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ABSTRACT  

Use has been made of a Digital Computer to develop 

a routine method of interpreting magnetic anomalies due to 

dykes and to square vertical prisms of inifinite depth 

extent. In addition, a method is described for interpreting 

magnetic anomalies due to any three dimensional parallelo-

piped with horizontal top surface, and of inifinite depth 

extent by reducing them to two two-dimensional dyke anomalies. 

A computer method of fitting two dimensional and three 

dimensional rectangular vertical prisms to observed total 

field anomalies is developed. The method is later extended 

to the fitting of any two dimensional structure consisting 

of a number of two dimensional rectangular vertical prisms 

to observed total field anomalies. 	The principle of the 

method of fitting is easily extended to the fitting of other 

models and to the fitting of models and structures to 

observed gravity anomalies. 

A computer method is described for calculating the total 

field anomalies due to a three dimensional structure for any 

assumed direction and intensity of magnetisation, and for 

determining the direction and intensity of magnetisation of a 

structure of known shape at a known depth from its total field 
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anomalies. 	The method is applied to investigate the nature 

of magnetisation of a seamount off the West Coast of the 

United States. 
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CHPATER 1  

INTRODUCTION 

The basic problem in gravity or magnetic interpre-

tation is the deduction of geological information concerning 

the source of a gravity or magnetic anomaly. 	In the case 

of gravity surveys, the information for interpretation is 

usually in the form of a sufficient number of values of g, 

measured at a number of discrete points, to enable a gravity 

contour map to be made. 	In the case of magnetic surveys, 

it may be in the form of discrete values of magnetic field, 

or more commonly in the form of continuous profiles obtained 

from continuously recording airborne or ship-towed magnet- 

ometers. 	In either case the results are generally presented 

in the form of a map. 

The first step in interpretation, irrespective of the 

quantity and quality of the field data, is a visual inspec- 

tion of the map or profiles. 	Deductions and inferences are 

drawn in a qualitative manner from the sizes and configuration 

of the anomalies. 	This is based in part on a knowledge 

of the theoretical anomalies produced by certain types of 

structures, in part on the experience of the interpreter. 

The subsequent steps in the interpretation depend on a 
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number of factors, such as the quantity and quality of the 

data and the amount of effort that the economics of the 

situation justify. 	Most of the methods of interpretation 

in common use fall into one or other of the following 

categories. (1) Depth determinations based on simple half 

width or similar rules, (2) master curve matching and 

(3) structure fitting. 

In the case of gravity surveys, the interpretation of 

anomalies characterised by nearly circular contours may be 

approached on the assumption of a spherical source, while 

for those with elongated contours a horizontal cylinder 

may be assumed. 	For these simple geometrical forms, direct 

relations can be ascertained betIeen the half widths of the 

anomalies and the denths to their centre. 	Thus, the depth 

h to the centre of a sphere is obtained from the half width 

Pi of its vertical gravity anomaly using the relation 
2 

h = 1.305 Pi. (Fig. 1.1). 	For the cylinder h = xi, where xl 

is the half width of a profile on the gravity anomaly 

perpendicular to its axis. 	The corresponding elementary 

approximations in magnetic interpretation are the point pole 

and point dipole for nearly circular contours and the line 

pole and line dipole for elongated contours. 	Depth rules 

similar to those for gravity interpretation can be derived 

for these models. 	The rules of course depend on the 
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direction along which the anomaly is measured. 	For total 

field anomalies, Smellie (1)has given charts from which 

factors can be read and multiplied by the maximum to half-

maximum distance on the anomaly to yield the depth to the 

equivalent point pole, point dipole, line pole and line 

dipole. 	Jung(213)  has developed depth rules for other 

simple geometrical forms, such as horizontal and dipping 

sheets, and has given some geometrical construction for rapid 

depth determination. 	As a rule such simple rules can be 

developed only for the simplest of models. 

The simple methods described above suffer from two 

disadvantages, they make use of a limited number of discrete 

values and they are suitable only for very simple models. 

For more complicated models, a better approach is to 

compare the observed anomaly with master curves computed for 

various combinations of the parameters of the model. The 

preparation of these curves is made possible by the fact 

that for any particular body, the expression for its anomaly 

can be separated into an amplitude factor and a shape factor, 

which is independent of the absolute dimensions of the 

system. 	Considerl for example, the total field magnetic 

anomaly T(x, y, 0) due to an arbitrary structure polarised 

along the direction of the Earth's field. 
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where J is the intensity of magnetisation, 1, m7  n the 

direction cosines of the Earth's field and a, b, c are the 

co-ordinates of a general point in the prism. 	This 

expression can be written in the form 

T(x,y70) = J 	cs C (1 	+ m 	+ n 

V173 -5(2FT)  
_ "43.22 

h 

d(a) d(b) d(c) 
h h h 

= J f(, 	Ejl 
h h h 

where h is a s,maling factor, i the inclination of the 

Earth's field and pj are the parameters defining the source. 

The function f(x/h, y/h, pi/h, i) defining the shape of 

the anomaly is independent of the absolute dimensions of 

the system, and depends for a given inclination i only on 

its geometry. 	The procedure actually employed in the 

interpretation, using any model, is to have a set of charts 

of f precomputed for various combinations of the parameters 

pi41.9  and to compare the observed anomaly with these charts. 



A particular chart is then selected as showing the closest 

agreement in shape with the observed anomaly. 	Then if Pi 

are the parameters of the structure and pi  those of the model 

for which this chart was prepared, Pi  = Hpj, where H is the 

ratio of the distance between any two convenient points on 

the observed anomaly to the distance between the corresponding 

points on the chart. 	The points usually used are the 

maximum, minimum, half quarter etc. of maximum and minimum. 

The amplitude factor which in the above case is J is obtained 

by taking the ratio of the maximum on the observed anomaly 

to the maximum of f on the chart. 

As an example of the application of such charts, 

consider the interpretation of magnetic anomalies due to 

dykes. It can be shown that the shape of the magnetic 

anomaly due to a dyke depends only on two parameters, t/h 

and I, where t is the thickness of the dyke, h the depth to 

its top and I an angle depending on the direction of measure-

ment of the field, the direction of magnetisation, and the dip 

and strike of the dyke. 	The procedure adopted in the inter-

pretation is as outlined before, first computing master 

curves for various combinations of t/h and I and then 



comparing the observed anomaly with them. 	A curve. is 

then chosen as showing the closest agreement in shape with 

the observed anomaly and the depth to the top of the dyke 

is obtained by multiplying the h value of the selected 

master curve by the ratio of the distance between two 

convenient points on the observed anomaly to the distance 

between the corresponding points on the master curve. 	The 

thickness of the dyke is obtained by multiplying the t/h 

ratio for which the curve was computed by the depth. 	As 

another example where extensive use has been made of such 
() 

charts mention may be made of tho-3e of Vacquier 	for 

interpreting total field anomalies due to vertical 

rectangular prisms of infinite depth extent. 	All methods 

employing master charts have severe limitations in that with 

increasing number of charts the comparison of the observed 

anomaly with the charts becomes increasingly difficult and 

time consuming and with only a limited number of charts 

only crude estimates of the parameters can be made. 	In 

Chapters 2 and 3 of this thesis methods are developed which 

'fallow the total field anomalies dUe to dykes and vertical 

rectangular prisms to be interpreted in a simple and 

routine fashion. 

The ideal in gravity or magnetic interpretation would 

be to determine from the gravity or magnetic anomaly the depth, 



shape, size and density or susceptibility of the source 

producing it. 	Unfortunately, this is not possible 

because a given anomaly could be produced by anyone of an 

infinite number of possible sources(5/6). 	Additional 

control information, suchras might be obtainedfrom drilling 

or from seismic surveys, is necessary if limitations are 

to be imposed on the number of solutions. 	Where such 

control data are available and are sufficient to make the 

solution unique or to limit the range of plausible 

solutions it should be possible to find a solution that is 

compatible with the available control data. 	The problem 

is usually approached in an indirect manner. From the 

results of preliminary analysis the assumption is made that 

the source has a certain shape depth and density, or 

susceptibility. 	The anomaly due to this body is calculated 

and the results of such calculations are compared with the 

observed anomaly. 	The assumed body is then adjusted by 

trial and error, until a reasonable agreement between the 

observed and computed anomalies is obtained. 	Obviously, 

the efficiency of such a method depends on the ability of 

the individual to make a close estimate of the solution and 

the speed with which the anomaly due to the structure is 

computed. 	A number of graphical(7), mechanical(8), and 

analogue(9)  methods have been designed for the rapid 
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computation of the anomaly. 	However, the method of 

fitting remained time consuming and laborious as a number 

of trial steps would be required in practice before the 

so1uktion is achieved. 	For instance a case is mentioned(10)  

where three months of steady calculations of this sort were 

required before a satisfactory picture of a salt dome was 

obtained. 

The time factor and the labour of computation precluded 

any appreciable use of the above interpretation technique 

in the past. 	With the advent of the modern high speed 

digital computer, the situation is different. 	The ability 

of the computer to perform a series of simple numerical 

operations automatically and rapidly makes it possible to 

compute the anomaly due to an arbitrary structure very 

rapidly by dividing it into many elements and summing up 

their effects. 	Further, its ability to perform a cycle 

of operations repeatedly until a specific condition is 

reached, enables successive approximation methods to be 

developed for the fitting of a structure to an observed 

anomaly. 	This may be illustrated by considering a case 

described by Bott(11)  where the electronic computer was used 

to determine the thickness of a sedimentary basin from the 

vertical gravity anomaly. 	The basin was divided into a 

number of strips (Fig. 1.2) and the thickness of the 
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sediments below each strip calculated. 	The first approx-

imation to the thicknesses was obtained on the assumption 

that the observed anomaly was due to sheets at the surface. 

th If g
iis the observed gravity anomaly over the . 

	strip, 

the first approximation to the thickness of the ith strip 

is t. -= 	_gi 	where a'is the density contrast between 
1 21TGe7Nti 

the sediments and the surroundings, Wi  tstie . h of Lhe I±)-k 

otrip and G the gravitational constant. 	The anomaly due to 

the structure, consisting of blocks of thickness ti, was 

calculated and subtracted from the observed anomaly. 	This 

results in a set of residuals RA which are smaller than 

the observed anomaly. 	In the next stage the thicknesses 

of the blocks were increased by amounts ti = 	Rii  
217G 614 

and the anomaly due to the structure was 

recalculated and subtracted from the observed anomaly to 

leave a set of residuals R21 which are smaller than Eli. 

The process was repeated until the residuals were reduced 

to a sufficiently low value. 	Thus, each cycle of operations 

leads to a closer approximation. 	To go through this 

numerical process by any other means would be a most tedious 

proposition, yet the computer solved the problem in under 

three minutes. 

Bott's method was developed for the solution of a 

specific problem. 	The method cannot be extended to the 
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general case, nor is it possible to extend the method to 

structure fitting in magnetic interpretation. 	In this 

thesis, a general technique is developed which allows both 

simple models and complex structures to be fitted to an 

observed anomaly. 	The method is illustrated with respect 

to its application to the interpretation of total field 

magnetic anomalies but the principle of the method is easily 

extended to the interpretation of gravity anomalies. 
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CHAPTER 2  

ROUTINE  METHODS FOR INTERPRETING THE MAGNETIC ANOMALIES 

DUE TO DYKES AND SQUARE VERTICAL PRISMS. 

2.1 Introduction  

A common method of interpreting a magnetic anomaly is 

to assume a simple model for the source producing it, and 

to evaluate the parameters of the model by comparing 

some characteristics of the observed anomaly with the 

corresponding and known characteristics of the anomaly 

due to the model. 	The characteristics generally 

used are the distances between convenient points on the 

anomaly, such as the maximum, minimum, half maximum and 

half minimum. 	A direct location of these points was 

possible in the past only for the simplest of mode18. 	For 

more complicated models, charts of anomalies due to the model 

for various values of its parameters were prepared and the 

interpretation was carried out by comparing the observed 

anomaly with these charts and selecting the one which showed 

the closest agreement between the shapes of the observed and 

computed anomalies. 	This was a time consuming process and 

as a result only crude estimates of the parameters were made 

using an inadequate number of charts. 	1,114ittle advent of 



modern High Speed Digital Computers, it becomes possible 

to determine the points of maximum, minimum, half maximum, 

half minimum, etc. on the anomalies due to more complicated 

models and thus to develop a more direct method of inter-

preting their anomalies. 	Such a direct method has been 

developed in the present work for the interpretation of 

magnetic anomalies which may be assumed to be due to a two 

dimensional dyke and to a square vertical prism of infinite 

depth extent. 	In addition, a technique has also been 

developed for reducing the anomalies due to any three 

dimensional parallelopiped with rectangular horizontal top 

surface and of large depth extent, to two dimensional dyke 

anomalies. 	This enables the use of the method devised for 

the two dimensional dyke in the interpretation of the 

anomalies due to the parallelopipeds. 

2.2 The Two Dimensional Dyke  

A dyke can be approximated by a two dimensional parallelo- 

piped with horizontal top surface and of infinite depth 

extent. 	This approximation is also applicable to other 

geological structures such as veins and contacts. 

