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ABSTRACT 

A computationally efficient method of modeling gravity anomalies using the well known 

Parker series is presented. This is a modification of an already existing method that is 

applicable only for modeling of gravity anomalies caused by sedimentary basins. The 

modified version which is referred to as PITM method can be used to model gravity 

anomalies caused by sedimentary basins, igneous intrusions and geological faults. Both two 

and three dimensional modeling can be performed using this method. Most important 

feature of the PITM method is that it provides enhanced maneuverability to the person who 

carrying out the modeling. This feature helps to model bodies with geologically realistic 

shapes which have applications in oil and mineral exploration industry as opposed to 

unrealistic bodies which are mere mathematical artifacts. This method can also be used to 

model gravity anomalies in terms of bodies subject to constraints and also gravity gradient 

data after slight modifications. 

The study commences with a comprehensive investigation of the Parker series which 

includes its detailed derivation following an outline given by the author of the original 

publication, studying the convergence of the series and estimating the relative magnitudes 

of its terms which facilitate the justification of truncation of the series appropriately. 
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CHAPTER 1 

Introduction 

1.1 	Background 

World of philosophers and mathematicians and the world of work created by the artisans 

existed as two different entities until the intervention of Galileo Galilee in 16thi 

century(Hawking,2002). Galileo who held the prestigious position of Professor 

Mathematics at the Padova university in Italy made an attempt fuse these two worlds which 

lead to the birth of modern science. Model formulation and testing the models became an 

important aspect of modern science and mathematics has played an immensely important 

role in this regard. In model formulation a set of assumed physical properties of a system 

that is under investigation are related to observations and the tool that is used to establish 

this relationship is mathematics. These relationships very often are non-linear and can be 

expressed as mathematical equations such as partial differential equations or as integral 

equations. Determination or estimation of the physical properties can be carried out by 

solving these equations which is again a formidable task in mathematics. In certain cases 

using simplifying assumptions, such relationships can be made linear and they can be 

expressed as a set of linear equations. Such equations can be solved using the linear inverse 

theory Further, mathematics has played a crucial role in understanding the limitations of 

the solutions and also how to interpret the results in real world scenarios. 





1.2 	Aim and Objectives of the Study 

The aim of the study is to investigate the possibility of using the Parker series to solve the 

inverse problem in gravity. Objectives of the studies are to 

I. 	perform a detailed derivation of Parker series starting from the outline provided 

by Parker (1972). 

investigate the convergence of the Parker series, 

study the relative magnitudes of terms in the Parker series, 

critically review the existing method which uses the Parker series to solve the 

inverse problem in gravity, 

modify and improve the existing method so that it could be applied to model 

gravity anomalies caused common geological structures, 

investigate the success of the modified method to model simulated gravity 

anomalies due to known structures, 

investigate the possibility of using the modified method to model observed 

gravity anomalies due to real geological structures 

investigate the possibility of using the modified method to model gravity 

gradiometry data (Today there is a trend of measuring gravity gradients instead 

gravity in air-borne surveys). 

3 





Chapter 4 is devoted for a comprehensive discussion of the Parker series. Based on an 

outline of a derivation given by Parker (1972) and also using some information obtained 

through personal communication with the author, Prof. R.L. Parker, a detailed derivation of 

the series has been carried out. To use this series to solve the inverse problem in gravity it 

is very important to understand how rapidly the series converges and relative magnitudes of 

the terms as we truncate the series after the consideration of a certain number of terms. A 

comprehensive discussion of these aspects has been provided in this chapter. 

Chapter 5 is mainly on the investigation of the possibility of using the Parker series to 

model gravity anomalies. First a critical evaluation of the existing method of solving the 

inverse problem using the Parker series is given. Then a modificatiOn of this method 

removing some of its shortcomings and enhancing its applicability to model gravity 

anomalies produced more geological features is presented. 

The modified method was subjected to a series of numerical experiments to examine its 

capability to model gravity anomalies due to sedimentary basins, igneous intrusions, 

geological faults. The investigation involved a computation of the gravity anomaly due to a 

hypothetical geological structure of known dimensions and then use the method formulated 

in the study to model this gravity anomaly. Then the dimensions of the structure that is 

obtained from modeling is compared with known dimensions of the hypothetical structure 

used for the forward calculation to ascertain how successful the modeling process is. Then 
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