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ABSTRACT 

Petroleum source  beds i n  t h e  n o r t h e r n  Great 
Basin i n c l u d e  marine P a l e o z o i c  rocks  and nonmarine 
upper  Mesozoic and lower  Cenozoic rocks.  The 
o rgan ic  matter, which i s  most ly  s a p r o p e l ,  r anges  
from the rma l ly  submature through postmature i n  t h e  
Pa leozo ic  rocks ,  bu t  i s  most ly  submature t o  mature  
i n  t h e  Cretaceous through T e r t i a r y  rocks.  A 
d i s c o n t i n u i t y  i n  the rma l  m a t u r i t y  occur s  between 
Pa leozo ic  and Cre t aceous -Ter t i a ry  rocks i n  
u p l i f t e d  t e r r a i n s ,  whereas a more con t inuous  
k e r o g e n l n a t u r a t i o n  p r o f i l e  e x i s t s  a c r o s s  t h e  
Pa leozo ic  and Cretaceous-Paleogene rock boundary 
i n  e a s t - c e n t r a l  Nevada where t h e s e  strata are 
deeply b u r i e d  beneath Neogene rocks.  These d a t a  
i n d i c a t e  a t  l e a s t  two ep i sodes  of petroleum 
g e n e r a t i o n  i n  t h e  Great Basin region.  

INTRODUCTION 

O i l  and g a s  shows have been r e p o r t e d  i n  many 
e x p l o r a t o r y  w e l l s  i n  t h e  n o r t h e r n  Great Basin. 
Known petroleum accumulat ions occur  i n  sed imen ta ry  
and ( o r )  volcanic-rock r e s e r v o i r s  in R a i l r o a d  
Val ley i n  e a s t - c e n t r a l  Nevada, i n  Pine Va l l ey  and 
Huntington Va l l ey  i n  n o r t h - c e n t r a l  Nevada, and a t  
Rozel P o i n t  i n  no r thwes te rn  Utah. Most of t h e  
petroleum found p r i o r  t o  1982 i s  i n  f r ac tu red - rock  
r e s e r v o i r s  i n  Paleogene ash-flow t u f f s ,  and i n  F igu re  1. Index map showing e x t e n t  of t h e  Basin 
sedimentary beds composing downfaulted b locks  t h a t  and Range Province ( s l a n t e d - l i n e  p a t t e r n )  i n  
a r e  b u r i e d  beneath Neogene and Quaternary d e p o s i t s  t h e  Western United S t a t e s  and t h e  area 
of intermontane bas ins .  The downthrown b locks  ( s t i p p l e d  p a t t e r n )  t h a t  c o n t a i n s  evidence of 
t h a t  c o n t a i n  petroleum are con t iguous  w i t h  rocks  
r i c h  i n  o r g a n i c  ma t t e r .  

0 500 KILOMETERS - 
m u l t i p l e  e p i s o d e s  o f  petroleum gene ra t ion .  

p o s s i b l e  petroleum s o u r c e  beds. So l id  c i r c l e s  
This r e p o r t  b r i e f l y  d e s c r i b e s  p robab le ,  a f t e r  t h e  fo rma t ion  names i n d i c a t e  submature 

p o s s i b l e ,  and p o t e n t i a l  sou rce  beds and t h e i r  s a p r o p e l i c  o rgan ic - r i ch  marine beds. Oil-shale  
d e p o s i t i o n a l  s e t t i n g s ,  t h e i r  o r g a n i c  m a t u r a t i o n  u n i t s  occu r  w i t h i n  t h e  V i n i n i  and Woodruff 
s t a g e s ,  and t h e i r  rock-temperature  h i s t o r y .  These Formations i n  c e n t r a l  and n o r t h e r n  Nevada. The 
d a t a  i n d i c a t e  m u l t i p l e  ep i sodes  of petroleum 
g e n e r a t i o n  i n  p a r t  of t h e  n o r t h e r n  Basin and Range Woodruff Formations are be l i eved  by u s  t o  be 
Province ( f i g .  1). The c o n c l u s i o n s  i n  t h i s  r e p o r t  c o n t i n e n t a l - r i s e  d e p o s i t s .  The d e p o s i t i o n a l  
a r e  based on our  pub l i shed  and unpubl ished da ta .  environment and s t r u c t u r a l  s e t t i n g  of t h e  

eugeosync l ina l - l i ke  Lower M i s s i s s i p p i a n  Webb 
SOURCE BEDS AND DEPOSITIONAL SETTINGS Formation has  n o t  been e s t a b l i s h e d .  Most o f  t h e  