On a total magnetic anomaly map, the anomalies which are 

suitable for interpretation on a two dimensional parallelo-

piped approximation, reveal themselves as closed elongated 
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pattern of contours of a major feature, accompanied, in 

general, by a single minor feature of opposite sign running 

parallel to the major feature. 	Such a simple picture may 

be masked by the presence of strong regional gradients, in 

which case a correction for the regional gradient must be 

applied before the characteristic feature of the anomaly is 

revealed. 	When the length of the pattern is greater than 

four or five times its width, a profile perpendicular to 

the length near the centre of the pattern may be selected 

for interpretation on the assumption that it is due to a 

two dimensional dyke. The interpretation consists of 

determining from this profile, the depth to the top, the 

width, the geological dip and the intensity of magnetisation 

of the dyke, it being understood that the direction of 

orientation of the dyke is parallel to the direction of 

elongation of the contours. 	In the following sections, an 

expression for the anomay due to a dyke is derived and the 

relative positions of the maximum, minimum, halfi quarter 

and three quarter maximum and minimum are determined for a 

wide range of values of the parameters of the system. These 

results are later used to develop a method for determining 

the parameters of the dyke using the known distances between 

the points of maximum, minimum etc. on the observed profile. 
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2.21 Magnetic anomaly due to a two dimensional dyke  

The anomaly due to a uniformly magnetised dyke can be 

evaluated easily by summing up the effects due to free poles 

on the surfaces of the dyke. 	Referring to Fig. 2.1, where 

the x-axis has been taken at right angles to the strike of 

the dyke, the horizontal and vertical magnetic fields due to 

a free pole distribution of /hi per unit length on one 

surface are given by 

R. = - 2/A1 R  
ds CosO 

Si+1 
and 
	

Zi  = - 2 jai 	ds Sine 

Si  

since ds = - Rde  
sin (9- Di) 

(?1+1 
Cose d = 2 v. 	i e  H. 	 f 	0 	sin ( E) - Di) 

ei+1  

and 	Zi = 	sthe de  
sin ( e - Di) 
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Hence, it follows that, 

H. Cos D. + Z. • sin D. = 3. 	3.  

61+1 
21.41  r 	cos(8- Di ) = 

sin((- Di)  

(31+1 
2 tai  /_-in sin ( (- Di ) 7 

= - 21-ti  in Ri+1 
) ' Ri  

Since R sin (e- Di ) = constant, 

(1) 

t i+1 
and Hi  sin Di - Zi Cos D• = -2 FL• 	sin (El-Di ) de 

I ei  sin ( e- Di  

-2 tit-i  ( 	 (2) 

Thus, from (1) and (2), 

Hi = -2/Li /-cos Di In 

	

	+ sin DI (0i+1  - ei) _7 (3) 
R. 

and 
2i  = -21. rsin Di  in R1+1 - cos Di 

Ri 
If (p,r) are the direction cosines with respect to the x, z 

axis of the direction of magnetisation, and J, the intensity 

6'd.+1 - ei) _7 	0+) 
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of. magnetisation, then 

/44i.  = J (p sin Di  - r. cos Di) 

= J (p241.2)*  sin (Di - U) 
	

(5) 

where U = tan-1  r 
P 

The anomaly Fi due to the ith  surface, along a 

direction whose d.ds  with respect to the x, z axis are 

1, n, 

= 

is given by, 

F = 1Hi  + n Zi 

= (12+n2)* (Hi cos 11 + Zi sin V) 

sin (D.-U) /-cos (Di-V) In Ri+1 + sin (Di-V)(9141- 9i)7) - 
Ri 

where 

jt = j(12.11.12)2 (p2.i.r2)2 	and V = tan-1  n . 
1 

The anomaly F due to the flat topped dyke shown in Fig. 2.2 

is equal to 	52. 	F. 
i=1 

With surface 3 at infinity, all terms at infinity cancel out 

and 

F = -2J' sin (D-U) /-cos(D-V) In 111  + sin (D -V)(91- 02) _7 
R2 

+2J' sin (-U) /-cos(-V) In 11.1  + sin (-V) ( el - 612) 7 
R2 
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z 

Fig. 2.1 

Fig. 2.2 
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= 25' ( sin (D-U) cos(D-V) 	sin(-U) cos(-V) ) in R2 
R1  

+2J' (sin(D-U) sin(D-V) 	sin(-U) sin(-V) ) (62  - 61) 

Since, sin(D-U) cos(D-V) - sin(-U) cos(-V) = sin D cos (D-U-V) 

and sin(D-U) sin(D-V) - sin(-U) sin(-V) = sinD sin (D-U-V)). 

F = 25' sinD/-cos(D-U-V) in R2  + sin (D-U-V) ( (92- 61)7 
R1 

= 2J' sinD[cos I In z.-(t'-x)2  11-  + • 
(z2+(t 1.4a)2) 

sin I tan-1  t'-x + tan-1  t'-+x1 _7 
z 	z 

where t' = t/2, the half width of the top surface of the dyke 

and I = U+V-D = tan-1  r + tan-1  n - D. 

	

p 	1 

The anomaly due to a dyke thus depends on the four 

parameters t', z, I and 51 7  the latter being equal to 

j(p2 	r2)  (12  + n2)*. 	If the function 	F 	is 
25' sin D 

denoted by f and if all distances are measured in units of 

the depth z, then 

f = cos I In 	1+(t'-x)2/1  + sinl (tan-1  (t'-x)+tan-1(t'+x) ) 
1+(t'+x)21 

(6) 

where now t' and x are in units of the depth z. 	The function 

f(x) defines the shape of the dyke anomaly, and depends only 

on the two parameters t' and I. 

From (6), it follows that, 
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f (x, 180-I) = f (-x, I) 
f (x, 180+1) = -f (x, I) 

and 	f (x, 360-I) = 	f (-x, I) 
Thus, the shapes of f for I outside the range 0 sz 1$., 90 are 
obtained as the mirror images on either the f axis or the 
x-axis of the shapes in the range 0 I go._ It is then tuff= 

icient to consider the range 0 I -5.90 in all the following 
calculations. 

2.22 The positions of the maximum and minimum of the anomaly. 

At the maximum or minimum, '21' = 0. 

i.e. 

cos If  -t '-x 	t '+x  
X1+(t'-x)2 	1+(t'+x)2) 

+ sin if-ii.a.l_x)2+il..(1t.14a)d=0 

When multiplied throughout by (1+ (t '-x)2 ) (1+ (t 1 +x)2  ) 

this equation reduces to 

CosI/--(1+(t t+x)2 ) (t'-x) - (t'+x) (1+(-0'0x)2 	+ 

sinI(-1 - (tt+x)2  + 1 + (t'-x)2 ) = 0 

ie. cos I( (x2-t ' 2 ) 2t' 	2t ) - 2 sini x 2t t = 0 

or x2  cosl - 2 sinl x - (t '2  + 1) cos I = 

Hence, x = tan I + (t'2  	)* cos I 
( 7 ) 

In this expression, the negative sign corresponds to the 

maximum and the positive sign to the minimum since, for 

the range 0 < “. 90, f has the shape shown in Fig. 2.3. 
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2.23 The position of the centre of the top surface of the dyke  

The distances of the maximum and the minimum given in 

(7) are measured from an origin chosen directly above the 

centre of the top surface of the dyke. It is evident from 

expression (7), that this origin is at a distance of -tan I 

(units of depth) from the point midway between the maximum 

and the minimum of the anomaly. 

2.24 Fumrical solution for half, quarter and three  
quarter maximum and minimum positions  

Let fm  dehote the maximum value of f, and xsm/4 and 

x'sM/41  the x co-ordinate of the points on the outside and 

inside limbs of the maximum at which f = s fm (Fig. 2.3). 

The corresponding quantities for the minimum are referred 

to as fin, xsm/4 and x',1111/4. 

The equations f(x) = s f
M 
 and f(x) = s f

m 
 were solved 

in the following manner. 

1. The position xm  of the maximum was evaluated using 

expression (7) and the field fm  at this point calculated. 

2. Two positions R1  and B2  were found where 

f(P2)‹. fm  <f(B1) by calculating f(x(s4.1)m/4 	j) 

for j = 1, 2, 3 	until, for a particular value 

Of j, f (x(s+1)14/4 - J)< 	fm 	f (x(s4.1)14/14.- j 	1) 
x(s+i)m/4 was known from the previous calculations, 



as the equations were solved in the order s = 3, 2, 1. 

3. When two points Fi and P2 on either side of s fm  were 

found an inverse linear interpolation was carried out 

between f(Pi) and f(P2) to obtain the first approxi-

mation Q1  for the position of s fm. (Fig. 2.4). 

If f(c21) < 	fm, f(Q1) was used with f(p1) to obtain a 

second approximation Q2  by inverse linear interpolation. 

If f(Q1  )) s fm, f(Qi) was used with f(P2) for the same 

purpose. 	This process of inverse linear interpolation 

was repeated, always using the two values of f nearest 

to fm  and lying on opposite sides of it, until a 

fM  

where e is the fractional error that is permitted in 

the solution of the equations. 	In the present work 

e was taken as 8 x 10-4. 

4. To obtain the values of xi sM/41  steps (2) and (3) were 

repeated with j taking negative integral values from -1. 

5. The positions x'sm/4 and xsm/4  for the minimum were 

obtained after inverting the anomaly by multiplying 

by -1 and carrying out steps (2) to (4) with xm  and 

fm  instead of 	and fm. 

position Q was reached at which 

1 

 f(Q) - s fm  
7  	e 



X M/2 x' 
M/2 fm  

3M/4 

x m/4 

xm  

Fig. 2.3 
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f=o 
Q Q3  Q 2  Q, 

Fig. 2.4 
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2.25 The results of numerical calculations  

The calculations were programmed for the Ferranti 

Mercury computer and the results corresponding to values of 

t from 0 to 15 at unit intervals, for each value of I from 

0°  to 900  in steps of 10°, were obtained. 	These results are 

given in Appendix I. 	In this Appendix, the values in the 

first and second lines corresponding to each value of t are 

the values of x sm/4  and xism/4  and those in the third and 

fourth lines (for I not equal to 0 or 90), the values of 

x'sm/4 and xsm/4. 	For t = 0 fm  is the maximum or the 

minimum value of f per unit thickness of a sheet i.e. 

fM(t = 0) = fm(4t), 	<: <l. t   

2.26 Charts for determining I, t:  Z, J and D from the  

observed profile. 

1). Determination of I and t: 

From the results in Appendix I, the combinations of I 

and t giving a particular value for the ratio of either a pair 

of distances or the minimum to the maximum field can be deter-

mined and curves of constant ratios plotted on the I, t graph. 

By combining two sets of such curves, each set defining the 

ratios of different quantities, unique values for I and t 

can be obtained, if the two sets of curves intersect at 
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suitable angles. 	Unfortunately, it has not been found 

possible to obtain suitable intersections everywhere using 

the same two sets of curves for all values of I and t. 

Different sets of curves gave suitable intersections at 

different sections of the I, t plane and by combining all 

these curves, suitable intersections have been obtained for 

all values of I and t (Fig.2.5). The ratios used in the three 

sections shown in this figure are as follows. 

Section A. (1) 

(2) 

Section B. (1) 

X3m/14_  xm/4  

xM/2 x f m/2 

xi3m/4 x'm/4  
xm/2 xtm/2 

I
x.1m/4 	xm/4  I 
xm/2 X'M/2 

 

 

(The same as (1) in 
section A). 

(2) 	xm/2  xm 

xm/2 	x 
t m/2! 

Section C. 	(1) 
	

f. 
fM  

(2) 
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The curves of constant ratios were obtained in the 

following manner. 	A plot of ratio R as a function of I 

was first made for each value of t. 	Sixteen R(I) curves 

were drawn corresponding to t = 0, 1 	 15. 	The curve 

for a particular ratio R1  was then obtained by reading off 

the values of I at which the line R = R1  cuts the R(I) curves 

and plotting these values as a function of t. 

I and t can be simply determined from the observed 

profile using Fig. 2.5. 	Two ratios, appropriate to the 

relevant section in Fig. 2.5 are calculated from the observed 

profile and the point on the I, t plane corresponding to 

these ratios obtained by interpolation between the 

curves. 	The co-ordinates of this point are the values of 

I and t for the dyke which approximates the source producing 

the anomaly. 	The actual thickness of the dyke is obtained 

by multiplying t by the depth Z which is determined as 

follows. 

ii.  Evaluation of 'the depth: 

Figs. 2.6 to'2.12 show various distances, in units of 

depth, plotted as a function of t for I = 0 to I = 90. 

An estimate of the depth is obtained by taking the ratio of 

a particular distance measured on the observed profile to 

the corresponding distance read from the appropriate figure 

for the previously estimated values of I and t. 	Distances 
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most suitable for depth estimation are those that are little 

influenced by I and t, so that any error in the evaluation 

of I and t does not result in a substantial error in the 

estimation of the depth. 	It is evident from the figures 

that x3m/4-xm/2  for all I, xM - xw for the 
range 0: 1-e.k 70 and the distances (x31/4 xm/4) and 

(xl3m/4 	xm/4) in the range 70.4.11;90, satisfy this 

requirement better than any other distances. 	These dis-

tances may therefore be used in preference to others for 

depth estimation. 	Other distances may be used to obtain 

independent checks on the depth estimate made from the above 

distances. 	If the different depth estimates agree, then 

the assumption that the anomaly is due to a dyke may be 

considered plausible. 

iii, Intensity of magnetisation and geological dip. 

The maximum value fm of f is plotted in Fig. 2.13 as a 

function of t for I = 0 to I = 90. 	Since f = 	 
2J' sin D 

where F is the actual anomaly due to the dyke, the ratio of 

the maximum on the observed anomaly to the value of fm 

corresponding to the calculated values of I and t, gives 

a value for 2J' sin D. 

Now, J' = J(12+n2)2  (p2+r2)*, where J is the intensity of 

magnetisation, p, r are the d.cs  of the direction of 
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magnetisation and 1, n those of the direction along which 

the anomaly is measured. 	J and D can be evaluated 

independently only if the direction of magnetisation is 

known. 	In particular, if the magnetisation is along the 

direction of the earth's field, and if the measured anomaly 

is the total anomaly, p = 1 and r = n. 

Thus, 

D = I 4-  tan-1  r + tan- 

p 	 1 

= I + 2 tan-1  n 
1 

and 	J = 	1 . jt 
(p2+r2)(12+nd)i- 

	

= 	1 0  . 	1 	fmax (observed) 1 4-n' 	2 sin D 
fm (I, t) 

Let i be the inclina,,J.on of the earth's field and s the angle 

made by the magnetic meridian with the strike direction. 

Then, 	n = sin i 

1 = cos i sin s 

Therefore, D = I + 2 tan-1  ( tan i ) 
sin s 

and J =  
2(1 - cos2i cos2—s)cv:I. 

fmax (observed ) 
fm (I, 0 
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Fig. 2.8 
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Fig. 2.10 
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Fig. 2-13 



2.3 Vertical Prism with Square Horizontal Section 

Anomalies which are suitable for interpretation on 

a square vertical prism approximation have the general 

appearance shown in Fig. 2.29. 	Igneous plugs and many 

intrabasement features produce anomalies of this type. 

In the northern hemisphere, they are characterised by a 

positive anomaly consisting of nearly circular contours with 

a broader negative anomaly to the north of the positive 

anomaly. 

In the following sections, an interpretational scheme 

is developed, which uses the distances between the points 

of maximum, minimum, half maximum, half minimum etc. on 

some selected profiles on the anomaly. 

2.31 Magnetic anomaly due to a general vertical rectangular  
prism. 

Let a set of rectangular axes a, bl .h be chosen parallel 

to the sides of the prism with origin at the point at which 

the anomaly is to be evaluated. 	If a = al, a = a2; b = 

b = b2; h = hl, h = h2; are the six planes defining the 

sides of the prism, the total anomaly T at the origin due 

to the prism is given by 

h2  b2  
T(0,010) = 	( a  + m 	+ 	) x  

151 
	ab 	•71-11 

t t 	y,11)  2-8̀ lasli j ife  d 	b , 



h2 
+(J2n+J3m) 

1:11 
(1) dh. db. da. 

