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INTRODUCTION 

This study of the Survey Pass quadrangle in the 
central Brooks Range, Alaska, is part of the Alaska 
Mineral Resource Assessment Program (AMRAP), 
which is a long-range effort to assess the mineral re- 
sources of Alaska by systematic study of 1:250,000- 
scale quadrangles with multidisciplinary teams of 
geologists, geochemists, and geophysicists. Field 
work on the Survcy Pass quadrangle was carried out in 
1977 and 1978; most of the work has been publishcd 
as part of the MF-1176 folio. This report nn the min- 
eral resources in  the quadranglc is for the most part 
based on earlier published parts of the series: geologic 
map (Nelson and Grybeck, 1980), structural geology 
(Grybeck and Nelson, 1981a), metamorphic rocks 
(Nelson and Grybeck, 1981), geochemical studies of 
stream-sediment samples and heavy-mineral concen- 
[rates (Cathrall and otllers, 1981) and rock samples 
(Grybeck and others, 1981), mineral dcposits 
(Grybcck and Nelson, 1981 b), aeromagnetic intcrprc- 
tation (Cady and Hackett, 1982), and Landsat 
(satellite) imagery interpretation (LC Comptc, I9X 1 ). 
Unless otherwise mentioned, those rcports are the 
basis for the statements about the geology, geochemis- 
try, and geophysics of the quadrangle that are made 
repeatedly in this report. To avoid constant repetition, 
those publications will not be cited unless a particular 
point is to be made. 

This assessment is conlined to nonfuel, metallic 
minerals. No known deposits of coal, petroleum, or 
natural gas are present in the Survey Pass quadranglc 
and apparently no one has predicted any might bc 
present. It is unlikely that significant resources of any 
of these commodities cxists in the study area. 'The 
overpowering, largely implicit conclusion of industry 
with which we concur is that the study area has no 
potential for coal, petroleum, or natural gas, although 
some uncertain but probably negligiblc potential may 
exist for oil and gas at depth beneath regional thrust 
faults. Sand and gravel resources exist in practically 
unlimited quantities at numerous localities in the 
quadrangle. However, the value of sand and gravel 
resources depends on access to markets and transpor- 
tation to reach them. There are no known or likely 
markets for any significant quantities of these com- 

modities in  or near the quadrangle that could remotely 
bear the cost of transoort, Barite is found in scvcral 
places in the quadrangle and it might be recovered as a 
by-product of base- or precious-mctal production. 
However, the geochemical data indicate that large 
deposits of barite are unlikely in the quadrangle. 
There 1s little indication of resources of any other 
industrial mincral. Considerable work was done on 
the uranium potentla1 ol the quadrangle in the late 
1970's by the Department of Energy (DOE) under the 
National Uranium Resource Evaluation (NURE). 
Some NURE data has heen released (Los Alamos 
National Laboratory, 198 1 ; Oak Ridge Gaseous Dif- 
fusion Plant (1981) but thc rcsults of that work have 
not been evaluated in detail. The NURE data ~ndlcate 
considcrable variation In the uranium content of thc 
rocks, and further work may be warranted, hut there is 
presently little evidence of significant resources in the 
quadrangle. 

The terms "mincral dcposit" and "deposit" in the 
report are used in the gcncral sense to include mineral 
occurrences, prospects, claims, and mines; this con- 
vention follow the use by Grybeck and Nelson 
(1981b) in the compilation of mineral deposits for the 
project. The classification of  deposits and ore de- 
posit models generally follows Skinner (1981), Cox 
and Signer (1986). Roberts and Sheahan (1988), and 
Sheahan and Cherry (1993). For lack of definitive 
data, especially for buried or speculative types of de- 
posits, some deposit types are described in general 
tcrms, More detailed references are added as appro- 
priate for specific types of deposits in the discussions 
of individual tracts of mineral resource potential. 
Statements about geochemical associations follow 
Boyle (1974), Levinson (198O), and Rose, Hawkes, 
and Webb (1979). 

HISTORY OF EXPLORATION 

Although a few prospectors may have worked in thc 
Survey Pass quadrangle earlier, systematic mineral 
exploration in the central Brooks Range began only 
after the discovery of gold in the Klondikc in 1898 
and at Nome a few years later. Prospectors moved 
eastward into the Brooks Range from Kotzebue and 
northward up the Alatna River. Several short-lived 



settlements resulted, some for little more than a sea- 
son, and most of the creeks in the quadrangle were 
probably prospected for placer gold by 1905. Several 
lode prospects were also found in the Survey Pass 
quadrangle at about the turn of the century; none of 
them has been active since and several cannot now be 
located. The central Brooks Range was relatively 
inaccessible in this early exploration compared to 
other areas of Alaska, and the early prospector's lack 
of success in locating gold placers could have been 
due to superficial prospecting. However, the fact that 
exploration to date has proved no more successful in 
iinding significant gold placers indicates that there are 
none of significant size. Between World Wars I and 
11, itinerant prospectors visited the quadrangle inter- 
mittently, and the mineral industry may have done 
some exploration, but little information about that 
work has been recorded, and it is unlikely that any 
now-forgotten major deposits were found during this 
period. 

Prior to World War 11, the USGS mounted several 
epic expeditions through the Brooks Range to cstab- 
lish its geologic framework Most notable of these 
wcre the 1901 journey of W. C. Mendenhall down the 
Kobuk River (Mendenhall, 1902) and the 1923-1926 
work of P. S. Smith and his colleagues (Smith and 
Mertie, 1930). Despite this early work, the geology of 
the Survey Pass quadrangle was largely unknown as 
late as 1954, when only a small segment of thc large 
granite plutons in the center of the quadrangle was 
shown on the geologic map of Alaska (Dutro and 
Payne, 1954). 

Modern mineral exploration in the central Brooks 
Range started after World War 11, beginning with 
Reinhard Berg, who restaked an old lode-copper pros- 
pect in the Cosmos Hills about 50 km west of thc 
southwest corner of the quadrangle. In 1957, the Hear 
Creek Mining Company optioned this property, now 
called the Ruby Creek prospect (or sometime 
"Bornite" from the name of the exploration camp) and 
began an extensive program of drilling and under- 
ground exploration. A considerable tonnage of orc 
was defined during the exploration of the Ruby Creek 
prospect from I958 to 1963, but there has been no 
production to date rrom the deposit. Encouraged by 
the size of the Ruby Creek prospect, the Bear Creek 
Mining Company began regional exploration through- 
out the Brooks Range in the 1960's, and several other 
companies and individuals followed. However, 
Brooks Range exploration in the early 1960's was 
tempered by the common perception of many geolo- 
gists that the Brooks Range was geologically unfavor- 
able for the occurrence of mineral deposits of any 
significant size or was too isolated for a viable mine. 

In 1965, the Bear Creek Mining Company discov- 
ered a large massive-sulfide, coppcr-zinc deposit, the 
Arctic prospect, about 15 km west of the Survey Pass 
quadrangle in the belt of pelitic schists that forms the 
southern flank of the Brooks Range. The mineralized 
part, which includes parts of the Ambler and Survey 
Pass quadrangles, is now known as the Ambler district 

(an informal designation rather than a legally estab- 
lished mining district). The Ambler district was first 
defined by Sicherman and others (1976) and its geol- 
ogy has subsequently been studied in considerable 
detail (as will be discussed later), largely as a result of 
work by the Anaconda Minerals Company and various 
other companies. By the mid- 1970's, a major claim- 
staking rush was taking place along the southern flank 
of the Brooks Range, well into the Survey Pass quad- 
rangle, as several companies attempted to establish a 
position in what had become one of the major mineral 
belts of Alaska. 

However, in the late 1960's, events initiated clse- 
where in the state greatly influenced mineral explora- 
tion in the central Brooks Range and in the survey 
Pass quadrangle in particular. The discovery of oil at 
Prudhoe Bay gave Alaska's native people a lever to 
establishing their legal ownership of Alaskan lands. 
The results was thc Alaska Nativc Claims Settlemcnt 
Act of 1971 (ANCSA). Among the results ot 
ANCSA, the Federal government withdrew 80 millton 
acres of Federal land in Alaska fiom mineral entry for 
consideration as national parks, wildlife refuges, and 
various other uses that would preclude mineral explo- 
ration or development. 

In particular, much of the Survey Pass quadrangle 
was closed to exploration and mineral entry. During 
the negotiations that followcd the passage of ANCSA, 
the state of Alaska expresscd interest in the Ambler 
district as part of their entitlement under the Alaska 
statehood act. By the late 1970's, the state had gained 
title to most of the belt of pelitic schists (unit Pzs) on 
the accompanying map) in the southern part of the 
Survey Pass quadrangle between the west boundary of 
the quadrangle and the Reed River, and between about 
long 153" 45" W., and the east boundary of the quad- 
rangle. (This belt of schist if often referred to infor- 
mally as the "schist belt"; however, it has not been 
defined uniformly and some workers extend the 
"schist belt" more widely to the north.) This state 
land is mostly open to mineral exploration and in- 
cludes most of the part of the Ambler district in the 
Survey Pass quadrangle. 

With the enactment of the Alaska National Interest 
Lands Conservation Act of 1981 (ANILCA), most of 
the Survey Pass quadrangle was put into the Gates of 
the Arctic National Park and Preserve. It is closed to 
mineral exploration by industry, and there is little 
indication that its status will change. The boundaries 
of the Gates of the Arctic Park and Preserve are shown 
on current USGS topographic maps. The only land 
that remains outside the park in the Survey Pass quad- 
rangle are the blocks of state land noted in the prevl- 
ous paragraph in the southwest and southeast comers 
of the quadrangle; these areas compose about one-fifth 
of the quadrangle. 

