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ABSTRACT 

The McGrath-upper Innoko River a r e a  c o n t a i n s  a  La te  Pa leozo ic  c h e r t -  
r g i l l i t e - l i m e s t o n e  u n i t ,  E a r l y ( ? )  Cretaceous  limy sandstone and impure lime- 
tone ,  and a  t h i c k  s e c t i o n  of mid- t o  La te  Cretaceous l i t h i c  sands tone ,  s i l t -  

s t o n e ,  s h a l e ,  and conglomerate.  Late  Cretaceous a l k a l i n e  p l u t o n i c  complexes, 
d i k e  swarms, and a s s o c i a t e d  mafic v o l c a n i c s  c o n s i s t i n g  of b a s a l t ,  a n d e s i t e  , 
and minor tu f faceous  sedimentary rocks i n t r u d e  and o v e r l i e  the bedded rocks .  
G l a c i a l ,  e o l i a n ,  a l l u v i a l ,  and c o l l u v i a l  d e p o s i t s  a r e  abundant.  Dominant 
s t r u c t u r e s  a r e  n o r t h e a s t - t r e n d i n g  f o l d s  and high-angle f a u l t s .  

P l a c e r  gold d e p o s i t s  have been mined from modern and o l d e r  s t ream t e r r a c e s  
i n  the  Ophir mining p r e c i n c t  and the  Candle H i l l s ;  t o t a l  product ion i s  be- 
l i e v e d  to  be a t  l e a s t  500,000 ounces of gold .  The gold p l a c e r s  i n  the  Ophir 
a r e a  a r e  found downslope and downstream from b a s a l t i c  to r h y o l i t i c  d i k e  swarms 
and a r e  a l s o  concen t ra ted  a long f a u l t s  and d i k e s  t r end ing  a c r o s s  the  s t ream 
channe l s .  The d i k e  swarms c o n t a i n  anomalous amounts of go ld ,  n i c k e l ,  y i t -  
t r ium,  chromium, and zirconium. F r a c t u r e s  i n  p lu tons  and nearby h o r n f e l s  
zones l o c a l l y  c o n t a i n  anomalous amounts of base  and precious  meta l s  which a r e  
probably the  lode source  of gold p l a c e r s  i n  the Candle H i l l s .  

A n a l y t i c a l  r e s u l t s  of pan c o n c e n t r a t e s ,  s t ream sediments ,  and rock samples 
f o r  219 l o c a l i t i e s  a r e  shown. 

INTRODUCTION AND ACKNOWLEDGMENTS 

The Alaska D i v i s i o n  of Geological  and Geophysical  Surveys has completed an 
inch-to-the-mile mapping and resource  assessment of about 900 square  mi les  in  
p a r t s  of the McGrath, I d i t a r o d ,  and Ophir 1 :250,000 Quadrangles of western  
i n t e r i o r  Alaska ( s e e  map l o c a t i o n  on p l a t e  1 ) .  This  r e p o r t  i s  a  p re l iminary  
r e l e a s e  of geologic  and geochemical d a t a  c o l l e c t e d  dur ing 1977-79;  work on the  
pe t ro logy  and chemis t ry  of the igneous and sedimentary  rocks ,  on the minera l -  
ogy of pan c o n c e n t r a t e s ,  and on Quaternary  d e p o s i t s  i s  s t i l l  i n  p r o g r e s s .  

The s tudy  a r e a  forms a  p a r t  of the Kuskokwim Mountains,  a  low range of 
ma ture ly  d i s s e c t e d  h i l l s  t h a t  span much of southwestern  Alaska.  Except f o r  
t h e  Beaver Mountains, which have been carved and s teepened by g l a c i a l  i c e ,  
most of the  reg ion  was not  a f f e c t e d  by l a t e  Quaternary  g l a c i a t i o n .  E l e v a t i o n  
ranges  from 320 f e e t  on the  Kuskokwim River  to 4 ,150  f e e t  i n  the  Beaver Moun- 
t a i n s .  The l aye red  sedimentary rocks  form low rounded r i d g e s  t h a t  average 
2,000 f e e t  i n  e l e v a t i o n ,  whereas igneous complexes and a s s o c i a t e d  h o r n f e l s  
form s t e e p ,  rugged mass i f s  t h a t  r i s e  up to  1,500 f e e t  above the surrounding 
h i l l s .  

About 80 pe rcen t  of the s tudy a r e a  i s  below t i m b e r l i n e ,  and bedrock ex- 
posures  a r e  l i m i t e d ;  however, some e x c e p t i o n a l l y  good rock exposures can be 
found along s t ream b l u f f s  and i n  the  Beaver Mountains. Names d i f f e r e n t  from 
those  on U.S. Geological  Survey map bases  of s t reams and topographic f e a t u r e s  
shown on p l a t e  1 a r e  c o r r e c t i o n s  o f f e r e d  by l o c a l  r e s i d e n t s .  

Ninety-four days were spent  i n  the  f i e l d ;  9  i n  1972, 22 i n  1978, and 63 i n  
1979. P r o j e c t  g e o l o g i s t  Thomas K .  Bundtzen was a s s i s t e d  by Gregory M. Lai rd  
dur ing  t h r e e  seasons and by V i r g i n i a  F .  F e r r e l l ,  Nicki  D .  Coursey, and Karen 
S.  Emmel i n  1979. Carol  A l l i s o n  ( U n i v e r s i t y  of Alaska) ,  C . J .  Smiley 



( u n i v e r s i t y  of Idaho) ,  R . B .  Blodget t  (0regon S t a t e  U n i v e r s i t y ) ,  and David L .  
Jones  (u .S .  Geological  Survey) provided v a l u a b l e  informat ion on p l a n t  and in- 
v e r t e b r a t e  f o s s i l  l o c a l i t i e s  from the a r e a  ( t a b l e s  1 and 2 ) .  Bruce Panuska 
( u n i v e r s i t y  of Alaska) c o l l e c t e d  pa leocur ren t  informat ion from the Cretaceous 
sedimentary  rock s e c t i o n  ( t a b l e  3 ) .  Donald L .  Turner and Barry S p e l l  (Univer- 
s i t y  of Alaska Geophysical  ~ n s t i t u t e )  provided K-Ar age d e t e r m i n a t i o n s  from 
i n t r u s i v e  rocks ( t a b l e  4 ) .  The D i v i s i o n  of Geological  and Geophysical  Surveys 
Geochemical Labora to ry  analyzed rock,  stream-sediment , and pan-concentra te  
samples ( t a b l e s  5-8) .  Gold product ion f i g u r e s  from Ophir p r e c i n c t  and Candle 
Creek a r e  shown i n  t a b l e  9 .  Robert B. Forbes provided s e l e c t e d  uranium and 
thorium ana lyses  from p lu tons  ( t a b l e  1 0 ) .  Will iam S. P a t t o n ,  Betsy Moll, and 
Robert  M. Chapman (U . S . Geological  su rvey)  o f f e r e d  h e l p f u l  g e o l o g i c a l  advice  
and comparisons to  rocks  they have s t u d i e d  i n  the  Medfra Quadrangle im- 
med ia te ly  n o r t h e a s t  of the  p r o j e c t  a r e a .  

The au thors  thank Toivo and Ron Rossander;  Michael J .  and E l l e n  O ' C a r r o l l ;  
Warren, Lloyd,  and Robert  Magnuson; Roger Rober t s ;  P h i l i p  Sayer ;  John Wortman; 
and Dave and Ann M i l l e r ,  a l l  long-time r e s i d e n t s  of the a r e a ,  f o r  in fo rmat ive  
d i s c u s s i o n s  of p a s t  minera l  a c t i v i t y  i n  the  Ophir mining d i s t r i c t  and on 
Candle Creek. The Rossander mining camp on Yankee Creek served as  base camp 
f o r  most of the  1979 f i e l d  season.  The a u t h o r s  a l s o  thank G i l b e r t  R.  Eakins 
and Wyatt G .  G i l b e r t  (Alaska D i v i s i o n  of Geological  and Geophysical  Surveys) 
f o r  reviewing t h i s  r e p o r t .  

SUMMARY OF GEOLOGY 

Sedimentary Rocks 

The o l d e s t  rock u n i t s  recognized i n  the  s tudy  a r e a  a r e  smal l ,  d i s c o n t i n -  
uous l e n s e s  and pods of banded tu f faceous  c h e r t ,  l imes tone ,  and quar tz - r i ch  
sands tone  ( ~ z l c ,  p l .  1)  exposed i n  the  c o r e  of a  f a u l t e d ,  r e g i o n a l  a n t i c l i n e  
e a s t  of Ganes Creek. Megafoss i l s  i n d i c a t e  a  l a t e  Pa leozo ic  age ,  and abundant 
r a d i o l a r i a  were c o l l e c t e d  t h a t  y i e l d  a  ' p r o b a b l e '  l a t e  Pa leozo ic  age ( t a b l e  
2 ) .  Those l i t h o l o g i e s  a r e  s i m i l a r  to the  c h e r t  and l imestone of Miss i s s ip -  
p i a n ( ? )  age mapped by USGS g e o l o g i s t s  i n  the  Medfra Quadrangle nor th  of the 
s t u d y  a r e a  ( P a t t o n  and o t h e r s ,  1977) .  

A r g i l l i t e ,  limy sands tone ,  and impure l imestone ( ~ l s t ,  p l .  1 )  wi th  con- 
spicuous  l a r g e  Inoceramus sp? prisms exposed e a s t  of Spruce Creek a r e  be l i eved  
t o  be e q u i v a l e n t  to a  p a r t  of a  quar tz-carbonate  sandstone and pebbly mudstone 
u n i t  mapped by P a t t o n  and o t h e r s  (1980) i n  t h e  Medfra Quadrangle,  to  which 
they a s s i g n  an E a r l y  Cretaceous age (Hau te r iv ian  and Barremian).  

