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The enigmatic Chad lineament revisited with global gravity
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Abstract: The crustal structure of northern Africa is puzzling, large areas being of difficult access
and concealed by the Sahara. The new global gravity models are of unprecedented precision and
spatial resolution and offer a new possibility to reveal the structure of the lithosphere beneath the
Sahara. The gravity gradients correlate better than gravity with geological features such as rifts,
fold belts and magmatic deposits and intrusions. They are an ideal tool to follow geological
units (e.g. basement units) below a stratigraphic layer of varying density (e.g. sediments).
We focus on the Chad lineament, a 1300 km arcuate feature located between the west and
central African rift system. The gravity fields show differences between the lineament and the
west and central African rift system. Along the centre of the lineament high-density rocks must
be present, which relate to either magmatic or metamorphic rocks. This is very different to the
lineaments of the western and central-west African rift system which are filled with sediments.
Considering present models of rifting and the absence of topography, the lineament cannot be
coeval to the west and central African rift system and is most likely older. We suggest that the linea-
ment is a structural element of the Saharan Metacraton.

Geodetic satellite missions, for example CHAMP
(CHAllenging Mini-Satellite Payload), GRACE
(Gravity Recovery And Climate Experiment) and
GOCE (Gravity field and steady-state Ocean Circu-
lation Explorer), have been flown in recent years to
map the Earth’s gravity field to an unprecedented
precision and spatial resolution. Preliminary data
of the GOCE mission are now available, but with
lower spatial resolution than global models based
on the observations of satellite data combined with
terrestrial data (e.g. Rummel et al. 2002; Forste
et al. 2008). Terrestrial data include observations
acquired by a gravimeter on land, ship and airplane;
altimeter satellite observations of the sea surface
also contribute to terrestrial observations, because
the sea surface follows the geoid. The global
satellite-terrestrial gravity field models are available
in spherical harmonic expansion with maximum
degree and order of N =360 (EIGENO5C -
European Improved Gravity model of the Earth by
New techniques; Forste et al. 2008) or N = 2159
(EGM2008 — Earth Gravitational Model 2008;
Pavlis et al. 2008). The preliminary model derived
with GOCE observations is only available with
N=210, 224 or 250, according to different

calculation methods (Bruinsma et al. 2010; Migliac-
cio et al. 2010; Pail et al. 2010). The maximum
degree and order of the expansion is an important
parameter, because a higher degree will show
smaller-scale structures. By subtracting the poten-
tial field of the reference ellipsoid from the Earth’s
gravity potential, the disturbing potential is
obtained. The disturbing potential represents the
gravity effect of the density variations inside the
Earth with respect to a homogeneous ellipsoid.
The gravity anomaly is equal to the first spatial
derivative, and the gravity-gradient tensor (Marussi
tensor) is equal to the second derivatives of the
disturbing potential (e.g. Hofmann-Wellenhof &
Moritz 2005).

In the present study we calculate the gravity
anomaly and the gravity gradients for north-central
Africa, using the global model EGM2008 which has
the highest spatial resolution. We show that the
fields have sufficient spatial resolution and accuracy
to detect geological boundaries. We compare the
gravity signals to a schematic geological map of
north-central Africa that includes those features
which are presumably accompanied by density vari-
ations. The wavelengths of the geological units must
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be larger than the spatial resolution of the gradient
fields, in order to be detected. We seek the relation-
ship between the gravity signals and the different
geological structures, in order to demonstrate that
the fields can be used to identify geological units.
This knowledge can be transferred to areas in which
the geology is not well known (e.g. Braitenberg &
Ebbing 2009), in order to guide future geological
campaigns and determine geological boundaries.

Another application is to investigate outcropping
structures by tracing the gravity signal. A good
example is the arched gravity anomaly in eastern
Chad, which had been noticed in the early 1970s
(e.g. Louis 1970). In our work we compare the
characteristics of the linear anomaly, which we
call the Chad lineament, with the gravity signal of
the central African rift and the Pan-African suture.
The present data are more complete with respect
to the studies of the 1960s and 1970s, because the
terrestrial data have been merged with satellite
observations allowing the anomaly to be viewed in
a regional context. Previous interpretations associ-
ated the anomaly either with a rift or a suture; we
show that the lineament differs in several aspects
from the nearby rifts and thus is not a coeval rift.
We discuss the other possible interpretations.

