Belt started in late Early CretaceousL 
Belt started in late Early Cretaceous. 
Belt started in late Early Cretaceous. 
Belt started-in late Early Cretaceous. - - 

Collisional. 
Veins in Yukon-Tanana terrane. 

Collisional. 
Veins and replacements in Late 
Triassic Nikolai Greenstone 
and Ninzina Limestone, 
Wrangellia sequence, 
Wrangellia superterrane. 

Regional metamorphism and anatectic granitic plutonism mainly in Yukon- 
Tanana terrane associated with final accretion of Wrangellia superterrane to 
North American continental margin. 

Regional metamorphism and vein emplacement associated with accretion of 
Wrangellia superterrane to southern Alaska. 



Lower Amur (LA) I Belt started in late Earlv Cretaceous. 

Tectonic Event. 
Comments 

Metallogenic Belt 
(Abbreviation) 

LATE CRETACEOUS AND EARLY TERTIARY METALLOGENIC BELTS (Campanian through early Eocene - 84 to 52 Ma) (Figures 15,16) 
Continuing Metallogenic Belts 

Sergeevka (SG) 
Taukha (TK) 
Kema (KM) 
Luzhinskv (LZ) 

0 - 
Vostochno-Vcrkhoyansk (EAVV), Eastern Asia metallogenic belt I Belt started in early Late Crctaccous. 
Vcrkhne-Yudomsky I Sn & Ag poly~nctallic vein. I Continental-margin arc. I Subduction-related granitic pluton~sm that formed the back-arc part of Okhotsk- 

Major Mineral Deposits Types. 
(Significant Mineral Deposits) 

Belt started in late Early Cretaceous. 
Belt started in late Early Cretaceous. 
Belt started in late Early Cretaceous. 
Belt started in late Earlv Cretaceous. 

(Yuzhno- 
Verkhoyansk) zone 
(EAVY), Eastern 
Asia-Arctic 
Metallogenic Bclt 

Environment. 
Host Unit. 

Belt started in early Late Cretaceous and possibly extended into early Tertiary. 
Belt started in early Late Cretaceous. 
Belt started in early Late Cretaceous. 
Belt started in early Late Cretaceous. 
Belt startcd in early Late Cretaceous. 
Belt started in early Late Cretaceous. 
Belt started in early Late Cretaceous. 
Belt started in early Late Cretaccous. 
Olyutorka Island Arc, Russian Northeast 
Subduction-related granitic plutonism that formed the Olyutorka-Kamchatka 

island-arc. 

Koryak Highlands (KH) 
Vatyn (VT) 
Okhotsk zone (EAOH), Eastern Asia metallogenic belt 
Adycha-Taryn (EAAT), Eastern Asia metallogenic belt 
Verkhne-~Kolyma zone (EAVK), Eastern Asia metallogenic belt 
Korkodon-Nayakhan zone (EAKN), Eastern Asia metallogenic belt 
Omsukchan zone (EAOM), Eastern Asia metallogenic belt 
Chaun zone (EAC'N) 

Metallogenic Belt Formed in Late Rlesozoic and Early Cenozoic 

Verkhoyansk- 
Indigirka 
(Dulgalak) zone 
(EAVI), Eastcrn 
Asia-Arctic 

Metallogenic Belts Formed in Late Mesozoic and Early Cenozoic Part  of Okhotsk-Chukotka Continental-Margin Arc, Russian Northeast and Western Alaska 
Continuing Metallogenic Belt 

lruneiskiy (IR) 

Metallogenic Bclt 
Anuy i-Bcringovsky 

zonc (EAAB). 
Eastern Asia- 
Arctic 

Porphyry Cu 
(Kirganik) 

(Zarnitsa-Kutinskoe, Khaardak) 

Island arc. 
Irunciskiy tcrrane 

I Back arc part of Okhotsk- I Chukotka continental margin arc. Zonc part of Eastern Asla metallogcnic belt. 

Clastic sediment-hosted Hg, Sb-Au vein. 
(Zagadka, Kyuchyus) 

Au-Ag cpithcrrnal vein, disseminated Au 
sulfide) 

(Valunistoe, Maiskoe)) 

Continental-margin arc. 
Back arc part of Okhotsk- 

Chukotka volcanic-plutonic 
bclt. 

Continental-margin arc. 
Okhotsk-Chukotka volcanic- 

plutonic belt. 

Subduction-related magmatism associated with back-arc part of Okhotsk- 
Chukotka continental margin arc. Zonc part of Eastern Asia mctallogcnic belt 

Subduction-related granitic plutonism that formed the Okhotsk-Chukotka 
continental-margin arc. Zone part of Eastern Asia metallogenic bclt 

Chukotka zonc 
(EACH), Eastern 
Asia-Arctic 

Scdimcnt-hosted Hg, hot-spring Hg, 
volcanic-hosted Hg. 

(Palyanskoe, Plamennoe) 

Continental-margin arc. 
Okhotsk-Chukotka volcanic- 

plutonic belt. 

Subduction-rclated granitic plutonism that formed the back-arc part of Okhotsk- 
Chukotka continental-margin arc. Youngest zonc in Eastern Asia metallogcnic 
belt. 



-- - 
~ e t a l l o ~ e n i c  Belt Major Mineral Deposits Types. Environment. Tectonic Event. 

Seward Peninsula 
(sp)  

I plutonic belt. 
West-Central Alaska I Porphyry Cu. I Continental-margin arc. I Subduction-related granitic plutonism that formed the Okhotsk-Chukotka 

Comments (Abbreviation) 

Northwestern 
Koyukuk Basin 
WWK) 

Sn skarn & greisen, Sn granite, porphyry 
Mo, polymetallic vein, & others. 

(Lost River, Eagle Creek, Death Valley) 

(Significant Mineral Deposits) 

Felsic plutonic U. 
(Wheeler Creek, Clear Creek, Zane Hills) 

(WCA) (Hogatza) continental-margin arc. Eastern extension of Eastcrn Asia metallogenic belt 

Host Unit. 

Continental-margin arc. 
Western Alaska part of 

Okhotsk-Chukotka volcanic- 

I Zn, Au) (Illinois Crcck) 

Metallogenic Belts Formed in Late Mesozoic and Early Cenozoic k uane Continental-Margin Arc. Southern Alaska 

- - 

Subduction-related granitic plutonism that formed the back-arc part of Okhotsk- 
Chukotka continental-margin arc. Eastern extension of Eastcrn Asia 
metallogenic belt. 

plutonic belt. 
Continental-margin arc. 
Western Alaska part of 

Okhotsk-Chukotka volcanic- 

(Indian Mounfain, Purccll Mountain, Zanc 
Hills) 

Manto-rcplaccmcnt dcposit (polymctallic Pn- 

Kuskokwim 
Mountains (KMT) 
(Kuskokwim 
mineral belt) 

Subduction-related granitic plutonism that formed the Kluane continental-margin 
arc. 

Subduction-related granitic plutonism that formed the back-arc part of Okhotsk- 
Chukotka continental-margin arc. Eastern extension of Eastern Asia 
metallogenic belt. 

Western Alaska part of 
Okhotsk-Chukotka volcanic- 
plutonic belt. 

I Creek, Vinasale, Arnold) 
East-Central Alaska, I Sn greisen and vein, tourmaline-topaz- I Continental-margin arc. I Subduction-related granitic plutonism that formed the Kluane continental-margin 

Sn-Cu-Ag greisen, Hg-Sb-Au epithermal 
vein, Au-As polymetallic vein, 
porphyry Mo, porphyry Cu-Au, 
porphyry Au, granitoid-related Au. 

(McLeod, Fox Hills, Chicken Mountain, 
Beaver Mountains, Cirque, 
Tolstoi,Von Frank Mountain, Donlin 

Continental-margin arc. 
Kuskokwim Mountains 

sedimentary and volcanic belt. 

arc. (younger part) 
(ECA) (Includes 
Carmacks belt of 
porphyry Cu-Mo 

Southern Alaska (SA) Porphyry Cu, porphyry Cu-Au, Continental-margin arc. 
polymetallic vein, Ag-Au skarn, Cu- Alaska Range-Talkeetna 

quartz-sulfide greisen, felsic plutonic 
U, W skam, porphyry Cu-Mo. 

(Asarco, Casino Ketchem Dome, Lime 
Peak, Road Metal, Roy Creek, Taurus) 

Subduction-related granitic plutonism that formed the Kluane continental-margin 
arc. 

Yukon-Tanana igneous belt. 

Au-Ag skam. 
(Kijik River, Golden Zone, Nabesna 

River). 

Mountains igneous belt. 

Metallogenic Belts Formed During Early Tertiary Oblique Subduction of Kula-Farallon Oceanic Ridge Under Margin of Southern and Southeastern Alaska 
Maclaren (MC) 

- 
Talkeetna Mounta~ns 

(TM) 
I Talkeetna Formation.. 

Au quartz vcin. 
(Lncky Hill and Timberline Creek) 

Au quartz vein 
(Independence) 

-- 

Extensional. 
Veins in low-grade pall: of 

I Maclaren Glacier metamorphic 
b e l t .  

Extensional. 
Veins in low-grade part of 

Oblique subduction of Kula-Farallon oceanic ridge under margin of southern 
Alaska. 

- 
Oblique subduction of Kula-Farallon oceanic ridge under margln of southern 

Alaska. 



Prince William Sound 
(PW) 

Tectonic Event. 
Comments 

Metallogenic Belt 
(Abbreviation) 

Chugach Mountains 
(CM) 

Baranof (BN) 

Juneau (JU) 

Yakobi (YK) 

Metallogel 
Su~prisc Lake (SL) 

Major Mineral Deposits Types. 
(Significant Mineral Deposits) 

Au quartz vein. 
(Cliff, Alaska Oracle, Crown Point, & 

others) 
Au quartz vein. 
(Chichagoff, Hirst-Chichagof, Bauer, 

Silver Bay, and others) 
Au quartz vein. 
(Jualin, Kensington, Alaska-Juneau, 

Treadwell, Sundum Chief, Gold 
Standard, & others) 

Central-Southeastern 
Alaska (CSE) 

Environment. 
Host Unit. 

Bulklcy (BK) 

Extensional. 
Veins in Valdez Group, 

Chugach terrane. 
Extensional. 
Veins in Valdez Group, 

Chugach terrane. 
Extensional. 
Veins in foliated tonalite sill 

between Wrangellia and 
Stikinia tcrrancs. 

Fish Lakc-Bralorne 
(FLB) 

Oblique subduction of Kula-Farallon oceanic ridge under margin of southern 
Alaska. 

Oblique subduction of Kula-Farallon oceanic ridge under margin of southeastern 
Alaska. 

Oblique subduction of Kula-Farallon oceanic ridge under margin of southeastern 
Alaska. 

Tyaughton-Yalakom 
(TY) 

Garnbier (GB) 

letallogenic Belts Formed During Early 
Bcsshi massive sulfide, Cyprus massivc 

sulfide. 
(Beatson (Latouche), Copper Bullion 

(Rua Cove), Ellamar, Fidalgo-Alaska) 
Gabbroic Ni-Cu 
(Bohemia Basin, Brady Glacier, Mirror 

Harbour, Mt. Fainvcathcr) 
: Belts Formed in Late Cretaceous and 1 
Porphy~y Mo-Cu, Au-Ag poly~nctallic 

vein. 
(Mount Ogden, Red Mountain. Adanac- 

Adcra. Boswell River, & others) 
Porphyry Mo, porphyry Cu. 
(Margerie Glacier, Nunatak. Groundhog 

Basin, Quartz Hill) 
Porphyry Cu-Mo, Au-Ag polymctallic 

vein. 
(Huckleberry, Ox Lakc, Poplar, Red 

Rose, Dome Mountain, & others) 
Porphyry Cu-Mo, porphyry CU-ALI, Au 

quartz vein, Ail-Ag polymetallic vein, 
and relatcd deposit types. 

(Bralornc, Carolin, Fish Lake, Giant 
Copper, Pionecr. Poison Mountain) 

W-Sb poly~netallic vein and Hg-Sb vein 
(Tungsten Qucen) 

Porphyry Cu-Mo, Zn-Pb-Cu skarn. 
(O.K., Gambier Island, HI-MARS) 

:rtiary Spreading Along Kula-Fs 
Oceanic ridgc. 
Prince William tcrranc. 

Oceanic ridge. 
Mafic-ultramafic plutons 

intruding Cliugach terrane. 
rly Tertiary Coast Continental-R 

Continental-margin arc. 
Coast-North Cascade plutonic 

belt. 

Continental-margin arc. 
Coast-North Cascade plutonic 

bclt. 
Continental-margin arc. 
Coast-North Cascade plutonic 

bclt. 

Continental-margin arc. 
Coast-North Cascadc plutonic 

belt. 

Continental-margin arc. 
Vcins intruding Coast-North 

Cascade plutonic belt and older 
units. 

Continental-margin arc. 
Coast-North Cascadc plutonic 

belt. 

llon Oceanic Ridge, Southern and Southeastern Alaska 
Sea-floor spreading along Kula-Farallon oceanic ridge. 

Intn~sion of mafic-ultramafic plutons during oblique subduction of Kula-Farallon 
occanic ridge under margin of southeaster11 Alaska. 

rgin Arc, Southeastern Alaska, and Southern Canadian Cordillera 
Subduction-relatcd granitic plutonism that formcd the Coast continental-margin 

arc. 

Subduction-related granitic plutonism that formed thc Coast continental-margin 
arc. 

Subduction-related granitic plutonism that formcd thc Coast continental-margin 
arc. 

Subduction-relatcd granitic plutonism that formed the Coast continental-margin 
arc. Related to Tyaughton -Yalakom metallogenic bclt of Hg-Au-W-Sb 
polymctallic vein deposits. 

Subduction-related granitic plutonism that formed thc Coast continental-margin 
arc Assoc~ated w ~ t h  Cretaccous to Eocene d ~ k c s  ~ n t n ~ d e d  along Eoccne 
dextral-sl~p faults of the Talakom, Rclay Creek. and Fortress R ~ d g c  faults 
Related to F ~ s h  Lake-Bralorne mctallogen~c belt of  gran~t~c-magmatls111-related 

Subduction-related granitic plutonism that forrned the Coast continental-margin 
arc. 



Metallogenic Belt 
(Abbreviation) 

Catface (CF) 

- 

Metallogenic Belts Formed in Backarc Part of Early Tertiary Coast Continental-Margin Arc, Southern Canadian Cordillera 

I (Anomalnoe) 
Metallogenic Belts Formed in Tertiary Backarc Rifting and Continental-Margin Transform, and Transcurrent Faulting, Russian Southeast 

Kvinumsky (KV) I Hornblende peridotite Cu-Ni, gabbroic I Backarc. I Backarc intrusion related to subduction beneath the Kamchatka Peninsula part of 

Major Mineral Deposits Types. 
(Significant Mineral Deposits) 

Porphyry Cu-Mo-Au, Au-Ag 
polymetallic vein. 

(Catface, Domineer, Privateer) 

S keena (SK) 

Nelson (NS) 

Sredinny (SR) 

Ni-Cu. Mafic igneous intruding 
(Shanuch, Kvinum, and Kuvalorog) Sredinny-Kamchatka 

Central Kamchatka continental margin arc. 

Environment. 
Host Unit. 

Continental-margin arc. 
Granitic plutons intruding 

southern Wrangellia terrane. 

EARLY TO MIDDLE TERTIARY (Middle Eocene through early Miocene - 52 to 23 Ma) (Figures 17, 18) 
Metallogenic Belts Formed in Tertiary Collision of Outboard Terranes, Russian Southeast 

Central Sakhalin (CS) I Au quartz vein and talc I Collisional. I Collisional event during the early Tertiary(?) accretion of outboard terranes to the 
(Langeriiskoe) 
Au quartz vein. 
(Tumannoe) 
Metamorphic REE vein(?). 

Tectonic Event. 
Comments 

Subduction-related granitic plutonism that formed the Coast continental margin 
arc. 

Granitic plutonism occurring during back arc extension or transtension occurring 
continentward of subduction-related Coast continental-margin arc. Related to 
Nelson metallogenic belt. 

Granitic plutonism occurring during back arc extension or transtension occurring 
continentward of subduction-related Coast continental-margin arc. Related to 
Skeena metal logenic belt. 

Porphyry Cu-Mo, porphyry Mo, Ag 
polymetallic vein, Au-Ag polymetallic 
vein. 

(Berg, Lucky Ship, Nanika, Red Bird, 
Kitsault, Equity Silver, & others) 

Ag polymetallic vein, Ag-Pb-Zn manto, 
Au-Ag epithermal vein. 

(Bluebell, Highland Bell, Vault, Dusty 
Mac) 

I vein, clastic sediment-hosted Hg. I East Kamchatka volcanic & I of Northeast Asia continental margin arc. 

Continental-margin arc. 
Coast-North Cascade plutonic 

belt and Kamloops magmatic 
belt. 

Continental-margin arc. 
Eocene plutonic rocks intruding 

Quesnellia terrane. 

Aniva subduction zone terrane. 
Collisional. 
Veins in Sredinny-Kamchatka 

terrane. 

Central Koryak 
(CKY) 

I (Lalankytap, Maleotoivayam) I sedimentary basin. 
Pinchi Lake (PC) I Hg cpithemal vein, Sb-Au vein, silica- I Continental-margin arc(?). I Transcurrent faulting along Cascade volcanic-plutonic belt. 

east. 
Accretion of outboard Olyutorka arc and generation of hydrothermal fluids. 

I carbonate Hg I Shear zone. 1 

Sn polymetallic vein, Au-Ag epithermal 
vein, Hb-Sb vein, porphyry Mo-Cu. 

(Ainatvetkin, Ametistovoe, Lyapgani, 

metamorphic terrane. 
Continental-margin arc. 
Kamchatkak-Koryak volcanic- 

plutonic belt. 

Owl Creek (OC) 

Granitic plutonism associated with transform faulting along the margin of the 
North Asian continent. 

Porphyry Cu-Mo, porphyry Mo, Au 
polymetallic vcin. 

(Harrison Lakc, Bounda~y, Red 
Mountain, Lone Jack, Clear Crcek, 
Owl Creck, & others) 

Continental-mar&' 7111 arc. 
Cascade volcanic-plutonic belt. 

Subduction-related granitic plutonism that for~ned the carly part of Cascade 
contincntal margin arc. Bclt cxtended into Mioccne and Pliocene. 



Continuing Metallogenic Belts 
Alaska Pcn~nsula & Alcut~an Islands (AP) - - - - - - -- - I Belt started in Miocene. - - - - 

Owl Crcck (OC) I Belt startcd in Eocenc. 

Tectonic Event. 
Comments 

Metallogenic Belt 
(Abbreviation) 

MIDDLE TERTIARY METALLOCENIC BELTS (Miocene - 20 to 10 Ma) (Figures 17,18) 
Metallogenic Belts Formed in Tertiary Continental-Margin Arcs, Kamchatka Peninsula, Southern Alaska, and Southern Canadian Cordil lera 

East Kamchatka (EK) 

Central Kamchatka 
(C K) 

Alaska Peninsula & 
Aleutian Islands 

(AP) 

Major Mineral Deposits Types. 
(Significant Mineral Deposits) 

Environment. 
Host Unit. 

Au-Ag epithermal vein. 
(Asachinskoe, Mutnovskoe, Rodnikovoe) 

Au-Ag epithermal vein, porphyry Cu- 
Mo. 

(Ozernovskoe, Aginskoe, Kirganik) 
Au-Ag epithermal vein, porphyry Cu & 

Cu-Mo, polymetaltic vcin. 
(Pyramid, Bee Creek, Apollo-Sitka) 

Continuing Metallogenic 
Olyutor (OT) - - 

Owl Crcck (OC) 

Belts 
Belt started in late Paleogcnc or Miocene. 
Belt started in Eocene and extended into Pliocene. 

Continental-margin arc. 
Central Kamchatka volcanic & 

sedimentary basin. 
Continental-margin arc. 
Central Kamchatka volcanic & 

sedimentary basin. 
Continental-margin arc. 
Alcutian volcanic belt. 

Subduction-related granitic plutonism that formed the Kamchatka Peninsula part 
of Northeast Asia continental margin arc. 

Subduction-related granitic plutonism that formed the Kamchatka Peninsula part 
of Northeast Asia continental margin arc. 

Subduction-related granitic plutonism that formed the Aleutian continental margin 
arc. Belt cxtcndcd into Plioccne and Quaterna~y. 

LATE TERTIARY and QUATERNARY METALLOGENIC BELTS (Pliocene through Present - 4 to 0 Ma) (Figures 17,18) 
Metallogenic Belts Formed in Late Tertiary and QuaternaryContinentaI-Margin Arcs, Kamchatka Peninsula, Southern Alaska, and Southern Canadian  Cordillera 

Sakhalin Island (SH) 

Kuril (KU) 

Silica-carbonate, volcanic-hosted Hg 
deposits. 

(In' River, Inskoe Ostrinskoe, 
Svetlovskoe , Yasnoe) 

Au-Ag epithermal vein, polymetallic 
vcin, Sn vein, sulfur-sulfide, & othcrs. 

