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GEOLOGY AND GEOCHEMISTRY AT KONTRASHIBUNA LAKE, 

LAKE CLARK REGION, SOUTHWESTERN ALASKA 

BY 

G i l b e r t  R.  Eak ins  

A B S T R A C T  

M i n e r a l i z e d  a r e a s  a r e  known i n  t h e  Lake C l a r k  r e g i o n ,  b u t  a lmos t  no p r o d u c t i o n  h a s  
r e s u l t e d ,  p a r t l y  because  of d i f f i c u l t  a c c e s s  and p a r t l y  because  of a l a c k  of g e o l o g i c  
i n f o r m a t i o n .  A b r i e f  g e o l o g i c  and geochemical  i n v e s t i g a t i o n  was conducted around t h e  
p e r i m e t e r  of Kont rash ibuna  Lake by t h e  w r i t e r  d u r i n g  t h e  1969 f i e l d  s e a s o n .  A recon-  
n a i s s a n c e  g e o l o g i c  map was made and 230 geochemical  s t r e a m  sediment  and s o i l  samples  
were c o l l e c t e d .  S e v e r a l  copper ,  l e a d ,  and z i n c  anomal ies  were found,  f o u r  of which 
s u g g e s t  more d e t a i l e d  work. St ream sed iment  and s o i l  sampl ing a l o n g  t h e  d r a i n a g e  below 
t h e  Kasna Creek copper  d e p o s i t  was conducted a s  a t e s t  of geochemical  sampl ing p r o c e d u r e s .  

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

PURPOSE 

The p r e s e n c e  of t h e  Kasna Creek copper  d e p o s i t  and o t h e r  p r o s p e c t s  i n  t h e  r e g i o n  prompted 
a s h o r t  g e o l o g i c a l  and geochemical  i n v e s t i g a t i o n  around Kont rash ibuna  Lake t o  h e l p  d e t e r -  
mine i f  a long- term program would b e  w a r r a n t e d .  D e t a i l e d  g e o l o g i c a l  s t u d i e s  o f  t h e  Lake 
C l a r k  quadrang le  have n o t  been made, St ream sediment  samples  were c o l l e c t e d  from t h e  
a c t i v e  s t r e a m  bed and from t h e  banks of Kasna Creek where t h e r e  i s  a known copper  d e p o s i t  
t o  t e s t  sampl ing methods.  



LOCATION AND ACCESS 

Kontrashibuna Lake is  i n  t h e  Lake C l a r k  A-3 and A-4 quadrang les  a b o u t  160 m i l e &  sou thwes t  
of Anchorage (fig 2 )  and 3  m i l e s  e a s t  of P o r t  Alsworth  on Lake C l a r k  (fig 2 ) .  The l a k e  
i s  4 t o  1 m i l e  wide and o c c u p i e s  a  wes t - t r end ing  g l a c i a t e d  v a l l e y  1 4  m i l e s  l o n g  a t  an 
e l e v a t i o n  of 560 f e e t  i n  t h e  Chigmit Mountains of t h e  s o u t h w e s t e r n  p a r t  of t h e  Alaska 
Range. It  i s  i n  t h e  headwaters  of t h e  T a n a l i a n  R i v e r ,  which f l o w s  i n t o  t h e  s o u t h  s i d e  of 
Lake C l a r k  n e a r  P o r t  Alsworth .  

Access  t o  t h e  a r e a  i s  p r i m a r i l y  by a i r  and f o o t ,  a l t h o u g h  b o a t s  can b e  used on Kont rash i -  
buna Lake. Wien Conso l ida ted  A i r l i n e s  h a s  schedu led  f l i g h t s  t o  I l i a m n a  v i l l a g e ,  35 m i l e s  
sou thwes t  of P o r t  Alsworth .  L i g h t  p l a n e s  may be  c h a r t e r e d  t h e r e  f o r  t r a n s p o r t  d i r e c t l y  
t o  t h e  l a k e  o r  t o  a  l a n d i n g  s t r i p  a t  P o r t  Alsworth .  A f o o t p a t h  f o l l o w s  t h e  T a n a l i a n  
Rive r  from P o r t  Alsworth  34 m i l e s  t o  t h e  lower  (wes te rn )  end of t h e  Kont rash ibuna  Lake. 
Game t r a i l s  may b e  fo l lowed  around t h e  l a k e ,  b u t  s t e e p  s l o p e s  and t h i c k  b r u s h  make o t h e r  
t r a v e l  on f o o t  v e r y  d i f f i c u l t .  A 2-mile t r a i l  l e a d s  from t h e  mouth of Kasna Creek t o  a  
copper  p r o s p e c t  n e a r  t h e  head of t h e  c r e e k .  S t .  Eugene Mining Company h a s  begun work on 
a  road  t o  r e p l a c e  t h i s  t r a i l ,  b u t  t h e  road  had n o t  been completed by 1969. 

SURFICIAL FEATURES AND CLIMATE 

Rugged topography n e a r  Kont rash ibuna  Lake (cover  pho to )  is  c h a r a c t e r i s t i c  of t h e  s o u t h e r n  
p a r t  of t h e  Alaska  Range, The l a k e  i s  a t  a n  e l e v a t i o n  of 560 f e e t ,  b u t  summits of t h e  
s u r r o u n d i n g  mountains  r i s e  a b r u p t l y  t o  3000 t o  5000 f e e t .  Approximately 25 m i l e s  west 
of t h e  l a k e ,  I l i a m n a  vo lcano  r e a c h e s  a n  a l t i t u d e  of 10 ,016  f e e t .  G l a c i e r s  and i c e  f i e l d s  
s t i l l  e x i s t  n e a r  t h e  c r e s t  of t h e  r a n g e  n o r t h  and e a s t  of Kontrashibuna Lake, and 
g l a c i a l  s i l t  i s  abundant  i n  l a r g e  s t r e a m s  t h a t  e n t e r  t h e  l a k e .  W a t e r f a l l s  and U-shape 
v a l l e y s  a r e  common. Below 2000 f e e t ,  s p r u c e ,  b i r c h ,  cottonwood, and a l d e r s  a r e  abundan t ,  
b u t  h i g h e r  t e r r a i n  i s  b a r r e n .  Annual p r e c i p i t a t i o n  i s  a b o u t  30 i n c h e s ,  and t h e  mean 
t e m p e r a t u r e  i n  a  4-year p e r i o d  a t  P o r t  Alsworth  was 31.6' F. (War f i e ld  and R u t l e d g e ,  
1951,  p  3 ) .  

PREVIOUS WORK 

E x p l o r a t i o n  n e a r  Kont rash ibuna  Lake and Lake C l a r k  h a s  i n c l u d e d  p r o s p e c t i n g ,  sampl ing ,  
and diamond d r i l l i n g .  M i n e r a l i z e d  ground was f i r s t  s t a k e d  t h e r e  i n  1906. S i n c e  1943,  
t h e  S t ,  Eugene Mining C o r p o r a t i o n ,  L t d , ,  Vancouver,  B . C . ,  has  been i n t e r e s t e d  i n  t h e  
p r o p e r t y  and h a s  done diamond d r i l l i n g .  They have a l s o  done r e g i o n a l  geochemical  sam- 
p l i n g .  Bulk sampl ing and a  l i t t l e  geochemical  sampl ing were done a t  Kasna Creek by t h e  
U .  S. Bureau of Mines i n  1948 (War f i e ld  and Rut l edge ,  1951) .  

