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Abstract: Three points belonging to maximum / minimum anomalies are obtained for infinitely
extended horizontal cylinders. However, only two points will be prominent on the anomalies and the
third will generally be far fromthe origin. In this paper an interpretation technique is suggested using
displacement of the maximum and minimum when the upward continuation of the magnetic anomaly is
performed. The depth (2), the index parameter (Q) and the amplitude coefficient (C) of the cylinder are
calculated by deriving the equations, and the origin is located on the profile. The applicability of the
method is tested for a theoretical model and the vertical magnetic anomaly over the Pima copper mine
in Arizona is interpreted.
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INTRODUCTION MAGNETIC ANOMALY EXPRESSION
Many authors have proposed severa The buried horizontal cylinder considered
methods to find the depth, the index parameter here extends to infinity along the y-axis. The
and the amplitude coefficient due to infinitely norma section of the cylinder is in the x-z
extended horizontal cylinders, which represent plane and the origin of the coordinate system is
a class of geologica structures. Parker Gay vertically above the center of the cylinder on
(1965) provided a set of master curves, Mohan the surface. The ordinate z denotes the depth to
et a. (1982), Ram Babu and Atchuta Rao the center of the cylinder, and x is the abscissa
(1991) used the Hilbert transform, and Mohan of observation point (Fig. 1).
et al. (1990) used the Médlin transform in
interpreting magnetic anomaies of the y
cylinders. Rao et al. (1973), Prakasa Rao et al.
(1986) and Abderahman (1990) proposed
different techniques for horizontal cylinders. Surface  / x Py
Radhakrishna Murthy (1985) interpreted of eorth '

the magnetic anomaly due to dikes and faults
using displacement of the midpoint of the
maximum and minimum anomalies if
anomalies were continued to a height h In this
case the midpoint shifted a small distance,
whereas the maximum and minimum were
displaced larger than the midpoint. In this
paper we use the displacements of the
maximum and minimum for the interpretation
of the magnetic anomalies due to infinitely
extended horizonta cylinders. FIG. 1. Geometry of the long horizontal
cylinder arbitrarily magnetized by induction in
the earth’sfield .

S=Cross sectional area
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17 M agnetic I nterpretation of Horizontal Cylinders

The general expression for the magnetic
anomaly (vertical, horizontal and totd)
observed at a point P along the x-axis due to
an infinitely extended horizontal cylinder is
given by (PrakasaRao et a. (1986).

Z - X).asQr2xd
FY=C S (1)

where C and Q (their actual values are given
in Table 1) are the amplitude coefficient and
the index parameter, respectively.

Table 1. Equivaent values of the amplitude

coefficient, C and the index parameter, Q in

the vertical (DV), horizontal (DH) and total
(DT) magnetic anomalies for along horizontal

cylinder.
Anomaly Amplitude Index
Coefficient(C) Parameter(Q)
DV 2kToCS | 069C°

DH 2kToS sina lo¢180°
DT 2kTotS sin lg/ sinlg¢ 2196 180°

In Table 1, k is the magnetic susceptibility
contrast, S is the cross-sectional areaand a is
the strike of the cylinder measured clockwise
from magnetic north. To¢and l,¢are the vaues
of effective tota intensity and inclination, and
they are related to real total intensity, T, and
rea inclination, I, by

ToC&T, dnlo/ SnlC
and

lo¢= tan™( tanlo / Sna )

ANALYSIS

Since a the maximum and minimum
values of a function the first derivative is equal
to zero, differentiating equation (1) with
respect to x and setting it equa to zero, the
condition for the extremum of DF can be
obtained as,

x> - (3.ztanQ).X¥ - (3.7 ).x + ZtanQ=0 (2)

The solutions of equation (2) are:

Xo1 = Z tan (Q/3) (3a)
Xo2 =2tan [(Q) /3] (3p)

and
X3 =ztan [(Qp) /3 (3c)

The points %, and X, are the principal
abscissas where the DF(x) takes the maximum
and minimum vaues. The third solution X 5 is
generdly far from the origin, so we do not take
in consideration.

If the anomalies are continued to height h,
the podgtion of maximum and minimum
anomalies are shifted (Fig. 2).

The principa roots on the upward
continued profile are,

Xn1=(z+h) tan (Q/3) (4a)

X2 =(Z+h)tan [Qp) /3  (4b)
From equations (3a-b) and (4a-b), one obtains
Q=3tan" [(X - Xo1) /] (5a)

and

Q=3tan [(X2-Xo2)/h]+p (5b)

Since, by virtue of equation (5a-b), one
obtains Q in the range @ to 90° only, the actual
vaue of Q may be obtained using the
following criteria:

Magjor positive anomay towards
positive x-axis: Q = Qu;

- Magjor postive anomaly towards
negative x-axis. Q = - Qy ;

-  Magor negative anomaly towards
positive x-axis. Q = 180+Qy;

- Magor negative anomay towards
negative x-axis: Q =180 -Qy ;
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where Qy is the Q value obtained from Since the index parameter Q is known, the
equation (5a-b). depth z can be obtained from equations (3-a-b)
or (4ab) asfollows
=A
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FIG. 2. Magnetic anomaly profile at two levels over along horizontal cylinder of z = 4 units, Q = 30°
and C = 150 units for the theoretical example.