(Novoe, Prasolovskoe, Koshkina, 
Valentinovskoe) 

Rear of n continental-margin 
arc? 

Shear zones. 

Continental-margin arc. 
Kuril volcanic-plutonic belt. 

Backarc spreading behind Kuril arc? 

Subduction-related granitic plutonism that formed the Kuril Island part of 
Northeast Asia continental niargin arc. 



TABLE 4. Significant lode deposits, locations, and major metals for major Proterozoic and Phanerozoic metallogenic 
belts in the Russian Far East, Alaska, and the Canadian Cordillera. Refer to Figures 2-18 for location of  
metallogenic belts. For each time interval (time-stage), metallogenic belts are listed in a clockwise order, according 
to similar tectonic environments, starting with the area of  the Russian Southeast and ending with the area of  the 
southern Canadian Cordillera. Attributes of  lode deposits and characteristics of  metallogenic belts are defined and 
adapted from Nokleberg and others (1997a, b, 1998b) and as  modified herein. Abbreviations given for 
metallogenic belts as  depicted on generalized maps o f  metallogenic belts and host rocks (Figures 2-18) and on 
metallogenic-tectonic model for Devonian through Present (Figures 19-32). For each metallogenic belt, mineral 
deposits listed in alphabetical order. Most major mineral deposits for the Yukon Territory (northwest Canadian 
Cordillera) have deposit numbers from the MlNFlLE o f  the Yukon Geological Survey (Dekelerk, 2002) listed in 
parens after the deposit name. These deposits descriptions can be accessed from the Yukon Geological Survey 
MINFILE Web site at: http:llwww.geology.gov.yk.ca/minfilel. Most major mineral deposits for British Columbia 
(southwest Canadian Cordillera) have deposit numbers from MINFILE (2002) listed in parens after the deposit 
name. These deposit descriptions can be accessed from the MINFILE Web site at 
www.em.gov.bc.ca/mining/geo~su~/minfilel. 

Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 
PROTEROZOIC (2500 T O  570 Ma) 

Oroek Metallogenic Belt of Ironstone and Sediment-Hosted Cu Deposits (Middle and Late Proterozoic) 
West-Central Part of Russian Northeast (Belt OK) 

Oroek Sediment-hosted Cu Cu 6 4 " 5 4 ' ~  1 52'48'~ 
Pobeda Ironstone Fe 6 5 " 4 3 ~  152'1 2'E 
Lantarsky-Dzhugdzhur Belt of Anorthosite Apatite-Ti-Fe and Gabbroic Ni-Cu (PGE) Deposits (Mesoproterozoic), Southern 
Part of Russian Northeast (Belt LD) 
Bogidcnskoe Anorthosite apatite Ti-Fe Ti, P 5 5 ' 3 8 ~  133'42'~ 
Dzhaninskoe Anorthosite apatite Ti-Fe Ti, P 554 1 'N 1 34*09'E 
Gayumskoe Anorthosite apatite Ti-Fe Ti, P 5 5 2 3 ' ~  134-1 5'E 
Maimakanskoe Anorthosite apatite Ti-Fe Ti, P 5 5 " 3 7 ' ~  1 3 4 4 0 ' ~  
Avlandzhinsky, Kontaktovy, Gabbroic Ni-Cu Cu-Ni-Co-PGE Cu, Ni, PGE 58*08'N 137'55'~ 
Nvandomi. Odorin. Ozernv. 

Ulkan Metallogenic Belt of Felsic Plutonic REE Deposits (Mesoproterozoic), 
southeastern Part of Russian ~ o r t h e a i t  (Belt UL) 

Ulkanskoe Felsic plutonic REE REE, Be, Zr 56-1 9'N 1 3 4 ~ 4 9 ' ~  
Bilyakchan Metallogenic Belt of Sediment-hosted Cu and basalt Cu Deposits (Mesoproterozoic and Neoproterozoic), 

Southeastern Part of Russian Northeast (Belt BI) 
Dzhagdag Basaltic Cu Cu 57 '22 '~  137"13'E 

Omolon Metallogenic Belt of Ironstone (Superior Fe) Deposits (Archean to Early Proterozoic) 
Central Part of Russian Northeast (Belt OM) 

Verkhny-Ornolon Ironstone Fe 63'2 1 'N 1 58 '22 '~ 
Kilbuck Metallogenic Belt oflronstone (Superior Fe) Deposits (Early Proterozoic), Southwestern Alaslia (Belt KI) 
Canyon Creek Ironstone Fe 59"38'N 16 lL'08'W 

Sinuk River Metallogenic Belt of Stratiform Massive Sulfide-Barite and Stratabound Fe and Mn Deposits 
(Late Proterozoic or older), Western Alaska (Belt SR) 

Aurora Creek Kuroko massive sulfide? Zn, Pb, Cu, Ba, Ag, 64 '46 '~ 1 6 4 ' 5 8 ' ~  
Au 

American, Bear, Cub, Monarch Stratabound Fe-Mn Fe, Mn, F 6 4 ' 4 8 ~  165 '24 '~  
Gillespie Metallogenic Belt of SEDEX Pb-Zn Deposits (Early Proterozoic), Yukon Territory (Belt GE) 

Blende Sedimentary exhalative Pb-Zn Zn, Cu, Pb, Au, Ag 64 '25 '~  1 3 4 - 3 0 ' ~  
Hart River Sedimentary exhalative Zn-Cu- Zn, Cu, Ag 64 '39 '~ 136 '51 '~  

Ph 



Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Wernecke MetaUogenic Belt of U-Cu-Fe (Au-Ca) Vein And Breccia &posits (Early Proterozoic), Yukon Territory (Belt WR) 
Dolores U-Cu-Fe (Au-Co) vein and Cu, Co, Au 64 54'N 1 3 3 ' 3 1 ' ~  

breccia 
U-Cu-Fe ( A d o )  vein and Cu, Au, U, Co 6 5 ' 0 3 ~  134.38'~ 
breccia 

Irene U-Cu-Fe (AwCo) vein and Cu, U 65-05W 1 3 6  1 5'W 
breccia 

Pagisteel U-Cu-Fe (Au-Co) vein and Fe, Cu 6 4 ' 5 0 ~  134' 1 8 W 
breccia 

Porphyry U-Cu-Fe (Au-Co) vein and C y Au. U. Co 64*55"N 133'1 5 ' ~  
breccia 

Slab M u - F e  (Au-Co) vein and Cu, Au, U, Co 6 5 . 0 ~  1 3 4 ' 0 2 ~  
hrcccir 

Rapitan Metallogenic Belt of Sedimentary Iron Formation Deposits (Neoproterozoic), Central Yukon Territory 
(Belt RA) 

Crest Iron Tronstone Fe 6 5 . 1 5 ~  1 3 3 ' 0 0 ~  
Redstone Metallogenic Belt of Sediment-Hosed Cu-Ag Depasits (Neoproterozoic). Central Yukon Territory (Belt RS) 
Coates Lake (Redstone) Sediment-hosted Cu Cu, AI 6 2 ' 4 2 ~  126 '38 '~  
June Creek (Baldwin, Shell) Sediment-hosted Cu Cu, ~g 6 3 ' 4 9 ~  1 2 7 4 6 ' ~  

Big Ledge (Pingston Creek) SEDEX Zn-Pb 
(082LSE 012) 
Cottonbelt SEDEX Pb-Zn 
Mount Copeland (082M 022) Porphyry Mo 
River Jordan (King Fissure) SEDEX Zn-Pb 

Zn, Pb 50'29'N 1 18*03'W 

Pb, Zn, Ag 5 1 1 7 ~  1 1 8 . 4 9 ' ~  
Mo 51*08'N 1 1 8 ' 2 8 ' ~  
Pb, Zn, Ag 5 !'o~w 1 1 8 ' 2 5 ' ~  

Ruddock Creek (082M 084) SEDEX Zn-Pb Zn. Pb, Ag 5 1 2 7 ' ~  1 1 8 - 5 7 ' ~  
Purcell Metallogenic Bdt  of SEDEX Zn-Pb-Ag Deposits (Middle Proterozoic), Southern British Columbia (Belt PR) 

Moyie (St. Eugene) (082GSW Ag polyrnetallic vein Pb, Ag 49'1 71\1 I 1 5 ' 5 0 ' ~  
025) 
Sullivan (Kimberley) (082GSW SEDEX W-Zn Pb, Zn, Ag 4 9 . 4 3 ~  1 16'00'W 
049-5 I) 
Vine Ag-Au polymetallic vein Pb. Zn, Ag, Au 4 9 ' 2 4 ~  l l 5 ' 4 9 ' ~  

Clark Range Metabgenie Belt of Sediment-Hosted Cu-Ag Deposits (Mesoproterozoic) 
Southern British Columbia (Belt CR) (Various eecurrences; no significant deposits) 

CAMBRIAN THROUGH SILURl AN (570 to 408 Ma) 
Vomesenka Metallogenic Belt of Korean Pb-Zn Deposits (Cambrian), Southern Part of Russian Southeast (Belt VZ) 
Chernyshevskoe Korean Zn massive sulfide Zn, Pb 4 4 . 2 4 ~  1 33-17'~ 
Voznesenka-I Korean Zn massive sulfide Zn 44'1 8'N 132'08'~ 
Kabarga Metallogenic Belt of Ironstone (Superior Fe) Deposits (Early Cambrian), Southern Russian Southeast (Belt KB) 
Ussuri deposits Ironstone Fe 45-1 8'N 133-38'~ 
South Khingan Metallogenic Belt of ironstone (Superior Fe) Deposits (Late Pr~erozo ic  and Early Paleozoic), Southern part of 
Russian Southeast (Belt SK) 
South-Khingan ironstone Fe 4 8 ' 3 9 ~  13 1'53'~ 

Gar  Metallogenic Belts of Volca~ogenic Fe Deposits and Stratiform Cu and Pb-Zn Deposits (Late Proterozoic) 
Western Part of R ~ s s i a n  SOutheast (Belt GA) 

Chagoyan Stratiform Pb-Zn I%, 2 %  Ag 52*19'N 12832% 
Gar Volcanogenic Fe Fe 5 2 ' 3 4 ~  129'04% 
Kamenushinskoe Cu massive sulfide Cu. FeS 5 2 ' 4 3 ~  129'07% 

Galam MetaUogenic Belt of Volcaaogeoic Fe, Voleaoogenic Mn, and Sedimentary P Deposits (Cambriao) 
Northern Part  of Rnssian Southeast (Belt GL) 

Galamskoe Volcanogenic Fe Fe 5 3 . 3 ~ ~  1 33.56% 
Gerbikanskoe 
Ir-Nimiiskoe- I 
Ir-Nimiiskoe-2 
Itmatinskoe 
Kurumskoe 
Lagapskoe 

- 
Volcanogenic Fe Fe 
Volcanogenic Mn Mn 
Sedimentary phosphorite P 
Volcanogenic Fe Fc 
Volcanogenic Fe Fe 
Sedimentary phosphorite P 



Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Volcanogenic Fe Fe 54"04'N 134"08'E 
, Nelkanskoe Sedimentary phosphorite P 54" 1 8'N 134'59'~ 

North-Shantarskoe Sedimentary phosphorite P 55"09'N 137-35 '~ 
Omulevka River Metallogenic Belt of Austrian Alps W and Kipushi Cu-Pb-Zn Deposits (Middle ~rdovic ian)  

West-Central Part of Russian Northeast (Belt OR) 
Omulev Austrian Alps W W 6 4 " 1 3 ' ~  148-23'~ 
Vesnovka Kipushi Cu-Pb-Zn Cu, Pb, Zn, Ge 6 4 - 3 2 ' ~  149'~23'E 

Rassokha Metallogenic Belt of Basaltic Cu and Sediment-Hosted Cu Deposits (Ordovician), 
Western Part of Russian Northeast (Belt RA) 

Agyndja Basaltic Cu and sediment-hosted Cu 65" 13'N 148"02'E 
Cu 

Dzhardzhan River Metallogenic Belt of Southeast Missouri Pb-Zn, Sediment-Hosted Cu and Sandstone-Hosted U 
deposits 

(Late Proterozoic through late Paleozoic), Northern Part of Eastern Siberia (Belt DZR) 
Aga-Ku kan Southeast Missouri Pb-Zn and Pb, Zn, Cu 6 9 - 0 4 ' ~  126b6'E 

sediment-hosted Cu 
Kyongdei Sediment-hosted U U 7 1 *27'N 127-20 '~ 
Manganiler Southeast Missouri Pb-Zn Pb, Zn 7 1 - 4 0 ' ~  1 2 7 ~ 1 8 ' ~  

Anvil Metallogenic Belt of SEDEX Zn-Pb-Ag Deposits (Cambrian to Silurian), Southern Yukon Territory (Belt AN) 
Faro (Anvil) SEDEX Pb-Zn Zn, Pb, Ag 62 '22 '~  1 33"22'W 
Swim (Sea, SB) SEDEX Pb-Zn Zn, Pb, Ag 62-1 3'N 1 3 3 ' 0 2 ' ~  
Vangorda Creek (Grum, Firth, SEDEX Pb-Zn Zn, Pb, Ag 62"14'N 133"02'W 
DY) 

Howards Pass Metallogenic Belt of SEDEX Zn-Pb Deposits (Silurian), Southern Yukon Territory (Belt HP) 
Anniv SEDEX Pb-Zn Zn, Pb 62-34'N 1 2 9 ~ 3  1 'W 
Howards Pass SEDEX Pb-Zn Zn, Pb 62 '28 '~  1 2 9 ' 1 0 ' ~  

Kootenay Metallogenic Belt of Carbonate o r  Sediment-Hosted Deposits (Cambrian), 
Southern British Columbia (Belt KO) 

Duncan Lake Area (082KSE SEDEX Zn-Pb Pb, Zn 5 0 ' 2 2 ' ~  1 1 6 ' 5 7 ' ~  
023) 
H.B. (Zincton) SEDEX Pb-Zn Zn, Pb, Ag 49'09% 1 17'1 2'W 
Jersey SEDEX Pb-Zn(?) Zn, Pb, Ag 4 9 ' 0 6 ~  1 1 7'1 3'W 
Mastadon (J&L) (082M 005) SEDEX Pb-Zn(?) Zn, Pb, Au, Ag 5 1°15'N 1 1 8"07'W 
Reeves-MacDonald (Reemac) Southeast Missouri Pb-Zn Zn, Pb, Ag 4 9 e 0 2 ' ~  1 17'2 1 'W 

Prince of Wales Island Metallogenic Belt of Continental-Margin Arc-Related Deposits (Ordovician and Silurian) 
Southeastern Alaska (Belt PW) 

Dawson Polyrnetallic vein Au 55O28'~ 1 3 2 ' 4 2 ' ~  
Kasaan Peninsula (Mount Cu-Fe skarn Cu, Fe 55*31'N 132"18'W 
Andrew) 
McLean Arm district Porphyry Co-Mo Co, Mo 5 3 2 9 ' ~  132"01DW 
Salt Chuck Zoned mafic-ultramaficCu-Au- Cu, Pd, Pt, Au 5 5 - 3 8 ' ~  1 3 2 - 3 4 ' ~  

PGE 
MIDDLE AND LATE DEVONIAN (387 to 360 Ma) 

Yaroslavka Metallogenic Belt of Fluorite and Sn Greisen Deposits (Late Cambrian) 
Southern Part of Russian Southeast (Belt YA) 

Vomesen ka-I1 Fluorite greisen Fluorite 44'1 I'N 132"08'E - 
Yaroslavskoe Sn greisen Sn 4 4 ' 1 6 ' ~  132"13'E 

Kedon Metallogenic Belt of Au-Ag Epithermal Vein, Porphyry Mo, Fe Skarn, and Associated Deposits (Middle 
-~~ 

Paleozoic) 
Central Part of Russian Northeast (Belt KE) 

Grisha Au-Ag epithermal vein Au, Ag 63 '48 '~  159'28'~ 
Kubaka Au-Ag epithermal vein Au, Ag 63O44'N 160~0 1 'E 
Obyknovennoe Au-Ag epithermal vein Au, Ag 64-5 2'N 1 5 8 3  YE 
Olcha Au-Ag epithermal vein Au, Ag 6 4 - 5 7 ' ~  1 5 6 2 6 ' ~  
Tumannaya Au-Ag epithermal vein A 4  Ag 64' 1 6'N 1 60"02'E 
Vechernee Porphyry Mo-Cu Mo, Cu 63"29'N 1 58"50'E 
Yolochka Au-Ag epithermal vein Au, Ag 6 3 " 3 3 ' ~  1 5 9 ~ 3 8 ' ~  
Zet Au-Ag epithermal vein Au, Ag 65" 1 8'N 1 5 6 5 7 ' ~  

Eastern Seward Peninsula (Kiwalik Mountain)Belt of Kuroko Massive Sulfide Deposits (Middle Paleozoic) 
Northern Alaska (Belt ES) (No significant deposits) 



Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Bear Mountain 
Esotuk Glacier 
Galena Creek Pdyrnetallic vein ,+% Cu, Zn, Pb, Ag 6 8 . 2 3 ~  142 '02 '~  
Geroe Creek Porphyry Cu-Mo Cu, MO 67'4 1 'N 14gW49W 
Jim-Montana Cu-Zn skam Cu. Zn, A&, Pb 6 7 . 4 5 ~  1 4 9 ' 0 5 ~  
Mount Igikpak and Arrigetch Polymetallic vem, Au quara Cu, Pb, Zn, A& Au, 67'26'N 1 5 4 ~ 0 7 ' ~  
Peaks vein, Sn skarn. Cu-Pb-Zn h Sn, W. As 
Porcupine Lake Pdyrnetallic vein(?) 
Romanzof Mountains Polymetallic vein. Pb-Zn and Pb, Cu, Zn,klo* Sn, 

possibly Sn s k m  Ag,F ' * 
Au, Sb, 6 7 3 6 ~  1 4 9 " 5 0 ~  Sukakpak Mountain Sb-Au vein 

Victor, Venus, Evelyn Lee, and f orphyry Cu and Cu vkarn Cu, 4% Mo 6 7 ' 3 8 ~  149"20'~ 
Ebo 

polymetallic gold vein 
McGinnis Glacier Kuroko massive sulfide 
Miyaoka, Hayes Glacier Kuroko massive sulfide 

Ecstall (103H O l  I) Kuroko Zn-Pb-Cu mslsivc Zn, Cu, Au, Pb, Ag, 5 3 ' 5 2 ~  129'3 I'W 
sulfide Fe 

Red River Kuroka massive sulfide Cy Mo 55'04'~ 130'3 1 'W 
Sumdum Kuroko masivt  sulfide(?) Ag. Cu. Zn 57*47'N 133'28'~ 
Sweetheart Ridge Kuroko massive sulfide Ag. Au, Cu, B, Zn 57.55% 1 3 3 ' 3 7 ~  

Mount Sicker Metallogenic 8elt of Kuroko Volcanogenlc Massive Sulfide Zo-CwPb-Au-Ag Deposits 
(Devonian), Vancouver Island (Belt MS) 

Mount Sicker (Lenora-Tyee h r o k o  massive sulfide Cu, h A$ 4 8 ' 5 2 ~  1 2 3 ' 4 ~ ~  
(092b 00 I ) ,  Twin J, Lara (OPZB 
129), Copper Canyon) ( . 

