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Abstract
Airy’s isostatic residual gravity anomaly map and profiles were interpreted for the central portion of the Equatorial Atlantic 
African region with a view to understanding the lithospheric dynamics, hence imminent vertical crustal movements and 
thus predict the future outlook of evolving landscape within the study area. In order to compute the isostatic residual 
gravity anomaly, the AIRYROOT algorithm of the United States Geological Survey was used and isostatically overcom-
pensated, undercompensated and completely compensated portions were identified on the isostatic residual gravity 
anomaly map and profiles. The Airy’s isostatic residual gravity anomaly map showed three distinct parts which were the 
oceanic south-western part characterised by negative isostatic residual gravity anomaly values (− 11 to − 200 mGal), the 
volcanic eastern and extreme northcentral parts characterised by positive isostatic residual gravity anomaly values (+ 10 
to + 90 mGal) and the central part having a network of sedimentary basins, characterised by isostatic residual gravity 
anomaly values that approach zero (− 10 to + 9 mGal). It was discovered that the oceanic south-western part was isostati-
cally overcompensated, the uplifted eastern part and the Younger Granite Province of the extreme northcentral part 
were undercompensated and the central part consisting of the Niger Delta, Benue Trough and the Mid-Niger (Nupe) 
Trough was completely compensated. It was consequently predicted that vertical uplift is imminent in the isostatically 
overcompensated oceanic region while subsidence is expected over the region of the eastern upland and the Younger 
Granite Province which were associated with isostatic undercompensation. The sedimentary basins within the study 
area are expected to remain stable.

Keywords Isostatic residual gravity anomaly · Vertical crustal movement · Isostatically overcompensated · Isostatically 
undercompensated · Complete compensation

1 Introduction

The earth’s lithosphere, consisting of the crust and 
uppermost part of the upper mantle, is dynamic and 
tends towards a state of hydrostatic equilibrium known 
as isostatic equilibrium which could be attained locally 
or regionally [1, 2]. As understood from the concept of 
Airy–Heiskanen and Pratt–Hayford models of isostasy, 
the lighter crust floats freely on the underlying, viscous 
but denser mantle. Volcanoes, sediments and ice sheets 
constitute loads that can be imposed on the crust. When 

the crust is loaded, the underlying mantle responds to the 
crustal loading (or unloading in case of erosion of crustal 
loads) by vertical column adjustments. This lithospheric 
response to crustal loading and unloading is interpreted 
as isostatic adjustment.

Surface processes and isostatic response are known 
to be related [2]. Isostatic compensation is often incom-
plete and usually results in vertical crustal movements 
which could be of great significance in landscape evolu-
tion. Mountains are subject to erosion, which can disturb 
isostatic compensation [3]. If the eroded mountains are 
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no longer high enough to justify their deep root zones, 
the topography then becomes isostatically overcompen-
sated, buoyancy forces are created and this results in ver-
tical uplift of the region, a phenomenon which is usually 
associated with positive topographic movement noticeable 
from the leveling survey of such area. Conversely, when a 
topographic root is too small compared to the topogra-
phy it supports, vertical subsidence occurs. When com-
pared with leveling survey, this usually corresponds with 
negative movement (i.e. subsidence).

The ultimate goal of isostatic adjustments is the 
attainment of complete isostatic compensation, hence, 
stability within the lithosphere. As earthquakes, volcanic 
activities, mountain ranges, ocean trenches (or subduc-
tion zones) as well as many other tectonic processes and 
features which are capable of disrupting the hydrostatic 
equilibrium of the earth’s asthenosphere are created 
from tectonic plates movements and interactions, the 
earth’s outer layers naturally try to readjust towards an 
equilibrium state which is known as state of complete 
isostatic compensation and this equilibrium quest of the 
earth redistributes surface and subsurface lithospheric 

loads and thus contributes significantly to the shaping 
and the future outlook of the crust.