--2tbah R. 
a2  

-41- 

where (a, b, h) is a general point in' the prism, 15  m and 

n,. the d.c.'s of the earth's field with respect to the three 

axes, Ji, J2  and J3, the three components of .magnetisation 

and R = (a2 	b2 	h2) .  
- 	.• 

Since 	2  (1) 	(a2 + -32 ) 
-E,E2 1 , 

R 

b2 
T(0,010) = (J3n-J11) 

bl 
(1) dh. db. da. 

-53.2  IT 

+(,3"3n 2m) 
a2  

(1) dh. db. da. 
a 	b2  R 
1 

-1- (J1m+J21) 

h2 b2 a2 
1 	I 	f 
h1  bl  al  

(1) 
"a dab R 

dh. db. da. 

h2 
+(J1n+J31) 

al 
-32  (3.) dh. db. da. 

-?h'Sa R. 



F(x) = 2J F(n2-12  ) (-tan-1  hit' - tan-1  t' ) + • 
Ra 	a 

fl + n2(- tan-1  ah1 - tan-1  a ) 	or m 
Rt' 	t' 	A-4/  

3—
n  
- 	) tan-1  bh + (J3n-J2m) tan-1  ah 

Ra 	Rb 

(J1m+J21) ln(R+h) + (J1n+J31) ln(R+b) 

(J2n+J3m) ln(R+a) h2 /22 a2  
j j 
hi  Ica  

(8) 

2.32 The anomaly on the north-south profile passing  
through the axis of a square prism of infinite depth, 
oriented north south, when the magnetisation is  
entirely induced.  

Consider the case of a square prism of infinite depth 

(h2 	oriented with one side parallel to the meridian 

(m = 0) and with the direction of magnetisation along the 

direction of the earth's field. (J1  = 1J, J2  = 0, J3  = nJ). 

In this case, the maximum and the minimum of the anoamly will 

lie on the north-south line passing through the axis of the 

prism i.e. the line for which b1 = -b2  = -t' where t' is 

half the side of the square prism. 

If the anomaly on this line is denoted by F(x)7  where 

x is the distance measured along the meridian from the axis 

of the prism, then, from (8), 



-)+3- 

where a1 =-t' 	x 

and 	a2 = t' - x 

Collecting terms in n2  and noting that 

a2  
- 	Ltan_ 1  hit' + 	tan-1  all. 	= itan-1  at,  

Ra 	Rt 	 Rh].  al  

and L tan-1  t'+ tan-1  a 
a 	t' 

= 0, 
al 

F(x) = 2J [n2  tan-1  at' + 12  tan-1  t'hi + nl. In R-t' 
Rh]. 	Ra 	R+t,  

If all the distances are measured in units of the depth hl, 

and if f(x) = F(x), then 

a2  
f(x) = 2 jr.2  tan-1  at' + 12  tan-1  t' + nl In R-t' 	(9) 

R 	 Ra 	R+t' 
al 

where now xl  al, a2 and t' are in units of the depth and 

R2 = 1 	a2 	t t2.  

2.33 The derivative of f(x) with respect to x. 

Let g(a) denote the function inside the brackets in 

(9). 	Then, the derivative f'(x) of f(x) is given by the 

9 

a2 

j 
al 



= -2tt r_ 	,2 n 	(n2- 2)+ 2nla 
T72+t".) 	R(a. + 1) 

a2  

I 
	

(10) 
al 
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relation 	a2  
f (x) = 2 	c.'g (a )  

a 	al 

a2  
= -2 [n2 	t,; 	- 12t' ,( 1 + 	1 ) + nl 2t,a,_  

17747-17 	$-a2+1 a -2---+t'2  R(a2+1) al  

The equation f'(x) = 0 can be solved numerically and the 

position xm  of the maximum or the minimum determined. 	Once 

this is done, the solution of the equations 

f(x, y, 0) = s f(xm), for any profile passing through the 

maximum or the minimum can be accomplished in the same 

manner as for the two dimensional dyke. 

4.34 The solution of the equation f' (xm)= 0 

The functions f(x) and f'(x) have the general forms 

shown in Fig, 2.14 when the inclination i of the earth's 

field is in the range 0 i go. 	To solve the equation 

f'(xm) = 0 an initial value xi for xm, given by 

xi  = tan I T. (t f 2  + 	1 - 	was assumed. 	In this 
cos2I 

expression I = 2i - V/2. 	This initial value is in fact 

the position of the maximum or minimum on the total anomaly 
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Fig. 2-14 
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due to the two dimensional block considered previously, 

whose vertical section in the north-south direction is 

identical with the vertical section of the square prism. 

Consider first the solution for the maximum. 	The derivative 

f'(x1  .) for xi = tan I - (t'2  + 	1 	)2  was evaluated 
cos 2T 

using expression (10). 	A point Q1, where ft(Q1) has 

opposite sign to f'(xi) was then found by calculating 

f' (xi + j) or f' (xi  - j), depending on whether fl(xi)>0 

or f'(xj.)‹ 0, for j = 1, 2, 3 .... 	Successive inverse 

linear interpolation between two values of f'(x) nearest 

to zero and of opposite sign was carried out until, for a 

value bf xl  Ifl(x)1 < el  where e is the number that is used 

as an approximation to zero. 	In the present work e was 

taken as 5 x 10-5. 	This value was considered accurate 

enough since the maximum value of f'(x) is of the order of 

unity. 

For the minimum, f'(x) was inverted by multiplying 

by -1 and the above operations repeated with xi = 

tan I + (t'2  + 	1 	)2. 
cos2I 

2.35 Solution for half, quarter and three quarter 
maximum and minimum positions. 

The solution for the positions of half, quarter and 



three quarter maximum and minimum on three profiles were 

carried out in exactly the same way as for the two 

dimensional dyke. 	The three profiles were: 

1. the North-South profile passing through the maximum ' 

and the minimum, 

2. the East-West profile passing through the maximum, and 

3. the East-West profile passing through the minimum. 

The expression for the anomaly on the North-South profile 

has been given already. 	For the East-West profile passing 

through the maximum or the minimum, the formula becomes, 

on putting h2 =00, Ji  = 13, J3  = nJ and J2  = m = 0 

in (8), and measuring distances in units of hi, 

T(xmly,0) = T (xm, - y, 0) 

= J frn2  tan-1  ab + 12  tan-1  b 
R 	Ra 

b2 a2 

+ 2n1 ln(R+b) 
b1 

a
l 

where al = -t' 	xm  

a2  = t' - xm  

b1  =Let' 	y 

b2  = t' 	y. 



2.36 The computed results for the square vertical prism 

The results of numerical calculations are given in 

Appendix II. 	These results cover the range t = 2t' = 

0.1, 1, 2 	 10 for each value of i from 0°  to 90°  

in steps of 10°. 	The six rows of numbers in this appendix 

corresponding to each value of t represent the following 

cases. 

1. The first two lines give the positions on the north-

south line passing through the maximum. 

2. The third line gives the positions on the east-west 

line passing through the maximum. 

3. The fourth and fifth lines give the positions on the 

north-south line passing through the minimum. 

4. The sixth line gives the positions on the east-west 

line passing through the minimum. 

For the east-west lines the distances are measured in 

the east-west direction from the maximum or minimum. For 

i = 0, the calculations have been done only for the negative 

feature. 	For i = 90, there is no negative feature, and 

as such only three rows of numbers are given. 

2.37 Charts for determining thickness, depth and intensity 
of magnetisation from the observed anomaly. 

Fig. 2.15 shows the i, t plane divided into different 

sections, each section containing curves of constant ratios 
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of a pair of distances. 	The choice 	of the particular 

ratio of characteristics for each section was based on the 

following two considerations. 

1. The distances used in the ratio shall be measured on the 

major feature, and 

2. The resulting curves shall intersect at suitably large 

angles with the i = constant lines 

Unfortunately it has not been found possible to satisfy these 

conditions using a single ratio of characteristics for all i. 

To determine t from the observed anomaly the ratio of 

the relevant distances on the north-south profile is measured 

and, knowing the inclination of the earthts field, the 

value of t corresponding to this ratio is read from Fig.2.15. 

When t, in units of depth, is thus determined the chart 

corresponding to the particular inclination is selected from 

one of the Figs. 2.16 to 2.25. 	The ratio of a distance on 

one of the three profiles on the anomaly to the corresponding 

distance read from this chart for the already evaluated t, 

gives a value for the depth. 	A number of independent 

estimates of the depth can be made using the various distances 

given in the charts. 	Distances most suitable for 

depth estimations are those that 
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show little variation with t. 	Fortunately, for each value 

of the inclination, there is at least one distance which 

satisfies this condition. 

The notations used in the figures when referring to 

distances are as follows. 	xs/4 is the distance of the 

position on the outer limb of the maximum or the minimum at 

which the anomaly is s/4 times the maximum or minimum, 

x's/4 is the corresponding distance on the innner limbs 

and Ys/4 is the distance of position on the east-west profile 

passing through the maximum or minimum. 	In addition the 

symbols S and N, meaning south and north, help to distinguish 

between the maximum and the minimum. For the northern 

hemisphere i.e. for i = 0 to i = 90)N refers to the negative 

part of the anomaly and S to the positive part. 	The order 

must be reversed for use in the southern hemisphere 

(-900 	i < 0). 
The maximum f1  and the minimum fm  are plotted in 

Figs 2.26 and 2.27 as functions of t for each value of i 

from 0 to 90. Since the actual maximum and minimum are 

J times fm  and fm  respectively, values for J can be obtaihed 

by taking the ratio of the maximum or the minimum on the 

observed anomaly to the value of fm  or fm  corresponding to 

the previously evaluated t. 
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2.4 Reduction of anomalies due to certain types Hof three 
dimensional structures to two dimensional  anomalies. 

Consider a structure (Fig. 2.28) bounded by a 

horizontal cylinder f(yz) = 0 and two similar surfaces 

0 (x9y,z) = 0 and 0(x-t, y,z) = 0. 	Such a structure has 

a constant horizontal thickness t parallel to the x-axis. 

Let T(x,y,0) be the magnetic or gravity anomaly due to this 

structure at an arbitary point P(x,y,0). 	If the structure 

is displaced parallel to itself by an amount n4x, then, the 

anomaly at P due to the displaced structure is T(x0-n AN x, y,0). 

Consider an infinite number of displacements, each separated 

by an amount 4.x, in either sense along the x axis. The sum 

of the anomalies at P due to all the displaced structures is 

rx) 
T(x - niAx, y, 0) 

n = 

If the intensity of magnetisation or density of the original 

structure is uniform, the displaced structures form a two 

dimensional structure with intensity of magnetisation or 

density t/4, x times that of the original structure. 	Thus, 

if the anomaly produced by this two dimensional structure 

for the same intensity of magnetisation or density as the 

original structure is denoted by T' (y, 0), 

	

1"(y,0) = zNx 	T(x 	n‘lx, y,0) 

	

t 	n = 



— — — — — — —•P/  (x,y,o) 

z 
y5 (x,y,z) =0 	 0 (x-t,y,z):. 0 

Fig. 2.28 

0 
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-68- 

and in the limit 
PO 

t TI(y90) = 	T(x, y9  0) dx. 
••••• Cy.) 

Thus an integration of the anomaly of the original structure 

parallel to the direction of constant thickness results in t 

times the anomaly of a two dimensional structure with vertical 

section, 	coinciding with the vertical section of the 

original structure. If the direction of constant thickness 

can be indentified from the observed anomaly, an integration 

(in practice a summation of grid values) of the anomaly 

parallel to this direction can be carried out for various 

values of y and a profile across the hypothetical two 

dimensional structure obtained. This profile may be used 

for a two dimensional interpretation of the anomaly. 

If the structure producing the anomaly is considered to 

be a parallelopiped bounded by a horizontal rectangular top 

surface with sides of length t1  and t2 and inclined surfaces 

extending to a great depth and dipping at angles D1 and D2 

then, the integration of the anomaly along directions parallel 

to the two sides of the rectangle will result in two two 

dimensional dyke anomalies. These will refer to: 

1. the anomaly due to the dyke with a top surface of width 

t1 at the depth z, and with its walls dipping at an angle 

Di for an intensity of magnetisation tgtand 
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2. the anomaly due to the dyke with a top surface of width 

t2  at the depth z, and with its walls dipping at an 

angle D2, for an intensity of magnetisation t1T. 

Y, in magnitude and direction, defines the intensity of 

magnetisation of the parallelopiped producing the observed 

anomaly. 	From the first anomaly, t1, the depth z and the 

combined parameter Il  = U1 + V1 - Di can be evaluated using 

the charts prepared for the two dimensional dyke. 	U1  and 

V1 are respectively the angles made with the horizontal by 

the projections of the direction of magnetisation and the 

direction along which the anomaly is measured, on the vertical 

plane perpendicular to the side of width t2. 	Similarly, 

from the second anomaly t2, z, and U2  + V2  - D2  can be 

evaluated. U2  and V2  have meanings similar to those of 

U1  and V1. 	If the direction of magnetisation is known, for 

instance if the magnetism is induced, the values of 3, Di, 

and D2 can also be evaluated. 

An example. 

The total field anomaly due to a vertical square 

prism, dimensions 2 x 2 x 00 in grid units, was calculated 

on the following assumptions: 

1. Depth to top = 2 grid units 

2. The inclination of the earth's field is 600 
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3. The magnetisation is induced and its intensity is 

10-2  e.m.u./C. • 

4. The prism is oriented parallel to the magnetic meridian. 

This anomaly is shown in Fig. 2.29. 	The aim is to proceed in 

the reverse direction and find the parameters of the prism 

producing this anomaly. 	In this case, the obvious direction 

for orienting the approximating parallelopiped is the magnetic 

north-south. The field values extrapolated at the corners 

of the grid shown in this figure, are then summed up along 

directions perpendicular to the meridian and the sums plotted 

as a function of distance along the meridian. 	The resulting 

profile is shown in Fig. 2.30. 	The charts prepared for the 

two dimensional dyke can be used now to interpret this 

profile. 	On this profile, 

xm  - xm/2  = 3.99 

	

xm  - xm 	=5.59 

	

fm 	= 2860 

	

and fm 	= -800 

Therefore 
Xm XM/2 	 = 0.709 
Xm - Xm  

and fm 	= 0.280 
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Referring back to section C of Fig. 2.5, the values of I 

and t at which these measured ratios are taken, are obtained 

by interpolation between the curves. 	Thus, t = 0.9 and 

I = 35°. 

If the magnetisation is assumed to be induced, then 

U = V = 60°  and I = 60 + 60 D where D is the geological dip 

of the structure in the meridian plane. 