P u b l i s h e d  r e p o r t s  concern ing  t h e  Kontrashibuna Lake a r e a  and t h e  Lake C l a r k  r e g i o n  have 
been p r i m a r i l y  of a  r e c o n n a i s s a n c e  n a t u r e .  Reconna i s sance  mapping was done by M a r t i n  
and Katz  (1912) .  T e n t a t i v e  a g e s  were a s s i g n e d  t o  t h e  r o c k s  based on t h e i r  i n v e s t i g a -  
t i o n s  c o v e r i n g  a n  a r e a  between t h e  s o u t h e r n  end of I l i a m n a  Lake t o  t h e  upper  end of Lake 
C l a r k  and from Cook I n l e t  wes t  t o  Lake C l a r k .  They d a t e d  t h e  s c h i s t s ,  q u a r t z i t e s ,  and 
c r y s t a l l i n e  l i m e s t o n e  a l o n g  t h e  lower h a l f  of Kont rash ibuna  Lake a s  P a l e o z o i c ,  The 
l i m e s t o n e  beds a t  Kasna Creek were  c o r r e l a t e d  w i t h  l i m e s t o n e  exposed a t  I l i amna  Lake and 
Lake C l a r k ,  de te rmined  by f o s s i l s  t o  be  T r i a s s i c  i n  a g e .  S t r u c t u r a l  r e l a t i o n s h i p s  i n d i -  
c a t e d  t h e  g r a n i t i c  r o c k s  of t h e  Chigmit Mountains t o  be upper  J u r a s s i c .  Volcan ic  r o c k s  
were  found t o  b e  m o s t l y  J u r a s s i c  and T e r t i a r y  i n  a g e s .  Smith (1917) d i s c u s s e d  t h e  
Kont rash ibuna  Lake a r e a  b r i e f l y  i n  h i s  r e p o r t  on t h e  Lake C l a r k - C e n t r a l  Kuskokwim r e g i o n  





Capps (1935) i n c l u d e d  t h e  Kontrashibuna Lake a r e a  i n  h i s  r e c o n n a i s s a n c e  mapping of t h e  
s o u t h e r n  Alaska Range b u t  d i d  n o t  a l t e r  t h e  geology as mapped by M a r t i n  and Katz (1912).  

Detterman and Reed (1964, 1968) mapped t h e  I l i a m n a  quadrang le  s o u t h  of Lake C l a ~ k  a t  
s c a l e  1:250,000 ( 1  i n c h  = 4 m i l e s ) ,  Detterman and Reed (1965) and Reed (1967) under took 
geochemical  i n v e s t i g a t i o n s  i n  t h a t  quadrang le .  Reed inc luded  geochemical  sampling a long  
Kasna Creek. Radiometr ic  d a t i n g  of p l u t o n s  i n  t h e  r e g i o n  was done by Detterman and Reed 
(1965) and Reed and Lanphere (1969) .  A major  f a u l t  u n d e r l y i n g  Lake C l a r k  was d i s c u s s e d  
by S t ,  Amand (1957) and Ivanhoe (1962) .  Reconnaissance f o r  r a d i o a c t i v e  m i n e r a l s  was 
under taken  by Moxham and Nelson (1952) ,  who examined t h e  p r i n c i p a l  p r o s p e c t s  i n  t h e  Lake 
C l a r k  r e g i o n .  
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R E G I O N A L  S E T T I N G  

Kontrashibuna Lake is  on t h e  nor thwes t  s i d e  of t h e  Ta lkee tna  g e a n t i c l i n e ,  one of t h e  
p r i n c i p a l  g e o l o g i c  s t r u c t u r e s  of t h e  Alaska Range, The g e a n t i c l i n e  h a s  undergone 
i n t e r m i t t e n t  u p l i f t  and e r o s i o n  s i n c e  E a r l y  J u r a s s i c  t ime (Payne, 1955; Reed and Lanphere,  
1969) .  Bedrock i n  t h i s  p a r t  of t h e  r a n g e  c o n s i s t s  of h i g h l y  deformed metasedimentary and 
metavo lcan ic  r o c k s  of P a l e o z o i c  t o  E a r l y  Mesozoic a g e ,  which have been i n t r u d e d  by a  
n o r t h e a s t - t r e n d i n g  b a t h o l i t h  composed mainly  of d i o r i t e  and q u a r t z  d i o r i t e  of J u r a s s i c  t o  
T e r t i a r y  a g e ,  The r o c k s  have a l s o  been i n t r u d e d  by p l u t o n s  of q u a r t z  porphyry ,  grano- 
d i o r i t e ,  and q u a r t z  monzonite,  which a r e  p e r i p h e r a l  t o  t h e  main b a t h o l i t h .  A t  t h i s  l a t i -  
t u d e ,  t h e  Alaska Range i s  bounded by two major  n o r t h e a s t - t r e n d i n g  f a u l t s  c h a r a c t e r i z e d  by 
l a r g e  d i s p l a c e m e n t s .  The Bruin Bay f a u l t  40 m i l e s  e a s t  of t h e  map a r e a ,  s e p a r a t e s  batho- 
l i t h i c  rocks  from sed imenta ry  s t r a t a  of t h e  Cook I n l e t  p r o v i n c e .  The Lake Cla rk  f a u l t ,  
which u n d e r l i e s  Lake Cla rk  immediate ly  west of t h e  map a r e a ,  i s  c h a r a c t e r i z e d  by a  r i g h t  
l a t e r a l  d i sp lacement  of approx imate ly  8 m i l e s  ( Ivanhoe,  1962) .  



M I N E R A L  D E P O S I T S  

Mineralization and hydrothermal alteration in the region are associated mainly 'with small 
badies of quartz porphyry, granodiorite, and quartz monzonite of Cretaceous and Tertiary 
age (Reed, 1967, Reed and Lanphere, 1969). At the Thompson claims on the Kijik River 7 
miles north of Lake Clark, silver, galena, sphalerite, chalcopyrite, and pyrite have been 
found in a shear zone in granitic rock. Near the north end of Iliamna Lake, about 30 to 
50 miles south of the map area magnetite, copper, silver, lead, and zinc have been found 
in limestone and greenstone near intrusive rocks. Placer gold has been found on tribu- 
taries of the Kijik River, and a small amount has been recovered from Portage Creek on 
the west side of Lake Clark (Capps, 1935). South of Kontrashibuna Lake there is a contact 
metamorphic copper-iron deposit in carbonate rocks near an intrusive of granodiorite. 

G E O L O G Y  N E A R  K O N T R A S H I B U N A  L A K E  

GENERAL GEOLOGY 

Stratigraphy and structure in the Kontrashibuna Lake area are open to controversy be- 
cause of a lack of detailed mapping, The present reconnaissance geologic map (fig 2) 
shows relatively large units of predominantly metasedimentary and volcanic rocks, 
smaller units of fragmental volcanic rocks and carbonate strata, and large masses of 
intrusive granitic to granodioritic rock. In the layered and bedded rocks, north-north- 
east strikes and steep west-northwest dips predominate, but top positions are unknown. 
If the rocks are uncomplicated by folding and faulting, the easternmost strata should be 
the oldest. West-dipping fossiliferous carbonate strata exposed near Kasna Creek have 
been considered younger than metasedimentary rocks exposed farther west, If this is so, 
the field relations suggest that the strata either are overturned or have been complexly 
faulted. Close examination of the limestone-volcanic rock contact and the positions of 
the brachiopod valves in the carbonate beds at Kasna Creek might reveal the tops of 
these beds. No attempt is made here to solve this problem, but future prospectors and 
mappers should be aware of it. 

METASEDIMEKTARY ROCKS 

Metamorphosed nonfossiliferous sedimentary rocks exposed at the west end of Kontrashibuna 
Lake (fig 2) are part of a formation mapped as gneisses and quartzitic schists by Martin 
and Katz (1912). This formation is well exposed at Tanalian Mountain and apparently 
underlies at least 9 miles of the northern lake shore and 4 miles of the southern one. 
Fine-grained quartzitic and pelitic schists are characteristic, but the formation also 
contains subordinate crystalline limestone and dolomite, minor basalt sills or flows, and 
fragmental volcanic rocks. Agglomerate exposed west of Tanalian Mountain on Lake Clark 
appears to be interbedded with rocks of this formation, but the stratigraphic position of 
other agglomerate shown on the map is less certain, The strata also are cut by dikes of 



maf ic  t o  f e l s i c  compos i t ion .  E s t i m a t e s  of t h e  a g e  of t h i s  f o r m a t i o n  r a n g e  from pre -  
T r i a s s i c  (Mar t in  and Katz ,  1912,  p  32) t o  Permian o r  younger (Burke,  1965, p  1 3 ) .  