Satellite and terrestrial gravity field

Nominally the smallest wavelength resolvable with
the EGM2008 potential field model is equal to
Amin = 27R/Nmax = 19 km  (Hofmann-Wellenhof
& Moritz 2005), where R is Earth’s radius and
Nmax i the maximum degree and order of the
expansion. The spatial wavelengths of EGMOS8
longer than 572 km (maximal degree and order of
spherical harmonic expansion N = 70), which cor-
respond to features greater than 286 km (half wave-
length), ‘are based entirely on satellite observations
and are therefore truly global (Forste et al. 2008).
Wavelengths between 572 (N = 70) and 334 km
(N = 120) depend increasingly on terrestrial data,
whereas wavelengths smaller than 334 km
(N = 120) depend entirely on terrestrial data. For
the GOCE-derived model, wavelengths down to
c. 191 km (N = 210) are resolved and are ideal for
testing the validity of the EGM08 model. In terms
of degree of the spherical harmonic expansion,
EGMO8 relies entirely on terrestrial data for
degrees between N =120 and N =2159. The
GOCE model allows us to control the EGMOS
field up to degree N = 210, that is, we are testing
the contribution of terrestrial data between
N=120 and N=210. A good correspondence
between the two fields allows us to be confident
that up to degree 210 terrestrial data correctly
represent the field, and gives us confidence in the
correctness of the higher orders.

C. BRAITENBERG ET AL.

In Figure 1 the gravity anomaly derived from the
GOCE satellite (Migliaccio et al. 2010) is compared
to the gravity anomaly derived from the EGMO0S
model (Pavlis et al. 2008). Among the three avail-
able GOCE models we choose the space-wise
solution (Migliaccio et al. 2010), which takes
advantage of the spatial correlation of the gravity
field by applying a local numerical solution
method to produce intermediate grid data; for this
reason, it is expected that it can better describe
local or regional behaviour of the field. The fields
are in good agreement and only differ slightly in a
few places, which is due to the varying density of
terrestrial data. The statistical parameters for the
difference between the two fields are: average
difference = 0.02 mGal, standard deviation =
6 mGal, maximal value of difference = 36 mGal.
The only evident mismatch is found in Nigeria
(longitude 7°, latitude 10°): a high-gravity value is
found in EGMO8 (bright red spot) which is
missing in the GOCE field, and is therefore probably
due to a confined problem in the terrestrial data used
in EGMOS.

The use of satellite data in north Africa is par-
ticularly useful, because the combination of differ-
ent terrestrial gravity campaigns is hampered since
a unified height system is not available everywhere;
the combined fields therefore may have errors in the
wavelength range equal to multiples of the individ-
ual length scale of the campaign.

Ideally, all data are linked to the reference
system ISGN71 (International Gravity Standardiz-
ation Net 1971) which provides absolute reference
stations. ISGN71 has a bias to western countries
however, where the number of available absolute
gravity stations is of greater density. The gravimeter
being a relative instrument, measurements must
always start at an absolute gravity station in order
to reduce the gravity differences to gravity values.
Some datasets are therefore linked to a reference
station which is far away and are only linked
internally. In such cases, a long-wavelength shift
might occur. This problem is relieved with the
global gravity fields that merge the terrestrial data
using the control on the longer wavelengths
through the satellite data. A further advantage of
the global availability of the potential field is to be
able to calculate the gradient tensor, a quantity
well-suited for highlighting upper crustal density.
The terrestrial data nonetheless are important in
defining wavelengths shorter than 334 km of the
EGMO8 field.

The gradient field or Marussi tensor

The gravity-potential field EGM2008 (Pavlis et al.
2008) is published in terms of the spherical harmo-
nic expansion, for which spherical coordinates are




CHAD LINEAMENT IN NORTH-CENTRAL AFRICA

Gravity Anomaly-GOCE

15

Gravity Anomaly-EGM08

10° 15" 20°

Fig. 1. Control of the combined terrestrial-satellite gravity model with a truly global satellite-derived gravity model.