The most abundant rock l i t h o l o g i e s  in  the p r o j e c t  a rea  a r e  l i t h i c  and sub- 
l i t h i c  s h a l e ,  s i l t s t o n e ,  sands tone ,  and conglomerate r e f e r r e d  to by Cady and 
o t h e r s  (1955) a s  the  Kuskokwim Group. During t h i s  s tudy  i t  has been divided 
i n t o  seven geo log ic  u n i t s  ( ~ s h ,  Kus, Kss, Kfss ,  Kcs, Kgs, and K l s s ,  p l .  1) 
which r e p r e s e n t  l i t h o l o g i c  u n i t s  r a t h e r  than a  t i m e - s t r a t i g r a p h i c  success  i o n .  
I n  t h e  p r o j e c t  a r e a  the  Kuskokwim Group i s  e s t ima ted  to be about 7,000 f e e t  
(2 ,100 m) t h i c k  west and n o r t h  of the  Takotna River .  The lower 1 ,500 f e e t  
(450 m) of the  s t r a t i g r a p h i c  s e c t i o n  c o n s i s t s  of medium- t o  dark-gray,  l i t h i -  
c r i c h ,  rhy thmica l ly  l a y e r e d ,  f ine-gra ined sands tone ,  s i l  t s t o n e ,  and s h a l e ,  and 
medium-grained channel  sandstone t h a t  e x h i b i t s  graded bedding,  moderate 
s o r t i n g ,  wedging, and scour-and-f ill s t r u c t u r e s  b e l i e v e d  to  be formed by 



t u r b i d i t y  c u r r e n t s .  I n v e r t e b r a t e  f o s s i l s  in t h i s  p a r t  of the s e c t i o n  a r e  un- 
common and u s u a l l y  found i n  fragments as Inoceramus pr isms.  Trace f o s s i l s  
found in  Yankee Creek ( t a b l e  2 ,  no. 7 )  have been repor ted  from Mesozoic f l y s c h  
sequences worldwide. The Kuskokwim Group ranges i n  age from l a t e  E a r l y  
Cretaceous  (Albian o r  younger) to  La te  Cretaceous .  

P r o g r e s s i v e l y  h igher  i n  the s e c t i o n  a r e  increased amounts of f l o r a - r i c h ,  
medium- t o  coarse-gra ined sub1 i t h i c  sands tone ,  pebble sands tone ,  and conglom- 
e r a t e  with l o c a l l y  l a r g e  amounts of vo lcan ic  c l a s t s .  Near the top of the  
sequence,  both  west and e a s t  of Ganes Creek, a r e  b a s a l t i c  agglomerate and 
c r y s t a l  t u f f  ( ~ a c ,  p l .  1)  and s i l i c e o u s  sandtone ( ~ g s ,  p l .  1 ) ;  t h e s e  u n i t s  
v a r y  from 150 t o  400 f e e t  t h i c k ,  se rve  as v a l u a b l e  marker beds ,  and r e p r e s e n t  
t h e  i n i t i a t i o n  of  volcanism i n  La te  Cretaceous time. Capping the s e c t i o n  west 
of Ganes Creek i s  a limy sandstone r i c h  i n  p l a n t  d e b r i s .  

According to C . J .  Smiley ( w r i t t e n  comm., January 19801, who examined p lan t  
f o s s i l s  from l o c a l i t i e s  throughout the Cretaceous sedimentary  rock s e c t i o n :  

"None of the specimens a r e  wel l  enough preserved,  nor complete enough, f o r  
s p e c i f i c  i d e n t i f i c a t i o n s .  There fo re ,  the age of your McGrath a r e a  de- 
p o s i t s  cannot b e  e s t a b l i s h e d  from the a v a i l a b l e  p lan t  m e g a f o s s i l s ,  o t h e r  
than to say t h a t  the d i c o t  leaves  i n d i c a t e  an age no o l d e r  than Albian.  
The e n t i r e  c o l l e c t i o n  of rock samples wi th  included p l a n t  d e b r i s  seems to 
r e p r e s e n t  high-energy t r a n s p o r t  and r a p i d ,  sometimes t u r b u l e n t  d e p o s i t i o n .  
The common occurrence  of rounded wood c h i p s  sugges t s  ab ras ion  dur ing  
t r a n s p o r t .  The r e p r e s e n t a t i o n  of c o n i f e r s  as r a r e  i s o l a t e d  needles  shows 
a d e s t r u c t i o n  of needled c o n i f e r  shoots  dur ing  t r a n s p o r t .  S i m i l a r l y ,  the 
h i g h l y  fragmented n a t u r e  of the  d i c o t  l eaves  s u g g e s t s  s h o r t  d i s t a n c e  
t r a n s p o r t ,  probably i n  a t u r b u l e n t  medium, followed by rap id  d e p o s i t i o n ,  
The samples c o n t a i n i n g  the d i c o t s  most l i k e l y  r e p r e s e n t  d e p o s i t i o n a l  s i t e s  
n e a r e r  the  shore  than i s  i n d i c a t e d  f o r  the o t h e r  samples."  

The au thors  i n t e r p r e t  the  upper Lower to  Upper(?) Cretaceous  sedimentary  
s e c t i o n  ( f i g .  1)  a s  r e p r e s e n t i n g  a deep sea-high energy b a s i n  o r  s lope  de- 
p o s i t  (bottom of the  s e c t i o n )  t h a t  p r o g r e s s i v e l y  f i l l e d  wi th  marginal  pro- 
g rad ing  d e l t a s  i n  a shallow-marine near-shore environment (middle and upper 
p a r t  of the s e c t i o n ) .  I n i t i a t i o n  of volcanism near the  top of the s e c t i o n  may 
s i g n i f y  orogeny, u p l i f t ,  and t r a n s i t i o n  to a nonmarine(?) environment dur ing 
e a r l y  Late  Cretaceous  t ime. 

P a t t o n  and o t h e r s  (1977, 1980) have provided s t r o n g  evidence t h a t  the 
uppermost p a r t  of the  Cretaceous sedimentary rock sequence on F o s s i l  Mountain 
t o  the  nor th  is of nonmarine o r i g i n .  However, conc lus ive  evidence of non- 
marine rocks w i t h i n  the a r e a  desc r ibed  i n  t h i s  r e p o r t  i s  l ack ing .  Limited 
p a l e o c u r r e n t  d a t a  ( t a b l e  3 )  i n d i c a t e s  a c u r r e n t  flow to the  west and southwest  
i n  the  e a s t e r n  p a r t  of the Cretaceous sedimentary b a s i n .  

Igneous Bocks 

I n t r u d i n g  and over l y i n g  the sedimentary  rocks a r e  La te  Cretaceous to E a r l y  
T e r t i a r y  p l u t o n s ,  mafic e x t r u s i v e  p i l e s ,  and complex d i k e  swarms. Alka l ine  
p lu tons  composed of monzonite,  s y e n i t e ,  and d i o r i t e  (Km, Km-di, Ksy, Km-sy, 



ENV. O F  LITHOLOGY DEP. DESCRIPTION 

Quartz-rich cdcaueous smdstone. shale, and 
siltstone. P h t  fo& abundaat (including dtcot 
Led Impmentr). 

Badt ic  aggiomente, amphibole cry r t l l  tuff 
m d  siliceour volcaniclutic sandstone. 

Light gny to olive green. Locally du~e0Us 
tine- and medium-grained sudstone. 

Gmen.ehert pabble to cobble conJomerate 
m d  medium to c- Iithic sand atone^ Ino- 
crramw. sp? prismr locdly abundan+ 

Fine- to wdium-uained. light- to medium- 
m y  lithic sanddone with minor shd t  and 
siltstone. Crowbedding not commoh Plant 
fossil s t e m  and dicot leaf fragments locally 
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Figure 1. Composite stratigraphic section, Takotna-Ophir area, western interior Alaska 



p l .  1 )  a t  Candle, Takotna Mountain, M t .  Joaqu in ,  and i n  the  Beaver Mountains 
a r e  o v e r l a i n  by e x t r u s i v e  v o l c a n i c  p i l e s  c o n s i s t i n g  of b a s a l t  and b a s a l t i c  
a n d e s i t e  (Kmv, Kpmv, p l .  1 ) .  Minor f e l s i c  vo lcan ic  f lows ,  t u f f ,  agglomerate ,  
and tu f faceous  sedimentary  rocks a r e  found in  the  Beaver Mountains v o l c a n i c  
s e c t i o n  ( ~ f v ,  Kxt,  Kua, Kvs, p l .  1 ) .  The v o l c a n i c - i n t r u s i v e  c o n t a c t  i s  a t  a  
v e r y  low angle  both in  the Beaver Mountains and a t  Candle,  but  appears to be 
l o c a l l y  a  s t e e p  to  v e r t i c a l  f a u l t ( ? )  c o n t a c t  a t  Takotna Mountain and M t .  
Joaquin .  Porphyroblas  t s  of c o r d i e r i t e  and c h l o r i t e  developed in the over ly ing  
v o l c a n i c  rocks of a l l  t h r e e  a reas  suggest  t h a t  the a l k a l i n e  p lutons  i n t r u d e  
the  v o l c a n i c  p i l e s .  S i m i l a r  a l k a l i n e  i n t r u s i v e - e x t r u s i v e  complexes have been 
d e s c r i b e d  a t  Page and Cloudy Mountains ( P a t t o n  and o t h e r s ,  1980),  near  F l a t  
( ~ e r t i e ,  1936; Maloney, 1962) and a t  Goodnews Bay ( ~ e r t i e ,  1976).  Numerous 
mafic to f e l s i c  d i k e s  i n t r u d e  the  l aye red  rocks along major shea r  zones or the 
axes  of fo ld  s t r u c t u r e s .  

Quartz monzonite makes up p a r t s  of p lu tons  west and south  of T a t a l i n a  
Mountain and i n  the  Beaver Mountains. F ive  of s i x  I<-Ar mica ages- from p lu tons  
and d i k e s  i n  the  p r o j e c t  a r e a  average about 70 m i l l i o n  yea r s  ( t a b l e  4 ) .  

Thermally Altered Rocks 

Hornfe l s  a u r e o l e s  up to  s e v e r a l  mi les  wide comnionly r i m  the  p l u t o n i c  corn- 
p lexes  (Khf,  p l .  1). These c o n s i s t  of mass ive ,  dark-gray,  l o c a l l y  porphyro- 
b l a s t i c  h o r n f e l s ,  baked a r g i l l i t e ,  and s i l i c i f i e d  sand tone ,  much of which i s  
commonly d i f f i c u l t  t o  d i s t i n g u i s h  from a p h a n i t i c  mafic v o l c a n i c  r o c k s .  
L o c a l l y ,  zones of i n t e n s e  b r e c c i a t i o n  minera l i zed  wi th  f e r r i c r e t e  gossan and 
manganiferous v e i n i n g  can be found,  p a r t i c u l a r l y  near  i n t r u s i v e  c o n t a c t s .  
Hornfe l s  of ten  form d i s t i n c t i v e  topographic rims surrounding the  p lu tons  , 
e s p e c i a l l y  i n  the  Beaver Mountains. Volcanic rocks o v e r l y i n g  i n t r u s i o n s  a t  
Takotna,  Candle, Joaqu in ,  and i n  the Beaver Mountains have undergone e x t e n s i v e  
thermal a l t e r a t i o n  l o c a l l y  but  a r e  not  shown as hor .n fe l s  (Khf) on p l a t e  1 .  

