
A :METHOD FOR GEOMETRIC MODELLING OF MAGNETIC ANOMALIES FOR
nvO-DIMENSIONAL BODIES

T. C. S. RAO

National Institute of Oceanography Regional Centre. Wa/lair

52. Kirlampudi Layout

VisC'khapatanam-530 023.

ABS1RAcr

Two-dimensional stcp and dyke models are extensively used for modelling magnetic

anomalies as they arc compatable with many planar two-dimcnsional geological structures.
The anomalies for these models are obtained by employing different formulae for bodies of
different shapes. A procedure has been evolved to compute the anomalies for all types of

stcp and dyke models from a single formula by suitably reorienting the 'step model and by

redefining its edges and the slope or dip angle. This mcthod also facilitates calculation of
the anomalies for a vertical dyke with sloping surface and infinite dcpth extension.

INTRODUCTION

With the advent of computerisation, the
volume of geophysical literature on analysis

and intqrpretation aspects of magnetic data
became' almost unmanageable. Talwani
(1965) presented a computer-oriented method
to evaluate anomalies caused by bodies of
arbitrary shapes. Self-adjusting procedures
using the least squares method or the

Marquardt (1963) algorithms were developed
by Bosum (1968), Hall (1968), Johnson
(1969) and McGrath and Hood (1970) for two­
dimensional bodies like cylinders, dykes and
steps etc.

Careful examination of the existing

methods for computing the magnetic
anomalies reveals that different fonnulae are
employed for bodies of different shapes. These

have been used to get satisfactory fit for the
simple and isolated anomalies. Quite often,

the anomalies recorded on isolated profiles are
complex and overlapping and it becomes
difficult and itme consuming to model
anomalies by adopting separate formula for
each anomaly. However, this difficulty has
been overcome to a large extent in the
methods developed for computing the
anomalies of arbitrary shaped bodies with
polygonal cross-section (Talwani 1965). This
method basically requires the' closed
polygonal body and the anomalies for the
two-dimensional models extending infinitely
along X or Z-axis could be calculated to some
approximation by assigning large values for
the infinitely extending corners of the body.

However, (his method fails to incorporate the

dipping dyke extending infinitely downwards.
While Hall (1968) and McGrath and Hood
(1970) calculated the anomalies for the step
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a) Step Model

b) Dipping Dyke Model

T(X) = kTC Sin D (2 Sin (21-D) (Orfh)
2
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Where

T(X);;;; Total magnetic field intensity
anomaly,

k = effective magnetic susceptibility,

T = intensity of earth's main magnetic
field,

C = l-Cos2i Sin2A,
= inclination of the earth's magnetic

field,

A = the angle between the magnetic

north and the positive X-axis,

d = slope a'1gle of the face of the step.
D = dip of the dyke,
I = tan-1 (tani/CosA)

81 = tan-1«X(I) - BX1)/BZ1),

82 = tan-1 «X(l) - BXiJfBZ2),

and dipping dyke models, no procedure seems
to be available for calculating the anomalies
of an infinitely extending vertical dyke with

sloping surface. Inverse methods such as the
deconvolution method of Warner (1953), later

improved by Jain (1976) and Ku and Sharp

(1983), and the analytic signal method of

Nabighian (1972, 1974), compute the body
parameters directly from the observed data.
While these methods arc extensively used for

the analysis and interpretation of magnetic
data, they fail to locate the lower edges of the

crtical or nearly vertical bodies and could not

rcsolve the edges of the closely-spaced bodies.

Suitable combinations of the two­

dimensional step and dyke models that include

the step with vertical or sloping surface, the

venical dyke with horizontal or sloping

surface and the dipping dyke may be used to
approximate many of the two-dimensional

geological structures that are usually

encountered. An attempt is, therefore, made to

evolve a procedure for computi!lg the
anomalies of all the above-mentioned two­

dimensional bodies from a single formula.

