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Introduction

Reconnaissance geologic mapping in the éouthern Alaska Range in 1969
covered parts of the Lime Hills, McGrath, Tyonek, and Talkeetna quadrangles,
an area of about 5,800 square miles (fig. 1). Early geologic investigations
in this region include the reconnaissance survey of southwestern Alaska by
Spurr (1900), a traverse of the South Fork of the Kuskokwim River in 1902
by Brooks (1911), and the summary report by Capps (1935) on the geology of
the southern Alaska Range. Heavy metals investigations in 1967 pointed out
a lead-zinc-silver deposit in the Bowser Creek area (Reed and Elliott,
1968a) and other metalliferous deposits south of Farewell (Reed and Elliott,
1968b). In 1968 plutonic rocks west of the Stony River between Two Lakes
and the headwaters of Big River were mapped by Reed and Marvin Lanphere.
Aeromagnetic maps of the area have been released as an open-file report
(Reed and Anderson, 1969). Because of intensified mineral exploration in
this region and because there are no geologic maps for much of the area,
emphasis in 1969 was placed on mapping the major rock units and gross
structural features. This work was supported by a helicopter for six weeks.
Particular attention was given to plutons of Late Cretaceous or Tertiary age
since most mineral deposits in this part of the Alaska Range appear to be
associated with them (Reed and Lanphere, 1969). Because of the

reconnaissance nature of the mapping, the amount of geologic
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information varies from place to place. Sample localities in areas which,
from the air, appeared lithologically uniform have a density of one in
tens, or even hundreds, of square miles. Lithologic contacts are
moderately accurate, but, in general, no attempt has been made to
differentiate facies within a specific unit. Many of the igneous contacts
shown on plate 1 were mapped by low-level fixed-wing reconnaissance and no
field checks were made. The south and east portions of plate 1 were
mapped chiefly from aerial photographs.

Stream sediment samples were collected in conjunction with the mapping.
Data for some of the samples became available during the field season, and
areas showing high metal values were resampled for confirmation. This
accounts for the greater sample density in some areas. During the course
of sediment sampling and ground traverses, mineralized float was collected
when found, and megascopic descriptions and analyses of selected float
samples are appended to the report.

Geologic Map

A brief description of the bedrock units is given in the explanation
on plate 1. A few additional comments, however, seem warranted. Where two
modifiers are used in description of an intrusive rock, the first modifier
is the more abundant mineral. For example, biotite predominates over
hornblende in a biotite-hornblende granodiorite.

Lithologic identification of the intrusive rocks w;s determined by 1)
modal analyses of stained rock slabs, 2) chemical analyses by the rapid
rock method, and 3) examination of thin sections. Smaller isolated plutonic

bodies have been tentatively assigned to a particular rock unit on the basis



of mutual similarity in chemistry, trace element content, and modal
composition.

Potassium-argon ages for biotite and/or hornblende have been
determined for some of the intrusive rocks. The ages fall into four
groups: Late Cretaceous (70-80 m.y.), Late Cretaceous~Early Tertiary (60-
70 m.y.), Early Tertiary (50-60 m.y.), and middle Tertiary (25-35 m.y.).
The vertical position of the intrusive rocks in the left column (Hartman
River plutons through Windy Fork stock) is based on these potassium-argon
ages. The vertical position of intrusive rocks of uncertain age has no
implication as to relative age. Although contact relations indicate that
the granodiorite of the Nagishlamina River and the Mount Estelle plutons
are older than the Styx River batholith, their age in relation to each
other or to other rocks of uncertain age is not known. Biotite from
granodiorite shown as unassigned intrusive rocks of Cretaceous or Tertiary
age on the north side of Two Lakes has an apparent age of 67.8 million
years, whereas biotite and hornblende from quartz diorite on the north side
of Chakachamma Lake show discordant ages of 48.2 and 61.5 million years,
respectively (Reed and Lanphere, 1969).

