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ADDENDUM 

Two types o f  ana lyses f o r  uranium i n  t he  stream-sediment samples a r e  
presented.  One s p l i t  o f  t he  stream-sediment samples was sent t o  Resource 
Assoc ia tes o f  A l aska ' s  l a b o r a t o r y ,  where they  were analyzed f o r  U by t he  
f l u o r m e t r i c  method a f t e r  a c i d  e x t r a c t i o n .  T h i s  i s  t he  niethod employed f o r  
U by most l a b o r a t o r i e s .  The completeness o f  uranium e x t r a c t i o n  unavoidably  
v a r i e s  w i t h  t he  p a r t i c u l a r  t ype  o f  uran ium-bear ing m i n e r a l s  present  and 
p o s s i b l y  w i t h  t he  amount o f  i r o n ,  manganese, and carbonaceous m a t e r i a l  p res -  
e n t ,  which can i n t e r f e r e  w i t h  t he  e x t r a c t i o n .  Analyses by t he  niethod a r e  
shown i n  t h e  t e x t  and appendix columns w i t h  t h e  des igna t i on  "RAA." 

S p l i t s  o f  most o f  t he  stream-sediment samples were a l s o  analyzed by 
Los Almos S c i e n t i f i c  L a b o r a t o r y ' s  (LASL) under t h e i r  ERDA-sponsored Hydro- 
chemical and Stream-sediment Reconnaissance Program. Analyses a t  LASL were 
performed by t h e  de layed-neut ron coun t i ng  method, which g i ves  t o t a l  uranium. 
T h i s  method can be used o n l y  i f  a r e a c t o r  i s  a v a i l a b l e .  Samples analyzed 
by t h i s  method a r e  p re faced  by t he  des igna t i on  "LASL." 

To p r o v i d e  as much i n f o r m a t i o n  as p o s s i b l e  and t o  i l l u s t r a t e  what can 
be expected by t h e  two d i f f e r e n t  a n a l y t i c a l  methods, r e s u l t s  o f  b o t h  a re  
t abu la ted  i n  t he  t a b l e s  o f  ana lyses.  I t  should be emphasized t h a t  the  
chemical ana lyses were moni tored and f r e q u e n t l y  checked. D i f f e rences  
such as those shown between t h e  c h e m i c a l - f l u o r m e t r i c  method and delayed- 
neu t ron  coun t ing ,  accord ing  t o  LASL, a re  normal and t o  be expected. 



ABSTRACT 

The Alaska D i v i s i o n  o f  Geolog ica l  and Geophysical Surveys (DGGS), 
under ERDA c o n t r a c t  ~ ~ ( 0 5 - 1 )  - 1639, conducted a  6-week reconnaissance 
program i n  wes t - cen t ra l  Alaska and i n  t h e  Copper R i ve r  b a s i n - C h i t i n a  
R i ve r  v a l l e y  area t o  a i d  i n  de te rmin ing  t he  uranium p o t e n t i a l  o f  t h e  
s t a t e .  D i v i s i o n  personnel  a l s o  submi t ted samples f rom t h e  Healy,  Eagle, 
and Charley R i ve r  quadrangles.  

DGGS personnel  c o l l e c t e d  916 stream-sediment samples and 427 bed- 
rock  samples f o r  uranium, tho r ium,  and potass ium o x i d e  de te rm ina t i ons ,  
and 565 wate r  samples f o r  uranium analyses.  A s t a t i s t i c a l  a n a l y s i s  o f  
t h e  de te rm ina t i ons  was made us i ng  a  computer a t  t he  U n i v e r s i t y  o f  Alaska 
The means, t h resho lds ,  anomal ies,  and U:Th r a t i o s  were c a l c u l a t e d  f o r  
e i g h t  separate  reg ions .  A complete t a b u l a t i o n  o f  t h e  analyses i s  found 
i n  appendix A ;  anomalous va lues a r e  i n d i c a t e d  on t h e  maps and i n  t he  
t a b l e s .  

A se t  o f  maps was cons t ruc ted  combining sample l o c a t i o n s ,  a e r i a l  
r a d i o m e t r i c  survey da ta ,  and t h e  genera l  geo logy.  l so rad  maps showing 
r a d i o m e t r i c  va lues determined by hand-car r ied  s c i n t i l l o m e t e r s  on t h e  
ground a r e  inc luded  f o r  t he  areas i n v e s t i g a t e d  i n  wes t - cen t ra l  Alaska. 

The a l k a l i n e  p l u t o n i c  rocks i n  t he  wes t - cen t ra l  p a r t  o f  t h e  s t a t e  
c o n t a i n  unusual amounts o f  uranium and t ho r i um  and a r e  be l i eved  t o  have 
a  p o t e n t i a l  f o r  commercial uranium depos i t s .  Stream-sediment samples 
f rom t h i s  r eg ion  con ta ined  up t o  111 ppm uranium, 150 ppm thor ium,  and 
7 .3  percent  potassium ox ide .  Bedrock sarnples con ta ined  as much as 258 
ppm uranium, 290 ppm thor ium,  and 17.19 percent  potassium ox ide .  The 
U con ten t  o f  stream sediments was o f t e n  h i ghe r  than t h a t  o f  t h e  su r -  
rounding bedrock, i n d i c a t i n g  concen t ra t i ng  o f  U i n  t he  streams. 

Water samples were found t o  g e n e r a l l y  be very  low i n  uranium, bu t  
severa l  anomalies were determined. The h i ghes t  uranium con ten t  i n  t h e  
water  samples was 3.95 ppb, ob ta ined  f rom a  stream i n  t h e  Zane H i l l s .  

Analyses o f  sediments, bedrock,  and water  samples f rom t h e  Copper 
R ive r  bas in -Ch i t i na  R i ve r  v a l l e y  area,  t he  Healy area,  and t he  Eagle- 
Char ley R i ve r  area y i e l d e d  d i s a p p o i n t i n g l y  low va lues f o r  U .  The 
maximum U con ten t  o f  stream sediments was 10 ppm, rocks 2.5 ppm, and 
water  3 .5  ppb. More d e t a i l e d  i n v e s t i g a t i o n s  i n  most o f  these areas,  
however, i s  recommended. 

Pe t rograph ic  s t u d i e s  o f  t h e  p l u t o n i c  rocks i n  wes t - cen t ra l  Alaska 
were performed by D r .  R.B. Forbes and B.K.  Jones ( p a r t  I I o f  t h i s  r e p o r t ) ,  
who found a  c o r r e l a t i o n  o f  c e r t a i n  m ine ra l s  w i t h  U and Th w i t h i n  i n -  
d i v i d u a l  p l u t o n s ,  bu t  no m ine ra l og i c  gu ides t o  U and Th t h a t  cou ld  be 
a p p l i e d  o v e r a l l  i n  the  r eg ion .  A l i m i t e d  number o f  c a l c u l a t i o n s  showed 
t h a t  nephe l ine  s y e n i t e  con ta ined  t he  most U (mean 12.83 ppm) o f  t h e  seven 
most common igneous rock  types.  G ran i t e  was second (10.38 ppm u ) .  The 
h i ghes t  concen t ra t i ons  o f  U were found i n  a l k a l i c  d i kes  i n  t he  Darby 
Mountains and Selawik  H i l l s ,  and i n  a  broad zone i n  the  Selawik Lake 
co~np 1 ex. 



R a d i o m e t r i c  r e a d i n g s  taken  w i t h  h a n d - c a r r i e d  s c i r i t i l l o m e t e r s  a t  
most sample s i t e s  and o t h e r  l o c a t i o n s  y i e l d e d  i m p r e s s i v e  v a l u e s  i n  t h e  
p l u t o n i c  r o c k s  o f  w e s t - c e n t r a l  A laska .  Backqrounds were commonly 200 
t o  400 coun ts  p e r  second ( c p s ) .  The maxirrium was 2,000 cps o v e r  a  d i k e  
i n  t h e  S e l a w i k  H i l l s .  I n  c o n t r a s t  w i t h  t h e  p l u t o n i c  b e l t  i n  t h e  w e s t e r n  
p a r t  o f  t h e  s t a t e ,  r a d i o m e t r i c  r e a d i n g s  o b t a i n e d  i n  t h e  C o p , ~ e r  R i v e r  
b a s i n - C h i t i n a  R i v e r  v a l l e y  a r e a  were v e r y  l ow .  The niaxirnum r e a d i n q  i n  
a s i n g l e  p o i n t  was 160 c p s ,  and t h e  u s u a l  v a l u e s  were under  60 cps.  

A l t h o u g h  s p e c i f i c  t a r g e t s  f o r  d r i l l i n g  were n o t  d e f i n e d ,  t h e  DGGS 
p a r t y  conc luded  t h a t  a l l  t h e  p l u t o n s  o f  w e s t - c e n t r a l  A laska  w a r r a n t  de- 
t a i l e d  e x a m i n a t i o n  f o r  p o t e n t i a l  u ran ium d e p o s i t s .  The Cretaceous 
sed iments  i n  t h e  upper p a r t  o f  t h e  C h i t i n a  v a l l e y  appear t o  dese rve  
f u r t h e r  i n v e s t i g a t i o n .  Too l i t t l e  work was done i n  t h e  Eag le -Char ley  
R i v e r  a rea  t o  make any judgment,  b u t  t h e  presence o f  a  t h i c k  sequence o f  
r o c k s  r a n g i n g  i n  age f rom Precambr ian t o  T e r t i a r y  w i l l  no doubt  be 
s t u d i e d  f u r t h e r  by i n d u s t r y .  Sampling r e s u l t s  i n  t h e  Hea ly  D - 1  quad- 
r a n g l e  were n o t  encourag ing ,  b u t  f a r t h e r  west  t h e  b e l t  o f  T e r t i a r y  c o a l -  
hear  i n g  r o c k s  and g r a n  i t e  i n t r u s  i v e s  has pl-oduced ( I ran  ium anoma 1 i e s  
and i s  b e i n g  e x p l o r e d  by i n d u s t r y .  

Anomalous v a l u e s  o f  t h e  U ,  Th, and K20, and r a d i o m e t r i c  rneasure- 
ments a r e  d i s c u s s e d  f o r  t h e  s e p a r a t e  a r e a s ,  and sugges t ions  a r e  o f f e r e d  
f o r  e x p l o r a t i o n .  A c o m b i n a t i o n  o f  a l l  u ran ium e x p l o r a t i o n  techn iques  i s  
needed t o  l o c a t e  p o t e n t i a l  u ran ium d e p o s i t s  i n  A laska .  For example, i t  
was f r e q u e n t l y  found t h a t  o n l y  one t y p e  o f  sample (strcxam sed iment ,  bed- 
r o c k ,  o r  w a t e r )  wou ld  show an anomal ly  a t  a  p a r t i c u l a r  l o c a t i o n ,  whereas 
t h e  o t h e r s  d i d  n o t .  A l s o ,  c o r r e l a t i o n s  between a e r i a l  and ground r a d i o -  
m e t r i c  su rveys  and geochemical  su rveys  were o f t e n  l a c k i n g ,  i n d i c a t i n g  
thaL each method may o r  may n o t  be e f f e c t i v e ,  depending on l o c a l  c o n d i t i o n s .  
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I NTRODUCT I ON 

Reconnaissance samp l ing  o f  s t ream sed iments ,  w a t e r ,  and bedrock  
was conducted d u r i n g  1975 i n  w idespread areas o f  A laska  as  a  p a r t  o f  t h e  
Nat i o n a l  Uran ium Resource Eva1 u a t  i o n  (NURE) program. The A laska  p r o j e c t  
was conducted by  t h e  A laska  S t a t e  D i v i s i o n  o f  G e o l o g i c a l  and Geophys ica l  
Surveys (DGGS) under  a  c o n t r a c t  w i t h  t h e  U.S. Energy Research and Develop- 
ment A d m i n i s t r a t i o n  (ERDA) ,  who i s  t h e  a d m i n i s t r a t o r  o f  t h e  NURE program. 
The sampl ing  program i s  r e f e r r e d  t o  as phase I I  by ERDA. Phase I con- 
s i s t e d  o f  a  summary o f  p u b l i s h e d  and unpub l i shed  g e o l o g i c a l  d a t a  and 
uran ium i n v e s t i g a t i o n s  w i t h i n  t h e  s t a t e  and c o n s t r u c t i o n  o f  a  1:1,000,000- 
s c a l e  map o f  A laska  showing t h e  d i s t r i b u t i o n  and c l a s s i f i c a t i o n  o f  t h e  
a1 k a l  i n e  i n t r u s i v e  r o c k s  (Eak ins  and Forbes,  1975).  The p r i m a r y  o b j e c -  
t i v e  o f  phase I I  was t o  c o l l e c t  geochemical  and r a d i o m e t r i c  d a t a  t o  a i d  
i n d u s t r y  i n  t h e  sea rch  f o r  new u ran ium d e p o s i t s .  A laska  i s  p r e s e n t l y  
o f  p a r t i c u l a r  i n t e r e s t  because i t  i s  a  l a r g e  r e g i o n  t h a t  i s  s t i l l  g e n e r a l l y  
u n t e s t e d  f o r  uranium. The c o r r e l a t i o n s  between t h e  U, Th, and K20 con- 
t e n t s  o f  wa te r ,  s t ream sed iments ,  and bedrock  and r a d i o m e t r i c  surveys w i l l  
h e l p  d e t e r m i n e  t h e  r e l i a b i l i t y  o f  each w i t h  r e s p e c t  t o  uran ium e x p l o r a t i o n  
i n  t h e  s t a t e .  

Personnel  c o n s i s t e d  o f  G . R .  Eak ins ,  p r i n c i p a l  i n v e s t i g a t o r ,  D r .  R.B. 
Forbes w i t h  t h e  U n i v e r s i t y  o f  A laska  Geophys ica l  I n s t i t u t e ,  and C.L. Carver  
and B.K. Jones, g r a d u a t e  s t u d e n t s  a t  t h e  U n i v e r s i t y  o f  A laska who were 
g e o l o g i c a l  a s s i s t a n t s  i n  t h e  f i e l d  and o f f i c e .  Jones per formed much o f  
t h e  p e t r o g r a p h i c  s t u d i e s  and Carver  comp i led  t h e  maps and geochemical  d a t a .  

The f i e l d  work was suppor ted  by a  f u l l - t i m e  h e l i c o p t e r  d u r i n g  t h e  
6 weeks i n  t h e  f i e l d .  S i x  s e p a r a t e  base camps were occup ied .  

A l l  t h e  stream-sediment and bedrock  samples were ana lyzed  f o r  Th 
and K20 by t h e  DGGS l a b o r a t o r y .  Because o f  e a r l y  problems w i t h  t h e  
a n a l y t i c a l  equipment,  t h e  DGGS c o n t r a c t e d  Resource A s s o c i a t e s  o f  A laska  
(RAA) i n  Fa i rbanks  t o  do t h e  u ran ium a n a l y s e s .  L a t e r  i n  t h e  program, 
however, t h e  DGGS l a b o r a t o r y  p e r f e c t e d  t h e  U  method by p u r c h a s i n g  new 
equipment and reana lyzed  many o f  t h e  samples. 

The w a t e r  samples were ana lyzed  by t h e  U n i v e r s i t y  o f  C a l i f o r n i a  
Los Alamos S c i e n t i f i c  L a b o r a t o r y  (LASL) i n  Los Alamos, New Mexico i n  
c o n j u n c t i o n  w i t h  t h e i r  geochemical  su rvey  o f  s e v e r a l  wes te rn  s t a t e s  and 
A laska  under  a n o t h e r  ERDA c o n t r a c t .  The Los Alamos work i s  b e i n g  d i -  
r e c t e d  by D r .  R . R .  Sharp, J r .  A l s o ,  s p l i t s  o f  most o f  t h e  stream- 
sediment samples were ana lyzed  by Los Alamos L a b o r a t o r y .  T h e r e f o r e ,  
two s e t s  o f  U  va 1 ues---one marked "RAA" and one "LASL1I---a r e  r e p o r t e d  



f o r  most stream-sediment samples. Values repo r t ed  by Los Alamos a r e  
g e n e r a l l y  h i ghe r  than those repo r t ed  by RAA. 

Alaska i s  about o n e - f i f t h  t h e  area o f  t h e  e n t i r e  U . S .  and inc ludes  
a  l a r g e  v a r i e t y  o f  geo log i c  s e t t i n g s  t h a t  suggest many t a r g e t s  f o r  t h e  
p rospec to r .  A c ross  s e c t i o n  between Anchorage and P o i n t  Barrow, Alaska, 
has been shown t o  be g e n e r a l l y  s i m i l a r  t o  a  c ross  s e c t i o n  between San 
Franc isco  and Denver. However, m inera l  e x p l o r a t i o n  i n  Alaska i s  faced 
w i t h  numerous d i f f i c u l t i e s  and h i g h  cos t s .  Because o f  t he  genera l  l a c k  
o f  roads, t he  rugged t e r r a i n ,  and t h e  remoteness o f  most o f  t h e  s t a t e ,  
most programs r e q u i r e  f u l l - t i m e  h e l i c o p t e r  suppor t .  Many ques t ions  a r e  
unanswered rega rd i ng  t h e  behav ior  o f  uranium i n  a r c t i c  and s u b a r c t i c  
c l i m a t e s  and i n  metamorphic t e r r a i n s .  Research programs a r e  needed t o  
determine t h e  most e f f e c t i v e  methods o f  e x p l o r i n g  t h i s  vas t  reg ion .  
F i e l d  work on one such program was completed f o r  ERDA d u r i n g  1976. Th i s  
was an on-the-ground f o l l o w  up o f  t h e  a e r i a l  r a d i o m e t r i c  survey o f  t h e  
Copper R i ve r  bas in  concluded by Texas Inst ruments  d u r i n g  1975. A l -  
though uranium e x p l o r a t i o n  i n  Alaska i s  f a r  behind t h a t  o f  t h e  con te r -  
minous s t a t e s ,  t h e  tempo i s  i nc reas ing  and ERDA and i n d u s t r y  have con- 
ducted r a d i o m e t r i c  and geochemical programs d u r i n g  t he  pas t  3  years  
(1 974-76) . 

Uranium has been produced f rom o n l y  one l o c a l i t y  i n  t he  s t a t e ,  t he  
Ross-Adams mine on P r i n c e  o f  Wales I s l a n d  i n  southeastern Alaska. About 
120,000 tons  o f  o r e  averag ing  approx i r r~a te ly  1 percent  U308 were produced 
from a  smal l  p e r a l k a l i n e  g r a n i t e  s tock  o f  La te  T r i a s s i c  o r  E a r l y  J u r a s s i c  
age ( ~ a n p h e r e  and o the rs ,  1964). A number o f  r a d i o a c t i v e  p rospec ts  a r e  
present  w i t h i n  a  70-square-mi le area surrounding t h e  s tock  (MacKevett, 
1963; Stephens, 1971), bu t  so f a r  none o f  them has been found t o  be o f  
commercial grade. E x p l o r a t i o n  i n  t h i s  area again  i s  in tense .  B r i e f  
summaries o f  t h e  h i s t o r y  o f  uranium e x p l o r a t i o n  i n  Alaska have been pub- 
1 ished ( ~ a k i n s ,  1969, 1975a, 1975b; Cobb, 1970). 

No e f f o r t  has been made i n  t h i s  r e p o r t  t o  d e f i n e  land s t a t u s  o r  
ownerships.  S t a t e  land s e l e c t i o n s  under t he  Alaska Statehood Ac t ,  
s e l e c t i o n s  by N a t i v e  groups under t h e  A laska N a t i v e  Claims Set t lement  
Ac t ,  and Federa l  c l a s s i f i c a t i o n s  a re  s t i l l  pending. Present c o n t r o l  and 
p r i o r  c l a ims  should be determined f o r  each s p e c i f i c  area o f  i n t e r e s t  be- 
f o r e  any su r f ace  a c t i v i t i e s  a r e  under taken.  Because o f  t he  d i v e r s i t y  o f  
t he  geology among t h e  severa l  areas i n v e s t i g a t e d ,  d e s c r i p t i o n s  o f  t h e  
geology and r e s u l t s  o f  t he  i n v e s t i g a t i o n  o f  each area a r e  inc luded  i n  
separate  sect  ions.  

AREAS OF INVESTIGATION 

The two p r i n c i p a l  areas ( f i g .  1 )  i n v e s t i g a t e d  by t h e  DGGS p a r t y  
d u r i n g  t h e  1975 f i e l d  season were: (1 )  wes t - cen t ra l  Alaska, i n c l u d i n g  t h e  
Darby Mountains,  G ran i t e  Mountain-Clem Mountain area, Selawik  H i l l s ,  and 
Zane H i l l s ,  and ( 2 )  t h e  southwest p a r t  o f  t h e  Copper R ive r  bas in  and p a r t s  
o f  t h e  C h i t i n a  R i ve r  v a l l e y  i n  t he  sou th - cen t ra l  p a r t  o f  t h e  s t a t e .  

These areas were chosen because t he  g r a n i t i c  rocks i n  wes t - cen t ra l  
A laska were known t o  be anomalously r a d i o a c t i v e  and t o  c o n s i s t  o f  a l k a l i n e  
rock  types f a v o r a b l e  f o r  uranium a s s o c i a t i o n s ,  and because t he  Copper R i ve r  
bas in  con ta i ns  nonmarine T e r t i a r y  sediments near g r a n i t i c  t e r r a i n  which 



F igu re  1 .  Index map o f  areas i n v e s t i g a t e d  f o r  uranium by DGGS,  1975. 
Numbers r e f e r  t o  p l a t e s  ( i n  pocke t ) .  



may be a  s e t t i n g  s i m i l a r  t o  t h a t  o f  sands tone- t ype  u ran ium d i s t r i c t s  i n  
t h e  w e s t e r n  U.S. The C h i t i n a  R i v e r  v a l l e y  was i n c l u d e d  because i t  con-- 
t a i n s  Mesozoic sandstones w h i c h  have some o f  t h e  c h a r a c t e r i s t i c s  o f  
u ran ium-bear ing  sandstones and because i t  i s  near  t h e  Copper R i v e r  b a s i n .  
The i n v e s t i g a t i o n  o f  one p r e d o m i n a n t l y  g r a n i t i c  a r e a  and one p r e d o m i n a n t l y  
sed imen ta ry  a rea  p r o v i d e d  t h e  o p p o r t u n i t y  o f  t e s t i n g  t h e  sampl ing  methods 
i n  b o t h  t ypes  o f  p o t e n t i a l  u ran ium p r o v i n c e s .  

I n  a d d i t i o n  t o  t h e  two p r i n c i p a l  a reas  i n v e s t i q a t e d ,  s t ream-sed iment  
samples were c o l l e c t e d  by DGGS f i e l d  p a r t i e s  i n  two o t h e r  r e g i o n s  and 
ana lyzed  f o r  U, Th, and I<. These areas a r e  (1 )  t h e  Hea ly  D - l  quadrang le  
and v i c i n i t y  i n  t h e  Hea ly  c o a l  d i s t r i c t  and ( 2 )  p a r t s  o f  t he  Eag le  and 
Char ley  R i v e r  quadrang les  a l o n g  t h e  Yukon R i v e r  and near  t h e  Canadian 
b o r d e r .  

The n o r t h  f l a n k  o f  t h e  A laska  Range c o n t a i n s  nonmarine c o a l - b e a r i n g  
T e r t i a r y  d e p o s i t s  and has been i n v e s t i g a t e d  f o r  u ran ium by i n d u s t r y ;  i l  

i s  s t i l l  i n  an a r e a  o f  i n t e r e s t .  The Mandik B a s i n  has a l s o  been c o n s i d e r e d  
t o  have a  p o t e n t i a l  f o r  u ran ium i n  sed iments  o f  Precambr ian,  P a l e o z o i c ,  and 
T e r t i a r y  ages.  

Summaries o f  t h e  genera l  geo logy  and p r e v i o u s  i n v e s t i g a t i o n s  f o r  u ran ium 
i n  these  a reas  have been p u b l i s h e d  p r e v i o u s l y  ( ~ a k i n s ,  1975).  P o r t i o n s  o f  
t h a t  r e p o r t  a r e  i n c l u d e d  i n  append ix  E f o r  r e f e r e n c e .  

The genera l  a reas  t h a t  were i n v e s t i g a t e d  a r e  covered by t h e  f o l l o w i n g  
U .  S .  G e o l o g i c a l  Survey 1 :250,000 ( 4  m i  l e s - t o - t h e -  i n c h )  t o p o g r a p h i c  quad- 
r a n g l e  shee ts :  

-- General  a rea  - - Quad rang 1 es --- 
\ ~ l e s t - c e n t r a l  A laska  

Darby Mounta ins  Solomon, Bendeleben 
G r a n i t e  M t .  and Hun te r  Creek p l u t o n s  Candle,  Selawi  k  
.Selawik H i  11s Candle,  Se law ik  
Zane H i  11s and P u r c e l  1 Fl ts. Shungnak, Hughes 

N o r t h  f l a n k  A laska  Range 
t i ea l y  d i s t r i c t  

E a s t - c e n t r a l  A laska  
Eag le - -Char ley  R i v e r  a rea  

S o u t h - - c e n t r a l  A laska  
Southern  Copper R i v e r  b a s i n  

C h i t i n a  R i v e r  v a l l e y  

Hea 1 y  

Eag le ,  Char ley  R i v e r  

T a l k e e t n a  Mounta ins ,  Gulkana,  
Va ldez,  Anchorage 
Va ldez,  McCarthy 

G r e a t e r  d e t a i l  i s  p r o v i d e d  by t h e  USGS 1:63,360 ( 1  i n c h - t o - t h e - m i l e )  
s c a l e  t o p c ~ g r a p h i c  shee ts ,  wh ich  a r e  a v a i l a b l e  f o r  a l l  a reas  excep t  t h e  
Shungnak, t h e  wes te rn  pe:rt o f  S e l a w i k ,  and most o f  t h e  Hughes quadrang les .  
A l l  sample l o c a t i o n s  and f i e l d  d a t a  were pos ted  on a  1:63,360 s c a l e .  Maps 
o f  t h e  a r e ! ~ s  n o t  covered by 1:63,360 s c a l e  were o b t a i n e d  by e n l a r g i n q  t h e  
1:250,000 t o p o g r a p h i c  shee ts .  The r e s u l t s  o f  t h e  f i e l d  work  and sampl ing  
by  t h e  DGGS i n  each o f  t h e  e i g h t  above a reas  a r e  d i s c u s s e d  s e p a r a t e l y .  



A e r i a l  pho tos  o f  a  1:20,000 s c a l e  were o b t a i n e d  f o r  t h e  a reas  
sampled i n  w e s t - c e n t r a l  A laska  and t h e s e  were examined f o r  s t r u c t u r a l  
f e a t u r e s .  Photos were n o t  purchased f o r  t h e  Copper R i v e r  r e g i o n .  

FIELD METHODS EMPLOYED 

Stream-Sediment Sampl ing 

S i l t - s i z e  sediments were c o l l e c t e d  from beneath t h e  w a t e r  o f  s t reams 
f o r  U, Th, and K20 ana lyses .  Because o f  t h e  l a r g e  a reas  i n v e s t i g a t e d  
d u r i n g  a  r e l a t i v e l y  s h o r t  t i m e  i n  t h e  f i e l d ,  t h e  sampl ing  was o f  a  broad 
reconna issance n a t u r e .  Most st reams were i n  mountainous a reas  and were 
v e r y  s w i f t ,  b u t  some sediments were a l s o  c o l l e c t e d  i n  s t reams i n  t h e  low-  
l a n d s  b o r d e r i n g  t h e  h i g h l a n d s .  These a reas  were t u n d r a -  o r  muskeg-covered 
and t h e  w a t e r  was s l u g g i s h  o r  s t a g n a n t .  These samples c o n s i s t e d  m o s t l y  o f  
carbonaceous m a t e r i a l  because mud was g e n e r a l l y  sca rce .  

I n  a d d i t i o n  t o  sediment samp l ing  a t  each l o c a t i o n ,  an e f f o r t  was made 
t o  c o l l e c t  a  wa te r  sample f o r  u ran ium a n a l y s i s ,  make a  r a d i o m e t r i c  measure- 
ment w i t h  a h a n d - c a r r i e d  s c i n t i l l o m e t e r ,  and n o t e  t h e  t y p e  o f  bedrock  and 
s t ream f l o a t .  

Sampl ing was done by two p e o p l e  w o r k i n g  o u t  o f  t h e  h e l i c o p t e r .  The 
number o f  s t ream-sed iment  samples c o l l e c t e d  d u r i n g  a  w o r k i n g  day was n o t  
g r e a t - - - 2 0  t o  30---because o f  t h e  l o n g  d i s t a n c e s  t o  and f r o m  work a reas ,  
t i m e  l o s t  f o r  r e f u e l i n g ,  d i f f i c u l t y  i n  f i n d i n g  l a n d i n g  p l a c e s ,  r e l o c a t i n g  
o t h e r  members o f  t h e  f i e l d  p a r t y ,  and f r e q u e n t  d i f f i c u l t y  i n  f i n d i n g  f i n e  
m a t e r i a l  s u i t a b l e  f o r  a  sediment sample. Whenever p o s s i b l e ,  a p p r o x i m a t e l y  
1 cup o f  m a t e r i a l  was taken  and p l a c e d  i n  a  c l o t h  sample bag. The DGGS 
l a b  hand led t h e i r  ana lyses  f o r  U, Th, and K20. Sample s p l i t s  were sh ipped 
t o  t h e  Los Alamos S c i e n t i f i c  L a b o r a t o r y  f o r  a n a l y s i s  t o  accompany t h e  wa te r  
samples. U n f o r t u n a t e l y ,  m i s l a b e l i n g  o f  some o f  t h e  s p l i t s  o f  s t ream s e d i -  
ments and w a t e r  sh ipped t o  Los Alamos caused many o f  t h e  Los Alamos samples 
t o  be d  i sca rded.  

Water Sampl ing 

Water samples were taken  a t  most o f  t h e  sediment-sample l o c a t i o n s .  
P l a s t i c  b o t t l e s  were p r o v i d e d  by Los Alamos, and t h e  samples were sh ipped 
t o  t h e i r  l a b o r a t o r y  f o r  a n a l y s i s  by t h e  n e u t r o n  a c t i v a t i o n  method. Gen- 
e r a l l y ,  two w a t e r  samples were c o l l e c t e d  a t  each sample s i t e :  a 25-ml 
v i a l  and a  4-ounce v i a l .  However, t h e r e  were p e r i o d s  when t h e  supp ly  o f  
v i a l s  became exhausted i n  t h e  f i e l d  and no wa te r  samples were taken .  

The t o t a l  number o f  w a t e r  samples taken  was 565. The samples were 
c o l l e c t e d  by s i m p l y  d i p p i n g  t h e  v i a l  i n t o  r u n n i n g  w a t e r ,  a v o i d i n g  c a r -  
bonaceous and p a r t i c u l a t e  m a t t e r  as  much as p o s s i b l e .  P r i o r  t o  t a k i n g  
t h e  sample t h e  v i a l  was r i n s e d  i n  t h e  w a t e r  t o  be sampled and t h e  sample 
t a k e n  by moving i t  up and down i n  a  c l e a r  p a r t  o f  t h e  s t ream t o  o b t a i n  a  
" c ross  s e c t i o n "  o f  t h e  f l o w .  No s p e c i a l  t r e a t m e n t  was used excep t  f o r  
r i n s i n g  t h e  v i a l s  i n  d i l u t e  HNO3 b e f o r e  t a k i n g  them t o  t h e  f i e l d  and 
add ing  3  drops o f  c o n c e n t r a t e d  HN02 t o  t h e  sample c o l l e c t e d .  Much more 
s o p h i s t i c a t e d  t e c h n i q u e s  such as  f i l t e r i n g  and measur ing  t h e  Eh and pH 
o f  t h e  w a t e r s  a r e  t o  be used i n  f u t u r e  w a t e r  sampl ing  by t h e  Los Alamos 
L a b o r a t o r y  and o t h e r s  engaged i n  t h e  NURE program t h r o u g h o u t  A laska and 
t h e  e n t i r e  n a t i o n .  



I n  genera l ,  r e p o r t s  o f  water  sampling f o r  uranium i n  Alaska by 
i n d u s t r y  have been r a t h e r  d iscourag ing .  The geology and topography i n  
Alaska a r e  cons ide rab l y  d i f f e r e n t  than those o f  t h e  Canadian S h i e l d  
p rov i nce ,  where some success w i t h  t h e  method has been achieved. Re- 
search i s  needed t o  c o n s t r u c t  models p r o v i d i n g  f o r  t h e  p o s s i b l e  movement 
o f  uranium i n  t he  a r c t i c  and s u b a r c t i c  bas ins .  A paper by t h e  Russian 
V.P. B o r o v i t s k i i  (1975) touched on t h e  e f f e c t i v e n e s s  o f  geochemical 
e x p l o r a t i o n  o f  swamps and bogs i n  permafrost  reg ions ,  b u t  l i t t l e  i n f o r -  
mat ion  on t h e  geology and topography was inc luded .  P u b l i c a t i o n s  by t he  
USGS ( ~ i l l i a m s ,  1970; Pbwk, 1975) p r o v i d e  da ta  on t h e  ground water i n  
t h e  permafrost  r eg ions  o f  Alaska, and may be u s e f u l  i n  any such s tud ies ,  

Bedrock Sampling 

The ex tens i ve  exposures o f  Cretaceous a l k a l i n e  p l u tons  i n  t h e  south-  
eas te rn  Seward Peninsu la  and wes t - cen t ra l  Alaska have been descr ibed  by 
M i l l e r  (1970, 1972) and M i l l e r  and Bunker (1975).  The rocks a r e  unusua l l y  
p o t a s s i c  and s u b s i l i c i c .  The abnormal ly  h i g h  uranium and t ho r i um  con ten ts  
o f  t he  Darby Mountains and t h e  Hogatza p l u t o n i c  b e l t  suggest t h a t  they may 
be f avo rab le  areas f o r  economic concen t ra t i ons  o f  uranium and thor ium.  

Forbes and Jones conducted t he  sampling and pe t rog raph i c  s tudy  o f  
t h e  g r a n i t i c  rocks.  T h e i r  r e p o r t  on t h e  m inera logy  and U and Th assoc ia t i ons  
c o n s t i t u t e  a  separate  s e c t i o n  o f  t h i s  r e p o r t  ( p a r t  1 1 )  and should be re -  
f e r r e d  t o  f o r  d e s c r i p t i o n s  o f  the  rocks i n  each area.  

Systemat ic sampl ing o f  bedrock a long  se lec ted  t r ave rses  across t h e  
p l u tons  was done t o  c o l l e c t  samples f o r  U ,  Th, and K20 a n a l y s i s  and t h i n  
s e c t i o n i n g .  The t r ave rses  were made a long  r i d g e s  where t h e  exposures were 
bes t ,  and a  s ledge hammer was used t o  o b t a i n  samples as l i t t l e  weathered as 
p o s s i b l e .  Forbes and Jones d iscuss  the  f i n d i n g s  i n  t he  s e c t i o n  on p e t r o l o g y ,  
and t a b l e s  and maps have been compi led t o  show t h e  r e l a t i o n s  o f  t h e  bedrock 
c h a r a c t e r i s t i c s  t o  t h e  r a d i o m e t r i c  surveys and t o  t h e  stream-sediment and 
water analyses.  O f  p a r t i c u l a r  i n t e r e s t  t o  a  uranium p o t e n t i a l  s tudy a re  
de te rmin ing  t h e  average U ,  Th, and K20 con ten ts  o f  t he  va r i ous  rock  types,  
l e a r n i n g  where t he  r a d i o a c t i v e  elements a r e  con ta ined  w i t h i n  t h e  rocks,  
and de te rmin ing  i f  l each ing  o f  t he  uranium has occur red .  

For comparison o f  t h e  U and Th va lues ob ta ined  from analyses o f  rock  
and water  samples c o l l e c t e d  f o r  t h i s  s tudy w i t h  genera l  averages, i t  w i l l  
h e l p  t o  keep t he  f o l l o w i n g  f i g u r e s  i n  mind. 

A v e r a g e  u r a n i u m  c o n t e n t  o f  s e l e c t e d  c r u s t a l  rocks and m a j o r  
rock t y p e s  ( W . I .  F i n c h ,  1 9 6 7 ,  p .  2 )  

R o c k  
C r u s t a l  - - - - - - - 
M a f i c  i g n e o u s  - - - - 
I n t e r m e d i a t e  i g n e o u s -  
F e l s i c  . i g n e o u s -  - - - 
V o l c a n i c  g l a s s -  - - - 
C l a y  a n d  s h a l e -  - - - 
L i m e s t o n e  - - - - - - 
S a n d s t o n e  - - - - - - 

Mean u r a n i u m  
( P P ~ )  
2 . 0  
0.8 
1 .8  
3.5 
5.6 
3 .2  
1.3 
2.2 



The v a l u e  f o r  f e l s i c  igneous r o c k s ,  a round 4 ppm, i s  g e n e r a l l y  c o n s i d e r e d  
no rma l .  Tho r ium c o n c e n t r a t i o n s  o f  g r a n i t i c  r o c k s  () 70% ~ i 0 ~ )  ave rage  18 
pprn (Wedephol, 1969, p .  92 -B -2 ) ,  and abou t  2  ppln i n  p l a t e a u  b a s a l t s .  The 
U:Th r a t i o  i n  igneous r o c k s  n o r m a l l y  i s  about  1 :1+ .  The r a t i o s  o f  U  t o  
Th and K20 i n  bed rock  a r e  b e l i e v e d  t o  be s i g n i f i c a n t  and an a i d  i n  d e f i n i n g  
p o t e n t i a l  u r a n i u m - e n r i c h e d  d i s t r i c t s .  When t h e  U c o n t e n t  approaches o r  
exceeds t h e  Th c o n t e n t ,  t h e  r a t i o  i s  anonlalous and may i n d i c a t e  U  e n r i c h -  
ment even though  t h e  a c t u a l  l e v e l  i s  r e l a t i v e l y  low.  However, U i s  more 
s o l u b l e  t h a n  Th i n  t h e  zone o f  w e a t h e r i n g  and o x i d a t i o n ,  c a u s i n g  t h e  two 
e lemen ts  t o  become separa ted  and t h e  r a t i o  t o  change. 

Wea the r ing  p rocesses  i n  t h e  s u b a r c t i c  env i ronmen t  o f  w e s t - c e n t r a l  
A laska  r a p i d l y  p roduce an a c c u m u l a t i o n  o f  t a l u s  and r u b b l e  a t  o u t c r o p s  
because o f  t h e  ex t reme t e m p e r a t u r e  v a r i a t i o n s .  Chemical w e a t h e r i n g  i n  
t h e  r e g i o n ,  however,  i s  r e t a r d e d  by pe rmanen t l y  f r o z e n  ground and l ow  
r a i n f a l l ,  so t h a t  t h e  r u b b l e  b u i l d u p  i s  p r e s e r v e d .  Because o f  t h e  
accumulation o f  d e b r i s ,  t h e r e  a r e  few good o u t c r o p s  where t h e  bed rock  
i s  exposed i n  p l a c e .  Chemical w e a t h e r i n g  i s  more a c t i v e  i n  t h e  Copper 
R i v e r  b a s i n - C h i t i n a  R i v e r  v a l l e y  r e g i o n ,  where t h e  c l i m a t e  i s  warmer and 
w e t t e r .  

S t u d i e s  o f  t h e  g r a n i t i c  r o c k s  by Jones and Forbes show t h a t  no 
g e n e r a l  m i n e r a l o g y  g u i d e s  can he a p p l i e d  t o  l o c a t e  t h e  most f a v o r a b l e  
u r a n i u m - r i c h  l o c a l i t i e s  i n  a1 1 a r e a s ,  b u t  each p l u t o n  has i t s  own 
p a r t i c u l a r  l n i n e r a l  assemblages a s s o c i a t e d  w i t h  uran iun i  and t h o r i u m .  

Ground R a d i o m e t r i c  Survey  

P o r t a b l e  Mount S o p r i s  s i n g l e - c h a n n e l  s c i n t i l l o n i e t e r s  were c a r r i e d  
by each member o f  t h e  f i e l d  p a r t y .  R a d i o a c t i v i t y  measurements were 
made a t  most sample s i t e s  and a r e  r e p o r t e d  i n  t h e  t a b l e s  a l o n g  w i t h  t h e  
a n a l y s i s  o f  each sample. A l l  f o u r  i n s t r u m e n t s  were c a l i b r a t e d  t o  g i v e  
t h e  same responses under i d e n t i c a l  c o n d i t i o n s .  The me te rs  i n d i c a t e d  t h e  
r a d i o a c t i v i t y  i n  c o u n t s  p e r  second ( c p s ) ,  wh ich  ranged f r o m  a  low o f  20 
o v e r  t u n d r a  and some sed iments  t o  a  maximum o f  2,000 on a  s y e n i t e  d i k e  
i n  t h e  S e l a w i k  H i l l s .  

The measurements were g e n e r a l l y  made by p l a c i n g  t h e  i n s t r u m e n t s  
d i r e c t l y  on t h e  ground o r  bed rock .  The maximum r e a d i n g  o b t a i n e d  a t  each 
s t a t i o n  was t h e  one r e p o r t e d .  The r e a d i n g s  have been used t o  c o n s t r u c t  
i s o r a d  maps o f  t h e  a reas  examined i n  t h e  s o u t h e a s t e r n  p a r t  o f  t h e  Seward 
P e n i n s u l a  and w e s t - c e n t r a l  A l a s k a .  The added b u l k  o f  t h i s  e x t r a  s e t  o f  
maps l e d  t o  t h e i r  r e d u c t i o n  f o r  i n c l u s i o n  w i t h i n  t h e  t e x t  i n s t e a d  o f  
p r i n t i n g  them a t  t h e  same s c a l e  as t h e  sample l o c a t i o n  maps. 

The Copper R i v e r  b a s i n  r a d i o m e t r i c  s u r v e y s  were n o t  con tou red ,  wh ich ,  
because o f  t h e  c o n s i s t e n t l y  l o w  v a l u e s ,  wou ld  be o f  l i t t l e  use.  The d i f -  
f e r e n c e  between t h e  ave rage  r a d i o m e t r i c  measurements o f  t h e  two r e g i o n s  
i s  ex t reme.  Whereas measurements o f  t h e  bedrock  i n  t h e  Seward P e n i n s u l a -  
w e s t - c e n t r a l  r e g i o n  averaged 200-300 cps  and o c c a s i o n a l l y  reached 1200-2000 
cps ,  t h o s e  i n  t h e  Copper R i v e r  b a s i n  r e g i o n  seldom were as h i g h  as 100 cps  
and were u s u a l l y  l e s s  t h a n  60 cps .  

Because s t ream-sed iment  samples and c o r r e s p o n d i n g  r a d i o m e t r i c  measure- 
ments were o f t e n  o b t a i n e d  where no  bedrock  was exposed, r e a d i n g s  were t a k e n  



o r b  t h e  s t rean i  g r a v e l s .  I n  some low a r e a s  n e i t h e r  bedrock  n o r  f l o a t  wc rc  
p r e s e n t  and r e a d i n g s  were t a k e n  on  t u n d r a .  A l t h o u g h  c o t - r e l a t i o n s  be- 
lween p a r t i c u l a r  r a d i o m e t r i c  l i ieasurements and U o r  Th c o n t e n t  o f  s t r c a m  
c,ediments and bed rock  a r e  o f t e n  poo r  o r  n o n e x i s t e n t ,  t h e y  do e x i s t  f o r  
g e n e r a l  a r e a s .  A  d i s c u s s i o n  o f  t h e  c o r r e l a t i o n s  between c o u n t s  p e r  
second and U and Th c o n t e n t s  o f  t h e  igneous r o c k s  i s  i n c l u d e d  i n  t h e  
s e c t  i o n  on igneous r o c k s  by Forbcs  and Jones (p .  8 0 ) .  

A e r i a l  R a d i o m e t r i c  Survey  Data 

A  h i g h l y  s o p h i s t i c a t e d  a i r b o r n e  r a d i o m e t r i c  and magne t i c  su rvey  o f  
t h e  niost o f  Copper R i v e r  b a s i n ,  t h e  Seward P e n i n s u l a ,  and w e s t - c e n t r a l  
A l a s k a  was conducted by Texas I n s t r u m e n t s ,  I n c .  (1975) f o r  ERDA d u r i r i q  
t h e  summer o f  1975. The a e r i a l  survey  i n t e n t i o n a l l y  cove red  arc<>% I r i n g  
i n v e s t  i g a t e d  on t h e  ground by t h e  D G G S .  A  h i g h - s e n s  i t i v i  t y  mu1 t i c h a l i 1 1 1 ~ 1  
qamma-ray system was f l o w n  a t  a  6 . 2 5 - m i l e  (10-km) spac ing  a t  an averdcjc 
a l t i t u d e  o f  400 f e e t  ahove t h e  ground.  The system scanned a  6 0 0 - f o o t -  
w ide  s t r i p  a t  t h i s  a l t i t u d e .  

The anomal i e s  p r e s e n t e d  on t h e  Texas l n s t r u m e n t s  anornaly maps wcl c 
d e t e r m i n e d  s t a t i s t i c a l l y ,  and r e p r e s e n t  v a l u e s  i n  s t a n d a r d  d e v i a t i o n s  
above o r  be low t h e  mean v a l u e  f o r  each p a r t i c u l a r  r o c k  u n i t .  T h i s  rnethotl 
depends on  t h e  accu racy  o f  q e o l o g i c  mapping and r o c k  c l a s s i f i c a t i o n s ,  
w h i c h  i s  s t i l l  u n c e r t a i n  i n  some a r e a .  " P r e f e r r e d "  anoma l i es  i n d i c a t e  
U en r i chmen t  o v e r  Th o r  K ( o r  b o t h ) .  The 1 i s t i n g s  o f  t h e  raw d a t a ,  p o i n t  
I)y p o i n t  , a r e  needed f o r  d e t a i  l e d  s t u d y  and i n t e r p r c t a t  i o n s ,  but t h e s c  
hClvi: not  heen made av;i i 1 a111 c i n  t h e  Texas I  n s t  rument s open - f  i 1 r r i  rc-por t 
((;,lo - 1653)  . 

Tlie f 1 i g h t  l i n e s  and t h e  anornal i e s  as de te rm ined  by Texas Ins t rumen t  (-, 
have been t r a n s f e r r e d  t o  t h e  sample l o c a t i o n - g e o l o g y  maps accompanying t h i s  
r e p o r t  i n  an e f f o r t  t o  c o r r e l a t e  as many o f  t h e  a v a i l a b l e  d a t a  as p o s s i b l e .  
For  more i n f o r m a t i o n  on these  anotnal i e s  t h e  reade r  i s  r e f e r r e d  t o  GJO-1653. 

The Texas I n s t r u m e n t s  r e p o r t  on t h e  s u r v e y  s t a t e d :  

T h c  p r i n c i p a l  p r o b l e m  e n c o u n t e r e d  w < ~ s  7 ow c o u n t i n g  r.,?tes, 
e s p e c i a l l y  in t-hc b a s i n  ar-<?as caused b y  water-shielding b y  t h o  
s a t u r a t e d  s u r f a c c !  m a t e r i a l s .  T h i s  may h a v e  e f f e c t i v e 1  y p r e v e n t e d  
d e t e c t  i o n  of nnlj ur.217 i Ffarous p r o v i n c e s  w h i c h  m i g h t  b e  present i n  
f:lfo:;c? areas. 

Rec;~use o f  t h c  n ~ ~ t u r t  o f  t h e  i n t r u s i v e  r o c k s  and r e l a t i v e l y  t h i n  
,,or t i c i a l  c o v e r ,  anonla l  i r s  a r e  much rrlore numerous i n  t h e  Scwat-d Pcn in.,ul ,I 
w c s l - c e n t r a l  A l a s k a  r e g i o n  than  i n  t h e  Copper R i v e r  b a s i n  r e g i o n .  

F o l l o w - u p  ground s t u d i e s  t o  d e t e r m i n e  t h e  cause and s i g n i f i c a n c e  o f  
t h e  a e r i a l  r a d i o m e t r i c  anoma l i es  encoun te red  i n  A laska  a r e  b e i n g  initiated 
by ERDA.  F i e l d  p a r t i e s  w i l l  make d e t a i l e d  e x a m i n a t i o n s  o f  t h e  anornalicc, 
w i t h  h a n d - c a r r i e d  m u l t i c h a n n e l  s p e c t r o m e t e r s  and by d e t a i l e d  niappinq. 
The f i r s t  f o l l o w - u p  p r o j e c t ,  conducted i n  t h e  Copper R i v e r  b a s i n  d u r i n q  
t h e  sumrner o f  1976, w i l l  be an a i d  i n  i n t e r p r e t i n g  t h e  r a d i o m e t r i c  d a t a  
. ~ t ~ t l  d c t e r m i n  incj i f 1 each i n g  and m i g r a t  i o n  o f  u ran ium has o c c u r r e d ,  and 
w i l l  a l s o  be a g e n e r a l  d i d  i n  u ran ium e x p l o r a t i o n  o f  l ow lands  i n  A l a s k d .  
l i i n l i l a r  f o l l o w - u p  s t u d i e s  a r e  p lanned  f o r  o t h e r  a r e a s  w i t h i n  t h e  s ta t ( . .  



SUMMARY OF RESULTS 

Summaries o f  t h e  r e s u l t s  o f  t h e  program a r e  d i scussed  by p r i n c i p a l  
a r e a s .  P l a t e s  showing sample l o c a t i o n s  and t h e  a e r i a l  r a d i o m e t r i c  
anomal ies  d i scussed  accompany t h e  r e p o r t .  Sample ana lyses  and s t a t i s t i c s  
appear i n  append ixes  A ,  B ,  and C .  C o r r e l a t i o n  m a t r i c e s  a r e  l i s t e d  i n  ap- 
p e n d i x D .  The genera l  g e o l o g i c  s e t t i n g  o f  each area i s  sun~marized i n  
append i x  E . 

G r a n i t e  Mounta in  Area 

The f i e l d  p a r t y  was based a t  t h e  Wh i te  A1 i c e  communicat ions f a c i l i t y  
l o c a t e d  on t h e  t o p  o f  G r a n i t e  Mounta in  i n  t h e  wes te rn  p a r t  o f  t h e  Candle 
quadrang le  ( p l .  1 ) .  F i e l d  work was p o s s i b l e  o n l y  5 o f  t h e  9  days a t  t h i s  
l o c a t i o n  because o f  t h e  weather .  The a reas  sampled i n c l u d e  t h e  G r a n i t e  
Mounta in  p l u t o n  w i t h  i t s  s a t e l l i t i c  body on t h e  n o r t h e a s t  s i d e ,  t h e  Q u a r t z  
Creek p l u t o n ,  and t h e  Hun te r  Creek p l u t o n .  General l o c a t i o n s  o f  t h e  p l u t o n s  
o f  w e s t - c e n t r a l  A laska  a r e  shown on f i g u r e  2 .  

Stream-Sediment Sampl ing - 

A t o t a l  o f  146 s t ream sediment samples were c o l l e c t e d  i n  t h i s  a r e a .  
R e s u l t s  o f  t h e  ana lyses  a r e :  

Range Mean Thresh01 d  -- Anoma 1 i es 
Uppm (RAA) 0,-88 -7T 23.5137- 3 
Uppm (LASL)  0.14-91 13.8012 44.061 7 
Th PPm 0-79 20.5366 5 1 .'to4 7 
K2 0% 0.64-4 .67 1 .938lt 3.432 5 

The h i g h e s t  U v a l u c  r e p o r t e d ,  88 pprn (sample B137),  was f rom near  
rhe  head o f  Doc Creek,  a  sma l l  n o r t h  t r i b u t a r y  t o  Sweepstakes Creek on 
t h e  sou th  f l a n k  o f  G r a n i t e  Mounta in .  The Th v a l u e  f o r  t h i s  sample was 
25.8 ppm, wh ich  r e s u l t s  i n  a  U:Th r a t i o  o f  3 . 4 1 : 1 .  However, t h e  r a d i o -  
m e t r i c  r e a d i n g  a t  t h i s  sample l o c a t i o n  was o n l y  20 cps ,  and t h e  bedrock  
i s  b a s a l t  o r  a n d e s i t e .  Another  sediment sample ( ~ l l t 0 )  c o l l e c t e d  about  1 
m i l e  downstream f r o m  8137 y i e l d e d  o n l y  2 .2  ppm U and 5.59 ppm Th. 
A d d i t i o n a l  sampl ing  i s  needed near  t h e  head o f  Doc Creek t o  de te rm ine  
t h e  source o f  t h e  u ran ium i n  sample 8137. 

S i x  o t h e r  u n u s u a l l y  h i g h  v a l u e s  range between 18.0 and 28.0  ppm. 
Three o f  these---B61,  862, and B71---were c o l l e c t e d  i n  t h e  headwaters o f  
t h e  Peace R i v e r  on t h e  n o r t h e a s t  f l a n k  o f  G r a n i t e  Mounta in .  Panned 
c o n c e n t r a t e s  f rom t h i s  a rea  have p r e v i o u s l y  been r e p o r t e d  t o  c o n t a i n  
anomalous ly  h i g h  r a d i o a c t i v i t y ,  u ran ium-bear ing  m i n e r a l s ,  and a  v a r i e t y  
o f  s u l f i d e s  ( ~ a u l t  and o t h e r s ,  1953; E l l i o t t  and M i l l e r ,  1969; and M i l l e r  
and E l l i o t t ,  1969) .  Bedrock exposures a r e  a lmos t  e n t i r e l y  l a c k i n g ,  b u t  
f o u r  sma l l  p i t s  dug i n  1952 a l o n g  t h e  n o r t h  f o r k  o f  t h e  no r the rnmos t  
p a r t  o f  t h e  Peace R i v e r  r e v e a l e d  weathered g r a n i t i c  r o c k .  /? sma l l  s t o c k  
s a t e l l i t i c  t o  G r a n i t e  and c o n s i s t i n g  o f  monzon i te ,  s y e n i t e ,  and n e p h e l i n e  
s y e r i i t e  has been mapped i n  t h i s  a r e a  by M i l l e r  and E l l i o t t  (1969, f i g s .  
1 ,  7 ) .  The a r e a  i s  cove red  by t u n d r a  and s e v e r a l  f e e t  o f  s o i l ,  b u t  i s  
w e l l  d r a i n e d  and c o m p l e t e l y  f r e e  o f  b rush  so t h a t  f u r t h e r  e x p l o r a t i o n  
wou ld  be r e l a t i v e l y  easy .  
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F igu re  2 .  P lu tons  o f  wes t - cen t ra l  Alaska. 

A sediment sample ( ~ 3 0 )  f rom a stream 4 m i l e s  sou th  o f  Clem Mountain 
y i e l d e d  18.8 ppm U; sample B51, f rom near t he  south end o f  t h e  Hunter Creek 
p l u t o n ,  produced 20.3 ppm U.  The l a t t e r  sample was c o l l e c t e d  near o r  on 
a f a u l t  mapped by Pa t ton  (1967).  

Numerous o t h e r  sediment samples f rom the  G r a n i t e  Mountain-Hunter 
Creek p l u t o n  area,  i . e . ,  Anzac, Boulder ,  Connal ly  Creeks, and o t h e r s ,  
con ta ined  above-average amounts o f  u ran  i um (1 0-1 5 ppm) . Most were f rom 
t h e  G r a n i t e  Mountain p l u t o n .  The west s i d e  o f  t h e  Hunter  Creek p l u t o n  i s  
anomalously h i g h  i n  thor ium-- -up t o  78 ppm, and uranium up t o  12.5 ppm. 
The h i ghes t  Th and K20 va lues u s u a l l y  were f rom t h e  samples hav ing t h e  
h i ghe r  uranium va lues.  



Water Sampl ing  

A t o t a l  o f  134 water samples were taken i n  t h e  G ran i t e  Mountain- 
Hunter Creek p l u t o n  area:  

Range Plea n  Thresh01 d  Anoma 1 i es 
H20 ( P P ~ )  0-2.15 0.7568 1.5936 8 

Four o f  t h e  water  anomalies were i n  samples B25, B27, B j l ,  and B44, 
c o l l e c t e d  ove r  g r a n i t i c  rocks o f  t h e  Hunter Creek p l u t o n ,  between f l i g h t  
l ines 62 and 63. Three more ( ~ 6 2 ,  B65 and ~ 7 2 )  were f rom the  headwaters 
o f  Peace R i v e r  on t h e  no r t heas t  f l a n k  o f  G ran i t e  Mountain, and one ( ~ 1 1 8 )  
was f rom Anzac Creek. 

Bedrock S a m ~ l  ina  

A t o t a l  o f  153 rock  samples were c o l l e c t e d  i n  t he  G ran i t e  Mountain- 
Hunter Creek p l u t o n  area f o r  a n a l y s i s  and t h i n  sec t i on i ng .  The h i ghes t  
uranium and t ho r i um  con ten t s  by chemical  a n a l y s i s  and r a d i o m e t r i c  measure- 
ments were ob ta ined  from t h e  syen i t es  o r  neph l i ne  syen i t es  o f  G ran i t e  
Mountain. The ranges i n  t h e  chemical ana lyses o f  t h e  rock  samples were: 

Range Mean 
0-258 -3XmJ' 

Threshold  
10.1592 

Anoma 1 i es 
5 

f i B 1 4 9 R  and B151R n o t  used i n  c a l c u l a t i n g  t h resho ld  because o f  ex t reme ly  
h i g h  va lues.  

The h i ghes t  s i n g l e  U and Th va lues as shown above a r e  h i g h l y  
anomalous, and t he  second h i ghes t  va lues  were 29 ppm U and 93 ppm Th. The 
sample c o n t a i n i n g  258 ppm U ( ~ 1 5 0 ~ )  was from nephe l ine  s y e n i t e  d i kes  on 
t h e  southwest f l a n k  o f  G ran i t e  Mountain, j u s t  a  few hundred yards west o f  
t h e  no r t he rn  end o f  t h e  land ing  f i e l d .  

Most o f  t h e  bedrock i n  t h e  area has been reduced t o  rubb le ,  bu t  
bou lders  o f  t h e  r a d i o a c t i v e  nephe l ine  s y e n i t e  a r e  up t o  3 f e e t  long and 
1 f o o t  t h i c k .  The s y e n i t e  occurs  as banded d i kes  c u t t i n g  a  h i g h l y  f r a c -  
t u r e d  and ve ined d i o r i t e ( ? )  porphyry .  Sca t t e red  g r a i n s  i n  t h e  nephel ine 
s y e n i t e  f l u o r e s c e  a b r i g h t  orange. The Th con ten t  was 32.8 ppm. 

The h i ghes t  t ho r i um  va lue  (289 ppm) was f rom a  sample ( ~ 1 5 2 ~ )  o f  a  
r a d i o a c t i v e  bou lder  found near t h e  head o f  G ran i t e  Creek. The U con ten t  
was o n l y  10.9 ppm, so t h e  h i ghes t  Th and h i ghes t  U were no t  f rom t h e  same 
sample bu t  were f rom t h e  same genera l  l o c a l i t y .  

Two bedrock samples c o l l e c t e d  a t  G ran i t e  Mountain which produced 
ve ry  h i g h  r a d i o m e t r i c  read ings  and anomalous U o r  Th va lues were submi t ted 
t o  t h e  DGGS l a b o r a t o r y  f o r  m i n e r a l o g i c a l  ana lyses.  One sample ( ~ 1 4 9 ~ )  was 
f rom t h e  nephe l ine  s y e n i t e  d i kes  which con ta i ns  258 pprn U. I t  was found a  
few hundred yards west o f  t h e  n o r t h e r n  end o f  t h e  runway on Gran i t e  Moun- 
t a i n .  The second sample (B151R) was f rom a  boulder  near t he  head o f  G ran i t e  
Creek on t h e  southwest f l a n k  o f  G ran i t e  Mountain. The analyses by s i z e  
f r a c t i o n s  and t h e i r  r a d i o a c t i v i t y  a r e  g iven  i n  t a b l e s  1 and 2. 



Table 1. Mineral composition, 5E1R 

Net radia- 
flesh Fraction Weight- tion count Magnetic Specific 
size number percent (60 sec) at (amps): gravity 

Mineralogy - 
Ma ior Minor 

Magnetite Plagioclase, 
K-feldspar 

Biotite, plagio, 
clase, nepheline, 
K-feldspar 
Biotite, plagio- Nephel ine 
clase, K-feldspar 
Sphene Z i rcon 
Plagioclase, K- 
feldspar, nepheline 
Zircon, sphene 
K-feldspar, plagio- Nephel ine 
c 1 ase 
Z i rcon 
Z i rcon Plagioclasa ' 
Plagioclase, K- 
feldspar, nephe- 
1 ine 
K-feldspar, plagio- Biotite 
clase, nepheline 

*Side slope at Franz magnetic separator. 
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A e r i a l  R a d i o m e t r i c  Survev 

The f l i g h t  l i n e s  and r a d i o m e t r i c  anomal ies  f r o m  t h e  Texas I n s t r u m e n t s  
su rvey  a r e  i n d i c a t e d  on t h e  accompanying sample l o c a t i o n  maps. F l i g h t -  
l i n e  65 c r o s s e s  2 m i l e s  n o r t h  o f  G r a n i t e  Mounta in  summit i n  an eas t -wes t  
d i r e c t i o n  and, f o r t u n a t e l y ,  c rosses  t h e  headwaters o f  Peace R i v e r .  A 
"suspect "  anomaly i s  i n d i c a t e d  a t  t h e  Peace R i v e r  l o c a l i t y ,  where stream- 
sediment samples and ground r a d i o m e t r i c  su rveys  a l s o  produced uran ium and 
t h o r i u m  anomal ies .  Another  a e r i a l  anomaly a l o n g  f l i g h t - l i n e  65 was found 
6 m i l e s  west  o f  t h e  Peace R i v e r  anomaly, o v e r  a n e p h e l i n e  s y e n i t e  zone on 
t h e  w e s t e r n  m a r g i n  o f  t h e  G r a n i t e  Mounta in  p l u t o n .  

Two suspect  anomal ies  appear on f l i g h t - l i n e  62 i n  t h e  Hun te r  Creek 
a r e a  o f  t h e  Hun te r  Creek p l u t o n ,  where anomalous Th v a l u e s  were o b t a i n e d  
f r o m  stream-sediment samples. One suspect  anomaly i s  a l o n g  f l i g h t - l i n e  
60, 10 m i l e s  southwest  o f  Buckland.  

A e r i a l  r a d i o m e t r i c  anomal ies  e a s t  o f  t h e  a rea  i n v e s t i g a t e d  by t h e  DGGS 
suggest  t h a t  t h e  Cretaceous sediments shou ld  be i n v e s t i g a t e d  f o r  t h e i r  
u ran ium p o t e n t i a l .  These o c c u r  nea r  t h e  c e n t e r  o f  t h e  Candle quadrang le  
and c o n t a i n  some v o l c a n i c  d e b r i s  and p l a n t  remains ( p a t t o n ,  1967).  

Ground Rad iomet r i c  Survey 

S c i n t i l l o m e t e r  r e a d i n g s  i n  t h e  G r a n i t e  Mounta in-Hunter  Creek p l u t o n  
a rea  ranged f rom a low o f  17 cps o v e r  b a s a l t  t o  a maximum o f  1,200 cps on 
n e p h e l i n e  s y e n i t e  d i k e s  on t h e  southwest  s i d e  o f  G r a n i t e  Mounta in  ( f i g s .  
3,  4, 5 ) .  Counts measured o v e r  l a v a s  were g e n e r a l l y  l e s s  than  50 cps .  
Counts o v e r  monzon i te  and q u a r t z  monzon i te  v a r i e d  between 100 and 250 
cps .  S y e n i t e s  u s u a l l y  produced between 200 and 300 cps .  

An a rea  o f  about  1 square  m i l e  a t  t h e  head o f  Peace R i v e r  i s  
p a r t i c u l a r l y  i n t e r e s t i n g  because e x c e p t i o n a l  1 y h i g h  r e a d i n g s  (up t o  370 
cps )  were o b t a i n e d  o v e r  t u n d r a  and s o i  1 i n  t h e  s t ream banks. Stream 
g r a v e l s  a l s o  produced up t o  300 cps.  These l e v e l s  o f  r a d i o a c t i v i t y  a r e  
u n u s u a l l y  h i g h  even f o r  exposed g r a n i t i c  bedrock ,  and g e n e r a l l y  a t h i n  
cove r  s o i l  and t u n d r a  w i l l  c o m p l e t e l y  mask r a d i a t i o n .  But  i n  t h i s  a rea  
t h e r e  a r e  no bedrock  exposures  excep t  i n  a few t e s t  p i t s  a l o n g  t h e  s t ream 
channe l ,  and s o i l  and t u n d r a  a r e  s e v e r a l  f e e t  t h i c k .  R a d i o a c t i v e  m a t e r i a l  
has been i n c o r p o r a t e d  i n t o  t h e  ove rbu rden .  Thor ium was found t o  be above 
average i n  t h e  sediment samples (up t o  35.3 ppm) and t h e  u ran ium was as 
h i g h  as 28 ppm. 

"Contour ing"  ground r a d i o m e t r i c  measurements produced a broad h i g h  
o v e r  t h e  c e n t r a l  p a r t  o f  G r a n i t e  Mounta in .  One pronounced anomaly appears 
on t h e  west  s i d e  o f  t h e  l a n d i n g  s t r i p ,  where t h e  r a d i o a c t i v e  n e p h e l i n e  
s y e n i t e  d i k e s  were found,  and one c e n t e r s  i n  t h e  headwaters o f  Peace R i v e r .  

There  was a genera l  decrease i n  r a d i o m e t r i c  measurements n o r t h w a r d  
f r o m  G r a n i t e  Mounta in  a l o n g  t h e  Hun te r  Creek p l u t o n ,  b u t  a n o t h e r  "h igh"  
appears  a t  t h e  head o f  Spruce Creek, a t r i b u t a r y  t o  Hun te r  Creek. 
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F i g u r e  3 .  Ground r a d i o m e t r i c  survey,  Gran i t e  Mounta in  a r e a ,  Candle B - 5  quad- 
r a n g l e ;  by G . R .  Eak ins  and C.L. Carve r ,  1976. 



F i g u r e  4. Ground r a d i o m e t r i c  su rvey ,  p a r t  o f  Hun te r  Creek p l u t o n ,  Candle C - 5  and 
C-6 quadrang les ;  by G . R .  Eak ins  and C.L. Carve r ,  1976. 



F i g u r e  5 .  Ground r a d i o m e t r i c  su rvey ,  n o r t h e r n  p a r t  o f  Hun te r  
Creek p l u t o n ;  Candle D-5 quadrang le ,  by  G . R .  Eak ins  and 
C.L. Carve r ,  1976. 

suggest  i ons  f o r  E x p l o r a t  i o n  

The headwaters o f  Peace R i v e r  have been known f o r  many yea rs  t o  
c o n t a i n  r a d i o a c t i v e  m a t e r i a l ,  and i t  s t i l l  appears t o  t h e  w r i t e r  t o  be 
one o f  t h e  most i n t r i g u i n g  l o c a l i t i e s  f o r  e x p l o r a t i o n .  Anomalous U and 
Th have been found i n  s t ream g r a v e l  c o n c e n t r a t e s  and stream-sediment 
samples, and b o t h  ground and a e r i a l  r a d i o m e t r i c  su rveys  have shown t h e  
a r e a  t o  be anomalous. M i n e r a l i z a t i o n  i s  b e l i e v e d  t o  be a s s o c i a t e d  w i t h  
a  sma l l  m o n z o n i t e - s y e n i t e  s t o c k .  The a rea  would be r e l a t i v e l y  easy t o  
e x p l o r e  by d r i l l i n g .  U r a n i n i t e  o r  t h o r i a n i t e  ( o r  bo th )  were i d e n t i f i e d  
i n  a  sample o f  a  g r a n i t i c  b o u l d e r  on t h e  s o u t h  s i d e  o f  G r a n i t e  Mounta in  

More d e t a i l e d  s t u d i e s  and sampl ing  a r e  needed t o  l o c a l i z e  u ran ium 
p r o s p e c t s  i n  t h e  G r a n i t e  Mounta in-Hunter  Creek p l u t o n  a r e a .  R a d i o m e t r i c  
and geochemical  anomal ies  a r e  r a t h e r  w idespread around t h e  marg ins  o f  
G r a n i t e  Mounta in  and a l o n g  t h e  w e s t e r n  s i d e  o f  t h e  Hun te r  Creek p l u t o n .  
Forbes and Jones suggest  t h a t  r o c k s  o f  t h e  G r a n i t e  Mounta in  p l u t o n  most 
f a v o r a b l e  f o r  u ran ium a s s o c i a t i o n s  a r e  t h o s e  c o n t a i n i n g  abundant n e p h e l i n e  
and g a r n e t  b u t  l i t t l e  p l a g i o c l a s e  and amphibole.  

The Cretaceous sediments near  t h e  c e n t e r  o f  t h e  Candle quadrang le  
p r o b a b l y  w a r r a n t  i n v e s t i g a t i o n .  Compos i t ions  o f  t h e  sediments and a e r i a l  
r a d i o m e t r i c  anomal ies  i n d i c a t e  a  f a v o r a b l e  a rea  f o r  e x p l o r a t i o n .  

The Darby Mounta ins  

The f i e l d  p a r t y  was based a t  Moses P o i n t ,  an abandoned FAA s t a t i o n  on 
Nor ton  Bay, w h i l e  c o n d u c t i n g  sampl ing  o f  t h e  Darby Mounta ins  a rea  ( p l .  2 ) .  
The a rea  i s  i n  t h e  e a s t e r n  Solomon quadrang le  and t h e  s o u t h e a s t e r n  c o r n e r  
o f  t h e  Bendeleben quadrang le .  P l u t o n i c  r o c k s  and streams were sampled 
f r o m  Cape Darby, on t h e  s o u t h e r n  end o f  t h e  Darby Pen insu la ,  no r thward  
60 m i l e s  t o  Death V a l l e y  on t h e  e a s t  s i d e  o f  t h e  range.  bn t h e  wes te rn  
s i d e ,  t h e  no r the rnmos t  p o i n t  reached was t h e  Omi lak  m ine  on Omi lak  Moun- 
t a i n .  The g e o l o g i c  s e t t i n g  i s  d e s c r i b e d  i n  append ix  E .  



Stream-Sediment Sampl ing 

A t o t a l  o f  163 stream-sediment samples were c o l l e c t e d  i n  t h e  a r e a .  
R e s u l t s  o f  t h e  a n a l y s e s  a r e :  

Range 
Uppm (RAA) 0-81 

Mean 
14.8669 

Anomal i e s  
15 

Uppm (LASL) 6 .8 -1  1 1  20.7463 60.1325 7 
Th PPm 4.4-150 33.7210 87.3388 8 
K2 0% 0.76-5.5 2.6492 4.3178 7  

Agreement between t h e  U ana lyses  r e p o r t e d  by  RAA and LASL i s  reasonab ly  
good f o r  t h e  sediment samples c o l l e c t e d  i n  t h e  Darby Mounta ins  a r e a .  
Average v a l u e s  f o r  b o t h  U and Th a r e  h i g h  i n  t h e  s t ream sed iments .  A g roup 
o f  sediment samples ( ~ 2 0 - ~ 6 5 )  f r o m  an a rea  west  o f  Vulcan and C l e a r  Creeks 
i n  t h e  Solomon D - 1  quadrang le  a r e  a lmos t  a l l  u n u s u a l l y  h i g h ,  up t o  81 ppm 
U and 99 ppm Th. , 

Ground r a d i o m e t r i c  r e a d i n g s  were c o n s i s t e n t l y  above average (200- 
600 cps)  and t h e  a e r i a l  r a d i o m e t r i c  su rvey  a l s o  r e v e a l e d  an anomaly i n  
t h e  D - 1  quadrang le  ( f l  i g h t - l  i n e  7 1 ) .  

The Dry  Canyon s t o c k  on t h e  west  f l a n k  o f  t h e  Darby Mounta ins  p r o -  
duced a  h i g h l y  anomalous stream-sediment sample (77  ppm) and t h e  h i g h e s t  
Th v a l u e  produced i n  t h e  Darby Mounta in  a rea  (149.5 ppm). 

Bedrock samples c o l l e c t e d  on t h e  r i d g e s  i n  t h e  same a reas  as t h e  
stream-sediment samples were much lower  i n  uran ium c o n t e n t  t han  were t h e  
sed iments .  I t  appears  t h a t  u ran ium has been weathered f r o m  t h e  g r a n i t i c  
r o c k s  and c o n c e n t r a t e d  i n  t h e  f i n e s  i n  t h e  streams ( e s p e c i a l l y  samples 
~ 2 0 - ~ 6 5 ) ,  whereas t h o r i u m  has n o t  m i g r a t e d  s i g n i f i c a n t l y .  Another  pos- 
s i b i l i t y  f o r  t h e  g r e a t  d i s p a r i t y  i n  u ran ium v a l u e s  t o  c o n s i d e r  i s  t h a t  
t h e  U e x t r a c t i o n  f r o m  t h e  bedrock  by l a b o r a t o r y  methods was much l e s s  
than  f rom t h e  s t ream sed iments .  I t  may be t h a t  b o t h  t h e  n a t u r a l  and 
l a b o r a t o r y  processes a r e  f a c t o r s .  S ince  t h e  Los Alamos L a b o r a t o r y  d i d  
n o t  do U ana lyses  f o r  bedrock  samples, t h e r e  a r e  no de layed-neu t ron -  
a c t i v a t i o n  ana lyses  f o r  compar ison.  

Water Sampl ing 

A t o t a l  o f  126 w a t e r  samples was c o l l e c t e d  i n  t h e  Darby Mounta ins  
a rea ,  g e n e r a l l y  f r o m  stream-sediment s i t e s .  R e s u l t s  o f  t h e  w a t e r  ana lyses  
f o r  U a r e :  

Range Mean T h r e s h o l d  Anomal i e s  
H20 P P ~  0.3-2.3 0.9352 1 -954  7 

O v e r a l l  t h e r e  i s  some c o r r e l a t i o n  o f  h i g h  U v a l u e s  i n  t h e  w a t e r s  t o  
t h o s e  i n  c o r r e s p o n d i n g  sediment samples. A l t h o u g h  t h e  w a t e r  v a l u e s  a r e  
m o s t l y  i n  a  low range,  t h e  h i g h e r  ones may r e l a t e  t o  anomalous amounts 
o f  U i n  t h e  bedrocks .  Four o f  t h e  anomalous v a l u e s  a r e  1 t o  3 m i l e s  s o u t h  
o f  t h e  a e r i a l  r a d i o m e t r i c  anomaly on f l  i g h t - 1  i n e  71. 



Bedrock S a r n ~ l i n q  

A t o t a l  o f  117 bedrock  samples were c o l l e c t e d  i n  t h e  Darby Mounta ins  
a r e a ,  m o s t l y  a l o n g  an eas t -wes t  t r a v e r s e  near  Vu lcan Creek. Bedrock 
ana lyses  produced t h e  f o l l o w i n g :  

Range Mean Thresh01 d  Anoma l i es  
U PPm 0-20.3  -TXm 12.496 5  
Th PPm 0-85.6 32.6709 74.9435 4 
K20% 0.02-11.18 5.4809 10.7727 8 

The Darby Mounta ins  a r e  e n r i c h e d  i n  s i l i c a .  A l t h o u g h  t h e  U c o n t e n t  
o f  some r o c k  samples i s  u n u s u a l l y  h i g h  f o r  g r a n i t i c  r o c k s ,  t h e  v a l u e s  a r e  
g e n e r a l l y  c o n s i d e r a b l y  lower  than  t h o s e  o f  t h e  s t ream sed iments .  Thor ium, 
on t h e  o t h e r  hand, i s  r a t h e r  c o n s i s t e n t l y  h i g h .  Above-average U was 
o b t a i n e d  f r o m  samples i n  t h e  s e r i e s  J1R-J72R, f r o m  t h e  n o r t h e a s t  s i d e  o f  
t h e  Darby Mounta ins  i n  t h e  Solomon D-1 quadrang le .  The a rea  i s  u n d e r l a i n  
by q u a r t z  monzon i te  o f  t h e  Darby p l u t o n  and i s  d r a i n e d  l a r g e l y  by C l e a r  
and Vu lcan Creeks.  

The c o r r e s p o n d i n g  Th c o n t e n t  o f  t h i s  s e r i e s  o f  samples i s  anomalous ly  
h i g h  and i n  g r e a t e r  p r o p o r t i o n s  than  t h a t  n o r m a l l y  found i n  igneous rocks ;  
t h i s  r e s u l t s  i n  a  r e l a t i v e l y  low U:Th r a t i o ,  s u g g e s t i n g  a  Th p r o v i n c e .  

Two sma l l  o u t c r o p  a reas  on t h e  west  s i d e  o f  t h e  Darby Mounta ins  a r e  
exposures o f  t h e  Dry  Canyon Creek s t o c k .  I t  i s  p r e d o m i n a n t l y  a  ho rnb lende-  
b i o t i t e - n e p h e l i n e  s y e n i t e  c o n s i s t e n t l y  h i g h  i n  Th ( t o  76.0  ppm) and s l i g h t l y  
anomalous i n  U (up t o  20.3 ppm). Forbes and Jones found t h a t  t h e  samples 
c o n t a i n i n g  abundant accessa ry  m i n e r a l s  and l i t t l e  nephe1,ine were t h e  b e s t  
h o s t s  f o r  u ran ium.  

A t  t h e  t i m e  o f  t h i s  w r i t i n g ,  t h e  U.!!,. Department o f  I n t e r i o r  i ssued  
a  news r e l e a s e  on a  u r a n i u m - t h o r i u m - r a r e  e a r t h  f i n d  by t h e  U S G S  i n  t h e  
Kachauik p l u t o n  o f  t h e  Darby Mounta ins .  A  13-page USGS o p e n - f i l e  r e p o r t  
( ~ i l l e r ,  E l l i o t t ,  F i n c h ,  and Brooks,  1976) has been r e l e a s e d  t o  t h e  pub1 i c  
( ~ e p t .  27,  1976).  The DGGS f i e l d  p a r t y  d i d  n o t  reach t h e  p a r t i c u l a r  s i t e s  
o f  t h e  d i s c o v e r i e s ,  b u t  d i d  conduct  sampl ing  w i t h i n  4 m i l e s  o f  them. 

