73-/§9

UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY (:f;éiiiS

GEOCHEMICAL SURVEY OF THE EASTERN SOLOMON AND

SOUTHEASTERN BENDELEBEN QUADRANGLES, SEWARD PENINSULA, ALASKA

by

Thomas P. Miller and Donald G. Grybeck

Open—-file report

1973
73-189

This report is preliminary
and has not been edited or
reviewed for conformity with
Geological Survey standards



Introduction

A reconnaissance geochemical sampling program involving chiefly
stream sediment sampling has recently been completed as part of a
regional mapping project in the southeastern Seward Peninsula. A total
of 422 stream sediment samples were collected over an area of about
1400 sq mi and rock samples from some of the mineralized localities
encountered during the mapping were also analyzed. This program was
designed to supplement geologic mapping by providing background geo-
chemical data and the purpose of this report is to present the results
of this sampling program.

A geologic map which includes the survey area has recently been
completed by Miller and others (1972) and should be consulted in inter-
preting the analytical results discussed in this report. Earlier geologic
reports on parts of the area are contained in Smith and Eakin (1911) and
Mendenhall (1901). The lead-silver deposits at the Omilak mine and the
Foster prospect in the Darby Mountains (fig. 1) have been discussed by
Herreid (1965) and Mulligan (1962) and a mineralized area in the northern
Darby Mountains was reported in Miller and others (1971).

Sampling and Analytical Procedures

The analytical data for the stream and rock sediments are given in
tables 1 and 2 respectively and the location of analyzed samples are shown
in figure 1. Standard procedures were followed in the collection and
preparation of the stream sediment samples. They were generally collected
from the active stream channel; where this was not possible, the samples
were collected from stream deposits adjacent to the active channel. The
samples were dried, sieved, and the -80 mesh fraction was analyzed for
30 elements by the six-step semiquantitative spectrographic method and
for gold by atomic absorption techniques. The spectrographic analyses
were reported in percentage (pct) or parts per million (ppm) as geo-
metric mid-points (i.e., 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. or some multiple thereof. The precision of
semiquantitative spectrographic results is approximately plus 100
percent or minus 50 percent; analyses for gold by the atomic absorption
method are accurate to + 100 percent.

The geochemical results in tables 1 and 2 are reported as analytical
values such as 7.000 ppm, 10.000 percent, etc. or as qualified values
expressed by a letter symbol. These letter codes are N = not detected,

L = present but less than value shown, G = greater than value shown,
and B = no data. Note that the right-most zero digits for each analytical
value may or may not be significant.

The specified lower limits of detection for each element are as
follows:

Fe(iron) Mg (magnesium) Ca(calcium) Ti(titanium)
.05% .02% .05% - .002%
Mn (manganese) Ag(silver) As(arsenic) Au(gold spec.)

10 ppm 0.5 ppm 200 ppm 10 ppm



B(boron) Ba(barium) Be(beryllium) Bi(bismuth)

10 ppm 20 ppm 1 ppm 10 ppm
Cd(cadmium) Co(cobalt) Cr (chromium) Cu(copper)
20 ppm 5 ppm 10 ppn 5 ppm
La(lanthanum) Mo (molybdenum) Nb(niobium) Ni(nickel)
, 20 ppm 5 ppm 10 ppm 5 ppm
Pb(lead) Sb (antimony) Sc (scandium) Sn(tin)

10 ppm 100 ppm 5 ppm 10 ppm
Sr (strontium) V(vanadium) W(tungsten) Y(yttrium)
100 ppm 10 ppm 50 ppm 10 ppm
Zn(zinc) Zr (zirconium) Au(gold, atomic absorp.)

200 ppm 10 ppm .02 ppm

The semiquantitative spectrographic analyses were done by K. J.
Curry and the atomic absorption analyses were done chiefly by R. L.
Miller and D. G. Murrey.

Because the original computer print-out is used in tables 1, 2, 3
and 5, element symbols are in capital letters; for example, the symbol
for iron, Fe, becomes FE, magnesium, Mg, becomes MG, and so on.