Webb, which was d e p o s i t e d  d u r i n g  t h e  e a r l y  s t a g e s  
of t h e  Antler orogeny, is  l i t h o l o g i c a l l y  s i m i l a r  
t o  p re -Miss i s s ipp ian  c o n t i n e n t a l - r i s e  d e p o s i t s  

eugeosync l ina l  Ordovician Vin in i  and Devonian 

F i g u r e  2 shows the p r i n c i p a l  fo rma t ions  i n  
t h e  Roberts  Mountains a l l o c h t h o n  i n  t h e  wes te rn  
p a r t  of t h e  area t h a t  c o n t a i n  p o t e n t i a l  o r  exposed i n  t h e  A n t l e r  o rogen ic  b e l t .  
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F i g u r e  2. Char t  showing p r i n c i p a l  format ions  i n  
t h e  Roberts  Mountains a l l o c h t h o n  t h a t  c o n t a i n  
petroleum s o u r c e  rocks ( s o l i d  c i r c l e s ) .  

F igure  3 shows p r i n c i p a l  M i s s i s s i p p i a n  
format ions  i n  t h e  r e g i o n  t h a t  c o n t a i n  p o s s i b l e  o r  
probable  ( t h a t  is, c o r r e l a t e d  wi th  o i l )  petroleum 
source  beds. S o l i d  c i r c l e s  i n d i c a t e  submature t o  
superrnature s a p r o p e l i c  t o  humic o r g a n i c a l l y  r i c h  
marine beds. In t h e  l e f t  column of f i g u r e  3, t h e  
Chainman Shale  and Dale Canyon Formation r e p r e s e n t  
f lysch- t rough d e p o s i t s  i n  t h e  wes tern  p a r t  of t h e  
M i s s i s s i p p i a n  Antler f o r e l a n d  b a s i n  (Poole  and 
Sandberg, 1977). In t h e  r i g h t - c e n t e r  and r i g h t  
column o€ f i g u r e  3 t h e  lower phosphat ic  members of  

 CENTRAL NEVADA 

ELY LIMESTONE (PT) F= I DIAMOND PEAK 

FOR MATlON 

DALE CANYON 

I 
I AND SHALE 

SHALE 

t h e  Chainman Shale  and of t h e  Deseret Limestone 
r e p r e s e n t  s t a r v e d - b a s i n  d e p o s i t s  r e l a t e d  t o  t h e  
westward prograding Lower M i s s i s s i p p i a n  c a r b o n a t e  
bank (Poole  and Sandberg, 1977). These s t a r v e d -  
b a s i n  d e p o s i t s  are a l o n g  t h e  west s i d e  of t h e  
c a r b o n a t e  bank in t h e  e a s t e r n  part  o f  t h e  Ant le r  
f o r e l a n d  basin.  The c o n c r e t i o n a r y  s h a l e  member of 
t h e  Chainman i n  t h e  r i g h t - c e n t e r  column on f i g u r e  
3 r e p r e s e n t s  s ta rved-bas in  d e p o s i t s  r e l a t e d  t o  t h e  
westward prograding c a r b o n a t e  bank d e p o s i t s  of t h e  
Upper M i s s i s s i p p i a n  Great Blue Limestone. By very  
L a t e  M i s s i s s i p p i a n  t i m e ,  p r o d e l t a  d e p o s i t s  i n  t h e  
upper  Chainman Shale  covered much of  t h e  c e n t r a l  
and e a s t e r n  p a r t  of t h e  Antler f o r e l a n d  b a s i n  
between t h e  d e l t a  systems on t h e  west and t h e  
c a r b o n a t e  bank on t h e  east (Poole ,  1981). In 
e a s t e r n  Nevada ( f i g .  3, l e f t - c e n t e r  column), t h e  
p r o d e l t a  Chainman Shale  c o n t a i n s  s e v e r a l  
o r g a n i c a l l y  r i c h  u n i t s  below t h e  d e l t a - f  r o n t  
S c o t t y  Wash Q u a r t z i t e .  Many dense l i m e s t o n e  
c o n c r e t i o n s  and beds i n  t h e  Chainman Shale  below 
t h e  S c o t t y  Wash c o n t a i n  o i l  i n  open f r a c t u r e s ,  
vugs ,  and € o s s i 1  c a v i t i e s .  