The i n f o r m a t i o n  i n  t h e  USGS r e p o r t  i s  s i g n i f i c a n t  t o  t h i s  s tudy  and 
a  c o n s i d e r a b l e  p o r t i o n  i s  reproduced h e r e  w i t h  l o c a t i o n  maps ( f i g s .  6  and 
7 ) .  

U r a n i u m - ,  t h o r i u m ,  and  r a r e - e a r t h  b e a r i n g  r o c k s  w e r e  f o u n d  b y  
a  U . S .  G e o l o g i c a l  S u r v e y  f i e l d  p a r t y  1 5  m i l e s  n o r t h e a s t  o f  G o l o v i n ,  
A l a s k a ,  i n  the  s o u t h e a s t e r n  Seward  P e n i n s u l a  ( f i g .  6 )  i n  J u n e  1 9 7 6 .  
T h e  m i n e r a l i z e d  a r e a s  o c c u r  i n  s y e n i t e  and  a p p e a r  t o  be c o n c e n t r a t e d  
a l o n q  the  m a r g i n s  o f  a l k a l i n e  d i k e s ,  w i t h  a l l a n i t e  t e n t a t i v e 1  y  
i d e n t i f i e d  a s  the p r i n c i p a l  m i n e r a l  c o n t a i n i n g  the  u r a n i u m - ,  
t h o r i u m - ,  and r a r e - e a r t h s .  S a m p l e s  c o n t a i n  a s  much a s  0 . 1 5  p e r c e n t  
U 3 0 8  and  1 . 0 5  p e r c e n t  T h o 2 ,  and  o v e r  2 p e r c e n t  r a r e - e a r t h  e l e m e n t s .  
T h e s e  m i n e r a l i z e d  r o c k s  a r e  c l o s e l y  a s s o c i a t e d  w i t h  a l k a l i n e  d i k e s  
w h i c h  a r e  p a r t  o f  a  d i k e  swarm t h a t  c r o p s  o u t  over a t  l e a s t  250 km2 
( 1 0 0  m i 2 ) .  T h i s  l a r g e  d i k e  swarm i:; t h u s  o f  c o n s i d e r a b l e  e c o n o m i c  
in teres t .  



F igu re  6 .  Genera l ized geology o f  t h e  Darby Mountains area.  Sources: 
M i l l e r ,  E l l i o t t ,  F inch,  and Brooks, 1976. 



T h e  p r i n c i p a l  m i n e r a l i z e d  a r e a  o c c u r s  on t o p  o f  a  s m a l l  f l a t  
k n o l l  shown a s  h i l l  2109  i n  the S W  l / 4  o f  S e c .  1 8 ,  T .  9 S., R. 20  
W .  on the  So lomon C-2 1 : 6 3 , 3 6 0  q u a d r a n g l e  map,  ( f i g .  7 )  l o c a t e d  on 
the  crest o f  a  n o r t h - s o u t h  r i d g e  bounded  on t h r e e  s i d e s  b y  E a g l e  
C r e e k  ( f i g .  7 ) .  T h e  m i n e r a l i z e d  r o c k  c o n s i s t s  o f  medium- t o  
c o a r s e - g r a i n e d  s y e n i t e  c h a r a c t e r i z e d  b y  l a r g e  ( a s  much a s  1 . 2 5  cm 
o r  0 . 5  i n )  b r o w n i s h - b l a c k  a l l a n i t e  C I - y s t a l s  c o n s t i t u t i n g  20 t o  40 
p e r c e n t  o f  the  r o c k .  B e c a u s e  o f  e x t e n s i v e  f r o s t - . h e a v i n g ,  n o n e  o f  
the  a l l a n i t e - r i c h  r o c k  c a n  be f o u n d  a c t u a l l y  i n  p l a c e ;  h o w e v e r ,  
a b u n d a n t  p i e c e s  o f  f l o a t  o f  t h i s  m a t e r i a l  a s  much :is 3 0  cm ( 1 2  i n )  
a c r o s s  o c c u r  s c a t t e r e d  over a  z o n e  9--14 m  (30-45  f t )  w i d e  and e x -  
t e n d i n g  some 6 0  m  ( 2 0 0  f t )  a c r o s s  the  t o p  o f  the  k n o l l .  T h i s  z o n e  
l i e s  n e a r  the e a s t  m a r g i n  o f  a  n o r t h e a s t - s t r i k i n g  p u l a s l t i t e  d i k e  
w h i c h  e x t e n d s  f o r  some 900 m  ( 3 , 0 0 0  j 7 t )  a l o n g  the r i d g e  crest.  
F l o a t  o f  a l l a n i t e - b e a r i n g  s y e n i t e  was found  i n  s e v e r a l  o t h e r  
p l a c e s  over a  d i s t a n c e  o f  450  m  ( 1 , 5 0 0  f t )  a l o n g  the  e a s t e r n  m a r g i n  
o f  the  d i k e  s o u t h  o f  h i l l  2109 s u g g e s t i n g  t h e  m i n e r a l i z e d  z o n e  may 
h a v e  c o n s i d e r a b l e  s t r i k e  l e n g t h .  T h e  d i k e  i s  o f f - s e t  a s  much a s  
1 5  m  b y  f a u l t i n g  i n  a t  l e a s t  t w o  p l a c e s .  

T h e  a c t u a l  w i d t h  o f  t h e  m i n e r a l i z e d  z o n e  .is d i f f i c u l t  t o  
d e t e r m i n e  o w i n g  t o  the l a c k  o f  t r u e  o u t c r o p .  T h e  l a r g e r  t a l u s  
b l o c k s  o f  n o n m i n e r a l i z e d  m o n z o n i t e  and s y e n i t e  t e n d  t o  mask the 
s m a l l e r  b l o c k s  o f  a l l a n i t e - b e a r i n g  s y e n i t e  o n  the  s l o p e s  and o n  
the  r i d g e  crest away f r o m  the f l a t - t o p p e d  k n o l l  a t  h i l l  2 1 0 9 .  

T h e  a l l a n i t e - b e a r i n g  s y e n i t e  i s  s t r o n g l y  r a d i o a c t i v e  w i t h  
a  t o t a l  c o u n t  o f  u p  t o  8 , 0 0 0  c p s  b e i n g  r e c o r d e d  f o r  p i e c e s  o f  
f l o a t  u p  t o  1 2  inches a c r o s s .  T h i s  i s  20  t o  2.5 t i m e s  b a c k g r o u n d  
f o r  the  s y e n i t e  and m o n z o n i t e  o f  the  K a c h a u i k  p l u t o n .  I n  a d d i t i o n  
t o  a l l a n i t e ,  t h e  m i n e r a l i z e d  r o c k  c o n t a i n s  K - f e l d s p a r ,  p l a g i o c l a s e ,  
and n e p h e l i n e  w i t h  m i n o r  h o r n b l e n d e  and b i o t i t e .  Z i r c o n ,  a p a t i t e ,  
and s p h e n e  a r e  p r e s e n t  a s  a c c e s s o r . i e : ; .  N e p h e l i n e  h a s  been p r e v i o u s l y  
n o t e d  a t  a  f e w  l o c a l i t i e s  i n  the K a c h a u i k  p l u t o i l ,  b u t  i t  d o e s  n o t  
a p p e a r  t o  be w i d e s p . r e a d .  I t s  o c c u r r e n c e  n e x t  t o  a  n e p h e l i n e - b e a r -  
i n g  d i k e  s u g g e s t  t h a t  i t  may h a v e  b e e n  m e t a s o m a t i c a l l y  i n t r o d u c e d ,  
p e r h a p s  a l o n g  w i t h  the a l l a n i t e .  

O t h e r  p u l a s k i t e  d i k e s  o c c u r  o n  the  w e s t  s i d e  o f  h i1 . l  2109  
and s t r o n g l y  r a d i o a c t i v e  a l l a n i t e - b e a r i n g  s y e n i t e  f l o a t  was found  
a l o n g  the  m a r g i n  o f  a t  l e a s t  o n e  o f  f:hese d i k e s  ( s a m p l e  1 ,  t a b l e  3 ) .  

S a m p l e s  o f  the s t r o n g l y  r a d i o a c t i v e  a l l a n i - t e - b e a r i n g  s y e n i t e  
and o f  the  p u l a s k i t e  d . ike  w e r e  a n a l y z e d  f o r  u r a n i u m  and t h o r i u m .  
T h e s e  s a m p l e s  w e r e  s e l e c t e d  a s  b e i n g  t y p i c a l  o f  the m o s t  r a d i o -  
a c t i v e  m a t e r i a l  found  and w e r e  t a k e n  f r o m  f l o a t  b l o c k s  a s  much a s  
3 0  cm ( 1 2  i n )  a c r o s s .  The  u r a n i u m  c o n t e n t  o f  the r a d i o a c t i v e  
a l l a n i t e - b e a r i n g  s y e n i t e  a v e r a g e s  1 , 3 2 5  ppm ( 0 - 1  56 p e r c e n t  U3O8) 
b y  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  and t h o r i u m  a v e r a g e s  7 , 9 9 0  ppm 
( 0 . 9 1  p e r c e n t  T h o 2 )  . A s a m p l e  o f  the  p u l a s k i t e  ( s a m p l e  2 )  d i k e  
y i e l d e d  34 ppm U ( 0 . 0 0 4  p e r c e n t  U 3 0 8 )  and 96 ppm T h  ( 0 . 0 1 1  p e r c e n t  
T h o 2 ) ,  w h i c h  i s  a b o u t  7  t i m e s  the  u r a n i u m  c o n t e n t  f o r  t h e  a v e r a g e  
m o n z o n i t e  and s y e n i t e  and a b o u t  4 t i m e s  the  t h o r i u m  b a c k g r o u n d .  



SOLOMON (C-2) QUADRANGLE 
ALASKA 

1 6 p40' 
F igu re  7 .  Loca t i on  o f  m i n e r a l i z e d  areas and analyzed samples r e f e r r e d  t o  i n  t a b l e ,  3. 

See f i g u r e  6 f o r  genera l  l o c a t i o n .  Source: M i l l e r ,  E l l i o t t ,  F inch ,  and Brooks, 
1976. 



T h e s e  same  rocks w e r e  a n a l y z e d  for r a r e - e a r t h  c o n t e n t .  I t  

s h o u l d  be n o t e d  t h a t  these a r e  s e m i - q u a n t i t a t i v e  s p e c t r o g r a p h i c  
a n a l y s e s  and t h e r e f o r e  a r e  o n l y  a p p r o x i m a t e .  T h e  a n a l y s e s ,  h o w -  
ever, i n d i c a t e  t h a t  the r a r e - e a r t h  content,  p a r t i c u l a r l y  t h a t  o f  
the c e r i u m  g r o u p  o f  r a r e - e a r t h s ,  may e x c e e d  2 p e r c e n t  i n  some  
s a m p l e s  . 

O n  a  l o w  f l a t - t o p p e d  s p u r  1 . 5  m i  t o  the  north i n  the NW 1/4 
o f  S e c .  7 ,  T .  9  S . ,  R .  2 0  W ,  ( f i g .  7 ) ,  r a d i o a c t i v i t y  r e a d i n g s  o f  
6 0 0  c p s  w e r e  r e c o r d e d  on the b o g  and  t u n d r a - c o v e r e d  r i d g e  crest 
s u g g e s t i n g  other m i n e r a l i z e d  a r e a s  may o c c u r  i n  t h i s  a r e a .  

S i m i l a r  a l l a n i t e - r i c h  s y e n i t e  was  f o u n d  o c c u r r i n g  a s  i s o l a t e d  
b o u l d e r s  on a  l a r g e l y  t u n d r a - c o v e r e d  r i d g e  1 0  km ( 6  m i )  t o  the  e a s t  
i n  S e c .  1 2 ,  T .  9 S . ,  R .  2 0  W .  n o r t h  o f  B u r n t  Creek ( f i g .  7 ) .  A 

f i s t - - s i z e d  s a m p l e  ( n o .  6 ,  t a b l e  3 )  t a k e n  f.rom a l a r g e  b o u l d e r  
y i e l d e d  3 9 2  ppm U ( 0 . 0 5 9  p e r c e n t  U308)  a n d  9 , 2 0 0  ppm T h  ( 1 . 0 5  per- .  
cent T h o 2 )  . 

A l l a n i t e  a p p e a r s  t o  be the  p r i n c i p a l  u r a n i u m - ,  t h o r i u m - ,  and  
r a r e - e a r t h - b e a r i n g  m i n e r a l  i n  the  s e v e r a l  s a m p l e s  e x a m i n e d  i n  th in-  
s e c t i o n .  A  d e t a i l e d  s t u d y  o f  the m i n e r a l o g y  h a s  n o t  b e e n  m a d e ,  how- 
ever, and  other u r a n i u m  m i n e r a l s  may be p r e s e n t .  T h e  a l l a n i t e  o c c u r s  
a s  e u h e d r a  a s  much a s  1 . 2 5  cm ( 0 . 5  i n )  l o n g ,  i s  s t r o n g l y  m e t a m i c t ,  
and  c u t  b y  n u m e r o u s  a n a s t o m o s i n g  f r a c t u r e s .  A c h a r a c ; t e r i s t i c  b r i g h t  
r e d d i s h - b r o w n  w e a t h e r e d  c r u s t  i s  f o u n d  o n  the w e a t h e r e d  s u r f a c e s  o f  
many o f  the  a l l a n i t e  c r y s t a l s :  a c c o r d i n g  t o  Hata  ( 1 9 3 9 ) ,  t h i s  m a t e r i a l  
c o n s i s t s  m a i n 1  y  o f  f e r r i c  h y d r o x i d e ,  a l u m i n a ,  s i l i c a ,  a n d  c a r b o n  
d i o x i d e .  Zircon, w h i l e  m o d e r a t e l y  a b u n d a n t ,  o c c u r s  o n l y  a s  a n  a c -  
cessor y . 

T h e  m i n e r a l i z e d  a r e a s  and much  o f  the  a r e a  o f  a l k a l i n e  d i k e  
o c c u r r e n c e  a r e  i n  l a n d s  p r e s e n t 1  y  w i t h d r a w n  for  n a t i v e  v i l l a g e  a n d /  
or r e g i o n a l  c o r p o r t a t i o n  selections u n d e r  the  A l a s k a  N a t i v e  C l a i m s  
S e t t l e m e n t  A c t  (ANCSA) o f  1 9 7 1 ;  the  r e m a i n d e r  o f  the  a r e a  o f  a l k a l i n e  
d i k e  o c c u r r e n c e  i s  w i t h d r a w n  u n d e r  section 0 - 2  o f  ANCSA for p o s s i b l e  
i n c l u s i o n  i n  n a t i o n a l  s y s t e m s  l a n d s  ( P a r k s ,  W i l d l i f e  R e f u g e s ,  e t c . ) .  

T h e  e x t e n t  and  v a l u e  o f  the  m i n e r a l i z e d  arec l s  d e s c r i b e d  here i s  
unknown o w i n g  t o  the r e l a t i v e l y  p o o r  e x p o s u r e s  and  t h e  b r i e f  t i m e  
s p e n t  i n  the  a r e a .  T h e  w i d t h  o f  t h e  m i n e r a l i z e d  z o n e s  a r e  unknown 
and  c o u l d  be q u i t e  n a r r o w ;  their  s tr ike l e n g t h ,  h o w e v e r ,  c o u l d  be 
c o n s i d e r a b l e .  T h e  u r a n i u m ,  t h o r i u m ,  and  r a r e - e a r t h  contents o f  
s a m p l e s  a r e  s u f f i c i e n t l y  h i g h  a s  t o  i n d i c a t e  f u r t h e r  s t u d y  o f  the 
e c o n o m i c  p o t e n t i a l  o f  the  d e p o s i t s  i s  w a r r a n t e d .  

Of p e r h a p s  e q u a l  i m p o r t a n c e  i s  the f a c t  t h a t  s i m i l a r  m i n e r a l i z e d  
m a t e r i a l  was  f o u n d  a s s o c i a t e d  w i t h  a l k a l i n e  d i k e s  i n  t w o  other 
l o c a l i t i e s ,  o n e  o f  w h i c h  i s  6 m i l e s  away f r o m  the h i 1 . l  2 1 0 9  l o c a l i t y .  
T h e s e  d i k e s  a r e  e n r i c h e d  i n  u r a n i u m  and  t h o r i u m  a s  compared  t o  the 
a v e r a g e  m o n z o n i t e - s y e n i t e  o f  the  p l u t o n  and  may r e p r e s e n t  a  l i t h -  
o l o g i c  a n d / o r  s t r u c t u r a l  c o n t r o l  o f  the u r a n i u m ,  t h o r i u m ,  a n d  r a r e -  
e a r t h  m i n e r a l i z a t i o n .  S i n c e  the a l k a l i n e  d i k e s  a r e  p a r t  o f  a  d i k e  
swarm t h a t  c r o p s  o u t  over a t  l e a s t  2 5 0  ~m~ ( 1 0 0  m i 2 ) ,  t h i s  ent ire  
a r e a  a p p e a r s  w o r t h y  o f  more  d e t a i l e d  e x p l o r a t i o n  f o r  u r a n i u m ,  t h o r i u m ,  
and  r a r e - e a r t h  e l e m e n t s .  



Table 3. Uranium and thorium analyses in parts per million (ppm) 
of samples from the Kachauik pluton. Map number refers to 
Figure 7 (Miller, Elliott, Finds, Brooks, 1976.) 

Map no. Field no. ----- u &?PI U ppm2 -- ~h ppml ~h ppmZ 

---- 
l~eldl~ed neutron determination. The coefficient of variation of uranium 
dnd thorium is more than 1% for all samples. Analysts A.J. Bartel and 
R. J. Vinnola. 

2~amma-ra y spectrometric dnal ysis. The coefficient of variation of 
uranium and thorium is more thdn 2% for all sampl~s. Analysts C.M. 
' : 1 7 1 1 !  t y r  c7rv? (' , n11c;7?.  

A e r i a l  Rad iomet r i c  - Survey 

The a e r i a l  r a d i o m e t r i c  survey produced a "pe r f e r red "  anomaly ove r  
t h e  q u a r t z  monzoni te o f  t h e  Darby p l u t o n  i n  t h e  n o r t h e r n  p a r t  o f  t h e  
Solomon A - 1  quadrangle ( f  1 i g h t - 1  ine  71) ,  and over  t h e  g r a n o d i o r i t e  o f  
t h e  Kachaui k p l  u ton  ( f l  i g h t - 1  ine  7 3 ) .  Three suspect anomal i e s  were 
c a l c u l a t e d  f rom the  survey: one each over  t h e  Kachiauk and Darby p l u t o n s  
and one over  Cretaceous conglomerate on t he  no r t heas t  f l a n k  o f  t h e  Darby 
Mountains. 

Ground Radiometr ic  Survey 

Resu l t s  o f  t h e  ground r a d i o m e t r i c  survey a r e  shown i n  f i g u r e s  8 and 
9. The readings were h i g h  even f o r  a l k a l i n e  i n t r u s i v e  rocks :  200 t o  600 
cps ove r  most o f  t he  up land area,  compared t o  about 50 cps i n  t h e  su r -  
rounding lowlands. The maximum read ing ,  1,200 cps,  was ob ta ined  a t  
stream-sediment sample l o c a t i o n  J92 i n  one o f  t h e  uppermost reaches o f  
t h e  Mwiniuk R i ve r .  The 1,200-cps count was ob ta ined  a t  a p o i n t  i n  sandy 
and g r a v e l y  loam on t h e  bank o f  a smal l  stream. A s o i l  sample a t  t h e  
p o i n t  y i e l d e d  9 ppm U and 90.8 ppm Th. Bedrock was n o t  exposed, bu t  t h e  
area i s  u n d e r l a i n  by g r a n o d i o r i t e  o f  t h e  Kachauik p l u t o n .  

The Dry Canyon p l u t o n  on t h e  west f l a n k  o f  t h e  Darby Mountains i n  
t h e  Solomon D-2 quadrangle i s  anomalously r a d i o a c t i v e  - 400 t o  700 cps. 
The r a d i o m e t r i c  survey was supported by unusua l l y  h i g h  U and Th i n  bed- 
rock  and stream-sediment samples. A f l i g h t  l i n e  o f  t h e  a e r i a l  r a d i o m e t r i c  
survey passed over  t h e  n o r t h e r n  end o f  t he  p l u t o n .  Three consecu t i ve  
da ta  p o i n t s  recorded o n l y  1-2 s tandard d e v i a t i o n s  and an a e r i a l  r a d i o -  
m e t r i c  anomaly was n o t  repor ted .  

Suggest ions f o r  E x p l o r a t i o n  

Above-average U and Th i n  stream-sediment and water  samples, and a 
broad r a d i o m e t r i c  anomaly i n  t h e  headwaters o f  Vulcan and C lear  Creeks o f  



F igu re  8 .  Ground r a d i o m e t r i c  survey,  southern Darby Mountains 
area,  Solomon B-2 and C-2 quadrangles;  by G . R .  Eakins and 
C.L. Carver,  1976. 

- 27 - 





t h e  c e n t r a l  and e a s t - c e n t r a l  Darby Mountains may i n d i c a t e  a  f a v o r a b l e  
area f o r  uranium e x p l o r a t i o n .  Fo l low-up work i s  a l s o  suggested i n  t h e  
v i c i n i t y  o f  sediment sample J92 and i n  t h e  headwaters o f  t h e  Kwin ik  
R i ve r ,  where a  s c i n t i l l o m e t e r  read ing  o f  1,200 cps was ob ta ined .  Ex- 
amina t ion  o f  t h e  Dry Canyon p l u t o n  i s  cons idered warranted on t h e  bas i s  
o f  sediment samples and t h e  ground r a d i o m e t r i c  survey. 

The h i g h l y  r a d i o a c t i v e  a l k a l i n e  d i k e s  i n  t h e  western p a r t  o f  t he  
area,  which c o n t a i n  up t o  0.15 percen t  U 0  and 1.85 percen t  Th as r c -  3 po r ted  by t h e  USGS, a r e  ve r y  encouraging r ~ n d s  i n  t h i s  r e g i o n  and i n -  
d i c a t e  t he  need f o r  d e t a i l e d  i n v e s t i g a t i o n s .  

Se lawik  H i l l s  Area 

The Selawik  W i l l s  (p;. 33 l i e  i n  t he  southern past  o f  t h c  Selawik  
quadrangle and a long  t he  n o r t h e r n  edge o f  t he  Candle quadrangle.  The 
f i e l d  p a r t y  was based a t  t he  N a t i v e  v i l l a g e  o f  Buckland on t he  Buckland 
R i ve r  d u r i n g  t h e  1 week i n  t h e  v i c i n i t y .  Sampling and r a d i o m e t r i c  
surveys were concen t ra ted  on t h e  a l k a l i n e  rocks  o f  t h e  Selawik  H i l l s  
p l u t o n  and t h e  smal l  I n l and  Lake and Selawik  Lake p i u t o n s  t h a t  l i e  a 
sho r t  d i s t a n c e  n o r t h  o f  t h e  Selawik  H i 1  1s ( f i g .  2 ) .  The geo log i c  
s e t t i n g  i s  descr ibed  i n  appendix E under "I-logatza P l u t o n i c  S e l t  o f  idest- 
c e n t r a l  Alaska."  The Selawik  H i l l s  area has a l r eady  a t t r a c t e d  uranium 
e x p l o r a t i s n i s t s ,  Dur ing  t he  summers o f  1975 and 1976, t h e  Wyoming 
M ine ra l s  Corpora t ion ,  a  s u b s i d i a r y  o f  Westinghouse, conducted a d r i l l i n g  
program i n  t h e  c e n t r a l  p a r t  o f  t h e  Selawik  W i l l s  i n  t h e  Selawik  A - 3  
quadrangle.  Resu l t s  a re  n o t  a v a i l a b l e  t o  t h e  w r i t e r ,  bu t  i t  was rumored 
t h a t  deep ho les  were d r i l l e d  t o  t e s t  t he  p l u t o n  f o r  secondary enr ichment 
a t  depth.  

Stream-Sediment Sampling 

A t o t a l  o f  84 stream-sediment samples were c o l l e c t e d .  Resu l t s  o f  
t h e  analyses a r e :  

- Range 
U P P ~  ( M A )  0.0-27.4 

Mean 
5.3963 

Threshold  
13.8971 

Anoma l i es 
3 

There i s  a  cons ide rab le  descrepancy between the  RAA and LASL analyses.  
kos Alamos d i d  n o t  r ece i ve  a l l  t he  samples, bu t  those they d i d  ana lyze  
were n e a r l y  a l l  n o t a b l y  above t h e  average f o r  U  i n  a l k a l i n e  i n t r u s i v e  
rocks.  Except f o r  samples G66-G81, most o f  t he  uranjum va lues repo r t ed  
by RAA were no t  unusual .  These 15 samples were c o l l e c t e d  i n  t h e  Selawik  
A-4 quadrangle,  i n  t he  western p a r t  o f  t h e  Selawik  H i l l s .  However, t h e  
analyses by Los Alamos showed above normal U t o  be much more widespread; 
28 samples con ta ined  over  10 ppm. The h i ghe r  U va lues repo r t ed  by Los 
Alamos seem more c o n s i s t e n t  w i t h  t h e  h i g h  r a d i o m e t r i c  background and 
h i g h  Th va lues .  

Water Sampl i n g  - 

Uranium va lues  from 57 water  samples c o l l e c t e d  i n  t h e  Selawik  H i l l s  



ranged f r o m  0.00 t o  1.75 ppb. The r e s u l t s  a r e  s u r p r i s i n g l y  low f o r  an 
a r e a  o f  known h i g h  r a d i o a c t i v i t y :  

Max i mum Mean Thresh01 d  Anoma 1 i es 

On ly  s i x  o f  t h e  w a t e r  samples exceeded 1 ppb. Four o f  t hese  ( ~ 7 5 -  
~ 7 8 )  were c o l l e c t e d  f r o m  t h e  sou thwes te rn  f l a n k  o f  t h e  Se law ik  H i l l s ,  
s o u t h  o f  t h e  c e n t e r  o f  t h e  S e l a w i k  A - 4  quadrang le .  The c o r r e s p o n d i n g  
stream-sediment samples a r e  above average f o r  b o t h  U and Th. 

Bed r o c k  Samp l i ng -- 
A t o t a l  o f  66 bedrock  samples f r o m  t h e  Se law ik  a r e a  were ana lyzed  

R e s u l t s  a r e :  

Range Mean T h r e s h o l d  Anoma 1 i es i53-m' -- 
U PPm 0.0-139 60.304 1 3 
Th PPm 0.0-618 46.0958 239.281 6 3 
IC20% 0.0-17.05 7.731 1 15.3131 3 

Rock samples G l R - G I O R ,  c o l l e c t e d  f r o m  t h e  I n l a n d  Lake p l u t o n  i n  t h e  
S e l a w i k  8-3 quadrang le ,  suggest  a  p o t e n t i a l  u ran ium a r e a .  T h i s  p o o r l y  ex-  
posed a l k a l i n e  complex u n d e r l i e s  a  g roup  o f  low h i l l s  l o c a t e d  6 t o  10 
m i l e s  n o r t h  o f  t h e  S e l a w i k  H i l l s .  The r o c k s ,  a c c o r d i n g  t o  M i l l e r  (1972, 
t a b l e  2)  i n c l u d e  p u l a s k i t e ,  ma1 i g n i t e ,  f o y a i t e ,  nephel  i n e  s y e n i t e ,  and 
a l a s k i t e .  Two samples o f  t h e  group,  G8R and G l O R ,  c o n t a i n e d  unusual  
amounts o f  U ,  86.0 and 92.0  ppm, r e s p e c t i v e l y .  The c o r r e s p o n d i n g  Th 
v a l u e s  a r e  70.3 and 37.0  ppm, r e s p e c t i v e l y .  An o u t s t a n d i n g  c h a r a c t e r -  
i s t i c  o f  t h e  p l u t o n  i s  t h e  e x c e p t i o n a l l y  h i g h  K20 c o n t e n t ,  10.65 t o  17.19 
p e r c e n t .  

Two o t h e r  bedrock  samples w i t h  unusua l  U and Th c o n t e n t s  a r e  samples 
G53R and ~ 5 4 R ,  wh ich  c o n t a i n  139.0 and 44.0 ppm U, and 613.0 and 277.5 
ppm Th, r e s p e c t i v e l y .  These samples were o b t a i n e d  f rom an a l t e r e d  f e l s i c  
d i k e  t h a t  i s  p o o r l y  exposed on t h e  sou theas t  s i d e  o f  a  low spur  ( h i l l  860) 
i n  sec. 30, R .  8  N . ,  T.  9  W .  near  t h e  c e n t e r  o f  Selawilc A-4 quadrang le .  
The d i k e ,  p o s s i b l y  a  s y e n i t e ,  was found t o  be h i g h l y  r a d i o a c t i v e  and p r o -  
duced up t o  2,000 cps on t h e  o u t c r o p .  One r a d i o a c t i v e  m i n e r a l  was 
i d e n t i f i e d  by t h e  DGGS l a b o r a t o r y  as t a n t a l i a n  r u t i l e  ( s t r u v e r i t e ;  Fe i ~ a ,  
N ~ J ]  T ~ O )  wh ich  o c c u r s  i n  sma l l  (1  mrn) c r y s t a l s .  The d i k e  i s  abou t  3 f e e t  
w ide  and i s  exposed a t  t h r e e  p o i n t s  w i t h i n  a d i s t a n c e  o f  200 f e e t .  The 
s t r i k e  i s  n o r t h w e s t .  R a d i o a c t i v i t y  o f  a d j a c e n t  igneous r o c k s  a l o n g  t h e  
c r e s t  o f  t h e  spur  t o  t h e  west  i s  a l s o  h i g h  (400 t o  600 c p s ) .  

W h i l e  an e x t e n s i o n  o f  t h e  r a d i o a c t i v e  d i k e  was sought  a l o n g  a  p r o -  
j e c t i o n  o f  t h e  s t r i k e  t o  t h e  s o u t h e a s t ,  i t  was n o t  found.  However, a  
h i g h l y  anomalous stream-sediment sample ( ~ 7 3 )  c o l l e c t e d  1 . 1  m i l e s  sou th -  
e a s t  o f  t h e  d i k e  o u t c r o p  and p o s s i b l y  on s t r i k e  was found by t h e  Los 
Alamos l a b o r a t o r y  t o  c o n t a i n  100 ppm U .  RAA r e p o r t e d  27.4  ppm U. 

The g roup  o f  f o u r  anomalous wa te r  samples d e s c r i b e d  under  "Water 
Sampl ing,"  above, were c o l l e c t e d  about  3  m i l e s  t o  t h e  southwest  o f  t hese  



bedrock and sediment samples. A l though t h e  samples were found i n  d i f -  
f e r e n t  dra inages,  t h e i r  near p r o x i m i t y  may be s i g n i f i c a n t  and add evidence 
f o r  a  p o s s i b l e  U c o n c e n t r a t i o n  i n  t h e  genera l  area.  

A e r i a l  Rad iomet r i c  Survey 

Texas Inst ruments  r epo r t ed  two p r e f e r r e d  anonla? i e s  over  t he  
Selawik H i l l s :  one on t he  n o r t h  s l ope  on f l i g h t - i i n e  57  i n  the  Selawik  
A-3 quadrangle and one on f l i g h t - l i n e  58 over  t he  southeastern p a r t  o f  
t h e  Selawik  A-2 quadrangle .  A suspect anomaly was shown a t  t h e  i n t e r -  
s e c t i o n  o f  f l i g h t - l i n e s  57 and 457 i n  t h e  southwest p a r t  o f  A - 4  quad- 
rang le .  Spacing o f  t h e  F l i g h t  l i n e s  does n o t  pe rm i t  c o r r e l a t i o n s  w i t h  
sampling r e s u l t s .  

Ground Rad iometr  i c  Survey -- 
Resu l t s  o f  ground r a d i o m e t r i c  i n v e s t i g a t i o n s  i n  t he  Selawik  W i l l s  

area a r e  shown i n  f i g u r e s  10, 1 1  , and 12. The genera l  background was 
found t o  be r e l a t i v e l y  h i g h  over  t h e  p l u t o n i c  rocks,  averag ing p o s s i b l y  
300 cps (compared w i  t h  a  low o f  30 cps encountered a t  t h e  edge o f  t h e  
Selawik  H i l l s ) .  Two r a d i o m e t r i c  h i ghs  a r e  consp ic ious  i n  t h e  A-4 quad- 
r ang le :  one shows a  maximum va lue  o f  700 cps near t h e  summit o f  a 1,360- 
f o o t  h i l l  i n  t h e  n o r t h - c e n t r a l  p a r t ,  and one surrounding t he  r a d i o a c t i v e  
d i k e  mentioned under "Bedrock Sampling," above. Another lhigh appears a s  
a  broad anornal y  i n  t he  c e n t r a l  p a r t  o f  t h e  Selawi k A,-3 quadrangle.  

Suggest ions f o r  E x p l o r a t i o n  

Much o f  t h e  Selawik  H i l l s  area cou ld  no t  be sampled o r  examined even 
i n  a  cu r so ry  manner w i t h i n  t h e  t ime a l lowed f o r  t h i s  p a r t  o f  t h e  program. 
i n  l i g h t  o f  t he  U and Th va lues found i n  t h e  samples and the anomalous 
r a d i o a c t i v i t y ,  however, i t  i s  be l i eved  t h a t  more complete i n v e s t i g a t i o n s  
can produce a d d i t i o n a l  anomal ies and d e f i n e  d r i l l i n g  t a r g e t s .  Forbes and 
Jones found t h a t  uranium i s  assoc ia ted  w i t h  b i o t i t ?  i n  t h i s  area.  

The r a d i o a c t i v e  d i k e  and ad jacen t  bedrock i n  t h e  c e n t r a l  p a r t  o f  
t h e  Selawik A - 4  quadrangle,  t h e  nearby sediment-sample c o n t a i n i n g  100 
ppm U, and t h e  r e l a t i v e l y  h i g h  U con ten t  i n  water samples 3-4 m i l e s  t o  
t h e  south suggest a  severa l -square -mi le  area t h a t  war ran ts  d e t a i l e d  
s tudy.  The broad r a d i o m e t r i c  anomaly and moderate ly  h i g h  stream-sedi-  
ment samples i n  Selawik  A-3 quadrangle  a l s o  i n d i c a t e  a  f a v o r a b l e  area f o r  
e x p l o r a t i o n ;  t h i s  area inc ludes  Wyoming M i n e r a l s '  c la ims .  Wyoming 
M ine ra l s  r e p o r t e d l y  has d r i l l e d  t h e  i n t r u s i v e  rocks t o  depths o f  severa l  
hundred f e e t  i n  an e f f o r t  t o  determine i f  t h e r e  has been secondary en- 
r ichment  o f  U,  bu t  no da ta  a r e  a v a i l a b l e  t o  t h e  w r i t e r .  

The h i g h l y  p o t a s s i c  s tocks  i n  t h e  Selawik  lowlands c o n t a i n  as much 
as 92 ppm U i n  d i kes ;  t h i s  suggest t h a t  d e t a i l e d  s tudy i n  t h i s  l o c a l i t y  
i s  warranted.  

The Zane H i l l s  Area 

The DGGS f i e l d  p a r t y  was based near UV I n d u s t r i e s '  g o l d  dredge camp 
a t  Hogatza on Bear Creek w h i l e  conduc t ing  f i e l d  work i n  t he  Zane H i l l s  
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F i s u r e  1 1 .  Ground r a d i o m e t r i c  survey,  western Selawik H i l l s ,  
Se lawik  B -3  quadrangles;  by G . R .  Eakins and C.L. Carver,  
1976. 

and P u r c e l l  Mountains ( p l .  4 ) .  The area l i e s  i n  t he  Hughes and Shungnak 
quadrangles ( f i g .  2 ) .  There i s  a  good land ing  s t r i p  a t  Hogatza, bu t  i t  
i s  p r i v a t e l y  owned and permiss ion must be ob ta ined  p r i o r  t o  use. 

Anomalous amounts o f  U i n  t h e  q u a r t z  monzoni te border  phase o f  t h e  
Zane H i l l s  and m ine ra l  occurrences i n  bo th  t he  Zane K i l l s  and P u r c e l l  
Mountains have been known f o r  some t ime  ( ~ i l l e r  and Fe r r i ans ,  1968) and 
t h e  reg ion  i s  cons idered f avo rab le  f o r  uranium e x p l o r a t i o n .  A summary 
o f  t he  geology i s  inc luded  i n  appendix E ,  under "Hogatza p l u t o n i c  b e l t  
o f  wes t - cen t ra l  Alaska,' '  and t he  p e t r o l o g y  i s  d iscussed by Forbes and 
Jones i n  t h e  s e c t i o n  on g r a n i t i c  rocks .  

P a r t s  o f  t h e  Cretaceous Zane H i l l s  and Wheeler Creek p l u tons  were 
sampled ( p l .  4 ) .  The Zane H i l l s  p l u t o n  i s  p redominan t l y  g r a n o d i o r i t e ,  
bu t  monzoni te and qua r t z  monzoni te c o n s t i t u t e  about 10 percent  o f  t h e  
rocks.  The Wheeler Creek p l u t o n ,  which forms a l a r g e  p a r t  o f  t h e  Pur-  
c e l l  Mountains, i s  composed o f  g r a n o d i o r i t e ,  q u a r t z  monzoni te,  and 
a l a s k i  t e .  

Stream-Sediment Sampling 

A t o t a l  o f  96 stream sediments were c o l l e c t e d  i n  t h e  Zane H i l l s  
area.  The va lues  f rom t h e  analyses a re :  



Figure 12. Ground radiometric survey, Selawik Hills-Inland 
Lake area, Selawik A-2 and B-2 quadrangles; by G.R. 
Eakins and C.L. Carver, 1976. 



Range Mean T h r e s h o l d  Anoma l i es 
Uppm (RAA) 0 .8-57.0  1 1  -7126 Z3i-g- Q 
Uppm (LASL) 3.3-77.0 22-35-18 59.0502 7 
Th PPm 4.5-120.0 30.2095 72.6465 5 
K20% 0.97-3.69 2.0772 3.245 4 

The ti ana lyses  r e p o r t e d  by kos Alamos average o v e r  50 p e r c e n t  above 
t h o s e  r e p o r t e d  by  RAA, b u t  b o t h  s e t s  o f  ana lyses  c o n t a i n  numerous r e -  
l a t i v e l y  h i g h  v a l u e s .  

The b o r d e r  zones a l o n g  t h e  sou theas te rn -sou thwes te rn  edges o f  t h e  
Zane H i l l s  y i e l d e d  s t ream sediments w i t h  c o n t e n t s  h i g h e r  than  those  found 
i n  o t h e r  p a r t s  o f  t h e  p l u t o n ,  U up t o  60 ppm, Th up t o  98 ppm. These 
a reas  have been d e s c r i b e d  by  M i  1 l e r  and F e r r i a n s  (1968) .  

A second p a r t i c u l a r l y  anomalous a r e a  i s  t h e  w e s t e r n  p a r t  o f  t h e  
Wheeler Creek p l u t o n  (samples H33-H39 and ~ 5 2 - ~ 5 7 )  i n  t h e  P u r c e l  l 
Mounta ins .  The a r e a  l i e s  i n  t h e  Shungnak A - 3  and B-3 quadrang les .  
Uranium was as  much as  77.0 ppm and Th as  much as 120.0 ppm. The 
anomalous a r e a  l i e s  a c r o s s  t h e  c o n t a c t  o f  a l a s k i t e  on t h e  west  and mon- 
z o n i t e  and q u a r t z  monzon i te  on t h e  e a s t .  

Water Sampl i n g  

A t o t a l  o f  84 w a t e r  samples f r o m  t h e  Zane H i l l s  and PurceFl  Moun- 
t a i n  were ana lyzed  f o r  U. 

Maxi mum 
3.95 

Mean 
1.1220 

Anomal i e s  
5 

The n i n e  samples i n  t h e  s e r i e s  530-D38 compose an anomalous group.  
These samples were c o l l e c t e d  f r o m  t h e  Car ibou  Creek d r a i n a g e  i n  t h e  
sou the rn  p a r t  o f  t h e  Zane H i l l s .  Sometimes t h e y  s u ~ p o r t  t h e  U v a l u e s  
r e p o r t e d  f r o m  s t ream sediments and bedrock ,  b u t  i n  o t h e r  cases t h e r e  i s  
n o  c o r r e l a t i o n .  The U v a l u e  o f  3.95 ppb i s  t h e  h i g h e s t  o b t a i n e d  f rom 
any w a t e r  samples c o l l e c t e d  d u r i n g  t h e  e n t i r e  1975 DGGS p r o j e c t .  

Bed r o c k  Samp 1 i ng 

A t o t a l  o f  49 bedrock  samples were c o l l e c t e d  f r o m  t h e  Zane H i l l s  and 
P u r c e l l  Mounta ins .  T h e i r  ana lyses  produced t h e  f o l l o w i n g  v a l u e s :  

Range Mean Thresh01 d Anoma 1 i es 
U P P ~  0.60-49. O 6.67a 24.632 2 
Th PPm 2.08-126.3 27.5588 73.91 18 2 
K20% 0.75-8.15 4.1629 7.3887 4 

E leven  o f  t h e  49 r o c k  samples were n o t i c e a b l y  above average f o r  
g r a n i t i c  r o c k s  ( o v e r  6 ppm), b u t  t h e  rema in ing  seem low  f o r  t h i s  a r e a  
T h i s  may be p a r t l y  due t o  i ncomp le te  e x t r a c t i o n  o f  U f r om s i l i c a t e  
accesso ry  m i n e r a l s .  None o f  t h e  c a l c u l a t e d  anomal ies  f o r  t h e  t h r e e  
e lements  i s  f o r  t h e  same sample. The U:Th r a t i o  exceeds 3 . 6  i n  one 
sample, H 4 R .  



Anomalous U was found i n  pegmat i te  d i kes .  Two samples, H ~ R  and H5R, 
y i e l d e d  49.0 and 19.4 ppm U, r e s p e c t i v e l y .  These a r e  f rom t h e  eas t  s i d e  
o f  Zane H i l l s  near t h e  con tac t  w i t h  t h e  v o l c a n i c  rocks on a spur 14.5 
m i l e s  nor thwes t  o f  Hogatza. 

Samples H ~ o R - H ~ ~ R  a r e  n o t i c e a b l y  h i g h  i n  U. These samples represen t  
a l a s k i t e  f rom t h e  western end o f  t h e  Wheeler Creek p l u t o n  i n  t h e  P u r c e l l  
Mountains. The U va lues f o r  s i x  rocks o f  t h i s  group range f rom 9.0 t o  
32.7 ppm. 

A e r i a l  Radiometr ic  Survev 

The a e r i a l  survey by Texas Inst ruments  produced a p r e f e r r e d  anomaly 
over  Car ibou Mountain on t h e  eas t  s i d e  o f  t h e  Zane H i l l s ,  4 t o  8  m i l e s  
west o f  Hogatza. F i v e  bedrock samples f rom t h i s  l o c a l i t y  ( D ~ R - D ~ R )  were 
c o l l e c t e d  by t he  DGGS p a r t y ,  bu t  none was anomalous i n  U ,  Th, o r  K20. A 
ground r a d i o m e t r i c  anomaly o f  600 cps, however, was measured on t h e  east  
s i d e  o f  Car ibou Mountain peak. 

A broad a e r i a l  r a d i o m e t r i c  anomaly was produced over  t h e  c e n t r a l  
p a r t  o f  t h e  P u r c e l l  Mountains a t  t h e  j u n c t i o n  o f  f l i g h t - l i n e s  56 and 461. 
No samples were c o l l e c t e d  w i t h i n  t h e  anomalous area,  bu t  anomalous stream 
sediments ( ~ 4 2 ,  ~ 5 3 )  were ob ta i ned  about 3 m i l e s  t o  t h e  west.  

Several suspect anomalies were c a l c u l a t e d  i n  t he  Hughes and Shungnak 
quadrangles,  bu t  t h e i r  s i g n i f i c a n c e  i s  ques t ionab le .  Some appear over  
tundra-covered lowlands.  

Ground Radiometr ic  Survev 

The r a d i o m e t r i c  background o f  t he  Zane H i l l s  p l u t o n  i s  g e n e r a l l y  h i g h  
( f i g s .  13, 14,  and 15) ;  t h e  average was found t o  be 200 cps o r  more. 
Radiometr ic  h ighs  a r e  present  on Car ibou Mountain (600 cps) and across 
t he  southern end o f  t he  Zane H i l l s  south o f  Car ibou Creek, where r a d i o -  
m e t r i c  readings were as much as 1,000 cps. A broad area i n  t h e  c e n t r a l  
p a r t  o f  t h e  P u r c e l l  Moutains i s  a  r a d i o m e t r i c  h i g h  where counts  a r e  400 
t o  500 cps. 

C o r r e l a t i o n  o f  r a d i o m e t r i c  readings w i t h  t h e  U and Th con ten t s  o f  
stream sediments and rock  samples i s  u s u a l l y  good, bu t  sometimes poor .  
Again, t h e  incomplete  e x t r a c t i o n  f rom some o f  t h e  bedrock samples i s  a  
p o s s i b i l  i t y .  

Suggest ions f o r  E x p l o r a t i o n  

Anomalous U and Th va lues were ob ta i ned  f rom stream-sediment, bed- 
rock,  and water  samples i n  t he  Zane H i l l s  and P u r c e l l  Mountains, and 
r a d i o m e t r i c  h i ghs  a r e  p resen t .  The anomalous l o c a l i t i e s  war ran t  more 
d e t a i l e d  sampl ing,  and t h e  areas no t  sampled by t h e  DGGS should  a l s o  
be i nves t i ga ted .  The broad geochemical and r a d i o m e t r i c  anomalous p a r t  
o f  t h e  P u r c e l l  Mountains a l a s k i t e  seems t o  o f f e r  promise f o r  a  uranium 
d e p o s i t .  Forbes and Jones recommend concen t ra t i ng  on t h e  augen gne iss  
u n i t  which they  d iscovered.  

The ad jacen t  lowlands o f  t h e  Pah R i ve r  F l a t s  and t he  Selawik  and 
Koyukuk R i ve rs  may deserve s tudy  f o r  p o s s i b l e  sed imentary- type uranium 
depos i t s. 



F i g u r e  1 3 .  Ground r a d i o m e t r i c  su rvey ,  sau the rn  Zane H i l l s ,  Shungnak 
A - l  and Hughes A - 6  quadrang les ;  by  G . R .  Eak ins  and C.L. Carve r ,  
1976. 



& 
F igu re  14, Ground r a d i o m e t r i c  survey, n o r t h e r n  l a n e  H i  1 l s ,  Shungnak B-1 and * 

Hughes B-6 quadrangles;  by G . R .  Eak ins and C.L. Carver,  1976. 



F i g u r e  15.  Ground r a d i o m e t r i c  s u r v e y ,  P u r c e l E  Mounta ins ,  
Shugnak A - 3 ,  A-L:, 8-3 ,  and B-)& quad rang les ;  b y  G . R .  Eak ins  
and C .L .  Carver ,  8976. 



Copper R i v e r  B a s i n  

The Copper R i v e r  b a s i n  i s  a  c o n f i n e d  a r e a  abou t  80 m i l e s  a c r o s s  
w i t h  na r row o u t l e t s .  I t  i s  f i l l e d  w i t h  a  v a r i e t y  o f  g l a c i a l  and f l u v i a l  
sediments o f  Cretaceous and T e r t i a r y  ages t h a t  a r e  c o n s i d e r e d  p o s s i b l e  
h o s t s  f o r  sed imentary  U .  The a rea  l i e s  i n  t h e  Gulkana and e a s t e r n  p a r t  
o f  t h e  T a l k e e t n a  Mounta ins  quadrang les  ( f i g .  1 6 ) .  The Cretaceous and 
T e r t i a r y  sediments a r e  p o o r l y  exposed, b u t  samples o f  T e r t i a r y  sandstones 
were o b t a i n e d  a l o n g  t h e  R ichardson Highway i n  t h e  n o r t h w e s t e r n  p a r t  o f  t h e  
b a s i n  and near  t h e  Glenn Highway i n  t h e  s o u t h e a s t e r n  p a r t .  Areas o f  i n -  
t r u s i v e  r o c k s  i n  t h e  T a l k e e t n a  Mounta ins  a l o n g  t h e  wes te rn  m a r g i n  o f  t h e  
b a s i n  were sampled t o  d e t e r m i n e  t h e i r  f a v o r a b i l i t y  as hos t  t o  v e i n  d e p o s i t s  
o r  sources f o r  sed imen ta ry  d e p o s i t s .  The geo logy  i s  d i s c u s s e d  i n  append ix  
E under  t h e  s e c t i o n  on t h e  Copper R i v e r  b a s i n - C h i t i n a  R i v e r  v a l l e y .  M ino r  
e x p l o r a t i o n  a c t i v i t y  f o r  p e t r o l e u m  and u ran ium by i n d u s t r y  was s t i l l  be ing  
conducted d u r i n g  1975 and 1976. 

F i e l d  work was conducted f rom a  l odge  on t h e  Glenn Highway w i t h  h e l i -  
c o p t e r  suppor t  d u r i n g  a  5-day p e r i o d .  Sample l o c a t i o n  s i t e s  appear on 
p l a t e s  5 ,  7 ,  and 10. 

Stream-Sediment Sampl ing -- - 

I n  t h e  Copper R i v e r  b a s i n  a r e a ,  96 s t ream-sed iment  samples were 
c o l l e c t e d .  S t a t i s t i c s  o f  t h e i r  ana lyses  a r e :  

Range Mean Thresho ld  Anoma 1 i es - 
U P P ~  (RAA)  0.30-2.80 1.30 2.45 4 
Uppm (LASL)  0.15-3.30 1 .44  2 .80 3  
Th PPm 0.50-16.0 4.29 9.71 5 
K20% 0.20-2.00 0.97 1.60 2 

U and Th v a l u e s  i n  a l l  samples were c o n s i s t e n t l y  low, e s p e c i a l l y  
when compared w i t h  t h o s e  c o l l e c t e d  i n  w e s t - c e n t r a l  A laska .  One anomalous 
sample ( ~ 5 )  was f rom Cache Creek i n  t h e  s o u t h e r n  p a r t  o f  Gulkana A-6 quad- 
r a n g l e  i n  an area u n d e r l a i n  b y  T e r t i a r y  o r  Mesozoic sed iments .  The o t h e r  
t h r e e  ano~na lous sediment samples were f rom s c a t t e r e d  l o c a t i o n s  i n  t h e  
headwaters o f  t h e  S u s i t n a  R i v e r  ( ~ a l k e e t n a  Mounta ins  8-2 and C-2 quad- 
r a n g l e s )  i n  a r e a s  u n d e r l a i n  by Mesozoic and o l d e r  v o l c a n i c  and s e d i -  
mentary  r o c k s .  The low v a l u e s  and a  l a c k  o f  c l u s t e r i n g  o f  t h e  anomalous 
r e s u l t s  p r e v e n t  t h e  o u t l i n i n g  o f  good t a r g e t  a reas .  

Water Sampl ing -- 

Water samples were c o l l e c t e d  f rom 74 l o c a t i o n s  i n  t h e  Copper R i v e r  
b a s i n :  

Range 
0.25-1.95 

Mean 
0.91 

T h r e s h o l d  
1 .74  

Anomal i e s  
3  

The t h r e e  U anomal ies  a r e  f r o m  s c a t t e r e d  l o c a t i o n s .  One o f  t h e  
t h r e e  anonla l ies ( ~ 6 )  i s  f rom an anomalous stream-sediment l o c a t i o n  a t  
S l i d e  Mounta in  and may be s i g n i f i c a n t .  Anomalous sample ~ 8 2  was f r o m  
t h e  headwaters o f  Tyone Creek i n  t h e  n o r t h e a s t  p a r t  o f  t h e  T a l k e e t n a  



F i g u r e  16. Index map o f  t h e  Copper R i v e r  b a s i n  and C h i t i n a  R i v e r  v a l l e y  
a r e a s ,  s o u t h - c e n t r a l  A laska .  



Mountains A - 1  quadrangle.  Th i s  l o c a l i t y  i s  u n d e r l a i n  by Cretaceous and 
T e r t i a r y  sediments.  The t h i r d  sample ( ~ 8 8 )  was c o l l e c t e d  on a  t r i b u t a r y  
t o  Mazuma Creek i n  t h e  southwestern co rne r  o f  Ta lkee tna  Mountains A-2 
quadrangle.  T h i s  i s  i n  an area o f  T e r t i a r y  vo l can i cs .  

Bedrock Sampling 

F i f t e e n  i n t r u s i v e  rock  samples from t h e  Copper R i ve r  bas in  were 
analyzed f o r  U, Th, and K20. These inc luded  a  v a r i e t y  o f  g r a n i t e s  and 
q u a r t z  d i o r i t e .  The va lues  ob ta i ned  from the  analyses are:  

Max i mum 
1.20 

Mean 
0.76 

Anoma 1 i es 
0  

The unusua l l y  low U and Th va lues a r e  d i s a p p o i n t i n g  and seem abnormal ly  
low f o r  t h e  types o f  rocks sampled. No U anomalies were found i n  t h i s  group 
and o n l y  one each f o r  Th and K20. The low r a d i o m e t r i c  responses produced 
by rocks i n  t h e  area was t h e  reason so few were submi t ted f o r  chemical  
ana lyses.  

A e r i a l  Radiometr ic  Survev 

The a e r i a l  r ad i on te t r i c  survey conducted d u r i n g  1975 covered t h e  Gul- 
kana quadrangle and t he  eas te rn  p a r t  o f  t he  Ta lkeetna Mountains quadrangle.  
On p l a t e  5,  one p r e f e r r e d  and two suspect anomalies appear on f l i g h t - l i n e  
93, two p r e f e r r e d  anomal i es  on fl i g h t - 1  ine  95, and one on f l  i g h t - 1  i ne  578. 

Sampling by the  DGGS p a r t y ,  p r e l i m i n a r y  r e s u l t s  o f  t he  ERDA f o l l ow -up  
s tudy i n  1976, and a  l a c k  o f  U o r  Th anomal ies f rom ground surveys i n d i c a t e  
t h a t  these weak a e r i a l  r a d i o m e t r i c  anomal ies have l i t t l e  s i g n i f i c a n c e  i n  
t h i s  area. I t  i s  r epo r t ed  t h a t  a t  l e a s t  one i n d u s t r y  e x p l o r a t i o n  p a r t y  
a l s o  examined t h e  a e r i a l  r a d i o m e t r i c  anomalies produced by t h e  Texas I n -  
struments survey i n  t he  Copper R i v e r  bas in ,  w i t h  nega t i ve  r e s u l t s .  

Ground Radiometr ic  Survey 

R a d i o a c t i v i t y  o f  a l l  types o f  rocks i n  t h e  area examined by t h e  DGGS 
p a r t y  was a t  a  ve r y  low l e v e l .  Readings taken a t  numerous i n t r u s i v e  and 
sedimentary bedrock exposures and sample s i t e s  w i t h  hand-car r ied  s c i n t i l l o -  
meters ranged f rom a  low o f  20 t o  a  maximum o f  70 cps. The h i ghes t  count 
was de tec ted  on T e r t i a r y  sediments on S l i d e  Mountain i n  t h e  Gulkana A-6 
quadrangle.  These readings a re  lower than those g e n e r a l l y  found t o  be 
average backgrounds i n  most reg ions ,  and they  showed so l i t t l e  v a r i a t i o n  
t h a t  no r a d i o m e t r i c  maps a r e  inc luded  i n  t h i s  r e p o r t .  

Suggest ions f o r  E x p l o r a t i o n  

No t a r g e t s  f o r  U e x p l o r a t i o n  were found i n  t he  l i m i t e d  areas examined 
i n  t h e  Copper R i ve r  bas in  o r  eas te rn  Ta lkeetna Mountains by e i t h e r  t h e  
DGGS p a r t y  o r  t he  a e r i a l  r a d i o m e t r i c  survey.  Poss ib l y  t h e  most anomalous 
area was t h a t  on t h e  eas t  and n o r t h  f l a n k s  o f  S l i d e  Mountain i n  the  Gulkana 
A-6 quadrangle (samples c I - c ~ ) .  The area i s  u n d e r l a i n  by T e r t i a r y  and 
Mesozoic sediments. 



Mesozoic and T e r t i a r y  nonmarine sediments i n  t h e  subsur face may 
p o s s i b l y  be hos ts  f o r  e p i g e n i t i c  uranium, bu t  so f a r  t h e r e  i s  no ev idence 
f o r  t h i s .  The Wrangel l  Mountains on t he  east  and t h e  Alaska Range on 
t h e  n o r t h  s i d e  o f  t h e  bas in  seem t o  c o n t a i n  b e t t e r  source rocks than the  
Talkeetna and Chugach Mountains on the west and south,  r e s p e c t i v e l y .  Fur-  
t h e r  s tudy o f  these p o s s i b l e  source rocks and t h e  d e p o s i t i o n a l  h i s t o r y  o f  
t h e  bas in  may suggest t h e  best  l o c a t i o n s  f o r  e x p l o r a t o r y  d r i l l i n g .  

Some p l u t o n i c  rocks i n  t he  Ta lkeetna Mountains t h a t  were no t  examined 
by t h e  DGGS p a r t y  bu t  mapped d u r i n g  1972 and 1973 by D i v i s i o n  personnel  
may be f a v o r a b l e  f o r  U. F e l s i c  i n t r u s i v e s  (map u n i t  ~ m s )  o f  Mesozoic age 
i n  t h e  Kings-Kashwitna R i ve rs  area extend i n  a no r t heas t  b e l t  f o r  a t  l e a s t  
10 m i l e s  (DGGS Annual Report f o r  1973, p .  14 -16 ) .  Th i s  u n i t  and o t h e r  
g r a n i t i c  and g n e i s s i c  rocks i n  t h e  area have no t  been examined f o r  t h e i r  
uranium p o t e n t i a l .  

The C h i t i n a  R i ve r  V a l l e y  

The C h i t i n a  R i ve r  v a l l e y  area i s  o f  i n t e r e s t  f o r  i t s  U p o t e n t i a l  be- 
cause o f  t h e  presence o f  p robab le  nonmarine Cretaceous sandstones and t h e  
r i c h  Kennecott copper mines. Reconnaissance sampl ing by h e l i c o p t e r  was 
conducted d u r i n g  a 4-day p e r i o d  f rom a base i n  t h e  town o f  C h i t i n a .  The 
C h i t i n a  R i ve r  v a l l e y  i s  w i t h i n  t he  Valdez and McCarthy quadrangles and 
opens i n t o  t he  southeastern p a r t  o f  t h e  Copper R ive r  bas in  ( f i g .  16) .  
The Mesozoic sediments exposed i n  t h e  v a l l e y  p rov i de  some i n fo rma t i on  on 
t h e  subsur face o f  t he  Copper R i ve r  bas in ,  where bedrock i s  n o t  exposed. 
Summaries o f  t he  geo log i c  s e t t i n g  a r e  inc luded  i n  appendix E under "Copper 
R i ve r  bas in -Ch i t i na  Va l l ey "  s e c t i o n  and i n  a DGGS o p e n - f i l e  r e p o r t  
( ~ e n n i n ~ ,  1973). 

Stream-Sediment Sampling 

Stream-sediment samples were c o l l e c t e d  from 105 l o c a t i o n s  i n  t h e  
C h i t i n a  R i ve r  v a l l e y  area ( p l s .  6 5 7 ) :  

Range - Mean Thresh01 d Anomal i e s  
Uppm (RAA) 0.30-3.20 1 .% 2.77 5 
Uppm (LASL)  0.46-6.30 2.11 3.86 4 
Th PPm 0.80-1 1.80 4.78 9.16 5 
K20% 0.31-2.10 1.24 1 .94. 2 

The U con ten ts  o f  t h e  sediments f o r  t h e  area a r e  low, bu t  t h e  r e s u l t s  
may r e f l e c t  s u b t l e  anomal ies i n  t he  bedrock. Two o f  t h e  stream sediment 
anomalies ( ~ 2 8  and ~29) were found i n  t h e  nor thwest  p a r t  o f  t h e  McCarthy 
C-4 quadrangle and one ( ~ 1 4 - L A S L )  was f rom a t r i b u t a r y  t o  t h e  Ko ts ina  
R i ve r  i n  t h e  nor thwest  p a r t  o f  t h e  McCarthy C-4 quadrangle.  Bedrock i n  
t h e  areas o f  these samples i s  T r i a s s i c  N i k o l a i  Greenstone o r  T r i a s s i c -  
Ju rass i c  l imestone.  

Three anomalous U samples ( ~ 2 2 ,  L24, and ~ 2 8 )  were c o l l e c t e d  i n  
g r a n i t i c  r ock  t e r r a i n .  L22 and ~ 2 4  a r e  f rom t h e  nor thwes t  co rner  o f  
Valdez B-1  quadrangle;  ~ 2 8  i s  f rom t h e  sou th - cen t ra l  p a r t  o f  t h e  Valdez 
C-2 quadrangle.  

Four o f  t h e  f i v e  Th anomalies a r e  f rom t r i b u t a r i e s  t o  Young Creek, 
an area u n d e r l a i n  by Cretaceous sediments. Whi le  no U anomal ies were 



found i n  t h e  stream sediments i n  t h e  area,  two water-sample and f o u r  o f  
t h e  f i v e  K20 anomal ies were produced. The combined Th and K20 and t h e  U 
i n  water  anomal ies suggest t h a t  t h e  Cretaceous sediments should be i n -  
v e s t i g a t e d  more thorough ly .  

Water Sampling 

Three o f  t h e  74 water  samples from t h e  C h i t i n a  V a l l e y  area were 
anomalous: 

Range Mean Thresh01 d Anoma 1 i es 
H20 P P ~  0.20-3.50 S T i -  2.01 3 

Two o f  t h e  anomalous samples were r a t h e r  c l o s e l y  spaced, on 
t r i b u t a r i e s  t o  Young Creek t h a t  d r a i n  Cretaceous sedimentary bedrock.  
The o t h e r  anomaly was f rom a t r i b u t a r y  t o  McCarthy Creek t h a t  d r a i n s  
f rom Cretaceous sediments i n  t h e  McCarthy 8-5 quadrangle.  Cons ider ing  
t h e  g e n e r a l l y  low va lues  o f  U found i n  water  samples, these appear t o  
be r e l a t i v e l y  s t r ong  anomal ies (2.10, 2.75, and 3.50 ppb).  

Bedrock S a m ~ l  i na 

Th i r t y - seven  rock  samples f rom t h e  C h i t i n a  R i ve r  v a l l e y  were analyzed:  

Range 
0.40-2.50 

Mean 
1.23 

Threshold  
2.65 

Anoma l i es 
0 

The above summary inc ludes  t h e  r e s u l t s  o f  ana lyses o f  b o t h  g r a n i t i c  
and sedimentary rocks.  Two p o s s i b l e  anomalous samples, E16R and E 1 7 R ,  
con ta ined  2.5 ppm U. Both o f  these were from t h e  western p a r t  o f  MacColl 
Ridge. Sample E16R i s  f rom a smal l  f i ne -g ra i ned  f e l s i c  i n t r u s i v e  body, 
and sample E 1 7 R  i s  o f  Cretaceous s i l t s t o n e .  

A e r i a l  Radiometr ic  Survey 

No a e r i a l  r a d i o m e t r i c  survey had been f l o w n  by ERDA a t  t he  t ime  o f  
t h e  i n v e s t i g a t i o n .  A s i n g l e  r a d i o m e t r i c  anomaly was repo r t ed  by t h e  U S G S  
from a f l  f gh t  up t he  C h i t i s t o n e  R iver  v a l  l e y .  Bates (1953) recorded an 
a e r i a l  s c i n t i l l o m e t e r  read ing  o f  1.0 m r l h r  a t  one p o i n t  w i t h  a  background 
o f  o n l y  0.15 mr/hr .  Th i s  area was no t  reached by t he  DGGS p a r t y .  

Ground Radiometr ic  Survev 

Radiometr ic  responses measured w i t h  hand-car r ied  s c i n t i l l o m e t e r s  were 
un impress ive,  and g e n e r a l l y  were below 70 cps on a l l  types o f  bedrock; 
counts  o f  40 t o  50 cps were usua l .  I nspec t i on  o f " t h e  ores a t  severa l  
mines i n  t:he Kennecott copper area d i d  no t  y i e l d  any d e t e c t a b l e  r a d i o -  
a c t i v i t y .  No r a d i o m e t r i c  survey map was cons t ruc ted  f o r  t h i s  reg ion .  

The s t r onges t  r a d i o m e t r i c  read ing  encountered (160 cps) was i n  t h e  
s o i l  bank o f  a  smal l  g u l l y  on t he  eas t  s i d e  o f  a  n o r t h - f l o w i n g  t r i b u t a r y  
t o  E l l i o t t  Creek i n  t h e  Valdez C - 1  quadrangle.  Th i s  s i t e  i s  on t h e  n o r t h -  



west f l a n k  o f  I r o n  Mountain and i s  u n d e r l a i n  by T r i a s s i c  l imes tone  and 
a r g i l l i t e .  The spot w i t h  t h e  h i g h  r a d i o a c t i v i t y  i s  ve r y  sma l l ,  bu t  i s  
i n t e r e s t i n g  because i t  i s  f o u r  t imes t h e  background i n  t h e  area and i s  
i n  s o i l  r a t h e r  than an exposed rock.  Stream-sediment samples f rom near  
t h i s  l o c a t i o n  were almost anomalous---3.40 ppm by Los Alamos' de te rm ina t i on .  
The s i t e  seems t o  war ran t  some d i g g i n g  t o  expose t h e  bedrock.  

Above-average r a d i o m e t r i c  readings f o r  t h e  area (90 cps) were found on 
MacColP Ridge, over  Cretaceous sediments. A va l ue  o f  100 cps was recorded 
f o r  t h e  g r a n i t e  p l u t o n  south o f  t h e  C h i t i n a  R i ve r  i n  Vaidez 5-1 quadrangle.  

Suaaest ions f o r  E x ~ l o r a t i o n  

The cu rso ry  i n v e s t i g a t i o n  o f  t h e  C h i t i n a  R i ve r  v a l l e y  area i n d i c a t e d  
two areas deserv ing  a d d i t i o n a l  work: t he  Cretaceous sediments on bo th  
s ides  o f  Young Creek and t h e  s i t e  o f  a  r a d i o m e t r i c  anomaly on a  t r i b u t a r y  
t o  E l l  i o t t  Creek. 

The combinat ion o f  s l i g h t l y  anomalous Th and K20 i n  sediment samples 
and U i n  water  samples may be s i g n i f i c a n t  i n  areas OF Cretaceous sediments. 
The w r i t e r  suggests t h a t  t h e  lower p a r t s  o f  t h e  s e c t i o n  on t h e  south s i d e  
o f  Cas t l e  B l u f f s  be i n v e s t i g a t e d  because these beds a r e  d i f f i c u l t  t o  reach 
and were no t  examined. 

The importance o f  t h e  r a d i o a c t i v e  anomaly on E l l i o t t  Creek i s  unknown; 
a l t hough  no t  ve r y  s t r ong ,  i t  was q u i t e  pronounced f o r  t h a t  area. L i t t l e  
work would be requ i r ed  t o  t e s t  t h i s  s i t e  below t h e  s o i l  cover .  

The a e r i a l  r a d i o m e t r i c  anomaly r epo r t ed  i n  t h e  C h i t i s t o n e  Canyon by 
t h e  USGS i n  1953 i s  o f  unknown s i g n i f i c a n c e ,  bu t  adds t o  t he  i n t e r e s t  o f  
t h e  reg ion .  

Eagle-Charley R i ve r  Area 

A b r i e f  i n v e s t i g a t i o n  o f  t he  Eag le -C i r c l e  d i s t r i c t  i n  t h e  Yukon R i ve r  
d ra inage  i n  e a s t - c e n t r a l  ( f i g .  17) Alaska was conducted by t h e  DGGS d u r i n g  
1975. P.L. Dobey and R . M .  K l e i n  spent approx imate ly  1 week c o l l e c t i n g  
samples t o  a i d  i n  de te rmin ing  t he  p o t e n t i a l  f o r  o i l  sha le  and pet ro leum 
i n  t h e  r eg ion .  E ighteen o f  t h e i r  stream-sediment samples and 16 water  
samples f rom a  70-mi le - long  no r t hwes t - t r end ing  b e l t  i n  t h e  no r t heas t  
co rner  o f  t h e  Eagle quadrangle and t h e  southern p a r t  o f  t h e  Char ley R i ve r  
quadrangle were submi t ted f o r  U, Th, and K20 analyses.  These were c o l -  
l e c t e d  f rom areas occupied by sedimentary u n i t s  rang ing  i n  age from 
Devonian t o  T e r t i a r y  ( p l .  8 ) .  A genera l  d e s c r i p t i o n  o f  t he  geology i s  
inc luded  i n  appendix E. Map numbers and genera l  l o c a t i o n s  a r e  shown i n  
t a b l e  4 .  

Tab le  4.  Sample l o c a t i o n s ,  Eagle-Charley R i ve r  area 

Map No. 
M 1 

Loca t i on -- 
Sediment and water  sample, 
T r i b .  Coal Creek 
Sediment and water  sample, 
Sam Creek 



T a b l e  4. ( ~ o n t . )  

Map No. 
M 3  

M 4 

M 5  

M6'  

M 7  

M 8 

14 9 

M10 

M I 1  

M 1 2 

E l l  3 

E.11 4 

M I  5 

1.1 1 6  

M 1 7  

Ill8 

Stream-Sediment S a m ~ l i n c l  

Loca t i o n  
Sediment and w a t e r  sample, 
Sam Creek 
Sediment and w a t e r  sample, 
M ich igan  Creek 
Sediment and w a t e r  sample, 
mouth o f  N a t i o n  R i v e r  
Sediment and w a t e r  samples, 
T r o u t  Creek 
Sediment and w a t e r  samples, 
T r o u t  Creek 
Sediment and w a t e r  samples, 
T r o u t  Creek 
Sediment and w a t e r  sample, 
Tutonduk R i v e r  
Sediment and w a t e r  sample, 
B ryan t  Creek 
Sed iment and w a t e r  sanipl e ,  
B ryan t  Creek 
Sediment and w a t e r  sample, 
Amer i c a n  Creek 
Sediment and w a t e r  sample, 
B l u f f  Creek and T a y l o r  Highway 
Sediment and H20 sample, 
American Creek 
Sediment and H20 sample, 
American Creek 
Sediment and Hz0 sample, 
American Creek 
Water sample, Mar ion  Creek 
and T a y l o r  Highway 
Sediment and H20 sample, 
American Creek campground 
and T a y l o r  Highway 

A summary o f  ana lyses  o f  18 st ream-sediment samples f r o m  t h e  Eag le  
and Char ley  R i v e r  quadrang les  i s  g i v e n  be low:  

Range Mean Thresh01 d Anomal i e s  
~ p p m  (RAA)  0 .6-2 .50 1.30 2.36 1 
Th ppm 1 . 3 - 1 . 7  1.54 1.81 0 
K20% 4.0-22.5 10.69 22.83 0 

The one anomalous stream-sediment sample was c o l l e c t e d  a l o n g  t h e  
Totanduk R i v e r  i n  t h e  sou theas t  c o r n e r  o f  t h e  Char ley  R i v e r  quadrang le .  
The a r e a  i s  u n d e r l a i n  by  a s e r i e s  o f  Precambrian and lower  P a l e o z o i c  beds. 
I t  appears  t h e  sample i n  q u e s t i o n  was t a k e n  near  an o u t c r o p  o f  Road R i v e r  
s h a l e .  



F i g u r e  17 .  I ntlex r:mp o f  F n q l  e-Char ley  R i v e r  saniple a rea ,  e a s t - c e n t  r a l  
A l a s k a .  

\dater  Sampl i n g  

R e s u l t s  o f  ana lyses  o f  16 w a t e r  samples c o l l e c t e d  a t  t h e  above- 
l i s t e d  sediment sample s i t e s  a r e  as f o l l o w s :  

Range 
0.1-2.2 

Mean 
3x-i 

Anoma 1 i es 
1 

The computer ana lyses  produced one anomaly (2.1 ppb) f r o m  American 
Creek,  j u s t  o u t s i d e  t h e  town o f  Eag le  (map ~ 1 2 ) .  T h i s  a r e a  i s  p r e -  
d o m i n a n t l y  u n d e r l a i n  by T e r t i a r y  sandstones,  t u f f s ,  and s i l t s t o n e s .  

Bedrock Sdmpl i ng ..-- 

No bedrock  samples were s u b m i t t e d  f o r  U ana lyses .  



A e r i a l  R a d i o m e t r i c  Survey 

An a e r i a l  r a d i o m e t r i c  su rvey  was n o t  conducted i n  t h i s  r e g i o n ,  b u t  
w i l l  be f l o w n  d u r i n g  1977, a c c o r d i n g  t o  a  Texas I n s t r u m e n t s  p r o p o s a l .  

Ground R a d i o m e t r i c  Survey 

Readings taken  w i t h  h a n d - c a r r i e d  s c i n t i l l o m e t e r s  a t  t h e  w a t e r  and 
sediment sample l o c a t i o n s  v a r y  f r o m  80 t o  400 cps.  The t h r e e  400-cps 
r e a d i n g s  were a t  sample l o c a t i o n s  M6, M 7 ,  and ~ 8 , c l o s e l y  spaced s i t e s  
on Mesozoic Glenn Shale.  T h i s  u n i t  i s  p r e d o m i n a n t l y  a  carbonaceous s h a l e  
wh ich  i n c l u d e s  s i l t s t o n e ,  q u a r t z i t e ,  l i m e s t o n e ,  and o i l  sha le .  

R a d i o m e t r i c  r e a d i n g s  on a  number o f  s c a t t e r e d  o u t c r o p s  o f  Glenn 
Sha le  y i e l d e d  v a l u e s  o f  120 cps.  T e r t i a r y  sha les  and sandstones p r o -  
duced between 75 and 165 cps .  

Susqest i ons  f o r  E x ~ l o r a t  i o n  

The e a s t - c e n t r a l  A laska r e g i o n  has had a  l i m i t e d  amount o f  r e -  
conna issance i n v e s t i g a t i o n s  f o r  u ran ium.  Samples f rom t h e  M i s s i s s i p p i a n  
C a l i c o  B l u f f  f o r m a t i o n ,  however, c o n t a i n  up t o  0.02 p e r c e n t  eU (wedow, 
Wh i te ,  and Moxharn, 1951, p .  106; Wedow, 1954, p .  3 ,  4 1 ,  and r e c e n t  r e -  
p o r t s   o on ass on and Goodfel low,  1976) d e s c r i b i n g  U  d i s c o v e r i e s  in  
n o r t h e r n  Yukon T e r r i t o r y  suggest  t h a t  t h e  f a v o r a b l e  t r e n d  may e x t e n d  i n -  
t o  A laska  n o r t h  o f  t h e  Yukon R i v e r .  The w r i t e r s  ( p .  72) conc luded t h e  
f o l l o w i n g  env i ronments  t o  be f a v o r a b l e  f o r  e x p l o r a t i o n :  

( 1 )  P r o t e r o z o i c  s e d i m e n t a r y  and  v o l c a n i c  rocks w h i c h  a r e  hosts  
t o  known o c c u r r e n c e s  o f  u r a n i u m  and  c o p p e r  m i n e r a l i z a t i o n .  

( 2 )  O r d o v i c i a n  Road R i v e r  s h a l e s  w h i c h  h a v e  shown p o t e n t i a l  a s  
a  l o w - g r a d e  h i g h - t o n n a y e  s o u r c e  of u r a n i u m .  

( 3 )  C r e t a c e o u s  (or  y o u n g e r )  a l k a l i  g r a n i t e s ,  s y e n i t e s ,  and  
q u a r t z  m o n z o n i t e s  w h j c h  w e r e  shown t o  c o n t a i n  a r e a s  o f  h i g h  u r a n i u m  
and f l u o r i n e  c o n c e n t r a t i o n s  w i t h i n  a  g i v e n  stock. 

( 4 )  M a j o r  s t r a t i g r a p h i c a l  and  s t r u c t u r a l  b r e a k s  ( i . e .  u n c o n -  
forrnitics, f a u l t s )  b e t w e e n  H e l i k i a n  rocks and  y o u n g e r  P r o t e r o z o i c  
and  P a l e o z o i c  rocks. 

Sediments o f  Precambr ian t h r o u g h  T e r t i a r y  i n  age i n  t h e  r e g i o n  ( i n -  
c l u d i n g  t h e  Kand ik  b a s i n )  may have a p o t e n t i a l  f o r  U, and more e x t e n s i v e  
i n v e s t i g a t i o n s  a r e  c e r t a i n  t o  f o l l o w .  

Hea ly  D - i  Quadrang le  and V i c i n i t y  

A DGGS p a r t y  headed by W . G .  G i l b e r t  conducted a  sampl ing  program i n  
t h e  Hea ly  D - 1  quadrang le  ( f i g .  18) i n  c o n j u n c t i o n  w i t h  d e t a i l e d  g e o l o g i c  
mapping o f  t h e  n o r t h  f l a n k  o f  t h e  c e n t r a l  A laska  Range. Submi t ted  f o r  
U, Th, and K20 ana lyses  were 208 stream-sediment samples c o l l e c t e d  d u r i n g  
t h e  1975 f i e l d  season. No wa te r  o r  bedrock  samples were ana lyzed  f o r  
t h e s e  m a t e r i a l s ,  and n e i t h e r  a e r i a l  n o r  ground r a d i o m e t r i c  su rveys  have 
been conducted o v e r  t h e  a r e a .  
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Fiqut-e 110,. l ndcx  1.1;ap o f  Lhe H c a l y  D - 1  sanlple ~ l l c . 1 ,  l l o r t h  f l a n k  
o f  t h e  A laska  Ranqe. 

