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GEOLOGY AND GEOCHEMISTRY OF THE BELT CREEK-LIBBY RI'JER AREA, 

SEWAKL) PENINSULA, ALASKA 

The B e l t  Creek-Libby Rive r  a r e a  is  i n  t h e  Bendeleben A-5 q u a d r a n g l e  of C e n t r a l  Seward 
P e n i n s u l a ,  a b o u t  60 m i l e s  n o r t h e a s t  of Nome, Alaska .  G e o l o g i c a l  and geoc l l e~n ica l  work 
d i s c l o s e d  s e v e r a l  anomalous zones  t h a t  may c o n t a i n  i m p o r t a n t  m i n e r a l i z a t i o n .  

The p r i n c i p a l  l i t h o l o g i e s  a r e  metamorphic r o c k s  of P recambr ian  a g e  and igneous  r o c k s  
of Mesozoic a g e .  The g n e i s s e s ,  s c h i s t s ,  s l a t e s ,  and l i m e s t o n e s  t h a t  were  mapped a r e  
t e n t a t i v e l y  a s s i g n e d  t o  u n i t s  e s t a b l i s h e d  by S a i n s b u r y  and o t h e r s  (1969) .  

F o l d i n g  o r  doming and a  n o r t h - s o u t h  f a u l t  of  r e g i o n a l  e x t e n t  a r e  t h e  main s t r u c t u r a l  
f e a t u r e s .  There  a r e  a l s o  f a u l t s  of  l o c a l  e x t e n t .  A  t h r u s t  f a u l t  is p r o b a b l y  p r e s e n t  
i n  t h e  n o r t h e a s t  p a r t  of t h e  a r e a ,  b u t  e v i d e n c e  is i n c o n c l u s i v e .  

I r r e g u l a r  c a l c - s i l i c a t e  zones  a r e  deve loped  a s  a l t e r a t i o n  h a l o s  a t  t h e  marg ins  of 
g r a n i t i c  p l u g s .  P e g m a t i t e s ,  a l t e r e d  d i k e s ,  and q u a r t z  v e i n s  a r e  a l s o  p r e s e n t .  Ana lyses  
of  r o c k  samples  from t h e s e  f e a t u r e s  f a i l e d  t o  r e v e a l  s i g n i f i c a n t  m i n e r a l i z a t i o n .  

C o l o r i m e t r i c  f i e l d  t e s t s  f o r  c o l d  e x t r a c t a b l e  heavy m e t a l s  proved t o  be  t o o  i n s e n s i t i v e  
t o  d e t e c t  anomalous zones  from s t r e a m  sed imen t  samples .  Atomic a b s o r p t i o n  a n a l y s e s  
and s p e c t r o g r a p h i c  a n a l y s e s  of s t r e a m  sed imen t  samples  d i d  r e v e a l  a number of  anomalous 
a r e a s .  Most anomal i e s  a r e  r e l a t e d  t o  l o c a l  h i g h  background caused by v a r i a t i o n s  i n  
l i t h o l o g y ,  b u t  f o u r  anomal i e s  a r e  c o n s i d e r e d  s i g n i f i c a n t .  S i l v e r ,  c o b a l t ,  molybdenum, 
copper ,  l e a d ,  and z i n c  a r e  t h e  anomalous e l e m e n t s .  



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

PURPOSE AND SCOPE 

The a r e a  d i s c u s s e d  i n  t h i s  r e p o r t  was s t u d i e d  f o r  two r e a s o n s .  F i r s t ,  t h e  geo logy  i s  
n o t  w e l l  known; s e c o n d ,  a c c o r d i n g  t o  Lu and o t h e r s  (1968) ,  t h e  p o t e n t i a l  o f  t h e  r e g i o n  
i n  r e g a r d  t o  o r e  d e p o s i t s  i s  h i g h .  

A two man p a r t y  s p e n t  s i x  weeks i n  t h e  a r e a  i n  J u n e  and J u l y ,  1 9 6 9 .  Dur ing t h a t  t ime  
a b o u t  70 s q u a r e  m i l e s  were  examined g e o l o g i c a l l y  and s t r e a m  s e d i m e n t  geochemica l  
s amples  were c o l l e c t e d  t h r o u g h o u t  an  a r e a  o f  abou t  100 s q u a r e  miles. The geoc t~e rn ica l  
s amples  were  t e s t e d  i n  t h e  f i e l d  by c o l o r i m e t r i c  metllods f o r  heavy m e t a l s  b e f o r e  b e i n g  
s e n t  t o  t h e  l a b o r a t o r y  i n  C o l l e g e  f o r  i u r t h e r  a n a l y s e s .  

LOCATION, ACCESS, POPULATION 

The c e n t e r  o f  t h e  p r o j e c t  a r e a  is a b o u t  1 2  m i l e s  e a s t  o f  Cottonwood, a  highway main- 
t e n a n c e  s t a t i o n  on t h e  Kougarok r o a d  abou t  60 m i l e s  n o r t h e a s t  o f  Nome ( p ~ g  1 ) .  Mapping 
and sampl ing  were  done between 65O 05 '  and 65" 1 2 '  Nor th  L a t i t u d e  and 164' 05' and 
164"  35 '  West Long i tude .  The p r i n c i p a l  d r a i n a g e s  a r e  t h e  Libby R i v e r  and B e l t  Creek.  
The ma jo r  p a r t  o f  t h e  p r o j e c t  a r e a  i s  i n  t h e  Bendeleben A-5 q u a d r a n g l e ;  a  s m a l l  p a r t  
i s  a l o n g  t h e  edge  o f  t h e  Bendeleben A-6 q u a d r a n g l e .  

Because  t h e r e  a r e  no r o a d s  o r  t r a i l s  i n  t h e  r e g i o n ,  a c c e s s  i s  b e s t  ga ined  w i t h  a  
t r a c k e d  v e h i c l e  o r  by h e l i c o p t e r .  Near t h e  s o u t h  boundary  o f  t h e  p r o j e c t  a r e a  i t  migh t  
b e  p o s s i b l e  t o  l a n d  a  l i g h t  a i r p l a n e  o n  smooth,  f l a t - t o p p e d  r i d g e s  of  s l a t e .  

The re  a r e  no r e s i d e n t s  i n  t h e  a r e a ,  n o r  a r e  t h e r e  any s i g n s  t h a t  t h e  a r e a  h a s  e v e r  
been  o c c u p i e d  o r  p r o s p e c t e d .  

CLIMATE AND VEGETATION 

The c l i m a t e  i s  t y p i c a l  of  a n  a r c t i c  m a r i t i m e  env i ronmen t .  Wind, r a i n ,  and f o g  a r e  
common w i t h  a  few warm, p l e a s a n t  days  d u r i n g  t h e  summer. I n  t h e  w i n t e r  t h e r e  a r e  
heavy snows,  sub-zero  t e m p e r a t u r e s  and h i g h  winds .  The re  i s  l i t t l e  v e g e t a t i o n  o t h e r  
t h a n  g r a s s e s  and moss t h a t  make up t.he e v e r - p r e s e n t  t u n d r a .  Willows grow i n  p a t c h e s  
a l o n g  d r a i n a g e s ,  and t h e r e  a r e  a  few dwarfed  s p r u c e  t r e e s  s p a r s e l y  d i s t r i b u t e d  through-  
o u t  t h e  r e g i o n .  

TOPOGRAPHY AN0 I I U I N A G E  

A b road  s t r a i g h t  v a l l e y  b i s e c t s  t h e  map a r e a .  The v a l l e y  i s  o c c u p i e d  by a  f o r k  o f  
B e l t  Creek t h a t  f l ows  n o r t h  and a  f o r k  o f  t h e  Li-bby R i v e r  t h a t  f l o w s  s o u t h .  A low 
d i v i d e  s e p a r a t e s  t h e  f o r k s  of t h e  two s t r e a m s ;  t h e  d i v i d e  i s  o c c u p i e d  by s e v e r a l  smal l .  
l a k e s  and marshes .  The major  segments  of  b o t h  B e l t  Creek and t h e  Libby R i v e r  head i n  
t h e  Bendeleben Mounta ins  t o  t h e  e a s t .  B e l t  Creek i s  t r i b u t a r y  t o  t h e  K u z i t r i n  R i v e r ,  
and t h e  Libby R i v e r  f lows  i n t o  t h e  Niukluk R i v e r  (f ig 1 ) . 
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The broad v a l l e y  mentioned above c u t s  comple te ly  a c r o s s  t h e  west end o f  t h e  Bendeleben 
Mountains.  Thus t h e  e a s t  s i d e  o f  t h e  p r o j e c t  a r e a  is on t h e  f l a n k s  of t h e  Bendeleben 
Mountains,  and t h e  wes t  s i d e  i n c l u d e s  a  group of i s o l a t e d  h i l l s  t h a t  s e p a r a t e s  t h e  
B e l t  Creek d r a i n a g e  from t h e  P i l g r i m  R i v e r  f a r t h e r  wes t .  Both s i d e s  o f  t h e  v a l l e y  
d i s p l a y  t h e  c h a r a c t e r i s t i c s  o f  a  mature  e r o s i o n  s u r f a c e ,  but  t h e  i s o l a t e d  h i l l s  on 
t h e  wes t  show a  topography and d r a i n a g e  s t y l e  t h a t  i s  d i s t i n c t l y  d i f f e r e n t  from t h a t  
on t h e  e a s t  s i d e  o f  t h e  v a l l e y .  

St ream p a t t e r n s  and topography i n d i c a t e  t h a t  abou t  t h e  upper  two m i l e s  o f  t h e  Libby 
River  f o r k  were once p a r t  of B e l t  Creek and flowed nor thward ,  b u t  s l i g h t  u p l i f t  i n  t h e  
v i c i n i t y  o f  t h e  d i v i d e  d i v e r t e d  t h i s  headward p o r t i o n  o f  B e l t  Creek t o  t h e  s o u t h  and 
i t  became p a r t  o f  t h e  Libby River .  The d r a i n a g e  change may b e  r e l a t e d  t o  t r a n s v e r s e  
f a u l t i n g .  The v a l l e y  t h a t  b i s e c t s  t h e  p r o j e c t  a r e a  i s  remarkably  s t r a i g h t .  The 
l i n e a r i t y  i s  p robab ly  t h e  r e s u l t  of s t r u c t u r a l  c o n t r o l .  

On t h e  e a s t  s i d e  of t h e  v a l l e y  s t r e a m  d e n s i t y  i s  low. The main t r i b u t a r i e s  t o  B e l t  
Creek and t h e  Libby River  a r e  r e l a t i v e l y  s t r a i g h t  s t r e a m s  t h a t  f low wes t  o r  s o u t h w e s t .  
T r i b u t a r y  s t r e a m s  a r e  s p a r s e .  A l l  of  them f l o w  nor thward and occupy n o r t h - f a c i n g  
s l o p e s ,  The main d r a i n a g e s  on t h e  e a s t  s i d e  o f  t h e  v a l l e y  have  no sou th - f lowing  
t r i b u t a r i e s  ( S i g  2 ) .  

On t h e  wes t  s i d e  of t h e  v a l l e y  s t r e a m  d e n s i t y  is h i g h e r  t h a n  on t h e  e a s t  s i d e ,  and 
t h e r e  i s  a w e l l  i n t e g r a t e d  d r a i n a g e  sys tem.  Many of t h e  t r i b u t a r i e s  t u r n  nor thward 
and f low p a r a l l e l  t o  B e l t  Creek f o r  a s  much a s  a  m i l e  b e f o r e  t h e y  j o i n  t h e  main s t r e a m  
a t  an  a c u t e  a n g l e .  T h i s  f e a t u r e  i s  w e l l  d i s p l a y e d  by F Creek (fig 2 ) .  

On t h e  e a s t  s i d e  o f  t h e  v a l l e y ,  r i d g e s  a r e  e l o n g a t e d  sou thwes t  and s l o p e  away from 
Mount Bendeleben, t h e  h i g h e s r  p o i n t  i n  t h e  r e g i o n  a t  a n  e l e v a t i o n  o f  3730 f e e t .  
Ridge summits a r e  wide and g e n t l y  convex; t h e y  a r e  broken by s t e p - l i k e  f l a t s  o r  
a l t i p l a n a t i o n  s u r f a c e s .  The s t r e a m s  t h a t  d e f i n e  t h e  r i d g e s  a r e  a s s y m e t r i c  i n  t h e i r  
headwater  p o r t i o n s ,  n o r t h  s l o p e s  a r e  s t e e p e L  t h a n  s o u t h  s l o p e s ,  bu t  t h e  s t r e a m s  occupy 
wide ,  ma tu re  v a l l e y s .  

On t h e  wes t  s i d e  o f  t h e  v a l l e y ,  r i d g e s  t r e n d  n o r t h e a s t  t o  e a s t .  Ridges  a r e  rounded 
and s l o p e s  a r e  uniform.  V a l l e y s  a r e  b road ,  symmet r i ca l  and matu re .  

Only B e l t  Creek and t h e  Libby R i v e r  a r e  named on maps. For conven ience  o f  r e f e r e n c e ,  
t r i b u t a r y  s t r e a m s  a r e  d e s i g n a t e d  by l e t t e r s  o f  t h e  a l p h a b e t  s t a r t i n g  w i t h  A Creek i n  
t h e  sou thwes t  c o r n e r  of t h e  map a r e a  (fig 2 ) .  
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PREVIOUS WORK 

There  a r e  no p r e v i o u s  r e p o r t s  c o v e r i n g  t h e  p r o j e c t  a r e a .  The Bendeleben Mountains 
a r e  mentioned i n  s e v e r a l  e a r l i e r  r e p o r t s ,  b u t  o n l y  i n  a  g e n e r a l  way. L a t e  i n  t h e  1969 
f i e l d  s e a s o n  Sa insbury  and o t h e r s  r e l e a s e d  a n  open f i l e  r e p o r t  t h a t  d e a l s  w i t h  t h e  
Bendeleben A-6 quadrang le  and o t h e r  nea rby  q u a d r a n g l e s .  T h i s  r e p o r t  c o n t r i b u t e s  
s i g n i f i c a n t l y  t o  a  b e t t e r  u n d e r s t a n d i n g  of t h e  s t r a t i g r a p h y  and s t r u c t u r e  of t h e  C e n t r a l  
Seward P e n i n s u l a .  

G E O L O G I C  S E T T I N G  

ROCKS OF THE CENTRAL SEWARD PENINSULA 

I n  1969 S a i n s b u r y  and o t h e r s  p r e s e n t e d  a  u n i f i e d  s t r a t i g r a p h i c  p i c t u r e  of t h e  C e n t r a l  
Seward P e n i n s u l a .  T h e i r  mapping d i d  n o t  ex tend  i n t o  t h e  Bendeleben Mountains .  A 
d i s c u s s i o n  o f  the rock u n i t s  t h e y  recogn ized  i s  p r e s e n t e d  below. 

Older  Precambrian 

Kig Zuai k Group 

Bedrock i n  t h e  K i g l u a i k  Mountains (fig 2 )  i s  o r t h o g n e i s s ,  p a r a g n e i s s ,  c r y s t a l l i n e  
marb le  with o l i v i n e  o r  m o n t i c e l l i t e  and t h i c k  b io t i t e -ga rne t - anda lu s i t e  s c h i s t s .  

