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According to Dampney (2018), gravity interpretation can 
play two important roles in petroleum exploration: deter-
mining the nature and structure of the sedimentary basin 
basement and detailing important local tectonic features, 
such as salt domes, volcanic intrusions and faults.

Our study area is located between latitude 14°30′– 
17°00′ N and longitude 12°00′E–14°00′ E and constitutes 
the main part of the Termit basin. It covers an area of 
about 27000 km². In the early 1960s, the Office de la Re-
cherche Scientifique et Technique Outre-Mer (ORSTOM) 
conducted the first gravity surveys, through the program 
West and Central African gravity surveys. Subsequently, 
numerous aero-geophysical surveys were carried out from 
1970 to 2015. In 2015, the Agadem block was the subject 
of aero-geophysical surveys carried out by ARKeX Ltd 
company. This is the most recent aero-geophysical survey 
in the area. These data are used in this study to analyse 
and interpret the characteristics of gravity anomalies, to 
identify and map gravity lineaments and to estimate the 
depths of dnsity contrasts. However, several methods such 
as upward continuation, horizontal gradient and Euler 
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Abstract. The main information provided by gravity maps is the geographical distribution of density heterogeneities in the 
subsurface. It is an important tool widely used for the mapping of geological structures, especially in the oil industry. Thus, 
this study based on the interpretation of aerogravity data has for objective, the qualitative description of the characteristics 
of the gravity anomalies of the study area, interpretation and mapping of the gravity lineaments as well as their depths, 
knowing that the lineaments constitute potential structural traps favorable to the accumulation of the hydrocarbons. Meth-
ods such as horizontal derivative, upward continuation and Euler deconvolution are used to give a geological signifiance to 
the different anomalies and to highlight deep structures. Thus, the analysis of the residual anomaly map revealed elongated 
negative and positive anomaly zones, oriented globally NW-SE, considered respectively as horst and graben zones. Grav-
ity lineaments, considered as normal faults, are mapped using the horizontal gradient method. Finally, the depths of the 
density contrasts are estimated by the Euler deconvolution calculation using the value “1” as structural index. The depths 
thus determined are highly variable. The shallowest depths vary between 3000 m and 6000 m, while the deepest depths 
reach 18000 m.
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Introduction 

The successful development of an airborne gravity meter 
has long been a challenge for exploration geophysicists 
and serious consideration of the subject probably dates 
back to the time of the introduction of the airborne mag-
netometer, as gravity and magnetic methods are potential 
technical areas (Hood & Ward, 1969). According to Ham-
mer (1982), a special survey, to permit direct comparison 
of airborne and conventional ground gravity data. was 
made in August, 1981, in the Texas Gulf Coast. It has been 
observed that the accuracy and resolution of anomalies 
obtained from airborne gravity data are twice as good as 
those from conventional gravity data. Airborne geophysi-
cal techniques have been found to be effective in delin-
eating surface and subsurface features, and, when used in 
conjunction with other exploration techniques, become an 
important tool for developing a comprehensive geologi-
cal model (Armstrong & Rodeghiero, 2006). The airborne 
gravity was so integral to oil exploration that from 1930 
to 1935, the total number of gravity crews exceeded the 
total number of seismic crews (Nabighian et  al., 2005). 

http://creativecommons.org/licenses/by/4.0/
mailto:abdourhamane.halidou@usmba.ac.ma
https://orcid.org/0000-0003-1626-0846


158 A. Halidou Amadou et al. Contribution of aerogravity data interpretation to the study of the deep structure of...

deconvolution were used to facilitate the interpretation of 
the data.