F igure  4 shows t h e  p r i n c i p a l  Cre taceous  and 
T e r t i a r y  format ions  tn t h e  a r e a  t h a t  c o n t a i n  
p o t e n t i a l  o r  p o s s i b l e  petroleum s o u r c e  beds. 
S o l i d  c i r c l e s  i n d i c a t e  submature s a p r o p e l i c  
organic- r ich  l a c u s t r i n e  beds (Fouch, Hanley, and 
F o r e s t e r ,  1979). A 3-cm-thick l a y e r  of o i l  s h a l e  
in t h e  T e r t i a r y  Elko Formation near  t h e  o l d  C a t l i n  
r e t o r t  s i t e  s o u t h  of Elko,  Nevada, y i e l d e d  75 
g a l l o n s  of o i l  p e r  t o n  of rock. 

I I 1 MBR' 
0 

SHALE 

NEEDLE 

SILTSTONE 
MEMBER 

I MIDDLEMBR 

CONCRETIONARY 

NEEDLE 

SILTSTO N E 

MBR. 

PH 0 S PH AT IC 

JOANA --P- LIMESTONE JOANA LIMESTONE 

PILOT SHALE (PT) I PILOT SHALE (PT) 

CENTRALUTAH 

MANNING CANYON 
SHALE (PT) 

GREAT 

BLUE 

LIMESTONE 

4 

MBR 

FITCHVILLE 
FORMATION (PT) 