From the current isostatic condition within the cen-
tral portion of the Equatorial Atlantic African region, this 
research work attempted to predict the imminent vertical 
crustal movement and the evolving landscape outlook in 
terms of regions that are likely to be uplifted and those 
that will undergo subsidence.

In essence, this research work focuses on identifying 
isostatically overcompensated, undercompensated and 
completely compensated regions within the study area 
and relates them with vertical crustal movements and lith-
ospheric geologic structures and phenomena.

The study area in this research work is designated as 
“the central portion of the Equatorial Atlantic African 
region”. It spans between the equator (0°N) to latitude 
10.0°N and between longitudes 3.0°E and 15.0°E (Fig. 1).

The area has continental and oceanic regions. The 
elevation ranged from − 4200 m (at the extreme south-
western end) to 4000 m (at Mt. Cameroon). The eastern 
region consists of plateau, the south-western region is the 
oceanic section, the central region is a coastal sedimentary 

Fig. 1  Map of the study area
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lowland which is approximately at sea level, and the north-
western and the northcentral areas are areas of moderate 
and high elevation, respectively. The mean elevation for 
the mountains and plateau found in the region is about 
1 km (Fig. 1).

1.1  Tectonic settings and classic geology 
of the study area

Major continental regions covered by this study include 
the Niger Delta, the Niger Basin, the Benue Trough, the 
Nigerian Shield (south-western basement complex and 
part of the north central basement complex of Nigeria), 
the Cameroon Volcanic Line (CVL) and the Adamawa Uplift 
(Cameroon), the Central African Shear Zone (Ngaoundere 
Rift) in Cameroon and the Gabon-Cameroon Shield. Fig-
ure 2 is the classic geological map of the study area on 
which some major tectonic provinces are indicated. 

The study area is characterised by intraplate volcan-
ism such as that along the Cameroon Volcanic Line (CVL). 
The region is tectonically complex, consisting of cratons, 
mobile belts, shear zones and regions of active magma-
tism. Various models which include reactivation of ancient 
suture zones, lithospheric thinning by mantle plumes and 
edge-driven mantle convection have been proposed to 
explain the process of tectonic evolution in the study area 
[4]. Other than the CVL, a major tectonic structure in the 
study area is the Benue Trough which is a Mesozoic rift 
basin that starts from the coast of the Gulf of Guinea and 
extends transversely as a deep furrow within the Nigerian 
Shield. It forms part of the west African Mesozoic bifurcat-
ing rift system which connects other continental rifts in 
the interior of West African republics of Chad and Niger 
[5, 6]. It is believed to have a length of about 1000 km and 
a maximum width of about 300 km [7] and has been con-
sidered to be an aulacogen [8–10].

According to Osazuwa [11], three notable events had 
happened in the Benue Trough which were rifting caused 
by the separation of South America from Africa, volcanism 
marked by the axial gravity high along the trough due to 
the presence of volcanic rocks under the sediments and 
folding (or compression) represented by gravity low flank-
ing the axial gravity high.

The Niger Basin (Nupe Basin) is another prominent 
intracratonic basin within the study area. It is bounded 
in the north-east and south-west by the basement com-
plex, while it merges with Anambra and Sokoto basins in 
sedimentary fill comprising post-orogenic molasse facies 
and a few thin unfolded marine sediments [12]. Based on 
interpretation of preliminary gravity data, while Ojo and 
Ajakaiye [13] favoured the Isostatic Subsidence Hypoth-
esis, they concluded that a rifting origin is, however, still 

a possibility because the gravity effect of the shallow 
structural features may have masked the effect of deeper 
features.

Found in the study area also is the Nigerian Shield con-
sisting of the Nigerian basement complex which is situated 
within a Pan-African mobile zone extending between the 
West African Craton in the west and the Congo Craton in 
the south-east. Nigeria lies in the central part of the Gond-
wana portion of the Pangea Supercontinent and remained 
a fairly resistant region to denudation [14]. The Nigerian 
Shield is part of the ancient rocks of the African shield.