1. Geographical location of the study area

The Agadem Block is located within the southeast of Niger 
Republic, about 1400 km from the capital Niamey. It cov-
ers most of the Termit sedimentary basin with an area of 
approximately 27 516 km² and is 300 km long from N-S 
and 60 to 110 km wide from E-W. It is located by the coor-
dinates 14° 30′–17° 00′ N and 12° 00′–14° 00′ E (Figure 1). 
Topographically, the Agadem Block lies at the southern 
edge of the Sahara desert at an altitude between 270 and 
470 m above sea level, with a generally high relief in the 
NW and a depression in the SE. The variable topography 
is mainly due to the formation of sand dunes in the form 
of waves. Despite the dry climate and the sparse vegeta-
tion, the area is rich in groundwater with aquifers lying 
less than 100 m deep.

Figure 1. Geographical location of Agadem block

2. Materials and methods

2.1. Geological and tectonic framework of  
Termit basin

Located in the border region of Niger and Chad (Fig-
ure 2), the Termit basin is an asymmetric extensional NW-
SW-trending rift, about 600  km long and 150–200  km 
wide (Guiraud & William, 1997). It is part of the Creta-
ceous-Paleogene rifts system make up a geotectonic con-
tinuum termed the West and Central African Rift System 
(WCARS) that extends 4000 km from the Gao trough in 
Mali to the Anza basin in Kenya (Fairhead, 1988a). The 
origin of WCARS is generall attributed to the breakup of 
Gondwana and the opening of the South Atlantic Ocean 
and Indian Ocean starting about 130  Ma (Ajakaiye & 
Burke, 1973; Fairhead, 1980; Guiraud, 1990).

According to Genik (1992), this rift system is subdi-
vided into two coeval Cretaceous genetically related but 
physically sepearated: the West African Rift Subsystem 
(WARS) and Central African Rift Subsystem (CARS). Ge-
nik (1993) considers that the evolution of the WCARS was 
accompanied by a generally low level of magmatic activity. 
Geophysical studies of the crustal and lithospheric struc-
ture of the WCARS basins conducted by Wilson (1992) 
indicate that these subsided in response to large amounts 
of crustal extension. 

In WCARS, the Cretaceous rifts are associated with 
large crustal extension resulting in major crustal thinning 
which has dominated the isostatic response resulting in 
surface subsidence (Fairhead, 1988b; Fairhead & Green, 
1989). Thus, two major rifting stages are evident : the first 
one is Early Cretaceous in age and is characterised by large 
NW-SE-trending fault blocks; the second one is late Seno-
nian-Paleogene and is represented by NNW-SSE-trending 
normal faults (Guiraud & Maurin, 1992).

Figure 2. West and Central Africa Rift System (modified from Fairhead, 1988b)
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Figure 3. Strutural map of Niger grabens  
(modified from Genik, 1993)

During this stage, strong syn-sedimentary tectonic ac-
tivity was registered in the Agadem sub-basin, east of the 
Termit massif, as evidenced by the deposition of up to 
3000  m of Maastrichtian continental sandstone and the 

abundance of slumps along the outcropping western mar-
gin of this formation (Genik, 1992). The thickness of sedi-
ments reaches 14 km, including 1–3 km of Early Cretaceous 
terrigenous clastics, 6–8 km of Late Cretaceous continental 
or shallow marine formations, and 3–4  km of Cenozoic 
continental sand and shale (Maurin & Guiraud, 1993). 

The Termit Trough is limited to the north by the Aga-
dez Fault Zone, which belongs to the GuineanNubian 
Fault Zone (Figure 3). Located further north, the Tefidet, 
Tenere, and Grein-Kafra troughs belong to the same trend 
as the Termit (Guiraud & William, 1997).

However, it should be noted that the Termit basin is 
entirely covered by Quaternary sedimentary formations, 
completely masking the sub-surface formations. Thus, 
conventional methods of geological investigation were 
hampered by the absence of outcrops and provided no 
data. Only indirect methods from geophysical studies and 
borehole data have provided knowledge about the subsur-
face geological formations. Figure 4 shows the lithostratig-
raphy of the Termit basin. It is composed from the base to 
the top by the following formations: 

Figure 4. Generalised stratigraphic column for the Termit Basin (modified from Genik, 1993)
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                                  Note: ML: Main lines, TL: Tie lines.
Figure 5. Survey line plan (ARKeX Ltd, 2015)

Precambrian basement  
It consists of biotite gneiss, pegmatite, quartz mica schist, 
phyllite, granite. The lithological components include 
also celadon and green ash low-grade metamorphic blas-
topelitic siltstone and palimpsest fine siltstone with low 
metamorphic grade.

