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REVIEW OF EXPLORATION GEOCHEMICAL SURVEYS ON SEWARD PENINSULA, ALASKA 
By C. L. Hulrmel 

INTROWCTION 

The Sward Peninsula forms the westernmost extremity o f  the North 
.American continent and extends t o  w i th in  90 kilometers o f  the Eurasian 
continent across Bering S t ra i t .  As such, the peninsula i s  both geo- 
graphically and geologically discrete; geographically as a 520.000- 
square-kilometer appendage of mainland Alaska situated on the vast. 
submerged Bering-Chukchi Shelf, and geologically i n  comprising mainly 
a metamorphic-plutonic igneous terrane which lacks d i rec t  t i es  t o  
mainland geologic elements. I n  conjunction w i th  these at t r ibutes,  the 
peninsula has been one of the major sources o f  mineral production i n  
Alaska and s t i l l  possesses s ign i f i cant  but undetermined mineral poten- 
t i a l .  

Geochemical exploration and, before it, mhera l  prospecting, have been 
u t i l i z e d  as techniques to  search f o r  lode and placer deposits on Seward 
Peninsula since gold was f i r s t  found on the Niukluk River I n  1865 (Cobb. 
1973. p. 64). However. systematic and sc ien t i f i c  areal and topical  
surveys were not undertaken on the peninsula u n t i l  the 1940's and 1950's. 
The f i r s t  o f  these were done as part  o f  the Strategic Minerals Program 
before and during World War 11, those on the peninsula being concerned 
mainly w i th  t i n  and tungsten. Like gold i n  ea r l i e r  years. the minerals 
sought i n  these surveys were heavy, scheel i te i n  the Nome area and cassi- 
t e r i t e  and wolframite on the York Peninsula; again, as before. panned 
stream concentrates were adopted as the pr inc ipa l  prospecting medium 

P f o r  these surveys. Thereafter, and f o r  the same reason, the concentrates 
continued t o  be used f o r  more numerous and extensive surveys on Sward 
Peninsula i n  the l a t e  1940's and ear ly 1950's i n  conjunction w i th  the 
Trace Elements Program search f o r  radioact ive materials. These surveys 
yielded many hundreds of panned concentrates which, w i th  a few tens of 
s lu ice  and dredge concentrates col lected i n  ea r l i e r  years, were saved; 
together these became Alaskan placer co l lec t ion .  Chemical analyses were 
not used i n  these ear ly mineral surveys except t o  supplement and ref ine 
the mineralogical results; thus, they were not prosecuted as geochemical 
surveys or ig ina l ly .  However. they are covered b r i e f  1 y here because many 
o f  the concentrates have been analyzed chemically recently and, i f  con- 
t inued t o  completion, the o r i g i na l  heavy mineral surveys could provide 
the basis ex post facto, f o r  t rue  geochemical surveys. Also c i t ed  are 
several reports covering prospect boring projects done by the U.S. Bureau 
o f  Mines; these contain valuable qua l i t a t i ve  and quant i tat ive mineral in -  
formation based on panned concentrates together w i th  the resu l ts  o f  chem- 
i c a l  analyses and assays obtained froln many o f  them. 

Modern geochemical surveys based on chemical data derived from numerous 
kinds o f  natural materials only became possible w i th  the development of 
t race wet, spectrographic and other analyt ical  methods, and semi-quanti- 
t a t i v e  estimating techniques which could be made quickly and accurately 
on large numbers o f  samples. The f i r s t  o f  t h i s  type o f  survey on Seward 
Peninsula was done on a small scale. i n  the Nome area; i t  was based on 
analyses o f  a few tens o f  t o t a l  stream sediment samples col lected by 
H m e l  i n  1958 (Humnel and Chapman, 1960, p. 0-30-33). Two years a f t e r  I 

this, Sainsbury d i d  s imi la r  small surveys f o r  beryll ium around several 
of the l o c a l i t i e s  on the York Peninsula which contain known t i n  lodes. 
(Sainsbury. 1963). Again. althoughthese were basedmainly on t o t a l  
Stream sediments, Sainsbury also incorporated slope wash and rock samples. 
By far the most extensive use o f  exploration geochemical techniques on 
Sward Peninsula was made durinq the recent ly concluded mineral resources 

surveys by the U.S. Geological Survey (1967-1971); I n  most o f  these. they 
were generally integrated on an equal basis w i th  geological investigations. 
About h a l f  o f  these surveys on the peninsula was done by the Alaska State 
Geological Survey and the remainder by the Federal Geological Survey. A l l  
were based mainly on analyses o f  t o ta l  stream sediments, but most also i n -  
cluded select ive rock and ore col lect ions.  As an outgrowth o f  h is  project  
i n  the Heavy Metals Program. Sainsbury i n i t i a t e d  chemical analyses of a 
random1 y chosen proportion o f  samples from the o l d  Alaska concentrate col-  
lec t ion .  A large number o f  these came from the Seward Peninsula, many from 
areas which were covered by l a t e r  geochemical surveys based on to ta l  stream 
sediments. Studies comprising s t a t i s t i c a l  treatments o f  analyt ical  data 
from the concentrates, and comparisons o f  these resu l ts  w l th  those obtained 
from t o t a l  stream sediments. have recent ly been published by Overstreet 
and others. (1974) 

Surf i c i a l  Features of Sward Peninsula and Their Imp1 icat ions f o r  Geochemical 
The configuration and character o f  the surface and imnediate 
Sward Peninsula. l i k e  those o f  any area, la rge ly  determine-- . 

and i n  some Instances narrowly l i m i t - -  the scope o f  geochemical surveys 
which can be prosecuted wi th  success. and the kind or  kinds o f  natural 
mater ia ls on which they can be based. The modern physical character of 
Sward Peninsula represents the combined e f fec ts  o f  the more recent sur- 
f i c i a l  geological and c l imat ic  processes and o f  those whlch preceded them; 
I n  some instances, t h i s  involves continuing tectonic events. The older 
but less  prominent geologic features are associated wl th  the metamorphic 
rocks which form most o f  the bedrock o f  the peninsula. For example the 
major trends o f  many o f  the modern trunk drainage systems have developed 
from the northward-trending, major structures i n  these rocks. The young- 
est  and most prominent physiographic features are up1 i f ted ,  fault-bounded 
mountain ranges; of these, the trend o f  the Kigluaik and Bendeleben 
mountain ranges i s  normal to tha t  o f  the o lder  structures. whereas that  
o f  the Darby Mountains i s  para l le l  t o  them. (Plabel). 

The e f fec ts  o f  l a te r  geoloyic events superimposed on these basic 
bedrock features include widespread effusion o f  basal t i c  volcanic 
lava and ash during the Pliocene (Hopkins. 1963. page 86) through- 
put lower-lying areas, and extensive glaciat ions emanating from . 
and spreading away frm the Kigluaik. Bendeleben. and Oarby moun- 
t a i n  ranges; i n  addition, smaller g laciat ions arose and spread 
from Granite Mountain i n  eastern Seward Peninsula and from York 
and Cape mountains a t  the western end o f  the peninsula. ( Plate 1). 
Int imately associated wi th  the Pleistocene glaciat ions were con- 
current der ivat ion o f  wlnd-blown s i l t  from g lac ia l  and glacio- 
f l u v l a l  deposits produced by them (Hopkins, 1963. Plate 3) and 
thereafter, erosion and modification of both kinds o f  deposits, 
especial ly along the coast. by in termi t ten t  waxing and waning o f  
sea leve l .  Col lect ively.  these geologic events, together w i t h  
the climate, the vegetation associated w i t h  it, and the thennal 
condi t ion o f  the subsurface have produced the modern landscape 
o f  Sward Peninsula, Including much o f  i t s  micro-re1 i e f  character. 
The present terrane o f  the peninsula can be read i ly  divided i n t o  
three general classes of topograph : (1) low-lying coastal and in -  
t e r i o r  f l u v i a l  and lava plains. (*! lnoderately high rugged mountain 
ranges, and (3) r o l l l n g  uplands whtch l i e  between these and comprise 

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

* ' on the character o f  geochemfcal surveys which can be prosecuted i n  
them and, accordingly, are shown on Plate 1. 



I m ~ l ~ c ~ t J o n s - f ~ G ~ o ~ h ~ ~ ~ ~ l ~ E ~ ~ o ~ a ~ o ~  - The geologic processes 
Ghich have produced, or acted on. the physiographic features o f  the 
Seward Peninsula have had considerable bearing on the resul ts o f  
geochemical and mineral surveys done t o  date; thus they require a t -  
tent ion i n  planning fu ture  surveys. They include ef fects o f  the 
Bering-Chukchi Sea shelf, volcanic ac t i v i t y .  and the interrelated 
phenomena o f  Pleistocene and Holocene glaciat ions,  sea level  f luc- 
tuations, and climate and vegetation. The manner i n  which these 
could play a part  i n  geochemical surveys i s  reviewed b r i e f l y  below. 

Broadly speaking, geologic processes and features produced by them 
can have both physical and chemical e f fec ts  on geochemical surveys. 
I n  the f i r s t  instance, the pr incipal  e f fec t  o f  the Bering-Chukchi 
Sea shelf. a peheplain formed by l a t e  Miocene time (Hopkins. 
p. 453) and thereafter al ternately innundated and exposed t o  the 
present, i s  physical. This feature, acted on by geologic processes 
giving r i s e  t o  the f luctuat ions o f  sea level .  led  t o  the formation 
of the coastal and estuarine-fluvial p la ins which bound three-fourths 
of the coast l ine o f  Seward Peninsula. Host o f  the coastal plains. 
including the largest along the northwest coast, have formed behind 
off-shore bars, the only exceptions being those which formed l oca l l y  
from g lac ia l  d r i f t ,  such as a t  Nome. where off-shore bars are lacking. 

b The f i v e  largest i n t e r i o r  f l u v i a l  plains - on the north side of 
the Kigluaik Mountains, on the Kuz i t r in  River. a t  the head o f  Fish 
River and along the middle stretches o f  the Koyuk and Kiwalik Rivers - 
formed i n  ca t chen t  basins impounded behind natural  bedrock barriers. 
Most o f  the remaining smaller f l u v i a l  p la ins s im i l a r l y  have formed 
behind bedrock constr ict ions including one a t  the head of the Tu- 
butu l ik  River ca l led  Death Valley, which i s  a perched basin w i th  the 
highest general elevation (175m) o f  any on the peninsula. (Plate 1) 
The pr inc ipa l  e f f ec t  o f  a l l  these plains on geochemical surveys from 
the standpoint o f  exploring bedrock features i s  physical. That i s ,  
a l l  represent various thicknesses o f  unconsolidated deposits which 
cover bedrock. Portions o f  some o f  these deposits possess i n t r i n s i c  
mineral potent ia l ,  notably the gold-bearing d r i f t  and buried beaches 
a t  Nome; however. exploration techniques t o  determine t h i s  potent ia l  
must be ta i l o red  t o  s u i t  the kinds o f  deposits sought. 

The lava f low plains are l i k e  the others i n  t ha t  they obscure large 
areas o f  bedrock; however. they d i f f e r  from them i n  not being amenable 
t o  normal exploration boring methods t o  detect deposits i n  or a t  the 
surface of the bedrock underlying them. For t h i s  reason, although 
gold-bearing a l l u v i a l  gravels have been followed f o r  short distances 
under the perimeter o f  the flows, no attempts have been made t o  pros- 
pect through them. To t h i s  physical e f fec t  o f  the lava f i e l ds  must 
be added an adul terat ing chemical e f fec t  which would ar ise  from the 
composition o f  the or ig ina l  flows. This. i n  turn. would be manifested 
I n  the resu l t s  o f  geochemical surveys through minerals and other ma- 
t e r i a l s  derived from them, both l oca l l y  such as on the lava plains 
around lmuruk Lake. and away from them i n  the f l u v i a l  p l a i n  which has 
fonned on the Kuz i t r i n  River below the flows. (Plate 1) 

The sa l ien t  factors about the coastal. estuar ine-f luvial ,  and i n -  
t e r i o r  f l u v i a l  and lava plains on Sewrd Peninsula re la t i ng  t o  geo- 
chemical Surveys can be sunnarized b r i e f l y :  These deposjts cover 
bedrock t o  various depths and, I n  so doing. e f f ec t i ve l y  preclude 
d i rec t  surface salnpl ing methods t o  explore i t .  Consequently, geo- 
chemical surveys based on d r i l l i n g  along bedrock trends or  on geo- 
physical anomalies must be u t i l i z e d  instead. Portiops o f  .these de- 

posi ts possess i n t r i n s i c  mineral potent ia l ;  fo r  data bearlng on I t .  
geochemical surveys w i l l  have t o  include both systematic surface and 
subsurface sampling methods, i n  conjunction w i th  geophysical surveys. 

.Effects o f  Quaternarx and Modern Events and Features - Events en- 
c&pbsZ'iiig-b5tE Gecl ogTc-a;ddcTiiiiaf ic K c ~ s g e r  TjuFi ng Quaternary 
time have determined the present character o f  the landscape o f  
Seward Peninsula. They include several alpine glaciat ions.  
f luctuations o f  sea leve l  induced by these, and concomitant var i -  
at ions o f  climate. These, i n  turn, have produced the present 
configuration o f  the topography, widespread g lac ia l  d r i f t  and 
loess deposits, the continuous and discontinuous permafrost, and 
the detailed physiographic character and vegetation on the sur- 
face. I n  both physical and chemical ways, these factors more and 
less influence the kinds o f  geochemical surveys which can be done 
on the peninsula and the resu l ts  which can be obtained from them. 

Glaciations have emanated from several centers on Seward Penin- 
sula. the Kigluaik-Bendeleben-Darby arc, Kiwalik and Granite 
Mountains i n  the eastern part, and from Cape and York Mountains 
a t  the western end. By far the most extensive o f  these g lac i -  
at ions took place i n  l l l i n o i a n  time or  ear l ie r  (Nelson and Hopkins. 
1972, p: 7); i n  marked contrast, the most recent glaciat ions i n  
Wisconsinan time were la rge ly  confined wi th in  the l i m i t s  o f  the 
more rugged mountain provinces, and so are not shown on Plate 1. 
The pr incipal  e f fec ts  of g laciat ions on geochemical explorat ion 
ar ise  from transport of materials i n  two ways: (1) movements o f  
debris on and i n  f r on t  of g laciers from the i r  mountainous source 
areas and along t h e i r  routes away from them, and (2) gradual but 
pervasive transport of wind-blown material from these g lac io-  
f l uv ia l  deposits and deposit ion throughout the per ig lac ia l  areas. 

Deposits produced by both means were once widely d is t r ibu ted 
throughout Seward Peninsula; dissected remnants o f  these de- 
posi ts are now scattered throughout much o f  the upland and 
mountainous portions of the peninsula while less af fected rem- 
nants occur i n  or  on the deposits which form the coastal and 
i n te r i o r  p la ins.  Beyond the general concern f o r  the non- 
indigenous o r i g i n  of much o f  the g lac io f luv ia l  and wind-blown 
deposits i s  a more spec i f i c  one which bears d i rec t l y  on the 
choice of materials t o  be col lected f o r  geochemical surveys: 
The f inest  grained mater ia ls are pre ferent ia l l y  enriched i n  
both types o f  deposits, the former as rock f lour .  and the l a t t e r  
derived from i t  as loess (Hopkins. 1963. p. 37); accordingly. 
i t  can be assumed that  they are disproportionately present i n  
the standard minus 80 mesh fract ion o f  stream sediment 
samples normally used f o r  such surveys. 



Basis f o r  Review o f  Geochemical Surveys 
s ~ e w a r d  Peninsula f a l l  i n  
the qeneral category o f  applied geochemistry and within the s t i l l  
more-specific puFsuit o f  exploration geochemistry as an adjunct 
i n  prospecting f o r  economic mineral deposits. The out l ine  used 
fo r  the case h is tor ies  of geochemical exploration given i n  tha t  
volume was adopted as the basis f o r  reviewing the geochemical 
surveys made on Sward Peninsula (Bradshaw and others. 1975. 
p. 45-46): 

Name of deposit o r  property 
Author ( A f f i l i a t i o n )  
(1) Location 
(2) Geology 
(3) Mineral izat ion 
14) Physiography; topography, ,c l  inate. so i ls .  vegetation. permafrost 
5) Sediment data and concluslons 

(6) So i l  data and conclusions 
(7) Other data 
Reference( s ) 

This was done f o r  the surveys on Sward Peninsula f o r  the saine 
reason and w i th  the same inherent l im i t a t i on  as was true f o r  the 
case histor ies;  that i s .  "an attempt to  present a l l  the data .in 
a cannon format. and i n  par t icu lar  t o  standardize the presentation 
o f  the data. This was not possible i n  every case by any means. 
pa r t i cu la r l y  because much of the information presented was col lected 
wi th  no view t o  standardization". (Bradshaw. 1975. p. 45). The 
out l ine  f i n a l l y  developed, as modified and elaborated from the one 
c i t ed  above, i s  given below; i t  i s  also annotated t o  account f o r  

w factors peculiar to  the geochemical surveys on Sward Peninsula and 
t o  c i t e  sources o f  information used t o  deal w i th  them. 

1 Number and name o f  geochemical surve 
Number i s  that  designated f o r  the su5vey area and shown on 
Plate 1; the name i s  e i ther  tha t  assigned by the author, o r  
another o f  a geographic feature t o  i den t i f y  the area. 

2. Author(s) and governmental a f f i l i a t i o n  
Only geochemical surveys by Federal and Alaska State workers 
are reviewed; the resu l ts  o f  numerous surveys done by pr iva te  
prospecting and mining firms have not been published and So 
cannot be included. 

3. Location and area 
The area given f o r  each geochemical survey i s  the maximum 
warranted by the systematic sampling on which i t  was based. 
I n  most cases the area encompasses only that  o f  the drain- 
age basins i n  which sediment samples were collected and 
a t  a density comensurate w i th  the general scale o f  the survey. 

4. Topography, r e l i e f ,  drainage 
The general physiographic div is ions depicted on Plate 1 are 
designated and shown as represented by Pewe. (1975. P la te  1) 
The pr incipal  elements o f  thes -- topography, r e l i e f ,  drain- 

5. Veqetation and other s u r f i c i a l  cover 
Tundra, w i th  and without wil lows and alder, constitutes almost 
the only vegetation cover throughout most of Seward Peninsula. 
The only other vegetation consists o f  white spruce and b i rch  
forests, which are res t r ic ted t o  the southeastern and eastern 
parts o f  the Seward Peninsula. Both the def in i t ion  and d i s t r i -  
but ion o f  these are as shown and described by Hopkins (1959. 
p. 215-220). The name fo r  one o f  the pr inc ipa l  mass-wastage 
features o f  a r c t i c  regions. g e l i f l u c t i o n  lobes, has been 
adopted and used as defined by Embleton and KSng (1975. 
p. 96-125). 

6. Ge;logy, bedrock. su:ficial 
Sa nsbury's report. ' Geology, Ore Deposits, and Hineral 
Potent ia l  o f  the Seward Peninsula"(l975). i s  the pr inc ipa l  
source used f o r  descriptions o f  a l l  aspects o f  the geology of 
the geochemical survey areas on the main part  o f  the penin- 
sula; for the geology o f  northeastern Sward Peninsula. 
Patton's geologic map o f  the Candle quadrangle (1967) was 
used. The extent o f  g laciat ions on Seward Peninsula. and 
the d i s t r i bu t i on  o f  windblown s i l t .  are shown on Plate 1 
as represented by Hopkins, as shown f i r s t  on Plate 3 o f  h i s  
repor t  on Imuruk Lake (1963). then as revised f o r  a l a t e r  
publ icat ion (Nelson and Hopkins. 1972. Figures 3 and 4). 

