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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 and the
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 geclogical and
tectonic implications of the conductivity
structure outlined by Ritz and Vassal
[1986] on the basis of magnetotelluric
(MT) soundings in the Senegalo—-Mauritanian
(8-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
[1986]. 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

Fonds Documentaire ORST OM

Cote:_éﬁ_ﬁ'_;ﬁ Ex: ':(_

Wi

1




396 Ritz et al.: Magnetotelluric Study and Tectonics in Northern Senegal
NOUAKCNOTT,I ’ '
o 1 150 \ ‘ \‘\ é}
©5 oo >
00 O %
S OO -3 \ c)l
§ ’.’/[ ] 1' " \\ l l"
M {
! ” -
g v{ I " \\ ‘f) \_)z '”
© | | ©
WARREA R Podo \ \ l>\k
| |l VoL N r \ Z\\
{ \ \Sonlgn, \ \-
P GUIERS A \ \ o
x l\ } | i \ M}K
- < Saint -Lours Tl(l‘l \ Do["E \\ t; \ \\“\
| 'l | i \ _ \ l"
w IR ! -
Lok 58 g I \ oz \ (‘
© v . lolf IDJ; £ X { < \ \M
! fLaz * k- lgg % J 891z ~ *
° VIR FIC S L \"‘*
s ,’su"sl | \\ L|"1 LiF2 ’,,\\ © }
* DIFt N\ _
— / / {} \ ‘.7+‘\ 3 ) \ 'm
o ;o | igkbt! ’ < { \ \}
/ / { L 7 Y \
onuno, B4 N { / @ | \ )
= o XS Lo ! .
oxmz 59 NN \ K ! \
- v | |oag \ { |
- \\ \ E\]t\\ | o o : { / p
]
= \ Ny L8 © i / +
| \ I 2=
Banvuy \ \ t //%,_‘_/ //)
! i y +
4 \ e I oy & / //?
3° ( ( / L ® ~ f/ *&
— - \\ / / I /,.1 a @-—-
\\l r/ //i > +
« / T (4
;7 !/ ! A a}
VIR SN
i) r rfeoveE,
| o 100Kkm )y ‘éISSAU’ BASIN, ) (,) 3)—
/ LT, L
170 / / TN, 130
i | ,// //l ! l'.5 RN AR

Fig. 1. Simplified basin

structure and MT site locations in the

Senegalo-Mauritanian basin (after ASGA-UNESCO [1968] and Ritz and Vassal

[1986]). Solid circle, MT

sounding. Cross, borehole. Dashed line, basement

isobath (depth in meters).

Mauritanides belt, (3) Late Precambrian to Paleozoic cover,

(1) Precambrian West African craton,

(2)

(4) Paleozoic

cover,

(5) Mesozoic to Quaternary cover.

and abrupt truncations of the deep
conductive material of the basin. A more
complicated model compatible with our MT
data (Figure 2b) may be considered as an
alternative. Bodies with relatively high
resistivity (200 ohm-m) are embedded in
layers of lower resistivities (0.4 - 0.6
ohm-m) at a depth of 1000 to 3000 m. It is
inherent in a MT study with data of
limited bandwidth that there is a
nonuniqueness associated with any proposed
electrical model [Jiracek et al., 19831,
and constraints imposed by other
independent geophysical and geological
data are necessary to distinguish between
the possibilities. On the basis of
drilling data {see next section), the top
of the resisti. ~it depicted in Figure

-dyi‘

TABLE 1. ©Location of the Stations of the
Northern MT Profile
Station Code Latitude Longitude
Name Name N, deg W, deg
Yonofere YON 15.26 14.47
Diagueli DIA 15.27 14.65
Barkedji BAR 15.28 14.85
Linguere LIN 15.38 15.10
Ngarafe NGA 15.39 15.28
Dahra DAH 15.33 15.48
Boulel BOU 15.38 15.65
Thiamene THT 15.49 15.87
Ouarak OUA 15.52 16.07
Louga LOU 15.62 16.22
Leona LEO 15.72 16.45
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Fig. 2. BAlternative geoelectrical models (a and b) for the sedimentary

section of the Senegalo-Mauritanian basin in northern Senegal derived from MT
results [after Ritz and Vassal, 1986]. Crosses indicate the seismic basement
(after Société des Pétroles du Sénégal, unpublished report, 1960).