The Adamawa Uplift falls within the study area as well. 
The Adamawa Uplift is a volcanic dome in central Cam-
eroon formed during the Tertiary together with other Afri-
can volcanic uplifts such as the East African Plateau, and 
is underlain by Precambrian basement rocks, remobilised 
by the Pan-African episode (600–500 Ma) and uplifted 
(1 km) relative to the surrounding area. These rocks, mainly 
schists, and gneisses intruded by granites and diorites, are 
cut by faults of the Central African Shear Zone (CASZ) [15]. 
The Adamawa Uplift comprises of the Adamawa Plateau, 
the Oku Massif, Mount Bambouto and the Manengouba 
Mountain. The study area also comprises of the Central 
African Shear Zone (CASZ) and the Gabon-Cameroon 
Shield. The Central African Shear Zone is a megashear 
zone in Africa extending over about 200 km from Sudan 
to Cameroon [16]. It was believed to be formed during the 
Pan-African cycle (600 ± 100 Ma) during which important 
tectonic movements occurred giving rise to the megas-
hear zones in Africa [16].

2  Materials and methods

2.1  Data description

The dataset used for this study is the combination of terres-
trial gravity data and satellite altimetry gravity dataset con-
sisting of global 1 × 1 min grid Bouguer anomaly and top-
ographic-bathymetric data compiled from GeoSat (ERS-1), 
CryoSat-2 and Jason-1 surveys made available by Scripps 
Institution of Oceanography, University of California, San 
Diego, USA, and GETECH Africa Gravity Project, Leeds, UK.

The data have a resolution of 1 × 1 min grid. This in land 
units equals to 1859 m by 1841 m (i.e. 1.86 km by 1.84 km). 
The implication of this is that this dataset can at best only 
be used for regional studies.

The 1 × 1 min grid free-air gravity and topographic-
bathymetric data were acquired in degrees but were con-
verted to World Geodetic System (WGS)-metre coordinate 
system for easy location of features and distances. The Uni-
versal Transverse Mercator (UTM) coordinate system was 
not adopted because of its zonal dependency. Instead, a 
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more uniform WGS-m coordinate system which is more 
suited for regional studies was adopted.

2.2  The isostatic residual gravity anomaly

Isostatic correction can be likened to removing the topog-
raphy-induced regional gravity field so that intracrustal 

density contrasts are enhanced and any form of correlation 
of the Bouguer anomaly with the topography is significantly 
suppressed. Basically, when isostatic correction is carried out 
on Bouguer gravity anomaly, the result is the isostatic gravity 
anomaly ( Δgi ) and this is done by subtracting the computed 
anomaly ( ΔgR ) of the root zone estimated from the topog-
raphy from the Bouguer gravity anomaly ( ΔgB ) such that:

Fig. 2  Geologic map of the study area (Modified after [4])
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where Δgi is the isostatic gravity anomaly, ΔgB is the 
Bouguer Anomaly and gRoot is the computed anomaly of 
the root zone [3].

For geodynamics, tectonics studies and analysis of 
topographic structures, however, a variant of the isostatic 
gravity anomaly known as the “isostatic residual gravity 
anomaly” is preferred as it enhances intracrustal density 
contrasts better [17]. This variant is also interpreted in the 
same manner as the basic isostatic gravity anomaly. Con-
ventionally, it is given as follows:

where ΔgIsos_Res is the isostatic residual gravity anomaly; 
gobs is observed gravity; gfa is free-air correction; gbc is 
Bouguer correction; gt is terrain correction; gIsos_reg. is 

(1)Δgi = ΔgB − gRoot

(2a)ΔgIsos_Res = gobs + gfa− gbc + gt − gIsos_reg. − go

(2b)= ΔgB − gIsos_reg

gravitational field from 166.7 km out to infinity; ΔgB is 
Bouguer Anomaly and go is Theoretical gravity (Fig. 3).

In order to compute the isostatic residual gravity anom-
aly, the AIRYROOT [18] approach was used. This approach 
employs the algorithm of Parker [19], which uses a fast 
Fourier transform technique to calculate the gravitational 
field anomalies on a flat Earth to infinity.