During much of the 1980's and to the present 
(1995). exploration in the Ambler district was moder- 
ate to minor compared to the intenseinterest in the 
area in the 1970's. In general, mineral exploration in 
Alaska dropped dramatically in the early 1980's 



mainly because of depressed metal prices. Activity in 
the Ambler district in particular was also inhibited by 
the realization that the development of a mine in so 
isolated an area would require considerable negotia- 
tions and a heavy investment to establish a transporta- 
tion corridor into the area, by the considerable work 
that would be necessary for an .environment assess- 
ment for any mining development in thc arm, and by 
the need for a major capital investment for a rninc if 
one was to be developed. By no means has the Am- 
bler district been written off by industry. Most ex- 
ploration geologists would consider it to have excel- 
lent potcntial for massive-sulfide, base-metal deposits 
in particular. Rather, most exploration work has 
shifted elsewhere to areas that are more favorable 
logistically or to metals that are more attractive, gold 
in particular. 

The basis for a mineral resource assessment of an 
area is geologic information. This study was designed 
to provide the minimum level of data necessary for a 
credible regiorwl mineral resource assessment. Rut 
any such assessment is greatly improved hy contribu- 
tions of data by the minerals industry who have mn- 
ducted detailed work on specific mineral deposits, 
work such as they have carried for decades in most 
area of the conterminous United States. 

To summarize, since the 197Uas, industry has carfled 
out considerable exploration in the Amblcr-distncl 
part of the Survey Pass quadrangle west of thc Reed 
River. The rest of the quadrangle was examined only 
in reconnaissance, if even that, by the minerals indus- 
try before 1971 and has been effectively closed to 
mineral exploration since then. 

CRITERLA FOR ASSESSMENT 

'h is  mineral resource assessment is largely based on 
information that was collected specifically for this 
purpose in the field in 1977 ;illd 1978, revicw of the 
published lllerature, and discussions with industry 
geologists who have workcd in thc quadrangle. 

A preliminary geologic map of the quadra~gle was 
publish4 by Brosgk and Pessel (1977). Much of the 
effort of this project was devoted to preparing u more 
detailed map (Nelson and Grybeck, 1980). It fornis 
the framework tor interpreting the geochemistry and 
geophysics and interpreting and predicting the type 
and extent of mineralization in the quadrangle. A 
simplified version is shown on this map. More than 
1.200 geologic stations were studied, about half of 
these along foot traverses and the rest at sites visited 
by helicopter to fill in between the traverse. The goal 
of the study was not to find mineral deposits let alone 
locate all the mineral deposits in the quadrangle-a job 
that would normally be done by thc minerals explora- 
tion industry and far beyond the resources available 
for this study--but to define tracts of land with mineral 
resource potential. Because the types of deposits, 
their sizes, and their gwlogic associations arc kcy 

mineral deposits and examining areas or sites that 
showed evidence of mineralization or alteration that 
might be associated with mineralization. 

Systematic geochemical sampling is a powerful tool 
for mineral resource assessment because it provides 
direct evidenc,e of metals in undiscovered mineral 
deposits, reveals elemental associations that may indi- 
cate thc types of mineral dcposits in an area, and helps 
define the bou~~daries of' thc tracts with mineral re- 
source potential. We collected stream-sediment and 
panned-concentrate (heavy-mineral) samples at 623 
sites in the quadrangle. In the southwestern part, we 
used comparable data on samples collected by the 
Alaska Division of Geological and Geophysical Sur- 
veys and analyzed in USGS laboratories (see Cathrall 
and others, 1981, for details). In all, the gwchcmical 
synthesis is based on samples collcctcd at 1,505 sitcs 
or about one for each four square miles. 'rhc stream- 
sediment and heavy-mineral samples undelwcnt rou- 
tine semi-quanti tative spectrographic analysis for sil- 
ver, arsenic, gold, boron, harium, beryllium, bismuth, 
cobalt, chromium, copper, lanthanum, molybdenum, 
niobium, nickel, lead, antimony, tin, strontium, vana- 
dium, tungsten, and zinc. Zinc was also analyzed to 
greater sensitivity by atomic absorption analysis. 

After our field work, the Department of Encrgy re- 
leased raw analytical data from 1,249 stream-sediment 
samples collected in the Survey Pass quadrangle under 
the NURE program (Los Alan~os National Laboratory, 
19XI; 0 1  Ridge Gaseous Diffusion Plant, 1981). 
Although their analytical methods vary considerably 
from ours, most of the same elements were analyzed. 
Because of the information that it could contribute to 
this study, the NURE stream-sediment data were 
plot~cd and synthesized by the U.S. Geological Survey 
(Chazin and others, 1983). 1.n general, the NTIRE 
data support our conclusions and do not indicate any 
additional areas of mineral resource pobntial. 

In conjunction with geologic mapping, rock sarnplcs 
wcre co!lected a all the geologic stations, especially at 
known or suspected mineral dcposits and submitted 
for the same multi-element analysis as the stream- 
~cdiment and heavy-mineral samples. The rock geo- 
chemis t~~  (Grybwk and othcrs, 198 1) provides back- 
ground data that help interpret the stream-sediment 
and heavy-mineral analyses, establishes areal variation 
in the trace-mctal conlent of the rocks, and, in several 
cases, identifies previously unknown mineral deposits. 

An acrornagnetic map was prepared under contract 
from 1974 to 1978 by the Alaska Division of Geologi- 
cal and Geophysical Surveys and provides the data for 
interpreting subsurface geology (Cady and Hackett, 
1982). The nuin constraint on the aerornagnetic in- 
terpretation is the three-quarter-mile spacing between 
flight lines. 

Interpretation of satellite (Landsat) imagery provides 
a synoptic view of linear and arcuate features in the 
quadrangle and highlights areas of discolored or al- 
tcred rocks (Le Compte, 1981). 

factors in mineral resource aqsessmcnt, considerable 
emphasis was placed on visiting and sampling known 



1'HE MINERAL RESOURCE 
ASSESSMENT 

This study involved three years of field and labora- 
tory investigations by a team of geologists and tech- 
nicians; it culminated in a meeting of the principal 
scientists to integrate the data and produce the final 
mineral resource assessment that is represented in this 
report. Asscssments for individual tracts varied fiom 
quantitative where considerable data were available 
and the types of deposits were well known, to qualita- 
tive, where the data were sparse to ambiguous. 

The tracts show on the map are the surface projec- 
tions of three-dimensional bwdics of rock ha t  have 
mineral resource potential. It is difficult to project the 
boundaries of these bodies into thc subsurface, espe- 
cially as depth increases. In some cases, these hodies 
may be truncated at depth by unsuspected faulting, 
although faulting can also serve to incrcasc the size of 
the bodies at depth. In other cases, surface infoma- 
tion may suggest that the area of mineral resource 
potential expands at depth or that dccpcr parts of the 
tract are more favorable for mineral deposits thw are 
surface parts. 

Our fundamental criteria for defining tracts of min- 
eral resource potential is deposit type. Two types of 
deposits are particularly important in the quadrangle: 
(I) metamorphosed, volcanogenic, copper-zinc-lead, 
massive-sulfide deposits associated with metwhyolite, 
that is Kuroko--type massive-sulfide deposits and (2) 
polymetallic, epigenetic deposits associated with felsic 
plutonic rocks. Volcanogenic, massive-sulfide depos- 
its are well represented in the southwestern part of the 
quadrangle in the Ambler district. And several of the 
tracts of mineral rcsource potential identified in this 
study are marked by clusters of skarn or contact meta- 
somatic deposits at the peripheries of the granite plu- 
tons of Mount Igikpak anFf Arrigetch Peaks. The de 
tails of these deposit types will be discussed subse- 
quently by tract. 

Worldwide, felsic plutons are widely associated with 
a vaFicty of types of deposits including skams of di- 
vcrsc type, porphyry copper and porphyry molybde- 
num deposits, hydrothermal veins and replacement 
deposits, and disseminated deposits. Typically the 
deposits include various combinations of copper, lead, 
zinc, iron, gold, silver, tin, tungsten, beryllium, mo- 
lyhdcnum, antimony, arsenic, and other elements. 
Various evidence, including suites of these elements 
in the geochemical data, suggest that felsic plutons are 
buried beneath several areas in the quadrangle. They 
are likely to form a favorable environment for mineral 
deposits similar to those adjacent to the Mount Igik- 
pak and Arrigetch Peaks plutons. However, the sus- 
pected buried plutons may not be conlptltable to the 
plutons exposed in the quadranglc and other types of 
deposits related to felsic plutons arc possible. Where 
specific evidence is not available to classify the de- 
posits over the proposed buried plutons with assur- 
ance, they are collcctively termed "felsic plutonic". 

Several other types of deposits that occur in the 
'Brooks Range or adjacent arcas of western Canada 
were also specifically considered: ( 1 )  stratifom, sedi- 
mentary-exhalative, lead-zinc-barite deposits in shale 
or sandstone, such as occur at the Red Dog deposit in 
the DeLong Mountains in the northwestern Brooks 
Range (Lange and others, 1985; Moore and others, 
19861, (2) porphm copper and porphyry molybde- 
num deposits, deposits associated with skams, and 
gold quartz veins, such as those in the Chandalar area 
to thc east (Chip, 1970; Newbefry, Dillon, and Adams, 
1986, and (3) volcanogenic zinc-lead deposits such as 
the Drenchwater Creek deposits in the Howard Pass 
quadrangle to the northwest (NoMeberg and Winkler, 
1982; b g e  and others, 1985). Although geology 
favorable to all these types of deposits is present in the 
Survey Pass quadrangle, there is no supporting evi- 
dence that they do occur and, in particular, the geo- 
chemical data collected In this study indicates that 
none occurs near the surface. 