Cretaceous formations  
It composed of the Lower Cretaceous and Upper Cre-
taceous. Lithologic component of Lower Cretaceous 
consists of alternate layers of sandstone with kiesel, 
kaolinite and quartz, siltstone and mudstone. The Up-
per Cretaceous includes the following formations from 
bottom to top: 

 – Donga formation: consists of sandstone and gradu-
ally transits to mudstone upwards. The lower Donga 
consists of sandstone, mudstone, siliceous, kaolin and 
some quartzose clean. 

 – Yogou Formation: it is basically composed of argil-
lutite, major source rock in the basin, and some local 
sandstone at the top. The lithological components in-
clude thick grey and dark argillutite sandwiched with 
grey and dark shale and thin finestone and medium 
sandstone.

 – Madama Formation: it consists of thick sandstone 
widely spreading in the area and a little of thin argil-
laceous sandstone (with coal seams) at the top and 
the bottom.

Paleogene formations 
The Paleogene formation is divided into two sections: 
Lower Sokor (Sokor1) formation which is mainly con-
tains alternate layers of sandstone and mudstone, and 
upper Sokor (Sokor2) composed of lacustrine mudstone 
sandwiched with thin sandstone, grey and dark mudstone.

Neogene formations
It is basically composed of finestone to coarse-grain sand-
stone and minerals are mainly quartz and feldspar with a 
little of clay, which are sediments of fluvial facies.

Quaternary formations
The Quaternary formation is made up of clay, siltstone, 
finestone and gravel beds. Its surface is covered by desert 
with thickness 10 m.

2.2. Data characteristics

The aerogravity data used in this study were acquired by 
ARKeX company at an altitude of 120  m above ground 
level during the period from December 2014 to Febru-
ary 2015. Figure 5 shows the lines of the survey plan. The 
flight line (main lines) spacing is 1000 m with a direction 
N137.5°. The tie lines were flown perpendicular to the 
main lines with a spacing of 5000 m oriented N40° and 
3000 m in the southern infill area with a direction N20°. 
The collected data are corrected for temporal spatial and 
drift effects and then recalculated at the nodes of a regular 
grid spacing of 250 m. 
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2.3. Methods 

In order to facilitate the interpretation of the data, several 
techniques such as upward continuation, horizontal gradi-
ent and Euler deconvolution were applied.

2.3.1. Upward continuation 
Upward continuation is a low-pass filter which consists of 
calculating the shape and amplitude of an anomaly on a 
surface higher than the observation surface and thus al-
lows to compare data acquired at different altitudes (Du-
bois et  al., 2011). It is a mathematical technique which 
can be used to separate the anomaly of the deeper geology 
from shallower geology (Jacobsen, 1987). Thus, upward 
continuation is a method to separate a regional gravity 
anomaly resulting from deep sources from the observed 
gravity (Zeng et al., 2007).

According to Blakely and Simpson (1986) this tech-
nique consists to transform the potential field measured 
on one surface to the field that would be measured on 
another surface farther from all sources. As we shall see, 
this transformation attenuates anomalies with respect to 
wavelength; the shorter the wavelength, the greater the at-
tenuation. Thus, this approach therefore emphasises large 
sources linked to relatively deep sources (El Azzab et al., 
2001). In the case of our study, we applied the upward 
continuation to the residual anomaly map at altitudes 
10000 m, 20000 m, 30000 m and 40000 m to obtain the 
local sources.

