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Abstract: We modeled the effect of the deformation of a Density Gradient Zone ( DGZ) on a local gravity field 

using a cubical model and introduced a new method to simulate a complex DGZ ( CDGZ) . Then, we analyzed 

the features of the model for the influence of the deformation of the DGZ on the local gravity field. We 

concluded that land-based gravity is not sensitive to the thickness of the DGZ and that the magnitude of the 

contribution of the DGZ is one order less than that of the volume strain with the same displacement. 
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1 Introduction 

Following the pioneering work of Walsh[!], who de

rived the integral expression between local crust de

formation and gravity changes on a fixed point in space 

by assuming isotropic density and infinitesimal deform

ation , numerous researchers have attempted to extend 

the theory and apply it to explanations of the changes 

in gravity and deformations that occur before earth

quakes. Reilly and Hunt[Z, ' 1 investigated Walsh's for

mula and noted a mistake , but their modified expres

sion still ignored the effect due to the deformation of 

the lower surface surrounding the integral volume. To 

study the mechanism of the changes in gravity that oc

curred prior to two earthquakes at Haicheng City in 

1975 (Ms=7.5) and Tangshan City in 1976 (Ms= 

7. 8) , Chen [ 41 derived a general expression about the 

changes in gravity caused by the deformation of a con-
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tinuous medium with a cavity, including the influence 

of ground vertical deformation. More recently, Shen [Sl 

extended the integral expression to large-scale crustal 

movement to allow the simulation of the coupling of re

gional crust deformation and changes in gravity. How

ever, a practical formula was not available because of 

the complex integral region and integrable functions. 

In the present study, we modeled the effect of de

formation due to a Density Gradient Zone ( DGZ ) on 

local gravity using a cubical model and introduced a 

new method to simulate a Complex Density Gradient 

Zone ( CDGZ) . Then, we analyzed the features of the 

model for the influence of the deformation of the DGZ 

on the local gravity field. We concluded that land

based gravity is not sensitive to the thickness of the 

DGZ and that the effect of the DGZ is one order less 

than that of the volume strain with the same displace

ment. 

2 Changes in gravity due to the de
formation of a DGZ 

According to the general formula, the changes in gravi

ty due to the deformation in a continuous medium with 
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a cavity on an observed point fixed in space P(x0 , Yo, 

z0 ) can be described as follows [ 4 l : 

6g =- cllJ zV· (pu) dV +ciT zpu. ndS-
v R3 lis R3 

(1) 

where 6g is the change in gravity, G is the gravitation

al constant , R is the distance between the observed 

point P(x0 , Yo, z0 ) and the deformed point in volume 

V, z is the depth of the deformed point , p is the densi

ty of the medium , u is the displacement of the de

formed point , S represents the outside and inside sur

faces of the deformed volume V, excluding the Earth's 

surface, n is the outside normal of S, PE is the average 

density of the Earth (5. 517 g/cm3
), his the vertical 

deformation, and V is the divergence operator. 

The first term of formula ( 1 ) can be regarded as the 

effect of inner deformation for a deformed volume V on 

the local gravity field [ 4 ' 
6

' ?] • In general, if the density 

of the deformed volume is constant in an isotropic me

dium, then the first term of formula ( 1 ) degenerates 

into the influence of volume strain. However, the prop

erty of the crust varies with space significantly, so the 

density of the deformed volume cannot be assumed as 

constant with long-term tectonic activity. This proce

dure can be described as follows[BJ : 

V(pu)=p V • u+u · gradp=pOI+u • gradp (2) 

where 01 = V u is the volume strain , and gradp is the 

vector of the density gradient. 

Substituting equation ( 2) into ( 1 ) and defining 6g 8 

and 6g 2 , we obtain: 

11J 
zpOI 

6g =- G -dV 
8 R3 

v 

=- cllJ zpex d v - cllJ zpe, d v - cllJ zpez d v 
R3 R3 R3 

v v v 

(3) 

6 =- cllJ zu • gradp dV 
K2 R3 

v 
(4) 

where Ex , e, and Ez are line strains for the x-, y-, and 

z-directions, respectively. Therefore , it is important to 

quantitatively estimate the change in gravity caused by 

the DGZ and volume strain and to analyze their 

features. 

2.1 Changes in gravity due to the vertical dis

placement of the DGZ 

As shown in figure 1 , the cubical model was applied to 

simulate the changes in gravity due to the vertical dis

placement of the DGZ. The parameters of the cubical 

model were designed as follows: the density of the blue 

region is Ptz , the density of the yellow region is pz. , the 

red region is the DGZ with a range from Z 1 to Z2 , and 

u · gradp is defined as follows : 

y 
• P(x. y. 0) 

Q(x,y, z) 

z 

Figure 1 Model of the vertical DGZ 

(5) 

where Pilz is Pz. -p1z. 

Substituting equation ( 5 ) into ( 4 ) and considering 

the assumption of infinitesimal deformation, we obtain: 

6g2z = 
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