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Nomograms for Rapid Evaluation of Magnetic Anomalies Over 
Long Tabular Bodies 

By D.  ATCHUTA RAO and  H.  V. RAM BABU i 

A b s t r a c t  - The magnetic anomaly due to a long tabular body usually consists of a maximum and a 
minimum. The distances and the amplitudes of the maximum and the minimum, when defined in 
dimensionless quantities, may be used as characteristics of the source. In this paper, a method based on the 
positions of the maximum and the minimum on the magnetic anomaly due to a long tabular body has been 
presented. Characteristic ratios, D and A involving the distances and amplitudes of the maximum and the 
minimum points on the anomaly curve are defined. Nomograms showing the variations of D and A with the 
parameters of (1) the dike and (2) the vertical fault models are presented. The parameters of the causative 
source are evaluated from the two ratios D and A and the nomograms, using some simple analytical 
relations presented here. From the nomograms, it is observed that (a) for a thick dike, A is always greater 
than D, (b) A = D for a thin sheet and (e) for a vertical fault, A is always less than D. Thus from the 
characteristic ratios D and A it is possible to evaluate the source parameters and also to distinguish whether 
the source is a dike, sheet or a vertical fault. The method is fast and is applicable for the magnetic anomalies 
either in total, vertical or horizontal component. The method has been applied on two field examples and 
the results are found to be in close agreement with those obtained by using other methods. A simple method 
of locating the origin on the anomaly curve is included. The limitations of the method are also discussed. 
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i .  I n t r o d u c t i o n  

Analys i s  o f  magne t i c  anomal ies  by the use o f  charac ter i s t ic  curves  is one  o f  the  

classical  m e t h o d s  o f  interpreta t ion.  AM (1972) in a crit ical  review of  the exist ing 

m e t h o d s  o f  analys is  using charac te r i s t i c  curves  (BRUCKSHAW and KtrSARATNAU, 

1963; MOO, 1965;  BEAN, 1966; GRANT and MARTIN, 1966 etc.) men t ioned  tha t  the  

charac te r i s t i c  points  chosen  should  be:  

(1) based  on lengths  which  can  be readily identified, 

(2) ex tending  no t  t oo  far ou t  on the sides o f  a n o m a l y  and 

(3) ob ta ined  rapidly no t  involv ing  too  m u c h  calculat ion.  

The  above  three condi t ions  are satisfied by the m a x i m u m  and the m i n i m u m  points  on 

the magne t i c  a n o m a l y  cu rve  due to a long tabular  body ,  in in te rmedia te  lat i tudes.  In  this 
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paper, two ratios D and A are defined and used as characteristics of the source 
parameters. Variation of D with A for different combinations of body parameters are 
presented in the form of nomograms for dike and vertical fault models. 

2. Theory 

In formulating the magnetic anomalies due to (1) dike and (2) vertical fault models, 
the following notation has been used. In an XOY cartesian co-ordinate system (Fig. la) 
~the Y-axis is chosen along the strike of the body. The magnetic profile is along the 
X-axis, making an angle a with the magnetic north. I 0 is the inclination of the earth's 
magnetic field of intensity T. 3"o and a are the inclination and declination of the resultant 
magnetization J (in case when the body is permanently magnetized). K is the 
susceptibility contrast of the body to its surroundings. I[  and J~ are the effective 
inclination of the induced and the resultant field respectively and are given by (after 
HooD, 1964) 

tan I o tan Jo 
t a n I [ = - -  and t a n J ~ - - -  

COS O. COS a 

(a) The dike model 

The general expression for the magnetic anomaly [AF] at any point M(x) along a 
traverse perpendicular to the strike of a two-dimel~.sional dipping dike (Fig. lb) of 
infinite depth extent [following equation (22) of GAY (1963)] is 

AF C sinO. loge[(x_b)2+~] x+b x - b  = tan -1 (1) 
h h 

Where, x is the distance of the point of observation from the origin, h is the depth to the 
top of the dike, C and 0 are the amplitude coefficient and the index parameter whose 
equivalents are given in Table 1 for the three cases of AF. 

