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REVEIEW OF EXPLORATION GEOCHEMICAL SURVEYS OM SEWARD PENINSULA, ALASKA
By {. L. Humme)

INTRODUCTION

The Seward Peninsula forms the westernmost extremity of the North
American continent and extends to within 90 kilometers of the Eurasfan
continent across Bering Strait. As such, the peninsula is both geo-
graphically and geotogically discrete; geographicaliy as & 520,000-
square-ktlometer appendage of mainland Alaska situated on the vast,
submerged Bering-Chukchi Shelf, and geclogically in comprising mainly
a metamorphic-plutonic igneous terrane which lacks dfrect ties to
mainland geologic elements. In conjunction with these attributes, the
perinsuta has been one of the major sources of mineral production in
Alaska and stitl possesses significant but undeterwined mineral poten-
tial.

Geochemical exploration and, before it, mimeral prospecting, have been
utitized as techniques to search for lode and placer deposits on Saward
Peninsuta since gold was first found on the Miukluk River in 1865 (Cobb,
1973, p. 64). However, systematic and scientific areal and topical
surveys were not undertaken on the peninsula until the 1943's and 1954°s.
The first of these were done as part of the Strategic Minerals Program
bafore and durfng Werld War II, those on the peninsula being concerned
mainiy with tin and tungsten. Like gold §n earlier years, the minerals

sought in these surveys were heavy, scheelite in the Nome area and cassi~

terite and wolframite on the York Peninsula; again, a5 before, panned
stream concentrates were adopted as the principai prospecting medium

for these surveys. Thereafter, and for the same reason, the concentrates
continued to be used for wore numercus and extensive surveys on Seward
Peninsula tn the late 1940's and early 1950's in conjunction with the
Trace Elements Program search for radiocactive materials. These surveys
ylelded many hundreds of panned concentrates which, with a few tens of
stuice and dredge concentrates cellected in earlfer years, were saved;
together these became Alaskan placer collection. Chemical analyses were
not used in these eariy mineral surveys except to supplement and refine
the mineralogical results; thus, they were not prosecuted as geochemical
surveys orfginally. However, they are covered briefly here because many
of the concentrates have been analyzed chemically recently and, 1f con-
tinued to compietion, the original heavy mineral surveys could provide
the basis ex post facte, for true geochewical surveys. Also cited are
several reports covering prospect boring projects done by the U.5. Bureaw
of Mines; these contain valuable gualitative and quantitative mineral in-
formation based on panned concentrates together with the results of chem-
tcal analyses and assays obtained from many of them.

Modern geochemical serveys based on chemical data derived from numergus
kinds of natural materials only became possible with the development of
trace wet, spectrographic and other analytical methods, and semi-quanti-
tative estimating techniques which could be made quickly and accurately
on large numbers of samples. The first of this type of survey on Seward
Peninsula was done on a small scale. in the Mome area; it was based on
analyses of a few tens of tota) stream sediment samples collected by
Huomel in 1958 (Hummel and Chapman, 1960, p. B-30-33). Two years after
this, Salnsbury did similar small surveys for beryiliue around several

of the Jocalities on the York Peninsula which contain known tin lodes.
{Sainsbury, 1963). Again, althoughthese were based mainly on total
stream sediments, Sainsbury also incorporated slope wash and rock samples.
By far the most extensive use of exploration geochemical techniques on
Seward Peninsula was made during the recently concluded mineral resourcas

i

surveys by the U.5. Geological Survey {1367-1971); in most of these, they
were gererally integrated on an equal basis with geologica) fnvestigations.
About ha¥f of these surveys on the perinsula was done by tha Alaska State
Geological Survey and the remainder by the Fedaral Geological Survey. All
were based mainly on analyses of total stream sediments, but mast also in-
cluded selective rock and ore collections. A$ an outqrowth of his project
in the Heavy Metals Program, Sainsbury initiated chemical analyses of a
randomly chosen praportion of samples from the old Alaska concentrate col-
lection. A large mmber of these came from the Seward Peninsula, many from
areas which were covered by later geochemical surveys bazsed on total siream
sediments. Studies comprising statfstical treatments of analytical data
from the concentrates. and comparisons of these results with those obtained
from total stream sediments, have recently been published by Overstreet
and others. {1374}

Surficta) Features of Seward Peninsula and Thelir [mplications for Geochemical
Exploration - The configuration and character of tEe surface and immediate
suEsur?ace of Seward Peninsula, 1ike those af any area, largely determine-- .
and {n some fnstances narrowly 1fmit-- the scope of geochemical surveys

which can be prosecuted with success, and the kind or kinds of natural
materials on which they can be based. The modern physical character of

Seward Peninsula represents the combined effects of the more recent sur-
ficia) geological and ¢limatic processes and of those which preceded them;

in some instances. this involves continuing tectonic events. The older

but less prominent gealogic features are associated with the metamorphic

rocks which form most of the bedrock of the peninsula. For example the

major trends of many of the modern trunk drainage systems have developed

from the northward-trending, major structures in these rocks. The young-

est and most prominent physiographic features are uplifted, fault-bounded
wountaln ranges; of these, the trend of the KigTuafk and Bendeleben

mountain ranges is normal to that of the older structures, whereas that

of the Darby Meuntains 1s paralle) to them. ({(Flatel).

The effects of later geotoyic events superimposed on these basic
bedrock features include widespread effusfon of basaltic volecanic
lava and ash during the Pliocene [Hopkins, 1963, page BE] throuwgh-
put lower-lying areas, and extensive glaciations emanating from
and spreading away from the Kigluaik, Bendeleben, and Oarby moun-
tain ranges; in addition, smaller glaciations 2rose and spread
from Granite Mountain tn eastern Seward Peninsula and from York
and Cape mountaing at the western end of the peninsula. { Plate 1).
intimately associated with the Pleistocena glaciations were con-
current derivation of wind-blown s11t from glacial and glacio-
fluvial deposits produced by them {(Hopkins, 1963, Plate 1) and
thareafter, erosfon and modification of both kinds of deposits,
especially al the coast, by intermittent waxing and waning of
sea level. Coliectively, these geologtc events, together with

the climate, the vegetation associated with it, and the thermal
condition of the subsurface have produced the modern landscape

of Seward Peninsula, 1ncluding much of {ts micro-relief character.
The present terrane of the peninsula can be readily divided intao
three general classes of topography: (1} low-1ying coastal and in-
terior fluvial and tave plains, {2) moderately high rugged meuntain

_ranges, and {3) roll¢ng uplands which 11e between these and comprise

most of the peninsula. (Pewe', 1975, Plate 1), The nature of these
physiographic regions of the peninsula, by themselves, bear strongly

* "on the character of geochemical surveys which can be prosecuted in
. them and, accordingly, are shown on Plate 1,




Imptications for Geochemital Exploration - The geologic processes
uh%ch Rave produced, or acted on, the physiographic features of the
Seward Peninsula have bad constderable bearing on the results of
geochemical and mineral surveys done to date; thus they reguire at-
tentfon fr planning future surveys. They include effects of the
Bering-Lhukchi Sea shelf, volcanic activity. and the interrelated
phenomena of Pleistocene and Holocene glaciations, sea level fluc-
tuations, and climate and vegetation. The manner in which these
could play a part in geochemical surveys is reviewed briefly beiow.

Sroadly speaking, geotogic processes and features produced by them
can have both physical and chemical effects on geochemical surveys.
In the first instance, the princtpal effect of the Bering-Chukchi

Sea shelf, a pehepiain formed by late Miocene time (Hopkins,

p. 453} and thereafter alternately innundated and exposed to the
presant, is physical. This feature, acted on by geologic processes
giving rise to the fluctuations of sea level, led to the formation
of the coasta) and estvarine-fluvial platss which bound three-fourths
of the coastline of Seward Peninsula. HMost of the coastal plains,
fncluding the largest along the northwest coast. have formed behind
off-shore bars, the only esceptions being those which formed locally
from glacial drift, such as at Home, where off-shore bars are lacking.
. The five largest interior fluvial plains - on the narth side of

the Kigluaik Mountains, on the Kuzitrim River, at the head of Fisk
River and alang the middie stretches of the Koyuk and Kiwatik Rivers -
forwed in catchment basins impounded behind natural bedrock barriers.
Most of the remaining smaller fluyial plains similarly have formed
behind bedrock constrictions Including one at the head of the Tu-
butul ik Rfver called Death Valley, which 1s a perched basin with the
highest general elevation {1758} of any on the peninsula. (Plate 1)
The principal effect of all these plains on geochemical surveys from
the standpoint of exploring bedrock features s physical. That is,
all represent various thickmesses of unconsclidated deposits which
tovar bedrock. Portions of some of these deposits possess intrinsic
mineral potential. notably the gold-bearing drift and buried beaches
at Nome; however, exploration technigues to determine this potential
must be tailered to suit the kinds of deposits sought.

The lava flow plains are Vike the others in that they obscure large
areas of bedrock; however, they differ from them in not being amenable
te normal explaration boring metheds to detect deposits 1n ar at the
surface of the bedrock underlying them. For this reason, although
gold-bearing atluvial gravels have been followed for short distances
under the perimeter of the flows, no attempts have been made to pros-
pect through them. To this physical effect of the lava flalds must
be added an adulterating chemical effect which would arise from the
composttion of the original flows. This, in turn, would be manifested
in the results of gecchemical surveys through minerals and other ma-
terfals derived from them, both locally such as on the lava plains
around Imuruk Lake, and awdy from them in the fluvial platn which has
formed on the Kuzitrin River below the flows. (Plate g]

The salient factors about the coastal, estuarine-fluvial, and in-
terior fluvial and lava plains on Seward Peninsula relating to geo-
chemical Surveys can be summarized briefly: These deposits cover
bedrock to various depths and, 1n 50 dolag, effectively preclude
direct surface sampling methods to explore it. Consequently, geo-
chemical surveys based on dri)lirg along bedrock trends or on geo-
Physical anomalies must be utilized instead. Portions of these de-

posits possess intrinsic mineral potential;, for data pearing on L,
geochemical surveys will have to include both systewatic surface and
subsurface sampling methods, in conjunction with geophysical surveys.

Effects of Quaternary and Modern Events and Features - Events en-

compassing both geologTe and climatic processes during Quaternary
tiwe have determined the present character of the landscape of
Seward Peninsula. They fnclude several alpine glacfations,
fluctuations of sea level induced by these, and concomitant vari-
ations of climete. These, in turn, have produced the present
configuration of the topography, widespread glacial drift and
loess deposits, the continuous and discontinuous permafrost. and
the detatled physiographic character and vegetation on the Sur-
face. In both physfcal and chemical ways. these factors mare and
less Influence the kinds of geochemical surveys which can be done
on the peninsula and the results which can be obtafned From than.

Glaciations have emanated from several centers on Seward Penin-
sula, the Kigluaik-Bendeleben-Darby arc, Kiwalik and Granite
Mountains in the eastern part, and from Cape and York Mountains
at the western end. By far the most extensive of these glaci-
ations took ptace in Il1liroian time or earlier {Melson and Hopkins,
1972, p. 1); 1n marked contrast, the most recent glaciations in
Wisconsinan time were largely confined within the }imits of the
more rugged mountain provinrces, and $o are pot shown on Plate 1.
The principal effects of glaciations on geochemical exploration
arise from transport of materials {r two ways: {1) movements of
debris on and in front of glaciers from their mountainous source
areas amd along thelr routes away from them, and (2) gradua) but
pervasive transport of wind-blown material from these qlacio-
fluvial deposits and deposition throughout the periglacial areas.

Deposits produced by both means wera once widely distributed
throughaut Seward Peninsula; dissected remnants of these de-
posits are now Scattered throughout auck of the upland and
wountainous portions of the peninsula while less affected rem-
nants occor fn or on the deposits which form the coastal and
interior plains. Beyond the general concern for the non-
indigenous origin of much of the glaciofluvial and wind-blown
deposits is a more Specific one which bears directly on the
choice of waterfals to be collected for geochemical surveys:
The finest graised materials are preferentially erriched in
both types of deposits, the former as rock fiour, and the jatter
derived from it as loess {Hopkips, 1963, p. 37); accordingly.

.1t can be assumed that they are dispropertionately present 1in

the standard mirus B0 mesh fraction of stream sediment
samples normaliy used for such surveys.



Basis for Review of Seochemical Surveys

BfT of the geochemical surveys done on Seward Penimrsula fall in
the genera) tategory of app}ied geochemistry amd within the still
more specific pursuit of exploration geochemistry as an adjunct
in prespecting far economic mineral deposits. The outling used
for the case histories of geochemical exploratian giver ir that
volume was adopted as the basis for reviewing the geochemical
syrveys made on Seward Peninsula (Bradshaw and others, 1975,

p. 45-46):

Mame of deposit or property
Author (Affiliation)

{1) Location

{2) Geclogy

{3) Mineralization

4} Physiography; topography, c¢limate, soils, vegetation, permafrost
5} Sediment data ard conclusions

}6; 5011 data and conclusions

7) Other data
Reference(s}

This was done for the surveys on Seward Peninsula for the same
reason and with the same inherent limitation as was true for the
case histories; that s, "an aitempt to present a1l the data in

3 common format, and in particular to standardize the presentation
of the data. This was not possible in every ctase by any means,
particularly because much of the infermation presented was collected
with no view to standardization®. (Bradshaw, 187%, p. 45). The
outtine finally developed, as modified and elaborated from the one
cited above, 15 given below; it is also annotated to account for
factors peculiar to the geochemica) surveys on Seward Peninsula and
to cfte sources of information used to deal with them.

1. Humber and name of geochemical survey
Number 15 that destgnated for the survey area and shown on
Plate 1; the pame 15 either that assigned by the author, or
another of a geographic feature to identify the area.

2. Author(s) and govermmental affiliation
Only geochemical surveys by Federal and Alaska State workers
are reviewed; the results of numerous surveys done by private
prospecting and mining firms have not been published and so
cannot be included.

3. Location and area
area given for each geochemical survey is the maximm
warranted by the systematic sampling on which it was based,
In most cases the area encompasses only that of the drain-
age basins in which Sediment samples were cellected and
at a density commensurate with the general scale of the survey.

4, Topoaraphy, relief, drainﬂ%
The general physjographic divisions deplcted on Plate 1 are
designated and shown as represented by Pewe. (1975, Plate 1}
The principal elements of thes -- topography, relisf, drain-
age -- are described for individual survey areas as defined
by Leocpotd, Wolman, and Miller (1964, p. 131-150), and as
required depending on the scale of the survey.

Vegetation and other surficial cover

undra, with and without willows and alder, constitutes almost
the only vegetation cover throughout wost of Seward Peninsula.
The only other vegetation consists of white spruce and birch
forests, which are restricted to the southeastern and eastern
parts of the Seward Peninsula. Both the definition and distri-
bution of these are as shown and described by Hopkins {1959,
p- 215-220). The name for one of the principal mass-wastage
features of arctic regions, gelifluction lobes, has been
adopt.e? ar)md used as deflned by Embleton and King {1975,

p. 96-125).

