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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 ﬁhree 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 1is developed. The method is later extended
to the fitting of any two dimensional structure consisting
of a number of two dimemnsional 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 iInformation 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 cither case the results are generally presented
in the form of a map.

The first step in interpretation, irrespective of the
quant ity 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 quahtity 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 between the half widths of the
anomalies and the denths to their centre. Thus, the depth
h to the centre of a sphere is pbtained from the half width
P% of its vertical gravity anomaly using the relation
h = 1,305 P (Fig. 1.1). For the cylinder h = xj where xi
is the half width of a profile on the gravity apomaly
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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g (vertical gravity)

Determining depth of sphere from half width (’ ¥ on gravity profile
Fig. Il
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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 %o half-
maximum distance on the anomaly to yield the depth to the
equivalent point pole, point dipole, line pole and line
dipole. Jung(2’3) 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 1is 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 1s independent of the absolute dimensions of the
system, Consider,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, m, n the
direction cosines of the Earth's field and a, b, ¢ are the
co-ordinates of a general point in the prism, This

expression can be wr}tten in the form

T(x,y,0) = J éj“§ 1. 2 +m _21 +n 2 )2 x
V/03 7,(_%) '2,(1?01_) ﬂ%)

d(a), d(p) dlg)
h  h h

= J f(x, &{E:ja i),

h h'h
.. where h is a sealing féétor, i the inclination of the
| Earth's field and py are the parameters defining the source.
The function f(x/h, y/h, pj/h, i) defining the shape of
the anomaly is independent of the absolute dimensions of
the system, and depehds 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 £ precomputed for various combinations of the parameters

pjéh, and to compare the observed anomaly with these charts,
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A particular chart is then selected as showing the closest
agreement in shape with the observed anomaly. Then if Pj
are‘the parameters of the structure and P; those of the model
for which this chart was prepared, Pj = 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 ete. of maxirmum and minimum.
The amplitude factor which in the above casc 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 themn. 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 those of Vacquier ) for
interpreting total field anomalies due to vertical
rectangular prisms of infinite depth extent. A1l 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
oniy crude estimates of the parameters can be made, In
Chapters 2 and 3 of this thesis methods are deve;oped which
¥allow 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,
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shape, size and density or susceptibility of the source
producing 1it. Unfortunately, this is not possible

becmyse a given anomaly could be produced by anyone of an
infinite number of possible sources(5’6). Additional
coﬁtrol Information, suchras might be obtained from 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

. solustion 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 1s 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 computedyanomalies 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 graphica1(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
soluktion is achieved. For instance a cdse is mentioned(lo>
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
operatlons 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 speccific 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 Bbttal) 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,

If giis the observed gravity anomaly over the ith

strip,
the first approximation to the thickness of the ith strip

is ©3 = 23 where O~ is the density contrast between
2MGE By
-

the sediments and the surroundings, Wj—thE”Wide—Uf“tnG—Ith
strip and G the gravitational constant. The anomaly due to
the structure, consisting of blocks of thickness t;, was
calculated and subtracted from the observed anomaly. This
results in a set of residuals Rli which are smaller than
the observed anomaly. In the next stage the thicknesses
of the blocks were increased by amounts t5 = Rij
271 G 67k

and the anomaly due to the structure was
recalculated and subtracted from the observed anomaly to
leave a set of residuals Rpj which are smaller than R,,.
The process was repeated until the residuals were reduced
to a sufficlently low value. Thus, each cyclc 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.



-1l

CHAPTER 2

ROUTINE METHODS FOR INTERPRETING THE MAGNETIC ANOMALIES

DUE TO DYKES AND SOUARE VERTICAL PRISMS.

2.1 Introduction

A common method of interpreting a magnetic anomaly is
to assume a simple model for the source producing it, anad
to evaluate the parameters of the model by comparing
some chagracteristics of the observed anom&ly with the
corresponding and known characteristics of the anomaly
due to the model. The characteristics generally
nsed are the distancesbetween convenient points on the
anomaly, such as the maximum, minimum, half maximum and
half minimum. A direct location of these points was
possilkle in the past only for the simplest of models. 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 aﬁomalies. This was a time consuming process and
as a result only crude estimates of the parameters were made

using an inadequate number of charts. Witg,tbe advent of
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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 téchnique has also been

. developed for reducing the ahomalieé due to any three
dimensional ﬁarallelopiped 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

ancmglies due to the parallelopipeds.

2.2 The Two Dimensgional 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 éAsimple 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 1its 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 anommly due to a dyke is derived and the
relative positions of the maximum, minimum, half quarter

and three quafter 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 dvke

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 /i per unit length on one

surface are given by

Si41
H =_-2ux ds Cos#
i f‘i '] B
5S4
Si+1
and z; =-2p ds Sing
Sy
since ds = -~ RdG ’
sin (@- Di)
j‘?iﬂ
H. = 2 {4, Cos& dé
il § sin (©-D))
641
and Zl = 2#1 ( sin® 48

éi sin ( @ - D3)
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Hence, it follows that,

Hi Cos Di + Zi sin Di =

641
2 py [ cos(@ = Di) =
B .é EIH%75:__1)
i
G141
2 4y £1n sin (8-D;) 7 o
i
= - 2 In Rixl (1)
1 Rl > ?

Since R sin (&- D;) = constant,

1+1
and Hy sinDi-ZiCosD:-L:-ZI"— j sin (&- D) de
sin (@- D

'2/“’1 (61_,_1 -91) (2)

i

Thus, from (1) and (2),
Hi=-2/0~i_/_‘cosni In Ri+y + sin Dy ( &4 - €)) 7 (3)

By

and

Z; = -2 /J\,i [/ sin D; 1n R§+1 - cos Dy (G349 -65) 7 (W)
i

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

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

4]

/&i J (p sin Dy - r. cos Dy)

i

J (p2+r2)% sin (D3 - U) (5)
1

where U = tan" "~ 1
P

The anomaly Fy due to the 1%l

surface, along a
direction whose d.C° with respect to the x, z axis are
1, n, is given by,

F

1Hi + n Zi

i

(12+n2)% (H; cos V + Z; sin V)

=277 sin (D,-1) [ cos (D3-V) 1n Ry4q + sin (Dy-V) (G- €5) 7,
Ry .

where

Tt o= J(12+n2)% (p2+72)7 and V = tan~l n .
1

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

is equal to %; F.
i=1

r

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

and

F = -2J' sin (D-U) / cos(D-V) 1n %1 + sin (D -V) (8, - 85) 7
) ;

#27" sin (-0) [Tcos(<V) 1n By + sin () (81 -9) 7
1 .
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= 2J' ( sin (ﬁ-U) cos(D-V) - sin(-U) cos(~V) ) 1n Ro
R
1
+2J ' (sin(D-U) sin(D-V) =~ sin(-U) sin(-V) ) (&, - &)
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 = 2J' sinD/ cos(D-U=V) 1n Ry + sin (D-U-V) ( &,- ei)_7
Ry
1

= 2J' sinD/ cos I 1n %z%{t‘-x)z %5 +
ze+ ( Y+x )2

sin I %tan“l $'-x + tan~l tt+x) 7
z b g :

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

and I = U+V-D = tan™t r + tan~l n - D.
P 1

The anomaly due to a dyke thus depends on the four
parameters t', z, I and J', the latter being equal %o

1 1
T(p2 + r2)% (12 + n2)¥,  If the function EETE___,E is
sin

denoted by f and if all distances are measured in units of
the depth z, then .
A
f=cos I 1In ( 1+(t'=x 2§2 + sinI (tan~l (t'-x)+tan~l(t'+x) )
1+§t'+x%2

(6)
where now t' and x are in units of the depth z. The function
£(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) = £ (-x, I)
f (x, 180+I) = ~f (%, I)
and f (x, 360-I) = = £ (~x, I)

Thus, the shapes of f for I outside the range 0&I L 90 are
obtained as the mirror images on either the f axis or the

- X-axis of the shapes in the range 0<I€£90.. It is then suff-
icient to consider the range 0£IS90 in all the following
calculations.,

2,22 The positions of the maximum and minimum of the anomaly.

