J. Earth Syst. Sci. (2020)129:156
https://doi.org/10.1007/s12040-020-01422-z

Ó Indian Academy of Sciences
(0123456789().,-volV)(0123456
789().,-volV)

Sedimentary thickness of the northern Indo-Gangetic
plain inferred from magnetotelluric studies
S DHAMODHARAN1,2, GAUTAM RAWAT1,* , SACHIN KUMAR1
and D S BAGRI2
1
Wadia
2

Institute of Himalayan Geology, 33 GMS Road, Dehradun, India.
Hemwati Nandan Bahuguna Garhwal University, Srinagar, India.
*Corresponding author. e-mail: rawatg@wihg.res.in
MS received 27 August 2019; revised 2 April 2020; accepted 17 April 2020

Knowledge of the sedimentary thickness and conBguration of the basement structure are important to
estimate the seismic hazards in active foreland basin. We present sedimentary thickness of the northern
Indo-Gangetic plain estimated from impedance tensors of 12 magnetotelluric sites. Occam’s one dimensional inversion scheme was applied to invariant of the magnetotelluric tensors for the period range of
0.001–1 sec at each site. Inverted one dimensional model corroborates north-easterly dipping Indian
basement and accordingly increased thickness of the sedimentary column towards north and east
direction. The top sedimentary layers of varying thickness and resistivity are correlated with the known
borewell logs and previous geophysical studies around the study area. Significant difference is observed in
the resistivity of the Indian basement and thickness of the sedimentary column across the Delhi Hardwar
Ridge. The difference in resistivity may be an indicative of variation in compactness and degree of
saturation of the sedimentary cover and the nature of the Indian basement rock across the Delhi Haridwar
Ridge.
Keywords. Indo-Gangetic plain; Himalaya; resistivity; magnetotelluric; 1D inversion; dimensionality.

1. Introduction
The sediments of the Indo-Gangetic plain (IGP)
have varying thickness of *1–6 km (Lyon-Caen
and Molnar 1985; Borah et al. 2015). These sediments have been deposited over a deep trough
formed by solid rocks of the Indian crust (Sastri
et al. 1971; Rao 1973; Singh 1996). Geology and
tectonic setting of the IGP, is closely related to the
formation of the Himalayan orogeny. Neo-tectonically active IGP was formed in response of the
Himalayan uplift after the collision of India and
Eurasia continental plates (Dewey and Bird 1970;
Pati et al. 2015). Due to the collision and subsequent thrusting, the old sedimentary prism of an

