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Livengood S t u d i e s  Resumed: A Summary o f  Recent 
Alaska D i v i s i o n  of  G e o l o g i c a l  and ~ e o ~ h y s i c a l  Surveys  

M i n e r a l  Resource I n v e s t i g a t i o n s  

BY 
M.D. Albanese ,  T . E .  Smi th ,  M.S. Robinson, and T.K. Bundtzen 

INTRODUCTION 

A s  p a r t  of a  program t o  reexamine m i n e r a l  r e s o u r c e  p o t e n t i a l  o f  I n t e r i o r  
Alaska Mining D i s t r i c t s ,  Alaska D i v i s i o n  of G e o l o g i c a l  and Geophysical  (DGGS) 
p e r s o n n e l  mapped and geochemica l ly  sampled 1,000 s q u a r e  m i l e s  i n c l u d i n g  the  
Livengood B-3, B-4, C-3, and C-4 Quadrangles d u r i n g  May-June o f  1982. Maps 
have been produced t o  show bedrock  geology a t  1:40,000 s c a l e  (Robinson,  1983; 
Smith ,  1983; Bundtzen,  1983; and Albanese ,  1983) ,  a n a l y s e s  of o v e r  2,000 
s t r e a m  sediment p a n - c o n c e n t r a t e ,  and rock  samples (Albanese ,  1983) ,  s u r f i c i a l  
geology a t  1:63,360 s c a l e  (Waythomas, 1984),  and d e t a i l e d  geology map (and 
r e p o r t )  of t h e  Old Smoky gold-antimony p r o s p e c t  a t  1:120 s c a l e  ( A l l e g r o ,  
1984) .  The p r e v i o u s l y  p u b l i s h e d  Livengood g e o l o g i c  map a t  1:250,000 s c a l e  by 
Chapman, Weber, and F o s t e r  (1971) g r e a t l y  a s s i s t e d  t h i s  i n v e s t i g a t i o n .  
H i g h l i g h t s  of t h e  DGGS Livengood s t u d y  a r e  inc luded  i n  t h i s  r e p o r t .  

Geologic  U n i t s  

The bedrock geology of t h e  s t u d y  a r e a  i s  g e n e r a l i z e d  i n  f i g u r e  1. The 
r o c k  u n i t s  g e n e r a l l y  occur  i n  NE t r e n d i n g  b e l t s  and r a n g e  from La te  Precam- 
b r i a n ( ? )  and Lower Cambrian t o  Cre taceous .  Bedrock u n i t s  a r e  complexly 
deformed and o u t c r o p  exposure  i s  poor .  C o n t a c t s ,  when exposed,  a r e  o f t e n  
f a u l t  bounded and s t r a t i g r a p h i c  r e l a t i o n s h i p s  a r e  d i f f i c u l t  t o  de te rmine .  

The o l d e s t  r o c k s  comprise  a n  i n t e r l a y e r e d  sequence of  maroon and green 
a r g i l l i t e ,  b l a c k  s h a l e  and l i m e s t o n e ,  v i t r e o u s  q u a r t z i t e  and s e v e r a l  t y p e s  of 
bimodal q u a r t z  sands tone  ( i n f o r m a l l y  known a s  t h e  ' G r i t '  u n i t  of Chapman and 
o t h e r s ,  1971). T h i s  u n i t  c o n t a i n s  Oldhamia, a  t r a c e  f o s s i l  of p robab le  La te  
P recambr ian(? )  t o  E a r l y  Cambrian age (Churkin and Brabb,  1965) .  These rocks  
a r e  bordered  on t h e  n o r t h  and pe rhaps  o v e r l a i n  by a  n o r t h e a s t  t r e n d i n g  b e l t  of 
o r t h o q u a r t z i t e ,  c h e r t ,  maroon o r  g r e e n  s h a l e  t o  p h y l l i t e ,  amygda lo ida l  green- 
s t o n e ,  d i o r i t e ,  and gabbro.  These younger r o c k s  may r e p r e s e n t  a  sediment- r ich  
f a c i e s  of t h e  F o s s i l  Creek Volcan ics  of Middle Ordov ic ian  age  (Church and 
Duf ree ,  1961) which o c c u r s  n o r t h e a s t  of t h e  map a r e a  i n  t h e  White Mountains 
(Bundtzen,  1983). 

