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Map B. Distribution of nickel, chromium, cadmium, tin, molybdenum, and tungsten
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LIST OF MAP UNITS INTRODUCTION

Thisreportisoneinaseries of publications prepared by the USGS (U.S. Geological
Survey) as part of AMRAP (Alaska Mineral Resource Assessment Program) to provide
the public with information on the mineral resources of Alaska. This report presents the
results of a reconnaissance geochemical survey of the nonmagnetic, heavy-mineral-
concentrate fraction of stream sediments in the Anchorage 1:250,000-scale quad-
rangle, southern Alaska. Two objectives of this study were to determine which suites of
elements are enriched in known mineral occurrences and then to find out whether
similar suites of elements are enriched in similar geologic environments elsewhere in
the quadrangle. Such enrichments would suggest that there might still be undiscovered
mineral occurrences of a similar type. A third objective was to find additional suites of
anomalously abundant elements indicative of types of mineral occurrences previously
unrecognized in the quadrangle. Two companion reports present the mineralogy of
these same concentrate samples (Tripp and Madden, in press) and the geochemistry of
stream sediments collected at these sample sites (Madden, in press). The chemical
analyses of sediments are available in Arbogast and others (1987); the chemical
analyses for rocks are available in Madden and others (1988).

The geochemical signatures of rock types and mineral occurrences as shown in
nonmagnetic, heavy-mineral concentrates from the quadrangle have been discussed
byMadden and Tripp (19874, b). They used factor analysis to determine associations of
enriched elements in samples from various areas in the Anchorage quadrangle. Among
these associations are ones including precious metals and base metals.

Surficial deposits (Quaternary)
PENINSULAR TERRANE

Bedded rocks
Volcanic rocks (Miocene? to Paleocene)
Sedimentary rocks (Miocene to Paleocene)
Chickaloon Formation ( early Eocene and Paleocene)
Arkose Ridge Formation (Eocene and Paleocene)
Matanuska Formation (Late and Early Cretaceous)
Sedimentary rocks (Late and Middle Jurassic)
Talkeetna Formation (Early Jurassic)
Limestone and marble (Early Jurassic?)

Intrusive rocks
Mafic intrusions (Eocene)
Felsic intrusions (Eocene)
Adamellite ( early Paleocene and Late Cretaceous)
Tonalite ( early Paleocene and Late Cretaceous)
Trondhjemite (Early Cretaceous)
Trondhjemite (Late Jurassic)
Granodiorite (Late? and Middle Jurassic)

Quartz diorite (Middle and Early? Jurassic)

SAMPLE COLLECTION AND PREPARATION

In 1982-1985, the USGS collected samples of stream sediments and panned
heavy-mineral concentrates for geochemical and mineralogical study of the Anchorage
quadrangle. We primarily sampled first-order (unbranched) and second-order (below
the junction of two first-order streams) streams as shown on USGS 1:63,360-scale
topographic maps. At sample sites (indicated by circles on maps A and B), we collected
botha stream-sediment and a heavy-mineral concentrate sample. In addition to collect-
ing sediment and concentrates from streams, we also collected them from medial and

?) lateral moraines in areas of extensive glacial coverand treated them in the same manner
as samples collected from streams.

Gabbronorite (Early Jurassic?)
Ultramafic rocks (Jurassic?)
Serpentinite (Jurassic?)
Metamorphic rocks
Amphibolite and quartz diorite (Middle and Early Jurassi
Pelitic schist (Jurassic?)

The average sampling density for the quadrangle is one site per 14 km?2, though
parts of the quadrangle were only sparsely sampled. For example, few samples were
taken in the snowfields along the crest of the Chugach Mountains; relatively few sam-
ples were taken in the Prince William Sound area, which was sampled by Goldfarb and
others (1984); and no samples were taken in the marshy lowlands north of Knik Arm in
the western part of the quadrangle, where no rocks are exposed. In contrast, where
rocks are exposed the sampling density was much higher, ranging between onesite per
2.6 km? and one site per 10 km2.

The method of collecting heavy-mineral-concentrate samples was to scoop
numerous grab samples along a 9- to 30-m length of active stream channel or across the
entire width of an active moraine. The grab samples were composited into a single 3- to
4-kg sample and screened in the field with a 2.0-mm (10-mesh) stainless steel screen to
remove the coarse material. The minus-2.0-mm material then was panned with a gold
pan to remove quartz, feldspar, organic material, and clay-size particles.

In addition to the stream and moraine samples, we collected composite rock sam-
ples from 16 nunataks and we concentrated their heavy minerals. Collection of the rock
samples from the nunataks expanded the area sampled for heavy-mineral concen-
trates. These rocks were coarsely pulverized in the laboratory with ceramic plates set
1 mm apart, panned, and then treated the same way as the other heavy-mineral
concentrates.

All of the heavy-mineral concentrates were air dried and then treated with an elec-
tromagnet to remove the highly magnetic minerals, such as magnetite and ilmenite.
Following the first magnetic separation, the less-magnetic material was separated by
flotation in bromoform, which has a specific gravity of 2.86, and the denser heavy-
mineral fraction was extracted. The heavy-mineral fraction then was separated into
nonmagnetic and magnetic fractions with a Frantz [Isodynamic Separator with a coil set-
ting equivalent to 0.7 ampere and track settings equivalent to 5° forward slope and 10°
side tilt. The nonmagnetic fraction was examined under the microscope to identify pos-
sible ore-related minerals. More information on the preparation and chemical analysis
of the concentrates is available in Arbogast and others (1987).

Intrusive and metamorphic rocks

Plutonic rocks (Jurassic) and older, foliated metamorphic rocks
(Jurassic and Paleozoic?)

CHUGACH TERRANE
Bedded rocks
Valdez Group (Late Cretaceous)
McHugh Complex (Cretaceous)
Intrusive rocks
Miners Bay pluton (Oligocene)

Granite and granodiorite (Oligocene?)

PRINCE WILLIAM TERRANE
Bedded rocks
Orca Group (Eocene to Paleocene)

Granite and granodiorite (Oligocene?)

EXPLANATION FOR MAP A
Contact—Dashed where approximately located

Fault—Dashed where approximately located; dotted where con-
cealed. U, upthrown side; D, downthrown side

Thrust fault—Sawteeth on upper plate. Dotted where concealed

Sample locality
Data from Arbogast and others (1987)

Data from Goldfarb and others (1984)
GEOCHEMICAL DATA
The geochemical maps show the locations of samples enriched in selected
elements (map A—Au, Ag, As, Zn, Cu, Pb, Bi, and Sb; map B—Ni, Cr, Cd, Mo, W, and
Sn). These particular elements were selected because they are anomalously high in
rocks from known mineral occurrencesinthe areaand inthe mineral suites identified in
some of the heavy-mineral-concentrate samples. The anomalous element concen-
trations are identified on the maps by vectors that radiate from the sample sites. The
short vectors correspond to either the lower detection limit or the threshold, and the
long vectors correspond to the 99th-percentile distributions of the data. Threshold
values were chosen from visual inspection of histograms.

Element symbols—Ag, silver; As, arsenic; Au, gold; Bi, bismuth; Cu,
copper; Pb, lead; Sb, antimony; Zn, zinc

Relative abundance of elements—Indicated by length of vector;
absence of vector indicates less than threshold or below detec-
tion limit

99th percentile

Threshold or lower detection limit

Element-enriched areas—Correspond to numbered areas in
tables 3-5. Areas A and D in blue; areas B, C, and E outlined in
blue

[ constructed the geochemicalmaps to show areas containing anomalous amounts
of ore-related elements as determined from data generated during this reconnaissance
geochemical study and a previous study (Goldfarb and others, 1984). The studies were
done over areas underlain by several geologic terranes. In order to obtain the most

EXPLANATION FOR MAP B

information from each study, | determined values for the threshold and 99th percentile
independently for data from each geochemical study as well as for data from the Penin-

sular terrane and composite Chugach-Prince William terrane. Then, I overlayed the
geochemical maps from the separate geochemical studies to make composite geo-
chemical maps A and B. On the maps, I distinguished sample sites from the different
studies by using different sample-site symbols; these symbols are shown in the map
explanation. The composite geochemical maps are overlayed on a geologic base map
and a topographic base map.

