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INTRODUCTION 

I n  the  pas t  15 yea rs  much work has been done on t h e  i d e n t i f i c a t i o n  o f  i n d i -  
v i d u a l  compounds i n  t h e  branched-p lus-cyc l ic  p a r a f f i n  hydrocarbon f r a c t i o n s  f rom 
Green River  o i l  s h a l e  bitumens; i.e., on t h e  smal l  amount o f  m a t e r i a l  t h a t  can b e  
s o l v e n t  e x t r a c t e d  from t h e  shale. Cumins and Robinson ( I )  i d e n t i f i e d  the  C-16, 
C-18. C-19, and C-20 i s o p r e n o i d  alkanes. Bur l  ingame andcoworke rs  (2) repor ted 
t h e  presence o f  C-27, C-28, and C-29 steranes. E g l i n t o n  and coworkers (2) iden- 
t i f i e d  cholestane, ergostane,  s i t os tane ,  and pe rhyd ro -pca ro tene .  Anders and 
Robinson (4) i d e n t i f i e d  52 c y c l i c  alkanes, and Henderson (z) i d e n t i f i e d  s teranes 
and t r i t e r p a n e s .  Gal legos (6) i d e n t i f i e d  36 i n d i v i d u a l  components i n  the s a t u r a t e  
f r a c t i o n  o f  an  o i l  s h a l e  bitumen. 
a Wyoming o i l  shale c o r e  w i t h  respect  t o  t h e  v a r i a t i o n s  i n  the d i s t r i b u t i o n  o f  
va r ious  alkanes w i t h  s t r a t i g r a p h y .  

Robinson and Cook (7) s tud ied  t h e  bitumen f r o m  

Most o f  the geochemical s tud ies  have been made on the  unpyro lyzed bitumen be- 
cause o f  t h e  susp ic ion  t h a t  p y r o l y s i s  of t h e  kerogen would des t roy  o r  a l t e r  t h e  
b i o l o g i c a l  markers and thus negate the r e s u l t s .  However, recent  s t u d i e s  suggest 
t h a t  some o f  these markers s u r v i v e  p y r o l y s i s .  Gallegos (8) repo r ted  t h e  presence 
o f  gammacerane and t h e  C-27, C-28, and C-29 s teranes i n  a p y r o l y s i s  study o f  so- 
c a l l e d  "kerogen-shale"--shale res idue  a f t e r  t h e  e x t r a c t i o n  o f  so lub les  w i t h  a ben- 
zene-methanol mix ture.  
isoprenoids i n  an N.T.U. s h a l e - z i l  d i s t i l l a t e .  

Takeo (9)  repor ted the  presence o f  C-18 and C-20 a lkane 

I n  t h i s  s tudy,  s a t u r a t e  f r a c t i o n s  of F i sche r  assay o i l s  f rom an e a r l i e r  s tudy  
(10) were examined i n  d e t a i l  t o  see i f  the-bio&g.iKal ma_rkers s u r v i v e  the r e t o r t i n g  
process. A s tudy o f  t hese  b i o l o g i c a l  markers i n  t h e  o i l s  produced f rom a co re  
m igh t  be used as an a i d  i n  t h e  geochemical s tudy o f  sediments. A l though t h i s  co re  
i s  n o t  i d e n t i c a l  t o  t h a t  s t u d i e d  by Robinson and Cook, i t  i s  f rom the  same area so 
t h a t  some comparisons can be made between t h e  bitumen and the  py ro l yzed  product .  

EXPERIMENTAL 

A co re  was o b t a i n e d  f r o m  no r the rn  Green R ive r  Basin i n  T Z l N ,  R107W, Sweet- 

A l i t h o g r a p h i c  d e s c r i p t i o n  of t h e  
wa te r  County, near  Rock Springs, Wyoming. 
t h e  sect ions of  t h e  co re  c o n t a i n i n g  kerogen. 
co re  was used t o  composite t h e  F ischer  assay o i l s  i n t o  1 1  composite o i l s  com- 
p r i s i n g  t h e  o i l  produced f rom adjacent  sha le  seams of  s i m i l a r  appearance. The 1 1  
composite o i l s  a r e  r e p r e s e n t a t i v e  o f  t h e  t h r e e  p r i n c i p a l  members o f  t h e  Green 
R i v e r  o i l  sha le  fo rma t ion  i n  t h i s  basin. The f i r s t  two composite o i l s ,  L-1 and 
L-2, a r e  from t h e  Laney member; t h e  nex t  e i g h t  composite o i l s ,  WP-1 t o  WP-8, a r e  
f rom the  W i l k i n s  Peak member; and the  l a s t  o i l ,  T-1, i s  from t h e  T i p t o n  member, 
which i s  t h e  lowest s t ra tum c o n t a i n i n g  kerogen. 

