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GEOCHEMICAL SURVEY AND GEOLOGICAL RECONNAISSANCE OF 

THE WHITE RIVER AREA, SOUTH-CENTRAL ALASKA 

BY 

J e f f  Knaebel 

A B S T R A C T  

G r a n i t i c  p l u t o n s  n o r t h  of White River  and weakly metamorphosed amygdaloidal  b a s a l t  i n  White 
River  Basin a r e  of i n t e r e s t  f o r  p o s s i b l e  copper d e p o s i t s .  A geochemical  survey and geologi -  
c a l  r econna i s sance  of p a r t s  of seven 15-minute quadrangles  cen te red  about 60 m i l e s  s o u t h e a s t  
of Nabesna r evea led  minor c h a l c o p y r i t e  i n  f r a c t u r e d  a r g i l l i t e ,  p h y l l i t e ,  and h o r n f e l s ,  nea r  
two g r a n i t i c  p l u t o n s .  Minor n a t i v e  copper and copper s u l f i d e s  were observed i n  s e v e r a l  p l a c e s  
i n  approximate ly  60 squa re  m i l e s  of a l t e r e d  amygdaloidal  b a s a l t .  

The n o r t h e a s t e r n  p a r t  of  t h e  a r e a  i s  dominated by v o l c a n i c  rocks  of Carboniferous  age  ( b a s a l t ,  
agglomerate,  t u f f )  and subord ina te  (Carboniferous  age)  sedimentary  rocks  and meta-sediments 
( s h a l e ,  conglomerate,  a r g i l l i t e ,  p h y l l i t e ) .  Igneous rocks  ranging i n  composi t ion  from gran- 
i t e  t o  a n d e s i t e  porphyry i n t r u d e  t h e  v o l c a n i c  and sedimentary  rocks .  The no r thwes te rn  and 
sou the rn  p a r t s  of t h e  a r e a  a r e  composed p r i m a r i l y  of l aye red  v o l c a n i c  rocks  and g reens tones  
wi th  minor l imes tone ,  a r g i l l i t e ,  and s h a l e .  Airphoto  l ineaments  and f r a c t u r e s  mapped on t h e  
ground s t r i k e  predominately n o r t h e a s t  and nor thwest ,  w i th  minor s e t s  s t r i k i n g  n o r t h  and e a s t .  

Geochemistry is  a  u s e f u l  e x p l o r a t i o n  t o o l  i n  t h e  a r e a .  S e v e r a l  minor occurrences  of copper 
were r evea led  by geochemical  anomalies.  D i th i zone  f i e l d  tests f o r  heavy m e t a l s  and r e a d i l y  
e x t r a c t a b l e  copper (Hawkes, 1963) were used. The s p e c i f i c  copper t e s t  more r e l i a b l y  detects 
copper above t h r e s h o l d  v a l u e .  

Ne i the r  l a r g e  s i g n i f i c a n t  geochemical  anomalies nor d e f i n i t e  o r e  d e p o s i t s  were found. Fur- 
t h e r  work around t h e  g r a n i t i c  p lu tons  nea r  t h e  Canadian border  on Beaver Creek might d i s -  
cover a  copper d e p o s i t .  



I N T R O D U C T I O N  

G r a n i t i c  p l u t o n s  n o r t h  of White R ive r  and weakly metamorphosed v o l c a n i c s  i n  White River  
Bas in  a r e  of  i n t e r e s t  f o r  p o s s i b l e  copper  d e p o s i t s .  During t h e  summer of 1969 a geochem- 
i c a l  su rvey  and g e o l o g i c a l  r econna i s sance  was conducted i n  t h e  a r e a .  T h i s  r e p o r t  d e s c r i b e s  
t h e  r e s u l t s  of t h e  combined geochemical  and g e o l o g i c a l  work. 

PUR.POSE AND SCOPE 

Geochemical sampling and r econna i s sance  g e o l o g i c  mapping of t h e  White R ive r  d i s t r i c t ,  south-  
c e n t r a l  Alaska ,  were unde r t aken  t o  b e g i n  e v a l u a t i o n  of i t s  copper p o t e n t i a l .  Stream sed i -  
ment samples were c o l l e c t e d  a t  114 m i l e  i n t e r v a l s  a long  main s t r e a m s ,  a t  s t r eam i n t e r s e c -  
t i o n s ,  and from s m a l l  h i l l s i d e  t r i c k l e s .  The g e o l o g i c  work of p r ev ious  a u t h o r s  was h e a v i l y  
r e l i e d  upon, b u t  s i x  s m a l l  a r e a s  (fig 2, A, B, C, D )  were remapped. A l l  mapping was done 
a t  a  s c a l e  of 1:63,360 ( 1  i n c h  = 1 m i l e ) .  S t r u c t u r a l  l i neamen t s  were p l o t t e d  from a i r  pho- 
t o s  a f t e r  t h e  f i e l d  work. Research  was conducted t o  de t e rmine  t h e  b e s t  of two geochemical  
f i e l d  tests t o  u s e  i n  e x p l o r i n g  f o r  copper  d e p o s i t s .  

LOCATION AIL?) ACCESS 

The map a r e a  i s  i n  t h e  n o r t h e a s t  p a r t  of t h e  McCarthy quad rang le  a p p r o x i n a t e l y  60 miles 
s o u t h e a s t  of  Nabesna and 40 m i l e s  n o r t h e a s t  of t h e  famous copper  mine a t  Kennecot t  (fig 1 ) .  
P a r t s  of t h e  McCarthy C-1 ,  C-2, C-3, C-4, D - 1 ,  D-2, and D-3 quad rang le s  were s t u d i e d .  One 
s t r e a m  i n  Nabesna A-1 quad rang le  was sampled.  

Access t o  t h e  a r e a  is  commonly by a i r ,  a l t h o u g h  swamp b u g g i e s ,  t r a cked  v e h i c l e s ,  and h o r s e s  
can  r e a c h  i t  from t h e  Alaska  Highway. I n  t h e  p a s t ,  h o r s e s  have been  t a k e n  over  C h i t i s t o n e  
P a s s  i n t o  S k o l a i  Creek.  A i r c r a f t  l a n d i n g  s i t e s  a r e  noted  on t h e  map. The most i m p ~ r t a n t  
ones f o r  t h i s  p r o j e c t  a r e  a t  H o r s f e l d ,  North Fork  I s l a n d ,  So lo  Creek ,  Cub Creek ,  and S k o l a i  
P a s s .  A s k i l l f u l  p i l o t  can  l and  l i g h t  a i r c r a f t  a t  many p l a c e s  on g r a v e l  b a r s  of t h e  h%ite 
R i v e r ,  and a i r p l a n e s  have landed  on R u s s e l l  G l a c i e r .  

PREVIOUS WORK 

The e a r l i e s t  r e co rded  r econna i s sance  i n  t h e  a r e a  was by Hayes and Schwatka, who ascended 
White R ive r  and S k o l a i  Pas s  e n r o u t e  t o  t h e  c o a s t  i n  1891.. They r e p o r t e d  t h e  p r e s e n c e  of 
p l a c e r  copper  i n  g r a v e l s  of upper  K l e t s a n  Creek.  P e t e r s  and Brooks (1900) exp lo red  White 
R ive r  and t h e  n o r t h  f l a n k  of t h e  Wrangell  Mountains westward t o  Chisana R ive r  i n  1899. 
M o f f i t  and Knopf (1910) made a t opog raph ic  and g e o l o g i c  su rvey  of t h e  a r e a  i n  1908. Brooks 
(1914) i n v e s t i g a t e d  geology and p h y s i c a l  c o n d i t i o n s  of  t h e  Chisana  go ld  p l a c e r  d i s t r i c t .  
Reconnaissance  mapping was done by Capps (1916) ,  who extended  t h e  work o f  M o f f i t  and Knopf. 
More d e t a i l e d  mapping i n  p a r t  of  t h e  a r e a  was done by MacKevett and o t h e r s  (1964).  The geo- 
l o g i c  maps of Capps (1916) and MacKevett and o t h e r s  (1964) were used  a s  b a s e  maps i n  t h e  
c u r r e n t  s t u d y ,  excep t  a s  noted  on f i g u r e  2. 





TOPOGRAPHY AND DRAINAGE 

Loca l  topography  i s  g e n e r a l l y  s t e e p  and rugged .  Many peaks  and r i d g e s ,  p a r t i c u l a r l y  t h o s e  
which have  g l a c i e r s ,  a r e  s h a r p  and b o r d e r e d  by s t e e p  c l i f f s .  The h i g h e s t  p o i n t  i n  t h e  map 
a r e a  is 1 3 , 4 3 5  f o o t  M t .  N a t a z h a t .  The l o w e s t  p o i n t  i s  whcre t h e  2700 £ c o t  c o n t o u r  c r o s s e s  
White  K i v e r  j u s t  wes t  of t h e  U.S.-Canada b o r d e r .  A t h o r o u g h  t r e a t m e n t  of  t o p o g r a p h y  and 
d r a i n a g e  is g i v e n  by Capps (1916,  p  12-16) .  

The p r i n c i p a l  d r a i n a g e s  of  t h e  a r e a  a r e  t h e  White  R i v e r ,  which f l o w s  e a s t  i n t o  Canada and 
t h e n  n o r t h e a s t  i n t o  Yulcon R i v e r ;  Beaver  Creek ,  a  b r a n c h  of  White  R i v e r  t o  t h e  n o r t h ;  and 
S k o l a i  C r e e k ,  which  ( lows wes t  t o  N i z i n a  R i v e r .  Except  f o r  Beaver  C r e e k ,  t h e s e  s t r e a m s  
head i n  g l a c i e r s ,  have  g l a c i a l  t r i b u t a r i e s ,  and r e c e i v e  w a t e r  from m e l t i n g  i c e  f i e l d s .  They 
have  a l l  t h e  u s u a l  c l i a r a c t e r i s t i c s  of g l a c i a l  s t r e a m s .  

CLIMATE 

The c l i m a t e  of  t h e  White  R i v e r  a r e a  is  somewf~at warmer t h d n  t h e  i n t e r i o r  t o  t h e  e a s t .  Horses  
w i n t e r  s u c c e s s f u l l y  i n  b o t h  Beaver  Creek and White  R i v e r  v a l l e y s .  The summers a r e  c o o l  and 
g e n e r a l l y  q u i t e  r a i n y  a f t e r  mid-Ju ly .  Capps (1916,  p  1 9 )  r e p o r t s  t h a t  i n  J u l y  and  August of 
1914 i t  r a i n e d  more t h a n  h a l f  t h e  t i m e  wherever  t h e  f i e l d  p a r t y  happened t o  b e .  Snow may b e  
e x p e c t e d  a t  any  t i m e  d u r i n g  t h e  summer. Capps (1916, p  1 9 )  r e c o r d e d  snow J u l y  3  and J u l y  23 
i n  t h e  lower  v a l l e y s .  I n  1969 snow f e l l  o n  t h e  Whi te  R i v e r  f l a t s  J u l y  2 6 ,  August  6 ,  7 ,  9-14, 
1 8 ,  19, and 31.  Dur ing  August  a  l o k  t e m p e r a t u r e  of 7 O F  was r e c o r d e d  by Douglas  Vaden, a l o -  
c a l  g u i d e ,  on  Nor th  F o r k  I s l a n d .  On August 1 3 ,  snow was e i g h t  i n c h e s  a e e p  a t  t h e  4 , 0 0 0 - f o o t  
elevation n e a r  R u s s e l l  G l a c i e r .  September was g e n e r a l l y  a b e a u t i f u l  morrth, w i t h  c r i s p  morn- 
i n g s  and e v e n i n g s  and warm a f t e r n o o n s .  The White  K i v e r  v a l l e y  and t h e  p a s s e s  t o  t h e  wes t  a r e  
o f t e n  e x t r e m e l y  windy t h r o u g h o u t  t h e  y e a r ,  sometimes making f l y i n g  h a z a r d o u s .  I n h a b i t a n t s  
r e p o r t  t h a t  w i n t e r  s n o w f a l l  i s  u s u a l l y  m o d e r a t e ,  and h o r s e s  f i n d  f e e d  by  pawing t h r o u g h  t h e  
snow. 

FIELD WORK 

F i e l d  work was done w i t h  f o u r  t o  s i x  h o r s e s  and one o r  two f i e l d  a s s i s t a n t s .  S u p p l i e s  came 
i n  by a i r  e v e r y  t e n  d a y s  t o  two weeks,  and were  s u b s e q u e n t l y  packed on h o r s e s .  Camp moves 
of  up t o  20 11iiles were made i n  one d a y .  A working r a d i u s  of  a b o u t  8  m i l e s  from camp was 
found t o  b e  a  p r a c t i c a l  l i m i t .  

Dur ing  t h e  warm p a r t  of  t h e  summer, g l a c i a l  m e l t  c a u s e s  g r e a t  d a i l y  v a r i a t i o n  i n  s t r e a m  v o l -  
ume. The Middle  Fork  of White  R i v e r ,  F lood  Creek ,  and  t h e  h e a d w a t e r s  of Whi te  R i v e r  were  ob- 
s e r v e d  t o  r i s e  a s  much a s  1 8  i n c h e s  d u r i n g  t h e  d a y .  Under t h e s e  c o n d i t i o n s  i t  is  g e n e r a l l y  
s a f e  t o  c r o s s  t h e  l a r g e r  s t r e a m s  on  h o r s e b a c k  o n l y  b e f o r e  8  A.M. 

Adequate f e e d  f o r  h o r s e s  was found t h r o u g h o u t  t h e  a r e a ,  a l t h o u g h  camp sites had t o  b e  s c o u t e d  
i n  advance  t o  l o c a t e  i r e d  and w a t e r .  O a t s  were  c a r r i e d  whenever p o s s i b l e .  The b e s t  l o c a l  
h o r s e  f e e d  is bunch g r a s s ,  and next b e s t  i s  a  p e a  v i n e  v e t c h  t h a t  grows on g r a v e l  b a r s .  W i l -  
lows p r o v i d e  a d e q u a t e  f e e d ,  b u t  h o ~ s e s  u i l .1  roam i n  s e a r c h  o f  b e t t e r .  
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B E D R O C K  G E O L O G Y  

Geology was i n v e s t i g a t e d  i n  r a p i d  r e c o n n a i s s a n c e  f a s h i o n .  Except  f o r  a i r p h o t o  l i n e a m e n t s  
and changes  i n  s i x  s m a l l  a r e a s  n o t e d  on  t h e  map (fig 2, in. pocket),  t h e  g e o l o g y  i s  unchanged 
from t h a t  o f  Capps (1916).  The g e o l o g i c  d i s c u s s i o n  i n  t h i s  r e p o r t  i s  b a s e d  on h i s  r e c o n n a i s -  
s a n c e .  Capps (1916,  p  28) s t a t e d  t h a t  f o r m a t i o n  b o u n d a r i e s  a x e  s u b j e c t  t o  change  a s  more de- 
t a i l e d  i n f o r m a t i o n  is g a t h e r e d ,  and t h a t  t h e  l a r g e r  u n i t s  mapped p r o b a b l y  i n c l u d e  r o c k s  o l d e r  
o r  younger  t h a n  u n i t s  t o  which t h e y  a r e  a s s i g n e d .  