7. Hineral d e o s i t s .  r i m a r .  secondar 
The primar; and sionda; m d p o s i t s  i n  a l l  geochemical 
survey areas. mainly lodes and placers, are described fo r  the 
most part  as they were known a t  the time the surveys were done; 
the reports by Berg and Cobb (1967). and Cobb (1973) were the 
prSncipa1 sources f o r  t h i s  information. Exceptions t o  t h i s  
consisted o f  instances i n  which new deposits o r  indicat ions 
of  new deposits had been found during preliminary geologic 
invest igat ions i n  several areas; i n  these cases. geochemical 
surveys were e i ther  extended t o  cover the new areas o r  done 
i n  greater de ta i l  i n  portions o f  those done previously. 

e i ther '  the or ientat ion o r  applied r e s u l t i  of i nd i v i -  
dual geochemical surveys are a t  leas t  c i ted.  Host be- 
long t o  two general groups; (1) reports on prospect 
boring by the Bureau o f  Mines and (2) those ar is ing  from 
the U.S. Geological Survey's rad ioac t i v i t y  investigations. 
The l a t t e r  are o f  par t icu lar  importance because they were 
based on systematic col lect ions o f  panned stream concen- 
t rates,  many o f  which have been analyzed chemically i n  
recent years. 

age -- are-described for indiv idual  survey areas as defined 
by Leopold. Idolman. and M i l l e r  (1964. p. 131-150). and as 
required depending on the scale o f  the survey. 



The purpose.of a l l  of the surveys reviewed was economic explora- 
t i on  geochemistry. Levinson's general c l ass i f i ca t i on  f o r  scale 
and sampling density f o r  geochemical surveys based on stream 
sediments (1974. p. 367-382) was adopted and modified as follows: 
Repignal Surveys - 

Tst-OFder-- 1 sample per 100 km2 
2nd Order - 1 sample per 20-100 
3rd Order - 1 sample per 3-20 km . 

Detailed Surveys 
One &-inore SampTes per 3 bn2 or  less. 

For a l l  surveys, adul terat ion was judged as the e f fec ts  o f  
natural materials when mixed with det r i tus  derived from bed- 
rock, the ul t imate source o f  both primary and secondary min- 
eral  deposits. Such adulteration, especially of modern stream 
sediments, comes from three main sources; (1 ) g lac io f luv ia l  
debris. (2)  wind-blown s i l t  derived from this.  and (3) vol- 
canic flow and ashpeposits. 

I n  addi t ion t o  these general matters re la t i ng  to ' the  geochemical 
surveys and the areas covered by them, the fo l lowing spec i f i c  as- 
pects o f  the surveys are s w a r i z e d .  

8A. f i e l d  procedures; kind and number of fpmgks coLlgc@. field 
~ ~ ~ r ~ t ~ o i j  znij a nxl  isgTA- - - 

88. a oratory erccgagres; s a g l e  ~ p a ~ a f l ~ .  chflic., anabs i  S . 
8c. @tapFocessig and--zta-tis&iga- pea-mnts ; detepinaxign-g.7 

bazk:kgrouna, &hrezhfid, and a n q a k s  laLugsl - 
For moSttsurveys, two generai methods were u t i l i zed ;  (1 ) by 
hand-prepared histograms for selected metals, then detennin- 
a t i on  o f  anomalous and other values according t o  the techniques 
recomnended by Hawkes and Webb (1962. p. 25-31). or (2) from com- 
puter-generated s t a t i s t i c a l  treatments o f  chemical data f o r  
few t o  many elements. The U.S. Geological Survey GEOSUM program 
used f o r  several o f  the surveys, and the model f o r  a number of 
others i s  described as fol lows by RobertTerrazas (August 30. 
1968): The GEOSVH program i s  designed p r i nc ipa l l y  f o r  sum- 
marizing and tabulating resul ts o f  semiquantitative (6-step) 
spectrographic analyses by the U.S. Geological Survey, but 
may also be used f o r  other types o f  geochemical data. One 
fundamental assumption made i n  use o f  the program i s  that  the 
data are more properly treated on a logarithmic, rather than 
ar i thmet ic,  scale. 
The program provides (a) a readable l i s t i n g  of the data. (b) 
histograms and cumulative frequency d is t r ibu t ions .  and (c) a 
s t a t i s t i c a l  sunnary which includes geometric means and geo- 
metr ic deviations. 
Semiquantitative spectrographic analyses by the U.S. Geological 
Survey are reported as geometric midpoints (1.. 0.7, 0.5, 0.3, 
0.2. 0.15. 0.1, etc.) o f  geometric brackets having the bound- 
a r i es  1.2. 0.83. 0.56. 0.38. 0.26. 0.18. 0.12. 0.083, etc. The 
frequency d is t r ibu t ions  are cmputed using these brackets as 
class intervals.  
Results; stream sediments, z o i l  yag les ,  ~ k ,  a l tered ~ 0 ~ k .  - 
and samgles. 
in -ar l  o f  the reports reviewed. geochemical surveys were done 
concurrently and essent ia l ly  coordinately w i th  geological and 
mineral resource investigations; only those resu l ts  0bviouSly 
derived laraelv o r  ent i re ly  from the geochemical surveys, O r  

8E. ~ 1 ~ c a t L o n s  
A l l  publications are l i s t e d  which are c i t ed  i n  reviews o f  i n -  
d iv idual  geochemical surveys, o r  which contain data o r  other 
information pert inent t o  them. 
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1. NOME AREA 
C. L. Humnel. U. S. Geological Survey 

Location and Area - Two separate areas located north o f  Nome; 
A onepat head o f  Nome River and along Snake River drainages 

h b 0  km ) and (B) the other i n  the Kigluaik Mountains encom- 
passing2the head o f  Grand Central River a t  the base o f  Mt. Osborne 
(200 km 1. 
Topography. Re1 ie f ,  and Drainage - Mt. Osborne area: (A) Glaci- 
ated alpine topography wi th  serrate knife-edge ridges. U-shaped 
trunk and t r ibu tary  valleys, and sparse hanging valleys w i th  
modern rock glaciers. Maximun r e l i e f  i n  area. 1250 m; gener- 
a l  r e l i e f  throughout most o f  area. 1100 m. Area i s  well d is -  
sected by well- integrated m j o r  and minor drainage except f o r  
broad g l a c i o f l u v i a l - f i l l e d  va l ley  bottom o f  Grand Central Riv - 
er. (B) Snake-Nome River area: Ro l l ing  upland topography wi th  
few sharp peaks and ridges. Maximum r e l i e f  i n  northern par t  o f  
area, 850 m; general r e l i e f  throughout area. 550-800 m. Area 
i s  we l l  dissected by north-trending Snake and Nme Rivers and 
well integrated t r ibu tar ies  t o  them; val leys o f  Snake and Nome 
Rivers have been glaciated and now have broad g lac io- f luv ia l -  
f i l l e d  bottoms wi th  braded channels. 
Vegetation and Other Sur f ic ia l  Cover - (A) Mt. Osborne area: 
G lac io f l uv ia l - f i l l ed  val ley bottoms and lower slopes are covered 
wi th  tundra and willows; sparse patches o f  a lder occur along 
upper l i m i t  o f  tundra and l i t t l e  or  no vegetation i s  phsent  , 
on middle and upper slopes. Frost-riven talus and g lac ia l  mor- 
aines occur along most val ley walls and i n  heads o f  major t r i b -  

Ur u tar ies  o f  Grand Central River. (8)  Snake-Norne River area: 
Tundra w i t h  willows covers a l l  but  upper slopes and tops o f  
h i l l s  and ridges; l a t t e r  generally rubble-covered wi th  sparse 
tundra. Alder patches are moderately abundant along middle 
slopes; ge l i f luc t ion lobes are abundant on middle and upper 
slopes of nost h i l l s  and ridges. 
Geology; Bedrock. Su r f i c i a l  - (A) Mt. Osborne area: Nearly a l l  
o f  bedrock i s  composed o f  amphibolite-grade rnetasedimentary 
rocks w i th  numerous orthogneiss bodies; small s i l i c i c  and ba- 
s a l t i c  dikes and s i l l s  are moderately abundant throughoh the 
high-grade metamorphites. G lac io f luv ia l  deposits from the bot- 
tom o f  the Grand Central River; f ros t - r iven talus and g lac ia l  
lnoraines occur along the lower val ley walls and a t  the head o f  
most t r ibu tar ies .  (B) Snake-Nome River area: Bedrock consists 
en t i r e l y  o f  greenschist grade metamorphites derived from marine 
sedimentary and subnarine volcanic last ic rocks; northward trends 
o f  bedrock structures are manifested by same trends o f  the Snake 
and Nome r i v e r s  and the ridges between and along them. Glacio- 
f l u v i a l  deposits from val ley bottoms o f  both Snake and Nme 
Rivers; sporadic r e l i c s  o f  moraines i n  some t r ibu tar ies  and 
sparse g lac ia l  e r ra t ics  on upper slopes and tops o f  ridges and 
h i l l s .  - 
Mineral Deposits; Primary, Secondary - (A) Mt. Osborne area: 
Numerous simple pegmatites w i th  s ingle known occurrence o f  beryl. 
(B) Snake-Nome River area: Native gold and scheelite-bearing 
base metal su l f ide  vein and replacement deposits clustered a t  
several l o c a l i t i e s  i n  area. Gold placers. most w i th  some schee- 
l i t e ,  i n  alluvium on many t r i bu ta r i es  o f  the Snake and None 
Rivers; few bench gold placers derived f ran  reworked glacial  . 
d r i f t .  

I 

Geochemical Survey - F i r s t  survey on Seward Peninsula based on 
chemically analyzed samples; only previous work i n  same area was 
mineral survey based on panned concentrates by Coats (1944)' t o  
determine d i s t r i b u t i o n  of scheelite i n  stream gravels and gold 
placers throughout the Snake-Nome River area. Geochemical samples 
col lected by Humel i n  1958; analyses arranged f o r  by Chapman dur- 
ing fo l lowing two years. Sources o f  possible natural  adul terat ion 
and cu l t u ra l  contamination include: (A) Mt. Osborne area; natural-  
g lac ia l  d r i f t .  a l l  indigenous t o  area; cu l t u ra l  - old. d is integrat-  

l;!*s iron-band bound siphon and debris l e f t  from i t s  construction. 
nake-Nome River area: Natural - some g lac ia l  d r i f t  i n  t r i b -  

utar ies o f  Snake and Nome Rivers a t  leas t  some proportion derived 
frm Kigluaik Mountains and other areas nor th  o f  sample sites; 
cu l tu ra l  - placer mining and related construction a c t i v i t i e s  i n -  
cluding o ld  ra i l r oad  and modern gravel road; quicksi lver used t o  
recover gold i n  most o r  a l l  s lu ice clean-up operations. 
Purpose and scale: Mainly or ientat ion t o  evaluate stream sediments - 
as 6sTs-fGr-dTfferentiating drainage basins w i t h  known mineral de- 
posi ts from those not known t o  contain any; secondary purpose was 
t o  obtain data t o  dist inguish between two strongly contrasting bed- 
rock terranes. Samples col lected su f f i c i en t  only f o r  grossest 
scale o f  regional  geochemical exploration. Survey based on ac t ive  
stream sediments. so chosen and col lected as t o  enhance the content 
o f  the f i n e s t  s ize  and organic material; mater ia l  obtained from 5 t o  
10-meter diameter area from each sample s i t e .  A l l  sediment samples 
col lected above places where streams crossed by roads, ra i l r oad  and 
siphons; samples f ran streams wi th  gold placer workings col lected 
only t o  avoid most obvious sources o f  contamination such as rusted 
mining equipment and other debris. Thirteen samples col lected fran 
Mt. Osborn area and 17 from the Snake-Nome area. 
Laboratoy-and-off- krccgd-s: A l l  samples screened t o  minus 80 
6eshy pulverized, and analyzed i n  U.S.G.S. Geochemical Exploration 
Branch laboratory i n  Denver. Analyses by v isual  and spectrophoto- 
metric methods f o r  antimony, arsenic. bismuth. copper, lead, nolyb- 
denum, tungsten, and zinc; possible interference by organic content 
o f  samples. 

Data processing and evaluation: Number o f  samples and ana ly t ica l  data 
s u f f i c i e n t l y  l im i ted  t o  pennit empirical evaluation and interpretat ion.  

Results: Mu l t i p l e  base metal anmal ies from one drainage basin i n  Ht. Osborn 
area; general content o f  molybdenum greater i n  sediments frm higher grade terrane 
than i n  those frm Snake-Nane River area. Of the metals analyzed. the content o f  
arsenic was greatest i n  sediments frm drainage basins w i th  known mineral deposits 
i n  the Snake-Nome River area, and most markedly less i n  those without deposits. 

Coats, R. R.. 1944. Lode scheel i t e  deposits o f  the b e  area. 
Seward Peninsula. Alaska: U.S. Geol. Survey open-f i l e  
rept. 17, 6 p. 

Humel. C. L.. and Chapman. R. M., 1960, Geologic and econan]c 
s igni f icance o f  some geochemical resu l ts  obtained from 
stream sediment samples near Nome. Alaska. i n  Geological 
Survey Research 1960: U.S. Gcol. Survey prof .  Paper 400-8. 
p. 830-833. 



Humnel, C. 1.. 1961. Re!lional l y  ~~~e tan~orphosed  111etal1 i f e r o u s  
contact-metasomatic depos i t s  near Nome. Alaska. i~ 
Geological  Survey Research 1961 : U.S. Geol . Survey Prof .  
Paper 4 2 4 4 .  p. D198-D199. 

2. SlNUK RIVER AREA 
Gordon Herre id.  Alaska D i v i s i o n  o f  Mines and Geology 

Loca t ion  and Area - Located 20 mi les  northwest o f  Nase; 400 square 
k i lometers.  . . . -. . . - . -. - . 
Topography. R e l i e f .  Drainage - Ma in ly  r o l l i n g  upland topography w i t h  
some steep mountains and r idges .  Re1 i e f  ranges from 250 m. t o  500 In. 
w i t h  g rea tes t  r e l i e f  and steepest  slopes i n  p o r t i o n s  o f  area under la in  
by marble. Area g e n e r a l l y  i s  moderately t o  we l l  d i ssec ted  by w e l l  i n -  
tegrated dra inage system. 
Vegetat ion and Other S u r f i c i a l  Covet - Most o f  area i s  covered w i t h  
tundra; except ions a r e  some rubble-topped h i l l s  and r idges ,  and marble 
mountains and r i d g e s  which a r e  n e a r l y  devoid o f  vege ta t ion .  
Geology; Bedrock S u r f i c i a l  - A l l  o f  bedrock i s  g reensch is t  grade s c h i s t  
and c a l c i t i c  marble w i t h  sparse metamafic bodies; ex tens ive  p o r t i o n s  o f  
marble have been s i l i c i f i e d  and dolomi t ized.  Only s n ~ a l l  p r o p o r t i o n  o f  
area has been g lac ia ted ;  g l a c i a l  d r i f t  covers about 10 percent  o f  area. 
Minera l  Deposits; Primary. Secondarx - Bar i te ,  f l u o r i t e ,  and base s ~ e t a l  
s u l f i d e s  associated w i t h  some s i l i c e o u s - d o l o n ~ i t e  replacement zones i n  

o\ 
marble; sparse base metal s u l f i d e  veins s p o r a d i c a l l y  present  elsewhere 
i n  area. Gold p lacers  111ined a t  several  l o c a l i t i e s  i n  area. 

Geochenlical Survey - I - le ta l l i zed  replacement zones depos i t s  i n  marble, 
t h e  so-cal led Sinuk gossans, had been previous1 y sampled, analyzed. 
and evaluated sys temat i ca l l y  by Mu l l i gan  and Hess (1965). F i e l d  work 
and sample c o l l e c t i o n s  by Her re id  were done i n  1965. 1966. 1966. and 
1969. G l a c i a l  d e b r i s  i n  area almost e n t i r e l y  o f  f o r e i g n  o r i g i n ,  111ainly 
f r a n  high-grade ~ ~ ~ e t a l n o r p h i c  te r rane  t o  n o r t h  i n  K i g l u d i k  Mountains. 
Small scale g o l d  p l a c e r  operat ions on sane streanls i n  area in t roduced 
p o t e n t i a l  contaminat ion from a l l  aspects o f  ~ i ~ i n i n g  a c t i v i t i e s ,  i nc lud-  
i n g  use o f  q u i c k s i l v e r  t o  a ~ r a l y a ~ ~ ~ a t e  and recover f i n e  g o l d  i n  s l u i c e  
boxes. I . lainly g rave l  o f  g l a c i a l  o r i g i n  used i n  c o n s t r u c t i o n  o f  r e -  
c e n t l y  b u i l t  road throuqh area; c u l v e r t s  and br idges across streanls. 
together w i t h  c o n s t r u c t i o n  o f  thss. may have y i e l d e d  a d d i t i o n a l  sources 
o f  p o t e n t i a l  c u l t u r a l  contamination. 
Purpose and s c a l e  - T h i r d  order  reg iona l  geoche~:~ical stream sediment 
s u & G i i d - d e t a i i e d  sar,~pl ing o f  s o i l  and rocks i n  g r i d s  and along t r a -  
verse l i n e s  across suspected and known n ~ i n e r a l  depos i t s .  
Field- pr_qce_dgrgs - Sample c o l l e c t i o n :  Streal11 sediment sa~llples were 
taken f r m l  mud below water l e v e l ;  s o i l  samples were taken a t  a depth 
o f  2 t o  6 inches. (Herre id,  1970, p. 14) 200 streal11 sedi~uent  and 180 
s o i l  samples c o l l e c t e d  i n  survey. Saniple ana lys is :  F i e l d  t e s t  by 
Hawkes co ld  e x t r a c t a b l e  heavy metals    set hod ~ i ~ o d i f i e d  by us ing  the 
anunoniun c i t r a t e  e x t r a c t a n t  u n d i l u t e d  m d e  i n  f i e l d  on 172 stred111 
sedin~ent and 80 s o i l  samples (Herre id.  1966, p. 16). 
Ldboratotr j  end o f f  i c e  procedurgs: A1 l stream s e d i ~ ~ l e n t  and S o i l  sd~l lp l rs  - 
screened t o  111inus kO 111esh; t11ereaftc.r.. t o t a l  111etal  ont tents of  copper. 
lead, zinc, and n101ybdenu111 andlyzed b/ c o l o r i r ~ ~ e t r i c .  and a t w ~ ~ i c  ab5orb- 

t 1011 111ett1ods by I(ochy :.lountd in  G r o c l ~ e ~ i ~ i c a l  Labo1.d t o r  ies,  l i .5.  lie0 log- 
i c a l  Survey. and the Alaska 3 i v i s i o n  o f  Mines and Leology ( I t e r r c i d .  
1370, p.  51). In add i t ion ,  ~ r l l i s s i o n  spec t ro j rdp l i i c  analyses o f  a l l  
s o i l  dnd s e d i i ~ ~ e n t  sdrlples were 1114de a t  both the l1IRL l a t o r a t o r i e s  a t  
the U ~ ~ i v e r s i  t y  o f  Alaska arid i n  t h e  Anchorage :.lobile Ldbord t o r y  o f  t h e  
U. 5 .  t ieo logical  Survey ( t l e r re id ,  1970, p. 52, 58) .  

Data processing and S t a t i s t i c a l  Treatments: Simple histograms prepared 
b y  hand and based on abso lu te  va lues  of  copper, lead, and z i n c  d e r i v e d  
f rom atomic absorption, and c o l o r i m e t r i c  analyses; on bas is  o f  these. 
th resho lds  were determined i n t u i t i v e l y  r a t h e r  than by s t a t i s t i c a l  
methods and so ind ica ted  on t h e  histograms. Thresholds chosen c o n s t i -  
t u t e d  lowest  concen t ra t ion  considered anomalous; anomalies inc luded  
these and a l l  g r e a t e r  a n a l y t i c a l  values. (Herreid, 1970. p. 14-15). 

