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Introduction

Sulfide-bearing floar samples collected in 1987 in the Lime Hills B-2 (1:63,360) quadrangle have high
contents of several metals, most notably gold, silver, arsenic, copper, and bismuth. In 1988, two mineral
occurrences, informally referred (0 as the Nunatak and Breccia occurrences (figure 1) were briefly examined.
The Nunatak occurrence is a likely source for the float collected in 1987. Chip samples of veins at the
Nunatak occurrence contain up to 1.5 ppm gold, 150 ppm silver, and >2,000 ppm ¢ach of cobalt and arsenic.
Sulfide-bearing float from this area contains up to 12 ppm gold and 700 ppm silver, Chip and grab sampies
from sulfide-bearing quartz-tourmaline veins al the Breccia occwirence contain up to 4.1 ppm gold. A
composite of selected sulfide-rich samples from these veins contains 21 ppm gold. The purpose of this report
is to present brief descriptions of these two mineral occurrences and to summarize the results of geochemical
samples collected.

Field and Analytical Methods

Samples collected for geochemical analyses consist of composite chip samples, grab samples, and float
samples. Float samples ranged between S and 15 c¢m in maximum dimension. Samples were also collected
for thin and polighed sections, and for hand sample (lithologic) specimens. Geochemical samples were
crushed, split, pulverized with ceramic plates 1o minus 150 mesh, and analyzed by the scmi-quantitative
six-step direct-current emission spectrographic method of Grimes and Marranzino (1968) and Motooka and
Grimes (1976). Gold, arsenic, bismuth, antimony, cadmium, and zinc were analyzed by atomic absorption
(O'Leary and Viets, 1986; O'Leary and Meier, 1986). Hand samples collected from veins with high gold
contents were submitted for additional pold determinations. These results are shown in table 2 as AA-Au*,
In general, there is good agreement with the original results. Only those elements considered to be of
economic ar geochemical interest are given in table 2.

The lower limits of determination for the elements listed in table 1 are given below. Analyses are
reported in parts-per-million (ppm) except for Fe, which is reported in weight percent. Analyses were
performed in U.S.G.S. laboratories in Denver, Colorado and Anchorage, Alaska. Analysts were E. A, Bailey,
L. A. Bradley, F. W. Brown, Z. A. Brown, M. J. Malcom, and R. M. O’Leary.

Element Lower Element Lower
Determination Determination
Limit : Limit

Ag .5 ppm Fe .05 percent

As (AA) 10 ppm Mo 5 ppm

Au (AA) .05 ppm Mn 10 ppm

B 10 ppm Ni 5 ppm

Bi (AA) 1 ppm Pb 10 ppm

Cd (AA) .1 ppm Sh (AA) 2 ppm

Co 10 ppm Sn 10 ppm

Cu S ppm Zn (AA) S ppm

Mineral species were identified by examination of hand samples, thin and polished sections, and by X-
ray diffraction. Brief sample descriptions are given in table 2,
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Mineralization

Nunatak

Three types of veins are sporadically exposed over a distance of at least 600 m in the Nunatak arca
south of Snowcep Monntain (figure 1). The veins are apparently sparse, and consist of barren quartz veins,
quartz-amphibole veins, and sulfide-bearing veins. They are localized along east-west trending sub-vertical
fractures in a biodte-homblende monzadiorite to quartz monzodiorite ptuton. The quartz veins are apparcntly
barren and are less than 5 ¢cm wide, Quanz-amphibole veins (sample 1, table 1 and table 2) rmange from 2
mm to 15 cm wide. The amphibole (tremolite-actinolite) is medium brown and has colorless to pate brown
pleochroism in thin section. The quartz-amphibole veins do not have high metal contents, although sample 1
containg 440 ppm arsenic. Sulfide-bearing veins contain variable amounts of metallic minerals, chiefly
arsenopyrite, chalcopyrite, and magnetite. Gangue minerals consist chiefly of chiorite, amphibole, epidote, and
plagioclase. Only the sulfide-bearing veins are discussed in the remainder of this secdon.

