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Occurrences of Gold and Other Metals
in the Upper Chulitna District, Alaska

By C. C. Hawley and Allen L. Clark

Abstract

Gold and other metals form deposits ¢lustered inthree parts of
the upper Chulima district, near Colorado Creek. the Golden Zone
in Bryn Mawr Creek. and Long Creek, ‘I'race amounts of gold in
thick quarlz veins are in che major Blind Creek faulr zone, and
scaltered small vein deposits and anomalous amounte of gold and
ather metals in stream sediments indicate widespread mineraliza-
rion in the district,

The mineral occurrences at Colorado Creek andthe Golden Zone
ar¢ a9sociated with small quartz diorlte porphyry stocks; thev are
of veln, digseminated, and breccia-pipe types, Gold accounts for
most of thely value, burthe deposits are complex and contain 2bun-
dam grsenic and locally abundant® antimony, copper. s(ver, and
zin¢, and some molybdenum, tin, cadmium, and bigmuth, The de-
posits a1 Long Creek are apparently clustered around small quartz
porphyry plugs. They contain copper. subordinate amounty of gold
and slilver, and trace amoums of tin and molybdenaom,

INTROGDUCTION

Gold and other metals occur inbrecciapipes, veins,
and disseminated deposits at several places in the
upper Chulitna district, on the sourhern flank of the
Alaska Range. The main purpose of this report, made
ag part of the U.S. Geological Survey's Heavy Metals
program, {8 to call attention 10 four greas that con-
tain deposits of gold ox other metals. From north to
south these are: Colorado Creek, Golden Zone, Blind
Creek, and Long Creek. The main economic fegtures
of each area are:

Coloxado Creek area.—A stock of biotite quartz di-
orlte porphyry about 1,500 fee( wide by 2,000 feet long
has associated arsenic-gold-antimony depozits which
contaln minor amounts of copper, bismuth, and tin.
One sulfide-tich body appears to be a breccia pipe
slmilar to that of the, Golden Zone.

Golden Zone area.—The main mineralization at the
Old Golden Zone mine ig in a breccla-pipe deposit
that i8 200 to 300 feet across and probably extends in
depth to more than 1,000 feet. Although the grade of
the deposit is uncertain, it is estimated to contain
more than $10,000,000 worth of m etad s, principally
gold, silver, and copper, but with anomalous amounts
of tin, molybdenum, bisrnuth, cadmium, and boran.

Blind Creek.—A major fault zone gt Blind Creek
containg quartz-rich breccia filllng as much as 200
feet thick which contains atrace ofgold, arsenic, lead,
and zinc.

Long Creek.—Cold- and silver-bearing copper oc-
currences are widely distributed near Long Creek. The
mafn copper concentration is al the old Copper King
prospect, but very sparse amounts of chalcopyrite, -
molybdenite, and pyrite occur in quartz porphyry plugs
nearby. An area of strongly hornfelsed rocks, centered
around the main quartz porphyry plugs, possibly is
underlaio by a quartz porphyry stock atshallow depth.

Results of stream-sediment sampling in the district
are shown in figure 10 and table 3.

The upper Chulitna district, sourheast of Mount
McKintey Nationgl Park (fig. 1), is only 8 to 10 miles
from the Alaska Railroad, bur at-present iIs best
reached by small fixed-wing aircraft or hellcopter,
because roads into the district from the railroad have
been abandoned.
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COLORADO CREEK AREA

Arsenic-gold-sntimony deposits in the Colorado
Creek area (flg. 2) are assoclated with a small stock
of hombiende-biotite quartz diorite porphyry. The
atock is bisected by the deep canyon of Colorado Creek.
The stock itself is almost inaccessible except at the
bottom of the canyon (approximately 200 feer deep),
but it appesrs generally bleached and locally con-
talns disseminated chalcopyrite (as ar the locality
noted, fig. 3). The northern and southern contacts of
the stock, as exposed in the canyon, are both iron
srained, and the southern contact {s marked by a zone
of tactite, approximately 2 feet wide, containing
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Figure 1.—Locatlon of the uppar Chulitna district,

abundant garnet, actinolite, and epidote, The surround-
ing rocks are hornfelsed and locally are strongly sul-
fidized.

Themain sulflde occurrences are (1) at apreviously
unprospected knob about 750 feet wesi-southwest of
the Silver King prospect, and (2) at the Silver King
prospect issetf, The Silver King prospect pits are
about 6,000 feet north of the location shown on the
Healy A-6 quadrangle map (scale, 1:63,360). Another
occurrence is about 730 feet southwest of the main
Sitver King prospect pits, where an arsenopyrite~
stibnite-quartz lode as much as 10- feet wide crops
out in Colorado Creek. The new occurrence (locality
1) 1s a highly sulfidized mass of altered porphyry
and hornfels at least SO feet acroas that strongly re-
sembles the highly broken and sulfidized rock of the
Golden Zone pipe. Arsenopyrite {s very abundant, but
some chalcopyrite is present, and spectrographic
analyses of samples show highly anomalous amounts
of bismuth, cobalt, and tin In some samptles (tadle 1).
The gold content of samples (tgble 1) was generally
less than 10 ppm (parte per million), but one gample

2

(14) showed )70 ppm gold by atomic absorption anal-
ysis.

The old pits at the Silver Kingprospect are in mod-
erately to strongly suifidized hornfels. Stibnite occurs
in thin veins in the southervmost main pit and is ac-
companied locally by gold (sample 7A, table 1). Other
samples from the Silver King pits contained from
0.08 10 6.2 ppm gold in addition tomarkedly anomalous
amounts of arsenic snd copper; copper ranges from
about 150 ppm to 2 percent (20,000 ppm).

The comgposite vein or lode exposed in Colorado
Creek south of the stock consists of distinct hanging
and footwall velns (n a 10~foot-wide shear zone. The
largest vein flasure in the lode, the one sampled,
is about 4 feet wide; it contains sdbnite and 2 small
amnount of gold (samnple 9, table 1). A nearby vein
(sample 10, table 1) assayed abour 20 ppm gold, more
than 10 percent antimony, &nd some lead and zinc,

Except in the canyon of Colorado Creek, exposures
are very poor, and therefore it is possible that sul-
fildized rocks are much more widely distributed than



presently known, The contacts of the mineralized rocks
at the Sllver King prospect and at the knob wesr of the
pits are not exposed, but the mineral deposits at each
place appear to be of either dlssemlnated or breccia-
plpe type and could be explored by geophysical tech-
niques, trenching, or drilling. Extensive sulfidization
at both these places is Indicated, particularly by the
very high values of arsenfc and iron, and at the Silver
King by high copper values as well. The amounts of

these elements near Colorado Creek are verysimilar
to thelr abundances at the Golden Zone deposit, as may
be secen by comparing the analyses in tables | and 2.