Some Tertiary volcanic rocks are thought to be of early Tertiary age,
and correlative with early Tertiary extrusive volcanic rocks south of
Farewell (Reed and Elliott, 1968b). North of Merrill Pass and between the
South Fork of the Kuskokwim River and the Styx River, these volcanic rocks
are cut by the Styx River batholith of middle Tertiary age. There are,
however, areas of flat-lying, relatively undisturbed volcanic tuffs and

and flows west of the headwaters of the Chilligan River which may reflect



later volcanism. Furthermore, the varied late Mesozoic and Cenozoic
assemblage of granitic and volcanic rocks in this part of the Alaska Range
could represent different erosion levels in similar complexes. The Styx
River batholith, for example, may be a pluton which has risen through the
crust and locally intruded its own volcanic ejecta.

The fault that juxtaposes Paleozoic sedimentary rocks against
Cretaceous metasedimentary rocks in the northwestern part of plate 1 is
well exposed north of the northeast prong of the Tired Pup batholith. It
extends northeastward through the valleys of the Post and Kuskokwim Rivers
(where it separates Paleozoic from Cretaceous and Tertiary rocks) thence
northeastward through the Tatina River (not shown on plate 1), a distance
of more than 40 miles. Its extension to the southwest, between the north-
trending prongs of the Tired Pup batholith, is based on aerial photograph
interpretation, and the contact between the Paleozoic and Cretaceous rocks
in this area is highly speculative.

Aeromagnetic Map

The aeromagnetic map shown on plate 2 has been released as an open-
file report (Reed and Anderson, 1969) at a scale of 1:63,360, and only a
brief discussion of the aeromagnetic data is included here. 1In order to
make the aeromagnetic map more useful in correlating the magnetic data
with the geologic map (pl. 1), the aeromagnetic map has been reduced to the
same scale as the geologic map (1:250,000).

The aeromagnetic survey covers approximately 1,670 square miles and
consists of 71 east-west traverses spaced 1 mile apart. Continuous total-

flight traverses were obtained with a Gulf fluxgate magnetometer. The



magnetic data were compiled as a total-intensity magnetic contour map by
Lockwood, Kessler, and Bartlett, Inc. The magnetic map is contoured on

a 10 gamma interval and has not been corrected for the earth's total
magnetic gradient; the total magnetic field intensity in this region
increases approximately 5.5 gammas per mile in a northeasterly direction.
The southern, central, and northern sectors of the aeromagnetic map were
flown at 7,000, 10,000, and 7,500 feet, above sea level, respectively. The
boundaries indicating the change in flight elevation are shown on plate 2.

In the southern sector, the magnetic susceptibility of the Tired Pup
batholith is sufficient to cause a slight increase in the total magnetic
field intensity. Regionally, the magnetic contours show this increase to
be approximately linear, suggesting that the rocks are magnetically
homogeneous. The contours are notably distorted by the intrusive body in
the southeast corner of the map and locally by topographic effects.

The central sector of plate 2 was flown at 10,000 feet. The nearly
concentric magnetic anomaly in this sector is one of the most prominent
magnetic features within the surveyed area. The amplitude of the anomaly is
approximately 300 gammas, and its major axis trends northwestward. A depth
determination made graphically from a profile constructed through the anomaly
in line with the earth's magnetic field places the top of the magnetic body
about 7,500 feet below the aircraft. Since the elevation of the terrain in
the vicinity of the center of the anomaly is about 2,500 feet above sea
level, the feature responsible for the anomaly is thought to be very near the
surface. The relatively high magnetic susceptibility suggests that this

feature may be a stock of more mafic composition, or a more mafic phase of



the surrounding granitic rocks. The linear magnetic pattern on the eastern
margin of the central sector is probably caused by mafic-rich quartz
diorite of the Hartman River plutons which lie just east of Stony River.

The boundary line marking the change in flight elevation from 10,000
to 7,500 feet is indicated on the upper part of plate 2. The granitic rock
which forms the west prong of the Tired Pup batholith appears to have a
magnetic mineral content similar to the southern part of the batholith.
Local magnetic anomalies and distortions associated with the west prong of
the batholith are related to areas of high relief.

The east prong of the Tired Pup batholith shows a magnetic pattern
signifying a change in the magnetic character of the rock which may be
related to a higher concentration of ferro-magnesian minerals. Only widely
spaced field observations were made in this part of the batholith and, with
the exception of a more mafic border facies immediately west of Sled Pass,
the northeast prong appears to be a relatively homogeneous quartz monzonite
containing less than 10 percent mafic minerals. The magnetic contours show
a definite correlation with the intrusive rocks. Most of the localized
magnetic anomalies scattered near the northeast corner of plate 2 are
topographic effects, but some of these anomalies are associated with exposed
intrusive rocks and others may indicate the location of intrusive rocks
covered either by sedimentary rocks or surficial deposits. The Windy Fork
stock is well delineated by the magnetic contours and appears to be
magnetically similar to the rocks of the east prong of the Tired Pup batholith

which suggests the two bodies may be connected at depth.