Quaternary Units 

The t h i r t e e n  Quaternary  u n i t s  shown on p l a t e  1 range in  age from e a r l y ( ? )  
P l e i s t o c e n e  to Recent and c o n s i s t  of unconsol idated a l luvium ( Q a l ) ,  p lace r -  
mine t a i l i n g s  (Qht) , a c t i v e  and i n a c t i v e  sand-dune d e p o s i t s  (QS , Qso) , t a l u s -  
cone and a l l u v i a l - f a n  d e p o s i t s  (Qt ,  ~ a f ) ,  g l a c i a l .  d r i f t  d e p o s i t s   do, Qd, 
Qof, Q r ) ,  s t r eam- te r race  a l luvium d e p o s i t s  of two ages (Qb, Qby), and undif-  
f e r e n t i a t e d  Quaternary  d e p o s i t s  (QSU) t h a t  inc lude  windblown l o e s s ,  r e t r a n s -  
por ted  windblown m a t e r i a l s ,  rock colluvium on h i l l s l o p e s ,  and reworked g l a c i a l  
d r i f t .  Un i t s  i n  the  Beaver Mountains and Ophir mining p r e c i n c t  were mapped by 
bo th  photogeology and ground reconnaissance .  I n  rriuch of the remaining a r e a ,  
photogeologic techniques  were used,  and mapping and i n t e r p r e t a t i o n  i s  s t i l l  i n  
p r o g r e s s .  Quaternary d e p o s i t s  i n  the  a r e a  record a  complex h i s t o r y  of u p l i f t ,  
l o c a l i z e d  g l a c i a t i o n  i n  the  Beaver Mountains ( ~ u n d  t z e n ,  19801, and e r o s i o n a l  
p rocesses  i n  a  p e r i g l a c  i a l  environment. 

Structure 

The l ayered  rocks have undergone two pe r iods  of f o l d i n g ,  with the  l a t e s t  
and apparen t ly  dominant deformat ion cu lmina t ing  in  a  s e r i e s  of nor theas  t- 
t r e n d i n g  a n t i c 1  i n e s  and sync 1 i n e s  with t i g h t  chevron-sty l e  f o l d  axes .  Major 



high-angle f a u l t s  p a r a l l e l  the  f o l d  s t r u c t u r e ,  the  l a r g e s t  of which i s  the 
Nixon-Iditarod f a u l t ,  a  major s t r i k e - s l i p ( ? )  f e a t u r e  i n  western  Alaska 
( ~ r a n t z ,  1966) .  F a u l t s  en echalon to  t h i s  f r a c t u r e  inc lude  the  Beaver Moun- 
t a i n s  f a u l t  and the  Yankee-Ganes Creek f a u l t  (which i s  con ta ined  w i t h i n  a  
pe rvas ive  s h e a r  zone almost  1  m i l e  wide) .  The emplacement of many of the 
p l u t o n s ,  v o l c a n i c  r o c k s ,  and d i k e  swarms i s  d i r e c t l y  r e l a t e d  to t h e s e  major 
n o r t h e a s  t - t r e n d i n g  f a u l t s  . Younger, l e s s  s i g n i f i c a n t  nor thwest - t rending high- 
ang le  f a u l t s  i n  the nor thwestern  p a r t  of the map a rea  have small  l e f t  l a t e r a l  
d i sp lacements  of a  few hundred f e e t .  

ECONOMIC GEOLOGY 

Mining History 

The Ophir  mining p r e c i n t s  and Candle H i l l s  have had a  s u b s t a n t i a l  h i s t o r y  
of p l a c e r  gold product ion from modern s t ream and o l d e r  bench g r a v e l s .  E a r l i e r  
mining a c t i v i t i e s  have been d i scussed  by Eakin (19131, Maddren (1909, 1910, 
1911) ,  Mert ie  (1922, 1936) ,  Mert ie  and Har r ing ton  (19241, and Wimmler (1922, 
1926, 1929) and w i l l  on ly  be summarized in  a  g e n e r a l  way h e r e .  

Gold was f i r s t  d i scovered  i n  1906 by a  p a r t y  of p rospec to r s  under the 
d i r e c t i o n  of Thomas Ganes, below the  mouth of what became known as  Ganes 
Creek. Rich p l a c e r s  were l a t e r  d i scovered  on Ophir Creek i n  1908 and by 1910 
d i s c o v e r i e s  had been made on L i t t l e ,  E s t e r ,  Yankee, Spruce ,  and Dodge Creeks.  
Gold in  Anvil  Creek remained untouched u n t i l  1917. The r i c h e s t  gold p l a c e r s  
found i n  the  p r o j e c t  a r e a  were won from Candle Creek,  f i r s t  recognized and 
worked by Louis Blackburn and Ber t  E ld r idge  i n  1913 ( ~ e r t i e ,  1936).  To ta l  
gold  product ion f o r  the  reg ion  i s  unknown but b e l i e v e d  to have been a t  l e a s t  
500,000 ounces ( t a b l e  1 0 ) .  

I n i t i a l l y ,  d e p o s i t s  were mined by smal l - sca le  h y d r a u l i c  o p e r a t i o n s  and 
s c r a p e r  p l a n t s  ( ~ e r t i e ,  19361, but  by 1920 a  number of f l o a t i n g  bucke t - l ine  
dredges  were brought i n t o  the d i s t r i c t .  These inc lude  the  h i g h l y  s u c c e s s f u l  
Kuskokwim Dredging Company dredge on Candle Creek (1919-26 ; 1949-5 1 )  , the 
Flume Creek Dredging Company p l a n t s  on L i t t l e  and Yankee Creeks (which 
opera ted  i n t e r m i t t e n t l y  from 1922 through the m i d - 1 9 3 0 ~ ) ~  a  dredge on lower 
Ganes Creek,  and two dredges on Upper Ganes Creek which opera ted  i n t e r m i t -  
t e n t l y  from 1924-1930 (one was l a t e r  r e b u i l t  by the  Magnuson family  and 
opera ted  u n t i l  1960) ( ~ a s ~ e r ,  1959).  

The Rossander-Reed dragl ine-dozer  p l a c e r  o p e r a t i o n  on Yankee Creek 
dominated gold mining a c t i v i t y  and product ion i n  the  Ophir p r e c i n c t  f o r  n e a r l y  
a  q u a r t e r  cen tu ry  fol lowing World War 11, 

Mining dec l ined  in  the 1950s and 1960s as a  r e s u l t  of the f ixed  p r i c e  of 
gold  ($35/ounce) ,  bu t  the i n d u s t r y  has regained some of i ts  former importance 
i n  the 1970s because of r i s i n g  gold p r i c e s .  Although gold product ion has 
f l u c t u a t e d  over the  y e a r s ,  p l a c e r  mining c o n t i n u e s  today on Anvi l ,  Ophir , 
Spruce,  L i t t l e ,  and Ganes Creeks ,  where modern mechanized p l a c e r  miners use 
d r a g l i n e s ,  b u l l d o z e r  t r a c t o r s ,  and s l u i c e  boxes as  recovery systems to remove 
overburden and process  gold-bear ing g r a v e l s .  



Placer Deposits 

Modern s t ream and o l d e r  bench placer-gold d e p o s i t s  in  the d i s t r i c t  have 
had a  complex h i s t o r y  due to r e g i o n a l  u p l i f t ,  the in f luence  of g l a c i a t i o n  i n  
t h e  Beaver Mountains, and e r o s i o n  of minera l i zed  bedrock in  a  p e r i g l a c i a l  en- 
v i ronment .  

Aur i fe rous  s t ream g r a v e l s  i n  both  modern s t r eam and t e r r a c e  a l luv ium 
average 8-15 f e e t  t h i c k  i n  most placer-mine c u t s  in  the d i s t r i c t  but  occasion- 
a l l y  exceed 30 f e e t  i n  t h i c k n e s s .  Overburden, which v a r i e s  from 4 t o  30 f e e t  
t h i c k ,  i s  o rgan ic  r i c h  and commonly f r o z e n .  The gold-bearing pays t reak  i s  
g e n e r a l l y  found in  the l a s t  18 inches  of g rave l  and w i t h i n  the upper l a y e r s  of 
t h e  under ly ing  weathered bedrock.  This bedrock,  f o r  the  most p a r t ,  i s  
f r a c t u r e d  and weathered Cretaceous  sands tone ,  s i l t s t o n e ,  and s h a l e  ( p l .  11, 
which p lace r  miners ' r i p '  t o  a  depth  of 2-3 f e e t  dur ing removal of the g rave l  
pays t reaks  in  the  s l u i c i n g  p rocess .  Where d i k e s  ( ~ d ,  Kfd, Kmd, Kid, p l .  1 )  
c u t  t h e s e  r o c k s ,  they form r e s i s t a n t  r i d g e s  t h a t  p ro t rude  above the  sed i -  
mentary l a y e r s  and se rve  as e f f e c t i v e  mechanical r i f f l e s  when they c r o s s c u t  
s t r eam channe l s .  In  these  i n s t a n c e s  heavy meta l s  a re  o f t e n  concen t ra ted  along 
the  d i k e .  

Bench g r a v e l s  ( t e r r a c e  a l luvium) have been s u c c e s s f u l l y  worked on Ophi r ,  
Spruce ,  L i t t l e ,  and Ganes Creeks.  On these  c reeks  the benches c o n s t i t u t e d  
some of the r i c h e s t  ground, and modern s t ream g r a v e l s  were not  worked u n t i l  
l a t e r  y e a r s .  In t h e  e a r l y  1960s,  a  62-ounce gold nugget ,  one of the l a r g e s t  
found i n  Alaska i n  r e c e n t  y e a r s ,  was recovered from bench d e p o s i t s  on Ganes 
Creek. 

Yankee Creek i s  the b e s t  example in  the  d i s t r i c t  where gold-bearing pay- 
s t r e a k s  a r e  mainly conf ined t o  shal low,  modern s t r eam g r a v e l s  wi th  minimal 
development of muck 'overburden. 

P l a c e r  gold d e p o s i t s  in  the Ophir mining p r e c i n c t  a r e  concen t ra ted  a long ,  
downslope o f ,  and downstream from s t r u c t u r a l l y  c o n t r o l l e d  d i k e  swarms of 
b a s a l t  to r h y o l i t e  composi t ion.  The Candle Creek gold and heavy-mineral 
p l a c e r s  a r e  de r ived  from the ad jacen t  monzonite and the over l y i n g  v o l c a n i c  
p i l e  and probably r e p r e s e n t  r e s i d u a l  accumulations of gold d i r e c t l y  on an 
igneous bedrock source .  Heavy-mineral p l a c e r s  i n  both the Candle Creek and 
Ophir p r e c i n c t s  have not  migrated f a r  from lode sources  and probably have been 
forming s i n c e  l a t e  T e r t i a r y  time. 