Further evidence of mineralizatlon in the Colorado
Creek area Js given by the anomalous metal values at
and near the old Liberty and Lucrata prospects (Nos,
1), 12, and 13, table 1).
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Pigure 2.—Locatlon of four mineralized areas in the upper Chulitna district,
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GOLDEN ZONE AREA

The Golden Zone mine area was degcribed by Capps
(1919, p. 226~227), Ross (1933, p. 321-325), and
Hawley, Clark, and Benfer (1968), and the mine was
sampled by the U.S. Bureau of Mines in 1950-3}
(Mulligan and others, 1967). Claims were ataked inthe
area as early as 1912, but production prior to 1941 is
unknown, A lttle gold and silver were produced in
1941~42, but the mine has been Inacuve since.

The deposit is in and near 8 brecciapipe {n a quaniz
diorite porphyry. Vein deposits of the area, not dis-
cussed {n this report, include the Mayflower, East,
Liuwle, and Lindfors. The Golden Zone {tself {sheld by
assessment on the BOB group of claims by Cemco,
Inc,, of Anchorage, Alaska, whose General Manager,
H. R. Beckwith, was helpful in furnishing information
on ore grade and other data.

The Golden Zone srea jg largely underlain by vol-
canic slltstone and conglomerste of Permian or Tri-
assic age (Ross, 1933) that were {nvaded by biotte
quartz diorlte porphyry, probably in early Tertlary
time. The Colden Zone breccia-pipe deposit is ap-
proximately in the center of a small, very steep~walled
porphyry stock (figs. 4 and S). The deposit is in the
brecciated and shanered material of the pipe and in
adjacent parts of the quartz diorite porphyry. In ap-
proximate order of abundance, the metallic minerals
of the deposit are arsenopyrite, pyrite, chalcopyrirte,
sphalerite, and gelena. Trace emounts of molybdenum
and tin occur in the mineralizéd rock (table 2), and
cassiterite was ldentlfied from the deposit by Walter
Gnagy of the U.S. Bureau of Mines (written commun,,
1967). The sacrongly mineralized rock is nearly white
to very pale brown and has been strongly sexicitized,
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silicified, and carbonatized, The spectrographic anal-
yses show anomalous armounts of boron, probably re-
flecting tourmaline which wag Idendfied in thin sections
of the altered rock. .

The breccja-pipe deposit 18 exposed ac the surface
and has been explored by two adits (fig. 4) and by num-
erous diamond-drill holes drilUed from che 200-foot-
level adit. One steep-angle hole (DH-)) 1,025 feetlong

was drilled by the U.S, Bureau of Mines {n 1950~51
(fig. S, section B-B'). A long crosscut adit, the 500-
foot Jevel (fig. 4) was begun in about 1939 but was sban-
doned about 900 feet from the deposit. None of the
workings are presently accessgible, but one segment of
the contact of the breccja plpe is well exposed st the
surface, and the driil core from the deep Bureau of
Mines test has been pregerved.
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Breccia Pipe and Mineralized Rock

The Golden Zone breccla pipe I8 exposedona small
knob north of Bryn Mawr Creek, particularlyina shal-
low opencut (flg. 4). Atthe surface, the plpe 18 approxi-
mately circular in plan and ig slighuy more than 200
feer across. Drill holes and mine maps indicate that
it enlarges slightly with depth. At an altitude of about
3,400 feet (fig. S), the pipe appears to be about 200
feet long by slightly more than 250 feer acrogs; at an
alricude of 3,200 feet, the width, based on one projected
and one drilled contact, is as much as 300 feet across.
Judged by other breccia pipes described in the geo-
logic lrterature, it is probably more complex than
shown In figure 5. Two distinct zones of concentric
fracturing probably are present {n the pipeon the 200~
foot level—one zone coinciding with the marginal ore
zone, discugsed later, and a second, outer zone nearly
coinciding with the curving drift driven southward
from g point about 240 feet from the adit portal (fig.
4). The one deep drill hole in the plpe (section B-B',
fig. 5) shows that the pipe continues to a depth of at
least B30 feer, and almost certalnly to a much greater
depth. .

Exposures in the opencur and mine maps of the 100-
foot level (flg. 6) show & concentric veinlike breccia
zone that encircles the wesiexn part of thepipe and is
locally separated from it by slightly altered rocks.
The rocks {u this concentric zone are subrounded to
angular blocks of porphyry that are strongly silicified

"~ and serlcitized and are separated from other blocks

by arsenopyrite-quariz-chalcopyrite-rich fillings,
Someé blocks appear to have been slightly rotated. The
main part of the pipe, as exposed in the cut, has a
sharp boundary, but is less fractured than the con-
centric breccia zone; its fragments only locally show
evidence of rotation. The sulfide minerals in the main
body of the pipe form fracture fillings and blobs in
shattered, higbly altered rocks.

Economic Significance of the Deposit

The ore grade of the Golden Zone breccia pipe
varies and has proved to be difficult to determine by
drilling (Mulligan and others, 1967). )t seems probable,
however, that a relarively high-grade part approxi-
mately coincides with a strongly fractured zone that
bounds the pipe. This zone, called the marginal zone,
encloses a core of weakly mineralized rock and in
wrn I8 enclosed in 2 halo of altered and weakly min-
eralized rock.

The marginal zone is exposed in an opencut at the
surface and {s falrly well defined onthe t00-foot level
by assay values (fig, 6). On the 100-foot level, the
outer part of the marginal zone is a breccia of vein-
like form that appears to be from 15 to 25 feetwide
and to average, on the basis of channel samples cut by
other geologisis and engineers, 0.30 oz (ounce) gold



per ton, 2.94 oz silver per ton, and about 0.9 percent
copper. The outer boundary of the rarginal zone is
defined by a fault contact; the inner boundary is pro-
bably gradational. On the basis of unpublished geo-
logic maps of the 100~foot level, which show strongly
mineralized rocks close to the veinlike breccia, the
entire marginal zone §s esdmated to be about 60 feet
across. In the opencut, the veinlike breccia zone is
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about 135 feet across and assays about 0.45 oz gold
per ton, and 3 oz silver per ton (1S ppm &nd 100 ppm
respectvely, sample 2, table 2). The sample shows
marked concentratdons of bismuth, cadmium, copper,
lead, dn, and zinc. The vock in the main body of the
pipe in the opencut (sample 1) containg slightly less
than(.) oz gold per ton, about § oz silver per ton, and
anomalous amountg of the same elements 88 sample 2.
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On and near the 200-foot level, numerous agsays
from channel samples or sludge from low-angle drill
holes suggest an oval-shaped marginal zone, with
maximum dimensions of about 120 by 240 feet, en-
closed in a weakly mineralized halo about 370 by SQ0
feet across (fig. 7). Assays Inthe marginal zcne range
from about 0.06 oz gold per ron to more than 0.6 oz
per ton and average about 0,21 oz per ton; leas abhun-~
dant assay data suggest a value of from $1 co $3 for
other metals, principally silvex and copper. The coxe
area, although penetrated by some drill holes, is es-
sentially of unknown value, The average assay value
of 228 samples in the halo area is gbour 0.04 oz gold
per ton. Although most samples in this zone contain
0.0} oz gold or less per ton, widely scattered semples
or groups of samples contain more, thereby ralsing
the avergge significantly, As noted above, the oval-
shaped marginal ore zone on the 200-foot level js
probably surrounded in part by an arcuate zone of
strong fracturing, snd groups of sssays from this
zone, particularly in the curving drift south and west
240 feet from the porta! (fig. 7), are higher in value
than the general aversge of the hslo. This suggests
in wwrn, that more detalled work in the halo may de-
lineare zones distinctly richer than the average.