Nome Group 

Rocks o f  t h e  Nome Group a r e  exposed n o r t h  o f  t h e  K i g l u a i k  and Bendeleben Mountains 
i n  t h e  h i g h l a n d s  n o r t h  of t h e  K u z i t r i n  R i v e r  (fig 2 ) .  Nome Group r o c k s  a r e  a l s o  
exposed a t  t h e  e a s t  end o f  t h e  K i g l u a i k  Mountains and ex tend  eas tward  t o  t h e  P i l g r i m  
River .  

The Nome Group i s  made up o f  a  t h i c k  sequence  of g r e e n i s h  s c h i s t s  w i t h  i n t e r c a l a t e d  
s c h i s t o s e  marb les  and beds  of ch lo r i t e - ep ido te -a lb i t e - ac t ino l i t e - ca l c i t e  s c h i s t s .  
L o c a l l y  t h e  r o c k s  i n  t h e  Nome Group a r e  h i g h l y  deformed. They a r e  invo lved  i n  
i m b r i c a t e  t h r u s t i n g  i n  p l a c e s .  



L a t e  Precambrian 

Sla tes  of  the  York Region 

A t h i c k  sequence of b l a c k ,  s l a t y ,  g r a p h i t i c  rocks  i s  exposed n o r t h  of t h e  Bendeleben 
and K i g l u a i k  Mountains i n  t h e  h igh lands  n o r t h  o f  t h e  K u z i t r i n  f l a t s  and a t  t h e  e a s t  
end of t h e  K i g l u a i k  Mountains.  The s l a t e s  o v e r l i e  Nome Group rocks  and they  a r e  re-  
f e r r e d  t o  by Sa insbury  and o t h e r s  (1969, p 4 )  a s  S l a t e s  of  t h e  York Region. L o c a l l y  
t h e  s l a t e s  a r e  h i g h l y  deformed w i t h  numerous c o n t o r t e d  q u a r t z  v e i n l e t s .  

Pre-Ordovician Dolomitic Limestono 

Dolomit ic  l imes tone  of probably L a t e  Precambrian a g e  o v e r l i e s  S l a t e s  of t h e  York 
Region. The rocks  a r e  n o r t h  of t h e  K u z i t r i n  River  and a r e  exposed i n  i m b r i c a t e  t h r u s t  
s h e e t s .  

Pa leozo ic  Rocks 

Carbonate  rocks  t h a t  range  i n  age  from Ordovician t o  S i l u r i a n  a r e  exposed n o r t h  of t h e  
K u z i t r i n  River .  I m b r i c a t e  t h r u s t i n g  has  d i s p l a c e d  and deformed t h e  rocks  a t  s e v e r a l  
l o c a l i t i e s .  

Mesozoic Rocks 

I n t r u s i v e  rocks  t h a t  range i n  a g e  from Mid- t o  La te  Cre taceous  a r e  exposed a t  s e v e r a l  
p l a c e s  i n  t h e  C e n t r a l  Seward P e n i n s u l a .  Dikes of s e v e r a l  composi t ions  a r e  p r e s e n t ,  
b u t  t h e  l a r g e s t  i n t r u s i v e s  a r e  b i o t i t e  g r a n i t e  s t o c k s  and p l u g s .  There a r e  two 
v a r i e t i e s  o f  t h e  g r a n i t i c  rocks.  One t y p e  is  v e r y  f ine -gra ined ;  t h e  o t h e r  i s  c o a r s e l y  
p o r p h y r i t i c .  I n  t h e  quadrang les  s t u d i e d  by Sainsbury and o t h e r s  (1969) t h e  f i n e -  
g ra ined  v a r i e t y  i s  conf ined  t o  t h e  K i g l u a i k  Mountains.  The p o r p h y r i t i c  v a r i e t y  i s  
exposed a s  i s o l a t e d  s t o c k s  a t  s e v e r a l  l o c a l i t i e s .  

Cenozoic Rocks 

L i g n i t i c  beds of T e r t i a r y  age  a r e  exposed on t h e  Noxapaga and K u z i t r i n  River  f l a t s .  
Depos i t s  o f  Quaternary age i n c l u d e  t h e  l a v a  f i e l d s  o f  C e n t r a l  Seward P e n i n s u l a ,  un- 
c o n s o l i d a t e d  g l a c i a l  d e p o s i t s  a long  t h e  n o r t h  f r o n t  of t h e  K i g l u a i k  Mountains,  h i g h  
l e v e l  g r a v e l s  and l o e s s  d e p o s i t s .  

ROCKS I N  THE BELT CREEK-LIBBY RIVER AREA 

Rocks mapped i n  t h e  B e l t  Creek-Libby River  a r e a  a r e  t e n t a t i v e l y  a s s i g n e d  t o  u n i t s  
e s t a b l i s h e d  by Sainsbury and o t h e r s  (1969).  Assignments a r e  t e n t a t i v e  because de- 
t a i l e d  p e t r o g r a p h i c  work was n o t  done and t ime  was n o t  a v a i l a b l e  f o r  v i s i t s  t o  t y p e  



l o c a l i t i e s .  The u n i t s  i n c l u d e  r o c k s  i n  t h e  K i g l u a i k  Group, t h e  Nome Group, S l a t e s  of 
t h e  York Region, l i m e s t o n e  and i n t r u s i v e  r o c k s .  The a r e a  i s  t h u s  a  Precambrian t e r r a i n  
w i t h  i n t r u d e d  r o c k s  of Mesozoic age .  

Outcrops  i n  t h e  r e g i o n  a r e  s p a r s e .  Broad expanses  o f  t u n d r a  mask l a r g e  a r e a s  a l o n g  
v a l l e y  s l o p e s .  Elsewhere ,  a s  a l o n g  r i d g e  t o p s ,  f r o s t  r i v e n  r u b b l e  and f l o a t  a r e  t h e  
p r i n c i p a l  i n d i c a t o r s  of bedrock.  Consequen t ly ,  l o c a t i o n s  of c o n t a c t s  a r e  g e n e r a l  and 
t h e  s t r u c t u r e  must commonly b e  i n f e r r e d .  

K i g l u a i k  Group 

Coarse ~ i o t i t s  Gneiss 

Coarse  b i o t i t e  g n e i s s  l i e s  on t h e  w e s t  s i d e  of t h e  B e l t  Creek-Libby R i v e r  v a l l e y  
(fig 2) .  F l o a t  and s p a r s e  o u t c r o p s  i n d i c a t e  t h a t  t h e  g n e i s s  i s  a n  i m p o r t a n t  p a r t  of 
t h e  bedrock i n  t h e  nor thwes t  p a r t  of t h e  map a r e a  t h a t  i s  c h a r a c t e r i z e d  by tundra -  
covered h i l l s .  The g n e i s s  i s  c l o s e l y  a s s o c i a t e d  w i t h  g n e i s s i c  g r a n i t e ,  b u t  exposures  
a r e  t o o  s p a r s e  t o  d e l i m i t  c o n t a c t s  e f f e c t i v e l y .  

B i o t i t e ,  q u a r t z ,  f e l d s p a r ,  and g a r n e t  can b e  i d e n t i f i e d  i n  hand specimens of t h e  c o a r s e  
b i o t i t e  g n e i s s .  Quar tz  pods and l e n s e s  a r e  common i n  t h e  g n e i s s  and l a r g e  b l o c k s  o f  
q u a r t z  f l o a t  a r e  abundant on h i l l s l o p e s  i n  p l a c e s .  The r o c k s  a r e  d a r k  g r a y  and wea the r  
d a r k  g r a y  t o  b l a c k .  The r o c k s  commonly deve lop  a  s p e c k l e d  b l a c k  and w h i t e  c o l o r .  The 
t e x t u r e  i s  g n e i s s i c  t o  l a y e r e d .  

Mafic Unit 

I n  t h e  nor thwes t  p a r t  of t h e  map a r e a  t h e r e  i s  a  band of f l o a t  made up of d a r k ,  m a f i c  
d e b r i s .  I t  t r e n d s  n o r t h e a s t  and was t r a c e d  by s c a t t e r e d  d e b r i s  f o r  abou t  8000 f e e t .  
Because t h e  m a f i c  r o c k s  do n o t  c r o p  o u t ,  t h e  w i d t h  o f  t h i s  u n i t  was n o t  de te rmined .  

I n  g e n e r a l  t h e  m a f i c  d e b r i s  i s  f i n e - g r a i n e d ,  b u t  some of t h e  f l o a t  f r agments  a r e  
coa r se -g ra ined .  B i o t i t e ,  pyroxene,  and o l i v i n e  a l t e r e d  t o  s e r p e n t i n e  c a n  b e  i d e n t i f i e d  
i n  hand specimen. The r o c k s  p robab ly  r e p r e s e n t  a  metamorphosed gabbro  o r  d i a b a s e  d i k e .  

Fine B i o t i t e  Gneiss 

On t h e  e a s t  s i d e  of t h e  B e l t  Creek-Libby R i v e r  v a l l e y  t h e r e  i s  g n e i s s  t h a t  i s  f i n e r  
g r a i n e d  t h a n  t h a t  on t h e  wes t  s i d e  of t h e  v a l l e y .  Megascopic m i n e r a l s  i n c l u d e  q u a r t z ,  
b i o t i t e ,  and f e l d s p a r .  The r o c k s  a r e  c a l c a r e o u s  i n  p a r t  w i t h  i n t e r b e d s  o f  t h i n  r e -  
c r y s t a l l i z e d  l i m e s t o n e s .  G r e e n i s h ,  ep ido te -bea r ing  c a l c a r e o u s  r o c k s  a r e  i r r e g u l a r l y  
developed a s  a l t e r a t i o n  h a l o s  n e a r  g r a n i t i c  c o n t a c t s .  These  c a l c - s i l i c a t e  r o c k s  may 
r e p r e s e n t  a  t y p e  of p r o p y l i t i c  a l t e r a t i o n .  

The f i n e - g r a i n e d  g n e i s s  i s  d a r k  c o l o r e d  on f r e s h  s u r f a c e s  and a  s p e c k l e d  b l a c k  and 
w h i l e  on weathered s u r f a c e s .  The r o c k s  have a  g n e i s s i c  t o  s c h i s t o s e  t e x t u r e .  

Much o f  t h e  bedrock i n  t h e  e a s t e r n  p a r t  o f  t h e  a r e a  i s  f i n e - g r a i n e d  g n e i s s  ( f i g  2 ) .  
On t o p  of t h e  r i d g e  s e p a r a t i n g  B e l t  Creek and t h e  Libby R i v e r  a r e  i s o l a t e d  s p i r e s  of 
c o a r s e r  g r a i n e d  g n e i s s .  



Nome Group 

Fine-grained rocks  t h a t  a r e  d a r k  gray t o  b l a c k  on f r e s h  s u r f a c e s  and weather  l i g h t  
r e d d i s h  brown t o  d a r k  g r a y  a r e  i n  t h e  sou thwes te rn  p a r t  o f  t h e  map a r e a  ( f i g  2) .  These 
rocks were mapped a s  Nome Group s c h i s t s .  

Megascopic m i n e r a l s  i n  t h e  s c h i s t  i n c l u d e  mainly q u a r t z  and b i o t i t e ,  but  t h e r e  is a l s o  
f e l d s p a r  and hornblende.  Small  g a r n e t s  a r e  p r e s e n t  i n  some specimens,  and a c t i n o l i t e  
was observed i n  one p i e c e  of f l o a t .  The rocks  a r e  f i n e l y  s c h i s t o s e .  

In te rbedded  i n  t h e  s c h i s t s  a r e  beds of l i m e s t o n e  t h a t  a r e  r e c r y s t a l l i z e d  t o  f i n e ,  
g r a n u l a r  c a l c i t e .  I n  one of t h e s e  beds ,  t h e r e  a r e  numerous s m a l l  d i s semina ted  g r a i n s  
of g r a p h i t e .  The bed i s  about  50 f e e t  t h i c k .  

Near t h e  margins  of g r a n i t i c  i n t r u s i v e s  i r r e g u l a r  e p i d o t e - b e a r i n g ,  c a l c - s i l i c a t e  a l t e r -  
a t i o n  zones a r e  developed i n  t h e  s c h i s t .  G r a p h i t e  i s  a l s o  a  common c o n s t i t u e n t  i n  
t h e s e  rocks .  

S l a t e s  o f  t h e  York Region 

There a r e  b lack ,  g r a p h i t i c  s l a t e s  i n  t h e  sou thwes te rn  p a r t  of t h e  map a r e a .  A s m a l l  
exposure  of s l a t e  i s  a l s o  i n  t h e  n o r t h e a s t  p a r t  of t h e  map a r e a ;  t h e  s l a t e  r e s t s  on 
f ine -gra ined  s c h i s t  of t h e  K i g l u a i k  Group. It was probably t h r u s t  i n t o  i t s  p r e s e n t  
p o s i t i o n .  F a r t h e r  e a s t ,  beyond t h e  l i m i t s  of t he  map a r e a ,  b l a c k  s l a t e s  appear  t o  be 
abundant.  

Contor ted q u a r t z  s t r i n g e r s  and v e i n l e t s  a r e  abundant i n  t h e  s l a t e .  These a r e  d i s -  
con t inuous  and do n o t  f o l l o w  a  p r e f e r r e d  o r i e n t a t i o n .  Some of t h e  v e i n l e t s  a r e  l i n e d  
w i t h  c r y s t a l l i n e  q u a r t z  and t h e  v e i n s  probably r e p r e s e n t  f r a c t u r e  f i l l i n g s  i n  s h a t t e r e d  
rocks .  

Pre-Ordovician Dolomit ic  Limestone 

I n  t h e  n o r t h e a s t  p a r t  of t h e  map a r e a  a  s m a l l  i s o l a t e d  b lock  of d o l o m i t i c  l i m e s t o n e  
r e s t s  on rocks  inc luded  i n  t h e  K i g l u a i k  Group. It may b e  t h e  remnant of a  t h r u s t  s h e e t .  
The l i m e s t o n e  i s  probably p a r t  o f  t h e  c a l c a r e o u s  rocks  o f  L a t e  Precambrian age t h a t  
o v e r l i e s  S l a t e s  of t h e  York Region. 

I n t r u s i v e  Rocks 

Gneissic Granite 

I n  t h e  n o r t h e a s t  p a r t  of t h e  map a r e a  low, r o l l i n g ,  tundra-covered h i l l s  a r e  mantled 
by f r o s t  r i v e n  g n e i s s i c  g r a n i t e  r u b b l e  and c o a r s e  b i o t i t e  g n e i s s  f l o a t  of t h e  Kig lua ik  
Group. I s o l a t e d  p i n n a c l e s  of g n e i s s i c  g r a n i t e  c rop  o u t  a t  a few p l a c e s .  



Megascopic m i n e r a l s  i n  t h e  g n e i s s i c  g r a n i t e  i n c l u d e  q u a r t z ,  b i o t i t e ,  and f e l d s p a r .  
Coarse  pegmat i t e  d i k e s  w i t h  tourmal ine  c r y s t a l s  a r e  a s s o c i a t e d  w i t h  t h e  g n e i s s i c  g r a n i t e .  
The r o c k s  a r e  medium- t o  coarse-grained and have a  g n e i s s i c  t e x t u r e .  