Maximum degree and order N = 210. (a) Gravity anomaly observed from satellite GOCE (Migliaccio er al. 2010) and (b)
combined satellite-terrestrial gravity model EGMO8 (Pavlis et al. 2008). CB, Chad basin; MB, Murzuk basin; AKB, Al
Kufra basin. Outlines of major sedimentary basins depicted as continuous line; national borders depicted as dashed line.
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preferable to the Cartesian coordinate system. The
Marussi tensor is symmetric and is defined by six
quantities which, in the north-oriented system
centred on the observation point, are Tyy, Tgg,
Tz, Tnz, Tez, Tins five of these are independent
as the trace (Twwn+ Tge + T22) is equal to zero.
The Marussi tensor and gravity field both reflect
density variations in the crust, but outline very
different subsurface features. Starting from the dis-
turbing potential 7(r, ¢, A) we use the following
conventions for defining the Marussi tensor:

](BZT rBT)
hw==|a3+5"
re\dg*  or
1 T tangaT
TN =- sl gt - )=T1=_N
cos @r= \ dpiA dA
1/ &@T 19T
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where r is radial distance and ¢, A are latitude and
longitude, respectively. All components except
Tz depend on the orientation of the planar coordi-
nates (¢, A), that is, the above field-operators (or
field quantities) are not rotationally invariant. It is
therefore useful to define rotationally invariant
quantities such as the horizontal gradient and other

(a) Vert.Gradient

i
.
i
-2 0 -3
G T

05 00 05 1.0 15 20
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invariant quantities such as the curvature and the
total gradient (e.g. Pedersen & Rasmussen 1990).
For the scope of illustration we take a spherical
prism (spherical mass element bounded by two mer-
idians, two latitudes and two spherical surfaces with
radius r; and r») and map the gravity and T.,. The
prism has a side length of 100 km by 100 km, is
1 km thick, density 200 kg m~* and its top is set at
4 km depth. The calculation height is 5000 m and
is made in spherical coordinates. The two fields
(Fig. 2) have the following characteristics: Tzz is
centred on the mass, giving a positive signal over
the body: along the borders of the body a
small-amplitude negative stripe is observed. When
the body is either deep or with slant borders, the
negative stripe is reduced or absent. The gravity
field is centred over the mass, but it does not show
the negative values along the borders and the
pattern of the anomaly is broader. We find that the
Tz component is ideal for geological mapping. as
it highlights the centre of the anomalous mass
with higher spatial resolution than gravity.

Main geological and tectonic features

The main geological features of interest in our
study are shown in Figure 3. In north-central
Africa, the West African Craton and the Sahara
Metacraton have been identified (Abdelsalam
et al. 2002). The southern part of the West African
Craton consists of the Leo shield; its central part is
the basement of the vast Taoudenni Basin. The
Congo Craton dominates central Africa and its
northern edge is seen in the south-eastern part of
Figure 3. The African cratons are defined on the
basis of their structural composition, age and

(b)

2

Gravity

-

-2 o 2

X —

0 1.2 3 4 5 6 7 8

Fig. 2. (a) Vertical (T>;) gradient and (b) gravity field over a spherical prism of size longitude =17, latitude = 1°,
dz = 1 km, top at 4 km depth. Calculation height 5 km, density = 200 kg m>. The black box outlines the prism.
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Fig. 3. Main geological features of north-central Africa. (a) Geologic map with the position of the profiles used

in demonstrating fundamental differences in the gravity and gradient fields for the Chad lineament and the central
African rift. Country names are shown. (b) Geographic index map with locations mentioned in the text and names of
geological units shown in (a). The information stems from the Geologic map of Africa in six sheets (CGMW /UNESCO
1990). The outlines of cratons are based on numerous studies (e.g. Schliiter 2006; Priestley et al. 2008). The basin
outlines coincide greatly with those of Persits er al. (2001). The principal rifts refer to Schliiter (2006), based on Guiraud
et al. (2005). The magmatism relies on the works of Wilson & Guiraud (1992) and McHone (2000). CAR, central
African rift; WAR, West African Rift; WCARS, west and central African rift system; Poli-rrr, position of the

hypothetical Poli triple junction.

tectono-metamorphic evolution. They mostly com-
prise granite—gneiss complexes of greenstone
belts associated with basic and ultra-basic rocks
and of metamorphosed sediments.

