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Abstract

The completion of gravitational data inversion results in a smooth recovered model. 
GRAV3D is one software that can be used to solve 3D inversion problems of gravity data. 
Nevertheless, there are still fundamental problems related to how to ensure the validity of 
GRAV3D to be used in 3D inversion. One approach used is to use lower bounds as inversion 

parameters. In this study lower bounds are set from to . The results obtained 
show that the use of lower bounds decreases resulting in a larger data misfit which means 
that the more data that meets the tolerance calculation, the better-recovered model produced.

Keywords: GRAV3D, 3D Inversion, Validation, Lower Bounds

1. INTRODUCTION 
Gravity data inversion modeling is a direct interpretation method that results in 
recovered models obtained based on gravity anomaly data with the boundary 
conditions assumed in the initial model. Gravity data inversion modeling is a 
problem determining the distribution of density in the earth from some gravity 
measurement data carried out on the surface of the earth GRAV3D (made by the 
UBC Geophysical Inversion Facility, Department of Earth and Ocean Sciences, 
University of British Columbia) is one of the gravity data inversion modeling 
programs. Modeled the earth by using a number of rectangular cells of density and 
then the final density distribution is obtained by minimizing the function of the 
objective model to adjust between the model and the field gravity data. The 
problem that arises is that there is no discussion about the validity of the GRAV3D 
program before it can be used for gravity data inversion modeling. Validation of 
the GRAV3D program must be done to obtain the validity and reliability of the 
recovered models obtained as a result of inversion[1], [2] There is a possibility of 
obtaining the validity of the UBC-GIF GRAV3D program through two approaches 
(i) a reference model ( ) and (ii) lower and upper bound models that define 
the minimum and maximum values, which will determine the cell value in the mesh 



until the recovered model is obtained smooth. [3]. The solution of 3D inversion 
with GCV techniques through the determination of the lower limit can be applied 
by taking into account the misfit that must be achieved should be within the rough 
range 0.5 N 5.0 N, being N the number of data [4], [5]. The generalized cross-
validation (GCV) technique was chosen for the second invasion due to its 
effectiveness with data sets that have good spatial coverage and positive anomalies 
[6].

2. METHODS
The solution to the inversion problem using the GRAV3D program is the problem 
of finding density which minimizes data misfit according to noise. The solution 

involves the solution of the equation where is the 
regularization parameter that controls the data misfit and the recovered model in 
the form of an objective function . The numerical solution of the objective 
function can be written

(1)

where and are vectors M which state the recover and reference models. The 

magnitude that is used in the calculation to obtain a numerical solution objective 
function has a lower and upper bounds in the form of an equation

(2)

where and vector that contains lower and upper bounds on model values.

Validation of GRAV3D gravity data inversion program is done through stages:
1. Using the initial modeling program with the MeshTools3D program
2. Forward modeling to get the initial model gravity response
3. The preparation of synthetic gravity data through the addition of Gaussian 

distributed errors to the initial model gravity response data
4. Inversion of synthetic gravity data using the GRAV3D program by repeatedly 

determining the lower bound of the recovered model until the recovered model 
is obtained

3. RESULTS AND DISCUSSION
Preparation of the initial model using MeshTools3D with the initial model 
parameters as seen in table 1 and table 2. The initial model parameters used produce 
the initial model as illustrated in Figure 1. The initial model is described as 2 
ellipsoid balls of different densities namely 2 dan 2,5 .

Table 1. Parameter for ellipsoid (1) initial model

block 1
density 2 gr/cm3
type ellipsoid

Coordinates (m)
X 480 780
Y 240 540
Z -50 -370



Table 2. Parameter for ellipsoid (2) initial model
block 2
density 2,5 gr/cm3
type ellipsoid

Coordinates (m)
X 520 820
Y 200 500
Z -50 -370

Figure 1. The initial model in 3D that was compiled using the MeshTools3d 
software (a) side view, (b) top view.

The gravity response of the initial model is obtained by using the gzfor3d.exe 
program as illustrated in Figure 2.

Figure 2. The initial model gravity response in 3D compiled using the 
MeshTools3d software is obtained with the gzfor3d.exe program.
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Figure 3. Gravity response with a 0.02 mGal Gaussian error of the initial 
model in 3D compiled using the MeshTools3d software obtained with the 

gzfor3d.exe program

The next stage is synthetic gravity data arranged through the addition of Gaussian 
distributed errors in the initial model gravity response data. The gravity response 
of the initial model is then added by a 0.02 mGal Gaussian error which is treated 
as synthetic gravity data to test the validity of the GRAV3D program (Figure 3).

Inversion of synthetic gravity data using the GRAV3D program is done through 
the determination of the lower bounds starting at to gr/cm3 to get the 
recovered model repeatedly until a smooth recovered model is obtained. The 
recovered model produced as the final result is illustrated in Figure 4.
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Figure 4. The gravity response of the recovered model in inversion 3D using 
the GRAV3D software generated for the lower bound

Figure 5. The fitting curve of the gravity profile obtained for the three models

The correlation coefficient produced between the initial model gravity response 
profile and gravity prediction ranges from 0.999. Models recovered in 3D inversion 
results using GRAV3D software are illustrated in Figure 6.
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Figure 6. Model recovered in 3D inversion using the GRAV3D software (a) side
View, (b) top view.

Table 3. Numerical solution to get the recovered model from GRAV3D inversion 
using the GCV algorithm

Numerical solution to get the recovered model from GRAV3D inversion using the 
GCV algorithm with the lower bounds starting at to gr/cm3 shown in
table 3. At lower bounds gr/cm3 achieved misfit the data misfit value 
gets bigger to lower bounds gr/cm3 at achieved misfit .  The results 
obtained show that the recovered model obtained is equivalent to the initial model 
produced. This result is reinforced by the results obtained through a fitting curve 
which has a correlation of 0.999 as shown in Figure 5.

4. CONCLUSION
The approach used by using lower bounds as an inversion parameter can be used 
to ensure the validity of the GRAV3D program. In this study lower bounds are set 
from to produce a larger data misfit which means more data 
that meets the tolerance calculation means that the recovered model produced is 
finer with a stable data misfit value at .
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