A p o r t i o n  of  P r e l i m i n a r y  Geolog ic  Map of t h e  McCarthy C-4 Quadrangle  (MacKevett. and o t h e r s ,  
1964) i.s used  a s  a  b a s e  f o r  p l o t t i n g  geochemica l  d a t a  ( f ig  3 ) .  No o t h e r  geol .ogic  i n f o r m a t i o n  
on  t h e  C-4 q u a d r a n g l e  i s  p r e s e n t e d .  

GENERAL SETTING 

The r o c k s  of t h e  mapped a r e a  r a n g e  i n  a g e  from Permian  and o l d e r ( ? )  t o  R e c e n t .  The n o r t h -  
e a s t e r n  p a r t  of  t h e  a r e a  i s  dominated by v o l c a n i c  r o c k s  of  Permian a g e  ( b a s a l t ,  a g g l o m e r a t e ,  
t u f f )  w i t h  s u b o r d i n a t e  s e d i m e n t a r y  r a c k s  and m e t a - s e d n ~ e n t s  ( s h a l e ,  c o n g l o m e r a t e ,  a r g i l l i t e ,  
p h y l l i t e ) .  I g n e o v s  r o c k s  of  J u r a s s i c  t o  T e r t i a r y  a g e  r a n g i n g  i n  c o m p o s i t i o n  from q u a r t z  mon- 
z o n i t e  t o  g a b b r o  i n t r u d e  t h e  v o l c a n i c  and s e d i m e n t a r y  r o c k s .  The n o r t h w e s t e r n  and s o u t h e r n  
p a r t s  of t h e  a r e a  a r e  composed p r i m a r i l y  of  l a y e r e d  v o l c a n i c  r o c k s  of  Permian  a g e  w i t h  minor 
l i m e s t o n e ,  a r g i l l i t e ,  and s h a l e .  Between Beaver  Creek  and White R i v e r ,  T e r t i a r y  l a v a  f l o w s  
c o v e r  t h e  o l d e r  r o c k s .  

STEUTIGRAPIIY 

At t h e  t i m e  of  Capps '  w r i t i n g , t h e  C a r b o n i f e r o u s  s y s t a m  was d e f i n e d  t o  i n c l u d e  t h e  Permian  
p e r i o d ,  and i n  h i s  t e x t  t h e  r o c k s  h e  mapped a s  Permian  a r e  d i s c u s s e d  under  t h e  h e a d i n g  of 
C a r b o n i f e r o u s .  Today t h e  C a r b o r i i f e r o u s  sys tem d o e s  n o t  i n c l u d e  Permian ,  and t h e  r o c k s  which 
Capps c a l l e d  C a r b o n i f e r o u s  a r e  h e r e i n  r e f e r r e d  t a  as Permian .  

Permian Rocks 

Sequence -- The s e q u e n c e  of Permian  r o c k s  i s  summarized by Capps (1916,  p 39)  i n  a s c e n d i n g  
o r d e r  a s  f o l l o w s :  

1. Lavas and p y r o c l a s t i c  beds  w i t h  some s h a 1 . e ~ .  

2 .  Mass ive  l i m e s t o n e ,  a s s o c i a t e d  w i t h  s h a l e s ,  thin-bedded I . imestones,  a l i t t l e  sand-  
s t o n e ,  and c o n g l o m e r a t e .  

3 .  Lavas and p y r o c l a s t i c  r o c k s  w i t h  a s m a l l  amount of  sedi ,ment .s .  

4 .  Mass ive  l i m e s t o n e  beds  of S k o l a i  Creek  w i t h  i n t e r b e d d e d  l a v a s  and minor  amounts  
of s h a l e  and c o n g l o m e r a t e .  

5.  E a s i c  bedded l a v a s  w i t h  l i . t t l e  s e d i m e n t a r y  m a t e r i a l .  
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Figure 3. GeoZogic - geochemicaZ map of the northsastern part of 
McCarthy C-4 Quadrang Ze, Alaska 

EXPLANATION 

A ZZuviwn, col luviwn, and Zands Zide 
QaZ, alZuviwn, mainly stream gravel 
Q l s ,  Zands Zide 
Qt, ta lus  and colZuviwn 

G k c i a l ,  f luviog Zacia 2, and r e  Zated unconsolidated deposits 
Qg, glacier or snowfield 
@n, g Zacial moraine and outwash 
Qmi, moraine on i c e  
Qrg, rock glacier 

A J ,J A 

J J J L  
VoZcanic rocks. Chiefly fZows of andesi t ic  Zavas; minor 
pyrocZastic and t e r res t r ia l  sedimentary rocks 

Vitrophyre. Forms Zava domes a t  or near top o f  un i t  Tsv 

Epizonal in trus ive  rocks. Chief ly  porphyritic fezs ic  rocks; 
intrudes u n i t  Tsv and probably Zower part of QTv 

Sedimentary and voZcanic rocks. Continental sedimentary rocks, 
mainly cong lomerate, sandstone, and shale, i n t e rcah ted ;  ~ i t h  
lava f ZOWS and pyrocks t i c  rocks 

Sha le .  Dark-brown shale that  contains the peZecypod Daonella . 
w Exposed only i n  one smalZ area north o f  SkoZai Creek 
5 
$ UNCONFORMITY 

Gabbro. Partly serpentinized gabbro tha t  forms small plutons, 
siZZs, and dikes 

Limestone. Light-gray, partly recrystaZlized, fossiZiferous 
Zimestone and sandy limestone, i n  part biostromal; forms Zarge 
Zenses 



Figure 3 - continued 

80 L 

-I ---- - ----- Contact, showing dip.  Dashed where approximately located; short 
dashed where gradational; dotted where concealed 

9-+ -......... Fault, showing d i p .  Dashed where approximately located; dotted 
where concealed. U, upthrown side; D, downthrown side 

90 -+ ----------- Vertical  faul t ,  approximately located; dotted where concealed 

-f Anticline, approximately located. Showing trace of axial  plane; 
dotted where concealed 

I 
-T- ---- Syncline, approximate l y  located. Showing trace of axial  plane 

1'0 Str ike  and dip of beds and f2ow-s 

@ Horizontal beds or flows 

o Geochemica l sump l e  s i t e ,  background, anomalous 



D i s t r i b u t i o n  and Lithology -- I n  a d d i t i o n  t o  t h e  Permian r o c k s  shown on t h e  map, Permian 
r o c k s  a r e  a l s o  p robab ly  con t i nuous  between Beaver  Creek (NE corner f i g  ZA) and White R i v e r ,  
a l t h o u g h  covered  by l a t e r  l a v a  f l ows  and s u r f i c i a l  d e p 0 s i . t ~ .  The c o n t a c t  shown on t h e  map 
between Permian r o c k s  and t h e  o v e r l y i n g  1.avas i s  on ly  approximate .  However, t h e  g e n t l y  
r o l l i n g  n a t u r e  of t h e  c o n t a c t  i n d i c a t e s  t h a t  t h e  l and  s u r f a c e  was of  low r e l i e f  when t h e  
younger l a v a s  were ext.ruded (Capps, 1916,  p  3 4 ) .  

Permian v o l c a n i c s  and s ed imen t s  c o n s i s t  of f l o w s ,  a g g l o m e r a t e s ,  t u f f s ,  and b r e c c i a s  t h a t  
a r e  i n t e r b e d d e d  w i t h  s h a l e s ,  l i m e s t o n e s ,  and cong lomera t e s .  The v o l c a n i c  r o c k s  a r e  domi- 
n a n t .  Layered b a s a l t  and a n d e s i t e  f l ows  a r e  i c t e r l a y e r e d  w i t h  v a r y i n g  amounts of t u f f s ,  
b r e c c i a s  and o t h e r  p y r o c l a s t i c  v o l c a n i c  r ocks .  

The py rcc1as t i . c  beds  a r e  g e n e r a l l y  l i g h t  c o l o r e d  and v a r y  i n  t e x t u r e  from v e r y  f i n e  g r a i n e d  
t o  agg lomera t e  w i t h  a n g u l a r  b l o c k s  more t h a n  1 f o o t  i n  d i a m e t e r .  These  beds  were  i n  p a r t  
w a t e r - l a i d  and a r e  l o c a l l y  i n t e r b e d d e d  w i t h  s ed imen t s  which c o n t a i n  mar ine  f o s s i l s .  These 
r o c k s  a r e  n o t  a l t e r e d  excep t  i n  t h e  v i c i n i t y  of i n t r u s i v e s .  

The l a v a  beds  v a r y  from a  few f e e t  t o  c v e r  100  f e e t  t h i c k .  They a r e  g e n e r a l l y  d a r k  shades  
of r e d .  p u r p l e ,  brown, and g r e e n ,  and a r e  u s u a l l y  p o r p h y r i t i c  o r  amygda lo ida l ,  bu t  no amyg- 
d a l o i d s  were  s e e n  i n  t h e  n o r t h e a s t e r n  p a r t  of t.he map a r e a .  The p o r p h y r i t i c  r o c k s  gener -  
a l l y  have a  v e r y  f i n e  g r a i n e d  m a t r i x .  

The amygdalo ida l  r o c k s  o f t e n  have  z e o l i t e s ,  c a l c i t e ,  c h l o r i t e ,  e p i d o t e ,  and cha lcedony a s  
f i l l i n g s  i n  t h e  amygdules. Z e o l i t e s  and c a l c i t e  a r e  t h e  most  common, and i n  some a r e a s  
compr i s e  25 p e r  c e n t  of t h e  rock .  Laumont j te  is  t h e  most p r e v a l e n t  z co l i . t e .  Ln p l a c e s  
n a t i v e  copper  i s  i n t e r g r o w n  w i t h  t h e  z c o l . i t e s ,  and copper  c a r b o n a t e  s t a i n i n g  i n  t h e  zeo-  
l i t e s  o c c u r s  i n  many p J a c e s .  According t o  M o f f i t  and Knopf (1910, p  2 0 ) ,  t h e  Permian l a v a s  
a r e  ma in ly  a g g r e g a t e s  of p l a g i o c l a s e  and a u g i t e ,  more o r  l e s s  t ho rough ly  a l t e r e d .  O l i v i n e  
b a s a l t  o c c u r s  i n  s e v e r a l  a r e a s .  

The Permian s h a l e  members a r e  g e n e r a l l y  w e l l  i n d u r a t e d .  C o l o r s  a r e  b l a c k ,  b l u i s h ,  and 
g r ay .  A l l  g r a d a t i o n s  a p p e a r ,  from f i n e - g r a i n e d  b l a c k  s h a l e  t h rough  l imy s h a l e  t o  argi.1- 
l a c e o u s  l i m e s t o n e ,  and from sandy s h a l e  t o  s a n d s t o n e .  

I n  t h e  Beaver Creek d r a i n a g e ,  t i l t e d  a r g i l l i t e s  s t r i k e  g e n e r a l l y  n o r t h w e s t e r l y  w i t h  s t e e p  
d i p s  t o  t h e  n o r t h e a s t  and sou thwes t .  Where t h e y  c o n t a c t  g r a n i t i c  i n t r u s i o n s  t h e  a r g i l l i t e s  
a r e  s t r o n g l y  f r a c t u r e d  and a l t e r e d ,  and c h a l c o p y r i t e  and p y r i t e  o c c u r .  P h y l l i t e  and horn-  
f e l s  a l s o  appea r  i n  t h i s  v i c i n i t y .  Folded and f a u l t e d  a r g i l l i t e  and h o r n f e l s  a r e  a l s o  pre-  
s e n t  n e a r  t h e  headwa te r s  of White  R ive r  and on Cub Creek.  

The Permian l i m e s t o n e s  a r e  g e n e r a l l y  L i t t l e  a l t e r e d ,  a l t h o u g h  t h e y  a r e  f o l d e d  and f a u l t e d .  
They a r e  g e n e r a l l y  l i g h t - g r a y  t o  bu f f  c o l o r e d ,  p a r t l y  r e c r y s t a l l i z e d ,  and f o s s i l i f e r o u s .  

S t r u c t u r s  and Thickness -- Permian r o c k s  of t h e  a r e a  have  a l l  been  t i l t e d ,  f o l d e d ,  and 
f a u l t e d  t o  some d e g r e e .  I n  some p l a c e s ,  i n t e n s i v e  f o l d i n g  and s h e a r i n g  h a s  t a k e n  p l a c e ;  
i n  o t h e r s  o n l y  g e n t l y  t i l t i n g  h a s  occu r r ed .  Topographic  e x p r e s s i o n  and e x t e n s i v e  f r a c t u r -  
i n g  and s h e a r i n g  s u g g e s t  t h e  v a l l e y  of Beaver  Creek i n  t h e  n o r t h e a s t  c o r n e r  of  t h e  map a r e a  
( f i g  2 A )  is a  major  s h e a r  zone.  Between Wiley Creek and Knra ine  Creek , a  s e c t i o n  of f o l d e d  
thin-bedded l i m e s t o n e  and s h a l e s  is ove r  2,000 f e e t  t h i c k .  S e v e r a l  o t h e r  o c c u r r e n c e s  of 
l i m e s t o n e  a r e  i n  t h e  r ange  of 200 f e e t  t o  500 f e e t  t h i c k .  The l i r ~ e s t o n e  wes t  of t h e  f o o t  
of R u s s e l l  G l a c i e r  is  f o l d e d  and f a u l t e d .  Capps (1916,  p  37) s t a t e s  t h a t  t h e  g e n e r a l l y  
pa t chy  d i s t r i b u t i o n  of l i m e s t o n e  i n  t h e  a r e a  i s  p robab ly  due  t o  f a u l t i n g .  E x t e n s i v e  f r a c -  
t u r i n g  and s h e a r i n g  s u g g e s t  t h a t  Wiley Creek r e p r e s e n t s  a s h e a r  zone.  



T e r t i a r y  and Quaternary  R.ocks 

Sed7;ment;arg r0ck.s -- T e r t i a r y  sediments  a r e  exposed i n  t h e  b a s i n  o t  Rocker Creek.  They 
a r e  weakly conso l ida t ed  s h a l e s ,  a r k o s i c  s ands tone ,  conglor r~era te ,  and some l i g n i t e ,  i n t e r -  
bedded w i t h  t u f f s  and l a v a  f l ows .  The s e c t i o n  of T e r t i a r y  sediments  is  a t  l e a s t  300 f e e t  
t h i c k .  

VoZcan.ic rocks  -- T e r t i a r y  and younger v o l c a n i c s  c o n s i s t  of l a v a  f lows and p y r o c l a s t i c  beds.  
The f lows a r e  mainly  pyroxene a n d e s i t e s  and o l . iv ine  b a s a l t s .  The p y r o c l a s t i c  beds a r e  t u f f s  
and b r e c c i a s  of s i m i l a r  composi t ion .  Along t h e  v a l l e y  of S k o l a i  Creek and t h e  n o r t h e a s t e r n  
f r o n t  o f t h e  Wrangell  Mountains between R u s s e l l  G l a c i e r  and Chisana G l a c i e r  ( t h e  l a t t e r  i.s 
o f f  t h e  map t o  t h e  n o r t h ) ,  t h e  l a v a s  a r e  n e a r l y  h o r i z o n t a l  and cap  t h e  mountains.  