ANOMALY COMPUTATIONS

Magnetic anomalies for different two­
dimensional bodies are usually calculated. by

equations with their origin located over the

centre of the bodies. However, if the origin is
located arbitrarily to the left of the body, the
X-axis is always reckoned positive as was

done by Talwani (1965). Adopting the same

procedure and a common notation, the

equations for the step model of Hall (1968)
and Nabighian (I972) as well as for the
dipping dyke of HaIl (1968) and McGrath and

Hood (1970) can be rewritten as :

r2
2 = (X(I) - BXiJ2 + BZ22

BX1, BX2 :::: X co-ordinates of the body

comers 1 and1,

ELl>B~ =: L C()-()nl\m\\.e:~ ()~ t'ne n()Q~

comers 1 and 2 and

X(l) = X co-ordinate of the observa-

tions prints on the X-axis
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the step and the dipping dyke models are

shown in Figs. 1A and 1B respectively. In
Fig. 1 and in subsequent figures the body
comers are numbered 1 and 2 for convenience
of their representation and further discussion.

(or vice versa) by suitably re-orienting the
comers of the body so that the step model in
Fig. 2A can be transformed into the dyke in
Fig. 2C. This could be accomplished by
rOlating the step model in Fig. 2A by 90' in

Q x(l)
'1'
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clockwise direction. This would make the Z
co-ordinates of both the comers equal and the
throw of the step model would become the
width of the vertical dyke model (D ;; 90°).

However, the comer 2 of the body is located
to the left of corner 1 and is 180· out of
phase. Therefore, the body in Fig. 2B has to

22 -----..:'r-,..I Po
I
I

In equations 1 and 2, all the parameters are
identical except d and D, which correspond to

The X-axis is positive towards right and the
Z-axis is positive downwards.

Dipping Dyke:

ABC 0
Fig. 2 A) Vertical step, (B) Vertical dyke obtained after rotating the step by 90', (C) Vertical

dyke after being llipped and (D) Dipping dyke.

the slope angle of the step and the dip angle
of the dyke respectively. Therefore, the
anomalies for the dyke model could be
computed from the equation for step model

be flipped so that the X co-ordinates of the
comers 1 and 2 increase on the positive X­
axis as shown in Fig. 2C. Having done this,
the anomalies for the vertical dyke with
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horizontal surface could be calculated by
substituting the corresponding angle (d =D =
90'). the depth to the top of the dyke (BZ1 =
BZ2 or vice versa) and BX2 is equal to BX j

pIus the vertical throw of the step in equation
t. Anomalies for the dipping dykes (Fig. 2D)
::ould be computed by substituting
appropriate dip angles D in equation 1.

thc anomalics for the vcrtical dyke with
sloping surface (Fig. 3B) could be computed.
However, the corners of the vertical dyke
model in Fig. 3D are 180· out of phase with
reference to the origin. In order to place the
body corners in proper dircction as shown in
Fig. 3C, the model in Fig. 3B has to be
flipped. This involves change in sign of the

c

I
I
I
I
r

I

r
I

B
I

0= d-90°
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2

A

Fig. 3 A) Step with sloping surface. (B) Vertical dyk~ after rutating the sloping step by 90' and

(C) Vertical dyke after being flipped.

Anomalies for the vertical or dipping
dykcs with horizontal surface, could also be
ca!culated directly by substituting the
corresponding X and Z co-ordinatcs of the two
::orncrs of the dykc model and the dip angle
(Fig. 2D) in equation I without having to
rol~I\C dyke with sloping surface.

With the same procedure of anomaly
computations and the same notation for the
pJrameters as in Figs. I and 2, the equation I
for the Sloping step model (Fig. 3A) could
also be employed to calculate the anomalies
for the vertical dyke of infinite extension with
sloping surface (Fig. 3C), which is a widely
used model. Whcn the sloping step modcl in
Fig. 3A is rotated clockwise by 90·, it
becomes a vertical dyke with sloping surface
as shown in Fig. 3B, and the angle D
between the sloping surface of the dyke and
the horizontal will be equal to d-90·. By
substituting d-90' in place of d in equation I,

3

anomalies computed for model in Fi~. 3B.
Anomalies arc·· computcd for the infinite

dipping dyke for dip angles of 30·, 60· and
120· after substituting the transformed co­
ordinates in equation I and also directly from
equation 2. The anomalics computed arc
found exactly the same in both thc cases and
are plOllCd in Fig. 4. Anomalies arc also
calculatcd for the infinite and the finite
vcrtical dyke with sloping surface after
substituting thc transformed co-ordinates in
equation I as well as the method by Talwani
(1965). r.,ese are plolled in Fig. 5. While the
anomalies are exactly same in case of finite
dyke they differ by a constant factor of about
0.122 gammas in case of infinite dyke which
could be due to the finite value of 999
assigned for the infinitely extending comers
of the body in Talwani method. Anomalies
for the finite dyke model are calculated from
equation 1 following the conventional
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CONCLUSIONS