Stream Sediment Data

Analytical data for 1,270 stream sediment samples from the area
indicated on figure 1 are given in Table 1. The sample localities are shown
on plate 3. Samples were collected from the active stream channel wherever
possible; where this was not possible, samples were collected from higher
level stream deposits adjacent to the channel. The samples were dried,
sieved, and the minus 80 mesh fractions submitted for analyses.

Analysis for gold was done by R. L. Miller, R. B. Tripp, and H. D.
King, using the atomic absorption method. Results are accurate to +100
percent. The data for the other elements were obtained by six-step
semiquantitative spectrographic analysis. The spectrographic analyses are
reported in percentage (pct) or parts per million (ppm) to the nearest number
in the series 1.0, 0.7, 0.5, 0.3, 0.2, 0.15, 0.1, etc. The precision of a
reported value is approximately plus 100 percent or minus 30 percent. The
semiquantitative spectrographic analyses were done by K. J. Curry.

The analytical data have been processed by means of a computer program
known as GEOSUM which is designed primarily for summarizing and tabulating
geochemical data--especially data from semiquantitative analyses. The
program output consists of: (a) a tabulation of the data, (b) histograms
and cumulative frequency distributions for most of the elements, and (c) a
statistical summary which includes geometric means and geometric deviationms.
Histograms for bismuth, antimony, and tungsten are omitted because of the
low number of samples in which these elements were detected (18, 3, and 6,
respectively). Data for gold have been recast by the GEOSUM program into

the six-step form of the spectrographic analyses.



The results of the analyses of the stream sediment samples are given
in Table 1 as analytical values such as 7.0000 ppm, 10.0000 percent, etc.,
or as qualified values expressed as a letter. These letter codes are N =
not detected, L = less than specified limit of detection, G = greater than
value shown. Note that the right-most zero digits for each analytical value

may or may not be significant. The specified limits of detection are as

follows:
Specified limits of detection
FE PCT MG PCT CA PCT TI PCT MN ppm AG PPM
0.05000 0.02000 0.05000 0.00200 10.00000 0.50000
AS PPM AU PPM B PPM BA PPM BE PPM BI PPM

200.00000 0.02000 10.00000 20.00000 1.00000 10.00000

CO PPM CR PPM CU PPM LA PPM MO PPM NB PPM
5.00000 5.00000 5.00000 20.00000 5.00000 10.00000
NI PPM PB PPM SB PPM SC PPM SN PPM SR PPM
5.00000 10.00000 100.00000 5.00000 10.00000 100.00000
V PPM W PPM Y PPM ZN PPM ZR PPM

10.00000 50.00000 10.00000 200.00000 10.00000

Semiquantitative spectrographic analyses by the U.S. Geological Survey
are reported as geometric midpoints (1.0, 0.7, 0.5, 0.3, 0.2, 0.15, 0.1,
etc.) of geometric brackets having the boundaries 1.2, 0.83, 0.56, 0.38,
0.26, 0.18, 0.12, 0.083, etc. The frequency distributions and histograms
are plotted on logarithmic scales and are computed using these brackets as

class intervals, for example:



Reported value (ppm) Limits

1.0 .83 1.2
1.5 1.2 1.8
2.0 1.8 2.6
3.0 2.6 3.8
5.0 3.8 5.6
7.0 5.6 8.3
10.0 8.3 12.0

On the histograms numbers are shown as powers of 10, for example:
7.0E-01 means 7.0 x 10™% or 0.7
7.0E 00 means 7.0 x 10° or 7.0
7.0E 01 means 7.0 x 100 or 70.0
7.0E 02 means 7.0 x 10° or 700.0
7.0E 03 means 7.0 x 103 or 7,000.0

The histograms are constructed with X's, each of which represents 1
percent of the total number (1270) of samples.