Between t h e  head of White River  and lower S k o l a i  Creek,  a  t h i c k  s e r i e s  of I.avas and pyro- 
c l a s t i c  rocks  o v e r l i e s  t h e  Permian 1in:esCorie and s h a l e  exposed a t  t h e  f o o t  of Russell .  Gla- 
c i e r .  Between Beaver Creek and White R ive r ,  t h e  l a v a s  a r e  t h i n n e r  and &re a s s o c i a t e d  w i t h  
andes i . t i c  d i k e s  and p lugs .  Layeri.ng i n  t h e  fl.ows i s  ve ry  pronounced and is accen tua t ed  by 
a  g r e a t  v a r i e t y  of c o l o r s  i n  t h e  d i f f e r e n t  beds .  Columnar j o i n t i n g  i s  l o c a l l y  developed.  

S t ruc ture  a d  Thickness  -- I n  genera l ,  t h e  Te . r t ia ry  rocks  a r e  n e a r l y  h o r i z o n t a l  but  l o c a l l y  
a r e  t i l t e d  and g e n t l y  fo lded .  Thickness  v a r i e s  g r e a t l y .  On S k o l a i  C r e e k s t h e r e  i s  a n  expo- 
s u r e  of T e r t i a r y  v o l c a n i c s  3,000 f e e t  t h i c k ;  a t  Ping Pong Mountain, nea r  White R i v e r ,  t h e  
t h i c k n e s s  is  1 ,600  f e e t ;  n o r t h  of Beaver C r e e h t h e r e  a r e  only  a  few f e e t  of T e r t i a r y  vol -  
c a n i c ~ .  Near Rocker Creek (fig 2A), t h e  v o l c a n i c  rocks  a r e  thought  t o  b e  of T e r t i a r y  age  
because  of t h e i r  i n t e rbedded  r e l a t i o n s h i p  w i th  T e r t i a r y  sediments  and t h e  occurrence  of 
t h e s e  sediments  i n  t h e  s t r eam v a l l e y  s t r a t i g r a p h i c a J l y  below t h e  i iolcanic-s .  lheze v ~ l c a n -  
i c s  were mapped by Capps a s  Permian. F r a c t u r i n g ,  t opograph ic  e x p r e s s i o n ,  and t h e  p robab le  
a g e  d i f f e r e n c e  of rocks  on t h e  e a s t  and w e s t  s i d e s  of Ptarmigan Creek a r e  i n d i c a t i o n s  cf  a 
major s t r u c t u r e  occupying t h e  v a l l e y  of Ptarmigan Creek.  

Quaternary Ash -- The map a r e a  i s  covered wi th  a  l a y e r  of wh i t e  v o l c a n i c  a s h  va ry ing  i n  
t h i c k n e s s  from a  few inches  t o  t e n s  of f e e t .  Radio-carbon da t ed  p e a t  samples i n d i c a t e  t h e  
a s h  f e l l  between 1 ,750 and 1 ,520 y e a r s  ago (Fe rna ld ,  1962) .  The d e p o s i t  i s  d e s c r i b e d  i n  
d e t a i l  by Capps (1915),  Bostock (1952) ,  and Fernald  (1962).  

INTRUSIVE ROCKS 

Age and Type 

Capps (1916, p  83) a s s i g n s  t h e  i n t r u s i v e  rocks  of t h e  a r e a  t o  two age  g roups :  t h e  o l d e r  
g r a n i t i c  rocks  r ang ing  from e a r l y  J u r a s s i c  t o  Cre t aceous ,  and t h e  younger rocks  (mainly 
f i ne -g ra ined  porphyrys)  r ang ing  from Cre taceous  t o  P l e i s t o c e n e .  Dutro  and Payne (1957) 
show t h e  i n t r u s i v e s  a s  Cre taceous  and J u r a s s i c  on t h e i r  Geologic Map of Alaska.  MacKevett 
(1964) shows i n  t h e  McCarthy C-4 Quadrangle gabbros of Permian o r  T r i a s s i c  age  and e p i z o n a l  
i n t r u s i v e s  ( c h i e f l y  p o r p h y r i t i c  f e l s i c  rocks )  of T e r t i a r y  age .  

D i s t r i b u t i o n  and L i tho logy  

The g r a n i t i c  i n t r u s i v e s  comprise c o a r s e  c r y s t a l l i n e  q u a r t z  monzoni tes ,  g r a n o d i o r i t e s ,  q u a r t z  



d i o r i t e s ,  d i o r i t e s ,  and gabbros .  Po rphyry t i c  phases  of t h e s e  rocks  occu r  l o c a l l y .  The 
d i o r i t e  n o r t h  of Beaver Creek is  p a r t  of a  b a t h o l i t h  which occup ie s  ove r  75 s q u a r e  m i l e s .  

The gabbro p l u t o n  a t  t h e  j u n c t i o n  of P tarmigan and Beaver Creeks shows i n  p l a c e s  s t r o n g  
s e r i c i t i z a t i o n  and c h l o r i t i z a t i o n .  It a l s o  e x h i b i t s  well-zoned p l a g i o c l a s e .  Minor p y r i t e  
is  disseminated  throughout  t h i s  p l u t o n ,  and mass ive  p y r r h o t i t e  and c h a l c o p y r i t e  occur  a t  
t h e  n o r t h  end of i t ,  nea r  t h e  c o n t a c t  w i t h  a r g i l l i t e .  

The i n t r u s i o n  nor thwest  of Ptarmigan Lake g rades  from q u a r t z  monzonite t o  g r a n o d i o r i t e  and 
q u a r t z  d i o r i t e .  Coarse  g r a i n e d  p l a g i o c l a s e  and a u g i t e  a r e  abundant ,  and t h e r e  i s  l o c a l l y  
a n  abundance of a n  a l t e r e d  amphibole.  The s m a l l  p l u t o n  i n  t h e  s o u t h  v a l l e y  w a l l  of t h e  
White River i s  g r a n o d i o r i t e ,  l o c a l l y  s e r i c i t i z e d .  A l a r g e  p e r i d o t i t e  ( h a r z b u r g i t e )  s i l l  
occu r s  on upper Holmes Creek ( f ig  2B). The p l a g i o c l a s e  i n  t h i s  s i l l  is thoroughly  seri . -  
c i t i z e d .  

Throughout t h e  a r e a ,  b u t  most commonly i n  t h e  n o r t h e a s t  p a r t ,  t h e r e  occur  v e r y  f i ne -g ra ined  
p o r p h y r i t i c  i n t r u s i v e  rocks  which a r e  a p p a r e n t l y  younger t h a n  t h e  g r a n i t i c  rocks .  They a r e  
s m a l l  s t o c k s ,  d i k e s ,  and s i l l s ,  most ly  t oo  s m a l l  t o  map on r econna i s sance .  They r ange  i n  
composi t ion  from d a c i t e  t o  b a s a l t ,  w i t h  a n d e s i t e  t h e  most common. The T e r t i a r y  l a v a s  nea r  
Rocker Creek a r e  c u t  by i n t r u s i v e s  of composi t ion  s o  s i m i l a r  t h a t  Capps (1916, p  86)  specu-. 
l a t e s  t h e  same magma f u r n i s h e d  m a t e r i a l  f o r  t h e  i n t r u s i o n s  and t h e  f lows.  

LINEAMENTS 

Both a i r p h o t o  l i neamen t s  and f r a c t u r e s  mapped on t h e  ground s t r i k e  predominate ly  n o r t h e a s t  
and no r thwes t ,  w i t h  minor sets s t r i k i n g  nor th-south  and eas t -wes t .  



E C O N O M I C  G E O L O G Y  

HISTORY OF PROSPECTING 

The f o l l o w i n g  d i s c u s s i o n  i s  t a k e n  from Capps (1916) and M o f f i t  and Knopf (1910).  P e r s i s -  
i a n t  t a l e s  of g r e a t  d e p o s i t s  of n a t i v e  copper  were b rough t  by t h e  I n d i a n s  t o  t h e  f i r s t  
w h i t e  men who exp lo r ed  t h e  a r e a .  I n  1891,Hayes found n a t i v e  copper  i n  t h e  White  R ive r  
b a s i n ,  b u t  h e  saw no r i c h  d e p o s i t s .  J a c k  D a l t o n  p ro spec t ed  f o r  copper  on upper  K l e t s a n  
Creek i n  1897-98. He found n a t i v e  copper  i n  t h e  s t r e a m  g r a v e l s  and a  v e i n  of copper  s u l -  
f i d e s  i n  t h e  nearby  mounta ins .  At a  p r o s p e c t  known a s  " ~ i s c o v e r y " ,  on White  R i v e r  a  few 
m i l e s  i n t o  Canada, a  6000-pound s l a b  of  n a t i v e  coppe r  was found .  Excava t i on  of bedrock  
n e a r  t h e  s l a b  exposed g r e e n  amygda lo ida l  b a s a l t  which c o n t a i n e d  n a t i v e  c o p p e r ,  c u p r i t e ,  
c h a l c o c i t e ,  and c h a l c o p y r i t e .  I n  1902 ,  a s m a l l  r u s h  on Beaver Creek r e s u l t e d  i n  t h e  d i s -  
covery  of minor g o l d  d e p o s i t s  which were n o t  mined. A  number of p r o s p e c t o r s  s t a y e d  on 
and looked f o r  copper  i n  t h e  White R ive r  c o u n t r y .  Va r ious  g roups  of l o d e  c l a i m s  were  
s t a k e d  i n  t h e  nex t  s i x  y e a r s ,  and some were p a t e n t e d .  I n  1905 ,  a  l a r g e  c o p p e r - s u l f i d e  
d e p o s i t  was found n e a r  t h e  head of t h e  Nabesna R i v e r .  T h i s  a p p a r e n t l y  i s  n o t  t h e  Orange 
H i l l  d e p o s i t  ( a  p r o s p e c t  c u r r e n t l y  be ing  e x p l o r e d ) ,  which is  mentioned by M o f f i t  a s  a  g o l d  
p r o s p e c t .  About 1906 ,  two copper-gold v e i n s  were d i s c o v e r e d  on Beaver Creek  n e a r  t h e  i n -  
t e r n a t i o n a l  boundary,  and a d i t s  were d r i v e n  on  them. One of t h e  p r o p e r t i e s  was p a t e n t e d .  
I n  1913,  t h e  go ld  s tampede i n t o  t h e  Chisana  d i s t r i c t  began .  Some of t h e  s t ampede r s  pros-  
pec t ed  f o r  g o l d  and copper  i n  t h e  White  R ive r  a r e a .  

From d a t e s  s e e n  i n  1969  i n  c a b i n s  a t  North Fork I s l a n d  and t h e  f o o t  of R u s s e l l  G l a c i e r ,  i t  
i s  a p p a r e n t  t h a t  go ld  and copper  p r o s p e c t i n g  o p e r a t i o n s  (pe rhaps  mining i n  t h e  c a s e  of g o l d )  
were  conducted  i n  t h e  White R ive r  a r e a  a s  l a t e  a s  1924.  Work on a n  a d i t  on  Beaver Creek  
j u s t  above t h e  j u n c t i o n  w i t h  P t a rmigan  Creek i s  r e p o r t e d  t o  have  been  done d u r i n g  t h e  mid- 
1940 ' s .  I n  t h e  l a s t  t h r e e  y e a r s  a t  l e a s t  t h r e e  d i f f e r e n t  min ing  c o n c e r n s  have p ro spec t ed  
w i t h i n  t h e  map a r e a .  No p r o d u c t i o n  from t h e  d i s t r i c t  o t h e r  t h a n  p l a c e r  g o l d  is  known t o  
t h e  w r i t e r .  

COPPER 

Modes of Occur rence  

Two t y p e s  of copper  m i n e r a l i z a t i o n  were s e e n :  c h a l c o p y r i t e  a s s o c i a t e d  w i t h  g r a n i t i c  i n t r u -  
s i o n s  where t h e y  i n t r u d e  s ed imen t s ,  me t a sed imen t s ,  and v o l c a n i c s ;  and n a t i v e  copper  and cop- 
p e r  s u l f i d e s  i n  Permian amygda lo ida l  b a s a l t .  

D e s c r i p t i o n  of Occur rences  

C h a l c o p y r i t e  o c c u r s  i n  s m a l l  zones  w i t h i n  a n  a r e a  abou t  6  m i l e s  l ong  and 2 m i l e s  wide  i n  t h e  
v a l l e y  of  Beaver Creek.  I t  a p p e a r s  t o  b e  a s s o c i a t e d  w i t h  a  g r a n i t i c  ( q u a r t z  monzoni te  t o  
d i o r i t e ]  i n t r u s i o n  and a  gabbro  i n t r u s i o n  (NE corner fig 2A and fig 4) i n t o  a r g i l l i t e s .  The 
a r g i l l i t e s  s t r i k e  g e n e r a l l y  NNW w i t h  s t e e p  d i p s  t o  t h e  SW and NE. Rocks i n  t h e  v a l l e y  a r e  
h i g h l y  f r a c t u r e d  and s h e a r e d ,  and t h e  v a l l e y  i s  though t  t o  b e  t h e  t o p o g r a p h i c  e x p r e s s i o n  of a  
major  f a u l t  s t r i k i n g  NNW. Lower P ta rmigan  Creek is  a l s o  thought  t o  be  a n  e x p r e s s i o n  of a  
f a u l t  which s t r i k e s  s l i g h t l y  e a s t  of n o r t h .  
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Near t h e  i n t e r s e c t i o n  of t h e s e  two f a u l t s  a  gabbro p l u t o n  c o n t a i n s  abundant p y r i t e  and minor 
c h a l c o p y r i t e .  The p y r i t e  occur s  a s  massive pods and d i s semina t ions .  The c h a l c o p y r i t e  i s  
ve ry  t h i n l y  d isseminated  i n  t h e  in t ruded  a r g i l l i t e s  and i n  t h e  gabbro except  a t  t h e  n o r t h  end 
of t h e  p lu ton .  About one mi l e  up Beaver Creek from t h e  mouth of Ptarmigan Creek,  a n  e d i t  (now 
caved) has  been d r i v e n  on an  exposure of massive p y r r h o t i t e  and c h a l c o p y r i t e .  There a r e  many 
p i e c e s  of s o l i d  s u l f i d e s  on a  s m a l l  dump. P y r r h o t i t e  i s  more abundant t han  c h a l c o p y r i t e .  

With in  t h e  p l u t o n  immediately e a s t  of Ptarmigan Creek a  s t r o n g  set of c l o s e l y  spaced f r a c t u r e s  
s t r i k e s  N70-80E. The gabbro h e r e  has  been a l t e r e d :  p l a g i o c l a s e  has  gone t o  s e r i c i t e ,  and 
c h l o r i t e  i s  abundant.  P y r i t e  p l a t e s  a l l  t h e  f r a c t u r e s ,  and sma l l  amounts of c h a l c o p y r i t e  a r e  
p r e s e n t .  The f r a c t u r e s  a r e  fo lded  i n  some p l a c e s .  S l i c k e n s i d e s  show movement a long  bo th  
s t r i k e  and d i p .  

