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INTRODUCTION 

The heavy o i l  depos i t s  and heavy conventional o i l s  of  e a s t e r n  Alberta  (Fig. 1) 
occur i n  var ious r e s e r v o i r s  wi th in  t h e  Mannville Group of  Lower Cretaceous age. The 
Mannville Group i s  separa ted  from underlying rocks by a profound angular  unconform- 
i t y  which allows s t r a t a  of d i f f e r e n t  ages  t o  under l ie  t h e  Mannville Group i n  
d i f f e r e n t  p a r t s  of t h e  Alberta  sync l ine .  
of Mississ ippian,  Permian and J u r a s s i c  age whi l s t  a t  Athabasca, Cold Lake and 
Lloydminster t h e  underlying rocks a r e  var ious formations o f  Devonian age. 
Montgomery e t  aZ. (1) have summarized t h e  var ious t h e o r i e s  t h a t  p e r t a i n  t o  t h e  
o r i g i n  of heavy o i l  depos i t s  of  e a s t e r n  Alberta .  

A t  Peace River t h e  underlying rocks a r e  

Br ie f ly  these  t h e o r i e s  a r e :  

The heavy o i l s  a r e  conventional o i l s  which have become a l t e r e d  by 
biodegradat ion and assoc ia ted  phenomena. 
Devonian o r  a Lower Cretaceous source.  
The heavy o i l s  a r e  young immature una l te red  o i l s .  
The heavy o i l s  a r e  der ived from organic  mat ter  which was deposi ted in 
situ with t h e  h o s t  sands. 

1. 
They could have e i t h e r  a 

2 .  
3 .  

In t h i s  repor t .ev idence  w i l l  be presented t o  show t h e  chemical s i m i l a r i t y  of  
t h e  heavy o i l s  o f  t h e  Lloydminster a r e a  and t h e  heavy o i l  d e p o s i t s , t o  conventional 
o i l s  occurr ing i n  t h e  c e n t r a l  p a r t  of t h e  Alberta  sync l ine .  
o f  a l t e r a t i o n ,  p a r t i c u l a r l y  b iodegrada t ion ,wi l l  be demonstrated f o r  both t h e  
conventional o i l s  and t h e  heavy o i l  depos i t s .  F i n a l l y  t h e  geochemical processes  
which lead  t o  t h e  formation o f  heavy o i l s  and o i l  sands w i l l  be examined by 
d e t a i l e d  comparison o f  t h e  composition o f  normal and secondar i ly  a l t e r e d  o i l s  a t  
var ious leve ls  of  thermal maturat ion.  The techniques and samples employed i n  t h i s  
s tudy have been summarized by Deroo et a t .  ( 2 ,  3 ) .  Sa tura ted  hydrocarbons obtained 
from rock e x t r a c t s  and o i l s  were examined by c a p i l l a r y  gas  chromatography and mass 
spectrometry. The d i s t r i b u t i o n  o f  monoaromatics, diaromatics ,  polyaromatics and 
thiophenic  compounds were determined by c a p i l l a r y  gas chromatography using both 
flame i o n i s a t i o n  and flame photometric d e t e c t o r s  and by mass spectrometry a t  a low 
i o n i s a t i o n  p o t e n t i a l  (10eV). 

Secondly the  e f f e c t s  

HEAVY OILS OF THE LLOYDMINSTER REGION 

In  t h e  c e n t r a l  p a r t  o f  t h e  b a s i n , o i l s  (Group 2) reservoi red  i n  t h e  Mannville 
Group (Lower Cretaceous) J u r a s s i c  and Mississ ippian a r e  r e a d i l y  d is t inguished  from 
t h e  o i l s  occurr ing i n  t h e  Devonian (Group 3) and t h e  Colorado Group (Lower t o  Upper 
Cretaceous) (Group ])on t h e  b a s i s  of t h e i r  gross  composition (Fig. 2 ) .  The o i l s  
occurr ing i n  t h e  Mannvil le ,Jurassic  and Mississ ippian a r e  r i c h e r  i s  sulphur ,  
aromatic  hydrocarbons, r e s i n s  and asphal tenes  than e i t h e r  Groups 1 o r  3 (Fig. 2)  
The high sulphur conten ts  a r e  r e f l e c t e d  i n  t h e  la rge  amounts of  benzothiophenes and 
dibenzothiophenes i n  t h e  o i l s  (Fig.  2) and t h e  dibenzothiophenes have a charac te r -  
i s t i c a l l y  wide d i s t r i b u t i o n  by carbon number (range C p l  t o  C3,-,) ( 2 ,  3 ) .  
a n a l y s i s  o f  rock e x t r a c t s  has  shown t h a t  t h e  Group 2 o i l s  have t h e i r  source i n  t h e  
f ine-grained sediments o f  t h e  Mannville Group. 