The a r e a  o c c u p i e s  t h e  f o o t h i l l s  and mounta ins  on t h e  n o r t h  f l a n k  o f  
t h e  c e n t r a l  p a r t  o f  t h e  A laska  Range, where a l t i t u d e s  i n  t h e  s o u t h e r n  
p a r t  reach 8,159 f e e t .  Bedrock i n c l u d e s  t h e  Precambr ian o r  E a r l y  
P a l e o z o i c  B i r c h  Creek S c h i s t ,  Keevy Peak Fo rmat ion ,  and t h e  T o t a t l a n i k a  
S c h i s t .  G r a n i t i c  r o c k s  o f  Mesozoic age a r e  exposed i n  t h e  sou the rn  
h a l f  o f  t h e  D - 1  quadrang le ,  and T e r t i a r y  Coa l -Bear ing  Group sediments 
a r e  p r e s e n t  i n  t h e  n o r t h e a s t e r n  p a r t .  The T e r t i a r y  sediments a r e  o f  
i n t e r e s t  t o  u ran ium p r o s p e c t o r s  because t h e y  d i s p l a y  c h a r a c t e r i s t i c s  
s i m i l a r  t o  those  t h a t  a r e  U h o s t s  i n  \Jyoming, and i n d u s t r y  e x p l o r a -  
t i o n i s t s  have found U anomal ies  i n  s t ream sediments and w a t e r  abou t  
SO m i l e s  west  i n  t h i s  group.  The g r a n i t i c  rocks  were a l s o  c o n s i d e r e d  
t o  w a r r a n t  s t u d y  f o r  t h e i r  U p o t e n t i a l .  A d i s c u s s i o n  o f  t h e  T e r t i a r y  
Coa l -Bear ing  group i s  i n c l u d e d  i n  append ix  E.  

Stream-Sediment Sampl ing 

L o c a t i o n  o f  208 stream-sediment samples f rom t h e  Hea ly  D - 1  a r e a  
appears on p l a t e  3 .  R e s u l t s  o f  t h e  computer a n a l y s i s  a r e  summarized 
be low;  ana lyses  were done by Resource A s s o c i a t e s  o f  A laska  o n l y ;  none 
were s u b m i t t e d  t o  Los Alamos. 



Range Mean T h r e s h o l d   nom ma 1 i es 
Uppm (RAA) 0.3-10.0 2.13 5.40F 1 0  
Th PPm 2.0-72.5 19.28 40.56 8 
K2 0% 1.4-5.2 3.08 4.70 9 

There  a r e  a  number o f  anoma l ies ,  b u t  none i s  p a r t i c u l a r l y  h i g h .  A l l  
t h e  U anomal ies  a r e  o v e r  o r  n e a r  ( 2  m i l e s  o r  l e s s )  o u t c r o p s  o f  g r a n i t i c  
r o c k .  Th and K20 anomal ies  a r e  s c a t t e r e d ,  b u t  Th appears  t o  be r e l a t i v e l y  
h i g h  o v e r a l l  f o r  t h e  r o c k  t y p e s  i n  t h e  a rea .  

Suggest ions  f o r  E x p l o r a t i o n  

On t h e  b a s i s  o f  t h e  stream-sediment sampl ing  a l o n e  i t  i s  d i f f i c u l t  
t o  j u d g e  t h e  p o t e n t i a l  f o r  U  i n  t h e  Hea ly  D - 1  quadrang le .  S t a t i s t i c a l l y ,  
t h e r e  a r e  a  number o f  anoma l ies ,  b u t  none i s  h i g h  enough t o  be e s p e c i a l l y  
i n t e r e s t i n g .  I t  appears  t h e  anomal ies  a r e  a s s o c i a t e d  w i t h  t h e  g r a n i t i c  
bod ies  i n  t h e  s o u t h e r n  p a r t  o f  t h e  quadrang le .  

The g r a n i t i c  r o c k s  and t h e  T e r t i a r y  Coa l -Bear ing  Group, however, 
s h o u l d  n o t  be condemned, because b o t h  have r e p o r t e d l y  y i e l d e d  U  anomal ies  
a t  o t h e r  l o c a t i o n s  on t h e  n o r t h  f l a n k  o f  t h e  A laska  Range and remain  
u n d e r e x p l o r e d .  The T e r t i a r y  Coa l -Bear ing  Group i s  a l s o  p r e s e n t  up t o  
200 m i l e s  west  i n  t h e  Minchumina b a s i n  a rea ,  where i t  i s  f a v o r a b l y  
s i t u a t e d  s t r u c t u r a l l y  and near  p o s s i b l e  source r o c k s ,  b u t  as f a r  as  t h e  
w r i t e r  knows, i t  remains u n t e s t e d  f o r  U .  

CONCLUSIONS 

Uranium e x p l o r a t i o n  i n  A laska  i s  s t i l l  i n  a  p r e l i m i n a r y  s tage .  Know- 
l edge  o f  t h e  geo logy  o f  much o f  t h e  s t a t e  i s  inadequate  and t h e  b e s t  methods 
t o  use f o r  u ran ium e x p l o r a t i o n  i n  t h i s  r e g i o n  demand more research .  F i e l d  
methods t o  d a t e  i n d i c a t e  t h a t  st ream-sediment samp l ing  and ground r a d i o - ,  
m e t r i c  su rveys  a r e  s u i t a b l e  i n  a reas  o f  bedrock  exposures .  Water samp l ing  
r e s u l t s  a r e  e r r a t i c ,  and r e s u l t s  o f  t h i s  t y p e  o f  sampl ing  a r e  s t i l l  b e i n g  
e v a l u a t e d  by  ERDA-sponsored programs. Work by t h e  G e o l o g i c a l  Survey o f  
Canada  o on ass en and Good fe l l ow ,  1976) i n d i c a t e s  t h a t  f l u o r i n e  shows a  
c l o s e  r e l a t i o n  t o  U i n  s t ream w a t e r s  and shou ld  be used as  an i n d i c a t o r .  
The a e r i a l  r a d i o m e t r i c  su rvey  o f  A laska  b e i n g  conducted on a  wide-spaced 
p a t t e r n  by ERDA may h e l p  d e f i n e  g e n e r a l  a reas  f a v o r a b l e  f o r  u ran ium,  o r  
by  chance may l o c a t e  a  c o n c e n t r a t i o n  o f  r a d i o a c t i v e  m i n e r a l s ;  b u t  because 
o f  t h e  w ide  spac ing  o f  f l i g h t  l i n e s  and manner o f  c a l c u l a t i n g  and r e p o r t i n g  
anomal ies ,  t h e  r e s u l t s  may be m i s l e a d i n g  and t h e  su rvey  can m i s s  l o c a l  
anomalous a reas .  

Geo log ic  s t u d i e s  c o u l d  i n c l u d e  i n t e r p r e t i n g  t h e  t e c t o n i c  and d e p o s i t i o n a l  
h i s t o r y  o f  t h e  b a s i n a l  a reas ,  a  s t u d y  o f  m a j o r  u n c o n f o r m i t i e s ,  and s t u d y  o f  
l i n e a m e n t s  on Landsat  (ERTS) images and t h e i r  r e l a t i o n  t o  U anomal ies .  

D i s c o v e r i e s  o f  v e i n - t y p e  u ran ium d e p o s i t s  w i l l  p r o b a b l y  precede d i s -  
c o v e r i e s  o f  sed imen ta ry  t y p e s ,  s i m p l y  because t h e r e  a r e  c o n s i d e r a b l e  a reas  
o f  exposed a l k a l i n e  p l u t o n i c  r o c k s ,  and t h e  b a s i n s  a r e  masked by t u n d r a  
and w a t e r .  Most c u r r e n t  e x p l o r a t i o n  i s  d i r e c t e d  towards i n t r u s i v e  r o c k  
t e r r a i n s  i n  s o u t h e a s t e r n  A laska ,  t h e  Seward P e n i n s u l a ,  t h e  Hogatza p l u t o n i c  



b e l t ,  and t o  a  l e s s e r  e x t e n t  t h e  c e n t r a l  A laska  Range and t h e  Yukon- 
Koykuk r e g i o n s .  L a t e - s t a g e  d i f f e r e n t i a t e s  g e n e r a l l y  a r e  t h e  most  f a v o r -  
a b l e  phases f o r  u ran ium.  

Some e x p l o r a t i o n  f o r  sed imen ta ry - t ype  u ran ium d e p o s i t s  has been con- 
duc ted  i n  t h e  T e r t i a r y  Coa l -Bear ing  Group on t h e  n o r t h  f l a n k  o f  t h e  A laska  
Range, i n  t h e  S u s i t n a  l o w l a n d ,  and i n  t h e  T e r t i a r y  and Cretaceous sediments 
on t h e  c e n t r a l  p a r t  o f  t h e  N o r t h  S lope.  Recent d i s c o v e r i e s  o f  u ran ium 
a s s o c i a t e d  w i t h  copper m i n e r a l i z a t i o n  i n  Precambr ian sed imen ta ry  r o c k s  i n  
n o r t h e r n  Yukon T e r r i t o r y ,  Canada, suggest  t h a t  s i m i l a r  occu r rences  c o u l d  
e x i s t  i n  n o r t h - c e n t r a l  A laska .  L a c k i n g  good exposures o f  sandstones l i k e  
t h o s e  i n  t h e  r i m r o c k  c o u n t r y  o f  t h e  Co lorado P l a t e a u ,  e v a l u a t i o n  o f  t h e  
u ran ium p o t e n t i a l  o f  t h e  b a s i n s  i n  A laska  can be expected t o  be s low  and 
expens ive .  D r i l l i n g  may be t h e  o n l y  adequate method, b u t  such t o o l s  as 
t r a c k  e t c h ,  radon-gas sampl ing ,  g e o b o t a n i c a l  p r o s p e c t i n g ,  and geophys ics  
may be u s e f u l  i n  some areas.  A p r e l i m i n a r y  p r o j e c t  t o  t e s t  t h e  a p p l i c a t i o n  
o f  r a d i o m e t r i c ,  magne t i c ,  g r a v i m e t r i c ,  induced p o l a r i z a t i o n ,  and v e r y  low 
f requency e l e c t r o m a g n e t i c  methods t o  l o c a t i n g  r o l l  f r o n t s  was conducted 
i n  t h e  Se law ik  l ow lands  i n  A laska d u r i n g  t h e  1976 f i e l d  season by J.W. 
Cady o f  t h e  USGS '  and S . W .  H a c k e t t  o f  t h e  D G C S .  E a r l y  r e s u l t s  suggest  
t hese  methods may p rove  h e l p f u l .  

The w r i t e r  c o n s i d e r s  a l l  t h e  p l u t o n s  t h a t  were examined by t h e  DGGS 
p a r t y  i n  w e s t - c e n t r a l  A laska  t o  be f a v o r a b l e  a reas  f o r  u ran ium e x p l o r a t i o n .  
Rock t ypes ,  r a d i o m e t r i c  su rveys ,  and h i g h  U and Th c o n t e n t s  o f  numerous 
stream-sediment and r o c k  samples i n d i c a t e  U and Th en r i chmen t .  The head- 
w a t e r s  o f  t h e  Peace R i v e r  on t h e  n o r t h e a s t  f l a n k  o f  G r a n i t e  Mounta in  was 
though t  t o  be one o f  t h e  most p o s i t i v e  t a r g e t  a reas  f o r  r a d i o a c t i v e  
m a t e r i a l s .  T h i s  a rea  was r e s t a k e d  d u r i n g  t h e  summer o f  1976. A l k a l i c  
d i k e s  i n  t h e  Darby Mounta ins  and Zane H i l l s  c o n t a i n  anomalous amounts o f  
U and Th and o f f e r  encouragement f o r  e x p l o r a t i o n .  Other  l o c a l i t i e s  w i t h i n  
t h e  r e g i o n  b e l i e v e d  t o  be more f a v o r a b l e  than  o t h e r s  a r e  d i scussed  i n  t h e  
t e x t  o f  b o t h  p a r t s  I and I I .  More comprehensive i n v e s t i g a t i o n s  a r e  
su re1  y  needed. 

The Copper R i v e r  b a s i n  and i t s  marg ins  produced l i t t l e  encouragement 
i n  t h e  a reas  t h a t  were examined. But  t h e  nonmarine sediments i n  t h e  sub- 
s u r f a c e ,  wh ich  c o u l d  n o t  be e v a l u a t e d  because o f  l a c k  o f  exposures ,  may 
w a r r a n t  e x p l o r a t o r y  d r i  1 1  i n g .  

The C h i t i n a  R i v e r  v a l l e y  d i d  n o t  y i e l d  s t r o n g  anomal ies ,  b u t  t h e  
Cretaceous sediments a t  MacColl  R idge appear t o  have c h a r a c t e r i s t i c s  
s i m i l a r  t o  sed imen ta ry  u ran ium h o s t  r o c k s  i n  t h e  wes te rn  U . S . ,  and a  
more comprehensive s t u d y  i s  suggested.  A  r a d i o a c t i v e  anomaly on t h e  
n o r t h w e s t  f l a n k  o f  I r o n  Mounta in ,  though v e r y  l o c a l ,  i s  i n t e r e s t i n g .  
The sou rce  o f  t h e  r a d i o a c t i v i t y  was n o t  i d e n t i f i e d .  

IB ranch  o f  T h e o r e t i c a l  and A p p l i e d  P h y s i c s ,  Denver, CO. 
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Appendix A 

STREAM-SEDIMENT-, ROCK-, AND WATER-SAMPLE ANALYSES WITH RADIOMETRIC DATA 

Sediment- ,  r o c k - ,  and water -sample  d a t a  c o l l e c t e d  and ana lyzed  were 
c a t e g o r i z e d  i n t o  seven groups a c c o r d i n g  t o  g e o l o g i c  and geograph ic  s e t t i n g .  
The groups a r e :  ( 1 )  G r a n i t e  Mounta in  a r e a  (Cand le  quadrang le ) ,  ( 2 )  t h e  Darby 
Mounta ins  (Solomon and Bendeleben quadrang les )  and t h e  Se lawi  k  H i  1 1  s  a r e a  
(Se lawi  k  quadrang le )  , ( 3 )  t h e  Zane H i  1 1  s  and Purce l  1 Mounta ins  a r e a  ( ~ u ~ h e s  
and Shungnak q u a d r a n g l e s ) ,  ( 4 )  t h e  Copper R i v e r  b a s i n  a r e a  ( ~ a l  kee tna  Moun- 
t a i n s ,  Mount Hayes, and Gulkana q u a d r a n g l e s ) ,  ( 5 )  t h e  C h i t i n a  R i v e r  v a l l e y  
a rea  t h e  ( ~ c ~ a r t h y  and Valdez quadrang les )  , (6) t h e  Eag le -Char ley  R i v e r  a r e a  
(Eag le  and Char ley  R i v e r  q u a d r a n g l e s ) ,  and ( 7 )  t h e  Hea ly  a r e a  ( ~ e a l ~  quad- 
rang l e)  . 

Means, s t a n d a r d  d e v i a t i o n s ,  and t h r e s h o l d  v a l u e s  o f  c o n c e n t r a t i o n s  o f  
u ran ium,  t h o r i u m ,  and po tass ium o x i d e  were c a l c u l a t e d  f o r  samples i n  each o f  
t h e  above-ment ioned a reas .  Th resho ld  v a l u e s ,  above wh ich  sample c o n c e n t r a t i o n s  
a r e  c o n s i d e r e d  t o  be anomalous ly  h i g h  and t h e r e f o r e  o f  s p e c i a l  i n t e r e s t ,  a r e  
c o n c e n t r a t i o n s  two s t a n d a r d  d e v i a t i o n s  above t h e  sample mean. Samples con- 
t a i n i n g  c o n c e n t r a t i o n s  c o n s i d e r e d  anomalous have been u n d e r l i n e d  i n  t h e  f o l -  
l o w i n g  t a b l e .  

C o r r e l a t i o n  c o e f f i c i e n t s  were c a l c u l a t e d  t o  see i f  t h e r e  was a r e l a t i o n -  
s h i p  between t h e  stream-sediment ana lyses  f o r  u ran ium by Resource A s s o c i a t e s ,  
sediment ana lyses  f o r  t h e  u ran ium by Los Alamos S c i e n t i f i c  L a b o r a t o r i e s ,  and 
t h e  u ran ium i n  w a t e r  samples. The h i s tog rams  i n c l u d e d  i n  append ix  B p l o t  t h e  
c o n c e n t r a t i o n s  o f  u ran ium i n  these  t h r e e  c a t e g o r i e s .  

C o r r e l a t i o n  c o e f f i c i e n t s  were a l s o  c a l c u l a t e d  t o  d i s c e r n  any r e l a t i o n s h i p  
between t h e  u ran ium c o n c e n t r a t i o n s  r e p o r t e d  by Resource A s s o c i a t e s  and t h e  
t h o r i u m  and po tass ium o x i d e  c o n c e n t r a t i o n s  r e p o r t e d  by t h e  D G G S  l a b o r a t o r y .  



Table A-1 .  Stream-sediment, bedrock,  and wate r  analyses and r a d i o m e t r i c  data.  
Concent ra t ions cons idered anomalous a re  unde r l i ned ;  those near  anomalous a r e  dashed. 
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The Darby Mountains 
Sediment and Water Samples 

f lap 
'40. Field No. 
(!!, :L :,; i; ,.. .I i! ) U!ii : 

A 2 5 [:: :I. 7 0 5 
6, ;5 :,; (:' .I '7 c:; , . .  ..,. 
A ,q :;; i:; .I '7 ,' 0- . . . ;:> 
,!!, 5 y,j (:; :I, ;.7 :3 :;; 
,q 6 !,< (; .I i; "' 

> . . ,' k) 
7 5 (1: :I. 6 6 5; 
8 :!; i:; :I, (<> y;; C; 

A '7 y,; (- .I L -5 (? 4 . .  L), .  .) 

..I :I. 5 (:: :I. 6 2 $; 
,J2 5 f : : I . h : L S  
,,J 3 :,; [:; :L 1:; .I c; \.I ... .. 
;s 4 !:; (:: :I. t.5 0 s 
,.J!.5 I::' "' . 

..J l:. .L 4 5 S 
,Jdi 5C:L49S 
...I 7 5 I:: :I. 4 8 E; 
,.! [3 !.$I' ... . . 4 ;7 c; 

J 5 1::' ... 1 . . .q 6 !i; 
,,J 1, 5 (:; 1 5 7 I:; 
,.I :I. :I. ::; (1; :I. :.:; ti1 ::; 
..I :I. 2 !:; i:: :I, (?> o !i; 
,,J 11, ;.J y,; (- 1 1:; <$ c; ., . . <. 

. I .  4 5 (:; :I. 5 2 8 
,.J 11. :; :; (:; :I, :; ;J c; 
,, J 8; :.y 1:: .I ~1 (9 $; ... . . 
,.I :I. 9 5 lii: :I. 4 8 8 
,., j :I. $;I :,j [? .I 1:; I:< <:; 2 . . ,. ,. ,. 
, j 1 ,  ; 5 C; :I. 5 .a r;; 
,J 2 (j 5 1::' ... . '1 . 4 (> 

J ? I. 5 Iff: :I. 3 B 8 
,j 2 2 5 (:; :I, 4 5 E; 
,.J 2 3 v.5 1:;: :I. 4 :I. :; 
,.12 4 :.5 1:;: 4 :I. A 
,125 $2' i;; '1 4 .<' (.. ,.I . , 5.) ,:> 

,.) , ,.I*.. b f Ei: :I. 4 2::; 
I " ' ,  "'I ,. 1 A,'. ,' :,; 1;: .I *$ '5 (:; .. . . ,. 3. 

,.J 2 8 !5 C :I. 4 7 !!; 
,.J 2 (9 !?it:: :I. 4 3 ::; 
,.J 3 0 5 C: :I. 4 2 ti; 
,.J ;$ 11 t.2 1;: .. . .I . \. ".$ t;j c; 
,.J 3 2 5 C: :I. 3 (9 !i; 
,.J 3 3 5 C :L 4 :I. ?; 
,J 3 4'4 5 1:: :I. 4 0 S 
,J35 5C::I.?iI38 
, J ;3 & y.5 [:' ':s 2) <:; 

" . . ,. .. %. 

,. J ;3 '7 :; p: .I '3 ;.J c; ... . . \. 
,,!jf3 51:' .. . 1 . ,.. -44 8 
,, t 2 (.? :;; i:: :I. 3 4 !;; 
,.J 4 (j y.3 ('1 .I "3 I:? <:; . . ,. 3. ,. 

..< 1:: (.. 1 I .  ::I ... . . ,. ,.! ,:, 
j .<I 2 y., 1:: . . . . .I . . ,J . () c; 

,,.I 4 3 :.; (: 2 . .  ".$ \. .I. :i; 

1 . See p.  A-2. 







Ma P U PPml U Ppm H20 P P ~  
No. F i e l d  No.  (RAA)  Th p m lI/Th %K 0 
,.j :I. 0 ::; I: ... . '1 . 0 t) % : I 0  :!(?,(Po 0;24 ~ ~ $ 0  i(b!fhjl ok??k)' ? !?a 

1 .  See 

Ma P 
No. 
,,! :I. I:< 
,,J Z.? I:? 

1 :'.r 1; \.. ...I 

, J A'! 1:;: 
,.j yj; I:? 
,.lA I? 
,J ;;' 13 
j i3 1:;' 

,,J i$ f ' b  ', 

,.! :I. 9 1:;: 
$ J  :I. :I. I? 
,,J :I. 2 I:< 
,.! :I. I? 
,.! :I. .o I:? 
,,! :L I ..! .< 
.. J :I. 6 I? 
, I  :I. '7 I? 
,.J 1. El I? 
,.J :i. 9 I? 
,.! :2 0 I? 

J O:) .I 1:;; 
C n.. . . 

,. ,. ,J *.? 1:? 
,.I 2 3 I? 
, J 2 .q 1% 
,.J >;) I:? '' 

A,. ,.It< 

,.! 2 d:, I? 
,J 2 '2 I:i' 
..J 2 ti) l i  

1 ',:) (> I( ,.. 8. .  

! "X (j I:? ,. ,.> 
,.J :3 :I. 1:; 

F i e l d  :.lo. 
!,$ 1;;: i:,; (9 13 

I:! A 4 3 .... :1. 
A ~ ' 4  3 .... 2 

111 A 3 .... 3 
x:lm, 4 3 .... 4 

D A ,:I 2 
r : l ~  

1:l 4 7 .... :I. 
A 4 7 .... 2 

X:l A .q 0 
x:t A 4 :I. 

X:r A .4 (3 .... :I. 
X:l A 4 13 .... 2 
1:I A 4 (9 .... 1. 
I:! 4 'j,  .... 2; 

111 5 
11 A 1::. , ,.I .I. 

:; 1 .'3 7 I:;, 1.1 ... \. ,.. 
D A 3 4 .... :I. 
I:I A 3 4 ....I;? 

Dk32  
D A 3 ti) 

X:I A 3 3 n 
11 A ..$ Yj 
XI A 4 4 
]:I R 3 7 
]CIA3(9 

1:) 2 '7 A 
DA2 ti) 

I:I n 2 (9 N 
I:! A 3 O 

The Darby Mounta ins  
Rock Samples 



F i e l d  No. 
11 n ,J :I. .... .I. 
1:) A 3 :I. .... 2 
Sf: 12913 
5 C '1 '3 0 . . ... 
5C"J1R 

5E:3(3[< 
1:I C 8 :I. 
D C 8 2 
jJ("8....3 
a C 5 .." :1 
D (:: :$ -.. 2 

nc4 
D C: 3. 

x:l(:: 2 -... 1, 
D U: 2 ..- 2 
D (:; 2 .... 3 
XI c: 3 .." :I. 
11 C 3 .... 2 
D I:: 6 .,.. :I. 
BC6- -2  
X:I C 0 .- 3 
11 (:: 7 .... :1. 
11 (:; '7 ... 2 
D [; 7 .... 3 
5 F' a:) "4 12 

..I *.. \. 
B A 7  

11 A 7 h  
Xi A 8 ..- 11. 
DR8--2  
X:I n til.... ;s 
#:I A (3 .... 4 
x:~ 8 .... 5 
nn(;)n 
)JA(JB 

D A :I. 0 .... :I. 
11 A 3, 0 .... 2 
DA 10.-.3 
DA % 0.-.4 

1 1  n :I. :I. 
XI46 

D45R :I. 
DA3h2 
111 A 5 A 3 
[:I 4 5 .... I 
D A 3 .... ;? 
D fq 5 .." g 

I I A  1 
]CIA 124 

2~ 
15%%4R 

D A 2 A  
X:iA2E 
X:l A 2 C: 



Map 
No. 
(3 :I. 
G 2  
(3 3 
(:$% 
(3 :j; 
i3 4 
(,:; 

I3 8 
G (9 

(3 :I. (1) 

1 .  See 

F i e l d  No. 
1:: ... f:) 4 t:) (:< ,.JI::*.. A,.,.) 

5 111: 2 4 0 8 
5 ~ 2 4  :I. 5; 
v.5 1:: ':) .<; 4 c; ... A.. 

5 1;;: 2 4 3 
5 1;;: 2 4 (3 Ej 

51;:249~:; 
5 1;:' .':' 4 7 !3 . a,. 
;,; J:)  -3 4 :;; ... A.. %. 

1::. ,:) ..* ,.- <, 
,.i ... 4.. ,., 3 ,:, 
p .  A - 2 .  

F i e l d  No. U ppm Th qpm U/Th 8K20 CPS 
KI n ,l :I. 5 , .:I :I. 4 0 

Se law ik  H i l l s  Area 
Sediment and Water Samples 

U PPm 
(RAA) 1 Th ppm U/Th %K20 
:I. , 7 0 1. 0 + 0 0 0 + :I. 7 11. + 4 8 
I. , 5 0 ;,j 1y () + r J  Oe4J I . + ? ( )  
:I. t El  0 5.00 0 e 3 h  2tOO 
0 e V O  5,OO O E  :1.+73 
2 , 2 0  I 4 0 :I. , 4 7 I. , 2 0 
:I. * 4 0 I. + 0 0 :I. + 4 0 0 9 E1 
I * : 0 :I. 4 + 5 0 0 + I. 0 0 t (9 3 
2 . 5 0 :I. .(a , 5 0 0 0 :I. s :1 , 2 :.5 

. ?.) 1:: :I. + 3 0 & O 0 0 r 2 2 I .  t A,.. ,.I 

:I. 0 :I. 0 7' , 5 0 0 + 11.5 :I. I3 3 

2; , .I ..3 . . ,. 2 0 0 
4 * :12 2 0 0 
2 + 2 5  
t3 • 00 :I. 5 0 
4 6 :I. 0 I. 2 0 
6 t t37 :I. 2 0 
:L ,37 :L 0 0 
4 + El v.3 :I. :; 0 
5 , 8 11. 
4 + 6 0  :I. 2 0 
4 4 ti1 o 200  
5,07 200 
4 ,4(? 
5 + 20 250 
5 +  40 :I. 6 0 
4 +20  :I. h O 
5 + 11. 6 11. 81 0 
4 + 6 B  220 
; + ' ' 2 5 0 .,. n.. 

5 + 2 2  250  
,$,us 250 
1:" ,.I + 2 :I. 250 

>.> ,.} :,; + d.. a,.. 

4,y.a :I. 13 0 
* 9  0 :I. I3 0 

4 + 7 (.;) :L 8 0 
:I. , 2 0 :I. t110 
5, 00 250 
9 , O t i j  275 
S,O() 22:; 
3 , ( 3 0  200 
v.; , (1 :; 2 0 0 





F i e l d  No. .,. ... ,. 
:3k2?028 
5E:206E 
5E:204B 
5E220S 
5 Ei: 2 I. 4 S 
:.5 E: 2 2 3. 6 
5 1 3') ") ':) [:' ... L.n'..n..,.) 
"' "' 2 ' )  I (.; !:)I::. .... : . " c 
I Z  ... t' 
,.l I::. d! 2 3 ::; 
E.; 1:: '.) : 4 {:; .,.*... 2 c. 

t; 1 '  ,: *I) I- :;; ::. .? A.. v 
SE:~CJ(~B 
... ... ,. 5 k . l  :I. 2 S  
5 g:' ':' '1 3 S 

.,A,. . 
:; 1::' .I 1:; !;; ... A.. .. .. 
5fC2 11. 46 
1:: t:) .I .j> p , ..a,. . . $3 ". ... ,. 
k:) k. 11. d) !i; 
5 1:: ") () B ... L. 

=; 1:: ... . . () ;> $; 
1.7' "' . 
,.I I::. I .  0 (9 $; 
E.; 1::' .. . 1 . .,7 0 c; 

1 .  S e e  p .  A-2. 

S e l a w i k  H i l l s  A r e a  
Rock Samples 

F i e l d  No. 
A I::, 1: ,s 
A 1::' 4 
,q 1:' 3 

1:: ' 7  .... :I, 
a:. 

,q /::I 3 ..,. 
L 2 

,q p 1 .... 1. 
,t, 1:' :I. .-. 2 

,q 1::' 1 ,q 
A I"" 0 E 
A 1::' & (:: 

,q f~ ti) 
,q F' '7 

,q 1::. :L 1. 
,!?, 1::' 9 

Ap:L 0-. :[ 
fg F' 11 0 .... 2 

~ p 2 7  
$; 1:m 12 t) 

!jF'2Y.." J. 

$; F' ':' 'i) .... 2 
n.. 

S 1::' 2 $I .... 3 



Map 
No. 
G2213 
G23Fi' 
G24R 
62513 

G2d)FT 
(32'7N 
G 2 8 R  
G29R 
(:; 3 0 I? 
G :3 1. R 
G 3 2 R  
(3 1.3 3 13 
(.? 3 4 1:;: 
(3 3 y; 1; 

G 3 h I? 
(3 ;:"( 12 
(;; ;$ <;I 13 
(33913 
G 4 O K  
(3 .4 11, I? 
(:.j .<a 2 13 
G 4 3 1:i' 
G 4 4 R  
(;4513 

1: nb 6 1'3 
4 7 

(:; 4 (3 I? 
fi "29 13 
i;zQR 
(3 5 1. R 
(j 1::. ... 

s.J 13 
(35313 
G541( 
('j 5 5 1:i' 
GSh i3  
(35713 
(;; :.; I (  
(3 y.5 (9 I:? 

G 8 0 I:? 
0 :I. 1% 

(3421? 
(3 4) 3 F? 
C!l4li 
(3 4) ::; I3 
GAhI:i' 

F i e l d  No. $; F' C' 
%.J 2, lib"' 

250 
250 
700 
6 0 0 
4 0 0 
:3 :I. 0 
3 3. 0 
225 
'.) ' 7  0 .<.. d.. 
300 
2 .y () 
2 I. 0 
2 j. 0 
260  
260 
7 El 0 
"r8 0 
780 
7 (30 
580 

3 0 
30 
3 0 
290 
250 
3 0 0 
275 
300 
3 0 0 



Zane H i l l s - P u r c e l l  Mountains Area 
Sediment and Water Samples 

Ma P 
No. F i e l d  No. 
1: 1 ,  5 F: 7 13 '3 ." ,. , , ::> 
1) 2 y,y 1;;: J y,$ 0 c; 
1:) 3 5 1:' - s. 7 4 (9 8 
JJ 4 :; 1;;: ;! (3 (7 $; 
x:l5 5 1 :  2 (9 c; 
D 6 r.; 1:: ':) (7 -3 c:; ...*.. ,. ,. 
D 7  5E'JP:jS 
X:i 8 5 E: 2 (9 2 f; 
1:1y 5 If: 2 (9 0 S 

1 .  0 SE286S 
I I. I. 5 1:  2 8 5 E; 
I:lj.2 5E2(3(3!;; 
111 1 3 5 1;;: 2 87 5 
D:1.4 

... ... ,' 1:l :I. 5 ::) I::. L 8 3 53 
X:l 1. 4 5 1::: 2 ti) 4 !j 
],'[ 2 7 :;I::. .I) c:. '.. ... ... L, / !:; ". "' ,') I"' I"' C, 1:l 1. ::J 1:. A:. ;:J c) ,.> 
1:) 9 5 1::. ,*} I:? ... A... .,. 6 S 
I:! 2 0 :;I:: 3 :I. 0 $; 
I:! 2 :I. 5 1;;: 9 0 9 S 

2 2 5 I :  3 0 8 E i  
I:! :;f 3 !;; f: ':) 8:; ti) C; ... A .... ......,. )I:2( (., 
x:1:.! .a >>I:: 4:. ,.J ? '2 

."} 1:; . . 5 f i: 2 6 2 E; 
D28 513:26:l.E; 
1: 2 5 1.2' " ... L 6 0 8 
1:12 43 5 E: 2 7 :I. !;; 
1.1 :::, <;: . . .,.. ,::. ,. ,.) () (., %.I E:. d.. ,:> 

3 <> y.; 1:: ,' ... 4) ti3 8 
I 5E26VE3 
1:i:5 ::! t.5' 1;;: ;! 4) 7 ::; 
I:jJ;3 5[;;:2&5$ 
11134 5E2c',&!3 
I:, "1 "5' ,. ,. 3 Ei: 2 6 3 !ii 
D;36 5E264S 
j:137 51f 2.746 
D ;3 13 5 F" "> "7 "3 S' .:. a,.. / ,. ,:> 

3 y.:; 1::. ':) .7 ;? c; ... *.. 
1-1 :I t.5 E: ;3 3 (9 2:; 
1-1 2 5 11.. 3 4 :I. !I;  
1.,1 3 1::' "' " 

,J k ,3 4 0 !3 
1.4 4 5 1::' ... "7 ,. 4 8 ti; 
1-1 5 t.3 1;;: ;3 4 ;! :;; 
1.4 (5 :; 1;;: 3 4 3 :;; 
1.1 7 5 1::' ". 7 ,. 4 4 !i; 

1 .  See p. A-2. 

" PPm, 
(RAA) Th ppm 
0 * 9 * 0 0 
O e I 3 0  :1.1,50 
:I. + 8 0 11. 6 + 0 0 
2 + 0 0  I 5 0 5 0  
7,liIO :1.7,50 
7 + 5 0  42+00  
7 * 2 0  :1.!5,00 
1:1+20 2 0 * 0 0  

:1.0+20 44 t00  
El*20 :15+00 
7 * 7 0  2::!4*50 
6 * 7 0  !50+00 
6 + h 0 11. 11. + Y!; 0 
7 9 0 4 ti3 , :.: 0 
5 + 7 0  22,oo 
5 + 7 0  2 7 + 0 0  

3 0 , 0 0 ::.? 0 * 5 0 
I I , (9 0 :I. 7 , S 0 
:1.3+30 57+0C> 

..., 2 * 8 0  / + !5 0 
5 + 9 0  :1.2+00 
2 , 7 0  :L2+50 
6 + '9 0 6 I. 4 5 0 

:I. 7 + 8 0 11. 8 + 0 0 
4 * 6 0  :1.2+00 
'7+50 20,00 

:1.8+00 :1.8,40 
2 J 4 0 4 :I. * 5 0 
21 +3C> 37,OO 
; I 42 , 00 

:I,4+5() 57,:i5() 
1.4.YO 40e50 

11. , 4 0 7 * 0 0 
2 + 40  4 t 5 0  
7+{30 5 6 + 0 0  
2 + 4 0  2 3 + 0 0  

3 5 + 0 0  6 7 + 0 0  
0 7(3+0() 

2 + 50 7 + 5 0  
4 * 3 0 60 50 
2 + Y O  6 + !5 0 
2 * 9 0  :1.2*50 
4 + 0 0  J.2+00 
11. + 8 0 :I. 2 + ?.5' 0 
2*10 lo,!:;() 
4 + 3 0  :L2+50 





Zane Hills-Purcell Mountains Area 
Rock Samples 

Ma P 
No. 

1:l :I. Fi' 
111 ;! I:? 
I:! :3 I? 
X:l .(a I:( 
:(:I y.7 I:? 
1:I d) 1:;; 
I:, '"! '; 

/ 1.3 

111 $3 I? 
111 9 I? 

1:l :\, (;I I? 
1:l :I. :I. I:? 

1-1 :I. I:? 
J-1:: 
1-1 ;{ I:? 
[..I A$ 12 
1..1 5 I:< 
1l.16 1% 
1..1 7 
1-1 t3 13 
i..l (9 

I4 :I. 0 la 
1.4 s :I. I? 
1.1 :I. 7 1:; 
14 1 -3 I( . ,. 
1-1 :I. 4 I? 
f.1 :I, 5 13 

14 1 0 13 
1-1 :I. 7 R 
1-1 :I. $3 I? 
1.1 :I. Y I:< 
1-1 2: 0 I:< 
14 2 1. R 
1-1 ;;! :? 13 
1.1 2 3 13 
1.i 2 4 R 
I../ 2 5 Fi' 
1-1 2 1 1:;: 
6.1 2 13 
1.4 2 (3 I:< 
1.1 :;! 9 [i' 
1-1 3 0 Fi' 
1.4 ;3 :I. I,'< 
1.4 3 2 R 
1-1 J 3 1:;; 
1.1 34R 
ti.J5]:;: 
1.1 ::! 6 I2 
1.1 3 7 13 
1.1 3 8 R 

F i e l d  No. 
Z II :I. 4 

cps  
7 2 0  
0 0 0 
0 0 0 
'7.4 :;; 
?) c:) 1:: 
L. r.. \.I 
2 ':) I:? . 4.. ,. 
230 
235 
<') 7 *:. ,.! 



Copper River Basin 
Sediment and Water Samples 

Ma P 
No. 
(:: 'I. 
" <'j 
[., ,:.. 
c: 3 
c: 4 5  

i:; y.5 

s' ., <.! :< 
I\ ./ 
ti, ;! 

3 .  

1.;' :3 

I( y;; 
K <, 
p; ; " 
I i  t3 
I\ <,! 

I< :I, 1::) 
li 11. 'I. 
1;: 'I .. . ":* 
I< :I. 3 
I( 11. .i+ 

K :I. !,T,i 
b; :I. 0 
I( :L 7 
I< :I, :.,; 
k' .I <;: . .. 
I : h'.. c:' (1 .. 
I.< ':) .[ 

6,. . . 
:-) ."! ,'.. >. 

;! ;,$ 

ti' f:} 
;,j ! ;,; 

1\25 
>:> -;> 

, A , .  ., 
I( ;: i;;: 

2 8 

I< 3 0 
I( 3 :I. 
I< ;3 2 
K 3 ::"; 
I( 3 .i!. 
/.< ;; ;,< 
I(3h 
1( ,. '7 "" / 

I.< J / ' 
1;' '1 '1;) . 3.. . 

4 () 

1 .  See 

Field No. 
tI:;f:3&hS 
I:: "' " ..1t:.,Sh5S 
5E364S 
51:,363S 
5E:3625 
:.; 12: :?i 0 7 E< 
5 1;: 3 8 0 8 
5123798 
5 E;: 3 7 (3 $; 
5 F' "1 7 "7 S 

" \. 
5M256 
5 M 2 (<) 3 
5 ~ 2 . 7 8  
5 jq 2 '9 c; 

r.5 pj 2 8 E; 
51( 171; 
!5M20!;; 
5 K :I. 4 S 
51(16S 
FjM228 
5 [( :I. 3 8 
5~241; 
f; i,f >.) .I c; 

L. . . 
;.; I( .I ':> c; . . 6.. ,. 
5 l i  :I. :I. $3 
:.; li s. 0 E; 

5 I( (9 8 
:; I( (;I E; 
51(78 

r.; (:; ;? ;? () ;;; 
5C22:I. S 
5E3768 
t.; ..) ; I::' . ,: 1 ,.I ?; 
5E374:;; 
;,; 1; 3 '7 -y p ". ,.) ,:> 

5K5f; 
5 I( ,!) E; 

5E97:I. E i  
5~;:3.72$.; 
5 pf :I. (9 $; 

5il J. US 
5 M :I. 6 E i  
;.; (q 1. 7 S 
y,; p.1 11. y,; c; 

5M:I. 4;; 
;.; iq 'I " 2; . . \. 

p .  A-2. 



Ma P 
No. 
I< 4 :I, 
It 4 2 
li 4 1.3 
I< 4 4 
I< *q ::, 
I.< 4 c; 
I< 4 ;,:: 
I< .g !:> 

1.) 

I<; dl c;> 

I.< y.7 , % 

!.I 

I:' \ ..1 .'. " 
1;; y.7 .:I,? 

I<' 1:: ':? 
r %.I .. > 

1 '  \ V,' I....\ .,! 

I... I::' I::' 
\ \.) ..! 

1 '  y,: ;), \ I '"3 

I::# ,,, .... 
1.;' 1;: ,;; , ."J < 'z 

1.;; 5 : ' 

p; 0 1.:) 

I<; 6, 1, 
I.:, 6 .1 
1.; <<) 3 
F' (4. ., , ., ? 
1;; {, y:; 
1.; (<> <;, 
f.< i> : 
I<, 1 ('1 
1;; 6 '-3 
1.;' "" ,,') ,, 
1i7 1. 
I( '7 ." 
I.< ;? 1;: 

I<; ;? .,> 

I( ';y !y; 

1.i: 7 6 
;,, :;, 

1;: ;,;';;] 
1.; 7 !.;I 

I.< t3 0 
IT iil :I. 
P; iil 
I.< $3 :3 
I(If) .4 
I< gij y,; 

(3 <!) 
I< (3 7 
I< {;) $.j 
1.;: {3  ';> 
K 9 (1 

F i e l d  No. 
1"' ;.I PI :I, 2: :i; 
9M548 
r5 M i5 8 !ii 
5M65$; 
131"(&'?S 
5 M 0 4 S 
:.; I< 3 11. ::; c; I( ..{ ,I) (- 

1. ... ,:) 
S M 6 3 ! f i  
1:: . ...> (:, 
,.I I I C, L. I.) 

9 M 6 :I. !j 
51(2;3~ 
,.. ,.> 1:: (.. 5 I( d.. ..! .:) 
!21(24$i 
5 1i; 2 h S 
5 ~ 2 7 %  
5 I( 2 (9 $ 
5 M y;; (u' :;; 
5H60!3 
5M5{3!; 
f M yj '7 li; 

5 pi ::ij 
5 M 1;; C; ,.. \. 
5M48 
5Pi:i18 
5M'7$j 
Spq(Q$j 
1:: I< ''4 <:; 
\.J \. ,. 

I( 2 :; 
9E,36ElE; 

:.; M :I. :I. :; 
5 1::' ." "1 ,. '7 Q S 
5 F:' ... '3 $. 6 (1) !j 

:,y p.l y,:; ;? $; 
t.j /q 5 4 {j 
5MK'" ,.! 3 !!! 
5M5()$i 
5 M 3 :I, $; 
5M555 

5 M 4 9 !ii 
5M48S 
51123::; 
g K ") a;' C% 

rL *.. \.) 
:t; I< 2 0 !;; 
:; K 2) .. .I . . c; 
5 M 6 8 !:i 
5 M d' (9 !ii 
5 M 7 Q E; 
SM"'") ' 

/ d.5 
y,; , : .I c:; \i ';' . . ,. 

Th p rn 
0 , s tP 
2 , :I. 0 
2,75 

4 + 50 
2 , 7 5  
5 , ;?5  

4 + 30 
:3 + :4 0 
.4 <. :.; 0 
;:{ , :; (> 
'J ,'J5 
;) * 5 0  
2 , t3 0 
8 , Oi) 
4 , 3 0  
4 , 0 0 
3 , 00 
:I. , 4 5 
2 * y.5' 5 

2 , 5 0  
3 , 50 
y.5 * ,:)I::' .\.. ,.! 
4 , :!; 0 
3 , 2 5  

,.> ,.- 2 r i . 3  

3000 
)'> .,,:. * 5 
5 ,  (10 
:;? * 3 0 
d) Y 0 0 
4 , y,:; I) 

:I. :;? , 0 0 
5 , 5 ( )  
5 , y,; 1) 

6 + 50 
5 * 00 
;3 * 0 0 
2 + 50  
2, (5( )  
2 + 5 0  
6050 
2 ,80  
2 * (3 0 
2 * 00 
:I. + I3 0 
1*25 

4 +00 
2 * 75 
J . ,  75 
:I. , 7 5 

1 .  See p .  A-2 .  



K.la p 
'lo. * 1: ;I. 

"F:'? 
1::. ;$ 

1::' 4 
1::. 1 7  .' ,.? 

a 1::' 
* 1:: ;:! 
-9- 1:: i:> 
8 .  ,..> 
.I* 1:: <;? 
# \  . 

Ma P 
No. 
( '. '1 12 
.r . . 

i:; 2 I.< 
1; :I, F< 
I(' ;::I 
1.;. 7 13 

% ... > 

1;; 4 R 
1.;; 5 
I(.: 
1;' '.;)I$ 

%. / 

p" I::{ 1:; 
\ t.. 

I;, <? p; 
I< :I. () I:< 
I< :I. :I. I? 
1.;' :I. 2 R 
I(; :I. ;3 I? 

1: I (  
1:: ;) ,.. 

F i e l d  ?.lo. 
:; 1;: <:; .. . . ,. 
5 F ':) C' ... A,. ,n 
SELJS 

5 E: 4 !ti 
5ESS 

3E:"Rj:;E)S .. ,. 
5 I!: ;3 6 :I. t:; ". ... ..x #". c, 
>J I::. ..I ::J 2 .:> 
13 I!!: 3 A 0 !ii 

I! ppm Th ppm 
0 * 5 0 1. :I. , F; 0 
0650 :L:1.+7O 
1. + 0 0 I. 9 + 9 0 

2 :I. + 2 
11. 2 + 8 
11.4 + 5 

:L , 3 0 5 + 00 
:I. t 5 0 :I. 3 + 0 0 
:(. , 0 0 ,7 * :; {J 

Copper R i v e r  Basin 
Rock Samples 

"Sample mean and standard d e v i a t i o n  o f  samples c o l l e c t e d  i n  M t .  Hayes 
quadrangle based on da ta  from t h a t  quadrangle o n l y .  







Ma P U PPm, 
N n  . F i e l d  N n  I . R A A ~  Th nnm I I /Th O K .  Q 

: 1 . , 4 5  1 ~ 2 4  5 , ~ 3 0  I... :!i ti1 :,5 PI :.3 :I. S :I. + t30 

C h i t i n a  V a l l e y  Area 
Rock Samples 

No. 
1:: .I I:( ... . . 
[i: 2 I:< 
1;: ;.J 1:;; 
1;;: .q 1::; 
lf:51:< 
[;: 4) I:< 
1;;: 7 I< 
1::' F{ 12 
1;; (9 I:< 

1:: ... . . () I:< 
1::' '1 .I I:? . . . . , . . 
1: .I ;! 1% .. . , 
1: .. . . 'y ,. 13 
1;:' .. . . .q 13 
E:' 1 5 13 .. . 
1:: :I. 4) N 
h:' ', .] .. . , 
F:' ... '1 . (3 1:; 

1; . .. i? 

1;: '1) {) I:? .. A.. , 
1:: '1) .I 1:; .. . ., . . . . 
l7 8.)  ..:> 
:. 1. ... ti 

1;;: 2 3 1:;: 
1;: ."> 24 I:? .. A:. 

I... :I. I:; 
I... 2 I? 
I... 3 1:: 
I... 4 R 
I... 5 R 
I... h I? 
1, '7 12 .. . 
I... t;1 I? 
I... (7 I? 

I... :I. O I? 
I... :I. :I. I? 
I... :I. 2 N 
I... :I. 3 li 

F i e l d  No. :,; 1;: ;J 4 I< U PPm Th PPm 
6 + :I. + 4 0 

5K6513 0 * :I. , 3 0 
5 K 6 4 l i  i? , 3 , 0 0 
5 I( h 3 I:i; o , 4 o x ,oo  
:,; I(' d) 2: 1:; (3 , 0 2 0 
S lit: cfr ti1 l i  0 + 4 . 30 
r.3 1 ; :  6) 8;) I:< :I. , 6 0 y:.; + 0 0 
I::' "' .'' 
,..I I::. ,.' 1:) I:;: 0 P A3 
5 1;;: 7 2 :I, 0 (5 0 3 , 00 
y:; 1;;: '7 11, 1:;; :I. t 9 0 :I. . 3 0 
y.5 1;; 4) <!) I? 0 ,  2 3 50 
5l(h71; 0 , 2,90 
51(4t3R 0 + :I. + {:I 0 
y.5 I( !; &q 

c :I. :I. * 3 0 :,< I(' ::,; ;.; 1% :I. , 0 0 7 , 3 0  
::; lc: 6) 6) I4 .,.. ':I * 5 () ---- 0 , '9 0 
I:? .'. ,.) I::. d> 5; I.? -- 2 , :jcl 7 , ;3 0 
516 I ,. 'XF? 0 t 40 :L, 130 
t.3 k; d) 413 2 + 00 3 + i30 
51<5,~,li 0 <. 40 4 + 8 0  

51(:57lin :I. , 90 $3 , :.; 0 
5 I( 5 t3 1:;; :I. + $3 0 6 + ti1 0 
:,y :.; (9 13 :I. * 0 0 ..., 

/ E 3 0 
::.; 1;;: 4) 72 I( 0 , 3 ,  30 :,; 1:' A' .':) . , .. r.) d.. I'i h 0 0 :I. + 3 0 :, 1;; ( ...)I( r{ .. (.) .d.. . ... ... ..p..x 

6 , 9 0 4 * 30 
!:)I::, , ,.: 0 t 0 , 4 0  

:;; 1;;: '7 ;.J 1% xi 0 + O , r!, 0 
:.; pj .I 1:; "7 Ii . . ,. ,.I 0 + :I. + y.5 0 
5 jy :I. 5 5 1:;; 0 + :I. , 0 0 

E;Ks()lq 0, 3 + 00 
51(5 1 13 :I. * 4 0 2 , t 3 0  
5 1;: 6 0 R 0 70  O * 4 0  
:.; I( (7 13 0 . 0 0 , 
t.5 ]( .I [;I 13 0 * 7 0 P 
:.y 1;:. d. , :;a .. ).I. I \ 0 , 0 P tj10 

:.; I;;: L) :I. 13 o , 4 o :I. , ;3 o 

cps 
I::' e: ,.! ,.! 
6 0 
50 
6 0  
6 0  
"7 1:: 
/ %.J 



Eagle-Charley R i ve r  Area 
Sediment and Water Samples 

Map 
No. 
Pi :I. 
M 2  
MY3 
PI 4 
Pi5 
Pi i!, 
M :? 
1'18 
PI9 

M :I. 0 
M I :I. 
M :I. 2 
M :I. 3 
M :1 4 
iY :I. 5 
PI 11. if> 
pi ;I, 7 
M :I. t'3 

F i e l d  No. 
5 X:I 6 0 E; 
5 11 5 .q C; 
5 5 6 !i; 
5 ]i:1 2 5 !;; 
5 X:l3 ;3 8 

5 I( '1 () (7 8 

Y.5 I< :I. 0 $3 !:; 
y.3 p; 11, (1 '7 !;; 
5 ]:I :I. 0 2 8 
:.;I< :I. 0 0 !!i 
5 :I, () 5 !j 
5 I i  :L 0 3 !ii 

5 I;, -3 '; ,. ,. 
:.; 11, () 2: :; 
5 I( :L () .I (:; . . .. 
:.< I< :I. 0 0 !i; 

5 I:l 5; 
;.j ]iYl .q :;i 

Map 
No. 
.I. 0 0 :I. 
:I.<) 0 2! 
I. 0 0 3 
11. 0 0 4 
1. 1)  0 5 
:I. 0 0 6 
:L()07 

:I. 0 0 13 
:I. 0 0 9 
:I. 0 :I. 0 
:I. 0 :I. :I. 
:I. 0 :I. 2 
:LO 13 
:I. i) :I. 4 
1. 0 :I. 5 
:I. 0 :I. 6 
:I. 0 1. ;' 
:1 13 11. [;I 
:I. 0 :I. 9 
I. 0 :.? 0 

'see p. A - 2 .  

Th PPm 
:I. * 6 0 
Let "yQ 

:I. , 3 0 
I. e 60 
:I. , st, - - - 
I. 0 50 
:I. t 6 0 
I. t 6 0 
:I. 5 0 
:I. h 0 
:I. , :; 0 
:I. . 5 0 
b ,-7-j>, 
:I. + 5 0 
1 . 0  70  --- 
:I. 6 .(a P 
:L + 30 
1. * 3 0 

Healy D-1  Quadrangle and V i c i n i t y  
Sediment Samples 

F i e l d  No. 
w i:< :I. ijM: 
W i:3 :I. 0 0 2 
W (3 :I. 0 0 3 
W i3 :I. 0 0 4 
W G :I. 0 0 5 
hl i:$ :I. 0 (:I l) 
W (3 :I. 0 Q 7 
W G :I. 0 0 11; 
W i3  :I. 0 0 P 
tJJ (;; :I. 0 :I. 0 
w :I. 0 :I. j. 
W (3 :I. O :I. 2 
W i3 :I. 0 :I. 3 
W G :I. 0 :I. 4 
w [:; :1 0 :I. Y.; 
w i? 11. 0 :I. 6) 
w i:; :I. 0 :I. 7 
W (3 :I. 0 :I. 13 
W G 1 0 :I. 9 
W (:; :I. 0 2 0 

Tb 
6 . 9 0  

20  , 50 
57 , 00 
:I. I. b 0 0 
:I. 0 + 0 0  

P t 40 
6 , El 0 
ttl t 30 

:I. 0 + Y.3 0 
b +A0 

;3 ;.< * ;,; (1 

:I. 6) , Y.? 0 
:I. 11. , 5) 0 
3:3 , 50 
,:) .':) + y.3 (} 
A.. *.. 

:I. 2 , 3 0 
:I. 3 6 0 0 
:I. (9 , 0 0 
2 :I. + 50 



Ma P 
No. 

;I. 0 2 :I. 
. , :.., ,.) I .  <! ..::. a,.. 

:I. 0 2 ;1 
:1 () 2 
:I, <;, t:) KT 

A,. ,.J 

:I. 0 2 h 
(:) >;) ..., 

. A,., 

:I, <:I 2 !:I 
,I, () 2 I;) 
11. 0 :3 0 
.I. 0 3 :I. 
:I. 0 ;3 2 
:I. 0 3 3 
:I. 0 3 4 
:I. 0 3 :.j 
:I. C) ;3 6 

(j 3 y 
1. ( 5  3 $3 
1. Ci :.3 9 
:I. 0.4 (:I 
.!. 0 ,.!4 :I. 
:I. 0 4. 2 
:i  (j 4 3 
.I. t'? .4.4 
:I. (;I ..!I 5 
:I. 0 4 6 
:1. 1) 4 7 
:!. 0 4 t3 
1, 
:I. 0 3 (i 
:I, 0 !!.< :I. 
:I, (', 1 : s  ,I) , ,. a,. 

:I. i) 5 3 
1. 0 Y.5 4 
:I, () 5 5 

:I. i) 5 6 
1, () :; 7 
'1 0 ":; '3 .. ,%. \ 

11, (1 :; (j) 

:I. 0 15 0 
:I. 0 0 :!. 
:I. 0 6 2 
:I. 0 6 3 
:I. 0 6 4 
:I. 0 i?) :.< 
:I. 1:) 6 6 
:I. o A 7 
:I. 0 6 I3 
:I. 0 6 9 
:I. 0 7 0 
:I, 0 '7 :I. 

F i e l d  No. 
w i; :I. o :;! :I. 
WG:L 022 
w (1; :1 0 2 3 
W :I. 0 2 4 
W (3 :I. 0 2 5 
w (:$ :I. 0 :? 4) 
IJJ (:$ :I. 0 2 7 
W (:; :I. 0 2 t3 
w i:; :L 0 2 8 
W [:$I 0 3 0 
w l:; I. 0 3 :I. 
W I:; :I. 0 3 2 
W (:.; :I. 0 3 3 
w (:; :I. 0 3 4 
w i3 :I. o J y.3 
Wf3:I. 036 
W (i :I. 0 3 7 
W t:? :I. 0 3 8 
bS [:; :I. 0 3 (9 
hIG :l 0 4 0 
w [:< :I, 0.4 :I. 
W l:.; :I. 0 61 2 
W i:; :I. 0 4 3 
W (; :I. 0 4 .a 
W (.'< :I. 0 4 :.:; 
W G :I. 0 4 (5 
l.4 (:< :I. 0 4 ?' 
l,J [:; :I. () 4 I.3 
w 1:; :I. 0 4 (i) 
bJ i:; :I. y.5 0 
W (3 :L 0 5 :I. 
WG:LO52 
WGS.053 
W (:; :I. 0 5 4 w (:; :I, 0 I:< 1:: ,. ,.J 

WG:I.05B 
LJ (:; 1. 0 :,; '7 
bJ (1.; :I. 0 Y.5 ti1 
W [:; :I, 0 Y.5 (9 
bJ G :I. 0 6 0 
W (:$ 1. 0 8 :I. 
W G :I. 0 6 2 
W[;:L 063 
WGl004 
W (3 :1 0 6 5 
W [:.j :I. 0 6 6 
W G :I. 0 b 7 
WGj.06i3 
W G :I. 0 6 9 
W (3 :I. 0 7 0 
W G :I. 0 7 :I. 

U PPm, 
(RAN 

LAf3.L 
6 + P O  
:I. , 0 0 
:I. * ;;lo 
:I. , 5 0 
ti1 , b 0 - 
13,5(j 

:I. 0 , 0 0 
3,OO 

6 11. 0 
2 . 0 0 
:I. + 0 i> 
0 , 8 C i  
11. <. !i 0 
:I. 0 4 0 
2 * :I. 0 
:I. * i?) 0 
:I. , 0 0 
2 + 5 0  
2 * 4) 0 
7 + 0 0  
;3 , 2 0 
2 * ,I() 

6 0 (.) 
2 + 1iIO 
2 0 iil i:) 
4 , (5 0 

1 .  See p.  A - 2 .  



Ma P 
!lo. F i e l d  Fln 
:I. 0 7 2 W G :I. 0 7 2 
.I. 0 7 3 W G :I. 0 7 3 
:1.074 WQ:I.O74 
Q ;;/ 5 W ("j :I. () '1 :'.',' 

11. 0 7 6 W 0 :I. 0 7 6 
:I. (>';77 WGj.077 
:I. 0 7 8 W G :I. 0 7 ti! 
:L 0 7 (? W (3 :I. 0 7 Y 
:I. 0 t3 0 W G :I. 0 I3 0 
I 0 8 I .  W (3 :I. 0 8 :I. 
:1.0:32 WG:I.OI32 
:I. 0 8 3 W G :L 0 $3 3 
I. i I 4 W I; :I. 0 13 4 
1 i I W (:; ;I. 0 I3 5 
:I. 0 8 6 W (1; :I. 0 8 h 
i : 7 W (1; 1 0 8 7 
I .  i 1 t i  W G :I. 0 8 i3 
:I. (} $3 (j) W (3 ;I, (j (9 
I 0 (7 0 W G :I. 0 9 0 
:I, 0 9 :I. w (3 ;I. 0 9 :I. 
:I. 0 C) 2 W t:; :I. 0 (9 2 
:I. 0 (9 3 W (:; :I. 0 9 3 
:I. 11 (2 4 w i; :I. i j  Y 4 
:1.()95 WG:I.O$'5 
:I. 096 Wiil O9C; 
3, : 7 W (:$ :I. O B 7 
:I. 0 Y t3 w t:; :I. 0 (2 
I 0 9 9 W (3 :I. 0 9 ?i) 
;I. :I, 0 0 bJ t:; 1 :I. 1' 0 
: 1. 0 I W G :I. :I. ii 1. 
:I. :I, 0 :;? w (1; :I. :I. 0 2 
I I .  0 3 W G I. :L 0 3 
:I. :I. o +a w G r 1. o .a 
3 I 0 :; W (:.; :L :I. 0 5 
:I. 1 0 6 W G :I. :I. 0 A 
:1.1.07 WG:L107 
I I .  0 t i  W G :l :L 0 8 
I I .  o 2 W G 1. :I. 0 9 
:L :I. :I. 0 W G :L :I. :I. 0 
I : I 1 W G :I. :I. 1 :I. 
:I. :I. 1 2 W G 3. 1 :I. 2 
:I. 1. :I. 3 W (2 1 :I. :I. 3 
;I. :I. 3. 4 Id(? 11. :I. :I. ,JJ 
1 3. I. ; W (:3 :1 :I. :I. 5 
I. I. I .  4 W G :I. j. I b 
1. :I. 3. 7 w (3 :I. :I. :I, 7 
:I. :I. :I. $1 W G :I. I. :I. Ii1 
I .  I .  : ? W (3 :L :I. ;1 9 
I : 2 0 W G :L 1 2 0 
:I. :I. 2 1 w (1; 11. :I. 2 :I. 
I. I. 2 : we I. :I. 2 2 

1 .  See p .  A-2.  

2 K l O  
2 . )  +..I ::. 
6.. + \..') \.J 

2 , 2 2  
2 + 26 
2 + 3 9  
?" ':I 7 
.i.. * I. 

3 + 0 :I. 
3 + A 6  
.:;? * 7 :I. 
s , .a (2 
':) , 3 2 *.. 

3 , <.I 3 
2 ci33 
4 ,44  
3 * 4 4 
;? . 0 $3 
J + 5 0  
4 , 0 i3 
5903 
2 +I33 
'2 cf) li] ,.> + 

3 ,. o i) 
4 0 5 4  
L; * f )  3 

* 4 4 
4 , :I. 9 
3 + 24 
2 , 2 7  
.." 
,:> 0 2 L3 
4 * :I. t3 
3 * (?;5 
4 P :I. 0 
3 , :I, ',7 
3 , I36 
3,yy  

39 22 
;:R;+2$3 .. . 
3 + 20 
3 + 2 0  
3 * :I. h 
3 004 
;?i * 30 
2 ., A6 4 
2 ,80 
3 0 4 2 
3t.42 
9 , 7 3  
2065 
4 + :I. b 
3 + 4 2  
3 , '7 (9 

3 + A :I. 



No. F i e l d  No, 
I. : 2 3 W G I :I. 2 3 
:I. :I. 2 4 W G 1 :1 2 4 
1 :I. 2 5 W C.i :I. :1. 2 5 
:I. I. . ?  d W G :I. :I. 2 5 
I. I. 2 7 W G :I. :L 'L! 7 
I I. 1 w (3 :1 :I. 2 (3 
1. I. 2 Y W (3 :I. 1 2 Y 
I I. 3 0 W (3 :L :I. 3 C! 
:I. :I. 2' :I. w 6 :I. :I. 3 :I. 
1. :I. 3 2 W (3 :I. :I. 3 2 
1. :I. 3 3 Inl C :I. :L 3 3 
I I .  3 4 W G :I. :I. 3 4 
:I, .I "5 r; 

, . ,. W G :I. :I. 3 5 
:I.I3b WG:I.I.36 
3. :I. 3 7 w c; 1. :I. 3 
:L :I. 3 8 W [:; :I. :I. 3 t3 
:I. , 'I . .T \.. (9 w (3 :I. :I. :?i (9 
'I. :I. .,!! i? W [:$ :I. :I. 4 0 
:I. :I. 4 :I. W [:; :I, :I. 4 :I. 
I. I i : IJ i; :I. :I. .<a 2 
I. I. 4 3 W G :I. :I. 4 3 
'I. :I. 4 4 W 0 9. :I. .;I .4 
I I. 4 ; IJ i; :I. :I. .4 5 
I I. 4 i CJ (:$ :I. :I. 4 fi 
I 1. 4 ? W [j :I. :I. 4 7 
I I. 1 w G :I. :I. 4 II:c 
I. I. 4 , ;  W (3 :I. :I 4 9 
I. :I. 5 11 W i3 :I. :I. 5 0 
11, 1:: , 

....I 1. w (3 :I. :I. I::' ..) ' .I 
:I, :j. t.3 :;) [.,I i:< :I. :I. ::j 
I ,  I. ,: 3 W (:; :I. :I. 5 3 
1. :I. 5 4 Id i:; :I, :I. v.: 4 
I. I. j i W G :I. :I. 5 5 
:I. :I. 5 ci WE 1 :I. 5 h 
1. :I. 5 7 W O 1. :I. 5 7 
1, 1:: ('1 

, . . i: W [:.j :I. :I. 5 8 
I. I. ; '52 W f ;  :I. :I. 5 5' 
I. I .  d 0 W (3 11. :I. 60 
:I. :I. <!> :I. w (:; I. :I. d) :I. 
I. I .  : . W (3 :L :I. 6 2 
:I. :I. Ci 3 W (3 :I. 11. A 3 
11 11. 6 4 W (3 % 11. 6 4 
:I. :I. 4) f.5 W i:; :I. :I. 4) ::; 
I I (5 4 W G :I. :I. 6 6 
1 I 4 7 W i3 11. :I. h 7 
:I. :I. dj (3 M(:$ :I. :I. 4) f l  
I. I. d (9 W (3 :I. :I. d! (i! 
:I. :I. 7 0 bJ (:; :I. :I. 7 ii 
:t. :I. 7 :I. W G :I. :I. '7 :I. 
:I. :I. 7 2 IAI G :I. :I. 7 2 
:L :I. 7 3 w [:$ :L :I. 7 3 
.I. :I. 7 4 W G I. I. 7 4 

1 .  See p .  A-2.  

Th 
23 , t3O 
3 0 * :3 0 
25 + 80 
23 ( 3 0  
:I. t3 * 00 
37 + 00 
11. (9 + ::i i )  
:I, (.? + :; 0 
27,3( i  
:I. IIl + 0 0 
2 El , 5 ii 

ho25  
:I. 3 , 8 0 
:I. 3 * 0 0 
3 4 , 0 0 
2 4  + 00 
22,5(5 
.. ... " .  
$3 S 1 ,3 0 
:3 :3 ' t,: (j 
24 , 00  
2 :.i' , 3 () 
2 :! , 3 1:) 
:I. ;3 + 3 0 
:I. 6 + t3 0 
:I. 2 , !5 0 
0 + 

:I. (3 + ::I 0 
2 0 6 0 0 
:I. 4 , 3 0 
26 + 30 
:I. 5 , 0 0 
;3 :I. , 0 0 
:I. 3 * $1 0 
:I. j. , 0 0 
:14 + 50  
11.4 2; 0 
f8,;30 
:I, 3 6 El 0 
11, 7 , i,') (j 
:I. 8 + 50 
4(1+ 3Q 
;> ;? , y.5 () 
29 + 30 
2 (7 , 3 0 
:I. 8 , 83 0 
:I. h , 8 0 
:,;? :I. , :; 0 

, 1) ( j  

3$1 + 00 
2 til , 5 0 
26 9 50 
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Ma P 
No. 
1 ;I. 7 5 

:L :I. '7 8 
:I. :1 7 7 
:I. :I, 7 El 
:I. :I, 7 9 
:I. :I. $1 0 
1. :I. 8 I. 
1. :I. t :12 
% :I. 8 Y 
11. :I. 8 4 
:I. 11. t:1 :.5 
1. I86 
% :I. I3 7 
I 1.13 8 
:I. :I. 8 (9 
:I. :I. (? 0 

' :I. ;I. 5) :I. 
:I. 11. (9 :! 
:I. ;I. Y ;3 
:I, :I. 9 4 
1. :L 9 5 
:I. :L (9 4 
11. :I. 5' 7 
I. :I. P 8 
:I. ;I. (9 (2 
:I. 2 0 0 
:I. 2 0 X 
:I. 2 0 2 
:I. 2 0 3 
:I. 2 0 4 
:L 205 
J. 2 0 if> 
:I, ;2 (j ,' 
:i. 2 0 t3 

F t e l d  No, 
W G :I. :I. 7 5 
W (3 1. 1. 7 6) 
W(j11.37 

WG:L 178 
(3 :I. :I. 7 (2 

W G :I. 1 $3 0 
W G I :I. t3 :I. 
W G :L :I. ti12 
WE :l :I. 13 ;3 
W G :I. :I. {:'I 4 
W C.i :I. 1 I3 5 
b.J 6 11. :I. $3 (5 
W G :L :I. 13 7 
W G :I. :I. ti! I3 
W G 1. :I. 8 P 
W G  1 190 
w (3 :I, :I, (9 :I, 
W :I, :I, (9 2 
W G :I. :I. Y ;7 
W (3 :I. :I. '9 .a 
w [:; :1 :I. (9 Y.? 
W G :I. :I. 9 6 
WOj, ;/.97 
W (:; :I. :I. B t3 
w (3 A. :I, (9 (9 
WG1.200 
WG120:I. 
W G :I. 2 0 ;? 
W :I. 2 0 3 
W (:*; :I. 2 0 4 
W G :I. 2 0 5 
ld(3:l. 206 
WG :L 207 
W (3 :I. 2 0 $3 

1 .  See p .  A - 2 .  



Append i x  B 

HISTOGRAMS 

Shown be low a r e  h i s tog rams  o f  u ran ium v a l u e s  f r o m  sediment samples 
ana lyzed  by Resource A s s o c i a t e s  o f  A laska  (U RAA) and Los Alamos S c i e n t i f i c  
L a b o r a t o r i e s  (U LASL) and w a t e r  samples ( U  H 0) ana lyzed  by LASL.. The t o t a l  6 number o f  samples i s  l i m i t e d  t o  those  f o r  w i c h  t h e r e  a r e  no d a t a  f o r  t hese  
c a t e g o r i e s .  The p r i n t e d  i n t e r v a l  d e s i g n a t i o n s  a r e  t h e  l ower  l i m i t s  o f  c l a s s  
i n t e r v a l s .  

G r a n i t e  Mounta in  a r e a  

RAA 
C) 8 : .  ... ) + 000 ) 

yO.!)OI:, ) 

;; 5 , (> () () 'j ;c 
E3O . !jO.:.l 1 

'-1 1::. 
I .J ,00(J ) 

7 0  , 000 i 
:; , 0 (:J () } 

b 0 + 0 0 0 j 

5 5 + 0 0 0  
l';O + 000  ? '  
45,OQi) ) 

4 0 + 0 0 0  ) 
35,000 ) 

;3O+000 > 
25,000 ):# 

2 o + o G I :i( 2~ 
15,009 ) ;{($$L 
1 0 + 0 () () ) :# ;# :;< ;!< A< ;: ;{< ;$ :$ 
5 + Q(j1) ) :$:{<:fr;#$;'&t$#:3;) 
# , ) ;I ;# ;{( x< ;{< $ :{< * $ 5 :j 

U LASL 

M E A N  iJt5t3.1 
S Ill' .- ',' 1. 4 + 5' El 4 

N 11::. 



Darby Mounta ins  

RAA 

" RAA 

SelawiR H i l l s  Area 

LASL 

1. o 5 . 0 (1 i:) 
S'7+5()(? > > #  
90,000 ! 
E!2+500 
'7 cr , d + O O ! )  
67 ,500  1 
60*00O ) 
52.500 ) $  

45+000 > 
37,500 > $  
30+000  ) :#YE 

22,500 ) $ #  
1 5 + 0 0 0 > % t b ;fl# t ;# $ :I. :I. 
7 + 500 ) $%$$P$S:l$:J, 2 
0 ,  >PIItkSS#X26 
-7,500 ) 

-s.5+000 

MEAN l 3 +  530 
S DEV 1.5+i.'!60 
N 5bo 



l a n e  H i 1 1 s-.Purcell Mounta i n s  Area 

RAA 

MEAN % 5 + 1 4 9  
X:I E 1.; :I. 2 , 7 7 I. 

1.J "'I:? 
/ ,.I * 

' RAA 

U 
L A S L  

MEAN 2 3 , 2 8 4  
S DE:V 1.Y ,067 
t.4 7 5 . 

Copper River  B a s i n  

U LASL 



Chitina Valley Area 

" RAA 

MEAN 0+9.45 
S IlEV Oo!ilh5 
1\1 7 1 . 

MEAN 0,315 
S DECV 0,607 
14 7 :l , 



Appendix C 

CORRELAT 1 ON MATR l X 

V a r i a b l e  1 rep resen ts  uranium, v a r i a b l e  2  represen ts  tho r ium,  and 
v a r i a b l e  3 represen ts  potassium ox ide .  

G ran i t e  Mountain Area 
( c o e f f i c i e n t  - h.215 represen ts  s i g n i f i c a n t  c o r r e l a t i o n . )  

Darby Mountains 
( c o e f f i c i e n t  - 2.208 represen ts  s i g n i f i c a n t  c o r r e l a t i o n . )  

Se lawik  H i l l s  Area 
( C o e f f i c i e n t  b.283 - represen ts  s i g n i f i c a n t  c o r r e l a t i o n . )  

Zane H i l l s - P u r c e l l  Mountains Area 
( ~ o e f f  i c i e n t  - \.267 represen ts  s i g n i f i c a n t  c o r r e l a t i o n . )  

Copper R i ve r  Bas in  
( c o e f f i c i e n t  - \.267 represen ts  s i g n i f i c a n t  c o r r e l a t i o n . )  

C h i t i n a  V a l l e y  Area 
( c o e f f i c i e n t  1 .254  - represen ts  s i g n i f i c a n t  c o r r e l a t i o n . )  



Eagl e-Charley R i ve r  Area 
( c o e f f i c i e n t  1.561 - represen ts  s i g n i f i c a n t  c o r r e l a t i o n . )  

Healy D - 1  Quadrangle and V i c i n i t y  
( ~ o e f f  i c i e n t  - ,. 181 represents  s i g n i f i c a n t  c o r r e l a t i o n . )  



Appendix D 

DETERMINATION OF THORIUM, URANIUM, AND POTASSIUM O X I D E  I N  STREAM SEDIMENTS AND R O C K S  

THOR l  UM 

D iges t  i on  

Approx imate ly  0.4 g  o f  a  -80 f r a c t i o n  i s  d i ges ted  i n  a  1 : l  m i x t u r e  o f  hydro- 
f l u o r i c  and n i t r i c  ac i ds .  The res i due  i s  then t r e a t e d  w i t h  excess b o r i c  a c i d  t o  
remove a l l  t r a c e s  o f  f l u o r i d e ,  and t h e  remain ing res i due  i s  taken up i n t o  50 m l  
o f  a  IN  s o l u t i o n  o f  HNO ; an equal volume o f  concen t ra ted  HN03 i s  then added t o  
make an approximate ~ N - ~ N O ~  s o l u t i o n .  

Ion-Exchange Separa t ion  

The 8N-HNO3 d i g e s t a t e  i s  then passed th rough  a 50-cm x 1.5-cm ion-exchange 
column f i l l e d  w i t h  Dowex 1x8 Resin i n  t h e  c h l o r i d e  form, which has been f r e s h l y  
conver ted t o  t h e  NOT form by running th rough  i t  100 m l  o f  8N-HN03. A f t e r  a l l  o f  
t h e  d i g e s t a t e  has b6en run  th rough  t h e  column, i t  i s  washed w i t h  another  100 m l  
8N-HN03. The column i s  then e l u t e d  w i t h  100 m l  6N-HCl i n t o  a  c lean  beaker. Th i s  
l i b e r a t e s  a l l  t h e  tho r ium which has been complexed i n  t h e  r e s i n .  The e l u a t e  i s  
then evaporated t o  dryness on a ho t  p l a t e .  

Co lo r ime t r y  

1) To t he  d r i e d  res idue ,  add 5 m l  I N - H C l  and 5 m l  o f  2-percent  aquous s o l u t i o n  
o f  KMn04, and p lace  on a ho t  p l ace  and evaporate.  

2) To t h i s ,  add 10 m l  concen t ra ted  HCl and evaporate.  

3) To t h e  w h i t e  d r i e d  res idue ,  add another  10 m l  concen t ra ted  H C l  and 5 drops 
f o rm i c  a c i d  and evaporate.  Th i s  des t roys  a l l  remaining t r a c e s  o f  n i t r a t e s  which 
would i n t e r f e r  i n  t he  f i n a l  s tep .  

4 )  The res idue  i s  now t r e a t e d  w i t h  5 m l  concen t ra ted  HC1  and t r a n s f e r r e d  
q u a n t i t a t i v e l y  t o  a  10-ml v o l .  f l a s k .  

5) Add 1 m l  o f  a  0.2-percent s o l u t i o n  o f  Arsenazo I l l  and b r i n g  t o  10 m l  w i t h  
H20. 

6) Determine absorbance a t  660 nanometers on a Beckman-25 spectrophotometer.  

Thorium forms a p u r p l e  complex w i t h  Arsenazo I l l .  The i n t e n s i t y  o f  t h e  complex 
obeys Beer ' s  law i n  t h e  range 0.1 t o  1.5 g Th/ml. 

U RAN l  UM 

D iges t i on  

A 1-g sample i s  d i ges ted  i n  1 : l  HF/HN03. F i f t e e n  m l  o f  each a r e  used t h r e e  
t imes.  The d i g e s t a t e  i s  then f i l t e r e d  w i t h  a  1-percent HN03 s o l u t i o n  and brought 
t o  100 rnl . 

E x t r a c t  i on  

F i v e  m l  o f  sample, 5  m l  o f  sa tu ra ted  aluminum n i t r a t e ,  and 5 m l  o f  e t h y l  

D-- 1 



a c e t a t e  a r e  p laced i n t o  a  25-ml t e s t  tube and shaken f o r  3 minutes.  The o r g a n i c  
l a y e r  i s  a l lowed t o  separate.  Then a  0.1-ml a l i q u a t  i s  taken f rom t h e  o rgan i c  
l a y e r  and p laced d i r e c t l y  on a  p e l l e t  made f rom 9 p a r t s  NaF, 45.5 p a r t s  potass ium 
carbonate,  and 45.5 p a r t s  sodium carbonate,  and a l lowed t o  d r y  on a  P t  d i s h .  I t  
i s  then p laced  i n t o  t h e  oven f o r  25 minutes a t  650'~.  

Fluorescence 

The p e l l e t s  a r e  then removed f rom t h e  oven and t h e i r  concen t ra t i on  i s  read 
o f f  t h e  Turner-110. 

POTASSIUM O X I D E  

1) Take 0.2-9 sample and 1.0 g  l i t h i u m  metaborate  and fuse  f o r  25 min.  a t  
1 0 0 0 ~ ~  i n  g r a p h i t e  c r u c i b l e .  