At the maximum or minimum, gf = O,

2%
i.e.,
cos I{ -t 'ux - t'4+x % + sin I%-_ 1 +. 1 %=0
TF(E'-x)2  T#(t'+x)2 T+F(tT-x)2 1+ (t+x)2

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

this equation reduces to

CosI/ -(1+(£'+x)2) (t'-x) - (t'+x) (1+(t'*x)2 ) 7 +
sinI(~1 - (£'+x)2 + 1 + (£'-x)?) = 0

ie, cos I( (x2-£12) 2t' - 2%') = 2 sinI x 2t! = O

or x2 cosI - 2 sinI x - ('2 + 1) cos I = O

Hence, x = tan I + (£'2 + ___%_)% (7)

cos<l
In this expression, the negative sign corresponds to the
maximum and the positive sign to the minimum sinee, for

the range 0¢Ig 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 Mumsriecal solution for half., quarter and three
guarter maximum and minimum positions

Let fy dehote the maximum value of f, and xgyna, and
x'sM/h4, the x co-ordinate of the points on the outside and
inside limbs of the maximum at which f = 2 fy (Fig. 2,3).
‘The cerresponding quantities for the minimum are referred

to as fp, Xq ) and x'ﬂﬁ/h.
The equations f(x) = E fM and f(x) = E fm were solved

in the following manner,

1. The position Xy of the maximum was evaluated using
expression (7) and the field fj at this point calculated.

2, Two positions P4 and By were found where

f(P2)<'E fy < £(Py) by caleulating £(x gy = 3)

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

of §, f(&(ge1Mny - j)<§ fi £ T(ge)py- § + 1)

X (g+1)M/4 WaSs known from the previous salculatlons,
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as the equations were solved in the order s = 3, 2, 1.

When two points Py and Po on either side of g fM were

found an inverse linear interpolation was carried out
between £(Py) and f(P,) to obtain the first approxi-
mation Q7 for the position of & fy. (Fig. 2.4).

If £(Q9) ¢ E fy, £(Qy) was used with f(pl) to obtain a

second approximation Q, by inverse linear interpolation.

I £(Q)y 1s: fy» £(Q1) was used with £(Py) for the same

purpose, This process of inverse linear interpolation
was repeated, always using the two values of f nearest
to E iy and lying on opposite sides of it, until a

e

.~

position Q was reached at which ]f(Q) - % fM/

where e is the fractional error thet is permitted in
the solution of the equations. In the present work

e was taken as 8 x 10,

To obtain the values of X'gy,., steps (2) and (3) were
repeated with j taking negative integral values from -~1.
The positions X'Sm/4 and Xgm/lt for the minimum were
obtained after inverting the anomaly by multiplying

by -1 and carrying out steps (2) to (%) with Xy, and

Ty instead of xy and fy.
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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 O to 15 at unit intervals, for each value of I from
0° to 90° 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 xgy, and XisM/% and those in the third and
fourth lines (for I not equal to O or 90), the values of
X'/ and Xgp /. For t = 0, fy is the maximum or the
minimum value of f per unit thickness of a sheet i.e.

fp(t = 0) = f(Aat), at <L 1.

(
At

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

observed profile.

i), Determination of I and t:

From the results in Appendix I, the combinations of 1
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 séts 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 interseétions 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) Lo = T

¢ e ——

/o = X'M/2
@) i 0 - usy
P Xe - X'y
a . - , _ .
seetion 5. ) i WAL i (The same as (1) in
1 .
t XM/2 - X M/2 section A).

(2)

M/ = X'y/ol

-t me——

fu/e ~ XM

Section C. (1)

!
|
|
:

bl

(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) cur%es
were drawn corresponding to t =0, 1 ...... 15. The curve
for a particular ratio Ry was then obtained by reading off
the values of I at which the line R = Ry cuts the R(I) curves
and plotting these values as a function of %,

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 infterpolation 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 uhits of
depth, plotted as a function of t for I = 0 to I = 90,
An eztimate 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 %. Distances
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most suitable for depth estimation are those that are 1little
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__‘w
estimation of the depth. It is evident'from the.figure;
that Xy -xy/o for all I, kM 7;XM/2 for“the ’;
range 04 I4<70 and the distances (X3M/# - XM/h) and

(X'3M/LI_ - XM/LI_) in the range 704 1% 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. Intensitv of magnetisation and geological dip.

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

funetion of t for I = 0 to I = 90, Since f = oy
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 fy
corresponding to the calculated values of I and t, gives

a value for 2J' sin D,

Now, J' = J(12+n25% (p2+r2)%

, where J 1s the intensity of

magnetisation, p, r are the d.c® of the direction of



~30~

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=T+ tan"t r + tan”~ 1 n
P 1
= I+ 2 tan~! n
1
and J = 1 L e 9!
' (pe+re) (1€+ns )z
=_1.,. 1 f (observed)
T 2 s max
1le+n 2 sin D fy (I, ©)

Iet 1 be the inclina..on of the earth's field and s the angle
made by the magnetic meridian with the strike direction.
Then, n=sin i

1l = cos i sin s

I+ 2 tan~! ( tan i )
¢ sin s ¢

Therefore, D

and J = L, o—_ , fnax (observed ){
2(1 - cos“i cos S)CMA,'fM GIED) ;
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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 etec. on

some selected profiles on the anomaly.

2.31 Magnetic anomalv due to a general vertical rectangular
prism.

Let a set of rectangular axes a, b, 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=aj, a=ay; b= by,
= bs; h = hl’ h = hyy are the six planes defining the

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

to the prism is given by

T(0,0,0) = i { -+ + n

Co(1 2 )
Ry By éz@ ) ” '
'?

"%
+ T,y % T 3-édkdbim

gb«?gﬂcd



P

where (a, b, h) is a genefal point in' the prism, 1, m and
n,. the d.c.'s of the earth's field with respect to the three

axes, Jq, Jp and J39 the three components of_magnetisaﬁidﬁ

and R = (a2 + b2 + h2)%, aL

- s

Since 22 (1) = - ('32 + 92 )1
202 R 2a2 Pp2 | R
B by B ., |
7(0,0,0) = (J3n-J91) { § ; =~ 225 (1) dh. db. da.

ho, bs a
1o, Dby 2 2
+(@yn-dom) { § | - 25 (1) dh. db. da.
h, b, a 95° R
1 P13
h, h, a
o By 8
#(Tmral) ¢ (0 82 (1) dn. db. da.
). g, @b R
hy by &
hp Do ap 5
*(@qnr3yl) (0 ;0 22 (1) dh. db. da.
h; b; a; ohea R
1 b1 23
P2 P2 f2
+@on+Tam) (0 2 (1) dh. db. da.
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R ,
2 i L(J3n—Jll) tan=i bh + (J3n-J2m) tan~! ah

- Ra b
* (Jym+Iol) In(R+h) + (Jn+Il) In(R+b)
+ (IpntTqm) 1n(Rta) -2 2 %2 (8)

J o A
hl bl al~

2,32 The anomaly on the north-south profile passing
through the axis of a sduare prism of infinite depth,
oriented north south, when the magnetisation is

entirely induced.

Consider the case of a square prism of infinite depth
(hp, =i)), oriented with one side parallel to the meridian
(m = 0) and with the direction of magnetisation along the
direction of the earth's field. (Jy = 1J, Jp = 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 by = =by = -t' where t' is
half the side of the square prism.