Fine-grained Quartz Monzonite or Granite 

There  are two p l a c e s  where f ine -gra ined  g r a n i t i c  r o c k s  a r e  e x t e n s i v e .  These a r e  n e a r  
t h e  sou thwes t  and s o u t h e a s t  l i m i t s  o f  t h e  a r e a  shown i n  f i g u r e  2. At some l o c a l i t i e s  
t h e r e  a r e  no dark  m i n e r a l s .  The rocks  a r e  a l a s k i t e .  

The f i n e - g r a i n e d  g r a n i t i c  rocks  i n  t h e  s o u t h e a s t  p a r t  of t h e  a r e a  i n t r u d e  s c h i s t s  of 
t h e  Nome Group; t h e r e  i s  a h a l o  of c a l c - s i l i c a t e  rocks  border ing  t h e  c o n t a c t .  The 
c o n t a c t  zone is  i r r e g u l a r  i n  wid th .  The a c t u a l  width a t  any one p l a c e  was n o t  d e t e r -  
mined because t h e  p resence  of t h e  a l t e r a t i o n  ha lo  was i n f e r r e d  mainly from f l o a t .  

The g r a n i t i c  rocks  i n  t h e  s o u t h e a s t  p a r t  of t h e  a r e a  a r e  a t  t h e  base  o f  t h e  r i d g e  .i:hat: 
forms t h e  main B e l t  Creek-Libby River  d i v i d e  ( f i g  2 ) .  I t s  presence  was determined 
from d e b r i s  t h a t  mant les  t h e  t u n d r a .  A c a l c - s i l i c a t e  zone was n o t  observed.  Smal le r  
exposures  of f ine -gra ined  g r a n i t i c  rocks  a r e  found th roughout  t h e  a r e a .  

The f i n e - g r a i n e d  g r a n i t i c  rocks  have an  e q u i g r a n u l a r  t e x t u r e .  Weathering y i e l d s  l i g h t  
g r a y  o r  w h i t e  rocks .  Quar tz ,  f e l d s p a r  and more o r  l e s s  b i o t i t e  a r e  v i s i b l e  i n  hand 
specimen. Small  g a r n e t s  a r e  a s s o c i a t e d  w i t h  t h e  a l a s k i t e  phases .  

M i l l e r  and o t h e r s  (1966) s t u d i e d  a  b e l t  of p l u t o n s  i n  West-Central  Alaska. They con- 
c luded  t h a t  two e p i s o d e s  of p l u t o n  emplacement took p l a c e  d u r i n g  t h e  Cre taceous  p e r i o d .  
The o l d e r  p l u t o n s  were emplaced i n  Middle Cretaceous about  100 m i l l i o n  years ago and 
t h e  younger ones were emplaced i n  L a t e  Cretaceous about  8 1  m i l l i o n  y e a r s  ago. The 
o l d e r  s u i t e  is  composed c h i e f l y  of s a t u r a t e d  monzonite and s y e n i t e  and u n d e r s a t u r a t e d  
f  e l d s p a t h o i d a l  s y e n i t e  . The younger s u i t e  i s  r e p r e s e n t e d  by quar tz -bear ing  grano- 
d i o r i t e  and q u a r t z  monzonite.  

It i s  n o t  known i f  a  s i m i l a r  sequence o f  e v e n t s  took p l a c e  i n  t h e  B e l t  Creek-Libby 
River  a r e a ,  b u t  i t  i s  l i k e l y  t h a t  two ages  o f  i n t r u s i v e s  a r e  p r e s e n t .  

Sa insbury  and o t h e r s  (1969, p 23) i n  a  d i s c u s s i o n  of t h e  a d j o i n i n g  Bendeleben A-6 
quadrangle  d i s c u s s  t h e  p resence  of t h e  g n e i s s i c  g r a n i t e  and pegmat i t e .  They p o i n t  ou t  
t h a t  t h e s e  rocks  do n o t  i n t r u d e  t h e  S l a t e s  of t h e  York Region o r  rocks  o f  t h e  Nome 
Group, and sugges t  t h a t  they  may b e  Precambrian i n  age. 

Dikes 

The metamorphic and g r a n i t i c  rocks  of t h e  r e g i o n  a r e  c u t  by q u a r t z  d i o r i t e  d i k e s ,  
r h y o l i t e  d i k e s ,  p r o p y l i t i c a l l y  a l t e r e d  d i k e s  of unknown o r i g i n a l  composi t ion,  a p l i t e  
d i k e s  and pegmat i t es .  A t t i t u d e s  a r e  d i v e r s e  and no p r e f e r r e d  o r i e n t a t i o n  o r  p a t t e r n  
i s  d i s c e r n i b l e .  None of t h e  d i k e s  can  be p r o j e c t e d  w i t h  conf idence  because  of i n -  
adequa te  o u t c r o p s .  

A t  t h e  southwest  end of t h e  a r e a  p o r p h y r i t i c  q u a r t z  d i o r i t e  d i k e s  i n t r u d e  t h e  S l a t e s  
of t h e  York Region. The d i k e s  t r e n d  n e a r  east -west  and one of them a p p e a r s  t o  b e  
about  6000 f e e t  long  and 75 t o  100 f e e t  wide. The p r e s e n c e  o f  t h e  d i k e s  i s  marked by 
l i n e a r  heaps of f r o s t - r i v e n  r u b b l e .  



On t h e  east s i d e  o f  t h e  v a l l e y  t h e r e  a r e  b o d i e s  of p o r p l i y r i t i c  q u a r t z  d i o r i t e  t h a t  a r e  
i r r e g u l a r  i n  o u t l i n e .  Heaps of r u b b l e  i n d i c a t e  t h e i r  p r e s e n c e .  These  r o c k s  a r e  l o c a l -  
i z e d  i n  f i n e - g r a i n e d  g n e i s s  of t h e  K i g l u a i k  Group. Maximum dimensions  a r e  abou t  1500 
f e e t  by 3000 f e e t .  They a r e  e l o n g a t e d  i n  a  nor th - sou th  d i r e c t i o n .  

The p o r p h y r i t i c  q u a r t z  d i o r i t e  c o n t a i n s  megascopic q u a r t z  and f e l d s p a r  i n  a  d a r k  g l a s s y  
groundmass w i t h  l o c a l l y  abundant  b i o t i t e .  The r o c k s  a r e  f i n e - g r a i n e d  p o r p h y r i e s  w i t h  
g r a n u l a r  t e x t u r e .  On f r e s h  s u r f a c e s  t h e y  a r e  l i g h t  g r a y  and wea the r  d a r k  g r a y .  

Near t h e  head of P Creek on t h e  e a s t  s i d e  of t h e  B e l t  Creek-Libby River  v a l l e y  t h e r e  
i s  a r h y o l i t e  d i k e  abou t  300 f e e t  wide;  i t  can b e  t r a c e d  f o r  abou t  4000 f e e t .  The 
d i k e  t r e n d s  nor th - sou th .  F a r t h e r  n o r t h  t h e r e  is  a  s i m i l a r  d i k e  i n  f i n e - g r a i n e d  s c h i s t  
and abou t  a  h a l f  m i l e  west  t h e r e  is a s m a l l e r  one i n  f i n e  g r a n i t e  (fig 2 ) .  

The r h y o l i t e  d i k e s ,  p a r t i c u l a r l y  t h e  one n e a r  t h e  head of P Creek,  a r e  s t a i n e d  w i t h  
l i m o n i t e  and boxwork s t r u c t u r e s  a r e  developed t h a t  r e semble  a  l e a c h e d  p y r i t e  capp ing .  
No f r e s h  s u l f i d e s  were obse rved .  I n  hand specimen q u a r t z  p l lenocrysts  i n  a  f i n e  g l a s s y  
groundmass a r e  v i s i b l e ,  and t h e  groundmass h a s  a t e x t u r e  r e sembl ing  f l o w  banding.  The 
r o c k s  a r e  l i g h t  c o l o r e d  and wea the r  l i g h t  t a n  t o  b u f f .  

At s e v e r a l  p l a c e s  i n  t h e  map a r e a  t h e r e  a r e  zones  of a l t e r e d  r o c k s  w i t h  l i n e a r  t r e n d s .  
These  r o c k s  a r e  most abundant  n e a r  t h e  wes t  margin  of t h e  v a l l e y  t h a t  b i s e c t s  t h e  a r e a  
(f ig 2 ) .  The rocks  a r e  p r o p y l i t i c a l l y  a l t e r e d ;  c a l c i t e ,  e p i d o t e ,  q u a r t z ,  and b i o t i t e  
a r e  v i s i b l e  i n  hand specimen. The o r i g i n a l  compos i t ion  of t h e s e  r o c k s  i s  unknown. 

These a l t e r e d  r o c k s  have a l i g h t  g r e e n  c a s t  and g r a n u l a r  t e x t u r e .  Some show a  d i s t i n c t  
l a y e r i n g  and t h e  l a y e r s  a r e  complexly c o n t o r t e d  i n  some o u t c r o p s .  Because of t h e i r  
l i n e a r  t r e n d s  and g r a n u l a r  t e x t u r e  t h e s e  r o c k s  a r e  though t  t o  be  p r o p y l i t i c a l l y  a l t e r e d  
d i k e s .  L o c a l l y  t h e  a l t e r e d  d i k e s  a r e  more r e s i s t a n t  t h a n  t h e  s u r r o u n d i n g  r o c k s  and 
i s o l a t e d  remnants  s t a n d  above t h e  g e n e r a l  l a n d  s u r f a c e .  

P e g m a t i t e  and a p l i t e  d i k e s  a r 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 v e s  i n  t h e  r e g i o n ,  b u t  
a t  s e v e r a l  p l a c e s  t h e  p e g m a t i t e  d i k e s  have  no obv ious  c o n n e c t i o n  t o  a  nea rby  i n t r u s i v e .  
E a s t  o f  M Creek (fig 2)  a  l a r g e  p e g m a t i t e  d i k e  c u t s  f i n e - g r a i n e d  g n e i s s .  Evidence 
from f l o a t  and i n t e r m i t t e n t  o u t c r o p s  s u g g e s t  t h a t  t h e  d i k e  i s  abou t  500 f e e t  wide and 
6000 f e e t  l o n g .  

The d i k e  was mapped mainly  by t h e  d i s t r i b u t i o n  of f l o a t .  Megascopic m i n e r a l s  i n c l u d e  
q u a r t z ,  f e l d s p a r ,  and muscov i t e .  The d i k e  i s  medium-grained, w i t h  g r a n u l a r  t o  g r a p h i c  
t e x t u r e ,  and l i g h t  c o l o r e d .  

I n  t h e  s o u t h e a s t  p a r t  of t h e  a r e a  t h e r e  is  a p e g m a t i t e  d i k e  w i t h  l a r g e  t o u r m a l i n e  
c r y s t a l s .  Tourmal ine  is a common c o n s t i t u e n t  of t h e  p e g m a t i t e s  i n  t h e  r e g i o n ,  b u t  a t  
t h i s  l o c a l i t y  t h e  c r y s t a l s  a r e  uncommonly abundant  and l a r g e r  t h a n  u s u a l .  

At a few p l a c e s  i n  t h e  a r e a  f l o a t  f r agments  of a m p h i b o l i t e  and g r e e n s t o n e  were obse rved .  
The l o c a t i o n  of t h e  s o u r c e  of t h e s e  f r agments  was u n c e r t a i n  and t h e  o c c u r r e n c e s  were 
t o o  s m a l l  t o  show on t h e  map (fig 2 ) .  S p a r s e  p y r i t e  and c h a l c o p y r i t e  a r e  f a i r l y  common 
i n  t h e  g r e e n s t o n e  f l o a t  f r agments .  

STRUCTURAL GEOLOGY 

Rock e x p o s u r e s  a r e  s p a r s e  and t h e  l a c k  of a t t i t u d e s  makes s t r u c t u r a l  i n t e r p r e t a t i o n s  
d i f f i c u l t .  The main s t r u c t u r a l  f e a t u r e s  i n c l u d e  doming o r  f o l d i n g  on t h e  west  s i d e  of 
t h e  a r e a  and an  i n f e r r e d  f a u l t  of r e g i o n a l  p r o p o r t i o n s  i n  t h e  B e l t  Creek-Libby R i v e r  
v a l l e y .  



The Kig lua ik  Group rocks  on t h e  e a s t  s i d e  of t h e  v a l l e y  d i p  e a s t .  The Nome Group 
s c h i s t s  on t h e  west  s i d e  of t h e  v a l l e y  a l s o  d i p  e a s t e r l y  up t o  t h e  c r e s t  of t h e  r i d g e  
t h a t  p a r a l l e l s  t h e  west margin of t h e  B e l t  Creek-Libby River  v a l l e y  (fig 2 ) .  qn t h e  
west s i d e  of t h a t  r i d g e  t h e  Nome Group s c h i s t s  d i p  t o  t h e  west .  Thus on t h e  west s i d e  
of t h e  v a l l e y  t h e  s c h i s t s  form a  broad a n t i c l i n a l  dome. The doming may b e  r e l a t e d  t o  
an  unexposed i n t r u s i v e  which i s  sugges ted  by t h e  l a r g e  amount of c a l c - s i l i c a t e  rocks  
a t  t h e  n o r t h  end of t h e  s c h i s t  ou tc rop  a r e a .  

Because t h e  Nome Group rocks  a r e  younger t h a n  t h e  K i g l u a i k  Group rocks  and t h e  Nome 
Group rocks  d i p  under  t h e  K i g l u a i k  Group r o c k s ,  a  s t e e p  f a u l t  i s  i n f e r r e d  i n  t h e  B e l t  
Creek-Libby River  v a l l e y .  Ex tens ive  t u n d r a  i n  t h e  v a l l e y  p r e v e n t s  d i r e c t  o b s e r v a t i o n  
of t h e  f a u l t ,  bu t  t h e  l i n e a r i t y  of t h e  v a l l e y  l e n d s  s u p p o r t  t o  t h e  i n f e r e n c e .  The west 
s i d e  of t h e  v a l l e y  r e p r e s e n t s  t h e  down-dropped block.  

The l i m e s t o n e  bed i n  Secs .  1 6  and 21,  T4S, R28W, is  bounded on t h e  n o r t h  by t h e  D Creek 
f a u l t  and on t h e  s o u t h  by t h e  C Creek f a u l t .  The D Creek f a u l t  p l a n e  is  exposed i n  t h e  
bank of D Creek; i t  s t r i k e s  N40E and d i p s  255. The l i m e s t o n e  on t h e  hanging w a l l  
( sou th  s i d e )  of t h e  f a u l t  has  been d i s p l a c e d  about  1500 f e e t  h o r i z o n t a l l y .  V e r t i c a l  
movement i s  unknown. 

The C Creek f a u l t  i s  n o t  exposed b u t  t h e  l i m e s t o n e  bed h a s  been d i s p l a c e d  about  5000 
f e e t .  The n o r t h  s i d e  of t h e  f a u l t  moved sou thwes t .  Because of t h e  s e n s e  of movement 
on t h e  bounding f a u l t s ,  and d r a g  a t  t h e  margins ,  t h e  r e c r y s t a l l i z e d  Limestone between 
t h e  two s t r u c t u r e s  is  bowed t o  t h e  west (f ig 2 ) .  