Expressing x and b in depth units, equation (1) may be rewritten as 

AF = C sin 0. log e ( X -  R/2) 2 + 1 + cos 0{tan -1 (X + R/2) 

- tan- '  ( X -  R/2)}] (2) 

where, x = x/h and R = 2b/h. 
From equation (2) the condition for maxima/minima on AF is 

X 2 + 2Xcot  0 -  (1 + R2 /4 )  = 0 (3) 
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Figure 1 
(a) Notations used in the derivation of anomalies, (b) cross-sectional view of a dike and (c) cross-sectional 

view of a vertical fault. 
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~rable 1 

Equivalents of  the amplitude coefficient, C and the index parameter, Of  of a dike~vertical fault  magnetized 
due to induction or remanence. B = sin 6 for dike and B = cos fi for vertical fault. For induced 

magnetization, Jo = lo; a = a; J'o = 1~ and P = K T  

Anomaly in Amplitude coefficient Index parameter 
C 0 

Total field 2PB(1 - cos 2 I o sin 2001/2. (1 - cos 2 J0 sin2 a) 1/2 I~ + J~ - ~ - 90 ~ 

Vertical field 2PB(1 - -  CO82 Jo  sin 2 a) 1/2 J'o -- ~ 

Horizontal field 2PB sin ct(1 - cos 2 J0 sin2 a) 1/2 J~ - 6 - 90 ~ 

The  two  roots  o f  equa t ion  (3) co r respond  to the m a x i m u m  (XM) and the m i n i m u m  

(Arm) points  on  A F  and are  given by 

and 

ArM = - cot  0 + V/cosec  2 0 + R z / 4  (4) 

Let  

X m = - co t  0 -  V/cosec  2 O + R 2 / 4  (5) 

+-- Xm x., I = D 

then we have  f rom equa t ions  (4) and (5) 

2 cos  0 I 

D =  V/4 + R2 sin2 0 I 
It  is ev ident  f rom equa t ion  (7) tha t  the, ra t io  D depends  on R and 0 only. 

Let  us define ano ther  ra t io  A such that  

where  

I - -  - + cos 0 { t a n - l ( X M  + R / 2 )  F M = C  s in0 .1oge  ( X  M R / 2 )  2 +  

--  tan  -1 ( X  M --  R / 2 ) } ]  
] 

(6) 

( 7 )  

(8) 

(9) 
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and 

Fm=C inO'l~ § +c~ + R/2) 

- tan -1 (X m - R/2)} 1 (10) 
_ ]  

in which X M and X m are defined by equations (4) and (5). Substituting equations (9) and 
(10) in equation (8) and simplifying, we get 

A = al/a 2 (1 I) 

where 

and 

al = 2 cos/9, tan -1 (R/2) 

a 2 = 0.5 sin/9, log~ 
2 + R 2 sin 2 0 + R sin/9(4 + R 2 sin 2/9)1/2 

2 + R 2 sin 0 -  R sin 0(4 + R 2 sin 2 0) 1/2 

[2Rooso (4+ R2si. o),,2] 
+ c ~  ~+~5~s~ni~-~_e-~s2 ~ ] 

(12) 

(13) 

It may be seen from equation (11) that the ratio A depends on R and/9 of the dike. Thus 
both the ratios A and D depend on R and/9 only and may be used as characteristics of 

the dike. In a plot of  D versus A for various combinations of R and/9, a pair o l D  and A 

values correspond to a single set of R and/9. We adopt this principle in the construction 

of n0mograms presented in Fig. 2. 

Limits for D andA: From equation (7) we have that D = 1 when 19 = 0 ~ and D = 0 
when/9 = 90 ~ Thus the limits for D are 

0~<D<~I 

Similarly, the limits for A are 

0~<a~<1 

Preparation of nomograms: Nomograms showing the variation of A with D for 
different values of R and 0 are presented in Fig. 2. These curves are prepared for R = 0, 
1, 2, 3, 4, 5, 6, 8, 10, 15 and 20. The index parameter, 0 is varied between 0 ~ and 90 ~ 

only because the AF curves outside this range are all mirror images of  those in this 
range (0 ~ to 90~ When R = 0 (i.e., thin dike case), it is easy to prove that D = A for 

any value of/9. Hence the plot of D versus A for R = 0 is a straight line whose slope is 
unity (see R = 0 curve in Fig. 2). 
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Figure 2 
Nomograms for the dike model showing the relation between the characteristic ratios D and A for different 

values of R and 0. 

