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ABSTRACT 

Approximately 85 percent  of t h e  land  a r e a  of t h e  ECOWAS (Economic Community 
of West A f r i c a n  S t a t e s )  reg ion  i s  covered by basement rocks ( igneous and h i g h l y  
metamorphosed r o c k s )  o r  r e l a t i v e l y  t h i n  l a y e r s  of Pa leozoic ,  Upper Precambrian, 
and " C o n t i n e n t a l  I n t e r c a l a i r e "  sedimentary r o c k s .  These a r e a s  have l i t t l e  o r  
no petroleum p o t e n t i a l .  

Areas of  t h e  ECOWAS r e g i o n  t h a t  have p o t e n t i a l  f o r  petroleum product ion o r  
p o t e n t i a l  f o r  i n c r e a s e d  petroleum product ion i n c l u d e  t h e  narrow b e l t  of 
sed imentary  rocks  t h a t  s t r e t c h e s  a l o n g  t h e  c o n t i n e n t a l  margin from Mauri tania  
t o  N i g e r i a  and'the Niger Del ta  and t h e  Benue d e p r e s s i o n .  The Senegal Basin,  
l o c a t e d  on t h e  c o n t i n e n t a l  margin of M a u r i t a n i a ,  Senegal ,  Gambia, Guinea Bissau,  
and Guinea,  h a s  been i n t e n s e l y  explored by t h e  o i l  i n d u s t r y  and most of t h e  
l a r g e r  s t r u c t u r e s  onshore and on t h e  s h e l f  probably .have been t e s t e d  by d r i l l i n g  
w i t h  l i t t l e  o r  no r e s u l t i n g  commercial p roduct ion .  Unless b a s i c  i deas  p e r t a i n i n g  
t o  t h e  petroleum geology of t h e  Senegal  Basin a r e  r e v i s e d ,  f u t u r e  d i s c o v e r i e s  
are expected t o  be l i m i t e d  t o  s m a l l  f i e l d s  overlooked by indust ' iy  a t  a t i m e  
when pe t ro leum p r i c e s  were low. On t h e  c o n t i n e n t a l  s h e l f  of S i e r r a  Leone and 
t h e  c o n t i n e n t a l  s h e l f  of  n o r t h e a s t  and c e n t r a l  L i b e r i a ,  t h e  sedimentary rocks 
a re  r e l a t i v e l y  t h i n ,  and i n d u s t r y  h a s  shown l i t t l e  i n t e r e s t  i n  t h e  a r e a .  
On t h e  c o n t i n e n t a l  r i se  of t h e s e  c o u n t r i e s ,  however, t h e  sedimentary s e c t i o n ,  
d e p o s i t e d  i n  a complex f a u l t - b l o c k  system, i n c r e a s e s  i n  t h i c k n e s s .  A renewal 
of i n d u s t r y  i n t e r e s t  i n  t h i s  deep-water a r e a  w i l l  probably f o l l o w  f u r t h e r  
development of  deep-water product ion  technology.  A r e c e n t  o i l  d i scovery  on t h e  
c o n t i n e n t a l  s l o p e  off  t h e  Ivory  Coast i s  expected t o  s p u r  f u r t h e r  e x p l o r a t i o n  
o f f s h o r e  of s o u t h e a s t e r n  L i b e r i a ,  Ivory  Coas t ,  Ghana, Togo, and Benin. This  
r e l a t i v e l y  unexplored a r e a  i n  t h e  Gulf of Guinea h a s  good p o s s i b i l i t i e s  f o r  t h e  
d i s c o v e r y  o f  g i a n t  o i l  f i e l d s .  

N i g e r i a ' s  o i l  development from t h e  Niger Delta may have peaked, a s  13 of 
1 4  g i a n t  o i l  f i e l d s  were d iscovered  p r i o r  t o  1969 and t h e  g r e a t e s t  number of 
f i e l d s  were d i s c o v e r e d  i n  t h e  per iod  1965 through 1967. Like d e l t a  reg ions  i n  
o t h e r  p a r t s  of t h e  world,  i n d i v i d u a l  o i l  f i e l d s  of t h e  Niger Delta are small t o  
medium by world s t a n d a r d s  and f u t u r e  d i s c o v e r i e s ,  t h e r e f o r e ;  a r e  l i k e l y  t o  
r e f l e c t  t h i s  r e a l i t y .  The n a t u r a l  g a s  r e s o u r c e s  of t h e  Niger Delta, u n l i k e  i t s  
o i l  r e s o u r c e s ,  a r e  compara t ive ly  underdeveloped. 

P a r t s  of t h e  Benue d e p r e s s i o n  i n  N i g e r i a  and Niger could  c o n t a i n  s i g n i f i c a n t .  
d e p o s i t s  of petroleum. The lower Benue d e p r e s s i o n ,  immediately n o r t h  of t h e  
Niger Delta, h a s  been e x t e n s i v e l y  explored  by d r i l l i n g .  Except f o r  noncommercial 
d i s c o v e r i e s  of  o i l  and g a s  and traces of o i l  and g a s  on t h e  ground s u r f a c e ,  t h e  
r e s u l t s  of e x p l o r a t i o n  i n  t h e  lower Benue d e p r e s s i o n  were n e g a t i v e .  However, 
i n  t h e  Lake Chad area of Chad and i n  s o u t h e r n  Chad n e a r  t h e  C e n t r a l  Afr ican  
Republ ic  boundary, o i l  and g a s  d i s c o v e r i e s  were made j u s t  p r i o r  t o  t h e  c e s s a t i o n  
of a l l  d r i l l i n g  and e x p l o r a t i o n  a c t i v i t y  i n  e a r l y  1979. It i s  rumored t h a t  
t h e s e  d i s c o v e r i e s  may be  l a r g e  a l t h o u g h  l i t t l e  informat ion  i s  a v a i l a b l e .  The 
r e l a t i o n  between t h e  two areas i n  Chad and t h e i r  o v e r a l l  r e l a t i o n  t o  t h e  Benue 
d e p r e s s i o n  i s  poor ly  understood;  however, t h e  p o s s i b i l i t y  of t h i c k  sedimentary 
s e c t i o n s  c o n t a i n i n g  Cretaceous marine source rock and T e r t i a r y  reservoir beds-- 
a l l  c o n t a i n e d  w i t h i n  grabens i n  a h i g h l y  f a u l t e d  fai led-arm system s u b j e c t e d  t o  
h igh  h e a t  f low--is a t t r a c t i v e .  
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. I 

O f  t h e  ECOWAS c o u n t r i e s ,  on ly  Niger ia  and Niger produce c o a l  commercially. 
Niger ia  produces subbi tuminous c o a l  from Paleocene-Flaestr icht ian and M a e s t r i c h t i a n  
( L a t e  Cre taceous)  age rocks of t h e  Niger Del ta  r e g i o n ;  r e s e r v e s  are  e s t i m a t e d ,  
on t h e  b a s i s  of e x t e n s i v e  d r i l l i n g ,  t o  be 350 m i l l i o n  t o n s  ( s t a n d a r d  c o a l  
e q u i v a l e n t ) .  I n  a d d i t i o n ,  l i g n i t e  d e p o s i t s  of t h e  It iger Del ta  appear t o  be 
l a r g e  but  have n o t  been developed. Niger produces s m a l l  amounts of c o a l  used 
l o c a l l y  by uranium mine and m i l l  o p e r a t i o n s  from Carboni ferous  age rocks of 
t h e  Niger Basin.  

I n  Senegal  and Benin, c o a l  has  been p e n e t r a t e d  i n  w e l l s  o r  boreholes .  I n  
Senegal ,  a t  l e a s t  33 o i l  and water w e l l s  have p e n e t r a t e d  l i g n i t e  beds t h a t  
range  from a fgw c e n t i m e t e r s  t o  more than  7 0  m i n  t h i c k n s s  and t h a t  a r e  a t  
d e p t h s  r a n g i n g  from about 55 t o  more t h a n  647 m. The l i g n i t e  i n  t h e  Senegal 
Bas in  i s  i n  s t r a t a  of M a e s t r i c h t i a n  ( L a t e  Cretaceous)  age .  I n  Benin, medium- 
q u a l i t y  l i g n i t e  i n  t h i n  beds (0.5-1 m) was p e n e t r a t e d  a t  depths  from 6 0  t o  
100 m .  P e a t ,  which i s  n o t  c l a s s i f i e d  a s  c o a l ,  o c c u r s  i n  t h e  d e l t a s ,  lower 
r i v e r  a r e a s ,  and lower b a s i n  a r e a s  of t h e  Senegal ,  S i n e  Saloum, Caasamance, 
and Gambia R i v e r s .  

D e s p i t e  t h e  r e l a t i v e l y  small q u a n t i t i e s  of c o a l  d i scovered  t o  d a t e ,  t h e  
age and l i t h o l o g y  of t h e  s t r a t a  c o n t a i n i n g  t h e s e  c o a l s  s u g g e s t  t h a t  o t h e r  a r e a s  
a r e  worthy o f  f u r t h e r  e x p l o r a t i o n .  Carboni ferous  age rocks a r e  p r e s e n t  i n  t h e  
Taoudeni and Bove Basins and i n  t h e  n o r t h e r n  p a r t s  of t h e  Niger and Chad Basin.  
I n  t h e  Taoudeni Basin e s p e c i a l l y ,  Carboni ferous  rocks  c r o p  o u t  i n  and u n d e r l i e  
e x t e n s i v e  a r e a s .  However, t h e  middle and Upper Carboniferous rocks i n  t h e  
Taoudeni Basin a re  c o n t i n e n t a l l y  d e r i v e d  r e d  s a n d s t o n e s ,  whereas ,  t h e  Carboniferous 

s h a l e s  t h a t  r e f l e c t  d e p o s i t i o n  i n  a lagoonal  environment.  The Paleocene- 
P l a e s t r i c h t i a n  and M a e s t r i c h t i a n  subbi tuminous c o a l s  and Eocene l i g n i t e  of t h e  
Niger  Delta a re  a s s o c i a t e d  w i t h  d e l t a s  b u i l t  a c r o s s  t h e  lower reaches  o f  t h e  
Benue Trough. Although t h e s e  p a r t i c u l a r  d e l t a s  do n o t  extend up t h e  Benue 
d e p r e s s i o n ,  d e l t a s  of similar age  may have been b u i l t  i n  t h e  lower reaches of 
t h e  Bida Basin and Yola Trough and could  c o n t a i n  c o a l  d e p o s i t s .  During t h e  
M a e s t r i c h t i a n  t r a n s g r e s s i o n ,  marine s e d i m e n t a t i o n  reached t h e  Chad s y n c l i n e ,  and 
Upper Cretaceous and Paleocene rocks  i n  t h i s  area c o n t a i n  lagoonal  and l a c u s t r i n e  
d e p o s i t s .  However, t h e  o v e r l y i n g  T e r t i a r y  beds of t h e  “ C o n t i n e n t a l  Terminal”  
are t h i c k ;  . t h u s ,  p o t e n t i a l  coal d e p o s i t s  i n  t h e  area may be d i f f i c u l t  t o  e x p l o i t .  
The M a e s t r i c h t i a n  l i g n i t e s  p e n e t r a t e d  i n  Benin probably  r e p r e s e n t  a northwest  
s u b s u r f a c e  c o n t i n u a t i o n  of  l i t h o l o g i e s  similar t o  t h o s e  i n  t h e  Niger Delta. 
The d i s c o v e r i e s  of‘ l a r g e  q u a n t i t i e s  of M a e s t r i c h t i a n  t o  P l e i s t o c e n e  age l i g n i t e  
i n  t h e  s u b s u r f a c e  of t h e  Senegal  Basin s u g g e s t s  t h e  need f o r  f u r t h e r  s u b s u r f a c e  
i n v e s t i g a t i o n s  i n  coastal  Maur i tan ia ,  Senegal ,  Gambia, Guinea Bissau ,  Guinea, 
and S i e r r e  Leone. 

s t r a t a  t h a t  c o n t a i n  subbituminous c o a l  i n  t h e  Niger Basin a r e  sands tones  and - 

Publ i shed  l i t e r a t u r e  c o n t a i n s  l i m i t e d  d a t a  on heat-f low v a l u e s  i n  t h e  
ECOWAS r e g i o n .  However, t h e  few v a l u e s  a v a i l a b l e  and t h e  r e g i o n a l  geology 
i n d i c a t e  t h a t  t h e  development of geothermal  r e s o u r c e s ,  i n  g e n e r a l ,  would be 
uneconomical. Except ions may i n c l u d e  a geopressured  zone i n  t h e  Niger Del ta  
and a r e a s  of r e c e n t  t e c t o n i c  a c t i v i t y  i n  t h e  Benue Trough and Cameroon. Develop- 
ment of t h e  l a t t e r  areas under p r e s e n t  economic c o n d i t i o n s  i s  n o t  f e a s i b l e .  

2 



PART I--PETROLEUM RESOURCES 
by Robert E. Mat t ick  

U.  S. Geological  Survey 

INTRODUCTION 

The purpose o f  t h i s  r e p o r t  i s  t o  summarize t h e  petroleum resources  of 
t h e  Economic Community of West Afr ican  S t a t e s  (ECOWAS). The member s t a t e s  are  
N i g e r i a ,  Niger ,  Mali, Upper Vol ta ,  and a l l  t h e  coastal n a t i o n s  between and 
i n c l u s i v e  of Niger ia  and Mauri tania .  The a u t h o r  has  a t t e m p t e d ,  throughout t h e  
r e p o r t ,  t o  sumFarize t h e  hydrocarbon p o t e n t i a l  w i t h i n  t h e  g e o l o g i c  framework 
of t h e  r e g i o n .  . .  

Economic o i l  and g a s  d e p o s i t s  a r e  u s u a l l y  consequences of  t h r e e  processes :  
thermal  c o n v e r s i o n  t o  o i l  and gas  of b i o t i c  r e s i d u e s  c o n t a i n e d  i n  source  rocks 
( u s u a l l y  s h a l e s )  having a h i g h  o r g a n i c  carbon c o n t e n t ;  m i g r a t i o n  of t h e  oil 
and gas  through permeable r e s e r v o i r  r o c k s ;  and t h e i r  accumu1ati:n i n  s t r u c t u r a l  
o r  s t r a t i g r a p h i c  t r a p s  t h a t  are s e a l e d  by impermeable rock  l a y e r s  which impede 
t h e  escape  of l i q u i d s  and gases .  Because l a r g e  accumulat ions of source  rock 
a r e  a s s o c i a t e d  o n l y  w i t h  sedimentary r o c k s ,  o i l  and g a s  d e p o s i t s  a re  l i m i t e d  
t o  Sedimentary b a s i n s  o r  t h e  borders  of t h e s e  b a s i n s .  R e l a t i v e  f a v o r a b i l i t y  
of  t h e  g e o l o g i c  c o n d i t i o n s  and processes  t h a t  have a f f e c t e d  t h e  sedimentary 
r o c k s  d e p o s i t e d  i n  a p a r t i c u l a r  b a s i n  w i l l  have determined t h e  amount, i f  any,  
of o i l  and gas g e n e r a t e d  and subsequent ly  t r a p p e d .  Because b a s i n  boundaries  
t r a n s c e n d  p o l i t i c a l  boundaries  i n  t h e  ECOWAS r e g i o n ,  i t  i s  d e s i r a b l e  t o  p r e s e n t  
a d i s c u s s i o n  of hydrocarbon p o t e n t i a l  based upon b a s i n a l  a n a l y s i s  r a t h e r  than  
t o  p r e s e n t  a country-by-country a n a l y s i s .  

The ECOWAS r e g i o n  can  be  d i v i d e d  i n t o  13 sedimentary  b a s i n s  on t h e  b a s i s  
of a n a l y s i s  of t h e  g e o l o g i c  framework of Afr ica .  
grouped i n t o  8 c a t e g o r i e s  on t h e  b a s i s  o f  s imi la r i t i es  i n  s t r a t i g r a p h y ,  
g e o l o g i c  h i s t o r y ,  and probable  hydrocarbon p o t e n t i a l .  For example, a l l  t h e  
b a s i n s  i n  which t h e  primary o b j e c t i v e  of  petroleum e x p l o r a t i o n  i s  t h e  Pa leozoic  
s e c t i o n  can  b e  grouped i n t o  a s i n g l e  c a t e g o r y  f o r  d i s c u s s i o n  purposes .  
t h e s e  s u b d i v i s i o n s  are shown i n  figure 1. 

These 13 b a s i n s  can be f u r t h e r  

Both - 
The i n f o r m a t i o n  conta ined  h e r e i n  w a s  g a t h e r e d  e n t i r e l y  from publ i shed  

l i t e r a t u r e  and from t h e  r e p o r t s  of P e t r o c o n s u l t a n t s  ( w r i t t e n  commun., 1976;  
1981).  The a u t h o f ’ s  a i m  i s  n o t  t o  p r e s e n t  new i d e a s  or c o n c e p t s  bu t  t o  
summarize t h e  a v a i l a b l e  d a t a  as a p r e l i m i n a r y  s t e p  t o  f a c i l i t a t e  group d i s c u s s i o n  
and t o  a i d e  i n  f u r t h e r  a n a l y s i s .  

3 
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Figure  1. Map of ECOWAS reg ion  showing d i v i s i o n  of  reg ion  bv bas in  (numbers) and 
d i v i s i o n  by s t r a t i g r a p h i c  s i m i l a r i t y  (pa t te rns ) .  
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GEOLOGIC HISTORY 

Geologic even t s  t h a t  are impor tan t  t o  an a n a l y s i s  of t h e  hydrocarbon 
p o t e n t i a l  of t h e  ECOWAS r e g i o n  span  much of geo log ic  h i s t o r y  from Precambrian 
through T e r t i a r y  time. C o n t i n e n t a l  West A f r i c a  c o n s i s t s  e s s e n t i a l l y  of a 
Precambrian g r a n i t i z e d  c r a t o n  (age  of 2,700 t o  1 ,600 m.y.> covered by a t h i n  
sed imentary  c o v e r ;  t h e  o l d e s t  sed imentary  rocks  a r e  as  o ld  a s  1 ,000  m.y. 
( D i l l o n  and Sougy, 1 9 7 4 ) .  The g r a n i t i z e d  rocks  of t h e  c r a t o n  a r e  r e f e r r e d  t o  
a s  basement rocks.  

The o l d e s t  sed imentary  rocks  r e f l e c t  d e p o s i t i o n  du r ing  upper Precambrian 
and most of P a h o z o i c  t i m e  when A f r i c a ,  North America, and South America formed 
a s i n g l e  l a r g e  c o n t i n e n t a l  a r e a .  Impor tan t  t o  petroleum e x p l o r a t i o n  i s  t h e  
Goth landian  ( S i l u r i a n )  Sha le ;  much of t h e  o i l  and gas  d iscovered  i n  Pa leozoic  
and T r i a s s i c  r e s e r v o i r s  of A l g e r i a  was t h e r m a l l y  genera ted  from t h i s  rock u n i t .  
Black s h a l e s  of s imilar  age a r e  known t o  extend i n t o  t h e  Taoudeni, Bove, and 
Vol ta  Bas ins  and i n t o  t h e  n o r t h e r n  p a r t s  of t h e  Niger and Chad Bas ins .  

Following Pa leozo ic  d e p o s i t i o n ,  a major depos iona l  h i a t u s  i s  r e f l e c t e d  
by a n  unconformity t h a t  occu r red  ove r  much of t h e  ECOWAS r eg ion .  I n  p l a c e s ,  
Cre taceous  sed imen ta ry  rocks  d i r e c t l y  o v e r l i e  rocks  of t h e  basement complex, and 
i n  o t h e r  p l a c e s  they  o v e r l i e  Pa leozo ic  sed imen ta ry  rocks .  Some t h i n  u n i t s  of 
Permo-Triassic sed imentary  rocks  a r e  recognized .  

P r o c e s s e s  a s s o c i a t e d  w i t h  t h i s  unconformity probably  e x p l a i n  t h e  appa ren t  
absence  of Pa leozo ic  hydrocarbon d e p o s i t s  i n  t h e  ECOWAS r e g i o n  i n  c o n t r a s t  t o  
t h e  l a r g e  d e p o s i t s  conta ined  i n  Pa leozo ic  rocks  t o  t h e  n o r t h  i n  A l g e r i a .  In  
t h e  Hassi Messaoud and Hassi R ' m e l  f i e l d s  of A l g e r i a ,  t h i c k  d e p o s i t s  of J u r a s s i c -  
Tr iassic  s a l t  and a n h y d r i t e s  o v e r l i e  t h i n  T r i a s s i c  s ands tones  and t h e  Pa leozo ic  
s e c t i o n .  These s a l t  and a n h y d r i t e  d e p o s i t s  are a b s e n t  i n  t h e  ECOWAS reg ion .  
The P a l e o z o i c  s e c t i o n  i n  t h e  ECOWAS r e g i o n ,  t h e r e f o r e ,  was n o t  adequa te ly  
s e a l e d  th roughou t  much of i t s  p o s t - d e p o s i t i o n a l  h i s t o r y - - e s p e c i a l l y  du r ing  
c r i t i c a l  p e r i o d s  of p o s s i b l e  hydrocarbon g e n e r a t i o n .  

The d e p o s i t i o n a l  h i a t u s  o r  e r o s i o n a l  even t  mentioned above w a s  probably 
r e l a t e d  t o  t h e  opening of t h e  North A t l a n t i c  du r ing  T r i a s s i c  t i m e .  During 
Late T r i a s s i c - E a r l y  J u r a s s i c  t i m e ,  North America and northwest A f r i c a  were 
s e p a r a t e d  by a narrow s h a l l o w  A t l a n t i c  sea. The area now r e p r e s e n t e d  by t h e  
Senegal  Bas in  w a s  p a r t  of t h i s  e a r l y  A t l a n t i c  sea. Its ear l ies t  sed imentary  
f i l l  c o n s i s t s  of a t h i c k  s e c t i o n  of e v a p o r i t e s  t h a t  h a s  been age da ted  as 
Triassic t o  Liassic (Templeton, 1970, p. 52).  The e v a p o r i t e  s e c t i o n  i s  o v e r l a i n  
by c a r b o n a t e  rocks  of J u r a s s i c  age  l a i d  down on a s h e l f  margin ca rbona te  p l a t fo rm.  
Sediment d e p o s i t i o n  w a s  c o n t r o l l e d  by basement subs idence  owing t o  t e n s i o n a l  
stresses and c o o l i n g  of t h e  c r u s t .  The e v a p o r i t i c  b a s i n  o f f  Maur i tan ia  and 
Senegal has  i t s  c o u n t e r p a r t  o f f  t h e  c o a s t  of North America. 

I n  E a r l y  Cre taceous  t i m e  s e p a r a t i o n  of A f r i c a  and South America was 
i n i t i a t e d  by opening of t h e  South A t l a n t i c .  Opening occurred  about a t r i p l e -  
j u n c t i o n  r i f t - r i d g e  system under t h e  p r e s e n t  Niger Delta (Burke and o t h e r s ,  
1970). One arm of t h e  t r i p l e - j u n c t i o n  sys tem i s  b e l i e v e d  to  have extended 
i n t o  A f r i c a  a l o n g  a zone of weakness between t h e  West Af r i can  and Congo Cra tons  
( f i g .  2 ) .  Although Af r i ca  s t a r t e d  t o  s p l i t  a l o n g  t h i s  arm, movement l a t e r  
s topped .  The t rough system formed by t h i s  incomple te  c o n t i n e n t a l  s p l i t t i n g  i s  
r e f e r r e d  t o  as  a " fa i led-arm" s y s t e m  o r  Benue d e p r e s s i o n .  The t rough was 
f i l l e d  by o v e r  3 km of Albian t o  Coniac ian  sed iments  c o n s i s t i n g  of sha l low-  



1 

.. . 

t 

ZO'W 0' 20 'E 40'f 
I I 1 I 1 I I 1 

I I I I I 1 I I 

OO'N 

2O'N 

0' 

20's 

. .' 

Figure  2 .  Cratons of  A f r i c a ,  and approximate l o c a t i o n s  of orogen ic  zones  of 
West Africa. From D i l l o n  and Sougy ( 1 9 7 4 ) .  
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' 
and 'deep-water  marine s h a l e s  wi th  l imes tones  and sands tones  depos i t ed  a t  t h e  
margins  of a marine embayment. Cretaceous age marine s h a l e s  i n  t h i s  s e c t i o n  
may have been t h e  s o u r c e  rock  f o r  t he  o i l  r e c e n t l y  d iscovered  i n  Chad. 
High hea t  f low rates p o s s i b l y  a s s o c i a t e d  with t h e  e a r l y  h i s t o r y  of t he  
Benue d e p r e s s i o n  could  have genera ted  s i g n i f i c a n t  amounts of hydrocarbons.  

During opening of t h e  Gulf of Guinea,  f r a c t u r e  zones determined t h e  shape 
of  b a s i n s  i n  t h e  area.  Xajor  f r a c t u r e  zones,  or t ransform f a u l t s  t h a t  ex tend  
from t h e  Mid-Atlant ic  Ridge,  i n t e r s e c t  t h e  c o n t i n e n t a l  margin and determine i t s  
t r e n d  ( f i g .  1). The t h i c k  sed imentary  wedges on t h e  Con t inen ta l  Slope and Rise 
i n  t h e  Ivo ry  Coast and Dahomey Basins  are probably r e l a t e d  t o  t h e  l o c a t i o n  of 
t h e  f r a c t u r e  zones.  According t o  Emery and o t h e r s  (1974), t h e  basement lows 
between f r a c t u r e  zones a c t e d  a s  c o n d u i t s  t o  f u n n e l  'sediment westward whereas 
t h e  r i d g e s  a c t e d  a s  dams t o  s o u t h e r l y  sediment  t r a n s p o r t .  The d i scove ry  of a 
new o i l  f i e ld - -poss ib ly  of  g i a n t  s ize--off  Ivory  Coast on t h e  C o n t i n e n t a l  Slope 
was r e c e n t l y  r e p o r t e d  ( O i l  and Gas J o u r n a l ,  1981) .  Th i s  new d i scove ry  w i l l  
probably s p u r  deep water e x p l o r a t i o n  a c t i v i t y  f o r  o i l  and gas  i n  t h e  Gulf of 
Guinea.  

The rocks  t h a t  c o n t a i n  la rge  d e p o s i t s  of o i l  and g a s  i n  Nige r i a  were 
d e p o s i t e d  d u r i n g  T e r t i a r y  t i m e  ( f i g .  1). The T e r t i a r y  h i s t o r y  of t h e  Niger 
Delta began i n  Paleocene t i m e  when t h e  format ion  of Cretaceous p r o d e l t a s  i n  t h e  
lower p a r t  of t h e  Benue d e p r e s s i o n  w a s  t e rmina ted  by a major marine t r a n s g r e s s i o n .  
Subsequent ly ,  t h e  bulk  of Eocene t o  Holocene sed imentary  rocks t h a t  comprise  
t h e  t h i c k  sed imentary  wedge from which o i l  and gas  are  p r e s e n t l y  produced w a s  
d e p o s i t e d  d u r i n g  a major  r e g r e s s i o n .  Large volumes of  d e l t a i c  sediments  
prograded a c r o s s  t h e  c o n t i n e n t a l  margin and a t  t h e i r  seaward e x t e n t  were 
depos i t ed  d i r e c t l y  on  ocean ic  c r u s t  as  t h e  margin subs ided .  The T e r t i a r y  
s e c t i o n  i n  t h e  Niger Delta i s  over  8 km t h i c k .  

c 
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TAOUDENI B A S I N  

Geologic s e t t i n g  

The Taoudeni Basin ( f i g .  3 )  i s  e s s e n t i a l l y  a Pa leozoic  b a s i n ,  bounded t o  
t h e  nor thwes t  and east  by Precambrian basement rocks  of t h e  Reguibat massif 
and Adrar des  I f o r a s ,  r e s p e c t i v e l y .  To t h e  southwest t h e  b a s i n  i s  l i m i t e d  
by Precambrian and Pa leozo ic  rocks  of t h e  Maur i tan ides  f o l d  b e l t  and t o  
t h e  s o u t h  and s o u t h e a s t  by basement rocks  of t h e  Leo u p l i f t .  To t h e  n o r t h ,  t h e  
b a s i n  i s  connected wi th  t h e  Alge r i an  b a s i n  complex through t h e  Tannezrouft  
s a d d l e ,  t o  t h e  east  w i t h  t h e  Niger Basin through t h e  s t r a i t  of Gao, and t o  t h e  
sou th  wi th  t h e  Bove Basin.  Inc lud ing  i t s  exposed rims i t  covers  about 975,000 
km2, approximate ly  h a l f  of t h i s  a r e a  being i n  Maur i tan ia  and t h e  o t h e r  
h a l f  i n  Mali .  In  c e n t r a l  M a u r i t a n i a ,  sed imentary  rocks a r e  g r e a t e r  than 3 
km t h i c k  ( A s s o c i a t i o n  of A f r i c a n  Geologica l  Surveys,  1968) ;  a l t h o u g h ,  i n  
g e n e r a l ,  t h e  sed imentary  rocks  a re  less than  2 km i n  most p a r t s  of t h e  b a s i n  
( f i g .  3 ) .  The c e n t r a l  p a r t  of t h e  Taoudeni Basin i s  masked by t . . i n  c o n t i n e n t a l  
fo rma t ions  of Cre t aceous ,  T e r t i a r y ,  and Recent age .  

I n  Precambrian t i m e  t h e  basement s u r f a c e  i n  West Af r i ca  was peneplaned 
d u r i n g  t h e  c o u r s e  of long  c o n t i n e n t a l  e v o l u t i o n .  L a t e r ,  t h i s  c o n t i n e n t a l  paleo- 
s u r f a c e ,  c h a r a c t e r i z e d  by s c a t t e r e d  a e o l i a n  pebbles (Bongrand and o t h e r s ,  1961),  
was covered by upper' Precambrian through Upper Carboni ferous  sed imentary  rocks .  
I n  t h e  Taoudeni Bas in ,  a l t h o u g h  much f a u l t i n g  occur s  (Houghton, 1963),  t h e  beds 
are  g e n e r a l l y  unfo lded  o r  g e n t l y  f o l d e d  and g e n e r a l l y  c o n s i s t  of e p i c o n t i n e n t a l  
marine o r  c o n t i n e n t a l  t y p e s  of rocks  wi th  unconformi t ies  and some d i sco rdances  
r e s u l t i n g  from minor ad jus tmen t s  of t h e  West Af r i can  c r a t o n  ( D i l l o n  and 
Sougy, 1974).  The s t r a t i g r a p h y  a l o n g  t h e  nor thwes t  margin of t h e  Taoudeni 
Bas in  was e s t a b l i s h e d  by Trompette (1969a, 1969b, 1970).  

S t r a t i g r a p h y  

According t o  D i l l o n  and Sougy (1974) ,  t h e  upper Precambrian and Pa leozo ic  
sed imentary  rocks  i n  t h e  Taoudeni Basin can  be d iv ided  i n t o  3 series ( f i g .  4)  
as  fo l lows :  Upper Precambrian rocks  (1,000-650 m.y.), upper Precambrian and 
lower Pa leozo ic  rocks  (650-440 m.y.), and upper Ordovician t o  Carboni ferous  
rocks  (440-270 m.y..). 

Upper Precambrian rocks  (1,000-650 m.y.)--This series of rocks  was d e p o s i t e d  
p r i o r  t o  t h e  Pan-African orogeny which mobi l ized  t h e  margins of t h e  West Af r i can  
c r a t o n  (500-650 n.y.) .  They c o n s i s t  of a series of s ands tone  and s h a l e  beds some 
c o n t a i n i n g  t h i c k  s t r o m a t o l i t i c  l imes tones .  At least t h r e e  groups ,  s e p a r a t e d  by 
d i s c o n t i n u i t i e s  c a n  be recognized  ( D i l l o n  and Sougy, 1974). Most of t h e  rocks of 
t h i s  series were d e p o s i t e d  i n  e i t h e r  c o n t i n e n t a l  o r  sha l low marine environments 
( D i l l o n  and Sougy, 1974). S t r o m a t o l i t e  r e e f s  may have been depos i t ed  i n  warm, 
calm, sha l low wa te r  (Trompette,  1969b). 

c 

Upper Precambrian and Lower P a l e o z o i c  rocks  (650-440 m.y.)--The lowes t  beds 
i n  t h i s  series l i e  above a s u r f a c e  of g l a c i a l  e r o s i o n  and c o n s i s t  of g l a c i a l  con- 
g lomera te s .  These beds a re  o v e r l a i n  by s h a l e s ,  i n c l u d i n g  l i m e s t o n e s ,  p robably  
d e p o s i t e d  d u r i n g  a t r a n s g r e s s i o n  fo l lowing  g l a c i a t i o n  ( D i l l o n  and Sougy, 1974).  
A red bed s e c t i o n  l i e s  above t h e  s h a l e  and i s  succeeded by sands tone .  Late Pre- 
cambrian and E a r l y  Cambrian d e p o s i t i o n  t h a t  s t r a d d l e d  t h e  g l a c i a l  event  is 
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sometimes c a l l e d  "Infracambrian."  The lower Cambrian s e c t i o n  c o n t a i n s  t i l l i t e  
of p o s s i b l e  marine o r i g i n  and massive beach-type sandstone.  

