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SUMMARY

A description is given of a computer program
(GRAV3) used for célculating the gravity anomaly aue to a
finite prism. The program is written in FORTRAN IV for
interactive use with an HP 21MX mini-computer and GOULD 5000
printer/plotter under RTE II using TEROS.

The program may be compiled, loaded, and executed
using a system teletype. Little or no data preparation is
required and interpretation is ‘achieved by forward

interactive modelling.

The program provides a computer plot together with
suitable annotation and a cross-section of the case
modelled.



1. INTRODUCTION

In metalliferous  exploration the need commonly
arises to interpret gravity anomalies which are caused by
tabular bodies of finite strike length. The horizontal
prism of trapezium cross-section provides the interpreter
with a simple yet realistic geometrical form for a first-
order interpretation of an anomaly..

A computer program is described for calculating -
the gravity anomaly of a finite homogeneous horizontal
prism. The program is called GRAV3 and is based on formulae
derived by Hjelt (1974).

The program has been written in FORTRAN IV for
.interactive use with an HP 21MX mini-computer and a GOULD
5000 printer/plotter under RTE 1II using TEROS. The basic
program algorithm is simple and rapid, and could be readily
adapted for use with some of the more recent désk top
calculators. Little or no data preparatiorn is required,
and interpretation is achieved by forward‘interactive

modelling.



2. CO-ORDINATE SYSTEM AND FORMULAE

Co-ordinate system

A rectangular co-ordinate sysfem is used (Fig.1)
with the X axis perpendicular to the strike direction, the
axis parallel to the strike, and the Z axis positive
downwards. The dipping surfaces of the prism are defined
by the angles § and 6. A special case of the model is
that of a prism in which £ = 6 . The top and bottom faces
of the structure are horizontal, and the two faces

perpendicular to the strike direction are vértical.

The corners of the prism are defined by their
X,Y,Z co-ordinates (e.g. X1, Y1, Z1) and the distances
between the prism and the observation point P(X, Y, Z) are
denoted by U, V, and W as shown in Figure 1.

Oblique profiles

Profiles, other than those normal to the prism

strike, can be run by defining a profile co-ordinate system,

at an angle B to the prism co-ordinate system (see Fig.
1b). In such cases, program GRAV3 plots the calculated

gravity values with respect to the profile co-ordinate
system.
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The gravity anomaly of a finite dipping prism (6 = ¢g) is
given by Hjelt (1974):

Ag = G.Ap.To

where dp is the density contrast, G the gravitational constant, and
U v W
1 1 1
To =[[[l (&8 + 0@ + 0 + 0 + 0 )) ] 1 -
1 2 . 3 b 5
U v W
2 2 2
where
(uvV)
® = W arctan
1 WR
02 = -p. sin ¢ cos ¢ arctan (V.q)
p.R
2
03 = -p. sin £ n (V + R)
mu = -V, ¢n (U + R)
05 = V. cos ¢ n (q. sin & + R)
4 P4 é
R — J% + V + W
= U - W cot ¢
q = W + U cot ¢

The gravity anomaly of a prism with a more general
trapezium cross-sect%on is obtained by substituting & for ¢
when U = U(2)or u(2) (see Fig.1).



3. PROGRAM DESCRIPTION

Flow chart

The essential elements of the program structure are shown
in the flow chart (Fig. 2;. Program variables used in the flow
chart are defined in the program listing (see Appendix). For
operational convenience in BMR, a number of system subroutines are
used, but these do not detract from the generality of the basic
program algorithm. System subroutines are referred to by name
(e.g. RMPAR, NUMB, etc.) and further details may be obtained from
the HP-RTE II system manual and.the GOULD printer manual.

Data input

The input model parameters used in the program are

defined as follows:

MN = Model number. Always start with MN = 1

X1 = X co-ordinate of top edge nearest origin

X2 = X co-ordinate of top edge farthest from origin
Yf = Y co-ordinate of top edge nearest origin.

v2 = Y co-ordinate of top edge farthest from origin
A = Depth to top of prism

z2 = Depth to base of prism

XN = X co-ordinate of first observation point

YN = Y n n n n "

ZN = 2 . . . . .