intermediate sea was folded, faulted, thrusted and
uplifted along with its basement in Cenozoic period
(Burbank et al. 1996; Najman et al. 2004). From
north to south, these fault lines are named as IndoTsangpo suture zone (ITSZ), South Tibetan
Detachment (STD), Main Central Thrust (MCT),
Main Boundary Thrust (MBT), Himalayan Frontal Thrust (HFT) (Gansser 1964; Ni and Barazangi
1984; Yin 2006; Jain et al. 2016; Thakur et al.
2018). Further south of the HFT, a Cexure was
developed on the Indian plate due to collision and
partial subduction below the overriding Eurasian
plate. Later, the debris of the Himalayan sediments
brought by the major perennial rivers namely,
Indus, Ganga, and Brahmaputra along with their
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tributaries (Lyon-Caen and Molnar 1983, 1985;
Najman et al. 2004) and thus one of the world’s
largest active foreland sedimentary basin over the
cratonic sediment and the bend trough of the
Himalayan fore deep was formed (Dewey and Bird
1970; Singh et al. 2011; Pati et al. 2015). The
underlying geology of the IGP is largely unreachable due to the thick mask of the recent alluvial
deposits with the Siwalik sediments and assumptions have been made about the continuation of the
major subsurface structural and tectonic features
of the Indian peninsular shield, e.g., Aravalli–Delhi
fold belt and Vindhyan Group of rocks, beneath the
IGP (Sastri et al. 1971; Mugnier and Huyghe 2006;
Pant and Sharma 1993). These assumptions are
largely governed by the observation of gravity
anomalies, magnetic data and conductivity structure obtained through different geophysical studies. The younger alluvium directly overlay on the
Siwalik group of sediments. The Siwalik group is
further subdivided into lower, middle, and upper
litho-stratigraphic units (Lyon-Caen and Molnar
1985; Powers et al. 1998; Thakur et al. 2014) having thickness of 5–6 km (Wadia 1975). These units
are mainly composed of sandstone, grit, conglomerate, clay and silt which were deposited in a
brackish as well as fresh water environment. IGP
has a width of 150–500 km and covers 300,000 km2
area in north India and consists of several basins
like, Punjab basin, Ganga basin, Purnea basin and
Brahmaputra basin. These basins are separated by
prominent structures or subsurface ridges like
Delhi–Lahore–Sargodha basement ridge, Delhi
Haridwar
Ridge,
Faizabad
Ridge
and
Monghyr–Saharsa Ridge (Karunakaran and Ranga
Rao 1979; Valdiya 2016). The study area, which is
a northern part of the IGP, consists of eastern
Punjab basin and western Ganga basin (Bgure 1)
separated by the Delhi Haridwar Ridge (DHR).
DHR aligned NNE–SSW is considered as northern
extension of the Aravalli Mountain Belt and comprises quartzite, slate and basic rocks of the Delhi
Group and gradually dipping down in northern
direction below the IGP (Bgure 2) and controls the
foreland basin (Powers et al. 1998; Pal et al. 2000;
Bagchi and Raghukanth 2017). Probable hydrocarbon potential of the Himalayan foreland basin,
made an interest for various geophysical surveys
and deep drilling programs conducted by Oil and
Natural Gas Corporation (ONGC). In addition of
hydrocarbon potential, IGP and adjoining Siwalik
Himalaya are the most susceptible regions for
seismic hazards due to adjacent Himalayan seismic
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zone and the thick sediment cover of the regions as
it amplify the seismic waves (Khattri 1999; Parvez
et al. 2006; Srinagesh et al. 2011; Borah et al. 2015;
Bagchi and Raghukanth 2017). The knowledge of
sedimentary structure is required to quantify seismic hazard and ampliBcation role of the sediments
in this region. The subsurface information can be
revealed by various geophysical methods, viz.,
gravity, seismic and electromagnetic (EM) geophysics. The magnetotelluric (MT) method is one
of the EM methods which can be eAectively applied
to evaluate the thickness of the sedimentary basin
and its basement structure, as there exist strong
contrast in resistivity between the conductive
sedimentary basin and a resistive crystalline basement (Tournerie and Chouteau 2005; Constable et al. 2009). Magnetotelluric investigations
focussed on imaging subsurface of the Himalaya are
being carried out along different transects in
Uttrakhand (Gupta and Gokaran 1994; Israil et al.
2008; Rawat et al. 2014) and Himachal Himalaya
(Gokarn et al. 2002; Veeraswamy et al. 2010),
which provides geoelectrical properties of the subsurface along the transect. In this present work, we
are using 1D inversion of MT transfer function
obtained for MT sites occupied over the Ganga
Plain. These sites are part of three different MT
proBles cutting across the Himalaya along
Nahan–Kaurik Chango, Bijinaur–Mallari and
Pilibhit-Malpa, respectively. Each of these proBle
starts from the Ganga plains and cut across the
major thrust faults of the Indian Himalaya. Higher
frequency (1000 Hz–1 sec) MT data from Ganga
plain largely reCect one dimensionality in resistivity variation (Rawat et al. 2014; Manglik et al.
2015). Therefore, 1D inversion of MT data over
Ganga plain for the period band of 1000 Hz–1 sec is
attempted with an objective of providing constrain
on sedimentary thickness of Ganga Plain.