Thus D = 120 - 35 = 85°  (True value,90°). 	The following 

table gives estimates of the depth using four distances. 

1.  

2.  

3.  
4.  

Distance 

XM 	Xm/2 

XM 	Xm  

x'.3m/4 	x3m/4 

10m/2 	xm/2 

From reduced 
profile (fig.2.29) 

3.9 

5.5 

3.2 

5.8 

From charts 
(for I = 35°, 
t = 0.9) 

1.82 

2.50 

1.45 

2.65 

2.14 

2.20 

2.21 

2.19 

The mean of the four depth estimates is 2.19. 	(True value 

2.0). 

The width of the top surface of the prism along the 

magnetic north-south is 2.19 x 0.9 = 1.97 (Tvie value 2.0). 

Since the four depth estimates are consistent, the 

assumption that the reduced field is due to a two dimensional 

dyke can be considered justified. 

The lack of exact agreement between the estimated depth 

and the true depth is probably due to the doubtful accuracy 
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with which the anomaly is prepared by interpolation from 

values computed from only a few points, and the finite 

interval over which the summation is carried out in the 

reduction process. 
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CHAPTER 3  

AUTOMATIC MODEL FITTING 

3.1 Introduction 

The method described in the previous chapter for 

evaluating the parameters of vertical and inclined 

parallelopipeds has the advantage that it is simple, rapid 

and easy to apply. 	However, it may lack precision since 

it uses only a few points on the observed anomaly in the 

evaluation. 	Where a more accurate estimate of the para- 

meters is required it is necessary to use a larger number 

of points on the anomaly and to adjust the model until the 

best fit between the observed anomaly and the anomaly due 

to the model is obtained. 	Such a process was carried out 

in the past by the laborious process of trial and error. 

Now, however, the fitting can be done more easily using 

a High Speed Digital Computer. 	In the present work, 

computer programmes have been devised for fitting two 

dimensional and three dimensional vertical rectangular 
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prisms to observed magnetic anomalies. 	Since many geological 

features can be approximated by these models, the programmes 

can be used for the routine interpretation of a large number 

of naturally occurring anomalies. 

3.2 The two dimensional vertical rectangular prism 

When the observed anomaly consists of closed elongated 

pattern of contours, with the length of the pattern greater 

than about four or five times its width, a central profile 

perpendicular to the direction of elongation may be chosen 

and interpreted on the assumption that it is due to a two 

dimensional prism. 	Alternatively, the field values may be 

integrated along directions parallel to the length of the 

pattern, and the resulting two dimensional anomaly may be used 

for interpretation on the same assumption. 	Since all the 

dimensions of the approximating prism and the direction of 

magnetisation are considered unknown, the anomalies used for 

interpretation may be due to sources resembling a line dipole, 

a vertical or a horizontal sheet, a vertical or an inclined 

dyke, and structures associated with a vertical fault. 	The 

reason for including an inclined dyke is that its anomaly is 

the same as that due to a vertical dyke with the same top 

surface, for a different direction and intensity of magneti-

sation. 
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3.21. Magnetic anomaly due to a two dimensional vertical  
regtangular prism. 

Let the x-axis be chosen perpendicular to the direction 

of strike of the prism. 	With p, r, 1, n, and J having the 

meanings given previously, the anomaly, Tm(ki) due to the 

prism at the point P(xi) is given by 

Tm  (x.) = -2J 
ja2  

al  

h2  
(1 0  + 	(p +r )1nRdadh 

fill. 	7,  a 	h 	a ah 

Where (a,h) is the co-ordinate of a general point in the 

prism with respect to P as origin, and hl  = C39  h2 

al  = C1-xi, a2=C2-xi  and R2  = a24-h2  (Fig. 3.a).  
Since 7)2  (1nR) = - ?2  (lnR), 

17,2 	7)112 

=C49 

Trn(xi) = -2J I
a2  

al  

h2  
I 	(-pl+nr) 2, + (pn+lr) "02 	) 1nRdadh 

Dh4 	7:)a.'?h 
111. 

h  a2 
2 1.- y-2J -2J (nr-pl) nStan-1  a 	(pn+lrTlra_ 

h hi al hl h2 
) 

Now, 2J(nr-pl) = 2J' sin I and 2J(pn+lr) = 2J' cos 

= j(p2+1,2) 42 (14112A where JI 	and I = tan-1  r + tan-1  n 	U/2 
p 

refer to quantities used in Chapter 2. 

Also, since tan-1  a 	(IP) In (h+ja) and inR = (RP) ln(h+ja), 



(0,0) 

-78— 

c 	 

(C1,C3) 

h 

(C„C4) (C2,C4) 

Fig. 3.0 
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where j = 	and (IP) and (RP) are the real and imaginary 

parts of the complex number, 
122 42 I Itan-1  a 1 	1 	= (IP) In (h1  + jai) ( h + ja2) 	and i 1 	h -r! _,... 	
h1 -al 	(hi  + ja2) ( h2  + jai) 

h 12 a  -. 
I ) 1nR 	

2 
= (RP ) ln (h1  + jai) (h2  + ja2) 

hi  al 	(h1 + ja2) (h2 + jai) 

If Yi  + j2i  = in (hi + jal) (h2 + ja2) , then 
(h1  + ja2) (h2  + jai) 

Tm  (x ) = -2J' cos I. Yi  - 2I' sin I.Z 

= -J2 Yi J1 Zi 
	

(2) 

where Ji  = 23'' sin I and J2  = 2J' cos I. 

3,22, Method of fitting. 

Let T 0i  (x) be the observed anomaly. 	Then the sum of 

squares of the residuals given by V- = 2.21, ( T01  (x.)- Tm1 (x-) )2 •  
is a convenient factor for use as an estimate of the closeness 

of fit between the observed and computed anomalies. The 

smaller this sum the better the fit and vice versa. 	The 

values of C1  .,. C4 and JI  and J2  which make this sum a 

minimum are required. An algebraic solution for these values 

is not possible since V is a non-linear function in the 

parameters C1  - c4. 	However, V can be minimized if a start 
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is made with a set of assumed valuessfor the parameters and 

the parameters adjuSted in steps leading to 

smaller values of V. 	A stage will be reached eventually, 

when no further decrease in V is possible. 	The main problem 

in minimising V is therefore finding adjustments that lead 

to smaller values of V. 	Two alternative methods cf doing 

this are considered below. 

Method 1.  

Assuming a set of initial values for Cl, C2, C3  and C4, 

1) The values of JI  and J2  which give the best fit between 

To(xi) and Tm(xi) = -J2Y1  - J1211., are calculated. 

These values are, 

J1 =
- y.2 To(xi) + 	Zi  x ZYi  To(xi) 	and 

Zi2  x I  y.2  - 	Yi.Z02  a. 

  

7 = 	2 ;!: Yi  To(xi) + YiZ i  x 	Zi To(xi) 

7:717/'  Zi2  X 75:Yi2 	(:7'YiZi)2  

The anomaly due to the prism corresponding to these values 

of 	and J2  is subtracted from the observed anomaly to 

obtain the residual anomaly R(xi) = To(xi) 	Tm(xi). 	In 

addition, V(Ck), the sum of squares of the residuals, is 

evaluated. 
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2). The anomaly per unit thickness of each of the sheets 

which form the sides of the prism are then correlated with 

the residual anomaly. 	These anomalies are()Tmilci) 
Ck  

and the correlation functions are bk 	.)-e.%`Tm  

k = 1 .00 4. 	If the correlation function bk  is positive, 

Ck has to be increased and vice versa. 

3). The values of Ck  are increased by amounts Uk, pro-

portional to their respective correlation functions i.e. Ck 
are made Ck + Uk  where Uk = f.Gbk , frtbeing a proportional 

constant. 	is deternined on the assumption that the 

relliival anomaly is due to sheets of thickness (/-00k) 

placed along the sides of the prism. 	That is, 

4 
zL-, 

f
A  R(x1) - ;I; (plok) -e\PT (x) 

i (,,, 	- 	k=1 	
.7,77/ i 11  

considered as a function of /1 , is a minimum. 

)2 

Thus, 
= 1:7  

R (x ) k.  1. bk  "-C71Tk 
m  (xi ) 

-()C 

4 

i i k=1 
TTm( • ) )2  

C k  %.) 

4). Step 1 is repeted with the adjusted values of Ck. If 

the sum of squares of the new residuals happens to be larger 

than the sum of squares of the residuals calculated in the 
earlier, 
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stage, that is if V(Ck  + Uk) "V(Ck), then V(Ck  + 2-s  Uk) is 

evaluated for s = 1, 2, 3 • C • 0 until, for a value of s, 

V(Ck  + 2-9  Uk) < 	V(Ck), 	When a better fit is obtained, 

the operations are carried through Step 2, 3 and 4 repeatedly 

using the new residuals, until one of the following conditions 

is satisfied, either, 
••••••• 4 

(i) 
1 R2(xi) < e1 	T2  (xi ), or 1 0  

(ii) R2q. (x.1) - R2+1 	1 (x.) 	2 	R2  (xi). q  

In these/q and Rq+1  are the values of the residuals at 

the end of the qth  and. q+lth stage of adjustment and el  and 

	

e2  are small fractions. 	The fulfillment of the first 

condition corresponds to the stage when a major part of the 

anomaly has been accounted for by the model and that of the 

second corresponds to the stage when the rate of minimisation 

is considered small. 

Method 2. 

This method consists of the following steps. 

Step 1, As in method 1. 

Step 2. The residual anomaly is assumed as due to sheets 

of thickness Uk  pldced along the sides of the prism and the 

values of U which make 4 k „ 

	

R (x . ) - 	U1, 	)2 
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a minimum are calculated. 	These values are obtained by 

solving the equations 

L. 
U 

k=1 k  C 	• 	 C s  

Step 3. The values of Ck  are increased by amounts Uk. 

Step 4. As in method 1. 

While in both methods the residual anomaly at any stage 

is assumed as due to sheets stacked along the sides of the 

prism, in the first method the thickness of these sheets are 

assumed proportional to the respective correlation functions 

and only one unknown, namely the proportional constant itt is 

determined, whereas in the second method the thickness of the 

sheets are assumed unknown and the four thicknesses determined 

by a least square process. 	The second method was found to 

yield better results, but the principle of the first method is 

utilised in a later chapter for the fitting of a structure 

of arbitrary shape to an observed anomaly. 

Both methodsrequire that the derivatives 6 •Th Tm  be 
Ck  

evaluated. 	These are obtained easily from equation (1). 

Thus, 



h 
-J1  h + J2a --- 

a2 + h2 -111  

h2  
jgg- 

a2 + h 	hl 

a2  

, • a = al  ) 
) 
) 
) (3) 
) 
) 

7  a  = a2 ) 
) 

2 	• 2 
	,  h = h1  

a + h 	-a1  
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-;)T = T 
7111  d al. 

Tm  = T  = 
7-) C2 	a51  

a2  
*;) Tm  = 2)Tm  = - rJla  + J2h 	h = h2  

h2 a2  + h2  

(1k ) 

In carrying out step 4 it has been found useful to 

depart from the previous procedure and to adopt the following 

alternative procedure with a view to making full use of the 

simple scheme given in equation (2) for evaluating the 

anomaly. 	This alternative procedure is as follows. 

The initial increments Uk are calculated as before and 

V(Ck  + Uk ) evaluated. 	One of two situations may occur, 

either V(Ck  + Uk ) ‘i V(Ck ) or V(Ck  + Uk ) 	V(Ck). 

If V (Ck+Uk  ) V (Ck  ) then the sequence of values 

V(Ck  + 2-s Uk ) are calculated for s = 1, 2, .... until for a 

value of s, V (Ck  ) V (Ck + 2-sUk )< V (Ck  + 2-"s+1  Uk ), 	The 
minimum of V in the chosen direction is then assumed to be 

the minimum of the parabola passing through the above three 
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values of V and the values of the parameters corresponding 

to this minimum are evaluated. 	These values are 

Ck + Uk, where 

= 1 V(Ck+2-s+1Uk ) - 4V(Ck+2-slUk ) + 3V(Ck) 

2s+1  V(Ck+2-S-1-1Uk ) 	2V(Ck+2-sUk ) + V(Ck) 

If V(Ck  + Uk) 	V(Ck)7  an improvement has already been 

obtained. Nevertheless, the sequence of values 

V(Ck  + s Uk) are calculated for s = 1, 2, .... until for a 

value of s7  V(Ck  + s Uk) 	V(Ck+s-1 Uk) 	V(Ck+s-2 Uk). 

As before, the minimum value in the chosen direction is 

assumed to be the minimum of the parabola passing through 

the three values of V and the values of the parameters 

corresponding to this minimum are evaluated. 	These values 

are Ck  + .A Uk  where, 

1 V(Ck+sUk) 4V(Ck+s-1 Uk) + 3V(Ck+sAJUk) 

2 V(Ck+sUk) 	2V(Ck+s-1 Uk) + V(Ck  + s-2 Uk) 

In both cases after determining 	, steps 2, 3 and 4 

are carried out many times until one of the conditions for 

terminating the adjustments is satisfied. 

The above scheme ensures that once a direction leading 



to smaller values of V has been found, the maximum possible 

decrease in V along the direction is obtained. 

The Flow Chart for least square fitting is given in 

appendix III. In this Flow Chart, a device has been 

introduced for keeping any of the four parameters C19  C2, 

C3 and C4 fixed during adjustments. 	This is done by 

including with the initial values of Ck a set of weighting 

factors dk  taking a value 1 or 0, depending on whether or 

not the corresponding Ck  is to be adjusted. 	At any stage 

of the adjustments the Ck are altered by amounts dk ftIjk. 

3.23 An illustration of the method. 

The method, programmed for the Ferranti Mercury Computer 

has been tested using the calculated anomalies of a number of 

theoretical models. In every case a satisfactory result 

was obtained even though the initial model assumed for compu-

tation was far different from the actual model. AS an 

example, two cases of solutions using the same anomaly but 

with different initial models are illustrated in Fig. 3.1. 

In this figure the true initial and adjusted models are 

shown. 	A representative rate of convergence may be seen 

from the following tables. 
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CASE 1 

Input: 	Cl  = -5 kol d1  = 1 	) 
) 

C2 = 4 " 
	d2 = 1 	) 	Initial assumed model 

) 	and weighting factors. 
C3 = 1 I, 	d3 = 1 	) 

) 
C4= 6 ., 	d4 = 1 	0 

Distance .-11 
xi (km) 
Anomaly 	112 
TO 	(2f/ Distance 	1 
xi 	(4,4,1) 

-10 	-9 

119 	126 

2 	3 

-8 

134 

4 

-7 

141 

5 

-6. 

