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Int_roduction

The Cuddapah basin, because of its complex geclogy and structure and vast
wealth of mineralization, has been one of the prime centres of focus for the earth
scientists.  Besides an extensive coverage of the basin with a wide range of geolo-
gical studies during the past several decades (for eg. see. King 1872, Raja Raman &
Sood 1966, Krishna Swamy 1978, Balakrishna et al 1979), application of geophy-
sical methods for the study of the basin has also increased considerably, particularty
during the last two decades (Balakrishna and Sekhar Reddy 1961, Balakrishna et al,
1964, Mathew et al, 1967, Balakrishna et al, 1967, Qureshy et al, 1968, Balakrishna
et al. 1970, Balakrishna and Paul 1970, Bhaskar Rao et al. 1970, Atchuta Rao et al,
1970, Bhimasankaram et al, 1978).

In addition to the conventional gravity and magnetic methods, other methods
such as deep seismic sounding method (Kaila et al, 1979) and the telluric methods
(Sanker Narayan et al. 1979) have also been employed in the recent past. It has
been shown in the latter study that the telluric response of different lithological
units of Cuddapah sediments is very distinct, thus providing a basis for an effective
application of electrical methods in general and the telluric and magnetotelluric met-
hods in particular for the study of this basin. Under a multi-disciplinary collaborative
project on Cuddapah basin between |IPG and NGRI, the NGRI has initiated telluric
surveys, to start with, in the southwestern region of Cuddapah basin (Fig. 1).
Preliminary results of telluric surveys along the two profiles viz. Tadapatri-Ananta-
pur and Bhogasamudram-Gooty have been reported in Sankar Narayan . et al, 1979.
In the preseht paper, the results of the telluric split spread profile.across the western
margin of Cuddapah basin, as also a discussion on the results of the earlier two tell-
uric traverses are presented.
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Telluric Method :

The telluric method, belonging to the electrical / electromagnetic group of
geophysical methods, utilizes a natural source field, for its measurements Though
known for a long time in other parts of the world, its utilization in India, has been
initiated only recently. The temporal variations of Geomagnetic field, in the low
frequency range (1 to 10-3Hz) induce corresponding natural currents of global nat-
ure in the crustal layers of the edrth and these are referred to as ‘telluric currents’.
The strength and direction of these currents are considerably influenced by the sub-
surface electrical conductivity characteristics and hence by the sub-surface geology.
In view of this, measurement of relative strength of telluric fields at various places in
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an area would yield information with regard to sub-surface geology and this forms
the general basis for the application of telluric current method.

The data acquisition in the telluric method involves, recording of telluric
signals at field stations and a fixed Base Station simultaneously. In the actual field
practice, keeping in recording of telluric signals at the Base Station continuous, one
occupies the field stations successively for limited intervals of time. Thus in the
telluric method of prospecting, one needs atleast two similar units of equipment,
one meant for the Base Station and the other for occupation of field stations.
Normally recording at each field station is done for about 30 to 45 minutes and the
frequency range of signals recorded is generally between 0. 1 and 0.01 Hz. The
analysis of telluric data entails the comparison of telluric signals recorded simultan-
eously at a field station and the Base Station, and the computation of relavant tell-
uric parameters (J or M) representing the average telluric field strength for each of
different field stations, relative to that at the Base Station. The variation in the
telluric field parameter along the profile depends mainly on the total longitudinal
conductance of the sub-surface section and hence is a measure of the variations in
the geoelectric section which in turn can be related to subsurface geology and
structure along the profile. The method finds its extensive application in the study
of basement configuration of sedimentary basins and very often it can vyield quite
useful depth estimates if the telluric data are supplemented partly by other data such
as D.C. resistivity and magnetotellurics.

Since the telluric field readily responds to the lateral changes of the electrical
resistivity, its utility as a lateral exploration tool has also been widely recognized and
is being used for various types of problems including geothermal, and structural
investigations. One of the commonly used field procedures for detecting lateral
inhomogenities in a qualitative way is the split spread method (Yungul 1977). In
this, one records the telluric field signals simultaneously across two adjacent colli-
near dipoles, formed by means of three electrodes equally spaced along a line. For
such a set up, one can obtain a pair of tellurograms being the records of telluric
potentials across the two dipoles formed with ‘left and centre' electrodes and the
‘centre and right electrodes (Figure 2). This three electrode array is ‘leap frogged’
continuously and for each set up of dipoles, recording of tellutic signals is done for
about 20 minutes. From these pairs of tellurograms, one c¢an determine the ratios’
of telluric signal amplitudes, and such ratios (usually referred to as Er field ratios)
can be computed for the entire profile. The split spread profile, as can be seen,
gives a continuous coverage of the profile (analogous to resistivity profiling) and
hence any lateral changes in the electrical resistivity along the profile will be readily
apparent in the nature of variation of ‘Er’ field ratios.