2. Earlier geophysical studies
The sedimentary structure and its thickness
beneath the IGP were inferred by various geophysical studies, viz., gravity, seismic, aeromagnetic, magnetotelluric and borehole drilling data
from the ONGC (Agocs 1957; Rao 1973; Karunakaran and Ranga Rao 1979; Gokarn et al. 2002;
Israil et al. 2008; Rawat et al. 2014; Borah et al.
2015). Initial aeromagnetic survey of the IGP
shows thickness of the sedimentary column
increasing towards the Himalayan foothills
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Figure 1. Tectonic map of Indo-Gangetic Plain and adjoining area after Sastri et al. (1971) and Karunakaran and Ranga Rao
(1979). Red triangles are MT stations. MBT: Main Boundary Thrust, MCT: Main Central Thrust, DHR: Delhi Haridwar Ridge,
distribution of earthquakes for the period of 1956–2017 has been shown in map, source: http://www.isc.ac.uk/iscbulletin/search/
catalogue, : ONGC borehole location with borehole logs (Karunakaran and Ranga Rao 1979), Basement contour (m) given by
Agocs (1957).

Figure 2. Balanced structural cross section (along the proBle AB in Bgure 1) of the foreland basin modiBed after Powers et al.
(1998) illustrating the thickness of the sediments and basement conBguration of the foreland basin.
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reaching more than 10 km in Siwalik Himalaya and
easterly dipping Indian basement in IGP, where
the sedimentary thickness reaching more than
6 km around Sarada depression (Agocs 1957; Sastri
et al. 1971; Karunakaran and Ranga Rao 1979).
Drilling and geophysical survey by ONGC indicate
that the basement of IGP consisting of Delhi group,
Bundelkhand Gneiss, Aravalli group and Vindhyan
group dips gradually towards north and lies about
4–6 km depth below the sediments around the
Himalayan foothills (Bgure 2). From the borehole
data in Bgure 1, younger alluvium of the IGP has
overlain the Siwalik sediments and Siwalik sediments directly overlain on the Precambrian basement in western portion (Punjab plains), while in
eastern portion (Ganga plains), the Siwalik sediments have overlain the Vindhyan sediments
which is deposited over the metamorphosed Indian
basement (Sastri et al. 1971; Rao 1973). Powers
et al. (1998) observed northwest portion of the
Himalayan foreland basin sediment is detached
from pre-Tertiary basement along a shallow dipping decollement with the lateral ramp between
Kangra re-entrant (dips 2.5°) and Dehradun reentrant (dips 6°) which explains the basement of
the Indian crust has northeast dipping. Basement
conBguration and sedimentary thickness of the
IGP estimated by seismic studies carried out by
various researchers, viz., Singh (1996), Dasgupta
et al. (2000), Rai et al. (2006), Srinivas et al.
(2013), Borah et al. (2015) and Hazarika et al.
(2017) show that (a) sedimentary thickness of the
IGP varies between 3 and 6 km, (b) the sediment
thickness increases from south to north, and (c) the
bottom of the IGP is composed of metamorphosed
Precambrian basement and Late Proterozoic sediments. Magneto-variational studies (Lilley et al.
1981; Arora et al. 1982) delineated a mid-crustal
conductor and interpreted it as the DHR, across
the western Ganga basin. MT observations of
Gupta and Gokaran (1994), between Mohand and
Ramnagar on the Siwalik sediments of the Himalayan foothills revealed that the subsurface geoelectric structure is predominantly four layered
and was explained as upper three layers of sediments overlying a resistive basement. Top layer
around 50 m thick was due to the recent alluvial
and post-Siwalik sediments deposited over a more
resistive Upper Siwalik layer with the thickness
between 700 and 1000 m. The third layer was
around 3–4 km thick and recognised as the Middle
and Lower Siwaliks. The resistive basement was
delineated in Una and Mandi MT proBle at depths
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in the range between 5 and 8 km from the surface
(Gokarn et al. 2002). The results of 1D Occam’s
inversion in central Ganga foreland basin revealed
that the south part of the Ganga basin has very
thin sedimentary layer (500–600 m around Kanpur), while northing towards the Himalaya thickness of the sedimentary column increases and reach
around 9 km around Siwaliks (Manglik et al. 2015).
2D inversion of MT data in Garhwal Himalaya
conducted by Israil et al. (2008) and Rawat et al.
(2014) show the high conducting shallow depth
layer in foreland basin around the foothills of
Himalaya.
Balanced structural cross section (along the
proBle AB in Bgure 1) of the foreland basin modiBed after Powers et al. (1998) explains the thickness of the sediments and basement conBguration
of the foreland basin.
3. Magnetotelluric method
Magnetotelluric is a natural source EM method
(Tikhonov 1950; Cagniard 1953), which is used to
the study subsurface structure in terms of resistivity distribution. In this method, simultaneous
time variations of the Earth’s electrical (E) and
magnetic (B) Belds in orthogonal components are
measured. These measurements provide information on the electrical conductivity structure of the
subsurface. The impedance tensor Z, which relates
input magnetic Beld variations to output electric
Beld measured over the surface of the Earth, is
deBned as:
E¼ZB

