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STUDIES RELATED TO AMRAP

The U.S. Geological Survey is required by the Alaska
National Interests Lands Conservation Act (Public Law 96-487,
1980) to survey certain Federal lands to determine their mineral
potential. Results of the Alaska Mineral Resource Assessment
Program (AMRAP) must be made available to the public and be
submitted to the President and Congress. This study presents
results of a geochemical survey conducted around five cinnabar-
stibnite mineral occurrences in the Ruskokwim River region,
southwestern Alaska (fig. 1). Geochenical data are presented
here for stream water and vegetation samples collected near these
mineral occurrences. The geochemical and mineralogical data for
the stream sediment and heavy-mineral-concentrate samples from
this study were reported in Gray and others (1990).

INTRODUCTION

This study was conducted in the summer of 1989 as an
orientation survey for future regional geochemical assessment
studies in a region containing widespread cinnabar and stibnite
mineral occurrences. The occurrences evaluated in this study are
located in the Sleetmute, McGrath, and Taylor Mountains 1° X 3°
quadrangles. The study area covers approximately 19,200 km
(7410 mi%). The purpose of this study was to evaluate several
different sample media for their efficiency in geochemical
prospecting for Hg-Sb lode deposits. Another objective was to
identify the most reliable and most cost~effective sampling
methods and analytical techniques for use in AMRAP studies
currently being conducted by the U.S. Geological Survey. Results
of this study will be useful in the exploration for similar
mineral systems.

The terrain of the study area is dominated by low rolling
hills with broad, sediment-filled lowlands as exemplified by the
Kuskokwim Mountains in the central portion of the region. The
most rugged topography occurs in the Kiokluk Mountains and a few
other scattered mountain peaks. The maximum elevation in the
area is 1248 m (4093 ft) and is located in the Kiokluk Mountains
approximately 16 km (10 mi) south of the Mountain Top mine. Much
of the study area is swampy, especially along portions of the
Ruskokwim River basin. The minimum elevation occurs in these
lowlands and is approximately 30 m (100 ft). The region is
covered with vegetation that ranges from northern latitude
forests to subarctic tundra.

GEOLOGY OF THE CINNABAR AND STIBNITE MINERAL OCCURRENCES

Most of the cinnabar and stibnite mineral occurrences are
hosted in sedimentary rock of flysch association, but are also
found in mafic dikes, carbonate rock, and hypabyssal rhyolite.
Cinnabar and stibnite are the dominant ore minerals at these
mineral occurrences, with lesser amounts of realgar, orpiment,
and rarely native mercury. Ore minerals occur primarily in
quartz-carbonate veins and stockworks that are typically found



AIBBANKS
A \
\ ANCHORAGE
he ]
/4
\
‘ \
’ 2
/
/ \\
/ g v 800 Mlles
4
ed ’p-‘,l s00 \\
\
159"’ \152°

80 60 Miles
1 -

610 Kllometers

O-TD

QUADRANGLES

(1) — tdltarod

{M) - McGrath

(S) — Sleetrude

{LH) - Lima Hlts

(T™M) -~ Taylor Mountains

MINES AND PROSPECTS
1 - Red Devil

2 — Cinnagber Creei

8 - Mourtsin Top

4 - Rhyollte

6 - White Mounteln

GEOLOQY

le-m— Devanian to Cambrian
Holitne Qroup

._ Lower Cretaceous and
Trigasle Gemuk Broup

‘Kk =7} Cretaceous Kuskokwim Qroup

KTrQ~

Figure 1. Location of the cinnabar-stibnite mineral occurrences

studied.



along faults and fractures, or at the contacts between dikes and
surrounding sedimentary rocks (Sainsbury and MacKevett, 1960).

Many of the cinnabar and stibnite mineral occurrences,
including the large Red Devil deposit, are hosted by rocks of the
Cretaceous Kuskokwim Group. In the Red Devil area, rocks of the
Kuskokwim Group consist primarily of interxbedded graywacke and
shale that are intruded by numerous Cretaceous-Tertiary mafic
dikes. Mineralized epithermal veins at Red Devil are found in
both altered dikes and at the intersection of bedding plane
faults with the dikes (Sainsbury and MacKevett, 1865). Cinnabar
and stibnite are the most common ore minerals at Red Devil, but
minor amounts of realgar, orpiment, pyrite, and hematite also
occur (MacKevett and Berg, 1963). The cinnabar and stibnite are
found primarily as open-space fillings in quartz-rich veins that
also contain carbonate, limonite, and dickite gangue minerals.
Individual veins are often small and less than 2.5 cm thick, but
occaslonally reach 1 m in width and several tens of meters in
length (Sainsbury and MacKevett, 1965).

The Mountain Top mine is also located within rocks of the
Kuskokwim Group. At Mountain Top, mineralized veins have only
been recognized within Cretaceous-Tertiary mafic dikes that
intrude the graywacke and shale of the Kuskokwim Group (Sorg and
Estlund, 1972). The dikes, where mineralized, are brecciated and
faulted. Cinnabar is found primarily as vug fillings in veins up
to 0.3 m wide, along with gquartz, dolomite, pyrite, solid and
liquid hydrocarbons, and dickite. Stibnite 1s found only as
finely-crystalline fragments in some small quartz veins or in
highly weathered float (Sorg and Estlund, 1972).

The cinnabar-bearing veins at the Rhyolite prospect are
found withiln Cretaceous-Tertiary rhyolite dikes that intrude
graywacke and shale of the Kuskokwim Group. These dikes are part
of the large porphyritic rhyolite stock at Juninggulra Mountain
(Sainsbury and MacKevett, 1965). Cinnabar is the only sulfide
recognized at this locality and is found as open-space fillings
in quartz-dolomite veins, and as disseminations within the veins
and the adjacent graywacke (Sainsbury and MacKevett, 1965).
Gangue minerals include dquartz, carbonate, kaolinite, dickite,
and limonite.