Contact—Dashed where approximately located

Fault—Dashed where approximately located; dotted where con-
cealed. U, upthrown side; D, downthrown side

Thrust fault—Sawteeth on upper plate. Dotted where concealed

The areas outlined on the maps generally encompass the source areas for metal-
enriched, nonmagnetic, heavy-mineral-concentrate samples. The area boundaries
generally correspond to ridge tops that separate drainage basins. The outlined areas
should contain any mineral occumrences that contributed metals to the concentrate
sample. Mineral occurrences, if they exist, will occur upstream from individual, metal-
enriched sample sites.

Sample locality
Data from Arbogast and others (1987)

Data from Goldfarb and others (1984)

Element symbols—Cd, cadmium; Cr, chromium; Mo, molybdenum;

Ni, nickel; Sn, tin; W, tungsten
R 9 A statistical summary of data from this study is shown in table 1. Statistically, the

data from the Chugach and Prince William terranes were combined because of the
geologic similarity of their rock units. The statistical values were calculated from
logarithmically transformed data and are shown as antilogs. The use of logarithmic data
is appropriate as indicated by the low values of skewness and kurtosis. The skewness
and kurtosis calculated from logarithmic data are much lower than those calculated
from arithmetic, nontransformed data. The low values suggest that the frequency dis-
tributions of the logarithmic data are closer to being symmetrical than the distributions
of the arithmetic data. Table 1 shows statistical values only for elements with numerous
unqualified values and detection ratios of at least 0.5.

Relative abundance of elements—Indicated by length of vector;
absence of vector indicates less than threshold or below detec-
tion limit

99th percentile

Threshold or lower detection limit

Element-enriched areas—Correspond to numbered areas in
tables 3-5. Areas A and D in blue; areas B, C, and E outlined in
blue

Table 1. Statistical summary of geochemical data from nonmagnetic, heavy-mineral-concentrate samples in the Anchorage quadrangle
[Method of analysis was semiquantitative emission spectrography. Values in ppm, except for DR, skewness, and kurtosis. Leaders (- -), no data]

Peninsular terrane

Qualified values Unqualified Range Geometric Geometric 99th
Element cww zN Hu nb values of <chmmm mean deviation Skewness Kurtosis H:Hmm:owmm percentile
Ag 0.221 392 16 0 116 == == = = = 1 200
As 0.097 459 13 1 51 = = = = = 500 5,000
Au 0.065 487 1 2 34 — - — = == 20 1,000
Bi 0.069 458 29 g 36 == = == = == 20 200
cd 0.078 479 4 0 41 = = == — == 50 500
Cr 0.790 33 77 0 414 10-1,500 57.30 3:15 0.28 =0.53 300 700
Cu 0.901 17 35 0 472 5-10,000 73:17 5.15 .03 ~0.91 700 1,500
Mo 0.264 301 74 0 149 - - - = == 10 700
Ni 0.399 280 35 0 209 = —= - - == 300 500
Pb 0.628 97 97 1 329 10-70,000 57+65 S«15 .78 .97 700 10,000
Sn 0.223 375 32 0 117 o —— - s == 20 200
W 0.155 416 27 0 81 —— e - = —— 100 2,000
Zn 0.177 152 278 1 93 = = - —— = 500 10,000
Chugach and Prince William terranes

Ag 0.501 309 12 1 323 0.5-5,000 3.44 9.83 0.54 0.02 1 2,000
As 0.386 353 26 17 249 == - == == == 500 500
Au 0.158 512 11 20 102 o - - == = 20 1,500
Bi 0.149 493 56 0 96 = = - —— = 20 200
cd 0.076 570 26 0 49 = === o= =5 == 50 500
Cr 0.955 0 29 0 616 15-10,000 102.17 3.05 1.03 2.59 500 5,000
Cu 0.836 73 33 0 539 5-20,000 86.04 6.00 -0.43 =055 .,000 2,000
Mo 0.084 548 43 0 54 = = == == = 10 50
Ni 0.661 175 44 0 426 5-5,000 47.73 6.22 -0.10 .05 700 2,000
Pb 0.882 37 33 6 569 10-70,000 396.82 8.08 <18 -0.79 2,000 50,000
Sb 0.056 591 17 1 36 - - - - o 200 2,000
Sn 0.169 484 52 0 109 =t == e - - 20 1,000
W 0.437 325 36 2 282 — — == == -— 100 5,000
Zn 0.228 296 201 1 147 e - e - - 500 10,000

HUmnmnnuon ratio (DR) is number of uncensored values divided by total number of samples analyzed for a given
element.

Nz is number of samples in which concentrations could not be detected at lower determination limit.

wﬁ is number of samples with concentrations reported as observable, but which are less than lower determination
limit.

bn is number of samples with concentrations reported as observable, but which are greater than upper determination
limit.

mwmmonm constructing ranges, N values were replaced by values two steps down, L values were replaced by values one

step down, and G values were replaced by values one step up.

numbe

The raw data consisted of values in an ascending series of

rs called steps, as follows: 0.l ppm, 0.15, 0.2, 0.3, 0.5, 0.7, 1.0, 1.5, 2, 3, 5, 7, and so on. Statistical

values are shown only for elements with detection ratios of at least 0.5.

oarnmmrowa or lower determination limit.

Table 2. List of known mineral occurrences in the Anchorage quadrangle

GEOLOGIC SETTING OF THE ANCHORAGE QUADRANGLE

The Anchorage 1° x 3° quadrangle in southern Alaska contains a variety of
lithologic units of different ages, which display a variety of deformational styles. These
units record a complex geologic and tectonic history. As with much of southern Alaska,
this area has been interpreted as consisting of accreted lithotectonic terranes.

Lithotectonic terranes are fault-bounded structural blocks which contain distinc-
tive and unique geologic records that are different from each other and from the rest of
North America (Silberling and Jones, 1984). Three lithotectonic terranes have been
recognized in the Anchorage quadrangle: the Peninsular, Chugach, and Prince William.
The Peninsular terrane lies north and northeast of Anchorage in the southern Talkeetna
Mountains and the Matanuska Valley; the Chugach terrane lies east of Anchorage in the
Chugach Mountains; and the Prince William terrane lies in the southeastern corner of
the quadrangle in Prince William Sound. These three terranes are thought to be parts of
allochthonous crustal blocks that accreted to southern Alaska during mid-Cretaceous
to early Tertiary time (Plafker and others, 1977; Csejtey and others, 1978; Tysdal and
Case, 1979).

PENINSULAR TERRANE
The Peninsular terrane is bounded by an unnamed but very distinctive shear zone

to the north in the Talkeetna Mountains quadrangle (Csejtey and others, 1978) and by
the Border Ranges fault system to the south. Between its fault boundaries, the terrane
contains a number of rock units, including bedded volcanic and sedimentary rocks and
intrusive rocks of the Talkeetna Mountains batholith ranging in age from Early Jurassic
to Tertiary, and metamorphic rocks ranging in age from Paleozoic(?) to Jurassic (Csejtey
and others, 1978; Pavlis, 1983). The older rock units of pre-mid Cretaceous age are
interpreted as allochthonous, and the younger bedded rocks are interpreted as post-
accretionary deposits (Silberling and Jones, 1984). The post-accretionary deposits
cover much of the Peninsular terrane in the eastern part of the Anchorage quad-

rangle.

CHUGACH TERRANE

The Chugach terrane is bounded by the Border Ranges fault system to the north
and by the Contact fault system to the south. Between the fault systems are two
metamorphic rock units, a landward melange called the McHugh Complex and a
seaward flysch sequence called the Valdez Group (Plafker and others, 1977).