VOLCANIC ROCKS 

Rocks of v o l c a n i c  o r i g i n  a r e  exposed i n t e r m i t t e n t l y  f o r  a t  l e a s t  8 m i l e s  a l o n g  t h e  
s o u t h e r n  s h o r e  of Kont rash ibuna  Lake and a t  i t s  e a s t e r n  end. These r o c k s  a r e  p a r t  of 
a  g e n e r a l i z e d  f o r m a t i o n  mapped a s  p o r p h y r i e s  and t u f f s  by Mar t in  and Katz  (1912) .  On 
t h e  p r e s e n t  g e o l o g i c  map, t h e  f o r m a t i o n  a l s o  i s  g e n e r a l i z e d .  The v o l c a n i c  r o c k s  a r e  
b a s a l t ,  a n d e s i t e ,  f e l s i t e ,  agg lomera te ,  and t u f f ,  b u t  t h e r e  i s  minor d i o r i t e  and gabbro.  
The a g e  of t h e  v o l c a n i c  r o c k s  h a s  been r e p o r t e d  a s  T r i a s s i c  o r  J u r a s s i c  (Mar t in  and 
Ka tz ,  1912,  p  58), b u t  t h e  r e l a t i o n s h i p  of t h e  v o l c a n i c  r o c k s  t o  t h e  me tased imenta ry  
s t r a t a  d e s c r i b e d  above i s  n o t  c l e a r .  

CARBONATE ROCKS AT KASNA CREEK 

Carbonate  r o c k s  u n d e r l i e  approx imate ly  4 s q u a r e  m i l e  n e a r  t h e  head of Kasna Creek,  
M a r t i n  and Katz (1912) r e p o r t e d l y  t r a c e d  t h e  c a r b o n a t e  roclcs nor thward a l o n g  t h e  e a s t  
edge of t h e  q u a r t z i t i c  s c h i s t  u n i t  t o  t h e  n o r t h  end of Lake C l a r k ,  b u t  more r e c e n t  work 
by mining company g e o l o g i s t s  s u g g e s t s  t h a t  t h e  c a r b o n a t e  r o c k s  a r e  d i s c o n t i n u o u s .  A t  
Kasna Creek t y p i c a l  l i t h o l o g i e s  i n c l u d e  f i n e - g r a i n e d  f o s s i l i f e r o u s ,  g r a y  l i m e s t o n e  and 
d o l o m i t e ,  which a r e  brown on weathered s u r f a c e s ,  The c a r b o n a t e  s t r a t a  a r e  approx imate ly  
1500 f e e t  t h i c k  and c r o p  o u t  f o r  a b o u t  4000 f e e t  a long  s t r i k e .  They form prominent  ou t -  
c r o p s  on t h e  e a s t  s i d e  of Kasna Creek a t  a n  a l t i t u d e  of 2000-3000 f e e t  (fig 3 ) .  On t h e  
wes t ,  t h e s e  s t r a t a  a r e  i n  c o n t a c t  w i t h  maf ic  v o l c a n i c  r o c k s  c l o s e  t o  t h e  p r e s e n t  bed of 
t h e  c r e e k .  On t h e  e a s t ,  t h e y  a r e  i n  c o n t a d t  w i t h  f e l s i t i c  v o l c a n i c  r o c k s .  To t h e  s o u t h ,  
t h e  c a r b o n a t e  r o c k s  a p p e a r  t o  be  c u t  o f f  by i n t r u s i v e  g r a n o d i o r i t e  (Reed, 1967,  p 1 3 ) .  
Downstream t o  t h e  n o r t h ,  v o l c a n i c  roclcs p redomina te ,  Thus t h e  c a r b o n a t e  r o c k s  a p p e a r  t o  
form a  t h i c k  l e n t i c u l a r  mass w i t h i n  a  sequence of v o l c a n i c  r o c k s ,  b u t  t h e  p o s s i b i l i t y  of 
f a u l t i n g  shou ld  n o t  b e  over looked .  

PLUTONIC ROCKS 

P l u t o n i c  r o c k s  i n  t h e  a r e a  r ange  i n  compos i t ion  from g r a n i t e  t o  g r a n o d i o r i t e ,  L igh t  
c o l o r e d ,  medium-grained g r a n i t e  i s  exposed on a  bo ld  mountain  n o r t h e a s t  of t h e  l a k e  and 
i n  a t  l e a s t  one s m a l l  a r e a  on t h e  s o u t h e r n  s h o r e .  L igh t -g ray  t o  p i n k ,  f i n e - g r a i n e d  
g r a n i t e  i s  exposed i n  low b l u f f s  a long  t h e  s h o r e  of Lake C l a r k  and t h e  T a n a l i a n  R i v e r .  
G r a n o d i o r i t e  d e s c r i b e d  by Reed (1967) ,  s o u t h  of Kasna Creek,  was n o t  s t u d i e d  i n  t h e  f i e l d  
by t h e  p r e s e n t  w r i t e r .  



MINERALIZED ROCK AT KASNA CREEK 

A metasomat ic  m i n e r a l i z e d  zone i n  c a r b o n a t e  rock  ex tends  f o r  about  2400 f e e t  p h r a l l e l .  
t o  Kasna Creek a t  a n  average  e l e v a t i o n  of 2500 f e e t .  T h i s  zone c o n t a i n s  i r r e g u l a r  l e n s e s  
and pods of s p e c u l a r  h e m a t i t e ,  c h a l c o p y r i t e ,  amphibole ,  c h l o r i t e ,  c a l c i t e ,  and q u a r t z ,  
which have r e p l a c e d  l i m e s t o n e  and do lomi te .  The l e n s e s  and pods a r e  p a r a l l e l  t o  bedding 
i n  t h e  l i m e s t o n e .  Ex tens ive  sampling of hand-dug t r e n c h e s  by t h e  U .  S. Bureau of Mines 
r e v e a l e d  a n  a v e r a g e  of approx imate ly  1% copper .  Two main m i n e r a l i z e d  a r e a s  w i t h i n  t h i s  
zone a r e  s e p a r a t e d  by a  s t e e p  draw (fig 5 ) .  Minera l i zed  ground on t h e  G i l t  Edge c l a i m  
on t h e  n o r t h  i s  abou t  1100 f e e t  long  and 250 f e e t  wide.  I t  i s  abou t  200-300 f e e t  above, 
t h e  s t r e a m  bed. Minera l i zed  rock  on t h e  King c l a i m  t o  t h e  s o u t h  i s  1300 f e e t  long  and 
50 f e e t  wide.  It  forms t h e  e a s t  bank of t h e  p r e s e n t  channe l  of Kasna Creek. 

Figure 3 - -S teep ly  dipping carbonate beds, east side 
of  Kasna Creek. These beds are  the host 
rock for a rnetasornatic copper- iron de- 
posit. Head of  Kasna Creek is in background. 



Figure 4-- Columnar jo in t ing in  steeply inclined volcanic 
beds (foreground) under ly ing carbonate beds 
( top center), east side Kasna Creek. 
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G E O C H E M I C A L  I N V E S T 1 G A T I : O N S  

SAMPLING PROCEDURE 

F i n e  s i l t  from b e n e a t h  f lowing  s t ream w a t e r s  was c o l l e c t e d  f o r  t r a c e  e lement  a n a l y s e s .  
O c c a s i o n a l l y ,  where f i n e s  cou ld  n o t  b e  o b t a i n e d  under  w a t e r ,  s i l t  from t h e  a d j a c e n t  p a r t  
of t h e  channe l  o r  s t r e a m  bank was used .  To i n c r e a s e  t h e  v a l i d i t y  of t h e  samples ,  two 
were g e n e r a l l y  c o l l e c t e d  from each  l o c a t i o n .  Between pne-half  and one cup of m a t e r i a l  
was g a t h e r e d  and p l a c e d  i n  a  c l o t h  sample bag.  The u s e  of c l o t h  bags  r a t h e r  t h a n  
p l a s t i c  p e r m i t t e d  t h e  e x c e s s  wa te r  t o  b e  squeezed o u t  s o  t h e  sample could a t  l e a s t  p a r t l y  
d r y  i n  t h e  f i e l d .  F i e l d  t e s t s  f o r  heavy m e t a l s  were made u s i n g  t h e  method d e s c r i b e d  by 
Hawkes (1963).  

