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SUMMARY 

A description is given of a computer program used for 
simulating gravity anomalies over vertical cya1indrical bodies. 

All data are input on cards to a CDC 3600 computer and the 
output is a plot of the gravity profile (using a CALCOMP 565 plotter, 
12 in) and a print-out of the profile values. 

If plotting facilities are not available output may be confined 
to a print-out by the removal of the plotting subroutine. 

The program maybe used to compute gravity profiles over complex 
circularly symmetrical bodies, such as Gosses Bluff. 
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1. INTRODUCTION 

The computation of the gravity· effects of two dimensional bodies by 
machine methods is well established (Morgan & Grant, 1963; Talwani, Worzel & 
Landisman, 1959; Haigh, Pollard & Williams, in prep.) and several computer 
programs for this purpose are in operation. In many cases structure can not be 
approximated by two-dimensional (2-D) cross-sections and gravity computations must be 
extended to three dimensions. However, ~xisting programs for three-dimensional (3-D) 
bodies require lengthy execution time, ~d·da~a defining the body limits'are 
complex. There are many 3-D geological structures which may be approximated by 
regular geometrical f~gures •. Such regular bodies are easily specified and their 
gravity effects are conveniently found by machine summation of line-mass effects. 
The summation process eliminates complex approximation formulae used in existing 
3-D programs. 

The program GRAVCYL was developed to compute gravity profiles across finite 
vertical cylinders. Specification data are simple and execution time is short. The 
program is useful for geological structures such as ring-dykes, volcanic plugs, 
and astroblemes which show circular symmetry in plan and which may be approximated 
by summing and subtracting vertical cylinders (or discs) of various dimensions and 
densities. The gravity profiles over such structures may then be obtained by 
summing the effects of all individual cylinders. The program may also be used 
to calculate the gravity effects at the edges of bodies, which have vertical sides 
and boundaries that can be approximated by arcs of circles. 

The cylinders must be concentric but may be displaced along the bisector of 
the traverse line. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·1 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-3-

2. MECHANISM OF COMPUTATION 

To compute the vertical component of gravity at any point 
on the surface, the cylinder is first divided into a large number of 
vertical square rods, which can then be considered as line masses. The 
effect of each line mass is then computed according to the formula 
(derived in Appendix 1): 

where R1 and R2 are the distances from the observing point to the top and 
bottom of the rod respectively; m1 is the mass per unit length of the 
rod. Then the total gravity effect of the cylinder (in a vertical 
direction) at that observation point is just the summation of the 
individual gv calculated for each line mass. 

The observation point is then moved along the traverse by an 
amount DX; the observation number NL is incremented, and the previous 
calculations are repeated. As the gravity effect at each point is 
calculated it is stored in the matrices GO (KX, NL) and VG (NL). At 
the end of the traverse a new card is read to obtain the specifications 
of the next cylinder in the composite model, and the KX (cylinder number) 
is incremented. The gravity effects of this new cylinder are calculated 
at the previous observation points ~d are again stored in GO and VG 
after incrementing KX. Hence, the 2-D array GO contains traverse results 
for each individual cylinder, and the matrix VG contains the resultant 
composite profile. 

When an EOF card is read, the subroutines stating PLOTOUT and 
PRINTOUT are called up, and the output of the profiles is commenced. 

Because square rods are used to build up the cylinders, errors 
occur at the edges. In this program, the rods were allowed to extend 
beyond the circumference so that the line masses were centred on the 
boundary; this procedure leads to a small mass excess. 

The accuracy of the result is governed by the number of vertical 
square rods comprising the cylinder. The radius of the cylinder (A) 
is divided into N sections, so that each rod has a cross-sectional area 
of (A/N)2 sq. km, so as the value of N in the program is increased the 
approximation of rods to line masses becomes more exact, and the jagged 
edge becomes smoother. 

5 
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3. DATA INPUT 

All input data are on punched cards. 

First data card 

This contains traverse and plotting details for the computer 
output. YS is the scale of the model to be computed; it is chosen so 
that the plotted profile has reasonable dimensions (Units km/in). XX1 
defines the starting point of the traverse; this is the distance from 
the cylinder axis to the first observation (units km). MAXVAL is the 
absolute value of the minimum or maximum gravity value expected from the 
~.computations (units mgal). The vertical scale of the plotted output is 
then MAXVAL/5 (mgal/in). MAXVAL may be omitted, in which case, the 
scale is automatically set to a base of 10. DX (km) is the distance 
between observations along the traverse. DX may be omitted; this causes 
computations to be made at every half inch on the plotted profile or at 
YS/2 km intervals along the traverse. If DX is non-zero, but is set very 
small compared to XX1, computation time is large. In general XX1/Dx 
should be kept less than 30, and as small as possible. YT is the 
perpendicular distance from the traverse to the cylinder axis, so if the 
traverse passes over the cylinder centre, YT is taken as zero, or is 
left blank. 