Myra Falls (Lynx, Myra, Price, Kuroko massive sulfide Zn, Cu, Ag, Au 4 9 . 3 4 ~  125'36'~ 



Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

HW) (092F 330) 
Kootenay-Shuswap Metallogenic Belt of Volcanogenic Zn-Pb-Cu-Ag-Au Massive Sulfide Deposits 

(Devonian and Mississippian), Southern British Columbia (Belt KS) 
Chu Chua (082P 140) Cyprus massive sulfide Cu, Zn, Ail, Ag 5 1'23'~ 120'04'~ 
Goldstream (Pat) (082M 14 1) Besshi massive sulfice Cu, Zn, Ag 5 1 ~ 3 8 ' ~  1 1 8 ' 2 6 ' ~  
Harper Creek (082M 009) kuroko massive sulfide Cu, Ag, Au 5 1'3 1 'N 1 19 '49 '~  
Homestake (Squaam Bay) (082M kuroko Zn-Pb-Cu massive Ag, Pb, Zn, Au, Cu, 5 lC'07% 1 1 9 ~ 5 0 ' ~  
025) sulfide Ba 
Rea (Hilton) kuroko Zn-Pb-Cu massive Ag, Pb, Zn, Au, Cu 5 1~09% 1 19 ' 49 '~  

sulfide 
Rexspar (Birch Island) Felsic plutonic U-REE U, F, Sr, REE, Th 5 154% 1 19 '54 '~  

Khamna River Metallogenic Belt of Carbonatite-Related Nb, Ta, and REE Deposits (Devonian), 
Southern Part of Eastern Siberia (Belt KR) 

Gomoe Ozero Carbonatite-related REE REE, Ta, Nb 59'56'~ 137*00'~ 
Khamna Carbonatite-related REE REE, Nb 5 9 2 3 ' ~  136'25'~ 

Sette-Daban Range Metallogenic Belt of Southeast Missouri Pb-Zn, Sediment-Hosted Cu, and Basaltic Cu Deposits 
(Late Proterozoic), Southern Part of Eastern Siberia (Belt SD) 

Dzhalkan Basaltic Cu Cu 63'38'~ 136'38'~ 
Kurpandja Sediment-hosted Cu Cu 63O31'N 137'01'~ 
Lugun Southeast Missouri Pb-Zn Pb, Zn 59*08'N 1 3 6 ~ 3 9 ' ~  
S a k ~ ~ r  Southeast Missouri Pb-Zn Zn, CaF, 6 2 2 3 ' ~  1 38'22'~ 
Sardana Southeast Missouri Pb-Zn Pb, Zn 6 0 ~ 0 6 ' ~  1 3 6 2 5 ' ~  
Segenyakh Southeast Missouri Pb-Zn Pb, Zn, CaFz 6 3 ' 1 0 ~  137'5 I'E 
Urui Southeast Missouri Pb-Zn Pb, Zn 59*52'~ 13627 '~  

Selennyakh River Metallogenic Belt of Southeast Missouri Pb-Zn, Stratabound Hg and Au, and Pb-Zn Vein Deposits 
(Devonian to Permian), Northwestern Part of Russian Northeast (Belt SEL) 

Chistoe Pb-Zn vein Pb, Zn 68'12% 1 4 1 ~ 2 6 ' ~  
Gal-Khaya Carbonate-hosted Hg Hi3 6 8 ' 5 3 ~  140~18' 
Khatynnakh-Sala Au quartz vein Au 68O18'N 141'24'~ 
Kondakovskoe Southeast Missouri Pb-Zn Pb, Zn 69-19'N 149'49'~ 

Tommot River Metallogenic Belt of Carbonatite-Related Nb, Ta, and REE Deposits (Devonian to Mississippian) 
Northwestern Part of Russian Northeast (Belt TO) 

Tomrnot Carbonatite-related REE (Ta, REE, Ta, Nb 68'24'~ 14 1'14'~ 
Nb) 

Urultun and Sudar Rivers Metallogenic Belt of Southeast Missouri Pb-Zn, Carbonate-Hosted Hg, Basaltic Cu 
and Volcanogenic Mn Deposits (Devonian and Carboniferous), West-Central Part of Russian Northeast (Belt URS) 

Batko Basaltic Cu Cu 63'25% 149'42'~ 
Lyglykhtakh Sedimentary Mn Mn 62'59% 15 1'20'~ 
Prizovoe Bedded barite Ba 63'29'~ 149'34'~ 
Prolivnoe Southeast Missouri Pb-Zn Pb, Zn 6 3 ' 3 0 ~  149'1 8'E 
Uochat Carbonate-hosted Hg Hg 6 3 2 5 ' ~  148-45'~ 
Urultun Southeast Missouri Pb-Zn Pb, Zn 63'40'~ 1 4 8 ~ 4 2 ' ~  

Yarkbodon Metallogenic Belt of Southeast Missouri Pb-Zn Deposits (Late Devonian to Mississippian) 
Central Part of Russian Northeast (Belt YR) 

Slezovka Southeast Missouri Pb-Zn Pb, Zn 66'5 1 'N 1 5 3 ~ 5 4 ' ~  
Gomoe Southeast Missouri Pb-Zn Pb, Zn 66'36% 1 54-1 9 ' ~  

Berezovka River Metallogenic Belt of Kuroko Massive Sulfide and Sulfide Vein Deposits 
(Late Devonian to Mississippian), Central Part of Russian Northeast (Belt BE) 

Berezovskoe Kuroko massive sulfide and Pb, Zn, Cu, Ag 66b3'N 157-2 I'E 
sulfide vein 

Mystic Metallogenic Belt of SEDEX Massive Bedded Barite and Southeast Missouri ~ b - ~ n  Deposits 
(Devonian and Mississippian), West-Central Alaska (Belt MY) 

Gagaryah SEDEX massive bedded barite Cu. Ba 6 1 b9 '~  1 54 '28 '~  
Reef Ridge Southeast Missouri Pb-Zn Zn, Pb 63'29% 1 54 '20 '~  

Northern Cordillera Metallogenic Belt of Southeast Missouri Zn-Pb Deposits (Late Proterozoic to Devonian) 
Central Yukon Territory (Belt NCO) 

Bear-Twit Southeast Missouri Pb-Zn Zn, Pb 64'03'~ 129'25'~ 
Gayna River Southeast Missouri Pb-Zn Zn, Pb 64'56'N 130'41'W 
Goz Creek Area (Barrier Reef) Southeast Missouri Pb-Zn Zn, Pb 64'23'~ 1323 I ' W  
Rusty Springs (Termuende) Southeast Missouri Zn-Pb-Ag Ag, Zn, Cu 66'30'~ 140"20 '~  



Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Dempster Metallogenlc Belt of SEDEX Ba, SEDEX Ni-Zn-PGE-Au, Kuroko Zn-Pb-Cu Massive Sulfide DeposL 
(Devenian and Mississippian), Central Yukon Territory (Belt DE) 

Mag Kuroko Zn-Pb-Cu masslve Zn, Pb, Cu, Ag, Au 64.0175 134'28'~ 
sulfide 

Nick SEDEX Ni-Zn Ni, Zn, PGE 64 .43~  1 3 5 . 1 3 ~  
Macmillan Pass Metallegenie Belt of SEDEX Zn-Pb-Ag-Ba Deposits (Devonian and Early Mississippian) 

Central Yukon Territory (Belt MP) 
Cathy (Bar, Walt, Hess) SEDEX Ba Ba, (Pb, Zn, Ag) 63'1 7W 1 3 0 ' 3 3 ~  
Gravity (BA) SEDEX BP Ba 6 3 b 4 ' ~  1 2 8 ' 5 2 ~  
Jeff (Naomi, Baroid) SEDEX Ba Ba 6 3 . 3 ~ ~  1 2 9 ' ~  
MacMillan Pass (Tom, Jason) SEDEX Pb-Zn Pb. Zn, Ag, Ba 63'10'~ 1 3 0 ~ 1 2 ~  
Moose (Spartan, Rac~cot) SEDEX Ba Ba 63-04'N 130'12'~ 
Oro (Buc, Mar, Dar, Tang) SEDEX Ba Ba 62'37~ 1 29'46'~ 
Tea (Broc k) . -SEDEXBa Ba 63'0 1'N 1 30.37'~ 

Finlayson Lake Metenogenic Belt of SEDEX Zn-PbAg-Ctt-Au Deposits (Devonian and M1JJissipphn) 
Southern Yukon Territory (Belt FL) 

Matt Berry SEDEX W-Zn Pb, Zn, Ag, Cu, Sb 61 .29~  129.24'~ 
Liard Metallogenic Belt of Southeast Missouri Ba-F Deposits (DwanIan), Southern Yukon Territory (&It LI) 

Legui I Bedded Ba Ba 5 9 ' 4 6 ~  1 2 7 ' 1 2 ~  - 
Lower Liard Southeast Missouri Ba-F F, Ba 59.2'2~~ 126'05'~ 

Gataga Metahgenic Belt of SEDEX Zn-Pb-Ag-Bn Deposits (Devonian and Mississippian), 
- - 

Northern British Columbia (Belt GA) 
Akie SEDEX Zn-Pb Zn. Pb, Ag, Ba 57 .13~  1 2 4 ' 2 9 ~  
Cirque (Stronsay) (094F 008) SEDEX Pb-Zn W, Zn, Ag, Ba 5 7 ' 3 1 ~  1 2 J 0 9 w  
Driftpile Creek (Saint, Roen) SEDEX Pb-Zn Pb. Zn, Ba 5 8 ' 0 5 ~  1 2 5 5 4 ~  
( 0 9 4 ~  066) 

Robb Lake Metallogeric Belt of Seutheast Missouri Zn-Pb-Ag Deposits (Devodm), 
Southern Northern Columbia (Belt IU) 

Robb Lake Southeast Misso*, Pb-Zn Zn, Pb 57'22W 123'52'~ 
Southern Rocky Mountains Metallagenic BeJ4 of Stratabound Bar i t e -Magnr l ( eCyp  Deposits 

(Early Paleozoic through Triassic), Southern Bridioh Columbia (Be&.SRM) 
Brisco Area Ba vein and bmcie Ba 50'50'N 
Forgetmenot Pass Stratbound gypsum Gypam 53 .45~  
Kootenay R~ver Gypsum Strati form gypsum Gypsum soS34'N 
Lussier River (United Gypsum) Stsatifom gypsum Gypsum 5 0 ' 0 3 ~  
Marysville (082JNW 001) Stratiform rnagnesite Magnesite 4 9 * 3 6 ~  
Mount Brussilof (Baymag) Stratabound Mg Magnesite 50*471\3 
Parson (O82N 002) Barite vein and gypsum Ba 51'0175 
Windemere Creek (Western Stratiform gypsum Gypsum 50.29~ 
Gypsum) 
lngenika Metallogenic Belt of Southeast Missouri Zn-Pb-Ag Deposits @evoaian?), Southern British Columbia (Belt IN) 

Susie, Beveley and Regent Southeast Missouri Pb-Zn Pb, Zn, Ag, Ba 56-09?J 125"03'W 
Cathedral Metallogenic Belt of Southeast Missouri Zn-PbAg Deposits (Devonian?), Ssstsern British Columbia &It 

CA) - - 
Monarch (Kicking Horse) Southeast Missouri Zn-Pb-Ag Zn, Pb, Ag 5 1 ' 2 5 ~  Il&!6'jV 

IMISSISSIPPIAN (369 to 328 Me) 
Northwestern Brooks Range MetaYogenlc Belt of SEI)EX h - P b ,  Knroko Masrivt Sulfide, Bedded Barite, and 

Vein Sulfide Deposib ~lsJ l rs lpplan  and Pe~rsylvaaian), Northwestern Al.skn NBR) 
Drenchwater Sedimentary Zn-Pb and (or) Zn. Pb. Ag 68 .34~  1 5 8 4 1 ~  

h o k o  massive sulfide 
Frost Cu-Zn-Pb-Ba vein Cu. Zn, Pb, barite 6 7 ' 2 8 ~  161'35'~ 
Hannum Creek Metamorphosed SEDEX Zn-Pb? Pb, Zn, Ag 6.5'56'~ 1 6 3 ' 2 1 ~  
Lik SEDEX Zn-Pb-bartte Zn, Pb, Ag, Barite 68'1 2 1 ~  I 6 3 ' 0 ~ ~  
Nimiuktuk Bedded barite Barite 68'24'~ 159 '54 '~  
Omar Kipushi Cu-Pb-Zn Cu, Pb, Zn, Ag, CO 67'30'N 16 l * ~  
Red Dog Creek SEDEX Zn-Pb-barite Zn, Pb, Ag, Ba 6 8 ' 0 4 ~  1 6 i 5 0 ~  
Story Creek Pb-Zn-Au-Ag vein Pb, Zn, Ag. Au 6 8 . 2 2 ~  157'56'~ 
Whoopee Creek Zn-Ag-Au vein ih, A g  Au. 68'14115 1 5 f  SI'W 



Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

PENNSYLVANIAN (320 to 286 Ma) 
Laoelin-Grodekovsk Metallogenic Belt of Porphyry Cu-Mo and Au-Ag Epitbermal Vein Deposits (Permian) 

Southern Part of Russian Southeast (Belt LC) 
Baikal Porphyry Cu-Mo Cu, Mo 44" 1 2'N 1 3 1 *06'E 
Komissarovskoe (Vorob'eva plad) Au-Ag epithermal vein Au, Ag 4 4 - 3 4 ' ~  13 1 ~ 2 7 ' ~  

Aluchin Metallogenic Belt of Podiform C r  Deposits (Middle Paleozoic o r  older), 
Central Part of Russian Northeast (Belt AC) 

Teleaeut Podiform Cr Cr, Ni 6 6 ' 2 9 ' ~  164'49'~ 
Ust-Belaya Metallogenic Belt of Podiform C r  Deposits (Early Paleozoic), 

Northeastern Part of Russian Northeast (Belt UB) 
Ust-Belaya Podiform Cr Cr, PGE 6 5 ' 2 7 ~  173'04'~ 

Alaska Range-Wrangell Mountains Metallogenic Belt of Granitic Magmatism Deposits (Pennsylvanian and Permian) 
Central and Eastern-Southern Alaska (Belt ARW) 

Chistochina District Porphyry Cu and polymetallic Cu, Pb, Ag, Au 63'05% 1 4 4 2 7 ' ~  
vein 

Rainbow Mountain Porphyry Cu Cu, Ag 63-20% 145'4 I'W 
Rainy Creek District Cu-Ag skarn Cu, Ag, Au 63'20% 1 4 6 ~ 0 2 ' ~  
Slate Creek Porphyry Cu(?) Cu, Ag, Au 63'09% 1 4 4 ~ 4 8 ' ~  

Ketchikan Metallogenic Belt of Kuroko Massive Sulfide Deposits (Pennsylvanian? o r  Permian?) 
Southeastern Alaska ( B ~ I ~ K K )  

Moth Bay Kuroko massive sulfide Cu, Pb, Ag, Au 55'18'~ 13T21'W 
LATE TRIASSIC (Carnian through Norian - 230 to 208 Ma) 

Farewell Metallogenic Belt of Cabbroic Ni-Cu-PGE Deposits (Late Triassic), Western Alaska (Belt FW) 
Farewell District (Gargaryah, Gabbroic Ni-Cu-PGE Ni, Cu, PGE 62-14% 1 5 4 ' 3 0 ' ~  
River Roberts, Straight Creek) 

Kodiak Island and Border Ranges Metallogenic Belt of Podiform C r  Deposits (Late Triassic, Early o r  Middle Jurassic) 
Southern Coastal Alaska (Belt KOD) 

Bernard Mountain, Dust Podiform Cr Cr, PGE 61~32% 145'09'~ 
Mountain 
Claim Point Podiform Cr Cr 59'12'~ 15 1 ' 4 9 ' ~  
Halibut Bay Podiform Cr Cr 57'22% 154 '36 '~  
Red Mountain Podiform Cr Cr 59'22% 15 1 ' 3 0 ' ~  
Spirit Mountain Gabbroic Ni-Cu Ni, Cu, Co, Ag 61'19 '~ 1 4 4 ~ 1 3 ' ~  

Eastern Alaska Range Metallogenic Belt of Gabbroic Ni-Cu and Besshi Massive Sulfide Deposits (Late Triamlc) 
Southern Alaska and Northwestern Canadian Cordillera (Belt EAR) - 

Denali Besshi massive sulfide Cu 6 3 ' 0 9 ' ~  1 4 7 ' 0 8 ~  
Bullion Creek Strataform gypsum Gypsum 60 '59 '~  138 '39 '~  
Fish Lake Gabbroic Ni-Co Cr, Ni 63'1 3'N 1 4 6 " 4 8 ' ~  
Wellgreen Gabbroic Ni-Cu Ni, Cu, PGE 6 1 ' 2 8 ~  139 '31 '~  

Alexander Metallogenic Belt of Volcanogenic Cu-Pb-Zn and Carbonate-Hosted Massive Sulfide Deposits 
(Ordovician through Triassic), Southeastern Alaska (Belt AX) 

Castle Island, Kupreanof Island Bedded barite, kuroko Ba-Zn- Ba 5 6 5 9 ~  1 3 3 ' 1 0 ~  
Pb-Cu massive sulfide 

Glacier Creek Kuroko massive sulfide Ba, Cu, Zn 59 '24 '~ 1 3 6 ' 2 3 ' ~  
Greens Creek Kuroko massive sulfide Ag, Zn, Au, Pb 58 '05 '~ 134'38'W 
Khayyam Kuroko massive sulfide Cu, Au 55"18'N 132 '23 '~  
Lime Point Bedded barite Ba 5 5 ' 0 3 ~  132'38'W 
Moonshine Carbonate-hosted massive Ag, Pb 55'11'N 132 '23 '~  

sulfide 
Niblack Kuroko massive sulfide Cu, Au, Ag 55"04'N 132'09 '~ 
Orange Point Kuroko Zn-Pb-Cu massive Zn, Cu 58'55'~ 136'60 '~ 

sulfide 
Windy Craggy (Alsek River Cyprus to Besshi massive Cu, Co 59 '44 '~  137"45'W 
Area) ( l l 4 P  002) sulfide 

Galore Creek Metallogenic Belt of Porphyry Cu-Au Deposits (Late Triassic and Early Jurassic) 
Northern British Columbia (Belt GL) 

Galore Creek (Stikine Copper) Porphyry Cu-Au, Cu-Au skarn Cu 57-08 '~  1 3 1'27'W 



Gnat Lake Area (June, Stikine) 
Red Chris (Money) ( l04H 005) 

Porphyry Cu 
Porphyry CU-Au 

Cu 58'1 5 ' ~  129'50'W 
Cu. Au, (Zn, Pb, 57-42n 129 '48 '~  

Mount Milligan (093N 194) Porphyry Cu-Au Cu, AU 55'08'N 1 24.02'~ 

-. . A-. - ,  .- - l . . ,. .,-- 
othen) (092HSE 004) t *  . dw-, 
Iron Mask Area (Afton (0921NE Porphyry Cu-Au Cu - 1 

023), Ajax (I 03P 223)) 
Lodestone Mountain (092HSE Zoned mafic-ultramafic Fe-V Fe, V 4 9 ' 2 8 ~  120m50'W _:_ 

034) 
MI. Polley (Cariboo-Bell) (093 14 Porphyry Cu-Au CU, AU 

Axe (Summers Creek, Axe) Porphyry Cu-Mo Cu 
Bethlehem-JA Porphyry Cu-MO Cu, Ma 50'30% 120'59'~ 
Brenda (Peachland Area) Porphyry Cu-MO Cu, Mo 4 9 . 5 3 ~  1 2 0 . W ~  
(092HNE 047) 
Craigmont (0921SE 035) Cu-Fe skarn Cu, Fe 50°13'N 120 '56 '~  ,, , 
Gibraltar (Pollyanna, Granite Mt) Porphyry Cu-Mo Cu, Mo 52.3 1 'N 122'1 6'W 
Hedley Camp (Nickel Plate, Au skarn 
Mascot) (092HSE 038) 
Highmont (Gnawed Mountain) Porphyry Cu-Mo Cu. MO 41a 
Lornex Porphyry Cu-Mo ClA Mo 50.2TN 121'03'~ 
Primer (North Zone) a. FC 4 9 . 4 5 ~  120.: 

Shore Zone) 3 .- 
Kerr (Main Zone) Porphyry CU-Au Cu, Au, Ag 5 6 2 8 ~  130'16 '~ I 

Muddy Lake (Golden Bear, Au quartz vein Au 5 g g l 3 ~  1 3 2 * 1 7 ' ~  'L*-W~ 
Totem) (1 04K 079) - ., -- 
Polaris-Taku (Whitewater) ( I  04K Au quartz vein A y  A g  Cu. AS, Sb 58'4215 1 3 3 ' 3 8 ' ~  . -.-- .-A 
003) ~P:Y 

Red Mountain ( 103P086) Au-Ag plymetallic vein AW A43 5 5 ' 5 7 ~  129.42 '~ 
Schaft Creek (Liard Copper) Porphyry Cu-Mo a Mo 57.22% 130*56W k:-8 PA !L 

(104G 015) 
Silbak-Premier (Premier Gold) Au-Ag epithermal vein Au, Ag, Pb, 2b 56 '03~  l30'0iUw 
(1 04B 054) 
Snip (Shan) ( I  04B 250) Au-PbZn polymetallic vein Au 56'40U 1 3 1 ' 0 6 ~  
E & L (Snippaker Creek) Gabbroic Ni-Cu Ni, Cn 56.35'~ 1 3 0 ~ 4 1 ' ~  

L 
Snowfields (Sulphurets) Au-Ag polymetailic vein Au, Aff 5 6 . 2 8 ~  130~1 I T 4  
Sulphurets  old Zone) ~ o r p G &  &-AU Au. C" 56.338'~ 1 3 0 ~ 1 6 ~  _ 

EARLY JURASSIC (Hettaogian through Pleinsbacbisn - 208 to 193 Ma) 
Alaska Peninsula Metallogenic Belt of Granitic Magmatism Deposits (Jurassic), Alaska Pealneula (Belt AP) 

Crevice Creek (McNeil) Cu-Au skarn Au, Cu 59,'oSW 15640W 
Glacier Fork Cu-Zn skarn Cu, Au 60'51~ 1 5 3 ' 1 2 ~  
Kasna Creek (Kontrashibuna) Cu-Fe skarn Cu 60"13'N 154'05'~ 
Magnetite Island (Tuxedni Bay) Fe skarn Fe. Ti ~n'14'N 152-5 b s ' r  - . A ?  



Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Talkeetna Mountains-Alaska Range Metallogenic Belt of Kuroko Massive Sulfide Deposits (Early Jurassic) 
~ o i t h e r n  part of Southern Alaska (Belt TM) 

Johnson River Kuroko massive sulfide Au, Zn, Cu, Pb 60-07'~ 152'57'~ 
Island Porphyry Metallogenic Belt of Porphyry Cu-Mo; Cu Skarn, and Fe and Cu Skarn Deposits (Jurassic) 

Vancouver Island (Belt IP) 
Benson Area (Empire, Coast Cu-Fe skarn Cu, Fe 50'23'~ 127'1 5 ' ~  
Copper) 
Burnaby Iron (Jib) Fe skarn Fe 5 2 1 5 ~  13 1'1 8'W 
Island Copper (Rupert Inlet) Porphyry Cu-Mo Cu, Mo, Au 50-37'~ 127'3 1 'W 
(092L 158) 

Cu, Mo, Au 
Fe 

Cu 
Fe, Cu 

Cu, Au, Ag 

 ush ha mu ( 0 9 2 ~  240) Porphyry Cu-Mo 
Kennedy Lake (Brymor) (103B Fe skarn 
026) 
Red Dog Porphyry Cu 
Tasu Sound (Wesfrob, Tasu, Fe skarn 
Garnet) (I 03C 003) 
Texada (Prescott, Yellow Kid, Cu-Au skarn 
Paxton Vananda, Marble Bay, 
etc.) (092F 106; 092F 258; 092F . L 

107) 
49'43'~ 124'33'~ Texada Iron Fe skarn Fe 

Zeballos Iron (Ford) Fe skarn Fe 50'03% 1 2 6 5 0 ' ~  
Klotassin Porphyry Metallogenic Belt of Porphyry Cu-Au-Ag Deposits (Early Jurassic) 

Southern Yukon Territory (Belt IU) 
Minto Copper Porphyry Cu-Au Cu 62'36'~ 137'1 5 ' ~  
Williams Creek Porphyry Cu-Au Cu 6 2 ' 2 1 ~  136'42'~ 

Toodoggone Metallogenic Belt of Au-Ag Epithermal Vein Deposits (Early Jurassic), Northern British Columbia (Belt 
TO) 

Toodoggone District (Lawyers) Au-Ag epithermal vein Au, Ag 5 7 ' 2 0 ~  127'11'W 
Kemess (Kemess N., Kemess S.) Porphyry Cu-Au Au, Au ~ 7 ~ 0 0 ~  126.45'~ 

Coast Mountain Metallogenic Belt of Volcanogenic Cu-Zn-Au-Ag Massive Sulfide Deposits 
(Late Triassic and Early Jurassic), Northern British Columbia (Belt CM) 

Alice Arm Silver (Dolly Varden, Kuroko Zn-Pb-Cu massive Ag, Pb, Zn 55 .44~  129'33'~ 
etc.) sulfide 
Anyox Area (Hidden Creek, Cyprus massive sulfide 
Bonanza) (I 03P 02 1,023) 
Eskay Creek-2 I B Zone (I 04B Kuroko Zn-Pb-Cu massive 
008) sulfide 
Granduc (South Leduc) (I 04B Besshi massive sulfide 
021) 
Tulsequah Chief (Big Bull) Kuroko Zn-Cu-Pb massive 

Cu, Ag, Au 55.27'~ 129'50'~ 

Au, Ag, Pb, Zn, Cu 56'38% 130"27 '~  

Cu 56'1 3'N I 30'2 1 'W 

Zn, Cu, Au, Ag, Pb 58'44'~ 133 '35 '~  
(104K 002) sulfide 

MIDDLE JURASSIC (Toarcian through Callovian - 193 to 163 Ma) (All metallogenic belts started earlier) 
LATE JURASSIC (Oxfordian through Kimmerigian - 163 to 144 Ma) 

Ariadny Metallogenic Belt of Zoned Mafic-Ultramafic Ti Deposits (Late Jurassic), 
Southern Part of Russian Southeast (Belt AR) - 

Ariahoe Zoned rnafic-ultramafic TI Ti 45'1 3 ' ~  134.28'~ 
Katenskoe Zoned mafic-ultramafic TI Ti 4 7 ' 1 7 ~  136'1 3'E 
Koksharovskoe Zoned rnafic-ultramafic Ti Ti 44-28W 134'08'~ - 

North Bureya Metallogenic Belt of Au-Ag Epithermal Vein and Cranitoid-Related Au Deposits (Early Cretaceous) 
Northwestern Part of Russian Southeast (Belt NB) 

Pioneer Granitoid-related Au Au 53'27'~ 1 2 6 ~ 2 7 ' ~  
Pokrovskoe Au-Ag epithermal vein Au, Ag 53-08'~ 1 2 6 ~ 1 7 ' ~  

Ckersky-Argatass Ranges Inferred Metallogenic Belt of Kuroko Massive Sulfide Deposits (Late Jurassic) 
West-Central Part of Russian Northeast (Belt CAR) 

Khotoidokh Kuroko Pb-Zn massive sulfide Pb, Zn, Ag 6 6 1 7 ' ~  14 1'09'~ - 



Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Yasachnaya River Metallogemic Belt o f  Pb-Zn Skarn, Porphyry Cu, and Cu-Ag Vein Deposits (Late Jurassic) 
Western Part of Russian Noaheast (Belt YS) 

Cherninskoe Fe (Cu. Pb, Zn) skarn Fe 6 3 ' 2 0 ~  15 1 % 5 ' ~  
Datsytovoe Porphyry CU Cu, Ag, Bi 6 3 ' 2 9 ~  1 5 1'0 1 'E 
Kunarev Pb-Zn-Cu-Ag skam Pb, Zn. Cu, Ag 6 3 ' 2 4 ~  150.55'~ 
Terrassnoe Pb-Zn skarn Pb. Zn 63'33'N 148'56'~ 

Oloy Metallogenic Belt of Porphyry Cu-Mo and Au-Ag Epithcrmal Vein Deposits (Late Jurassic and Early 
Cretaceous?) 

Nortb-Central Part af Russian Northeast (Belt OL) 
Asket Porphyry Cu-Mo and Cu. Mo, Au 67'1 4'N 163.44'~ 

Polymetallic vein 
Dalny Pwphyry Cu-Mo and Cu, Mo, Au 613 1 W 160'492 

polyrnetallic vein 
Innakh Polyrnetallic vein and Porphyry Cu, Mo, Au 67'1 7% 1 59.22'~ 

Cu-MO 
Kl en AwAg epithetma1 vein Au, Ag 67b8W 16 1'13'~ 
Peschanka Porphyry Cu-Mo Cu, Mo. Au 6 6 . 3 6 ~  1 64.30~ 
Vesenoee Au-Ag epithcrmal vein , - Au. Ag 66'3 01\1 1 64'24% 

Pekulney Metallogenic Belt of Basaltic Cu Deposits (Late Jurassic), 
East-Centrd Part of the Russian Northeast (Belt PK) 

Skalista a 6 5 ' 2 5 ' ~  174 08% 
Tamvatney-Mainits Metallogenic Belt of Podiform Cr  Deposits (Late Jurassic and Early Cretaceous) 

East-Central Part of the Russian Northeast (Belt TAM) 
Chirynai Podiform Cr Cr. PGE 6 3 . 2 7 ~  175-44'~ 
Krassnaya Gora Podifom Cr Cr, POE 63'1 6W 175'24~ 

Mainits Metallogenic Belt of Massive Sulfide Deposits (Late Jurassic and Early Cretaceous) 
Eastern Part of Russian Northeast (Bebt MA) 

Ugryurnoe Kuroko Cu-Zn-Ag massive Cu. Zn, Pb, Au 63'1 6'N 176'39% 

Svyatoy-Nos Metallogenic Belt of AwAg Epithermal Vein Deposits (Belt SVN) 
Western Part of Russian Northeast (Belt SVN) 

Polevaya AD-Ag polymetnllic vein Au, Ag 6g008'N 149'063 
Kuyul Metallogenic Belt of Podiform Cr, PCE and Associated Deposits (Middle o r  Late Jurorssic) 

East-Central Part of Russian Northeast (Belt KUY) 
Talov Pocfifonn Cr Cr 6 lb49'N 165b9 '~  
Tikhorechen Podifom Cr Cr 61'37'~ 164 '50~  _ 

Eastern Seward Peninsula and Marshall Meialloge~ne Belt of Podiform C r  Deposits (Jurassic) 
Northern Alaska (Belt ESM) (No sigaiiieant deposits) 

Kobuk Metallogenic Belt of Podiform C r  Deposits (Jurassic), Northern Alaska (Belt KB) 
Asbestos Mountain Serpentine-hosted asbestos Asbestos. j d c .  67"0 1 'N 156'50'~ 

asbestas, talc 
Avan Podiform Cr Cr, PGE 68'207\1 161'52'~ 
Iyikrok Mountain Podiform Cr Cr 6 7 ' 5 4 ~  163'40'W 
Misheguk Mountain Podiform Cr Cr, PGE 68'15N 1 6 1 ~ 0 5 ' ~  
~iniktanne~ak Mountain Podiform Cr Cr. Mi, PGE 68-20N 158'30'~ 

Southwestern Alaska Metallogenic Belt of Zoned Mafic-Ultramafie PGE Deposits (LMe Triassic and Jurassic?) 
Southwestern Aluka (Belt SWA) 

Kemuk Mountain Zoned rnafic-ultrarnafic Fe, Ti. PGE 59'44'N 157'45'~ 
Red Mountain Zoned mafic-dtramafic , .PGE 5 9 ' 0 0 ~  161'10'~ 

Yukon River Metallogenic Belt of Podiform C r  Deposits (Jurassic), Wed-Central Alaska (Bdt YR) 
Caribou Mountain, Loww Kanuri Podiform Cr Cr 46'05'~ I 5 0 ' 5 ~ ~  
River, Holonada 
Kaiyuh Hills (Yuki River) Podifonn Cr CF 64'10~ 1 5 6 ' 4 0 ' ~  
Mount Hurst Podifom Cr Cr, PGE 63'14'~ 1 5 6 ~ 5 5 ' ~  

Eastern-Southern Alaska Metallogenic Belt of Granitic Magmatism Deposits (Late Jurassic and Early Cretaceous) 
Eastern-Southern Alaska (Belt ESA) 

Baultoff, Horsfeld, Carl Creek Porphyry Cu Cu 6 2 b 5 ' ~  14 1'1 3 ' ~  
London and Cape Porphyry Cu-Mo Cu, Mo, Ag 61'34'~ 1 4 3 2 3 ' ~  

387 



Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Midas (Berg Creek) Cu-Au skam Au, Cu, Ag 61-33W 143'47'~ 
Nabesna, Rambler Fe-Au skarn Au 6 2 ' 2 3 ~  143'00'~ 
Orange Hill, Bond Creek Porphyry Cu-Mo and Cu-Au Cu, Mo, Au 62'1 2'N 1 4 2 ~ 4 5 ' ~  

skam 
Pebble Copper Porphyry Au-Cu Au, Cu, Mo 59O53'N 1 5 5 ~ 2 4 ' ~  

Klukwan-Duke Metallogenic Belt of Mafic-Ultramafic Ti-Fe-Cr-PGE Deposits (mid-Cretaceous) - 
Southeastern Alaska (Belt KL) 

Duke Island Zoned mafic-ultramafic Cr-PGE Cr, PGE 5 4 ' 5 5 ~  131'21'~ 
Funter Bay Gabbroic Ni-Cu Cu, Ni, Co 58'1 4'N 134'52'~ 
Haines Zoned mafic-ultramafic Fe-Ti Fe, Ti 59'15% 1 3 5 ' 3 0 ~  
Klukwan Zoned mafic-ultramafic Fe-Ti Fe, PGE, Ti, V 59'26'~ 135'53'~ 
Union Bay (Cleveland Peninsula) Zoned mafic-ultramafic Cr-PGE Fe, V, Ti, Cr, PGE 5 5 ' 4 8 ~  132'1 2'W 

Fortymile Alaska Metallogenic Belt of Serpentinite-Hosted Asbestos Deposits (Cretaceous?) 
East-Central Alaska and Northwestern Canadian Cordillera (Belt FM) 

Clinton Creek Sementine-hosted asbestos Asbestos 6 4 ' 2 7 ~  140'43'~ 
Slate Creek (Fortymile) Serpentine-hosted asbestos Asbestos 64'31'~ 142'30'~ 
Cassiar Metallogenic Belt of Serpentine-Hosted Asbestos Deposits (mid-Cretaceous), Central British Columbia p e l t  CS) 
Cassiar (McDame) Serpentine-hosted asbestos Asbestos 5 9 ' 2 0 ~  1 2 9 ' 4 9 ~  

Francois Lake Metallogenic Belt Porphyry Deposits (Late Jurassic to Early Cretaceous) 
Southern British Columbia (Belt FL) 

Endako Porphyry Mo Mo 54'02'~ 1 2 5 ' 0 7 ' ~  
Cariboo Metallogenic Belt of Au Quartz Vein Deposits (Middle Jurassic to Early Cretaceous) 

Southern British Columbia (Belt CB) 
Cariboo-Barkerville (Aurum, Au quartz vein Au 53'05'~ 12 1 ' 3 4 ~  
Mosquito Ck.) (093H 0 19; 093H 
010) 
Frasergold (Eureka Peak, Kay, Au quartz vein Au 52'18'~ 120 '35 '~  
Mac) (-93A 150) 

Rossland Metallogenic Belt of Au-Ag Polymetallic Vein Deposits (Middle Jurassic) 
Southern British Columbia (Belt RL) 

Rossland (Le Roi, War Eagle, Au-Ag polymetallic vein Au, Ag 49'05'~ 1 1 7 ~ 4 9 ~  
etc.) (082FSW 093; 082FSW 
097; 082FSW 048; 083FSW068) 
Sheep Creek Area (Kootenay Au-Ag polymetallic vein Au, Ag, Pb, Zn 4 9 ' 0 8 ~  1 1 7 - 0 8 ' ~  
Belle, etc.) 
Ymir-Erie Creek (Yankee Girl) Au-Ag polymetallic vein Au, Ag 4 9 ' 1 8 ~  I 17-1 I'W 

EARLY CRETACEOUS (Neocomian - 144 to 120 Ma) 
Samarka Metallogenic Belt of W Skarn, and Porphyry Cu-Mo Deposits (Early Cretaceous) 

West-Central Part of Russian Southeast (Belt SA) 
Benevskoe W skarn W 4 3 ' 0 6 ~  1 33a43'~ 
Kafen Porphyry Cu-Mo Cu, Mo 47*36'N 136'1 5'E 
Khvoshchovoe Porphyry Cu-Mo Cu, Mo 47O58'N 136'1 I'E 
Lermontovsky W skarn and greisen W 46-57'N 134'27'~ 
Malakhitovoe Porphyry Cu-Mo Cu, Mo 4 7 ' 0 6 ~  1 35'04'~ 
Skalistoe Porphyry Mo Mo 43'36'~ 133'45'~ 
Skrytoe W skarn W 45'05'~ 1 34'35'~ 
Vostok-2 W skarn W 46'28'~ 1 35'53'~ . 

Algama Metallogenic Belt of Stratiform Zr Deposits (mid-Cretaceous?), Northern Part of Russian Southeast (Belt A& 
Algaminskoe Stratifom Zr Zr 58-40 '~  135'34'~ 

Kondyor Metallogenic Belt of Zoned Mafic-Ultramafic PGE-Cr Deposits (mid-Cretaceous?) 
Northern Part of Russian Southeast (Belt KO) 

Kondyor Zoned mafic-ultramafic Cr-PGE Pt 57'33'~ 134'38'~ 
Selemdzha-Kerbi Metallogenic Belt of Au Quartz Vein Deposits (Late Jurassic and Early Cretaceous) 

Northwestern Part of Russian Southeast (Belt SK) 
A fanas'evskoe Au quartz vein Au 52'50'~ 133'24'~ 
Ingagli Au quartz vein Au 53'04'~ 133'22'~ 
Kharga Au quartz vein Au 52"57'N 133'38'~ 
Malomyr Au quartz vein Au 53 -06 '~  1 3 1 5 0 ' ~  
Poiskovoe Granitoid-related Au Au 53"08'N 132'1 2'E 
Sagurskoe Au quartz vein Au 52'59'~ 1 32'36'~ 



Talarninskoe 
Tokur 

Sb-Au vein 
Au quartz vein 

Sb, Au 5 2 2 2 ' ~  133'24% 
Au 5 3 ' 0 9 ~  1 32'49% 

Northern Part of the Russian Southeast (Belt ST) 
Bamskoe (Chul'baneo) Au-AE e~ith~rmal vein A u  Ae 55*59U 123'54% 

Kular Metallogenic Metallogenic Belt of Au Quartz Vein, Cranitoid-Related Au, Au-REE Quartz Vein, and 
Sn Quartz Vein Deposits (Early Cretaceous), Northern Part of Eastern Siberia (Belt KU) 

Burguat Au quartz vein 7 0 ' 4 2 ~  134.3 1 8  
Dzhuotuk 70'1 3~ 1 34'1 7% 
Novoe 69.36'~ l33*07% 
Solur 70'01'~ 133'24% 

" / . - 
Burindinskoe AU-A; e p i t h d  vein Au, Ag 53'4 I 'N 124'54'~ 
Kirovskoe Granitoid-releted Au 5 4 . 2 7 ~  124.14'~ 

Allakh-Yun Metdoplrmk Belt of Au Quartz Vein Deposits and Associated W-Sn Quartz Vein Deposits 

Bular 
Burgali 
Dies 

Au quartz vein Au 6lW13'N 137'50'E 
Porphyry-MO 0 Mo, W 59 .56~  138'5 1 'E 
Cu skam Cu 5 9 ' 1 0 ~  138'1 I'E 

Duet Au quartz vein Au 5 9 ' 4 8 ~  137'44% 
It-Yuryak W vein, Sn oqm& vein W 
Levo-Dybin Granitoid-related Au An, W, Bi 
Malyutka Au quartz vein Au 
Muromets Cu-Mo skam Cu, Mo, W 
Nezhdaninka Au quartz vein Au, Ag 
Novinka Au quartz vein Au 
Onello (Lider) Au quartz vein Au 
Svetly 
Voskhod 
Yur 

Au quartz vein AU ; 3 
Y l  

Au quartz vein Au 61'221~ 139.22% 
Au quartz vein AU 

Zaderzhnoe Au quartz vein Au 
Au quartz vein Au 

Metallogenic Belf of Granitoid-Related Sn Quartz Vein, W 
Zhar 

Yana-Polousnen Metallogenic 
and ~ n - ~ k a r n .  ~n-silicate Sulfide Vein and Related Dewsits Ear ly  Cretaceous), 

Central Part of Russian Northeast (Belt YP) 
Altinskoe Polymedic vein Pb, Zn 69'47'~ 142' 1 4 ' ~  
Alys-Khaya SR polymetallic vein Sn 6 5 ' 5 6 ~  135'43'~ 
Anornalnoe Sn silicate-sulfide vein Sn 6 5 ' 3 7 ~  13 1'493 
Aragoc han Polymctallic vein Pb, Zn 6 9 . 4 4 ~  137'00% 

" -- 9 
Arbatskoe Co &am Co 1 - 6 9 ' 2 8 ~  149'418 , 
Argin Sn quartz vein Sn 6 8 . 0 3 ~  135'5O'E 1 

Balyktaah, Ploskoe Sn p i s e n  Sn 69 .50~  1 5 1'488 
Bugdogar Sn polymehllic vein Sn 65'12'~ 133'59'~ rq 
Burgachan Sn polymetallic vein Sn 65 .46~  134-45'~ i: 
Chistoe Granitoid-related Au AU 69'43'N 150'151 [1 

6 9 ' 4 9 ~  138.308 Dalnee Polymetallic vein Pb, Zn 
Dokhsun Polyrmstallic vein Pb, Zn, cu 69'26N 1 4 4 . 2 ~ ~  
Ege-Khaya Sn polymettllic vein Sn. Zn 6 7 3 8 ~  134'478 

IP 

Il~n-Tas Sn silicsre-sulfide vein Sn 6 5 ' 6 ~  135'56'~ 
Kandidatskoe Au skam Au. CO, As 6 9 . 2 4 ~  1 4 9 ~ 4 4 ' ~  
Kester Sn greism Sn, Ta, Nb, Li 6f17'N 134.38'~ 
Khoton-Khava Sn-polymctallic vein, Sn Sn 67'17'N 133'47% . - 

silicate-sulfide vein 
Sn greisen and vein 
Sn greisen 
Mo quartz vein 
Granitoid-related Au 

Pol yarnoe 
Takalkan 
Tuguchak- l 
Tuguchak-2 



Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Ulakhan-Egelyakh Sn silicate-sulfide vein Sn 6 7 ' 0 9 ' ~  134-2 1 'E 
Ulakhan-Sala Sn silicate-sulfide vein Sn 6 9 ' 4 8 ' ~  136'40'~ 
Verkhne-Naanchan Polymetallic vein Pb, Zn 6 9 ' 3 9 ' ~  1 50-4 1 'E 

Darpir Metallogenic Belt of Sn and Associated Felsic-Magmatism Deposits (Early Cretaceous) 
Western Part of Russian Northeast (Belt DP) 

