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LIST OF MAP UNITS

PENINSULAR, CHUGACH, AND PRINCE WILLIAM TERRANES
Qs Surficial deposits (Quaternary)
PENINSULAR TERRANE
Bedded rocks
Tv  Volcanic rocks (Miocene? to Paleocene)
Ts  Sedimentary rocks (Miocene to Paleocene)
Tc  Chickaloon Formation (early Eocene and Paleocene)
Tar Arkose Ridge Formation (Eocene and Paleocene)
Km Matanuska Formation (Late and Early Cretaceous)
Js Sedimentary rocks (Late and Middle Jurassic)
Jt  Talkeetna Formation (Early Jurassic)
Jls Limestone and marble (Early Jurassic?)
Intrusive rocks
Tmi  Mafic intrusions (Eocene)
Tfi  Felsic intrusions (Eocene)
TKa Adamellite (early Paleocene and Late Cretaceous)
TKt Tonalite (early Paleocene and Late Cretaceous)
Kt  Trondhjemite (Early Cretaceous)
Jtr  Trondhjemite (Late Jurassic)
Jgd Granodiorite (Late? and Middle Jurassic)
Jgd  Quartz diorite (Middle and Early? Jurassic)
Jg  Gabbronorite (Early Jurassic?)
Jum Ultramafic rocks (Jurassic?)
Lm._u Serpentinite (Jurassic?)
Metamorphic rocks
Jaqgd Amphibolite and quartz diorite (Middle and Early Jurassic?)
Jps  Pelitic schist (Jurassic?)
Intrusive and metamorphic rocks

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

CHUGACH TERRANE
Bedded rocks
Kv  Valdez Group (Late Cretaceous)
Kmc McHugh Complex (Cretaceous)
Intrusive rocks
Tmb Miners Bay pluton (Oligocene)
Tgg Granite and granodiorite (Oligocene?)

PRINCE WILLIAM TERRANE
Bedded rocks
To  Orca Group (Eocene to Paleocene)
Tgg Granite and granodiorite (Oligocene?)
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INTRODUCTION

This report is one in a series 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 minus-80-mesh stream-sediment and glacial-
moraine-sediment samples collected in the Anchorage 1:250,000-scale quadrangle,
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 are
enriched in similar geologic environments elsewherein 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 indica-
tive of types of mineral occurrences previously unrecognized in the quadrangle. Compan-
ion reports present the geochemistry (Madden, in press) and mineralogy (Tripp and
Madden, in press) of the nonmagnetic, heavy-mineral-concentrate fraction of stream
sediments collected at most of the stream-sediment sites. The chemical analyses of
sediments are available in Arbogast and others (1987); the chemical analyses of rocks are
available in Madden and others (1988).

The stream-sediment samples are representative of rock material eroded from the
drainage basin upstream. Similarly, the glacial- moraine-sediment samples are representa-
tive of rock material eroded at the source of the moraine. The trace-element compositions
of sediment samples from streams and moraines reflect, to some degree, the compositions
of rock units contributing to the samples. Where rock units have a distinctive geochemical
signature, that signature may appear in local stream and moraine sediments. These
geochemical signatures may serve as very general guides for geologic mapping. In addi-
tion to the contribution from bedrock units to stream- and moraine-sediment geochemis-
try, there also may be a contribution from local mineral occurrences. Where stream- and
moraine-sediment samples show enrichment in ore-related metals, mineral occurrences
may exist.

Associations of elements in sediments may be distinguished using factor analysis. For
example, Madden and Tripp (1987a, b) found associations of enriched elements in
various parts of the quadrangle, some of which include precious and base metals. They
related associations of elements to rock types and mineral occurrences in the
quadrangle.

SAMPLE COLLECTION AND PREPARATION

In1982-1985, the USGS collected samples of stream sediments and panned heavy-
mineral concentrates for geochemical and mineralogical study of the Anchorage quad-
rangle. 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 nearly all of these sample sites (indicated by circles on maps A and
B), we collected both a stream-sediment and a heavy-mineral-concentrate sample; at
some sites concentrate samples were not collected because of a scarcity of sediment. In
addition to collecting sediment from streams, we also collected it from medial and lateral
moraines in areas of extensive glacial cover and treated it in the same matter as the stream-
sediment samples.

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 inthe
snowfields along the crest of the Chugach Mountains; relatively few samples were taken in
the Prince William Sound area, which recently had been sampled by Goldfarb and others
(1984); and no samples were taken in the marshy lowlands north of Knik Armin the west-
ern part of the quadrangle, where no rocks are exposed. In contrast, where rocks are
exposed the sampling density was much higher, ranging between one site per 2.6 km2 and
one site per 10 km?2.

Our method of collecting stream- and moraine-sediment samples was to take
numerous grab samples with' an aluminum scoop along a 9- to 30-m length of active
stream channel or across the entire width of an active moraine. These grab samples then
were composited into a single sample and passed through a 2.0-mm (10-mesh) screen in
the field to remove the coarse material. Later, the sample was air dried in an oven and
sieved using a stainless-steel 0.17-mm (80-mesh) screen. The material that passed
through the 80-mesh screen was pulverized for analysis. More information on the prepara-
tion and analysis of samples from the Anchorage quadrangle is in Arbogast and
others (1987).

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, and Co). These par-
ticular elements were selected because they are anomalously high in rocks from known
mineral occurrences in the area and in the mineral suites identified in some of the heavy-
mineral-concentrate samples (Tripp and Madden, in press). The anomalous element con-
centrations are identified on the maps by vectors that radiate from the sample sites. The
two vector lengths correspond to (1) either the lower detection limit ora threshold and (2)
the 99th-percentile distributions of the data. The threshold values were chosen from visual
inspection of histograms.

I constructed the geochemical maps to show areas containing anomalous amounts of
ore-related elements as determined from data generated during this reconnaissance
geochemical study and during severalprevious studies (Clark and Bartsch, 1971a, b; Clark
and Yount, 1972; Clark and others, 1976; S.H.B. Clark, unpub. data; Goldfarb and others,
1984: Zinkl and others, 1981). These studies all were done over area underlain by several
geologic terranes. In order to obtain the most information from each study, | determined
values for the threshold and 99th percentile independently for data from each geochemi-
cal study as well as for data from the Peninsular terrane and composite Chugach-Prince
William terrane. Then, I constructed separate geochemical overlays to make composite
geochemical maps A and B. On the maps, | 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.