The histograms and the statistics given below them are derived only
from data values within the ranges of analytical determination ("analytical
values”"). The histograms are, therefore, incomplete, and the statistics are
biased if data values qualified with N, L, or G codes are present.
Statistical estimates that are unbiased are given at the end of Table 1.
The geometric mean is the antilogarithm of the arithmetic mean of the logs

' or of a characteristic

of the analyses and an estimate of ''central tendency,'
value, of a frequency distribution that is approximately symmetrical on a

log scale, and is therefore useful for characterizing many geochemical



distributions. The geometric mean is not an estimate of geochemical
abundance. The geometric deviation is the antilogarithm of the standard
deviation of the logs of the analyses. For further discussion and
explanation of geometric deviation, see Miesch (1963, 1967).

In the computations performed to produce the statistical summary at
the end of Table 1, no computations are performed where any data values
are qualified with the G (greater than) code. Where none of the data
values for an element are qualified the mean and deviation should be the
same as those given in the preceding section. Where data are qualified
with the codes N or L, the estimates of geometric mean and deviation are
based on a method devised by A. J. Cohen for treating censored
distributions. The application of this method to geochemical problems is
described by Miesch (1967). The estimates are unbiased in a strict sense
only where the data are derived from a lognormal parent population, but
experiments have shown that large departures from this requirement may not
greatly invalidate the results. Acceptance and use of the estimates,
however, is the responsibility of the individual.

Discussion

Geologic mapping, the presence of mineralized float, and the
geochemical data delineate areas which may be of economic interest.
Although high values for elements of interest are readily apparent from
the histograms (Table 1), it is futile to attempt to define background and
anomalous values for 1,270 stream sediment samples collected from a diverse
geologic environment covering in excess of 1,500 square miles (pls. 1 and
3). There are, certainly, sediment samples that have metal contents of

interest to a prospector or economic geologist. But a high metal content
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in an isolated sediment sample or a group of samples can be misleading if
local background information is not available. Background, in turn, is
dependent on the geologic environment, chemical mobility of the element
in question, and other factors. Significant, anomalous values are
indicated only by thorough orientation surveys confined to areas of known
geologic or mineralogic environment. Stream sediment sampling in 1969 was
of a reconnaissance nature, and background information on drainage basins
is not available. Because many metal occurrences in this region are found
within, or adjacent to, plutonic rocks and because these rocks underlie a
large portion of the mapped area, analyses of unmineralized plutonic rocks
from the map area are given in Table 2 to aid in establishing local back-
ground values. The samples selected for analyses (plate 4) are unaltered, and
represent the most typical lithology at the sample locality. The analyses
given in Table 2 indicate that the base metal content of the plutonic rock
samples falls close to the average abundance for similar rocks as compiled
by Parker (1967). This suggests that the anomalous metal contents in sediment
samples from streams draining granitic terrain are related to local areas of
metal enrichment within the igneous bodies.

The following descriptions are intended to be illustrative rather than
comprehensive. Isolated occurrences of mineralized float, for which
analyses and a brief megascopic description are given (Table 3, Appendix)
are not discussed separately in the text. Some have a sufficiently high
metal content to prompt investigation of the source.

Area of the Styx River batholith
Sediment samples from streams draining parts of the Styx River batholith

and related plutonic bodies are characterized by high metal values (well
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above those of unaltered rock samples) for several elements, notably
silver, copper, lead, tin, and zinc. In a general way, these values define
a northwest-trending area bounded on the southwest by the Chilligan River
and on the northeast by the Skwentna River and extending northwest to the
South Fork of the Kuskokwim River. The batholith intrudes Mesozoic
metavolcanic and metasedimentary rocks, Tertiary volcanic rocks, and the
Mount Estelle pluton. The batholith is cut by northwest-trending shear
and fault zones which locally have served as structural guides for metal
deposits. Rocks bordering some shear zones are altered and contain
disseminated sulfide minerals. Malachite and azurite are present on joint
surfaces adjacent to many of the shear zones, and minor copper
mineralization is common near the contacts of the batholith and mafic
volcanic rocks of Mesozoic age.

In addition to the metals mentioned above, sediment samples from
streams draining the hills northeast of Jimmy Lake and northeast-flowing
tributaries to the Styx River in the eastern part of the Lime Hills C-1
quadrangle contain high values for arsenic and molybdenum.

