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STRUCTURES OF THE WEST AFRICAN CRATON MARGIN ACROSS SOUTHERN
MAURITANIA INFERRED FROM A 450-KM ~ ~ I C APROFILE
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Abstract. Magnetotel luric (MT) measurements
were carried out a t 20 sites, extending 450 km
across southern Mauritania i n order t o study
lithospheric structures related t o the W e s t
African craton (WAC) margin. The MT p r o f i l e
starts to the w e s t on the Senegal-Mauritania
basin (S-M basin), traverses across the
Mauritanides orogenic belt, and terminates on the
western border of the WAC (Taoudeni basin).
Distortion e f f e c t s due t o local shallow inhomogen e i t i e s are present i n nearly a l l of the basin
data. In such a situation, the preliminary interpretation of the data was done by using u3 inversions based upon rotationally invariant
parameters. Such distortion is not apparent for
the belt and craton sites, and 1D inversions were
f o l l d by 2D modeling. The models produced
reveal a c l e a r crustal subdivision i n t o a
r e s i s t i v e upper crust underlain by a two-layer
laer crust with two conductors, one a t midcrustal depths (supposed fluid-produced) beneath
the S-M basin and the second a t the base of the
crust beneath the WAC. The 14-km-thick conductive
m t e r i a l b e l o w the Mauritanides belt is interpreted a s large imbricated thrusts representing
the deep roots of the Mawitanides napps. The
mels a l s o show that significant contrasts i n
r e s i s t i v i t y extend deep i n the lithosphere
betmen the cratonic area and the Senegal
microplate.
Introduction
Geological ( S c o r c h é e t a l . 1983; D i a 1984)
and geophysical (miden et al. 1981; Roussel e t
al. 1984; Ritz and Robineau 1988) observations in
Senegal and Mauritania suggested that the western
margin of the WAC originated from t h e accretion
of the Senegal microplate against t h e craton,
during a Panafrican suture of a reduced oceanic
dcmain by subduction and continental c o l l i s i o n i n
the Mauritanides belt. Nevertheless, in eastern
Senegal (Ritz and Robineau 1986) t h e Bissau- Kidira Lineament (BKL i n Figure 1) modified i n a
determining way the deep morphology and structure
of the belt and probably obliterated the
structures observed further north i n Mauritania,
in the place of the present study (Figure 11,
where the cceanization was more important (Dia
1984). In order t o &tain a more accurate model
of the Mawitanides tectonic zone, and a l s o of
the microplate structures beneath t h e Mesozoica i n o z o i c sediments, MT data were recorded a t 20
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sites along a 450-km traverse across southern
muritania (Figure 1). W e present here some of
the data and preliminary results of 1 D and 2D
modeling obtained along the traverse.
Data Analysis and Results
A t each site, MT data i
n the period range 1010,000 s were analyzed t o estimate tensor
apparent r e s i s t i v i t y values and phases (Vozoff
1972) along 2 principal directions corresponding
to the electrical s t r i k e of the WA margin (TE
d e ) and its perpendicular (TM mode). A t all
sites the resulting MT responses were found t o be
anisotropic (Figure 2) w i t h skew (Swift 1967)
less than 0.3, arad we believe t h a t 3D e f f e c t s
from regional structure are small. However,
certain of the sites exhibit e f f e c t s i n the
apparent r e s i s t i v i t y m e s which might be
described as anomalous. The data f o r sites 3-10
of the S-M basin show a very pronounced parallel
s p l i t b e t w e e n the TE and TM amplitude curves.
Although it is not apparent from the skew values,
one possibility i s t h a t this b i l a t e r a l s p l i t t i n g
m y be associated with a local near-surface 2D o r
3D feature (Fanganayaki 1984). Such distortion
(static shift) is seen only on the r e s i s t i v i t y
data, and the phase data are unaffected. S i t e 8
(Figure 2) is typical of this b i l a t e r a l s p l i t t i n g
and indicates that a variable amount of static
s h i f t is present. Unfortunately, without complete
knowledge of the characteristic signs of the
hetera'jeneity or constraints provided by breholes o r other geophysical data, it is d i f f i c u l t
t o determine the extent of the b i l a t e r a l displacement of the amplitude curves. I t is worthy of
note, however, t h a t s t a t i c s h i f t e f f e c t s are not
apparent from d a t a a t sites 1 and 2.
Without the availability of additional con-'
straints, an attempt partly t o overcome the
problem of local shallow inhomogeneities and
avoid the possible erroneous interpretation of MT
data is the use of tlie MT impedance tensor determinant (Ingham 1988; Jones e t al. 1988). Examples
of apparent r e s i s t i v i t i e s and phases calculated
from the determinant of t h e impedance tensor are
shown i n Figure 3. S i t e 2 lies w i t h i n the deep
basin whereas site 8 lies outside. These are
several features of interest i n these results.
For example, the phases a t s t a t i o n s within the
deep basin, represented here by site 2, a r e below
45O, whereas the phases outside the deep basin,
represented h e r e by s i t e 8, a r e above 45". Large
phase contrasts associated with sites 2 and 8
indicate the existence of a significant structural change, extending t o mid-crustal depths
b e b e e n the two groups of s t a t i o n s of the basin.
Typical MT responses f o r the other sites on
the east, i.e. the Mauritanides b e l t and the WAC,
a r e shown i n Figure 2. Although MT data are
anisotropic a t these sites, this depends on the
range of periods and varies from one zone t o the
other along the traverse. The most obvious
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Fig. 1. Main geological units of the West African Craton (WAC) margin With
location of magnetotelluric (MT) traverse in Mauritania. 10, MT site number;
crosses, WAC; BKL, Bissau-Kidira Lineament; BB, mve Basin; NK, Nouakchott; A,
Aleg; M, Moudjaia.
feature of the data is the large difference in
amplitude of the apparent resistivities between
stations inside the belt and stations outside the
belt (Figure 2). The major resistivity axes are
approxhitely parallel to the "W-SSE regional
geological tectonics trend for the craton sites
(sites 17-20), while at Mauritanides sites (sites
11-16) the major axes are nearly perpendicular to
the regional trend. At all these sites the behaviour of the MT curves show that distortion
effects are not significant. A 2D model could be
constructed to fit the data from all of these
soundings accurately.
preliminary Interpretation
Because MT responses are contaminated by the
presence of local near-surface inhomogeneities in
nearly all of the basin sites, we have concentrated our interpretation on the impedance tensor
determinant parameters w h i c h may be modeled onedimensionally according to the procedure of Jupp
and vozoff (1975). Some examples of data fitting
and corresponding models are shown in Figures 3
and 4. Models of sites 3-10 are nearly identical
and they differ from the models of sites 1 and 2
by the existence of a highly anomalous crustal
structure involving a conductive zone of resistivity 10-30 ohm-m at depths that range from 13 km
at sites 3 and 4 to 17 km in the eastern part of

