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Depth, amplitude coefficient and geometrical shape factor estimation of
barite’s ore-body by nonlinearly unconstrained inversion of gravity data
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Summary

One of the most important exploration problems in geophysics is to estimate the geophysical
parameters from the observed or residual gravity anomaly related to a buried structure, such as
depth, amplitude coefficient and geometrical shape factor. The gravity anomaly expression
produced by a simple geometrically shaped model (sphere or cylinder) can be represented by
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an appropriate analytical formula. Several interpretative methods have been developed to
interpret gravity field data assuming a fixed simple geometrical model such as a sphere, a
horizontal cylinder or a vertical cylinder. In most cases, these methods consider the
geometrical shape factor of the buried body to be a priori assumed, and the depth variable may
thereafter be obtained by graphical methods applied to the residual anomaly. However, only a
few methods have been developed to determine the shape of the buried structure from the
residual gravity anomaly. Consequently, the accuracy of the results obtained by these methods
depends on the accuracy within which the residual anomaly can be separated from the observed
gravity anomaly. In this study, a new and simple method has been developed to estimate the
depth, amplitude coefficient and geometrical shape factor of a buried structure from the
observed (composite) or residual gravity anomaly related to a cylinder or sphere-like structure.
The method is based on nonlinearly constrained mathematical modeling and also stochastic
optimization approaches. This method consists of three main steps: The first step is oriented to
formulate a nonlinearly constrained optimization model (NCOM) which mathematically
describes the geophysical gravity problem related to the studied structure. The (NCOM) model
is to optimize a mathematical objective function on an unbounded subset (defined by
mathematical inequalities constrains in which the geophysical parameters are generally
surmised to satisfy) contained in the free geophysical parameters. Ignoring these mathematical
constrains probably leads to general error estimations of the parameters. In this research, the
objective function was taken as the statistical likelihood function which depends on the
deviations between the observed and synthetic points and also on the number of observations.
The second step is directed to suggest an interior penalty function to transform the (NCOM)
model into a nonlinearly unconstrained optimization one (NUOM). The goal of using the
penalty function is to eliminate the constraints of the (NCOM) model and make them reactive
in a new target function of the (NUOM) model. The target function of the (NUOM) model
considers both the objective function of the (NCOM) model and the suggested interior penalty
function. The third step is to solve the (NUOM) model by the adaptive simulated annealing
algorithm, a stochastic approach, well-known for optimizing numerical functions of several
real decision variables. The obtained solution of the (NUOM) model includes the geophysical
gravity parameters of the studied structure such as: depth, amplitude coefficient and shape
factor. A statistical analysis has been carried out to demonstrate the accuracy and the precision
of the suggested interpretative method. We applied this method to some theoretical synthetic
examples in order to evaluate the precision of the suggested method. We also used the method
to estimate the mentioned parameters for the gravity anomaly of the Abadeh site. The obtained
results had an appropriate agreement with other methods.

Keywords: Gravity anomaly, mathematical modeling, mineral exploration, depth estimation,
penalty function, adaptive simulated annealing algorithm
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