Minor c h a l c o p y r i t e  and abundant p y r i t e  occur  i n  h o r n f e l s  nea r  t h e  c o n t a c t  between g r a n o d i o r i t e -  
d i o r i t e  and m e t a - a r g i l l i t e  i n  t h e  n o r t h e a s t e r n  co rne r  of t h e  map a r e a  (fig 2 A ) .  A prominent 
eas t - t r end ing  s h e a r  zone p a r a l l e l s  t h e  c o n t a c t  and c r o s s e s  Beaver Creek. Both t h e  metasedi-  
ments and t h e  d i o r i t e  a r e  a l t e r e d  and f r a c t u r e d .  The p y r i t e  and c h a l c o p y r i t e  occur  mainly a s  
b l e b s  d isseminated  i n  t h e  metasediments nea r  f r a c t u r e s .  S u l f i d e s  a r e  a l s o  a s s o c i a t e d  wi th  
s e v e r a l  sets of d i k e s  of i n t e r m e d i a t e  composit ion which s t r i k e  no r thwes t ,  n o r t h ,  and w e s t .  
S t rong ,  c l o s e l y  spaced f r a c t u r e s  i n  p l a c e s  s t r i k e  N 1 O E  and i n t e r s e c t  t h e  main e a s t - t r e n d i n g  
shea r  zone. The s t r u c t u r e  i n  t h i s  a r e a  i s  much more complex t h a n  shows on t h e  map. Rusty 
ou tc rops  and d isseminated  p y r i t e  w i th  minor c h a l c o p y r i t e  occur  l o c a l l y  i n  a r g i l l i t e  and horn- 
f e l s  near  d i k e s  and f r a c t u r e s  i n  s e v e r a l  o t h e r  p l a c e s  i n  Beaver Creek v a l l e y  between Horsfe ld  
Creek and Ptarmigan Creek. 

Capps (1916, p  121) d i s c u s s e s  an  occurrence  of n a t i v e  copper i n  Permian rocks  a t  t h e  head of 
t h e  Middle Fork of White River .  Two sma l l  open c u t s  and two s h o r t  t u n n e l s  about 1450 f e e t  
above t h e  s t r eam expose n a t i v e  copper in tergrown wi th  p r e h n i t e ,  c a l c i t e ,  and z e o l i t e s .  The 
showing i s  about  200 f e e t  long i n  a r e d d i s h  amygdaloidal  l ava  in t e rbedded  wi th  b r e c c i a  and 
t u f f s .  The copper occur s  a s  i r r e g u l a r  masses s e v e r a l  i nches  long and a s  s m a l l  lumps and 
minute p a r t i c l e s  w i t h i n  o r  around amygdules. A sma l l  geochemical anomaly he re  i s  d i scussed  
under t h e  s e c t i o n  on geochemistry.  

Claims have been pa ten ted  on p rospec t s  on t h e  w e s t  s i d e  of t h e  head of White R i v e r ,  about  h a l f  
way between t h e  Middle Fork and moraine a t  t h e  lower edge of R u s s e l l  G l a c i e r .  C h a l c o c i t e  
occur s  i n  Permian amygdaloidal  b a s a l t s  which a r e  in t e rbedded  wi th  t u f f s ,  b r e c c i a s ,  and por- 
p h y r i t i c  l a v a s .  Mof f i t  and Knopf (1910, p  57) r e p o r t  t h i n ,  s h o r t ,  c h a l c o c i t e  s t r i n g e r s  asso-  
c i a t e d  wi th  s h e a r s  i n  t h e  amygda1oi.d. Occas ional ly  t h e  c h a l c o c i t e  i s  in tergrown w i t h  laumon- 
t i t e .  

Upstream from geochemical sample l o c a t i o n  485 ( a  s m a l l  gulch  about  h a l f  way between Rugse l l  
G l a c i e r  and t h e  Middle Fork ) , ( f ig  2D), t h e r e  a r e  more c l a ims  and some minor occur rences  of 
c h a l c o c i t e  and m a l a c h i t e  i n  t h e  same Permian v o l c a n i c s .  These mine ra l s  a r e  a s s o c i a t e d  wi th  
s h e a r s  and s l i c k e n s i d e s  i n  p u r p l e  amygdaloidal  l a v a s .  

C h a l c o c i t e  and hemat i t e  a r e  i n d i s t i n g u i s h a b l y  mixed and appear  t o  be amygdule f i l l i n g s .  Cop- 
pe r  f l o a t  i s  abundant on t h e  t a l u s  s l o p e s ,  bu t  no mine ra l i zed  zone of more than  a  few f e e t  i n  
e x t e n t  was found i n  p l ace .  Loca l ly  t h e  l aumont i t e  which f i l l s  amygdu1.e~ i s  ma lach i t e - s t a ined .  

Capps (1916, p  123) r e p o r t s  a  group of c l a ims  on Wiley Creek,  2-112 m i l e s  above t h e  s t ream 
mouth on t h e  n o r t h  w a l l  500 f e e t  above t h e  s t ream.  He s t a t e s  t h a t  s h a l y  l e n t i l s  i n  a  gray- 
g reen  amygdaloidal  l a v a  c o n t a i n  a r s e n o p y r i t e .  Nat ive  copper in tergrown w i t h  z e o l i t e s  i n  
amygdules and ma lach i t e  s t a i n i n g  was observed i n  p i e c e s  of f l o a t  from t h e  t a l u s  s l o p e s  be- 
low t h e  c l i f f s .  Copper-bearing f l o a t  i s  no t  abundant.  The Permian l a v a s  h e r e  a r e  in t e rbed-  
ded w i t h  s h a l e  and thin-bedded l imes tone  and a r e  cu r  by f e l s i c  and i n t e r m e d i a t e  d i k e s .  Many 
of t h e  d i k e s  a r e  h igh ly  f r a c t u r e d  and c o n t a i n  abundant p y r i t e .  



Assessment work i s  r e p o r t e d  t o  have been done f o r  s e v e r a l  y e a r s  on c l a i m s  s t a k e d  on Moraine 
Creek,  a  s ~ n a l l  s t r eam on t h e  e a s t  s i d e  of R u s s e l l  G l a c i e r .  T h i s  a r e a  was snow-covered when 
t h e  geochemical  samples were t a k e n ,  and bedrock  was no t  s een .  

Capps (1916, p  123)  q u o t e s  from M o f f i t  andKnopf t h a t  t h e  bedrock  c o n s i s t s  of g r e e n  and red-  
d i s h  amygdaloids w i t h  a s s o c i a t e d  b r e c c i a s .  Copper o c c u r s  i n  s i na l l  seams c u t t i n g  t h e  amyg- 
d a l o i d s .  The v e i n l e t s  c a r r y  f i n e l y  developed s p h e r e s  of p r e h n i t e  i n t e rg rown  w i t h  c a l c i t e  
and f l e c k e d  w i t h  n a t i v e  coppey and c h a l c o c i t e .  Thin  s e c t i o n s  show s m a l l  g r a i n s  of copper  
embedded i n  bo th  p r e h n i t e  and c a l c i t e ,  w i t h  some c h a l c o c i t e  o c c u r r i n g  s i m i l a r l y .  Some of 
t h e  copper  i s  a s s o c i a t e d  w i t h  hyd ra t ed  i r o n  ox ide .  The amygdaloids a r e  a l s o  c u t  by s m a l l  
s t r i n g e r s  of q u a r t z  and p r e h n i t e  which c o n t a i n  c h a l c o c i t e .  I n  p l a c e s  c h a l c o c i t e  f i l l s  amyg- 
d u l e s .  The f a v o r a b l e  amygdalo ida l  phases  appea r  t o  be  most common a long  t h e  c o n t a c t s  of 
s u c c e s s i v e  l a v a  f l ows .  

Bedrock i n  t h e  Sheep Creek d r a i n a g e  ( a  t r i b u t a r y  of White River  from t h e  s o u t h  between So lo  
Creek and North Fork)  was snow covered  a t  t h e  t ime of  t h i s  v i s i t .  Capps (1916, p  124)  r e -  
p o r t s  a  t u n n e l  a t  t h e  5,500-foot  e l e v a t i o n  had been  d r i v e n  i n  a  p u r p l e  amygdalo ida l  l a v a  
which c o n t a i n s  c a l c i t e ,  z e o l i t e ,  c h a l c o c i t e ,  and copper  c a r b o n a t e  i n  t h e  amygdules. 



G E O C H E M I S T R Y  

Stream sediment samples were ga the red  a t  1 / 4  m i l e  i n t e r v a l s  on main s t r eams ,  a t  s t r eam in- 
t e r s e c t i o n s ,  and a t  p o i n t s  where h i l l s i d e  t r a v e r s e s  crossed  sma l l e r  streams. A few samples 
were c o l l e c t e d  i n  t h e  d r y  washes of i n t e r m i t t e n t  s t r eams .  Many l a r g e ,  s w i f t  s t r eams  head 
i n  g l a c i e r s  and va ry  a s  much a s  18 inches  i n  dep th  d a i l y .  Many of t h e  s m a l l e r  s t r eams  have 
s t e e p  g r a d i e n t s  and a r e  a l s o  s w i f t .  Sample l o c a t i o n s  a r e  shown on f i g u r e  2 (A, B, C, and D ) .  
Reported d a t a  i n c l u d e  t h e  r e s u l t s  of (1)  d i t h i z o n e  f i e l d  tests f o r  heavy m e t a l s ,  (2) d i t h i -  
zone f i e l d  tests s p e c i f i c  f o r  r e a d i l y  e x t r a c t a b l e  copper (Hawkes, 1963) ,  (3) a tomic  absorp- 
t i o n  a n a l y s e s  f o r  go ld ,  copper ,  l e a d ,  and z i n c ,  and (4)  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  analy- 
ses f o r  30 e lements  ( t a b l e s  1-9) .  

SAMPLING AND ANALYTICAL METHODS 

Stream sediment samples mainly comprise f i n e  sand from t h e  a c t i v e  beds of s t r eams .  Coarser  
m a t e r i a l  was t a k e n  when nothing else was a v a i l a b l e .  Organic m a t e r i a l  was excluded where 
p o s s i b l e .  Wherever enough m a t e r i a l  was a v a i l a b l e ,  each sample c o n s i s t e d  of a  composite of 
t h r e e  g rabs  from l o c a t i o n s  up t o  50 f e e t  a p a r t .  Samples were c o l l e c t e d  i n  c l o t h  bags ,  each 
of which was p laced i n  a n  i n d i v i d u a l  p l a s t i c  bag. Samples were analyzed wet and uns ieved i n  
t h e  f i e l d  by t h e  d i t h i z o n e  f i e l d  t e s t  f o r  heavy me ta l s  (Hawkes, 1963).  They were then  s e n t  
t o  t h e  D i v i s i o n  l a b o r a t o r y  a t  Col lege  and analyzed f o r  g o l d ,  copper,  l e a d ,  and z i n c  by atomic 
a b s o r p t i o n  spect rophotometry  (Appendices V I I  and  VIIJ1). 

Spec t rog raph ic  a n a l y s e s  f o r  30 e lements  were performed on a l l  samples and s t a t i s t i c a l  charac- 
t e r i s t i c s  of a l l  t h e  sample d a t a  were computer-calculated.  A n a l y t i c a l  l i m i t s  and r anges  of 
d e t e c t i o n  a r e  shown i n  Appendix I. The d a t a  t a b u l a t i o n s  a r e  shown i n  t a b l e s  1 through 9. To 
c a l c u l a t e  averages  and s t a n d a r d  d e v i a t i o n s  a  s u b s t i t u t i o n  of 1 / 2  of lower d e t e c t i o n  l i m i t  o r  
t h e  c r u s t a l  average  f o r  t h e  e lement ,  whichever i s  less, was made f o r  v a l u e s  below t h e  de tec-  
t i o n  l i m i t .  

Threshold and anomalous v a l u e s  f o r  copper,  l e a d ,  and z i n c  ( table  1 )  were c a l c u l a t e d  from 
graphs  of cumula t ive  pe rcen t  of samples v e r s u s  t h e  loga r i thm of t h e  p a r t s  p e r  m i l l i o n  i n t e r -  
v a l s  a s  desc r ibed  by P. L. Anderson (1969).  For o t h e r  e lements  t h e  th re sho ld  is c a l c u l a t e d  
a s  t h e  mean p l u s  tw ice  t h e  s t anda rd  d e v i a t i o n  and anomalous v a l u e s  a r e  de f ined  a s  t h e  mean 
p l u s  t h r e e  t imes  t h e  s t anda rd  d e v i a t i o n .  Caut ion  must be  e x e r c i s e d  when us ing  t h e s e  s t a t i s -  
t i c a l  r e s u l t s  t o  i n t e r p r e t  t h e  d a t a .  Frequency d i s t r i b u t i o n  h is tograms f o r  copper ,  l e a d ,  and 
z i n c  ( t a b l e  8 )  show t h e  sample popu la t ions  a r e  n e i t h e r  normally nor log-normally d i s t r i b u -  
t e d ;  f o r  t h i s  r eason  t h e  cumula t ive  p e r c e n t  graph was used t o  de t e rmine  the anomalous l e v e l  
of concen t r a t ion .  The o t h e r  e lements  may a l s o  c o n t a i n  c o n t r a s t i n g  popu la t ions .  The f a r t h e r  
t h e  d a t a  d e p a r t s  from normal d i s t r i b u t i o n  t h e  l e s s  r e l i a b l e  a r e  t h e  th re sho ld  and anomalous 
v a l u e s  computed by us ing  t h e  s t anda rd  d e v i a t i o n  (Hawkes and Webb, 1962).  

DISCUSSION OF ANOMALIES 

I n s p e c t i o n  of t h e  t a b u l a t i o n  of l a b o r a t o r y  a n a l y s e s  ( t a b l e  5) shows t h e  c o r r e l a t i o n  between 
atomic a b s o r p t i o n  a n a l y s e s  and spec t rog raph ic  a n a l y s e s  f o r  copper ,  l e a d ,  and z i n c  i s  gener- 
a l l y  poor. P a r t  of t h e  r eason  f o r  t h i s  is  t h e  d i s c r e t e  jumps i n  e s t i m a t i o n  i n t e r v a l s  of t h e  
s p e c t r o g r a p h i c  method (Appendix I). For copper ,  l e a d ,  and z i n c  t h e  anomalous v a l u e s  shown 
i n  t a b l e  1 a r e  based on atomic a b s o r p t i o n  d a t a .  Anomalies of o t h e r  e lements  a r e  based on 
s p e c t r o g r a p h i c  da t a .  A t a b u l a t i o n  of anomalous and p o s s i b l y  anomalous samples,  t o g e t h e r  wi th  
p o s s i b l y  s i g n i f i c a n t  geochemical  a s s o c i a t i o n s ,  i s  shown i n  t a b l e  2.  