F ischer  assay (E) was c a r r i e d  ou t  on 

A sa tu ra te  f r a c t i o n  o f  each composite o i l  was prepared by d i s s o l v i n g  3 g o f  
o i l  i n  approx imate ly  IO m l  o f  cyclohexane. The nonsaturates were removed by s u l -  
f ona t ion  and c e n t r i f u g a t i o n  as descr ibed i n  ASTM method D-1019 (12). The re- 
s u l t i n g  cyc lohexane-saturates s o l u t i o n  was chromatographed on a 7 2 - i n .  i .d. by 
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6- in .  column packed w i t h  60-200 mesh s i l i c a  ge l  and e l u t e d  w i t h  bezene. 
m a t e r i a l  was recovered by r o t a r y  evapora t i on  o f  so l ven t .  

Organic 

Each sa tu ra te  f r a c t i o n  was separated i n t o  n - p a r a f f i n s  and b ranched-p lus -cyc l i c  
pa ra f f i ns  (BCP) by molecular  s ieves.  
t h e  molecular  s ieves w i t h  h y d r o f l u o r i c  a c i d  (u). The n - p a r a f f i n s  were recovered by d e s t r o y i n g  

A l l  t h e  n - p a r a f f i n s  and BCP f r a c t i o n s  were analyzed us ing  a Hewlett-Packard': 
5710A gas chromatograph equipped w i t h  a f lame i o n i z a t i o n  de tec to r .  Pa i red  50 - f t  
by 0.02-in. i .d .  suppor t  coated open t u b u l a r  (SCOT) columns coated w i t h  Dexs i l  300 
were used. 
3OO0C, where the  temperature was mainta ined f c r  16 minutes. 

The chromatograph was programmed from 100°C a t  4" per  minute up t o  

Combined gas chromatography-mass spect rometry  (GC-MS) o f  se lec ted  samples 
were obta ined us ing  a Hewlett-Packard 5710A gas chromatograph and an AE IMS-12 
mass spectrometer. A s i m i l a r  SCOT column was coupled d i r e c t l y  t o  the  source o f  
t h e  MS-1,2 w i thou t  t h e  b e n e f i t  o f  a separator .  A l l  t he  mass spect ra were ob ta ined  
a t  70 v o l t s .  

Data a c q u i s i t i o n  and process ing were accomplished w i t h  a F in igan  lncos 2300 
s e r i e s  mass spectrometer data system. The magnet c y c l e  t ime  was 18 seconds. 

RESULTS AN0 D I S C U S S I O N  

Geochemical i n v e s t i g a t i o n s  o f  b i o l o g i c a l  markers a r e  u s u a l l y  made on samples 
t h a t  have been c a r e f u l l y  c o l l e c t e d  and preserved t o  prevent  the  fo rma t ion  o f  a r t i -  
f a c t s .  However, recen t  work by Gallegos (E) suggests t h a t  some o f  t he  b i o l o g i c a l  
markers su rv i ve  t h e  r e t o r t i n g  process, and Gallegos suggests t h a t  "The terpanes 
which have su rv i ved  p y r o l y s i s  r a t h e r  than those e x t r a c t e d  r e f l e c t  more f a i t h f u l l y  
t he  d i s t r i b u t i o n  and i d e n t i t y  o f  t h e  terpanoids o r i g i n a l l y  l a i d  down i n  t h e  sed i -  
ments." To i n v e s t i g a t e  these p o s s i b i l i t i e s ,  we examined t h e  a lkane hydrocarbons 
i n  o i l s  produced by r e t o r t i n g  o i l  shales from d i f f e r e n t  geo log i c  regimes. A l l  t h e  
shales were r e t o r t e d  in  i d e n t i c a l  fash ions by F ischer  assay which heats t h e  sha le  
a t  a c o n t r o l l e d  r a t e  t o  500°C. 

Geology 

A b r i e f  d e s c r i p t i o n  o f  t h e  geology o f  t h e  area from which t h e  s u b j e c t  co re  
was obta ined w i l l  s e t  t h e  stage f o r  t h e  d iscuss ions.  The o i l  shales o f  t h e  Green 
R ive r  Formation in  Wyoming were formed i n  Gosiute Lake i n  e a r l y  and m idd le  Eocene 
age (2). 
stage, i n  which t h e  T i p t o n  member was l a i d  down, i t  was l a r g e  and ove r f l ow ing ,  and 
thus a f r e s h  water lake. Dur ing t h e  second, o r  W i l k i n s  Peak stage, t h e  l a k e  shrank 
and became ext remely sa l i ne .  When t h e  top, o r  Laney member, was l a i d  down the  l a k e  
had again expanded, overf lowed, and become a f r e s h  water  lake. 

