
>b 
,.A hs -1 r- ., 

TECTONICS, VOL. 6, NO. 4 ,  PAGES 395-409, AUGUST 1987 . .. 

MAGNETOTELLURIC SOUNDINGS AND THE 
GEOLOGICAL STRUCTURE AND TECTONICS OF 

NORTHERN SENEGAL, WEST AFRICA 
THE SENEGALO-MAURITANIAN BASIN IN 

Michel Ritz 

ORSTOM, Dakar, Sénégal 

Yves Bellion 

Département de Géologie ,, F,aculté des 
Sciences, Dakar-Fann, Senegal 

René Flicoteaux 

Laboratoire de Géologie Dynamique, 
Faculté des Sciences de Saint Jérôme, 
Marseille, France 

Abstract , The results of the 
magnetotelluric soundings provide new 
insights on the geological structure and 
tectonics of the onshore 
Senegalo-Mauritanian basin in northern 
Senegal (West Africa) . Electrical 
resistivities can be correlated with the 
major geological units. In the upper 1000 
m, resistivity variations indicate a 
transition from freshwater saturated 
sediments near the surface to saline water 
saturated sediments above the basement. 
The resistivity of the sediments is 
dominated by their porosity 
resistivity of the contained fluids. The 
resistivity of the Cretaceous sediments is 
unexpectedly low, especially in the 
western part of the basin. The top of the 
metamorphic/granitic basement cannot be 
located on the west portion of the profile 
because of the feeble resistivity contrast 
between the impervious, compacted 
Aptian-Jurassic limestones and the 
metamorphic/crystalline rocks. The 
magnetotelluric estimates of the depth of 
the basement range from 600 m in the east 
to 4000 m in the west. Based on the 
magnetotelluric interpretation and other 
independent geophysical and geological 
information, a cross section through the 
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Senegalo-Mauritanian basin along the 
magnetotelluric traverse is presented. A 
zone of high electrical conductivity is 
observed in the crust, at depths of 4-6 
km, on the eastern margin of the deep 
basin. This conductive structure may be 
the extension of one further south that 
was revealed by an earlier investigation. 
The entire conductive zone, which runs 
north-south between longitudes 15' and 
16'W, may be a major fracture zone related 
to the opening of the Atlantic Ocean; 
however, its origin remains to be 
established. 

INTRODUCTION 

This paper discusses the geological and 
tectonic implications of the conductivity 
structure outlined by Ritz and Vassal 
[19861 on the basis of magnetotelluric 
(MT) soundings in the Senegalo-Mauritanian 
(S-M) basin, West Africa (Figure 1). 
Table 1 indicates the full names, 
abbreviated station names, and the station 
coordinates for the MT study. Figure 2 
shows two different shallow electrical 
conductivity models along the MT line that 
have been proposed by Ritz and Vassal 
[19861. They differ in the interpretation 
of the thickness and resistivity contrast 
of the sedimentary section but are similar 
in the interpretation of deep structures 
(Figure 3 ) .  The model in Figure 2a is an 
attempt to explain the MT data on the 
basis of large uniform sedimentary layers 
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F i g .  1. S impl i f i ed  b a s i n  s t r u c t u r e  and MT s i te  l o c a t i o n s  i n  t h e  
Senegalo-Mauritanian b a s i n  ( a f t e r  ASGA-UNESCO [1968] and R i t z  and Vassa l  
[1986] ) .  S o l i d  c i rc le ,  MT sounding. Cross,  borehole .  Dashed l i n e ,  basement 
i s o b a t h  (depth  i n  meters ) .  (1) Precambrian W e s t  Af r ican  c ra ton ,  (2)  
Maur i tan ides  b e l t ,  (3 )  L a t e  Precambrian t o  Pa leozoic  cover,  ( 4 )  Pa leozoic  
cover,  (5) Mesozoic t o  Quaternary  cover .  

and abrupt  t r u n c a t i o n s  of t h e  deep 
conductive m a t e r i a l  of t h e  b a s i n .  A more 
complicated model compatible wi th  our  MT 
d a t a  (F igure  2b)  may be cons idered  a s  an 
a l t e r n a t i v e .  Bodies with r e l a t i v e l y  h igh  
r e s i s t i v i t y  (200 ohm-m) a r e  embedded i n  
l a y e r s  of lower res is t ivi t ies  ( 0 . 4  - 0 . 6  
ohm-m) a t  a dep th  of 1 0 0 0  t o  3000 m. I t  i s  
inhe ren t  i n  a MT s tudy  wi th  d a t a  of 
l i m i t e d  bandwidth t h a t  t h e r e  i s  a 
nonuniqueness a s s o c i a t e d  wi th  any proposed 
e l e c t r i c a l  model [ J i r a c e k  e t  a l . ,  19831, 
and c o n s t r a i n t s  imposed by o t h e r  
independent geophys ica l  and geo log ica l  
d a t a  a r e  necessary  t o  d i s t i n g u i s h  between 
t h e  p o s s i b i l i t i e s .  On t h e  b a s i s  of 
d r i l l i n g  data (see next s e c t i o n ) ,  t h e  t o p  
of t h e  res is t i ,  . ì t  dep ic t ed  i n  F igure  

TABLE 1. Location of t h e  S t a t i o n s  of t h e  
Northern MT P r o f i l e  

S t a t i o n  Code La t i tude  Longitude 
Name N, deg W, deg Name 

Yonofere YON 15.26 1 4 . 4 1  
D iague l i  D I A  15.27 14.65 
Barkedj i  BAR 15.28 14.85 
Linguere L I N  15.38 15.10 
Ngarafe NGA 15.39 15.28 
Dahra DAH 15.33 15.48 
Boule1 BOU 15.38 15.65 
Thiamene T H I  15.49 15.87 
Ouarak OUA 15.52 1 6 . 0 7  
Louga LOU 15.62 16.22 
Leona LEO 15.12 16.45 



R i t z  e t  a l . :  Magne to te l lu r i c  Study and Tectonics i n  Northern Senegal 

0 -  

O 
o, 
0 

O 
O 

W E 
LEO LOU O W  THI BOU DAH NO* LIN BAR DIA VON 

O 
O 0 . 2 U . 3 5  

200 

J a 

20 

Y 

200 

200 

" 
X 

:I I 
2000 

0.7 3 
2000 

O S O k m  
.L1 

4 RESISTIVITY ohm-m 

E 
LEO LOU O W  THI BOU DAH NO* LIN BAR DIA Voll 
1 1 1 1 1 I I I l I l 

, ox6  Ø 2b 
O SOkm - 
3 RESISTIVITY ohm-m 

397 

in 

F i g .  2 .  A l t e r n a t i v e  g e o e l e c t r i c a l  models (a and b) f o r  t h e  sedimentary 
s e c t i o n  of t h e  Senegalo-Mauritanian b a s i n  i n  no r the rn  Senegal de r ived  from MT 
r e s u l t s  [ a f t e r  R i t z  and Vassal,  19861. Crosses i n d i c a t e  t h e  seismic basement 
( a f t e r  S o c i é t é  des P é t r o l e s  du Sénégal, unpublished r epor t ,  1 9 6 0 ) .  