Resu l t s  from stream sediments, s o i l s ,  and rocks; Stream, sediments g e n e r a l l y  
a l m o s t , e n t i r e l y  i n e f f e c t i v e  i n  l o c a t i n g  gossans. t h e  major  t ype  o f  p r imary  
lode depos i t  i n  t h e  area. even those s t r o n g l y  anmalous i n  z i n c  and lead  as 
es tab l i shed  by o ther  evidence (Herre id.  1970, p. 14. 18. 39). One s u l f i d e  
d e p o s i t  w i t h  abundant s u r f i c i a l  f l o a t  d iscovered dur ing  survey y i e l d e d  a 
s t rong  sediment a n m a l y  i n  Aurora Creek, and another p rev ious ly  known s t i b -  
n i t e - g o l d  prospect  y i e l d e d  a good sediment anomaly f o r  antimony and a rsen ic  
i n  t h e  creek below it. (Herre id.  1970. p. 14). S i m i l a r  depos i t s  were i n -  
f e r r e d  from a few anomalies obta ined f rom sediment samples a t  several  o ther  
l o c a l i t i e s  i n  the area (Herre id.  1970. p. 39). 
S o i l  samples c o l l e c t e d  s y s t e m a t i c a l l y  a long l i n e s  and i n  g r i d s  over  and 
around known gossans y i e l d e d  moderate ly  strong t o v e r y  s t rong anomalies of 
z inc  and lead  genera l l y ;  f o r  some deposi ts ,  o t h e r  meta ls  i n c l u d i n g  barium, 
arsenic,  boron, and b e r y l l i u m  were present  i n  t h e  s o i l  i n  anomalous amounts 
(Herre id.  1970, p. 14-18). So-cal led rock  specimens were, i n  f a c t .  ma in ly  
se lected gossan o r  a l t e r e d  and minera l i zed  mate r ia l ;  gossan samples es-  
p e c i a l l y  conta ined s t rong ly  anomalous amounts o f  lead, zinc, and o t h e r  meta ls  
(Herre id.  1970. p. 43). Geochemical da ta  from s o i l  and rocks.  i n  c o n j u n c t i o n  
w i t h  r e s u l t s  o f  geologic  i n v e s t i g a t i o n s  increased t h e  areas o f  p robab le  min- 
e r a l i z a t i o n  appreciably  beyond those under la in  by deposi ts  known p rev ious ly .  

Pub1 i c a t i o n s :  
G & e i d .  Gordon. 1966. P r e l  im inarv  qeology and q e o c h e ~ ~ i s t r y  o f  the  

~ i n u k  R ive r  area; Seward ~en;n;ula.-klaska: Alaska k v .  Mines 
and Minera ls  Geol. Rept. 24, 19 p. 

-----  1968. Progress r e p o r t  on the geology and geochemistry o f  t h e  
Sinuk area. Seward Peninsula. Alaska: Alaska Div.  14ines and 
Minera ls  Geol. Rept. 29. 13 p. 

-----  1970. Geology and g e o c h s i ~ i s t r y  o f  the Sinuh area. Sevat-d Penin- 
su la,  Alaska: Alaska Div.  Mines and Geology Geol. Rept. 36. 63 p. 

Mu l l i gan ,  J.J.. and Hess. H.O.. 1965, Exdil l ination o f  the Sinuk i r o n  
deposi ts ,  Seward Peninsula. Alasha: U.S. Gureau o f  !tines Open 
F i l e  Rept., 34 p. 



3. SOLOMON R I V E R  AREA 
R. R. Asher, Alaska Divis ion o f  Mines and Geology 

Location and Area - Portion of lower Solomon River drainage basin can- 
p r i s i ng  480 square kilometers located 40 ki laneters east of Nane. 
Topography. Relief. Drainage - Rol l ing  upland topography with a small 
coastal p l a i n  and a few mountains and ridges wi th  steep slopes. Re- 
l i e f  ranges f r a n  75 t o  500 meters w i t h  average about 300 meters. Host 
of area i n  drainage basin o f  Solanon River including i t s  mouth a t  Nor- 
ton Sound. Tr ibutar ies are well integrated wi th  Solomon River which. 
toqether w i t h  remaining streams, have produced a well dissected terrane. 
vegetation and Other surf i c i a l  Cover - Nearly a l l  o f  area i s  tundra 
covered wi th  rubble and bedrock t o v ~ e d  h i l l s  and ridges; exceptions are 
sparse mountains and ridges canposed o f  marble and g iaph i t i c  quartz i te 
which have l i t t l e  or no vegetation. Ge l i f l uc t i on  lobes cover most 
lnwer and middle slooes. . - . . - - - - - - - 
Geology; Bedrock. ~ ; ; f  i c i a l  - Greenschist grade marble and schist w i th  
moderately abundant t o  abundant greenstone bodies form most o f  bedrock 
of area; both are cut  by a few basalt dikes. Area affected by no more 
than minor g lac ia l  ac t i v i t y ;  al luvium along streams and modern and 
older, higher beach and lagoon deposits on coastal p l a i n  const i tute 
most o f  s u r f i c i a l  deposits of area. 
Mineral Deposits; Primary. Secondar - Copper-bearing. sliceous re- 
placement zones are widely d is t r ibu fed i n  marble; sparse gold and 
scheel ite-bearing, base metal su l f ide  deposits present a t  several 
l oca l i t i es ,  including veins and stockwork mined a t  only lode gold mine 
ever operated on Seward Peninsula. Gold placers mined along most o f  
Solomon River i n  area and on many t r i bu ta r i es  t o  it; gold-bearing 
beach placer mined a t  one place on coastal p la in.  

Geochemical Survey; Natural and Cultural  Sources o f  Possible Adul tera- 
t i o n  and Contamination - Combined geological and geochemical surveys i n  
area wi th  known mineral deposits f o r  purpose o f  tes t ing  exploration 
methods and t o  discover new deposits; l a t t e r  based mainly on stream sedi- 
ments and secondarily on soi l .  rock and ore sanples. Third order regional 
stream sediment survey o f  en t i r e  area; s o i l  and rock samples collected i n  
close-spaced g r i d  a t  one l oca l i t y .  
Glacial  d r i f t  o f  foreign o r i g i n  may have been eroded and incorportated i n  
modern alluvium i n  small port ion o f  area. Sources of possible cu l tu ra l  
contamination include; ( I )  modern gravel road wi th  numerous culverts and 
an old, d is integrated ra i l road along Solomon River and a major t r ibu tary  
o f  i t  through the central part  of area. (2) extensive dredge and sluice 
placer gold mining workings w i th  associated repair  and housing f a c i l i t i e s  
along the Solomon River and many o f  i t s  major and minor t r ibu tar ies  
throughout the area, and (3) the Big Hurrah lode gold mine located on one 
o f  the pr inc ipa l  t r ibu tar ies  o f  the Solomon River. Quicksi lver used t o  
recover f ine gold i n  most s lu ice placer operations and cyanide t o  recover 
lode gold. 
F i g l c i p r ~ e d g r e s :  Stream sediment survey: Samples were collected a t  
one-quarter mire (400 m.) intervals from the act ive bed o f  each stream 
i n  the upland port ion o f  t he  quadrangle. Fine sand o r  s i l t ,  rather than 
coarse material, was collected when possible and stored i n  p las t ic  bags. 
Care was taken t o  exclude organic mater ia l  from the samples. (Asher. 1%9. 
p. 22). 435 sediment samples col lected f ran  480-square kilometer area. 
So i l  and rock survey: Samples col lected i n  g r i d  over port ion o f  g raph i t i c  
schist  u n i t  as follows; north-south traverse l ines were established a t  one- 
quarter m i l e  (400 m.) intervals.  Samples were taken a t  stations approxi- 
rmtely 1000 feet  (330 m. ) apart along the traverse 1 ines. Uhere possible. 

a rock chip was taken; i f  t h i s  could not be done a s o i l  sample was sub- 
st i tuted. Four s o i l  sample traverses were also made i n  the same un i t ;  
sampling i n te rva l  was 50 or 100 feet  05-30 m. ) (Asher. 1969, p.27). 
F ie ld  analyses - stream sediment samples were analyzed i n  camp by d i t h i -  
zone f i e l d  tests.  F ie ld  t es t  measured i n  m i l l i l i t e r s  o f  dithizone f o r  
cold extractable metals as described by Hawkes (1963) (Asher. 1969. p.22 
and 32). 
Laboratog and o f f i c e  prgcgdurgs - Stream sediment and s o i l  samples were 
a r id  Tn t6eeAaska Divis ion o f  Mines and Geology laboratory a t  College. 
Alaska. then forwarded t o  the U.S. Geological Survey f i e l d  laboratory a t  
Anchorage. There samples were screened to minus 80 mesh. pulverized, and 
analyzed by atomic absorption methods f o r  gold, copper. lead, and zinc. 
Remaining port ions o f  pulverized samples were then sent t o  U.S.G.S. Geo- 
chemical Exploration Branch laboratory i n  Denver where 30-elment semi- 
quant i tat ive emission spectrographic analyses were made on a l l  samples 
(Asher. 1969. p. 22). 

k t a  processing and S t a t i s t i c a l  Treatments - A computer program t o  
tabulate the shmples and ca lcu la te  s t a t i s t i c a l  charac ter is t ics  o f  the 
ana ly t ica l  data was w r i t t e n  by L. E. Heiner. Mining Engineer. Univer- 
s i t y  o f  Alaska. The 1Bi4 360 computer a t  the Un ivers i ty  o f  Alaska per- 
formed the computations. 
Samples were assigned map numbers before they were fed i n t o  the can- 
puter. The computer tabulated a l i s t  o f  samples and ana ly t ica l  data 
i n  numerical order according t o  map number. For each element the 
mean and the standard dev ia t ion  were calculated. From these measures 
o f  cent ra l  tendency. the threshold value. o r  upper l i m i t  o f  normal 
background f l u c t u a t i o n  and anomalous values were determined f o r  each 
element. The computer a lso  p l o t t e d  histograms o f  frequency d i s t r i -  
but ion f o r  selected elements. As a special p ro jec t ,  r zinc t rend 
surface map was p lo t t ed  and residuals determined. 
The threshold and ananalous values for  each element were conputed by 
methods described i n  Hawkes and Webb (1962. p. 30). The threshold 
value i s  taken as the mean p lus  twice the standard deviation; ano- 
malous values a re  taken as the mean plus three standard deviat ions.  
Frequency d i s t r i b u t i o n  histograms fo r  copper and zinc as determined 
by a t m i c  absorpt ion and lead as determined by spectrograph uere pre- 
pared by hand. 
The concentrat ion o f  an element i n  a given sample i s  e i t he r  i n  the 
background range. between the threshold value and anomalous value, o r  
greater than the anomalous value. Samples a re  considered possibly 
anornalous i f  the concentration i s  between t h e  threshold value and 
the anomalous value. and probably anomalous i f  the concentration o f  
an element i s  above the anmalous value. Samples containing concen- 
t r a t i ons  o f  copper, lead, zinc, o r  gold i n  the  possible anomalous and 
probably anomalous ranges are  indicated. Samples containing anomalous 
airlounts o f  cobal t .  molybdenum. and s i l v e r  a re  a lso  shown. (Asher. 1969. 
p. 22-23). 
F i r s t  through s i x t h  degree trend surface maps and residuals were pre- 
pared f o r  zinc. Values as determined by atomic absorption were used. - 
L. E. tleiner of  the  Un ivers i ty  o f  Alaska Mlneral  Industry Research 
Laboratory programed the data f o r  the IBH 360 cmputer.  "The trend 
' surface i t s e l f  represents the  regional  component o r  geochmlcal trend. 

This surface. o r  the value o f  any po in t  on the surface, represents a 
threshold value which i s  var iable across the m p  area* (L. Heiner, 
Personal conmun. , 3-25-69). (Asher. 1969, p. 25-26). 



Results: $tye$r-sgdi~ng~lts - sporadic anomalies o f  s ing le  metals i n  streatll -- 
seditt~ent sa~~lples from eaztern part  o f  area; anomalous contents o f  s ingle and 
mu l t i p l e  metals i n  stream sediments from smaller western po r t i on  o f  area. 
Copper anomal ies  po in t  out 1 imestone-schist contacts. v e r i f y  the presence of 
a f a u l t .  and ind ica te  areas where greenstone crops out. d i no r  cobal t  i s  a lso 
associated w i th  the greenstone. 
Lead i n  stream sediment samples i s  a r e l i a b l e  ind ica tor  element. A nu~uber of 
northwest-trending fractures were out l ined by lead anmal ies.  Zinc. molyb- 
denum. and s i l v e r  are associated w i th  the lead a t  places. Further explora- 
t i o n  w i l l  be required t o  learn  i f  mineral izpt ion i s  concentrated along the 
fractures i n  economic quant i t ies .  A zinc trend surface map supports the con- 
c lus ion that  northwest trending f rac tures  are mineralized. 
The trend map f o r  zinc indicates a northwest regional  t rend o f  the geochemical 
data. The residuals, which represent anomalies, are a lso  al igned northwest. 
The trend surface study conf irms the conclusion that  there are mineralized 
structures i n  the quadrangle tha t  trend northwest. The trend surface also 
indicates that the structures extend across the en t i r e  quadrangle. 
Because mineralized zones are indicated by geochemical anomalies rather than 
conventional prospecting techniques, no estimation o f  the qua1 i t y  or  quantl t y  
o f  mineral izat ion i s  possible. f u r t he r  invest igat ion o f  these zones m y  re -  
veal economic deposits beneath the tundra. 
Rock-and-soil ~ a l n g l e ~  - the resu l t s  o f  a sampl in9 program across the outcrop - 
area i n  the graph i t i c  sch is t  u n i t  a re  s t i l l  being studied. A prel iminary Con- 
c lus ion i s  tha t  i t  apparently does not contain disseminated gold i n  econaltic 
amounts. 

03 PuClicdtlon: . 
Asher. R. R., 1969, Seoloqlc ar~d geochemical stud/. Solocl~on C-5 

quadranole. Se~4al.o ? e n i n s d i d .  Alaska: :Ila51d L)IV. I i ineS and 
Geoloa:, Genl. Pept. 33. 64 p. 

v ison o f  H~nes  and Geology 

Location and Area - 90-square-kilometer area located 60 ki lometers north- 
east o f  Nme. 
Topography, Re l ie f .  Drainage - Ro l l i f ig  upland topography w i th  f lat- topped 
h i l l s  and ridges, except f o r  prominent. marble r idge w i th  steep slopes. 
Re l ie f  of upland po r t i on  of area averages about 150 m.; r e l i e f  of marble 
r i dge  i s  about 300 m. I iost  o f  area l i e s  i n  drainage basin o f  l r on  Creek; 
area i s  general ly we l l  dissected by wel l  integrated t r i b u t a r i e s  o f  I r on  
Creek. 
Ve e ta t ion  and Other S u r f i c i a l  Cover - Except f o r  prominent marble r idge, 
b o m i d  o f  vegetation. and outcrop and rubble-topped 
r idges and h i l l s ,  area i s  covered wi th  tundra. Willows occur w i t h  most 
of the  tundra and a lder  patches are  present sporadical ly i n  higher and 
bet ter  drained par ts  o f  the terrane. Ge l i f l uc t i on  lobes occur on the 
lower and middle slopes o f  most o f  the h i l l s  and r idges o f  the upland. 
Geology; Bedrock, Surf i c i a l  - Bedrock o f  e n t i r e  area i s  greenschist 
grade c h l o r i t i c  and g raph i t i c  schist  and marble w i t h  sparse t o  mod- 
e ra te l y  abundant metamafic M l e s .  I b r t he rn  h a l f  o f  area glaciated 
and contains small areas o f  d r i f t .  
Mineral Deposits; Primary, Seconga2. - Proninent marble r i dge  exten<;- 
in9 nwthward througx the area contains numerous copper-bearing, s i l -  

iceous repldcm~ent zones; base metal su l f i de  vein present a t  one locat -  
i t y  i n  area. Placer gold has been mined along most of I r on  Creek and on 
many o f  i t s  t r i bu ta r i es .  (Humel, 1975) 

Geochemical Survey; Sources o f  Possible Natural Adulteration and 
Cultural Contamination 
t h i r d  order economic mineral geochemical survey based on stream 
sediments. F ie ld  work. ~ a r t l v  ham~ered bv snow cover. done i n  
f i v e  days i n  June. 1968.. ~1a;ial d r i f t  reworked into-modern 
alluvium of  I ron  Creek and extensive cu l t u ra l  contamination 
possible from sluice and dredge placer mining and associated 
construction and bui ld ing ac t i v i t i es ;  quicksi lver used t o  amal- 
gate and recover f i n e  gold i n  most s lu ice  mining. 
F ie ld  &gdgrgs: A to ta l  o f  49 stream sediment geochemical - 
sampies were taken f r a n  l ron Creek and i t s  t r ibu tar ies .  Samples 
o f  f i ne  material were taken from the ac t ive  stream bed where 
possible. At some places i t  was necessary t o  co l l ec t  material 
frm the bank because o f  high water. I ce  i n  many o f  the streams 
made geochemical sampling d i f f i c u l t .  Samples were transported 
i n  p las t ic  bags; they were tested i n  the f i e l d  by the d i t h i -  
zone method described by Hawkes (1963. p. 580). (Asher, 1969. 
P. 1, 8)  
~ & o ~ a ~ o ~ - a g - O f f ~ c g  EO(.dgrgs: The samples were forwarded 
t o  the A aska Divis ion o f  Hines and Geology laboratory a t  
College f o r  drying. The dr ied samples were then sent t o  the 
U.S. Geological Survey f i e l d  geochemical laboratory i n  Anchor- 
age. There. samples were screened t o  minus 80 mesh and pul-  
verized, and a por t ion  o f  each was analyzed f o r  gold. copper. 
lead, and zinc by atomic absorption techniques. The remainder 
o f  each sample was then sent t o  the USGS Geochemical Research 
laboratory i n  Denver where 30-element, semi-quanti t a t i ve  
emission spectrographic analyses were made. Raw analyt ical  
data were returned t o  the Alaska Div is ion  o f  Mines and Geol- 
ogy a t  College. 

Data Processing and S t a t i s t i c a l  Treatment- Lawrence Heiner I t in -  
i ng  Engineer. Un ivers i ty  o f  Alaska. wrote a program -- t o  f a c i l i -  
t a t e  data processing. The canputer tabulated a l i s t  o f  samples 
and calculated s t a t i s t i c a l  measures o f  cent ra l  tendency f o r  each 
element detected. The mean value and the standard dev ia t ion  
were used t o  ca l cu la te  a threshold and ammalous value f o r  each 
element. Threshold i s  taken as the  mean plus two standard de- 
v iat ions;  the anomalous value i s  taken as the m a n  plus three 
standard deviations. 
When the concentrat ion o f  an e l m e n t  i n  a sample i s  below the 
threshold value, the concentration i s  i n  the background range o f  
values. A sample i s  possibly anomalous i f  the concentration of 
an element i s  between the threshold value and the anomalous value. 
If the concentration of an element i n  a sample i s  above the ano- 
malous value, the  sample i s  probably anomlous. A l l  sample l o -  
cat ions are  shown on a map o f  the area and samples containing 
possible and probable concentrations o f  elencnts a r e  Indicated. 
(Asher, 1969, p. 8-9) 

Results- Stream sediment survey: Sporadic possible and probable 
-us values f o r  several metals i n  sediment samples from the 
l r o n  Creek drainage; possible e f fec ts  o f  c u l t u r a l  c o n t ~ l i n a t i o n  
not  evaluated. 
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Data Processing and S t a t i s t i c a l  Treatments - Although a l l  f i e l d  - 
and laboratory procedures leading through analysis o f  a1 1 samples 
were the same f o r  both the 1969 and 1970 geochemical surveys, the 
data from them were handled al together d i f f e ren t l y ;  those from 
the e a r l i e r  survey were entered, manipulated, and pr in ted by con)- 
puter whereas a l l  data from the 19'70 survey were p lo t ted  and tab- 
ulated e n t i r e l y  by hand. 

For the 1969 survey, a l l  the accumulated data pertaining to  each 
sample were punched on ISM cards then the data were fed i n t o  the 
1BI.I 360 Computer a t  the Un ivers i ty  o f  Alaska. The computer pro- 
gram was wr i t ten ,  managed, and supervised by Lawrence €. Heiner, 
Mineral Industry Research Laboratory, Un ivers i ty  o f  Alaska. The 
computer p r i n t -ou t  tabulated the resu l t s  o f  a l l  analyses o f  each 
stream sediment sample, p lus remarks, sample number and other i n -  
formation pertaining t o  the sample. The computer determined the 
average and standard dev ia t ion  f o r  each element based on the 
value f o r  every sample. The computer also calculated a threshold 
and anomalous value f o r  each element by using the average and 
standard deviation. The threshold and anomalous values fo r  each 
element were arr ived a t  by methods described i n  Hawkes and Webb 
(1962. p. 30). Threshold i s  taken as the mean plus twice the 
standard deviation; anmatous values are taken as the mean plus 
three standard deviations. To learn  i f  the data are n o r ~ ~ ~ a l l y  
o r  lognormally d is t r ibu ted,  and -thus which value i s  the most re -  
l i ab le ,  the computer p lo t ted  histograms for  copper, lead, and 

p zinc as determined by atomic absorption. H i s tog ra~~~s  were also 
0 p lo t t ed  using the logarithms o f  the data f o r  the above elanehts. 