2) D i sso l ve  p e l l e t  i n  150 m l  o f  15-percent HN03 us i ng  magnet ic s t i r r e r ;  b r i n g  
s o l u t i o n  t o  200 m l  w i t h  d i s t i l l e d  wa te r .  

3) Determine K  on atomic  abso rp t i on  u n i t  as percent  K20. 



GRANITE MOUNTAIN-HUNTER CREEK PLUTON AREA 

Loca t i o n  

G r a n i t e  I l o u n t a i n  i s  t h e  southernmost i n t r u s i v e  i n  a  b e l t  o f  p l u t o n s  
i n  t h e  n o r t h w e s t e r n  p a r t  o f  t h e  Candle quadrang le ,  i n  t h e  ex t reme e a s t e r n  
p a r t  o f  t h e  Seward P e n i n s u l a  ( f i g .  2 ) .  The approx ima te  c e n t e r  o f  t h e  p l u t o n  
and summit o f  G r a n i t e  Mounta in  i s  occup ied  by a  W h i t e - A l i c e  communicat ions 
s t a t i o n  o p e r a t e d  by ITT A r c t i c  S e r v i c e s ,  wh ich  i s  schedu led f o r  d e a c t i v a t i o n  
i n  1976. An A i r  Fo rce  runway, adequate  f o r  mbst any t ype  o f  a i r c r a f t ,  i s  
l o c a t e d  on t h e  west  s i d e  o f  t h e  mounta in .  Pe rm iss ion  i s  r e q u i r e d  f o r  i t s  
use.  The n e a r e s t  towns a r e  Candle,  45 m i l e s  n o r t h w e s t ;  Buck land,  40 m i l e s  
n o r t h ;  and Koyuk, 40 m i l e s  sou th .  The h i g h e s t  p o i n t  i s  2,844 f e e t  i n  a l t i -  
t ude .  The t e r r a i n  i s  r a t h e r  subdued and m o s t l y  t u n d r a  covered;  t h e r e  a r e  
no t r e e s .  The G r a n i t e  Mounta in  p l u t o n  i s  n e a r l y  c i r c u l a r  and o c c u p i e s  
about  30 square m i l e s .  

General S e t t i n g  

The geo logy  o f  G r a n i t e  Mounta in  has been mapped and d i scussed  by 
M i l l e r  and E l l i o t t  ( 1 ~ 6 9 ) ~  M i l l e r  (1970,  1972),  P a t t o n  (1967) ,  and G a u l t  
and o t h e r s  (1953) .  

The G r a n i t e  Mounta in  p l u t o n  i s  a  mid-Cretaceous i n t r u s i v e  complex 
t h a t  has i n t r u d e d  ~ u r a s s i c ( ? )  and e a r l y  Cre taceous a n d e s i t i c  v o l c a n i c  
r o c k s  l o c a t e d  on t h e  wes te rn  edge o f  a  l a t e  Mesozoic m o b i l e  Yukon-Koyukuk 
p r o v i n c e  ( P a t t o n ,  1973) .  T e r t i a r y  and Qua te rna ry  f l o w s  a r e  e x t e n s i v e  i n  
t h e  a r e a  s u r r o u n d i n g  G r a n i t e  Mounta in .  

Two smal l  p l u t o n s  s a t e l l i t i c  t o  G r a n i t e  Mounta in  a r e  t h e  f i s h h o o k -  
shaped Q u a r t z  Creek p l u t o n  t o  t h e  n o r t h w e s t  and an unnamed s t o c k  near  t h e  
n o r t h e a s t e r n  p a r t  o f  t h e  G r a n i t e  Mounta in  p l u t o n  t h a t  occup ies  t h e  head- 
w a t e r s  o f  Peace R i v e r .  The Q u a r t z  Creek p l u t o n  i s  o f  f i n e - g r a i n e d  b i o t i t e -  
ho rnb lende  q u a r t z  rnonzoni te,  and t h e  smal l  unnamed s t o c k  i s  composed o f  
s e v e r a l  v a r i e t i e s  o f  s y e n i t e .  A l l  t h r e e  p l u t o n s  have a s s o c i a t e d  m i n e r a l  
occu r rences .  The G r a n i t e  Mounta in  p l u t o n  and t h e  unnamed s t o c k  a r e  anomalous ly  
r a d i o a c t i v e  and a r e  c o n s i d e r e d  t o  be p o t e n t i a l  sources o f  u ran ium.  

Igneous Rock Types 

The a l k a l i n e  i n t r u s i v e  complexes o f  w e s t - c e n t r a l  A laska  a r e  t y p i c a l l y  
h i g h l y  p o t a s s i c  and s u b s i l i c i c .  The s u r r o u n d i n g  c o u n t r y  r o c k  i s  Lower 
Cre taceous a n d e s i t i c  v o l c a n i c  r o c k ,  and a  c o n t a c t  a u r e o l e  f a c i e s  o f  ho rn -  
f e l s  ex tends  ou tward  f o r  about  300 m.  

The G r a n i t e  Mounta in  p l u t o n  i s  a  zoned complex t h a t  has been d i v i d e d  
i n t o  f o u r  u n i t s  ( ~ i l l e r ,  1972, p .  2118-2121).  I t  c o n s i s t s  o f  a  c o r e  o f  
e q u i g r a n u l a r  q u a r t z  monzon i tes ;  an i n n e r  c r e s c e n t r i c  zone o f  mass ive  t o  
p o r p h y r i t i c  monzon i te  and q u a r t z  monzon i te ;  an o u t e r  c r e s c e n t r i c  zone o f  
f o y a i t e ;  and a  u n i t  o f  g a r n e t - b e a r i n g  n e p h e l i n e  s y e n i t e .  A l s o ,  pseudo- 
l e u c i t e  p o r p h y r y  as x e n o l i t h i c - l i k e  b l o c k s  i n  t h e  f o y a i t e  and as  d i k e s  i n  
t h e  a n d e s i t e  c o u n t r y  r o c k  suggests  e a r l y  s e p a r a t i o n  o f  l e u c i t e  d u r i n g  
f r a c t i o n a l  c r y s t a l l i z a t i o n  o f  a l k a l i n e  magma. 



The Q u a r t z  Creek p l u t o n  i s  p r e d o m i n a n t l y  f i n e - g r a i n e d  b i o t i t e - h o r n -  
b l e n d e  q u a r t z  monzon i te  t h a t  c r o p s  o u t  a l o n g  Q u a r t z  Creek and near  t h e  
headwaters  o f  t h e  K i w a l i k  R i v e r .  The n o r t h e a s t e r n  p a r t  o f  t h e  p l u t o n  i s  
e x t e n s i v e l y  a l t e r e d .  

The s t o c k  on t h e  n o r t h  f l a n k  o f  g r a n i t e  Mounta in  a t  t h e  head o f  Peace 
R i v e r  i s  composed o f  s e v e r a l  v a r i e t i e s  o f  s y e n i t e .  The most abundant a r e  
a  p i n k ,  medium-grained h o r n b l e n d e - b i o t i t e  v a r i e t y  and a  p i n k ,  f i n e - t o  
medium-grained,  p o r p h y r i t i c  s y e n i t e  composed o f  o v e r  90 p e r c e n t  p e r t h i t i c  
f e l d s p a r  ( ~ i l l e r  and E l l i o t t ,  1969, p .  1 2 ) .  G a r n e t - b e a r i n g  n e p h e l i n e  
s y e n i t e  i s  a l s o  p r e s e n t .  Anomalous q u a n t i t i e s  o f  m e t a l s  and h i g h  r a d i o -  
a c t i v i t y  i n  t h e  a r e a  make t h e  s t o c k  p a r t i c u l a r l y  i n t e r e s t i n g  f r o m  t h e  s tand -  
p o i n t  o f  u ran ium e x p l o r a t i o n .  

Economic Geology 

The m i n e r a l i z a t i o n  a t  t h e  G r a n i t e  Mounta in  p l u t o n  o f f e r s  s t r o n g  en- 
couragement t o  e x p l o r a t i o n  f o r  v e i n - t y p e  u ran ium d e p o s i t s .  Fou r teen  l o d e  
d e p o s i t s  c o n t a i n i n g  one o r  more m i n e r a l s  o f  l ead ,  s i l v e r ,  g o l d ,  z i n c ,  
copper ,  o r  t u n g s t e n ,  and about  20 g o l d  d e p o s i t s  have been l i s t e d  f o r  t h e  
a r e a  (Cobb, 1972) .  P l a c e r  g o l d  d e p o s i t s  have been worked on a  sma l l  s c a l e  
a t  seve ra l  s t reams on t h e  e a s t e r n  and s o u t h e r n  p a r t  o f  t h e  moun ta in  s i n c e  
t h e  e a r l y  1900 's .  A l i t t l e  p l a t i n u m  was r e p o r t e d  as a  by -p roduc t .  Des- 
c r i p t i o n ~ ,  o f  new m e t a l i f e r o u s  d e p o s i t s  and stream-sediment ana lyses  have 
been p u b l i s h e d  by t h e  U . S .  G e o l o g i c a l  Survey ( ~ i l l e r  and E l l i o t t ,  1963; and 
E l l i o t t  and M i l l e r ,  1969).  Three a reas  were found t o  be o f  s p e c i a l  i n -  
t e r e s t  and recommended f o r  a d d i t i o n a l  e x p l o r a t i o n  by t h e  a u t h o r s :  l e a d ,  z i n c ,  
and s i l v e r  near  Q u a r t z  Creek; molybdenum, b i smuth ,  s i l v e r ,  copper ,  l ead ,  and 
u ran ium d e p o s i t s  i n  t h e  upper Peace R i v e r  d r a i n a g e ;  and a  l e a d ,  z i n c ,  and 
g o l d  d e p o s i t  a t  Bear Creek.  

The Q u a r t z  Creek a r e a  c o n t a i n s  numerous occu r rences  o f  a r g e n t i f e r o u s  
ga lena ,  s p h a l e r i t e ,  p y r i t e ,  and a r s e n o p y r i t e  i n  an a l t e r e d  zone 18 m i l e s  
l o n g  and 2 t o  5 m i l e s  w ide.  The a s s o c i a t i o n  o f  t h e  s u l p h i d e s  w i t h  tourma- 
l i n e  i s  a  s t r i k i n g  f e a t u r e .  S t ream-sed iment  samples y i e l d e d  anomalous 
amounts o f  copper ,  an t imony,  and t i n  i n  a d d i t i o n  t o  t h e  m e t a l s  a l r e a d y  
ment ioned.  

Anonlalous c o n c e n t r a t i o n s  o f  molybdenum, b i smuth ,  g o l d ,  copper ,  and 
l e a d  were found o v e r  a  2 - s q u a r e - m i l e  a rea  i n  t h e  s o i l s ,  s t ream sediments,  
and o u t c r o p s  i n  t h e  Peace R i v e r  d r a i n a g e  b a s i n .  The m e t a l s  a r e  d i s s e m i n a t e d  
i n  a  s y e n i t i c  s t o c k  s a t e l l i t i c  t o  t h e  main G r a n i t e  Mounta in  p l u t o n .  Pan 
c o n c e n t r a t e s  c o l l e c t e d  d u r i n g  u ran ium i n v e s t i g a t i o n s  by  t h e  USGS ( ~ a u l t  and 
o t h e r s ,  1953) showed anomalous ly  h i g h  c o n c e n t r a t i o n s  o f  u r a n o t h o r i a n i t e  and 
a  v a r i e t y  o f  o t h e r  m i n e r a l s ,  i n c l u d i n g  ga lena ,  c h a l c o p y r i t e ,  b o r n i t e ,  
t e t r a h e d r i t e ,  s p h a l e r i t e ,  p y r i t e ,  and p y r r h o t i t e .  Gummite was a l s o  ob- 
se rved  i n  some m i n e r a l  g r a i n s .  The source o f  t h e  u r a n o t h o r i a n i t e  was n o t  
l o c a t e d ,  b u t  blest in Gaul t and o t h e r s ,  1953, p .  29-30) suggested t h e  pos- 
s i b i l i t y  o f  a  l o d e  a t  t h e  head o f  Peace R i v e r .  

P r e v i o u s  I n v e s t i g a t i o n s  f o r  R a d i o a c t i v i t y  

Ground i n v e s t i g a t i o n s  f o r  r a d i o a c t i v e  m a t e r i a l s  were conducted i n  t h e  
e a s t e r n  p a r t  o f  t h e  Seward P e n i n s u l a  by t h e  USGS i n  t h e  l a t e  1950 's  ( ~ a u l t  
and o t h e r s ,  1953) .  S i g n i f i c a n r  amounts o f  r a d i o a c t i v e  m i n e r a l s  were found 



on t h e  s o u t h e r n  s l o p e  o f  G r a n i t e  Moun ta in  i n  p l a c e r  c o n c e n t r a t e s  f r o m  
Sweepstakes and Ruby Creeks.  G a u l t  and o t h e r s  (1953,  p .  1) d e s c r i b e d  t h e  
f i n d i n g s :  

.?i s i g n i f i c : n n t  content of r a d i o a c t i v e  m a t e r i a l s  w a s  r e c o g n i z e d  
i n  a  f e w  p l a c e r  c o n c e n t r a t e s  f r o m  S w e e p s t a k e s  a n d  Ruby  C r e e k s  i n  
t h e  n o r t h e a s t e r n  p a r t  o.f the  S e w a r d  P e n i n s u l a ,  A l a s k a ,  when o l d  
collections w e r e  s c a n n e d  f o r  r a d i o a c t i v i t y  i n  t h e  s p r i n g  o f  1 9 4 5 .  

T h e  l a t e r  f i e l d  i n v e s t i g a t : i o n s  i n d i c a t e  t h a t  s y e n i t e  I s  the 
o n l y  b e d r o c k  w h i c h  h a s  n o t i c e a b l e  r a d i o a c t i v i t y  , and s t r e a m  c o n -  
c e n t r a t e s  t h a t  w e r e  r a d i o a c t i v e  w e r e  o b t a i n e d  on1.y f r o m  c r e e k s  
c o n t a i n i n g  s y e n i t e  i n  the g r a v e l s  or f l o w i n g  in a r e a s  u n d e r l a i n  
i n  p a r t  a t  l e a s t  b y  t h e  s y e n i t e .  C r u s h e d  s y e n i t e  s a m p l e s  f r o m  
1 4  l o c a l i t i e s  s h o w  a  c o n t e n t  o f  r a d i o a c t i v e  m a t e r i a l  r a n g i n g  
f r o m  O.OO.Z t o  0 . 0 1 3  p e r c e n t  e q u i v a . 2 e n t  u r a n i u m .  T h e  m o s t  r a d i o -  
a c t i v e  u n c o n c e n t r a t e d  m a t e r i a l  f o u n d  i s  a  I - i n c h  p e g m a t i t e  d i k e  
c u t t i n g  t h e  s y e n i t e .  T h e  s y e n i t e  s t o c k  i s  p r e - C r e t a c e o u s  and  i n -  
t r u d e s  a n d e s i t i c  t u f f s  and f l o w s  t h a t  f o r m  t h e  b e d r o c k  over much 
o f  t he  a r e a .  

Two r a d i o a c t i v e  m i n e r a l s  h a v e  b e e n  r e c o g n i z e d  f r o m  the p h o t o -  
g r a p h i c  e f f e c t s  o b t a i n e d  o n  a l p h a - r a y  p l a t e s ,  and  a r e  t e n t a t i v e l y  
i d e n t i f i e d  a s  u r a n i n i t e - t h o r i a r ~ i t e  and h y d r o t h o r i t e .  A l m o s t  a l l  
o f  t h e  r a d i o a c t i v e  g r a i n s  a r e  r i r a n i n i t e - t h o r i d n i t e  and o n l y  a  
f e w  g r a i n s  o f  h y d r o t h o r - i t e  w e r e  i d e n t i f i e d .  Chemical a n a l y s i s  
o f  a  c o n c e n t r a t e  c o l l c c t e d  i n  1 9 1  7  f r o m  S w e e p s t a k e s  C r e e k  s h o w s  
a p p r o x i m a t e l y  e q u a l  a m o u n t s  o f  u r a n i u m  a n d  t h o r i u m ,  and  t o g e t h e r  
t h e y  f o r m  m o r e  t h a n  8 0  p e r c e n t  o f  w e i g h t  o f  t h e  s a m p l e .  C h e m i c a l  
a n a l y s e s  o f  5 o f  the  s a m p l - e s  c o l l e c t e d  i n  1 9 4 5  i n d i c a t e  a  u r a n i u m  
c o n t e n t  of 0 . 0 0 8  t o  2 . 1 7  p e r c e n t .  I n  t h e  s a m p l e  w h i c h  h a s  2 . 1 7  
p e r c e n t  u r a n i u m ,  b e t a  c o u n t s  s h o w  -24.20 p e r c e n t  e q u i v d e n t  u r a n i u m  
and the d i f f e r e n c e  i s  b e l i e v e d  t o  be t h o r i u m .  

The occu r rence  o f  u ran ium and t h o r i u m  i n  t h e  headwaters o f  t h e  Peace 
R i v e r  on t h e  sou theas t  s i d e  o f  G r a n i t e  Mounta in  has been d e s c r i b e d  by 
West (1953, p.  28 -31 ) .  Reconnaissance i n v e s t i g a t i o n s  f o r  u ran ium d u r i n g  
1947 and 1952 r e v e a l e d  u r a n o t h o r i a n i t e  and gurnmite a s s o c i a t e d  w i t h  copper 
s u l f i d e s ,  i r o n  o x i d e s ,  m o l y b d e n i t e ,  g o l d ,  s i l v e r ,  b ismuth ,  and t h o r i t e  i n  
p l a c e r s  i n  a  headwater t r i b u t a r y  o f  t h e  Peace R i v e r .  Anomalous me ta l  con- 
c e n t r a t i o n s  i n  s t ream sediments and o u t c r o p s  o c c u r  o v e r  a  2 - s q u a r e - m i l e  
a rea  u n d e r l a i n  by a  sma l l  s a t e l l i t i c  s t o c k  o f  t h e  G r a n i t e  Mounta in  p l u t o n  
( ~ i l l e r  and E l l i o t t ,  1969, p .  12 ) .  The s y e n i t e  l o c a l l y  c o n t a i n s  p u r p l e  
f l u o r i t e .  Concen t ra tes  f r o m  t h e  p l a c e r s  c o n t a i n e d  between 0 .2  and 0.8 
p e r c e n t  eU, o r  about  10 t i m e s  t h e  eU o f  t h e  average u r a n o t h o r i a n i t e - b e a r -  
i n g  c o n c e n t r a t e s  f r o m  o t h e r  l o c a t i o n s  i n  t h e  e a s t e r n  p a r t  o f  t h e  Seward 
P e n i n s u l a .  The i n v e s t i g a t o r  o f  t h e  Peace R i v e r  l o c a l i t y  conc luded t h a t  
t h e  most p r o b a b l e  sou rce  o f  t h e  u r a n o t h o r i a n i t e  and gummite was a  v e i n  
l o c a t e d  i n  t h e  r a t h e r  r e s t r i c t e d  d r a i n a g e  a r e a  above t h e  p l a c e r  d e p o s i t s .  
The ev idence  f o r  a  v e i n  source i s  t h e  s u l f i d e s  a s s o c i a t e d  w i t h  t h e  u ran ium 
m i n e r a l s  d i s s e m i n a t e d  w i t h i n  t h e  g r a n i t i c  r o c k  i t s e l f .  A l t h o u g h  m e t a l l i c  
l odes  a r e  known t o  o c c u r  i n  t h e  genera l  a rea ,  no  u ran ium m i n e r a l s  were 
found i n  p l a c e .  

H e r r e i d  (1965, p. 14) b r i e f l y  v i s i t e d  t h e  above m i n e r a l i z e d  a rea  a t  
t h e  head o f  Peace R i v e r  and o b t a i n e d  350 ppm lead  f rom a  panned sample, 



and copper ,  l ead ,  and molybdenum from s t ream sed iments  downstream. Weavy 
h e m a t i t e  s t a i n i n g  o f  t h e  c r e e k  g r a v e l s  was r e p o r t e d .  

A f t e r  r a d i o a c t i v e  m i n e r a l s  had been found on t h e  s o u t h e r n  s i d e  o f  
G r a n i t e  Mounta in ,  t h e  USGS c o n t i n u e d  i n v e s t i g a t i o n s  w i t h  a  f i e l d  s t u d y  o f  
t h e  n o r t h  s i d e ,  i n  t h e  headwaters  o f  Quar t z  Creek ( ~ a u l  t and o t h e r s ,  1953, 
p .  15-20) : 

T h e  a r e a  t o  the n o r t h  o f  G r a n i t e  M o u n t a i n  h a s  e v e n  more  
u r a n o t h o r i a n i t e  ( u r a n i n i t e - t h o r i a n i t e  of G d u l t ,  B l a c k ,  and  L y o n s ,  
1 9 4 6 ;  and  F r o n d e l  and  F l e i s c h e r ,  1 9 5 9 ,  p .  7)  t h a n  t h e  S w e e p s t a k e s  
C r e e k  a r e a  and i n  a d d i t i o n  c a r r i e s  u r a n i u m - b e a r i n g  t h o r i t e ( ? ) .  

The g r a v e l s  o f  Q u a r t z  Creek had f o r m e r l y  been mined f o r  p l a c e r  g o l d .  
The r a d i o m e t r i c  r e a d i n g s  on t h e  s y e n i t e  bedrock  was two t o  f o u r  t i m e s  
t h a t  o f  any o f  t h e  s u r r o u n d i n g  r o c k s ,  and o n l y  t h e  s t ream g r a v e l s  d e r i v e d  
f r o m  t h e  s y e n i t e  were r a d i o a c t i v e .  T r a c i n g  t h e  r a d i o a c t i v e  g r a v e l s  up- 
st ream, u r a n o t h o r i a n i t e  and t h o r i t e ( ? )  were found i n  wash on t h e  bank o f  
a  g u l c h  i n  t h e  headwaters o f  t h e  s o u t h  f o r k  on Q u a r t z  Creek.  The heavy 
f r a c t i o n  o f  two samples c o n t a i n e d  0.06 and 0.038 p e r c e n t  eU ( ~ i l l e e n  and 
Wh i te ,  1953, p. 17) .  Concen t ra tes  f rom 21 s t ream g r a v e l  samples averaged 
0.026 p e r c e n t  eU. Most o f  t h e  r a d i o a c t i v i t y  was a t t r i b u t e d  t o  urano-  
t h o r i a n i t e  and t h o r i t e ,  b u t  r a d i o a c t i v e  z i r c o n  and sphene a l s o  c o n t r i b u t e d .  
The sou rce  o f  t h e  u ran ium and t h o r i u m  was though t  t o  be e i t h e r  und iscove red  
v e i n s  o r  d i s s e m i n a t i o n s  i n  t h e  s y e n i t e  o f  G r a n i t e  Mounta in .  

D A R B Y  MOUNTAIN AREA 

Loca t i o n  

The Darby Mounta ins  a r e  s i t u a t e d  i n  t h e  s o u t h e a s t e r n  p a r t  o f  t h e  Seward 
P e n i n s u l a  i n  t h e  e a s t e r n  h a l f  o f  t h e  Solomon quadrang le  and i n  t h e  sou th -  
e a s t e r n  c o r n e r  o f  t h e  Bendeleben quadrang le  ( f i g s .  2  & 6 ) .  The range ex tends  
frorn Cape Darby on t h e  s o u t h  end o f  t h e  p e n i n s u l a  between Go lovn in  Bay and 
N o r t o n  Bay t o  about  80 m i l e s  no r thward  where i t  merges w i t h  t h e  Bendeleben 
Mounta ins .  The low mounta ins  i n  t h e  southwest  p a r t  o f  t h e  a rea  was c a l l e d  
t h e  K w i k t a l i k  Moun ta ins ,  b u t  t h e r e  i s  n o  d i s t i n c t  s e p a r a t i o n  f rom t h e  Darby 
Mounta ins .  

The maximum a l t i t u d e  o f  t h e  Darby Mounta ins  i s  3,169 f e e t .  W h i l e  t h i s  
i s  a  r e l a t i v e l y  low range composed m o s t l y  o f  rounded, tund ra -cove red  moun- 
t a i n s  and h i l l s ,  i t  has been g l a c i a t e d  and t h e  h i g h e r  p a r t s  d i s p l a y  s teep -  
s i d e d  U-shaped v a l l e y s ,  c i r q u e s ,  and r o c k  p i n n a c l e s .  

There  a r e  no roads i n  t h e  r e g i o n ,  b u t  s h o r t  l a n d i n g  s t r i p s  a r e  p r e s e n t  
a t  t h e  sma l l  n a t i v e  v i l l a g e s  o f  E l i m  and G o l o v i n  on t h e  c o a s t  a t  G o l o v n i n  
and N o r t o n  B a y s , r e s p e c t i v e l y .  A  l o n g e r  a i r  s t r i p  and b u i l d i n g s  a t  t h e  
abandoned FAA s t a t i o n  a t  Moses P o i n t  were used as a  base f o r  t h e  work d u r i n g  
t h i s  i n v e s t i g a t i o n .  Pe rm iss ion  f o r  i t s  use i s  r e q u i r e d  f r o m  t h e  E l i m  
N a t i v e s .  

The weather  i n  t h e  Darby Mounta ins  i s  s i m i l a r  t o  t h a t  o f  much o f  t h e  
Seward P e n i n s u l a  and i s  c h a r a c t e r i z e d  by  f r e q u e n t  fog ,  r a i n ,  and w inds to rms .  
The average annua l  r a i n f a l l  a t  Norne i s  17.88 i nches  and t h e  average tempera- 
t u r e  i s  26.10F. 



General Geo log ic  S e t t i n g  

The genera l  geo logy o f  t h e  Darby Mounta ins  a r e a  has been d e s c r i b e d  by 
Mendenhal 1 ( 1901) ;  Smi th  and Eak in  (191 1 ) ;  West (1953) ;  M i l l e r  and o t h ~ e r s  
(1972) ;  M i l  l e r  and Bunker (1975) and H e r r e i d  (1965) .  The n o r t h e r n  p a r t  o f  
t h e  Darbys i s  a l s o  cove red  by S a i n s b u r y ' s  g e o l o g i c  map o f  t h e  Bendeleben 
quadrang le  (1974) .  The most comple te  coverage i s  t h e  reconna issance geo- 
l o g i c  map b y  M i l l e r  and o t h e r s ,  and t h e  f o l l o w i n g  bedrock  d e s c r i p t i o n s  a r e  
l a r g e l y  d e r i v e d  f rom t h e  r e p o r t  accompanying t h a t  map. The p e t r o l o g y  has 
been d i s c u s s e d  i n  c ~ i ~ s i d e r a b l e  d e t a i  1 b y  M i  1 l e r  and Bunker (1975) .  

The c o r e  o f  t h e  Darby Mounta ins  c o n s i s t s  p r e d o m i n a n t l y  o f  a  Cretaceous 
p l u t o n  t h a t  ex tends  50 m i l e s  f rom near  Cape Darby no r thward  t o  t h e  sou th  
s i d e  o f  Death V a l l e y .  The sou thwes te rn  p a r t  o f  t h e  Darby Mounta ins  i s  
composed l a r g e l y  o f  t h e  Kachauik p l u t o n ,  w h i c h  i s  separa ted  f rom t h e  [Iarby 
p l u t o n  by  a  na r row (1-3  m i l e s )  m igmat i c  zone ( f i g .  6 ) .  The p l u t o n s  a r e  
bo rde red  by Precambr ian rnetasediments and Devonian ca rbona tes .  

The Darby Mounta in  p l u t o n  i s  a  r e l a t i v e l y  homogeneous q u a r t z  monzon i te ,  
b u t  M i l l e r  and Bunker found i n d i c a t i o n s  o f  l a t e r a l  z o n i n g .  Modes show a  
s l i g h t  and g r a d u a l  decrease i n  m a f i c  m i n e r a l s  and p l a g i o c l a s e  f r o m  s o u t h  
t o  n o r t h  and a  c o r r e s p o n d i n g  i n c r e a s e  i n  K - f e l d s p a r  and q u a r t z .  

M i l l e r  and Bunker (1975,  p .  1) have p o i n t e d  o u t  t h a t  t h e  Darby p l u t o n s  
c o n t a i n  w e l l  above average amounts o f  U and Th (11.2  ppm and 58.7  pprn, 
r e s p e c t i v e l y )  and t h e  Kachau ik  p l u t o n  ranges from average t o  above average 
U and Th ( 5 . 7  ppm and 22 .5  ppm, r e s p e c t i v e l y ) .  

The most c h a r a c t e r i s t i c  f e a t u r e s  o f  t h e  Darby p l u t o n  a r e  i t s  u n i f o r m  
c o a r s e - g r a i n e d  p o r p h y r i t i c  t e x t u r e ,  homogeneous c o m p o s i t i o n ,  and r e l a t i v e  
abundance o f  m a g n e t i t e  and a l l a n i t e .  Lesser  amounts o f  sphene, a p a t i t e ,  
z i r c o n ,  f l u o r i t e  and r u t i l e  a r e  p r e s e n t  as accesso ry  m i n e r a l s .  

The Kachau ik  p l u t o n  occup ies  about  205 square m i l e s  i n  t h e  wes te rn  
p a r t  o f  t h e  Darby Mounta ins .  I t  i s  a  compos i te  i n t r u s i o n .  The west  h a l f  
i s  composed o f  g r a n o d i o r i t e  and q u a r t z  monzon i te  and t h e  e a s t  h a l f  c o n s i s t s  
o f  a  m o n z o n i t e - s y e n i t e  u n i t  wh ich  has been s u b d i v i d e d  i n t o  f o u r  s u b u n i t s  
by M i  1 l e r  and o t h e r s  (1972) .  

A sma l l  s t o c k  on t h e  wes te rn  f l a n k  o f  t h e  Darby Mounta in  about  6 
m i l e s  n o r t h  o f  t h e  n o r t h e r n  end o f  t h e  Kachauik p l u t o n  i s  t h e  Dry Canyon 
p l u t o n .  T h i s  i n t r u s i v e  body i s  o f  i n t e r e s t  because i t  i s  composed o f  
n e p h e l i n e  s y e n i t e  and because o f  i t s  h i g h l y  anomalous r a d i o a c t i v i t y .  

I n v e s t i g a t i o n s  by D G G S  d i d  n o t  e x t e n d  no r thward  t o  t h e  Windy Creek 
s t o c k  o r  t h e  Bendeleben p l u t o n .  T h e i r  c o m p o s i t i o n s  and U and Th c o n t e n t s  
r e p o r t e d  e a r l i e r  by  M i l l e r  and Bunker (1975) i n d i c a t e d  t h a t  t i m e  would be 
more p r o f i t a b l y  spent  i n  t h e  Darby Moun ta ins .  

The K - A r  d a t e s  o f  t h e  p l u t o n s  r e p o r t e d  by M i l l e r  and Bunker (1975, 
p .  10) i n d i c a t e  a  L a t e  Cretaceous age o f  between 88 and 34 m.y. f o r  t h e  
Darby p l u t o n .  The age o f  t h e  Kachauik p l u t o n  i s  l e s s  c e r t a i n ,  b u t  t h e  
two d a t e s  r e p o r t e d  a r e  86.1 - + 3  m.y. and 93.9 - + 3 m.y.  



The i n v e s t i g a t i o n  by  t h e  A laska  S t a t e  D i v i s i o n  o f  G e o l o g i c a l  Survey 
was d i r e c t e d  a t  d e t e r m i n i n g  t h e  u ran ium p o t e n t i a l  o f  t h e  p l u t o n s  i n  t h e  
Darby Mounta in  a rea ,  and l i t t l e  a t t e n t i o n  was devoted t o  t h e  s u r r o u n d i n g  
metamorphic o r  sed imen ta ry  r o c k s .  However, i n v e s t i g a t i o n s  o f  t h e  p o t e n t i a l  
o f  t h e  b a s i n s  o r  l o w l a n d s  a r e  needed. L i t t l e  i s  known about  t h e  Cenozoic 
sediment i n  t h e  l ow lands  on e i t h e r  s i d e  o f  t h e  Darby Mounta ins .  Tundra, 
muskeg, and l a k e s  mask t h e  sediments and no subsur face  e x p l o r a t i o n  has been 
done. D e t a i l e d  p e t r o g r a p h i c  and rad ioe lemen t  s t u d i e s  o f  t h e  p l u t o n i c  r o c k s  
a r e  a  p a r t  o f  t h i s  r e p o r t  p repared  by D r .  R . B .  Forbes and B .  Jones. 

A smal l  i n t e r i o r  b a s i n  west  o f  t h e  n o r t h e r n  Darby Mounta ins  i s  l o c a t e d  
i n  t h e  upper F i s h  R i v e r  l o w l a n d s  ( ~ c c a r t h y ' s  Marsh) ,  i n  t h e  s o u t h - c e n t r a l  
p a r t  o f  t h e  Bendeleben quadrang le  and t h e  n o r t h - c e n t r a l  p a r t  o f  t h e  Solomon 
quadrang le .  N o t h i n g  i s  known about  t h e  sed iments  under  t h e  q u a t e r n a r y  de- 
p o s i t s ,  b u t  t h e  c o n f i n e d  shape o f  t h e  b a s i n  and t h e  c o m p o s i t i o n  o f  t h e  
nearby  bedrocks  make i t  i n t e r e s t i n g  t o  s p e c u l a t e  on t h e  p o s s i b i l i t y  o f  
u ran ium b e i n g  c o n c e n t r a t e d  i n  t h e  sed iments .  The c u r v i n g  Bendeleben Moun- 
t a i n s  on t h e  n o r t h ,  t h e  Darby Mounta ins  on t h e  e a s t ,  and unnamed h i l l s  t o  
t h e  s o u t h  and west f o r m  a  bowl-shaped b a s i n  about  20 m i l e s  f r o m  e a s t  t o  
west  and 10 t o  15 m i l e s  f r o m  n o r t h  t o  sou th .  The b a s i n  i s  d r a i n e d  by 
t h e  F i s h  R i v e r ,  w h i c h  f l o w s  southwest  t h r o u g h  a  na r row v a l l e y .  

West o f  t h e  Kachauik Mounta ins  t h e  l ow lands  around Go lovn in  Lagoon 
and a l o n g  t h e  l ower  N i u k l u k  R i v e r  may have r e c e i v e d  sed iments  f rom t h e  
Darby and Kachauik Mounta ins .  A l t h o u g h  t h e i r  p resence i s  n o t  known, non- 
m a r i n e  T e r t i a r y  sediments d e r i v e d  f rom t h e  f a v o r a b l e  source r o c k s  may l i e  
beneath  t h e  Q u a t e r n a r y  cove r  and have a  p o t e n t i a l  f o r  u ran ium.  

Economic Geology 

The Darby Mounta ins  have n o t  been found t o  be m i n e r a l - r i c h ,  b u t  
numerous p r o s p e c t s  and geochemical  anomal ies  have been r e p o r t e d  t h a t  suggest  
a p o t e n t i a l  f o r  s e v e r a l  m e t a l s .  

The one mine t h a t  has produced i s  t h e  Omi lak mine,  l o c a t e d  i n  Pre-  
cambr ian marb le  on t h e  west  s i d e  o f  Omi lak Mounta in  nea r  t h e  n o r t h e r n  end 
o f  t h e  Darby Mounta ins .  I t  produced a  few hundred tons  o f  l e a d - s i l v e r  o r e  
p r i o r  t o  1300 ( ~ e r r e i d ,  1365).  A d d i t i o n a l  l e a d  and z i n c  o c c u r  a t  a  p r o s p e c t  
on Dry  Creek s o u t h  o f  t h e  Omi lak Mine.  

P l a c e r  t i n  has been r e p o r t e d  f rom a l l u v i u m  on O t t e r  Creek on t h e  e a s t  
s i d e  o f  t h e  n o r t h e r n  end o f  t h e  Darby Mounta ins  ( ~ e r r e i d ,  1965, p.  5 ) .  A  
l o d e  g o l d  p r o s p e c t  was e x p l o r e d  i n  q u a r t z - m i c a  s c h i s t  a  h a l f  m i l e  s o u t h  o f  
t h e  O t t e r  Creek t i n  p l a c e r .  P l a c e r  g o l d  p r o s p e c t i n g  has been conducted on 
s e v e r a l  t r i b u t a r i e s  t o  t h e  T u b u t u l i k  R i v e r .  

Geochemical s t ream-sediment samp l ing  ( ~ i l l e r  and o t h e r s ,  1971; M i l l e r  
and Grybeck, 1973) has y i e l d e d  h i g h l y  anomalous copper ,  n i c k e l ,  c o b a l t ,  
chromium, manganese, i r o n ,  boron,  scandium, and vanadium f r o m  t h e  e a s t e r n  
s i d e  o f  t h e  Darby Mounta ins .  Gossan zones w i t h  h i g h  b i smuth  and molybdenum 
a r e  p r e s e n t  i n  t h e  n o r t h e r n  p a r t  o f  t h e  range.  

P r e v i o u s  I n v e s t i g a t i o n s  f o r  R a d i o a c t i v i t y  

As e a r l y  as 1948 a  reconna issance f o r  r a d i o a c t i v e  d e p o s i t s  r e v e a l e d  
h i g h  u ran ium and t h o r i u m  c o n t e n t s  i n  t h e  Darby and Kachauik p l u t o n s  (west ,  



1953) .  D u r i n g  t h e  cou rse  o f  t h e  i n v e s t i g a t i o n  248 panned c o n c e n t r a t e s  
were c o l l e c t e d  from s t reams,  beach g r a v e l s  and s l o p e  wash. These were 
f u r t h e r  c o n c e n t r a t e d  i n  t h e  l a b o r a t o r y .  Anomalous ( o v e r  0.02 p e r c e n t  
e q u i v a l e n t  u ran ium)  v a l u e s  were o b t a i n e d  o v e r  w idespread a reas ,  b u t  
p r i n c i p a l l y  i n  t h e  n o r t h e a s t e r n  p a r t  o f  t h e  Darby p l u t o n  and t h e  sou th -  
wes te rn  s i d e  o f  t h e  Kachau ik  p l u t o n .  The r a d i o a c t i v i t y  was e s s e n t i a l l y  
i n  m i n e r a l s  d e r i v e d  f r o m  f e l s i c  igneous r o c k s .  The most comnion r a d i o -  
a c t i v e  m i n e r a l s  were sphene, a l l a n i t e ,  h e m a t i t e ,  and z i r c o n .  A u ran ium-  
b e a r i n g  n i o b a t e  m i n e r a l  was found i n  s l o p e  wash near  t h e  sho re  on 
G o l o v n i n  Bay. T h o r i a n i t e  was i d e n t i f i e d  near  t h e  head o f  Kw in iuk  R i v e r .  
Anomalous n i o b i u m  was no ted  i n  t h e  C l e a r  Creek-Vulcan Creek a rea .  

More r e c e n t  s tudy  o f  t h e  Darby,  Kachau ik ,  and Bendeleben p l u t o n s  by 
t h e  U.S. G e o l o g i c a l  Survey ( ~ i l l e r  and Bunker,  1975) has p r o v i d e d  con- 
s i d e r a b l e  d a t a  on t h e  p e t r o l o g y  and u ran ium and t h o r i u m  c o n t e n t s .  Re- 
s u l t s  o f  t h e  i n v e s t i g a t i o n  showed c o m p o s i t i o n a l  and t e x t u r a l  d i f f e r e n c e s  
i n d i c a t i n g  d i f f e r e n t  sources f o r  t h e  t h r e e  p l u t o n s  and d i f f e r e n t  average 
amounts o f  u ran ium and t h o r i u m .  

T h i r t e e n  samples f r o m  t h e  Darby P l u t o n  c o n t a i n e d  above average 
amounts o f  U  and Th (1  1.2 ppm and 58 .7  ppm, r e s p e c t i v e l y )  ; t h e  maximum 
v a l u e s  were 19.89 ppnl U and 83 .75  pprn Th. The Bendeleben p l u t o n  was 
found t o  c o n t a i n  normal amount.; o f  U and Th ( 4 . 3 8  ppm and 22.35, r e s p e c t i v e l y )  . 

Whi l e  t h e  number o f  samples was t o o  few t o  d e f i n e  t h e  most anomalous 
areas f o r  U and Th, t h e  a u t h o r s  conc luded t h a t  t h e  Darby p l u t o n  i s  s i m i l a r  
t o  t h e  Conway G r a n i t e  i n  New Hampshire,  w h i c h  has been c o n s i d e r e d  a  po- 
t e n t i a l  l ow-g rade  U-Th r e s o u r c e  and i s  d e f i n i t e l y  a  U-Th r i c h  p r o v i n c e .  

HOGATZA PLUTONIC BELT OF WEST-CENTRAL ALASKA 

The f o l l o w i n g  d i s c u s s i o n  o f  t h e  Hogatza P l u t o n i c  B e l t  i s  f rom Eak ins  
(1975, p .  113-142).  

A l k a l i n e  i n t r u s i v e  r o c k s  o c c u r  i n  a  b e l t  e x t e n d i n g  225 m i l e s  f rom t h e  
Seward P e n i n s u l a  and Kotzebue Sound eas tward  t o  Hughes on t h e  Koyukuk R i v e r .  
P a t t o n  (1970, p .  1 ;  1973, p .  ~ 4 )  a p p l i e d  t h e  narne Hogatza P l u t o n i c  B e l t  t o  
t h i s  f e a t u r e .  The b e l t  i s  r o u g h l y  20 m i l e s  w ide  and l i e s  p r i n c i p a l l y  i n  
t h e  wes te rn  p a r t  o f  t h e  Candle quadrang le  and t h e  s o u t h e r n  p a r t s  o f  t h e  
Se law ik ,  Shungnak, and Hughes quadrang les  ( F i g s .  D l ,  D2, ~ 3 ) .  T h i s  r e g i o n  
i s  i n  t h e  n o r t h e r n  p a r t  o f  t h e  Yukon-Koyukuk p r o v i n c e ,  named a f t e r  t h e  
p r i n c i p a l  r i v e r s .  The c o m p o s i t i o n s  o f  t h e  p l u t o n s  and t h e  a s s o c i a t e d  
r a d i o a c t i v i t y  anomal ies  make t h i s  one o f  t h e  most i n t e r e s t i n g  r e g i o n s  i n  
t h e  s t a t e  f o r  u r a n i u m - p o t e n t i a l  s t u d y .  

The mounta ins  and h i l l s  i n  t h e  r e g i o n  a r e  g e n e r a l l y  low and rounded 
and l a r g e l y  covered by s o i l  and v e g e t a t i o n .  Weather ing  has reduced most 
o u t c r o p s  t o  r u b b l e ,  and good exposures  o f  t h e  bedrock  a r e  sca rce .  Summits 
reach  a  maximum a l t i t u d e  o f  3,300 f e e t  i n  t h e  S e l a w i k  H i l l s  and 4,050 i n  
t h e  Zane H i l l s .  E lsewhere t h e  a l t i t u d e s  a r e  l e s s  than  3,000 f e e t .  The 
lowlands n o r t h  o f  t h e  p l u t o n i c  b e l t  a r e  swampy, l a k e  d o t t e d ,  and masked by 
a l l u v i u m  and m o r a i n a l  d e p o s i t s .  

The r e g i o n  l i e s  a p p r o x i m a t e l y  on t h e  boundary between t h e  zones o f  
c o n t i n u o u s  and d i s c o n t i n u o u s  p e r m a f r o s t .  The average annual  t empera tu re  



F igu re  El. Location of the Hogatza plutonic belt. 
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a t  Kotzebue i s  20.7OF. The c l i m a t e  i s  a r i d ;  t h e  average annual  p r e -  
c i p i t a t i o n  reco rded  f o r  Kotzebue i s  8 .18 inches.  Sma l l ,  w i d e l y  spaced 
s e t t l e m e n t s  e x i s t  a t  Hughes, Hog R i v e r ,  G a b o l i o  and S e l a w i k .  

The r e g i o n  i s  r e l a t i v e l y  i n a c c e s s i b l e  and has been l i t t l e  p r o s p e c t e d  
However, g e o l o g i c  mapping, geochemical  samp l ing ,  and r a d i o m e t r i c  su rveys  
by t h e  U.S. G e o l o g i c a l  Survey s i n c e  abou t  1966 have r e v e a l e d  i n t e r e s t i n g  
p o s s i b i l i t i e s  f o r  base m e t a l s  and u ran ium i n  t h e  i n t r u s i v e  r o c k s .  L i t t l e  
i s  known about  t h e  sed iments  u n d e r l y i n g  t h e  l ow lands  f l a n k i n g  t h e  u p l i f t  
o r  t h e i r  p o t e n t i a l  f o r  p e t r o l e u m  and uran ium.  

E a r l y  reconna issance  geo logy and mapping i n  t h e  r e g i o n  was done by 
Smi th  (1913) and E a k i n  (1916) .  P a t t o n  (1973) d i v i d e d  t h e  sed iments  i n t o  
t h r e e  g e n e r a l  sequences : 1 ) a  Lower Cre taceous v o l  can ic -mudstone sequence; 
2 )  a younger sequence o f  Lower t o  Upper Cre taceous age,  w h i c h  was sub- 
d i v i d e d  i n t o  f o u r  u n i t s ;  and 3)  an Upper Cre taceous - lower  T e r t i a r y  sequence. 
Because o f  t h e  poor  exposures ,  t h e  e x a c t  s t r a t i g r a p h i c  r e l a t i o n s h i p s  o f  t h e  
t h r e e  sequences a r e  n o t  c l e a r .  

The o l d e s t  r o c k s  o f  t h e  b a s i n  a r e  Lower Cre taceous i n  age and c o n s i s t  
m o s t l y  o f  volcaniclastics,including l i t h i c  t u f f s ,  b r e c c i a s ,  cong lomera tes ,  
and t u f f a c e o u s  graywacke and mudstone w h i c h  a r e  b e l i e v e d  t o  u n d e r l i e  t h e  
e n t i r e  p r o v i n c e .  The t h i c k n e s s  n e a r  Hughes i s  5,000 f e e t ,  b u t  t h e  t o t a l  
[nay be s e v e r a l  t i m e s  t h i s  amount. Potass ium-argon ages ranges f r o m  134 - + 
5 n1.y. t o  1 1 7  + 4 . 3  m.y .  -- 

Lower and Upper Cretaceous r o c k s  a r e  p r e s e n t  a l o n g  t h e  n o r t h e r n  b o r d e r  
and n o r t h e a s t e r n  p a r t  o f  t h e  p r o v i n c e .  These were r e f e r r e d  t o  by e a r l i e r  
g e o l o g i s t s  as t h e  Berg~rian Group ( ~ c h r a d e r ,  1904; M a r t i n ,  1926; lm lay  and 
Reeside,  1 9 5 4 ) .  P a t t o n ,  however, abandoned t h e  name and d i v i d e d  t h e  se- 
quence i n t o  f o u r  u n i t s :  

(1 )  V o l c a n i c  graywacke and mudstone, t o  5,000 f e e t  t h i c k .  I t  con- 
t a i n s  an abundance o f  f e l d s p a r ,  some l i t h i c  t u f f ,  and c a r b o n i z e d  
p l a n t  d e b r i s .  

( 2 )  Ca lcareous graywacke and muds tone- - -poss ib l y  as much as  5,000 
f e e t  o f  s h a l l o w - w a t e r  c a l c a r e o u s  graywacke and mudstone. The 
sediments coarsen westward,  where t h e y  become c o n g l o m e r a t i c  and 
c o a l  - b e a r i n g .  

(3 )  Sandstone,  s i l t s t o n e ,  s h a l e ,  and c o a l .  P o r t i o n s  o f  t h i s  u n i t  
may be o f  i n t e r e s t  t o  u ran ium p o t e n t i a l  s t u d i e s ,  b u t  i t s  d i s -  
t r i b u t i o n  i s  r e s t r i c t e d  t o  t h e  l ower  Yukon-Koyukuk p r o v i n c e .  

( 4 )  M a r g i n a l  m a r i n e  t r o u g h  d e p o s i t s .  Nonmarine q u a r t z  cong lomera te  
can be t r a c e d  by  s c a t t e r e d  o u t c r o p s  f o r  about  450 m i l e s  a l o n g  
t h e  n o r t h e r n  and n o r t h e a s t e r n  marg ins  o f  t h e  Yukon-Koyukuk 
p r o v i n c e .  The t h i c k n e s s  was found t o  be 3,000 f e e t  a l o n g  t h e  
l ower  Kobuk R i v e r .  The u n i t  i s  d e s c r i b e d  as  p r i n c i p a l l y  a  
q u a r t z  cong lomerate ,  b u t  i t  c o n t a i n s  m i n o r  amounts o f  q u a r t z  
sandstone,  sha le ,  t h i n  b i t u m i n o u s  c o a l  beds, and a s h - f a l l  t u f f s  
i n  t h e  n o r t h e r n  p a r t  o f  t h e  S e l a w i k  quadrang le .  

Upper Cre taceous and Lower T e r t i a r y  r o c k s  i n c l u d e  f e l s i c  e x t r u s i v e  and 
hypabyssa l  rocks .  The f l o w s  a r e  as  much as  2,000 f e e t  t h i c k .  The i n -  
t r u s i v e ~  c o n s i s t  o f  swarms o f  d i k e s ,  s i l l s ,  and p l u g s  t h a t  c u t  t h e  o l d e r  
Cre taceous v o l c a n i c  and sed imen ta ry  r o c k s .  



Poor l y  conso l i da ted  nonmarine coa l - bea r i ng  beds o f  T e r t i a r y  age 
have been found a t  two l o c a l i t i e s  i n  t he  nor thwes te rn  p a r t  o f  t h e  
p rov i nce .  Sandstone and g rave l  a r e  exposed i n  a  30- foo t  b l u f f  on 
the Mangoak R i ve r  i n  t h e  Selawik  lowland (Pa t t on  and M i  1 l e r ,  1968) ; 
i i g n i t i c  coa l  was found a t  t h e  base o f  t h e  b l u f f .  A  2 - f o o t  seam o f  
coa l  has been repo r t ed  f rom a  s i l t  b l u f f  near  Elephant P o i n t  on Kotzebue 
Sound. Both depos i t s  a r e  p robab ly  con f ined  t o  smal l  s t r u c t u r a l  and topo- 
g raph i c  bas ins  o r  f a u l t  zones. 

Petroleum companies have done l i m i t e d  work i n  t h e  p rov i nce  i n  an 
e f f o r t  t o  determine t h e  pe t ro leum p o s s i b i l i t i e s .  Subsurface da ta  a r e  
not a v a i l a b l e  f rom i n d u s t r y ,  bu t  i t  i s  rumored t h a t  se ismic  surveys 
i n d i c a t e  severa l  thousand f e e t  o f  T e r t i a r y  and Mesozoic sediments w i t h  
a  good p o t e n t i a l  f o r  o i l  a r e  p resen t  i n  Kotzebue Sound. Standard O i l  
o f  Ca! i f o r n i a  i s  p repa r i ng  t o  d r i l l  t h r e e  w e l l s  i n  t h e  area i n  a  j o i n t  
ven tu re  w i t h  t he  Northwest Area N a t i v e  Assoc ia t i on ,  I nc .  

The unexplored Se law ik  Bas in  immediately n o r t h  o f  t h e  b e l t  o f  a l k a l i c  
p l u t o n s  o f f e r s  a  s e t t i n g  wa r ran t i ng  subsur face work t o  determine i f  pos- 
s i b l e  uranium hos t  rocks a r e  p resen t .  The sou th  f l a n k  o f  t h e  p l u t o n  b e l t  
i s  covered by T e r t i a r y  and Quate rnary  v o l c a n i c s  and appears l e s s  l i k e l y  t o  
have s u i t a b l e  sediments. 

The Pah R i ve r  F l a t s  i s  a  20- by 30-mi le  topograph ic  depress ion bounded 
by t h e  Lockwood H i l l s  on t h e  n o r t h ,  t h e  Kokh i l a  H i l l s  on t he  eas t ,  and by 
the  B a h a n t a l t l i n  H i l l s  on t he  southeast .  The h i l l s  a re  u n d e r l a i n  by Cre- 
taceous graywacke and mudstone and J u r a s s i c  and Cretaceous v o l c a n i c s .  The 
west and southwest edges o f  t h e  depress ion  a r e  bordered by t h e  Zane H i l l s  
~ i u t o n ,  which has y i e l d e d  showings o f  copper,  s i l v e r ,  go l d ,  and molybdenum, 
and anomalous r a d i o a c t i v i t y .  Border phases o f  t h e  p l u t o n  near Car ibou Moun- 
t a i n  show r a d i o a c t i v i t y  f i v e  t o  10 t imes t h e  background r a d i o a c t i v i t y  o f  
t h e  r e s t  o f  t h e  p l u t o n ,  and 20 ppm uranium on a n a l y s i s  ( ~ i  1 l e r  and F e r r i a n s ,  
1968. p .  9 ) .  

The c e n t r a l  p a r t  o f  t he  Pah R i ve r  F l a t s  i s  occupied by innumerable 
smal l  l akes  and muskeg. The saucer shape and poor d ra inage  o f  t h i s  bas in ,  
which i s  ad jacen t  t o  p o s s i b l e  source rocks ,  suggest a  f a v o r a b l e ' s i t e  f o r  
uranium c o n c e n t r a t i o n  i n  sediments. However, a v a i l a b l e  geo log i c  maps o f  
ehe area do n o t  i n d i c a t e  t h e  presence of  a  s u i t a b l e  hos t  rock  and d r i l l i n g  
w i l l  be r e q u i r e d  t o  determine i f  any La te  Cretaceous o r  T e r t i a r y  sand- 
stones a r e  p resen t  beneath t h e  s u r f i c i a l  depos i t s .  The v i l l a g e  o f  Hogatza, 
a few m i l e s  south o f  Pah R i ve r  F l a t s ,  cou ld  serve as a base f o r  e x p l o r a t i o n .  

P l u t o n i c  Rocks 

The 225-mi le - long  p l u t o n  b e l t  ex tends f rom t h e  eas te rn  edge o f  t h e  
Seward Peninsu la  eastward t o  a  p o i n t  about 15 m i l e s  eas t  o f  Hughes on t he  
Koyukuk R i v e r .  The b e l t  t rends  east-west a long  t h e  Hogatza u p l i f t  i n  t he  
southern p a r t s  o f  t he  Selawik ,  Shungnak, and Hughes quadrangles,  and t rends  
no r t h - sou th  i n  t h e  western h a l f  o f  t h e  Candle quadrangle.  The main p a r t  
o f  t h e  u p l i f t  borders  t h e  sou th  s i d e  o f  t h e  Se law ik  bas in  and t h e  Pah 
R i ve r  F l a t s .  

S ix teen  separate  p l u t o n s  rang ing  f rom 3 t o  350 square m i l e s  have been 
descr ibed  and mapped ( ~ i l l e r  and o the rs ,  1966, 1970; Pa t ton ,  1967; Pa t t on  



and M i l l e r ,  1966, 1968; and M i l l e r ,  P a t t o n ,  and Lanphere, 1966) .  The 
l a r g e s t  ( t a b l e  ~ 1 )  i s  t h e  S e l a w i k  H i l l s  p l u t o n ,  w h i c h  i s  40 m i l e s  l o n g  
and averages r o u g h l y  10 m i l e s  i n  w i d t h .  The aggrega te  exposed a r e a  o f  
t h e  p l u t o n s  i s  about  1,200 square m i l e s .  P o r t i o n s  a r e  o v e r l a i n  by 
v o l c a n i c  f l o w s  and welded t u f f s  o f  L a t e  Cre taceous,  T e r t i a r y ,  o r  Q u a t e r n a r y  
ages so t h a t  t h e  a c t u a l  s i z e  o f  t h e  p l u t o n  i s  g r e a t e r  t han  t h e  o u t -  
c r o p p i n g ~ .  

The a l k a l i n e  n a t u r e  o f  t h e  p l u t o n i c  r o c k s  i s  d i s c u s s e d  by  M i l l e r  
(1972, p. 2122) :  

T h e  f i e l d  and a n a l y t i c a l  d a t a  show t h a t  the a l k a l i n e  rocks o f  
w e s t e r n  A1 a s k a  a r e  e p i  z o n a l  P I  u t o n i c  r o c k s  t h a t  a r e  h i g h 1  y  u n d e r -  
s a t u r a t e d  i n  s i l i c a  and rich i n  a l k a l i s .  T o t a l  a l k a l i  c o n t e n t  
r a n g e s  f r o m  a  l , ) r ,  of 5 . 5  p e r c e n t  i n  biot  .t:e r : y r o x e n i  t e  t o  1 7 . 9  p e r -  
cent i n  k a l s i l i t e - h e a r i n g  j u v i t e .  T h e s e  a r e  n o t  p e r a l k a l i n e  r o c k s - -  
w i t h  one e x c e p t i o n ,  the  m o l a r  r a t i o  o f  t o t a l  a l k a l i s  t o  a l u m i n u m  i s  
less  t h a n  o n e .  

Marly c h e m i c a l .  crha , . - a c t e r i s t i  cs of the  a 1  k a l  i ne  rocks o f  w e s t e r n  
A l a s k a  and  Cape D e z h n e v ,  w h i l e  i l l u s t r a t i n g  the  a l k a l i n e  n a t u r e  o f  
the rocks, a r e  s i m i l a r  t o  t h o s e  found  i n  many a l k a l i n e - r o c k  p r o v i n c e s .  
T h e  w e s t e r n  A l a s k a  a l k a l i n e  s u i t e  i s  u n u s u a l ,  h o w e v e r ,  .in i t s  h i g h  
K20 c o n t e n t  and h i g h  K20/Na20 r a t i o .  K 2 0  i s  o v e r  6  p e r c e n t  b y  w e i g h t  
i n  1 4  o u t  o f  22 a n a l y z e d  s a m p l e s  and i s  a s  h i g h  a s  16 .6  p e r c e n t .  

T a b l e  D l .  S i z e s  o f  t h e  p l u t o n s  i n  t h e  Hogatza p l u t o n  b e l t ,  
w e s t - c e n t r a l  A laska  

Area 
Name (mi . ? I  

L a t e  Cretaceous S u i t e  - 

Zane W i l l s  p l u t o n  
Wheeler Creek p l  u t o n  
I n d i a n  Mounta in  p l u t o n  
M t .  George p l u t o n  
McLanes Creek p l u t o n  

To ta  1 

M id-Cretaceous S u i t e  

S h i n i  1 i a o k  Creek p l u t o n  
P u r c e l l  Mounta in  p l  u t o n  
tiaw!; Rivei -  s l o c k  
E k i e k  Creel: Complex 
Se law ik  H i l l s  p l u t o n  
Hunt Comp 1 ex 
I n l a n d  Lake Complex 
S e l a w i k  Lake Complex 
Hun te r  Creek p l u t o n  
G r a n i t e  Mounta in  p l u t o n  
Q u a r t z  Creek p l u t o n  

To ta  1 

T o t a l s  f o r  b o t h  s u i t e s  



The a l k a l i n e  c h a r a c t e r ,  w ide  d i s t r i b u t i o n ,  and r e p o r t s  o f  anomalous 
r a d i o a c t i v i t y  o f  t h e  p l u t o n s  i n  t h e  Honatma p l u t o n  b e l t  suggest  a  h i g h l y  
f a v o r a b l e  r e g i o n  f o r  u ran ium i n v e s t i g a t i o n s ,  e s p e c i a l l y  i n  l i g h t  o f  t h e  
r e c e n t  development o f  l a r g e  u ran ium reservt?s i n  a l a s k i t e  a t  t h e  Ross ing 
d e p o s i t  i n  sou thwes te rn  A f r i c a .  W h i l e  t h e  e n t i r e  b e l t  w a r r a n t s  c a r e f u l  
s t u d y ,  t h e  a l a s k i t e  occu r rences  may bc o f  p a r t i c u l a r  i n t e r e s t ,  and a  
d e s c r i p t i o n  o f  t h e  Wheeler Creek p l u t o n  a l a s k i t c  i s  quoted f r o m  M i l l e r  
(1970, pp. 101 and 103) :  

A l d s k i t c  o f  the GVhce1c.r C r ~ e l c  p~lriton--Cn,irse-qrainc_.d a l a s k i t e  ------- 
u n d e r 1  ics thc w e s t  e n d  o f  t h c  W h e e l c r  Crec.k p l u t o n  and  i n t r u d e s  
mcrk..; r a n q i n q  f r o m  Lower Crc?tnccou..; a n d e s i  t.i c v o l  t r n n i c s  t o  the  
I J p p ~ r  C r c t a c r o 7 - 1 ~  d a c - i t i c  h y p a h ! j s s a l  rc>clc.s. A . lnsk i t c?  o u t c r o p s  a r e  
characterized hy r o u n d e d  pink- trolorr?d h i  1 1 s  w i t h  l i t t l c  v e q e t a t  ion 
and  a  m a n t l e  o.f q r u s .  T h e  < ~ ~ l r l s k i  t:e i t . s e l f  .i:; c h a r a c t p r i z e d  mega- 
s c o p i c a l l y  hq . l a r g e  ( u p  t o  .I cm)  b l d c k  smoky q r ~ a r t z  a n h e d r a  .in a 
s e t t i n g  o f  p i n k  f e l d s p a r  a n h e d r a  . Th(? rock is c h a r a c t c - . r i s t i c a l l  y 
c o a r s e - g r a i n e d  w i t h  a n  al.Lot.r. iomorph.ic g r a n u l a r  t e x t u r e .  T h e  
a b u n d a n c e  o f  t l i c  smoky  q u a r t z  d i s t . i n g u . i s 1 1 e s  t h i s  urlit: f r o m  the  
m i n o r  a l a s k i t e  and a p ~ l i t e  d i k e s  t h a t :  . l o c a l l y  c u t  t h e  Z a n e  f i i l l s  
p l u t o n .  Z'hc rock i s  y e n c r a . l l y  ;i t r u c  ~ i l a s k ~ i t c ? ,  w i t h  less  t h a n  
I p e r c c n f :  m a f i c  m i n e r a l s ,  a l t h o u g h  l o c d l l q  t l v .  m a f i c  c o n t e n t  
rc?achi?s a s  much a s  8 p e r c e n t  n c a r  thr? c o n t a c t  ;ind i n  the  i i l a s k i t c  
dike..; c u t t i n g  the  q u a r t z  m o n z o n i t c - g r a r l o d i o r i t c  t o  t h e  e a s t .  

A l a s k i t e  i s  p resen t  i n  o t h e r  p l u t o n s  i n  t h e  Hoqatza b e l t  e i t h e r  as  
a  ma jo r  r o c k  t y p e  o r  i n  d i k e s .  The s o u t h c r n  and wes te rn  p a r t s  o f  t h e  
Se law ik  H i l l s  p l u t o n  has been mapped a<  p r e d o m i n a n t l y  q u a r t z  monzon i te  
and a l a s k i t e  ( p a t t o n  and M i l l e r ,  1968).  The r e s t  i s  l a r g e l y  s y e n i t e  and 
monzon i te .  The c o m p o s i t i o n ,  l a r g e  s i z e ,  and r a d i o a c t i v i t y  anomal ies  o f  
t h e  Se law ik  l i i l l s  p l u t o n  make t h i s  an a t t r a c t i v e  a r e a  t o  e x p l o r e  f o r  v e i n  
o r  Ross inq - t ype  u ran ium d e p o s i t < .  The p r c s e n t  o f  p u r p l e  f l u o r i t e  a s s o c i a t e d  
w i t h  p u l a s k i t e  and p e r t h o s i t c  i n  t h e  a l k a l i n e  complexes i n  t h e  Se law ik  low- 
l ands  ( ~ i l l e r ,  1970, p .  46) may a l s o  be an i n d i c a t i o n  o f  anomalous r a d i o -  
a c t i v i t y .  The p o s s i b i l i t y  t h a t  t h i s  l a r g e  p l u t o n  and o t h e r s  i n  t h e  p l u t o n  
b e l t  have c o n t r i b u t e d  s i q n i f i c a n t  amounts o f  u ran ium t o  concea led sed iments  
i n  t h e  l ow lands  w a r r a n t s  c a r e f u l  i n v e s t i g a t i o n .  

S t r u c t u r e  -- 

The n o r t h e r n  Yukon-l<oyukuk p r o v i n c e  i s  i n  a  h i g h l y  m o b i l e  r e g i o n  t h a t  
was s u b j e c t e d  t o  repea ted  magmatism d u r i n g  Cre taceous and e a r l y  T e r t i a r y  
t imes .  The Hogatza u p l i f t  ex tends  f'rom t h e  Seward P e n i n s u l a  and f o l l o w s  
t h e  eas t -wes t  g r a i n  o f  t h e  r e g i o n .  The l<obuk f a u l t  ( o r  t r e n c h )  t r e n d s  
a l o n g  t h e  n o r t h e r n  b o r d e r  o f  t h e  p r o v i n c e .  Small  f a u l t s  a r e  v i s i b l e  i n  
most bedrock  exposures .  Wh i le  t h e  sed imen ta ry  r o c k s  a r e  m o d e r a t e l y  t o  
s t r o n g l y  deformed t h e y  have n o t  been r e g i o n a l l y  metamorphosed. 

The Kobuk-Selawik Lowlands i s  a ma jo r  f e a t u r e  o f  t h e  r e g i o n ,  b u t  ae ro -  
magne t i c  p r o f i l e s  suggest  t h a t  igneous r o c k s  a r e  a t  s h a l l o w  d e p t h  and i t  
seems u n l i k e l y  t h a t  Cre taceous o r  T e r t i a r y  sed imen ta ry  r o c k s  a r e  v e r y  t h i c k  
beneath  t h e  Q,uaternary  s u r f i c i a l  d e p o s i t s .  C o m p i l a t i o n  o f  g r a v i t y  su rveys  
i n  n o r t h w e s t e r n  A laska  by D . F .  Barnes o f  t h e  lJSGS shows a b e l t  o f  g r a v i t y  



h i g h s  t h a t  ex tends  t h r o u g h  t h e  S e l a w i k  B a s i n  and m i l i t a t e s  " a g a i n s t  t h e  
presence o f  t h e  sed imen ta ry  b a s i n  p o s t u l a t e d  i n  p r e l i m i n a r y  p e t r o l e u m  i n -  
v e s t i g a t i o n s "  (u.s.  Geol .  Survey,  1967, P .  ~ 9 1 ) .  F a r t h e r  west ,  however, 
Cre taceous and younger sediments as  much as 10,000 f e e t  t h i c k  may u n d e r l i e  
Kotzebue Sound ( P a t t o n ,  1970, p.  1 ) .  

Economic Geology 

Because c e r t a i n  m i n e r a l  assemblages may be i n d i c a t i v e  o f  f a v o r a b l e  
env i ronmen ts  f o r  u ran ium,  b r i e c  summaries o f  known m i n e r a l i z a t i o n  a r e  
d e s c r i b e d  be low by a r e a s .  The a reas  w i l l  be ment ioned i n  sequence, be- 
g i n n i n g  a t  t h e  w e s t e r n  end o f  t h e  b e l t .  

Se law ik  H i l l s  P l u t o n  

The S e l a w i k  H i l l s  p l u t o n  ex tends  45 m i l e s  eas t -wes t  and u n d e r l i e s  most 
o f  t h e  S e l a w i k  H i l l s  s o u t h  o f  t h e  S e l a w i k  Lowland.  I t  c o n s i s t s  p r i n c i p a l l y  
o f  monzon i te  and s y e n i t e  and i s  exposed o v e r  an a r e a  o f  about  350 square  
m i l e s .  The o n l y  i n f o r m a t i o n  on t h e  economic geo logy  i s  t h a t  p r o v i d e d  by 
stream-sediment samp l ing  ( ~ l l i o t t  and M i l l e r ,  1969, p. 6 ) :  

Many o f  the  s a m p l e s  ( 1 - 3 8 )  f r o m  s e v e r a l  s m a l l  s t r e a m s  on the  
north f l a n k  o f  the S e l a w i k  H i l l s  h a v e  s l i g h t  l  y a n o m a l o u s  c o n c e n t . r a t i o n s  
o f  l e a d  (18  s a m p l e s  w i t h  7 0  ppm a n d  6 s a m p l e s  w i t h  1 0 0  ppm) ; a n d  one 
s a m p l e ,  l o c a l i t y  3 2 ,  c o n t a i n e d  3 0 0  ppm l e a d ,  2 0 0  ppm z i n c ,  a n d  3 ppm 
si-lver. A t  b e d r o c k  L o c a l i t y  X ,  n e a r  s e d i m e n t  l o c a l i t y  3 2 ,  m i n o r  
a m o u n t s  o f  d i s s e m i n a t e d  g a l e n a ,  s p h a l e r i t c ,  a n d  p y r i t e  w e r e  n o t e d  i n  
q u a r t z - c a l c i t e  veins a n d  i n  p i n k  s y e n i t e .  C o m p o s i t e  y rab  s a m p l e s  
o f  t he  s u l f i d e - b e a r i n g  rock c o n t a i n e d  u p  t o  2 p e r c e n t  l e a d  a n d  u p  t o  
1 p e r c e n t  z i n c ,  h u t  the e x t e n t  o f  the m i n e r a l i z e d  a r e a  c o u l d  no t  be 
d e t e r m i n e d  d u c  t o  poor e x p o s u r e .  

B e r y l l i u m  w a s  d e t e c t e d  i n  c o n c : e n t r a t i o n s  of 1 0  a n d  1 5  ppm i n  -- - -- - 
f o u r  s e d i m e n t  s a m p l e s  ( 4 4 ,  4 5 ,  4 8 ,  5 1 ) .  f r o m  sma1.l s t r e a m s  on e i ther  
s i d e  of t h e  r i d g e  s o u t h  o f  C l e m  M o u n t a i n .  O n e  s e d i - m e n t  s a m p l e  ( 5 9 )  
f r o m  H u n t e r  C r e e k ,  j u s t  a b o v e  the  L e f t  F o r k ,  c o n t a i n e d  5 0  ppm t u n g s t e n  
a n d  30 ppm m o l y b d e n u m .  

Abnormal r a d i o a c t i v i t y  o f  p h o n o l i t e ,  f l u o r i t e - b e a r i n g  n e p h e l i n e  s y e n i t e ,  
s y e n i t e ,  and t r a c h y t e  was r e p o r t e d  i n  t h e  Se law ik  H i l l s  p l u t o n  ( ~ i l l e r ,  1968, 
t a b l e  4 ) .  The h i g h  r a d i o a c t i v i t y  o f  t h e  r o c k s  i s  p r o b a b l y  due i n  p a r t  a t  
l e a s t  t o  t h e  h i g h  K20 c o n t e n t ,  w h i c h  ranges f rom 4 . 8  t o  8 .4  p e r c e n t  and 
averages 6 .2  p e r c e n t  ( ~ i l l e r ,  1970, p.  2 8 ) .  

Kobuk-Selawik Lowlands P l u t o n  

Two p o o r l y  exposed a l k a l i n e  complexes c r o p  o u t  as low h i l l s  between 
t h e  S e l a w i k  H i l l s  and S e l a w i k  Lake ( f i g .  ~ 3 ) .  These a r e  d e s i g n a t e d  as  t h e  
S e l a w i k  Lake and I n l a n d  Lake complexes ( ~ i l l e r  and o t h e r s ,  1966, p .  ~ 1 5 9 ) ,  
and a r e  7 and 12 square m i l e s  i n  a r e a ,  r e s p e c t i v e l y .  The complexes c o n s i s t  
o f  a  v a r i e t y  o f  unusual  a l k a l i n e  r o c k  t y p e s .  Chemical a n a l y s e s  o f  t h e  r o c k s  
show t h a t  l e a d ,  s t r o n t i u m ,  lanthanum, and a r s e n i c  a r e  r e l a t i v e l y  h i g h  ( ~ i l l e r ,  
1970, p .  5 7 ) .  Unusual amounts o f  f l u o r i n e  and z i r c o n i u m  a r e  a l s o  p r e s e n t :  
up  t o  0.57 p e r c e n t  F and 0.20 p e r c e n t  ZrO6. The o n l y  i n f o r m a t i o n  on t h e  



economic qeo iogy  i s  d e r i v e d  f r o m  two s t ream-sed iment  samples f r o m  t h e  
w c s t  :,ide nf  t h e  S e l a w i k  Lake p l u t o n .  One sample produced s l i g h t l y  
anomalotis c o b a l t  (50  ppm) and copper (70 ppm) ( ~ l l  i o t t  and M i  l l e r ,  1969, 
. 1 Anonalous r a d i o a c t i v i t y  o f  t h e  p l u t o n s  was r e p o r t e d  f r o m  an a e r i a l  
r a d i o m c t r  i c  su rvey  ( ~ i  1 l e r  and Anderson, 1969).  

E k i e k  Creck Con~lex 

The E k i e k  Creek p l u t o n  i s  a  sma l l  i n t r u s i v e ,  about  5 square  m i l e s  i n  
area, l o c a t e d  about  h a l f w a y  between t h e  Se law ik  l i i l l s  and t h e  P u r c e l l  
Mounta ins  ( f i q .  ~ 3 ) .  I t  c o n t d i n s  a w ide  v a r i e t y  o f  a l k a l i n e  r o c k s .  Two 
.;tream-sedinicnt samples f rom t h e  e a s t  s i d e  o f  t h e  p l u t o n  d i d  n o t  show any 
anomalous me ta l  ~ ~ a l u e s ,  b u t  t h e  a e r i a l  rad  i omet r  i c  su rvey  showed t h e  
n o r t h e r n  end of' t h c  p l u t o n  t o  bc anomalous (600 coun ts  p e r  second) .  

S h i n i l i a o k  Creek P l u t o n  

The S h i n i l i a o k  Creek p l u t o n  oc:cupies about  30 square m i l e s  i n  t h e  
n o r t h - c e n t r a l  p a r t  o f  t h e  P u r c e l  1 Mounta ins  ( f i g .  ~ 2 ) .  I t  i s  composed 
c h i e f l y  o f  medium-grained monzon i te  and s y e n o d i o r i t e .  Tou rma l ine  o c c u r s  
as a  w idespread accesso ry  and as  mass ive  v c i n s  i n  f a u l t  zones ( M i l l e r ,  
1970, p .  3 9 ) .  L i t t l e  i s  a v a i l a b l e  c o n c e r n i n g  t h e  economic geo logy .  A 
few w i d e l y  spaced s t ream-sed iment  samples d i d  n o t  y i e l d  s i g n i f i c a n t  
anomal i c s  ( ~ i  1 l e t - ,  1969) .  

Zane H i l l s  P l u t o n  

The Zane H i l l s  p l u t o n  i s  180 square m i l e s  i n  a rea  and forms a  l a r g e  
p a r t  o f  t h e  Zane H i l l s .  The s e t t l e m e n t  o f  Hogatza ( ~ o g  R i v e r )  i s  l o c a t e d  
on t h e  e a s t  f l a n k  o f  t h e  Zane H i l l s .  The h i g h e s t  p o i n t  i n  t h e  a rea  i s  
Cone Mounta in ,  4,053 Feet h i g h .  G r a n o d i o r i t e  c o n s t i t u t e s  about  9  p c r c e n t  
o f  t h e  p1uton;monzon i te  and q u a r t z  monzon i te  compose most o f  t h e  r e s t .  
A l a s k i t e  and a p l i t e  d i k e s  a r e  common. P l a c e r  g o l d  m i n i n g  began a t  Bear 
Creek,  on t h e  e a s t  s i d e  o f  t h e  p l u t o n ,  i n  t h e  e a r l y  1 9 0 0 ' s .  A  g o l d  dredge 
was i n s t a l l e d  i n  1957 and o p e r a t e d  u n t i l  1975; i t  accounted f o r  a  sub- 
s t a n t i a l  p a r t  o f  t h e  s t a t e ' s  g o l d  p r o d u c t i o n  d u r i n g  t h a t  p e r i o d .  Un- 
p u b l i s h e d  r e p o r t s  i n d i c a t e  t h a t  c a s s i t e r i t e  and p l a t i n u m  were a l s o  found 
i n  t h e  Bear Creek p l a c e r s .  Bedrock and stream-sediment sampl ing  ( M i l l e r  
and F e r r i a n s ,  1968, p.  6-10; M i l l e r ,  1963) r e v e a l e d  m i n e r a l i z a t i o n  i n  t h e  
Zane H i l l s  p l u t o n  a t  s e v e r a l  l o c a t i o n s .  Massive p y r i t e  i s  a s s o c i a t e d  w i t h  
s i l v e r  and g o l d  nea r  t h e  n o r t h  end o f  t h e  p l u t o n .  Z i n c  and molybdenum 
anomal ies  were a l s o  found nearby .  U p h i l l  f rom t h e  Hogatza p l a c e r  mine on 
Bear Creek,  sediment samples were found t o  c o n t a i n  anomalous amounts o f  
s i l v e r ,  b i smuth ,  copper ,  and molybdenum. Two s t r o n g l y  anomalous a reas  o f  
r a d i o a c t i v i t y  were found i n  q u a r t z  monzon i te :  on t h e  e a s t  s i d e  o f  Car ibou  
Mounta in  and a t  t h e  s o u t h e r n  end o f  t h e  p l u t o n .  The r a d i o m e t r i c  anomal ies  
o f  t h e s e  b o r d e r  phases were f i v e  t o  10 t i m e s  as h i g h  a s  r e a d i n g s  o v e r  
most o f  t h e  p l u t o n .  

P u r c e l  1 Mounta in  P l u t o n  

The P u r c e l l  Mounta in  p l u t o n  i s  c h i e f l y  q u a r t z  monzon i te  and c r o p s  o u t  
o v e r  a  40-square-mi l e  a r e a  i n  t h e  P u r c e l  1 Mounta ins .  The on1 y  known m i n e r a l  
d e p o s i t  i s  a g o l d  p l a c e r  mine on Shovel Creek on t h e  n o r t h w e s t  s l o p e  o f  



Purce lP Mounta in .  The mine was worked For about  10 y e a r s  d u r i n g  t h e  1 9 5 0 ' s  
and 19601s ,  b u t  t h e  p r o d u c t i o n  i s  unknown. The g o l d  may have been de- 
r i v e d  f rom q u a r t z - t o u r m a l i n e - s t ~ 1 f i d e  v e i n s  near  a  c o n t a c t  between t h e  
q u a r t z  monzon i te  p l u t o n  and a n d e s i t i c  v o l c a n i c s  ( ~ o b b ,  1972, p.  3 5 ) .  