The only check on the grade of the deposit as es-
timated from channe} samples or drill core and studge
is from mining in 194!1-42, when the Golden Zone
produced 869 tons of concentrates that contained 1,581
oz gold, 8,617 oz silver, and 42,659 1bs copper (Mul-
ligan and others, 1967). According co H. R. Beckwith
of Cemco, Inc. (written commun,, 1967), these con-
centretes came from abouc 1,730 tons of ore yielding
an average grade, from one lot of 1,480 tons, of ap-
proxmately 0.99 oz gold per ton, 4.5 oz silver per
ton, and 1.4 percent copper; a second lot of 250 tons
was of lower grade, but both lots were apprectably
higher than the grade determined by channel sampling.
it seems apparent from the locatfon of the opencut
and of raises on the 100- and 200-foot levels (figs. 6,
7) that this ore was mined largely from the marginal
zone. The tonnage flgure seems reasonable for the
ghort period of mining acrivity, the size of the mill,
and the amount of tallings, and so the grade of the
deposit may have been underestimated by conventional
sampling,

Although the grade and subsurface dimensions of the
deposit are imperfectly known, rough calcularions
based on assays from the 200-foot level indicate 8
Iikelihood of about 260,000 tons of material, contain-
ing possibly 0.14 oz goldper ton, per 100 feet of depth.
The fairly abundant assay dala from surface, under-
ground workings, and drill holea down to about 400
feet also permit a rough calcutation of the hypothetical
vglue of metals in the upper part of the deposir, Cal-
culations from these data show about $10,000,000
worth of metals in the upper 400 feet of the deposit,
tncluding the marginal zone and the sppreciably lower
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grade core and halo. The single deep U.S. Bureau of
Mines drill hole shows that the pipe extends o at
least B30 feet In depth and is at least weakly min-
eralized below 400 feet, s0 that the $10,000,000 figure
is minimal. Furthermore, if the value of metals has
been underestimated by conventional samplling, as
data on the 1941 -42 producton suggest, the $)0,000,000
value is too small. The deposit appears to warrant
further study and exploration.

Particular attention should be given to the possi-
bilities of vertical or horizontal zoning In the pipe.
The possibility of vertical zoning is suggested prin-
cipally by the complex metal assemblage in the Golden
Zone and nearby deposits, Horizontal zoning in the
deposit itself is apparenty Indicated by data from
U.S. Bureau of Mines drill hole 1, which shows an
inverse correlation of copper with gold at the eastern
edge of the pipe, with copper enriched relative to gold
just outside the pipe.

BLIND CREEK AREA

The Blind Cresk area (fig. 8) isabout] mile west of
the Golden Zone and is mainly underlain by volcanic
siltsrone and conglomerate. It is cut by a major fault
zone striking north-northeast which records a late
period of sirike-~slip deformation by nearly horizontal
slickensides. Locally the fault zone contains quartz
veins and quartz-cemented breccia zoneg ag much as
200 feet across. The quartz ranges from white and
massive t0 a falntly opalescent rype with a colloform
structure; locally It is linonite stained or ocontaing
pyrite,

Assays of the quartz veins and assoclsted pyritic
material show very minute arnounts of gold, although
none was seen, Two samples were collected; sample
BC-1 (table 2) was a composite grabsampleof quarrz
and limonitic guartz collected from residual fragments
in the soil over a distance of several hundred feet. It
containg slightly more gold (0.06 ppm) than the de-
tection limlr (0.02 ppm). Sample BC-2 (table 2) was
a shoxr: (2.0-foot chip) sample collectedover a strongly
pyritic part of the vein; it contains slightly more gold
(0.30 ppm) but still not in amounts approaching com-
merical value. The samples also contain measurable
amounts of silver, traceor greater amounts of arsenic,
and one sample shows 150 ppm lead and a trace of
zinc (<200 ppm).

Although the Blind Creek occurrence has no appar-
ent economle value, it is reported because of the
large size of the quartz veins and because the con-
trolling Blind Creek fault zone apparently is a8 major
premineral throughgoing structure.

1.ONG CREEK AREA

The Long Creek area (fig. 9) iz south of the Golden
Zone and appears to have a slightly different cype of
mineralization. Copper sulfides occur widely insmall



amounts and are concentrated near the Copper King
prospect. The copper minerals occur in veins, in
massive replacement of favorable strata, and dis-
seminated in bleached areas in predominantly red
volcanic siltstone and conglomerate,

The Copper Kingprospect, once known as the Hecwor,
{s on land restaked by Mark Ringstad, Fatrbanks, in
April 1967. The workings consist of several shallow
trenches, all of which expose copper minerals, Mas-
sive chalcopyrite and pyrrhorite are expoged as a
lensoid mass about § feet thickintrenchNo. 3 (sample
location 2 and 3).

The trenches are all in hornfetsedlocally calcareous
siltsrone, which s cut by small dikes and plugs of
quarrz porphyry. The guartz porphyry ard adjacent

hornfels are cut by sillceous veinlets on several
fracture trends, and the siliceous veinlets contain
very sparse amnounts of molybdenite, chalcopyrlte,
and pyrite. The molybdenite I8 seemingly more abun~
dant in the quartz porphyry than in the hornfels, and
the pattern of mineralization suggests a zonat distrl~
butlon of copper around the quartz porphyry masses.

Samples from the main trenches at the Copper King
(Nos, 1-4, Long Creek area, table 2) contain from
about 0.3 to 2 percent copper, | to3 oz silver per ton,
gold worth about $1 to 38 per won, and detectable
amountg of bismuth, zine, and tin, Mineralized rock
from che prospect ig also represented by sample 6, a
grab sample of sacked ore that is probebly from the
game trench as samples 2 and 3. Molybdenum, visibly
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present as molybdenite in veinlets in quartz porphyry
near the prospects, was not detected ar the prospect,
but was found in a trace amount (15 ppm) in weakly
veined porphyry (sample 5).