2= (Xo1 - Xo2 ){tan(Q/3)-tan[(Q-p)/3]} or
(6a

2= (X1 - Xn2){tan[(Q-p)/3] - tan[(Q-p)/3]}-h
(6b)
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The origin is located at a distance -ztan
(Q/3) from the abscissa of the maximum
anomaly or ztan [(Q-p) /3] from the abscissa
of the minimum anomaly of the ground level
profile (3a, 3b).

If the observation point is in origin, (x =
0), then equation (1) can be written,

DF(0,0) = CcosQ/ 7 (7a)

for ground leve profile, and

DF(h,0)=CcosQ/(z+h)*> (7b)
for h level profile. From equations ( 7a) and

(7b ), one obtains the amplitude coefficient C
as

DF(0,0) - DF (h,0)

C=——fr 15 (®
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FIG. 3-a. The vertica magnetic anomaly over Pima copper mine in Arizona.
-b. and its horizontal derivative anomaly [After Prakasa Rao et al. (1986)].
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THEORETICAL EXAMPLE

The magnetic anomaly due to an infinitely
extended horizontal cylinder, whose source
parameters are shown in Table 2, is depicted
with a solid line (Fig. 2). The analytical
upward curve of this anomay a h=1 level
appears as dashed line. The results X%,1-Xp1 =
018 and  Xpo-Xo2 = -1.20 are found by
marking the maximum and minimum of those
anomalies. From equation (5a) , we get Q =
30.6° and from equation ( 5b ), we get Q =
20.4°. Its average value is 30°. The depth is
then calculated from equation (6a) as z = 4.02
units and the location of the origin is marked
as -0.709 units from maximum using -z
tan(Q/3). By measuring DF(0,0)-DF(h,0) =
2.95 units, the amplitude coefficient is found
as C = 1534 units by eguation (8). The
assumed and evaluated values are shown in
Table 2

Table 2. Theoretica example (in arbitrary
units)

Parameters C A Q

Assumed values 150.0 4.00 30°
Evaluated values 1534 4.02 30°

FIELD EXAMPLE

We consider the magnetic anomaly over
the Pima copper mine in Arizona, analyzed by
Parker Gay (1963), where the assumed source
is a thin dike of infinite depth (Fig. 3a).
Prakasa Rao et d. (1986) re-analyzed it. Since
the horizontal derivative of the vertica
magnetic anomaly due to a thin dike and the
verticad magnetic anomay caused by the
horizontal cylinder are identical in shape, the
first horizontal derivative of the Pima copper
vertica magnetic anomaly (Fig. 3b) has been
reinterpreted by our method. When the
analytical upward continuation reaches h=30 m
level, X,1-X01 = 7.5 M and X,»-Xp2 = -33mare
found. From equation (54), we get
Q=42°+180"=222° and from equation (5b), we
get Q=36°+180°=216°". Its average value is
219°.  The depth is then calculated from
equation (6a) as 73 m and the location of the
origin is marked as -16.9 m from the maximum
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anomaly. The amplitude coefficient is found as
C=39 nT/m by equation (8).

REFERENCES

Abddrahman, EM., 1990, Magnetic
Interpretation of Long Horizontal Cylinders
Using Correlation Factors Between
Successive L east-Squares Residual
Anomaly Profiles, Pure Appl. Geophys.
132, 521-531.

Mohan, N.L., Babu, L., Sunderargjan, N. and
Seshagiri Rao, SV., 1990, Anayss of
Magnetic Anomalies Due to Some Two
Dimensional Bodies Using the Meéllin
Transform, Pure Appl. Geophys. 133, 403
428.

Mohan,N.L., Sundarargjan, N and Seshagiri
Rao S\V., 1982, Interpretation of Some
Two-Dimensional Magnetic Bodies Using
Hilbert Transforms, Geophysics 47, 376-
387.

Parker Gay, Jr.S., 1963, Standard Curves for
Interpretation of Long Tabular Bodies,
Geophyscs 28, 161-200.

Parker Gay, Jr.S., 1965, Standard Curves for
Magnetic Anomalies over Long Hor izontal
Cylinders, Geophysics 30, 818-828.

Prakasa Rao, T.K.S., Subrahmanyam, M. and
Srikrishna Murthy, A.,1986, Nomogram for
the Direct Interpretation of Magnetic
Anomaies Due to Long Horizonta
Cylinders, Geophysics 51, 2156-2159.

Radhakrishna Murthy, [.V., 1985, The
Midpoint Method: Magnetic interpretation
of Dikes and Faults, Geophysics 50, 834
830.

Ram Babu, H.V. and Atchuta Rao, D., 1991,
Application of the Hilbert Transform for
Gravity and Magnetic Interpretation, Pure
Appl. Geophys. 135, 589-599.

Rao, B.S.R., Radhakrishna Murthy, 1.V. and
Wisweswara Rao, C., 1973, A Direct
Method of Interpreting Gravity and
Magnetic Anomalies. The Case of a
Horizontal Cylinder, Pure Appl. Geophys.
102, 67-72.



