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Analyses of the marine geophysical data collected in four oceanographic cruises during 1974–2008 inside the Gulf
of Kachchh, northwest India was done, and geology and crustal structure were interpreted for the Brst time.
Seabed topography deduced from satellite-derived bathymetry and bathymetric investigations has revealed the
tide-dominated Gulf ([ 6 m high) has *50 m maximum depth along the axial part. The satellite-derived freeair gravity anomalies and their horizontal gradients together with earlier published results helped in noting
major crust features like faults. Analyses of single and multi-channel seismic reCection data had enabled identifying reCection strata pattern and their continuity, wave-Beld and acoustic characters. 2-D model studies of
ocean-bottom seismic refraction data (following ray-tracing technique), satellite-derived free-air gravity
anomalies, magneto-telluric data along a proBle in middle of the Gulf and magnetic anomalies near Gulf mouth
have led to determine various physical properties: velocity, density, resistivity and the magnetic of the subsurface
layers. They have been utilized in interpreting three-layered crust structure of the Gulf. Further, presence
of *3.0 km thick low, *3.7 km/s velocity and 2.2 gm/cc density layer overlain by about 2.1 km thick high,
4.6 km/s velocity, and 2.55 gm/cc density layer noted. Considering the physical properties in correlation
with mainland geology and crustal structure from onshore Suthri-1 and inner shelf GK-01-A1 well logs and
coast parallel Mandvi–Mundra deep seismic study results, low and high-velocity layers have been noted
as low velocity Mesozoic sedimentary rock formations overlain by high velocity Deccan volcanic rock
formations. The volcanic rock thickness increases to the east are noted. The Tertiary sediments above
them are *1.2 km thick. The major crustal structures and geology identiBed contribute to understand
regional geology, structure and tectonic framework of the Kachchh region and in particular, of the study
area. The fractured Deccan volcanic rocks and their intervening intra-trappean sediments are possibly
considered as potential hydrocarbon-bearing formations (?) in view of the underlying thick Mesozoic
sediments.
** Passed away after the completion of this work.
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1. Introduction
The Gulf of Kachchh, a peri-continental rift
(Bgure 1a) has been considered to evolve during
the eastern Gondwanaland split-up, and it is the
longest (170 km long and 75 km wide) Gulf along
the Indian coasts. It is bounded in the north by the
Kachchh mainland basins and uplifted areas,
where Mesozoic rock exposures occur at several
places, especially surrounding the uplifted areas.
While the Saurashtra peninsula, an uplifted area
limits its extension in the south and is open to the
Arabian Sea in the west. An NNE–SSW trending
median high structure of the Kachchh mainland
extends into the Gulf. Another E–W trending
North Kathiawar Fault along the axial part of the
Gulf has also been inferred (Biswas 1982). The
Kachchh mainland basin consists of thin Tertiary
sediments (including coastal alluvium), thick
Deccan volcanic rocks and Mesozoic sediments
that occur in eroded deeps of the Precambrian
crust (Srivastava 1965; Biswas and Deshpande
1973; Glennie and Evans 1973). Rifted and halfgraben basin structure extensions into the Gulf
with increase in thickness of sedimentary sequences have been proposed (Biswas 2005; Roy et al.
2017). Recent studies of high-resolution seismic
reCection studies have revealed that Gulf seabed
morphology is dominated by thick alluvial mudCats of the northern coast and rocky promontories
of the northwest coast and corals rocks (live and
relict) of the southwest coast (Gopala Rao 1988;
Michael et al. 2010). Zutshi et al. (1989) have noted
in the near-shore area of the Kachchh mainland
localized sediment-Blled depressions and highs and
several local and regional faults. Pandey et al.
(2010) have noted in near-shore area of Kutchchh
presence of Tertiary sediments *1.8 km thick
overlying the Deccan Volcanic rocks and late
Cretaceous sandstones and clay stones from seismic reCection records correlated to drill well GK01-A1 results. Ravindran et al. (2012) have illustrated from numerous drill well log correlations
upper crust structure along three proBles across the
shelf of Kutchchh.
But, the Gulf geology and crustal structure are
poorly known and remained as a gap in knowledge
between the Kachchh and Saurashtra mainlands.