Upper Ordovic ian  t o  Carboni ferous  rocks (440-270 m.y.)--Basal sedimentary 
rocks i n  t h i s  series a re  g l a c i a l  t i l l i t e s  der ived  i n  t h e  Ordovician wi th  c r o s s -  
bedded s a n d s t o n e s .  During t h e  S i l u r i a n  (Goth landian) ,  a g r a p t o l i t i c ,  b l a c k  s h a l e  
wi th  a h i g h  o r g a n i c  c o n t e n t  was d e p o s i t e d  i n  t h e  b a s i n s  of West A f r i c a  ( K i l i a n ,  
1926; Menchekoff, 1930; Remack-Petitot ,  1960) .  According t o  D i l l o n  and Sougy 
(1974) ,  t h e  s l a t y  p y r i t i f e r o u s ,  g r a p t o l i t i c  b l a c k  s h a l e  i n  t h e  Bove Basin gen- 
e r a l l y  amounts t o  45-100 m;  over  150 m h a s  been cored i n  the  Casamance a r e a  of 
s o u t h e r n  Senegal.  The S i l u r i a n  a p p a r e n t l y  r e p r e s e n t s  a t i m e  of t r a n s g r e s s i o n .  
(Lecorche and Sougy, 1969) .  Devonian through c a r b o n i f e r o u s  rocks  (up t o  500 
m t h i c k )  c o n s i s t  of s a n d s t o n e s ,  s i l t s t o n e s ,  s h a l e s ,  and l imes tones  o v e r l a i n  
by c o n t i n e n t a l  Carboni ferous  d e p o s i t s  r e p r e s e n t e d  by r ed  beds and f reshwater  
l i m e s t o n e s .  Carboni ferous  d e p o s i t s  s i g n a l  t h e  beginning of a major r e g r e s s i o n  
t h a t  a f f e c t e d  a l l  of t h e  West A f r i c a n  c r a t o n .  Post-Paleozoic  format ions  
c o n s i s t  of a t h i n  veneer  o f  c o n t i n e n t a l  sands and s h a l e s  unconformably c o v e r i n g  
much of t h e  P a l e o z o i c  sequence i n  t h e  c e n t r a l  p a r t  of t h e  Taoudeni Basin and 
are o v e r l a i n  by Holocene d e s e r t  d e p o s i t s .  Thin sha l low marine Upper Cretaceous 
and lower T e r t i a r y  d e p o s i t s  occur  a long  t h e  wes tern  p a r t  of t h e  b a s i n  and i n  
t h e  Gao S t r a i t .  

Source and r e s e r v o i r  rocks 

P o t e n t i a l  s o u r c e  rocks are t h e  g r a p t o l i t i c  b lack  s h a l e s  of S i l u r i a n  age. 
According t o  P e t r o c o n s u l t a n t s  ( w r i t t e n  commun., 1976),  however, "source rock 
a n a l y s e s  on s u r f a c e  samples were d i s a p p o i n t i n g . "  This  may be due t o  t h e  
a l t e r e d  n a t u r e  of t h e  s u r f a c e  samples t e s t e d .  No r e p o r t e d  s e e p s  of o i l  o r  t a r s  
are c o n t a i n e d  i n  t h e  l i t e r a t u r e .  

P o t e n t i a l  r e s e r v o i r  rocks  i n c l u d e  Lower Cambrian ( Inf racambr ian)  c a r b o n a t e  
r o c k s  ( r e e f s )  and s a n d s t o n e s  and sands tones  and c a r b o n a t e  rocks  of Cambrian through 
Devonian age.  

Petroleum D o t e n t i a l  

Two e x p l o r a t o r y  w e l l s  were d r i l l e d  i n  t h e  Taoudeni Basin,  bo th  p r i o r  t o  1975. 
One w e l l  was d r i l l e d  t o  a d e p t h  o f  2,912 m and bottomed i n  Inf racambr ian  d e p o s i t s ;  
t h e  o t h e r  bottomed i n  Upper Precambrian d e p o s i t s  a t  3,488 m. A show of  gas 
may have been found i n  one (Brown, 1981).  Apparent ly  t h e  r e s u l t s  from t h e s e  
wells were d i s c o u r a g i n g  as f u r t h e r  d r i l l i n g  was d iscont inued .  R e s u l t s  from 
t h e  d r i l l i n g  are n o t  a v a i l a b l e .  Without f u r t h e r  d e t a i l s  on r e s u l t s  of  a n a l y s i s ,  
i t  i s  d i f f i c u l t  to  condemn t h e  s o u r c e  and r e s e r v o i r  rock p o t e n t i a l  of a n  
e n t i r e  b a s i n  as l a r g e  as t h e  Taoudeni o n  t h e  b a s i s  of  t w o  w e l l s .  P o r o s i t i e s  
and p e r m e a b i l i t i e s  of sands tones  and c a r b o n a t e s  c a n  v a r y  from s i t e  t o  s i t e  
depending upon t h e  environment of  d e p o s i t i o n  and t h e  e f f e c t s  o f  secondary  
processes .  I f ,  a l t h o u g h  u n l i k e l y ,  s o u r c e  rocks  throughout  t h e  s e c t i o n  were 
found t o  be h i g h l y  o v e r  n a t u r e  ( r e l a t i v e  t o  both  oil and g a s ) ,  t h e n  t h e  
p o s s i b i l i t i e s  of f i n d i n g  s i g n i f i c a n t  hydrocarbon d e p o s i t s  would be g r e a t l y  
reduced. 
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A remote p o s s i b i l i t y  e x i s t s  f o r  f i n d i n g  s m a l l  gas  d e p o s i t s  i n  t h e  Maur i tan ides  
( f i g .  3 )  fo lded  b e l t  ( Brown, 1981). It has  been d e s c r i b e d  as a Precambrian and 
Pa leozoic  o v e r t h r u s t  b e l t  s i m i l a r  t o  t h e  Appalachian f o l d  b e l t  i n  e a s t e r n  United 
S t a t e s  (Sougy and P o u i t ,  1968).  

BOVk BASIN 

Geologic s e t t i n g  

The Bov; or Bafata  Basin i s  a southward c o n t i n u a t i o n  of t h e  Taoudeni Basin 
and b a s i c a l l y  f e p r e s e n t s  a Pa leozoic  sync l inor ium ( f i g .  5 ) .  Sedimentary 
rocks of  P a l e o z o i c  age c rop  o u t  i n  Guinea and Guinea Bissau.  
i n  t h e  s u b s u r f a c e  has  been recognized i n  w e l l s  and i n  c o r e  h o l e s  d r i l l e d  i n  t h e  
nor thwes tern  c o r n e r  of Guinea Bissau and southernmost Senegal where Pa leozoic  
rocks are unconformably o v e r l a i n  by t h i c k  Mesozoic and T e r t i a r y  Sedimentary rocks 
of t h e  c o a s t a l  b a s i n  of  Senegal.  Pa leozoic  format ions  may a l s o  extend o f f s h o r e  
a s  f a r  as t h e  s h e l f  edge where t h e y  may be up t o  3,000 m th ick ."  This  assumption 
i s  based on t h e  r e s u l t s  of seismic r e f r a c t i o n  surveys .  

I t s  e x t e n s i o n  

S t r a t i g r a p h y  

The s t r a t i g r a p h y  and rock format ions  o u t l i n e d  f o r  t h e  Taoudeni Basin 
are s i m i l a r  t o  t h o s e  i n  t h e  Bove Basin.  
s t r a t i g r a p h i c  r e l a t i o n s h i p s  sugges t  t h a t  t h e  Bove Basin d i d  n o t  b e g i n  t o  form 
u n t i l  Late Ordovician t i m e ;  hence,  t h e  b a s a l  sed imentary  rocks  of t h e  Bove 
Bas in ,  may be Ordovician i n  age.  

According t o  D i l l o n  and Sougy (1974) ,  

I n  g e n e r a l ,  Ordovician sedimentary rocks  become more nonmarine s o u t h  from 
t h e  Taoudeni Basin t o  t h e  Bovg Basin (Destombes and o t h e r s ,  1969).  The Bov; 
Bas in ,  u n l i k e  most areas t o  t h e  n o r t h ,  a p p a r e n t l y  r e c e i v e d  a n  i n f l u x  of 
c o a r s e r  c l a s t i c s  i n  E a r l y  and Middle Devonian w i t h  d e p o s i t i o n  of f i n e r  c las t ics  
i n  L a t e  Devonian ( D i l l o n  and'Sougy, 1974) .  A t  t h e  end of Devonian t i m e ,  t h e  
Bove Basin a p p a r e n t l y  w a s  u p l i f t e d  d u r i n g  t h e  Hercynian orogeny as i n d i c a t e d  
by t h e  absence  of Carboniferous format ions  ( C a r r i n g t o n  da  Cos ta ,  1951).  
format ions  i n  t h e  Bove Basin are p i e r c e d  by f r e q u e n t  d i k e s  and s i l l s  of d o l e r i t e  
and gabbro. 

Pa leozoic  

Source and r e s e r v o i r  rocks  

As i n  t h e  Taoudeni Basin,  p o t e n t i a l  source  rocks  are S i l u r i a n  (Gothlandian)  
and Devonian s h a l e s .  Lower and Middle Devonian s a n d s t o n e s  may be c o a r s e r  t h a n  
age e q u i v a l e n t  sands tones  i n  t h e  Taoudeni Basin and c o u l d  have r e s e r v o i r  poten- 
t i a l .  Ordovic ian  or  Cambrian(?) d o l o m i t i c  l i m e s t o n e s  and Ordovic ian  sands tones  
a l s o  may c o n t a i n  beds w i t h  r e s e r v o i r  p o t e n t i a l .  
t h e  Bov6 Bas in ,  a l t h o u g h  mainly of c o n t i n e n t a l  o r i g i n ,  c o n t a i n s  1,000 m of w h i t e  
sands tone  which i s  s i l i c e o u s ,  c a l c a r e o u s ,  or sometimes cemented by s a l t  ( D i l l o n  
and Sougy, 1974, p. 3 2 8 ) .  Reservoi r  beds i n  Devonian s t r a t a  could be  s e a l e d  
by Cretaceous s h a l e s  t h a t  unconfornably o v e r l i e  t h e  Devonian s e c t i o n .  

The Ordovic ian(?)  s e c t i o n  i n  

c 
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F i g u r e  5.  Geo log ic  map of  Bov6 Bas in  and a d j a c e n t  areas. 
P e t r o c o n s u l t a n t s  S ..4. 

Figure  modif ied from 
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Petroleum D o t e n t i a l  

Shows of hydrocarbons i n  Guinea a r e  r a r e  a l though  bituminous impregnations 
i n  water w e l l s  nea r  Conakry, Guinea, a s  w e l l  a s  on c o n t a c t s  of igneous i n t r u s i v e s  
and Gothlandian s h a l e s  have been r e p o r t e d  ( P e t r o c o n s u l t a n t s ,  w r i t t e n  communication, 
1 9 7 6 ) .  With t h e  excep t ion  of 4 e x p l o r a t o r y  w e l l s  d r i l l e d  i n  t h e  northwest co rne r  
of Guinea B i s sau ,  t h e  Pa lezo ic  Bove Bas in  has n o t  been explored  by deep 
d r i l l i n g .  These fou r  w e l l s ,  two o r  t h r e e  of which pene t r a t ed  a small s e c t i o n  of 
Pa leozo ic  rocks ,  were probably  d r i l l e d  t o  test t h e  Mesozoic and T e r t i a r y  s e c t i o n s  
r a t h e r  than  t h e  Pa leozo ic  s e c t i o n .  

Because of t h e  n e g a t i v e  r e s u l t s  o b t a i n e d  s o  f a r  i n  the  BovB Basin and t h e  
Taoudeni Basin t o  t h e  n o r t h ,  t h e  Bove Basin would appear  t o  have l i t t l e  hydrocarbon 
p o t e n t i a l .  I n d u s t r y  has  shown l i t t l e  i n t e r e s t  i n  th.e a r e a  probably owing 
t o  t h e i r  a n a l y s i s  of d r i l l i n g  r e s u l t s .  Matura t ion  a n a l y s i s  of Devonian and 
S i l u r i a n  (Goth landian)  s h a l e s ,  most l i k e l y  a l r e a d y  done by i n d u s t r y ,  would 
be a h e l p f u l  b a s i s  f o r  making a b e t t e r  e v a l u a t i o n .  

VOLTA BASIN 

Geologic  s e t t i n g  

The Vol ta  Basin ( f i g .  6 )  r e p r e s e n t s  a sed imentary  series of s t a b l e  s h e l f  
d e p o s i t s  of a l a t e  Precambrian g e o s y n c l i n a l  s y s t e m ,  which p r i o r  t o  t h e  break-up 
of t h e  Af r i can  and South American c o n t i n e n t s  i n  pre-Cretaceous o r  Ea r ly  
Cretaceous t i m e ,  probably extended a c r o s s  p r e s e n t  day nor thwes tern  A f r i c a  and 
Ghana i n t o  B r a z i l .  The unmetamorphosed and g e n t l y  f o l d e d  Pa leozoic  b a s i n  f i l l  
c r o p s  ou t  th roughout  c e n t r a l  and e a s t e r n  Ghana, n o r t h e r n  Togo, and Benin, t h e  
s o u t h e a s t e r n  c o r n e r  of Upper Vo l t a ,  and i n  Niger .  These rocks  probably 
ex tend  i n  t h e  s u b s u r f a c e  f u r t h e r  i n t o  Niger benea th  Cretaceous and Tert iary 
cove r .  The Vo l t a  Basin covers  a n  area of some 125,000 km2. 

I n  t h e  e a s t e r n  p a r t  of t h e  b a s i n ,  s l i g h t l y  metamorphosed rocks  of t h e  
Precambrian o r  Pa leozo ic  West Af r i can  f o l d  b e l t  a r e  recognized ( f i g .  6 ) .  Accord- 
i n g  t o  D i l l o n  and Sougy (1974), t h i s  b e l t  w a s  formed dur ing  t h e  Pan-African (650 
m.y.) orogeny and involved t h r u s t i n g  toward t h e  west a t  t h e  wes te rn  boundary of 
t h e  West Af r i can  Craton. According t o  magnetic i n t e r p r e t a t i o n s  t h e  t h i c k n e s s  
of b a s i n  f i l l  exceeds 5,000 m w i t h  i t s  d e e p e s t  p a r t  running  p a r a l l e l  t o  t h e  
e a s t e r n  mobile b e l t  ( P e t r o c o n s u l t a n t s ,  w r i t t e n  commun., 1976). However, a t  
t h e  margins of t h e  b a s i n ,  where Furon (1968) e s t a b l i s h e d  a s t r a t i g r a p h i c  
sequence ,  t h e  sed imentary  s e c t i o n  i s  r e l a t i v e l y  t h i n .  Throughout most of 
t h e  b a s i n  g e n t l y  f o l d e d  beds d i p  eas tward  toward t h e  c e n t e r  of t h e  b a s i n .  
Magnetic su rveys  i n d i c a t e  a number of southwes t -nor theas t  s t r i k i n g  basement 
h i g h s .  

S t r a t i g r a p h y  

Furon (1968) e s t a b l i s h e d  t h e  f o l l o w i n g  s t r a t i g r a p h i c  sequence f o r  t h e  
Pa leozo ic  sequence: 

Upper V o l t a i a n  - Thickness about  325 m. Coarse crossbedded sands tone  

c 

(200 m) g r a d i n g  down s e c t i o n  i n t o  f i n e  g r a i n e d  sand- 
s t o n e  (125 m )  . 
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Lower V o l t a i a n  - Thickness  about  460 m .  

Obosum Formation: (150 n) Sandstones,  conglomerates 
and s h a l e s  wi th  i n t e r c a l a t e d  t i l l i t e s .  Could correspond 
t o  Cambro-Ordovician. 

O t i  Formation: (250 m) Arkosic sands tones ,  s h a l e s ,  
s i l i c e o u s  s h a l e s  and c h e r t s ,  i n t e r c a l a t i o n s  of t h i c k  
l e n s e s  of s t r o m a t o l i t e  l imestone.  

Basal Sandstone: (60 m) Coarse pebble-to-boulder 
sands tone  of  probable  f l u v i a l ,  g l a c i a l  o r i g i n .  

Petroleum P o t e n t i a l  . 

According t o  P e t r o c o n s u l t a n t s  ( w r i t t e n  commun., 1976), s a l t w a t e r  a s s o c i a t e d  
w i t h  o i l  impregnated sediments  as w e l l  a s  v i s c o u s  bitumen i s  re . ;or ted from 
some water w e l l s  i n  t h e  Volta  Basin.  The same a u t h o r  shows 11 s t r a t i g r a p h i c  
tests and one deep e x p l o r a t o r y  w e l l  s c a t t e r e d  throughout  t h e  b a s i n  i n  Ghana; a l l  
a r e  r e p o r t e d  as d r y  h o l e s .  The s t r a t i g r a p h i c  test wells v a r i e d  i n  d e p t h  from 
22 m t o  795 m and averaged about  500 m. The deeper  e x p l o r a t o r y  w e l l  w a s  d r i l l e d  
t o  a d e p t h  of  1 ,200  m. The northernmost  s t r a t i g r a p h i c  t e s t ,  l o c a t e d  i n  Ghana 
n e a r  t h e  Upper Vol ta  b o r d e r ,  p e n e t r a t e d  bitumen ( a s p h a l t ? )  between 450 and 760 m 
A w e l l ,  l o c a t e d  near  t h e  c e n t e r  of t h e  b a s i n ,  p e n e t r a t e d  pockets  f i l l e d  wi th  
bitumen i n  Upper V o l t a i a n  (Devonian) s i l t s t o n e .  t h e  bitumen impregnated rock 
was p e n e t r a t e d  a t  585 CI. Gas was d e t e c t e d  i n  t h e  same w e l l .  

The a u t h o r  w a s  unable  t o  f i n d  any  d e t a i l e d  a n a l y s i s  of r e s e r v o i r  and 
s o u r c e  rock  p r o p e r t i e s  of t h e  P a l e o z o i c  sequence i n  t h e  Volta  Basin.  U n t i l  
t h e s e  d a t a  a r e  made a v a i l a b l e ,  e s p e c i a l l y  matura t ion  p r o p e r t i e s  of source  rock ,  
i t  w i l l  be d i f f i c u l t  t o  a s s e s s  t h e  hydrocarbon p o t e n t i a l  of t h e  b a s i n .  The 
Volta  Bas in ,  a p p a r e n t l y ,  h a s  a t h i c k e r  Pa leozoic  s e c t i o n  than  e i t h e r  t h e  
Taoudeni or Bove Bas ins .  It-, t h e r e f o r e ,  h a s  b e t t e r  hydrocarbon p o t e n t i a l .  

NIGER BASIN 

Geologic s e t t i n g  

The Niger or Illemmeden Basin ( a l s o  known as t h e  Sokoto Basin i n  nor thwes tern  
N i g e r i a )  covers  approximate ly  220,000 km2 c h i e f l y  i n  wes tern  Niger and e a s t e r n  
Mali ( f i g .  7 ) .  The b a s i n  a l s o  ex tends  i n t o  southern  A l g e r i a ,  t h e  northwest  
c o r n e r  of N i g e r i a  and n o r t h e r n  Benin ( f o r m a l l y  Dahomey). The b a s i n  i s  l i m i t e d  
on t h e  west by basement o u t c r o p s  of  t h e  Adrar d e s  I f o r a s  and Leo u p l i f t .  To t h e  
n o r t h ,  i t  i s  l i m i t e d  by basement o u t c r o p s  of t h e  Ahaggar or Hoggar which form p a r t  
of t h e  c e n t r a l  Saharan m a s s i f ;  t o  t h e  s o u t h  by c r y s t a l l i n e  and metamorphic rocks  
of n o r t h e r n  N i g e r i a  and t h e  Upper Vol ta  Arch. The Niger Basin i s  s e p a r a t e d  from t h e  
Chad Basin t o  t h e  east  by a s u b s u r f a c e  r i d g e  ex tending  from o u t c r o p s  o f  basement 
rocks  i n  t h e  Zinder  r e g i o n  t o  o u t c r o p s  of basement rocks of t h e  A i r  complex. The 
Niger Basin i s  connected t o  t h e  Taoudeni Basin t o  t h e  west v i a  t h e  Gao t rough o r  
s t r a i t .  I n  t h e  n o r t h e r n  p a r t  of t h e  Niger Basin,  where pas t  e x p l o r a t i o n  has  been 
c o n c e n t r a t e d  and more d e t a i l e d  s u b s u r f a c e  d a t a  e x i s t s , ' t h e  sub-basins  c a l l e d  
I n  Guezzam, Tin  S e r i r i n e ,  and Tarnesna ( o r  Talak)  a r e  recognized ( f i g .  7). 
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F i g u r e  7 .  Map of S i g e r  Basin showing selected wells and names of sub-basins 
in the area. 
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S t r a t i g r a p h y  

Except i n  t h e  n o r t h ,  t h e  subsu r face  of t h e  Niger Bas in  has  been r e l a t i v e l y  
unexplored. The b a s i n  c o n t a i n s  Pa leozo ic ,  Mesozoic, and Cenozoic sed imentary  
rocks ;  b u t ,  except f o r  ou tc rop  a r e a s  i n  t h e  I n  Guezzam and T i n  S e r i r i n e  a r e a s ,  
Pa l eozo ic  rocks  a r e  thought t o  f e a t h e r  ou t  beneath t h e  Mesozoic s e c t i o n  i n  
n o r t h e r n  Niger.  The suspec ted  sou the rn  l i m i t  of Pa leozo ic  rocks  benea th  Mesozoic 
cove r  i s  shown in Figure  7 .  The r e s u l t s  from 5 w e l l s ,  which p e n e t r a t e d  basement 
i n  t h e  n o r t h e r n  and  e a s t e r n  p a r t s  of t h e  b a s i n ,  sugges t  t h a t  t h e  e n t i r e  sed i -  
mentary s e c t i o n  i s  on ly  abou t  2,000 m t h i c k .  The deepes t  w e l l ,  d r i l l e d  t o  a dep th  
of 2,005 m, p e n e t r a t e d  basement rocks  unconformably o v e r l a i n  by Mesozoic rocks .  

A north-south s e c t i o n  a c r o s s  t h e  T i n  S e r i r i n e  b a s i n  from basement ou tc rops  
- 

of Ahaggar t o  sou th  of t h e  suspec ted  pinchout of Pa leozo ic  rocks  i s  shown in 
F i g u r e  8. The P a l e o z o i c  s e c t i o n  i s  r ep resen ted  by rocks  of Cambro-Ordovician 
through Carboni ferous  age .  Th i s  s e c t i o n  i s  unconformably o v e r l a i n  by rocks  of 
Cre taceous  age .  However, t h i n  Permian-Triassic age  rocks  c r o p  ou t  on t h e  south- 
wes te rn  f l a n k  of t h e  A i r  mass i f .  The s o u t h e r n  p a r t  of t h e  basir. i s  marked by t h i n  
Cenozoic d e p o s i t s .  Following i s  a b r i e f  summary of t h e  s t r a t i g r a p h y  of t h e  
Niger b a s i n  based on t h e  r e p o r t  of P e t r o c o n s u l t a n t s  ( w r i t t e n  commun., 1976) .  

Cambro-Ordovician: (0-400 m i n  T i n  S e r i r i n e  a r e a ) .  Rocks c o n s i s t  of 
conglomerate and sands tone  p o s s i b l y  d e p o s i t e d  i n  
a marine environment. The s e c t i o n  a p p e a r s  t o  be 
water f lu shed .  

Silurian-Devonian: (0-700 m)  
subsu r face  except i n  t h e  Niger  Basin between 
Adrar des  I f o r a s  and A i r .  S i l u r i a n  rocks  a r e  
predominantly a r g i l l a c e o u s  w i t h  i n t e r c a l a t i o n s  of 
l imes tone  and sands tone  of marine and g l a c i a l  o r i g i n .  
The S i l u r i a n  s e c t i o n  i s  o v e r l a i n  by b a s a l  conglomerate 
and sands tone  of c h i e f l y  marine and l a g o o n a l  o r i g i n .  
The S i l u r i a n  s e c t i o n  con ta ins -  "Gothlandian" s h a l e s  
which a re  cons ide red  source  rocks  f o r  o i l  i n  A l g e r i a .  
I n  t h e  n o r t h e r n  p a r t  of Niger  Basin t h e  S i l u r i a n -  
Devonian s e c t i o n  h a s  been water f l u s h e d .  

These rocks  are  not  known i n  ou tc rop  o r  

Ca rbon i f  e r o u s  : 

P e r m - T r i a s s i c :  

"Cont i n e n t a l  
I n  t e r ca l a  i r e  '' : 

(0-1,000 m) I n  t h e  T in  S e r i r i n e  area,  t h i s  s e c t i o n  
c o n s i s t s  of c o n t i n e n t a l  r e d  beds  a t  t h e  base o v e r l a i n  
c h i e f l y  by sands tones  and s i l t s t o n e s  w i t h  t h i n  lime- 
s tones  of marine and nonmarine o r i g i n .  

(200-400 m) S e c t i o n  c o n s i s t s  of v a r i e g a t e d  and 
crossbedded a r k o s e s ,  s ands tones ,  and mudstones of 
c o n t i n e n t a l  d e s e r t  t ype  o r i g i n .  

(0-2,000 m) Rocks younger t h a n  l a s t  d a t e d  P a l e o z o i c  
and o l d e r  t han  marine Cre taceous  a r e  termed "Conti- 
n e n t a l  I n t e r c a l a i r e "  and c o n s i s t  mainly of c o n t i n e n t a l  
red bed f a c i e s  (0-2,000 m ) .  
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F i g u r e  8. Cross  s e c t i o n  of n o r t h e r n  p a r t  of h’iger Gasin ( T i n  S e r i r i n e  a r e a ) .  

from P e t r o c o n s u l t a n t s  S.A.  ( w r i t t e n  commun., 1976)  
.. Note t h a t  e r o s i o n  h a s  t r u n c a t e d  south-d ipping  beds. F i g u r e  modi f ied  
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Middle and Upper (500 m i n  w e s t  and 1,000 m i n  e a s t )  During t h i s  t ime 
Cretaceous and a l t e r n a t i n g  marine and nonmarine c o n d i t i o n s  p r e v a i l e d .  
Younger: Upper Senonian rocks c o n t a i n  bitumen and sands r i c h  i n  

carbonaceous m a t t e r .  The t h i n  s e c t i o n ,  however, p re -  
c ludes  p o s s i b i l i t y  of matura t ion .  

Petroleum P o t e n t i a l  

Pa l eozo ic  sec t ion . -  Although hydrocarbons have been found i n  e q u i v a l e n t  
age  r o c k s  w i t h  similar l i t h o l o g i e s  i n  A l g e r i a ,  t h e  p o s s i b i l i t y  of d i s c o v e r i e s  
i n  t h e  Niger b a s i n  a r e  ex t remely  low. As shown i n  F igu re  8 ,  Pa leozoic  rocks  
exposed i n  t h e  T i n  S e r i r i n e  and I n  Guezzam areas d i p  s t e e p l y  t o  t h e  sou th  and 
p inchout .  Most l i k e l y ,  any o i l  gene ra t ed  w i t h i n  t h e  s e c t i o n  would have migra ted  
n o r t h  and subsequent ly  leaked ou t  of t h e  format ion .  Water f l u s h i n g  of Cambrian- 
Devonian s t r a t a  would have des t royed  p o s s i b l e  o i l  . depos i t s .  I n  a d d i t i o n ,  6 
e x p l o r a t o r y  wells have p e n e t r a t e d  t h e  P a l e o z o i c  s e c t i o n  wi thout  any r e p o r t s  of 
o i l  o r  gas  shows. It may be t h a t  P a l e o z o i c  rocks  a re  preserved  i n  f a u l t e d  t roughs  
o r  small bas ins  i n  o t h e r  areas of t h e  Niger Basin. I f  adequa.;Ay s e a l e d ,  they 
could  have t h e  p o t e n t i a l  of c o n t a i n i n g  o i l  and gas d e p o s i t s .  

Cre taceous  section.--Prospects f o r  t h e  "Con t inen ta l  I n t e r c a l a i r e "  a re  a l s o  
cons ide red  h i g h l y  s p e c u l a t i v e  because of t h e  absence  of p o t e n t i a l  sou rce  rock. 
Although t h e  Middle and Upper Cre taceous  s e c t i o n s  appea r  t o  have t h e  p o t e n t i a l  
f o r  c o n t a i n i n g  source  rock, t h e s e  s e c t i o n s  a re  t h i n  and, t h e r e f o r e ,  p robably  no t  
t h e r m a l l y  mature w i t h  r e s p e c t  t o  t h e  g e n e r a t i o n  of o i l  and gas.  A s  i s  d i s c u s s e d  i n  
a l a t e r  s e c t i o n  (Benue depres s ion ,  t h i s  r e p o r t ) ,  however, t h e  Cre taceous  
s e c t i o n  may prove t o  be t h i c k e r  i n  t h e  e a s t e r n  Niger Basin than  p rev ious  
thought .  It i s  p o s s i b l e  t h a t  t e c t o n i c  a c t i v i t y  a s s o c i a t e d  wi th  format ion  of 
t h e  Benue Depress ion  ex tends  as  f a r  east as t h e  Niger  Basin. I f  t h i s  hypo thes i s  
proves  c o r r e c t ,  t hen  a t h i c k  Cre taceous  s e c t i o n  may ex is t  i n  p a r t s  of t h e  
e a s t e r n  Niger  Basin. A t h i c k e r  Cre taceous  s e c t i o n  coupled wi th  h igh  h e a t  
f low r e s u l t i n g  from a "failed-arm t rough"  sys tem cou ld  make Cre taceous  p r o s p e c t s  
i n  t h e  e a s t e r n  N i g e r  Basin more a t t r a c t i v e .  

c 

CHAD B A S I N  

The Chad Bas in  cove r s  e a s t e r n  Niger  and Chad and  ex tends  sou th  i n t o  N i g e r i a ,  
Cameroon, and C e n t r a l  A f r i c a n  Republ ic  ( f i g .  9 ) .  E x p l o r a t i o n  d r i l l i n g  and geo- 
p h y s i c a l  surveys .have  r e v e a l e d  t h a t  much of t h e  Chad Basin i s  u n d e r l a i n  by 
a complex system of b a s i n s  o r  t roughs  r e l a t e d  t o  a "failed-arm" system ( f i g .  
1 0 ) .  Recent oil and gas  d i s c o v e r i e s  i n  t h e  Lake Chad area and s o u t h e r n  Chad 
a re  r e l a t e d  t o  t h i s  t rough system and w i l l  be d i s c u s s e d  i n  a n o t h e r  s e c t i o n  
(Benue depres s ion ,  t h i s  r e p o r t ) .  

I n  t h e  n o r t h e r n  p a r t  of t h e  Chad Bas in ,  e x p l o r a t i o n  has  been concen t r a t ed  
i n  P a l e o z o i c  rocks. There ,  t h e  Marzug R a s h  of southwes tern  Libya and Alge r i a  
ex tends  i n t o  n o r t h e a s t  Niger and Chad n e a r  t h e  T i b e s t i  massif  ( f i g .  9 ) .  

P a l e o z o i c  rocks  i n  t h i s  area wedge o u t  a l o n g  a s inuous  l i n e  between 1 7 "  
and 20" North L a t i t u d e .  The d i scove ry  of l a r g e  o i l  and gas  d e p o s i t s  i n  
A l g e r i a ,  i n  t h e  e a r l y  s i x t i e s ,  l e d  t o  t h e  d r i l l i n g  of w i l d c a t  wells i n  north- 
e a s t e r n  Niger.  
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Figure  9 .  Map of Chad Bas in  showing selected wells. 
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Figure 10. Map showing general area of Benue depression and associated b a s i n s  
and troughs. 
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The s t r a t i g r a p h y ,  format ion  t h i c k n e s s e s ,  and g e o l o g i c a l  h i s t o r y  a r e  
s imilar  t o  that desc r ibed  f o r  t h e  Niger  Basin.  The Pa leozo ic  s e c t i o n  i s  t h i n  
and ' t he  lowermost p a r t  of t h e  Mesozoic s e c t i o n  probably c o n s i s t s  of a red  bed 
f a c i e s  of t h e  "Con t inen ta l  I n t e r c a l a i r e . "  S i x  w e l l s  have been d r i l l e d ;  f i v e  
have been r epor t ed  as  d ry  and a show of o i l  r epor t ed  from t h e  s i x t h  (Pe t ro-  
c o n s u l t a n t s ,  w r i t t e n  commun., 1976). 

On t h e  b a s i s  of d r i l l i n g  and by analogy wi th  t h e  Niger Basin,  t he  
p r o b a b i l i t y  of f i n d i n g  commercial q u a n t i t i e s  of hydrocarbons i n  t h e  no r the rn  
Chad Bas in  must be cons idered  low. 

BENUE DEPRESSION 

Geologic  s e t t i n g  

The term Benue depres s ion  ( f i g .  10) i s  used i n  t h i s  r e p o r t  t o  refer t o  
t h e  b a s i n  and t rough s y s t e m  between t h e  West Afr ican  and Congo Cratons t h a t  
formed in E a r l y  Cre taceous  time when s e p a r a t i o n  of Af r i ca  and Y x t h  America 
was i n i t i a t e d  by opening of t h e  South A t l a n t i c .  Exp lo ra t ion  of t h i s  " f a i l e d -  
arm" system i s  i n  t h e  e a r l y  s t a g e s ,  and i t s  subsu r face  e x t e n t ,  e s p e c i a l l y  i n  
n o r t h e r n  N i g e r i a ,  Niger ,  and Chad, i s  no t  f u l l y  known. Based on s t r u c t u r a l  
contours  shown on t h e  Tec ton ic  Map of Af r i ca  (Assoc ia t ion  of Af r i can  Geologica l  
Surveys,  1968), t h e  Cretaceous t rough system appea r s  t o  extend n o r t h e a s t  from 
t h e  Benue Trough, where t h e  geology i s  r e l a t i v e l y  w e l l  understood,  t o  t h e  v i c i -  
n i t y  of Lake Chad. The Chad s y n c l i n e  ( T e r m i t  t rough)  which ex tends  northwest  
from Lake Chad t o  t h e  A i r  Mass i f ,  and t h e  Doba and Bongor t roughs ,  i n  sou the rn  
Chad, may be part of t h i s  system. I n  a d d i t i o n ,  a g e n e r a l  t h i c k e n i n g  of sediments  
from t h e  Chad-Niger border  i n t o  t h e  Niger  b a s i n  sugges t s  t h a t  t h e  t rough s y s t e m  
may extend  as f a r  west as t h e  Niger  Basin.  

c 

Although l a r g e  d i s c o v e r i e s  of o i l  and gas  have been made i n  t h e  Niger De l t a  
Basin,  t h e s e  d i s c o v e r i e s  are  on ly  i n d i r e c t l y  r e l a t e d  t o  the  opening of t h e  South 
A l t a n t i c .  
Delta Bas in  was depos i t ed  between Eocene and Holocene time (Weber and Daukoru, 
1975) and w i l l  be d i scussed  i n  a la ter  s e c t i o n  of t h i s  reper t .  