AGE 

CHESTERIAN 

MERAMECIAN 

OSAGEAN 

KIN DER HOOKIAN 

Figure  3. Chart  showing p r i n c i p a l  u n i t s  in t h e  M i s s i s s i p p i a n  Antler fore land-bas in  sequence t h a t  c o n t a i n  
petroleum s o u r c e  rocks ( s o l i d  c i r c l e s ) .  
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Figure  4. Chart  showing p r i n c i p a l  fo rma t ions  i n  
Cretaceous and T e r t i a r y  lake-basin d e p o s i t s  
t h a t  c o n t a i n  petroleum s o u r c e  rocks ( s o l i d  
circles). 
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Figure  5 is  a g e n e r a l i z e d  map showing t h e  
maximum tempera tu res  t h a t  some ou tc ropp ing  and 
s u b s u r f a c e  Pa leozo ic  r o c k s  have been s u b j e c t e d  t o  
s i n c e  d e p o s i t i o n ,  
a v a i l a b l e  f o r  P a l e o z o i c  rocks  in .many areas. A11 
a v a i l a b l e  o rgan ic  m a t u r a t i o n  d a t a  on Ordovician t o  
Permian rocks  have been i n t e g r a t e d  on t h e  map 
( f i g .  5). Although m a t u r a t i o n  s t a g e s  i n  upper  
Pa leozo ic  and lower Mesozoic fo rma t ions  g e n e r a l l y  
r eco rd  a lower t empera tu re  h i s t o r y  than  lower 
Pa leozo ic  fo rma t ions ,  t h e r e  are c e r t a i n  l o c a l i t i e s  
where appa ren t  r e v e r s a l s  occur .  Some of t h e s e  
r e v e r s a l s  may r e f l e c t  d i f f e r e n t  heat-flow regimes 
f o r  Pa leozo ic  and lower Mesozoic fo rma t ions  d u r i n g  
and p r i o r  t o  t e c t o n i c  t r a n s p o r t ;  however, 
d i s c u s s i o n  of t h e s e  a b e r r a n t  l o c a l i t i e s  i s  beyond 
t h e  scope of t h i s  r e p o r t .  S t i p p l e  p a t t e r n  d e p i c t s  
r e l a t i v e l y  co ld  rocks  ( <lOO°C) , c ross -hachur ing  
r e l a t i v e l y  hot  rocks  (>3OO0C), and d i agona l  
hachuring in t e rmed ia t e - t empera tu re  rocks (100- 
3OO0C). 
is  based on a combinat ion of  o r g a n i c  geochemical 
d a t a  and v i s u a l  e s t i m a t e s  of o r g a n i c  m a t u r i t y  
u s i n g  a l t e r a t i o n  c o l o r s  of palynomorphs (R. M. 
Kosanke, w r i t t e n  commun., 1981),  conodonts ( H a r r i s  
and o t h e r s ,  1980), and  kerogen i n  l imes tones  and 
s h a l e s ,  Conodont c o l o r  a l t e r a t i o n ,  which is a 
r e l a t i v e l y  new method f o r  a s s e s s i n g  o r g a n i c  
metamorphism ( E p s t e i n ,  E p s t e i n ,  and Harris, 1977),  
was used i n  c o n j u n c t i o n  w i t h  o r g a n i c  geochemical 
d a t a  t o  e s t i m a t e  maximum rock temperature .  F i e l d  
and l a b o r a t o r y  expe r imen t s  by Anita  H a r r i s  and h e r  
a s s o c i a t e s  of t h e  U.S, Geo log ica l  Survey have 
shown t h a t  c o l o r  a l t e r a t i o n  i n  conodonts from 
l imes tone  beds c o r r e l a t e s  w i t h  f i x e d  carbon,  
v i t r i n i t e  r e f l e c t a n c e ,  and palynomorph . 
t r ans lucency .  Composition of e x t r a c t a b l e  o r g a n i c  
matter i n  rocks w i t h  r e g a r d  t o  t empera tu re  h i s t o r y  
i s ,  i n  g e n e r a l ,  compa t ib l e  wi th  e l emen ta l  
composi t ion of s o l i d  o r g a n i c  matter and the rma l  

Temperature d a t a  a r e  not  

Es t ima t ion  o f  Pa leozo ic  rock t empera tu res  

a l t e r a t i o n  c o l o r  of r e c o g n i z a b l e  s p o r e s  and 
conodonts  i n  sediments .  The method of maximum 
pa leo tempera tu re  ass ignment  is d i s c u s s e d  by 
E p s t e i n ,  E p s t e i n ,  and Harris (1977) and assumes 
t h a t  o t h e r  t he rma l  m a t u r a t i o n  i n d i c e s  can  be used 
i n  t h e  same manner as conodont c o l o r  a l t e r a t i o n .  

The map ( f i g .  5) i s  a type  of heat-f low 
reco rd  of t h e  Phanerozoic.  Of s p e c i a l  i n t e r e s t  
are t h e  rocks i n  t h e  s t i p p l e d  areas, where much of 
t h e  o r g a n i c  matter i s  thermochemically submature 
t o  e a r l y  mature. Adequate rock t empera tu re  
i n c r e a s e  i n  t h e  s t i p p l e d  areas cou ld  g e n e r a t e  
petroleum, The cross-hachured areas c o n t a i n  
o r g a n i c  matter t h a t  i s  supermature and i n d i c a t e  
e a r l i e r  petroleum g e n e r a t i o n  and p o s s i b l e  
mig ra t ion .  The diagonal-hachured a r e a s  o r  
i n t e r m e d i a t e  t empera tu re  a r e a s  c o n t a i n  o r g a n i c  
m a t t e r  t h a t  i s  mature t o  superrnature.  Within t h i s  
area of  g e n e r a l l y  moderate  rock t empera tu res ,  some 
l o c a l  c o l d  and h o t  s p o t s  have been recognized.  