The Cinnabar Creek prospects are located within the rocks of
the Triassic and Cretaceous Gemuk Group. In the vicinity of
these prospects, rocks consist primarily of interbedded graywacke
and siltstone, with lesser lavas, tuff, chert, and limestone, all
of Triassic age (Sainsbury and MacKevett, 1965). Cretaceocus-—
Tertiary mafic dikes that exhibit silica-carbonate alteration cut
these rocks near the prospects, however these altered dikes do
not constitute high-grade ore (Sainsbury and MacKevett, 1965),
High-grade cinnabar ore is found as massive replacements,
disseminations, and vug fillings within small quartz-carbonate
stockworks that occur along faults cross-cutting siltstone and
graywacke of the Gemuk Group. Native mercury, and lesser
stibnite and pyrite are associated with the cinnabar. Native
mercury is particularly visible within sheared and brecciated
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sedimentary rocks and in streams in the area.

The White Mountain prospects are found within the rocks of
the Cambrian to Devonian Holitna Group. Cinnabar, the only ore
mineral recognized, is spatially associated with faults, most
commonly where shale is faulted against limestone (Sainsbury and
MacKevett, 1965). Cretaceous~Tertiary mafic dikes are also found
in the White Mountain area, but have not been reported to be
mineralized. cCinnabar is most commonly hosted by brecciated and
silicified limestone and dolomite, occurring as disseminations
and within veins up to 10 cm wide. Carbonate, limonite, dickite,
and minor quartz comprise the gangue minerals (Sainsbury and
MacKevett, 1965).

METHODS OF STUDY
Geochemical Sampling Techniques

Detailed geochemical sampling was conducted proximal to the
five mineral occurrences described above, which were considered
to be representative of cinnabar-stibnite mineralization
throughout southwesgstern Alaska. Samples were collected on
approximately one to two kilometer intervals from first- and
second-order stream drainages below known mineral occurrences.

In addition, samples were collected upstream from known
mineralization when possible. Sample site locality maps are
shown in figures 2-6 for the mineral occurrences studied.

At each site a stream water sample was taken from the active
channel. Stream water samples collected at each site included:
a) a 100 ml raw water sample for anion analysis, b) a 60 ml
filtered water sample acidified with nitric acid for cation
analysis, and c) a second filtered water sample of 30 ml was
collected for Hg analysis and was acidified with hydrochloric
acid, hydrogen peroxide, and nitric acid. Filtered water samples
were acidified to prevent precipitation of metals and bacterial
growth. Disposable 0.45 micron filters were used for the
collection of filtered water samples. All stream water samples
were collected in polypropylene bottles that were rinsed on site
with a small amount of stream water for the raw water samples and
filtered water for the filtered water samples. Water
conductivities were measured with a portable conductivity meter
in micromho/cm at 25°C.

Willow and alders were collected as close to the active
stream channel as possible., Initially, only feltleaf willows
(Salix alaxensis) were collected, however at sites where the
feltleaf willow could not be found, the diamond leaf willow
(Salix planifolia ssp. pulchra) or the sandbar willow (Salix
interior) was collected as an alternative. At some sites willows
could not be located, and there an american green alder (Alnus
crispa) sample was collected. Where possible, both willow and
alder samples were collected for comparison of plant chemistries.
The outer four to six inches of new growth of the plant was
typically collected. Approximately 10 to 25 grams of dry plant
material was collected from each site. Both leaves and stems
were



- 1 - - Pttt e RN - i
N H M P S - ! - ~ : .. S 3
\ ) \ R xux. R . //. P e ,.. N

A\

. 7 TN Yof !
o . A v 808 ad o \___ R
/ ! ' 4 .\..11, e, \ __ v \ C Ty ' F a
S W o L EN

Z ot m -
SOOURIDENY (p~0) pul (y-)) SINULSS ‘Asang |8200108D "§N wol sery




158°%00~° 167058”

°1°25,J I. ; . -1 =T

\:r-\ ) i ‘\ < —-: N 1 -
F { _,_, ~ - N T o \ \ )
[~ AL S ‘/ N l r,_ e ; F
4 T \\ |I eda y =
. vl | .. . .
I !
Bsse from U.S. Gaoclopical Survey, 0 1 2 3 MILES
Sleetmute (B-8) Quadrangle — . — -t i y
0 1 2 3 4 KILOMETERS

Figure 3. Localities of samples from the Mountain Top area.
® = Mountain Top mine.



*3oedsoxd eyroiyy -

‘eaze 93TT0AUN 943 woxy serdwes Jo E9F3TIROOT ‘y exnbyx

SHIALANOTIN ¥ ) 2 t 0
1

-
(=]

83K © [

sSusipeny (7-0) OWWROAS

‘AeAmg [80100(00D QN woi 888y

........ s ) |ﬂ°‘.°\' .‘....’ [\ler ]
\\...U
: -
S
Y o e i
S - :
7 : \
“\ . ......
i i1
. | ! '
.. : Ny
\
o~
. ../. ..; - m - - fa 2
~\ !
\M,_A\. . .
.r”.. l\ T.// T - : ’ M - =
A RN N
I ::EUL.“_ 3 /.n. " o - \
% v RN 19LLAY &
i - 3 . v, - .o
b LOOAY +- | 1
i I R :
i "
Ny . 3 , :
i - : |
N ) PR e : !
. e N\ ) % i
ay s §LOAY
.bv\ I ~ . ~ g H
\\m...' 5 ./i., .. I .y
P £ S Ty L j
¢ / _A‘ _ £ ! ) auk;\ T I m
i ) vl i i : R
ik | : ;\\L
%, ﬂﬁ : ~ m
L 00 29




2 N\
WERLES

o )‘;)‘ s
/«W&f?’!-

N

7

Bese from U.S. Geological Survey,
Taylor Mountains (C-8) and (D-8) Quadrangles

(V] 1 2 3 MILES

1 L )]

J
4 KILOMETERS

]

L
¥
0

-
»
[A)

Figure 5. Localities of samples from the Cinnabar Creek area.
R = Cinnabar Creek mine, x - miheral prospects.