The g r e a t  t h i c k n e s s  of sed iments  t h a t  produce o i l  and gas  i n  t h e  Niger 

Evo lu t ion  of t h e  Benue d e p r e s s i o n  ( f i g .  11) began i n  E a r l y  Cre taceous  t i m e  
(Ap t i an  and Alb ian)  when t h e  Gulf of Guinea opened abou t  a t r i p l e - j u n c t i o n  r i f t -  
r i d g e  system under  t h e  p r e s e n t  Niger  Delta. 
s topped and i t  became what i s  known as a fai led-arm system. 
e x i s t i n g  l i n e s  of  weakness c l o s e  t o  t h e  edges of t h e  West Af r i can  and Congo 
c r a t o n s  (Burke and o t h e r s ,  1970). The Benue-Abakoliki Trough was f l anked  by 
t h e  Anambra P la t fo rm on t h e  nor thwes t  and t h e  Ikpe  Platform/Oban Massif on 
t h e  eas t - sou theas t  ( f i g .  12) .  
sed iments  of  Alb ian  t o  Coniac ian  a g e  (Weber and  Daukoru, 1975).  During t h e  
Santonian ,  t h e  Benue-Abakoliki Trough w a s  u p l i f t e d  t o  form t h e  Abakol iki  High/ 
Benue fo lded  b e l t ,  and  t h e  Anambra P l a t f o r m  w a s  downwarped t o  form t h e  Anambra 
Bas in  (Murat, 1970). Burke and o t h e r s  (1972), a t t r i b u t e  t h e  fo lded  b e l t  t o  
L a t e  Santonian  f o l d i n g  r e s u l t i n g  from m i s f i t  motion w i t h i n  t h e  Af r i can  p l a t e  
due t o  f a s t e r  sp read ing  o p p o s i t e  t h e  bulge  of Afr ica  than  i n  t h e  sou th  A t l a n t i c .  
T h i s  p a r t i a l  Santonian  c l o s i n g  ep i sode  may have produced long l i n e a r  f o l d s  
s u b p a r a l l e l  t o  t h e  main t rough margins i n  c o n t r a s t  t o  t h e  unfolded g e n t l y  
d i p p i n g  Cre taceous  rocks  of t h e  Bida Basin.  Those o f ' t h e  Yola Bas in  a r e  
fo lded  s u b p a r a l l e l  t o  t h e  l o c a l  t rough  a x i s  (Burke and o t h e r s ,  1970) .  

Opening a long  t h e  Benue a r m  later 
Opening fol lowed 

The t rough  w a s  f i l l e d  by more than  3 km of 
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F i g u r e  11. Ske tch  map showing t h e  Gulf of Guinez i n  t h e  E a r l y  Cre t aceous .  
A t l a n t i c  i s  shown as opening  about  t r i p l e  j u n c t i o n s  s i t u a t e d  under 
t h e  N i g e r  d e l t a  and n o r t h  of t h e  Takatu  r i f t .  
and Rand ( 1 9 6 9 )  and modi f ied  from Burke and o t h e r s  (1970) .  

The 

F i g u r e  based on Hur ley  
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F i g u r e  12 .  E v o l u t i o n  o f  t h e  a e n u e  d e p r e s s i o n .  
Daukoru (1975) .  

F i g u r e  f rom Veber  a n d  
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, ' E x i s t i n g  from t h e  Campanian t o  t h e  Pa leocene  were t h e  l a r g e  Anambra Bas in  
and two s m a l l e r  basins- the Of ikso  S y n c l i n e  and t h e  Ikang Trough. 
Ancmbra Basin w a s  t h e  Oni t sha  High, p o s s i b l y  formed by block f a u l t i n g  and 
t i l t i n g  (Weber and Daukoru, 1975).  L a t e  Cre taceous  d e l t a  systems advanced 
down t h e  Benue Trough r e s u l t i n g  i n  t h e  format ion  of t h e  B i m a  and Gombe-Coal 
Measures d e l t a s  ( f i g .  1 3 ) .  By Eocene times d e l t a  systems had s t a r t e d  t o  
deve lop  down t h e  c o n t i n e n t a l  s l o p e  and had spread  o n t o  ocean ic  c r u s t  (Burke and 
o t h e r s ,  1970). 

Within t h e  

S t r a t i g r a p h y  

The s t r a t i g r a p h y  i s  summarized c h i e f l y  from .Burke and o t h e r s  (1970) who 
r e l i e d  on t h i  ear l ier  works of C r a t c h l e y  and Jones (1965),  Wright (1968),  and 
Reyment (1969). Precise s t r a t i g r a p h i c  d a t a  i s  a v a i l a b l e  on ly  f o r  t h e  lower 
Benue area ( f i g .  13)  where numerous wells have been d r i l l e d  i n  Niger ia .  

Six t r a n s g r e s s i v e  and r e g r e s s i v e  phases  have been recognized i n  t h e  lower 
Benue; no t  a l l  a r e  recognized  i n  t h e  middle and upper  p a r t s  of t h e  dep res s ion .  
From Alb ian  t o  Santonian  times con t inuous  d e p o s i t i o n  r e p r e s e n t i n g  a v a r i e t y  
of environments occurred .  These inc luded  marine s h a l e s  (deep and sha l low water) 
w i t h  l imes tones  and sands tones  d e p o s i t e d  a t  t h e  margins of a marine embayment 
a t  ' t he  sou the rn  end of t h e  d e p r e s s i o n .  
f l a n k  areas up t h e  v a l l e y  and l a i d  down d u r i n g  r e g r e s s i v e  phases.  I n  Turonian 
times, t h i c k  marine s h a l e s  w i t h  l i m e s t o n e  a t  t h e i r  base were depos i t ed .  The 
Turonian  t r a n s g r e s s i o n  was widespread  and extended over  t h e  Zambuk r i d g e  ( f i g .  13 )  
i n t o  t h e  Chad Bas in  (Burke and o t h e r s ,  1970, p.  196) .  t h e  Albian-Santonian s e c t i o n  
i s  s e p a r a t e d  from t h e  o v e r l y i n g  s e c t i o n  by a n  unconformity be l i eved  t o  be a s s o c i a t e d  
w i t h  p a r t i a l  c l o s i n g  and f o l d i n g  of  t h e  fa l led-arm system. 

Sandstones were de r ived  mainly from 

Above t h e  unconformity,  s a n d s t o n e s  and coarse c las t ics  r e p r e s e n t  e r o s i o n  
of t h e  u p l i f t e d  f l a n k s  of the d e p r e s s i o n .  New major depocenters  developed i n  
the Anambra Basin,  t h e  Afikpo S y n c l i n e  and t h e  Dahomey (Benin) Basin. During 
a M a e s t r i c h t i a n  t r ansg res . s ion  mar ine  sed imen ta t ion  reached t h e  Chad Bas in  (Carter 
and o t h e r s ,  1963). 
a Lower Pa leocene  t r a n s g r e s s i o n .  S ince  t h e n  t h i n  c o n t i n e n t a l  sed iments  were l a i d  
down i n  most of t h e  d e p r e s s i o n  n o r t h  of t h e  Niger Delta. 

Sha le  and l i m e s t o n e  depos i t ed  i n  t h e  lower Benue r e p r e s e n t  

Pe t ro leum p o t e n t i a l  

I n i t i a l  o i l ' a n d  gas e x p l o r a t i o n  in N i g e r i a  was concen t r a t ed  i n  marine 
Cre t aceous  rocks  i n  t h e  lower Benue d e p r e s s i o n  where traces of o i l  and gas  
o c c u r  a t  t h e  s u r f a c e .  T h i s  e a r l y  e x p l o r a t i o n  phase, however, proved unsuccess- 
f u l .  P e t r o c o n s u l t a n t s  ( w r i t t e n  commun. 1976) r e p o r t s  t h a t  as a r e s u l t  
of d r i l l i n g  i n  1967, gas  was t e s t e d  i n  p o s t  Turonian  rocks  and t h a t  o i l  was 
d i s c o v e r e d  i n  rocks  of u n s p e c i f i e d  Cre t aceous  age. 
been r e p o r t e d  on t h e s e  d i s c o v e r i e s .  More t h a n  20 w e l l s  were d r i l l e d  i n t o  
t h e  Cre t aceous  s e c t i o n .  

No development d r i l l i n g  has  

I n  t h e  lower Benue d e p r e s s i o n ,  C r e t a c e o u s  p o s s i b i l i t i e s  f o r  s t r u c t u r a l  
and s t r a t i g r a p h i c  t r a p s  e x i s t  i n  t h e  Anambra Basin,  where marine Cre taceous  
rocks  a r e  over  9 km t h i c k ,  and i n  t h e  Abaka l ik i  Basin.  I n  t h e  l a t t e r  b a s i n ,  
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F i g u r e  13. R e c o n s t r u c t e d  s e c t i o n  of t h e  Benue d e p r e s s i o n  and N i g e r  D e l t a  
sys t ems .  F i g u r e  from Burke and o t h e r s  (1970) .  
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Cretaceous  rocks  were fo lded  benea th  a Santonian  unconformity. I n  t h e  Anambra 
Bas in ,  Cre taceous  d e l t a  complexes w i t h  growth f a u l t s  a s  w e l l  a s  t e c t o n i c  
s t r u c t u r e s  may be a c c e s s i b l e .  S t r a t i g r a p h i c  t raps  could  invo lve  changes from 
l imes tone  t o  s h a l e  f a c i e s .  Coal measures ( f i g .  13) may be a n  impor tan t  gas  
sou rce .  

More i n t r i g u i n g  t h a n  t h e  p o s s i b i l i t y  of d i s c o v e r i e s  i n  t h e  lower Benue 
d e p r e s s i o n ,  however, i s  t h e  p o s s i b i l i t y  of s i g n i f i c a n t  d i s c o v e r i e s  i n  t h e  Bornu 
trough-Chad s y n c l i n e  and t h e  Doh-Bongor areas i n  t h e  Chad Bas in  ( f i g .  10 ) .  
The r e l a t i o n s h i p  of t h e s e  areas w i t h  each  o t h e r  and t h e i r  r e l a t i o n s h i p  t o  t h e  
o v e r a l l  Benue depres s ion  i s  s t i l l  unknown. I n  t h e  Bornu Bas in ,  p r e l i m i n a r y  
geophysical.-data i n d i c a t e  t h a t  t h e  Mesozoic-Tertiary s e c t i o n  i s  over 3,000 m 
t h i c k .  In s o u t h e r n  Chad, t h e  e n  eche lon  Doba and Bongor t rough system c o n t a i n s  
more than  4-5,000 m of sed imentary  rocks .  P r i o r  t o  t h e  c e s s a t i o n ,  e a r l y  1979, 
of a l l  d r i l l i n g  and e x p l o r a t i o n  a c t i v i t y  i n  Chad, o i l  and gas  d i s c o v e r i e s  were 
made i n  Chad n o r t h  of Lake Chad and i n  t h e  Doba-Bongor t rough  system. I t  i s  
rumored t h a t - t h e s e  d i s c o v e r i e s  may be l a r g e  a l though  l i t t l e  in fo rma t ion  i s  
a v a i l a b l e .  According t o  P e t r o c o n s u l t a n t s  ( w r i t t e n  commun. 1976),  s ands tone  
of t h e  "Con t inen ta l  T e r m i n a l "  i s  thought  t o  be t h e  r e s e r v o i r ,  which i s  l o c a t e d  
i n  f a v o r a b l e  s t r u c t u r a l  p o s i t i o n  o v e r  Cre taceous  rocks  i n  a marked graben system. 

I n  t h e  Chad Bas in  t h e  " C o n t i n e n t a l  I n t e r c a l a i r e "  ( E a r l y  Cre taceous  and o l d e r )  
c o n s i s t s  mainly of r ed  beds and  f l u v i a l  and d e l t a i c  d e p o s i t s .  Upper Cre taceous  
and Pa leocene  rocks  ( thought  t o  be t h i n )  a r e  predominantly sha l low marine t o  
l a g o o n a l  and  l a c u s t r i n e  d e p o s i t s ,  g r a d i n g  upwards i n t o  t h e  T e r t i a r y  beds of t h e  
"Con t inen ta l  Terminal." The pe t ro l eum p r o s p e c t s  of t h e s e  r o c k s ,  i n  t h e  p a s t ,  
have been cons ide red  low because most of t h e  s e c t i o n  was cons ide red  t o  c o n s i s t  
c h i e f l y  of c o n t i n e n t a l  f a c i e s  b a r r e n  of p o t e n t i a l  sou rce  rocks .  

c 

I f  t h i s  area, however, p roves  t o  be p a r t  of t h e  Benue failed-arm s y s t e m ,  
deep f a u l t - r e l a t e d  t roughs  l i n k e d  t o  t e n s i o n a l  t e c t o n i c s  may u n d e r l i e  t h e  a r e a .  
These t roughs  could  c o n t a i n  t h i c k  mar ine / l agoona l  Upper Cre taceous  rocks  w i t h  
bo th  s o u r c e  and r e s e r v o i r  rocks  s e a l e d  by Cenozoic sediments and p o s s i b l e  
r e s e r v o i r  s ands tones  i n  t h e  u n d e r l y i n g  "Con t inen ta l  I n t e r c a l a i r e "  as w e l l  as i n  
t h e  o v e r l y i n g  "Con t inen ta l  Terminal." I n  Cre t aceous  t i m e  t h e s e  rocks  may have 
expe r i enced  h i g h  t empera tu res  a s s o c i a t e d  w i t h  a n  inc reased  geothermal g r a d i e n t  
r e l a t e d  ' to f a i l e d  arm t e c t o n i c s .  These h i g h e r  t h a n  normal tempera tures  cou ld  
have gene ra t ed  large q u a n t i t i e s  of o i l  and g a s  i n  marine,  l a c u s t r i n e ,  and 
l a g o o n a l  sou rce . rocks .  

SENEGAL BASIN 

G e o l o g i c a l  s e t t i n g  

The Senegal  Bas in  w i t h  i t s  e x t e n s i o n  i n t o  Maur i tan ia  t o  t h e  n o r t h  and 
Guinea B i s sau  t o  t h e  s o u t h  c o v e r s  a n  area of  some 340,000 km2 ( f i g .  1 4 ) .  
Throughout much of i t s  h i s t o r y  (Cretaceous-Cenozoic) i t  w a s  a n  open c o a s t a l  
b a s i n ,  i n  e s sence  homoclinal and c o n t r o l l e d  by basement subs idence  caused by 
t e n s i o n a l  stress, thermal  c o o l i n g ,  and sediment loading .  I ts  Sedimentary 
f i l l  of s ands tone ,  s i l t s t o n e ,  s h a l e ,  c a r b o n a t e  rock, and e v a p o r i t e s  exceeds 
7 km i n  t h i c k n e s s  ( f i g .  1 4 )  and r anges  i n  a g e  from Triassic t o  Miocene, covered 
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by a t h i n  Miocene-Pliocene venee r  of c o n t i n e n t a l  sands.  S a l t  d i a p i r s  a re  
p r e s m t  i n  t h e  bas in .  
become t h i c k e r  and more marine t o  t h e  w e s t  ( C a s t e l i n ,  1965). 

Sedimentary rocks  a r e  c o n t i n e n t a l  i n  t h e  e a s t  and 

The Senegal  Basin r e p r e s e n t s  a t y p i c a l  A t l a n t i c  type  margina l  b a s i n  and i t s  
pe t ro leum p o t e n t i a l  has  been compared t o  b a s i n s  of a s i m i l a r  t y p e - o f f s h o r e  of 
e a s t e r n  United S t a t e s  (Mat t i ck  and  o t h e r s ,  1978). The o l d e s t  sed imentary  rocks  
p e n e t r a t e d . i n  t h e  Senegal Bas in  c o n s i s t  of s a l t  which has  been age da ted  as  
Triassic  t o  Liassic  (Templeton, 1970, p. 52) .  I n  comparison, t h e  o l d e s t  s ed i -  
mentary rocks  p e n e t r a t e d  o f f s h o r e  of e a s t e r n  United S t a t e s  a l s o  c o n s i s t  of s a l t  
of p robab le  Triassic  age .  
S t a t e s ) ,  t h i s  s a l t  unconformably o v e r l i e s  metamorphic rocks of Pa leozo ic  age  
(Amato and Simbnis,  1980). 
t h e s e  areas were p a r t  of a r e s t r i c t e d  A t l a n t i c  s e a  such as is shown i n  F i g u r e  15 
du r ing  J u r a s s i c  t i m e s .  
or e a r l y  Mesozoic break  up between A f r i c a  and North America. 

I n  Georges Bank Bas in  ( o f f s h o r e  of n o r t h e r n  United 

ROM (1969) has  drawn t h e  l o g i c a l  conc lus ion  t h a t  

T h i s  e a r l y  A t l a n t i c  sea r e s u l t e d  from a l a t e  P a l e o z o i c  

Magnetic d a t a  t o g e t h e r  w i t h  t h e  f a c t  t h a t  no ev idence  has  been pub l i shed  
f o r  t h e  e x i s t e n c e  of s a l t  domes o f f s h o r e  of Guinea, S i e r r a  Leone, or L i b e r i a ,  l e d  
Templeton (1970) t o  conclude  t h a t  t h e  p o s t u l a t e d  T r i a s s i c - J u r a s s i c  e v a p o r i t i c  
sea d i d  no t  ex tend  s o u t h  beyond t h e  c o n t i n e n t a l  s h e l f  i n  t h e  a r e a  of t h e  B i j agos  
Archipe lago  i n  Guinea B i s sau  ( f i g .  16) .  
Bas in ,  t h e r e f o r e ,  is thought  t o  be t h e  B i  jagos Archipelago. 

The sou the rn  l i m i t  of t h e  Senegal  

South of t h e  B i j agos  Archipe lago  t h e  t h i c k n e s s  of sedimentary rocks  
r a p i d l y  d imin i shes  t o  less t h a n  4,000 m (She r idan  and o t h e r s ,  1969).  
t o  Behrendt and Wotorson (1970) ,  aeromagnet ic  s t u d i e s  o f f  L i b e r i a  i n d i c a t e  
t h a t  t h e  sed imentary  s e c t i o n  t h e r e  on t h e  C o n t i n e n t a l  She l f  i s  r e l a t i v e l y  
t h i n .  I n  a d d i t i o n ,  t h e  seismic r e f l e c t i o n  s t u d i e s  of Sch lee  and o t h e r s  
(1974) found no ev idence  of pre-Cretaceous sed imentary  rocks i n  t h e  L i b e r i a n  
c o a s t a l  and o f f s h o r e  areas.  The Senega l  Bas in ,  t h e r e f o r e ,  p robably  marks 
t h e  s o u t h e r n  l i m i t  of Triassic-Jurassic sedimentary  rocks .  

According 

. 

S t r a t i g r a p h y  

The s t r a t i g r a p h i c  sequence of t h e  b a s i n  f i l l  a s  summarized by Templeton (1970) ,  
C a s t e l a i n  (1965),  and P e t r o c o n s u l t a n t s  ( w r i t t e n  commun. 1976) is as f o l l o w s  
(see a l s o  F i g u r e  17) :  

T r i a s s i c - J u r a s s i c :  T r i a s s i c - J u r a s s i c  sed iments  are probably  r e p r e s e n t e d  
by e v a p o r i t e s  which were depos i t ed  i n  a small, 
s h a l l o w  e a r l y  A t l a n t i c  bas in .  
i n  w e l l s  on  t h e  C o n t i n e n t a l  She l f  o f f s h o r e  of Sene- 
g a l  n e a r  Guinea Bissau. 
and  s o u t h  of Dakar i n  t h e  deepes t  p a r t s  of t h e  b a s i n  
are p o s t u l a t e d  ( f i g .  1 7 ) .  Piercement of some s a l t  
domes s topped  a t  t h e  end of Cre taceous  and  p o s i t i v e  
buoyancy caused t h i n n i n g  and f o l d i n g  of o v e r l y i n g  
T e r t i a r y  beds (Templeton, 1970). 

S a l t  w a s  p e n e t r a t e d  

S a l t  b a s i n s  bo th  n o r t h  

c 

Upper J u r a s s i c :  0 7 6 0  m )  T h i s  s e c t i o n  p e n e t r a t e d  onshore  nea r  Dakar, 
c o n s i s t s  of do lomi t i c  l imes tones ,  a t  p l a c e s  o o l i t i c ,  
p robably  depos i t ed  on a ca rbona te  p l a t fo rm.  
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F i g u r e  15. I n t e r p r e t e d  s k e t c h  of t h e  A t l a n t i c  d u r i n g  J u r a s s i c  time. 
f rom Zona (1970) .  

F i g u r e  
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Valanginian-Aptian: 0 1 , 7 0 0  m) Near Dakar ( c e n t e r  of b a s i n ) ,  t h i s  s e c t i o n  
c o n s i s t s  of ne r i t i c  ( s h e l f )  l imestone r e f e r r e d  t o  
as t h e  M'Bour C h o f a t t e l l a  Limestone ( f i g .  1 7 ) .  It  
grades  t o  s h a l e  and sands tone  and near t h e  r i m  of 
t h e  b a s i n  g rades  i n t o  r e d d i s h  s h a l e  and s i l t  of 
c o n t i n e n t a l  o r i g i n .  

Aptian-Cenomanian: (up t o  1,500 m )  The b a s i c a l l y  n e r i t i c  t o  con- 

- 
Cenomanian- 

Turonian: 

Upper Cenomanian- 
lower Senanian: 

T e r t i a r y :  

t i n e n t a l  Sarakunda Formation c o n s i s t i n g  of poor ly  
d i f f e r e n t i a t e d  a l t e r n a t i o n s  of s i l t ,  s h a l e ,  and 
l imes tone  w i t h  o c c a s i o n a l  a n h y d r i t e  bands o r  nodules .  
T h i s  sequence is miss ing  i n  p l aces  a t  shoreward 
margin of bas in .  

(>1,000 m i n  sou th )  S e c t i o n  c o n s i s t s  mainly of 
s h a l e  w i t h  sandy i n t e r b e d s  g rad ing  rim-ward t o  
d i r t y  massive sands tone .  Turonian p e l a g i c  (deep s e a )  
B r i k a m a  Sha le  ( f i g .  1 7 )  marks a n  (At lan t ic -wide)  
Upper Cre t aceous  t r a n s g r e s s i o n .  Th i s  s e c t i o n  
could  c o n t a i n  good source  rocks  where deeply  b u r i e d  
o r  s u b j e c t e d  t o  h igh  tempera tures .  

(up t o  950 m )  Poor ly  s o r t e d  s i l t s ,  s h a l e s ,  marls, 
and l imes tones  which grade  westward from a l i t t o r a l  
and l agoona l  f a c i e s  t o  a p e l a g i c  s h a l e  f a c i e s  a t  
s h e l f  margin. Diogue S h a l e s  ( f i g .  1 7 )  r e p r e s e n t  a 

major r e g r e s s i o n  d u r i n g  M a e s t r i c h t i a n  t i m e .  
t r a n s g r e s s i o n .  Popenguine sands tones  r e p r e s e n t  a c 

(up  t o  1,050 m )  Following u p l i f t  and eros ion . ,  
Pa leocene  l imes tone  was depos i t ed .  It is over- 
l a i n ,  onshore ,  by n e r i t i c  Eocene and Oligocene 
l imes tones  g rad ing  o f f s h o r e  t o  s h a l e s .  Miocene 
d e p o s i t i o n  is r e p r e s e n t e d  by c l a y ,  sand, g r a v e l ,  
and l i m e s t o n e  beds o v e r l a i n  by a t h i n  veneer  of 
c o n t i n e n t a l  Mio-Pliocene sed iments .  

P a s t  e x p l o r a t i o n  a c t i v i t y  

Although Senegal  was r e p o r t e d  t o  have  produced small amounts of o i l  i n  t h e  
e a r l y  1960's (Moody and Parson ,  1963), no p r o d u c t i o n  was r e p o r t e d  f o r  1979 
(Auldr idge ,  1979). The French companies, Bureau d e  Recherches de  P e t r o l e  (BRP) 
and S o c i e t e  A f r i c a i n e  des  P e t r o l e s  (SAP), s t a r t e d  e x p l o r a t i o n  i n  1952 and were 
f o l l o w i n g  by B r i t i s h  Petroleum i n  1960, t h e n  by Capagnie F r a n c a i s e  des  P e t r o l e s  
(CEP) i n  1976, and f i n a l l y  by S h e l l  Oil Company which r e l i n q u i s h e d  t h e i r  con- 
c e s s i o n  i n  1977 ( P h i l i p  Woodside, U.S.G.S., w r i t t e n  comun .  1981). The 
onshore  area, n e a r  Dakar h a s  been e x t e n s i v e l y  covered by geophys ica l  su rveys .  
The e n t i r e  s h e l f  area n o r t h  of Gambia h a s  been exp lo red  u s i n g  a dense se i smic  
r e f l e c t i o n  g r i d .  
of Gambia probably  also h a s  been exp lo red  u s i n g  a dense  seismic network. 

Although not  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  t h e  o f f s h o r e  a r e a  
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Seven w e l l s  have been d r i l l e d  i n  t h e  Senegal Bas in  o f f s h o r e  Maur i tan ia .  
Two wells were i n  deep water-one i n  588 m of wa te r  was d r i l l e d  t o  a depth 
of  4,105 m and bottomed i n  Alb ian  r o c k s ,  t h e  o t h e r  i n  over  1,000 m of water  
w a s  d r i l l e d  t o  a t o t a l  depth  of 5,015 m. According t o  P e t r o c o n s u l t a n t s  
( w r i t t e n  commun., 1976), t h e r e  may have been a marked absence  of p o t e n t i a l  
r e s e r v o i r s  i n  much of t h e  p e n e t r a t e d  s e c t i o n .  T h i r t y - s i x  w e l l s  were d r i l l e d  
i n  t h e  area of t h e  Dakar Penninsula  i n  t h e  la te  f i f t i e s  and e a r l y  s i x t i e s  
r e s u l t i n g  'in a number of o i l  and gas  shows i n  M a e s t r i c h t i a n  sands tones .  T h i s  
e a r l y  work a p p a r e n t l y  a l s o  r e s u l t e d  i n  some e a r l y  p roduc t ion  of o i l .  The same 
a u t h o r s  show 15 d r y  h o l e s  d r i l l e d  n o r t h ,  sou th ,  and east of t h e  penninsula ;  a t  
l eas t  t h r e e  of t h e s e  w e l l s  a re  d r i l l e d  t o  basement. Of f shore  of Dakar, on t h e  
s h e l f ,  6 e x p l o r a t o r y  w e l l s  were d r i l l e d  and abandoned p r i o r  t o  1970-the deepes t  
of t h e s e  was d r i l l e d  t o  4,271 m. The resu l t s  of t h e s e  o f f s h o r e  tests were no t  
d i s c l o s e d  bu t  i t  i s  suspec ted  t h a t  J u r a s s i c  r e e f s  were t a r g e t s .  I n  Gambia two 
w e l l s  have been d r i l l e d  onshore  n e a r  t h e  c o a s t .  I n  t h e  deeper  of t h e  wells 
( t h e  Brikama-1 w e l l ) ,  ga s  shows were r e p o r t e d  from t h e  Albian-Cenomanian and 
Ap t i an  s e c t i o n s  ( P e t r o c o n s u l t a n t s ,  w r i t t e n  commun. 1976).  On t h e  s l o p e  
o f f s h o r e  of  Gambia, t h e  Jammah-1 w e l l  w a s  completed t o  3,020 m and r e p o r t e d  as 
d r y  ( P e t r o c o n s u l t a n t s ,  w r i t t e n  commun. 1976). I n  Senegal ,  s o u t h  of Gambia 
a t  least 15 deep wells and o t h e r  sha l low wells were d r i l l e d  on t h e  s h e l f  and 
c o a s t a l  p l a i n  and 1 on t h e  s lope .  I n  Guinea B i s sau ,  4 w e l l s  have been d r i l l e d  
on t h e  s h e l f  and 1 on t h e  s l o p e .  P e t r o c o n s u l t a n t s  ( v r i t t e n  commun., 1976) 
r e p o r t s  t h a t  most of t h e  w e l l s  d r i l l e d  s o u t h  of Gambia were d r y  excep t  on 
t h e  s h e l f  n e a r  t h e  Senegal-Guinea B i s sau  boundary where r e s e r v e s  of heavy 
o i  1 were found . 

The heavy o i l  d e p o s i t s  p e n e t r a t e d  on t h e  Senegal  s h e l f  are  a t  dep ths  of less 
t h a n  1,000 m i n  Ol igocene  a g e  rocks  above sha l low piercement t y p e  s a l t  domes. 
Estimates v a r y  as t o  t h e  amount of heavy o i l  d i scove red .  
w r i t t e n  commun., 1981) r e p o r t s  a n  e s t i m a t e d  100 b i l l i o n  barrels of o i l  i n  
p l a c e ,  whereas,  P e t r o c o n s u l t a n t s  ( w r i t t e n  commun., 1976)  r e p o r t s  1 b i l l i o n  
b a r r e l s  w i thou t  s p e c i f y i n g  whether t h i s  r e f e r s  t o  in-p lace  o i l  o r  p o t e n t i a l l y  
r e c o v e r a b l e  o i l .  A f e a s i b i l i t y  s tudy  i n v o l v i n g  t h e  a p p l i c a b i l i t y  of s t i m u l a t i o n  
methods, i s  be ing  p repa red  by f o r e i g n  c o n t r a c t o r s ;  t h e  p r o j e c t  i s  be ing  sponsored 
by the World Bank. 

. 
P h i l i p  Woodside (U.S.G.S., 

Pe t ro leum p o t e n t i a l  

Major e x p l o r a t i o n  a c t i v i t y  f o r  o i l  and gas  i n  t h e  Senegal  Bas in  ceased  i n  
abou t  1977 f o l l o w i n g  comple t ion  of t h e  Cayor-1 w e l l  l o c a t e d  o f f s h o r e  of n o r t h e r n  
Senegal  n e a r  t h e  s h e l f  edge. T h i s  cu lmina ted  a t  l eas t  25 y e a r s  of i n t e n s e  
e x p l o r a t i o n  d u r i n g  which o v e r  83 w e l l s  were d r i l l e d .  
of small amounts of o i l  from t h e  Dakar P e n n i s u l a  i n  t h e  e a r l y  1960's and t h e  
d i s c o v e r y  o f f s h o r e  of heavy o i l  d e p o s i t s  above s a l t  i n t r u s i o n s ,  no s i g n i f i c a n t  
d i s c o v e r i e s  of o i l  or gas  have been made. 

Except for t h e  p roduc t ion  

Based on t h e  i n t e n s i t y  of p a s t  e x p l o r a t i o n  e f f o r t s ,  w e  can  assume t h a t  
most of t h e  l a r g e  s t r u c t u r e s ,  a t  least  t h o s e  t h a t  can  be found by seismic r e f l e c -  
t i o n  methods, have been t e s t ed - -expec ia l ly  i n  t h e  area of t h e  Dakar Penn insu la  
where much of t h e  d r i l l i n g  was c o n c e n t r a t e d  and where numerous o i l  and gas  shows 
were r e p o r t e d .  These shows and heavy o i l  d i s c o v e r i e s  i n d i c a t e  t h a t  sou rce  rocks  
c a p a b l e  of producing pe t ro leum e x i s t  w i t h i n  t h e  b a s i n  and ,  perhaps ,  small 
d i s c o v e r i e s  w i l l  be made i n  t h e  f u t u r e .  
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We can only s p e c u l a t e  as  t o  t h e  reasons  f o r  t h e  appa ren t  absence of major 
p r o d u c i b l e  hydrocarbon accumula t ions  i n  t h e  Senegal Basin. The l i t e r a t u r e  does 
n o t  c o n t a i n  d e s c r i p t i o n s  of major s t r u c t u r e s  i n  t h e  bas in .  S c a r c i t y  of major 
s t r u c t u r e s  i n  a n  A t l a n t i c  type  marg ina l  b a s i n  is c o n s i s t e n t  w i th  resu l t s  ob ta ined  
from s e i s m i c  r e f l e c t i o n  su rveys  i n  o t h e r  p a r t s  of t h e  world such as o f f s h o r e  e a s t e r n  
United S t a t e s  and t h e  Nova S c o t i a  s h e l f  o f f s h o r e  of Canada (Mat t i ck ,  1978). Except 
d u r i n g  t h e i r  e a r l y  h i s t o r y ,  when v e r t i c a l  b lock  f a u l t i n g  and t h e  format ion  of h o r s t  
and graben s t r u c t u r e s  i s  p r e v a l e n t ,  t h e  predominant s t r u c t u r a l  s t y l e  of A t l a n t i c  
t y p e  margins invo lves  g e n t l e ,  seaward d ipp ing  beds. Because t h e  bas ins  on t h e s e  
margins a r e  formed by t e n s i o n a l ,  r a t h e r  than  compress iona l  f o r c e s ,  and by s imple  
basement subs idence ,  s i g n i f i c a n t  f o l d i n g  of s t ra ta  does not occur.  S t r u c t u r e s  
i n  t h e  younger part of t h e  s e c t i o n  ( i n  t h i s  case post-Upper J u r a s s i c )  w i l l  
p robably  be l i m i t e d  t o  piercement type  s t r u c t u r e s  such as might be caused by 
s a l t ,  s h a l e ,  o r  v o l c a n i c  i n t r u s i o n s .  Growth f a u l t s  nea r  t h e  s h e l f  margin a r e  
a l s o  common f e a t u r e s  of A t l a n t i c  t y p e  margins.  