Two major e a s t - d i r e c t e d  t h r u s t  systems and a 
s t r i k e - s l i p  f a u l t  (Wells  f a u l t )  are shown on 
f i g u r e  5. The w e s t e r n  t h r u s t  i s  t h e  Ea r ly  
M i s s i s s i p p i a n  Rober t s  Mountains t h r u s t  w i th  as 
much as 100 km d i sp lacemen t  and t h e  e a s t e r n  t h r u s t  
r e p r e s e n t s  t h e  Cretaceous Sevier  b e l t  w i th  50-100 
km displacement .  The Roberts  Mountains a l l o c h t h o n  
o r  Antler orogen c o n t a i n s  marine sou rce  rocks  
( f i g .  2) n e a r  i t s  e a s t e r n  margin ( f i g .  5 ) .  The 
area between t h e  two t h r u s t  systems c o n t a i n s  
marine source  beds i n  t h e  M i s s i s s i p p i a n  Ant le r  
f o r e l a n d  b a s i n  ( f i g .  3 )  and nonmarine s o u r c e  beds 
i n  Cretaceous and T e r t i a r y  l a k e  b a s i n s  ( f i g .  4 ) .  
The s o l i d  circles. r e p r e s e n t  d r i l l  ho les  t h a t  a r e  
known t o  c o n t a i n  o i l ,  The c l u s t e r  of d r i l l  ho les  
i n  t h e  lower l e f t  on f i g u r e  5 are i n  Ra i l road  
Val ley.  P lus  s i g n s  (+ 's)  i n d i c a t e  Ordovician and 
Devonian o u t c r o p s  i n  t h e  Antler  orogen t h a t  
c o n t a i n  o i l  and x ' s  i n d i c a t e  M i s s i s s i p p i a n  
f o r e l a n d  b a s i n  o u t c r o p s  t h a t  c o n t a i n  o i l .  

The r e c t a n g u l a r  area i n  t h e  lower l e f t  p a r t  
of f i g u r e  5 o u t l i n e s  t h e  l a r g e r  s c a l e  map of 
f i g u r e  6 .  T h i s  e a s t - c e n t r a l  Nevada area is  
impor t an t  because i t  c o n t a i n s  ev idence  f o r  a t  
least  two e p i s o d e s  of  petroleum g e n e r a t i o n  i n  t h e  
n o r t h e r n  Great Basin (Poole ,  Fouch, and Claypool,  
1979). Mountains are s t i p p l e d  and v a l l e y s  a r e  
unpa t t e rned .  M a t u r i t y  o r  s t a g e  of thermochemical 
a l t e r a t i o n  of o r g a n i c  matter i n  samples t aken  from 
t h e  Chainman Sha le  a t  s e v e r a l  l o c a l i t i e s  i s  shown 
by s o l i d  circles, diamonds, and t r i a n g l e s .  
Circles r e p r e s e n t  upper-range submature organic  
matter, diamonds mature ,  and t r i a n g l e s  supermature 
or overcooked o r g a n i c  matter. Determinat ion of 
o r g a n i c  m a t u r i t y  a t  e a c h  l o c a l i t y  i s  based on 
a n a l y s i s  of s e v e r a l  samples.  