SAMPLE ANALYSES 

G e n e r a l l y  f i e l d  t e s t s  r e q u i r i n g  over  5 m l  of dye t o  r e a c h  a n  end p o i n t  were cons ide red  
anomalous. A f t e r  t h e  f i e l d  t e s t s  were made, t h e  remaining p o r t i o n s  of t h e  samples  were 
r e t u r n e d  t o  t h e  D i v i s i o n  of  Mines and Geology l a b o r a t o r y  a t  Co l lege ,  where they  were 
ana lyzed  f o r  copper ,  l e a d ,  and z i n c  by a tomic  a b s o r p t i o n  (Appendix I). The sample 
m a t e r i a l  was later submi t t ed  t o  t h e  Minera l  I n d u s t r y  Research Labora to ry  a t  t h e  Univer- 
s i t y  of Alaska f o r  s p e c t r o s c o p i c  a n a l y s e s  (Appendices III & I V ) .  

The anomalous v a l u e s  f o r  copper ,  l e a d ,  and z i n c  d e r i v e d  from atomic a b s o r p t i o n  a n a l y s e s  
and f requency  d i s t r i b u t i o n  g raphs  (figs 6, 7, & 8) a r e :  

Copper 
Lead 
Zinc 

Mode - Anomalous Values  

SAMPLING RESULTS 

Sample l o c a t i o n s  and numbers a r e  shown on f i g u r e  9.  L o c a l i t i e s  having geochemical anom- 
a l i e s  a r e  a l s o  i n d i c a t e d ,  and each of  t h e s e  i s  d i s c u s s e d  i n  t h e  f o l l o w i n g  paragraphs .  

Kasna Creelc 

Outcrops  of t h e  copper - i ron  d e p o s i t  on Kasna Creek have c o n t r i b u t e d  much m i n e r a l i z e d  
m a t e r i a l  t o  t h e  s t ream.  A s  a  r e s u l t ,  h i g h  copper c o n c e n t r a t i o n s  a r e  found i n  t h e  s e d i -  
ments a l o n g  t h e  d r a i n a g e  c o u r s e ,  which e x t e n d s  1 . 7  m i l e s  from t h e  d e p o s i t  t o  t h e  l a k e .  

Two sets of two samples  each were t aken  a t  each  Loca t ion  on Kasna Creek, This was done 
p a r t l y  t o  compare d u p l i c a t e  samples  a t  each l o c a t i o n  and p a r t l y  t o  compare samples  t aken  
from t h e  stream banks w i t h  t h o s e  c o l l e c t e d  from benea th  f lowing  w a t e r ,  Each of  t h e  f o u r  
samples was g i v e n  a s e p a r a t e  number, a s  shown i n  f i g u r e  5. 
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Atomic absorption analyses show that nearly all of the samples collected along Kasna 
Creek are anomalous in copper. Samples numbered 155 through 158 were obtained from a 
tributary on the west side of Kasna Creek. High copper values there a short distance 
above the main channel of Kasna Creek indicate that the material probably was aerived 
from the Kasna Creek deposit at a time when the stream was above its present level. It 
seems unlikely that a separate mineralized body is present upslope from samples 155-158 
High-level gravel containing an abundance of the Kasna Creek mineralized material was 
seen about 200 feet above the present channel on the canyon slope near an elevation of 
1800 feet. This bed is about 20 feet thick, well cemented, and forms a dark, coarse 
conglomerate containing an estimated 25% mineralized material. 

Profiles of Kasna Creek (figs 10 & 11) show copper, lead, and zinc values in samples 
taken from below water and in those taken from the stream bank. The graphs represent 
the averages of duplicate samples. 

The copper curves show good agreement between the stream sediment and the bank samples, 
In this case, the bank samples were higher along the lower half of the drainage, There 
is considerable variation in the interval of extremely high values, but values level off 
in the lower part of the drainage. Sags in the curves between the two intervals may 
reflect high stream velocity, which could cause lower concentration of metals, 

Zinc is present as fine grains of sphalerite included in chalcopyrite. Analyses of 
composite samples by the U. S. Bureau of Mines show the zinc content for most samples 
to be less than 0.05% and a maximum assay of 0.25%. The 46 geochemical analyses for 
zinc are all above the background level for the region. Only two are below 200 ppm, 
and the highest is 1200 ppm. The plots of both stream and stream bank samples show 
(1) the same pattern as the copper assays; (2) erratic values in the zone of very high 
concentrations; (3) fairly consistent values in the lower part of the drainage, and 
(4) a slight sag in between. Dirt from the stream banks had slightly higher metal 
contents than strean sediments. 

Lead is a minor constituent of the deposit. The U. S. Bureau of Mines reported less 
than 0.1% lead for all the samples analyzed. Eleven stream sediment samples yielded 
anomalous values, ranging from 50 to 150 ppm. The overall pattern is nevertheless the 
same as for copper and zinc, and the bank samples are generally greater in lead content 
than the stream samples. 

Other Areas 

Streams in 11 other areas along the shore of Kontrashibuna Lake produced anomalies. 
They are indicated by the letters A through K on the geochemical map (fig 9). 

Area A 

North shore of lake near west end. The presence here of disseminated pyrite and scat- 
tered quartz stringers in felsite prompted the collection of stream sediment samples 
numbered 5 through 24A. Eleven of these gave anomalous values: 10 for zinc (115 to 
225 pprn); 6 for copper (90 to 390 pprn); and 11 for lead (50 to 270 pprn). The bedrock 
is predominantly pelitic and quartzitic schist with much intruded felsite containing 
considerable pyrite, Above 2000 feet elevation, felsite is dominant. While no well- 
defined structures or mineralized zones were observed, this area may warrant further 
investigation. 







Area U 

North  s h o r e  of l a k e  n e a r  midpo in t .  On t h e  wes t  f o r k  of a  l a r g e  s t r e a m  abou t  23 m i l e s  
from i t s  mouth, samples  28,  29,  and 30 gave z i n c  anomal ies  of 115 ppm, 270 ppm, and 290 
ppm, r e s p e c t i v e l y .  Sample 32 on t h e  e a s t  f o r k  was weakly anomalous i n  c o p p e r ,  90 ppm, 
and samples  29,  30,  and 33 c o n t a i n e d  50 t o  70 ppm l e a d .  Samples 29 and 30 a r e  from t h e  
main s t r e a m ,  and 28 i s  from a  s m a l l  t r i b u t a r y .  The sampler  r e p o r t e d  t h e  s t r e a m  f l o a t  
t o  b e  p redominan t ly  igneous  r o c k .  High z i n c  v a l u e s  may j u s t i f y  follow-up sampl ing i n  
t h c  a r e a .  

North  s h o r e  of l a k e  n e a r  midpo in t .  On a  l a r g e  s t r e a m  2 m i l e s  from i t s  mouth, sample 37 
gave a  s l i g h t  copper  anomaly (105 ppm). Sampling ups t ream f a i l e d  t o  produce o t h e r  anom- 
a l o u s  v a l u e s .  

Area U 

North  s h o r e  of l a k e  n e a r  e a s t  end. On t h r e e  c lose ly - spaced  s t r e a m s ,  samples  83  through 
95 e x c e p t  number 9 1  produced anomalous z i n c  v a l u e s  (150 t o  255 ppm). Seven were anom- 
a l o u s  i n  l e a d  (50 t o  95 ppm). Copper i s  below 50 ppm. Bedrock i s  m o s t l y  b a s a l t .  The 
w r i t e r  con-cluded t h a t  t h e  anomalous z i n c  i n  t h i s  a r e a  i s  due t o  l i t h o l o g y  and n o t  t o  
m i n e r a l i z a t i o n .  

Area ii' 

South s h o r e  of l a k e  a t  e a s t  end.  A t  two l o c a l i t i e s  on a  s m a l l  t r i b u t a r y  of t h e  main 
r i v e r  e n t e r i n g  t h e  e a s t  end of t h e  l a k e ,  samples  105 th rough  107 had s l i g h t l y  anomalous 
z i n c  c o n t e n t s  (115 t o  125 ppm). Copper and l e a d  a r e  low. The z i n c  anomaly i s  p robab ly  
s i m i l a r  t o  t h a t  a t  l o c a t i o n  D .  

Area F 

South s h o r e  of l a k e  n e a r  e a s t  end.  About m i l e  from t h e  mouth of a  l a r g e  s t r e a m .  Sam- 
p l e s  108  and 109 produced s l i g h t  anomal ies  f o r  z i n c  (135 and 155 ppm) and l e a d  (50 and 
60 ppm). About 314 m i l e s  from t h e  mouth samples  showed no anomal ies .  Bedrock i s  mos t ly  
b a s a l t .  The z i n c  v a l u e s  do n o t  seem t o  i n d i c a t e  m i n e r a l i z a t i o n .  