Bastion Sn greisen Sn 63 '17 '~  153"13'E 
Bolshoy Kanyon Sn skarn Sn 63" 1 5 ' ~  1 5 1 - 0 5 ' ~  
Chepak Granitoid-related Au Au, W, Bi 63O05'N 152"45'E 
Chibagalakh Sn-B skam B, Sn 68"13'N 139"5 I ' E  
Darpir Sn silicate-sulfide vein Sn 6 4 ' 0 2 ~  1 4 7 ~ 4 2 ' ~  
Lazo Sn silicate-sulfide vein Sn 63-1 2'N 1 52'1 3'E 
Titovskoe Sn (B) magnesian skarn B 67"33'N 139'14'~ 
Verkhne-Seimchan Co-As vein Co, Bi 63-1 7% 15 1"23'E 

Tompon Metallogenic Metallogenic Belt of Cu, W, Sn Skarn, and Sn Quartz Vein Deposits (Early Cretaceous) 
West-Central Part of Eastern Siberia (Belt TO) 

Agylki W skarn W, Cu 64"17'N 1 3 7 ~ 1 6 ' ~  
Erikag Sn quartz vein Sn 6 4 ' 3 0 ' ~  137-1 8 ' ~  
~hunkhada  W-Sn skarn W, Sn 6 4 ' 3 4 ' ~  134"49'E 
Shamanikha Metallogenic Belt of Au Quartz Vein and Cu-Ag Quartz Vein Deposits (Late Jurassic to Early Cretaceous) 

Central Part of the ~ u s s i a n  Northeast ( ~ e l t  SH) 
Glukhariny Au quartz vein Au 64*58'N 1 5 3 ~ 0 4 ' ~  
Kopach Au quartz vein Au 65'2 1 'N 1 52 '57 '~ 

OPY t Cu-Ag quartz vein? Cu, Au, Pb, Zn, Ag, 63O54'N 152'33'~ 
Au 

Verkhoyansk Metallogenic Belt of Au Quartz Vein, Au-Sn Polymetallic Vein Deposits 
(Late Jurassic and Early Cretaceous), Western Part of Russian Northeast (Belt VK) 

Anna-Emeskhin Au quartz vein Au 68O56'N 128'24'~ 
Balbuk Pb polymetallic vein Pb 6 4 ' 4 9 ' ~  130'37'~ 
Bochiyskoe Sn polymetallic vein Sn 6 6 ' 1 4 ' ~  1 29'58'~ 
Chochimbal Polymetallic vein Au, Ag, Pb 65"54'N 129'45'~ 
Dyabkhanya Au polymetallic vein Au, Ag 65 '30 '~  129'60'~ 
Enichan-Tolono Au quartz veln Au 68-1 I'N 128'1 I'E 
Galochka Au quartz vein Au 65*42'N 128'26'~ 
Imtandzha Sn polymetallic vein Sn 6 6 ' 0 8 ~  1 29 '36 '~ 
Nikolaevskoe, Otkrytoe Au quartz vein Au 70 '20 '~  129'33'~ 
Syncha-I & 11 Au quartz vein Au 6 7 ' 5 0 ~  128'03'~ 
Syugyunya kh-Kende Au quartz vein Au 68-42'N 127-46 '~ 

Yana-Kolyma Metallogenic Belt of Au Quartz Vein, So Vein and Greisen, W Vein and Clastic-Sediment-Hosted 
Hg Deposits (Late Jurassic and Early Cretaceous), Central Part of Russian Northeast (Belt YA) 

Aleshkino Au quartz vein Au 67'1 I'N 138'22'~ 
Alyaskitovoe Sn-W greisen Sn, W 6 4 ' 4 8 ~  141'52'~ 
Badran Au quartz vein Au 6 4 ' 1 2 ~  141*411E 
Baryllyelakh Sn greisen Sn, W 63"35'N 143"54'E 
Bazovs koe Au quartz vein Au 6 4 2 2 ' ~  14 1'26'~ 
Bekkem W-Mo-Sn vein and greisen W 6 4 ' 0 4 ~  142-37 '~ 
Bokhapcha W vein and greisen W 6 1 ' 4 5 ' ~  1 5 0 b 4 ' ~  
Burgavli Sn quartz vein Sn 66 '28 '~  1 37 -39 '~  
Burkat Sn quartz vein Sn 6 5 ' 3 5 ~  1 4 0 ~ 5 9 ' ~  
Burkhala Au quartz vein Au 62 '36 '~  1 4 9 ~ 0 4 ' ~  
Butugychag Sn quartz vein Sn 61-1 5'N 149-05'~ 
Chai-Yurya Au quartz vein Au 62'4 1 'N 147'24'~ 
Chelbanya Au quartz vein Au 6 2 ' 3 7 ~  148'02'~ 
Daika Novaya Au quartz vein Au 6 2 ' 4 5 ~  148'06'~ 
Darpir Au quartz vein Au 6 5 ' 3 0 ~  138'55'~ 
Degdekan Au quartz vein Au 6 1 - 5 8 ' ~  1 4 6 ~ 6 0 ' ~  
Delyuvialnoe Granitoid-related Au Au 66-1 7'N 1 36"53 '~  
Dirin-Yuryak Au quartz vein Au 64"25'N 142"19'E 
Djelgala-Tyellakh Au quartz vein Au 62'1 9'N 148"501E 
Dorozhnoe Au quartz vein Au 62 '50 '~  1 4 8 ~ 0 2 ' ~  
Ekspeditsionnoe Au quartz vein Au 6 1 ~ 4 1 ' ~  150"33'E 



Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Ergelyakh Granitoid-related Au A u 63.43~ 143.53'~ 
Goletsov (Golets) Au quartz vein Au 6 2 ' 4 0 ~  150'07'~ 
lgurnen Au quartz vein Au 6 1 ' 2 5 ~  148'2 1 ' ~  
Irntachan Au quartz vein Au 65 '32~  140' 1 8% 
Karnenistoe Au quartz vein Au 62.16% 151°44'E 
Kere-Yuryak Sn-W greisen Sn, W 66'17% 137~58 '~  
Khangalass Au quartz vein Au 64.03% 144~49 '~  
Khaptagai-Khaya Au quartz vein Au 65 '24~  142.60'~ 
Kontrandya Au quartz vein Au 63'13% 146~55% 
Krokhalin Sb-Au vein (simple Sb) Sb, Au 62'22% 152'01'~ 
Kuzrnichan Clastic sediment-hosted Hg or Hg 62.1 8W 1 52'39'~ 

hot-spring Hg? 
Laryukov Au quartz vein Au 62-06'N 15 1 5 2 ' ~  
Lazo Au quartz vein Au 66 .38~  136'51'E 
Maldyak Au quam vein Au 62.56~ 148.14'~ 
Mitrei Au quartz vein Au 64.57~ 144.0 I T: 
Nadezhda Au quartz vein Au 62.23'~ 1 5 0 ~ 0 5 ~  
Natalka Au quartz vein Au 61'39W 147'418 
Pavlik Au quartz vein Au 6 1'32'N 147'57% 
Pil Au quartz vein Au 63 .49~  143'3 8 ' ~  
Rodionov Au quartz vein Au 61 '16~  148*3?'~ 
Sana Au quartz vein Au 64.08'~ 143'04'~ 
Shturm Au quartz vein Au 6 2 ' 4 7 ~  149'46~ 
Sokh Au quartz vein Au 64.45'~ 14350'~ 
Srednekan Au quartz vein Au 62.20~ 152.22'~ 
Stakhanov Au quartz vein Au 63 '06~  147'48~ 
Svetloe, Kholodnoe Au quartz vein Au 62.44~ 147.52'~ 
Svetloe, Medvezhje Sn quartz vein and greisen Sn, W 65'4O'N 142.07'~ 
Taboga Au quartz vein Au 63.04'~ 148'16'E 
Talalak Au quartz vein Au 64.32W 14 1.43'~ 
Tokichan Au quartz vein Au 62.01W 146-45% 
Tumannoe Au quartz vein Au 65 '36~ 138'33'~ 
Tunguss Au quartz and Sb vein Au, Sb 64.09~ 1 46' 1 6 2  
Tuora-Tas Au quartz vein Au 6 4 ' 4 5 ~  142'43'~ 
Uchui Au quartz vein Au 65.47~ 1 38'22% 
Utinka Au quartz vein Au 62-3 1 'N 15 1*04'~ 
Verkhne-Khakchan Au quartz vein Au 63.15% 146'14'~ 
Vetrenskoe Au quam vein Au 6 1'45% 149'338 
Yugler Au quartz vein Au 62'1 OW 150e37"E 
Yukhondja AM quartz vein Au 65 '28~  140'32'~ 
Zatessnoe Au quartz vein Au 6 1 ' 5 2 ~  1 52.3 5 ' ~  
Zhdannoe Au quartz vein Au 6 4 ' 5 7 ~  141~07 '~  

Left Omolon Metallogenic Belt d Granitic-Magmatism-Related Deposits (Early Cretaceous) 
Rustan Northeast (Belt LO) 

Bebekan Porphyry Cu-Mo Mo. Cu 64.22% 160'22'~ 
Medgora Mo-Cu skam Mo, Cu 65'1 7% 159'32'~ 

Western-Southeastern Alaska Mctallogcnic Belt of Grmitlc-Magmatirm-Relatd Deposits 
(Late Jurassic and Early Cretaceous), Southeastern Alaska (Belt WSE) 

Bokan Mountam (Ross-Adams) Fckic plutonic U-REE U, Th, Be, Nb, Pb, 54.55~ 132'08'~ 
REE 

Jumbo district Cu-Au skam Fe, Ag, Au, Cu, Mo 55'1 5'N 1 3 2 ' 3 7 ~  
Britannia Metallogenic Belt of Kuroko Cu-Zn Massive Sulfide Deposits (Late Jurassic and Early Cretaceous) 

Southern British Columbia Alaska (Belt BR) 
Britannia (092GN 003) kuroko massive sulfide Cu, Zn, Ag, Au 49'37~ 123'08~ 
Maggie ( 0 9 2 ~ ~ ~  042) kuroko massive sulfide CU, ~ n ,  ~ b ,  ~ g ,  4 9 ' 3 ~  123'22'~ 
Northair (092JW 012) kuroko massive sulfide? Au, Ag, Pb, Zn. Cu 49 '39~  123'22% 
Nifty (093D 006) kuroko massive sulfide Ag, Cu, Au, Zn 52.35~ 126'24% 



Deposit Nmme Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

LATE EARLY CRETACEOUS (Cenomanian through Albian - 120 to 100 Ma) 
Badzhal-Ezop-Khingan Metallogenic Belt of Sn Greisen, Sn Skarn, and Sn Quartz Vein Deposits 

(Late Cretaceous and early Tertiary), West-Central Part of Russian Southeast (Belt BZ-KH) 
Dzhalinda Rhyolite-hosted Sn Sn 49'09'~ 1 3 1'25'~ 
Ezop Sn polymetallic vein Sn 5 2 ' 2 8 ~  134"l 1'E 
Festivalnoe Sn quartz vein Sn 5 0 2 1 ~  1 3 6 ~ 2 1 ' ~  
Ippatinskoe Sn quartz vein Sn 5 1 '30 '~ 133'55'~ 
Kapral Porphyry Mo Mo 50'4 1 'N 1 36-08'~ 
Khingan Sn greisen Sn 48'59'~ 13 1'1 5'E 
hshadioayagriva (Main) Sn quartz vein Sn 50'33'~ 135'14'~ 
Olgakanskoe Sn greisen Sn 52'2 1 'N 1 34-04'~ 
Pravourmiiskoe Sn greisen Sn 50'26'~ 1 34'1 5 ' ~  
Solnechnoe Sn quam vein Sn 50b8W 136'16'~ 
Verkhnebidzhanskoe Sn quartz vein Sn 4 8 ' 3 7 ~  13 1.30'~ 

Anadyr River Metallogenic Belt of Au Quartz Vein Deposits (late Early) Cretaceous), Russian Northeast (Belt AD) 
Nutekin Au quartz vein Au 6 3 1 5 ~  176'52'~ 
Vaegi Au quartz vein Au 63O33'N 17 1'09'~ 

Nome Metallogenic Belt of Au Quartz Vein Deposits (Early to mid-Cretaceous), Seward Peninsula, Alaska (Belt NO) 
Big Hurrah Au quartz vein Au d39 'N  1 64'1 4 ' ~  
Daniels Creek, (Bluff) Au quartz vein Au, Ag 64-34'N 163'44'~ 
Nome district, Mt. Distin Au quartz vein Au 64b0'N 1 6 5 ~ 2 8 ' ~  
Rock Creek Au quartz vein Au, Ag, W 64O35'N 1 6 5 ~ 2 9 ' ~  

Southern Brooks Range Metallogenic Belt of Au Quartz Vein Deposits (Early to mid-Cretaceous), 
Northern Alaska (Belt SBR) 

Chandalar district (Mikado, Little Au quartz vein Au 67"32'N 148'1 5 ' ~  
Squaw) 
Fish River Metallogenic Belt of Sedimentary P and Fe Deposits (Late Cretaceous), Northern Yukon Territory (Belt FR) 

Rio Alto Stratabound Fe Fe 66'32'N 140'17'W 
Fish River Sedimentary P and Fe Fe, P, Mn, Gems 68'29'~ 136 '29 '~  

Selwyn Metallogenic Belt of W-Cu Skarn, Zn-Pb-Ag Skarn, and Zn-Pb-Ag Manto Deposits (mid-Cretaceous) 
Southern Yukon Territory (Belt SW) -- 

Bailey (Pat) W skarn W, Cu 6 0 U N  128'51'W 
Cantung (Canada Tungsten) W skarn W, Cu 61'57'~ 128'1 5'W 
Lened (Rudi, Godfrey) W skarn W, Cu 62'23'~ 128'37'~ 
MacTung (MacMillan Tungsten) W skam W, Cu 63'1 TN 130'09'~ 
McMillan (Quartz Lake) Pb-Zn skarn and manto Pb, Zn, Ag 6 0 ' 3 0 ~  127.57'~ 
Prairie Creek (Cadillac) Pb-Zn skarn and manto Pb, Zn, Ag 6 1 ' 3 4 ~  124'48'~ 
Sa Dena Hes (Mt. Hundere) Pb-Zn skarn and manto Pb, Zn, Ag 60'3 I 'N 128'53'~ 

Tombstone Metallogenic Belt of Ag Polymetallic Vein, Au-Sb Vein, and W-Sn-Au Skarn and Co Deposits 
(mid-Cretaceous), Central Yukon Territory (Belt TS) 

Brewery Creek (Loki Gold) Sb-Au vein Au 64*04'~ 1 38'1 4 ' ~  
Craig (Tara. Nadaleen Mm) Ag polymetallic vein Pb, Zn, Ag, Au 6 4 O l  OW 133'22'W 
Keno Hill (Galena Hill) Ag polymetallic vein Ag, Pb, Zn, Cd 6 3 ' 5 5 ~  135'1 5'W 
Ray Gulch (Potato Hills, Mar) W skarn W 64O02'N 1 35 '46 '~  
Rusty Mountain (Vera, Val, Ag-Pb-Zn polymetallic vein Ag, Pb 6 4 - I ~ W  1 3 3 % ~ ~  
Cavey) 

Cassiar Metallogenic Belt of Porphyry Mo-W; W Skarn, Zn-Pb-Ag Manto, Sn Skarn, and Au Skarn Deposlts 
(mid-Cretaceous), Southern Yukon   err it or^ (Belt CA) 

JC (Viola) Sn skam Sn 607 2~ 1 3 1 b 2 ' ~  
h & n  . Zn-Ag polymetallic vein Zn, Ag 6 0 ~ 3 0 ~  1 3 0 ' 2 8 ~  
Logtung (Logjam Creek) Porphyry W-Mo W, Mo 6 0 ~ 0 1 ~  131'37'~ 
Midway (Silver Tip) (I040 038) Pb-Zn-Ag skarn and manto Ag, Pb, Zn 59-56'N 130'20'~ 
Risby (Cab) W skarn W- 6 1 - 5 2 ' ~  133.23'~ 

Whitehorse Metallogenic Belt of Cu-Fe Skarn, Porphyry Cu-Au-Ag, and Au-Ag Polymetallic Vein Deposits 
(mid-Cretaceous), Southern Yukon Territory (Belt WH) 

Hopluns (Giltana) Cu skarn Cu 6 1 ' 1 8 ~  1 3 6 3 5 ~  
Whitehorse Copper Belt (Little Cu skarn Cu, Au, Ag 6 6 3 7 ' ~  135'03'~ 
Chief, War Eagle, etc.) 

Bayonne Metallogenic Belt of Porphyry Mo and Cu-Mo-W-Zn Skarn Deposits (mid-Cretaceous), 



Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Southern British Columbia (Belt BA) 
Boss Mountain (093A 001) Porphyry Mo Mo ~2'rww 1 2 0 ' 5 4 ~  
Emerald-lnv~nclble (082FSW W skarn W. Mo 49'06~ 1 17'1 4'?4 
010) 
Mineral lOng Zn-Pb skarn and manto Zn, Pb, Ag 5 0 ' 2 0 ~  1 16'25'~ 
Phoenix-Greenwood District Cu-Au skarn Cu, Au. A& Fe 49 '05 '~ 1 1 856% 
(082ESE 020) 
Red Mountain Moly (Coxey, Mo skarn Mo 4 9 ' 0 5 ~  1 17-5O'W 
Novelty, Nevada) (I 03P 086) 
Trout Lake (082KN 087) Porphyry Mo Mo 5 0 ' 3 8 ~  l 1 7 ~ 3 6 ' ~  

EARLY LATE CRETACEOUS (Cenomanian through Santonian - 100 to 84 Ma) 
Sergeevka Metahgenic Belt of Granitoid-Related Au Deposits (Late Cretaceous), 

Guihero  Part of Russian Southeast (&lt SG) 
Askold Granitoid-related Au Au 4 2 . 4 4 ~  132'20'~ 

Fasolnoe Polymetallic vein 
Krasnogorskoe PbZn polymetallic vein 
Lidovskoe Pb-Zn polymetallic vein 
Nikolaevskoe Pb-Zn Skarn 
Novo-Monastyrs koe Pb-Zn polymetallic vein 
Partizanskoe (Soviet 2, Svetliy Pb-Zn skarn Pb, Zn 4 4 ' 2 5 ~  135"30'~ 
Otvod) 
Plastun Porphy-ry Cu 
S hcherbakovs koe 

Glinyanoe 
Moinskoe 
Mopau 
Nesterovsk 
Nochnoe 
Salyut 
Sukhoe 
Sukhoi Cre 
Tavozhnoe 

Au-Ag epitherrml win 
Porphyry Mo 
Porphyry Sn 
Porphyry Cu 
Porphyry Cu 
Au-Ag epithamal vein 
Au-Ag e p i t h d  vam 
Porphyry Cu-Mo 
Ae. evithermal vein 

Au, Ag 
Au, Ag 
Cu, Mo 

- .  
~ a g o d n o e  Au-Ag epithermal vein A;, Ag 4 7 . 0 9 ~  1 3 8 ' 3 5 ~  

Luzhkinsky Metallogenic Belt of Sn Greisen, Sn PolymetaUic Vein, Sn silica-sulfide vein, and Porphyry Sn Depositr 

Arsenyevskoe 
Dalnetayozhnoe 
Iskra 
Khrustalnoe 
L m o e  
Malinovskoe 
Nizhnee 
Srnirnovskoe 
Tigrinoe 
Verkhnezolotoe 
Vysokogorskoe 
Yantarnoe 
Yuzhnoe 

Sn polyrnetallic vein Sn. Pb. Zn 
Sn polyrnetallic vein 
Sn silicate-sultide vein 
Porphyry CU-MO 
Porphyry Cu 
So polymetallic vain 
Polymetallic vein Pb, Zn, Sn 
Sn-W greisen Sn, W, Ta, Nb, In 4 6 ' 0 5 ~  135"45'~ 
Porphyry Cu Cu, Sn 4d32N 136"26'~ 
Sn silicate-sulfide vein Sn 4 4 - 2 1 ~  135"10'E 
Porphyry Sn Sn 46 '20 '~ 136"34'~ 
Polymetallic vein 
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Zabytoe W-Sn greisen W, Sn. Bi 4 5 3 9 ~  135'25'~ 
Zarechnoe Porphyry Cu Cu 4 4 - 3 9 ' ~  1 34"39'E 
Zimnee Sn polymetallic vein Sn, Pb, Zn 45 '46 '~  1 3 5 " 5 8 ' ~  
Zvezdnoe Porphyry Sn Sn 46Ol OW 1 36"301E 

Lower Amur Metallogenic Belt of Au-Ag Epithermal Vein, Porphyry Cu, and Sn Greisen Deposits 
(mid-Cretaceous to early Tertiary), Northern Part of Russian Southeast (Belt LA) 

Belaya Cora Au-Ag epithermal Vein Au, Ag 5 3 - 2 3 ' ~  140"14'E 
Bichinskoe Sn greisen W, Sn 52"32W 139*32'~ 
Bukhtyanskoe Au-Ag epithermal vein Au, Ag 53'03W 140'29'~ 
Mnogovershinnoe Au-Ag epithermal vein Au, Ag 53"53'N 139"48'E 
Tyrskoe Porphyry Cu Cu 5 2 5 7 ~  140'27'~ 