147 

6 

Anomaly -188 -237 -252 -245 -229 -210 
To 	(2  

Distance 	-5 -4 	-3 -2 -1 0 
• (kw) x/  
Anomaly 	148 141 	119 72 -7 -103 
T 	CO 
Distance 	7 
xi 	(kw) 

8 	9 10 11 12 

Anomaly -192 -175 -160 -148 -136 
To 	(2,33 

Output: q 	C1  C2  C3  e4  J1 3.2 

1 	-4.15 3.59 4.09 19.46 -72.6 269.9 
Succesive 
stages of 2 	-0.46 0.56 3.51 53.64 -434.1 1400.4 
approxi- 
mation. 3 	-0.42 0.68 4.06 86.49 -434.2 1418.5 
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( C1  = _,421 0 	(0) 
( 

Parameters( C2 = 0.681 	(0)  
of  
fitted 	( C3 = 4.058 	(4.0) 
model 	( 

( C4 = 86.4 
-c 

88 	(cc,  ) 

((
__ , 	/4, (94, yie•or•ak•c • ( ""A ) :1J = 

( 
( I = -17° 	(-15°) 

2,1 1(02-C1) 	= 40- 	(1600) 

The values given in the brackets are the values of the 
parameters of the actual model producing the anomaly. 

For the fitted model, the residual anomaly R(xi) was as 

follows 

Distance 
xi  (kw) 

-11 -10 

Residual —1 —1 
R 	(7) 

Distance 
xi (km) 

1 2 

Residual -1 
R (2) 

—9 —8 —7 —6 -5 -4- —3 -2 -1 0 

—1 —1 0 1 2 2 3 2 —3 —3 

3 4 5 6 7 8 9 10 11 — 

2 3 3 2 1 0 —1 —2 —3 - 
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CASE II 

Input o 	The same as in Case I except that for the initial 

model C3  = 6 and C4 = 9. 

Output 

1 -3.06 2.25 7.18 12.18 -270.8 1074 

2 -0.35 -0.29 6.44 17.63 -13022 50278 
Successive 
stages of 3 -0.27 -0.23 4.99 24.82 -19141 72211 
approxi- 
mation. 4 -0.17 -0.15 4.28 37.19 -2174 79016 

5 -0.04 -0.02 3.95 65.13 -23695 82651 

6 -0.08 -0.10 4.01 127.60 -24687 83991 

C1  = 0.0777 	k (0) 

C2  = 0.0961 	ti (0) 

C3  = 4.01 	\ (4.0) 

C4 = 127.60 	,1 (t.)) 

etj, 	= g-7.64Loxto"-Celn.oke ) 

I = -16° 	(-15) 

2..P(C2-C1)= 1602 	(1600) 

Distance 	-11 
xi  (kw.) 

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 

Residual 104  -1 0 -1 0 0 1 1 1 1 0 -2 -2 
Distance 	1 
xi Vilv) 

2 3 4 5, 6 7 8 9 10 11 - 

Residual R(I -1 1 2 2 1 1 0 -1 -1 -2 -2 - 
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6 
zi
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-1
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[100 

-1.-- 
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The solution took about 25 secs, in the first ease and about 

40 secs, in the second case. 	The time for solution on any 

particular computer depends on the initial val* assumed 

for the parameters and the number of field points used. 

In the above cases, the initial models were choOen to be 

greatly different from the actual model. 	In practice, it 

would he possible to make a closer initial estimate from a 

visual picture of the anomaly. 	The charts given in 

Chapter 2 for the two dimensional dyke may be used with 

advantage for the purpose of initial estimation, in which 

case, the depth to bottom may be chosen arbitrarily as 

twice the depth to top. 	In addition, a smaller number of 

points could be used in"the fitting without much loss in 

accuracy and the solution achieved in less time. 

Since the time for solution is small, the computer 

programme can be used in the routine two dimensional inter-

pretation of observed anomalies. 

3.24. Application of the method for testing the accuracy  
of depth estimation based on rectangular prismatic 

approximation. 

An obvious use to which the programme can be put is to 

test how far the depth estimates based on a rectangular 

prismatic approximation represent the actual depth to top of 

the structure producing the anomaly. 	The test can be 
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For the adjusted structure J1= /07‘4.2-X/0 Ce•opuic. 
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performed by fitting a rectangular prism to anomalies due 

to models which are not rectangular prisms. 	As an example, 

the fitting of a rectangular prism to the anomalies due to 

two trapezoidal prisms is illustrated in Figs. 3.2 and 3.3. 
xv-seqm.m/e.c 

The anomalies were calculated for Jt =2.00 -0'=and I = 0. 

It is interesting to note that rectangular prisms with 

dimensions quite different from those of the chosen trape-

zoidal prisms, produce almost the same anomaly as these prisms. 

In practice it would be impossible to distinguish between the 

two structures from the anomaly alone. 

When, for the sake of interest, the intensity 	
x/P- 44.u/C.c 

JT = 	(J12  + J2
2  )- was reset to the true value 200 	 

during adjustments whenever Jt exceeded this value, a better 

estimate of the parameters, especially that of the depth to 

top, was obtained. (Figs. 3.)i and 3.5). 

3.3 The three dimensional vertical rectaimplar 

3.31 Method of fitting  

The principle of the method of fitting used for the 

two dimensional prism can be easily extended to the three 

dimensional case. 	As before, the only requirement is.  that 

the anomaly of the prism and the anomaly per unit thickness 

of the sheets which form. the sides of the prism be eval-

uated. 
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3.32 The anomaly due  to the 	prism 

An expression for the total magnetic anomaly due to a 

rectangular prism eras derived in Chc4Ater 2. 	It was shown 

that 

Tm(.xi,yi 3 O) = 	El tan-1 bh + E2 tan-1  ah + E3  ln(R+a) 
Ra 	Rb 

h2  b2  a2 

+ E4 ln(R+b) + E In (R+h) ! _ sj 	(1) 

hl bl al 

where El = J3n J119  

E3  = J2n + J3121.1  

E2  = J3n e J2m9 

E4 = Jln J319  

E5  = 0.1m + J219  and referring to Fig. 3.6. 

al  = Ci  - xi, 	a2  = C2  - xi 

bi  = C3  - yi9 	b2  = C4 yi 

hi = C5 

R  = (a2 	b2 	h2):!-f 

The co-ordinates of the corners of the prism and the field 

point P, are with respect to a set of axes chosen parallel 

	

to the sides of the prism. 	In the following it is assumed 

that the orientation of the prism is known and that x9  y9  z 

have been chosen parallel and perpendicular to the sides of 

the prism. 

It should be noted that the expression 

(1) for the anomaly of the prism can be re-written in the 
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P 4xi,yi,o) (C2, C3, C5) C2, C4, C5) 

z 

Fig,3.6 
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simple form 

Tm(xi,yi3O) = El  tan-1  „ta.p. ofii(Ra+jsbh) 	+ 
I.P. 

	

T1'2  tan-1  (I.P. of // 	) + ' 
)R.f. 	A 

in ;'(R+a)s  + E) ln/f(R+b)s. + 

E 5  lnil(R+h)s 	 (2) 

where the product Tr is the product of the appropriate 

functions evaluated over the eight corners of the prisms is 

+1 for corners marked + and is -1 for corners marked . 

3.33 Expression for the anornali_per unit thickness  of  the 
sheets which form the , sides of the prism. 

	

These anomalies are given by 	j = 1 ..... 6. 
:)C i  

Denoting the expression inside the brackets in (1) by 

F(a, b, h), we get after some algebraic manipulation, 

7!) F = b (Ei  - E2) + aE5 + hEr + aL+.  + L + E3ii.  - E2• .1.'13. 
.)a 

R(R+h) 	 . R(R+b) 	R 	a2+b2  

F = a(E2  - E ) + bE5 + hE2 + bE3 + Ei+  + E2 -E1 . a. 
7:;>b 

R(R-Fh) f 	R(R+a) 	R 	a2  + b2  
7.F = h.E4  - aE2_ + hE42 142  + E5_ + aih_  + bIL2._ , 

a2+h2  b2+hr TT R(R+b) R(R+a) 



Now ;,): T = ?Tin  = 
Cl 	 al 	/..1 7A, a 

= T = r • F 
777a 

h2 
2 a = a

l  
hl bl 
h2 b2 
.") 	9 a = a2 ..  
hl   b1  

(3) 
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h2  a2  

6,  T = 	= d 1 t  DIP 	 b 	b 9 	1 d  C3  Vol b 
h1 a1 
h2 a2 

e' C4h - 	t !;›, b 	„/ 
1 al 

-ten =  
C5 	 h 

%11m  = 	= 
C 6 	h2 

b2  

J 9 h 
bl  al 

b2 a2 
I 7 	9  h = h2 

'1b1 

(5) 

For the sake of simplicity, the direction of magnetisation 

was assumed to be along the direction of the earth's field, 

i.e. JI  = 1J5  J2  = mJ and J3  = nJ where J is the intensity of 

magnetisation. The procedure for determining the parameters 

C1 	 C6 and J is then similar to that outlined for the 

two dirpensional case. 	The residuals at any stage of 

adjustment are calculated for that particular value of J 

which gives the best fit between the anomaly of the model 
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and the observed anomaly. 

The calculationshave been programmed for the Ferranti- 

Mercury Computer. 	The programme was tested using the 

calculated anomalies of a number of models. As in the two 

dimensional case, satisfactory results were obtained, 

starting from arbitrary initial values. 	As an example, the 

solution for the parameters of the prism which produces 

the anomaly given in Fig. 2.29, is illustrated in 

Figs. 3.7(a) and 3.7(b). 	Three profiles on this anomaly 

were used in the fitting. These were the North South 

profile passing through the maximum mad the minimum, the 

East-West profile passing through the maximum and the 

East-West profile passing through the minimum. Altogether 

thirty-five field points were used. 	The time taken for 

solution on theFerranti-Mercury Computer was 24 minutes. 

This time is much more than the time mentioned previously 

for the two dimensional prism, and is due to the more 

complicated nature of the expression for the anomaly. 
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CHAPTER 4 

AUTOhATIC STRUCTURS FITTING 

4.1 Introduction 

As mentioned in the introductory chapter, it would be 

possible, in theory, to find an infinite number of 

structures which would produce a given observed anomaly. 

However, in certain cases, limitations can be imposed so 

that the structure becomes unique, or is constrained to lie 

in a certain range. The limitations may be, for example, 

a given density or susceptibility contrast between the 

structure and the surroundings or a given depth to the top as 

revealed by drilling. 	Reference was cited to a case of 

automatic structure fitting for gravity interpretation with 

the imposition of such limitations. 	The method. was based 

on the fact that the vertical gravity anomaly appears directly 

above the anomaly in the distribution of mass causing it. 

A direct extension of this methods to magnetic interpretation 

is not possible as, in general, the magnetic anomaly will be 

displaced relative to the anomaly in the dipole distribution. 

An obvious way to overcome this difficulty is to combine the 

method devised for structure fitting in gravity with a 

technique devised by Baranov(13)  for transforming the magnetic 
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anomaly into pseudogravimetric anomalies. 	In this 

chapter other alternative procedures are considered. 

4.2 Formulation of the D.eneralnroblem for the two 
dimensional case. 

Let the structure producing the observed anomaly be 

considered to be composed of a number of vertical rectangular 

prisms, not necessarily of equal width, arranged along the 

x-axis in a predetermined way. By increasing the number of 

such rectangular prisms the model can be made to approximate 

to any real structure with any desired accuracy. Let hip  

and h2p  be the depths to the top and.  bottom .of the pth  block. 

The problem is to find some of the hip and h2p, for an 

assumed direction and intensity of magnetisation, leaving 

the remaining hip and h2p  at known values, and thus get one 

structure, whether unique or not, which will account for the 

observed anomaly. 

4.2l Method of solution. 

The principle of the method is the same as that of the 

first method described in the previous chapter. 	Initial 

values for %and h2p  are assumed, and 

1. The anomaly TITIJNi) of the resulting structure is 

subtracted from the observed anomaly, to obtain the 
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residual anomaly R(xi). 	The sum of squares of these 

residuals, denoted by V(hip, h2p), is also evaluated. 

2. ne anomalies per unit thickness of the sheets at the 

depths hlp  and h2p  and of width equal to the width of the 

pth  block are then correlated to the residual anomaly. 

The anomalies of the sheets are ?.)Tm  (xi ) and 7)Tm  (xi) 

	

7) hip 	7) h2p  

and the correlation functions are 

b1p = 2: R(x- ) 	Tm  (x •1  ) 	and . 	1 1 	T.-) hip 

b2p  = 	 ; R (xi) 7) T (xi) 

1 	6  2p 

If any of hlp  or h2p  is to be kept constant, the correlation 

function corresponding to it is made zero. 

3. hlp  and h2p  are increased by amounts Ulp  =rbip  and 

U2p  =4 b2p, where 

.1-0 71  .c-c .. .4-, IR (xi ) .4-.1 (11Dip 
i 	P 	c 

? T xi) .7,7-t-m
" 	

- + b2p 
--, 
Llnyizil ) ? 

1p 	h - 2p ../J 

.4.-7 -7- 21  C b 
.c-- • , ,...„, 	7, 	+ b 	() T (xie  2  
.; 
i  ( p ,, 1p ;:,-- ip•-2 	2p .?) w2p  ii 

4. If. V(hip + Uip, h2p + U2p),>V(hip, h2p), the 

sequence of values V(hip  + 	Ulp, h2p  + 2-r  U2p) 
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are calculated for r = 1, 2, .... until for a value of 

r, V(hip  + 2-r Ulp,  h2p  + 2-r U2p) < V(hip2  h2p).Vnen a 

better fit is obtained2  steps 2, 3 and 4 are carried out 

repeatedly with the new residuals until *;1:t2(xi) <C11,4q)(xi)2  

that is2  until a major part of the observed anomaly has been 

accounted for by the structure. 

4.22 Expression for the anomaly of the structure 

Let ap and ap+ibe the distances of the vertical sides 

of the pth block from the point at which the anomaly is 

measured. 	Then, the anomaly due to the pth block is 

equal to -J2*Yip 	J1Zip2  where 52  = 2J' cos I, 

J1  = 2J' sin I and 

Yip + iZip = in 
(hlp  + jap+1) (h2p  + jap) 

(Refer Chapter 3, equation (2) ). 

The anomaly due to the entire structure is given by 

Tm(xi) = -J2 	Yip  - Si  171  Zip  
p 	 p 

"42Yi - J1 zi 	(1) 

+ jZi  where Yi + jZi  = 	(Yip 	p)  
p 

= 	in (hip±141(h2p±.14+1) 
p 	(hlp+jap4(h2p+jap) 

= In TT (hip±ia- ) (hip+j ap+ P3+:1 **  2p1-3  
(2 ) 
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Thus, the aaomaly of a two dimensional structure which is 

assumed to consist of a number of vertical rectangular prisms, 

can be evaluated in a very simple way. 	This is an advantage 

as in the method outlined for the structure fitting the 

anomaly due to the structure has to be evaluated many times. 