If the anomaly on this line is denoted by F(x), where
x is the distance measured along the meridlan from the axis

of the prism, then, from (8),

F(x) = 2J [(n2-12) ¢tan—1 hyt! - tan~l £t ) +
- 5 Ra

a 4
A
2(- tan™l gny - tanla_ ) 4 af @ 2F
+ n“{~ tan ahy -~ tan a_ 7 (s P
Rt]r ot R+¢! )

4,
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where a1 =-t' « x
and a, = t!' - x

Collecting terms in n and noting that

8.2 a

- Ltan-l hyt! + tan~! _@k_l_lr 1 = :i:tan"l at' ]’2 ’
Ra - Rt aj hy aj
82
and L tan™l §'+ tan™t g ] = 0,
a et -
aj

a

: 2

F(x) =27 fn? tan~l at' + 12 tan-l t'hy + nl. 1n R-t! 3
Ra

a

e —Hl R+t 1t

1

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

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

£(x) =2 |n? tan~! ag' + 12 tan=l £ + nl 1n R=t' | (9)
- R Ra R+g! -

where now X, a7, &, and t' are in units of the depth and

R2 = 1 + a2 + £'2,

2.33 The derivative of £ (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
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relation

a
- ap
£1(x) = 2 L—?’gﬁa) }
-1 al
- 5 as
= -2 {n ! - 1% {1l * 51 .)+nl2tla
R(a<+1) R (a<+l a +t1li R(a<+1) é
1
a2
= 26t [ - 2+ (n2-12) + 2nla (10)
L RZa%+t‘2) R(ac + 1) 31

The equation f'(x) = 0 can be solved numerically and the
position xp of the maximum or the minimum determined. Once
this is done, the solution of the equations

f(x, y, 0) = E 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.

J.3% The solution of the equation ffjxm) =0

The functions f(x) and f'(x) have the general forms
shown in Fig. 2.1% when the inclination i of the earth's
field is in the range 0 g¢i < 90. To solve the equation

f'(xy) = 0 an initial value x; for xp, given by

x; = tan I ¥ (612 + _1 )%, was assumed. In this
coseT
expression I = 2j - T/2, This initial value is in fact

the position of the maximum or minimum on the total anomaly
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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

1
f'(xi) for x; = tan I - (t12 + o% < Y2 was evaluated
c

using expression (10). A point Qj, where £'(Qy) has
opposite sign to f'(x4) was then found by calculating
ft(xy + j) or £'(x; - j), depending on whether f‘(xi)>()
or £'(x4)<0, for j =1, 2, 3 +o.. BSuccessive inverse
linear interpolation between two values of f'(x) nearest
to zero and of opposite sign was carried out until, for a
value of x, If'(x)j < e, where e is the number that is used
as an approximation to zero. In the present work e was
taken as 5 x 1077, 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 x5 =

tban T + (£'2 + 1 )E.

cos2l

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

The solution for the positions of half, quarter and
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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 Fast-West profile passing through the maximum, and

3. the hast-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 hé =00, J, = 17, Jy = nJ and Jp =m=0

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

T(Xp,y,0) =T (x,, - ¥, 0)

= 7 [[n2 tan~! ap + 1% tan-l b
b, an (11)
+onml 1n(@) | )
by 8
where aq = -t - Xm
a2 = ! - Xm
by =wg! -y
b2 =t - Y.
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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 v...... 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 distancesused in the ratio shall be measured on the
major feature, and
2. The resulting curves shall intersect at suitably large
angles with the i1 = constant lines
Uhfortunately it has not been found possible fo satisfy these
conditions using a single ratio of characteristies for all i.
To determine t from the observed anomaly the ratio of
the relevant distances on the north-south rrofile is measured
and, knowing the inclination of the earth's 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 suitakle for

denth estinmations are those that

P
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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. Xg/ 1s the distance of the
nosition 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 innnér 1imbs

and Ys/h is the distance of position on the east-west profile
passing through the maximum or minimum, In addition the
symbols 5 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 anommly and S to the positive part. The order
mist be reversed for use in the southern hemisphere

(-90° ¢ 1 <0).

The maximum Qi and the minimum f, 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 fy and f,, 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 fpy corresponding to

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

Consider a structure (Fig. 2.28) bounded by a
horizontal cylinder f(yz) = 0 and two similar surfaces
g (2,5,2) = 0 and @(x=t, y,z) = O. Such a structure has
a constant horizontal thickness t parallel to the x-axis,
Let T(x,¥,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(ke-n A X, ¥,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

o0
E! T(x -nax, ¥y, 0)
n = .-fx'

If the intensity of magnetisation or density of the original
structure is uniform, the displaced structures form a two
dimensional structure with intensity of magnetisatlon or
density t/A 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),

T (y,0) = ax 5! T(x - nax, y,0)
n:

t -
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and in the limit
o

t T'(y,0) = f T(x, v, 0) dx.
-0

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 directlon 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 t; and t, and inclined surfaces
extending to a great depth and dipping at angles Dj and Do
then, the integration of the anomaly along directlions 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

Dy for an intensity of magnetisation téf,and
)
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2., the anomaly due to the dyke with a top surface of width
t, at the depth z, and with its walls dipping at an
angle D,, for an intensity of magnetisation t,7.

T, 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 Iy = Uy + Vy; - Dy can be evaluated using
the charts prepared for the two dimensional dyke. U, 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 to. Similarly,

from the second anomaly t,, z, and U, + V5, - Dy can be

evaluated. Uo, and V, have reanings similar to those of

Uy and V3. If the direction of magnetisation 1is known, for

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

and Do can also be evaluated.

An example.

The total field anomaly due to a vertical square
prism, dimensions 2 x 2 x 0 1in grid units, was calculated
on the following assumptions:

1., Depth to top = 2 grid units

2. The inclination of the earth's field is 60
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3. The magnetisation is induced and its intensity is

1072 e .U, /CC -
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,

Xy = Fyp T 349
M = *m = 5.5,
fM = 2860
and fm = =300
Therefore
X = Ry/2 = 0,709
XM =~ ¥
and  fp = 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 vhere 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.

From reduced From charts

Distance profile (fig.2.29) (for I = 359, z
1. Xy - X0 3.9 ¢ = %2 2.1%
2. XM - X 565 2.50 2.20
30 Xy - Xqa 3.2 1.45 2.21
Y. x'w/o - X0 5.8 2.65 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 (Tuge 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 1s 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
paralleiopipeds has the advantage that 1t 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 paraliel 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
Phe 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, Tp(x;j) due to the

prism at the point P(x3) is given by

a h v ~
Tm(xl) -2J jz 52 (1 & + n;i)(pjlfrji)Lanadh
3 by P?a dh Ja ah

Where (a,h) is the co-ordinate of a general point in the
prism with respect to P &s origin, and hy; = C3, hp = Cy,

ay = Cl—Xi, a2=02-xi and R2 = a2+h2 (Fig. 3.0).

Since #2_ (1nR) = - 22 (InR),
a2 2
8.2 h2
Tp(xy) = =27 [ [° ( (-plénr) 22 4+ (pn+tlr) 22__ ) InRdadh
J 2he Saoh

)

]
jny

]

i
1
N
<
—
]
=
]
o]
l.._l

) [ an~! a _?2 ’?Z-ZJ(pn+lr)[finR- ;f 7]
h]_ al - h]_ h2
(1)
Now, 2T (nr-pl) = 2J' sin I and 2J(pn+lr) = 2J! cos I,

where J' = J(p2+r2)% (12+n2)% and I = tan~1 r + tan~1 n - Hyo
P 1

refer to quantities used in Chapter 2,

Also, since tan=l a  (IP) 1n (h+ja) and 1nR = (RP) 1ln(h+ja),
h
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where j = J-1 and (IP) and (RP) are the real and imaginary
parts of the complex number,
[Tran-1 hy 22 : ,
g:tan % .J w; = (IP) 1n (hJ + jay) (hy + jap)  and
- hl al (hl + ,]8.2) ( h2 -+ jal)
{ ‘_?'2
}) ; j = (RP) 1n (hy + jag) (hy + jay)
hy a1 (hq + jas) (ho + jal)

(hy + jag) (b, + jaj)

Tm(xy) = =23 cos I, Y, = 21! sin I.24

1
=Jo Y5 = Jq 25 (2)

where Jq = 23' sin I and Jp = 2J' cos I.

3.22. Method of fitting.

Let T (x ) be the observed anoma‘y. Then the sum of
squares of the residuals given by'V EE'( To(xi)- Ty (x5 ) )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 Cy ... €y and J; and J, 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 Cq = Cy., However, V can be minimized if a start
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is made with a set of assumed values for the parameters and
the parameters adjusted in steps leading to

smaller values of V, A stage will be reacbéd 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 of doing

this are considered below.