Table  1 

Thresho ld  and Anomalous Values  of Copper,  Lead, and Z i n c ,  

White R i v e r  Area ,  S o n t h - - c e n t r a l  Alaska 

Element Thresho ld  Value (p* Anomalous Value (ppm) 

Copper (Cu) 100 18 0  

Zinc  (Zn) 100 200 

Lead (Pb) 2  0  50 

( C a l c u l a t e d  from graphs  of cumula t ive  p e r c e n t  of samples  v e r s u s  logar i thm of 
p a r t s  p e r  m i l l i o n ,  Appendix VI ) .  

These v a l u e s  a p p l y  t o  a tomic  a b s o r p t i o n  spec t ropho tomet ry  (AAS) d a t a  o n l y .  



Table 2 

Anomalous Geochemical Stream Sediment Samples, White River Area, South-Central., Alaska, 

Important Anomalous Elements ; 
Map values in ppm (US unless 
No. - --- noted Spec .) 

Remarks and Possibly Significant 
Associate Elements; values in ppm 
(Spec. unless noted AAS) ---- 

V 500 
Zr 500, La 50, Nb 50 
Zr 1000, La 50, Nb 50, V 1000, 

Zn 90 (AAS) 
La 50 
V 500, Cu 500, Pb 50 (Cu 75 ppm 

by AAS) 
V 500, Zn 500 
Lake head sediments 
Co 100, Cu 160 (AAS) 
Sr 1000 Possibly associated with 

nearby andesite (Krauskopf, p 5?H? 
Sr 1000 
Sr 1000 
Sr 1000 
Sr 1000 

La 100 
Sr lOQO 
Nb 50 
Nb 50, Zn 95 (AAS) 
La 50, Nb 50, Zn 90 (AAS) 
Nb 50, Zn 110 (AAS) 
Zn 150 (AAS) 
Nb 50 
La 50 
La 50 
La 50 
La 50 
La 50 
Nb 50, Zn 95 (AAS) 
La 50 
Nb 50 
Nb 50, Zn 140 (US) 
Co 100, Ba 2000, Cu 160 (US), 

Zn 125 (AAS) 
Nb 50 
Co 100, Cu 150 (AAS) , Zn 145 (AAS) 



Table 2 - continued 21 

Important Anomalous Elements; 
values in ppm (AAS unless 
noted Spec .) 

Ag 100 (Spec.) 
Cu 200 

Cr 2000, Ni 500 (Both Spec .) 
Co 100, Cr 2000, Ni 500 (All Spec.) 

Co 100, Cr 5000, Ni 500 (All Spec.) 
Co 100, Cr 5000, Ni 500 (All Spec.) 

Co 100 (Spec .) 

Remarks and Possibly Significant 
Associate Elements; values in ppm 
(spec. unless noted AAS) 

Nb 50, Cu 165 (AAS) 
Nb 50 
Nb 50 
Nb 50 
La 100, Nb 50 
B 100 
Sr 1000 
Sr 1000 
Questionable analysis 
Co 100, Nb 50 
Co 100 
Nb 50 
Nb 50, Cu 175 .(AAS) 
Nb 50, Cu 145 (AAS) 
Nb 50, Cu 145 (AAS) 
B 100 
Sc 100 
Nb 50, Cu 135 (AAS) 
Sc 100, Sb 1000 
Sc 100, Sb 500 
Nb 50, Cu 100 (AAS) 

B 100 
B 100 
B 100 
Co 100 
Co 100, Cr 2000, Zn 115 (AAS) 
Co 100 
B 100 
B 100 
Nb 50, Cu 130 (AAS) 
B 100 
Nb 50, Cu 150 (AAS) 
B 100 
B 100 
Nb 50 
Co 100, Cu 130 (AAS) 
B 100 

Cr 2000, Ni 500 (Spec.) 
Cr 2000, Ni 500 (Spec.) 

Cr 2000, Ni 500 (Spec .) 
Ni 500 (Spec .) 

Ba 2000, Zn 170 (AAS) 
Ba 2000, Mo 50 
La 50 
La 50, B 100 
La 50 
Nb 50, Cu 105 (AAS) 
Nb 50, Cu 110 (AAS) 
Nb 50 
Nb 50, Cu 110 (AAS) , Zn LOO (AM) 
B 100, Cu 120 (AAS) 



T a b l e  2 - c o n t i n u e d  

Impor tan t  Anomalous Elements ;  
v a l u e s  i n  ppm (AAS u n l e s s  
no ted  Spec.)  

Remarks and P o s s i b l y  S i g n i f i c a n t  
A s s o c i a t e  E lements ;  v a l u e s  i n  ppm 
(Spec.  u n l e s s  no ted  AAS) 

Nb 5 0 ,  Cu 120 (AAS) 
Nb 5 0 ,  Cu 110 (AAS) 
Nb 5 0 ,  Cu 135  (AAS) 
Nb 50 ,  Cu 135  (AAS) 
Nb 50 ,  Cu 130 ( U S )  
Nb 50 ,  Cu 140 (AAS) 
Nb 5 0 ,  Cu 145 (AAS) 
Ba 2000, Zn 170 (AAS) 
Ba 2000, Zn 160 ( U S )  
Nb 5 0 ,  Zn 175 (AAS) 
Nb 50 ,  Co 100 ,  Mn 5000, Cu 130 ( U S )  
Co 100,  Cu 130 ( U S )  
Nb 5 0 ,  Cu 100 (AAS) 
Nb 5 0 ,  Cu 140 (AAS) 
B a  2000, La 50 
Co 100 ,  Nb 5 0 ,  Cu 120 ( U S )  
Co 100,  Nb 5 0 ,  Cu 135 (AAS) 
Co 100,  Cu 115 (AAS) 
Co 1 0 0 ,  Cu 95 (AAS) 

Ba 2000, Cu 100 (AAS), Zn 125 ( U S )  

N i  500 (Spec.)  

N i  500 (spec . )  

Ba 5000, B 100 
Ba 2000, B 100 
Ba 2000 
Ba 2000, Cu 95 ( U S )  , Zn 140 (AAS) 
Nb 50 ,  Zn 170 (AAS), Cu 95 (AAS) 
Nb 50,  Zn 165 ( U S ) ,  Cu 95 (AAS) 
La 50 ,  Cu 115 ( U S )  

Ba 2000, Zn 125 (AAS) 
Nb 5 0 ,  Zn 130 (AAS) 

Nb 5 0 ,  Cu 130 (AAS) 
V 500,  Cu 135 (AAS) 
Nb 50,  Cu 145 (AAS) 
V 500, Cu 145 ( U S )  
Co 1 0 0 ,  W 50 ,  V 500,  Cu 145 (AAS) 
Nb 5 0 ,  Cu 135 (AAS) , Zn 130 (AAS) 
Nb 50,  Cu 140 (AAS) 
Nb 5 0 ,  Cu 105 ( U S )  
Ba 2000 
Mo 50 
Ba 2000 
Cu 110 (AAS), Zn 140 (AAS) 
Co 1 0 0 ,  C r  2000, N i  500,  Cu 90 ( U S )  , 

Zn 120 (AAS) 
Cu 95 (AAS), Zn 95 (AAS) 



2 3 
Table 2 - continued 

Important Anomalous Elements; 
Map values in ppm (AAS unless 
No. - noted Spec.) 

Cu 220 
Ni 500 (Spec.) 
Ni 500 (Spec.) 

Remarks and Possibly Significant 
Associate Elements; values in ppm 
(spec. unless noted AAs) 

The following abbreviations are used in this table: 

AAS = atomic absorption spectrophotometry 
Spec. = semiquantitative spectrographic analysis 
ppm = parts per million 
Cu = copper 
V = vanadium 
Zr = zirconium 
La = lanthanum 
Zn = zinc 
Pb = lead 
Co = cobalt 
Sr = strontium 
Ba = barium 
B = boron 
Ag = silver 
Sc = scandium 
Cr = chromium 
Ni = nickel 
Nb = niobium 
Sb - antimony 
Mo = molybdenum 

B 100, Zn 130 (AAS) 
B 100, Zn 130 (AAS) 
B 100, Zn 165 (AAS) 
Ba 2000, Zn 100 (US) 
Ba 2000, Zn 165 (US) 
V 500 
Nb 50 
B 100, Zn 165 (AAS) 
B 100, Zn 140 (AAS) 
Nb 50, Zn 100 (AAS) 
B 100, Zn 150 (AAS) 
Ba 2000, Zn 135 (AAS) 
Co 100 

Small dike (? )  
Co 100, Cu 165 (AAS) 

Mn = manganese 
W = tungsten 





Table  4 

Copper D e t e c t a b i l i t y  of Heavy M e t a l s  F i e l d  T e s t  and S p e c i f i c  Copper 
F i e l d  T e s t  f o r  Copper Values  above Thresho ld  (LOO pprn), White R iver  

Area,  South-Centra l  Alaska 

T o t a l  copper  by AAS (pprn) 

Number of t i m e s  t h e  heavy m e t a l s  f i e l d  
t e s t  and s p e c i f i c  copper  f i e l d  t e s t  
r e p o r t e d  g r e a t e r  t h a n  5 m l  dye  f o r  t h r e e  
copper  v a l u e s  above t h r e s h o l d ,  d i v i d e d  by 
t h e  number of samples  c o n t a i n i n g  t h e s e  
copper  v a l u e s  a s  measured by AAS 

Heavy M e t a l s  S p e c i f i c  Copper 
F i e l d  t e s t  r a t i o  F i e l d  t e s t  r a t i o  

+ lo0  ppm ( t h r e s h o l d )  19 /101  = 0.188 56 /101  = 0.555 

1 0 1  samples  

$150 ppm ( p o s s i b l y  anomalous) 5 /22 = 0.228 16/22 = 0.727 

22 samples  

$180 ppm (anomalous 118 = 0.139 718 = 0.875 

8 samples  . .  - 

Specific Cu field test ratio 

divided by 

Heavy metals field test ratio 

L_____I_ L 

0 100 200 300 
pprn Cu (Total by A A S )  

A b b r e v i a t i o n s  used i n  t h i s  t a b l e :  ppm = p a r t s  p e r  m i l l i o n  m l  = mil l i l i t e r s  
AAS = a tomic  a b s o r p t i o n  spec t ropho tomet ry  



























38 Table 5 continued 

- 
rn - 
a 

V 

S C  
9 C  
6 C  

I C C  
C C  
55 
9  C  

1 C C  
7 5  
6 C  
7 C  
8 5  
4 C  
5 5  
6 5  
5 1. 

a 
P 

0 

1cc  
5 C  
5 C  

I C C  
1 C C  
Z C C  
1 C C  
1cc 

5 C  
5 C  
5  C  

1 C C  
5  C 

1 C C  
I C C  

5 C  

I 
g 
F 

2 C C  
2 C C  
2 C C  
5 C C  
5 C C  
5 C O  
Z C C  
L C C  
5 C C  
?cr  
2 C C  
5 C C  
Z C O  
2 C C  
5 C C  
2 C C  

5 C  l C C C  S C C C  
i c  I C C O  S C C C  - -~ 

i C  l C C C  5 C C C  
5 C  l C C C  5 C C C  
5 C  l C C 0  1 1 . C  
5 C  I C C Q  NA 
2 C  I C C C  + l . C  
2 C  l C C C  *1 .C  

1 C C  I C C C  1 I . C  
2 C  l C C C  * l . C  
5 C  l C C 0  *1 .C  

1 C C  1 C C O  4 1 . C  
2 C  5 C O  5 C O C  
5 C  S C C  t 1 . C  
5 C  L C C O  * l . C  
5 C  l C C O  5 C O C  

1 l C C C  
5 5 C C  
5 Z C C C  
5  5 C C  
5 2 C C  
5  Z C C  

2  5 C C  
5 L C C C  

L C  5 C C  
5 I C C C  
5  5 C C  
7 I C C C  

c 

m" 
1 c 
2  C  
2 c  
2  C  
h C  
h C  
1 C  
2  C  
5 C  
5 C  
5 C  
2 c  
5  C  

I C C  
5 C  

1 C C  

7 n i 6 9 ~ 3 9 3  k~ ec  15 e5  i c c  2 c  i c c  5 h c  5 c  5cc 5c l c c c r i . c  I C  5 5 iccc  2 c o  2 c  h o  hi- kr - - - - 
7 ~ 2 6 9 7 3 9 4  N I  e 5  15 sc I C C  2 c  zco 5 h c  sc lccc  sc i c c c * l . c  5 5  5 1 c c c  5cc 2 c  h c  NC NC 
703 6 9 7 3 9 5  N A  ec  i c  i c c  I C C  I C  I C O  5 k c  5c 5 c c  I C C  ~ c c c  r1.c ic 5  5 ~ c c c  zcc 5c h o  NC h o  
7 0 4 6 5 7 3 9 6  N A  9 5  i C  1 3 5  1 C C  1 C C  5 C C  2 C  1 5 C  5 C C  5 C l C C O t l . C  5 5  2 2 C C C  2 C C  1 C  h O  N C  N C  
7 0 5 6 9 V 3 5 7  hA 7 5  1 5  1 C C  1 C C  1 C  i C O  10 h C  5 C l f l C C  1 C C  l C C C * l . C  1 C  5 5 1 C C C  2 C C  1 C  1 10 NL 

6 5  I C C  
6 C  5 C  
6 5  5 C  
t C  I C C  
6 C  I C C  
4 5  I C C  
7 C  I C C  
ec ~ c c  
7 C  L C C  I C C  5 C C  

5 C  l C C C  + l . C  
5 C  1 C C O  t1.c 
2 C  I C C C  * l . C  
5 C  l C C O  * l . C  
2 C  l C C C  t 1 . C  
5 C  l C C O  t 1 . C  
5 C  l C C O  J C C C  
5 C  I C C O  * l . C  
5 C  l C 0 C  5 O C C  

L C  
1 C C  
L C 0  
1 C O  
1 C O  
1 C O  
1 C C  
1 C O  
1 C O  
1 C C  
1 C O  

h b 
1 C O  
I C O  
I C 0  
2 C O  
zco 
1cc 
2 C O  
2 C C  
1 C O  
I C C  
1 0 0  
1 C O  
1 C C  
1 C O  

2 c c  
5 C C  
2 C C  
Z C C  
2 C O  
5 C C  
5 C C  
5 C C  
5 C C  
5 C O  
2 c o  

h b  
2 C C  

l C C C  
l C C O  
l oco  

2 C C  
5 C C  
5CC 
2 C C  
2 C C  
Z C C  
2 c o  
2 L C  
2 c o  
5 C C  

l C C 0  
l C C C  
l C C 0  

r c o  
l C C 0  
l C C C  
I C C C  
l C C C  
l C C C  
l C 0 C  
l C C C  

NA 
5 C O  

I C C O  
I C C O  
l C C 0  
l C C C  
l C C 0  
l C C C  
l C C O  
1cco 
l C C O  
I C C C  
l C C C  
l C C 0  
l C C 0  

5 C C C  
I 1 . C  
S C C C  
5 C C C  
5 C O C  
*1 .C  
* l . C  
* I . C  
* 1 .C 
* l . C  
t 1 . C  

NA 
5 C O C  
* 1  .C 
*1 .C  
t1.c 
t 1 . C  
t 1 . C  
*l .c 
5 C C C  
5 C O C  
r1.c 
* l . C  
* l . C  
S C C C  
1 1 . C  

~ ~ 

5 5 C C  
5 2 C C  
5 I C C C  
5  5cc 
5 5 C C  

- .. 
7 C  2 C  
6 5  5 C  
5 5  I C C  
t 5  1 C C  
65 I C C  
5 C  2 C C  5c l C C O  * l . C  

~ C C  5 C O  
5 C C  5 C C  
2 c c  2 C O  
5 C C  Z C C  
5 C C  5 C C  
I O C  2 c o  

7 6 3 6 9 P 3 C 3  NA I C C  1 5  7 C  L C C  1 C  1 C O  5 h C  5 C  5 C 0  5 C  l C C C  5 C C C  5  5 5 5 C C  2 C O  1 C  kO NC NO 

(1) Values are in parts per million unless indicated otherwise 

(2) Field test values in milliliters of dye 

( 3 )  Atomic Absorption results; values far remaining elements are 
emission spectrograph results 

( 4 )  LST, Limestone; SEDS, Sediments; GR, Granite; P O R ,  Porphyry; 
A m G ,  Amygloidul; ARCL, Arglllite; HPLS, Hornfels; BAS, Basalt; 
AND, Andesite; VOL, REL. ROL, RAL, Volcanics 

( 5 )  NA indicates not analyzed 

( 6 )  ND indicate8 none detected 











Explanation of Abbreviations 

IiM = bcnvy metals ( copper ,  lead, zinc as a unit group) 

CuCx - readily extractable copper (Hawkes 1963) 
M S  - h ~ o m i c  Absorption SpcctrophoLomeLry 
M1 - milliliters 
Spec .  - semiquantitative spcctrogrdphic a n a l y e i s  

Cu - copper 

Pb = l e a d  

Ni = nickel 

Zn = zinc 

5C 
5 C 
5C 
2C 

1 c c  
ICC 



Table 7 Statistical characteristics of geochemical stream sediment sample data in parts per million, White River area, South-Central Alaska. 