ð1Þ

The apparent resistivity is calculated from
impedance tensor Z using
qaij ¼

T
2
Zij ;
2pl0

ð2Þ

where Zij represents the elements of the impedance
tensor Z.
EM waves diffuse as they pass through the Earth
with the depth of penetration related to the period of
the inducing magnetic Beld. The EM skin depth d, or
the depth at which the EM Belds are attenuated to
e1 of their surface amplitudes, is deBned as:
d¼

p

p
Tqa =pl0  500 Tqapp meter;

ð3Þ

where l0 is the magnetic permeability, equal to
4p 9 107N/A2, T is the period, and qapp is the
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apparent resistivity, or resistivity of an equivalent
uniform half-space.
MT impedance tensors are subject to dimensionality analysis to know which type of modelling
approach is suitable for modelling to retrieve the
geoelectrical structure. The regional geoelectrical
structure could be 1D, 2D, 3D or mixed.

4. Data acquisition and analysis
To study the resistivity variations in northern
IGP, we analysed 12 BBMT sites (Bgure 1) from
the Himalayan foreland basin which are part of
different MT proBles cutting across the Himalayan lithotectonic units. Based on the location
given in Bgure 1, the BBMT sites are divided in
three different proBles. Each proBle has four
numbers of stations and the distance between
proBle 1 and proBle 2 is 140 km, and the distance
between proBle 2 and proBle 3 is 180 km. The
sites situated west to the DHR are grouped in

proBle 1 with the length of 30 km and located
southward in Nahan–Leopargil proBle. MT sites
located immediate east to DHR and part of Bijnaur–Mallari proBle are grouped as proBle 2 with
the length of 55 km, whereas proBle 3 consists of
the sites located immediate west of Sarada
depression and part of Pilibhit–Malpa proBle
with the length of 50 km. MT sites at each proBles are numbered from immediate south of the
HFT. Location of MT sites are displayed using
solid triangle in Bgure 1. At each sites, Bve
component MT time series were recorded for
4–5 days duration using ADU-06 and ADU07e
(Ms. Metronix, GmbH, Germany) recording
system. Pb–PbCl2 electrodes and induction coil
magnetic Beld sensors (MFS-06 and MFS06e),
respectively, were used to measure electric and
magnetic components of the EM Beld. The
recorded time series were pre-processed for jumps
and spikes and then robustly processed for the
estimation of MT impedance tensor. Coherency
criterion was applied to select segments of good

Figure 3. Apparent resistivity curves of proBle 1, 2 and 3 as a,b and c.
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Figure 4. (a) Swift skew and (b) Bahr’s phase sensitive skew of all sites.