Marine Chainman S h a l e  ob ta ined  from d r i l l  
c o r e s  and c u t t i n g s  of Ra i l road  Val ley wells 
southwest  of t h e  v i l l a g e  of C u r r a n t ,  and from 
o u t c r o p s  i n  s e v e r a l  mountaiin r a n g e s  c o n t a i n s  a 
m i x t u r e  of marine-sapropel  and d e t r i t a l  
t e r r e s t r i a l - p l a n t  o r g a n i c  mat te r .  The o r g a n i c  
matter ranges from submature t o  supermature i n  
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Figure 5. Generalized map of maximum temperatures of some outcropping and subsurface Paleozoic strata in 
part of the northern Great Basin. Solid circles indicate wells containing oil, +‘s indicate 
Ordovician and Devonian outcrops containing oil, and x’s indicate Mississippian outcrops containing 
oil. See text for explanation of faults. 
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Figure  6. Map of e a s t - c e n t r a l  Nevada showing 
m a t u r i t y  s t a g e  o f  o r g a n i c  m a t t e r  i n  t h e  
M i s s i s s i p p i a n  Chainman Sha le  a t  s e v e r a l  
locali t ies.  S o l i d  circles i n d i c a t e  submature 
s t a g e ,  s o l i d  diamonds i n d i c a t e  mature  s t a g e ,  
and s o l i d  t r i a n g l e s  i n d i c a t e  supermature 
s t age .  Symbols 1 and 2 i n d i c a t e  w e l l s  shown 
i n  c r o s s  s e c t i o n  of f i g u r e  7. Mountains are 
r e p r e s e n t e d  by s t i p p l e d  p a t t e r n .  

thermochemical e v o l u t i o n  as i n d i c a t e d  by o r g a n i c  
geochemical d a t a  from kerogen and from rock  
hydrocarbon e x t r a c t s  and o i l ,  by v i t r i n i t e  
r e f l e c t a n c e ,  and by a l t e r a t i o n  c o l o r s  o f  
palynomorphs and conodonts.  Hydrocarbon c o n t e n t s  
range from a few p a r t s  p e r  m i l l i o n  t o  2,000 ppm 
and organic-carbon c o n t e n t s  range from almost n i l  
t o  7 p e r c e n t  by weight.  
s i g n i f i c a n t  amounts and d i f f e r e n t  t y p e s  o f  b o t h  
immature and mature o r g a n i c  matter i n  many 
Chainman samples  i n  e a s t - c e n t r a l  Nevada i n d i c a t e s  
a h i s t o r y  of moderate  temperatures .  L iqu id  o i l  of 
va ry ing  v i s c o s i t i e s  found i n  f r a c t u r e s ,  vo ids ,  and 
i n v e r t e b r a t e - f o s s i l  c a v i t i e s  of dense  l imes tone  
c o n c r e t i o n s  and beds i n  t h e  Chainman Sha le  a t  
s e v e r a l  l o c a l i t i e s  i n  e a s t - c e n t r a l  Nevada i n d i c a t e  

The p resence  of 

t h a t  t empera tu res  s u f f i c i e n t  f o r  o i l  g e n e r a t i o n  
were reached d u r i n g  b u r i a l  and p r i o r  t o  u p l i f t .  

F i g u r e  7 i s  a diagrammatic s u b s u r f a c e  s e c t i o n  
a c r o s s  Ra i l road  Va l l ey  from t h e  Trap Spr ing  o i l  
f i e l d  on t h e  west t o  t h e  Eagle  Spr ings  o i l  f i e l d  
on t h e  east ( l i n e  o f  s e c t i o n  shown on f i g .  6). 
S h e l l  Un i t  2 east  of Trap Spr ing  i s  shown a s  w e l l  
number 2. S h e l l  Unit  1 i n  t h e  Eagle Spr ings  f i e l d  
i s  shown as  w e l l  number 1. Chainman c o r e s  from 
S h e l l  Un i t s  1 and 2 were s t u d i e d  i n  d e t a i l  a s  was 
s h a l e  of t h e  Sheep Pass  Formation from S h e l l  Un i t  
1. Major oi l -producing zones are  shown by t h e  
s o l i d  wedges. V i t r i n i t e  r e f l e c t a n c e  v a l u e s  (N. H. 
Bost ick,  w r i t t e n  commun., 1978) a r e  g i v e n  f o r  t h e  
Chainman c o r e s  i n  both S h e l l  h o l e s  and f o r  t h e  
s h a l e  of t h e  Sheep Pass  i n  w e l l  number 1. 
V i t r i n i t e  r e f l e c t a n c e  va lues  i n d i c a t e  mature  
o r g a n i c  m a t t e r  i n  both t h e  Chainman and Sheep Pass  
Formations i n  S h e l l  Unit  1 and show a uniform 
ke rogen-ma tu ra t ion  p r o f i l e  i n  t h e  subsu r face .  
Both t h e  Chainman and Sheep Pass  fo rma t ions  
c o n t a i n  mature t o  marg ina l ly  mature  o r g a n i c  m a t t e r  
and r ank  as e x c e l l e n t  sou rce  rocks  (Fouch, 
1979). I n  Ra i l road  Val ley,  and e l sewhere  where 
t h e s e  fo rma t ions  are b u r i e d  deepe r ,  t h e y  should 
have reached optimum tempera tu res  f o r  petroleum 
g e n e r a t  ion. 