Deta i led  

This c o r r e l a t i o n  i s  based on t h e  
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d i s t r i b u t i o n  of the  var ious mass families i n  t h e  aromatic  f r a c t i o n s  and i n  p a r t i c -  
u l a r  the d i s t r i b u t i o n  of benzothiophenes and dibenzothiophenes ( 3 ) .  

The o i l s  from t h e  Lloydminster region which a r e  reservoi red  within t h e  
Mannville Group,have s i m i l a r  sulphur  conten ts  (above 2%) and a r e  s i m i l a r  i n  
composition t o  t h e  Group 2 o i l s  (Fig. 2 ) .  They a r e  however, s l i g h t l y  r i c h e r  i n  
aromatic hydrocarbons,resins  and asphal tenes  than t h e  major i ty  of t h e  o i l s  and 
form a d i s c r e t e  group a t  t h e  l i m i t  o f  t h e  f i e l d  of composition of t h e  Group 2 o i l s .  
However,within t h e  Lloydminster region t h e r e  i s  considerable  v a r i a t i o n  i n  t h e  
d i s t r i b u t i o n  of the  s a t u r a t e d  hydrocarbons. 
t h a t  a number o f  samples have undergone biodegradat ion i . e .  t h e  n-alkanes have 
been p a r t i a l l y  o r  completely removed by b a c t e r i a l  a c t i v i t y .  This  can be appreciated 
by comparison of  t h e  r a t i o  o f  p r i s t a n e  and phytane t o  t h e  C l ,  and C18 normal a lkanes 
i n  t h e  d i f f e r e n t  o i l s .  
B e l l s h i l l  Lake, Thompson Lake, Choice and Wainwright (Lloydminster Fm.). Those with 
r a t i o s  between 0.60 and 1.00 have had some n-alkanes removed, namely Wainwright 
(Wainwright Fm.). A r a t i o  o f  1.00 corresponds t o  t h e  type a s t a g e  of biodegradation 
previously def ined (2) f o r  t h e  heavy o i l  e x t r a c t s  (Fig. 3) .  Ratios  between 1.00 and 
2.00 (Baxter Lake, Chauvin South - Sparky Fm.) demonstrate t h e  progressive renewal 
of  n-alkanes. F i n a l l y  i n  t h e  Wildmere and Lloydminster samples only  t h e  isoprenoids  
remain and a r e  equivalent  t o  t h e  type  b leve l  of biodegradat ion i n  t h e  heavy o i l  
e x t r a c t s  (Fig. 3 ) .  

Gas chromatographic a n a l y s i s  revea ls  

The o i l s  wi th  r a t i o s  below 0.60 a r e  una l te red ,  namely 

Biodegradation of  t h e  s a t u r a t e d  hydrocarbons has occurred i n  t h e  Mannville 
o i l s  between t h e  Wainwright, David and Lloydminster pools  bu t  it has  not  a f fec ted  
those  from B e l l s h i l l  Lake, Thompson Lake and Choice ly ing  t o  t h e  southwest (Fig. 1 ) .  
The a l t e r n a t e  theory  (1) t h a t  an immature una l te red  o i l  (Lloydminster) has under- 
gone cracking reac t ions  t o  y i e l d  o i l s  with n-alkanes (Thompson Lake, B e l l s h i l l  
Lake and Choice) is untenable  f o r  t h e  fol lowing reasons.  