The McHugh Complex crops out in a discontinuous band on the south side of the
Border Ranges fault system. The complex consists of mafic metavolcanic and metaclas-
tic rocks, bedded chert, and minor lenses of limestone that are chaotically faulted
togetherand metamorphosed to prehnite-pumpellyite facies (Clark, 197 3). The ages of
dated blocks in the McHugh range from late Paleozoic, based on a Pennsylvanian
fusilinid, to Middle(?) Cretaceous based on Albian or Cenomanian radiolarians (Clark,
1973; Winkler and others, 1981). The age of accretion of the McHugh Complex is
Middle Cretaceous, younger than the ages of the youngest blocks and older than
cross-cutting plutons of trondhjemite that yielded Late Cretaceous ages (103 Ma,
U-Pb age of zircon; 110 Ma, K-Ar age of muscovite; and 125 Ma, K-Ar age of
hornblende) (Pavlis, 1982; G.R. Winkler, written commun., 1986). The McHugh
Complex structurally overlies the Valdez Group along the Eagle River thrust fault.

The Valdez Group was accreted to southern Alaska in Late Cretaceous or early
Tertiary time. The time of accretion has been considered to be later than the Maestrich-
tian age of the youngest fossils from the Valdez Group and may have coincided with the
age of metamorphism of the Valdez Group. Metamorphism occurred between47.9 Ma
and 53.5 Ma (Winkler and others, 1984; Winkler and others, 1981; Hudson and Plaf-
ker, 1982). The Valdez Group consists mostly of rhythmically interbedded graywacke,
siltstone, and argillite, and minor pebble conglomerate; these rocks are interpreted as
turbidites. In addition to turbidites, the Valdez Group includes interbedded hemipelagic
and pelagic sedimentary rocks, tuff, and pillow basalt outside of the Anchorage quad-
rangle (Winklerand others, 1984). No stratigraphic thickness has been estimated for the
Valdez Group in the Chugach Mountains; however, correlative strata to the southeast
on Sanak, Shumagin, Afognak, and Kodiak Islands have been estimated to be 3-5 km
thick (Moore, 1973; Nilsen and Moore, 1979). The age of deposition of at least part of
the group is Campanian(?) and Maestrichtian according to megafossils (Jones and
Clark, 1973). Followingits deposition, much of the group was metamorphosed to lower
to middle greenschist facies, though metamorphic grade ranges from prehnite-
pumpellyite to amphibolite facies (Winkler and others, 1984).

PRINCE WILLIAM TERRANE

The upper Paleocene through lower middle Eocene Orca Group of the Prince
William terrane is similar in lithology to the Valdez Group (Plafker and others, 1985;
Nelson and others, 1985). The Orca consists of 6-10 km of interbedded graywacke,
siltstone, and shale, local conglomerate and mafic sheeted dikes, pillow basalt, and
minor gabbro and ultramafic rocks (Nelson and others, 1984). The northern boundary
of the terrane has been considered to be the Contact fault system, which is a series of
northward-dipping thrust faults. Although local differences in structural trend and
mineralogy between the Valdez and Orca Groups occur across the Contact fault
(Nelson and others 1984; Tripp and Madden, in press), its significance as a terrane
boundary isin question based on new sandstone petrographic data from the Valdez and
Orca Groups (Dumoulin, 1988).

KNOWN MINERAL OCCURRENCES
IN THE ANCHORAGE QUADRANGLE

The geology and tectonic history in the Anchorage quadrangle has included the
formation of several types of mineral occurrences. These formed in a variety of geologic
environments and are characterized by different geochemical signatures. Gold is his-
torically the commodity of greatest economic interest in the quadrangle. Gold has been
produced from quartz veins and placer deposits. The two main gold-mining districts are
Willow Creek in the Peninsular terrane in the northwestern part of the quadrangle, and
Girdwood in the Chugach terrane in the southwestern part of the quadrangle. Lode-
gold production in the Willow Creek district, between 1909 and 1950, was 623,874 oz
(Dorff, 1984); total gold production in the Girdwood district, through 1982, was 49,000
oz (Hoekzema, 1984). A smaller district is Alfred Creek, which is a placer-gold-mining
area in the Peninsular terrane in the northeaster part of the quadrangle. Gold produc-
tion in the Alfred Creek area, from 1911 through 1913, was only 70-75 oz (Martin and
Mertie, 1914). More recent figures are not available, but seasonal mining operations
were active in Alfred Creek during this study.

PENINSULAR TERRANE

A number of types of mineral occurrences occur in this part of the quadrangle. For
example, north of the Border Ranges fault system, the Peninsular terrane contains (1)
deposits of podiform chromite in alpine peridotite of the Wolverine Complex of Carden
and Decker (1977) (see also Clark, 1972) and the informally named Eklutna
(ultramafic) complex of Clark and Greenwood (1972), (2) mineralized breccia zones
containing gold, silver, chalcopyrite, and galena in gossan zones and as disseminations
near the Nelchina Glacier, and (3) mesothermal gold-quartz veins in the Willow Creek
gold-mining district. In addition, the terrane contains a geologic setting that is compat-
ible with Kuroko-type massive-sulfide and porphyry-copper mineral occurrences in
andesitic submarine volcanic rocks of the Talkeetna Formation, which represents the
remnants of an Early Jurassic volcanic arc. In previous studies, the mineral occurrence
on Sheep Mountain has been suggested to be eithera syngenetic, hydrothermal deposit
formed on the Jurassic sea floor (Newberry, 1986) or a porphyry deposit (MacKevett
and Holloway, 1977).

Table 2 lists the main mineral occurrences known in the Peninsular terrane of the
Anchorage quadrangle, together with their geochemical and mineralogical suites.
These suites consist of anomalously abundant, ore-related metalsand minerals. The list
includes all of the types of deposits, but not every locality, listed in Cobb (1979).

The Willow Creek gold-mining district (area A1) occurs along the southwestern
margin of the Talkeetna batholith, where mineralized veins (56-66 Ma) lie along shears
and faults cutting a body of Cretaceous and Tertiary tonalite and adjacent Jurassic(?)
schist (Csejtey and others, 1978; Silberman and others, 1979; Madden and others,
1987; Madden-McGuire and others, 1988). The largest lode mine is in the tonalite and
the largest placer mine is just downstream from the contact between the schist and the
tonalite. The likelihood for the development of mineral occurrences along this contactis
discussed in Madden and others (1987) and Madden-McGuire and others (1989).
Element suites of the veins differ between the tonalite and the schist as follows:
veins in the tonalite are enriched in gold, arsenic, silver, mercury, lead, and tungsten;
in contrast, veins in the schist contain lower concentrations of gold, mercury,
and lead, higher concentrations of silver and zinc, and no anomalous concentrations
of tungsten (M.L. Silberman, 1986, written commun.). The veins in the tonalite
contain gold, pyrite, arsenopyrite, chalcopyrite, galena, sphalerite, scheelite, and
telluride minerals (nagyagite) in banded quartz and gouge zones of sheared,
silicified, and argillically altered diorite, clays, and quartz-vein fragments (Ray, 1954;
Dorff, 1984). In the schist, gold occurs in shear zones of comminuted schist,
together with calcite, quartz, albite, chlorite, muscovite, pyrite, marcasite, arseno-
pyrite, chalcopyrite, sphalerite, and very fine grained cerussite or anglesite. The
shear zones in the Thorpe mine cut foliation in the schist. Alteration selvages
surrounding mineralized veins in the schist are characterized by oxidation because
the mineralized veins in the schist are found in shear zones and faults, which
are relatively permeable to ground water. The availability of ground water probably
caused the oxidation of sulfides in mineralized veins and adjacent wall rocks.
A geochemical summary of rock samples collected and analyzed by the U.S.
Geological Survey in the Willow Creek mining district is presented in Madden
and others (1988). In addition to the geochemical differences between veins in
the schist and tonalite, there are significant geochemical differences between veins
within the tonalite itself (Madden and others, 1988).