On the eastern margin of the West African
Craton, the Trans-Saharan Fold Belt of Pan-African
age (Neoproterozoic) is located (Dauteuil et al.

2009). The Trans-Saharan Fold Belt marks the
eastern border of the West African Craton and
extends from Hoggar in the north to the Daho-
meyides in the south. The fold belt is 100 to
400 km wide and 1300 km long, consisting of
Pan-African meta-sediments. Along the fold belt
a suture has been identified. It is marked by
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strings of mafic and ultra-mafic massifs in its
southern and central portion. To the west of the
Dahomeyides the overturned lower and middle
sequences of the Volta Basin have been deformed
and overthrusted, containing volcano—sedimentary
complexes (Trompette 1994).

Volcanism in north-central Africa started in the
Eocene (35-30Ma) with the eruptions of the
Hoggar magmatic province. The Cameroon line is
a volcanic alignment oriented NNE-SSW that
extends for more than 1000 km from Chad into the
Atlantic Ocean. It was built between 32 Ma and
the present day on a series of grabens and horsts
which formed at the end of the Cretaceous (Dauteuil
et al. 2009). The Tibesti volcanic province is
emplaced on Precambrian basement; the volcanic
activity seems to have started in the Lower
Miocene and continued in the Quaternary (Gour-
gaud & Vincent 2004).

The west and central African rift system
(WCARS) is a series of NNW -NW-trending exten-
sional basins of the Early Cretaceous. The rift basins
have widths greater than 150 km and depths in
excess of 5 km. The WCARS lacks volcanism but
is associated with a broad zone of crustal thinning
(Fairhead & Green 1989). However, recent studies
show that crustal thickness beneath the Cameroon
volcanic line, beneath part of the WCARS and the
Pan-African Oubanguides Belt, to the south is
35-39 km and the crust is even thicker under the
northern margin of the)}QH/g(‘; Craton (43-48 km)
(Tokam et al. 2010)"In our study area several
large-scale intracratonic basins are found: the
Chad, Taoudenni, Al Kufra and Murzuk basins.
They are vast subsiding depressions, tectonically
calm and developed on the Gondwana superconti-
nent (Dauteuil et al. 2009). Their relation to the
crust and lithospheric structure has however not
been studied in detail due to the absence of
reliable data.

The modern gravity and
gravity-gradient fields

Gravity and the components of the Marussi tensor
are calculated for northern Africa starting from
the EGM2008 (Pavlis et al. 2008) spherical harmo-
nic expansion of the gravity potential field. We
adopt a geocentric spherical coordinate system and
calculate the fields at the height of 4000 m above
a spherical Earth model of radius equal to the
ellipsoidal radius at intermediate latitude (Earth
radius 6375.37853 km; Janak & Sprldk 2006).
The 4000 m height guarantees all values to be
above topography, which is necessary for topo-
graphic reductions. The values are calculated on a
regular grid of 0.05° (¢. 6 km) grid cell size, with
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a maximum degree and order equal to 2159 of the
harmonic expansion.

We correct the fields for the topographic effect.
The topography is modelled with the ETOPO1
DEM (1 arc-minute global relief Digital Elevation
model of Earth’s surface; Amante & Eakins 2009)
using a resolution of 0.02° (c. 2 km). We perform
a spherical calculation, in which the spherical
mass elements are approximated with a prismatic
mass element (Forsber% 1984). We use a standard
density of 2670 kg m™ " for land and a density of
1030 kg m > for the sea. The ETOPO!1 grid is
given in ellipsoidal geodetic coordinates, which
must be converted into geocentric spherical coordi-
nates for the calculations. The topography-corrected
gravity anomaly and the vertical gradient (Tzz) are
shown in Figure 4. The topographic correction
removes the obvious correlation of the fields with
the topography and produces the Bouguer anomaly
field, if applied to the gravity anomaly. It is an ana-
logous correction when applied to the vertical gradi-
ent. The correction amounts to up to a few hundreds
of mGal for gravity and up to a few tens of E6tvos
for the vertical gradient. It is greatest over the
highest topographic elevations, for example the
Tibesti massif.