DX = Station increment along X axis

THETA = Dip of prism edge nearest to origin in degrees
ETA = w0 n n farthest from origin in degrees
BETA = Angle between X axis and profile, measured clockwise

from the positive X axis in degrees
DEN = Density contrast

NXN Number of stations
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The program is structured for maximum interactive use by
the interpreter, and may be compiled, loaded, and executed by means
of a system teletype. Model parameters for each case are fed to-

the computer using a free-field format.

The source program is stored as a resident disc file

GRAV3S but is also available on paper tape.

Loading the program

To load the program, the following command SsSequence 1is

observed:

1 #GF, GRAV3S This command calls the source program
into the user scratch region.

2, ®FT, FL This command causes the program to be
compiled as a binary relocatable file.

3. ¥GF, STAT.. This command schedules the binary file
for loading.

y, #LD, O This command causes the program to be

loaded.
The above steps are once-only commands and need not be

repeated while the system is up.

Running the program

To run the program, the following command sequence is

observed:
1 #1.G, GRAV3 This command causes scheduling of the
program for execution.

2. "MN, X1, X2, Y1, At this request, type in the appropriate
Y2, z1, 22 = " model parameters.

3. "XN, YN, ZIN, DX, Type in appropriate parameters separated
NXN, DEN, ETA, by a comma.
THETA, BETA = "

y, "MISTAKE IN INPUT Answer YES or NO. If YES, the program
DATA?" will return to step 2.



5 "ANY MORE CASES?" Answer YES or NO. 1If YES, the program
: will return to step 2 so that additional
cases can be modelled.

The user may log into the program any number of times
using the command *LG, GRAV3. User commands are preceded by a ¥ aa

shown; terminal replies are given in inverted commas.

An example illustrating the use of the input commands is
given in Figure 3.

If more than one case is to be modelled, only the
parameters to be varied need be changed. For all parameters
preceding those to be changed, type in commas. Following
parameters may be ignored.

Data output

Two modes of data output are utilised. The calculated
gravity values are sent to the user teletype for immediate perusal
(Fig. 3) and also to the line printer for plotting. The graphical
plot includes suitable annotation and a cross-section of the case
modelled (see Figs. 4 and 5). A cross-section of the model is not
produced for oblique profiles.

4, PROGRAM TESTING

The program was tested against Nagy's (1966) formula for
the gravity effect of a right rectangular prism and with one of
Hjelt's (1974) cases. The results shown in Figure U4 indicate an
excellent fit between the GRAV3 results and the test data.
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5. EXAMPLES

Some further examples of the use of the program GRAV3 are
shown in Figure 5.

6. REFERENCES

HJELT, S.-E., 1974 - The gravity anomaly of a dipping prism.
Geoexploration, v.12(1), pp.29-39,.

NAGY, D., 1966 - The gravitational attraction of a right
rectangular prism. Geophysics, v.31, pp.362-371.
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STH4 . B.L

2 PROGRAM GRAVZ

I AUTHOR- R.D.OGILVY

& 15 THIS PROGRAM CARtCULATES THE GRAVITY ANOMALY OF &

& G 2=DIMENSIONAL DIPPIMNG PRISM. OR  TRAPEZCIDAL STRUCTURE .
i ALL DIMENSIONS ARE IN METRES

RS MN=MODEL NUMEBER
. X1=C0-0D OF FIRST TOP EDGE ON X AXIS

KE=CO-0' OF SECOND TORP EDGE ON ¥ AXIS
Y1=00-00 OF FIRST EDGE OM Y AXIS

P

ey

I ]

- A 4
+

i i ¥Y2=C0-0D OF SECOMD EDGE OM Y &XIS

ig K Z1=DEPTH TO TOF OF PRISH

- o Z22=DEPTH TO BASE OF PRISM

ek 1T XN=X CO-0D OF FIRST FIELD POIMT

15 i Y=Y CoO--0D OF FIRST FIELD POINT

s L IN=2 CO-0D OF FIRST FIELD POINT

17

18O ALL. DISTANCES MEASURED IM METRES.