Another f a c t o r  t h a t  must be cons ide red  is  t h e  thermal  ma tu ra t ion  of s o u r c e  
rock. Although d e t a i l e d  geochemical a n a l y s i s  of subsu r face  sC.aples  from t h e  
Senegal  Basin are  n o t  a v a i l a b l e ,  w e  can  s p e c u l a t e  on t h e  m a t u r i t y  of t h e  sed i -  
ments based on data a v a i l a b l e  from o t h e r  A t l a n t i c  t ype  margins.  I n  o f f s h o r e  
b a s i n s  of e a s t e r n  United S t a t e s ,  peak thermal  ma tu ra t ion  w i t h  r e s p e c t  t o  o i l  
does not occur  above depths  of abou t  4.5 km (Mat t i ck ,  1980)-the approximate 
dep th  of t h e  deepes t  wells d r i l l e d  on t h e  area o f f s h o r e  of Senegal.  I n  t h i s  
r e s p e c t ,  A t l a n t i c  ' t y p e  margins are cons ide red  t o  be co ld  margins. D i scove r i e s  
of o i l  i n  Senegal  a r e  l i m i t e d  t o  t h e  Dakar P e n i n s u l a s ,  where T e r t i a r y  v o l c a n i c  
a c t i v i t y  has  been r e p o r t e d ,  and t o  areas of s a l t  i n t r u s i o n .  Both of t h e s e  
mechanisms, v o l c a n i c  a c t i v i t y  and s a l t  i n t r u s i o n ,  i n v o l v e  l o c a l  g e n e r a t i o n  of 
h e a t  and l o c a l  rise of t h e  geothermal g r a d i e n t .  The above d i s c u s s i o n  s u g g e s t s  
t h a t  o i l  g e n e r a t i o n  i n  t h e  Senegal  Bas in  may be a l o c a l  r a t h e r  t han  widespread 
phenomenon. 

S i g n i f i c a n t  q u a n t i t i e s  of hydrocarbons may have been genera ted  i n  t h e  deepe r  
p a r t s  ( J u r a s s i c )  of t h e  sed imentary  s e c t i o n  where they  have been s u b j e c t e d  t o  
h i g h e r  t empera tu res .  This  . p a r t  of t h e  sed imentary  s e c t i o n ,  probably c o n t a i n s  
mainly c o n t i n e n t a l l y  de r ived  o r g a n i c  matter and ,  t h e r e f o r e ,  would be m o r e  
l i k e l y  t o  g e n e r a t e  gas t h a n  o i l .  However; shale beds t h a t  r e f l e c t  l a c u s t r i n e  
d e p o s i t i o n  could  be good s o u r c e  r o c k s  f o r  o i l .  

I n  deep-water areas t r a p s  may occur  above h o r s t  s t r u c t u r e s  w i t h  a s s o c i a t e d .  
drape-over of c las t ic  rocks ,  i n  backree f ,  r e e f ,  and f o r e r e e f  f a c i e s  a s s o c i a t e d  
w i t h  a J u r a s s i c  ca rbona te  p l a t fo rm,  and i n  Cre t aceous  t u r b i d i t e s .  The deep 
water areas 0200 m water depth)  of t h e  Senega l  Bas in  are r e l a t i v e l y  unexplored; 
s p a r c e  d r i l l i n g ,  however, i n d i c a t e s  a l a c k  of r e s e r v o i r  rock. 
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G U I N E A  TO ST. PAUL FRACTURE ZONE 

Geologica l  s e t t i n g  

Between t h e  Guinea and S t .  Pau l  f r a c t u r e  zones ( f i g .  l ) ,  t h e  Con t inen ta l  
She l f  and a s s o c i a t e d  ba thymetr ic  con tour s  g e n e r a l l y  t r e n d  i n  a northwest d i r ec -  
t i o n ;  b u t ,  where t h e  Guinea f r a c t u r e  zone i n t e r s e c t s  t h e  c o n t i n e n t a l  margin, 
t h e  g e n e r a l  t r e n d  is  i n t e r r u p t e d  and t h e  200 m ba thymetr ic  contour  t r e n d s  i n  
a n  east-west d i r e c t i o n .  A similar, bu t  more subdued change i n  t r e n d ,  i s  seen  
where t h e  S i e r r a  Leone and S t .  P a u l  f r a c t u r e  zones i n t e r s e c t  t h e  margin. These 
f r a c t u r e  zones extend westward t o  t h e  Mid-Atlantic Ridge and t h e i r  p a t t e r n  wi th  
r e s p e c t  t o  th$  c o a s t  i s  due t o  c o n t r o l  by sea - f loo r  spreading .  
zones ,  topographic  r e l i e f  on t h e  basement s u r f a c e  i s  expressed  by v a l l e y s  and 
r i d g e s  and they  have a c t e d  e i t h e r  a s  l o c i  f o r  i n t r u s i o n s  o r  as a mechanism f o r  
j ux tapos ing  c o n t r a s t i n g  rocks .  Along t h e  Guinea f r a c t u r e  zone, t h e  con tac t  
between ocean ic  and con t inen ta l - type  basement rocks  a re  o f f s e t  by about  300 km 
( f i g .  18). Much of t h e  area seems t o  have been in f luenced  by t e n s i o n a l  f o r c e s  
c r e a t e d  i n  L a t e  T r i a s s i c - E a r l y  J u r a s s i c  t i m e  du r ing  r i f t i n g  of Af r i ca  and North 
America. However, i n  t h e  a r e a  o f f  e a s t e r n  L i b e r i a ,  t h e  margin appears  t o  have 
formed d u r i n g  Late Ju ras s i c -Ea r ly  Cre taceous  t i m e  d u r i n g  s e p a r a t i o n  of Af r i ca  
and South American (Sch lee  and o t h e r s ,  1974) .  

Along t h e  f r a c t u r e  

The change i n  geology from t h e  Senegal  Bas in  t o  t h e  area o f f s h o r e  of Guinea 
i s  shown i n  F i g u r e  19. I n  t h e  Senegal  Basin,  t h e  o u t e r  s h e l f  and s l o p e  are 
u n d e r l a i n  by a t h i c k  s e c t i o n  of Cre t aceous - Ju ras s i c  rocks  t h a t  r e p r e s e n t  a 
Mesozoic ca rbona te  p la t form.  S a l t  domes probably o r i g i n a t e d  from a n  e v a p o r i t e  
l a y e r  a t  t h e  base of t h e  Mesozoic c a r b o n a t e  sequence a t  8-10 km below sea  l e v e l  
(Lehner  and De R u i t e r ,  1976) .  It i s  not  known whether  Pa leozo ic  sediments  under- 
l i e  t h e  t h i c k  Mesozoic sequence n e a r  t h e  Mesozoic s h e l f  edge. I n  c o n t r a s t ,  o f f -  
s h o r e  of Guinea,  a much t h i n n e r  Mesozoic s e c t i o n ,  r ep resen ted  c h i e f l y  by rocks  
of  Cre taceous  age ,  o v e r l i e s  more t h a n  2 km of P a l e o z o i c  sedimentary rocks.  

There  i s  l i t t l e  d e t a i l e d  in fo rma t ion  con ta ined  i n  t h e  l i t e r a t u r e  on t h e  
sed imentary  and s t r u c t u r a l  a s p e c t s  of t h e  s h e l f ,  s l o p e ,  and r ise  o f f s h o r e  of 
S i e r r a  Leone and L i b e r i a .  The C o n t i n e n t a l  She l f  i n  t h e  area narrows from more 
t h a n  140 k m  wide i n  no the rn  S i e r r a  Leone t o  a n  a v e r a g e  width of 35 km off  
L i b e r i a  ( f t g .  1 ) .  I n  g e n e r a l ,  t h e  Cre taceous-Ter t ia ry  s e c t i o n  on t h e  C o n t i n e n t a l  
She l f  i s  t h i n .  A s i n g l e  seismic r e f r a c t i o n  p r o f i l e  recorded on t h e  s h e l f  of 
S i e r r a  Leone by Sher idan  and o t h e r s  (1969) shows a seaward th i cken ing  wedge of 
Cre taceous  sed imentary  rocks  t h a t  r eaches  a maximum t h i c k n e s s  of about  2 km 
a t  t h e  s h e l f  edge. Based on 6 seismic r e f l e c t i o n  p r o f i l e s ,  Sch lee  and o t h e r s  
(1974)  show t h e  Cre taceous-Ter t ia ry  s e c t i o n  on most of t h e  s h e l f  o f f  nor thwes tern  
L i b e r i a  t o  be less t h a n  1 / 2  km t h i c k .  
l i e s  t h e  lower s l o p e  and rise. 

A much t h i c k e r  sed imentary  s e c t i o n  under- 

The sha l low p e n e t r a t i o n  seismic r e f l e c t i o n  su rveys  by McMaster and o t h e r s ,  
(1970)  and  S c h l e e  and o t h e r s ,  (1974) sugges t  a complex f au l t -b lock  s t r u c t u r e  w i t h  
sediment  t h i c k n e s s e s  i n c r e a s i n g  t o  o v e r  4 k m  on t h e  s l o p e  and r i se  ( f i g s .  20 and 
21) .  
t r o l l e d  basin under  t h e  s h e l f  w i t h  t h i c k n e s s e s  of Sedimentary rock i n c r e a s i n g  
seaward (Sch lee  and o t h e r s ,  1974).  The small f a u l t - c o n t r o l l e d  b a s i n s  t r end  both 
p a r a l l e l  t o  t h e  s h e l f  and ob l ique  t o  t h e  s h e l f  inargin. 

Off Monrovia, as much as 5 km of sed imentary  rock  may occupy a f a u l t  con- 

c 
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F i g u r e  18. Schematic diagram of t e c t o n i c  f e a t u r e s  i n  s o u t h e r n  Senegal  B a s i n ,  
A f r i c a .  Modif ied from Lehner  and D e  R u i t e r  (1976).  
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F i g u r e  19. -- Schemat ic  s e c t i o n s  r e p r e s e n t i n g  seismic p r o f i l e s  a c r o s s  
S e n e g a l  Basin. Y o d i f i e d  from Lehner  and De R u i t e r  ( 1 9 7 6 ) .  
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F i g u r e  20. Schematic  maps of s t r u c t u r a l - s t r a t i g r a p h i c  framework of t h e  c o n t i n e n t a l  
margins of L i b e r i a  (above) and S i e r r a  Leone (below).  
modi f ied  from S c h l e e  and o t h e r s  ( 1 9 7 4 )  and t h e  l a t t e r  is modif ied 
from NcNaster and o t h e r s  (1970).  

The former i s  
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Figure 21. Shallow structure and stratigraphy of the Liberian continental 
margin. From Schlee and others ( 1 9 7 4 ) .  
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S t r a t i g r a p h y  

Four e x p l o r a t o r y  w e l l s  were d r i l l e d  on t h e  s h e l f  o f f  L i b e r i a  i n  1971-three 
o f f  Monorovia and a n o t h e r  150 km s o u t h e a s t  ( C o r t e s i n i  and Minner, 1972).  The 
h o l e s  ranged from 1,678 t o  3,172 m deep and bottomed i n  v o l c a n i c  rocks  of 
J u r a s s i c  age ,  o r  sed imentary  rocks  of E a r l y  Cre taceous  a g e ,  o r  sands tone  i n f e r r e d  
t o  be of P a l e o z o i c  a g e  ( S c h l e e  and o t h e r s ,  1974). 

The o l d e s t  sed imentary  rocks  p e n e t r a t e d  c o n s i s t  of l imes tone ,  o r t h q u a r t z i t e ,  

Onshore lower Pa leozo ic  clastic rocks  reach  a t h i c k n e s s  of 2 km 
and redbeds  of s h a l e  and sands tone  and are of E a r l y  Devonian age  based on spore  
a n a l y s i s .  
(Ayme,  1965). 
i n d i c a t e s  t h i t  Pa l eozo ic  rocks  do n o t  ex tend  much f u r t h e r  seaward than  t h e  s h e l f -  
s l o p e  break. T h i s  f i t s  w e l l  w i t h  t h e  i d e a  of c o n t i n e n t a l  breakup dur ing  Mesozoic 
t i m e .  
b a s a l t  f l ows  of E a r l y  Cre taceous  and J u r a s s i c  age. The f lows  a re  more than  470 m 
t h i c k .  The Cre taceous  s e c t i o n ,  most of which is Lower Cre taceous  (Albfan and o l d e r ) ,  
c o n s i s t s  mainly of s h a l e  and sands tone  and ranges  in t h i c k n e s s  from 450 t o  1,940 m 
where p e n e t r a t e d  i n  w e l l s .  

The work of She r idan  and o t h e r s  (1969) and Lehner and DeRuiter (1976) 

The P a l e o z o i c  rocks  are  i n t r u d e d  by d i k e s  and s i l l s ,  and a re  o v e r l a i n  by 

Some beds c o n t a i n  abundant carbon f ragments  i n t e r -  
bedded w i t h  
d e p o s i t i o n .  
o v e r l i e  t h e  
340 m where 

marine s h a l e s  and t h e  f o s s i l s  i n d i c a t e  a lagoon o r  bay environment of 

o l d e r  rocks  a t  one w e l l  s i te .  The Cenozoic s e c t i o n  ranges  from 160- 
d r i l l e d  and c o n s i s t s  of s h a l e ,  l imes tone ,  and sands tone .  

Thin  (214 m )  Uppzr Cre t aceous  sands tone  and s h a l e  unconformably 

P a s t  exDlo ra t ion  
c 

P e t r o c o n s u l t a n t s  ( w r i t t e n  commun., 1981) has  summarized e x p l o r a t i o n  o f f s h o r e  
of S i e r r a  Leone and L i b e r i a .  Off S i e r r a  Leone, no wells have been d r i l l e d  as 
of Janua ry  1981 and a 2,500 km seismic r e f l e c t i o n  survey  r e p r e s e n t s  i n d u s t r y ' s  
r e c e n t  e x p l o r a t i o n  e f f o r t s .  
c u r r e n t l y  held--the last o f f s h o r e  r i g h t s  were r e l i n q u i s h e d  in 1979 o r  e a r l y  1980. 
Four w e l l s  ( d i s c u s s e d  p r e v i o u s l y  i n  t h i s  r e p o r t )  were d r i l l e d  and a l l  were r e p o r t e d  
as  dry .  The last seismic su rvey  completed by i n d u s t r y  o f f s h o r e  of L i b e r i a  was i n  
1972. 

I n  L i b e r i a ,  no petroleum r i g h t s  a re  known t o  be 

Pe t ro leum p o t e n t i a l  

No hydrocarbon shows of any  k i n d  have been r e p o r t e d  from e i t h e r  S i e r r a  
Leone o r  L ibe r i a '  and i n d u s t r y  has shown l i t t l e  i n t e r e s t  i n  t h e  area. 
deep-water d i s c o v e r i e s  o f f s h o r e  of nearby I v o r y  Coas t ,  however, could  renew 
i n d u s t r y  i n t e r e s t .  

Recent 

P r o s p e c t s  f o r  f i n d i n g  hydrocarbon accumula t ions  on t h e  C o n t i n e n t a l  She l f  
a r e  poor. The wid th  of t h e  s h e l f  a v e r a g e s  a b o u t  35 km i n  t h e  s o u t h e a s t  p a r t  
of t h e  area and t h e  Mesozoic s e c t i o n  i s  t h i n  ( g e n e r a l l y  <2 km)-probably t o o  
t h i n  f o r  thermal  m a t u r a t i o n  w i t h  r e s p e c t  t o  pe t ro leum t o  have occurred .  
h igh  h e a t  f low rates  i n  E a r l y  Cre t aceous  t i m e ,  however, could  have r e s u l t e d  i n  
t h e  m a t u r a t i o n  of Lower Cre taceous  mar ine  s h a l e  where depos i t ed  w i t h i n  small 
b lock  f a u l t e d  b a s i n s .  
b reak ,  appea r s  t o  have l i t t l e  p o t e n t i a l  a s  proved by e x p l o r a t i o n  t o  t h e  n o r t h  
i n  t h e  Taoudeni Bas in  and t o  t h e  east i n  t h e  Vol ta  Basin. 

P o s s i b l e  

the P a l e o z o i c  section, probably  l i m i t e d  by t h e  s h e l f - s l o p e  

P r o s p e c t s  f o r  d e e p w a t e r  a r e a s ,  where t h e  Cre taceous-Ter t ia ry  s e c t i o n  is 
more t h a n  4 km t h i c k ,  cou ld  be b e t t e r  t h a n  t h o s e  of t h e  s h e l f .  Here, sed iments  
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were probably deposited directly on oceanic crust. 
however, may consist mainly of fine-grained clastics and lack reservoir potential. 
This is in contrast to similar age sediments deposited off the Ivory Coast. Off 
the Ivory Coast, fracture zones probably acted as a funneling mechanism whereby 
coarse-grained sediments were deposited on the slope and rise during Cretaceous 
and Tertiary time. 

These sedimentary rocks, 

The supposition that fine-grained, rather than coarse-grained, rocks under- 
lie deep water areas is somewhat supported by geological evidence. The Farming- 
ton River Formation of Early Cretaceous age crops out onshore in Liberia and 
consists of massive graywacke with coarse clastics and conglomerates. Where 
penetrated on-the shelf, however, similar age rocks consist of a finer-grained 
marine facies. If, however, sediments moved down slope along the axis of 
submarine canyons located on the slope, cbarse-grained sediments may have 
bypassed the shelf and been deposited directly on the rise during Cretaceous 
time . 

Traps on the shelf and in deep water areas could be assoc:lted with Lower 
and Upper Cretaceous clastics draped over tilted fault blocks with interbedded 
or overlying marine shales acting as the source material. 
(on the shelf) and Lower Cretaceous clastics preserved in tilted blocks with 
source rock in and sealed by overlying Cretaceous or Tertiary shales are potential 
traps. 

Paleozoic reservoirs 

GULF OF GUINEA (EXCLUDING NIGER DELTA) 

A l l  current oil and gas production of the ECOWAS region considered in 
this report is from the Gulf of Guinea (fig. 1). 
of the Niger Delta, which will be discussed in the followingsection of this 
report, the amount of petroleum produced to date (Oct. 1981), is relatively 
small. Ghana's Saltpond field with proved reserves of 7 million barrels of 
oil, started production in late 1978 and it produced about 3,500 barrels of 
oil per day in 1979 (Auldridge, 1979). The Seme oil field, offshore of Benin, 
is still in the development stage. Production from the Belier field, offshore 
Ivory Coast, began in mid-1979 and is presently about 3,00? barrels of oil per 
day. Total production, therefore, from the Gulf of Guinea excluding the Niger 
Delta is about 6,500 barrels per day. 

However, with the exception 

Benin's Seme field is a typical example of a marginal oil field which--as a 
result of rapid1y"increasing oil prices--became commericial (Glenne, 1981). The' 
field was discovered in 1968 but was not profitable to develop at that time. The 
production of heavy crude oil (22O gravity) is expected to begin by the end of 
1982 (Glenne, 1981). 

Ivory Coast's Belier field was discovered in 1975--like Seme field, the rising 
crude oil prices have played a major part in bringing it into production (Oil and 
Gas Journal, 1981). 
in 1980. 
to rise to about 10,000 barrels per day (Oil and Gas Journal, 1981). 

Belier field was discovered in 1975 and was put on production 
Present production of about 3,000 barrels of 33"-gravity crude is expected 

c 

The most recent discovery (April 1980) is Ivory Coast's Espoir field. The 
initial discovery was 21 km offshore in about 360 m of water (on the Continental 
Slope). 
2,900 to 4,915 barrels of oil per day between depths of 2,008 and 2,152 m. A 
stepout well, located in about 485 m of water and about 4 km southeast of the 
discovery well, was reported to have penetrated oil-bearing sands which appeared 

On initial test, oil flowed from the discovery well at a rate of 
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t o  be e q u i v a l e n t  t o  some of t hose  p e n e t r a t e d  i n  t h e  d iscovery  w e l l  (Oil and 
Gas J o u r n a l ,  1981). T h e  d i scove ry  w e l l  is be l i eved  capable  of producing 20,000 
b a r r e l s  of o i l  p e r  day and t h e  f i e l d  could  have producib le  r e se rves  of 500 
m i l l i o n  b a r r e l s  ( O i l  and Gas J o u r n a l ,  1981). Water depths  above t h e  f i e l d  
range  from about  250 t o  730 m. 

Geolonic  s e t t i n n  

I n  t h e  a r e a  between t h e  S t .  P a u l  f r a c t u r e  zone and t h e  Niger Delta a re  t h e  
I v o r y  Coas t  o r  Tan0 Basin,  w i th  i t s  onshore e x t e n s i o n  c a l l e d  t h e  Abijan Bas in ,  
and  t h e  Dahomgy or Keta Basin ( f i g s .  1 and 16).  I n  t h e  o f f s h o r e ,  t h e  I v o r y  
Coast  Bas in  ex tends  from s o u t h e a s t  L i b e r i a  t o  sou th -cen t r a l  Ghana and i s  bounded 
t o  t h e  west by t h e  S t .  Pau l  f r a c t u r e  zone o r  t h e  Cape Palmas  Escarpment and t o  
t h e  east by t h e  Romanche f r a c t u r e  zone or t h e  Ivo ry  Coast Escarpment (fig. 1). 
The Dahomey Basin ex tends  south-southwest from the  Ghana, Togo, Benin, and N i g e r i a  
c o a s t a l  p l a i n  where Ter t ia ry-Cre taceous  sedimentary rocks  are exposed. 

F r a c t u r e  zones and f a u l t s  have determined t h e  shape of t h e  bas ins  i n  t h e  area. 
The Chain,  Romanche, and S t .  P a u l  f r a c t u r e  zones,  t r ans fo rm f a u l t s  t h a t  ex tend  t o  
t h e  Mid-Atlantic Ridge, i n t e r s a c t  t h e  c o n t i n e n t a l  margin and de termine  i t s  t r e n d  
( f i g .  1). The t h i c k  sed imentary  wedges of t h e  Ivo ry  Coast  and t h e  Dahomey Bas ins  
are l i m i t e d  t o  t h e  n o r t h  by major f a u l t s  ( f i g s .  22 and 23). North of t h e  major 
f a u l t  i n  t h e  Ivo ry  Coast  t h e  sed imentary  rocks  a r e  t h i n  and cover  Precambrian base- 
ment rocks  (Arens and o t h e r s ,  1970); s o u t h  of t h e  f a u l t ,  which has  throw i n  excess  
o f  5 km, (Del te i l  and de Spengler ,  1966)  t h e  Cre taceous  s e c t i o n  on t h e  s l o p e  and 

s h o r e  of Benin ( fo rmer ly  Dahomey), t h e  sedimentary wedge may exceed 4 km i n  th i ck -  
nes s  i n  t h e  Dahomey Bas in  ( f i g .  23). 

r i se  probably  exceeds 8 km i n  t h i c k n e s s  ( f i g .  22). South of t h e  major f a u l t  o f f -  L 

Between t h e  Ivo ry  Coast  and Dahomey Basins, i n  t h e  deep waters o f f  Ghana, 
a major  s t r u c t u r a l  f e a t u r e  is r e p r e s e n t e d  by t h e  Takoradi  h igh ,  a subsided 
s h o u l d e r  of t h e  Precambrian c o n t i n e n t a l  p l a t f o r m  of Ghana. Th i s  f e a t u r e  is 
l i m i t e d  t o  t h e  sou th  by t h e  west-southwest t r e n d i n g  I v o r y  Coast  Escarpment 
( p o s s i b l y  connected w i t h  t h e  Romanche f r a c t u r e  zone) and toward t h e  n o r t h e a s t  
by t h e  Accra f a u l t  which c r o s s e s  Precambrian basement ou tc rops  nea r  t h e  Togo- 
Ghana boundary ( f i g .  24). 

Seismic  r e f l e c t i o n  su rveys  i n d i c a t e  t h a t  no n o t i c e a b l e  s t r u c t u r a l  deformat ion  
occur s  i n  t h e  shallow sedimentary s e c t i o n  i n  t h e  Gulf of Guinea. 
Arens and o t h e r s  (1970) concluded t h a t  no d i a p i r i c  phenomena ex is t  and, conse- 
q u e n t l y ,  no s a l t  fo rma t ions  such as are known i n  t h e  Senegal  Basin.  

From t h i s  f a c t ,  

S t r a t i g r a p h y  

Pre-Mesozoic--Devonian fo rma t ions  c o n s i s t i n g  o f ,  f o s s i l i f e r o u s  sands tones  
and s h a l e s  c r o p  ou t  i n  small s e p a r a t e d  remnants i n  c o a s t a l  areas of Ghana. I n  
o u t c r o p s  n e a r  Takoradi ,  pre-Mesozoic rocks  c o n s i s t  c h i e f l y  of sands tone  (300 m) 
w i t h  some p y r i t i c  and bi tuminous s h a l e s .  Oil bea r ing ,  pre-Mesozoic rocks ,  up t o  
540 m t h i c k ,  have been p e n e t r a t e d  in e x p l o r a t i o n  wells o f f  Ghana and Togo. Here 
t h e  s e c t i o n  c o n s i s t s  of sands and s h a l e s  and some l imes tones  of probable  Devonian 
age.  Pre-Mesozoic rocks  a r e  probably  l i m i t e d  t o  t h e  C o n t i n e n t a l  Shelf  i n  t h e  
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Dahomey Basin;  rocks of similar age  have not been r epor t ed  i n  t h e  Ivory  Coast 
' area. The pre-Mesozoic s e c t i o n  is  o v e r l a i n  unconformably by Mesozoic age  rocks  

t h a t  r e p r e s e n t  d e p o s i t i o n  fo l lowing  c o n t i n e n t a l  breakup. 

I n  g e n e r a l ,  fo l lowing  c o n t i n e n t a l  breakup,  t h e  e n t i r e  sedimentary s e c t i o n  
r e p r e s e n t s  cont inued subs idence  through t h e  T e r t i a r y .  The i n f l u e n c e  of t h e  major 
f r a c t u r e  zones i s  impor tan t  because of t h e i r  sediment-damming e f f e c t  (Arens and 
o t h e r s ,  1970) .  According t o  Emery and o t h e r s  (1974) ,  t h e  graberis (basement lows 
between t r a n s l a t i o n  zones)  a c t e d  as  c o n d u i t s  t o  funne l  sediment w e s t w a r d ;  whereas,  
t h e  h o r s t s  ( r i d g e s )  a c t e d  as  dams t o  s o u t h e r l y  sediment t r a n s p o r t .  Th i s  
r e s u l t e d  i n  two major depocenters  s e p a r a t e d  by t h e  Ivo ry  Coast escarpment.  

Basal Mesozoic--Grabens, formed dur ing  e a r l y  s t a g e s  of c o n t i n e n t a l  breakup,  
r ece ived  s u b s t a n t i a l  amounts of c o n t i n e n t a l  o r  l a c u s t r h e  sediments .  The graben- 
f ill c o n s i s t s  of coarse-grained clastics w i t h  conglomerates ,  and coarse-grained 
sands tones  a l t e r n a t i n g  wi th  v a r i e g a t e d  s h a l e s  (Reyre,  1966; De l t e i l  and d e  Speng le r ,  
1966) .  T h i s  s e c t i o n  is r e p o r t e d  t o  be over  2,000 m t h i c k  i n  t h e  e a s t e r n  p a r t  of 
t h e  I v o r y  Coast Bas in  and a t  least 472 m t h i c k  i n  t h e  wes tern  p a r t  of t h e  b a s i n  
(Arens and o t h e r s ,  1970) .  The microfauna i n d i c a t e  a La te  J u r a s s i c  t o  E a r l y  
Cre taceous  age  (Arens and o t h e r s ,  1970) .  Furon (1960) and Reyre (1966) sugges t  
t h a t  i t  i s  p o s s i b l e  t o  p o s t u l a t e  a n  earlier d a t e  of sed imenta t ion  but  t h i s  seems 
u n l i k e l y .  According t o  Arens and o t h e r s ,  (1970)  t h i s  b a s a l  series of sedimentary 
rocks  may con t inue  down t h e  s l o p e  and rise t o  a major f a u l t  on t h e  C o n t i n e n t a l  
R i s e  ( f i g .  24). 

Lower Cretaceous-Lower Cre taceous  sed imentary  rocks  (Albian-Aptian) o v e r l i e  
t h e  basal series w i t h  marked unconformity and r e p r e s e n t  sediments  depos i t ed  a f t e r  
t h e  ocean opened. I n  t h e  e a s t e r n  r e g i o n  of t h e  I v o r y  Coast Bas in ,  t h e  Lower 

and de Spengler ,  1966; Arens and o t h e r s ,  1970) .  I n  t h e  c e n t r a l  p a r t  of t h e  . 
I v o r y  Coas t  Basin,  sou th  of t h e  major  f a u l t  t h a t  ex tends  a l o n g  t h e  she l f - s lope  
b reak  ( f i g .  22) ,  t h e  lower p a r t  of t h e  s e c t i o n  c o n s i s t s  of b l ack  laminated 

' 

s h a l e s  w i t h  more or less abundant i n t e r c a l a t i o n s  of sands.  The upper p a r t  i s  
composed mainly of coarse-grained sands tone ,  grey  s h a l e s ,  and b l ack  lamina ted  
s h a l e s .  The Lower Cre taceous  s e c t i o n  is  ove r  2,500 m t h i c k  and appea r s  t o  be 
o rgan ic - r i ch  ( P e t r o c o n s u l t a n t s ,  w r i t t e n  commun., 1976).  The Lower Cre taceous  
s e c t i o n  probably  c o n t a i n s  sou rce  rock  tha t  gene ra t ed  much of t h e  o i l  and gas  
found in the I v o r y  C o a s t  and Dahomey Basins. 

Cretaceous  s e c t i o n  i s  r e p r e s e n t e d  by c o a r s e  d e t r i t a l  sed imenta t ion  ( D e l t e i l  c 

Upper Cretaceous-The Upper Cre t aceous  s e c t i o n  is as much as 1,000 m 
t h i c k .  I n  t h e  c e n t e r  of t h e  I v o r y  Coast Bas in ,  Cenomanian d e p o s i t i o n  is 
r e p r e s e n t e d  by f l u v i a t i l e  conglomerates  and sands tones ,  and Senonian through 
Turonian  d e p o s i t i o n  i s  r e p r e s e n t e d  by clastic r o c k s  c o n t a i n i n g  g rave l .  Toward 
t h e  wes te rn  ex t r emi ty  of t h e  I v o r y  Coas t  Bas in ,  t h e  Senonian through Turonian 
s e c t i o n  c o n s i s t s  of mainly s h a l e ,  and i n  t h e  east, of beach d e p o s i t s .  

Ter t iary-Paleocene d e p o s i t s  unconformably o v e r l i e  Upper Cre taceous  d e p o s i t s  
i n  t h e  I v o r y  Coast  Basin.  
Ol igocene  a g e  d e p o s i t s  are miss ing  i n  p l a c e s  where a d isconformi ty  s e p a r a t e s  
Eocene from Miocene age  rocks .  
mainly of g l a u c o n i t i c  s h a l e s  and g l a u c o n i t i c  f i n e  c las t ics  w i t h  t h i n  i n t e r b e d s  
of l imes tones  depos i t ed  i n  a near-shore environment.  The upper  p a r t  of t h e  s e c t i o n  

The T e r t i a r y  s e c t i o n  t h e r e  i s  about  1,700 m t h i c k .  

The basal 1,000 m of  t h e  T e r t i a r y  s e c t i o n  c o n s i s t s  
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c o n s i s t s  predominant ly  of c l a y s t o n e  o v e r l a i n  by 50 t o  100 m of coarse-grained sand 
of P l i o c e n e  age.  

Petroleum p o t e n t i a l  

Shows-Shows of o i l  and gas  a re  common throughout  t h e  Gulf of Guinea both  
onshore  and o f f s h o r e .  Numberous shows of o i l  and gas  have been r epor t ed  from 
w e l l s  d r i l l e d  on t h e  c o a s t a l  p l a i n  and C o n t i n e n t a l  She l f  of Ivory  Coas t ,  Ghana, 
Togo, Benin, and Nige r i a  ( P e t r o c o n s u l t a n t s ,  w r i t t e n  commun., 1 9 7 6 ) .  The small 
commercial d i scover ies - Ivory  Coas t ' s  Belier f i e l d ,  Ghana's Sal tpond f i e l d ,  
and Benin ' s  Seme field-have been d i scussed  p r e v i o u s l y ,  a s  has  t h e  p o s s i b l e  major 
d i scove ry  o f f -  I v o r y  Coas t ,  Espo i r  f i e l d .  
Lome-1 w e l l  o f f  Togo, and t h e  Tan0 and Cape Three P o i n t s  wel l l s  o f f  Ghana. 
t h e  Lome-1 w e l l ,  40 barrels of oil flowed over  a 6 hour  per iod  ( P e t r o c o n s u l t a n t s ,  
w r i t t e n  commun., 1 9 7 6 ) .  A t  t h e  Tan0 and Three P o i n t s  s i tes  s i g n i f i c a n t  
amounts of n a t u r a l  gas  flowed b e f o r e  t h e  w e l l s  were shut - in  ( P h i l l i p  Woodside, 
U.S.G.S., w r i t t e n  commun.,). Other  ev idence  of oil i nc ludes  t ' e  a s p h a l t  
ponds of wes te rn  Ghana and t h e  t a r  sands  i n  e a s t e r n  I v o r y  Coast.  I n  a d d i t i o n ,  
s u r f a c e  s e e p s  are common a l l  a l o n g  t h e  c o a s t a l  areas of Ivo ry  Coas t ,  Ghana, 
and Togo. 
(1907-1914) ,  o i l  s t i l l  s t a n d s  a t  t h e  s u r f a c e .  