We also considered the hundreds of others types of 
mineral deposits. Many, such as diamond deposits or 
Preciunbrian banded-iron deposits were quickly re- 
jected because the geologic environments were not 
appropriate for their occurrence. Some, such as gold 
placers, were constantly kept in mind during the work, 
but they were eventually rcjectd because the sys- 
tematic and thorough search for thcm in the qaadrw- 
gle for a period olt over YO years has been unsuccess- 
ful. Other types, such as Mississippi Valley-type, 
Icad-zinc deposits that arc now not known m the 
Brooks Range, were considered because of the thick 
Paleozoic carbonate sequence in the quadrangle. 
However, we found no diagnostrc evidence of these 
existence beyond the presence of the carbonate rwks. 

No tract was assigned a mneral resource potential 
solcly on the basis of favorable geology for a pwiulicu- 
lar type of deposit if no deposit of that type could be 
located in the quadrangle or no geochemical or gw- 
physical evidence for a deposit of that type was pres- 
ent. This pragmatic approach may he unduly negative 
in some cascs because certain types of deposits In 
particular geologic settings have either weak or no 
geochemical or geophysical expresnons. Further- 
more, the quadrangle has not been sufficiently pros- 
pected to locate all the mineral deposits exposed at the 
surface or to confidently define all the types of depos- 
its which may occur. Mineral deposits are relatively 
rare and small and are indicated by subtle signs, espe- 
cially if deeply buried. Thus, no part of the quadran- 
gle can to be said to be absolutely devold of mineral 
resource potential without a close-spaced grid of drill 
holes. Accordingly, those park of the quadrangle not 
shown to have mineral potential might better be con- 
sidered as areas for which we have no evidence of 
mineral resource potential at this time, 

Three categories of lracts that have mineral resource 
potential are distinguished on the map: (1) tracts that 
have substantial or highly probable poknbal, (2) tracts 
that have probable potential, and (3) tracts that have 
some potential, but it is based on weak or Limited evi- 



dence. For instance, the mineral resource ptential of 
tract A in the Ambler district is quitc clear as defined 
by several known massive-sulfide deposits, continuity 
of the belt to the west into the: Ambler River quadran- 
glc where the world-class Arctic deposit occurs, and a 
pronounced geochemical signature. In contrast, po- 
tentially mineralized felsic plutons are thought to exist 
below scvcral tracts bascd on strong geologic cvi- 
dence. The possibility that these plutuns occur at 
depth is high, but the evidence allows considerable 
uncertainty about the types, dcpths, and sizes of thc 
deposits that might be associated with them and the 
subsurface structures that may have displaced them. 
'fius, the definition of tracts of mineral resourcc po- 
tcntial is based on our hcst analysis of the existing 
data, but that data varies considerably in individual 
tracts. All the tracts identified have mineral potential, 
but the probability that a deposit exists varies consid- 
erably. 

Each tract will be discussed separately with em- 
phasis on its particular geology, mineral deposits, 
geochemistry, geophysics, and mineral resource po- 
tential. Table 1 (map sheet) presents a summary of the 
mineral resource potentla1 of each tract and the key 
data to support that assessment. 

TRACT A 

DESCRlPTlON OF GF,OI2OGY AND 
MINERAL DEPOSITS 

Tract A is confined to the schist belt (mainly unit 
Pzs on the accompanying map) that lies along the 
southern flank of the Brooks Range. The rocks con+ 
sisl mainly of pelitic schists. probably of Devonian 
and Mississippian age, but some may possibly he as 
old as Protercuoic. The schist belt locally includes one 
or more units marked by an association of mafic meta- 
volcanic and metarhyolitic rocks interlayered with 
schist, and some marble. The rocks in the tract have a 
yolymetamorphic history; most are now greenschist- 
facies metamorphic rocks, but blueschist-facies rocks 
are present in several are*. Thc structural history of 
the area is complex, probably beyond what is now 
recognized; several large isoclinal folds have been 
identified, and small-scale folds are ubiquitous at out- 
crop scale. An excellent detailed geologic map ol  the 
Ambler district that includes this tract has been pub- 
lished by Hitzman and others, 1982. 
Thc mineral deposits of this tract are almost unani- 

mously considered by geologists who havc studied 
them in detail to he volcanogenic, copper-zinc-lead, 
massivesulfide deposits of the Kuroko type that have 
values in gold and silver (Smith and others, 1977, 
1979; Hitzman, 1978; Kelsey, 1979; Zdepski, 1980; 
and Hitzman and others, 1982). In particular, Hilz- 
man and his colleagues (1986) have described the 
geology and deposits of the Ambler district in consid- 
erable detail. The deposits occur in the Ambler so- 
quence, an informal litholagic name routinely used by 
most geologists working in the area and that will be 

used in this report. The Ambler sequence is a 1.5-krn- 
thick section of bimodal volcanic rocks that consist of 
metarhyolite and basalt and subordinate carbonates 
and pelitic schist that formed in a Devonian to Mis- 
sissippian, rift-related, twtonic environment. (The 
Ambler sequence is not delineated on the map with 
this report, but the metafelsite unit (Df) and the mafic 
volcanic and intrusive rocks unit (Psm) shown there 
are essential parts of it.) 

Thc dominant ore mineral in the deposits is pynte, 
but the mRin minerals of economic importance are 
chalcopyrite, sphalcrite, and galena; tetmantite- 
telrahednte, bornite, cymrite, and barite also occur 
locally. The massive-sulfide layers commonly havc 
been oxidized at the surfdce to a quariz-rich gossan 
that contains tiny vugs that mirror the shape of the 
now-d~ssolved sulfides. In some cases, oxidization and 
dissulution of the sulfides has hen nearly complete at 
the surface, and the gossan i s  nearly barren of metal 
values. In othcr words, surfacc oxidizalion has de- ' 
stroyed much of the surfacc expressio~n of Inany of the 
known deposits, and they usually can only be located 
by careful mapping or drilling. Some additional de- 
posits probably remain near the surface to be discov- 
ered in spite ot the considerable detailed mapping in 
the tract. 

The best understood and largest volcmogenic, mas- 
sive-sulfide deposit in the Arnblcr district i s  rhc Arctic 
deposit (Schmidt, 1983, 1986, 1988) that occurs just 
west nt" the quadrangle in what i s  clearly an exlerision 
of tract A. At the Arctic deposit, 37 million metric 
tons of resources have been identified with an average 
gradc of 4.0 pcrcent copper, 5.5 percent zinc. 0.8% 
lead, 1.5 odton silver, and 0.02 odton gold. As an 
indication of the relatively small sizc of thcsc dcposits 
and thdr potential importance, the Arctic deposit cov- 
ers 3 total area of about 250 aces (100 hectares) and 
has a gross metal value of about $8.4 billion at June 1, 
1!J95, rnctal prices. 

There has bccn no mineral production from tract A 
but, as will subsequently hc documented, more than a 
billion dollars of mineral resources have heen located 
by drilling. The principal known deposits are in the 
Picnic Crcck drainage. (Picnic Creek i s  an informal 
name not shown on current USGS topographic maps 
that has long been used for the southward-flowing 
drainage in T. 19 N., R. 17 E., approximately halfway 
between the Rceri River and Beaver Creek.) The Sun 
deposit is the hest known; extensive drilling by the 
Anaconda Minerals Companies in the late 1970's 
outlined more than 12.5 million metric tons of re- 
sources that have a grade of 1.8% copper, 5.3 percent 
zinc, 1.8 percent lead, and 2.8 orJton silver (Hitzrnan 
and others, 1986). The gross metal values of me Sun 
deposit is about $2.0 billion at June 1, 1995, metal 
prices. Several others prospects in the Picnic Creek 
area have also been drilled by several companies who 
have been active in the area, but details about the sizes 
and grades of these deposits have not been made pub- 
lic. 



The other prominent center of exploration in the 
&act is west of the Mauneluk River in T. 20 N., R. 13 
and 14 E., where extensive drilling has been done at 
several locations (Hitzman, 1978). Details of the 
metal values on most of these deposits has not been 
announced, but the presence of the Ambler sequence 
and orc minerals locally clearly indicatc that the area 
is favorable for the occurrence of massive-sulfide 
deposits. The best known deposit in this area is the 
RT which contains 3.4 million metric tons of re- 
sources that grade 1.7 percent copper, 2.6 percent 
zinc, 0.9 percent lead, and 1.3 oz/Eon silver (Hitzman 
and others, 1986). 

CRITERlA FOR DEFINIT'ION OF 'IRACT 

The most obvious and probably the best guides to 
define the extent of tract A are the distribution of 
knuwn massive-sulfide deposits and the associatcd 
Ambler sequence. The stream-sediment geochemical 
anomalies of copper, zinc, lead, barium, and silver, 
and to a lesser extcnt molybdenum, antimony, and 
bismuth (Cathrall and others. 1983) also help to define 
Ule boundaries of the tract. The aeromagnetic data arc 
ambiguous (Cady and Hackett, 1982). A pronounced 
aeromagnetic high over the Picnic Creek area coin- 

- cides with a prominent area of expioralion but the 
overall aeronlagnetic contour pattern within the ttact 
shows little correlation with the surfacc geology. Wc 
cannot explain this discrepancy. The surface geology 
may bt: more co~nplex than presently recognized, or 
the subsurface geology may have a structural corn- 
plexity that appears in the aeromagnetic data but is not 
reflected at the surface. 