The areas outlined on the maps generally encompass the source areas for metal-
enriched sediment samples. The area boundaries generally correspond to ridgetops that
separate drainage basins. The outlined areas should contain any mineral occurrences that
contributed metals to the sediment sample. Mineral occurrences that might occur within
the outlined areas would be found upstream from individual, metal-enriched sample
sites.

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 show that the frequency distributions for the
logarithmic data are closer to being symmetrical than the distributions for the arithmetic
data. Table 1 shows statistical values only for elements with numerous unqualified values
and detection ratios of at least 0.5.

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 distinctive
and unique geologic records that are different from each other and from the rest of North
America (Silberlingand Jones, 1984). Three lithotectonic terranes occur inthe 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;

Table 1. Statistical summary of geochemical data from stream-sediment samples in the Anchorage quadrangle

[Methods of analyses were semiquantitative emission spectrography and AA, atomic absorption spectroscopy. Values in ppm, except for DR, skewness, and kurtosis. Leaders (— —),
no data. Statistical values shown only for elements with detection ratios of at least 0.5]

Peninsular terrane

Flenent UWH ocWHmemm values Unqualified Range of Geometric Geometric grewness Kurtosis H:nmwdowmm 99th
N L oNv values <mH=mmm mean deviation percentile
Ag 0.020 548 6 0 10 s == == == = 0.5 1.5
Co 0.988 3 4 0 557 2-200 31.70 1.89 -0.32 0.31 70 100
cr 0.982 4 5 4 551 5-7,000 112.30 2495 .10 .10 500 5,000
Cu 1.000 0 0 0 564 5-500 66.35 2.24 -0.50 -0.01 200 300
Mo 0.016 542 13 0 9 == = = = = 5 5
Ni 0.989 1 5 0 558 2-500 34.85 25 178 3.89 200 300
Pb 0.660 64 128 0 372 5—150) 14.06 2.21 59 -0.66 70 70
AA-As 0.629 78 131 0 355 1-600 10.36 2.46 o7 3.24 30 100
AA-7Zn 1.000 0 0 0 564 15-340 68.34 1.60 -0.33 .88 150 200
AA-Cd 0.706 77 89 0 398 0.05-2.5 <12 1.83 1.18 2.24 0.3 0.5
AA-Bi 0.004 192 1 0 2 — reme o - — 2 2
AA-Sb 0.101 378 129 0 57 = == s — = 3 7

Chugach and Prince William terranes

Ag 0.026 605 113 0 19 =

Co 1.000 0 0 0 737 5-100

Cr 1.000 0 0 0 7137 10-5,000

Cu 1.000 0 0 0 737 5-700

Mo 0.019 694 29 0 14 =

Ni 0.999 1 0 0 736 2-200

Pb 0.991 0 7 0 730 7-100

Sn 0.003 734 1 0 2 ==

W 0.001 734 2 0 1 ==
AA-As 0.829 79 45 0 611 1.5-230
AA-Zn 0.997 0 0 0 735 13-1,020
AA-Cd 0.852 54 53 0 628 0.5-1.4
AA-Bi 0.010 519 7 0 7 ==
AA-Sb 0.266 392 147 0 196 ==

— — — - 0.5 e
30.80 1.52 0.11 -0.22 70 100
158.42 1.61 .50 6.80 300 700
49.56 2.06 .08 -1.00 150 200
- — = - 5 5
65.00 1.56 -0.66 .85 150 150
26.52 1.80 45 -0.67 70 100
17.11 2,21 .67 .30 50 150
105.67 1.39 -0.91 8.32 150 200

.16 1.80 .28 -0.03 0.5 0.5
- = - — 2 3
e = o == 3 7

lpetection ratio (DR) is number of uncensored values divided by total number of samples analyzed for a given element.
mz is number of samples in which concentrations could not be detected at lower determination limit.
wr is number of samples with concentrations reported as observable, but which are less than lower determination

limit.

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

limit.

uwws data consist of values in an ascending series of numbers called steps, as follows: 0.1, 0.15, 0.2, 0.3, 0.5,
0.7, 1, 1.5, 2, 3, 5, and 7. Before 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.

merumwwowa or lower determination limit.

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

Host rock(s)

Deposit type(s) Location(s)

(Map-unit symbol)

Ore-related metals and
associated elements
enriched in rocks

ZMzmanom%~

Peninsular terrane

Mesothermal vein Willow Creek mining TKt, Jps

Au, As, Ag, Hg, Pb, and gold, py, aspy, cp,

deposits. district (area Al). (or) W, and Num. Te, Cu. gn, sl, sch, te<.
Placer gold Boulder Creek-— Jt, ¥m, Toi, Tfi: gold- mowaw
Chickaloon River bearing vein in
(areas A2, C7-C9). Chickaloon WH<muu.b.
Placer gold Alfred Creek Km, Js, hnb in creek. Above Au, mnu mow&w
(area A3). creek is conglomerate that amw
be a paleoplacer gold deposit-.
Hydrothermal vonwerwA@v Sheep Mountain Jt Cu, Fe, Au’ cp, ml, az, bn, onuu
and (or) veins”’”. (area A4). qz, ep, calc, gold

Mineralized breccia
zones; disseminated
sulfide grains.

Nelchina Glacier,
west side (area A5).

Disseminated chalcopyrite
and magnetite in a mafic
magmatic mmmnmmmnwo: in
quartz diorite”;

vonv:wn%m.

Rusaw Creek, South
Fork Matanuska
River (area A6).

Podiform chromite Wolverine Creek

JPzpm, including
quartz diorite

JPzpm, including epidote
amphibolite of Knik
River schist unitb,

3

ucsb ; Wolverine (ultramafic)

not identified.

>=.>m.o=. pb/ PY, CP, gn’, gold

not identified.

ocu (0 )% anw

Cx, Ni, Cu, Coj chr

(area A7). Complex of dunite, clino- Pt, Pd, mmm.
pyroxenite, mmnwmonwnmm.
Chromite East of Eklutna Jum, Eklutna (ultramafic) complex Cr, zHo n:no

(area A8).

Vein (0.3 m thick)
in silicified
mnmmzmnozmu.

Jim Creek (between
areas A7 and A8).

Disseminated sulfide
minerals in a l-m-wide
zone; thin vein <5 cm
n:woxw with sl1, gn, cp.

Myers, Mt. Eklutna
(west of A8).

JPzpm, consisting of Knik River
schist unit®, and silicified
mﬂmm:mnonmb.

JPzpm, including silicified
greenstone and rhyolite~.

of peridotite, dunite, gabbro.

3

Cu, Ag, zn3 cp, po, sl, calc

Cu, Pb, Zn3, As aspy, py, sl, gn’

3

Chugach terrane

Gold-bearing quartz veins
and placer deposits.