cross correlation between electric and magnetic
Belds from the time series. MT impedance tensors
for period range of 0.001–1000 sec were computed
at each site. Previous MT investigations in the
Garhwal Himalaya suggested variable regional
dimensionality, where the large number of MT
responses reCected 2D character and 2D modelling was attempted along the proBle; however,
from all the MT responses the sites on the IGP
show 1D characteristic (Rawat 2013). Most of the
sites showing xy- (N–S) and yx- (E–W) orthogonal components of apparent resistivity and
phase curves (Bgure 3) are similar at low periods
indicating the presence of a homogeneous electrically conductive layer. Therefore, 1D inversion
may be performed to obtain the thickness of the
sedimentary structure overlying the basement.
For the proBle 1, average resistivity is approximately 10 X-m and with this average resistivity,

the skin depth relationship provide depth of
investigation is around 5 km, whereas for other
proBles average resitivity of 50 X-m provide
approximate depth of investigation of 11 km.
We have carried out Swift skew (Swift 1967),
Bahr phase sensitive skew (Bahr 1988, 1991)
analysis (Bgure 4) and WAL invariants (Weaver
et al. 2000) to test the validity of the 1-D
assumption to map the sedimentary structure
overlying the Indian basement. From Bgure 4, it is
observed that Swift skew is almost 0 for all the
periods barring few at longer periods especially in
proBle 1. Similarly, Bahr’s phase sensitive skew is
almost 0 for all the periods. Swift skew and Bahr’s
phase sensitive skew value indicate that the 1D MT
responses are dominant in the period range of
0.001–1 sec for proBle 2 and 3, whereas proBle 1
shows 1D nature only in the period range of
0.001–0.01 sec.
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Figure 5. WAL invariants (I3, I4, I5, I6) for MT sites.

4.1 WAL invariants
WALDIM is a dimensionality analysis program
based on WAL invariants (Weaver et al. 2000),
which were deBned from real and imaginary part of
the linear combination of seven independent rotational invariants (I1–I7) and one dependent
invariant (Q) of MT impedances (Marti et al. 2005;
Martı 2006). The methodology is important as it
does not assume any model of background dimensionality and provide information based on rotational invariants. WAL invariants are estimated
using a fortran code provided by Marti (2006). The
I3, I4, I5, I6 invariants are plotted in Bgure 5. The
zero values or threshold \ 0.15 of invariants I3, I4,
I5, I6 indicate 1D regional response. For proBle 2
and 3, sites situated towards south and away from
HFT, the value of invariants I3, I4, I5, I6 in the
frequency band of 1000–1 Hz is mostly zero or
\ 0.15, therefore these sites can be modelled 1D.
Although, the sites lies on proBle 1 and site 09 do
not follow this characterstic completely, sites 02
and 03 have 1D characterstics in frequency band
10–1 Hz and 100–1 Hz, respectively. Different
characterstics of these sites may indicate noisy
data and/or different tectonic inCuence in the
geological setup of this region which, may or may
not be related with the Himalayan orogeny. For the
sake of comparison with site belongs to ganga

plains of the foreland basin, we also modelled sites
belongs to punjab plains (proBle 1) as 1D for the
period band of 0.001–10 sec.
1D Occam’s smooth inversion (Constable et al.
1987) was carried out for the invariant of MT
impedance tensors and layered model is estimated
from the Occam’s smooth model using WinGlink.
For the purpose of 1D modelling, geometric mean
of apparent resistivity curve and arithmetic mean
of phase at each site is utilised as input parameters
to the inversion algorithm. Figure 6(a) shows the
best Btting of modelled curve with observed curve
and 1D inverted layered model estimated from
Occam’s smooth model, whereas Bgure 6(b)
displays r.m.s. misBt at every site.
5. Results
One dimensional inverted layered models (Bgure 7)
show subsurface resistivity variation with depth. The
models are placed in such a way that models in a
column represent station from north (top) to south
(bottom), whereas models in a row represent stations
from NW to SE. Model represented in Brst row,
belongs to stations which are northward in each
proBle and are closer to the HFT. If we observe column wise top to bottom, we Bnd the variations in
depth of layers from north to south, whereas left to
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Figure 6. (a) Calculated and modelled response for site number 04 (BWL) and (b) misBt curve for all sites.