In the hills northeast of Jimmy Lake mineralization occurs within
altered portions of a biotite granite stock that intrudes sedimentary rocks
and probably intrudes the overlying Tertiary volcanic rocks. The volcanic
rocks consist of lithic and crystal tuff and contain fragments of slate and
graywacke. The stock, probably a satellite of the Styx River batholith,
contains fluorite as a characteristic accessory mineral. Sparse float from
this area indicates that the granite is locally altered to quartz-sericite-
kaolinite and albite, and contains minor amounts of disseminated galena and

sphalerite (sample S1). Rare pieces of altered granitic float contain
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veinlets (1/8 to 1/4 inch wide) of quartz, galena, sphalerite, and
arsenopyrite (sample S2), and quartz-molybdenite veins (sample S3).

East of the Styx River, granodiorite of the Mount Estelle intrusive
is cut by northwest-trending shear zones and quartz-feldspar porphyry
dikes. The dikes are thought to be offshoots from the Styx River
batholith which cuts the Mount Estelle pluton 2 miles to the southeast.
Mineralization at the occurrence examined is confined to a shear zone 3 to
5 feet wide, over an exposed length of 30 feet. The occurrence may be
representative of the source of other mineralized float found in this area.
Granodiorite in the shear zone is altered to quartz, sericite, and albite
and contains clots of iron oxide minerals and up to 10 percent sulfide
minerals (chiefly pyrite and chalcopyrite (sample S4). Trace amounts of
chalcopyrite are present along fractures and as disseminations in the
granodiorite up to 10 feet from the shear zone (sample S5). The shear
apparently served as a feeder channel for metal-bearing fluids which
locally migrated laterally from the shear along joints and irregular
fractures for distances up to 30 feet. Mineralization at distances greater
than 10 feet from the shear zone is restricted to a thin veneer of malachite
and azurite along joint and fracture surfaces (sample S6).

Small iron-stained zones occur in granodiorite 2,000 feet southeast of
the above locality. Float of altered granodiorite collected downslope for
these altered zones contain small amounts of disseminated pyrite,
chalcopyrite, arsenopyrite, bornite, and tourmaline (samples S7-10).
Although the metal content of some of these samples is high, it should be
noted that mineralized float is sparse and the oxidized zones, as seen from

the air, are small.
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Mineralized float (samples S11-16) is present in a small cirque
1 mile to the south (pl. 4). The float is not abundant; the source is
probably restricted to the immediate area of the cirque.

A small body of grayish-orange-weathering quartz monzonite is exposed
for about 1,000 feet along a ridge east of the South Fork of the Kuskokwim
River (samples S17-18) and is thought to be a satellite of the Styx River
batholith. The quartz monzonite cuts slates and graywacke, and a monzonite
stock tentatively assigned to the Hartman River plutons. The quartz
monzonite contains trace amounts of disseminated chalcopyrite and sparse
fractures locally contain quartz, chalcopyrite, and minor amounts of other
sulfide minerals (sample S19). Soil samples taken along the ridge contain
100-500 ppm Cu, .5-1.5 ppm As, and <200 ppm As.

Altered quartz monzonite float containing 5 to 20 percent sulfide
minerals is abundant on a narrow medial moraine on the east side of a small
glacier in the northern paft of the Lime Hills B-1 quadrangle (samples
S20-23). The quartz monzonite is permeated with iron-oxide minerals and
is composed chiefly of quartz, K-feldspar, and muscovite. The sulfide
minerals occur as small irregular-shaped clots up to 2 cm in diameter, as
disseminated grains, and as thin veinlets up to 5 mm wide. Sphalerite
(marmatite), galena, and pyrite are megascopically visible, but the presence
of tin and silver in the analyses indicate that other minerals, not
identified in hand specimen, may also be present. Quartz monzonite in the
cirque walls at the northeast side of the glacier is locally iron stained,
but the only visible sulfide mineral in these rocks is pyrite. It is likely

that the source of the float lies beneath the glacier.
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Rock samples (S24-26) from an altered and intensely iron-stained
felsic intrusive rock on a tributary to the Styx River (Lime Hills C-1
quadrangle) contain minor pyrite, sphalerite, and galena. The altered
rock, which is exposed for about 200 feet along the creek, is composed
chiefly of quartz, and sericite, with minor K-feldspar and altered biotite.
Sulfide minerals, mostly pyrite, generally constitute less than 1 percent
of the total rock. It occurs chiefly as disseminations in the felsite and
in quartz veins up to 2 inches wide. Sphalerite and galena occur as thin
veinlets up to 2 mm wide and, rarely, as finely disseminated grains in the
felsite.