Hawk R i v e r  P l u t o n  

The Hawk R i v e r  p l u t c n ,  I n c 3 t e d  6 m i l e s  s o u t h e a s t  o f  P u r c e l l  P b u n t a i n  
peak and about  2 m i l e s  southwest  o f  t h e  Wheeler Creek p l u t o n ,  o c c u p i e s  5 
square  m i l e s .  The sma l l  Hawk R i v e r  s t o c k  c c n s f s t s  o f  o l i v i n e - b e a r i n g  mon- 
z o n i t e  cu t  by an e a s t - w e s t - t r e n d i n g  f a u l t  ( t ? i l F e r ,  1970, p.  3 8 ) .  A  q u a r t z -  
r i c h  zone 6-1/2 m i l e s  l o n g  by ] - ? / %  m i l e s  w i d e  t r e n d s  n o r t h e a s t  between t h e  
Hawk R i v e r ,  P u r c e l l  Mounta in ,  and Wheeler Creek p l u t o n s .  Grab samples f rom 
t h i s  zone c o n t a i n e d  a i ~ o n t a l o ~ s  v a l u e s  o f  copper ,  a r s e n i c ,  l e a d ,  and z i n c .  
Stream sed iments  i n d i c a t e d  anomalous Bead, copper ,  and s i l v e r  ( ~ i l l e r  and 
F e r r i a n s ,  1968, p. 1 0 - ' 1 ) .  

Wheeler Greek P l u t o n  

The Wheeler Creek p l u t o n  u n d e r l i e s  about  271 square  m i l e s  o f  t h e  Pur-  
c e l l  Mounta ins .  I t  i s  separa ted  from t h e  Zane l l i l l s  on t h e  e a s t  by a  6- 
m i i e - w i d e  v a l l e y .  Most o f  t h e  p l u t o n  i s  composed o f  p o r p h y r i t i c  q u a r t z  
monzon i te  and g r a n o d i o r i t e .  The west  end o f  t h e  p l u t o n  c o n s i s t s  o f  coa rse -  
g r a i n e d  a l a s k i t e  wh ich  i s  c h a r a c t e r i z e d  by smoky q u a r t z .  The a l a s k i t e  
body i s  about  36 square m i l e s  i n  o u t c r o p  a r e a .  Stream-sediment sample 
ana lyses  d i d  n o t  r e v e a l  any m i n e r a l i z e d  a reas  ( ~ i l l e r ,  1969),  and no o r e  
depos i t s  a  r e  known. 

P r e v i o u s  R a d i o a c t i v i t y  I n v e s t i g a t i o n s  

Anomalous r a d i o a c t i v i t y  has been r e p o r t e d  f rom t h e  p l u t o n s  i n  west -  
c e n t r a l  A laska  a s  a  r e s u l t  o f  a e r i a l  and ground r a d i o m e t r i c  su rveys ,  
chemica l  a n a l y s e s  o f  t h e  i n t r u s i v e  r o c k s ,  and t e s t i n g  o f  panned c o n c e n t r a t e s  
f r o m  s t ream g r a v e l s .  H igh  background c o u n t s  can be expec ted  o v e r  much o f  
t h e  p l u t o n  b e l t  because o f  t h e  u n u s u a l l y  h i g h  po tass ium c o n t e n t  o f  t h e  r o c k s ;  
however, u ran ium and t h o r i u m  minera :s  have d e f i n i t e l y  been i d e n t i f i e d .  
F a v o r a b l e  m i n e r a l  assembleges a l s o  a r e  s u g g e s t i v e  o f  p o s s i b l e  v e i n - t y p e  
u ran ium d e p o s i t s .  

An a i r b o r n e  r a d i o a c t i v i t y  su rvey  i n  c o n j u n c t i o n  w i t h  an a e r i a l  rnagneto- 
me te r  su rvey  cove red  1,320 square m i l e s  o f  t h e  s o u t h e r n  Kobuk-Selawik low- 
l a n d  ( M i l l e r  and Anderson, 1969).  The background o v e r  t h e  l ow lands  and 
v o l c a n i c  r o c k s  was g e n e r a l l y  l e s s  than  480 cps ( c o u n t s  p e r  second).  The 
h i g h e s t  coun t  (700 cps)  was o b t a i n e d  o v e r  g r a n i t i c  r o c k s  a t  t h e  n o r t h e r n  
t i p  o f  t h e  S e l a w i k  H i l l s  p l u t o n .  Counts o f  500 cps were o b t a i n e d  o v e r  
b o t h  t h e  n e p h e l i n e  s y e n i t e  o f  t h e  S e l a w i k  Lake, I n l a n d  Lake, and E k i e k  Creek 
p l u t o n s - - - a  f i g u r e  f i v e  t o  10 t i m e s  h i g h e r  than  t h a t  o f  t h e  s u r r o u n d i n g  t e r -  
r a i n .  

Another  a e r i a l  r a d i o a c t i v i t y  su rvey  was a  s i n g l e  f l i g h t  l i n e  made f r o m  
n e a r  K i w a l i k  s o u t h  o f  Kotzebue Sound eastward  80 m i l e s ,  wh ich  cove red  t h e  
s o u t h e r n  edge o f  t h e  above-ment ioned su rvey  and t r a v e r s e d  t h e  n o r t h e r n  p a r t  
o f  t h e  S e l a w i k  H i l l s .  The su rvey  was sponsored by  t h e  USGS. The maximum 
coun t  r e p o r t e d  was 1,600 cps,  r e g i s t e r e d  o v e r  t h e  n o r t h e r n  t i p  o f  t h e  Se law ik  
H i l l s  p l u t o n .  Other  anomal ies  o f  800 t o  8,000 cpm were o b t a i n e d  a l o n g  w i t h  
f l i g h t  l i n e .  The background was between 300 and 400 cpm. 
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IWO areas nf t h e  Zane H i l l s  p l u t o n  near  Caribou Mountain have been 

found t o  have s t r ong  r a d i o a c t i v i t y  anomal i e s .  Thcse areas have been 
descr ibed  and mapped by M i l l e r  and F e r r i a n s  (1968,  p .  9-10) :  

B o r d e r  p h a s e s  o f  t h e  Zano  Ilil.Z.5 p l u t o n  i n  t w o  a r e a s  a l o n g  
thc . rou thca f ; t t?rn  m a r g i n  o f  the 1 1  u f o n  s h o w  a n o m a l o u s  r a d i o a c t i v i t y -  
C.ivc to tczi t i m e s  the  backprolrnd r a d i m c t : . i v i t y  o f  t h e  rest o f  the  
p . i u t o n .  rhcsc b o r d e r  p h a s e s  arc! composcd  o f  mcd.ium- t o  c o a r s e -  
g r a i n e d ,  t r a c h y t o i d  t o  g n e i s s i c ,  h o r n h l  e n d e - b i o t i t e  q u a r t z  m o n z o n i t e  
:l.nd m o n z o n i t c  r e a d i l y  d i s t i n g u - i . s h a b l c  in trhe f i e l d  f r o m  the t y p i c a l  
m a s s i v e ,  g r a n i t i c - t e x t u r e d  g r a n o d i o r i t c  o f  the res t  o f  the p l u t o n .  

An anri.Z!]s.is o f  p o r p h y r i t i c  q l i ; ? r t z  m o n z o n i t e  f r o m  th i s  b o r d e r  
p h a s e  s h o w s  20 ppm o f  u r a n i u m .  Th.i.7 i s  f . i v c  t o  s i x  t i m e s  m o r e  t h a n  
the p u b l i s h e d  a v e r a g e s  f o r  rocks o f  t h i s  c o m p o s i t i o n  ( S m i t h ,  1 9 6 3 ,  
p .  4 0 2 ) .  E x a m i n a t i o n  o f  t h i n  s e c t i o n s  o f  t h i s  rock s h o w s  t h a t  bio- 
t i t e  and  h o r n b l e n d e  c o n t a i n  n u m e r o u s  i n c l u s i o n s  s u r r o u n d e d  b y  
p l c o c h r o i c  h a l o s  i n d i c a t i v e  o f  r a d i o a c t i v i t y .  Some o f  these h a l o s  
a r e  o b v i o u s l y  a r o u n d  z i r c o n  c r y s t a l s ,  h u t  o t 1 5 e r  much m o r e  intense 
h a l o s  a r c  a r o u n d  g r a i n s  of a c o l o r l c s s  t o  f a i n k l y  y c l l o w ,  i s o t r o p i c  
m i n e r a l  o.f h i g h  r e - l i e f .  A t h i n  section o f  t h i s  p o r p h y r i t i c  q u a r t z  
m o n z o n i t e  was e x p o s e d  t o  a therma.1 n e u t r o n  b f ! a m  i n  a r e a c t o r  i n  
o r d e r  t o  c a u s e  t h e  f i s s i o n  o f  1 ~ ~ ~ ~ .  T h e  f i s s i o n  events w o r e  r e c o r d e d  
.in n p i e c e  o f  l e x a n  w h i c h  coverc?d t h o  sc?ction. L a t e r ,  e t c h i n g  o f  
the l e x a n  showed the anoma.Zous.Zy o c c u r r i n r j  u r a n i u m  i n  the s a m p l e  t o  
he a s s o c i a t e d  w i t h  the c o l o r l e s s  . i s o t r o p i c  m i n e r a l .  

A l t h o u g h  the u r a n i m - b e a r i n g  m i n e r a l  i s  o n l y  A m i n o r  c o n s t i t u e n t  
i n  the  s a m p l e s  s t u d i e d ,  it may he m o r e  a b u n d a n t  c l s e h w e r e  i n  t h e  r a d i o -  
a c t i v e  h o . r d e r  p h a s e - p o s s i b l y  i n  a m o u n t s  l a r g e  e n o u g h  t o  be i m p o r t a n t  
e c o n o m i c a l l y ,  o.r o t h e r  u r a n i u m  minera1 . s  may be p r e s e n t .  A panned con- 
c e n t r a t e  c o l l e c t e d  i n  1 9 6 4  f r o m  C a r i b o u  C r e e k  o n  the  s o u t h e a s t e r n  s i d e  
o f  thc Z a n e  H i 1 . l ~  c o n t a i n e d  200 ppm o f  t h o r i u m ,  w h i c h  was  p r o b a b l y  
d e r i v e d  f r o m  t h i s  m o r e  r a d i o a c t i v e  b o r d e r  p h a s e  o f  the p l r l t o n .  

COPPER R I V E R  BASIN-CHITINA VALLEY 

Loca t i on  

The Copper R i v e r  bas in  i s  a topograph ic  and s t r u c t u r a l  bas in  i n  
sou th - cen t ra l  Alaska. I t  i s  bounded on t he  n o r t h  by h i 1  1s a l ong  t he  
southern f l a n k  o f  t h e  Alaska Range, t h e  Wrangel l  Mountains on t h e  e a s t ,  
t h e  Chugach Mountains on t h e  south,  and t h e  Talkeetna Mountains on t h e  
west ( f i g .  16) .  F r i nge  areas consider-ed i nc l ude  t h e  upper end o f  Matanuska 
Val l e y ,  t he  Gulkana up land a long  .the souther11 f l a n k  o f  the  Aln.;ka Range, 
and t h e  C h i t i n a  R i ve r  V a l l e y ,  l o ca ted  between t h e  Wrangel l  and Chugach 
Mountains.  The Copper R i ve r  bas in  i s  r ough l y  about 80 m i l e s  ac ross  f rom 
eas t  t o  west and i s  mos t l y  w i t h i n  t h e  Valdez and Gulkana quadrangles o f  
t h e  U.S. Geo log ica l  Survey topograph ic  map s e r i e s .  The eas te rn  and south-  
e r n  p a r t s  o f  t he  Copper R i ve r  area a r e  a c c e s s i b l e  by t h e  Richardson, Glenn, 
and Edgerton Highways. The r lena l i  tiighway crosses t h e  n o r t h e r n  end. Small 
l and ing  f i e l d s  a r e  l oca ted  a t  a number o f  t h e  se t t l emen ts  a long  t h e  highways 

The e a r l y  h i s t o r y  and development o f  t he  r eg ion  a r e  c l o s e l y  t i e d  t o  
t he  fanlous Kennecott Copper Corporat  i on  mines l oca ted  i n  t h e  Wrangel l Moun- 
t a i n s  near  McCarthy, on t h e  n o r t h  s i d e  o f  t he  C h i t i n a  V a l l e y .  Recent i n -  
t e r e s t  i n  t h e  r eg ion  has been d i r e c t e d  towards de te rmin ing  t he  pe t ro leum 
p o s s i b i l i t i e s  o f  t h e  Mesozoic s e c t i o n  o f  t h e  Copper R ive r  bas in .  



The a l t i t u d e  o f  t h e  !owlands i n  t h e  b a s i n  i s  between 2,000 and 
3,000 f e e t  above sea l e v e l .  It i s  occ ! l p ied  by numerous l a k e s  and i s  
r i r a i n c d  p r i n c i p a l l y  by t h e  Copper R i v e r ,  w h i c h  has I t s  o u t l e t  i n  t h e  
F u l f  o f  A l a s k a ;  d r a i n a q c  i s  p o o r l y  deve loped o v e r  a  l a r g e  a rea ,  and 
qround t r a v e l  i s  d i f f i c u l t .  The mounta ins  b o r d e r i n q  t h e  b a s i n  a r e  
h i g h  and rugged and have been t h e  sou rce  o f  many g l a c i e r s  wh ich  have 
supp l  i e d  d r i f t  coverage i n  t h e  l ow lands  arid c r e a t e d  t h e  innumerab le  
sma l l  g l a c i a l  l a k e s .  G l a c i e r s  a r e  s t i l l  abundant i n  t h e  A laska ,  
Wrange l l ,  and Chugach ranges.  M t .  B l a c k b u r n  and M t .  San fo rd  i n  t h e  
W r a n g e l l s  a r e  b o t h  o v e r  16,000 f e e t  h i g h .  The 84 ,000- foo t -h igh  M t .  
Wrange l l  v o l c a n o  e m i t s  smoke and steam. 

The c l i m a t e  i s  much more a r i d  than i n  t h e  c o a s t a l  r e g i o n s :  a t  
Copper R i v e r  t o w n s i t e  t h e  average annua l  p r e c i p i t a t i o n  i s  b a r e l y  9 
i nches .  The r e g i o n  i s  i n  t h e  h n l t  o f  d i s c o n i i n u o u s  p e r m a f r o s t .  

The geo logy o f  p o r t i o n s  o f  t h e  p r o v i n c e  has been d e s c r i b e d  and 
mapped by Chapin ( 1 9 1 8 ) ~  N e r t  i e  (1327) ,  Mo f f i  t (19381, Capps (19401, 
and Andreason and o t h e r s  (1964).  

Sed imentary  Rocks 

The Copper R i v e r  B a s i n  i s  Cenozoic b u t  t h e  s o u t h e r n  p a r t  i n c l u d e s  
a  t h i c k  sequence o f  Mesozoic sediments o f  t h e  Matanuslta g e o s y n c l i n e  
( ~ a y n e ,  1955) .  The deepest  t e s t  w e l l  i n  t h e  b a s i n  was d r i l l e d  t o  
8,837 f e e t  and was s t i l l  i n  J u r a s s i c  sed iments .  Most o f  t h e  u n i t s  
have been da ted  a p p r o x i m a t e l y  by m a r i n e  f o s s i l s  b u t  c o m p l i c a t e d  
s t r u c t u r e ,  r a p i d  changes i n  l i t h o l o g y  and t h i c k n e s s e s ,  and e x t e n s i v e  
e r o s i o n  make some c o r r e l a t i o n s  d o u b t f u l  and c o n f u s i n g .  A l t h o u g h  most 
o f  1-he p r c - T e r t i a r y  u n i t s  a r e  c l e a r l y  m a r i n e  o r  m a r g i n a l  mar ine ,  t h e r e  
a r e  s e v e r a l  t h i c k  sandstone and cong lomerate  s e c t i o n s  o f  i n t e r e s t  ex-  
posed i n  t h e  C h i t i n a  v a l l e y  a rea  and t o  a l e s s e r  e x t e n t  i n  t h e  sou th -  
wes te rn  p a r t  o f  t h e  b a s i n  i n  and n o r t h  o f  t h e  upper  Matanuska V a l l e y .  
The s t . r a t i g r a p h i c  u n i t s  a r e  remnants o f  t h e  o n c e - e x t e n s i v e  d e p o s i t s  
wh ich  i n  p a r t  ex tend  beneath  t h e  n u n t e r n a r y  cove r  i n  t h e  Copper R i v e r  
b a s i n .  Sorne o f  t h e  Mesozoic sandstones a r e  a r k o s i c  and t u f f a c e o u s ,  
and c o n t a i n  a sma l l  amount o f  carbonaceous m a t e r i a l ,  d i scussed  i n  t h e  
F o l l o w i n g  summary o f  t h e  s t r a t i g r a p h y .  The T e r t i a r y  beds a r e  o f  con- 
t i n e n t a l  o r i g i n  and a r e  p r o b a b l y  t h e  most i n t e r e s t i n g  r o c k s  i n  t h e  
r e g i o n  w i t h  r e s p e c t  t o  u ran ium p o t e n t i a l ,  a l t h o u g h  o u t c r o p s  a r e  v e r y  
1 i n i i t e d .  G e n e r a l i z e d  s t r a t i g r a p h i c  s e c t i o n s  f o r  t h e  e a s t  and west  
s i d e s  o f  t h e  b a s i n  a r c  shown i n  f i g u r e s  D4 and D5. 

D e s c r i p t i o n s  o f  much o f  t h e  s t r a t i g r a p h y  i s  n e c e s s a r i l y  based upon 
worlt i n  t h e  upper p a r t  o f  t h e  C h i t i n a  v a l l e y ,  as much as  100 m i l e s  f r o m  
t h e  Copper R i v e r  b a s i n  l ow lands ,  where o u t c r o p s  a r e  a v a i l a b l e  f o r  ex-  
a m i n a t i o n  and where m i n i n g  has been i m p o r t a n t .  Gran tz  (1965)  produced 
a  d e t a i l e d  map and c r o s s  s e c t i o n s  o f  t h e  wes te rn  f l a n k  o f  t h e  b a s i n  t h a t  
show s u b d i v i s i o n s  o f  t h e  Mesozoic u n i t s  and i l l u s t r a t e  t h e  complex s t r u c -  
t u r e  a l o n g  t h e  e a s t e r n  s i d e  o f  t h e  T a l k e e t n a  Mounta ins .  The i n t r u s i v e  
r o c k s  and metamorphic complexes i n  t h e  n o r t h e r n  and n o r t h w e s t e r n  p a r t s  
o f  t h e  Copper R i v e r  b a s i n  have most r e c e n t l y  been mapped by T.E. Smi th  
(1973,  p .  3 -6 ) .  L imestone i s  d o l o m i t i c  i n  p a r t  and t h e  h o s t  f o r  t h e  
mass ive  copper  d e p o s i t s  nea r  K e n n i c o t t ,  wherc i t  i s  up t o  3,000 f e e t  
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t h i c k .  A 3 0 0 - f o o t - t h i c k  f o r m a t i o n  c o n s i s t i n g  o f  impure s p i c u l i t e  and 
coqu ina  o v e r l i c s  t h e  McCarthy Sha le  i n  t h e  McCarthy C - 5  quadrang le  
(MacKevet t ,  1971, p.  1 5 ) .  

Severa l  thousand f e e t  o f  a l t e r e d  m a r i n e  p y r o c l a s t i c s  r o c k s  o f  t h e  
Lower J u r a s s i c  T a l k e e t n a  Fo rmat ion  a r e  p r e s e n t  as l a v a s  and t u f f a c e o u s  
sed iments  i n  t h e  T a l k e e t n a  and Chugach Mounta ins  (Gran tz ,  1965) .  Mar ine  
sed imen ta ry  r o c k s  o f  E a r l y  J u r a s s i c  age o c c u r  i n  t h e  upper C h i t i n a  v a l l e y .  
Thus t h e  s o u t h e a s t e r n  p a r t  o f  t h e  Copper R i v e r  b a s i n  may c o n t a i n  a  Lower 
J u r a s s i c  r o c k  f a c i e s  t r a n s i t i o n a l  between t h e  l a v a - b e a r i n g  T a l k e e t n a  Fo r -  
m a t i o n  ai id t h e  sed imentary  rocks  o f  t h e  upper  C h i t i n a  v a l l e y  ( ~ n d r e a s o n  
and o t h e r s ,  1964, p .  138 ) .  M o - f f i t  (1938,  p .  62)  s t a t e s  t h a t  M i d d l e  and 
Upper J u r a s s i c  r o c k s  a r e  w i d e l y  d i s t r i b u t e d  i n  t h e  C h i t i n a  v a l l e y ,  b u t  
occupy o n l y  a srnal l  t o t a l  a rea .  They i n c l u d e  s e v e r a l  thousand f e e t  o f  
t u f f ,  s h a l e ,  l i m e s t o n e ,  sandstone,  and cong lomerate .  W h i l e  t h e  J u r a s s i c  
sed iments  a r e  c o n s i d e r e d  t o  be o f  m a r i n e  o r i g i n ,  one u n i t  o f  t u f f a c e o u s  
cong lomera te  may be o f  i n t e r e s t  w i t h  r e s p e c t  t o  p o s s i b l e  u ran ium c o n t e n t .  
T h i s  u n i t ,  t h e  K o t s i n a  Conglomerate ( M o f f i t ,  1933, p .  62-64) unconformably  
o v e r l i e s  t h e  N i k o l a i  Greenstone and T r i a s s i c  s h a l e  and l i m e s t o n e  on t h e  
e a s t  s i d e  o f  t h e  Copper R i v e r  and n o r t h  o f  t h e  C h i t i n a  R i v e r  between t h e  
K o t s i n a  and Cheshnina v a l l e y s .  The u n i t  i s  a t  l e a s t  1,500 f e e t  t h i c k ,  and 
c o n s i s t s  o f  pebb les  o f  a r g i l l i t e ,  d i o r i t e ,  g reens tone ,  and q u a r t z  i n  a  
t u f f a c e o u s  m a t r i x . M o f f i t  (1938, p l .  2 )  i n d i c a t e s  t h e  I<o ts ina  Conglomerate 
u n d e r l i e ( ,  about  50 square  m i l e s  and forms s teep  c l i f f s  i n  t h e  moun ta ins .  

The M i d d l e  J u r a s s i c  i s  rep resen ted  i n  t h e  sou thwes te rn  p a r t  o f  t h e  
Copper R i v e r  b a s i n  a r e a  by t h e  Tuxedni  Fo rmat ion  wh ich  o v e r l i e s  t h e  T a l k e e t n a  
For t i la t ion  ( c h a p i n ,  1918, p l .  1 1 ;  G ran tz ,  1960, 1965) .  I t  i s  c o n s i d e r e d  t o  
be e n t i r e ! y  mar ine  and t o  c o n s i s t  o f  b u f f  sandstone,  s o f t  sandy s h a l e ,  and 
a  s m a l l e r  amount o f  dark-brown a r k o s i c  sandstone c o n t a i n i n g  "blacl: m i n e r a l s "  
( c h a p i n ,  1918, p .  3 2 ) .  I t  may reach 1,000 f e e t  i n  t h i c k n e s s  i n  t h e  Matanuska 
Val l e y .  

Crel.aceous m a r i n e  sediments occupy a  l a r g e  p a r t  o f  t h e  upper  C h i t i n a  
v a l l e y .  The beds i n c l u d e  b l a c k  s h a l e ,  sandstone,  cong lomerate ,  g r i t ,  and 
sandy s h a l e ,  b u t  no l i m e s t o n e .  Large masses o f  g r a n i t e  and q u a r t z  d i o r i t e  
c u t  t h e  beds. A d i s t i n c t  unconfc-!rmi t y  separa tes  t h e  Cre taceous f r o m  t h e  
o l d e r  sediments and i t  i s  n o t a b l y  l e s s  f o l d e d  and f a u l t e d .  The Cretaceous 
sed iments  i n  t h e  C h i t i n a  V a l l e y  and a d j a c e n t  area have been d e s c r i b e d  by 
M o f F i t  (1338.  p .  76) as f o r m i n g  a  sequence w i t h  a  t o t a l  t h i c k n e s s  o f  a t  
least 6,000 f e e t ,  b u t  nowhere i s  t h e r e  a  comple te  Cretaceous s e c t i o n .  

More r e c e n t l y ,  Jones and MacKevett (1969) d i v i d e d  t h e  Cre taceous rocks  
i n  t h e  McCarthy quadrang le ,  n o r t h  o f  t h e  C h i t i n a  V a l l e y ,  i n t o  f i v e  f o r -  
m a t i o n s :  t h e  K e n n i c o t t ,  Moonshine, Schu lze ,  C h i t i t u ,  and McCol l  Ridge.  

F o l l o w i n g  a  genera l  u p l i f t  a t  t h e  c l o s e  o f  t h e  Cretaceous o r  a t  t h e  
b e g i n n i n g  o f  T e r t i a r y  t i m e ,  a  \31ide, low d e p r e s s i o n  was deve loped i n  t h e  
Copper R i v e r  r e g i o n .  T e r t i a r y  c o n t i n e n t a l  sed iments ,  wh ich  i n c l u d e d  sand- 
s t o n e ,  cong lomerate ,  s i l t s t o n e ,  c l a y s t o n e ,  and l o c a l l y ,  beds o f  c o a l ,  were 
d e p o s i t e d  o v e r  t h i s  a rea .  The r o c k s  a r e  c o n s i d e r e d  t o  be Eocene on t h e  
b a s i s  o f  p o o r l y  p rese rved  p l a n t  remains  offit it, 1938, p .  9 7 ) .  Lava f l o w s  
and p y r o c l a s t i c  d e p o s i t s  o f  T e r t i a r y  t o  Recent age a r e  e x t e n s i v e  around t h e  
v o l c a n i c  c e n t e r s  i n  t h e  \ { r a n g e l l  Mounta ins .  



Because g l a c i a l  and a l l u v i a l  d e p o s i t s  o f  Q u a t e r n a r y  age now mask t h e  
o l d e r   sediment.^ i n  t h e  b a s i n  by t h i c k n e s s e s  o f  600 f e e t  o r  more i n  p l a c e s  
and p o s s i b l y  as much as 1,000 f e e t  ( ~ n d r e a s o n  and o t h e r s ,  1964, p .  138),  
t h e  t h i c k n e s s  and d i s t r i h u t i o n  o f  t h e  T e r t i a r y  a r e  n o t  w e l l  known. A 
l i m i t e d  amount o f  i n f o r m a t i o n  i s  p r o v i d e d  by  seven e l e c t r i c  l o g s  f o r  
p e t r o l e u m  t e s t  w e l l s ,  b u t  d e t a i l e d  d e s c r i p t i o n s  o f  t h e  l i t h o l o g i e s  do n o t  
seem t o  be a v a i l a b l e .  The combined t h i c k n e s s  o f  t h e  Q u a t e r n a r y  and T e r t i a r y  
sed iments  ranges f rom 0  t o  2,630 f e e t ,  as shown by t h e  t o p  o f  t h e  Cre taceous.  
The t h i c k e s t  s e c t i o n  was p e n e t r a t e d  by A t l a n t i c ' s  Rainbow I ,  30 m i l e s  n o r t h -  
west  o f  Gulkana J u n c t i o n .  

T e r t i a r y  sed iments  can be seen i n  o u t c r o p  i n  two genera l  a reas  i r i  t h e  
Copper R i v e r  b a s i n  r e g i o n :  i n  t h e  n o r t h e a s t e r n  p a r t  between t h e  C h i s t o c h i n a  
R i v e r  and t h e  R ichardson Highway, and i n  t h e  sou thwes te rn  p a r t  n o r t h  o f  t h e  
Glenn Highway and on t h e  wes te rn  s i d e  o f  t h e  T a l k e e t n a  l4ountains ( ~ r a n t z ,  
1960a, 1960b, 1965) .  

Eocene sed iments  i n  t h e  n o r t h e a s t  p a r t  c o n s i s t  o f  more than  2,000 f e e t  
o f  s e c t i o n ,  w h i c h  has been named t h e  Gakona Format ion   enden en hall, 1905, 
p .  52-53 ) .  The l a r g e s t  o u t c r o p  l i e s  a d j a c e n t  t o  t h e  e a s t e r n  s i d e  o f  Gakona 
G l a c i e r  and c o v e r s  20 t o  25 square m i l e s .  A basa l  cong lomerate  h e r e  i s  n o t  
l e s s  than  500 f e e t  t h i c k  and i s  made up o f  coa rse ,  i n d u r a t e d  igneous r o c k s  
t h a t  d i p  eastward  and appear t o  pass beneath  s o f t ,  f i s s i l e  o r  mass ive ,  g r a y  
o r  b u f f - . c o l o r e d  s h a l e s  wh ich ,  w i t h  i n t e r b e d d e d  g r a v e l ,  sand, and l i g n i t e  
beds,  e x t e n d  t o  t h e  head o f  the. west  f o r k  o f  t h e  C h i s t o c h i n a  R i v e r .  

l  gneous Rocks 

A w ide  v a r i e t y  o f  i n t r u s i v e  and e x t r u s i v e  r o c k s  a r e  p r e s e n t  i n  t h e  
h i l l s  and mounta ins  s u r r o u n d i n g  t h e  Copper R i v e r  b a s i n .  These were emplaced 
d u r i n g  numerous p e r i o d s  o f  a c t i v i t y .  F low r-ocks a r e  exposed o v e r  l a r g e  a r e a s ,  
b u t  i n t r u s i v e  r o c k s ,  w h i l e  w i d e l y  d i s t r i b u t e d ,  c r o p  o u t  i n  r e l a t i v e l y  few 
p l a c e s .  

V o l c a n i c  f l o w s  a r e  p r e s e n t  as a  m a j o r  p a r t  o f  t he  C a r b o n i f e r o u s  and 
o l d e r  sequences e x t e n d i n g  a c r o s s  t h e  n o r t h e r n  marg in  o f  t h e  Copper R i v e r  
b a s i n  i n  t h e  f o o t h i l l s  o f  t h e  A laska  Range. Lavas a r e  a l s o  c o n s t i t u e n t s  o f  
t h e  Carboni.Ferous sequences i n  t h e  C h i t i n a  v a l l e y  ( ~ n d r e a s o n  and o t h e r s ,  
1964, p l .  24 ;  and Chapin,  1918, p l .  11) .  A 4 ,000 - foo t  sequence o f  b a s a l t i c  
l a v a s  i s  p r e s e n t  i n  t h e  Wrange l l  Mounta ins  as a  p a r t  o f  t h e  Permian S t a t i o n  
Creek Fo rmat ion  ( s m i t h  and MacKevet t ,  1970, p .  Q6) .  

The Ta l  keetna Mounta ins  i n c l u d e  a  l a r g e  c o r e  o f  q u a r t z  d i o r i  t e  and 
g r a n i t e  t o  t h e  west  o f  t h e  Copper R i v e r  b a s i n .  The i n t r u s i v e s  range i n  
age f r o m  C a r b o n i f e r o u s  t o  Cre taceous.  T u f f s  and f l o w s ,  i n  genera l  a n d e s i t i c  
b u t  r a n g i n g  i n  composit: ion f rom r h y o l i t e  t o  b a s a l t ,  a r e  a l s o  p r e s e n t  i n  t h e  
T a l k e e t n a  and Chugach t l oun ta ins  as t h e  l ower  p a r t  o f  t h e  T a l k e e t n a  Fo rmat ion .  
I n  t h i s  genera l  a r e a  numerous sma l l  l i g h t - c o l o r e d  g r a n i t i c  and p o r p h y r i t i c  
i n t r u s i v e s  a r e  s c a t t e r e d  between t h e  Copper R i v e r  and K l u t i n a  R i v e r .  A  
b e l t  o f  f e l s i c  r o c k s  t r e n d i n g  n o r t h e a s t  between t h e  headwaters o f  t h e  
Kashwitna R i v e r  and t h e  west  f o r k  o f  K ings  R i v e r  has been mapped by  members 
o f  t h e  A laska  S t a t e  Survey (ADGGS,  1374, p .  14-15) .  T h i s  b e l t  has been 
mapped f o r  8 m i l e s ,  b u t  i t s  t o t a l  e x t e n t  i s  n o t  known. Rocks range i n  com- 
p o s i t i o n  f r o m  q u a r t z  monzon i te  t o  g r a n i t e ,  and l o c a l l y  may be c l a s s i f i e d  as 



a l a s k i t e .  These rocks  may have a  p o t e n t i a l  f o r  v e i n - t y p e  uranium d e p o s i t s .  

Younger i n t r u s i v e s ,  Upper J u r a s s i c  t o  post-Eocene, occu r  i n  t h e  C h i t i n a  
v a l l e y  and a d j a c e n t  a reas .  These i n c l u d e  g r a n o d i o r i t e ,  q u a r t z  l a t i t e ,  q u a r t z  
d i o r i t e ,  g r a n i t e ,  and s y e n i t e   offit it, 1938, p .  106-107). 

The T r i a s s i c  N i k o l a i  Greenstone o v e r l i e s  t h e  Lower Permian l avas  and 
sediments and occup ies  numerous areas  i n  t h e  Wrangel l  Mountains and a l o n g  
on t h e  n o r t h  s i d e  o f  t h e  C h i t i n a  v a l l e y  f o r  100 m i l e s .  I t  i s  a  t h i c k  se- 
quence o f  b a s a l i t i c  f l o w s ,  w e l l  known because o f  the  a s s o c i a t e d  copper de- 
p o s i t s  i n  t h e  K e n n i c o t t  mines near  McCarthy. The p r imary  m i n e r a l s  i n  t h e  
l a v a ,  i n  o r d e r  o f  abundance, a r e  a u g i t e ,  l a b r a d o r i t e ,  i r o n  o r e s ,  a p a t i t e ,  
01  i v i n e ,  and o r tho rhomb ic  p r y o x i n e   offit it, 1938, p.  39 ) .  The lavas  t h a t  
a c t u a l l y  make up  t h e  b u l k  o f  t h e  Wrangel l  Mountains a r e  those  o f  t h e  \ / r a n g e l l  
Lava Format ion  o f  Eocene and Qua te rna ry  age. Andes i te  i s  t h e  c h i e f  rock  
t ype ,  bu t  some b a s a l t  and d a c i t e  a r e  p r e s e n t .  B a s a l t i c  l avas  and minor  f e l -  
s i c  e x t r u s i v e s  and p y r o c l a s t i c s ,  c o n t a i n i n g  Eocene p l a n t s ,  p o s s i b l y  e q u i v a l e n t  
t o  t h e  Wrangel l  l a v a ,  a r e  widespread i n  t h e  southern  Ta lkeetna Mountains.  

The l i t e r a t u r e  on t h e  igneous rocks  o f  t h e  Copper R i v e r  b a s i n  r e g i o n  
i n d i c a t e s  t h a t  b a s i c  compos i t i ons ,  e s p e c i a l l y  b a s a l t i c  and a n d e s i t i c ,  may 
predominate.  However, i n t e r m e d i a t e  t o  a c i d i c  i n t r u s i v e s  a r e  p resen t  i n  a  
l a r g e  p a r t  o f  t h e  Ta l kee tna  Mountains,  and smal l  amounts c r o p  o u t  i n  t h e  
southern  p a r t  o f  t h e  b a s i n  west o f  t h e  Copper R i v e r  and i n  t h e  C h i t i n a  v a l l e y .  
Many t ypes  o f  b o t h  sed imentary  and igneous rocks  were p robab ly  be ing  eroded 
d u r i n g  d e p o s i t i o n  o f  t h e  Eocene nonmarine sediments i n  t h e  Copper R i v e r  b a s i n ,  
and i t  appears t h a t  i n t e r m e d i a t e  t o  a c i d i c  types  c o u l d  have c o n t r i b u t e d  s i g -  
n i f  i c a n t  amounts. 

S t r u c t u r e  

The Lower J u r a s s i c  Se ldov ia  and Ta l kee tna  g e a n t i c l i n e s  t r e n d  th rough  
t h e  n o r t h e r n  p a r t  o f  t h e  Chugach Mountains and t h e  n o r t h e r n  h a l f  o f  t h e  
Copper R i v e r  b a s i n ,  r e s p e c t i v e l y  (Payne, 1955). Between t h e  g e a n t i c l i n e s  
l i e  sedimentary rocks  depos i ted  i n  t h e  Matanuska g e o s y n c l i n e  d u r i n g  t h e  
Mesozoic e ra .  These sediments t r e n d  i n t o  t h e  Matanuska V a l l e y  t o  t h e  west 
and i n t o  t h e  C h i t i n a  v a l l e y  t o  t h e  sou theas t .  The Mesozoic sediments fo rm 
a  sequence hav ing  a  t h i c k n e s s  o f  a t  l e a s t  8,900 f e e t  where t h e  a x i s  o f  t h e  
nar row Matanuska g e o s y n c l i n e  c rosses t h e  southern  p a r t  o f  t h e  Copper R i v e r  
bas in .  

The C a s t l e  Mountain t h r u s t  f au l t ,wh ich  i s  a  major  f e a t u r e  on t h e  n o r t h  
s i d e  o f  t h e  Matanuska Val ley, p robab ly  extends eastward i n t o  t h e  Copper R ive r  
b a s i n  as a  s e t  o f  n o r t h e a s t - t r e n d i n g  branch f a u l t s .  F o l d i n g  o f  t h e  bedded 
rocks  i n  t h e  r e g i o n  i s  pronounced i n  t h e  Carbon i fe rous  rocks  but  becomes 
p r o g r e s s i v e l y  l e s s  so i n  t h e  younger s t r a t a .  Mesozoic beds on t h e  western  
edge o f  t h e  b a s i n  n e x t  t o  t h e  Ta l kee tna  Mountains a r e  g e n e r a l l y  f l a t  l y i n g ,  
except  where f a u l t e d  ( ~ r a n t z ,  1960). The T e r t i a r y  sediments a r e  a p p a r e n t l y  
n e a r l y  h o r i z o n t a l  wherever found i n  t h e  bas in .  

Economic Geology 

I t  i s  e s t i m a t e d  t h a t  about 3,500 square m i l e s  o f  t h e  Copper R ive r  bas in  
i s  u n d e r l a i n  by La te  Mesozoic mar ine  rocks  t h a t  c o r r e l a t e  w i t h  t h e  sequence 
c o n t a i n i n g  i n d i c a t i o n s  o f  pe t ro leum i n  t h e  Cook I n l e t .  Sandstones o f  M idd le  



J u r a s s i c  t o  L a t e  Cretaceous age a r e  be1  i eved  t o  o f f e r  t h e  b e s t  poss i b i  1 i t  i e s  
f o r  p e t r o l e u m  i n  t h e  Copper R i v e r  b a s i n  (IJSGS, 1964, p.  5 3 ) .  Ev idence o f  
p e t r o l e u m  c o n s i s t s  o f  a  f e t i d  odo r  i n  a few o f  t h c  Cre taceous beds,  gas shows 
i n  t e s t  w e l l s ,  and s e v e r a l  gas seepages a t  t he  s u r f a c e .  As o f  1969, e i g h t  
u n s u c c e s s f t ~ l  we1 1s had been d r i  l l e d  t o  depths  r a n g i n g  f r o m  2,793 t o  8,837 
f e e t .  

The T e r t i a r y  sediments a r e  n o t  c o n s i d e r e d  l i k e l y  t o  be p e t r o l e u m  r e -  
s e r v o i r s ,  b u t  t h e y  may t ! i i c k e n  l o c a l l y  and c o n t a i n  some o i l  o f  Mesozoic 
o r i g i n  and methane gas. T h i s  p o s s i b i l i t y  i s  o f  i n t e r e s t  because p e t r o l e u m  
hydrocarbons a r e  be1 ieved  t o  sometimes p r o v i d e  a  r e d u c i n g  env i ronment f o r  
u ran ium d e p o s i t s  (Taucher,  1971, p .  5 ) .  

Numerous p u b l i c a t i o n s  i n c l u d e  d e s c r i p t i o n s  o f  t h e  many o r e  d e p o s i t s  i n  
t h e  r e g i o n ,  wh ich ,  i f  t h e  McCarthy a rea  i s  i n c l u d e d ,  i s  one o f  t h e  r i c h e s t  
m i n e r a l i z e d  p a r t s  01' A laska .  Gold and copper hzve been most deve loped.  E x -  
c e r p t s  f rom Berg and Cobb (1967, p. 37-65) a r e  g i v e n  I n  an e f f o r t  t o  summarize 
t h e  i n f o r m a t i o n  on t h e  geo logy and show t h e  v a r i e t y  o f  m i n e r a l s  i n  t h e  t h r e e  
recogn ized  m i n i n g  d i s t r i c t s  w i t h i n  t h e  s t u d y  a r e a .  

I'he M e s o z o i c  rocks a r e  c?conomica.lly i m p o r t a n t  i n  the C h i s t o -  
c h i n a  d i s t r i c t  becaus t?  t h e y  j n c l u d c  t h e  N i k o l a i  G r w n s t o n e  and o v e r -  
3 y i n g  C h i t i s t o n e  % - i m e s t o n f ? ,  w h i c h ,  i n  the  I Z o t s i n a - ~ K u s k u l a n a  a r e a ,  a r e  
h o s t  t o  n u m e r o u s  c o p p e r  l o d e s .  

C o p p e r ,  y o l d ,  s i l v e r ,  and  mol  yhdenum lodc2s .in the  C h i s t o c h i n a  
d i s t r i c t  w e r e  p r o s p e c t e d  f r o m  a b o u t  1.898 t o  1 9 4 0 ;  the  g r e a t e s t  e x -  
p l o r a t i o n  a c t i v i t y  was p r i o r  t o  1 9 3 0 .  I . r o n ,  l e a d ,  z i n c ,  and b i s m u t h  
n l s o  o c c u r  i n  some o f  the l o d e s ,  b u t  n o  a t t e m p t  h a s  b e e n  made t o  e x -  
p l o i t  these m e t a l s .  Most o f  the p r o s p e c t s  a r e  b e t w e e n  the  C h i t i n a  
R i v e r  and the  crcst o.f the Wrangel.1 M o u n t a i n s  i n  an  a r e a  d r a i n e d  b y  
the K o t s i n a  and K u s k u l a n a  R i v e r s .  A t y p i c a l  c o p p e r  d e p o s i t  i n  the  
N i l t o l a i  G r e e n s t o n e  i n  the Coppc?r Creek a r e a  .is i n  s h e a r e d  o r  b r e c c i a t e d  
g r e e n s t o n e  and c o n s i s t s  of s m a i l  . i r k e g u l  a r  v e i n l e t s  o f  q u a r t z ,  c a l c i t e ,  
and e p i d o t e ,  and s u b o r d i n a t e  b o r n i t e ,  c h a l c o p y r i t e ,  c h a l c o c i t e ,  e n a r g i t e ,  
m a l a c h i t e ,  a z u r i t e ,  p y r i t e ,  and l i m o n i t e .  It common1 y i s  w i t h i n  a  f e w  
h u n d r e d  feet  o.f the t o p  o f  the q r e e n s t o n e .  

T h e  m o s t  t h o r o u g h l y  e x p l o r e d  c o p p e r  d e p o s i t  o n  C o p p e r  Creek i s  
t h e  Mulle l l  p r o s p e c t  whcrc? thc? l o d e  c o n s . i s t s  o f  veins of c a l c i t e ,  py- 
r i t e ,  b o r n i t e ,  c h a l c o p y r i t e ,  cove l l i t e ,  l i m o n i t e ,  m a l a c h i t e ,  and  
a z u r i t e  i n  b r e c c i a t e d  l i m e s t o n e .  S a m p l e s  o f  the t w o  p r i n c i p a l  veins 
a s s a y e d  1.55-5.82 p e r c e n t  c o p p e r ,  a  t r a c e  o f  y o l d ,  and a s  much a s  0.28 
o u n c e s  o f  silver p e r  ton.  T o t a l  i n d i c a t e d  r e s o u r c e s  o f  the t w o  veins 
i s  aboi l t  1 , 3 6 0  t o n s .  

Other  m i n e r a l s  r e p o r t e d l y  p r e s e n t  i n  t h e  C h i s t o c h i n a  d i s t r i c t  i n c l u d e  
t e t r a h e d r i t e  and b i s m u t h i n i t e  on t h e  Kluvesna R i v e r ;  s p h a l e r i t e  and ga lena  
w i t h  copper and i r o n  m i n e r a l s  have been found i n  t h e  S lana a reas  i n  t h e  
n o r t h e a s t e r n  p a r t  o f  t h e  Copper R i v e r  b a s i n ;  molybdenum, m a i n l y  i n  a  peg- 
n i a t i t c  d i k e ,  was found on Rock Creek, a l s o  i n  t h e  Slana a rea .  



N e l c h i n a  District - 

T h e  N e l c h i n a  d i s t r i c t  i s  t h e  a r e a  d r a i n e d  b y  e a s t - f l o w i n g  
t r i b u t a r i e s  o f  the C o p p e r  R i v e r  f r o m  GulF-nna o n  the  n o r t h  t o ,  
b u t  e x c l u d i n g ,  the  T u s n a n a  ~ i v e r  on t h e  s o u t h .  

L o d e s  i n  the N e l c h i n a  d i s t r i c t  h a v e  b e e n  p r o s p e c t e d  f o r  g o l d ,  
silver, m a n g a n e s e ,  and c h r o m i t e ,  T h e  g o l d  l o d e s ,  w h i c h  a l s o  con- 
t a i n  a  l i t t l e  c o p p e . r ,  l e a d ,  and  z i n c ,  a r e  m a i n l y  i n  a n  a r e a  s o u t h -  
e a s t  o f  T o n s i n a  L a k e ,  the s i t e  o f  c o n s i d e r a b l e  e x p l o r a t i o n  e a r l y  
i n  the p r e s e n t  c e n t u r y .  On D u s t  M o u n t a i n ,  a t  the  n o r t h e a s t e r n  e n d  
o f  the i n t r u s i v e ,  a  b o d y  o f  m a s s i v e  c h r o m i t e  a s  much a s  1 0  feet  
th ick  i s  e x p o s e d  for  a  d i s t a n c e  o f  7 5  f ee t .  S a m p l e s  o f  the richest 
m a t e r i a l  a s s a y  36 .0 -57 .7  p e r c e n t  c h r o m i t e ,  w i t h  a  c h r o m e - i r o n  r a t i o  
o f  1 . 2 0 - 3 . 0 6 .  A s s a y s  a l s o  s h o w  t r a c e s  o f  nickel and p l a t i n u m .  

N i z i n a  District 

T h e  d i s t r i c t  i s  d o m i n a t e d  i n  the  s o u t h  b y  the  C h u g a c h  M o u n t a i n s ,  
i n  t:he n o r t h e a s t  b y  the  S t .  E l i a s  M o u n t a i n s ,  and  i n  the n o r t h w e s t  b y  
the  W r a n g e l l  M o u n t a i n s .  W i t h i n  these r e g i o n s  o f  h i g h  r e l i e f  and  l a r g e  
f i e l d s  o f  p e r e n n i a l  ice and s n o w ,  t h e  on111 1 a . r y e  l o w l - a n d  a r e a  i s  t h e  
v a l l - e y  o f  the  C h i t i n a  R i v e r .  

L o d e s  c o n t a i n i n g  c o p p e - r ,  .si.Lver, g o l d ,  l e a d ,  z i n c ,  m o l y b d e n u m ,  
and n i c k e l  o c c u r  i n  the  N i z i n a  d i s t r i c t ,  b u t  o n l y  the l o d e s  b e a r i n g  
copper a n d  precious m e t a l s  have been the s o u r c e s  of s u b s t a n t i a l  a -  
m o u n t s  of ore. T h e  p e r i o d  of g r e a t e s t  . l o d e  p r o s p e c t i n g  and m i n e  d e -  
v e l o p m e n t -  was  f r o m  1 9 0 0  t o  1 9 3 8 ,  when mo.re t h a n  a  b i l l i o n  p o u n d s  o f  
c o p p e r  was  r e c o v e r e d ,  n e a r 1  y a.19 from the I t e n n i c o t t  m i n e s .  !rhe g r o u p  
o f  p r o p e r t i e s  known a s  t:he I c e n n e c o t t  m i n e s  i n c l u d e s  the B o n a n z a ,  Jumbo ,  
E r i c ,  and  M o t h e r  l o d e  m i n e s ,  l o c a t e d  a t  a l t i t u d e s  o f  4 , 0 0 0 - 6 , 0 0 0  feet  
i n  t h e  m o u n t a i n s  a b o u t  7 m i l e s  n o r t h  a n d  n o r t h - n o r t h e a s t  o f  M c C a r t h y .  
T h e  u n d e r g r o u n d  w o r k i n g s  i n  the f o u r  m i n e s  w e r e  i n t e r c o n n e c t e d  and  
t o t a l e d  a b o u t  7 0  m i l e s  i n  l e n g t h ,  the  d e e p e s t  w o r k i n g s  r e a c h i n g  a n  
a l t i t u d e  o f  a b o u t  2 , 8 0 0  f e e t .  T h e  m i n e s  c x p l - o i t e d  s e v e r a l  ore b o d i e s ,  
t h e  m o s t  i m p o r t a n t  o f  w h i c h  w e r e  the famous  Bonanza  and  Jumbo ve.ins--- 
veins t h a t  w e r e  u n i q u e  i n  t h a t  t h e y  c o n s t i t u t e d  the l a r g e s t  m a s s e s  o f  
a l m o s t  p u r e  c o p p e r  ore t h a t  h a v e  ever b e e n  d i s c o v e r e d .  T h e  Kennecott 
m i n e s  w e r e  i n  a l m o s t  c o n t i n u o u s  o p e r a t i o n  f r o m  1 9 1 1  t o  1 9 3 8 ,  d u r i n g  
w h i c h  t i m e  t h e y  y i e l d e d  m o s t  o f  the c o p p e r  p r o d u c e d  f r o m  A l a s k a .  T h e  
K e n n e c o t t  ore b o d i e s  w e r e  i n  C h i t i s t o n e  L i m e s t o n e  a  l i t t l e  a b o v e  the 
c o n t a c t  w i t h  the  N i k o l a i  Greenstone. T h e  ore o c c u r r e d  a s  v e i n s ,  
i r r e g u l a r  m a s s i v e  r e p l a c e m e n t s ,  and  s t o c k w o r k s ,  m o s t l y  i n  p a r t l y  
d o l o m i t i c  b e d s  i n  the  l o w e s t  3 0 0  feet  o f  t h e  C h i t i s t o n e  L i m e s t o n e .  

A b o u t  t h r e e - f o u r t h s  o f  the ore m i n e d  a t  Kennecott c o n s i s t e d  o f  
s u l f i d e  m i n e r a l s ,  o f  w h i c h  a n  e s t i m a t e d  95  p e r c e n t  w a s  c h a l c o c i t e .  
T h e  r e m a i n i n g  s u l f i d e s  w e r e  c h i e f l y  cove l l i t e  and  s p a r s e  t o  t r a c e  
a m o u n t s  o f  e n a r g i t e ,  b o r n i t e ,  c h a l c o p y r i t e ,  l u z o n i t e ,  t e n n a n t i t e ,  
p y r i t e ,  s p h a l e r i t e ,  and g a l e n a .  B e s i d e s  the  i m p o r t a n t  c o p p e r  d e p o s i t s ,  
other l o d e s  i n  the N i z i n a  d i s t r i c t  h a v e  b e e n  e x p l o r e d  f o r  g o l d ,  s i lver ,  
l e a d ,  m o l y b d e n u m ,  a n t i m o n y ,  a n d  n i c k e l .  

Prev ious R a d i o a c t i v i t y  I n v e s t i g a t i o n s  

The USGS examined t he  southwestern p a r t  o f  t he  Wrangell Mountains on 
the n o r t h  s i d e  o f  t he  upper C h i t i n a  v a l l e y  near McCarthy  o ox ham and Nelson, 



1952, p .  1 - 3 ) .  A p p a r e n t l y  l i t t l e  o r  no d a t a  on t h e  mines and o r e s  i n  
t h e  d i s t r i c t  a r e  a v a i l a b l e .  R e s u l t s  o f  t e s t s  on n i n e  samples c o l l e c t e d  
i n  t h e  McCarthy a r e a  by Moxham and Nelson a r e  g i v e n  be low:  

R a d i o a c t i v i t y  
Sanip 1 e  Loca t i on Type o f  m a t e r i a l  ( i n  p e r c e n t   el^) - - 

Spots  
checks 

Dan Creek 

Dan Creek t r i b u t a r y  
Rex Creek 

Young Creek 
N o r t h  o f  McCarthy 

N o r t h  o f  McCarthy 

Near Kenn i c o t  t 
O ' N e i l l  Mine,  Dan 

Creek 
C h i t i t u  Mines,  I n c .  

Rex Creek 
( 1 )  

Shale ( K e n n i c o t t  
f o rma t  i o n )  

Panned c o n c e n t r a t e  
Sha le  ( K e n n i c o t t  

f o r m a t  i o n )  
Panned c o n c e n t r a t e  
Sha le  ( ~ c ~ a r t h y  

f o r m a t  i o n )  
Greenstone ( ~ i k o l a i  

f o r m a t  i o n )  
G r a n i t e  
S l u i c e - b o x  c o n c e n t r a t e  

Sha le  ( ~ ( e n n i c o t t  I n s i g n i f i c a n t  
f o r m a t  i o n  

] s e v e r a l  l o c a l i t i e s .  

A s i n g l e  sample o f  t h e  heavy-minera l  f r a c t i o n  o f  g r a v e l  f rom Golconda 
Creek,  a  t r i b u t a r y  t o  C h i k i n a  and C h i t i n a  R i v e r s ,  produced eU o f  0.004 
p e r c e n t  . 

The a r e a  i n  t h e  Chugach Mounta ins  i n c l u d i n g  t h e  west  t r i b u t a r i e s  t o  
t h e  Copper R i v e r  between t h e  T ' ieke i  and Gulk.ana R i v e r s  has been c a l l e d  t h e  
K l u t i n a  d i s t r i c t .  Twenty-seven r a d i o a c t i v i t y  measurements o f  r o c k s  and 
s t ream c o n c e n t r a t e s  f rom t h e  a rea ,  t aken  f rom Moxham and Nelson (1952, p. 
4), ranged between 0.001 and 0.003 p e r c e n t  eU. 

Severa l  l o c a l i t i e s  i n  t h e  ex t reme n o r t h e a s t e r n  p a r t  o f  t h e  Copper P '  \ I v e r  
b a s i n ,  i n  t h e  C h i s t o c h i n a  d i s t r i c t ,  were t e s t e d  d u r i n g  1953 and 1954: 

L o c a l i t y  Type o f  d e p o s i t  -- R a d i o a c t i v i t y  References 

Rock Creek Mo lybden i te -bear -  0.004 p e r c e n t  eU Wedow and o t h e r s ,  1953, 
i n g  permat i t e  o r  l e s s  p.  6 ,  7 ;  Ne lson and 

o t h e r s ,  1954 

M i n e r a l  A 1  t e r e d  shear 0.001 p e r c e n t  Wedow and o t h e r s ,  1953, 
P o i n t  a r e a  zone c o n t a i n i n g  eU p.  6,  8; Ne lson and 

copper,  g o l d ,  o t h e r s ,  1954 
s i l v e r ,  and t r a c e s  
o f  n i c k e l  ( ? )  

Glenn High-  T e s t s  o f  con- 0.003 p e r c e n t  Wedow, K i l l e e n ,  and 
way between c e n t r a t e s  f r o m  eU o r  l e s s  o t h e r s ,  1954, p .  16-18 
Slana and (1 rave  1 s o f  
M i n e r a l  Lake streams c r o s s -  

i n g  highway 



L o c a l i t y  Type o f  depos i t  R a d i o a c t i v i t y  References 

S i l v e r  Creek Qua r t z  ve i ns ,  con- Veins c o n t a i n  Wedow, K i l l e e n ,  and o t h e r s ,  
area t a i n i n g  s i l v e r -  0.001 Percent eU; 1954, p .  11-18; Wedow and 

bea r i ng  galena d i o r i t e  con ta i ns  o t h e r s  1953, p. 6, 8 ;  Nelson 
and t e t r a h e d r i t e  as much as 0.005 and o t h e r s ,  1954 
w i t h  some g o l d  percen t  eU 
c u t t i n g  d i o r i t e  

nd ian  Qua r t z  ve i ns  0.004 percen t  Wedow and o t h e r s ,  1953, 
roup c o n t a i n i n g  eU p .  6, 7 ;  Nelson and 

s i  l v e r - b e a r i n g  o t h e r s ,  1954 
galena and 
t e t r a h e d r i t e ,  
c h a l c o p y r i t e ,  
ma lach i t e ,  and 
a z u r i t e  

An anomalous r a d i o a c t i v i t y  read ing  was repo r t ed  from an a i r b o r n e  sur -  
vey. E.G.  Bates recorded i n  Trace Elements P r e l i m i n a r y  Reconnaissance re -  
p o r t  A-1726, December 3 ,  1953, a  s c i n t i l l o m e t e r  read ing  o f  1.0 mr /hr  i n  t h e  
canyon o f  t h e  C h i t i s t o n e  R i v e r .  The background was 0.15 mr/hr .  No ground 
i n v e s t i g a t i o n  was made. A l though  o n l y  a  s i n g l e  read ing  was repo r t ed ,  i t  
seems t o  be s i g n i f i c a n t l y  h i g h  and t o  war ran t  fo l l ow-up  t e s t i n g .  The mouth 
o f  t h e  C h i t i s t o n e  R i ve r  v a l l e y  i s  10 m i l e s  east  o f  McCarthy. 

TERTIARY DEPOSITS AND GRANITIC ROCKS 
OF THE EAGLE-CtiARLEY R I V E R  AREA 

A b e l t  o f  nonmarine sedimentary rocks o f  Upper Cretaceous t o  P l i o c e n e ( ? )  
age l i e s  a long  the  south s i d e  o f  t h e  Yukon R i ve r  from t h e  i n t e r n a t i o n a l  
boundary t o  Woodchopper and Webber Creeks, which a re  east  o f  C i r c l e  ( f i g .  17) .  
The Upper Cre taceous-Ter t ia ry  sediments l i e  w i t h i n  a  few m i l e s  o f  (and a r e  
t o p o g r a p h i c a l l y  lower than) t he  l a r g e  !4esozoic, g r a n i t i c  Char ley  R i ve r  bath-  
o l i t h  t o  t he  south,  which p resen ts  a f avo rab le  s i t u a t i o n  f o r  t h e  accumulat ion 
o f  sed imentary- type uranium. The sediments o f  t he  b e l t  a r e  w i t h i n  t h e  
1 :250,000 Charley R i ve r  and Eagle quadrangles.  

The geology o f  t he  Char ley R i ve r  quadrangle has been mapped by Brabb 
and Churk in  (1969) ,  and t h e  geology o f  t he  Eagle quadrangle was compi led 
by Fos te r  (1972) .  The Upper Cre taceous-Ter t ia ry  depos i t s  o f  t h e  Eag le -C i r c l e  
area were s p e c i f i c a l l y  s t u d i e d  by M e r t i e  (1942),  who a l s o  pub l i shed  a  r e p o r t  
on t he  genera l  geology o f  t he  r eg ion  (1930) .  

The Upper Cre taceous-Ter t ia ry  b e l t  occupies a  t rough  formed a l ong  t he  
T i n t i n a  f a u l t  zone ( o r  T i n t i n a  ~ r e n c h ) ,  which i s  an ex tens ion  o f  t h e  Rocky 
Mountain Trench and a  major s t r u c t u r a l  f ea tu re  i n  e a s t - c e n t r a l  Alaska. The 
f a u l t  zone i s  a l s o  r e f e r r e d  t o  as t h e  Eagle  Trough. The area u n d e r l a i n  by 
Upper Cre taceous-Ter t ia ry  sediments a long  t he  t rough  i s  f rom 2 t o  15 m i l e s  
wide and 80 m i l e s  long.  The area i s  one o f  low, rounded r i d g e s ,  and con- 
t i n u e s  northwestward a l ong  t he  Yukon R i ve r  v a l l e y  i n t o  t h e  loess-covered 
t e r r a c e s  and l ake -do t t ed  p l a i n  o f  t h e  southeastern p a r t  o f  t he  Yukon F l a t s .  



The h i l l s  a r e  h e a v i l y  wooded. South o f  t h e  t r ough  area,  mountains o f  
t h e  Yukon-Tanana Upland r i s e  g r a d u a l l y  t o  a l t i t u d e s  o f  ove r  5,000 f e e t .  
On t h e  n o r t h  s i d e  o f  t h e  t r ough  and t h e  Yukon R i ve r ,  t he  O g i l v i e  Moun- 
t a i n s  form a  r a t h e r  rugged group w i t h  a  maximum a l t i t u d e  o f  about 4,600 
f e e t .  

The Yukon-Tanana Upland i s  d ra i ned  by n o r t h - f l o w i n g  streams t h a t  r i s e  
i n  t h e  h i gh land  t o  t he  sou th  and have superimposed courses t o  t h e  Yukon 
R i ve r  i n  narrow v a l l e y s .  The major  t r i b u t a r i e s  t o  t h e  Yukon R i ve r  on t h e  
n o r t h  s i d e  o f  t h e  t rough  a r e  t h e  Na t i on  and Kandik R ive rs .  

The town o f  Eagle, on t he  Yukon, i s  near  t h e  southeastern end o f  t he  
t rough  and i s  access ib l e  by t h e  T a y l o r  Highway. The nor thwes te rn  end o f  
t h e  t rough  i s  near  Woodchopper Crcek, which i s  a  southern t r i b u t a r y  o f  t h e  
Yukon. A s h o r t  road connects t h e  lower p a r t s  o f  Woodchopper and Coal Creeks. 
The town o f  C i r c l e  i s  l o ca ted  a  l i t t l e  f a r t h e r  downstream on the Yukon and 
i s  a c c e s s i b l e  by t h e  Steese Highway. Other p a r t s  o f  t h e  area can be reached 
by boat on the  Yukon R i ve r  and i t s  t r i b u t a r i e s .  Shor t  l and ing  f i e l d s  a r e  
l oca ted  a t  Eagle and C i r c l e ,  and a t  one t ime l and ing  s t r i p s  were used a t  
t h e  Na t i on  and Woodchopper se t t l emen ts .  

The c l  imate i s  similar t o  t h a t  o f  t h e  Fa i rbanks a rea .  The y e a r l y  
mean annual temperature i s  25OF, and t h e  average p r e c i p i t a t i o n  i s  10 inches. 
Permafrost  i s  d i s con t i nuous  throughout  t he  a rea .  

The T e r t i a r y  and Cretaceous sediments i n  the t r ough  a r e  i n  a  s y n c l i n a l  
b e l t  and they  p robab ly  a re  i n  sedimentary con tac t  w i t h  bo th  t h e  metamorphic 
and g r a n i t i c  rocks o f  t he  Yukon-Tanana Upland on t he  sou th  and t h e  h i g h l y  
indura ted  Precambrian, Pa leozo ic ,  and Mesozoic sediments o f  t h e  O g i l v i e  
Mountains on t he  n o r t h .  Whi le  t he  T e r t i a r y  b e l t  c l o s e l y  f o l l o w s  t h e  course 
o f  t he  Yukon R i ve r ,  the  c o n t a c t s  a r e  separated by a  narrow b e l t  be long ing  
t o  t h e  Precambr ian-Ter t ia ry  sequence o f  t he  O g i l v i e  Mountains o r  t he  Kandik 
Bas in .  

Sed imenta r y  Rocks 

A l a r g e  number o f  geo log i ca l  fo rmat ions  and groups rang ing  i n  age f rom 
Precambrian through T e r t i a r y  have been mapped i n  t h e  area ( ~ r a b b  and Churk in ,  
1969; Fos te r ,  1972). The n o r t h  s i d e  o f  t h e  t r ough  and T i n t i n a  Trench i s  
occupied by one o f  t h e  most complete s t r a t i g r a p h i c  s e c t i o n s  i n  Alaska. The 
area n o r t h  o-F t h e  Yukon R i ve r  i s  termed t he  Kandilt Basin.  The p r e - T e r t i a r y  
rocks sou th  o f  t he  T i n t i n a  f a u l t  do no t  c o r r e l a t e  w i t h  those on t h e  n o r t h  
s i d e  because o f  t h e  g rea t  r i g h t - l a t e r a l  d isplacement a long  t he  T i n t i n a  
f a u l t ,  which may be as g rea t  as 260 m i l e s  ( ~ a v i e s ,  1972). The rocks on 
t h e  sou th  s i d e  o f  t h e  t r ough  a r e  mos t l y  metamorphosed sediments and green- 
stones o f  Pa leozo ic  age and Mesozoic g r a n i t i c  rocks .  D e s c r i p t i o n s  o f  most 
o l d e r  rocks do no t  seem t o  suggest t h a t  they  would be f avo rab le  hos ts  f o r  
uranium. However, one o l d e r  sedimentary f o rma t i on  t h a t  may p o s s i b l y  be o f  
i n t e r e s t  t o  uranium e x p l o r a t i o n i s t s  i s  t h e  Na t i on  R i ve r  Format ion,  which 
i s  exposed on bo th  s ides  o f  t h e  Yukon R i ve r  from a  s h o r t  d i s t a n c e  down- 
stream f rom Eagle t o  about 6 m i l e s  below t h e  mouth o f  t h e  Na t ion  R i ve r .  
E a r l y  r e p o r t s  dated t he  Nat ion  R i ve r  Format ion as p robab ly  Permian, bu t  
Brabb and Churk in  (1967) have shown t h a t  i t  i s  most l i k e l y  La te  Devonian. 
The Na t i on  R i ve r  Format ion c o n s i s t s  o f  up t o  4,000 f e e t  o f  nonmarine c l a y  
sha le ,  sandstone, and conglomerate which has been sa id  t o  resemble T e r t i a r y  
sediments. 



Study o f  t h e  Upper Cre taceous-Ter t ia ry  sediments i n  t h e  E a g l e - C i r c l e  
d i s t r i c t  by M e r t i e  (1942) was p r i m a r i l y  f o r  de te rmin ing  t h e  source o f  t h e  
p l a c e r  g o l d  which was mined f rom streams south o f  t h e  Yukon R i ve r ,  most 
n o t a b l y  a t  American, Coal, Woodchopper, and Fou r t h  of J u l y  Creeks. 
M e r t i e ' s  conc lus i on  was t h a t  t h e  immediate source o f  t h e  g o l d  was t h e  
Upper Cre taceous-Ter t ia ry  sandstones and  conglomerates but  the o r i g i n a l  
sourcc was t h c  g r a n i t i c  rocks t o  t h c  south.  The Upper Cre taceous-Ter t ia ry  
sediments were p robab ly  l a i d  down i n  an a l l u v i a l  bas in  which was o r i g i n a l l y  
much more ex tens i ve  than i t  Is  today. 

Outcrops o f  t h e  Upper Cre taceous-Ter t ia ry  rocks a r e  n o t  ex tens i ve  be- 
cause they  a r e  g e n e r a l l y  l i t t l e  i ndu ra ted  and non re5 i s t an t  t o  weather ing,  
though some u n i t s  a r e  l o c a l l y  we13 i n d u r a t e d .  Exposures can be found i n  
stream v a l l e y s .  However, no complete s e c t i o n  i s  exposed anywhere and 
p a r t i a l  sec t i ons  have no t  been combined t o  y i e l d  a composi te sec t i on .  

General i zed  d e s c r i p t i o n s  of  t h e  l i t h o l o g i e s  a r e  taken f rom M e r t i e  
(1942, p.  224-225): 

T h e  m a t e r i a l s  compos . inq  the  T e r t i a r y  c o n g 1 o m e r a t . i ~  roclcs  and  
. ? a n d s t o n e s  t c n d  t o  be f a i r l y  u n i f o r m  i n  . l i tho l .og ic :  c h a r a c t e r ,  h u t  
; I% some  1 o c ; l . l i t i e s  w h e r e  t h e s e  rocks . l i e  c'losc t o  t h e  u n d e . r l y i n g  
P a 1 e o z o . i ~  and r l e s o z o  i c  r o c k s  t h e i r  c0rnpos.i t i o n  v a r i e s  m a r k c d l  y f r o m  
t lhe  u s u a l  c : o m p o s i t i o n .  A t  m o s t  p l a c e s  t h e  p c h h l c s  o f  the  c o n q l o m -  
e r n t i c  rocks c o n s i s t  o f  chert o f  v a r i o u s  c o . l o r s ,  q u a r t z i t e ,  a n d  vein 
gudr.t:z, which E l r e  the  t y p e s  o f  r o c k s  t h a t  a r c  p r a c t i c a l 1  y i n d e s t r u c -  
t ib.Le, e x c e p t .  b y  a b r a s i - o n .  Locij .ZI!{,  and t ? s p e c i ~ ? l  l y  n e a r  the  b a s e  o f  
t h e  f o r m a t i o n ,  p e b b l e s  and  cobbles o f  g r a n i t i c  rocks, g r e e n s t o n e ,  
schist ,  a r y i l l i t c ,  and  even l i m e s t o n e  h a v e  been observed. I n  m o s t  
of the  c o n g l o m e r a t i c  rocks ,  the  p e b b l e s  a r e  r e l a t i v e 1  y s m a l l ,  the  
maximum d i a m e t e r  b e i n g  4 or 5 i n c h e s  and  the  a v e r a g e  b e t w e e n  1 and 
2 inches. B u t  a t  c e r t a i n  h o r i z o n s  n e a r  the b a s e  o f  the s e q u e n c e ,  
c o a . r s e  c o n y l o m e . r a t e  h a s  beer2 o b s e r v e d ,  a s  for c3xamplc o n  A m e r i c a n  
arjd C r o o k e d  Creeks. Thc? hest e x a m p l e  o.f c o a r s e  c o n g l o m e r a t e ,  how- 
c:vcr .is a l o n q  the  r i d g e  t h a t  s e p a r a t e s  C r o o k e d  C r e e k  f r o m  T r o u t  
Crc?c?k. Here l a r g e  r e s j d u a . 1  cohbles and  b o u l d e r s  o f  q u a r t z i t e  a s  
much a s  2 feet  or m o r e  i n  d i a m e t e r  l i e  a t  t h e  s u r f a c e  and r e p r e s e n t  
the d e b r i s  d e r i v e d  f r o m  the s u r f i c i n l  a l t e r a t i o n  or s l a k i n g  o f  
c o a r s e  c o n g l o m e r a t e .  I 'he  s a n d s t o n e s  o f  the series a r c  n o t  m a t e r i a l l y  
d i f f e r e n t  f r o m  the  c o n g l o m e r a t e s ,  e x c e p t  f o r  the  s m a l l e r  s i z e  o f  the  
c o m p o n e n t  g r a i n s .  U n d e r  the m i c r o s c o p e  the f iner  rock f o r m i n g  
m i n e r a l s ,  b o t h  o f  the c o n g l o m e r a t e s  and s a n d s t o n e s ,  a r e  f o u n d  t o  be 
q u a r t z ,  o r t h o c l a s e ,  p l a g i o c l a s e ,  h o r n b l e n d e ,  and  m i c a ,  t o g e t h e r  w i t h  
i r o n  ores, z i r c o n ,  g a r n e t ,  and  o t h e r  h e a v y  m i n e r a l s  d e r i v e d  f r o m  
g r a n i t i c  r o c k s  and  c r y s t a l l i n e  schists.  A t  p l a c e s  the h e a v y  m i n e r a l s  
a r t ?  c o n c e n t r a t e d  i n  s t r a t i f i e d  l a y e r s  and  i n  y e n e r a 1  a p p e a r  t o  be m o r e  
p l e n t i f u l  t h a n  .in the ir  o r i g i n a l  p a r e n t  r o c k s .  Most o f  t h e  s h a l e  i s  
s a n d y ,  b u t  i n  the s t r a t i g r a p h i c  horizons w h e r e  c o a l  i s  f o u n d  c l a y  
s h a l e s  a r c  a . l so  f o u n d .  T h e  c o a l  t h a t  occur.? j n  thcse T e r t . i a r y  rocks 
was  s t u d i e d  y e a r s  a g o  b y  C o l l i e r  and  was  f o u n d  f r o m  n u m e r o u s  a n a l y s e s  
t o  be d o m i n a n t 1  y a h i g h - g r a d e  l i g n i t e ,  w i t h  s o m e  s u b b i t u m i n o u s  
v a r . i c t i e s .  A t  the p r e s e n t  t i m e ,  w i t h  a m p l e  wood for  d o m e s t i c  u s e  and  
w i t h  c h e a p  o i l  f o r  l a r g e - s c a l e  m i n i n g  o p e r a t i o n s ,  t h e s e  l o w - g r a d e  
c o a l s  a r e  o f  l i t t l e  e c o n o m i c  i m p o r t a n c e .  



The base o f  an Upper C r e t a c e o u s - T e r t i a r y  cong lomera te  a l o n g  t h e  west  
bank o f  M i s s i o n  Creek appears t o  l i e  d i r e c t l y  on pre-Upper Cretaceous 
g r a n i t e ,  and i n  o t h e r  a reas  a r k o s i c  sandstone can be observed t o  have 
been l o c a l l y  d e r i v e d  d i r e c t l y  f rom g r a n i t e ,  w i t h  w h i c h  i t  i s  i n  c o n t a c t .  
Bes ides  g r a n i t e ,  o t h e r  c o n s t i t u e n t s  o f  t h e  cong lomerate  i n c l u d e  c h e r t ,  
s c h i s t ,  q u a r t z ,  q u a r t z i t e ,  and g reens tone .  Fragmental  p l a n t  remains 
a r e  i n t e r b e d d e d  w i t h  sandstones a t  v a r i o u s  l o c a l i t i e s .  Gold was found t o  
be i r r e g u l a r l y  d i s t r i b u t e d  i n  c e r t a i n  sandstone and c o n g l o m e r a t i c  beds 
and a lmos t  c e r t a i n l y  was d e r i v e d  from w e a t h e r i n g  o f  t h e  g r a n i t i c  r o c k s .  

l gneous Rocks 

Severa l  P a l e o z o i c  and p o s s i b l e  Precambr ian igneous r o c k  u n i t s  have 
been mapped i n  t h e  Eag le  and Char ley  R i v e r  quadrang les .  A sequence o f  
b a s a l t s  and sed imen ta ry  r o c k s  b e l i e v e d  by M e r t i e  t o  be E a r l y  M i s s i s s i p p i a n  
a r e  known as  t h e  C i r c l e  V o l c a n i c s .  Mesozoic g r a n i t e ,  i n c l u d i n g  some d i o r i t e  
and r e l a t e d  r o c k s ,  f o r m  a l a r g e  complex s o u t h  o f  t h e  Yukon R i v e r .  T e r t i a r y  
l a v a  f l o w s ,  m a i n l y  r h y o l i t e  b u t  i n c l u d i n g  some d a c i t e ,  a r e  p r e s e n t .  T h i s  
s t u d y  i s  concerned p r i n c i p a l l y  w i t h  t h e  Mesozoic g r a n i t i c  r o c k s  w h i c h  ap- 
pea r  t o  have t h e  g r e a t e s t  p o t e n t i a l  as u ran ium source  r o c k s  f o r  t h e  Upper 
C r e t a c e o u s - T e r t i a r y  t r o u g h  sediments and as p o s s i b l e  h o s t s  f o r  v e i n - t y p e  
u r a n  i um. 

The Mesozoic g r a n i t i c  r o c k s  occupy a  zone 80 m i l e s  l o n g  and f r o m  10 
t o  50 m i l e s  w ide  w i t h  s m a l l e r  o u t l y i n g  masses o f  s i m i l a r  r o c k s  b o t h  n o r t h  
and s o u t h  o f  t h e  main m a s s i f .  The t o t a l  a rea  i s  1,900 square  m i l e s .  The 
main body, t h e  C h a r l e y  R i v e r  b a t h o l i t h ,  i s  named f rom t h e  Char ley  R i v e r ,  
w h i c h  c u t s  t h e  b a t h o l i t h  about  h a l f w a y  between Eag le  and C i r c l e .  Other  
b a t h o l i t h s  and s m a l l e r  g r a n i t i c  bod ies  occupy much o f  t h e  Yukon-Tanana Up- 
l a n d  i n  e a s t - c e n t r a l  A laska .  

The f e l s i c  r o c k s  i d e n t i f i e d  by M e r t i e  (1930, p .  150) c o n s i s t  o f  
m u s c o v i t e  g r a n i t e ,  a l a s k i t e ,  m u s c o v i t e - b i o t i t e  g r a n i t e ,  a m p h i b o l i t e ,  e p i -  
d o t e  g r a n i t e ,  and q u a r t z  monzon i te .  S u b s i l i c i c  t y p e s  a r e  g r a n o d i o r i t e ,  
q u a r t z  d i o r i t e ,  and d i o r i t e .  B a s i c  r o c k s  i n c l u d e  gabbro ,  p e r i d o t i t e ,  and 
p y r o x e n i t e .  The g r a n i t i c  and d i o r i t i c  r o c k s ,  however, a r e  most t y p i c a l  o f  
t h e  r e g i o n .  L o c a l l y ,  p r i m a r y  g r a n i t e  g n e i s s  i s  deve loped a l o n g  t h e  c o n t a c t  
o f  t h e  i n t r u s i v e s  w i t h  t h e  c o u n t r y  r o c k s .  T e r t i a r y  and Mesozoic d i k e s  o f  
b o t h  f e l s i c  and m a f i c  c o m p o s i t i o n s  a r e  common near  t h e  i n t r u s i v e  r o c k s .  
U l t r a m a f i c  r o c k s  o f  t h e  Eag le  quadrang le  a r e  d e s c r i b e d  by F o s t e r  and K e i t h  

(1 974) . 
The p l u t o n i c  r o c k s  o f  t h e  main complex i n  t h e  sou thwes te rn  p a r t  o f  t h e  

Char ley  R i v e r  quadrang le  a r e  termed a d a m e l l i t e  ( q u a r t z  monzon i te )  by Brabb 
and C h u r k i n  (1969) .  T h e i r  d e s c r i p t i o n  f o l l o w s :  

M e d i u m - t o  c o a r s c 2 - g r a i n e d  a d a m e l l i t e .  B i o t i t e  i s  c h . i e f  a c c e s s o r y  
m i n e r a l .  H o r n b l e n d e  l e s s  a b u n d a n t .  M u s c o v i t e  and g a r n e t  o c c u r  
1oca.Z.Zy. A d a m e l l i t e  h a s  z e n o l i t h s  o f  schist and  i s  c u t  by a p l i t e  
d i k e s .  T h e  a d a m e l l i t e  f o r m s  g e n e r a l l y  s t r u c t u r e l e s s  b o d i e s  d i s -  
c o r d a n t  w i t h  s u r r o u n d i n g  s ch i s t ,  b u t  i n  some  p.lacves the a d a m e l l i t e  
seerns t o  g r a d e  i n t o  q u a r t z  b iot i te  g n e i s s .  