The g r a n i t i c  i n t r u s i v e  i n  t h e  southwest  p a r t  of t h e  a r e a  is  c u t  o f f  by a  f a u l t  t h a t  
s t r i k e s  N70E and d i p s  30s .  The f a u l t  forms a  f a i r l y  s h a r p  c o n t a c t  between t h e  g r a n i t e  
and t h e  s c h i s t  (fig 2 ) .  The f a u l t  p l a n e  is marked by a  two-inch seam of q u a r t z  w i t h  
mixed b i o t i t e  and muscovi te  i n  c o a r s e  p l a t e s .  

The s l a t e s  s o u t h  of A Creek a r e  h i g h l y  c r e n u l a t e d ,  c o n t o r t e d  and f r a c t u r e d .  Microfo lds  
a r e  numerous and f r a c t u r e s  a r e  f i l l e d  by q u a r t z .  The f r a c t u r i n g  and f o l d i n g  a r e  
probably r e l a t e d  t o  a  f a u l t  p a r a l l e l i n g  A Creek. 

The a l t e r e d  d i k e  i n  Sec. 11, T4S, R28W, i s  c u t  o f f  on t h e  e a s t  by a  f r a c t u r e  p l a n e  
t h a t  s t r i k e s  N80E and d i p s  70s.  The d i k e  is h i g h l y  a l t e r e d  and s h e e t e d  by p a r a l l e l  
j o i n t s  t h a t  g i v e  t h e  d i k e  a l a y e r e d  appearance.  The l a y e r s  a r e  f o l d e d  and crumpled; 
t h e  a x i a l  p l a n e s  s t r i k e  w e s t ,  a r e  v e r t i c a l ,  and plunge 25E. 

On t h e  e a s t  s i d e  of t h e  v a l l e y  t h e r e  is l e s s  ev idence  of f a u l t s  o r  o t h e r  s t r u c t u r e s .  
The r h y o l i t e  d i k e  a t  t h e  s o u t h  end of t h e  map a r e a  is  o f f s e t  s l i g h t l y  by a  f a u l t  t h a t  
s t r i k e s  N75E and d i p s  68s. S l i c k e n s i d e s  i n  t h e  f a u l t  p l a n e  plunge 15E. There  is a  
q u a r t z  v e i n  1 8  i n c h e s  wide i n  t h e  hanging w a l l  of t h e  f a u l t  zone. 

There a r e  two s m a l l  i s o l a t e d  b locks  of l i m e s t o n e  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 ,  and one s m a l l  pa tch  of t h e  S l a t e  of t h e  York Region. The d i s t r i b u t i o n  of t h e s e  
rocks  i s  probab ly  t h e  r e s u l t  of t h r u s t  f a u l t i n g .  T h r u s t i n g  is  p o s t u l a t e d  because a t  
o t h e r  p l a c e s  on t h e  Seward P e n i n s u l a ,  i s o l a t e d  b locks  of l i m e s t o n e ,  such a s  t h e s e ,  a r e  
commonly r e l a t e d  t o  t h r u s t s  (Sainsbury and o t h e r s ,  1969) .  



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

There a r e  no s u r f a c e  exposures  of o r e  m i n e r a l s  i n  t h e  p r o j e c t  a r e a ,  b u t  samplgs were 
t aken  of a l t e r e d  zones ,  gossans ,  p e g m a t i t e s ,  and o t h e r  rocks .  F i e l d  t e s t s  of s t ream 
sediment samples r e v e a l e d  geochemical anomalies  from s e v e r a l  d r a i n a g e s .  These s t reams  
were i n v e s t i g a t e d  f o r  t h e  s o u r c e s  of t h e  anomalous samples ,  and samples t aken  a s  
necessa ry .  

T h i r t y - f i v e  s e l e c t e d  rock  samples were analyzed by emiss ion  s p e c t r o g r a p h  f o r  30 elements .  
The r e s u l t s  of t h e  a n a l y s e s  f o r  1 4  of t h e s e  e lements  i s  shown i n  t a b l e  1. The l o c a t i o n s  
of t h e  35 sample s i t e s  a r e  shown on f i g u r e  2 .  I n  a d d i t i o n ,  1 0  samples of r e c r y s t a l l i z e d  
l i m e s t o n e ,  c a l c - s i l i c a t e  rocks  and a l t e r e d  d i k e  rocks  were ana lyzed  by atomic a b s o r p t i o n  
f o r  go ld ,  s i l v e r ,  copper ,  l e a d ,  and z i n c .  The r e s u l t s  of t h e s e  a n a l y s e s  a r e  n o t  tabu- 
l a t e d  because t h e  v a l u e s  ob ta ined  were very  low: go ld ,  0.2 p a r t s  pe r  m i l l i o n  (ppm); 
s i l v e r ,  0 .1  ppm; copper ,  5 ppm; l e a d ,  1 5  t o  60 ppm; z i n c ,  5 t o  20 ppm. 

Study of t a b l e  1 shows t h a t  none of t h e  samples analyzed c o n t a i n  s i g n i f i c a n t  amounts 
of m e t a l l i c  m i n e r a l s .  There  a r e  v a r i a t i o n s  accord ing  t o  l i t h o l o g y  and r e l a t i v e l y  h i g h e r  
c o n c e n t r a t i o n s  of m e t a l l i c  e lements  i n  some samples ,  b u t  none of t h e  samples i n d i c a t e  
m i n e r a l i z a t i o n  c o n c e n t r a t e d  enought t o  be commercial. However geochemical samples 
i n d i c a t e  s e v e r a l  anomalies  t h a t  should be i n v e s t i g a t e d .  

I n  g e n e r a l  t h e  c a l c - s i l i c a t e  rocks  and t h e  a l t e r e d  d i k e s  a r e  enr iched  i n  i r o n ,  calc ium,  
and t i t a n i u m  a s  compared t o  o t h e r  rocks  i n  t h e  a r e a .  The maf ic  r o c k s ,  such  a s  amphi- 
b o l i t e  and greens tone ,  a r e  r e l a t i v e l y  r i c h  i n  copper ,  z i n c ,  chrome, c o b a l t ,  and n i c k e l .  
Pegmat i t es  show r e l a t i v e l y  h i g h e r  c o n c e n t r a t i o n s  of b e r y l l i u m  and t i n .  The b l a c k  s l a t e s  
show h i g h e r  t h a n  average  c o n c e n t r a t i o n s  of molybdenum and barium. A l l  of t h e s e  e lements  
were d e t e c t e d  i n  t r a c e  amounts o n l y  from samples t h a t  had been s e l e c t e d  on t h e  b a s i s  of 
p robab le  m i n e r a l i z a t i o n .  The above o b s e r v a t i o n s  may a i d  i n  i n t e r p r e t i n g  geochemical 
anomalies ;  b u t  rock  sampling a l o n e  is  n o t  a s e n s i t i v e  e x p l o r a t i o n  t echn ique .  



Table 1 Emission Spectrograph Analyses, Rock Samples; Bendeleben A-5 and A-6 Quadrangles, Seward Peninsula, Alaska; 
Values in parts per million, unless indicated otherwise. 



Table 1 - continued 



Table 1 - continued 

(1) NA -- Not analyzed 

(2) ND -- Not de t ec t ed  

Ba 

100 

200 

100 

500 

200 

1000 

5000 

5000 

500 

50C 

Mg 

ND 

0 .1  

5 

2 

5 

0.5 

5 

1 

1 

2 

Be 

1 

5 

ND 

2  

ND 

2  

ND 

ND 

2 

5  

Sn 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Sample#  

185 r ( a )  

194r  

202r 

204r 

212r 

220r 

226r 

231r 

234r 

241r 

N i  

1 0  

10  

10  

20 

20 

20 

50 

100 

50 

20 

Fe 

5 

2 

2  

5  

2  

2  

5  

2  

5  

5 

Remarks 

Composite grab  sample; r h y o l i t e  d i k e  
w i th  l imon i t e .  

Brecciated r h y o l i t e  w i th  l imon i t e ;  
f l o a t .  

Al te red  d i k e ;  f l o a t .  

C a l c - s i l i c a t e  rocks ;  q u a r t z ,  c a l c i t e ,  
ep ido t e ;  f l o a t .  

C a l c - s i l i c a t e  rocks ;  f l o a t .  

D i o r i t e  rubble .  

Black s l a t e ;  s i l i c e o u s ,  l imon i t e  a long  
cleavages.  

Fine-grained gne i s s .  

C a l c - s i l i c a t e  f l o a t .  

S i l i c e o u s  rock  w i th  c a l c i t e .  

Zn 

100 

100 

100 

100 

100 

100 

200 

200 

100 

100 

Co 

ND 

ND 

10 

20 

10 

10 

20 

10  

20 

10 

Mn 

100 

200 

1000 

1000 

500 

1000 

1000 

500 

500 

50G 

Mo 

5  

5  

ND 

5 

ND 

5  

20 

50 

1 0  

5  

C r  

100 

100 

100 

200 

100 

200 

500 

100 

500 

200 

T i  

5000 

2000 

2000 

2000 

2000 

2000 

5000 

2000 

5000 

5000 

Cu 

100 

20 

2  

20 

1 0  

5  

100 

50 

1 0  

1 0  

Pb 

20 

1 0  

20 

20 

20 

50 

50 

1 0  

20 

20 



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

SAMPLING METHOD 

Stream sediment  samples  were t a k e n  a t  one-quar te r  m i l e  i n t e r v a l s  from t h e  a c t i v e  bed of 
each  s t r e a m  i n  t h e  p r o j e c t  a r e a .  There  were 425 samples  t a k e n .  St ream sed iment  sample  
l o c a t i o n s  a r e  shown on f i g u r e  2 .  

A compos i t e  sample from a n  a r e a  25 t o  50 f e e t  l o n g  on b o t h  s i d e s  of t h e  s t r e a m  was 
t a k e n  a t  each  sample s i t e .  Samples of f i n e  s i l t  a s  f r e e  a s  p o s s i b l e  from o r g a n i c  
m a t t e r  were  c o l l e c t e d  i n  c l o t h  bags .  The c l o t h  bag c o n t a i n i n g  t h e  sample was p l a c e d  
i n  a  p l a s t i c  bag t o  p r e v e n t  c o n t a m i n a t i o n  from o t h e r  samples  d u r i n g  t r a n s p o r t a t i o n  
and shipment .  

FIELD TESTS 

Each sample was ana lyzed  i n  camp f o r  heavy m e t a l s  by a  d i t h i z o n e  c o l o r i m e t r i c  t e c h -  
n i q u e  d e s c r i b e d  by Mawkes (1963) .  A f t e r  f i e l d  a n a l y s e s  were completed t h e  samples  
were 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  i n  C o l l e g e  f o r  p r e c i s e  d e t e r m i n a t i o n s  of m e t a l  
c o n t e n t .  The f i e l d  t e s t  r e s u l t s  were r e c o r d e d  by t h e  m i l i l i t e r s  of d i t h i z o n e  r e -  
q u i r e d  t o  r e a c h  a n  end p o i n t .  R e s u l t s  of f i e l d  t e s t s  a s  w e l l  a s  n o t e s  and remarks  
p e r t a i n i n g  t o  t h e  sample s i t e  a r e  shown i n  append ix  11. 

A f i e l d  t e s t  of s i x  m i l i l i t e r s  was c o n s i d e r e d  s i g n i f i c a n t .  Values  ranged from z e r o  
t o  22,  b u t  o n l y  s i x  samples  had a  v a l u e  of i i x  o r  more. These  anomalous samples  a r e  
l i s t e d  below ( tab le  2 ) ,  and f o r  comparison c e r t a i n  e l ements  d e t e c t e d  by a tomic  absorp-  
t i o n  and emiss ion  s p e c t r o g r a p h  a r e  a l s o  l i s t e d .  

T a b l e  2 - Anomalous Stream Sediment Samples As I n d i c a t e d  By Cold E x t r a c t a b l e  
Heavy Meta l s  T e s t  

* Denotes anomalous c o n c e n t r a t i o n  
A *  Denotes t h r e s h o l d  c o n c e n t r a t i o n  

Map 
Sample 
Number 

3  
156 
359 
3  60 
3  7 1 
403 

Emiss ion Spec t rograph  
Data  i n  P a r t s  Pe r  
M i l l i o n  

F i e l d  T e s t  i n  
M i l i l i t e r s  of 
D i t h i z o n e  

7 
20 
22 
1 3  
1 4  

7 

Atomic Absorp t ion  
Data  i n  P a r t s  Pe r  
M i l l i o n  

h 
a, 
P 
4 
.A 
rX 

2 * 
I* 
-- 
-- 
-- 
- - . 

a 
rd 
a, 
4 

-- 
50* 
-- 
-- 
1 0  
-- 

!-! 
a, 
a 
a 
0 
U 

1 5  
5  

20 
35 
30 
20 

Fi 
2 
a 
P 
h 
4 

2 
-- 
1 o ~ t k  
-- 

5  
1 0 $ ~ 9 (  

5 

a 
a 
a, 
J 

1 5  
1 5  
1 5  
20 
20 
1 5  

2 
.rl 
N 

50 
100 
2009~ 
230'k 
140*2k 
140;?* 



F i e l d  d a t a ,  i n c l u d i n g  i n f o r m a t i o n  abou t  t h e  sample s i t e ,  t h e  l o c a t i o n  and t h e  f i e l d  
t e s t  were e n t e r e d  on a  s p e c i a l l y  p r e p a r e d  form upon which cou ld  b e  e n t e r e d  i n f o r m a t i o n  
o b t a i n e d  l a t e r  i n  t h e  l a b o r a t o r y .  

LABORATORY ANALYTICAL METHODS 

A l l  of t h e  s t r e a m  sediment  samples  c o l l e c t e d  were  ana lyzed  by a tomic  a b s o r p t i o n  f o r  
copper ,  l e a d ,  and z i n c  i n  t h e  l a b o r a t o r y  of t h e  D i v i s i o n  of Mines and Geology. R e s u l t s  
of t h e  a n a l y s e s  were e n t e r e d  on t h e  forms t h a t  c o n t a i n e d  t h e  f i e l d  d a t a .  Because of 
l o g i s t i c s  i t  was n o t  p o s s i b l e  t o  r e c e i v e  t h e  a n a l y t i c a l  r e s u l t s  i n  t h e  f i e l d .  R e s u l t s  
of t h e  a tomic  a b s o r p t i o n  a n a l y s e s  a r e  shown i n  appendix  11. 

During t h e  w i n t e r  t h e  samples  were an layzed  by 30-element 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  methods.  The e lements  looked f o r  and t h e  d e t e c t i o n  l i m i t s  of t h e  s p e c t r o g r a p h  
a r e  shown i n  appendix  I. The s p e c t r o g r a p h i c  work was done by t h e  Minera l  I n d u s t r y  
Research Labora to ry  of t h e  U n i v e r s i t y  of Alaska  under  t h e  d i r e c t i o n  of Lawrence E.  
He ine r .  L a r r y  S h a f f o r d  and J a n e  Bryant  performed t h e  a n a l y t i c a l  work. The r e s u l t s  of 
t h e  s p e c t r o g r a p h i c  a n a l y s e s  were  e n t e r e d  on forms c o n t a i n i n g  t h e  p r e v i o u s l y  o b t a i n e d  
i n f o r m a t i o n  and t h e  d a t a  were  punched on IBM computer c a r d s .  The r e s u l t s  of t h e  e m i s s i o n  
s p e c t r o g r a p h  a n a l y s e s  a r e  shown i n  appendex 11. 