Two sulfide-bearing veins (samples 2-6) are exposed 4t an elevation of 1680 m (5500 feet) along the
base of a nunatak in the SE 1/4, NW 1/4, sec, 8, T15N, R24W (fig. 1). The northen vein (samples 2-4) is
20 to 35 cm wide and is exposed for al least 20 m in both horizontal and vertical directions, Due o Lhe
steepness of the cliff face, only a small part of this vein was sampled. Where observed, the vein contains 5
to 35 volume percent of arsenopyrite, chalcopyrite, and magnetite. Minor galena, pyrite, and sphalcrite arc
also present, Erythrite (cobalt bloom) is locally present. Chip samples (samples 2-3) from this vein comain
0.5 10 1.5 ppm gotd, 10 0 150 ppm silver, 300 to >20,000 ppm copper, and >2,000 ppm each arsenic and
cobalt. Gangue mincrals, in approximate decreasing order of abundance, are chlorite, amphibole, plagioclase,
epidote, apatite, clinopyroxene, and quartz. Apatlte is locally abundant, and samples 2 and 3 contzin 0,7 and
1.0 percent phosphorus respectively,

A second vein (samples 5-6), exposed about 15 m to the south, has a maximum width of 50-60 ¢cm and
is exposed over a vertical distance of about 3 m. The upper pan of this vein is ouncated by a fault. The
lower part is covered by talus. The vein contains 10 © 70 percent chalcopyrite and magnetite. Minor
amounts of arsepopyrite and galena are 2lso present. A composite chip sample (sample 5) of this vein
contains 0.3 to 1.3 ppm gold (two determinations), 150 ppm silver, >20,000 ppm copper, and >2,000 ppm
each arsenic and cobalt.

Two 10-15 ¢cm wide veins, exposed approximately 400 meters (sample 7) and 600 meters (sample 8)
south of the nunatak, contain less than 3 percent metallic minerals. One vein (sample 7) contains 50 ppm
silver, and 5,000 ppm copper. The second vein (sample 8) contains 0.1 10 0.3 ppm gold (1wo
determinations). Gangue mineralogy of these veins appears similar to the gangue in the veins exposed in the
nunatak,

Sulfide-rich float (samples 9-15) in the area of samples 7 and 8 contains up to 80 volume percent of
arsenopyrite, chalcopyrite, pyrrhotite, magnetite, and pyrite. Minor amounts of molybdenite, covellite, and
malachite are also present. These samples comain up to 12 ppm gold, 700 ppm silver, 640 ppm bismuth,
520,000 ppm copper, and >2,000 ppm each arsenic and cobalt The gangue in these float samples also
appears similar to the gangue in the vein samples from this area.

Other than erythrite, 2 hydrous cobalt arsenate of secondary origin, specific cobalt or nicke! minerals
were not identified in either polished section or by X-ray diffraction. A sample of arsenopyrite(?) (sample
12x) from sample 12 contains >20,000 ppm arscnic, >5,000 ppm cobalt, and >10,000 ppm nickel, bul only 7
percent iron, suggesting that this mineral may be glaucodot or alloclasite (nickel-bearing iron-cobali-
sulfarsenides). Both glaucodot and alloclasite exhibit X-ray pauems similar w0 arsenopyrite (Petruk and others,
1971),

A sample of pyrrhotite (sample 13x) from sample 13 has low arsenic, cobalt, and nickel contents. The
high copper, silver, and relatively high tin contents of this sample are due to chalcopyrite and other impurities
in the sample.-

Erythrite-rich material (sample 2x) scraped from sample 2 has high concentrations of several metals,
The high gold content (150 ppm) suggests that natve gold may be present.

The gangue mineralogy of the Nunatsk samples - particularly the pyroxene, amphibole, apatite and
plagioclase - supgests that the veins may, in part, be mineralized mafic dikes.