S e v e r a l  samples  of hydrocarbon e x t r a c t s  from 
Chainman and Sheep Pass  d r i l l  c o r e s  and c u t t i n g s ,  
and c r u d e  o i l  from T e r t i a r y  r e s e r v o i r  rocks  i n  t h e  
Eagle Springs and Trap Spring f i e l d s  have been 
ana lyzed  t o  e v a l u a t e  hydrocarbon composi t ions and 
t o  t es t  f o r  g e n e t i c  r e l a t i o n s h i p s  among samples. 
Crude o i l  compos i t ions ,  i n c l u d i n g  r a t i o s  of s u l f u r  
t o  n i t r o g e n  and p r i s t a n e  t o  phytane and i s o t o p e s  
of s u l f u r  and ca rbon ,  i n d i c a t e  t h a t  t h e y  were 
de r ived  from d i f f e r e n t  o r g a n i c  sou rce  m a t e r i a l s  
(Claypool,  Fouch, and Poole ,  1979). Hydrocarbon 
e x t r a c t s  from t h e  Chainman Shale  a r e  i d e n t i c a l  i n  
many r e s p e c t s  t o  Trap Spr ing  o i l .  E x t r a c t s  of 
a v a i l a b l e  Sheep Pass  Formation samples are u n l i k e  
e i t h e r  Eagle  S p r i n g s  o i l  o r  Trap Spr ing  o i l  
(Claypool,  Fouch, and Poole ,  1979). 

Data from Sheep Pass  and Chainman fo rma t ion  
c o r e s  and c u t t i n g s  from d r i l l  h o l e s  i n  Ra i l road  
Va l l ey  i n d i c a t e  t h a t  immature and mature o r g a n i c  
m a t t e r  i n  many Sheep Pass  and Chainman rocks  i n  
t h i s  r eg ion  is  now be ing  thermochemically a l t e r e d  
and i s  g e n e r a t i n g  o i l .  

An ear l ier  c y c l e  of petroleum g e n e r a t i o n  i s  
i n d i c a t e d  by geochemical and conodont c o l o r  
a l t e r a t i o n  d a t a  from o u t c r o p  samples of Chainman 
Sha le  and a s s o c i a t e d  rocks  i n  t h e  Great Basin. Xn 
e a s t - c e n t r a l  Nevada, o r g a n i c  m a t t e r  i n  ou tc rop  
samples o f  marine Chainman Sha le  range from 
submature t o  postmature  as shown on f i g u r e  6 ,  
whereas a l l  o r g a n i c  m a t t e r  i n  ou tc rop  samples o f  
l a c u s t r i n e  T e r t i a r y  rocks  were found t o  be 
submature. '  I n  some s t r a t i g r a p h i c  s e c t i o n s ,  
submature o r g a n i c  m a t t e r  i n  T e r t i a r y  r o c k s  
d i r e c t l y  o v e r l i e  M i s s i s s i p p i a n  rocks c o n t a i n i n g  
mature t o  supermature o r g a n i c  mat ter .  Th i s  
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F i g u r e  7. Genera l ized  c r o s s  s e c t i o n  of R a i l r o a d  Val ley  showing rock u n i t s  and v i t r i n i t e  r e f l e c t a n c e  
v a l u e s  o b t a i n e d  on c o r e s  from two wells. 