ESTIMATION OF UNDISCOVERED MINERAL 
RESOL~RCES 

We estimated the number of undiscovered volcano- 
genic masslvesulfide orebodies in the tract--that is 
bodies of mineralized rock of sufficient tonnage and 
grade to be economically viable now or in the future-- 
by considering several factors. The geology, particu- 
larly the distribution of the Ambler sequence, and the 
stream-sediment geachemical anomalies define a very 
large area relative to the size of known deposits, which 
may be less than 9 hectares (20 acres) in surface area. 
l'ha only reliable way tn define an econnmically sig- 
nificant deposit in this geologic environment is by 
drilling. But only a small part of the tract has been 
drilled and that only to shallow depth relative to the 
depth that deposits might be mined with current tech- 
nology. One of the best guides to the discovery of 
additional deposits in the absence of drill information 
is detailed surface mapping, and several companies 
have done considerable detailed mapping in the tract. 
However, detailed geologic mapping is not in itself 
definitive because the sulfide-bearing zones do not 
always crop out at the surface or may be obscured by 
surticial material or oxidization. To estimate the un- 

discovered deposits, we considered the large size of 
the tract, the probable small sizes of undiscovered 
deposits, the limited resolving power at depth of the 
exploration tools that have been used in the @act, the 
large amount of suficial cover, and the relatively 
youthful stage of exploration. 

In addition to the Sun deposit at Picnic Creek and 
the BT deposit, which assuredly have substantial min- 
eral resources, we estimate that 3 to 6 additional ore- 
bodies can be confidently predicted to be present in 
tract A. While a rigid slatistical analysis of this p r e  
diction is probably unwarranted, the mid-point of this 
estimation is considered to be at about the 50 percent 
probability level. We further estimate that as many as 
6 to 20 addtttonal deposits may be present wlh the 
midpoint of thal prediction at about the 5 percent 
probability. In making the estimates, we considered 
that economc deposits  night occur to a depth of 
about 1,500 meters. In spite of the lack of subsurface 
data. it 1s geologically reasonable that deposits occur 
to that depth and that deposits to that depth are acces- 
siblc by current mining technology. 

The sizes of the predicted orebodics cannut bc 
quanhfied exactly; they will surely vary in tonnage 
and grade. While every ore deposit is unique, the 
systematic tabulation of the tonnage and graddof vol- 
canogenic, massivesulfide deposits from throughout 
the world prepared by Singer wd Mosicr (1986) pro- 
vides a useful approximation of the grade and size of 
the undiscovered orebodies in this tract. Rgure 1-5 
(p. 16-1 7) are reproduced from thcir work. 7he mini- 
mum size of our predicted orebodies is the minimum- 
sized deposit noted by Singer and Mosier (1986), that 
is about 100,000 metric tons of ore. Note that the 
Arctic deposit is shown on figures; it is one of the 
largest base-metal massive-sulfide deposits in the 
world and i s  particularly impressive in size and grade 
of copper. 

SUMMARY OF MINERAL RESOURCE 
POTENTIAL 

In spite of excellent geologic mapping by numerous 
geologists and considerable drilling, the assessment of 
the mineral potential of the tract much leaves much to 
be desired because the geology is complex, the geo- 
chemistry and geophysical data are not definitive 
much below the surface, and the amount of drilling is 
limited compared to the size uf the deposits and the 
extent of the tract. However, tract A i s  part of one of 
the major mineral belts of Alaska, the Ambler district. 
Several copper-zinc-lead massive-suifide deposits 
have already been identified in the tract and more than 
$2 billion of mineral resources have already been 
defined by drilling. The tract has excellent potential 
for the discovery of additional deposits. 



TRACT B 

Tract B is the geologic extension of tract A along the 
schist belt; for geologic details refer to the discussion 
of tract A. The main difference is that tract B has riot 
been studied as intensively by industry, and the geo- 
logic and geochemical indications of mineralization 
are Iws striking. 

CRITElRJA FOR DEFINITIQN OF TRACT 

The geology of the tract is generally favorable for 
the occurrcncc of volcanogenic, copper-zinc-iettd 
massive-sulfide deposits; several small deposits that 
may be massive s~ilfides are known in the tract; and 
gwchemical snomalics similar to those in tract A 
extend into this tract. However, no large ~nassive- 
sulfide deposits are known in tract B, and industry has 
not drilled in the area. The major distinction between 
tract A and B may be the intensity of exploration 
rather thw a lack of mineral endowment, especially 
since only relatively subtle indications of mincraliza- 
tion had been found in tract A prior to drilling. The 
apparent lack of the metarhyolitc of the Ambler se- 
quence in tract, H is not encouraging for the presence 
of undiscovered massive-sulfide deposits, hut this 
apparent absence may be d ~ ~ e  tu a lack of detailed 
mapping. In addition, massive-sulfide deposits do not 
always occur within or immediately adjacent to felsic 
volcanic rocks. Metal-bearing solutions may move a 
considerable distance from a center of submarine vol- 
canism before depositing their metals, for instance 
from a fclsic volcanic center such as is exposed in 
tract A to a comparable stratigraphic horizon in tract 
B. 

Within trac: B, thc geochemical data indicates that 
the potential for mineralization apparently decreases 
toward the east, There is no evidence lhd l  massive- 
sulfide deposits of the Ambler sequence extend cast of 
about longitude 153" 50" W. in the Survey Pass quad- 
rangle. However, industry has explored volcanogenic 
massive-sulfide deposits in the schist belt just east of 
the Survey Pass quadrangle in the Wiscn~an quadran- 
gle (Grybeck, 1977: Hliss and othcrs, 1988). 

ESTIMATION OF UNDISCOVERED MINERAL 
DEPOSITS 

The data are insufficient to esti~rlate the number and 
size of undiscovered massive-sulfide deposits in tract 
13. The detailed mapping and drilling data necessary 
to contidcntly estimate the number of undiscovered 
deposits in tract B has not been done. 

SUMMARY OF MINERAL KESQURCE 
POTENTIAL 

Tract B i s  the eastern extension of tract A, but no 
massive-sulfide deposits are known in tract B. The 

area has potential for massive-sulfide deposits albeit 
probably at a lesser probability than in tract A. Geo- 
chemical anomalies are present that are similar to 
those in tract A, but they are more diffuse and less 
intense. There is no evidence that volcanogenic mas- 
sive-sulfide deposits persist east of about longitude 
153" 50' W. in the Survey Pass quadrangle. 

TRACTS C AND D 

DESCRETON OF GEOLOGY AND MINERAL 
DEWSITS 

'lie geology of tracts C and D is dominated hy Dc- 
vonian gneissic granite plutons that intrude a meta- 
~norphosed sedimentary squcnce composed of De- 
vonian and (or) Mississippian phyllile, marble, and 
conglomerate. The root of mttasedirnentary rocks 
overlying the granite is strikingly exposed in a steep 
slope on the north side of the Noatak River in T. 25 
N., R. 17 E., where the metasedimentary rocks form 
an open syncline plunging gently to the north over the 
granite, several erosional remnants of the metasedi- 
rnentary mcks are also p r e s e ~ e d  above the granite on 
the high peaks south of the Noat'ak River. Contact- 
nletamorphic and contact-metasomatic effects-. skarns, 
quartz veins, homfels, silicified zones, and other zones 
of alteration--are ubiquitous anld well preserved even 
though the granite and surrounding rocks have gone 
through at least green-schist facies regional metarnor- 
phlsrn. The contact metamorphic and metasomatic 
effects usually extend no more than several hundreds 
of nicters away from the contact, although alteration 
zones and quartz veins may occur farther away. l'he 
varid contact effmts of the granite arc generally lim- 
itcd in extent, gwmetrically erratic, and of diffe~ent 
types, even immediately adjacent lo the granite. New- 
bcrry and others (1986) have discussed the regional 
distribution and geology of thebe granite plulotis in the 
central Hrooks Range as well as their related skarns 
and rnincral dcposits in detail. 

Numnerous mineral deposits occur within the tract. 
They diffcr in character from veins to disseminations 
and in type from sulfide-bearing quartz veins to skarn 
deposits. The deposits conlaln various combinations 
of lead, zinc, copper, silver, gold, tin, tungsten, mo- 
lybdenum, bismuth, antimony, beryllium, and fluo- 
rine; all are essentially related to each other in their 
common origin related to the emplacement of the 
granite. None of the dcposits has had significmt ex- 
ploration and none has been productive. All the de- 
posits are small, and most are better described as oc- 
currences of ore mincrals rather than prospects. New- 
berry and others (1986) makes the point that the 
ska& are classic tin skarns. However, they have 
relatively low tin valucs and there i s  little sign of the 
release and reconcentration of tin from the skarns that 
mark many (most) economic tin deposits related to 
granitc. Our examination of the contact zones of the 
granite suggest that additional prospecting would 111- 



most certainly reveal more occurrences of ore miner- 
als. 

Tract C, of all the areas near exposed granite in the 
quadrangle, seems to have the greatest potential for 
hydrothermal, vein, skam, or contact-rnctamorphic 
deposits. The apex ol h e  granite pluton is exposed 
beneath an extensive, flat-lying cap of shale and car- 
bonate rocks that i s  particularly favomble. The nu- 
merous mineral deposits that have heen found in the 
tract attest to its patential and the geochemical 
anomalies are particularly well marked and intense. 

The largcst and most conspicuous indicatian of min- 
cdization in the tracts is a yellow-orange altered zone 
on the northeast side of the promincnt peak just east 
of hg iaak  Pass. Our (admittedly limited) examina- 
tion of several localities within this altered zone and 
of float below the peak revealed little sign of ore min- 
erals. Disseminated pyrite is locally prcscnt and a few 
grains of molybdenite, tusenopyrite, or fluorite were 
found, but the area has been extensively silicified. 
Although the altered zone as now exposed has few ore 
minerals, the alteration suggests that the area may 
mark the top of a deeper igneous-hydrothermal sys- 
tem. The mineral resource potential of this particular 
arca lays in the possibility that the alteration is related 
to a buried porphyry molybdenum deposit, or less 
likely, a porphyry copper deposit. (In general, copper 
mincrds arc not promincnt ncar the granites in the 
quadrangle.) 