Area C 

South s h o r e  of l a k e  n e a r  e a s t  end,  on two s h o r t  s t r e a m s .  Sample 1 2 1  produced 50 ppm 
molybdenum by s p e c t r o g r a p h i c  a n a l y s i s  and sample 126 had 100 ppm z i n c .  



Area H 

South s h o r e  of l a k e  2  m i l e s  e a s t  of Kasna Creek. A  s m a l l  s t r e a m  heads  i n  a  p o s s i b l e  
f a u l t  zone 1 m i l e  s o u t h  of t h e  l a k e  and c u t s  a  v a r i e t y  of  igneous  r o c k s .  At a h  e leva-  
t i o n  of 1100 f e e t ,  one p i e c e  of g r a n i t e  f l o a t  found i n  t h e  s t r e a m  c o n t a i n e d  s c a t t e r e d  
f l a k e s  of molybdeni te .  I r o n  o x i d e  s t a i n i n g  i s  a l s o  p r e s e n t  n e a r  t h e  same l o c a t i o n .  A t  
900 f e e t  sample 129 was anomalous i n  l e a d  (290 ppm) and z i n c  (980 pprn). Sample 130 was 
anomalous i n  copper (240 ppm). At 1100 f e e t ,  sample 1 3 1  a l s o  c o n t a i n e d  240 ppm of 
copper ,  and sample 132 had 210 ppm of copper .  Samples 130 and 1 3 1  a l s o  y i e l d e d  anoma- 
l o u s  molybdenum (50 ppm) by s p e c t r o g r a p h i c  a n a l y s i s .  These a s s a y s  may r e f l e c t  a  s m a l l  
amount of m i n e r a l i z a t i o n  a long  s m a l l  f a u l t s .  More d e t a i l e d  s t u d y  and sampling of t h e  
g e n e r a l  a r e a  a r e  needed t o  de te rmine  t h e  s i g n i f i c a n c e  of t h e  showings. 

Area I 

South s h o r e  of l a k e  1% m i l e s  e a s t  of Kasna Creek. A  t r i b u t a r y  e n t e r s  a  l a r g e  s t r e a m  a t  
an e l e v a t i o n  of 1075 f e e t .  Th i s  t r i b u t a r y  o c c u p i e s  a  deep draw on t h e  e a s t  s i d e  of t h e  
r i d g e  t h a t  s e p a r a t e s  t h i s  s t r e a m  from the  s t r e a m  a t  l o c a t i o n  G.  Bedrock i s  mos t ly  l i g h t -  
c o l o r e d  f e l s i t e  w i t h  a n  abundance of p y r i t e  and i r o n  s t a i n i n g .  M i n e r a l i z a t i o n  h e r e  may 
be s t r u c t u r a l l y  r e l a t e d  t o  t h a t  a t  a r e a  H.  Sample 1 3 3  produced 90 pprn copper ,  440 ppm 
l e a d ,  and 1210 ppm zinc.  Sample 134 a t  approx imate ly  t h e  same l o c a t i o n ,  produced 170 ppm 
copper and 50 pprn molybdenum. A s t u d y  of t h i s  a r e a  should be  i n c l u d e d  w i t h  t h a t  of a r e a  
H.  

Area J 

South s h o r e  of l a k e  2% m i l e s  wes t  of Kasna.Creek. Sample 185 from a  s m a l l  s t r eam n e a r  
t h e  l a k e  s h o r e  produced 130 pprn copper .  Lead and z i n c  were n o t  anomalous. Bedrock i s  
a n d e s i t e .  F i e l d  o b s e r v a t i o n s  and o t h e r  samples f a i l e d  t o  i n d i c a t e  m i n e r a l i z a t i o n .  

Area K 

South s h o r e  of l a k e  n e a r  wes t  end,  A t  t h r e e  l o c a t i o n s  a long  a  l a r g e  s t r e a m  sampling 
showed low copper  anomal ies ,  Sample 194-197 from n e a r  t h e  head of  t h e  d r a i n a g e  c o u r s e  
h a s  between 100 and 170 pprn copper .  One p a i r  of  samples  from midway i n  t h e  d r a i n a g e  
had 115 and 140 pprn of copper .  Two moderate  l e a d  anomal ies  of 55 ppm were  p r e s e n t .  
While z i n c  v a l u e s  were above a v e r a g e ,  t h e y  were n o t  anomalous. The sampler  r e p o r t e d  t h e  
bedrock t o  be  predominant ly  a r g i l l i t e  and metamorphosed sed iments  w i t h  minor f e l s i t e .  
Evidence f o r  a  m i n e r a l i z e d  zone i s  n o t  s t r o n g .  



S U G G E S T I O N S  T O  P R O S P E C T O R S  

Geochemical anomal ies  and a  r a t h e r  h i g h  background f o r  copper ,  l e a d ,  and z i n c  o b t a i n e d  
by s t r e a m  sediment  sampl ing s u g g e s t  t h a t  a  wide a r e a  may c o n t a i n  m i n e r a l s  of economic 
i n t e r e s t .  F u r t h e r  g e o l o g i c  mapping and sampl ing would b e  j u s t i f i e d .  Comparison of t h e  
a n a l y t i c a l  r e s u l t s  o b t a i n e d  from samples  c o l l e c t e d  from b e n e a t h  s t r e a m  w a t e r  w i t h  t h o s e  
from s t r e a m  banks s u g g e s t  t h a t  t h e y  a r e  e q u a l l y  r e l i a b l e .  A t t e n t i o n  shou ld  b e  focused  
on c a r b o n a t e  r o c k s  and g r e e n s t o n e s  n e a r  s m a l l  p l u t o n s  of g r a n i t i c  t o  g r a n o d i o r i t i c  
compos i t ion .  
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Appendix I 

Stream sediment and soil sample analyses for copper, lead, and zinc 
by atomic absorption and field tests. Results in parts per million 
and milliliters of dye. Anomalous values underlined. 

Sample Field Tests Copper Lead Zinc 
Map No. Field No. Type ml dye -U?!!L -&!E! 2 P E  

60 5 0 - 105 

4 5 35 200 

9 0 - 8 5 - 125 

95 - 100 - 130 - 
3 5 45 185 - 
2 5 3 5 150 - 
7 0 30 140 - 
8 0 50 - 9 0 

L O S T  S A M P L E  

C = Stream-sediment sample from beneath running water 
1) = Soil sample from stream bank 



2 2 

Map No. 

2 3 

24A 

24B 

24C 

241) 

24E 

25 

2 6 

2 7 

28 

2 9 

30 

3 1 

3 2 

33 

34 

3 5 

36 

3 7 

38 

3 9 

4 0 

41 

42 

4 3 

4 4 

4 5 

46 

Field No. 

9P 23 

9P 23D 

9P 119 

9P 120 

9P 121 

9P 122 

9P 149 

9P 150 

9P 151 

9P 152 

9P 153 

9P 154 

9P 155 

9P 156 

9P 157 

9P 158 

9P 159 

9P 160 

69P 123 

69P 124 

69P 125 

69P 126 

69P 133 

69P 127 

69P 128 

69P 129 

69P 130 

69P 131 

Sample 

Type 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

Field Tests 
ml dye 

0 

0 

0 

1 

0 

2 

0 

0 

0 

0 

6 

8 

0 

0 

0 

0 

1 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Copper 
ppm 

30 

3 0 

3 5 

35 

35 

3 5 

35 

2 5 

2 5 

4 5 

6 0 

6 0 

5 5 

90 - 
7 5 

55 

15 

35 

105 - 
70 

75 

60 

5 0 

3 5 

3 0 

3 0 

3 0 

4 0 

Lead 
ppm 

15 

20 

20 

20 

2 5 

25 

25 

15 

15 

30 

7 0 - 

75 - 
3 5 

45 

50 - 
3 5 

10 

25 

20 

15 

15 

15 

25 

20 

15 

20 

15 

25 

Zinc 
ppm 

40 

40 

7 5 

7 5 

7 0 

7 5 

65 

50 

40 

115 - 
270 - 
290 

55 

90 

100 

7 5 

3 0 

9 5 

50 

35 

6 0 

65 

55 

50 

45 

50 

40 

55 



Map No. 

