
Research Article A  S c i T e c h n o l  J o u r n a l

Nguimbous-Kouoh et al., Geoinfor Geostat: An Overview 2018, 6:3
DOI: 10.4172/2327-4581.1000187 Geoinformatics &

Geostatistics: An Overview

All articles published in Geoinformatics & Geostatistics: An Overview are the property of SciTechnol, and is protected by 
copyright laws. Copyright © 2018, SciTechnol, All Rights Reserved.International Publisher of Science, 

Technology and Medicine

Polynomial Separation and 
Gravity Data Modeling with 
Hyperbolic Density Contrast: 
Case of Two Profiles along 
the Mamfe Sedimentary Basin 
(Cameroon)
Nguimbous-Kouoh JJ1*, Takam-Takougang EM2, Ndougsa-
Mbarga T3 and Manguelle-Dicoum E4

Abstract
The primary objective of a gravity survey over a sedimentary 
basin is to delineate the shape of the basin. To fulfill this objective, 
information is needed about the densities within the sedimentary 
section. Densities of sedimentary rocks increase with depth (mainly 
due to compaction), approaching that of the basement in deep 
basins. Sedimentary basins are generally associated with low 
gravity values due to lower density of the sedimentary infill. Further, 
gravity modeling of a basin requires the use of expressions with 
hyperbolic density contrast concerning the anomaly produced by 
the model. The variation of the density of sediments with depth 
can be represented by a hyperbolic function. In this study, a third-
order polynomial filtering of Bouguer gravity data from the Mamfe 
sedimentary basin was performed. The regional and residual third 
order anomaly maps were fitted for interpretation. Two profiles 
were plotted above two negative anomalies observed on the basin. 
Using the gravity data of both profiles, a workflow was developed to 
determine the shape and depth of an interface underlying sediments 
whose density contrast decreases hyperbolically with depth. The 
approximate depth of the interface at each gravity station was 
calculated using the gravity formula of an infinite slab with a hyperbolic 
density contrast. Based on the depth values, the sediment/basement 
interface were replaced by a sided polygon. The estimated depths of 
the sediment/basement interfaces along the two profiles above the 
Mamfe sedimentary basin gave 1900 and 5073 m, respectively.
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Introduction
Several studies have been carried out on the Mamfe sedimentary 

basin in various disciplines [1-23]. The purpose of this work is to provide 
additional structural information of the basin, using gravity data.

In general the density of sedimentary rocks in a basin increases with 
depth, the contrast in densities of the sediments and the basement thus 

decreases. Gravity modeling of such sedimentary basins requires the 
use of anomaly expressions of models with variable density contrast. 
While interpreting gravity anomalies of the San Jacinto Graben 
(California), Cordell [24] assumed an exponential variation for the 
sediment density. Gravity anomalies of even simple geometric bodies 
cannot be derived in a closed form if the variation in density contrast 
is exponential. As such Cordell [24] used a recursive algorithm in the 
interpretation of the San Jacinto Graben gravity profile. Murthy et al. 
[25] and Agarwal [26] considered the case of linear increase in density 
with depth in gravity modeling of sedimentary basins. Rao [27] used a 
quadratic density function for approximating the variation in density 
of sediments. This quadratic representation amounts to using the first 
three terms of the infinite series expansion of the exponential function. 
It may fail to represent the variation in density contrast beyond the 
depth of approximation. Litinsky [28] introduced a hyperbolic density 
depth function and found that in the case of the San Jacinto Graben 
this function could provide a better fit for the density at depths than 
did the exponential function. When the density contrast is assumed to 
vary with depth according to the hyperbolic function, closed form of 
anomaly expressions of models can be derived and simple modeling 
or inversion schemes developed. However, Litinsky [28] used a simple 
formula of gravity anomaly of an infinite slab with effective hyperbolic 
density contrast for calculating the thickness of sediments at different 
gravity stations. It is observed that the use of this formula generates 
errors. 

In this paper, we used the closed-form expression for the gravity 
anomaly of a two-dimensional arbitrary shaped body with a hyperbolic 
density contrast derived by Rao et al. [29]; we developed an algorithm 
(Appendix) to model and find the basement of sediments at various 
gravity stations, using two profiles in the Mamfe sedimentary basin.

