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SUMMARY

A description is given of a computer progranm
(MAG3D) used for calculating the magnetic anomaly due to
a finite dipping prism. The preogram 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 terminal keyboard/printer, Little or no data
preparation 18 required and interpretation is achieved by

forward interactive modelling.

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



1. INTRODUCTION

In metalliferous exploration the need commonly
arises to interpret magnetic anomalies caused by tabular
bodles of finite strike length, The dipping prism model
provides the interpreter with a2 simple yet realistic
geometrical form for a first-order interpretation of an

anomaly.

A computer program is described for calculating
the magnetic ancmaly of a finite homogeneous dipping prism.
The program is called MAG3D and is based on formulae derived
by Hjelt (1972). The program assumes magnetisation by
induction in the Earth's field, but provision has been madé

to include remanent magnetisation if required.

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 II using TEROS. The basic
program algorithm is simple and rapid, and could be readily
adapted for use with some of the more modern desk top
calculators. Little or no data preparation is required.v
and interpretation is achieved by forward interactive

modelling.



2. CO-ORDINATE SYSTEM AND FORMULAE

Co=-ordinate system

A rectangular co-ordinate system is used (Figs.
la and 1b} with the X axis perpendicular to the atrike
direction, the Y axis parallel to the strike, and the Z axis
positive downwards. The dipping surfaces of the prism are
defined by the angle @,

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, W and U',V' W',

Oblique profiles

Profiles, other than those normal to the prigm
strike.‘can be run by defining a profile co-ordinate system,
at an angle B to the prism co-ordinate system (Fig. 1le).

In such cases, ﬁfogram MAG3D plots the calculated magnetic

field with respect to the profile co-ordinate system.

Mathematical formulsae

The magnetic anomaly (AT) of a finite dipping
prism 1is given by Hjelt (1972):

¢T = Hx cos I 8sin a « Hy ¢08 I cos o + Hz sin I
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1
where 91 = {(({arctan V.(U.cos® + W.sin®d) , ]w
u
(U.8in @ - W.cos ®) . Ruvw 2
2
8 = ([[{arctan V .cos ® - W, (U.3in® - W.cosf)
1v
V.3in® .Ruvw
W ¥ U
1 1 1
8 = [([([arctan V . U ] ] ]
1w PR — W v U
W.Ruvw 2 2 2
W v U
1 1 1
8 = (([l an (U + Ruvw) ] ] i
2u W v U
2 2 2
W v U
1 1 1
e = ([[ tn (V + Ruvw) ] ] ]
2v W v U
2 2 2
92 = [ILC in (U,cos ® + W . sin ® + Ruvw)
w
2 2 2 1/2
and Ruvw = (u + Vv + w )

If the prism also has remanent magnetisation,

magnetisationof the prism is given by

Jx = K (Tix + Trx)
Jy = K (Tiy + Try)
Jz = K (Tiz + Trz)

the total



where the subscripts ix, rx, ete. refer to the induced and
remanent components -respectively, in- the appropriate X, Y,

or Z directions.

These values may be substituted directly in the

above sets of equations.

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
routines are referred to by name (e.g. RMPAR, NUMB, etec.)
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



Yi. = Y co-ordinate of top edge nearest origin
Y2 I Y co-ordinate of top edge farthest from
origin

Z1 = Depth to top of prism
2 = Depth to base of prism
XN = X co-ordinate of first observation point
YN = Y n " " n n
ZN = Z Y " n " n
DX = Station increment along axis
N XN = Number of stations

" PHI = Dip of prism edge (degrees)
ALPHA = Angle between prism strike and magnetic

north (degrees)
BETA & Angle between X axis and profile,
measured clockwise from the positive

X axis (degrees)

susc = Susceptibility contrast

TOTAL = Earth's total field

DIP = Inclination of Earth's field

QKR = Kcenigsberger ratio

RA g Angle between magnetic north and

remanent vector
RI z - Inclination of remanent vector with

horizental

The program is structured for maximum interactive
use by the interpreter, and may be compiled, loaded, and
executed by means of a terminal keyboard/printer under
TEROS. Model parameters for each case are entered in free-
field format.
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The source program is stored as a resldent disec

file MAG3DS but is also available on paper tape.