right observation in row indicate variations in depth
of layers in foreland basin along the Himalayan arc.
5.1 ProBle 1
The sites in this proBle are located in Punjab
plains. Site no. 1 (SNG), is installed at Singhauli
village. Here HFT dips 20°–30° towards N to NNE
and marked by the Tertiary rocks (Middle Siwalik
sandstones) over the Quaternary alluvium in the
piedmont zone (Philip et al. 2014). Inversion of MT
data in this group of sites has revealed four different layers. The top-most layer is having resistivity
variation from 9 to 14 X-m with the thickness
of 96–360 m (Bgure 7, column 1) followed by
the second layer which is having thickness of
147–995 m with the moderate resistivity of
11–237 X-m and the third layer is having resistivity
approximately 10 X-m with the thickness ranging

from 2400 to 3500 m. Fourth layer is marked
by significant resistivity contrast from 367 to
1150 X-m. This layer is interpreted as highly
resistive Indian basement and there is increase in
its depth from south to north indicating northward
dip. The layer at a depth of 2400–3500 m at all
sites of this group may be interpreted as thick
Siwalik sediments. The low resistivity (around
10 X-m) of this layer is indicative of highly
saturated pore spaces.
5.2 ProBle 2
The inversion models shown in the centre column
(Bgure 7) are for the sites located at east of the
DHR on Ganga plains. Here, basement of the IGP
is estimated at 5100 m at site 05, 4270 m at site 06,
3237 m at site 07 and 4485 m at site 08 with the
significant changes in resistivity. Site no. 05 is
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layers are observed due to considerable resistivity
contrasts. An important characteristic feature of
inversion models in this proBle is having low
resistive basement for sites 5, 6 and 7, whereas for
site 8 the basement is resistive. This difference is
indicative of certain transition from south to north.
The top layers in the inverted model of these sites
are moderately resistive between 31 and 56 X-m
and having thickness of 271–523 m. The second
layer at the site no. 5 is having resistivity of 13 X-m
and thickness of 4829 m. The base of this layer
where resistivity changes from 13 to 115 X-m at a
depth of 5100 m mark the onset of basement rocks
of the Indian origin and further resistivity of the
basement decrease at depth of 8145 m. In this
proBle, third layer having resistivity of 115 X-m
may be representing the Vindhyan sediments.
5.3 ProBle 3
The sites of this proBle are located over the western
Cank of the Sarada depression (Bgure 1). Inversions
of MT sites reveal four layers at each site similar to
other groups. The topmost layer shows moderate
resistive nature ranging from 37 to 78 X-m with the
depth variation of 580–727 m. The low resistivity
of second layer of this group (*11 X-m) may be
due to saturation with water. The fourth layer is
the basement of the IGP sedimentary basin estimated with thickness from north to south 5636,
4500, 5322 and 5929 m, respectively, showing very
low resistivity.
6. Discussion

Figure 7. Layered 1D model derived from Occam Smooth
model.

located near HFT and having thick sedimentary
column. The inversion models of these sites reveal
four layers, except for the site no. 8, where Bve