By comparing the two histograms f o r  a given element the nature 
o f  the population d i s t r i bu t i on  could be determ~ned. The pop- 
u la t i ons  f o r  copper, lead, and zinc are more near ly normally 
d i s t r i bu ted  than lognormally d i s t r i bu ted .  Therefore the ano- 
malous and threshold values calculated d i r e c t l y  from the data 
are used i n  t h i s  report .  The various histograms are shown i n  
appendix I I I. Histograms were not p lo t t ed  fo r  elen~ents deter- 
mined by emission spectrograph. The detect ion in terva ls  i n -  
crease geometrically and histograms are not useful .  Element 
populations determined by emission spectrograph are assumed t o  
be d i s t r i bu ted  normally. Threshold and anomalous values are 
taken as the mean plus two and three standard deviations re- 
spect ively.  To v e r i f y  the threshold and anomalous values f o r  
copper, lead. and zinc, cumulative frequency curves were p lo t ted  
on semi-logarithmic paper. The values obtained are s imi la r  t o  
those obtained by assuming the data i s  normally d is t r ibu ted.  
(Asher. 1970. p. 18.20) 

For the 1970 survey, a l l  chemical and other data were tabulated 
by hand, then, histograms based on emission spectrographic data 
were prepared f r a n  those for selected elenents. Anomalies were 
located by inspection of; (1)  histogram p lo t s  (2) continental 
c rus ta l  averages, and ( 3 )  the 1 iml ta t ions  o f  the ana ly t ica l  
technique o f  tha t  pa r t i cu la r  element. Only the copper-lead-zinc 
anomalies analyzed by atomic absorption spectrophotmetry were 
p lo t t ed  on the locat ion  map. (Bundtzen, 1974, p.1) 

Results; 1969 Survey, 1970 Survey - Because the r e s u l t s  o f  the 
1969 and 1970 geoche~nical surveys i n  the western Bendeleben 
Mountains were based on d i f f e r i n g  s t a t i s t i c a l  and o ther  t rea t -  
ments of t h e i r  data, they are reviewed separately. 
(A) l-963-Sgrv_ey, S treant Sedih~ents - Stream sediment sa~nples 
from the east s ide o f  the area contain more copper and zinc than 
stream sediment sa~nples from the west side o f  the area. Only 
two o f  the sa~:lples taken from the west s ide contain Inore than 
background a~ilounts o f  copper or  zinc, but lead i s  a f a i r l y  com- 
mon ano~l~alous o r  threshold element. On the east s ide  o f  the 
area, copper. lead, and zinc are a l l  f a i r l y  comnon anomalous 
elanents. This indicates tha t  there are two d i s t i n c t  and sep- 
arate populations i n  the region and i f  s t a t i s t i c a l  treatment 
were car r ied  f u r the r  they should be treated as such. I n  addi- 
t ion. on the west side, calcium i s  concentrated i n  streanr sedi- 
ment s a ~ ~ ~ p l e s  t o  a much higher degree than on the east side o f  
the valley. This probably re f l ec t s  gross var ia t ions  i n  l i t h o l -  
ogy i n  the two par ts  o f  the area and again indicates two sep- 
arate populations that  should be treated separately. (ksher. 
197C. p. 20) 
Four ano~nalous zones that  may be s ign i f i can t  were detected i n  
the area, two each i n  the western and eastern port ions.  Follow- 
up work should be done on these four l o c a l i t i e s .  So i l  sa~:~ples 
and rock sa~nples would be useful, and i f  r esu l t s  are favorable. 
trenchin9 t o  bedrock should be undertaken. 
Because o f  extensive tundra cover and sparse outcrops, geochemis- 
t r y  i s  a more e f f e c t i v e  prospecting technique than visual  i n -  
spection. Geochemical stream sediment sampling i s  a useful 
technique. but laboratory analyses are needed f o r  the detect ion 
o f  subtle ano~:~alies. C o l o r i ~ ~ ~ e t r i c  analyses f o r  co ld  extractable 
heavy metals are not  s u f f i c i e n t l y  sensi t ive t o  detect  anomalous 
zones i n  streal11 sedi~nent samples. (Asher. 1970. p. 25) 
Rock Analyses - Analyses o f  rock samples d i d  not reveal the 
presence o f  s i gn i f i can t  r i ne ra l i za t i on .  (Asher. 1970. p. 25). 

( 6 ) @~OGcoch~~lcal-Su_ryey, -Strgafl Secji~enJs - Most sediment 
sa~~ryles from the cen t ra l  par t  o f  the area l y i n g  east o f  I-lount 
Bedeleben contain one t o  several base metals. Cu. Nol Pb, Zn, I n  
anomalous alaiounts; a su i t e  o f  those f ron~ a l o c a l i t y  j u s t  east o f  
Mount Bendeleben a lso  y ie lded ancm~alous contents o f  t i n  and 
tunosten. I n  addi t ion,  two other l o c a l i t i e s  were i d e n t i f i e d  on 
the perimeter o f  the 1969 geochemical survey. (Bundtzen, 1974. 
Plate I ) .  
Rock and So i l  Sarnpl~s - Anomalous contents o f  base metals were 
detected i n  only a few rock and s o i l  samples, one o f  the fonner 
belng a copper ore  w i t h  lead and zinc su l f ides  and anolnalous 
s i l ve r .  (Bundtzen. 1974 Plates V I .  and V I I )  

P_u&l_i_c~t_kn?: 
Astier. R. R. .  1970. Geology and geochemistry o f  the 8 e l t  Creek- 

Libby River area, Seward Peninsula. Alaska: Alaska Div. klines 
and Geology Geochem. Rept. 22, 44 p. 

Gundtzen, T. K., 1974. Geochemistry o f  par ts  of  the Bendeleben A-6, 
A-5. A-4. B-5. and 8-4 quadrangles, Alaska: Alaska Div. Geol. 
Ceophys. SUI-veys open- f i le  repor t  AOF-39. 0 p. 
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9. YORK PENINSULA 
t. 1. Sainsbury, U.S. Geological Survey 

Locat ion and Area - The w e s t e r ~ ~ o s t  p a r t  o f  Seward Peninsula l y i n g  west 
o f  the American Rlver, long ca l l ed  the  York Peninsula, comprises a t o t a l  
area o f  more than 8,000 square ki lometers. Although i t  contains some o f  
the  best known mineral deposits and greatest  mineral  po tent ia l  on the 
peninsula, geochemical surveys have on l y  beeq made I n  three small. i s o l -  
ated areas i n  he region. one o f  about 50 km a t  f a r  Mountain. another 1 o f  about 15 km a t  Cape Mountain. and the t h i r d  o f  40 km2 a t  Brooks 
Mountain and Lost River. . - 

Topography. Relief, Drainage - The York Mountains i n  the western part  o f  
the region, and the Shlshmaref lagoonal coastal p l a i n  which forms the 
northern coast, are the most prominent physiographic features o f  the York 
Peninsula, the remainder of the region consisting mostly o f  f lat-topped 
and r o l l i n g  upland topography. The North American Continental Divide 
passes from east t o  west approximately through the center of the region; 
the d iv ide  ends a t  Cape Mountain a t  the western t i p  and separates drain- 
age systems which flow north t o  the Chukchi Sea and south t o  Bering Sea. 
Except f o r  the coastal plain, the three areas surveyed include the ex- 
tremes o f  terrane character i n  the region: the Ear Mountain area i s  
dominated by an isolated, rounded h i l l  which has produced r e l i e f  rang- 
ing  from 300 t o  550 meters and produced a system o f  streams radiat ing 
f r o n  it. A t  the other extreme, the Brooks Mountains-Lost River area i n  

+ the center o f  the York Mountains i s  composed mainly o f  well-dissected 
C*, steep-sided mountains and ridges wi th  a general r e l i e f  o f  600 t o  700 

meters and a well- integrated drainage system, m s t  t r ibu tary  t o  Lost 
River. The character o f  the Cape Mountain area i s  intermediate between 
tha t  o f  the other two; w i th  an average r e l i e f  o f  about 400 meters, the 
area i s  moderately well dissected by moderately we1 l integrated drainage. 

Vegetation and Other S u r f i c i a l  Cover - The three areas also d i f f e r  markedly 
i n  vegetation: Whereas that  a t  Ear Mountaln i s  e n t i r e l y  covered w i t h  
tundra, on l y  the  va l ley  bottoms and lower slopes o f  the Lost River-Brooks 
Mountain area have any tundra, such as i s  present being sporadic even 
there  w i t h  the middle and upper slopes almost devoid o f  vegetation. Again. 
the Cape Mountain area. w i t h  sparse t o  moderately we l l  developed tundra 
cover. i s  intermediate between the extremes represented I n  the other areas. 
F ina l l y ,  g e l i f l u c t i o n  lobes are  abundant on the slopes o f  f a r  Mountain, 
bu t  l a rge l y  absent i n  the Lost River area, where bare outcrops and ta lus  
runs form most o f  the middle and upper slopes o f  the r idges and mountains. 

Geology; Bedrock, S u r f i c i a l  - Carbonate rocks form the preponderant pro- 
p o r t i o n  o f  the bedrock o f  the York Peninsula, w i t h  graph i t i c  s la te ,  s i l -  
t i t e ,  and graywacke i n  sporadic areas forming a subordinate proportion; 
these a re  succeeded t o  the east and southeast by greenschist grade marble 
and c h l o r l t i c  sch is t  as the predminant bedrock l i tho logy,  w i t h  the 
o ther  types present only i n  iso la ted areas i n  it. Gabbro and lnetagabbro 
bodies occur widely throughout the region, an4 g ran i t e  plutons together 
w i t h  numerous s i l i c i c  and maf i c  d ikes  are  present a t  a few l o c a l i t i e s .  
These l a t t e r ,  together w i t h  t h e i r  assoclated mineral  deposits. have long 
beep the principal targets f o r  mineral  exp lora t ion  and developnent i n  
the  region; the three areas o f  geocheraical surveys covered here include 
the largest g ran i t e  bodies exposed in it. I n  each area, carbonate rock 
in t ruded by these form most o f  the bedrock; a t  Ear Mountain and Brooks 

Mountain. g raph i t i c  rocks are  a lso  present. Both the  York Mountains 
and Cape Mountain have been the source areas f o r  several g laciat ions.  
but only small deposi ts o f  g l a c i a l  d r i f t  r e m l n  i n  the areas covered 
by the geochemical surveys; however, Lost Rlver Va l ley  i s  made up o f  
much reworked g l a c i o - f l u v i a l  mater ia l ,  most der ived from the Lost River 
drainage basin. I n  marked cont ras t  the fa r  Mountain area was not  g l a c i -  
ated but instead 1s covered by a t h i ck  blanket o f  wind-blown s i l t ,  most 
o f  which came from outside it. 

. Mineral Deposits; Primary, Secondary - Within each o f  the  areas I n  which 
geochemical surveys were made. and a t  several o ther  l o c a l i t i e s  on the 
York Peninsula, t i n  and tungsten-bearing lodes. and placer deposits de- , 
r i ved  from them a re  c lose ly  associated w i t h  the  g r a n i t e  plutons and 
s i l i c i c  and mafic dikes I n  and around thefn. The t in- tungsten lodes 
include skarns, velns'; a l t e red  zones, and pegmatites; sparse su l f i de  
deposits gene t i ca l l y  re la ted t o  these a re  a lso  present i n  a l l  three 
areas. Gold occurs w i t h  some o f  the cass i te r i te -wo l f rami te  placers; 
however. no placers have been worked f o r  gold I n  any of the  survey areas; 
the on l y  such placers i n  the region whlch were mined f o r  gold occur l n  a 
small area no r th  o f  Grantley Harbor. 

Geochemical Survey, Sources o f  Possible Adu l te ra t ion  and 
eontamination - Although Sainsbury's were the f i r s t  t r ue  geochm- 
i c a l  surveys made i n  the Ear Mountain. Cape Mountaln, and Brooks 
i4ountain-Lost River areas. and i n  the region general ly.  a radio- 
a c t i v i t y  survey based on panned stream concentrates was made a t  
f a r  Hountain i n  1945 (K i l l een  and Ordway. 1955). and considerable 
explorat ion d r i l l i n g  of and fo r  placer deposits had been done by 
the U.S. Bureau o f  I4ines (Mull igan. 1959A. 19590. and l i lu l l igan and 
Thorne. 1959). The l a t t e r  work involved quan t i t a t i ve  evaluat ion 
o f  a l l u v ~ a l  p lacers i n  each o f  the areas and were based on panned 
concentrates. most o f  which were a lso  analyzed minera log ica l ly  and 
chemically; accordingly, the repor ts  covering t h e i r  r e s u l t s  a r e  
valuable sources o f  information bearing on geochemical surveys. 
The spec i f i c  purpose of the geochmical surveys o f  a l l  three areas 
was t o  locate the  bedrock source o r  sources o f  bery l l ium which had 
been detected i n  anomalous amounts i n  some of the Bureau of Nines 
concentrates (Sainsbury. 1963. p. I ) .  A l l  were based n a i n l y  on 
t o t a l  stream sediments co l lec ted i n  1960; as an out-growth and 
elaborat ion o f  the resu l t s  from these surveys, Sainsbury l a t e r  c o l -  
lected and obtained analyses for rocks. minerals, ores, so i ls ,  and 
Plants; on the basis of data f ran  these he synthesized the geochem- 
i c a l  cyc le  o f  bery l l ium and c f  several other const i tuents  o f  the 
mineral deposits o f  the reg ion (Sainsbury and others. 1960). 
G lac ia l  and p e r i g l a c i a l  deposits e i t he r  occur i n  a l l  o f  the areas, 
o r  have been incorporated i n  the modern d e t r i t a l  deposi ts i n  them. 
I n  both the Cape Hountain and Brooks Hountain-Lost River areas 
which were glaciated, a l l  of g l a c i a l  debr is was der ived fran w i t h i n  
then; however. i n  the  l a t t e r  area especially. mineral ized ma te r i a l  
der ived fra the headward par ts  o f  the streams and r i v e r s  drainage 
systens could have const i tu ted a source o f  na tura l  adu l te ra t ion  o f  
sediments downstream. S imi la r ly ,  i n  the Ear Mountain area. much of 
the non-indigenous wind-blown s i l t  which mantles i t  has becane 
incorporated I n  the  lnodern stream sediments. 
I n  addit ion, considerable exp lora t ion  f o r  both lode and placer 
deposits has been done i n  a l l  of the areas. and p lacer  and lode 
deposits have-been mined a t  Cape Mountaln and Lost  River. Together 



w l t h  t ne i r  re lated construct ion activity, these operations cons t i -  
t u t e  possible sources of large-scale. c u l t u r a l  contaminatlon f o r  
many elements but not f o r  be ry l l i un .  

Data Processing and Statistical Treatments - A l l  data f o r  bery l l ium 
were shown and interpreted emp i r i ca l l y  according t o  analyzed values; 
no cmputer  s t a t i s t i c a l  treatments were u t i l i z e d .  

FielgEro_~gdgrgs - f o r  t h i s  work, a bulk sample o f  the f ine-grained - 
sediment found i n  the lee  o f  boulders was co l lec ted i n  most streams. 
Most o f  t h i s  sediment passed a 40-mesh screen. If i t  proved imprac- 
t i c a l  t o  secure such sediment. la rger  amounts o f  coarser mater ia l  
were screened t o  obtain s u f f i c i e n t  mater ia l .  On h i l l s l opes  wi thout  
streams. sediments i n  r i v u l e t s  o r  water-sorted al luvium were sampled 
(Sainsbury. 1963. p. 17). 
Laboratory and O f f i ce  Procedures - The bery l l ium content o f  the  - 
stre&-sedimenf Znd slope wdzh-samples was determined by both special  
quan t i t a t i ve  ana l y t i ca l  techniques and by the standard U.S.G.5. semi- 
quan t i t a t i ve  m i s s i o n  spectrographic method. 

Results - Only the resul ts from the stream sediment surveys o f  the Ear 
m n .  Cape Hountain and Brooks Mountain-Lost River area are sum- 
marized here, Although they gave r i s e  t o  the col lect ion and analysis 
o f  a much broader spectrum of  materials later,  these were selected from 
throughout the region, more t o  be representative for the topical  study 

p of  geochemical cycles than f o r  systematic geochemical surveys; t h e i r  * chief value t o  the surveysis fo ror ien ta t ion  t o  indicate the best mater- 
i a l s  on which t o  base them. 

Ear Mountain - The bery l l ium content o f  stream sediments and a l l u i i u n  - 
COTI;CT~ 6y the wr i t e r  i n  1960 show a d i s t i n c t  geochemical anomaly 
around the gran i te  (Sainsbury. 1963. p. 14-15). 
CageJ4guntai~ - Geochemical reconnaissance show anomalous amount o f  - 
b e r y l l i ~ . - w h i c h  are not, however, as great as those a t  Ear Mountain 
and Lost River. The geochemical data a re  i n s u f f i c i e n t  t o  prove o r  d i s -  
prove the existence of bery l l ium deposits. but  add i t iona l  prospecting 
i s  warranted (Sainsbury, 1963. p. IS). 

Brooks-Cf i -Los t -R ivgr  - I n  general, exce l len t  co r re la t i on  dmon- - - 
st ra ted between anomalous content o f  bery l l ium i n  stream sediments 
from known mineralized l o c a l i t i e s  (Sainsbury and others. 1961, p. C16-17 
and Sainsbury, 1963, p. 15). 
I n  Camp Creek, and eastern t r i b u t a r y  of Lost  River. a long and continuous 
lode system crops out i n  the small drainage basin. I n  t h i s  small stream 
the maximum amount o f  bery l1  ium i n  t o t a l  stream sediment was 160 ppm, 
and i n  a l l  samples the amount exceeded 100 ppn. Large and small boulders 
o f  f l uo r i t e -be ry l l i um rock form a s ign i f i cance proport ion o f  the  bed 
load. and these boulders conta in  bery l l ium i n  the range o f  0.2-1.75 
percent BeO. 
I n  T in  Creek, a la rger  stream tha t  contains both gran i te  and bery l l ium-  
f l u o r i t e  lodes wfthin i t s  drainage basin. sediments contain be ry l l i um 
i n  the range of 10-30 ppn;the highest value was found i n  sediments 
downstream from the area o f  marble t h a t  contains numerous ve in le t s  o f  
f l uo r i t e -be ry l l i um rock. 