Geology of the Study Area  
The Mamfe sedimentary basin is an intracratonique rift 

basin formed in response to the dislocation of the Gondwana 
supercontinent and following the separation of South American and 
African plates (Figure 1). The basin is a small extension of the Benue 
sedimentary basin (Figure 1). The basin is favorable to the exploration 
and exploitation of salt springs, minerals, precious stones and 
hydrocarbons. It has an area of   approximately 2400 km2 and is located 
between latitudes 5°30’ N and 6°00’ N and longitudes 8°40’ E and 9°50’ 

E (Figure 1). It has the form of a plain with an average altitude that 
varies between 90 and 300 m above the sea level. Its average crustal 
thickness is between 33 and 40 km and the coat is at a depth of about 
57 km [1-23].

Figure 1 shows the available geological map of the basin. Some 
geological details were extrapolated or removed. The geological map 
is preliminary and has jointly been updated following several studies. 
The geomorphology of the area is characterized by a succession of 
horst and grabens. Overall, the Mamfe sedimentary basin has a NW-SE 
structural trend with a length of 130 km and a width of approximately 
60 km. It is bordered by faults, lineaments and rivers such as Manyu, 
Munaya and extends from Cameroon to Nigeria [1-23].

Lithologically, the basin is formed by thick Cretaceous age 
sediments whose thickness can vary according to the study site. It 
rests on granite-gneissic bedrock of Precambrian age. The order of 
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• G0=978031.8(1+0.053024sinϕ2)-0.0000022sin2 ϕ2

• The error on the latitude of a station was taken between 0.2 
mgal (ϕ=3°) and 0.5 mgal.

• CZ: Bouguer correction. It represents the sum of the free air 
correction C1 (mgal) = 0.3086Z and the plateau correction 
C2 (mgal)=-0.0419dZ  where d is the density of the land and 
Z the altitude of the station expressed in meters. For the 
homogeneity reasons we have adopted the crust density d = 
2.67 for all the stations from where Cz (mgal)=0.1967Z. The 
inaccuracy of the barometric leveling leads to an error on Cz 
generally less than 1 mgal but which can reach 2 or 3 mgal 
equals in unfavorable cases.

• T: relief correction. It takes into account the relief around the 
station. The value of the anomaly at each point is tainted by 
a maximum error of 5 mgal under the worst conditions, in 
most cases the error remained below 3 mgal.

Methods 
The polynomial separation method

The polynomial separation method was used to produce the third 
degree regional and residual maps. The algorithm by Gupta [31] and 
Murthy et al. [32], was used to adjust the polynomial surfaces to the 
Bouguer anomaly map. This method is based on the analytical least 
square method and the polynomial decomposition series.  

The least-square method is used to compute the mathematical 
surface which gave the best fits to the gravity field within specific limits 
[31-33]. This surface is considered to be the regional gravity anomaly. 
The residual is obtained by subtracting the regional field from the 
observed gravity field. In practice, the regional surface is considered as 
a two-dimensional polynomial. The order of this polynomial depends 
on the complexity of the geology in the study area. The third-order 
polynomial surfaces of the regional anomaly obtained in this work is 
presented and the corresponding residual anomaly.

Mathematic formulation of the method: The Bouguer anomaly 
B(x, y) in the given point M(x, y) of the earth in Cartesian coordinates 
is governed by the relation: 

the geological formations, from bottom to top, has a succession of 
granite, shale, sandstone, clays and laterite. The lamination forms a 
typical sigmoid syncline structure which are oriented E-W and plunge 
axes of 10° to about 20° W.

The tectonic history of the basin highlights the structures and syn-
to post-sedimentary which has two main phases:

• An expansion phase characterized by sedimentation 

• A compression phase during which sedimentation ended 
and the basin was closed.

The compression phase resulted in the creation of anticlinal and 
synclinal structures, horst and grabens deeding NW-SE. The phase 
of sedimentation and extension resulted in the creation of faults and 
syn-sedimentary folds [1-23].

Data Acquisition and Processing 
The map presents gravity data collected over the Mamfe 

sedimentary basin. It was taken from the archives of the Cameroon 
gravity database that manages IRD (Research Institute for 
Development) (Figure 2). The Lacoste-Romberg gravimeter (1975-
1976) and its accessories were used to collect the data. Barometric 
leveling was determined using a Wallace-Tiernan altimeter. The 
gravity network of the IRD established in Douala served as a reference 
base for measurements.

The Bouguer anomaly at each station was calculated by the 
expression Poudjom et al. [30]: B=G-(G0-Cz-T) where:

• G is the observed gravity field value and its expression 
is: G=Gr+∆G with Gr the gravity field value at the station 
adopted as reference and ∆G the measurement of the 
gravity field difference between the reference station and a 
given station. The reference value was chosen in the Martin 
network (1954) and attached to the fundamental point of the 
Paris Observatory. 