Placer deposits occurin Alfred Creek (area A3) and the Boulder Creek-Chickaloon
River area (area A2). The Alfred Creek deposits lie downstream from Tertiary(?) con-
glomerate capped by Tertiary volcanic rocks. The conglomerate could be the source of
the placer gold. Another source could be dikes of diabase that cut Jurassic shale and
sandstone (Cobb, 1979; Martin and Mertie, 1914). The gold in the Boulder Creek-
Chickaloon River area may have come from either an exposed quartz vein onthe lower
part of Chickaloon River or an exposed diabase dike cutting Cretaceous shale (Men-
denhall, 1900; Cobb, 1979).

At Sheep Mountain (area A4) the volcanic rocks of the Talkeetna Formation con-
tain veins of quartz, calcite, epidote, and minor chalcopyrite, malachite, azurite, bornite,
and chalcocite (Martin and Mertie, 1914). These veins locally are enriched in elemental
copper, gold, and iron (MacKevett and Holloway, 1977). In addition to the veins, dis-
seminated grains of chalcopyrite crop out in a zone 2 m thick, lying approximately
parallel to bedding. Float samples contain bornite and chalcocite, and some show sul-
fide replacement of mafic igneous rocks (Martin and Mertie, 1914). The volcanic host
rocks are hydrothermally altered to irregular zones of gypsum, alunite, pyrophyllite,
quartz sericite, and kaolinite, which contain locally high concentrations of copper and
gold (MacKevett and Holloway, 1977; Eckhart, 1953). MacKevett and Holloway
(1977) suggested that this may be a porphyry(?) hydrothermal deposit, potentially valu-
able for copper and gold in veins and in disseminated sulfide grains, based on the pat-
terns of alteration. The alteration on Sheep Mountain is somewhat similar to the
acid-sulfate hydrothermal alteration associated with enargite-gold deposits. Elemental
arsenic and copper are enriched in concentrates and stream sediments from Sheep
Mountain; however, enargite was not identified in the stream sediments. Enargite-gold
deposits are thought to be the shallow-level parts of porphyry systems (Ashley, 1982;
Hayba and others, 1985). Alternatively, Newberry (1986) suggested that the mineral
occurrences formed on and below the Jurassic sea floor during hydrothermal
metamorphismin the presence of circulating, hot sea water. This new evidence suggests
that the mineral occurrences are not related to a porphyry system.

On the west side of the Nelchina Glacier (area A5), massive-sulfide minerals occur
in brecciain an amphibolite(?)-facies, metasedimentary rock unit, and disseminated sul-
fide minerals occur in metamorphosed argillaceous marble and siltstone (Henningand
Pessel, 1980). The observed sulfide minerals are pyrite, chalcopyrite, and galena.
Elemental gold is as much as 14 ppm and silveris as much as 150 ppm in rock samples,
but gold and silver have not been observed in the mineralogy so the sourcefor elemen-
tal gold and silver is unknown. Henning and Pessel (1980) suggested that the sulfide
minerals originally were syngenetic and stratabound within the metasedimentary rocks,
and were then remobilized during the intrusion of a Jurassic gabbronorite. In contrast,
Newberry (1986) observed that high lead, zinc, and silver values occurin veins of calcite
and siderite that cut a breccia with a matrix of felsic aphanite. He suggested that the
source of the metals was magmatic, rather than synsedimentary.

In the Rusaw Creek area, west of the South Fork of the Matanuska River (area A6),
is a mafic, magmatic segregation containing disseminated chalcopyrite and magnetite
in Jurassic(?) quartz diorite (in unit JRzpm). MacKevett and Holloway (1977) suggested
that this occurrence, as well as other minor copper occurrences nearby, may be part of a
porphyry system.

In Wolverine Creek (area A7), podiform chromite occurs in the Wolverine
(ultramafic) Complex, which Clark (1972) described as layered dunite, clinopyroxenite,
and peridotite. The ultramafic rocks have cumulus textures that are overprinted by
deformational fabrics. The olivine cumulates enclose chromite layers 1.3-2.5 cm thick.
In addition to chromium, the Wolverine Complex has the potential to contain deposits
of nickel, magnetite, copper, and platinum. However, samples analyzed for platinum-
group elements contain only minor amounts as follows: Pt, 0.007-0.050 ppm; Pd,
0.002-0.040 ppm; Rh, not detected to 0.010 ppm (Clark, 1972).

Chromite also occurs in dunite in the informally named Eklutna (ultramafic) com-
plex of Clark and Greenwood (1972) (area A8). Here, Rose (1966) found chromite in
layers as much as 5 cm thick; the chromite layers occur in zones as much as6.1 m thick
containing 5-15 percent Cry0O3. In addition to chromite, Clark and Greenwood (1972)
reported native copper, as well as maximum and average concentrations of platinum of
0.1 ppm and 0.042 ppm, respectively, and maximum and average palladium of 0.14
and 0.04 ppm, respectively, in the complex.

In Jim Creek (between areas A7 and A8), a silicified greenstone (in unit JPzpm)
hosts a vein containing chalcopyrite, pyrrhotite, sphalerite, and calcite gangue, with
anomalous elemental copper, zinc, silver, and a trace of gold (Cobb, 1979).

On the northwest flank of Mount Eklutna (west of area A8), greenstone and
silicified rhyolite (in unit JPzpm) contain disseminated arsenopyrite, pyrite, sphalerite,
and galena. The greenstone and rhyolite also host a vein in a gouge zone containing
sphalerite, galena, and chalcopyrite (Cobb, 1979). MacKevett and Holloway (1977)
suggested that these mineral occurrences as well as those in Jim Creek are both sub-
marine, volcanogenic occurrences.

CHUGACH AND PRINCE WILLIAM TERRANES

Tothe south ofthe Border Ranges fault, in the Chugach terrane, the metasedimen-
tary flysch sequence called the Valdez Group contains minor mafic volcanicrocks and is
cut by felsic stocks and plugs of anatectic origin (Hudson and Plafker, 1975, 1982). In
the metasedimentary flysch, widespread gold-bearing quartz veins have been inter-
preted to be metamorphic deposits formed from ascending metamorphic fluids
(Goldfarb and others, 1986). To the south, massive-sulfide deposits occur in mafic

Table 3. Suites of elements found downstream from known mineral occurrences in the Anchorage quadrangle

Ore-related metals and

Area Known mineral occurrence associated elements enriched Geologic map
in nonmagnetic, heavy-mineral units
concentrates

Peninsular terrame
Al Willow Creek gold-mining district—- Au, Ag, As, Sn, Mo, W, TKt, Jps
Willow Creek, Fishhook Creek, Grub- Zn; Pb; Bi, €Cd.
stake Gulch, Little Susitna River.

A2 Boulder Creek-Chickaloon River Au, Ag, Sn, Mo, As, Zn, Jt, Jegd

placer—gold mining area. Cu, Pb, Cr.

A3 Alfred Creek placer-gold mining area Zn, Ag, Au, As, Mo, Sn, Jt, Js, Km

Cu, Pb, Ni, €r, Cd.

A4 Sheep Mountain hydrothermal porphyry(?) Zn, Cu, Ag, As, Pb, Mo Jt

A5 Nelchina Glacier massive-sulfide Ag, As, W, Cr, Ni Jg, JPzpm

occurrence.

Ab Rusaw Creek, South Fork Matanuska River Ag, Cu, Bi JPzpm

A7 Wolverine (ultramafic) Complex, Cr Jum, JPzpm

podiform chromite.

A8 Eklutna (ultramafic) complex r Jum, JPzpm

Chugach and Prince William terranes
D1 Girdwood gold-mining district, between Au, Ag, As, W, Mo, Zn, Cu, Rv, Tfi
Placer River and Eagle River faults. Pb, Bi, Sb, Ni, €r, Sn,

D2 Metal Creek Au, Ag, W, As, Pb, Zn, Cu, Ky, Tfi

Bi, Ni, '€d, Sn, Sb,
Prince William Sound

D3a North of Contact fault Aw. Aec, As, Sb, €r, €d, $p, Kv, Tmb, Tgg
Mo, W.