FIRST DATA CARD: .YS, XX1, MAXVAL, DX, YT 

100 Format 

YS and XX1 are essential data 7 the rest of the card may be 
left blank without causing the output to terminate. 

Second data card 

This defines the cylinder. 'A, D, and T are the cylinder radius, 
depth to top, and thickness respectively; all are expressed in km. P is 
the density contrast (+ or -) given in c.g.so., and S is an alphabetical 
identifier used to label the cylinder; it need not be present. 

SECOND DATA CARD: 

101 Format 

If more cylinders are required to construct the 3-D body, 
further data cards of the second type follow immediately, and are 
terminated by an EOF card. Up to 20 cylinders may be specified and used 
to construct a single 3-D body. The PL graph will consist of profiles 
which are due to each individual cylinder, plus a composite profile 
which is due to the additive effect of all the cylinders specified in 
the data. 
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Further models 

If more than one model is to be computed in a single run, 
further data follow the EOF card. Both types of data must be specified 
for the new model, starting with traverse details (i.e. first data card) 
as described above. If no further models are to be computed, the EOF 
card is followed by a second EOF card, and then the EOD card. 

Deck structure 

See Appendix 4 

Data sheet format 

See Appendix 3 
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4. AN EXAMPLE - GOSSES BLUFF 

The gravitational field around Gosses Bluff exhibits a certain 
amount of circular symmetry, so it is reasonable to construct a model 
composed of concentric cylinders, and to apply GRAVCYL to determine the 
accuracy of the model. 

Plate 1 shows the observed gravity profiles over the Bluff to 
the north, and to the south. The model shown in this diagram is an 
attempt to explain the average observed profile; it is not a· final 
geological interpretation, but it is chosen to illustrate the GRAVCYL 
method. The cylinder A represents an area of fractured rock, which 
gives rise to a density lower than the surrounding area. Cylinderc B and 
C, when added, cancel in part and form an annulus of low density; to 
this, must be added the density of cylinder A. This annulus of relatively 
very low density corre~ponds t~ the walls of the Bluff. 

Specifications of Model (Plate 1) 

Cylinder Radius Depth Thickness Density 

A 1005 0.0 200 -0.06 

B 204 0.0 105 ~0.06 

C 104 0.0 1.5 +0.06 

D 4.5 5.0 3.0 +0.10 

The starting point of the traverse (XX1) was 15.00, and the 
distance between observation points (DX) was 0.5. MAXVAL was set at 35, 
and YS at 5. 

The time taken for computation of the gravity profile for the 
above model was 83 seconds; so that the time required for the computation 
of the gravity profile over a single cylinder (30 observation points) is 
about 20 seconds. 
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5. PROGRAM TESTING 

Program GRAVCYL was tested by computing gravity values in a 
traverse over a cylinder, and comparing the results with those obtained 
by Nagy (1966). The cylinder had unit density, 100 metre radius, and 
100 metre thickness. The depth to the cylinder was taken to be zero, and 
the distance between observations was 25 metres. The computation results 
appear in Table 1. 

A mathematically exact value of gravity can be calculated at 
the axis of a cylinder, and for the above case, it is found to be 2.43106 
mgal. It can be seen from Table 1 that Nagy's result is one percent 
too large, and the GRAVCYL result is 1.4 percent too small when N in the 
program is set at 25. When N is increased to 50, the GRAVCYL result at 
the axis becomes 2.42484 mgal. This represents an error of -0.25 percent. 
For most applications the 1.4 percent accuracy would be sufficient, and 
computing time is kept to a minimum. 
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6. DISCUSSION 

Program GRAVCYL is presented here in basic form. It can be 
manipulated to give gravity profiles over a wide range of complex 
bodies, such as Gosses Bluff, and consequently is a useful functional 
program. However, the program could be further refined to sum cylinders 
whose centres are not on the traverse bisection and which are not 
concentric. This would further broaden the range of models for 
computation. 

The program could be extended to provide for contouring of the 
gravity values calculated for the structure. 