(b) The vertical fault model 

Similar to the dike anomaly, the magnetic anomalies in the three components along 

a traverse perpendicular to the strike of a vertical fault (Fig. lc) belong to a single 

family and may be represented by the general expression 

[ _ AF = C cos 0-log e x 2 + hZ + sin 0. tan-X h tan-X (14) 

where, h and H are the depths to the top and bottom edges of the fault. The equivalents 

of C and 0 are given in Table 1 for the three cases of AF. 
Using the same definitions of D and A as given in equations (6) and (8) we have for 

the vertical fault 

I (R + 2)cos 8 I 
D = v/(R + 2) 2 cos2 0 + 4(R + 1) sin 0 (15) 
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and 

where 

and 

A=bl / (b  2 + b3) (16) 

b 1 = cos 0.1og~(R + 1) (17) 

b2 = 0.5 cos 0. log e b21 + b22 
b2, - ~22 (18) 

b21 = 2(R + 1) 2 + 0.5(R 2 + 2R + 2) {(R + 2) 2cot 2 0 +  2(R + 1)}, (18a) 

b22 = 0.5 cot O.R(R + 2) 2 {(R + 2) 2 cot 2 0 + 4(R + 1)} 1/2 (18b) 

2R{(R + 2)Zcot 2 O:+ 4(R + 1)}1/2] 
b3= sin 0 . tan  -1 [ ~ +-2~ c - ~  ~+- 4(-/~ + - l f - - - ~  J (19) 

It is evident from equations (15) and (16) that the two ratios D and A depend on R and 

0 only and may be used as characteristics of the fault. 
It is easy to show that the same limits obtained for D and A for the dike model are 

also valid for the vertical fault. 
Variation of A with D for different combinations of R and 0is  presented in the form 

of nomograms in Fig. 3. These nomograms are prepared for the following values of R 

and 0. R is given the values 0, 1, 2, 3, 4, 5, 6, 8, 10, 15 and 20. The angle 0is varied in 
the range 0 ~ to 90 ~ only because the AF curves outside this range are all mirror images 
of those in this range. The nomogram for R = 0 (Fig. 3) belongs to the thin sheet case. 

(c) Comparison of nomograms for dike and vertical fault models 

The following qualitative comparison between the nomograms for dike and vertical 
fault models may be made from Figs. 2 and 3. (i) The nomograms for the dike model, 
when R > 0, are characterized by the ratios A and D in which A is always greater than 
D. The nomogram R = 0 in which A = D is indicative of a thin sheet. (ii) The 
nomograms for the fault model, when R > 0 are characterized by the ratios A and D in 
which A is always less than D. Thus the ratios A and D may be used to distinguish 
whether the causative source is a dike, sheet or a vertical fault. 

3. Interpretational procedure 

(a) Magnetic parameters 

First, the magnetic inclination (I0) and the base level of the total field (T) in the area 
of survey are noted. The azimuth (ct) of the profile is measured in the clockwise 
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Nomograms for the vertical fault model showing the relation between the characteristic ratios D and A for 
different values of R and 0. 

direction from magnetic north. The effective inclination (I~) may be calculated using t h e  

relation I~ = arctan ( tan/0/cos a). 

