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3D Inversion In this paper 3D inversion of gravity data for determination of subsui
Co-Kriging density dstribution is made usghgeostatisticato-kriging method. Cekriging
Geostatistics is a mathematical interpolation and extrapolation .tdbluses the spati
Variogram correlation between the secondary variables and a primary variable to il
Safoo Mine the estimation of the primary variable at-sampled lgations. TheCo-kriging

method gives weights tihe data so as to minimize the estimation variance

co-kriging variance). In this paper, the primary variable is density, (estima
}J*) and t he s econ drRordgtermiration & lelel enatiix $he subsarfade airga isglivided into e
number of rectangular blocks of known sizes and postidrhe unknown density contragt each prismis the
parametethat should bestimated In addition, the weighting matrix hatsobeen used irder toimprove the depi
resolution.Preconditionecdconjugategradient method Isabeenused forinversion. The computer program kéeer
written in MATLAB and tested on synthetigavity ofarectangular prism modeThe results indicate that the geony
and density of the reconstructed model are close to those of the original model. The gravity data iacguisd:
which includes concealed manganese lwodies Safa mine site), in norttvest of Iran. The results show a den
distribution in the sbsurface fronthe depthof about 5 to 3510 m These resultarein good agreement with the resi
of theborehole drilled in the site.

Introduction

We may encounter two problems in gravity data inversion:umagueness and nestability of solutionsThe firstone
occursfor two reasos: The first reason is known as the theoretiaaibiguity of the unknown nature of poten
theory The second reasds known asalgebraicuncertainty which is considereavhenthe number of parameteis
greater thanhe number of observationthe second problem may ocdugcause of bad condition (dbndition)of the
kernel matrix and the presence of noise in the data.finding a unique and stable solutimonstraintsshould b

consideredin the objective functio, and thenthe new objective functignwhich is replacel the initial objectivi
function should be minimized.

Methodology and Approaches

For determination of kernel matrixhe subsurfacef the surveyareais divided intoa large number of rectangu
prismsof known sizes and positions. The unknown density corfaesich prisnis the parameter to be estimatdthis
kind of parameterization is flexible for the reconstruction of the subsurface modgkrmratesnore unknown mod
parameters than obivations (here N << M, where N is the number of data and M is the number of model pare
Becausehe applied methot stochastic, the objective function invabwbe gravity covariance matrix and the der
covariance matrix for uncertainty in tlita and in parametenespectively. In this studythe gravity, density, ar
gravity-density covariance matrices are estimated using the observed gdatidy Thenthe densities areo-kirigec
using thegravity data as the secondary variable. Theamances Cgg and Care not stationary even on a horizo
plane due to the limited lateral extension of the underlying density model. Thetatmmary nature of the gravi
gravity and gravitydensity cevariances presents a problem for statistickdrenc@ Thus, traditional estimators suct
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variograns cannot be used directly, and the model parameters for density covaaigestimatedvia inversion. Wi
haveused the W plot approachhatenables immediate generalization to the-stationary cse.

Results and Conclusions

By applyingco-kriging stochastic algorithm on synthetic datestate of without andwith random noisggood result
for the density and depth of thmodel have been achieveBy applying themethod onactual datafrom Safoc
manganese mine sjtthe resultobtained forthe depth and densitof the subsurface ore body dregood agreeme
with the results ofirilling implemented in thenine site Furthermore, as a result applying themethod orthe data
generakhapeof the subsurface ore body waell determined.