4 7A 

47B 

47C 

4 8 

4 9 

5 0 

5 1  

5 2 

5 3 

54 

55 

56 

5 7 

58 

59 

6 0 

6 1 

62 

63 

6 4 

65 

6 6 

67 

6 8 

6 9 

7 0 

7 1 

7 2 

r ' i e l d  No. 

69P 132 

E 16A 

E 16B 

69P 178 

69P 179 

69P 176 

69P 177 

69P 174 

69P 175 

69P 172 

69P 173 

69P 170 

69P 1 7 1  

69P 168 

69P 169 

69P 166 

69P 167 

69P 134 

69P 135 

69P 136 

69P 137 

69P 138 

69P 139 

69P 140 

69P 1 4 1  

69P 148 

69P 146 

69P 147 

Sample 

Type 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

F i e l d  Tests 
m l  dye  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

Copper 

ppm 

4 5 

25 

20 

40 

30 

3 0 

3 5 

3 5 

35 

20 

35 

35 

30 

3 0 

2 5 

3 0 

3 0 

65 

80 

3 5 

30 

25 

2 5 

3 5 

40 

45 

65 

55 

Lead 

ppm 

3 0 

1 5  

1 5  

25 

2 0 

1 5  

20 

3 0 

2 5 

1 0  

1 0  

30 

30 

30 

25 

30 

30 

5 

1 0  

1 0  

1 0  

1 0  

1 0  

1 0  

1 0  

20 

1 5  

1 5  

Zinc 
ppm 

6 0 

5 0 

4 0 

55 

5 0 

50 

50 

80 

7 5 

5 5 

65 

8 5 

80 

8 0 

80 

90 

9 0 

2 0 

1 5  

40 

40 

30 

35 

50 

5 0 

5 5 

45 

60 



24 

Map N o .  

73 

74 

7 5 

7 6 

7 7 

7 8 

7 9 

8 0 

8 1 

82 

8 3 

8 4 

8 5 

86 

8 7 

8 8 

8 9 

9 0 

9 1 

92 

93 

94 

9 5 

9 6 

9 7A 

97B 

98 

9 9 

F i e l d  N o .  

69P 144 

69P 145 

69P 142 

69P 143 

69P 117 

69P 118 

69P 113  

69P 114 

69P 1 1 5  

69P 116  

69P 109 

69P 110 

69P 111 

69P 112  

69P 105 

69P 106 

69P 107 

69P 108  

E9 17 

69P 1 0 1  

69P 102 

69P 103 

69P 104 

69P 100 

69P 180 

E9 1 8  

E9 1 9  

69P 1 8 3  

Sample 

Type 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

F i e l d  T e s t s  
m l  dye  

C o p p e r  

ppm 

2 0 

20 

25 

2 5 

2 5 

25 

1 5  

1 5  

1 5  

2 0 

20 

25 

1 5  

1 5  

30 

3 0 

25 

35 

1 5  

45 

4 5 

50 

50 

1 5  

35 

60 

25 

30 

Lead 

ppm 

1 5  

1 5  

1 0  

1 5  

25 

20 

1 0  

1 0  

1 0  

1 0  

5 0 - 
5 5 - 
4 5 

55 - 
8 5 - 
9 5 - 
65 - 
85 - 
1 5  

2 5 

30 

40 

30 

5 

20 

1 5  

1 0  

1 0  

Zinc 

_pE.?1 

4 5 

4 0 

45 

4 0 

65 

7 5 

7 5 

65 

70 

80 

200 - 
255 

200 - 
240 - 
250 - 
255 - 
205 - 
245 - 

6 0 

160 - 
150 - 
155 - 
1 7  5 - 

25 

5 0 

50 

2 5 

2 5 



Sample 
Type 

Field Tests 
ml dye 

Copper 
ppm 

Lead 
ppm 

Zinc 

ppm Map No. 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

11 9 

120A 

120B 

120C 

120D 

120E 

121 

122 

123 

Field No. 

69P 182 

69P 181 

E9 20 

69P 189 

69P 184 

69P 185 

69P 186 

69P 187 

69P 87 

69P 88 

69P 81 

69P 82 

E9 11A 

E9 11B 

69P 83 

69P 84 

69P 89 

69P 90 

69P 91 

69P 85 

69P 86 

69P 92 

69P 93 

69P 94 

69P 95 

69P 96 

69P 97 

69P 98 



26 

Map No. 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

Field No. 

69P 99 

69P 161 

69P 162 

69P 163 

69P 164 

9E 13A 

9E 13B 

9E 12A 

9E 12B 

9E 14A 

9E 14B 

Sample 
Type 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

KASNA CREEK AREA, Nos. 135-184 

135 69P 77 C 

13 6 69P 78 C 

13 7 69P 79 D 

138 69P 80 D 

13 9 69P 73 C 

140 69P 74 C 

141 69P 75 D 

142 69P 76 D 

143 69P 69 C 

144 69P 70 C 

145 69P 71 D 

146 69P 72 D 

14 7 69P 65 C 

148 69P 66 C 

149 69P 67 D 

Field Tests 
ml dye 

0 

0 

0 

0 

0 

2 

1 

0 

0 

2 5 

20 

Copper 
ppm 

10 

10 

10 

10 

10 

85 

240 - 
240 - 
210 - 
9 0 

170 - 

Lead 
ppm 

35 

2 5 

20 

10 

10 

290 - 
30 

25 

3 5 

440 - 
15 

Zinc 
ppm 

55 

60 

100 - 
60 

60 

980 - 
70 

7 0 

8 0 

1210 - 
60 



Map No. 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

17 2 

173 

174 

175 

176 

177 

Field No. 

69P 68 

69P 61 

69P 62 

69P 63 

69P 64 

69P 57 

69P 58 

69P 59 

69P 60 

69P 53 

69P 54 

69P 55 

69P 56 

69P 51 

69P 52 

69P 47 

69P 48 

69P 49 

69P 50 

69P 43 

69P 44 

69P 45 

69P 46 

69P 39 

69P 40 

69P 41 

69P 42 

69P 35 

Sample 

Type 
Field Tests 
ml dye 

Copper 
ppm 

Lead 

ppm 
Zinc 
ppm 

300 

100 

95 - 
100 

100 - 

300 

275 

465 - 
375 - 

260 - 
275 - 
110 

135 

620 - 
680 - 
430 

210 - 
260 - 
7 00 - 
420 - 
550 - 
850 - 
830 - 
900 - 
290 - 
680 
--?---- 

750 - 
375 - 



Map No. 

178 

179 

180 

181  

182 

183  

184 

F i e l d  No, 

69P 36 

69P 37 

69P 38  

69P 3 1  

69P 32 

69P 33 

69P 34 

Sample 

Type 
F i e l d  T e s t s  

m l  dye  
Copper 

ppm 

1450 

650 - 
950 - 

2500 - 
1750 

605 - 
2810 

Lead 

ppm 
Zinc 

l2!!l 

730 - 
250 

550 

470 - 
500 - 

1200 

620 - 



Sample 

Type 
Field Tests 
ml dye 

Copper 

ppm 
Lead Zinc 

ppm rn Map No. 