(b) Location o f  the origin and the zero line 

For a field curve, both the origin and the zero line are unknown. They may be 

determined using POWF.LL'S (1967) method, Lamontagne's (KouLOMZINE et aL, 1970) 

method or the method presented below. 
Let there be two points P and Q at distances x I and x [ on AF curve (Fig. 4) such 

that 

A F ( x , )  = A F ( x  ~) = F M - J F  = F ,  
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Anomaly curve [zXF(x)] showing the characteristic amplitudes and distances (in arbitrary units) used in the 
analysis. The points P, Q, R and S are used to locate the origin. The origin will be directly below the 

intersection point of the lines PS and QR. 

and two other points R and S at distances x 2 and x [  such that 

AF(x2)  = A F ( x  ~) = F m + OF = F 2 

where OF = (F  M - Fm)/N,  in which N is a number greater than unity. Now the 
co-ordinates of  these points in the x, A F  co-ordinate system are P(x l ,  FI), Q(x'~, F1), 

R ( x  2, F2) and S(x'2, F2). The equation for the straight line P S  formed by joining the 
points P and S may  be written as 

x - xl A F  - F 1 

x ~ - x~ F 2 -- r ,  (20) 

Similarly, the equation for the straight line QR formed by joining the points Q and R is 

x --  x I A F  -- F x 

x 2 - x ; -  F 2 - F  1 (21) 

Eliminating A F  in equations (20) and (21) we get the abscissa of  the point at which the 
lines P S  and QR intersect as 

x ,  x2 - x~  x~ 
x = ( 2 2 )  

x ,  - x~ + x2 - x~  

POWELL (1967, Fig. 2) has shown that XlX2=X'~X;  for both dike a n d  vertical fault 
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models. Hence equation (22) reduces to x = 0, which indicates that the lines PS and QR 
intersect directly over x = 0, the origin. 

After locating the origin, the zero line is determined using the well-known relation 

F M -6 f m = f o (23) 

where F o is the amplitude of AF over the origin. 

(c) Determination of  A and D 

The ratios A and D are found using the relations given in equations (6) and (8). 

(d) Identification of  the causative source 

It may be inferred from the characteristic ratios A and D that the given AF curve 
belongs to the dike family ifA > D, fault family irA < D or thin sheet family i r a  = D. 

(e) Estimation of  body parameters 

The characteristic ratios A and D are entered in to the nomograms for the dike 
model (Fig. 2) ifA ti. D or fault model (Fig. 3) ifA ~< D and the corresponding values of 
R and 0 are noted. Using these values of R and 0 the source parameters are determined 
using the analytical relations given below. 

O) Dike model: The depth (h) to the top may be found from either of the following 
two relations derived from equations (4) and (5). 

or  

h ~-- 0.5 [ (x  M + Xm).tan 01 (24) 

h (I + R~/4) ' (25) 

The width (2b) of the dike is evaluated using the relation 

2b = R.  h (26) 

Since, using Fig. 2 one obtains the 0 value in the range 0 ~ to 90 ~ only, the actual value 
of 0 may be found using the following criteria: 

Major positive anomaly towards positive x-axis 

0 = 0  s or 0 s - 3 6 0 ~  

Major positive anomaly towards negative x-axis, 

0 = - 0  N or - ( 0  N+360~ 
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Major negative anomaly towards positive x-axis, 

8 =  O N - 180~ 

Major negative anomaly towards negative x-axis, 

0--- -(O N + 180~ 

where O N is the 0value obtained from the nomogram (Fig. 2 or 3). 

(ii) Vertical fault model: The depth (h) to the top edge of the fault may be evaluated 
using either of the following two relations 

h = V/IXM.XmI/(R + f) (27) 

or 

h = (xM. + Xm).tan 0 (28) 
R + 2  

and the depth H to the bottom edge is obtained from the relation 

H = (R + 1). h (29) 

Similar to the dike case, here also, one obtains, using Fig. 3 the 0 value in the range 0 ~ 
to 90 ~ only. The actual 0 value of the fault may be found using the same criteria given 
for the dike model. 

In the case of induced magnetization, the dip (fi) of the dike/vertical fault may be 
found from the value of 0 using its appropriate equivalent given in Table 1. If 
remanence is present, the dip of the body may be evaluated only when the direction of 
the remanent component is known. 

To test the applicability 
analysed. 