Geology, bedrock, surficial

Satnsbury™s regort, “Geology, Ore Deposits, and Mineral
Potential of the Seward Peninsula®(1975), is the principal
source used far descriptions of al) aspects of the gealogy of
the geochemical survey arezs on the main part of the penin-
sula; for the gealogy of northeastern Seward Peainsula,
Patton's geologic map of the Candle quadrangle {1967) was
uvsed. The extent of glacfations on Seward Peninsula, and
the distribution of windblown s11t, are shown on Plate 1

as represented by Hopkins, as shown first on Plate 3 of his
report on Imuruk Leke (1963), then as revised for a later
publication (Nelson and Hopkins, 1972, Figures 3 and 4).

Hineral deposits., primary, secondary

e primary and secondary mineral deposits in al11 geochemical
survey areas, minly lodes and placers, are described for the
most part as they were known at the time the surveys were done;
the reports hy Berg and Cobb (1967}, and Cobb {1973) were the
princtpal sources for this information. Exceptions to this
consisted of instances in which new depostts or indications
aof new depostts had been found during preliminary geglagic
investigations in several areas; in these cases, geochemical
surveys were either extended to cover the new areas or done
in greater detall in portions of those done previgusly,

Geochemical survey; previous and related work, purpose
and scale, sources of natural aduiteration or cultura
contaminatien .

AT1 reports which contained tnformation pertinent to
either the orientation or applied results of indivi-

dual geochemical surveys are at least cited. Most be-
lang to two general groups; (1) reports on prospect
boring by the Bureay of Mines and {2) those arising from
the U.5. Gealogical Survey's radfoactivity investigations.
The Yatter are of particular importance because they ware
based on systematic coltections of panned stream concen-
trates, many of which have been analyzed chemically in
recent years.




The purpase of alt of the surveys reviewed was economic expiora-
tion geochemistry. Levinson’s general classification for scale
and sampiing density for geochemical surveys based on stream
sediments (1974, p. 367-382} was adopted and modified as follows:
Regional Surveys

Tst Order - 1 sample per 100 km or more.

2nd Order - 1 sample per 20-100 .

Ird Order - 1 sample per 3-20 km©.
Detailed Surveys

® or more samples per 3 km° or less.

For all surveys, adulteration was judged as the effects of
ratural materials when mixed with detritus derived from bed-
rock, the ultimate source of both primary and secondary min-
eral deposits. Such adulteration, especlally of modern stream
sediments, comes from three main scurces; (1) glaciofluvial
debris, (2} wind-blown sflt derived from this, and {3} vol-
canic flow and ash_deposits.

In addition to these general matters relating to’ the geochemical
surveys and the areas cavered by them, the following specific as-
pects of the surveys are susmarized, .

BA. Field procedures: kind and number of samples collected. field

g aration and analyses,
]
ba

8. oratory procedures; sample preparation, chemical analysis.
8C. Ta“g'r-’oc";sgin and statistica) treatments; determination of

Backqround, threshold, and anomalous values.
?0% t‘%o%‘:_sur?ﬁs? two general methads were utilized; {1) by
hand-prepared histograms for selected metals, then determin-
ation of anomalous and other values according to the techniques
recommended by Hawkes and Webbd (1962, p. 25-31). or (2} from com-
puter-generated statistical treatments of chemical data for
fow to many elements. The U.5. Beolpgical Survey GEOSUN program
used for severa) of the surveys, and the model for a number of
athers is described as follows by RobertTerrazas {August 10.
1958): The GEOSUM program is designed principally for sum-
marizing and tabuiating results of semiquantitative (6-step)
spectrographic analyses by the U.5. Geological Survey, but
may also be used for other types of geochemical data. One
fundamental assumption made in use of the program is that the
data are more properly treated on a logarithmic, rather than
aritimetic, scale.
The program provides {a) a readable 1isting of the data, {b)
histograms and cumulative frequency distributions, and {c) &
statistical swmmary which includes geometric means and geo-
metric deviations.
Semiquantitative spectrographic analyses by the U.5. Geological
Survey are reported as geometric midpoints (1., 6.2, 0.5, 0.3,
0.2, 0.15, 0.1, etc.) of geometric brackets having the bound-
artes 1.2, 0.83, 0.56, 0.38, 0.26, 0.18, 0.12. 0,083, etc. The
frequency d¢istributions are computed using these brackets as
tlass intervals.

80. Results; stream sediments, soil samples, rock, altered rock,
and ore samples. .
Tn all ¢f the reports reviewed, geochemical surveys were done
concurrently and essentially coordinatety with geological and
mineral resource investigatfons; only those fesults abyiously
derived largely or entirely from the geochemical surveys, oF
attributed by the authors to them, are cited here.

8t.

Publications
dividual geochemical surveys, or which contain data or other
information pertinent to them,
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F.  NOME ARFA
. L. Humael, U, 5. Geological Survey

Location and Area - Two separate areas Jocated north of Home;
Dnezat of Home River and along Snake River drainages
{200 km“) and [8) the other in the Kigluaii Mountains encom-
passingzthe head of Grand Central River at the base of M. Osborne
{200 &a").
Topography, Relief, and Drafrage - Mt. Osborne area: ([A) Glaci-
ated alpine topography with Serrate knife-edge ridges, U-shaped
trunk and tributary valleys, énd sparse hanging valleys with
modern rock glaclers. Maximsm relief in area, 1250 m; gener-
2l relfef throughout most of area. 1100 m. Area is well dis-
sected by well-inteqrated wajor and minor drainage except for
broad glaciofluvial-filled valley bottom of Grand Central Riv.-
er. (B} Snake-Home River area: Rolling upland topography with
few sharp peaks and ridges. Maximam relief fm northern part of
area, 850 m; general relief throughout area, 550-800 m. Ares
15 well dissected by north-trending Snake and Nome Rivers and
well integrated tributaries to them. valleys of Snake and Nome
Rivers have been glaciated and now have broad glacio-fluvial-
filled bottoms with braded channeis.
vegetation and Other Surficial Cover - (A) Mt. Oshorne area:
GlacToTTuvial-FiTTed valley bottoms and lower slopes are covered
with tundra and willows; sparse patches of alder occur along
upper limtt of tundra and 1ittle or no vegetation is present |
on middle and upper slopes. Frost-riven tatus and glactal mor-
aines occur alomy most valley walls and in heads of major trib-
utaries of Grand Central River. {B) Snake-Nome River area:
Tundra with willows covers 2311 but upper slopes and tops of
hills and ridges; tatter gemerally rubble-covered with sparse
tundra. Alder patches are moderately abundant along middle
slopes; gelifluctiontobes are abundant on middle and upper
slopes of most hills and ridges.
Geology; Bedrock, Surficial - [A) Mt, Osborne area: Nearly all
of bedrock 1s composed of amphibol{te-grade metasedimentary
rocks with numeroys srthogneiss bodies; smatl silici¢ and ba-
saltic dikes and sills are moderately abundant throughout the
high-grade metamarphites. Glaciofluvial deposits from the bot-
tom of the Grand Central River: frost-riven talus and glactal
moraines occur along the lower valley walls and at the head of
most tributaries. (B) Snake-Nome River area: Bedrock comnsists
entirely ¢f greenschist grade metamorphites derived from marine
sedimentary and submarine volcaniclastic recks; northward trends
of bedrock structures are manifested by same tremds of the Snake
and Mome rivers and the ridges between and along them, Glacio-
fluvial deposits from valley bottoms of both Snake and Nowe
Rivers; sporadic relics of moraines in some tributaries and
sparse glacial erratics on upper slopes and taps of ridges and
kills.
Mineral Deposits; Primary, Secondary - {A) Mt. Osborne area:
Numerpus simple pegmatites with single known occurrence of beryl.
{B) Snake-Kome River area: HNative gold and scheelite-bearing
base metal sulfide veln and replacement deposits clustered at
several localities in area. Gold placers, most with some schee-
11te, tn aVluvium on mapy tributaries pf the Snake and None
fivers; few banch gold placers dertved from reworked glacial
drift.

Geochemical Survey - First survey on Seward Peninsula based on
chemically analyzed samples; only previpus work {n same area was
mineral survey based on panned concentrates by Coats (1244} to
determine distribution of scheelite in stream gravels and gold
placers throughout the Snake-Nome River area. Geochemica) samples
collected by Humel 1n 1958; analyses arranged for by Chapman dur-
irg following twe years. Sources of possfble natural adulteration
and cultural contamination ipcltude: (A) Mt. Osborhe area; natural-
glacial drift, all indigenous to area; cultural - old, disinfegrat-
ing, iran-band bound siphon and debris left from its comstruction.
(8) Snake-Nome River area: MNatural - some glacial drift in trib-
utaries of Snake and Nome Rivers at least some proportion derived
from Kigluaik Mountains and other areas north of sample sites:
cultural - placer mining and related construction activities in-
ctuding old railroad and modern gravel road; quicksilver used to
recover gold in most or all sluice clean-up operations.

Purpose snd stale: Mainly orientation to evaluate stream sediments
as basis for gifferentiating drainage basins with known mineral de-
posfts from those nat known to contain any; secondary purpose was
to obtafn data to distinguish between two strongly contrasting bed-
rock terranes. Samples collected sufficient only far grassest
scale of regional geochemical exploration. Survey based on active
stream Sediments, so chosen and collected as to enhance the content
of the finest size and organic material; material gbtained from 5 to
10-meter diameter area from each sample site. All sediment samples
collected above places where Streams crossed by roads, railroad and
siphons; samples from streams with geld placer workings collected
only to avoid most obvious sgurces of contaminmation such as rusted
mining equipment and other debris. Thirteen samples collected from
Mt. Osborn area and 17 from the Spake-Nome area.
Laboratory_and_office procedures: A1l samples screened to minus BO
wesh, pulverized, and analyzed in U.5.G.5. Geochemical Exploration
granch laboratory 1n Denver. Analyses by visuzl and spectrophoto-
metric methods for antimony, arsenic, bismuth, copper, lead, molyb-
denum, tungsten, and zinf; possible interference by organic content
of samples.

Data processing and gvaiuation: Number of samples and analytical data
sufficiently limited to pereit empirical evaluation and interpretation,

Results: Multiple base setal anomalies from one drainage basin in Mt, Osborn
area; general content of molybdenum greatar in sediments from higher grade terrane
than in those from Snake-Nome River area. Of the metals analyzed. the conteat of
arsenic was greatest in sediments from drainage baxins with known mineral deposits
in the Snake-Nome River area, and most markedly less in those without deposits.

Coats, R. R., 1544, Lode scheelite deposits of the Nome area, .
Seward Peninsula, Alaska: U.5. Geol. Survey open-fila
rept. 17, 6 p.

Humel, C. L., and Chapman, R, M., 1960, Geolegic and economjc
significance of some geochemical results obtained from
stream sediment samples near Nome, Alaska, in Geological
Survey Research 1960: U.5. &aol. Survey Prof. Paper 400-B,
p. Bi0-B33.



Hummel, . L., 1461, Regionally metamorphosed metaliiferous
contact-metasomatic deposits near Nome, Alaska, in
Geological Survey Research 196): 4.5, Geol. Survey Prof.
Paper 424-D, p. DISA-[199.

2. SINUK RIVER AREA
Gordon Herreld, Alaska Division aof Mines and Geology

Location and Area -~ Located 20 miles northwest of Nome; 400 square
1ometers.
Yopography, Relief, frainage - Mainly rolling upland topography with
some steep mountains and ridges. Relief ranges from 250 m. to S00 w.
with greatest relief and steepest slopes in portions of area underlaia
by marble. Area generally is moderately to well dissected by well in-
tegrated drainage system.
Vegetation and Other Syrficial Cover - Most of asrea is covered with
tundra, exceptions are some rubble-topped hills and ridges, and marble
mountains and ridges which are nrearly devoid of vegetation.
Geology; Bedrock Surficial - Al} of bedrock is greenschist grade schist
and calcitic marble with sparse metamafic bodies; extensive portions of
marble have been silicified and dolomitized. Only smatl proporticn of
area has been glaciated; glacial drift covers about 10 percent of area,
Mineral Depesits: Primary, Secondary - Barite, flsorite, and base metal
sutfides associated with some silfceous-dolomite replacement zones in
marble; sparse base metal sulfide veias sporadically present elsewhere
in area. Gold placers mined at several localities in area.

Gepchemical Survey ~ detailized replacement zones deposits in marble,
the so-called sinuk gossans, had been previously sampled, analyzed,

and evaluated systematically by Mulligan and Hess {1965). Field work
and sample collections by Herreid were done in 1965, 1966, 1964, and
1969, Glacial debris in area almost entirely of foreign origin, mainly
from high-grade metamorphic terrane to north in Kigluaik Hountains.
Small scale gold placer operations on some Streams in area introduced
potential contamination from all aspects of miring activities, inciud-
ing use of quicksilver 1o amalgamate and recover fine gold in sluice
boxes. Mainly gravel of glacial origin used in construction of re-
cently built road throuqh area; culverts and bridges #cross streams,
together with construction of then, may have yielded additional sources
of patential culteral contamination.

Purpose and scale - Third order regional geochemical stream sediment
survey and detailed saupling of soil and rocks in grids and alony tra-
verse lines across suspected and known amineral deposits.

Fielg procedures - Sample collection: Stream sediment samples were
taken fram mud below water level; spil samples were taken at o depih

of 2 to & inches. {Herreid, 1970, p.14) 200 stream Sediment and 189
soil samples coflected in survey. Sample analysis: field test by
Hawkes cold extractable heavy metals wethod modified by using the
amnaniun ¢itrate extractant undiluted made in field on 172 stresm
segiment and 20 soil samples (Herreid, 1966, p.1€).

Letoratory and office procedures: All stredm sedimenl dnd $01t samples
screeped Lo minus BO mesh, thereafter, total metal contents of copper,
tead, zinc, and molyhdenum snalyzed by colarimetric and atomic absurp-

Lion methods by Rocky Hountain Gouchemical Laboratories, U.S. beolog-
ical Survey, and the Alaska Jivision of Mines and Geology (llerreid,
1970, p. 51).  In additiea, omission spectrographic analyses of all
sa0il and sediment sampies were made ab both the MIRL laboratories at
the University of Alaska and in the Anchorene Habile Laloratury of the
U, 5. Genlogical Survey (llerreid, 1970, p. 52, 58).

Gata processing and Statistical Treatments: Simple histograms prepared
by hand and based on absoTute values of copper, lead, and zinc derived
from atomic absorption and colorimetric analyses; on basis of these,
thresholds were determined fntuitively rather than by statistical
methods and 50 indicated or the histograms. Thresholds chosen constd-
tuted lowest concentration considered anomalous; anomalies included
these and all greater analytical values. (Herreid, 1970. g. 14-15).