The results of the stream sediment analyses have been processed by
means of a computer program known as GEOSUM and are presented in table 3.
The GEOSUM program is designed primarily for summarizing and tabulating
semiquantitative spectrographic analyses. The program output consists
of: (a) a tabulation of the data, (b) histograms and cummulative
frequency distributions, and (¢) a statistical summary which includes
geometric means and deviations. All 422 stream sediment analyses were
run through this program and the histograms and other statistical para-
meters for the entire sample set are given in tables 1 and 3.

The frequency distributions and histograms are 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 decimal numbers are shown as powers of 10, for
example:

.0E-01 means 7. 10-l or 0.7
.OE 00 means 7. 10° or 7.0
101 or 70.0

102 or 700.0
103 or 7,000.0

.0OE 02 means

7 7.0
7 7.0
7.0E 01 means 7.0
7 7.0
7.0E 03 means 7.0

KM N XM



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

The histograms and the statistics given below them are derived only
from data values within the ranges of analytical determination ("analytical
values") and the statistics are biased if data values qualified with N, L,
B, T, or H codes are present. Statistical estimates that are unbiased in
this regard are given for all 422 samples at the end of table 3. The
geometric mean is the antilogarithm of the arithmetic mean of the logs
of the analyses and an estimate of ''central tendency," or of a character-
istic value, of a frequency distribution that is approximately symmetrical
on a log scale, and is therefore useful for characterizing many geo-
chemical distributions. The geometric mean is not an estimate of geo-
chemical abundance. The geometric deviation is the antilogarithm of the
standard deviation of the logs of the analyses. See U.S$.G.S. Bulletin
1147-E, p. 20-23, for further discussion and explanation of geometric
deviation.

Summary of Results

The stream sediment sampling program provided geochemical back-~
ground information which will be useful in future exploration in this
and nearby areas. As an aid in determining the geochemical background,
statistical parameters for selected elements have been computed for
each of six geologic units or combination of units that underlie most
of the survey area (tables 4, 5). These parameters were determined by
considering those samples from streams that drained only one particular
geologic unit. 1In the interpretation of a geochemical result from any
particular stream sediment sample, or group of samples, an examination
of the geologic map in order to determine the geology of the drainage
basin followed by inspection of tables 3, 4 and 5 is strongly recommended.

There is a wide range in background values depending on the bedrock
of the drainage basin. Table 4 shows the geometric means of sediment
analyses from the streams that drain a particular geologic unit or units.
Copper, for example, shows a range in geometric mean from 5 ppm in streams
draining only the Darby pluton to 55 ppm in streams draining the Devonian
limestone and dolomite. The geometric mean of lead ranges from 16 ppm
in the streams draining schistose marble to 72 ppm in streams draining
the composite Kachauik pluton. Other elements show similar ranges and
indicate the importance of considering the bedrock geology in interpreting
the significance of any particular stream sediment analysis, or group of
analyses.

Values were designated as anomalous in this report largely on the
basis of the histograms in tables 3 and 5; it should be emphasized, however,
that the stream sediment sampling was of a reconnaissance nature and the
selection of anomalous values remains subjective and interpretive in our
part.

The north end of the Darby Mountains is a strongly faulted area
with numerous gossans and altered zones. Anomalous amounts of molybdenum,
lead, zinc, and silver found in streams draining mineralized areas in
and near Windy Creek and Granite Creek (samples 13-36, table 1) have
already been reported in Miller and others (1971). Mapping in 1971 re-
sulted in the discovery of galena and sphalerite with minor chalcopyrite
and rare fluorite in quartz-—aplite breccia fillings in hornfelsed black
slate northeast of the area at rock sample locality 1, fig. 1 and adjacent




to the major fault bounding the south side of the Bendeleben Mountains.
Although the examination was brief and much of the area is tundra-
covered, mineralization was noted over an area of about 400 feet by
200 feet. Analyses of composite and selected grab samples from the
area show anomalous lead, zinc, silver, and copper (samples 71 AGk282,
table 2). Sediment samples (13 and 14) from streams draining the

west side of the locality contain anomalous amounts of lead (150 ppm)
and zinc (200 ppm).

Further east along the major fault mentioned above anomalous
amounts of bismuth (more than 10,000 ppm) were reported in a small
gossan in high grade metamorphic rocks (locality #2, fig. 1) and from
a soil sample collected at a cold spring (locality#3, fig. 1). This
general area at the north end of the Darby Mountains and near the
range front fault appears to be a strongly mineralized area.