2b between soundings LEO and LOU could be
assoclated with an intrusive body
(syenite) which was detected on Leona 1
well (La 1, 8.5 km west of station LEO,
Figure 1) at a depth of 460 m. However,
this intrusion was not detected on Leona 2
well (La 2, 4 km southwest of station
LEO) . The resistive body (200 ohm-m) is
accompanied by a circular positive Bouguer
anomaly of about 90 mGal. The Bouguer
anomaly has been attributed to a narrow
intrusive body that provides a positive

density contrast and is postulated to
occur just west of sounding LEO in a depth
range between 460 and 7000 m [Liger,
1980]. The existence of a large amount of
resistive rocks at the west end of the
profile, in the form of dense intrusions
in the Leona region, does not seem very
likely. On the other hand, an
interpretation in which no shallow
resistive layer is assumed in the area
between MT soundings LEO and LOU would be
more consistent with borehole data and the
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Vassal, 19867].

gravity interpretation. The MT model in
Figure 2a, which accommodates these
considerations, will be discussed in
relation to the geological and geophysical
constraints on the tectonics of the basin.
The shallow resistivities of the MT model
can be used for correlation, or with
Archie's Law they can be used to estimate
porosity, as is done in well log
interpretation. A borehole near the
profile (Toundou Besset, TBl, Figure 1) is
about 4 km deep and provides excellent
porosity control.

An important deep feature (Figure 3)
in the model of the conductivity structure
is the presence of strong conductor (2
ohm-m) in the crust beneath the eastern
margin of the deep basin between stations
BOU-LIN. The presence of such a conductive
zone and the bounds on it are of
fundamental significance to our
understanding of the crustal structure and
of tectonic evolution of the S-M basin.

GEOPHYSICAL AND GEOLOGICAL BACKGROUND

The S5-M coastal basin, situated on the
western edge of West Africa, lies between
the 10° and 21° N latitude (Guinea Bissau
and Mauritania), and is bounded to the
east by the West African mobile belt (late
Precambrian to Devonian orogenic
belt-Mauritanides). The major
stratigraphic and tectonic features of the
S-M basin in Senegal are illustrated by
schematic sections [Bellion and Guiraud,
1984] in Figure 4.

Deep resistivity structure along the MT traverse [after Ritz and

The S$-M coastal basin developed in
response to the opening of the Central
Atlantic Ocean in Early Mesozoic time
about 180 Ma [Dewey et al., 1973]. Chanut
[1984] suggested that the crustal
stretching started around 243 Ma in the
S-M basin because of a thermic event dated
in the basement of Kolobane 1 borehole
(Kbl, Figure 1l). The Triassic rifting and
the post-Triassic subsidence of the West
African margin that was responsible for
the formation of the S-M basin very likely
was accompanied by the intrusion of
magmatic material into fissures and
fractures that predominantly parallel the
coast [Van der Linden, 1981] and into E-W
trending faults [Reyre, 1984]. During the
Jurassic a carbonate platform formed
along the continental margin of West
Africa [Von Rad et al., 1982]. Figure 4
shows this carbonate platform in the S-M
basin. Sedimentation was very active in
Cretaceous time, and consisted of
terrigenous deposits (clays, sands,
sandstones, and carbonates). Tertiary
sediments in the S-M basin consist of
Paleogene chemical or biochemical deposits
(carbonates and phosphates) with a more
sandy facies eastward and a more clayey
facies westward. This unit is overlain by
a 50- to 100-m-thick Neogene layer of
sand. From Late Cretaceous to Mio-Pliocene
a major phase of vertical tectonic
movements continued the disruption of the
basement blocks. Late Cretaceous volcanism
is known in the Leona area (west end of
the MT profile), and in the Dakar region,
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volcanism is estimated to range in age
from 1 to 35 Ma [Cantagrel et al., 1976;
Crevola, 1980] and to have peaked during
the Miocene and the Quaternary [Dillon and
Sougy, 1974].