Results from stream sediments, solls, and rocks: Stream, sediments generally
almost entirely Tneffective {n Tocating gossans, the major type of primary
Jode deposit in the area. even those strongly anomalous in zinc and lead as
estabt{shed by other evidence {Herrefd, 197G, p. 14, 18, 39). One sulfide
deposit with abundant surficial float discovered durimg survey yielded a
strang sediment anomaly Ir Aurora Creek, and arother previously kndwn $tib-
nite-gold prospect yielded a good sediment ancmaly for antimony and arsenic
in the creek below it. (Herreid, 197¢, p. 14). Similar deposits were in-
ferred from a few anomalies obtained from sediment samples at several ather
localities in the area {Herreid, 1970, p. 39).

S0%1 samples collected systematically atong lines and in grids over and
around krown gossans yielded moderately strong to very strong anomalies of
zinc ard lead generally; for some deposits, other metals includirg bartum,
arsenic, horen, and beryllium were present in the soil in anomalous amouats
{Herreid, 1970, p. 14-18). So-called rock specimens were, in fact, mainly
setected gossan or altered and mineralized material; gossan sampies es-
peciaily contained strongly anomalous amousts of lead, zinc, and other metais
{Herreid, 1970, p. 43}. Geochemical data from seil and rocks, in Conjunction
with results of geplogic investigations increased the areas of probable min-
eratization appreciably beyond those underlain by deposits known previously.

Pubiicatiens:

ierreid, Gordon, 1966, Preliminary geology and geochemistry of the
Sfnuk River area. Seward Peninsula, Alaska: Alaska Div. Mines
and Minerals Gesl. Rept. 24, 19 p. .

----- 1968, Progress report on the geclogy and geachemistry of the
Sinuk area, Seward Peninsula, Alaska: Alaska Div. Hines and
Minerals Geol. Rept. 29, 13 p.

----- 1970, Geology and geochemistry of rhe Sjaubl area, Sewsrd Penin-
sula, Alaska: Alaska Div. Hines and Geology Geol. Rept. 36, &1 p.

Mulligan, J.J., and Hess, t1.O., 1965, [xamination of the Sinuk iron
deposits, Seward Peninsuta, Alaska: .5, Buresuv of Nines Open
File flept.. 34 p.



3. SOLOMOH RIVER AREA
. ®. Asher, Afaska Division pf Mines and Seology

Lecation and Area - Portion of lower Solomon River drainage basin com-
prising 480 square kilometers located 40 kilometers east of Nome.
Yopography, Retief, Drainage - Rolling upland topography with & smail
coastal piaim and a few mountains and ridges with steep slopes. Re-
lief ranges from 7% to 500 meters with average about 300 meters. Most
of area in drainage basin of Solomon River including its mouth at Mor-
ton Seund, Tributaries are well integrated with Solomon River which,
together with remaining streams. have produced a well dissected terrane.
Vegetation and Cther Surficial Cover - Nearly all of area is tundra
covered with rubble and bedrock topped bills and ridges; exceptions are
sparse mountains and ridges composed of marble and graphitic quartzite
which have 1ittle or no vegetation. Geliflycticn lobes cover most
lower and middle slopes.

Geoltogy; Bedrock, Surficia) - Greemschist grade marble and sehist with
moderately abundant to abundant greenstone bodies forwm most of bedrock
of area; both are cut by a few basalt dikes. Area affected by no more
than minor glacial activity; alluvium along streams and modern and
older, higher beach and lagoon deposits on coastal plain constitute
wast of surficial deposits of area.

Minera) Peposits; Primary, Secondary - Copper-bearing, slicequs re-
placement zones are widely distributed in marble; sparse gold and
scheelite-bearing, base metal sulfide depasits present at several
Iocatities. including veins and stockwork mined at only lode gold mine
ever operated on Seward Peninsula. Gold placers mined along most of
Splomon River in area and on many tributaries to 1t; gold-bearing
beach placer mined at one place on coastal plain.

Geochemical Survey; Matural and fultural Sources of Possible Adultera-
tion and Contamination - Lombined gealngical and geochemical surveys {n
area with known mineral deposits for purpose of testing exploration
methods and to discover new deposits: latter based mainly on stream sedi-
ments and secondarily on so0il, rock and ore samples. Third order regional
stream sediment survey of entire area; soil and rock samples cellected in
close-spaced grid at one locality.

Glacist drift of foreign origin may have been eroded and incorportated in
modern alluvium in smali portion of area. Sources of possible cultaral
contamination include; {1) modern gravel road with numercus culverts and
ar pid, disintegrated railroad alorg Solomon River and a major tributary
of 1t through the central part of area, {2) extensive dredge and sluice
placer gold mining workings with assoclated repair and housing facilities
along the Solomon River and many of {ts major and minor tributaries
throughout the area, and (3) the Big Hurrah lode 5old mine located an one
of the princigal) tributaries of the Solomon River. Quicksilver used to
recover fine gold in most sluice placer operations and cyanide to recover
lode gold.

Field procedures: Stream sediment survey: Samplas were collected at
one-guarter mite (400 m.) fntervals froam the active bed of each stream

in the upland portfon of the quadrangte. Fine sand or silt, rather than
coarse material, was collected when possible and stored Tn plastic bags.
Care was taken to exclude organic material from the samples. (Asher. 1969,
p- 22). 435 sediment samples collected from 48D-square kilometer area,
So0il and rock survey: Samples collected in grid over portion of graphitic
sehist unit as follows; north-south traverse lines were established at one-
quarter mile {400 m.} intervals. Samples were taken at stations appraxi-
sately 1000 feet {330 m.) apart along the traverse 1ines, Where possible,

a rock chip was taken; 1f this could not be done a scil sample was sub-
stituted. Four 5011 sample traverses were also made in the same wnit;
sampling interval was 50 or 100 feet (5-30 m.) (Asher, 1969, p.27).
Fieid analyses - stream sediment samples were amalyzed in camp by dithi-
zone field tests. Field test measured in mi1i11ters of dithizone for
cold e;)ctracuhle wetals as described by Hawkes {1963) (Asher, 1969, p.22
and 32).

Laboratory_and office procedures - Stream sediment and sof) samples were
dried in the Alaska Division of Mines and Geology laboratory at College,
Alaska, then forwarded to the U.S. Geological Survey field laboratory at
Anchorage. There samples were screened to minus BO mesh, pulverized. and
analyzed by atomic absorption mathods for gold, copper, lead, amd Zinc.
Remaining portions of pulverired samples were then sent to U, 5.6.5. Geo-
chemical Exploration Branch laboratory in Denver where 10-slement semi-
quintitative emission spectrographic analyses were made on all samples
{Asher, 1959, p.22).

Diata grocessigg and Statistical Treatments - A computer program to
tabulate the samples and calculate statistical characteristics of the
analytical data was written by L. E. Heiner, Mining Engineer, Univer-
sity of Alaska. The I84 360 computer at the University of Alaska per-
formed the computations.

Samples were assigned map numbers before they were fed into the com-
puter. The computer tabulated a 175t of samples and analytical data
in numerical arder according ta map number. For sach element the
mean and the standard deviation were calculated. From these measures
of central tendency. the thrashold value, or upper limit of narmal
background fluctuation and anomalous values were determined for each
element. The computer also plotted histograms of frequency distri-
bution far selected elements. As a special project. a z2inc trend
surface map was plotted and residuals determined,

The threshold and anomalous values for each element were cosputed by
meihods described in Hawkes and Webh (1862, p. 30}. The threshold
value is taken as the mean plus twice the standard deviation; ano-
malous values are taken as the mean plus three standard deviations.
Freguency distribution histograms for copper and zinc as determined

by atomic absarption and lead as determined by spectrograph were pre-
pared hy hanpd.

The concentration of an element in a given sample is either in the
background ranrge, between the threshold value and anomalous value, or
greater than the anomalous value. Samples are considered possibly
anomalous if the concentration is between the threshold value and

the anomalous value, and probably anomalous If the concentration of
an element is above the anmmalous value, Samples containing concen-
trations of copper. ltead. zinc, or gold in the possible anomalous and
probably anomalous ranges are indicated. Samples containfng anomalous
Mmg;t;jo}f cobalt, malybdenum, and silver are also shown. (Asher, 1969,
B - .

First through sixth degree trend surface maps and residuals were pre-
pared for 2inc. Values as determined by atomic absorption were used.
L. E. Heiner of the University of Alaska Mimeral Industry Research
Laboratory prograsmed the data for tha IBM 160 computer. “The trend
“surface itself represeats the regional component or geachemical trend.
This surface, or the value of any point on the surface, represents a
threshold value which is variable across the map area™ (L. Heiner,
Personal commun., 3-25-69). (Asher, 1969, p. 25-26).



Results: Stream sediments - sporadic anomalies of single metals in streom
sediment samples from eaitern pert of area; anomalous confents of single and
multiple metals in stream sediments from smaller western portion of area.
Capper anomalies point out 1imestone-schist contacts, verify the presence of
a fault, and indicate areas where greenstone crops owt. dinor cobalt is also
associated with the greenstone.

Lead in stream sediment samples 1s @ relfable indicator element. A nuuber of
nortiwest-trending fractures were outlined by lead anomalies. 2inc, molyb-
denum, and Silver are associated with the lead at places. Further explora-
tion will be required to learn if mineralizgtion 15 concentrated along the
fractures in economic quantities. A zinc trend surface map supports the con-
clusion that northwest trending fractures are mineralized.

The trend map for zine indicates a northwest regional trend of the geochemical
datz. The residuals, which represent anosalies, ara also aligned northwest.
The trend surface study canfirms the ¢onclusion that there are mineralized
structures in the quadrangle that trend northwest, The trend surface also
tndicates that the structures emtend across the entire quadrangle.

Because mineralized zones are indicated by geochemical anomalies rather than
conventional prospecting techniques, no astimation of the quality or quantity
of mineratization is possible. Further iavestigation of these zones may re-
veal economic deposits beneath the tundra.

Rock_and_sail samples - the results of a sampling program across the autcrop
area in the graphitic schist unit are still being studied. A preliminary con-
clusion is that it apparently does not contain disseminated gold in econanic
amounts. .

Publication: v

Asher, R. K., 1965, Je0l091C and geochemical study. Salomon C-5
quadranole, Sewsrd Pentnsuta, Alaska: Alaska Jiv. Hines ang
Geoloay Lenl, Rept. 33, 64 p.

4. 1RO
E.E.I;Er‘r. ﬂasm givisan of Hines and Genlogy

Lacation and Ares - 90-square-kilometer area incated 60 kilameters north-
east of Nome.

Topography, Relief, Drainage - Rollirg uwpland topography with flat-topped
hills and ridges, except for prominent, marble ridge with steep slopes.
Relief of upland portion of ares averages about 150 m.; relief of marble
ridge is about 300 m. Host of area 1ies in drainage basin of Iron Creek;
area 1s generally well dissected by well integrated tributaries of Iron
Creek.

Vegetation and Quher Surficial Cover - Except for prominent marble ridge,
which 1s almost devoid of vegetation, and putcrop and rubbile-topped
ridges and hitls, area is coverad with tundra. Willows occur with most
of the tumdra and alder patches are preseat sporadically in higher and
better drained parts of the tercane. Gelifluction lobes occur on the
lower amd middle stopes of most of the hills and ridges of the upland.
Gealogy; Bedrock, Surficial - Bedrock of entire area s greenschist
grade chloritfc and graphitic schist and marble with sparse to mod-
erately abundant metamafic bodies. Horthern half of area glaciated

and contains small areas of drift.

Mineral Deposits; Primary, Secondary - Prominent marble ridge extend-

1ng northward through the area contains aumerpus copper-bearing, sil-

iceous replacement zones; base metal sulfide vein present at one local-
ity in area. Placer gold has been mined along most of [ron Creek and on
many of its tributaries. (Hummel, 1976) :

Geochemical Survey; Sources of Possible Matural Adulteration and
tultural Contamination

Third order economic mineral geochemical survey based on stream
sediments. Field work, partly hampered by snow cover, done in
five days in June, 1988. Glacial drift reworked into moedern
alluvium of Yron Creek and extensive cultural contamination
possible from sluice and dredge placer mining and assoclated
construction and bullding activities; quicksilver used to amal-
gate and recover Tine gold 1n most sluice mining.

field Procedures: A total of 49 stream sediment geochemical
sampies were taken fram Iron Creek and 1ts tributaries. Samples
of fine material were taken from the active stream bed where
possible. At some places it was necessary to collect material
from the bank because of high water. lce in many of the streams
made geochemical sampling difficult. Samples were transported
in plastic bags: they were tested in the fiald by the dithi-
zone method described by Hawkes {1963, p. 580}, (Asher, 1969,

p- ll 8}
Laboratory and Office Procedures: The samples were forwarded
to the p.Ti

ska Division of Mines and Geology laboratory at
College for drying. The dried samples were then sent to the
I.5. Geological Survey field geochemical Taboratary in Anchor-
age, There, samples were screened o minus BO mesh and pul-
verized, and a portion of each was analyzed for gold, copper,
lead, and zinc by atomic absorption techniques. The remainder
of each sample was then sent to the USGS Geochemical Research
Jaboratory in Denver where D-element, semi-quantitative
amission spectrographic analyses were made. fRaw amalytical
data were returped to the Alaska Division of Mines and Geol-

ogy at College.

Data Processing and Statistical Treatment- Lawrence Heiner Hin-
ing Engineer, University of Rlaska, wrote a program -- to facili-
tate data processing. The computer tabulated a 1ist of samples
and calculated statistical measures of central tendency for each
element detected. The mean value and the standard deviation
were used to calculate a threshold and anomalous value for each
element. Threshold is taken as the mean plus two Standard de-
viations; the anomalous value is taken as the mesn plus three
standard deviations.

when the concentration of an element in a sample s below the
threshold value. the concentration 1s in the background ramge of
values. A sample 15 possibly anomalous if the concentration of
an element is between the threshold value and the anomalous value.
1f the concentration of an element in a sample 15 above the ano-
malous value, the sswple is probdably anomalous. AY) sample lo-
cations are shown on 4 mip of the area and samples containiag
possible and probable concentrations of elemenis are indicated.
(Asher, 1969, p. B-3)

Results- Stream sediRent survey: Sporadic possible and probable
anomalous values For gseveral metals in sediment samples from Lhe
lron Creek drainage; possible effects of cultural contamination
oot evaluated.
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Dats Processing and Statistical Treatments - Although all field
and laberatory procedures leading through analysis of all samples
were the same for both the 1969 and 1970 gecchemical surveys, the
data from them were handled altogether differently: those from
the earlier survey were entered, manipulated, and printed by com-
puter whereas all data from the 1970 survey were plotted and tab~
wlated entirely by hand.