8




e20v0” (1 R\l

WHMQO
. -:/\/).,;

SRS
NMOBH +F
DR

< : /‘;
WMOO1
(%6
NG N

[ N
“ .
. Y
RPN ! §ZaN
Lt S
S 7
\ N p
KN
e
N, -
- ; TN 3 \
- N
H 13
A}
\
\

4473, wM103

Sy

3

.
7
‘»
i
.‘

Base from U.8. Geological Survey,
McQrath (A-4) Quadrengle

3 MILES
'

Q-ro

4 KILOMETERS

Figure 6. Localitiaes of samples from the White Mountain area.

2 - White Mountain mine.

9



processed as one sample.

Sample Preparation

No further laboratory preparatlon was necessary on the
stream water samples. The willow and alder samples were
thoroughly washed in deionized water and air dried. No attempt
was made to evaluate or correct for any wind blown detrital
contamination, but eolian contamination is believed to be small
because of the humid climate in the study area. These samples
were then ground in a Wiley mill. The ground plant material was
analyzed by instrumental neutron activation analysis (INAA).

Analytical Techniques
Ion Chromatography

The anions SO, ", NO;, F', and Cl were determined
simultaneously by ion chromatography on unfiltered stream water
samples following the procedure developed by Fishman and Pyen
(1979) . The raw water samples were injected into a chromatograph
where the ions of interest elute through an anion-ion exchange
separator column at different rates depending on the affinity of
each species for the ion-exchange resin. The sample then passes
into a suppressor column and into a flow-through conductivity
cell where the anions are detected and peak heights are recorded
on an output chart. Unknown samples are compared with peak
heights of reference standards to determine sample -
concentrations.

Atomic Absorption Spectroscopy

Iron, Mn, and Zn were determined by flame atomic absorption
spectroscopy on acidified water samples. Antimony, Ag, As, Cd,
Cu, Mo, and Pb were also determined from acidified stream water
samples using a graphite furnace atomic absorption method adapted
from Perkin-Elmer (1977). Mercury was determined on acidified
stream water samples (collected specifically for mercury analysis
as described above) by a cold vapor atomic absorption technique
similar to that described by Kennedy and Crock (1987). 1In this
method, hydroxylamine hydrochloride-sodium chloride and stannous
chloride were added to the water samples in a continuous flow
system to produce Hg . Mercury vapor was then transported to and
measured in an optical absorption cell by atomic absorption
spectrophotometry. The lower limits of determination for all

elements analyzed in the stream water samples are shown in Table
1.

Instrumental Neutron Activation Analysis

Seven to 15 gram aliquots of ground plant material were
dried, compressed into a briquette, and irradiated. Element
concentrations were measured using a high purity germanium
detector similar to the procedure described by Hoffman and
Brooker (1982). Counting times were 500 seconds per sample. The
gamma spectrum was analyzed by a computer program that determined
net peak areas. Analytical values were determined by using

10



Table 1. Lower limits of determination for chemical
methods used for stream water analysis.
[Concentrations as indicated.)

Blement Lower determination ljmit
Ion Chromatography
Chloride (Cl) 0.10 ppm
Fluoride (F) .01 ppm
Nitrate (NOy) .10 ppm
Sulfate (80,) +10 ppm
Atomic Absorption
Iron (Fe) 0.01 ppm
Manganese (Mn) .01 ppm
Zinc (Zn) .01 ppm
Silver (Ag) .02 ppb
Arsenic (As) .50 ppb
Cadmium (cd) .1 ppb
Copper (Cu) 2 ppb
Mercury (Hg) .05 ppb
Molybdenum (Mo) .10 ppb
Lead (Pb) 2.0 ppb
Antimony (Sb) .05 ppb

a calibration developed from data of many internal standard
reference materials. Other reference materials and an NBS
standard were analyzed along with the willows and alders as
analytical monitors. The analytical results of these materials
indicate that INAA results are reliable within + 15 percent for
most elements, but are higher for element concentrations at or
near the limit of determination. The elements analyzed and their

lower limits of determination are shown in Table 2.

DATA STORAGE BYSTEM

The geochemical and mineralogical results were entered into
the Branch of Geochemistry's data base, This data base contains
both descriptive geological information and the analytical data.
Any or all of this information may be retrieved and converted to
a binary form (STATPAC) for computerlzed statistical analysis or
publication (VanTrump and Miesch, 1977).

The data in thils report are also available on 5.25 inch,
360K magnetic diskettes that includes the text in ASCII file
format, and the analytical data in database file (.dbf) format
(S§laughter and others, 1990). Access to this information
requires an IBM compatible computer using MS DOS, a 5.25 inch
drive capable of handling 360K diskettes, and a database program
able to import .dbf files.

11



Table 2. Lower limit of determination for Instrumental Neutron
Activation Analysis of vegetation samples.