From the 1D inversion, the layered Earth models of
the study area reveal four different layers at all
sites except site no. 5 and 10, where Bve layers are
observed. The observation are similar to 1D MT
observation on the Siwalik sediments of the
Mohand and Ramnagar area by Gupta and
Gokaran (1994), where they also conformed three
geoelectric subsurface layers. However, it may be
noted that the MT sites occupied by them were
from Mohand to Ramnagar and were in close
proximity to HFT. Comparing with the borewell
log (with in Bgure 1) and balanced cross section
(Bgure 2) with the present 1D inversion models, it
is interpreted that top layer at every sites represents dry younger alluvium as observed by moderate resistivity. Second layer represents the upper
Siwalik along proBle 1 and middle Siwalik along
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proBles 2 and 3. The third layer in proBle 1 appears
to resemble middle Siwalik sediments and Vindhyan sediments in proBles 2 and 3 due to the estimated difference in resistivity. The fourth layer
represents the Precambrian basement rocks of the
Indian crust. There is significant difference in
resistivity of the basement rocks observed in Punjab plains and Ganga plains (across the DHR) due
to difference in nature of the basement rock and it
is also supported by borewell data, seismic reCection studies by ONGC (Karunakaran and Ranga
Rao 1979; Powers et al. 1998) and seismic studies
(Srinivas et al. 2013; Hazarika et al. 2017). ONGC
borehole in Adampur village northwest to proBle 1
shows 2513 m thick Siwalik sediments over the
metamorphosed granitic basement (with in
Bgure 1), whereas another borewell log of Ujhani
around 120 km south of site 12 described by Rao
(1973) and Sastri et al. (1971) estimated the
thickness of alluvium and upper Siwalik 705,
1018 m, respectively, and highly metamorphosed
Precambrian basement rocks marked at 2015 m
explaining thickness of sediments decreases
towards south. These observations are in good
correlation with observed resistivity variation with
depth in this study. Although there is paucity of
data to large spacing of MT sites along the Ganga
plain, the observations from 1D inversion of MT
transfer function provide new constraint on the
depth and thickness of different layers of sedimentary cover beneath MT sites discussed in this
paper. Correlating these observations with larger
wavelength variation of foreland sedimentary
basin, it can be inferred that the depth of the
basement increases north-easterly and is well correlated with the balanced cross section given by
Powers et al. (1998) and previous crustal studies
have been done by ONGC. This may have some
bearing over the geometry of the MHT. Further,
resistivity variations of different layers and basement along the sites discussed in this study may be
helpful in understanding the nature of the sediments and indicate significant differences across
the DHR. Earthquake events selected from ISC
catalogue with improved location (Bond
ar et al.
2015; Di et al. 2015) are plotted in the map
(Bgure 1) indicate the difference of focal depths
and magnitudes across the DHR. This difference is
indicative of inCuence of DHR (Gahalaut and
Kundu 2012). The events occurring eastern side of
the study area are inCuenced by collapse of metamorphosed basement below the sedimentary cover
(Hukku 1964; Kaila et al. 1968).
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7. Conclusion
Thickness of the sedimentary column and basement conBguration of the Himalayan foreland
basin is estimated in various studies (Agocs 1957;
Sastri et al. 1971; Rao 1973; Karunakaran and
Ranga Rao 1979; Raviverman et al. 1983; LyonCaen and Molnar 1985; Singh 1996; Dasgupta et al.
2000; Gokran et al. 2002; Rai et al. 2006; Israil et al.
2008; Srinivas et al. 2013; Rawat et al. 2014; Borah
et al. 2015; Hazarika et al. 2017) for hydrocarbon
exploration and seismic assessment. The present
study in northern Indo-Gangetic plain using MT
data also support the inferences obtained from
previous works. These MT impedance tensors of
IGP reCect 1D signature of the regional geoelectrical structure predominantly in higher frequency.
Therefore, one dimensional Occam’s smooth
inversion is applied to invariant of MT tensor and
layered model is retrieved. Combining inferences
from previous studies in the region and 1D layered
model obtained from MT invariants of MT sites
used in this study, we conBrm following:
1. The Indian basement is dipping towards the
Himalayan arc and the thickness of the sedimentary column is declining gradually towards south.
2. Significant difference has been identiBed in
resistivity of upper younger alluvium, the
Siwalik sediments, Vindhyan sediments (in
Ganga plains) and the basement rocks.
3. The basements rocks between Ganga and
Punjab plains were observed with significant
resistivity difference.
4. Siwalik sediments of the IGP are highly conducting due to less compactness and high degree
of saturation.
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