Girdwood mining
district (area D1).

Kv, consisting of argillite, meta- Au, As, Sb, mm. Pb,
sandstone, and minor conglomer-— 1 .
ate intruded by a stock of

aspy, gn, py, sl, cp,
mo, vowomowa,
silver-".

Zn, Ba, Cu

quartz diorite and felsic dikes.
Contact-metamorphic aureole sur-

rounds stock of quartz diorite~.

Quartz veins containing Peters Creek

gold, chromite, jade. greenstone.
Metal Creek
(area D2).

Placer gold deposits

Kmc, including quartz veins in

Kv and Kmc, including
metasedimentary rocks, green-—

3

Cu, Au, Pb, 6E(2) py, gn, gold, chr,

jade(?)3.

gold, silver, platinum
minerals, sch3.

stone, and stock of quartz
diorite near head of creek3.

Quartz veins in mnwwﬁwowmw. Point Doran (area D4) Kv

Hydrothermal, contact-
metamorphic(?). Veins of
quartz in iron-stained
metasedimentary rocks
surrounding a series of
tonalite stocks and
within stocks. Stocks
exposed along a linear
belt.

Upper Grasshopper

Valley (area E3). 3

diorite~-.

Kv, including quartz

sb, Cu,.Pb; Au(?)3 sb, cp, gn3

3

Ag, Cu, Mo, As, Au po, cp, gold, silver

Prince William terrane

Veins; disseminated Miners Bay, Prince Tgg, eavwww granodiorite and zHu. Cu, Oﬂ_m. vow. gn, mn:M
grains, pyrrhotized William Sound gabbro along Contact fault. As, Ba, W, Pb. aspy, barlZ,
diorite, and pyrrhotite (area D3).
in pegmatite <mwdmu.

Copper lode, low—-grade Prince William Sound Tos, Tgg, Tfi Cu, Zn, >m-. As aspy, cp, mH_N
ore voaummww veins, between Unakwik
wwmnmnmpw. Inlet and Columbia

Glacier (area D3).
Zn and Pb <mwzmHN Prince William Sound Tos, including metasedimentary Ag, As, Pb, Sb, Nspm. aspy, cp, Py, sl,

between Unakwik
Inlet and Columbia
Glacier (area D3).

and mafic volcanic rocksd. Cu, Ba. barl2.

pmmw%. arsenopyrite; az, azurite; bar, barite; bn, bornite; cale,
calcite; cc, chalcocite; chr, chromite; cp, chalcopyrite; ep, epidote;

gn, galena; mgt, magnetite; ml, malachite; mo, molybdenite; po, pyrrho-

tite; py, pyrite; qz, quartz; sb, stibnite; sch, scheelite; sl, sphal-

erite; te, tellurides.
ZRay (1954).
3cobb (1979).

bﬂmﬂ.n»% and others (1978); G.R. Winkler (written commun., 1985).

By

Dawn J. Madden
1991

SMacKevett and Holloway (1977).

mHnmonstHw named unit of Carden and Decker (1977).
ummzswnm and Pessel (1980).

8Clark (1972).

IRose (1966).

10park (1933).

115 R. winkler (written commun., 1982).

HNZmHmos and others (1984).

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 (Cseijtey 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 quadrangle.

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).

TheMcHugh Complex crops out ina discontinuous band on the south side of the Bor-
der Ranges fault system. The complex consists of mafic metavolcanic and metaclastic
rocks, bedded chert, and minor lenses of limestone that are chaotically faulted together
and metamorphosed to prehnite-pumpellyite facies (Clark, 1973). The ages of dated
blocks in the McHugh Complex 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-Arage 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 Ter-
tiary time. The time of accretion is later than the Maestrichtian age of the youngest fossils
from the Valdez Group and may have coincided with the age of metamorphism of the
Valdez Group. Metamorphism occurred between 47.9 Ma and 53.5 Ma (Winkler and
others, 1984; Winkler and others, 1981; Hudson and Plafker, 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 quadrangle (Winkler and others, 1984). No
stratigraphic thickness has been estimated for the Valdez Group in the Chugach Moun-
tains; 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 Maestrich-
tian according to megafossils (Jones and Clark, 1973). Following its 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 Group 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 is
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 is in 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 for-
mation 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; it has been pro-
duced 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, whichisa placer-gold-mining area in
the Peninsular terrane in the northeastern part of the quadrangle. Gold production 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
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) the mesothermal gold-quartz veins in the Willow Creek gold-mining dis-
trict. In addition, the terrane contains the geologic setting for Kuroko-type massive- sulfide
and porphyry-copper mineral occurrences in andesitic submarine volcanic rocks of the
Talkeetna Formation. The Talkeetna Formation represents the remnants of an Early
Jurassic volcanic arc. The mineral occurrence on Sheep Mountain has been suggested to
be either a 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 metals and 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 Al) 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 contact is 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, and minor
chalcopyrite, galena, sphalerite, scheelite, and telluride minerals such as nagyagite, and
consist of banded quartz and gouge zones of ground-up, 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, arsenopyrite, 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 geochemi-
cal 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 occur in Alfred Creek (area A3) and the Boulder Creek-Chickaloon
River area (areas A2 and C7-C9). The deposits in Alfred Creek lie downstream from Ter-
tiary(?) conglomerate 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 either from an exposed quartz vein on the lower
part of Chickaloon River or from an exposed diabase dike cutting Cretaceous shale
(Mendenhall, 1900; Cobb, 1979).

At Sheep Mountain (area A4), the volcanic rocks of the Talkeetna Formation contain
veins of quartz, calcite, epidote, minor chalcopyrite, malachite, azurite, bornite, and
chalcocite (Martin and Mertie, 1914). These veins locally are enriched in elemental cop-
per, gold, and iron (MacKevett and Holloway, 1977). In addition to the veins, disseminated
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 sulfide 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 valuable for copper and gold in veinsand in
disseminated sulfide grains, based on the patterns of alteration. The alteration on Sheep
Mountain is somewhat similar to the acid-sulfate hydrothermal alteration associated with

enargite-gold deposits. On Sheep Mountain, arsenic and copper are enriched in stream
sediments, but it is not known whether the arsenic came from enargite in the sediments.
Enargite-gold deposits are thought to be the shallow-level parts of porphyry systems
(Ashley, 1982; Hayba and others, 1985). Altematively, Newberry (1986) suggested that
the mineral occurrences formed on and below the Jurassic sea floor during hydrothermal
metamorphism in 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
breccia in an amphibolite(?)-facies, metasedimentary rock unit, and disseminated sulfide
minerals occur in metamorphosed argillaceous marble and siltstone (Henning and Pessel,
1980). The observed sulfide minerals are pyrite, chalcopyrite, and galena Elemental gold
is as much as 14 ppm and silver is as much as 150 ppm in selected grab samples of the
mineralized rocks. Gold and silver, as minerals, have not been observed. 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 occur in 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 A5), isa
mafic, magmatic segregation containing disseminated chalcopyrite and magnetite in
Jurassic(?) quartz diorite (in unit JFzpm). 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 potentially could have 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 (ultamafic) complex
of Clark and Greenwood (1972) (area A8). Here, Rose (1966) found chromite in layers as
much as 5 cm thick. These layers occur in zones as much as 6.1 m thick containing 5-15
percent Cr,Os. In addition to chromite, Clark and Greenwood (1972) reported that the
complex contains 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 ppm and 0.04 ppm, respectively.