Numerous gossans and altered zones occur in the intrusive and
metamorphic rocks of the eastern Bendeleben Mountains. They are
generally narrow and of limited extent; analysis of grab samples
(not shown in table 2) from some of these localities commonly showed
weakly anomalous amounts of molybdenum (up to 100 ppm). Sainsbury
and others (1969) reported a similar anomaly in the western Bendeleben
Quadrangle and suggested the anomaly was related to either mineralization
along faults or to a gneiss unit.

Sediment samples (50-87) from streams draining the Omilak mine
and the Foster lead-silver prospect show expected high amounts of lead
and zinc. Detailed discussions of the mine and prospect were contained
in Herreid (1965) and Mulligan (1962) and they will not be discussed
here. Numerous small gossans and altered zones occur in the area and
many anomalous amounts of one or more of the following: 1lead, zinc,
silver, copper, tin, arsenic, and antimony. Representative sampled
localities are shown on fig. 1 and analyses are contained in table 2.
Although these altered zones individually are of limited extent, they
do indicate the area of mineralized rock surrounding the Omilak mine
and Foster prospect.

Slightly anomalous amounts of tin and gold are reported from
samples 48 and 49 from Otter Creek northeast of the Omilak-Foster
area. Herreid (1965) reported tin anomalies in these and nearby
streams and described an abandoned tin placer prospect on Otter Creek.

A small lead-zinc prospect occurs at the head of Dry Canyon Creek
(fig. 1) near the contact between granite and feldspathic schist and
marble. Sphalerite, galena, chalcopyrite, and pyrite were noted. A
sediment sample (sample 121, table 1) from Dry Canyon Creek collected
below the prospect contained expected anomalous amounts of lead and
zinc. A sample (#130, fig. 1; table 1) from the head of the next creek
to the south contains 150 ppm lead suggesting that the mineralized area
may extend into the next drainage.

A placer gold mine (fig. 1) is located at Aggie Creek (mislabeled
on published maps), a west-flowing tributary to Fish River. Lu and
others (1968) report past production of $101,604, principally in the
1930's and 1940's. Aggie Creek drains chiefly a schistose marble unit
(labeled as p€sm in Miller and others, 1972) cut locally by quartz
latite porphyry. No obvious altered zones which might constitute a



a bedrock source for the gold were noted in the schistose marble.

East of Aggle Creek an altered quartz latite porphyry (loc. 14,

fig. 1) contains anomalous amounts of gold and arsenic (sample

71 AGk266, table 2) and such altered intrusive rocks in the Aggie Creek
might be the bedrock source. The Aggie Creek drainage also lies along
the crest of a northwest-plunging anticline as shown by Miller and
others (1972) and as indicated on aeromagnetic maps (State of Alaska,
Div. of Geol. Survey, Aeromagnetic Survey maps, Solomon C-3, D-3)

and mineralization may be related to this structure. A weak-to-
moderate copper anomaly also occurs in this area as can be seen

from histograms given for this unit in table 5. Histograms were
computed for 62 samples collected from streams which drain only the
schistose marble and the histogram for copper shows a distinct bi-
modal distribution. When 22 samples from Aggie Creek and nearby
drainages along the crest of the anticline were eliminated, most of

the high copper values were eliminated as shown by a histogram of
copper distribution without the Aggie Creek and nearby samples (table 5).
The copper anomaly is distinct but not large as values are not over

100 ppm.

Anomalous amounts of niobium in the Clear Creek-Vulcan Creek area
east of the Darby Mountains were noted by West (1953) who reported the
occurrence of a uraniferous niobate mineral in heavy mineral fractions
from pan concentrates. A moderate niobium anomaly also occurs in
sediment samples from streams in this area as niobium values of 30-

70 ppm occur in several streams, particularly in the Clear Creek
drainage. The 70 ppm values in samples 266 and 273 are the highest
reported in approximately 2100 stream sediment samples collected from
6 different areas in western Alaska (this report; Miller, 1969; Elliott
and Miller, 1969; Asher, 1969, 1970; Patton and Csejtey, 1970). The
samples from the Clear Creek area also contain anomalous amounts of
zirconium and lanthanum and weakly anomalous amounts of tin and
molybdenum.