The Mesozoic p l u t o n i c  r o c k s  i n  t h e  Eag le  quadrang le  a r e  d e s c r i b e d  by 
F o s t e r  (1972) : 
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W h i l e  b o t h  Mount Veta and Mount F a i r p l a y  a r c  about  75 m i l e s  s o u t h  o f  
t h e  Yukon R i v e r  i n  t h e  Yukon-Tanana Upland and o u t s i d e  t h e  E a g l e - C i r c l e  
r e g i o n ,  t h e  s y e n i t i c  r o c k s  a r c  o f  i n t e r e s t  because o f  t h e  p o s s i b i l i t y  o f  
u ran ium a s s o c i a t i o n s  ( ~ o s t e r ,  1967).  The M o u n t  F a i r p l a y  a r e a  has l o n g  
been known t o  have a  v e r y  h i g h  r a d i o a c t i v i t y  Sackqround, and even though 
i t  was t h e  s i t e  o f  a  u ran ium s tak inr r  " rush, "  no  cornmcrcial u ran ium d e p o s i t s  
were Found. 

Another  r o c k  unit. o f  p o s s i b l e  i n t e r e s t  because i t  niay c o n s i s t  o f  Pre-  
cambr ian orthogneiss i s  t h e  P e l l y  Gne iss  ( ~ e r t i e ,  1937, p .  201 -202 ) .  T h i s  
u n i t  o c c u r s  i n  s c a t t e r e d ,  r a t h e r  i l l - d e f i n e d  areas th roughou t  much o f  t h e  
Yukon-Tanana Upland o f  e a s t e r n  A laska .  

S t r u c t u r e  

The most s i g n i f i c a n t  s t r u c t u r a l  f e a t u r e  o f  t h e  E a g l e - C i r c l e  d i s t r i c t  
i s  t h e  T i n t i n a  Trench,  e x t e n d i n g  600 m i l e s  o r  more f r o m  Canada i n t o  e a s t -  
c e n t r a l  A laska .  R i g h t - l a t e r a l  d i sp lacemen t  has been c a l c u l a t e d  t o  be as 
much as 260 m i l e s .  The t r e n c h  forms a  l ow land  now p a r t l y  occup ied  by t h e  
Upper C r e t a c e o u s - T e r t i a r y  sediments OF t h e  E a g l e - C i r c l e  d i s t r i c t .  Sub- 
o r d i n a t e  f a u l t s  and f o l d s  r e l a t e d  t o  movement i n  t h e  F a u l t  zone a r e  w e l l  
deve loped i n  P recambr ian -Pa leozo ic  r o c k s  and Cretaceous g r a n i t e .  D i s p l a c e -  
ment o f  Q u a t e r n a r y  a l l u v i u m  shows t h a t  movement has c o n t i n u e d  ( ~ a v i e s ,  1972) .  

The T e r t i a r y  r o c k s  have been deformed i n t o  appressed f o l d s .  Bedding , 
though l o c a l l y  d i p p i n g  n o r t h w a r d ,  d i p s  d o m i n a n t l y  southward and i t  i s  p r e -  
sumed t h a t  t h e  T e r t i a r y  r o c k s  l i e  i n  a  b e l t  o f  appressed f o l d s  o v e r t u r n e d  
t o  t h e  n o r t h .  

Economic Geology 

Gold i n  p l a c e r  work ings  have l o n g  been known i n  t h e  r e g i o n .  A l l  t h e  
st reams mined f o r  g o l d  l i e  s o u t h  O F  t h e  Yukon R i v e r ,  as  do t h e  g r a n i t i c  
i n t r u s i v e  b o d i e s .  The v a l l e y s  o f  Coal and Woodchopper Creeks c o n t a i n e d  
t h e  most i m p o r t a n t  p l a c e r s  i n  t h e  Upper C r e t a c e o u s - T e r t i a r y  b e l t .  \ J h i l e  
m i n i n q  has been dormant f o r  a   umber o f  y e a r s ,  a  d redcc  o f  Coal Creek i s  
c u r r e n t l y  b e i ~ g  r e a c t i v a t e d .  



The Upper C r e t a c e o u s - T e r t i a r y  d e p o s i t s  have a c t e d  as  a  p r o x i m a t e  
sou rce  f o r  t h e  g o l d ,  wh ich  i n  t u r n  was c o n c e n t r a t e d  i n  v a r i o u s  t r i b u -  
t a r i e s  o f  t h e  Yukon R i v e r .  The o r i g i n a l  source was t h e  g r a n i t i c  p l u t o n s  
s o u t h  o f  t h e  Upper C r e t a c e o u s - T e r t i a r y  b e l t .  A l l  t h e  i m p o r t a n t  p l a c e r s  
a r e  on t h e  v a l l e y  f l o o r s ,  b u t  l e s s  s i g n i f i c a n t  p l a c e r s  o c c u r  as bench de- 
p o s i t s  on h i g h e r  and o l d e r  e r o s i o n a l  su r faces .  S i l v e r  and p l a t i n u m  a r e  
a l l o y e d  w i t h  t h e  p l a c e r  g o l d :  up t o  18 p e r c e n t  s i l v e r  and 0.42 p e r c e n t  
p l a t  inum. 

Lode d e p o s i t s  i n  t h e  immediate v i c i n i t y  o f  t h e  Eag le  Trough a r e  
sca rce .  M i n e r a l i z a t i o n  was s taked  i n  1943 on s u l f i d e - b e a r i n g  r o c k  con- 
t a i n i n g  c o b a l t  bloom and a  b a s a l t i c  g reens tone  on Eag le  B l u f f  j u s t  o u t s i d e  
t h e  town o f  Eag le  a l o n g  M i s s i o n  Creek (Saunders,  1952) .  Very l i t t l e  work  
has been done on t h e  p r o s p e c t s .  A few l o d e  p r o s p e c t s  i n  t h e  C i r c l e  d i s t r i c t  
were e x p l o r e d  f o r  g o l d ,  copper ,  and l e a d .  A copper  p r o s p e c t  50 m i l e s  e a s t  
o f  Eag le  on  Copper Creek about  6 m i l e s  above i t s  c o n f l u e n c e  w i t h  t h e  Char ley  
R i v e r  o c c u r s  i n  h i g h l y  metamorphosed r o c k s  w h i c h  may be a r o o f  pendant i n  
t h e  Char ley  R i v e r  b a t h o l i t h .  C h a l c o p y r i t e ,  m a l a c h i t e ,  and a z u r i t e  a r e  t h e  
c h i e f  me ta l  1 i c  m i n e r a l s  ( \ d h i t e  and T ' o l b e r t ,  1954, p. 7 - 9 ) .  

Some low-grade c o a l  has been exposed a t  s e v e r a l  s t ream v a l l e y s  t h a t  
c u t  t h e  Upper C r e t a c e o u s - T e r t i a r y  beds, b u t  a p p a r e n t l y  i t  i s  n o t  s u i t a b l e  
f o r  e x p l o i t a t i o n .  One s i t e ,  b e l i e v e d  t o  he i n  t h e  N a t i o n  R i v e r  Fo rmat ion ,  
has been lnined f o r  c o a l ,  and about  2,000 t o n s  were used t o  f u e l  r i v e r  
s t reamers  (u.S. Geol .  Survey,  1964, p .  80) .  O i l  s h a l e s ,  c o n t a i n i n g  as 
much as 28 g a l l o n s  o f  o i l  p e r  t o n ,  w i t h i n  t h e  T r i a s s i c - L o w e r  Cre taceous 
Glenn s h a l e ,  a r e  w e l l  known b u t  r e l a t i v e l y  t h i n  ( ~ e r t i e ,  1930, p. 132) .  
An o c c u r r e n c e  o f  asbes tos  has been found near  t h e  c e n t e r  o f  t h e  Eag le  quad- 
r a n g l e  i n  a  s e r p e n t i n i z e d  mass t h a t  appears  t o  have i n t r u d e d  metamorphic 
r o c k s  ( ~ o s t e r ,  1969).  

R a d i o a c t i v i t y  I n v e s t i g a t i o n s  

Severa l  reconna issance i n v e s t i g a t i o n s  f o r  r a d i o a c t i v i t y  by t h e  I1 .S.  
G e o l o g i c a l  Survey and one by D G G S  has been conducted i n  w e s t - c e n t r a l  A laska .  
Wedow (1954) i n v e s t i g a t e d  t h e  Eag le  a rea  i n  1348 on b e h a l f  o f  t h e  U . S .  
A tomic  Energy Commission, and r e p o r t e d  t h e  f o l l o w i n g  d a t a :  

R e c o n n a i s s a n c e  o f  r a d i o a c t j  ve d e p o s i  t s  i n  s e d j m e n t a r y  r o c k s  
o f  P r o t e r o z o j c  and P a l e o z o i c  a g e ,  and g r a n i t e  o f  M e s o z o i c ( ? )  a g e  
t o g e t h e r  w i t h  i t s  T e r t i a r y  s e d i m e n t a r y  d e r i v a t i v e s ,  was c o n d u c t e d  
i n  t h e  E a g l e - N a t j o n  a r e a ,  e a s t - c e n t r a l  A l a s k a  i n  1 9 4 8 .  None o f  t h e  
r o c k s  examined  c o n t a i n s  more t h a n  0 . 0 0 3  p e r c e n t  e q u i v a l e n t  u ran ium 
e x c e p t  f o r  b l a c k  s h a l e  b e d s  i n  the upper  M i s s i s s i p p i a n  Cal  .ico B l  u . f f  
f o r m a t i o n  and i n  g r a n i t e  o f  M e s o z o i c ( ? )  a g e  and i t s  s e d i m e n t a r y  de-  
r i v a t i v e s .  The  more r a d i o a c t i v e  b l a c k  s h a l e  b e d s  i n  the  C a l i c o  B l u f f  
f o r m a t i o n  r a n g e  i n  t h i c k n e s s  f rom 1 / 2  t o  7 f e e t .  Two u n i t s  n e a r  the 
b a s e  o.f  the f o r m a t i o n  a p p e a r  t o  be p e r s i s t e n t  .in the a r e a :  Radio--  
a c t i v e  u n i t  A ,  w i t h  an a v e r a g e  t h i c k n e s s  o f  6 . 6  f e e t ,  c o n t a i n s  a n  
a v e r a g e  o f  0 .007 p e r c e n t  e q u i v a l e n t  u ran ium and 0 .004  p e r c e n t  u ran ium;  
r a d i o a c t i v e  u n i t  E l ,  w ~ i t h  a n  a v e r a g e  t h i c k n e s s  o f  5 . 2  f e e t ,  c o n t a i n s  
an a v e r a g e  o f  0 .006 p e r c e n t  e q u i v a l e n t  u ran ium and 0 .003  p e r c e n t  
u ran ium.  P h o s p h a t i c  pe1.let.s f rom  u n i t  R a t  o n e  l o c a l i t y  c o n t a i n  0.022 
p e r c e n t  e q u i v a l e n t  u r a n i u m ,  0 .019  p e r c e n t  u r a n i u m ,  and 1 5  p e r c e n t  
P205 .  Samp le s  o f  y r a n i t e  o f  M e s o z o i c ( ? )  a g e  and i t s  T e r t i a r y  s e d i -  
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n f U T L ~ :  i :1.7: .-?::d t h o r i u m  i n  z . i r c c n ,  :;hcnc, ~ m c i  monaz.iti-. a l s o  con- 
t : - . f h ! l f . c  .:.? kfllis-2 t o t a . 1  rad;oc;.cf:..rr.i f 1 ~  3f i hr2 qr , r r t . i t f ; . .  Zirc :o;~  and  
nonaz.i?e <;re:  the r;;,.<jo.r 11r>ni urn-and k h ~  r . i  llm-bc -.:i r.inq minsrn1.c; o f  
i:.$r? Tcrt . i :?  r!l s r ~ ? i m s n t a . r l ~  .rcckr; :ler.f~rc!,f? f r o m  t:h.: c y a n  itc:. 

The i n v e s t i g a t o r s  concluded t h ? t  t he  r ; ) d i o a c t i v i t y  a t  t h e  Copper Creek 
prospect  bray clur to uraniunl a s  irnpul-it-iers i n  horni tc:  and ma lach i t e .  They 
a l s o  noted t h a t  the  i n v e s t i g a t i o n s  wera? 1 inlted and t h a t  q r e a t e r  concent ra-  
t i o n s  may nccur  i 1 2  t h e  a rea  of t h e  m i n e r a i i z e d  roof pendant i n  t h e  bath01 i t h .  

Resrrl t s  f rom o t h e r  areas t es ted  by D G G S  i n  west-ccntr-a1 Alaska ( ~ a k i n s ,  
1969, p. 13-14)  a r e  g i ven :  

Tc-rt.ia :-!g s h a l  c , s a n d s  t o n e ,  and  cn.:!.l bc~rlr !.xnnsc?d ,? long  Ch.ic.kcn 
C r ~ c ? k  at the t o w n  o f  C h i c k c n  and  i n  ,? i - / ~ - , ; r f ~ . l  ;).it: n e a r  C h i c k e n  d i d  
not y.ic.Zd siqni f i c a n t  r c 3 d i n g . ~ ; .  Thr-, Sf .! :IC:'?' ? 1 1 ~ ~ 6 ? 1 i  T ,o~c?  , 7 1 . 1 ~ 1 1  hr ! l o w  
t:l~c? hiqhwarr a h n u t  foclr m.iles n o r t h  of Ch.ickcr; .rnd r icar  1'1ilc Eost 7 1  
d i d  not s h o w  m e a s u r e n 5 l e  rar ! ionc t i . v i . f . l ! .  Thr! , v r o s p e c t  c o n r ; i s t s  o f  a  
-30--fc 'oot tunnc.1  f o l  l o w i n s  a  qcnsc z o n e  wi t h  :;howinc;:; o f  ?=lenc1.  

Trim feet o f  g o u g e  .in a  f n r l l t  z o n r  j ! !  n f : r ~ s p i c u o u s  o r i t c r o p  
of md rh.1~ i n  a r o a d  ctzt a t  Mi. ! tc  Post .  7. 14 71:7r.rr! t:!lrccl t j m c r ;  t h c  ha(-k-  
grolinrl c o u n t ,  or b e t w e e n  0.0.3 nnc7 i?. 04 Mr/ l l r .  Tc!rt.iarry s a n d s t o n e s  
and s h a l e s  e x p o s e d  i n  b o r r o w  p i t s  n.Zong tho T a y l o r  Hiqhway f r o m  i j  

f c w  mi2c.s s o u t h  of E a g l e  t o  E a g l e  c o n t a - i n  s a n d s t o n e  s h a l e s ,  and  s i l t -  
s t o n e s .  T h c  ver~7 f i n e - g r a i n e d  s i l t ! !  sands t :or jcs  and  s i l t s t o n e s  wcr tA  
n o t i c c a h . Z y  h i g h e r  i n  r a d i o ; i c r t i v i t ~ r  t .han the t r l c a n c r ,  co,lr.sej- s a n d -  
s t o n e s .  C o u n t s  u p  t o  0.03  ~ . r / l - l r  w e r c  o b t a i n e d .  

A foot- t r a v e r s e  a l o n q  A m e r i c a n  C.r~?e.k from Ec?gle ..;o~th f o r  rive 
m i y e s  was  mijde t o  exam.ine T e r f - i , i r r l  . c ; a ~ ~ d s t o n e s  and c o n q l o m c r a t i ~ s  c x -  
p o s e d  i n  h l ~ ~ f f s  a l o n g  the  creek. A t  t . h r e e  l ~ c ~ l t i o n . ?  Z o c ~ l . i z n d  anom- 
a l i e s  w e r e  e n c o u n t e r e d  w h e r e  f a u l t s  c u t  thc.?e b e d s .  T h e  maximum 
r e a d i n g s  w e r e  0.03 M r / H r .  M i s s i o n  C r c e k  enters the Y u k o n  j u s t  w c s t  
of t h ~  t o w n  o f  Eag.Ze n e a r  t h o  i ) a s c  of E a n l c  B l u f f .  T h r  promint-tnt 
Eag.lc F l l u f f  s t a n d s  b e t w e e n  M i s s i o n  Crrck and the  Y u k o n .  I n  thc 1 3 4 0 ' s  
s e v e r a l  cla.im.5 c o v e r i n g  s h o w i n g s  o f  g o ! d ,  c o p p e r ,  n i c k e l ,  dnd i v o h a l  t 
w e r e  s t a k e d  a l o n g  a  f a u l t  z o n e  on t h c  lilir;::ion Creck side o f  E a ~ l e  
D l u f f .  A  foot t r a v e r s e  i n  th i s  a r e a  :!it1 not p r o d u c e  a n y  . r a d ? ' o a c t i v e  
a n o m a l i c s ,  b u t  d l 1  seven c l a i m s  w e r c  not c x a m i n c d  i n  d e t a i l .  N o  
m i n i n g  h a s  been d o n e  on the c l a i m s .  

I ' r e q u e n t  checks w i t h  c o u n t c r s  a l o n g  the  Y u k o n  R i v e r  h e t w e c n  Eacjle 
and  the " a n a d i a n  b o r d e r  revealcd n o  ; z n o n { ~ l i e s  i n  th-  P r ? l c o z o i c  rocks 
e x p o s e d .  T h e  Ndtion R i v e r  c o n q l o m e w t c  ~xpo.c;r-c? no anomc~lr7zs  r e n d i r l q s .  
T11c M i s s i s s i p p i a n  C a l i c o  B l u f f  f o r n a t i o n  t2xposed on C < ? l i c o  R 7 u f f  
a b o l i t  ~ ' i q h t  m i l e s  d o w n r i v e r  f r o m  R a y l c  h a s  F c c n  r c p o r t c d  t n  cVnnta7! .  
r a d i n a c t i v ~  A l a c k  s h a l e s .  The- w r i t e r  rneasl~ren'  r e a d i n q s  u p  t o  0 . 0 5  
M r / N r  i n  b l a c k  s h a l e s  n e a r  the  h a s c  o f  thc hl  n f f .  A cZ imb i r o m  thc  
r i v e r  t o  ti?- t o p  o f  tho k ~ l n f f  r ~ r o d u c c d  1 r ; s c r  r c , ? t l i n q s .  T c r t z n r l ~  
b e d s  c x p o s e d  on the s o u t h  s i d a  o f  t h n  Y u i o n  &rom t w o  t o  s r v r n  m i l c s  



west of the mouth of the Seventymile Rivi'r produced only very  
low radioactivity. A maximum readiny of 0.05 Mr/lir w d s  obtained 
from one narrow brecciated zone cuttii7g the beds. 

The Upper C r e t a c e o u s - T e r t i a r y  nonmarine sediments i n  t h e  Eag le  Trough 
a r e  e s s e n t i a l l y  u n t e s t e d  f o r  u ran ium.  The beds e x t e n d  80 m i l e s  a l o n g  t h e  
n o r t h e r n  boundary o f  a  r e g i o n  c o n t a i n i n g  e x t e n s i v e  g r a n i t i c  p l u t o n s  wh ich  
have d i s p l a y e d  r a d i o a c t i v i t y  anomal ies  f rom t h e  a i r  and on t h e  ground.  For  
t h e  most p a r t ,  t h e  sandstones c o n t a i n  0.002 p e r c e n t  eU. A t  l e a s t  p a r t  o f  
t h e  Upper C r e t a c e o u s - T e r t i a r y  sequence has been shown t o  have been d e r i v e d  
f rom t h e  g r a n i t i c  b o d i e s  and t o  c o n t a i n  carbonaceous and c o a l y  m a t e r i a l .  
However, beds a r e  g e n e r a l  1 y  f o l d e d  a n d  d i p s  f r e q u e n t l y  a r e  between 45' and 
90°. 

Many o f  t h e  a1 k a l  i c  p l  u t o n s  i n  a  broad r e g i o n  o f  t h e  Yukon Tanana Up- 
{and  i n  e a s t - c e n t r a l  A laska  o f f e r  p o s s i b i l i t i e s  f o r  nonsed imentary  u ran ium 
d e p o s i t s .  S c a t t e r e d  sma l l  a reas  have been i n v e s t i g a t e d  and eU c o n t e n t s  o f  
up t o  0.007 p e r c e n t  and a v e r a g i n g  0.005 p e r c e n t  have been found i n  t h e  g r a n i t e  
and r e j a t e d  r o c k s .  

TERT IARY COAL-BEAR I  NG BAS Il4S, NORTH FLANK OF THE ALASKA RANGE 

Nonmarine c o a l - b e a r i n g  sed iments  o c c u r  i n t e r m i t t e n t l y  i n  a  250 -m i le -  
l o n g  b e l t  on t h e  n o r t h  f l a n k  o f  t h e  A laska  Range f r o m  a  p o i n t  2 5  m i l e s  
e a s t  o f  F a r e w e l l  eas tward  t o  20 m i l e s  e a s t  o f  D o n n e l l y  on t h e  R ichardson 
Highway (see Geo log ic  Map o f  A laska :  D u t r o  and Payne; 1957) .  These s e d i -  
ments l i e  m o s t l y  i n  t h e  n o r t h e r n  f o o t h i l l s  o f  t h e  A laska  Range p h y s i o g r a p h i c  
d i v i s i o n  o f  W a h r h a f t i g  (1965, p.  35-36 ,  p l .  1 ) .  The f o o t h i l l s  c o n s i s t  o f  
f l a t - ; ~ p p e d ,  e a s t - t r e n d i n g  r i d g e s  2,000 t o  4,500 f e e t  i n  a l t i t u d e  w h i c h  
f o r w  3 b ~ > l -  r e a c h i n g  20 m i l e s  i n  w i d t h  a l o n g  t h e  Nenana R i v e r .  Most o f  t h e  
'~o'a'iis a r e  u n g l a c i a t e d ,  b u t  some v a l l e y s  were widened d u r i n g  t h e  P l e i s t o -  
cene EpocS1 by g l a c i e r s  f r o m  t h e  A laska  Range. Streams d r a i n i n g  t h e  n o r t h  
s l o p e  o f  t h e  A laska  Range f l o w  n o r t h w a r d  t h r o u g h  t h e  f o o t  h i l l s  t o  t h e  Tanana 
R i v e r  v a l l e y ,  excep t  i n  t h e  wes te rn  p a r t  o f  t h e  b e l t ,  where d r a i n a g e  i s  i n t o  
t h e  headwaters o f  t h e  Kuskokwim R i v e r .  The A laska  Range forms a  g r e a t  a r c  
e x t e n d i n g  600 m i l e s  f r o m  t h e  Canadian b o r d e r  t o  Lake C l a r k  i n  sou thwes te rn  
A laska ,  where i t  merges w i t h  t h e  A l e u t i a n  Range. The c r e s t  o f  most o f  t h e  
ranqe i s  between 7,000 and 9,000 f e e t  i n  a l t i t u d e ,  b u t  mounta in  masses a r e  
h i g h e r .  

Most o f  t h e  T e r t i a r y  b a s i n s  i n  t h e  f o o t h i l l s  a r e  r e l a t i v e l y  a c c e s s i b l e ;  
none a r e  t o o  remote f r o m  towns, and t h e  t e r r a i n  i s  n o t  e x t r e m e l y  rugged.  
The b e l t  i s  c rossed  by two n o r t h - s o u t h  h ighways and a  r a i l r o a d :  t h e  [Richard- 
son Highway c r o s s e s  t h e  be 1 t near  t h e  e a s t e r n  end, and t h e  Anchorage-Fa t r -  
banks Highway and t h e  Alaska R a i l r o a d  c r o s s  t h e  A laska  Range t h r o u g h  t h e  
Nenana R i v e r  v a l l e y  a t  t h e  e a s t e r n  edge o f  Mount McK in ley  Park .  P r e c i p i -  
t a t i o n  i s  l e s s  than  20 i nches  a  y e a r .  Pe rmaf ros t  i s  e x t e n s i v e .  The f o o t -  
h i l l s  b e l t  i s  covered by t h e  B i g  D e l t a ,  F a i r b a n k s ,  Kan t i shna  R i v e r ,  Mount 
Hayes, I i e a l y ,  and Mount McK in ley  1:250,000 t o p o g r a p h i c  maps. Geo log ic  maps 
o f  e i g h t  15-minute  quadrang les  were r e c e n t l y  i ssued  and p r o v i d e  d e t a i l e d  
i n f o r m a t i o n  on much o f  t h e  Hea ly  and F a i r b a n k s  quadrang les  ( W a h r h a f t i g ,  
1970a-h).  The s u r f i c i a l  geo logy  o f  t h e  c e n t r a l  p a r t  o f  t h e  A laska  Range 
and Nenana R i v e r  v a l l e y  i s  covered by W a h r h a f t i g  (1958) .  



The bes t  known p a r t  o f  t h e  T e r t i a r y  coa l - bea r i ng  b e l t  i s  a l ong  Healy 
Creek, where U s i b e l l i  Coal Mines, I nc .  produces coal  near t h e  se t t l emen t  
of  Hca:v a n d  S ~ ~ n t r a n a .  The coa l  i s  u s e d  to  f u e l  two power p l a n t s ,  which 
se rvc  Fa i rbanks and t h e  m i l i t a r y  bases i n  t h e  region.  Healy Creek i s  p a r t  
o f  t he  Nenaca coal  f i e l d ,  which i nc l udes  severa l  separate  bu t  c l o s e l y  
g r o ~ ~ p e d  bas ins  i n  a 40-mi le - lonq  area,  mos t l y  between t h e  Nenana and Wood 
R i ve rs .  T h i s  group o f  bas ins  inclutdcs Mca!y Crcek, L i g n i t e  Creek, Rex Creek, 
T a t l a n i k a  Creek, Mys t i c  Creek, and \'load R i ve r  coa l  ba i ns .  The Nenana coa l  
f i e l d  has been descr ibed  by Mart  i n  ( 1 9 1 9 ) ~  Barnes and o t h e r s  (1951),  and 
Warhha f t ig  and o t h e r s  (1969).  

Another l o c a l i t y  where coa l  ha? been mined f rom t h e  T e r t i a r y  beds on 
t h e  n o r t h  f l a n k  o f  t h e  Alaska Range i s  t he  J a r v i s  coa l  f i e l d ,  l o ca ted  100 
m i l e s  eas t  o f  Healy  on the eas t  s i d e  o f  t h e  Richardson Highway near Donne l l y .  

L i t t l e  d e t a i l e d  i n f o r m a t i o n  i s  ava i l ab ' l e  on o t h e r  T e r t i a r y  bas ins i n  
t h e  b e l t ,  bu t  i t  i s  hoped t h a t  t he  F o l l o w i n g  d i scuss ion ,  which mos t l y  de- 
s c r i b e s  t h e  rocks  i n  t h e  Nenana coa l  f i e l d  on t h e  n o r t h  f l a n k  o f  t h e  c e n t r a l  
p a r t  o f  t he  A laska Range, w i l l  app l y  somewhat t o  a l l  t h e  T e r t i a r y  coa l  bas ins 
i n  t h e  b e l t .  

Sed imenta r y  Rocks 

Rocks i n  t h e  v a l  l e y  o f  Heal y  and L i g n i t e  Creeks i n c l u d e  t h e  Precambrian 
( o r  Pa leozo ic  B i r c h  Creek schist), the T e r t  l a r y  Coal -Bear ing Group, and t h e  
T e r t i a r y  Nenana g r a v e l s .  For l a c k  o f  a  more up - t o -da te  s t r a t i g r a p h i c  t a b l e ,  
t h e  one below ( t a b l e  E Z )  i s  reproduced f rom Barnes and o t h e r s  (1951) w i t h  
t he  unders tanding t h a t  t h e  B i r c h  Creek S c h i s t  may he w h o l l y  o r  p a r t l y  
Pa leozo ic  i n  age and t h a t  t h e  Coal -Bear ing Group has been rev i sed  upward 
f rom a  f o rma t i on  t o  group s t a t u s  and Formal ly  d i v i d e d  i n t o  f i v e  new f o r -  
mat ions ( ~ a h r h a f t i g  and o t h e r s ,  1969).  

Table E2. General ?zed s t r a t  i g raphy  o f  t h e  Nenana coa l  f i e 1  d .  

Forrnntion Description Thickness 

/-Fl.temnry firm. ~ r n v e ~ s  1 
Uuconlormity- --- -- 

Congion~rri~tr ,  with houlclcrs of Ilirrh Crwk 
sclllst. 

Tertiary 

Conglomerate, rcrfrlish-hrorvn, wit11 boulden 
of grrrn ophitic diorlte, grnnitr, pr~ywnclrc, 
and oirlcr conalornernle, and thin shale heds. --- 

Conglomornt~, hrown, with ho~~lcirrs o[ g r y .  
Senana  gravel wackc, conglorn~mle. green ouhitic dionto, 

granite, grnywncke, and conglomerate. 

Prr-Curnhrian L- 
Co~~glomenrte,  hroxn, with houitl~rs of,prily- I anrkc., mnglornrrale. ween oplrt ic dmritr. / 1,000 

nncl d~rcitc. 

Con~lornr~rntc~, brown, with honlrirrs of grny- 
wackr, conglon~srate, und ducltr. -- 

Upprr rnrrnber: 
Sondstf~nr.  siitst,om, claystonc', nnd shale. 

with n f r ~  thin coal hrds. Characterized 
by uh!~nri:rncc! of granite, vo lc~~r~ics ,  green I oyhitic cliuritc in prhhlr znnlss. - . .- - - -- --.-- 

Xlicl~llr~ ~ n r ' ~ n h ~ , r :  
S~lnrlston~. siltstone, clay st on^, nnrnProlls 

thick co~rl t~ctls. Ch:lrarterieccl h y  uhun- 
d:rnrr* nlrlu:rrtz, qu~trtzitr~, ch~nrt, nnrl~rrgil- 
litc:, and sewcity of gnrnitrs, volf:;~rtir.s, and 
grrFr~ r~pl~i t ic  d~or i te  in pr.hhlr znnrs. 

Lower rnr rnh~r :  
Snndstono. cli~ystonc!, siltstone. and  con- 

~ l o r n # ? r a t ~ ,  with nnrnrrous thick con1 beds. 
I,, .nlrtt!nt .' . brown-weathering clnvstonc a t  

I.'nconI!rrmity- 
Birch Crwk 1 Q t I n ~ ~ ~ t n i c n  schist. 

schist 

E-36  



A d i s c u s s i o n  o f  t h e  many P a l e o z o i c  and Mesozoic f o r m a t i o n s  and i n -  
t r u s i v e  r o c k s  composing t h e  A laska  Range i s  beyond t h e  scope o f  t h i s  s tudy ,  
w h i c h  i s  concerned m o s t l y  w i t h  t h e  T e r t i a r y  Coa l -Bear ing  Group. The under -  
l y i n g  B i r c h  Creek S c h i s t ,  however, i s  p rominen t  i n  t h e  T e r t i a r y  b a s i n s  and 
deserves men t ion .  I t  c o n s i s t s  o f  h i g h l y  c o n t o r t e d  q u a r t z - m i c a  and q u a r t z -  
c h l o r i t e  s c h i s t  w i t h  scme i n t e r b e d d e d  p h y l l i t e ,  a r g i l l i t e ,  and b l a c k  c a r -  
bonaceous s c h i s t .  These a r e  a l l  c u t  by numerous v e i n s  o f  m i l k y  q u a r t z .  
When f r e s h ,  t h e  s c h i s t  i s  green.  Et wea the rs  t o  shades o f  g r a y ,  g reen ,  and 
b l a c k ,  and becomes f i s s i l e .  

Another  u n i t  t h a t  i s  exposed i n  t h e  h i l l s  n o r t h  o f  Hea ly  i s  t h e  T o t a t -  
l a n i k a  S c h i s t  o f  p re-Devon ian age. 8t c o n s i s t s  o f  g r a y  t o  b l a c k  q u a r t z  
m u s c o v i t e  and g r a p h i t i c  s c h i s t  w i t h  i n te rbedded  a r g i l l i t e  and metamorphosed 
v o l c a n i c  r o c k s .  

The T e r t i a r y  c o a l - b e a r i n g  sequence 1 i e s  unconformably  on t h e  B i r c h  Creek 
S c h i s t  i n  t h e  Nenana c o a l  f i e l d .  The c o a l - b e a r i n g  r o c k s  a r e  w e l l  exposed i n  
t h e  Hea ly  Creek v a l l e y  and i n  t h e  o p e n - p i t  c o a l  mines o p e r a t e d  by U s i b e l l i .  
F i g u r e s  E 6  and E 7  show t h e  s t r u c t u r e  o f  t h e  c o a l - b e a r i n g  beds i n  t h e  Hea ly  
Creek v a l l e y  and t h e  r e l a t i o n  t o  a d j a c e n t  f o r m a t i o n s .  F i g u r e  Eh shows t h e  
s t r u c t u r e  o f  L i g n i t e  Creek.  The geo logy  has been mapped on t h e  Hea ly  D - 7  
quadrang le  ( \ , lahrhaf t  ig, 1 9 7 0 ~ ) .  

The Coa l -Bear ing  Group i s  up t o  2,000 f e e t  t h i c k  and shows a  w ide  
v a r i a t i o n  i n  t h i c k n e s s  and l i t h o l o g y  w i t h i n  s h o r t  d i s t a n c e s .  A p p a r e n t l y  i t  
was d e p o s i t e d  i n  v a l l e y s  o r  dep ress ions  i n  t h e  B i r c h  Creek S c h i s t .  L a t e r  
d e f o r m a t i o n  t i l t e d  t h e  beds and i n  p l a c e s  formed s y n c l i n e s .  i t  i s  uncon- 
f o r m a b l y  o v e r l a i n  by up t o  4,000 f e e t  o f  t h e  T e r t i a r y  Nenana G r a v e l .  South  
o f  t h e  Hea ly  Creek v a l l e y  t h e  beds a r e  f a i r l y  f l a t  l y i n g  f o r  a d i s t a n c e  o f  
s e v e r a l  m i l e s .  

S t r u c t u r e  

The B j r c h  Creek S c h i s t  basement i s  i n t e n s e l y  deformed, t i g h t l y  f o l d e d ,  
and crumpled.  I n  many p l a c e s  t h e  bedd ing has been o b l i t e r a t e d .  The f o l i a t i o n  
s t r i k e s  e a s t  and n o r t h e a s t  and d i p s  t o  t h e  sou th .  The T o t a t l a n i k a  S c h i s t  i s  
g e n e r a l l y  l e s s  deformed than  t h e  B i r c h  Creek S c h i s t .  

The u ran ium p o t e n t i a l  o f  t h e  T e r t i a r y  Coa l -Bear ing  Group i s  of  p r i n c i p a l  
conce rn  h e r e ,  and a  d i s c u s s i o n  o f  t h e  s t r u c t u r e  o f  t h i s  sequence i s  r e p r o -  
duced f r o m  Barnes and o t h e r s  (1951, p. 180-152):  

T h e  n o r t h  f l a n k  o f  the A l a s k a  R a n g e  i s  c h a r a c t e r i z e d  b y  a  series 
o f  b r o a d  e a s t w a r d - t r e n d i n g  f o l d s ,  formed i n  m i d d l e  T e r t i a r y  t i m e ,  
t h a t  a r e  b r o k e n  i n  p l a c e s  b y  both n o r m a l  and  reverse f a u l t s .  T h e  
T e r t i a r y  r o c k s ,  i n c l u d i n g  the  Nenana g r a v e l  and the  c o a l - b e a r i n g  
f o r m a t i o n ,  a r e  f o u n d  i n  t h e  t r o u g h s  o f  the  s y n c l i n e s ,  w h e r e a s  schists 
and  i n t r u s i v e  rocks o l d e r  t h a n  the c o a l - b e a r i n g  f o r m a t i o n  c r o p  o u t  i n  
the  cores o f  the  a n t i c l i n e s .  T h r o u g h  the c e n t e r  o f  the a r e a  u n d e r  d i s -  
c u s s i o n  p a s s e s  a  m a j o r  s y n c l i n e ,  w h i c h  i s  b o r d e r e d  on the  north h y  a n  
a n t i c l i n e  and  o n  the s o u t h  b y  a  t i l t e d  f a u l t  block t h a t  f o r m s  t h e  
f o o t h i l l  r a n g e  j u s t  s o u t h  o f  the  mapped a r e a .  T h e  s y n c l i n e ,  w h i c h  i s  
1 0  t o  1 5  m i l e s  w i d e  a t  t h e  S a v a g e  R i v e r ,  p r o b a b l y  extends f r o m  the  
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flf~qstic Creek c o a l  bas in  o n  the  c a s t  to tht- Toklat River on the  
w r s t - ,  a d i s t a n c c  o f  80 m i l e s .  

Economic Geology 

T5e Kan t i shna  m i n i n g  d i s t r i c t  i s  t h e  a r e a  d r a i n e d  by t h e  Kan t i shna  
R i v e r  and i t s  t r i b u t a r i e s .  It l i e s  m o s t l y  i n  a  group o f  f o o t h i l l s  named 
t h e  K a n t i i h n n  Wills, w h i c h  a r c  u n d e r l a i n  by  B i r c h  Creek S c h i s t .  A number 
o f  l o d e  d e p o s i t s  have produced s m a l l  amounts o f  g o l d ,  s i l v e r ,  an t imony ,  and 
l e a d  o r e s  f r o m  q u a r t z  v e i n s .  About 1,700 Cons o f  m e ' c a l l i c  an t imony were 
sh ipped f r o m  t h e  Stampede Mine. Severa l  d e p o s i t s  a r e  w i t h i n  t h e  boundar ies  
o f  Mount McK in ley  N a t i o n a l  Pa rk .  The l a r g e s t  o f  t h e s e  i s  on t h e  n o r t h  
s l o p e s  o f  Mount E i e l s o n ,  where mass ive  a r g e n t i f e r o u s  ga lena  and o t h e r  s u l -  
f i dcs o c c u r  i o  1 imestone.  

A l o c a l i t y  o f  i n t e r e s t  f r o m  t l ~ e  s t a n d p o i n t  o f  u r a n i i ~ m  i n v e s t i g a t i o n s  
i s  t h e  P u r k e y - P i l e  p r o s p e c t s ,  j u s t  o u t s i d e  t h e  wes te rn  boundary o f  Mount 
McK in ley  N a t i o n a l  Park  on t h e  west  s i d e  o f  t h e  headwaters o f  Bou lde r  Creek, 
a  smal l  t r i b u t a r y  o f  t h e  S w i f t  Fo rk  o f  t h e  Kan t i shna  R i v e r .  There  a r e  
t h r e e  s e p a r a t e  p r o s p e c t s  w i t h i n  about  3 m i l c s  o f  each o t h e r  i n  metamorphosed 
sed imen ta ry  r o c k s  n e a r  a  sma l l  g r a n i t e  s t o c k .  The p r o s p e c t s  have showings 
o f  s i  l v e r ,  l e a d ,  z i n c ,  and t u n g s t e n  m i n e r a l s  ( ~ a l o r i e y  and Thomas, 1966).  
S i x  samples f rom t h e  b lespe l t  p r o s p e c t  y i e l d e d  anomalous eU v a l u e s  from 
0.037 p e r c e n t  t o  0.14 p e r c e n t .  

A sma l l  d e p o s i t  o f  t a r r y  b i t i ~ m i n o u s  m a t e r i a l  o r i g i n a l l y  t hough t  t o  be 
a  p e t r o l e u m  seep i s  l o c a t e d  1 m i l e  above t h e  mouth o f  C r i p p l e  Creek,  w h i c h  
f l o w s  n o r t h w e s t  i n t o  Hea ly  Creek.  I t  i s  i n  a r a v e l s  o v e r l y i n g  t h e  T e r t i a r y  
Coa l -Bear ing  Group. M a r t i n  (1923, p .  137-147) conc luded t h a t  t h e  m a t e r i a l  
i s  a c t u a l l y  a  c o a l  t a r  produced by d i s t i l l a t i o n  f rom b u r n i n g  c o a l .  

P r e v i o u s  I n v e s t i g a t i o n s  f o r  R a d i o a c t i v i t y  

The w r i t e r  examined t h e  T e r t i a r y  c o a l - b e a r i n g  g roup  i n  t h e  Hea ly  Creek 
v a l l e y  w i t h  Geiger  c o u n t e r s  ( ~ a k i n s ,  1969, p .  12-13) .  The a r e a  was c rossed  
a t  s e v e r a l  p o i n t s  by w a l k i n g  up g u l l i e s  so t h a t  each bed i n  t h e  sequence 
was t e s t e d  f o r  r a d i o a c t i v i t y ,  and f o o t  t r a v e r s e s  were made a l o n g  t h e  e n t i r e  
1 2 - m i l e - l o n g  a r e a  where t h e  c o a l - b e a r i n g  beds were exposed.  The maximum 
r a d i o a c t i v i t y  i n  sandstones,  sha les ,  and t h e  R i r c h  Creek S c h i s t  was about  
0.04 m r / h r ,  o r  t h r e e  t i m e s  t h e  normal background.  No r a d i o a c t i v i t y  was 
d e t e c t e d  a t  t h e  s i t e  oT t he  D e l t a  c o a l  mine a t  t h e  head o f  Ober Creek i n  
t h e  J a r v i s  c o a l  f i e l d  ( ~ a k i n s ,  1969, p .  1 5 ) .  No o t h e r  r e p o r t s  o f  i n -  
v e s t i g a t i o n s  o f  t h e  T e r t i a r y  c o a l - b e a r i n g  g roup  on t h e  n o r t h  f l a n k  o f  t h e  
A laska  Range a r e  a v a i l a b l e .  However, i t  was rumored t h a t  a p r i v a t e  company 
was d o i n g  streani-sediment and w a t e r  sampl ing  f o r  u ran ium i n  t h e  Hea ly  a rea  
l a s t  summer (1374) ,  and t h a t  u ran ium anomal ies  were l o c a t e d .  

R a d i o a c t i v i t y  t e s t s  o f  50 r o c k  ,,peci~nens c o l l e c t e d  by t h e  19117 Brad- 
f o r d  i.lashba--n PZount Mclc in ley e x p e d i t i o n  produced 0.009 p e r c e n t  eU i n  a  
nianganife-i;us v e i n  q u a r t z  sample; g r a n i t i c  r o c k s  produced as  much as 0.004 
p e r c e n t  eU (Matzko,  1951; Wedow, 1956, p .  2 7 ) .  Veins  i n  t h e  Mount E i c l s o n  
a r e a  and i n  t h e  Kan t i shna  t i i l l s  a rea  d i d  n o t  p roduce o v e r  0.001 p e r c e n t  eU 
( \dh i te  and o t h e r s ,  1952, p. 7-9; Wedow, 1956, p.  2 3 ) .  Analyses o f  samples 
f r o m  t h e  P u r k e y - P i l e  Mespe l t  p r o s p e c t  nea r  t h e  w e s t c r n  b o r d e r  o f  Mount Mc- 
K i n l e y  N a t i o n a l  Pa rk  a r e  1 i s t e d   alone^ and Phomas, 1966, t a b l e  3 ) :  



Samp 1 e Oz/ton Percent 
No. D e s c r i p t i o n  Ag Au Pb B i  Eu Cu Sb Sn W 

6T Thomas, 1959, grab o f  t a l u s .  82.91 . O 1  146.4 - - 0.42 2.52 - - 
7T Thomas, 1953, c h i p  o f  t a l u s .  29.22 T r  - - 0.075 .05 - 0.03 0.01 
8T . . . .  .do. . . . . . . . .  1.87 T r  - - . 1 4  - .06 - 0 4  - 
9T Thomas, 1959, g rab  o f  t a l u s .  1.75 T r  - - .073 - - .03 .02 

10T . . . .  .do. . . . . . . . .  10.71 Y r  - - .039 - .03 .03 - 
11T . . . .  .do. . 1 8 ~ 1 -  - - .037 - .03 .02 - . . . . . . . .  

The repo r t ed  eU va lues  j u s t i f y  an i n v e s t i g a t i o n  o f  t he  area.  There 
has n o t  been any p roduc t i on  from t h e  c l a ims ,  though they have been h e l d  s i nce  
1921. An o l d  40 - f 00 t  s h a f t  on t he  Mespel t  prospect  i s  now caved i n .  A 7- by 
5-  by 15 - f oo t  s h a f t  on t h e  Jules-Knudson p rospec t  was l a s t  r epo r t ed  f u l l  o f  
water .  A l i t t l e  t r e n c h i n g  and road work by b u l l d o z e r  i s  t he  o n l y  o t h e r  work 
t h a t  has been done. The p rospec ts  a r e  i n  a remote area o f  ve ry  rugged t e r r a i n .  
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C o r r e l a t i o n  m a t r i x  f o r  32 ~ a m p l e s  f rom t h e  Zane 
H i l l s  p l u t o n  - - - - - - - - - - - - - - - - - - 

P l o t  o f  qua r t z  aga ins t  t ho r i um  concen t ra t i ons  f rom 
t h e  Zane H i l l s  P l u ton -  - - - - - - - - - - - - - 

V a r i a t i o n  i n  uranium, tho r ium,  potassium, and 
counts  pe r  second a long  iwo t r ave rses  i n  t h e  
Zane W i l l s  P lu ton -  - - - - - - - - - - - - - - - 

C o r r e l a t i o n  m a t r i x  f o r  16 samples f rom the  Dry 
Canyon Creek Stock - - - - - - - - - - - - - - - 

C o r r e l a t i o n  f o r  10 samples f rom t h e  S e l a w i k  
Lake Complex - - - - - - - - - - - - - - - - - - 

C o r r e l a t i o n  c o e f f i c i e n t s  - - - - - - - - - - - - - 
Number o f  t h i n  sec t i ons  r e q u i r e d  t o  ma in ta i n  

major  r i i ineral  a n a l y t i c a l  e r r o r  l ess  than 1.418, 
2.0!&, and 2 .52 ,  based on t h e  area o f  t h e  t h i n  
s e c t i o n  and t he  IC number- - - - - - - - - - - - 
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ABSTRACT 

One hundred e i g h t  r o c k  samples were s e l e c t e d  f r o m  t r a v e r s e s  a c r o s s  
f i v e  p l u t o n s  i n  w e s t e r n  A laska  and ana lysed  f o r  u ran ium,  t h o r i u m ,  and 
po tass ium.  Modes were de te rm ined  u s i n g  p o i n t - c o u n t i n g  techn iques .  The 
h i g h e s t  u ran ium c o n c e n t r a t i o n s  d e t e c t e d  were 86 and 92 ppm f r o m  a  m i n e r a l -  
i z e d  d i k e  i n t r u s i o n  zone i n  the  Se law ik  hake Complex. 

C o r r e l a t i o n  c o e f f i c i e n k s  were c a l c u l a t e d  i n  an a t t e m p t  t o  r e l a t e  t h e  
m i n e r a l o g y  t o  u ran ium and t h o r i u m  c o n t e n t .  When t h e  sample s e t  i s  con- 
s i d e r e d  as  a  who le  t h e r e  i s  l i t t l e  s i g n i f i c a n t  c o r r e l a t i o n .  However, t h e  
a n a l y s i s  o f  i n d i v i d u a l  p l l ~ t o n s  y i e l d s  s t r o n g  c o r r e l a t i o n s  between m i n e r a l -  
ogy and r a d i o a c t i v i t y .  The m i n e r a l o g i c a l  v a r i a b l e  t h a t  c o r r e l a t e s  w i t h  
u ran ium o r  t h o r i u m  v a r i e s  f r o m  one p l u t o n  t o  t h e  n e x t .  

Based on t h e s e  c o r r e l a t i o n s ,  m i n e r a l o g i c a l  g u i d e l i n e s  a r e  o f f e r e d  
f o r  t h e  s e l e c t i o n  o f  u ran ium e n r i c h e d  v a r i a n t s  i n  f o u r  o f  t h e  f i v e  p l u t o n s .  

l NTRODUCT l ON 

P r o j e c t  O b j e c t i v e s  

! J i t h  i n c r e a s i n g  i n t e r e s t  i n  t h e  l o c a t i o n  and development o f  new 
u ran  ium r e s e r v e s ,  t h e  s t a t e  o f  A laska  has become a  p r i m e  t a r q e t  a r e a  
f o r  e x p l o r a t i o n .  Most o f  A laska  has been q e o l o q i c a l l y  mapped a t  t h e  
reconna issance l e v e l  and t o  d a t e  u ran ium inves t i qa t i ong ,  have been l i m i t e d .  
G r a n i t i c  and a l k a l i n e  r o c k s  on t h e  e a s t e r n  Seward P e n i n s u l a ,  and l a r g e  
q r a n i t i c  p l u t o n s  and a l k a l i n e  s t o c k s  i n  t h e  Hogatza P l u t o n i c  b e l t  o f  
t h e  Yukon-Koyukuk Bas in  have been known t o  c o n t a i n  h i q h  c o n c e n t r a t i o n s  o f  
u ran ium and t h o r i u m ,  s i n c e  e a r l y  p r o s p e c t i n g  e f f o r t s  ( ~ a u l t  e t  a l . ,  1953,  
\ Je \ t ,  1953,  and West and blhi t e ,  1352) . 

I n  1975 G i l b e r t  R .  Eak ins  o f  t h e  S t a t e  o f  A laska G e o l o g i c a l  and Geo- 
p h y s i c a l  Surveys r e c e i v e d  a  c o n t r a c t  f rom t h e  U.S. Energy Research and 
Development A d m i n i s t r a t i o n  (ERDA) t o  conduct  an e x t e n s i v e  bedrock  and 
s t ream sediment samp l ing  i n v e s t i g a t i o n  o f  t h i s  r e g i o n .  T h i s  t h e s i s  r e -  
p r e s e n t s  a  s i g n i f i c a n t  p o r t i o n  o f  t h e  h a r d  r o c k  s e c t i o n  o f  t h e  i n v e s t i g a -  
t i o n  headed by D r .  Rober t  B .  Forbes o f  t h e  Geology Department and Geo- 
p h y s i c a l  Institute, U n i v e r s i t y  o f  A laska .  

P r e v i o u s  Work 

M o f f i t  (1905) was t h e  f i r s t  t o  n o t e  t h e  e x i s t e n c e  o f  l a r g e  c a l c -  
a l k a l i n e  p l u t o n s  and s m a l l e r  s t o c k s  i n  wes te rn  A laska .  He a l s o  documented 
t h e  o c c u r r e n c e  o f  m e l a n i t e  g a r n e t  and a e g e r i n e  a t  G r a n i t e  Mounta in .  Smi th  
and E a k i n  (1311) r e p o r t e d  n e p h e l i n e - b e a r i n g  v e i n s  i n  t h e  Darby Mounta ins .  
The a l k a l i n e  complexes i n  t h e  Kobuk-Selawik l ow land  were d i s c o v e r e d  and 
f i r s t  d i s c u s s e d  by P a t t o n  and M i l l e r  (1963) ( see  a l s o  P a t t o n  and o t h e r s ,  
1962; and M i l l e r ,  1372).  

Uranium i n v e s t i q a t i o n s  began i n  t h e  a rea  i n  t h e  l a t e  1g1tO1s, as 
documented by  t h e  p u b l i c a t i o n  o f  a  number o f  U.S. G e o l o g i c a l  Survey G i r -  
c u l a r s  by \Jest (1353) ,  blest and ! * l h i t e  (1952) ,  and G a u l t  and o t h e r s  (1953) .  



More recent. i n t e r e s t  i n  t h e  u ran ium p o t e n t i a l  o f  t h e  r e g i o n  has r e -  
s u l t e d  i n  a number o f  h a r d - r o c k  uran ium i n v e s t i g a t i o n s  ( M i l l e r  and 
Hunker,  1975a and b; M i l l e r ,  1975; S t a a t z  and M i l l e r ,  1976).  A de- 
f i n i t  i v r .  s t : i~ t ly  o f  t h e  p e t r o l o g y  o f  t h e  Hogntza P l u t o n i c  b e l t  was con- 
duci.ed by M i l l e r  (1970) ,  and a more s p e c i f i c  s t u d y  o f  t h e  a l k a l i n e  com- 
p l e x e s  was a l s o  p u b l i s h e d  by M i l l e r  ( 1 9 7 2 ) .  

A l t h o u g h  t h e  common a s s o c i a t i o n  o f  anomalous ly  h i g h  v a l u e s  o f  
u ran ium and t h o r i u m  w i t h  r o c k s  c o n t a i n i n g  f e l d s p a t h o i d s  i s  w e l l  doc-. 
umented, h i g h  c o n c e n t r a t i o n s  o f  t h e  r a d i o a c t i v e  e lements  a r e  n o t  
l i m i t e d  t o  t h e  a l k a l i l i e  v a r i a n t s  a l o n e .  The Darby P l u t o n  i n  t h e  sou th -  
e a s t e r n  Seward P e n i n s u l a  i s  an example o f  a  p a r t i c u l a r l y  u r a n i f e r o u s  
p l u t o n  ( ~ i l  l e r  and Bunker,  1975a, and B l i i l e r ,  1975) a l t h o u g h  i t  i s  com- 
posed c h i e f l y  o5 a  s i l i c i c  q u a r t z  monzon i te .  The o c c u r r e n c e  o f  above 
average amounts o f  u ran ium and t h o r i u m  i n  p l u t o n i c  rocks  t h a t  ranae i n  
age o v e r  a  p e r i o d  o f  a t  l e a s t  3 5  m i l l i o n  y e a r s ,  t h a t  have a  composi- 
t i o n a l  range f r o m  b i o t i t e  g r a n o d i o r i t e  t o  n e p h e l i n e  s y e n i t e ,  and a r e  
i n  s i g n i f i c a n t l y  d i f f e r e n t  g e o l o g i c  s e t t i n g s  suggests  t h e  e x i s t e n c e  o f  
a  u r a n i u m - t h o r i u m  p r o v i n c e  ( ~ i l l e r ,  1975). 

Geo log ic  S e t t i n g  

A l k a l i n e  and c a l c - a l k a l i n e  igneous r o c k s  o c c u r  i n  a  b e l t  a p p r o x i m a t e l y  
750 km l o n g  i n  w e s t e r n  A laska .  T h i s  b e l t  o f  p l u t o n s  ex tends  a c r o s s  t h e  
n o r t h e r n  Yukon-Koyukuk p r o v i n c e  f r o m  t h e  Koyukuk R i v e r  t o  I<otzebue Sound, 
where i t  i s  c a l l e d  t h e  Hogatza P l u t o n i c  B e l t ;  c u t s  a c r o s s  t h e  e a s t e r n  
Seward P e n i n s u l a ,  and may i n c l u d e  i n t r u s i v e s  on S t .  Lawrence I s l a n d  and 
e a s t e r n  S i b e r i a .  

The r o c k s  a l o n g  t h i s  zone a r e  p r e d o m i n a n t l y  g r a n o d i o r i t e  and q u a r t z  
monzon i te ,  w i t h  some s y e n i t e ,  monzon i te  and g r a n i t e  ( M i l l e r ,  1970) .  As- 
s o c i a t e d  w i t h  t h e  l a r g e r  p l u t o n s  a r e  a  number o f  s m a l l ,  h i g h l y  p o t a s s i c  
a l k a l i n e  s t o c k s  ( ~ i l l e r ,  1972).  A number o f  t hese  p l u t o n s  have been 
sampled i n  t h e  p a s t  and were found t o  c o n t a i n  anomalous c o n c e n t r a t i o n s  
o f  u ran ium and t h o r i u m ,  b u t  l i t t l e  s y s t e m a t i c  e x p l o r a t i o n  has been done. 

The Hogatza P l u t o n i c  B e l t  i s  i n t r u d e d  i n t o  t h e  Yukon-Koyukuk p r o -  
v i n c e ,  an a rea  o f  l a t e  Mesozoic a n d e s i t i c  r o c k s ,  v o l c a n i c  graywacke and 
mudstone. I t  has been a  h i g h l y  m o b i l e  t e c t o n i c  p r o v i n c e  wh ich  has been 
s u b j e c t e d  t o  repea ted  magmatism d u r i n g  Cre taceous and T e r t i a r y  t i m e  
( P a t t o n ,  1970a).  

Precambr ian r o c k s  o f  t h e  Seward P e n i n s u l a  c o n s i s t  c h i e f l y  o f  g n e i s s ,  
p e l i t i c  and c h l o r i t i c  s c h i s t s ,  and c a r b o n a t e  r o c k s .  The P a l e o z o i c  Era 
i n  t h e  Seward P e n i n s u l a  i s  dominated by ca rbona tes .  These r o c k s  have 
been i m b r i c a t e l y  t h r u s t  f a u l t e d  t o  t h e  e a s t  and n o r t h  d u r i n g  two p e r i o d s  
o f  f a u l t i n g  i n  Cretaceous t i m e  ( S a i n s b u r y ,  1963).  The boundary between 
t h e  Seward P e n i n s u l a  and t h e  Yukon-Koyukuk p r o v i n c e  appears t o  be a  
t h r u s t  f a u l t ,  w i t h  P a l e o z o i c  ca rbona te  r o c k s  t h r u s t  eas tward  o v e r  Cre- 
taceous v o l c a n i c  r o c k s  ( p a t t o n ,  1967, Sa insbury ,  1969) .  K/Ar age d a t e s  
i n d i c a t e  t h a t  c r y s t a l l i z a t i o n  o f  t h e  p l u t o n s  i n  t h e  wes te rn  Hogatza 
P l u t o n i c  B e l t  o c c u r r e d  about  100 m i l l i o n  yea rs  ago ( ~ i l l e r ,  1970).  
Rad iogen ic  ages and s p a t i a l  r e l a t i o n s  suggest  t h a t  t h e  a l k a l i n e  r o c k s  



a r e  co-magmatic w i t h  t h e  l a r g e r  monzon i te ,  s y e n i t e ,  and q u a r t z  monzon i te  
p l u t o n s  o f  t h e  w e s t e r n  Hogatza p l u t o n i c  b e l t  ( ~ i l l e r ,  1970 ) .  Ages i n  
t h e  e a s t e r n  s e c t i o n  o f  t h i s  b e l t  appear t o  be much younger,  about  86 
m i  1 1  i o n  y e a r s .  

F i e l d  I n v e s t i g a t i o n s  

D u r i n g  t h e  1975 f i e l d  season, 108 r o c k  samples were c o l l e c t e d  f r o m  
two l a r g e  p l u t o n s  and t h r e e  sma l l  s t o c k s  on t h e  e a s t e r n  Seward P e n i n s u l a ,  
and t h e  t iogatza P l u t o n i c  B e l t .  These p l u t o n s  i n c l u d e  t h e  Darby P l u t o n ,  
Zane H i l l s  P l u t o n ,  S e l a w i k  Lake Complex, Dry Canyon Creek S tock ,  and t h e  
G r a n i t e  Mounta in  P l u t o n .  

The p l u t o n s  were s e l e c t e d  f o r  samp l ing  because o f  p r e v i o u s l y  r e -  
p o r t e d  occu r rences  o f  anomalous ly  h i g h  c o n c e n t r a t i o n s  o f  r a d i o a c t i v e  
e len ients .  L o c a t i o n s  maps f o r  t h i s  s t u d y  a r e  shown i n  F i g u r e s  1 and 2 .  

F : q u ~ - e  1 . I-ocat i o n  map, Seward P e n i n s u l a  and Yukon-ICoyukuk stud\/ 
a rea.  



Selawik Lake Complex 

I - i q u r e  2 .  L o c a t i o n s  o f  p : u t o n i c  r o c k s  on t h e  Seward P e n i n s u l a  and Yukon- 
!<nyuklrk Sa5 in  \n/hicl? we1.c. examined i n  l h i s  s t u d y .  

G r a n i t e  Mounta in  - -- 

T h i s  sma l l  s t o c k  was s e l e c t e d  f o r  s t u d y  because i t  i s  a  zoned 
a l k a l i n e  i n t r u s i v e  ( ~ i l l e r ,  1972 ) .  I t  seemed t o  be the  b e s t  p o s s i b l e  
l o c a l i t y  w i t h i n  t h e  t h e s i s  a rea  t o  s t u d y  t h e  d i s t r i b u t i o n  o f  u ran ium 
and t h o r i u m  i n  r o c k s  showing s y s t e m a t i c  v a r i a t i o n  i n  t h e i r  modes. A l -  
though o u t c r o p s  a r e  sparse a t  G r a n i t e  Mounta in ,  nea r  c o n t i n u o u s  r u b b l e  
c r o p  o c c u r s  a l o n g  t h e  t r a v e r s e  l i n e ,  and r o c k  samples were c o l l e c t e d  
a t  i n t e r v a l s  o f  a p p r o x i m a t e l y  300 mete rs .  

Darby P l u t o n  

The Darby P l u t o n  i s  a  l o n g  na r row q u a r t z  monzon i te  i n t r u s i v e  known 
t o  c o n t a i n  anomalous c o n c e n t r a t i o n s  o f  u ran ium and tho r ium.  Ana lyses 
oF 1 1  samples r e p o r t e d  by M i  1 l e r  and Bunker (1975a) y i e l d e d  ave rage  
v a l u e s  o f  '11 ppm u ran ium and 59 ppm t h o r i u m .  Because o f  i t s  l a r g e  s i z e ,  
and t h e  a v a i l a b l e  t ime ,  i t  was n o t  p o s s i b l e  t o  sample a l l  o f  t h e  p l u t o n  
a t  c l o s e  i n t e r v a l s .  As a  r e s u l t ,  a  s i n g l e  eas t -wes t  t r a v e r s e  was com- 
p l e t e d  i n  an a rea  o f  known h i g h  r a d i o a c t i v i t y .  T h i s  a rea  i s  i n  t h e  
v i c i n i t y  o f  Vu lcan  Creek,  33 km n o r t h  o f  t h e  v i l l a g e  o f  E l i m ,  where \ l e s t  
(1953) d i s c o v e r e d  h i g h  c o n c e n t r a t i o n s  o f  u ran ium i n  pan c o n c e n t r a t e s ,  
and M i  1 l e r  and Bunker (1975a) c o l  l e c t e d  t h r e e  r o c k  samples t h a t  averaged 
16 ppm uran ium.  Outcrop and r u b b l e  c r o p  a r e  abundant a l o n g  t h i s  t r a v e r s e  
and samples were taken  a t  i n t e r v a l s  o f  a p p r o x i m a t e l y  . 5  km. 

Zane H i l l s  

Two sample t r a v e r s e s  were made t h r o u g h  t h e  Zane W i l l s .  A n o r t h e r n  
t r a v e r s e  was conducted t h r o u g h  an a rea  o f  g r a n o d i o r i t e  known t o  c o n t a i n  



r a t h e r  low c o n c e n t r a t i o n s  o f  u ran ium and t h o r i u m .  The purpose o f  t h i s  
t r a v e r s e  was t o  de te rm ine  t h e  m i n e r a l o g y  a s s o c i a t e d  w i t h  u ran ium poor  
r o c k s  and t o  examine t h e  v a r i a b i l i t y  i n  such a  p l u t o n ,  where t h e  mode 
i s  c o n s i s t e n t .  

A second t r a v e r s e  was conducted i n  t h e  s o u t h e r n  Zane H i l l s ,  t h r o u g h  
two zones o f  monzon i te  known t o  c o n t a i n  anomalous ly  h i g h  c o n c e n t r a t i o n s  
o f  u ran ium and t h o r i u m .  Outcrop was abundant i n  b o t h  o f  t hese  t r a v e r s e s .  
Samples were taken  a t  i n t e r v a l s  o f  about  1 km. 

Se law ik  Lake 

The Se law ik  Lake Complex i s  a sma l l  p o t a s s i c  s t o c k  l o c a t e d  n o r t h  o f  
t h e  S e l a w i k  H i l l s .  I t  was known t o  c o n t a i n  uran ium c o n c e n t r a t i o n s  as 
h i g h  as 6. ppm and t h o r i u m  c o n c e n t r a t i o n s  o f  22. ppm. Outcrop i s  poo r  
age most o f  t h e  samples c o l l e c t e d  came from t h e  r u b b l e  c r o p .  

Dry Lanyon Creek ----- 

The Dry Canyon Creek S tock ,  l o c a t e d  on t h e  west s i d e  o f  t h e  Darby 
Mounta ins  i s  a  p o t a s s i c  s t o c k  c o n t a i n i n g  h i g h  c o n c e n t r a t i o n s  o f  t h o r i u m  
b u t  low u ran ium v a l u e s .  Most o f  t h e  samples were taken  f r o m  t h e  r u b b l e  
c r o p .  

Ana lyses f r o m  t h e  Se law ik  Lake Complex and t h e  Dry Canyon Creek S tock  
were t a k e n  t o  see where t h e  uran ium i s  c o n c e n t r a t e d  i n  these  r o c k s  and w i t h  
what t ypes  o f  m i n e r a l s  i t  i s  a s s o c i a t e d .  

RESEARCH !)BJECTI V E S  AND F  I ND I IJGS 

Proposed O b j e c t i v e s  

1 .  To g a i n  a d d i t i o n a l  i n f o r m a t i o n  o f  t h e  m i n e r a l o g y  and p e t r o l o g y  o f  
t h e  a l k a l i n e  and a l k a l i c  rocks  w i t h i n  t h e  s t u d y  a r e a .  

2 .  To examine c a r e f u l l y  a reas o f  anomalous r a d i o a c t i v i t y .  

;. To d e t e r m i n e  wh ich  m i n e r a l s  i n  t h e  r o c k  c o n t a i n  u ran ium and tho r ium,  
and [he d i s t r i b u t i o n  o f  t h e s e  e lements  between m a j o r ,  m i n o r ,  and accesso ry  
m ; r c r a ! s .  

4. To make c o r r e l a t i o n s  between m i n e r a l o g y  and t h e  u ran ium c o n c e n t r a t i o n s  
fo:~nd i n  t h e  r o c k s .  

5 .  To p r e d i c t  wh ich  r o c k  t y p e s  wcluld be expected t o  c o n t a i n  h i g h  con- 
c:csntrat ions o f  r a d i o a c t i v e  m i n e r a l s .  

6. To compare a i r b o r n e  gamma-ray s p e c t r o m e t r y  d a t a  w i t h  ana lyses  o f  
rock  samples c o l l e c t e d  a l o n g  t r a v e r s e s  beneath  t h e  f l i g h t  l i n e s .  

F i n d i n g s  

1 .  P e t r o g r a p h i c  a n a l y s i s  o f  a l k a l i n e  r o c k s  r e v e a l e d  a  number o f  
m i n e r a l s  t h a t  had n o t  been p r e v i o u s l y  d e s c r i b e d  i n  t h e  t h e s i s  a r e a .  I n  



a d d i t i o n ,  t h e  t e x t u r e s  and s t r u c t u r e s  o f  t h e s e  rocks  were d e s c r i b e d  i n  
g r e a t e r  d e t a i l  t han  t h e y  had been p r e v i o u s l y .  A d d i t i o n a l  modal ana lyses  
were de te rm ined  f rom t h e  p l u t o n s  examined and a  number o f  i n t e r e s t i n g  
f i e l d  r e l a t i o n s  and new p l u t o o i c  u n i t s  were discovered. 

2. Areas o f  anomalous r a d i o a c t i v i t y  were s t u d i e d ,  and r o c k s  were 
c o l l e c t e d  t h a t  c o n t a i n e d  u ran ium v a l u e s  as h i g h  as 92 ppm. 

3. Uranium ana lyses  o f  m i n e r a l  separa tes  p l u s  t h e  c a r e f u l  s t u d y  i n  
t h i n  s e c t i o n s  f o r  t h o s e  m i n e r a l s  showing p l e o c h r o i c  ha loes ,  i n d i c a t e  
where u ran ium and t h o r i u m  a r e  c o n c e n t r a t e d  i n  t h e  r o c k .  

h .  C o r r e l a t i c n s  between r o c k  t y p e s ,  m a j o r  and m i n o r  m i n e r a l s ,  and 
u ran ium and t h o r i u m  were made u s i n g  g r a p h i c a l  and b a s i c  s t a t i s t i c a l  
t e c h n i q u e s .  

5.  P r e d i c t i o n s  were made on t h e  b a s i s  o f  t h e  above c ie te rm ina t ions  
and m i n e r a l o g i c a l  g u i d e s  suggested f o r  t h e  s e l e c t i o n  o f  samples t h a t  shou ld  
c o n t a i n  anomalous u ran ium and t h o r i u m .  

6. Comparison between g r o u n d - t r u t h  and a i r b o r n e  d a t a  c o u l d  n o t  be 
made because o f  t h e  c o a r s e  i n t e r v a l  s e l e c t e d  For t h e  l i s t i n g  o f  t h e  a i r -  
borne a n a l y t i c a l  d a t a  p u b l i s h e d  by Texas I n s t r u m e n t s ,  t h e  c o n t r a c t o r s  f o r  
t h e  a i r b o r n e  s t u d y ,  and t h e  assumpt ions  made d u r i n g  t h e  p r o c e s s i n g  o f  t h a t  
d a t a  c o n c e r n i n g  t h e  geo logy .  I t  appears  t h a t  t h e  t e c h n i q u e s  used,  p a r t i c -  
u l a r l y  t h e  c o r r e c t i o n s  f o r  known geo logy a r e  d e t r i m e n t a l  t o  t h e  u s e f u l n e s s  
o f  t h e s e  su rveys .  

ROCK CLASSlFlCATlON 

The c l a s s i f i c a t i o n  scheme used f o r  t h e  a l k a l i n e  r o c k s  i n  t h i s  s t u d y  
i s  shown i n  F i g u r e  3. T h i s  c o m p a r a t i v e l y  s i m p l e  scheme was p r e s e n t e d  by  
Sorensen (1974) as  taken f rom S a r a n t s i n a  and Sh inka rev  (1967) .  Rock 
names a r e  ass igned  on t h e  b a s i s  o f  t h r e e  c o n s t i t u e n t s ;  p e r c e n t  n e p h e l i n e ,  
o e r c e n t  a l k a l i  f e l d s p a r ,  and p e r c e n t  m a f i c  m i n e r a l s .  The most s i g n i f i c a n t  
advantage o f  t h i s  p a r t i c u l a r  c h a r t  i s  t h a t  i t  m i n i m i z e s  t h e  number o f  
u n u s ~ a l  names g i v e n  t o  a l k a l i n e  r o c k s .  Abundant r o c k  names g r e a t l y  r e -  
s t r i c t  t h e  aud ience  t h a t  wou ld  be a b l e  t o  comprehend e a s i l y  t h e  s u b j e c t  
m a t t e r  O F  a  p e t r o l o g i c  r e p o r t .  A  l a r g e  f i e l d  o f  n e p h e l i n e  s y e n i t e  e x i s t s  
w i t h i n  t h e  d iagram.  T h i s  i s  where most O F  t h e  r o c k  modes s t u d i e d  f a l l .  
M i n e r a l o g i c a l  m o d i f i e r s  a r e  used, t o  d e s c r i b e  t h e  p a r t i c u l a r  v a r i e t y  o f  
n e p h e l i n e  s y e n i t e .  

The Plag ioc lase -K-fe ldspar -Quar tz  c l a s s i f i c a t i o n  c h a r t  as used i n  
t h i s  s t u d y  f o r  name ass ignments  f o r  g r a n i t i c  r o c k s  i s  shown i n  F i g u r e  4. 

THE ROCKS 

G r a n i t e  Mounta in  

As mapped by M i l l e r  (1972) ,  t h e  G r a n i t e  Mounta in  P l u t o n  c o v e r s  an a r e a  
o f  a p p r o x i m a t e l y  70 km2. I t  i s  a  zoned a l k a l  i n e - c a l c - a l k a l  i n e  s t o c k  w i t h  
n e p h e l i n e  s y e n i t e  and g a r n e t  s y e n i t e  a t  t h e  o u t e r  r i m ,  s u r r o u n d i n g  a  u n i t  



Mclonocrotic ncpheline - bearing syenite 

Figure 3. Classification of the alkaline rocks. 

Figure 4. Granitic rock classification. 
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I n  t h e  f i g u r e ,  s o l i d  l i n e s  and r o c k  names i n  l a r g e  p r i n t  r e p r e s e n t  
t h e  geo logy  as taken  f r o m  M i l l e r  (1972) .  Heavy d o t s  a r e  sample l o c a l i t i e s  
f rom t h e  p r e s e n t  i n v e s t i g a t i o n  and t h e  dashed l i n e s  and r o c k  names shown i n  
s m a l l e r  p r i n t  a r e  c o n t a c t s  and r o c k  t y p e s  as de te rm ined  f r o m  p e t r o g r a p h i c  
e x a m i n a t i o n  o f  t h e s e  samples. Rock modes, as de te rm ined  i n  t h i s  s t u d y ,  a r e  
shown i n  F i g u r e  6 (see Appendix A  f o r  p o i n t - c o u n t i n g  t e c h n i q u e s ) .  There  a r e  
m a j o r  d i f f e r e n c e s  between t h e  geo logy  as  de te rm ined  by M i l l e r  (1972) and 
what we de te rm ined  d u r i n g  o u r  d e t a i l e d  t r a v e r s e .  

30% Nepheline 

8 Monzonfte 
8 Quartz Monzonite 
A Nepheline Syenite 
A Garnet ~ y i n i t e  
Q Syeni te  

F i g u r e  6. Rock modes f r o m  t h e  G r a n i t e  !?oun ta in  P l u t o n .  

Con tac t  R e l a t i o n s  -- 

As seen f r o m  a e r i a l  photographs a  d i s t i n c t  l i neamen t  i s  c o i n c i d e n t  
w i t h  t h e  west  boundary o f  t h e  G r a n i t e  Mounta in  I n t r u s i v e .  A n d e s i t e  b r e c c i a  
was found a t  l o c a t i o n  2 ,  F i g u r e  5. There  i s  l i t t l e  o r  no  ev idence  o f  r e -  
c r y s t a l l i z a t i o n  o f  t h e  a n d e s i t i c  c o u n t r y  r o c k  a d j a c e n t  t o  t h e  i n t r u s i v e .  
These o b s e r v a t i o n s  suggest  t h a t  t h e  w e s t e r n  c o n t a c t  i s  a  f a u l t .  

The e a s t e r n  c o n t a c t  i s  covered by  t u n d r a  and i t s  n a t u r e  i n  t h e  
v i c i n i t y  o f  t h e  t r a v e r s e  was n o t  de te rm ined .  

The e x a c t  l o c a t i o n  o f  t h e  w e s t e r n  c o n t a c t  a l o n g  t h e  t r a v e r s e  was f i x e d  
w i t h  t h e  use o f  a  s c i n t i l l a t i o n  c o u n t e r  ( ~ i g u r e  7 ) .  A l t h o u g h  t h e  a rea  i s  
covered by t u n d r a ,  t h e  l o c a t i o n  a t  wh ich  t h e  s c i n t i l l a t i o n  coun t  beg ins  t o  
i n c r e a s e  i s  a l s o  marked by a  d i s t i n c t  v e g e t a t i o n  change. The c o n t a c t  has 
been mapped a t  t h i s  v e g e t a t i o n  change. 



!denhe1 i n e  S v e n i t e  

A new ly  recogn ized  n e p h e l i n e  s y e n i t e  u n i t  i s  i n f e r r e d  a t  sample 
l o c a l i t y  3 becatise o f  t h e  d i s c o v e r y  OF r e l a t i v e l y  abundant n e p h e l i n e  
s y e n i t e  f l o a t .  T h i s  sample l o c a l i t y  i s  l o c a t e d  on a  broad sadd le ,  w i t h  
a n d e s i t i c  r o c k s  t o  t h e  west  and s y e n i t e  and monzon i te  t o  t h e  e a s t .  The 
o n l y  l i k e l y  sou rce  f o r  t h e  n e p h e l i n e  s y e n i t e  f l o a t  i s  t h e  bedrock  be- 
n e a t h  t he  tund ra -cove red  sadd le .  Making t h i s  assumpt ion  we a r e  a b l e  t o  
map a  t h i n  u n i t  o f  nephel  i n e  s y e n i t e .  

The modal c o m p o s i t i o n  o f  t h e  n e p h e l i n e  s y e n i t e  as de te rm ined  by 
p o i n t  c o u n t i n g  t h r e e  r o c k  samples i s  shown i n  T a b l e  1 .  

T a b l e  I 

Modal Percentages o f  t h e  G r a n i t e  Mounta in  Nephe l i ne  S y e n i t e  

M i n e r a l  
Nephel i n e  
O r t h o c l a s e  
Aeger i ne 
B i o t i t e  
Garnet  
A p a t i t e  
0 r t . h i  t e  
Opaques 
Zeo l  i t e s  
C a n c r i n i  t e  

Mean Standard  D e v i a t i o n  Range 
TKZ- 15 16.5--21 . 2  
56.3 3 . 1 2  52.8- -58.7  

5.6 1.42 4 .3 - -7 .1  
4 . 3 . 6  3.6- -4 .8  

1'1.3 5.9 7.5- -18 .3  
t r a c e  
t r a c e  
t r a c e  
t r a c e  
t r a c e  

The n e p h e l i n e  s y e n i t e  has a  medium-grained h y p i d i o m o r p h i c  g r a n u l a r  
t e x t u r e  w i t h  no m i n e r a l  f o l i a t i o n .  However, t h e r e  i s  ev idence  o f  s h e a r i n g  
and c a t a c l a s i s  between l a r o e  o r t h o c l a s e  g r a i n s .  
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r ; c u r e  7 .  S c i n t i l l a t i o n  c o u n t e r  i -e .7d ing a c r o s s  t h e  
we..f' marq:n o f  t h e  G r a n i t e  P1ounta:n r l t ~ t o t i .  