Other  s i g n i f i c a n t  shows inc lude  t h e  
A t  

I n  some sha l low wells d r i l l e d  by t h e  Nige r i an  Bitumen Corpora t ion  

P rev ious  exploration-According t o  maps of  P e t r o c o n s u l t a n t s  ( w r i t t e n  commun., 
1976;  1 9 8 1 ) ,  90 deep e x p l o r a t o r y  and s t e p o u t  w e l l s  have been d r i l l e d  on t h e  
c o n t i n e n t a l  margin of Ivo ry  Coast ,  Ghana, Togo, and Benin--20 onshore,  68 on 
t h e  o f f s h o r e  s h e l f ,  and 2 on t h e  o f f s h o r e  s lope .  Throughout Ivory  Coast and 
Ghana, 5 5  w e l l s  are spaced somewhat r e g u l a r l y  a l o n g  t h e  e n t i r e  s h e l f  area; 
whereas on t h e  s h e l f  o f f  Benin, 11 w e l l s  were d r i l l e d  on t h e  Seme f i e l d .  On 
t h e  one hand, t h e s e  s ta t is t ics  sugges t  t h a t  on t h e  C o n t i n e n t a l  Shelf  t h e r e  i s  
a low p r o b a b i l i t y  of making l a r g e  new d i s c o v e r i e s .  On t h e  o t h e r  hand, they  
h i g h l i g h t  t h e  f a c t  t h a t  t h e  s l o p e  and rise areas, where t h e  sedimentary s e c t i o n  
r eaches  i t s  maximum t h i c k n e s s ,  are r e l a t i v e l y  unexplored by d r i l l i n g .  

Source rocks--The numerous shows of o i l  and gas  i n d i c a t e  t h a t  hydrocarbons 
have been gene ra t ed  i n  t h e  area. 
gene ra t ed  i n  Lower Cre taceous  o rgan ic - r i ch  s h a l e s .  The o i l  seeps  and s t a n d i n g  
o i l  i n  sha l low w e l l s  d r i l l e d  on ou tc rops  of Cre taceous  rocks  are evidence  t h a t  
t h e  s o u r c e  rocks  are of Cre taceous  r a t h e r  t h a n  T e r t i a r y  age.  I n  a d d i t i o n ,  some 
amounts of o i l  may have been gene ra t ed  from Devonian s h a l e s .  
( f i g .  25) ,  and i n  S i g n a l  10-1 w e l l  (Sa l tpond f i e l d ) ,  oil occurs  i n  Devonian age 
sands tone .  
of 1,300 barrels per  day from Cre taceous  sands tone  and  crude  of 37" API was 
produced a t  t h e  rate of 2,300 barrels p e r  day from Devonian sandstone.  
f e r e n c e  i n  API v a l u e s  could  be i n d i c a t i v e  of g e n e r a t i o n  from d i f f e r e n t  sou rce  rocks .  

A l a r g e  p a r t  of t h e s e  hyi rocarbons  probably was 

I n  t h e  Lome-2 w e l l '  

From t h e  S i g n a l  10-1 w e l l ,  crude of  40' API w a s  produced a t  t h e  ra te  

The d i f -  

Traps-On t h e  C o n t i n e n t a l  S h e l f ,  t r a p s  are l i k e l y  to  be a s s o c i a t e d  w i t h  
t i l t e d  f a u l t  b locks  t h a t  have a f f e c t e d  basement and o v e r l y i n g  Pa leozo ic  and 
Lower Cre taceous  sedimentary rocks  ( f i g .  26). Rese rvo i r s  are l i k e l y  t o  be 
found i n  P a l e o z o i c  sands tone  s e a l e d  by o v e r l y i n g  Lower Cretaceous s h a l e s  and i n  
b a s a l  Mesozoic coarse-grained,  c o n t i n e n t a l l y  d e r i v e d  sands tone  and conglomerate .  
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Figure 25. Stratigraphic cross section of the Dahomey Basin. 
from Petroconsultants S.A.  (written conmun;, 1976). 
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F i g u r e  26.  Schematic s e c t i o n  across  t h e  e a s t e r n  p a r t  .-F the Dahomey B a s i n .  Modif ied 
from P e t r o c o n s u l t a n t s  S . A .  ( w r i t t e n  commuii., 1976 .> % 



Other  t r a p s  could  i n c l u d e  Upper Cre taceous  and T e r t i a r y  sand / sha le  sequences 
draped over  such f a u l t  b locks .  I n  t h e  l a t t e r  case, t h e  sou rce  rocks  would 
probably  be Lower Cre taceous  s h a l e s .  Pa l eozo ic  sed imentary  rocks  are  expec ted  
t o  be a b s e n t  i n  t h e  I v o r y  Coast Basin. 

I n  deep-water  areas, a g r e a t  v a r i e t y  of d e p o s i t i o n a l  environinents r ang ing  
from c o n t i n e n t a l  graben f i l l  t o  a b y s s a l  p l a i n  d e p o s i t s  a r e  l i k e l y  t o  be r ep re -  
s en ted .  Graben f i l l ,  c o n s i s t i n g  of good q u a l i t y  r e s e r v o i r  rock ,  and sha l low 
marine d e p o s i t s  probably  r e p r e s e n t  d e p o s i t i o n  i n  a n  e a r l y  s t a g e  p r i o r  t o  ex ten-  
sive c o n t i n e n t a l  s e p a r a t i o n .  Source rocks ,  depos i t ed  du r ing  p e r i o d s  of s t a g n a n t  
marine sed imen ta t ion ,  could  a l t e r n a t e  w i t h  h igh-qual i ty  r e s e r v o i r  rocks.  Block 
f a u l t i n g  of basement probably  c o n t i n u e s  f a r  o u t  on to  t h e  rise--at l eas t  t o  t h e  
p o s s i b l e  majof f a u l t  of t h e  C o n t i n e n t a l  Rise ( f i g .  24). 
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N I G E R  DELTA 

Geologic  s e t t i n g  

The Niger  Delta, l o c a t e d  c h i e f l y  onshore and o f f s h o r e  of N ige r i a ,  covers  
approximate ly  105,000 km2 ( f i g s .  1 and 1 6 ) .  
made Nige r i a  one t h e  t e n  l a r g e s t  oil producing c o u n t r i e s  of t he  world,  and 
knowledge of Niger  Delta geology has  reached a n  advanced s t a g e  as a r e s u l t  
of e x p l o r a t i o n  f o r  o i l  and gas .  The e a r l y  e v o l u t i o n  of t h e  Niger De l t a  du r ing  
Cre taceous  t i m e  w a s  p re sen ted  i n  a previous  s e c t i o n  of t h i s  r e p o r t  (Benue 
d e p r e s s i o n ) .  Although i n i t i a l  o i l  and gas e x p l o r a t i o n  i n  Nige r i a  was concen- 
t r a t e d  i n  t h e  Cre taceous  s e c t i o n  of t h e  Benue depres s ion ,  a l l  s i g n i f i c a n t  
product ion  o f - o i l  and gas has  been from t h e  T e r t i a r y  d e l t a i c  s e c t i o n .  

Oil product ion  from t h e  d e l t a  has  

. .  
The Cenozoic h i s t o r y  of t h e  d e l t a  began i n  Paleocene t i m e  when t h e  forma- 

t i o n  of Cre taceous  p r o t o d e l t a s  w a s  t e rmina ted  by a .major  marine t r a n s g r e s s i o n .  
The sea t r a n s g r e s s e d  t h e  whole of sou the rn  Niger ia  and depos i ted  n e r i t i c  t o  
b a t h y a l  s h a l e s ,  w i th  t i m e  e q u i v a l e n t  a renaceous  d e p o s i t s  i n  e a s t e r n  N i g e r i a ,  
i n  a n  embayment w i t h  a n  a x i s  roughly con inc id ing  wi th  t h e  mode:,n lower Niger 
River .  Subsequent ly ,  t h e  bulk of Eocene t o  Holocene sedimentary rocks 
t h a t  comprise t h e  t h i c k  sedimentary wedge from which oil and gas are  p r e s e n t l y  
produced was d e p o s i t e d  du r ing  a major r e g r e s s i o n .  Large volumes of d e l t a i c  
sed iments  prograded a c r o s s  t h e  c o n t i n e n t a l  margin and a t  t h e i r  seaward e x t e n t  
may have been depos i t ed  d i r e c t l y  on ocean ic  c r u s t  as t h e  margin subs ided  ( f i g .  
2 7 ) .  
sediments  were depos i t ed  i n  t h e  Niger  Delta Basin.  From a petroleum e x p l o r a t i o n  
v iewpoin t ,  t h e  geology of t h e  Niger  Delta has  many s i m i l a r i t i e s  w i th  t h e  M i s s i s s i p p i  
Delta of t h e  United S t a t e s  Gulf Coast (Gi rard ,  1979).  

Avbovbo and 'Ogbe (1978) estimate t h a t  approximate ly  8 . 5  km of T e r t i a r y  

S t r a t in raDhv  and r e s e r v o i r  rocks  

The works of Shor t  and S t a u b l e  (1967) and Frankel  and Cordry (1967) 
( la te r  summarized by G i r a r d ,  1979) were used e x t e n s i v e l y  by t h e  a u t h o r  t o  
compile t h e  s t r a t i g r a p h y  of- t h e  Niger  Delta. Th i s  d i s c u s s i o n  is l i m i t e d  t o  
t h e  Eocene through Holocene s e c t i o n s  t h a t  form t h e  t h i c k  wedge of sedimentary 
rocks  from which o i l  and n a t u r a l  gas  are produced i n  t h e  Niger Delta. 
of t h e s e  a g e s  can be d iv ided  i n t o  t h r e e  diachronous ( t i m e  t r a n s g r e s s i v e )  rock- 
s t r a t i g r a p h i c  format ions :  Akata, Agbada, and Benin Formations ( f i g .  28). 

Rocks 

The basal u n i t ,  t h e  Akata Formation of  Eocene t o  Holocene a g e ,  i s  composed 
p r i m a r i l y  of shallow-water marine s h a l e  depos i t ed  i n  f r o n t  of t h e  advancing 
d e l t a s .  It c o n t a i n s  some sands tone  and s i l t s t o n e  beds t h a t  r e f l e c t  d e p o s i t i o n  
i n  deeper  water environments  (Weber and  Daukoru, 1975).  L i t t l e  i s  known about  
t h e  d i s t r i b u t i o n  and  f requency  of occur rence  of t h e s e  sandstone beds because 
they  lie below t h i c k  s e c t i o n s  of s h a l e ,  g e n e r a l l y  abnormally pressured .  These 
r e l a t i v e l y  unexplored sands tone  beds,  which may c o n t a i n  hydrocarbons,  could  be 
t h e  t a r g e t s  of f u t u r e  e x p l o r a t i o n  (Gi ra rd ,  1979). The Akata Formation u n d e r l i e s  
t h e  whole of t h e  Niger  Delta. It  i s  p e n e t r a t e d  i n  most onshore f i e l d s  between 
dep ths  of 4 and 6 km and i n  most of t h e  o f f s h o r e  f i e l d s  between depths  of 1 and 3 
km. For economic purposes ,  t h e  top  of t h e  Akata Formation r e p r e s e n t s  "basement," - .  

w i t h  t h e  p o s s i b l e  excep t ion  of i s o l a t e d  deep-water sandstones-mentioned above 
( G i r a r d ,  1979).  
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from Svamy and o t h e r s  (1978) .  
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The Akata Formation i s  o v e r l a i n  by t h e  Agbada Formation, which con ta ins  t h e  
p r i n c i p l e  r e s e r v o i r  rocks  of t h e  Niger Del ta .  The Agbada Formation is more than  
3 km t h i c k  i n  t h e  c e n t r a l  p a r t  of t h e  d e l t a  and ranges i n  age  from Eocene f a r  
i n l a n d  t o  P l io -P le i s tocene  o f f shore .  The Agbada Formation, b u i l t  from numerous 
d e l t a i c  o f f l a p  c y c l i c  sequences of marine and f l u v i a l  d e p o s i t s ,  i s  p resen t  
throughout  t h e  Niger  De l t a  subsu r face  ( f i g .  28).  Each d e p o s i t i o n a l  c y c l e  
ranges i n  t h i c k n e s s  from 10 t o  100 m and, i n  ascending  o r d e r ,  g e n e r a l l y  
c o n s i s t s  of a t h i n  f o s s i l i f e r o u s  t r a n s g r e s s i v e  marine sands tone  and an of f  l a p  
sequence of marine s h a l e  and laminated f luv iomar ine  sedimentary rock (Weber, 
1971).  T h i s  c y c l i c  sequence of r e s e r v o i r  rock d e p o s i t i o n  e x p l a i n s  t h e  mult i -  
r e s e n r o i r s  of most of t h e  Niger ian  o i l  and gas  f i e l d s .  I n  g e n e r a l ,  t h e  upper 
part of t h e  Agbada s e c t i o n  i s  i n t e r c a l a t e d  sands tone  (about  75 p e r c e n t )  and 
s h a l e s  ( a b o u i  25 p e r c e n t ) .  
f o r  t h e  bu lk  of t h e  hydrocarbon r e s e r v e s ; i s  about  50 pe rcen t  sands tone  and 50 
pe rcen t  s h a l e .  The sands tones ,  which make up t h e  r e s e r v o i r  rocks ,  a r e  very 
c o a r s e  t o  very f i n e  g ra ined ,  s l i g h t l y  conso l ida t ed ,  f e l d s p a t h i c ,  f a i r l y  c l e a n ,  
and l o c a l l y  c a l c a r e o u s ,  g l a u c o n i t i c ,  and s h e l l y .  S o r t i n g  g e n e r a l l y  is poor. 
The s h a l e s  a re  medium t o  dark gray,  f a i r l y  hard  and s i l t y ,  an<  c o n t a i n  mainly 
k a o l i n i t e  (75 p e r c e n t )  and small amounts of mixed l a y e r s  of i i l i t e  and mont- 
m o r i l l o n i t e  (Avbovbo and Ogbe, 1978). These i n t e r c a l a t e d  s h a l e s  make up t h e  
v e r t i c a l  seals i n  t h e  f i e l d s  of t h e  Niger Delta. I n  f ac t ,  t h e  p roduc t ion  t a k e s  
p l a c e  where i t  does because t h e s e  t r a n s g r e s s i v e  s h a l e s  ac t  as v e r t i c a l  s e a l s  t o  
t h e  mig ra t ion  of hydrocarbons-the s h a l i e r  t han  normal i n t e r v a l s  a r e  p roduc t ive ,  
and t h e  s a n d i e r  t han  normal i n t e r v a l s  are  nonproduct ive ( D a i l l y ,  1976).  

The lower p a r t  of t h e  s e c t i o n ,  which probably accoun t s  

Most of t h e  r e s e r v o i r  rocks  of t h e  Nige r i an  f i e l d s  are  i n  t h e  Agbada 
Formation and are of e x c e l l e n t  q u a l i t y ;  p o r o s i t y  i s  between 28 and 32 pe rcen t  
and pe rmeab i l i t y  i n  t h e  da rcys  (Habar ta ,  1970).  The o f f s h o r e  Okan f i e l d  has 
p e r m e a b i l i t y  as h igh  as  5 darcys.  The r e s e r v o i r  rock  q u a l i t y  and geometry is  
s t r o n g l y  dependent on t h e  d e p o s i t i o n a l  environment.  For example, t h e  pre-Miocene 
r e s e r v o i r  r o c k s  were depos i t ed  as widespread cont inuous  sands ,  p o i n t  bars, and 
channel  s ands ,  whereas t h e  Miocene t o  Holocene r e s e r v o i r  rocks  were probably  
depos i t ed  as  barrier bar sands less than  10 m t h i c k  (Weber and Daukoru, 1975; 
Weber, 1971) .  

The uppermost u n i t ,  the Benin Formation, c o n t a i n s  mostly f reshwater -  
b e a r i n g ,  massive, c o n t i n e n t a l ,  coarse-to-f lne-grained sands and g r a v e l s  depos i t ed  
i n  a n  upper  d e l t a i c - p l a i n  environment w i t h  only  local s h a l e  ln t e rbedd ings .  
The Benin Formation i s  as much as 2,000 m t h i c k .  The sands and g r a v e l s  of t h e  Benin 
Formation may r e p r e s e n t  point-bar  d e p o s i t s ,  b ra ided  streams, channel  f i l l s ,  o r  ' 

n a t u r a l  levees, whereas t h e  s h a l e s  may be i n t e r p r e t e d  as backswamp d e p o s i t s  and 
oxbow f i l l s .  
and Holocene near t h e  c o a s t l i n e .  Although t h e  Benin Formation c o n t a i n s  con- 
t i n e n t a l l y  de r ived  sed iments ,  i t  i s  g e n e r a l l y  f r e shwa te r  bear ing ,  h i g h l y  porous,  
and  h a s  few seals. 
and o f f s h o r e  from t h i s  formation.  

I n  t h e  subsu r face ,  t h e  Benin Formation i s  Oligocene i n  t h e  n o r t h  

A small q u a n t i t y  of hydrocarbons are produced both  onshore 

Petroleum t r a p  s 

c 

Hydrocarbon product ion  i n  t h e  Niger Delta a r e a  has  been from lower Turonian 
through probably ,  P le i s tocene-age  rocks.  However, v i r t u a l l y  a l 1 , c u r r e n t  Niger ian  
product ion  comes from Ter t ia ry-age  rocks  G i r a r d ,  (197.9). Seventy-seven percent  
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of t h e  proven o i l  r e s e r v e s  has  been d i scove red  i n  a narrow a r c u a t e  t r end  t h a t  
c u t s  a c r o s s  t h e  d e p o s i t i o n a l  and s t r u c t u r a l  t r e n d s  of t h e  d e l t a  from t h e  o f f s h o r e  
no r thwes te rn  f l a n k  of t h e  Niger  Delta t o  i t s  o f f s h o r e  southwes tern  f l a n k  ( f i g .  29) 
(Avbovbo and Ogbe, 1978). 
duce from rocks  of Miocene t o  P l i o c e n e  age.  Within each c i rcu lar -shaped  a r e a  
( f i g .  29), t h e  age  of t h e  rocks  from which hydrocarbons a r e  produced dec reases  
i n  a seaward d i r e c t i o n .  

The f i e l d s  l o c a t e d  i n  t h e  p r o l i f i c  a r c u a t e  t r e n d  pro- 

The p r o d u c t i v e  t r e n d s ,  are  d e l i n e a t e d  by l a r g e  r e g i o n a l  growth f a u l t s ,  o r  a 
series of c l o s e l y  spaced e n  eche lon  growth f a u l t s  ( G i r a r d ,  1979). The throw on 
t h e  major f a u l t s  is  probably  g r e a t e r  than  800 m. The f a u l t  t r e n d s  p a r a l l e l  
p a l e o s h o r e l i n e s  and ,  because growth f a u l t s  a r e  s y n d e p o s i t i o n a l ,  t h e  age  of 
f a u l t i n g  d e c r e a s e s  seaward. 

Most hydrocarbon t r a p s  i n  t h e  Niger  Delta c o n s i s t  of " r o l l o v e r  s t r u c t u r e s "  
on t h e  downthrown b lock  of r e g i o n a l  growth f a u l t s .  The term r o l l o v e r  s t r u c t u r e  
r e f e r s  t o  t h e  c l o s u r e  formed by t h e  r e v e r s a l  of d i p  of s t ra ta  on t h e  downthrown 
b lock  of some f a u l t s .  I n  c r o s s  s e c t i o n  pe rpend icu la r  t o  t h e  f a u l t ,  t h e  s t r a t a  
a p p e a r  t o  " r o l l "  i n t o  t h e  f a u l t  t he reby  forming a dome-shaped s t r u c t u r e .  The 
f a u l t  g e n e r a l l y  does n o t  p rov ide  t h e  updip l a t e r a l  seal  but  o n l y  t h e  mechanism 
f o r  t r a p p i n g  ( G i r a r d ,  1979). The p roduc t ive  r o l l o v e r  s t r u c t u r e s  i n  N i g e r i a  
a v e r a g e  abou t  7 km i n  l e n g t h  and 4 km i n  wid th  (Owen, 1975). Many "pure" 
f a u l t  t r a p s  are a l s o  p r e s e n t  on both  upthrown and downthrown f a u l t  b locks  
( G i r a r d ,  1979). These c o n s i s t  of growth f a u l t s  and a n t i t h e t i c  f a u l t s  i n  which 
t h e  f a u l t  does p rov ide  t h e  la teral  seal. 

K 
The e x i s t e n c e  of a small number of s t r u c t u r e s  a s s o c i a t e d  w i t h  s h a l e  d i a p i r s  

h a s  been noted  on t h e  C o n t i n e n t a l  S lope  o f f  t h e  Niger  Delta (Mascle and o t h e r s ,  
1973) and i n  t h e  proximal p a r t  of t h e  e a s t e r n  C o n t i n e n t a l  She l f  area (Evamy and 
o t h e r s ,  1978). Some o i l  i s  produced from d i a p i r i c  s h a l e  or s h a l e  r i d g e - r e l a t e d  
t r a p s  n e a r  t h e  c o a s t l i n e  and i n  t h e  o f f s h o r e  (Habar ta ,  1970; Merki, 1972). I n  
a d d i t i o n ,  a few o f f s h o r e  f i e l d s  produce from unconformity t r u n c a t i o n  t r a p s  
(Avbovbo and Ogbe, 1978): 

I n  g e n e r a l ,  from a n  updip p o s i t i o n  i n  t h e  d e l t a  t o w a r d  t h e  C o n t i n e n t a l  S lope ,  
t h e  i n t e n s i t y  of s t r u c t u r a l  deformat ion  and t r a p  complexity i n c r e a s e s ,  i .e.,  
s i m p l e  r o l l o v e r  t r a p s ,  t o  complex, h i g h l y  f a u l t e d  a n t i c l i n e s ,  t o  f a u l t e d  s h a l e  
d i a p i r s  and  s h a l e  r i d g e s  w i t h  a s s o c i a t e d  uncoa fo rmi t i e s  (Gi ra rd ,  1979).  

Source  rocks  

D e s p i t e  t h e  f a c t  t h a t  s u b s t a n t i a l  amounts of o i l  and g a s  have been gene ra t ed  
i n  t h e  Nige r  Delta, Evamy and o t h e r s  (1978) concluded t h a t  s h a l e s  i n  t h e  area 
from a wide v a r i e t y  of d e p o s i t i o n a l  envi ronments ,  ranging  from f u l l y  mar ine  t o  
p a r a l i c ,  c o n t a i n  r e l a t i v e l y  small amounts of o r g a n i c  material of t h e  humic and 
mixed types ,  which are p r e c u r s o r s  f o r  gas  and l i g h t  o i l ,  r e s p e c t i v e l y .  Unpublished 
r e s e a r c h  by K. deGroot,  K. Reiman, and T. T. Hartog (Evamy and o t h e r s ,  1978) 
showed t h a t  t h e  N i g e r i a n  c r u d e s  o r i g i n a t e d  from source  rocks  c o n t a i n i n g  land-p lan t  
matter. The most e f f e c t i v e  sou rce  rocks  a r e  be l i eved  t o  be marine s h a l e s  of t h e  
Akata Formation and  t h e  s h a l e s  i n t e r c a l a t e d  w i t h  t h e  p a r a l i c  s ands tones  of t h e  
Agbada Formation. I n  terms of s h a l e  volume, t h e  Akata and t h e  lower p a r t  of t h e  
Agbada Formations are more impor tan t  i n  t h e  g e n e r a t i n g  of hydrocarbons ( G i r a r d ,  
1979). However, Evamy and o t h e r s  (1978) sugges ted  t h a t  any o i l  gene ra t ed  i n  t h e  
Akata Formation had on ly  a remote chance of f i n d i n g  i t s  way i n t o  t h e  o v e r l y i n g  
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F i g u r e  28.  Schematic  d i p  s e c t i o n  of t h e  Niger  D e l t a .  
and Cordry (1976) .  .. 
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F i g u r e  29. Success ive  stages of Yiger  Delta growth  and l o c a t i o n  
of the  p r o l i f i c  b e l t .  
years  b e f o r e  p r e s e n t .  

Contours  a r e  i n  millions of 
F i g u r e  from D a i l l y  (1976) .  
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' Agbada r e s e r v o i r s  because t h e  f a u l t s  a t  dep th ,  w i t h i n  t h e  Akata s h a l e s ,  a r e  not  
e f f e c t i v e  m i g r a t i o n  pa ths  . 

Unpublished S h e l l  r e s e a r c h  s u g g e s t s  t h a t  240" F and 300" F r ep resen t  t h e  
h i g h e s t  t empera tu res  of t h e  o i l - g e n e r a t i n g  zone and gas-genera t ing  zone, 
r e s p e c t i v e l y ,  f o r  T e r t i a r y  provinces  (Evamy and o t h e r s ,  1978). Over a l a r g e  
p a r t  of t h e  area w e s t  of t h e  Niger and Nun R i v e r s ,  t h e  t o p  of t h e  o i l -gene ra t ing  
zone l ies.wel1 above t h e  con t inuous  s h a l e s  of t h e  A k a t a  Formation, w i t h i n  t h e  
p a r a l i c  and para l ic - to-mar ine  sequences of t h e  Agbada Formation. I n  t h e  e a s t ,  
however, t h e  o i l - g e n e r a t i n g  zone g e n e r a l l y  l i e s  e n t i r e l y  w i t h i n  t h e  cont inuous  
mar ine  s h a l e s  of t h e  A k a t a  Formation. T h i s  is because t h e  Agbada Formation is 
g e n e r a l l y  t h i n n e r  - over  t h e  e a s t e r n  p a r t  of t h e  d e l t a .  

By t r a c i n g  t h e  o i l - g e n e r a t i n g  zone through g e o l o g i c  t i m e ,  Evamy and o t h e r s  
(1978) found t h a t  t h e  boundary between t h e  p a r a l i c  sequence and t h e  cont inuous  
marine s h a l e s  reached  a l e v e l  of oil m a t u r i t y  much l a t e r  i n  t h e  east than  i n  
t h e  w e s t .  I n  t h e  e a s t ,  even a t  p r e s e n t ,  t h e  f a c t  t h a t  t h e  Agbada format ion  
is on ly  l o c a l l y  w i t h i n  the  o i l - g e n e r a t i n g  zone i m p l i e s  t h a t  t h e  e a s t e r n  oil 
was d e r i v e d  no t  on ly  l a t e  bu t  a l s o  from source  rocks  mainly i n  t h e  cont inuous  
mar ine  s h a l e s .  Evamy and o t h e r s  (1978) concluded t h a t  p r i m a r y  mig ra t ion  took 
p l a c e  a t  a v e r y  l a t e  s t a g e ,  c e r t a i n l y  a f t e r  most of t h e  sed imen ta t ion  and 
t r a p ' f o r m a t i o n ,  and  t h a t  t h e  o r i g i n  and m i g r a t i o n  of t h e  oils i n  t h e  w e s t  were 
ear l ier  t h a n  t h e  ve ry  l a t e  o r i g i n  and m i g r a t i o n  of t h e  east. 

P roduc t ion  and r e s e r v e s  

Estimates of t h e  oil and gas  r e s o u r c e s  of N i g e r i a  have been inade by t h e  . 
U.S. Department of Energy and t h e  U.S. Geolog ica l  Survey (1979). 
from a summary of t h i s  r e p o r t  fo l low.  

Exce rp t s  

Nigeria produced as much as 2.4 m i l l i o n  barrels of o i l  p e r  day du r ing  t h e  
T o t a l . n a t u r a 1  g a s  p roduc t ion  i n  1977 was a n  e s t ima ted  757 f i r s t  p a r t  of 1979. 

b i l l i o n  f t 3  of which approximate ly  739 b i l l i o n  f t 3  were f l a r e d  o r  not marketed. 

Estimates of u l t i m a t e l y  r e c o v e r a b l e  oil resources range from 20.5 to 4 1 . 5  
b i l l i o n  b a r r e l s .  
t h e  remain ing  r e c o v e r a b l e  oil ranges  from 14.4 t o  35.4 b i l l i o n  barrels. About 
18.7 b i l l i o n  b a r r e l s  have been d i scove red ;  abou t  8.4 b i l l i o n  barrels remain t o  
be d i scove red .  

Through 1977, 6.1 b i l l i o n  barrels had been produced; t hus ,  

N i g e r i a ' s  e x p l o r a t i o n  began e a r l y  i n  t h i s  cen tu ry ,  a l t h o u g h  t h e  modern 
e x p l o r a t i o n  phase began i n  1955. 
q u i c k l y ,  as 13 of 14 known, probable  and  p o s s i b l e  g i a n t  o i l  f i e l d s  were d i scove red  
p r i o r  t o  1969, and  t h e  g r e a t e s t  number of f i e l d s  were d i scove red  i n  t h e  per iod  
1965 through 1967. 

E x p l o r a t i o n  and development may have peaked 

Of t h e  known producing f i e l d s ,  more t h a n  two-thirds have o r  had sus-  
t a i n a b l e  peak p roduc t ion  rates ( p r o d u c t i o n  f o r  t h r e e  s u c c e s s i v e  yea r s  a t  a 
s p e c i f i e d  rate) of  less t h a n  5 m i l l i o n  barrels of oil p e r  yea r ;  n e a r l y  
one-half of t h e  f i e l d s  produced less than  3 million b a r r e l s  p e r  year .  
Only 16 f i e l d s  have produced a t  peak rates ranging  from 15 t o  45 m i l l i o n  
barrels p e r  y e a r .  I n  e s sence ,  most of N i g e r i a ' s  oil f i e l d s  a r e  small t o  
medium s i z e  f i e l d s  by world s t a n d a r d s .  
r e f l e c t  t h i s  t r e n d ,  even though s e v e r a l  more g i a n t s  may be found. 

F u t u r e  oil d i s c o v e r i e s  a re  l i k e l y  t o  
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Proved r e s e r v e s  of n a t u r a l  gas  as of January 1 ,  1977,  were 51.42 trillion 
f t 3 .  The natura l  gas  r e s o u r c e s  o f  N i g e r i a ,  u n l i k e  the  o i l  r e s o u r c e s ,  a r e  
comparat ive ly  underdeveloped. The U.S. Department of Energy and t h e  U.S. 
G e o l o g i c a l  Survey (1979)  estimate t h a t  the  amount of undiscovered recoverab le  
n a t u r a l  gas i s  26 to 130 t r i l l i o n  f t 3 .  

. .  

58 



REFERENCES CITED 

Amato, R.  V., and Simonis,  E .  K . ,  1980, Geologic and Opera t iona l  Summary, COST 
No. G-2 w e l l ,  Georges Bank a r e a ,  North A t l a n t i c  OCS: U.S. Geologica l  Survey 
Open F i l e  Report  80-269, 116 p. 

Arens, G. ,  Delteil ,  J .  R . ,  Valery ,  P., Damotte, B . ,  Montadert ,  L. ,  and P a t r i a t ,  P . ,  
19703 The c o n t i n e n t a l  margin o f f  t h e  I v o r y  Coast and Ghana, i n  Delaney, F.  M . ,  
ed. ,  The geology of t h e  East A t l a n t i c  c o n t i n e n t a l  margin: 
I n s t i t u t e  of Geo log ica l  Sc ience  Report 70/16, p. 61-78. 

G z a t  B r i t a i n  

A s s o c i a t i o n  of: A f r i c a n  Geo log ica l  Surveys,  United Na t io3s  Educat ion  S c i e n t i f i c  and 
C u l t u r a l  O r g a n i z a t i o n s ,  1968, I n t e r n a t i o n a l  t e c t o n i c  map of Af r i m ,  scale 
1:5,000,000, 9 s h e e t s .  

Au ld r idge ,  L a r r y ,  1979, World r e s e r v e s  ho ld ing  u p  d e s p i t e  r eco rd  product ion:  O i l  
and Gas J o u r n a l ,  v. 7 7 ,  no. 53, p. 67-113. 

Avbovbo, A.  A. ,  and Ogbe, F. G. A . ,  1978, Geology and hydrocarbon p roduc t ive  
t r e n d s  of t h e  s o u t h e r n  Nige r i an  bas in :  O i l  and Gas J o u r n a l ,  Nov. 2 7 ,  1978, 
p .  90-93. 

Ayme,  J. M . ,  1965, The Senegal  s a l t  b a s i n ,  i n  Kennedy, W. Q . ,  ed. ,  S a l t  b a s i n s  
a round Af r i ca :  London I n s t i t u t e  of PeEoleum,  p. 83-90. 

