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Delhi-Hardwar Ridge and surrounding
basement structure — Some inferences from
deep resistivity sounding measurements
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The hitherto unknown lateral extension of the concea-
led Delhi-Hardwar Ridge (DHR) towards the east in
the Palwal sub-basin of India is inferred from deep re-
sistivity sounding measurements. The resistivity of the
ridge is found to be more than 3000 Ohm.m, which is
distinct in contrast to the sediment and basement re-
sistivity. The depth of the ridge is estimated to be of
the order of 600-800 m below ground level. Analysis
of resistivity data across the ridge clearly shows that
the basement dips towards the ridge and several depres-
sions within the basement are not uncommon. Further,
a significant lateral variation in resistivity of Neogene
sediments in and around the DHR indicates post-
depositional tectonic activity within the sub-basin.
Basement depths estimated compare well with the in-
terpreted depths from aeromagnetic data.

Keywords: Basement structure, deep resistivity sound-
ing, Delhi-Hardwar Ridge, Palwal sub-basin.

THE geoelectrical resistivity method plays a significant
role in the exploration of natural resources like groundwater,
mineral deposits, hydrocarbons, etc. In regional geophysi-
cal surveys, the resistivity method is being used in com-
bination with other geophysical methods such as gravity,
magnetics, seismics and magnetotellurics to study the
subsurface structures and more particularly, the basement
geometry. Dipole resistivity sounding is being used pro-
digiously in Russia, Canada and other European countries
for locating structures such as anticlines, structural and
stratigraphic traps, which are favourable for accumulation
of hydrocarbons. Owing to the controlled source of en-
ergy, the resistivity method attains higher resolution in
discriminating layers at shallower depths. Thus the geo-
electrical parameters inferred from resistivity measurements
pave the way for correcting distorted magnetotelluric
(MT) signals at higher frequencies. It can be stated in un-
equivocal terms that the resistivity method better resolves
resistive structures, whereas MT the conductive structures.
Therefore, the resistivity and MT methods are compli-
mentary to each other in many exploration strategies to
infer the subsurface geology.
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We have carried out detailed deep resistivity sounding
experiments to identify favourable sites for the construction
of high-power HVDC earth electrode stations in Palwal
sub-basin, Haryana. The study area encompasses long.
77°15°067-77°29’04”E and lat. 27°57°007-28°03"06”N,
and falls in the Survey of India toposheet 53 H/8 (Figure
1). The investigated area has been identified as Tumasara
and Inayatpur blocks (Figure 1). The Tumasara Block is
situated about 15 km south of Palwal town on National
Highway NH2, and Inayatpur Block is about 18 km
southeast of Palwal town. In this article, we present our
results to delineate the concealed part of the Delhi-
Hardwar Ridge (DHR) and the surrounding basement
structure using deep resistivity sounding measurements.

Geology and tectonics

The study area is the northwestern part of the Ganga basin.
Figure 2 shows a part of the Ganga basin and adjoining
area' between long. 74-79°E and lat. 24-30°N. The
sedimentary cover over most part of the Ganga basin is
composed of two major stratigraphic and structural se-
quences representing two main sedimentary stages in the
geologic evolution of the basin. The oldest one corres-
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Figure 1. Location map of the Palwal sub-basin, Haryana, India.
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ponds to the Vindhyans represented by stable-to-unstable
shelf sediments composed of quartzarenite—limestone-
shale alterations. The youngest sequences unconformably
overlying the Vindhyans are the Tertiaries, which com-
posed almost entirely of Siwalik sediments”.

The western margin of the basin is delimited by the ex-
tension of the Delhi metasediments to the north forming
the DHR in the subsurface (Figure 2). The DHR is a
north-northeastward extension of the Aravalli Mountain
Belt, which stretches from Amba Mata-Deri to Delhi via
Ajmer and Jaipur. The DHR comprises quartzite, slate
and basic rocks, which belong to the Delhi group’. The
Oil and Natural Gas Corporation Limited (ONGC) has
reported its northward extension below the Indo-Gangetic
Plains at Panipat and Saharanpur. The DHR is about 65—
70 km wide between Kalsi (Ponta Sahib) and Chilla
(Hardwar). It is estimated to exist at a depth of 2 km at
Dehradun® and becomes gradually deeper towards the
north of Mussoorie and Uttarkashi. The Yamuna Tear
Fault and Ganga Tear Fault delimit the DHR on the western
and eastern sides, where the rivers Yamuna and Ganga flow
down from the Lesser Himalayas into the Indo-Gangetic
Plains. Neogene sediments overlie the basement in the
Palwal sub-basin (northwestern part of the Ganga basin)
and the Vindhyans gradually thin out towards the ridge',
although the Moradabad fault seems to limit the deposi-
tion of the Vindhyan sediments to the west (Figure 2).
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Figure 2. Geology of a part of Ganga basin and adjoining area (modi-
fied after Sastri et al.").
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Geophysical surveys and field procedure

We have opted deep resistivity experiments to explore the
subsurface geology of the area, because significant resis-
tivity contrast exists between the low-resistive Neogene
sediments, DHR and basement structure.