205 

Field No, 

69P 8 

69P 8D 

9E 3 

9E 2A 

9E 2 B  

69P 3 

69P 3 D  

69P 4 

69P 7 

69P 7D 

69P 5 

69P 5D 

69P 6 

9E 1A 

9E 1B 



INTERVALS OF ESTIMATION AND DETECTION LIMITS 

SEMIQUANTITATIVE SPECTROGRAPHIC ANALYSES 

Copper Lead Zinc Molybdenum Silver Cobalt Chromium Nickel Manganese Titanium Iron Magnesium Calcium Barium Strontium 
P P ~ *  PPm PPm PPm PPm PPm PPm PPm PP"' PPm (XI (X (XI PPm PPm 

Boron 
PP'" 

2,000 
1,000 
500 
200 
100 
50 
20 
10 
L 

Beryllium Tin 
PPm PPm 

1,000 1,000 
500 5 00 
200 2 00 
100 100 
50 50 
2 0 2 0 
10 10 
5 L 
2 
1 
L 

Tungs ten 
PPm 

10,000 
5,000 
2,000 
1,000 
500 
200 
100 
50 
L 

Zirconium 
PPm 

1,000 
500 
200 
100 
50 
2 0 
L 

Lanthanum 
PPm 

1,000 
500 
200 
100 
50 
20 
L 

Niobium 
PPm 

2,000 
1,000 
500 
2 00 
100 
50 
20 
10 
L 

Scandium Yttrium 
PPm PPm 

100 200 
50 100 
20 50 
10 2 0 
5 10 
L L 

Vanadium 
PPm 

10,000 
5,000 
1,000 
500 
200 
100 
50 
20 
10 
L 

Gold 
PPm 

500 
2 00 
100 
5 0 
2 0 
10 
L 

Bismuth 
PPm 

1,000 
500 
200 
100 
50 
20 
10 
5 
L 

Cadmium Antimony 
PPm PPm 

500 10,000 
200 5,000 
100 2,000 
L 1,000 

500 
2 00 
100 
5 0 
L 

Arsenic 
PPm 

10,000 
5,000 
2,000 
1,000 
5 00 
L 

*ppm indicates parts per million 
**L = Lowest limit of detection 



n ~ u r u ~ c  n u s u r y ~ r u u  arlu a n u l - ~ u ~ r ~ ~ r ~ a r ~ v a  ~ n ~ r s s l u ~ ~  ~ p r ~ r r o g r a p r l  f i na lyc l ca l  va ia-a i rearn  aealrnenr 
Lake Kontrashibuna,  Southwestern  Alaska  

(1) Atomic Abso rp t ion  - a l l  v a l u e s  i n  p a r t s  p e r  m i l l i o n  u n l e s s  i n d i c a r e d  o t h e r w i s e  

Y " S 
rl .;; 
w @ c 
1! 2 1 ;  
10 1000 l ' .~  
10 1000 5000 
10 2000 5000 
20 LOO0 5000 
20 2000 200G 
50 5000 5000 
10 2000 2000 
10 1000 2000 
10 ioao 2000 
2C 2000 5000 
20 5000 5000 
10 1000 2000 
10 1000 1000 
20 1000 5000 
20 2000 5000 
20 1000 5000 
20 1000 5000 

5 1000 1000 
10082000 5000 
20 2000 5000 
2C 1000 5000 
20 500 2000 
10 1000 2000 
20 2000 1.0 
50 1000 1.0 

100'2000 5000 
50 1000 1.0 
20 so0 2000 
20 1000 5000 

5 1000 2000 
50 2000 5000 
50 2000 5000 
20 2000 5000 
N A  NA NA 
50 2000 1.0 
l a  iaoo soao 
20 1000 5000 
50 lC00 5000 
20 1000 so00 
20 1000 200C 
20 500 2000 
20 lC00 2000 
20 1000 2000 
20 2000 5000 
2C 2C00 5000 
20 2000 5000 
20 1000 5000' 
10 1000 5000 
20 1000 5000 
2G 2000 5000 
20 1000 2000 
20 1000 2000 

100'1000 5000 
20 1000 5000 
20 1000 5000 
20 1000 5000 
10 2000 5000 
2C 1000 5000 
50 2000 5000 
50 1000 2000 
20 1000 1.0 
1 C  m 0 9  1.0 

100 2u 
1OC 50 
2CC 5C 
1co 50 
100 50 
100 20 
1 C O  50 
1C0 50 

5C 50 
100 SO 
1CC 50 

?C 50 
5C 50 

l a c  50 
10C 50 
zcc l a c *  
1CC 100 '  

20 50 
2OC NO 
200 50 
1CC 50 
100 50 

5 C  50 
200 20 
200 20 
10c 20 
200 20 
l O C  50 
1 C O  50 
10C 50 
10c NO 
1 C C  20 
1CC 50 

hb NA 
1 C C  NO 
100 50 
10C 20 
1CC 20 
20C NO 
l .CO 50 
10C 50 
1CC 50 
1 O C  50 
200 20 
200 20 
2CC 20 
200 20 
200 20 
200 20 
200 20 
10C 50 
1cc 50 
Z C C  SC 
l a c  20 
Z0C 20 
2CC 20 
2CC 20 
2CC 20 
2cc 20 
1CC 50 
200 5C 
m. 2a 



Appendix I11 Cont 

200 NO 
200 NC 
100 NC 
200  NO 
zoo  No 
100 NC 
200 hC 
100 NC 
200 ha 
200 LO 
200 NO 
10C NO 
100 10 
1CO NC 
i o a  NO 
200 NO 
zoa NO 
200 NC 
100 NO 
500 '  10  
500'  LC 
200 NO 
200 NO 
2C0 NO 
200 NC 
200 10 
100 NO 
200 NC 
100 ND 
200 1C 
200 16 
100 NC 
200 1C 
20C NC 
100 NC 
200 NO 
2co N@ 
100 NE 
500.  NC 
200 NO 
zao NC 
500.  10 
200 1 C  
500'  NO 
500'  NO 
200 NO 
100 NC 
200 1C 
200 10 
200 10 
200 10 
200 hC 
200 hC 
200 1C 
ZOO h0 
zoo Nc 
ikee w3 
200 k c  
200 NO 
200 NC 
200 No 
200 NO 
200 NO 
200 NO - - -  . -  



u Appendix 111 Cont 
P 

100 10 hO 2 0  200 20 2CO0 5000 
100 5 NO 10 200 20 l o c o  2000 
100 59  NC 10 1000 10C 1000 2000 
100 10 NO 10 l o o  t a  i a a o  2000 
100 20 NC 10 500  5C 1000 2000 

NO 20 NO 10  5 0 0  50  1000 ZOOC 
100 10 NO 10 200 20 2000 5000 
100 10 NO 10  200 20 2C00 5000 
100 10 NO 10 500  50 2COO 5000 
100 5 NO 10  100  2C 1000 5000 
100  20 NO 20 200 20 1000 5000 
100 50 '  NO 50'  100 20 2000 5000 
100 20 NO 50'  100 20 1000 1.0 
100 5 0 '  NO 20 200 20 lCOO 5000 

2000' 20 5' 20 ZOO 20 2000 5000 
100 5 0 '  NC 5 0 '  2130 20  1000 5000 

hA K A  hA hA hA & P  NA NA 
100 10 NO 50  500 50 1000 5000 
100  10 hO 2 0  500 20 1000 SO00 
100 10 NO 50  500 100'2COO 5000 
l o o  l o  no 20 200 20 1000 so00 
100  10 NO 20 500 50 LC00 5000 
100 5 NO 20 200 2C lCOO 5000 
100 5 NO 20 200 20 1000 5000 
100 NC NO 10 20C 2C 1000 2000 
100  5 NO 20 200  213 2b00 5000 
100 NC NO 10 200 5C 2000 2000 
200 5 NO 50' 500  5C 2CO0 5000 
100 5 NO 10 200 20 2COO 5000 
100 5 NO 20 100 20 2000 5000 
100 5 NO 20 200 20 1000 5000 
100 10 NO 5 0 '  200  2C lCOO 500C 
100 l a  NO so* 500 50 l c o o  5000 
100 5 hO 10  200 20 500 2000 
100 10 NO 2 0  500  50 1000 SO00 
100 5 NO 20 500  SO 1000 5000 
100 5 NO 20 2OC 50 1000 5000 
100 10  NO 20 500 50 1000 1.0 
100 10 NO 20 500  50 l a 0 0  5000 
100 10 NO 5 0 ' 2 0 0  2 0 1 0 0 0  1.0 
200 5 NO l o  100 20 1coo 2000 
100 NO NO 10  100 20 500 5000 
100 5 NO 20 200 50 2000 5000 
100  5 NO 20 200 20 1000 5000 
100, 5 NO 20 200 20 l o c o  5000 
100 5 1 0  20 200 20 1000 5000 
100 5 NO 20 200  20 1000 5000 
100 5 NO 10 500 50 lC00 500C 
100 5 NO 20 200 2C 1000 5000 
100 NO NO 10 100 10 lCOO 5000, 
100 5 NO 20 200 20 1000 5000 
l o o  5 NO l o  l o o  20 1000 so00 
20% NO h0 NC 100 10 500 2000 
200 10 NO 50  500  5C 2000 5000 
100 10 NO 23  500  50 2C00 1.0 