Conclusions and Recommendations

The known copper mineral occurrences of the Long
Creek area are small bur are locally rich in copper;
the molybdenite deposits are amall and of very low
grade. Nevertheless, the suifide rmineral occurrences
are numerous and widespread. Because of this and the
apparent associacion of deposits with quartz porphyry,
more expioration of the area is justified. Geophysical
exploration, pardcularly by induced polarizarion,
woutd be desjrable, as well es additional trenches
and shallow dril} holes,

STREAM-SEDIMENT SAMPLES

Anomalous amounts of gold and other elements are
found in some stream-sediment samples from the
district (fig. 10 and table 3). The largest anomalous
values in gold are in Bryn Mawr and Colorado Creeks.

Sample 24 from Bryn Mawr Creek was taken just
below the Golden Zone mine, where any naturally oc-
curing gold may have been augmented by gold from
the mine debris. However, two uncontaminared right-
Hmit tributaries to Bryn Mawr Creek, represented by
samnples 17 and 27, are also enomalous, indicating
bedrock mineralization in their headwaters. Sample
12, from near rhe mouth of Bryn Mawr, while not
anomalous {n gold, is highly anomalous in arsenic
and copper (table 3), as is sample 11 from an adjacent
stream. Since mining activity in and near the Silver
King prospect has probably not been extensive epough
10 contaminate Colorado Creek, sample 8 Is believed
to approximately represent the natural gold value of
the stream. The drainege nearest the Copper King
prospect, sample 43, has detectable amounts of silver
and arsenic, but little else to indicate mineraliza-
don.

With the excepdon of sample 9, most anomalous
gold values are in a iinear belt thar extends north-
east from near the head of Long Creek to Colorado
Creek, or subparallel to the major direction of fault-
ing recognized in the district by Ross (1933).
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DISTRICTWIDE SUMMARY AND
RECOMMENDATIONS

Gold and other metals are concentrated at several
places in the upper Chulima district, in particular,
the Coloradec Creek, Golden Zone, and Long Creek
areas. Trace amounts of gold occur in strong quartz
veins of the area, a5 ac Blind Creek. Many more min-
eral occurrences, partdcularly of vein type, are knawn,
and, because surficial deposits cover much of the
digtrict, probably many deposits are buried. The
dominant structural grain of the reglon is north-

easterly, and scettered mineral occurrence2 known
both northeasr and southwest of the district indicate
that the full extent of the district {s not known. We
believe that more prospecting 1a justified in the area,
pardcularly In Colorado Creek and near the Golden
Zone deposit, Our experience indicates that there are
outcropping mineral occurrences to be found, but
because of the cover by surficlal depoaits, geophysical
prospecting seems particulaxrly appropriateina search
for new disgeminated and breccia-pipe mineral de-
posits,

63"
)

EXPLANATION

——

TERTSARY(?) QUATERNARY

Surfiela) depoaits

P ur I B
+;Tad; v 13y

Quartz diorite porphyry  Quartz porphyry

Older rocks, undivided
Pamterned whore atrovigly korn/alssd

]

Contpct
Dushed where approrimataly located; dotied
whare cvrcealed

70

Faalt, showing dip

Dazhed whoro approgimately located;
dotigrd 1whare emesaled.

h

PRER KING
OSPECT

L]
*h

A
Sulfided
X >
Progpect  Trench
-l
Samplo locality
See table 2

1000 2000 FEET
| M |

1000
e J

Gealngy by C.C. Hawlay, 1967

Figure 9. —~Generalized geologic map of the Long Creek area,



149°40" . ) 149“30‘
I

2 j &

(’._
Q-
CP‘«
e, 4
o "
5 e
| XDUNKLE COAL
Q 5 MINE
5
\ R 3 7

\\ SILVER xr::? / g
PROSPECT,
NS
¥a,

Sr
-1 poR (ULI TN
\‘ C £, Vl':ﬁ‘ 7

f

21 ‘35
(3
\asythcient amoun

of ssmple

2250 2L
{ .
leoLoewn ZoNE

p MINE

Samples collected by J_ A Bentur
and C.C Hawley, 1967

EXPLANATION

0 <0.02

0O 0.02-<0.04
Q 0.04-0.08
@ 008

Gold concentrution,
in paris per million

G310~

naale mal __Jy—L—__.-—- — ] .- - ? MILES

Ba@ from U S Geolngcal Survey
1 (1,360 \opographic quadrangleyr
MHenly A-§, 1952, and Healy B-6, 1954

Pigure 10.~Locatlon and gold concentration of etream-gediment samples, upper Chulirna district,

REFERENCES Mulligan, J. J., Warfield, R, S., and Wells, R, R,
1967, Sampling a gold-copper deposit, Golden
Zone mine, south-central Alaska: U.S. Bur, Mines
open-~iile rept.

Ross, C. P., 1933, Mineral deposits near the West
Fork of the Chulitma Rlver, Alaska: U.S, Geol.
Survey Bull. 849-E, p. 289-333.

Capps, S. R., 1919, Mineral resources of the upper
Chulitna region [Alaska): U.S. Geol. Survey Bull,
692, p. 207-232.

Hawley, C. C., Clark, Allen L., and Benfer, J. A.,
1968, Geology of rhe Golden Zone mine area,
Alaska: U.S. Geol. Survey open-file rept.



Table 1,—Analyses of sarﬁples from

[Analyses, except of gold, are semiquantitative spectrographic by D. J.
geries 0.1, 0,15, 0.2, 0.3,0.5,0.7,1.,0, 1.5, and 86 on, or bythe following
---, not looked for. Resulis are given in paris per million except for
Sorption are by W. L, Campbell and A, L. Mefer, Gold analyses by fire
Samples: Localities are shown in figure 3; allare chipsamples; lengths