. , 
I n  Rapid River val ley,  where a mineral ized b e l t  i n  limestone crosses 
the stream. sediments contain as much as 16 ppm bery l l iun .  but  values 
decrease rap id l y  t o  less than 3 ppm w i t h i n  a m i l e  downstream. 
Stream sediments frm the east headwaters o f  the Mint  River, which 
drains the  southwest margin o f  the g ran i t e  o f  Brooks Hountain, con- 
s i s t e n t l y  contain more than 13 ppm b e r y l l i m ,  y e t  care fu l  search has 
f a i l e d  t o  f i n d  s i gn i f i can t  f l uo r i t e -be ry l l i um lodes. The apparent 
anomaly i s  explained by the large amount o f  g ran i t e  i n  the stream sedi- 
ments and by the f a i r l y  large volume o f  vesuviani te froan the contact 
zone o f  the grani te.  The gran i te  contains 15 ppm beryl l ium. and the 
vesuviani te as much as 50 ppn beryl l ium. (Sainsbury and others. 1968, 
p. 30-31) • 

Vock-Ppni-ns-u1a. general - From 'the 'analyses of tk stream sediment - 
samples c i t e d  above, and others col lected a f t e r  1960, i t  has been de- 
t e n i n e d  that  the beryll ium content o f  t o t a l  stream sediments less than 
40 mesh i n  size varies great ly w i th  the rock type wi th in  the drainage 
basin o f  the streams. I n  limestone areas, the background content of 
beryl 1 iun probably does not exceed 1.5 ppm and de f i n i t e l y  i s  below 3 ppn. 
Where gran i te  underlies a substantial pa r t  o f  the drainage basin, the 

' be ry l l i un  content o f  stream sediments may approximate tha t  o f  the grani te 
(as much as 18 p p ) .  Hence, a value tha t  d e f i n i t e l y  i s  anomalous i n  One 
area i s  not anomalous i n  another, and these differences should be kept 
i n  mind during geochemical prospecting. 
I n  limestone areas a beryll ium content i n  the range o f  3-5 ppn might be 
tenned the "threshold" value. and be ry l l i un  i n  the range o f  5-10 ppn 
d e f i n i t e l y  i s  anomalous. The maximum values t o  be expected i n  sedi- 
ments w i l l ,  o f  course, be a function o f  the s ize o f  the drainage basin. 
o f  the amount and richness o f  ore bodies exposed a t  the surface wi th in  
the basin, and o f  t he i r  nearness t o  the stream. An upper value t o  be 
expected i n  the Seward Peninsula. and probably elsewhere i n  the Arct ic 
and sub-Arctic. where mechanical d is in tegra t ion  predominates over chem- 
i ca l  decay. should approximate the values obtained i n  Camp Creek, i n  
the Lost River area. (Sainsbury and others,. 1968. p. F30-31) 
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10. 11. SERPENTlNE HOT SPRIIGS AND SEPENTINE RIVER AREAS 
C. L. Sainsbury. T. Hudson. R. Kachadocrian, T. Richards. W. Marsh, 
and R. Ewing; U.S. Geological Survey 

Location and Area - Two areas, one o f  about 350 square ki lometers 
centered on Serpentine Hot Springs located 100 ki lometers west o f  
Deering (10) on the no r th  coast o f  Seward Peninsula, and another 
o f  about 60 square ki lometers a t  the head o f  the Serpentine River 
25 kilometers west o f  Serpentine Hot Springs (11). 
Topography, Re l ie f .  Orainaqe - Most o f  both areas consists o f  r o l l -  
ing  uplands w i th  rounded o r  f lat- topped h i l l s  and ridges; sparse 
h i l l s  and r idges w i t h  steep upper slopes and rubble and rocky tops 
form small parts o f  both areas. Maximum r e l i e f  l o c a l l y  i n  each area 
i s  a b d t  500 meters w i t h  the average r e l i e f  f o r  both ranging from 
150 t o  450 meters. Both areas moderately t o  wel l  dissected by moder- 
a te l y  t o  wel l  integrated streams, most o f  which are headwater t r i b u -  
t a r i es  of the Serpentine and Goodhope Rivers. 
Vegetation and Other S u r f i c i a l  Cover - Except f o r  rubble and outcrop 
topped h i l l s  and ridges, a l l  o f  both areas i s  covered w i t h  t reeless 
tundra. G e l i f l u c t i o n  lobes are present on the lower and middle slopes 
o f  most h i l l s  and r idqes. 
Geoloqy; Bedrock. su r f  i c i a l  - Greenschist and sub-greenschist grade 
metamorphites inc lud ing marble, g raph i t i c  s i l t i t e  and schist ,  and 
c h l o r i t i c  sch is t  and greenstone make up most o f  the bedrock o f  both 
areas. I n  add i t ion ,  orthogneiss forms a small pa r t  o f  the Serpentine 
Hot Springs area (10); both the orthogneiss and other metamorphic 
rocks o f  t h i s  area are intruded by a small g ran i te  body pluton. 
Neither area has been glaciated but the lower and middle leve l  h i l l s  
and r idges i n  the northern par ts  o f  each area are covered w i th  wind- 
blown s i l t  loess one meter or more thick.  - .- 

Mineral Deposits; Primary, Secondary - Several copper-bear ing s i  1 i c -  
i f i e d  replacement zones i n  marble, tosether w i th  a more complex base 
metal su l f i de  lode occur i n  the serpentine River Area ( l l ) . '  Pegma- 
t i t e s  together w i t h  a l t e red  and mineralized f e l s i c  and mafic dikes 
are associated w i t h  the gran i te  body i n  the Serpentine Hot Springs 
area (10); i n  addi t ion,  meta l l i fe rous quartz veins and a l te red zones 
has been i d e n t i f i e d  i n  i t  during f i e l d  invest igat ions preceding the 
geochemical survey there. (Sainsbury and others. 1970. p. 8-10) 
Gold placers have been worked a t  the head o f  Humboldt Creek i n  the 
Serpentine Hot Springs area; cass i t e r i t e  had been i d e n t i f i e d  i n  the 
concentrates from these workings. (Sainsbury and others. 1968, p.  1) 
I t  had a lso  been reported from the Serpentine River and cass i t e r i t e -  
bearing t a c t i t e  pebbles had been found i n  i t  dur ing previous f i e l d  
invest igat ions by Sainsbury. (Marsh and others. 1972. p. 1) 

Geochemical Survey; Previous Work, Possible Sources of Adu l te ra t ion  
Contamination - As a r e s u l t  o f  the de ten ina t i on  o f  h i gh  rad ioac t i v i t y  
f r o m  concentrate from placer workings near the Serpentine Hot spri&s, 
rad ioac t i v i t y  surveys based mainly on placer and panned stream concen- 
t ra tes  were made around the Hot Springs and the gold mining areas a t  
the head of Kougarok River south of i t  by Moxham and West i n  1946 
(Moxham and West. 1946); only rad ioac t i v i t y  measurements together w i t h  
s u f f i c i e n t  mineralogy t o  i den t i f y  i t s  source, were determined from the 
concentrates. No s ign i f i can t  rad ioac t i v i t y  was determined from those 
co l lec ted from the head o f  the Kougarok River; i n  marked contrast .  a l l  
o f  those from the Serpentine Hot Springs area were more o r  less radio- 
active. From these resul ts.  i n  conjunction w i th  bedrock measurements 

and mineralogic studies, the authors a t t r i bu ted  the rad ioac t i v i t y  t o  
several accessory minerals disseminated i n  the gran i te  and pegmatites 
i n  the area. (Moxham and West, 1953, p. 7-8). 

The geochemical surveys of the Serpentine Hot Springs and Serpentine 
River areas were based on samples co l lec ted dur ing several f i e l d  sea- 
sons. The f i r s t  were co l lec ted i n  1967 throughout a much la rger  area 
i n  nor th  cent ra l  Seward Peninsula aggregating about 2000 square k i l o -  
meters which included both areas. Thereafter. new co l lec t ions  were 
made i n  the Hot Springs area i n  1968, and i n  the Serpentine River area 
i n  1971. Some o f  the r e s u l t s  f ran  the 1967 and 1968 f i e l d  invest iga-  
t ions  were released i n  1969 (Sainsbury and others. 1969. p. 39-41,45); 
then, these and others, together w i t h  those from the fo l lowing years. 
were used as the basis fo r  the two reports covering the geochemical 
surveys of both areas. (Sainsbury and others; 1970, and Marsh and 
others 1972). The Serpentine Hot Springs geochemical survey comprised 
analyzed samples o f  bedrock and stream sediments and o f  various f rac -  
t ions  of both; the Serpentine River survey was based e n t i r e l y  on pan- 
ned stream sediment concentrates. Generally . f o r  both areas, sediment 
sampl ing was adequate f o r  th i rd -order  reconna lssance surveys ; however, 
tha t  done f o r  a por t ion  of the Hot Springs survey was much more de- 
ta i led .  The purpose o f  both surveys was economic mineral explorat ion,  
the emphasis of the one on the Serpentine River being mainly on t i n  
and that of the Hot Springs area on a somewhat broader spectrum o f  
me ta  1 s . 

Varying amounts o f  foreign wind-blown s i l t .  some one or  more meters 
th ick ,  const i tu tes  a possible source o f  natural  adu l te ra t ion  o f  bed- 
rock d e t r i t u s  i n  al luvium i n  both areas; i n  addi t ion.  emissions from ' 
the hot springs f o r  which Serpentine Hot Springs i s  named and volcanic 
ash from Dev i l  Mountain nor th  of them may have been other sources of 
possible natural  adu l te ra t ion  there. 

F i e l d  Erccedgres - Results from on l y  t o t a l  stream sediment samples 
Fol lected 6y hhel icopter dur ing 1967 i n  the Hot Springs area were used 
f o r  the geochemical survey o f  t h a t  area. A l l  were sent f i r s t  t o  the 
f i e l d  laboratory o f  the Survey's Geochemical Explorat ion Branch i n  
Anchorage, and thereafter t o  i t s  permanent laboratory i n  Denver. 
During the 1968 season, a l l  samples as co l lec ted were prepared f o r  
analysis i n  the f i e l d  as fol lows: Bedrock samples were crushed t o  
-1/4-inch (6nm.) mesh i n  a jaw crusher, a s p l i t  was saved, and the 
ren~ainder was pulver ized i n  a ceramic-plate pulver izer.  A weighed 
por t ion  of pulver ized mater ia l  was panned, and the panned concen- 
t r a t e  was weighed and analyzed as a check against analyses o f  unpan- 
ned nlineralized samples. Stream sediments were co l lec ted from be- 
hind rocks on stream bars, then a i r  d r i ed  and screened through a 
40-mesh p l a s t i c  screen; each of  the  t o t a l  santples was l a t e r  pulver-  
ized t o  -200 mesh. To supplement the stream-sediment survey on Hum- 
bo ld t  Creeks, numerous samples of concentrates were co l lec ted by 
panning stream gravels as we l l  as al luvium i n  cutbanks. Concentrates 
were a i r  d r ied  and weighed. a s p t i t  was saved f o r  mineralogical work. 
and the remainder o f  the concentrates was pulver ized and analyzed by 
the same methods as those used f o r  bedrock and stream-sediment samples. 
A f te r  pu lver iz ing  each sample, the  pu lver izer  p la tes  were cleaned by 
pu lver iz ing  a teaspoonful of  whi te quartz, and the resu l t i ng  powder 
was added t o  the sample previously pulverized. This was done t o  pre- 



vent contaminat ion o f  l a t e r  saslples, because laboratory experiltlents 
t y  J. C. Antweiler (o ra l  calmnun., 1967) have shown that even sn~a l l  
go ld  pa r t i c l es  may smear onto the pu lver izer  plates and reg i s te r  i n  
the fo l lowing sample (Sainsbury and others. 1970. p. 1-13). 
Cnly panned stream seditllent concentrates were co l lec ted fo r  the 
Serpentine River survey i n  1971. L i ke  those from Humboldt Creek 
c i t e d  above, the coarse oversize mater ia l  was f i r s t  hand-picked froln 
them and saved, then the remainder was subnlitted f o r  analysis without 
f u r t he r  screening. 

Laboratoyy Procedures - A1 1 s treant sed ilnents san~pl es submi t ted  i n  
1967 were screened t o  minus 80 mesh before being analyzed by emission 
spectrography f o r  a l l  metals determined except gold and mercury, which 
were detected, respectively, by atomic absorption and instrunlental 
techniques. As described above a l l  samples o f  both bedrock and stream 
sediment f rac t ions  were prepared f o r  ana lys is  i n  the f i e l d .  Later, i n  
the USGS Geochemical Exploration laboratory i n  Denver, they were anal- 
yzed f o r  gold by atomic absorption, f o r  mercury by mercury detector, 
and fo r  other elements by semiquant i tat ive spectro graphic analyses. 
Some dupl icate s p l i t s  o f  samples were analyzed f o r  copper, lead, zinc. 
t i n ,  and arsenic by wet chemical methods. With the exception o f  r e -  
s u l t s  from gold analyses, which were e r r a t i c ,  ana ly t ica l  resu l ts  gen- 
e r a l l y  were i n  good agreement (Sainsbury. 1970, p. 3). 

Data Processing and S t a t i s t i c a l  Treatment - Analyt ical  data fo r  the 
P '3erpentine Hot Springs area were selected and p lo t ted  according t o  
o\ the fo l lowing method: 

1. Background values o f  elements i n  var ious l i t h o l o g i c  un i t s  were 
selected according t o  resu l t s  o f  analyses o f  n ine bulk samples 
o f  unaltered rock uni ts;  "anomalous" values are  those that  
exceed the maxilnum content found i n  unaltered rock un i ts .  

2. Only elements tha t  are anomalously high i n  the selected speci- 
mens o f  argent i ferous galena, or  i n  samples o f  a l te red rock 
along f a u l t s  and veins, are considered. These elements i n -  
clude gold, s i l ve r ,  mercury, arsenic, cobalt, copper, molyb- 
denum, nickel ,  lead, antimony, :in, tungsten, and zinc. 

3. Elements present i n  each sample i n  amounts above background 
values were noted, and a numerical value of the anomaly f o r  
each metal was determined by d i v i d i n g  the t o t a l  content f o r  
tha t  metal by the background value shown i n  table 1. This 
gives a r a t i o  i n  which the background i s  represented by the 
number 1. I f  the nunbers representing the concentration r a t i o s  
are added and the sum of the backgrounds i s  subtracted, t h i s  
gives a f i gu re  which represents the magnitude o f  the t o t a l  
anomaly a t  tha t  sample s i t e .  For instance, a sample that con- 
ta ins  15 ppm (parts per m i l l i o n )  Mo. 100 ppm Sn, and 15 p p  Ag 
would be treated as fol lows: 15t5 = 3 ( the  concentration r a t i o ) ,  
100t5 = 6.6, 15 t l  = 15, and 3+6.6+15 = 24.6 ( the  t o t a l  concen- 
t r a t i o n  ra t i on ) .  The anomaly. however. i s  24.6 -3 ( the  sum o f  
the three backgrounds represented by the number 1 f o r  each 
element present i n  more than background concentration), o r  21.6. 

(Sainsbury and others. 1970. p. 3-4. 8). 

Results - Total Stream Sediments and pinned Concentrates. Rocks and -- 
Ores - g ent ine  Hot-Se;?nps-Ace~ - reconnaissance geochemica 
K e y  i n  f 9 6 7 . ~ 1 i i ~ g  on y the -80 meth f rac t ion  o f  stream sedi$ts. 
d i d  not show anomalous t i n  on Humboldt Creek. where c a s s i t e r i t e  i n  
nuggets as much as 3 inches (8  CIII.) i n  diameter was observed i n  
sluice-box concentrates from placer gold mining. Consequently. 
a1 te rnat ive  methods were applied i n  1968 t o  determine the appl i c -  
a b i l i t y  o f  d i f f e r e n t  geochsnical techniques i n  t h i s  area, where 
heavy and cheo~ica l ly  res i s tan t  minerals (gold and cass i t e r i t e )  were 
expected t o  be found i n  associat ion w i t h  base-metal s u l f i d e  minerals. 
I n  general, both -80 mesh and -40 f rac t ions  o f  stream sediments show 
only r e l a t i v e l y  low anomalies w i t h  respect t o  the background values 
o f  rock u n i t s  i n  the drainage basins o f  the streams sampled. Ano- 
malies i n  sediments must be in terpre ted on the basis o f  one t o  three 
metals i n  low amounts - generally much lower than f i v e  times the 
f a i l u r e  o f  stream sediments t o  po in t  t o  the lodes found subsequently 
i n  the drainages o f  Humboldt Creek, by sa~npling and analyses o f  a l t e red  
bedrock, i s  noteworthy. The explorat ion geo log is t  i n  search o f  mineral 
deposits i n  t h i s  pa r t  o f  Alaska, especial ly placer deposits, would do 
wel l  t o  apply several o f  the known methods o f  geochemical exploration. 
especial ly panning. (Sainsbury and others. 1970. p. 11-12) 

I n  the deta i led  geochemical survey on Humboldt Creek, t i n  was found 
i n  panned concentrates o f  surface stream gravels on ly  i n  the east 
fork, where several samples contain the metal i n  anomalous amounts. 
I n  the sluice-box concentrate, t i n  and several other metals were de- 
tected i n  h igh ly  anonlalous amounts. The metals t ha t  were concentrated 
i n  the argent i ferous galena sample (gold, s i l ve r ,  lead, arsenic, cobal t ,  
copper, molybdenum! n icke l ,  antimony, tungsten, t i n ,  zinc, and mercury) 
are commonly associated only i n  the panned concentrate. I f  the t o t a l  
concentration o f  elements, i n  parts per m i l l i o n .  i s  d iv ided by the con- 
centrat ion r a t i o  (weight o f  t o t a l  sample div ided by weight o f  concen- 
t r a te ) ,  most o f  the anotnal ies  i n  concentrates disappear; nevertheless. 
analyses o f  panned concentrates would lead one d i r e c t l y  t o  the base o f  
the known outcrop o f  galena from a po in t  f a r  downstream. Analyses o f  
samples o f  stream sediments, however, would f a i l  t o  do so, unless the 
samples were co l lec ted very near the lodes. 
Of  a l l  the metals, mercury shows the most c lear-cut ,  d i r e c t  co r re la t i on  
w i th  the t o t a l  metal anomaly. although i t  seldom accounts f o r  a large 
share o f  the t o t a l  anomaly. 

A marked inverse {elat ionship ex i s t s  between manganese and t o t a l  t race 
metals i n  the a l t e red  zones samples. Whether t h i s  re la t i onsh ip  repre- 
sents a se lec t ive  leaching o f  manganese dur ing supergene a l t e r a t i o n  o f  
sul f ides,  o r  whether i t  represents leaching o f  manganese by ore solu- 
t ions, i s  not known. I n  e i t he r  case, the absence of manganese from 
mineralized san~ples i s  a d i r e c t  i nd i ca t i on  o f  poss ib le  mineral ized 
structures. (Sainsbury and others. 1970. p. 12. 18) 

Dedrock Geochemical Survey o f  the  Sevent ine  Hot Serinqs Area: - Two 
i i iaTn-areasf z i? ie ra i i  Ted betiriicj; Gere-saGl~s- in deib i I, One area 

. represented by bedrock samples consists o f  an a l t e red  zone that  s t r i kes  
about N. 55' W. across a saddle southwest o f  the south headwaters o f  
tlumboldt Creek. F loat  o f  rus ty  f rac ture  f i l l i n g s  and rus ty  quartz l i e s  
along the zone, which can be traced a t  l eas t  2,000 feet .  Bulk samples 



o f  f l o a t  quartz and a l te red g raph i t i c  s i l t i t e  along the zone contain 
anomalous amounts o f  Inany cletals, and a grab sanlple o f  rus ty  f l o a t  Con- 
ta ins  h igh ly  anoinalous anlounts o f  gold. s ~ l v e r ,  mercury, arsenic, copper. 
molybdenum, lead, antinlony, and zinc, alnounting t o  more than 1,000 times 
the t o t a l  background value o f  thesemetals.  San~ples tha t  contained only 
a few metals i n  anomalous amount y ie lded panned concentrates tha t  con- 
tained, i n  addi t ion,  many re la ted metals i n  anomalous amount. 

I n  a second area, s i l v e r - r i c h  galena crops out on the south s ide o f  the 
southwestern headwaters o f  Hu111boldt Creek. Here an a l te red and stained 
f a u l t  zone can be traced f o r  a t  l eas t  2.500 feet.  and i t  i s  probably 
continuous f o r  an addi t ional  2.000 feet. Numerous samples contain 
h igh ly  anomalous amounts o f  gold. s i l v e r ,  lead, mercury, arsenic. molyb- 
denum, antimony, t i n ,  copper, and tungsten, a l l  o f  which are enriched 
i n  the hand specimens o f  argent i ferous galena. F loat  fragments o f  
galena occur only i n  a small area on the slope break o f  the drainage. 
Samples o f  f r os t - r i ven  f l o a t  o f  a l t e red  g raph i t i c  s l a te  and stained 
quartz taken over an area o f  1,000 feet  by 200 feet  (300 x 60 m.) along 
the a l te red f a u l t  contained h igh l y  anomalous amounts o f  metal. Again. 
panned concentrates showed a great increase i n  number o f  anomalous metals. 
A sample o f  stained quartz co l lec ted 2,000 fee t  (600 m. ) away along a 
narrow a1 tered zone that  i s  the probable cont inuat ion o f  the mineral ized 
f a u l t  contained 15 p p  Ag, and anonlalous gold, copper, and molybdenum. 
Cont inui ty between these samples l o c a l i t i e s  i s  asswned only, because 
ta lus  mantles the slopes between. 
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Numerous other samples o f  a l te red zones contain anomalous amounts o f  
several metals, especial ly i n  the h igh ly  fau l ted  area on the south- 
eastern s ide o f  the grani te.  Several samples o f  a l te red and s i l i c i f i e d  
marble co l lec ted above the thrus ts  east o f  Humboldt Creek show anomalous 
amounts o f  several metals. as d i d  samples o f  a l te red sch is t  co l lec ted 
between the k l ippe o f  marble. The authors a t tach more importance t o  
the a l te red rocks adjacent t o  the  t h rus t  f a u l t s  near Humboldt Creek 
because many d i f f e r e n t  metals cha rac te r i s t i c  o f  the a l te red and miner- 
a l  ized rocks near the gran i te  a re  found i n  a l t e red  rocks along the 
f a u l t s  near Humboldt Creek. 