Mount Estelle Pluton

Sediment samples from streams that drain parts of the Mount Estelle
pluton contain above-average contents of gold, arsenic, copper, silver,
and less commonly zinc, lead, and boron. Gold is consistently present in
amounts between 0.1 and 1.1 ppm in sediment samples from the streams
draining two small glaciers 1 and 2 miles east of Mount Estelle. The
glaciers lie within the Mount Estelle pluton. Analyses of mineralized
float collected from the moraines at the foot of the two glaciers contain
significant amounts of one or more of the following metals: gold, silver,
arsenic, copper, lead, antimony, and tin (samples E1-10). Most of these
samples are apparently quartz vein rock, but sheared intrusive rock and
quartz-carbonate vein rock are also present. The mineralized float is not
abundant, although some of the samples analyzed were from boulders up to two
feet in diameter. Prominent alteration was not seen in the intrusive, but
locally, narrow (0.6 to 2 feet wide) light-colored dikes were observed from

the air.
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Trace amounts of gold have been reported from gravels at Hellsgate
(Spurr, 1900, p. 260) and from both sides of the northern part of the Mount
Estelle pluton (Brooks, 1911, pl. 9). It is likely that the source of the
gold is the quartz veins which represent a late- or post-magmatic period
of metallization associated with the Mount Estelle pluton.

McGrath A-2 quadrangle

Molybdenum is commonly present in sediments from streams draining the
ridge between Krunka Creek and the West Fork of the Post River. The area
is underlain by Paleozoic black shale, argillaceous sandstone and limestone.
A narrow stock of quartz monzonite cuts the sedimentary rocks, and small
oxidized zones are locally present along the contact. The highest
molybdenum values (20-70 ppm) are from streams on the north side of the
ridge.

The source of the molybdenum cannot be readily explained. It may be
related to shales with above-average concentrations of molybdenum.
Molybdenum values of 10-30 ppm occur in sediment samples at Jay Creek three
miles to the north (Reed and Elliott, 1968b) which lies in a similar geologic
environment. However, it also should be pointed out that other areas of
similar geologic environment between the Windy Fork and Post Rivers do not
contain anomalous molybdenum values in sediment samples. The molybdenum
content of the quartz monzonite stock (sample G39, table 2) is less than
5 ppm, but additional background information for the area between Krunka
Creek and the West Fork of the Post River is necessary to determine if the

molybdenum values are of significance.
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Hartman River - South Fork Kuskokwim River area

Mineral occurrences in an area bounded by the upper reaches of the
Hartman, Stony, and South Fork Kuskokwim Rivers are diverse in nature and
are herein grouped for geographical and not geological reasons. Cretaceous
metasedimentary rocks, Tertiary volcanic rocks, and granitic rocks of two
or more intrusive suites underlie this region.

Veins and float containing sulfide minerals are present in the
vicinity of three small glaciers at the head of the south fork of the
Hartman River, 6 miles southeast of Sled Pass (samples Hl1-7, pl. 4). The
sulfide minerals are pyrite, arsenopyrite, chalcopyrite, and pyrrhotite.
This area is underlain by dark, relatively unmetamorphosed, clastic sediments
in which shale or argillite predominates over fine-grained graywackes. These
rocks are cut by a series of shears and faults which strike in é generally
east-west direction and dip steeply to the north or south. The shear zones
are spaced about 300 to 500 feet apart. A small granitic body occurs
approximately 1 mile southwest of the three glaciers.

