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Abstract

Basement faults in a sedimentary basin generally
produce significant telluric field anomalies and interpreta-
tion of these anomalies is however beset with several
problems. |t is shown in the present study that the first
and second gradients of the telluric field anomaly over a
fault can provide valuable basis for the evaluation of refe-
vant geometrical parameters, namely, the trace, angle of
inclination and throw of the fault. Using the method of
confarmal mapping and numerical integration by Rungda-
Kutta method, theoretical telluric field respanse curves and
their gradients over @ fault have been obtained for a wide
range of model parameters. Basedon these computations,
a nomogram has been presented and a methodology has
been suggested to evaluate the parameters of the fault.

Introduction

Basement faults and other structural features
ocecurring in sedimentary basin are known to pro-
duce significant telluric field anomalies. Inter-
pretation of these anomalies particularly in the
case of faults poses several problems. Itis
known that the telluric field ancmaly curve across
a fault shows a gracual transition extending over
a large distance and hence makes it difficult to
determine the detailed configuration, particularly
for larger throws (Berdechevisky, 1960,
Li-Y-Shu, 1968). The angle of fault can be quan-
titatively determined for larger throws, while

the estimates become only qualitative in the case
of moderate and low throws (Naidu, 1965). An
attempt is made In the present study to suggest
a procedure for obtaining the parameters of a
basement fault from the telluric field anomaly
curve and its gradients.

Theory

A two dimensional fault is assumed in an
infinitely resistive basement underlying a pile of
conducting sediments. Using the method of
schwartz-christofel transformation together with
the Runga-kutta method of numerical integra-
tion. telluric field has been computed across the
fault model (Fig. 1) and tha computational app-
roach adopted here is the same as that outlined
in Naidu (1965). The telluric field (E) across a

fault is given by

where
V =telluric potential

| =current strength

* Manuscrint received 4-3-81.
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h=depth to basement on up thrown side of the
fault

H=depth to basement on down thrown side of
the fault

L =angle of fault

P= —h/H
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Telluric field anomaly curves were obtained
for several models for h/H values of 0.1, 0.2,
0.3, 0.4, 0.5, 0.6, 0.7, 0.8. and 0.9 and for
various values of '_." 18°, 36°, 564°, 72°and 90°.
Fig.2 shows a set of telluric field curves for diff-
erent values of h/H.
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As we proceed from the down thrown side,
the telluric field anomaly, starting from an asymp-
totic value (Emia.) well away from the origin of
the fault shows a gradual increase and as we
cross the fault it again assumes an asymptotic
value (Ewmax.) on the upthrown side. The ratio of
the asymptotic values of the telluric field is rela-
ted to the ratio of the depths on either side of
the fault as .

Emin-

ol (2)
H

Em-ax-

Itis observed that the maximum and mini-
mum values of the telluric field (i. e. the asymp-
totic values on either side of the fault) remain
unaltered irrespective of the changes in the ang-
le of the fault while they are dependent only on
the ratio h/H and hence it is difficult to say any-
thing about the angle of the fault from the tel|u-
ric field anomaly curve, Similarly, since the tran-
sition in the telluric field across the fault is
rather gradual it is generally difficult to find out
the trace of the fault (i.e.. origin of the fault)
from the telluric field anomaly curve alone, How-
ever, the width of the anomaly i. e.. the gradual
change between the two asymptotic values jn-
creases as the angle of fault decreases, with the
result the gradients of telluric field anomaly
show enough sensitivity to changs in the angle
of fault and hence can be considered as usefyl
parameters for delineating the fault geometry. In
view of this, computations have been carried
out for the gradients and second gradients of
telluric field also, for different fault models, and
a set of curves is shown in Figure 3 (a) and (b).
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E ) gradients of telluric field are computed from

(3)
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FIG-30 TELLURIC FIELD. ITS GRADIENT AND SECOND GRADIENT ACROSS
A FAULT FOR & =06 AND FOR DIFFERENT VALUES OF - oc"
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All the computations were carried out on a
PDP 11/40 Computer using double precision
arithmatic.