For the 1969 survey, all the accumulated data pertaining to each
sample were punched an IBM cards then the data were fed into the
iBM 360 Computer at the Yniversity of Alaska. The computer pro-
gram was written, managed, and supervised by Lawrence £. Hefner,
Mineral Industry Research taboratory, University of Alaska. The
computer print-oui tabulated the results of atl analyses of each
stream sediment sample, plus remarks, sample number and other in-
forgation pertaining to the sample. The computer determined the
average and standard deviation for each element based on the
value for every sample. The computer also calculated & threshold
and anomatous value for each element by using the average and
standard deviation. The threshoid and anomaious values for each
element were arrived at by methods described in Hawkes and Webb
{1862. p. 10). Threshold is taken as the mean plus twice the
stapdard devfatien; anomalous values are taken as the mgan plus
three standard deviations. To learn if the data are normally
ar tognormaily distributed, and thus which value is the most re-
liable, the computer plotted histograms for copper, lead, ang
zinc a$ determined by atomic absorption. Histograms were also
platted using the togarithms of ihe data for the above elements.
8y comparing the two histograms for a given element the nature
of the population distribution could be determined. The pop-
uwlations for copper, lead, and zinc are more nearly novmally
distributed than legnormally distributed. Therefore the ano-
malous and threshold values calculated directiy from the data
are used in this report. The various histograms are shown in
appendix 1[1. Histograms were not plotted for elewents deter-~
mined by emission spectrograph. The detection intervals in-
crease geometrically and histograms are not useful. Element
populations determined by emission spectrograph are assumed ta
be distributed normally. Threshold and anomalous values are
taken as the mean plus two ard three standard deviatbions re-
spectively. To verify the threshold and anomalous vaiues for
copper, lead, and zinc, cumulative frequency curves were plotted
on semi-togaritheic paper. The vatues obtained are similar to
those obtained by assuming the data is normally distributed.
{Asher, 1970, p. 18,20)

For the 1970 survey, all chemical and other data were tabulated
by hand, then, histograms based on emission spectrographic data
were prepared from those for selected elements. Anomalies ware
located by inspection of; (1) histogram plots (2} continental
crustal averages, and {3) the limitations of the analytical
technique of that particular element. Only the copper-lead-zinc
anomalies andlyzed by atomic absorption spectrophotometry were
platted on the location map, (Bundtzen, 1874, p.))

Results: 1969 Survey, 1970 Survey - Secause the results of the
1969 and 1970 geochemical surveys in the westera Bendeleben
Mountains were based on differing statistical and other treat-
ments of their data, they are reviewed separataly.

(A} 1963 Survey, Stream Sediments - Stream sediment Samples
from the east side of the area contain nore copper and zinc than
stream sediment samples from the west side of the area. Unly
two of the samples taken from the west side contain more them
background amounts of copper or zinc, but lead is a fairly com-
won snomalous or threshold element. On the east side of the
area, copper, lead, and zinc are all fairiy common anomafous
elements. This indicates that there are twe distinct and sep-
arate populatians in the region and if statistical treatment
were carvied Further they shovld be treated as such. in addi-
tion, on the west side, calciwm is concentrated in stream sedi-
ment sampies to a much higher degree than on the east side of
the valley. This probably reflects gross varjations in lithol-
agy in the two parts of the area and again Indicates twe sep-
arate populations that should be treated separately. (Asher,
1974, p. 20}

four snomalous zones that may be significant were detected in
the arex, two each in the western and eastern portions. ¥Follow-
up work shoutd be done on these four localities. Soi) samples
and rock samples wouid be useful, and if results are favorable.
treaching to bedrock should be undertaken.

Because of extensive tundra cover and sparse outcrops, geochemis-~
try is a more effective prospecting technique than visual in-
spection, Geochemical stream sediment sampling is 2 useful
technique, but laboratory analyses are needed for the detection
of sebtle anomalies. Colorimeiric analyses for cold extractable
heavy metals are not sufficiently sensitive to detect anomalous
zongs in stream sediment samples. (Asher, 1970, p. 25)

Rock Analyses - Analyses of rock sampies did not reveal the
presence of significant mineralization, (Asher, 1970, p. 25}.

Bedeleben contain one to several base metals, Cu, He, Pk, Zn, in
aromalous amournits;: a suite of those from a tecality just east of
Mount Bendeleben alse yielded anomalaus contents of tin and
tunaster. |a addition, two other localities were ijdentified on
the per;meter of the 1969 geochemical survey. (Bundtzen, 1974,
Plate 1).

Rock and 50il Samples - Anomalous contents of base metals were
detectea in only a few rock and soil samples, one of the farmer
being a copper ore with lead and zinc sulfides and anomaltous
silver. {Bundtzen, 1974 Plates V1, and VIY)

Publications:

Asher, R ., 1976. Geology and geochemistry of the Belt Creek-

Libby River area, Seward Pesinsela, Alaska: Alaska Div. Hines

and Geology Geochem. Rept. 22, 44 p.

Bundtzen, 7. K., 1974, Geochemistry of parts of the Bendeleben A-6,
A-5, A-4, B-5. and B-4 quadrangles, Alaska: Alaska Div. Geol.

Geophys. Surveys open-file report AGF-39, 0 p.
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9.  YORK PENINSULA
. L. nsbury, U.S. Geological Survey

tocation end Area - The westernmost part of Seward Peninsula lying west
of the American River, long called the York Peninsula, comprises 3 total
area of more thanm B,000 square kilometers. Although it contafns some of
the best known mineral deposits and greatest mineral potential on the
peninsula, geochemical surveys have only beel}_ made tn three smatl, isol-
ated areas in &he region, one of about 50 km"™ at Ear Mountaln, another
of about 15 ka? at Cape Mountain, and the third of 40 kmé at Brooks
Mountain and Lost River. < -

Topoqraphy, Relief, Brajnage - The York Mountains in the western part of
the region. and the Shishmaref lagoonal coastal plalin which forms the
northern coast, are the most prominent physiographic features of the York
Peninsula, the remainder of the reglon consisting mostly of flat-topped
and rolling upland topography. The Herth American Continental Divide
passes from east to west approximately through the center of the region;
the divide ends at Cape Mountain at the western tip and separates drain-
age systems which flow narth to the Chukchi Sea and south to Bering Sea.
fxcept for the coastal plain, the three areas surveyed include the ex-
tremes of terrane character in the region: the Ear Mountais area fs
dominated by an isolated, rounded hill which has produced relief rang-
ing from 300 ta 550 meters and produced & system of stresds radiating
from {t. At the other extreme, the Brooks Mountains-Lost River area in
the center of the York Mountains is composed mainly of well-dissected
steep-sided mountains and ridges with a general relief of 600 to 700
meters and & well-integrated dratnage system, most tributary to Lost
River. The character of the Cape Mountain area {s intermediate between
that of the other two; with an average relfef of about 400 meters, the
ares is moderately well dissected by moderately well integrated drainage.

Vegetatjon and Other Surficial Cover - The three areas also differ markedly

in vegetation: Whereas that at Ear Mountain is entirely covered with
tundra, only the valley bottoms and lower Slopes of the Lost River-Brooks
Mountain area have any tundra, such as 1s present being sporadic even
there with the middle and upper slopes almost devoid of vegetation, Again,
the Cape Mountain area, with sparse to moderately well developed tundra

cover, {5 intermedfate between the entremes represented in the other areas.

finally, gelifluction lobes are abundant on the slopes of Ear Mountain,
but largely absent in the Lost River area, where bare outcrops and talus
runs form most of the middle and upper slopes of the ridges and mountains.

Geology; Bedrock, Surficial - Carbonate rocks form the preponderant pro-
poertion of the bedrock of the York Peninsula, with graphitic slata, stl-
tite, and graywacke in sporadic areas forming a subordinate proportion;
these dre succeeded ta the east and scutheast by greenschist grade marble
and chloritic schist as the predosinant bedrock lithology, with the
other types present only in fsolated aveas in it. Gabbro and metagapbro
bodies occur widely throughout the regien, and granite plutons together
with numerous silicic and mafic dikes are present at a few localities.
These latter, together with their assoclated mineral deposits, have long
beep the principal targets for mineral exploration and development in
the region; the three areas of geochemical surveys covered here include
the largest granite bodies exposed in it. 1In each ares, carbonate rock
fntruded by these form mast of the bedrock; it Ear Mountain and Brooks

Mountain, graphitic rocks are al1s0 present. Both the York Hountains
ard Cape Mountain have been the source areas for several glaciatiens,
but oaly small deposits of giacial drift remain in the areas covered

by the geochemical surveys; however, Lost River Valley is made up of
much reworked glacia-fluvial material, most derived from the Lost River
drainage basin. In marked confrast the Ear Mountain ares was not glaci-
ated but instead §s covered by & thick blanket of wind-blown silt, most
of which came from outside it. - -

. Mineral Depesits; Primary, Secondary - Within each gof the aresds in which

geochemica)l surveys were made, and at several cther localities on the
York Peninsula, tin and tungsten-bearing lodes, and placer deposits de-
rived from them are closely assoclated with the granite plutons and
stlicic and mafic dikes 1n and around them. The tin-tungsten lodes
lnclude skarns, velns) altered zones, and pegmatites: sparse sulfide
deposits genetically related to these are also present in #11 three
areas, Gold cccurs with some of the cassiterite-wolframite placers;
howaver, no placers have been worked for gold in any of the survey areas;
the only such placers in the region which were mined for gald occur in a
smé11l area north of Grantley Harbor.

Geochemical Survey, Sources of Possible Adulteration and
Contamination - I‘tmgﬁ Sainsbury's were the Tirst true gROC hem-
fcal surveys made in the Ear Mountain, Cape Hountain, and Brooks
Hountain-Lost River areas, and In the region generally, a radio-
activily survey based on panned stream concentrates was made at
tar Mountain in 1945 (Killeen and Ordway, 19558}, and considerable
exploration driliing of and for placer deposits had been done by
the t.5. Bureau of Mines {Multigan, 19598, 19598, and Mulligan and
Thorne, 1959). The latter work involved quantftative evaluation
of alluvial placers in each of the aress and were based on panned
concentrates, most of which were also #nalyzed mineralogically and
chemically, accordingly, the reports covering their results are
valuable sources of information bearing on geochemical surveys,

The specific purpase of the geochemical surveys of all three areas
wWas 10 Jocate the bedrock source or sources of beryllium which had
been detected in anomalous amounts in some of the Bureau of Mines
concentrates (Saimsbury, 1963, p. 1). A}l were based mainly on
total stream sediments callected in 1960; as an out-growth and
elaboration of the results from these surveys, Sainsbury later cal-
tected and obtained analyses for rocks, minerals, ores, soils, and
plants; on the basis of data from these he synthesized the geochem-
ical cycle of beryllium and of several olther constituents of the
mineral deposits of the region (Sainsbury and others, 1960).
Glacial and perfiglacial deposits aither occur in all of the areas,
or have been ncorporated in the modern detrita) deposits in them.
In both the Cape Mountain and Brooks Mountain-Lost River areas
which were glaciated, all of glacial debris was derived from within
then;, however, in the latter area especially, mineralized material
derived from the heddward parts of the streams and rivers drainage
systems could have constituted a 3ource of satural adu)teration of
sediments downstream. Similarly, ia the Car Mountain area, much of
the non-indigenous wind-blown si1t which mantles it has become
Incorporated in the modern stream sediments.

In addition, considerable exploration for both lode and placer
deposits has heen done in all of the areas, and placer and lode
deposits have been mined at Cape Mountafn and fost River. Together
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with their related constructron activity. these operations consti-
tute possible sources of targe-scale, cultyral contamination for
nany elaments but not for beryllium.

Data Prccessisg and Statistical Treatments - A)l data for beryllium
were s a nterpre empirically actording to analyred values;

no computer statistical treatments were utilized.

Field Procedures - For this work, o bulk sample of the fine-grained
Most of this sediment passed a 40-mesh screen. If it proved imprac-
tical to secure such sedimeni, larger amounts of coarser matertal
were screened 0 obtain sufficient material. On hillslopes without
streams, sediments in rivulets or water-sorteg alluvium were sampled
{Satnsbury, 1963, p. 17).

Laboratory and Office Procedures - The beryllium content of the
stream sediment and slope wash samples was determined by both special
quantitative analytical techniques and by the standard L1.5.G5. semi-
quantitative emission spectrographic method.

Results - Only the results from the stream sediment surveys of the far
Aountain, Cape Mountain and frooks Mountain-tost River area are sum-
marized here, Although they gave rise to the collection and analysis
of & much broader spectrum of materials later, these were selected from
throughout the regfon, more to be representative for the topical study
of gecchemical cycles than for systematic geochemical surveys; their
chief vilue to the surveys s fororientation to Indicate the best mater-
fals on which to base them,

Ear Meuntain - The beryllium content of stream sediments and alluvium
coltected by the writer In 1960 show & distinct geochemica) anomaly
around the granite {(Sainsbury, 1963, p. 14-18).

Cape Mountatn - Geochemical reconnalssance show anomalous amount of
beryT1Tun, which are not, however, as great as those at Ear Hountain
and Lost River. The geochemical data are insufficient to prove or dis-
prove the existence of bery)lium deposits, but additiona] prospecting
is warranted {Sainsbury, 1963, p. 15).

strated between anomalous content of beryllium in Stream sediments

from known mineralized tocalities (Sainsbury and others, 1961, p. C16-)37
and Saimsbury, 1963, p. 15}.

In Camp Creek, and eastern tributary of Lost River, a Yong and continuous
lode system crops out in the smal} drainage basin. In this small stresm
the maximum amount of beryllium in total stream sediment was 160 ppm,

and in all samples the amount exceeded 100 ppm, Large and small boulders
of fluorite-beryllium rock form a significance proportion of the bed
load, and these boulders cantain berylliuwm in the range of 0.2-1.75
percent Bel.

In Tin Creek, a larger stream that contains both granite and beryllium-
fluorite lodes within its drainage basin, sediments Contain beryllium

tn the range of 10-30 ppm;the highest value was found in sediments
downstream from the area of marble that contains sumerous veinlets of
flugrite-berytlium rock.

In Rapid River valley, where a mineralized belt in limestone crosses
the stream, sediments contain as much as 16 ppm beryliiuvm, but values
decrease rapidly to less than 3 ppm within a mile downstream.

Stream sediments from the east headwaters of the Mint River, which
drains the southwest margin of the granite of Brooks Houmtain, con-
sistently contain more than 13 ppm beryltium, yet careful search has
failed to find significant fluorite-teryllium lodes. The apparent
anomaly is expiained by the large amount of granite in the stream sedi-
ments and by the fairly large volume of vesuvianite from the contact
zone of the granfte. The granite contains 15 ppm beryllium, and the
Uesuvian;te as much as 50 ppm beryllium. {Sainsbury and others. 1968,
p. 30-31 .

’

York Peninsula, General - From ‘the analyses of the stream sediment
samples cited ahove, and others collected after 1960, it has been de-
termined that the beryllium content &f total stream sediments less than
40 mesh in size varies greatly with the rock type within the drainage
basin of the streams. In limestone areas, the background content of
beryllium probably does not exceed 1.5 ppm and definitely {s below 3 ppm.

. Where granite underlies a substantial part of the drainage basin, the

‘beryllium content of stream sediments may approximate that of the granite
(as much as 18 ppm}. Hence, a value that definitely {s anomalous in one
area is not anomalous in another, and these differences should be kept
in mind during geochemical prospecting.