The equation for the Parker [19] algorithm is given as 
follows:

where F denotes Fourier transform, F−1 denotes inverse 
Fourier transform, h(x) is the topography, G is the univer-
sal gravitational constant, k is wavenumber (given by 2π/λ, 
where λ is wavelength), n is the number of terms and d is 
the mean depth.

(3)

Δgtopo(x) = F−1
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Fig. 3  Schematic illustration of 
the source of isostatic gravity 
anomaly
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It was assumed that the effects of earth curvature are 
negligible and the flat Earth approximation is accurate 
since the distance (radius) of interest is limited to 166.7 km. 
The AIRYROOT approach computes the near-field (isostatic 
residual) component which is the computed gravitational 
effect of compensating mass within a cylinder 166.7 km in 
radius based on a specified isostatic depth of compensa-
tion, topographic density and density contrast at depths. 
The gravitational field from 166.7 km out to infinity is then 
calculated by numerical integration of a Bessel function. 
The difference between these two calculations is the attrac-
tion of the root inside a cylinder of 166.7 km in radius [17].

2.2.1  Isostatic overcompensation, undercompensation 
and normal compensation

Figure 4 is the diagram depicting isostatic overcompen-
sation, undercompensation and normal compensation. 
Isostatic overcompensation (when the topographic root 
is too large compared to the topography that it supports) 
is characterised with “negative computed gravity anomaly 

( ΔgR ) of the root zone estimated from the topography, 
negative Bouguer gravity anomaly ( ΔgB ) and negative 
isostatic gravity anomaly ( ΔgI ), with ΔgB more negative 
than ΔgR”.

Isostatic undercompensation (when the topographic 
root is too small compared to the topography being sup-
ported) is characterised with “negative computed anom-
aly ( ΔgR ) of the root zone estimated from the topography, 
negative Bouguer gravity anomaly ( ΔgB ) and positive iso-
static gravity anomaly ( Δgi ), with ΔgR more negative than 
ΔgB”.

For normal compensation, Bouguer gravity anomaly 
( ΔgB ) equals computed gravity anomaly of the root zone 
( ΔgR ), such that Δgi = 0.

The continental region of the study area can be said to 
be made up of two sections with widely differing topog-
raphies: the western section which can be said to be of 
lower elevation (with mean elevation of 270 m) and the 
eastern section which can be said to be of much higher 
elevation (with mean elevation of 1000 m) (Fig. 1). From 
the spectral analysis of the gravity data of the study area, 

Fig. 4  Explanation of the 
isostatic gravity anomaly ( Δg

I
 ) 

as the difference between the 
Bouguer gravity anomaly ( Δg

B
 ) 

and the computed anomaly 
( Δg

R
 ) of the root zone esti-

mated from the topography for 
a complete isostatic compen-
sation, b isostatic overcompen-
sation and c normal isostatic 
undercompensation (after [3])
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the average crustal thickness of the lower elevation west-
ern section is 31 km and the average crustal thickness at 
the eastern region of higher elevation is 34 km [20]. These 
crustal thicknesses agree with that given by Globig in the 
region around the Cameroon Volcanic Line [21].

The value of the Bouguer density on the continent 
was set at 2670 kg m−3, Bouguer density at sea was set 
at 2800 kg m−3, Moho density contrast on land was set at 
480 kg m−3 and Moho density contrast at sea was set at 
450 kg m−3. Also, the crustal root needed to compensate 
the topography in this region will be proportional to the 
overlying topography by a factor of 2,670

480
= 5.56 such that 

a 1 km topography will be compensated by a crustal root 
of 5.56 km. Therefore, with an average elevation of 270 m 
(0.27 km) and crustal thickness of 31 km at the western sec-
tion of the continental region, the depth of compensation 
was set at 32.77 km (i.e. 31 km crustal thickness + 0.27 km 
topographic height above sea level + 1.50 km compensat-
ing root).