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

On the northwest flank of Mount Eklutna (west of area A8), greenstone and silicified
thyolite (in unit JFzpm) contain disseminated arsenopyrite, pyrite, sphalerite, and galena;
they 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 submarine, volcanogenic occurrences.

CHUGACH AND PRINCE WILLIAM TERRANES

To the south of the Border Ranges fault, in the Chugach terrane, themetasedimentary
flysch sequence of the Valdez Group contains minor tholeiitic volcanic rocks and is cut by
felsic stocks and plugs of anatectic origin (Hudson and Plafker, 1975, 1982). In the
metasedimentary flysch, gold-bearing quartz veins are widespread. The veins have been
interpreted to be metamorphic deposits formed from ascending metamorphic fluids
(Goldfarb and others, 1986). To the south, massive-sulfide deposits occur in mafic
volcanic rocks and associated metasedimentary rocks in the Chugach and Prince William
terranes. Nelson and others (1984) found that areas favorable for gold were best indicated
by nonmagnetic, heavy-mineral concentrates rather than by stream sediments. The stream
sediments were the best indicators for base-metal deposits hosted in flysch (Cu, Co, Pb,
Mn, and Zn) and in tholeiitic volcanic rocks (Fe, Mg, Ti, Co, Cr, Cu, Ni, Sc, and V).

Table 2 lists the main mineral occurrences known in the Chugach and Prince William
terranes of the Anchorage quadrangle, together with their geochemicaland 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 veins are near or in granitic stocks and
dikes, and other veins occur in metasedimentary rocks of the Valdez Group, far from
known 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 prominent vein deposits all are grouped around the plutonic rocks in a small area in
the headwaters of Crow Creek. The veins generally contain quartz andcalcite, and minor
amounts of sulfide minerals including arsenopyrite, galena, pyrite, sphalerite, chalcopy-
rite, and gold (Park, 1933). The suite of elements that are enriched inthe veins includes
gold, arsenic, copper, antimony, mercury, lead, zinc, and barium.

Placer deposits occur downstream from the veins of the Girdwood district. For exam-
ple, the Crow Creek placer deposit (downstream from area D1) is one ofthe largest placer-
gold-producing deposits in south-central Alaska (Hoekzema, 1984). Approximately 70
km to the northeast, 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, inpress). The Metal
Creek drainage exposes metasedimentary rocks of the Valdez Group and metasedimen-
tary rocks and greenstone of the McHugh Complex. The Valdez Group is intruded 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 the drainage (Landes, 1927), but it now appears to have had
more than one source (map A) (Madden, in press; Tripp and Madden, in press).

In the upper part of Grasshopper Valley (area E3), to the east of Metal Creek, is a
linear series of stocks of quartz diorite found during this study. This series of stocks lies
along a linear northeast trend, parallel to the axis of a large, gentle foldwith 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 con-
tain quartz veins enriched insilver, copper, molybdenum, arsenic, lead, tungsten, zinc, and
traces of gold. Past study (Richter, 1967) of one of the intrusions 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, bis-
muth, 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. To the west,
mineralized quartz veins occur in graywacke on Point Doran (area D4). 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 are enriched in rocks from the known mineral occurrences
(table 2). Similar element suites are enriched in stream-sediment samples (table 3) and
panned heavy-mineral concentrates (Madden, in press; Tripp and Madden, in press)
collected downstream from the known mineral occurrences. The concentrates are dis-
cussed here together with the stream sediments because the concentrates indicate areas
likely to contain gold occurrences better than the stream sediments, Stream-sediment
samples collected downstream from mineralized areas in the Willow Creek gold-mining
district (area A1) contain anomalous silver, arsenic, lead, and other metals, which occur in
the gold-bearing veins, as well as molybdenum and antimony, which occur in molybdenite
and stibnite in the non-gold-bearing veins (Ray, 1954). The corresponding nonmagnetic,
heavy-mineral concentrates are enriched in gold. Stream-sediment samples from streams
on Sheep Mountain (area A4) contain abundant copper, arsenic, and other metals, which
may be from copper-enriched mineralized zones in the Talkeetna Formation. The corres-
ponding concentrates also are enriched in copper, although chalcopyrite was not iden-
tified. Analyses of stream-sediment samples from the placer-mining streams show
enrichment in elements other than gold—for example, Alfred Creek (area A3) contains
antimony, zinc, and chromium, and the Chickaloon River (area A2) contains arsenic, bis-
muth, cadmium, and other metals. The corresponding concentrates contain gold. Samples
collected near the massive-sulfide occurrence on the west side of the Nelchina Glacier
(area A5) are enriched in copper and chromium. The chromium may have come from
ultramafic rocks (Henning and Pessel, 1980) within gabbronorite (unit Jg). Samples
collected downstream from the Rusaw Creek (area A6) copper occurrence contain
anomalous copper, silver, and cobalt. The copper may have come from chalcopyrite dis-
seminated in the mafic magmatic segregations there. Samples from Carpenter and
Wolverine Creeks (area A7), collected downstream from the known chromite occurrences
in the Wolverine (ultramafic) Complex, are enriched in the elements chromium, nickel,
cobalt, and copper, which probably were derived from chromite, copper, and other
minerals disseminated in the mafic and ultramafic rocks of the complex. Samples from the
Eklutna area (area A8) contain anomalously abundant chromium, cobalt, nickel, copper,
and other metals, which probably were derived from the chromite- and copper-bearing
Eklutna (ultramafic) complex.