General Character i s t i cs 

Th is  l a k e  went through t h r e e  major changes i n  s i ze .  Dur ing t h e  f i r s t  

Table 1 shows t h e  depth and l e n g t h  o f  t h e  sec t i ons  t h a t  were composited f o r  
F i sche r  assay, t oge the r  w i t h  the  o i l  y i e l d ,  t h e  percent  o f  t o t a l  sa tu ra tes ,  and 
t h e  percents  of t h i s  s a t u r a t e  f r a c t i o n  t h a t  a r e  normal and b ranched-p lus -cyc l i c  
p a r a f f i n s  ( B C P ) .  The leng ths  o f  t h e  co re  va ry  from 193 f e e t  f o r  UP-6 t o  7 f e e t  
f o r  T-1, showing cons ide rab le  d i f f e r e n c e  i n  t h e  l eng th  o f  t h e  homogeneous bands. 
The o i l  y i e l d  data show t h a t  t h e  o i l  sha le  i n  t h i s  area i s  lean, ranging f rom 4.5 
t o  15.9 ga l l ons  pe r  ton. 
sect ions,  (most of which a r e  i n  the  t o p  300 f e e t )  i s  9.0 ga l l ons  pe r  ton. 

*Mention of s p e c i f i c  brand names o r  models o f  equipment i s  f o r  i n fo rma t ion  o n l y  
and does n o t  c o n s t i t u t e  an endorsement by t h e  Department o f  Energy. 

The average y i e l d  f o r  t h e  core, exc lud ing  t h e  ba r ren  
The 
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’ sa tu ra tes  rep resen t  9 t o  1 1  percent  o f  a l l  t he  o i l s  except t h e  T ipton,  t he  s i n g l e  
sample o f  which has a somewhat h ighe r  s a t u r a t e  content  than the  o t h e r  o i l s .  A p re -  
v ious  study (10) showed t h a t  t h e  T ip ton  o i l  had s i g n i f i c a n t l y  sma l le r  amounts o f  
p o l a r  compounds than t h e  o t h e r  o i l s .  
p l y  r e f l e c t  a l a c k  o f  d i l u t i o n  by t h e  p o l a r  components. 

Thus, i t s  h i g h  con ten t  o f  p a r a f f i n s  may sim- 

TABLE 1 .  - D e s c r i p t i o n  o f  Wyoming co re  and percentages o f  
sa tu ra tes ,  normal, and branched-p lus-cyc l  i c  hydrocarbons 

i n  the  F i sche r  assay o i l s  

I /  Section- 

L- 1 
L-2 
W P - I  
WP-2 
WP-3 
WP-4 
WP-5 
WP-6 
WP-7 
WP-8 
T- 1 

I /  Depth- 
ft. 

771.5 
870.5 

1064.7 
1109.0 
1157.64/ 
1250.0- 
1276.4 
1322.0 
1515.0 
1616.0 
1710.0 

2/ Length- 
f t .  

38.1 
59.6 
44.3 
48.6 
41.2 
26.4 
45.6 

193.0 
101 .o 
94.0 

7.0 

Saturates,  Vol % o f  sa tu ra tes  
Y ie ld ,  v o l .  % o f  Branched-cycl i c  
ga l / t on  o i l  n - p a r a f f i n s  p a r a f f i n s  

5.3 9.7 
10.3 11.1 
13.5 8.9 
15. I 9.7 
11.0 10.2 
8.0 9.8 

15.9 9.7 
6.1  9.9 
8.9 9.8 
7.3 10.0 
4.5 13.3 

63.9 
60.4 
39.3 
46.4 
45.1 
48.0 
51.5 
39.4 
51 .O 
56 
63.9 

36.1 
39.6 
60.7 
53.6 
54.9 
52.0 
48.5 
60.6 
49 
44 
36.1 

1/ L = Laney member, WP = W i l k i n s  Peak member, T = T i p t o n  member 

Y TOP o f  s e c t i o n  

2’ Excluding ba r ren  s e c t i o n  

4’ 51.2 f e e t  o f  co re  m iss ing  between WP-3 and WP-4 

Normal P a r a f f i n s  

Table 1 shows v a r i a t i o n s  i n  the  composi t ion o f  t he  s a t u r a t e  f r a c t i o n s  w i t h  
regard-eo-cheir-concenc-of-n-paraff ins. 
64 percent  n - p a r a f f i n ,  w h i l e  t h e  W i l k i n s  Peak sa tu ra tes  c o n t a i n  s i g n i f i c a n t l y  
lower amounts. Thus, t he  two f reshwater  depos i t s  a r e  h i g h e r  i n  n - p a r a f f i n s  than 
the  s a l i n e  depos i t .  The h i g h  va lue o f  WP-8, which i s  ad jacen t  t o  the  T i p t o n  core,  
may suggest an i n f l u e n c e  o f  t h e  f reshwater  member on i t s  ad jacen t  s a l i n e  member; 
i.e., a somewhat gradual  t r a n s i t i o n  from f r e s h  t o  s a l i n e .  