Aniva-Nabil Metallogenic Belt of Volcanogenic Mn and Fe and Cyprus Massive Sulfide Deposits 
(Late Cretaceous), Eastern Part of Russian Southeast (Belt LA) 

Bereznyakovskoe Volcanogenic Mn Mn 47"04W 142"56'E 
Lyukamskoe Volcanogenic Mn Mn 49"58W 143'35'~ 
Novikovskoe Cyprus massive sulfide(?) Cu, Zn, Pb 46'1 8'N 1 4 3 ~ 2 6 ' ~  
Rys'e Cyprus massive sulfide Cu, Pb, Zn 49O3 1 'N 144-0 1 'E 

Koryak Highlands Metallogenic Belt of Zoned Mafic-Ultramafic PGE Deposits (Upper Cretaceous) 
East-Central Part of Russian Northeast (Belt KH) 

Karagin group Gabbroic Cu Cu, Zn, Au, Pt, Ni, 5 8 ' 5 2 ' ~  164'02'~ 
Co 

Snezhnoe Zoned mafic-ultramafic Cr-PGE Cr, PGE 6 1 ' 3 7 ' ~  1 7 1 ~ 3 9 ' ~  
Galmeonsky-Seinavsky Alaskan PGE PGE, Cr 6 1 '34 '~  I 66 '05 '~ 

Vatyn Metallogenic Belt of Volcanogenic Mn and Fe Deposits (Early Cretaceous), 
Southeastern Part of Russian Northeast (Belt VT) 

Itchayvayarn Volcanogenic Mn Mn 6 1 ~ 2 4 ' ~  172'20'~ 
Dogdo-Erikit Zone (Eastern Asia-Arctic Metallogenic Belt) of Au-Ag Epithermal Vein, Sn-polymetallic vein 

(Southern Bolivian type?), and Volcanic-Hosted Hg (Plamennoe type) Deposits (Late Cretaceous and early Tertiary) 
West-Central Part of Russian Northeast (Belt EADE) 

Dogdo Volcanic-hosted Hg Hg 67"2 1 'N 139'27'~ 
KY SY lga Au-Ag epithermal vein Au, Ag 6 7 - 3 3 ' ~  1 37 '55 '~  
Shirokoe Au-Ag epithermal vein Au, Ag 6 5 ' 3 6 ' ~  1 4 4 ~ 3 3 ' ~  
Solkuchan (Khatys) Sn polymetallic vein Ag, Sn 65" 1 5 ' ~  143'5 1 'E 
Tikhon Au-Ag epithermal vein Ag, Au 65-48W 143'27'~ 

Okhotsk Zone (Eastern Asia-Arctic Metallogenic Belt) of Au-Ag Epithermal Vein Deposits 
(mainly Late Cretaceous and early Tertiary), Southeastern Part of Russian Northeast (Belt EAOH) 

Agat Au-Ag epithermal vein Au, Ag 6 0 ~ 5 8 ' ~  1 50"53'E 
Aldigych Au-Ag epithermal vein Au, Ag 62'1 9'N 1 5 9 ~ 5 8 ' ~  
Burgagyl kan Au-Ag epithermal vein Au, Ag 6 0 - 3 8 ' ~  146'45'~ 
Druchak Au-Ag epithermal vein Ag, Au 6 2 ' 6 0 ' ~  160'03'~ 
Evenskoe Au-Ag epithermal vein Au, Ag 6 2 - 3 2 ' ~  159'45'~ 
Irbychan Au-Ag epithermal vein Au, Ag 62'4 I 'N 1 59 -55 '~  
Julietta Au-Ag epithermal vein Au, Ag 6 1 ' 1 0 ' ~  153'59'~ 
Karamken Au-Ag epithermal vein Au, Ag 60"14'N 150'60'~ 
Kegali Au-Ag epithermal vein Au, Ag 6 3 ' 2 3 ' ~  16 1 - 4 2 ' ~  
Khakandzhinskoe (Khakandzha) Au-Ag epithermal vein Au, Ag 6 0 ~ 0 2 ' ~  1 4 2 ~ 3 6 ' ~  
Kinzhal Sn silicate-sulfide vein Sn 6 2 ' 1 7 ' ~  151'58'~ 
Kolkhida Au-Ag epithermal vein Ag, Au, Sn 6 0 3 7 ' ~  15 1 ' 2 7 ' ~  
Krasivoe Au-Ag epithermal vein Au, Ag 59'28W 140'22'~ 
Maltan Stock Granitoid-related Au Au, Bi, Te 6 1 '28 '~  150'52'~ 
Nevenrekan Au-Ag epithermal vein Au, Ag 62O14'~ 159'1 1 'E 
Oira Au-Ag epithermal vein Au, Ag 6 0 ~ 0 9 ' ~  149'45'~ 
OIyndja Au-Ag epithermal vein Ag, Au 62 '26 '~  1 57 '35 '~ 
Senon, Utro, Serebryanoe Epithermal vein and volcanic- Ag, Au, Sb 60"40'N 1 4 8 ~ 0 5 ' ~  

hosted Sb vein 
Sentyabr Au-Ag epithermal vein Ag, Au 6 0 ~ 4 4 ' ~  149'22'~ 
Skamovoe Pb-Zn-Ag skam Zn, Pb, Ag 60 '46 '~  1 50 '38 '~ 
Spiridonych, Teply Au-Ag epithermal vein Au, Ag 6 1 ' 2 0 ~  156-1 7'E 
Utessnoe Au-Ag epithermal vein Ag, Au, Hg 60 '26 '~  1503 l 'E 
Verkhnenyotskoe Au-Ag epithermal vein Au, Ag 58" 1 7 ' ~  1 39 '06 '~ 



Deposit Name Mineral Deposit Model Major Metals Latitude N; Lengjtude E, W. 

Vetvisty Au-Ag epihermal vein Ag, Au 6 2 ' 0 7 ~  1 52'08'~ 
Yurievka Au-Ag epitherrnal vein Au, Ap 5 9 ' 4 1 ~  141'44'~ ~~ 
Koni-Yablon Zone (Eastern Asia-Arctk Metalogedc Belt) of Porphyry Cu-Mo and CP-Mo Skarn Deposits (Cretaceous) 

Soutbern Part of  Russian Northeast (Belt EAKY) 
Berezovogor AwAg epithcrmal vein A 4  Ag, Pb 6 5 ' 5 0 ~  170~08'~ 
Etandzha 
Gora Krassnaya 
Guan-Ti (Arkhimed) 
Ikrimun 
lrgunei 
Khakandya 
Lastochka 
Maly Komui 
Molybdenitovy 
Nakhtandjin, Lora 
Nyavlenga 
Osennee, Oksa, Usinskoe 
Sergeev 
Serovskoe 
Tikas 
Travka 
Tsirkovy 

Porphyry Cu-Mo 
Porphyry CU-MO 
Porphyry Mo 
Porphyry Cu-Mo 
Au-Ag epithcrmal vein 
Porphyry M o  
Mo greisen nnd vein 
Cu skarn 
Porphyry Mo 
Porphyry Cu 
Au-Ag epithermal vein 
Porphyry Cu-Mo 
Au-Ag epithermal vein 
Au-Ag epithermal vein 
Porphyry Mo 
Porphyry Mo 
Granitoid-related Au 

Cu, M; 
Mo, Cu, Au 
Mo. W 
Cu. Mo 
Au. Ag 
Mo 
Mo 
Cu 
Mo 
Cu 
Au, Ag 
Mo, Cu 
Au. Ag 
Au, Ag 
Mo 
Mo 
Au, A& Cu. 

Uralskoe Volcanic-hosted Hg H$ Sb. AU, A& 66.28 '~ 166'48% 
Viking Porphyry Cn-Mo Cu, Mo 5 8 ' 5 8 ~  1 52.34'~ 
Yapon Porphyry Cu Cu 5 9 ' 2 5 ~  154.52% 
Korkodon-Nayakhan Zone (Eastern Asie-Arctic Metallogenic Belt) of Porphyry Mo and Granitoid-Related Au Deposits 

(Late Cretaceous), East-Central Part of Russiam Northeast (Belt EAKN) 
Khetagchan Granitoid-related Au Au, W, Bi 63*24N 157'04% 
Orlinoe Porphyry Mo MO 6 2 . 3 5 ~  157'16% 
Sedoi Ag-Co arsenide vein and FaPb Ag, Co 63'49 '~ 1 5 8 ' 2 5 ~  

Cu-Ag-Au skam 
Skarn 

Baryllyelakh-Tsentralny 
Bogatyr 
Bulunga 
Dneprov 

greisen 
Kandychan Sn polymetallic vein Sn, Ag 60'36'N 1 5 0 ~ 2 0 ' ~  
Kharan Sn polymetdlic vein Sn 6 1 ' 5 6 ~  146'03% 
Khenikandja Sn silicate-wlfide and Sn 

polymetallic vein 
Kheta Sn polymetallic vein Sn, Zn, Pb, Cu, Bi, 6 1 ' ~  151'47% 

Khuren Sn polymetallic vein 
Kuranakh-Sala Sn silicate-sulfide vein 
Kyurbelykh Sn silicate-sulfide vein and Sn Sn 62.46'~ 1452% 

polymetallic vein 
Netchen-Khaya Granitoid-related Au Au, Mo, Bi 61.42'~ 151'3272 
Ossolonyn Sn greisen Sn 61'43'~ 153'1 9% 
Porozhistoe Sn polymetallic vein 
Shkolnoe Granitoid-related Au 
Suvorov Rhyolite-hosted Sn 
Svetloe Sn polymctallic vein 
Tankist Porphyry Mo 
Tektonicheskoe Pb-Zn-Ag vein : . . Pb, Zn. Ag. Sn 
Tigrets-Tndustriya Sn polyrnetalllc vh.')': Sn, Ag, Pb, Zn 
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Verkhne-Seimkan Co-Bi-As vein Co, Bi 60"3 1 'N 1 4 9 ~ 6 0 ' ~  
Zerkalnoe Au-Ag epithermal vein Au, Ag, Bi, Te 6 0 ~ 5 8 ' ~  1 5 l"10'E 

Vostochno-Verkhoyansk Zone (Eastern Asia-Arctic metallogenic belt) of Ag Polymetallic Vein Deposits 
(Late Cretaceous and early Tertiary), West-Central Part of Russian Northeast (Belt EAVV) 

Altaiskoe Ag polymetallic vein Pb, Zn, Ag 6 3 0  1 'N 140"43'E 
Bezymyannoe Ag polymetallic vein Ag, Pb 6 5 . 3 9 ' ~  1 3 0 ~ 3 6 ' ~  
Imtachan Sn polymetallic vein Pb, Zn, Sn 62"57'N 139"44'E 
Kuolanda Ag polymetallic vein Pb, Zn, Ag 67'1 1 'N 1 2 7 - 4 5 ' ~  
Mangazeika Ag polymetallic vein Pb, Ag 6 5 ' 4 6 ' ~  130'35'~ 
Prognoz Ag polymetallic vein Ag, Pb 654  1 'N 1 3 3 - 2 9 ' ~  
Verkhnee Menkeche Ag polymetallic vein Pb, Zn, Ag 62"56'N 139"27 '~ 
Adycha-Taryn Zone (Eastern Asia-Arctic Metallogenic Belt) of Clastic Sediment-Hosted Sb-Au, Au-Ag Epithermal Vein, 
and Ag-Sb Polymetallic Vein Deposits (Cretaceous and early Tertiary), Western Part of Russian Northeast (Belt EAAT) 

Ak-Al tyn Au-Ag epithermal vein Au 6 7 ' 0 2 ' ~  133'60'~ 
Billyakh 
Maltan 
Sarylakh 
Sentachan 

Uzlovoe 

- .  

Au-Sb polymetallic vein Sb, Au 
Sb-Au vein Au, Sb 
Sb-Au vein Au, Sb 
Sb-Au vein or clastic sediment- Sb 
hosted Sb-Au 
Sb-Au vein or clastic sediment- Au, Sb 
hosted Sb-Au 

Omsukchan Zone (Eastern Asia-Arctic Metallogenic Belt) of Sn Polymetallic Vein, Sn Silicate-Sulfide, Porphyry Sn, 
Ag Epithermal Vein, Porphyry Mo-Cu, and Associated Deposits (Late Cretaceous) 

Southeastern Part of Russian Northeast (Belt EAOM) 
Arylakh Au-Ag epithermal vein Ag, Au 6 3 - 0 8 ' ~  154'58'~ 
Dukat Au-Ag epithermal vein Ag, Au 62 '36 '~ 155'11'E 
Egorlyk Sn silicate-sulfide vein Sn 6 3 - 2 7 ' ~  1 5 4 - 5 5 ' ~  
Elombal, Yakor Sb-Au vein? Au, As, Sb 6 7 2 5 ' ~  165"27'E 
Galimoe Sn silicate-sulfide vein Sn, Ag 62'2 1 'N 1 55 '49 '~ 
Ircha Porphyry Sn Sn, Ag 61'5 I ' N  1 5 5 ~ 3 9 ' ~  
Khataren-Industrial Sn silicate-sulfide vein Sn 6 2 ' 3 3 ' ~  155'34'~ 
Maly Ken Sn polymetallic vein Sn, Ag 6 2 ' 4 4 ~  154'60'~ 
Mechta Ag-Pb-Zn vein, Polymetallic Ag, Pb, Zn 6 2 ' 4 8 ' ~  155*05'E 

vein(?) 
Nevskoe Porphyry Sn Sn, W, Se 62-1 6'N 155-26 '~ 
Novy Djagyn Porphyry Sn Sn 62 '48 '~  155-25 '~ 
Okhomichie Sn silicate-sulfide vein Sn 62 '04 '~  1 55*14'E 
Podgomoe Au-Co-As vein Au, Co, Bi, Te, (As) 62 '37 '~  1 5 5 2 8 ' ~  
Rogovik Au-Ag epithermal vein Ag, 64'1 8'N 1 53 '58 '~ 
Tidit Ag-Pb-Zn vein, Polymetallic Ag, Pb, Zn 62'5 1 'N 1 55'1 1 'E 

vein(?) 
Trood Sn polymetallic vein Sn, Pb Zn, Ag 62 '04 '~  1 5 5 2 2 ' ~  

Chokurdak Metallogenic Belt of Granitoid-Related Sn Creisen, Sn-Polymetallic Vein, Sn Greisen, and 
Au-Ag Epithermal ~ e i o ~ e ~ o s i t s  (Early and mid-Cretaceous), Northern part of Russian Northeast (Belt CD) 

Chokurdakh Sn silicate tourmaline, Sn Sn 7214'N 140*18'E 

Churpunnya 
Deputatskoe 
Djaktardakh 
Khomustak 
Odinokoe 
Pavel-Chokhchurskoe 
Primorskoe 
Sigilyakh 
Ukachilkan 
Yuzhnoe 

silicate-sulfide vein 
Sn silicate-sulfide vein 
Sn polymetallic vein(?) 
Sn polymetallic vein 
Sn greisen 
Sn greisen 
Sn polymetallic vein and greisen 
Sn polymetallic vein 
Sn silicate-sulfide vein 
Sn polymetallic vein 
Polymetallic vein 

Sn 
Sn 
Sn 
Sn 
Sn 
Sn 
Sn 
Sn 
Sn 
Pb, Zn 



Deposit Name Mineral Deprrit Model Major Metals Latitude N; Longitude E, W. 

Chaun Zone (Eastern Asia-Arctic Metallogenic Belt) of Granitic-Magmatism-Related 
Northeastern Part of Russian Northeast (Belt EACN) 

Barin Ag polymetallic vein and Ag, Zn 

Chechekuyum 
Dioritovoe 
Ekug 
Elmaun 
Enpylkhkan 
Erulen 
Eruttin 
Granamoe 
lchatkin 
Kekur 
Kuekvun 
Kukenei 
Lunnoe 
Melyul 
Mramornoe 
Mymlerennet 
Pepenveem 
Pyrkakai 
Reechen 
Serdtse-Kamen 
Shurykan 

replacement 
Pb-Zn skarn 
Sn plymetallic vein 
Porphyry Sn or Sn g r e i m  
Sn silicate-sulfide vein 
Pb-Zn skarn 
Sn silicate-sulfide vein 
Sn silicate-sulfide vein 
Porphyry Mo 
Sn silicate-sulfide vain 
Sn silicate-sulfide vein 
Granitoid-related Au 
Sn polyrnetallic vein 
Sn silicate-sulfide vah 
Pb-Zn-(Cu)-Ag skarn 
Sn polymetallic vein 
Sn silicate-sulfide vein 
Au-Ag epithennal vein 
Porphyry Sn 
Fe-Pb-Zn-Sn skarn 
Pb-Zn skarn 
Porphyry Cu-Mo 

Pb, Zn, Cu, Ni 
Sn 
Sn, W 
Sn 
Pb. Zn. Cu, Ag 
Sn 
Sn 
Mo 
Sn 
Sn 
Au, Bi. Tc, SR W 
Sn, Ag 
Sn, W 
Pb. a. Ag. (Cu) 
sn, Ag 
Sn 
A& Bk3 
Sn, W 
Fe, Pb, & Sn 
Pb, Zn, Cu, Sn, A& 
Mo, Cu 

Telekai SI silicate-sulfide vein a d  Sn Sn 6 7 . 5 9 ~  178.05'~ 
gFeiscn 

Tumannoe Diseemimted Au-sutfide Au, A&, Sb 6 7 . a  178'06'~ 
Valkumei So silicate-dfide vein Sn 69'39'N 170.1 2% 
Vodorazdelnoye Sn silicate-sulfide vein Sn 6755'N 178'5 1 'E 
Yassnoe Clastic sediment-hosted Hg or Hg 68'23'~ 167'482 

lultin Sn quartz vein 
Karalveem Au quartz vein 
Lenotap Au quartz vein Au 
Ozernoe Au quartz vein Au 

Bedrock Creek* Porphyry Cu(?) CU, W, Th 
Blue Lead, Tibbs Creek, Gray Polymetallic vein or Sb-Au vein Au, Ag, Sb 
Lead 
BlufF Porphyry Cu-Mo 
Caribou Creek, Eagles Den, Slate Sb-Au vein 
Creek (Kantishna district) 
Cleary Summit Polymetallic vein, Au-quartz Au. Ag 

vein 
Democrat (Mitchell Lode) Granitoid-related Au Au, Ag. Pb. Sb 6 4 ' 2 0 ~  '1 46'22~ 
Dempsey Pup Sb-Au vein or polyrnetallic Sb, Au(?) 

vein(?) 
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Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Ester Dome (Ryan Lode) Polymetallic vein(?) Au, Ag 6 4 ' 5 2 ~  148'05'~ 
Fort Knox Granitoid-related Au Au, Ag, Mo 65'07'~ 1 4 7 ' 2 3 ' ~  
Gertrude Creek, Griffen, Ruth Sb-Au vein Au, Sb 65'3 1 'N 148'30'~ 
Creek 
Granite Mountain* Porphyry Cu-Mo Cu. Mo 62'19'~ 136'58'~ 
Hot Springs Dome* Polymetallic vein Pb, Ag, Zn, Au 6 5 ' 0 2 ~  1 5 0 ~ 4 5 ' ~  
Hudson Cinnabar Hg quartz vein Hg 65O30'N 148'22'~ 
Miller House* Au-As polymetallic vein Au 65'33'~ 145'1 5'W 
Pogo Granitoid-related Au Au, As, Cu, Bi 
Quigley Ridge (Kantishna Polymetallic vein Ag, Au, Pb, Zn 63'33'~ 150'45'W 
district) 
Salcha River* W skam W 65'07'~ 144'38'~ 
Sawtooth Mountain Sb-Au vein Sb 65'23'~ 149.30'~ 
Scrafford Sb-Au vein Sb, Au 65'00'~ 1 47 '49 '~  
Spruce Creek (Kantishna district) Polymetallic vein Au, Ag, Pb, Zn, Sb 6 3 ' 3 5 ~  15 1 ' 3 5 ' ~  
Stampede (Kantishna district) Sb-Au vein Sb 6 3 ' 4 5 ~  150.25'~ 
Stepovich Lode W skarn W, Au 64'59'~ 1 47'2 I'W 
Table Mountain Sn polymetallic vein Au 6 5 ' 2 9 ~  145'53'~ 
* -Age not well established; deposit could be part of younger part of East-Central Alaska metallogenic belt (Late 

Cretaceous and early Tertiary) 
Yukon-Tanana Upland Metallogenic Belt of Au Quartz Vein Deposits (Late Cretaceous), East-Central Alaska (Belt YT) 

