
Petroleum Research
Petroleum Research, 2019 (February-March), Vol. 28, No. 103, 30-32

DOI: 10.22078/pr.2018.3188.2468

2D Nonlinear Basement Modeling for 
Hydrocarbon Exploration by Gravity 

Data, Carlisle England Area
Yaser Dehban1, Ali Nejati*1 and Mohammad Rezaie2

1. Faculty of Mining, Petroleum and Geophysics Engineering, Shahrood University of Technology, Iran

2. Faculty of Engineering, Malayer University, Iran

nejati@shahroodut.ac.ir

DOI: 10.22078/pr.2018.3188.2468

Received: February/18/2018           Accepted: September/02/2018

INTRODUCTION
Gravity in geophysics is an efficient approach to 

analyze the Earth crust structure, in mineral ex-

ploration, Hydrocarbon exploration, hydrogeol-

ogy, glaciology, etc. The inversion of gravity data 

to achieve the basement relief of a sedimentary 

basin has been performed as a common task 

bythe nonlinear techniques [1, 2, 3]. The bottom 

relief determination of the sedimentary basin is 

an essential step in Hydrocarbon exploration for 

prospecting the location of possible stratigraphic 

traps [4]. It is used in hydrogeology studies to un-

derstand the geological structure of aquifers [5, 

6], and it is used for reaching the flow rate of dis-

charge in glaciology [7, 8, 9].

METHODOLOGY
In the case of nonlinear inversion data, the following 

equation (Equation 1) can be written [10]:

d=A.m                                                                       (1) 

d is the gravity data vector (mGal), A,m are the 

kernel matrix and model parameter vector (m) 

respectively. 

A nonlinear inverse problems can be solved by 

minimizing an objective function which depends 

on the observed and predicted data and defined 

as follow [11]:

( ) ( ) ( )1
2 2d mF m F m F mβ

= +                                        (2)

where β is regularization parameter. If the 

function F(x) is a smooth function for the model 

parameters, the function can be limited using 

the Taylor series for the function which can be 

written in the following equation (Equation 3)

[12]:

F(m+δm)=F(m)+ γT δm+1/2δmT H .m                        (3)

where terms of the gradient vector (γ) and the 

Hessian matrix (H) can be calculated using the 

following equations (Equations 4 and 5) [11].
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γ=-(GT (d0-d(m))+βI)                                                   (4)

H=GT G+βI- m GT (d0-d(m))                                      (5)
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The derivative Gij can often be found analytically 

using Equation 6 (8). In equation (5), T
mG∇

appears with the data misfit. Moreover, the 

appearance of T
mG∇  with the data describes 

the nonlinear dependency of the data on the 

model parameters. Moreover, the nonlinearity 

is usually weak; therefore, it is neglected in the 

computation of the Hessian matrix [13].

 Finally, the amount of δm can be calculated 

using subspace method [14]:

δm=-V(VT H V)-1 VT γ                                                (7)

The “T” sign is a transpose matrix and  where V 

is the base vector which is calculated using the 

singular value decomposition method (SVD) of 

the matrix Hessian.

RESULT AND DISCUSSION
The obtained results from inversion of synthetic 

model with free noise and 1% and 5% noise 

show that the algorithm is stable against data 

contaminated with different level of noises. 

Also, data misfit from observed gravity data and 

predicted data shown that proposed algorithm 

is good estimate from our model   by making a 

compression between obtained results from 

inversion of real gravity data and geological 

section at the study area.

CONCLUSION
 In this method, a set of data for modeling two 

layers is used and aiding second data is not 

needed. Also, in this method, basis vectors 

are used to increase the speed of modeling. 

Moreover, in this method, the dimension of 

inverse matrix is smaller. 
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