The ianey and i i p c o n  sacuraces a r e  60 e o  

Gas chromatographic i n v e s t i g a t i o n  o f  t he  n - p a r a f f i n  f r a c t i o n s  o f  t h e  1 1  o i l s  
shows n -pa ra f f i ns  f rom C - l l  t o  C-34 w i t h  the  g r e a t e s t  abundance a t  about C - 1 7 .  
The odd-to-even p re fe rence  t h a t  was noted i n  n - p a r a f f i n  f r a c t i o n s  of bitumens from 
a s i m i l a r  c o r e  (7) i s  absent. Th is  r e s u l t  was no t  unexpected i n  these o i l s ,  which 
had been heated a t  500”C, because Cummins (15) showed disappearance o f  t h e  odd-to- 
even preference when shales were degraded a t t e m p e r a t u r e s  o f  150 to 350°C. 

Branched-Plus-Cycl i c  P a r a f f i n s  

Gas chromatograms o f  t he  BCP f r a c t i o n  o f  t h e  o i l s  suggested t h e  presence o f  
c h a i n  isoprenoids, s teranes,  and p e n t a c y c l i c  t r i t e r p a n e s .  Chromatograms o f  sam- 
p l e s  from each of  t h e  members a r e  shown i n  F igu re  1 .  Combined GC-MS analyses were 
ob ta ined  on these t h r e e  rep resen ta t i ve  f r a c t i o n s  t o  i d e n t i f y  t he  major peaks. 
example o f  t h e  r e s u l t i n g  recons t ruc ted  chromatograph f o r  t h e  W i l k i n s  Peak sample 
i s  shown i n  F igu re  2. 
each of  the o t h e r s  conta ined one. 

A n  

Two o f  t he  peaks--26 and 31--contained two compounds, w h i l e  
T h i r t y - s i x  compounds were i d e n t i f i e d  i n  t h e  GC 
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f r a c t i o n s  and accounts f o r  55 percent  o f  the  BCP f r a c t i o n .  
as w i l l  be noted l a t e r ,  t he  MS i d e n t i f i c a t i o n  was confirmed by c o i n j e c t i o n  of  au- 
t h e n t i c  samples. 
w i t h  the  q u a n t i t a t i v e  da ta  f rom gas chromatography t o  examine the  va r ious  types of 
compounds t h a t  a r e  present  i n  these o i l s .  

I n  seve ra l  instances, 

The q u a l i t a t i v e  data f rom t h e  mass spect ra may now be combined 

Chain Isoprenoids.  - The l a r g e r  peaks i n  the f i r s t  p a r t  o f  t he  gas chromato- 
grams (F igure 1) a r e  c h a i n  isoprenoids.  The GC peak number and t h e  e m p i r i c a l  f o r -  
mula o f  these compounds a r e  l i ’ s t e d  i n  Table 2. The gas chromatographic data i n  
F igu re  1 show cons ide rab le  v a r i a t i o n  i n  the  amounts o f  t he  i n d i v i d u a l  isoprenoids.  
Phytane (peak 14) increases from 2 percent  i n  the  T ip ton  t o  5.5 i n  t h e  W i l k i n s  Peak 
and t o  8.3 i n  t h e  Laney. This  increase i n  a compound u s u a l l y  thought t o  be a 
degradat ion product  o f  c h l o r o p h y l l  (5) may suggest an increase i n  t h e  amount o f  
vege ta t i ve  ma t te r  as t h e  l ake  went from t h e  T ip ton  t o  Wi l k ins  Peak t o  Laney. 