The S-M basin is poorly known from its
surface geology. The main knowledge of
the basin comes from drilling [Castelain,
1965; De Spengler et al., 1966; Templeton,
1971; Dillon and Sougy, 1974; Bellion and
Guiraud, 19841, electrical soundings
[Mathiez and Huot, 1966], aeromagnetic
profiles [Bureau de Recherche Pétroliéres,
unpublished report, 1956), gravity studies
[Crenn and Rechenmann, 1965; Liger and
Roussel, 1979; Liger, 1980; Guetat, 1981;
Roussel and Liger, 1983; Ponsard, 1985]
and seismic refraction profiles [S. M.
Wyrobek, unpublished report, 1960]. The
Paleozoic-Precambrian granitic and
metamorphic basement dips westward under
the Meso-Cenozoic 8-M basin, but its
western extension under the sediments of
the basin is only known within certain
depth limits because of limitations in the
geophysical methods used to locate it. The
resistant basement is easily visible in
the east, but disappears in the west in a
zone between 15° and 15°30' W. West of
longitude 16° W, boreholes (Figure 4) have
reached Lower Cretaceous at about 3000 m
and the basement at 4000 m. At the west
end of the MT profile the basin is likely
covered with more than 7000 m of
post~Paleozoic sediments (see Figures 1
and 4).

Four holes (see Figure 1): ULinguere 1
(Li 1), Leona 2 (La 2), Sagata Fl (Sa F1),
and Toundou Besset 1 (TB 1), were drilled
to depths of 970, 1150, 1720, and 4000 m,
respectively, and bottomed in sedimentary
rocks of inferred Cretaceocus age. The well
La 1, sited near the Atlantic coast,
bottomed in Lower Maastrichtian igneous
breccla at a depth of 710 m, a total of
more than 250 m of metamorphosed sandy
limestone with inclusions of microsyenite
was intersected [Bellion and Guiraud,
1984]. The borehole Linguere F2 (Li F2)
penetrated altered schists at a depth of
820 m, interpreted as metamorphic
basement. To the east of the well Li F2,
the hole Diocumanan Fl (Di Fl) encountered
the granitic basement at a depth of 600 m.
Except for the igneous rocks, drilling
indicates that the Cretaceous sediments
are generally poorly consolidated and
porous. Composition is dominantly coarse
sandstones, but some clays and carbonate

Magnetotelluric Study and Tectonics in Northern Senegal

rocks are also encountered [Michaud,
1985]. In the depth range 600 to 3500 m,
porosities decrease from 50% to about 10%.
Below 3500 m an abrupt decrease in
porosity occurs, probably caused by an
increase in compaction. The temperature at
the bottom of the deepest hole (TB l-about
4 km deep) was found to be 93°-95°C,
giving a gradient of 24°C/km.

Magnetic and gravity interpretations
have indicated that the basement and
Mesozoic-Cenozoic cover are contaminated
by numerous mafic intrusions. The coastal
positive gravity gradient area is
interpreted in terms of a thinning of the
continental crust, whereas oceanic crust
is suggested in the Dakar area [Liger,
1980]. The circular positive anomaly
(Leona Dome) [Pascal and Michel, 1967] at
site Leona (90 mGal) is caused by a Late
Cretaceous intrusive batholith of igneous
rock [Bellion and Guiraud, 1984]. The
structure of the sedimentary sequence in
the region has a dominantly north-south
trend and is characterized by linear
faults. The combination of faulting and
draping of the overlying sediments is
probably due to complex basement block
faulting.