Though equations 1 and 2 for a step
model and a dipping dyke model are separately
given, only equation 1 is employed in all the
computations because the dyke model is
derivable from the <;tcp model by substituting
Cd-90°) for D. As such, the necessity of
adopting different equations of different types
of bodies is obviated. By using the basic step
model with two corners only and with
appropriate substitutions in equation 1,
keeping the corners 1 and 2 in proper
positions, it has become possible to compute
anomalies of different types of step models
and dyke models. It has also been possible to
compute, by the present method, the
anomalies for the infinitely extending venical
dyke with sloping surface. Combinations of
bodies of appropriate shapes that could be
approximated to two-dimensional geological
structures can also be derived withoul
necessity of assigning values for the
infinitely extending sides of the bodies.
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Fig. 4 Amomaly for Dipping dyke, 30·, 60·, 120· .
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procedure by subtracting the anomalies of one
infinite STEP model from another infinite
STEP model.

CISTAh'CE IN 1QoI.
·s

Fig. 5 Anomaly for infmite dykes (1,2) and finite

dyke (3).

The listing of the computer programme
"STEPD" developed for this method along
with some test data is given in APPENDIX
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APPENDIX 1

C PRo:;E\A.... STEPED. fOR

C A "'...GNErIC IN:LINATION
C B PROfILE DIRECT 100 ClCCKWISE FRo.! GE03RAPHIC NORTH

C D DEClINAiION

C IGor !OTAL N\.WlEi\ Of I'OINTS

C BX1,BX2 X-ccOHnINI<TES OF mE ilOOY

C BZ1, aZ2 Y-CC<llDINI<TES Of THE BODY

C SUS SUSCEPTIBILITY

C If /«:;)EL IS 1, mE aCllY IS VElTICAL DYXE lOITH S1.0111~

C SURFr,CE, THE A!'KiU (DIP) IS MEASURED FRCW, lHE VERiICAL

C SIDE OF THE DIICE AT ITS TOP EDGE.

C If THE IOlEl.. Is OlliEll THAN1, THE BODY IS stEP AmEL,

e THE AI'GU (lJIp) IS MEASURED ro,,,,wA/lllS fR().I'. THE POSITIVE

eX-AXIS.
e F TOTAl. lo'A<>Ni:TIC FIELD INTEt;SIlY

r NOTE: THE rop fOOE OF TIiE BODY SHOO'.ll AJ.WAYS DE

C COUNTEV AS TIlE FlRST CCRNER Of iliE [IOOY,

C l'I'I NJ,\l5Ell CF BODIES

C KK eRIGI rj TO BE RECl<OtiE1l fl¥JM

C Kl' MJI<I<lER HELD POI~TS AT rllllal ~E.S ARE

C TO BE GAl.CUlJ\TED

C 00 DIF Of 1liE BODY
DIMENSION PX (100), THEY' (100), R (100). T (100), TT( 1(0)

<FEN (~, HLEc'STEPEDIN , Acce;S:'SEQUEIlTIAL')

OPEN (6, fILE"'STEPOOlJT' ,ACCESS='SEQUEflTIAJ. ,)

DO 64 I = 1, 100

64 TT (1)=0.0

READ (5,*)NN

00 30 II ..', NN
READ (S,*)BX1,DZ1,BX2,8Z2

READ (S,*)F,SUS,A,B.D,J(J(,KP,DD,MODEL
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WRIIE(b, 1~) BX1,BZ1,BX2,BZ2,MCOEL
~In:(b, ..190) F,SlJ$,A,B ,O,KK,ta> ,DD

190 fORMAT (2X,'F=',F10,2, 'SUS.',F10.6,'INCLIa'.FB.1,PROf.
DIRE' ,11':>.0, 'D£Cl.I-' ,~.O, '.CJUGIN-' ,13 ,'NO.POINTS"" ,

13, '00='1':>.0)

PI=3. 141~921

OO=DO*PI/180.

