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SUMMARY

A description is given of a computer program used for
simulating gravity anomalies over vertical cyglindrical 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 may be 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 sgtructure can not be
approximated by two-dimensional (2-D) cross-sections and gravity computations must be |
extended to three dimensions. However, existing programs for three-dimensional (3~D)
bodies require lengthy execution time, and data defining the body limits:are -
complex, There are many 3-D geological structures which may e approximated by
regular geometrical figures. .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 bisecter of
the traverse line,
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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):

gv = Gm, (1/121 - 1/R2)

where R, and Rp are the distances from the observing point to the top and
bottom of the rod respectively; mq 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 gy 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 effect§ of this new cylinder are calculated
at the previous observation points and 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.
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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/S (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
¥S/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 : F3,0, F3.0, I3, F3.0, F3.0

YS and XX1 are essential data; 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.s., and S is an alphabetical
identifier used to label the cylinder; it need not be present.

SECOND DATA CARD: A, D, T, P, S | .
T DS ~— New av
101 Format : Fs5.2, F5.2, F5.2, F5.2, A1

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.



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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L, 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 amn
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 tham the surrounding area. Cylinders 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 corresponds to the walls of the Bluff.

Specifications of Model (Plate 1)

Cylinder Radius Depth Thickness Density
A 10.5 0.0 2.0 =0,06
B 2.k 0.0 1.5 -0.06
c 1.4 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 Y¥S 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.




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.

\D
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TABLE I

g, = 2,43106 mgal (direct computation at axis)

CYLINDER AXIS (mgal) GRAVCYL  (mgal) ~  DIFFERENGE CRAVOYL
(mgal) (mgal)

0.0 (m) 2,45496 2.42444  =0,03052 -1,26 2.42569
25 2,41164 2,37670 -0,03494 =-1.47 2.37744
50 2,26854 2,23533  -0.03321 -1.49 2.,24468
75 1.97299 1.96361  -0.00938 -0.48 1,95305
100 1.24811 1.35029 0,10218 7456 1.29969
125 0.57363 0.60719 0.03356 5452 0458553
150 0.33152 0.34843 0.01691 4.85 0.33724
175 0.20817 0.21793 0.00976 4448 0,211%8
200 0.13867 0.14477 0,00610 4,21 0.14064
225 0,09676 0,10081 0,00405 4402 0,09804
250 0,07010 0.07292 0,00282 3,86 0,07098
275 0.05238 0,05441 0,00203 3,74 0,05300
300 0.04015 0,04167 0,00152 3,65 0.04061
325 0,05145 0,03262 0,00117 0,03180
350 0.02509 0,02601 0,00092 0,02537
375 0,02034 0,02107 0,00073 0,02056
400 0.01672 0,01731 0.00059 0.01689
425 0.01391 0,01439 0,00048 0.01405
450 0,01170 0,01210 0,00040 0,01181
475 0,00993 0,01027 0,00034 0,01003
500 0.00850 0.00879 0.00029 0,00859

Radius (A) = 0.1 km

Thickness (T) = 0,1 km

Depth (D) = 0.0 km

Density (P) = 1 cogese

[



Depth to top of cylinder
Thickness of cylindei

Distance from observation
point to mass element

Mass per unit length

Vertical component of
gravity

Total gravity due to mass
element n,

Gravitational constant

APPENDIX 1: DERIVATION OF FORMULA
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PROGRAM GHAVCYL

e~ UIMENSJON VG(200),D1S(200),600(20,200),w3D020). . C -

COMMON AX,AY, 's,xb.co.ulSnvG.NL'NLA.Kl.DX.HlD
« -- 105 FORMAT(13,F3:0)
104 PORMAT (30X,FB.6,2X,F8,06,5%,F20,5,E20,5)
. 102 FORMAT(1X,FO. Z'SIoFZO 5)
101 FORMAT (4F5,2:41)
e - 100 FORMAT(2FS.0413,203,0)

c
- 26 CONTINUE
) NLAaz200
P Kxsy
READ 100,YS,KX1,MAXVAL,UX,YT
te— e e LFLEOF 460029,28 . - . e e e

