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Some Shorter Mineral Resource Investigations
in Alaska

INTRODUCTION

This circular gives the results of several brief geo—
logic studies on mineral resources in Alaska, These
swdies were made in 1967 for the Heavy Metals pro-
gram of the U.S. Geological Survey during the course
of more extensive geologic or geophysical research.
Each ardcle, however, describes an area favorable for
prospectdng or gives background data of Interest to a
prospector or economic geologist

The fi{rst article describes a nickeliferous serpen-
tinite in the Livengood vltramafic trend. The second
article i3 a geophysical atudy on the depth to bedrock
in the Wisaman nyxea. The third article describes a
new molybdenum occurrence in the Coast Range
batholith near Junesu, This article points out that the
Coast Range batholith west of Juneau i8 a very com-
plex body, not a homogeneous rock unitof one age. This
has an important Implication, namely that parts of the
Coast Range batholith In Alaska need more geologic
evaluation before they can be considered unfavorable
for ore deposits. The fourth article shows that anom-
alous amountg of certain elements could serve as
geochermical tracers {n the area of the White Mountain
mercury deposlt and summarlzes the gold contents of
some Alaskan mercury ores. The fifth article des-
¢ribes an axeanear Sikonsina Passinthe Alaska Range
characterized by anomalous concentrations of gold,
copper, and lead.

The areas reported on here are widely distributedin
Alagke (fig. 1); they were studied by geologists, geo-
physicists, and chemists all cooperadng in the U.S,

Geological Survey's Heavy Metals program {n Alaska.
These individuals were greatly aided in thelr investi-
gations by many Alaskans, and although it would be
difficult to name all those who gave indirect aid, the
Geological Survey wishes to acknowledge, specifically,
assistance from R, F. Lyman, White Mountain mercury
mine, and Andrew Miscovich, Porcupine Creek.

Figure 1.—Index map of Alaska showing loca-
tions of study areas.



Nickeliferous Serpentinite Near Beaver Creek
East-central Alasko

By R. L. Foster

ABSTRACT

The Beaver Creek alpine-type aerpemtimite body in the north-
eastern past of the Livengood uloamsfic trend, east-central
Alrske, containg nickel concentrations of aa much ag 0.51 percent
and, locally, detectable amounta of plarinum and paliadium,

INTRODUCTION

An irregular mass of nickeliferousserpentinice
approximately 20 miles long, with maximum width of
over 1 mile, crops out in the Livengood C-2 and C-3
quadrangles, east-central Alaska. This mortheasterly
trending alpine-type serpentinite conforms generally
ro the regionel structural grain and is flanked on the
southeast by metamorphosed siliceous graywacke
clastic rocks and on the northwestmainly by fractuzred
and rehealed chert strata (fig. 2), The analytical re-
sults from samples of the ultramafic material collected
during reconnalssance geologic examinations along
this northeasternmost segment of the Livengood ultra-
mafic trend (Foster, 1967) indlcgte that these rocks are
abnormally nickeliferous as compared to some ser-
pendnites from other parts of the world (tablel).

GEOLOGIC SETTING

The serpentinite mass forms & conspicuous lighe-
green to brown pand which consists of outcrop and
rubble and ias characterized by sparse vegetation and
low rolling hilla with isolated pinnacles of more re-
sistant yock. These pinnacles are tectonic inclusions
or mafic igneous {ntrusives within the serpentnite
terrane, Southeast of the serpentnite body are con-
torted Devonian(?) metagraywackes that contaln abun-

dant clasts of chertand igneous rock fragments, To the
northwest are shattered massive and banded cherts.
The juxtaposition of these divergent metamorphic rock
types and the nature and geometry of the aerpentinite
mass suggest tectonic emplacement of the ultramafic
material along a major reverse or strike-slip fault,

SERPENTINITE

The ultramagfic rock is completely serpentnized,
haa no consistent internal fabric, and varies from a
massive blocky variety to highly sheared slickentite.
In the massive rocks, serpentdine-group mineralg oc-
cur as fine gcaly aggregates in a semiradial discribu-
don ag lamellar fibrous scales normal to serpophite
"eyes" or opaque veinletg, and as a demidecussate
meshwork. The slickentdte rocks havethese same tex-
tures partlally or totally modified by ghear. Bastite,
minor gsbestog-fiber veinlets, and primary and sec-
ondary spinel group minerals are ubiquitous, whereas
only traces of sulfides were recognized.

CONCLUSION

These ultramafic rocke contain concentradons of
n{ckel which justify detailed investigation. Although the
detected amounts of platinum, palladium, and rhodium
are low, their presence i8 noteworthy. The possible
existence of covered bodies on strike with ox parallel
to the major ultramafic trend could be tested by mag-
netometer surveys; colncident anomalies derived from
alectromagnetic and magnetic surveys could outline
addidonal targets for physical exploradon,
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Figure 2.—Qutcrop map of Beaver Creek serpentinite showing sample locations.



Table l.—Chemical analyses of Bagver Creek serpsntinite

{Analysts: Spectrographic, Armnold Farley, Jr.; chromium, G. T. Burrow; nickel, E. J. Rowe;
palladium, platinum, and rhodiums; L. B. Riley, W. D. Goss, and Jogeph Haffty. Analyses, un-
less noted, are semiquantitative spectrographic and are reported Iin the series 0.1, 0.15,
0.2, 0.3, 0.5, 0.7, 1.0, 1,5, and 80 on, or by the following symbols: N, not detected; Tr,
trace. Results are given in parts per million except for Cr, Ni, Fe, Mg, Ca, and Ti, which
are given in percent. Locked for but not detected, limits of determimation given in paren-
theses: Ag (0.8), As (200), Be (1), Bi (10), Cd (20), La (20), Mo (5), Nb (2), Pb (10), Sn
(10), Sr (50), W (50>, Y (10), Zn (200), and Zr (20); exceptions! Be, 2 ppm in sample 11;
La, 30 ppm in samples 4 and 20; and Nb, <20 ppm in samples 7 and 13. Not determined be-
cause of interferences: Sn in sample 13 and Zn in sample 5. All samples contain <0.02 ppm
Au and <100 ppm Ba. Sample localities are shown in figure 2]

Sample Cu B Co Mn Pt! P4’ Rh! S¢c V Cr!  Ni! ¥Ye Mg Ca T3
1 1 20 150 700 <0.0l0 <0.004 <0.005 10 30 0.06 0.50 15 »10 <0.05 0.007
2 200 20 100 1,000 <.010 <.0D% <.00S 7 15 .11 .36 1§ »>10 .05 .01
3 ) 30 100 1,000 Tr .008 <¢.D0S 10 30 .10 .51 10 >10 <-05 .00S%
) 20 §¢ 70 1,000 -011 <.004 <.005 10 50 <19 .ue 7 >10 a1 .007
) 20 200 300 1,000 <-010 <.004% <.00S N 300 12.8 .33 15 5 .07 .07
6 20 70 70 500 «<.ol0 <011 <.005 7 30 .20 .48 10 10 .05 .D01$
7 10 20 100 700 <.010 <.004 <.005 15 50 .16 .48 10 »10 .07 .015
8 7 0 100 700 <.010 <.004% <.005 7 30 1§ M9 15 1o <-05 ,007
] 100 30 150 1,000 . 012 -033 <.005 10 &0 .19 .38 15 10 .08 .03

10 7 70 100 700 .01y <.004 <.005 15 S¢ 13 .7 18 10 -07 <.001
11 15 50 100 700 Tr .006 .005 15 70 A3 .21 10 10 .05 .03

12 30 70 100 700 .alo - 004 .0065 15 b0 .08 .25 1s 510 .05 .00S
i3 b S0 150 500 Tr Tr .005 N 1% .32 .2y 15 >10 .05 .007
L 15 80 150 700 Tr .DoE .005 15 30 .12 .25 1§ 10 <.05 ,007

Limits of determination

s 10 5 10 0.01  0.004 0.005 6 10 --- --~  0.05 0.02 0.05 0.001

gampla Deeaription Bample Desoription

il Grab rock sample; blocky dark-green serpen- 8 - - - - - "« - - Grab rock sample; blacky dark-green bastitic
tinite (greenish-prown weathered surface), serpentinite (green on weathered eurface).