Behrendt ,  J .  C. ,  and Wotorson, C. S., 1970, Aeromagnetic and g r a v i t y  i n v e s t i g a -  
t i o n s  of t h e  c o a s t a l  area and c o n t i n e n t a l  s h e l f  of L i b e r i a ,  West A f r i c a ,  
and t h e i r  r e l a t i o n  t o  c o n t i n e n t a l  d r i f t :  Geologica l  S o c i e t y  of America . 
B u l l e t i n ,  v.  81, no. 1 2 ,  p. 3563-3574. 

Bongrand, M. O. ,  Dars, R . ,  and Sougy, J., 1961, Sur la presence  de g a l e t s  e o l i e n s  
dans l e  complexe de base  d e  L ' A d a r  maur i tan ien :  B u l l .  SOC. Geol. F rance ,  
ser. 7 ,  v. 3 ,  p. 210-215. 

Brown, Glen, F. ,  1981, P r e l i m i n a r y  r e p o r t  on cooven t lona l  energy of Maur i t an ia :  
U . S .  Geolog ica l  Survey p r o j e c t  r e p o r t  Mauri tania  I n v e s t i g a t i o n  (1R)MR-1 
for t h e  Agency f o r  I n t e r n a t i o n a l  Development, U.S. Department of S t a t e .  

Burke, K. C., Dessauvagie ,  T. F. J., and Whiteman, A. J., 1970, A f r i c a n  
Geology, 1970, A f r i c a n  Geology, U n i v e r i s t y  of Ibadan ,  N i g e i l a ,  p. 187-205. 

C a r r i n g t o n  da Cos ta ,  J., 1951, Notes on t h e  s t r a t i g r a p h y  and t e c t o n i c s  of Portu- 
guese Guinea: Rep. 1 8 t h  Sess .  Interm. Geol. Congr., London, Serv. geo l .  
afr., V. 14, p. 84-86. 

Carter, J. D., Barber, W., T a i t ,  E. A., and Jones ,  G. P., 1963, The geology of 
p a r t s  of A d a m a w a ,  Bauchi and Bornu P rov inces  i n  n o r t h e a s t e r n  Nige r i a :  
Geo log ica l  Survey N i g e r i a  B u l l e t i n ,  p. 1-99. 

c 

C a s t e l a i n ,  J . ,  1965, Aperu s t r a t i g r a p h l q u e  et micropaleonto logique  du b a s s i n  du 
Senega l ,  i n  Colloque I n t e r n a t i o n a l  de  Micropaleonto logie  (Dakar, 6-11 mai 
1963): Mzo i i r e s  du Bureau de Recherches Geologiques e t  Minieres ,  no. 32,  
p. 139-159. 

59 



C o r t e s i n i ,  A . ,  and Minner, J .  R . ,  1972, Petroleum developments i n  c e n t r a l  and 
sou the rn  A f r i c a  i n  1971: American Assoc ia t ion  of Petroleum Geo log i s t s  
B u l l e t i n ,  v. 56 ,  p. 1749-1792. 

C r a t c h l e y ,  C. R . ,  and Jones ,  G. P . ,  1965, An i n t e r p r e t a t i o n  of t he  geology and 
g r a v i t y  anomal ies  of t h e  Benue Va l l ey ,  N ige r i a :  Overseas Geologica l  Survey, 
Geophysics Paper  1. 

D a i l l y ,  G.  S., 1976, Pendulum e f f e c t  and Niger  D e l t a  p r o l i f i c  b e l t :  American 
A s s o c i a t i o n  of Petroleum G e o l o g i s t s  B u l l e t i n ,  v. 60, no. 9 ,  Sep t .  1976, 
p .  1543-157s. 

D e l t e i l  and  de Speng le r ,  1966, Bass ins  s e d i m e n t a i r e s  du l i t t o r a l  a f r i c a i n ,  l e  
p a r t i e ,  l i t t o r a l  a t l a n t i q u e :  Assor-. Serv .  Geol. A f r i . ,  Par is ,  p. 99-113. 

Destombes, J., Sougy, J., and W i l l e f e r t ,  S., 1969, Rev i s ions  e t  decouver t e s  
pa l eon to log iques  (Brachiopodes,  T r i l o b i t e s  e t  G r a p t o l i t e s )  dans l e  Cambro- 
Ordovic ien  du Zemmour (Mauritane s e p t e n t r i o n a l e ) :  Bul: . SOC. Geol. France ,  
ser., 7 ,  v. 11, p. 185-206. 

D i l l o n ,  W. P., and Sougy, M. A,, 1974, Geology of V e s t  A f r i c a  and Canary and 
Cape Verde I s l a n d s :  i n  Nai rn ,  A. E. M., and S t e h l i ,  eds . ,  The ocean b a s i n s  
and margins,  v.2, t h r N o r t h  A t l a n t i c :  Plenum P r e s s ,  N e w  York, p. 315-390. 

Emery, K. O.,  Uchupi, E . ,  P h i l l i p s ,  J.  D., Bowin, C. O.,  and Mascle, J.,  1974, 
The c o n t i n e n t a l  margin o f f  wes t e rn  A f r i c a :  Angola t o  S i e r r a  Leone: Cont r i -  

74-99, 147 p.  
b u t i o n  No. 3481, Woods Hole Oceanographic I n s t i t u t i o n ,  Reference  No. WHOI- c 

Evamy, B. D. ,  Haremboure, Y., Kamerling, P., Knaap, W. A . ,  Molloy, F. A. ,  and 
Rowlands, P. H., 1978, Hydrocarbon h a b i t a t  of T e r t i a r y  Niger Delta: 
A s s o c i a t i o n  of Pe t ro leum G e o l o g i s t s  B u l l e t i n . ,  V. 62 ,  no. 1, Jan .  1978, 

A m e r i c a n  

po 1-39. 

F r a n k l ,  F. J. ,  and Cordry, E. A., 1967, The Niger  Delta-oil province: R e c e n t  
developments onshore  and o f f shore :  7 t h  World Pe t ro leum Congres Proc . ,  
V *  2 ,  p. 195-209. 

Furon, R.,  1960, Geologie  de  L'Afrique: Payo t ,  ed. ,  Par i s ,  400 p.  

Furon, F., 1968, Geologie  de l ' A f r i q u e ,  z e  ed: Payo t ,  ed., Par is ,  374 p. 

G i r a r d ,  0. W., Jr., 1979, Pe t ro leum geology of t h e  Niger  Delta, Appendix B ,  
- i n  Report  on t h e  Pe t ro leum Resources of t h e  F e d e r a l  Republ ic  of N ige r i a :  
United S t a t e s  Department of Energy Fore ign  Energy Supply Assessment 
Program S e r i e s  lA-0008, UC-92 and 92a, p. Bl-B29, a v a i l a b l e  from Na t iona l  
Techn ica l  In fo rma t ion  S e r v i c e ,  S p r i n g f i e l d ,  Va. 

Glenne, B joe rn ,  1981, Development of Ben in ' s  f i r s t  o i l  f i e l d  is underway: 
O i l  and Gas J o u r n a l ,  v. 79, no. 2 ,  p. 69-70. 

aabarta, A. W., 1970, Offshore  developments w i t h  special  r e f e r e n c e  t o  Okan F i e l d ,  
N ige r i a :  In  Dessauvagie,  T. F. J. ,  and Whiteman, A. J . ,  ( e d s . ) ,  A f r i c a n  
Geology, U x v e r s i t y  of Ibadan Publ., N i g e r i a ,  p. 291-300. 

60 



Haughton, S. H . ,  1963, S t r a t i g r a p h i c  h i s t o r y  of A f r i c a  s o u t h  of Sahara: O l i v e r  
and Boyd, Edinburgh, p .  365, 45 f i g u r e s .  

Hur ley ,  P .  M . ,  and Rand, J .  R . ,  1969, P r e - d r i f t  c o n t i n e n t a l  n u c l e i :  Sc i ence ,  
164, p .  1229-1242. 

K i l i a n ,  C . ,  1926, Sur  l a  mesure dans l a q u e l l e  l a  pe r iode  s i l u r i e n n e  est  
r e p r e s e n t e e  p a r  ses fo rma t ions  d e  L 'Ence in te  t a s s i l i e n n e  e t  s u r  l a  p re sence  
d e  L 'Ordovic ien  a u  Sahara :  C. R. Acad. S c i . ,  Par i s ,  v. 182, p. 146-148. 

Lecorche ,  J .  P., and Sougy, J . ,  1969, R e l a t i o n s  des. fo rma t ions  d 'Akjouj t  
(Maur i t an ides )  avec  l e  Pa leozoique  de  L'Adrar ( b a s s i n  de  Taoudeni) dans l a  
r e g i o n  d ' I r i j i  ( E s t  d 'Ak jou j t ,  Maur i t an ie  o c c i d e n t a l e ) :  Bu l l .  SOC. Geol. 
F rance ,  7e  ser. ,  v. 11, p. 233-250. 

Lehner ,  P . ,  and DeRui te r ,  P. A. D . ,  1976, A f r i c a ' s  A t l a n t i c  margin t y p i f i e d  
by s t r i n g  of b a s i n s :  O i l  and Gas J o u r n a l ,  v.  76, p.  252-266. 

Mascle, J. R . ,  Bornhold,  B .  D . ,  and Renard, V . ,  1973, D i a p i r i c  s t r u c t u r e s  of 
Niger  D e l t a :  
V. 57, p. 1672-1678. 

American A s s o c i a t i o n  of Pe t ro leum G e o l o g i s t s  B u l l e t i n ,  

M a t t i c k ,  R. E . ,  1980, Pet ro leem geology of Bal t imore  Cayon Trough: S o c i e t y  of 
Pe t ro leum Eng inee r s ,  pape r  9525, 11 p. 

M a t t i c k ,  R. E . ,  G i r a r d ,  0. W . ,  Jr . ,  S c h o l l e ,  P. A.,  and Grow, J .  A. ,  1978, c 

Pet ro leum p o t e n t i a l  of t h e  U.S. A t l a n t i c  s l o p e ,  rise, and a b y s s a l  p l a i n .  
American A s s o c i a t i o n  of  Pe t ro leum G e o l o g i s t s  B u l l e t i n ,  v. 62, no. 4, 
p .  592-608. 

McMaster, R.  L . ,  Lachance, T. P., and Ashra f ,  A . ,  1970, C o n t i n e n t a l  s h e l f  geo- 
morphic f e a t u r e s  off Por tuguese  Guinea, Guinea, and S i e r r a  Leone (West 
Africa: Marine Geology, v. 9, no. 3 ,  p. 203-213. 

Menchikoff, N., 1930, Recherches geo log iques  e t  morphologiques dans l e  Nord du 
Saha ra  o c c i d e n t a l :  Rev. Geogr. Phys. Geol. Dynami, v. 3 ,  no. 2, p. 147 .  

Merki, J. P . ,  1972, S t r u c t u r a l  geology of t h e  Cenozoic Niger Delta: i n  Af r i can  
Geology, s t r u c t u r a l  geology, Ibadan ,  N i g e r i a ,  Department of G e o l z y  , Ibadan 
U n i v e r s i t y ,  p. 635-646. 

Moody, J. D.,  and Pa r sons ,  M. C., 1963, Pet ro leum developments i n  A f r i c a  i n  
1962: American A s s o c i a t i o n  of Pet ro leum G e o l o g i s t s  B u l l e t i n ,  v. 47, 
no. 7, p. 1348-1396. 

Murat,  R. C., 1970, S t r a t i g r a p h y  and paleogeography of t h e  Cre taceous  and lower 
T e r t i a r y  i n  N i g e r i a :  i n  Dessauvagie,  T. F. J. ,  and Whiteman, A .  J.  ( e d s . ) ,  
A f r i c a n  Geology, U n i v e r s i t y  of Ibadan  Publ . ,  N i g e r i a ,  p. 251-266. 

O i l  and Gas J o u r n a l ,  1981, Ivo ry  Coast f i n d  t o p s  " o t h e r  West Af r i ca"  a c t i o n :  O i l  
and Gas J o u r n a l ,  v. 79, no. 2, p. 63-68. 

Owen, E.  W., 1975, C e n t r a l  and s o u t h e r n  Af r i ca :  i n  Owen, E. W. (ed . ) ,  Trek of  
t h e  o i l  f i n d e r s :  
t i o n  o f  Pe t ro leum G e o l o g i s t s  Memoir 6, Chapter 22, P a r t  V I ,  p. 1483-1490. 

a h i s t o r y  of e x p l o r a t i o n  f z  petroleum: American Associa- 

61 



Remack-Petitot, M. L.,  1960, C o n t r i b u t i o n  a Petude d u  Gothlandien du Sahara.  
Bas ins  d'Adar Reganne e t  de F o r t  Pol ignac :  B u l l .  SOC. Geol. France, ser. 7,  
V. 2, p. 230-239. 

R e p e n t ,  R.  A . ,  1969, Aspec t s  of t h e  Geology of N ige r i a :  Iban  Un ive r s i ty  P r e s s .  

Reyre, D . ,  1966, P a r t i c u l a r i t e s  geologiques  des  b a s s i n s  c o t i e r s  de l 'Ques t  a f r i c a n ,  
Essai de  r e c a p i t u l a t i o n ,  i n  Reyre, D . ,  ed . ,  Bass ins  sed imen ta i r e s  du l i t t o r a l  
a f r i c a i n ,  l e  partie, L i t t G a l  a t l a n t i q u e :  Assoc. Serv.  Geol. A f r . ,  P a r i s ,  
p. 253-304. 

Rona, P. A. ,  1969, P o s s i b l e  s a l t  domes i n  t h e  deep A t l a n t i c  o f f  northwest Af r i ca :  
Na tu re ,  London, v. 224, p. 141-143. . -  

Rona, P. A., 1970, Comparison of c o n t i n e n t a l  margins of E a s t e r n  North America a t  
Cape Hatteras and no r thwes te rn  A f r i c a  a t  Cape '  Blanc: 
of Pe t ro leum Geo log i s t s  B u l l e t i n  v. 54, no. 1, p. 129-157. 

A m e r i c a n  Assoc ia ion  

S c h l e e ,  John ,  Behrendt,  J.  C., and Robb, J. M.,  1974, Shallow s t r u c t u r e  and 
s t r a t i g r a p h y  of L i b e r i a n  c o n t i n e n t a l  margin: 
Pe t ro leum G e o l o g i s t s  B u l l e t i n ,  v. 58, no. 4, p. 708-728. 

American Assoc ia t ion  of 

She r idan ,  R.  E . ,  Houtz, R.  E . ,  Drake, C. L . ,  and Ewing, M . ,  1969, S t r u c t u r e  of 
c o n t i n e n t a l  margin o f f  Sierra Leone, West A f r i c a :  J o u r n a l  Geophysical 
Research ,  v. 74, no. 10, p. 2512-2530. 

S h o r t ,  R. C., and S t a u b l e ,  A. J., 1967, O u t l i n e  of geology of Niger Delta: c 

American Assoc ia t ion  of Pe t ro leum G e o l o g i s t s  B u l l e t i n ,  v. 51, p. 761-779. 

Sougy, J., and P o u i t ,  G. ,  1968, E t a t  des  conna i s sances  s u r  l a  geo log ie  e t  les 
m i n e r a l i s a t i o n s  de la Republique I s l amique  de mauritame, i n  Progress  
ach ieved  i n  t h e  Geo log ica l  Reconnaissance of Af r i can  c o u n G i e s :  
des  S e r v i c e  Geologique de L 'Afr ique ,  p. 1-9. 

A s s o c i a t i o n  

Templeton, R. S.  M., 1970, The geology of t h e  cont lnenta l -marg in  between Dakar 
and Cape Palmas, i n  Delany, F. M., ed., The geology of t h e  east A t l a n t i c  
c o n t i n e n t a l  m a r g i c  4, Afr ica :  
p. 43-60. 

G r e a t  B r i t a i n  I n s t .  Geol. S c i .  Rept .  70/16, 

Trompette,  R . ,  1969a, Etude  de la serie 1, Precambrien s u p e r i e u r  ou Inf racarnbr ien ,  
e n  Adrar d e  Maur i t an ie  (Sahara o c c i d e n t a l ) :  Serv .  Min. Geol. Maur i t an ie ,  
Nouakchott ,  248 p.  (unpulb ished  r e p o r t ) .  

, 1969b, L e s  S t r o m a t o l i t e s  du "Precambrien supe r l eu r "  de 
1 'Adra r  de  Maur i t an ie  (Sahara o c c i d e n t a l ) :  Sedimentology, V. 13, p. 123-154. 

, 1970, Etude  de  l a  serie 2 "Eocambrien e t  Cambro-Ordovicien" 
e n  Adrar de Maur i t an ie  (Sahara o c c i d e n t a l ) :  Serv.  Min. Geol. Maur i t an ie ,  
Nouakchott ,  260 p., (unpubl i shed  r e p o r t ) .  

Uchupi, E laza r ,  Emery, K.  O . ,  Bowin, C. O. ,  and P h i l l i p s ,  J. D. ,  1975, The 
c o n t i n e n t a l  margin o f f  wes t e rn  Af r i ca :  Senega l  t o  Por tuga l :  C o n t r i b u t i o n  
No. 3618 Woods Hole Oceanographic I n s t i t u t i o n ,  Ref rence  No. WHOI-75-43, 200 p. 

62 



U . S  Department of Energy and t h e  U.S. Geo log ica l  Survey, 1979, Report  on t h e  
Pe t ro leum Resources  of t h e  F e d e r a l  Republ ic  of Niger ia :  United S t a t e s  
Department of Energy Fore ign  Energy Supply Assessment Program S e r i e s  
1A-0008, UC-92 and 92a ,  a v a i l a b l e  from N a t i o n a l  Techn ica l  Informat ion  
S e r v i c e ,  S p r i n g f i e l d ,  V a .  

Weber, K. J. ,  1971, Sed imen to log ica l  a s p e c t s  of t h e  o i l  f i e l d s  i n  t h e  Niger  Delta: 
Geol-. e n  Mijnb, v. 50, no. 3 ,  p .  559-576. 

Weber, K. J. ,  and Daukoru, E . ,  1975,  Pe t ro leum Geology of t h e  Niger Delta: i n  
N in th  World Pe t ro leum Congress  Pane l  Discuss ion  4 ,  Paper 1, W. P. C. Pum., 
Tokyo. ,- 

Wright ,  J .  B . ,  1968, South A t l a n t i c  c o n t i n e n t a l  d r i f t  and t h e  Benue t rough:  
Tec tonophys ics ,  no. 6 ,  v. 4 ,  p .  301-310 

6 3  



Part  I1 - COAL RESOURCES 

by Frank D. Spencer 
U.S. Geolog ica l  Survey 

INTRODUCTION 

Par t  I1 of t h i s  r e p o r t  treats producing and r epor t ed  c o a l  d e p o s i t s  
i n  t h e  ECOWAS reg ion .  The r e p o r t  a l s o  o u t l i n e s  areas of t h e  r e g i o n  t h a t  c o n t a i n  
rocks similar (wi th  respect t o  age and d e p o s i t i o n a l  environment) t o  those  
from which c o a l  has  been r e p o r t e d .  

COAL OCCURRENCES BY I N D I V I D U A L  COUNTRIES 
- 

Benin 

Most of Benin i s  u n d e r l a i n  by igneous  and metamorphic rocks  t h a t  a r e  not  
p r o s p e c t i v e  f o r  c o a l .  A t  t h e  n o r t h e r n  t i p  of t h e  coun t ry  a s t r - 9  of l and  
about  25 km (15 mi) wide a long  t h e  Niger  River  c o n t a i n s  c o n t i n e n t a l  d e p o s i t s  
of sands tone  and g r a v e l  of l a t e  T e r t i a r y  t o  Holocene age.  The n o r t h e a s t e r n  
p a r t  of t h e  coun t ry  i s  u n d e r l a i n  by rocks  of Upper Cretaceous age .  The s o u t h e r n  
p a r r  of t h e  c o u n t r y  i s  covered by a narrow s t r i p  of sed imentary  rocks  r ang ing  
i n  age  from Late Cre taceous  through Eocene t o  Holocene. 

Feyes and Fabre (1966, p. 48)  r e p o r t e d  t h a t  s t r a t a  of Late Cretaceous- 
T e r t i a r y  (Maestrictean-Paleocene) age c o n t i n u e  from Nige r i a  i n t o  Benin where 
t h e y  appear t o  occupy a n  area of about  3600 km2 (1400 mi2) .  Any c o a l  d e p o s i t s  
i n  Benin t h e r e f o r e ,  are probably  s u b s u r f a c e  c o n t i n u a t i o n s  of t h o s e  i n  N i g e r i a .  
I n  Benin, l i g n i t e  h a s  been p e n e t r a t e d  i n  bo reho les  but  has n o t  been found i n  
ou tc rop .  The l i g n i t e s  are r e p o r t e d  (Feyes ,  and Fabre ,  1966) t o  be of medium 
q u a l i t y ,  t o  range i n  t h i c k n e s s  from 0.4 m t o  1 m (1-3 f t ) ,  and t o  l i e  a t  dep ths  
of 60 t o  100 m (180-300 f t ) .  Analyses of t h e s e  l i g n i t e s  are n o t  a v a i l a b l e .  
The s o u r c e  of t h e  r e p o r t  by Feyes and Fabre  i s  t h e  Record o f f i c e  of t h e  Benin 
Geo log ica l  Survey. 

Ghana 

The Republ ic  of Ghana has  a n  area of  approximate ly  240,000 km2 (92,000 
mi2) .  
and q u a r t z i t e  and Pa leozo ic  q u a r t z i t e ,  s h a l e ,  a r k o s e ,  and mudstone. T e r t i a r y  
t o  Holocene c o n t i n e n t a l  and l agoona l  d e p o s i t s  of  c l a y ,  sand ,  and g r a v e l  and 
Cre taceous  age  marine d e p o s i t s  occupy a small area a l o n g  the  c o a s t .  
rocks  are  n o t  known nor  b e l i e v e d  t o  c o n t a i n  o r  t o  be p o t e n t i a l l y  p r o s p e c t i v e  f o r  
c o a l .  

Almost t h e  e n t i r e  area i s  covered  by Archaean g n e i s s ,  s c h i s t ,  graywacke, . 

These 

Guinea 

c 

Rock u n i t s  i n  The Republ ic  of Guinea c o n s i s t  mainly by Precambrian s c h i s t ,  

Sedimentary rocks  of Quaternary age form a c o a s t a l  
q u a r t z i t e ,  and d o l e r i t e  and Cambrian, Ordovic ian  and S i l u r i a n  sands tone ,  
q u a r t z i t e  and conglomerate.  
band ranging  i n  width from 10 t o  40 km (6-25 mi) .  These rocks a re  n o t  known 
t o  o r  b e l i e v e d  t o  c o n t a i n  any commercial c o a l  beds. 
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Guinea Bissau 

Approximately one-half of Guinea Bissau ( t h e  a r e a  sou theas t  of t he  Rio 
Geba and e a s t  of 15" l o n g i t u d e )  i s  u n d e r l a i n  by rocks of l a t e  Precambrian 
age and s c h i s t s ,  p e l l i t e s  and c a l c a r e o u s  rocks of Cambrian, 0rdovi.cian and 
S i l u r i a n  age .  Alluvium of Quaternary age  occurs  i n  a narrow s t r i p  a long  t h e  
c o a s t .  North of t h e  Rio Geba t o  Senegal ,  t h e  Rio Mansoa and Rio Cacheu b a s i n s  
are covered by Quaternary a l luv ium and P l iocene  sed imentary  rocks .  However, 
s t r a t a  of Cre taceous  age ,  similar t o  t h o s e  t h a t  a r e  known t o  c o n t a i n  l i g n i t e  
i n  Senegal ,  p robably  ex tend  i n  t h e  s u b s u r f a c e  i n t o  t h e  Guinea Bissau a r e a  
a l o n g  t h e  c o a s t .  - 

I v o r y  Coast 

The R e  u b l i c  of Ivory  Coast has an area of approximate ly  324,000 km2 
(125,000 m i  tl ). Precambrian s c h i s t s ,  q u a r t z i t e s ,  and v o l c a n i c  rocks and 
Cambrian v o l c a n i c  and i n t r u s i v e  rocks - -a l l  known t o  c o n t a i n  no coal--crop o u t  
ove r  80  pe rcen t  of t h e  area. A c o a s t a l  b e l t  of sed imentary  rocks t h a t  comprises 
t h e  remaining 20 p e r c e n t  of t h e  area c o n t a i n s  P l iocene  and Quaternary marine 
l a g o o n a l  and c o n t i n e n t a l  r i v e r  d e p o s i t s  and Cretaceous sands tone  and s h a l e ,  
none of  which a r e  l i k e l y  t o  c o n t a i n  s i g n i f i c a n t  d e p o s i t s  of c o a l .  

L i b e r i a  

The Republic of L i b e r i a  i s  covered a lmost  e n t i r e l y  by s c h i s t s ,  g n e i s s e s ,  
q u a r t z i t e s  and d o l e r i t e s .  Along t h e  c o a s t  are d e p o s i t s  of l a c u s t r i n e  and 
beach sands  and a t h i n  veneer  of  f l u v i a l  s i l t  and sand of Quaternary age.  
F u r t h e r  i n l a n d  i s  a small a r e a  of about  400 km2 (150 mi2) of conglomerate,  
s a n d s t o n e ,  and s h a l e  of t h e  Farmington River  Formation of Cretaceous age. Some 
g r a n u l a r  c o a l  t h a t  has  been found i n  t h e  Harper quadrangle  (a long  t h e  s o u t h e a s t e r n  
c o a s t )  i s  g e n e r a l l y  b e l i e v e d  t o  be d i s i n t e g r a t e d  c o a l  l o s t  from pass ing  f r e i g h t e r s .  
None of  t h e  basement rocks n o r  sed iments  found i n  L i b e r i a  a r e  l i k e l y  t o  c o n t a i n  
s i g n i f i c a n t  amounts of coal'. 

Mali - 
The wes te rn  p a r t  of Mali i s  l a r g e l y  u n d e r l a i n  by rocks  of Cambrian and /o r  

Cambrian and S i l u r i a n  ages  t h a t  are, i n  p a r t ,  covered by Quaternary age rocks  
c o n t a i n i n g  s c a t t e r e d  sand dunes. The r o c k s  of Quaternary age con t inue  t o  t h e  
n o r t h  as f a r  as t h e  20th  P a r a l l e l  and east t o  t h e  w e s t  s i d e  of t h e  bend of t h e  
upper  Niger Basin. 
age which form a north-northeast-trending c o r e  f l anked  on both  s i d e s  by younger 
rocks  of J u r a s s i c ,  Cre taceous ,  and T e r t i a r y  ages. 

Within t h e  bend of t h e  Niger River  are rocks of Cambrian 

No s u r f a c e  or s u b s u r f a c e  occur rences  of  c o a l  have been r e p o r t e d  i n  Mali. 
However, t h e  Gao area ( n o r t h e a s t  s i d e  of t h e  Big Bend of t h e  Niger R ive r )  i s  
i n d i c a t e d  by Feyes and Fabre (1966) t o  be a n  a r e a  of p o t e n t i a l l y  c o a l  bea r ing  
rocks .  A l l  t h e s e  areas should  be i n v e s t i g a t e d  f o r  c o a l  p rospec t s .  I n  
a d d i t i o n ,  p o s s i b l e  coa l -bea r ing  J u r a s s i c  and Cre taceous  u n d i f f e r e n t i a t e d  rocks 
c r o p  o u t  ove r  l a r g e  a r e a s  of Mali (Bureau  d e  Recherche Geologiques e t  
M i n i e r e s ,  1968a).  S t r a t a  be l i eved  to  be c o r r e l a t i v e  t o  M a e s t r i c h t i a n  age rocks 
occur  i n  t h e  s u b s u r f a c e  i n  an  area of about 10,000 km2 (4,000 mi2) nea r  t h e  
Mauritania-Mali  boundary. 

c 
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# 

Mauri tan ia  

Coal has  no t  been r e p o r t e d  a t  t h e  s u r f a c e  i n  Maur i tan ia .  However, s t r a t a  
of M a e s t r i c h t i a n  ( L a t e  Cre taceous)  and Carboni ferous  ages  t h a t  c o n t a i n  l i g n i t e  
and o r  subbituminous c o a l  i n  nearby c o u n t r i e s  of Af r i ca  u n d e r l i e  a r e a s  of 
Maur i t an ia  and should  be  e v a l u a t e d  as t o  p r o s p e c t i v e  c o a l  d e p o s i t s .  More than  
1100 km2 (420 mi2) of M a e s t r i c h t i a n  rocks  occur i n  a s t r i p  ranging  i n  width 
from 10  t o  3 5  km (6-22 m i )  t h a t  ex tends  f o r  some 60 t o  85 km (40-50 mi) from 
Senegal n o r t h  t o  t h e  Western Sahara-Mauritania border .  
t r a t e d  by d r i l l  h o l e s  i n  widespread areas onshore  i n  Senegal .  

L i g n i t e  has  been pene- 

Another area of Maur i t an ia  t h a t  may c o n t a i n  l i g n i t e  i s  t h e  Taoudeni Basin. 
Although l i g n i t e  h a s  n o t  been r e p o r t e d ,  da!a from o i l  and gas  w e l l s  i n d i c a t e  
t h a t  an e x t e n s i v e  area (2000 km2 (800 mi2) )  a l o n g  t h e  Mauritania-Mali border  
i s  u n d e r l a i n  by rocks  of M a e s t r i c h t i a n  age. S t r a t a  .of t h i s  age  c o n t a i n  l i g n i t e  
i n  Senegal and c o a l  i s  produced from e q u i v a l e n t  age rocks  rocks  i n  Nige r i a .  
The Taoudeni Basin has a r e l a t i v e l y  t h i c k  cover  of Quaternary d e s e r t  d e p o s i t s  
t h a t  make conven t iona l  f i e l d  methods of e x p l o r a t i o n  d i f f i c u l t .  I. 

Approximately (1400 km2 (540 m i 2 )  of Maur i tan ia  i s  u n d e r l a i n  by rocks 
of Carboni ferous  age .  Coal i s  produced from s t r a t a  of t h i s  age  i n  Niger a t  
d'Anon Araren n e a r  d'Agades west of t h e  A i r  Mass i f f .  

Niger 

Coal occur s  i n  Carboni ferous  s t r a t a  i n  t h e  Niger Basin about  30  k m  
(19 m i )  n o r t h  of Agades on t h e  west edge of Air Massif .  Apparent ly ,  small 
amounts of c o a l  have been produced and used f o r  g e n e r a t i n g  power i n  l o c a l  
uranium mine and m i l l  f a c i l i t i e s .  In fo rma t ion  as t o  p roduc t ion  ra tes ,  type  of 
c o a l  mined, and t h e  r e s e r v e s  of t h e  area are n o t  a v a i l a b l e .  P rospec t  h o l e s  
d r i l l e d  i n  1964 p e n e t r a t e d  60 t o  150 m (200-490 f t )  of s t r a t a  c o n t a i n i n g  
s i l t s t o n e ,  s ands tone ,  and c o a l  beds. According t o  Feyes  and Fabre  (1966, p. 
53) two c o a l  beds 1 . 3  m (3 f t )  and 0.75 (2 f t )  t h i c k  were p e n e t r a t e d .  The 
c o a l  i s  n o t  cokeable  and h a s - a  h igh  a s h  c o n t e n t .  

The Geologic Map of t h e  Republic of Niger ( G r e i g e r t  and Pougnet,  1965) 
shows an  area of more t h a n  4,800 km2 (1,850 m i 2 )  t h a t  c o n t a i n s  rocks  of t h e  
Agades Formation of Upper Carboni ferous  age. Ana lys i s  of  d a t a  from w e l l s  
d r i l l e d  f o r  o i l  and g a s  i n  t h e s e  areas cou ld  provide  u s e f u l  i n fo rma t ion  per- 
t a i n i n g  t o  p o s s i b l e  e x i s t e n c e  of  c o a l  d e p o s i t s .  
CEP i n  t h e  area of t h e  Bishop-Taiga concess ion .  
p e n e t r a t e d  much of t h e  Carboni ferous  s e c t i o n .  Examination of electric and 
c u t t i n g s  l ogs  from t h e s e  w e l l s  might r e v e a l  much in fo rma t ion  as t o  c o a l  p r o s p e c t s  
of t h e s e  rocks.  

- 

Five  wells were d r i l l e d  by 
The westernmost w e l l s  p robably  

The t r i b u t a r y  a r e a s  of t h e  Niger R ive r ,  n o t a b l y  t h e  Tad i s s  Dallal ,  Maouri 
and t h e  Tarka R ive r s ;  are u n d e r l a i n  by about 4,160 km2 (1600 m i  2 ) of Upper 
Senomian age (Late Cre taceous )  rocks  t h a t  may c o n t a i n  l i g n i t e  beds and 
which probably  war ran t  e x p l o r a t i o n .  

c 

N i  ge r  i a  

Depos i t s  of l i g n i t e  of T e r t i a r y  age and subbituminous c o a l  of Cre taceous  
age  occur i n  s o u t h e r n  N i g e r i a ;  bituminous coking  c o a l  has a l s o  been r e p o r t e d .  
Coal product ion  reached a peak of 341,000 metric tons  i n  1972 but  has  d e c l i n e d  
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y e a r l y  t o  an e s t i m a t e d  172,000 metric t o n s  i n  1979. ( J o l l y ,  1981b).  In  1976, 
two of f o u r  n i n e s  scheduled f o r  mechanizat ion were equipped f o r  long-wall 
mining. The count ry  h a s  t h e  product ion  c a p a b i l i t y  t o  expor t  c o a l  and t o  g e n e r a t e  
c o n s i d e r a b l e  e l e c t r i c a l  power from c o a l .  Plans have been made i n  t h e  Urat area 
t o  produce coke f o r  a proposed s teel  p l a n t .  

