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SUMMARY

Total magnetic intengity anomalies due to idealised,
inductively magnetised rock structures are presented in profile form
suitable for comparison with observed anomalies. The modelis studied
are the dyke, horizontal block, re¢tangular slab, simple fault, buried
contact, and dipole.
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1.,  INTRODUCTION

In 1957, a study of the total magnetic intensity anomalies due to
a set of idealised magnetised rock structures was carried out in the Bureau
of Mineral Resources, The study involved calculating the anomalies due to
models simulating the structures and presenting them in a profile form suit-
able for comparison with observed anomalies,

The magnetic profiles are intended for use qualitatively, by
allowing the reader to become familiar with the form of anomalies produced
by bodies in a variety of shapes, orientations, and magnetic inclinations,
and quantitatively in that methods of depth estimates may be obtained in an
empirical manner from them, It should be noted that the profiles are based
on inductively magnetised models only,

The models chosen for calculation were, with one exception (the
dipole), of the two-dimensional prismatic type, being regularly shaped models
with vertical sides, such as blocks, horizontal slabs, vertical sheets, or
slabs, and combinations of these to si:mlate fault structures. Some sloping-
gided models were also studied. The two-dimensional criterion required that
the horizontal dimension perpendicular to the profile be large in comparison
with the depth of the surface of the prism below the level of observation.

This Re cord describes the basis of the mathematical treatment used
and shows the anomaly profiles obtained from the study with explanatory notes
on notation and usage, G. B, Clarke, I, Widdows, and J. H. Quilty initiated
the work, the major part of which was carried out by I. Widdows,

2. THEORETICAL TREATMENT

Notation
The following sympols are used in this Record :

V -~ vertical component of the Earth's field T
H - horizontal component of the Earth's field T
AZ - vertical component of induced field
AF - horizontal component of induced field
i - :angle of inclination of EBarth's field
(3 - strike angle of body measured anticlockwise with respect
to Barth's magnetic east, '
k - magnetic susceptibility of body
h - depth of top of body from the level where anomaly profile
is obtained '
Subscript r is used to dencte any physical quantity that is
normalised with respect to depth, e.g. x, = x/h3 b = b/h, etc,

Other symbols are explained in the figures and plates.

Component of magnetic field measured by airborne magnetometer

The airborne magnetometer measures the total magnetic field, which,
in general, is the resultant of the Earth's normal field and the anomalous
field due to local geological structure.

Consider a body (Figure 1) magnetised either by induction in the
Earth's present magnetic field or permanently magnetised by some previous
magnetic field. The direction of magnetisation (polarisation) may or may
not coincide with the direétion of the Earth's present field.

As the airborne magnetometer pagses over the vodys at any point P
its detector coil is aligned by an orienter mechanism in the direction of
Tton 1 which is the resultant of the vectors T (the Earth's normal field
vEeE8E in the region) and AT, (the anomaly field vector at P),

The anomaly recorded by the magnetometer is the difference
(Ttotal -~ T)., Since the intensity of T is approximately one-half gauss,
which“eéquals 50,000 gammas (the value varies over the Earth's surface between
25,000 and 70,000 gammas), and‘ZXTA is normally only a few hundred gammas, the
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direction of T otal nearly equals that of T. Hughés and Pondrom (1947)
have shown tha% ﬁto 1= T is approximately equal to the component of the
anomalous field in %ﬁe direction of the Barth's normal field.

In calculating the anomaly profileg, it has been assumed that the
anomaly is equal to the component of the anomaloug field in the direction of

the Earth's normal field. The error involved in this assumption is very «
small,
Calculation of the anomaly in total mamnetic intensity due to a | s

two-dimensional prism

Consider a two-dimensional prism magnetised by induction in the
Earth's magnetic field (Figure 2), The magnetisation is uniform throughout
the body, The Earth's magnetising vector is along T, The effect may be
considered as producing an infinite number of mangetic dipoles in the body,
the poles of opposite sign cancelling each other within the body. The
polarisation on the surfaces of the body, however, "are retained. The net
magnetisation of the body is therefore equal to the surface polarisgation
over its boundaries,

The same result is obtained in mathématical terms by applying
Green's Theorem to Poisson's Equation. It can be shown that for a uni-
formly magnetised body, the volume integral can be reduced to a surface
integral along the boundary of the magnetic body. The surface polarisation
is to be taken normal to the boundary (Gulatee, 1938). '

The magnetic intensity due to a single polarised plane is first
derived in the following treatment and then the anomaly in total intensity
due to a prism is calculated by summing the horizontal and vertical components
of intensity due to the plane surfaces and resolving them in the direction of
the Earth's normal field, .