At the eastern section, the average elevation is 1 km 
and crustal thickness is 34 km. The depth of compensa-
tion was set at 40.56 km (i.e. 34 km crustal thickness + 1 km 
topographic height above sea level + 5.56 km compensat-
ing root).

2.3  Limitation of the study

This work is a preliminary interpretation of the isostatic 
residual gravity anomaly for the region using a local model 
of isostatic compensation (Airy’s model) which assumes 
that topographic features are fully compensated by crus-
tal thicknesses variation. While new concepts in isostatic 
anomaly computation now favour the use of the flexural 
model (which incorporates the role of lithospheric mantle 
in isostatic compensation rather than just assuming that 
topographic features are fully compensated by crustal 
thicknesses variation), it is, however, a good starting point 
(starting with the Airy’s model) as it can reveal the isostatic 
condition within the region to a good approximation.

Also, the computation of isostatic anomalies using 
Airy’s model is based on the assumption of a uniform 
density crust floating on a heavier mantle material. While 
this assumption is flawed due to the fact that the crust is 
usually structurally and compositionally heterogeneous 
and heterogeneous structures may need different density/
density contrast values for them to be excellently resolved, 
underestimated or overestimated densities (or density 
contrasts) usually still reveal good number of isostatic 
anomalies though some of these anomalies might be 
masked or obliterated. However, in quantitative isostatic 
analysis studies, intracrustal density variations have major 
influence on the results. The limitation of the assumption 
of uniform crustal density associated with Airy’s model 

would therefore inhibit highly quantitative interpretation 
in this study.

Finally, it should be noted that at present continuously 
operated/recorded GPS data are not fully available for 
the study area as Continuously Operating GPS Reference 
Stations are just being set up around this region. So, the 
predicted vertical crustal movement could not be corrobo-
rated with GPS data. This study is therefore not presented 
as a perfect or foolproof study but rather a pioneer iso-
static work within the study area for the purpose of stimu-
lating the interest and curiosity of more researchers who 
would integrate more geophysical methods and adopt a 
more representative isostatic model.

3  Results and interpretation

The Bouguer gravity, the root zone gravity and the iso-
static residual gravity anomaly maps of the study area are 
presented in Figs. 5, 6 and 7, respectively.

An overview of the Airy’s isostatic residual gravity 
anomaly map (Fig. 7) shows three distinct regions. The 
south-western portion (blue colouration) is character-
ised by negative isostatic residual gravity anomaly values, 
the eastern portion (pink colouration) is characterised by 
positive isostatic residual gravity anomaly values, and the 
central portion (green colouration) is characterised by iso-
static residual gravity anomaly values that approach zero. 
Negative values (− 11 to − 200 mGal) were associated with 
the oceanic region, positive values (+ 10 to + 90 mGal) with 
the volcano-dominated eastern region, and zero value and 
values close to zero (− 10 to + 9 mGal) were associated with 
the sedimentary basins within the study area. For detailed 
interpretation, profiles were taken in the north–south and 
east–west directions on the Airy’s isostatic gravity anomaly 
map and were interpreted.

3.1  The interpretation of the isostatic residual 
gravity anomaly profiles

3.1.1  Profile A–A′: Fig. 8a

The southern region consisting of the oceanic part and the 
continental shelf is isostatically overcompensated, while 
the continental part (northern region) is in isostatic equi-
librium. Overcompensation occurs when the root is too 
large compared to the topography it supports. In terms 
of vertical crustal movement, overcompensation arises 
when part of the overlying topography has been eroded. 
This phenomenon usually results in vertical crustal uplift 
eventually. The continental part of the profile is in isostatic 
equilibrium.
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Fig. 5  Bouguer anomaly map of the study area

Fig. 6  Root zone anomaly map of the study area
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3.1.2  Profile B–B′: Fig. 8b