Comparison of the gravity and the gradient field
reveals that anomalies are located in the same
regions, but that the gradient field highlights more
details. Where the gravity shows either a negative
or positive signal, the gradient is also anomalous
but reflects shorter wavelengths and does not repro-
duce the same pattern. In the following we demon-
strate the usefulness of the gradient field for
highlighting geological features. The simplest way
to achieve this task is to critically inspect the
mapped fields, describe the characteristics and
match them to the known geology. The correspon-
dence between the characteristics of the field and
the particular geological features allows us to
apply the fields in other regions to reveal unknown
structures that are either concealed by sediments
or which have not been mapped before.

Large sag basins (e.g. Chad Basin) have low-
gradient levels between —5 and +5 Eotvos for
T7z and are limited to — 50 mGal for gravity. The
volcanic deposits (e.g. Cameroon line, Tibesti
massif) are distinct by high T, values exceed-
ing +30 E6tvos. The gravity reflects the crustal
thickness variations, and has either negative
values as in Tibesti and Hoggar or positive values
(schist belt of western Nigeria) lacking the short-
wavelength characteristic of the gradient. Examples
are the Tibesti massif, the Cameroon volcanic line
and the Early Jurassic magmatic deposits of western
Africa (compare Figs 3 & 4). Sutures generate
a positive signal in Tz, (near to 30 E6tvos or
slightly greater) and a positive gravity signal; the
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(a) Bouguer Anomaly

0 §’ 10° 15° 20° 25

Fig. 4. (a) Bouguer gravity field in mGal and (b) vertical gradient corrected for topography in Eotvos units for the
WCARS and the Chad lineament of north-central Africa. Outlines of major sedimentary basins depicted as continuous
line; national borders depicted as dashed line.
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Trans-Sahara or Pan-African suture (Trompette
1994) is easily identified. The high values in the
southern part of the suture (also termed Daho-
meyides) are explained by the presence of high-
pressure granulites and eclogite (Attoh & Nude
2008).

The branches of the WCARS (Burke & Dewey
1972) generate linear gradient signals with
coupled positive parallel anomalies in Tzz and a
negative signal in gravity. Folded and metamor-
phosed sediments or basement with magmatic intru-
sions generate a characteristic signal in Tzz, with
prevalence at short wavelengths. To the north-west
of the Benue trough the short-wavelength content
in Tz is explained by the presence of the schist
belt of western Nigeria (Trompette 1994), which
does not produce a clear gravity signal. The belt
comprises ancient basement intruded by granitic
plutons and amphibolites, both high-density rocks,
which produces the short-wavelength signal in 777
in contrast to the lower density of schists. This high-
frequency content in Tz is very characteristic and
allows basement affected by granitic intrusions to
be distinguished from basement without intrusions.
Another good example is given by the basement of
Air or the Jos Plateau.

We now focus on the WCARS, which produces a
series of prominent linear signals, and the above-
mentioned Chad lineament which produces the
striking arched elongated anomaly. In both the
gravity field (Fig. 4a) and the vertical gradient
(Fig. 4b), the WCARS can be clearly identified as
well as magmatic deposits such as the Tibesti
massif. In between the west and central rift zone,
at the eastern flank of the Chad Basin, a slightly
bent gravity high is observed which corresponds to
the Chad lineament. This third linear signal con-
nects the volcanic province of Tibesti in the north
to the western limit of the CAR (central African
rift) over a length of 1300 km. The lineament has
no expression in topography or outcrop and is
entirely covered by the sediments of the Chad
Basin. Note also that it separates areas of basement
outcrop to the east from areas of younger sediment
cover to its west.