The ' G r i t  u n i t '  a p p e a r s  t o  be i n  t h r u s t  c o n t a c t  w i t h  a n  e x t e n s i v e  Cher t  
t e r r a n e  composed of  v a r i e g a t e d  c h e r t ,  gray and t a n  c h e r t ,  c h e r t  conglomerate ,  
q u a r t z i t e ,  d o l o m i t i c  l i m e s t o n e ,  and minor f e l s i c  t u f f  and g r e e n s t o n e .  Th i s  
u n i t  i n c l u d e s  t h e  Livengood Dome Cher t  of Chapman and o t h e r s  (1980) .  The age 
of t h e  c h e r t  t e r r a n e  i s  b e l i e v e d  t o  be  Ordov ic ian  t o  S i l u r i a n  based  p r i m a r i l y  
on s t r a t i g r a p h i c  and f o s s i l  ev idence  i n c l u d i n g  g r a p t o l i t e s  (Chapman and 
o t h e r s ,  1980),  conodonts ,  b r a c h i o p o d s ,  and c o r a l s  ( F l o r e n c e  Weber, U.S. 
G e o l o g i c a l  Survey,  p e r s o n a l  commun., 1982, and Robinson,  1983) .  

The Chert  T e r r a n e  i s  b o r d e r e d  by a  P a l e o z o i c  c l a s t i c s  and c h e r t  u n i t  
c o n s i s t i n g  of q u a r t z i t e ,  maroon and g reen  a r g i l l i t e ,  l i t h i c  sands tone  and 
s i l t s t o n e ,  gray c h e r t ,  l i m e s t o n e ,  and l imes tone  b r e c c i a .  T h i s  u n i t  may 



F i g u r e  1. Geology o f  t h e  Livengood B-3, B-4, C-3 and C-4 Q u a d r a n g l e s ,  A laska .  
G e n e r a l i z e d  f rom A l b a n e s e ,  1983;  Bundtzen,  1983;  Robinson,  1 9 8 3 ,  
and Smi th ,  1 9 8 3 . ( c o n t i n u e d  on f o l l o w i n g    age) 
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Figure 1 (continued). 
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r e p r e s e n t  a  t r a n s i t i o n a l  phase between t h e  u n d e r l y i n g  Ordovic ian and S i l u r i a n  
Chert  t e r r a n e  and a  Devonian c l a s t i c  sequence which o c c u r s  s t r a t i g r a p h i c a l l y  
o r  s t r u c t u r a l l y  above t h e  Pa leozo ic  c l a s t i c s  and c h e r t  u n i t .  

The Devonian c l a s t i c  sequence,  i n f o r m a l l y  c a l l e d  t h e  Cascaden Ridge Uni t  
(Weber and o t h e r s ,  1985, p. 11)  i s  a  t u r b i d i c  sequence composed of a  b a s a l  
conglomerate c o n t a i n i n g  l o c a l l y  d e r i v e d  rounded c h e r t  and pebble  c l a s t s  i n  a  
sandy m a t r i x  o v e r l a i n  by a t h i c k  s e c t i o n  of t h i n l y  l a y e r e d  s h a l e ,  s i l t s t o n e  
and sands tone  w i t h  v e r y  minor ca rbona te  l a y e r s .  Although t u r b i c l i t e  f e a t u r e s  
such  a s  f l u t e  c l a s t s  and graded bedding a r e  v e r y  r a r e ,  d e b r i s  f lows o c c u r  n e a r  
the  b a s e  of t h e  conglomerate  (Weber and o t h e r s ,  1985, p. 22-23). Th i s  u n i t  i s  
a s s o c i a t e d  w i t h  a  dismembered m a f i c - u l t r a m a f i c  complex c o n t a i n i n g  a wide 
v a r i e t y  of r o c k  t y p e s  i n c l u d i n g  gabbro,  d i o r i t e ,  s e r p e n t i n e ,  agg lomera te ,  and 
mafic  v o l c a n i c s .  T h i s  complex appears  t o  be  t e c t o n i c a l l y  mixed w i t h  t h e  
c l a s t i c  r o c k s  (Robinson and o t h e r s ,  1983).  F o s s i l  ev idence  from t h e  Cascaden 
Ridge u n i t  ( p r i m a r i l y  g a s t r o p o d s  and pe lecypods )  i n d i c a t e s  a  Middle Devonian 
( E i f e l i a n )  age  and r e p r e s e n t s  a  nea r - shore  s u b t i d a l  o r  i n t e r t i d a l ( ? )  e n v i r o n -  
ment (R. B l o d g e t t ,  p e r s o n a l  commun., 1982).  The upper  p a r t  of t h e  Tolovana 
Limestone,  exposed a s  a t h r u s t  s l i c e  i n  t h e  Livengood B-3 Quadrangle may 
r e p r e s e n t  a  s h e l f - f a c i e s  e q u i v a l e n t  of t h e  Devonian c l a s t i c  sequence.  