2b between soundings LEO and LOU could  be 
a s s o c i a t e d  with an  i n t r u s i v e  body 
( s y e n i t e )  which w a s  detected on Leona 1 

w e l l  ( L a  1, 8 . 5  km w e s t  of s t a t i o n  LEO, 
F igure  1) a t  a depth  of 4 6 0  m.  However, 
t h i s  i n t r u s i o n  was no t  detected on Leona 2 
we l l  (La 2 ,  4 km southwest of s t a t i o n  
L E O ) .  The r e s i s t i v e  body ( 2 0 0  ohm-m) i s  
accompanied by a c i r c u l a r  p o s i t i v e  Bouguer 
anomaly of about 90  mGal. The Bouguer 
anomaly has been a t t r i b u t e d  t o  a narrow 
i n t r u s i v e  body t h a t  provides  a p o s i t i v e  

d e n s i t y  c o n t r a s t  and i s  p o s t u l a t e d  t o  
occur  j u s t  w e s t  of sounding LEO i n  a depth  
range between 4 6 0  and 7000  m [Liger, 
$9801. The ex i s t ence  of a l a r g e  amount of 
r e s i s t i v e  rocks a t  t h e  w e s t  end of t h e  
p r o f i l e ,  i n  t h e  form of dense i n t r u s i o n s  
i n  t h e  Leona region, does not  s e e m  ve ry  
l i k e l y .  O n  t h e  o t h e r  hand, an 
i n t e r p r e t a t i o n  i n  which no shallow 
r e s i s t i v e  l a y e r  i s  assumed i n  t h e  a r e a  
between MT soundings LEO and LOU would be 
more c o n s i s t e n t  with borehole d a t a  and t h e  
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Fig .  3 .  Deep r e s i s t i v i t y  s t r u c t u r e  a long  t h e  MT t r a v e r s e  [ a f t e r  R i t z  and 
Vassal,  19861. 

g r a v i t y  i n t e r p r e t a t i o n .  The MT model i n  
F igure  2a, which accommodates t h e s e  
cons ide ra t ions ,  w i l l  be d i scussed  i n  
r e l a t i o n  t o  t h e  geo log ica l  and geophys ica l  
c o n s t r a i n t s  on t h e  t e c t o n i c s  of t h e  b a s i n .  
The shallow r e s i s t i v i t i e s  of t h e  MT model 
can be used f o r  c o r r e l a t i o n ,  o r  wi th  
Arch ie ' s  Law they  can be used to est imate  
po ros i ty ,  a s  i s  done i n  w e l l  l o g  
i n t e r p r e t a t i o n .  A borehole n e a r  t h e  
p r o f i l e  (Toundou B e s s e t ,  TB1, F igu re  1) i s  
about 4 km deep and provides  e x c e l l e n t  
p o r o s i t y  c o n t r o l .  

An important deep f e a t u r e  (F igu re  3)  
i n  t h e  model of t h e  conduc t iv i ty  s t r u c t u r e  
i s  t h e  presence  of s t r o n g  conductor (2  
ohm-m) i n  t h e  c r u s t  beneath t h e  e a s t e r n  
margin of t h e  deep b a s i n  between s t a t i o n s  
BOU-LIN. The presence  of such a conductive 
zone and t h e  bounds on it a r e  of 
fundamental s i g n i f i c a n c e  t o  our  
unders tanding  of t h e  c r u s t a l  s t r u c t u r e  and 
of t e c t o n i c  evo lu t ion  of t h e  S-M b a s i n .  

GEOPHYSICAL AND GEOLOGICAL BACKGROUND 

The S-M c o a s t a l  bas in ,  s i t u a t e d  on t h e  
western edge of West Afr ica ,  l i es  between 
t h e  10' and 21' N l a t i t u d e  (Guinea Bissau  
and Maur i t an ia ) ,  and i s  bounded t o  t h e  
e a s t  by t h e  W e s t  Af r ican  mobile be l t  ( l a t e  
Precambrian t o  Devonian orogenic  
be l t -Maur i tan ides)  . The major 
s t r a t i g r a p h i c  and t e c t o n i c  f e a t u r e s  of t h e  
S-M b a s i n  i n  Senegal a r e  i l l u s t r a t e d  by  
schematic s e c t i o n s  [Bel l ion  and Guiraud, 
1 9 8 4 1  i n  F igure  4 .  

The S-M c o a s t a l  b a s i n  developed i n  
response t o  t h e  opening of t h e  Cen t ra l  
A t l a n t i c  Ocean i n  E a r l y  Mesozoic t i m e  
about 1 8 0  Ma [Dewey e t  a l . ,  19731. Chanut 
[1984] suggested t h a t  t h e  c r u s t a l  
s t r e t c h i n g  s t a r t e d  around 243 Ma i n  t h e  
S-M bas in  because of a thermic  event  d a t e d  
i n  t h e  basement of Kolobane 1 borehole  
( K b l ,  F igure  1). The T r i a s s i c  r i f t i n g  and 
t h e  pos t -Tr i a s s i c  subsidence of t h e  West 
Afr ican  margin t h a t  was r e spons ib l e  f o r  
t h e  formation of t h e  S-M b a s i n  ve ry  l i k e l y  
was accompanied by t h e  i n t r u s i o n  of  
magmatic m a t e r i a l  i n t o  f i s s u r e s  and 
f r a c t u r e s  t h a t  predominantly p a r a l l e l  t h e  
coas t  [Van der Linden, 19811 and i n t o  E-W 
t r e n d i n g  f a u l t s  [Reyre, 1 9 8 4 1 .  During t h e  
J u r a s s i c  a carbonate  p l a t fo rm formed 
a long  t h e  c o n t i n e n t a l  margin of W e s t  
A f r i ca  [Von Rad e t  a l . ,  19821. F igure  4 
shows t h i s  carbonate  p l a t fo rm i n  t h e  S-M 
bas in .  Sedimentation was ve ry  a c t i v e  i n  
Cretaceous t i m e ,  and c o n s i s t e d  of 
t e r r igenous  d e p o s i t s  ( c l ays ,  sands,  
sandstones,  and ca rbona te s )  . T e r t i a r y  
sediments i n  t h e  S-M b a s i n  c o n s i s t  of 
Paleogene chemical o r  biochemical d e p o s i t s  
(carbonates  and phosphates )  with a more 
sandy f a c i e s  eas tward  and a more c l ayey  
f a c i e s  westward. This  u n i t  i s  o v e r l a i n  by 
a 5 0 -  t o  100-m-thick Neogene l a y e r  of 
sand. From Late Cretaceous t o  Mio-Pliocene 
a major phase of v e r t i c a l  t e c t o n i c  
movements cont inued  t h e  d i s r u p t i o n  of t h e  
basement b locks .  L a t e  Cretaceous volcanism 
is  known i n  t h e  Leona a r e a  ( w e s t  end of 
t h e  MT p r o f i l e ) ,  and i n  t h e  Dakar region, 
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volcanism is  es t imated  t o  range i n  age 
from 1 t o  35 Ma [Cantagrel  e t  a l . ,  1976 ;  
Crevola, 1 9 8 0 3  and t o  have peaked du r ing  
t h e  Miocene and t h e  Quaternary  [Di l lon  and 
Sougy, 1 9 7 4 1 .  