2ecmma e Grab rock sample; blocky dark-green aerpen- 9 - Grab rock sample; blocky dark-green sérpen-
tinite with trace emounta of gulfides (reddieh- tnite with parallel elongate bluteh-gray
brown lichen on weathered aurface). moctling (greenish-white on wonthered

KR Selected vock sample; elightly sheared blocky surface).
dark -green serpentinite with minor fiber vein- 40 - « ~ - < - - - Selected rock sample; blocky dark-green ger-
leta (light-green on weathered sheared sur- peminite (rusty-browu on weathered gurface).
face), H--re---- Grab rock esmple; blocky dark-green bastitic

4e---nrn- Crab rock aamgple; blocky derk~green serpen- gerpentinlte (Hight-green on weathered

; tinite (1N on weathered surface). surface).

§-v---n-n- Selected scree rock sample: aheared black 12 - - < -2 - - - Grab rock aample; blocky dark-~greeu sexpen-
chrom(rite (brownieh-white on weathered tinite (light-green on weatherad surface).
sheared surfece), 13 - v v v Grab rock eample; blocky dark-green mottled

6 r----~n Grab ecree rock sample;, dark -green slickentite serpentinite (Olive-green on Weuthered bur
(dark-green on weathered sheared surface). taca).

AR Grab acree rock eample; dark-green mottled 14 -« ~~ - - - - Selected rock sample; hlacky dark-greao
alickentite (clive-green on weathered aheared gerpenuinite with- parvasive mewllic velalets
surface). (gzeentsh-white on weathered surtace).



Bedrock Depth by Resistivity Soundings, Middle
Fork of the Koyukuk River

By L. A, Anderson and G. R, Johnson

ABSTRACT

Stx resiatviry soundings were made negr the town of Wiseman
and Poxcupinge Creek on the Middle Fork of the Koyukuk River in
Alaska. The purpose of the soundings was to evaluate this mathod
as a means of derermining bedrock depths {a the vicinicy of the
main stream channe) as the firac step in apprafsing the potential
of the Middle Fork valley for a gold-dredge operation, Congidersble
diffculty was met {o interpreting the eoundings in the absence of
detalied geologic control, dut a reasonsble interpretation of bed-
rock depth at Porcupinée Creek 15 60 feetand ar Wiseman, 13
‘milea north, 270 feet. The reeaon for the rather large differsnce
1n bedrock deptha at the Two locations 18 unknown,

INTRODUCTION

Placer gold has been obtained by drift minlng, cater-
pillar and dragline operatioms, hydraulic mining, or
various combinations of these from manytributary
valleys to the Mlddle Fork of the Koyukuk River since
ahout the turn of the centery. The contrlbutton of gold
from the tributaries to the main valley of the Mlddle
Fork suggests that, unless other factors such as gla-
cladon have interfered, the main valley {tself should
locally be gold bearing. This possibility further sug-
gests that a large-~scale dredging operatlon in the main
river channet may be economically feastble, but before
such an undertaking can be considered, the thickness
of the stream gravels must be known,

The nature of the problem andits possible economic
significance was outlized by H. N. Reiser of the U.S.
Geologlcal Survey, who accompapied the authors and
aided in the invesudgadon. The main purpose of the
investigaton wastotesttheresiscivity-sounding
method ag a pracrical approach for determining bedrock
deptha at selected locgdons along the Middle Fork of
the Koyukuk River. Four days were allotred to the sur-
vey, and in the span of time, a thorough investgation
of the bedrock probiemn was not possible. Thedata are
reporied, however, because possibly meaningful depths
were obtained at two statlons and becausge ¢considerable
experlence was gained on the application ofthe
resistivity-sounding method fn a complex geologic en-
vironment.

A/

The general location of the Middle Fork of the
Koyukuk River is shown in figure |, the locatrions of
the six electrical-sounding statlons and the geologic
setting near Wiseman and Porcuplne Creek are shown
in figure 3. The resistivity surveys weremadein these
areas because 0of their landing facilities for aircrafr.
A river boat rented in Wiseman and a tracked vehicle
borrowed from Mr. Andrew Miscovich-at Porcupine
Creek were of conslderablehelp {n rpducing the travei~
time between sounding locarions.

Problems and procedure

The problems met in applying the resistivity snethod
in Interior Alaska have been diascussed by Joesting
{1941) and by Barnes and McCarthy (1964). One problem
stems from the fact that permanently frozen ground
(permatrost) forms a near-surface highly resisdve
layer which 18 very difffcult to penetrase electricslly.
The permafrost can bepenetrated {f very large separa-
tions berween current electrodes sre used, but the pres-
ence of permafrost reduces the regolving power of the
method tn determining the electrical conducdvity of the
rock materis} underlying the permafrost, The perma-
frost {s often laterally discontinuous, which adds to the
complexity of the resistivity-sounding curve and makes
interpretation more difficulr and often unreliable,

Another serjous probiem in applying any geophysical
method In the Middle Fork area ig thelack of detailed
geojogic contro}l, which is essental if 2 definidve in-
rerpretation of the geophysical data is to be made. In
the sbsence of detailed information, it was assumed that
the geologic section was relatively gimple: sand and
gravel resting on a schist bedrock. In order o deter-
mine the thicknesa of the agnd and gravel by the
reglstivity-sounding method, a significant resistvity
contrast must exist between the regigtivity of the
stream gravel and that of the schist. The regisdvity
ranges of rock materials obtained (or interior Alaska
by Joestng (1941), our own experience with resistvity
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Figure 3.—Map of the Middle Fork of the Koyukuk River showing resistivity-sounding locations
and the generalized geology.




soundings in the Fairbanks area, and laboratory meas-
urements on representative samples of the schist from
Porcupine Creek were helpful ininterpreting the
Wiseman-Porcupine Creek resistivity data.

The resistvity surveys were made using the Schlum-
berger array and the resulting data were interpreted
in two steps. Firat, the album of three-layer Schlum-
berger theoretical curves (Orellana and Mooney, 1966)
was used In conjunction with the aux/liary point dia-
grams (0 intexpret multdlayer curves (Kalenov, 1957;
Keller and Frischknecht, 1966; Orellana and Mooney,
1966; and Zohdy, 1965). Second, the geologic section
constructed on the basis of the geophysical interpre-
ation was modeled by means of an IBM 360/65 com-
puter to gpproximate the curve described by the field
data. Good agreement between the theoretically com-
puted curve and the fleld data lends credibility vo the
original interpretatdon but does not signify 2 unique
soludon.

WISEMAN AREA

Four resistivity soundings were made in the Wise-
man area, with the intenton of obtaining e bedrock
profile searting on the airstrip on the westbank of the

tiver and extending across the stream deposits 10 8
winter crail on the east bank. Twoof the soundings (W~1
and W-2, fig. 3) were made on sand and gravel bars
in the channel of the Middle Fork.

Only one (W-1, tig. 3) of the two soundings on the
river channel deposits was interpreted. Lateral
inhomogenelties (n the near-surface gravel at sounding
location W-2 caused data scstter on the resistlvicy~
sounding curve, andaninterpretationwasnorcon-
sidered feasible. Sounding W-1, made on a sand lens
overlying the gravel, gave a relatively amooth sounding
curve (flg. 4). The geologic secton interpreted from
the curve {s indicated In figure 4.