4.23 Expression for the derivatives of the anomaly' with 
-recpect to the depths. 

The derivatives e Tm  and i;Tm  are the same as the 
hip 	l 2p 

derivatives with respect to hip  and h2p  of the anomaly due 

to the pth block. 	They are obtained by substituting the 

appropriate values of al, a2, hl and h2  in equation (+) 

Chapter 3. 

Thus, 

oh ip 
; 

_ a2  + h2 	a p 

h hlp 

and 

2p 
a p  

4.24 The flow chart for a special case. 

The flow chart, given in appendix IV has been 

prepared for the special case when all the hip  are to be 

kept constant at the same value h say. 	Further, each 



block is assumed to have the same width d and the number of 

blocks is equal to the number of observation points, the 

observation points being directly ahove the centre of each 

block. 	The initial values for h2p  are built in the 

programme and are equal to h. 	This eliminates the need 

for making an initial guess about the depth to the bottom. 

In cases where the mean depth to bottom may be ascertained 

roughly this depth may be used instead of h as the initial 

values for h2p  and the solution achieved in less time. 	It 

will be shown later that the programme written for finding 

h2p  when all the hap  are kept constant can also be used for 

the case when all the h2p are kept constant and the h1p 
are to be determined. 

A simplification of the expression for the anomaly is 

possible, when the top or bottom surface of the structure 

is flat. 	Assuming that h
1p = h, p = 1 ...,. N, where 

N is the number of blocks. 

p 
(hlp+japl = h±lai . h±42 	h+jaN = frjal  
(1711pi-jap+1) h+ja2 h+ja3 	h+jaN-1.1 h+jaNi./  

Thus, from (2) 
p 

n-r 210_±- 12 p+1- 
Y. + gi = ln h-1 f' h + a 
Y1  

; h+jam+1 / h2p 	3  p 
(3 ) 

and Tm(xi) = -J2Yi J1Zi• 
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4.25 An example of application  

A profile across a north-south trending total magnetic 

anomaly is shown in Fig. 4.1. 	This anomaly was obtained by 

Mason R.G., in his magnetic survey off the west coast of the 

United States. 	The intensity, inclination and declination 

of the Earth's field at the location of the anomaly are 

50,000'6'59°  and 17°E respectively. 	A two dimensional 

interpretation of the anomaly by Mason, using the classical 

approach of trial and error solution, has appeared elsewhere 

(12) 	In the following, the applicability of the method 

developed in this section for such an interpretation is 

demonstrated. 

A flat top surface at the ocean floor was assumed for 

the structure producing this anomaly. 	Assuming that the 

magnetism is entirely induced, the shape of the bottom surface 

was calculated for two values of sgetisceptibility contrast. 

These are shown in Figs. 42(a) and 4.2(b). 	For the first 

case, the bottom of the calculated structure penetrates into 

the mantle and therefore the assumed susceptibility contrast 

of 4 x 10-3  cgs is too low. For the second case for a 

susceptibility contrast of 8 x 10-3  cgs a plausible solution 

was obtained. A third case, illustrated in Fig. 4.2(c) 

represents the solution for a susceptibility contrast of 

12 x 10-3  on the assumption of a flat bottom for the 

structure at 6.3 km (base of the volcanics). The programme 



-111- 

was made to carry on the adjustments upwards by assigning 

to the susce,Dtibility the negative of the value intended. 

The correlation functions then have opposite sign and the 

adjustments will proceed in the opposite direction. 	The 

anomaly of the structure, however, will be evaluated 

correctly, as the change in sign of the susceptibility and 

hence of 	and J2  will be annulled by the change in sign of 

the function given in equation (2) when h2p <, hlp. 

The solutions for the three cases were accomplished in 

about ten stages of approximation, each stage taking about 

20 seconds on the Ferranti Mercury Computer. 	In all the 

three cases, after satisfactory reduction of the residuals 

at the initial stages, a stage was eventually reached when 

further reduction of the residuals was very slow. 	The 

results, printed out at the appropriate stages when the 

method became slow, are shown in the following table. 	It 

is seen that the residual anomaly in gammas denoted by Rp(r) 

has a maximum value of 35 in the first case and 7.8 in the 

second case. 	Thus, from a consideration of the closeness 

of fit alone, the second case represents a more probable 

solution than the first case. 
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Case Is 	K=4x10-3cgs 

hip = 5 km 

T0(r) 	hap(km) R 	(r) 

Case II: 

hap(km) 

K = 8 x 10-3 cgs 

hip = 5 km 

R 	(r) 

1 -.5 5. ca 1.2 5.10 -2.3 
2 -31 5.00 1.3 5.20 0.1 
3 -27 5.00 -5.2 5.17 5.0 

-20 5.00 -2.1 5.06 3.9 
5 
6 

11 
75 

5.00 
5.00 

-32.8 
-35.01 

5.00 
5.27 - 2:3 

7 162 8.64 -21.4 6.58 -2.1 
8 230 11.80 -6.9 7.59 3.9 
9 257 13.20 -6.4 8.11 0.0 
10 265 13.70 -5.3 8.28 0.9 
11 259 13.60 -6.1 8.28 1.7 
12 248 13.40 -4.1 8.24 4.o 
13 23o 13.20 -3.4 8.19 2.4 
14 206 12.90 -3.1 8.17 -2.3 
15 175 12.60 -2.9 8.16 -7.8 
16 140 11.90 2.5 8.02 -6.1 
17 98 10.70 12.7 7.66 4.4 
18 34 8.48 12.2 6.77 7,8 
19 -41 5.99 2.4 5.80 3.5 
20 -100 5.00 -8.7 5.13 -2.9 
21 -112 5.00 -3.2 5.01 4.2 
22 -103 5.00 -0.7 5.09 5.2 
23 -89 5.23 -2.9 5.18 1.7 
24 -75 5.36 -1.9 5.22 2.3 
25 -63 5.29 5.3 5.14 8.4 

4.26 An alternative method 

When the structure has a flat top or bottom at a known 

depth and its vertical extent is known to be small compared 

to its depth to the top, another more direct method can be 

developed. 	In this case, the structure can be assumed, 

as a first approximation, to be composed of a number of 
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horizontal sheets of varying strengths, the strength being 

defined as the effective intensity of magnetisation J' times 

the thickness of the sheet. 	These strengths can be obtained 

by solving a set of linear equations. 	Thus, if Up  denotes 

the strength of the pth sheet and Aip  its anomaly per unit 

strength at the point where the observed anomaly is Ti, 
N 

T. = A- Up  
p=1 

Using vector notations, T = A U or 

_1_ 
U= A T 	 (1) 

where T is the vector (T1 ...TN), U the vector (U ... UN) and 

Athe matrix whose elements are Alp. 
Noting that the anomaly per unit thicknes of the sheet for 

an effective intensity of magnetisation J' is 

= - 2J' 
/ 

a sin I+ h cos I f 1-"-L 	
9 

a2  + h2  

where the symbols have the meanings given previously, 

ap+1 

	

Aip  = - 2 	a sin I + h cos I  7 

a2  + h2 	-' 
ap  

After obtaining the strengths of the sheets using the 

relation (1), they are converted into effective thicknesses 

	

by dividing by J'. 	The anomaly due to the resulting 

structure, which is composed of blocks of thickness- 

ap  
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U 	p = 1 ... N, is then calculated and subtracted from the 
TV 

observed anomaly. 	If the sheet approximation is correct, 

the resulting residual anomaly R1  will be small and the 

solution may be considered complete. 	Otherwise, the method 

aims at reduction of these residuals by successive approxi- 

mations. 	At each stage of approximation,tho thicknesses 

of sheets at the depth h which will account for the residual 

anomaly are calculated and added to the bottom of the blocks. 

The new residuals are calculated and the process repeated 

many times until a stage is reached when either the residuals 

are considered small or the rate of reduction of the residuals 

is slow. 	If R denotes the vector (R1 	 RN) where the 

Ri  are the residuals at a patiicular stage, then the 

thicknesses of the sheets added to the bottom of the blocks 
-1 

at this stage is 1 A T. 
J 1  

The method has the advantage that once the matrix A 

is inverted for a particular value of intensity of magneti- 

sation, the inverted matrix can be used for calculations 

using other values of intensity. 	In addition, in problems 

like basement relief calculations where the relief of the 

basement is small compared to its depth, the solution would 

be accomplished in one step. 
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The method was used in the solution of the problem 

,considered in 4.25 for two more values of susceptibility. 

The solutions are illustrated in Figs. 4.3a and 4.3b and 

the numerical results corresponding to these figures are 

given in the table below. 

The most time consuming part of the method was the 

inversion of the matrix A which took about 2 minutes on the 

Ferranti Mercury Computer for the 25 x 25 matrix considered 

in the example. 	However, once this matrix was inverted, 

the rest of the calculations took only a minute and a half 

or less for each of the two cases. 
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Case I: K = 6x10-3 	Case II: K = 12 x 10-3  

h = 5 km. 	 h = 5 km 

p 	h2p(km) 	R
P  (r) 	h2p(km) 	R (r) 

1 	5.00 	0.8 
2 	5.23 	0.8 
3 	5.18 	2.2 
4 	5.00 	-1. 
5 	5.00 	-6.5 
6 	5.00 	-10.9 
7 	7.09 	-6.o 
8 	9.49 	2.0 
9 	8.86 	0.0 
10 	9.57 	2.0 
11 	9.62 	1.0 
12 	9.89 	2.0 
13 	9.93 	3.o 
14 	9.63 	2.0 
15 	8.67 	-2.0 
16 	8.69 	-4.0 
17 	9.30 	1.5 
18 	8.22 	3.o 
19 	5.86 	0.8 
20 	5.00 	-6.3 
21 	5.06 	-4.0 
22 	5.39 	-2.0 
23 	5.07 	0.6 
24 	5.04 	-0.3 
25 	5.59 	0.8  

5.04 
5.10 
5.23 
5.03 
5.23 
5.00 
6.07 
7.01 
6.66 
7.12 
7.03 
7.12 
7.19 
7.25 
6.78 
6.59 
6.80 
6.49 
5.78 
5.00 
5.13 
5.22 
5.12 
5.01 
5.35 

1.1 
-0.4 
0.1 

-1.2 

-0.6 
-1.0 
1.0 
-1.0 
1.0 
0.0 

-1.0 
-1.0 
1.0 
1.0 
0.0 
0.5 
-1.0 
0.3 
-1.7 
0.0 

-1.0 
0.2 
-0.6 
+0. 5 
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CHAPTER 5 

DETERMINATION OF DIRECTION AND INTENSITY OF MAGNETISATION  OF 
UNIFORMLY MAGNETISED BODIES OF KNOWN TOPOGRAPHY  

5.1 Introduction  

The calculation of structures which produce a given 

anomaly, for an assumed direction and intensity of magneti- 

sation, was considered in the previous chapter. 	The reverse 

problem, that is the determination of the direction and 

intensity of magnetisation from the observed anomaly when 

the structure producing the anomaly is known also desertes 

consideration as it has many useful applications. 	For 

instance, in marine magnetic surveys one encounters volcanic 

mountains at the bottom of the ocean which reveal themselves 

by the magnetic anomaly they produce. 	From the results of 

the magnetic and topographic surveys, the best fitting 

direction and intensity of magnetisation of these seamounts 

can be computed making the simple assumptions that they are 

uniformly magnetised and their bottom is at the ocean floor. 

The validity of these assumptions can be tested later by 

computing the anomaly due to the seamount for the determined 

direction and intensity of magnetisation and comparing it 

with the observed anomaly. 	If close agreement occurs between 
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the observed and computed anomalies the assumptions can be 

considered valid and the determined direction and intensity 

of magnetisation then give the true direction and intensity 

of magnetisation of the seamount. 

5.2 Method of solution 

Consider a rectangular co-ordinate system xlylz with 

origin at the surface and with the z axis directed vertically 

downwards. 	Let fi(xi, yi, 0), f2(xi, yi, 0) and 

f3(xil  yi, 0) be the total field anomalies due to the 

structure for unit magnetisation along the x, y and z axes 

respectively. 	Then, if Ts(xi, yi) is the total field 

anomaly due to the structure for an intensity of magneti- 

sation J with components J1, J2  and J3, 
Ts  = J1f1  + J2f2  + J3f3. 

If the observed anomaly To(xi, yi) is measured with respect 

to an arbitrary datum, then the values of JI, J2  and J3  

which give the best fit between To(xi, yi) - f0, where 

fo  is a constant, and the anomaly Ts(xi, yi) of the structure 

are required. 	For best fit in the least squaresense, 

(T0  - f0  Ts)2 	is a minimum 
N 

1=1 
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N 
i.e. 

i=1 
	(T0  - f 0  Jlf l  J2f2 J

3f3)
2  is a minimum. 

Considering fo also as an unknown, the conditions of 

minimum are obtained by setting the derivatives of this sum 

with respect to Ji, J21  J3  and f0  equal to zero. 	Thus 

	

*PID2 fl 	3.1 	flf1 	f2f1 	f3f1 	' Tofi 

	

-; f2 	Ji 	flf2 + J2 .7:f2f2 	33 ,7::f3f2 

J1 2-,fif3 	J2 c-sf2f3 	J3 :,-. :f3f3 
1 f.  	 +cri:f 'f2 T,f3  c9-1 

If the functions fl, f2 and f3 are calculated for all the 

points at which T0  is given the above equations can be set 

up and solved for Ji, J2, J3  and f0. 

5.21 The calculation of f1.1 12  and f3  for a three dimensional 
body. 

These functions can be obtained by integrating the 

effects of free poles on the surface of the structure. In 

the following an alternative procedure is considered as it 

is easier to programme for a computer and seems to take less 

computer time. The structure is divided into horizontal 

sheets bounded by the topographic contours and its anomaly 

obtained by integrating the anomalies of these sheets. 	Each 

topographic contour is first approximated by a number of 

sections parallel and perpendicular to the x axis. 	The 

3 
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anomaly due to the horizontal sheet bounded by these sections 

is obtained in the following manner. 