D3b South of Contact fault: Miners Ag, As, Sb, Zn, Cu, Pb, Bi, Tos

Lake to Kadin Lake. Cd, Sn, W.
D4 Point Doran Au, Ag, As, Pb, W Kv

Deposit t

Ore-related metals and
associated elements
enriched in rocks

Host rock(s)
(Map—unit symbol)

ype(s) Location(s) wﬁdmnmwomww

Table 4. Suites of elements found outside of the known mineral occurrences in the Anchorage quadrangle

Ore-related metals and

associated elements

Geologic map Similarity to a known mineral occurrence,

Peninsular terrane Bty Tocetipnts) enriched in nonmagnetic, unit(s) and comments
heavy-mineral concentrates

Mesothermal vein Willow Creek mining TKt, Jps Au, As, Ag, Hg, Pb, and gold, py, aspy, cp,
deposits. district (area Al). (or) W, and Nuw. Te, Cu. gn, sl, sch, te<. Peninsular terrane

Placer gold Boulder Creek- Jt, Km, Tmi, Tfi: gold- mopmw Bl Carbon Creek near Cu, Ag, As, Zn JPzpm, Jt, Cu came from unit Jt, or from unit Jg. Cu and

Chickaloon River bearing vein in Kings Mountain. Jigs Fme unit Jt also occur in Sheep Mountain.
(areas A2, C5, C6). Chickaloon WM<mnu.b.
B2 Strelshla Mountain Au, Ag, Zn, Pb, Cr Ts, Tmi, Km, Au and Ag occur in units Jt and Km in Alfred

Placer gold Alfred Creek Km, Js, Jt% in creek. Above Au, wnu mowaw Tfdi. Creek placer—gold area. In addition, unit Ts

(area A3). creek is conglomerate that Bmw may contain paleoplacer occurrences of gold.
be a paleoplacer gold deposit”.
B3 Caribou Creek Au, Ag, As, Zn, Cu, Km, Tmi, Js, Au, Ag, Sn, and unit Km also occur in Alfred

Hydrothermal vOﬂw:wwwva Sheep Mountain JE Cu, Fe, Aud cp, ml, az, bn, nnw. Bi, Mo, Cd, Sn, Cr. Ty, Jto Creek placer-gold area.
and (or) veins”:°, (area A4). qz, ep, calc, gold

not identified. B4 Flume Creek Au, Ag, Zn, Bi; Sn, Jt, Km Au, Ag, and unit Jt also occur in Alfred Creek
Mo, Cr. placer-gold area.

Mineralized breccia Nelchina Glacier, JPzpm, including epidote Au, Ag, Cu, Pb’ PY, CP, muw. gold
zones; disseminated west side (area AS5). amphibolite of Knik not identified. B5 Fortress Creek Au, Ag, Zn, Sn, Mo Km, Tmi, Jt Au, Ag, and unit Jt also occur in Alfred Creek
sulfide grains. River schist :nunm. placer-gold mining area.

Disseminated chalcopyrite Rusaw Creek, South JPzpm, including cu3 cp, mgt3 B6 East Fork Matanuska Ag, Zn, As, Au, Cu, Pb, Km, Tfi, Jt, Au, Ag, Cu, Pb, Zn, Ni, Cr, and units Jt and Km
and magnetite in a mafic Fork Matanuska quartz diorite3, River near Knob Lake. Cr, W, Sn, Mo, Ni. Tmi(?). also occur in Alfred Creek placer-gold area.
magmatic mmmnmmmnwou in River (area A6).
quartz awonwﬁm H B7 Northern Chugach Moun-— Cu,; Zn, Bi, Ag; Cr Jt, JPzpm, Cu and unit Jt also found at Sheep Mountain.
porphyry-. tains, from South Jg.

Fork Matanuska River
Podiform chromite Wolverine Creek ucabm Wolverine (ultramafic) Ccr, Ni¥ECa, €o, chrd to Nelchina Glacier.
(area A7). Complex of dunite, clino- Pt, Pd, mmm.
pyroxenite, vmwwmonwnmm. Chugach and Prince William terranes
Chromite East of Eklutna Jum, Eklutna (ultramafic) complex Cr, NiJ chr? El McHugh Creek Ag, Zn, Cu, Pb, Bi, Sn Kmc Quartz veins with pyrite, galena, chalcopyrite,
(area A8). of peridotite, dunite, gabbro. ' Au locally in greenstone in McHugh ooavwmxH.

Vein (0.3 m thick) Jim Creek (between JPzpm, consisting of Knik River Cu, Ag, zn3 P, Do, 8l cale3 Anchorage-FEklutna area
in mwwwnumwma areas A7 and A8). schist ::wwm. and silicified E2a Peters Creek Au, Ag, W, Mo, Cd, As, Kme, Kv, Au-bearing quartz veins in greenstone of unit
greenstone”, greenstone”. Zn, Pb, Sb, Cr, Sn. unmapped Kme in Peters ndmmww. Au and Ag may be from

TFd. unit Kv or unit Kmc near Peeking Mountain and

Disseminated sulfide Myers, Mt. Eklutna JPzpm, including silicified Cu, Pb, Nﬁw. As aspy, py, sl, muu Bellicose Peak. Girdwood district also con-
minerals in a l-m-wide (west of A8). greenstone and ﬂ:%owwnmw. tains Au and Ag in heavy-mineral concentrates.
zone; thin vein <5 cm
thick3 with sl, gn, cp. E2b Upper Eagle River Au, Ag, Mo, W, Cr, Cd =madome Do.

Chugach terrane
E3 Knik Glacier, from Sb, Au, Ag, As, W, Mo, Kv Some quartz veins in Valdez Group contain

Gold-bearing quartz veins Girdwood mining Kv, consisting of argillite, meta- Au, As, Sb, Hg, Pb, aspy, gn, py, sl, cp, Lake George up to Zn, Ca, Pb, Bi, Ni, stibnite; no Au ﬁmnOﬂnmmH. Sb and Au in

and placer deposits. district (area D1). sandstone, and minor conglomer-— Zn, Ba, ocH ~ mo, po, gold, snowfields. Cd, Sn. favorable Au terrane?.
ate intruded by a stock of mHH<mHHo.
quartz diorite and felsic dikes. E4 Glacier north of Au, Ag, W, As, Zn, Pb, Kv Some quartz veins in Valdez Group contain
Contact-metamorphic aureole sur- Marcus Baker Glacier. Bi, Sb, €d, ‘S, Mo, Crs stibnite; no Au reportedl. Sb and Au in
rounds stock of quartz diorite3. favorable Au terraneZ,

Quartz veins containing Peters Creek Kme, including quartz veins in Cu, Au, Pb, Cr(?) Py, gn, gold, chr, E5 Grasshopper Valley Au, Ag, As, W, Zn, Cu, Kv, unmapped Similar in geology and geochemistry to concen-
gold, chromite, jade. (area E2a). greenstone. jade(?)3. Pb, Bi, Ni, Sn, Mo. TEERE trates of Girdwood district and Metal Creek.
Placer gold deposits Metal Creek Kv and Kmec, including gold, silver, platinum E6 Gravel Creek Au, Ag, As, W, Pb, Bi, Kv Upper Raven Creek in Girdwood district has sim-

(area D2). metasedimentary rocks, green-— minerals, sch3. Nd, iCE, Sns ilar suite of elements in its concentrates.
stone, and stock of quartz
diorite near head of creek3. E7 Uppermost Glacier Creek, Au, Ag, Sn, As, Zn, Kv Upper Raven Creek in Girdwood district has sim-—
northwest of Mount Cu, Pb, Bi, Sb, W. ilar suite of elements in its concentrates.

Quartz veins in mnm%ﬁmowmu. Point Doran (area D4) Kv Sb, Cu, Pb, Au(?)3 sb, cps m:w Sargeant Robinson.