On the bagis of laboratory resistivity measurements,
the 140-ohm-meter material comprising the upper-
most bedrock fayer is assumed to be graphitic schist.
The geologlic map by Brosgé and Relser (1960)
described the schist at Wiseman and black mica and
quartz-mica; rocks of thig rype would be expected to
have a resistvity significancly greater than 140
ohm-m, Joestng (1941) reported a range of 200-800
ohm-m for schists from various locatitlies in interlor
Alaska, and our work near Fairbanks in 1967 suggests
a resistivity range of 300-1,000 ohm-m for achist
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containing little or no grsphite, For gections of schisc
neer Fafrbanks suspected to be graphitic, values of
regisdvity as low as 30 ohm-m were obtained, Labo-
ratory meéasurements on the Porcupine Creek schist
samples show the resa{stiviry to be less than 200
ohm-m. To gain some assurance that the low resis-
tivity was caused by graphite, a total-carbor analysis
and an X~ray pattern were obrained on concentrates
from one of the samples., Both methods verified the
existence of graphite, although not any large amount.
However, a slightly graphitc schist can provide in-
numerable conduction paths along which current can
easily flow, thereby reducing the resigtivity of the rock
below that measured on small rock samples.

The possibility exists that a layer of schist, electri-
cally indistinguishable from the stream grave],
overlies the graphitic schist unit. If this were true,
the depth to bedrock would obviously be less than the
270-foot igure determined from the sounding interpre-
tadon, On che other hand, if the 140-ohm-m layer,

thought to be graphidc schist, wag actually clay-rich
gravel, the bedrock surface would be at adepth in ex-
cess of 500 feet, The valley configuradon s not con-
slstent with a gravel thickness of this magnitude, and
therefore it is8 felt that 270 feet is the maximum depch
to bedrock.

The curve of the resistvity sounding (W-3) made
on the alrstrip (fig. 5) could not be interprezed in its
entirety because the gsecond maximum on the cuxve
cannot be matched to a curve describing a laterally
homogeneous layered section, The interpreted part of
the curve indicates a goil cover less than 2 feet thick
underlain by dry gravel which extends downto 12 feet,
the probable level of the water table. The third layer
is water-saturated sand, clay, and gravel. This unit
bas electrical properties which suggest that the top of
8 lentcular body of permafrost exists at a depth of
about 88 feet from the surface, The resistivity of the
permafrost is extremely high and has been assigned
a value of {nfinity in the vertical geoelectric section
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resiativity are indicated. The vertical geologic section in which a permafrost lens is in-
cluded is, in part, inferred from the uninterpretable part of the field cuxve.




shown in flgure 5. The observed rapid decreasein the
apparent resistivity at 48/2 spacings (half the distance
of che current-electrode separation) between 400 and
1,200 feet is apparently a result of the horlzontally
discontinuous nature of the permafrost body.

To {llugtrate the effects of a hortzontally discon-
tinuous resistive layer at some depth on the shape of
the sounding curve, rwo diagramshave been taken from
Alfano (1939) (fig. 64 and B). The characteristics of
the modeled structures are indicated in the sketches
adjscent to the vertical efectric-sounding curves. In
these sketches the midpoint of the sounding Is repre-
sented by a center line, €, and the sounding direction
{8 represented by the arrows, The resistivity contrast,
#9 : Py, between the second and firsc layersis 19 to );
the third-layer resistivity 18 equal toc Py. Layers 1
and 2 are equal in thickness, and layer 3 is {nfinire in
thickness,

In flgure 64, the sounding curve for a horlzonrally
homogeneous three-layer medium (dashed }ine) is
compared with the sounding curve obtained when the
second layer is truncated some distance T from the
center of the sounding array (solid line). The deviation
from the standard curve caused by the truncation of
the second layer can be erroneously interpreted by
assuming a greater resisdvity contrast between the
gecond and third layers than actually exigts and by in-
terpreting the degcending part of the cuxrve interms of
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Pigure 6.—Comparison of resistivity curves
for- a2 horizontally layered section of infi-
‘nite lateral extent (dashed lines) wicth: &,
The resistivity curve obtained when the
second layer is semi-infinite in horizontal
dimension (solid line). B, The resistivity
curve obtained whan the second layer is
finite in horizontal dimension for the in-
dicated conditions (solid Yine). Modified
from Alfano (1959).
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more rhan one layer decreasing monotonically in re-
sistivity with depth, However, it is not quite possible
to march theoretical curvas describing a layered con-
didon with a field curve in which one layer s discon-
tinuous without subjecting the fletd data to some degree
of amoothing. In figure 68, the standard curve for a
horizontally homogeneous three-layer condition
(dashed line) is compared with the curve obtained when
the second layer 18 truncated at both ends (solid line).
The descending part of the curve falls off so rapidly
that an interpretadon by curve matching with curves
for horizontally homogeneous media 15 impossible.

The decrease in the apparent resistvity (fig. 5) fol-
lowing the second maximum most nearly corresponds
to the effects noted for the two-dimensional body of
finlte lateral extent, The maximum resisdvicy value
on the solid curve shown {n figure 68 occurs at a
spacing epproximately equal to one-half of the distance
7; therefore, it may be reasonable to assume that the
permafrost layer at the Wiseman alratrip pinches out
approximately 800 feet from the midpoint of the sound-
ing array,

The effect of the resistive schist at depth can be
observed in flgure 5 atelectrode spacings greater than
4B/2=1,000 feet, but the existence of graphitic schist
within the section cannot be ascertained. The distortion
of the sounding curve due to the permaftrost lens makes
it of little value in determining the depth to bedrock
except to say that the bedrock surface must be deeper
than 88 feet.

The resisdvity sounding (W-4)made onthe east bank
of the river is shown in figure 7. The sounding data
were not interpreted because the curve could not be
matched with the standard theoretical three-layer
curves for horizontally homogeneous media. The field
curve rises rapidly, presumably sensing the near-
surface permafrost, and at 48/2 spacingsgreater than
200 feet, the apparent resistivity dacreases at a rate
greater than possible for a horizontally layered con-
didon. The decrease in the resistviry values iaprob-
ably caused by lateral effects as described by Alfano
(1959) and as illustrated in figure 6, although similar
eftects from other lateral conditions arepossible.

PORCUPINE CREEKX AREA

Weather conditions and local flooding Ymited the
number of soundings to two near Porcupine Creek; one
on the stream gravel and the other onthe west bank of
the Middle Fork of the Koyukuk River. The sounding
on the wesgt bank proved to be extenstvely underlain by
pexrmeafrost and was not imerpreted.

The sounding on the stream gravel (P—1)A4s shown
in figure 8. The geologic section interpreted from the
curve lg Indicated in figure 8.

The resistivity change within the upper sand and
gravel at 7.5 feet is probably due to the Influence of
the watey table at that level, The 260-ohm-m secton
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Figure ?.—Resigtivity sounding (W—4, fig. 3) made along winter trail, east bank of the Mid-
! dle York of the Koyukuk River near Wigeman.

from 30 to 60 feet correlates well with'the 280-ohm-m
sand, clay, and gravel detected near Wiseman. The
bedrock, having a resistivity of ] 30 ohm-m and thought
to be graphitc achist, {8 very similar tothat ar Wise-
man and 1s {nterpreted to be 60 feet below the surface.
The grephitic schist(?) unit appears to become more
conductive with depth at this site, whereas, in the Wise~
man area {t o rather thin and underlain by a resistive
rock unit. The fact that the suppoged graphitl¢ schist
at Porcupine Creek is almost 1,000 feet thick pre-
cludes any identification withaclay-ri¢hstrearn de~
posit and is accordingly thought to congtitute the
badrock layer here and at Wiseman.