In Chapter 3, expressions for the total anomaly per unit 

thickness of the sheets which form the sides of a vertical 

rectangular prism were derived. 	Considering only the 

horizontal sheet at the depth h, the following expression 

for its anomaly per unit thickness T'(xil  yi, h), is obtained. 

b2  a2  
T' (xi,yi,h) = 	+ hE - bE2 + 	+ aE + bE2 :7  7  I hELE aEl 	3 	l  

R(R+b) 	R(R+a) 	R 	a2 4412 132.1.h2 al 

where the symbols in the right hand expression have the 

meanings defined in Chapter 3. The term aEl is independent 
77E2 

of b and therefore it vanishes when the difference of its 

values at b = b1  and b = b2 is evaluated. 	Similarly the 

term  bE2 vanishes when the difference of its values at a = al 
b2+h2  

and a = a2  is evaluated. 

bl  al  

hEi+  - aEl  + hE3 	bE2  + E5 	( 2 ) 
R(R 	b) 	R(R + a) R 

where the summation is over the four corners of the rectangle. 

s is +1 for corners marked + and -1 for corners marked - 

a2 
Thus, T'(xilyi,h) =FT hEl+ 	aEl  + hE3  - bE2 + 

if 
R(R+b) 	R(R+a) 
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(fig. 5.11a). 	The horizontal sheet bounded by the sections 

drawn parallel, and perpendicular to the x-axis, (Fig. 5.0.b) 

can be divided into a number of rectangular sheets and its 

anomaly per unit thickness obtained by summing up the anomalies 

due to all these rectangular sheets. 	It is evident from 

the figure, that this sum reduces to the sum of the function 

given in (2) over only the corners of the sections approxi-

mating the contour. 

At other corners the functions are summed up twice, once 

with positive weight and again with negative weight and 

therefore these corners do not contribute to the sum. 	Thus, 

if T' (xi,yi,h) is the anomaly per unit thickness of the 

horizontal sheet bounded by the contour, 

11,(xilyi,h) =I's 	hE4 	aEl  + hEl 	bE2 + E5 

	

R(R+b) 	R(R+a) 	R 

over the corners of the sections. 

Since El = 33n - J112 E2 = J3n J2m, E3 = J2n  +.1'3
m 

E4  = Jin + J31, and E5  = Jim + J21, the above expression 

reduces to 

	

2"(xi,yilh) = J 	ph + la  + m) 
R(R+b) 	11.  

+ J2  Z's .(nh + mb  + liTi 
I (R(R+a) 

+ J3;7's (lh - na  + mh - nb) 

	

-/ 	1.R(R+b) 	R(R+a) f 
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The anomaly Ts(xi,yi10) due to the entire structure, 

is given by the relation 

hB  
) = I 	I" (xi,Yi,h) dh, 

hT  

where hT  and hB  are respectively the depths to the top and 

bottom of the structure. 

But Ts(xi,yi3 O) = Jifl  + J2f2 + J3f3  , and so 

hB  

fl = C 	s (nh + la +m) 	dh 	(3) 
R 	R + b 

hT 

f2 = 

hB   
,. -5 	+ rth - s (nh 	+ 1) 	cl;W:,  (1)-/  
1 ---i R i, R + a 

hT 

hB 

	

	 7 
1 7.is Slh - na + mh nbp dh 1 

hT  / 411:till +  b 	R + a 

The integration with respect to depth is performed numer- 

ically. 	Denoting the integrands in (3), (4) and (5) for 

the contour at depth hi by Ui, Vj and Wj, a simple scheme 

for numerical integration, using the trapezoidal rule, is 

as follows: 

Ts(xilyi, 

and 

(4)  

(5)  
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f1  = 	i  U. (h-4.1 	hj_i) 
j=1 

p 
* V.(hj  - . f2 = 	+1 	h3-1)  

j=1 

P 
f3 

= I-I 
n.qr 	 k Wi(hp.1 .. -1 with 
j=1 

ho  = hl  (the depth to the top hT) 

and 	hp+3.  = hp  (the depth to the bottom hB) 

p is the number of contours used in the calculations. 

The input data for the computer is thus the depth of each 

contour and the x, y co-ordinates of the corners of the 

approximating sections. 	When the co-ordinates of the 

negative corners (s = -1) are given the co-ordinates of the 

positive corners (s = 1) are defined and vice versa. 	Thus, 

it is necessary to use the co-ordinates of the negative 

corners only or the co-ordinates of the positive corners 

only, as input data, if the programme is properly designed. 

In the Flow Chart given in appendix V , it is assumed that 

the co-ordinates of the negative corners only, in the counter 

clockwise order, are used as input data. 	With the observer 

facing the x-axis, the lowest right hand corner for each 

contour, is a negative corner for the usual right hand 

and 
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co-ordinates system. 	Thereafter, the signs for other corners 

are alternatively positive and negative. 

The additional information required for the calculations 

are the orientation of the Earth's field with respect to the 

x9  y and z axes, the co-ordinates of the points at which the 

anomaly is observed and the magnitude of the anomaly at these 

points. 

5.3 An example of application 

The method has been used to investigate the nature of 

the magnetisation of a seamount off the West Coast of the 

United States. 	The geographical location of this seamount 

is 32°15'N, 127°15'W. 	The intensity of the Earth's magnetic 

field at this location is 50,000?(and its inclination and 

declination are respectively 56°  and 13°30'. 

The total magnetic anomaly map of the seamount is 

shown in Fig. 5.1. 	The map was prepared by the inter-

polation of the values of the anomaly measured on the tracks 

shown in the figure. 	Only the values of the anomaly at the 

points marked by the crosses on these tracks were used in 

the calculation. 

The topographic map and the rectangular sections used 

as an approximation to the topographic contours are shown 

in Fig. 5.2. 	The x-axis was chosen along a direction 
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making an angle of 10°30'W with the magnetic north, for, the 

contours can be represented by a minimum of rectangular 

sections parallel and perpendicular to this direction. 

The observed anomaly was assumed to be due to that part 

of the seamount projecting above the ocean floor which is 

at a depth of 2200 fathoms, and the intensity J, inclination 

U and declination E of the magnetisation vector were 

determined. 	The following values were obtained. 

J = 8 x 10-3  e.m.u./cc. 

U = 48°241  

E = 11°48' 

The observed and best fitting anomalies on the three tracks 

AA', BB' and CC' are shown in Fig. 5.3. 	In this figure, 

the computed anomaly has been plotted above a base value 

of 42 r, the latter being the constant field, as determined 

by the computer, that had to be subtracted from the observed 

anomaly. 	The agreement between the observed and computed 

anomalies is close enough to make the following general 

conclusions. 

1. A major part of the observed anomaly is due to the 

seamount for uniform magnetisation. 

2. The intensity of magnetisation is large being equivalent 

to a susceptibility of 16.0 x 10-3  c.g.s. suggesting 

the presence of strong remanent magnetism. 



FIEBERLING SEAMOUNT: OBSERVED AND BEST FITTING ANOMALIES 

-133- 

-1200 

-1000 

-800 

TO') 

-600 

- 400 

20D 

DISTANCE ((0%) 
12 

I 	116  

DISTANCE(KM) 

11 	I 
2 	16 	 24 C 

OBSERVED 	--- BEST FITTING 

13  

Fig. 5.3 

-600 

- 400 

T('Y )  

-200 

DISTANCE <16 
B 	 12 	16 	20 	24 

I N. 



-134- 

3. The magnetisation vector is contained roughly in the 

vertical plane containing the magnetic meridian since 

the declination of the magnetisation and the Earth's 

field are approximately equal. 

4. The inclination of the magnetisation vector (48°24') 

is different from the inclination of the Earth's field 

(56°30'). 

The total intensity of magnetisation is the vector sum of two 

components, the induced and the remanent. The remanent 

magnetisation vector must therefore lie in the plane 

containing the direction of the total intensity of magnet- 

isation and the direction of the Earth's field. 	In the 

absence of a knowledge of the susceptibility value, the 

direction and magnitude of the remanent vector cannot be 

determined. 	However, a lower limit to the magnitude of 

this quantity can be set. 	This lower limit is the magnitude 

of the remanent vector when its direction is at right 

angles to the direction of the Earth's field. 	If 1, m, 

n are the direction cosines of the direction of the Earth's 

field and p, q, r those of the total intensity of magneti-

sation, the minimum vaiue of the intensity of remanent 

magnetisation is J sin cos
-1  (pl + qm + rn) 

and the value of the induced component corresponding to 

this minimum remanence is J(pl + qn +rn). 	Using the 
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computed results, 

p = cos 48.4 cos 11.8 = 0.6500 

q = cos 48.4 sin 11.8 = 0.1360 

= r = sin 48.4 	0,7480 and  

J = 8 x 10-3. 

Also, 1 = cos 56.5 cos 13.5 = 0.5365 

m = cos 56.5 sin 13.5 = 0.1286 

n = sin 56.5 	= 0.8340 

Hence, the minimum valuO of remanence 
= 8 x 10-3 sin cos-1  (0.5365x0.650+0.1286 

+0.834x0.748) j 

= 8 x 10-3  sin cos-1  0.990j 

= 8 x 10-3 x 0.141 = 1.128 x 10-3  e.m.u./cc. 

The induced component = 8 x 0.99 x 10-3  = 7.92 x 10-3  emu/cc. 
This is equivalent to a susceptibility of 15.84 x 10-3  c.g.s. 

In the following table, the intensity, inclination and 

declination of the remanent magnetisation vector calculated 

for various assumed values of the susceptibility are given 

K x 103  
(susceptibility) 

JR x 103  
(intensity) 

IR 	ER 
(inclination)(declination 

0 8.00 48024t 11°481  
2 7.01 47015f 11°37' 
4 6 45043, 11223' 
6 5.05

.03 
430391 11°03' 

8 4.08 (7)026,  10g39' 
10 3.14 350221  10_011  
12 2.23 26°12,  
14 1.45 0012' 7°24 1  
16 1.14 -37°12' 3°22' 
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It is seen that for values of susceptibility which would 

normally be exptected for oceanic lavas (about 4 x 10-3  C 61 -g 

or less) most of the magnetisation is remanent. 

It has been suggested that the seamounts in the North 

Pacific Ocean might have drifted away from an East-West 

oceanic rise prevailing in the south of the equator. If 

so, the direction of remanent magnetisation will indicate 

the geographical location of the seamount when it was formed, 

assuming that the direction of the Earth's field has not 

changed since the formation of the seamount. The calculated 

values of the inclination of the remanent vector are 

shallower than the inclination of the Earth's field at the 

present location of the seamount and are consistent with the 

idea of a drift away from the oceanic rise in the south. 

If susceptibility values greater than about 4 x 10-3  are 

ruled out, the seamount could have originated only a few 

degrees of latitude south of its present location. 

Time of computation  

The time of computation, for any particular computer, 

depends on the total number of sections used to approximate 

the contour and the number of observed field values used 

in the fitting. 	On the Ferranti-Mercury Computer, the 

time taken was roughly 0.10 seconds per negative corner per 
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field value. The solution of the above problem was 

achieved in about 8 minutes. 
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CHAPTER 6  

SUMMARY AND CONCLUSIONS  

The existing methods of interpreting gravity and 

magnetic measurements are laborious and inadequate to handle 

the vast amount of data now obtained using improved techniques 

of prospecting. 	In this thesis an attempt has been made 

to show that by a direct or indirect use of Digital 

Computers a more rapid, more detailed and less laborious 

interpretation of the data is possible. The problems 

discussed are: 

i. 	The interpretation of magnetic anomalies due to dykes, 

square vertical prisms and parallelopipeds of infinite 

depth extent: 

The use of a computer has made it possible to determine 

the maximum, minimum, half, quarter and three quarter maxi-

mum and minimum characteristics of the anomalies due to dykes 

and to square vertical prisms for a wide range of values of 

the parameters defining the shapes of the anomalies. 	It 

has been possible from the results thus obtained to devise 

a simple method of identifying the parameters from an 

observed anomaly and thence of determining the depth 

dimensions and intensity of magnetisation of these bodies. 
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Further, a simple method given for reducing the anomalies 

due to three dimensional parallelopipeds to two two 

dimensional dyke anomalies has enabled the use of the method 

devised for the dyke in the interpretation of the anomalies 

due to the parallelopipeds. 

Collectively, these methods form a routine basis for 

the interpretation of aeromagnetic surveys over sedimentary 

basins, the interpretation of anomalies consisting of nearly 

circular contours being approached using a square prism, 

those with elongated shape using the dyke and those of the 

intermediate shape using the parallelopiped. 	These methods 

are far superior to the chart method of Vacquier et al(4) 

for interpreting such anomalies. 	The charts of Vacquier 

have been prepared for a limited number of discrete values 

of the parameters and as such the depth estimates made using 

them are necessarily crude. 	Further, the comparison of the 

observed anomaly with these chatts is a tedious and time 

consuming process. 	The present methods are more direct, 

rapid and easy to apply. 	Also, they are more accurate since 

a virtually continuous range of values of the parameters are 

covered in the graphs given for the interpretation. 

ii. Automatic model fitting: 

It has been possible to devise computer programmes which 

enable the automatic fitting of two dimensional and three 



-138b- 

dimensional vertical rectangular prisms to observed total 

field magnetic anomalies. The programmes have been tested 

using the anomalies due to a number of theoretical models 

as input data for the computer. 	The parameters determined 

by the computer have been found to be in satisfactory agree- 

ment with the known parameters of the model. 	The solutions 

were achieved on the Ferranti Mercury Computer in about 

half a minute for the two dimensional case and about 22 

minutes for the three dimensional case. 	These times contrast 

strikingly with the several hours that would be required to 

achieve such a fit by the conventional methods. 

The advantage of this method over the previous method 

is that it uses a larger number of points in the anomaly. 

The results of interpretations are therefore less likely to 

be affected by small irregularities in the anomaly due to the 

effect of neighbouring sources and/or due to the source being 

not of the assumed shape. 	Further, the depth extent of the 

source is considered unknown, the computer being allowed to 

decide for itself whether this is large or small. 

One disadvantage of the method is that it requires a set 

of initial values for the parameters. 	It has been shown that 

even if the initial values are far from the best fitting 

values of the parameters a satisfactory solution would be 

achieved. 	However, the time of computation and hence the 
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cost depends on the accuracy of the initial values. 	The 

closer the initial values are to the actual values of the 

parameters the smaller is the time required for solution. 

Use may be made of the graphs given for the dykes and square 

prisms for the initial estimation of the parameters, in which 

case the depth to the bottom may be assumed arbitrarily.as 

equal to twice the depth to the top. 