Note: To calculate averages and standard deviations, a value of 1/2 the lower detection limit or the crustal average for the 
element, whichever is less, was substituted for values below detection Iimits (hQ). 

(Computer program by L. E. Heiner, MIRL) 

Atomic Absorption Spectrophotometry Semiquantitative Spectrographic Analyses 

i ., 2 - 5 2  l . t ?  2 . 7 7  2.7C 1.64 2 . 4 6  1.46 C .?4 2.2C 3 - 4 9  2.6C 3.35 4.41 
1 .3 1 1 . 1 6  1 . 1 5  3.49 3 - 1 9  2.12 1.C7 1.~1 c.55 2.65 i.te 1.7~ 2 . 1 0  1.78 
Z.59 C.46 3 . 2 1  1 . 2 C  C . C 8  I . C C  

Au = Gold Mo = Molybdenum Ni = Nickel Mg = Magnesium B = Boron Zr = Zirconium Y = Yttrium Sb = Antimony 

Cu = Copper Ag = Silver Mn = Manganese Ca = Calcium Be = Beryllium La = Lanthanum V = Vanadium Bi = Bismuth 
Pb = Lead Co = Cobalt Ti = Titanium Ba = Barium Sn = Tin Nb = Niobium As = Arsenic Cd = Cadmium 

Zn = Zinc Cr = Chromium Fe = Iron Sr = Strontium W = Tungsten Sc = Scandium 



Table 8 Frequency d i s t r ibut ion  hiscogmma i n  p a r t s  per million and logarithm. of parts  per 
m i l l i o n  of copper, lead and zinc i n  stream ssdiment serup1,as. W h i t e  River area, 
South-Central Alaska. 

(Computer program L .  E .  Hoinsr. NIRI.) 

c o p p e r  IIIN~#(IP = L5 .aC PPXIWL* - 1nCO.Oo 

P E R C E N l  SAVPLES I N  CLASS I h l F R U A L I  
0.P 6.C9e 1 7 . 9 5 4  12 .534 9 .465 l O . O l 5  P.612 9 . 1 4 6  6 . 2 3 3  6 . L t 5  2 . 4 2 4  2 . 2 3 6  
2.033 2 .304 ) . i t 2  c . t i e  0 .618 0 .271 r .136  1.016 

I N T E R V A L  LLPBFR 
0 - LC c 

1 0  - 2C 4 5  

I N T E R V A L S  
1 0 e 0 0 0  2C.OOC 3C.GCC 40.CQC 50.000 6 0 . 0 0 0  1 0 . 0 0 0  A0.COC 9O.COO IO0.CCC 1IC.CCC 12C.CCC 

130.COC 14C.CCC 15C.CCC lbO.CC0 1 1 0 . 0 0 0  180.000 19C.000 2OC.COC 

I h l f R V A L  1 2 3 4 5 6 7 8 9 1C I 1  1 2  1 3  1 4  I 5  I t  1 1  I@ 1 9  2 0  
CLASS 

c o p p e r  P L ~ I P L N  - I.>C ~ n x l r i r  - 3.00 

hl l? f iER C F  L d l b  P C l h l S  = 7 3 2  

F L L L C h l N C  t I S I O C R P 8  V b L l I E !  C C h V E l l E C  1C L C G S  

1 4  
I ?  1 1  

1 2  I .  
I. I . * I  
1 c  * * 1 b 1  
G * .  I * ,  

P * I . * * *  
7 $ * 0 + * a 4  
6 * 1 .  . . a *  
5 . * * . . , * .  
4 1 * * 1 . 1 * 1 * 1  

3 * * . 1 1 . * 1 1 *  

2 * * * * 1 . 1 * 1 . *  
1 1 * * * * .  * . , . . *  

I N l t P Y A l  1 2 3 4 5 h 7 P 9 1C 1 1  1 2  1 3  1 4  I 5  I t  1 7  I@ 1 9  2 0  
c L n $ s  



46 Laad 
M I N I F L P  = 5.OC P L X I H L L  - 70.00  Table 8 - continued 

hUHBFR O F  C d T b  P G l h l S  7 3 P  

P f R C E h l  SPPPLES I N  CLASS I h l F R V I L S  
1 .558 2C.664 36.247 25.406 1 0 . 0 4 0  3.044 0 .A13 C.474 0 .407 C.136 0 .136 0 .136 
0.0 C.068 O.Ot8 0.C 0.0 0.0 0.0 0.0 

1 0  - 1 5  C 
0 5  - 9C C 
9 0  - 9 5  C 
1 5  - I C G  C 

Lead N I N l P L L  = 7 8  A = 1.85 

h i H b t H  C b  C b l A  P O I N T S  . 7 3 8  

PCRCENT S A M P L I S  I N  L L P S S  I h l E R Y I L S  
3 . 1 1 1  C.C 0.0 0.C 38.211 0 . 0  0.136 3 4 . 0 1 1  0.0 0 . 0  16.8C2 4 .818 
C - C  1.22C C . 4 C l  C.542 0 . 2 1 1  0.0 0 . 2 1 1  0 . 1 3 6  

I N T E R V A L S  
0 . 0 3 2  C.885 0 .939 C.593 1 .046 1.100 1 .154 I . 2 C 7  1 . 2 h l  1 .315 1 .368 1.422 
1 . q l 6  1.¶2'? 3 1 .637 1.690 1 1.798 1.891 

FOLLOUING C I S l O G R b N  V b L U E ?  C C N V E R l E 0  TO L G G S  

FRFCUENCY 3 0 0 0 3 8  0 0 3 6  0 0 1 6  4 0 I 0 C C 0 0 0 



zinc PINILL? - 1 5 . 6 ~  r n r l ~ ~ r  = 2eo.00 

~nr, L . 4  l r  C A l b  P C I N T S  u 1 3 8  

C - 2C 2 
2C - 4C 2 1  
4C - hC 2 5 3  
6 0  - e 0  1 9 8  
ac - I C C  l ! e  

LOC - I 2 C  4 5 
2  - I L C  2 e  
1 4 C  - I t 0  17 
1 6 0  - l a c  I C 
1 8 0  - 2CC 5  

Zinc * I h l V L r  r 1.7L P A l l P L P  2.49 

)UI,MOFR L F  c e l d  PCI*ITS = ~ J F  

PFRCFhT SAMPLES I h  CLASS I h l t R V A L S  
0 . 2 1 1  C.C 0.0 C.136 0 . 2 1 1  1.084 4 . 2 0 1  6.504 20 .732 l T . 4 e O  1 2 . 3 3 1  6.800 

13 .21V q . 2 0 1  3 . 7 r 4  2 .3C4 2 .575 0 . 5 4 2  0 . 6 1 8  0 .613 

F U L L O L I N G  h I S I C G R B P  VALUES C C h V E R l E O  1C LCCS 



Table 9 

Cumula-five Frequency Curves for Copper. P lo t ted  on 5 cycle X IQ d lv ls ions  Semi- 
Ilogari*kmic Grid.  Shows Threshold and Anomalous Values. Atomic Absorption Data, 

Stream Sediment Samples, White River  Area, Alaska. 
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Tab le  LO 

Cumulat ive Frequency Curves, Z i nc  and Lead. P l o t t e d  on  5 c y c l e  X I Q  d i v i s i o n s  
Semi-Logarithmic Gr id .  Shows Threshold and Anomalous Values. Atomic Absorp t ion  

Data, Stream Sediment Samples, White R i v e r  Area, Alaska. 

anomalous value 

threshold value 

c 
0 .- - - - 
h. 
0 
a 

f 
82 l o  - 

0 20 40 6 0  8 0  100 

Cumulative percent o f  samples, Zinc 

anornulou~ vcslue 

threshold value 

0 20 4 0 60 8 0 100 

Cumulative percent of samples, Lead 



The copper anomaly i n d i c a t e d  by samples 3, 7,  8 ,  and 9  i n  t h e  n o r t h e a s t  co rne r  of t h e  map 
( f ig  2A) i s  r e l a t e d  t o  a  known copper p rospec t  i n  t h e  b a t h o l i t h  t o  t h e  n o r t h .  Sample 329, 
a t  t h e  head of Midd leForkof  White River ,  c o n t a i n s  1000 ppm copper and was c o l l e c t e d  below 
a  copper p rospec t  r epor t ed  by Mof f i t  and Knopf (1910, p  55) .  Th i s  p rospec t  i s  d i scussed  
under "Economic Geology1'. Samples 448 and 457, on Flood Creek ( f i g  2D), a r e  anomalous i n  
copper.  The surrounding rock i s  l aye red  amygdaloidal  b a s a l t  w i th  o c c a s i o n a l  ma lach i t e  
s t a i n s  on f l o a t .  Samples 585 and 594 through 597,  on Sheep Creek ( f ig  ZD), a r e  anomalous 
i n  z i n c .  Snow cover  prevented  bedrock obse rva t ions .  Capps (1916, p  124) r e p o r t s  a  copper 
p rospec t  a t  t h e  head of Sheep Creek. H i s  d i s c u s s i o n  i s  a b s t r a c t e d  i n  t h e  economic geology 
s e c t i o n  of t h i s  r e p o r t .  The n i c k e l  anomaly i n d i c a t e d  by samples 665, 668, and 670 on Holmes 
Creek ( f ig  2B) i s  probably  r e l a t e d  t o  t h e  p e r i d o t i t e  ( h a r z b u r g i t e )  s i l l  i n  t h e  s l o p e  above 
them. The h igh  n i cke l / coppe r  r a t i o  ( t h e  maximum is  5.6; t a b l e  6) i n  t h e s e  samples i n d i c a t e s  
t h a t  s i g n i f i c a n t  amounts of copper a r e  not  t o  b e  expected  i n  t h e  s i l l .  A p i e c e  of f l o a t  
from t h e  s i l l  con ta in ing  v i s i b l e  s u l f i d e s  assayed 730 ppm n i c k e l  and 240 ppm copper.  The 
low n i c k e l  a s s a y  from t h e  rock (average  n i c k e l  c o n t e n t  f o r  u l t r a m a f i c s  is  1200 ppm accord- 
i ng  t o  Hawkes 1,1963, p  370] ) ,  combined w i t h  t h e  h igh  n i cke l / coppe r  r a t i o  may mean t h a t  t h e  
n i c k e l  i n  s t r eam sediments  i s  de r ived  from rock  s i l i c a t e s  r a t h e r  t h a n  s u l f i d e s .  However, 
only  one sma l l  p i e c e  of rock was sampled, and i t  cannot be  cons idered  r e p r e s e n t a t i v e  of t h e  
s i l l .  The p o s s i b i l i t y  of n i c k e l  s u l f i d e s  should  no t  b e  d i scoun ted .  

A number of samples ( f ig  2B, 20)  a r e  anomalous i n  niobium, lanthanum, boron,  barium, and 
co 'ba l t ,  chromium, n i c k e l .  These anomalies may be  r e l a t e d  t o  minor occur rences  of n a t i v e  
copper and copper s u l f i d e s  i n  t h e  amygdaloidal  b a s a l t s  nea r  White R ive r .  

Krauskopf (1967, p  588) s t a t e s  t h a t  of f o u r  rock  series s t u d i e d ,  s t r o n t i u m  i s  h i g h e s t  i n  
a n d e s i t e s .  The s t ron t ium anomalies i n  samples 109,  123,  125,  129,  and 132 ( f ig  2A) may re-  
f l e c t  t h e  nearby p resence  of a n d e s i t i c  v o l c a n i c  rocks .  

COMPARISON OF FIELD METHODS 

The heavy m e t a l s  f i e l d  test (Appendix I) and t h e  s p e c i f i c  r e a d i l y  e x t r a c t a b l e  copper f i e l d  
test (Appendix I V ) ,  bo th  from Hawkes (19631, show c o n s i d e r a b l e  d i f f e r e n c e  i n  copper de tec-  
t a b i l i t y .  The b a s i c  d i f f e r e n c e s  i n  t h e  t e s t s  a r e  t h e  e x t r a c t a n t s  (pH 8 .5  f o r  heavy m e t a l s ,  
pH 2.0 f o r  copper) ,  and t h e  s o l v e n t s  used i n  p repa r ing  t h e  d i t h i z o n e  s o l u t i o n s  (aromat ic  s o l -  
ven t  such a s  t o l u e n e  o r  xylene  f o r  heavy m e t a l s ;  a l i p h a t i c  s o l v e n t  l i k e  hexane f o r  coppe r ) .  
I n  t h e  heavy me ta l s  test ,  z i n c ,  copper ,  and l e a d  a r e  t h e  p r i n c i p a l  heavy me ta l s  and a r e  mea- 
su red  i n d i s c r i m i n a t e l y  a s  a  group.  The s p e c i f i c  copper t e s t  responds t o  copper on ly .  I n  
t h l s  p r o j e c t , t h e  heavy m e t a l s  t e s t  was r u n  wet and uns ieved under a c t u a l  f i e l d  c o n d i t i o n s  
and t h e  s p e c i f i c  copper t e s t  was run  i n  t h e  l a b o r a t o r y  a f t e r  be ing d r i e d  and screened t o  
minus 80 mesh. Other c o n s i d e r a t i o n s  a s i d e ,  t h e  s p e c i f i c  copper t e s t  i s  probably more rel i -  
a b l e  because  of b e t t e r  c o n t r o l l e d  c o n d i t i o n s .  The d a t a  a r e  t a b u l a t e d  i n  t a b l e  6 .  