Geology :

The Southwestern region of Cuddapah basin is occupied by lower Cudda-
pah formations belonging to Papaghni and Cheyair series. Starting from Gulcheru
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quartzites on the extreme west at the margin of the basin, as we g0 towards east,
we find Vempalle dolomitic limestones, followed by Pulivendla quartzites and
Tadapatri shales. The formations, have a general NE-SW strike direction, dip tow-
ards east with dip angles ranging from 10 to 15°. Besides these, there are surface
evidences for the occurrence of basic intrusives in the form of basic sills, Itis
interesting to note that the igneous activity in the Cuddapah basin is confined mainly
to a narrow zane stretching along the western _margin of the basin. Though the
surface geology indicates a fairly simpler sub-surface picture,the geophysical surveys
however, particularly the gravity and magnetics have brought out conspicuous
anomalies, indicating a more complicated sub-surface structure in this region. in
fact, the gravity and magnetic ~'highs” in this region have been considered to be
arising from the same causative source and this body is provisionally interpteted to

be the feeder/parent body responsible for the basic sills and dykes in this region
(Balakrishna and Paul, 1979).

Field Investigations :

During July-August, 1979, a telluric field survey was conducted along two
profiles-one along Tadapatri-Anantapur road and the other along Bhogasamudram-
Gooty road. All the telluric field data have been reduced to a common base station,
located at Bhogasamudram. In all, 30 stations were occupied along these two
profiles and the stations were located such that they areé evenly distributed covering
all the geological formations which the traverse cuts across. At.all these stations.
telluric signals were recorded in the .02—.05 Hz frequency range and the recording
time for each station was about 45 minutes. Telluric field parameter (/) which
represents the relative magnitudes of average telluric field strengths at varipus
stations with reference to the Base Station was computed using the spectral method
(Sarma et al, 1978), as also the conventional methods namely the amplitude ratio
method and the triangle method (for eg. see Berdichevisky, 1966, Yungu! 1977)
Fig. 3a, b show the telluric field profiles obtained along these two traverses, toge-
ther with a sub-surface section inferred from surface geology-

In addition to the above traverses, two split spread profiles were also run
traversing across the western margin of Cuddapah basin, one near Nayanapalli on
the Tadapatri-Anantapur road and the other near Timmapuram on Bhogasamudram-
Gooty road. Using the data from these split spread traverses, the telluric field ratios
(Eg) have been computed. In its raw form, Egis given by the ratio of amplitudes of
the same telluric signal appearing on adjacent dipoles for each set up and in practice
however, the Eq value assigned for each set up represents the average of several
values of amplitude ratios computed for several corresponding signals appearing on
the same pair of tellurograms. Eg values are computed along the traverse and the
profiles thus obtained are shown in Fig. 4. The values plotted in these figures repre-
sent the ER values, normalized with respect to the first dipole on the eastern end of
the profile.
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Discussion of Results:

A preliminary assessment of the telluric field data obtained in this region has
been reported in the proceedings of the previous workshop on the Cuddapah basin
(Sanker Narayan et al, 1979). One of the features that could be readily observed on
both the profiles is the distinct and systematic variation of telfuric field parameter
(/) along the profile and part of this variation can be attributed to the resistivity
changes associated with the lithological sequence along the traverse. It may be
recalled that in the case of Cuddapah sediments, it can be reasonably assumed that
individual members of lower Cuddapahs in this region should show considerable
electrical resistivity contrasts. This can be cleatly seen, from the telluric field respo-
nes of various formations as reflected in the telluric field parameter (/) profile.
The & parameter values, on both the profiles (Fig 3 a and b) are seen 1O be com-
paratively lower over the shale formations while they assume higher values over the
limestone area and this differénce is readily attributable to the comparatively cond-
uctive nature of the shales as compared to the limestones. In fact, a few D. C.
resistivity soundings carried out on the Anantapur profile also indicate these relative-
contrasts in the electrical resistivity of shales, limestones and the basic sills in this
region, for the first 100 metres (approximately) section and Fig. 5 shows a few of
these resistivity sounding curves. Amongst these, curves a, b and ¢ correspond to
sounding points located near the telluric stations 1, base and 5 respectively all lying
in the Tadapatri shales, curve ‘d* corresponds to a point close 10 the exposed sill
(near the telluric stn. 2) and the curve ‘e’ toa sounding point located between
telluric stations 5 and 6. It is seen from these sounding data, that the three curves
a, b and ¢, characterized by lower order resistivity values (=50-100 ohm-m.) can
be grouped togather to represent the shales. While the sounding curve ‘e’ clearly
brings out the high resistive character, (—1000 ohm-m.) of limestones, curve ‘d*
represents the intermediate values of resistivity (=200-300 ohm-m.) for the locat-
ions close to the sill. Considering that the telluric parameter —~ is directly related to
the resistivity changes the relative differences in the general magnitudes of f values
along the profile agree with the corresponding resistivity changes associated with
lithological variations. However, a close examination of the & profile shows further,
a systematic variation of / in the same lithological unit. For example, an examinat-
ion of the Anantapur profile brings out a domal shaped telluric high located between
stations 1 and 5 and it may also be noted that all these stations lie over the same
lithological unit namely the Tadapatri shales. It may be argued that the high value
at station No. 2 can be attributed to the, effect ‘of a nearby sill (exposed between
Station 2 and 3) which can provide a shallow electrical basement. However, stat-
ions 3 and 4, located (west of the sill) well away from the sill outcrop also show
equally high values. Thus, it appears that this hump in telluric profile between
stations 1 and 5, may perhaps be assumed as a continuous one, forming a single
anomalous feature. In such a case, this domal shaped telluric anomaly can be att-
ributed to a single resistive mass lying at some depth in this region and such a mass
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might represent a part of a large parent/feeder dyke responsible for the emplace-
ment of sills in this region, Alternatively however, this type of telluric high can also
be produced due to the combined effect of shallow electical basements at individual
stations in this zone which could be provided by, for example by a number of sills,
along the profile between stations 1 and 5. Though such a possibility cannot be
ruled out, surface evidence shows that there is only one sill, exposed on the profile
and is located between stations 2 and 3 Thus the other assumed sills, if present,
might lie at some depth and hence lie unexposed in the region.
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Further west on the profile, from sptation 6, the telluric field continously
increases upto the boundary of the basin. This partof the profile is occupied mainly
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by Vempalle limestones, .(bounded by a narrow band of Pulivendala quartzites on .
the east and Gulcheru quartzites on the west) all along the 10 km. streth. The
change in the A& value, inthe case of a uniform geology, orin otherwords where there
are no changes in the lithology would reflect the relative changes in the thickness of
the 'sedimentary section overlying the resistive basement. * Viewed from this angle,
the gradual rise in the & value from east to west on both the profiles, is naturally a
reflection of the decreasing thickness of Vempalli limestones, as we go towards the
western margin and thus shows a qualitative agreement with the normal séction
drawn from surface geology, for the region covered by limestones.

After this rise in the telluric field which continues upto the boundary of the
basin, the /& parameter shows a sudden decrease in the adjoining country for both the
Anantapur and Gooty profiles, followed by an increase again. In the case of
Anantapur profile, however the /b value tends to show a second depression well away
from the known margin of the basin. Such depressions in the telluric field would
generali'y indicate the presence of low resistive material. The nature and location of
such anomalous features in the telluric field can be seen more clearly on the split
spread traverses which would provide a continuous coverage of the profile. The Eg
ratio obtained on split spread profiles across the margin of the basin have also
indicated tee presence of a telluric ‘low’ (particularly in the Anantapur profile) in the
granitic region adjacent to the western margin and such features can be considered
to be due to linear fracture, fissure or sheared zones in the granitic country adjoin-
ing the western margin of Cuddapah basin, Groundwater leaking deep into such
zones would bring down their electrical resistivity to a considerable extent, so that
they find distinct expression in the form of ‘lows” in the telluric picture, Though the
western margin of the basin, from surface geological evidence is generally consi-
dered to be fairly stable and free from any faulting, the presence of fracture zones
running parallel to the western boundary cannot be ruled out. It may however, be
added that detailed telluric studies aided by additional and independent information
from D. C. resistivity, gravity and magnetic investigations would be highly effective
in arriving at an acceptable model for sub-surface section in the Cuddapah basin.
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