Percent
Calcium (Ca) 0.01
Iron (Fe) .005
Potassium (K) .001

Parts per million

Silver (Ag) 0.3
Arsenic (As) .01
Barium (Ba) 5
Bromine (Br) .01
Cerium (Ce) .1
Cesium (Cs) .05
Chromium (Cr) .3
Cobalt (Co) .1
Europium (Eu) .05
Hafnium (HE) .05
Mercury (Hg) .05
Lanthanum (La) .01
Lutetium (Lu) .001
Molybdenum (Mo) .05
Sodium (Na) .5
Neodymium (Nd) .3
Nickel (Ni) S
Rubidium (Rb) 1
Antimony (Sb) .005
Scandium (Sc) .01
Selenium (Se) .1
Samarium (Sm) .001
Strontium (Sr) 10
Tantalum (Ta) .05
Terbium (Tb) .1
Thorium (Th) .1
Uranium (U) .01
Tungsten (W) .05
Ytterbium (Yb) .005
Zinc (2Zn) 2

Parts per billigp
Gold (Au) 0.1
Iridium (Ir) .1

12




DESCRIPTION OF THE DATA TABLES

In Tables 3 and 4 the sample number prefixes refer to the
mineral occurrence studied; CC = Cinnabar Creek, MT = Mountain
Top, RD = Red Devil, RY = Rhyolite, and WM = White Mountain. The
sample numbers correspond to those shown on the sample locality
maps (flgs. 2-6). The geochemical results for the stream water
samples are listed in Table 3 and the sample suffix W designates
these samples as stream waters. The geochemical data for the
vegetation samples are shown in Table 4. The sample suffix T
designates a willow sample, and suffix Z an alder. Vegetation
identifications were made in the laboratory and are shown in
Table 4. For some willows, positive identifications could not be
made and a guestion mark (?) follows the scientific name. 1In
Table 4, values determined for the major elements Ca, Fe, and K
are given in weight percent (%); other values are given in parts
per million (ppm) or parts per billion (ppb) as indicated. An
UNY indicates that a given element was looked for, but not
detected at the lower limit of determination shown for that
element. A "--" indicates that this element was not determined
for that sample. A ".0B" occurs‘in place of the analytical data
for stream water sample WM0O51 because there was no water present
at this site.
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Table 3. Geochemicsi data for stream waters collected near cinnabar-stibnite occurrences in the Kuskokwim River reglon, Alaska.
iR, not detected at the value shown; .0B, no data.)

Sample Latitude Longitude i ppm F poo NCG3 pom 54 ppm Fe ppa ¥n pem in ppd
1 LLG206 &0 46 56 158 50 19 2.2 LOIR . 10K 1% .08 .0 0N
2 coo2i 60 46 14 158 &6 53 4.8 O 108 8.3 i iy 01N
3 cooTnd &0 47 33 158 51 58 8.0 BN 104 22 03 M .0
4 CCO73W 60 46 26 158 49 19 2.4 0 108 12 07 01 0N
5 CCO74M 60 45 32 158 48 24 9.5 L0 10N 9.1 .05 01K 01N
& coizze &0 47 13 158 51 26 3.6 -01N 10N 15 .06 .04 .01
7 CC12i 60 46 17 158 48 07 3.7 01N o4 13 -1 .03 .01
8 cc124u 60 45 02 158 49 10 4.1 01M . 10M 7.1 -1 .01 Neal
9 MTON6M &1 23 26 157 57 16 90 Mil} ) .30 6.4 .02 0N LOIN
10 NTO17W 61 23 09 158 00 17 .70 0TH - 10N 3.0 .07 01N 01N
11 NTOYEY 61 25 25 157 58 47 .70 Ok 108 2.0 .2& .03 O
§2 MID1oW &1 26 26 137 55 41 1.4 40 .40 5.5 .08 .0t .02
13 MTO68W 61 25 38 157 57 11 1.1 .12 1.3 5.8 -84 Ri): el
% MT0ESW 61 23 25 157 56 Q8 1.6 B1n b0 4.7 .12 01 0
15 MTO70M &1 24 10 157 58 18 1.3 .16 It 3.6 1Y .03 .3
16 HIO7IW 51 26 08 157 53 6 .60 ML L HOR j.0 15 i} ! LGN
17 M1 61 23 26 157 58 05 1.0 07 1.7 8.1 04 .01 .0t
18 MTI18W 61 23 16 157 58 11 .40 01N . 10N 1.2 .04 .01 01N
19 7119 61 23 01 158 01 12 60 O 10K 4.2 06 01N .01
20 MT120W &1 25 53 157 58 52 .60 01N 10w 2.8 34 W05 -0
21 MT121W &1 26 58 157 5% 10 .90 .09 . 10M 3.8 .16 .01 01N
22 RDOOGW 61 40 11 157 15 12 1.0 .30 -10M 1.8 .41 .02 01N
23 RDOGI 61 42 19 157 15 33 .70 O oM 5.8 .05 i) 0N
26 ROOOSKY 61 46 00 157 19 45 .70 07 108 2,2 .10 B3 O
25 ROOOY 61 45 28 157 20 50 .60 O - TON 1M 04 0 -0y
26 ROOVOW &1 47 49 157 20 09 13 BN 1w 1 114 .92 .01
27 RPO1IW &1 45 806 157 24 36 .70 .08 o 1.6 .28 .03 -0t
28 ROOSHW 61 40 22 157 146 28 88 .08 «You 1.6 .53 .03 Y
29 ROO5TW &1 42 54 157 16 07 .60 .08 &0 1.4 A7 .0t 81
30 ROOS8W 61 45 22 157 19 08 .90 N .10N 8.2 .03 .02 01w
31 ROOSOW 61 48 00 157 21 01 .80 .07 10N 2.8 .05 .01 .01
32 RDOGOW 61 48 17 157 22 12 1.0 .10 . 10N 2.5 .08 .0 0N
33 RDOS1W 61 46 19 157 24 31 1.1 01H - 108 7.7 07 .0 .01N
34 RDOAZW 61 44 43 157 25 24 1.0 07 -10M 1.3 A7 .03 0N
35 RD105W 61 40 54 157 20 09 .50 .06 . 10M 2.3 .23 .01 .M
36 RDIGEM 61 43 39 157 15 46 1.1 Myt 0% 1.8 -1 .81 0
37 ROTOTW 81 46 25 157 20 1Y .78 O .30 31 .03 LM SN
33 RD10BY 61 &4 44 ST 21 Y 50 0w 10w 1.4 07 ik} | N
39 RD10OW 61 4% 19 157 23 23 90 .06 S1ow g.6 .03 N .01
&0 RD1TONW &1 &8 29 157 23 27 .50 -0t LI0N 2.1 .29 B4 -0IN
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Table 3. Geochemical date for stream waters collected near cinnsbar-stibnite occurrences in the Kuskokwim River region, Aleska. -- continued