Mineralization is of three types: (1) clastic sediments containing
disseminated sulfide minerals adjacent to shear zones (H-1), (2) narrow
veins of massive arsenopyrite and(or) pyrite with minor chalcopyrite along
shears (H-2), and (3) minor sulfides in quartz veins (H-3 - 6). Disseminated
sulfide minerals do not comprise more than 10 percent of the rock and are
generally confined to the immediate vicinity of a shear zone. Veins of
arsenopyrite and(or) pyrite with minor chalcopyrite are generally less than
two inches wide and sparsely distributed. Replacement of adjacent rock is
uncommon. Quartz veins, 1 to 6 inches wide, are common throughout the area
but are generally barren of sulfide minerals. In veins that contain sulfide

minerals, arsenopyrite, pyrite, pyrrhotite, and chalcopyrite seldom exceed
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10 percent of the vein material. Trace amounts of gold are present in
some sediment samples from this area, but the quartz veins sampled are not
auriferous.

Several massive stibnite blocks up to 1 foot across are present in
frost-heaved rubble near the top of a ridge and in talus on the west side
of the ridge east of Sled Pass (samples H-8-9). The area is underlain by
dark gray argillite and interbedded graywacke. The float samples are
probably no more than a few feet or a few tens of feet from their source.
The inclusion of angular fragments of argillite and the overall brecciated
texture of some of the blocks suggest that the occurrence is probably

localized along faults or shear zones.
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Appendix
The following megascopic descriptions of mineralized bedrock and
float samples are, in some cases, supplemented by whole rock X-ray
diffraction analyses and examination of polished sections. The analyses of

the sampies are given in table 3 and their locations are shown on plate 4.

S-1 Boulder; altered granite consisting chiefly of
quartz, sericite, kaolinite, albite, and less
than 5 percent disseminated galena and
sphalerite.

S-2 Cobble; altered granite, similar to S-1 but with
thin veinlets of quartz, sphalerite, galena, and
arsenopyrite, trace of chalcopyrite.

S§-3 Cobble; partially altered granite with 1 inch wide
quartz-molybdenite vein.

S-4 Altered granodiorite (chiefly quartz and sericite)
with 5 to 8 percent disseminated pyrite,
arsenopyrite, and chalcopyrite.

S-5 Partially altered granodiorite with 3 to 5 percent
disseminated pyrite and chalcopyrite; malachite
on joint surfaces.

S-6 Granodiorite with malachite and azurite on joint
surfaces; hornblende and biotite are slightly
altered.

S-7 Cobble; altered granitic rock with 5 to 8 percent
disseminated sulfide minerals; chiefly bornite
and chalcopyrite.

S-8 Cobble; altered granitic rock with 10 percent
disseminated arsenopyrite and chalcopyrite.

S-9 Cobble; altered granitic rock with seams of
tourmaline and minor bornite; less than 2
percent bornite and chalcopyrite disseminated
throughout ; malachite on fractures.

S-10 Fissure filling in quartz monzonite boulder
containing tourmaline, chalcopyrite, and
arsenopyrite; chalcopyrite disseminated over a
width of 10 to 15 cm.
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S-11
S-12

S$-13
S-14

S-15

§-16
s-17

S-18

5-19

S$-20

s-21

§-22

§-23

S-24

Cobble; granodiorite with about 15 percent
chalcopyrite interstitial to quartz, K-feldspar,
and plagioclase. Float is rare.

Cobble; altered felsic rock containing 30 percent
sulfide minerals; chiefly pyrrhotite,
sphalerite, galena, and pyrite.

Boulder; biotite, quartz and actinolite(?) with
5 percent chalcopyrite.

Cobble; fine-grained banded sulfides; chiefly
pyrrhotite and sphalerite, and minor galena.

Boulder; banded fine-grained sulfides similar to
S-14. Chiefly pyrrhotite and sphalerite
(marmatite) with calc-silicate minerals; minor
galena and pyrite.

Cobble; white vein quartz containing sphalerite
and galena.

Grab sample of fine-grained quartz monzonite that
contains pyrite and trace amounts of chalcopyrite.

do

Fracture (1 cm wide) in quartz monzonite filled
with quartz, chalcopyrite, pyrite, and trace
amounts of other sulfide minerals.

Boulder; altered quartz monzonite (quartz, K-
feldspar, and sericite) containing about 15
percent irregular clots up to 1 cm in diameter
of fine-grained sphalerite, galena, and minor
pyrite.

Cobble; altered quartz monzonite with thin seams
(0.5 to 2 mm wide) of pyrite, sphalerite, and
galena.

Cobble; altered quartz monzonite containing 3 to
5 percent disseminated galena and pyrite.