• G0 :the theoretical value of the gravity field on the reference 
ellipsoid has been defined in the IGSN71 reference system 
whose formula is:

Figure 1: Geologic Map of the Mamfe Sedimentary Basin by Ajonina et al. [22].
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The polynomial method is particularly used when the amplitude 
of the residual anomalies is negligible compared to the regional one. 
Apart from the polynomial method there are other methods such as 
the upward continuation method.

Modeling method  

Density measurements and seismic surveys conducted in 
sedimentary basin Athy [34], Hedberg [35] and Maxant [36] shows 
that the density-depth relationship of sedimentary rocks does not 
obey a deterministic mathematical formulation due to the effects of 
stratigraphic layering, facies variations, diagenesis, tectonic history, 
cementation and compaction. For the analysis of gravity data 
over sedimentary basins, the density variation with depth can be 
approximated by a hyperbolic function as below [28]. The variable 
density contrast of sediments in a basin can be approximated by the 
formula (Figure 3):
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Where ρ(z) is the density contrast at depth z; ∆ρ0 is the density 
that would be observed at ground surface, ρmax is the density of the 
basement, and β is a constant having a unit of length and is the 
decrement of density contrast with increasing depth. At depth z=0 
and β is the rate of variation of density contrast expressed in length 
units. ∆ρ0 and β can be determined by fitting the field data of density 
contrast versus depth in a least-square sense to equation:
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Where ∆ρ(z) is the density contrast at depth z; ∆ρ0 is the density 
contrast extrapolated to the ground surface, and β is the rate of 
variation of density contrast expressed in units of length. At any 
gravity station the initial depth of the interface (or thickness of the 
sediments) is calculated by using the infinite slab formula suitable for 
the case of a hyperbolic density contrast, given by Litinsky [28]:
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B(xi, yi)= A(xi, yi)+ R(xi, yi)              (1)

B(xi, yi )is the sum of the residual anomaly A(xi, yi) and the regional 
anomaly R(xi, yi).

The surface F(xi, yi)which is adapted to the gravity field data g(x, y) 
is given by the following relation [31-33]:
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number of terms of the polynomial, and Cm the coefficients to be 
determined:

The first order Polynomial is: 

F(xi,yi)=C1+C2Xi+C3Yi                        (3)

The second order polynomial is: 

( ) 2 2
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The third order polynomial is: 
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We denote by εi= B(xi, yi)- F(xi, yi) the difference between the 
homologous points of the experimental and analytical surfaces 
respectively and by N0 the number of stations Pi in which the Bouguer 
anomaly is known. The adjustment of the surfaces which consists in 
making the quadratic deviation minimal is expressed by:
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We then obtain a system of (M) equations with (M) unknowns. 
The unknowns are the coefficients Ck of the polynomial F(xi, yi) of 
order N. Once the coefficients are determined we determine the 
analytic regional anomaly R(xi, yi) =F(xi, yi) and the residual by:

A(xi, yi)= B(xi, yi)- F(xi, yi)              (7)

Figure 2: Map of collecting gravity data over Mamfe sedimentary basin.
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Where, H denotes the total thickness of the sediments or the 
depths to the basement of the basin. According to Litinsky [28], the 
parameter β can be estimated by two methods. If a density cross 
section of the basin and the values of ∆ρ0 and Δρ are known, β can be 
calculated from the equation: 

0( )
Hβ ∆ρ

=
∆ρ − ∆ρ

The density contrast ∆ρ0 of surface sediments can be found 
from density measurements of rock samples, from borehole gravity, 
density logging, or from gravity data. If the values of weighted density 
contrast and the density contrast of the near surface sediments have 
been assessed, it is easy to find the parameters for the density-depth 
functions. On the other hand, if the depth of a sedimentary basin and 
the surface density are known, β can be found by using the equation:
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At any gravity station the initial depth of the interface, H can be 
calculated using the infinite slab formula for the case of a hyperbolic 
density constant Litinsky [28] as: 
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∆gk is the residual anomaly value at the kth station on the profile. 
The difference Ek between the residual and the calculated anomalies 
at any stations is attributed to the error in the depth of the interface 
at that station. This difference is used to correct the depth using the 
formula: 
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The modified depth values that are shallower than the ground 

surface are ignored and in all such cases the previous depth values 
are retained. This process of iteration is terminated either when the 
objective function R defined as the sum of the squares of differences 
between the observed and calculated anomalies tends to increase, falls 
below an allowable error or after a specified number of iterations is 
carried out.