[+ Y5 IS TWE SCALE OF THE Y axIS (KM/ZIN)
- € XXy DISTANCE OF FIRST OUSLRVATION FROM CENTRE ON Y AX]S
[4 MAXVAL IS AGSULUTE VALUE OF MAX OR MIN GRAVITY VALUE EXPECTED (HBAL)
-~ C. OX IS INCHEMENT IN STEPS bETWEEN OBSERVATIONS
g YT IS THE DISTANCE OF THE TRAVERSE FROM THE CYLINDER CENTRE

28 CONTINUE
. GMAXVS0,0
1F DX, LT,,0000010,11
. 10 LXeYS/2,0
11 ConTINUE
e D0 31 JKE1,NLA
31 VGLUK)Ie0, U
— KXag
c .
=25 READ 101,A¢D,T.PsSSIFCEUF,60)23,24
[ AsHADIUS  D=DEPTH TO. O  TaTHICKNESS (UNITS KM,)
e - PEDENS I TY CONTRAST [N CUS ., SeALPHA, JDENTIFIER . . ... el
. [ !
e 24 NEDS !
KX3KX*] : :
o e e = - NLag '
X1zXx1 % Gvs0,0 » Gan,6e7 ’ /
e LB28N®L § NKEN . . e e e e .
IFOYT,6T,,001) NKsL !
e e RNEA/N H
PEPeRNORN .
e e - DEDSAZL000 .
KSHIFTS(YT®RN/Z,0) /RN
o e YTEKSHIFTKN - - FEPN S e
ARNSASHN/Z.0
veee = -« ALEZARNEARN
AN2AeRN & VYTRsYTeRN/2
e YTRABYTReA .
D2zDed 8§ D2Ts{DeT)e{DeT)
e KATS (AX1/0X)02,002,0 . o [ e
XieX1eiX
22 Xx1ax1-DXx % Gvs0;00
NLaNL oL
NOL ZKAT=NL ’ !
DIS(NLYSX1 $ UISINUL)S=DISCNL)

U0 20 K1s1.L -
e D0 20 K231 ,NK o, e ————
GXY30,00 3 K120.00 § H280,00
veeee - XEKLO®KN=AN
YsYTRA=K2eHN
- Y2ayey
YYTsY=YT § Y2TsYYVayY] :
e e e LEAAXOXOY2T ) IGT JALE) 20,20 - - - e - S
21 Xi1xaxiex
X1X23X1X0 X8 X
X¥aY2ex1x2
- . R1aSQRT(XY*D2D)
R22SURT(XYeD2T)
e GX Y 2G AP @ (R2-H1) /(N1 @R2) . - e e e e e et ma e e e v
19 GvaGvenxyetkel
20 CONTINUE
. [ remme- eemeynbcanccsncsnne oened o= . -
.- IF(YT LT, 001) Gvs2, 0Ly
WID(KX)sS
e e =GO KX G HOL ) SGO (KX g NL ) BGY e, - - - - - e
VGENL)ISVGINLIeGY B
VGINOLYSVGINLY i
UNSARSIVGINL)Y
. 1F(GN,GT ,GMAXYV)$2,83
12 GMAXVSGN
e -3 3. .CONT I NUE - - R S e e --
IF{X1.LE, 0)45.?2
e 28 TFCMAXVAL,LT. 0001014515
[4

T T Ry pupp ceccnvan danenne

mee 10 ATSALOGLOC(GMAKY)
Iozal
~- 1P (AL LT, 0.) JazlAey .- oo - T oo
POWER210,0ee A
e NAS(GMAXV/POWER ¢ 0,%)
IF(NAZS = 1180,062002 . 3
P - 60 XS30,5ePUWEH $ GU T0 64
61 XS3POWKER 3 GU TO A3
vam o2 - XSE2,00P0WER § GU TO 64 : . : e '
15 XS®(MAYVAL=1)/5¢1
. € cccascnscecredvacncnccnctssancnancatecsitncctsesnenareasmscncnaen
63 AYoexX1
- AYaeh,pexs
c AY,AX DEFIWE ORIGIN ON P& PLOTTER, TAKE ORIGIN AT CENTRE OF PR
e = o CALL PLUTOUT
CalL PRINTOUT
GO TO 26
29 CONTINUE
END

i
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SUBROUTINE PLOTOUT
UIMENSION vG(200)+¢D1S(200),60(20,200),W}DC20).
COMMON AX,AY,YS,XS+GO,DIS,VG,NLoNLA,KX,DX,HID

