
Inversion of Potential-Field Data by Iterative Forward Modeling 
in the Wavenumber Domain 
Jianghai Xia: Kansas Geological Survey; and Donald R. Sprawl, University of Kansas 

GM3.2 

SUMMARY 

Iterative forward modeling has been used 
to determine inversion of the gravity (or magnetic) data 
in the wavenumber domain. Modeled anomalies are 
calculated by Parker’s (1973) formula. Two forms of 
inverse modeling are determined: density 
(magnetization) distribution in a specified layer, and 
interface with a constant density (magnetization) 
contrast. Because of the stability of the forward 
calculation, no particular filter or initial model are 
needed to produce convergence of the solution. The 
technique allows large data sets to be inverted. 

A density interface derived from the 
inversion of gravity data (27,132 points) in the region 
of the Midcontinent Rift System (MRS) in Kansas 
produces a modeled gravity which agrees with 
observations to an RMS error of about 1% of the 
maximum anomaly value. The model fits drill control 
from the Texaco Poersch #l well (Berendsen et al., 
1988). The subsurface density model supports the 
interpretation that the MRS does not terminate in 
central Kansas, but continues along a south-west 
trend to at least the Kansas-Oklahoma border (Yarger, 
1983). 

The formula for calculating the gravity 
anomaly caused by a density interface with an 
exponential model has been derived. 

INTRODUCTION 

Inversion of geophysical data in the 
wavenumber domain has been of interest since 
Parker’s formula was published. As discussed by 
Oldenburg (1974), a major problem is the instability of 
the technique because explicit or implicit downward 
continuation is involved. Therefore, more recent 
implementations have involved theoretical or 
empirical regularization filters to taper growth of the 
exponential continuation function (Parker and Huestis, 
1974; Oldenburg, 1974; Granser, 1986; Ferguson et 
al., 1988; and Reamer and Ferguson, 1989). A direct 
inversion formula was derived by Grasner (1987). The 
convergence of this formula is restricted to low 
frequencies requiring filtering which causes loss of 
high-frequency information about the interface. 

In the space domain, the method of 
Cordell and Henderson (1968) is commonly used. 
The density interface is divided into a number of 
vertical prisms by some averaging or interpolation 
scheme, and a linear function is applied to modify the 
depth of each prism after each iteration. This method 
takes longer than methods based on Parker’s formula, 
especially for large data sets. The singular-value- 
decomposition technique can be used to determine a 
2-D density interface (Xia, 1986), but is difficult to 
apply in three dimensions because there are too many 
unknowns. 

In our study, inversion is accomplished 
through iterative improvement of an initial subsurface 
model. Modeled anomalies are calculated by using 
Parkers formula. 

INVERSION APPROACH 

Calculation of an anomaly field due to a 
material layer using Parker’s formula requires three 
known functions: the depth to the top of the layer (ZT), 
the depth to the bottom of the layer (ZB) and the 
density (magnetization). For magnetic anomalies, the 
direction of magnetization must be known. The 
forward series expansion of Parkers formula is 
uniformly convergent for any reasonable topographic 
relief functions, ZT and ZB (Parker, 1973). 

In our study, if ZE is assumed to be a 
constant (Z8 2 ZT), which implies that the anomaly is 
caused only by the upper interface ZT, the goal of 
inversion is to determine ZTunder the condition of a 
known constant density (magnetization). Conversely, 
given ZTand ZB, the goal of inversion is to determine 
distribution function of density (magnetization) in the 
layer defined by ZTand ZB. The formulas that are 
used to modify the model after each iteration are listed 
below. 

Case 1. Determining the depth to the top 
of magnetic interface: 

A/-/F =2[tan(# /4&-tan(T/4&](Zqk)2/AL, (1) 

where superscript k stands for the kth iteration and 

subscript i for the ith data point; AH:, is the 

modification to the depth fl:, the depth of ZT below 

point i; hr and T are the calculated and measured 
total magnetic field anomalies, respectively; and AL is 
the average distance between data points; 

J = Jx (sin2/-cos2/ xsin2D), 

where I and Dare the angles of inclination and 
declination of magnetization J, respectively. 

Case 2. Determining the distribution of 
magnetization in the layer:. 

AJ: = (T - h~)/4tan-‘(AL / 2Zqk), (2) 

where AJF is the modification to Jf, the magnetiZatiOn 

below point i. 
Case 3. Determining the depth to the top 

of density interface: 

A,‘$ =(gi-$)12?rGAp, (3) 
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2 hIVerSiOn of Potential Field Data 

where gi and hi” are the measured and calculated represent the modified magnetization distribution in the 
gravity anomalies, respectively, G is the gravitational layer, is shown in Figure 2. The sharp boundaries in 
constant, and Ap is the density contrast. Figures 1 and 2 clearly locate the position of the solid. 

Case 4. Determining the distribution of 
density in the layer: GEOLOGIC EXAMPLE 

Api” = (gi -t$j/2nG(ZBi -Z7$ (4) 

the formulas (1) and (2) are simplified from the 2-D 
vertical dike (Telford, Geldart, Sherriff, and Keys, 
1982, p.166). Formulas (3) and (4) are based on the 
Bouguer-slab formula. 

Two errors used to trace the iterative 
procedure are an rms error RMS(k) at the Mh iteration 

We invert gravity data from central 
Kansas in the region of the MRS. The data are the 
residual Bouguer anomaly with a second order trend 
removed (Lam and Yarger, 1989), gridded to 1.6x1.6 
km by SURFACE Ill (Sampson, 1988). Total number of 
data points is 27,132. The initial model is based on 
well data (Berendsen et al., 1988) and models by 
Yarger (1989) and Somanas et al. (1989). 