P e r t h i t i c  o r t h o c l a s e  o c c l ~ r s  as subhedra l  g r a i n s  up t o  5 mm i n  l e n g t h .  
N e p h e l i n e  ; s  i n t e r s t i t i a l  i n  t h e  f e l d s p a r  f a b r i c ,  and can be d i s t i n g u i s h e d  
i n  t h e  o u t c r o p  b?car~sc, i t  devc lnps  ~ e g a t i v e  r e l i e f  on  weathered s u r f a c e s .  
I n  t h i n  s c c t ; o n ,  t h e  n e p h e l i n e  can be d i s t i n g u i s h e d  by h i g h e r  r e l i e f  t h a n  
f e l d s p a r ;  most g r a i n s  show some f n r n i  o f  a l t e r a t i o n  t o  c a n c r i n i t e ,  c l a y  
m i n e r a l s  fir z c o l  i t e s .  

Aeger ine  i s  deep green,  o c c u r r i n q  i n  subht.dra1 g r a i n s  w i t h  an o p t i c  
a n g l e  o f  boo(--1.  Euhedral  d a r k - r e d d i s h  brown me lan i  t e  q a r n e t ,  a  t i t a n i u m -  
r i c h  f o r m  o f  a n d r a d i t c ,  i s  a l s o  abundant.  

The c o n t a c t  w i t h  t h e  g a r n r l  s y e n i i e  t o  t h e  e a s t  canno t  be obse rved  
because o f  t h e  t u n d r a  c o v e r .  M i  1 l e r  (1972) h e 1  i eves  t h a t  t h e  c o n t a c t s  
w i t h i n  t h e  zoned i n t r u s i v e  a r e  s h a r p l y  q r a d a t i o n a l .  The e x i s t e n c e  o f  
s i m i l a r  l o o k i n g  m a l a n i t e  q a r n e t s  i n  t h e  two u n i t s  suggests  a  g e n e t i c  i n -  
t e r r e l a t i o n s h i p .  

Garnet  Sven i t e  

The g a r n e t  s y e n i t e  u n i t  i s  c h a r a c t e r i z e d  by p o r p h y r i t i c  and g n e i s s i c  
t e x t u r e s .  O r t h o c l a s e  f e l d s p a r ,  c o n s t i t u t i n g  as much a5 60 p e r c e n t  o f  t h e  
r o c k  o c c u r s  i n  l a r g e  d u l l - w h i t e  c o l o r e d  c r y s t a l s  up t o  5 cm i n  l e n g t h .  
The g a r n e t  s y e n i t e  u n i t  as  shown i n  F i g u r e  5 has been mapped more i n  terms 
o f  t e x t u r e  than  m i n e r a l o g y .  The mode v a r i e s  s u b s t a n t i a l l y  w i t h i n  t h e  u n i t  
and h a l f  o f  t h e  r o c k s  examined i n  t h i s  s tudy  were monzon i tes .  The d i s -  
t i n c t i v e  p o r p h y r i t i c  and g n e i s s i c  t e x t u r e s  found i n  t h e  u n i t  a r e  i n  sharp  
c o n t r a s t  t o  t h e  f i ne - to -med ium-g ra ined  subhedra l  t e x t u r e s  o f  t h e  monzon i te  
and q u a r t z  monzon i te  t o  t h e  e a s t .  

M i l l e r ' s  (1972) p e t r o g r a p h i c  modal summary o f  t h i s  r o c k  u n i t  i s  g i v e n  
i n  T a b l e  2.  

T a b l e  2 

Modal Percentages o f  t h e  G r a n i t e  Mounta in  
Garnet S y e n i t e  ( a f t e r  M i l l e r ,  1972) 

M i n e r a l  Modal X - 
Q u a r t z - - - - - - - - - - - - - - - - - - - - - - - - - - - -  absent  
~ ~ ~ h ~ l  ine------------------------- accesso ry  
K - f e l d s p a r - - - - - - - - - - - - - - - - - - - - - - - -  3  1 -60% 
Plagioclase----------------------- 22-38% 
p q a f i c  15-30% 

(ho rnb lende ,  g a r n e t  and 
c 1 i nopy roxene) 

I n  t h e  p e t r o g r a p h i c  e x a m i n a t i o n  o f  s i x  samples f rom 4 l o c a l i t i e s  
w i t h i n  t h e  u n i t ,  t h e  modal pe rcen tages  f e l l  w i t h i n  t h e  l i m i t s  d e t e r -  
mined by M i l l e r ,  w i t h  t h e  e x c e p t i o n  t h a t  q u a r t z  was found i n  a l l  s e c t i o n s  
i n  m ino r  amounts. 

Accessory  m i n e r a l s  i n c l u d e  l a r g e  euhedra l  sphene c r y s t a l s ,  a p a t i t e ,  
and t r a c e s  o f  secondary ca rbona te .  



The p l e o c h r o i c  scheme o f  t h e  amphibo le  i s :  x = b l u i s h  green,  y=deep 
g reen  t o  b l a c k ,  z = l i g h t  y e i l o w i s h  g reen ,  s u g g e s t i n g  h i g h  c o n c e n t r a t i o n s  
o f  Na and Fe. The amph ibo le  appears  t o  be i n  t h e  eckermann i te -a rvedson i te  
f a m i l y  o f  amphibo les ,  a  g roup  o f  amphibo les  c h a r a c t e r i s t i c  o f  a l k a l i n e  
igneous r o c k s  and t h e i r  a s s o c i a t e d  p e g m a t i t e s  ( ~ e e r  and o t h e r s ,  1963) .  

Monzon i t e  --- 
T a b l e  ? shows pe rcen tages  o f  m i n e r a l o g y  o f  10 t h i n  s e c t i o n s  and r o c k  

s l a b s  f r o m  t h e  monzon i te  u n i t  a t  G r a n i t e  Mounta in .  

T a b l e  3 

Modal Percentages o f  t h e  G r a n i t e  Mounta in  Monzon i te  

M i n e r a l  
Q u a r t z  
P l a g i o c l a s e  
K - f e l d s p a r  
Amphibole 
Pyroxene 
Sphene 
A p a t i t e  
Opaques 

Average Mode 
.42 

Std .  Dev. - 
0 .m- Range 

. l - .2 .g  

The monzon i te  i s  g e n e r a l l y  e q u i g r a n u l a r  showing no d i s t i n c t i v e  p l a n a r  
f o l i a t i o n .  Gra ins  average 1 -3  mm i n  s i z e  and o f t e n  show ev idence  o f  shear -  
i n g  and c a t a c l a s i s  a l o n g  t h e i r  marg ins .  A l t h o u g h  t h i s  i s  t h e  predominant  
t e x t u r e ,  a  few samples o f  a  c o a r s e r  monzon i te  were c o l l e c t e d  i n  t h e  u n i t  
t h a t  showed g n e i s s i c  and p o r p h y r i t i c  t e x t u r e s  s i m i l a r  t o  those  found i n  
t h e  g a r n e t  s y e n i t e  u n i t .  The e x i s t e n c e  o f  t h e s e  samples suggests  t h a t  
t h e  g r a n i t i c  t e x t u r e  i n  t h e  monzon i te  i s  t h e  r e s u l t  o f  g r a i n  s i z e ,  and 
t h a t  t h e  monzon i te  may have been sheared by t h e  same process t h a t  e f f e c t e d  
t h e  o u t e r  s y e n i t e  u n i t .  

P l a g i o c l a s e  Anj5-23 o c c u r s  i n  zoned, ' l a r g e l y  untw inned c r y s t a l s  .5 -3  
mm i n  s i z e  w i t h  a l t e r e d  c a l c i c  c o r e s .  i t  i s  l o c a l l y  a n t i p e r t h i t i c .  K- 
f e l d s p a r  i s  v e r y  p e r t h i t i c  and o c c u r s  i n  subhedra l  c r y s t a l s .  Q u a r t z  i s  
n o t  abundant and i s  i n t e r s t i t i a l  t o  t h e  f e l d s p a r s .  

Amphibole and a e g e r i n e - a u g i t e  a r e  t h e  m a j o r  m a f i c  c o n s t i t u e n t s ,  com- 
p r i s i n g  as much as 17% o f  t h e  r o c k .  A l t h o u g h  chemica l  ana lyses  a r e  n o t  
a v a i l a b l e  f o r  t h i s  r o c k  u n i t  t h e  e x i s t e n c e  o f  a e g e r i n e - a u g i t e  suggests  
t h a t  t h e  r a t i o  o f  a l k a l i e s  t o  s i l i c a  may exceed l / 6 ,  t h a t  necessary  t o  
c l a s s i f y  t h i s  r o c k  as a l k a l i n e  (see Appendix 2 ) .  

Sphene and a p a t i t e  a r e  abundant i n  most o f  t he  t h i n  s e c t i o n s .  Other  
a c c e s s o r i e s  i n c l u d e  f l u o r i t e  and z i r c o n .  

Syen i t e  - 

East  o f  t h e  monzon i te  u n i t ,  a zone o f  pyroxene ho rnb lende  s y e n i t e ,  
s i m i l a r  t e x t u r a l l y  t o  t h e  g a r n e t  s y e n i t e  u n i t  was d i s c o v e r e d .  The s y e n i t e  



3 n I t  was d !scovered.  The s y e n i t e  u n i ~  i s  75  km w ide  a l o n g  t h e  t r a v e r s e  . . 
1:ne.  A l though  i r  was n o t  ms3ped th roughou t  t h e  p l u t o n ,  o u r  r e c o n n a i s -  
sance o f  t h e  zone i n  a  n o r t h  and souyr  d i r e c t i o n  r e v e a l e d  t h a t  t h e  u n i t  
p e r s i s t s  F c ? r  a t  l e a s t  500 ~ i i e ~ e r s .  

The s y e n i t e  u n i t  as shown i n  F i g u r e s  5 and 6 c o n s i s t s  o f  a  number of 
r o c k  t ypes  exhibiting a c h a r a c t e r i s t i c  g n e i s s i c  and p o r p h y r i t i c  t e x t u r e ,  
dominated by c o a r s e  g r a i n s  o f  K - f e i d s p a r  i n  a m a t r i x  o f  p l a g i o c l a s e  and 
m a f i c  m i n e r a l s ,  

3f  t h ?  r l x  samples examined f rom f o u r  l o c a l i t i e s  w i t h i n  t h e  s y e n i t e  
u n i t ,  four  nf these  rocks  a r e  a c t u a l l y  s y e n i t e ,  t h e  rema in ing  two a r e  
monzon i te .  L e u c o c r a t i c  q u a r t z  monzonii:e v e i n - r o c k s  wcre a l s o  f'ound. 

D e r t 4 i t ; , ,  n r t k o c i a s e  i n  s u h h e d t a l ,  a l i g n e d ,  g r a i n s  i s  t h e  p r e d o m l n a ~ t  
m i n c r a l  w l t h i n  t h e  s v e n i t e  un;:, c o n s t i t u t i n g  up  t o  91% o f  ;he rock .  
? ; a g i o c l a s e  Ani8-23 i s  subhedra l  and l a r g e l y  i n t e r s t i t i a l  t o  t h e  K - f e l d s p a r .  
Much o f  it has been a l t e r e d  t o  s e r i c i t e .  Traces o f  f i n e - g r a i n e d  i n t e r -  
5 t i t i a l  q u a r t z  were found i n  a l l  o f  t h e  t h i n  s e c t i o n s  s t u d i e d .  

The c o m p o s i t i o n  o f  t h e  amphibo le  I s  v a r i a b l e  as i n d i c a t e d  by a  v a r i e t y  
o f  p l e o c h r o i c  schemes seen i n  d i f f e r e n t  specimens. I n  some o f  c5e v a r i a n t s  
t h e  a m p h i b o 3 ~  i s  a brown ho rnb lende ;  o t h e r  samples show t h e  b lue -g reen  
p leoch ro i s rn  i n d i c a t i v e  o f  N a - r i c h  arnph;boles. 

The pyroxene i s  zoned a e g e r i n e - a u g i t e ,  d i s p l a y i r i v  a l i g h t  g r e e n i s h  
c o l o r  i n  t h e  c e n t e r  o f  t h e  c r y s t a l s ,  t h e  c o l o r  g row ing  more i n t e n s e  t o -  
wards t h e  r i m .  

Same s c c t ; o r s  show i n d i c a t i o n s  o f  l a t e  s t a g e  i n t r o d u c t i a n  o f  s i l i c a  
7 ,  J 

(- , a ' ? * f e  ' - 1  sma i j  v e i n s  o f  rnyr rnek i t i c  i n e e r g r o w t h s .  C a t a c i a s i s  i s  e v i d e n t ,  
3d , - ,  . a v  d t c r , g  t h e  g r a i n  boundar ies  o f  rhe  f e l d s p a r .  

-? 

1 r t a a l u n i  c o n c e n t r a t i o n s  f o r  t h e  two s y e n i t e  u n i t s  i n  t h e  G r a n i t e  Moun- 
t a i n  P l u t o r ~  a r e  a lmos t  i d e n t i c a l .  A chemica l  a n a l y s i s  o f  a sample o f  t h e  
g a r n e t  s y e n i t e  y i e l d e d  0.59% T i O Z  ( ~ i l i e r ,  1972 ) .  The t i t a n i u m  c o n t e n t  o f  
t h e  s y e n r t e  u n i t ,  as de te rm ined  t h r o u g h  p o i n t  c o u n t i n g  a n a l y s i s ,  i s  0.45%. 
A d d i t i o n a i  accesso ry  m i n e r a l s  i n c l u d e  a p a t i t e  and z i r c o n .  

A ! t h u u ~ l ;  t h e  c o n t a c t  between t h e  monzon i te  and s y e n i t e  u n i t s  c o u l d  
n o t  be seen because o f  t h e  absence o f  o u t c r o p ,  t h e  l i t h o l o g i c  change was 
observed t o  o c c u r  o v e r  an a rea  o f  a few me.ters sugqes t ing  a  sha rp  c o n t a c t  

Q u a r t z  Monzon i te  

The c o n t a c t  between t h e  s y e n ' t e  u n i t  and t h e  q u a r t z  monzov i te  occu rs  
i n  a  t u n d r a  covered sadd le  ( F i g u r e  5), and t h e  e x a c t  l o c a t i o n  was n o t  p i n  
p o i n t e d .  T e x t u r a l l y  t h e  q u a r t z  v o n z o n i t e  i s  q u i t e  d i f f e r e n t  f rom t h e  
s y e n i t e  u n i t s ,  b u t  i s  s i m i l a r  to  t h e  monzon i te  t o  t h e  wes t .  

Sever; samples were c o l l e c t e d  t r o m  t h e  q u a r t z  monzon i te  u n i t .  The 
nobes o f  these  samples a r e  q u i t e  s i n f l a r ,  as a r e  t h e i r  t e x t u r a :  f e a t u r e s  
( Z i g u r e  6). 



The q u a r t z  monzon i te  i s  medium-grained and r o u g h l y  e q u i g r a n u l a r .  
The t e x t u r e  i s  c h a r a c t e r i z e d  by p l a g i o c l a s e  man t led  by l a r g e  m i c r o c l i n e  
c r y s t a l s  i n  o p t i c a l  c o n t i n u i t y .  Presumably t h e  l i q u i d  magma became de- 
p l e t e d  i n  sodium and c a l c i u m  d u r i n g  c r y s t a l l i z a t i o n  and t h e  p l a g i o c l a s e  
became u n s t a b l e .  The magma, now e n r i c h e d  i n  po tass ium began t o  c r y s t a l l i z e  
M-fe:dspar around t h e  c r y s t a l l i z a t i o n  s i t e s  i n i t i a t e d  by  t h e  s o d i c  p l a g i o -  
c l a s e .  A l l  o f  t h e  g r a n i t i c  u ran ium-bear ing  r o c k s  o f  t h e  e a s t e r n  Seward 
P e n i n s u l a  and n o r t h e r n  Yukon-l<oyukuk ba!;in examined i n  t h i s  s t u d y  d i s p l a y  
: h i s  unusual  t e x t u r e .  

The most abundant m i n e r a l  phase i s  p l a g i o c l a s e ,  An25-32. I t  i s  
n o r m a l l y  zoned w i t h  a l t e r e d  c o r e s .  M i c r o c l i n e  i s  v e r y  p e r t h i t i c .  I n t e r -  
s t i t i a l  q u a r t z  c o ~ s t i t u t e s  as much as 21.2 o f  t h e  rock .  The abundance o f  
quariz ~ P F P . ~ T ;  t: i n c r e a s e  towards t h e  e a s t .  

2e a n ~ ; - " ' ~ o i e  has a  s l t g h t  g r e e n i s h  t i n t ,  and i n  some cases i s  seen 
r;mm:ng j l o t T t e  c r y s t a l s .  A few s m a l l  a u g i t e  c r y s t a l s  were observed.  
Blo:i:e ; s  found i s  some samples, p a r t i a l l y  a l t e r e d  t o  penn ine .  Accessory  
m i n e r a : s  i ~ c l u d e  sphene, a p a t i t e ,  and t r a c e s  o f  m i n u t e  z i r c o n  c r y s t a i s .  

A l t h o u g h  t h e  q u a r t z  monzon i te  does n o t  d i s p l a y  a  g n e i s s i c  f a b r i c  i n  
hand specimen, on t h e  m i c r o s c o p i c  s c a l e  t h e r e  i s  d e f i n i t e  ev idence  o f  
c a t a c l a s t i c  d e f o r m a t i o n  wh ich  o c c u r r e d  l a r g e l y  i n  t h e  s o l i d  s t a t e .  Granu- 
l a t i o n  as t h e  r e s u l t  o f  s h e a r i n g  has o c c u r r e d  a l o n g  f e l d s p a r  boundar ies .  
i n  a d d i t i o n  q u a r t z  g r a i n s  commonly show wavy e x t i n c t i o n .  A l l  o f  t h e  zones 
i n  t h e  G r a n i t e  Mounta in  P l u t o n  appear t o  have been s u b j e c t e d  t o  c a t a c l a s t i c  
de fo rma t ion ,  b u t  because o f  t h e i r  d i f f e r e n t  average g r a i n  s i z e s  d u r i n g  t h e  
c a t a c l a s t i c  e v e n t ,  each u n i t  has responded d i f f e r e n t l y .  Examina t ion  o f  t h e  
i n t e r g r a n u l a r  boundar ies  suggests  t h a t  t h e  q u a r t z  monzon i te  has been sub- 
j e c t e d  t o  shear s t r e s s e s  s i m i l a r  t o  t h o s e  t h a t  deformed t h e  s y e n i t e  u n i t  
t o  t h e  west .  The p e r s i s t e n c e  of  t h e  g r a n i t i c  t e x t u r e  i s  a  r e s u l t  o f  t h e  
s m a l l e r  g r a i n  s i z e  and t h e  absence o f  e l o n g a t e d  Fe ldspar  l a t h s .  

A ? : e r a l " o n  ' 7  t h e  f e l d s p a r s ,  penn ine  r e p l a c i n g  b i o t i t e ,  and t h e  
> C C L - ~ P - : F  9' amp+ibo le  r imming b i o t i t e  suggests  t h a t  t h e  q u a r t z  monzon i te  

r - 
ha< lr= - L.*  er ed by a  p e r i o d  o f  thermal  metamorphism. 

Potass ium Analyses --- 

Whole r o c k  po tass ium ana lyses  were made o f  v a r i a n t s  f r o m  t h e  G r a n i t e  
Mounta in  P l u t o n  u s i n g  a tomic  a b s o r p t i o n  s p e c t r o m e t r y .  These d a t a  a r e  shown 
g r a p h i c a l l y  i n  F i g u r e  8 .  A  genera l  decrease i n  po tass ium o c c u r s  towards 
t h e  e a s t ,  d i s t u r b e d  by a  number o f  ma jo r  f l u c t u a t i o n s ,  p a r t i c u l a r l y  w i t h i n  
t h e  s y e n i t e  u n i t s .  

Comments on t h e  Genesis o f  t h e  G r a n i t e  Moun ta in  P l u t o n  
--- 

The e x i s t e n c e  o f  a  s i m i l a r l y  zoned a l k a l i n e  complex a t  Cape Deshnev 
i n  S i b e r i a  sugges ts  t h a t  t h e  zone i s  n o t  t h e  r e s u l t  o f  a n a t e x i s  o f  t h e  
c o u n t r y  r o c k  ( ~ i l l e r ,  1972).  M i l l e r  suggests  t h a t  t h e  z o n i n g  i s  t h e  r e -  
s u l t  o f  m u l t i p l e  i n j e c t i o n  by a  magma, w i t h  t h e  i n i t i a l  c o m p o s i t i o n  o f  a  
l e u c i t e  p r o p h y r y  t h a t  has separa ted  i n t o  two magmas and d i f f e r e n t i a t e d ,  
f o r m i n g  t h e  f o u r  ma jo r  r o c k  t y p e s  a t  G r a n i t e  Mounta in .  M i l l e r  n o t e s  t h a t  
such a  d i f f e r e n t i a t i o n  scheme has been suggested by F u d a l i  (1963) and Bowen 
(1928) f o r  G m i l a r  zoned a l k a l i n e  complexes. 
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Tbf' i , x ;s tence o f  t h e  a d d i t i o n a l  5 y e n i t c  u n i t  a d j a c e n t  t o  t h e  q u a r t z  
monzoq i te  a t  L r a n i t e  Mounta in  makes mode l$  f o r  t h c  o r - i q i n  o f  t h i s  l,toclc 
even morc d i f f i c u l t .  The s t u d y  o f  t h c  q t o l o q y  a l o n q  t h i s  t r d v e r s e  i n  
d e t a i  1 <,uagest- t h a t  t h e  7on inq  i s  much more complex t h a n  was be1 i e v e d  by 
P f i l : c r  (1972)  d u r i n q  h i 5  i n i t i a l  r econna issance .  I n  a d d i t i o n ,  t h e  con- 
t i n u o ~ %  i n c r e a s e  i n  q u a r t 7  f r o m  west t o  e a s t  suqgestc, t h a t  we a r e  o n l y  
o b \ t r v i n q  h a l f  o f  t h e  p l u t o n .  B e f o r e  t h t  c r y s t a l l i z a t i o n  h i ~ t o r y  can be 
detc>rr i i ined, d e t a i l e d  g e o l o q i c  mappinq w i l l  havc t o  be conducted o v c r  t h e  
e n t i r e  p l u t o n .  At p r e s e n t  t h c  n a t u r e  o f  t b c  c o n t a c t s  i s  l a r q c l y  s p e c u l a t : v e .  
The at;sencc o f  a c t u a l  o u t c r o p  riake; :he d c t e r l l r i n a t i o n  o f  c o n t a c t  r e l a t i o n s  
d i f f i ~ ~ i l : ,  and t h e  comp le te  1 i chen  c o v c r  makes g e o l o q i c  i n v e s t i q a t i o n ;  
+ e d  i , , u s  . 

h r b y  P I  u t o n  

The Darby Mounta ins  form s prominen t  n o r t h - t r e n d i n q  moun ta in  range 
i n  t h e  e a s t e r n  Seward P e n i n s u l a ,  excend inq  f rom Capc Darby t o  t h e  
Bendeleben Mounta in5 ,  a  d i s t a n c e  o f  about  85 km. The Darby P l u t o n ,  a 
5 inuous  q u a r t z  m c n z o n i t e  body, tompr l s e s  t h e  e a s t  s i d e  o f  t h i s  moun ta in  
range .  I n  r,harp c o n t r a s t  t o  t h e  G r a n i t e  Mounta in  i n t r u s i v e ,  t h e  Darby 
" I i l t ~ r  i s  e n r i c h e d  i n  s i l i c a  and ~ o n t a i n s  a 5  much as 3 2 1  q u a r t 7 .  

H :  *:I 3~ran ;u rn  v a l u e s  f r o m  t h e  Darby Mounta ins  were d i s c o v e r e d  i n  pan 
c o n c e n t r a t e s  o f  s t ream sediment  samples by G a u l t  and o t h e r s  (1953) .  
M i l l ~ r  and Bunker (1975a) conducted a  h a r d  r o c k  samp l i ng  su rvey  o f  t h e  
Daroy P l u t o n ,  t h e  a d j a c e n t  Kachau ik  P l u t o n  and t h e  Bendelebcn P l u t o n .  

An eas t -wes t  t r a v e r s e  a p p r o x i m a t e l y  12 kni i n  l e n q t h ,  was conducted 
d u r i n q  t h i s  s t u d y  a c r o s s  t h e  Darby P l u t o n  i n  t h e  v i c i n i t y  o f  Vu lcan 
C r e e k .  I n  t h e  a rea  o f  t h e  t r a v e r s e ,  t h e  w e \ t e r n  edqe o f  t h e  p l u t o n  i s  
i n  I n t r u s i v e  c o n t a c t  w i t h  low-to-medium-qradc metamorphic r o c k s  o f  P r e -  
cambr ian  aqc ( ~ i l i e r  and o t h e r J ,  1912) On t h e  ea5 t  s i d e ,  t h e  Darhy 
P l u t o n  i \  i n  f a u l t  c o n t a c t  h i t h  Devoni ' jn d o l o m i t e  

T h i r t y  r o c k  samples were c o l l e c t e d  f r o m  t h e  22 l o c a l i t i e s  shown i n  
F i g u r e  9.  There  i s  c o n s i d e r a b l e  v a r i a b i l i t y  i n  t h e  mode a c r o s s  t h e  
t r a v e r s e  as i n d i c a t e d  by t h e  s c a t t e r  i n  F iqur t :  10. 
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Figure 9. Geologic and sample locality map of the Darby Pluton. *Sample 
localities. 
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: c l ~ r r c .  I n .  Xock modes f r o m  t h e  Darby O i u t o n  

The q u a r t z  monzon i te  o f  t h e  Darby Mounta ins  i s  a c o a r s e - g r a i n e d  
h y p i d i o m o r p h i c  g r a n u l a r  r o c k  showing no  tendency towards  f o l i a t i o n  o f  
m i n e r a l  g r a i n s .  O r t h o c l a s e  and p l a g i o c l a s e  o c c u r  i n  a p p r o x i m a t e l y  equa l  
anio;Jntb. k - f e i d s p a r  c r y s t a l s  a r e  t y p i c a l  l y  t h e  l a r g e s t  phase I n  t h e  r o c k ,  
up :.o 2 cm ;:i l e n g t h .  The K - f e l d s p a r  i s  p e r t h i t i c  and s u b h e d r a i .  P l a g i o -  
c i a s e  An18-27 o c c u r s  as i n t e r s t i t i a l  anhedra i  g r a i n s  and subhedra l  c r y s t a l s  
showing norniai z o n i n g  and some a ~ t e r a t i o r ?  o f  t h e  more c a l c i c  c o r e s .  

Q u a r t z  occ.urs as i n t e r s t i t i a l  g r a i n s  and o c c a s i o n a l l y  as l a r g e  c r y s t a l s  
of s ~ b h ~ d r a l  i hab i t .  B i o t i t e  i s  bne o n i y  n i a f i c  n i l n e r a l  and c o n s t i t u t e s  no 
mor(2 than  5% o f  t h e  r o c k .  I t  i s  p a r t i a l l y  a l t e r e d  r o  c h l o r i r e  i n  some s p e c i -  
menc,. 

Po tass ium Ana lyses  

Po tass ium ana lyses  f rom t h e  r o c k  saniples c o l l e c t e d  $ram :he  Darby 
P i  u t o n  a r e  p i  ~ s e n t e d  i n  g r a p h i c a l  f o r m  i n  F i g u r e  1 1 .  Ther.e appears  t o  be 
no c i , j ~ ? : f ; ! , 3 ~ f L  c7y.tematic change i n  t h e ?  po tass ium c o n t e n t  a c r o s s  t h e  p l u t o n .  

Zane H i i l s  

The Zane Hills f o r m  a sma l l  mountain range t r e n d i n q  N30W, l o c a t e d  on  
t n e  koyckuk 3 i v e r  nea r  t h e  e a s t  end af  the t logatza  P l u t o n i c  3 e i t .  They 
a r e  co reo  s~ t h e  Zane H i l l s  p l u t o n ,  a Cre taceous b a t h o l i t h  c o n s i s t i n g  o f  
q r a n o a i o r i r e ,  monzon i te ,  h y b r i d  a i o r i t e ,  ano a  p r e v i o u s l y  undescv ibed u n i t  
cons;s: ing o r  auqen g n e i s s  and d i k e  r o c k s .  A g e o l o g i c  and samplz Y o c a ? i t y  
map 1 3  shown ' n  F i q u r e  12. Modes a r e  shown i n  F i g u r e  1 3 .  
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i ici:;:-c I ' . il:2!,i,:t i o n  i r i  ~ ~ o t ~ ~ s s i u r n  acros5 t l i c  Carby l ' !u io i i .  

The majo r  p l u t o n i c  phase i ~ !  t h e  Zane H i l l s  ; s  an e q u i g r a n u l a r  medium- 
qra:ned g r a c o d i o r i t e ,  d i v i d e d  by b l i  l i e r  (!370) i n t o  a n o r t h e r 2  ho rnb lende  
3 r a n o d l o r l t e  zone and a s o u t n e r n  b i o t i t e  g r a n o d i o r i t e  zone.  Ten samples 
w e r e  collec.L.ed i n  a t r a v e r s e  t h r o u g h  Lhe ho rnb lende  b i o t i t e  zone.  

P l a g i o c l a s e  i s  t h e  most ~ ~ b u n d a n t  m i n e r a l ,  o c c u r r i n g  i n  subhedra l  
g r a i n s  w i t h  o s c i l l a t o r y  zon;ncj. M i c r o c : i q e  i s  found as subhedra l  c r y s t a l s  
r imming t h e  p l a q i o c l a s e  i n  a s i m i l a r  L ~ x t u r e  t o  t h a t  seen a t  G r a n i t e  Moun 
t a i n .  Q u a r t z  c o n s t i t u t e s  as much a s  23 p e r c e n t  o f  t h e  r o c k  and i s  found 
as  anhedra l  c r y s t a l s .  B i c t ' t e  i s  t he  most abundant m a f i c  m i n e r a l ,  com- . e 

? - + = , I I ~  c j o p l + o x ; ; ~ a t e l y  2 . 5 %  o f  t h e  r o c k .  The b i o t i t e  i s  o f t e n  p a r t i a l l y  
-I * - .  ( c to i  : te. Sphene and apa,i te a r e  t he  main accesso ry  n i n e r d l s .  

,; t ;.. ; k " ! n g  c : - ~ a r ~ c t e r i s t  i c  o f  t h e  Zane tii 1 1  s  G r a n o d i o r i  t e  ; s  : f s  

re)::cral horncgene i t y .  

Auser Gneiss 

A long t h e  e a s t  m a r g i n  o f  t h e  Zane H i  i l s ,  an augen g k l e ; s s  zone, ap- 
p r o x : ~ n a t e ; y  1 k m  wide,  was l o c a ~ e d  aloncj t h e  n o r t h  t r a v e r s e .  

P j a g i o c l a s e  o c c u r s  as  l a r g e  rounded augens, up t o  1 cni ir s i z e ,  i n  a  
f i n e  g r a i n e d  n i a f r i x  o f  K - f e l d s p a r ,  p l a q i o c l a s e ,  and q u a r t z .  The m a f i c  
m i n e r a l s ,  ho rno lende  and b i o t i t e ,  a r e  banded and smeared around t h e  l a r g e  
p l a g i o c l a s e  c r y s t a l s  i n  an unmis takab le  c a t a c l a s t i c  t e x t u r e .  P e t r o g r a p h i c  



Explana t ion  
Khbg ESornbBende b i o t i t e  g r a n o d i o r i t e  Kpq P o r p h y r i t i c  q u a r t z  
Kbg B i o t i t e  g r a n o d i o r i t e  monzon i t  e 
Km Monzonite Kv Volcanic rocks 
Kag Augen g n e i s s  Q Alluvium 

Figure 12. Geo log ic  and sample locality map of the Zane Hills ( a f t e r  
Miller, 1 5 7 8 ) .  



0 Biotite Granodiorite 

Hornblende Granod iorita  

a Monzonite 

0 Dikes in Augen Gneiss 

m Augen Cneiss 

A Coarse Granodiorite 

I a 

Plagioclase K-feldspar 

7 ' r F t q u t ~ r  .,. ,,ozx w d e s  f r o m  t h e  Zane H i  1 1 5 .  

a n a l y s e s  o f  s t a i n e d  r o c k  s l a b s  d ~ d  t h i n  s e c t i o n s  f r o m  t h e s e  samples show 
t h a t  t h e  mode w i t h i n  t h i s  zone ; i  i d e n t i c a l  t o  t h e  Zane H i l l s  g r a n o d i o r i t e  
( F i g u r e  1 3 ) .  The augen g n e i s s  appears t o  be a  r e c r y s t a l l i z e d  phase o f  t h e  
q r a n o d i o r i t e ,  s u b j e c t e d  t o  i n t e n  i v e  s h e a r i n g .  The e x i s t e n c e  o f  t h i s  
~ h a s e  a l o n g  t h e  e a s t e r n  marq in  o' t h e  Zane I f i l l s  p l u t o n  suggests  a f a u l t  
 ont tact w i t h  t h e  a n d e s i t i c  c o u n t r y  r o c k .  

W i t h i n  t h e  augen g n e i s s  zonp o t h e r  r o c k  t y p e s  were found,  i n c l u d i n g  
f i n e - g r a i n e d  gne iss i c ,  d i k e s  and ~ p l i t e  and p e g m a t i t e  d i k e s .  

Monzon i te  and H y b r i d  D i o r i t e  - 
Two zones o f  monzon i te  an-  I d b r i d  d i o r i t e ,  c o n t a i n i n g  anomalous con- 

c e n t r a t i o n s  o f  u ran ium and thoryurn a r e  exposed a l o n g  t h e  s o u t h e r n  m a r g i n  
o f  t h e  Zane H i l l s  ( ~ i g u r e  12) ( ~ " l e r ,  1970)  

The monzon ' te  i s  v a r i a b ! e  % r )  tex;ure t r o m  r o u g h l y  e q u i g r a n u l a r  t o  
q n e i s s i c .  Two s tages o f  p l a g i o c l a s e  c r y s t a l l i z a t i o n  a r e  a p p a r e n t .  ? ? a g i o -  
c l a s e  An10-25 o c c u r s  i n  medium >n l a r g e  subhedra l  g r a i n s  and as f i n e - g r a i n e d  
l a t e  s t a q e  rnyr rnek i t i c  i n t e r g r a w t h s  w i t h  q u a r t z .  P e r t h i t i c  m i c r o c l i n e  oc -  
c u r s  i n  l a r g e  subhedra l  g r a i n s ,  up t o  3 cm i n  s i z e ,  o r  i n t e r s t i t i a l l y .  
I n t e r 5 t i t i a l  q u a r t z  i s  p r e s e n t  i n  m i n o r  amounts. A sea-green amph ibo le  i s  



t h e  m a j o r  m a f i c  m i n e r a l ,  making UP as much as 1 5 %  o f  t h e  r o c k .  Brown 
b i o t i t e  i s  abundant,  whereas pyroxene i s  found o n l y  i n  m ino r  amounts. 
Accessory  m i n e r a l s  i n c l u d e  sphene, a p a t i t e ,  z i r c o n ,  and r u t i l e .  

The h y b r i d  d i o r i t e  i s  a  c o n t a c t  metamorphic r o c k .  I t s  o r i g i n  i s  
t h e  r e s u l t  o f  t h e  i n c o r p o r a t i o n  o f  x e n o l i t h s  i n t o  t h e  g r a n o d i o r i t e  magma 
( M i l l e r ,  1970) and t h e  c o m p o s i t i o n  o f  t h i s  phase i s  v a r i a b l e .  Hor i i -  
b;ende makes up as much as 70% o f  t h e s e  r o c k s ,  o f t e n  seen r imming pyroxenes.  
The common t e x t u r e  i s  banded and p o r p h y r i t i c  w i t h  l a r g e  amphibo le  and p l a g i o -  
c l a s e  c r y s t a l s  i n  a  f i n e - g r a i n e d  f e l s i c  m a t r i x .  P l a g i o c l a s e  has a l t e r e d  
t o  s e r i c i t e  i n  some cases.  T h i s  r o c k  t y p e  c o n t a i n s  few accesso ry  m i n e r a l s .  

M i l l e r  (1970) ,  i n  h i s  i n v e s t i g a t i o n  o f  t h e  p l u t o n i c  r o c k s  o f  West- 
C e n t r a l  A laska ,  used t h e  te rm a l k a l i n e  r o c k  i n  t h e  sense o f  Tu rne r  and 
Verhoogen (1960) ;  ' a  r o c k  i n  wh ich  t h e  a i k a l i  c o n t e n t  i s  s u f f i c i e n t l y  
5 i ~ h  a; compared t c  s i l i c a  f o r  s p e c i a l l y  a l k a l i n e  m i n e r a l s  such as  f e l d s -  
p a : h o : 5 ~ .  . o  a p p e a r . '  Thus M i l l e r ' s  usage o f  t h e  t e r m  i s  d i s t i n c t i v e l y  
d I f S e r e n :  Zror t h e  chemica l  c l a s s i f i c a t i o n  used i n  t h i s  r e p o r t  (see Ap- 
p e n d ; ~  2 ) .  The Zane H i l l s  monzon i te  does n o t  c o n t a i n  f e l d s p a t h o i d s .  As 
a r e s u i t  N l l F e r  does n o t  c o n s i d e r  i t  t o  be p a r t  o f  t h e  a l k a l i n e  b e l t  and 
p l a c e s  t h e  eas tward  l i m i t  o f  t h i s  b e l t  a t  t h e  E k i e k  Creek P l u t o n ,  170 km 
t o  t h e  wes t .  A chemica l  a n a l y s i s  o f  t h e  monzon i te  f r o m  t h e  Zane H i l l s  i s  
shown i n  T a b l e  4 .  

T a b l e  4 

Chemical A n a l y s i s  o f  Monzon i te  f r o m  t h e  Zane t i i l l s  t aken  
f rom M i  1 l e r ,  (1970) .  

Oxides 
-- 
S i O ?  

~ 7 0 ~  

'2'5 
MnO 

c02 
T o t a l  

T o t a l  a i k a i i e s  = 11.6,  wh ich  i s  g r e a t e r  t han  l / 6  S i 0 2 .  Acco rd ing  t o  
o u r  c i a s s i f i c a t i o n  ( a f t e r  Shand, 19223, t h i s  i s  an a l k a l i n e  r o c k .  The 
d i f f e r e n c e  i n  c l a s s i f i c a t i o n  schemes ex tends  t n e  b e l t  o f  a l k a l i n e  rocks  
170 krn e a s t  o f  t h e  marg in  d e s c r i b e d  by M i l l e r  (1972) .  



The Dry Canyon Creek Stock 

Located or? t h e  west s i d e  o f  t h e  Darby P l u t o n  on t h e  eas te rn  Seward 
Pen insu la ,  t h e  Dry Canyon Creek Stock i s  descr ibed  by M i l l e r  and o t h e r s  
(1972) as a  l e u c o c r a t i c  t o  t r a c h y t o : d  f o y a i t e  (F i gu re  1 4 ) .  The s tock  i s  
c u t  by b lue-g ray  p u l a s k i t e  d i kes  and has been t e n t a t i v e l y  ass igned a mid- 
Cretaceous age based on a  K - A r  age o f  105 - + 3 m.y. (M.A. Lanphere, w r i t t e n  
communication i n  M i l l e r  and o t h e r s ,  1972). 

Modes o f  17 rocks determined f r ow  examinat ion o f  s t a i n e d  t h i n  s e c t i o n s  
and rock  s l abs  a r e  shown i n  F i gu re  15 .  The predominant r ock  t ype  i s  a  
h o r n b l e n d e - b i o t i t e  nephel i ne  s v e n l t e .  bu t  o t h e r  more m a f i c  phases, such as 
hornb lende-aeger ine -aug i te  a l k a l l  gabbro were a l s o  found. One sample o f  
s y e n i t e  c o n t a i n i n g  l ess  than one nercent  q u a r t z  was found i n  r ubb le  c rop .  

Cretaceous Quaternary 
fis--NegRelfne Sye- @---Morainal Deposit 

nite and Alkali Qca--CoPluvSum and 
Gabbro , %hP1uvium. 

Precambrian 
pCmc-#etamorph%c Complex 
p6m--Marbf e 

F igu re  1 )  . C e o l o ~ i i c  arid ,alnpl e  local i t v  map nf 
t he  Dry Canyon Creek Stock,  as mod i f i ed  f rom 
t l i  1 l e r  and o t h e r s  ( ' 9 7 2 ) .  



Uafic Minerals K-feldspar 

c ;( l , j i -e 1 5 .  Mode5 c f  i-oc.';, rrom 1 lie Dry Canyon Creek S t o c k .  

The po tass ium f e l d s p a r  i s  a n o r t h o c l a s e  wh ich  o c c u r s  as subhedra l  
- r a i n \ ,  o f t e n  showing a  m o t t l e d  s c o t c h  p l a i n  t w i n n i n q ,  d i s t i n c t i v e l y  
d i f f e r e n ;  f r o m  chat  found i n  m i c r o c l i n e .  The maximum s i z e  o f  t h e  
aqor:hoclac,e c r y s t a l s  i s  S mm. Nephe l i ne ,  w h i c h  makes up as much a s  
35% o f  t n c  r o c k ,  i s  i n  i n t e r s t i t i a l  c r y , t a l s ,  w h i c h  have been l a r g e l y  
a l t e r e d  t o  c a n c r i n i t e .  Of ten  t h e  a n o r r h o c l a s e  and n e p h e l i n e  show 
ev idence  o f  e x s o l u t i o n  s t r u c t u r e s  i n c l u d i n a  q r a p h i c  dnd m y r m e k i t i c  
i n t e r q r o w t h s ,  arid what Bower (1928) d e s c r i b e d  a s  a  f i n q e r p r i n :  t e x t u r e .  

P l a g i o c l a s e  o c c u r s  as a  m i n o r  c o n s t i t a e n t  i n  some o f  t h e  samples,  
and a ma jo r  r o c k  fo rm ing  m i n e r a l  i n  one case where i t  makes up 14.7% O F  
t h e  r o c k .  

B i o t ; t e ,  ho rnb lende ,  and pyroxene a r e  found i n  v a r y i n g  p r o p o r t i o n s .  
B j L . t i t c  ; -, t h e  m a j o r  m i n e r a l  i n  t h e  l e u c o c r a t i c  v a r i e t i e s  where ; t s  
?,3n' t r c> q i o m e r o p o r p h y r i  t i c  o r  i n  band5 and s t r e a k s .  

The pyro>.ene i s  most common i n  t h e  a l k a l i  gabbros where i t  i s  
d i s t i n c t i v e l y  zoned, showing sodium en r i chmen t  towards  t h e  r i m  and a  
s t r o n g e r  a u g i t e  component towards  t h e  c e n t e r .  The py roxene  makes up as 
niuch as 25% o f  some o f  t he  rocks  sampled. 



Brownish ho rnb lende  i s  found i n  b o t h  t h e  l e u c o c r a t i c  and m e s o c r a t i c  
v a r i e t i e s ,  sometimes as r e a c t i o n  r i m s  around t h e  pyroxene,  and i n  o t h e r  
cases rimmed by b i o t i t e .  Hornb lende anc b i o t i t e  a r e  i n t e r s t i t i a l  t o  t h e  
f ~ l s i c  m i n e r a l s  whereas t h e  pyroxenP5 a r e  subhedra l  and appear t o  have 
formed p r i o r  t o  c r y s t a l l i z a t i o n  o f  t h e  l i g h t  c o l o r e d  m i n e r a l s .  

The predominant  t e x t u r e  i s  one t h a t  appears t o  be q l o m e r o p o r p h y r i t i c ,  
b u t  i s  a c t u a l l y  a  r e l i c t  t e x t u r e  r e C , u l t i n g  f rom bhe e x s o l u t i o n  o f  l a r g e  
i u b h e d r a l  l e u c i t e  c r y s t a l s ,  i n  a  m a t r i x  o f  m a f i c  m i n e r a l s ,  p r e d o m i n a n t l y  
h ~ o t i t e .  The t e x t u r e  appears  as c i i . . ; . u la r  agg reqa tes  o f  n e p h e l i n e  and 
a n o r t h o ~ l a s e ,  sur rounded by bands o r  bi8.1t i t e  and ho rnb lende .  Upon c a r e -  
t u l  e x a m i n a t i o n  some o f  t h e  round c r : i i s  s e c t i o n s  appear t o  have e i g h t  
; i des :  a  r e l i c t  o f  t h e  o r i g i n a l  c r y - i t a l l i z a t i o n  h i s t o r y .  F low band ing  
o r  perhaps a  m i n o r  s h e a r i n g  o f  t h e  r q c k  d u r i n g  t h e  l a t e s t  s tages o f  
c r y s t a l l i z a t i o n  have caused some d ic>. i :o r t ion  and e l o n g a t i o n  o f  t h e  pseu- 
d o l e u c i t e  c r o s s - s e c t i o n s .  T h i s  p e r i n d  o f  d e f o r m a t i o n  c o u l d  n o t  have been 
v e r y  severe  because l i t t l e  ev idence  ,:f c a t a c i a s t i c  d e f o r m a t i o n  i s  e v i d e n t  
a l o n g  g r a i n  b o u n d a r i e s .  

Much o f  t h e  b i o t i t e  has exper ienced  severe  r a d i a t i o n  damaqe. There 
a r e  abundant p l e o c h r o i c  ha loes  wh ich  a r e  t h e  r e s u l t  o f  u ran ium and t h o r i u m  
i n  z i r c o n  and a p a t i t e  c r y s t a l s .  The a p a t i t e  appears t o  c o n t a i n  a  much 
h r q h e r  c o n c e n t r a t i o n  o f  u ran ium and *Por ium than  i n  o t h e r  rocks  examined 
i n  t h ~ s  s t u d y ,  as ev idenced  by t h e  w i d ~ b  o f  t h e  ha loes .  I n  one sample, 
t h e  m a r a ~ n s  o f  t h e  b i o t i t e  c r y s t a l s  a r e  b l a c k .  These c r y s t a l  marq ins  
l ooked  a u i t e  s i m i l a r  t o  t he  p l e o c h r o ~ r  lbaloes caused by t h e  r a d i o a c t i v e  
accesc,or ies  i n c o r p o r a t e d  w i t h i n  t h e  b i o t i t e .  T h i s  d i 5 t o r t i o n  o f  t h e  
u l e o c h r o i s m  a l o n g  g r a i n  marq ins  suqqests  t h a t  t h e  a d i a c e n t  m i n e r a l s ,  i n  
{ h i s  case ho rnb lende ,  n e p h e l i n e  and a n o r t h o c l a s e ,  a r e  h i q h  i n  u ran ium and 
:horFum 

A l i q n t  c o l o r e d  g a r n e t ,  perhaps < + n d r a d i t e ,  i s  p resen t  i n  s u b s t a n t i a l  
amounts (4%) i n  some o f  t h e  sample5, The g a r n e t  occu rs  as anhedra l  g r a i n s  
rn r o u q h l y  c i r c u l a r  \warms, s u g g e s t i ~ c s  rha t  a  number o f  t hese  sma l l  equant  
q r a i n s  a r e  p a r t  o f  a  much l a r g e r  garne: c r y s t a l .  

M e l i l i t e ,  c h a r a c t e r i z e d  by h i q h  r e l i e f ,  low b i r e f r i n g e n c e ,  a  u n i a x i a l  
n e g a t i v e  s i g n  and l i g h t  y e l l o w i s n  c o l o r ,  i s  seen i n  t h r e e  o f  t h e  samples, 
makinq up as  much as  5.6% o f  t h e  r o c k  The m i n e r a l  o c c u r s  as sma l l  i n t e r -  
s t i t i a l  q r a i n s ,  and o c c a s i o n a l l y  as e  onga te  subhedra l  c r y s t a l s  dp t o  1 mm 
i n  l e n g t h .  

Carbonate i s  found i n  a l l  o f  t h e  samples i n  m ino r  o r  accesso ry  amounts. 
I t  i s  d i f f i c u l t  t o  t e l l  whether  t h e  ca rbana te  i s  t h e  r e s u l t  o f  r e m o b i l i z a t i o n  
o f  c a l c i t e  o r  d o l o m i t e  f r o m  t h e  nearby  metamorphic t e - r a i n ,  o r  i f  i t  i s  
p r i m a r y .  The ca rbona te  g r a i n s  a r e  v e r y  s m a l l ,  u s u a l l y  0.1 mm i n  s i z e .  They 
a r e  anhedra l  b u t  do n o t  appear t o  be r e s t r i c t e d  t o  v e i n  a r e a s ,  n o r  do they  
appear t o  be r e p l a c i n g  o t h e r  m i n e r a l s .  

The f a c t  t h a t  t h e  ca rbona te  m i n e r a l s  a r e  found i n  so many o f  t h e  s e c t i o n s  
as d i s s e m i n a t e d  g r a i n s ,  and t h e  c o e x i s t e n c e  o f  r n e l i l i t e  i n  these  rocks  
s t r o n g l y  s u ~ p o r t s  a  p r i m a r y  o r i g i n .  The occu r rence  o f  c a r b o n a t e - b e a r i n q  v e i n  
r o c k s  o f  p r i m a r y  o r i g i n  i n  t h e  Se law ik  H i l l s  ( ~ a k i n s  and o t h e r s ,  i n  p ress )  
a l s o  s u p p o r t s  t h i s  c o n c l u s i o n .  



Q u a r t z  occur1, as an accesso ry  m i n e r a l  i n  one s y e n i t e  sample. Other  
accesso ry  m i n e r a l s  i n r ! ~ ~ d e  sphene, a p a t i t e ,  and z i r c o n .  

Se! aw i k Lake Cornp l ex  

The S e l a w i k  Lake Complex i s  a sma l l  (18 sq.  km i n  a rea )  a l k a l i n e  p l u t o n  
l o c a t e d  on t h e  s o u t h  sho re  o f  Selawilc Lake i n  wes te rn  A laska .  The n o r t h e r n  
h a l f  o f  t h e  complex i s  composed o f  mass ive  l e u c o c r a t i c  j u v i t e  ( ~ i l l e r ,  1 9 1 2 ) .  
M e l a n i t e  g a r n e t  i s  abundant,  c o n s t i t u t i n q  as much a s  15 p e r c e n t  o f  t h e  r o c k .  
The s o u t h e r n  h a l f  o f  t h e  p l u t o n  i s  p o o r l y  exposed and c o n s i s t s  o f  p e r t h o s i t e  
and m a l i g n i t e .  The a l k a l i n e  s t o c k  i s  i n  f a u l t  c o n t a c t  w i t h  a  s y e n i t e  t h a t  
c o n t a i n s  m ino r  amount5 o f  q u a r t z  ( ~ i l l e r  1972) .  

Modes o f  TO r o c k  samples f rom t h e  S e l a w i k  Lake Complex a r e  shown i n  
F i g u r e  17.  A  l o c a t i o n  and g e o l o g i c  map i s  shown i n  F i g u r e  16. Sample 
l o c a l i t i e s  a r e  r e s t r i c t e d  t o  t h e  n o r t h  s i d e  o f  t h e  p l u t o n  because o u t c r o p s  
a r e  v i r t u a l l y  a b s e ~ t  i n  t h e  sou the rn  h a l f .  O f  p a r t i c u l a r  i n t e r e s t  a r e  
samples AP-LA, 5 :  and C ,  taken From a  zone o f  d i k e  i n t r u s i o n  and a l t e r a t i o n  
t h a t  c o n t a i n s  u ran ium v n l u e s  a s  h i g h  a s  32 ppm. 

Explanarion 
Cretaceous Quaternary 

Kns-Nepheline Sycn i t e  qga-Undifferentiated Glacial 
Q b - S y e n i t e  and Elonzoriite Dkif t 

r i c ju re  16 .  Locat  i o n  l n d  5:eolocjic map o f  the Selawi l< Lake Com- 
p l e x .  



Nephelfna 

Mafic Minerals I;-feldspar 

The m a j o r  r o c k  t y p e  found i n  t h e  samples c o l l e c t e d  d u r i n g  t h e  1375 f i e l d  
season i s  a  g a r n e t  and a e g e r i n e - b e a r i n g  b i o t i t e  n e p h e l i n e  s y e n i t e .  The ma jo r  
m i n e r a l s  i n c l u d e  o r t h o c l a s e ,  n e p h e l i n e ,  c a n c r i n i t e ,  a e g e r i n e ,  b i o t i t e ,  and 
m e l a n i t e  g a r n e t .  K a l s i l i t e  has a l s o  been i d e n t i f i e d  ( ~ i l l e r ,  1972 ) .  

The predominant  t e x t u r e s  found i n  these  samples a r e  complex i n t e r g r o w t h s  
t h a t  a r e  t h e  r e s u l t  o f  e x s o l u t i o n .  k f i n e - g r a i n e d  f i n g e r p r i n t  i n t e r g r o w t h  i s  
found i n  most samples s t u d i e d  and l e s s  commonly, a  medium-grained g r a p h i c  
e x s o l u t i o n  t e x t u r e .  The c o m p l e x i t y  o f  t h e  e x s o l u t i o n  made t h e  d e t e r m i n a t i o n  
o f  t h e  modes d i f f i c u l t  and a  l a r g e  e r r o r  i s  a s s o c i a t e d .  P e t r o g r a p h i c  a n a l y s i s  
was a i d e d  by  t h e  use o f  a rnethylene b l u e  n e p h e l i n e  s t a i n  ( see  Appendix 4 ) .  
The s t a i n  c l e a r l y  d e f i n e d  t h e  n e p h e l i n e  i n  t h e  f i n g e r p r i n t  i n t e r g r o w t h s .  A 
number o f  i n t e r g r o w n  c r y s t a l s  were f i r s t  p o i n t  counted s e p a r a t e l y  a t  c l o s e l y  
spaced i n t e r v a l s  t o  d e t e r m i n e  t h e  average r a t i o  o f  n e p h e l i n e  t o  K - f e l d s p a r  
w i t h i n  t h e  i n t e r g r o w t h s .  A f t e r  t h e  pe rcen tage  was de te rm ined  t h e  i n t e r g r o w n  
c r y s t a l s  c o u l d  then  be counted a s  one phase and t h e  p r o p e r  p r o p o r t i o n s  o f  
t h e  two f e l s : c  m i n e r a l s  de te rm ined  a f t e r  c o u ~ t i n g  was comple ted.  

The h a b i t  o f  t h e  n e p h e l i n e  and K - f e l d s p a r  c r y s t a l s  seen i n  these  r o c k s  
i s  t h e  r e s u l t  o f  t h e s e  e x s o l u t i o n  t e x t u r e s .  K - f e l d s p a r  i s  o r t h o c l a s e ,  wh ich  
sometimes o c c u r s  as v e r y  l a r g e  c r y s t a l s ,  up t o  10 cm i n  s i z e . i n  hand specimen 



t h e  f ( : ldspar i s o f t .en  roi;e co lor .ed .  Fiephei i n e  i s  anhedra l  , i n  sma l l  e r  
( j r a i n C :  tha:  a r c  sometimes a l t e r e d  t o  c a n c r i n i t e .  P l a q i o c l a s e  w a s  n o t  
f o u n d  i n  any o f  t h e  s e c t i o n s  i t u d i e d -  

M;~fic r n i n e r a l s  a r e  commonly Found i n  g l o m e r o p o r p h y r i t i c  c r y s t a l s  
and i n  hands. B i o t i t e ,  t h e  most common m a f i c  m i n e r a l ,  i s  a  d a r k  brown 
v a r i e t y  o f t e n  showing d i s t i n c t  p l e o c h r o i c  h a l o e s ,  as t h e  r e s u l t  o f  
r a d i a t i o n  damage f r o m  i n c i u d e d  a p a t i t e  and z i r c o n  c r y s t a l s .  The pyroxene 
i i  a deep green a e g e r i n e ,  sometimes rimmed by b i o t i t e ,  i n  s r ~ b h e d r a l  g r a i n s  
a p p r o x i m a t e l y  1 mm i n  s i z e .  M e l a n i t e  g a r n e t  i s  i n t i m a t e l y  a s s o c i a t e d  w i t h  
: h e  pyroxene i n  some s e c t i o n s ,  s u g g e ~ t i r i g  a  g e n e t i c  r e l a t i o n s h i p .  I t  ap- 
pea rs  t h a t  t h e  g a r n e t  has e x s o l v e d  f r o m  t h e  py roxene .  T h i s  c o u l d  o c c u r  i f  
a n  a lum inous  pyroxene had c r y s t a l l i z e d  i n i t i a i l y  a t  c o n s i d e r a b l e  d e p t h  and 
then  e x s o l v e d  t h e  ~ 1 ' ' ' "  i o n  as t h e  r e s u l  t o f  a  decrease i n  p r e s s u r e .  The 
sii:rninurn c o u l d  then  go i n t o  t h e  f o r r ~ l a t i o n  of c ia rne i ,  a m e l a n i t e  f o r m  o f  
and rad i  [ e  i f  enough ~ i ' ' ~  was p r e s e n t .  Sphene i s  a l s o  found I n  some o f  t.he 
q lomet -oporphyr i  t i c  c r y s t a l s ,  suggest  i n g  t h a t  t i t a n i u m  was abundant .  

A d a r k  redd i sh -b rown  a n ~ p h i b o i e  o c c u r s  as a  m ino r  m i n e r a l ,  The accesso ry  
m i n e r a l s  i n c l u d e  a p a t i t e ,  z i r c o n ,  f l u o r i t e ,  and p y r o c h l o r e ,  a  t h o r i u m - b e a r i n g  
m i n e r a l  a s s o c i a t e d  w i t h  nephel  i n e  s y c n i  ie. 

-ri,,~: r u c k  ,,ainples f roni  t h e  a d ~ i a c e n t  syen i t e  were ana i ysed f o r  t h e i  r 
urat- ' ! J W  a ; ) ;  tho:  l ur:i c o n t e n t  arid t h e  i r modes de te rm ined  by p e t r o g r a p h i c  
. y . The 5yen i  t e  i s  med ium-gra ined,  w i t h  a  qnei1,sic t e x t u r e ,  and 
c,o~-~:ains I ( . s i  ~ h a n  i d  q u a r t z .  \ , /hereas p l a g i o c l a s e  i s  absent  i n  t h e  a l k a )  i n e  
.-,tot!< ;ro I he w e s t ,  i n  t h e  5yen i  t e  u n i t  i t  makes up 6-)3%, o f  t h e  r o c k .  

A e q e r i n e - a u q i t e  and an amph ibo le  a r e  t h e  m a f i c  m i n e r a l s ,  making up as 
rn : j r  h 3 5  l5 / ,  o f  t h e  r o c k .  The arnphi lmle hds a  5 t r i  k in ( ]  b l u e - g r e e n  component 
; o i ~i p ~ c o c h r o i c  schemc, ~ u q c j ~ s  t ;nq  a  h i q h  Na concent  r a t  i o n .  

A 5  no te i l  i n  t h e  d i s c u s s i o n  o f  t h e  niorizori i te a t  G r a n i t e  Mounta in ,  and 
i r )  t h e  m o n r o n i t e  i n  t h e  Zane H i l l s ,  t h e  c l a s s i f i c a t i o n  as a l k a l i n e  by Shand 
(3922) would  p l -obab iy  i n c i u d e  t h i s  r o c k  t y p e .  A l t h o u g h  q u a r t z  i s  p r e s e n t  i n  
m i n o r  d r~ lounts ,  t h e  presence o f  q c l r ~ r t r  ir; p r o b a b l y  t h e  rescl l  t o f  abundant  c a l - -  
c ium,  magnesiump and i r o n ,  wh ich  a l l o w e d  t h e  e a r l y  f o r m a t r o n  o f  sod ium-bear ing  
amphibo les  and py roxenes .  The i n c o r p o r a t i o n  o f  sodium i n  t h e s e  m i n e r a l s  de- 
pleted t h e  m e l t  i n  t h i s  component d u r i n g  i a t e r  s tages  o f  c r y s t a l l i z a t i o n .  As 
a r e s u l t ,  nephel  i n e  d i d  no!- forrrl, atid the percen tage  o f  S i 0 2  i n  t h e  r o c k  was 
s u f f i c i e n t  t o  a l l o w  t h e  c r y s t a l !  i z a t - i o n  o f  q u a r t z .  A l t h o u g h  t h e r e  i s  a  d i s -  
t i n c t - i o l -  between t h e  s y e n i t e  and t h e  n e p h e l i n e  s y e n i t e  i n  te rms o f  t h e i r  b u l k  
chcmic, l ry t  ;;:is d i f f e r e n c e  i s  enhanced m i r ~ e r a : : ) ~ i c a l l y  because o f  t h e  abundance 

- " 
o-S i : o i ~ ,  ca;. ; , . ;~m, and magnesium i n  t h e  s y e n i t e  wh ich  removed t h e  a i k a i  i e s  f r o m  
:he mcl! dr-d <.;id n o t  a l l o w  t h e  i o r n i a t i o n  o f  n e p h e l i n e  as a l a t e  s t a t e  c r y s t a l -  
I i m a t i o n  p r o d u c t .  

T h i s  i s  an i n t e r e s t i n g  c o n c l u s i o n  because i t  sugges ts  an a d d i t i o n a l  model 
f o r  t h e  f o r m a t i o n  o f  complexes t h a t  c o n t a i n  b o t h  a l k a l i n e  and c a l c - a l k a l i n e  
r o c k s .  Perhaps t h e  mechanism For t h e  f o r m a t i o n  o f  zoned i n t r u s i v e s  i s  based 
on  t h e  f r a c t i o n a t i o n  and d i s t r i b u t i o n  o f  t h e  m a f i c  e lemen ts ,  w h i c h  i n  t u r n  
c o n t r o l  t h e  c r y s t a l l i z a t i o n  and d i s t r i b u t i o n  o f  t h e  a l k a l i  e l emen ts .  



GEOCliEMISTRY OF URANIUM AND THORIUM 

P gneous Rocks 

D u r i n g  most o f  t h e  magmatic c y c l e ,  u ran ium and t h o r i u m  a r e  i n  t h e  
t e t r a v a l e n t  s t a t e  and t h e  c r y s t a l l i z a t i o n  pa ths  o f  t h e  two e lements  a r e  
q u i t e  s i m i l a r  because o f  t h e i r  s i m i l a r  ionic: r a d i i .  The i o n i c  r a d i u s  o f  
u ran ium i s  a p p r o x i m a t e l y  0.97A i n  s i x f o l d  c o o r d i n a t i o n  and 1.01A i n  e i g h t -  
f o l d  c o o r d i n a t i o n ;  t h a t  o f  t h o r i u m  i s  1.02A i n  6 f o l d ,  and 1.06A i n  e i g h t -  
f o l d  c o o r d i n a t i o n .  P l u s  4 i s  t h e  o n l y  s t a b i e  v a l e n c e  s t a t e  o f  t h e  t h o r i u m  
atom, whereas uran ium,  under  o x i d i z i n g  c o n d i t i o n s ,  r e a d i l y  changes f rom 94 
t o  a +6 va lence  s t a t e  dec reas ing  i t s  i o n i c  r a d i u s  t o  . 8 ~ .  T h i s  p r o p e r t y  
causes uran ium and t h o r i u m  t o  f o l l o w  s t r i k i r ~ g l y  d i f f e r e n t  p a t h s  d u r i n g  t h e  
i a t e s t  s tages o f  c r y s t a l l i z a t i o n ,  and d u r i n g  t h e  w e a t h e r i n g  c y c l e .  

D u r i n g  c  y s t a l  l i z  t i o n ,  when t h e  w a t e r  c o n t e n t  o f  t h e  m e l t  i s  v e r y  iow, 
p a r t  o f  t h e  UL+ and Thcf p r e s e n t  e n t e r  h o s t  m i n e r a l s ,  p r o x y i n g  f o r  Z r  i n  
z i r c o n ,  and Ca i n  a p a t i t e  and sphene. C o o r d i n a t i o n  requ i remen ts  p r e v e n t  
u ran ium and t h o r i u m  f rom s u b s t i t u t i n g  f o r  c;l lcium i n  p l a g i o c l a s e .  

Almost a l l  compounds o f  ul'+ and ~ h 4 - k  a r e  known t o  be h i g h l y  i n s o l u b l e  
i n  aqueous s o l u t i o n s  i n  t h e  l a b o r a t o r y .  L a t e  i n  t h e  d i f f e r e n t i a t i o n  o f  a 
magma, wa te r  may so reduce t h e  s o l u b i l i t y  o f  b o t h  uran ium and t h o r i u m  t h a t  
s p o r a d i c  p r e c i p i t a t i o n  o f  a c t u a l  u ran ium and t h o r i u m  m i n e r a l s  may o c c u r  
( ~ a r s e n  and Pha i r ,  1954) . 

A t  a  v e r y  l a t e  magmatic s tage ,  u ran ium i s  commonly o x i d i z e d  t o  t h e  u+G 
v a l e n c e  s t a t e ,  and forms a  number o f  s o l u b l e  compounds p a r t i c u l a r l y  w i t h  
C O j  and SO& a n i o n s .  Thor ium has o n l y  one s t a b l e  va lence  s t a t e  and i t  i s  
n o t  a f f e c t e d  by t h e  s h i f t  t o  o x i d i z i n g  c o n d i t i o n s .  

Uranium i s  a s s o c i a t e d  w i t h  a l k a l i n e  igneous r o c k s ,  and p a r t i c u l a r l y  
$v i th  t h e  a q p a i t i c  o r  p e r a l k a l i n e  group o f  a l k a l i n e  rocks .  Such r o c k s  con- 
t a i n  more t o t a l  a l k a l i e s  than  aluminum. A l t 9 o u g h  t h e  rocks  examined i n  
t h i s  r e p o r t  a r e  h i g h l y  p o t a s s i c ,  because o f  t h e i r  n i g h  aluminum c o n t e n t  
none o f  them wouid  f a l l  i n  t h e  a g p a i t i c  o r  r l e r a l k a l i n e  c a t e g o r y  o f  a l k a l i n e  
r o c k s .  

On t h e  who le  u ran ium c o n c e n t r a t i o n s  i n  v o l c a n i c  rocks  appear t o  be 
s l i g h t l y  h i g h e r  than c o n c e n t r a t i o n s  i n  t h e i r  p l u t o n i c  e q u i v a l e n t s .  I n  
a d d i t i o n  t o  uran ium c o n c e n t r a t e d  i n  accesso rv  n i n e r a l s ,  t h e  g l a s s  phase 
o f t e n  i s  e n r i c h e d  (Adams, 1954).  I n  t h e  g l a s s  phase u ran ium i s  e a s i  l y  
leached whereas o n l y  a  sma l l  p e r c e n t a g e . o f  t h e  u ran ium i n  t h e  common ac-  
c e s s o r i e s  can be m o b i l i z e d  d u r i n g  wea the r in?  processes.  

Sedimentary Rocks 

By f a r  t h e  g r e a t e s t  q u a n t i t y  o f  u ran ium I S  found i n  sandstone-uranium- 
vanadium-copper d e p o s i t s  ( s t a n t o n ,  1972) .  The g r e a t e s t  development o f  t hese  
o r e  bod ies  o c c ~ . r s  i~ t h e  wes te rn  and sou thwes te rn  U n i t e d  S t a t e s  where t h e y  
a r e  be! i eved  t o  have formed i n  an a r i d  o r  s e m i - a r i d  env i ronmen t .  



Tne asaa l  h a s t  r.3c!<5 o f  ehese " \andsto i ie "  d e p o s i t s  a r e  conglomerates, 
sandstone,  and 5 i l ; s t o n ;  'dl t P , ! r !  ii.b.?se r o c k s ,  t h e  d e p o s i t s  a r e  r e l a t e d  t o  
a v a r i e t y  o f  ~ e d i r n e ~ i t a r y  f 2 a t d r z s :  z o n t a c t s  o f  coa rse  sed iment  w t t h  mudstone,  
t h i c k n e s s  o f  t h e  coa;;,? un i t ., pa;eosi-.rea!n channe ls ,  and p l a n t  remains .  

I t  i s  g e n e r a l l y  ag rzed  t h a t  t h e s e  d e p o s i t s  a r e  e p i g e n e t i c ,  b u t  t h e  
sou rce  of  ",he uran ium-bear ing  f i u i c r s  i s  unknown. The u ran ium d e p o s i t s  a r e  
t h e  yesd l  : ,-.F . :he ~ r d u c t i o n  o f  u ran ium c.ompounds, such as U ( S O ~ )  and U ( C O ~ ) ~  - keno< i :  ,, : > c u r  i n  u ran i i l l r  r o1  I s ,  a: t h e  boundary between oriairsd and r e -  
::.. , ,zc < .  7-lr :  ~S'~?T'JC; rtq env i i -~r i inent  i s  produced by a n a e r o b i c  bac te t - l  a  l de- 
i a v  a,38 t i i t  'or inat ' ion o i  i.;zS f r o m  t h e  breakdown o f  p l a n t  remains .  

:hO;.- ion1 Fs n o t  a n ia jo r  cons"Lj l iannt III t h e s e  d e p o s i t s .  I t  i s  n o t  e a s i l y  

mobi i : zed Sy t h e  w e a t h e r i n g  p rocesses ,  arid i s  n o t  t r a n s p o r t e d  by o x i d i z i n g  
t e j e t h c r m a :  s o l i j t  i o n s .  

Sea Water and Ocean Bas ins  

Uraniun: w i ' i i  coinhine i n  sea w a t e r  w i t h  s u l f a t e  and c a r b o n a t e  i ons  t o  f o r m  
s o l u b l e  co~npound.i. As i n  t h e  sed irnen t a r y  d e p o s i t s ,  i t  requ  i r e s  i-educt i o n  i n  
c r d e r  [ o r  p r e c i p y t a t i o n  t o  o c c u r .  Such an envi ronment:  I s  p o s s i b l e  i n  pea t  bogs 
and i n  iagoons and c l o s e d  b a s i n s  where c i r c u l a t i o n  o f  t h e  wacer does n o t  o c c u r .  

I n  A l a s k a ,  where p e a t  bog:; a r e  abundant  and where s i z e a b i e  f l u c t l ; a t i o r i ~ ~ .  
i n  sea l e v e l  have o c c u r r e d ,  g a r t i c u l a r i y  d u r i r i g  P i e i L , t o c e n e  t i m e ,  o f f s h o r e  5 ~ ' :  

merged pea t  ciepor; i t s  and ,assoc i3 t t>d  U!-a!i j ~ ~ r r i  concer i i  r a t  i o n s  dese rve  coi ls i d c r a t  i o r ~ .  

T t i o r l u ~ i  would tend  t o  c o n i e t i l r a t e  i n  p l a c e r  depos i i s  o f f s h o r e  because i - t  
, . i . ?r . - '  ; b ~ i , : 1 7 , -  a u ~  t 1 i q   eathe her i n g  p rocesses  i n  heavy ac:cessory m i n e r a l s .  

U t 5CUC;S i ON O F  IJRAN I O M  AND THOK I UH PA'I 'A 

3ne hundreci e i g h t  rock samp: es were artai  y5ed -For u r a n  i un:, t h o r  l ui-n and 
r~otas+i : ; rn du:;ng t h e  cou rse  o f  t h i s  s t u d y .  The r e s u l t s  o f  t h e  a n a l y s i s  p i u s  
' a b u l d j - e d  m i c e r a l o ~ i c a l  d a t a  a r e  ' loca ted i n  Appendix 1 .  A d i s c u s s i o n  o f  :he 
ine:!loc!s i.:sec: f o r  ana i  y s i s  i s  g i v e n  i n  Appendix 4. 

,c?\/ordge va i uei; and standarc;  d e v i a t i o n s  i ro r  t h e  aria1 y t  i c a i  d a t a  a r e  g i v c ; '  
. w. I . ,  ' ' a b i e  5., i-ll.>Logra:ns o-F t h e  ~-o!a: iv t :  anundances o f  u ran ium and t h o r i u m  

, ! s u r e  18. W i t h  t h e  e x c e ~ r l o n  o f  a  few ex t reme v a l u e s ,  ;he r?r(, S / ~ O W ! ~  i n  " 
:rranium d i s : r i b u t i o n  c l o s e l y  app rox ima tes  a  s t r a i g h t  ; ; t ie  when p l o t t e d  on 
l a g  p r o b a b i l i t y  paper ,  r e f l e c t i n g  a l o g  normai  d i s t r i b u t i o n  ( ~ i g u r e  1 9 ) .  

T a b l e  5 

I4ear;s. S tandard  Devi a t i o n s ,  Maxima, and Min  i ~ n a  f o r  Uraq i urn 
and Ti-ioriurii Data f o r  F i v e  P l u t o n s  i n  Western A laska .  

> !  declr~ 
... - il r a n  i uni - 

flea r i  . S t d .  Ded.  ax ;mum Minimum -- - 
6.8 Gr-anit-e Moun ta in  2 . 3  1.6 0.8 

Dzr by 5 . 9  3 . 11 211.5 1.3 
Zaris H i  l i s 5.2 3 .1  4 9 - 0  0 . 3  



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

P i u t o n  ------- - U  rat-> i um 
Mean -- S td .  Dev. -- Max i mum Minimum 

Dry  Canyon 7 . 3  3 . 9 20.3 3.9 
Se law ik  Lake 12.9 25.8 92.C P -0 
T o t a  1 5.8 9.6 92.0  0 . 3  

F 1 u t o n  --. - Thor i um Observa t i ons  - 
Mean S td .  Dev. Maximum. Minimum - -- 

G r a n i t e  Mounta in  32.6 17.6 67.7  E ,9  2 8 
garby  3 7 . 1  1 5 . 3  64.3 1 3 . 5  2 2  
Zane t i i l l s  25.1, 20.1 711. 0 3.1  3 2 
Dry Canyon 55.3 14.8 76.0 3 1 . 5  16 
Se law ik  Lake 34.2 18.9 70.3  8 . 3  10 
T o t a l  35 .0  19.9 7 6 . 0  3. l 1 08 

Ma jo r  Uranium Anomal i e s  

As shown i n  F i g u r e  18, seven sar ip les l i e  d i s t i n c t i v e l y  above t h e  
- ' u s t e r i n r j  o f  u ran ium c o n c e n t r a t i o n s .  These anomal ies  a r e  b r i e f l y  d i s -  
c~ ,sed bc low.  

Se law ik  Lake Complex - 

Uranium v a l u e s  as h i g h  as 96 and 92 ppm were d e t e c t e d  f r o m  an a rea  
o x  d i k e  i n t r u s i o n  a l o n g  t h e  eas t  s i d e  o f  t h e  Se law ik  Lake Complex (sarriples 
AP-6a and c ,  F i g u r e  1 6 ) .  The d i k e  s t r i k e s  a p p r o x i m a t e l y  e a s t - w e s t ,  and i i  
composed o f  71% I < - fe ldspar ,  16.6% nephel  i ne ,  8.6% b i o t i t e ,  0.6% pyroxene,  
and 1 . 8 %  a c c e s s o r i e s .  The accessory  m i n e r a l s  i n c l u d e  f l u o r i t e ,  p y r o c h l o r e ,  
sphene, and a p a t i t e ,  and a t  l e a s t  one o t h e r  m ino r  n l i n e r a l  t h a t  c o u l d  n o t  be 
identified u s i n g  x - r a y  techn iques .  H i g h  c o n c e n t r a t i o n 5  o f  u ran ium a r e  n c t  
r e s t r i c t e d  t o  t n e  d i k e  phase a l o n e .  One sample o f  t h e  a d j a c e n t  p l u t o n  con- 
t a i n e d  92 pprn uran ium.  

Zane ti  i 1 1 s  Auqen Gneiss 

l d i t h i n  t h e  a rea  o f  t h e  Zane H i  11s augen q n e i s s  u n i t ,  two p e g m a t i t e  
d i k e s  were found t o  c o n t a i n  uran ium c o n c e n t r a t i o n s  up t o  49. pprn. The 
h:qhec,t v a l u e  was de te rm ined  f r o m  a  peqmati ~e h a v i n g  t h e  c o m p o s i t i o n  o f  
3 ; u c r t ~  monzoni te .  The augen g n e i s s  zone i s  c h a r a c t e r i z e d  by abundant 
v e i n i n g ,  , ~ , c i  a d d i t i o n a l  a p l i t i c  v e i n  r o c k s  were ana lysed .  These, however, 
d i d  nat  show h i n h  c o n c e n t r a t i o n s  o f  u ran ium.  Tne f a c t  t h a t  t h e  peqrna l i t e  
and a p l i r e  o i k e s  a r e  i n  l a r g e  p a r t  r e s t r l c r e e  t o  t h e  auqen g ~ e i s s  u n i t  
s u g q e i t s  t h a ~  :hey a r e  q e n e t i c a l l y  i n t e r r e i a t e d  t o  t h e  augev g n e i s s  o r  
t-hat t h e  zocc ; \  an a r e a  o f  s t r u c t u r a l  weakness and t h a t  t h e  d ' k e s  f : l l  
f r a c t u r e s  w i t h i n  t q e  u n i t .  

Drv  Canyon Creek S tock  

A sarnp!e o f  h o r n b l e n d e - b i o t i t e - n e p h e ; i n e  s y e n i t e ,  c o n t a i n i n g  abundant 
acces5ory  n l i n e r a l s  was found t o  c o n t a i n  20.3 ppm uran ium i n  a  sample f rom 
t h e  Dry Canyor, Creek S tock .  



PPM TC9 

F i g u r e  18. Relqtive abundance o f  u r a ~ i u m  a n d  t h o r i u m  w : t h -  
i n  the  s t u d y  a r e a .  



~ ~ ~ ~ ~ o - ~ & o - ~ ~ ~ - ~ & ~ H ~ o + - - ~ o  1 

Cumulative Percent  

r i ~ j u r e  1 9 .  I.c>cl-no;~.~a ! r l t -ol jabl 1 i l y < ) l o t  of 11;-an i IJI;I concen 
I r a t  i o n s .  

Darbv Mounta ins  

L 1; 3 ~ i u m  c o n c e n t r a t i o n  o f  1 4 . 5  ppm was d e t e c t e d  i n  a  q u a r t z  rnonzonl te 
c :,,c> 3 7 r h y  Y o u n t d i n s .  A l t h o u g h  t h i s  v a l u e  i s  h i q h  i n  t e r v s  o f  t h i s  

\ ' y  ,+: , ~ e r  arid Dunker (1375a) have a n a i  ysed a  number o f  samples f rom t h e  
) ~ I ~ ' J ~  Y~loun~dil-,s snowinq s i m i  l a r  conce i t r a t  i o q s .  