the basin (sites 8, 9, and 10). Without this
intennediate low-resistivity layer at mid-crustal
depths, the data cannot be fitted satisfactorily.
~ l of
l these models contain upper mantle with a
resistivity of about 2000 ohm-m succeeded by a
drcp in resistivity to 50 ohm-m at about 100 km.
A 2D forward modeling program (Wannamakeret
al. 1987) was used to model data from sites 11-20
for a line across the belt and its foreland
oriented perpendicular to the electrical strike.
A 2D section derived from 1D models for each site
which fitted the impedance tensor determinant
parameters can then be used as the starting 2D
&el.
The 2D modeling procedure and full results
will be discussed in a later p a p . F i v e 4
s h m a 2D resistivity model of possible lithospheric structure through the belt and its foreland for east end of traverse of Figure 1.
Examples of the fit of the mdel results to the
data of the TE and TM responses at two sites, 15
and 19, are presented in Figure 2. Although we
tested many 2D models to determine the sensitivities of the MT responses to the placement of
lateral boundaries and to resistivity changes, no
simple, unique interpretation has emerged, and it
is very difficult to assess the accuracy of the
2D model presented here. However, gravity profile
(I&orch& et al. 1983), running close to the MT
line for this region of the Mamitanides, has
suggested that the base of the crust lies at 22-

I

Fig. 2. Magnetotelluric responses from typical sites on the margin of the West
African craton Stations 2 and 8 on the S-M basin Station 15 inside the
Mauritanides belt. Station 19 inside the Taoudeni b a s h The tensor resistivity
and phases for the TM and TE directions are shown by the dots and crosses,
respctively. Uncertainty bars correspnd to two standard deviations. Solid and
dashed lines through the observed data correspond respectively to the TM and TE
directions for the 2D model given in Figure 4.
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Fig. 3. Apparent resistivities and phases of the
detmmhant of the MT impedance tensor from
typical stations on the S-M basin and the
corresponding fit for the I
D models of Figure 4.
C&served data are shown by the dots and curve is
&l
response.