RMS(k)= $(I$ -fi)* 
i----y i=l (5) 

and the maximum deviation MAXD(k) at the kth 
iteration 

(6) 

Case 3. Define Ap = 0.5 g/cc, ZB = 100 
km and initialize ZTto 2.6 km. The initial errors are 
RMS = 13.1 mgals and MAXD = 52.2 mgals. Two 
iterations reduce the errors to RMS = 0.86 mgals and 
MAXD = 6.8 mgals. The final model, which represents 
the modified depth to the top basaltic rocks, is shown 
in Figure 3. The calculations took 125 CPU seconds 
on a Data General MV20000. The depth to the top of 
basaltic rocks in Texaco Poersch #l is about 0.9 km. 
The modeled interface has a depth 1 .l km at the same 
location. 

where fi is measured anomaly, N total number of data 
points. 

The inversion approach can be 
described as follows: 1) Determine an initial model: 
initialize the model ZTto a average depth of the 
interface and define Ap (or J) = constant and Zf3 = 
constant (>ZT) for the case 3 (or case l), or initialize 
the model Ap or J) to a average value and define ZT 
and ZB for the case 4 (or case 2); 2) Calculate 
anomaly h(x,y) by Parker’s formula and the RMS and 
MAXD by formulas (5) and (6), if neither of these 
errors are reduced or the RMS reaches the accuracy 
threshold, the iterative procedure will be terminated, 
otherwise; 3) Modify the model by one of formulas (1) - 
(4) according to the goal of inversion and the type of 
anomaly, go to step 2. 

Case 4. Define zT= 0.8 km and ZB = 3.5 
km, and initialize the density of the layer to 2.67 g/cc. 
The initial errors are the same as the case 3 above. 
Afler 2 iterations the errors are RMS = 0.5 mgal, and 
MAXD = 3.1 mgals. The final model of density 
distribution in the specified layer is shown in Figure 4. 
The southern extent of the rift system (presence of 
basaltic rocks) is suggested by 2500 m contour in 
Figure 3 and by the zone of densities greater than 2.7 
g/cc in Figure 4. Rift associated volcanics appear to 
extend almost to the Kansas-Oklahoma border. 

EXPONENTIAL DENSITY MODEL 

In the future basin modeling, a density 
which is an exponential function of depth 

p(z) = a + beep2 (7) 
SYNTHETIC EXAMPLE 

We calculated the synthetic magnetic 
anomaly from a rectangular solid (I = 60”, D = 45”, 
magnetization = 400 nT). The solid is 80x80 km 
horizontally and has its top at 3 km depth and its 
bottom at 6 km depth; i.e., a square horst with 3 km 
vertical offset. Anomaly values were calculated at Z = 
0 on a 100x100 grid of points, spaced every 1.6 km. 

will be assumed. The gravity anomaly caused by the 
density interface with this density model is h = h,+hp 
The first term h,, which is caused by a constant 
density a, can be calculated by Parker’s formula. The 
formula of calculating the gravity anomaly h2 caused 
by the second exponential term has been derived. 

Case 1. Define J = 400 nT and ZB = 100 
km, initialize the model zT= 4.5 km. Initial errors are 
RMS = 132.1 nT and MAXD= 626.3 nT. After 17 
iterations, the errors are RMS = 37.2 nT (6% of the 
maximum anomaly) and MAXD = 128.9 nT. The final 
model, representing the modified interface ZT, is 
shown in Figure 1. 

- [-(P +Iql”-’ x 
F[h&,y,] = 2nGbz 

n=l 
n! 

1 e++li~)‘zF[(z2(x.y)- &)“I- 

Case 2. Define ZT= 3 km and ZB = 6 km, 
initialize the magnetization to 200 nT The initial errors 
are the same as in case 1. After 20 iterations, the 
errors RMS = 28.9 nT (4.4% of the maximum anomaly) 
and MAXD = 99.2 nT. The final model, which 
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Inversion of Potential Field Data 3 

the notations of this formula are the same as in Blakely 
(1981). It is apparent that calculation of frz will require 
the same order of magnitude of timeas the calculation 
of hf The linear density model of Reamer and 
Ferguson (1989) is the specific case of the 
exponential model (7). Formula (8) may be more 
computational efficiency than the formula which is 
based on using vertical prisms with the model (7) to fit 
an interface (Chai and Hinze, 1988; Chenot and 
Debeglia, 1990). Further investigation is warranted. 

CONCLUSIONS 

The forward, iterative approach 
employed here avoids the problem of growth of the 
exponential continuation function and is efficient 
enough to be applied lo large data sets. The solution 
converges stably and is reliable except for the case of 
inversion of magnetic data with inclination less than 
45’ (migration-to-pole before inversion should help in 
such cases). This approach allows the model of 
density (magnetization) distribution in a flexible layer, 
a specific case of which is a horizontal layer. This 
flexibility is useful for determining the density 
(magnetization) distribution in a particular layer. The 
distribution of density (magnetization) could be more 
closely analogous to a geologic map (Cordell and 
McCaiferty, 1989) and probably provide the 
information about the boundaries of different types of 
rocks or geological structures. 
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4 inversion of Potential Field Data 

FIG. 1. Depth to magnetic interface. 

Units in meters. 

1 

0 km 50 
0 The locdiion of Texaco Poersch #I. 

FIG. 3. Depth to density interface of YRS, Kansas. Datum 
is the same as the elevation of Texaco Poersch #I, Contour 

interval is 250 m. 
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FIG. 2. Distribution of magnetization within a 

3 km thick slab lying between 3 km to 6 km 

deep. Units in nTs. 
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Density distribution in MRS area, Kansas, ritbin,a 2.7 km thick 

slab lying between 0.2 km to 3.5 km depth. Unita in g/cm8 
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