Sample Ltatitude Longitude i ppm F ppm N3 pre 504 ppm Fe ppm o ppm N ppm
41 RD1IIW 61 43 39 157 26 13 70 -01N 10N 2.5 .36 D2 01N
42 RY0I2W 61 55 56 158 24 13 .80 01N 10N 2.5 .10 0N .01
43 RYD13W 61 56 19 158 21 30 .50 01N - 10 1.7 .31 .02 01N
&4 RYOI4W 61 57 50 158 16 26 50 L01N - 10N 2.1 .72 04 01N
43 RYO15W 61 59 11 158 26 22 50 0N 10M 2.0 .35 iy 01N
46 RYD63W 61 54 59 158 29 27 70 01N 104 .90 .7 .04 .01
47 RYOS4MW 6156 20 158 2153 .90 .09 . 10N 2.5 .37 05 -0IN
48 RYDGSW 61 57 1 158 18 5% .60 01N 10N 2.3 A .03 JOIN
49 RYOO6GM 61 59 19 158 17 32 .70 .06 - 10w 3.8 .3 02 L0IN
58 RYOETW 61 58 3¢ 158 26 53 1.0 -4 104 2.0 .28 .02 0N
51 RY11 M 61 56 07 158 23 22 .70 L0k 0N 2.6 .19 02 L0
52 RYVIW 61 55 57 158 23 29 70 O 0K 1.9 .24 .02 014
53 RYVi&W 61 57 21 158 18 ¥ .70 -4 LtoR 1.7 A4 .02 01N
54 RY115W 61 53 3¢ 158 21 80 .90 09 0N 1.5 .11 R3] LN
55 RY116 61 58 34 158 27 22 .70 B3l . 10N 3.0 L] 62 O
56 WHOG W 62 11 01 154 50 16 40 O 10N 14 A0 01 Rigt
57 wMOD2ut 62 10 42 154 50 43 70 01N 10N 20 L2 .01 .D1N
S8 WMOO3W 62 10 35 154 50 55 .80 .06 LI0K 19 .05 .0 01N
59 WMOD4W 62 11 21 154 49 42 .40 .01N 10K . 10N .1 .02 01N
50 WMDOSY &2 10 23 154 51 48 .50 LOMN . 104 19 .02 01N 01N
61 WMo51W 62 11 03 154 50 24 .08 .0B .08 .0B .08 .08 -0B
62 WHOS2W 62 10 33 154 51 19 .60 01 10N 380 .05 il .01
63 WMO33W 62 10 05 154 51 49 20 JOIN 10N 23 04 .01 01N
64 WMOS4W 62 09 4% 154 52 41 .80 01N -10N 2k .06 01 01N
65 WNESSYW 42 09 27 154 33 1.0 .13 10N 33 05 .02 QW
&6 wiDiw 62 10 26 154 53 04 50 LON 106 20 08 RAL; L
67 WN102W 62 10 13 154 51 29 .40 Rist 10w ] 07 Hi| LO1N
&8 WM103W 62 11 19 154 4% 09 .50 DN JI10M 2.0 .15 01K .01
69 w104 62 10 39 154 51 32 40 07 10K 21 .05 01 .07
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Table 3. Geochemical data fer stresm waters collected near cinnasbar-stibnite occurrences in the Xuskokwim River region, Ataska. -- continued