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

Area Known mineral occurrence

Ore-related metals and

associated elements enriched Geologic map

in stream sediments units
Peninsular terrane

Al Willow Creek gold-mining district—— As, Mo, Ag, Pb, Bi, Sb, TKt, Jps
Willow Creek, Fishhook Creek, Grub- €r, €d.
stake Gulch, Little Susitna River.

A2 Boulder Creek-Chickaloon River As, lcd, Pb, Bi, Ni, Cr Je; Jed
placer—gold mining area.

A3 Alfred Creek placer-gold mining area sb, Ag, As, Zn, Bi, Cr, Cd JE, Js,; Em

AL Sheep Mountain hydrothermal porphyry(?) Cu, Co, As, Pb, Bi, Cr, Cd Jk

A5 Nelchina Glacier massive-sulfide Cu, Cr Jg, JPzpm
occurrence.

A6 Rusaw Creek, South Fork Matanuska River Ag, Cu, Co JPzpm

A7 Wolverine (ultramafic) Complex, Cu, Ni, Cr; Co Jum, JPzpm
podiform chromite.

A8 Eklutna (ultramafic) complex Gu, Ph, €, Ni, Cd, Co Jum, JPzpm

Chugach and Prince William terramnes

D1 Girdwood gold-mining district, between €u, Pb, Zn, Sb, Ag, An, As, Kv, Tfi
Placer River and Eagle River faults. Bi, Ni, €r, Cd, Co.

D2 Metal Creek As, Sb, Pb, Cu, Zn, Cr, Ni, €d Kar, TE4

Prince William Sound
D3a North of Contact fault As; Ag, Cu, Sb, €r, €d Kv, Tmb, Tgg
D3b South of Contact fault: Miners Ag, Cd, As, Zn, Cu, Pb Tos
Lake to Kadin Lake.
D4 Point Doran Au Kv

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

Ore-related metals and
associated elements
enriched in stream
sediments

Area Location(s)

Geologic map
unit(s)

Similarity to a known mineral occurrence,
and comments

Peninsular terrane

Bl Jim and Bodenberg
Creeks, Lazy
Mountain.

Cu, Co, Ag, Cr, €d

B2 Monument, Gravel,
and Glacier
Creeks.

Cu, Cd, As, Zn, Pb, Cr

B3 Northern Chugach
Mountains, from
Matanuska to
Nelchina Glaciers.

Cu, Co, Ag, As, Pb, Zn,
Bi, ¢d, Ni, Cr, Mo.

Jt, JPzpm, Contains similar rock types (in JPzpm) and Cu

Jg, Kte enrichment that are found on Sheep Mountain.
Also has similarities to Rusaw Creek and
Nelchina Glacier.

Jt, JPzpm, Geology and geochemistry are similar to Sheep
Tes K, Mountain; however, Au-rich concentrates also
Kmc lie may have come from unit Kv, upstream to south.
upstream.

Jt, JPzpm, Geology and geochemistry are similar to Sheep
Jg, Kv. Mountain in northern part; however, anomalous

metals also could have come from unit Kv
upstream to south.

Chugach and Prince William terranes

El Ship and Campbell
Creeks, Tanaina
Peak area.

Ni, Cr, Co, Zn

E2 Upper Friday Creek Cus; €0, €r; §b, Bh,
and north Ag, As, Ni.
tributary.

E3 Grasshopper Valley As. Ag, Zn, €u, Pb, Sh,

Aa, Ni, Cr, Cd, Co.

E4 Gravel and Glacier Cu, Zn, As, Pb, S$b,
Creeks. Cr, ¢d.

ES5 Marcus Baker Glacier Sb, Pb, Cu, Ag, As, Zn,
and glacier to Cr, Ni, cd, Mo, Co.
north.

E6 Nelchina Glacier As., Sb, Cu, Zn, Pb, €o,

Ni, (Cr; Cd, Mos

E7 Upper to middle part Pb, As, Ag, Zn, Cu,
of Sylvester Sb, Cr.
Glacier.

E8 Troublesome Creek, Pbh. Zn, Sb
west of Lake
George.

E9 Area between Lake Sb, As, Zn, Pb, Bi,
George on west cd, Co.

and Gannett
Glacier on east.

E10 Mount Curtis and
northwest side
of College Fiord.

Cr, Ni, As, Sb, Co

Ell Yale Glacier sb, Ag, As, Zn, Cu, PBb,

Cr, Ni, €d, Co.

El2 Unakwik Inlet, Sb, Pb, Ag, As, Ni,
west side. Cr, Co.

Kme Mafic rocks locally contain Au in McHugh Complex

Mafic rocks in McHugh Complex. Or veins(?). Quartz
veins with sulfide minerals occur in greenstone in
McHugh Complex in Peters creekl. ci may occur
along a fault here, as in Eklutna mnmw:mmmw. Au
and base-metal veins in Valdez Group(?).

Kv, Kmc

Kv Kv and unmapped Tfi also occur in Girdwood district
and Metal Creek.

Kv, unmapped Au-bearing veins(?)

Tfi.
Kv, unmapped Geology and geochemistry are similar to Girdwood
Tfi. district; also may contain base-metal deposits.
Kme, Kv Cu-rich base-metal veins in McHugh Complex(?).

Massive sulfides or Au and base-metal veins in
Valdez Group(?).

Kv, unmapped Veins, with potential for base metals and Au(?).
Tfi, Detectable Ag in stream sediments suggests

favorable Au nmnﬂmzmu .

Kv Country rocks are enriched in Zn, Pb, and Sb(?).
Alternatively, base-metal veins(?). Massive
sulfides(?). Or Sb-bearing veins with Au(?).

Kv, unmapped Au-bearing veins(?)

Tfi.

Kv, unmapped Unmapped mafic rocks(?). Massive sulfides or
Tfi. base-metal veins(?). Au-bearing veins(?).

Kv, unmapped Au-bearing veins(?). Abundance of Sb with Au,
TEi, Ag, As (Madden, 1988) suggests favorable Au
terrane in some areas of Prince William
Sound3. Also, mafic rocks are suggested by Cu,
Ni, Cr, Cd, Co. Base-metal mineralization(?).

Kv Mafic rocks(?). Au-bearing veins(?)

lcobb (1979).
2Rose (1966).

3Nelson and others (1984); Nelson and others (1985).