Purdy Au-quartz vein Au 64'07'~ 141'55'~ 
Wrangell Mountains Metallogenic Belt of Cu-Ag Quartz Vein and Kennecott Cu Deposits (mid-Cretaceous) 

  as tern-south Alaska (Belt WR) 
Erickson Basaltic Cu Cu 6 1 '25 '~ 142'1 5'W 
Kathleen-Margaret Cu-Ag quartz vein Cu, Ag, Au 63'1 7 ' ~  146'33'~ 
Kennecott District Kennecott Cu Cu, Ag 61°31'N 142'50'~ 
Nelson (Glacier Creek) Kennecon Cu Cu, Ag 6 1'27'N 142'23'~ 
Nikolai Cu-Ag quartz vein Cu, Ag 6 1 ' 2 8 ~  142bl'W 
Nugget Creek Cu-Ag quartz vein Cu, Ag 6 1 ' 3 9 ~  143'43'~ 
Westover Kennecott Cu Cu, Ag 6 1-24'N 1 42 ' 30 '~  

LATE CRETACEOUS AND EARLY TERTIARY (Campanian through early Eocene - 84 to 52 Ma) 
Iruneiskiy Metallogenic Belt of Porphyry Mo Deposits (Late Cretaceous), Southern Kamchatka Peninsula (Belt IR) 

Kirganik Porphyry Mo Mo 55O0 1 'N 1 57'38% 
Verkhne-Yudomsky (Yuzhno-Verkhoyansk) Zone (Eastern Asia-Arctic MetaUogenic Belt) of 

Sn Polymetallic Vein (Southern ~o l iv i an  type) Deposits (Cretaceous), Western Part of ~ u s s i a n  Northeast (Belt E A W  
Balaakkalakh, Diring-Yuryak Sn polymetallic vein Sn 59"5l'N 139*01'E 
Dzhaton Pb-Zn polymetallic vein Pb, Zn, Ag 6 I 2 9 ~  1 4 0 ~ 1 5 ' ~  
Khaarda k Sn polymetallic vein Sn 62*03'N 140'44'~ 
Khoron Sn polymetallic vein Sn 62-39'N 140-49'~ 
Nivandzha Polymetallic vein Pb, Zn, Ag 6 1 ' 3 3 ~  141'14'~ 
Zamitsa, Kutinskoe Polymetallic vein Pb, Zn, Ag 62-27'N 140'1 8'E 

Verkhoyansk-lndigirka (Dulgalak) Zone (Eastern Asia-Arctic Metallogenic Belt) of Clastic Sediment-Hosted Hg and 
Sb-Au Vein Deposits (Late Cretaceous and early Tertiary), Western Part of Russian Northeast (Belt E A W  

Baidakh Sb-Au vein Sb 7 0 ~ 0 5 ' ~  1 35'32'~ 
Betyugen Sb vein Sb 67-06'~ 1 3 1 3 6 ' ~  
Erel Clastic sediment-hosted Hg Hg 6 4 ' 3 0 ~  138'25'~ 
Imnekan Sb vein Sb 64'46'~ 1 3 5 2 4 ~  
Iserdek Clastic sediment-hosted Hg Hg 67-08'N 130~4 1 'E 
Kholbolok Clastic sediment-hosted Hg Hg 66-15'N 13 1'48'~ 
Kyuchyuss Sb-Au-Hg vein Au, Hg, Sb 69-48'N 134'45'E 
Seikimyan Clastic sediment-hosted Hg Hg 64'08'~ 1 39'52% 
Seleri kan Sb vein Sb 64*13'N 140~25 '~  
Senduchen Sb-As vein As, Sb 63'2 1 'N 1 3 8 '24'~ 
Singyami Clastic sediment-hosted Hg Hi3 64"42'N 137'40'~ 
Stibnitovoe Sb vein Sb 63'14% 138'30'~ 
Zagad ka Clastic sediment-hosted Hg Hg, Sb 66'5.5'~ 13 1'01'E 
Zvezdochka Clastic sediment-hosted Hg Hg 66'43'~ 13 1 '03'~ 



- - 

Deposit Name Mineral Deparlt Model Major Metals Latitude N; Longitude E, W. 

Anuyi-Bermgavsky Zone (Eastern Asia-Arctic Metallloge& Belt) of Au-Ag Epithermal Veln and 
Disseminated Gold Sulfide Deposits (Late (=retaceour), Northeastern Part of Rudmi Northeast melt EAAB) 

Chineyveem Au-Ag epithcrmal vein A& Ag 66'1 I'N 171'26'~ 
Dramyaschy, Upryamy Au-Ag epithermal vein Au 68'34~ 168"348 
Elveney Au sulfide disserninafed Au, As 6 8 ' 2 0 ~  168'34'~ 
Enmyvaam Au-Ag epithmal vein A 4  Ag 67'02'N 1 7 1'58'~ 
Gora Sypuchaya Au quartz vein and Au-sulfide Au 6859'N 172'57'~ 

disseminated 
Gornostai Au-Ag epithermal vein Au. Ag 66'1 5 N  169'34% 
Maiskoe D i m m a t e d  Au sulfide Au, As. Sb. Ag 6 9 ' 0 2 ~  173-44E 
Maly Peledon Au-Ag epithmal vein Au, Ag dd14'N 167'56'E 
Pelvuntykoinen Granitoid-related Au Au, Bi, Te 68.08~ 168'5 1 'B 
Promezhutochnoe Au-Ag epithermal vein Ail. Ag 6 8 ' 5 3 ~  173'48% 
Shakh, Zhilny Au-A$ eplthermal vein Au. Ag 6 6 . 2 2 ~  1 77'1 1 'E 
Sopka Rudnaya Aa-Ag epithmal vein Au, Ag 68'5 8 w 1 74.03~ 
Valunistoe Au-Ag epithamal vein Au, Ag 6 6 ' 2 8 ~  , I  7 f  3 b ~  

Chukotka Zone (Eastern Asia-Arctic Metallogenic Belt) of Igneous-Related Hg Deposlts (Late Cretaceous) 
Northeastern Part of Russian Northeast (Belt EACH) 

Kulpolney Volcanrc-hosted Hg Hg 6 7 ' 1 3 ~  166'16'~ 
Kyttamlal Clastic sec&ment-hasted Hg or ffg, Sb 6 8 5 4 ~  16?'60'~ 

hot-spnng Hg? 
Matachlnga~ Silica-carbonate Hg Hg 6 6 ' 2 5 ~  179'22'~ 
Omrelkal Volcanic-hosted Hg Hg. Sb 67.60'~ 170'36% 
Pal yan Clastic sediment-hoetcd Hg ~r Hg 69'0 1 'N 1 72'09'~ 

hot-spnng Hg? 
Plamennoe Volcanic-hosted Hg Hg, Sb 68'2 1 'N 177'1 2% 
Seward Peninsula Metallogenie Belt of GranlUc Magmatism Deposits @ate Cretacews),Northwestern Alaska (Belt SP) 

Cape Mountaln Sn quartz vein Sn 65'35'~ 1 6 8 ' 0 0 ' ~  
Death Valley Sediment-hosted U U 6 5 ' 0 3 ~  1 62'1 5'W 
Eagle Creek Felsrc plutonic U Us Th, REE 6 4 . 4 ~ ~  1 62 '46 '~  
Ear Mountam area (Wrnfield) Sn skarn Sn, Cu, Ag, Pb, Zn 6 5 ' 5 6 ~  166'1 2 ' ~  
Independence Polymetlllrc vein Pb, Ag 65.4 l w 1 6238'~ 
Kougarok Sn grslscn wnh Ta and Nb Sn, Ta, Nb 65'41'~ 165'14'~ 
Lost R~ver Sn-W skam, Sn greaen, Sn, W, F, Be 65 .28~  I G ~ I Q * W  

Carbomereplacement Sn(?) 
Omilak area Polymetallic vein Pb, Ag, Sb 65'02% 1 62.4 I 'W 
Potato Mountam Sn quartz vein Sn 6J38lU I 67.35'~ 
Quartz Creek Polymetallic vem Pb, Zn, As. Ag 6 5 ' 3 0 ~  16 1 ' 2 6 ' ~  
Serpentine Hot Sprlngs P o l y ~ a l l i c  vein Pb, Zn, As, Ag, Au, 6 5 ' 4 8 ~  1 & ' 3 2 ' ~  

Sn 
Wrndy Creek Porphyry Mo Mo 65'10'~ 162'37'~ 

Northwestern Koyukak Basin Metallogenic Belt of Felslc Plutoaic U and Manto-Replacement 
(Polymetallic Pn-Zn, An) Deposits (Late Cretaceous), West-Central Alaska (Belt NWK) 

Clear Creek Fehc  plutoruc U U 66'1 51\1 1 5 6 * 0 3 ~  
Wheeler Creek Felslc plutonic U U 66'16111 1 5 7 2 0 ' ~  
Zane Hills Ftlsrc pluton~c U U, Th 6 6 ' 1 2 ~  156 '15 '~  
Illrno~s Creek Man~eplacement depos~t Au, Ag 64'05~ 1 SS*OO'W 

(pdymctallu: Pn-Zn, Au) 
West-Central Alaska Metallegesir Belt of Porphyry CwAu Deposits (Hogatza) (Lafe Cr@tsW!on~) 

Wat-Central Alaska (Belt WCA) -- 

Ind~an Mountarn and Purcell Pnrphyty Cu-Au Cu. Au 66'22'~ 1 5 5 * 0 2 ' ~  
Mountain 
Zane Hills Polphyry Cu-Au Cu, Au 6 6 ' 3 8 ~  155'55'~ 

Kuskohwim Mountains Metallogenic Belt ef Granitic-Magmatism-Related k p o l l t ~  
(La& Cretaceous and early Tertiary), Southwestern Alaska (Belt KMT) 

Amold prospect Granito~d-relared Au Au, Ag 6 1 ' 5 2 ~  1 6 1 3 8 ' ~  
Beaver Creek Polymetallic vein Ag, Pb, Zn 6 4 . 4 ~ ~  1 ~ 5 ~ 3 0 % ~  
Beaver Mountains Porphyry Cu-Au Cu, Au, Ag 62-54W 156'58W 
Broken Shovel, Idltarod Polyrnetall~c vein Ag, Pb, Sb 62 '37~  1 57' 1 0%' 
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Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Candle Polyrnetallic vein or porphyry Cu, Pb, Ag 62"511N 1 5 5 ' 4 8 ' ~  
Cu? 

Chicken Mountain, Black Creek Granitoid-related Au-Ag (Cu) Au, As, Hg, Sb, Cu, 6 2 - 3 0 ' ~  1 5 8 " 0 0 ' ~  
(Flat District) Mo 
Cinnabar Creek Hot-spring Hg Sb, Hg 6 6 ' 4 6 ~  1 5 8 ' 4 6 ' ~  
Cirque, Tolstoi Polyrnetallic vein and porphyry Cu, Ag, Sn 6 2 ' 5 3 ' ~  1 5 6 ' 5 9 ' ~  

Cu 
DeCourcey Mountain Hot-spring Hg Hg, Sb, As 62-1 5'N 1 5 8 ~ 3 0 ' ~  
Donlin Creek Porphyry Au Au 62'1 8'N 1 5 8 ' 2 4 ' ~  
Fortyseven Creek Polyrnetallic vein(?) Au, W 6 1 ' 0 7 ~  158-1 5'W 
Golden Horn, Minnie Gulch, Polymetallic vein or Sb-Au vein Au, Ag, Sb, Hg, W 62-3 I 'N 1 5 7 ~ 5 5 ' ~  
Malemute, Iditarod (Flat District) 
Independence Porphyry Au Au 6 2 - 5 7 ' ~  1 5 6 ~ 5 9 ' ~  
Kagati Lake Sb-Hg vein Sb, Hg 59 '52 '~  1 59"54'W 
McLeod Porphyry Mo Mo 63'16% 1 5 9 ' 1 6 ' ~  
Medfra Fe skarn Fe, Cu, Zn, Au 63'40% 1 5 4 ' 0 4 ' ~  
Mission Creek, Headwall, Louise, Polymetallic vein Au, Ag, Cu, As 6 1'46'N 1 5 8 3 2 ' ~  
and Owhat Prospect 
Molybdenum Mountain Porphyry Mo Mo 62"05'N 1 5 8 - 4 8 ' ~  
Nixon Fork-Medh Cu-Au skam Au, Cu, Ag, Bi, Sn, 63"14'N 1 5 4 2 7 ' ~  

W, Th 
Perseverance Polymetallic vein(?) Pb, Ag, Sb 64'45% 1 5 7 ° 3 0 ' ~  
Red Devil Clastic sediment-hosted Hg Hg, Sb 61 '45 '~ 1 5 7 ~ 2 3 ' ~  
Sischu Creek Felsic plutonic U U, Th 63*58'N 153'1 7'W 
Sleitat Sn greisen and skarn Sn, Ag, W, As 60 '03 '~  1 5 7 " 0 5 ' ~  
Snow Gulch-Donlin Sb-Au vein Sb, Au, As, Hg 62-1 3'N 1 5 8 * 1 5 ' ~  
Taylor Mountains Hg-Ag epithermal vein(?) Hg, Au 60 '52 '~  1 5 7 2 0 ' ~  
Vinasale Mountain Granitoid-Related (Porphyry) Au 62 '36 '~  1 5 6 * 0 8 ' ~  

Au 
Von Frank Mountain Porphyry Cu-Ag Cu, Ag 63 '38 '~  1 5 5 ~ 0 4 ' ~  
Win-Won or Cloudy Mountain Sn polymetallic vein Sn, Ag, Cu 63'1 3'N 1 5 6 ' 0 4 ' ~  
Wolf Mountain Felsic plutonic U U, Th, As, Nb, Mo, 62'20% 161"29'W 

REE 
East-Central Alaska Metallogenic Belt of Granitic Magmatism Deposits 

(Younger, Late Cretaceous and Early Tertiary Part) (East-Central Alaska and Western Yukon Territory - 
Carmacks area) (Belt ECA) 

Asarco Porphyry Cu-Mo Cu, Mo 63"22'N 1 4 2 ' 3 0 ' ~  
Cash (Klazan, Johnny) Porphyry Cu-Mo Cu, Mo 62 '26 '~ 1 3 7 - 3 7 ' ~  
Casino (Patton Hill) Porphyry Cu-Mo Cu, Mo 6 2 ' 4 4 ' ~  I 38'49' w 
Ketchem Dome Sn greisen Sn 6 5 ' 2 9 ' ~  1 4 4 ' 5 3 ' ~  
Lime Peak Sn greisen and Sn vein Sn, Ag, Zn, U, W 65 '37 '~ 1 4 6 ' 4 3 ' ~  
Mosquito Porphyry Cu-Mo Cu, Mo 63'53% 1 4 3 ~ 2 8 ' ~  
Roy Creek (former Mt. Prindle) Felsic plutonic U U, Th 6 5 - 2 9 ' ~  1 4 7 ' 0 5 ' ~  
Road Metal Tourmaline-topaz-quartz-sulfide Au, Ag, Cu, Bi 63'02% 1 4 1 ' 2 0 ' ~  

greisen 
Taurus Porphyry Cu-Mo Cu, Mo 63-39% 1 4 1 ' 1 9 ' ~  

Southern Alaska Metallogenic Belt of Granitic Magmatism Deposits (Late Cretaceous and early Tertiary) 
Central and Northern Part of Southern Alaska (Belt SA) 

Bonanza Hills Polymetallic vein and Porphyry Ag, Cu, Pb, Au 60 '45 '~  1 5 4 3 0 ' ~  
Cu 

Boulder Creek (Purkeypile) 
Bowser Creek 
Coal Creek 
Golden Zone 

Kijik River 

Miss Molly (Hayes Glacier) 
Nabesna Glacier and adjacent 
areas. 
Nirn, Nimbus, Silver King 

Sn greisen(?) 
Pb-Zn skarn 
Sn greisen(?) and Sn vein 
Polymetallic vein and Au-Ag 
breccia pipe or Cu-Au porphyry 
Polyrnetallic vein and porphyry 
Cu 
Porphyry Mo 
Polyrnetallic vein(?) 

Polyrnetallic vein and Porphyry 

Sn 
Ag, Pb, Zn 
Sn, Ag, W, Zn 
Au, Cu, Zn, As, Sb, 
Ag, Pb 
Cu, Mo 

Mo 
Cu, Zn, Au 

Au, Ag, Cu 

p;. ;A'..* 



Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Ohio Creek 
Partin Creek 

Rat Fork, Sheep Creek 
Ready Cash 

Tin Creek 
Treasure Creek 

Cu(?) 
Sn greisen and Sn vein Sn 63'1 17'4 149'55'~ 
Polymetallic vein or Cu-Ag Cu, Au, Ag 6 2 . 5 4 ~  149'57'~ 
qlrartz vein 
Cu-Pb-Zn skam Cu, Zn. Pb 6 2 ' 1 4 ~  153.48'~ 
Polymetallic vcinf?) Au, Cu, Pb, Ag, Sn, 63'09'N 1 4 9 5 2 ' ~  

Zn 
Cu-Pb-Zn skarn Pb. Zn, Cu 6 2 ' 2 3 ~  153.38'~ 
Plxphyry Cu-Mo Mo, Cu 6 2 . 5 3 ~  149'1 8'W 

Zackly Cu-Au skam Au, Cu, Ag 6 3 ' 1 3 ~  146.42'~ 
Baranof Metaliognic Belt of Au Quartz Veln Depotits (early Tertlary), Southeastern Alaska (Belt BN) 

Apex and El Nido Au quaru vein Au, Ag 5 7 - 5 7 ' ~  1361 6 ' ~  
Chichagoff, Hirst-Chichagof Au quartz vein Au 57%0'N 136'06'~ 
Cobol Au quam vein Au 5 7 . 5 1 ~  136'13'~ 
Reid Inlet Au quartz vein Au, Pb 58'52W 136'52'~ 

Maclaren Metdogenic Belt of Au Quartz Vein Deposits (Early Tertiary), 
Central and Northern Part of Southern Alaska (Belt MC) 

Lucky Hill and Timberline Creek Au quartz vein AU 63'1 I N  1 4 7 ~ 1 6 ~  
Talkeetna Mountains Metallogenie Belt of Au Quartz Vein Deposits (early Tertiary), 

Northern Part of Soutbcrn Alaska (Belt TM) 
Independence (Willow Creek Au quam- vein Au 6 1 ' 4 5 ~  149'30%' 
District that also includes Gold 
Bullion, Gold Cord, Lucky Shot, 
Thope) 

Cbugach Mountains Metallogenic Belt ef Au Quartz Veh Deposits (early Tertiary), Southern Alaska (Belt CM) 
Alaska Oracle, Gil~atrick Au quartz vein Au 60'37'~ 149'34'~ 
Chalet Mountain (Cornelius Au quartz vein W. Au, Ag ~ ~ 4 8 ~  15210'W 
Creek) 
Cliff (Port Valdez) Au quartz vein Au 61'071~ 1 4 6 ' 3 3 ~  
Crown-Point, Kenai-Alaska Au quartz van Au 6 0 . 2 ~ ~  149-1 8 ' ~  
Gold King Au quartz vein Au 6 1 ' 1 2 ~  146-44'W 
Granlte Au quartz vein Au 6 0 . 5 8 ~  148'13'~ 
Lucky Strike (Palmer Creek) Au quartz vein Au 60604FN 1 4 9 ' 3 3 ~  
Mineral King (Herman and Au quartz vein Au 60'5TN 1 4 ~ ' 2 1 ' ~  
Eaton) 
Monarch, Jewel Au quartz vein Au 61*02?4 149'06'~ 
Nuka Bay District (Nualaska, Au quartz vein Au 5 9 ' 3 3 ~  150*339~ 
Lost Creek, Alaska Hills) 
Ramsay-Rutherford Au quartz vein Au 6 1 ' 1 2 ~  146~06'W 

Juneau Metallogenic Belt of Au Quartz Vein Deposits (early Tertiary), Southeastern Alfbka (Belt JU) 
Alaska-Juneau Au quartz vein Au 58'1 8'N 134'20'~ 
Gold Standard (Helm Bay) Au quam vein Au ~ 5 ~ 3 9 ' ~  132'00'~ 
Goldstream Au quartz vein Au, Cu, Pb. Zn 5 5 ' 1 8 ~  131'39'~ 
Jualin Au quartz vein Au 58'52% 135'05'~ 
Kensington Au quartz vein Au 58 '52~  135'05'~ 
Riverside Au quartz vein or polymetallic Ag, Au, Cu, Pb, W, 56'00'~ 130'04'~ 

vein Zn 
Sea Level Au quam vein Au, Ag 55 .22~ 1 3 1 ' 1 2 ~  
Sumdum Chief Au quartz vein Au, Ag, Cu, Pb, Zn 57 '39~  1 3 3 . 2 ~ ~  
Treadwell Au quart;! vein Au, Ag, CU 5 8 ' 1 5 ~  1 3 4 2 1 ~  

Prince William Sound Metallogenic Belt of Besshi and Cyprus Masslve Sulfide Deposits (early Tertiary) 
Eastern-Southern Alaska (Belt PW) 