200 hC 1 1CC 20 20 2C 2C 1C' kO 
100 NO 1 1CC 50 10 1C 2C 5C hD 
100 NC 1 2CC 5C 10 1C 5C 5C bC 
100 NC 1 20C 50  10  10 5C 5C kO 
100 NC 1 10C 20 2 0  10 5C 50  50  
100  NO 1 1CC 50 10  1C 5C 50 5 0  
100 NC 1 2OC 20 20 20 5C 50 kD 
2C0 NC NO 2CC 20 20 10 5C 50 kO 
200 NO NO 2CC 20 2 0  10 2C 50  5q 
200  NO 1 1CC 5C 10 10 2C 50  h 0  
200 NC 1 1CC 20 2 0  20 2C 1 0 0  hD 
200 NO NO 1CC NO 20 20 2C 100 NC 
200 NO NO 200 2C 20 20 2C 200 NO 
200 NC NC 2CC 20 2 0  20 2C 100 HO 
2C0 2 0  NO 200 50 20 20 5C 1 0 0  5 0  
20C hC NO 2CC 2C 20 20 2C 100 NO 

NA h L  NA NA NA NA NA NA hA NA 
100 2 C  NO 1CO NO 20 20 2C 1CO NO 
100 20 NO 10C ND 20 20 2C 200 ND 
100 ZC NC 2CC 20 20 5C 2C 2CO 100 
200  i c  NO ~ C C  NO l a  20 2c l o o  NO 
200  NO NO 1CO 20 20 20 ZC 100 5 0  
200 NC ND 100 20 2 0  20 1 0  l 0 C  NO 
200 1 0  NU 100 5 0  20 1C 2C 100 NO 
200 NC NC 1CC 50  10 10 1 C  5 NO 
2C0 1C NC 10C 20 10  20 2C 100 hO 
100 kc NO S C  50 10 10 2C l o c  NO 
200 2C ND ICC ND 20 50 2C 20C NO 
100 l C  NO 1CC 50  20 2 0  2C LOO 5 0  
200  1C hC 10C 20 2C 2C 2C 1CC NO 
200 1C NO 1CC 5C 20 20 2C 1C0 CC 
2Cd 10 NO 1CC SO 20 20 2C 2CO NO 
200 1 0  NU 1CC 20 2 0  20 2C 100 5 0  
200  1C NO 10C 50 0 1C 2C IOC hC 
200 10 NO 2CC 20 2 0  2C 2C 1CC 50  
200  10 1 acc 20 20 20 2c i o c  50  
200 1C NO ZCC 20 2C 2C 2C 1CO NO 
200 1C k c  1CO 2C 20 2C 2C ICO hC 
200 1C NC 2CC 20 2C 20 2C 100 50  
200  1C NC 2CC 20 2C 20 2C 1 C O  50  
200  NC 1 1CC 50  10 10 1 0  100 ND 
zoc NC 2 L C C  50 10 10 2c i o a  NO 
200 1C hC 1CC 2C 20 2 0  2C 1CC NO 
200 NO NO 1CC 50 20 20 2C 100 NO 
200 NC NC 1CO 20 20 2C 2C 100 NO 
20C 1C NO 1CO 50  10  20 2C 100 NO 
200 10 NC 10C 20 2C 2C 2C 1CO 50  
200 1C NC 1CC 50  20 10 2C 50 5 0  
200 1C NO 1CC 50 20 l C  2C 100 NC 
2CO hC hO 10C 5C 10  10  1C 50  NO 
200 hC NC 1CC 20 10  20 2c  LC0 h0  
2CO NC 1 1OC 50  20 1C 2C 50  NO 
100 NC 1 50 50  10 10 1C 50 hO 
200 2C 1 10C 20 20 2 0  2C ZOO 5 0  
200 10 NC 2OC 20 20 20 2C 1CC 50  

*denotes anomalous value 



hs?endix In 
Atomic Absorption and Semi-Quantitative Emission Spectrograph Analytical Data-Stream Sediment Samples 

Kasna Creek, Southwestern Alaska 
(1) Atomic Absorption - all values in parts per million unless indicated otherwise 

25 230 l0OC 
2C 240  1000  
3C 30C 500  
25 320 10CC 
25 155 50C 
25 260 5CC 
2C 220  50C 
3C 275 1000 
25 i 5 0  1000 
25 240 50C 
2C 255 50C 
3C 300 lOOC 
2 5  30C 200C 
30 275 IOOC 
35 46C 2000 
35 375 2000 
4 c  260 1occ 
25 275 1000 
?C 110 5 0 0  
25 135  500  
45 620  500C 
45 he0  1OC0 
35 430  500C 
2C 21C NA 
4C 260 2000 
9 5  700 lOOC 
40 420  2000 
55 550 2000 
55 850  2000 
5C 830  2000 
50 900  2OCO 
25 290  Nb 
7C 680  2000 
55 150  2000 
35 375 1000  
50 730  1000 
SO 250  1000 
40 550 1000 
35 470  2000 
35 500  NA 
70 1200 5 0 0  

150 620  200C 

zc icc 
2 0  2 0 0  
2C 2 0 0  
2C 5 0 0  
2 0  200 
2C 200  
1 0  100  
2C 20C 
2 0  200 
2 0  2 0 0  
2 0  200 
2C 2 0 0  
2 0  1 0 0  
2C 5 0 0  
5C 5 0 0  
2 0  2 0 0  
5C 5 0 0  
50  5 0 0  
20  200  
50  5 0 0  
20 1 0 0  
2C 1 0 0  
50  1 0 0 0  
SC 1 0 0 0  
5C 1 0 0 0  
HP NA 
5C 5 0 0  
50  1300  
5C 5 0 0  
50  5 0 0  
5C 1 0 0 0  
SO 1 0 0 0  
5C 1 0 0 0  
NA hA 

10C 1 0 0 0  
5C IOOC 
5C 5 0 0  
so 1 0 0 0  
5 0  2 0 0  
5 0  5 0 0  
5C 5 4 0  
Nb hA 

100  1000  
100  1 0 0 0  

1CC hO 2C 2C 2C 100 
1CC 2 0  20  LC 2C 1 c o  
2CC NC 20  20  2C 1CO 
1CC NO 20  2C 2 C  1CC 
20C 20  2C 20  2C 10C 
2CC 20  20  20  5C 10C 
1CC 50  10  1C 2C 1CC 
1CC NO 20  2C 2C 1CC 
2CC NO 2 0  2C 2C 10C 
2CC 2 0  2 0  20  2C 1 c o  
1CC NC 20  20  5C 100  
2CC NO 20  2 0  2C 1CC 
2CC N '  20  2C 2C 1CC 
2CC NO 20  20 2C 20C 
ICC no 20 20  5c  ~ c o  
ICC NO 20  1C 2C 1CC 
1CC hO 20  2C 5C 100  
1CC NO 20 2C 5C 1CG 
ZCC 20  2 0  2C 2C l C 0  
ZCC NC 20  2 0  5C 1CO 
20C 2C 20  20  5C 100  
2CC NO 2 0  2 0  2 i  1CO 
1CC NO 20  20  5C 1CO 
1CC NO 2 0  2 0  5C 1 0 0  
1CC NO 2C 2C 5C 160 

Nb kA NA NA N h b  
5C NO 20  20 2C 100  

ICC 2 0  2 0  2 0  5C 1CO 
10C NO 20  20  SC 100  
ICC 20  20  20  5C 1 c o  
1CC NO 20  2C 2C 1CC 
ICC NO 20  20  5C 100  
1CC 2 0  2C :c 5C 10C 

hA hA hA NA NA NA 
1CC 20  2C 20  5C 1 c o  
1CC NO 2C 20  5C 1CO 
1CC NL 2C 50  5C 1 0 0  
1CC 20  20  2C 5C 100  
1CC 2 0  20 20  5C 1co  
ICC NO 2C 2 0  5C 100  
1CC h 0  20  20  5C 100  

NA NA NA NA NA hA 
1CC NO 20  50 5C 200 
2CC NO 2 0  20  5C 100 