37 km depth which corresponds well with a
boundary in the resistivity model (Figure 4). The
electrical model could be compatible with the
gravity results.
Discussion of Results and Conclusions
several outstanding features are observed on
the resulting lD and 2D models (Figure 41, in

particular the existence of low-resistivity
layers in the crust and uppermost mantle. West of
site 3, the sedimentary cover is characterized by
a 3 ohm-m material which thickens rapidly
seaards. This rather low resistivity reflects
the presence of sea-water-invaded rocks. Surfaœ
layers are thinner and more resistive eastwards.
sediments are underlain by a resistive layer
(1000ohm-m) found at a depth of about 3600 m
NW

under site 1. The uppermost zones extending from
site 20 to site 12 varie in resistivity from 80
to 10,000 ohm-m in a dramatic m e r . The lower
resistivities to the east represent the folded
sedimentary cover of the craton (Taoudeni basin)
and the more resistive materials to the west
correspond to the lithostructural units of the
Mauritanides belt. These are underlain by a
highly resistive layer (30,000 ohm-m) which may
represent a dehydrated (?Archean) metamorphic
and granitic basement.
The lD and 2D models .(Figure4) indicate a
Wee-layer electrical resistivity structure of
the crust beneath the WAC margin. There is,
hmver, a significant change in the character of
the resistivity profile from west to east. A thin
highly conductive layer is shown to exist beneath
a large part of the basin with its upper boundary
at varying depths, 13-17 km, dipping slightly to
the east. This 2-5 km thick mid-crustal conductor
(MCC) has resistivities in the 10-30 ohm-m range,
in contrast to 1000-2000 ohm-m values in the
crust. It appears to end near the Mauritanides
belt from where our 2-D model indicates eastwards
a highly resistive upper crust typical for
cratonic zones (Van Zijl 1977), underlain by a
less resistive lower crust (5000 ohm-m). Such MCC
are sometimes associated with seismic reflectors
(Gough 1986). However, the major feature across
the belt and its foreland is the existence of a
15-80 ohm-m material at lower crustal depths.
There is an abrupt truncation of the lower
crustal conductor (LCC)below the axial part of
the belt with a vertical offset of about 10 km
between' sites 13 and 15. The base of t h i s con du^
tive layer is presumed to be the Moho, via
gravity determination (L&orch?5 et al. 1983). Its
wstward continuation is questionable because of
the cbscuring effect of the MCC beneath the S-M
basin. Strong arguments exist for relating such
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Fig. 4. Two-dimensional geoelectrical model of pssible lithospheric structure in southern
Mauritania. The 2D model was designed to fit d y sites 11-20 ard was connected to a simplified
2D section, creted from a collation of U, models based on impedance tensor determinant parameters
for the rest of the sites in this presentation. Mrmbers with brackets give layer resistivity in
d";
1, 15-80 ohm-m; 2, 10-30 ohm-m; 3, 3000;"ko
4, 5000-10,000 ohm-m; 5, 300 ohm-m; 6, 80
d";
7, 3-30 ohm-m. UC, upper Crust; IC, Lower Crust; NK, Nouakchott; M, MoudjSria.
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conducting zones to the presence of fluids
(Shankland and Ander 1983; Kurtz et al. 1986). In
this perspective, the mechanism respnsible for
the MCC could be free water, released by dehydration prccesses, trapped in interconnected rock
pres and fractures, and retained by an
impermeable layer above. The base of the crust
also contains free water, but in presumed
isolated pockets (Jones 1987), hence the resistivity of the LCC is slightly higher.
The repeated orqenesis along the Mawitanides
resulted in major changes in the lower crustal
enviromnt as evidenced by MT data. First, a
moderately resistive (3000 ohm-m) wedge at depths
of 14-20 km under sites 11-13 separates two
crustal blocks with distinctive electrical
Dipping
properties, the eastern one having a ME.
west, this wedge approximately correlates with
the dense body of a gravity model (&orch6
et
al. -1983), interpreted as basic or ultrakasic
rocks (Mauritanidesgravity high). However, this
body is not particularly well resolved because
the continuity in resistivity eastwards is
obscured by the highly resistive upper crustal
rocks. Second, westward rooted thrust zones (Dia
1984) may have provided high-permeability
conduits for the concentration of metamorphic
fluids (Kerrich et al. 1984) in mylonitic sheared
rocks and partially explain the large variations
in the thickness and depth to the E. Thus where
the ICC is depressed, as at sites 14-17, water
and other pore fluids are not as extensive as
they are at western sites. Third, the orogenic
crust clearly thickens eastwards, correlating
with the Mawitanides gravity low (Roussel et al.
1984). A major difference in electrical resistivity structure exists beneath the western part of
the belt extending deep in the lithosphere. It
separates two plates of different electrical
properties: the Senegal microplate ara3 the WAC.
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