Method 1.

Assuming a set of initial values for Cqy Cy, C3 and Cy,,
1) The values of Jq and J, which give the best fit between
Tolxg) and Tplx;) = -Jo¥, - Jlﬁl, are calculated.

These values are,

freed l2 - £ _(:,J .
Ty = = 2Y4° x T %5 Tolxy) + Y4 2y x Z ¥ Toxg) and
<! .2 - - ! 2
2 21° x 41Yi2 - (5, ¥425)
To= - 2% x 3Y, Tolxy) * 5Y8, x 5 2y T (xp)

Z 242 x T Y42 - (Z V42902
The anomaly due to the prism corresponding to these values
of J; and Jp is subtracted from the observed anomaly to
obtain the residual anomaly R(xy) = To(xy) - Tp(xi). In
addition, V(Cy), 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 QBTmLKi) ’

Cx
and the correlation functions are b, =2° R(x;) ST
Yo

k=1... 4%  If the correlation function by is positive,
Ck has to be inereased and vice versa.
3). The values of Cy are increased by amounts Uy, pro-
portional to their respective correlation functions i,e. Cy
are made Cy + Uk where Ui = bek’ fﬁbeing a proportional
constant. Ji is deternined on the assumption that the
redidual anomaly is due to sheets of thickness (f{bk)
placed along the sides of the prism. That is,'
5 (#oy) 2T, (x0) )Z,

! > J

k=1 > O

N
‘a-,:“"‘) !
<Ly % R(X.; ) -
i - 1
considered as a function of /i, is a minimum.

Thus o 't
? ‘f_f = .r,‘; R(Xi) “ili bk_ ?_T_m(:{i) )
! it k=1 ?‘,Ck ot
N .
e g E S s 2

“ ( < b '_im (Il) }

J o T k i

i k=1 20y o

4). Step 1 is repegted with the edjusted values of Cy. 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(Cy + U.) > V(Cy), then V(C, + 275 Uy) is
evaluated for s = 1, 2, 3 .... until, for a value of S,

-

Vy + 275 Uy) < V(Cy). When a better fit is obbtained,
the operations are carried through Step 2, 3 and 4 repeatedly
using the new residuals, until one of the following conditions
is satisfied either,

(1) I R3(xy) < e = T2 (x;), or

(11) B2 (x;) = Bo,, (x4) < R2 ()

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

the end of the qth and.q+1th stage of adjustment and ey and

ep 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 Uy pldced along the sides of the prism and the

values of U ghich(ma%e L PRy
0 I oS R Xl
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a minimum are calculated. These values are obtained by

solving the equations

.??Li" {U Z Ty 2Tl = SRy 5, 8= 1 wa.... b
k=1 ¥ 13C 3Cgf. >Cs

S5tep 3. The values of Cy are increased by amounts Uy.
Step %, As in method 1,

While in toth 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 /Lis
determined, whereas in the second method the thickness of the
sheets are assumed unknown and the four thicknesses determined
by a 1least 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 %%lm be
’Ck

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

Thus,
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h
;%zm = LEI, = Z“-th + JZa /2 = aj )
~Cy a8y — a2 + h2 "hy %
) (3)
. s
‘BT = ?T = Q “7 .
X m £1 ! a = a
?52 oan { a2 + h§ h1 ’ 2 | %
| S ;
a2
- , =
T = 27 = [ J.a + Ioh | =
iy 2T oh h=h )
?)Cm ,}}hm N / 1 K ’ 1
1
a2 % )
2T 0= 4T, = -[Jja + Ion ] h=h )
a0 K1) = C ’ -
20y 2 hp !g2 4 p2 -53'1 2 3

In ecarrying 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 mazking full use of the
simple scheme given in equation (2) for evaluating the
anomaly. This alternative procedure is as follows.

The initial increments Uy are calculated as before and

V(Cy + Uy) evaluated. One of two situations may occur,
either V(Cy + Uy) 2 V(Cy) or V(Cp + Ty)  V(Cy).

If V(Cy+Uy) >V(Cy) then the sequence of values

V(Cy + 275 Uy) are calculated for s = 1, 2, .... until for a
value of s, V(Cy) >V (Cx + 275U ) V(Cy + 275¥L 1),  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

Cy + A Uk’ where

A = 1 V(Cyr2~stluy) - 4v(Cy+2-S¥u) + 3v(Ccy)
25+l y(Cy+e-stluy) - 2V(Cy+2-sUy) + V(Cy)

If V(Cy + Uk)ﬂg;V(Ck), an improvement has already been
obtained. Nevertheless, the sequence of values

V(Cy + s Uy) are calculated for s =1, 2, .... until for a
value of s, V(Cp + s Uy) Y V(Cts=1 U)  V(Cys-2 Uy).

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 Cp + /\1 Uj. where,

\= seg. 1l V{(Cy+sUy) - 4V (Cyts=1 Up) + 3V(Cy+sA Uy)

Up) + V(Cy + 52 Tp)

1

2 V(Cyt+sUy) ~ 2V(Cyts=1

In both cases after determining ;%, steps 2, 3 and &

arc carried out many times until one of the conditions for
terminating the adjustments is satisfied.

The above scheme ensures that once a direction leading
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to smaller values of V has been found, the maximum possible
decrease in V along the direction is obtained.

The Flow Chart for léast square fitting is given in
appendix III. In this Flow Chart, a device has been
introduced for keeping any of the four parameters Cl’ 02,
C3 and Cy fixed during adjustments. This is done by

including with the initial values of C, a set of weighting

k
factors d) taking a value 1 or O, depending on whether or
not the corresponding C, is to be adjusted. At any stage

of the adjustments the Cy are altered by amounts djy fKUk.

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 assumedAfor compu-
tation was far different from the actual model. Aﬁ 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 C, =<5 bm 4 =1 )
1 1 )
Cop = Lon dy, =1 ) Tnitial assumed model
) and weighting factors,
03 = 1 d3 =1 g
Cy, = 6 " d =1 9

Distance =11 <10 -9 =8 =7 <6

X3 (km)

fnomaly 112 119 126 13% 141 147

To ()

Distance 1 2 3 4 5 6

Xy (fw)

Anomaly -188 -237 -252 24§ 229 -210

To 9

Distence =5 =4 3 -2 a1 0

Xi (&'W\)

Aflomaly 148 141 119 72 -7 -103

To ()

Distance 7 8 9 10 11 12

xi (kw)

Anomaly =192 -175 =160 -148 -136 =

To (&

Output: q Cl Co C3 C)+ Jl J2
1 =%.15 3.59 4,09 19.4%6 -72.6 269.9

Succesive

stages of 2 -0.46 0,56 3,51 53.6% -434%,1 1400.%
approxi-

mation. 3 -0.%2 0,68 4,06 86,49 k34,2 1418.5



Parameters
of

fitted
model

FNITN TN TN N SN SN N AN s

231 (Co=C

27!
I

1)

= -0,k21
= 0,681
= L,058
= 86,488

= 8k Wa.s;-w'-u/c-c .

