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NKVAlIA O l L  SIIALIC 

by 

L a r r y  J .  G a r s i d e  

Nevada o i l  s h a l e  was Eirst r e c o g n i z e d  a t  Elko  i n  1875 by R .  M .  C a t l i n  

( R u s s e l l ,  1 9 8 0 ,  p. 7 5 ) ,  and t h e r e  were  some a t t e m p t s  a t  a b o u t  t h a t  same t i m e  

( b e f o r e  t h e  c h a r a c t e r  of  o i l  s h a l e s  was r e c o g n i z e d )  t o  u t i l i z e  some of t h e  

d a r k e r  s h a l e s  a s  c o a l  f o r  t h e  r a i l r o a d  ( W i n c h e s t e r ,  1923 ,  p .  1 0 1 ) .  The Elko  

o i l  s h a l e s  were  d e s c r i b e d  i n  t h e  e a r l y  g e o l o g i c a l  r e p o r t s  on  t h e  a r e a  by t h e  

U.S. G e o l o g i c a l  Su rvey .  Al though h e  d i d  n o t  r e f e r  t o  t h e  r o c k s  as o i l  s h a l e ,  

C l a r e n c e  King (1878,  p. 312) d e s c r i b e d  brown ca rbonaceous  beds  n o r t h  of E lko  as 

" c o n t a i n i n g  a  h i g h  p r o p o r t i o n  of v o l a t i l e  h y d r o c a r b o n s  b u r n i n g  when h e a t e d  w i t h  

a n  i n t e n s e l y  b l u e  f l a m e  ... ."  
The t e rm o i l  s h a l e  was f i r s t  used  i n  t h e  Nevada g e o l o g i c  l i t e r a t u r e  by 

S c h r a d e r  and o t h e r s  ( 1 9 1 6 ) ,  who r e p o r t e d  o i l  s h a l e  o u t c r o p s  n e a r  Elko  and a t  

Hami l ton  w e s t  o f  E l y .  L i n c o l n  (1923) b r i e f l y  ment ioned  f i v e  o t h e r  Nevada 

l o c a l i t i e s .  S e v e r a l  of t h e s e  l o c a l i t i e s  h a v e  had no f u r t h e r  g e o l o g i c  i n v c s t i -  

g a t i o n  t o  d a t e  ( f o r  exainpl.e, t h e  l o c a t i o n s  q u e r i e d  on f i g .  1 ) .  

The C a t l i n  S h a l e  P r o d u c t s  Company p l a n t  a t  E l k o ,  o p e r a t e d  i n t e r m i t t e n t l y  

between 1917 and 1 9 2 4 ,  was t h e  b e s t  t e c h n i c a l l y  o r i e n t e d  and b e s t  f i n a n c e d  

e f f o r t  t o  d e v e l o p  w e s t e r n  U. S.  o i l  s h a l e s  dur in i ;  t h i s  p e r i o d  ( R u s s e l l ,  1980,  

p .  7 5 ) .  i2ltllough o v e r  12 ,000  b a r r e l s  of s h a l e  o i l  were  p r o b a b l y  p roduced ,  

t h e  p l a n t  w a s  a  commerc ia l  f a i l u r e  and t h e  s h a l e  o i l  p r o d u c t s  were  g e n e r a l l y  of  

poor q u a l i t y .  The C a t l i n  o p e r a t i o n  was a p i o n e e r  e f f o r t  i n  t h e  U.S. t o  d e v e l o p  

niethods t o  p roduce  s h a l e  o i l  f o r  c o r n p e t i t i o n  w i t h  pc t ro leu in  p r o d u c t s  ( R u s s e l l ,  

1980 ,  p. 7 5 ) .  

Excep t  f o r  t h e  Elko  s h a l e s ,  no o t h e r  a t t e m p t s  have  been  made t o  e x p l o i t  

any  of t h e  S t a t e ' s  s c a t t e r e d  o i l  s h a l e s .  A l though  s e v e r a l  o i l  s h a l e  l o c a l i t i e s  

i n  Nevada have  been  known f o r  some t i m e ,  o n l y  r e c e n t l y  have  i n v e s t i g a t o r s  begun 



t o  s u r v e y  c e r t a i n  g e o l o g i c  u n i t s  f o r  t h e i r  p o t e n t i a l  t o  p roduce  s y n t h e t i c  c r u d e  

o i l  ( s y n c r u d e ) .  L i t t l e  i s  known a b o u t  o i l  s h a l e s  a t  some i n d i v i d u a l  o b s c u r e  