2.3.2. Horizontal derivative
The horizontal gradient method has been used since 
1982 to locate density or magnetic boundaries from 
gravity data (Cordell, 1979). The method is based on 
the principle that a near vertical, fault-like boundary 
produces a gravity anomaly whose horizontal gradient 

is largest directly over the top edge of the boundary 
(Grauch & Cordell, 1987). Horizontal gravity gradi-
ents emphasise the boundaries of upper crustal density 
contrasts associated with major tectonic and volcanic 
structures (Grieve et  al., 1987). The location of these 
boundaries is facilitated by the calculation of the hori-
zontal gradient of gravity (Cordell & Grauch, 1985) 
from the following equation: 

 ∂ ∂ 
= +   ∂ ∂   

22

( , ) .g gf x y
x y

The greatest advantage of this method is its low sensi-
tivity to noise (Basseka et al., 2016). Large horizontal grav-
ity gradients require shallow lateral density contrasts (Hil-
debrand et al., 1995). For this reason, we used the residual 
anomaly map to highlight local maxima that represent in-
dicators of lateral density contrasts and are interpreted as 
geological contacts or tectonic accidents.

2.3.3. Euler deconvolution

The standard Euler deconvolution uses three orthogonal 
gradients of any potential quantity to estimate the location 
of a source body. Theoretically, the gravity and magnetic 
fields caused only by pure 2D and 3D sources (e.g: line 
and point) satisfy Euler’s homogeneity equation exactly 
(Beiki, 2010). However, Reid et al. (1990) consider that in 
practice, this technique can be applied to the fields from 
causative bodies of arbitrary shapes.

However, the application of this method requires an 
appropriate choice of the structural index. Thus, the use 
of the wrong index yields scattered solutions and biased 
depth. An index that is too low gives depths that are too 
shallow; one that is too high gives estimates that are too 
deep (Reid et al., 1990).

Figure 6. Map showing regional and Bouger anomaly map

a) Regional anomaly b) Bouger anomaly
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3. Results and discussion

3.1. Analysis of the residual anomaly map

The residual anomaly map was obtained by subtracting 
the regional field map adjusted by a low degree polyno-
mial (Figure 6a) from the Bouger map (Figure 6b). The 
residual anomaly map is very disturbed and shows posi-
tive and negative anomalies of elongated shapes oriented 
globally NW-SE, with values varying between –18 and 
20  mGal (Figure  7). Positive anomalies of various sizes 
appear in the northwest and southeast. separating large 
negative anomalies along the eastern and western edges 
of Agadem block. These negative anomalies extend to the 
east of the block, over a length of 106 km and a width of 
40  km and 86  km in length and 43  km in width to the 

west. According to Fairhead (1988a), the negative gravity 
anomalies observed in the eastern rifts of Niger are caused 
by low density sediments. These negative anomalies corre-
spond to graben zones that extend over considerable dis-
tances with a strong sedimentary filling, while the positive 
anomalies correspond to the uplift zones which explains 
the presence of a shallow basement in this area. Thus, 
the interpretation of the residual anomaly map from the 
Figure 7, allowed to highlight four (4) structural zones in 
the Agadem block: the North uplift zone, the South uplift 
zone, the East graben and the West graben.

Figures  8 and 9 illustrate the results obtained from 
cross-sections AA’ and BB’ plotted on the residual field 
map. These profiles, oriented NE-SW and perpendicular 
to the anomalies, highlight the graben and horst struc-
tures of the study area with fault locations at the points 
indicated by the arrows. The graben zones correspond to 
the areas of strong negative gravity anomaly observed on 
the residual field map. However, the profiles are not too 
disturbed and one can think that the gravity map could 
then be essentially dependent on the variation in thickness 
of the sedimentary filling. 