Gold f i n e n e s s  i n  the d i s t r i c t  v a r i e s  from 835 t o  910 and averages  about 
8 7 7 ,  wi th  v i r t u a l l y  a l l  of the i m p u r i t i e s  c o n s i s t i n g  of s i l v e r .  Major heavy 
m i n e r a l s  conta ined in  the  s t ream c o n c e n t r a t e s  bes ides  gold inc lude  s c h e e l i t e ,  
c i n n a b a r ,  g a r n e t ,  tourmal ine ,  and chromite .  Minera log ica l  i d e n t i f i c a t i o n  of 
heavy-mineral c o n c e n t r a t e s  from pas t  and p resen t  mining o p e r a t i o n s  on Yankee 
and Spruce Creeks confirm the presence of chromite ( t a b l e  9 ) .  Cinnabar,  i n  
p a r t i c u l a r ,  was so abundant i n  placer-mine c o n c e n t r a t e s  on Anvil and Candle 
Creeks t h a t  some was recovered,  r e t o r t e d ,  and so ld  to l o c a l  mine o p e r a t o r s  fo r  
mercury amalgum in  e a r l i e r  yea r s   alone^, 1962) .  S c h e e l i t e  , the  p r i n c i p a l  
o r e  of tungs ten ,  i s  p a r t i c u l a r l y  abundant i n  L i t t l e  Creek c o n c e n t r a t e s  
( M e r t i e ,  1936).  



Lode Depos i t s  

Minera l  occurrences  c o n t a i n i n g  anomalous amounts of copper ,  l e a d ,  z i n c ,  
mercury,  g o l d ,  s i l v e r ,  antimony, tungs ten ,  n i c k e l ,  chromium, y t t r i u m ,  z i rcon-  
ium, and bismuth a r e  found in  the Candle H i l l s ,  M t .  Joaqu in ,  the Beaver Moun- 
t a i n s ,  and w i t h i n  the Ophir  mining p r e c i n c t .  They include a  f au l t -hos ted  mer- 
cury-arsenic-gold  v e i n  occurrence  on M t .  Joaquin (188,  p l .  21, copper - s i lve r -  
b e a r i n g  tourmal ine  g r e i s e n ( ? )  v e i n s  along f r a c t u r e s  i n  the  Beaver Mountains 
( l o c s .  48 ,  54,  57,  58 ,  p l .  2 1 ,  minera l i zed  copper-bearing h o r n f e l s  and vol- 
c a n i c  rocks a t  Candle and Takotna Mountains ( l o c s .  199, 212, 207, 203, 204, 
200, 181,  173,  174, p l .  2) and d ikes  throughout the a r e a  t h a t  c o n t a i n  anoma- 
lous  amounts of go ld ,  n i c k e l ,  chromium, y t t r i u m ,  and zirconium. 

S e v e r a l  minera l i zed  zones have been developed and explored by l i m i t e d  
underground workings and t r ench ing .  The b e s t  known i s  the  Independence Mine 
( f i g .  21, developed dur ing  1911-12 wi th  a  60-foot-long t u n n e l ,  a  60-foot-long 
winze d r iven  a t  i t s  end, and d r i f t s  50 f e e t  and 30 f e e t  long,  r e s p e c t i v e l y ,  
a t  lower l e v e l s  ( ~ a k i n ,  1913).  During the summer of 1912, 57 ounces of gold 
were m i l l e d  from 125 tons  of dike-hosted q u a r t z  ca rbona te  ve in  m a t e r i a l .  A 
l a r g e  t renched minera l i zed  r h y o l i t e  d i k e  on the  d i v i d e  between Spruce and 
E s t e r  Creeks ( f i g .  3 )  a l s o  c o n t a i n s  anomalous gold va lues  as  we l l  as secondary 
oxides  of antimony and a r s e n i c .  The Katz antimony lode desc r ibed  by Mert ie  
(1922) near  the  head of Spaulding Creek was looked f o r  but  not  found dur ing  
geo log ic  i n v e s t i g a t i o n s .  The M t .  Joaquin  c innabar -a r senopyr i t e -pyr i t e  lode i s  
a  smal l  f r a c t u r e  f i l l i n g  along a  high-angle f a u l t  t r end ing  N .  10" W .  ac ross  
t h e  top of M t .  Joaquin  ( l o c .  188, p l .  2;  p l .  1 ) .  Rubble i n d i c a t e s  the 
m i n e r a l i z e d  zone extends  f o r  a t  l e a s t  200 f e e t  along s t r i k e ;  however, no in- 
p lace  exposures of s u l f i d e s  were found. 

Analyzed d i k e s  a t  the heads of Ophir ,  Spruce ,  L i t t l e ,  Yankee, and Ganes 
Creeks c o n t a i n  anomalous c o n c e n t r a t i o n s  of g o l d ,  chromium, and n i c k e l .  Nickel  
and chromium c o n t e n t s  of the  mafic d ikes  ( ~ m d ,  p l .  1 )  a r e  t h r e e  to f i v e  times 
t h e  average c r u s t a l  average f o r  b a s a l t i c  rocks  (appendix 3 ) .  The gold 
anomalies appear t o  be conf ined to gossans developed w i t h i n  a l t e r e d  r h y o l i t e  
and d a c i t e  d i k e s ,  whereas the  high chromium and n i c k e l  v a l u e s  appear to  be 
a s s o c i a t e d  wi th  mafic d i k e s  and a l t e r e d  d i k e s  of unknown composit ion ( ~ m d ,  
Kid, p l .  1 ) .  The e x i s t e n c e  of h igh chrome va lues  sugges t s  t h a t  the mafic 
d i k e s  a r e  the  source  of the  chromite  found i n  the heavy minera l  c o n c e n t r a t e s  
on Spruce and Yankee Creeks ( t a b l e  9 ) .  

Limited r e s u l t s  of uranium and thorium ana lyses  from p lu tons  i n  the  pro- 
j e c t  a r e a  ( t a b l e  10) i n d i c a t e  t h a t  the  a l k a l i n e  rocks  c o n t a i n  above- back- 
ground c o n c e n t r a t i o n s  of both r a d i o a c t i v e  elements . Ground t r a v e r s e s  i n  the 
a r e a  wi th  a  Mount S o p r i s  model SC131A s c i n t i l l o m e t e r  show t h a t  the  l aye red  
sedimentary  rocks average 120 c p s ,  the vo lcan ic  rocks average 240 c p s ,  and 
p l u t o n i c  rocks va ry  from 180-400 cps  . Recorded read ings  near  in t rus ive -ex t ru -  
s i v e  c o n t a c t  zones near  the head of Candle Creek peaked a t  550 cps  i n  l o c a l -  
i zed  a r e a s ,  b u t  no r a d i o a c t i v e  minera l s  were i d e n t i f i e d  . 

Sugges t ions  f o r  P r o s p e c t o r s  

Nor theas t - t r end ing  f a u l t  systems in  the a r e a  c o n t r o l  the d i s t r i b u t i o n  of 
many of the minera l i zed  v e i n s  and igneous rocks thought to  be the source  of 
p l a c e r  go ld .  Close examination and sampling of these  f a u l t  zones and a reas  





7 9 B T 2 2 8 v  Location and number of channel sample 

n Dark pray slate and siltstone 

Rhyolite 

h l~xed  rubble 

i c- 
w 
0 Quartz vein 14" thick 

/----- 

I 
/-- - - - + - Rhyolite ~ b b l e  train --- 
_LA 
I- 

Vegetrled d - - C_---d- 

/-- 

M~xed rubble 

S 0 

Some scorodite staining 

8 feet deep with 

-015 ozlton Au 

100 feet 

Geology by T.K. Bundtzen 
June 21.1979 

Field Notes 

Rhyolite dike varying froin 30-65 feet wide intrudes Cre- 
taceous mudstone and sillstone. Quartz is locally abu~idant  
us numerous small stringer veins 114-1-112 inches thick in the 
dikes near rhyolite-country rock conracts. 

Visible disseniinated sulfides include nrsenopyrite. pyrite. 
and traces of chalcopyrite. Scorod~te and slibconile(?) 
staining is evident I o c d l ~ .  Some siderite is associaled with 
quartz veins. Dike continues westward for over 112 mile 
where it l a  offset left laterally in several places on the order 
uf n few hundred feet  (see map 42-44, pis. 1 and 2). Sainples 
228a4  represent Umited channel sampling conducted along 
strike of dike. 

Figure 3. Geologic sketch of the Ester Creek rhyolite prospect, Innoko mining district, Alaska 



downstream o r  downslope from them could  l e a d  t o  t h e  d i s c o v e r y  of p l a c e r  and 
l o d e  m i n e r a l  d e p o s i t s .  Large  ya rdages  of a u r i f e r o u s  benches  may be p r e s e n t  i n  
unworked t e r r a c e  a l l u v i u m  i n  s t r e a m  v a l l e y s  of t h e  Innoko p r e c i n c t .  

GEOCHEMISTRY 

A n a l y t i c a l  r e s u l t s  of pan c o n c e n t r a t e s ,  s t r e a m  s e d i m e n t s ,  and r o c k  samples 
from 213 l o c a t i o n s  i n  t h e  p r o j e c t  a r e a  a r e  shown i n  t a b l e s  5-7 and on p l a t e  2 .  
Appendixes 1-3 summarize sampl ing  p rocedures  and a n a l y t i c a l  t e c h n i q u e s  adopted  
d u r i n g  t h e  geochemis t ry  program. Anomalous v a l u e s  i n d i c a t e d  i n  t a b l e s  6-8 and 
on p l a t e  2 have  been o b t a i n e d  from i n s p e c t i o n  of t h e  raw d a t a  and compar isons  
t o  a v e r a g e  c r u s t a l  c o n c e n t r a t i o n s  i n  b a s a l t i c ,  g r a n i t i c ,  and s e d i m e n t a r y  r o c k s  
( append ix  3 )  . 

R e s u l t s  of  sampl ing  seem t o  i n d i c a t e  t h a t  -80 mesh f r a c t i o n s  of s t r e a m  
s e d i m e n t s  may n o t  be t h e  optimum s i z e  r ange  to  use  f o r  geochemica l  e x p l o r a t i o n  
i n  t h e  p r o j e c t .  a r e a  because  c r e e k s  d r a i n i n g  m i n e r a l i z e d  a r e a s  such a s  Candle 
Creek  and n e a r  t h e  Ganes-Yankee Creeks h y d r o l o g i c  d i v i d e  do n o t  y i e l d  t h e  
e l e m e n t a l  anomal ies  t h a t  would be expec t ed  i n  t h e  t e r r a i n  i n v e s t i g a t e d .  A t  
l e a s t  t h r e e  f a c t o r s  may be r e s p o n s i b l e  f o r  t h e s e  r e s u l t s :  

I n  many s t r e a m s ,  a l l u v i u m  h a s  been reworked by p l a c e r  m i n e r s .  
Much of t h e  -80 mesh f r a c t i o n  c o l l e c t e d  f o r  a n a l y s i s  may be wind-blown 
l o e s s  and n o t  d e r i v e d  from w e a t h e r i n g  and d i s i n t e g r a t i o n  of nea rby  bed- 
r o c k  s o u r c e s .  