The Rampart Group, a heterogenous  assemblage of rocks  c o n s i s t i n g  of  
gabbro,  p i l l o w  b a s a l t ,  d i o r i t e ,  c h e r t ,  cong lomera te ,  sands tone  and s h a l e  i s  
p r e s e n t  i n  t h e  n o r t h e r n  p a r t  of t h e  map a r e a .  The Rampart Group i s  c o n s i d e r e d  
t o  be Permian t o  T r i a s s i c  based on Permian pe lecypods  and bryozoans (BrosgC 
and o t h e r s ,  1969) and a r e c e n t  Upper T r i a s s i c  r a d i o l a r i a n  age  d a t e  (D. J o n e s ,  
p e r s o n a l  commun.). I n  a d d i t i o n  t o  t h e  f o s s i l  ev idence  i s  a  K-Ar age d a t a  
average of  20526 m.y, on hornblende from gabbro  i n  t h e  u n i t  (BrosgA and 
o t h e r s ,  1969) .  The Rampart Group a p p e a r s  t o  b e  i n  f a u l t  c o n t a c t  w i t h  o l d e r  
rocks  t o  t h e  s o u t h  (Robinson and o t h e r s ,  1983) and i s  n o t  cons ide red  t o  be  
p a r t  of t h e  Livengood s t r a t i g r a p h i c  s e c t i o n .  

A t h i c k  sequence of c l a s t i c  J u r a s s i c  t o  C r e t a c e o u s  f l y s c h  unconformably 
o v e r l i e s  t h e  G r i t  u n i t  i n  t h e  s o u t h e a s t e r n  p a r t  of t h e  map a r e a ,  and t h e  
Devonian c l a s t i c  sequence n e a r  Livengood (Robinson and o t h e r s ,  1983).  Paleo-  
c u r r e n t  and p o i n t  count  d a t a  c o l l e c t e d  by Bundtzen (1983) sugges t  t h a t  t h e  
Devonian c l a s t i c  sequence was, i n  p a r t ,  t h e  s o u r c e  rock  f o r  t h e  Mesozoic 
f l y s c h .  

F e l s i c  t o  i n t e r m e d i a t e  p l u t o n s  and d i k e s  of  presumed T e r t i a r y  t o  Cre- 
t aceous  age  (Chapman and o t h e r s ,  1971) i n t r u d e  r o c k s  of bo th  t h e  Mesozoic 
f l y s c h  sequence and t h e  Devonian c l a s t i c  sequence n e a r  Livengood. The i n t r u -  
s i v e s  g e n e r a l l y  r a n g e  from monzonite t o  q u a r t z  monzoni te  i n  composi t ion,  w i t h  
minor s y e n i t e  p h a s e s  n o r t h  of Tolovana Hot S p r i n g s  Dome. Some of t h e  i n t r u -  
s i v e  o u t c r o p s  a p p e a r  t o  be s t r u c t u r a l l y  c o n t r o l l e d  a l o n g  nor th - sou th  t r e n d i n g  
f a u l t s  p a r a l l e l i n g  t h e  Tolovana River  V a l l e y .  