Seypentlne River Geochemical Survex:- Tin-bearing concentrates a l l  come 
frmnDl l l t i iee~Zr~tTnS River  Or-s~r~ams entering f rom the east. On the 
other hand. lanthanum and cerium, w i th  very l i t t l e  t in ,  occur i n  con- 
centrates from streams entering the Serpentine River from the west. I n  
one concentrate. europium was detected (200 ppm). This suggests that  a 

' 

europim-bearing monazite may occur i n  the c h l o r i t i c  schists. Obviously. 
the east drainages should be searched f o r  the lode sources o f  t i n ,  the 
west drainages f o r  those of euorpium monazite. 
I n  future prospecting o f  the general area. i t  cannot be over-emphasized 
that  panned concentrates are more dependable i n  searching fo r  buried 
lodes than are t o ta l  stream sediments. This was c lear ly  proved by the 
work i n  1968 around the grani te o f  Serpentine Hot Springs (Sainsbury 
and others. 1970). 
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12. INMACHUK AREA 
Gordon Herreid, Alaska D iv i s i on  o f  Mines and Minerals 

Location and Area - Area o f  450 square k i lometers a t  the head o f  
lnmachuk River.  40 k i  loneters southwest o f  Deer 11'19. 
Topography. Re l ie f ,  Drainage - Host o f  area cons is ts  o f  r o l l i n g  
uplands w i t h  f la t - topped r idges and h i l l s  drained by moderately 
t o  we1 l integrated streams a l l  headwater t r i b u t a r i e s  of the 
lnmachuk River. Re l i e f  o f  uplands ranges from 150 t o  350 meters. 
Small pa r t  o f  area i s  f l a t  and swampy w i t h  l i t t l e  o r  no r e l i e f  
and sparse, poor ly integrated drainage. 
Vegetation and Other S u r f i c i a l  Cover - The e n t i r e  area i s  covered 
w i th  tundra; g e l i f l u c t i o n  lobes are  present on the lover and mid- 
d l e  slopes o f  most h i l l s  and ridges. 
Geology; Bedrock. S u r f i c i a l  - The bedrock o f  t he  e n t i r e  area i s  
composed o f  greenschist grade c h l o r i  t i c  schist .  marble, and 
g raph i t i c  sch i s t  and quar tz i te ;  the metamorphites are intruded 
by two small g ran i t e  plutons. Dissected remnants o f  the lmuruk 
Lake lava f i e l d s  occur a t  several places i n  the area and under l ie  
the f l a t ,  swampy pa r t  en t i r e l y .  Except where eroded along the 
lnmachuk River, wind-blown s i l t  more than one meter t h i ck  covers 
the e n t i r e  area. - .  - - -  
c ine ra l  Deposits; Primary, Secondary - Gold and stlver-bearing. 
base metal s u l f i d e  siliceous-replacement zones occur i n  marble 
a t  two l o c a l i t i e s .  I n  addi t ion.  gossans and dololni t ic  a l t e red  
zones i n  marble are  present a t  several o ther  places i n  the area. 
Gold placers have been mined along much o f  lower l m c h u k  River  
and on pa r t s  o f  several other streams o f  i t s  t r i bu ta r i es .  

G e o c h ~ i c a l  Surve -Sources o f  Possible Contamination - As the f irrt 
~eoc -k i ca l  surve i  i n  the  area. i t  was designed mainly t o  extend 
the known mineral-deposi ts loca l ly ,  and t o  ittorpt t o  locate  others 
elsewhere i n  the area. The survey was b s o d  mainly on Stream sedi- 



ments which were co l lec ted dur ing two weeks i n  July. 1965. As 
a completed, the sample densi ty was adequate fo r  a t h i r d  order regional  

geochemical survey. 
Both the eroded lava and wind-blown s i l t  have been incorporated i n  
the modern stream sediments and so const i tu te  probable natura l  sources 
o f  adu l te ra t ion  o f  bedrock de t r i t us .  Placer mining, lode exploration, 
and related contruct ion and other a c t i v i t i e s  comprise sources o f  
possible cu l t u ra l  contamination i n  the area. 

Figlc j  ~ r g c ~ d ~ r g s  - Stream sediment samples composed o f  mud or s i l t .  - 
from below the water where possible, were co l lec ted a t  a 158 s i t es  
throughout the area; i n  add i t ion  several dozen s o i l  samples were 
col lected near the two known mineral deposits and a few others on and 
near the gossans and a l t e red  zones. (Herreid. 1966, p. 7 ) .  
Nearly a l l  o f  the s o i l  samples, and about ha l f  o f  the stream sediment 
samples, were analyzed i n  the f i e l d  using the cold ex t rac tab le  heavy 
metals method described by Hawkes (1963) modified fo r  most o f  the 
stream sediment samples using amnonium c i t r a t e  f u l l  strength. 
(Herreid, 1366, p. 5) 
La~o~atoyy-and-Offlcg ~ r g c e d x e s  - The minus 80 mesh f rac t i ons  o f  
rll samples were l a t e r  anaiyzed f o r  t o t a l  copper, lead, zinc, and 
molybdenum i n  the Rocky Mountain Geochemical Laboratories o f  Sql t 
Lake City, Utah. T in  was analyzed by the U.S. Geological Survey, 
Branch o f  Explorat ion Research. (Herreid. 1966. p. 7-8) 

Data rocessin and s t a t i s t i c a l  treaments - Concentration frequency 
graph: were pripared by hand f o r  lead, zinc, and t i n ;  these, i n  turn. 
were u t i l i z e d  t o  determine t h e i r  threshold and anomalous values 
(Hwre id .  1966, p. 8. f i g .  4) .  

- 
Results: Stream Sediments - The Hannum Creek deposit i s  c l e a r l y  re f l ec ted  
by the lea i i  co?itenf cf-sfream sediments below the deposi t .  Progressively 
decreasing anomalous lead values continue down Hannum Creek and the 
Inmachuk River f o r  7 mi les.  as f a r  as samples were taken; z inc drops o f f  
t o  background much more rap id ly .  
Evident ly no deposits as large as the Hannum Creek deposi t  are cu t  by 
streams draining the area between Hannum Creek and the P inne l l  River. 
I f  the Hannum Creek deposi t  were undiscovered. geochemical sampling 
would eas i ly  detect  i t .  I t  i s  noteworthy that  low co ld  extractable 
heavy metal analyses o f  most o f  these samples ind ica te  t h a t  the lead i n  

,the anomalous stream sediment samples represents det r  i t a l  lead minerals 
and not lead adsorbed on the clays. A mineral deposit located between 
creeks and not cu t  by a good drainage would produce a smaller anomaly 
lacking d e t r i t a l  galena and would be more d i f f i c u l t  t o  detec t .  

Moderate t i n  anomalies are associated w i t h  the Hannum Creek deposit and 
are present on American and Perry Creeks. Three san~ples from near the 
Hannum Creek deposit which have been analyzed for  t i n  are  anomlous. 
Two taken downstream from the deposit are a lso  anomalous i n  lead and zinc, 
but  the t h i r d  taken upstream from the deposit i s  only anomalous i n  t i n .  
The anomalous samples elsewhere i n  the region f a l l  i n t o  f a i r l y  wel l  de- 
f ined groups which suggests t ha t  they ac tua l ly  r e f l e c t  areas containing 
greater than average concentrations o f  metals. I t  i s  doubtful  tha t  these 

areas contain deposits as r i c h  as the  ttannum Creek deposit, and any i n t e r -  
e s t  i n  them w i l l  probably wa i t  on developments a t  Hannum Creek. (Herreid. 
1966. p. 8-10) 

S o i l  Samples - The pat tern  o f  strong lead and zinc anomalies i n  the v i c i n i t y  - 
oftLe-quaFtzi te ( s i l i c i f i e d  marble) and gossan areas indicates t ha t  s o i l  
samples are e f f ec t i ve  i n  detect ing soil-covered ore deposits i n  t h i s  area. 
Most samples were taken a t  shallow depths (6  t o  12 inches 15-30 cm.) t o  
dup l ica te  the condi t ions o f  sampling i n  tundra-covered frozen ground. I n  
the  side o f  one trench, samples were taken a t  depths of one foo t  (.h. ) 
and seven fee t  (2m.) near bedrock t o  detennine the gradient o f  metals i n  
the s o i l .  The shallow sample contains 60% less z inc than the deep one 
and both have greater than 1000 ppm. lead. It appears tha t  l i t t l e  advan- 
tage would be gained by deep s o i l  sampling i n  t h i s  area. (Herreid. 1966. 
P. 8 )  

Rock, $oi-l, kncj Stream Sgdlmgnt z a g l e s  g g a r e d  - The prominent gossan - 
on Old Glory Creek acd-the minor gossan abovPFhe Fairhaven Ditch,  one 
m i l e  t o  the east, appear t o  be fau l t - con t ro l l ed  replacemehts o f  marble 
w i t h  associated s i l i c i f i c a t i o n  and do lomi t iza t ion  - features which a r e  
t yp i ca l  o f  o re  deposits. Samples o f  the ferruginous fines from these 
gossans were s l i g h t l y  anomalous i n  gold, s i l ve r ,  and chromium. So i l  
samples taken a t  the downhil l  s ide o f  both o f  these gossans were not 
anomalous. Moreover there are no stream sedime.nt anomalies associated 
w i t h  e i t he r  o f  them (Herreid. 1966. p. 8-11). 
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I J ,  14. 15. BUCKLAND - KlWALlK 
R. L. E l l i o t )  and T. P. M ~ U . S .  .Geologica! Survey 
Gordon Herreid. Alaska Div is ion  o f  Mines and Minerals 

Locat ion and Area - The Buckland-Kiwalik area comprises the north- 
ward trending, 1800 square k i lometer upland d i v i de  l y i n g  between 
the Buckland and Kiwal ik Rivers i n  northeast Seward Peninsula which 
extends from Haycock on the south t o  Buckland on the north. 
Topography, Re l ie f ,  Drainage - The topography and r e l i e f  o f  the 
la rger ,  southern pa r t  o f  the Buckland-Kiwalik area d i f f e r  markedly 
f r a n  those o f  the northern par t .  Generally. those of the former 
comprise steepsided r idges and mountains which r i s e  abrupt ly from 
the Buckland and Kiwal ik lowlands and have an average r e l i e f  o f  
about 400 l l~eters and a maximum r e l i e f  o f  550 meters; i n  contrast .  
the topography o f  the northern p a r t  consists o f  rounded and f l a t -  
topped r idges and h i l l s  w i t h  an average r e l i e f  ranging from 200 t o  
300 nleters. The e n t i r e  area i s  lnoderately t o  we l l  dissected by 
moderately t o  we l l  integrated streams. w i t h  the be t te r  dissected 
por t ions  and be t te r  integrated drainages located i n  the southern 



par t  o f  the region. Nearly a l l  o f  the streams are t r i b u t a r i e s  of 
the Buckland and Kiwal ik Rivers. 
Vegetation and 0&r S u r f i c i a l  Cover - Except f o r  rubb le  and out-  
crops which form the upper slopes and tops o f  many o f  the ridges. 
h i l l s  and mountains - more so i n  the south than the no r th  - most 
o f  the region i s  covered w i t h  t reeless tundra. White spruce and 
b i r ch  occur w i t h  the tundra along the courses o f  western t r i b u -  
ta r ies  o f  the Kiwal ik River but none are  present along the east 
s ide o f  the area. 
Geology; Bedrock, S u r f i c i a l  - Andesit ic volcanic flows and vo l -  
can ic las t ic  rocks make up most o f  the bedrock o f  the southern 
pa r t  o f  the region. These are intruded by one large and several 
small s i l i c i c  p lu ton ic  bodies o f  var iable character and com-. 
pos i t i on  and numerous f e l s i c  dikes and s i l l s .  The l a rges t  body 
forms most o f  Grani te Mountain, the highest i n  the region, and 
so has been named the Granite Mountain pluton. A s i m i l a r  su i t e  
o f  s i l i c i c  p lu ton ic  rocks forms most o f  the terrane of the  northern 
pa r t  o f  the area; i n  marked contrast ,  the volcanic rocks which they 
Intrude there are exposed only i n  two small areas. The eastern 
l i m i t  o f  the reg iona l l y  metamorphosed rocks which form most o f  the 
bedrock o f  Seward Peninsula l i e s  along the Kiwal ik River j u s t  west 
o f  the region. 
The en t i r e  Buckland-Kiwalik region i s  surrounded by basa l t i c  lava 
flows which extend from those around lmuruk Lake t o  the  west and 
are related to  them. Dissected remnants o f  the f lows a re  present 
t o  elevations as h igh as 600 meters. which indicates t ha t  they may 
once have covered most o f  the region. 

P The higher. southern pa r t  o f  the region gave r i s e  t o  a lp ine  
\D glac iers  during l l l i n o i a n  time, which were la rge ly  confined t o  i t .  

Wind-blown s i l t  from g l a c i a l  deposits produced by these, and from 
other nearby mountain ranges, covers the northern p a r t  o f  the area 
and the lowlands surrounding the en t i r e  region. 
Mineral Deposits; Primary. Secondary - Only one gold quartz vein 
and an occurrence o f  primary and secondary copper minerals were 
known i n  the region before the mineral and geochemical surveys 
reviewed here. However. gold placers had been ~ r~ ined  on several 
streams i n  the southern p a r t  o f  the area, a l l  heading i n  the 
Granite Mountain pluton. Platinum was recovered w i t h  some o f  
the gold and concentrates from several placer workings were 
found t o  y i e l d  strong rad ioac t i v i t y  (West and Matzko, 1952). 

Geochemical Survey; Previous and Related Investigations; Natural 
and Cultural  Sources o f  Possible Adul terat ion and Contamination - 
TWO reconnaissance surve s o near a o the Buc a d K i  a i k  
region have'been made. h e  :irrt. ' iy i;stfand M a t z k  ? 1 ~ 5 2 ~ : ; ~  a 
rad ioac t i v i t y  survey based almost e n t i r e l y  on semi-panned stream 
concentrates; i t  arose d i r e c t l y  from the rad ioac t i v i t y  r e s u l t s  ob- 
tained from the placer concentrates c i t ed  above. The second, by 
E l l i o t t  and M i l l e r  (1969) was a geachemical survey based mainly on 
t o t a l  stream sediments. I n  addi t ion,  de ta i led  geochemical surveys 
were made i n  two areas i n  and around the Granite Mountain pluton, 
one o f  the Bear Creek drainage by Herreid i n  1964 (Herreid. 1965) 
and another o f  the headwaters o f  Quartz Creek by M i l l e r  and E l l i o t t  
i n  1968 ( M i l l e r  and E l l i o t t .  1969); both surveys were based on 
analyses o f  sediment, s o i l ,  and bedrock samples. 

More recent ly.  a t  the i ns t i ga t i on  o f  C. L. Sainsbury, fu r ther  work 
has been done on the concentrates co l l ec ted  by West and Matzko (1952). 
I t  comprised a randomized se lec t ion  o f  267 samples f r o ~ n  the o r i g i n a l  
cot l e c t i o n  356, separation of each i n t o  non-magnetic and magnetic 
f rac t ions ,  then chemical analysis o f  a l l  o f  the non-magnetic and 81 
of the magnetic f rac t ions  by several techniques (Overstreet and 
others, 1973; Kuo-Liang Pan and others,  1975). The primary purpose 
o f  t h i s  work was, f i r s t  t o  develop a body o f  chemical data from them. 
second, t o  organize these data s t a t i s t i c a l l y ,  and f i n a l l y  t o  co r re la te  
the  s t a t i s t i c a l  r esu l t s  w i t h  known mineral  deposits together w i t h  
t h e i r  associated geological features.  Although many o f  the resu l t s  
are  d i r e c t l y  o r  i n d i r e c t l y  app l icab le  to  mineral exploration, the 
studies were not intended t o  be geochemical surveys; however. should 
analyses o f  a l l  the samples be completed, they could read i l y  pro- 
v ide  adequate basis f o r  them. At  t h e i r  present stage, the ch ie f  
de r i va t i ve  value o f  the studies f o r  geochemical explorat ion i s  t h e i r  
bear ing on o r i en ta t i on  aspects t o  determine the comparative e f f i cacy  
o f  various natura l  mater ia ls,  o r  f r ac t i ons  o f  them, which might be 
u t i l i z e d  f o r  geochemical surveys. 

Volcanic and g l a c i a l  a c t i v i t y  i n  the  region cons t i t u te  the two p r i n c i p a l  
sources o f  possible natural  adu l t e ra t i on  from the standpoint of the 
bedrock and mineral deposits i n  it. Lava flows from the former now 
occur as high as 550 meters and must once have covered most of the 
region; accordingly. mater ia l  der ived from them must const i tu te  a s i g -  
n i f i c a n t  proport ion o f  most d e t r i t a l  debris, espec ia l ly  stream sedi-  
ments. Because the g lac ia l  a c t i v i t y  was a lp ine and emanated from and 
was l a rge l y  confined t o  the southern pa r t  o f  the region, i t s  p r i n c i p a l  
e f f e c t  would have been such as t o  erode bedrock and lava from the more 
headward port ions o f  drainage systems and transport  and deposit them 
i n  lower port ions.  Again, much o f  such g l a c i a l  mater ia l  would be r e -  
worked and incorporated i n  modern stream deposits. Conversely, much 
o r  most o f  the windblown s i l t  which covers the northern pa r t  of the 
area would have been derived from sources fore ign t o  the region; i t s  
possible e f f e c t  as an adul terant i n  modern stream sediments would be 
s i g n i f i c a n t l y  enhanced i n  the f i n e s t  s i ze  f rac t ion .  

Placer mining operations and const ruc t ion  a c t i v i t y  associated w i t h  
i t  and that  involved i n  bu i l d i ng  the microwave f a c i l i t y  on Grani te 
Mountain cons t i t u te  two sources o f  possible cu l t u ra l  contaminat ion. 
However, t h e i r  e f f ec t s  would be l a rge l y  confined t o  streams o r  por- 
t i ons  o f  them which head i n  Gran i te  Mountain; as elsewhere on Seward 
Peninsula, qu icks i lver  was used t o  c lean up f i n e  gold placer concen- 
t r a tes  and nlay have been a p a r t i c u l a r l y  pervasive source o f  mercury 
conta~ l~ inat ion  i n  stream sediments. 

A l l  o f  the mineral  and geochec~~ical surveys i n  the Buckland-Kiwalik 
region were designed and prosecuted f o r  mineral explorat ion:  Of the 
two regional  surveys, tha t  by West and Matzko (1952, Fieldwork-1947) 
was f o r  rad ioact ive  mater ia ls and the one by E l l i o t t  and M i l l e r  (1969. 
Fieldwork-1967. 1968) was f o r  heavy metals, i n  pa r t i cu la r  gold and 
p l a t i n u w  of  the deta l led  surveys. Herreid 's (1965, Fieldwork-1964) 
was f o r  gold and base metals wh i le  t ha t  by M i l l e r  and E l l i o t  (1969. 
Fieldwork-1968) was done dur ing and f o r  the same purpose as t h e i r  



reylonal  survey. Although sdnlple densi ty wds vdr ldb le  throughout 
the regtorral surveys. f o r  both ~t was adequate f o r  th i rd -order  recott- 
nalssdnce, geochentlcdl survey, the saatple dens1 t y  f o r  the ea r l  le$ be- 
Ing  about twlce t ha t  f o r  the l a t e r  one. 1 per 4ksl2 vs. 1 per 9 b  . 
The detd l led  geochattical surveys o f  the Bear Creek and Quartz Creek 
areas were both based n~a in l y  on t o t a l  stream sedlntents. For these. 
s i t e  densi ty f o r  the fornter 1 per 3hn2, was near the l i m i t  between 
deta i led  and t h ~ r  order r e g ~ o n a l  surveys; whereas t h a t  f o r  the la t ter  
survey. I per 2k& suppleunted by s o i l  and rock samples, wds ade- 
quate t o  q u a l ~ f y  as an upper-1in11t deta i led  geochanical survey. 

f i g l d  Prgcgdurgs - keq ic~d_ l  Surefi. Yest and l4atzho (fW-1947)-356 
Stnli -concentrates were patined f ram approximately 50 pounds (22 Kg) 
o f  sand and gravel co l lec ted f r a n  depths o f  1 t o  3 f ee t  (.3-1 meter) 
f r m l  gravel  bars and streatt beds where ndtural  concentration of 
heavy minerals would occur. Thereafter. samples were a i r -d r i ed  and 
tested w i th  counter i n  the f i e l d  f o r  r ad ioac t i v i t y  t o  detemline 
whether or not f u r t he r  sampling should be done on any given stream. 
(West and Matzko. 1952. p. 11-12) 
E l l i o n a n d  M i l l e r  (fW-1967-1968) - Total ac t ive  stream seditnent 
santples were co l lec ted f r a n  274 s i t es  of which 104 were frat, the 
Quartz Creek Grani te Mountain area. 30 from the head o f  Peace River. 
and the remaining 140 frm thougttout the Buckland-Kiwalik reyion 
generally. A l l  samples were subni t ted as co l lec ted f o r  physical 
preparation and chemical andlysis. 