= ALL ANGLES MEASURED IN DEGREES.

e DX=5TATION INCREMENT ALONG X AXIE

R THETA =DIP OF PRISM{OR TRAPEZOID ) EDGE NEAREST TO ORIGIN.
i ETa=DIP OF PRISM EDGE FURTHEST FROM CRIGIM |

BETA=ANGLE BETWEEMN X AXIS AND FROFILE . MEASURZD CLOCKUWISE
FROM +WE X AXIS

DEN=DENSITY CONSTRASTL C.G.35)

GC=GRAVITATIOMNAL COMSTANT (.G 30

NXN=NUMEER OF STATIONS

EEeEEEA RS R E SRRSO

a& AG=ARRAY FOR GRAVITY VALLLES

2= STAT=ARRAY FOR OBSERVATION POINTS

3o

A1 DIMENSTON AG(4@0), STAT(4@6) ,F1(3) ,F2(R),F318) . F4(2),LU(E)
a7 DIMENSION FS(2),02) . WIE) . W2

33 INTEGER MN, NXN

<] REAL X1.X2.Y1.Y2.Z1,22.%XN.YN.2N, DX, DEN.ETA. THETA. BETA
i INTEGER STR1(10).STR2(7).STRA(R) . STRA(S) . STRS(11).

35 XSTRE(R), STRZ(R), STRE(E), STR1G(2) , STR11(7), STRITS)
3w
3

DATA STR1/-2HGR. ZHAV.2HIT. 2HY . ZHVA, 2HLLL 2ZHE (. 2HMG. 2HAL . 2HS) ~
DATA STRZ/ZHDE. 2HPT.2HH( . ZHME . ZHTR, gHEZ . 2+~ )
33 DATA STR3/ZZHDI, 2HST. 2HAN . 2HCE ., ZHOM ., 2HET . 2HRE . 2HS )~
49 DATA STRA/ZHMO.ZHDE.2HL .2HMC.2H. .2H .2H .2H ~
41 DATA STRS/ZHDE.ZHNS,ZHIT. 2HY |, ZHCO. ZHNT . ZHRAL EHST.2H . 2H
4 DATA STRE-ZHMO.2HDE . 2HL . 2HDE. 2HRT.2HH .2+ . 2H -
13 DATA STRZ/2HDI1.2HP .ZHAN.ZHGL . ZHE(.2HET.2HR) . 8H ~
44 DATA STRE-2HDI,2HF . 2HAN, SHGL, HE (., 2HTH. 2HET ., ZHA) ~
4= DATA STRI-ZHPR.,ZHOF . 2HIL.2HE .2H{Y, 2HMY -~
46 DATA 5TR1G/2HPR. ZHOF , ZHIL.zZHE . zHAN, ZHGL . 2HE -~
# DATA STR11/72ZHCR, 2HOS . SHS—. EHSE . 2HCT . 2HIO. eHN

43 READ INPUT DATHA

51 CALL RMPARCLLD

(=Y 1 WRITECLU, 32@)

53 308 FORMAT(/2X."MMN.X1.X2.Y1.Y2.ZL.Z22=")
54 READ(LU, XMW, X1, X2,¥1,Y2, 21,22
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WRITECLU, 201

321 FORMAT(72X."XN. YN. ZN. DX, NXN, DEN. ETA. THETA. BETa=")
READ(LU. X) XN, YN, ZM, DX, NXN, DEN, ET&, THETA, BETH

14 WRITE(LU, 3@3)

302 FORMAT(#2x."MISTAKE IN INPUT DATA?")

READLLU, 5INGOOD

FORMAT (A2

IF (NGOOD .EQ.2HYE)GO TO 1

m

CONVERT [NPUT DATA

ONDO

iaf=h

27 1 OO

Pl1==.14159
ETR=ETA¥PI[ 13
THETA=THETAXF [ 13&

TN

M=1
G=0
noo1a 1=

T

2

-

i
[l
My Mg N

aRs 11— a3l LT @ik ai=¢ oni
IFilI EQ 1IPHI=ETAH
i EG . ZIPHI=THETA

Ch B Ll =l R TANIFHT
SART T AU T YR I T HW (RO EWCK D )
KISTANCPHL

ABESOPI-e aaly LT @iP=0 201

A=W HUCE ) TANIPHT )
LMWK KATAND (Y k0T )
FE2iMI=—PHSIN(PHI YXCOS(PHI ::

WCKOERD D
TANMC OV TJIXQY ~(PXR )
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110
111
112
113
114
115
116
117
118
113
120
121
122
123
124
125
126
12>
128
129
130
131
132
133
134
135
136
1372
138
1332
142
141
14z
143
144
145
146
147
148
149
15&
151
152
183
154
155
156
187
162
158
166
161
162
1632
164

OO0

aNeNe!