While the recent upcoming projects – construction
of Liquid Nitrogen gas tanks and amusement
parks, widening of the Gulf for harbouring large
size vessels and assessing resource potentials – of
the area very much need knowledge of geology and
crustal structure. So, marine geophysical data
acquired during several cruises are synthesized
with an aim to know crustal rock’s physical
properties and interpret geology and structure of
the crust of the Gulf. Thereby, help in contributing to the regional understanding of geology
and structure of the crust and assess resource
potential and bridging the gap in geological
knowledge between the Kutchchh mainland and
Saurashtra peninsula.

2. Data and methods
No geophysical investigations were carried out
earlier inside the Gulf . But, a crustal model of the
area has been proposed along a proBle across the
Gulf by Biswas (1982). Hence, geophysical data
were collected along several proBles (Bgure 1a and
b) by the authors in four oceanographic cruises
conducted during 1974–2008 inside the Gulf of
Kacchchh. The data consists of published satellitederived bathymetry from free-air gravity, seabed
bathymetry, free-air gravity and its horizontal
derivatives, results from single-channel reCection
studies (Michael et al. 2010) and data of multichannel seismic reCection records, ocean-bottom
seismic refraction (OBS), mageto-tellurics and
magnetics. They were analyzed to know subsurface
geology and crustal structure. Satellite-derived
bathymetry map was prepared at 5-m contour
interval to know seabed topography. Satellitederived free-air gravity anomalies at 2 mGal contour interval and their horizontal gradients were
also prepared utilizing the database DTU10 of
Anderson (2010). Results of single-channel seismic
reCection data acquired along several proBles
(shown in Bgure 1a) were presented to give out all
the results in one place and carry out integrated
interpretation for better understanding of uppermost crustal structure and geology of the Gulf of
Kachchh. The multichannel seismic reCection data