CRITERIA FOR DEFINITION OF TRACTS 

The outlines of tracts C and U are detined by: (a) 
proximity to gneissic granite bodies, (b) the numerous 
mineral deposits, and (c) the numerous and strong 
geochemical anomalies in the suite of element typi- 
cally related to felsic plutonic rocks. Thc acrornag- 
netic data allow and possibly support the idea that the 
granitic rocks that form the core of the tracts plunge 
gently to the north beyond the Noatak River. The 
somewhat arbitrary boundary around tract C encloses 
most of the visible exposures of the contact zones of 
the upper parts of the granite bodies, numerous min- 
eral deposits related to the plutons, and widespread 
geochemical anomalies. Tract D has much the same 
geology and mineral resource potential as tract C, but 
the contacts of the metasedimcntary rocks with granite 
are largely buried, especially north of the Noatak 
River. Undiscovered mineral deposits in tract D are 
probably also buried near this contact. 

ESTIMATION OF UNDISCOVERED MINERAL 
RESOURCES 

The data are insufficient to estimate the number and 
size of undiscovered mineral deposits in tracts C and 
D. Mineral deposits and occurrences similar to those 
already identified almost certainly can be found with 
further work. The small size of the known deposits 
suggests that additional deposits would also be small. 
But the favorable geoloac environment for additional 

deposits is areally extensive, and it is possible that at 
least one deposit of substantial size occurs in the 
tracts. 

SUMMARY OF MlNERAL RESOURCE 
POTENTl AL 

Tracts C and D have particularly favorable geology 
for the occurrence of polymetdlic veins, skarn depos- 
its, and various other contact-metamorphic deposits 
associated with the upper parts of the Devonian 
gneissic granite intrusions exposed in the tracts. Nu- 
merous small mineral deposits or occurrences are 
known in the tracts, and more are l~kely to be present. 
The data are insufficient to determine if any of the 
undiscovered deposits are of sufficient size and grade 
to bc economically v~able. 

TRACT E 

DESCRmTlON OP GEOLOGY AND MINERAL 
RESOURCES 

Tract E comprises two areas that wrap around the 
north sides of gneissic granite plutons that form the 
Arrigctch Peaks and the northwest lobe of the Mount 
Igikpak pluton. The metasedimentary rocks consist 
mainly of massive Devonian marble, as well as me- 
dium-grade gneiss and schist and interbedded calcare- 
ous layers. The general discussion of the geology and 
mineral deposits of tract C and D applies equally to 
this tract as weU. 

Several mineral deposits occur, all mar the contact 
of the metasedirnentary rocks with the granite. The 
deposits are of several typcs: irregular, thin, sulfide- 
bearing quartz veins; irregular mass of ore minerals 
replacing marble; and skarns. 

The mineralogy of the depusits differs considerably, 
but sphalerite, magnetite, chalcopyrite, and galena are 
commonly present, and various combinations of tin, 
beryllium, bismuth, arsenic, fluorine, and molybde- 
num are often present in analysis of samples from the 
deposits. The most reasonable interpretation is that all 
or the great majority of these deposits are genetically 
itked to the granite. During this study, the contact 
between the metasedimentary rocks and the granite 
were exanlined at numerous places, Our work was by 
no means exhaustive, but ore minerals were often 
found near the contact. Our impression is that the ore 
minerals could be found in almost my 200- to 400-m 
exposure of the contact that could be examined in 
detail. However, the deposits we found were smdl, 
most being litlle more than mineralogical occurrences. 
The most notable deposit within the tract is a magnet- 
ite-bearing s k m  in the north-central part of T. 22 N., 
R. 22 E. Selected samples collected in this 400- by 
150-m area contained as much as 0.7 percent arsenic, 
0.1 pcrcent beryllium, and 0.1 percent tin, as well as 
visible sphalerite, fluorite, and magnetite, 



CRlTEM.4 FOR DEFlNlTION OF TRACT 

The boundaries of tract E are largely determined by 
the contact of the granite a d  the metasedirnentary 
rocks. No indication of mineral depvsits or alteration 
is present within most of the qanite adjacent to the 
tract in spite of many spectacular exposures. In onc 
area of granite south af Arrigetch Peak (in the south- 
west corner of T. 23 N., R 22 E., and the northwest 
corner of T. 22 N., R. 22 E.), orange staining is wide- 
spread. The outline of the tract was drawn to include 
this altered zone. However, examination of this zonc 
revealed little more than sparse disseminated pyrite 
and silicification along fracture zones. Stream- 
sediment and heavy-mineral analyses of samples col- 
lected from within the tract or adjacent to it confirm 
the presence of a suite of elements characteristic of a 
felsic pluton. 

ESTIMATION OF UNDISCOVERED 
MINERAL RESOURCES 

Data are insufticient to predict the magnitude of 
undiscovered nlinerd resources within the area of tract 
E. It is likely. indeed almost inevitable, that additional 
mneral deposits or occurrences or ore minerals can be 
found by further examination of the contact zones of 
the granites. But these will probably be small for the 
most part. The steepness of the cantact of the granite 
and the metasedirnentary rocks argues against large 
deposits being found in the tract. The upper parts of 
the granite pluton and the cap above it, theoretically 
the most promising environment of a felsic pluton for 
minerals has been eroded away, and only the deeper 
parts of the pluton are exposed. Nevertheless, the 
skam deposit mentioned previously in T. 22 N., K. 22 
E. has considerahie size and metal content, and other 
substantial deposits may occur elsewhere in the tracts. 

SUMMARY OF MINERAL RESOURCE 
POTENTIAL 

Several small deposits in tract E have various com- 
binations of sphalerite, magnetite, chalcopyrite, and 
galena, together with anomalous values in tin, beryl- 
lium, bismuth, arsenic, fluorite and molybdenum. The 
deposits are peripheral to a Devonian gneissic granite 
pluton and are almost certainly related to it. Similar 
deposits can probably be found with additional search, 
but there nre insuffjcient data to forecast whether any 
might be economically viable. 

TRACT F 

DESCRIPTION OF GEOLOGY AND M I l W U L  
DEPOSITS 

Tract F lies in the south-central part of the quadran- 
gle between the schist belt and the Devonian gneissic 
granite plutons. The rocks consist mainly of interlay- 

e r d  medium-grade pelitic gneiss and schist and 
prominent gray- to orange-weathering marble. The 
rocks are presumed to be Devonian in age, but the 
evidence is meager and largely circumstantial. The 
geologic structure is complex, and numerous isoclinal 
to open folds are present from outcrop to regional 
scale. Skams and contact effects of the granite in this 
tract ate not nearly so well developed or obvious as on 
the north side of the plutons (for example, in tracts C, 
D, and E). One reason is that the southern contacts of 
the Mount Igikpak and Anigetch Peaks plutons are at 
least partly and probably frequently thrust faults rather 
than ~ntrus~ve contacts. In addition, this area is well 
into the zone of Cretaceous, regional, medium-grade 
metamorphism that developed a pervasive melamor- 
phic fabric in the rocks that probably has obscured 
much of thc effects of the Devonian plutonism. The 
few mineral deposits are small anti convain various 
combinations of copper, lead, zinc, silver, tin, bts- 
rnuth, beryllium, moiibdenum, antimony, and arsenic. 
We interpret this association of elements and thc de+ 
posits that contain them to be genetically related to the 
Devonian gneissic granite, The beryllium occurrence 
in the northwest part of the tract in T. 21 N., R. 18 E., 
that is near several small tongues of Devonian granite, 
and several other deposits near the contact of the 
granite and the metmedimetary rocks support this 
interpretation. 

CRITERIA FOR DEFINITION OF TRACT 

The boundaries of this Iarge tract are limited by thc 
Devonian granite on the north, the schist belt on the 
south, and the limits of the geochemical anomalies on 
the east and west. Specific diagnostic criteria we the 
known deposits and the numerous geochemical 
anomalies in various combination of copper, lead, 
zinc, silver, molybdenum, barium, tungsten, beryl- 
lium, and antimony. Aeromagnetic data suggest an 
extension of the Devonian granite plutons southward 
beneath this tract but do not substantiate it. 

ESTIMATION OF UNDISCOVERED 
MINERAL DEPOSITS 

The data are insufficient to estimate the undiscov- 
ered mineral deposits within Tract F. Additional de- 
posits probably can be found within the tract and even 
more may be present at depth, but their sizes and 
grades arc unknown. 

SUMMARY OF MINERAL RESOURCE 
POTENTIAL 

The geochemistry and occurrence of several mineral 
deposits suggest pokntial for additional mineral de- 
posits related to the extension of the Devonian granite 
plutan beneath tract F. However, the data are more 
permissive than strongly suggestive that the granite 
might extent beneath the tract, and the mineral re- 
source potential of Ule tract is probably largely de- 



pendent on the presence of this pluton at depth be- 
neath the tract. 

TRACTS G AND H 

DESCRIlTJON OF GEOLOGY AND MINERAL 
DEPOSITS 

Tracts G and H are rnarked by area of complex geol- 
ogy that has numerous thrust faults that intricately 
imbricate Devonian and Mississippian phyllite and 
schist. thick Silurian and Devonian marble, and Paleo- 
zoic chloritic quartzite. NO plutonic rocks crop out in 
the tract but evidence is present that a fellsic pluton 
underlies tract G. 

The few mineral deposits in tract G are small; most 
were found during this study and their significance 
was apparent only when they were considered with 
othcr data. m e  deposits cannot be characterized by 
type with certainty. Most seem to bc epigenetic; the 
dements involved are various combinations of silver, 
copper, zinc, arsemc, and antimony. 