L i g n i t e  r e s e r v e s  of 7 1  m i l l i o n  metric tons were i n d i c a t e d  f o r  an a r e a  n e a r  
Benin C i t y ,  but no commercial product ion  of l i g n i t e  h a s  been recorded ( J o l l y ,  
1981a). Subbituminous coal r e s e r v e s  have been e s t i m a t e d  a t  144 m i l l i o n  metric 
t o n s  i n  t h e  Enugu area,  and r e s e r v e s  of c o a l  wi th  coking q u a l i t i e s  are  i n  
excess  of 100 m i l l i o n  metric tons  i n  t h e  a r e a  n e a r  L a f i a  ( J o l l y ,  1981a). 
Because of more' r e c e n t  development,  c a l c u l a t e d  r e s o u r c e s  now are  probably much 
g r e a t e r .  

Subbituminous c o a l  o c c u r s  i n  two s t r a t i g r a p h i c  sequences.  The lower 
sequence c o n s i s t s  of a s e c t i o n  of sands tone  and s h a l e  c o n t a i n i n g  a t  l ea s t  f i v e  
c o a l  beds of La te  Cretaceous age .  The s t r a t i g r a p h i c  s e c t i o n  c o n t a i n i n g  t h e  c o a l  
beds i s  about  390 m (1 ,300  f t )  t h i c k  and w a s  d e p o s i t e d  d u r i n g  Campanian-Maestri- 
c h t i a n  t i m e .  The f i v e  c o a l  beds a r e  l e n t i c u l a r  and have been mined a long  t h e  
crescent-shaped Enugu escarpment .  The t h i c k e s t  c o a l  bed ranges from 1.2-1.8 m 
(4-6 f t )  i n  t h i c k n e s s  and i s  c u r r e n t l y  be ing  mined i n  s i x  areas. 

The upper s t r a t i g r a p h i c  sequence i s  about 330 m (1100 f t )  t h i c k  and 
c o n s i s t s  of s a n d s t o n e  and sandy,  c a l c a r e o u s  s h a l e  w i t h  t h i n  c o a l  beds.  Coal 
measures i n  t h e  upper sequence are probably of  l a t e  M a e s t r i c h t i a n  t o  e a r l y  
Paleocene age.  

The l i g n i t e  r e s o u r c e s  of Nigeria appear  t o  be  l a r g e  but  have n o t  been 
developed. L i g n i t e  d e p o s i t s  are p r e s e n t  i n  rocks  of T e r t i a r y  age  w e s t  of  t h e  
Niger River  and e a s t  o f  Benin C i t y  and Warri. A t  Obomkpa, t h r e e  major beds 
occur  ( d e  Swardt,  1960). Two of t h e s e  beds have been d r i l l e d  over  a l a r g e  
a r e a  and t h e  lower bed, of good q u a l i t y ,  h a s  a n  average  t h i c k n e s s  o f  about  2.4 m 
(7.9 f t ) .  
where two beds a v e r a g i n g  5.2 m ( 1 7  f t )  and 2.4 m (8 f t )  are s e p a r a t e d  by about  
3 .6  m (12 ft) of sha le .  

Other  promising d e p o s i t s  are a t  Ogwaski-Asaba near  t h e  Niger River  

East of t h e  Niger River  o t h e r  beds o f  l i g n i t e  occur  (de  Swardt,  1960, 
p. 8) w i t h  bed t h i c k n e s s e s  up t o  2 m ( 6  f t ) .  
headwater area of  t h e  Nemagadi R i v e r ,  boreholes  d r i l l e d  i n  1910 supposedly 
p e n e t r a t e d  l i g n i t e  t h i c k n e s s e s  up t o  6 m (20 f t )  but f u r t h e r  work i n  t h e s e  areas 
d i d  n o t  confirm such bed t h i c k n e s s e s .  

I n  t h e  Mbala stream a r e a  and t h e  

S ene  ga 1 

There are no s u r f a c e  o c c u r r e n c e s  of  coal i n  Senegal .  However evidence 
of l i g n i t e  h a s  been r e p o r t e d  from boreholes  d r i l l e d  d o u b t l e s s  f o r  s t r a t i g r a p h i c  
i n f o r m a t i o n  by t h e  major o i l  companies i n  connec t ion  w i t h  t h e i r  s e a r c h  f o r  o i l  
and gas  d u r i n g  t h e  p e r i o d  1952-1977. L i g n i t e  w a s  a l s o  p e n e t r a t e d  i n  we l l s  
d r i l l e d  f o r  water. According t o  Bliss (1981) ,  c o n s i d e r a b l e  d r i l l i n g  and r e s e a r c h  
has  been done toward f u r t h e r i n g  a n  unders tanding  of t h e  l i g n i t e  r e s o u r c e s  of 
t h e  county.  I n  a l l ,  33 d r i l l  ho les  found traces of l i g n i t e .  I n  24 of t h e s e  
h o l e s  t h e  l i g n i t e  g e n e r a l l y  ranged i n  t h i c k n e s s  from 1 m ( 3  f t )  to  2 m ( 6  f t ) .  
I n  f o u r  areas ( l o c a t i o n  not  known) t h e  d r i l l  h o l e s  p e n e t r a t e d  c o a l  of as 
much a s  4 m (13 f t ) ,  14 m ( 4 6  f t ) ,  10 m ( 3 3  f t ) ,  4 m (13 f t ) ,  32 m (105 f t ) ,  
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7 1  m (230  f t )  and 10 m (33  ft) t h i c k n e s s .  The l i g n i t e  w a s  r e p o r t e d  
a t  d e p t h s  r ang ing  from 55 m (180 f t )  t o  647 m (2 ,120  f t )  wi th  a n  average 
dep th  of about 300 m (1 ,000  f t ) .  

I n  one of t h e  d r i l l  h o l e s  n o t a b l y  Kb 1 ( n o  a c c u r a t e  l o c a t i o n  a v a i l a b l e ) ,  
2 more t h a n  105 m i l l i o n  metric tons per km2 (300 m i l l i o n  s h o r t  tons  per  km ) have 

been e s t i m a t e d  f o r  3 c o a l  beds of 4 m ( 1 3  f t ) ,  32 m (105 ft) and 7 1  m (230 f t ) .  
P r e s e n t l y  no a n a l y s e s  of t h e s e  l i g n i t e  beds are  a v a i l a b l e .  

The l i g n i t e  d i s c u s s e d  above is  found i n  rocks  of t h e  b e s t r i c h t i a n  (Late 
Cre taceous)  age. Although t h e s e  rocks a p p a r e n t l y  do n o t  c rop  o u t  i n  Senegal ,  
t hey  are e x t e n z i v e ,  d o u b t l e s s  unde r ly ing  Gambia t o  t h e  south  and ,  perhaps,  
Maur i t an ia  to t h e  n o r t h .  

Although n o t  c l a s s e d  a s  c o a l ,  pea t  i s . c l o s e l y  re la ted t o  l i g n i t e  and 
should  be mentioned because i t  can be used as a f u e l .  The d e l t a  and lower r i v e r  
areas and t h e  lower b a s i n  a r e a s  (upstream of t h e  Senegal,  Sine-Saloum and 
Casamance R ive r s )  c o n t a i n  p e a t  d e p o s i t s .  
appear  t o  have minor  p e a t  d e p o s i t s .  
Senegal are as much as 2 m (6  f t )  t h i c k ,  have h igh  c l a y  and sil., c o n t e n t s ,  
and have low organic-mat te r  c o n t e n t .  

They may a l s o  extend i n t o  Mali a n d  Guinea B i s s a u .  

The lower Gambia River  a r e a  would 
It i s  r e p o r t e d  t h a t  t h e  p e a t  d e p o s i t s  of 

S i e r r a  Leone 

A d e p o s i t  of l i g n i t e  r e p r e s e n t s  t h e  only  known c o a l  i n  S i e r r a  Leone. The 
l i g n i t e  occurs i n  rocks  of t h e  Bullom Group of P l e i s t o c e n e  age  i n  t h e  Rokel 
Es tuary .  Onshore t h e  t h i c k n e s s  of t h e  Bullom Group i s  v a r i a b l e  but  appears  t o  
a t t a i n  about  120 m (390 f t )  east of Freetown (St rasser -King ,  1979, p.  337) .  
Offshore  rocks  of t h e  Bullom Group may b e  much t h i c k e r .  

The o c c u r r e n c e  of l i g n i t e  i n  o u t c r o p  n o r t h  of Newton was f i r s t  r e p o r t e d  
i n  1928 by t h e  Geo log ica l  Survey. The areas of Madanke, Ma to l i ,  Rosenda and 
Kenta Creeks were examined and sampled i n  1929 and 1934. 
examinat ion  and bulk  sampling was completed. 
a s u f f i c i e n t  q u a l i t y  t o  j u s t i f y  f u r t h e r  i n v e s t i g a t i o n  and d r i l l i n g  was recommended. 

In 1944 f u r t h e r  
Analyses of t h e  l i g n i t e  i n d i c a t e d  

- 
Twelve h o l e s  were d r i l l e d  and t h r e e  p e n e t r a t e d  l i g n i t e .  The d r i l l i n g  

i n d i c a t e d  t h a t  t h e  l i g n i t e  beds were n o t  of p e r s i s t e n t  t h i c k n e s s  nor con t inuous .  
The area i n  t h e  v i c i n i t y  of Konka Creek n e a r  Matam and Maplete i s  e s t ima ted  t o  
c o n t a i n  approximate ly  1.25 m i l l i o n  t o n s  (1.13 m i l l i o n  metric t o n s ) .  
of t h e  l i g n i t e  beds ave rages  1.1 m (3.5 f t ) .  
ft) and t h e  ave rage  i s  12 m (40 f t ) .  
area and two l a r g e  samples  gave t h e  fo l lowing  r e s u l t s :  

The t h i c k n e s s  
Maximum overburden is  30 m (100 

T r i a l  workings were se t  up i n  t h e  Y e m a  

c 
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Proximate Analys is  

M o i s t u r e '  pe rcen t  
V o l a t i l e  matter 

less m o i s t u r e  
"Fixed carbon" 

Ash 
Sulphur 
C a l o r i f i c  va lue  c a l .  gm 

- 

Sample No. 1 

Air -dr ied  

1 5 . 0  
4 2 . 7  

3 2 . 0  
1 0 . 3  

4 . 0  
4 , 3 0 0  
7 , 7 4 0  

Calcu la t ed  
on mois ture-  
f r e e  b a s i s  

--- 
5 0 . 2  

3 7 . 6  
1 2 . 2  

4 . 7  

9,100 
--- 

Sample No. 2 
Calcula ted  

Air -dr ied  on mois ture-  
free b a s i s  

7 . 1  
4 4 . 2  

3 4 . 6  
1 4 . 1  

4 . 5  
4 , 5 0 0  
8 , 1 0 0  

--- 
4 7 . 5  

3 7 . 3  
1 5 . 2  

4 . 9  

8 , 7 0 0  
--- 

Forms of Sulphur i n  Dry L i g n i t e s  
Sample No. 1 Sample No. 2 

Percent  Percent  
S u l p h a t e  s u l p h u r  1 . 3  1 . 3  
P y r i t i c  s u l p h u r  0 . 5  0 .4  
Organic s u l p h u r  2 . 9  3 . 2  

T o t a l  s u l p h u r  4 .7  4 . 9  

Sample 

As r ece ived  
Crude t a r  g a l l t o n  1 2 . 2  
Coke c w t l t o n  . 7 . 4 5  
Gas cu f t j t o n  4 , 6 0 0  

No. 1 

A i  r-d r i ed 
1 5 . 9  

9 . 7  
6 , 0 5 8  

Sample No. 2 

As r ece ived  Air-dried 
7 . 4 3  1 4 . 7  
5 . 2 5  1 0 . 4  

3 , 1 4 0  6 , 2 0 7  

The Bullom S e r i e s  of P l e i s t o c e n e  age as  d e s c r i b e d  by P o l l e t t e  (1952,  p .  12- 
1 3 )  c o n s i s t s  of g r a v e l ,  g r i t ,  sand and c l a y  of l a c u s t r i n e ,  e s t u r a r i a n ,  d e l t a i c  
and mar ine  o r i g i n  which form a narrow b e l t  a l o n g  t h e  e n t i r e  c o a s t  of Sierra Leone. 
These rocks  o v e r l i e  rocks  of t h e  basement complex. 

A narrow s t r i p  a long  t h e  wes te rn  c o a s t  of S i e r r a  Leone i s  occupied (Marel, 
1 9 7 6 ,  p. 17-18) by marine and e s t u a r i n e  sed imen t s .  They c o n s i s t  of mott led  
r e d  and w h i t e  c l a y  o v e r l a i n  by c o a r s e  sand and are exposed i n  c l i f f s  a long  
t h e  sea.  The maximum known t h i c k n e s s  i s  about  110 m (350 f t )  i n  boreholes  
d r i l l e d  on &he  e a s t e r n  s i d e  of Freetown. These sed imen t s  may b e  much t h i c k e r  
e l sewhere .  

To go 

The Republ ic  of Togo cove r s  an area of approx ima te ly  57,000 km2 ( 2 2 , 0 0 0  
m i 2 ) .  
of Quaternary ,  P l iocene ,  and Eocene age  ex tend  from Dahomey west a long  t h e  
c o a s t  f o r  about  2 0 0  km ( 1 2 0  mi). These sed imentary  rocks  have l i t t l e  or no 

C r y s t a l l i n e  rocks  c r o p  ou t  ove r  most of  t h e  coun t ry .  Sedimentary rocks 

6 9  



p o t e n t i a l  f o r  commercial q u a n t i t i e s  of c o a l .  

Upper Vol ta  

The R e  u b l i c  of Upper Volta  covers  an  area of approximate ly  274,000 kn2 

and S i l u r i a n  age sands tone ,  conglomerate  and c a l c a r e o u s  rocks ex tend  over  a lmost  
t h e  e n t i r e  area. None of t h e s e  rocks  are be l i eved  t o  c o n t a i n  p o t e n t i a l  economic 
c o a l  d e p o s i t s .  

(106,000 m i  5 ) i n  t h e  savannah r e g i o n  of Af r i ca .  C r y s t a l l i n e  rocks  and Cambrian 

c 
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PART 111--GEOTHERMAL RESOURCES 

by F rede r i ck  N. Zihlman 
U.S. Geologica l  Survey 

INTRODUCTION 

For t h e  upper 10 km of E a r t h ,  r e g i o n s  of  normal h e a t  f low have a world- 

to 4 C/100 m (Muff le r ,  
wide average  of 1.47 hea t  f low u n i t s  (HFU), where 1 PU = : c a l o r i e  x 10'6/cm2/s 
o r  41.8 m i l l i w a t t s / m 2 ,  and geothermal g r a d i e n t s  of 2 
1975a and 1975b). Geothermal r e s o u r c e  development i n  r eg ions  with average o r  
lower than  ave rage  h e a t  flows and geothermal g r a d i e n t s  i s  p r e s e n t l y  cons idered  
uneconomical due t o  t h e  h i g h  d r i l l i n g  and suppor t  technology c o s t s  (Muff le r ,  
1975b). A l i m i t e d  number of h e a t  f low measurements from northwest Afr ica  
i n d i c a t e  t h a t  t h i s  r e g i o n ,  i n  g e n e r a l ,  is  an area of average o r  lower than  
a v e r a g e  h e a t  f low. 
of worldwide t ec ton i sm and s e i s m i c i t y .  

T h i s  g e n e r a l i z a t i o n  i s  confirmed somewhat by an  a n a l y s i s  

World h e a t  f l ow d a t a  ( G r i m ,  1976) i n d i c a t e  t h a t  r eg ions  o i h i g h  h e a t  
f l ow,  on a g l o b a l  scale ,  r e f l e c t  a c t i v e  t e c t o n i c  f e a t u r e s .  The h igh  h e a t  f low 
and geothermal g r a d i e n t s  observed i n  areas of r e c e n t  t e c t o n i c  a c t i v i t y  s u g g e s t  
t h a t  some of t h e s e  r eg ions  are f a v o r a b l e  f o r  e x p l o i t a t i o n  of geothermal r e s o u r c e s .  
Converse ly ,  t e c t o n i c a l l y  s t a b l e  Precambrian s h i e l d  masses d i s p l a y i n g  no r e c e n t  
vo lcanism,  such  as nor thwes t  A f r i c a ,  are noted  by Combs and Muff le r  (1973) as 
be ing  p a r t i c u l a r l y  un favorab le  geothermal  r e s o u r c e  a r e a s  posses s ing  h e a t  f low 
v a l u e s  lower than  t h e  world average. Worldwide seismic behavior a l s o  c o r r e l a t e s ,  

Map" shows a p a t t e r n  of seismic a c t i v i t y  a s s o c i a t e d  wi th  t e c t o n i c a l l y  a c t i v e  
r e g i o n s ,  w h i l e  s h i e l d  areas a re  s e i s m i c a l l y  i n a c t i v e .  

on  a g l o b a l  scale, w i t h  r e c e n t  t e c t o n i c  a c t i v i t y .  Tarr 's  (1974) "World S e i s m i c i t y  c 

Areas i n  t h i s  r e p o r t  are  d i s c u s s e d  us ing  e i t h e r  hea t  f low va lues  o r  geo- 
the rma l  g r a d i e n t s  o r  b o t h ,  depending on t h e  a v a i l a b l e  d a t a .  Economically a t t rac-  
t i v e  geothermal areas e x h i b i t  g r a d i e n t s  a t  i n t e r m e d i a t e  depths  ( < 3  km) g r e a t e r  
t h a n  7"C/100 m (Combs and Muf f l e r ,  1973). 
d e f i n e  t h e  areal  e x t e n t  o f  geothermal anomal ies ,  hea t  f low measurements have 
s e v e r a l  advantages  : I n  areas of l i t h o l o g i c  h e t e r o g e n e i t y  h e a t  f l o w  measurements 
are  p r e f e r r e d  t o  thermal  g r a d i e n t  measurements. In  such  areas, thermal  
c o n d u c t i v i t y  g e n e r a l l y  i n c r e a s e s  w i t h  d e p t h  and l i n e a r  e x t r a p o l a t i o n  of 
s h a l l o w  g r a d i e n t s  t o  d e p t h  may f o r  t h i s  r eason  l e a d  t o  estimates w i t h  e r r o r s  
on t h e  h i g h  s i d e .  ' I n  a d d i t i o n ,  convec t ion  w i l l  produce h igh  g r a d i e n t s  above a 
c o n v e c t i o n  c e l l  and low g r a d i e n t s  w i th in .  Where pore spaces  i n  t h e  rocks 
a l l o w  t h e  convec t ion  of water, e x t r a p o l a t i o n  of  nea r  s u r f a c e  g r a d i e n t s  measured 
above t h e  conven t ive  zone w i l l  s u g g e s t  e r r o n e o u s l y  h i g h  tempera tures  a t  
dep th  (Combs and Muf f l e r ,  1973). 

While geothermal g r a d i e n t s  w i l l  

* 

GEOTHERMAL, RESOURCES BY INDIVIDUAL COUNTRIES 

Ghana 

Beck and Mustonen (1972) made p r e l i m i n a r y  h e a t  f l ow measurements from f o u r  
bo re  h o l e s  w i t h  dep ths  of measurements r ang ing  from 300 t o  500 m. 
l a c k  of rock  samples f o r  thermal  c o n d u c t i v i t y  expe r imen t s ,  a n  uppe.r l i m i t  on h e a t  
f l ow v a l u e s  w a s  se t  by examining t h e  thermal  g r a d i e n t s . i n  t h e  bo reho les .  Below 

Due t o  a 
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d e p t h s  of 100 m t h e  c h a r a c t e r i s t i c  g r a d i e n t s  were 1.8" c / l O O  m f o r  s i l t s t o n e s  
and Kudstones,  and 0.8" C/100 m f o r  s ands tones .  Beck and Mustonen (1972) 
c a l c u l a t e d  t h e  upper l i m i t  f o r  h e a t  f low i n  Ghana t o  be 1 .44  HFU based on 
t h e  c o n d u c t i v i t y  of pure  sands tone  and f r e s h  q u a r t z i t e .  Three sandstone 
s a m p l e s  a v a i l a b l e  f o r  thermal  c o n d u c t i v i t y  s t u d i e s  s u g g e s t  a h e a t  flow of  
1.1 H F U ,  though t h e y  n o t e  t h e s e  samples may be u n r e p r e s e n t a t i v e  of. t h e  a r e a .  
They conclude  t h a t  wh i l e  1.44 HFU r e p r e s e n t s  t h e  upper l i m i t  f o r  hea t  f low 
v a l u e s ,  t h e  c o r r e c t  va lue  i s  w i t h i n  20% of 1 H F U .  This  i s  c o n s i s t a n t  wi th  
o c e a n i c  v a l u e s  measured o f f  t h e  wes tern  c o a s t  of A f r i c a  and w i t h  va lues  
measured i n  a sed imentary  b a s i n  c l o s e  t o  t h e  Canadian Precambrian S h i e l d ,  
i n d i c a t i n g  r e g i o n a l l y  poor geothermal r e s o u r c e  p o t e n t i a l .  

j 

Niger Republ ic  

Poor geothermal r e s o u r c e  p o t e n t i a l  i s  a l s o  i n d i c a t e d  by h e a t  f low s t u d i e s  
by Chapman and P o l l a c k  (1974) i n  t h e  Niger Republic.  Very low hea t  f low va lues  
of 0.42 and 0.51 HFU were measured f o r  two s i t e s  85 km a p a r t  i n  t h e  wes tern  
p a r t  of t h e  Niger Republic.  Both s i tes  were l o c a t e d  i n  Precambrian t e r r a i n  
on t h e  e a s t e r n  edge of t h e  West A f r i c a n  c r a t o n ,  w i t h  rock  ages  ranging from 
2,487 t o  1 ,206  m.y. and average  the rma l  g r a d i e n t s  of 0 .81  and 0.57"C/100 m. 
These' thermal  g r a d i e n t s  e q u a t e  t o  h e a t  f l ow v a l u e s  t h a t  a r e  c o n s i d e r a b l y  lower 
t h a n  t h e  worldwide average  of 0.96 HFU f o r  s h i e l d  areas. Chapman and Po l l ack  
(1974) conclude t h a t  Precambrian c r u s t  and unde r ly ing  upper man t l e  of wes te rn  
Niger probably  comprise one of t h e  c o l d e s t  r e g i o n s  of Ear th .  Models u s i n g  
t h e  ave rage  s h i e l d  h e a t  f low imply a l i t h o s p h e r i c  t h i c k n e s s  of approximate ly  
175 km f o r  t y p i c a l  s h i e l d s ,  a v a l u e  suppor t ed  through seismic i n v e s t i g a t i o n s .  
Chapman and P o l l a c k  (1974) s u g g e s t  t h e  h e a t  f l ow v a l u e s  of t h e  West Af r i can  
S h i e l d  a r i se  from a l i t h o s p h e r i c  t h i c k n e s s  ex tend ing  t o  dep ths  of over 400 km 
w i t h  a v e r y  t h i n  o r  a b s e n t  a thenosphe re .  

L i b e r i a  

Heat f low s t u d i e s  by Sass  and Behrendt (1980) show t h a t  t h e  L i b e r i a n  
Precambrian S h i e l d  has  some of t h e  h i g h e s t  observed  v a l u e s  from Precambrian 
areas o l d e r  t han  2,000 m.y. 
This co r re sponds  t o  t h e  world average  f o r  Precambrian s h i e l d  areas, though 
h i g h e r  than  t h o s e  found by Chapman and P o l l a c k  (1974) f o r  t h e  Niger Republ ic ,  
and comparable t o  t h o s e  found by Beck and Mustonen (1972) f o r  Ghzna. 
Geothermal g r a d i e n t s ,  measured from f i v e  w e l l s  a t  d e p t h s  from 78 t o  229m 
(ave rage  i n t e r v a l  l e n g t h  of 33 m/ measurement), were found t o  range from 
0.71 t o  1.43"C/100 m. Sass  and Behrendt (1980) n o t e  a l s o  t h a t  t h e  ave rage  
h e a t  f l ow o f f s h o r e  t o  t h e  s o u t h  and w e s t  i n  t h e  Guinea and S i e r r a  Leone 
Bas ins ,  app rox ima te ly  1.39 H F U ,  is h i g h e r  t h a n  t h a t  found i n  ocean ic  c r u s t  o f  
comparable age  0 8 0  m.y.) and t h a t  no ted  by Beck and Mustonen (1972) o f f  t h e  
w e s t e r n  c o a s t  o f  A f r i c a .  They a t t r i b u t e  t h e s e  h i g h e r  v a l u e s  t o  p o s s i b l y  renewed 
t e c t o n i c  a c t i v i t y  benea th  t h o s e  b a s i n s .  However, t h e y  conclude  t h a t  t h e  
the rma l  e f f e c t s  o f  t h i s  presumed t e c t o n i c  a c t i v i t y  do no t  ex tend  in l and  t o  
t h e  L i b e r i a n  S h i e l d  and s u g g e s t  t h a t  l a r g e  l a te ra l  the rma l  g r a d i e n t s  e x i s t  
between t h e  e q u a t o r i a l  A t l a n t i c  and t h e  West Af r i can  S h i e l d .  The h e a t  f low 
v a l u e s  found, though comparable wi th  normal Precambrian s h i e l d  v a l u e s ,  s u g g e s t  
a poor geothermal  r e s o u r c e  development p o t e n t i a l  f o r  L i b e r i a .  

However, c o r r e c t e d  v a l u e s  ave rage  0.96 H F U .  
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N i g e r i a  

Geothermal s t u d i e s  were made i n  s o u t h e r n  Nige r i a  by Nwachuhwa (1975, 1976) 
and Avbovbo (1978). Sedimentary rocks  i n  t h e  Southern  Niger ia  Basin range 
i n  age from Cretaceous t o  Holocene, w i th  sed imentary  rock t h i c k n e s s  e s t ima ted  
a t  g r e a t e r  than  9 km i n  t h e  d e l t a  r e g i o n ,  p r i m a r i l y  composed of de l t a i c  sands tone  
and s h a l e  sequences r e f l e c t i n g  r a p i d  sed imen ta t ion .  Nwachuhwa (19751, 
us ing  d a t a  g e n e r a l l y  logged from wells deeper  than  3 km, measured thermal 
g r a d i e n t s  ranging  from 1.3 t o  1.8"C/100 m i n  t h i c k  T e r t i a r y  sedimentary 
rocks  t o  5.5"C/100 m i n  t h e  n o r t h  where Cre taceous  sed imentary  rocks a r e  
exposed. The thermal  g r a d i e n t s  i n  t h e  n o r t h ,  h i g h e r  than  t h e  world average  
of 2-4"C/100 m.; s u g g e s t  a m a r g i n a l l y  p o t e n t i a l  geothermal r e s o u r c e  a r e a .  
The lower g r a d i e n t  va lues  a r e  found a t  t h e - c e n t e r  of t h e  d e l t a  r e g i o n  ( t h e  
a r e a  of maximum sedimentary  rock  t h i c k n e s s ) ;  t h e s e  i n c r e a s e  both  northward 
and seaward. Avbovbo (1978) found s imi la r  geothermal g r a d i e n t s  f o r  southern  
N i g e r i a .  Grad ien t s  were found t o  i n c r e a s e  t o  t h e  n o r t h e a s t ,  w i th  t h e  h i g h e s t  
of 5.5"C/100 m o c c u r r i n g  a long  t h e  Agwu-Enuga-Nsukka a x i s  a s s o c i a t e d  with 
ou tc rops  of coa l -bear ing  Cre taceous  rocks  of t h e  Anambra Basin:. I n t e r -  
media te  g r a d i e n t s  of 2.9-4.7 "C/lOO m were measured a long  t h e  C a l a b a r - h i t s h u a -  
Benin C i t y  axis ex tend ing  i n t o  t h e  c o a s t a l  r e g i o n  sou th  of Oki t ipupa  and 
Lagos, roughly  c o i n c i d i n g  wi th  t h e  Te r t i a ry /Ho locene  sed imentary  rock  boundary 
of t h e  Niger d e l t a .  
Warri-Port Harcourt, a r e a  where T e r t i a r y  sed imen ta t ion  i s  a t  a maximum. 
Avbovbo (1978) n o t e s  t h a t  o f f s h o r e  areas of t h e  Niger d e l t a  have g r a d i e n t s  
of 4.7"C/100 m on t h e  no r thwes te rn  f l a n k ,  4.O0C/1O0 m on t h e  e a s t e r n  f l a n k  
and 3.3"C/100 m a long  t h e  nose  of t h e  d e l t a  where sed imentary  rocks  are 
t h i c k e s t .  The h i g h e r  g r a d i e n t  v a l u e s  for t h e  Anambra b a s i n  aga in  s u g g e s t  
m a r g i n a l l y  p o t e n t i a l  geothermal  r e s o u r c e s .  Verhe i j en  and Ajakaiye (1979) 
made h e a t  f low measurements i n  t h e  c e n t e r  of t h e  Niger ian  R i r iwa i  Ring Complex 
and found a n  ave rage  h e a t  f l ow of 0.92 H F U ,  abou t  e q u a l  t o  t h e  world average  
f o r  Precambrian s h i e l d  masses. 
w a s  measured from two boreho les  w i t h  d e p t h s  of 70 and 160 m. The r i n g x o m p l e x e s  
extend from n o r t h  of t h e  Niger Republ ic  sou th  t o  nea r  t h e  Benue Val ley  i n  
N i g e r i a ,  forming a series of, m a s s i f s  which d e c r e a s e  i n  age from n o r t h  t o  
south and d i f f e r  i n  age by about  300 m.y. This s u g g e s t s  movement of t h e  
A f r i c a n  p l a t e  r e l a t i v e  t o  a mantle plume wi th  a s s o c i a t e d  upwards convec t ion  
of mancle material. Heat f low measured i n s i d e  t h e  complex w a s  found t o  be 
e q u i v a l e n t  t o  o r  less t h a n  h e a t  f low o u t s i d e  t h e  complex, s u g g e s t i n g  thermal  
a c t i v i t y  e x i s t i n g a t  t h e  t i m e  of fo rma t ion  (175 m.y.) has  ceased .  
b a s a l t  f lows (2 m.y.) c ropout  a t  s e v e r a l  l o c a t i o n s  i n d i c a t i n g  r e c e n t  thermal  
a c t i v i t y  but  a p p a r e n t l y  do n o t  a f f e c t  r e g i o n a l  geothermal g r a d i e n t s .  

Lower g r a d i e n t s  of  2.2 t o  2.6"C/lOO m were found i n  t h e  

t 

An ave rage  geothermal  g r a d i e n t  of 2.6"C/LOO m 

Young 

i 

I n  g e n e r a l  geothermal g r a d i e n t s  of t h e  Niger  Delta r e g i o n  sugges t  t h e  
area has  a t  b e s t  o n l y  a marg ina l  p o t e n t i a l  for t h e  development of hydrothermal 
and h o t  d r y  r o c k  geothermal development. 
shows some p o t e n t i a l  f o r  development o f  geothermal  r e sources  i n  geopressured  
zones.  
con tour  and t h e  depth  t o  t h e  t o p  of a g e o p r e s s u r e  zone similar t o  t h a t  desc r ibed  
by Jones  (1972) f o r  t h e  Gulf Coast of t h e  United S t a t e s .  Jones  (1972) d e s c r i b e s  
an  environment of r a p i d  sed imen ta t ion  a l lowing  water t o  be t rapped  i n  l o o s e l y  
compacted sed imen t s  which a r e  s e a l e d  by l a t e r  sed imentary  p rocesses .  As t h e  
overburden i n c r e a s e s  from l a t e r  s e d i m e n t a t i o n ,  p r e s s u r e s  wi th in  t h e  s e a l e d  
zone i n c r e a s e ,  approaching  l i t h o s p h e r i c  p r e s s u r e .  The' d i a g e n e s i s  and dewater ing  

However, t h e  Niger Delta r e g i o n  

Nwachukwa (1975) n o t e s  a c l o s e  c o r r e l a t i o n  between t h e  100°C i s o t h e r m a l  
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of c l a y  m i n e r a l s ,  r e l e a s i n g  water which remains t rapped  beneath t h e  s e a l ,  
cause  a cor responding  r ise  i n  t empera tu re  w i t h  t h e  inc reased  p res su re .  Any 
above ave rage  h e a t  f low w i l l  accelerate t h i s  p rocess .  filthough geopressured  
zones of t h e  Niger Del ta  r e g i o n  may p rov ide  geothermal r e sources  i n  t h e  f u t u r e ,  
t h e  necessa ry  technology and c o s t - b e n e f i t  r a t i o  probably w i l l  n o t , b e  a v a i l a b l e  
f o r  a t  l eas t  50 years. 

Benue trough/Cameroon 

F u r t h e r  evidence f o r  m i g r a t i o n  of t h e  Af r i can  Plate over a ho t  zone i n  t h e  
a t h e n o s p h e r e ,  sugges t ed  by Verhe i j en  and Ajakaiye (1979) above, may be s e e n  i n  
t h e  Benue trough/Cameroon r e g i o n  ( F i t t o n ,  1980). The Benue trough s p l i t s  a t  t h e  
n o r t h e a s t e r n  end i n t o  two branches .  The n o r t h e r n  branch ex tends  i n t o  t h e  Chad 
Basin forming t h e  Chad r i f t ,  whi le  t h e  e a s t e r n  branch forms t h e  Yola r i f t  which 
ex tends  as f a r  e a s t  as t h e  Sudan border  ( f i g .  10). The southwes tern  p a r t  
ex tends  t o  t h e  A t l a n t i c  ocean. F i t t o n  (1980) d e s c r i b e s  t h e  Benue trough as 
a f a i l e d  arm of a Cre taceous  RRR t r i p l e  j u n c t i o n .  The o t h e r  two arms 
subsequen t ly  formed t h e  South A t l a n t i c  through t h e  upwelling of a deep man t l e  
plume, which u l t i m a t e l y  caused t h e  r i f t i n g  of t h e  Benue t rough.  