Figure 1. (a) shows layout of geophysical proBles and data collected during 1974 and 2008 (index listed details). Onshore geology after Krishnan (1982) and Chamyal et al.
(2003). (b) Onshore solid circles show deep seismic studies done by the National Geophysical Research Institute, Hyderabad, India. Continuous lines – locations of multi-channel
seismic studies. Satellite-derived gravity data selected along proBle 6 for model studies. Solid circles (inside Gulf) are locations of ocean bottom seismic refraction (OBS) and
magneto-telluric instruments deployed for recording geophysical data. ProBles 1 to 3 – magnetic data collected. Dashed line is the location of North Kathiawar Fault after Biswas
(1982).
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were acquired along seven proBles (location in
Bgure 1a) totaling 112 km covering 64 segments
following data acquisition techniques for shallow
water and marshy areas. Data acquisition involves
two arrays of Bve air guns each, total output volume of 850 Cu inch is used as energy source for
generating sound waves. The guns were operated
at air pressure of 2000 PSI and shooting was done
in 25 m distance interval. Recording was done in
SEG-Y format at 2 msec interval in distant mode.
Seismic streamer of 2980 m long, consisting of
geophones and hydrophones in groups of 120
channels was placed behind the vessel for collecting
the data. DGPS was employed for the positioning.
Root mean square velocities of 13 traces were
determined at regular intervals. Locations of ocean
bottom seismometers (OBS) and magneto-telluric
instruments deployed along proBle 6 are also shown
(Bgure 1b) for recording the data. 2-D model
studies of the noise-free OBS and magneto-telluric
data recorded at stations S1, S2, S4 and S6
(Bgure 1b) were carried out. Depth vs. velocity and
resistivity plots were prepared. The long multichannel seismic reCection records of proBles 3 and
5 were presented. Satellite-derived FAAs along
proBle 6 are considered for model studies under
constraints from refraction and reCection results.
Lay-out of proBles and onshore geology are from
Krishnan (1982) and Chamyal et al. (2003). Location of some of the main crustal features like North
Kathiawar Fault and Median High extending into
the Gulf is shown in Bgure 1(a and b). Results from
deep seismic studies carried out along a proBle
adjacent to the study area, i.e., between Mandvi
and Mundra by the National Geophysical Research
Institute, Hyderabad and deep-drill wells logs
result at Suthri-1 (onshore) and GK-01-A1 (inner
shelf, southwest of Kachchh mainland) by the Oil
and Natural Gas Commission, India (Bgure 1a) are
also considered in the study. 2-D forward model of
the best Bt between satellite-derived free-air
gravity anomalies and computed anomalies of
crustal structure under constraints from seismic
refraction and reCection results were considered in
this study.
Two-dimensional resistivity structure along the
proBle was derived using 2-D MT inversion algorithm of Rodi and Mackie (2001), which uses a
Bnite difference approach and nonlinear conjugate
gradient scheme to generate a smooth resistivity
model from measured data. MMT sites that
showed poor quality of MT impedance responses
were ignored, and only 14 MMT sounding data
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were considered in 2-D inversion. Good quality MT
responses in the 1–10000 s range were utilized in
the inversion. For the inversion, an error Coor of
30% in amplitude (apparent resistivity) and 10% in
phase of the 2-D MT impedance were assigned. The
initial 2-D model space required for the inversion
was discretized into 60 columns by 40 rows mesh.
The inversion controlling parameter tau, which
decides the trade-oA between data Btting and
model smoothness, was set to 10 such that a
model with smooth resistivity variation can be
produced through inversion. The inversion yielded a Bnal 2-D resistivity model with a root mean
square error of 4.8 between the measured and
inverted model responses. The Bnal derived geoelectric model along the proBle is presented in
Bgure 8.
Total magnetic Beld intensity data along three
short proBles near the Gulf mouth was acquired by
deploying proton precession magnetometer. Anomaly plots were made after duly correcting the
data for local variations. Depths to causative
sources were estimated following Koulomzine et al.
(1970) graphical technique. The results were published by Gopala Rao et al. (1977) and they were
presented in table 1.
3. Geophysical investigations
Zutshi et al. (1989) have reported coast-parallel
fault systems on either side of the Gulf (Bgure 2).
Presence of Mesozoic sediments of the Kachchh
mainland sedimentary basins and their hydrocarbon prospects have been targeted for the future.
Therefore, it is necessary to know the geology and
structure of crust of the Gulf . And it is also needed
to abridge the gap of knowledge between the two
mainlands, i.e., the Kutchchh in the north and
Saurashtra in the south and also shed light on the
presence of Mesozoic rocks and their hydrocarbon
prospects. Hence, single-channel high-resolution
seismic reCection and multi-channel deep seismic
reCection and refraction (OBS), magneto-telluric,
satellite-derived free-air gravity and their horizontal gradients, magnetic and bathymetry investigations were carried out to know the structure
and geology of the crust of Gulf.
3.1 Seabed topography
Seabed bathymetry from satellite-derived gravity
(Bgure 3a) and ship-borne bathymetry map
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Table 1. Results from seismic reCection and refraction, 2-D models of seismic, magneto-telluric, magnetic data and drill well log studies.
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prepared at 5-m contour interval (Bgure 3b) for the
Gulf are presented. Free-air gravity anomaly
(Bgure 4a) and horizontal derivates of the gravity
(Bgure 4b) show detailed seabed topography and
geomorphic features present in the Gulf of
Kachchh. The narrow and cusp-shaped Gulf is
characterized with uneven seabed topography. It
has steep gradient seabed along the northern coast
compared to the southern coast. Numerous isolated
bathymetric highs are present all along the southern coast (Bgure 3a). They mark rock promontories
of the coast extending oAshore and occur as shoals.
Limited extent deeps, 40–50 m in series aligned
near NE–SW occur at the entrance of the Gulf
mouth. Along the middle of the Gulf, they are also
present aligned E–W. Their extents are limited at
east of the NNE trending bathymetric high of the
northwest coast of the Gulf. The deeps appear to be
structures controlled and perhaps mark fault
locations.

3.2 Free-air gravity investigations
Satellite-derived free-air gravity anomalies, FAAs
(Bgure 4a) and their horizontal gradients
(Bgure 4b) maps show several local widespread
anomalies inside Gulf . Series of them are parallel
to the Gulf mouth. The anomalies inside the Gulf
vary between +8 and
6 mGal. Two large
amplitude anomaly closures of high gradient, one
close to the Gulf mouth in south and the other at
southwest of the Gulf mouth (in close vicinity of
the nearshore area) occur. Near the Gulf mouth,
free-air anomalies are elongated northeast from
oAshore to inside the Gulf. And they terminate
against the NNE–SSW trending anomaly closures
of the northwest coast of the Gulf which are
associated with the Median High structure. While
horizontal gradients map (colour coded) shows
variation of gradients between –0.005 and +0.005
mGal/m. They provide high-resolution and helped
in Bnding location and extant of the anomalies
closures.
In the nearshore area, Zutshi et al. (1989) have
noted crustal structure consisting of series of faults,
local sediment-Blled lows and highs of basement.
They are close to and parallel to the Gulf mouth.
We infer that satellite-derived anomalies are contributed by the structures. So, we believe that they
have contributed to the observed satellite-derived
free-air anomalies. Variations of horizontal gradients are more clearly seen at the Gulf mouth. The
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Figure 2. Tectonic fabric and structure features of Gulf of Kachchh and adjacent oAshore area (after Zutshi et al. 1989).