CRITERIA FOR DEFINlTION OF TRACT 

The principal critcria for defining tracts G and H are 
the ~wchemical data. The stream-sediment and 
heav)l-mineral-concentrate analyses exhibit a number 
of anomalies in a diverse suite of elements--barium, 
Ant, molybdenum, and silver--an elemental associa- 
tion which suggests that their source may be a felsic 
pluton. The possibility of a pluton beneath these 
tracts is indicated on Landsat images by circular pat- 
ters of arcuatt features. Comparable features are seen 
over exposed gncissic granite plutons in the center of 
the quadrangle and over the Shishakshinovik pluton 
abaut 32 km to the southwest in the Ambler Rivcr 
quadrangle (Mayfield and Tailleur, 1978; Mayfield 
and Gtybeck, 1978). This interpretation is further 
strengthened by the presence of several mineral occur- 
lences that by themselves would not have been par- 
ticularly diagnostic. An aeromagnetic low over tract 
G suggests a buried pluton; if this interpretation is 
correct, the several aeromagnetic highs over tract H 
may he related to bun& magnetite-bearing contact- 
metamorphic rocks. The distinction between tracts G 
and H is one of degree and is highly subjective. Tract 
G may overlie a felslc pluton and has most of the more 
pronounced geochemical anomalies and known rmn- 
eral deposits present in the two lracb. Tract I1 in- 
cludes several peripheral geochemical anomalies and 
several aeromagnetic highs that may be skam relakd. 

ESTIMATION OF UNDISCOVERED DEOSITS 

?'he data are insufficient to estimate the magnitude 
of undiscovered mineral deposits in tracts G and H. 
Howcver. they do suggest a favorable geologic envi- 
ronment at depth for mineral deposits ovet a deeply 
buried felsic pluton. 

SUMMARY OF MINERAL RESOURCE 
mm 

The geochemistry, mineral deposits, and aeromag- 
netic data in tracts G and H reinforce each other to 
suggest a buried felsic pluton, probably at consider- 
able depth. On the basis of analogy with other plutons 
in the area and with felsic plurons worldwide, the top 
of the proposed pluton would be a favorable site for 
the occurrence of a wide variety of mineral deposits. 

TRACT I 

DESCRIFTION OF GEOLOGY AND 
MINERAL, DEPOSITS 

Tract I lies just north of the schist belt near the 
southwest corner of the quadrangle. Thick sections of 
light-gray carbonate are prominent in the tract, hut 
most of the rocks consist of intedayered gray- and 
orange-weathering marble, chloritic quartzite, garnet- 
brotite-quartz schist, chlorite schist, and greenstme. 
Two small prospects in carbonate rocks cannot be 
dassilid wjth assurance. One is apparently a strati- 
form, massive-sulfide copper deposit; the other is a 
lead-zinc-copper-silver deposit of unknown type, 
possibly epigenetic. 

CRITERIA FOR DEFINJTION OF TRACT 

The outline of tract I is subjwtive, and the evidence 
that it has significant mineral resource potential is 
weak. The boundary of the tract is defined by a com- 
bination of the two known mineral deposits, scveral 
silver anomalies in the stream-scdiment samples, and 
several circular patterns of arcuate features on the 
Landsat images that suggest the presence of a buried 
pluton. 

ESTIMATION OF UNDISCOVERED 
MINERAL DEPOSITS 

The data are insufficient to make a deflnitivc state- 
ment about the type or amount of mineral deposits in 
tract 1. 

SUMMARY OF MINERAL RESOURCE 
WTENTIAL 

The evidence is incondusive but the known depos- 
its, geochemistry, and satellite imagery indicate that 
tract I has potential for mineral deposits, possibly 
related to a buried felsic pluton. 

DESCRIPTION OF GEOLOGY AND MINERAL 
DEPOSITS 

Tract J is centered around two small Devonian gran- 
ite plutons and associated skarn that intrudes thc 



schists and gneisses of the schist belt. One prospect 
with argentiferous galena in skarn is probably related 
to granite as is the molybdenum in a sample of horn- 
fels collected near it. 

CRITERIA FOR DEFINITION OF TRACT 

Tmct J is dcfined by the small exposures of Devo- 
nian granite and the mineralized skarn around them. 
Stream-sediment samples (heavy-mineral concentrates 
were not collected in this area) suppofi this conclu- 
sion. This small tract, however, is surrounded by 
tract A, which has w~despread geochemical anomalies 
that nuke it difficult to define the extent of tract J on 
geochemical critcda. The area coincides with an 
aeromagnetic high and an elongate aureole(?) of me- 
dium-gradc metamorphic rocks that suggests that the 
granite persists at depth. Aeromagnetic data also sug- 
gests a subsurface extension of the granite to the west. 

ESTIMATION OF UNDISCOVERED 
MINERAL DEPOSITS 

Dara are insufficient to make a quantitative estlmate 
of undiscovered mineral deposits within tract J. The 
geology, geochemistry, and known mineral deposits 
support our interpretation that a favorable environ- 
ment exists for additional undiscavcred mineral de- 
posits. However, the mineral potential of the tract 
depends greatly on the subsurface geometry of the 
small granite plutons that are exposed at the surface, a 
geometry Lhai is unclear. The geochemical expression 
that might be expected of such a pluton or the mineral 
deposits related to it is probably masked by similar 
and much more extensive anomalies associated with 
the copper-zinc-lead. massive-sulfide deposlts of tract: 
A. The aeromagnctic data indicates that the subsur- 
face geology in this part of the schist belt is more 
complex than can be filly explained by the surfacc 
mapping to date. The aerorntlgnetic data suggests that 
the small exposure of granite at the surface may be 
part of a larger pluton at depth. 

SUMMARY OF MINERAL RESOURCE 
POTENTIAL 

The mineral resource potential of tract J is related to 
the top of a Devonian granite pluton, barely exposed 
at the surface, which is associated with a small silver- 
lead skarn prospect. The geologic and geochemical 
environment is favorable for the occurrence of addi- 
tional mineral deposits, but the mineral resource po- 
tential of the tract is largely depndent an the subsur- 
face extension of the granite pluton, which is inde- 
terminate. 

TRACT K 

DESCRIPTION OF GEOLOGY AND 
MINERAL DEPOSFS 

Tract K lie. in the western headwaters of the Alatna 
River in an otherwise monotonous, thick section of 
Upper Devonian feldspathic sandstone, rnudstone, and 
shale of the Hunt Fort Shale. Some of the rocks are at 
best weakly regionally metamorphosed, but most re- 
tain their original sedimentary structure and texture. 
The structural geology of the area is obscured by the 
monotony of the rocks and the lack of marker hori- 
wns, but the great thickness of the unit is probably 
due in part to repetition by folds and thrust faults. 

No mincral deposits wcrc known in thc tract prior 10 
this study and the only deposits now known are scat- 
tered quartz. velns and sparse sulfide-beanng quartz 
float containing galena, sphalerite, and chalcopyrite 
with values in silver and antimony. The only con- 
straint on the age of the deposits is that they are 
younger than the llpper Devonian sedimentary rocks 
in which they occur. None of the deposits has any 
obvious sign of alteration. Detailed and systematic 
exploration would probably find addrtional similar 
deposits in the tract, hut our impression is that the size 
of the deposits that might be found at the surface will 
generally by small and the number fcw. There has 
been no production from the deposits nor any explo- 
ration of them by industry. 

CRITERIA FOR DEFINITION OF TRACT 

The comhinatlon of geologic, geochemical, and 
geophysical evidence strongly suggests that tract K is 
underlain by a felsic pluton. The surface geology of 
the tract gives no indication of such a pluton other 
than the grouping of the few mineral deposits. The 
steam-sediment geochemical data show a concentra- 
tion of lead, zinc. copper, and silver in the tract, and 
the heavy-mineral-concentrate data also indicate 
anomalies of kin, tungsten, lanthanum, and thorium-. 
an elemental association that suggests a nearby felsic 
intrusion. The aeromgnetic data are permissive of a 
buried pluton, but they are ambiguous because the 
aerurnagnetic signature of the Devonian sedimentary 
rocks exposed at the surface sue essentially the same 
as those of the felsic plutons in the quadrangle. The 
presence of a buried pluton is also slrongly supporled 
by the Landsat imagery, which shows wcll-developed 
circular patterns of arcuate features in the tract that are 
comparable to those developed on granitic rocks dse- 
where in the quadrangle, notably at Mount Igkpak 
and in the Arrigetch Pcaks. Similar patterns are pres- 
ent at several places in the quadrangle (other than over 
the known plutons), hut they are best devclopcd in this 
tract, where they coincidc with thc locations of min- 
eral deposits and geochemical anornalics. 

A simple interpretation of a buried pluton beneath 
the tract is complicated by thc prcsence of numerous 
thrust faults in the quadrangle. A more precise stale- 
ment of the mineral potential of the tract is that the 
surface indications of mineralization probably are 
related to a granite pluton that intruded the Runt Fork 
Shale, but that pluton may or may not still be physi- 
cally present beneath the tract. The age of the pro- 



posed pluton is largely conjectural; for lack of a better 
malog nearby, a reasonable conclusion is that it is 
similar to the Devonian plutons exposed at Mount 
l g i k p l  and the Arrigetch Pcaks in the ccntml part of 
the quadrangle. 

ESTIMATION OF UNDISCOVERED 
MINERAL DEPOSITS 

Data arc insufficient from tract K to estimate the 
number of size of the deposits that might be associated 
with a proposed buried felsic pluton. The mineral 
deposits and geochemical anomalies that occur at thc 
surface suggest that additional mineral deposits are 
likely to be associatad with such a pluton at depth. 
The most likely concentration of such deposits might 
be expected near the top of the intrusive body or just 
abovc it. There is  no evidence of depth to the top of 
the proposed pluton, but the lack of contact metamor- 
phism at the surface indicates that the pluton is not 
closc to the surface. 