F i t t o n  (1980) a l s o  d e s c r i b e s  t h e  Cameroon l i n e  as a cha in  of T e r t i a r y  t o  
Holocene volcanoes  s t r e t c h i n g  from t h e  A t l a n t i c  n o r t h  t o  t h e  mountains of t h e  
Cameroon Republic.  There i t  s p l i t s  i n t o  two b ranches ,  one running northward i n t o  
n o r t h e a s t e r n  Nige r i a  and t h e  o t h e r  eas tward  i n t o  e a s t e r n  Cameroon. F i t t o n  
(1980) n o t e s  t h a t  as t h e  v o l c a n i c  a c t i v i t y  does no t  seem t o  be c o n t r o l l e d  by 
p r e - e x i s t i n g  basement f e a t u r e s ,  i t  i s  cons ide red  a product of man t l e  p rocesses  
unmodified by t h e  o v e r l y i n g  c r u s t .  While no h e a t  f low o r  geothermal g r a d i e n t  
d a t a  were found a v a i l a b l e ,  Muf f l e r  (1975a and 1975b) no te s  t h a t  v o l c a n i c  
a c t i v i t y  and t h e  a s s o c i a t e d  igneous i n t r u s i o n s  o c c u r r i n g  a long  r i f t  v a l l e y s ,  . 
such  as i s  s e e n  i n  East A f r i c a ,  f a v o r  t h e  development of hydrothermal and h o t .  
d r y  rock  geothermal  sys tems which s u g g e s t s  t h i s  r e g i o n  deserves  f u r t h e r  
i n v e s t i g a t i o n .  

I n  summary, West Africa i s  e s s e n t i a l l y  a Precambrian c r a t o n  or s h i e l d  
area ( f i g .  2 )  c o n s i s t i n g  of g r a n i t i z e d  rocks  r a d i o m e t r i c a l l y  age da t ed  a t  
2.700 t o  1,600 m . y .  ( D i l l o n  and Sougy, 1974) .  Precambrian s h i e l d s  c h a r a c t e r i s t i -  
c a l l y  e x h i b i t  low hea t  f l o w  v a l u e s ,  0.72 t o  1.20 HFU, wi th  a n  average  of 0.96 
H F U .  While d a t a  w e r e  n o t  a v a i l a b l e  for e v e r y  c o u n t r y  i n  t h e  ECOWAS r e g i o n ,  
what i n fo rma t ion  i s  a v a i l a b l e  s u g g e s t s  t h a t  h e a t  f low va lue  fo r  t h e  ECOWAS 
r e g i o n  a re  average. or lower than  a v e r a g e  i n  comparison t o  o t h e r  Precambrian 
s h i e l d  areas. Development of geothermal  r e s o u r c e s ,  t h e r e f o r e ,  is  p r e s e n t l y  
cons ide red  uneconomical. Except ions  may i n c l u d e  a geopressured  zone i n  t h e  
Niger Delta and areas o f  r e c e n t  t e c t o n i c  a c t i v i t y  i n  t h e  Benue Trough and 
Cameroon. 
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SUMMARY 

Petroleum r e s o u r c e s  

The Economic Community of West Af r i can  States  (ECOWAS) r e g i o n  can be 
d i v i d e d  i n t o  13 b a s i n s  o r  geographic  areas based on an a n a l y s i s  of t h e  g e o l o g i c  
framework of Africa. These 13 b a s i n s  can  be grouped i n t o  8 c a t e g o r i e s  based on 
s i m i l a r i t i e s  of s t r a t i g r a p h y  and suspec ted  hydrocarbon p o t e n t i a l .  F igure  1 shows 
t h e  areal  e x t e n t  of bo th  d i v i s i o n s .  A b r i e f  summary of t h e  hydrocarbon p o t e n t i a l  
of each of t h e  8 s t r a t i g r a p h i c  c a t e g o r i e s  fo l lows .  

Rocks of  t h e  basement complex--The basement complex ( f i g .  1) c o n s i s t s  of 
c r y s t a l l i n e  o r  h i g h l y  metamorphosed sed imentary  rocks  o f  Precambrian age and 
younger v o l c a n i c  rocks .  These rocks  have l i t t l e  o r  no p e r m e a b i l i t y  and a n y  
hydrocarbons t h a t  t hey  may have con ta ined  were des t royed  long ago by h igh  
t empera tu re  thermal  a l t e r a t i o n .  

Pa leozo ic  and upper Precambrian sed imentary  rocks-In t h e  T. oudeni,  Bove, 
and Vo l t a  Bas ins  and i n  t h e  n o r t h e r n  p a r t s  of t h e  Niger and Chad Basins ( f i g .  
l ) ,  t h e  only  sed imen ta ry  rock  format ions  t h a t  have t h e  p o t e n t i a l  f o r  c o n t a i n i n g  
pe t ro leum are  o f  P a l e o z o i c  and upper Precambrian age.  I n  t h e  Niger and Chad 
Bas ins  and t o  a much lesser e x t e n t  i n  t h e  remaining b a s i n s ,  t h e  P a l e o z o i c  and 
upper  Precambrian sed imentary  rocks  have been exp lo red  by d r i l l i n g .  With t h e  
e x c e p t i o n  of a few minor shows of o i l  and gas t h e  r e su l t s  have been nega t ive .  

E x p l o r a t i o n  of t h e  Taoudeni, Niger,  and Chad Basins probably  was spu r red  
by l a r g e  hydrocarbon d i s c o v e r i e s  t o  t h e  n o r t h  i n  Alge r i a .  Much of  t he  o i l  
produced from P a l e o z o i c  and Triassic r e s e r v o i r s  i n  Alge r i a  i s  be l i eved  t o  have 
been the rma l ly  g e n e r a t e d  from Goth landian  ( S i l u r i a n )  and Devonian s h a l e s .  
Black s h a l e s  of  s imi l a r  age are known t o  ex tend  i n t o  t h e  P a l e o z o i c  b a s i n s  of 
t h e  ECOWAS reg ion .  Here, however, t h e  P a l e o z o i c  s e c t i o n  is  g e n e r a l l y  t h i n n e r  
t h a n  i n  n o r t h e r n  A f r i c a .  Of even more importance than  t h e  t h i c k n e s s  of t h e  
s e c t i o n ,  i s  t h e  f a c t  t h a t  u n l i k e  t h e  P a l e o z o i c  s e c t i o n  i n  A l g e r i a ,  t h e  P a l e o z o i c  
s e c t i o n  i n  t h e  ECOWAS r e g i o n  may no t  have been adequa te ly  s e a l e d  throughout 
much of i t s  p o s t - d e p o s i t i o n a l  h i s t o r y .  - 

I n  t h e  Hassi Messaoud and Hassi R ' M e l  f i e l d s  of A l g e r i a ,  t h i c k  d e p o s i t s  
o f  J u r a s s i c - T r i a s s i c  sa l t  and a n h y d r i t e s  o v e r l i e  t h i n  Triassic sands tones  
and t h e  P a l e o z o i c  s e c t i o n .  I n  c o n t r a s t ,  i n  t h e  Taoudeni, Bove, and V o l t a  
Bas ins ,  t h e  P a l e o z o i c  s e c t i o n  i s  e i t h e r  exposed a t  t h e  s u r f a c e  o r  covered 
by a t h i n  veneer  of  c h i e f l y  c o n t i n e n t a l  s ands tones  of Cre taceous  t o  Holocene 
age .  I n  t h e  n o r t h e r n  p a r t  of t h e  Niger and Chad Bas ins ,  t h e  P a l e o z o i c  s e c t i o n  
i s  covered by red-bed f a c i e s  of t h e  " C o n t i n e n t a l  1 n t e r c a l a i r e " - - c h i e f l y  
nonmarine d e p o s i t s  of Cre taceous  age.  

The V o l t a  Bas in ,  w i t h  a r e l a t i v e l y  t h i c k  P a l e o z o i c  s e c t i o n ,  may have some 
p r o s p e c t s .  
ter is t ics  would be n e c e s s a r y  t o  e v a l u a t e  p r o s p e c t s  of t h e  P a l e o z o i c  and upper 
Precambrian s e c t i o n .  

Well d a t a  p e r t a i n i n g  t o  s o u r c e  rock  ma tu ra t ion  and r e s e r v o i r  charac- 

c 

" C o n t i n e n t a l  I n t e r c a l a i r e "  rocks--Over much of t h e  Niger  and Chad Bas ins  
rocks  of t h e  " C o n t i n e n t a l  I n t e r c a l a i r e "  unconformably o v e r l i e  t h e  basement 
s u r f a c e  ( f i g .  1). " C o n t i n e n t a l  I n t e r c a l a i r e "  r e f e r s  t o  rocks  younger than  
l as t  d a t e d  P a l e o z o i c  sed imentary  rocks  and o l d e r  than o v e r l y i n g  marine Creta- 
ceous d e p o s i t s .  I n  t h e  Niger  and Chad Bas ins  t h i s  s e c t i o n  c o n s i s t s  c h i e f l y  of 
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Cretaceous  age  nonmarine red-bed f a c i e s ,  0 t o  2,000 m t h i c k  and i s  o v e r l a i n  
by 500 t o  1,000 m of middle and Upper Cretaceous sands tones  and s h a l e s  t h a t  
r e f l e c t  d e p o s i t i o n  under a l t e r n a t i n g  marine and nonmarine c o n d i t i o n s .  

P ropec t s  f o r  f i n d i n g  s i g n i f i c a n t  q u a n t i t i e s  of petroleum i n . r o c k s  of t h e  
"Con t inen ta l  I n t e r c a l a i r e "  a r e  probably poor because of t h e  absence  of p o t e n t i a l  
sou rce  rock--the s e c t i o n  probably r e p r e s e n t s  d e p o s i t i o n  i n  a h i g h l y  o x i d i z i n g  
environment i n  which o r g a n i c  matter was not  p re se rved .  Marine d e p o s i t s  i n  t h e  
o v e r l y i n g  Cre taceous  s e c t i o n ,  i n  g e n e r a l ,  were n o t  b u r i e d  deep enough t o  r each  
h i g h  t empera tu res  s u f f i c i e n t  f o r  thermal g e n e r a t i o n  of o i l  and gas .  

Benue depression--Cretaceous sed imentary  rocks  i n  t h e  Benue depres s ion  
( f i g .  1 )  r e p r e s e n t  d e p o s i t i o n  i n  a " fa i led-arm" t rough  s y s t e m  i n i t i a t e d  by 
opening of t h e  South A t l a n t i c  Ocean. The trough was f i l l e d  by more than  3 km 
of sed imen t s  of Alb ian  t o  Coniacian age .  
deep-water marine s h a l e s  wi th  l imes tones  and sands tones  depos i t ed  a t  t h e  
margins of a mar ine  embayment. 

This  s e c t i o n  c o n t a i n s  shallow-and 

Many p a r t s  of t h i s  r e l a t i v e l y  poor ly  unders tood  t rough  system could 
c o n t a i n  s i g n i f i c a n t  d e p o s i t s  of petroleum. The lower Benue depres s ion ,  
immediately n o r t h  of t h e  Niger Delta, has  been e x t e n s i v e l y  explored  by d r i l l -  
ing .  Except f o r  non-commerical d i s c o v e r i e s  of o i l  and gas and traces of o i l  
and g a s  on t h e  ground s u r f a c e ,  t h e  r e s u l t s  of e x p l o r a t i o n  i n  t h e  lower Benue 
d e p r e s s i o n  were n e g a t i v e .  
s o u t h e r n  Chad n e a r  t h e  C e n t r a l  A f r i c a n  Republic boundary, o i l  and gas d i s -  
c o v e r i e s  were made j u s t  p r i o r  t o  t h e  c e s s a t i o n  of a l l  d r i l l i n g  and explora- 
t i o n  a c t i v i t y  i n  e a r l y  1979. It i s  rumored t h a t  t h e s e  d i s c o v e r i e s  may be 
l a r g e  a l t h o u g h  l i t t l e  in fo rma t ion  i s  a v a i l a b l e .  The r e l a t i o n s h i p  of t h e  two . 
areas i n  Chad and t h e i r  o v e r a l l  r e l a t i o n  t o  t h e  Benue d e p r e s s i o n  i s  poor ly  . 

unders tood;  b u t ,  t h e  p o s s i b i l i t y  of t h i c k  sed imentary  s e c t i o n s  c o n t a i n i n g  
Cre taceous  mar ine  s o u r c e  rock  and T e r t i a r y  r e s e r v o i r  beds--all  conta ined  
w i t h i n  grabens  i n  a h i g h l y  f a u l t e d  fa i led-arm sys tem s u b j e c t e d  t o  high h e a t  
flow--is a t t r a c t i v e .  

However, i n  t h e  Lake Chad a r e a  of Chad and i n  

Senega l  Basin-- The Senegal Basin ( f i g .  1) i s  r e l a t e d  t o  t h e  opening of 
t h e  North A t l a n t i c  Ocean and c o n t a i n s  i n  excess of 7 km of sed imentary  rock. 
The sed imen ta ry  f i l l  c o n s i s t s  of s ands tones ,  s i l t s t o n e s ,  s h a l e s ,  ca rbona te  
r o c k s ,  and e v a p o r i t e s  c h i e f l y  of T r i a s s i c  t o  Miocene age.  The b a s i n  r e p r e s e n t s  
a t y p i c a l  A t l a n t i c - t y p e  margina l  b a s i n .  I n  g e n e r a l ,  ana logous  type  b a s i n s  
o f f  t h e  c o a s t  of North America have proved t o  be poor p rospec t s  f o r  d i s c o v e r i e s  
of o i l  and gas .  

I n t e n s e  e x p l o r a t i o n  s i n c e  1953 of t h e  onshore  and C o n t i n e n t a l  She l f  h a s  
r e s u l t e d  i n  t h e  d r i l l i n g  of more t h a n  80 w e l l s .  Except f o r  t h e  product ion  of 
small amounts of  o i l  from t h e  Dakar Penninsula  i n  t h e  e a r l y  1960's and t h e  
d i s c o v e r y ,  on t h e  s h e l f ,  of sha l low heavy-oil  d e p o s i t s  above s a l t  i n t r u s i o n s ,  
no s i g n i f i c a n t  d i s c o v e r i e s  of o i l  and gas  have been made. Loca l ly  h igh  h e a t  
f low rates ,  r e l a t e d  t o  T e r t i a r y  v o l c a n i c  a c t i v i t y  i n  t h e  Dakar Penninsula 
area and to  s a l t  i n t r u s i o n  i n  t h e  area of heavy o i l  d i s c o v e r y ,  may have 
g e n e r a t e d  hydrocarbons i n  an  o t h e r w i s e  "cold" bas in .  
wel ls  d r i l l e d ,  w e  can assume t h a t  n e a r l y  a l l  of t h e  l a r g e  s t r u c t u r e s ,  onshore  
and on t h e  s h e l f ,  have been t e s t e d  and t h a t  any f u t u r e  d i s c o v e r i e s  i n  t h e s e  
areas w i l l  be small  u n l e s s  new d a t a  r e v i s e s  our  b a s i c  i d e a s .  

Based on t h e  number of 
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Deep-water a r e a s  of t h e  Con t inen ta l  Slope and upper Con t inen ta l  R i s e  a r e  
s t i l l  r e l a t i v e l y  unexplored by d r i l l i n g .  Petroleum t a r g e t s  i n  t h e s e  a r e a s  
w i l l  p robably  be Cre taceous  t u r b i d i t e s  and b a c k r e e f ,  r e e f ,  and fo re ree f  f a c i e s  
a s s o c i a t e d  w i t h  a J u r a s s i c  ca rbona te  p la t form.  R e s u l t s  a r e  d i f f i c u l t  t o  
p r e d i c t ;  b u t ,  t h e  r e s u l t s  so f a r  of sparse d r i l l i n g  i n  t h e  deep water a r e a s  
i n d i c a t e s  a l a c k  of permeable r e s e r v o i r  rock. 

Guinea f r a c t u r e  zone t o  S t .  Pau l  f r a c t u r e  zone ( S i e r r a  Leone t o  L ibe r i a ) - -  
I n  t h e  a r e a  between t h e  Guinea and S t .  Paul F r a c t u r e  Zones, t h e  Con t inen ta l  
She l f  narrows from over  140 km wide i n  n o r t h e r n  S i e r r a  Leone t o  an  average  
width of 35 km o f f  L i b e r i a  ( f i g .  1). The t h i c k n e s s  of Cretaceous sedimentary 
rocks  on t h e  ' i h e l f  range  from a n  ave rage  of  2 km o f f  S i e r r a  Leone t o  less 
t h a n  1/2 km of f  L i b e r i a .  A much t h i c k e r  sed imentary  s e c t i o n  u n d e r l i e s  t h e  
lower s l o p e  and r i se ,  however. 

No hydrocarbon shows of any k ind  have been r e p o r t e d  from t h e  Con t inen ta l  
She l f  o f f  S i e r r a  Leone and L i b e r i a ,  and i n d u s t r y  has shown l i t L l e  i n t e r e s t  
i n  t h e  area--probably because of t h e  t h i n  sed imentary  section. '  Four wells 
d r i l l e d  i n  1971  o f f  L i b e r i a  were l o c a t e d  i n  an area of t h e  s h e l f  where t h i c k  
sed imen ta ry  rocks  occupy a small f a u l t  c o n t r o l l e d  b a s i n .  

Se ismic  r e f l e c t i o n  su rveys  i n d i c a t e  t h a t  on t h e  s l o p e  and r i se  t h e  s e d i -  
mentary s e c t i o n  i n c r e a s e s  t o  more than  4 km i n  t h i c k n e s s  and was depos i t ed  
i n  a complex f a u l t - b l o c k  system. Smal l ,  f a u l t - c o n t r o l l e d  b a s i n s  t r end  both 
p a r a l l e l  t o  t h e  s h e l f  and o b l i q u e  t o  t h e  s h e l f  margin. Geologic ev idence ,  
however, i n d i c a t e s  t h a t  t h e s e  b a s i n s  c o n t a i n  mainly f ine -g ra ined  c las t ic  
rocks  and may l a c k  r e s e r v o i r  p o t e n t i a l .  This is i n  c o n t r a s t  t o  similar age 
sed iments  w i t h  good r e s e r v o i r  p r o p e r t i e s  d e p o s i t e d  i n  deep-water environments 
o f f  nearby  Ivo ry  Coast.  The r e c e n t  deep-water  d i s c o v e r i e s  o f f  Ivory  Coast 
w i l l  p robably  renew i n d u s t r y  i n t e r e s t  i n  t h e  a r e a .  

Gulf of Guinea ( exc lud ing  Niger  Delta)--This a r e a  i n c l u d e s  t h e  Ivo ry  
Coast and Dahomey Bas ins  ( f i g .  1). A Ter t ia ry-Cre taceous  s e c t i o n ,  more than  
8 km t h i c k ,  i s  bounded t o  t h e  n o r t h  and t o  t h e  s o u t h  by major f a u l t s  a t  t h e  
s h e l f  edge and on t h e  rise. 
f a u l t e d  and t h a t  t i l t e d  f a u l t  b l o c k  s t r u c t u r e s  are  common throughout t h e  a r e a .  
East-west t r e n d i n g  f r a c t u r e  zones ,  t h a t  i n t e r s e c t  t h e  c o n t i n e n t a l  margin and 
c o n t r o l  i t s  t r e n d ,  have probably  a c t e d  as f u n n e l i n g  mechanisms whereby coarse-  
g r a i n e d  sedimentS were d e p o s i t e d  i n  a s l o p e - r i s e  t rough  d u r i n g  Cretaceous and 
and T e r t i a r y  t i m e .  

Se ismic  data i n d i c a t e  t h a t  tlie area i s  e x t e n s i v e l y  

A r e c e n t  d i s c o v e r y ,  I v o r y  C o a s t ' s  Espo i r  f i e l d ,  w i l l  p robably  spu r  deep 
water e x p l o r a t i o n  i n  t h e  area. The d i scove ry  w e l l  is r e p o r t e d  t o  be capab le  
of producing 20,000 b a r r e l s  of o i l  p e r  day and t h e  f i e l d  could have p roduc ib le  
r e s e r v e s  of 500 m i l l i o n  b a r r e l s  of oil ( O i l  and Gas J o u r n a l ,  1981). It is 
rumored, however, t h a t  t h e  d i s t r i b u t i o n  of  r e s e r v o i r  rock  ( c h i e f l y  uncompacted 
sands )  is i r r e g u l a r .  Th i s  rumor does n o t  c o n f l i c t  w i th  geo log ic  d a t a .  An 
analogous  area might be o f f s h o r e  s o u t h e r n  C a l i f o r n i a  (U.S.A.) where a similar 
d e p o s i t i o n a l  environment h a s  r e s u l t e d  i n  a ve ry  i r r e g u l a r  d i s t r i b u t i o n  of reser- 
v o i r  s ands tones .  Water d e p t h s  a t  t h e  f i e l d  l o c a t i o n  range from about 250 t o  730 m. 

I n  deep-water areas,  e x t e n s i v e  b lock  f a u l t i n g  o f  basement probably c o n t i n u e s  
f a r  ou t  o n t o  t h e  r ise;  t r a p s  are  l i k e l y  t o  be a s s o c i a t e d  wi th  t i l t e d  f a u l t  
b locks  which have a f f e c t e d  basement and Lower Cretaceous sed imentary  rocks .  
L ike ly  s o u r c e  rocks  would be Lower Cre taceous  s h a l e s  depos i t ed  dur ing  pe r iods  
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of stagnant marine sedimentation and younger shales associated with abyssal 
plain deposits. Good quality reservoir rocks associated with graben fill of 
coarse-grained sedimentary rock funneled seaward between fracture zones can be 
expected. 

Niger Delta--In the Niger Delta oil and gas production is from a Tertiary 
delta system that prograded across the continental margin in the lower Benue 
depression'(fig. 1). The thickness of Tertiary sedimentary rocks probably 
exceeds 8 km. From a petroleum exploration veiwpoint, the geology of the 
Niger Delta has many similarities with the Mississippi Delta of the United 
States Gulf Coast. Knowledge of the Niger Delta ar.ea has reached an advanced 
stage as a result of over 30 years of intensive exploration for oil and gas. 

In 1977 the proved reserves of Nigeria (Niger Delta) were 12.6 billion 
barrels of oil and 5 1 . 4 2  trillion ft3 of natural gas. 
of Energy and the U.S. Geological Survey (1979) estimate (mean value estimation) 
that 8.4 billion barrels of recoverable oil and 65 trillion ft3 of recoverable 
natural gas remain to be discovered. 

The U.S. Department 

Nigeria's oil development from the Niger Delta may have peaked, as 13 
of 14.giant oil fields were discovered prior to 1969 and the greatest number 
of fields were discovered in the period 1965 through 1967. Like delta regions 
in other parts of the world, individual oil fields in Nigeria are small to 
medium by world standards and future oil discoveries are likely to reflect 
this reality. 

The natural gas resources of Nigeria, unlike its oil resources, are com- 
paratively underdeveloped. 
757 billion ft3 of which approximately 739 billion ft3 were flared or not marketed. 

Total natural gas production in 1977 was an estimated 

Coal resources 

Of the ECOWAS countries, only Nigeria and Niger produce coal commercially. 
Nigeria produces subbituminous coal from Paleocene-Maestrichtian and Maestrich- 
tian (Late Cretaceous) age rocks of the Niger Delta region (fig. 13); reserves 
are estimat'ed, on the basis of extensive drilling, to be 350 million tons 
(standard coal equivalent). 
of the Niger Basinewest of the Air Yassif (fig. 7). Apparently, small amounts 
of coal are produced and used locally by uranium mine and m i l l  operations. 

Niger produces coal from Carboniferous age rocks 

The lignite deposits of the Niger Delta appear to be large but have not 
been developed. The lignite occurs in strata of Eocene age. In coastal Sierra 
Leone, exploratory workings were established in the 1940's to investigate 
Pleistocene lignite discovered in marine and estuarine sediments; operations 
apparently were discontinued after initial tests. 

In Senegal and Benin, coal has been penetrated in wells or boreholes. In 
Senegal, at least 33 oil and water wells have penetrated lignite beds that range 
from a few centimeters to more than 70 m in thickness and at depths ranging 
from about 55 to more than 647 m. The lignite in the Senegal Basin is in 
strata of Maestrichtian (Late Cretaceous) age. In Benin, medium quality lignite 
in thin beds (0.5-1 m) was penetrated at depths from 60 to 100 m. 
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Peat, although not classified as coal, occurs in the deltas, lower river 
areas, and lower basin areas of the Senegal, Sine Saloum, Caasamance, and 
Gambia rivers. The age of these deposits are not reported. Granular coal 
found along the coast of Liberia is generally believed to be disintegrated coal 
lost from passing freighters. 

The coal discoveries can be summarized as follows: the Carboniferous 
section in the Niger Basin; the Paleocene-Maestrichtian, Maestrichtian, and 
Eocene sections in the Niger Delta and Benin; the Maestrichtian section in 
the Senegal Basin; and the Pleistocene section in Sierra Leone. The only 
proved commercial deposits are the Paleocene-Maestrichtian and Maestrichtian 
subbituminous coal beds of the Niger Delta. Some of the lignite deposits of 
the Niger Del& and Senegal Basin, however, may be exploitable in the future. 

. _  
Despite the relatively small quantities of coal discovered to date, the 

age and lithology of the strata containing these coals suggest that other areas 
are worthy of further exploration. Carboniferous age rocks are present in the 
Taoudeni and Bove Basins and in the northern parts of the Niger and Chad Basins 
(fig. 1 and 4 ) .  In the Taoudeni Basin especially, Carboniferous rocks crop out 
over and underlie extensive areas (fig. 4 ) .  However, the Middle and Upper 
Carboniferous rocks in the Taoudeni Basin are described as continentally 
deriv'ed red sandstones (Dillon and Sougy, 1 9 7 4 ) ;  whereas, the Carboniferous 
strata that contain subbittuminous coal in the Niger Basin are sandstones 
and shales that reflect deposition in a lagoonal environment (Petroconsultants, 
written communication, 1 9 7 6 ) .  The Paleocene-Maestrichtian and Maestrichtian 
subbituminous coals and Eocene lignite of the Niger Delta are associated with 
deltas built across the lower reaches of the Benue Trough (fig. 13). Although 
these particular deltas do not extend up the Benue depression, deltas of similar 
age may have developed in the lower reaches of the Bida Basin and Yola Trough 
(fig. 10). During the Maestrichtian transgression, marine sedimentation 
reached the Chad syncline (fig. 10) and Upper Cretaceous and Paleocene rocks 
in this area contain lagoonal and lacustrine deposits. However, the over- 
lying Tertiary beds of the "Continental Terminal" are thick; thus potential 
coal deposits in the area may be difficult to exploit. The Maestrichtian 
lignites penetrated in Benin'probably represent a northwest subsurface contin- 
uation of lithologies similar to the Niger Delta. The subsLrface discoveries 
of large quantities of Maestrichtian to Pleistocene age lignite in the subsur- 
face of the Senegal Basin suggests the need for further subsurface investiga- 
tions in coastal Mauritania, Senegal, Gambia, Guinea Bissau, Guinea, and 
Sierra Leone (fig.' 1). 

Geothermal resources 

Published literature contains limited data on heat-flow values in the 
ECOWAS region. It is inferred, however, from the few values available and 
the regional geology that the development of geothermal resources, in general, 
would be uneconomical. Exceptions may include a geopressured zone in the 
Niger Delta and areas of recent tectonic activity in the Benue Trough and 
Cameroon. Development of the latter areas under present economic conditions 
is not feasible. 
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c o n s i s t s  predominantly of c l a y s t o n e  o v e r l a i n  by 50 t o  100 m of coarse-grained sand 
of P l i o c e n e  age.  

Petroleum p o t e n t i a l  

Shows-Shows of oil and gas  a re  common throughout  t h e  Gulf of Guinea both  
onshore  and o f f shore .  Numberous shows of oil and gas  have been r epor t ed  from 
wells  d r i l l e d  on t h e  c o a s t a l  p l a i n  and C o n t i n e n t a l  She l f  of Ivo ry  Coas t ,  Ghana, 
Togo, Benin, and Niger ia  ( P e t r o c o n s u l t a n t s ,  w r i t t e n  commun., 1976).  The small 
commercial discoveries-Ivory Coas t ' s  Belier f i e l d ,  Ghana's Sa l tpond f i e l d ,  
and Benin ' s  Seme field-have been d i scussed  p rev ious ly ,  a s  has  t h e  p o s s i b l e  major 
d i scove ry  of f z  Ivo ry  Coas t ,  Espo i r  f i e l d .  
Lome-1 w e l l  o f f  Togo, and t h e  Tan0 and Cape Three P o i n t s  w e l l l s  o f f  Ghana. A t  
t h e  Lome-1 w e l l ,  40 b a r r e l s  of oil flowed over  a 6 hour  per iod  ( P e t r o c o n s u l t a n t s ,  
w r i t t e n  commun., 1976).  At t h e  Tan0 and Three P o i n t s  s i tes  s i g n i f i c a n t  
amounts of n a t u r a l  gas  flowed be fo re  t h e  w e l l s  were shut - in  ( P h i l l i p  Woodside, 
U.S.G.S., w r i t t e n  commun.,). Other  ev idence  of oil i nc ludes  t ' e  a s p h a l t  
ponds of wes te rn  Ghana and t h e  t a r  sands  i n  e a s t e r n  Ivo ry  Coast.  I n  a d d i t i o n ,  
s u r f a c e  seeps  are common a l l  a l o n g  t h e  c o a s t a l  areas of Ivo ry  Coas t ,  Ghana, 
and Togo. 
(1907-1914), o i l  s t i l l  s t a n d s  a t  t h e  s u r f a c e .  

Other  s i g n i f i c a n t  shows inc lude  t h e  

I n  some sha l low w e l l s  d r i l l e d  by t h e  Nige r i an  Bitumen Corpora t ion  

Previous  exploration-According t o  maps of  P e t r o c o n s u l t a n t s  ( w r i t t e n  commun., 
1976; 1981) ,  90 deep e x p l o r a t o r y  and s t e p o u t  w e l l s  have been d r i l l e d  on t h e  
c o n t i n e n t a l  margin of Ivo ry  Coast ,  Ghana, Togo, and Benin-20 onshore ,  68 on 
t h e  o f f s h o r e  s h e l f ,  and 2 on t h e  o f f s h o r e  s lope .  Throughout Ivo ry  Coast  and 
Ghana, 5 5  wells a re  spaced somewhat r e g u l a r l y  a l o n g  t h e  e n t i r e  s h e l f  area; 
whereas on t h e  s h e l f  o f f  Benin, 11 wells were d r i l l e d  on t h e  Seme f i e l d .  On 
t h e  one hand, t h e s e  s ta t is t ics  sugges t  t h a t  on t h e  C o n t i n e n t a l  She l f  t h e r e  is 
a low p r o b a b i l i t y  of making l a r g e  new d i s c o v e r i e s .  On t h e  o t h e r  hand, they  
h i g h l i g h t  t h e  f a c t  t h a t  t h e  s l o p e  and rise areas, where t h e  sedimentary s e c t i o n  
r eaches  i t s  maximum t h i c k n e s s ,  are r e l a t i v e l y  unexplored by d r i l l i n g .  

Source rocks--The numerous shows of oil and gas  i n d i c a t e  t h a t  hydrocarbons 
have been genera ted  i n  t h e  area. 
gene ra t ed  i n  Lower Cre taceous  o rgan ic - r i ch  s h a l e s .  The oil seeps  and s t a n d i n g  
o i l  i n  sha l low w e l l s  d r i l l e d  on o u t c r o p s  of Cre taceous  rocks are evidence  t h a t  
t h e  s o u r c e  rocks  are of Cre taceous  r a t h e r  t han  T e r t i a r y  age.  I n  a d d i t i o n ,  some 
amounts of oil may have been gene ra t ed  from Devonian sha le s .  
( f i g .  25) ,  and i n  S i g n a l  10-1 w e l l  (Sa l tpond f i e l d ) ,  oil occur s  i n  Devonian age  
sands tone .  
of 1,300 barrels per  day from Cre taceous  sands tone  and crude of 37" API w a s  
produced a t  t h e  rate of 2,300 barrels p e r  day from Devonian sands tone .  
f e r e n c e  i n  API v a l u e s  could  be i n d i c a t i v e  of g e n e r a t i o n  from d i f f e r e n t  sou rce  rocks .  

A l a r g e  par t  of t h e s e  hykocarbons  probably w a s  

I n  t h e  Lome-2 w e l l '  

From t h e  S i g n a l  10-1 w e l l ,  crude of 40" API was produced a t  t h e  ra te  

The d i f -  

Traps-On t h e  C o n t i n e n t a l  S h e l f ,  t r a p s  are l i k e l y  to  be a s s o c i a t e d  w i t h  
t i l t e d  f a u l t  b locks  t h a t  have a f f e c t e d  basement and ove r ly ing  Pa leozo ic  and 
Lower Cre taceous  sedimentary rocks  ( f i g .  26). Rese rvo i r s  are l i k e l y  t o  be 
found i n  Pa leozo ic  sands tone  s e a l e d  by o v e r l y i n g  Lower Cretaceous s h a l e s  and i n  
b a s a l  Mesozoic coarse-grained,  c o n t i n e n t a l l y  de r ived  sands tone 'and  conglomerate .  
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