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Mineral Body Summary

Inversion In this paper, an inversion algorithm based on graph theory is applied on three
Graph real gravity data sets, including data from a chromite deposit in Camaguey,
Gravity Survey Cuba, from a manganese ore in Nagpur, India, and from a mafic unknown
Chromite body in Slovakia. The goal, here, is to use this new inversion algorithm to
Manganese model the skeleton of these subsurface targets, and then, to compare the

obtained models with previous published results. We model a homogeneous

subsurface body by an ensemble of similar point masses. Here, model

parameters are the Cartesian coordinates of the point masses and their total
mass. The set of point masses is associated with the vertices of a complete weighted graph. Kruskal’s algorithm is used
to solve the minimum spanning tree (MST) problem for the graph yielding a stabilizer, which is called “equidistance
function”. The non-linear global objective function is minimized using a genetic algorithm strategy. The methodology
provides suitable information about the extent of the bodies in east and depth directions. Moreover, the results of
previous investigation for these real data sets are given in the paper. An open source MATLAB package along with a
full description of the algorithm implementation is available at https://math.la.asu.edu/~rosie/research/gravity.html.

Introduction

In gravitational inverse modeling, the acquired gravity data on, or near, the surface are used in an automatic algorithm
to estimate some parameters of the subsurface target, for example, the density contrast or geometry of the body.
Recently, Bijani et al. (2015) developed a new 3D gravity inversion methodology based on the concept of graph theory,
which only delineates the skeleton of a homogenous subsurface body. An ensemble of similar point masses is used to
model the subsurface target. Tthe unknown model parameters are the Cartesian coordinates of the point masses and
their total mass. To implement this algorithm, Vatankhah et al., (2019) presented an open source MATLAB package,
called IGUG. The software was used successfully on different synthetic examples in Vatankhah et al., (2019) and, then,
here, the goal is to apply the algorithm on several real data sets.

Methodology and Approaches

Suppose an ensemble of similar point masses that is distributed in the subsurface. The total vertical gravity component
at observation points on the surface, due to the mass points, is obtained by superposition over all point masses. Indeed,
the inversion algorithm here requires the estimation of the total mass of the points and their positions given the observed
gravity anomaly. The estimated set of point masses indicates a skeleton of the geometry of the homogenous subsurface
target. To implement the algorithm, the set of point masses is associated to the vertices of a weighted complete graph in
which the weights are computed by Euclidian pairwise distances separating vertices. Kruskal’s algorithm is used to
solve a minimum spanning tree (MST) for the graph yielding a specific stabilizer for this algorithm that is called
“equidistance function”. Indeed, the function estimates the variance of distances among point masses in the MST, and
then, restricts the spatial distribution of the point masses. This leads to a homogeneous spatial distribution of connected
point masses in the subsurface, and consequently, a skeleton of the subsurface body. In this paper, the equidistance
function is minimized together with the data misfit function using a genetic algorithm strategy. The complete approach
of the inversion is described in Bijani et al. (2015) and Vatankhah et al. (2019).
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Results and Conclusions
Our results indicate that the depths of the chromite and mafic bodies are approximately 17 m and 22/7 km, respectively,
which are in good agreement with the results from the previous investigation. For the manganese orebody, the estimated
depth is 26 m, which is not consistent with the previous results. These results demonstrate that the methodology is very

efficient in delineating the skeleton of the subsurface targets.