The S-M bas in  i s  poor ly  known from i t s  
s u r f a c e  geology. The main knowledge of 
t h e  bas in  comes from d r i l l i n g  [Cas t e l a in ,  
1965; D e  Spengler e t  a l . ,  1 9 6 6 ;  Templeton, 
1971 ;  D i l lon  and Sougy, 1 9 7 4 ;  Be l l ion  and 
Guiraud, 19841, e l e c t r i c a l  soundings 
[Mathiez and Huot, 1 9 6 6 1 ,  aeromagnetic 
p r o f i l e s  [Bureau de Recherche P é t r o l i è r e s ,  
unpublished r epor t ,  19563, g r a v i t y  s t u d i e s  
[Crenn and Rechenmann, 1965; Liger  and 
Roussel, 1 9 7 9 ;  Liger ,  1 9 8 0 ;  Guetat ,  1981; 
Roussel and Liger ,  1983; Ponsard, 19851 
and seismic r e f r a c t i o n  p r o f i l e s  [S. M. ' 

Wyrobek, unpublished r epor t ,  1 9 6 0 1 .  The 
Paleozoic-Precambrian g r a n i t i c  and 
metamorphic basement d ips  westward under 
t h e  Meso-Cenozoic S-M bas in ,  bu t  i t s  
western ex tens ion  under t h e  sediments of 
t h e  bas in  i s  only known wi th in  c e r t a i n  
depth  l i m i t s  because of l i m i t a t i o n s  i n  t h e  
geophysical  methods used t o  l o c a t e  i t .  The 
r e s i s t a n t  basement i s  e a s i l y  v i s i b l e  i n  
t h e  e a s t ,  bu t  d i sappears  i n  t h e  w e s t  i n  a 
zone between 15' and 15'30' W. W e s t  of 
l ong i tude  16' W, boreholes  (F igure  4 )  have 
reached Lower Cretaceous a t  about 3000 m 
and t h e  basement a t  4 0 0 0  m. A t  t h e  w e s t  
end of t h e  MT p r o f i l e  t h e  bas in  i s  l i k e l y  
covered with more than  7000  m of 
post-Paleozoic  sediments (see F igures  1 
and 4 ) .  

Four holes  (see Figure  1) : Linguere 1 
( L i  1) , Leona 2 (La 2)  , Sagata F1 (Sa F1) , 
and Toundou B e s s e t  1 (TB l), were d r i l l e d  
t o  depths  of 9 7 0 ,  1150, 1720, and 4 0 0 0  m, 
r e spec t ive ly ,  and bottomed i n  sedimentary 
rocks of i n f e r r e d  Cretaceous age.  The w e l l  
La 1, s i t e d  near  t h e  A t l a n t i c  c o a s t ,  
bottomed i n  Lower Maas t r ich t ian  igneous 
b recc ia  a t  a depth of 710 m, a t o t a l  of 
more than  250 m of metamorphosed sandy 
l imestone with inc lus ions  of microsyeni te  
was i n t e r s e c t e d  [Bel l ion  and Guiraud, 
19841. The borehole  Linguere F2 ( L i  F2) 
pene t r a t ed  a l t e r e d  s c h i s t s  a t  a depth  of 
820 m, i n t e r p r e t e d  a s  metamorphic 
basement. To t h e  e a s t  of t h e  w e l l  L i  F2, 
t h e  ho le  Dioumanan F1 ( D i  F1) encountered 
t h e  g r a n i t i c  basement a t  a depth of 6 0 0  m. 
Except f o r  t h e  igneous rocks,  d r i l l i n g  
i n d i c a t e s  t h a t  t h e  Cretaceous sediments  
a r e  gene ra l ly  poor ly  conso l ida t ed  and 
porous.  Composition i s  dominantly coa r se  
sandstones,  bu t  some c l a y s  and carbonate  

rocks a r e  a l s o  encountered [Michaud, 
19851. I n  t h e  depth range 600 t o  3500 m, 
p o r o s i t i e s  decrease  from 50% t o  about 10%. 
Below 3500 m an abrupt  decrease  i n  
p o r o s i t y  occurs ,  probably caused by an 
inc rease  i n  compaction. The temperature  a t  
t h e  bottom of t h e  deepes t  ho le  (TB 1-about 
4 km deep) was found t o  be 93'-95'C, 
g iv ing  a g rad ien t  of  24'CIkm. 

have ind ica t ed  t h a t  t h e  basement and 
Mesozoic-Cenozoic cover  a r e  contaminated 
by numerous mafic i n t r u s i o n s .  The c o a s t a l  
p o s i t i v e  g r a v i t y  g r a d i e n t  a r ea  i s  
i n t e r p r e t e d  i n  t e r m s  of a t h inn ing  of t h e  
c o n t i n e n t a l  c r u s t ,  whereas oceanic  c r u s t  
i s  suggested i n  t h e  Dakar a rea  [Liger ,  
19801. The c i r c u l a r  p o s i t i v e  anomaly 
(Leona Dome) [Pasca l  and Michel, 19673 a t  
s i t e  Leona ( 9 0  mGal) i s  caused by a Late  
Cretaceous i n t r u s i v e  b a t h o l i t h  of igneous 
rock [Bel l ion  and Guiraud, 19841. The 
s t r u c t u r e  of t h e  sedimentary sequence i n  
t h e  region has  a dominantly north-south 
t r e n d  and i s  cha rac t e r i zed  by l i n e a r  
f a u l t s .  The combination of f a u l t i n g  and 
draping  of t h e  over ly ing  sediments i s  
probably due t o  complex basement block 
f a u l t i n g  . 