GEOCHEMICAL MAPS SHOWING DISTRIBUTION OF ANOMALOUSLY ABUNDANT ELEMENTS IN STREAM-SEDIMENT AND
GLACIAL-MORAINE SAMPLES FROM THE ANCHORAGE 1° x 3° QUADRANGLE, SOUTHERN ALASKA

Suites of elements enriched in the known mineral occurrences also occur outside of
the areas of the known mineral occurrences (table 4). For example, copper is abundant in
the mineralized rocks in the Talkeetna Formation on Sheep Mountain, and it also is abun-
dant in sites in the northern Chugach Mountains (areas B1, B2, and B3), where volcanic
and volcaniclastic rocks of the Talkeetna Formation are exposed, along with Jurassic
plutonic units (such as units Jg and JPzpm). The abundance of copper at these sites may
reflect both mineralized rocks as at Sheep Mountain and copper enrichment of the rock
units (such as Jg). Gold is enriched in concentrates in Gravel and Glacier Creeks (area B2).
However, the source for this gold is probably in the Valdez Group to the south.

Additional suites of elements indicative of previously unrecognized or unimportant
mineral occurrences occur in the Peninsular terrane. These sites, listed in table 5 and dis-
cussed in the following paragraphs, are potential targets for exploration for additional
types of mineral deposits.

Area C1.—Silver and bismuth are among the anomalously abundant metals in the
westernmost Talkeetna Mountains. The silver source could be veins in the mineralized
tonalite that lies upstream or in the adamellite (unit TKa), which is a Late Cretaceous to
early Paleocene biotite- and muscovite-bearing pluton (Csejtey and others, 1978). The
adamellite contains no known, gold-bearing veins.

Area C2.—Copper, arsenic, antimony, and silver are among the anomalous metalsin
stream sediments in Moose Creek and northwestern Granite Creek. These areas contain
exposures of Early to Middle Jurassic amphibolite and quartz diorite (unit Jaqd), which are
intricately intermixed in approximately equal amounts. Unit Jaqd is intruded by a Late
Jurassic pluton of muscovite-biotite trondhjemite (unit Jtr), which is the youngest of the
Jurassic plutonic units in this area (Csejtey and others, 1978). The sources of antimony,
copper, and silver are uncertain. The silver may have come from the trondhjemite, which
locally contains 3 ppm Ag, as well as from red-stained, sulfide-bearing zones with dis-
seminated galena and fluorite, which contain 5,000 ppm Pb. Such areas could have pro-
vided ore metals and associated elements to the stream sediments.

Area C3.—Arsenic, copper, and bismuth are among the enriched metals in stream
sediments in the upper northeastern tributary of the Kings River and the lower part of the
river. In addition, gold, silver, and base metals are anomalously high in the corresponding
concentrates. In the upper tributary, the Lower Jurassic Talkeetna Formation (unit Jt) con-
tains lenticular bodies of limestone that are recrystallized to medium- to coarse-grained
marble near the granitic rocks of the Middle to Late Jurassic granodiorite (unitJgd). At the
contact with granitic rocks, the marble smells sulfurous and contains sulfide minerals;
however, no abundant ore metals were found in the rocks. The trace elements enriched in
the stream sediments may have come from local skarn mineralization developed along the
margins of limestone where the limestone is in contact with plutonic rocks.

‘Area C4.—Elemental gold occurs at a concentration of 0.8 ppm in gold and copper-
enriched stream sediments collected by S.H.B. Clark (unpub. data) in an unnamed
drainage north of Wolverine Creek and east of Wolverine Lake. The source of the gold and
copper may be local mineralized rocks in the Talkeetna Formation, or along the contact
between the Talkeetna and plutonic rocks in unit JPzpm.

Area C5.—Copper and silver are enriched together with other elements in stream
sediments in area C5, especially in upper Carpenter Creek. The copper source may be the
Wolverine (ultramafic) Complex (unit Jum). In this complex, clinopyroxenite contains 700
ppm Cu (Clark, 1972). A similar ultramafic complex near Eklutna contains native copper
along fracture surfaces in peridotite (Rose, 1966). Alternatively, the copper and silver may
come from Jurassic rocks (units JRzpm, Jt, and Jg) that are sources of copper and silver to
the east.

Area C6.—Elemental gold at a concentration of 0.13 ppm occursin stream sediments |

collected by S.H.B. Clark (unpub. data) in Coal Creek and Ninemile Creek in the northern
Chugach Mountains, but not in the nonmagnetic, heavy-mineral concentrates collected in
these drainages during this study. The gold values may reflect the gold content of the coun-
try rocks, such as the shale of the Matanuska Formation. Alternatively, the source for this
gold could be local, fine-grained mineralized zones upstream (1) inthe Valdez Group (unit
Kv) of the Chugach terrane, which is exposed in upper drainages of Coal Creek, or (2) in
the Matanuska Formation (unit Km). The metasedimentary flysch of the Valdez Groupisa
likely source for gold because the Valdez is weakly mineralized with gold-bearing veins in
many areas to the south. The Valdez Group of the Chugach terrane structurally underlies
the Matanuska Formation of the Peninsular terrane along the Knik-Border Ranges fault
zone. This fault zone is exposed in upper Coal Creek, where the units are cut by numerous
faults. The older faults in this area may have served as permeable conduits for mineralizing
fluids during accretion and metamorphism of the Valdez Group if they occurred at the
same time. Mineralized deposits could be explored for along the older, low-angle faults in
this area. In addition to the faults, the Matanuska Formation is cut by dikes of felsic,
hypabyssal rocks in the northern part of its outcrop area. The areas of these dikes also
could be explored for gold.

Area C7.— Arsenic, bismuth, and cadmium are enriched in stream sediments in the
upper Chickaloon and northeastern Kings Rivers, where mineralized zones may occur
along the contacts between the Talkeetna Formation and Jurassic plutonic rocks, orwithin
the Talkeetna Formation. The corresponding concentrates contain anomalous gold and
silver, suggesting that the same units may host gold.

Areas C8, 9, 11, and 12.—The abundance of base metals in stream sediments from
Boulder Creek (C9), East Boulder Creek (C11), and lower Hicks Creek (C1 2) suggests that
there is potential for base-metal mineral deposits similar to known mineral occurrences
near Puddingstone Hill on lower Boulder Creek (C8), on Sheep Mountain, and in the
Valdez quadrangle at Heavenly Ridge and Willow Mountain.

Near Puddingstone Hill, mineralized zones of disseminated sulfides occur in two
tributaries to Boulder Creek. These mineralized zones lie along fractures in the Lower
Jurassic Talkeetna Formation, near felsic and mafic plugs of Tertiary age. The age of the
mineralization is unknown. Mineralization could be Early Jurassic in age and syngenetic
with the andesitic submarine volcanic and volcaniclastic host rocks, or it could be a later
phenomenon associated with Tertiary igneous activity. The mineralized rocks contain high
values of Au (0.1 ppm), Ag (10 ppm), Sb, Bi, Cu (2 percent), Pb (5,000 ppm), Zn (3,000
ppm), Cd, and Mo. This type of mineralized rock could have contributed ore-related
minerals and elemental silver, antimony, copper, lead, zinc, cadmium, and molybdenum
to stream sediments in Boulder, East Boulder, and lower Hicks Creeks. The corresponding
concentrates from these creeks also are enriched in base metals. Nearby, Boulder Creek
locally contains gold and silver, which suggests that there is potential for gold occurrences
in that drainage.