Breccia

The Breccia occurrence (samples 16-19, 25) is located in a vertical north-facing cliff face of
monzogranite in the NW 1/4, SE 174, sec. 4, TI5N, R2AW (fig. 1). An area of iron-stained tourmaline-rich
breccia, 20 to 25 m wide and at least 15 m high, is present in the ingrusive. The shape of the breecia is not
known. The breccia is matrix-supported and consists of approximately 60 percent light-colored angular rock
fragments in a black fine-grained tourmaline-rich matrix. Fragments of altered monzogranite and minor vein
quartz range from a few cm to about 1 m and average about 5 ¢cm in maximum dimension. The matrix
consists chiefly of black tourmaline with lesser amounts of quartz, sericite, caicite, and chlorite.

Discontinuous quartz-tourtnaline-sulfide veins cut the breccia. The veins are localized along vertical
fractures that strike approximately north-sonth, The veins are difficult to discern but are usually more
intensely iron-stained than the surrounding breccia. The veins examined are § o 20 cm wide. Some are
limited to 1 to 3 m in vertical dimension. They contain up to 20% arsenopyrite, 10% chalcopyrite, 5%
pyrrhotite, 1% pyrite, and minor amounts of sphalerite, and galena. Gangue minerals consist chiefly of
quartz, tourmaline, chlorite, and epidote, Trace amounts of galena and arsenopyrite are locally present in the
matrix of the breccia.

A composite of grab samples from 5 veins in the breccia (sample 16) conwins 1 10 4.1 ppm goid (1wo
determinations), 7 ppm silver, and >2,000 ppm arsenic, Selected sullide-rich raterial (sample 17) from these
same veins contains 18 to 21 ppm gold (iwo determinations), 150 ppm silver, >2,000 ppm arsenic, 10,000
ppm copper, and >1,000 ppm bismuth. A chip sampie (sample 18) across a 20-cm-wide vein conwins .05 o
45 ppm gold (two determinations), 70 ppm sitver, and comparatively high contents of copper, lcad, and 2inc.
A grab sample of breccia (sample 19) contains .15 ppm gold and 1900 ppm arsenic.

A second, 20-m-wide, iron-stained breccia is exposed approximately 250 m to the east (samples 19-23).
Veins were not observed at this location. Minor amounts of disseminated arsenopyrite, pyrite, and galena
occur locally within the matrix of the breccia. Malachite is tocally present. Gold was not detected in the
breccia (sample 23),

Most intervening ground between these two breccia 2ones is covered by wlus. However, three smail
exposures crop out above the talus; two are unaltered monzogranite and the third is breccialed, but
unmineralized, monzogranite,

The monzogranite breccia and veins may be related to the monzodiorite, which is thought to intrude the
monzogranite, or to a light colored intrusive that crops out along the valley walls at the west end of the
glacier in section 4, Owing o difficult access, the light colored intrusive was not examined. Intrusive rocks
that form the near-vertical walls at the head of the glacier are locally copper-stained, and appear to be
intruded by the light-colored intrusive. The relatively uniform tin content of 100-300 ppm for the breccia
samples, as well as for the float samples at the Nunatak occurrence, suggest that the mineralization in this
area could also be related to felsic magmatism,
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Table 1. Gecchemical analyses of rock samples.

[S = semiquantative spectrographic analysis; A = atomic absorption analysis; * = gsecond analysis:
N = not detected at value shown; H = interference; < = detected, but below the lower limit of
determination shown; > = greater than the value shown; - = not analyzed. All values in ppm unless
otherwise noted. Latitude and longitude are in degrees—minutes-seconds;