Magnetic and g r a v i t y  i n t e r p r e t a t i o n s  

GEOLOGICAL IMPLICATIONS OF MODEL 
R E S I S T I V I T Y  STRUCTURE 

Descr ip t ion  and d i scuss ion  of t h e  
r e s i s t i v i t y  s t r u c t u r e  beneath t h e  MT l i n e  
i s  d iv ided  i n t o  two p a r t s :  (1) t h e  gene ra l  
sedimentary s t r u c t u r e  (shal low model i n  
Figure 2a)  and ( 2 )  t h e  deep s t r u c t u r e  
wi th in  t h e  c r u s t  and upper mantle (F igure  
3 ) .  The genera l  r e s i s t i v i t y  t r ends  i n  near  
su r face  rocks a r e  e a s i l y  understood i n  
t e r m s  of e l e c t r o l y t i c  conduction v i a  pore  
f l u i d s  [Flovenz e t  a l . ,  19851. The 
e l e c t r i c a l  conduc t iv i ty  of t h e  rocks 
forming t h e  sedimentary cover  i s  almost 
t o t a l l y  due t o  t h r e e  f a c t o r s :  (1) t h e  
conduc t iv i ty  of t h e  pore  f l u i d ,  (2)  t h e  
f l u i d  conten t  of t h e  rock, and (3)  t h e  way 
t h e  f l u i d  i s  d i s t r i b u t e d  i n  t h e  rock 
[Kel le r ,  1 9 7 1 1 .  In  f u l l y  s a t u r a t e d  
sediments t h e  main source  of bulk 
r e s i s t i v i t y  v a r i a t i o n  appears  t o  be 
v a r i a t i o n  i n  t h e  r e s i s t i v i t y  of t h e  f l u i d .  
The e f f e c t  of tempera ture  i s  t o  i n c r e a s e  
conduc t iv i ty  of e l e c t r o l y t i c  f l u i d s  by a 
f a c t o r  of 1 0  between O' and 25OoC, 
independent of p r e s s u r e  [ Q u i s t  and 
Marshal l ,  1 9 6 8 1 .  

The con t r ibu t ion  t o  bulk r e s i s t i v i t y  
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from e l e c t r o l y t i c  conduction through pores  
can be descr ibed  approximately by t h e  
empi r i ca l  Archie ' s  Law: 

P =Po /d 
where p i s  t h e  bulk r e s i s t i v i t y ,  Po i s  t h e  
f l u i d  r e s i s t i v i t y ,  and dr i s  t h e  p o r o s i t y .  

The pore  f l u i d  r e s i s t i v i t y  and t h e  
p o r o s i t y  a r e  known from borehole  da t a ,  and 
t h e  bulk r e s i s t i v i t i e s  a r e  e s t ima ted  f o r  
t h e  Cretaceous sediments  from w e l l s  TB 1 
and Sa F1. These w e l l s  a r e  a t  a longi tude  
c l o s e  t o  t h e  one of MT soundings LEO and 
OUA, r e s p e c t i v e l y  (F igure  1) .  The 
Cretaceous sandstones have bulk 
r e s i s t i v i t i e s  vary ing  between 0.28 and 
0 . 4 1  ohm-m a t  a depth  of about 6 0 0  m and 
i n  t h e  range 0.34 - 0 . 4 6  ohm-m a t  a depth 
of approximately 1 7 0 0  m. A t  a depth  of 
about 3500 m i n  t h e  w e l l  TB 1, t h e  bulk 
r e s i s t i v i t y  i s  about 1 . 4  ohm-m. 

sequence i n  t h e  S-M b a s i n  i n  nor thern  
Senegal can be o u t l i n e d  by us ing  
c a l c u l a t e d  r e s i s t i v i t i e s  der ived  from t h e  
MT model (F igure  2 a ) .  General ly ,  t h e r e  i s  
a b a s i c  d i v i s i o n  of t h e  sedimentary 
s e c t i o n  i n t o  f o u r  r e s i s t i v i t y  l a y e r s :  

r e s i s t i v i t i e s  i n  t h e  range of 2 0  t o  200  
ohm-m, except  a t  LEO nea r  t h e  coas t ,  where 
t h e  shal low 5 0  ohm-m l a y e r  i s  rep laced  by 
a zone of low (0.25-0.35 ohm-m) 
r e s i s t i v i t y .  Sa l ine  groundwater may be t h e  
cause of t h e  lower r e s i s t i v i t y  i n  t h e  a rea  
w e s t  of LOU. Fac ies  d i f f e r e n c e s  between 
t h e  e a s t e r n  and western p a r t s  of t h e  bas in  
a r e  marked by l a t e r a l  v a r i a t i o n s  of 
r e s i s t i v i t y .  The T e r t i a r y  depos i t s  I 

g ene ra l ly  c o n s i s t  of carbonates  with sands 
and c l a y s  i n  t h e  e a s t  ( r e s i s t i v i t y - 2 0  
ohm-m), carbonates  toward t h e  c e n t e r  of 
t h e  p r o f i l e  ( r e s i s t i v i t y - 2 0 0  ohm-m), and 
c l a y s  i n  t h e  w e s t  ( r e s i s t i v i t y - 5 0  ohm-m). 
The 200 ohm-m zone L i e s  on an ex tens ion  of 
an u p l i f t  (Guiers  dome, Figure 1) [Trénous 
and Michel, 19711 ,  l o c a t e d  j u s t  no r th  of 
t h e  MT p r o f i l e ,  between soundings BOU and 
L I N ,  where t h e  T e r t i a r y  rocks c o n s i s t  
mainly of carbonates  . 

a t h i n  l a y e r  of very  low r e s i s t i v i t y  which 
can be followed ac ross  t h e  e n t i r e  p r o f i l e .  
It v a r i e s  from about 1 ohm-m i n  t h e  e a s t  
t o  0.25 ohm-m i n  t h e  w e s t  (deep p a r t  of 
t h e  b a s i n ) ,  and i s  t h i c k e s t  ( a t  l e a s t  1 7 0 0  
m) a t  sounding LEO. I t  can be c o r r e l a t e d  
with Upper Cretaceous sandstones and sandy 

The gross  s t r u c t u r e  of t h e  sedimentary 

1. The sha l lowes t  l a y e r  has  

2 .  Underlying t h e  sha l lowes t  l a y e r  i s  

c l ays ,  and t h e  more conduct ive p a r t  l y i n g  
beneath s i tes  NGA t o  LEO i s  i n t e r p r e t e d  a s  
be ing  i n t e n s e l y  b r ine - sa tu ra t ed .  The 
r e s i s t i v i t i e s  i n  t h e  range of 0.25 t o  0.35 
ohm-m correspond q u i t e  w e l l  wi th  those  
deduced from borehole  measurements. 
Westward from sounding T H I  t o  sounding LOU 
t h e  th i ckness  of t h e  0.25- t o  0.35-ohm-m 
u n i t  i n c r e a s e s  s t rong ly ,  and t h i s  may 
i n d i c a t e  a zone of f a u l t i n g .  The mixing 
p a t t e r n s  between f r e s h  and s a l t  water a r e  
complex, bu t  t h e  lower boundary of f r e s h  
water g e n e r a l l y  is  a t  depths  of less than  
500  m ( D i  F1 w e l l ,  530 m; L i  F2 w e l l ,  500 
m; L i  1 w e l l ,  420 m ) .  

