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The o r i g i n  and h i s t o r y  of t h e  Athabasca and a s s o c i a t e d  

o i l  s a n d s  format ion  is  concerned w i t h  t h e  p o s s i b i l i t y  t h a t  

t h e  o i l  sand bitumen is  t h e  m i c r o b i o l o g i c a l l y  degraded  

r e s i d u e  of c o n v e n t i o n a l  c r u d e  o i l s  r a t h e r  t h a n  t h e  a l t e r n a t i v e  

a n  abnormal d i a g e n e t i c  h i s t o r y  n o t  i n v o l v i n g  m i c r o b i a l  

d e g r a d a t i o n .  M i c r o b i a l  d e g r a d a t i o n  of t h e  o i l  sand bitumen 

s h o u l d  be minimal i f  it is i n  f a c t  t h e  end p r o d u c t  of t h e  

d e g r a d a t i o n  of c o n v e n t i o n a l  c rude  o i l s .  For compara t ive  

purposes  w e  have  s t u d i e d  t h e  e f f e c t  of m i c r o b i o l o g i c a l  

d e g r a d a t i o n  on  s e v e r a l  c o n v e n t i o n a l  pooled  o i l  r e s e r v o i r s  

and on o i l  s a n d  bi tumens.  

The model sys tems employed a t y p i c a l  c o n v e n t i o n a l  

c r u d e  o i l  from Prudhoe Bay, and samples  from t h e  Kumak w e l l  

i n  t h e  MacKenzie d e l t a .  The Kumak samples  are of p a r t i c u l a r  

i n t e r e s t  s ince  p r o d u c t i o n  o c c u r s  from t h r e e  zones a t  A 

(1353 m. ,  49OC), B (2148 m . ,  62OC) and C (2306 m . ,  67OC), 

g e o l o g i c a l l y  t h e s e  samples  are b e l i e v e d  t o  be of  common 
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o r i g i n ,  b u t  t h e  change i n  p h y s i c a l  p r o p e r t i e s  a r e  b e l i e v e d  

t o  be  due t o  b i o d e g r a d a t i o n  (1). 

The microorganisms w e r e  grown u s i n g  minimal sa l ts  

media i n  a g y r a t o r y  shaker  under a e r o b i c  c o n d i t i o n s  a t  3OOC. 

0.2 g t o  1 g of  o i l  w a s  incubated .  The c u l t u r e s  w e r e  o b t a i n e d  

from an enrichment  of S h e l l  Lake (NWT) s o i l  u s i n g  e i t h e r  

Normal W e l l s  or Kumak ( A ,  B or C) c r u d e  o i l s .  From Norman 

Wells enr ichment  t h e  mixed c u l t u r e  c o n t a i n e d  s i x  d i f f e r e n t  

s p e c i e s  based on t h e  type  o f  colony produced.  The m i x t u r e  

c o n s i s t e d  of approximate ly  90% Gram-negative r o d s  and 10% 

Gram-positive coryneform t y p e  rod.  The pure  c u l t u r e  o b t a i n e d  

w a s  t h e  Gram-posi t ive coryneform i s o l a t e d  from t h e  mixed 

c u l t u r e .  From t h e  d i f f e r e n t  Kumak enr ichments  t h e  c u l t u r e s  

o b t a i n e d  w e r e  c h a r a c t e r i z e d  by a n  abundance of pseudomonas 

t y p e  r o d s .  

The p r i n c i p a l  a n a l y t i c a l  method used w a s  a g a s  

chromatography-mass s p e c t r o m e t r y  computer sys tem employing 

m u l t i p l e  i o n  cross s c a n s  ( M I C S ) .  V i s u a l  comparisons between 

MICS of v a r i o u s  samples g i v e s  a n  immediate g r a p h i c  i n d i c a t i o n  

of s imi la r i t i es  and d i f f e r e n c e s .  The o i l  was e x t r a c t e d  from 

t h e  c u l t u r e  medium w i t h  ch loroform,  f i l t e r e d ,  and s e p a r a t e d  

i n t o  t h r e e  major components by a b s o r p t i o n  chromatography on  

S i l i c a  G e l  ( 2 ) .  