W ol e WA N

Map Sample Latitude Longitude  Fe%-§ Ag-5§ Au-A Au*-A As-A Co-5§ Ni-§
No.
88GEO18C 61 24 27 153 37 21 3 1.5 <.05 - 440 300 200
88GEQL18A 61 24 27 153 37 20 7 10.0 .50 1.40 >2,000 »>2,009 150
x B8GEO18A 61 24 27 153 37 20 2 15.0 150.00' - >20, 000} >5,000 >1¢,000
88GE018B 61 24 27 133 37 20 29 15¢.0 1.50 1.50 >2,000 >2,000 3,000
88GE0186G 61 24 27 153 37 20 10 2¢.90 3.00 - >2,000 >2,000 5,000
BOGEG1BD 61 24 27 153 37 20 20 150.0 .30 1.30 »>2,000 >2,000 500
BOGEQ18E 61 24 27 153 37 20 >20 200.0 .55 - 1,800 >2,000 500
88GE019A 61 24 14 153 37 13 15 50.0 N.05 N.05 1,300 300 300
88GEQ20 £1 24 0% 153 37 13 7 15.9 .30 .10 260 15 10
9 B7R0O18A 61 24 15 153 35 58 15 200.0 .10 - 600 10 70
19 87R018B €1 24 15 153 36 58 >20 700.0 .15 - 1,000 70 70
11 87R0O18C 61 24 15 153 36 58 20 30.0 .10 - >2,000 30 30
12 B7R018D 61 24 15 153 36 58 >20 15.0 12.00 - >2,000 >2,000 1,000
12x 87R018D 61 24 15 153 36 58 7 20.0 N10' - >20,000 >5,000 >10,000
13 BAGEQLIYBR 61 24 14 153 37 13 >20 200.0 N.05 N.O5 60 150 70
i3x 88GE019B 6l 24 14 153 37 13 20 200.0 N10' - N2¢0" 70 100
14 88GEQ1SC 61 24 14 153 37 13 i5 15.0 5.50 5.30 >2,000 >2,000 100
i5 88GEOLI9D 61 24 14 153 37 13 20 200.0 .35 .15 >2,000 700 "100
16 88GEQ26B 61 25 07 153 35 05 5 7.0 1.00 4.10 >2,000 70 30
17 88GE026C 61 25 07 153 35 05 15 150.0 21.00 18.00 >2,000 300 150
18 88GEQO26D 61 25 07 153 35 Q5 10 70.0 .45 .05 »2,000 20 20
19 BBGEG26E 61 25 07 153 35 05 3 10.0 .15 - 1,900 10 15
20 88GEC27A 61 25 08 153 34 47 3 5.0 N.05 - 1,300 15 50
21 88GEQG27B 61 25 08 153 34 47 3 1.5 MN.05 - 1990 N10 10
22 B8GED27C 61 23 08 153 34 47 3 2.0 .40 N.05 >2,000 50 300
23 88GE027D 61 25 08 153 34 47 3 15.0 N.05 - 1,100 N10 70
24 8BGEQ18F 6L 24 27 153 37 20 7 1.5 N.05 - 20 15 15
25 88GEG26A 61 25 07 153 35 05 3 .17 N.05 - 150 15 50
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Table 2. Sample Descriptions
1: Composite chip sample of quartz-amphibole veins. Chiefly brown fine to medium-grained amphibole.

2. Chip sample across 35 cm wide north vein. Chiefly dark green, fine- to medium-grained rock with up o
5% aspy and minor cpy, sph, eryth, and an unidentified gray metallic mineral, Non-metallics = chl, plag,
amph, apt, ep.

2x: Erythrite scraped from sample 2; about 90% eryth.

3: Chip sample across 25 cm wide north vein, Dark green, fine- 10 coarse-grained rock with § to 10%
combined aspy, cpy. py. gal, and mol. Non-metallics = ep, chl, amph, px, apt, qtz, plag, tour(?).

4; Selected sample of erythrite-rich portion of sample 2; about 10% eryth,

5. Chip sample across 30 cm wide south vein, Dark green rock with 10-15% mag, 3-5% cpy, trace gal.
Non-metallics = chl, px, ep.

6: Selected samples of sulfide-rich portions of south vein. Same rock as sampie 5 but with approximatcly
70% mag and c¢py, and minor aspy.