l o c a l i t i e s ,  o r  a b o u t  t h e i r  p r e s e n c e  b e n e a t h  Qua te rna ry  and l a t e  T e r t i a r y  s e d i -  

ments  i n  unexp lo red  b a s i n s .  F i g u r e  1 shows o n l y  o u t c r o p  a r e a s  of  o i l  s h a l e s  

and r e l a t e d  r o c k s  ( i n c l u d i n g  low-grade  m a t e r i a l  and r e c e n t  and Qua t e r n a r y  

o r g a n i c  mucks) ;  s i m i l a r  r o c k s  a r e  a l s o  b e l i e v e d  p r e s e n t  i n  down-faul ted  b l o c k s  

of a d j a c e n t  v a l l e y  a r e a s .  

Nevada ' s  known o i l  s h a l e  d e p o s i t s  a r e  a l m o s t  e n t i r e l y  i n  e i t h e r  Cre t aceous  

t o  e a r l y  T e r t i a r y  l a c u s t r i n e  r o c k s  o r  P a l e o z o i c  mar ine  d a r k  s h a l e s .  The Elko  

Forma t ion  i n  n o r t h e a s t e r n  Nevada c o n t a i n s  t h e  m a j o r i t y  o f  o i l  s h a l e s  i n  Nevada 

t h a t  have  p o t e n t i a l  f o r  commercia l  e x p l o i t a t i o n ,  b u t  even  t h e s e  s h a l e s  may n o t  

be e x p l o i t e d  i n  t h e  f o r s e e a b l e  f u t u r e  (Moore and o t h e r s ,  1 9 8 3 ) .  

O i l  S h a l e  i n  L a c u s t r i n e  Rocks 

T e r t i a r y  o i l  s h a l e s  i n  Nevada are known t o  o c c u r  i n  E a r l y  C r e t a c e o u s  t o  

e a r l i e s t  O l i g o c e n e  l a c u s t r i n e  r o c k s  i n  e a s t e r n  and n o r t h e a s t e r n  Nevada; t h e  

ke rogen  i n  t h e s e  r o c k s  was p r o b a b l y  d e r i v e d  from t h e  l i p i d  f r a c t i o n  of a l g a e .  

The major  d e p o s i t s  a r e  s imi lar  i n  a g e  and l i t h o l o g y  t o  t h e  Green R i v e r  

Format ion  of Utah and Co lo rado .  

The well-known o i l  s h a l e s  o f  t h e  Clko  Forma t ion  c r o p  o u t  i n  s e v e r a l  a r e a s  

i n  n o r t h e a s t e r n  Xevada and p r o b a b l y  u n d e r l i e  many v a l l e y  a r e a s  ( K e t n e r ,  1970 ,  

p. 8 1 0 8 ) .  Syncrude  y i e l d s  of  ove r  70 g a l / t o n  have  been  r e p o r t e d  from h igh -g rade  

samples  ( f o r  c x a ~ l p l e ,  s e e  Smith  and I ce tne r ,  1976 ,  p .  2 2 ) .  The o i l  s h a l e s  i n  t h e  

v i c i n i t y  o f  E lko  h a v e  been  s t u d i e d  i n  t h e  most d e t a i l  ( s e e  Solomon, 1981 and 

Solomon and o t h e r s ,  1 9 7 9 ) .  I n  t h e  Elko  a r e a ,  Moore and o t h e r s  (1983) e s t i m a t e  

t h a t  t h e  t o t a l  i n - p l a c e  s h a l e  o i l  ( s y n c r u d e )  is 600 m i l l i o n  b a r r e l s .  Of t h i s  

t o t a l ,  228 m i l l i o n  b a r r e l s  a r e  from beds  t h a t  a v e r a g e  a t  l e a s t  1 5  g a l / t o n  ove r  

a  1 5 - f o o t  t h i c k n e s s ,  t h e  r e m a i n i n g  373 m i l l i o n  b a r r e l s  r e p r e s e n t  low-grade 

s h a l e  t h a t  a v e r a g e s  o n l y  5 g a l / t o n  o v e r  a t h i c k n e s s  of  260-280 f e e t .  F i g u r e  2  



shows a r e p r e s e n t a t i v e  s e c t i o n  of  a  p a r t  o f  t h e  f o r m a t i o n  exposed n o r t h  o f  E l k o .  