Sample Ag pph As ppb Cd ppb Cu pph Hg ppb Mo ppb Fb ppb sb ppbr Conductivity micromho/cm
41 RDVIIW 83 2.5 a1 2 5N .70 2.0n i) 152
42 RYDI2W .03 3.5 JIN 24 05 .60 .08 .20 12
43 RYDY3W .02 2.1 .1 .} .10 .90 2.00 .10 108
44 RYO14W .02 2.7 AR 4 .20 .30 2.0N .30 96
45 RYDI5W .02 1.8 .1 3 -05N .70 2.0M 05N Té
46 RYOSIW 02N 1.4 Bl 2 .10 90 2.0 .39 55
LT RYOBLW 83 3.0 A 28 .05 A0 2.0M .50 182
48 RYOSLSW .02 5.8 .4 pa | 054 1.0 2.0d -3 100
49 RYDGEM 02N 1.9 AN 2 .08 1.3 2.0M A0 102
50 RYD&TW .02 1.3 JIN 2 .05W 40 2.0M .20 98
51 RYVI2W B 1.7 AR 2 05 1.3 2.08 B0 128
52 RYTI3W .0e 1.8 .2 2N .05k 1.3 2.08 i) 120
53 RYTHW 02 1.8 .1 2 .05 .70 2.0H .20 147
54 RY115W .02 1.0 AN 2N -10 1.0 2.08 .10 a1
55 RY116M .03 1.7 A 2u 05N .80 2.0d .20 127
56 WMOO1w 02N &.7 . 2N . 054 .80 Z2.0M .30 236
57 wmdl2e 02 3.3 3 3 LO5M 1.3 2.08 . 2G 234
58 WMOD3W 028 3.2 LR 2N .05K .68 2,00 &0 244
59 WMOD4W 02K t.2 L IN 2N 05N .20 2.00 .40 167
40 WMOOSW .02 .70 .1N 2N 05N .B0 2.01 .90 265
&1 WMO5 W .08 .08 .08 0B .08 .08 .0B .08 .0B
&2 WS 2u 4 t.6 A e 05K 1.8 2.0M .20 770
63 WHO53U .02 2.3 AR Fa | 05N 30 .06 70 254
64 WMOS4LW .06 7.5 . N 2 -O5N .28 Z2.08 i 1 279
65 WMD55W .03 6.2 | 2N .10 .90 2.0N .20 338
66 WD 03 3.9 .2 2N -0SN 1.0 2.0M .20 266
&7 W12V 02N 2.2 .3 2N 05N .80 2.08 70 262
A8 W10 G20 1.4 .1 3 LO5N .50 2.0M (B0 104
&9 W104W .03 1.3 3 2N 05K .50 2.08 70 352
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Teble 4.

Sample

€co207
o217

CCover
CCo7IT
cCovay

ccrazt
CC12371
CC124T
MI016T
10 MID17T

L= - BN SRV, R ST

11 MT018T
12 MT019T
13 MT0481
14 KI49T
15 MT070T
16 MTO7VE
7 MTIATT
18 MIH17Z
19 MT1187

26 WT1182

21 MTH9T
22 MT1192
23 MT120T
24 MT121T
25 M2t
26 RDOQST
27 ROOQTT
28 ROOOBT
29 RDOO9T
30 rp0O107T

3% RBOIT
32 ROOS6T
33 RDOS7T
34 RDOS8T
35 RDO59T
36 rOOGOT
37 RpO6IT
38 RoG62Y
39 ROYOSY
40 RDIB6T

Geochemical data for vegetation samples collected near cipnabar-stibnlte occurrences in the Kuskokwim River region, Alaska.
N, not detected at the limit of derermination shown; --, not determined.]

Latitude

46 56
46 14
47 23
46 26
45 32
47 13
46 17
45 02
23 2%
61 23 09

2Z28BTEBTY

61 25 25
&1 26 24
&t 23 38
61 23 25
61 24 10
61 24 08
6 23 26
61 23 26
61 23 16
6t 23 18

61 23 0
6123 01
61 25 53
61 26 58
&1 26 58
61 40 N
61 42 19
&1 46 00
&1 45 28
61 47 49

41 45 86
81 40 22
61 42 54
61 45 22
51 48 00
61 48 17
&1 46 19
61 44 43
61 40 54
61 43 3%

Longi tude

158 50 39
158 44 53

158
158
138

%1 58
&9 W9
48 24

158 51 26
158 48 07
158 49 10
157 57 16
158 o0 17

157 58 47
157 35 41
157 57 Y
157 56 08
157 58 18
157 53 &
157 58 05
157 58 05
Y57 58 44
157 38 1

158 01 12
158 01 12
157 38 52
157 39 10
157 59 \0
157 15 12
157 15 33
157 19 45
157 20 50
157 20 09

157 24 36
157 16 28
197 16 07
157 19 08
157 21 01
157 22 12
157 24 3
157 25 24
157 20 0%
157 16 &b

ca %

R

I

ceoooome=0
ZERB8REAEVE

popooonsoo
2%EXIILEE S

1

ooooo00000
L8T2EENRHY

. ]
Aw £ WA =) B A A

[ y
LHERARZGEYT

+

v

(== R = = = R o e ]
. ¥ h

fFe X

.008
.09
006
.0OSH
D06
006
.Doe
.003
007
01

,013
013
607
-GOSKH
012
007
BOSH
.08
0as
-BG5H

.00&
.012
006
007
066
009
007
.008
.006
007

K%

BUBRAIGERS2

e L SRS NPT L E Y

Ag ppm

-30M
30N
J0u
308
308
308

As pp

PPN )

.o .

RIREAREEILRE RERsuU?

e B R e o T e o R o = = ]

P

*

e B e B e i e = e B ) e e )
P

N e R N o QR s e B e RS Y

LA I = T oS R I R v B ]

SpoeoLooDP
FERIIIIARE
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Ba ppm

18
20
18
8.0
8.0
10
8.0
6.0
10
21

23
P
8.2

12

10
5.08

18

26
9.0

20

Br ppm

Ce ppm

10N
.20
.20
104
A0
.04
« 10N
. 10N
108
LA0N

10N
. 10N
Cien
.YON
.10M
. 10M
2 0M
- OR
1o
A0

Co ppm

.5
4
8
.5
-3
-3
.9
-4
.2
-4

.3
.8
.3
.7
4
4
4
.5
A
T

.2
-1
N
-2
21N
7
.3
-4
1N
oh

4
6
-3
-4
-3
.4
-6
3
.2
b

Cr ppm

-3N
3N
3N
<3N
3N
3N
1.3
-3
-3
3N

+3H
3

ML
S

3N
3w
.3
il
23K
3N

3N
3N
3N
3N
3N
3N
3N
3N
3N
3N

34
1
3N
3N
.3N
3N
38
3N
3M
3N

Cs ppm

LO53H
.06

LO5N
LBk
LB5K

05N

09
05N

05N
.08
05N

05N

.O5N
.B5R
O5R
05N

JO5H
05K
.C5R
LB5R
05K

Eu ppm

05N
05N
85N
ok
LG5
LO5H
05N
05N
L05%
058

05K
058
Ny
05N
05N
05N
LO5H
.05
Ry
.D5N

.D5H
058
J05H
054
054
N
05N
05N
050
058

it}
JO5M
554
058
O5m
LO5H
LO5H
05N
05N
058



Teble 4. Geochemical data for vegetation samples collected near cinnabar-stibnite occurrences in the Kuskokwim River region, Alaska. -- continued

