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1981/21. FORTRAN programs for the vertical continuation of gravity data

R.G. Richardson

Abstract

The equivalent source technique provides a means of vertically
continuing gravity observations that are irregularly distributed in
space without the normal regquirements of gridding, with accompanying
filtering and distortion, and reduction of observations to a wuniform
plane.

A suite of programs is presented which represents an advance
in the efficient implementation of the original algorithm.

INTRODUCTION

Gravity observations on an irregular grid at a variety of elevations
may be synthesised by a source of discrete point masses (the equivalent
source) on a plane at an arbitrary depth below the lowest observation
height. Once the equivalent source is determined, the field can be re-
calculated on a regular grid at any height above the plane of sources,
allowing rapid determination of regional and residual anomalies.

The equivalent source technique was originally formulated by Dampney
(1966; 1969) and applied by him to the Derby~Winnaleah area of north-east
Tasmania, but it has since been enhanced and optimised for use with
Department of Mines surveys (Leaman and Richardson, 1981). The following
discussion of the technigue is adapted from Dampney (1969).

The gravitational field gg; (x,y,z) observed at N observation peoints can
be synthesised using N point masses at a suitable depth, and the eguation

9y = aymy *oagom, + ... b aymot+ o +oagm
gy = agmptamy t ... tasm ¥ ta
= + + ...+ + ...+
Iy A1t ™ SakMk "N
where K{z.-h)
a. = i
ik

e 22 e 32 213
[-a )2 + (v;-8,02 + (2,-1)21%

Z = h is the horizontal plane containing the point masses
mk at (ak: Bk: h)
95 is the observed gravity field at (xi, oy zi).

This can be written in matrix form as
g = Am
which represents N simultaneous equations in N unknowns and is thus sclvable.
The equation is sclved by reducing R to a value of No2 by varying
the . in
(g-2m) T (g-Am)

where denotes the transpose operation
is the number of data points

ig the mean variance of the observed data.
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The A values may be stored on disk or tape, stored in memory or re-
computed each time as required. As implemented, the method aveids numerical
round-off problems. The computation time is proportional to N? and thus for
large N the data may need to be subdivided and the method applied to
calculate the eguivalent masses for each sub-area. These masses are then

used as the first approximation to the point masses required to synthesise
the complete data set.

PROGRAM DESCRIPTIONS
The normal program sequence is:
(i) INITIAL/MASS

Calculate a first approximation to the point masses and

generate the file of a,, values. If the data set is

sufficiently small the a,, values may best be stored

in memory or if the data set is very large the a,, wvalues
ik

may have to be re-calculated at each usage.

(ii) GRAVTWO/A

Takes the observed gravity, initial approximations to the
point masses, and the a, values and adjusts the point

masses until R < No2.

(iii) GRAVTWO/B

Calculates the gravity field at a series of points on a
rectangular grid at any height above the plane of the
equivalent source.

(a}) INITIAL/MASS

This program (Appendix 1) sets up duplicate files (G2FA, G2FB) of
the point masses, a control file (G2FC) used by program GRAVTWO/A to
indicate the most up-to-date values for the point masses, and the a,
values. The array dimensions should be adjusted to suit the number
of data points.

bata input from File 5 is:
Line 3800 N number of data points

Iine 4100 H the height of the source plane {(negative below
the datum)}.

Normally 2.5AX < (Zi-H) < 6AX
where AX is the average cbservation separation.

The optimum value of H may be determined by
plotting the rate of convergence of equal length
runs of GRAVIWO/A for different values of H and
choosing the H value corresponding to fastest
convergence (e.g. Leaman and Richardson, 1981,
fig. 14).

EPS (=No?) the error value at which the approximation is
sufficiently good.
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CON sets the minimum acceptable rate of convergence
at each iteration. If convergence is too slow and

the number of iterations is greater than LOOPS
then A = C*A,

Try CON = 0.1.

IOOPS is used to decide when to increase A.

Try LOOPS = 2.