DATA PROCESSING AND CALCULATION OF ANOMALIES 

A f t e r  a l l  t h e  accumulated d a t a  p e r t a i n i n g  t o  each  sample were punched on IBM c a r d s  
t h e  d a t a  were f e d  i n t o  t h e  I B M  360 Computer.at  t h e  U n i v e r s i t y  of Alaska .  The computer 
program was w r i t t e n ,  managed, and s u p e r v i s e d  by Lawrence E .  H e i n e r ,  M i n e r a l  I n d u s t r y  
Kesearch L a b o r a t o r y ,  U n i v e r s i t y  of Alaska.  

The computer p r i n t  o u t  t a b u l a t e d  t h e  r e s u l t s  of a l l  a n a l y s e s  of each  s t r e a m  sediment  
sample p l u s  remarks ,  sample number and o t h e r  i n f o r m a t i o n  p e r t a i n i n g  t o  t h e  sample 
(appendix II). The computer de te rmined  t h e  a v e r a g e  and s t a n d a r d  d e v i a t i o n  f o r  e a c h  
e lement  based on t h e  v a l u e  f o r  e v e r y  sample .  When t h e  c o n c e n t r a t i o n  of a  g i v e n  e lement  
was l e s s  t h a n  t h e  d e t e c t i o n  l i m i t  o f  t h e  s p e c t r o g r a p h ,  t h e  l e t t e r s  N D ,  f o r  "none 
d e t e c t e d " ,  were e n t e r e d  on t h e  IBM c a r d .  To c a l c u l a t e  a v e r a g e s  and s t a n d a r d  d e v i a t i o n s  
a  v a l u e  e q u a l  t o  one h a l f  t h e  v a l u e  of t h e  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  a v e r a g e  
f o r  t h e  e l ement ,  whichever  was l e s s ,  was s u b s t i t u t e d  f o r  ND. The computer c a l c u l a t e d  
a  t h r e s h o l d  and anomalous v a l u e  f o r  each  e lement  by u s i n g  t h e  a v e r a g e  and s t a n d a r d  
d e v i a t i o n .  

The t h r e s h o l d  and anomalous v a l u e s  f o r  each  e lement  were a r r i v e d  a t  by methods d e s c r i b e d  
i n  Hawkes and Webb (1962, p  30). Thresho ld  is  t a k e n  a s  t h e  mean p l u s  t w i c e  t h e  
s t a n d a r d  d e v i a t i o n ;  anomalous v a l u e s  a r e  t a k e n  a s  t h e  mean p l u s  t h r e e  s t a n d a r d  d e v i -  
a t  i o n s .  

Thresho ld  and anomalous v a l u e s  c a l c u l a t e d  by t h e  above method are mean ingfu l  i f  t h e  
sample  p o p u l a t i o n  is d i s t r i b u t e d  normal ly .  The f u r t h e r  t h e  d a t a  d e p a r t s  from normalcy 
t h e  l e s s  r e l i a b l e  a r e  t h e  computed t h r e s h o l d  and anomalous v a l u e s .  Because of t h i s  
t h e  computer c a l c u l a t e d  a  second s e t  of t h r e s h o l d  and anomalous v a l u e s ,  by t r e a t i n g  
t h e  d a t a  f o r  each  e lement  a s  i f  i t  were lognormal ly  d i s t r i b u t e d .  T h i s  second set of 
anomalous and t h r e s h o l d  v a l u e s  was c a l c u l a t e d  as d e s c r i b e d  above,  e x c e p t  t h e  n u m e r i c a l  
v a l u e  of t h e  a n a l y s i s  f o r  each  sample  was r e p l a c e d  by t h e  l o g a r i t h m  of t h e  v a l u e .  



Table  3 - S t a t i s t i c a l  Measures,  Ca l cu l a t ed  Threshold  and Anomalous Values,  Stream Sediment Samples,  
Bendeleben A-5 and A-6 Quadrangles ,  Seward Pen insu l a ,  Alaska .  (Values 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 t e d  o t h e r w i s e . )  

Normal Data  Logarithms of Data 

Standard  Threshold  Anomalous Standard  Threshold  Anomalous 
Element Average Dev ia t i on  Value Value Average Dev ia t i on  Value Value 

Copper 1 19.41 12 .28  4 5 55 1 .24  0.25 1 .74  2 .00  

z inc1  71.29 36.61 130 160  1 . 8 1  0.20 2.21 

Copper 18.59 50.67 100 200 1 .15  0.27 1 . 7 0  

Lead 1C.93 9.88 2 0 50 1 .14  0.24 1 . 6 1  

Zinc  120.32 58.80 200 500 2 .05  0.16 2.37 

Molybdenum 3.54 3.68 1 0  2 0 0 .59  0.22 1 .03  

S i l v e r  0.15 0.29 1 1 0.05 0.08 0 .21  

Cobal t  21.23 11.68 5 0 5 0 1 . 3 0  0.20 1 . 7 0  

Chromium 114.25 84.87 200 500 2.00 0 .21  2.43 

N icke l  25.97 16.50 5 0 100 1 . 3 8  0 .20  1 .78  

Manganese 1483.29 1422.64 5000 5000 3.04 0.33 3.69 

Ti tanium 5098.77 2250.12 10000 10000 3.66 0.22 4.09 

I r o n  (%) 3.06 1 .86  5 10  0.57 0.17 0 .91  

Magnesium ( 2 )  1.26 0.68 2 5 0.34 0 .12  0.57 

Calcium (%) 1.30 0.75 2 5 0.34 0.12 0.59 

Barium 620.64 309.08 1000 2000 2.75 0.18 3.12 

S t ron t ium 143.23 70.17 200 500 2.12 0 .19  2.49 

Boron 68.87 58.12 200 500 1 .72  0.33 2.38 

Beryl l ium 1.84 0 .91  5 5 0 .43  0 .13  0.69 

T in  2.14 1.04 5 5 0 .49  0.07 0 .63  

Tungsten 1 . 5 0  0 .00  2 2 0 .40  0.00 0.40 

Zirconium 172.16 8 6 . 8 1  500 500 2.19 0.20 2 .59  

Lanthanum 47.31  62.05 200 500 1 .56  0.30 2.16 

Niobium 17.71  5.15 5 0 5 0 1 .25  0.13 1 . 5 1  

Scandium 15.84 7.28 50 5 0 1 . 1 9  0.70 1 .53  

Y t t r i um 35.42 27.14 100 200 1 .49  0.24 1 .96  

Vanadium 84.72 38.46 200 200 1 . 9 0  0.17 2.25 

Arsen i c  1.80 0.02 0 0 0.45 0.00 0.45 

Antlmony 1.18 9.86 5 0 50 0.10 0.19 0.48 

Bismuth 2.65 1.88 10  10 0.42 0.40 1 .22  

Cadmium 0.94 8.55 2 0 5 0 0.09 0.16 0.42 

Gold 0.03 0.50 0 0 0.00 0.05 0 .11  

1 - Atomic a b s o r p t i o n  d a t a ;  a l l  o t h e r s  a r e  emi s s ion  spec t rog raph  a n a l y s e s .  



To l e a r n  i f  t h e  d a t a  a r e  normal ly  o r  lognoraml ly  d i s t r i b u t e d ,  and t h u s  which v a l u e  i s  
t h e  most r e l i a b l e ,  t h e  computer p l o t t e d  h i s t o g r a m s  f o r  c o p p e r ,  l e a d ,  and z i n c  as d e t e r -  
mined by a tomic a b s o r p t i o n .  Histograms were a l s o  p l o t t e d  u s i n g  t h e  l o g a r i t h m s  of t h e  
d a t a  f o r  t h e  above e lements .  By comparing t h e  two h i s t o g r a m s  f o r  a  g i v e n  elemeht t h e  
n a t u r e  of t h e  p o p u l a t i o n  d i s t r i b u t i o n  cou ld  be  de te rmined .  The p o p u l a t i o n s  f o r  copper ,  
l e a d ,  and z i n c  a r e  more n e a r l y  normal ly  d i s t r i b u t e d  t h a n  lognormal ly  d i s t r i b u t e d .  There 
f o r e  t h e  anomalous and t h r e s h o l d  v a l u e s  c a l c u l a t e d  d i r e c t l y  from t h e  d a t a  a r e  used i n  
t h i s  r e p o r t .  The v a r i o u s  h i s tograms  a r e  shown i n  appendix 111. Histograms were n o t  
p l o t t e d  f o r  e lements  determined by e m i s s i o n  s p e c t r o g r a p h .  The d e t e c t i o n  i n t e r v a l s  
i n c r e a s e  g e o m e t r i c a l l y  and h i s tograms  a r e  n o t  u s e f u l .  Element p o p u l a t i o n s  determined 
by emiss ion  s p e c t r o g r a p h  a r e  assumed t o  be  d i s t r i b u t e d  normal ly .  Threshold and 
anomalous v a l u e s  a r e  t a k e n  a s  t h e  mean p l u s  two and t h r e e  s t a n d a r d  d e v i a t i o n s  respec-  
t i v e l y .  

To v e r i f y  t h e  t h r e s h o l d  and anomalous v a l u e s  f o r  copper ,  l e a d ,  and z i n c ,  cumula t ive  
f requency  c u r v e s  were p l o t t e d  on semi - logar i thmic  paper .  These c u r v e s  a r e  shown i n  
appendix 111. The v a l u e s  o b t a i n e d  a r e  s i m i l a r  t o  t h o s e  o b t a i n e d  by assuming t h e  d a t a  
is  normal ly  d i s t r i b u t e d .  

T a b l e  3 shows t h e  t h r e s h o l d  and anomalous v a l u e s  used i n  t h i s  r e p o r t  f o r  t h e  v a r i o u s  
e lements .  The l o g a r i t h m i c  v a l u e s ,  averages  and s t a n d a r d  d e v i a t i o n s  a r e  a l s o  inc luded  
i n  t a b l e  3. 

DISCUSSION OF ANOMALIES 

Genera l  Observa t ions  

A s t u d y  of f i g u r e  2 and appendix I1 r e v e a l s  t h a t  s t r e a m  sediment  samples  from t h e  e a s t  
s i d e  of t h e  v a l l e y  c o n t a i n  more copper  and z i n c  t h a n  s t r e a m  sediment  samples  from t h e  
west s i d e  of t h e  v a l l e y .  Except f o r  one sample from Lucky Dog Creek and one sample 
from t h e  West Fork of t h e  Libby R i v e r ,  none of t h e  samples  t a k e n  from t h e  wes t  s i d e  
of t h e  v a l l e y  c o n t a i n  more t h a n  background amounts of copper  o r  z i n c ,  b u t  l e a d  i s  a  
f a i r l y  common anomalous o r  t h r e s h o l d  e lement .  On t h e  e a s t  s i d e  of t h e  v a l l e y ,  copper ,  
l e a d ,  and z i n c  a r e  a l l  f a i r l y  common anomalous e lements .  T h i s  i n d i c a t e s  t h a t  t h e r e  
a r e  two d i s t i n c t  and s e p a r a t e  p o p u l a t i o n s  i n  t h e  r e g i o n  and i f  s t a t i s t i c a l  t r e a t m e n t  
were c a r r i e d  f u r t h e r  t h e y  shou ld  be t r e a t e d  a s  such.  

On t h e  west s i d e  of t h e  v a l l e y  ca lc ium is  c o n c e n t r a t e d  i n  s t r e a m  sediment  samples  t o  a  
much h i g h e r  d e g r e e  t h a n  on t h e  e a s t  s i d e  of t h e  v a l l e y .  T h i s  p robab ly  r e f l e c t s  g r o s s  
v a r i a t i o n s  i n  l i t h o l o g y  i n  t h e  two p a r t s  of t h e  a r e a  and a g a i n  i n d i c a t e s  two s e p a r a t e  
p o p u l a t i o n s  t h a t  should be t r e a t e d  s e p a r a t e l y .  

Area North of F Creek 

The nor thwes t  p a r t  of t h e  p r o j e c t  a r e a  is d r a i n e d  by I Creek, H  Creek,  G Creek,  and 
t r i b u t a r i e s  of F Creek. The s t r e a m s  form a  s e m i - r a d i a l  d r a i n a g e  p a t t e r n  s u r r o u n d i n g  
a  b road ,  e a s t - t r e n d i n g  r i d g e  (fig 2 ) .  Sediment samples  from t h e  headwater  p o r t i o n s  of 
t h e s e  s t r e a m s  a r e  anomalous i n  s i l v e r ,  c o b a l t ,  l e a d ,  and molybdenum. T i tan ium,  r a r e  
e a r t h  e lements  and s e v e r a l  o t h e r  e lements  a r e  a l s o  c o n c e n t r a t e d  i n  anomaLous amounts 
i n  some of t h e  samples from t h e s e  s t r e a m s .  



Rock o u t c r o p s  i n  t h e  v i c i n i t y  a r e  s p a r s e ,  b u t  f r o s t  r i v e n  r u b b l e  t h a t  i s  probably n e a r  
i t s  o r i g i n a l  l o c a t i o n  is  f a i r l y  abundant.  No rock  samples were t aken  i n  t h i s  p?rt  
of t h e  a r e a  because none appeared t o  be m i n e r a l i z e d .  

On t h e  c r e s t  of t h e  r i d g e  s e p a r a t i n g  H and I Creeks t h e r e  i s  f l o a t  d e r i v e d  from maf ic  
r o c k s .  S i m i l a r  f l o a t  o c c u r s  a t  t h e  c r e s t  of t h e  h i l l  a t  t h e  head of I Creek and a t  
t h e  head of a  f o r k  of F Creek. No samples of t h i s  rock  were ana lyzed ,  bu t  t h e r e  is  
probably a  r e l a t i o n  between t h e  maf ic  d i k e ( ? )  and t h e  anomalous c o b a l t ,  s i l v e r ,  molyb- 
denum, and l e a d .  The r a r e  e a r t h s ,  t i t a n i u m ,  and z i r c o n  probably r e f l e c t  t h e  pegmati te-  
g r a n i t i c  l i t h o l o g y  of t h e  a r e a .  T h i s  anomalous zone i s  impor tan t  enough t o  war ran t  
p r o s p e c t i n g  and sampling. 

Head of E Creek 

Near t h e  headwaters  of E Creek g n e i s s i c  g r a n i t e  w i t h  pegmat i t e  phases  is bordered by a  
h a l o  of c a l c - s i l i c a t e  rocks .  Sediment samples from t h e  headwaters  of f o r k s  of E Creek 
a r e  anomalous i n  l e a d ,  s i l v e r ,  molybdenum, and bery l l ium.  These anomalies  a r e  r e l a t e d  
t o  bery l l ium a s s o c i a t e d  w i t h  pegmat i t es  and s l i g h t  m i n e r a l i z a t i o n  i n  t h e  c a l c - s i l i c a t e  
zone. Rock samples 51r  (pegmat i t e )  and 52r ( c a l c - s i l i c a t e )  a r e  from t h e  v i c i n i t y  and 
t h e y  show l i t t l e  of i n t e r e s t .  Th is  anomaly i s  probably of l i t t l e  s i g n i f i c a n c e .  