The DC resistivity technique works on the basic princi-
ple of studying the nature of resistance offered by subsur-
face layers or rocks to the flow of electric current sent
into the ground. The resistivity, a measure of this resistance,
will vary widely from one rock formation to another and
several factors such as porosity, fracture geometry and
nature of saturating fluids affect the resistivity of rock
formations. Therefore, the resistivity method yields sub-
surface geological information, provided a resolvable re-
sistivity contrast exists between different layers/structures.

In the present survey, the Schlumberger electrode con-
figuration which is least affected by shallow inhomoge-
neities” is used for making sounding measurements. The
schematic representation of a typical sounding layout is
shown in Figure 3. The set-up comprises a collinear elec-
trode system where both the current (A and B) and poten-
tial electrodes (M and N) are kept in a line. The two current
electrodes being the outermost and the potential elec-
trodes being the closest, are kept symmetrical with respect
to the centre of the array. During sounding measurements,
the current electrode spacing is increased progressively to
enable the current to penetrate deeper horizons of the
subsurface. Resistivity sounding measurements up to a
maximum current electrode separation of 0.5 km were
carried out using a portable DC resistivity meter (Terra
Science). Eight battery packs, each of which generates
90 V, were connected in series to generate the required
voltage. For current electrode separation from 0.5 to
10 km, high-powered deep resistivity equipment (Scin-
trex) was used. This equipment consists of three major
units — generator, transmitter and receiver. The 10 kW
generator is capable of producing a three-phase regulated
voltage of 210 V at 600 Hz. The transmitter could pro-
vide an output voltage up to 3300 V DC and current up to

A M 0 N B
A B Current Electrodes
M, N Potential Electrodes
Figure 3. Layout of Schlumberger electrode configuration.

225



RESEARCH ARTICLES

20 A. The total sequence of a transmitting cycle consists
of an initial period during which the current is on, follo-
wed by three consecutive periods of similar duration dur-
ing which the current is off, reversed and again switched-
off. The duration of each phase can be fixed at2, 4 or 8 s.
In the present study, a duration of 2 s was chosen. The
RDC-10 receiver, which has a measuring range from
30 uV to 30 V, was used to record the potential difference
across the potential electrodes. Master—slave communica-
tion sets were used for maintaining communication between
field personnel and the operator along the survey line.

Each time the current is sent, the potential difference
(8V) between two non-polarizable electrodes on the surface
is being measured along with input current (/), from
which the apparent resistivity is computed based on the
equation

pa = K(8VID),

where K is the geometrical factor given by Keller and
Frischnecnt® as:

x> -1%)
20

K=

The plot of the measured apparent resistivity (p,) against
the half current electrode separation (AB/2) on a double
log graph paper having a modulus of 62.5 mm, forms the
resistivity sounding curve.

In the present study, a total of ten deep resistivity
soundings with a maximum current electrode separation
of 10 km were conducted, five each in the Tumasara and
Inayatpur blocks respectively. The locations of sounding
stations are shown in Figure 1.

Interpretation

Interpretation of resistivity sounding data is implicitly a
mathematical exercise of approximating the subsurface
by a series of horizontal layers, and identifies the parameters
(thickness and true resistivities) such that the theoretical
apparent resistivities mimic the observed ones. Interpreta-
tion of resistivity data is generally carried out as a two-
pronged strategy; one is qualitative and the other quanti-
tative. In qualitative interpretation, the nature and charac-
teristics such as gradient, sharpness and width of each
sounding curve are studied. Preparation of pseudo resis-
tivity cross-sections can further help in deciphering the
resistivity distribution of the subsurface. These pseudo-
sections are prepared by making contours of the observed
apparent resistivities by plotting them at each current
electrode separation (AB/2) on the y-axis, with the corre-
sponding sounding station on the x-axis of a graph paper.
In quantitative interpretation, the subsurface is approxi-
mated to a series of layers and the true parameters (resis-
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tivity and thickness) are estimated by adopting various
forms of optimization techniques. The number of layers
to be incorporated in modelling and inversion can be ide-
ntified from the characteristics of the respective sounding
curve. The effect of lateral inhomogeneities is removed in
each sounding curve’, so as to attribute the observed sig-
nal entirely to vertical distribution of resistivity. Although
data interpretation by curve-matching®’ is in vogue,
computer algorithms based on optimization techniques
become much popular owing to their efficiency and speed
in computation.