GEQOLOGICAL IMPLICATIONS OF MODEL
RESISTIVITY STRUCTURE

Description and discussion of the
resistivity structure beneath the MT line
is divided into two parts: (1) the general
sedimentary structure (shallow model in
Figure 2a) and (2) the deep structure
within the crust and upper mantle (Figure
3). The general resistivity trends in near
surface rocks are easily understood in
terms of electrolytic conduction via pore
fluids [Flovenz et al., 1985]. The
electrical conductivity of the rocks
forming the sedimentary cover is almost
totally due to three factors: (1) the
conductivity of the pore fluid, (2) the
fluid content of the rock, and (3) the way
the fluid is distributed in the rock
[Keller, 1971]. In fully saturated
sediments the main source of bulk
resistivity variation appears to be
variation in the resistivity of the f£fluid.
The effect of temperature is to increase
conductivity of electrolytic fluids by a
factor of 10 between 0° and 250°C,
independent of pressure [Quist and
Marshall, 1968].

The contribution to bulk resistivity
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from electrolytic conduction through pores
can be described approximately by the
empirical Archie's Law:

p =p, /@

where p is the bulk resistivity, Po is the
fluid resistivity, and ® is the porosity.
' The pore fluid resistivity and the
porosity are known from borehole data, and
the bulk resistivities are estimated forx
the Cretaceous sediments from wells TB 1
and Sa Fl. These wells are at a longitude
close to the one of MT soundings LEO and
QUA, respectively (Figure 1). The
Cretaceous sandstones have bulk
resistivities varying between 0.28 and
0.41 ohm~m at a depth of about 600 m and
in the range 0.34 - 0.46 ohm-m at a depth
of approximately 1700 m. At a depth of
about 3500 m in the well TB 1, the bulk
resistivity is about 1.4 ohm-m.

The gross structure of the sedimentary
sequence in the S$-M basin in northern
Senegal can be outlined by using
calculated resistivities derived from the
MT model (Figure 2a). Generally, there is
a basic division of the sedimentary
section into four resistivity layers:

1. The shallowest layer has
resistivities in the range of 20 to 200
ohm-m, except at LEQO near the coast, where
the shallow 50 ohm-m layer is replaced by
a zone of low (0.25-0.35 ohm-m)
resistivity. Saline groundwater may be the
cause of the lower resistivity in the area
west of LOU. Facies differences between
the eastern and western parts of the basin
are marked by lateral variations of
resistivity. The Tertiary deposits I
generally consist of carbonates with sands
and clays in the east (resistivity-20
ohm-m) , carbonates toward the center of
the profile (resistivity-200 ohm-m), and
clays in the west (resistivity-50 ohm-m).
The 200 ohm~-m zone lies on an extension of
an uplift (Guiers dome, Figure 1) [Trénous
and Michel, 1971], located just north of
the MT profile, between soundings BOU and
LIN, where the Tertiary rocks consist
mainly of carbonates

2. Underlying the shallowest layer is
a thin layer of very low resistivity which
can be followed across the entire profile.
It varies from about 1 ochm-m in the east
to 0.25 ohm-m in the west (deep part of
the basin), and is thickest (at least 1700
m) at sounding LEO. It can be correlated
with Upper Cretaceous sandstones and sandy

clays, and the more conductive part lying
beneath sites NGA to LEQ is interpreted as
being intensely brine-saturated. The
resistivities in the range of 0.25 to 0.35
ohm-m correspond quite well with those
deduced from borehole measurements.
Westward from sounding THI to sounding LOU
the thickness of the 0.25~ to 0.35-ohm-m
unit increases strongly, and this may
indicate a zone of faulting. The mixing
patterns between fresh and salt water are
complex, but the lower boundary of fresh
water generally is at depths of less than
500 m (Di Fl well, 530 m; Li F2 well, 500
m; Li 1 well, 420 m).