N 
0 

Detai led S g r ~ e ~ s  - Herreid 's geochentical survey encompassed the Bedr 
CrFeC &%inage basin northeast o f  Grani te Mountain and the heads of 
other streams dra in ing the west and east sides o f  Grani te Hountain. 
Sanyling was done mainly on streatn sediments. Wherever possible. 
these san~ples were taken of f ine-grained, nonorganic s i l t  and mud 
frat1 below the water leve l .  I n  loany places such sdmples were not 
obtainable, and salnples w i t h  an appreciable organic content were 
taken a t  o r  above the water table. 72 such samples were col lected. 
(Herreid. 1965. p. 8) .  

The geochemical survey o f  the Granl te Mountain area by M i l l e r  and 
E l l i o t t  was based on t o t a l  stream sedintent sa~ttples supplemented by 
selected samples o f  So i l  rocks. and ores f ran one la rge area on the 
west side o f  Grani te Mountdin centered on Quartz Creek and another 
much sntaller area a t  the head o f  a headwater t r i b u t a r y  o f  Peace 
River on the southeast side. f o r  the former they co l l ec ted  135 
stream sediment santples and 47 s o i l  and rock satnples, and f o r  the 
l a t t e r .  30 strean sedinvnt samples and 22 s o i l  dnd rock samples. 
(M t l l e r  and E l l i o t t ,  1969, p. 8-11. 16-19) 

Laboratory Procedures - Rpgi~na-l sgrv-e~s - A l l  semi-concentrates 
f r k - - t h e  e a r l i e r  regional  survey were concentrated fu r the r  I n  the 
laboratory by f l o a t i n g  o f f  the 11ght-weight minerals and rock f raq- 
ments w i t h  brmmfonn (5.6.2.8). The equivalent uranium content o f  
the heavier-than-browform f rac t i ons  thus obtained were then deter-  
m~ned rad iane t r i ca l l y .  Selected heavy mineral f r ac t i ons  were then 
studied t o  determine the rad ioact ive  minerals and t h e i r  associates. 
(West and Matzko. 1952. p.12). 

Tor both Ltte ruc~iondl  dnd de ta i l ed  geochemical surveys by M l l l e r  
dnd Elliott, d l 1  streall sediment saty les were dr ied.  s ~ f t e d .  and 
the tninus HO mesh f rac t ions  were analyzed by the Survey's s i x -  
step, settic(udnti t a t i v e  emission spectrographic method. and f o r  gold 
by atcuttic absorption. ( E l l i o t t  and M i l l e r .  1969. p.2). So i l  and 
rock sanlples were also analyzed by the same aethods. ( M i l l e r  and 
E l  1 i o t t ,  1969, p.16-19). Stream sedinient samples frm Herreid 's 
geocheti~ical survey of the Bear Creek area were analyzed i n  the lab- 
ora tory  by the D iv is ion  o f  Mines and Minerals a t  College Alaska o r  
Rocky Mountain Geochemical Laborator ies i n  Sa l t  Lake C i t y  usiny ex- 
t r a c t i o n  by b i su l f a te  fusion o r  hot  acid. These methods g ive  t o t a l  
contents of each metal analyzed. (Herreid, 1965. p.8). 

Olr_t,! h-t-cesying and S t a t i s t ~ c a l  Treab~tent. 
Regional Surveys - The resu l t s  f r an  the e d r l i e r  r a d t m e t r i c  survey 
i k e d  &-s in iconcent ra tes  were d iv ided i n t o  those w i t h  heavy mineral  
f r ac t i ons  (t2.8 5.6.) which y ie lded instrument-measured r a d i o a c t i v i t y  
greater o r  less than 0.025 percent equivalent u ran iw~ ;  the p r i n c i p a l  
ecaphasis of  i n te rp re ta t i on  was then placed on these. (West and 
Matzko. 1952. p. 15) 

A n a l y t ~ c a l  ddta obtalned from a l l  o f  the streant sediment samples f o r  
both the regional  and deta i led  geochemical surveys by M i l l e r  and 
E l  l ~ o t t  were entered i n t o  the  Survey's contputer, then processed 
according t o  i t s  GEOSUH program. F~MI th is,  anomalous values were 
selected l a rge l y  on the basis o f  contputer-genera ted histograms. How- 
ever, the authors emphasized tha t  sediment sampling i n  these areas i s  
o f  d recor~naissance nature ra the r  than systematic, and the i n i t i a l  
sday~ling bias strongly inf luences the apparent frequency d i s t r i b u t i o n  
ds we l l  as other s t a t i s t i c a l  parameters. Thus. the se lec t ion  o f  ano- 
tndlous values remains sub jec t ive  and i n te rp re t i ve  on the pa r t  o f  the 
w r i t e r s  ra ther  than rigorous. ( E l l i o t t  and M i l l e r .  1969. p. 5) 

For Herreid 's geochemical survey o f  Bear Creek, hand-prepared graphs 
o f  frequency vs. concentration were 111ade f o r  copper, lead, and zinc.  
The graph f o r  each metal shows a s i ng le  c l e a r l y  def ined peak (o r  
nmde) which indicates the concentrat ion o f  t ha t  metal which occurs 
most f requent ly.  Only a small percentage o f  the stream seditllent 
samples have a metal concentrat ion o f  more than twice the nnde and 
most o f  these a r e  s p a t i a l l y  r e l a t e d  t o  known w t a l l i f e r o u s  deposits. 
A f i gu re  equal t o  Dlode was therefore selected as the threshold, and 
higher values were considered t o  be anmulous. (Herreid. 1965, p.8) 

Results; Stream Sediments, Soil and Rock Sa les. 
-1-3gryeys: The laost promising resul t?f rom the ea r l i e r  regional survey 
o f  the Buckland-Kiwalik region on the basis o f  rad ioact iv i tv  and-mineraloav of 
stream concentrates were obtained frca those col lected r r o u h  the ~ r a n l t e - -  
Mountain pluton i n  the south. Clan Ilountaln i n  the north. and another g ran i t i c  
terrane on the western side midury between these. (West a d  Matzko. 1952. 
p. 21-26) 



Although the resu l ts  of analyses from a l l  o f  the t o t a l  stream sediment samples 
collected for  E l l i o t t  and M i l l e r ' s  l a te r  survey o f  the Buckland-Kiwalfk region 
are given i n  t h e i r  report  (1969). only those from the region generally are 
discussed. Their reason being that: There was a strong sampling bias i n  t h i s  
group of samples because streams draining areas o f  known or  suspected mineral- 
i za t ion  were sampled a t  a greater density than other streams. ( E l l i o t t  and 
H i l l e r .  1969, p.2) As a consequence, the resu l t s  from these areas were d is -  
cussed i n  another more detai led report  which covers only the v i c i n i t y  includ- 
ing and surrounding Granite Mountain. (Mi l le r  and E l l i o t t ,  1969); those from 
the res t  o f  the region are s m a r i z e d  as fol lows: 
Examination o f  the histograms o f  the various elements indicates tha t  most o f  
the elenents, f o r  which data are available, have e i ther  a roughly log-normal 
frequency d i s t r i b u t i o n  or  a bi-modal frequency d is t r ibu t ion .  The bi-modal 
frequency d i s t r i b u t i o n  o f  some o f  the elements i s  probably related t o  local  
enrichment o f  these elements i n  areas o f  mineral izat ion,  such as the Quartz 
Creek and upper Peace River areas, which were heavi ly sample . The lower 
mode then may represent an approximation o f  the normal regional inode for the 
elenent, and the upper mode may represent the mode o f  the element w i th in  areas 
o f  mineralization. 
Histograms were replot ted f o r  a l l  the samples from the region minus the Quartz 
Creek and upper Peace River samples, two areas o f  known mineralization. His- 
tograms were a lso  replot ted f o r  86 samples from the Quartz Creek area. For 
elements having previously shown a bi-modal d i s t r i bu t i on ,  histograms from the 
f i r s t  group o f  samples generally showed a marked reduction o f  the higher mode 
and a s imi la r  increase o f  the lower mode. Histograms from the second group 
o f  samples showed j u s t  the opposite relat ion.  

Anomalous Results: 
1. Beryll ium was detected i n  concentrations o f  10 and 15 ppm i n  four sediment 

h, 
samples from small streams on e i ther  side o f  the r idge south o f  Clem Mountain. 
2. One sediment sample f ran  Hunter Creek, j u s t  above the Le f t  Fork, contained 
50 ppm tungsten and 30 ppm molybdenum. 
3. Anomalous amounts o f  lead were reported i n  e igh t  sediment samples from a 
stream on the east side o f  Granite Mountain (2  samples w i th  70 ppm, 3 samples 
w i th  150 ppn). 
4. There are other occurrences o f  values, f o r  one or  more elements, above 
t h e i r  designated anomalous concentrations. but these values are nei ther re-  
markably high nor i s  there any pa r t i cu la r l y  s i gn i f i can t  grouping o f  elements 
or  sample l oca l i t i es .  

Detailed GgochemicalJuy~e~s - Anomalous resu l ts  from Herreid's'geochemical 
- - 

s u ~ v e y o f  t h e  &%-creek area based on t o t a l  stream sediments were obtained 
i n  only two l oca l i t i es ,  one on Bear Creek cont in ing gold placers and a base- 
metal sul f ide deposit found during the survey, and the other a t  the head o f  
Peace River f o r  which evidence had been found ea r l i e r .  (West i n  Gault and 
others. 1953, p. 28-31). On the basis o f  these resu l ts ,  Herreid concluded 
that; 
Geochemical sampling indicates that the small lead-zinc-gold showing on 
Bear Creek probably extends westward a t  leas t  1/8 m i l e  (200 m.). Detect- 
able geochemical anomalies extend f o r  about one m i l e  (1.6km. ) downstream 
frm the known mineral deposits i n  the area. Analysis o f  samples by simple 
f i e l d  methods that  give the read i ly  extractable heavy metal content may re- 
quire a spacing of samples closer than one mi le  (1.6km.). 
I n  most of the  region, there i s  l i t t l e  p o s s i b i l i t y  o f  f ind ing lode deposits 
exposed a t  the surface because of the moderate r e l i e f  and extensive cover 

of tundra and colluvium. Maf ic syeni te, d i o r l t e ,  dnd probably jdsper dlld 
hematite creek f l o a t  a re  considered favorable ind ica t ions  o f  lode possibl  l- 
i t  ies  throuyhout the greens tone region. Stream s e d i ~ ~ ~ e n t  g e o c h s ~ ~ i c r l  S~IIIIJI - 
ing should be e f fec t ive  if sampling i s  done a t  i n te rva l s  o f  no t  yredtur 
than one 111ile (1.6k111.) on a l l  draindyes. 

As described above, the geochemical survey o f  the Grani te Mountain drea by 
M i l l e r  and E l l i o t t ,  a l though done dur ing t h e i r  regional  survey o f  the 
Buckland-Kiwalik region, involved a greater densi ty o f  stream s e d i l ~ ~ e r ~ t  
sanlpling than f o r  i t ;  i n  add i t i on  i t  was supplemented by anr lyses o f  nu- 
lllerous s o i l  and rock samples which, i n  turn. had been se lec t i ve l y  san~pled 
on the basis of geological  invest iga t ions .  Accordingly, t h e i r  conc\usions 
su~rnarized below represent a synthesis o f  data f r w ~  a l l  these sources, dnd 
the r e s u l t s  front e a r l i e r  work i n  the area. 

Numerous occurrences o f  a rgent i fe rous galena, sphaler l  te, p y r i t e ,  and 
arsenopyr i te have been found i n  an a l t e red  zone about 18 m i l es  (30 b. ) 
long .and 2 t o  5 mi les  (5-13km.) wide west o f  Grani te Mountain. This 
zone extends N. 15' W. across the drainage basins o f  the upper K lwa l ik  
River and Quartz Creek and i s  roughly p a r a l l e l  t o  procnlnent lineaments i n  
the area. Conspicuous reddish-orange oxidized areas and l a rge  buff  car-  
bonate replacentent bodies occur i n  the andesite and i n  the quartz Inonzon- - 
i t e  t ha t  under l ies t h i s  zone. A s t r i k i n g  feature  o f  the mineral ized rock 
i n  t h i s  zone i s  the associat ion of su l f i des  w i t h  tourmaline. 

Semiquanti t a t i v e  spectrographic analyses o f  s u l f  ide-bearing ma te r i a l  froill 
t h i s  zone show, i n  add i t i on  t o  the h igh lead, zinc, arsenic,  and s i l v e r  
contents, cons is tent ly  h igh boron contents which ind ica te  the abundance o f  
tournlaline. The manganese and scandiun content i s  a lso  high. Copper and 
antie~ony, though present i n  anonlalous amounts i n  nlany samples. never ex- 
ceed 2.000 and 700 ppn~. respect ive ly .  Gold i s  low, less than 1 p p ~ ,  even 
though arsenic high. T i n  occurs i n  about 50 percent o f  the analyzed 
sa~nples i n  amounts ranging fro111 j u s t  detectable t o  500 ppm. 

Many streanl-sediment samples fronl t h i s  zone contdin very anomlous dtnounts 
o f  lead. z inc,  copper, and boron. S i l ve r  i s  reported i n  many o f  the sdn~ples 
but i s  never Inore than 0.7 ppm. Arsenic i s  reported i n  some s a ~ ~ ~ p l e s .  pdr- 
t i c u l a r l y  near the southernnost head o f  Quartz Creek where values d> high 
as 2.000 ppa occur. Sedlcsent samples from streanls dra in ing the sdllle dred 
contain as much as 1,000 ppm lead and 1,500 ppn zinc,  i n  add i t i on  t o  arm- 
~nalous baron and copper. The presence o f  sulfide-tourmaline-quartz-cdr- 
bonate f l o a t  i n  a l l  the streams dra in ing t h i s  tundra-covered ared and the 
locat ion  o f  lode occurrences o f  su l f i de  minerals qnd o f  dnwsalous S ~ ~ U ~ I I I -  

sedin~ent and s o i l  samples o u t l i n e  a s t rony ly  mineral ized ared o f  about 16 
square K i  locneters. 

S e d i ~ ~ ~ e n t  i n  strearns from the west l~edd o f  Sweepstakes Creek c o n t d i ~ ~ s  dno- 
111a1ous zinc values ranging from 300 t o  1.500 p p ~ .  This low drea i s  cwn- 

I p l e t e l y  covered w i t h  tundra, and no source o f  the anonaly wds found. Ano- 
IIU~OUS   on cent rations o f  lead, zinc, arsenic, s l  l ver  , and boron were found 
i n  s o i l  and rock samples from a l o c a l i t y  i n  the upper K iwa l ik  River d r r i n -  
aye. Stream sediments west o f  t h i s  l o c a l i t y  show anol~~alous ledd and zlnc. 



A copper anolt~aly occur, I n  the streant sediments o f  the northern pa r t  o f  the 
Quartz Creek drainage basin. The higher copper content generally coincides 
wi th  lower lead and zinc values and suggests l a t e r a l  zonation i n  the 111aj0r 
a l te red zone. The eastern edge o f  the copper anolnaly begins i n  the North 
Fork o f  Quartz Creek near a small body o f  in tense ly  oxidized rhyo l i t e ,  and 
cort~posite grab and s o i l  samples o f  the r h y o l i t e  show anallalous concentra- 
t lons o f  copper, antitttony, and boron. The copper anomaly pers is ts  i n  the 
strean~ sediments o f  Quartz Creek a l l  the way t o  the Kiwal ik River Valley. 
Ana~lalously h igh  concentrations o f  molybdenmn, b is~~tu th ,  s i l ve r ,  copper, and 
lead are found i n  the so i l s ,  streant sediments. and outcrops o f  the upper 
Peace River drainage basin. These dnaralo s sletal concentrations occur I over an area o f  about 2 square miles ( 5  km ) centered around the two main 
forks o f  the Peace River. The area i s  low and tundra covered except f o r  a 
few scattered out-crops and f ros t -dr iven rubble along the cutbanks o f  the 
creeks. 

Composite grab san~ples of syeni te f r a t  the area taken over areas ranging 
frm 10 t o  100 square feet  (1-10 square ~netet-s) contain 15 t o  200 ppn~ 
molybdenum as wel l  as ananalously high amounts o f  bismuth, s i l ve r ,  and 
copper. Rubble o f  pyr i te-quartz mater ia l  i s  a lso  abundant along the cut-  
banks o f  both forks; composite grab samples o f  t h i s  mater ia l  contain from 
a trace t o  more than 2,000 ppn~ molybdenu~n as we l l  as anomalously high 
bismuth, s i l v e r ,  and copper. I n  s o i l s  from the banks o f  the northern fork. 
tnolybdenurn contents reach as high as 70 ppm; and i n  stream sedi l~~ents f ron~ 
t h ~ s  fork and i t s  t r i bu ta r i es ,  as high as 30 ppm. Copper and lead con- 
tents are a l so  anomalously high i n  the streanl-sedin~ent samples fro111 t h i s  

h, area; however, the highest contents o f  copper and lead are i n  the upper 
h, parts o f  southern and northern forks respect ively,  whereas the highest 

. molybdenun~ contents are f ron~ the lower pa r t  o f  the northern fork.  
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Location and Area - The southeast pa r t  of Sewrlrd Peninsula 
encotnpasses an area o f  about 12.000 square ki lometers. Approxi- 
~ttately 25 percent o f  the region has been covered by geochen~ical 
surveys. 111ainly i n  the Darby Mountains which l i e  i n  the center 
o f  the region. 
Topography. Re l ie f .  Drainage - The Darby Mountains extend f o r  
100 kilolneters nor th  front Cape Oarby on the southeast coast 
o f  Seward Peninsula where they j o i n  w i t h  the eastward trend- 
ing Bendeleben Mountains from the west t o  form an arcurate 
rdnge concave toward the southwest. An extensive, near ly 
f l a t  a l l u v i a l  p l a i n  ca l l ed  McCarthy's Marsh l i e s  w i t h i n  t h i s  
arc. and i s  impounded on the southside by a range o f  low h i l l s ;  
these i n  turn,  are succeeded by the Niukluk-Fish r i v e r  estu- 
a r i n e - f l u v i a l  p l a i n  which ter~ninates i n  Golovnin Lagoon. 
Toward the nor th  and east. the Bendeleben-Oarby arc i s  bounded 
by the f l u v i a l  p l a i n  along the upper Koyuk River and includes 
a high- level ,  intermontane f l u v i a l  basin ca l l ed  Death Val ley 
i n  the bend. Toward the east the Darby Mountains are suc- 
ceeded by r o l l i n g  uplands. and by an extensive, low-ly ing,  
f l uv ia l -es tua r i ne  p l a i n  along the nor th  s ide o f  Norton Sound. 
The highest peaks and greatest  r e l i e f  are present i n  the middle 
pa r t  o f  the Darby Range where the fonner range from 900 t o  1000 
nteters high and the l a t t e r  averages from 450 t o  600 meters. 
From here. the general topography decreases toward the nor th  and 
south. A t  the nor th  end o f  the range, the highest peaks are 
about 1000 meters high and the average r e l i e f  i s  about 300 meters. 
Toward the south, the Darby Range becomes progressively less 
rugged. g iv ing  way i n  the southern par t  t o  r o l l i n g  uplands. These 
continue northwestward where they form the d i v i de  between 
McCarthy's Marsh and the f luv ia l -es tuar ine  p l a i n  along the Niukluk 
and lower F ish  r i ve rs .  Both the Darby Mountains and the r o l l i n g  
uplands are nmderately t o  we l l  dissected by moderately t o  we l l  i n -  
tegrated drainage; i n  etarked contrast .  the a l l u v i a l  and f l u v i a l -  
estuar ine p la ins  have poor ly integrated drainage systems. sparse 
throughgoiny streams and r i ve rs .  and numerous t o  profuse marshes 
and thaw lakes. 