Hydrothermal, contact-. Upper Grasshopper Kv, including quartz Ag, Cu, Mo, As, Au po, cp, gold, mHH<mHu Mount Sargeant Robinson-
metamorphic(?). Veins of Valley (area E5). diorite3. Sylvester Glacier area.
quartz in iron-stained E8a "~ Unnamed glacier east Au, Ag, As, Zn, Pb, Bi, Kv Upper Bird and Raven Creeks in Girdwood dis-
metasedimentary rocks of Sweden Peak, and Ni, Cr, Sn, Mo, W. trict have similar suite of elements in
surrounding a series of Powell and their concentrates.
tonalite stocks and Sylvester Glaciers.
within stocks. Stocks
exposed along a linear E8L Upper Matanuska e, cAgs CAS, Ph, Bi Nt Kv Do.
belt. Glacier. Sn, W.

Prince William terrane E8c Mount Sargeant Au, Ag, As, Pb, Bi, Sn, Kv Do.
Robinson. W.

Veins; disseminated Miners Bay, Prince Tgg, Hsv_Hu granodiorite and zHu. Cu, nHHm. wow. gn, morw
grains, pyrrhotized William Sound gabbro along Contact fault. As, Ba, W, Pb. aspy, barlZ, Prince William Sound
diorite, and pyrrhotite (area D3). E9a Harvard Glacier Au, Ag, W, As, Zn, Cu, Kv, unmapped Similar Au and Ag enrichments in Girdwood dis-—
in pegmatite veins3, Pb, Bi, Sb, Ni, Cr, Cd. Tfi. trict and immediately north of Contact fault

in Valdez Group.

Copper lode, low-grade Prince William Sound Tos, Tgg, HmHHH Cu, Zn, >m-. As aspy, cp, mH~N
ore vomwmmuw veins, between Unakwik E9b Yale Glacier Ag, As, Ca, Au, W, Zn, ——=dgr— Do.
nwmnmwmww. Inlet and Columbia sh, Pb, Bi, Ni, Cr.

Glacier (area D3).
E9c Mount Grosvenor As, Au, Ag, W, Zn, Pb, m——go=— Do.

Zn and Pb <mH=mHN Prince William Sound Tos, including metasedimentary Ag, As, Pb, Sb, Ns_- aspy,_ cp, Py, sl, Bi, Cd, Sn, Mo.

between Unakwik and mafic volcanic rocks. Cu, Ba. barl2,
Inlet and Columbia E9d Harriman Fiord to Au, Ag, As, W, Zn, Cu, ==ffe—= Do.
Glacier (area D3). Jonah Bay. Ph,. Bi, Ni, €r, €d, Sn,
Sh.
Hmmv%. arsenopyrite; az, azurite; bar, barite; bn, bornite; cale, SMacKevett and Holloway (1977). A g

calcite; cc, chalcocite; chr, chromite; cp, chalcopyrite; ep, epidote; mHDmoanHH% named unit of Carden and Decker (1977). E9e Coluiibdia Glgder s >m,mw=. ¥, 45, B, g B

gn, galena; mgt, magnetite; ml, malachite; mo, molybdenite; po, pyrrho- 'Henning and Pessel (1980). gl !

tite; py, pyrite; qz, quartz; sb, stibnite; sch, scheelite; sl, sphal- 8clark (1972). E10 Wells Bay Sn, W, Ag, As, Zn, Bi, Tos Sn may be from felsic intrusive rocks of unit

erite; te, tellurides. IRose (1966). cd. Tgg.

ZRay (1954). 10park (1933).
3cobb (1979). 116, R. Winkler (written commun., 1982). lecobb (1979).
»nmmunm% and others (1978); G.R. Winkler (written commun., 1985). 12yelson and others (1984). 2Nelson and others (1984); Nelson and others (1985).
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volcanic rocks and associated metasedimentary rocks in the Chugach and Prince
William terranes (Nelson and others, 1984; Nelson and others, 1985).

Table 2 lists the main mineral occurrences known in the Chugach and Prince
William terranes of the Anchorage quadrangle, together with their geochemical and
mineralogical suites. The list includes all of the types of deposits, but not every locality,
listed in Cobb (1979) and Nelson and others (1984).

In the Chugach terrane, some gold-bearing quartz veins are near or in granitic
stocks and dikes, and others occur in metasedimentary rocks of the Valdez Group, far
from exposures of plutonic rocks. Gold-bearing quartz veins are peripheral to and cut
granitic stocks in the Girdwood mining district (area D1) in the southwestern part of the
quadrangle. Park (1933) called the plutonic rocks “irregular, pipe-like, intrusive rocks”
and he said that the most prominentvein deposits all are grouped around the intrusions
in a small area in the headwaters of Crow Creek. The veins generally contain quartzand
calcite, and minor amounts of sulfide minerals including arsenopyrite, galena, pyrite,
sphalerite, chalcopyrite, and gold (Park, 1933). The suite of elements that are enriched
in the veins includes gold, arsenic, copper, antimony, mercury, lead, zinc, and barium.
The Crow Creek placer deposit, downstream from area D1, is one of the largest placer-
gold-producing deposits in south-central Alaska (Hoekzema, 1984). Approximately 70
km to the northeast, structurally on strike with the Girdwood district, lies a more remote,
metalliferous area called Metal Creek (area D2). Placer deposits in Metal Creek contain
gold, silver, and platinum minerals (Cobb, 1979), as well as scheelite, which is nearly
ubiquitous in the Chugach terrane in the Anchorage quadrangle (Tripp and Madden, in
press). The Metal Creek drainage exposes metasedimentary rocks of the Valdez Group
and metasedimentary rocks and greenstone of the McHugh Complex. The Valdez
Groupisintruded by a stock of quartz diorite and by felsic dikes. Gold once was thought
to have come from a granitic stock at the head of Metal Creek (Landes, 1927), butit now
appears to have had more than one source (map A) (Tripp and Madden, in press).

In the upper part of Grasshopper Valley (area E5), to the east of Metal Creek, is a
linear series of stocks of quartz diorite found during this study. This series of stocks lies
alonga linear northeast trend, parallel to the axis of a large, gentle fold with a southwest-
trending axis and kilometer-scale wavelength (G.R. Winkler, written commun., 1982).
Each stock is surrounded by weakly mineralized, iron-stained alteration zones and
quartz veins cutting metasedimentary rocks of the Valdez Group. These mineralized
zones contain quartz veins enriched in silver, copper, molybdenum, arsenic, lead,
tungsten, zinc, and traces of gold. Past study (Richter, 1967) of one stock located
downstream from the others suggested that the stock and its surroundings were not
enriched enough to explore further. However, since Richter’s study, we have found
more stocks and mineralized zones farther upstream. The associated heavy-mineral
concentrates collected from streams immediately below the stocks are enriched in
silver, arsenic, gold, lead, bismuth, copper, zinc, and barium, and contain gold in
mineralogical samples.

Nelson and others (1984) found areas favorable for gold in a wide band north of
the Contact fault system (area D3) and in the Girdwood and Crow Pass areas (area D1)
in the Chugach terrane. In these areas, gold, silver, and less consistently arsenic and
antimony are enriched in the nonmagnetic, heavy-mineral concentrates. In the Crow
Pass area, they also found indications of base-metal veins in concentrates enriched in
zinc, barium, and cobalt, and containing chalcopyrite, sphalerite, galena, and barite.
Additional indications of base-metal-bearing veins were found on Harvard and Yale
Glaciers. Mineralized quartz veins occur in graywacke on Point Doran (area D4), and
base-metal-bearing veins may occur in the Orca Group east of Miners Lake (area D3)
(Nelson and others, 1984).

In the Prince William terrane, base-metal veins and massive-sulfide pods occur in
metasedimentary and mafic volcanic rocks of the Orca Group; veins and disseminations
of sulfide minerals enriched in nickel, cobalt, and copper occur in mafic plutonic rocks.
However, areas favorable for gold are less common in the Prince William terrane than in
the Chugach terrane (Nelson and others, 1984).