In limestone areas a beryliium content in the range of 3-5 ppm might be
termed the “threshold® value, and beryllium 1n the range of 5-10 ppm
definitely is anomalous. The maximum values to be expected in sedi-
ments will, of course, be a function of the size of the draimage basin,
of the amaunt and richness of ore bodies exposed at the surface within
the basin, and of their nearness to the stream. An upper value to be
expected in the Seward Peninsula, and probably elsewhere in the Arctic
and sub-Arctic, where mechanical disintegration predominates over chem-
fcal decay, should approximate the values obtained in Camp Creek, in
the Lost River area. {(Sainsbury and others, 1968, p. F30-31)}

Publications

Helde, H. €., and Sanford, R. 5., 1948, Churn drilling at Cape Mountain
tin placer deposits, Seward Peninsula, Alaska: U.S. Bur. Mines
Rpt. [nv. 4345, 14 p.

Killeen, P, L., and Ordway, R. J., 1955, Radioactivity investigations
at Ear Mountain, Seward Peninsula, Alaska, 1945: U.S. Geol.
Survey Bull. 1024-C, p. 59-M

Multigan, J. J., 1959, Tin placer and lode investigations Ear Mountain
area, Seward Peninsula, Alaska: U.5. Bur Mines Rept. Inv. §493,
53 p.

----- 1959, Sampling stream gravels for tin, near York, Seward Penin-
sula, Alaska: U.5. Bur, Mines Rept. Inv. 5520, 25 p.

Mulligan, J. .J., and Thorne, R. L., 1959, Tin-placer swlini methods
and results, Cape Mountain district, Seward Peninsula, Alaska:
U.5. Bur. Mines Inf. Circ. 7878, 69 p.

Sainsbury, €. L., 1963, Beryl)ium deposits of the western Seward
Peninsula, Alaska: U.5, Geol.: Survey Cicc. 479, 18 p.

Sainsbury, €. L., Armin, W, H., Annell, C. S., and Westley, Harold,
1961, Beryllium in stream sediments from the tin-tungsten
provinces of the Seward Peninsula, Alaska, in Geologica) Survey
Research 1961: U.5. Geol. Survey Prof. Paper 424-C, p. C16-C12.

Sainsbury, C. L., Hamilton, J. C., and Huffman, Claude, Jr., 1968,
Geochemical cycle of selected trice elements in the tin-tungsten-
berylliwe district, western Seward Peninsula, Alaska - A recon-
naissance study: U.S, Geo}. Survey Bull, 1242-F, p. F1-F42.



¢

19, 11, SERPENTIRE HOT SPRINGS ARB SEPPENTIHE RIVER AREAS
C. L. Sainsbury, T, Hudson, R. Kachadocrian, ¥, Richards, W. Marsh,
and R. Ewing; U.5. Geological Survey .

Location and Area - Twa ereas, one of about 350 square kilometers
centered on Serpeatine Hot Springs located 160 kilometers west of
Deering {1C) on the north coast of Seward Peainsula, and another

of about &0 square kilometers at the head of the Serpentine River

25 kilometers west of Serpentine Hot Springs {11)

Topography, Relief, Brainage - Most of both areas consists of roll-
Tng uplands with rounded or flat-topped hills and ridges; sparse
hills and ridges with steep vpper slopes and rubble and rocky tops
form small parts of both areas. Maximum relief locally in each area
is about 500 meters with the average relief for both ranging from
150 to 450 meters. Both areas moderately to wetl dissected by moder-
ately to well integrated streams, most of which are headwater tribu-
taries of the Serpentineg and Goodhope Rivers,

Veqetation and Other Surficial €over - Except for rubble and outcrop
topped hills and ridges, atl of both areas is covered with treetess
tundra. Gelifluction lobes are present on the lower and middle slopes
of most hills and ridges.

Geology; Bedrack, Surfijcial - Greerschist and sub-greenschist grade
metamarphites including warble, graphitic siltite and schist, and
chloritic schist and greenstone make up most of the bedrock of bath
areas. In addition, orthogneiss forms a smal) part of the Serpentine
Hat Springs area (10): both the orthogreiss and other metamorphic
rocks of this area are intruded by a small granite body pluton.
Reither area has been glactated but the lower and middie level hills
and ridges in the northern parts of each ares are covered with wind-
blows stit locess one meter or mere thick.

Mineral Deposits; Primary, Secondary - Several copper-bearing silic-
ified replacement zones in marble, together with a more complex base
metal sulfide lode occur in the Serpeatine River Area [11}. Pegma-
tites together with altered and mineralized felsic and mafic dikes
are assocfated with the granite body in the Serpentine Hot Springs
area (10}; in addition, metalliferous quartz veins and attered zones
has been identiflied in it during field investigations preceding the
geochemical survey there. (Sainsbury and others, Y970, p. 8-10)

Gold placers have been worked at the head of Humbeldt Creek in the
Serpentine Hot Springs area; cassiterite had been fdentified fn the
corcentrates from these workings. {Sainsbury and others, 1968, p. 1)
It had also been reperted from the Serpentine River amd cassiterite-
bearing tactite pebbles had been found in it during previous field
investigations by Sainsbury. (Marsh and others, 1972, ¢. 1)

Geochemical Survey; Previous Work, Possible Sources of Adulteraticn
Contamination - As a result of the determination of high radicactivity
from a concentrate from placer workings near the Serpentine ot Sprimgs,
radicactivity surveys based mainly on placer and panned Stream concen-
trates were wade arcund the Hot Springs and the gold mining areas at
the head of Kougaropk River south of it by Moxham and West 1n 1946
{Moxham and West, 1946); anly radisactivity measurements together with
suffigient mineralogy to identify its source, were determined from the
concentrates. Mo significant radicactivity was determined from those
collected from the head of the Kougarok River; in marked contrast, all
of those from the Serpentine Hot Springs area were mora or less radio-
active. From these results, in conjunction with bedrock measurements

and mineralogic studles, the authors attributed the radigactivity to
severdt accessory minerals disseminated in the granite and pegmatites
in the area. {Moxham and West, 1953, p, 7-8).

Jhe qeochemical surveys of the Serpentine Hot Springs and Serpentine
River areas were based on samples collected during several field sea-
sons. The first were collected in 1947 throughout a much larger area
in north central Seward Peninsula aggregating about 2000 square kilo-
meters which included both areas. Thereafter, new collections were
made in the Hot Springs area fn 1968, and in the Serpentine River area
in 1971. Some of the results from the 1967 and 1968 field investiga-
tions were released in 1969 (Sainsbury and others, 1969, p. 39-41,45);
then, these and others, together with those from the following years,
were used as the basis for the two reports covering the geochemical
surveys of bath areas. (Sainsbury and others: 1970, and Marsh and
others 1872), The Serpentine Hot Springs geochemical survey comprised
anatyzed samples of bedrock and stream sediments and of various frac-
tions of poth; the Serpentine River survey was based entirely on pan-
ned stream sediment corcentrates. Genrerally,for both areas, sediment
sampling was adequate for third-order recornaissance surveys; however,
that done for a particn of the Kot Springs survey was much wore de-
tafled. The purpose of both surveys was econonic mineral exploration,
the emphasis of the one on the Serpentine River being wainly on tin
and %hat of the Hot Springs area on a somewhat broader spectrum of
metals.

Varying amounts of foreigr wind-blown silt, some onre or more meters
thick, constitutes 3 possidle source of natural adulteration of bed-
rock detritus in alluviwm in both areas; in addition, emissions from
the hot springs for which Serpentine Hot Springs is named and volcanic
ash from Devil Hountain north of them may have been other Sources of
possible natural adulteration there.

Field Procedures ~ Results from only total stream sediment samples
collected by helicopter during 1967 in the Hot Springs area wers used
for the geochemical survey of that area. All were sent first to the
field laboratory of the Survey's Geochemical Exploratien Branch in
Anchorage, and thereafter to its permanent laboratory in Denvey.
During the 1968 season, all samples as collected were prepared for
analysis in the Field as follows: Bedrock samples were crushed to
-1/4-inch (6om.) mesh in a jaw crusher, a split was saved, and the
remdinder was pulverized in a ceramic-plate puiverizer. A weighed
portion of pulverized material was panned, and the panned concen-
trate was weighed and analyzed as a check against analyses of unpan-
ned mingralized samples. Stream sediments were ¢ollected from be-
hind rocks on stream bars, then air dried and screened through a
40-mesh plastic screen; each of the total samples was Jater pulver-
fzed to -200 mesh. To supplement the stream-sed{ment survey on Hum-
boldt Creeks, rumercus samples of concenirates were tollected by
panning stream gravels as well as alluvium in cutbanks. Concentrates
were air dried and weighed, a spiit was saved for mineralogical work,
ard the remainder of the concentrates was pulverized and analyzed by
the same methods as those used for bedrock and stream-sediment samples,
After pulverizing each sample, the pylverizer plates were cleaned by
pulverizing a teaspoonful of white quartz, and the resuwlting powder
was added to the sample previousiy pulverized. This was done to pre-
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vent contamination of later samples, because labovatory experiments
ty J. C. Antweiler {ora) commun., 1967} have shown that even small
gold particles may smear onto the pulverizer plates and register in
the following sample (Sainsbury and others, 1970, p. 1-13}.

Only panned stream sediment concentrates were collected for the
Serpentine River survey in 1971, Like those from Humboldt Creek
cited above, the coarse oversize material was first hand-picked from
them and saved, then iLhe remainder was submitted for analysis without
further screening.

taboratory Procedures - All stream sediments samples submilted in
1967 were screened 18 winus 80 mesh before being analyzed by emission
speciregraphy for all metals determined except gold and mercury, which
were detected, respectively, by atomic absorption and instrumental
techniques. As described above a)l samples of both bedrack and stream
sediment fractions were prepared for apalysis in the field. Later, in
the USGS Geochemical Exploration laboratory in Denver, they were anal-
yzed for gold by atomic absorption, for mercury by mercury detector,
and for other elements by semiquantitative spectro graphic analyses.
Some duplicate splits of samples were analyzed for copper, lead, zinc,
tin, and arsenic by wet chemical methods. With the exception of re-
sults from gold analyses, which were erratic, analytical results gen-
erally were in good agreement (Sainsbury, 1970, p. 3).

Data Processing and Statistical Treatment - Analytical data for the
Zerpentine Hot 3prings area were selected and plotted according to
the following method:

1. Background values of elements in various Jithologic units were
selected according to results of analyses of nine bulk samples
of unaltered rock units: “anomalous" values are those that
exceed the maxfoum content found in unaltered rock units.

2. Only elemegnts that are anomalously high in the selected Speci-
mens of argentiferous galena, or in samples of altered rock
along faults and veins, are considered. These elements in-
clude gold, silver, mercury, arsenic, cobalt, copper, molyb-
denum, nickel, lead, antimony,%in, tungsten. and zfnc.

3. Elements present in each sample in amounts above background
values were noted, and a numerical value of the anomaly for
each metal was determined by dividing the total content for
that metat by the backyround value shown in tebie 1. This
gtves a ratio in which the background is represented by the
number 1. If the numbers representing the concentration ratios
are added and the sum of the backgrounds is subtracted, this
gives a figure which represents the magnitude of the total
anomaly 4t that sample site. For instance, a sample that con-
tains 15 ppm {parts per mitlion) Mo, 100 ppm Sn, and 15 ppm Ag
would be treated as follows: 15:5 = 3 (the concentration ratio},
100+5 = 6.6, §5¢1 = 15, and 3+6.6+15 = 24.6 (the total concen-
tration ration). The anomaly, however, is 24.6 -3 (the sum of
the three backgrounds represented by the number 1 for each
etement present in more than background concentration), or 21.6.
{Sainsbury and others, 1979, p. 3-4, B}.

Results - Total Stream Sediments and Panned Concentrates, Rocks and
Ores - Serpentine Hot Springs_Area - A reconnaissance geochemical
survey 1n 1967, using only the -80 wesh fraction of siream sediments,
did not show anomalous tin on Humboldt Creek, where cassiterite in
nuggets as much as J Tnches {8 cm.) in diameter was observed in
slulce-box concentrates from placer gald mining. Consequentiy,
alternative methods were applied in 1968 to determine the applic-
ability of different geochemical techniques in this area, where

heavy and chemically resistant minerals {gold and cassiterite] were
expected to be found in association with base-metal sulfide minerals.
In general, both -80 mesh and -40 fractions of Streawm sediments show
only relatively low anomalies with respect t¢ the background values

of rock units tn the drainage basins of the streams sampled. Ano-
malies in sediments must be interpreted on the basis of ane to three
metals in low amounts - generally much lower than five times the
failure of stream sediments to point to the lodes found subsequently
in the drainages of Humboldt Creek, by sampling and analyses of altered
bedrack, is noteworthy. The exploration geologist in search of mineral
deposits in this part of Alaska, especially placer deposits, would‘do
well to apply several of the known methads of geochemical exploration,
especially panning. (Sainsbury and others, 1970, p. 11-12)

In the detailed geochemical survey on Humboldt Creek, tin was found

in panned concentrates of surface stream gravels only in the east

fork, where several samples contain the metal in anomalous amounts.

in the sluice-box cancentrate, tin apnd sevéral other metals were de-
tected in highly anomalous amounts. The metals that were concentrated
in the argentiferous galena sample (gold, silver, lead, arsenic, cobalt,
copper, molybdenum, nickel, antimony, tungsten, tin, zinc, and mercury)
are comonly associated only in the panned ¢encentrate. 1f the total
concentration of elements, in parts per million, is divided by the con-
centration ratio {weight of total sampie divided Dy weight of concen-
trate), most of the anomalies in concentrates disappear; nevertheless,
analyses of panned concentrates would lead one directly to the base of

“the known outcrop of galena from a point far downstream, Analyses of

samples of stream sediments, however, would fail to do so, unitess the
samples were collected very near the lodes.

Of all the metals, mercury shows the most ¢lear-cut, direct correlation
with the total meta) anomaly, although it seldom accounts for a large
share of the total anomaly.

A marked inverse relationship exists between manganese and total trace
metals in the altered zones samples. Whether Lhis relationship repre-
sents 3 selective leaching of manganese during supergene alteration of
sulfides, or whether it vepresents leaching of manganese by ore solu-
tions, is not known. In either case, the absence of manganese from
wmineralized samples is a direct indication of possible mineralized
structures. {Sainsbury and others, 1970, p. 12, 18}

. represented by bedrock samples consists of an altered zone that strikes

about M. 85°% W, across a saddle southwest of the south headwaters of
Humboldt Creek. Float of rusty fracture fillings and rusty quartz lies
along the zone, which can be traced at least 2,080 feet. Bulk samples
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of flpat quartz and altered graphitic siltite ajong the zane contain
anomalous amounts of many metals, and 3 grab sample of rusty float con-
tains highly anomalous amounts of gold, silver, mercury, arsenic, Copper,
molybdenum, lead, antimony, and zinc, amounting to more than 1,000 times
the total background value of these wetals. Samples that contained only
a few metals in anomalous amount yielded panned concentrates that con-

. tained, in addition, many related metals ir anomalous amount.