3 )  E x t e n s i v e  v e g e t a t i o n  has  i n h i b i t e d  t h e  t r a n s p o r t a t i o n  of m e t a l  i ons  
downslope i n t o  s t r e a m  d r a i n a g e s .  

Thus ,  pan c o n c e n t r a t e s  may o f f e r  a  b e t t e r  t o o l  t o  unde r s t and  heavy-minera l  
provenance  of t h e  s t r e a m  sys tems i n  t h e  r e g i o n .  
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Map no. 
( f i e l d  no . )  

Tab le  1. p r e l i m i n a r y  d e s c r i p t i o n s  of i n v e r t e b r a t e  f o s s i l  l o c a l i t i e s  from s e d i m e n t a r y  r o c k s ,  
McGrath-upper Innoko R i v e r  a r e a .  a 

Approximate l a t i t u d e  and l o n g i t u d e ;  
d e s c r i ~ t i o n  o f  s i t e  D e s c r i ~ t i o n  and remarks  

63O07'; 156"311 
112 m i l e  n o r t h  of O p h i r ,  i n  Ophi r  
A-2 Quadrangle ,  a l o n g  n o r t h  bank o f  
1nnoko R i v e r .  

63"05'  ; 156O32' 
4 m i l e s  sou thwes t  of  O p h i r ,  i n  Ophi r  
Creek  i n  Ophi r  A-2 Quadrangle .  

63O05'; 156"29'  
R idge top  a b o u t  2 m i l e s  s o u t h  of  t h e  
mouth o f  Spruce Creek ,  Ophi r  A-1 
Quadrangle .  

63O06';  156"401 
On e a s t  bank of lower Beaver  Creek 
5 m i l e s  wes t -southwes t o f  Ophir  , 
Ophir  A-2 Quadrangle.  

63O03'; 156"16'  
On e a s t  s i d e  o f  Takotna-Ophir r o a d ,  
1-1/2 m i l e s  s o u t h e a s t  from where 
Ready B u l l i o n  Creek c r o s s e s  road i n  
Ophi r  A-1 Quadrangle .  

63"02 ' ;  156O15' 
I n  Takotna-Ophir  road c u t  j u s t  n o r t h  

Inoceramus  sp? pelecypod s h e l l  beds  i n  Ksh u n i t ,  ( p l .  1 ) .  

Inoceramus  sp?  pelecypod s h e l l  i n  s h a l e - s i l t s t o n e  bed 
(Ksh, p l .  1 ) .  

La rge  Inoceramus  sp?  p r i sms  up t o  3  i n c h e s  l ong  and 
1 / 4  inch  t h i c k  i n  limy s i l t s t o n e  and l i m e s t o n e  of 
K l s t  u n i t  ( p l .  1 ) .  

Inoceramus s p ?  p r i sms  i n  medium g r a i n e d  l i t h i c  s a n d s t o n e  
o f  K s s  u n i t  ( p l .  1 ) .  

Three  Inoceramus s p ?  pe lecypod s h e l l s  i n  Ksh u n i t  
( p l .  1 ) .  

S e v e r a l  f r agmen t s  of Inoceramus  s p ?  s h e l l s .  

o f  eas t -wes t  t r e n d i n g  g u l c h ;  i n  r u b b l e .  



Table 1. ( c o n t . )  

Map no. 
( f i e l d  no. )  

Approximate l a  t i  tude and l o n g i t u d e ;  
d e s c r i p t i o n  of s i t e  

63"011 ; 156"211 
About 113 m i l e  sou th  of Rossander 
mining camp, i n  bedrock d r a i n  a t  
mouth of Marten Gulch. 

62"58' ; 156"211 
1-112 m i l e s  west of Skookum Mountain 
along c a t  t r a i l ,  I d i t a r o d  D-1 Quad- 
r a n g l e .  

62"57 ' ;  156"28' 
On high r i d g e l i n e  near  d i v i d e  between 
Ganes and Yankee Creeks,  about 1 m i l e  
south  of road.  

62"32' ; 156'32' 
On r i d g e l i n e  between Spaulding and 
Ganes Creeks,  2-112 m i l e s  south  of 
1979 Magnuson p l a c e r  o p e r a t i o n .  

62"54 ' ;  156"201 
About 2-112 m i l e s  due south  of f o s s i l  
l o c a l i t y  8 .  

62"58 ' ;  156"101 
6 m i l e s  southwest  of Takotna,  
I d i t a r o d  D-1 Quadrangle; i n  
r i v e r  c u t .  

62"59 ' ;  156"05' 
1 m i l e  southwest  of Takotna, 
1d i t a r o d  D-1 Quadrangle. 

~ e s c r i p t i o n  and remarks 

Forms a r e  s i m i l a r  to  t r a c e  f o s s i l s  r e p o r t e d  from Meso- 
zo ic  f l y s c h  d e p o s i t s  worldwide such as  Helminthoidae ( p r e -  
v i o u s l v  r e ~ o r t e d  i n  Cretaceous  rocks from Alaska)  : Helmin- 
t h o p s i s ,  and Dendrothichnium ( r e p o r t e d  from Upper Creta-  
ceous of s p a i n )  ; ~ o r m o r a p h e (  ?) and s l e p c h d e p o r i t i s ( ? )  
( r e p o r t e d  from Cretaceous  of ~ l a s k a )  and Pro topa leo-  
d i c t y o n ( ? )  ( r e p o r t e d  from North America f l y s c h  d e p o s i t s  
of M i s s i s s i p p i a n  t o  T e r t i a r y  a g e ) .  Also a fragment r e -  
sembling f i s h  s c a l e s  ( recognized by the  a u t h o r ) ;  I D  
not determined.  

Inoceramus sp? fragment i n  s i l t s t o n e  of Kgs u n i t  
( p l .  1 ) .  

Undetermined c r i n o i d  columnals and brachiopods  i n  
l igh t -g ray  sandy l imes  tone ; r a d i o l a r i a  d i s s o l v e d  from 
c h e r t  y i e l d  upper Pa leozo ic  Age. 

R a d i o l a r i a  i n  c h e r t ;  I D  n o t  now a v a i l a b l e .  

Inoceramus sp? prisms i n  coarse  l i t h i c  sandstone of Kcs 
u n i t  ( p l .  1 ) .  

Inoceramus sp? prisms i n  channel sandstone of Ksh u n i t  
( p l *  1 ) .  

Two u n i d e n t i f i e d  gas t ropods  about 112 inch  i n  d iamete r .  



Table 1. ( c o n t ) .  

Map no. Approximate l a t i t u d e  and l o n g i t u d e ;  
- - 

( f i e l d  no. ) d e s c r i p t i o n  of s i t e  D e s c r i p t i o n  and remarks 

14 6Z059'30"; 156"03' Numerous complete  Inoceramus sp? s h e l l s ,  l a r g e s t  about 
( 7 9 ~ ~ 5 9 )  On west end of Takotna a i r s t r i p ,  4 inches  long; ave rage  about 1-112 i n c h e s  i n  long 

I d i t a r o d  D-1 Quadrangle. dimension,  i n  pelecypod-rich s h a l e  bed of Ksh u n i t  ( p l .  
1 ) .  

a ~ r e l i m i n a r y  i d e n t i f i c a t i o n s  l i s t e d  where a v a i l a b l e ;  more p a l e o n t o l o g i c a l  work i n  p rogress .  
b p r e l  iminary i d e n t i f i c a t i o n s  by D r .  Carol  C.  A l l  i s o n ,  Univers i ty  of Alaska Museum, Fa i rbanks ,  Alaska.  
C ~ e v e r a l  specimens examined by D r .  C . J .  Smiley, U n i v e r s i t y  of Idaho,  Moscow, who r e l a t e s ,  "The t r a c e  f o s s i l s  a t  

78BT420 r i s e  above the  bedding s u r f a c e  and a r e  forked rods t h a t  appear t o  be round i n  t r a n s e c t .  Because of the  
forked branching p a t t e r n ,  I suspec t  t h a t  they were organic  s t r u c t u r e s  t h a t  f e l l  onto the  bedding s u r f a c e ,  r a t h e r  
than being worm t r a i l s  o r  borings.I t  

d ~ r e l i m i n a r y  age assignment by D r .  David C .  Jones ,  U.S. Geological  Survey,  Menlo Park ,  CA. 



Table 2. Cretaceous  p l a n t  f o s s i l  i d e n t i f i c a t i o n s  from McGrath-Upper Innoko River a reaa  

Map no. Approximate l a t i t u d e  and l o n g i t u d e ;  
( f i e l d  no.)  d e s c r i p t i o n  of c o l l e c t i o n  s i t e  Sample n o t e s  and remarks 

1  63"101; 156'33' Medium-gray f i n e l y  bedded sands  tone wi th  abundant s m a l l ,  
( 7 9 ~ 1 ~ 3 4 )  Ophir Creek c u t ,  west s i d e ;  Ophir f l a t  wood ch ips  on bedding s u r f a c e s .  Some of the c h i p s  

A-2 Quadrangle. have rounded ends ,  probably  caused by a b r a s i o n  d u r i n g  
t r a n s p o r t .  

2  62'58'; 156"311 Coarse,  s labby c a l c a r e o u s  sandstone wi th  smal l  wood c h i p s  
( 7 9 ~ ~ 3 1 4 )  3-1/2 m i l e s  west of Ganes Creek on and long,  s l e n d e r  stems.  

knob a t  2,000'  f t .  e l e v a t i o n ,  
I d i t a r o d  D-2 Quadrangle. 

3 62'54'; 156"34' Fine  wood ch ips  and a  fragment of a  d i c o t  l e a f  occur i n  
( 7 9 ~ ~ 2 9  1) In  upper Ganes Creek Canyon, 3  m i l e s  a  b lack sha ly  c o a t i n g  of the curved s u r f a c e  of a t h i n  

upstream from 1979 p l a c e r  o p e r a t i o n  sand l e n s e .  The d i c o t  i n d i c a t e s  t h a t  the Ksh u n i t  is no 
on south  w a l l .  o l d e r  than Albian . 

1 
F 
cn 4 62"47' ;  156'45' Severa l  fragments of d i c o t  l eaves  ( recognized by a u t h o r )  

I 
( 7 9 ~ ~ 5 1 1 )  On southwest  r i d g e l i n e  of C r a t e r  i n  a  micaceous s i l t s t o n e  l e n s  i n  Kss u n i t  ( p l .  1 ) .  