The southern region consisting of the oceanic part and 
the continental shelf is isostatically overcompensated 
just like in Fig. 8a, and the continental part is in isostatic 
equilibrium. However, there is slight undercompensation 
at the northern terminal edge of the profile which corre-
sponds with the boundary between the Mid-Niger (Bida) 
Trough and the Minna batholith. This undercompensation 
suggests that there may have been isostatic subsidence 
in the region and that further slight subsidence is immi-
nent with time around this undercompensated region. 
Undercompensation occurs when crustal root is too small 
compared to the topography it supports. In terms of ver-
tical crustal movement, undercompensation arises when 
tectonic forces thrust crustal blocks on top of each other or 
due to sediment loading. This phenomenon usually results 
in crustal subsidence eventually. Most of the continental 
part in this region has attained isostatic equilibrium. As 
revealed on the isostatic anomaly profile, the Niger Delta 
and most parts of the Mid-Niger (Bida) Trough are in iso-
static equilibrium.

3.1.3  Profile C–C′: Fig. 8c

Just like the preceding profiles, the southern region 
consisting of the oceanic part and the continental shelf 
is isostatically overcompensated, while the continental 
part (Calabar flank, Anambra Basin and Benue Trough) 
is in isostatic equilibrium. However, there is observable 
undercompensation at the northern terminal edge of the 
profile which corresponds to the Younger Granite Province 
of Jos. With this undercompensation, one could predict 
an imminent subsidence of some vertical column of the 
Jos Plateau. Vertical uplift is expected in the oceanic part 
which is currently overcompensated.

3.1.4  Profile D–D′: Fig. 8d

The whole line is along a purely continental region. The 
elevation along the line is in excess of 500 m above sea 
level for most of its part. Most of this profile is isostatically 
undercompensated with only the northern end attaining 
isostatic equilibrium. Since most part of the line is under-
compensated, the region is expected to subside with time.

Fig. 7  Airy’s isostatic residual gravity anomaly map of the study area



Vol:.(1234567890)

Research Article SN Applied Sciences (2019) 1:495 | https://doi.org/10.1007/s42452-019-0440-5

3.1.5  Profile E–E′: Fig. 8e

This is an east–west trending profile along latitude 
0.45°N. The western half of it is within the oceanic 
region, and the other half (eastern part) is within the 
continental region. The oceanic region is isostatically 
overcompensated, and the continental region is in 

isostatic equilibrium. However, the Sao Tome Island 
that occurred within the oceanic region is isostatically 
undercompensated. Vertical uplift is expected in the 
isostatically overcompensated oceanic region, and ver-
tical subsidence is expected on the Sao Tome Island. 
The probable reason for isostatic undercompensation 
on the Sao Tome Island is either due to thrusting of the 

Fig. 8  a The isostatic anomaly profile along 17,200,000 mE (i.e. lon-
gitude 4.51°E). b The isostatic anomaly profile along 17,400,000 mE 
(i.e. longitude 6.30°E). c The isostatic anomaly profile along 
17,700,000 mE (i.e. longitude 9.0°E). d The isostatic anomaly profile 

along 18,120,000 mE (i.e. longitude 12.8°E). e The isostatic anomaly 
profile along 50,000 mN (i.e. latitude 0.45°N). f The isostatic anom-
aly profile along 600,000  mN (i.e. latitude 5.4°N). g The isostatic 
anomaly profile along 1,100,000 mN (i.e. latitude 10.0°N)
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crustal block on each other due to tectonic forces, the 
region being an active tectonic region, or the relative 
youngness of the volcano making up the island itself 
which is not older than 15.7 Ma [22], which constitute a 
sort of lithospheric load that may not have attained iso-
static equilibrium. The undercompensation could also 
be due to the combination of both factors.

3.1.6  Profile F–F′: Fig. 8f

This is also an east–west running profile. The western-
most, continental margin part of the profile is overcom-
pensated. The remaining part is a continental region 
and is in isostatic equilibrium. However, there is the 
Manengouba Volcano where there is isostatic under-
compensation. With time, vertical crustal upliftment 
is imminent in the oceanic region, while subsidence is 
imminent on the undercompensated Manengouba Vol-
cano of Cameroon.