SUMMARY AND CONCLUSIONS

In the absence of certain geologic Informadon, the
assumpuon was made that graphitde schist with a re-
sistivizy of 130~140 ohm-m is the local bedrock in the
Wiseman and Porcupine Creek sounding areas. 1f this
assumption is valid, the resistvity data {ndicate a
rather large discrepancy between the bedrock depths
at gounding W-] near Wigeman (270 feet) and P—1 near
Porcupine Creek (60 feet). The interpreted 210-foot
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difference 1n bedrock depths at the two survey locations
may possibly be explained by the much brosder valley
of the Middle Fork of the Koyukuk River at Porcupine
Creek. The Inferred bedrock depth of 60 feet ar Porcu-
pine Creek is within reach of a large dredge. On the
other hand, the inferred 270-foot-bedrock depth at
Wiseman is well beyond reach of any known dredge.
The sounding on the Wiseman airstrip (W~3) supports
the impreasion that bedrock is deeper {nthig area than
at Porcupine Creek. '

Additional resistivitysoundings shouldprovide
additdonal {nformation on bedrock depth, especially if
it is possible to avoid permafrost areas by working on
the sand and gravel bars adjacent to the present-day
stream channel. However, the uncertainties involved
in correlatng the geoelectric sectdon with the geology
would still be a significant shortcoming inthis approach
to the problem. A series of gravity proflles across the
valley coupled to bore holes drilled for control might
be more effective because the entire valley configura-
tlon could then be established without regard to the
limitadons imposed on the resistivity method by per-
mafrost.
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Figure B.—Resistivity sounding made near Poroupine Creek (P-1, fig. 3)., The circles are the
fiald data from which the vertioal geocelectric gection was determined. The solid line is a
theoretical curve computed using the gacelectric section as a model. The electrode-spacing
axis is also the depth axis for the inferred geologic column in which the values of resis-
tivity are indicated.
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Boundary Creek Molybdenum-silver Occurre. e

By David A. Brew and A, B. Ford

ABSTRACT

Two molybdenite occurrences with locgl anomalous concen
tratlons of gilver were found In a diketike body of (ron-stained
granodiorite and aplite; the body {8 more than 2 miles long and
at leaar 2,000 feet thick, The Tertiary(?) granodiorite-aplite body
cuta tonalite 2od related rocks of Cretaceous(?) age approwi-
macely 10 miles north of the Taku River and 5 milen wesrt of the
United States-Cavadlan border,

INTRODUCTION

A previously unreported occurrence of mineralized
rock with upusually high molybdenum and silver con-
temt was found during geologic fleld swdies in the
Juneau lcefield area on August 5, 1967, The mineralized
rock is well exposed in a recently deglaclared cirque
at the headwaters of Boundary Cresek and consists of
intensely iron-stained aplite with locally visible mo-
lybdenite. The complete extent of the mineralized area
la not known, but the dikelike granodiorite and aplite
host unit 18 at least 2 miles long, is exposed for 2,000
vertical feet, and has aeveral prominent iron-sraised
zones within and near it. Two samples contain 1,000
ppm (parte per million) molybdenum each, 300 ppm and
7 ppm copper, aad 9.6 ppm and 0.9 ppm silver, re-
spectively,

Location

The Boundary Creek molybderum-silver occurrence
{8 on the eastern periphery of the Juneau Icefield (figs,
9 and 10)about 31.5 milea porcheast of Juneau la south-
eastern Alaska (fig. ). The sampled occurrence is
4,450 feet above sea level near the morth end of the
crest of the goutheast-facing cirque that contains the
headwaters of Boundary Creek, a giream that jolng
the Taku River about half a mile west of the United
States-Canadiap border. The cirque face ig partly
covered by an icefall which is a remnant of the glacier
that once filled the valley of Boundary Creek. North-
west of the creat the glacier pine the Hades Highway
Glacier of the Juneau Icefield,

12

The icefall has receded in recent years and is not
as extensive as shown on the Taku River C-6 quad-
rangle (U.S. Geol. Survey, 1:63,360 topographic map
serles) which provided the contours and glacier limits
shown in figure 10. The deglaciation has expoged bed-
rock for at least 2,000 vertical feet on the north side
of the cirque. Although steep, the cirque wall is quite
easily accessible from the top and the bottom,

The area ig most easily reached by air. Helicopters
can land esslly on the cirque crest, cirque floor, and
elsewhere fn the vicinity. Ski-wheel aircraft can land
on the gently sloping glacier surface northwest of the
crest, The area can be reached on foot from either the
fcefield stde or via Bourdary Creek. The latter would
involve a laborlous hike of about 11 miles up the brushy
valley of the creek from Taku River, The former would
involve a glacier traverse of much greater length,

GEOLOGIC SETTING

The oldest rocks in the vicinity of the Boundary
Creek molybdenum-silver occurrence are schistose
biotite hornfelg, hornblende hornfels, calcsilicate
hornfets, and minor marble (fig. {0). These metamor -
phic rocks are folded about north- to west-trending
axes and are locally cut by abundant small dikes of
fine-grained leucocratic granodiorite, These rocks
are tentatively correlated with rocks of Mesozoic age
just across the United States-Canadian border (Kerr,
1948; Forbes, 1959),

The hornfelses are cut by two groups of igneous
rockg—an older group dominated by tonalite (quariz
diorite), and a younger gr oup domimated by grano-
diorite, The molybdenum-gsilver occurcrences are in
aplite or altered granodiorite of the younger group.
The tonalite group 18 composed of hornblende toralite,
hornblende tonalice gneigs, and {ntrusion breccia with
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Figure 9.—Index map showing Juneau and vieirity and the area of figure 10.

a matrix of hornblende tonalite, The tonalite and tona-
lte gneiss, mapped as a geparate unit from the breccia
(fig. 10), consists of foliated sphene-bearing horn-
bleade tonalite and local zones of migmatitic gneiss.
The Intrusion breccia unit is similar in that jt also
contains homogeneous tonalite gneiss but in small
amounts, It is dominatly a complex breccla of dark
fine-grained mafic-rich fragments in a matrix of fo-
latred tonalite. To the south beyond the map area thig
unit becomes more uniform and more like the topa-
lre and tonalite gnelas unit. These rocks are inferred
to be Cretaceous jn ageonthe baaisof their similarity
10 Cretaceous igneous units elsewhere In northern
southeagrern Alaska (Brew and others, 1966; Loney and
others, 1567),

The tonalite-rich sequence is intruded by leuco-
cratic  hornblende-biotlte granodiorite, blotite-
hornblende granodiorite, and aplite. These rocks are
shown in figure 10 ag two eeparate unite on the basis
of the presence or abgence of alceration and of aplite,
but they probably are part of the same intruslve com-
plex and thus connect beneach the glaciers and to the
southweat of the area shown in the figure.
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In tbe northwestern part of the mappedarsathe unit
ig a locally foliated, light-yellowish-gray-weathering
hornblende-biotite granodiorjte which grades imper=~
ceptibly {nto biotite-hornblende granodiorite, Itispart
of the large grancdiorite batholith which underlies
much of the eastern Juneau Icefield. Thedikelike vait
which trends north-northeast through the center of
figure 10 {g the host rock for the Boundary Creek mo-
lybdenum-silver occurrence. Where exposed on the
east gide of East Twin Glacier the unit ig medium - to
coarse-grained biotite-hornblende granodiorite with
less than 10 percent ovold Inclugions of hormblende
ronalite. Northeast-striking fointa there are locally
intensely iron stained. On the crest of Boundary Creek
cirque the unit consists of intensely iron-stained,
creamy-weathering aplite, The relationship between
the aplite and the granodiorite to the south is not knowsn,
but the aplite ig inferred tobe near the top of the dike-
like body. These lucocratic bodies are correlated with
the granodlorlte at Turner Lakenear Takulnlet, which
is Tertiary ln age (M. A. Lanphere, oral commun,,
1968).