= _170
1686

(0)
(0)
(&, 0)
(20 )
()
(-15°)
(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(x;) was as

follows:

Distance
X3 { k)

Residual

R (9

Distance

X (km)

Residual

R (A

~-11

<10 -9
-1 -1
2 3
-1 2

~8

-7

-6

-5

X

-3

-2



as in Case I except that
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CASE IT

= 6 and C = 9,

Input: The same
model C3
OQutout:
1 ~3.06
2 ~-0.35
Successive
stages of 3 -0,27
approxi-
mationo )+ —Oc 17
5 -0, 04
6 ~0,08
Cl =
02 =
C3 =
C)-I- =
2JY =
I -
2T (Cpo=Cq)=
Distance -11 =10
Xi (kw\\
Residual RGN -1 0
Distance 1 2
X5 (kn )
1

Residual R -1

2,25 7.18 12.18
-0,29 6.4%4%  17.63
~0,23 %,99 24,82
~0.15 4,28 37,19
~-0.02 3.95 65.13
~0.10 4,01 127.60

0.0777 kw (0)
0.0961 =« (0)
4,01 N a (4+.0)
127.60 # (57)
89540 X155 emaufec ()
-16° (-15)
1602 (1600)
-9 =8 -7 -6 -5
-1 0 0 1 1
3 4+ 5, 6 7
2 2 1 1 0

for the initial

-270.8
~13022
~19141
-21724%
-23695
-24687

A -3

1 1
8 9

-1 -1

-2

0
10

-2

1074
50278
72211
79016
82651
83991



L 1 ! I 1 1 1
-8B -6 -14 -12 -0 -8 -6 -4 -2

{ ) T T T T
-8 -6 -14 -2 -0 -8 -6

_,X

—» Initial (1)
|

I
1
1
.

| —— Adjusted (1)

~—3 True

ENOVDVNONNVRNNNNNNNN

T T T ] T T T T
-8B -6 -4 -2 40 -8B -6 -4 -2 o 2 4 6

Adjusted (2) &—

L -,

:__, Initial (2)

Fig 31



“Ol= /

The solution took about 25 secs. in the firstiﬁase and about
L0 secs. in the second case. The time for sofytion on any
particular computer depends on the initial Valués assumed
for the parameters and the number of field poinﬁs used.
In the above cases, the initial models were choéen to be
gréatly different from the actual model. In practice, it
would be possitle 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 sclution 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 ohserved anomalies,

3.2%, 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 hased on a rectangular
prismatic approximation represent the actual denth to top of

the structure producing the anomaly. The test can be
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For the adjusted structure J/= [07[.-8’)(/0-5;.“.,,/6

r300
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For the adjusted structure J’= /#J’B'leo—f
¢manfe-c
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For the adjusted structure J'=199-7 xr0™%

e-wuu/c Ny
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Input ~.
\ - 300
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| >
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/,, ‘
) -100
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oI
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For the adjusted structure J'=/??-6X/o“%~w-u/f(

4
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8
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Fig.3:5
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performed by fitting a rectangular prism to anomalies due
to models which are not rectangular prisms. As an exaiple,
the fitting of a rectangular prism to the anomalies due to
two trapezoldal prisms is illustrated in Figs., 3.2 and 3.3.
X/g:;ge-m-u/c o

The anomalles were calculated for J' = 200 +2and 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 -5

3 x/a_fmu-u/b(
It =k (312 + J22)g was reset to the true value 400 £2
during adjustments whenever J' exceeded this value, a better

estimate of the narameters, especially that of the depth to

top, was obtained. (Figs. 3.4 and 3.5).

3.3 The three dimensional vertical rectangular prism

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 theat
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 was derived in Ch@Pter 2,

It was shown

that
T,,(x4 -o)—"/"’:‘[w tan™l ph + B, tan™l gh + B4 1n(R+a)
m 19719 = l{}’! 5] tan o[n L:2 an ar f.a3 n a
Ra Rb
P2 P2 22
+ B, In(R+b) + & In (R+n) | 7 (1)
hy b1 aj
where El = J3n - Jl:L, E2 = J3n - J2m9
E3 = J2n + J3m9 E)_*_ = Jln + JBl,
Ey = Jqm + J,l, and referring to Fig. 3.6.
a; = 0 - x4, ap = Cy = X3
Py =C3 -7y P2 =04 -7y
hy = Cs hp = Cg

LN
R = (a2 + b2 + h2)¥

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 »rism is known and that X, ¥, 2

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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simple form

Tm(xi9yiso> = B tan‘l‘ggkg. of//(Ra+jsbh) ; +
I o L] i H

e A g

- ; . A )
B, tan™! (1.P. of 7/ (Rb+jsh) ) +
IR.P. A E

w

pagamary

By 1n [[(R+a)S + By 1n][(R+D)S +

Eg 1n{!(R+h)® (2)
where the product T?’is the product of the appropriate
functions evaluated over the eight corners of the prism.s is

+1 for corners marked + and ls =1 for corners marked - .

3.33 Expression for the gnomaly per unit thickness of the
sheets which form the sides of the prism.
These anomalics are ziven by £Tm 5 3 = L1 eees. 6.

Denoting the expression inside the brackets in (1) by

F(ay; b, h), we get after some algebralc manipulation,

2F = b(E - E,) + aBg + hEyp-+ aBy + E3 + By - B, .5b
— 2 ] 1 B3 T EL T Borebe
.’a o S

2 R(R+h) .. R(R+Db) R as+b2

:%% = a(fy - Ey) + bE5 + hEp + bE3 + By + BEp - B . a.
R(R+H) ! R(R+a) R a2+ b2

TF = hEL, = aFq + hEy - bEs + He + aff + bi

S5 Al = amy + Al = Do + g + ally Doo |

R(R+b) R(R+a) R a2+n? b2+h2



h2 1y,
Now Iy = 2Ty = T2 g J s a=a
2 C ™a ii™a il Y
1 L 1 bl (3)
h b
2 P
N ™~ ' : -
ST = dT. = [!2F / a =a
Ve ey LiTa ;O/ ’ 2
1 P
- _ S hy ap
T, = 25, =-[[QF 7 ] ,b=1n
0ty pPL 2B~
hl al
(%)
2T = 2T 7 aF 2 b
= = [.’ “g_ ? 7 3 = b2
o0, Dby [l e
- - _) biz 8.2
ST, = 2T, = -/f AT ) h=2h
ST 5h) T4 7 4 !
“5 ! br &y (5)
NI
2Ly = 2L, = JJ2E ] 7, h=h
2C6  dhy  LIPH py 3

For the sake of simplicity, the direction of magnetisation
was assumed to be along the direction of the earth's field,
l.es Jq = 1Jy Jp = mJ and J3 = nd where J 1s the intensity of
magnetisation. The procedure for determining the parameters
Cp «ev.. Cp and J 1s then similar to that outlined for the
two dimensional case. The residuals at any stage of
adjustment are calculated for that particular value of J

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

The calculationshave been programied 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 exanmple, the
solution for the parameters of the prism which produces
the anomaly given in Fig. 2.29, is 1llustrated in
Figs. 3.7(a) and 3.7(b). Three profilces on this anomaly
were used 1n the fitting. These were the North South
profile passing through the maximum and the minimum, the
Bast-West profile passing through the maximum and the
Bast-West profile passing through the minimum. Altogether
thirty-five fleld points were used. The time taken for
solution on theFerranti-Mercury Computer was 2% minutes.
This ﬁime is much more than the time mentioned previously
for the two dimensional prism, and is due to the more

complicated nature of tlie expression for the anowmaly.
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CHAPTER Y

ATJTOMATIC STRUCTURE PITTING

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 fhis 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(LBZ 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 general problem 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
Xx-axls in a predetermined way. By increasing the number of
such rectangular prisms the modecl can be made to approxlmate
to any real structure with any desired accuracy. Let hlp
and th be the depths to the top and hottom .of the pth block,
The problem is to find some of the hjp and hgp, for an
assumed direction and intensity of magnetisation, leaving
the remaining hlp and h2p at known values, and thus get one
structure, vhether unique or not, which will account for the

observed anomaly.

L4.21 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 hlpand h2p are assumed, and
1. The anomaly T,{¢;) of the resulting structure is

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

residuals, denoted by V(hlp, hgp), is also evaluated,

2., The 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 2T, (x.) and 2Ty, (x;)
=== i 5 L
2hip o hop

and the correlation functions are

b1p = .2;R(Xi) iLImQXj) and
1 «f.'} hlp

If any of hjp or hpy is to be kept constant, the correlation

function corresponding to it 1s made zero.

3. hlp and th are increased by amounts Ulp =/ib1p and

U2p =}L bops where

e TR 2 LpGad +vep Lpm) )

i 1 P o 1p i 2p y
A 2
S CE (b, 2Tpxi) * b, O (e N6
. 1p i 2 o 4/
i/p * 1p 2p

-T -T
sequence of values V(hyjp + 27% Uyy, th + 2 Uzp)
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are calculated for r =1, 2, .... until for a value of

Ty Vihyy + 277 Uppy hpp + 277 Upp) < V(hyp, hppdhen a

P
better it is obtained, steps 2, 3 and 4 are carried out

repeatedly with the new residuals until Z" R2 (x3) < G‘}_;T%(xi),
that is, until a major part of the observed anomaly has been

accounted for by the structure.