Sampla  Lab. Piald 2/
No. No. No. Ag As Au A\rlj Au— B Ba Be B1i Cd Co Cr Cu La Mo
1A ACK 018 67ACx 162 50 10,000 200 170 282 N 300 N 1000 N 150 20 300 .
B ACL 010 296A L N N N —_— 100 2000 N N N N 300 100 200 5
C 011 B L 200 R N N N 300 N N R N 70 200 N 5
D 012 C N N N 0.02 N N 2000 1 ¥ N 5 350 20 30 N
E 013 D L 200 N N N 10 1000 1 N N 10 70 50 N S
F 014 E 3 210,000 L 10 7.3 N 300 N 300 N 700 20 500 N N
2 ALK 013 152y 7 »10,000 15 6.2 _— 10 300 L 700 R 1000 S 500 N 30
3 012 151 5 1000 ® 2 0.1 L 150 L N N 10 100 1500 N N
4 014 153 L 300 N .1 — L 70 L N N 15 20 500 70 N
SA als 154 1,5 7000 N 08 — L 200 L 10 ¥ 150 S0 1000 R N
58 ACL 107 67ACx 154E 1,5 >10,000 N b — N 300 1 20 N 150 50 1000 N N
C 108 1544 0,5 10,000 N .1 -— N 300 1 N R 15 30 300 N N
6 ACK 016 155 50 210,000 N «2 -— 15 70 N 70 N 700 10 20,000 N N
7A 017 156 70 10,000 30 15 — 150 100 'L 10 N 5 3 500 L ¥
B ACF 200 156V 3 300 N 1 —_— 15 30 N N N N N 150 70 N
8A ACL 015 297 L 200 N N N 16 300 1 N N s 100 50 N N
B 016 297A 10 500 N .04 .07 10 1500 1 K N 15 70¥ 1500 N 10
Cc 017 297B 7 700 N .2 d 10 700 1 15 N 70 150 1000 N 5
D 018 297C N 500 N .02 N N 1500 1 10 N 10 150 150 30 N
9 020 299 7 10,000 N S5 —_ 10 700 1 i0 N 300 70 2000 50 S0
N
10 019 67ACx 298 10 7000 15 23 19.0 100 100 1 10 20 7 30 200 N
12 ACK 019 166 3 N N 08 - 100 1500 L N N 20 150 700 N N
12 010 136 100 >10,000 50 24 50 10 150 N 1000 N 300 e 700 N N
13 011 137 .5 500 N .3 6 15 300 N 15 N 30 300 200 N X
Limits of detarminacion .5 200 10 ,02 .05 10 5 1 10 20 5 5 S 20 5
%/ Atomic absorption,
3J, Fire sesay or five assay-atomic absorption.
=" Specific foerrumntal or chemical method.
Locaton Sample No, and descripton Locaton Sample No, and desgcription
L---e--- 1A, 2-foor, Hornfels with abundaat araeno- p R 2, 2-foot, Veln materls), primarlly arseno-
pyrite, pyrite, and limonite. pyrite. Strongly l{monfre-stained.
1B, )-foot, Hornfelsed argillize, weakly K 3, l-foot. Sericitized quartz dlorite with
minerallzed with dieseminated arasenopy- strong limonite goss4an,
rite, 4 oo 4. Hornfels nesr limonite-gtained (gult zone,
LC, 3-foot, Hornfels, pervasively stalned by Strongly shesred.
Ilmonlte. S acmnann-n- 5A, 8-foor. Altered hornfelsnear tace of smsll

1D. Biotite quartz diorite, altered to ¢lay and
gericite,

LE. Hornfels marginal to 1D,

LF, 6-inch, Massive aulfide veinlet. Primar-
ily arsenopyrite, pyrite, and quartz. Weak
copper (azurlte) sxain.

prospecr pit. Ceontaing minor arsenopyrite;
pervasive }imon{te stain.
5B, 10-foot. Same ae SA on east side of pit.
SC, 10-foot. Same as 5A oo west side of pir,



the Colorado Creek area

Grimes, B, E, Martinez, and R. T. Hopkins, Jr,,
gymbols:
Fe, Mg, Ca, T,

and are reported in the
N, not detected; L, detected but below limit of determination;
which are given in perceni. Gold analyses by atomfc ab-

assay atomic absorptmn are by W. D. Goss and Claude Huffman, Jr,

ahown with description where known]

pad ped

Ma - Nb N{ Pb 8b Se¢  Sa Sy v w Y Zn Zx Fe Ca T4
1500 1L 5 200 0.012 <0,01 <0,005 200 7 20. N 50 N 30 N 20 15 0.1 7 0.07
000 10 20 20 -_— N 50 20 500 200 N 20 N 30 10 2 5 ]
2000 10 s 10 —— — N 15 100 N 100 N N 200 30 15 ,1 10 W15
700 10 30 1o — — N 10 N 21000 70 X 15 N 150 2 2 2 .5
1500 N 560 10 ~— -— N 20 N 700 150 N 20 N 100 52 3 .5
1500 N 3 20 —_— 200 L N 10 20 N 20 N 20 15 ,05 5 .07
30 L 00 L — — —  200. N N N N N N K 150 15<,02 L .07
500 L , A5 L <004 <0l <,005 N 20 N 15 0 W 15 N 50 10 1.5 1.5 .15
1000 L 30 L e —_ N 7 N 50 50 N 20 N 30 w0 .7 3 .1
700 L 150 L — e == 100 " 15 N L 0 N N R L 15 .2 3 .13
700 10 S0 10 =-= —-— = 160 15 N 70 100 50 15 N s0 151,53 2 ]
700 10 20 10 —== — —_— N 10 N 70 70 N 15 N 70 10 .7 1.5 .2
200 N 200 10 a=— — - 500 N N N 10 N 15 R 30 20 .3 1.5 .15
150 N 5 100 =-- — - >10,000 10 N N 720 N 15 N 70 7 .3 0.05 .3
20 N L 500 — ——— —-— 510,000 N N N L N N N N 0.2 L L 0L
500 10 S0 10 -— —_— ——— N 5 20 700 100 N 10 N 150 2 2 2z .07
2000 10 30 10 === — _— N 10 S50 100 100 W 20 200 50 10 .5 20 25
1500 10 50 15 -~ —_ _— N 15 15 700 150 N 15 N 50 7 2 k] .2
300 10 ‘30 10 o — — N 10 N 700 70 N 15 N 150 3 1.5 3 .5
150 10 30 20 --= _ — 200 15 N sO 100 N 15 N 100 1,5 .15 .7 .3
100¢ 20 30 300 =-- -— -— 310,000 L0 N 70 70 N 15 1500 70 7 J 3 .7
200 L 50 15 — — -—= 150 N N L S00 N 20 N 70 10 3 .2 .15
30 L 30 700 <,04 <.l <05 700 7 N S0 50 N 15 L 50 20 5 15,07
700 L 150 L <004 <.01 <005 L 20 10 700 150 N 15 N 50 10 3 2 .5
.01~
10 10 5 10 ,004 ,004 ,005 100 $ 10 SO 10 S0 10 200 20 .05 .02 .05 .0OL
Lacadon Sample No, and descripdon Location Sample No. and description
6 - - -« - .- 6. Contact zone berween alteredquartzdlorite 8 8D. Chi -
N caquatizolorite 8 < - - - s . ip of altered quartz diorice assoCisted
:;i;o;;::ls that contains disgsemlnated ac- . with tactite and hornfels of 8B and 8C.
_______ ¢ ¢ L - 4 ----- 9, 4-foor, Arsenopyriie vein, sparse stibnlte,
7 7f;,r:;l;;*;}}:gt:§§lstf§:1immg diggeminated Vein ig on W&U of 10-fooxt shear zone,
7B, 1-foor, Arsenopyrite veincontainblg minor 10 -« - 101- 1t0f2~£o<xs )}ab:glng-wa'u vein inaccesaible.
stibnice, 0 -=-=-=10, G; 00t, dn ite-pyrite vein msaterial,
L 84, l4-inch. Tactlte at margin of quartz dlo- I;yrit:s::inl;: ?rll zi:Sm&;;:n?;f: nepyTite:
rite plug, Tactite is mainly compoged of 2 =« - = « . - o .
megnetite, epidote, garnet, and actinolice, 12 12&u¢rtienopyrxte pyrite vein with minoc
8B. l4-inch. Same zone as 8A. 13 ¢ o v oo 13, 2-foot, Hornfels containing diggeminared