The programmes enable a more detailed, more rapid and 

more reliable interpretation of aeromagnetic data than has 

been possible hitherto. 	It is suggested that the programmes 

be put to a number of practical tests. 	This may point the 

need for any improvement in numerical technique or modifi-

cation to the programme. 

iii. Automatic structure fitting: 

The method devised for the fitting of two dimensional 

vertical rectangular prisms has been extended to the fitting 

of any structure which may be considered to consist of a 

number of such prisms. 	The usefulness of the method has 

been demonstrated by applying it to the solution of a problem 

considered by Mason(12). 	A number of different solutions 

corresponding to various assumed values of susceptibility 

were obtained in a matter of a few minutes. 	This time 

contrasts with the several hours taken to achieve similar 
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solutions by a trial and error method. 

iv. Determination of the direction and intensity of magnet-

isation of a uniformly magnetised body of known 

topography from its total field magnetic anomaly: 

A method has been devised for the solution of this 

problem and in the process a method of computing the total 

field magnetic anomaly due to a three dimensional structure 

of arbitrary shape has also been devised. 	The method will 

have applications in establishing the direction and intensity 

of magnetisation of a number of terrestrial features and 

seamounts over which magnetic and topographic surveys have 

been made. 	In the present work it has been used to investi-

gate the nature of magnetisation of the Fieberling seamount, 

off the West Coast of the United States. 	It was concluded 

that; 

a. A major part of the anomaly observed over this seamount 

is due to uniform magnetisation of the seamount. 

b. The intensity of magnetisation is large, being equivalent 

to a susceptibility of 16.0 x 10-3  c.g.s. suggesting the 

presence of a strong remanent magnetisation. 

c. The magnetisation vector is contained approximately in 

the vertical plane containing the magnetic meridian. 
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d. The inclination of the magnetisation vector (48°.241) 

differs from the inclination of the Earth's field at 

this location (56°.30'). 	This difference could be due 

to the direction of the remanent vector being different 

from the direction of the Earth's field. Alternatively, 

the difference might arise as a result of ignoring the 

effects due to the root of the seamount. 

Conclusions: 

The limited number of applications of Digital computers 

to the interpretation of potential field data described in 

this thesis amply demonstrate the advantages of computer 

method over conventional method of interpretation. 	However, 

in practice, these advantages must be weighed against the 

high computer cost. 	If simple standard programmes such as 

those described above are developed, the advantages gained 

by using the computer might far outweigh the cost of 

computer time. 
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APPENDIX I 

Characteristics of Magnetic Anomalies due to Dykes. 

Notations used in the following  
table. 

Notations in the text. 

  

     

I Angle involving the direction 
of measurement of field, direct-
ion of magnetisation and angle 
of strike and dip of the dyke. 

T Width of top surface of dyke 
in units of the depth 

FM Maximum/minimum value of anomaly 

XM Position of maximum/minimum 

X(sM/4) Position of sM/4 times 
maximum/minimum 

I 

t 

f fmMI  

Xm 9  Xm  

X4.31/4 9  Xxm/4 

B717/4 
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APPENDIX II 

Characteristics of total field anomalies due to square 
vertical prisms of infinite depth extent  

Notations used in the following 	Notation in the text. 
tables. 

I 	Inclination of the Earth's 
field 

T Thickness of the prism in units 	t 
of the depth 

XM Position of maximum/minimum 	xms, xmN 

FM Value of maximum/minimum 	fm  

X(km/4)  Positions of kM/4 times 	xv41  xik/41  yk/4 S 
maximum/minimum 	and xk/47  xv49 Yk/4 N 
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APPENDIX III 

Flow Chart for Automatic Model fitting (Two Dimensional 

Vertical Rectangular Prism) 

Read Cj 	Initial values of parameters 

Read dj, j = 1 .... 4 Weighting factors. 

Read N 	Number of field points used 
for fitting 

Read xi 	x coordinate of field point 

Read Ti, i = 1 	N Observed field. 

f
0 	• 

= '5- 1  T . 2 
-pi  

S = 1 

(1) 	V
. 

= V2  ) 	Successive values of the sum 
of squares of the residuals. 

V2 = V1  ) 

V1 = 0 

Wj = 0, j = 1 ... 5 

i = 1 

(5) 	al  = Ci - xi  

a2  = C2  - xi  

Yi  +f.4Zi  = in (C3  +Jr al) (C4 +/a a2) 	Anomaly due to the 
(03  tja-a.2 )(C4 qa al) model 

W1 = Wl ZiZi 

W2 = W2 Zgi 
W3  = W3  + ZiTi  

w4 = w4  + YiYi  

W5  = W5  + YiTi 



is i = N? No. i = 	+ 1 	(5) 

Yes 

1 = (W2W5 W3W4)/(W1W4 W2W2)  

J2 = (W2W3 141W5)/(WIW4 W2W2)  ) J2 

) Best fitting 
) value of J1  and 

V1  = f 0  + J1w3  + J2w5  Sum of squares of the 
residuals 

is s = 1? Yes 	(14) 

No. 

is Vi  V2? Yes 	(4) 

No. 

is q = 1? yes. t = 2, 	(3) 

No. 

= A/2 

(3) 

(4) 	is t = 1? No. 	= )\- 2 1\ + 	(1471-0f_24-3Y3)s = 
7 (V1-2v2tv3  ) 

Yes 

q = 2 

is Vd. V1? Yes A= a -4v1+1vo  . 	, s = 1 	(3) 
1/2-2vi+vo  7 

Inverse parabolic interpolation to find the 
approximate minimum on the chosen direction. 

No. 

/2 

(3) 	Cj = hj + lldjUJ9 j =1 	 4 

\l/ 
(1) 
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(14) is C1 	Yes x = C1, C1  = C2  C2  = x ) 	) 

= -31, 	= 	(15)  
No. 

Interchange 
Ci and 02 if C i  02  

(15) is C3 > Cif  Yes x = C3, C3  = 	CLF  = x, Interchange 
C and CI+  

J 	= -J 	J = 	(16) 	i1 C3'y C41 	1,  2 	2 
No. 

(16) is< el? 	yes 	-----> (30) 
f0 

No 

is V  - V1  < e 0 	2  ? yes --> (30) 
V1  

No 

h j  = C i , j = 1 	 

(17) W j  = 0, j = 1 	 12 

bi  = 0, j = 1 	 4 

= 1 

(18) g i  = 0, j = 1 	 

j = 1 

a = C j  -xi  

k = 3 

(20) 	R2 = a2 k2 

gj = g j - 	 -k—t-- J22)  
R2 	 ) Anomaly due to the 

) sheets 
g (k÷2 ) = g (k+2 ) 	(J12- + J2Ck )  ))- R2  

(17) 
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is K = 4? Nc. k = k + 1 	(20) 

Yes 

is j = 2? No. j = j + 1 	> (19) 

Yes 

g2 = -g2 

g4 = -g4 
g5  = Ti  + J Y. + J Z. 1 	2 i 

j = 1 

= 1 

(21) k= 

(22) W. = W. + gk g 
j = j + 1 

is k = 4? No. k = k + (22) ) 

yes 
) 
) 
) 

16, 	+ ) 
) 

is 	=4? No 1 = 1 + 1 (21) ) 
) 

Yes ) 
) 

is i = N? No 	i = i + 1 ---(18) ) 
) 

Yes 	--> (23)  ) 

(23) Solve the following equations for U1, 

Setup the 
coefficients of the 
equations for 
finding out the 
thickness of each 
sheet 

U2, U3 and U4 

W
1
U
1 
+ W2U2 

W2U1 + W5u2 

W3U1  + W6U2  

1441/1  W7U2 

+ W3U3  + W4174.  = 161  

W6U3 W7U4 = b2 

+ W8U3  + W9U4 = b3  

+ W9U3  + W10U4 = b4 

Solve for the 
thicknesses of 
the sheets 

(6holesrci 
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s = 0, t = 1, q = 1, 	= 1, 	v0 	v1 	(2 ) 

(30) Print C. 	j = 1 

Print J' = 1.(j12 	J22)*  

Print I = tan-1  Ji 	Print results 

Print xi 

Print R(xi) = Ti  + JlYi  + 	1 
	i = 1 .... N 

Stop. 



-182- 

APPENDIX IV 

Flow Chart for Two Dimensional Structure Fitting 

Read N. 	No. of field points 

Read 9 T.1  i = 1 .... N 	Field values 

Read d 	Distance between successive field 
points. 

Read h 	Depth to top or bottom. 

Read s 	s is +1 or -1 according as the top 
or the bottom of the structureis at 
the depth h. 

Read Z 

Read E 

Read Z' 

Read E' 

Read J 

Read Q. 

h = h/d 

= cos Z sin E 

n = sin Z 

1' = cos Z' sin E' 
n' = sin Z'  

Inclination of direction of measure-
ment of field. 

Angle made by the magnetic meridian 
with the direction of strike. 

Inclination to the horizontal of 
permanent magnetism. 

Angle made by the vertical plane con-
taining the permanent magnetist with 
the strike. 

Intensity of induced magnetisation 

Q ratio i.e. ratio of permanent to 
induced magnetisation. 



n183- 

= 2 sJ ( 2 nt. + Q (lin + 	) 
32 = 2 sJ ( t2  - n2  + Q 	- nin) ) 
h

P  = h ) 

RP 	Tp  ) p = 1 	N 

N 
Vo = 	2 

p = 1 
Va.  = V 0  

(1) V3  = V].  

gp  = hp  , p = 1 	N 
(2) p = 1 

by  = 0 

= 1 

(4) = p 	- 0.5 

a2  = p 9 	+ 0.5 
W. 	= J1  a2  + 32h 	J1a1 J2hp  p 

	

a22 + hp2 	a22 + h 2 

bp  = bp 	W• R • 

is i= N? No. 1 = 	+ 1 	(4) 
Yes 

is p = N? No p = p + 1 ----->(3) 

(17 x 7/7) 1 x  
(6 x 	x (r) x 1.71) 

(5) p = 1 

(6) hp  = gp  + ttbp  

is s = 1? Yes. is h ›h? yes 	 -> (7) 
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No. 	 No 
is h > hp? yes h = h 
No 

hP = h 
	

(7) 	(7) 
is p = N? No. p = p + 1 	(6) 
Yes, 

(7) 	ho = h 

4+1 = 
V1  = 0 

(8)  

(9) a = p 	i 	0.5 

(y +Fiz) = (Y +FIZ) x hp_i +ha 
h 

is p = N +1? No. p = p + 1 ---> (9) 

Yes. 

(Y 	Z)= loge  (Y +[Z) 

Ri  = T i  + J2Y + JiZ 

V1  = V1  + RiRi  

is i= N? No, 	= i + 1 	--->(8) 
Yes 

is Vl  > V2? yes —> (10) 

is V1  >'V3? yes 	(10) 

= 1 

Y = 1 

Z = 0 

p = 1 



is V/  < e1V0? yes --) (11) 

is V3  - V1  < e2V1? yes 	(11) 

(10)  

(5) 
(11) (Print (dh ) 	Depths to the top or bottom of 

the structure. 
( 
(Print RP/ p = 1 ... N 	Residual anomaly. 

Stop. 
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APPENDIX V 

Flow Chart for Determining the Direction  and Intensity of  

Magnetisation of a Body of known Topography from its Total 

Magnetic Anomaly. 

Read. Z 	Inclination of the earth's field. 

Read E 	Angle made by the magnetic meridian 
With the x-axis. 

e = cos Z cos E ) 

m = Cos Z sin E ) 	Direction cosines of the earth's 
) field. 

n = sin Z 

k = 1 

Read p. 

= 1 

(1) Read h. 

ReadNi  • 

Number of contours. 

Depth of the ith  contour 

Number of negative corners on the 
ith contour. 

j = 1 

L= k. 

(2) Read ak ) 	x, y coordinates of successive 
negative corners in the ith contour. 

Read bk  ) 

k = k + 1 

is j = Ni? No. j = j + 1 	(2) 

Yes 

ak = aL 
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bk = bL 

k = k + 1 

is i = p? 	No. i = i + 1 	(1) 

Yes 

h0  = h 

hp.f.1 = h 

i = 1 

(3)(1-=.0 ) 
) 

is i = 14? No. i = i + ) 

Clear stores for 
setting up the 
coefficients of the 
equations 

Yes 

s = 1 

fl = 0 

f2 = 0 

f3  = 0 

Read x ) 

Read y ) 

Read f5
.  

) 
) 

) 
) 	Clear stores for numerical integration 

) 

Coordinates of observed field points. 

f5  = To, the observed field at (x,y) 

is (fie spurious 
enn4--of Stahl • 

characterA  encoantered 

during read? 	Yes -> (10) 
No. 

k = 1 

i = 1 
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(5) 	1.1.1  = 0 	) 
Clear stores for evaluating the 

Fi = 0 	 contribution due to the itn contour 
Wi = 0 	) 

q = 2 

j = 1 

a = a,K  - X 

(6) 	is q = 1? No. b = bk 	y, q = 1, k = k + 1 	(7) 

Yes 

a = ak  - x 

q = 2 
(7) 	R= (a2 	b2 	h.2)* 

Ui  = 1 ( m + 	+ nhi ) - Ui  
R +.b 

V. = 1 ( 

	

	+ mb + nhi) - Vi 
R + a 

W. = 1 ( 1h.  - na + mhi 	nb) -W• 
R 	I+ b 	1+ a 

is j = 2Ni? No. j = j + 1 	(6) 
Yes 

k = k + 1 

11 = 11 	Ui (hi+1 - hi-1)  
f2  = f 2  + ▪ Vi  (hi+1 - h1_1) 
13 = f

3  + 2 Wi 	1hi-1)  
is 1 = p? No. i = i + 1 	(5) 

Yes 
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Print x 

Print y 

Print f l  

Print f2 

Print f3 

f i+ = 1 

k = 1 

= 1 

(8) j=i  

(9) dk  = dk  + f if j  

k = k + 1 

is j = 5? No. j = j 	 (9) 

Yes 

is i = 1+? No° i = i + 1 	(8) 

Yes 

g  (3S- 	= f l 

g(35 - 1) = f 2 

g33 	
= f

3 

hs 	= f 5  

= S + 1 



(10) Solve the following four equations for J1, J2, J3 
and fo 

d1J1  + d2J2  + d3J3  + diffo  = d5  

d2J1  + de2  + d7J3  + dafo = d9  

d3J1 d732 d10J3 dllf0 = d12 

d4J1 d8J2 d11J3 d13f0 = d14 

-190- 

Print J = (J12 
 + 
  J22   J32)2  Intensity of 

magnetisation 

Print U = tan-1  J3  

(Jl2  2 

Inclination of the 
magnetisation vector. 

Print E = tan-1  22  
Jl  

Angle made by the vertical 
plane containging the magneti-
sation vector with the x-axis. 

Print f0  

r = 0 

(13) Print hr 	observed field 

Print Jigr+1  + J2gr+2  + J3gri.3  + f0 	best fitting 
field 

is r = s? No. r = r + 3 

Yes 

Stop. 

 

	\ (13) 
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