r e s i s t i v i t i e s  i n  t h e  range 0.7-2 ohm-m 
extends  westward from sounding DAH t o  
sounding LEO. Except a t  t h e  w e s t  end of 
t h e  p r o f i l e , .  t h i s  l a y e r  inc ludes  much of 
t h e  sedimentary sequence from Turonian t o  
t h e  basement. To t h e  w e s t ,  in t h e  w e l l  TB 
1, t h e  Lower Cretaceous sandstone sequence 
has  bulk  r e s i s t i v i t y  va lues  a s  low a s  
0.34-0.46 ohm-m a t  depths  g r e a t e r  t han  
1 7 0 0  m. The most reasonable  e s t ima te  of 
rock composition i n  t h i s  sequence i s  a 
combination of both h i g h - r e s i s t i v i t y  
(carbonates )  and l o w - r e s i s t i v i t y  
( sands tones  and c l ays )  rocks.  Below 2600  

m, t h i s  u n i t  i s  not  p re sen t  a t  LOU and i s  
rep laced  by a more conduct ive u n i t  ( 0 . 4  
ohm-m) which can be co r re l a t ed ,  f o r  
example, with a more sandy f a c i e s .  These 
low r e s i s t i v i t i e s  might be caused by an  
inc reased  f r a c t u r i n g  a t  depths  i n  excess  
of 1 0 0 0  m, whereby t h e  pores ,  f i s s u r e s ,  
and caverns might be f i l l e d  with h igh ly  
conduct ing f l u i d s .  The 0 . 4 -  t o  0.7-ohm-m 
u n i t  i s  thought  t o  be a r e s e r v o i r  of 
s a l i n e  f l u i d s .  Between si tes LOU and LEO a 
l a t e r a l  r e s i s t i v i t y  v a r i a t i o n  from 0 . 7  t o  
2 ohm-m marks a f a c i e s  change of t h e  Lower 
Cretaceous t o  a more a r g i l l a c e o u s  
sequence w e s t  of t h e  s i te  LOU. 

deeper  l a y e r s  may mark v e r t i c a l  s t e p s  i n  
t h e  basement r e s u l t i n g  from s t e e p  f a u l t s  
t h a t  formed dur ing  subsidence of t h e  
c o n t i n e n t a l  margin and s e a f l o o r  spreading .  
This  appears  t o  be c o n s i s t e n t  with o t h e r  
geophys ica l  r e s u l t s .  For  example, t h e  zone 
between soundings BOU and LEO is marked by 
l i n e a r  p o s i t i v e  magnetic anomalies with an 
approximately north-south t r e n d  (F igure  
5 ) ,  i n  p a r t i c u l a r ,  a long p o s i t i v e  
magnetic anomaly a s soc ia t ed  with a l a r g e  
g rad ien t  i n  t h e  g r a v i t y  f i e l d  i n  t h e  
v i c i n i t y  of t h e  s i te  LOU (F igure  6 ) .  L iger  

3. A deeper ,  t h i c k  u n i t  with 

4 .  Abrupt eastward t runca t ions  of t h e  
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Fig. 5. Simplified aeromagnetic map of the Senegal basin (after Bureau de 
Recherches Pétrolières, unpublished report, 1956). The contour interval is 
100 gammas, the lines of crosses indicate positive magnetic anomalies, and 
the dashed lines indicate negative magnetic anomalies. Continuous and 
discontinuous stippled areas indicate transform faults and their inferred 
extensions, respectively [after Bellion and Guiraud, 19843 . Heavy lines 
indicate the boundaries of the anomalous crustal layer along the northern 
profile (stations DAH to LIN) and along the southern profile (stations KAF to 
KOG). Wide-spaced hatched area indicates the supposed zone where electrical 
resistivity in the crust is abnormally low. 
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F 6 .  Bouguer g r a v i t y  map of t h e  Senegal b a s i n  [ a f t e r  Crenn and 
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Rechenmann, 19651. The contour  i n t e r v a l  i s  5 mGal. Other symbols a s  i n  
Figure 5 .  

[1980] and Roussel and Liger  E19831 have Soc ié t é  Af r i ca ine  des  P é t r o l e s  
suggested t h a t  t h e  s t r o n g  p o s i t i v e  (unpubl ished r epor t ,  1960) seismic 
g rav ime t r i c  anomalies, such a s  i n  t h e  r e f r a c t i o n  p r o f i l e  revea led  north-south 
Louga a rea ,  can be expla ined  by mafic  t r e n d i n g  f a u l t s  with t h e  w e s t  s i d e  
i n t r u s i o n s  wi th in  t h e  basement. The downthrow nea r  t h e  basement su r face  c l o s e  
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t o  1 6 O W  l a t i t u d e .  A h o r s t  and graben 
system occurs  a t  t h e  basement s u r f a c e  
between BOU and T H I .  Beneath OUA, t h e  
r e s i s t i v i t y  s t r u c t u r e  d i s p l a y s  a s l i g h t l y  
less conduct ive (1-2 ohm-m) m a t e r i a l  from 
3000 t o  3800 m depth .  This  m a t e r i a l  i s  
a s s o c i a t e d  with a nega t ive  magnetic 
anomaly between two l i n e a r ,  north-south 
p o s i t i v e  anomalies (Figure 5 ) .  This  change 
i n  r e s i s t i v i t y  can be a t t r i b u t e d  t o  
v a r i a t i o n s  i n  p o r o s i t y  ( i n c r e a s e  i n  
compaction) and/or  s a l i n i t y  of a s s o c i a t e d  
f l u i d ,  i n  an a rea  of complex f a u l t i n g .  A t  
a depth of 3500 m, t h e  bulk r e s i s t i v i t i e s  
e s t ima ted  from t h e  Archie ' s  Law ( w e l l  TB 
1) i n d i c a t e  va lues  of 1.3-1.5 ohm-m. 