In a4 second area, stlver-rich galena crops out on tha south sige af the
southwestern headwaters of Huwboldt Creek. Here an altered and stained
fault zone can be traced fer at least 2,500 feet, and it is probably
continuous for an additional 2,000 feet. Numerous samples contain
highly apnomatous amounts of gold, silver, lead, mercury, arsenic, molyb-
denwm, antimeny, tin, copper, and tungsten, all of which are enriched
in the hand specimens of argentiferous galena. Float fragments of
galena occur only in a small area on the slope break of the drainage.
Samples of frost-riven float of altered graphitic slate and stafned
quartz taken over an area of 1,000 feet by 200 feet (300 x 60 m.) along
the altered fault contained highly anomalous amounts of metal. Again,

panned cancentrates showed a ¢reat increase in number of anomalous metals.

A sample of stained quartz collected 2,000 feet (600 m.) away along a
narrow altered lone that is the probable continuation of the mineralized
fault contained 15 ppm Ag, and anomalous gold, copper, and molybdenum,
Continuity between these samples localities is asswmed only, because
tatus mantles the slopes bDeiween.

Kumerous other samples of altered zones contain anomalopus amounts of
several metals, especially im the highly faulted area on the south-
eastern side of the granite., Several samples of altered and silicified
marble collected above the thrusts east of Humboldt Creek show anomalous
amounts of several metals, as did samples of altered schist collected
between the klippe of marble. The authors attach more importance to
the altered rocks adjacent to the thrust faults near Humboldt Creek
because many different metals characteristic of the altered and miner-
alized rocks near the granite are found in altered rocks along the

. faults near Humboldt (reek,

centrates from streams entering the Serpentine River from the west. In
one concentrate, europium was detected {200 ppm). This suggests that a
europium-bearing monazite may occur in the chioritic schists. Obviously,
the east drainages should be searched for the lode sources of tin, the
west drainages for those of evorpium monazite.

In future prospecting of the general arez, 1t cannot be over-emphasized
that panned concentrates are more dependable in searching for buried
lodes than are total stream sediments. This was clearly proved by the
work tn 1968 around the grantte of Serpentine Hot Springs (Sainsbury

and others, 1970).
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12. INHACHUK AREA
Gordon Herrefd, Alaska Division of Mines and Minerals

Location and Area - Area of 450 square kilometers at the head of
Trmachuk River. 40 kilometers southwest of Deering.

Topography, Relief, Drainage - Most of area consists of rolling
uplands with flat-topped ridges and hills drained by moderately
to well integrated streams a1l headwater tributaries of the
Inmachuk River. Rellef of uplands ranges from 150 to 350 meters.
Small part of area is flat and swampy with Vittle or no relief
and sparse, poorly integrated drainage.

Vegetation and Qther Surficia) Cover - The entire ared is covered
with tundra: gelifluction lobes are present on the lower and mid-
dle slopes of most hills and ridges.

Geology, Bedrgck, Surficial - The bedrock of the entire area is
composed of greenschisi grade chloritic schist, marble, and
graphitic schist and quartzite; the metamorphites are intruded
by two small ?ranita plutons. Dissected remnants of the Imuruk
take lava fields occur at several places in the area and underlie
the Flat, swampy part entirely. Except where ercded along the
Irmachuk River, wind-hlown si1L more than one meter thick covers
the entire area.

Mineral Deposits; Primary, Secondary - Gold and silver-bearing,
base metal sulfide slliceous-replacement rones occur in marble
at two localities. [In aadition, gossans and dolomftic altered
rones in marble are present at severd) other places in the area.
Gold placers have been mined along much of lower Inmachuk River
and on parts of several other streams of its tributaries.

Geothemical Survey-Sources of Possible Contamination - As the first
geochemical Survey in the area, 1t was designed mainly 1o extend

the known mingral depasits locally, and ta attempt to locate others
elsewhere in the area. The survey was based mainly oa stream sedi-
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ments witich were collected during two weeks in July, 1965. As

* completed, the sample density was adequate for a third order regional

geochemical survey.

Bath the eroded lava and wind-blown silt have been incorporated in
the modern stream sediments and S0 constitute probable natural Sources
of adulteration of bedrock detritus. Placer mining, lode exploration,
and related coentruction and other activities comprise sources of
possible cultural contamination in the area.

throughout the area; in addition several dozea soi) samples were
collected near the iwo known mineral deposits and a few others on and
near the gossans and altered zones. (Herreid, 1966, p. 7).

fiearly all of the soil samples, and about half of the stream sediment
samples, were analyzed in the field using the cold extractable heavy
metals method described by Hawkes {1963) modified for most of the
stream sediment samples using ammonium citrate full strength.
[Herreid, 1366, p. 5)

Laboratory and Gffice Procedures - The mirus B0 mesh fractions of
a)1 samples were later analyzed for total copper, lead, zinc, and
molybdenum in the Rocky Mountain Geochemical Laboratories of S41t
Lake Ctty, Utah. Tin was analyzed by the 8.5, Geological Survey,
Branch of Exploration Research. (Herreid, 1966, p. 7-8)

Data processing and statistical tresments - Concentration freguency
graphs were prepared by hand for Yead, zinc, and tim; these, in tura,
were utilized to determine their threshold and anomalous values
{Herrevd, 1966, p. 8, fig. 4).

Results: Stream Sediments - The Hannum Creek deposit is cleariy reflected
by the jead content of stream sediments below the deposit. Progressively
decreasing anomalous lead values continee down Hannum Creek and the
Inmachuk River for 7 miles, as far as samples were taken; zinc drops off
to background much swre rapldly.

Evidently no deposits as large &s the Hannum Creek deposit are cut by
streams draining the area between Haonum Creek and the Pinnell River.

If the Hannum Creek deposit were undiscovered, geochemical sampling

would easily detect ft. It is noteworthy that low cold extractable

heavy metal analyses of most of these samples imdicate that the lead in
,the anomalous Stream sediment samples represents detrital lead ainerals
and not lead adsorbed on the clays. A mineral deposit Tocated between
creeks and not cut by a good drainage would produce a smaller anomaly
lacking detrital galena and would be more difficuit to detect.

Moderate tin anomalies are associated with the Hannum Creek deposit and
are present on American and Perry Creeks. Three samples from pear the
Hannum Creek deposit which have been analyzed for tin are anomalous.

Two taken downstream from the deposit are also anomalous in lead and zing,
hut the third taken upstream from the deposit is only anomalous in tin.
The anomaltous samples elsewhere in the region fall into fairly well de-
fined groups which suggests that they actually reflect areas containing
greater than average concentrations of metals. [t is doubtful that these

areas contain deposits as rvich as the Hannum Creek deposit, amd any inter-
$ggﬁin thgmlgill probably wait on developments at Hannum Creek. (Herreid,
+ P -

501l _Samples - The pattern of strong lead and zine anomalies in the vicinity
of the quartzite (silicifled marble) and gossan areas indicates that soil
samples are effective in detecting soil-covered are deposits in this area.
Most samples were taken at shaliow depths (6 to 12 inches 15-30 cm.) to
duplicate the conditions of sampling tn tundra-covered frozen ground. lIn
the side of one trench, samples were taken at depths of one Foot (.3m.)}
and seven feet (Zmu.) near bedrock to determine the gradient of metals in
the sol)l. The shallow sample contains 60% less rinc than the deep one
and both have greater than 1000 ppm. lead. [t appears that little advan-
:age]uou]d be gained by deep soil sampling in this area. {Herreid, 1966,
p. 8

Rock, Soil, and Stream Sediment Samples Compared ~ The prominent gossan
on 014 Glory Creek and the minor gossan above the Fairhaven Gitch, one
mile to the east, appear to be fault-contralled replacements of marble
with associated silicification and dolomitization - features which are
typical of ore deposits. Samples of the ferruginous fines from these
gossans were slightly anomalous in gotd, silver, and chromiwm. Soit
samples taken at the downh1il side of both of these gossans were not
anomalous. HMoreover there are no stream sediment anomalies associated
with either of them {Herreid, 1966, p. 8-11)
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14, 18, 19, BUCKLAND - KIWALIK AREA
&. L. ENliott and Y. P. WiTver, U.5. Geological Survey
Gordon Herreid, Alaska Bivision of Mines and Minerals

Location and Area - The Buckland-Kimalik area comprises the north-
ward irending, 1800 square kilometer upland divide lylng between
the Buckland and &iwalik Rivers in northeast Seward Peninsula which
extends from Maycock on the south to Buckland on the north.
Topography, Relief, Drainage - The topography and relief of the
Yarger, southern part of the Buckland-Kiwalik area differ markedly
from those of the northern part. Generally, those of the former
comprise steepsided ridges and mountains which rise abruptly from
the Buckland and Kiwalik lowlands and have an average relief of
about 400 meters and a waximum relief of 550 meters; in contrast,
the topography of the sorthern part consists of rounded and flat-
topped ridges and hills with an average relief ranging from 200 te
300 meters. The entire area is moderately to well dissected by
molerately to wel) integrated streams, with the better dissected
portions and better integrated drainages located in the southera
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part of the region. MNearly all of the streams are tributarfes of
the Huckland and Kiwalik Rivers.

Yeqetation and Other Surfictal Cover - E£xcept for rubble and out-
crops which form the upper sTopes and tops of many of the ridges,
hills and mountains - more so in the south than the north - most
of the region is covered with treeless tundra, White spruce and
birch pccur with the tundra along the courses of western tribu-
taries of the Xiwalik River but none are present along the east
side of the area,.

Geolg?x, Bedrock, Surficial - Andesitic valcanic flows and vol-
canfciastic rocks make up most of the bedrock of the southern

part of the region. These are intruded by ore large and several
small silictc plutonic bodies of variable character and com--
position and numerous felsic dikes and sills. The largest body
forws most of Granite Mountain, the highest in the region, and

so has been named the Granite Mountain pluton. A similar suite

of silicic plutonic rocks forms wost of the terrane of the northern
part of the area; in marked contrast, the vaicanic rocks which they
intrude there are exposed only in two small areas. The eastern
1imit of the regionally metamorphosed rocks which form mest of the
bedrock of Seward Peninsula lies alpng the Kiwalik 8fver just west
of the region.

The eatire Buckland-Kiwalik region is surrounded by basaltic lava
flows which extend from those around Imuruk Lake to the west and
are related to them, Dissected remnants of the flows are present
to elevatians 4s high as 600 meters, which indicates that they may
once have covered most of the region.

The higher, southern part of the region gave rise to alpine
glaciers during ]l1linofan time, which were largely confined to it.
Wind-blown silt from glacial deposits produced by these, and from
other nearby mountain ranges, covers the northern part of the area
and the lowlands surrounding the entire region,

Mineral Deposits; Primary, Secondary - Only one gold quartz vein
and an occurrence of primary and secondary copper minerals were
known in the region before the mineral and geochemical surveys
reviewed here. However, gold placers had beea wined on several
streams in the southern part of the area, al) heading in the
Granite Mountain pluton. Platinum was recovered with some of

the gold and concentrates from several placer workings were

found to yield stroang radioactivity {West and Matzko, 1952}.

Geochemical Survey; Previous and Related lavestigations; Natural
and Cultural Sources of Possible Adulteration apd Contamination -
we reconnalssance surveys af nearly all of the a
region haye been made. The first, gy Wast and Hmtzko ?19527 uas a
radicactivity survey based almost entirely on semi-panned stream
concentrates; It arose directly from the radicactivity results ob-
tained from the placer concentrates clted above. The second, by
Elliott and Miller (1969) was a geochemical survey based mainly on
total stream sediments. [n addition, detailed geschemical surveys
were made in two dreas in and arcund the Granite Mountain pluton,
one of the Bear Creek dratnage by Herreld in 1964 (Herreid, 1965)
and another of the headwaters of Quartr Creek by Miller amd Elliott
in 1968 (#ilier and EVliott, 1969); both surveys were based on
analyses of sediment, soil, and bedrock samples.

More recently. at the fnstigation of €. L. Sainsbury, further work
has been done on the concentrates collected by West and Matzko {1952).
It comprised a randomized selection of 267 samples from the origimal
collection 356, separation of each into non-magnetic and megnetic
fractions, then chemical analysis of all of the non-magnetic and 81
of the magnetic fractions by several techniques (Overstreet and
others, 1973; Kuo-Liang Pan and others, 1975). The primary purpose

"of this work was, first to develop a body af chemical data from them,

second, to organize these data statisticaily, and finally to correlate
the statistical results with known mineral deposits tegether with
their associated geological features. Although wany of the results
are directly or indirectly appltcable to mineral exploration, the
studies were not intended to be geochemical surveys; however, should
analyses of all the samples be completed, they could readily pro-
vide adequate basis for them. At their present stage, the chief
derivative valye of the studies for gecchemical expleration i5 their
bearing on orientation aspects to determine the comparative efficacy
of various natural materials, or fractions of them, which might be
utilized for geochemical surveys.

Yoicanic and glacial activity in the region constitute the two principal
sources of pessible natural adulteration from the sStandpoint of the
bedrock and mineral deposits in 1t. Lava flows from the former now
occur as high as 550 meters and ®ust once have covered mest of the
region; accordingly, material derived from them must constitute a sig-
niftcant proportion of most detrital debris, especialiy stream sedi-
ments. Because the glacial activity was alpire and emanated from and
was largely confined to the southern part of the region, its principal
effect would have been such as to erode bedrock and lava frosm the more
headward portions of drainage systems and transport and deposit them
in lower portions. Again, much of such glacial material would he re-
worked and incorporated in modern stream deposits. Converseiy, wmuch
or mgst of the windblown silt which covers the nerthern part of the
aread would have been derived from sowrces forelgn Lo the region; its
possible effect as an adulterant in modern stream sediments would be
significantly enhanced in the finest size fraction.

Placer mining operations ard construction activity associated with
it and that involved in building the microwave facility an Granite
Mountain constitute two sources of possible cultural contaminaiion.
However, their effects would be largely confined to streams or por-
tions of them which head in Granite Mountain; as elsewhere on Seward
Peninsula, guicksilver was used ta clean up fine gold placer concen-
trates and may have been a particularly pervasive Source of mercury
contamination in stream sediments.

A1 of the mineral and geochemical surveys in the Buckland-Kiwalik
region were designed and prosecuted for mineral explaration: Of the
twe regional surveys, that by West and Matzko {1952, Fieldwork-1947)
was for radipactive materials and the one by Elliott and Miller (1969,
Fieldwork-1967, 1968) was for heavy metals, in particular gold and
platinuw; of the detalled surveys, Herreid's (1965, Fieldwork-1964})
was far gold and base metals while that by Miller and Elliot {1969,

Fieldwork-1368} was done during and for the same purpose as their
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regional survey. AJthough sample densily was variable throughout
the regional surveys, for both it was adequate for third-order recon-
naissance, geochemica! survey, the sawple density_for the eaﬂi;; be-
ing about twice that for the later one, | per 4wl vs, | per 9iml.
The detailed geochesmical surveys of the Bear Creek and Quartz Creek
areas were both based mainly op total stream sediments. For these,
site density for the former 1 per Jd*, was near the 1iwit between

detailed and thirg-order regional surveys; whereas that for the lotter

survey, | per Zkm©, supplemented by sofl and rock samples, was ade-
quate to qualify as an upper-limit detailed geochemical survey.