Regional  C o r r e l a t i o n s  

Chapman and o t h e r s  (1979) proposed c o r r e l a t i o n s  between Livengood s t r a t i -  
graphy and s t r a t i g r a p h y  i n  t h e  C h a r l i e  R iver  Quadrang le ,  and sugges ted  r i g h t  
l a t e r a l  d i s p l a c e m e n t  a l o n g  t h e  T i n t i n a  f a u l t  of abou t  300 km ( f i g .  2 ) .  The 
c o r r e l a t i o n  of t h e  Livengood Dome c h e r t  ( p a r t  of t h e  c h e r t  t e r r a n e )  w i t h  t h e  
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Road River  Formation e x t e n d s  t h i s  c o r r e l a t i o n  from Livengood t o  t h e  Selwyn 
b a s i n  i n  t h e  e a s t - c e n t r a l  Yukon T e r r i t o r y  (Chapman and o t h e r s ,  1979) .  Addi- 
t i o n a l  c o r r e l a t i o n s  between Livengood and Yukon T e r r i t o r y  s t r a t i g r a p h y  have 
more r e c e n t l y  been proposed.  A comparison of t h e  r e s t o r e d  s t r a t i g r a p h i c  
column of Livengood w i t h  Yukon s t r a t i g r a p h y  i s  shown i n  f i g u r e  2 .  

The Hadrynian ' G r i t  u n i t '  i n  t h e  e a s t - c e n t r a l  Yukon T e r r i t o r y  of 
G a b r i e l s e  and o t h e r s  (1973) can be  compared t o  t h e  Livengood g r i t  u n i t .  I n  
t h e  e a s t - c e n t r a l  Yukon T e r r i t o r y ,  t h e  g r i t  u n i t  c o n s i s t s  of g r i t t y  q u a r t z  
a r e n i t e ,  p a l e  brown s l a t e ,  and minor l i m e s t o n e  o v e r l a i n  by maroon, p u r p l e ,  and 
g r e e n  s l a t e s  w i t h  l e n s e s  of f i n e - g r a i n e d  q u a r t z - a r e n i t e  and brown s l a t e  
(Gordy, 1978).  Th i s  l i t h o l o g y  i s  n o t a b l y  s i m i l a r  t o  t h e  g r i t  u n i t  of 
Livengood. The e a s t - c e n t r a l  Yukon T e r r i t o r y  G r i t  Unit  and t h e  Livengood g r i t  
a r e  u n d e r l a i n  by t h e  Road River  Format ion and t h e  e q u i v a l e n t  Livengood Dome 
c h e r t  of t h e  c h e r t  t e r r a n e ,  r e s p e c t i v e l y .  I n  a d d i t i o n  t o  t h e  l i t h o l o g i c  and 
s t r a t i g r a p h i c  s i m i l a r i t i e s  of t h e s e  two g r i t  u n i t s ,  t h e  age  a s s i g n e d  t o  t h e s e  
u n i t s  i s  a l s o  s i m i l a r .  

I n  a d d i t i o n  t o  t h i s  c o r r e l a t i o n ,  t h e  Lower Earn Group of e a s t - c e n t r a l  
Yukon T e r r i t o r y  which c o n s i s t s  of s i l i c e o u s  s h a l e ,  c h e r t ,  q u a r t z ,  s a n d s t o n e ,  
g r i t ,  and c h e r t  pebble  conglomerate  and s p a n s  most of t h e  Devonian (Gordy and 
o t h e r s ,  1982) e x h i b i t s  l i t h o l o g i c  and c h r o n o l o g i c  s i m i l a r i t i e s  t o  t h e  Cascaden 
Ridge u n i t  of Livengood. S t r a t i g r a p h i c  s i m i l a r i t i e s  a r e  a l s o  obse rved  a s  t h e  
Lower Earn group i n  p a r t ,  conformably  o v e r l i e s  t h e  Road R i v e r  Format ion (Gordy 
and o t h e r s ,  1982) ,  whi le  t h e  Cascaden Ridge u n i t  o v e r l i e s  t h e  u n i t  t h a t  i s  
t r a n s i t i o n a l  t o  t h e  c h e r t  t e r r a n e .  These c o r r e l a t i o n s ,  f i r s t  s u g g e s t e d  by 
Robinson and o t h e r s  (1983) have been s u p p o r t e d  by Templeman-Kluit (1984) and 
H a l l  and o t h e r s  (1984) .  