Anoma l i es 

The ~3bove a r e a s ,  p a r t i c u l a r l y  t h e  l o c a t i o n s  i n  t h e  Zane H i l l s  a i d  t h e  
5el;w'~ LaKe Complex a r e  o f  economic i n t e r e s t  and s e r v e  as good t a r g e t  a reas  
for f u t u r e  e x p ! o r a t i o n .  B o t h  areas  d r a i n  i n t o  b a s i n s  t h a t  may c o n ! a i n  T e r t i a r y  



sediments beneath  t h e  t u n d r a  cove r .  Recent u ran ium ana lyses  f rom t h e  
monzon i te  u n i t  i n  t h e  Zane H i l l s  by  S t a a t z  and K i l l e r  (1976) have y i e l d e d  
u ran ium c o n c e n t r a t i o n s  as h i g h  as 130 Dpm. 

A u ran ium c c n c e n t r ~ t i o n  o f  1GO ppm i s  n o t  uncommon i n  a l k a i i n e  r o c k s  
i n  t h e  r e s t  o f  t h e  w o r l d .  I n  t h e  l i l i ~ n a u s s a q  i n t r u s i v e ,  a t  Greenland,  
t h e  average u ran ium c o n c e n t r a t i o n  i s  g r e a t e r  t h a n  200 pprn. I n  A laska  t h e  
Bokan Mounta in  a l k a l i  g r a n i t e  c o n t a i n s  a  range s f  20--200 ppm u ran ium d i s -  
seminated th roughou t  t h e  p l u t o n .  

The p r i c e  o f  U 3 C 3  i s  n e g o t i a b l e  and as a  r e s u l t  i s  h i g h l y  v a r i a b l e .  
Today ' s  averaqe c o s t  i s  about  $ 2 0 . 0 0 / i b .  P r i c e  i s  dependent on t h e  l o c a t i o n  
nS t h e  m ine ,  and t h e  n a t u r e  o f  t h e  d e p o s i t .  The c u r r e n t  minimum o r e  q rade  
i s  0  ' y  i;?C>g 2 lchough one mine :n  West A f r i c a ,  where l a b o r  c o s t s  a r e  ex-  

, *  . . 
reec ( n g  y c o n s i s t s  o f  a  0.055 d e p o s i t ,  i n  pegmat i t es .  

Because o f  t h e  h i g h  t r a n s p o r t a t i o n  c o s t s ,  t h e  minimum c u r r e n t  o r e  
q rade  i n  A laska  i s  about  0.2% U308. A l t h o u g h  100 ppm i s  f a r  f r o m  o r e  grade,  
t h e  a b u ~ d a n c e  o f  p l u t o n s  c o n t a i n i n g  l e a c h a b l e  uran ium i n  t h e  S e l a w i k  B a s i n  
and Seward P e n i n s u l a ,  p r o v i d e  ample source areas f o r  secondary Co lo rado- t ype  
~ ~ r a n i u ~ n  d e p o s i t s  i n  t h e  a d j a c e n t  T e r t i a r y  Bas ins .  i n  a d d i t i o n ,  w i t h  t h e  
r a n i d  g r o w t h  i n  t h e  c o s t  o f  uranium, t h e  U n i t e d  S t a t e s  w i l l  soon b e q i n  ex-  
p l o i t i n f j  some o f  t h e  l ower  grade d e p o s i t s .  

Uranium Analyses o f  M i n e r a l  Separa tes  

I n d i v i d u a l  m i n e r a l s  were separa ted  From f i v e  r o c k  samples and ana lysed  
f o r  t h e i r  u ran ium c o n c e n t r a t i o n s .  The r e s u l t s  o f  t hese  ana lyses  a r e  pre-. 
sented i n  T a b l e  6. Uranium i s  h i g h l y  c o n c e n t r a t e d  i n  sphene, a p a t i t e ,  and 
a l l a n i t e .  The h i g h e s t  c o n c e n t r a t i o n  was d e t e c t e d  i n  a smal l  sample t h a t  
appeared t o  c o n t a i n  a few m i n u t e  c r y s t a l s  o f  u r a n o t h o r i t e .  

T a b l e  16 

d W a r , ' ! * l i  I ' oncen t ra t i ons  i n  M i n e r a l  Separa tes  and E s t i m a t i o n  o f  t h e  
o n r r  bur'or c' t n d i v i d u a l  M i n e r a l  Phases t o  t h e  \Jhole Rock Uraniuln Content  

G r a n i t e  Mounta in  
.- - Zane H i l l s  

U-ppm x  % U-ppm x  % 
F i n e r a i  -- ---- L-ppm ----- B O F  r o c k  o f  r o c k  U-ppm % o f  r o c k  o f  r o c k  - -- 

Q u a r t z  4- - 3 90.5 ? I S .  86 .4  1 0.32 
f e i  d<,nar  

Amph i b o l  e  - 7 2.5 ? 7 .  7 . 5  .53  
Py roxenc - 7 

- )  5.6  ? 46. 0.6 0.28 
B i o t i t e  - - 23 . 1 . 1  0.25 
Sphene 23Lc 1 . O  2.311 1520" 1 . ! I  21.28" 
Apa t i t e  6 1 2 ~  0. 11 2.459< 1 1 4 6 ; k  0 . [I 4.585 
A 1  l a n i t e  - - - - - 
Urano- - - - 1 780. 0.1 1.78 

t h o r i  t e  
1 



Table 6 ( ~ o n t . )  

G ran i t e  Mountain Zane H i l l s  

Whole rock  a n a l y s i s  1.2 17.2 ppm 
T o t a l  due t o  rock  fo rm ing  m ine ra l s  ? 1 1 . 4  ppm 
T o t a i  due t a  accessory m ine ra l s  4.8pprn;; 27.hppm;: 

--,-- 
Darby Mountains 

U-ppm x % 
M ine ra l  U - P P ~  % of r ock  -- o f  rock  

Q u a r t z  .t 

f e l d s p a r  
Amphibole 
Pyroxene 
B l o t  i t e  
Sphene 
A p a t i t e  
A T l a n i t e  
U rano- 

t h o r i  t e '  

Darby Mountains 

Whole rock  a n a l y s i s  2.8 ppm 
T o t a l  due t o  rock  forming m ine ra l s  . 6  ppm 
To ta l  due t o  accessory m i n e r a l s  3 . 1 p pmfi 

Dry Canyon Creek Stock Selawik  Lake Complex 

M inera l  U-ppm 2 , o f  rock  o f  rock  0-ppm % o f r o c k  o f r o c k  
--we-- - - 
Plepheline + - 3  

fe idspai -  
Amph i b o l e  1 1 .  
pyroxene 16. 
B:ot i t e  - 
Spilene 259. 
A p a t i t e  623. 
F l u o r i t e  - 
Sphene + 

Unknown 

Dry Canyon Creek Stock Selawik  Lake Complex 

.C - - - minimum va lue  due t o  incomplete  
d i s s o l u t i o n  w i t h  HF/WNO . 

- 3  = Uranium concen t ra t i on  elow de- 
t e c t  i on  l i m i  t 

a 
1 = a l s o  con ta ined  sphene and a p a t i t e .  

86.0 ppm Whole r ock  a n a l y s i s  
25.6 ppm To ta l  due t o  rock  fo rm ing  

m ine ra l s  
13 .3  pprn T o t a l  due t o  accessory 

m ine ra l s  
? = va lue  cannot be determined due 

t o  low concen t ra t i on  o f  uranium. 
- = minera l  no t  present  i n  rock  

samp l e. 



An a t t e m p t  was made -to d e t e r m i n e  t h e  c o n t r i b u t i o n  o f  each o f  t h e  
m i n e r a l  phases t o  t h e  t a t a l  c o n c e n t r a t i o n  o f  u ran ium i n  t h e  who le  r o c k  
sample. The pe rcen tage  o f  t h e  m i n e r a l  was m u l t i p l i e d  by t h e  c o n c e n t r a t i o n  
o f  u ran ium i n  t h a t  n i n e r a l .  The r e s u l t s  o f  t h i s  c a l c u l a t i o n  do n o t  a l -  
ways c l o s e l y  a p p r o x i n a t e  t h e  u ran ium c o n c e n t r a t i o n  as de te rm ined  f r o m  t h e  
a n a l y s i s  o f  t h e  e n t i r e  sample. 

There  a r e  a  number o f  e r r o r s  t h a t  must be cons ide red .  Con tamina t ion  
o f  t h e  r o c k  sample d u r i n g  m i n e r a l  s e p a r a t i o n  i s  a  s t r o n g  p o s s i b i l i t y  a l -  
though e v e r y  p r e c a u t i o n  was taken i n  t h e  l a b o r a t o r y  t o  produce c l e a n  
separa tes .  The sanp les ,  p a r t i c u l a r l y  t hose  c o n t a i n i n g  t h e  accesso ry  
m i n e r a l s ,  were o f t e n  ve.ry sma l l  wh ich  reduces t h e  accu racy  o f  t h e  a n a l y s i s .  
The p o i n t  c o u n t i n g  t e c h n i q u e  used i n  t h i s  s t u d y  i s  good t o  a p p r o x i m a t e l y  
-1-2.08 (see Appendix 4). Some o f  t h e  c o n c e n t r a t i o n s  o f  t h e  m i n e r a l s  f a l l  .- 
be low t h i s  I l m i t .  

The p o s s i b i l i t y  o f  an e r r o r  i n  t h e  d e t e c t e d  u ran ium v a l u e  o f  a h i g h l y  
u r a n i f e r o u s  accesso ry  m i n e r a l  i s  much l e s s  than  t h e  p o s s i b i l i t y  o f  an e r r o r  
i n  t h e  u ran ium c o n c e n t r a t i o n  o f  t h e  f e l s i c  m i n e r a l s .  The i n c l u s i o n  o f  1 
g r a i n  o f  sphene f o r  example, t o  z v e r y  100 g r a i n s  o f  f e l d s p a r ,  wou ld  cause 
a  tremendous e r r o r  i n  t h e  c a l c u l a t e d  c o n t r i b u t i o n  o f  t h e  f e l s i c  m i n e r a l s  
t o  t h e  c o n c e n c r a t i o n  i n  t h e  whoie sample. 

One o r  two q r a i n s  o f  q u a r t z  o r  f e l d s p a r  i n  a s ~ j h e n e  o r  a p a t i t e  sample 
wou ld  have l i t t l e  e f f e c t  on t h e  ana lysed  c o n c e n t r a t i o n  o f  t hese  m i n e r a l s .  
I f  we have some confident? i n  t h e  u ran ium c o n c e n t r a t i o n s  de te rm ined  i n  t h e  
accesso ry  m i n e r a l s  we can draw an i n t e r e s t i n g  c o n c l u s i o n .  Assuming t h a t  
t h e  pe rcen tage  o f  t hese  m i n e r a l s  i n  t h e  i n d i v i d u a l  r o c k  samples i s  ap- 
p r o x i m a t e l y  c o r r e c t  as de te rm ined  by p o i n t  coun t  a n a l y s i s ,  we can account  
f o r  a71 o f  t h e  u ran ium i n  t h e  samples f r o m  G r a n i t e  Mounta in ,  t h e  Zane 
d i l l s ,  and t h e  Darby Mounta ins ,  by t h e  accesso ry  m i n e r a l s  a l o n e .  How- 
Over, i n  t h e  two n e p h e l i n e - b e a r i n g  r o c k s ,  i f  we make t h e  same assumpt ion  
we car, o n l y  account  f o r  a  f r a c t i o n  o f  t h e  t o t a l  u ran ium c o n c e n t r a t i o n  f rom 
t h e  accesso ry  m i n e r a l s .  

Gcr c o n c l u s i o n  i s  t h a t  e i t h e r  t h e  u ran ium i s  c o n c e n t r a t e d  i n  t h e  
f e l s i c  phases, i n  t h e  l a t t e r  two samples, o r  t h e r e  a r e  a d d i t i o n a l  phases 
t h a t  make up v e r y  m ino r  p r o p o r t i o n s  o f  t h e  r o c k  t h a t  c o n t a i n  v e r y  h i g h  
c o n c e n t r a t i o n s  o f  a~raniurn and a r e  p a r t l y  i n c l u d e d  i n  t h e  r o c k - f o r m i n g  
m i n e r a l s .  

C o r r e l a t  i ~ n s :  U-Th-K-Mineralogy-CPS 

A  s tep -w ise  m u l t i p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  was per formed on t h e  
m i n e r a l o g i c a l  and chemica l  d a t a  f o r  t h e  108 r o c k  samples i n  t h i s  s t u d y .  
The o b j e c t i v e  o f  t h i s  a n a l y s i s  was t o  see i f  t h e r e  i s  some s y s t e m a t i c  
v a r i a t i o n  between t h e  u ran ium and t h o r i u m  c o n c e n t r a t i o n s ,  and t h e  m i n e r a l -  
ogy o f  t h e  samples. The Honeywel l  program c a l l e d  SMLRP, was used. The 
program r e l a t e s  a number o f  independent v a r i a b l e s ,  i n  t h i s  case,  potass ium,  
a u a r t z ,  ~ l a g i o c l a s e ,  K - f e l d s p a r ,  amphibo le ,  pyroxene,  b i o t i t e ,  n e p h e l i n e ,  
g a r n e t ,  accesso ry  m i n e r a l s ,  and c o u n t s  p e r  second (cPS f r o m  a  s c l n t  i l l o m e t e r ) ,  
f o  e i t h e r  ~ ~ ~ a n i u m  o r  t h o i - f u ~ n  as t h e  dependent v a r i a b l e .  



I n  a d d i t i o n  t o  p e r f o r m i n g  t h e  s t e p - w i s e  r e g r e s s i o n  on t h e  e n t i r e  d a t a  
s e t ,  t h e  program was a l s o  performed on i n d i v i d u a l  p l u t o n s .  T h i s  a n a l y s i s  
D r c v i d e s  e x c e l l e n t  m i n e r a l o g i c a l  g u i d e s  f o r  t h e  p r o s p e c t o r ,  w i t h i n  i n -  
d i v i d u a l  p l u t o n s ,  and i l l u s t r a t e s  t h e  w i d e  v a r i e t y  o f  r o c k  t ypes  t h a t  con- 
t a i n  anomalous c o n c e n t r a t i o n s  o f  u ran ium and tho r ium.  

A n a l v s i s  o f  T o t a l  S a m ~ l e  Set 

The c o r r e l a t i o n  m a t r i x  f o r  a l l  o f  t h e  samples ana iysed  i s  shown i n  
F i g u r e  20. A c o r r e l a t i o n  o f  1.000 r e p r e s e n t s  a  p e r f e c t  c o r r e l a t i o n ,  i . e . ,  
a l l  o f  t h e  v a r i a n c e  o f  one v a r i a b l e  can be e x p l a i n e d  by t h e  v a r i a n c e  o f  
a n o t h e r .  A c o r r e l a t i o n  o f  0.000 r e p r e s e n t s  no 1 i n e a r  r e l a t i o n s h i p  he- 
tween t h e  v a r i a b l e s .  G r a p h i c a l  examples o f  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  
shown i n  Appendix 3 .  I f  a  r e l a t i o n s h i p  between u ran ium and one o f  t h e  
v a r i a b l e s  e x i s t e d  and was o f  t h e  form o f  a  h i g h e r  o r d e r  po l ynomia l  e q u a t i o n ,  
t h e  c o r r e l a t i o n  c o e f f i c i e n t  w o ~ l d  n o t  n e c e s s a r i l y  r e f l e c t  t h i s  r e l a t i o n -  
s h i p .  Based on t h e  c o r r e l a t i o n  c o e f f i c i e n t s ,  t h e  r e g r e s s i o n  b u i l d s  a  l i n e a r  
e q u a t i o n  t h a t  e x p l a i n s  how Y (u ran ium o r  t h o r i u m )  i s  r e l a t e d  t o  X ( m i n e r a l -  
ogy o r  po tass ium) .  What we w i s h  t o  d e t e r m i n e  i 5 :  How much o f  t h e  v a r i -  
a b i l i t y  o f  Y can we e x p l a i n  i n  terms o f  a  number o f  independent v a r i a b l e s ,  

X l ,  x2, x3, . . .x12.  

; n  F i g u r e  20 columns one and two a r e  o f  t h e  g r e a t e s t  i n t e r e s t  
e c o n o m i c a l l y .  Uranium does n o t  c o r r e l a t e  w e l l  w i t h  any o f  t h e  m i n e r a l s  
i n  t h e  s t u d y  a rea .  The h i g h e s t  c o r r e l a t i o n  c o e f f i c i e n t  i s  a  n e g a t i v e  r e -  
l a t i o n s h i p  w i t h  p l a g i o c l e s e ,  b u t  a  c o e f f i c i e n t  o f  -0 .283,  a l t h o u g h  s i g -  
n i f i c a n t  w i t h  t h i s  number o f  samples a t  t h e  90% con f idence  l e v e l ,  shows 
o n l y  a  weak r e l a t i o n s h i p .  I n  terms o f  t h e  r e g r e s s i o n  e q u a t i o n ,  p l a g i o -  
c l a s e  i s  t h e  f i r s t  v a r i a b l e  c o n s i d e r e d :  R~ i s  0.0803.1 The a d d i t i o n  o f  
f o u r  o t h e r  v a r i a b l e s  t h o r i u m ,  K - f e l d s p a r ,  q u a r t z ,  and t o t a l  a c c e s s o r i e s  
o n l y  i nc reases  t h e  Ri v a l u e  t o  C.1468. We can say t h a t  t h e r e  i s  v e r y  
i : t t l e  c o r r e l a t i o n  between any o f  t h e  m i n e r a l o g i c a l  c o n s t i t u e n t s  measared 
and i h e  craniclm c o n t e n t  o f  t h e  r o c k ,  and thc3t  we can e x p l a i n  v e r y  l i t t i e  

o f  t h e  v a r i a b i l i t y  o f  u ran ium i n  te rms o f  t h e  m i n e r a l o q i c a l  d a t a .  T h i s  
i s  noc a s u r p r i s i n g  r e s u l t .  As no ted  e a r l i e r ,  a w ide  v a r i e t y  o f  r o c k s  i n  
i h e  t h e s i s  a r e a  a r e  known t o  c o n t a i n  anomaious c o r c e n t r a t i o n s  o f  r a d i o -  
a c t i v e  e lements .  The r e g r e s s i o n  r e f l e c t s  t h i s  o b s e r v a t i o n .  

The c o r r e l a t i o n s  between t h o r i u m  and m i n e r a l o g y  a r e  o n l y  s l i g h t l y  
b e t t e r .  A f t e r  F i v e  v a r i a b l e s  have been added t o  t h e  r e g r e s s i o n ,  we a r e  
o n l y  a b l e  t o  d e s c r i b e  30% o f  t h e  v a r i a n c e  o f  Th i n  terms o f  t h e  o t h e r  
v a r i a b l e s .  The w ide  range i n  r o c k  t ypes  i n  wh ich  h i g h  c o n c e n t r a t i o n s  o f  
r a d i o a c t i v e  e lements  a r e  found th roughou t  t h e  t h e s i s  a rea  i s  r e f l e c t e d  
2 y  t h e  r e g r e s s i o n  e q u a t i o n  f o r  b o t h  u ran ium and t h o r i u m .  

On a  regions: s c a l e ,  i n  te rms o f  the d a t a  a v a i l a b l e ,  t h e  u ran ium 
and t h o r i u m  c o n c e n t r a t  i ons  cannot  be prec  i c t e d  i n  terms o f  m i n e r a l o g y .  
We cannot  a s s i s t  t h e  p r o s p e c t i n g  g e o l o g i s t  Sy s u g g e s t i n g  r o c k  t y p e s  i n  

I RZ = goodness t o  f i t  o f  t h e  l i n e a r  e q u a t i o n  

- - sum o f  squares due t o  r e q r e s s i o n  , = - -- .-- - - - , pe ;..-ec t F i t 
t o t a l  sum o f  squares 0 = 130 f i t  



Figure 20. Correlation matrix for 108 
samples analyzed in this study. 
kunderlined values are significant 
correlations with uranium and tho-- 
rium at a 90% confidence level. 



t h e  t h e s i s  a rea  upon wh ich  he shou ld  c o n c e n t r a t e  h i s  i n v e s t i g a t i o n s .  We 
can suggest ,  f r o m  t h e s e  d a t a ,  t h a t  a l l  o f  t h e  p l u t o n s  i n  t h e  a r e a ,  and 
n o t  o n l y  t h e  a l k a l i n e  v a r i e t i e s ,  shou ld  be s t u d i e d  i n  some d e t a i l .  

We can l o o k  a t  t h e  u ran ium and t h o r i u m  d a t a  i n  a  d i f f e r e n t  way by 
c o n s i d e r i n g  t h e  means, s t a n d a r d  d e v i a t i o n s ,  and maxima and minima f o r  each 
r o c k  t y p e  as l i s t e d  i n  T a b l e  7 .  

T a b l e  7 

Means, Sta t id?rd  D e v i a t i o n s ,  a n d  I4axiii13 and Minima 
o f  Uranium and Thor ium Data ,  By Rock Type 

Rock Type ------ 
Uran i um 

Mean S td .  Dev. Max i mum Minimum 

Nephe l i ne  S y e n i t e  12.83 23.24 92.0 1 . O  
A 1  k a l  i Gabbro 8.77 1 . 3 7  10.0 7 . 3  
Syen i t e  5.97 4.611 17.2. 1 . 6  
Monzon i t e  3.03 1.98 8.4 0 . 6  
0.uart-z Monzoni t e  5.'17 8 .10 49.0 -0 .3  
Cran i t e  1 0.38 6.23 19.4 5.1 
C r a n o d i o r i  t e  2.13 1 . 1 1 1  4 . 8 0 .7  

Rock Type Thor i urn Obi;t?rvnt ic.~ns 
-.-- 

Mean S td .  Dev. Maximuin Y?nimum - ---- --P 

Wepheline S y e n i t e  46.15 13.9  82.3 9.33 2  5 
P 1 k a l  i Gabbro 66.3 8.97 7 6 . 0  53.3 3 
Syen i t e  42.0  1 14.06 62.5 2 4 . 5  10 
Monzon i t e  40.911 21 .I15 74.0 9.11 113 
Q u a r t z  Monzon i te  28.71 16.65 64.3  8.85 3  6 
G r a n i t e  32.3 13.3 51 . 0  21.3 4 
Cranod i o r  i t e  17.5 1 2 - 3 8  114.8 2 .1  I 11 

An a n a l y s i s  o f  v a r i a n c e  was per formed on these  d a t a  t o  d e t e r m i n e  i f  
t h e r e  i s  a  s i g n i f i c a n t  d i f f e r e n c e  between t h e  means o f  t h e  i n d i v i d u a l  
g roups .  The r e s u l t s  o f  t h i s  a n a l y s i s  a r e  l i s t e d  i n  T a b l e  8.  

The a n a l y s i s  de te rm ined  t h a t  a t  a =  .05 t h e r e  i s  no s i g n i f i c a n t  d i f - -  
f e r e n c e  i n  t h e  means o f  t h e  uran ium v a l u e s .  The F v a l u e  = 1.78,  whereas 
t h e  c r i t i c a l  F a t  t h i s  c o n f i d e n c e  l e v e l  i s  2 .20.  

I n  accordance w i t h  t h e  o b s e r v a t i o n  made e a r l i e r ,  t h a t  t h e r e  were 
s i g n i f i c a n t  c o r r e l a t i o n s  between t h o r i u m  and m i n e r a l o g y ,  t h e  a n a l y s i s  o f  
v a r i a n c e  de te rm ined  t h a t  t h e r e  i s  a  v e r y  s i g n i f i c a n t  d i f f e r e n c e  between 
t h e  mean t h o r i u m  c o n c e n t r a t i o n s  o f  i n d i v i d u a l  r o c k  t y p e s .  T h i s  r e f l e c t s  
t h e  more p r e d i c t a b l e  b e h a v i o r  o f  t h o r i u m  d u r i n g  t h e  d i f f e r e n t i a t i o n  p r o -  
cess.  C a l c u l a t e d  F a t  a  35% c o n f i d e n c e  l e v e l  i s  7.72, w i t h  t h e  c r i t i c a l  
F rema in ing  t h e  same v a l u e  as above, 2.20.  



Table 8 

Summary Table  f o r  t he  Ana l ys i s  o f  Variance-Uranium 

Source o f  Sum o f  
V a r i a t i o n  - dF Squares Mean Squares 

Between rock  types 6 1,624 
W i t h i n  rock  types 103 15,643 
T o t a l  109 17,273 

F = 270.7 = 1.78 dF = 6,  103 C r i t i c a l  F = 2.20 
151.93 

Summary Table  f o r  t h e  Ana l ys i s  o f  Var iance-Thor ium 

Source o f  Sum o f  
V a r i a t i o n  -- d F Squares Mean Squares - 

Between rock  types G 14,363 
W i t h i n  rock  types 103 31,996 
Tota 1 1 1  1 46,359 

F  = 2,393 = 7.7. dF = 6 ,  103 C r i t i c a l  F = 2.20 
310 

The S c i n t i l l a t i o n  Counter as a  Prospec t ing  Tool 

The hand-held s c i n t i l l o r n e t e r  i s  s tandard p rospec t i ng  equipment f o r  
uranium. We can comment on t h e  r e l i a b i l i t y  o f  t h i s  dev i ce  f o r  r eco rd i ng  
uranium va lues by computing t h e  c o r r e l a t i o n  c o e f f i c i e n t s  ( ~ i g u r e  20) .  

The c o r r e l a t i o n  between uranium and counts per  second i s  0.287. The 
c o r r e l a t i o n  c o e f f i c i e n t  f o r  t ho r i um  and counts per second i s  0.615, which 
i s  h i g h i y  s i g r , i f i c a n t .  I n  most cases t he  s c i n t i l l o m e t e r  does no t  r e f l e c t  
t he  uranium con ten t  o f  t h e  rock .  Thorium i s  much more abundant i n  most o f  
t he  rocks and t he  gamma r a d i a t i o n  produced by t he  uranium i s  overshadowed 
by t h a t  produced f rom thor ium.  The s c i n t i l l o r n e t e r  f a i l s  t o  r e g i s t e r  minor 
f l u c t u a t i o n s  i n  uranium con ten t  i n  an area predorninant ly enr i ched  i n  
tho r ium.  These minor  f l u c t u a t i o n s  a re  o f  l i t t l e  i n t e r e s t  t o  t he  e x p l o r a t i o n  
g e o l o g i s t .  

The s tandard d e v i a t i o n  o f  an i n d i v i d u a l  s c i n t i l l o m e t e r  read ing  i s  equal 
t o  F, where n  = coun t i ng  r a t e .  The square r o o t  o f  1150 i s  21. There fo re  
t he  coun t i ng  r a t e  o f  500 dev ia tes  s i g n i f i c a n t l y  f rom 450 a t  t h e  95% con- 
f i dence  l e v e l .  475 i s  no t  s i g n i f i c a n t  a t  t h i s  con f idence  l e v e l .  There- 
f o r e  a  cons ide rab le  amount o f  v a r i a b i l i t y  i n  t he  coun t i ng  r a t e  can be 
a t t r i b u t e d  t o  s t a t i s t i c a l  v a r i a t i o n  w i t h i n  t he  coun te r .  

The mean and s tandard d e v i a t i o n  f o r  a l l  t h e  s c i n t i l l o m e t e r  da ta  = 1~111 
C P S  and 168 CPS, r e s p e c t i v e l y .  A read ing  g r e a t e r  than 582 i s  s i g n i f i c a n t  
a t  t he  l a  l e v e l ,  and a  read ing  g r e a t e r  than 750 i s  s i g n i f i c a n t  a t  t he  2 a  



l e v e l .  I n d i v i d u a l  s c i n t i l l o m e t e r  r e a d i n g s  a r e  l i s t e d  i n  Appendix 1 .  The 
o n l y  r e a d i n g s  t h a t  exceed t h e  2  a l p h a  l i m i t  a r e  f r o m  t h e  u r a n i f e r o u s  rocks  
o f  t h e  Se law ik  Lake Complex, and t h e  r a d i o a c t i v e  r o c k s  o f  t h e  a l k a l i n e  
monzon i te  zone i n  t h e  Zane H i l l s .  When one c o n s i d e r s  i n d i v i d u a l  r e a d i n g s  
i n  terms o f  t h e i r  v a r i a b i l i t y  f r o m  t h e  mean, i t  i s  p o s s i b l e  t o  d i s c r i m i n a t e  
t h e  more s i g n i f i c a n t  anomal ies .  

A d m i t t e d l y  t h e  s t a t i s t i c a l  i n f o r m a t i o n  o b t a i n e d  i s  based on a  r e l a t i v e l y  
sma l l  sample s i z e .  A d d i t i o n a l  d a t a  i n  t h e  Se iaw ik  B a s i n  and e a s t e r n  Seward 
P e n i n s u l a  w i l l  a i d  i n  d e f i n i n g  t h e  o v e r a l l  background and v a r i a b i l i t y  o f  t h e  
s c i n t i l l a t i o n s .  

A l t h o u g h  t h e r e  i s  l i t t l e  c o r r e l a t i o n  between t h e  r a d i o a c t i v i t y  and 
m i n e r a l o g y  i n  t h e  t o t a l  sample s e t ,  e x a m i n a t i o n  o f  d a t a  f o r  i n d i v i d u a l  
p l u t o n s  r e v e a l e d  s i g n i f i c a n t  r e l a t i o n s h i p s  t h a t  s h o u l d  a i d  t h e  p r o s p e c t o r .  

G r a n i t e  Mounta in  

Means, s t a n d a r d  d e v i a t i o n s ,  minima, and maxima f o r  u ran ium and t h o r i u m  
ana lyses  o f  32  samples f r o m  t h e  G r a n i t e  Mounta in  p l u t o n  a r e  shown i n  T a b l e  
5. The c o r r e l a t i o n  m a t r i x  f o r  G r a n i t e  Mounta in  i s  shown i n  F i g u r e  21.  Good 
c o r r e l a t i o n s  a r e  apparen t  between u ran ium and po tass ium,  r = 0 .647,  u ran ium 
and n e p h e l i n e ,  r = 0.742, and uran ium and g a r n e t ,  r = 0.697. The r e g r e s s i o n  
de te rm ines  t h a t  55% o f  t h e  v a r i a n c e  o f  u ran ium can be e x p l a i n e d  by t h e  s i n g l e  
v a r i a b l e  n e p h e l i n e .  65% o f  t h e  v a r i a n c e  can be e x p l a i n e d  by t h e  v a r i a b l e s  
n e p h e l i n e  and t h o r i u m ,  and 70% o f  t h e  v a r i a n c e  o f  u ran ium can be e x p l a i n e d  
by n e p h e l i n e ,  t h o r i u m ,  and pyroxene.  

Thor ium does n o t  c o r r e l a t e  as w e l l  w i t h  any o f  t h e  m i n e r a l o g i c a l  
v a r i a b l e s .  I n  t h e  r e g r e s s i o n ,  22% o f  t h e  v a r i a b i l i t y  o f  t h o r i u m  can be 
d e s c r i b e d  by t h e  v a r i a n c e  o f  u ran ium.  The c o m b i n a t i o n  o f  t h o r i u m  and t o t a l  
a c c e s s o r i e s  e x p l a i n s  34% o f  t h e  v a r i a n c e  o f  Th. The a d d i t i o n  o f  o t h e r  
v a r i a b l e s  does n o t  a p p r e c i a b l y  improve t h e  r e g r e s s i o n  e q u a t i o n .  

The v a r i a t i o n  i n  uranium, t h o r i u m ,  potass ium,  and CPS a c r o s s  t h e  zones 
o f  t h e  G r a n i t e  Mounta in  i n t r u s i v e  i s  shown g r a p h i c a l l y  i n  F i g u r e  22. There 
i s  v i r t u a l l y  no  c o r r e l a t i o n  a t  a l l  between u ran ium and C P S .  Thor ium has 
a  d i s t i n c t  e f f e c t  on  t h e  C P S  r e a d i n g ,  whereas po tass ium has no e f f e c t .  I t  
seems u n l i k e l y  t h a t  t h e  r e s t  o f  t h e  v a r i a b i l i t y  i n  CPS c o u l d  be t h e  r e s u l t  
o f  t h e  genera l  background produced by cosmic r a d i a t i o n .  Another  p o s s i b i l i t y  
i s  t h a t  t h e r e  i s  a  g r e a t  dea l  o f  w i t h i n  o u t c r o p  v a r i a b i l i t y .  T h e r e f o r e  t h e  
s c i n t i l l a t i o n s ,  reco rded  o v e r  an a r e a  o f  about  25 square  f e e t ,  do n o t  c o r -  
r e l a t e  w e l l  w i t h  i n d i v i d u a l  samples, wh ich  v a r y  a  g r e a t  dea l  a c r o s s  s h o r t  
d i s t a n c e s .  However, w i t h i n  o u t c r o p  v a r i a b i l i t y  was de te rm ined  t o  be sma l l  
a t  G r a n i t e  Mounta in  ( ~ i g u r e  2 2 ) .  The poor  c o r r e l a t i o n  between t h o r i u m  and 
c o u n t s  p e r  second i s  p r o b a b l y  t h e  r e s u l t  o f  a  number o f  v a r i a b l e s  i n c l u d i n g  
cosmic r a d i a t i o n ,  a n a l y t i c a l  e r r o r ,  w i t h i n  o u t c r o p  v a r i a b i l i t y ,  w e a t h e r i n g  
v a r i a t i o n s ,  and t h e  e f f e c t  o f  po tass ium,  i . e .  v a r i a b i l i t y  i n  background.  

Darbv P l u t o n  

The average uran ium c o n t e n t  o f  t h e  Darby P l u t o n  i s  1 1  ppm ( ~ i l l e r ,  
1975a).  A long t h e  t r a v e r s e  t h e  v a l u e  was s i g n i f i c a n t l y  l ower ,  a v e r a g i n g  
5.9 ppm f o r  22 o b s e r v a t i o n s  (see T a b l e  5 ) .  Thor ium averages 37.1 ppm. 



Figure  21. C o r r e l a t i o n  m a t r i x  f o r  32 
samples from the  Gran i t e  Mountain 
P lu ton .  +Underl ined values a r e  
s i g n i f i c a n t  c o r r e l a t i o n s  w i t h  ura-- 
nium and thor ium a t  a  90% conf idence 
l e v e l .  
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F i gu re  22. V a r i a t i o n  i n  uranium, thor ium,  potassium, and counts  per 
second across t h e  G ran i t e  Mountain P lu ton .  E r r o r  bars i n d i c a t e  
t o t a l  w i t h i n  ou t c rop  v a r i a b i l i t y  as determined f rom 3 samples. 



The c o r r e l a t i o n  m a t r i x  f o r  m i n e r a l o g i c a l  and chemica l  d a t a  f r o m  t h e  
Darby Mounta ins  i s  shown i n  F i g u r e  23. Uranium i s  weak ly  c o r r e l a t i v e  w i t h  
t h e  presence o f  q u a r t z ,  t h e  absence o f  p l a g i o c l a s e ,  and t h e  absence o f  
b i o t i t e .  The r e g r e s s i o n  shows t h a t  335 o f  t h e  v a r i a b i l i t y  i n  u ran ium can 
be d e s c r i b e d  by b i o t i t e  and accesso ry  m i n e r a l s .  A d d i t i o n a l  v a r i a b l e s  do 
n o t  improve t h e  goodness o f  f i t  o f  t h e  r e g r e s s i o n  e q u a t i o n .  

Thor ium does n o t  show s i g n i f i c a n t  c o r r e l a t i o n  w i t h  any o f  t h e  v a r i -  
a b l e s  a t  t h e  90% c o n f i d e n c e  l e v e l .  I n  t h e  r e g r e s s i o n ,  8 v a r i a b l e s  ac-  
coun t  f o r  o n l v  35% o f  t h e  v a r i a b i l i t y  o f  t h o r i u m .  

Uranium, t h o r i u m ,  potass ium,  and c o u n t s  p e r  second a r e  g r a p h i c a l l y  
rep resen ted  i n  F i g u r e  24. Data c o l l e c t e d  i n  t h e  f i e l d  w i t h  t h e  use o f  a  
s c i n t i l l o m e t e r  suggested uran ium and t h o r i u m  en r i chmen t  towards t h e  west  
m a r g i n  o f  the p l u t o n .  From F i g u r e  24 i t  i s  apparen t  t h a t  t h i s  en r i chmen t  
does n o t  i n c l u d e  uranium. The inc reased  CPS r e f l e c t s  a  genera l  i n c r e a s e  
i n  t h o r i u m .  The po tass ium c o n t e n t  i s  r o u g h l y  c o n s t a n t  a c r o s s  t h e  p l u t o n .  

The number o f  d i k e s  p r e s e n t ,  and t h e  number o f  samples d i s p l a y i n g  
t h e  p e c u l i a r  p o r p h y r i t i c  t e x t u r e  d e s c r i b e d  e a r l i e r ,  i n c r e a s e  towards t h e  
west  edge o f  t h e  p l u t o n .  These o b s e r v a t i o n s  suggest  t h a t  t h e  wes te rn  edge 
o f  t h e  Darby P l u t o n  was an a rea  e n r i c h e d  i n  v o l a t i l e s  o r  was more ex-  
t e n s i v e l y  f r a c t u r e d .  The west c o n t a c t  o f  t h e  p l u t o n  was mapped by M i l l e r  
and o t h e r s  (1972)  3s an i n t r u s i v e  c o n t a c t ,  whereas t h e  e a s t e r n  m a r g i n  i s  
f a u l t  bounded. T h e r e f o r e  t h e  wes te rn  zone r e p r e s e n t s  t h e  c r y s t a l l i n e  
edge o f  t h e  Darby P l u t o n  i n  agreement w i t h  t h e  expected i n c r e a s e  i n  con- 
c e n t r a t i o n  o f  v o l a t i l e s .  

Zane H i l l s  P l u t o n  ------- 

Means, s t a n d a r d  d e v i a t i o n s ,  minima, and maxima f o r  u ran inm and t h o r i u m  
ana:ysec f rom 32 samples f rom t h e  Zane I i i l l s  a r e  l i s t e d  i n  T a b l e  5 .  The 
c o r r e l a t i o n  m a t r i x  f o r  t h e  Zane H i l l s  i s  shown i n  F i g u r e  25 .  O f  p a r t i c u l a r  
i n t e r e s t ,  a r e  t h e  c o r r e l a t i o n s  between t h o r i u m  and q u a r t z ,  amphibo le ,  and 
\<-Fe ldspar .  The r e l a t i o n s h i p  between t h o r i u m  and q u a r t z  i s  shown graph-  
i c a l l y  i n  F i g u r e  26.  

V a r i a t i o n  i n  q u a r t z  accounts  f o r  62% o f  t h e  v a r i a n c e  o f  t h o r i u m .  
Quar t z ,  and p l a g i o c l a s e  account  f o r  66% o f  t h e  v a r i a n c e  o f  t h o r i u m ,  and 
q u a r t z ,  p l a y i o c l a s c ,  and amphibo le  account  f o r  68%. The a d d i t i o n  o f  
pyroxene and b i o t i t e  t o  t h e  r e g r e s s i o n  improves t h e  a p p r o x i m a t i o n  o f  t h e  
l i n e a r  f i t  t o  7 2 % .  The a d d i t i o n  o f  o t h e r  v a r i a b l e s  does n o t  a p p r e c i a b l y  
improve t h e  r e g r e s s i o n  e q u a t i o n .  F i g u r e  26 and F i g u r e  13 show t h a t  t h e  
good c o r r e l a t i o n  between q u a r t z  and t h o r i u m  i s  n o t  a  l i n e a r  r e l a t i o n s h i p ,  
bu t  two p o p u l a t i o n s ;  one c o n t a i n i n g  l i t t l e  q u a r t z  and abundant t h o r i u m ,  
and a n o t h e r  c o n t a i n i n g  abundant q u a r t z ,  wh ich  i s  t h o r i u m - p o o r .  

C o r r e l a t i o n  between u ran ium and m i n e r a l o g y  a r e  n o t  as  marked. Uranium 
c o r r e l a t e s  w i t h  p l a g i o c l a s e ,  K - f e l d s p a r ,  and potass ium.  

The poor c o r r e l a t i o n  between u ran ium and m i n e r a l o g y  i s  l a r g e l y  t h e  
r e s u l t  of two samples wh ich  c o n t a i n  h i g h  c o n c e n t r a t i o n s  o f  u ran ium i n  
q r a n o p h y r i c  d i k e  r o c k s  a s s a c i a t e d  w i t h  t h e  augen g n e i s s  u n i t  ( ~ i ~ u r e  2 7 ) .  
i n  a d d i t i o n ,  t h e  a l k a l i  r r~onzon i te  u n i t ,  a l t h o u g h  h i g h  i n  t h o r i u m ,  does n o t  
show u ran ium en r i chmen t  w i t h i n  t h e  samples ana lysed .  



F igu re  23. C o r r e l a t i o n  m a t r i x  f o r  22 
samples f rom t h e  Darby P lu ton .  
;:Underlined va lues a r e  s i g n i f i c a n t  
c o r r e l a t i o n s  w i t h  uranium and tho-  
r ium a t  a  90% con f idence  l e v e l .  



Q u a r t z  ~ o n z o n i t e  

West Kilometers  Eas t  

Fiyur .2  24. V a r i a t i o n  i n  uranium, t h o r i u m ,  potass ium,  and coun ts  
p e r  second s c r o s s  t h e  Darby P l u t o n .  E r r o r  b a r s  i n d i c a t e  t o t a l  
w i t h i n  o u t c r o p  v a l - i a l i l i t y  a s  de te rm ined  f rom 2 samples. 



F igu re  25. C o r r e l a t i o n  m a t r i x  f o r  32 
samples f rom t h e  Zane H i l l s  P lu ton .  
sunde r l i ned  va lues a r e  s i g n i f i c a n t  
c o r r e l a t i o n s  w i t h  uranium and tho-  
r i um  a t  a  90% con f idence  l e v e l .  
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c e n t r a t i o n s   fro^,^ t h e  Zane H i l l s  P l u t o n .  

Uraniurn, t h o r i u m ,  potass ium,  and CPS a r e  shown g r a p h i c a l l y  i n  F i g u r e  
27 .  N o t i c e  t h e  s t r o n g  c o r r e l a t i o n  between t h o r i u m  and potass ium,  and CPS 
w i t h  t h o r i u m  and potass ium.  The s c i n t i l l o m e t e r  c l o s e l y  r e f l e c t s  t h e  
t h o r i u m  c o n c e n t r a t i o n s  i n  t h e  Zane H i l l s  rocks .  Uraniurn c o r r e l a t e s  p o o r l y  
w i t h  t h e  s c i n t i l l o m e t e r  v a l u e s .  A l t h o u g h  a  few h i g h  c o n c e n t r a t i o n s  o f  
u ran ium were found,  t h e y  o c c u r r e d  i n  t h i n  d i k e  r o c k s  t h a t  wou ld  have l i t t l e  
e f f e c t  on a  s c i n t i l l o m e t e r  h e l d  a t  w a i s t  l e v e l .  The t h o r i u m  appears t o  
be d i s s e m i n a t e d  t h r o u g h  t h e  r o c k ,  c o n t a i n e d  i n  l a r g e  p a r t  i n  m i n u t e  g r a i n s  
o f  u r a n o t h o r i t e ,  monaz i te ,  a p a t i t e ,  and sphene. 

The D r y  Canyon Creek Stock  ----.----- 

Means, s tandard  d e v i a t i o n s ,  minima, and maxima a r e  g i v e n  i n  Tab le  5 
f o r  u ran ium and tho r iu rn  a r ~ a l y s e s  f o r  16 samples c o l l e c c e d  f rom t h e  Dry 
Canyon Creek Stock .  

Thcriurr,  i s  p a r t i c u l a r l y  h i g h  a t  t h e  Dry  Canyon Creek Stock .  Uranium 
i s  s l i g h t l y  anomalous. S c i n t i l l o m e t e r  r e a d i n g s  f rom t h i s  s t o c k  were q u i t e  
h i g h ,  up  t o  800 CPS. 

The c o r r e l a t i o n  m a t r i x  f o r  t h e  Dry  Canyon Creek Stock  i s  shown i n  
F i g u r e  28. Uranium c o r r e l a t e s  we1 1 w i t h  t h e  p e r c e n t  accesso ry  m i n e r a l s .  
U r a n i u r  i ?  l a r g e l y  c o n c e n t r a t e d  i n  t h e  accesso ry  m i n e r a l s .  Thor ium does 
n o t  show t h i s  same r e l a t i o n s h i p .  A l t h o u q h  t h e  d a t a  a r e  n o t  c o n c l u s i v e ,  
i t  i s  p o a s i b l e  t h a t  the t h o r i u m  i s  c o n c e n t r a t e d  p r e d o m i n a n t l y  i n  o t h e r  
m i n e r a l  phases, or t h a t  Lhe dran ium a r i g i n a l l y  l o c a t e d  i n  t h e  more 
abundant and Inore e a s i l y  weathered r o c k - f o r m i n g  m i ~ l e r a l s ,  has been leached.  
The more r e s i s t a n t  t h o r i u m  compounds i n  the r o c k - f o r m i n g  m i n e r a l s  would r e -  
main beh ind.  



F i g u r e  27.  V a r i a t i o n  i n  uran ium,  t h o r i u m ,  potass ium,  
and c o u n t s  p e r  second a l o n g  two t r a v e r s e s  i n  t h e  
Zane H i l l s  P l u t o n .  E r r o r  b a r s  i n d i c a t e  t o t a l  w i t h -  
i n  o u t c r o p  v a r i a b i l i t y ,  f rom two samples. 



Figure 28. Correlation matrix for 16 
samples from t h e  Dry Canyon Creek 
Stock. *Underlined values are s i g -  
nificant correlations with uranium 
and t5orium at a 93% confidence 
level. 



B o t h  u ran ium and t h o r i u m  show a  moderate  n e g a t i v e  c o r r e l a t i o n  w i t h  
n e p h e l i n e .  The d i s t r i b u t i o n  o f  u ran ium and t h o r i u m  d u r i n g  c r y s t a l l i z a t i o n  
o f  a  magma u s u a l l y  shows a  c o r r e l a t i o n  between i n c r e a s e  i n  a l k a l i e s  and i n -  
c r e a s e  i n  r a d i o a c t i v i t y .  Perhaps t h e  relationziip between n e p h e l i n e  and 
u r a n i u n  can be e x p l a i n e d  by t h e  o x i d a t i o n  o f  U d u r i n g  t h e  l a t e s t  s t a g e  
o f  c r y s t a l l i z a t i o n  o f  t h e  s t o c k .  T h i s  wou ld  remove t h e  u ran ium f rom t h e  
i n t r u s i v e  i n t o  hyd ro the rma l  s o l u t i o n s ,  d u r i n g  the  p e r i o d  when n e p h e l i n e  
was c r y s t a l  1 i z i n g .  

I n  t h e  r e g r e s s i o n  a n a l y s i s ,  we a r e  a b l e  t o  e x p l a i n  45% o f  t h e  
v a r i a n c e  o f  u ran ium i n  terms o f  t h e  p e r c e n t  o f  a c c e s s o r i e s .  S i x t y - s e v e n  
p e r c e n t  o f  t h e  v a r i a n c e  i s  e x p l a i n e d  i n  terms o f  a c c e s s o r i e s  and n e p h e l i n e ,  
72% i n  te rms o f  a c c e s s o r i e s ,  n e p h e l i n e ,  and amphibo le .  The a d d i t i o n  o f  
t h o r i u m  e x p l a i n s  79% o f  t h e  v a r i a n c e ,  and f i n a l l y  t h e  a d d i t i o n  o f  q u a r t z  
e x p l a i n s  85% o f  t h e  v a r i a n c e .  A d d i t i o n a l  v a r i a b l e s  do n o t  a p p r e c i a b l y  
improve t h e  r e g r e s s i o n  e q u a t i o n .  

Uranium c o n c e n t r a t i o n s  i n  t h e  Dry Canyon Creek S tock  can be e x p l a i n e d  
q u i t e  w e l 5 i n  terms o f  f i v e  v a r i a b l e s ,  by f a r  t h e  most s i g n i f i c a n t  o f  
wh ich  i s  t h e  % o f  t o t a l  a c c e s s o r i e s .  Uranium appears t o  be s u b s t i t u t i n g  
f o r  Ca2' i n  t h e  accesso ry  m i n e r a l s  sphene and a p a t i t e .  

The r e l a t i o n s h i p s  between t h o r i u m  and t h e  m i n e r a l o g i c a l  v a r i a b l e s  
a r e  n o t  as c l e a r .  Nephe l i ne  and q u a r t z  ( t w o  m u t u a l l y  e x c l u s i v e  v a r i a b l e s )  
account  f o r  4 1 %  o f  t h e  t o t a l  v a r i a n c e  o f  t h o r i u m .  

The s c i n t i l l o m e t e r  r e a d i n g s  do n o t  v a r y  a  g r e a t  dea l  a t  t h e  Dry Canyon 
Creek S tock ,  and i t  i s  n o t  s u r p r i s i n g  t h a t  t h e r e  i s  a lmos t  no c o r r e l a t i o n  
among uran ium,  t h o r i u m  and t o t a l  coun ts  p e r  second. 

S e l a w i k  Lake C o m ~ l e x  

Means, s t a n d a r d  d e v i a t i o n s ,  and minima and maxima f o r  u ran ium and 
t h o r i u m  ana lyses  f r o m  10 samples f r o m  t h e  S e l a w i k  Lake Complex a r e  shown 
i n  T a b l e  5. 

The c o r r e l a t i o n  m a t r i x  f o r  13 v a r i a b l e s  i s  shown i n  F i g u r e  29. Uranium 
c o r r e l a t e s  r a t h e r  s t r o n g l y  w i t h  b i o t i t e ,  t h o r i u m ,  and coun ts  p e r  second. 
The c o r r e l a t i o n  w i t h  t h e  s c i n t i l l o m e t e r  r e a d i n g  i s  a  r e s u l t  o f  much h i g h e r  
concentrations o f  uran ium,  wh ich  a l l o w  t h e  gamma r a d i a t i o n  e m i t t e d  f r o m  
t h e  u ran ium t o  exceed t h a t  o f  t h o r i u m  and cause a  n o t i c e a b l e  f l u c t u a t i o n  
i n  t h e  c o u n t i n g  r a t e .  I n  a d d i t i o n  u ran ium and t h o r i u m  a r e  c o r r e l a t i v e ,  
and t h e  gamma r a d i a t i o n  t h a t  t h e y  e m i t  i s  cornpounded i n  t h e  s c i n t i l l o m e t e r  
r e a d i n g .  The c o m b i n a t i o n  o f  gamma r a y  emiss ions  f r o m  b o t h  e lements  r e -  
duces t h e  e f f e c t  o f  cosmic r a d i a t i o n  and t h e  c o r r e l a t i o n s  w i t h  t h e  s c i n t i l -  
l ome te r  a r e  much improved. 

The m i n e r a l i z e d  zone i n  t h e  S e l a w i k  Lake Complex i s  n o t  c o n f i n e d  t o  
a  d i k e  r o c k  b u t  ex tends  i n t o  t h e  c o u n t r y  r o c k  f o r  a  few mete rs  on e i t h e r  
s i d e  o f  t h e  i n t r u d e d  a rea .  T h i s  broad c o n c e n t r a t i o n  o f  u ran ium a l l o w s  
f o r  a l a r g e r  a rea  o f  r a d i o a c t i v e  r o c k  t o  a f f e c t  t h e  c o u n t e r .  T h i s  i s  d i s -  
t i n c t i v e l y  d i f f e r e n t  t h a n  t h e  Zane H i l l s  occu r rence  where t h e  h i g h  con- 
c e n t r a t i o n s  o f  u ran ium were r e s t r i c t e d  t o  t h i n  d i k e  r o c k s .  



Figure 29. Correlation matrix for 10 
samples from the Selawik Lake Corn- 
p l a x .  "Underlined values are s i g -  
nificant correlations with uranium 
and thorium at a 90% confidence 
level. 



Approx imate ly  41% o f  t h e  va r iance  o f  uranium i s  exp la i ned  by 
v a r i a t i o n s  i n  t h e  b i o t i t e  con ten t .  The a d d i t i o n  o f  ga rne t  t o  t he  equa t ion  
increases t h e  R~ va l ue  t o  0.69. N i n e t y - t h r e e  percen t  o f  t he  va r i ance  
o f  uranium can be descr ibed  by t h e  v a r i a b l e s  potassium, garne t ,  b i o t i t e ,  
K - f e l dspa r ,  and amphibole. For t h i s  r eg ress i on ,  t h e  t ho r i um  v a r i a b l e  
(because i t  cou ld  no t  be determined i n  t he  f i e l d )  was no t  inc luded .  

We can desc r i be  t h e  d i s t r i b u t i o n  o f  uranium s u f f i c i e n t l y  i n  terms 
o f  f o u r  m i n e r a l o g i c a l  v a r i a b l e s  and potassium. 

Seventy-two percent  o f  t he  va r i ance  o f  t ho r i um  i s  exp la i ned  by t he  
v a r i a t i o n  i n  b i o t i t e  and nephe l ine  i n  t h e  r eg ress i on  equa t ion .  There a r e  
no o t h e r  s i g n i f i c a n t  v a r i a b l e s  w i t h  t h e  excep t ion  o f  u ran iun  which was no t  
inc luded  i n  t h e  r eg ress i on .  

C e r t a i n l y  t h e  d i s t r i b u t i o n  o f  t he  r a d i o a c t i v e  elements i n  t he  Selawik 
Lake Complex f o l l o w s  a  much more sys temat i c  d i s t r i b u t i o n  than i s  observed 
i n  o t h e r  p l u t o n s  i n  t h i s  s tudy.  

CONCLUSIONS 

The c a l c u l a t i o n  o f  c o r r e l a t i o n  c o e f f i c i e n t s  and t h e  s tep-w ise  m u l t i p l e  
l i n e a r  r eg ress i on  breaks down a  ve ry  compl icated da ta  se t  i n t o  a  more con- 
c i s e  form. The apparent r e s u l t  o f  t he  s tep-w ise  a n a l y s i s  f o r  a l l  o f  t h e  
samples w i t h i n  t he  t h e s i s  area, was t h a t  t h e r e  was v i r t u a l l y  no c o r r e l a t i o n  
between minera logy ,  and t he  uranium and thor ium concen t ra t i ons .  Th i s  i s  
a  m i s l ead ing  conc lus i on .  The a n a l y s i s  o f  i n d i v i d u a l  p l u tons  shows t h a t  
t h e r e  a r e  s t r ong  c o r r e l a t i o n s  between minera logy  and r a d i o a c t i v i t y ,  but  
t h a t  t he  independent v a r i a b l e  t h a t  desc r ibes  the  g r e a t e s t  amount o f  va r i ance  
o f  uranium o r  t ho r i um  changes from one p l u t o n  t o  t he  nex t .  There fo re  when 
one cons iders  t he  e n t i r e  p i c t u r e ,  t he  c o r r e l a t i o n s  i n  t he  i n d i v i d u a l  p l u tons  
cancel  each o t h e r  and we a r e  l e f t  w i t h  t he  appa ren t l y  random d i s t r i b u t i o n  
o f  uranium and t ho r i um  w i t h i n  the  p rov i nce .  

The c o r r e l a t i o n s  suggest t h a t  t h e r e  i s  some r e l a t i o n s h i p  between t he  
c r y s t a l l i z a t i o n  h i s t o r y  o f  t h e  rocks and t h e  d i s t r i b u t i o n  o f  uranium and 
thor ium w i t h i n  i n d i v i d u a l  p l u t o n s .  The l a c k  o f  c o r r e l a t i o n  on a  r eg iona l  
s ca le  i s  i n d i c a t i v e  o f  m u l t i p l e  o r i g i n s  f o r  t he  p l u t o n s .  Th i s  i s  no t  
s u r p r i s i n g ,  because t h e  age o f  t h e  i n t r u s i v e s  span a  p e r i o d  o f  20 m i l l i o n  
years ,  and they va ry  i n  compos i t i on  f rom h i g h l y  ove rsa tu ra ted  g r a n o d i o r i t e  
and q u a r t z  monzoni te t o  h i g h l y  a l k a l i n e  nephe l ine  s y e n i t e .  

The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  a r e  i n  some ways d i scou rag ing  f o r  
t h e  e x p l o r a t i o n  g e o l o g i s t  who hopes t o  d i scove r  a  uranium o r e  body based 
on reg iona l  m i n e r a l o g i c a l  a s s o c i a t i o n s .  Had t h e r e  been a  s t r ong  c o r r e l a t i o n  
on t h e  broad sca le  between r a d i o a c t i v i t y  and c e r t a i n  rock  types,  perhaps 
t h e  area o f  e x p l o r a t i o n  i n  t he  Yukon-Koyukuk Basin and eas te rn  Seward 
Peninsu la  cou ld  be g r e a t l y  reduced, and i n d i v i d u a l  t a r g e t  areas se lec ted .  
The broad v a r i a t i o n  o f  rock  t ype  i n  which h i g h  concen t ra t i ons  o f  uranium 
a r e  found does n o t  a l l o w  t h e  e x p l o r a t i o n  g e o l o g i s t  t o  leave  any p l u t o n s  
unexplored i n  t h i s  area.  



The poor c o r r e l a t i o n  between uranium and counts  per  second 're- 
q i s t e r e d  on t h e  hand-held s c i n t i l l o m e t e r  i s  no t  as d i scou rag inq  at, i l  niay 
seem. When h i g h  concen t ra t i ons  o f  uranium a r e  p resen t ,  as i n  t h e  v e i n  
depos i t s  and assoc ia ted  m i n e r a l i z e d  zones o f  t he  Selawik  Lake Complex, 
s c i n t i l l o m e t e r  counts  represen t  t he  concen t ra t i ons  o f  uranium ve ry  we1 I .  
I t  f a i l s  t o  r e g i s t e r  the  smal l  granophyre d i k e s  o f  t he  Zane H i l l s ,  bu t  
t h e  f a c t  t h a t  they  a r e  smal l  makes them a  much l ess  s i g n i f i c a n t  depos i t  
than t h e  Selawik  Lake occurrence.  What t he  s c i n t i l l o m e t e r  - f a i l s  t o  r e -  
co rd ,  appears t o  be minor  v a r i a t i o n s  i n  uranium concen t ra t i on  i n  rocks 
t h a t  a r e  p redominan t l y  t ho r i um- r i ch .  These minor var ia t ion. ;  .- loi  - r  

~ r i m a r y  i n t e - e s t  t o  economic g e o ~ n q  2 , - ,  3 c r : . , e f o re  t he  f a ; ~ u ; e  o f  f h v  
s c i n t i l l o m e t e r  t o  r e g i s t e r  them i s  no t  a  h indrance t o  e x p l o r a t i o n .  

Uranium p rospec t i ng  i s  i n  a  s t a t e  o f  i n f ancy  i n  Alaska when compared 
t o  t h e  r e s t  o f  t h e  Un i t ed  S ta tes .  The d i scove ry  o f  uranium concen t ra t i ons  
up t o  92 ppm i n  t he  Selawik  Lake Complex and a d d i t i o n a l  h i g h  concentra- l t ion~; 
i n  a  m i n e r a l i z e d  g ranophyr i c  d i k e  zone i n  t h e  Zane H i l l s  encourages I h p  
i d e n t i f i c a t i o n  o f  t h i s  area as a  uranium and t ho r i um  p rov i nce .  The ex- 
i s t ence  o f  h i g h  concen t ra t i ons  o f  t he  r a d i o a c t i v e  elements i n  accessory 
m ine ra l s ,  such as sphene and a p a t i t e ,  where they can be leached by 
weather ing processes, makes p o s s i b l e  t he  d e p o s i t i o n  o f  l a r g e  q u a n t i t i e s  
o f  uranium i n  t h e  T e r t i a r y  bas ins  be l i eved  t o  e x i s t  ad jacen t  t o  t he  i n -  
v e s t i g a t e d  p l u tons .  

Recent work by t he  S t a t e  o f  Alaska Geolog ica l  and Geophy5lcdJ S I $  J : ,  , 
i n  coopera t ion  w i t h  t he  Los Alamos l a b o r a t o r y  i n d i c a t e s  t h a t  the  cori-  
c e n t r a t i o n  o f  uranium i n  su r f ace  water  samples i s  exceed ing ly  low. A l -  
though t h i s  i s  d i scou rag ing ,  t he  paleo-environments o f  Alaska have changed 
s i g n i f i c a n t l y  th rough  t h e  Cenozoic Era,  s i nce  t h e  emplacement o f  these 
p l u tons  d u r i n g  Cretaceous t ime.  Colorado-Pla teau type  c o n d i t i o n s  9ave 
been descr ibed  f r o m  otcler l o c a l i t i ~ i  .;lroil%hoclt t h e  ~ o r l c i ,  I l i n g  a t  r e -  
l a t i v e l y  n i c k  I d t i t u d e s  ( ~ e y e r h o f f ,  1972) .  I t  i s  a  p o s s i b i l i t y  t h a t  t h e  
a p p r o p r i a t e  envirooment f o r  l each ing ,  d i s t r i b u t i o n  and p r e c i o i t a t i o n  o f  
uranium was present  i n  t he  Yukon-l<oyukuk Bas in  and t he  eas te rn  Seward 
Peninsu la  a t  some t ime  s i nce  t h e  emplacement o f  t h e  Cretl3ceous P lu tons .  

M i n e r a l o g i c a l  Gu ide l ines  f o r  Fu tu re  Uranium I n v e s t i g a t i o n s  

G ran i t e  Mountain 

Concent ra te  i n v e s t i g a t i o n s  on rocks c o n t a i n i n g  abundant n e p h e l i r ~ e ,  
and garne t ,  and l i t t l e  p l a g i o c l a s e  and amphibole. 

Darby Mountains 
7- 

Exp lo re  t he  west marg in  o f  t h e  Darby P lu ton .  I t  appears t o  be a  
zone o f  abundant d i k e  i n t r u s i o n  and i s  a  l i k e l y  area f o r  uranium m i n e r a l -  
i z a t  ion.  

Zane H i 1  1s 

Concentr,ate i n v e s t i g a t i o n s  w i t h i n  t h e  Augen Gneiss U n i t ,  and determine 
i f  i t  i s  cont inuous a long  the east  marg in  o f  t h e  p l u t o n .  W i t h i n  t h e  Mon- 
z o n i t e  U n i t  s e l e c t  samples t h a t  c o n t a i n  l i t t l e  p l a g i o c l a s e .  

Dry Canyon Creek Stock - ---- 
Selec t  samples t h a t  c o n t a i n  abundant accessory m ine ra l s ,  and t ha t  c o n t a i n  

! i t t l e  nephe l ine .  

2 - 5 3  



Selawik  Lake Complex 

Se lec t  samples c o n t a i n i n g  abundant b i o t i t e .  Use the  s c i n t i l l o m e t e r  
t o  o u t l i n e  t a r g e t  areas.  Because o f  t h e  a s s o c i a t i o n  o f  b i o t i t e  w i t h  uranium, 
magnetometer surveys o f  t h e  p l u t o n  should  be a u s e f u l  e x p l o r a t i o n  t o o l .  
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APPENDIX 2 

A1 ka 1 i ne l sneous Rocks 

The t e r m  a l k a l i n e  has n o t  been used c o n s i s t e n t l y  i n  t h e  p a s t .  
Sorensen (1974) summarizes t h e  d i f f e r i n g  uses o f  t h i s  term. 

1 .  lgneous r o c k s  o f  A t l a n t i c  o r  A l k a l i n e  s e r i e s  (b ranch ,  
g roup ,  f a c i e s ) .  

2.  lgneous r o c k s  w i t h  a l k a l i  f e l d s p a r  as t h e  predominant  
f e l d s p a r ,  t h a t  i s  w i t h  more a l k a l i e s  than  average f o r  
t h e i r  c l a n s .  

3.  lgneous r o c k s  c o n t a i n i n g  f e l d s p a t h o i d s .  
4 .  lgneous rocks  w i t h  an a l k a l i - l i m e  index l e s s  than  51 .  
5 .  lgneous r o c k s  c o n t a i n i n g  f e l d s p a t h o i d s ,  and/or  soda- 

Pyroxenes and /o r  amphibo les .  

We have accepted Shand's d e f i n i t i o n  o f  a l k a l i n e  r o c k s .  N o t i n g  t h a t  
a l k a l i e s  a r e  c h i e f l y  c o n t a i n e d  i n  f e l d s p a r ,  he suggested t h e  f o l l o w i n g :  
I f  t h e  r a t i o  o f  a l k a l i e s  t o  a lum ina ,  o r  t h e  r a t i o  o f  a l k a l i e s  t o  s i l i c a  
i n  t h e  b u l k  c o m p o s i t i o n  exceeded t h e  r a t i o  found i n  K - f e l d s p a r  o r  a l b i t e ,  
t h e  r o c k  i s  t o  be c o n s i d e r e d  a l k a l i n e .  



APPENDIX 3 

Examples of Cor re l a t ion  Coef f i c i en t s ,  as  taken from Davis ( 1 9 7 3 ) .  

Figure 30. Correlation coefficients. 



APPENDIX 4 

A n a l y t i c a l  Techniques 

Uranium D e t e r m i n a t i o n  

A 1.0g sample i s  d i g e s t e d  i n  c o n c e n t r a t e d  HF/HN03, and u r a n y l  s a l t s  
a r e  formed. 10 mi o f  t h i s  s o l u t i o n  a r e  e x t r a c t e d  i n t o  e t h y l  a c e t a t e  u s i n g  
a  s a t u r a t e d  aluminum n i t r a t e  s o l u t i o n .  

0.1 m l  o f  t h e  e t h y l  a c e t a t e  l a y e r  i s  e x t r a c t e d  and p l a c e d  on a  mixed 
c a r b o n a t e - f l u o r i d e  p e l l e t  i n  a  p l a t i n u m  c r u c i b l e .  The e t h y l  a c e t a t e  i s  
evapora ted  under a  q u a r t z  h e a t  lamp. 

The p e l l e t s  and e t h y l  a c e t a t e  r e s i d u e  a r e  then  fused  a t  a  tempera tu re  
o f  6 5 0 ' ~  f o r  e x a c t l y  1 5  m i n u t e s .  

The r e s u l t i n g  f l u o r e s c e n c e  o f  t h e  fused  p e l l e t  i s  de te rm ined  u s i n g  a  
Tu rne r  model 110 f l u o r o m e t e r .  

Thor ium D e t e r m i n a t i o n s  ( K o r k i s c h  and D i m i t r i a d i s ,  1973) 

Thor ium i s  separa ted  f r o m  a l l  m a t r i x  e lements  by means o f  a n i o n  exchange 
u s i n g  t h e  s t r o n g l y  b a s i c  a n i o n  exchanger Dowex 1 ,  ~ 8  (100-200 mesh; c h l o r i d e  
fo rm) .  A f t e r  e l u t i o n  t h o r i u m  i s  de te rm ined  s p e c t r o p h o t o m e t r i c a l l y  by u s i n g  
arsenazo I I I . 

l on exchange separa t  i o n  

The s o r p t i o n  s o l u t i o n  i s  passed t h r o u g h  t h e  ion-exchange column con- 
t a i n i n g  10 g  o f  r e s i n  i n  t h e  c h l o r i d e  form. The r e s i n  i s  washed, i n  p o r t i o n s ,  
w i t h  a  t o t a l  o f  100 rnl o f  8 M n i t r i c  a c i d  i n  o r d e r  t o  remove a l l  e lements  
accompanying t h e  t h o r i u m ,  i n c l u d i n g  those  wh ich  a r e  weak ly  r e t a i n e d  by t h e  
r e s i n .  The absorbed t h o r i u m  i s  then e l u t e d  w i t h  100 m l  o f  6 M h y d r o c h l o r i c  
a c i d  and t h e  e l u a t e  i s  evapora ted  t o  d ryness  on a  h o t  p l a t e .  To t h e  r e -  
s idue ,  5 m l  each o f  1 M h y d r n c h i o t - i c  a c i d  and 2% po tass ium permanganate 
s o l u t i o n  a r e  added and t h e  s o l u t i o n  i s  evapora ted  on t h e  h o t  p l a t e  t o  d e s t r o y  
o r g a n i c  m a t t e r .  The r e s i d u e  (wh ich  may c o n t a i n  manganese d i o x i d e )  i s  t aken  
up i n  10 m l  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and t h e  s o l u t i o n  i s  evapora ted  
t o  d ryness  on t h e  h o t  p l a t e .  Ten ml o f  h y d r o c h l o r i c  a c i d  p l u s  5 d rops  o f  
f o r m i c  a c i d  a r e  added t o  e l i m i n a t e  a l l  n i t r a t e s  and t h e  s o l u t i o n  i s  evapora ted  
a g a i n .  

Arsenazo method -- 

The r e s i d u e  c o n t a i n i n g  manganese ( I  I )  c h l o r i d e  and t h e  t h o r i u m  i s  d i s -  
s o l v e d  i n  5 m l  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and a f t e r  t h e  a d d i t i o n  o f  
1 m l  o f  0.2% arsenazo t h e  s o l u t i o n  i s  d i l u t e d  w i t h  w a t e r  t o  10 m l  i n  a  
s t a n d a r d  f l a s k .  The t h o r i u m  c o n t e n t  i s  o b t a i n e d  by measur ing  t h e  r e s u l t i n g  
c o l o r  o f  t h e  s o l u t i o n  u s i n g  a  Beckman 25 spec t ropho tomete r .  

Potass ium D e t e r m i n a t i o n  --- -- 

Potass ium c o n c e n t r a t i o n s  were de te rm ined  u s i n g  t h e  a tomic  a b s o r p t i o n  
method subsequent t o  f u s i o n  w i t h  L iB02.  



R e p r o d u c i b i l i t y  o f  u ran ium - ana lyses  

To de te rm ine  t h e  v a r i a b i l i t y  i n  t h e  u ran ium ana lyses  pe r fo rmed  by 
Resource P,ssoc ia tes  o f  A laska .  s i x  s p l i t s  o f  t h e  same sample were sub- 
m i t t e d .  These r e s u l t s  a r e  shown below. 

Tab le  9 

R e p l i c a t e  Ana lyses o f  D C - 5 - 1  

T r i a l  U - P P ~  

The r e p r o d u c i b i l i t y  f o r  t h i s  b a t c h  o f  check samples was q u i t e  good. 
klowever, t h e  r e s u l t s  o f  random check samples o c c a s i o n a l l y  produced d r a s t i c  
d i f f e r e n c e s  i n  t h e  ana lysed  v a l u e s .  Some examples a r e  l i s t e d  be low:  

T a b l e  10 

R e p l i c a t e  Ana lyses o f  M i n e r a l  Separa tes  

Darby Mtns 

Dry Canyon 

Samp 1 e T r i a l  

F e l s i c  m i n e r a l s  

B i o t i t e  

F e l s i c  m i n e r a l s  

Pyroxene 

-- 
"Uranium c o n c e n t r a t i o n  i s  below t h e  d e t e c t i o n  l i m i t  

The above samples were m i n e r a l  separa tes .  One would  expec t  a  l a r g e r  e r r o r  
a s s o c i a t e d  w i t h  t h e s e  samples. l iowever some o f  t h e  r e s u l t s  i n d i c a t e  a  s e r i o u s  
t e c h n i c a l  e r r o r .  The u n r e a l i s t i c a l l y  h i g h  v a l u e s  a r e  b e l i e v e d  t o  have been 
caused by c o n t a m i n a t i o n  o f  t h e  sample f r o m  t h e  p r e v i o u s  a n a l y s i s .  T h i s  p r e s e n t s  
a  p rob lem t h a t  must be cons ide red  when w o r k i n g  w i t h  t h e  u ran ium ana lyses  i n  
t h i s  r e p o r t .  A u ran ium a n a l y s i s  succeed ing a  h i g h  v a l u e  may sometimes show a 
c o n c e n t r a t i o n  o f  u ran ium where t h i s  c o n c e n t r a t i o n  i s  t h e  r e s u l t  o f  c o n t a m i n a t i o n .  

The h i g h e s t  uran ium v a l u e s  r e p o r t e d  i n  t h i s  paper were r e s u b m i t t e d  t o  t h e  
l a b o r a t o r y  t o  check t h e  v a l i d i t y  o f  these  r e s u l t s .  

P o i n t  Coun t ing  Techniques -. - 

Modes were de te rm ined  f o r  108 r o c k  samples u s i n g  p o i n t  c o u n t i n g  



t e c h n i q u ~ s .  One thousand p o i n t s  were coun ted  f o r  each r o c k  sample. Rock 
s l a b s  were coun ted  by  p l a c i n g  a  g r i d  system, on t r a n s p a r e n t  a c e t a t e ,  
d i r e c t l y  o n t o  t h e  r o c k  s l a b .  The c o u n t i n g  i n t e r v a l  was a p p r o x i m a t e l y  
equa l  t o  t h e  l a r g e s t  c r y s t a l  d i a m e t e r ,  excep t  i n  t h e  h i g h l y  p o r p h y r i t i c  
r o c k s .  

2  Standard  1,000 mm t h i n  s e c t i o n s  were counted u s i n g  a  J .  S w i f t  and 
Sons a u t o m a t i c  mechan ica l  s tage .  Two- inch by t h r e e - i n c h  s e c t i o n s ,  equa l  
t o  3,000 mm2 i n  a rea  were counted u s i n g  a  hand o p e r a t e d  mechan ica l  s tage.  

Acco rd ing  t o  Chayes (1956) ,  t h e  accu racy  o f  t h e  p o i n t  c o u n t i n g  a n a l y s i s  
can be e s t i m a t e d  i n  terms o f  t h e  g r a i n  s i z e  and t h e  area o f  t h e  r o c k  t h a t  
i s  counted.  G r a i n  s i z e  i s  measured i n  t h i s  d e t e r m i n a t i o n  as " t h e  number 
o f  m a j o r  m i n e r a l  i d e n t i t y  changes a l o n g  a  u n i t  l e n g t h  o f  l i n e " .  The u n i t  
l e n g t h  i s  40 mm. T h i s  a n a l y s i s  y i e l d s  a  number t h a t  i s  c a l l e d  t h e  I C  
number. 

F i g u r e  31 shows t h e  number o f  t h i n  s e c t i o n s  r e q u i r e d  f o r  m a i n t a i n i n g  
average ma jo r  m i n e r a l  a n a l y t i c a l  e r r o r  ~ 1 . 4 % ~  2.0% and 2 .5%.  Based on t h e  
d e t e r m i n a t i o n  o f  IC numbers o f  a  number o f  r o c k  samples i n  t h i s  s t u d y ,  t h e  
a n a l y t i c a l  e r r o r  i s  a p p r o x i m a t e l y  ~ 2 . 0 % .  

S t a i n i n s  Techniaues 

To a i d  i n  modal d e t e r m i n a t i o n s ,  r o c k  s l a b s ,  and t h i n  s e c t i o n s  were 
s t a i n e d  f o r  po tass ium f e l d s p a r ,  p l a g i o c l a s e  f e l d s p a r ,  and n e p h e l i n e .  

Potass ium f e l d s p a r  was s t a i n e d  w i t h  sodium c o b a l t i n i t r i t e  a f t e r  e t c h i n g  
i n  c o n c e n t r a t e d  HF  orma man 1 1 ,  1974) .  Rock s l a b s  were immersed i n  hyd ro -  
f l u o r i c  a c i d ,  whereas t h e  t h i n  s e c t i o n s  were e tched w i t h  HF vapor  a t  roorn 
tempera tu re .  I f  t h e r e  was some d i f f i c u l t y  i n  d i s c r i m i n a t i n g  p l a g i o c l a s e  
f rom q u a r t z ,  t h e  sample was then  d ipped  i n  a  s a t u r a t e d  BaC12 s o l u t i o n ,  
wh ich  g i v e s  t h e  p l a g i o c l a s e  a  powdery w h i t e  appearance.  Amaranth was n o t  
used because t h e  c o l o r  produced on t h e  e tched  p l a g i o c l a s e  was q u i t e  s i n i i l a r  
t o  t h e  c o l o r  o f  q u a r t z  i n  many o f  t h e  samples. 

Nephe l i ne  was s t a i n e d  u s i n g  me thy lene  b l u e  and c o n c e n t r a t e d  phosphor i c  
a c i d ,  a f t e r  Shand (1939) .  The sy rupy  phosphor i c  a c i d  i s  spread o n t o  t h e  
t h i n  s e c t i o n  o r  r o c k  s l a b  u s i n g  a  g l a s s  r o d .  A f t e r  about  one m i n u t e  t h e  
sample i s  g e n t l y  d ipped  i n  w a t e r .  A s i l i c a  g e l  i s  formed as a  r e s u l t  o f  
t h e  decompos i t i on  o f  t h e  n e p h e l i n e  by t h e  a c i d .  When d i p p e d  i n  a  weak 
me thy lene  b l u e  s o l u t i o n  (0 .25%) t h e  s i l i c a  g e l  i s  s t a i n e d  deep b l u e .  Pre-  
s e r v i n g  t h e  s t a i n  i s  r a t h e r  d i f f i c u l t .  I f  t h e  sample i s  a l l o w e d  t o  d r y  t h e  
g e l  c o n t r a c t s  and i s  e a s i l y  removed i n  sma l l  d r y  f l a k e s .  A d r o p  o f  w a t e r -  
s o l u b l e  g l u e  p l a c e d  on t h e  wet s u r f a c e  and covered w i t h  a  c o v e r g l a s s  w i l l  
permanent ly  p r e s e r v e  t h e  s t a i n .  



F igu re  3 1 .  Number o f  t h i n  s e c t i o n s  r equ i r ed  
t o  m a i n t a i n  major m inera l  a n a l y t i c a l  e r r o r  
l ess  than 1.41%, 2.0%, and 2.5%, based on 
t he  area o f  t he  t h i n  s e c t i o n  and t h e  I C  
number, a f t e r  Chayes (1956).  