Field Procedures - Regional Surveys, West and Matzke {FW-1947)-356
Sumi-concentrates were panned from approximately 50 pounds (22 Kg)
of sand and gravel collected from depths of 1 to 3 feet (.3-1 meter)
from gravel bars and stream beds where natural concentration of
heavy minerals would occur. Thereafter, samples were air-dried and
tested with counter in the field for radioactivity to determine
whether or not further sampling should be done on any given stream.
{West and Matzko, 1952. p. 11-12)

E1l1ottand Miller (FH-1967-1968) - Total active stream sediment
samples were collected fram 274 sites of which 104 were frow the
Quartz Creek Granite Mountain area, 30 from the head of Peace River.
and the remaining 140 from thoughout the Buckland-Kiwalik reyian
generally. All samples were submitted as collected far physical
preparation and chemical aralysis.

Detajled Surveys - Herreid's geoChemical survey encompassed the Bear
Creek driainage basin northeast of Granite Mountain and the heads of
other streams draining the west and east sides of Granite Hountain.
Sampling was done mainly on stream sediments. Wherever possibile,
these samples were taken of fine-grained, nonorganic 31t and mud
From below phe water Tevel. In wany places such samples were not
obtainable, and samples with an appreciable organic content were
taken at or above the water table. 72 such samples were collected.
{Herreid, 1965, ¢. 8).

The geochemical survey of the Granite Mountain area by Milter and
Elliott was based on total stream sediment samples supplesented by
selected samples of soil rocks, and ares from one large area an the
west side of Granite Mountain centered on Quartz Creek and another
much smaller area at the head of a Readwater tributary of Peace
River on the sputheast tide. for Lhe former they collected 135
stream sediment saaples and 47 sail and rock samples, and for the
latter, 30 strean sediment samples and 22 sofl and rock samples.
{Hiller and EVldote, 1969, p. 8-11, 16-19)

Laboratory Procedures - Aegional Surveys - All semi-concentrates
from the earlier regional survey were concentrated further in the
latoratory by floating off the light-weight minerdls and rock frag-
ments with bromoform {(5.6.2.8). The equivalent vraniwm content of
the heavier-than-bromoform fractions thus obtained were Lhen deter-
mined radiometrically. Selected heavy mineral fractions were then
studied to determine the radicactive minerals and their associates,
{West and Matzko, 1952, p.12}).

Tor both Lhe regiondl end detailed geochemical surveys by Miller
and Elliott, all stream sedimenl sambles were dried, sifted. and
the minus BO wesh fractions were analyzed by the Survey's six-
step, semiquantitative emission spectrographic method, and for gold
by atowlc absorption. {(E11iott and Miller, 1969, p.2). Soil and
rock samples were also analyzed by the same wethods, (Miller and
fliiott, 1969, p.16-19}, Stream sediment samples from Herrefd's
geochemical survey of the Bear Creek area were analyzed in the lab-
oratory by the Division of Mines and Minerals at College Alaska or
Rocky Mountain Geochemical Laboratories in Salt Lake City using ex-
traction by bisulfate fusiar or hot acld. These methods give total
contents of each metal analyzed. (Herreid, 1965, p.8}.

Nata Processing and Statistical Treatment.

Regional_Surveys - The results from the edrtier radiometric survey
based on sémiconcentrates were divided into those with heavy mineral
fractions {+2.8 S.G.) which yielded instroment-measured radicactivity
greater or less than 0,025 percent equivalent uraniom; the principal
enphasis of interpretation was then placed on these. (West and
Matzko, 1952, p. 15}

Analytical data ebtained from all of the stream sediment samples for
Both the regional and detailed geochemical surveys by Miller and
El1liutt were entered into the Survey's computer, then processed
according to its GEDSUM program, From this, anomalous values were
setected largely on the basis of computer-generated histograms. How-
ever, the authors emphasized that sediment sampling in these areas is
of & reconnaissance nature rather Lhap systematic, and the initial
sanpling bias strongly influences the apparent frequency distribution
45 well as other statistical parvameters. Thus, the selection of ano-
malous values remains subjective amd interpretive on the part of the
writers rather than rigorous. (E11iott and Hiller, 1969, p. &)

for Herreid's geochemical survey of Bear Creek, hand-prepared graphs
of frequency vs. conceniration were made for copper, lead, and rzinc.
The graph for-each metal shows a single clearly defined peak {or
wmode} which indicates the concentration of that metel which occurs
most frequently. Only a small percentage of the stream sediment
camples have a metal concentration of more tham twice the mnde and
wost of these are spatially related to known metaldiferous deposits.
A figure equal to mode was therefore selected as the threshald, and
higher values were considered to be anomalous, (Herreid, 1965, p.8)

Resuits; Stresm Sediments, 501l and Rock Samples,

Regionzl Sirveys: Thé most promising résults Trom tha ezrlier regional survey
of the Buckland-Kiwt)1k region on the basis of radiosctivity and mineralogy of
stream conCantrates were obtained from those collected around the Granfte
Mountain pluten In the south, Clem Mountain in the north, and another gramitic

ter;?ngs?n the western side midway between thete. (Mest and Matzko. 1952,
P- - i
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Although the results of analyses from atl of the total stream sediment samples
collected for E1l{ott and Miller's later survey of the Buckland-Kiwalik region
are given in their report (1969}, only those from the region generally are
discussed. Their reason being that: There wis a strong sampling bias in this
group of samples because streams draining areas of known or suspected mineral-
jzation were sampled at & greater density than other streams. {(E11tott amd
Mitler, 1969, p.2} As a consequence, the results from these areas were dis-
cussed In another more detailed report which covers only the vicinity includ-
fng and surrounding Granite Mountain. (M{1ler and Eltiptt, 1969); those from
the rest of the region sre summarized as follows:

Examinatfon of the histograms of the various eVements indicates that most of
the elenents, for which data are available, have elther 3 roughly log-rormal
frequency distribution or a bi-modal frequency distribution. The bi-modal
frequency distribution of some of the elements §s prebably related to local
enrichment of these elements in areas of mineralizaticn, such as the Quartz
Creek and vpper Peace River areas, which were heavily sample . The lower
mode then may represent an approxitmation of the normal regional mode for the
elenent, and the upper mode may represent the mode of the elepent within areas
of mineralization.

Histograms were replotted for all the samples from the region minus the Quartz
Creek and upper Peace River samples, two areas of known mineralization. His-
tograms were a1so replotted for B6 samples from the Quartz Creek ares. For
elements having previously shown 3 bi-modal distribution, histograms from the
first group of samples generally showed » marked reduction of the higher mode
and & similar increase of the lower mode. Histograms from the second group
of samples showed just the opposite relation.

Anoma |ous Results:

1. Bery}lium was detected in concentrations of 10 and 15 ppm in four sediment
samples from small streams on either side of the ridge south of Clem Hountain.
2. One sediment sample from Hunter Creek, just above the Left Fork, contained
50 ppm tungsten and 30 ppm molybdenum,

3. Anomalous amounts of lead were reported in eight sediment samples from a
stream on the east side of Granite Mountadin (2 samples with 70 ppm, 3 samples
with 150 ppa}.

4. There are other occurrences of values, for one or more elements, above
thetr designated anomalous concentrations, but these values are neither re-
markably high nor ts there any particularly significant grouping of elements
or sample localities.

Detailed Geochemical Surveys - Anomalous results from Herreid‘s ‘geochemical
survey of the Bear Creek arez based on total stream sediments were obtained
in only two localities, one on Bear Creek contining gold placers and a base-
metal suifide deposit found during the survey, and the other at the head of
Peace River for which evidence had been found earlier. (West in Gault and
others, 1953, p. 28-31). On the basis of these resuits, Herreid concluded
that;

Geochemical sampling indicates that the small lead-zinc-gold showing on
Bear Creek probably extepds westward at least 1/8 mite (200 m.). Detect-
able genchemical anomalfes extend for about one mile (1.6km.} downstream
from the known mineral deposits in the area. Analysis of samples by simple
field methods that give the readily extractable heavy metal content way re-
quire & spacing of samples closer than one mile (1.6km.).

In most of the reglon, there is 1ittle possibility of finding lode deposits
exposed at the surface because of the moderate relief and extensive cover

of tundra and colluvium. Mafic syerite, diorite, and probably Jasper and
hematite creek float are considered favorable indications of lode pussibil-
ities througheut the greenstone region. Stream sediwent geochemical Sawp)-
ing should be effective tf sampling is done at intervals of not grealer
than one mile {1.6km.}) on 211 drainages,

As described above, the geochemical survey of the Granite Mounisln orea by

Miller and Eltiott, although dong during thelr regipnal survey of the
Buckland-Kiwalik region, involved a greater density of stresm sediment
saopling than for 1t; in addition it was supplemented by analyses of nu-
werous 5011 and rock samples which, in turn, had been selectively sampled
on the basis of geological investigations. Accordingly, their conclusieas
sunmarized below represent a synthesis of data from 4] these sources, and
the results from earliar work in the area,

Numergus occurrences of argentiferous galena, sphalerite, pyrite, and
arsenopyrite have been found 1n an altered zone about 18 miles (30 km.)
long and 2 to 5 mites (5-13km.} wide west of Granite Mountain. This

tone extends N, 15° W. across the drajnage basins of the upper Kiwalik
River and Quartz Creek and 1s roughly parallel to promingnt 1ineaments in
the area, Conspicuous reddish-orange oxidized areas and large buff car-
bonate replacement bodies occur in the andesite and in the quartz mopzon-
ite that underlies this zone. A striking feature of the mineralized rock
in this zone is the association of sulfides with tourmaline.

Semiquantitative spectrographic analyses of sulfide-bearing material from
this zone show, ia addition to the high lead, zinc, arsenic, and silver
contents, consistently high borom contents which indicate the abundance of
tourmaline. The manganeseé and scandium Content 15 also high. Copper and
antimony, though present in anomalous amounts In many samples, never ex-
ceed 2,000 and 700 ppm, respectively. Gold is low, less than | ppm, even
though arsenic high. Tin occurs in about 50 percent of the analyzed
samples 1n amounts ranging frowm just detectable to 500 ppm.

Many stream-sediment samples from this zone contdin very anomalous amgunts

of lead, zinc, copper, and boron. Silver is reparted in many of the samples

but 15 never more than 0.7 ppm. Arsenic is reported in somé samples, par-
ticularly near the southernnost head af Quartz Creek where vdlues as high
as 2,000 ppm occur. Sedlment samples from streams draining the same area
contain as wuch as 1,000 ppm lead and 1,500 ppe zinc, in addition to ano-
malous baron and copper. The presence of sulfide-tourmaline-quartz-car-
bopate float in al) the streams draining this tundra-covered area and the
location of lode octurrences of sulfide minerals ¢nd of anocmalous strewn-
sediment and soil samples outline a strongly mineralized area of aboul 16
square Kilometers.

Sedimenl in streams from the west head of Sweepstakes Creek contains dnu-
malous zine values ranging from 300 to 1,500 ppm. This low area is com-
pletely covered with tundra, and no source of the anomaly was faund, Ano-
aialuus concentrations of lead, rinc, arsenic, silver, and boron were found
in soil and rock samples from a locality in the upper Kiwalik River drain-
aye, Stream sedimeats west of this locality show anomalous tead and 2inc.
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A copper anomaly occurs in the strean sedfments of the northern pari of_the
Quartz Creek drainage basin. The higher copper content generally ceincides
with lower lead and zinc values and suggests tateral zonatfon in the major
attered zone. The easiern edge of the copper anomaly begins in the Horth
Fork of Quartz Creek near a smail body of intensely oxidized rhyolite, and
composite qrab and so0il samples of the rhyolite show anomalous concentra-
tions of copper, antimony, and boron. The copper apowaly persisis in the
stream sedtments of Quartz Creek all the way to the Kiwalik River Valtey.
fromalously high concentrations of molybdenum, bismuth, $ilver, copper, amd
Jead are found in the soils, stream sediments, and outcrops of Lhe upper
Peace River drainage basin. These anana1ogs wetal concentrations eccur
over an ares of about Z square wiles {5 km®) centered around the two main
forks of the Peace River. The area i5 low and fundra covered except for a
few scattered out-crops and frost-driven rubble alomg the cuthanks of the
creeks.

Conposite grab samples of syenfie from the ared taken over areas ranging
from 10 to 100 square feel [1-10 square weters) contain 15 to 20¢ ppm
molybdenum as well as anomalously high amounts of bismuth, siiver, and
copper. Rubble of pyrite-~guartz material is also abundant along the cut-
banks of botk forks; composiie grab samples of this material contain from
a trace to more than 2,000 ppm molybdensn as well as anomalously high
bismuth, silver, and copper. In soils from the banks of the northern fork,
wo lybdenwn contents reach as high as 70 ppm. and in stream sediments from
this fork and 1ts tributaries, as high as 30 ppm. Copper and lead con-
tents are also anamatouslty high in Lhe stream-sediment sawples from this
area; however, the highesl contents of copper and lead are in Lhe upper
parts of southern and northern forks respectively, whereas the highest

. molybdenumt contents are from the Tower part of the northern fork.

. Publications:

EVT{ott, R. L., and Miller, T. P., 1969, Results of stream-
sediment sampling in the western Candle and s¢uthern Selawik
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383, 61 p.

Gault, H. R., Xillen. P. L., West, W, S., and others, 1951, Recon-
naissance for radioactive deposits in the northeastern part
of the Seward Peninsula, Alaska, 1945-47 and 1951: UL.5.
Geel. Survey Circ. 250, 31 p.

Harringtan, G. L., 1919, The gold and platinum placers of the
Kiwalik-Koyuk region: U.S. Geol, Swrvey Bull. 692, p. 369-400

Miller, T. P., and Elliott, R. L., 1969, Metalliferous deposits
near Granite Mountain, eastern Seward Peninsvla, Alaska:

U.S5. Genl. Survey Circ, A14, 19 p.

Hest, Walter S., and Matzko, John J., 1952, Reconnaissance
for radioactive deposits in the Buckland-Kiwalik District,
Candye Quadrangle,Seward Peninsula, Alaska: U.5. Geol.
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encompasses an area of about 12,000 square kiloweters. Approxi-
mately 25 percent of the region has been covered by geochemical
surveys, mainly in the Darby Mountains which 1ie in the center

of the region. .
Jopography, Relief, Drainage - The Darby Mountains eatend for

100 kilometers north fram Cape Darby on the southeast coast

of Seward Peninsula where they joion with the eaStward trend-

ing Bendeleben Mountains from the west to form en drcurate

range concave toward the southwest. An extensive, nearly

ftat altuvial plain called McCarthy's Marsh lies within this

arc, and is impounded on the southside by a range of low hills;
these in turn, are succeeded by the Hiukluk-Fish river estu-
arine-fluvial plain which terminates in Golovnin Lagoon,

Toward the north and east, the 8endeleben-Darby arc is bounded

by the fluvial plain along the upper Koyuk River and includes

a high-level, intermontane fluvial basin called Death Valley

in the bend. Toward the east the Darby Mountains are suc-

ceeded by rolling uplands, and by ar extensive, low-lying,
fluviat-estuarine plain along the north side of Nortan Sound.