Copper Bullion, Rua Cove Cyprus massive sulfide Cu 60'2 1 'N 1 4 7 ' 3 9 ~  
Ellamar Besshi massive sulfide Cu, A 4  Ag 6 0 . 5 4 ~  146~42 w 
Fldalgo-Alaska, Schlosser Besshi massive sulfide(?) Cu, Zn 60.46~ 146'25'~ 
Knlght Island, Pandora Cyprus massive sulfide Cu 6 0 ' 2 0 ~  147'42'~ 
Latouche, Beatson Bashi massive sulfide(?) Cu, A& Zn 60'0273 147~51 'W 
Midas Besshi massive sulfide(?) Cu, Ag, Au, Zn 6 1 ' 0 1 ~  146'16'~ 
Threeman, Standard Copper Cyprus q s s ive  sulfide CU. Au, Ag 6051N 146-33%' 
Yakobi Metallogenic Belt of Gabbroic Ni-Cu Deposits (Tertiary), Southeastern Alaska (Belt YK) 



Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Bohemia Basin (Yakobi Island) Gabbroic Ni-Cu Ni, Cu 5 7 " 5 9 ' ~  1 3 6 ~ 2 5 ' ~  
Brady Glacier Gabbroic Ni-Cu Cu, Ni, PGE 5 8 ' 3 3 ~  1 3 6 - 5 6 ' ~  
Mirror Harbor Gabbroic Ni-Cu Ni, Cu 57"47'N 1 3 6 ~ 1 9 ' ~  

Surprise Lake Metallogenic Belt of Porphyry Mo-W-Cu, and Au-Ag Polymetallic Vein Deposits 
(Late Cretaceous and early Tertiary), Northern British Columbia (Belt SL) 

Adanac-Adera (Ruby Crcek) Porphyry Mo Mo, W 59"43'N 1 3 3 ~ 2 4 ' ~  
(104N 052) 
Mount Ogden (Nan, Moly-Tab) Porphyry Mo Mo 5 8 ' 2 6 ~  1 3 3 ~ 2 2 ' ~  
Mt. Haskin West (Joem, Rain, Porphyry Mo-W, Mo skarn Mo, W 59"21'N 129"319W 
Moly Zone) (I 04P 059) 
Red Mountain (Bug, Fox, Porphyry Mo Mo 60-59'N 1 33"44'W 
Boswell River) 
S.Q.E. (Storie, Casmo) (l04P Porphyry Mo Mo 59'1 5'N 1 2 9 ~ 5 2 ' ~  
069) 
Sutlahine River Area (Thorn, Porphyry Cu-Mo Cu, Mo, Ag 58-32N 1 3 2 - 4 7 ' ~  . - -  

Kay) (094D 005) 
Windy (Balsam, Star, Kuhn, Dead W skarn 
Goat) (l04P 071; 104P 003; 
104P 079) 
Engineer Mine (104M 014) Au-Ag Polymetallic Vein Au, Ag 54 '29 '~  1 34-1 4'W 
Venus (082FSW 166) Au-Ag Polymetallic Vein Au, Ag 49 '27 '~  1 1 7 ~ 2 0 ' ~  

Central-Southeastern Alaska Metallogenic Belt of Porphyry Mo and Cu Deposits (Oligocene) 
Southeastern Alaska (Belt CSE) 

Groundhog Basin Polymetallic vein(?), Sn granite, Ag, Pb, Zn 5 6"3 1 'N 1 32*04' w 
Porphyry Mo 

Margerie Glacier Porphyry Cu and lesser Cu, Ag, Au 59"019N 1 3 7 ' 0 5 ' ~  
polymetallic vein 

North Bradfield Canal Fe skarn Fe, Cu 5 6 - 2 3 ' ~  13 1 ' 2 3 ' ~  
Nunatak (Muir Inlet) Porphyry Mo-Cu Mo 5 8 ' 5 9 ' ~  1 3 6 ' 0 6 ' ~  
Quartz Hill Porphyry Mo Mo 5 5 ' 2 4 ' ~  1 3 0 ' 2 9 ' ~  

Bulkley Metallogenic Belt of Porphyry Cu-Mo and Polymetallic Vein Deposits (Late Cretaceous) 

Glacier Gulch (Hudson Bay 
Mountain) (093L 110) 
Huckleberry (093E 037) 
Ox Lake (093E 004) 
Poplar (093L 239) 
Red Rose (093M 067) 
Capoose Lake (093F 040) 
Nadina (Silver Queen) (093L 

- . .  

Central British ~ o l u m b i a  (Belt BK) 
Porphyry Mo Mo 5 4 - 4 9 ' ~  1 27'1 8'W 

Porphyry Cu-Mo Cu, Mo 53"411N 1 2 7 ~ 1 0 ' ~  
Porphyry Cu-Mo Cu, Mo 53"411N 1 2 7 ' 0 3 ' ~  
Porphyry Cu-Mo Cu, Mo, Ag 54'0 1 'N 1 2 6 - 5 9 ' ~  
W polymetallic vein W, Au, Cu, Ag 55O08'~ 1 2 7 " 3 6 ' ~  
Polymetallic vein Au, Ag, Cu, Pb, Zn 55"08'N 1 2 7 ' 3 6 ' ~  
Ag polymetallic vein Zn, Pb, Ag, Au, Cu 54"05'N 1 2 6 " 4 4 ' ~  

083) 
Fish Lake-Bralorne Metallogenic Belt of Porphyry Cu-Mo, Porphyry Cu-Au, Au Quartz Vein, and 

Polymetallic Ag-Au Vein and Related Deposit Types (Late Cretaceous and early Tertiary) 
Southern British Columbia (Belt FLB) 

Bralome (092JNE OOI), Pioneer Au-Sb polymetallic vein Au 50 '47 '~  1 2 2 ~ 4 9 ' ~  
(092JNE 004) (Bridge River 
Area) 
Fish Lake (0920 04 1) Porphyry Cu-Mo 
Giant Copper (Canam, A.M.) Porphyry Cu-Mo 
Maggie (Bonaparte River) Porphyry Cu-Mo 
Poison Mountain (Copper Giant) Porphyry Cu-Mo 

Cu, Au 5 1 ' 2 8 ~  1 2 3 ~ 3 8 ' ~  
Cu, Mo 49 '10 '~  1 2 1 ' 0 1 ' ~  
Cu, Mo 5 0 ~ 5 5 ' ~  12 1 ' 2 5 ' ~  
Cu, Mo 5 l008'N 1 2 2 0 7 ' ~  

~ ~ . ~. 

(0920 046) 
Tyaughton-Yalakom Metallogenic Belt of W-Sb Polymetallic Vein and Hg-Sb Vein Deposits (early Tertiary) 

Southern British Columbia (Belt GB) 
Tungsten Queen W-Sb polymetallic vein and Hg- Hg 5 1 ' 0 3 ' ~  1 2 2 ~ 4 9 ' ~  

Sb vein 



Gambier Metallogenic Belt of Porphyry Cu-Mo and Zn-Pb-Cu Skarn Deposits (early Tertiary) 
Southern British Columbia @It GB) 

Garnbier Island (092GNW 025) Pomhvrv Cu-Mu Cu, Mo 49'3 1 15 1 2 3 . 2 2 ~  . . .  
Hi-Mars ( ~ e w i s  ' ~ a k e )  (092F 292) Porphyry Cu-Mo 
Lynn Creek (092GSW 003) Zn-Pb ekam 

Cu, Mo 49'57'~ 124.2 1 w 
Zn, Pb 4 9 ' 2 5 ~  123'04W 

O.K. (092K 008; 092K 057) Porphyry Cu-Mo Cu, MO 

00 1) 
Bell Moly (Alice Arm) ( 1  03P Porphyry Mo Mo, W 
234) 
Berg (093E 046) Parphyry Cu-Mo 
Big Onion (093L 124) Porphyry Cu-MO 
Capoose Lake (093F 040) &Au potymetallic vein 
Dorothy (093M 009) Porphyry Cu-Mo 
Equity Silver (Sam Goosly) Ag potymetallic vem 
(093L 001) 
Granisle (093L 146) Porphyry Cu-Au (Mo) Cu, Au, Ag 54.57W 126*09'V&~ 

5 5 . 2 5 ~  129'25'wF Kitsault (BC Moly) (I 03P 120) Porphyry Mo Mo 
Lucky Ship (093L 053) Porphyry Mo Mo 54 .02~  1 2 6 ' 5 9 ~  
Morrison Porphyry Cu-Au (Mo) 55'1 I'N 126'19'~ 
Mount Thomlinson (093M 080) Pvrphyry Mo Mo 
Nanika (DW, New Nanik) (093E Porphm Cu-Mo Cu 
055) 
Prosperity-Porter Idaho (103P Ag-Pb-Zn polyrnetellic mh Ag, Pb, Zn 
089) 

Highland Bell (Beaverdell) 
(O82ESW 030) 
Lassie Lake Area (Blizzard) Palmplacer U 
(082ENE 046) 
Millie Mack (082KSW 057) Au-Ag polymetdlic vein 
Bluebell (Riondel) (082ENE 42, Zn-Pb-Ag sksm and manto 
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Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Kvinumsky Metallogenic Belt of Hornblende Peridotite and Gabbroic Ni-Cu Deposits (early Tertiary) 
Russian Southeast (Belt KV) 

Kuvalorog Hornblende peridotite Cu-Ni. Cu, Ni 53 '28 '~  157"24'E 
Kvinum Gabbroic Cu-Ni Ni, Cu, Co, Au, Pt 5 3 - 3 8 ' ~  157'02'~ 
Shanuch Hornblende peridotite Cu-Ni. Ni, Cu, Co, Au, Pt 5 5 ' 0 9 ' ~  157'12'~ 

Central Koryak Metallogenic Belt of Igneous Arc Deposits (Late Cretaceous and early Tertiary) 
East-Central Part of Russian Northeast (Belt CKY) 

Agranai Volcanic-hosted Hg Hg 6 3 3 3 ~  173'1 O'E 
Ainatvetkin Sn polymetallic vein Sn, Ag 6 0 - 5 8 ' ~  1 65'1 7'E 
Ametistovoe Au-Ag epithermal vein Au, Ag 6lS19'N 1 6 4 ~ 4 9 ' ~  Mi;: 
Berezovaya Sn polymetallic vein Sn 63"60'N 173-52 '~  
Ivolga Epithermal vein Ag, Sn 6 1 ' 1 6 ' ~  165"211E , f%l .q::c 
Khrustal (Khrustalnoe) Sn polymetallic vein Sn 6 1°28W 167-1 O'E 
Krassnaya Gorka Clastic sediment-hosted Hg or Hg 6 1 ' 5 4 ' ~  1 68"48'E 

hot-spring Hg? 
Kuibiveen Porphyry Cu-Mo Mo, Cu, Au 6 2 ' 4 3 ~  1 70"06'E 
Lalankytap Porphyry Cu-Mo Mo, Cu 6 2 ' 0 9 ~  173~1 1 'E 
Larnut Volcanic-hosted Hg Hg 64"05'N 1 7 2 ~ 6 0 ' ~  
Lyapganai Clastic sediment-hosted Hg or Hg, Sb 6 1 ' 3 4 ~  168'0 1 'E 

hot-spring Hg? 
Neptun Clastic sediment-hosted Hg or Hg, Sb, As 6 1 ' 4 0 ' ~  168-1 6'E 

hot-spring Hg? 
Orlovka Epithermal vein Au, Zn, Cu, Hg 64 '00 '~  1 6 8 ~ 3 4 ' ~  
Parkhonai Sn polymetallic vein and Sn Sn 6 4 ° 0 4 ' ~  173'1 8% 

silicate-sulfide vein 
Pervenets Silica-carbonate Hg Hg, As, Sb 63"28'N 173'5 1 'E 
Reznikov Sn polymetallic vein Sn, Ag, Au 6 0 - 5 0 ' ~  1 64 '39 '~  
Rzhavy Porphyry Cu-Mo Cu, Mo, Au 6 5 ' 4 7 ' ~  165'06'~ 
Sprut Au-Ag epithermal vein Ag, Au 6 1'2 1 'N 1 65*07'E 
Tamvatney Silica-carbonate Hg Hg, W, As 63*29'N 174'1 3'E 
Unnei Sn polymetallic vein Sn, Ag, Au 6 1-3 1 'N 1 6 6 - 0 7 ' ~  

Olyutor Metallogenic Belt of Igneous-Arc-Related Deposits (late Paleogene, Miocene, and Pliocene) 
Kamchatka Peninsula (Belt OT) 

Maletoivayam Sulfur-sulfide S 6 0 ~ 2 6 ' ~  164"23'E 
Olyutor Clastic sediment-hosted Hg or Hg, Sb, As 6 0 ~ 3 5 ' ~  167'49'~ 

hot-spring Hg? 
Pinchi Lake Metallogenic Belt of Hg Epithermal Vein, Sb-Au Vein, Silica-Carbonate Hg Deposits 

(Oligocene and Miocene), Central British Columbia (Belt PC) 
Pinchi Lake Silica-carbonate Hg Hg 5 4 ' 3 8 ~  1 2 4 " 2 6 ' ~  

Owl Creek Metallogenic Belt of Porphyry Cu-Mo; Porphyry Mo and Au Polymetallic Vein Deposits 
(Oligocene and Miocene), Southern British Columbia (Belt OC) 

Clear Creek (Gem) (092HNW Porphyry Mo Mo 49"43'N 12 l " 4 3 ' ~  
001) 
Owl Creek district (092JSE 004, Porphyry Cu-Mo Cu, Mo 5 0 ' 2 3 ~  122"45'W 
006,007) 
Salal Creek (092JW 005) Porphyry Mo Mo 5 0 ~ 4 6 ~  1 2 3 ' 2 4 ' ~  

MIDDLE TERTIARY (Miocene - 20 to 10 Ma) 
East Kamchatka Metallogenic Belt of Au-Ag Epithermal Deposits (Miocene) 

Central and Southern Kamchatka Peninsula (Belt EK) 
Asachinskoe Au-Ag epithermal vein Au, Ag, Se 52*08'N 157'54'~ 
Kitkhoi Au-Ag epithermal vein Au, Ag, Zn, Pb 5 3 * 2 6 ' ~  1 58'1 7'E 
Kurnroch Au-Ag epithermal vein Au, Ag, Cu, Pb, Zn 5 5 ' 4 0 ~  161'1 0'E 
Mumovskoe Au-Ag epithermal vein Au, Ag, Cu, Zn, Pb 52"44'N 1 5 8 ~ 2 4 ' ~  
Rodnikovoe Au-Ag epithermal vein Au, Ag 52O50'N 158'1 6 ' ~  



Deposit Name Mineral Deposit Model Major Metals Latitude N; Longitude E, W. 

Central Kamchatka Metallogenic Belt of Au-Ag Epithermal and Porphyry Cu-Mo Deposits (middle and late Tertiary) 
Kamchatka Peninsula (Belt CK) 

Aginskoe (Aga) Au-Ag epithermal vein Au, Ag, Te 55'31'N 1 5 7 5 2 ~  
Baran'evskoe Au-Ag epithermal vein Au. Ag 55'06'N 158'1 3'E 
Chernpura Volcanic-hosted Hg Hg 56' 1 2W 1 59' I WE 
Krasnogorskoe Porphyry Cu-Mo Mo 5 3 ' 5 8 ~  1 57m28'~ 
Oganchinskoe Au-Ag epithermal vein Au. Ag 5 4 ' 5 7 ~  1 57.46'~ 
Ozernovskoe Au-Ag epithmal vein Au. Ag, Te 57-35 w 1 6 0 ~ 4 7 ' ~  
Sukharikovskie Grebni Au-Ag epithermal vein Au, Ag 55 .40~ 158'39'~ 
Tutkhlivayam Au-Ag epihennal vein Au, Ag. Cu, Pb, Zn, 5 9 ' 0 4 ~  161'44'~ 

Te, Cd 
Zolotoi Au-Ag epithennal vein Au, Ag 55'03W 158.211E 

Alaska Peninsula and Aleutian Islaads Metallogenic Belt of lgneoos Arc Deposits (middle Tertiary) 
WesternSouthern Alaska (Belt AP) 

Apollo-Sitka Au-Ag epithemal vein AU, ~ g ,  Pb, Zn, Cu 5 5 . 1 2 ~  1 6 0 ' 3 r ~  
Aquila Au-Ag epithermal vein Au, Ag 55'1 1% 160~420 '~  
Bee Creek Porphyry Cu Cu, Au 56-31W 158'24'~ 
Canoe Bay Au-Ag epithermal vein Au. Ag 5 5 . 3 5 ~  161'16'~ 
Cathedral Creek, Braided Creek Polyrnetallic vein Cu, As, Zn. Pb 56*33(YN 158-44'~ 
Fog Lake (Pond) Au-Ag epirhennal vein Au, Cu, Ag 59'31W 1 5 4 ' 2 3 ~  
Kawisgag (Ivanof) Porphyry Cu md (or) Cu, Mo, Au 5 5 ' 5 7 ~  1 59 '24 '~  

potymetallic vein 
Kilokak Creek Polymetallic vein(?) Pb, Zn 57'1 1 'N 156.24'~ 
KUY Au-Ag epithermal vein Au, Ag, Cu 5 9 . 1 6 ~  154'38'~ 
Mallard Duck Bay Porphyry Cu-Mo and(or) Cu, Mo 56'14% 158.30'~ 

polymetallic vein(?) 
Mike Porphyry Mo Mo 57 .03~  157'13'~ 
Pyramid Porphyry Cu Cu, Au 55'37% 1 6 0 ~ 4 1 ' ~  
Rex Porphyry Cu Cu, Au 5 f  1 2 ~  157'00'~ 
San Diego Bay Au-Ag epithcrmal vein(?) Ag, Au, Cu. Pb, Zn 55 .34~  1 6 0 2 7 ' ~  
Sedanka (Biorka) Polymetallic vein Zn, Pb, Cu 53'451~ 166'1 O'W 
Shurnagin Au-Ag epithermal vein Au. Ag 5 g 1 2 ~  1 60.35'~ 
Warner Bay (Prospect Bay) Porphyry Cu, Polymetallic vein Cu, Mo, Pb. Zn 56'1 OW 158-220'~ 

LATE TERTIARY and QUATERNARY (Pliocene through Present - 4 to 0 Ma) 
Sakhalin Island Belt of Silica-Carbonate and Volcanic-Hosted Hg Deposits (late Tertiary) 

Kuril Islands, Sakhalin Island, Russian Far East (Belt SH) 
In' River Volcanic-hosted Hg wl Hg, Cu 5 0 ' 3 3 ~  142'32'~ 
lnskoe Volcanic-hosted Hg HI3 4 8 . 5 2 ~  142'38% 
Ostrinskoe Silica-carbonate Hg Hg 49'44% 143'1 2 ' ~  
Svetlovskoe Silica-carbonate Hg Hg 50'09~ 143'23% 
Yasnoe Silica-carbonate Hg Hg 50~338~ 1 4 2 . 2 ~ ~  

Kuril Metallogenic Belt of Au-Ag Epithermal Vein, Cu-Pb-Zn Polymetallie Vein, Sn silica-sulfide vein, Sn Vein, 
Sulfur-sulfide (Volcanic S), Kuroko Massive Sulfide, and Porphyry Mo Deposits (middle Tertiary to Holocene) 

Kuril Islands, East-Central Part of Russian Far East (Belt KU) 
Carpinsky Caldera Porphyry Mo Mo 50'10'~ 155'28'~ 
Dushnoe Cu-Pb-Zn polymetallic vein Cu. Zn, Pb 4 6 5 8 ~  152'04'~ 
Ebeko Sulfur-sulfide s ,  F 6  5 0 ' 3 8 ~  156'03~ 
Golovninskoe Sulfur-sulfide. S, FeS 43-53W 145'36'~ 
Koshkina Polyrnetallic vein Cu, Zn. Pb 50 .44~ 15d16'E 
Krishtofovich Volcano Sulfur-sulfide S, FeS2 4 5 ' 4 7 ~  1 4 9 ~ 4 3 ' ~  
Novoe Sulfur-sulfide S, FeS2 4 4 - 5 6 ~  147'30'~ 
Prasolovskoe Au-Ag epithemal vein. Au, Ag 44'1 9 ' ~  146'05% 
Reidovskoe Porphyry Mo Mo 45'1 2'N 148'1 2% 
Ri fovoe Au-Pb-Zn epithermal vein Au, Zn, Pb 5 d 2 4 ' ~  1 56'02'~ 
Rudnikovskoe Sn silicate-sulfide vein Sn, Pb, Zn 44'37'N 147.22'~ 
Sernaya River Au epithermal vein Au, Zn, Cu 45'1 0% 148'02'~ 
Sofya 
Spiridonovskoe 
Tet'yaevskoe 

Au epithermal vein Au 45'27'~ 1 4 ~ ~ 4 3 ' ~  
Sn polyrnetallic vein Sn. Pb, Zn 44'0 1 W 145'45'E 
Cu-Pb-Zn polymetallic vein Cu, Zn, Pb 4 5 b 1 ' ~  149'35'E 
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Valentinovskoe 

Vysokoe 
Zaozernoe 

Kuroko Cu-'Pb-Zn massive Cu, Pb, Zn 44* 1 2 ' ~  1 4 5 ~ 5 8 ' ~  
sulfide 
Sulfur-sulfide S, FeSl 45"0 1 'N 147'54'~ 
Sulfur-sulfide S, FeS2 5 0 ~ 3 0 ' ~  1 56'02'~ 
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