CONCLUSIONS

PENINSULAR TERRANE

Certain suites of elements, or single elements, are enriched in rocks from the known
mineral occurrences (table 2) and in heavy-mineral-concentrate samples collected
downstream from the known mineral occurrences (table 3). Concentrate samples
collected downstream from the Willow Creek gold-mining district (area Al) are
enriched in gold, silver, arsenic, bismuth, cadmium, tungsten, tin, molybdenum, zinc,
and lead; samples collected downstream from the Sheep Mountain (area A4) copper
prospects are enriched in copper, silver, arsenic, zinc, and molybdenum; and samples
collected downstream from the chromite-bearing Wolverine (ultramafic) Complex
(area A7) and the Eklutna (ultramafic) complex (area A8) are enriched in chromium.

The suites of elements (or single elements) that are enriched in or downstream from
the known mineral occurrences also occur in similar geologic units elsewhere in the
quadrangle. These areas, listed in table 4 and discussed in the following paragraphs, are
potential targets for further exploration for similar types of mineral deposits.

Areas B2-5.—Gold, silver, and other elements are enriched on Strelshla Moun-
tain (B2) and in Caribou, Flume, and Fortress Creeks (B3-5, respectively). These areas
are similar geochemically and geologically to the Alfred Creek and Boulder Creek-
Chickaloon River areas, which contain known placer-gold occurrences (table 2).

Area B6.—Concentrates from the East Fork of the Matanuska River near Knob
Lake are enriched in gold, silver, and other elements. In the immediate area, the
geologic units consist of a marine shale and siltstone intruded by a plug of felsite. The
marine rocks constitute the Lower and Upper Cretaceous Matanuska Formation (unit
Km) and the intrusive rocks are porphyritic hypabyssal dacite to andesite (unit Tfi),
which contain phenocrysts of oligoclase or andesine plus quartz (Csejtey and others,
1978). The intrusion near Knob Lake is probably related to similar intrusions in the
quadrangle that are 37-45 Ma (Silberman and Grantz, 1984). The geologic environ-
ment and the element suite in area B6 are similar to those in the Alfred Creek placer-
gold mining area (table 2).

Areas B1 and 7.—In addition to gold-rich localities, copper-rich localities occur in
Carbon Creek (B1) and in the northern Chugach Mountains, from the South Fork of the
Matanuska River to Nelchina Glacier (B7). These areas are underlain by the Lower
Jurassic Talkeetna Formation (unit Jt). The abundance of copper and the presence of
the Talkeetna Formation also characterize the Sheep Mountain copper occurrence
(table 2); the same type of copper occurrence may be present in areas B1 and B7. In
addition to copper, some sample sites are enriched in chromium. Nickel and chromium
occur downstream from higher sample sites. The nickel and chromium may have come
from ultramafic rocks (in unit JFzpm) similar to those known in both the Valdez and
Anchorage quadrangles and described by Winkler and others (1979) and Henningand
Pessel (1980).

Additional element suites indicative of previously unrecognized or unimportant
mineral occurrences occurin the Peninsular terrane. Some of thesessites, listed in table 5
and discussed in the following paragraphs, may be potential targets for exploration for
additional types of mineral occurrences.

Area C1.—Tin, molybdenum, tungsten, bismuth, and cadmium are abundant in
concentrates collected in the westernmost Talkeetna Mountains. The source of the
metals is a pluton of biotite-muscovite adamellite (unit TKa), which formed 67-65 Ma
according to K-Arage data (Csejtey and others, 1978). Unit TKa is thought to be barren
of gold-enriched veins such as those that occur in the adjacent tonalite (unit TKt), so the
enriched metals may simply reflect the composition of the adamellite. Unit TKa may
have been comagmatic with the younger, northern parts of the tonalite (unit TKt). The
older, southern part of unit TKt is the host rock for the gold-bearing veins in the Willow
Creek gold-mining district.

Area C2.—An element suite (Mo, W, Ag, Bi, As, Cu, Pb, and Cd) is enriched in
heavy-mineral concentrates from the upper reaches of the Kashwitna River. This area
contains exposures of a Late Jurassic pluton of muscovite-biotite trondhjemite (unit
Jtr), which is altered and sheared. The pluton formed 145-150 Mg; later eventssuch as
the alteration(?) reset K-Arages to 122-135 Ma (Csejtey and others, 1978). The suite of
enriched elements s indicative of a tungsten greisen orvein occurrence. Some of these
same elements also are enriched in sediments derived from the tonalite and its gold-
enriched veins in the Willow Creek gold-mining district.

Area C3.—A suite of elements (Au, Ag, As, Cu, Pb, Zn, Mo, and Ni) enriched in a
tributary in the upper northeastern reaches of Kings River may have been derived in
part from a weakly mineralized skarn. The samplesite containing the suite of elements is
downstream from lenticular bodies of limestone of the Talkeetna Formation (unit Jt)
thatare intruded by aninhomogeneous early Middle Jurassic hornblende-biotite quartz
diorite (unit Jqd), which includes lesser amounts of diorite and tonalite (Csejtey and
others, 1978). Unit Jqd also may contain ultramafic rocks as suggested by the presence
of nickel in the nonmagnetic heavy-mineral concentrates. This plutonic unit intrudes
limestone that is recrystallized to medium to coarse-grained marble near the granitic
rocks. At the contact, the marble smells sulfurous and contains sulfide minerals;
however, no abundant ore metals were found in the rocks.

Area C4.—A suite of elements (Au, Ag, As, Zn, Cu, Pb, Mo, Sn, and Ni) is enriched
in Moss Creek, a tributary to the Chickaloon River, near the northern boundary of the
quadrangle. The elements mayindicate the presence of one ormore mineralized zones
in a Middle to Late Jurassic pluton of hornblende-biotite granodiorite (unit Jgd), which
includes some tonalite and quartz diorite (Csejtey and others, 1978).

Area C5.—The base metals copper, lead, and zinc together with silver, arsenic, tin,
and nickel are enriched in lower Boulder Creek. The enriched base metals are
downstream from mineralized zones of disseminated sulfides found during this study.
These zones are several miles northeast of Puddingstone Hill, in two tributaries to
Boulder Creek. The mineralized zones lie along fractures in the Lower Jurassic
Talkeetna Formation (unit Jt), near felsic and mafic plugs of Tertiary age (units Tmi and
Tfi). The age of the mineralization is unknown. Mineralization could be Early Jurassic in
age and syngenetic with the andesitic submarine volcanic and volcaniclastic rocks, or it
could be alater phenomenon associated with Tertiary igneous activity. The mineralized

rocks contain anomalous Au (0.1 ppm), Ag (10 ppm), Sb, Bi, Cu (2 percent), Pb (5,000
ppm), Zn (3,000 ppm), Cd, and Mo. A similar type of mineral deposit could have con-
tributed metals to lower Boulder Creek.

Area C6.—An element suite (Au, Ag, As, Zn, Cu, Pb, Bi, and Mo) in upper Boulder
Creek was derived from sedimentary rocks that are intruded by felsic stocks (unit Tfi) of
Tertiary age. The sedimentary rocks (unit Js) consist of the Tuxedni Group (sandstone
and conglomerate) and subordinate amounts of the Chinitna Formation (marine shale
and siltstone), both of which are Middle Jurassic in age. The zinc in the upper Boulder
Creek locality came from a drainage in the Lower and Upper Cretaceous Matanuska
Formation, a marine shale and siltstone that is also intruded by Tertiary igneous rocks
(unit Tfi).

Areas C7-10.— Suites of elements (which include local, anomalously high Ni and
As, orNi, As, and Cu) occur in several areas in the northern Chugach Mountains (Monu-
ment Creek, C7; Glacier Creek, C8; Matanuska Glacier, C9; South Fork Matanuska
River, C10). These suites of elements (particularly the Ni, Cu, and As) are reminiscent of
the geochemical signature of the Spirit Mountain nickel prospects of the Haley Creek
terrane in the adjacent Valdez quadrangle to the east. The nickel prospects occurin the
upper plate of the Spirit Mountain fault, tectonically above the Valdez Group of the
Chugach terrane. This tectonic position is the same as that of the geologic units of the
northern Chugach Mountains in the Anchorage quadrangle, which occur in the upper
plate of the Border Ranges fault system, above the Valdez Group. The nickel prospects
in the Valdez quadrangle are described briefly in the following paragraph.