4. Field examples 

of this method the following two field examples are 

Example 1: The first curve used for the analysis is a vertical field magnetic anomaly 
(Fig. 5) in Marcona district, Peru [Fig. 11 of GAY'S (1963) paper]. The characteristic 
points are measured and the ratios D and A are found. In this case, A > D and hence 
the curve belongs to a thick dike family. The ratios A and D are entered into the 
nomograms presented in Fig. 2 and the corresponding values of R and 0 are noted. For 
this curve, the positive peak is dominant and is on the side of the negative x-axis. Hence 
0 = -49.5 ~ The parameters of the dike are evaluated using the analytical relations 
presented in the previous section. The results thus obtained are presented in Table 2 
together with those obtained by GAY (1963) and KOtn~OMZINE et al. (1970) for direct 
comparison. 
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Figure 5 
Analysis of the vertical field magnetic anomaly over Marcona district, Peru. The characteristic amplitudes, 

.distances and the ratios are shown in the inset. 

Table 2 

Results of analysis of the vertical magnetic anomaly shown in Fig. 5 

Results obtained by 

Parameter GAY (1963) KOULOMZtNE et al. (1970) Present method 

Depth (h) to top in metres 124.0 126.7 140.5 
135.5 140.3 

Width (2b) in metres 37.2.0 411.9 421.5 
405.5 420.9 

0 in degrees - 5 0  -50.13 -49.5 
-50.53 

Example 2: The second curve used for the analysis is a total field magnetic anomaly 
(Fig. 6) on the western margin of the Perth basin [Fig. 5 of QuR~sm and NALAVE'S 
(1978) paper]. Since the minimum appears to be disturbed, the curve has been 
extrapolated (dashed curve) towards the minimum using POWELL'S (1967) technique. 
For this curve, A < D which indicates that the anomaly curve belongs to a fault family. 
The ratios A and D are entered into the nomograms for the fault model (Fig. 3) and the 
corresponding values of R and 0 are noted. For this curve, dominant positive is towards 
the positive x-axis. Hence 0 = 45 o or -315  o. The" results (Table 3) of our interpretation 
are in close agreement with those obtained by QURESHI and NALAYE (1978). 
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Figure 6 
Analysis of the total field magnetic anomaly over the western margin of Perth Basin. The dashed curve is 
the extrapolated curve towards the minimum using POWELL'S (1967) technique. The characteristic 

amplitudes, distances and the ratios are shown in the inset. 

Table 3 

Results of analysis of the totat field magnetic anomaly shown in Fig. 6 

Parameter 

Results obtained by 

QURESHI and NALAYE (1978) Present method 

Depth (h) to top in km 6.85 7.2 
6.30 7.9 

Depth (H) to bottom in km 15.55 14.4 
16.50 15.7 

0 in degrees -330 -315 

5. Limitations o f  the method 

It is well known that  the methods of  interpretat ion based on a few characteris t ic  

points on the anomaly  curve give poor  results if the characteris t ic  points are wrongly 

recognized or  superposed by noise due to surrounding features. However ,  these 

methods  are faster in applicat ion than the classical curve-matching techniques and give 

surprisingly good results in a large number  o f  cases (AM, 1972). 
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The method presented in this paper, entirely depends on the positions of the origin, 
zero line, maximum and minimum points on the anomaly curve. If any error is 
associated in locating them, the same will be reflected in the results. However, this 
method is not applicable when the anomaly curve is either symmetric or antisymmetric 
due to the following reasons: When the anomaly curve is (a) symmetric (i.e., when O = 
0~ both the ratios D and A tend to unity and (b) antisymmetric (i.e., when O = 90~ 
both D and A tend to zero. In these two cases, it may be seen from Figs. 2 and 3 that 
the nomograms for different values of R converge and hence a unique solution for R is 
not possible using these nomograms. 

Using this method, the procedure for determining the depth and width (for 
dike)/bottom depth (for vertical fault) of the body is identical for both the cases of 
induced and remanent magnetization (if the remanent field remains constant in direction 
and magnitude throughout the body). However, the dip and thickness of the body may 
be determined only when the amplitude and direction of the remanent component are 
known. 
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