L,22 EBxpression for the anomaly of the structure

Let ap and ap+1be 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 plock is

equal to =Jp¥ip = J42,., where J5 = 273! cos I,

ip
Jl = 2J' sin I and

Y. + jZ

ip = 1ln (le + 1ap) @213 + iap_,_ll

(h]_p + jap.g.l) (h2p + jap)

ip

(Refer Chapter 3, equation (2) ).

The anomaly due to the entire structure is given by

Tp(xs) = =Jp 22 ¥y = J1 I Zy4yp
P p

= T¥g - Ty Z3 (1)
)

where Y + jZj = (s, + iZg

ip ip

p
2 In (hyp*iap) (hoptiap:y)
p (h1p+3ap+f(h2p+ga )

= : (2)
1n (h1p+3ag;§(% §+%
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Thus, the anomaly 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
reepoct to the depths.,

The derivatives j:lm and ?jﬁl are the same as the
e h1p 2 hop

derivatives with respect to hlp and h2p of the anomaly due
to the pbh block. They are obtained by substituting the

appropriate values of ay, ap, hy and hy in equation )

Chapter 3.
Thus,
37 = | J.a+ Joh 7P h=h
y = | Latdh | » B =y
£+ 01p a2 + h? —a
- D
and a
- i + ptl
An =-{ga+dh |, h=hy
VB w22
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 hlp are to be

kept constant at the same value h say. Further, each
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block is assumed to have the same width g and the number of
tlocks 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
brogramme 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 hgp and the solution achieved in less time. Ig
will be shown later that the programme written for finding
th when all the hip are kept constant can also be used for
the case when all the th are kept constant and the hlp
are to be determined,

A simplification of the expression for the anomaly is
p0331b1e, when the top or bottom surface of the structure

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

lp
N is the number of blocks.

P
7"!"‘ g%p-_‘l:_a_pl hlll‘hll2°"°" I!N h|!1
*)

ap+i) h+jap  htjag h+JaN+1 h+jay,q
Thus, from (2)
« P i
Y; + jZ2i = ln « htja - ho 3 1 (3)
i y =31 7 p—= p L
’ htj aN+1 7'/ h2p p f

ek

and Ty(x;) = ~Jp¥; - J,2,.
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4,25 An example of application

A profile across a north-south trending total magnetic
anomaly is shown in Pig. %.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% 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 elsewherewn“
(122 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 sgusceptibility 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 cdntrast
of 4 x 1073 cgs is too low. For the second case for a
susceptibility contrast of 8 x lO"3 cgs a plausible solution
was obtained. A third case, illustrated in Fig. &.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 suscentibility 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 Jl and J, will be annulled by the change in sign of
the function given in equation (2) when hop < hyp.

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 tatle, It
is seen that the residual anomaly in gammas denoted by Rp(r)
has a maximum value of 39 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.



T e e T T T T T T T ¥

F300 | -

-200

T, (7)

-100

~-100

Figl 4"

Al



~Eli-

4 8 12 6 20 24 2'8 32 36 40 44
h (km) x{km)
(a)
L4
ety [ 4
Qcean floor #’
-8 /
— Moho
/]
"|2 ‘
4 8 12 16 20 24 28 32 36 40 a4
x (km)
h (km)
(b)
4 Ocean floor
B | VA4 =X
/////////////ﬁ
L8
4 8 2 6 20 24 28 32 36 40 44
x(km)
h {km)
(c)
L4
DI AP ss SIS O b s
et — 7 P ey L7 P —
g

Fig.4-2



~11k-

Case Is K=bx10-3cgs Case II: K = 8 x 10-3 cgs
hlp = 5 km hip = 5 km

P To(r) h,,Gm) Ry(r) b, p (k) Rp(r)
1 -35 5,01 1.2 5.10 ~2.3
2 -31 5.00 1.3 5.20 0.1
3 27 5,00  -5,2 5.17 2.0
L -20 5,00 -2.1 5.06 3.9
5 11 5,00 =32,8 5,00 o.g
6 75 5-00 '35-0(. 5'27 - 6-
7 162 8.6 =214 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 4.0
13 230 13,20 -3k 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 L. L
18 &h 8.48 12.2 6,77 7.8
19 -4 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 h.2
22 =103 5,00 -0,7 5.09 5.2
23 -89 5.23 -2,9 5.18 1.7
2)+ -75 5036 ""109 5022 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 ke obtained
by solving a set of linear equations. Thus, if Up denotes
the strength of the pth sheet and Ajp
strength at the point where the observed anomaly is Ty,

its anomaly per unit

_ U=E"T (1)
where T is the vector (Tl ...Ty), U the vector (Ul oo Uy) and
Athe matrix vhose elements are Aip.

Noting that the qnomalJ per unit thickness of the sheet for

an effective 1nten51ty of magnetlsqtlon J!' is

= .~ 2J! ; g sin I + h cos I i prl

— + h2 ...J'
2p
where the symbols have the meanings given previously,

r
Aip = - 2 j a sin I + h cos I

+1
7?

a 2l + he «Jap
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:
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g@ s P =1 ... N, is then calculated and subtracted from the

observed anomaly. If the sheet approximation is correct,
the resulting residual anomaly R; 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,the 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 (Ry ..... Ry) where the

R; are the residuals at a patticular stage, then the

i
thicknesses of the sheets added to the bottom of the blocks

at this stage is %’ K-l R.

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 4 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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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 deserves
consideration as it has many useful applications. For
instance, in marine magnetic surveys one emncounters 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 x,y,z with
origin at the surface and with the z axis directed vertically
downwards., Let f1(xj, yi, 0), fo(x;, y4, 0) and
f3(x1, ¥1, O) be the total field anomalies due to the
structure for unit magnetisation along the x, y and z axes
respectively. Then, if Tg(xy, y3) is the total field
anomaly due to the structure for an intensity of magneti-
sation J with components Ji5 Jp and J3,

Ty = Jqfq + Jof + J3f3.
If the observed anomaly TO(Xi’ yi) is measured with respect
to an arbitrary datum, then the values of Jy, J, and J3
which give the best fit between Ty(xj, yi) - f, where
fo is a constant, and the anomaly Ts(xi, yi) of the structure
are required. For best fit in the least square sense,

N
7, (Tp = fy=Tg)® is a minimum

cp i

i=1
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i.e.

=

. @0 - fo = Iyfy - Tofp - J3£3)? is a minimum,

Considering fp also as an unknown, the conditions of
minimum are obtained by setting the derivatives of this sum

with respect to Jq, Jp, J3 and f, equal to zero. Thus

Folify + 39 3'890) + Jp 3 fofy + T3 5, I3fy =T Tofy
Bs to + JU 2 £18p + Tp 30Ty + T4 Ffafp = ZITof
[y ¥ Iy & fafy + Jp S, fofy + Jg 5/fafy =3 T4f3
ol 1 HE £y g fp 4T, f3 =& T
If the functions f41, fo and f3 are calculated for all the
points at which TO is given the above equations can be set

up and solved for Jj, Jp, J3 and fg.

5.21 The calculation of f1, f» and fa1 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
topogranhic contour is first approximated by a2 number of

sections parallel and perpendicular to the x axis. The
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anomaly due to the horizontal sheet bounded by these sections
is obtained in the following manner.

InAChapter 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'(xy, y;, h), is obtained,

~ b, a
- 2 82

T' (x1,y,h) = //hELF - 8l + hE3 - bBp + Eg + alq + D
Lo R(R+Db) R(R+a) R  a2+h2 p2+h2 bl_al

where the symbols in the right hand expression have the

meanings- defined in Chapter 3. The term _aE is independent
: A ' a2+he

of b and therefore it vanishes when the difference of its

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

term _bE> wvanishes when the difference of its values at a = aj
be+h2
and a = ap, 1is evaluated.
by ap
Tmm,T'miﬂph)=fWE4-zml+rﬂ3-tﬂ2+§5 7 7
{ /
=i~ R(R+Db) R (R+a) R - -
bl al
=‘f_',, S\’hE)_{_ - aEl + hE3 - bE2 + 95}: 2)
R !