Further, by substituting the appropriate formulae it should be 
possible to calculate magnetic anomalies across cylindrical bodies. 
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I 
I TABLE I 

I 
g = 2043106 mgal a (direct computation at axis) 

I DISTANCE FROM NAGY N = 25 DIFFERENCE PERCENTAGE N = 50 
CYLINDER AXIS (mgal) GRAVCYL (mgal) DIFFERENCE GRAVCYL 

(mgal) (mgal) 

I 
0.0 (m) 2045496 2042444 -0003052 -1026 2.42569 

I 25 2041164 2.31610 -0.03494 -1.41 2.37744 

50 2.26854 2.23533 -0.03321 -1.49 2.24468 

I 75 1.97299 1.96361 -0.00938 -0.48 1.95305 

I 
100 1.24811 1.35029 0.10218 1.56 1.29969 

125 0.57363 0.60719 0.03356 5.52 0.58553 

I 150 0033152 0.34843 0.01691 4.85 0.33724 

175 0.20817 0.21793 0.00976 4.48 0.21138 

I 200 0013867 0.14477 0.00610 4021 0.14064 

I ~25 0.09676 0.10081 0.00405 4.02 0009804 

250 0007010 0.07292 0.00282 3.88 0.07098 

I 275 0.05238 0.05441 0000203 3074 0005300 

300 0.04015 0.04167 0.00152 3.65 0.04061 

I 325 0003145 0,03262 0000117 0.03180 

I 
350 0.02509 0.02601 0.00092 0.02537 

375 0.02034 0.02101 0.00013 0.02056 

I 400 0.01672 0.01731 0.00059 0.01689 

4~5 0,01391 0.01439 0.00048 0.01405 

I 450 0.01110 0.01210 0 0 00040 0.01181 

I 
475 0.00993 00 01021 0.00034 0.01003 

500 0.00850 0.00879 0.00029 0.00859 

I 
Radius (A) = 0.1 km Depth (D) = 0.0 km 

I Thickness (T) = 0.1 km DenSity (p) = 1 c.g.s. 

I 
1"1/ 
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APPENDIX 1 s DERIVATION OF FORMULA 

X 

.,. 
~). ..... '" 

..... .,. 3 
/ / 

/ / 
ft/ / 

/ I. 9v 
/ / R". 

/ 
/ 

g = Gml [ R~ 1 

~ =Gml [ 7 ] COB Q 

· ~[R~lY/R 
~D+T) ~ Y dy 

~ = G J D (y2 + x2) ~/2 

[ 
2 -1 2 i ](D+T) 

= Gml (y + x ) . D 

=~(~-~J 

Da Depth to ,top of cylinder 

Ts Thickness of cylinder 

R: Distance from observation 
point to mass element 

mIl Mass per unit length 

g : Vertical component of v gravity 

gs Total gravity due to mass 
element ~ 

G: Gravitational constant 
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I'ROGRAM GJUVC'L 
-----. UIH~NSION Vijl~DO 1,01512001 ,GOUD.200 I ,WIDC20L 

COMHON AX,AY,'S"~,GO,UIS.VG,NL.NLA,~liDX,WID 
10~ fORHATI13,F3:01 

C 

104 'ORHAT 130x,rU.6,2x,r~.&,~I,E2a."E20.'1 
102 'OHHATllX,f&:2,5x,E20,51 
101 'ORHAT 14'5.2,Al1 
100 'ORHATI2fJ.O.IJ.21J.al 

26 CO"'TINU~ 
"L"?,OO 
I{X·l 
HEAU 100,YS,IXl,HAXVAl,UX,'T 

·----·--·.lfl~O' ,00129.28 
C 'S IS THE SCAL~ 01 TH~ Y AXIS I~H/INI 
C XXl OISTANC~ or fiRST O~S~RYATION fROM CENTRE ON Y AXIS 
C HAXVAL IS Aij~OLUTt YALU~ or HAX OR "IN GRAVIT, VALUE EXPECTED I"GALI 
c. ux IS INCHEH~NI IN ST~PS bETwEEN OBSERVATIONS 
C YT IS THE UISIANCt OF THE TRAVERSE rRO" THE CYLINDER CENTRE __ .c __ ._ 