Computer Program 
Based on the above descriptions and mathematical expressions, 

we developed an algorithm named SBASIN to estimate the basement 

Where ∆gr(k) is the residual gravity anomaly at the kth station. The 
sedimentary basin can now be replaced by n-sided polygon of which 
the verticies are defined by (xk; zk), zk is the distance of the kth station 
from an arbitrary reference. When the coordinates of the verticies of 
the polygon are known, its gravity anomaly at any point P(0) can be 
calculated by using the equation Rao et al. [29]:
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γ is the gravitational constant. The quantities xk, xk+1, zk, zk+1, φk, 
φk+1 and i are explained in Figure 3.

In general, the values of β and ∆ρ0 are unknown and can be 
estimated by least squares fitting to the density-depth values which 
are observed by borehole data in the field.

If the formation lithology, thicknesses of the formations and their 
density information are known from borehole data for a basin with n 
sedimentary layers with different thicknesses hi and different density 
contrasts ∆ρi, the weighted density constant (or average density 
constant) Δρ can be determined by: 

i i i i

i

h h
Hh

∆ρ ∆ρ
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Figure 3: A polygonal model simulating a sedimentary basin.
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of the sedimentary layer in the basin (Appendix). This algorithm 
is useful to compute the gravity anomaly of a polygonal body with 
a hyperbolic density contrast [29,37]. The input data consist of 
residual gravity anomalies ∆g(k) in mGals and their distances xk in 
km measured from the first point on the profile, the density contrast 
∆ρ0 extrapolated to the ground surface, the hyperbolic function 
constant β, and N the number of anomalies. The algorithm is 
computed iteratively, and the output, after each iteration, consists of 
the basement depth in km and the gravity anomaly in mGals at each 
station.

Results and Interpretation  
We provide a qualitative interpretation of the anomaly map 

derived from the polynomial separation method, and the basement/
sediment interface estimated from the hyperbolic density function 
using the gravity formula on an infinite slab with hyperbolic density 
contrast. 

Interpretation of the anomaly map

Gravity anomalies, in general, are a function of horizontal 
variations in rock densities beneath the surface of the earth; 
therefore, the interpretation of gravity anomalies depends upon 
density contrasts. Depth-size relationships possible from geological 
considerations in the area involved are also necessary. The precision 
of the gravity survey and the amount of geological information 
at hand determine what type of interpretation may be made. The 
interpretation of gravity anomalies may be classified as qualitative or 
quantitative. Here, we provide a qualitative interpretation of gravity 
anomalies. In some instances, qualitative interpretation may be 
considered as diagnostic. 

Interpretation of the Bouguer anomaly map: The Bouguer 
anomaly map reflects the steady and continuous variations of the 
gravity field over Mamfe Basin (Figure 4). Generally, it represents 
the superposition of long wavelength anomalies (regional anomalies) 
and short wavelength anomalies (residual anomalies) of potentially 
important interests depending on the application. The map shows 

a zone of strong gradient in the center of the basin. These indicate 
the occurrence of subsurface density discontinuities such as faults 
and boundaries of intrusive bodies. Since we want to evaluate the 
depth of the sediment/basement interface, we will adjust the effects 
of deep sources (regional anomaly) and subtract them from Bouguer 
anomalies to obtain (residual) surface anomalies. To separate the 
regional and the residual, we applied a polynomial filter.

Interpretation of the regional anomalies map: The regional 
anomaly map may represent the effect of long-wave discontinuities 
(Figure 5). It can also be considered as noise or as important signals if 
it is necessary to find the existing relations between the mantle and the 
earth’s crust or when it is necessary to describe the shape of the base or 
the lithosphere. The map shows overall regional trends affecting the 
basin. These trends are N-S, E-W. The different anomalies observed 
are either positive or negative according to the contours variation 
direction. Low (negative) anomalies can be associated with areas of 
bedrock dilation and magmatic upwelling, while high (positives) 
anomalies may correspond to platform or consolidation zones of 
basement rocks. This is probably due to a good isostatic readjustment 
or an unstable and complex geological context of the region.