At Sheep Mountain, the hydrothermally altered volcanic rocks of the Talkeetna For-
mation contain veins of quartz, calcite, epidote, and minor chalcopyrite, malachite, azurite,
and possibly bornite and chalcocite (Martin and Mertie, 1914), and disseminated
chalcopyrite lying approximately parallel to bedding (Martin and Mertie, 1914). Mac-
Kevett and Holloway (1977) suggested that this may be a porphyry(?) hydrothermal
deposit, potentially valuable for copper and gold. Later, Newberry (1986) suggested that
mineralization occurred on and below the sea floor during hydrothermal alteration.

On Heavenly Ridge, in the adjacent Valdez quadrangle, a Tertiary plug of dacite
stringers and pods of sulfide-impregnated quartz contain molybdenum, copper, and zinc
(Winkler and others, 1981).

On Willow Mountain, also in the Valdez quadrangle, a brecciated mafic tuff in the
Talkeetna Formation contains sparse pyrite, hydrozincite, chalcopyrite, and malachite
(Winkler and others, 1981).

Area C10.—The abundance of copper and other metals in stream sediments in the
upper reaches of Boulder and Caribou Creeks suggests that the Tertiary volcanic rocks
(unit Tv) are enriched in copper. The corresponding concentrates are enriched in gold,
silver, and copper here, suggesting that mineral occurrences may exist in the Tertiary
volcanic rocks. The Tertiary volcanic rocks include felsic domes and plugs low in the
stratigraphic sequence. These domes and plugs may represent epithermal gold systems
and sources for gold and silver in the streams. Farther north, in the adjoining Talkeetna
Mountains quadrangle, there are claims for copper and gold in veins in the Tertiary
volcanic rocks. In this area, the volcanic rocks also are intruded by altered, andesitic dikes
containing minor amounts of tin and zinc (Singer and others, 1980).

Area C13.—Lead and copper, with local arsenic, zinc, and chromium, and other
metals occur in the southeastern Talkeetna Mountains. These mountains expose the
Matanuska Formation (unit Km) and Paleocene to Miocene hypabyssal mafic rocks (unit
Tmi) (Csejtey and others, 1978). The trace metals may come from the mafic stocks and
dikes of diorite porphyry, diabase, and basalt, and also from felsic intrusions too small to
map. Or, the trace metals may come from marine shale of the Matanuska Formation.

Area C14.—The area of Knob Lake along the East Fork River contains an enriched
suite of elements in stream sediments (Pb, Zn, As, Co, Cu, and Cr) and in nonmagnetic
heavy-mineral concentrates (Au, Ag, As, Cu, Pb, Zn, W, Bi, Nj, and Cr). The geologic units
in the immediate area consist of a marine shale and siltstone intruded by a plug of felsite.
Perhaps the marine rocks also are intruded by hypabyssal mafic rocks (unit Tmi), which
would contribute nickel, chromium, and cobalt. The marine rocks constitute the
Matanuska Formation (unit Km); 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 age of the particular intrusion in the Knob Lake area is
probably 37-45 Ma, based on the ages of similar intrusions in the Anchorage quadrangle
(Silberman and Grantz, 1984). The geologic units and the anomalies in concentrates are
similar to those in the Alfred Creek placer-mining area.

Area C15.—Copperand silver are among the metals abundant in stream sedimentsin
an area between the Matanuska and Nelchina Glaciers in the northern Chugach Moun-
tains. This area coincides with exposures of the Talkeetna Formation (unit Jt), quartz
diorite and grandiorite of unit JRzpm, and gabbronorite of unit Jg. The Talkeetna Forma-
tion consists of Early Jurassic flows of andesite and dacite and minor volcaniclastic rocks.
The Talkeetna Formation is intruded by Early to Middle Jurassic quartz diorite of unit
JPzpm, which locally consists of a series of discordant stocks of quartz diorite and tonalite,
which are sheared, altered, and intruded by dikes of basalt and lesser andesite, dacite, and
trondhjemite. The quartz diorite is intruded by Middle to Late Jurassic grancdiorite of unit
JPzpm, which consists of small, discordant stocks and lesser amounts of tonalite and quartz
diorite (Csejtey and others, 1978).

Copper and silver as well as cobalt, nickel, and chromium are abundant in stream
sediments draining Early Jurassic gabbronorite (unit Jg) in the northern Chugach Moun-
tains, between the Matanuska and Nelchina Glaciers. These metals probably came from
the gabbroic rocks of unit Jg, which include gabbronorite, leucogabbronorite, and
pyroxene-homblende gabbro that are locally strongly altered (Csejtey and others, 1978).
The nickel and chromium may have been derived from the minor ultramafic rocks in
unit Jg.

There are many possible sources for the copper and silver in the stream sediments
from area C15. If these metals are from mineral occurrences, places to explore for mineral
deposits are along the contact zones between the Talkeetna Formation and the intrusive
rocks. Such contacts may host mineral deposits in the adjacent Valdez quadrangle to the
east, where lode claims occur at Kaina Lake between the Talkeetna and a Jurassic(?)
tonalite (Winkler and others, 1981). Another source could be the Talkeetna Formation
itself, which hosts mineralized areas at Sheep Mountain and Puddingstone Hill in the
Anchorage quadrangle, and on Heavenly Ridge and Willow Mountain in the Valdez quad-
rangle (Winkler and others, 1981). A third source could be near dikes that intrude quartz

diorite of unit JFzpm.
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The stream sediments in the Girdwood mining district (area D1) are enriched in
arsenic, antimony, copper, lead, zinc, and other metals (table 3), which also are abundant
in the mineralized rocks (table 2). Similarly, sediments in upper Grasshopper Valley (area
E3) are enriched in the elements arsenic and copper, which also are abundant in weakly
mineralized zones in the flysch near felsic intrusive rocks. The corresponding concentrates
in Grasshopper Valley contain anomalously high gold and silver. Though the stream
sediments in the Metal Creek drainage (area D2) are not enriched enough in gold to show
on map A, they are enriched in other ore-related elements (table 3). The concentrates in
Metal Creek are anomalously high in gold and silver. The element suites in Metal Creek are
suggestive of base-metal mineralization in addition to gold mineralization. To the south,
on Point Doran (area D4) in the Prince William Sound area, stream sediments and concen-
trates containing detectable gold occur downstream from a lode deposit of gold-bearing
quartz veins (table 3).