near-shore anomalies, i.e., close to the Gulf mouth
are steep gradient compared to those inside
the Gulf . In northeast of the Gulf, free-air gravity
data vary between +2 and –6 mGal and trend
NNE–SSW. They occur associating with the Median High reported by Biswas (1982). Thus the
anomalies also help in locating the Median High
extant inside the Gulf and associated free-air
anomalies, which terminate close to the E–W
trending high gradient anomalies.
A large, –12 mGal amplitude and 8–10 km wide
low anomaly closure occurs at the mouth. The
high-amplitude anomaly closures close to the Gulf
mouth consist of steep gradient northern Cank. A
broad anomaly closure of around 2.0 mGal amplitude of the northwest coast extends into the middle
of the Gulf. Several anomaly closures of varied
magnitudes occur in series parallel to the Gulf
mouth. They mark shallow promontories of the
coastal rock extensions.

3.3 Magnetics
Total magnetic intensity anomalies proBles show
high, 140–240 nT (peak to peak amplitude)

anomalies trending NNE–SSW present at the Gulf
mouth (Goapala Rao et al. 1977) (Bgure 5). Their
interpretation has revealed crystalline rocks of
1–2 km thick contributed to the anomalies and
they occur at 0.3–1.2 km depth.

3.4 Single-channel seismic reCection studies
Detailed analyses of the high-resolution singlechannel seismic reCection data (Bgure 6) collected
during two cruises in 1974 and 2001 have lead
Gopala Rao (1988) and Michael et al. (2009)
interpreting interesting geomorphic features of the
seabed. (1) They are pinnacles (3–6 m high), relict
and live corals and NNW–SSE trending steep
scarps along the middle of the Gulf (Gopala Rao
1988). (2) Upper Quaternary sediment seismic
sequences (maximum 30-m thick) mostly consisting of limestone stratiBed and coral sands and relict
coral remnants, and (3) their deposition pattern
inCuenced by the sea level change of the last 100
Kyrs and neotectonics are inferred. The results
shall help in safe navigation of research vessels
while collecting oAshore data and engineering
constructions ex. oAshore installations, etc.

J. Earth Syst. Sci. (2021)130:136
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Figure 3. (a) Satellite-derived bathymetric map and (b) ship-borne bathymetry data map prepared at 5-m contour interval.

Figure 4. (a) Satellite-derived free-air gravity anomalies (FAA) prepared at 2 mGal interval following DTU 10 database of
Anderson (2010). (b) Horizontal gradient of the free-air anomalies map colour contoured. Dashed line is North Kathiawar Fault.
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Figure 5. Ship-borne proton-precision magnetic anomalies plots.

3.5 Multi-channel seismic reCection studies
Seismic sequence analyses of common depth point
seismic reCection records of the proBles 3 and 5
(locations in Bgure 1b) are carried out and noted
marked changes in seismic facies between
reCecting horizons: A, B, C, D and E (Bgure 7) as
the Brst step. The identiBed seismic reCection
pattern and their continuity, changes in wave
Beld and acoustic characters, geometry and root
mean square velocities are noted to know internal
structure of the crust. Major units of the crustal
structure between two horizons are also noted.
The marked changes noted on proBles 5 and 3
have enabled noting three distinct seismic units
between reCecting horizons which are presented
in Bgure 7(b and d). An uninterrupted seismic
reCection record was presented (Bgure 7c) as well.
The Brst seismic sequence between A and C is of
high-frequency wave Beld with an average velocity of 2.5 km/s and time thickness of about 1 sec
(TWT). It consists of parallel to sub-parallel

reCectors and acoustically semi-transparent. The
second seismic sequence unit between C and E is
marked with low-frequency high amplitude wave
Beld with small local oAsets in their continuities.
They may be due to the fractures formed in the
process of rock formation. Numerous packs of
limited extent consist of 2–4 reCectors. Acoustically transparent reCections occur in between the
high amplitude reCectors. The strong reCectors
are sub-parallel and discontinuous. And the last
seismic sequence is traced beneath E and its lower
bounding surface could not be traced due to
limited energy source and penetration. But further extents of them are possible. It is marked
with high to medium frequency wave Beld and
semi-transparent and divergent reCectors. Even
continuity of its reCectors is not very clearly
visible in the presence of high velocity overlying
rocks.
On seismic proBles, the bounding horizons A, B,
C, D and E separating the sequence units occur at
depths of 100, 700, 900–1000, 1300–1400 and