L ecmmecesrcnopniccerrrrcaaserqnm et e e fecat o renr s et e ate
c DRAWS AXES
e - JAXB{mAX/XS) 82
JAYS{~AY/YS)e2

————— By 8Y5/10,0 .-
. CALL PLOT (XxS.YvS5,2)
—memmm — - CALL PLOT (AX,AY,2)
CALL PLOT (U:,aY,3)
e DD 97 JAB21,UAY
ZXsAYeAR®YS
CALL PLOT (O4ZK,4) —— ..  ._—. o
CALL PLOT (HBLsZK,4)
e - ENCODE (5:98,8U} 22K
98 FORMAT (F5.1)
e CALL TEXT (8U},5,1)
97 CALL PLOT (U:aZKe3)
CaLl PLOT (0:,0%43) R
Vo 96 luB=1,9
e« 20TYS( [HB*S)aXS
CALL PLOT (Z01v,0,,4)
emm—weeeo - CALL PLOT (LOTY,BL,4)
CALL PLOT ((zutv-xSoo.ZI.a 0.3)
e IR (XS LT, 1,051,852, .
51 ENCODE t5.94.uur)znvv s CALL TEXT (euF 5.27 s 00 ro 96
94-FORAAT(F5,2)
52 ENCODE (4,95.BUF)ZOTY
i e - §5_FORMAT (F4,0)
CALL TEXT (BUF,4,2)
96..CALL. PLOT (201Y,0,,3)

[od B L L L T P N R L]
303 FORMAT (A1)
MIP2YS/(29DX)*1
P——— -5 TP (2T}
30 NLAZ2eNL=1
aremrmen G PLOT. INDIVIDUAL PROFILES - - - -
D0 4 ys1,Kx
————e SERIDCY)
tLeg -
D0 4 I=21,NLA
Gv=G0(J, 1) § X1=DIS(I)
e IF {GV 6T =AK OR, GV, LT, AXI 4,1 -- - B
1 IF(FL, EQ vy2,$
e 2 CALL PLOI {Gvex1,3) $ GO 10 4
3 CALL PLOT (GV,X1,4)
R 1F(x1,E0,7S7)7,8
7 ENCODE (1,103,BUF)S
e CALL TEXT (HUF,1,2) S e e -
CALL PLOT (GVaX1,9)
8 CONTINUE
4 FL!1
ceef | eeemcmaaa mymbmecacoen a B
c PLOT COMPOSITE PROFILE .
e CALL PLOT (VGE1)»XX2,43) oo --- —
U0 27 Isg.NLA
e BF (VG 4 GT = AX (ORG VG I aLT AXI27 36 o e e
6 CaALL PLOTC(VG(1),DISC1),4) ,
- @7 CONTINUE
CaLL PLOTCKOP
e—eew.- RETURN
END

ceepicaan . -

SUBROUTINE PRINTOUT
__———--—-DINENSION vz.uon).stwoo).sotao.zoohuwczo) -
COMMON AX,AY,YS,XS,G0,DIS,vG, m..uu.xx,nx.uw
99 FDRMAT (S5Xek14.7,5X,E14,7) . ..
40 33 [x1,MLA
~--  IPRINT 99,BIS(1),VG(1)
83 TONTINUE
e -RETURN - .. . [,
END

(s
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PLATE 4

(* EOD )
(’/e EOF

/
Ys EOF

DATA (ADTPS)

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

/-Xv RUN, 4, 2000

/
% LOAD
e

SCOPE

pa
L
L

( SUBROUTINE PRINTOUT

SUBROUTINE PLOTOUT
‘ , ( END

PROGRAM GRAVCYL

= KTN, X, L.

(—x- EQUIP, I= PL o H

% J0B, CC_o_ ,GRAVCYL, 4

DECK STRUCTURE

A N T N S By Gy o ay P o A M aE e S e e e
N
N\~\
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