Across t h e  e n t i r e  p r o f i l e ,  t h e r e  i s  a 
downward t r a n s i t i o n  from low t o  high 
r e s i s t i v i t y  (of  t h e  o rde r  of 2000 ohm-m). 
This  occurs  a t  depths  of about 600-1000 m 
i n  t h e  e a s t  and a t  a depth exceeding 3000 
m i n  t h e  w e s t .  The g r e a t  depth  t o  t h e  
h i g h - r e s i s t i v i t y  rocks i n  t h e  w e s t  
probably i n d i c a t e s  t h a t  t h e s e  a r e  e i t h e r  
basement o r  nea r  basement rocks .  The 
extreme v a r i a t i o n  i n  depth of t h e  t o p  of 
t h i s  l a y e r  i s  i n  agreement wi th  borehole  
d a t a  and o t h e r  independent geo log ica l  and 
geophys ica l  information on t h e  depth  of 
t h e  basement which have been obta ined  e a s t  
of t h e  s i t e  OUA. A major s e i s m i c  r e f r a c t o r  
d ipping  t o  t h e  w e s t  appears t o  c o r r e l a t e  
wi th  t h e  r e s i s t i v i t y  boundary (F igure  2 a ) .  
I t  has  a P wave v e l o c i t y  of 6 km s-', 
which must r ep resen t  wel l - indura ted  rocks, 
perhaps basement gne i s ses .  There i s ,  
however, a s i g n i f i c a n t  d i f f e r e n c e  between 
MT r e s u l t s  and t h e  depth of t h e  basement 
w e s t  of s i t e  OUA. The high r e s i s t i v i t y  
(2000 ohm-m) detected below 3500 m a t  
sites LOU and LEO i s  not  i n  accord  with 
t h e  r e s i s t i v i t y  (1.3-1.5 ohm-m) found i n  
t h e  Aptian s e c t i o n  a t  t h a t  depth  i n  w e l l  
TB 1. It i s  worthy of note ,  however, t h a t  
pre-Albian rocks a r e  known t o  appear  a s  
h i g h - r e s i s t i v i t y  l imestones a long  s e c t i o n  
1 (Figure 4 )  a t  w e l l s  Dakar Marine 2 (DKM 
2 )  and Mbour 1 ( B r  1) . It i s  no t  
unreasonable  t o  assume t h a t  t h e  r e s i s t i v e  
u n i t  observed below t h e  t h i c k  conductor  a t  
LOU and LEO c o n s i s t s  of l imes tones .  

and o t h e r  independent geophys ica l  and 
geo log ica l  information a model f o r  t h e  
t e c t o n i c  evo lu t ion  of t h e  S-M b a s i n  i n  
no r the rn  Senegal i s  proposed he re  (F igure  
7 ) .  The c o n f l i c t  between t h e  shal low ( 3  t o  
4 km) e l e c t r i c a l  conduc t iv i ty  e s t i m a t e s  of 
depth  t o  basement and deeper  sedimentary 

By combining t h e  r e s i s t i v i t y  s t r u c t u r e  

l a y e r s  i n f e r r e d  from d r i l l i n g  (F igure  4 )  
is  r econc i l ed  by i n f e r r i n g  t h a t  h igh  ( 2 0 0 0  
ohm-m) r e s i s t i v i t y  below LEO and LOU i s  
p a r t l y  due t o  a t h i c k  u n i t  of Aptian 
l imes tone .  The p o s i t i v e  magnetic anomalies 
a r e  r e l a t e d  t o  i n t r u s i o n s  within t h e  
basement (soundings LOU and T H I )  [Liger ,  
19801. Other major f e a t u r e s  of t h e  model 
i nc lude  basement d i s r u p t i o n  by s t rong ,  
i n t e r m i t t e n t  Cretaceous normal f a u l t i n g ,  a 
horst-graben system between T H I  and BOU, 
and a l a r g e ,  l o w - r e s i s t i v i t y  Lower 
Cretaceous sed imen t - f i l l ed  bas in  between 
s i tes  T H I  and LOU t h a t  i s  bounded by w e s t  
d ipp ing  l i s t r i c  normal f a u l t s .  

h igh ly  r e s i s t i v e  (2000 ohm-m), i s o t r o p i c ,  
and f r e e  of l a r g e  l a t e r a l  r e s i s t i v e  
d i s c o n t i n u i t i e s ,  except  below sites LIN,  
NGA and DAH (F igure  3 ) ,  where t h e  MT d a t a  
r e q u i r e  t h e  presence  of h igh ly  conduct ive 
( 2  ohm-m) m a t e r i a l  a t  depths  of about  4-23 
km. A t  depths  of about  19-23 km t h e r e  i s  a 
gene ra l  t r e n d  toward lower r e s i s t i v i t i e s  
from 2000 ohm-m t o  about 200 ohm-m. 
However, bo th  t h e  r e s i s t i v i t y  and depth of 
t h i s  l a y e r  below t h e  deep p a r t  of t h e  
bas in  a r e  very ill reso lved  because of t h e  
obscuring e f f e c t  of t h e  t h i c k  
l o w - r e s i s t i v i t y  sediments .  The e x i s t e n c e  
of t h e  200- t o  2000-ohm-m l a y e r  beneath 
t h e  deep p a r t  of t h e  b a s i n  i s  poor ly  
cons t r a ined  inasmuch a s  t h e  observed d a t a  
a r e  f i t t e d  n e a r l y  a s  w e l l  by an e n t i r e l y  
r e s i s t i v e  c r u s t  and t h e  presence of t h e  
200  ohm-m m a t e r i a l  becomes suspec t  between 
soundings NGA and LEO. I n  t h e  case  of a 
t e c t o n i c a l l y  s t a b l e  c r u s t  a conduct ive 
l a y e r  a t  a depth of over  20 km would be 
i n t e r p r e t e d  a s  r ep resen t ing  t h e  upper 
mant le  [Garland, 19751 . Liger  [ 1 9 8 0 1  
i n f e r s  a c r u s t a l  t h i ckness  of about 30 km 
below t h e  sedimentary bas in  from g r a v i t y  
d a t a .  The anomalously low e l e c t r i c a l  
r e s i s t i v i t y  ( 2  ohm-m) which was detected 
by t h e  MT soundings i n  t h e  c r u s t  below t h e  
si tes LIN,  NGA, and DAH (Figure 3 )  i s  a 
very  c o n s i s t e n t  and s t r i k i n g  f e a t u r e .  
Perhaps, s u r p r i s i n g l y ,  t h i s  i s  l o c a t e d  
j u s t  t o  t h e  e a s t  o f  t h e  deep p a r t  of t h e  
bas in  and not  under i t .  The very s t r o n g  
l a t e r a l  v a r i a t i o n  of r e s i s t i v i t y ,  however, 
i s  enigmatic  cons ide r ing  o t h e r  independent 
geophysical  in format ion  and t h e  p l a u s i b l e  
mechanisms by which s i g n i f i c a n t  l a t e r a l  
r e s i s t i v i t y  c o n t r a s t s  could  have been 
expected t o  develop i n  t h i s  zone. 

Recent magne to te l lu r i c  and d i f f e r e n t i a l  
geomagnetic sounding s t u d i e s  [Ri tz ,  1984a, 

The deep c r u s t a l  rocks a r e  gene ra l ly  



Ritz et al.: Magnetotelluric Study and Tectonics in Northern Senegal 

O 

O 
O 
2 

O 
O i o  

E m  
a. 
Y 
Q 

O 
O 
O 
n 

O 
O 
O 
t 

8 
O 
P 

D I C I  

' E  I 

4 05 

Fig. 7. Schematic model for the tectonic evolution of the 
Senegalo-Mauritanian basin in northern Senegal (see text for discussion). (1) 
Granitic o r  metamorphic rocks, (2) Triassic to Liassic igneous rocks, (3) 
Sand, sandstone, conglomerate, (4) Clay, shale, (5) Limestone, (6) Fault, (7)  
Borehole, (8) Basement after borehole data, (9) Seismic basement (after 
Société des !?&roles du Sénégal, unpublished report, 1960), (10) Top of the 
Aptian limestone (TB1 borehole), (11) Turonian beds after borehole data, (12) 
Freshwater/saltwater interface (the star refers to borehole data). 