MOLYBDENUM-SILVER OCCURRENCE

The intensely iron-stained altered aplite exposed
near the cirque crest (fig. 10), samples ACF459 and
ACF460) contains local concentrations of visible py-
rite and molybdenite. Analysis of sample ACF459
(table 2) represents a composite chip sample of iron-
stained rock with little visible molybdenite. Sample
ACF460 is a grab sample of rock with readily vis-
ible rnolybdenite. The intensely lron-stained area is
ar least 100 feet wide and {8 exposed over a slope
distance of at least 300 feet. Digtant observations in-
gdicate thar this area probsbly extends well down the
cirque wall, The sampied area with readily visible
molybdenite ig at leasr 6 feer wide and 8 exposed for
a vertical distance of at leaet 12 feet, ’

Apophyses of the dikelike mags of ap}ite and grano-
diorite extend into the overlylng metamorphic rocks.
Surnple ACF461 (rable 2) {a of {ron-stained hornfels
from an area of abundant gplite dikelets S00 verrical
feet above the main aplite body. Other {ron-stained
zones noted in the north and souch are shown in figure
10. One of these zones in recently deglaciared (sttll
ghown on bage map as glacler-covered) granodiorite
near the East Twin Glacier, ts represented by sample
ACF458 (table 2), Another, {n sulfide-bearing dike
rock which cute hornfels vear the Bacon Glacler, is
represemed by sample ACF462 (table 2),

The analyses show that molybdenum, silver, and
copper are present in markedly anomalous amounts
{n the imtensely iron-stained aplite near the crest of

Bose (rom U S, G‘ioqlmi Survey Gaology by O, A, Brew
163,340 Todu Rivar C=6, 1960 ¢ I MIE ond A 8-Ford, 1947

SR USSP WOV S S—
CONTOUR (NTEsVAL 500 FEET the cirque, Other elemepts which are aleo anomalously
EXPLANATION blgh in some samples include manganese, beryllium,

bismuth, niobium, lead, mercury, and tin, Anomalously
low elements are barium, strontium, and vanadium,
These comparisons are based not only onthe analyses
given in table 2 bur also on analyses of gimillar rocks
beyond the limits of figure 10,
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h
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i = CONCLUSIONS
Hornblende-biotite and Altered aplite snd biotite~
biotite ho nblonde Bornblende wanodiorits The available data are insufficient to adequately ap-
granodiorile praise the economic potentjal of ¢the Boundary Creek
molybdenum -silver occurrence. The potential aize of
b hb the occurrence and the anomaloualy high analytical
Morablend T andh Hormblende onah ) values of molybdenum, mercury, and copper suggest
nde tonaljte andhoro- ormblende tonalfite gaeiss ' i -
blende tonalite groiss and intrusion breccia g that further, ‘mare detailed, study is warra‘?ted’ in
9 cluding mapping and sampling of the iron-stained and
g viaibly molybdenite-bearing zones on the cirgue wall.
b X
Biotite hornfcls, calcailicate
homfels, and marble J
sACF 482 ) 8.4 PR —— i
Sample location lronstain oo conmact Contact
Dashed where ﬁﬁprw imotel
Iocated; dotted where concsaled

Figure 10.—Geologic sketrch map of the Bound-
ary Creek molybdenum-silver occurrenceg and
vicinity.

14



Table 2.—Analyses of molybdenite-bearing and associated rosks, Boundary Cresk arca

[Analyses by semiquantitative spectrographic methods except analyses for Ag and Au, which are
by atomic absorption and for As, Hg, and Sb, which are special analyses by a quantitative
or semiquantitative method. Results are reported in parts per million, except for Mg, Fe,
Ca, and Ti, which are reported in percent. Analyses by 6. W. Sears, Jr., 6. T. Burrow,

E. J. Fennelly, and W. W. Janes. N, not detected; L, detected but below limit of determina-
tion;, ---, not looked for; elements looked for but not detected: Cd, Pd, Pt, Ta. Te, W, and
2n, with the exceptions that Pd, Pt, Ta, Te, and W were not looked for in sample ACFUE2]

Sample NO,-~—-—-mem==moce--m= ACTUSS ACF459 ACF460 ACYh61 ACFUE2
Field NO.-—~—mmmcmmmmmeeccen 67ABd126 6§7ABd138B 67ABd138D §7ABd1398 67AFd206
Ag-————mman - ———— <0.2 9.6 0.9 0.6 1.6
AS—— e <10 <10 <10 <10 ---
AU———mm—mam S <.02 <.02 . .02 <.02 <.02
Bam-—mmmm—mmemmm—mmmmmmmeeee 1,500 150 30 , 2,000 1,000
Bemasmm—mm e am e N 3 3 . N 1
Bi-meemmmmm e e N 300 10 N L
COmmmmmmmr e —m—mmmam;—————— N N N 30 L
Crm—m—mmmmu .- 2 1 1 10 L
Cl—m———mmme e cccc e cmm—— e 1.5 300 7 150 30

2 e L S S S p——— <.01 <.01 <, 01 <.01 .13
La-——mmmmme e - N N N N 30
MO—m—mmmmmm mmmmmmmmmmmmmeee N 1,000 1,000 3 N
Mi-————aa== e ———— 100 15,000 1,000 1,500 150
Nb—————————decmmew—ccccccceas N 1S 20 N 10
Ni-ameemm e cmmmme oo N N N 7 L
Phmmmmmmm e cmmmmm—m————— e - 30 150 70 30 1s
Sh--m—mmem e Amm———— 2 ) 2 2 hde
SNev-—mmmr e cmammem e e N 15 N N N

QY mmm—mmmame e —m— e 100 30 15 1,500 500
Vommmmmm e m e mmm P 15 1S 7 150 20

Y e et e N 70 20 20 20
I mmme e m———— —————— 150 200 10 100 150

Mg mmmmmmemmmmemmmm oo .07 .07 .02 3.0 .15
Femamem—mmm e e 1.5 ) .7 7 1

(64 T e L it .07 5 5 7 7
e Sy 1 07 07 7 W15
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Geochemical Data on the South Ore Zone, White Mountain Mine
and on the Gold Content of Other Mercury Ores

Southwestern Alaska

By C. C. Hawley, E. E. Martinez

ond John Marinenko

ABSTRACT

Marcury ores of southwestern Alasks generally contatn only
wrece amounta of gold or they are gold free, Gold was detected
(0.03 ppm) in one new sample from the South ore zone, Whit¢
Mountain mercury mine, snd it existg (o near crustal-backgroum'
amounts to anomelous amouncs in at Jeast @ix other prospecte
widely scattered in southwestern Almeks thar hed been gampled
previously, Onty one sample (Ctnnabar Creek mine) comdined
raor o than 0, {0 ppm gold, sad gold was sbaent ar below detrection
fn three samples from the Red Devil mlne, the moat productve
mearcury deposit of the region.

Alshough ora at the White Moumtain mine ig cheracterized by a
aparsily of trace elememns except marcury, the fault gouge in the
main vein, South ore zone, 14 character lzed by anomaloug amounits
of Ti, As, Sb, B, Cr, and Zx. Stmiler compositions of fault gouge
elsewhere in the reglon may be a guide o mineralized areas.