J. Earth Syst. Sci. (2021)130:136
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Figure 6. Line diagrams interpreted from single-channel high-resolution seismic reCection data. Locations are shown in Bgure 1.

2100–2200 ms (TWT), respectively. Horizons A
and B have got good traceability. While C traceability is poor in the southern part of the proBle 3.
It may be due to the presence of zones of diAraction. In the northern part of proBle 3, between D
and E small oAsets (3–10 m) also occur and they
are local. The slopes of D and E horizons are noted
on the proBles and even the velocity analysis show
considerable changes.
On proBles 7 and 4 (Bgure 1a), the above horizons could not be traced as data quality is poor.
While interval velocities estimated by averaging
data from 13 intervals show that at time about 1
sec interval velocity strongly increases up to
*5 km/s. Such an increase in velocity may occur
in the case of presence of high-density rocks overlain by low-density rocks contributing to appreciated impedance contrast. Even though proBles 3
and 5 are from onshore to oAshore, no significant
changes in seismic signature denoting the faults
have been found.
3.6 Ocean-bottom seismometer (OBS) studies
Several ocean bottom seismometers were deployed
along proBle 6 (Bgure 1b) and recoded refracted
seismic waves for estimating crust velocity

structure inside the Gulf. Noise-free data recorded
at stations S1, S2, S4 and S6 are considered for
estimating velocities. 2-D model studies of the
refracted waves following ray tracing technique of
Zelt et al. (1992) have been carried out for estimating velocities. The velocities are in the range
between 2.2 and 2.7, 4.4–4.9, 3.5–4.0 and
5.8–6.25 km/s along the proBles. Velocity vs. depth
plots prepared and presented in Bgure 7(a) helped
in recognizing them belonging to four layers. The
velocity structure has been considered to interpret
crust structure and in interpreting geology.
Thicknesses of the layers are 1.0–1.2, 1.0–1.4,
2.0–3.4 km and [5.8 km, respectively from top to
bottom (Bgure 8). Considering the velocity structure and in comparison with results known from
drill logs of GK-01-A1 of oAshore and the Suthri-1
of mainland and deep seismic studies of
Mandvi–Mundra proBle (table 1), the crust has
been considered consisting of Tertiary sediments of
an average thickness of 1.1 km. The second layer of
4.4–4.9 km/s is Deccan volcanic rocks of average
thickness 1.2 km. Beneath them are the Mesozoic
sediments of low velocity (3.5–4.6 km/s) with
average thickness of 3.0 km beneath it is basement/lower crust. The estimated velocities of the
Tertiary formations of the Gulf are slightly higher
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Figure 7. (a) Depth vs. velocity plots from 2-D model studies of the OBS data and observed at Suthri-1 drill well. (b) Interpreted
multi-channel seismic reCection records along proBle 5, (c) uninterpreted seismic proBle 5, and (d) interpreted seismic reCection
records along proBle 3 (location in Bgure 1b).

in comparison to velocities recorded at Suthri-1
drill well and from root mean square velocities
inferred from multi-channel seismic reCection data.
While, they are slightly less in comparison to
velocities estimated from deep seismic refraction
studies of the Mandvi–Mudra proBle of the onshore
area. But sediments inside the Gulf are considerably thick. Deccan trap thickness noticed inside
the Gulf is more in comparison to coastal rocks.
The low velocity, 3.5–4.0 km/s layer occur around
2.3 km depth is interesting. Its marginal increase

towards the coast in the east and oAshore appear to
be more interesting.
The 2-D model studies of the gravity anomalies
of proBle 6 (Bgure 8) along the axial part of the
Gulf interpreted under constraints from seismic
reCection and refraction results (velocities and
structure) have revealed the crust structure consisting of four layers and their density structure.
Their thicknesses and densities from top to bottom
are around 1.2, 2.0, 4.4 and [12.0 km and of 1.7;
2.55; 2.2; 2.7 and 3.3 gm/cc, respectively. The low
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Figure 8. (a) 2-D forward free-air gravity model of proBle 6 (location in Bgure 1b). (b) Crustal structure interpreted from FAA
data under constraints from ocean bottom seismometer and multi-channel seismic reCection results.