The highest peaks and greatest relief are present in the middte
part of the Darby Range where the former ranye from 900 to 1000
meters high and the latter averages from 450 to 600 meters.

From here, the general topography decreases toward the north and
south. At the north end of the range, the highest peaks are
about 1000 meters high and the average relief 15 about 300 meters.
Toward the South, the Darby Range becomes progressively less
rugged, giving way in the southern part to rolling uplands. These
continue northwestward where they form the divide between
#cCarthy's Marsh and the fluvial-estuarine plain along the Niukiluk
and lower Fish rivers, Both the Darby Mountains and the rolling
uplands are soderately to well dissected by moderately to well in-
tegrated dratnage; ia warked cortrast, the alluvial and fluvial-
estuarine plains have poorly integrated drainage systems, §parse
throughyoing streams and rivers, and mnnerous to profuse marshes
and thaw lakes.

Vegetation amd Other Surficial Cover - fxcept for the highest and
most rugged partions of the Darby Mountains which are deyaid of
vegetation nearly all of the terrane of southeast Seward Peninsula
is covered with tundra. Spruce trees grow along the lower courses
of streams and rivers on bath sides of the Darby Mountains, to
elevations as high as 250 meters on the hills and ridges on the
east side, but only sporadicaily to mare than 150 melers on thase
on the west side, Gelifluction lobes are present and abundant on
the lower and widdle slopes of wost of the ridges and hills; in
addition, talus occurs along the lower valley walls tn the mare
rugged partions of the Darby Mountains.
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Geptogy; Bedrock, Surficial - Granitic rocks belonging to several
plutons make up the greater part of the Darby Mountain Range, with
high grade metamorphic rocks intruded by these making up most of
the rest. On the east side of the range, these rocks are flanked
by limestone and greenschist grade metamorphites including a sub-
ordinate but distinctive schistose marble unit. This same marble
unit, intruded by several small granite bodies, makes up most of
the bedrock west of the Darby Mountains, including almost all of
the divide between McCarthy's Marsh and the Niukluk-lower Fish
River fluvial-estuarine plain. The remaining bedrock exposed
west of the mountains is composed of limestome and greemschist
qrade metamorphic rocks like those east of them.

Gtaciers formed during at least two alpine glaciations and per-
haps several others have emanated in the Bendeleben and Darby
Mountain ranges; however all have been largely confined to them.
As a result, except for wind-blown silt which is widespread west
of the Darby Mountains, glacial deposits cccur only around the
marqins of the mountains. Despite this, #t can be safely assuwed
that glaciofluvial depesits and material re-worked from them form
wuch §f not most of the debris filling the McCarthy's Marsh basin,
Death valley, and the Koyuk and Niukluk-lower Fish River alluvial
plains.

Minera) Deposits; Primary, Secondary - The silver-bearing base metal
deposit mined at Omitak, on the west side of northern Darby Moun-
tains, together with numerous base metal mineral occurrences and
qossans surrounding it, mark the most highly mineralized area in
savtheast Seward Peninsula. (Herreid, 1965, p. 4-6). Beyond this
area, only a few base-meta) mineral occurrences were known. {Berg
and Cobb, 1967, ¢. 116-117, 119 and Cobb, 1973, p. 62-63, 719-82).

In addition, a placer tin deposit had been found on Ofter Creek
east of the Omilak area, and placer gold had been mined on Aggie
Creek on the Fish River divide west of the Darby Hountains.

Geochemical Survey: Previous Work; Purpose and Field Work;
Hatural Adultération, Cultura) Contamination - Two geochemical
surveys have been made tn southeast Seward Peninsula, the first

a detailed survey by Herreid based mainly on total siream sedi-
ments of an ared arpund the Owilak mine in the northern Darby
Mountains, and a regional survey by Miller and others, also

based mainly on taota) stream sediments, which covered nearly all
af the Darby Mountains and the Fish River divide west of them.
The purpose of bot? surveys was mineral exploratiun. Saople den-
sity of 1-2 per km® by Herreid was adequate for a preliminary
detailed survey, while that by Miller and others at | per & kn
was sufficient for a third-order regional survey. Field work for
Herreid's survey was done during July, 1964 and that by Hiller
and others during the seemers of 1969 through 1971.

Prior Lo these surveys, West made a reconnaissance radioactivily
survey in 1948 of southern and eastern portions of the Darby
Hountains based on panned stresm concentrates. Only the results

of radicactivity measurements on Lhese concentrates, supplemented

by sowe mineroloyy. were reported at the time {West, 1953). How-
ever, owch later during the early 1970's, the same concentrates

were divided into non-magnetic and magnetic Fractions, then nearly
all of the lormer were analyzed chemically. (Overstreet and others,
1923). Clearly, the data from these cancentrates would provide an
adequate basis for a regional geochemical survey of the areas from
which they were collected, and with appropriate statistical treat-
ment and representation they could be one, However. in their
present form, their chief value relates to arientation aspects of
geochemical exploration, especially those relating to the comparative
efficacy of tota) stream sediments and concentrates panned from then.

Atthough the Darby Mountains were glaciated by alpine glaciers during
ITlinoian and Wisconsinian times, the effects of both were largely
confined within and around the mountains. From the standpoint of
bedrock sources of mineralization, their principal effect would be
to adulterate the alluviumm in lower drainage courses with material
reworked from glacial debris derived from more headward portfons.

In addition wind-blown silt winnowed from glaciofluvial deposits and
distributed over a large area west of the mountains would constitute
material foreign to it, and upon reworking and incorporation in the
modern stream al)luviem, would introduce a significant source af adul-
teration, particularly of the finer size fractions.

Cultural contamination in the region was almost entirely confined to

two localities, one fn and around the Omilak base metal lode mine and
the other on Aggie Creek where placer geld was mined. OF these, the

old mining operations at Omilak together with more recent prospecting
activities in the area around it, probably constituted the more per-

vasive potential source of contamination in stream sediments in it.

Field Procedures -Regional Surveys - For the survey based on concen-
trates by West (Fieldwork, 1948), 248 concentrates were collected from
215 sites of stream gravels, 20 sites of beach gravels, and 13 sites
in slopewash. Each concentrate from stream and beach gravels was pan-
ned from about 50 pounds (25 kq.) of sand and gravel, and each slope-
wash concentrate was panned frow approximately 100 pounds {50 kg.) of
disintegrated rock material. Each of these concentrates was tested
for radipactivity in the field to determine whether additional concen-
trates should be taken in any given drainage area. (MWest, 1953, p.3).
The aggregate area represented by the drajnages from which the concen-
trates were collected was approximately 1200 km<.

The results From a 300-square-kilometer area in the northernmost Darby
Mountains was first reporied separately by Miller and others (1971),
and thereafter included with the resuits of their regional survey of
the entire Darby Range and the Fish River divide west of it. (Miller
and others, 1973}. The first report was based on analyses of 33

10tal stream sedimenks and the latter on 422 sediment samples collected
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throughout a 27D0-sguare-kitometer area. For both surveys, these were
generally collected from the active stream channel; whare this was

not pessible, the samples were collected from stream deposits adjacent
to the active chanpnel. {Miller and others, 1971, p. 4, 1973, p. 1}.

For the detailed geschemical survey by llerretd, 77 total stream sedi-
ment sampies were cotlected from a 125 square-kiloseter area around
Omitak, Wherever passibie, these samples were taken of fine-grained,
nonorganic $ilt and mud below water level. In many places such samples
were net obtainable, and samples with appreciable organic conient were
taken at or above water ltevel. (Herreld, 1965, p. 2?

each sample was furtker concentrated in the laboratory by separating
the Jight-and heavy-mineral fractions with browoform {specific gravity,
2.88). As preliminary tests showed that essentially atl the radio-
active mineral occur fn the heavy fraction, the equivaltent uranium
content of each heavier-than-bromoform fraction. was then determined
by radiometric analysis. (West, 1953, p. 3}

A1} of the stream sediment samples collected for ihe regionatl
geochemica| survey by Miller and others. (1971, 1973} were sent
to U.5.6.5. laborateries. then prepared and analyzed chemically
in the same fashian: The samples were dried, sieved, and the
-B0 mesh fraction was analyzed for 30 elements by the six-step
semiguantitative spectrographic method and for gold by atomic
absorption techriques. (Miller and others, 1973, p. 1} Finally,
all stream sediment and soil samples collected for Herreid's
detaited geochemical survey of the Omitak area were analyzed
for copper, lead, and zinc content by the Division of Mines and
Minerals at Coliege, Alaska or the Rocky Mountain Geochemical
Laboratory in Salt Lake City, using extraction by bisulfate
fusion or hot acid. (Herrveid, 1965, p. 2)

for the tater studies by (werstreet and others based on chemical

analyses of these concentrates, a split of the raw concentrate

finer than 20 mesh was separated into magnetfc and nommagretic fractions
with a hand-held permanent magnet {SEPOR NO. 303 Automagnet). The
magnetic fraction from the first separation was further separated mag-
netically twice to insure that, insofar as possible in the time allowable
for the practicable preparation of samples in the time allowable for the
practicable preparation of samples in the context of a feasible explor-
ation technique, the magnetic fraction was reasonable free of nomsag-
net{c minerais. Both fractions were then analyzed by the standard Sur-
vey USGS semiquantitative emission spectrographic technique for 30
elements, and by appropriate atomic absorption methods for elements not
determined at all or adequately by this technique {Overstreet and others,
1974, p. 37-38). Ffurther analyses performed on the magnetic fractions
included . {1) by an analytical nethod developed recently in the U.3.
Geological Survey to determine the abundances of silver, bismuth, Cadmium,
copper, cobalt, nickel, lead, and zinc, by atomic absorption techniques
on single salutions of iron-rich materials, and {2} equivalent wranium
as determined by radiometric counting.

Data Processing and Statistical Treatments; Determinaticn of Anomslous
Values - The absolufé vaTues of 41T radicactivily measurements (n ferms
of equivalent uranium contents of the plus 2.89 specific grayity
fractions of all concentrates collected by West were sub-divided

inta <0.01%, 0.01-0.02%, aAd >0.02% categories, then interpreted

and discussed on that basis. (West, 1953, p. 4-6)

Although non-magnetic fractions of pearly all the concentrates
by West in the Darby Mountaing were later anatyzed chemically
for the studies of Dverstreet and others, (1974), the amalyt-
ical data presented in their report were treated statistically
only to consider the results of the analyses of samples from
throughout Alaska as a whole. Division of the data into geo-
graphic or geologic regions or geochewical provinces was not
attempted. Five methods for the treatment of the data were
presented: {1} frequency distribution, (2) histograms, (3)
Fisher K-statistics, (4) correlation analyses, and (5} anomaly
ratios, The first four of these are derived through the .S,
Geological Survey's standard statistical treaiment of chemical
data. The anomaly ratio was developed especially for the inter-
pretation of the abundances of minor elements in concentrates
(Sainsbury and others, 1970}. (Overstreet and others, 1974,

p. 178). 1in contrast, the analytical results obtained from the
magretic fractions of West's concentrates from the Darby Moun-
tains were dealt with separately; however. these were derived
front only half the priginal concentrates, and were strongly
biased as to distribution and qeplogic sources. For these
reasons, neither study constitutes a real geochemical survey
comparable to the others reviewed here; accordingly, their
results are not susmarized- below,

Chemical data obtained by analyses of all the stream sediment
samples collected for the surveys by Miller and others {1971,
1973) were entered in the USGS computer systes, then processed
in accordance with the Survey's GEQSUM program., From the print-
out of this program, values were desfgnated a5 anomalous in
their report largely on the basis of the computer-gererated
histegrams. The authors emphasised that the Stream sediment
sampling was of & reconnaissance nature and the selection of
anomalous values was subjective and interpretive. (MWiller

and others, 1973, p, 2-1). Herreid prepared histogram graphs
by hapd based on the analytica) data obtained from the siream
sediment samples collected for his detailed geochemical sur-
vey 0f the Omilak area, then used these Lo characterize the
res;lgs 7;}ues he judged to be anomalous. (Herreid. 1965,

p. £~3,

Results - Regiona]_Surveys - Field studies and the radiometric analysis
and mineraTogic study of the heavy-mineral fractions of numerous concen-
trates from placers of the region showed that esseatially all the radio-
active minerals in the district occur in or were derived from bodies of
felsic igneous rocks, chiafly granite.

The most common and widespread redicactive minerals are sphene, allanite,
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nearby Bendeleben pluton, in contrast, has 2 range of 1.8-4.4 ppn U

and 16.9-21.4 ppin Th which is similar to published values of 4 ppa U

and 18 ppm Th for average granite. (Miller and Grybeck, 1973, p.6)

{5} A smal) gossan in limestone near the Kwiniuk River contains ano-
malous amounts of zinc, tead, copper, and barium and anomalous amounts
of silver, arsenic, lead, 2nd zinc were found in 2 highly altered S5-
foot wide fault zome in granite on the west side of Cape Barby. {(Miller
and others, 1973, p. &)

Detailed_Geochemical Survey - The results fro@ Herreid's detailed geo-
of total streem sediment and soil samples are summarized below.

(1) Strong lead-zin¢ stream sediment anomalies were found for about

1 1/2 miles {2 1/2 km.) below the Omilak mine on Dwmilak Creek. The

lack of anomalies on the Morth Fork of Gmilak Creek indicates a prob-~
able lack of deposits as rich #s the Gmidak mine in that drainage. 2Strong
lead anomalies are present at a sample site about 4 miles (6 1/2 k)
down Dry Creek from the Foster lead-siltver prospect, and in all other
stream sediment samples taken from Ory Creek above it. TYhese samples are
not anomatous in zinc, although zinc sot) anomalies are present adjacent
to the ore showings in the area.

{2} Several moderate tin anomalies were detected, mainly in the pastern
portion of the map area. On Caribou Creek, two samples, one with 13 ppm
tin and another with less than 6 ppm tin were taken from eastern tribu-
taries, while 2 sample with 62 ppm tin was taken from Caribou Creek it~
self. These anomalies indicate tin mineralization in the area, possibly
assoctated with the intrusive in the draimage. Gn Otter Creek, the tin
ancmaiies may be associated with the deposit which is the source of the
placer tin at the Foster tin prospect. A sample with less than 6 ppm
tin may indicate anomalous concentrations of tin in the stream sediments
along Big Creek. More sampling should be done In the area. A sample
with 56 ppm tin was taken on the Horth Fork of Omilak Creek just below
the Omilak mine. The lack of tin anomalies in ather samples taken alomg
this part of the creek suggests that no sigaificant tin depesit {s pre-
sent in the area. .

{3) There is a complete lack of correlation of the contents of tin vs.
coppar, lead, and zinc in the qeochemical samples taken in the map area.
None of the anomalous tin Samples are anomalous in the other heavy metals.
This separation of the two types of mineralization is apparently genetic.
{Herrefid, 1965, p. 3-4)
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