SUMMARY OF MINERAL RESOUKCE 
POTENTIAL 

The distribution of mineral dcposits, geochemical 
anomalies, and clrcular patterns of arcuate features on 
satellite imagery support each other to suggest 
strongly that a previously unknown felsic pluton is or 
was buried bcncath the tract. Thc dcplh lo the plulon 
is uncertain, but the presence or known mineral de- 
pos~ts and the geochemcal anomalies at the surface 
suggest that it's apical part and the cap abovc it me an 
attractive environment for undiscovered mincral de- 
F Q S ~ ~ S .  

TRACTS L AND M 

DESCRIPTION OF GEOLOGY AND 
MINERAL DEPOSITS 

~ r a c t s  L and M lie In the vicinity of Dalimuloak 
Mountain the northeast part of the quadrangle in a 
th~ck sequence of Devonian and (or) Mississlpp~an 
calcarcous phyllite with interbeds of limestone, 
quartz-pebble conglomerate, and schist. The rocks 
have been metamorphosed, at least locally, to the ex- 
tent that original sedimentary structures and lextures 
are obscured. No mineral deposits are known in the 
tracts, and apparently industry has made no more than 
a cursory attempt at mineral exploration. 

anomalous samples involving combinations of Id, 
zinc, copper, molybdenum, barium, bismuth, boron, 
lanthanum, and thorium--a suite of elements typically 
relatcd to felsic igneous rocks. Landsat imgcs of 
tract L show a striking circular pattern of arcuate fea- 
tures analogous to a similar pattern over the exposed 
gneissic plutons in the center of the quadrangle and 
similar to the burid plulon that is presumed to occur 
beneath tract K. Several streams in trnct L, noUbly 
Coalit Creek, are stained bright orange for several 
miles. This staining, distinctly visible from the air and 
on satellite images, is so striking that we assume it is 
related to the proposed granite pluton beneath thc 
tract. The distinction between tracts L and M is one of 
degree. Tract L has the most varied and intense geo- 
chemical anomalies, and the largest circular pattern of 
arcuate features on the Iklndsat images is centered on 
it, Tract M has numerous strong geochemical anoma- 
lies but in fewer elements than tract L, a d  tract M is 
peripheral to, rather thw coincident with, a circular 
pattern of arcuate Landsat features. 

ESTIMATION OF UNDISCOVERED 
MINERAL, WEPOSITS 

Data are insufficient to make an estimation of the 
size and location of undiscovered mineral deposits in 
tracts L and M. If, as we predict, the geochemical 
anomalies are the surface expression of a buried gran- 
ite pluton, the most likely environment for significant 
deposits would be in the upper zone of thc pluton or 
just above it. The depth to the top of the postulate 
pluton is unknown; it is unlikely to be immediately 
below the surface becausc no contact metamorphic or 
othcr alteration effects are visible at the surface. 

SUMMARY OF MlNERAL RESOURCE 
POTENTIAL 

Geochemical anomalies in a suite of elements usu- 
ally associated with felsic pluton rocks, as well as the 
circular pattern of arcuate features identified on the 
Landsat images, suggest with some confidence that 
tract L and M are underlain by buried fclsic plutons. 
The geochemical anomalies indicate that the presumed 
plutons are associated with metal-bearing fluids, but 
the most likely environment for dcposits, the region 
near the top nf the pluton, i s  probably at considerable 
depth. 

TRACT N 
CRlTERlA FOR DEFINrZION OF TRACTS 

Tracts L and M have no known mineral deposits or 
aeromagnetic anomalies and are defined mainly on the 
basis of geochemical anomalics and the interpretation 
of Landsat images. The stream-sediment and heavy- 
mineral-concentrate data, especially in the headwaters 
of Coalit Creek, show a pronounced concentration of 

DESCRLPTION OF GEOLOGY AND 
MINERAL DEPOSITS 

Tract N consists largely of Silurian and Devonian 
carbonate rocks and less extensive exposure of Pre- 
cambrian(?) granitic orthogneiss, Paleozoic schist, 
Mississippian conglomerate, and the Mississippian 



Kayak Shale. The tract contains several mineral de- 
posits in different combination of silver, barium, cop- 
per, lead, antimony, and zinc, but none have any ap- 
preciable size or continuity and all are little more than 
occurrences of ore minerals. 

CRITERIA FOR DEFINITION OF TRACT 

The boundary of tract N encloses tm assortment of 
small mineral deposits, several lead anomalies in the 
stream-sediment samples, and several additional zinc, 
barium, and silver anomalies in the heavy-mineral- 
concentrate samples. Geophysical data and geology 
had little influence on the deimition of the tract. 

ESTIMATION OF UNDISCOVERED 
MINERAL DEWSITS 

The known mineral deposits and geochemical 
are insufficient to estimate the sizes or types of undis- 
covered mineral deposits in tract N. Thc lirnitcd data 
would p e m t  several types of deposits--for instance, 
replacement lead-zinc deposits in carbonate rocks, 
Mississippi Valley-type lead-zinc deposits, bedded 
barite, and many others--hut definite evidencc is not 
present for any of these. 

SUMMARY OF MINERAL RESOURCE 
POTENTIAL 

Tract N has scattered occurrences of ore minerals 
and geochemical anomalies involving several combi- 
nation of lead, zinc, barite, copper, and silver, that 
indicate the tract has a real, albeit it low, potential for 
the occurrence of mineral deposits. 

TRACT 0 

DESCRIPIlON OF GEOLOGY AND 
MINERAL DEPOSITS 

The geology of the three areas of tract 0 is ti& to 
scvcral areas of Mississippian shale, sandstone, and 
conglomerate and P e d a n  and Triassic sedimentary 
rocks that crop out discontinuously across the north- 
em part of the quadrangle. 

CRITERIA FOR DEFINITION OF TRACT 

The boundaries of the three areas of tract 0 are sub- 
jective and enclose exposures of Mississippian and 
younger rocks. Their mineral resource potential is 
mainly based on various combinations of zinc, lead, 
and barium in stream-sediment or heavy-mineral- 
concentrate samples. At one locality, a grab sample of 
Devonian conglomerate contains anomalous silver, 
copper, lead, tin, and zinc. The aerornagnetic sigaa- 
lure for these Mississippian and younger rocks arc the 
same as those for the large areas of Devonian clastic 
rocks which surround them. 

ESTIMATION OF UNDISCOVERED 
MINERAL DEPOSITS 

Data are insufficient to estimate the number of un- 
discovered mineral deposits in the areas of tract 0. 

SUMMARY OF MINERAL RFSQURCE 
POTENTl AL 

The areas of tract 0 contain several geochemical 
anomalies in lead, zinc, nnd barium and at least one 
s~nall mineral deposit but there is no evidence that a 
substantial mineral deposit occurs in my of the area. 
The typc(s) of deposit that might occur within the 
tracts are uncertain, but perhaps something similar to 
the Red Dog ztnc-lead-barite deposit that occurs in 
similar Mississippian rocks about 350 km west- 
northwest in the DeL~>ng Mountains. Tht: evidence 
that these areas contain mineral deposits is lrrnited and 
weak. 

REFERENCES CITED 

Bliss, J. D., Brosg6, W. P., Dillon, J. T., Cathrall, J. 
C., and Dutro, J. 'T. Jr., 1988, Maps and descrip- 
tions of lode and placer deposits, prospects, and 
occurrences in the Wisarnm I" by 3" quadrangle, 
Alaska: U.S. Geological Survey Open-File Report 
88-293, scale 1:250,000,2 sheets. 

Boyle, R. W., 1974, Elemental association in mineral 
deposits and indicator dements of interest in gco- 
chemical prospecting (revised): Geological Survey 
of Canada Paper 74-45,40 p. 

Rrosgk, W.P., and Pessell, G.H., 1977, Preliminary 
reconnaissance gcologic map of the Survey Pass 
quadrangle, Alaska: U.S. Geological Survey Open- 
File Report 77-27, scale 1:250,000, 1 sheet. 

Cady, 4.W.. and Hackett, S.W., 1982, Map showit~g 
aeromagnetic survey and interpretation of the Sur- 
vey Pass quadranglc. Brooks Range, Alaska: U.S. 
Geological Survey Miswllaneous Field Studies 
Map MI+'-1176-G, scale 1:250,000,3 sheets, 13 p. 

Cathrall, J.B., Billings. T.M., Colley, E.F., and 
O'Leary, R.M., 1981, Map showing anomalous 
drainagc areas of selected elements in the Survey 
Pass quadrangle, Brooks Range, Alaska: U.S. 
Geological Survey Miscellaneous Field Studies 
Map MF-1176-D, scale 1:250,000, 1 sheet. 

Chazin, Barbara, Cathrall, J.B., Miesch, A.T., Wilch, 
L.O., and Lewis, J.S., 1983, Summary of selected 
geochemical data from U.S. Department of Energy- 
National Uranium Resources Evaluation on sedi- 



ment samples from the Survey Pass quadrangle, 
Alaska: U.S. Geological Survey Administrative 
Report, Branch of Geochemistry, 56 p. 

Chipp, E.R., 1970, Geology and geochemistry of the 
Chandalar area, Brooks Range, Alaska: Alaska 
Division of Mines and Geology, Geology Report 
42,39 p. 

Cox, J.T., and Singer, D.A., 1986, Mineral deposit 
models: U.S. Geological Survey Bulletin 1693, 
379 p. 

Dutro, J.T., and Payne, T.G., 1954, Geologic map of 
Alaska: U.S. Geological Survey, scale 
1 ;2,500,000, 1 shcet. 

Grybeck, D.J., 1977, Known mineral deposits of the 
brooks Range, Alaska: U.S. Geology Survey 
Open-File Report 77- 166C, scalc 1 : 1,00O,O(M, 45 
P. 

Gcyheck, D.J., McDanal, S.K., Cooley, E.F., and 
O ' h r y ,  R.M., 1981, Map of anomalous rock 
samples and histograms of trace metals in rocks of 
the Survey Pass quadrangle, Brooks Range, Alaska: 
U.S. Geological Survey Miscellaneous Rcld Stud- 
ics Map MF-1176-E, scale 1 :250,000, 1 sheet. 