[R(R  b) R(R + a) g
where the summation ié over the four corners of the rectangle.

s is +1 for corners marked + and -1 for corners marked -
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(fig. 5.0a). The horizontal sheet bounded by the sections
drawn parallel and perpendicular to the x-axis, (Fig. 5.1b)

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 contritute to the sum, Thus,
if T' (x4,¥{,h) is the anomaly per unit thickness of the
horizontal sheet bounded by the contour,
T'(Xi,yi,h) = ZTS 5 hE), -~ af; + hE3 - bEy + Eg /

( R(R+b) R(R+a) R _7

over the corners of the sections.
Since B = J3n - J11, By = J3n - Jom, B3 = Jon + J3m,
Ey, = Jin + J3l, and By = Jym + Jol, the above expression

reduces to

H

T'(Xi,yi,h) Jl 2;,5 nh + la +

)
R(R+D) 3
Jo 2's {nh *+ mb +

S S T

J3jT‘s (lh ~ na + mh = nb)
T |R(R+D) R(R+a) |

oS

+
= Lo

+
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is given by the relation

Tg(xi,y1,0) = { T

hp

J
hyp

(x1,¥4,h) dh,

The anomaly Tg(x;,y;,0) due to the entire structure,

where hy and hp are respecti&ely the depths to the top and

bottom of the strucdture.

and

But Tg(x3i,yi,0) = Jify + Jpfo + J3fy , and  so
P e )¢ )
f7 = { <'s (nh + la + m)? dh (3
e /ZRT_R*-b /
hT'
T ) e )
fa = { . ='8 _J:&_};L + mb + 1 RPN A
2 ~‘) ;"f "213 R 8 ' ; Ah
hp
by ;
fy = " ¢<is (1h - na + mh = nb dh (%)
3 ;iT,?“Z;R R+ b R+a;2,7
(-. <

The integration with respect to depth is performed numer-

ically.

Denoting the integrands in (3), (&) and (5) for

the contour at depth hj by Uj, Vj and Wj, a simple scheme

for numerical integration, using the trapezoidal rule, is

as follows:
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-~ %" 1
f — ot "2' Uj (hj+l - hj"l)
pf
= 1 .
f2 — L’.’:‘:«‘l () V‘] (hj+1 - hj_l)

-~ H P ‘ .
and f3 = ,:‘;-Z, "% Wj (hj+1 - hj_l), with

hg = hy (the depth to the top hy)
and  hp,q = hy (the depth to the bottom hy).
P is the number of contours used in the calculations.
The input data for the computer is thus the depth of sach
contour and the x, ¥y co-ordinatcs of the corners of the

approximating sections. When the co~ordinates of the

i

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

1

positive curners (s = 1) are defined and vice versa. Thus,
it 1s 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 ' s 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 cach

contour, is a negative corner for the usual right hand -
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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 Farth's field with respect to the
X, ¥y and z axes, the co~ordinates of the points at which the
anomaly 1s observed and the magnitude of the anomaly at these

points.

5.3 An example of agglicatién

The method has been used to investigate the nature of
the magnetisation of a seamount off the West Coast of the
ﬁnited States. The geographical location of this seamount
is 32015'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 -2 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./cec.
U = 4894t
E = 11°:8!

The observed and best fitting anomalies on the three tracks

AAY, BB! and CC! are shown in Fig. 5.3. In this figure,

the computed anomaly has been plotted above & 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 magnétism,
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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%Y 1)
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 bc set. This lowepr 1limit is the magnitude

of the remanent vector when its direetion 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, 9, r those of the total intensity of magneti-

sation, the minimum vaéue of the intensity of remanent

magnetisation is J sin {cos'l (pl + gm + I‘n)j .

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
4 = cos 48.% sin 11.8 = 0.1360
f = gin 48,4 = 0,7480 and
J =8 x 1073,
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 valueXx of remanence

8 x 10-3 sin § cos=L (0.5365%0.650+0, 1286
+0.830%0. 748) 7

> J
8 x 10"'3 sin ; cos—1 0.990~j
8 x 10-3 x 0,141 = 1.128 x 10~3 e.m.u./cc.

i

it

The induced component = 8 x 0,99 x 1073 = 7.92 x 10-3 emu/cc.

This is equivalent to a susceptibility of 15.8% x 10-3 C.g.S.
In the following table, the intemsity, inclination and

declination of the remanent magnetisation vector calculated

for various assumed values of the susceptibility are given

K x 103 Jr x 103 IR ER

(susceptibility) (gntensity) (inclination)(declination’
0 8. 00 tsgzé' 11948
2 7.01 70151 11937
L 6.03 450431 11023!
6 5.05 430391 11-03!
8 l, 08 400261 10939!
10 3.1k 350221 10011
12 2,23 260121 906
14 1.45 0012 7021 1
16 1,1% -370121 3%221
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It is seen that for values of susceptibility which would
normally be expPected for oceanic lavas (dbout b x 1073 ¢ &8
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 farmed,
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 particulgr computer,
depends on the total number of sections used to approximate
the contour and the numbertof 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 & 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 interpretationﬂof magnetic anomalies due to dykes,
gquare vertical prisnms ;ﬁd paralieidpiﬂéds 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. I%
hes 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 éeducing 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 Vacquiler et al(h)
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 charts 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
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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

2s input data for the computer. The parameters determined
by fhe computer have been found to be in satisfactory agree-
ment with the known parameters‘of the model. The solutions
were achieved on the Ferrantl Mercury Computer in about

half a minute for the two dimensional case and about 2%
minutes for the three dimensiocnal 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
effeet of neighbouring sources and/cr due to the source being
not of the assumed shape. Further, the depth extent of the
source 1is considered unknown, the computer being allowed %o
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 ccnsidered 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(lz)° 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 proccss a method of computing the total
field magnetic anomaly due to a three dimensional structure
of arbitrary shape has also becn 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 ﬁafufecﬁ‘magnetisation of the Fieberling seamount,
off the West Coast of the United States. It was concluded
thats
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 103 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 (489,241)
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 T

Characteristics of Magnetic Anomalies due to Dvkes.

‘Notations used in the following Notations in the text.
table,
I Angle involving the direction I

of measurement of field, direct=-
ion of magneti sation and angle
of strike and dip of the dyke.

T Width of top surface of dyke t
in units of the depth
FM Maximum/minimum value of anomaly fus Ty
XM Position of maximum/minimum My Xp
X(sM/%) Position of sM/4 times X/ Xxm/
maximum/minimum e
%

3M/y X omyy
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APPENDIX IT

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 i
field

T Thickness of the prism in units t
of the depth

XM Position of maximum/minimum XS, XN
FM Value of maximum/minimum fMs T
XMy ) Positions of kM/4 times Xie ey X'y Ve S

maximum/minimun and XM, K Ty N
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APPENDIX ITI

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 xj X coordinate of field point

Read Ty, i=1.... N Observed field.