3. A deeper, thick unit with
resistivities in the range 0.7-2 ohm-m
extends westward from sounding DAH to
sounding LEO. Except at the west end of
the profile, this layer includes much of
the sedimentary sequence from Turonian to
the basement. To the west, in the well TB
1, the Lower Cretaceous sandstone sequence
has bulk resistivity values as low as
0.34-0.46 ohm-m at depths greater than
1700 m. The most reasonable estimate of
rock composition in this sequence is a
combination of both high-resistivity
(carbonates) and low-resistivity
(sandstones and clays) rocks. Below 2600
m, this unit is not present at LOU and is
replaced by a more conductive unit (0.4
ohm-m) which can be correlated, for
example, with a more sandy facies. These
low resistivities might be caused by an
increased fracturing at depths in excess
of 1000 m, whereby the pores, fissures,
and caverns might be filled with highly
conducting fluids. The 0.4- to 0.7-ohm-m
unit is thought to be a reservoir of
saline fluids. Between sites LOU and LEO a
lateral resistivity variation from 0.7 to
2 ohm-m marks a faciles change of the Lower
Cretaceous to a more argillaceous
sequence west of the site LOU.

4. Abrupt eastward truncations of the
deeper layers may mark vertical steps in
the basement resulting from steep faults
that formed during subsidence of the
continental margin and seafloor spreading.
This appears to be consistent with other
geophysical results. For example, the zone
between soundings BOU and LEQ is marked by
linear positive magnetic anomalies with an
approximately north-south trend (Figure
5), in particular, a long positive
magnetic anomaly associated with a large
gradient in the gravity field in the
vicinity of the site LOU (Figure 6). Liger
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CAYAR
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FPig. 5. Simplified aeromagnetic map of the Senegal basin (after Bureau de
Recherches Pétroliéres, 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, 1984]. 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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Fig. 6. Bouguer gravity map of the Senegal basin [after Crenn and
Rechenmann, 1965]. The contour interval is 5 mGal. Other symbols as in

Figure 5.
[1980] and Roussel and Liger [1983] have Société Africaine des Pétroles
suggested that the strong positive (unpublished report, 1960) seismic
gravimetric anomalies, such as in the refraction profile revealed north-south
Louga area, can be explained by mafic trending faults with the west side

intrusions within the basement. The downthrow near the basement surface close
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to 16°W latitude. A horst and graben
system occurs at the basement surface
between BOU and THI. Beneath OQUA, the
resistivity structure displays a slightly
less conductive (1-2 ohm-m) material from
3000 to 3800 m depth. This material is
associated with a negative magnetic
anomaly between two linear, north-south
positive anomalies (Figure 5). This change
in resistivity can be attributed to
variations in porosity (increase in
compaction) and/or salinity of associated
fluid, in an area of complex faulting. At
a depth of 3500 m, the bulk resistivities
estimated from the Archie's Law (well TB
1) indicate values of 1.3-1.5 ohm-m.
Across the entire profile, there is a
downward transition from low to high
resistivity (of the order of 2000 ohm-m).
This occurs at depths of about 600-1000 m
in the east and at a depth exceeding 3000
m in the west. The great depth to the
high-resistivity rocks in the west
probably indicates that these are either
basement or near basement rocks. The
extreme variation in depth of the top of
this layer is in agreement with borehole
data and other independent geological and
geophysical information on the depth of
the basement which have been obtained east
of the site OUA. A major seismic refractor
dipping to the west appears to correlate
with the resistivity boundary (Figure 2a).
It has a P wave velocity of 6 km s7L,
which must represent well-indurated rocks,
perhaps basement gneisses. There is,
however, a significant difference between
MT results and the depth of the basement
west of site QUA. The high resistivity
(2000 ohm-m) detected below 3500 m at
sites LOU and LEO is not in accord with
the resistivity (1.3-1.5 ohm-m) found in
the Aptian section at that depth in well
TB 1. It is worthy of note, however, that
pre-Albian rocks are known to appear as
high-resistivity limestones along section
1 (Figure 4) at wells Dakar Marine 2 (DKM
2) and Mbour 1 (Br 1). It is not
unreasonable to assume that the resistive
unit observed below the thick conductor at
LOU and LEO consists of limestones.
By combining the resistivity structure
and other independent geophysical and
. geological information a model for the
tectonic evolution of the S-M basin in
northern Senegal is proposed here (Figure
7). The conflict between the shallow (3 to
4 km) electrical conductivity estimates of
depth to basement and deeper sedimentary

layers inferred from drilling (Figure 4)
is reconciled by inferring that high (2000
ohm-m) resistivity below LEO and LOU is
partly due to a thick unit of Aptian
limestone. The positive magnetic anomalies
are related to intrusions within the
basement (soundings LOU and THI) [Liger,
1980]. Other major features of the model
include basement disruption by strong,
intermittent Cretaceous normal faulting, a
horst-graben system between THI and BOU,
and a large, low-resistivity Lower
Cretaceous sediment-filled basin between
sites THI and LOU that is bounded by west
dipping listric normal faults.