Mountain a t  1,600 f t  e l e v a t i o n ,  
I d i t a r o d  D-2 Quadrangle. 

5  62"54' ; 156'33' Dark-gray medium sand wi th  abundant wood c h i p s  and p l a n t  
(79813241) On top o f  2626 Mountain about 1-1/2 stems.  

mi les  southwest  of l o c a l i t y  6 .  

6  62"55' ;  156'31' Large three-dimensional  wood ch ips  i n  coarse  sand p lus  
( 7 9 ~ ~ 2 4 0 )  2  mi les  e a s t  of t h e  headwaters of s e v e r a l  long,  s l e n d e r  stems.  

Spaulding Creek,  nea r  top of 2262 
Mountain. 

7  62"56 ' ; 156"311 Medium gray sands tone  with abundant p l a n t  m a t e r i a l  t h a t  
(79BT238) About 3 /4  m i l e s  n o r t h  and 500 f e e t  has  been broken up i n t o  smal l  p i e c e s .  Fern? - could  be 

lower i n  the  s e c t i o n  from l o c a l i t y  t h e  form Asplenium f o e r s t e r i ;  d i c o t  l eaves  - v e r y  common 
6.  i n  f ragments ;  c o n i f e r  - r a r e  i s o l a t e d  need les  t h a t  may 

r e p r e s e n t  the  Cretaceous  form Cepha lo ta rops i s  h e t e r o p h y l l a ;  
wood c h i p s  - smal l  p i e c e s  rounded by a b r a s i o n .  The 
t r a n s p o r t i n g  medium seems to  have been t u r b u l e n t  enough t o  
break the  d ~ c o t  l e a v e s  i n t o  smal l  f ragments ,  bu t  d i s t a n c e  
o r  d u r a t i o n  of t r a n s p o r t  was e v i d e n t l y  s h o r t  ; o t h e r w i s e  
they would be complete ly  des t royed .  



Table 2 .  ( c o n t . )  

Map no. Approximate l a  t i  tude and long i tude  ; 
( f i e l d  no. ) d e s c r i p t i o n  of c o l l e c t i o n  s i t e  Sample n o t e s  and remarks 

8 62'59' ;  156'25' Very smal l  p iece  of s i l t y  sandstone c o n t a i n s  a s m a l l ,  
( 7 9 ~ ~ 1 6 )  2 m i l e s  southwest  of Rossander f l a t  wood c h i p  t h a t  appears  t o  be rounded by a b r a s i o n .  

Gold camp, Yankee Creek,  I d i t a r o d  
D-1 Quadrangle. 

9 62'58'; 156'22' F a i r l y  "clean" medium sandstone wi th  u n i d e n t i f i a b l e  
( 7 9 ~ ~ 1 5 7 )  1 m i l e  e a s t  of j u n c t i o n  between wood c h i p s .  

South Fork and Yankee Creek, I d i t a r o d  

( 7 9 ~ ~ 1 5 3 )  Headwaters of S 
D-1 Quadrangle. 

I 11 62O58'; 156'18' Gray medium-grained sandstone wi th  a l a r g e ,  f l a t ,  
r 
-4 ( 7 9 ~ ~ 1 4 8 )  Headwaters of Ready B u l l i o n  Creek, carbonized wood stem. 

I I d i t a r o d  D-1 Quadrangle. 

12 63'00'30"; 156'12' Rounded, f l a t  wood ch ips  i n  medium-grained sands tone .  
( 7 9 8 ~ 2 3 2 )  On Ophir road nor th  of l o c a l i t y  13. 

13 63'01' ; 156'12' Coarse to  f i n e  sands with d i s t i n c t i v e  f l a t  bedding plane  
( 7 9 ~ ~ 2 3 1 )  I n  Ophir road c u t ,  Ophir A-1 Quad- s u r f a c e s ;  f o s s i l s  inc lude  a fragment of a d i c o t  l e a f  and 

r a n g l e .  and l a r g e  rounded wood c h i p  almost  8 inches  long.  

14 63"OOt; 156'10' Long, narrow wood c h i p s  on bedding s u r f a c e  of medium- 
( 7 9 ~ ~ 3 8 )  Headwaters of Canadian Creek on g ra ined  l i g h t - g r a y  sands tone .  

boundary of Ophir A-1 and I d i t a r o d  D-1 
Quadrangle. 

15 62'58' ;  156"08' Abundant o rgan ic  p lan t  d e b r i s  i n  sheared and deformed 
(78BT419) At Takotna dump o u t c r o p  1 - l /2  m i l e s  l i t h i c  s a n d s t o n e - s i l t s t o n e  s e c t i o n ;  l i g n i t i c  mat i s  1 

southwest  of Takotna. inch t h i c k  bu t  not  examined i n  d e t a i l .  

a ~ n l e s s  o the rwise  noted a l l  i d e n t i f i c a t i o n s  by D r .  C. J .  Smiley, U n i v e r s i t y  of Idaho,  Moscow. 
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Table 5 .  Analyses 

Map no.  

2 
3 
4 
5 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
18 
20 
2 1 
29 
3 0 
3 1 
3 2 
33 
4 5 
4 9 
5 1 
64 
72b 
72a 
7 3 
7 4 
7 5 
76 
7 7 
78 
8 1 
82 
8 3 
8 5 
86 
9 5 
96 
9 9 

100 
101 
102 
103 
104 
108 

F i e l d  no.  

of stream-sediment samples (-80 mesh f r a c t i o n )  from the  
McGrath-upper Innoko River a r e a  

( a l l  r e s u l t s  in  ppm) . a  



Table 5 .  ( c o n t . )  

Map no.  

11 2 
113 
117 
118 
120 
121 
122 
123 
125 
126 
128 
129 
130 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
148 
149 
150 
152 
153 
154 
155 
156 
157 
159 
160 
161 
16 2 
164 
167 
168 
169 
170 
17  1 
172 
180 
182 
183 
185 

F i e l d  no.  



T a b l e  5 .  ( c o n t . )  

M a p n o .  F i e l d n o .  Ag Cu Pb Zn N i  C r  C o  V Z r - - - - - - - - -  

a ~ n a l y t i c a l  work by Michael  R .  Ashwell and Namok C .  Veach, DGGS M i n e r a l s  
L a b o r a t o r y .  Cu, Pb ,  Zn, Ag, and N i  i n  1977 and 1978 samples ( s e e  f i e l d -  
number p r e f i x )  ana lyzed  by atomic a b s o r b t i o n  s p e c t r o p h o t o m e t r y .  A l l  re-  
main ing  e l emen t s  i n  1978 and 1979 samples ana lyzed  by e m i s s i o n  s p e c  t r o g r a p h y  
Be, Sn,  Mo, Nb, W ,  Sb, Y ,  B i ,  and Au were below t h e  l i m i t s  of d e t e c t i o n  i n  
a l l  s t ream-sediment  s amples .  NA = no t  a n a l y z e d .  ND - n o t  d e t e c t e d .  Fo r  
l i m i t s  of d e t e c t i o n  and a n a l y t i c a l  p rocedure  d a t a ,  s e e  append ixes  1 and 2 ;  
u n d e r l i n e d  v a l u e s  a r e  c o n s i d e r e d  anomalous.  S i l v e r  v a l u e s  of l e s s  t h a n  10 
ppm and vanadium anornal i e s  (unde r  1 i n e d )  a r e  c o n s i d e r e d  q u e s t  i o n a b l e  by t h e  
a u t h o r s .  



Analyses  of  r o c k  samples  from tlrr McGrath-upper Innoko  R i v e r  a r e a  
( a l l  r e s u l t s  in ppm).a 

Map no. F i e l d  no. 

7981333 ND 
7 9 1rr I 60 0_,3_1 
79CL47 0.03 
7 9 8T84 0.00 
79BT77H 0.00 
79C1.42 0.02 

Remarks 

A l t e r e d  maf ic  d i k e .  
Q u a r t z - v e i n  gos:ion near  d i k e .  
M i n e r a l i z e d  d i k e .  
Q u a r t z - v e i n  c h i p  s a a ~ p l e .  
S u l f  i d e - b e a r i n g  d a c i t a  d i k e .  
Q u a r t z - v e i n  g o s s a n  i n  maf ie  d i k e  
swarm. 
M i n e r a l i z e d ( ? )  d i k e .  
M i n e r a l i z e d  d i k e ( ? ) .  
F r e s h  d a c i t e ( ? )  d i k e .  
Q u a r t z - v e i n  c h i p  sample .  
Maf ic -d ike  c h i p  sample .  
Q u a r t z  v e i n  i n  d i k e .  
S l a t e -  and s u l f  i d e - b e a r i n g  d i k e ;  
c h i p  sample .  
I r o n - c a r b o n a t e  q u a r t z  v e i n .  
P y r r h o c i t e - b e a r i n g  d i k e .  
S u l f i d e - b e a r i n g  d i k e .  
Q u a r t z  v e i n  i n  s a n d s  t o n e .  
40-41 s e r i e s  a r e  c o m p o s i t e  g r a b  
samples  a l o n g  150 m e t e r s  of s t r i k e  
l e n g t h  of a  t r e n c h e d  m i n e r a l i z e d  
r h y o l i t e  d i k e .  
Samples  42-44 a r e  c o m p o s i t e  g r a b  
samples  a l o n g  200 m e t e r s  of t h e  
w e s t e r n  limit of t h e  m i n e r a l i z e d  
d i k e  in  tlre 40-41 s a ~ n p l a s .  
M i n e r a l i z e d  h o r n f e l s .  
Gossan i n  mwnzoni t e .  
M i n e r a l i z e d  m o n z o n i t e ;  a l s o  con-  
t a i n s  20 ppln Mo.  
Gossan ized  monzoni t e - d i o r i t e  g r a b  
s a m p l e .  
Q u a r t z - v e i n  g o s s a n .  
Q u a r t z - v e i n  g o s s a n .  
Randan g r a b  s a ~ ~ i p l e s  of  t o u r m a l i n e -  

b r e c c i a - s u l  f i d e  m i n r r a l i z a t  i o n  i n  
f a u l t  z o n e ;  c o n t a i n s  c l ~ a l c o p y -  
r i t e ,  p y r i t e ,  and s p h a l e r i t r .  
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I:ic.ld no .  -- 
79GL63 

7961.62 

79GL61 

7913T103 
79BT102 

79B'P104+ 
7 9 b T l l l  
79HT34 
79 B'1'29 
79lS1'30 
798'L'21+ 
798T20 
79tlT16 
7 9 ~ 1 2  
79 BT6 
7981'3 
79 8'1'66 