The Spirit Mountain nickel prospects are about 19 km east of Spirit Mountain in the
eastern part of the Valdez quadrangle. Here, concordant bodies of peridotite and
pyroxenite intrude bedded metasedimentary quartz-sericite-chlorite semischist (Kings-
ton and Miller, 1945; Herreid, 1970). The peridotite and pyroxenite bodies contain
lenses of massive and interstitial sulfide minerals that formed as late-magmatic
segregations. These lenses contain pyrite, pyrrhotite, pentlandite, bravoite, chalco-
pyrite, sphalerite, magnetite, and limonite and as much as 7.6 percent Niand 1.6 per-
cent Cu (Kingston and Miller, 1945). The age of mineralization is Early Cretaceous
(between 148 and 123 Ma), based on K-Ar ages of hornblende from mineralized rock
and of biotite from adjacent hornfels (Winkler and others, 1981). Only minimal signs of
the mineralized rock occur in adjacent streams where sparse samples show unusually
high concentrations of nickel, chromium, copper, arsenic, silver, and antimony
(Herreid, 1970). Similar Early Cretaceous ultramafic bodies containing magmatic
segregations may occur in the Anchorage quadrangle, above the Border Ranges fault,
although they have not been found. Such segregations may be the source of the nickel
and associated elements in the heavy-mineral concentrates.

Area C11.—Concentrates from the Syncline Mountain area are enriched in tin,
nickel, and chromium among other elements. The area contains exposures of the same
Cretaceous marine shale and siltstone (unit Km) that is exposed at Knob Lake (area B6).
The marine strata may be intruded by unmapped felsic porphyritic hypabyssal rocks
(unit Tfi) (which would contribute the anomalous tin), and they are intruded by mafic
hypabyssal rocks (unit Tmi) (which contribute the anomalous nickel and chromium).
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Concentrate samples collected downstream from the Girdwood mining district
(areaD1) are enriched in the element suite gold, silver, arsenic, tungsten, molybdenum,
antimony, copper, lead, zinc, and other metals (table 3). Some of these elements also
occur in the mineralized rocks (table 2). Concentrates collected from Metal Creek (area
D2) and Grasshopper Valley (area E5) also contain a similar suite of elements (tables 2
and 3). Far to the southeast, in Prince William Sound, the areas bordering the Contact
fault system contain mineralized zones (table 2). North of the fault (area D3a, table 3),
the concentrates contain anomalous gold, silver, arsenic, antimony, and other metals
characteristic of gold-bearing quartz veins in Prince William Sound (Cobb, 1979).
Nelson and others (1984) considered this area to be favorable for gold. South of the
Contact fault, from Miners Lake to Kadin Lake (area D3b, table 3), concentrates contain
suites of anomalous elements (Ag, As, Sb, Pb, Zn, Cu, Cd, and other elements) lacking
gold enrichment. Nelson and others (1984) considered this area to be favorable for
base-metal veins.

The enriched-element suites that characterize known mineral occurrences also
occur elsewhere in the quadrangle. Some of these areas, listed in table 4 and discussed
in the following paragraphs, may be potential targets for further exploration for similar
types of mineral deposits.

A number of areas north of the crest of the Chugach Mountains share geologicand
geochemical similarities to the Girdwood gold-mining district. These areas are Peters
Creek (area E2a), the upper part of the Eagle River (area E2b), Grasshopper Valley
(area E5), Gravel and uppermost Glacier Creeks (areas E6 and E7), the unnamed
glacier east of Sweden Peak and Powell and Sylvester Glaciers (area E8a), the upper
part of the Matanuska Glacier (area E8b), and Mount Sargeant Robinson (area E8c). All
of these areas contain exposures of the Valdez Group and contain heavy-mineral con-
centrates enriched in gold (with or without detectable enrichment in silver, arsenic, and
bismuth); concentrates from the Girdwood mining district are similarly enriched. In the
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Prince William Sound area, concentrates from a number of areas also are geo-
chemically similar to those from the Girdwood district. These areasinclude Harvard and
Yale Glaciers (areas E9a and E9b), Mount Grosvenor (area E9c), and College and
Harriman Fiords (area E9d).

Additional element suites include antimony and (or) tin (table 4). The antimony-
bearing suites occur in a number of closely spaced sample sites which are (1) in the
upper part of the Knik Glacier, mostlyin red, iron-stained rock outcrops sampled high in
the snowfields where no moraines are exposed (area E3); (2) on a glacier north of Mar-
cus Baker Glacier (area E4); and (3) in a rock sample from uppermost Glacier Creek,
northwest of Mount Sargeant Robinson (area E7). In McHugh Creek (area E1), the suite
of anomalous elements from the McHugh Complex lacks gold but contains base metals.
Tin is enriched in several samples from the area of McHugh and Rabbit Creeks, and in
two other areas. These areas are (1) uppermost Glacier Creek (area E7), where a num-
ber of samples contain abundant (over 1,000 ppm) tin and cassiterite; and (2) the east
side of Wells Bay (area E10). The tin may have been derived from felsic intrusive rocks
such as unit Tgg and small, unmapped exposures of unit Tfi.
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Table 5. Additional suites of elements in the Peninsular terrane

Ore-related metals and
associated elements

Geologic map

Area Location(s) ; : Suggested types of mineral occurrences
enriched in nonmagnetic, unit(s)
heavy-mineral concentrates
c1 Westernmost Talkeetna Sn, Mo, W, Cd, Bi TKa, Tv Tin-tungsten greisen or veins(?); molybdenum
Mountains. porphyry(?).
€2 Upper Kashwitna River Mo, W, Ag, Bi, As, Cu, Jtr, Jaqd Element suite similar to Willow Creek district,
Pb, €d. but without detectable Au in concentrates,
and in different geologic unit.
c3 Upper northeastern Au, Ag, As, Zn, Cu, Pb, Jad, ' Jls:, Massive sulfides and ultramafic rocks in unit
Kings River. Ni, Mo. Jt, ‘Tar. Jqd.
Cc4 Moss Creek Au, Ag, As, Zn, Cu, Pb, Jgd, Jls Polymetallic base-metal veins, or porphyry of
Bi. 'Sm, Mo. Mo and Cu.
€5 Lower Boulder Creek, Ag, As; Zn, Cu; Pb; Ni, T, Te, Tmi, Massive sulfides in lower Boulder Creek,
near Puddingstone Sn. Tfi. several miles northeast of Puddingstone Hill.
Hill. Au may be from paleoplacer Au in unit Ts.
Cé Upper Boulder Creek, Zn, Pb, Ag, As, Au, Cu, Js; Tv, Km; Massive and disseminated sulfides and (or)
at bend. Bi, Mo. i s 199 placer Au(?).
Northern Chugach Mtns
c7 Monument Creek Ni, Ag, As, Zn Km, Te, Massive and disseminated sulfides.
JPzpm, Kmec.
c8 Glacier Creek Ag, As, Au, Pb, Zn, Bi, Ky, Tejy Massive and disseminated sulfides and Au from
Ni, Mo, W. JPzpm. unit Ts.
c9 Matanuska Glacier W, Ag, As, Pb, Bi, Au, JPzpm, Kv, Magmatic segregation of sulfide minerals
Cu, Ni, €r, Mo. Jg. and (or) Au-bearing veins in unit Kv.
Ccl0 South Fork Matanuska Ag, Cu, Cr, Ni, Au, As, JPzpm, Jg, Magmatic segregations of sulfide minerals sim-—
River. Bi, Zn, Pb, W. Kv. ilar to Spirit Mountain prospects, (Valdez
quadrangle) or Rusaw Creek mineral occurrences
(this quadrangle).
€11 Syncline Mountain Sn, (Cx, Ag, As, Zn, Cu, Km, Jt Mafic and felsic(?) intrusions and shale enriched

Ni, Cd.

in metals(?). Similar in geology and geochem—
istry to Alfred Creek and Knob Lake areas.
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