(1) The o i l s  l i e  a t  c l o s e l y  s i m i l a r  depths 2500 f 500 f e e t  which i s  

(2) Independent i n d i c a t o r s  of  thermal maturat ion such a s  moisture  contents  
i n s u f f i c i e n t  f o r  any marked maturat ion d i f fe rence .  

and v i t r i n i t e  r e f l e c t a n c e  va lues  o f  coa ls  i n d i c a t e  l i t t l e  maturation 
v a r i a t i o n  ( 4 ) .  
The progressive change i n  n-alkane content  r e l a t i v e  t o  isoprenoids  i s  
explained on t h e  b a s i s  of  biodegradat ion b u t  i s  not  explained by a 
thermal maturat ion theory.  

(3) 

Mass spectrometr ic  evidence from two o i l s  (Choice and Lloydminster) i n d i c a t e s  
a c lose  s i m i l a r i t y  t o  t h e  Group 2 oi l s  but t h e y  contain a higher  proport ion o f  
monoaromatic s t e r o i d s  and t r i t e r p e n o i d s  than t h e  o i l s  from t h e  c e n t r a l  p a r t  of  the 
bas in .  

HEAVY OIL DEPOSITS 

Evidence showing t h e  progress ive  biodegradat ion o f  t h e  heavy o i l  e x t r a c t s  
between B e l l s h i l l  Lake and t h e  heavy o i l  depos i t s  at  Athabasca has been presented 
previously ( 2 ) .  The s tages  i n  t h e  t ransformation a r e  i l l u s t r a t e d  i n  Figure 3 with 
type examples. 
decrease i n  t h e  n-alkane content  wi th  an apparent  increase  i n  the  propor t ion  o f  
isoprenoid compounds. 
t o t a l l y  but  p r i s t a n e  and phytas  a r e  r e l a t i v e l y  unaffected.  
no normals o r i s o p r e n o i d s .  The coincidence of a l t e r a t i o n  with the occurrence of 
r e l a t i v e l y  f r e s h  water  i n  t h e  r e s e r v o i r s  and t h e  s e l e c t i v e  removal of f i rs t  t h e  
n-alkanes and then the isoprenoids  support t h e  biodegradat ion theory .  

Type a i s  i l l u s t r a t e d  by t h e  Edgerton sample i n  which t h e r e  i s  a 

Type b o i l s  a r e  those  i n  which t h e  n-alkanes have disappeared 
Type c e x t r a c t s  contain 

I t  i s  evident  from t h e  d i s t r i b u t i o n  of t h e  cyclo-alkanes t h a t  t h e  heavy o i l  
depos i t s  resemble t h e  Group 2 o i l s  ( 2 ) .  The same conclusions have been reached 
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when one considers  t h e  d i s t r i b u t i o n  o f  aromatic hydrocarbons and sulphur compounds 
as determined by c a p i l l a r y  gas  chromatography ( 2 )  and mass spectrometry (Fig.  3 ) .  
The c h a r a c t e r i s t i c  f e a t u r e s  a r e  t h e  importance of  t h e  thiophenes p a r t i c u l a r l y  t h e  
dibenzothiophenes i n  t h e  range C 2 1  t o  C35 i n  the  mass fami l ies  C,,Hzn-16S and 
CnH?n-lRS and the higher  concentrat ion of these  fami l ies  than  t h e  phenanthrene 
family (CnHzn-18) i s  the  polyaromatic f r a c t i o n .  

PROCESSES LEADING TO THE FORMATION OF HEAVY OIL DEPOSITS 

On t h e  bas i s  of the foregoing d iscuss ion  one would suppose t h a t  the  higher  
su lphur , res in  and asphal tene conten ts  of  o i l s  i n  t h e  Lloydminster region might be 
s o l e l y  a consequence of concentrat ion brought about by a l t e r a t i o n  processes .  This 
i s  not  exclusively t h e  case s ince  t h e  una l te red  o i l s  i n  t h i s  region (Wainwright, 
Thompson Lake, Choice and B e l l s h i l l  Lake) have r e s i n  and asphal tene conten ts  which 
a r e  higher than many unal tered o i l s  i n  t h e  Mannville from t h e  c e n t r a l  p a r t  o f  the  
bas in  (Fig. 2 ) .  The quest ion i s  put  i n  perspec t ive  i f  we examine the  d i s t r i b u t i o n  
of  reserves  of  Group 2 o i l s  aga ins t  an independent measure of matur i ty  such a s  
v i t r i n i t e  r e f l e c t a n c e  (Fig. 4 ) .  

