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ABSTRACT
Depth imaging in gravity survey is very important in mineral prospecting. A number of
techniques ranging from manual measurements of anomaly characteristic and the application of
empirically derived formulae to modern automated analysis of gravity data have been developed.
The automatic techniques range from standard Euler deconvolution, extended Euler
deconvolution, Werner deconvolution and Analytic signal among others. The quality of
interpretation depends on how well the data is constrained using other geological and
geophysical information. The results can further be improved by integrating different
interpretation techniques. In this study attempt has been made to interpret the depth of the gravity
anomaly causative bodies in Migori Greenstone belt using 3D Werner deconvolution. Werner
deconvolution technique has been widely used for rapid interpretation of magnetic data and in
this study it has been extended to gravity by performing a vertical derivative to yield a pseudo
magnetic field. Oasis montaj application software was then used to generate Werner solutions.
Shallow gravity structures are mapped from the surface to a limiting depth of approximately
1,000 m. These structures agree well with the other interpretation techniques and known geology
of the area.
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Introduction
Convolution is a mathematical operation defining the change of shape of a waveform resulting
from the passage through a filter. Its implementation involves time inversion of one of the
functions and its progressive sliding past the other function, the individual terms in the
convolved output being derived. Deconvolution is a process that counteracts the convolution
action (Kearley et al, 2002). Werner deconvolution technique is used to analyze the depth and
position of magnetic sources as well as their magnetic susceptibilities and dip along profiles
(Hassan et al, 2015). It is based on the assumption that magnetic anomalies can be estimated by
either thin sheet bodies or geological interfaces with infinite depth extent and arbitrary dip
(Hassan et al, 2015). Attempts have been made with success to extend two dimension Werner
deconvolution to three dimensions through the use of generalized Hilbert transformation (Reid et
al, 1990).
A further multiple source extension of the three dimension Werner algorithm has been
developed. Unlike the three dimension Euler algorithm that requires taking high order
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derivatives of the field, one derivative order for each source, which makes the algorithm highly
dependent on data quality. The multiple source Werner deconvolution only requires first order
derivatives, no matter the number of sources (Hassan et al, 2015). It has been shown by
Nabighian and Hansen (2001) that extended Euler deconvolution is a generalization of Werner
deconvolution and can be extended to three dimensions which is the definition of three
dimensions Werner deconvolution. Depth to basement methods is designed primarily for use
with total field magnetic data. However, mathematically the magnetic response is equivalent to
the derivative of the gravity response, so it is possible to use depth to basement methods on the
gravity profile by using either horizontal or vertical derivative of gravity as the input anomaly
profile rather than total field magnetic data. With large distinct density contrasts, the extension
can also be used on gravity profile to determine the position of gravity source bodies (Geosoft
oasis montaj, 2007)
For the case of zero Euler index Mushayandebvu et al. (1999) obtained the following two
extended Euler equations
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Where M is the gravity field, xo, yo and zoare the unknown coordinate of the source body centre
to be estimated, x,y and z are the known coordinates of the observation point of the gravity and
gradients, n is the structural index, α and β are constants. These equations are equivalent to
Werner deconvolution (Nabighian and Hansen, 2001). For non-zero Euler index Mushayandebvu
et al equation becomes
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Where H denotes Hilberts transform. Using Cauchy-Riemann equations (Nabighian, 1972) the
equations reduces to
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And hence equation 1.4 becomes
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This shows that equation 1.4 is equivalent to the assumption that if a two dimensional potential
field is homogeneous with Euler index n, then so is its Hilbert transform. The general case can be
written in the form
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Where α and β will generally vanish unless n=0. Equations 1.8 and 1.9 gives a unification and a
generalization of Euler and Werner deconvolution in the 2D case and suggests that the algorithm
might be extended to three dimensions, thereby providing both an extension of Werner
deconvolution to the three dimensions case and a generalization of the Euler equations
(Nabighian and Hansen, 2001). They also showed that assuming M satisfies Laplace’s equation
and also satisfies the generalised Euler equation with index n and define the three dimension
Hilberts transforms as in Nabighian (1984) then two more equations are obtained which is
compact form can be written as:
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This provides a generalization of both Euler deconvolution and Werner deconvolution in three
dimensions. The new algorithm helps stabilize the Euler algorithm by providing at each point
three equations for each measured field rather than one. Gravity sources are easily treated by
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performing a vertical derivative to yield a pseudo magnetic field. The idea is to solve the
equation as a least square system followed by extraction of the source locations from the
coefficients.
Methodology
Data acquisition
Ground gravity data was collected from 425 stations established over an area of approximately
200 km2 bounded by the latitudes 34˚15’E -34˚40’E and longitudes 0˚55’S – 1˚12’S in Migori,
Mac alder and Kehancha areas (Figure 2.1), with station and profile spacing of approximately
300 m and 1 km respectively. Gravity measurements were taken using Gravity meter prospect
W45.Variations in the earth’s gravity which did not result from the differences in density of the
underlying rocks were corrected from the ground survey data.This includes instrumental drift,
free air variation, Bourguer slab, latitude and terrain effects.
The theoretical value of gravity ( ) at given latitude ( ) was calculated using gravity formula
(World geodetic system, 1984)
…………
……..…2.1
and it was subtracted from or added to the measured value to isolate latitude effect. As one
moves away from the center of the earth, gravity decreases, the rate of decrease can be deduced
by assuming spherical earth. From
………………………………………………………………………….………………
……….……….2.2
……………………………………………….……………………
……………….2.3
Where g is gravity, G is the universal gravity constant, r is the distance from Centre of the earth,
M is the mass of the earth and h is the altitude. For the sites which were above the reference
point, free air correction was added to the observed gravity value. For the sites which were below
the reference point, free air correction was subtracted from the observed gravity value. Bouguer
correction (
) where is the average crustal density, was done to remove the effect
of attraction of a slab of rock present between the observation point and the datum. Terrain
correction was also conducted to remove the effect of a hill or a valley at the vicinity of a station,
which ultimately reduces the gravity value.
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Figure 2.1: Digitized map of Mac alder showing drainage features
Data Analysis
Shaded colour contour map of the complete bourguer anomaly (Figure 2.2) was drawn using
Geosoft Oasis Montaj program. The localized gravity anomalies caused by rocks are
superimposed on the regional trends. The data was then subjected to low pass filtering to remove
the regional trends (Figure 2.3). The same was used to generate Werner solutions with the
vertical derivative of gravity used as the input anomaly profile. The inclination was set to 900
while declination set to 00. Field strength of 10 which give the best conversion of susceptibilities
to densities (Geosoft oasis montaj, 2007) was used. The minimum and maximum depths were set
at 0 m and 4,000 m respectively, any solution below the minimum depth or above the maximum
depth is discarded. Profiles for both contacts and dikes are displayed with their corresponding
spray of solutions (Figure 2.4). Given the low noise level in the data, a low residual cut-off value
of 2 was used. It sets the amplitude threshold for the anomalies and can also be used to eliminate
noise in the data.
The colour shaded contour map delineates a high gravity anomaly trending ESE-WNW, Werner
solution result was latter interpreted based on the concentration of solutions, the higher the
concentration of solution, the higher the probability of finding the causative body at that depth.
Further attempts were made to contour the obtained Werner depths (Figure 2.5). Shallow
causative body depths of between 500 m to 1,500 m are obtained.
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Figure 2.2: Shaded colour relief of the complete Bouguer anomaly