In Figure 5 we compare the gravity, gravity
gradient and topography across the Chad lineament
and the central African rift zone. The series of pro-
files (for location of profiles see Fig. 3a) reveals the
characteristic signal of the Chad lineament: the
central gravity high with over 50 mGal amplitude
and a central maximum in Tz up to 40 Eo6tvos
sttong and up to 75km wide flanked by two
smaller minima (Fig. 5a ); the southern half of the
lineament is double and has a secondary high. The
topography is flat so the lineament is completely
buried by sediments. The central African Rift
(Fig. 5b) has a completely different characteristic
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signal of a central gravity low up to 80 mGal in
amplitude with respect to the flanks. The Tz has
two lateral maxima 150 km apart with amplitude
of up to 40 Eo6tvds strong and a central minimum.
For the T a relative central high is superimposed
on the central minimum. The topography is high at
one or the other sides of the rift. Both the west and
central African rift systems are almost linear and
are not bent like the Chad lineament. The differ-
ences in the characteristics of the Chad lineament
and the WCARS highlight their different origin, as
we will discuss in more detail in the following.

Discussion

We have mapped the gravity field and gravity gradi-
ents for central-north Africa using the recently
available global potential field expansion in spheri-
cal harmonics (Pavlis et al. 2008). The gravity
potential model blends terrestrial and satellite
observations and has an increased database com-
pared to the previous compilation of Louis (1970).
To our knowledge, the latter is the most complete
work on a gravity campaign in Chad and is based
on a similar terrestrial dataset but contains no satel-
lite observations. Louis (1970) explains in his
pioneering work how interpolation of the measure-
ments was carried out in two ways: (1) by manual
interpolation of the points drawing iso-anomalies
of 10 mGals or (2) by least-squares interpolation
of the points with a polynomial surface and succes-
sive automatic drawing of the iso-anomalies at
10 mGal intervals. Available computing facilities
three to four decades ago dictated that the proces-
sing and interpolation of the raw data be simplified.

The final maps of gravity anomaly and Bouguer
anomaly therefore contain less information than
the original observations that have a measurement
error of 1-5 mGal, depending on the surveyed area
(Louis 1970). The modern representation in terms
of spherical harmonic expansion of the field contains
locally more information than the maps presented
by Louis (1970), as the iso-anomalies can be
represented with a smaller interval than 10 mGal.
A further improvement of the global field data is
due to the geographical limitation of the maps of
Louis (1970) that do not include data in Sudan,
northern Chad, large parts of Nigeria or Congo.

We next consider the gravity gradient which
highlights more superficial masses than basic gravity
measurements.

The arcuate lineament 1300 km long in eastern
Chad (Figs 3 & 4) deserves special attention,
because the origin of the gravity signal is presently
unknown. The lineament was first mentioned in
Louis (1970), who describes the prominent gravity
anomaly together with the other gravity highs and
lows that can be found in Chad. Tentatively, Louis
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Fig. 5. Profiles comparing the central African rift with the Chad lineament. Left: topography; centre: Bouguer gravity;
and right: vertical gravity gradient (dark shaded area depicts central axis; lighter shaded area depicts flanks of
central axis). Profiles across (a) Chad lineament and (b) central African rift. Note the systematic differences between
the two: Chad lineament has no topography and a gravity high associated with it, whereas the rift is associated with
topographic highs along its flanks and is marked by a central gravity low.

(1970) interprets the anomaly as the western border
of the Nile Craton, a block discussed by Rocci
(1965). The lineament was interpreted to represent
subcrustal material that was transferred to upper
crustal levels. Louis (1970) suggests that the age
of the feature is older than Cretaceous, and thus
older than the Benue rift or the volcanism of Camer-
oon and Tibesti. The author considers it more

probably related to a consolidated fracture with
the presence of heavy elements of Caledonian or
Precambrian age, contemporaneous with the
Pan-African Trans-Saharan suture.

Burke & Whiteman (1973) review 16 uplifts and
25 rifts of Mesozoic and Tertiary age in Africa,
including 11 rrr-junctions (rift—rift—rift junction
produced by uplift). Among these the Poli
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rrr-junction (centred at 9°N, 14°E) is included, from
which the Chad anomaly emanates, and which is
suggested to mark a rift (termed Ati rift) forming
one arm of the Poli structure. The positive gravity
anomaly is interpreted (without any control from
modelling) as a long series of basic intrusions. The
approximate age of the three hypothesized rifts ema-
nating from the Poli rrr-junction starts at 130 Ma
and stops at 80 Ma.