KTOlcJ<K+KP
00 10 I"!<K, KTOl

PX (1) = I

THETA=(PX(I)-BX1)/BZ1

TMETB=(PX(r)-3X2)/BZ2

TH<;T (I) =ATAN (lH ETA) -ATAN (TliETB)

THET (I) =-THET (I)

R1=SCRT «PX(II-BX1) ..2+BZ1 ....2)

R2-SCRT «PX(I)-BX2) **Z+BZ2*.Z)
R(I)=AlCG(R1/R.)
R(I)~R(I)

10 GONTltUE
BZ=BZ1-BZ2

BX=BX1-BX2

IF (ax) 11. 72, 73

71 IF (5Z) 83, 76, 81

13 IF (BZ) 81, 76, 83

72 DIP=PI/Z.O
GO TO 60

81 D1P=-(PI-ATAN(Bl/BX})

IF (M;)[)EL.EQ.1) GO TO 78

GO TO 60

83 DIP=ATAN (el/eX)

IF (MOOEL.EQ.1) GO TO 76
GO TO 60

78 QIP=DIP-PI/2.0
GO TO 79

7b DIP=DD
79 DO:IO I"!CK,KTOT

IHET(I)=-THE1(I}

1«1)=-R(I)

~ GOt07INUE
60 AM:F"SUS

a=Il-D
A=A*PI/180.
B=a*PI/100 •

OEUA"1-COS (A) *COS (A) "SINle)*SIN(B)

AA=ATAN(SIN(A) /(COS(A) "COS I a) »
PHr=2.0*AA-OIP-PI/2.0
00 20 Ic:KJ<, KTOT

T (I).2.0*AM*OELIA*(SIN(OIP)~T(I)-eos(PHI)+R(I)·SIN(PHI)

IT II) =1(1) +ITU)

20 cot>"I INUE

30 WRITE (b,14) (T(I),J a 1,KIOT)
JiRITE (b,901)

901 FCflMAT (5x,/I/l
WRITE (b, 14) (TT(I) ,1-1, KIOll

14 F~T l10f12.3)

15 FORMAT 15X,' BX1"',FB.3,'OZ1·'.FB.3,'F8.3,'SZ2=',f8.3,
12X, 'IOOOEL='. IS,/l

STOI'

EN>
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TEST DATA AND RESULTS

1. DIPPING DYKE

INPUT pARAMETERS :

EXt = 8.0, BX2 = 14.0, BZl == BZ2 = 2.0
SUS = 0.0025, F = 42600, A:: IS·, B = 90', DD :: 30·, 60·, 120·,

D == 0.0, KK == 1, KP = 20, Model =1

21
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2. INFL\'ITE AND FIl\TIE DYKE wmI SLOPING SURFACE

INPlrr PARA...\1ETERS

a) For equation 1

BXl =BX2 =8.0, BX2 =BX4 =14.0. BZl =2.0.
BZ2 =5.0, BD = 6.0, BZ4 = 9.0. other parameters
same as in case of Dipping Dyke

TABLE-2

Infinite Dyke Finite Dyke
Pistance
in Km Talwani Talwani

Equation 1 (J) Method Equation 1 (l) Method

1 3.832 3.710 3.832 6.066 -2.234 -2.234
2 4.673 4.551 4.473 6.944 -2.271 -2.271
3 5.825 5.702 5.825 7.968 -2.143 -2.143
4 7.455 7.333 7.455 9.141 -1.678 -1.687
5 9.853 9.731 9.853 10.446 -0.593 -0.593
6 • 13.491 13.369 13.491 11.827 1.664 1.664
7 18.884 18.762 18.884 13.181 5.703 5.703
8 25.338 25.216 25.338 14.362 10.976 10.976
9 29.691 29.569 29.691 15.220 14.471 14.471

10 30.406 30.284 30.406 15.644 14.762 14.762
11 28.696 28.574 28.696 15.599 13.097 13.097
12 25.718 25.596 25.718 15.125 10.593 10.593
13 22.136 22.014 22.136 14.309 7.827 7.827
14 18.412 18.290 18.412 13.259 5.153 5.153
15 14.922 14.800 14.922 12.082 2.840 2.840
16 11.915 11.793 11.915 10.869 1.046 1.046
17 9.480 9.358 9.480 9.689 -0.209 -0.209
18 7.582 7.460 7.582 8.586 -1.004 -1.004
19 6.126 6.004 6.126 7.585 -1.459 -1.459
20 5.012 4.890 5.012 6.695 -1.683 -1.683
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