I t  is evident  t h a t  t h e  Lloydminster o i l s  occur a t  a r e l a t i v e l y  low maturation 
In l e v e l  compared with the  remainder of  t h e  o i l s  i n  t h e  c e n t r a l  p a r t  o f  the  basin.  

addi t ion  i n  t h e  Lloydminster region t h e  content  of  s t e r o i d s  and t r i t e r p e n o i d s  (C25 
and above) i n  the  mass fami l ies  CnHZn=12 and CnH2n-14 i s  higher  than i n  t h e  
unal tered o i l s  t o  t h e  west and i s  i n d i c a t i v e  of a maturation t rend across  t h e  basin.  
In Figure 5 t h e  maturation t rend  across  t h e  bas in  i s  i l l u s t r a t e d  by v a r i a t i o n s  in  
gross composition of o i l s  which occur in  the  Mannville Group. 
s i v e  decrease in  r e s i n ,  asphal tene and aromatic hydrocarbon content towards the  
west. However, a t  each s t a g e  of maturation there  is an enrichment i n  r e s i n s  and 
asphal tenes  i n  c e r t a i n  o i l s .  In t h e  Lloydminster region t h i s  i s  a t t r i b u t e d  a t  l e a s t  
i n  p a r t  t o  biodegradation whereas i n  the  c e n t r a l  p a r t  of t h e  basin it occurs  where 
o i l  from t h e  Mannville c rosses  t h e  pre-Cretaceous unconformity i n t o  underlying 
formations (Mississ ippian or  Devonian). 

There i s  a progres- 

In order  t o  d i s t i n g u i s h  the  e f f e c t s  of a l t e r a t i o n  r e l a t i v e  t o  thermal matu- 
r a t i o n ,  it is  necessary t o  examine these  e f f e c t s  i n  r e s t r i c t e d  a reas  within which 
v a r i a t i o n s i n  maturation l e v e l s  are minimal. 
o f  t h e  aromatic f r a c t i o n s  of a s e r i e s  of o i l s  has been undertaken i n  a reas  where 
t h e  geothermal gradient  i s  r e l a t i v e l y  constant .  
within these areas  can be d is t inguished  by considerat ion o f  t h e  maximum depth of 
b u r i a l .  

For t h i s  purpose d e t a i l e d  examination 

The r e l a t i v e  s tages  of maturation 

The e f f e c t s  of a l t e r a t i o n  on t h e  aromatic f r a c t i o n  can be summarized a s  
fol lows:  

1. 

2 .  

3 .  

In  t h e  mass family CnHzn-8 there  i s  a s h i f t  i n  t h e  mode t o  higher  carbon 
numbers. 
In the  mass fami l ies  CnHqn- lz  and CnHpn-lb t h e r e  is an o v e r a l l  enr ich-  
ment, p a r t i c u l a r l y  i n  t h e  range above C20 o r  CZ5 i n  t h e  former family. 
In  t h e  diaromatics  of t h e  fami l ies  CnH2n-12 and CnHpn-lb t h e r e  i s  
( a )  
(b) 
(c )  
In the  thiophene fami l ies  CnHZn-1oS, CnHzn-12S and C,,Hqn-18S t h e r e  i s  
(a) an increase  i n  t h e i r  concentrat ion 
(b) an enrichment i n  t h e  higher carbon number ranges ( C ~ O  and above) 

accompanied by/or - 
( c )  a decrease i n  t h e c o n c e n t r a t i o n o f  compounds i n  below C z o .  

a decrease i n  t h e  t o t a l  percentage 
a decrease i n  t h e  mode or/and 
a displacement of t h e  mode t o  higher  carbon numbers 

4 .  
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In  t h i s  context  t h e  term a l t e r a t i o n  i s  used t o  des igna te  both t h e  consequences of  
secondary migrat ion and b a c t e r i a l  degradat ion,  water washing and inorganic  oxida- 
t i o n .  These processes  a r e  examined i n  successive maturation zones. 