The Chad gravity anomaly is roughly delineated
in Fairhead & Green (1989) who model the East
Niger Rift Basin with crustal thinning and succes-
sive sediment filling, which leads to a broad
gravity high and an axial gravity low. Fairhead &
Green (1989) explain the WCARS using the lith-
ospheric extension model of basin formation
(Mckenzie 1978). Here, stretching of the lithosphere
results in passive upwelling of hotter less-dense
asthenosphere and a concomitant necking of the
low-density crust. The isostatic response is surface
subsidence, which continues after extension
ceases. Thetectonic model for the WCARS is that
of a:,sn;ﬂé&—slip motion extending from the mid-
ocean ridge along reactivated fracture zones into
the Benue trough. The central African shear zone
is ideally orientated to transmit strike—slip motion
from the ocean ridge into the African continent.
The WCARS rift basins are generated parallel or
perpendicular to the shearing orientation and have
widths 150 km or greater, depths in excess of
5 km and lack volcanism.

The interpretation of the Chad lineament as a rift
arm does not fit the above framework for two main
reasons: (1) it lacks the broad positive gravity signal
due to crustal thinning and it does not have the axial
gravity minimum due to the sedimentary infill of the
subsiding rift; and (2) the orientation of the Chad
lineament is oblique to the expected rifting
direction.

An alternative interpretation of the Chad linea-
ment was introduced by Freeth (1984) who tried to
model the crustal dyke or intrusion following the
hypothesis of Burke & Whiteman (1973). He con-
cluded that an exceptionally and improbably great
dimension of the dyke is needed to explain the
gravity observations (over 1000 km length, 35 km
width, ¢. 30 km thickness). The observed gravity
signal also demonstrates abrupt changes, a feature
easily explained by a superficial density contrast.
Instead, the author proposed that the anomaly
reflects the presence of a band of basic volcanic
and/or volcanoclastic sediments within the base-
ment, and therefore at shallower depths than the
dyke or intrusions.

The gravity and gradient maps we present here
highlight the fundamental differences between the
Chad anomaly and the rifts in central-north Africa.
The anomaly compares better to the Pan-African

suture that borders the West African Craton, as it
is particularly evident in the gradient field. The cur-
vature radius of the lineament and the alignment
next to reworked Precambrian basement are
common features of the data. Two separate outcrops
of the Saharan Metacraton to the east of the linea-
ment fit the convex, eastern side of the Chad linea-
ment and could belong to the rock unit limited by
the lineament. We have calculated the signal pro-
duced by a body 30 km wide, 8 km thick and its
top at 1 km depth, with a density of 300 kg m>,
which we find resembles the observed gradient
and gravity signal (Fig. 6). In analogy to the Pan-
African suture, the signal could be generated by
high-density rocks as eclogite, diorite or amphibo-
lite. As we have no additional geophysical con-
straints, this is only one of many possible models
that can explain the anomaly. However, the possi-
bility that the anomaly is caused by crustal thinning
and a superficial rift basin (the preferred model
for the WCARS) can be ruled out (e.g. Browne &
Fairhead 1983). Crustal thinning would clearly
produce a gravity signal of greater wavelength.

Another argument is the absence of an expres-
sion in topography for the Chad lineament. If the
Chad lineament had been formed by Cretaceous
rifting, rift shoulder uplift would be observed analo-
gous to the WCARS as the formation mechanism
could not be entirely different. The topography
over the Chad anomaly is perfectly flat (Fig. 5a),
while the topography over the central African rift
is over 700 m high (Fig. 5b). Similar environmental
conditions imply analogous erosion, and conse-
quently similar annual rates of erosion. Unless the
Chad lineament is much older than the WCARS,
traces of a rift-related topography should be obser-
vable today. Only a much older age of the Chad
lineament would allow erosion to flatten the topo-
graphic elevation. A Cretaceous origin of rifting
must therefore be ruled out. Freeth (1984) claims
the northernmost part of the Chad lineament lies
below undeformed sediments of Devonian age,
which is further evidence in favour of the consider-
ably older age than the Mesozoic rifts.