TABLE 2. - Chain isoprenoids (C y2n+2) i d e n t i f i e d  

GC Empi r i c a  1 Molecular  Common 
peak no. formu 1 a weiqht  name 

1 3H28 

‘I hH30 

‘1sH32 

C16H34 

1 7H36 

C18H38 

1 gH40 

‘20H42 

‘21H44 

184 

198 

212 Farnasane 

226 

240 

2 5 4  

268 P r i s t a n e  

282 Phytane 

7-96 

16 C23H48 324 

17 ‘2bH50 338 

I8 ‘2sH52 352 

41 2 Squalane I 9  ‘30H62 

Inspec t i on  o f  F igu re  1 revea ls  many d i f f e rences  i n  t h e  r a t i o s  o f  t h e  amounts 
of  t he  cha in  isoprenoids.  For example, t he  r a t i o  o f  t he  he igh ts  o f  peaks IO, 12, 
and 14 changes f rom 1.2/1.0/2.4 t o  1.2/1.0/1.3 t o  0.8/1.0/1.0 as the depth increases. 
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Monocycl ic Isoprenoids.  - E i g h t  monocyc l ic  isoprenoids shown i n  Table 3 were 
i d e n t i f i e d ,  These a r e  t h e  smal l ,  odd-numbered peaks i n  the f i r s t  p a r t  o f  t h e  chro-  

TABLE 3. - Monocyc l ic  isoprenoids ( C  E2n) i d e n t i f i e d  

GC Emp i r i c a l  Mol ecu 1 a r 

3 1 4H28 196 

peak no. formula weight 

5 C15H30 210 

7 C16H32 224 

9 C17H34 238 

1 1  1 8H36 252 

13 ‘1gH38 266 

18A C29H58 406 

32 ‘40H78 558 

matograms (F igu re  1)  and 1 8 A  i n  t he  chromatogram o f  T - I .  These compounds have t h e  
emp i r i ca l  formula CnHZn, and t h e  general s t r u c t u r e  

where R i s  a s a t u r a t e d  cha in  of va ry ing  length.  The amounts o f  these compounds, 
which a re  thought t o  be de r i ved  from perhydro-8-carotene, a r e  small so t h a t  quan- 
t i t a t i v e  d i f f e r e n c e s  a r e  obscured except f o r  t he  C-29 compound (peak 18A).  This 

-compou.d-m.l.es-np-2..3-p~~~~nt__nf-the-Rr.P_fc8Zt-inn n f  the.Ti.ptnn . b u t  i.s absent i n  
t h e  W i l k i n s  Peak and t h e  Laney. The mass spectrum o f  t h i s  compound shows f r a g -  
ments t h a t  a r e  t y p i c a l  o f  monocycl ic isoprenoids.  

D i c y c l i c  Isoprenoid--Perhydro-8-Carotene. - A d i c y c l i c  compound, peak 32 i n  
F igu re  1 ,  was shown to be perhydro-8-carotene. The parent  molecular  i o n  observed 
i n  t h e  mass spectrum of t h i s  component was a t  m/g = 558. 
i n  t h e  spectrum occu r red  a t  m/g = 125, 137, and 502. These ions have been noted 
i n  t h e  mass spectrum of perhydro-8-carotene (6). 
v e r i f i e d  by c o i n j e c t i o n  o f  an au then t i c  sample. 

D iagnos t i c  fragment i ons  

The i d e n t i t y  o f  component 32 was 

Steranes. - The s te ranes  i d e n t i f i e d  in  t h e  BCP f r a c t i o n s  of t h e  r e t o r t e d  o i l s  
a r e  shown i n  Table 4. 
publ ished spect ra and by c o i n j e c t i o n  i n  the case o f  the two cholestanes.  A l l  o f  
these compounds have been i d e n t i f i e d  i n  shale o i l  bi tumen by Gallegos (k), 
E g l i n t o n  (11, Henderson (2), and o the rs .  

The compounds were i d e n t i f i e d  by comparing mass spec t ra  w i t h  
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' TABLE 4. - Sterane (C k12n-6) compounds i d e n t i f i e d  

G C  Emp i r i ca l  Molecular  Common 

20 C27H48 

21 C27H48 

22 C28H50 

23 C28H50 

24 C29H52 

peak no. formula weight  name 

372 5-8-chol es tane 

372 5-a-cholestane 

386 5-8-ergostane 

386 5-a-ergos tane 

400 5-8-st igmastane 

C H  400 5-a-st igmastane 
29 52 25 

2d' C,,,HCh 414 unknown 

1' Peak con ta ins  two compounds, one o f  which i s  a 
t e t r a c y c l i c  terpane, the o t h e r  a p e n t a c y c l i c  t r i -  
terpene o f  mass 398 

The amounts o f  these compounds va ry  g r e a t l y ,  as shown i n  F igu re  1 .  The W i l -  
k i n s  Peak samples c o n t a i n  more 5-a-ergostane (peak 23) and 5-8-st igmastane (peak 
25) than e i t h e r  the  Laney o r  t h e  T ip ton  samples. A comparison o f  these peaks i n  
t h e  1 1  samples shows t h r e e  t imes as much a-ergostane and about f o u r  t imes as much 
a-st igmastane i n  the  W i l k i n s  Peak samples as i n  t h e  Laney o r  T i p t o n  samples. Th is ,  
again, i n d i c a t e s  t h a t  t h e  sedimentary d e p o s i t i o n  d u r i n g  the  W i l k i n s  Peak t ime was 
d i f f e r e n t  than d u r i n g  t h e  Laney o r  t he  T i p t o n  t ime. 