Table  3  shows t h a t  a l though  t h e  c o r r e l a t i o n  between them i s  low, t h e r e  i s  no t  a  g r e a t  d i f f e r -  
ence i n  t h e  copper d e t e c t a b i l i t y  of t h e  s p e c i f i c  copper f i e l d  t e s t  and t h e  heavy me ta l s  f i e l d  
test when t h e  e n t i r e  popu la t ion  of samples i s  cons ide red .  For t h i s  c a s e  t h e  heavy m e t a l s  t e s t  
appears  t o  i n d i c a t e  t h e  presence  of copper s l i g h t l y  b e t t e r  t h a n  t h e  s p e c i f i c  copper t e s t .  

However, f o r  t h e  popu la t ion  of samples above th re sho ld  v a l u e  i n  copper ,  t h e  s p e c i f i c  copper 
test i s  a  b e t t e r  d e t e c t o r  of copper t h a n  t h e  heavy me ta l s  t e s t ,  a s  shown i n  t a b l e  4. For t h e  
t a b u l a t i o n s  i n  t a b l e  4 , t h e  va lue  of 5 mi l l i l i t e r s  dye t o  i n d i c a t e  t h r e s h o l d  was chosen based 
upon expe r i ence  i n  t h e  f i e l d  and i n s p e c t i o n  of background and th re sho ld  v a l u e s  i n  t a b l e  6 .  



CONCLUSIONS 

The r e s u l t s  t a b u l a t e d  on t a b l e  6  and shown i n  t a b l e s  3 and 4 demonst ra te  t h a t  t h e  s p e c i f i c  
copper test i s  a  b e t t e r  i n d i c a t o r  of anomalous v a l u e s  of copper i n  t h e  p r o j e c t  a r e a  t h a n  
t h e  heavy me ta l s  test. The e f f e c t  of d ry ing  and s i e v i n g  t o  minus 80 mesh i n  t h e  s p e c i f i c  
copper t e s t  is  unknown, b u t  i t  may b e  presumed t h a t  uniform c o n t r o l  of p a r t i c ' ?  s i z e  i n  
t h e  samples would l ead  t o  more c o n s i s t e n t  r e s u l t s .  

I n s p e c t i o n  of t h e  r a t i o s  i n  t a b l e  6  shows t h e  c o r r e l a t i o n  between t h e  heavy me ta l s  f i e l d  
test and t o t a l  me ta l  con ten t  is b e t t e r  f o r  l ead  t h a n  f o r  e i t h e r  copper o r  z i n c .  Table  6  
a l s o  shows t h a t  i n  t h e  sample popu la t ion  a s  a  whole t h e r e  i s  g e n e r a l l y  no t  a  sympa the t i c  
c o r r e l a t i o n  of n i c k e l  and copper.  

G U I D E S  F O R  E X P L O R A T I O N  

Geochemistry i s  a  u s e f u l  e x p l o r a t i o n  t o o l  i n  t h e  p r o j e c t  a r e a :  minor occur rences  of cop- 
pe r  a r e  o f t e n  i n d i c a t e d  by th re sho ld  and anomalous v a l u e s  ob ta ined  by bo th  t h e  heavy me ta l s  
t e s t  and t h e  s p e c i f i c  copper t e s t .  The s p e c i f i c  copper test is  a  b e t t e r  e x p l o r a t i o n  method 
f o r  copper than  t h e  heavy me ta l s  t e s t .  

The s t r o n g e s t  copper m i n e r a l i z a t i o n  observed i n  t h e  a r e a  is  c h a l c o p y r i t 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  p l u t o n  and t h e  gabbro p l u t o n  near  Beaver Creek ( n o r t h e a s t  corner f i g  2 A ) .  The in-  
t e r s e c t i o n  of s t r o n g  n o r t h e a s t ,  nor thwest ,  and no r th - t r end ing  l ineaments  i n  t h e  a r e a  and t h e  
h i g h l y  f r a c t u r e d  n a t u r e  of t h e  i n t r u d e d  matasediments add i n t e r e s t  t o  t h e  a r e a  a s  a  p o s s i b l e  
t a r g e t  f o r  e x p l o r a t i o n .  Stream sediment samples 61, 62,  63, 84 ,  137,  and 138 ( f ig  2 A )  a r e  
above th re sho ld  v a l u e  i n  copper,  b u t  t h e r e  a r e  no anomalous samples .  The minor q u a n t i t i e s  
of s u l f i d e s  observed were most ly  f r e s h  and unoxidized.  This  could mean t h a t  t h e  s u l f i d e s  
a r e  not  be ing leached,  e p i g e n t i c  copper i s  no t  be ing r e l e a s e d  i n t o  s t r eams ,  and consequent ly  
t h e r e  is  not a  geochemical  anomaly. 

The most p e r s i s t a n t  geochemical  anomaly i s  t h e  z i n c  anomaly on Sheep Creek,  i n  t h e  s o u t h  cen- 
t r a l  a r e a  of t h e  map ( f ig  21)). Capps (1916, p  124) d i s c u s s e s  a  copper p rospec t  a t  t h e  head 
of Sheep Creek, bu t  snow prevented  bedrock obse rva t ions  f o r  t h e  c u r r e n t  p r o j e c t .  

I n  s p i t e  of t h e  appa ren t  l a c k  of n i c k e l  and copper i n  t h e  s e r i c i t i z e d  p e r i d o t i t e  s i l l  on 
Holmes Creek ( f i g  Z B ) ,  i t  i s  noteworthy because  of i t s  s i m i l a r i t y  t o  a  nickel-copper-bearing 
s i l l  nearby i n  Canada. According t o  F ind lay  (1968, p  4 3 ) ,  Hudson Bay Mining and Smel t ing  
Company i s  developing a  nickel-copper orebody ( t h e  Wellgreen P rope r ty )  i n  a n  u l t r a m a f i c  s i l l  
( d u n i t e ,  s e r p e n t i n i z e d  p e r i d o t i t e ,  f e l d s p a t h i c  p e r i d o t i t e )  on Q u i l l  Creek,  e i g h t  road miles 
w e s t  of t h e  Alaska Highway a t  m i l e  1111. A t  l e a s t  737,000 tons  of o r e  averaging 2.04 per- 
c e n t  n i c k e l  and 1.42 pe rcen t  copper have r e p o r t e d l y  been o u t l i n e d .  A l so ,  on White River  
approximate ly  t h r e e  m i l e s  from where i t  i s  c rossed  by t h e  Alaska Highway, a  nickel-copper 
d e p o s i t  s i m i l a r  t o  t h e  Wellgreen P rope r ty  is  repor t ed  t o  have 550,000 t o n s  averaging 1.68 
pe rcen t  n i c k e l  (Findlay ,  1968, p  39 ) .  

Niobium and c o b a l t  anomalies may be  a s s o c i a t e d  wi th  minor occur rences  of n a t i v e  copper and 
copper s u l f i d e s  i n  t h e  a l t e r e d  amygdaloidal  b a s a l t s  nea r  White River .  A weaker a s s o c i a t i o n  
of copper m i n e r a l i z a t i o n  wi th  n i c k e l  and chromium anomalies may b e  i n f e r r e d .  
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APPENDIX I1 

L a b o r a t o r y  P r o c e d u r e  f o r  Atomic A b s o r p t i o n  D e t e r m i n a t i o n  of 
Copper,  Lead,  and Z i n c  i n  Geochemical  Samples 

The T e c h t r o n  AA-4 u n i t  used i n  t h e  D i v i s i o n  l a b o r a t o r y  is  equipped w i t h  a d e v i c e  f o r  
d i r e c t  r e a d o u t  of d a t a ,  e l i m i n a t i n g  hav ing  t o  form a n a l y t i c a l  c u r v e s  from s t a n d a r d s  
each  t ime.  Because of t h i s  f e a t u r e  and t h e  n a t u r e  of  t h e  needs  of geochemica l  d a t a ,  
v a l u e s  s h o u l d  b e  r e p o r t e d  a t  even  5 pprn i n t e r v a l s  above 5 ppm, and 1 pprn i n t e r v a l n  
below 5 ppm. 

LOWER LIMITS OF ANALYSIS 

The p r o c e d u r e  d e s c r i b e d  h e r e  w i l l  r o u t i n e l y  y i e l d  t h e  f o l l o w i n g  lower  l i m i t  of anal - -  
y s i s  f o r  t h e  t h r e e  e l e m e n t s :  

Cu - 1 ppm Pb - 5 ppm Zn - 1 ppm 

The above l i m i t s  c o u l d  b e  lowered f o r  p a r t i c u l a r  n e e d s ,  b u t  r o u t i n e  geochemica l  anal-- 
y s e s  would n o t  r e q u i r e  b e t t e r  s e n s i t i v i t y .  The l e a d  a n a l y s i s  u s e s  a  5x s c a l e  expan-  
s i o n  on  t h e  a t o m i c  a b s o r p t i o n  u n i t .  No s c a l e  expans ion  i s  u s e d  f o r  z i n c  o r  c o p p e r .  

SPECIFIC PROCEDURE 

M a t e r i a l  must b e  oven d r i e d  and s c r e e n e d  t o  y i e l d  minus 80 mesh m a t e r i a l  f o r  t h e  anal- .  
y s i s .  

1. To a c u l t u r e  tube ,add  2  - 3 m l  of  conc.  HC1.  

2. Weigh and add t o  t h e  a c i d  2.00 f 0 . 0 1 ~  of sample .  wash sample  i n t o  t u b e  with a b o u t  
2 m l  more HC1.  

3. When a l l  r e a c t i o n  s t o p s ,  p l a c e  t h e  t u b e  i n  a n e a r - b o i l i n g  w a t e r  b a t h  (watch f o r  
and remove from h e a t  i n  c a s e  of v i g o r o u s  r e a c t i o n )  f o r  10 m i n u t e s  o r  u n t i l  r eac -  
t i o n  s t o p s .  

4. Add aqua  r e g i a *  t o  h a l f - f i l l  t h e  t u b e .  

5 .  Add 4  - 6 g r a i n s  of s o l i d  KMnC4 a s  a n  o x i d i z e r .  

6 .  When t h e  KMnG4 i s  d i s s o l v e d ,  cap  t h e  t u b e  and s h a k e  u n t i l  a l l  sample  i s  removed 
from t u b e  bottom. 

7. Loosen cap and d i g e s t  i n  n e a r - b o i l i n g  w a t e r  b a t h  f o r  4Q m i n u t e s .  

*This  aqua r e g i a  r e a g e n t  is formed by one  p a r t  c o n c e n t r a t e d  H N 0 3 ,  f o u r  p a r t s  conc.  
HC1, b o i l e d  u n t i l  n e a r l y  c l e a r  and d i l u t e d  t o  1 / 2  w i t h  d e i o n i z e d  H2O. 



8.  Bring a n a l y t e  volume t o  20 m l  w i t h  de ion ized  Hz0 by f i l l i n g  t h e  t u b e  t o  a  l e v e l  
one-half way up on t h e  of t h e  c u l t u r e  t u b e .  When l i q u i d  i s  c o o 1 , t h e  volume 
w i l l  be  ve ry  c l o s e  t o  20 m l .  

9. T igh ten  t h e  c u l t u r e  t u b e  cap and a g a i n  shake t o  mix wa te r  and remove sample from 
bottom of t h e  t u b e .  

10. C e n t r i f u g e  a t  800-900 RPM f o r  10  minutes ;  by u s e  of a d a p t o r s , l 6  samples c a n  be 
c e n t r i f u g e d  s imul taneous ly .  

11. Read by AAS. 

12. Report  v a l u e s  t o  t h e  n e a r e s t  5 ppm. 

APPENDIX 111 

Labora to ry  Procedure  f o r  Atomic Absorp t ion  De te rmina t ion  of 
Read i ly  E x t r a c t a b l e  Copper 

1. Take one l e v e l  s c o o p f u l  of sample ( d r i e d  and s i e v e d  t o  minus 80 mesh) by a 
Coors J 29 spoon (average  we igh t  .24  g)  and p u t  i n t o  a  c u l t u r e  t u b e .  (Take 
s i x t e e n  samples a t  o n c e , )  

2. Add f i v e  m i l l i l i t e r s  of amn~onium c i t r a t e  s o l u t i o n .  

3. Cap, t h e n  shake  50 t imes ,  two peop le  h o l d i n g  f o u r  t u b e s  i n  each hand. 

4. C e n t r i f u g e  f o r  one minute .  Elapsed t ime  approx imate ly  two minutes .  

5. Read on a tomic a b s o r p t i o n  spec t ropho tomete r .  

Standard s o l u t i o n  of copper  was made u s i n g  t h e  same m a t r i x  of ammonium c i t r a t e .  
S o l u t i o n s  were s t a n d a r d s  of .1 ppm, .4 ppm, .7 ppm, and 1 ppm. 



APPENDIX I V  

Labora to ry  Procedure  f o r  De te rmina t ion  of R e a d i l y  
E x t r a c t a b l e  Copper by D i t h i z o n e  F i e l d  T e s t  Using Hexane 

D i t h i z o n e  S o l u t i o n  

Weigh o u t  0.01 gram of  d r y  d i t h i z o n e  c r y s t a l s ,  t h e n  add t o  100 mi l l i l i ters  s f  
xy lene .  D i s s o l v e  f o r  one hour .  

Keep s t o c k  s o l u t i o n  i n  a  brown p l a s t i c  b o t t l e  away from l i g h t  t o  reduce  o x i d a t i o n .  

Add s t o c k  s o l u t i o n  t o  hexane i n  a  p r o p o r t i o n  of  1 : 9 .  Keep i n  a  brown p l a s t i c  b o t t l e  
a l s o .  

Copper E x t r a c t a n t  

Add 250 grams of ammonium c i t r a t e  and 250 m i l l i l i t e r s  of  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  t o  one l i t e r  of i o n i z e d  w a t e r  and shake t i l l  d i s s o l v e d .  

F i e l d  Procedure  

1. Measure one l e v e l  s c o o p f u l  (Coors J 29,  a v e r a g e  we igh t  .24 gram) i n t o  a c u l t u r e  
tube.  

2. Add 5 m i l l i l i t e r s  of e x t r a c t a n t .  

3. Add one mi l l i l i ter  of d i t h i z o n e .  

4. S top  and shake  b r i s k l y  50 times o r  u n t i l  d i t h i z o n e  s o l u t i o n  i s  r e d ,  whichever 
o c c u r s  f i r s t .  

5. Observe c o l o r  of s o l u t i o n .  I f  g reen ,  r e c o r d  " 0 " .  I f  end p o i n t  h a s  n o t  been 
reached ,  r e p e a t  shakeou t ,  add ing  s o l u t i o n  i n  inc rements  o f  2, 4 ,  and 4 u n t i l  
b l u e  o r  blue-gray end p o i n t  i s  reached.  