Loading the program

To load the program from source file, the

following (TEROS) command sequence is required:

1, ®*GF, MAG3DS This command calls the source
program into the user scratch

region.
2 #FTy PL This command causes the program
to be compliled as a bilnary

relocatable file.

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

4, *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 1is up.

Running the program

To run the program, the following command sequence

is observed:



1. ®*LG, MAG3D

2. "MN, X1, X2, Y1,

Y2, 21, 22 ="

3. "XN, YN, ZIN, DX,
NXN, TOTAL, DIP,

SuUSC, PHI, ALPHA,

BETA="

4, "REMANENT MAGNE-
TISATION?"

5. "QKR, RI, RA="

6. "MISTAKE IN
INPUT DATA?2M

7. "ANY MORE
CASES?"

This command causes scheduling

of the program for execution.

At this request, type iIn the

appropriate model parameters.

Type in appropriate parameters

separated by a2 comma.

Answer YES or NO. If NO, the

program will skip to step 6.

Type in the appropriate
parameters,
Answer YES or NO. If YES, the

program will return to step 2.

Anawer YES or NO. If YES, the
program will return to step
2 so that additional cases can

be modelled,

The user may lcg into the program any number of times

using the command ®%LG, MAG3D.

* as shown;

User commands are preceded by a

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, all
angular parameters MUST be redefined; other parameters can
be redefined as required. For all parameters preceding
those to be changed, type in commas. Following parameters

may be ignored. All parameters must be initially defined.

Data output

Two modes of data output are utilised. The
calculated magnetic 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
Fig. 4). A cross-section of the model is not produced for

oblique profiles,

4, PROGRAM TESTING

The program was tested against Bhattacharyya's
(1964) formula for the magnetic effect of a right
rectangular prism, and against Gay's (1963) formula for the

magnetic effect of a two-dimensional inclined dyke.

Comparison with Gay's model was obtained by
setting V2 = V1 and taking a near-infinite strike length
(i.e. V1 = -V2 = 1000 m). The results shown in Figure 4
indicate a very close fit between the test data and the

analytical solutions of Bhattacharyya and Gay.
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Appendix:

PROGRAM LISTING
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PROGRAM MAG3D
RUTHOR— R.D OGILYY
THIS PROGRAM CALCULATES THE MAGNETIC ANOMALY OF A DIPPING PRISM
MM=MODEL HMO.
Xi=CO0D OF FIRST TOP EDGE ALONG ¥ AXIS
XZ=CO0D -OF SECOND TOP EDGE ALONG X AX1S

Y1=C000D OF FIRST EDGE O Y RIS

Ye=roah GF SECOND EDGE ON Y AXIS

Z1=0EFTH TG TOP OF PRISH

ZZ2=DEPTH TO BARSE OF PRISH

KN=X COOD OF FIRST FIELD POINT

Y=Y COOD OF FIRST FIELD POINT

Zn=d T00D OF FIRST FIELD POINT

DR=STARTICGH [HNCREMENT ALONG PROFILE

PHI=DIP OF PRISH (MEASURED O QCHWISE FROM +VE X AXIS)

DIP=INCLINATICN OF EARTHS FIELD (DEGREES), -VE [N SCUTHERN HEMISFHERE .

TOTAL=EARTHS TOTAL FIELD{MNT)

SUSC=5USCEPTIBILITY(C.G. 52

ALPHA=AMNGLE BETWEEH FRISM STRIKE AND NMAGNETIC HORTH
IMEASURED CLOCHWISE FROM MW TO +VE Y AXI1S.

BETA=ANGLE BETWEEN X AXIS AND PROFILE, MERSURED CLOCKWISE FROM
+VE X AXIS.

MMN=NUMBER OF STATIONS

AT=ARRAT FOR TOTAL MAGNETIC FIELD VALUES

STAT=ARRAT FOR QBSERVATION POINMTS

[REM=MG (REMARNENCE ABSEMT?