Sample Hf ppm Hg ppm Lappm Luppm Mo ppm Noppm Ndppm Ni ppm Rbppm Sbhbppm Scppm  Se ppm  Smppm  Sr ppm

1 CCO207 05K 2.3 0.03 DG 05N A6.1 308 5.0 12 .a39 .01 .10 G.004 54
2 ooy 05k 1.6 6.07 .00 A1 48.5 30N 5.08 2t .059 .01 40 0.0066 100
3 oo 05K 2.7 0.03 0K i1 26,2 30M 5.00 3 .037 Lot .20 G, 0G4 59
4 CCo73T O5x 8,45 0.0t 001N .13 8.5 - 30N 5.08 7.0 021 O .10 0.002 15
S CCO74T 58 8.40 0.82 L0 .19 22.7 30N 5.00 17 L02s O . 10M . 002 76
& Cci2z2y 058 06.%7 .63 BEIN .13 25.8 30N 5,08 4 029 O .20 0,003 52
¥ CC1237 LO5R 0.5% .04 BOIN 25 25.2 30N 3.08 1% 320 N .e0 0.004 38
8 Cov2ey Rikt 0,31 8.03 R .24 5.9 308 5.0M 18 037 01K 10w 0.003 94
9 MTO16T 05K 0.54 0.04 -DO1N .21 s1.8 -30N 5.04 13 049 -0 .20 0.00& 24
10 MTD177 054 0.23 0.04 -DON .16 69.9 -30N 5.0N 13 013 .02 10N 0.006 49
11 MTO18T 05N 0.94 0.06 .001 07 49.1 30N S.0N 52 .075 .03 .T0N 0.011 &2
12 MT019T 054 0.46 .05 00N .05H 50.3 30N 5.0 28 075 02 10N 0.009 24
13 MY0S8T .05N 0.54 0,03 -00IN .12 54.0 30N 5.0M 6.0 070 .01 10K 0.005 16
14 WT0E9T 05N 0.33 0.04 .COIN 07 47.3 .30H 5.0N 23 014 01 . 10N 0.004 27
15 MTO707 05N 0.25 0.03 L001N 05N 39.0 .30H 5.0 35 .029 01 .30 0.005 30
16 MIB7AT LON 0.32 g.03 L00%% .06 42.4 .30 5.0 38 039 Ot i} 0.005 32
17 HIIITY LN 0.27 6.03 LBOWN .G6 33.% L300 5.0 4.0 034 Niatt .30 G.004 26
8 MTit72 .B5N .40 .07 D8N .18 36.2 30K 5.0% 16 031 .02 0N .01t 28
19 uTIIAT 058 .52 6.03 JGOIR .22 40.46 30 5.00 24 036 O .20 ¢.004 38
20 MFYI8Z .05 G.23 .03 OGN .09 28.5 308 5.0% i 009 O 104 0.004 35
21 MIVIST 05K 0.44 6,03 001 14 51.4 -30w 5.0 19 052 Wit .30 0,004 44
22 MT1192 -O5K g.48 .07 06N 13 40.4 - 30m 5.0u 6.0 019 .02 . 10N o.o1) &1
23 MT1207 LOON 0.&2 0.05 002 05N 9.1 30K 5,08 37 57 N8 10U 0.006 40
24 MT121T 05N 0.564 0.04 .00 .15 57.1 - 30N 5.0M 26 048 .01 10K 0.005 40
25 MT121Z LO5N 0.29 0.03 -0DIN -O5N 47.5 -30N 5.0 20 .025 01N -10M 0.004 35
28 RDOOST 05N 1.6 0.06 .001N 47 45.1 .30N 5.01 18 .007 .02 . 104 6.0 58
27 RDOOTT 05N 0.43 0.03 -001N A7 44,8 -30N 5.0 " .005 01N .10 0.00% 40
28 RDOOBT 05N 0.37 0.05 .001N .22 53.8 30N 5.0 8.0 .036 .02 L10M 0.010 a8
29 ROOOPT 05N 0.27 0.02 .00tN .35 30.4 30N 5.0N 7.0 .007 01N .10 0.004 51
30 ROO1OT .05N 0.27 0.03 001N 41 40.6 .30N 5.0N " 007 LOIN - 10N 0.005 56
31 RDD1IT .D5K 0.39 0.03 001N .1 35.2 30N 5.0N 7.0 L0046 01N 108 0.005 49
32 RDOS6T Niti 6.95 0.02 Riith) | e 21.4 J30H 5.00 8.0 841 01N 108 0.003 34
33 R0057T 05§ g.72 B.02 DO .14 19.2 . 5.08 7.0 .015 JON 108 0.002 34
34, RDOSST L 054 0.85 0.902 001 .05 26.8 30N 5.0M 20 .G15 LGN J10R 0.004 26
35 RDOSOT 05N 8.30 .02 .DON b 22.1 30N 5.08 25 L005 0N JA0 0.002 32
356 ROOSOT 058 0.05 0.01 001N 27 21.0 30N 5.0M 7.0 005 LO1N 108 0.002 15
37 RDOSIT JO5N c.12 0.02 . 001K .11 20.2 . 308 5.08 " . 008 Mol .10 0.002 17
38 ROOL2T 05K 0.08 £.02 00N .60 28.9 . 30w 5.00 6.0 -Béé Nial 18K 0.004 76
39 RDIOST 05K 0.8% 6.02 DO .21 5i.t . 30u 5.0H 10 -D06 o 10K ¢.003 37
40 RDACST 05N 0.26 0.02 00N 37 £9.3 30N 5.0M 12 -DOSH 01N 10N 0,002 19
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Table 4. Geocheaical data for vegetation samples collected neer cinnabar-stibnite occurrences in the Kuskokwim River region, Aleska. -- continued