d i s c o n t i n u i t y  i n d i c a t e s  a n  ear l ier  h e a t i n g  e v e n t  
of t h e  Chainman. The f i r s t  ep isode  of pe t ro leum 
g e n e r a t i o n  began probably i n  e a r l y  Mesozoic time 
when t h e  Chainman was b u r i e d  beneath upper 
P a l e o z o i c  and lower Mesozoic rocks.  Depth of 
b u r i a l  and hence degree  of thermochemical 
m a t u r a t i o n  v a r i e d  w i t h  l a t e  Pa leozoic  and Mesozoic 
f o l d i n g ,  f a u l t i n g ,  and eros ion .  Organic  matter i n  
t h e  Chainman i s  supermature i n  many l o c a l i t i e s  
where h i g h e r  pa leo tempera tures  occurred  owing t o  
s u b c r u s t a l  h o t  s p o t s  o r  deeper  b u r i a l .  I n  t h e  
Diamond Mountains i n  t h e  nor thwes tern  c o r n e r  of 
t h e  map a r e a ,  submature nonmarine Cretaceous rocks  
o v e r l i e  supermature marine M i s s i s s i p p i a n  f l y s c h .  

Analys is  of s u r f a c e  and subsur face  d a t a  
i n d i c a t e s  t h a t  a l t h o u g h  Chainman rocks were 
thermochemical ly  degraded and genera ted  some 

hydrocarbons i n  Mesozoic time, as evidenced by o i l  
t rapped  i n  f r a c t u r e s ,  vo ids ,  and f o s s i l  c a v i t i e s  
i n  dense l imes tone  c o n c r e t i o n s  and beds; petroleum 
g e n e r a t i o n  was incomplete  where rocks  were b u r i e d  
a t  moderate depths .  U p l i f t  of b u r i e d  Chainman 
Shale  p r i o r  t o  t h e  l a t e  Mesozoic a r r e s t e d  t h e  
f i r s t  e p i s o d e  of petroleum g e n e r a t i o n  i n  
thermochemical ly  submature and mature rocks. 

Many o r g a n i c a l l y  submature and mature 
Chainman rocks  i n  t h i s  r e g i o n  are now s u b j e c t e d  t o  
a second e p i s o d e  of thermochemical d e g r a d a t i o n  and 
renewed o i l  g e n e r a t i o n  i n  Neogene b a s i n s  where 
v a l l e y  f i l l  has  been adequate  and tempera ture  has  
increased .  Rocks of  t h e  Chainman Shale  probably 
are t h e  major s o u r c e  of petroleum i n  t h e  Trap 
Spr ing  and Bacon F l a t  (about  1 2  km s o u t h e a s t  o f  
Trap Spr ing  f i e l d )  f i e l d s  i n  R a i l r o a d  Val ley  where 
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o i l  has  accumulated i n  f r a c t u r e d  welded ash-flow 
t u f f s  of Oligocene age.  Rocks of  t h e  Sheep Pass  
Formation may be t h e  major  source  of petroleum i n  
t h e  Eagle  Spr ings  and Cur ran t  (about  10 km n o r t h  
of Eagle S p r i n g s  f i e l d )  f i e l d s .  O i l  i s  - inferred 
t o  have accumulated i n  o t h e r  v a l l e y s  i n  e a s t e r n  
Nevada and wes te rn  Utah where similar g e o l o g i c  
c o n d i t i o n s  e x i s t .  

O i l  samples ana lyzed  t o  d a t e  s u g g e s t  t h e  
p o s s i b i l i t y  of s e v e r a l  d i s t i n c t  g e n e t i c a l l y  
r e l a t e d  P a l e o z o i c  and T e r t i a r y  c rude  o i l l s o u r c e  
rock f a m i l i e s  i n  t h e  n o r t h e r n  Great Basin. 
F u r t h e r  work t o  document t h e s e  g e n e t i c  
r e l a t i o n s h i p s  and t o  deve lop  t h e  i m p l i c a t ~ o n s  for 
e x p l o r a t i o n  is  s t i l l  i n  progress .  
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