[REM=YES {RENMANENCE PRESENT)

RI=SINCLINATION OF FEMANENT VECTOR WITH HORIZONTAL
RAa=aMNGLE BETWEEN MAGHETIC HORTH AND REMANENT VECTOR
R=KCNIGSBERGER RATIO

DIMENSION F(8).U(Z),.V(2).W(2).G{8),B(B).5(8)
DIMENSION TI8Y. AE) . AT(108), STAT(1ee) ,LU(S)
INTEGER STRL¢R2.8TR2(2) . STR2(Z)
IMTEGER STR4(Z2).STRS(E),.STREIE),STRALE) . 5TRE(E) . STRS(Z)
INTEGER S3TR1GUE), STR11473. 5TRIZ(S) ., STR13(7:
PATA STRI1/ZHTO, 2HTA.2HL . 2HF . ZHEL . SHD( . 2HNT . 2H)  ~
DATR STRE/ZHDE, ZHPT. 2HH( . 2HME, Z2HTR . 2HES. 2H) -
DATA STRZ-2HD] . ZHST. 2HAN . 2HCE . e+« . eHE, EHTR. ZHES . 2H)  »~
DATA STR4-2HMO,2HDE.2HL .2HMO.2M. .2H .2H .2H
DATA STRS~ZHIN, 2HDW, ZRCT . 2HNG. X F L. gHIE. 2HLD. aH
DATA STRG/ZHIN, 2HCL ., 2HIN. 2HAT.2HI0.2HN .2H  .2H
DATA STRZ-2HIU, 2HSC, eHER . ZRTI . 2HEL . 2HL |, ZHTY. 24
DAaThe STREAZHPR.ZHIS, 2HHM 2HDE.2HPT.2HH . 2H . 2H
DaTea STRQ-2HPR, Z2HIS eH L 2HD] . 2HP .2H  .2H . 2H
DATA STRISAZHPR. 2HIS, 2HM 2HET.2HRD, 2HE.2H . 2H  ~
DATA STRI1/ZHCR, ZHOS , 2HS—- ZHSE . ZHCT. 2810, 2HN -
DATA STR1Z/-ZHPR.EZHOF .ZHIL,ZHE ,ZH(Y,ZHM) -
DRTH STRI1Z3-2HFR. cHOF . @RIL, ZHE . 2HAN, ZHGL . ZHE ~

READ IMNPUT D&TH

o N N N N
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CALL RmPaRILU)

WRITE(LY, 300)

FORMAT (-2, "M, X1, %2.Y1.,Y¥e, 21, 22="
READ(LU, 0N, XL, 2. Y1, Y2, 21. 22

IFMN.LT. @G0 TO 27

WRITECLU, 3010 .

FORMAT (/24 "sMNL YNL 2N, DX, NXN. TOTAL, DIP, SUSC. PHI . ALPHA, BETA=")
READ (LY, X2 XN, YN ZN, DX, NN, TOTAL . DIP.L SUSC, PHI L ALPHAL BETA
LIRITELLY, 205

FORMST (#24, "REMAMENT MAGNETIZATION?" )

READCLLL, 173 [REM

7 FORMATIAZ)

iFUIREM . ME . SHYEIGD TO 14
WRITE(LU, Z392)

FORMAT (72X, "OKR,R1 . RA=")
READOLUL ¥20KRL R L RA

WRITE (LU, 202)

FORIMAT (<2X, "MISTRKE IN INPUT DATA?"]
READ (LY, SHRGOOD

FORMATIAZ)