The r a t i o  o f  t he  abundance o f  t h e  5-a- t o  the  5-8- isomers o f  a l l  t h ree  s t e r -  
anes--cholestane, ergostane, and stigmastane--was approx imate ly  3 t o  1 ,  s i m i l a r  t o  
t h a t  found by Gallegos (6) i n  o i l  shale bitumen. 
s t a b l e  isomer i s  the a lpha form, and the  above r e s u l t s  i n d i c a t e  t h a t  exposure t o  
500°C du r ing  the  r e t o r t i n g  s tep  does no t  change t h e  r a t i o  o f  t he  a lpha t o  be ta  iso-  
mers. 

Thermodynamically, t he  more 

Pen tacyc l i c  T r i t e rpanes .  - The p e n t a c y c l i c  t r i t e r p a n e s  i d e n t i f i e d  a re  l i s t e d  
i n  Table 5. The s t r u c t u r e s  o f  these compounds a r e  shown i n  F igu re  3. A l l  o f  
these compounds have been p r e v i o u s l y  i d e n t i f i e d  (4,  6, 7 ) .  Peak 26 con ta ins  two 
compounds. 
mass spectrum o f  t h i s  compound i s  s i m i l a r  t o  t h e  p e n t a c y c l i c  t r i t e r p a n e  D repor ted 
by Whitehead (16) and by Gallegos (6) as compound 30. 
u re  3, i s  be l i eved  t o  be an isomer ic  form o f  t he  compound t h a t  emerged as p a r t  of  
peak 26. I t  was no t  p o s s i b l e  t o  determine t h e  p o s i t i o n  o f  t he  methyl group i n  the  
E r i n g  o f  peak 27 from t h e  f ragmentat ion pa t te rn .  Peaks 28 and 29 a r e  be l i eved  t o  
be isomeric compounds w i t h  t h e  s t r u c t u r e  shown i n  F igu re  3. It was n o t  p o s s i b l e  
t o  i d e n t i f y  t he  p o s i t i o n  o f  t h e  p ropy l  group i n  these compounds, one o f  which may 
be hopane, a s  suggested by Henderson (2). 
pen tacyc l i c  t r i t e r p a n e s ,  w i t h  t h e  s t r u c t u r e s  shown in  F igure 3. 

One i s  a p e n t a c y c l i c  t r i t e r p a n e  w i t h  a m o l e c u l a r  weight  o f  398; t h e  

The peak l abe led  27, F ig -  

Peaks 30 and 31 a r e  apparen t l y  isomer ic  
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TABLE 5. - Pen tacyc l i c  t r i t e r p a n e s  (C kJ22-a) i d e n t i f i e d  . 

GC Empi r i ca 1 Molecular  
peak no. formula weight  

2d/ ‘2YH50 398 

27 ‘2gH50 398 

28 ‘30H52 412 

412 29 ‘30H52 

30 ‘31 H54 426 

426 3 1- ‘3IH54 
2 /  

1’ Peak con ta ins  two compounds, one o f  which i s  a penta- 
c y c l i c  t r i t e r p a n e ,  t h e  o t h e r  a t e t r a c y c l i c  terpane w i t h  
a molecular  we igh t  o f  414. 

2’ Peak con ta ins  two compounds, one o f  which i s  gammacerane, 
and an u n i d e n t i f i e d  p e n t a c y c l i c  t r i t e r p a n e .  

Semi -Quant i t a t  i v e  Comparisons 

Table 6 presents  semi -quan t i t a t i ve  data on some o f  t he  types o f  compounds i n  
t h e  BCP f r a c t i o n .  The da ta  were obta ined by i n t e g r a t i n g  the  areas under the ch ro -  

TABLE 6. C - 1 3  t o  C-20 cha in  isoprenoids,  a-s teranes,  and perhydro-8-carotene 
i n  the  branched-cyc l ic  f r a c t i o n  o f  the r e t o r t e d  o i l s  