1984333 across the southern part of the 
S-M basin (Figure 1) have shown that the 
upper crust beneath the eastern margin of 
the deep basin, between Kounghel (KOG) and 
Kaffrine (KAF), has an anomalous 
electrical conductivity (resistivity 20-30 
ohm-m) and a maximum thickness of 10 km. 
However, the conductor in southern Senegal 
lies closer to the base of the sediments, 
and has a higher resistivity and a smaller 
thickness compared to the northern 
conductor. Both the very highly conductive 
zone beneath the sites DAH, NGA, and LIN 
in northern Senegal and the KOG-KAF 
conductor in southern Senegal are major 
structures. Of particular significance is 
the fact that both margins of the southern 
conductor appear to be associated with 
linear north-south positive magnetic 
anomalies (Figure 5). The magnetic anomaly 
of the east side swings to the southwest 

south of 14'30'N, and the western one 
swings to the southeast around KAF 
station. It may coincide with an 
extensional structure in basement between 
DIA and BAR (Figures 5 and 7); however, 
there is no pronounced magnetic and/or 
gravity variation north of 15ON latitude 
indicating a continuation of such major 
structures. In general, the positive 
magnetic anomalies can be correlated with 
dikes or other magmatic intrusions in the 
basement and locally in the cover [Liger, 
19801. In the survey area, two transform 
faults have been projected on;hore 
(Figures 5 and 6) on the basis of 
east-west truncations of gravity and 
magnetic anomalies in latitudes 15'N and 
15'40'N [Bellion and Guiraud, 19841. The 
transform faults and magnetic anomalies 
provide the basis for speculating that the 
southern conductor links with the northern 
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one, and t h e  l o w - r e s i s t i v i t y  zone a t  
c r u s t a l  depth beneath t h e  e a s t e r n  margin 
of t h e  deep p a r t  of t h e  bas in  may be 
considered a s  t h e  t e c t o n i c  response t o  
changes i n  r eg iona l  stress, induced by 
Mesozoic r i f t i n g  and/or  l a t e r  t e c t o n i c  and 
vo lcan ic  even t s .  F igures  5 and 6 i n d i c a t e  
supposed boundaries  of t h e  anomalous 
c r u s t a l  body i n  connect ion with magnetic 
h ighs  and g r a v i t y  anomalies. The c i r c u l a r  
g r a v i t y  anomalies (Gassane and Medina 
Sabak) a r e  supposed t o  be a s soc ia t ed  with 
t h i c k  mafic  i n t r u s i o n s  wi th in  t h e  basement 
complex [Liger ,  19801. 

There i s  a v a r i e t y  of ways i n  which 
water can lower t h e  r e s i s t i v i t y  of rocks .  
Addi t iona l  f a c t o r s  which must be 
cons idered  i n  s tudying  t h e  r e l a t i o n s h i p  of 
low r e s i s t i v i t i e s  to water a r e  t h e  
an iso t ropy  of t h e  r e s i s t i v i t y  and t h e  
apparent  r e s i s t i v i t y  p r i n c i p a l  d i r e c t i o n s .  
A t  most of t h e  s t a t i o n s  t h e  e l e c t r i c a l  
impedance s t r i k e  d i r e c t i o n  i s  
approximately north-south [R i t z  and 
Vassal, 19861. MT d a t a  d i s p l a y  moderate 
an iso t ropy  a t  s t a t i o n s  i n s i d e  t h e  deep 
bas in ,  while  a t  s t a t i o n s  ou t s ide  t h e  deep 
bas in  t h e  an i so t ropy  i s  e s p e c i a l l y  
important ,  with t h e  minimum r e s i s t i v i t y  
a long  t h e  north-south r eg iona l  s t r i k e .  
Adam [19841  , among o t h e r s ,  draws a t t e n t i o n  
t o  t h e  f a c t  t h a t  t h e  r e s i s t i v i t y  i s  
cons iderably  sma l l e r  i n  t h e  d i r e c t i o n  of 
t h e  known f r a c t u r e  l i n e s .  I f  t h e  water i s  
i n  open f r a c t u r e s ,  one expec ts  a n i s o t r o p i c  
r e s i s t i v i t y  with t h e  minimum value  a long  
s t r i k e ,  and i f  t h e  water i s  i n  connected 
pore spores ,  t h e  r e s i s t i v i t y  should be 
more i s o t r o p i c .  This  sugges ts  t h a t  t h e  
deep c r u s t a l  conductor  under DAH, NGA and 
L I N  can be connected with f r a c t u r e s  f u l l  
of water ,  a s s o c i a t e d  with normal f a u l t i n g  
a s  t h e  A t l a n t i c  opened. I n  t h e  western 
p a r t  of t h e  MT p r o f i l e  (deep bas in )  t h e  
very  low r e s i s t i v i t y  va lues  i n  t h e  
near-surface zones can be due to a 
combination of two e f f e c t s :  water  i n  
in te rconnec ted  spaces ,  e s p e c i a l l y  i n  t h e  
extreme western p a r t  of t h e  bas in ,  and 
water  i n  open f r a c t u r e s .  

The p o s s i b l e  causes  of t h e  lowering of 
t h e  bulk  r e s i s t i v i t y  of t h e  c r u s t  beneath 
t h e  e a s t e r n  margin of t h e  deep p a r t  of t h e  
bas in  w i l l  be reviewed. 

I t  could  be t h e  e f f e c t  of p re sen t  
anomalously h igh  temperature ,  presumably 
i n  t h e  deeper  p a r t s  of t h e  c r u s t ,  where 
temperature  may be high enough t h a t  
e l e c t r i c a l  conduction i n  t h e  s o l i d  rocks 
decreases  t h e  r e s i s t i v i t y  t o  2 ohm-m. Adam 