The bedrock source of the Clear Creek-Vulcan Creek anomaly is
not known. The area is underlain by the Darby pluton, which is
composed of coarse-grained leucocratic quartz monzonite. Semiquantitative
spectrographic analyses of representative quartz monzonite samples
show a niobium content of 10-30 ppm which is within the range shown by
Parker and Fleischer (1968) for rocks of this composition. The
distribution of anomalous niobium values in the Vulcan Creek area
suggest possible mineralization along a faulted contact. In the
Clear Creek area, however, the anomalous niobium occurs in streams
that drain chiefly the interior of the pluton. West (1953) suggested
that the association of topaz and a trace of cassiterite with the
uraniferous niobate mineral in pan concentrates indicates a lode tin
occurrence or pegmatitic phases in the granite. The recent regional
geologic mapping in the area suggests several possibilities. Several
distinct lineaments occur in the Clear Creek area and one or more of
these may be mineralized. The association of anomalous elements found
in the stream sediments is typical of late stage differentiates of
granitic magma; pegmatites were not observed in the Darby pluton but



aplite and alaskite dikes are common and may be the source of the
anomalous elements. The Clear Creek area also marks the approximate
contact between a hornblende-biotite quartz monzonite in the south
and a hornblende-free biotite quartz monzonite in the north.

Although alkaline igneous rocks, commonly rich in niobium (Parker
and Fleischer, 1968) occur in the southeastern Seward Peninsula (Miller,
1972; Miller and others, 1972), they are found west of the Darby
Mountains and were not observed in any of the drainages discussed here.
Also the alkaline rocks appear to be older than the quartz monzonite
of the Darby pluton.

The Darby pluton also has high background values of uranium and
thorium, which is particularly interesting in view of the uraniferous
niobate minerals reported by West (1953). Three samples considered
to be representative of the range in composition of the pluton showed
a range of urariium content of 8.8 to 14.6 ppm and a 48.8 to 64.6 ppm
range in thorium, according to gamma-ray spectrometric analysis (Carl
M. Bunker, 1971, written com.). These values are similar to published
averages of 15 ppm U and 56 ppm Th (Rodgers and Adams, 1969) for the
thorium-and uranium-rich Conway granite of New Hampshire. The nearby
Bendeleben pluton, in contrast, has a range of 1.8-4.4 ppm U and 16.9-
21.4 ppm Th which is similar to published values (Rodgers and Adams,
1969) of 4 ppm U and 18 ppm Th for average granite.

Relatively large amounts of Cu, Ni, Co, Cr, Mn, Fe, B, Sc, and
V occur in sediments from streams that drain chiefly Devonian carbonate
rocks east of the Darby Mountains as indicated by the high geometric
means for these elements given in table 4. These elements are not
typical of carbonate rocks and analyses of representative rock samples
of limestone and dolomite from this unit show low values for all these
elements. The high values of at least some of these elements may be
due to the numerous dikes and plugs of diabase that intrude the strongly
faulted carbonate rocks east of the Darby Mountains. Analyses of
representative diabase show the expected high amounts of the above elements.

Several minor prospects occur in the southeastern part of the
survey area. A small copper prospect, first mentioned by Smith and
Eakin (1911), occurs north of Carson Creek (loc. 15, fig. 1) northeast
of Cape Darby where a malachite-~stained area is exposed in the seacliff
over an area of about 10 feet by 10 feet in quartz-biotite-feldspar
schist. An analysis of a composite grab sample of mineralized schist
is given in table 2 (sample 71 AMm609). Stibnite in quartz gangue
was found in dump material around a small shaft north of Walla Walla
Creek (loc. 16, fig. 1); this is probably the lode gold prospect mentioned
in Smith and Eakin (1911, p. 129). An analysis of a composite grab
sample of the richest material found (sample 71 AMm476, table 2) revealed
the expected high antimony but no gold. The prospect is located in
black siliceous-graphitic schist near the eastern border of the Darby
pluton. A small gossan in limestone near the Kwiniuk River (loc.l17,
fig. 1) contains anomalous amounts of zinc, lead, copper, and barium
(sample 70 AMm156, table 2).

Anomalous amounts of silver, arsenic, lead, and zinc were found in
a highly altered 5-foot wide fault zone in granite on the west side of
Cape Darby (loc. 18, fig. 1; sample 60 AMm135, table 2).
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