IFINGO2D EQ. 2HYE)GD T 1

P1=3.14155
FHI=FHIXR1-130.
DIP=DIP#P1~128.
ALPHA=SLPHEKP 1 150 .
RI=RIXF1 186
RA=RAKP 17180 .
BETA=BETA%FP 1180
=N

DO 93 L=1,NxN
X=(L~1)¥DXXCOS(BETA) +XN
Y=(L—-1)Y¥D=¥KSINCBETAI+YN
STAT (L) =RN+(L-1)%DX

H=z2-Z1

UG 1=%=%2

LRy =N

ECi A ok

viZr=v-vi

Wi li=ghi-22

WlE)=EH-21

CALCLl aTE FAY JFav Fid, Fauh Fay, Feu

j—-
=L

Fll=&.
Fiv=e.
FlW=0.
Foll=w,
A=
FZ2l=2.
Do de I=t.2
Do 19 J=i1.2
DO 18 K=1.2
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IFOK.E@. 10U T2=Ul ) -HATAN(PHI }
IF({ABSEUCT ) 1-0.891) .LT.0)Ul1)=0.0v1
IFCCARS VI 1=, 0@1) LT ¢1vi))=¢ ool
[FU{ARSILICKY 3=-0 5231) LT 2DWKI=2 201
B=SORT U TIRUCEIFVIIIRVIU R TWIKD )
P RCOSPHII HI (KIS INCPHTD

C=UC] RS INIPHID ) WK IRCOS(PHI )
IFC(ABSIN) -0 .001) LT .8)E=0.001
FiMi=ATANC (M xR/ (QER))

GUMI=ATAN CJU UV T HCOS (PHDD) WK ¥E) Z/ (VI XS INIPHI ) XR)Y )

BOMisaTANCOV IR LI 2 (WKIXRY)
S UL 1+F
CalWiJI+R)

-".'_”‘—'1
R ol 7 o0

Sipii=gl
TJ=1+J+iK
IFCi ke ER 4 OR 1MW EQ 8)G0 T0 7
FoMy=—F.0mY

o

u MJ"—G(H)

AChI=-AL)

P EQ 2O 1=UC 1 )+HYXCOS (PHI Y ASIN(FHL )

W=p+1

COMT THUE

Do 11 N oz1,8

Fill=Fillez

Fiva= IV+Gikg
Fild=F 1W+B(N)

Fali=Fali+x (M)

FeVv=FaV+T(M)
Fol=Fai+AtN)

11 COMTIHUE

CALCULATE T FACTORS

Tll‘CO”rPHIJTF:V-QIN(PH]JIFlU
12=51HPHI Y AR 20
T13_:7z

’T"")i_r_‘ ld

TEe=F 1V

T23=F2U
TZLI=COS(PHI M FFLUFSINGRHL 2 EF2V
TI2=F SU-C0S (PHI VRF2W

T33=-FilJ

CALCULSTION OF H FACTORS

TOR=TOTALXCOS{GIPIXSIN(ALPHA?
TOY=TOTALACCS(DIiF)KCCS (ALPHA)
TOZ=TOTALXSIN(DIP)

IF{IREM . £G . 2HYEIGD TO E13

p m(_:\i WOy \l
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18 Sld  AJL=AJXKSINPHI -AJZXCOS(PHI )

56 AJ2 =507

167 AJ3=~JZ

158 H=RAJ1*T11+AJSXTI2+AJIXT13

155 HY =R 1ETE 1 +AJERTE2+RJZET 23

170 A=A i TEi+a Py T332 5 TE3

171 €

172 C CACHATION OF TOTAL FIELD

173 €

174 ATL ) =HECOSIDIPIXS NI ALPHAY FHYXCOSIDIP I ¥COS(ALPHA Y +HZXS IN(DIP)
178 99 CONTINUE

17:

1738

179

18@ B13 TR=AKRETOTAL

181 TRY=TRYCOS(R] 1% IN{ALFHA-RA)
182 TRY=TRECOSI(R] JACOS (ALPHA-RA)
183 TEL:TRT”'NFPT‘

1R FulR=E {TORATRR Y

125 Sr=5il TOY+TRY S

i85 BUZ=5)SCHRTOZ+TRZ )