8C, \-foot. Hornfels peripheral to tacrtite
zone,

pyrrhotite(?),




Table 2.—Analyses of samples from the Golden

{Analyses, except of gold, are semiquantitative gpectographic by Arrold
serles 0.1,0.15,0.2,0.3,0.5,0.7,1.0, 1,5, and so on, or by the following
not looked for, Resulis are given in parts per million except for Fe,
are by A, L. Meler, R. L. Miller, and T. A. Roemer, Gold analyses by

Sample  Lab, Plald 1 2/
No,  Ho. Yo. Ag as s A a2 B B Be B 04 Co Cr Cu  La Mo
Golden Zone area (sample localities shown in fig. 4)
1 ACP 117 67AHx 43 200 7000 N 4.2 1,9 150 7200 1} 30 200 L 100 5000 30 N
2 116 42 100 10,000 10 &5 14.8 150 700 N 50 50 L 30 >5000 30 N
3 119 46 20 >10,000 N 5 5.3 100 500 1 70 20 20 16 1500 20 N
4 ACE 627 46D 10 3000 wn o4 —— 200 300 1} N 30 10 S0 500 <50
9-255 to D128680 3y
5 9=272 ~ 128697 2 3000 N 8 — = 300 1 L <5 10 150 200 <30 23
[ ACF 118 674Bx 45 30 >10,000 20 25 25,0 0 150 N 200 20 N 10 300 20 N
7A 0ll 128a 150 *10,000 10 9.4 - 15 R L 30 3060 15 L 1000 N N
7R 012 1288 100 »>10,000 L 4.2 — S0 200 L L 3500 lo0 100 500 W N
Blind Creek area (sample localitfea shown in f1g., 8)
BC~1 ACF 068 67aHx 156 0,5 L N 0,06 == L 200 % N N L 7 20 N N
2 091 197 1.5 1000 N 30 == 10 300 1 N N R 20 30 N N
Long Creek arez (sample locali{ties shown L{n fig, 9)
. 67ABx
1 ACF 096 .218~1 100 N L 6,8 == 10 300 § 106 N 20 7 15,000 N N
2 097 -2 50 N N 1.2 —= L 1500 N 100 N 70 15 20,000 50 N
3 098 -3 50 N L 8,0 -== L 2000 N 100 N 20 20 10,000 20 RN
4 099 ~6 30 200 N 1.3 - L 150 N 100 N 130 20 5000 N N
5 061 169 0,7 N N — 1 loo0 ! N N 5 L 50 N 15
6 060 168 150 L N 0.2 —— 10 2000 L S0 30 jo0 10 >20,000 30 N
7 062 170 1,5 N N .1 -—= L 200 N N N A0 1000 06 N N
8 ACE 613 229 .5 N N N -— 15 300 % N N 70 1000 20 <50 N
9 ACF 085 216 2 N N 06 == L 156 N N N 15 10 2000 N N
Limits of deterwmimation ) 200 10 ,02 .05 10 5 1 100 20 5 S 5 20 5
y Atomlc absoyptiom,
2 Fire assay or fire assay-atomic absorption,
Ky Specific instrumental or chemical method.
Locadop Sample No. and descripdon Locsdon Sample No. and descrlption
Golden Zone area: Golden Zone area—Contlnued
1 - e v mamm Composite of random chips collected at about 6-=n--- Grab sample of arsenopyrite-quarig ore,
3.0-foot Intervals over 150 feet In Golden Lictle veln, Abundant scorodite,
- Zone opencut, 7 - -+ == 7A East vein: Grab aampla of arsenopyrite-
2 - e 15,0-foot chip sample of veinlike hreccia rich vein material,
zone, abundant arsengpyrite and quartz, 7B. Eagt vein: Grab sample of galena-sphal-
locally abundant scorodite and copper 8tain, erite-zrgenopyrite veln materisl,
3 (Golden Zone (See Mulligan and otherg (1967)for analysee
mine) - - - Mill feed; crushed ore from 1942 operations of channel samples of East vein.)
in mill hopper, Golden Zone smill,
4 (Golden Zone
mine) - - - Coarase tailings, Golden Zone mill,
5 (U.S. Bureau Blind Creek area:
of Minas
DH=-1)- - - Average (approximate geometric mesn) of I8 BC-1---- - Composite gample of quartz and limonitic
composite sludge samples from DH~L. quarrz, Sampie consiss of random chips
Maximum gold content in any sample, 6,3 picked up o traverse of deverat hundred
ppm. Molybdenum, detecred in alt aamples, feet along courae of vetn.
wag determined quantitatively torange from BC~2- - - - - 2,0-foot chip sample of pyritic-guarizvelnaon

6 to 43 ppm. Semples turnished by U.S. Bu- well of main quartz veln,
regu of Mines, .
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Zone, Blind Creek, and Long Creek areas

Farley, Jr., R. H. Helde), and E, £, Martinez, and are reportied in the
symbols: N, not detected; L, detected but below limit of determination; ---,
Mg, Ca, Ti, which are given in percent, Gold analyses by atomic absorption
fire assay-atomic absorption are by J. E. Troxel and Claude Huffman, Jr)

e w wt e pe¥ Pe¥  m¥ s se suosr VoW oy m  2r Fe Mg Ca TL

Goldeu Zone area (eample localities shown in fig. 4)--Coutinued

30 20 5 300 <0,0b <0.1 <0.05 200 15 30 150 70 N 10

150 20 L 700 <02 <.05 <025 500 15 50 150 150 N 15 2734())8 1 19 I in 93
0 L 15 300 <.008 <.02 <0L 500 15 N 200 70 N N 1000 100 15 .7 2 .3
00 10 7 S00 ~— -~ -— N S N 0 100 N 10 2000 70 5 1.5 3 .3
500 L 70 20 = =  —— L — 10 150 100 N 15 L 50 oo ams aem e
20 €20 R 5000 <, 04 <,1 <05 700 N N 100 L N N N 30 15 .3 <05 .03
S00 N 30 10,000 —— ~—~— — 150 L N N 10 N N 10,000 N 10 .5 1 .03
500 N 50 15,000 ==- —= - 1000 20 100 N 50 N L 0,000 L 10 .7 .3 .15