Interpretation of the residual anomalies map: Residual 
anomalies are mainly produced by heterogeneities located in the 
upper crust. These are often the result of mineralization or oil fields. 
Data from the residual gravity field were calculated after subtracting 
the regional trend of the Bouguer gravity field. The residual map 
is characterized by two negative anomalies (Figure 6). The edges 
of the basin are limited by several contours with strong gradient 
with different directions. This can be explained by the fact that the 
constraints that contributed to the setting up of the basin did not act 
in the same direction.

Interpretation of the depth sediment/basement models in-
terfaces

Two gravity anomaly profiles are interpreted using the proposed 
technique. The method is applied to the gravity profiles crossing the 
Akarem and Akagbe Grabens in the following paragraphs. 

Figure 4: Map of Bouguer anomalies in the Mamfe sedimentary basin.
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Akarem Graben, profil (NW-SE): The profile (P1) was plotted 
above the negative residual anomaly observed at Akarem, it is 
approximately oriented NW-SE. The form of the observed anomaly 
is a graben. The interpretation of the gravity profile on the Akarem 
Graben, assuming a hyperbolic density contrast for the sediments, 
is shown in Figure 7. The density-depth data of the graben are 

matched with the hyperbolic function ( )
( )

2
0

2z
z

ρ βρ
β
∆

∆ =
+

 in the least 

squares sense. The values of ∆ρ0 and β are - 0.17 kg/m3 and 2850 m, 
respectively. The maximum depth of the interface determined by the 
computer program is 1900m. The objective function at the end of 
the 38th iteration is 3.2 and does not show any appreciable change in 
further iterations. The anomaly of the interpreted model was plotted 

against the observed one for comparison. 

Akagbe Graben, (profil NE-SW): The profile (P2) was plotted 
above the negative residual anomaly observed at Akagbe, it is 
approximately oriented NE-SW. The form of the observed anomaly is 
a graben. Figure 8 show the interpretation of the gravity profile over 

the Akagbe Graben. A least-square fit of the data to ( )
( )

2
0

2z
z

ρ βρ
β
∆

∆ =
+

 

provided values of - 0.17 kg/m3 and 2850 m for ∆ρ0 and β respectively. 
The algorithm gave a maximum depth of 5073 m for the basement/
sediment interface. The best fitting solution resulted in an objective 
function of 3.2 at the end of the 38th interaction is show in Figure 8 
against the observed anomaly.

Figure 5: Regional anomalies Map of the mamfe basin.

Figure 6: Residual anomalies Map of the mamfe basin with the two profiles.
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Discussion
Generally, negative anomalies are associated with basin trend 

patterns, while positive anomalies are associated with platform or 
mountain configurations. The positive effect may be due to a small 
crustal thickness whereas the negative effect may be due to the 
proximity of the magma near the surface [37].

Ndougsa-Mbarga et al. [38], using data from Fairhead et al. [5] 
and their regional-residual separation to the third order showed that 
the Mamfe basin is subdivided into two sources of negative anomalies. 
The data used in this work demonstrate that it is necessary to separate 
up to the third order to obtain a gravity field signature that fits well 
with the Mamfe sedimentary basin.

The area where the Mamfe Basin is located has always been 
considered as a graben that is associated with a negative Bouguer 
anomaly [5]. The data from the Bouguer map of this study confirm 
this result but present a basin strongly masked by the effect of the 
proximity of the Cameroon volcanic line deposits (CVL).

Kamguia et al. [39] studying the local geoid model in Cameroon 
find that this geoid undulates abnormally above the reference ellipsoid 
through the Mamfe basin with a value of about 27 m. They concluded 
that this value implies the occurrence of low density rocks in the 
region. The results obtained from the interpretation of the gravity 
field data of this study show that the zone is effectively associated with 
a negative Bouguer anomaly.

The sediment/basement depths estimated are quite close to those 
reported by Fairhead et al. [4] (600-6000m). Similar estimated depth 
values were also obtained by combining geomorphological data and 
Lansat images by Ajonina (5000 m) [40-44].

Conclusion
The interpretation of gravity field maps of the Mamfe sedimentary 

basin highlights some structural aspects of the area. Although 
the density of the data is reduced, they have been good enough to 
trace the pace of the shallow and deep structures of the area. They 
precisely adjust the results of other gravity field investigations, as 
well as to improve the geological and geophysical knowledge of the 
area. The approach used highlights the details of the regional trends 
and delineate the important geological structures of interest. The 
interpretation of the sediment/bedrock depths (1900 and 5073 m 
depths), which can be considered interesting for the maturation of 
hydrocarbon source rocks.
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