182 GO TS s1d

188 C

189 C PRINT RESULTS

182

121 52 WREITECLL, 3)MN

182 WRITEGS, 20MN

193 3 FORMOT(1HL, 7, SHMODEL NGO, . 1102
124 WRITE (LU, Soas

185 WRITE(E. Z202)

195 202 FORMATOIHS, 7%, PHETATION, 10, 1 1HTOTAL FIELD)
182 D & '-1 R

195 TWRITELS.a@ISTATIJ) L ATOD)

15 WRITE G U,othHTrJ SJAT G

2R3 6@ FORMAT(1HA,.SX.F1e 2.8X,.F10.2)
Ze1 56 COMT IMNUE

P P

222 C PLOT RESIN TS

egd G '
- 205 SV =TOTAL-226

206 Sil=200 .99

<7 Sve=2e

208 SiZ2=—Z2-3

cel DIST=DX¥FLOAT (NXNIA12 |

210 CARLL PLOTSOLY 19 .92

211 CRLL rHCTF(G S)

clc IFCMN . EQ . 13CALL PLOT: . 0.5, -3
212 cAaLl AX S(E.f“.,bT.‘:lB,E.,SG.-SV1,Slil
214 CALL AXIS(8..0. .8TRE, 14,3..96..,5ve,.51&)
215 CALL. AxISe .3 L 5TRZ 1R, 1@, . XM. DIST:
215 C

217 C PLOT POINTS

218 <

219 caLlL FPLOT(O..8, =3}



c

=L1%)

xP=2

DO B29 I=1,hMxN

YP=AT( 1) 202,

CARLL SYME(XP.YP.8.1.7.0..-1.3 1)
A=A T ET

CONTIHUE

EETA=BETA¥1IED Pl
IFCIFIX(BETA) . GT.@)G0 TO 2@
ChLL PLOT(R . -Z2..-3)
AP1=X1/D1ST-AM-DIST

YR1=Z21-51Z

RPE=X2/DIST-XMsDIST

SPE=CAE R/ TAMIPHLI }/DIST-HMA/DIST
RF3=(X1+H-TANIFHI ) 3 #DIST-XM-DIST
CALL PLOTIXPL.YPL1. 2¥

CALL PLOTC(HPZ.YPL1.2)

CalLbl PLOTOXRFZ. -2 .20

Crél. PLOTONPA =3 23

CALL FLOTIXPL.YPL. &2

CRUL SyMR(Z .. -1 .5,8.1.5TR11.8..13)
DIP=DIiP¥12@ /FI

FHI=FHI¥18¢ . Pl
ALPHA=ALPHAYIES Pl

CALL SYMELF.,5.5.8.1.5TR4.@..18?

CALL SYME(? .. 5.2 1,.8TRE.9Q..16)
CALL SYME(A..4.7.9.1.5TRE.Q,.186)
call SYMB(Z..4.4.6.1.5TR7.@..,16)
CALL SYMB(?..4.1.0.1.5TR2.9..18)
CALL =¥MEC(F.,3.8.90.1,STRS.0..186)
CALL SYMEB(Z..3.5.9.1.5TR19,0.,186)
CALL SYMB(?..3.2.9.1.STR12.2..12)
CALL SYMB(Z..2.2.¢.1,3TR1i3.@.,14)
CALL NUME(R . 2,5.5.2.1,.FLOATIMN) .., 8)
CALL NUMB(E.E.5.0.9.1.TOTAL.Q , 2}
CALL MNUMB(Z.3.4 .7.9.1,DIF.¢..2)
CALL NUMBU(S.8.4 . 4,.8.1.3USC,0..8612
CAll NUMB(E.2.4.1,0.1.71,0..2)
CALL MUMEB(R.2,2.2,0.1.PHI.2 ., 2
CALL MUMB(E.Z.3.5.0 t.APHA,Q ,2)
Call NUMELS.2,3.2,0.1,YN. B, , 2}
CALL MUME(2 . 5,2.9.0.1.BETA.G..2)

TERMINATE PLQT

27 CALL PLOT(@ .©.,539)

3¢

81

CALL GOPLT

WRITE(LU, B}

FORMAT (72X, "ANY MORE CASES?")
RERDILL. 81 YMORE

FORMAT (AZ)

IF(MORE .EG.2HYE)GO TO 1

STOP

END

ENDE
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