The deep crustal rocks are generally
highly resistive (2000 ohm-m), isotropic,
and free of large lateral resistive
discontinuities, except below sites LIN,
NGA and DAH (Figure 3), where the MT data
require the presence of highly conductive
(2 ohm-m) material at depths of about 4-23
km. At depths of about 19-23 km there is a
general trend toward lower resistivities
from 2000 ohm-m to about 200 ohm-m.
However, both the resistivity and depth of
this layer below the deep part of the
basin are very ill resolved because of the
obscuring effect of the thick
low-resistivity sediments. The existence
of the 200~ to 2000-ohm-m layer beneath
the deep part of the basin is poorly
constrained inasmuch as the observed data
are fitted nearly as well by an entirely
resistive crust and the presence of the
200 ohm-m material becomes suspect between
soundings NGA and LEO. In the case of a
tectonically stable crust a conductive
layer at a depth of over 20 km would be
interpreted as representing the upper
mantle [Garland, 1975]. Liger [1980]
infers a crustal thickness of about 30 km
below the sedimentary basin from gravity
data. The anomalously low electrical
resistivity (2 ohm-m) which was detected
by the MT soundings in the crust below the
sites LIN, NGA, and DAH (Figure 3) is a
very consistent and striking feature.
Perhaps, surprisingly, this is located
just to the east of the deep part of the
basin and not under it. The very strong
lateral variation of resistivity, however,
is enigmatic considering other independent
geophysical information and the plausible
mechanisms by which significant lateral
resistivity contrasts could have been
expected to develop in this zone.

Recent magnetotelluric and differential
geomagnetic sounding studies [Ritz, 1984a,



-

Ritz et al.:

Magnetotelluric Study and Tectonics in Northern Senegal 405

Le2 vBY SAF 1 Lit LIF2 DIF1
i i | | | |
w ) ) Lo | E
jLeo | wou | oua THI 80U  DAH luwl sar o012 | von
o - _‘_ = Cenozoic c
—= = R Senonian S
[ =={t¥=—— Turonign T
T M Lower Cretaoceous LC
g N S + + +
ol LisTE ° 50 km
..... | — | MO SE—
iy £ EMENT
.o —r o AS
[ g - -
E « | T
.
o e *12
3
o I K Lol
° -
—= *10
. Apltila j!i!! 4 [ -]
© e
31 1. s es
Juragsic
3 Ede |7

8000
L
o
-
>
-

Fig. 7.

[+ +)4 /¢

Schematic model for the tectonic evolution of the

Senegalo-Mauritanian basin in northern Senegal (see text for discussion). (1)
Granitic or 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 Pétroles du Sénégal, unpublished report, 1960), (10) Top of the
Aptian limestone (TBl borehole), (11) Turonian beds after borehole data, (12)
Freshwater/saltwater interface (the star refers to borehole data).

1984b] 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 15°N 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,
1980]. In the survey area, two transform
faults have been projected onshore
(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, 1984]. 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 the low-resistivity zone at
crustal depth beneath the eastern margin
of the deep part of the basin may be
considered as the tectonic response to
changes in regional stress, induced by
Mesozoic rifting and/or later tectonic and
volcanic events. Figures 5 and 6 indicate
supposed boundaries of the anomalous
crustal body in connection with magnetic
highs and gravity anomalies. The circular
gravity anomalies (Gassane and Medina
Sabak) are supposed to be associated with
thick mafic intrusions within the basement
complex [Liger, 19807.