Discussion

The magnitudes of the gradients, as also
the horizontal distance of maximum gradient
from the origin of the fault are observed to be
sensitive to variations in ‘.L’. Since it is not
possible to reproduce all the plots we summerise
the salient features.

1. The magnitudes of first horizontal
gradient (9E) decreases with increase of h/H
dXx

(i. e. as the throw of the fault decreases) but
this decrease tends to stop for values h/H be-
yond say 0.6, with the result, the gradient
values assume more or less a stationary magni-

tude for higher values of h/H. The dE  values
dX
also decrease with decrease of the angle of

fault (L) considerably. But, for large h/H
values, the effect of * ., " on the magnitude of
gradient is almost negligible in the highar 1L
range while it is just apparent for very low
values of _t,

1) The location of gradient maximum Konax

gradient (i. e. the point where dE assume its
dx
maximum value) also shows systematic varia-

tions depending on h/H and oL values (Fig. 4).
It increases with increase of h/H up to a value
about 0.6, and then decreases with a further
increase of h/H value. The changes are more
pronounced for low L —values, while they are
not as much for higher angle faults. In fact it
can be noticed for higher angle faults (say for
<L greater than 0.3) the effect of L on Xmax.
grad., is only marginal. Thus knowing the value
of h/H. and knowing an approximata value of _i,
it will be possible to estimate the location of
origin of the fault fairly accurately, from
Fig. 4.

iii) The Second horizontal gradient of
telluric field over a fault is characterized by a
minimum (Exx min.) on the upthrown side and
maximum (Exx max.) 0N the down thrown side. In
general, the minimum is well defined and its
location on the X-axis shows less variations
with changes in h/H.

Thz amplitude of these two peaks tend to
become equal, as the h/H value approaches
unity. Thus the Exx max/Exx min. ratio which is
about 0.6 for h/fH=0.1, becomes nearly unity
for h/H greater than 0.9.

The interpretation of telluric field anomaly
over an inclined normal fault involves the esti-
mation of

i) The depth ratio on both sides of the fault
i) The angle of inclination of the fault
and

iii) The pasition of the fault

Since the asymptotic values of telluric field
on either side of fault is directly related to the
depth ratio, it can be readily estimated from the
observed telluric field profile using equation 2.
For finding the inclination and position of the
fault, a nomogram is prepared using the three
characteristic values Exx max. i.€., the maximum
second gradient value, Exx min .. the minimum
second gradient wvalue, Ex (QO), the second
gradient value at the origin and is shown in Fig.
6. In this figure the ratio Exx max./Exx mig. IS
plotted against Exx (O)/Exx min. for various values
of h/H and L. Further. in Fig. 4 are shown the
variations of X maximum gradient with corres-
ponding changes in h/H, for various values of
~L. Using these two diagrams, the angle of
inclination as also the position of the fault can
be estimated (excepting for very large h/H values
say greater than 0.8) as detailed below.
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From the measured telluric field data. the 3. The origin of the fault thus obtained may
first and second gradient values are obtained be checked again using Fig. 4 as follows.
for the profile and the ratio Ey, {Ex: aiini- ) )
i calcui]ared R L (i) Using the .l and h/H values, the Xmay. grad.
- ' is read.
(i1) Since the maximum gradient will be always

2. (l) KHOWIHQ Exx max./Exx min- and h;H, the

angle and the corresponding ratio E,(0Q)/
Exx min. are read from Fig. 5.

Exx(O)/Exx min- with
which is already known, the value of Ex(0)
is obtained. And using this value the origin
of the fault can be located from the plot of
second derivative values along the profile.

Exx mine.

towards the down thrown side of the fault,
the origin will be located towards the up-
thrown side from the maximum gradient, at
a distance read in (i) and this can be picked
up from the plot obtained for variations of
_GE along the profile..

dX

The position thus obtained should be con-

sistent with that estimated using the Fig. b.
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