Grybeck, D.J., and Nelson, S.W., 1981a. Map and 
interpretation of the structural geology of the Sur- 
vey Pass quadrangle, Brooks Range, Alaska: U.S. 
Geological Survey Miscellaneous Field Studies 
Map MF-I 176-B, scale 1:250,000, 1 sheet, 8 p. 

, 1981b, Mineral deposit map of the Survcy 
Pass quadrangle, Brooks Range, Alaska: U.S. 
Gcological Survey Miscellaneous Field Studies 
Map MF- 1 176-P, scale 1 :250,OUO, 1 sheet. 

Hitzrnan, M.W., 1978, Geology of the BT claim 
group, southwesterti Brooks Range, Alaska: Scat- 
tle, Wash., University of Washington M.S. thesis, 
80 p. 

Hilzman, M.W., Profett, J.M., Jr., Schmidt, J.M., and 
Smith, T.E., 1986, Gcology and mineralization of 
the Amblcr district, northwestern Alaska: Eco- 
nomic Geology, v. 81, p. 1592-161 8. 

IJitzrnan, M. W., Smith, T.E., and Profett, J.M., 1982, 
Redrock geology gf the Ambler district, southwest- 
ern Brooks Range, Alaska: Alaska Division of 
Gmlogical and Geophysical Surveys, Geology Re- 
port 75, scale 1 : 125,000,2 sheets. 

Kelsey, G.L., 1979, Petrology of metamorphic rocks 
hosting VMS deposits, Ambler district, Alaska: 
Tempe, Ariz., Arizona State University, M.S. t h e  
sis, 156 p. 

Lange, I.M., Nokleberg, W.J., Plahuta, J.T., Krouse, 
H.R., and Doe, B.R., 1985, Gsologic setting , pe 
trology, and geochemistry of stratiform zinc-lead- 
barium deposits, Red Dog creek and Drenchwater 
creek area, northwestern Brooks Range, Alaska: 
Economic Geology, v. SO, p. 1896-1926. 

Le Compte, J.R., 1981, Maps showing interpretation 
of Landsat imagery of the Survey Pass quadrangle, 
Brooks Range, Alaska: U.S. Geological Survey 
Miscellaneous Field Studies Map MF-1176-H, 
scale 1:250,000,2 sheets. 

Levinson, A.A., 1980, Introdr~ction to exploration 
geochemistry (2d ed.): Calgary, Alberta, Canada, 
Applied Publishing Company, 924 p. 

Lus Alamos National Laboratory, 1981, Uranium 
hydrogeochemical and stream-sediment reconnais- 
sance of the Survey Pass NTMS quadrangle, 
Alaska: U. S. Department of Energy, Grand Junc- 
tion Officc, report GJBX 255(81), 96 p. 

Mayfield, C.F., and Taillcur, l.L., 1978, Bcdrock 
geologic map of the Ambler River quadrangle, 
Alaska: U.S. Geological Survcy Open-File Report 
78-0120-A, scalc 1:250,000, 1 shcer. 

Maytield, C.F., and Grybcck, U.J., 1978, Mineral 
occurrences and resources map of the Ambler River 
quadrangle, Alaska: 1J.S. Geological Survey Open- 
File Report 78-0120-1, scale 1:250,000, 1 sheet. 

Mendenhall, W.C., 1902, Reconnaissance liom Fort 
Hamlin to Kotzebue Sound, Alaska: U.S. Geologi- 
cal Survey Professional Paper 10,68 p. 

Moore, D.W., Young, L.E., Modenc, J.S., and Pla- 
huta, J.T., 1986, Geologic setting and genesis of the 
Red Dog zinc-lead-silver deposit, western Brooks 
Range, Alaska: Economic Geology, v. 81, p. 1696- 
1727. 

Nelson, SW, and Grybeck, DJ, 1980, Geologic map of 
the Survey Pass quadrangle, Brooks Ratlgz, Alaska: 
U.S. Geological Survey Miscellaneous Field Stud- 
ies Map MF-1176-A, scale 1:250,000,2 shects. 

, 1981, Map showing distribution of mcta- 
morphic rocks in the Survey Pass quadrangle, 
Brooks Range. Alaska: U.S. Geological Survey 
Miscellaneous Field Studies Map MF-1176-C, 
scale 1:250,000, 1 sheet. 

Newberry, R.J., Dillon, J.T., and Adms, D.D., 1986, 
Regionally metamorphosed calc-silicate hosted de- 
posits of the Brooks Range, northern Alaska: EGO- 
nomic Geology, v. 8 1, p+ 1728- 1752. 

Nokleberg, W.J., and Winkler, G.R., 1982, Stratiform 
zinc-lead deposits in the Drenchwater Creek arm, 



Howard Pass quadrangle, northwestern Brooks 
Range, Alaska: U.S. Geological Survey Profes- 
sional Papcr 1209,22 p. 

Oak Ridge Gaseous Diffusion Plant, 19X I, Hydrogeo- 
chemical and stream-scdiment rcconnaissance basic 
data for Survey Pass quadrangle, Alaska: U.  S, De- 
partment of Energy, Oak Ridge Cascous Dillusion 
Plant, Report GJBX 150(81), 1 1 p 

Roberts, R.G., and Sheahan, P. A,, (1988), Ore de- 
posit models: Geological Association of Canada, 
Reprint Series 3, 194 p. 

Schmidt, J.M., 1983, Geology and geochemistry of the 
Arctic prospect, Ambler district, Alaska: Stanford, 
Calif., Stanford University, Ph.D. dissertalton, 253 
P. 

, 1986, Stratigraphic setting and mineralogy of 
the Arctic volcanogenic nlassive sulfide prospect, 
Ambler district, Alaska; Economic Geology, v. XI, 
p. 1619-1643. 

, 1988, Mineral and whole-rock  composition^ 
of seawater-dominated hydrothermal alteration at 
the Arctlc volcanogenic massive sulfide prospect, 
Alaska: Economic Geology, v. 83, p. 822-842. 

Sheahan, P.A., and Cherry, M.E., cd~tors, 1993, Ore 
deposit models, volume 11: Geological Association 
of Canada, Reprint Senes 6, 154 p, 

Sicherman, HA., Russell, R.H., and Fikkan, P.R., 
1976, The geology and mineralization of the Am- 

bler district, Alaska: Spokane, Washington, Bear 
Creek Mining Company, 22 p. 

Singer, D.A., and Mosier, D.L., 1986, Grvdc and ton- 
nage model of Kuroko massive sulfide, .II Cox, D. 
P., and Singer, D.A., Mlneral deposit models: U. S. 
Geological Survey Bulletin 1693, p. 1900-197. 

Skipner, B.J.. editor, 1981, Economic geology: 75th 
anniversary volume: New Haven, Corm., Econo~riic 
Geology Publishing Company, 964 p. 

Smith, P.S., and Mertlc, J.R., Jr., 1930, Geology and 
minerit1 resources of northwestern Alaska: U. S .  
Geological Survey Hullctin X I  5 ,  35 1 p 

Smith, T.E., ProfeU, J.M., and Healwolc, D.A., 197'1, 
Ambler schist belt of northwest Alaska--host ter- 
rane for volcanogcnic hasc rnetd lnassive sulfide 
depos~ts of mld-Paleozo~c age 1 abs. ) : Geosc~ence 
Forum, 7th, Whitchorse,. Yukon Territory, Decem- 
ber 1979, Abstracts, p. 6. 

Smith, 'l'.E., Profess, J.M., tkatwole, D.A., and Sek- 
lerntan, R.W., 1977, Geologic setting of base metal 
massive sulfide deposits, Ambler district, northwest 
Alaska 1 abs. ) : Alaska Geological Society Sympo- 
sium, 6th, Anchorage, April 1977, Abstracts with 
Program, p. 41 -42. 

Zdepski, J.M., 1980, Strat~graphy, mineralogy and 
zonal relations of the Sun massivc-sult%le deposil, 
Ambler district, northwest Alaska: Fairbanks, 
Alaska, University of Alaska M.S. thesis, 93 p. 

Figure 1. --Tonnage distribution of fclsic intermediate 
massive-sulfide deposits as compiled from world- 
wide data for 432 deposits by Singer and Mosier 
(1986). Arctic deposit just west of Survey Pass 
quadrangle in Ambler district and Sun deposit 
within quadrangle are noted. 



COPPER GRADE IN PERCENT 

Figure 2. --Copper grade in felsic-intermediate massive- 
sulfide deposits as compiled from worldwide data 
for 432 deposits by Singer and Mosier (1986). 
Arctic deposit just west of Survey Pass quad- 
rangle in Ambler district and the Sun deposit 
within quadrangle are noted. 
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ZINC GRPSE IN PERCENT 

Figure 3. --Zinc grade in felsic-intermediate massive- 
sulfide deposits as compiled from worldwide data 
for 432 deposits by Singer and Mosier (1986). 
Arctic deposit just west of Survey Pass quad- 
rangle in Ambler district and the Sun deposit 
within the quadrangle are noted. 
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LEAD GRADE IN PERCENT 

figure 4. --Lead grade in felsic-intermediate massive- 
sulfide deposits as compiled from worldwide data 
for 432 deposits by Singer and Mosier (1986). 
Arctic deposit just west of Survey Pass quad- 
rangle in Ambler district and Sun deposit within 
quadrangle are noted. 

SILVER GRADE IN GRAMS PER TON 

Figure 5. --Silver grade in felsic-intermediate massive- 
sulfide deposits as compiled from worldwide data 
from 432 deposits by Singer and Mosier (1986). 
Arctic deposit just west of Survey Pass quad- 
rangle in Ambler district and the Sun deposit 
within the quadrangle are noted. 