INTRODUCTION

Mercury is widespread in southwestern Alaska and
has been mined at several locallties (Sainsbury and
MacKevett, 1965). Cinnabar ig agsoclated with south-
western Alagka gold depositg in the Flat district and
at Dounlon and Little Creeks (fig, 11i). Mercury is also
associated with some gold depositg elaewhere, notably
at the Getchell mine in Nevada (Erickson and others,
1964) where trace amounta of mercury, argenic, and
tungsten characterize the gold ore. Therefore, it geems
worthwhile [0 gather dara on the gold content of mex -
cury ores in conjunction with the aearch for gold de-
posits, Ae an !nitial atep in the accumulation data,
samples were collected at one part of the White Moun-
tain mine by C. C. Hawley during a brief vigit in 1967,
The results for gold at the South ore zone, White Moun-
tain mine, were almost negative as gold was detected
i{n only one of six samples. The same general sparsity
of gold appears to characterize other southwestern
Alaska mercury deposits. At che suggestion of C. L.
Sainsbury, eamples coltlected earlier and reported by
Saingbury and MacKevett (1965, table 1) were resub-
mitted for gold analysis. Of the 13 samples with ade-
quare splite available, gold was detected only ineighe,

At the White Mountaln mine, however, gaignificant
amounts of several other trace elemems which may
serve as tracers for mercury ore were detected in
fault gouge in the South ore zone,

The White Mountain mercury mine i about 60 miles
south-g8outheast of Mc Grath, approxfmately on the
physiographi¢ boundary between the Alaska Range and
the Tapana-Kuskokwim Lowland (Wahrhaftig, 1963).
The mine Is best reached by air, and a good gravel
atrstrip i8 just west of the mine workings.

The other mines or prospects represented by the
older eamples are: (1) North ore zons, White Moun-
tain, (2) Alice and Bessie mine, Willis Property, and
Red Devil mine, Sleetmute area, (3) Red Top mine
north of Dillinghkam, (4) Rhyolite prospect on Juning-
gulra Mountain, and (5) the Cinnabar Creek and Lucky
Day prospecta in the Cinnabar Creek area.

GEOLOGIC SETTING

The main deposits at the Whire Mountain mine are
in a northeasterly trending zone about 1,600 feet
wegt-porcthwest of the main break of the Farewell fault
(Sainsbury and MacKevett, 1965, pl. 3). The zone of
deposits coincides with a subsidiary fault systemn which
places ghales and limestones, or different limestones,
all of Ordovician age, in juxtaposition. At the South
ore zone, the gubsidiary faults dip much steeper than
the strata, but generally both dip steeply, Dolomitized
or gllicifled limestones were recognized in the three
main productive areas of the mineralized zone (Sains-
bury and MacKevett, 1965).

The other prospects represented by the older sam-
plea are dominantly in graywacke and siltstone or al-
tered diabasic(?) rocks as shown by the following in-
formatios sbsrracted from Sainsbury and MacKevert
(1965; pages given in parentheses refer to their report).
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Sleetmute Area

Red Devil mine.-Mercury ores occur as pencil-
shaped shoots along intersections between altered dia-
baee(?) dikes and graywacke and slate of the Kuskokwim
Group of Cretaceous age (p. 9-11).

Alise and Besaie prospect.-Mercury Ores
occur in and near altered sills intruded into graywacke
and slate of the Kuskokwim Group (p..11-12, pL 1).

Willie property.-Rocks are similar 1o the Alice
and Bessie prospect (p. 15-18).

Cinnabar Creek Area

Cinnabar Creek mine.—Qre occurg (n and near a
northwesterly striking fault zone cutting graywacke

and siltstone of the Gemuk Group of Mississippian(?)
to Cretaceousa age and an altered diabase(?) dike
(p. 36-39, pl. 4).

Lucky Day prospset.—Massive siltstone of the
Gemuk Group cut by dikes (p, 41-42),

Juninggulra Mountain

Rhyolite proepeat.—Qre occurs In altered dike
rocke and in graywacke of the Kuskokwim Group near
a large masg of rhyolite porphyry (p. 46~47, pl. 6).

Dillingham Area

Red Top mine,—~Graywacke and siltstone of the
Gemuk Group, locally calcareous; one minette dike
noted (p. 59~60, pl. 7).

Table 3.—Analyses of mercury oras and aéeocoiated rocks, South ore

[Gold samples 1-7 analyzed by atomic absorption and arsenic, antimony, and tungsten, by
by John Marinenko and Floyd Brown by rhodamine B fluorometric methoed following aqua regia
method; other mercury analyses by atomic absorption. Results are given in parts per million,
except for those indicated above, are semiquantitative spectrographic by E. E. Martinez and
on, or by the following symbols: N, not detected; L, detected but below limits of

limits of determination given in parentheses:

Ag(0.5), Be(l), BL(20), Cd(20), La(20), and

in sample S; La, detected but below limit of determination in samples 1 and 4]

Sample Lab.
No. No. As Au B Ba Co Cr Cuv Hg Mn Nb Ni Pb
South ore zone, White Mountain
1 300 N 300 200 10 100 A5 >6 200 10 30 20
2 20 N L N N L l >6 100 N N L
3 60 0.03 N N N N 2 >6 150 N N L
L 300 N 200 200 100 100 2 >6 20 10 10 10
5 890 N N N N N 2 >6 200 N 7 L
B 39 N N N N N 2 >6 150 N N L
7 27824y N .03 N 7 3 3 3 45.69 30 N N Trace
Other localities, southwest Alaska
8 278243 N 0,02 N 30 N 7 7 60.31 150 N 7 30
9 245 3,000 .02 N 300 N 3 70 10.6 30 N 7 30
10 246 N <.01 N i) N 3 30 S7.68 70 N N N
11 2u8 N <.006 N 70 N 30 3¢ 38.7u 300 N N N
12 249 N .03 N 700 N 30 0 En.)Q 30 N 7 L
13 2581 3,000 1y L 300 N 3 30 6.53 70 N 7 L
14 252 N ,008 N 7 N 7 30 790.10 7 N N N
1S 253 7,000 .0S N 30 7 30 70 3S5.87 15 N 30 30
16 25u 3,000 .01 N 700 ? 30 1560 3u.53 15 N 7 18
17 297 7,000 <.008 70 700 7 30 70 §.16 300 1S 30 N
18 260 3,000 <.08 N 30 N 1.8 15 380.31 N N N N
198 261 15,000 <, 006 L 1,500 7 70 30 20.87 150 N _ 30 N
Limits of
datermination--- 200 0.005- 10 ) S 5 5 10 10 5 10
.02
Sample Desoription Sampla Dosoription
l s o= 1.0-foot channel sample; dark-brown clay S--cmvans S.0-foot chanoel sample; silicified limeatone
gouge, foorwsll on breccia zoune. breccia.
2 -eeemem - 7.0-foot channel sarople; etllcifled limeatone 6----n--n Grab eample of veinlike and disseminated
breccia, voinlike cinnsber near footwall, Clonabar ore [n thin-bedded limestone,
disseminated cipnabar throughout breccla. 7mmmmeees Sample reported by Sainabury and MacKevert

0.5-foot channe! sample; high-grade cinnabar
on wall,

1.5-foot channel sample; dark-brown clay
gouge, central to breceia zone.

(1968, table 1)
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WHITE MOUNTAIN MINEL

The White Mountaln mine was discovered tn 1958;
mining started in 1984, and since them the mine has
been operated during the summer seasong by R. F,
Lyman. Mezrcury ore has been produced from three
recognized zones at the mine, which were called the
South, Center, and North ore zones by Sainabury and
MacKevett (1965). The data recorded here show the
resulte of mining 4t the South ore zone and were col-
lected in l-day visit to the mine in 1967 by C, C.
Hawley.