Cobble; altered quartz monzonite containing about
20 percent disseminated sphalerite, galena, and
other unidentified sulfide minerals.

Quartz-pyrite vein (1 to 2 cm wide) in bleached
felsic intrusive; trace of sphalerite.
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S-25 Iron-stained gouge from 10 cm wide shear zone in
bleached/altered felsic intrusive.

S-26 Bleached/altered felsic intrusive with minor
disseminated pyrite and small (1 mm wide)
veinlets of pyrite and sphalerite.

S§-27 Boulder; mafic rock containing 30 percent massive
chalcopyrite and pyrite.

S-28 Cobble; tourmaline-quartz rock with 20 percent
disseminated arsenopyrite, pyrite, and
chalcopyrite.

S§-29 Cobble; altered felsic rock with 3 percent dissemi~
nated pyrite and galena; limonite and malachite
on fracture surfaces.

S-30 Boulder; altered, sheared, fine-grained igneous
rock with minor disseminated pyrite (2%),
galena (1 to 2%Z), and trace of sphalerite and
arsenopyrite.

E-1 Cobble; sheared granodiorite containing minor
amounts of disseminated chalcopyrite; malachite
on fracture surfaces.

E-2 Cobble; bull quartz with less than 1 percent
galena; probably contains trace amounts of free
gold.

E-3 Cobble; sheared and altered quartz monzonite
containing trace amounts of galena, pyrrhotite,
and arsenopyrite.

E-4 Boulder; bull quartz with 20 percent chalcopyrite
and trace of arsenopyrite.

E-5 Boulder; similar to sample E-4.

E-6 Boulder; granodiorite containing narrow (<1 inch
wide) quartz-chalcopyrite-arsenopyrite-
pyrrhotite-pyrite veins.

E-7 Boulder; altered granodiorite with thin (<1 inch)
seams of arsenopyrite, pyrite, and chalcopyrite;
minor amounts of disseminated chalcopyrite and
pyrite.

E-8 Cobble; banded quartz vein containing tourmaline,
arsenopyrite, pyrite, and chalcopyrite.
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E-9

E-10

E-10

H-11

H-12

H-13

Boulder; altered granodiorite containing l-inch
wide veins of quartz, arsenopyrite, pyrite,
and chalcopyrite.

Boulder; brecciated quartz-carbonate vein(?)
containing less than 10 percent combined
pyrite, chalcopyrite, and galena.

Graywacke containing less than 5 percent
disseminated pyrite and chalcopyrite.

Boulder; argillite containing l-inch wide vein
of arsenopyrite (75%), pyrite (10%), and
sheared argillite (15%).

Three-foot wide quartz vein containing arseno-
pyrite (10%) and minor chalcopyrite.

Boulder; 6~inch quartz vein in argillite
containing pyrite, arsenopyrite, and
chalcopyrite.

Boulder; quartz porphyry containing small
veinlets (1 to 2 mm wide) of sphalerite and
pyrite.

Boulder; argillite with 2-inch wide quartz vein
containing tourmaline, arsenopyrite, and pyrite.

Boulder; argillite containing 2-inch wide veins
of quartz, tourmaline, pyrrhotite, arsenopyrite,
and minor chalcopyrite.

Float (6-inch diameter); massive stibnite
containing 10 percent angular fragments of
argillite.

Float; as sample H—fa, but 12 inches in diameter.

Quartz vein 2 inches wide containing less than 2
percent finely disseminated molybdenite. Vein
in quartz diorite.

Boulder; brecciated quartz diorite containing open
space quartz tourmaline veins with 15 percent

chalcopyrite and 5 percent pyrite.

Boulder; diorite gneiss with tourmaline and
disseminated chalcopyrite (15 percent).

Cobble; bull quartz containing less than 2 percent
molybdenite.
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H-14 Cobble; quartz with less than 10 percent
sphalerite and pyrite occurring in thin
veinlets 1 to 3 mm wide.

H-15 Cobble; quartz, pyrrhotite (40 percent), and minor
chalcopyrite.

H-16 Boulder; 2 feet in diameter, sulfide breccia that
contains angular fragments of volcanic rock; 60
percent sulfide minerals, chiefly galena and
subordinate sphalerite, bournonite, chalcopyrite,
and pyrite. Volcanic rocks in cirque to east are
locally altered.
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