The Sheep P a s s  F o r m a t i o n ,  which i s  p r e s e n t  i n  Whi te  P i n e  and n o r t h e a s t e r n  

Nye C o u n t i e s  ( b o t h  a s  e x p o s u r e s  i n  t h e  moun ta in  r a n g e s ,  Lie. 1, and p r o b a b l y  i n  

t h e  s u b s u r f a c e  i n  many v a l l e y s ) ,  h a s  l o n g  been  known t o  c o n t a i n  o i l  s h a l e s  

( L i n c o l n ,  1923,  p .  3 9 ,  1 6 6 ) .  The a g e  of  t h e  u n i t  r a n g e s  from L a t e  C r e t a c e o u s  

t o  Eocene (Fouch and o t h c r s ,  1 9 7 9 ) .  The p y r o l y t i c  o i l  y i c l d  of l i p i d - r i c h  u n i t s  

of t h e  Sheep P a s s  Fo rma t ion  h a s  o n l y  been  r e p o r t e d  f o r  ;1 few l o c a l i t i e s .  Pouch 

(1977) r e p o r t e d  t h a t  a  s i g n i f i c a n t  t h i c k n e s s  of  Sheep  P a s s  p r e s e n t  i n  t h e  sub-  

s u r f a c e  i n  R a i l r o a d  V a l l e y  ( n o r t h e r n  Nye County)  c o n t a i n s  i n  e x c e s s  of  4 g a l l t o n  

o f  s h a l e  o i l ;  h e  a l s o  r e p o r t e d  a  y i e l d  o f  o v e r  8 g a l / t o n  f o r  one  sample  from t h e  

u n i t .  No r e s e r v e  o r  r e s o u r c e  e s t i m a t e s  have  been  made on t h e  Sheep P a s s  o i l  

s h a l e s ,  b u t  many o f  t h e s e  a r e  p r o b a b l y  q u i t e  low g r a d e .  

The E a r l y  C r e t a c e o u s  Ncwar?< Canyon Forma t ion  a t  i t s  t y p e  s e c t i o n  i n  s o u t h -  

e a s t e r n  Eureka County c o n t a i n s  s e v e r a l  m e t e r s  of  l i p i d - r i c h  o i l  s h a l e  t h a t  h a s  

a  p y r o l i t i c  y i e l d  of  ove r  1 0  g a l / t o n  (Fouch and o t h e r s ,  1 9 7 9 ) .  The u n i t  i s  

b e l i e v e d  t o  c o n t a i n  o i l - s h a l e  u n i t s  e l s e w h e r e  i n  t h e  v i c i n i t y ,  b u t  no i n f o r m a t i o n  

i s  a v a i l a b l e .  

O i l  S h a l e  i n  Mar ine  Dark S h a l e s  

The o r g a n i c - r i c h  m a r i n e  r o c k s  i n  Nevada t h a t  h a v e  been  i d e n t i f i e d  a s  c a p a b l e  

of y i e l d i n g  a p p r e c i a b l e  q u a n t i t i e s  (10-33 g a l / t o n ;  P o o l e  and Desborough,  1980)  

o f  s y n c r u d e  upon d e s t r u c t i v e  d i s t i l l a t i o n  a r e  P a l e o z o i c  e u g e o s y n c l i n a l  d e p o s i t s .  

They p r o b a b l y  owe t h e i r  o r g a n i c  c o n t e n t  t o  t h e  u p w e l l i n g  of  n u t r i e n t - r i c h  waters 

i n  a  deep-water  c o n t i n e n t a l  r i s e  e n v i r o n m e n t .  T h e r e  a r e  o t h e r  Nevada b l a c k  s h a l e s ,  

i n c l u d i n g  t rough  and p l a t f o r m  d e p o s i t i o n a l  t y p e s ,  which  rnay l o c a l l y  y i e l d  o i l  o n  

p y r o l y s i s  ( f o r  example ,  t h e  M i s s i s s i p p i a n  Chainman S h a l e  and t h e  Permian  Phor-  

p h o r i a  F o r m a t i o n ) .  However, i n  niany c a s e s  t h e s e  r o c k s  c o n t a i n  m o s t l y  n o n v o l a t i l e  

o r g a n i c  m a t t e r  . 



The O r d o v i c i a n  V i n i n i  Fo rma t ion  h a s  c o n s i s t e n t l y  shown i n t e r e s t i n g  o i l  

y i e l d s  from s u r f a c e  s a m p l e s ,  b u t  t h e r e  i s  o n l y  l i m i t e d  i n f o r m a t i o n  a v a i l a b l e .  