Figure 2.3: Shaded colour contour map of the low pass filtered data of Migori Greenstone
belt
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Figure 2.4: Werner solutions for both dykes and contacts

Figure 2.5: Shaded colour contour of Werner depths
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Two profiles AA and BB were further taken across the anomaly at two different points
(Figure2.6). Gravity amplitudes of 520 mgal and 500 mgalare obtained across the anomalies
along profiles AA and BB respectively. The profiles were further subjected to Werner
deconvolution in order to obtain the possible depth of the causative bodies along these profiles
(Figure 2.7 and Figure 2.8). Anomaly causative bodies were mapped at shallow depths of up to
1,500 m from the ground surface for profile AA and up to about 1,000 m for profile BB.
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Figure 2.6: Profiles AA and BB

Figure 2.7: Werner solutions along profile AA

Figure 2.8: Werner solutions along profile BB
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Discussions and Conclusion
The gravity data of Migori greenstone belt delineates high gravity anomalies of amplitude of up
to 525 mgal. The structures trends ESE-WNW from Kenya-Tanzania border through Kehancha,
Masaba, Nyanchabo, Migori, Mukuro, Masara, all through to Macalder. These regions have
witnessed a lot of artisan mining using opencast method (Ichangi, 1993). The Werner technique
maps these dense structures from the ground surface to depth of about 1,500 m. The gravity
highs are sandwiched by the high gravity gradients that are interpreted as fault lines. The
causative structures are associated with granitic intrusive characterised by banded iron
formations that also act as a host for other minerals.These structures agree well with the other
interpretation techniques and known geology of the area (Shackleton, 1946).
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