Lucky Dog Creek 

Stream sediment samples were t aken  from t h e  Gpper f o r k s  of Lucky Dog Creek,  a  t r i b u t a r y  
t o  t h e  P i l g r i m  River  on t h e  west .  The sampled p o r t i o n s  of t h e  s t r e a m  a r e  on t h e  west 
s i d e  of a g n e i s s i c  g r a n i t e  r i d g e .  Samples from t h e  f o r k  f a r t h e s t  n o r t h  a r e  anomalous 
i n  l e a d ,  s i l v e r ,  molybdenum, and c o b a l t .  Th is  a s s o c i a t i o n  is s i m i l a r  t o  t h a t  n o r t h  
of F  Creek. No maf ic  r o c k s  were observed i n  t h e  v i c i n i t y ,  b u t  t h e  c r e s t  of t h e  r i d g e  
was t h e  westward l i m i t  of mapping. There  is a  pegmat i t e  d i k e  n e a r  t h e  head of t h e  
s t ream where t h e  anomalous samples were c o l l e c t e d ,  and some c a l c - s i l i c a t e  d e b r i s  appears  
i n  t h e  r u b b l e  t h a t  mant les  t h e  r i d g e .  

This  anomaly may b e  s i g n i f i c a n t  because t h e  absence of a  s i m i l a r  anomaly i n  t h e  f o r k  
of Lucky Dog Creek j u s t  t o  t h e  s o u t h e a s t  i n d i c a t e s  t h a t  t h e  s o u r c e  of t h e  anomalous 
sediments  is n o t  r e l a t e d  t o  t h e  g e n e r a l  l i t h o l o g y  of a  l o c a l  enrichment of bedrock. 
The northwest  f o r k  e v i d e n t l y  c u t s  a  v e i n  o r  d i k e  w i t h  anomalous amounts of l e a d ,  
c o b a l t ,  molybdenum, and s i l v e r .  

West Fork of Libby River  

The West Fork of t h e  Libby River  heads i n  t h e  southwest  p a r t  of t h e  a r e a  shown on 
f i g u r e  2 and j o i n s  t h e  main d r a i n a g e  s o u t h  of t h e  map a r e a .  Two samples i n  t h e  upper  
r e a c h e s  of t h e  c reek  a r e  anomalous i n  molybdenum, chromium, and n i c k e l .  The s o u r c e  
of t h e  anomaly and i t s  importance a r e  n o t  known. It is probably r e l a t e d  t o  a  l o c a l  
occur rence  of maf ic  rocks .  



A t r i b u t a r y  from t h e  n o r t h  e n t e r s  West Fork s l i g h t l y  s o u t h e a s t  of t h e  sample l o c a t i o n s  
noted above. The s t ream f lows  from a  g n e i s s i c  g r a n i t e  r i d g e  t h a t  is surrounded by a  
prominent c a l c - s i l i c a t e  h a l o .  Two samples from t h i s  s t r e a m  a r e  anomalous i n  s i l v e r .  
The s i l v e r  i s  probably r e l a t e d  t o  t h e  a l t e r a t i o n  h a l o  and is  of d o u b t f u l  importAnce. 

F a r t h e r  s o u t h e a s t  a  copper ,  l e a d ,  z i n c  anomaly and a  s i l v e r  anomaly a r e  i n  two samples 
from a n o t h e r  t r i b u t a r y .  These a r e  i s o l a t e d  anomalies ;  t h e  sur rounding  a r e a  i s  covered 
by t u n d r a ,  and t h e  s o u r c e  of t h e  anomalous samples and t h e i r  importance a r e  n o t  known. 

D Creek 

Most of t h e  samples from D Creek a r e  anomalous i n  l e a d .  There was p robab ly  weak l e a d  
m i n e r a l i z a t i o n  in t roduced  a long  t h e  D Creek f a u l t  and t h e s e  anomalous samples mark i t s  
t r a c e .  No m i n e r a l i z a t i o n  was observed i n  t h e  d r a i n a g e .  The anomalies  may i n d i c a t e  a  
concealed m i n e r a l i z e d  s t r u c t u r e ,  bu t  t h e i r  importance is q u e s t i o n a b l e .  

A t  t h e  head of D Creek i s  a  be ry l l ium anomaly. It i s  probably r e l a t e d  t o  a  c a l c -  
s i l i c a t e  zone o r  a  l o c a l  pegmat i t e  body. 

C Creek 

Lead anomalies  a r e  common i n  samples from C Creek, and t h e  s e t t i n g  is  s i m i l a r  t o  t h a t  
on D Creek. The d r a i n a g e  i s  n e a r  a  f a u l t  zone, i t  c u t s  a r e c r y s t a l l i z e d  l i m e s t o n e  
bed, and heads i n  a  c a l c - s i l i c a t e  a l t e r e d  zone. A s  a t  D Creek, t h e  meaning of t h e  
anomalous samples is u n c e r t a i n .  

I n  t h e  lower p a r t  of C Creek t i t a n i u m  is  anomalous i n  s e v e r a l  samples .  These samples 
were c o l l e c t e d  n e a r  an  a l t e r e d  d i k e .  The d i k e  may b e  t h e  s o u r c e  of t h e  t i t a n i u m .  

B Creek 

The upper p a r t  of B Creek f o l l o w s  a  c o n t a c t  between Nome Group s c h i s t  and a  s m a l l  p lug 
of monzonite.  A narrow c a l c - s i l i c a t e  a l t e r a t i o n  zone b o r d e r s  t h e  i n t r u s i v e .  Anomalous 
t i t a n i u m  i s  common i n  samples from B Creek a long  w i t h  minor l e a d ,  c o b a l t ,  o r  s i l v e r .  
The t i t a n i u m  is  probably d e r i v e d  from t h e  c a l c - s i l i c a t e  zone. Rock samples show t h a t  
t h e  c a l c - s i l i c a t e  zones a r e  enr iched  i n  t i t a n i u m .  

M Creek 

The head of M Creek i n t e r s e c t s  a pegmat i t e  body t h a t  is  l o c a l i z e d  i n  f ine -gra ined  
g n e i s s .  Samples i n  t h e  upper p a r t  of t h e  c r e e k  a r e  anomalous i n  c o b a l t ,  s i l v e r ,  and 
l e a d ,  and t h e y  show t h r e s h o l d  v a l u e s  i n  copper  and z i n c .  P r o s p e c t i n g  t h e  pegmat i t e  
and a d j a c e n t  g n e i s s  could be worthwhile ,  a l t h o u g h  no m i n e r a l i z a t i o n  was observed when 
t h e  a r e a  was examined. 



F a r t h e r  downstream on M Creek,  below a n  a l t e r e d  d i k e  t h a t  c u t s  g n e i s s ,  s t r e a m  sediment  
samples  c o n t a i n  anomalous c o n c e n t r a t i o n s  of c o b a l t  and l e a d .  These  samples  a r e  more 
l i k e l y  r e l a t e d  t o  t h e  p e g m a t i t e  d i k e  f a r t h e r  upst ream t h a n  t o  t h e  a l t e r e d  d i k e .  

The n e x t  s t r e a m  t o  t h e  e a s t  i s  a  s h o r t  t r i b u t a r y  of L Creek t h a t  c u t s  t h e  p e g m a t i t e  
g n e i s s  c o n t a c t .  Samples from t h i s  s t r e a m  a r e  a l s o  anomalous i n  c o b a l t  and l e a d .  There  
a r e  anomalous c o n c e n t r a t i o n s  of s i l v e r  and t i t a n i u m  i n  samples  from n e a r  t h e  mouth 
of t h i s  s t r eam.  They a r e  p robab ly  r e l a t e d  t o  a n  a l t e r a t i o n  h a l o  a s s o c i a t e d  w i t h  a  
s m a l l  i n t r u s i v e  i n  t h e  v i c i n i t y .  

L Creek 

I n  i t s  upper  r e a c h e s ,  L Creek b ranches  i n t o  two s h o r t  f o r k s  ( f i g  2 ) .  The west  f o r k  
i n t e r s e c t s  a  s m a l l  exposure  of t h e  S l a t e  of t h e  York Region t h a t  is  though t  t o  b e  
t h r u s t  i n t o  i t s  p r e s e n t  p o s i t i o n .  Below t h e  s l a t e ,  s t r e a m  sediment  samples  a r e  
anomalous i n  copper ,  l e a d ,  z i n c ,  and s i l v e r .  A r o c k  sample  from t h e  s l a t e  shows t h a t  
i t  is s l i g h t l y  e n r i c h e d  i n  l e a d ,  z i n c ,  molybdenum, n i c k e l ,  and b a r i t e .  T h i s  anomaly 
p robab ly  r e p r e s e n t s  a  l o c a l  i n c r e a s e  i n  background and is  more r e l a t e d  t o  l i t h o l o g y  
t h a n  t o  m i n e r a l i z a t i o n .  

E a s t  Fork of B e l t  Creek-East  Fork Libby River  

The upper  f o r k s  of B e l t  Creek n e a r  t h e  n o r t h e a s t  c o r n e r  of t h e  p r o j e c t  a r e a  and t h e  
upper  p a r t  of t h e  Libby River  a r e  s e p a r a t e d  by a  r i d g e  on t h e  west  s l o p e  of Mount 
Bendeleben. Another r i d g e  on t h e  west  s l o p e  of Mount Bendeleben s e p a r a t e s  t h e  upper  
f o r k s  of t h e  Libby River  ( f i g  2 ) .  

Samples from t h e  upper  p a r t  of B e l t  Creek a r e  anomalous i n  c o p p e r ,  l e a d ,  z i n c ,  and 
c o b a l t .  Samples from a lmos t  t h e  e n t i r e  l e n g t h  of t h e  E a s t  Fork of t h e  Libby River  
a r e  anomalous i n  one e lement  o r  a n o t h e r .  C o b a l t ,  c o p p e r ,  z i n c ,  l e a d ,  and molybdenum 
a r e  common anomalous e lements  i n  t h e  d r a i n a g e .  The n e x t  s t r e a m  t o  t h e  e a s t  i s  a  t r i b -  
u t a r y  t o  t h e  Niukluk R i v e r .  I n  i t s  upper  p a r t  t h e  s t r e a m  t u r n s  n o r t h  and i n t e r s e c t s  
t h e  s o u t h e a s t  s i d e  of t h e  r i d g e  t h a t  is d r a i n e d  by t h e  upper  f o r k s  of t h e  Libby R i v e r .  
Samples from t h i s  upper  p a r t  of t h e  Niukluk Fork a r e  anomalous i n  c o p p e r ,  l e a d ,  z i n c ,  
and molybdenum ( f i g  2 ) .  

Mapping d i d  n o t  extend i n t o  t h e  a r e a  i n  q u e s t i o n ,  b u t  based on t h e  d i s t r i b u t i o n  of 
anomalous samples ,  m i n e r a l i z a t i o n  f o l l o w s  t h e  r i d g e  t h a t  s e p a r a t e s  t h e  Fork of t h e  
Niukluk R i v e r  and t h e  Libby R i v e r ,  and c r o s s e s  t h e  r i d g e  t h a t  s e p a r a t e s  B e l t  Creek and 
t h e  Libby R i v e r  ( f i g  2 ) .  T h i s  zone may a l s o  extend sou thwes t  t o  t h e  mouth of A Creek.  
The p r o b a b l e  t r e n d  of t h e  m i n e r a l i z a t i o n  i s  shown on f i g u r e  2. 

Fork of Niukluk R i v e r  

On t h e  lower  r e a c h e s  of a  f o r k  of t h e  Niukluk Rive r  on t h e  e a s t  edge of t h e  p r o j e c t  
a r e a  ( f i g  Z ) ,  s t r e a m  sediment  samples  a r e  anomalous i n  molybdenum, c o b a l t ,  z i n c ,  and 
s i l v e r .  T h i s  p a r t  of t h e  a r e a  was n o t  mapped, t h e r e f o r e  t h e  anomaly canno t  b e  e v a l -  
u a t e d .  The d i s t r i b u t i o n  of t h e  samples  s u g g e s t s  t h a t  a  zone of m i n e r a l i z a t i o n  t r e n d s  
nor thwes t  a c r o s s  t h e  r i d g e  t h a t  forms t h e  d i v i d e  between t h e  Niukluk Fork and t h e  
Libby R i v e r  ( f i g  2 ) .  



Q Creek 

A t  t h e  head of Q Creek, s t ream sediment  samples a r e  anomalous i n  s i l v e r  and c o h a l t .  
Samples f a r t h e r  downstream show t h r e s h o l d  v a l u e s  i n  l e a d .  These anomalies  a r e  probably 
a s s o c i a t e d  w i t h  a s m a l l  d i o r i t e  mass a t  t h e  head of t h e  c r e e k .  

P Creek 

Samples from t h e  head of P Creek a r e  anomalous i n  l e a d  and one sample i s  enr iched  i n  
t i n .  The s o u r c e  of t h e  anomaly is  unknown. The c r e e k  heads i n  f ine -gra ined  g n e i s s ,  
bu t  f lows  mos t ly  through t u n d r a  w i t h  no rock  exposures .  It is  p o s s i b l e  t h a t  a n  ex- 
t e n s i o n  of t h e  D Creek f a u l t  i s  n e a r  P Creek and t h a t  t h e  l e a d  anomalies  a r e  a s s o c i a t e d  
w i t h  t h e  f a u l t .  



S U M M A R Y  

CONCLUSIONS 

A s  a  r e s u l t  of t h i s  s tudy  t h e  f o l l o w i n g  c o n c l u s i o n s  a r e  reached :  

1. The a r e a  is a  Precambrian t e r r a i n  i n t r u d e d  by igneous rocks  of Mesozoic age .  

2.  Following t h e  nomenclature  set f o r t h  by Sa insbury  and o t h e r s  (1969) t h e  
metamorphic rocks  i n  t h e  a r e a  a r e  t e n t a t i v e l y  a s s i g n e d  t o  t h e  K i g l u a i k  Group, 
t h e  Nome Group, S l a t e s  of t h e  York Region and pre-Ordovician l imes tone .  
Gne isses ,  s c h i s t s ,  s l a t e s ,  and l i m e s t o n e s  a r e  t h e  main rock  t y p e s  encounte red .  

3. There  a r e  probably two ages  of i n t r u s i v e  g r a n i t i c  r o c k s  i n  t h e  a r e a .  The 
younger ones  a r e  f ine -gra ined  monzonite t o  g r a n i t e s .  There  is  commonly an  
i r r e g u l a r  h a l o  of c a l c - s i l i c a t e  r o c k s  a t  margins  of t h e s e  f i n e - g r a i n e d  i n t r u -  
s i v e  r o c k s .  The o l d e r  i n t r u s i v e  r o c k s  a r e  p o r p h y r i t i c  and have a  g n e i s s i c  
t e x t u r e .  

4.  There  a r e  d i k e s  of v a r i o u s  composi t ions  and d i v e r s e  a t t i t u d e s  throughout  t h e  
p r o j e c t  a r e a .  

5. Gross s t r u c t u r a l  f e a t u r e s  i n c l u d e  g e n t l e  a n t i c l i n a l  f o l d i n g  o r  doming on t h e  
west and a  f a u l t  of r e g i o n a l  p r o p o r t i o n s  t h a t  b i s e c t s  t h e  a r e a .  There  a r e  
o t h e r  f a u l t s  of l o c a l  e x t e n t  w i t h i n  t h e  map a r e a .  