C the factor by which A will be increased if
convergence is not sufficiently fast.

Try C = 1.5.

LIMA the upper value allowed for A,
Try LIMA = 2.8.

The above variables are passed to GRAVTWO/A and GRAVTWO/B via
files G2FA and G2FB.

Data input from File 2 is;

Line 6800 Xi' Yi’ Zi, Gi the N sets of observation coordinates and
gravity values are read and the height is
converted to the same units as X and Y at
line 7100.

The program calculates the average height of the observations and
the maximum and minimum X and ¥ coordinates. Using this information, the
average number of point masses, within a distance of three times the
average height of observations above the source plane from each cobservation
point, is calculated. The initial approximations to the point masses are
then calculated using:

G, *(H-2,)?
m, = 1 i
N
avge
N a;, values are calculated for each value of I using
Z.-H
Aik(K) = i

(x;=x )% + {y, =y )2 + (2-0)2) Y2
and then written to File 1.
(b} GRAVTWO/A
This program {(Appendix 2) uses the files G2FA and G2FB which were

created by INITIAL/MASS. The terminology used within the program is that
of Dampney (1269) and solves the eguation

g = Am

using an over-relaxed method of steepest descent.
Data input from File 8 is:

Line 4000 Gi the N cbserved gravity wvalues.
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The a; values are copied from tape to disk for higher access speeds
(Line 4700 to Line 5500} and the most recently written file of mass
values is read from disk (Line 2700 to Line 3800). Computation terminates
when the sum of the squares of the difference between the observed gravity
value and calculated gravity value is less than EPS or when the processor
time exceeds some specified walue. Every 200 processor seconds {approx-
imately) the current point mass values are written to disk and the
control file (G2FC) updated accordingly.

If the rate of convergence is too slow as defined by CON and LOOPS,
the value of A is increased by a factor C (Line 9700) until LIMA is
reached. If the solution becomes non-convergent, the A value is halved
and the point masses recalculated to ensure convergence.

The arrays (Line 2100) should be dimensioned to suit the data. If
the data set is sufficiently small, the a., wvalues may be stored in memory,
or if the data set is very large the a5 values may need to be calculated
each time they are referenced. The latter would require storage of the
coordinates of the observation points.

(c) GRAVIWO/B

This program (Appendix 3) uses the mass values calculated by
GRAVTWO/A and the X and Y coordinates of the observation points to
calculate the anomaly on a rectangular grid at an arbitrary height above
the equivalent source plane.

Data input from File 7 is:

Line 1800 zl the height of the desired continuation plane
(negative below the datum)

GSPACE the X and Y spacing of the grid in the same
units as the cbservation point coordinates
(separate X and Y values could be specified
with slight modifications to the program).
Data input from File 5 is:
Line 4300 Xi’ Yi the N sets of observation coordinates.
The grid limits are set in Lines 2800 to 3200.

Data output to File 8 is:

Line 4600 GSPACE ) X
as for input

zl )
Line 6500 I a row counter for the gravity values.
Line 7100 Ggrid a row of calculated data from Xmin to Xmax.

The program calculates the gravity anomaly using the formula
3 my (Z1-H)
k=1

Ggrid

_ 2 n 2 oy 243
((Xk Xgrid) + (Yk Ygrid) + (Z1-H)<) %
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CONCLUSIONS

The equivalent source technigque provides a reliable method for
removing many of the problems associated with gravity surveys in areas of
irregular topography. Computation time is long, with the number of
iterations depending on the distribution of observation points and on the
anomaly wavelengths present. For a set of 1013 gravity observations from
eastern Tasmania, the processor times on a Burroughs B6700 were

Program Time (seconds)
INITIAL/MASS 330
GRAVTWO/A 42 000
GRAVTWO/B 250

Although these times are long the costs, when compared to the cost
of drilling, are small.
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APPENDIX 1
Programme, INITIAL/MASS
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APPENDIX 2
Programme, GRAVTWO/A
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APPENDIX 3
Programme, GRAVTWO/B
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