Blind Creek area (sample localities shown in fig. 8)—Continued

150 N 7 N
300 K 10 150

N L N N 100 == N N L
N 10 N L 30 ~— L L 20

I

NN

0.2 0.t 0.1
o GT W1

1
F

Long Creek area (sample localiries shown in fig. 9)--Continued

2006 N 50 - N —— m— - N 10 30 L 70 N 30 L 15 72 1 5 0.1
700 N 70 L — - -—= N 10 30 8 100 L 20 300 10 7 1.5 1,5 1
700 N 50 L —_— — —_ N 15 30 N 100 N 30 200 20 7 1.5 1,5 2

2000 N 50 10 — m—— - N 15 50 N 200 N 30 200 S0 7 2 1 .2
200 L 7 10 — - —= N N N 200 15 N L N 70 1.5 0.5 0.5 .1

1000 N 100 N —— - - N 10 0 N 50 N 20 1500 L 10 1 2 il
700 N 200 L —_— === — N 3/ 30 N 200 100 XN 20 N 30 5 5 2 ]

1500 30 500 30 — —- — L= N N 200 70 N 15 N 15 7 10 7 3
300 N 30 N i _—— == N 5 N N 100 N 30 N w3 .2 7 .05

160 10 5 10 .008 ,004 005 100 5 10 50 10 50 10 200 20 .05 ,02 ,0S ,001
Y.ocadon Sample No, and descripton Location Sample No, and description
Long Creek area: Long Creek ares—Continved
{ - === * - - 2,0-foot chip acroas strongly minerglized [ Grab aample of gacked ore.
layer in hornfelsed argiltite, Layer strikes
N, 82° W,, dips 52° NE., and can be traced T oemm - - - - Composite grah ssmple of chips collecred
for about 100 fect. at four cornere of outerqp area in fine-
2 e - .- 10.0-foot chip across massivae chalcopyrite grained tuff and volcanic breccla which has
and pyrrhotite. Svlfide-rieh zope trends K. very fine diaseminated chalcopyrite In al-
10° W., and probably dips ro the east. Ma- tered breccia fragmenta.
terial from thie sarne pit reported by Rosa L Composits grab sample of chips collected on
(1933) agsayed 0,22 oz per ron Ay, 4.9 oz outerep of green volcanic conglomerate.
per ton Ag and 7.34 percent Cu, Green stain probably caused by chromivm
3 - Random pleces of aulfide-rich material, same or nickel (see spectrographic apalyses).
trend as sample 2. PO Grab sample of copper-stained gossanm,
4 - Composite of sulfide-bearing chips; maln sheared lirneatone host rock.,
sutflde-bearing zone trends about N, 80" E.
== --- Grab sample 0f quartz porphyry cut by L/4-

inch quartz velnlets on 2-inch to 2-foot
spacing. Veinlets on geveral fracrure sets
including: N. 30° W., dipping 65° NE.; N, 25°
E.. dipping 52* NW.; and N, 85° E,, dipping
44° NW, Sparse molybdenite, chglcopyrite,
and pyrite in quarcz velnlets,
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Table 3,--Analyges of stream—sediment

{Analyses, except of gold, are semiquantitative spectrographic by D. J. Grimes,
0,15, 0.2, 0.3, 0.5, 0.7, 1,0, 1,5, and so on, or by the following symbols:
looked for, Results are given in parts per million, except for Fe, Mg, Ca,
A. L. Meler, R. L. Miller, and T, A, Roemer, Sample localities are shown in

Sample  Lab, Field

No., No. No. Ag As Au B Ba Be BiCdCo Cr Cu 1La
1 ACK 006 67ACx 257 N N N 70 1500 1 NN 15 300 70 N
2 005 256 N N N 701000 1 XN 15 200 70 N
3 007 258 0.5 N N 100 1500 '1 NN 15 200 70 N
4 004 254 N N N 501000 L NN 10 70 50 L
5 003 253 N N N 701500 1 NN 15 300 70 N
6 008 259 N N N 701000 1 NN 20 200 70 L
7 002 176 N N N 50 700 L NN 15 150 70 N
8 ACE 649 169 . N N 0.4 30 700 1 NN 20 200 70 N
9 650 173 N N ,04 501000 L NN 15 150 50 20
10 651 88 N N N 701000 1 NN 20 150 70 N
11 ACF 104 67AHx 31 2 1500 N 70 700 N NN 20 300 100 30
12 103 30 1,55000 N 70 500 N NN 30 1500 300 N
12a ACE 646 239 a N N N 100 1000 L NN 15 200 30 N
12a 647 239 b N N .02 100 1000 1 NN 15 150 50 N
12a 648 239 p L N N 70 1000 L NN 20 2000 30 N
13 ACF 069 67ACx 64 3 3000 .04 100 300 1 NN 20 300 200 N
14 ACE 609 Hx 98 N N N 70 1000 1 NN 20 150 100 20
15 610 99 .7 200 N 70 1000 1,5 NN 20 100 150 50
16 611 100 N N N 50 700 1 NN 15 150 70 20
17 ACF 032 101 N N .04 50 500 1 NN 7 150 30 20
18 ACE 607 67aHx 96 N N N 100 2000 1 NN 30 150 100 = N
19 606 95 N N N 100 1000 1 NN 20 150 100 30
20 605 94 N N N 100 3000 1.5 NN 20 150 100 20
21 604 93 N N === 100 1000 1 NN 20 150 70 20
22 603 92 N N - N 50 700 1 NN 20 150 70 N
23 602 91 N N N 50 700 1 N N. 20 150 100 N
24 ACF 028 70 3 5000 .7 100 700 1 10 N 20 100 300 30
25 026 68 N N .06 150 300 1 NN 20 200 100 N
26 027 69 N N N 100 300 1 NN 20 300 150 20
27 029 71 N N L,04 50 2000 1 NN 20 700 100 N
28 031 73 N N N 150 700 1 NN 20 70 100 20
29 030 72 N N ,02 100 500 1 NN 20 100 100 30
30 - 033 103 N N N 100 500 L NN 20 70 70 N
31 082 87 N N N 70 500 L NN 20 70 70 L
32 081 86 N N N 50 72000 N NN 20 300 70 N



samples, upper Chulitna district

E. E, Martinez, and Arnold Farley, Jr., and are reported in the gerles 0.1,
N, not detected; L, detected but below limit of determination; =-~, not