3.1.7  Profile G–G′: Fig. 8g

The whole profile is along a purely continental region. The 
westernmost part is part of the south-western basement 
complex of Nigeria. It is in isostatic equilibrium. The central 
portion of the profile is isostatically undercompensated. 
This central area spans from Zungeru (Niger State, Nigeria) 
to Kumo (Gombe State, Nigeria). The area is an upland. Due 
to its isostatic undercompensation, subsidence is likely to 
occur in this area over time. The eastern part of the profile 
corresponds with Mandara Volcano area. Most of this part 
is in isostatic equilibrium.

4  Conclusion

General Geodynamic Inferences from the Isostatic Analysis:

1. The oceanic part of the study area is characterised by 
isostatic overcompensation. Isostatic overcompensa-

Fig. 8  (continued)
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tion is usually associated with topographic erosion 
and usually results in vertical crustal uplift. In the study 
area, the topographic erosion that is plausible in this 
oceanic region is continuous seafloor spreading which 
can be synonymous with oceanic topographic erosion. 
The bathymetry in this area is expected to become 
shallower with time in response to this process.

2. Isostatic equilibrium is a proof of geodynamic stability 
in terms of vertical crustal movement. Seafloor spread-
ing in the oceanic region of the study area seems to 
be a form of topographic erosion that was depicted 
by the isostatic overcompensation observed in the 
oceanic area. This spreading is observed to effectively 
terminate on the continental shelf as isostatic equi-
librium is achieved as we moved into the continental 
areas from this shelf. The continental shelf therefore 
represents the terminal extent to which the seafloor 
spreading is noticeably active. This is consistent with 
the interpretation of the sub-crustal mantle density 
map within the study area [23] which identifies areas 
beyond the continental shelf landward as areas where 
the mantle density gradient is smaller than required to 
keep driving the seafloor spreading.

3 Having been restricted at the continental shelf, the 
checked seafloor spreading, emanating from the west 
(oceanic region) and whose direction of spreading has 
been towards the east (continental shelf ), may have 
likely resulted in thrust tectonics in the region of the 
Sao Tome Island and thus contribute to the isostatic 
undercompensation associated with the island and 
probably the other islands of the oceanic section of 
the Cameroon Volcanic Line (CVL).

4 Most Nigerian sedimentary basins (Niger Delta, Mid-
Niger (Nupe) Trough, Benue Trough, Anambra Basin 
and Calabar Flank) are in isostatic equilibrium or near 
isostatic equilibrium.

5 Most of the inland volcanoes in the study area are still 
isostatically undercompensated and so vertical subsid-
ence of the volcanoes is still expected.

6 The relief (topography/bathymetry) conforming 
behaviour of the isostatic anomaly profiles (around the 
continental shelf, within the oceanic region and in the 
Younger Granites Province) suggests that the flexural 
isostatic model is likely to approximate the study area 
better than the Airy’s model which was adopted.

5  Recommendation

As highlighted under the limitations of the study, this 
study is not presented as a perfect study but rather a pio-
neer isostatic work within the study area for the purpose of 
stimulating the interest and curiosity of more researchers 

who would integrate more geophysical methods and 
adopt a more representative isostatic model. Therefore, it 
is recommended that isostatic anomalies be recomputed 
using the flexural isostatic model.

Finally, it should be noted that though in computing the 
isostatic anomalies the model used in this study assumed 
a homogeneous oceanic crustal density of 2800 kg m−3 
and a homogeneous continental crustal density of 
2670 kg m−3, the continental crustal densities would be 
heterogeneous in most cases, containing high-velocity/
high-density lower crustal bodies, middle/upper crustal 
magmatic intrusions, low-density granites and other com-
positional heterogeneities. It is therefore recommended 
that intracrustal density anomalies (derivable from seismic 
data) be put into consideration when following up this 
study with a more detailed study.
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