_ 1
£y = };,Ti2
s = 1
(1) V3 = V5 ) Successive values of the sum
- ) of squares of the residuals.
Vo = Vl )
V1=O
Wj=0,3=1...5
i=1

(5) al = Cl - Xi
an = C2 - X3

¥y +J§Zi = 1ln (C% +;iﬁal)(04 +j3"32) Anomaly due to the
(C3 +/-1 a,)(Cy +/4 a;) model

W3 = W3 + ZiTi

1
W5 = W5 + YiTi

Wy = Wy + YiY-



()

(3)

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

Jq = (W2W5 - W3W#)/(W1W# - WoW,) ) Best fitting
value of Jl and

S

Iy = (W2W3 - wlws)/(wlwu - Wolp) B PN
Vy = fo + J1W3 + J2W5 Sum.of squares of the
residuals
is s = 1? Yes —> (14)
No,
is V; 5 Vo? Yes —> (&)
No.
is q = 1? yes. t = 2, (3)
No.
A= e
3

/ /
is t = 1? No, A= ,A- 2A + i (V1-4Vo*+3Vy) s = 1-X(3)
3 (F1-2V5405)

q =2

is V V.2 Yes A= Up-bVy+3v, . A, s
Voo | 3

—> (3)

u
=

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

No.
f\: /\/2

Cj:hj'i-/\dej, jzlooaoo )+o

¢
(1)



(1)

(15)

(16)

(17)

(18)

(20)

~179-

is 01702 Yes x = Cy, Cq = 02) C, = x 5 Interchange

No

I

Cy and C, if
= =31, Ty = <Tp = (15 C13Cp

is 03)(h+ Yes x =C3, C3 =Cy, Cy = x, Interchange

Cy and Cy
Jy = =0y, Jp = ~Jp —> (16) 1T Cy»Cy
No.
is %1 < eq? yes ——>  (30)
0
No
is EOVi_Xl <_e2-? yes  —>3  (30)
No
hj Cj, 3 =1 . — (17)
Wj =0, jJ=1..... 12
bj 0, J=1..... Y
i=1
g; =0, 3=1..... L
j=1
a = Cj - X3
k=3

Rz = a2 + Ckz

gj = 85 - (“J.lg_k_'é_'_gz.%)

E(k+2) = B(yxtp) - (ll.a;‘_z.lggk)

R Anomaly due to the

sheets

S S N

R
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11
+=

0
=
O
-

1

is X k + 1 - (20)

Yes

i
i

is j=2% No. j=3+1 —> (19)

Yes
gS:T.+JY.+JZZ

(21) x
(22) W. = W. +

is k = 4? No. k =k +1 -—>(22)

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

b1 = by + &z &g
is ¥ =42 No F=1+1 —3(21)
Yes
is 1 =N? No i1i=13i+1 —3(18)
Yes —>(23)

(23) Solve the following equations fozr'Ul'7 Us, U3 and Uy,

S Mt Nt Mt M i M o L S Sl N i N N N NS

W, U+ WoUy + Waly + W), = by
WU + Weln + WeUS + WU, = b
1 2 6 L 2
2 5 3 7 Solve for the
thicknesses of
the sheets

(C,L\olesk‘[ MQW)

e S N N NN



/ \\/
s:O’t:]_?q:]_, A:]_?/:/\,Vozvl,.,é(Q)

(30) Print Cyp J =1 ..n. N
Print J!' = %(le + JZZ)%
Print I = tan~! 41 Print results
J2

Print x;
Print R(xj) =T, + J1¥3 + J,23, i =1.... N

Stop.



Flow

- .182-

APPENDIX IV

Chart for Two Dimensional Structure Fitting

Read
Read
Resad

Read
Read
Read
Read
Read
Read
Read
Read

h =

1

H

i__l
i1

Zl

J
Q.

h/d

cos Z sin E
Sin Z

cos Z' sin B!

sin 72!

No, of field points
Field wvalues

Distance between successive field
points,

Depth to top or bottom.
s is +1 or ~1 according as the top
or the bottom of the structureis at
the depth h. :

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 magnetism with

the strike. :

Intensity of induced magnetisation

Q ratio i.e. ratio of permanent to
induced magnetisation.
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Ji =283 (2nt+Q (L'n+n'%) )

J2 =2 s ( ¥° - n® + Q(L'EL - n'n) )
hp = h g
Ry = Tp) p=1.... 0N

p:l b
V]_:VO
(1) V3 = Vl
gp = hp, p=1....0N
(2) p=1
bp =0
i=1

(4) a] = p - i=-0,5

Wip = J1a2 + J2hp - Jlal + J2hp
azd + hp2 ane + hp2
bp = bp + WipRi
is i = N? No, 1 =i+ 1 —>(U)
Yes
isp=N? No p=p+1 —>(3)
- T _
= (bx W) xR
GxM¥x @ xW

t
—

(5) p
(6) hy =gy + Lo,

is s = 1? Yes.is hy>h? yes —> (7)



(7)

(8)

(9)

~18k4 -

No No
is h 7hp? y?s hp = h
No ¢’ J/
hp =h (7) (7)

p =
a=p~1-0,5

(Y +{42) = (¥ +[42) x hy_q +[3a

is p =N +1? No, p:p+1..__)(9)
Yes.,

(Y +-32) = log, (¥ +-12)

Ry =Ty + Jo¥ + J42

V1
is 1 = N? No, 1 =1+ 1 —>(8)
Yes

is V4 2 V,? yes - (10)

is V; 2V3? yes —> (10)

Vl + EiRi
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is Vi L e1ly? yes —> (11)
is V3 ~ V1 & epV1? yes —> (11)
(10) _I‘«z/”‘/z
&
(11) (Print (dhp) Depths to the top or bottom of
( the structure.
EPrint Rp, p=1...01N Residual anomaly.
Stop.
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APPENDIX V

Flow Chart for Qetermining,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.

@
I

cos Z cos

B
m = Cos Z sin E Direction cosines of the earth's

N e N N S

field.
n = sin 2
k=1
Read p. _ Number of contours.
i=1
(1) Read hy Depth of the 1P contour
Read Ny Number of negative corners on the
ith contour.
j=1
L = k.
(2) Read ayp ) x, y coordinates of successive
) negative corners in the ith contour.
Readbk)
k=k+ 1
is j = N3? No. j=3+1 —2(2)
Yes



(3)

(&)

is 1 = p? No.

Yes

hp+1 = hp
i=1

di =0

is i = 14? No.

Yes

s =1

£ =0 %
fr = 0 %
f3 =0 )
Read x )
Read y %

Read f5' f5 =

is [& spurious

=187

i=1+1 —>(1)

) Clear stores for
) setting up the
i=1+1-2(3) ) coefficients of the
equations

Clear stores for numerical integration

Coordinates of observed field points.,

Ty, the observed field at (x,y)

Sransfywng en Qara -
characterxéné%d%teggg
during read? Yes —3(10)

No.
k=1
i=1



(6)

(7)

-0 ; Clear stores for evaluatin
=0 ) contribution due to the it
~o )

2

1

ay = %

~188-

Yes
a-‘—ak—x
q =2
R= (a2 + 12 + n,2)?
Uy =1 (m+1a+nhy ) -0,
R R +.b
Ve =1 (E+mb+ nh;) - V3
R R+ a
W; =1 ( th: - na + mh:_« nb) - W;
TR K+ b R+ a *
is j = 2N;? No. j=j+1 —7 (6)
Yes
k=% +1
£f1=f; + 4+ Uy (hj4q - hyoq)
fp = fp + + Vs (hyyq = By )
f3 = f3 + 3 Wy (hyey - by _q)
is = p? No. i=41i+1 —> (5)

Yes

the
contour
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Print x
Print y
Print fy
Print fp
Print f3
f}+ =1
k=1
i=1
8) =1
(9) 4y = dg * £;f;
k=k+1
is 3 =5? No. j=j+1 —> (9)
Yes
is i=U4? No, i=1i+1 — (8)
Yes
8(35--72) - 1
(35 - 1) ~ fy
€3s =13
hg = f5
s =5 + 1
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(10) Solve the following four equations for J1, o, Jq

(13)

Print T = (3.2 +J 2+ J

and fg

a7, * ATy + d3dy * &y fg = dg
dpTy * dgly + ATy + dgfo = dg
d3Jy * dglp + djofy * dypfg = dpp

dydy * dglp * 43793 + di3fo = dpy

L
1 32)2 Intensity of
2 magnetisation

Print U = tan-1 __523__ Inclination of the

(J,= + J;Z)% magnetisation vector.
Print E = tan=1i s Angle made by the vertical

Jq plane containging the magneti-

sation vector with the x~axis.

Print fo
r=20
Print hr observed field
Print J1g€p41 + Jo8pep J3gr+3 + fq best fitting

field
is r =82 No. r=1r+3 ——p (13)
Yes

Stop.
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