7: Chip sample across 15 cm wide vein. Dark green rock with <1% cpy, prominant mal stain.

8: Chip sample across 15 cm wide vein. Light (gtz-rich) to dark (green silicate minerals) finc-grained rock
with 2-3% metallic minerals, chiefly po, with minor aspy.

9: Float. Dark green to black, fine-grained banded rock with minor disseminated py and mag. Non-meullic
minerals = chl, plag, apt, ep, ser, and tour.

10: Float. Highly oxidized, green to brown, fine- to coarse- grained rock with 1-2% disseminated cpy, py.
aspy, cov, mag(?), and mal. Non-metallic minerals = chl, qtz, amph(?).

11: Float. White to dark green, fine- to coarse-grained rock with 3-5% disseminated to massive aspy, mag,
cpy, and py. Nop-metallic minerals include qtz, chl, px and (or) amph, ep, api(?).

12: Float Dark greenish pray, fine- to very fine-grained rock with 15-20% mag, aspy, cpy, and mol.
Non-metallic minerals = px, amph, apt

12x:  Arsenopyrite(?) separate from sample 12,

13: Float. Approximately 50-60% po, 25-30% cpy, and race mag(?). Non-metallics = qtz, chl, other silicale
minerals.

13x: Pymrhotite separate from sample 13.
14: Float Gray rock with up to 25% aspy and minor cpy.
15: Float Dark green rock with 15% aspy, 10% cpy, 3% po, and an unidentified gray metallic mineral.

16: Grab samples from several veins within 4 25 m’ area of breccia. White to dark green, fine- to
coarse-grained rock with 1-20% aspy and py. Non-metallics = qtz, wur, chl, and unidentified silicate mincrals.

17: Selected sulfide-rich matenal from same veins as sample 16. Light gray to dark green rock with 10-20%
aspy, minor sph and gal. Non-metallics = qgtz, tour, chl, other silicate minerals.



18: Chip sample across 20 cm wide vein. Dark greea, mediom-grained rock with 3-7% cpy, 24% po, trace
sph + gal. Nonmetallics = giz, tour, chl.

19: Grab sample of breccia. Brecciz with angular clasts <1 to 6 cm in maximum dimension, Clasts (chic(ly
altered monzogranite) are light colored, fine-to medium grained qtz (85%) and ser (15%). Matrix is a dark
colored, fine-grained mixwre of 85% tour, 10% gtz, and 5% ser + cc + chl, and contains minor py, aspy and

rare gal

20; Grab sample of breccia clasts, Light to medium gray, quartz-rich rock with lesser amounts of ser, Lour,
and chl Minor aspy.

21: Similar to sample 20, minor aspy.

22: Similar 0 sample 20; 3-5% aspy.

23: Grab sample of breccia, Breccia with light colored angular clasts ranging from a few mm to 8 cm in
maximum dimension. Clasts are very fine- to medium gramned and contain 80% gtz and 20% ep + ser, Matrix
is black, fine-grained, tour (80%) and qtz (20%). Contains minor py and aspy.

24: Grab sample of unaltered monzodiorite from the Nunatak area. Fine- to medium-grained seriate rock with
51 volume perceat plagioclase, 25% homblende and biotite, 21% alkali feldspar, and 3% quariz.

25: Grab sample of unaltered monzogranite from the Breceia area. Fine- to medium-grained, almost

equigranular rock with 34 volume percent plagioclase, 25% alkali feldspar, 24% quartz, and 17% homblende
and biotite,

" Abbreviations

amph = amphibole eryth = erythrite ) pX = pyroxene
8pt = gpatite gal = galena py = pyrite
aspy = arsenopyrite mag = magnelile glz = quartz

chl = chlorite mal = malachite sph = sphalerite
cov = covellite mol = molybdenite tour = tourmaline
¢py = chalcopyrite ~ plag = plagioclase

¢p = epidote po = pyrrhotite