Nolan  and o t h e r s  (1956 ,  p .  35)  r e p o r t e d  t h a t  s e l e c t e d  s a m p l e s  f rom t h e  V i n i n i  

a t  s e v e r a l  l o c a l i t i e s  i n  t h e  R o b e r t s  Moun ta in s  o f  c e n t r a l  Eureka  County y i e l d  

o v e r  25 g a l / t o n .  A l though  t h e  V i n i n i  i s  a w i d e s p r e a d  u n i t  i n  Nevada,  o n l y  a 

few l o c a l i t i e s  h a v e  been  s t u d i e d  f o r  t h e i r  o i l  s h a l e  p o t e n t i a l .  

The Devonian  Woodruff Fo rma t ion  i n  the F i s h  Creek  Iiange of  s o u t h e a s t e r n  

Eu reka  County y i e l d s u p  t o  1 2  g a l / t o n  of  s y n c r u d e  o i l  (Desborough and  o t h e r s ,  

1 9 7 9 ) .  I n  a d d i t i o n ,  t h e  s h a l e s  a r e  e n r i c h e d  i n  s e v e r a l  m e t a l s  (V, Zn,  Mo, S e ,  Ag) ,  

and  may c o n s t i t u t e  a r e s o u r c e  f o r  t h e s e  e l e m e n t s  a s  w e l l  a s  f o r  s y n c r u d e  ( P o o l e  

and  Desborough,  1 9 8 0 ) .  

Organic-Rich  Q u a t e r n a r y  Sed imen t s  

H i g h l y  o r g a n i c  s e d i m e n t s  of  t h e  q u a t e r n a r y  Wyemaha Fo rma t ion  o c c u r  i n  t h e  

s h a l l o w  s u b s u r f a c e  and a t  t h e  s u r f a c e  i n  t h e  Ca r son  D e s e r t ,  a  p l a y a  l a k e  a r e a  

e a s t  of F a l l o n  ( f i g .  1 ) .  Sha l l ow  w a t e r  w e l l s ,  g e n e r a l l y  a b o u t  300 f e e t  d e e p ,  

o f t e n  p roduce  methane  f rom t h e s e  o r g a n i c - r i c h  s e d i m e n t s  ( M o r r i s o n ,  1 9 6 4 ) .  An 

e x p l o r a t o r y  o i l  w e l l  i n  a n o t h e r  p a r t  of t h e  p l a y a  ( t h e  e a s t e r n  Ca r son  S i n k )  

p e n e t r a t e d  a s e r i e s  of  h i g h l y  o r g a n i c  l a c u s t r i n e  c l a y s  and  s i l t s  of  Q u a t e r n a r y  

a g e  f rom t h e  s u r f a c e  t o  6395 f e e t .  F r e e  o i l  was found  i n  vugs  i n  a n  u n d e r l y i n g  

b a s a l t  ( H a s t i n g s ,  1 9 7 9 ) .  M o r r i s o n  (1964) r e p o r t e d  t h a t  t e s t s  f o r  t h e  p r e s e n c e  

of  p e t r o l e u m  i n  t h e  o r g a n i c - r i c h  s e d i m e n t s  by c a r b o n  t e t r a c h l o r i d e  e x t r a c t i o n  

were  n e g a t i v e .  

Young, o r g a n i c - r i c h  s e d i m e n t s  a r e  p r o b a b l y  a l s o  p r e s e n t  i n  o t h e r  p l a y a  

d e p o s i t s ,  which  a r e  e x t e n s i v e  i n  Nevada. F o r  example ,  t h e y  were  e n c o u n t e r e d  i n  

s h a l l o w  d r i l l  h o l e s  on  t h e  p l a y a  a t  Columbus S a l t  Marsh i n  n o r t h w e s t  Esmera lda  

County ( K e i t h  Papke ,  o r a l  comrnun., 1 9 8 3 ) .  The o r g a n i c  m a t t e r  i s  p r o b a b l y  

d e r i v e d  f rom a l g a e  and may b e  a  p r e c u r s o r  of k e r o g e n .  No s t u d i e s  h a v e  b e e n  done  



on t h e  amount of s h a l e  o i l  t h e  sed iments  might  y i e l d  on d e s t r u c t i v e  d i s t i l l a t i o n .  

I n  any c a s e ,  they  c o n t a i n  s o  much wa te r  t h a t  they a r e  probably n o t  a n  economic 

s o u r c e  of s h a l e  o i l .  These young o r g a n i c - r i c i ~  sediments  d e s e r v e  f u r t h e r  s t u d y  

f o r  c l u e s  t o  t h e  o r i g i n  and p r e s e r v a t i o n  of  o r g a n i c  mat te r  i n  o i l  s h a l e s .  
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F I G U R E  2. Oil yield and lithology of the oil shale member of the Elko Formation in 
trench COS-3, Elko West quadrangle, Nevada ( from Solomon and Moore, 1982). 