6. No s u l f i d e  m i n e r a l s  were observed.  Analyses of rock  samples d i d  n o t  r e v e a l  
t h e  p resence  of s i g n i f i c a n t  m i n e r a l i z a t i o n .  

7 .  Because of e x t e n s i v e  t u n d r a  cover  and s p a r s e  o u t c r o p s ,  geochemistry  i s  a 
more e f f e c t i v e  p r o s p e c t i n g  t e c h n i q u e  t h a n  v i s u a l  i n s p e c t i o n .  

8. C o l o r i m e t r i c  a n a l y s e s  f o r  co ld  e x t r a c t a b l e  heavy m e t a l s  a r e  no t  s u f f i c i e n t l y  
s e n s i t i v e  t o  d e t e c t  anomalous zones i n  s t ream sediment samples i n  t h e  map 
a r e a .  

9. Anomalous zones  t h a t  may be s i g n i f i c a n t  were d e t e c t e d  on t h e  r i d g e  n o r t h  of 
F  Creek, on t h e  r i d g e  t h a t  forms t h e  B e l t  Creek-Libby River  d i v i d e ,  on a  
d i v i d e  n o r t h  of a  f o r k  of t h e  Niukluk R i v e r ,  and on Lucky Dog Creek. 

SUGGESTIONS TO PROSPECTORS 

The f o l l o w i n g  s u g g e s t i o n s  a r e  p u t  f o r t h  i n  r e g a r d  t o  p r o s p e c t i n g  i n  t h e  r e g i o n :  

1. Geochemical s t ream sediment sampling i s  a  u s e f u l  t e c h n i q u e ,  b u t  l a b o r a t o r y  
a n a l y s e s  a r e  needed f o r  t h e  d e t e c t i o n  of s u b t l e  anomalies .  

2 .  Follow-up work should be done on t h e  s i g n i f i c a n t  anomalies  d e s c r i b e d  i n  t h i s  
r e p o r t .  S o i l  samples and rock  samples would be u s e f u l ,  and i f  r e s u l t s  a r e  
f a v o r a b l e ,  t r e n c h i n g  t o  bedrock should be under taken .  
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C T Z  2 1  S F A L E  i C  S C I - I S 1  2 0  I G h F C L S  Z C  P E C C b T I T E  5  
C T L  3 c  SHPLE IC s c r l S T  2 5  I G ~ E L L Z  2 5  F E C  5  
P T Z  1 5  I G h E C L :  3 C  S L A T E  1 5  S C h l S T  3 C  
C T Z  5  S C H I S T  3 5  I C h E C L S  4 C  
C T Z  2 C  I G h F C L S  4 C  S C I - I S 1  3 0  
C T Z  3 C  I G h t C L :  2 C  S C H I S T  2 C  C R E E h S T C h t  1 0  
C 1 Z  2 5  S C P I S T  3 5  l S h E C L S  ?C G R E t h S C t I S T  1 C  
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C T Z  4 C  G R A h l l E  3 L  L l r E S T C h E  7 C  
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2 C C  2 c  
ZCC 1 C C C  
5 c c  5 C C  
I C C  .C 
1 C C  1 C C  
I C E  5 C  

h b  h b  
i c r  hc 
2 C C  S C  
I C C  2 C  

A  h1 
5 C C  i C  
2CC 5 C  
I C C  2 C  
2 C C  5 C  
ZCC 5 c  
LCC Z C C  
' I c i  5 C  
I C C  I C C  
zcr ? c  
2 C C  1cc 
I C C  2 t C  
ZCC 1 C C  
2cc I t C  
ICC I t 0  

3 
1. &4 

b. 

2 C 
2 C 
' < 
5 C  
2 C  
5C 
'> ( 
7C 
.'C 
2 C  
5 C 
5 c  
2 c 
'I c 
2 c  
2C 
2 L  
2 f 
21 
7 c -. " c 
' r 

7f. 
'If. 
2 C  
5 C  
5r 
5 1  
5 C  
2 r  
2 f .  
7 c 
7 c  
5 c  
h1 
Z C  
5 c  
5 C  
5 c  
5  c 
2  c 
5  c 

2 C C  
2 C C  

2  C 
SC 
? c 
h b  
5 C  
2 c  
2  C  
h b 
2 C  
5 c 
2  c 
5 1  
5 c  

Z C C  
5c 

2 0 C  
2 C  
Z C  

I O L  
5  C  
5 L  
2  c 

Y 

p 
i rc 

5 C  
1I.C 
1 C C  
1 c c  
1 1  C  
1 C L  
l e c  
I t  C 
let 
1 c r  
1 c c  
1 C C  
1 C C  
1 C L  

5 C  
I C C  
1 C C  
1 c c  
1 C C  
I C C  
1 C C  
L C 1  
L C C  
1 c c  
2 C C  
I C c  
I C C  
1 C C  
I C C  
1 C C  

5 L 

I C C  
1 C C  

h b  
5  c 

1cc  
'L 

1 C L  
1 c c  

5 C  
1 C C  

5 C 
1 C C  
L C C  

5 C  
1 C C  

L L  
1cc  
I C C  
I C C  

h b  
I C C  
1 C C  
1 C L  

5 C  
1 C C  
1 C C  
Z C C  
l C O  
1cc 
1 c c  

5 C  
1 C C  

SC  
1 CO 

n r  3 4 P PC F 
b C  C  1 L  B CC CR 
h E  C 6 P V C F  
h C  G 3 C  P P C  F  
h r  1 a c  P PC F 
h C  5 4 P C C F  
I r 1 3 c  F LL F 
h C  5 4 P CC F  
h r  L 4C P L C  F 6 1 2  
r 1 4c P LC  F C ~ S C  
h L  2 i C  E! C C  F  C P S C  
h r  c 2 ~  P Y C  F C T Z  
W G CC P CC F  C Z I C  
h ~  c IL e r c  F 
h ~  c IC e w c  F C R  
h C  C 1 2  P V C  C CR 
h C  C 1 4  V L C  F  CQ 
NC 1 4 b L C  F  CR 
h l  1 P C L C F  

2 C P L L F  
L C  C 1 2  f L L  F  CR 
h C  2  C P L C C  
h C  1 t P L C F  
L C  G t e LC F P E G  
h r  2  4 e LC F ca  
h c  o 4 e ~ c ~ c a  
h r  2  4 e ~ c ~  
r z ~ P L C F  
4 c  2 1 2  e LC F 
NC 1 1 4  P LC F  
h ~  I t e cr F L S  
hC 1 6 f *LC F  
h r  2 4 e ~ c r  
k c  1 4 P L C C  
h b  I 4 e ~ c c  
h C  2 2 P C C F  
k c  2  C ~ L O F  
4 L  5 I C r L C k C P  
NC C I C  6 L C  F G R  
N r  C  e p L c r  
\ c  3 I S P C C  
hr 3 a e v c r  
N C  1 3 P P I C  
h c  2 3 e ~ 1 r  
NC i e r r c ~  
h C  I I C P C C C  
NC 3  IC P P C  r 
h~ 2 6 e r c r  
h C  3  4 ' L L P  
k c  5 4 ~ t 1 r  
k L  3 I C  ? P C  C  
h a  1 L C  P w c  r 
h C  2 6  e l.1 C  
h C  1 6 B F I  
NC 2 3 P t I C  
hT 2 1 1 P V C P  
h~ 2 1 2 e v c c  
NC c LI e r c  r 
NC Z I Z ~ P L C  
k t  O I 2 B C C C  
1 C  2 I 2  I! P C  P 
h C  2 1 4 E V C C  
Nt I l t E C C C  
NC i i t c ~ c r  
h C  Z l C I L C *  
NC I 18 I PC r 

Sediments in Stream Bed in Percent (4) 
C T I  ? C  C P A h l l t  5 C  L l P k S l C h E  2 C  
C h C I I 5  i C  G V P I L I T E  3C C 1 S T  15 C T Z  5 S C b I S T  'C 
C T Z  2 5  E h 5 T  2 5  L L C E S T C h E  ;ti C ? b h I l E  l 2  
P I X E L  C l f  C R b h l l E - G h F I S S  7 5  L I C F ' T C L E  1 5  E N S 7  1C  
C T Z  A h [  C R A h l l E  t :  L l V F S I C h E  1 C  C h S T  1 C  
r l x k c  ~ C I Z  A L C  G R ~ ~ I T E  5 5  L I F E S T C ~ L  3 5  T ~ S T  IC 
C I X E C  ilf & P C  I G h L C C S  C C C P I h b T l r h 5  
P l X E C  C l l A h T  b U b h l T t  C h S T  
C T Z  3 5  L h S T  ? C  C P b h I T E  2 5  F L L  1C  
C T Z  1 5  G P 4 h l T t  3 5  G h C C  '>r 
C 1 7  2 '  6 U 4 h I T t  'C F f  S T 6 1 R E L  C C I L  4 5  
C T L  3 5  G + b h l T E  4C  F t  5 T l l h F C  G h S l  7 5  
C T 7  i f .  C R b h l l E  2 5  c P S l  t i  
G K b h I l t  6 :  C 1 1  2 5  L T k F U  I S  
E R A h l l E  AhL C T Z  P d C I C S  SCCE C h K l  
G R P h l l E  b h L  C T Z  P b S I C S  7 C  F h S T  1 5  C h f I S S  1 5  
C T Z  2 5  G H b h l l E  t 5  C h S I  I C  
C T Z  2 C  C P A h l T l C  1 5  ! C C F  R k C C C h l l A E L E  C h S T  
G h S T  4C C 1 Z  7 C  G R t h l l t  4 C  
C T f  2 5  G P b h I l t  4 5  C h S T  ? T  
fll 2C G R b C l T l  l i  L d L C l l I  LC 
C T I  2: G W b h l T E  7 5  
C l Z  2 5  C H A h l l E  5 5  S C h l C T  2 C  
C T 1  3C  G 3 4 h l l E  4 5  P k G  1 5  C L S T  I( 
C l Z  3: G R d h l T C  4C G h S T  i 5  
G h S l  2 5  C 1 Z  i 5  G F b h l l F  51 
C 1 Z  3 5  C R b h l l E  t 5  
C h S l  ? 5  C l l  26 Ff. S T b l h E C  E C C L  i C  E P b h l T I  2 5  
C l Z  2C G U b h l l E  t L  C P L C I T E  7 2  
C T Z  3f.  G R b h l T E  4 C  C I L C I I F  3r 
F F  S l b l h  S C k I 5 T  3C  C T Z  Z C  G R b h l l E  4C C t l C l T E  1C 
C T 1  5 F I - S T A l h E C  S L C I S l  7 C  E R l h l l F - 2 5  
C 1 1  2 5  G l l b h l l F  5 C  F E  S T b l h E C  > C k l S T  2 5  
C T Z  i c  G R I ~ I T ~  5 c  S C C I Z T  2 ~  V F R V  IIITLF s E r s  
S b C P L E  L C S T  
C T Z  2 5  C P b h l T t  F F C  5C S C C l S l  1 5  L h C T  5 5 F C S  
C T Z  ! 5  G R I L ! T !  A'.: ! , \ t i 5 3  L: G k i l  I L  F V G  LC 
C R b h I l t  b h r  L h E l S S  eC C T Z  LC I'EC l c  
G R d h l T F  A h C  C h E l S S  8 5  P F C  I C  C T I  ', 
0 1 1  1 C  G H b N I T E  6 C  G h E l S S  ?C C T C F U  :L 
I G h t C L S  4 C  S C t I S 1  3 5  C T Z  1 C  l t ' h S C 1 I S T  1 5  
C T Z  1 C  P E C  2 C  I G h I C L , 5 . 4 €  S C k I S T  ?C 
C T Z  i c  G A ~ ~ I T ~  e 5  SEC:  5 V E A Y  S ~ ~ C Y  S L I L  
G R A h l l I C  C i C  S C  E l 2  1 C  b F R Y  > A h C V  S C I L  
c i z  i r  PEG IC I G ~ F C L S  4 5  S C V I S T  !c 
C 1 Z  2 G R E E h I T C h L  3 C  I C h F C L S  6C 
S C F I S 1  t C l 6 L E C L I  2 5  P E G  l C  
C T Z  5  P E G 1 5  I C h E C L S  4 C  S C F I S T  3 5  
C T Z  1C  L G h c C b S  4 C  S C H I S T  4C 
C 1 7  1C  P E G  2 5  I G h E C L S  4 C  S C h l S T  7 5  
C T L  5 P F G 1 5  G C E E L  S l C L E  1 C  S C h I S T  3 C  I G h E C U S  4 C  
9 1 1  1 5  P E G  1 5  1 6 h C C L S  4 C  S C b I S T  2 C  C R E E h S T C L E  I C  
L I Z  5 P E G  ) 5  I G h E t L S  3 C  S C M I S T  41 
L T 2  5 P C S l L I  F I N E  Z E C 5  
F I L E  S E C S  C h l I  
E l f  K P k C 2 5  I f h E C l S  5 5  S C F I S I  1 C  
C 1 Z  I C  S C t l S T  3C P E G  1 5  I E h E C b S  5L 
C 1 Z  5 P E G  I 5  S C H I S T  5C I G L E C L S  3C 
QIZ 5  PIG 2 c  s c b i r i  3 c  IGLFCLS 4 c  
C 1 2  5 S C H I F T  ? C  P E G  2C I C L E C L S  4 L  
0 1 2  1 C  I G h F C L I  3 C  P k G  2C S C F l S T  7 C  C P E I h  S l C h f  1 0  
C 1 Z  1C  I G h t L I . 5  4 5  P E G  1 C  SCl.1ST 3 C  
C l Z  5 S C t I S 1  2 C  F I G  1 C  I G h E C l S  6 5  
C 1 Z  1 5  I G N E C L Z  5 C  S C H I S T  2 0  P L G  L C  
C 1 2  1 C  I G h t C G S  4 5  PEG 1 5  S C t I S T  2 C  
C I Z  2C S C k I S 1  3C F E G  1 5  I G L E C U S  3 5  





1 
51 

0 

rl 
N 

zc ;  
2 C C  
1 C i  
2 C C  
2 C C  
2 c c  
2 C L  

h 4 
1 c: 
i C  C  
2 C C  
Z C (  
2 C C  
I cr 
1 C i  
1 c ;  
? C L  
L C C  
2 C (  
1 C C  
2 C C  
z c i  
2 C C  
2 C C  
2 c r  
1 C  C  
5 C L  
1c; 
Z C C  
2 C C  
1 C C  
2 L C  
? C C  
2 c 1  
z c :  
5 C L  
i C C  
'C: 
i C C  
1 c :  
i C :  
2 c r  
TC:  
5 C  ; 
2 c c  
2 c :  
'CC 
\ d 
h l 

7 C '  
1 C L  
? c 
1 '  
i C .  
? C "  
'C '  
2  c 
i c .  
1. 

I C .  
i C '  
1' 
i f  
< t L  

L C i  
7 .' r 

f 
1 C C  

2 r  
i i  

1 C C  
I C  

I C C  
i C  
h b 
N C  
i C  
i C  
h C  
5 C  

1 C C  
i C  
h r 
h b 
i C  
h r 
h d  

2 C C  
5 L 
h A 
h C  
h r 
5 C  
i C 
h 4 
i C  
5  C 
2 c 
2 C  

1 C C  
5 C  
5  C 
5  C 
2 C  
5  C  
I C C  - - 

' L  

i C  
i C 
ic 
i C  
5 C 
5 c  

I C C  
h A  
h A 
hC 
5 r 
h n 
P. r 
2  L 

: f 
L r 
5 1. 
- ?  