Zone 1 
adjacent  to  t h e  F o o t h i l l s  and t h e  Glenevis region.  
t h e  Jurass ic  and Mississ ippian o i l s  have a shallower depth o f  b u r i a l  than t h e  
from t h e  Mannville because of  t h e  s t r u c t u r a l  p o s i t i o n  of  t h e  pools .  
var ia t ions  1, 3a and b,  i n  comparison with t h e  Mannville o i l  and they have a higher 
content  of benzothiophenes (Fig. 6 A ) .  The Mississ ippian and J u r a s s i c  o i l s  a t  
Medicine River a r e  i n  r e s e r v o i r s  o f  similar depths  of  b u r i a l  and have s i m i l a r  gas 
t o  o i l  r a t i o s  (GOR) which a r e  lower than t h a t  f o r  t h e  Mannville r e s e r v o i r .  The 
observed v a r i a t i o n s  a r e  considered t o  be due t o  secondary migrat ion of t h e  more 
mobile compounds. 
t h e  pre-Cretaceous unconformity. 
would explain t h e  observed phenomena. 

Geothermal Gradient 3OoC p e r  1000 m. This  zone inc ludes  t h e  o i l  pools 
In t h e  Medicine River region 

They have 

The o i l s  i n  t h e  J u r a s s i c  and Mississ ippian a r e  t rapped beneath 
Leakage of  l i g h t  components along t h e  unconformity 

The Mississ ippian o i l s  from Harmattan t o  t h e  southwest of  t h e  Medicine River 
pools  a re  c l e a r l y  more deeply bur ied .  
composition, (Fig.  5 )  d i s t r i b u t i o n  of  n-alkanes,  cycl ic-alkanes and aromatic 
compounds (Fig. 5 )  i n d i c a t e  a h igher  degree of  maturat ion than t h e  Medicine River 
o i l .  However, a s  well a s  being r i c h e r  i n  non-aromatics (Fig. 6A) than t h e  previous 
o i l s  it a l s o  shows v a r i a t i o n s  1, 3a and b f o r  t h e  mass fami l ies  CnHZn-12.  
anomaly can b e  explained by secondary migrat ion of  t h e  more mobile components t o  
higher  reservoi rs .  In  t h e  Harmattan East f i e l d  t h e  o i l s  i n  t h e  Mannville reservoi rs  
have a higher GOR than t h a t  i n  t h e  underlying Mississ ippian.  

The high d i s t i l l a t e  content ,  overa l l  

This 

The Mississ ippian o i l  from t h e  Glenevis reg ion  l y i n g  t o  t h e  nor th  of t h e  o i l s  
discussed above has been t h e  l e a s t  buried of o i l s  from t h i s  zone. I t  shows 
var ia t ions  1, 2, 3a and b i n  t h e  mass fami l ies  CnHpn-14, a r e l a t i v e  increase  i n  
t h e  concentrat ion of dibenzothiophenes beyond C l 0  and a lower maturation s t a t e  than 
t h e  Medicine River o i l s .  Thus wi th in  t h i s  zone t h e  o i l s  of t h e  Glenevis region 
have undergone l e a s t  maturat ion w h i l s t  t h a t  from Harmattan East has suf fered  t h e  
most maturation. This c o n c l u s i o n ~ i s  cons is ten t  with t h e  palaeotemperatures derived 
from coal rank s t u d i e s  (4) .  
Glenevis reg ion  i s  76OC whi l s t  those  a t  Medicine River and Harmattan East  a r e  l l l ° C  
and 127OC respec t ive ly .  
have been a f f e c t e d  by secondary migrat ion;  t h e  l i g h t e r  hydrocarbons have probably 
escaped from t h e  r e s e r v o i r s  a long t h e  unconformity leav ing  i n  p lace  t h e  l e s s  mobile 
components. 

Zone 2 
production and conta ins  a l t e r e d  o i l s  such a s  Lloydminster o r  una l te red  o i l s  a s  a t  
Leduc and Pembina. 
una1 tered.  