There is a variety of ways in which
water can lower the resistivity of rocks.
Additional factors which must be
considered in studying the relationship of
low resistivities to water are the
anisotropy of the resistivity and the
apparent resistivity principal directions.
At most of the stations the electrical
impedance strike direction is
approximately north-south [Ritz and
Vassal, 1986]. MT data display moderate
anisotropy at stations inside the deep
basin, while at stations outside the deep
basin the anisotropy is especially
important, with the minimum resistivity
along the north-south regional strike.
Adam [1984], among others, draws attention
to the fact that the resistivity is
considerably smaller in the direction of
the known fracture lines. If the water is
in open fractures, one expects anisotropic
resistivity with the minimum value along
strike, and if the water is in connected
pore spores, the resistivity should be
more isotropic. This suggests that the
deep crustal conductor under DAH, NGA and
LIN can be connected with fractures full
of water, associated with normal faulting
as the Atlantic opened. In the western
part of the MT profile (deep basin) the
very low resistivity values in the
near-surface zones can be due to a
combination of two effects: water in
interconnected spaces, especially in the
extreme western part of the basin, and
water in open fractures.

The possible causes of the lowering of
the bulk resistivity of the crust beneath
the eastern margin of the deep part of the
basin will be reviewed.

It could be the effect of present
anomalously high temperature, presumably
in the deeper parts of the crust, where
temperature may be high enough that
electrical conduction in the solid rocks
decreases the resistivity to 2 ohm-m. Adam

Magnetotelluric Study and Tectonics in Northern Senegal

{1978] and Shankland and Ander {1983]
found a good correlation between depth and
low electrical resistivity in the crust
and high heat flow. Recent heat flow
measurements at 24 points in the Dakar
region [0. Fambitakoye, personal
communication, 1985] gave a mean value of
60 mw/m%- This value is too low to be
compatible with a thermal origin of the
high conductivity. However, great care is
required in drawing conclusions from low
heat flow through an upper crust fractured
and filled with water. Local vertical
movement along faults of water may
seriously perturb the heat flow, and the
possibility of a small fraction partial
melt in the crust on a regilonal scale
beneath the eastern part of the basin
cannot be ruled out as a possible
contributor to the higher than normal
conductivities. If so, elevated
temperatures most probably would be
related to modern tectonic activity.

The crustal high-conductivity zone
could derive from the formation of the
continental margin through continental
fragmentation, rifting, attenuation, and
subsidence. Of particular interest is the
degree of possible fracturing landward.
Note that mafic intrusions within the
basement persist eastward (Figure 5). The
electrical anomaly could then be connected
with deep fracture zones of pre-Atlantic
or rift age, i.e., Jurassic or older, and
that could be reworked later. If so, the
presence of a large volume of fractured
and fissured rocks below the margin of the
deep basin could provide a path for
percolation of water to a deeper zone, and
pore and crack-fluid conduction effects
would become significant and could
appreciably lower the bulk rock
resistivity. This possible source for the
conductivity anomaly could explain both
the absence of a magnetic anomaly and a
significant gravity anomaly by the fact of
the weak density between the fractured and
host rocks.

Drury and Niblett [1980] have suggested
that segments of buried oceanic crust in
the present continental crust can explain
the high conductivities. The presence of
bands of oceanic crust beneath the margin
of the deep basin is compatible with the
observed resistivities there if the rocks
have been serpentinized. Their occurrence
throughout the S-M basin would be
comprehensible and could be explained from
the existence of a buried failed rift
assoclated with Mesozoic rifting. It
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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.

These are simply possible explanations
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
+ 8 mw/m?), 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., 1981].

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, 1981] under pressure and
temperature conditions found around 90 km.
For the westerly sites, the main traits of
the deep conductivity distribution are ill

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 information 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 in northern Senegal
that is in 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, 1984a]. The basement outside
the deep basin may be fractured and filled
with conducting f£luids, but the origin of
this conductive body cannot be established
with confidence because of the scarcity of
detailed geophysical data.
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