I /  Vol % i n  branched-p lus-cyc l ic  f r a c t i o n -  
Chain Perhydro- 

SE t - i on  i Soprenoids a:Steranes k a r o t e n e  - . .__ 

L- 1 
L-2 
WP- 1 
WP-2 
WP-3 
WP-4 
WP-5 
WP-6 
WP-7 

T- 1 
wp-a 

16.9 
21 .o 
17.7 
26.5 
25.2 
25.4 
23.6 
23.0 
20.4 
17.4 
10.5 

2.9 
4.9 

5.2 

6.0 
6.7 

5.4 
2.6 

8.8 
8.2 

8.5 

8.3 

0.8 
1.3 
1.4 
0.9 
1 .o 
0.7 
1.4 
1.2 
1.4 
2 . 1  
0.5 

Oil average 20.7 6.1 1 . 1  

average/ 29.9 14.1 4.6 
B i tumen 

1/ Area percentages c a l c u l a t e d  from F I D  chromatogram 

L’ Data from Cook and Robinson (1) 



matographic peaks f o r  perhydro-8-carotene and f o r  t h e  C - 1 3  t o  C-20 compounds lis- 
t e d  i n  Table 2 and t h e  a-steranes i n  Table 4. The data a r e  s e m i - q u a n t i t a t i v e  be- 
cause o f  t h e  d i f f i c u l t y  i n  e s t a b l i s h i n g  a basel ine.  No at tempt  was made t o  i n t e -  
g r a t e  the small  peaks f o r  monocycl ic isoprenoids and 6-steranes. I n  genera l  t he  
t a b l e  shows lower amounts o f  chain isoprenoids,  a-steranes, and perhydro-8-carotene 
in  the  samples from the Laney and the T ip ton  member than i n  t h e  W i l k i n s  Peak samples. 
Th is  suggests t h a t  t h e  sedimentary depos i t i on  d u r i n g  t h e  Laney and t h e  T i p t o n  t ime  
was d i f f e r e n t  than d u r i n g  the  h i g h l y  s a l i n e  pe r iod  o f  t he  W i l k i n s  Peak t ime. 

Table 6 a l s o  shows the  average o f  cha in  isoprenoids,  a-steranes, and perhydro- 
E-carotene for t h e  1 1  o i l s  and a s i m i l a r  c a l c u l a t i o n  on the  bitumen samples s tud ied  
by Robinson and Cook (7) .  The BCP f r a c t i o n  o f  t he  bitumen con ta ins  1.4 t imes m r e  
cha in  isoprenoids, a b o r t  tw i ce  the  amount o f  a-s teranes,  and about 4 t imes more 
perhydro-8-carotene than t h e  r e t o r t e d  samples. 

CONCLUSIONS 

B i o l o g i c a l  markers have been i d e n t i f i e d  i n  shale o i l  produced by F i sche r  as-  
say r e t o r t i n g  o f  o i l  shale. The b i o l o g i c a l  markers i d e n t i f i e d  i n c l u d e  i sop reno id  
alkanes, monocycl ic terpanes, steranes, and p e n t a c y c l i c  t r i t e r p a n e s .  These a r e  
the  same c lasses o f  compounds t h a t  have been i d e n t i f i e d  i n  e x t r a c t e d  bitumen and 
pyro lyzed o i l  shale. The r e s u l t s  from t h i s  s tudy do n o t  i n d i c a t e  the  source o f  
these compounds in  o i l  shale. These compounds probably  represent  m a t e r i a l  from 
both the bitumen and kerogen. 

The d i s t r i b u t i o n  o f  these compounds I n  the d i f f e r e n t  sedimentary l aye rs  v a r i e s  
considerably .  The da ta  show l i t t l e  i f  any i n f l u e n c e  o f  dep th - re la ted  f a c t o r s ,  a 
conclus ion s i m i l a r  t o  t h a t  drawn from a s tudy (7) o f  the  bitumen from a Wyoming 
core. A l though the  phytane appears t o  decrease w i t h  i nc reas ing  depth, t h i s  may be 
due t o  an increase i n  t h e  amount o f  v e g e t a t i v e  ( ch lo rophy l l -bea r ing )  m a t t e r  as t h e  
l ake  went from t h e  T i p t o n  t o  the  Laney era.  I n  agreement w i t h  the bitumen data o f  
Robinson and Cook, we found t h a t  the Laney ( top )  and the  T i p t o n  (bottom) member 
samples were u s u a l l y  s i m i l a r  and had a somewhat lower q u a n t i t y  o f  i sop reno ids ,  
steranes, e tc . ,  than the  W i l k i n s  Peak (middle) member samples. T h i s  d i f f e r e n c e  i s  
probably  due t o  the d i f f e r e n c e s  i n  environment, t h a t  i s ,  f r e s h  water  l ake  d u r i n g  
the  Laney and T ip ton  e ras  and a s a l t  water  l ake  d u r i n g  the  W i l k i n s  Peak era. 