[19781 and Shankland and Ander 119831 
found a good c o r r e l a t i o n  between depth and 
low e l e c t r i c a l  r e s i s t i v i t y  i n  t h e  c r u s t  
and h igh  hea t  f low.  Recent hea t  flow 
measurements a t  2 4  p o i n t s  i n  t h e  Dakar 
reg ion  [O.  Fambitakoye, personal  
communication, 19851 gave a mean va lue  of 
60 mw/m2. This  value i s  too  low t o  be 
compatible  with a thermal  o r i g i n  of t h e  
high conduc t iv i ty .  However, g r e a t  c a r e  is  
requ i r ed  i n  drawing conclus ions  from low 
hea t  f low through an upper c r u s t  f r a c t u r e d  
and f i l l e d  with water .  Local v e r t i c a l  
movement a long  f a u l t s  of water may 
s e r i o u s l y  p e r t u r b  t h e  hea t  flow, and t h e  
p o s s i b i l i t y  of a small  f r a c t i o n  p a r t i a l  
m e l t  i n  t h e  c r u s t  on a r eg iona l  s c a l e  
beneath t h e  e a s t e r n  p a r t  of t h e  bas in  
cannot be r u l e d  out  a s  a poss ib l e  
c o n t r i b u t o r  to t h e  h igher  t han  normal 
c o n d u c t i v i t i e s .  I f  so, e l eva ted  
tempera tures  most probably would be 
r e l a t e d  to modern t e c t o n i c  a c t i v i t y .  

could  de r ive  from t h e  formation of t h e  
c o n t i n e n t a l  margin through c o n t i n e n t a l  
f ragmentat ion,  r i f t i n g ,  a t t enua t ion ,  and 
subsidence.  Of p a r t i c u l a r  i n t e r e s t  i s  t h e  
degree  of p o s s i b l e  f r a c t u r i n g  landward. 
Note t h a t  mafic  i n t r u s i o n s  wi th in  t h e  
basement p e r s i s t  eastward (F igure  5 ) .  The 
e l e c t r i c a l  anomaly could  then  be connected 
with deep f r a c t u r e  zones of p re -At l an t i c  
o r  r i f t  age, i . e . ,  J u r a s s i c  o r  o lde r ,  and 
t h a t  could be reworked l a t e r .  I f  s o ,  t h e  
presence  of a l a r g e  volume of f r a c t u r e d  
and f i s s u r e d  rocks below t h e  margin of t h e  
deep bas in  could provide  a pa th  f o r  
p e r c o l a t i o n  of water to a deeper  zone, and 
pore  and c rack - f lu id  conduction e f f e c t s  
would become s i g n i f i c a n t  and could 
apprec iab ly  lower t h e  bulk rock 
r e s i s t i v i t y .  This poss ib l e  source f o r  t h e  
conduc t iv i ty  anomaly could exp la in  both 
t h e  absence of a magnetic anomaly and a 
s i g n i f i c a n t  g r a v i t y  anomaly by t h e  f a c t  of 
t h e  weak dens i ty  between t h e  f r a c t u r e d  and 
hos t  rocks.  

Drury and N i b l e t t  [1980] have suggested 
t h a t  segments of bu r i ed  oceanic  c r u s t  i n  
t h e  p r e s e n t  c o n t i n e n t a l  c r u s t  can exp la in  
t h e  h igh  c o n d u c t i v i t i e s .  The presence of 
bands of oceanic  c r u s t  beneath t h e  margin 
of t h e  deep bas in  i s  compatible with t h e  
observed r e s i s t i v i t i e s  t h e r e  i f  t h e  rocks  
have been se rpen t in i zed .  Thei r  occurrence 
throughout  t h e  S-M bas in  would be 
comprehensible and could  be expla ined  from 
t h e  e x i s t e n c e  of a bu r i ed  f a i l e d  r i f t  
a s s o c i a t e d  with Mesozoic r i f t i n g .  It 

The c r u s t a l  high-conduct ivi ty  zone 
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should be noted that such a failed rift 
does not give rise to high heat flow. 
However, if the conductivity anomaly is 
caused by an accumulation of oceanic 
crustal rocks, the observed gravity and 
magnetic fields must be satisfied. The 
southern Senegalese conductor correlates 
closely with a magnetic high (Figure 5). 
In South Africa, a similar result has been 
reported by De Beer et al. [1982], who 
attribute the high conductivity and 
magnetization to an accumulation of 
serpentinized marine crustal rocks. 

for the unexpected presence of very 
conductive bodies within relatively 
resistive crust. Because of the lack of 
pronounced magnetic and gravity anomalies 
over the northern conductor, the 
relatively low values of the heat flow (60 
k 8 mw/m2), and the fact that both 
gravimetric and magnetic anomalies in the 
western part of the basin are highly 
elongated in a north-south direction and 
probably reflect extensional structures in 
S-M basin basement, we believe that the 
most attractive hypothesis is that a large 
crushed zone in the basement of the 
eastern part of the basin provides the 
porosity for saline waters which act as an 
electrolytic fluid to produce the 
condutivity anomaly. The anomaly probably 
identifies the eastern limit of the 
extensional deformation of the S-M basin. 

No conductive layer has been inferred 
at great depths for the westerly stations; 
nevertheless, at depths in excess of 150 
km there is a general trend toward lower 
resistivities. The transition from 2000 
ohm-m to about 2 ohm-m occurs at about 175 
km (Figure 3). A similar general decrease 
in resistivity also occurs beneath the 
easterly stations. Some degree of partial 
melting in the mantle has been the most 
frequent interpretation for conducting 
layers in the upper mantle at depths of 
about 150 km [Shankland and Waff, 1977; 
Lilley et al. , 19811. 

Another interesting feature of this 
geoelectric profile is the existence of a 
layer 20 km thick with resistivity of 
about 20 ohm-m at 80 km depth under the 
eastern part of the basin. A possible 
explanation for the low mantle electrical 
resistivity is the presence of water 
produced by dissociation of amphibole 
[Wyllie, 19811 under pressure and 
temperature conditions found around 90 km. 
For the westerly sites, the main traits of 
the deep conductivity distribution are ill 

These are simply possible explanations 

resolved because of the obscuring effect 
of the thick low-resistivity sediments. 

CONCLUSIONS 

The MT method has been used to obtain 
information about the electrical 
condutivity structure and tectonics of the 
S-M basin in northern Senegal. Other 
independent geophysical and geological 
observations place significant constraints 
on the crustal structure and thus on 
acceptable tectonic models, but the 
conductivity anomalies add significant new 
information to aid in tectonics studies. 
The shallow geoelectric section is 
dominated by the water-saturated, 
unconsolidated, low-resistivity sediments. 
The details of the electrical 
characteristics of the sedimentary 
sequence are of interest, even though they 
are not always accurate. They do, however, 
add infomation about the gross division 
of the subsurface in a region in which not 
much is known because of the scarceness of 
deep boreholes. 

The tectonic significance of the 
near-surface resistivity structure is 
illustrated with a schematic section 
through the S-M basin ìn northern Senegal 
that is ìn agreement with borehole data 
and with other geophysical data. 

An interesting feature of this 
geoelectric profile is the existence of a 
very good crustal conductor under the 
eastern margin of the deep basin, similar 
to the one previously reported along a 
traverse in the southern part of the S-M 
basin [Ritz, 1984al. The basement outside 
the deep basin may be fractured and filled 
with conducting fluids, but the origin of 
this conductive body cannot be established 
with confidence because of the scarcity of 
detailed geophysical data. 
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