M i n e r a l  P o t e n t i a l  

Gold p l a c e r s  i n  t h e  Livengood a r e a  have produced o v e r  375,000 ounces of 
g o l d .  There a r e  t h r e e  t y p e s  of a u r i f e r o u s  o r  p o t e n t i a l l y  a u r i f e r o u s  p l a c e r  
d e p o s i t s  i n  t h e  Livengood a r e a .  These a r e :  1) go ld -bear ing  f l u v i a l  g r a v e l s  
o v e r l a i n  by f r o z e n  c o l l u v i a l  s i l t  such  a s  t h o s e  c u r r e n t l y  b e i n g  mined i n  t h e  
lower  Livengood bench on Livengood Creek;  2 )  poor ly  p r e s e r v e d ,  l o c a l l y  de- 
r i v e d ,  p o t e n t i a l l y  a u r i f e r o u s ,  h i g h - l e v e l  t e r r a c e  d e p o s i t s  found a l o n g  Hess, 
F i s h  and Los t  Creeks;  and 3) go ld -bear ing  a l l u v i a l -  and c o l l u v i a l - f a n  d e p o s i t s  
and g r a v e l s ,  such a s  t h o s e  on Amy Dome and Money Knob, e a s t  of  Livengood 
(Waythomas and o t h e r s ,  1984) .  

The b e s t  exposed l o d e  go ld  o c c u r r e n c e  i n  t h e  a r e a  i s  t h e  Old Smoky 
P r o s p e c t  on Money Knob, 3 km s o u t h e a s t  of  Livengood. Gold-antimony minera l -  
i z a t i o n  o c c u r s  i n  shea red  and h y d r o t h e r m a l l y  a l t e r e d  c o n t a c t  zones  between 
Devonian c l a s t i c s  and an i n t r u s i v e  s u i t e  composed of b i o t i t e  monzoni te ,  
f e l d s p a r  porphyry,  and f e l s i c  d i k e s .  Repor ted  go ld  v a l u e s  of r o c k  samples 
from t h e  Old Smoky p r o s p e c t  r ange  from 0 .1  t o  29.8 ppm ( A l l e g r o ,  1984) .  

Although t h e s e  a l t e r e d  i n t r u s i v e s  and a s s o c i a t e d  v e i n  d e p o s i t s  p robab ly  
c o n t r i b u t e d  h e a v i l y  t o  t h e  p l a c e r  d e p o s i t s ,  t h e i r  volume a t  t h e  p r e s e n t  
e r o s i o n  s u r f a c e  may no t  be s u f f i c i e n t  t o  c o n s t i t u t e  a  v i a b l e  s o u r c e  f o r  a l l  of 
t h e  p l a c e r  d e p o s i t s ,  s u g g e s t i n g  t h a t  a t  l e a s t  a  p o r t i o n  of t h e  l o d e  s o u r c e  f o r  
t h e  go ld  was above t h e  p r e s e n t  exposures  and has  s i n c e  been removed by 
e r o s i o n .  



Other units containing mineral potential include the Chert Terrane which 
contains stratabound limonitic chert breccia zones with gold concentrations up 
to 1.3 ppm; the Paleozoic clastics and chert unit which contains zones of 
layered pyritic massive sulfides in quartzites in the northern part of the map 
area; the Rampart Group which contains minor copper mineralization in mafic 
igneous rocks; and the contact zone between the chert terrane and the Cascadan 
Ridge which contains significant stream-sediment zinc anomalies. It is 
important to note that these zinc anomalies are hosted within the units that 
are correlated with the lower and middle Paleozoic units of the Yukon 
Territory which host all of the known shale-hosted stratiform lead-zinc 
deposits of the Yukon and northern British Columbia. 
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