(&

)

00

O 0

1s

10

11

» 8

Fa(M)=—F4 (M)

FSiMI=—F5{M)

IFGK EQ. 1YUCTI=UC DY +HH/TANCPHI )
M=t4+1

CONT INUE

DO 11 N=1.8

G=GH 1 (N)+F2 (N)+F 2N +F4 (NI +FS (M)
CONTINUE

CALCULATION OF GRAVITY VALUE

AG(L 1=-100000  @XGOXDENXG
CONT INUE
KN=XG

PRINT RESULTS

WRITE(LU, 23MN

WRITE(B.3)MN

FORMATC1HL. 7X. SHMODEL NG . 110

WRITE(LYU,. 2023

WRITE(B.202) s
FORMAT C 1H2. X, PHSTATION. 19X, 1 3HGRAVITY VAL UE)
DO 56 J=1.MxN

WRITECLU, B@ISTATLJY  AGLDD
WRITE(E.E80ISTAT(J) . AGL.J}Y
FORMAT(1H@,5X.F10 2,5x,Fl1e.2)

CONT INUE

FLOT axls

DIST=DX¥FLOAT (NXN) 10 .
Sle=-2e-3.

CALL PLOTS(17 . . 1& .0

CALL FACTR(@ . S)

IFOMN EQ. 1)CALL PLOT(1.,9.5,-3)

CALL AXIS({®..4. . STR1.26.5..90..0..0.%)
CALL AxlS(e .9 . STR2.14.3 .20..22,512)
CALL AXIsS CETRZ2.15.19 .0, . XG. DIST)

FLOT POINTS

CALL PLOT(B.,4.,-3)

XP=0

DO 600 I[=1,NxN

YR=AGE ] 1 /S0M

CALL SYMBUXP.YP,2.1,7.0..-1,0. 1)
KP=XF+DX/DIST

CONT IMUE

BETA=BETA#180 /P .
IFCIFIXCEETAY . GT. @)G0 TO Saa
%P1=X1/DIST-XG/DIST
YP1=Z1-512

KP2=X2/ DI ST-HG/DIST

- XP3=(X2+HH-TAN(ETA) ) DIST-XG-DIST



165

167
168
169
177e
171
172
173
174
175
1768
127
178
179
180
181
182
183
184
185
186
187
188
189
189
191
192
193
194
195
135
1972
198
192
200
Ze1

OO0

‘CALL SYME(Z .,

XPA=(X1+H-TAN(THETA) )~ DIST-XG/DIST
CALL PLOT(2.,-1..-3)

CALL PLOTCOXP1.YP1.3)

CALL PLOT(XPZ2.YP1.2)

CALL PLOT(XP3.-3..2)

CALL PLOT(XP4.-3.,E)

CALL PLOT(XPL,YPL.2)

CALL SYMB(r..-1.5.9©.1,STR11.9©..13)
THETA=THETA¥1Z0 . ~FI
ETA=ETA%X180 ~PI

CALL SYMBC(F .,
CALL SYMELZ ..
CALL SYME(Z.
CALL SYMR(Z.
CALL SYMB(Z. .

S.9.1.8TRd.,@..16)
2.1, 5TRS. @, 221
.1.8TRe.®. . 160

.l,,TR/,O_,le)

1STRE. .1, 153

.1.5TRS, 0., 122

J1.ETRIg, @ 140

b_'lLd-Jl-F“Jﬁf_ﬂ(.ﬂ

f_FI()Ol-‘-F-‘J
\‘D@'-‘SJG.'GJ

CAalLL SYME(S.

CALL NUMEB(S.2.5.5,@. 1, FLOAT(MNY .0 ., 0]
cALt NUME(E.5,.5.0.0.1,DEN.@ . .4)

CALL NUMB(2 2.4 2.2 .1.21.2 .20

CAlL NMUMB(E.BE.4.4.0.1.ETH,0..2]

CALL NUMB(E . 2.4.1,@ 1. THETAR.,@. .22
CALL NUMBIZ 2.2 .2.0.1. YN ﬂ .2

cAalLl WUMB(Z.2.3.5.@.1, A,@..2)

TERMINRTE PLOT

Cop L PLOTIS .2 L. S95)

CAaLL GOPLT

WRITE (LU, Za)

FORMAT (#2%. "ANY MORE CASES?")
READCLLY, 36 IMORE

FORMAT (AZ)

IF(MORE .EQ . 2HYE)1. 27

STOF

END

EMDB

1|
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