6. Record t o t a l  volume of dye added. I f  end p o i n t  was o v e r s h o t ,  i n t e r p o l a t e  t h e  
recorded  va lue .  



APPENDIX V 

D i t h i z o n e  F i e l d  T e s t  f o r  Heavy Meta l s  

F i e l d  P rocedure  

1. Measure one l e v e l  s c o o p f u l  ( 0 . 1  t o  0.2 c c )  of sample, and t a p  i n t o  gradua-ted 
c y l i n d e r .  

2 .  Add 5 m l  of e x t r a c t a n t  ( s e e  Extr-HFI below) t o  5 m l  mark. 

3. Add 1 m l  of d i t h i z o n e  s o l u t i o n  ( s e e  Dz-HM below).  

4. I n s e r t  s t o p p e r  and shake  brisk].)  50 t imes  o r  u n t i l  t he  d i t h i z o n e  s c l u t i o n  i s  
r e d ,  whichever  o c c u r s  f i r s t .  

5. Allow d i t h i z o n e  s o l u t i o n  t o  c o l l e c t  a t  s u r f a c e  of l i q u i d  and o b s e r v e  c o l o r .  
I f  g r e e n ,  r e c o r d  0 ;  i f  b l u e ,  o r  b lue-gray,  r e c o r d  1 ;  and i f  p u r p l e  o r  r e d ,  
proceed w i t h  s t e p  6 .  

6 .  Add 1  m.1 more of d i t h i z o n e  s o l u t i o n  and s h a k e  b r i s k l y  50 t imes  o r  u n t i l  s o l u -  
t i o n  is r e d ,  whichever  o c c u r s  f i r s t .  I f  c o l o r  is b l u e ,  r e c o r d  2; i f  p u r p l e  
o r  r e d ,  r e p e a t  t h e  shakeout  add ing  d i t h i z o n e  s o l u t i o n  i n  i n c r e m e n t s  of 2 ,  4 ,  
4,  and 4, u n t i l  b l u e  o r  b lue-gray end p o i n t  i s  r e a c h e d .  Record t o t a l  volume 
of d i t h i z o n e  s o l u t i o n  needed.  I f  t h e e n d  p o i n t  i s  o v e r s h o t ,  t h e  r ecorded  v a l u e  
may b e  i n t e r p o l a t e d .  

7 .  I n  t h e  f i e l d  p r o c e d u r e ,  t h e  ti.me and v i g o r  of t h e  shakeou t  shou1.d b e  t h e  same 
f o r  a l l  d e t e r m i n a t i o n s .  

Heavy-Metal E x t r a c t a n t  (Extr-HM) 

A f i v e  t i m e s  s t r e n g t h  ammonium c i t r a t e  s o l u t i o n  t o  be  d i l u t e d  4 : l  w i t h  m e t a l - f r e e  
wa te r  f o r  f i e l d  u s e .  

D i t h i z o n e  S o l u t i c n s  

1. C a r e f u l l y  weigh o u t  0 .01  g of d r y  d i t h i z o n e  c r y s t a l s .  

2 .  Add t o  100 n i l  of t o l u e n e  (Lenzeric, x y l e n r ,  c h l o r o f o r m ,  o r  c a r b o n  t e t r a c h l o r i d e  
may b e  ~ u b s t i t u t a d ) ,  and a l l o w  a b o ~ . t  a n  hour t o  d i s s o l v e .  T h i s  is t h e  s t o c k  
s o l u t i o n  from which t h e  f i e l d  d i t h i z o n e  s o l u t i o n s  f o r  b o t h  t h k  heavy-metal  and 
copper t e s t s  a r e  p r e p a r e d .  

3 .  Add stock. s o l u t i o n  t o  t o l u e n e  x y l e n e  o r  benzene i n  a p r o p o r t i o n  of 1 : 9 .  T h i s  
i s  t h e  f i e l d  d i t h i z o n e  s o l u t i o n  f o r  t h e  heavy-metal  test (Dz-HM). It shou ld  b e  
p r o t e c t e d  from h e a t  and l i g h t .  

Genera l  Notes 

Z inc ,  copper ,  and l e a d  a r e  t h e  p r j n c i p a l  heavy m e t a l s ,  measured (a.s a  g r o u p ) ,  i n  t h i s  
test .  The s e n s i t i v i t y  of t h e  d . e t e r m i n a t i o n  of z i n c  i s  c o n s i d e r a b l y  h i g h e r  t h a n  that :  
of e i t h e r  copper  o r  Lead. 



Poor Reproducibi l . i ty  of Data 

F a i l u r e  t o  reproduce  r e s u l t s  may be due e i t h e r  t o  v a r i a b i l i t y  i n  t h e  samples or t o  
l a c k  of s t a n d a r d i z a t i o n  of t h e  a n a l y t i c a l  technique .  Non-reproducible a n a l y t i c a l  
d a t a  i n  presumably i d e n t i c a l  samples may appear  a s  a  r e s u l t  of a  v a r i e t y  of f a c t o r s .  
A sample h igh  i n  o rgan ic  m a t t e r  no t  uncommonly con ta ins -a  much h ighe r  c o n c e n t r a t i o n  
of me ta l  t han  a  non-organic sample from t h e  same l o c a l i t y .  Another e f f e c t  i s  t h a t  
t h e  o rgan ic  m a t t e r  i n  t h e  sample may cause  a  s p u r i o u s l y  h igh  r ead ing  due  t o  p a r t i a l  
f ad ing  of t h e  d i t h i z o n e .  Clay-sized m a t e r i a l  normally c o n t a i n s  a  h i g h e r  concentra-  
t i o n  of me ta l  t han  c o a r s e r  m a t e r i a l ;  t h u s , v a r i a b i l i t y  i n  g r a i n  s i z e  of a  sample can  
lead t o  poor r e p r o d u c i b i l i t y .  These e f f e c t s  can  b e  reduced by r e ~ t r i c t i r ~ g  samples 
s o  f a r  a s  poss ib l e  t o  r a t e r i a l  w i th  t h e  same g r a i n  s i z e  and t h e  same conter,t of or- 
g a c i c  ma t t e r .  I f  p a r t i c l e s  of m i n e r a l s  l i k e  ma lach i t e  t h a t  c o n t a i n  t h e  m e t d  a s  a  
donlinarlt c o n s t i t u e n t  occhr  i n  t h e  sample,  a  random v a r i a t i o n  i n  tho  number of such 
p a r t i c l e s  w i l l  cause  wide v a r i a t i o n s  j n  r epor t ed  v a l u e s  of conta ined me ta l .  Th i s  
e f fec t  can  b e  reduced by f i n e  s i e v i n g .  

The p r i n c i p a l  a n a l y t i c a l  sou rce  of e r r o r  i n  t h e  d i t h i z o n e  f i e l d  t e s t s  is  i n  s tand-  
a r d i z i n g  t h e  t ime of shaking.  The so -ca l l ed  "ex t r ac t ab le"  me ta l  c o n t e n t  of a  sam- 
p l e  i s  no t  an  a b s o l u t e  q u a n t i t y .  It i s  normally g r e a t e r  t h e  longe r  t h e  e x t r a c t i o n s  
s t a y  i n  c o n t a c t  w i t h  t h e  sample. I h u s  t h e  t ime between t h e  beginning of t h e  e x t r a c -  
t i o n  and t h e  t ime t h e  c o l o r s  a r e  e s t ima ted  i s  ve ry  c r i t i c a l  and should b e  c a r e f u l l y  
s t anda rd ized .  Another sou rce  of a n a l y t i c a l  e r r o r  conies from t h e  ye l lowing and fad- 
i ng  of t h e  d i t h i z o n e  s o l u t i o n .  A s  t h e  s o l u t i o n  d e t e r i o r a t e s ,  t h e  v a l u e s  a s  r ead  
tend t o  become p r o g r e s s i v e l y  g r e a t e r .  S tock s c l u t i o n  i s  cons ide rab ly  more s t a b l e  
than  t h e  more d i l u t e  f i e l d  s o l u t i o n .  

E x t r a c t i o n  of Meta l  from Sample 

The f i r s t  reac . t ion  i n  bo th  t h e  heavy-metal and t h e  copper tes t :  i s  t h e  ex t r ac t i . on  of 
t h e  me ta l  out  of t h e  so1i.d sample and i n t o  t h e  aqueous s o l u t i o n .  T h i s  r e a c t i o n  
s t a r t s  a s  soon ts  t h e  e x t r a c t a n t  f i r s t  comes i n  c o n t a c t  w i th  t h e  a m p l e .  I n  t h e  
heavy-metal. t e s t ,  t h e  ex t r ac t a .n t  is  a  s l i g h t l y  a l k a l i n e  s o l u t i o n  of ammonium c . i t r a t e .  
T h i s  r eagen t  w i l l  s o l u b i l i z e  a  l a r g e  f r a c t i . o n  of t h e  me ta l  he ld  by ion-exchange f o r -  
ce s  on t h e  s u r f a c e  of p a r t i c l e s  of o rgan ic  m a t t e r  and c l a y  m i n e r a l s ,  and a  l .esser 
f : r a c t i o n  of t h e  metal. conta ined i n  f r e s h l y  p r e c i p i t a t e d  l i m o n i t e .  Metal he ld  i n  
r e s i d u a l  and d e t r i t a l  mine ra l s  i s  removed v e r y  s lowly  and incomple te ly .  

LABORATORY NOTES - 1 4  
PAUL L. ANDERSON AND 
ROBERT PELZ 
MAY 29 ,  1969 

Di th i zone  F i e l d  T e s t  - Some Sugges t ions  

During t h e  cour se  of l a b o r a t o r y  work on v a r i o u s  geochemical procedures  some p e r t i n e n t  
f a c t o r s  about  t h e  di . thizone f i e l d  test r e s u l t e d .  The foll.owing a r e  comments on t h e  
v a r i a t i o n s  ob ta ined  and some sugges t ions  a s  t o  how t o  reduce  t h e  v a r i a t i o n  and o b t a i n  
g r e a t e r  conf idence  i n  t h e  method. 

Each geochem k i t  should c o n t a i n  e i t h e r  a  s o l u t i o n  wi th  known z i n c ,  o r  a  s t anda rd  sed i -  
ment sample t h a t  c o n t a i n s  e x t r a c t a b l e  z inc ,  t h a t  can b e  used t o  t e s t  t h e  dye s o l u t i o n .  
We have prepared  such m a t e r i a l s  f o r  your use.  



Under t h e  b e s t  of c o n d i t i n n s , t h e  f i e l d  t e s t  i s  n o t  h i g h l y  r e p r o d u c i b l e .  On a  num- 
b e r  of  samples  w i t h  up t o  t e n  t i t r a t i o n s  e a c h ,  t h e  s t a n d a r d  d e v i a t i o n s  a v e r a g e d  
a b o u t  2  m l  w i t h  r a n g e  o i  a b o u t  50% of t h e  v a l u e .  T h e s e  v a l u e s  were  o b t a i n e d  i n  
t h e  l a b o r a t o r y  u n d e r  n e a r l y  i d e a i  c o r ~ d i t i o n s .  We have f c u n d  that: 

1 )  The nuniber of  s t r o k e s ,  s p e e d ,  rhythni ,  and v i g o r  o f  s h a k i n g  c o n s t i t u t e  major  
v a r i a b l e s .  These  f a c t o r s  must br: r i . g i d l y  s t a n d a r d i z e d  f o r  best .  r e p r o d u c i b i l i t y .  
Shake s l o w l y ,  f o r  50 s t r o k e s ,  c o u n t i n g  e a c h  down-stroke.  

2 )  The end-poin t  s h o u l d  b e  o b s e r v e d  i n  b r i g h t  l i g h t  away from c o l o r e d  o b j e c t s .  Ob- 
s e r v i n g  t h e  end-poin t  a g a i n s t  a  w h i t e  p a p e r  i s  p r o b a b l y  b e s t .  

3) Evident1.y some o r g a n i c  m a t t e r  c a n  c o m p l e t e l y  b l e a c h  t h e  d y e  t o  c o l o r l . e s s .  I n  
t h o s e  c a s e s ,  t h e  sample  i s  j u s t  n o t  amenable  t o  t h i s  test .  

4 )  I n  some c a s e s , t h e  dye  d o e s  n o t  s e p a r a t e  from t h e  mud-water m i x t u r e  and t h e  d y e  
c o l o r  c a n n o t  b e  s e e n .  I n  s u c h  i n s t a n c e s , t h e  s a n ~ p l e  c a n  b e  hand c e n t r i f u g e d  by 
s w i n g i n g  t h e  c y l i n d e r  on  t h e  end of  a  s t o u t  f i s h i n g  l i n e  ( w i t h  a  s w i v e l ) .  T h i s  
is, o f  c o u r s e ,  cumbersome b u t  i t  d o e s  f a c i l i t a t e  h a n d l i n g  cer t . a i r i  d i f f i c u l t  
samples .  

5) C o n t a m i n a t i o n  from t h e  sample-spoon, d i r t y  c y l i n d e r ,  and f i n g e r s  is a  s e r i o u s  
problem. Wash t h e  c y l i n d e r ,  s t o p p e r ,  and spoon  t h o r o u g h l y .  Never t o u c h  any  
i t e m  w i t h  y o u r  f i n g e r s  t h a t  is  t o  come i n  c o n t a c t  w i t h  t h e  s o l u t i o n s .  A f t e r  
wash ing  t h e  spoon  and s t o p p e r  d o  n o t  wipe  b e c a u s e  o f  t h e  l i k e l i h o o d  of con- 
t a m i n a t i n g  t h e  s o l u t i o n s .  ~ u s t  wash t h o r o u g h l y .  

6 )  Because  of  t h e  v a r i a t i o n  i n  t h e  t e s t ,  whenever c o l o r  from a  sample  i s  found  i t  
may have  geochemica l  s i g n i f i c a n c e .  You s h o u l d  p r o b a b l y  b e  w l l l i n g  t o  r u n  t h o s e  
samples  t h r e e  c r  f o u r  t i m e s  t o  e s t a b l i s h  the aegxee of s i g n i f i c a n c e ,  i . e . ,  t h e  
s p r e a d  and a v e r a g e  v a l u e .  

7 )  Make an e f f o r t  t o  ~ s e  f i n e  sruimeri t  o n l y  wj.Lh a  minimum of o r g a n i c  m a l t e r .  

8) We have  found i t  u s e f u l  d u r i n g  t h e  a n a l y s i s  t o  h a v e  a  c y l i n d e r  o f  f u l l y  t i t r a t e d  
dye  f o r  d i r e c t  end-poin t  compar i sons .  



APPENDIX V I  

A i rpho to  Index,  White River  Area,  Sou th-Cent ra l ,  Alaska 

The c o n t a c t  p r i n t s  l i s t e d  below cover  t h e  map a r e a  of t h i s  r e p o r t  and c a n  b e  o b t a i n e d  
from t h e  U .  S. G e o l o g i c a l  Survey,  Topographic D i v i s i o n ,  F e d e r a l  Cen te r  Bui ld ing  25 ,  
Denver, Colorado 80225. 
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Contac t  p r i n t s :  

Miss ion  

5 1  AM-1, 240 

Exposures 


