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1981/20. Programs for calculation of the gravitational and magnetic
anomaly of 3-dimensional bodies

R.G. Richardson

Abstract

The gravitational and magnetic anomalies of three dimensional
bodies specified by structure contours may be readily calculated
allowing comprehensive quantitative interpretation of most
geological structures.

INTRODUCTION

When quantitatively interpreting gravity and magnetic surveys
medelling is frequently performed by assuming structures are two-
dimensional and correcting for end effects, or by approximating the
structure with a series of three-dimensional bodies with simple geometry,
for which individual anomalies can be easily calculated. These methods
become very tedious and may be inaccurate. An alternative method
formulated by Talwani and Ewing (1960) and Talwani (1965) calculates the
anomaly caused by irregular horizontal polygonal laminae and allows
bodies to be of any complexity. Commonly the model may consist only of
structure contours, and provided the model can be visualised and
digitised, the anomaly may be calculated.

The three programs presented here (Appendices 3, 4 and 5) implement
the Talwani method with several restrictions:

(i) All bodies must lie below the observation points;

{(ii) There may be a problem if a computation point is
above a body vertex;

(iii) If the uppermost contour is not far enough below
the lowest computing point, or if the contour
vertices are very close together (depending on
the horizontal and vertical units), spurious
anomalies may result.

The programs were originally written in ALGOL for an Elliott 503
by the New Zealand Department of Scientific and Industrial Research.

DATA INPUT AND OUTPUT

The three programs share common input and output formats but, only
Ul776 actually makes use of the magnetic data.

Input data {Appendix 1) is read from File 5 and is:

TITLE - a maximum of 81 characters. The first character is
ignored.
UHl, Uvl, AZ - format (2I2, F4.1)

- the horizontal units, vertical units, and azimuth
in degrees.



The unit code is

0] metres

1 feet

2 vards

3 fathoms

4 kilometres

5 statute miles

6 nautical miles
PPC(I), A, B, ¢ - format (I4, 3F8.3)

NCC

DENS,

NC

- more thanl and less than 101 computing points
specified by point number with X, Y and 2
coordinates.

~ a negative integer for the computing point
number terminates this input phase.

- heights are positive above the datum.

format (I2)

the number of sets of constants following. NCO £ 10,
this allows the anomalies from one body and several
sets of constants to be calculated.

the final set of constants is used for any
cumulative results.

the program run is terminated by NCO < 0.

Susc, FN1, DN1, IN, FR, DR, IR

format (F6.3, E10.3, F8.1, 2F5.1, E10.3, 2r5.1)
DENS = density in t/m3

SUSC = susceptibility in e.m.u.

FNI = total normal field in gammas

DNI = declination of normal field in degrees

IN = dnclination of normal field in degrees

FR = total remanent magnetisation in e.m.u.

DR = declination of remanent magnetisation in degrees
IR = inclination of remanent magnetisation in degrees
format (I3)

an odd positive integer equal to the number of body cross-
sections (contours) following.
3 € NC < 15.

format (F8.2, I4)

the vertical coordinate of the cross section (negative
below the datum) and the number of vertices of the cross-
section.

the cross-sections should be given in order elther upward
or downward.

format (2F8.3)

M sets of cross-section vertices with northing then easting.
the vertices must be given in clockwise order locking down.
the total number of vertices for the whole body should be
less than 450.

the program adds one vertex to close the body back to the
first point.
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NPROB, NCPT, RPLACE, NCONST

- format (4I2)

- four parameters to control subsequent program flow.

~ NPROB.NE.C = next body is to replace all previous bodies
- NCPT.NE.C = a new set of computing points is to be read

after this computation in which case a new
body is also assumed and replaces all
previous bodiesg. A new TITLE and UHl, UV1,
AZ are also read.

- RPLACE.NE.O = the next body replaces the last body read.

- RPLACE.EQ.O the next body is to be added to the previocus

body in which case the last set of constants

will be used for the accumulation.

new constants are to be read in.

to stop the program NCONST = 1

and NCO.LE.C.

H

- NCONST.NE.O

Output data (Appendix 2) on File 6 is:
TITLE
UH1, UV1, AZ
Computing points - Point number, X, Y, Z.

The constants to be used for a particular calculation - magnetic
constants are output only from UL776.

The volume, centre of mass, and mass of the body. If there is
more than one body a cumulative mass and centre of mass
are also output.

The anomaly at each computing point with a value corresponding
to each set of constants, in the order input, and the
cumulative total (if any) last.

The anomaly types are:

G - gravity effect of the body (mgals)

GI - the indirect gravitational effect

N ~ the northerly deflection of the wvertical

E - the easterly deflection of the vertical
(seconds) ‘

GZZ - the second vertical gravity derivative

v - wertical component of the magnetic field
anomaly

H - horizontal component of the magnetic field
ancmaly

F - total magnetic force ancmaly

D - declination anomaly

Program U2588 cutputs G, GI, N, E, GZZ and program.U2588/SIMPLE
outputs only G and GZZ.

A number of the output formats are dynamically set in the following
manner:

WRITE (6,106) PPC(I), IFITEM, BH, A, B, IF2TEM, BV, C
106 FORMAT (1X, I6, 2F*,*, Fk %)

this has the effect of:
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WRITE (6,106) PPC(I), A, B, C
106 FORMAT {(1X, I6, 2FIF1TEM.BH, FIF2TEM.BV)

RUN TIMES

The program run times vary significantly with the model complexity.
For the test data {Appendix 1) on a Burroughs B6700, computer times are

Program Processor time
Ul776 52.5 seconds
2588 51.0 seconds
U2588/SIMPLE 29.2 seconds

The main benefit of U2588 over Ul776 is a reduction in storage
requirements particularly for large data sets.
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