The est imated palaeotemperature o f  pools  i n  t h e  

O i l s  occur r ing  i n  Mississ ippian and J u r a s s i c  r e s e r v o i r s  

Geothermal Gradient 4OoC p e r  1000m. This  zone includes most o f  the  o i l s  in  

I t  a l s o  inc ludes  heavy o i l  e x t r a c t s  which may be  a l t e r e d  o r  

The Pembina sample (Fig. 6B) which has  been buried the  deepest  o f  t h i s  group, 
has  c h a r a c t e r i s t i c s  s i m i l a r  t o  t h e  Mannville sample from Medicine River. 
i s  more deeply buried b u t  occurs i n  a zone with a lower geothermal grad ien t .  An 
o i l  from Leduc-Woodbend occurs i n  t h e  Wabamun (Devonian) d i r e c t l y  under the  pre-  
Cretaceous unconformity. I t  shows v a r i e t i e s  1, 3a and b i n  t h e  aromatic compounds 
and var ia t ion  4a i n  t h e  thiophenic  compounds (Fig.  68) .  The o i l  occurr ing i n  t h e  
Wabamun Formation has a lower GOR than  o i l s  i n  t h e  r e s e r v o i r s  above t h e  unconformity 
i n  t h e  same f i e l d .  
migration ~ 

The l a t t e r  

Here again,  t h e  v a r i a t i o n s  can be a t t r i b u t e d  t o  secondary 

Impregnations cons is t ing  of concentrat ions of  heavy f r a c t u r e s  could be residues 

A heavy o i l  e x t r a c t  from t h e  Wabamun a t  Golden Spike (ad jacent  t o  the  Leduc 
from migration, a product o f  a l t e r a t i o n  processes  o r  could be an o r i g i n a l  unal tered 
o i l .  
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D i s t r i b u t i o n  i n  the  Mass Fami l ies 
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FIG 6 DISTRIBUTION OF AROMATICS IN GROUP 2 OILS AT 
VARIOUS M A T U R A T I O N  L E V E L S  
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D i s t r i b u t i o n  i n  the Mass F a m i l i e s  
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f i e l d )  i s  very s i m i l a r  t o  t h e  Wabamun o i l  a t  Leduc Woodbend discussed above. I t  i s  
considered t o  be a residue l e f t  from secondary migration. A heavy o i l  e x t r a c t  from 
Edgerton (Mannville) Figure 6C c lose ly  resembles the  Golden Spike ex t r ac t .  Although 
l e s s  deeply buried,  t h e  Edgerton sample can only be GHm-e dis t inguished from t h e  
Golden Spike sample by i t s  higher  content ofmonoaromatic 
and CnH2n-14) p a r t i c u l a r l y  t h e  s t e r o i d  and t r i t e r p e n o i d  compounds above C25.  
d i f ference can be a t t r i b u t e d  t o  t h e  lower degree of  maturation o f  t h e  former. The 
Edgerton and Golden Spike samples tend t o  contain few l i g h t  monoaromatic compounds 
(<C20) i n  the  mass family CnHnn-8 and even less i n  t h e  f ami l i e s  CnHpn-12 and 
CnHpn-4; t h i s  i s  probably t h e  r e s u l t  of  secondary migrat ion.  

(mass f ami l i e s  CnH2n-12 
The 

The heavy o i l  from t h e  Lloydminster pool i s  i n  i t s  t u r n  compared with the  
Edgerton sample (Fig.  6C) s i n c e  t h e  geothermal gradient  and depths  o f  bu r i a l  a r e  
s imi l a r .  
families CnHzn-12 and CnH2n-14 can be in t e rp re t ed  as due t o  a low degree of 
maturation, but t h e  effect of  concentrat ion due t o  a l t e r a t i o n  must be considered. 
The e f f e c t s  o f  a l t e r a t i o n  a r e  shown i n  t h e  aromatic and thiophenic  compounds by 
va r i a t ions  1, 3c ,  4b and c .  These changes a r e  g r e a t e r  than those  a t t r i b u t e d  
s o l e l y  t o  secondary'migration. 
f r a c t i o n  accompanies t h e  b a c t e r i a l  removal o f  n-alkanes i n  t h e  s a t u r a t e  f r a c t i o n  
(Type b ) .  This a l t e r a t i o n  i s  a t t r i b u t e d  t o  water washing of  t h e  r e l a t i v e l y  so lub le  
aromatic compounds, t o  inorganic  oxidat ion of  weakly so lub le  or  insoluble  compounds 
and/or possibly t h e  biodegradation o f  some benzothiophenes. 