Table  1 r e p o r t s  s o m e  o f  t h e  d a t a  on t h e  Kumak samples  

a l o n g  w i t h  o u r  a n a l y s i s  of t h e  p e r c e n t a g e  of s a t u r a t e d ,  aroma- 

t i c  and p o l a r  components c o n t a i n e d  i n  t h e  bi tumens.  The 
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removal o f  n-alkanes from KUMAK C c o n v e r t s  it t o  a sample 

much l i k e  t h a t  o f  KUMAK A i n  t e r m s  o f  i ts p h y s i c a l  p r o p e r t i e s .  

This , suppor ts  t h e  h y p o t h e s i s  o f  Burns e t  a l .  (1) t h a t  t h e  

o i l  from t h e  s h a l l o w e s t  zone h a s  been s u b j e c t e d  t o  bio-  

d e g r a d a t i o n .  The gc-ms p a t t e r n s  f o r  t h e  samples  o f  b io-  

degraded m a t e r i a l  from t h e  deeper  zones (KUMAK B and C )  

s t r o n g l y  resembled t h o s e  f o r  A. 

W e  t h e n  examined samples  o f  a Prudhoe Bay (PB) c r u d e  

f o r  comparison w i t h  Lower Cre taceous  pooled  o i l s  such  as 

B e l l s h i l l  Lake ( B H )  and Lloydminster  ( L l )  a l o n g  w i t h  o i l  

sand  bi tumens from t h e  Cold Lake (CL), Peace R i v e r  (PR) and 

Athabasca o i l  sands .  The a n a l y t i c a l  d a t a  from t h e s e  samples  

are p r e s e n t e d  g r a p h i c a l l y  i n  F i g u r e  1. 

The gc-ms r e v e a l  close s i m i l a r i t i e s  between t h e  b io-  

d e g r a d a t i o n  p r o d u c t s  of t h e  o i l  from Prudhoe Bay and the 

o i l  sands and heavy o i l s  o f  A l b e r t a .  W e  are n o t  p o s t u l a t i n g  

a common s o u r c e  f o r  a l l  of t h e s e  o i l s ,  a l t h o u g h  t h e y  probably  

s h a r e  a s i m i l a r  o r i g i n  and d i a g e n e t i c  h i s t o r y .  These r e s u l t s  

do n o t  g i v e  a d i r e c t  i n d i c a t i o n  as t o  t h e  m a t u r i t y  and thermal  

h i s t o r y  o f  t h e  A l b e r t a  o i l  sands  b u t  t h e y  do s u p p o r t  t h e  

h y p o t h e s i s  t h a t  t h e  o i l  s a n d s ,  and some c o n v e n t i o n a l  c r u d e  

o i l s  found i n  t h e  r e s e r v o i r s  o f  t h e  Lower Cre taceous  forma- 

t i o n  o f  A l b e r t a  s h a r e  a common o r i g i n  and are r e l a t e d  by 

t h e i r  d e g r e e s  o f  b i o d e g r a d a t i o n .  

1. B . J .  Burns, J . T . C .  Hogarth and C.W.D. Mi lner ,  Bull. E. 
P e t .  G&., 23, 295 ( 1 9 7 5 ) .  

and D.W.S. West lake,  t o  be  p u b l i s h e d .  
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A. Sieve adduct E .  Urea adduct 

C. Thiourea adduct  D .  Thiourea nonadduct 
Sa tu ra t ed  f r a c t i o n  

E. Aromatic f r ac t io r .  
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Figure 1. Gravimetr ic  a n a l y s e s  of t h e  Prudhoe Bay o i l s  and. 

t h e  Albe r t a  o i l s  and bitumens.  
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