Quantitative interpretation of sounding data consists of
two steps: (i) forward modelling and (ii) inversion. In for-
ward modelling, the apparent resistivity response of a
given model is computed® " and in inversion'**' the true
parameters of the geoelectrical model are estimated
automatically by fitting the theoretical response of the
model to the observed one in an iterative approach, until
the difference between these two responses becomes neg-
ligible.

Figures 4 and 5 show the observed sounding curves in
Tumasara and Inayatpur blocks. The sounding curves at
stations D3-D5 in the Tumasara Block have distinct
characteristics in comparison to the ones observed at D1
and D2 (Figure 4). The ascending nature of sounding
curves beyond a current electrode separation of 2 km at
D3-D5 (Figure 4) indicates a resistive substratum com-
paratively at a shallower depth. The descending nature of
sounding curves D1 and D2 at larger current electrode
separation (Figure 4) suggests that the thickness of Neo-
gene sediments is of some significance. In the Inayatpur
Block, the influence of resistive basement is clearly seen
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Figure 4. Measured and theoretical resistivity sounding curves, Tu-
masara Block, Palwal sub-basin, India.
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Table 1. Interpreted geoelectrical parameters of deep resistivity sounding data in Palwal sub-basin, Haryana, India
True resistivity (Ohm.m) Thickness (m)
Sounding no. P1 P2 P3 Pa Ps Ps P y 123 hy hy hs he  h; Total depth (m)
Tumasara Block
D1 393 322 243 279 0.0149 1.63 143 148 1008 1172
D2 229 6.35 1.49 226 0.0116 1.65 542 105 894 1006
D3 23 6.06 9.41 3.39 67.9 3.52 4638 1.67 8.27 289 88.7 113 382 622
D4 15.6 3.6 143 1.48 3843 273 162 304 318 812
D5 132 5.08 0.781 148 3193 7.27 34.5 235 785 851
Inayatpur Block
D6 36.1 5.89 265 1.66 73 4.25 420 381 5.68 563 68.3 145 781 1061
D7 216  9.65 249 105 3.07 919 482 0761 4.03 1224 137 261 602 1127
D8 2.0 140 232 938 0.769 660 1.88 5.99 160 486 625 1279
D9 447 124 42 234 44 430 465 158 143 161 830 1154
D10 933 367 4.53 822 0.07 4.03 37 210 937 1188
€100 3 E100 3 is due to the Pingor fault. A low-resistivity zone of about
A e D6 § ; o7, 4 Ohm.m extends to larger depths along the fault structure
; 10 = Nt TN £ 1 :*'v"m‘.‘,' g (Figure 6 a and b). A moderate resistive layer of more than
g 3 g 22 Ohm.m sandwiched between a pair of low-resistivity
E_ . i L; I zones can be seen to the east of D8 (Figure 6 b).
< T oo 1m mlm mé.ge < ;'3 100 1000 10000 Each sounding curve is inverted in terms of geoelectri-
' ABL (m) ABI2 (m) cal parameters", and subsequently translated to subsurface
g 0 E“m E geology. The resistivity of Neogene sediments are ascer-
s ,.‘DS s 0o o tained by test soundings near by deep boreholes that exist
;—g 103 /‘f' “’z‘ " ‘;:’“ 105 M”'““"!’ to the west of Dighaut (Figure 1) and used to constrain
3 10" i é 3 the interpretation of other sounding data. The calculated
R [ — : - - S resistivities of ten soundings subsequent to inversion are
< t 1m0 im0 10000 T oo 1000 10000 shown in Figures 4 and 5 along with the observed ones.
e - AB2 () The interpreted geoelectrical parameters of each sounding
: D10 are given in Table 1. Geoelectrical cross-sections along
& PPt e the three selected traverses are shown in Figure 7. It is
£ " M‘mf{ evident from Figure 7 a—c that a high-resistivity zone
@ with more than 3000 Ohm.m is seen at stations D3-D5 at
Cc:i 1 AT eses  Observed a depth of about 500-800 m below ground level. This
* 11 10 1000 10000 S Caloated high-resistivity zone is the subsurface manifestation of
ABE (m) the DHR. We are of the opinion that the lateral extent of
Figure 5. Measured and theoretical resistivity sounding curves, the concealed DHR towards the east in Palwal sub-basin

Inayatpur Block, Palwal sub-basin, India.

in the sounding curves at D6-D9; however, at D10 it is
not repeated (Figure 5).