Consider the plane AB (Figure 2), infinite in a direction
perpendicular to the plane of the paper, with surface polarisation I per [ 4
wnit length normal to the plane, The magnetic intensity at P due to an in-
finite strip of width dx is 2Idx/r along r.

The vertical component of intensity AZ ,_ due to the total width
. . AB
AB of the plape is given by :

AZAﬁ = ﬁl dx/r.co‘é- B = 218

and the horizontal component of intensity z&FAB is

AF,; = [E‘I dx/r.sin @ = 2I log rA/rB

But I =%kVv-
s A%,y = 2P
and AF . = 2V log r, /r]3

The surface polarisation normal to the vertical sides of the
prism equals kH, so that the vertical component of intensityzkzs due to the
vertical sides of the plain is

AZS = 2kH log rA/rB.cos/S

Similarly,

"

AF = -2kHf cosﬁ -
Thus the total horizontal and vertical anomalies due to the
prism are "

AZ
AF

V@ + 2kH log rA/rB.cos/S

2kV log r,/Tp - 2kH@ cos
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Substituting H = T cos 1 and V = T sin i and expressing

r o and @ in terms of X, and br’ we obtain

A? T

kT|{2sin i [arctan(xr +b_) - arctan(xr - br)]
- I
+ cos i cosﬂlogD +(xr + br)z:l/ [1 +(xr - br)ZJ]
ml g 2 2
AF = kT{sin i 1og[‘! +(xr + 1*1)4]/[1 +(Xr - br) ]

- 2 cos i cos/S[Frcﬁan(xr + br) - arctan(xr - briﬂ

1

AZ

The aﬁomalmis magnetic intensity AT in the direction of the Earth's
field at P is given by

CAT =2, + F,

T T
where ZT =AZ sin i
F‘I‘ = AF cos i cos/3

The expression for the total intensity anomaly along an axis at
right angles to the direction of elongation of the prism is

AE/2FT = sin 1 cos i cos/f3 1og[@ + (xr + br)zl/[ﬁ + (xr - br)2]
+ (sin? i cos® i Gosig) [arctan (xr + br) - arctan (xr- brn

When the prism is elongated in the direction of the magnetic meridian,
the expression reduces to

ls 2 25 - .
AT/2KT = gin ‘.[arutan (z, + ©,) - arctan (x, - bx-)]
Expressions were derived in a similar manner for all models
in this record, with the exception of the simple dipole, for which the

expression is well known.

Notes on models and profiles

The profiles are calculated on a horizontal plane in a direction
at right angles to the direction of elongation of the model. The sides of

‘. the models are vertical (except where shown with dip anglece) and,in some

models, extend to infinite depth,. In othersy; the normalised vertical extent
is d« In the fault model (Flate 4), the throw is d_ and the slab thickness
on either side of the fault is 1r' The dipole 1engtﬁ ig also lr'

The total intensgity anomaly is shown, together with the vertical
intensity and horizontal intensity components in some cases. The anomalies
have been calculated for variations in the parameters of model dimensions,
orientation, and inclination of magnetising field. :

The vertical scale of each profile is in units of AT/ZkT, and
ZkZ/ZkT and OF/2kT are shown where appropriate., By substitution of the
appropriate values for the Barth's field and the susceptibility of the model#
the scale may be-readily converted to gammas. The horizontal scale is in
units of x . '

. ]

In the model tha% simulates a geological contact (Plate 5), a
slightly different treatment is used, the 8istances and depth extent of the
model being assigned definite values. The results of .varying these para-
meters are alsc illustrated (Plate 6). The vertical scale in some plates
of this model are in units of AZ/KV or AF/KV. :
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