The interpretation of the Chad lineament in
terms of an old structure due to the above argument
is in good agreement with its geographical setting.
The area we have investigated is part of the
Saharan Metacraton defined by Abdelsalam et al.
(2002): the crustal rocks occupying a rectangular-
shaped region bounded by longitudes 8°30'E and
35°E and latitudes 3°N and 24°N. The metacraton
relates to Neoproterozoic continental crust that
has been remobilized during deformation, meta-
morphism, emplacement of igneous bodies and
local episodes of crust formation related to rifting
and oceanic basin development. The Saharan Meta-
craton is dominated by metamorphic rocks intruded
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Fig. 6. Observed (black) and modelled (grey) vertical gradient (7%;) and gravity field over a possible high density body
(300 kg m o density, 30 km width, 8 km thickness, top at 1 km depth). The body represents one of many possible
models. A deep origin of the observed signal in the Chad lineament can be excluded.

by Neoproterozoic granitoids ranging in age from
750 to 550 Ma. It seems that most of the gneisses
were formed or metamorphosed during Neoprotero-
zoic time, involving Palaeoproterozoic or even
Archaean continental crust. Two structural trends
dominate the Saharan Metacraton: an early ENE—
WSW trend and a younger NS trend. The ENE—
WSW trend would be compatible with the Chad
lineament, and has been defined in the outcrops
east of the Chad lineament as the Zalingei Fold
Belt which is thought to continue SW into Camer-
oon. This trend has been interpreted as representing
a pre-Neoproterozoic structure marked by an event
of age 630-620 Ma, or was inherited from early
Neoproterozoic terrane collisions. North-trending
structures in the form of fold belts and faults have
been found in some parts of the metacraton, as in
the Tibesti massif. These north-trending upright
folds and strike—slip faults were suggested to be
due to east—west-aligned crustal shortening accom-
panying collision between the Saharan Metacraton
and the Arabian—Nubian shield. In the context of
crustal shortening, the Chad lineament could well
be interpreted as overthrusted lower crust or high-
grade compressional metamorphism that generated
high-density rocks such as ultrabasics, eclogites
and amphibolites.

Conclusions

The recent geodetic satellite missions CHAMP and
GRACE have produced global observations of the

gravity field with a resolution (half-wavelength) of
165 km. The integration with terrestrial data has
resulted in a global gravity model with a nominal
spatial resolution (half-wavelength) of about
10 km (Pavlis et al. 2008). The realistic resolution
however depends on the availability of the terrestrial
data and may change locally. We have mapped the
vertical gravity gradient and the gravity field for
north-central Africa and compared this field to
existing geological maps and known tectonic struc-
tures. The gravity gradient is very well correlated to
the geological map and to known lineaments such as
fold belts, rifts and magmatic deposits associated
with density variations. It shows that the global
fields are suitable for tracing geological structures.
The global availability makes direct access to any
study area feasible. The advantage over regional or
national databases is that possible datum shifts due
to differences in reference systems are ruled out.
Features extending several degrees can be traced, a
task that may be difficult when combining several
terrestrial databases. The use of the gradient fields
is very valuable for highlighting superficial struc-
tures as deep structures are attenuated naturally by
the potential field law of gravity (e.g. Blakely 1995).

A review of all major linear anomalies found
in north-central Africa highlights a 1300 km long
lineament which is comparable in amplitude to the
well-known WCARS or the Trans-Sahara suture
east of the Taoudenni Basin. It is a slightly arcuate
linear feature, convex eastwards, running through
Chad Basin to Tibesti. It has no topographic
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expression or geologic outcrop, and demonstrates a
central gravity high in comparison to the WCARS
rift (that demonstrates a central gravity low). The
WCARS has entered the subsequent literature and
geological maps (CGMW/UNESCO 1990;
Guiraud et al. 2005; Schliiter 2006) whereas the
Chad lineament has been omitted in the more
recent literature. This may be due to the fact that
its arcuate north—south orientation does not fit the
model that explains the Cretaceous rift system as a
result of strike—slip tectonics caused by the
opening of the central and south Atlantic Oceans
(e.g. Fairhead 1988; Fairhead & Green 1989;
Guiraud et al. 2005; Moulin et al. 2010).

The lineament could mark an ancient suture and
could therefore be much older than the Cretaceous
WCARS rift system.
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