7  9  8'1'64 
7915'f73 
788T456 
788T459a 
788T459b 
788T459c 
78BT412 

78H'1'417 
7981'45 
7913.1'58 
79HT199 
798'1'205 
79B'f194 
7881'467 
7881462 

T a b l e  6 .  ( c o n t  

Hc.n~;r r k s  - - - - - - - - - - - --- - . . . - - - - . - - - - - - -- 

Q u a r t z  v e i n  i n  p r o s p r c t  p i t  
s a m p l e s .  
F r r r i c r e t e - s  t a i n e d  q u a r t z  i n  
p r o s p e c t  p i t  . 
F e r r i c r e t e - s t a i n e d  q u a r t z  i n  
p r o s p e c t  p i t ;  f r e e  go ld  o b s e r v e d  
i n  hand spec imen .  
P r o s p e c t  p i t  n e a r  map 'no. 92 .  
Q u a r t z  v e i n - - r h y o l i t e  d i k e  i n  
p r o s p e c t  p i t .  
Q u a r t z - v e i n  c h i p  sample a l t e r e d  
d i k e  i n  p r o s p e c t  p i t .  
A l t e r e d  i n t e r m e d i a t e  d i k e .  
Q u a r t z  v e i n  i n  d a c i t e  d i k e .  
Q u a r t z  v e i n  i n  d a c i t e ( ? )  d i k e .  
Q u a r t z - v e i n  g o s s a n .  
A l t e r e d  m a f i c  d i k e .  
A l t e r e d  maf ic  d i k e  w i t h  g o s s a n .  
Rhyol i r e - d i k e  r u b b l e .  
R h y o l i t e  d i k e .  
I l o r n f e l s  w i t h  f e r r i c r e t e  s ~ a i n i n g .  
G o s s a n - q u a r t z  v e i n  i n  p r o s p e c t  
t r e n c h ,  a s s o c i a t e d  w i t h  d i k e .  
A l t e r e d  d i k e  w i t h  g o s s a n .  
Q u a r t z  v e i n  i n  s a n d s t o n e .  
S i d e r i t e  b r e c c i a  n e a r  a l t e r e d  d i k e .  
Large  a l t e r e d  maf ic  d i k e  sys tem 
s e v e r a l  hundred y a r d s  w i d e ;  i n -  
t r u d e s  sedimentary r o c k s .  
A l t e r e d  b a s a l t  a g g l o m e r a t e  w i t h  
some gos s a n  deve lopment .  
A l t e r e d  l i t h i c  s a n d s t o n e .  
I r o n - s t a i n e d  s h a l e  u n i t .  
A l t e r e d  m a f i c  d i k e  w i t h  g o s s a n .  
M i n e r a l i z e d ( ? )  r l ~ y o l i t e  p lug .  
s i d e r i t e - q u a r t z  v e i n  i n  s a n d s r o n e .  
N a f i c  d i k e  w i t h  a l t e r a t i o n .  

A l t e r e d  p o r p h y r i t i c  b a s a l t .  
A l t e r e d  b o r d e r  phase ,  s y e n i t e -  
rnonzonite  . 



T a b l e  6 .  ( c o o t . )  

C r  Co W 

D 10 ND 
ND 20 ND 

20 20 ND 
ND 10 ND 

l,ooo 50 ND 

NA NA NA 

1,000 30 ND 

50 20 
20 20 ND 

ND HI) ND 
ND NU ND 

ND 20 ND 

ND 30 ND 
ND 10 ND 

20 20 ND 
NA NA NA 

NU 10 ND 

NA NA NA 

20 20 ND 

20 NU ND 
20 ND ND 

NA NA NA 
NA NA NA 
NA NA NA 

Remarks -- - -- 

D i o r i t e  wi th  minor  q u a r t z  v e i n s .  
I r o n - s t a i n e d  m i n e r a l i z e d  
nlonzoni t e .  
B r e c c i a  zone i n  m o n z o n i t e .  
D i a b a s i c  b o r d e r  phase .  
I r o n - s t a i n e d  p o r p h y r o b l a s t i c  
h o r n f e l s .  
I r o n - s t a i n e d  h o r n f e l s e d  i n t r u s i v e  
b o r d e r  phase .  
I r o n - s t a i n e d  maf ic  i n t r u s i v e  r o c k  
n e a r  c o n c a c t  wit11 c o u n t r y  rock .  
H o r n f e l s  a t  i n t r u s i v e  c o n t a c t .  
C i n n a b a r  o r e  from p r o s p e c t  dump; 
c o n t a i n s  some a r s e n o p y r i t e .  
Manganese-s t a i n r d  b r e c c i a  i n  
h o r n f e l s  a u r e o l e ;  p r o s p e c t  p i ~ s  
sampled .  
Gossan d e v e l o p e d  i n  a rnygda lo ida l  
b a s a l t  u n i t .  
B a s a l t .  
I ron-s  t a i n e d  c o n t a c t  zone ,  
m o n z o n i t r - b a s a l t .  
Gossan i n  b a s a l t .  
I r o n - s t a i n e d  b a s a l t  w i t h  s u l f i d e -  
b e a r i n g  e p i d o t e  b l e b s .  
F e r r i c r e t z  g o s s a n  i n  h o r n f e l s  
b r e c c i a  zone.  
Gossan i l l  b o r d e r  p h a s e - - h o r n f r l s  
c o n t a c t  zone .  
P o r p h y r i t i c  b a s a l r  w i t h  v i s i b l e  
c h a l c o p y r i t e  b l e b s .  
Gossan zone i n  p o r p h y r i t i c  b a s a l t .  
I l o r n f e l s  b r e c c i a  w i t h  manganzse- 
i r o n  v e i n i n g .  
H o r n f e l s  b r e c c i a .  
I r o n - s t a i n e d  h o r o f e l s  . 
S u l f i d e  n o d t ~ l e s  i n  s h e a r  zone o f  

deformed C r e t a c e o u s ( ? )  s e d i m e n t a r y  
r o c k s .  

M a x  no .  - -- Y i e l d  no .  



Tab le  6 .  ( c o n t . )  

a ~ n a l y t i c a l  work by M . R .  Ashwell and N.C. Veach, DGGS Mine ra l s  L a b o r a t o r y .  
Cu, Pb,  Zn, Ag, Au, and N i  i n  1977 and 1978 samples  ( s e e  f i e l d  no. p r e f i x )  
ana lyzed  by a tomic  a b s o r b t i o n  s p e c t r o p h o t o m e t r y .  Gold i n  1979 samples  a l s o  
ana lyzed  by a tomic  a b s o r b t i o n  s p e c t r o p h o t o m e t r y .  A l l  r emain ing  e l emen t s  i n  
1978 and 1979 samples  ana lyzed  by emis s ion  s p e c t r o g r a p h y .  Unde r l i ned  samples 
a r e  c o n s i d e r e d  anomalous.  Be, Sn, Mo, and Nb were below t h e  l i m i t s  of d e t e c -  
t i o n  i n  a l l  r ock  samples .  NA = n o t  a n a l y z e d .  MI = n o t  d e t e c t e d .  For l i m i t s  
o f  d e t e c t i o n  and a n a l y t i c a l  p rocedure  d a t a ,  s e e  append ixes  1 and 2 .  S i l v e r  
anoma l i e s  of l e s s  than 10 ppm and vanadium anomal ies  ( u n d e r l i n e d )  a r e  con- 
s i d e r e d  q u e s t i o n a b l e  by t h e  a u t h o r s .  



Tab le  7 .  Analyses  of pan c o n c e n t r a t e s  from t h e  McGrath-Upper Innoko R ive r  a r e a  
( a n a l y s e s  i n  ppm)a 

Map no .  F i e l d  no .  Au Ag Cu Pb Zn N i  C r  Co V Zr - - - - - - - - -  

a ~ n a l y t i c a l  work by N . C .  Veach and M.R.  Ashwell ,  DGGS M i n e r a l s  L a b o r a t o r y .  Cu, Pb, 
Zn, Ag, N i ,  and Au i n  1977 and 1978 samples ( s e e  f ield-number p r e f i x )  ana lyzed  by 
a tomic  a b s o r b t i o n  s p e c t r o p h o t o m e t r y .  S i l v e r  and go ld  i n  1979 samples  a l s o  ana lyzed  
by a tomic -abso rb t ion  s p e c t r o p h o t o m e t r y .  A l l  r emain ing  e l emen t s  i n  1978 and 1979 
samples  ana lyzed  by e m i s s i o n  s p e c t r o g r a p h y .  Be, Sn, Mo, Nb, B i ,  Y ,  Sb, and W were 
below t h e  l i m i t s  of d e t e c t i o n  i n  a l l  pan c o n c e n t r a t e s .  NA = no t  a n a l y z e d .  ND = 
below t h e  l i m i t s  of d e t e c t i o n  ( s e e  append ixes  1  and 2 ) .  Unde r l i ned  v a l u e s  a r e  con- 
s i d e r e d  anomalous.  Ag anomal ies  of l e s s  t h a n  10 ppm a r e  c o n s i d e r e d  q u e s t i o n a b l e  by 
t h e  a u t h o r s .  



Table 8 .  Minera log ica l  i d e n t i f i c a t i o n  of two heavy-mineral c o n c e n t r a t e s  
from mining o p e r a t i o n s  in  the  Ophir mining p rec inc  ta  

. Spruce Creek c o n c e n t r a t e s  ( 7 8 ~ ~ 5 0 1 )  
Major minera l s  0 1 0 % )  

MagnesiochrornTte-chromite ( s o l i d  s o l u t i o n  ( [Mgcr20g] [ F ~ c ~ ~ o ~ ]  ) 
Garnet  
I lmen i  t e  

Minor minera l s  ((10%) - 
Gold 
P y r i t e  
S c h e e l i t e  
Zircon 
Magne t i  t e  

2. Yankee Creek c o n c e n t r a t e s  ( 7 8 ~ ~ 5 0 2 )  
Major m i n e r a l s  0 1 0 % )  - 

I lmeni  t e  
Magnesiochromite-chrornite ( s o l i d  s o l u t i o n  ( [Mgcr2o4I [ ~ e ~ r ~ o ~ ]  ) 
P y r i t e  
Zircon 

Minor m i n e r a l s  ( < l o % )  - 
Magnet i te  
Garnet  
Scheel  i t e  
B a r i t e  

a ~ - r a y  d i f f r a c t i o n  a n a l y s i s  by N . C .  Veach, DGGS Minerals  Laboratory .  



T a b l e  9 .  Ophi r  p r e c i n c t  go ld  p r o d u c t i o n  by c r e e k  ( i n c l u d e s  Candle Creek la  

Creek  L a s t  r e c o r d e d  y e a r  Gold (02)  S i l v e r  (02)  

Anv i 1 
Democrat 
Dodge 
E s t e r  
Gane s  
Gold Run 
L i t t l e  
Madison 
Spau ld ing  
Ophi r  
V i c t o r  Gulch 
Yankee 
Mac k i e  
Fox Gulch 
Candle  Creek 

a ~ n p u b l i s h e d  mint  r e t u r n s  o n l y ;  a l l  f i g u r e s  a r e  c o n s e r v a t i v e .  Does n o t  
i n c l u d e  go ld  p r o d u c t i o n  t h a t  h a s  taken  p l a c e  a lmos t  c o n t i n u o u s l y  t h rough  
1980 on Sp ruce ,  Anv i l ,  Ganes,  and L i t t l e  Creeks .  