The suites of anomalous elements in sediments draining the lode-gold deposits in the
Girdwood district occur elsewhere in the quadrangle. In these areas, the potential for lode
and (or) placer gold occurrences is indicated by anomalously high Ag =+ As + Sb in stream
sediments and Au + Ag = As = Sb = W in nonmagnetic, heavy-mineral concentrates.
These areas are E2-E7 (especially E3 and E7) and E10 and E11 (table 4). Questionable
potential exists in areas E1, E8, E9, and E12 (table 4), which lack some of the elements
associated with gold occurrences.

Potential for base-metal deposits, including veins and massive sulfides, is indicated by
anomalously high copper, lead, zinc, and cobalt in stream sediments and panned concen-
tratesin areas E2—-E6 and E9-E11 (table4). Areas containinganomalously high nickel and
chromium may expose mafic volcanic rocks in areas E1-E3, E5, E6, and E10-E12.

Nelson and others (1984) found that most copper deposits in the Chugach National
Forest occur in or near tholeiitic volcanic rocks. No mafic volcanic rocks have been found
in the Valdez Group in the Anchorage quadrangle. However, mafic volcanic rocks
associated with volcanogenic massive-sulfide occurrences were mapped in the Valdez
Group in the adjacent Valdez quadrangle. Massive-sulfide mineralization also occurs in
the Valdez Group in areas lacking exposures of mafic volcanic rocks in Lynx Creek on the
Kenai Peninsula (Paige and Knopf, 1907).
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Table 5. Additional suites of elements in the Peninsular terrane

Ore-related metals and

Area Location(s) associated elements

Geologic map

Suggested types of mineral occurrences

enriched in stream unit(s)
sediments
Cl Westernmost Talkeetna Ag, Bi, As, Zn, Mo No known mineral deposits in unit TKa. Suite
Mountains, from Little of anomalous metals may not be ore related, but
Willow Creek south to instead may reflect lithology of unit TKa.
Willow Creek mining
district.
Cc2 Moose Creek and north- Cu, As, Sb, Asg, Co, Cd Jaqd, Jtr Sulfides disseminated locally in units Jtr or Jaqd
western Granite Creek.
c3 Kings River, upper As, en, Zn, B, €d Ik Fls) Skarn in unit Jls, both mapped and unmapped(?)
northeastern tributary Jqd, Tar.
and lower part of river.
c4 Drainage north of Au, Cu, Mo, Cr Jt, JPzpm Au vein in unit JPzpm(?)
Wolverine Creek and
east of Wolverine Lake.
C5 Carpenter Creek Ca, Ni, Cr, Co, Ag, JPzpm, Jg, Anomalous metals may be from unit Jum. Clino-
to Bodenburg Butte. Bi, Sb. Kt, Jum. pyroxenite in Wolverine Complex contains 700 ppm Cu

Cc6 Coal and Ninemile Aua, Pb, Bi, Cu, Cd, Co
Creeks.
c7 Chickaloon River and As, Bi, Cd

upper, northeastern
Kings River.

C8 Lower Boulder Creek,
near Puddingstone Hill.

Ag, As,, Zn, Cu, Sb,
Bi, €d, Co, Cr.

c9 Boulder Creek, at
bend in stream.

Cu, As, Zn, Pb, Sb,
Cd, €Co, Mos

Cl0 Upper Boulder and
Caribou Creeks.

Cu, Ag, As, Zn, Bi, Co

Cl1 East Boulder Creek Zn, Cd

Cl2 Lower Hicks Creek,
tributary south of
Mount Momnarch.

Pb, Cu, Zn, As, Cr,
Ccd, Co.

C13 Southeastern Talkeetna
Mountains (Squaw and
Fortress Creeks).

Cu, Pb, As, Sb, Zn,
Bi, Cr, Co, Cd.

Cl4 Knob Lake, East Zn, Co, Pb, As, Cu,
Fork River. Ox, Cds

C15 Northern Chugach Ca, Ag, Bi, Co, Pb,
Mountains, from Zn, As, €d, Ni, Cr,
Matanuska to Nelchina Mo.

Glaciers.

JE, Jed;

qks e
Tv, Tsu.

Jt Tod,

Jtoy TEL,
Km, Tv.

Ky Jt;

Km, Tif,
£, (TmI?)e

Jt, JPzpm

upstream).

(Clark, 1972). Native Cu in fractures in peridotite
in Eklutna (ultramafic) complex (Rose, 1966, p. 6).

Fine-grained Au from veins upstream in unit Kv(?).
W and scheelite in concentrates from unit Kv (Tripp
and Madden, in press). Au not found in concentrates.

Sulfides along contact between units Jt and Jgd or
Jgd (as in Kaina Lake area discussed by Winkler
and others, 1981a); or sulfides within unit Je(?).

Massive sulfides in fracture or fault, probably
in unit Jt.

Massive sulfides in unit Jt(?)

May be similar geologically and geochemically to an
occurrence to north, in Talkeetna Mountains
quadrangle, where Cu— and Au-bearing veins(?) and
Sn— and Zn-bearing, altered, andesitic dikes occur
in Tertiary felsic volcanic rocks (Singer and
others, 1980). Epithermal Au system(?).

gimilar to occurrence at Heavenly Ridge in Valdez
quadrangle, where a Tertiary plug of dacite cuts
unit Jt, and stringers and pods of sulfide-
impregnated quartz occur around intrusion (Winkler
and others, 1981).

Massive sulfides in unit Jt(?)

Metals may not be ore related, but may reflect
geologic units.

Massive sulfides(?). Ni, Cr, Co from mafic
hypabyssal intrusions mapped elsewhere as unit Tmi;
or similar to Alfred Creek.

Sulfides (in veins?) along contact between unit Jt and
(Rv plutonic rocks (as in Kaina Lake area of Winkler and
others, 1981); or sulfide minerals in gnit Jt (as in
Willow Mountain area of Winkler and others, 1981); or
magmatic segregations of sulfide minerals similar to
those at Spirit Mountain. Unit Jg is probable source
for Co. Ultramafic rocks in unit probably contributed
Cr and Ni. Stream sediments also may have come from
unit Kv to south. Unit Kv is relatively Cu enriched
to west in Glacier and Gravel Creeks.
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