Ti, which are given in percent. Gold analyses are by atomic absorption by
figure 10]

Mn Nb Ni Pb 8b Sc¢ Sn Sr V

Mo 1% 2 ' n VA 4 Fe Mg Ca Ti
N 700 L 70 15 N 20 N 100 150 N 20 L 150 5 1.5 0.7 0.5
N 500 L 100 15 N 15 N 150 150 N 15 L 100 5 1 o3 W5
N 700 L 70 20 N 15 N 150 1008 20 L 150 7 1.5 .5 .5
N 700 L 30 15 X% 15 N 70 708 15 L 150 3 o7 1.5 .5
N 500 L 70 15 N 20 N 100 150 N 20 L 150 5 1,5 .7 .5
N 700 L. 100 15 N 15 N 100 100 N 15 L 150 5 1.5 .5 .5
N 700 L 50 15 N 10 N 70 70 N 15 N 100 3 7 2 L3
N 700 L 70 10 N 15 N 100 150 N 15 L 150 5 1,5 .5 .3
N 700 L 50 15 N 15 N 100 100 N 20 L 150 3 1 «3 L5
N 700L 30 20 N 15 N 100 150 N 20 N 100 5 1 5 .5
N 5000 L 70 30 N 20 N 150 100 N 10 L 150 15 o7 W7 W2
N 1000 L 70 30 N 20 N 150 150 N 10 L 100 15 1.5 .7 .5
N 1000 L 100 10 N 10 N 150 70N 15 L 50 3 1,53 o3
N 1000 L 70 10 N 10 N 150 100 N 15 L 50 5 1,5 2 o3

15 2000 L 200 20 N 10 N 150 100 N 15 L 70 5 1,5 3 o3
N 700 L 100 200 N 20 N 70 100 N 15 N 150 7 1,5 1.5 .5
N 700 L 70 30 N 15 N- 70 100 N 15 L 100 5 7 2 3
N 1000 L 70 70 N 15 N 100 150 N 20 500 150 5 7 3 .3
N 700 L 50 20 N 15 N 70 100 N 15 L 150 3 1 o7 45
N 700 L 30 15 N 15 N 50 70N "15 N 150 1,5 .7 62 L3
N 1000 L 70 15 N 15 N 100 150 N 15 200 150 5 1 $S5 W5
N 1000L 70 .30 N 153 N 50 150 N 20 L 150 3 o7 W15 ,7
7 700 L 100 15 N 15 N 150 150 N 30 200 150 7 o7 7 L5
N 700 L 70 20 N 15 N 50 100 N 20 L 100 5 7 42 .3
N 700 L 50 20 N 15 N 70 150 N 15 N 100 7 1 3 L5
N 700 L 70 20 N 20 N 150 150 N 20 N 100 7 1.5 .5 .3
N 700 L. 50 70 N 15 N 70 100 N 15 200 70 5 1 1 )
N 700 L 100 10 N 20 N 100 200 N 15 N 70 5 3 2 «d
N 700 L 100 20 N 20 N 150 150 N 15 N 70 5 2 1.5 .5
N 1000 L 70 15 N 30 N 150 150 N 15 L 70 7 2 7 .5
N 1000 L 30 20 N 20 N 150 150 N 15 N 100 7 1.5 .5 .5
N 1000 L 30 20 N 20 N 100 150 N 200 N 100 7 1,5 .3 .7
N 700 L 30 20N 20 N 150 150N 15 N 70 7 1.5 7 .5
N 700 L 30 30 N 15 N 150 150 8 15 N 100 7 1,5 .7 ,S
N 700L 150 20 N 15 N 100 100 N 15 L 70 5 1.5 .3 .3




Table 3.-=Analyses of stream-sediment

Sample Lab, Field

No, No, No. Ag As Au B Ba Be B1i Cd Co Cr Cu La
33 ACF 084 67AHx 89 N N N 70 700 L N N 20 150 70 N

34 085 90 L N N 50 500 L N N 15 150 50 N

a5 083 88 N N N 30 500 L N N20 300 590 N

36 055 115 N N .02 70 300 L N N 15 150 70 N

37 035 114 N N N S0 500 L N N 20 150 70 N

38 034 113 N N .02 50 700 L N N15 100 70 L

40 070 75 N N N 70 700 L N N 20 100 70 N

41 072 77 N N N 30 S50 L N N15 150 100 N

42 071 76 N N N 70 700 L N N 20 300 100 N

L

43 073 78 L L N 30 500 L N N15 150 100 N

44 074 79 7 N N 70 300 L N N 30 2000 70 N

45 07s 80 N N N 70 700 L N N 20 200 70 N

46 077 82 N N N 70 700 L N N 20 200 70 N

47 076 81 W N N 70 700 L N N 20 500 100 N

48 078 83 N N N 70 700 L N N 20 1000 100 N

49 ‘079 86 N N N 70 700 L N N 20 150 70 N
Limits of determination .5 200 .02 1lO 5 1 1020 5 5 5 20
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samples, upper Chulitana district--Continued
Mo Mn Nb Ni Pb Sb Se¢e Sn Sr V W Y Zn Zr Fe Mg Ca Ti
N 1500 L 50 20 N 15 N 100 100 N 15 L 100 b) 2 3 .7
N 700 L 50 70 N 10 N 50 100 N 15 L 70 5 1 15 .3
N 700 L 100 15 N 15 N 70 100 N 15 L 70 5 1.5 .2 .3
N 700 L 50 15 N 15 N 100 100 N 15 N 100 3 1 25 W5
N 700 L 50 15 N 15 N 100 100 N 15 N 70 3 1 2 5
N 700 L 30 15 N 30 N 300 100 N 15 N 70 5 1 5 .5
N 700 L 50 10 N 15 N 150 100 N 15 N 100 5 1,51 05
N 700 L 70 15 N 15 N 200 150 N 15 N 150 5 1,5 1.5 .5
N 700 L 100 20 N 15 N 70 150 N 200 N 150 7 1.5 .5 .7
N 700 L 70 20 N 15 N 50 100 N 15 N 70 3 1 5 L3
N 1000 L 300 70 N 15 N L 100 N 15 L 70 7 3 2 .3
N 700 L 100 20 N 15 N 150 100 N 13 N 100 5 1.5 1.5 .3
N 700 L 150 30 N 15 N 200 100 N 15 N 100 5 2 1.5 5
N 700 L 150 20 N 15 N 200 150 N 15 N 100 7 2 1.5 .5
N 700 L 150 15 N 15 N 300 150 N 15 N 100 7 2 2 o7
N 1000 L 150 20 N 20 N 150 150 N 15 N 100 5 15 .3 .3
5 10 100 5 10 50 10 50 10 200 20 05 ,02 ,05 ,001

10 2 10
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