The cha in  i sop reno id  content  i n  t h e  BCP f r a c t i o n s  from t h e  1 1  r e t o r t e d  o i l s  
average approx imate ly  21 percent ,  and Robinson and Cook's r e s u l t s  f o r  t h e  bitumen 
on t h e i r  co re  were about 30 percent. A l though d i r e c t  comparisons cannot be made 
because t h e i r  work was on  a d i f f e r e n t  co re  and on t h e  e x t r a c t s  o f  t he  o i l  shale 
from the core,  ou r  r e s u l t s  appear t o  i n d i c a t e  t h a t  t he  cha in  i sop reno ids  a r e  s t a b l e  
t o  t h e  r e t o r t i n g  process. The chain i sop reno ids  averaged approx imate ly  I9 percent  
f o r  t he  Laney, 23 percent  f o r  t h e  W i l k i n s  Peak, and IO percent  f o r  t h e  T i p t o n  sam- 
p les .  This  d i f f e r e n c e  i n  the  amount o f  these isoprenoids i n  the  t h r e e  member sam- 
p les  p o i n t s  o u t  again t h e  d i f f e r e n c e  i n  the  environment i n  the  Gosiute Lake du r ing  
t h e  format ion o f  these th ree  members. 

For the  most p a r t ,  prev ious s tud ies  o f  t he  b i o l o g i c a l  markers i n  o i l  shale 
have d e a l t  w i t h  the m a t e r i a l  ex t rac ted  from bitumen. Gallegos had i n d i c a t e d  t h a t  
t he  ma te r ia l  produced f rom t h e  p y r o l y s i s  of o i l  shale may be more i n d i c a t i v e  of  
the  b i o l o g i c a l  source m a t e r i a l  than e x t r a c t e d  bitumen (6).  We f e e l  t h a t  b o t h  the  
m a t e r i a l  f rom e x t r a c t e d  bitumen and t h e  product  o i l  should be i n v e s t i g a t e d  for a 
more complete geochemical p i c t u r e  o f  o i l  shale format ion.  

235 



1 .  

2. 

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

IO. 

1 1 .  

12. 

13. 

14. 

- 

16. 

REFERENCES 

J. J. Cumins  and W. E. Robinson, J. Chem. Eng. Data, 2, 304 (1964). 

A. L. Burlingame, P. Haug, T. Belsky, and M. Calv in ,  Proc. Nat. Acad. Sci. ,  
- 54,  1406 (1965). 

S i s t e r  Mary, T. J. Murphy, A.  McCormick, and G. Eg l i n ton ,  Science, 157, 1040 
( 1  967) - 
D. E. Anders and W. E. Robinson, Geochirn. e t  Cosrnochim. Acta, 25, 661, 
(1971). 

W. Henderson, Wojtech Wol l rab,  and G. Eg l i n ton ,  Advances i n  Org. Geochem., 
- 1968, 181. 

E. J. Gallegos, Ana l .  Chem., 9, 1 1 5 1 ,  (1971). 

W. E. Robinson and G. L. Cook, U.S.  BuMines, Rept. o f  Inv. 7820 (1973). 

E. J. Gallegos, Anal .  Chem., 9, 1524, (1975). 

I i d a  Takeo, Yakugaku Zasshi. 96, 796, (1976). 

L. P. Jackson, J. R. Morandi, and R. E. Poulson, P rep r in t s ,  Div .  Fuel Chem., 

i: 

-I: 
e 
e ACS, 2 ( 3 1 ,  66, (1977). 

K. E. S t a n f i e l d  and I .  C. F r o s t ,  U.S. BuMines, Rept. o f  Inv. 4477 (1949). 

ASTM Book o f  Standards, 1975, Pa r t  23, Method D-1019-68, p. 477 

J. V. Brunnock, Anal .  Chern., E, 1649, (1966). 

W. H. Bradley and H. P. Euster ,  U.S.  Geol. Survey P ro f .  Papers, 496-8, 71 pp. 
( 1  969) . . - _ .  

J. J.-Cummins, F. G. D o o l i t t l e t  and W. E. Robinson; U.S .  BuMines Rept. of Inv. 
7024 (1974). 

3, 
I .  R. H i l l s  and E. V. Whitehead, Nature, 2, 977 (1966). 

236 



0 
c 

P 
U 



cv m i 
I 

AllSN32NI 

238 



P PEAK NO. 2 8  & 29 

FIG. 3. PENTACYCLIC TRITERPANES IN GREEN 
RIVER RETORTED SHALE OIL 
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