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ABSTRACT

The relation figure between the vertical and Forizontal field magnetic anomalics due to a
long Povizontal cylinder js found to be a cardioid. The axis of symmetry of tlte cardioid is
in:lmed to the coovdinate axis at an angle :qual to 7z — I where I is the inclination of the moagnet)-
zation veclor i the vertical plane contaiming the observational hine. The deplh to the centre
and the radius of the cylinder are dire:tly relat:d to a few well-defined points on the cardioid.

INTRODUCTION cular to the strike of a long horizontal cylinder
(Fig. 1) magnetized due to induction are given by

IF the vertical (V) and the korizontal (H) field magnetic
anomalies at every point on the observational V = P[(hZ — x%)sin 6 + 2xh cos 0)/(x? 4 A2)2 (1)
line are represented by a point in the HOV coordinate  ,54

system, the resultant curve is called tte relation figure®. _ ]
Werner used the relation figure between the vertical H =P[(Ah* — x%) cos 6 — 2xh sin 0)/ (x* 1+ A%)%,
and the borizontal field magnetic anomalies to (2)
evaluate the parameters of a sheet-like body. Recently Let

Stanley and Green' have used the relation figure f (x)cosgp (x) =P A= X0
between the gradients of the gravity anomaly due to (x® + £%)2
a step model and suggested a method of interpretation. - gnd

In this work, we have shown that the relation figure 2 xh

batween the vertical and the horizontal field magn:tic f (x)sing (x) =P L) (4)

anomalies due to a long horizontal cylinder is a x* + h?)

cardioid and related its properties to the parameters o

of the cylinder, .; f(x) = iR (5)

LIST OF SyMBoOLS Usebp and

(3)

where,

V = Magnetic anomaly in vertical field: 5{. (x) = tan ] . th_:l (6)

H = Muagnetic anomaly in }rorizontal field; [ A% — X3

i = Inclination of the geomagnetic ficld vector,

T = Normal level of the total ficld intensily,

a = Strike angle of the cylinder measured with
respect to the magnetic North

x = Distance of the point of observation from the
epicentre of the cylinder;

h = Depth to the centre of the cylinder:

R = Radius of the cylinder; ~F

K = Susceptibility contrast of the cylinder to its

surroundings, "
1 arctan (tani/sin q, b

2~
]

2rKTRE (I — cos?jcos? a)l!?
@ =
L FIG. 1. Cross-sectional view of a long iorizonta]
0 = m—1 cylindrical oxe body magnetized at an angle I.
THEORY Now equations (1) and (2) may be modifed as
V=f{x)sin[d (x) 4 0) (7

Using the above nomenclature, the expressions for
tbe magnetic anomalies in the vertical field (V) and t+e and
horizontal ficld (H) components along a line perpendi- H = f (x) cos [P (x) + g1. (8)
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From equations (7) and (8), it can be secn that the
plot of H versus V in polar form will have the radivs
vector f (x) and tfe azimuth ¢ (x} + ¢ From equa-
tions (5) and (6), it :an also be seen that the func-
tions f (x) and ¢ (x) are even and odd respectively.
Hence, the plot of H versus V will be 2 symmeiric
curve whose axis of symmet1y will be inclined 1o
tte coordinate ayjs at an angle 8. Rotating tke cooidi-
nate ax.s by an angle 8, tte new coordinaie axcs OM
and ON ar2 governed by the following relations :

m = f (x) cosd (x) (9)
n =f (x)sing (x) (10)

where m and # gye variables along the axes OM and
ON respectively. From equaiions (3), (4), (9) and
(10), we ce that tFe plot of H versus V in the nuw

coordinate systtm (MON) is goveined by tle
quation
(m? 4 1n? — am)? = a* (m® 4 n?) (11)
where
a=
2h8°

Equation (11) r:presents a cardioid (Fig. ?) wrose
ani: of symm:try coincidss with the OM axis.
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FiGc. 2. Relatjon figure between the horizontal (F)
and the vertical ficld (V) magnetic anomales duc to
a Jong horizontal cylinder magnetized at an angle
of 150° buried at a depth of 5 units below the obser-
vational plane. The thitk dots from the origin
correspond to differcnt positions of x at whith 'V and
}{ values are ploited,
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From equatiors (3), (4), (?) and (10), we derive
the foltowing props*ties of the cardioid,

At x =0, m attains its maximum value equal to 2a
and n=0. At x=4+h m=0 and n=gqg

At x =400, Mm=n=0,

From the abovz, w: have the following four charac-
t:ristic points on ths cardioid (Fig. 2),

(1) The maximum valve of m.and the z:ro value
of n occurs at x = 0 (th’ epicentre of the sylinder)
and is denoted as point A in Fig. 2.

(2) Thz point at waich m =0 end n =a (half
paximum value of m) occurs at x =4, This
point is denot:d as B,.

(3) The point at which m =0 and n = — a occurs
at x = — i and is denoted as B,. _

(4) Tre point whzre m=n =0 occurs at x = + 00
and is denoted as O.

The characteristic points of the cardioid are related

to the parameters of tFe cylinder in the following way:

(1} The inclination (I} of the magnetization vector
is related to the angle @ by tte relation I = o —
wheie 6 is the angle between the OH axis and tre
OM axis. The angle 8 is reckoned positive jin tte
anticlockwise direction from the OH axis.

(2) The depth (h) to the centre of the cylinder is
equal to half of the difference between the x values
where B; and B, occur,

(3) The radius (R) of the cylinder and the pmplitude
factor P are related by

P = 22KTR?*{l — cos®jcosd o) &,
From equation (11) we have P = 2¢h? and fence,

ah® YV
R _ Bl - o
I:-::KT (1 — cos?icos? a)™ 3_]

In the above equation, all the terms (a, 4, T, 7 and q)
are known except K, the susceptibility contrast,
Hence, assuming a proper value of K, the radius R
can be evaluated.
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