28 co.n I NU~ 
G!1AXV aO,O 
IFIUI,ll •• 000lI10,11 

10 U"Y5I7.,O 
11 CONTI'Jut: 

• _____ DO 31 J~'l,NLA 

C 

31 VGIJKloO.O 
KXoQ 

. __ . __ 25 H~'D 1n1 ••• u,I,P.51IFI~Ur,60123,24 
C 'oHADIUS OolJ~PTH TO. 101' ToTHICMNESS IUNITS MM.I 

___ c ___ ".U~NSJTY CONI HAS I IN CliS .. , SoALPWA •. 1~ENTlf IEH 
C 

.-..• 24· No?" 
K)CIIKX·, 
NLaO 
XloxXl , GVoa,O , 000.6&7 

_________ Lc:2.N+l 5 WM.:N 

IFIYT,IH .. 001I NKoL 
HNcA/N 
t'l:pe~N·~N 

....... _. - UoO'A/l00U 
KSHI'ToIYIOR~/~.O"HN 

• ___ ._. ___ .. VTa~SHlflokN 

ARNOA+HN/;i.O 
AlEII.AH~;eAHN 

AN'AoRN , YIHo'loRN/2 
YTllAoYTRo. 
O?OoUoO I 02ToIOoTI.100TI 

_________ .KAT.I.X1/UXlo~.O·~,O 
X1eu olJ~ 

22 ~loXl-U~ ~ GVoO;OO 
NL-r.,L·l 
NOLoKAT-NL 
UISINLloX1 i UISINULlo.UISINLI 

·----C· ~:::.·;~··uo .. ;o·;i;i;l-.-·· ....... --.. --------..-•••• ----~.!!'- II!'-------- .. - '"::-~-~_:.:.. 
_______ ... UO 20 K2a1rNK . ______ . 

GXVoO.OU ) HloO.CO , H200,OC 
XC:KlehN-AN 

YaVTHA-KloHN 
Y2·Y.~ 

YYT'Y-YT , Y2ToYYToYYI 
-.... ---.- .Ifl I X'X'Y~T I ;Gl .ALE 12U,21 

21 X1X'Xl-~ 
X1XlOXU oXlX 
XV.Y20X1Xl 

HloSURTlXyo02UI .. 
H~oSURTIXyon2TI 

____ ._ .. IiXy.GoPo IH2-Hl IIIHloR21 
19 GVoGvor.XY'l~ol 
20 CONTI~U~ 

c ------.-- .. ~-.----- .. - ............ ----. _____ .. _~ ......... -_ .. __ .. __ ~ •• - .. -.-.---~ 
IFIYI,LT.:UU11 Gvo~,U.IiV 

WIIJIKXloS 
--GOIKX,NULI.GUIKX,NLloIiV 

VGI~LI·Vr.INLIOijV 
VGI,~OL,oVGINLI 
IiNo.HSIVGINllJ 
IFIUN,GT,GM'XV'12,13 

17. GMAXVoGN 
_·· ___ ·_lJ ·CONT I·~UI: .. _. _ .. _ 

I r I x I. L ~,O I~;, 72 
2J IfIMUVAL.LJ:.(J00111.,1~ 

C ---------- .. T-·-------- .. ------------·--.~--_ .... _________ ._-_._.--.. 
14 Ai.ALOC;10CGHAAV) 

IhAI 
.- --.... -- .-. I f I A I • L T ,U.' I .. IA·l 

"'OWtH a l0.0. e ,A 
NA.cnMAaV/PO~tk + o.~, 
IrlNA/J • 1'6U,bl'h~ 

60 XSoO.~oPUWI:H' GU TO 6J 
61 XS'I'O'~H' GU TO hJ 

.---fr----62·· ),S02,O.PO.t:~ :l I,;U to 6,s 
15 XSoIMA'VAl-l1/~.1 c --.... --- .. - .. -~-~ .. -- .... - .. ---....... _______ • __ ••• __ ..... ___ .... __ -----------

C 

63 Ah-XXI 
A),a-!),O.XS 

_Y,AX "HII't: 
CALL PLOTOUI 
CALL p~ INIOUI 
GO TO ~& 

29 CONTINUt: 
t:ND 

oHlnl~ O~ -. PLOTTER, TA~E OHIGI~ AT CENTRE or PI 

ILl 
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SUBROUTINe ~LOTOUT 
_____ UIHENSION VGI200I,OISI200l,GOI20,2001"w,DC201-_ _ ___ _ 

COHMON AX'AY:YS,XS,GO,OIS'VG,NL'NLA'~X,DX,MID ____ c ________ • ____ ~_· __________ • _________ -· __ .4 ___ • __ •• ______ __________ _ 

C DRAWS AXIiS - -
_______ JU.I·AX/XSI·2 

JH'I-HIYSI'2 
-------_~L.YS/l0,O 

CALL PLOT IX5.YS,21 
--- - - CALL PLOT IU,AY,ll 

CALL PLOT 10:,AY,31 
UO-97 IABI1,JAy 
Zhay.1 AaoyS 

----------CALL PLOT lO:,2K,41 
CALL PLOT I~L,ZK,41 

--- - ENCODE 15,Q8.~U. IlK 
98 fORMAT IF5.11 

--------- CALL TEXT I~ut .5,11 
97 CALL PLOT IU;'2K,~1 

-------CALL PLOT 10:,0'.,31 
VO 96 I~B'l,' 
lOThlIHlI-5)'xS 
CALL PLOT IlOTY.0.,41 
CALL PLOT IlOTY.~L,41 
CALL PLOT 112UTY-XSoO.2I,O.O,31 
IFIXS.LT.1,UI~l,5~-