Most of the mercury produced from the South ore
zone has come from a shallow open pit (fig. 12). From
southeast o northwest the pit cuts interlayered shale

sonae, White Mountain, and other looaliviege,

and siltatone, & complex shear zone, and thin-bedded
limesrtone. The fault zone strikes approximately N,
40° E. and dips 60°-80° NW. 1t is mainly composed of
a silicitied limestone breccia, but It also has cinna-
bar veln material and two prominent ¢lay gouge zones,
one on the footwall, and the second inthe approximare
center of the zone, Cinnabar is disgeminated in the
breccia, but it ls especially concentrated next to the
hanging wall of the foorwall gouge zone and on hoth
walls of the central gouge zone, Cinnabar also is found
in the hanging-wall limestone, both in veins amrd in
disgseminations. According to R. F, Lyman (oral
commun., 1967), very rich cinnabar algo occurred in
a nearly vertical pipelike body in limestore on the
hanging wall of the fault zoze, as shown in figure 12,

gouthwestern Alasgska

special analyges by A. L. Meier, R. L. Miller, and T. A. Roemer. Gold samples 8-19 analyzed
leaching. Mercury in samples 7-19 was determined by D. L. Skinner by the Whitton distillation
except for Hg-iln samples 7-1% and Fe, Mg, Ca, and Ti, which are given in percent. Analyses,
N. M. Conklin and are reported in the series 6.1, 0.15, 0.2, 0.3, 0.5, 0.7, 1.0, 1.5, and so
determination; =--~-, not looked for. The following elements were locked for but not detected,
Mo(15); exceptions are: Ag, 1S ppm in sample 12; Be, detected but below limit of determination

Sample
Sb Se $8n Sr ¥V ") Y 2n Ir Fe Mg Ca Ti No.
South ore zone, White Mountain--Continued
5,000 1§ L N 1la¢ <20 18 N 100 0.5 7 0.2 3 1
1,000 N L N L --do-= N N N »>10 .7 >20 .02 2
300 N N N L --do-- N N N >1¢ 1 20 .015 3
100 N L N 100 --do-- 1§ N 140 .5 5 5 ) Yy
100 10 L N L --do-- N N N >10 1l 20 .005 5
100 N 10 N N --do--~ N N N >10 1 20 .002 3
N N N 150 15 N N N N 7 .07 >10 .018 7
Other localities, southwest Alaska--Continued
N N N 300 30 N N N N 0.7 3 3 0.015 8
>100,000 N N 70 N N N N N .07 -03 1.5 .0007 ]
7,000 N N 30 150 N N N N .7 -7 1.5 01§ 10
150 N N 150 15 N N N N 7 8 3 .03 11
300 N N 70 15 N N 700 N 1.5 .0015 .003 .07 12
>10,000 N N 30 15 N 1§ N 15 .7 .015 .07 .07 13
300 N N N N N N 1,600 N .15 <.001 <.002 N 1u
>10,000 N N 30 15 N N 700 N .3 007 .03 .03 15
>100,000 N N 30 30 N N 700 N .15 -003 .3 N 16
700 7 N 150 30 N 1S N 30 9 .3 .3 .15 17
»100,000 N N N N N N N N . 015 .0015 <.002 .0015 18
-—do--~ NN 300 15 N N N 30 97 3 03 07 18
100 5 10 S0 10 50 10 200 20 0.05% 0.02 0,08 0.001
Sample Location and description Sample Location and dssoription
8 -------- North Ore zone, White Moumain mlrne; ciona- 14 - - Lucky Day prospect; ctrngbar ore,
bar ore. I3 ~ - a o e e Lucky Day prospect; cianabar ore fromcinna-~
9 ------.a Allce and Bessie prospect; siibnlte-cinnabar bar —quartz vein,
ore. L I Willis propercy; cinnabar -gtibnite ore,
10 - -« ----~ Red Top mine, ore pile; cinngbar ore, 17 s e v e s el Red Devi(l mine, 300-foot level; cinnabar are,
| Red Top mine, lower adit; clanadear ore, 18 n v e Red Devil mine, gurtsce; cinnabar ore,
- Rhyolite prospect; ctnahar ore. 19 - - v mw v Red Devil mine, Mary Jane stope abave 200-
B3 -------a- Clpnatar Creek snine; ctnnabar ore, foot level; cinnadar ore,

13
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Figure 12.—Geologic map of opencut South ore
zone, White Hountain mine.

No otser sulfides were observed in the ore, but Jtmao-
pite seems relatively abundant in veinlera near the
¢innabar occurrences which suggests elther the former
presence of pyrite or the hypogene deposition of {ron
ox{des with cinnabar.

Sampling and Trace Elements

Resules of analyges of seven sampleg from the South
ore zone open pit, including five from the main {aule
zone, one from mineralized limestone, and one re-i
ported by Sainsbury and MacKevett (1965,1ablel,
p. 80) are glven in table 3.

Trace elements other than mercury are not abun-
damt in samples of ore taken from the South ore zone
{table 3, semples 2, 3, and 5-7), These samplea con-
tain small amounte of Aa, Mn, Sb, Cuy, Pb, V, and!

possgibly W, Elementa detected in one or mor e gam-
ples of the mercury oreinclude B, Ba, Be, Cr, N, Sn,
and Sr, Gold values of approximately 0.03 ppm were
found In high-grade mercury ore, but gold is absent
or less than 0,02 pom inthe other samples analyzed,

In contrast to the ore, the clay gouge on the foor-
wall and in the center of the main breccia zone has a
rather abundant and unusual trace-element suite (table
3, eamples | and 4), characterized by ritanium, ar-
aenic, boron, Chromium, antimony, and zirconium as
well as mercury.

This trace-element suite {8 similar cothatina gam-
ple of mud from a nearby sulfur spring that also con-
taing gnomalovs Ti, Sb, Ba, and Cr. (Sainsbury and
MacKevett, 1965, table 1),

GOLD CONTENT -OF OTHER MERCURY ORES

Gold in the samples collected eartier by Saingbury
and MacKevett {1965) ranged from 0.008 to about 0.14
ppm, but it was absent or less than the limit of sen-
sitfvity in five of the 12 samples(table 3). The Umit
of sensicivity varies with the sample size. Sampiesg 11,
17, and 19 concain less than 0.005 or 0.006 ppm gold,
or tess than the abundance of gold in geveral common
rock types—including carbonates, sandstones, and
gshaleg—which has been estimated by Turekian and
Wedepohl (196}) ta be 0.00X ppm. Gold was most
abundant in the ore from the Cinnabar Creek mine,
where two splite of one sample showed, respectively,
0.11 and 0.16 ppm gold. Perhapa significant is the
assoctation of this ore with abundant narive mercury
(Sailngbury and MacKevett, 1963, p. 39), which could
trap gold by amglgamation,

CONCLUSTIONS

The mercury ore in the South ore zone of the White
Mountain mine has a very gmall gold contemt and a
general sparsity of rrace elements, l¢8 assoctated clay
gouge Is more strongly metalliferous and is mainly
characterized by ite Ti, As, B, Cr, Sb, and Zr con-
tent, This trace~clement sulte is similar co mercury-
bearing mud from a spring inthe same area, Although
data from other areas are lacking, {t seems possible
that muds and clay gouges near mercury depoaitg may
trap or otherwige contain anomalous amounts of metals
and congequently may be an {ndirect guide to mercury
deposits;

Other mercury ores sampled contain less than de-
tectable amounts of gold to amournts measured in tenths
of a part per million. The present data suggest, bux
do not conclusively prove, that gold is a very minor
constituent of Typical mexcury ores in southwestern
Alagka. The sparsity of gold in the typical ores, to-
gether with the occurrence of cinnabar and gold in gome
other deposits of the region and with the occurrence
of mercury in some types of gold deposits elsewhere,
suggests that much more sgtudy 18 needed 1o explain
the geochemical cycle of mercury inrelationtothat of
gold.,
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Geochemical Data in the Sikonsina Pass Area