Sample Tappm T ppm  Th ppm U ppm Wppn Ybppm 2Znppm  Auppb  Ir ppb Scientific name (common name)

41 RDIOTY .O5N .I0N 10N JO1N .OSN L0058 a3 1.3 LN salix alexensis (feltleaf willow)

42 ROTQSBT 05N oM - 10w 0N 054 005K 4B 0.8 . Salix planifolia ssp. pulchra (dismondleaf willow)
43 RDIOYT 05N - 1w 10 oW 054 005N 43 2.2 Rl Salix planifolia ssp. pulchra {diasondleaf willow)
44 ROTIOT 05N oM . 10N LOIR LO5R 005N &5 141 LIN Salix 7 (willow)

45 RD1UAT 05N 0N 108 COiN 05N . DOSH o7 0.9 LN Selix 7 (willowd

&& RYOQ12T 05K 108 100 JOIN LO5N 067 &4 -- iR Salix 7 (willow)

47 RY01AT 05N . YON 10m B3 i .02 11c -- - salix planifolia ssp. pulchre (diamondleaf willow)
48 RYD14AT 05N 10N 0N al .05y .0OSH 170 - -IN Salix 7 (willow}

49 RYDIST 05N 10 10N 01 058 005N o9 -- N Salix 7 (willow)

50 RYD&3T 05N . 1DM 10N 018 05N .005H ¢4 2.4 1M Salix 7 (willow)

51 RYODSAT 05N LI0N oM 01N 05N ,005H &8 1.5 1R Salix ataxensis (feltleaf willow)

2 RYQAST O5% 10K 10 N:1T 05N GOSN &3 8.7 SN satix plenifoiia ssp. pulchra (diamondleaf willow)
53 RYDAST OSH 10K 10N O .05% .05 58 1.8 AN Salix interior {sendbar wiilow)

54 RYOSTT 05N LM 1 Rik} L8B3N8 JOOSH 73 0.6 N Salix 7 {willow)

55 RY1127 05N - 10K 1R LR LO5H 05N 100 1.2 I salix planifolia ssp. pulchra (dlamorxileaf willow)
58 RY113Y SR . O Bl DI 05 305K 3 0.7 IR Salix 7 {(willow)

57 RYTI4T 05N L 1OM - 108 01N LO5N 005N 100 8.7 L1 salix ptanifolia ssp. pulchra (dimmondieaf willow)
58 RY1142 .05H 108 .I0N ial ] 05N 005 35 1.1 LR Atrus crispa (American gresn slder)

59 RY1152 05N 10N - 10N .01d .05N .00O5N n 0.6 LN Alnus crispa (American green alder)

&0 RY1167 -OSN 0N 108 .01 .O5N .00SN 62 1.9 <IN Salix alaxengis (feltleaf willow)

81 RY1162 -05N . 10N - 10H 01N .05k .005 26 1.1 LN Alnus crispa (American green alder)

62 WMOO1T D58 i I10W 01K L5 LOO5K o1 -- IR Satix alaxensis (feltlesf willow)

63 WWO02T 058 JION 10N LOIN LO5M .008 20 -- 1 Satix ataxensis (feltleaf willow)

& W003T .0SH . 10N b JOR 05N GOSN 120 -- LI Salix alaxensis (feltieaf willow)

&5 WHO04T LO5K 0w Jdom N:al 058 JBO5N 138 - LR Balix alaxensis (feltleaf willow)

&6 WADGST 5K 10 . 1OM Ril) | G5N LBOSK a1 -- AR Salix alaxensis (feltleaf willow)

67 WNOSTT 05K 0N 0N Mzt 058 LB05K b4 7.0 AR salix slaxensis (feltieaf willow)

68 WM052T 05N 10K - 108 01N 05N 005N 04 2.8 .IN Salix alexensis (feltleaf willow)

69 WMOS3T 05K 0N 10N 01N 05N .DOSN 110 1.5 2N Salix alexensis (feltleaf willow)

70 wWMOS4T .05H . 10H . 10N 0N .0O5N .BOSN 130 1.8 N salix alaxensis (feltleaf willow)

71 WMOSSTY .05H -10N 10N 01N .O5H . DOSK 120 1.4 1N Salix alaxensiz {feltleaf willow)

72 W101T 5K . T0R - 18N Nl LO5H Ry 20 5.2 N salix elexensis {feltleaf willow)

75 w1627 5N 18K 10N Rih LG50 Q05N B8 1.3 AN salix almxensis (feltienf willow)

74 wH103T 05N 100 108 Nilll 05N D054 100 i.8 N saiix alexensis (feltieaf willow)

75 WH104T 05K 10K 108 Niil O5K .O05H 120 1.6 LM Salix ainxensis (feltleaf willow)
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