51 eNCODE 15.94.~UFllOTY I CALL TEXT IBUFi5,21 S 00 '0 96 
-------94- FOR;1AT I F5, 21 

52 eNCOD~ 14.95.~UfllOTY 
-------_95_fORMA T 1f-4, U I 

CALL TEXT I~UF.4,~1 
____ 96 __ CALL, ~LOT ·I20IY,O .. 31 

c -----------~-.------------------------.~------________ ---~ ______ _ 
----103 fORMAT IAlI 

MIP=YSII2°0XI'1 
_________ TST=HIPoOX 

30 NLA=2 otIL-l 
----C-----'PLOT-INOIVIOUAL--PROFILeS- -

VO 4 J=l.Kx 
------ S<wIDIJI 

tLoO 
-----VO 4 l=l.NLA 

GV=GOIJ.I. i Xl<OISIII 
------If IGV,GT.~AX,OR,Gy,LT,AXI4,l 

1 IflFL.EQ,O)2.J 
, ----- 2 CALL PLOT IGV,Xl,JI S GO TO 4 

3 CALL PLOT IGV,X1,41 
I f r Xl,EQ,TSTI7,8 

7 ~NconE 11,103,HUFIS 
----------C~LL TEXT ruut .1,21 

C~LL PLOT IGV,X1,JI 
8 CONT/ I~UI:: 
4 rL-1 

. --c ----------T-.------_______ . ______ . ___ ~a---.. -.---.--~.-.. _______ ! 
C PLOT COMPOSITE PROfiLE 

-----_-_----CALL PLOT IVt;C1I.XX1,JI_, --.-_____________ _ 

UO 27 l=l,NLA 
. ______ ,_IF I VGr Il,GT ;-AX ,UR.VGII,.LT .AXI27',6- ---__ --.. -- -----------,--

6 C~LL PLOTIVGr II .0151 II ,4' 
-- 27 CONT/NUI: 

C~LL PLOTCHOP 
RCTURN 
I::NO 

'SJ,lRROUT I HE ~R I HTOUT 
------D1HENS ION VGI ~DO I, 01 S I 2001, GOl20, 2001, WI Duol ---

-- ,C,OHHON AX,AY,YS,xs.aO,DIS,VG,NL,NLA,KX,Dx,IIID 
99 ,':DRiu T 15X.e14. 7 ,:;X, E14,71 

iIID JJ lol,NLA 
'PitNT 99,OISIII.VYIII 

13 tONT I NIlE 
----.. -.Il"e' URN 

£NO 
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OBSERVED PROFILES 

•••••••• North 

,---- South 

-8 
-Ag(mgol) 

10 

Depth (km) 

GOSSES BLUFF· MODEL 

AND COMPUTED . GRAVITY PROFILES 

To occompany Record No. 1971/74. G65-31IA· 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 
I 
I 
I 
I 
I 

READ TRAVERSE AND PLOT DETAILS 

READ CYLINDER SPEC IFICATIONS 

GO TO START 
OF TRAVERSE 

Yes 

COMPUTE GRAVITY DUE TO LINE MASS, SWEEP OVER 

CVLlrlDER ADDING LINE-MASS GRAVITY EFFECTS 

. PUT COMPUTED GRAVITY VALUE INTO 

ARRAYS GO(KX,NL) AND VG(NL) 

Yes 

INCREMENT KX 

CALL PLOTOUT. 

GIVES GRAPHICAL 

OUTPUT OF ALL 

CALL PRINTOUT. 

PRINTS COMPOSITE 

PROFILE VALUES 

No 

PROGRAM FLOW CHART 

f 

To occompany RecOI'd No 1971/74 
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( * EOD 

(l'S EOF 

Ys EOF 

/ DATA (A,D,T,P,S) 

( DATA ( YS, XXI, MAXVAL, OX, YT ) 

"* RUN,4, 2000 

/ * LOAD 

/ 
SCOPE 

r SUBROUTINE PRINTOUT 

, 

SUBROUTINE PLOTOUT 
'--

L- ( END 

( PROGRAM GRAVCYL 

/ * KTN,X,I,.. 1 
/ * EQUIP, I: PL 

/ * JOB, CC ______ ,G~AVCYL,4 

L--

L-
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