Table  10.  Uranium-thorium a n a l y t i c a l  r e s u l t s  from p l u t o n i c  rocks in  the 
McGrath-upper Innoko River a r e a . a  

Map no. F i e l d  no. Rock type  Uranium Thorium Th /U 
( p l .  2)  ( P P ~ )  ( ppm) - 

1 78-BT-379 Biot i te-pyroxene monzonite 16.4 15 0 .91  
2  79-GL-154 Quartz monzonite 3.7 6  1.62 
3  79BT- 

TAT. PLUTON B i o t i t e  monzonite 7.6 20 2.63 
4 79-GL-150 Quartz monzoni t e  8.9 24 2.70 
5  79-BT-409 Monzoni t e  8 . 5  2  1 2.47 
6  79-BT-432 Biot i te-pyroxene monzonite 11.8  19 1 .61 
7  79-BT-442 Pyroxene monzo-d i o r i  t e  7 . 1  15 2.11 

aAnalyses ( c o u r t e s y  of D r .  R.B. Forbes ,  Alaska Geo log ica l  & Geophysical  Surveys con- 
s u l t a n t s )  by Atomic Energy of Canada Limited.  Uranium assays  were obta ined by in -  
s t r u m e n t a l  n e u t r o n - a c t i v a t i o n  a n a l y s i s ,  by using the  delayed neu t ron  count ing 
t echn ique .  The assay  a n a l y s i s  procedure f o r  uranium uses a  60/10/60 sec  i r r a d i a t i o n  
h i s t o r y  with a  thermal neutron f l u x  of 5  x 1011n/cm2/sec. The s e n s i t i v i t y  i s  
0 . 2  pg uranium. For a  nominal 1-g sample the  measurement p r e c i s i o n  i s  + 10% a t  1 pprn 
U ,  + 5% a t  10 pprn U and + 1% o r  b e t t e r  a t  100 pprn U .  A l l  i r r a d i a t i o n s  a r e  performed 
i n  a Slowpoke-2 n u c l e a r  r e a c t o r .  

Ins t rumenta l  neu t ron  a c t i v a t i o n  a n a l y s i s  (INAA) f o r  thorium a l s o  uses a  Slowpoke-2 
r e a c t o r .  The t y  i c a l  i r r a d i a t i o n  h i s t o r y  i s  4 h r /7d /15  min wi th  a  thermal neu t ron  
f l u x  of 2 .8  x  IOE1n/cm2/sec. Measurements a r e  c a r r i e d  ou t  on a  40-cc ~ i / ~ e  
d e t e c t o r  which has  an e f f i c i e n c y  of  11% and a  r e s o l u t i o n  of 2.8 KeV FWHM. A Nuclear 
Data 6600 mul t i channe l  ana lyze r  i s  used f o r  d a t a  a c q u i s i t i o n  and hand l ing .  
Thorium-232 is determined from t h e  PA-233 ( t 1 / 2  27d) daugh te r .  The s e n s i t i v i t y  i s  
approximate ly  1  pprn Th i n  g e o l o g i c a l  samples. For a  nominal 0.5-g sample the 
measurement p r e c i s i o n  i s  c o n s e r v a t i v e l y  es t ima ted  as  the sum of a 5% e r r o r  f o r  sample 
weighing,  coun t ing  geometry, f l u x  v a r i a t i o n s  e t c . ,  p lus  a  measured e r r o r  i n  the 
c a l i b r a t i o n  samples (approximate ly  5%) plus  a  1 s tandard-dev ia t ion  coun t ing  
s t a t i s t i c a l  e r r o r .  

Geochemical XRF thorium ana lyses  a r e  run on a  Siemens XRF u n i t  with a  molybdenum 
t a r g e t  us ing the  dry-powder technique.  P e l l e t s  a r e  pressed a t  15 t o n s .  The 
s e n s i t i v i t y  i s  quoted a t  1 pprn Th with a  measurement p r e c i s i o n  of + 100% a t  1 pprn Th, - 
+ 12% a t  10 pprn Th and + 5-10% a t  300 pprn Th. - - 



APPENDIX I 

Sampling Procedure and A n a l y t i c a l  Techniques f o r  Geochemical Samples 

Rock, pan-concentra te ,  and stream-sediment samples were c o l l e c t e d  by the 
a u t h o r s  and V.F. F e r r e l l ,  K.S. Emmel, and N . D .  Coursey dur ing  the 1977-79 
f i e l d  seasons .  Stream-sediment samples of the f i n e s t  f r a c t i o n s  a v a i l a b l e  
below t h e  w a t e r l i n e  were c o l l e c t e d  g e n e r a l l y  a t  c r e e k  mouths, and o c c a s i o n a l l y  
a long c r e e k  systems a t  1/2-mile i n t e r v a l s  dur ing geologic  mapping t r a v e r s e s .  
An e f f o r t  was made to 1 )  exclude h i g h l y  organic  m a t e r i a l  and 2) o b t a i n  a  f i n e  
f r a c t i o n  de r ived  from the weathering of nearby bedrock sources  r a t h e r  than 
from windblown l o e s s .  Pan c o n c e n t r a t e s  were c o l l e c t e d  from s e l e c t e d  l o c a t i o n s  
throughout the  s tudy  a r e a  by us ing a  ' s t a n d a r d '  gold pan (wi th  16-in.-dia- 
meter  top) and a  4  mesh s i e v e .  Gravel and sand were shoveled onto the s i e v e  
and t h e  < 4 mesh f r a c t i o n  c o l l e c t e d  i n  the  pan. This  m a t e r i a l  was sub- 
sequen t  ly-panned and the  heavy minera l  f r a c t i o n  r e t a i n e d  . Both pan-concen- 
t r a t e  and stream-sediment samples were d r i e d  i n  the f i e l d .  

Chip and grab samples were c o l l e c t e d  from minera l i zed  zones ,  p r o s p e c t s ,  
and o ld  mines to o b t a i n  an i n d i c a t i o n  of the e lementa l  con ten t  of minera l  oc- 
c u r r e n c e s  found w i t h i n  the a r e a .  Except f o r  samples c o l l e c t e d  a t  the Indepen- 
dence Mine (map no. 88 ,  p l .  2  and f i g .  2) and the Spruce Creek-Li t t l e  Creek 
r h y o l i t e  p rospec t  (map no. 41 ,  p l .  2 ;  f i g .  3 ) ,  no channel samples were co l -  
l e c t e d ;  thus  a c c u r a t e  e s t i m a t e s  of the grade of minera l  d e p o s i t s  i n  the s tudy  
a r e a  cannot be made, and a n a l y t i c a l  r e s u l t s  presented in  t a b l e  6  should be 
viewed only  as  i n d i c a t o r s  of m i n e r a l i z a t i o n  i n  the s tudy a r e a .  

Elemental  ana lyses  were performed a t  the  DGGS blineral  Analys is  Laboratory  
by M.R.  Ashwell, N . C .  Veach, and Coursey. Atomic-absorbtion spect rophoto-  
m e t r i c  a n a l y s i s  was c a r r i e d  out  by t ak ing  a  10-g sample and d i g e s t i n g  i t  i n  an 
a p p r o p r i a t e  amount of aqua r e g i a .  The d i g e s t a t e  was f i l t e r e d  and d i l u t e d  to 
100 rmn f i n a l  volume con ta in ing  70 pe rcen t  a c i d .  For 1977 and 1978 samples 
( s e e  f i e l d  no. p r e f i x  i n  t a b l e s  6-8) ,  the elements Cu, Pb, Zn, Ag, N i ,  and Sb 
were a s p i r a t e d  d i r e c t l y  i n t o  the a i r - a c e t y l e n e  f lame; gold  in  a l l  samples (ex- 
c e p t  1979 s t r eam sediments)  was determined fol lowing a DIBK-Aliquat 336 s o l -  
ven t - so lven t  e x t r a c t i o n .  A l l  ana lyses  were performed on a  Perkin-Elmer 603 
Atomic Absorb t i o n  Spec tropho tometer .  

The emiss ion spec t rograph ic  ana lyses  were performed us ing a  Ja r re l l -Ash  
1 .5  m Wadsworth type g r a t i n g  spec t rograph ,  equipped with a  Ja r re l l -Ash  model 
J A  43-650 Spectro-Varisource power supply  c o n t r o l .  Films were developed by 
us ing  a  Ja r re l l -Ash  model J A  34-300 photo processor  and c o n c e n t r a t i o n s  were 
determined by using a  Baird Atomic model RC-3 microphotometer.  

I n  t h i s  procedure ,  5  mg of -100 mesh rock powder a r e  mixed wi th  10 mg of 
g r a p h i t e  powder and packed i n t o  a  g r a p h i t e  e l e c t r o d e .  The e l e c t r o d e  i s  ex- 
c i t e d  by a  d i r e c t  c u r r e n t  arc  increased by s t e p s  to a  maximum of 10 amps. The 
spectrum i s  recorded on Kodak Spectrum Ana lys i s  No. 1 f i l m  with an exposure 
time of 180 seconds .  The f i l m  i s  processed wi th  Kodak D-19 developer  a t  20°C 
f o r  3  minutes  and f ixed  wi th  Kodak rapid  f i x e r  f o r  3  minutes  and a i r  d r i e d .  

Elementa l  c o n c e n t r a t i o n s  a r e  determined by the l i n e  comparison method. 
G e n e r a l l y ,  the  most s e n s i t i v e  e lementa l  l i n e  i s  chosen f o r  comparison. The 



concentration is determined by comparing the intensity of the line of the ele- 
ment sought, to lines of known concentration on a standardized film. Standard 
concentrations are on a 1, 2, and 5 step scale, i.e., concentrations would 
read in ppm: 1, 2, 5, 10, 20, 50, and 100, e t c .  Unknown concentrations are 
read directly in pprn or percent. 



APPENDIX 2 

Lower detection limits for elements analyzed (in ppm) 

Be (E. spec)  
1 

Nb ( E .  s p e c )  
10 



APPENDIX 3 

Average abundances o f  s e l e c t e d  e l e m e n t s  i n  t h e  e a r t h ' s  c r u s t  i n  
t h r e e  common r o c k s  ( i n  ppm). 

From Krauskopf (1979,  p .  544-45) .  

G r a n i t e  B a s a l t  S h a l e  C r u s t  