For qualitative interpretation, pseudo-apparent resisti-
vity cross-sections along three selected traverses connect-
ing D4-D1-D2-D8-D10-D7, D5-D8-D6 and D3-D2-
D9 are prepared and shown in Figure 6 a—c respectively.
It can be seen from Figure 6 a that a thick low-resistivity
zone with 3-5 Ohm.m corresponds to the Neogene sequence
existing between D1 and D2. A similar low-resistivity
zone can also be seen at D8 along the traverse D5-D8—
D6 (Figure 6 b) and also on either side of D2 along the
traverse D3-D2-D9 (Figure 6¢). A significant lateral
variation in resistivity observed at D8 (Figure 6 a and b)
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is more than that shown by Sastri et al.'. The inferred
eastward extension of the DHR from the present study is
shown as dotted line in red in Figure 2. An elongated,
oval-shaped gravity high®* trending north-south in the
southern and southwestern part of Delhi, further substan-
tiates the eastward extension of the DHR (Figure 8). In
addition, the short-wavelength anomaly indicates that the
ridge might have been emplaced at a moderate depth. To
the north of Delhi the gravity signature is not so con-
spicuous perhaps due to (i) insignificant density contrast
between the DHR and surrounding formation or (ii) the
deficiency of mass below the DHR or a combination of
(1) and (ii).

A low-tesistivity zone of 10-100 Ohm.m corresponding
to a thick pile of Neogene sediments is seen in all the
traverses with varying thickness (Figure 7 a—c). It can be
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Figure 7. Geoelectrical cross-sections along traverses (@) D4-D1-D2-D8-D10-D7, (b) D5-D8-D6 and (¢) D3-D2-D9.

noted from Figure 7 a that even in the Neogene sequence 30 Ohm.m) from relatively high-resistivity sediments to
a significant lateral variation in resistivity is observed, the east (30-100 Ohm.m). The high-resistivity of sediments
across the Pingor fault. This fault structure separates the  indicates that they are relatively compacted than the cor-
low-resistivity Neogene sediments on the west (13 to responding one in the vicinity of the DHR. Similar fea-
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Figure 8. Bouguer gravity anomaly of the western part of the Ganga
basin, India (modified after Mishra and Laxman®?).

tures can be seen in other traverses too (Figure 7 b and ¢).
Saraf and Das* have shown that the Siwalik sediments
have undergone severe folding in the frontal region of
Himalayan foothills and such an activity could not be
ruled out in erstwhile parts of the Ganga basin.

The depth of the basement estimated from the present
inversion is about 1.2 km near D7-D9 (Figure 7 a and ¢).
Based on the interpretation of acromagnetic data, Agocs™
inferred that the thickness of the Neogene sediments
could be 1 km in this region. At locations D1, D2, D6 and
D10 (Figure 7 a—c), the depth to the basement (>1.4 km)
could not be estimated accurately as the sounding curves
show a decreasing trend at larger current electrode sepa-
ration. Variation in the estimated depths in all traverses
reveals that the basement is non-uniform in nature and
several depressions within the basement are not uncom-
mon. Sharma er al.*® also reported several local scale
basement depressions in the Ganga basin. Further, the re-
sistivity of the basement (300—-600 Ohm.m) estimated
from the interpretation of sounding data differs substan-
tially from that of the DHR and Neogene sediments. The
abnormal high resistivity (>3000 Ohm.m) found at sta-
tions D3-D5 would correspond to the DHR. In addition, it
can be seen from Figure 7 a—c that by and large the base-
ment deepens from east to west towards the DHR.
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Conclusions

It is reported here for first the time based on the interpreta-
tion of deep resistivity sounding data that the DHR ex-
tends further east in the Palwal sub-basin, Haryana, than
inferred from earlier studies. Resistivity of the DHR is
found to be more than 3000 Ohm.m, whereas resistivity
of Neogene sediments and basement are in the range of
0.1-100 and 300-600 Ohm.m respectively. A significant
variation in resistivity of Neogene sediments is found
across the Pingor fault. The sediments on the eastern side
of the Pingor fault show higher resistivity probably sug-
gesting that they are relatively compacted. The estimated
thickness of Neogene sediments from the interpretation of
deep resistivity sounding data compares well with those
inferred from aeromagnetic data.
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