The r e l a t i v e  importance of t h e  monoaromatics beyond C25  i n  the  mass 

A c e r t a i n  degree o f  a l t e r a t i o n  o f  t h e  aromatic 

Zone 3 Unknown Geothermal Gradient.  This p a r t  concerns t h e  heavy o i l  depos i t s  i n  
t h e  most no r the r ly  p a r t  of  t h e  s tudy a rea  (Fig.  1 ) .  The present  geothermal 
gradients  a r e  unknown bu t  t h e  bu r i a l  depths are est imated t o  be equivalent  t o  those  
o f  t h e  preceding samples; t h i s  assumption is supported by t h e  p a r a l l e l  s ign i f i cance  
of t h e  heavy monoaromatics (C25+) i n  t h e  f ami l i e s  CnH2n-12 and CnH2n-14 (Fig.  6D). 

The aromatics from t h e  Marten H i l l s  sample (type b biodegradation) show t h e  
same a l t e r a t i o n  effects observed i n  t h e  Lloydminster o i l  and are a t t r i b u t e d  t o  
water washing and inorganic  oxidat ion.  The sample from t h e  GCOS Plant  has the  
most degraded sa tu ra t ed  hydrocarbons (type c ) .  
t o  t h e  aromatics as were observed i n  the  Marten H i l l s  and Lloydminster o i l s  but  
va r i a t ion  3c i s  p a r t i c u l a r l y  s i g n i f i c a n t .  
advanced s t age  o f  a l t e r a t i o n  of the  aromatics by water washing and inorganic  
oxidation. 

Summary 

The same changes occur with regard 

This  sample r ep resen t s  t he  most 

The heavy o i l  depos i t s  and t h e  heavy conventional o i l s  of  ea s t e rn  Alberta 
resemble t h e  conventional o i l s  reservoired i n  Lower Cretaceous (Mannville) 
sediments i n  the  c e n t r a l  p a r t  of t h e  basin and as such d i f f e r  i n  o r i g i n  from t h e  
Devonian o i l s .  They a r e ,  however, r e l a t i v e l y  l e s s  mature than t h e  contemporaneous 
o i l s  t o  t h e  west. 
t h e i r  heavy character ,  secondary processes such as biodegradat ion,  water washing, 
secondary migration of  l i g h t  components and poss ib ly  some inorganic  oxidat ion 
r e s u l t s  i n  the  concentrat ion of heavy ends with t h e  u l t ima te  formation of s o l i d  
bitumen. 

Although t h e i r  r e l a t i v e  immaturity can p a r t i a l l y  account f o r  

Comparative analyses  of  t he  aromatic hydrocarbons of t h e  Group 2 o i l s  allows 
t he  r e l a t i v e  s ign i f i cance  of  maturation and a l t e r a t i o n  t o  be assessed as follows: 

1. In t he  main o i l  f i e l d  area, a l l  o i l s  located beneath t h e  unconformity 
( Jurass ic ,  Mississ ippian o r  Devonian) a r e  a l t e r e d  as a r e s u l t  of 
secondary migrat ion of  t h e  l i g h t e s t  components from t h e  r e s e r v o i r  t o  
v e r t i c a l l y  o r  l a t e r a l l y  higher  r e s e r v o i r s .  The geochemically defined 
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maturat ion s t a t e  o f  t h e  o i l s  i n  zones with comparable geothermal gradients  
correspond wel l  t o  t h e i r  r e s p e c t i v e  depths  of b u r i a l .  
In t h e  heavy o i l  zone, t o  t h e  n o r t h  o f  t h e  main f i e l d  a r e a ,  a l l  o i l s  have 
undergone l e s s  maturat ion than t h e  preceding o i l s .  
e f f e c t s  of  secondary migrat ion,  t h e  aromatics from these  o i l s  have under- 
gone degradat ion by water washing and inorganic  oxida t ion  which a r e  
assoc ia ted  with t h e  biodegradat ion of  t h e  alkanes.  
a maximum i n  t h e  r e s e r v o i r s  c l o s e s t  t o  t h e  Cretaceous unconformity even 
i f  t h e  biodegradat ion of t h e  normal a lkanes has  n o t  reached t h e  most 
advanced s tage.  In  a l l  p r o b a b i l i t y ,  t h e  unconformity corresponds t o  an 
a q u i f e r  and c o n t r o l s  t h e  d i s t r i b u t i o n  and a l t e r a t i o n  of hydrocarbons i n  
its v i c i n i t y .  

2 .  
In  a d d i t i o n  t o  the  

These e f f e c t s  a r e  a t  
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