Vegetatlon and Other S u r f i c i a l  Cover - Except fo r  the highest and 
most rugged port ions o f  che Darby ~ z u n t a i n s  which are deyoid o f  
vegetation near ly a l l  o f  the terrane o f  southeast Seward Peninsula 
i s  covered w i th  tundra. Spruce trees grow along the lower courses 
o f  streams and r i v e r s  on both sides o f  the Darby Mountains. t o  
e leva t~ons  as h igh as 250 meters on the h i l l s  and r idges on the 
east side, but only sporadical ly t o  #sore than 150 nteters on those 
on the west side. G e l i f l u c t i o n  lobes are  present and abundant on 
the lower and middle slopes o f  1110st o f  the r idges and h i l l s ;  i n  
addi t ion.  ta lus  occurs along the lower va l l ey  wal ls i n  the more 
rugged port ions o f  the Darby Mountains. 



&ology; Bedrock. S u r f i c i a l  - Gran i t i c  rocks belonging t o  several 
plutons 111ake up the greater par t  o f  the Darby Mountain Range. w i th  
high grade metamorphic rocks intruded by these making up most o f  
the res t .  On the east s ide o f  the range. these rocks are f lanked 
by 1 in~estone and greenschist grade metamorphi tes including a sub- 
ordinate but d i s t i n c t i v e  schistose l l ~ r b l e  u n i t .  This same marble 
un i t ,  intruded by several small 91-ani t e  bodies. makes up most o f  
the bedrock west o f  the Darby Mountains, inc lud ing almost a l l  o f  
the d i v i d e  between McCarthy's Marsh and the Niukluk-lower F ish  
River f luv ia l -es tuar ine  p la in .  The remaining bedrock exposed 
west o f  t he  mountains i s  composed o f  l imestone and greenschist 
grade metamorphic rocks l i k e  those east o f  than. 
Glaciers formed dur ing a t  leas t  two a lp ine g lac ia t ions  and per- 
haps several others have emanated i n  the Bendeleben and Darby 
Mountain ranges; however a l l  have been l a rge l y  confined t o  them. 
As a r e s u l t .  except f o r  wind-blown s i l t  which i s  widespread west 
o f  the Darby Mountains. g l ac ia l  deposits occur only around the 
margins o f  the mountains. Despite th is ,  i t  can be safely assumed 
that  g l a c i o f l u v i a l  deposits and nlater ia l  re-worked from them form 
much i f  not  most o f  the debris f i l l i n g  the McCarthy's Marsh basin, 
Death Valley, and the Koyuk and Niukluk-lower F ish  River a l l u v i a l  
p la ins.  

K n ~ r a l  Deposits; Primary, Secondar - The s i  lver-bear ing base metal 
deposit mined a t  h i l a k ,  on the wes: s ide o f  northern Darby Moun- 
tains, together w i th  numerous base metal mineral  occurrences and 

w gossans surrounding i t ,  mark the most h igh l y  mineral ized area i n  
southeast Seward Peninsula. (Herreid, 1965. p. 4-6). Beyond t h i s  
area. on l y  a few base-metal mineral occurrences were known. (Berg 
and Cobb. 1967. p. 116-117. 119 and Cobb. 1973. p. 62-63, 79-82). 
I n  addi t ion,  a placer t i n  deposit had been found on Otter Creek 
east o f  the ( h i l a k  area, and placer gold had been mined on Aggie 
Creek on the f i s h  River d i v i de  west o f  the Darby Mountains. 

G e o c h a ~ ~ ~ c a l  Survey: Previous Work; Purpvse and f j c l d  Work; 
~xl ~ i l u l t e r a t i o n .  Cul tural  -- Cor~tamination - Two geochanical 
surveys have been made i n  southeast Seward Peninsula. the f i r s t  
a deta i led  survey by Herreid based mainly on t o t a l  stream sedi- 
ments o f  an area around the ( I ~ ~ i l a k  mine i n  the northern Ddrby 
Mountains, and a regional  survey by M i l l e r  and others, a lso 
based mainly on t o t a l  strean1 sedin~ents, which covered near ly a l l  
o f  the Darby Mountains and the F ish  River d i v i de  west o f  thcn~. 
The purpose o f  bot surveys was mineral exp lora t ion .  Sample den- 1 s i t y  o f  1-2 per km by Herreid was adequdte f o r  a p r e l i r ~ i n d r y  
deta i led  survey, wh i le  tha t  by M i l l e r  and others a t  1 per 6 k1n2 
was s u f f i c i e n t  f o r  a th i rd-order regional  survey. F ie ld  work f o r  
Herreid 's survey was done during July,  1964 and thdt  by M i l l e r  
and others dur ing the sunullers o f  1969 through 1971. 

P r i o r  t o  these surveys. West made a reconndissance rad ioac t i v i t y  
survey i n  1948 o f  southern and eastern por t ions  of  the Darby 
Mountains based on panned stream concentrates. Only the resu l  t S  

o f  r dd ioac t l v i  t y  measurements on these concentrates, supplemented 
by some ~ ~ ~ i n e r o l o g y ,  were reported a t  the t iwe (West. 1953). How- 
ever, much l a t e r  dur ing the ear ly  1970's. the same concentrates 
were div ided i n t o  non-magnetic and nlagnetic f ract ions,  then near ly 
a l l  of the former were analyzed chemically. (Overstreet dnd others. 
1973). Clear ly,  the data from these concentrates would provide an 
ddequdte basis fo r  a regional  geochemical survey o f  the areas from 
which they were co l lec ted,  and w i th  appropriate s t a t i s t i c a l  t r ed t -  
ment and representation they could be one. However, i n  t h e i r  
present form, t h e i r  ch ie f  value re la tes  t o  o r i en td t i on  aspects o f  
geochwl~ical explorat ion,  especial ly those r e l a t i n g  t o  the comparative 
ef f lcdcy of  t o t d l  stream sediments and concentrates panned from them. 

Although the Oarby Mountains were g lac ia ted by a lp ineg lac ie rs  dur ing 
l l l i n o i a n  and Wisconsinian times, the e f f ec t s  o f  both were l a rge l y  
confined w i th in  and around the mountains. From the standpoint o f  
bedrock sources o f  minera l iza t ion ,  t h e i r  p r i nc ipa l  e f f e c t  would be 
t o  adul terate the a l luv ium i n  lower drainage courses w i t h  mater ia l  
reworked froln g lac ia l  debr is  derived from more headward port ions.  
I n  add i t ion  wind-blown s i l t  winnowed from g l a c i o f l u v i a l  deposi ts and 
d i s t r i bu ted  over a la rge area west o f  the mountains would cons t i t u te  
mater ia l  fo re ign t o  it, and upon reworking and incorporat ion i n  the 
modern stream alluvium, would introduce a s i gn i f i can t  source o f  adul- 
te ra t ion ,  p a r t i c u l a r l y  o f  the f i n e r  s ize  f rac t ions .  

Cul tural  contamination i n  the region was almost e n t i r e l y  confined t o  
two l o c a l i t i e s ,  one i n  and around the Omilak base metal lode mine and 
the other on Aggie Creek where placer gold was mined. Of these. the 
o l d  mining operations a t  h ~ i l a k  together w i t h  more recent prospecting 
a c t l v i  t i e s  i n  the area around it. probably const i tuted the more per- 
vasive potent ia l  source o f  contamination i n  stream sediments i n  i t .  

F i e l d  Ergcgdgrgs -Regional Surcels-- For the survey based on concen- 
t r a  tes by West (Fieldwort ,  1948). 248 concentrates were co l l ec ted  from 
2 i5  s i t es  o f  stream gravels, 20 s i t es  o f  beach gravels, and 13 s i t es  
i n  slopewash. Each concentrate from stream and beach gravels was pan- 
ned from about 50 pounds (25 kg.) o f  sand and gravel, and each slope- 
wash concentrate was panned from approximately 100 pounds (50 kg.) o f  
d is in tegra ted rock mater ia l .  Each o f  these concentrates was tested 
f o r  rad ioac t i v i t y  i n  the  f i e l d  t o  determine whether add i t iona l  concen- 
t ra tes  should be taken i n  any given drainage area. (West. 1953, p.3). 
The aggregate area represented by the drajnages from which the concen- 
t r a  tes were co l lec ted was approxinlately 1200 km2. 

The resu l t s  f r a n  a 300-square-kilometer area i n  the northernmost Darby 
Mountains was f i r s t  reported separately by M i l l e r  and others (1971). 
and thereafter included w i t h  the resu l t s  o f  t h e i r  regional survey of  
the e n t i r e  Darby Range and the F ish  River d i v i de  west o f  it. ( M i l l e r  
and others. 1973). The f i r s t  repor t  was based on analyses o f  33 
Jotal  stream sediments and the l a t t e r  on 422 sediment sarltples co l lec ted 



throughout a 2700-square-kilocneter area. For both surveys, these were 
generally co l lec ted from the ac t ive  stream channel ; where t h i s  was 
not possible, the samples were col lected from stream deposits adjdcent 
t o  the a c t i v e  channel. ( M i l l e r  and others, 1971, p. 4, 1973, p. 1). 
For the deta i led  geochemical survey by t lerreid,  77 t o t a l  stream sedi- 
ment samples were co l lec ted from a 125 square-kilolneter area around 
Ontilak. Wherever possible, these samples were taken o f  f ine-grained. 
nonorganic s i l t  and mud below water level .  I n  many places such sanlples 
were not obtainable, and samples w i th  appreciable organic content were 
taken a t  o r  above water level .  (Herreid, 1965. p. 2) 

Laboratory-Progegux - Eepignal-Syr~efi - (West, Fieldwork, 1948) - - 
For consistency i n  expressing the rad ioac t i v i t y  o f  the concentrates, 
each sample was fu r the r  concentrated i n  the laboratory by separating 
the l igh t -and heavy-mineral f rac t ions  w i t h  branoform (spec i f i c  gravi ty,  
2.69). As prel iminary tes ts  showed that essen t i a l l y  a l l  the radio- 
ac t ive  mineral  occur i n  the heavy f rac t ion ,  the equivalent uraniunl 
content of each heavier- than-bromoform f rac t ion .  was then determined 
by radiometr ic analysis. (West, 1953. p. 3 )  

A1 1 o f  the stream sediment sdmples co l lec ted f o r  the regional  
geochanicdl survey by M i l  l e r  and others. (1971. 1973) were sent 
t o  U.S.G.S. laborator ies,  then prepared and analyzed chen~ica l ly  
i n  the same fashion: The samples were dried, sieved, and the 
-80 mesh f r a c t i o n  was analyzed f o r  30 elements by the s ix-step 

h, semiquant i tat ive spectrographic method and f o r  gold by atomic 
absorption techniques. ( M i l l e r  and others. 1973, p. I )  F ina l l y .  
a l l  streaa sediment and s o i l  samples co l lec ted f o r  Herreid 's 
deta i led  geochemical survey o f  the Onilak area were analyzed 
fo r  copper. lead, and zinc content by the D i v i s i on  o f  Mines and 
Minerals a t  College. Alaska o r  the Rocky Mountain Geochemical 
Laboratory i n  Sa l t  Lake Ci ty ,  using ex t rac t ion  by b i s u l f a t e  
fusion o r  hot acid. (Herreid. 1965. p. 2) 

For the l a t e r  studies by .Overstreet and others based on chemical 
analyses o f  these concentrates, a s p l i t  o f  t he  raw concentrate 
f i n e r  than 20 mesh Has separated i n t o  magnetic and nomagnetic f rac t ions  
w i t h  a hand-held permanent magnet (SEPOR NO. 903 Automagnet). The 
magnetic f r a c t i o n  frm the f i r s t  separation was fu r the r  separated nag- 
n e t i c a l l y  twice t o  insure that, insofar as possible i n  the time allowable 
f o r  the prac t icab le  preparation o f  samples i n  the time al lowable f o r  the 
prac t icab le  preparation o f  samples i n  the context o f  a feas ib le  explor- 
a t i on  technique, the magnetic f r ac t i on  was reasonable f ree  o f  n o m g -  
ne t i c  minerals. Both f rac t ions  were then analyzed by the standard Sur- 
vey USGS semiquanti t a t i v e  emission spectrographic technique f o r  30 
elements, and by appropriate a t m i c  absorption methods f o r  elements not 
determined a t  a l l  o r  adequately by t h i s  technique (Overstreet and others, 
1974. p. 37-38). Further analyses performed on the magnetic f rac t ions  
included . (1)  by an ana ly t ica l  nlethod developed recent ly  i n  the U.S. 
Geological Survey t o  detern~ine the abundances o f  s i l v e r  . bismuth, cadmium, 
copper. coba l t  . n icke l ,  lead, and zinc, by atomic absorption techniques 
on s ing le  solut ions o f  i r o n - r i c h  materials. and (2) equivalent uranium 
as determined by radimnetr ic counting. 

Data Processing and S t a t i s t i c a l  Treatments; Determination o f  Anomalous 
Values - The absolute values o t  a1 i r a d i o a c t i v i t y  measurements i n  terms - 
o f  equivalent uranium contents o f  the p lus  2.89 spec i f i c  g r a v i t y  
f rac t ions  o f  a l l  concentrates co l lec ted by West were sub-divided 
i n t o  <0.01%. 0.01-0.022, ahd >0.02% categories, then in terpre ted 
and discussed on that  basis. (West. 1953. p. 4-6) 

Although non-rugnetic f r ac t i ons  o f  near ly a l l  the concentrates 
by West i n  the Darby Mountains were l a t e r  analyzed chemically 
f o r  the studies o f  Overstreet and others, (1974). the ana ly t -  
i c a l  data presented i n  t h e i r  r e p o r t w w t r e a t e d  s t a t i s t i c a l l y  
only t o  consider the r e s u l t s  o f  the analyses o f  samples from 
throughout Alaska as a whole. D i v i s i on  o f  the data i n t o  geo- 
graphic o r  geologic regions o r  geochemical provinces was no t  
attempted. Five methods f o r  the treatment o f  the data were 
presented: (1) frequency d i s t r i bu t i on .  (2) histograms. (3) 
Fisher K-s ta t is t ics .  (4 )  co r re la t i on  analyses. and (5) anomaly 
ra t i os .  The f i r s t  four  o f  these are der ived through the U.S. 
Geological Survey's standard s t a t i s t i c a l  treatment o f  chemical 
data. The anomaly r a t i o  was developed especial ly f o r  the i n t e r -  
p re ta t i on  o f  the abundances o f  minor elements i n  concentrates 
(Sainsbury and others, 1970). (Overstreet and others, 1974. 
p. 170). I n  contrast, the  ana l y t i ca l  r e s u l t s  obtained from the 
nlagnetic f rac t ions  o f  West's concentrates frm the Oarby Moun- 
ta ins  were deal t w i t h  separately; however, these were der lved 
from only h a l f  the o r i g i n a l  concentrates. and were s t rong ly  
biased as t o  d i s t r i b u t i o n  and qeologic sources. For these 
reasons, ne i ther  study const i tu tes  a rea l  geochemical survey 
comparable t o  the others reviewed here; accordingly. t h e i r  
r esu l t s  are not sumnarized below. 

Chemical data obtained by analyses o f  a l l  the stream sediment 
samples co l lec ted for the surveys by M i l l e r  and others (1971. 
1973) were entered i n  the USGS ccinputer system, then processed 
i n  accordance w i th  the Survey's GEOSUM program. From the p r i n t -  
out o f  t h i s  program. values were designated as a n m l w s  i n  
t h e i r  repor t  l a rge l y  on the basis o f  the computer-genera ted 
histograms. The authors snphasised tha t  the stream sediment 
sampling was o f  a reconnaissance nature and the se lec t ion  o f  
anomalous values was sub jec t ive  and in terpre t ive .  ( M i l l e r  
and others. 1973. p. 2-3). Herreid prepared histogram graphs 
by hand based on the ana l y t i ca l  data obtained frm the stream 
sediment samples co l l ec ted  f o r  h i s  de ta i l ed  geochemical sur- 
vey o f  the Omilak area, then used these t o  character ize the 
resu l t s  values he judged t o  be anomalous. (Herreid. 1965. 
p. 2-3, 12) 

Results - fjegigngl-Sgrxe~s - F i e l d  studies and the radiometr ic analysis 
and mineralogic study o f  the heavy-mineral f rac t ions  o f  numerous concen- 
t r a tes  from placers o f  the  region showed tha t  essen t i a l l y  a l l  the radio- 
ac t i ve  minerals i n  the d i s t r i c t  occur i n  o r  were der ived from bodies of 
f e l s i c  igneous rocks, c h i e f l y  grani te.  
The most copvllon and widespread rad ioact ive  minerals are sphene. a1 l a n i  te. 
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nearby Bendeleben pluton. i n  contrast .  has a range o f  1.8-4.4 ppll U 
and 16.9-21.4 ppnl Th which i s  s im i l a r  t o  published values o f  4 pp111 U 
and 18 ppm Th f o r  average grani te.  ( M i l l e r  and Grybeck, 1973. p.6) 
(5) A small gossan i n  l i t l~estone near the Kwiniuk River contains ano- 
malous amounts o f  zinc. lead, copper, and barium and anonlalous amounts 
o f  s i l ve r ,  arsenic, lead, and zinc were found i n  a h igh ly  a l te red 5- 
foo t  wide f a u l t  zone i n  gran i te  on the west s ide o f  Cape Darby. ( M i l l e r  
and others. 1973. p. 6) 

Delai  led-G@gni-c&l-Sur~e~ - The resu l t s  from Herreid 's deta i led  geo- - 
c h e m ~ c ~ l  survey o f  the-Lhnilak area based tnainly or e n t i r e l y  on analyses 
o f  t o t a l  stream sediment and s o i l  samples are  summarized below. 
(1 ) Strong lead-zinc stream sectinlent anonlalies were found f o r  about 
1 112 mi les (2  1/2 km.) below the (h i l ak  mine on h i l a k  Creek. The 
lack o f  anonlalies on the North Fork o f  Olnilak Creek indicates a prob- 
able lack  of deposits as r i c h  as the h i l a k  mine i n  t h a t  drainage. 2Strong 
lead anomalies are present a t  a saruple s i t e  about 4 mi les  (6 112 b ) 
down Dry Creek from the Foster lead-s i lver  prospect, and i n  a l l  other 
stream sediment samples taken from Dry Creek above it. These samples are 
not anomalous i n  zinc. although zinc s o i l  anomalies are  present adjacent 
t o  the ore  showings i n  the area. 

(2) Several moderate t i n  anomal ies were detected, mainly i n  the eastern 
po r t i on  o f  the ntap area. On Caribou Creek, two samples, one w i th  10 ppn 
t i n  and another w i t h  less than 6 ppm t i n  were taken from eastern t r i bu -  
ta r ies ,  whi le a salnple w i t h  62 ppm t i n  was taken from Caribou Creek i t -  
se l f .  These anomalies ind ica te  t i n  minera l iza t ion  i n  the area, possibly 
associated w i th  the i n t rus i ve  i n  the drainage. On Ot ter  Creek, the t i n  
anomalies may be associated w i th  the deposi t  which i s  the source o f  the 
placer t i n  a t  the Foster t i n  prospect. A san~ple w i t h  less  than 6 ppm 
t i n  may ind ica te  anonralous concentrations o f  t i n  i n  the stream sedinlents 
along B ig  Creek. More sampling should be done i n  the area. A san~ple 
w i t h  56 ppm t i n  was taken on the North Fork o f  h i l a k  Creek j u s t  below 
the Onilak mine. The lack o f  t i n  anomalies i n  other samples taken along 
t h i s  p a r t  o f  the creek suggests tha t  no s i g n i f i c a n t  t i n  deposit i s  pre- 
sent i n  the area. 

(3) There i s  a conlplete lack o f  co r re la t i on  o f  the contents o f  t i n  vs. 
copper, lead, and zinc i n  the geochemical samples taken i n  the map area. 
None o f  the anomalous t i n  samples are ananalous i n  the other heavy metals. 
This separation o f  the two types o f  minera l iza t ion  i s  apparently genetic. 
(Herreid. 1965. p. 3-4) 
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