3.2. Upward continuation interpretation

In order to highlight the deep gravity sources, an upward 
continuation filter was applied to the residual anomaly 
map, following the altitudes 10000 m, 20000 m, 30000 m 
and 40000 m (Figure 10). Thus, the map of upward con-
tinuation to 40000  m (Figure  10d) shows negative and 
positive anomalies with values between –3.5  mGal and 
5  mGal. The positive anomalies merge to form a single 

Figure 8. AA’ profile of the residual gravity anomaly

Figure 7. Residual gravity anomaly map

Figure 9. BB’ profile of the residual gravity anomaly
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anomaly occupying the SE part of the block. Whereas, 
negative anomalies occupy the NW half of the study area 
with regular oval shapes oriented along the NW-SE di-
rection. However, despite the various upward extensions, 
negative anomalies located at the eastern and western 
edges of the block persist. This could be explained by the 
existence in these areas of depressed zones with a strong 
sedimentary filling.

3.3. Horizontal derivative 
It has long been recognised that the most convincing meth-
od of identifying gravimetric lineaments is incontestably 

the horizontal gradient method. The Figure 11 shows the 
gravity lineaments deduced from the residual anomaly 
map by the horizontal derivative method. We can see that 
lineaments are globally oriented following the NW-SE di-
rection. However, there are lineaments that are also ori-
ented WNW-ESE, NNW-SSE and E-W (Figure 12).

By superimposing gravity lineaments identified on 
the geological map (Figure 13), there is a perfect compat-
ibility between the major structural direction of the area 
represented by the seismic faults and the orientation of 
the lineaments. This affinity between the two directions 
confirms the close relationship between the emplacement 

Figure 10. Upward continuation of the residual gravity anomaly map

c) Upward continuation to 30000 m                                                 d) Upward continuation to 40000 m

a) Upward continuation to 10000 m                                                  b) Upward continuation to 20000 m
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of the gravity anomalies and the fracturing that affected 
the area during the Lower Cretaceous rifting period when 
large NW-SE fault blocks were emplaced (Guiraud et al., 
1987).

Figure 11. Horizontal gradient of the residual  
gravity anomaly map

Figure 12. Diagram of fractures distribution

Figure 13. Gravity lineaments superimposed  
on the geological map

3.4. Euler deconvolution

The determination of the depths of gravity lineaments was 
possible through the calculation of the Euler deconvolu-
tion. In fact, the efficacy of this method depends on the 

choice of the structural index. However, in order to better 
represent the depths of the density contacts over the whole 
study area, a structural index with a value of “1” was used. 
Because useful structural indices for gravity anomalies are 
likely to lie in the range from zero to 1 (Reid et al., 1990). 
The Figure  14 illustrates the estimated density contrast 
depths. We can see that the depths of the deepest faults 
exceed 18000  m, while the shallowest contacts are situ-
ated between 3000 and 6000 m depth. It can be observed 
on the same figure that the shallower contacts are located 
in the NW and a part in the SE of the block. However, 
the deepest tectonic faults are observed to the SW corre-
sponding to the sag zones as shown on the residual gravity 
anomaly map.

Figure 14. Density contrasts depth estimation 

Conclusions

The qualitative interpretation of the residual anomaly map 
of Agadem block allowed to formulate the two mechani-
cal hypotheses of the formation of sedimentary basins in 
relation to the gravity anomalies: extension, which leads 
to a negative anomaly forming grabens, and compression, 
which causes the rise of the basement with the develop-
ment of horsts. The use of methods such as upward ex-
tension, horizontal gradient and Euler deconvolution has 
been helpful in studying the behaviour of gravity anoma-
lies. The horizontal gradient map allowed the elaboration 
of a structural map providing a regional overview of the 
lengths and orientations of gravity lineaments. The main 
tectonic accidents oriented NW-SE, NNW-SSE and E-W 
are superimposed on the geological map, showing their 
concordance with the major structural direction of the 
study area. Finally, the calculation of the Euler decon-
volution made it possible to determine the depths of the 
variable density contrasts over the entire Agadem block. 
Deeper density sources are observed in the southwest of 
the block, with values reaching 18000  m. On the other 
hand, the shallowest depths are globally located to the 
northwest.
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