< '. 
i C  
ir 
i C 
* .  . . 
6 .  

' 7  
2 "  
i C  

1 C C  h C  h C  5 
5 C  h C  h C  5 
5 C  h C  h C  h C  
5 C  h C  h C  5 
5 C  LC h C  5 
5 C  N C  h C  h L  
5 C  NC h C  L C  
h b  h A  h b  h b  
5 C  h C  h C  h C  
5 C  h C  h C  L C  
= C  h C  h C  h C  
E C  h C  h C  h C  
5C h C  h C  5 
5 C  h C  h C  h C  
5 C  h C  h L  h C  
* C  h C  h C  h L  
5 C  h L  h C  5 
5 C  h C  h C  h C  

I C C  h C  h C  h C  
5; h C  h C  h C  
5 C  h C  h E  h C  
5 C  hC h C  * C  
5 C  h C  h C  h C  
5 C  hr  h C  " 

I C C  h T  h r  L 
L C  hr h c  h~ 
5 C  h C  h C  L C  
t i  h C  \ L  5 
LC h C  P C  5 

L C C  h C  h C  L 
I C C  P C  h C  h C  " h C  hr  h C  

- C  h C  h C  : .L  
: C  k c  h r  h r  
L~ h[  C h C  

IC.  ~r ~r r.1 
!C * C  hL LIL 
- i  h C  h C  ? C  

1 f C  h l .  h C  h C  

h C  1 1 6  P P C  r 
hc 3 1 a e r c r  
h c 2 c  e r c  r 
h c  1 2 c  e PC w 
< C  I 2~ e PC F 
h c  I 2 5  e r c  r 

I 2 c  e nc r 
4 b  C 2 C p . C C V  

1 2 ~  e r c  c 
*IC I i c  e r c  F 
w o ~ c e n c r  
h l  C  I 6  E P C  V  
* C  2 I C  e r c  c 
h f  @ 1 4 P C T P  
C  2 1 4  P C  V 
h C  1 1 2 P P C V  
hb 1 2 C  Q P C  P 
N C  2  1 4  e r c  r 
h C  2  I 4  P P C  C  
h C  1 I 2  B P C  V  
h C  2 1 2 P P C V  
h~ I 12 e r c  r 
h C  1 1 2  8 P C  P  
k c  2 1 2  e r c  r 
h~ I ~ e r r r  
h L  3  E E r C r  
h[ b 4 P C C P  
k c  7 4 P t 1 V  
h i r  2 C 0  2  e t I  
hc 2 e e r r r  
h C  2  1 C - P C ?  
h C  1 6 P P L P  
h C  2  I P P C W  
k C  2  7 t ' P L b  
A L  2  7 e r c r  
h c  c ~ e r c v  
h C  1 ' P C C V  
h C  4  4 P t I P  
h C  I $ B P I - r  
h C  0 5 P P T P  
L C  1 5 E L C P  
h r  2 6 P r r C  
h c  1 6 e r c r  
h C  1 7 E V C P  
hr  1 l P r C r  
h l  3 7 P C L V  
% C  2  7 e r c c  
h b  c i e r c r  
h b  C 7 i ' C L h  
h C  1 F P C C P  
h r  1 7 e r c r  
* C  0 F P V C '  
K C  c e ~ r c r  
hr c c e r c k  
h C  2  i c  P  r c  r 
hL 1 i C  e  r c  * 
hr  1 2 c  e PC P 
h C  1 i C  e P C  r 
\ I  o 2 c  e r c  c 
h.C 2  2 C  P P C  P 
h 1 i 5  e P C  * 
\ C  1 i 5  F P r  ? 
hr  2 2 5  e P C  V  
k c  1 ? T  e  r c  r 
'*c 1 4 c  e v c  r 
k c  c i c  e  * c  r 

S d h n t a  in Str- h d  in Percmt (4) 
C l Z  1 5  S C C I S T  2 C  P E G  1 5  I E h E C U S  5 C  1 2 8  
E l 2  I P E G  1 C  S C h l ' l  3 5  I L h E C L S  4 C  G R E E h S T C h E  1 C  1 2 9  

1 3 C  
1 3 1  

S C t l S l  5CIGNECUS 5C 1 3 2  
S C h l S 1  3 5 C l Z  5 I G h E C L S  5 0  1 3 3  
E l l  L C  S C t I S T  4 5  F H E E h S T C h E  35  1 3 4  
C 1 Z  1 C  I G h E C L S  C L  S C H l S l  3 G  1 3 5  
C l l  1 C  S C b l S T  5 C  I G h F C L S  4 G  1 3 6  
C 1 Z  1 C  I C , h E C U S  5 L  S C H I S T  3 5  G R E E h S T C h E  5  1 3 7  
P E G  1 C  C 1 2  5  S C t I S l  4 C  I G N E C V S  3 C  1 3 P  
P E G  1 C  S C H I S T  4 C  I G L E C U S  4 C  C T Z  1 C  1 3 9  
S C t l S l  4 C I G N E C l S  ? C  G P E E h  S l C h E  2 C  1 S C  
P E G  1 5  ( 1 1  1 5  E P E E h C T C h E  20 l G h t C L S  2 0  S C C I S T ? C  1 4 1  
S C t l S l  Z C  I G N E C L S  5 C  C T I  1 5  G H E E h  S T C h E  1 C  1 4 2  
C l Z  1: S C h l S l  1 5  I G h E L L S  6 5  PFG 5  1 4 3  
P E G  2 5  S C P I S T  3 C  I G h E C L S  2 5  C T Z  5  1 4 4  
C T Z  1 5  I G h E C L :  4 C  P E G  1 C  S C h l S T  1 5  1 4 5  
C 1 Z  2 C  F E C  2C S C F I S T  ? C  I G h E C U S  ? C  1 4 6  
O T Z  2 5  P E G  2 5  S C h I S T  2 C  I C h E C U S  3 C  1 4 7  
G I ?  2 C  F C G  2 C  S C h I S T  2C G R E E h  S T C h k  1 C  I C h F C U S  36  1 4 e  
611 2 C  FFd  1 5  I G h L C L S  2 5  S C C I S T  3C G R E F h S T C h E  1 5  1 4 9  

P t G  C 1 Z  2 5  P E G  1 5  I G h E C L S  2 C  S C t l S T  1 C  E R E E h  S T C h E  1 C  1 5 C  
P E G  C T Z  2 C  P E G  2 5  I G h E C b S  3 C  S C t I S T  2 C  G R E E h  S l C h E  5 1 5 1  

I C h E C C S  4 C  S C t I S l  4 C  C T Z  1 G  G R E E L  S l C h E  1 C  1 5 2  
S C t 1 S 1  3 C C l Z  5 I C h E L L C  6 C  G H E t h O T C h E 5  1 5 3  
S C C l S 1  3 5 1 6 h E L L S  5 C  G P E L h S T L h t  1 5  1 5 4  
SC~-l~l ? C I C ~ E C L ~  5 ~  G P P ~ I ~ F  1 5  G P E E ~ S T C ~ E  IC 1 5 5  
I F h E C l S  5 C  S C t I S 7  5 C  1 5 6  
S C t I S 1  ? 5 I G h F C L S  3 5  G P P h l T E  2 0  C P F E h S T C k E  1 5  1 5 7  
S C b I S T  3 C  I G h t C C S  4 C  C R d h l T E  25 C I Z  5 1 5 8  
S C b I S 1  2 5 l b h E C L S  2 5  G R E E h  S l C h €  4 L  C T Z  I C  1 5 7  
S C I - 1 S T  1 5 I C h l L L S  ? C  G R P h I T F  3 5  G R E t h S T C N F  2 C  1 6 C  
S C b I S 1  i 5  I G h b C L S  b C  E R F E h  S T C h E  1 G  C T Z  7 1 6 1  
S C h l ' l  3 C 1 6 h F C V S  t C  C T Z  1 C  1C.2 

P k C  S C C l S l  ? C  C R E E h  5 l L h F  3C I F h E C L S  ?O C T Z  1 6 3  
C T Z  2 C  I G h t C C I  4 C  S C h I S T  3 0  G H F E h  S T C h E  1 C  1 6 4  
C 1 Z  ? C  P E G  1 5  G P b h l T E  3C I G h C C L S  3 C  1 6 5  
C T Z  1' P E G  1 5  I G h t C L 5  3 5  S C t I S T  2 5  G R t E h S T r k E  1 0  1 6 6  
C T Z  i C  C C k I S l  3 5  I C h E C L S  3 C  F R E t h  S T C h E  1 C  1 6 7  
C 7 7  2 5  S C b l S T  4 C  F F G  5 I C h E C U S  2 5  1 6 8  
C T Z  2 5  F F G  2 5  I G h E L L S  1 C  S C t I S 7  3 5  l t s  
C 1 Z  2 1  P E G  3 1 7 C  
C T Z  2 C  P E (  ? C  1 7  1 
C 1 Z  2 C  I C h E C L !  2 5  F C G  1 C  S C t I S T  1 5  1 7 2  
911 i f  I C h L C L 5  3 5  S C b I S T  3 5  1 7 3  
P F C  2 5  C T Z  1 C  S C h l S l  2 5  I E h F C U S  3: 1 7 4  
C T Z  2 (  P E C  1 5  I G h E C L S  3 5  S C t I S T  2 5  1 7 5  
C T ?  2 C  C P b h l l F  2 C  C F G  L C  S C t l i l  2' I l t  
S C b I S l  2 C  I L h F C L 5  5C L T Z  1 C  P E C  2 1  1 7 1  
C T Z  1: P F C  1 5  S C ~ I S ~  3c  I C L C C L ~  4 c  l i e  
S C + I S l  2 5 I L h t C L S  ? L  C I Z  1 5  F F G  1 5  C R E E L  S T C S E  1 7 9  
S C h I S T  3 C l : ; h E C L S  4 5  f E G  2' 1 h C  
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2 C C  %I h T  1 L  
I C C  i h C  2 C  
I C I  - h r  i c  

hC 5 h C  21; 
L C C  h f  hl' hC 
b C  2  hb 2 C  

L C C  5 h r  2 C  
Z C C  5 h r  5C 

h r  5 h P  5 C  
I C C  IC hT ' I C  
1 C C  ', h T  2 r  
1 C C  5 Pr = c  
1 C r .  5 1  2 C  
L C I  5 nr 2 c  
2 c c  L C  L C  2 C  
2 C r  2  1 ii 
1 C P  5 L C  2 C  
L  5 hi- 2 C  
7 c c  5 n c  2 c  
l i C  5 h C  5 C  
c I C  h c  2 c  
I C r  5 h C  i C  
2 c r  hr. h c  I C  
2 C I '  5 h C  2 C  
2 C f  1 C  I 5 C  

pr 2  2c 
2 C C  1 L  1 2 :  
7 C C  2 C  1 2 C  
5 C C  5 C  h C  2 C  
2 C C  1 C  hC L C  

(3)  A t a i o  abwrption ruultm; 7 . 1 ~ .  for a-1. U. 
r i s s i w  mputrqraph rmults  

1 C C  
1 C ,  
1 C C  

5r 
5 c  

1cr 
I c r  
2 C C  

5 L 
1cr  
1 C I '  

5 C  
1cr 
2 C C  
~ C L  
7 c t  
I c r  
I C C  
I C C  
1 L C  
1 C C  
I C C  
1 C C  
2 C C  
2 C C  
1cc 

5 C  
1 C O  
I C C  

5 C  
.lcc 
I  C C  
L C C  

5 i  

2 C  1 C C c :  i C C C  
i C  l C C C  5 C C C  
i C  l C C C  5 C C C  
1 C  5 C C  Z C C C  
2 C  I C C C  Z C C C  
2 C  I C C C  5 C C C  
5c L C C C  5 C C C  

i r  I C C ~  sccc 
i C  I C C C  S C C C  
i C  2 C C O  i C C r  
'C 7 c c r  * I . L  
i C  L C C C  * l . C  
5 C  2 C C C  7 C C C  
5 C  2 C C C  5 C C C  
r L  2 C C C  5 C O C  
2 C  5 C C C  * l . C  
5c 2 C C C  5 C G C  
2 C  I C C C  S C C C  
5 i  < C C  i C C C  
5 C  I C C O  5 C C C  
5 C  I C C C  * l . C  
5 C  i C C C  5 C C C  
5c L C C C  5ccr 
i C  I C C C  2 C C C  
2 C  l C C C  5 C C C  
5 C  I C C C  E C C C  
2 C  I C C C  l C C C  
i C  I C C C  * C C C  
5c 2 C C C  5CCL 
5C I C C C  S C C C  
2 C  5 C C  Z C C C  

L  1 I 5 C C  
2  i 1 5 C C  
5 2 1 5 C L  

C . 5  L .5  C . 5  5 C C  
2  i . 5  C.5  Z C C  
5 i f . 5  5 C C  
2 2  I  I C C C  

i 1 & C C  
2 C . 5  r . r  5 C C  
5 i 1 5 C C  
2  1 c . 5  5 C C  
2 1 C . 5  F C C  
2 1 1 . 2  L C C C  
5 1 C.i Z C C C  
5  1 1 ' I C C  
2  i I I C C C  
2  I 1 I C C C  
? 2  1 I C C C  
5 2 1 I C C C  
2  1 1 L C (  
2  1  C.5 5 C C  
2  1  C . 2  I C C L  
5 1 r.5 5cc 
5 i 1 5 C C  
5 2  1 2 C C L  
2  I  C . 5  5 C C  
2  C . 5  C . 5  1 C C C  
2 1  C . 5  I C C C  
5 1 c.5 1 c c c  
2  f . 5  r.2 5 C C  
2  1  r . 5  2 c c c  
5 i C . 5  2 C C C  
2 i 6.5 2 C C C  
2  1  C . 5  L C C C  

L C C  2 C  1 N C  
I C C  5 L  2 1 C  
I C C  1 C C  1 h C  
1 C C  2 (  I N C  

5 C  2 C  2 N C  
I C C  5 C  7 N C  
1 C C  5 c  I N C  
1 C C  1 C r  I  NC 
I C C  5 .  I  Y E  
I C C  5 r  I N D  
1 c c  5 1  2 N C  

5 C  5 C  I NO 
I C i  3 C  7 h C  
i c c  7 c r  1 N C  
I C C  7 C C  7 PIC 
2 C C  1 C C  h C  h C  
I C C  Z C C  hC h C  
1 C C  I C C  h C  N C  
I t C  2 C r  1 h C  
I C C  I C C  h C  N C  
1 C C  i( 1  h'C 
1 C C  5 C  1  N C  
I C C  L C (  2 N C  
L C C  5 L  2 N C  
I C C  L C C  2  N C  
1 C C  5 (  1 h C  

5r L c r  1 I r c  
I C C  5 6  2 NC 
I C C  2 C C  2 h O  

5 C  5 C  I k c  
2 C C  I C C  2 h C  
L C C  2 C C  7 NC 
I C C  C C  I h C  
I C C  5 C  2 NC 
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ZINC ZINC 
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