By Sandra H. B. Clark, W. H. Condon
Helen L. Foster, ond J. M. Hoore

ABSTRACT

Anamaloue concentratione of lead, gold, copper, and molybenum
ware detected locally inavalyacea of stream-sed{ment aamples from
the Sikonsina Pass area. Ouly two bedrock samplea were analyzed;
one sample contained about | percent copper, and the other con-
talned 3 ppm ‘silver. The ares is mainly underlaln by metzsedi-
mentary rocke of Paleozole(?) age,

INTRODUCTION

Reconnaissance geochemical aampling {n partofthe
Tanacross quadrangle of east-central Alagska in con-
junction with the Heavy Metals program of the U.S.
Geological Survey Indicated weakly anomalous concen-
tradons of lesd, molybdenum, gold, and copper near
Sikonsina Pass. The cauge or causes of the anomalous
concentratons have not been investgated. Although the
mectal concentrations are low, they indicate possible
mineralization In the southwesterm part of the Tana-
cross quadrangle,

Location and access

The Sikonsina Pass area is in the eagtern Alaska
Range in the southwestern part of the Tanecroes A—6
quadrangle (U.,S. Ceol. Survey, 1:63,360 topographic
map series). Sikonsina Pass itself is Jn a conspicuous
glaciated valley occupied by Timber Creek, Burnt
Lake, Burnt Creek, and lower Bone Creek. Relief in
the map area 18 approximately 4,000 feet.

The Slkonsina Pass area isaccessible by floatplane,
by foot, or possibly by tracked vehicle from Mentasta
Lake,

GEOLOGIC SETTING

The Sikonsina Pass area 1s predominantly underlain
by a sequence of quartz-micaschists, phyllites, quart-
2ites, marbles, and some metaconglomerates. These
rocks are part of Motfit's (1954) unit of undifferen-
tiated early Paleozolc or Precambrian rocks and

21

Foasrer's (1968) phyllite and schist unitof Paleozoic(?)
age. Richrer (1967) mapped the continuadon of this
metamorphi¢ sequence to the southeast as partof
unit of quartz-mica schist, phyllte, and slate of De-
vonian(?) age. Several disdnctve maxble layers are
shown on the geologic map (fig. 13), and locally, other
calcareous layers occur in the phyllite and schist unit.

The metalgneous rocks include a metadiorice and
Devounian(?) greenstone. Devonlan(?) greenstoneisina
layer probably as much as §,000 feet thick (Richter,
1967, p, 4) and In other small bodi¢s.

Rocks of the phyllite and schlst unjt commonly con-
tain small-gcale structures that {ndicate intense fold-
ing. The Denall fault(fig. 13), amajor stxike-slip fault,
separates the meramorphic sequence from sedimen-
tary and volcanic rocke to the south (Richter, 1967,
p. 1). A gecond fault, which may algo be a strike-slip
fault, has been mapped in the area, and other faults
are likely.

STREAM-SEDIMENT ANOMALIES

Stream-gediment samples collected near the mouths
oftr{butaries to Burnt and Timber Creeks near
Sikonging Pass and above some of the upstream forks
of the tributaries were analyzed for gold by atomic
absorpdon and for other elements by semiquantitative
spectrographic analysis (table 4). Sample density is
only oné to two samples per square mile but 18 much
higher than in other parts of the Alaska Range in the
Tanacross quadrangle. The reglonal sparsity of sam-
ples precludes the calculation of significant background
values, but comparison of metal concentrations from
the Sikonsina Pass area (table 5; fig. 13)with concen-~
trations of the other samples from the Alaska Range
in the Tanacross quadrangle, with concentrations con-
sidered gverage or anomalous in nearby areas (rable
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Table 5.—Maximum metal concentrations in ithe Sikonsina Paes area gomparéd to orugtal aver-
age and to conocantratione aonsidered anomaloue along the Taylor Highway and in the Slana araa

[Results given in parts per million]

Stream-sediment samples

Sikonsina
Pass area

Crusgtal average

(Tayloer, 1364)

Slana area (Richter, 1%67;

Taylor Highway
Richter and Matson, 1968)

(Saunders, 1966)

Maximum Anomalovs

conecen- concan-~

trations Mode trations
Lead~~=mo=mums - 12.5 100 10 355 >20
Copper--=amww~ 55 100 Lo—50 2180 >u0
Molybdenum-—-~ 1.8 3 2.5 28 >3
Goldue~unmme o . 004 . 0n <. 02 >.02 ———-—

3), and with average crustal shundances (table 5)sug-
gests that ¢the contents of lead, gold, molybdenum, and
copper In the area are weakly apomalous. The large
percentage of the samples which are anomalous In at
least one mecal and the large ares of anomalous con-
cenerations may be significant, even though metal en-
richment {8 only two or three times the Rpparent
background.

The highest concentradona of lead occur northwest
and northeast of Burmt Lake (fig. 14), whereas anom-
alous copper values were found throughout the sampled
area (fig, 15). Molybdenum was derected in 4 samples
(table 4 and flg. 13, samples 8, 10, 13, 14), and gold
in two (samples 10, 11). The diseributon of metais
guggests that more sampling might result in recog-
nition of zonal pattern, and the association of copper,
molybdenum, lead, and gold suggests apoasibility that
any mineral occurrences in the srea could be poly-
metallic.

1% EXPLANATION

ayvoy
LEAD CONCENTRATIOR

Sivcarm-sediment
samples

[
>50 ppm
(-]

30 ppm

o
<30 ppm

?
L

IMIES
J
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Figure 14.—Lead concentratlions in stream-
sediment samples, Sikonsina Pass area.
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9t EXSLANATION
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COPPER CONCENTRATION

Stream-sediment
sampled

»
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e
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[
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JI MIEs

AbrAGumiTE LA
OLCH INaTYRN, 1360

Figure 15.—Copper concentrations in streamw
sediment samples, Sikongina Pass area.

METAL CONCENTRATIONS IN TwWO BEDROCK
SAMPLES

Two bedrock samples which contained some metal-
bearing minerals were also analyzed. Sample 17 (fig.
13; table 4) represents a calcareous phyllite and wasg
collected a few Inches below the base of a metadlorite
8ill, abour 200 feet of which 1s exposed capping a knob
on the ridge, Rock surfaces near the contact are stained
with malachite and azurite, and the metadiorite con-
tains small amounts of sulfides. Sample 17 contained
ghout 1 percent (10,000 ppm) copper and 7,000 ppm
of barium, Because most of the slope just helow the
metadiorite 18 covered with talus, the thickneas oftha
copper-bearing rock {s not knowu, but the exposed
copper-bearing zone 18 less than a foot wide.

Sample 16 (fig. 13), from a limonite-stained gray
quartzite layer not known o be near any intrusive
rocks, contained 3 ppm silver. The layer from which



the sample was collected i several feet thick, and
much more detailed sampling and mapping would be
necessary ro determine the slgnificance of the silver
value,

CONCLUSIONS

Reconnaissance geochemlcdl asmpling in the
Sikonsing Pass area shows weakly anomaious concen-
trationa for lead, gold, molybdenum, andcopper wide-
ly scawered throughout about 20 square miles. Some
mineralizaton ie associated with a metadiorite sill
which may be one poasible source of anomalous values.
Proximlty to the Denal} fault, the existence of other
faulte inthe anomalous area, and the presence of favor-
able host rocks such as marbles and calc-phyllices as
well a8 rocks of igneous origin are geclogic features
which seem to make the area attractive for prospect-
ing. Because of the sparsfty of semples in adjacent
areas, it cannot yet be concluded that the Sikonsina
Pass area is, however, any more favorable than else-
where in the Alaska Range partsofthe Tanacross
quadrangle.
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