density, 2.2 gm/cc rocks thickness vary between
1.8 and 2.8 km with increased thickness in the
middle and east of the Gulf.
3.7 Magneto-telluric investigations
Magneto-telluric measurements were made at 14
stations along the proBle 6 of the Gulf. Sastry et al.
(2008) have interpreted deep crustal structure
features of western India from electrical imaging.
The observed Beld parallel to strike of the formations is modelled (Bgure 9). 2-D geo-electric models
have revealed resistivity of the crust along proBle
6. The resistivity varies from 0 to 200 Ohm-m.
Depth vs. resistivity plots are from unpublished
DGH report (2008). They lead to note layered
crust. The high resistivity (200 Ohm-m) formation
is overlain by high conductive layers. The layer
from 2.2 km depth has 3.3 km thickness and has
low resistivity of 1.4–0.4 Ohm-m range. The conductive layer at 1.1 km depth is 1.0 km thick
gradually thinning towards the eastern part of the
proBle from 2-D modelling of marine MT data.
4. Results and discussions
Single-channel high-resolution (Bgure 6), multichannel seismic reCection (Bgure 7), ocean bottom
seismometers (Bgure 8), magneto-telluric (Bgure 9),
satellite-derived free-air gravity (Bgure 4a) and

their horizontal gradients (Bgure 4b), seabed
bathymetry (Bgure 3) and magnetic anomaly
(Bgure 5) studies have revealed physical and
acoustic properties of crustal rocks of the Gulf of
Kachchh. Depth and thicknesses, velocity and
seismic characters estimated from model studies of
the data are compared to the result from deepseismic studies of the coast parallel Mandvi–
Mundra proBle and drill well logs at Suthri-1 and
near shore GK-01-A1 (Bgure 10a and b). They
have been considered in inferring the geology and
crust structure of the Gulf. The mainland crust
consists of Tertiary, Deccan volcanic and Mesozoic
rocks overlying Precambrian granites (Rajendra
Prasad et al. 2010).
Seabed topography of the Gulf has revealed its
geomorphology consists of series of deeps at the
Gulf mouth. They are aligned near NW–SE and
terminate at the NNE–SSW trending Median High
of northwest coast of the Gulf extending into the
Gulf (Bgure 4a and b). To the east of the Median
High, such deeps also occur all along the middle of
the Gulf. They are again limited close to the
Median High. Further high horizontal gradients
stretching E–W occur all along the middle of the
Gulf (Bgure 4b). We believe the deeps and the
horizontal gradients of free-air anomalies mark
reliefs in crust structure. Thus appear to be
structural controlled. As they occur in the vicinity
of the proposed North Kathiawar Fault, we interpret the gradients occurred in case of displaced

136

Page 12 of 16

J. Earth Syst. Sci. (2021)130:136

Figure 9. 2-D geoelectric model of crust along proBle 6. Coloured contours show resistivity in ohm/m.

Figure 10. (a) Interpreted geology structure of the onshore Kachchh and (b) inside the Gulf of Kachchh. Numbers represent
velocities in km/s. Location of the cross-sections are shown in (b).

crust structure and mark the presence of the faults.
Zutshi et al. (1989) have reported series of NE–SW
and NNE–SSW faults limiting the structural highs
at the Gulf mouth (Bgure 2). They correlate to the
gravity signature and signify the places of large
relief of displaced crustal rocks most probably

faults of the area and structure and help in deciphering tectonic fabric of the area.
2-D model studies of potential Beld data have
revealed densities and thicknesses. Velocities and
thicknesses (table 1) are also estimated from seismic (reCection and refraction) studies of the Gulf of
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Kachchh. The physical properties of the rock
formations have lead to identify four-layered crust
geology and structure. While the wave Beld character of seismic records of proBles 5 and 3, has
enabled noting three seismic sequences and horizon’s separating them. First sequence between
horizons A and C has high-frequency wave Beld
with spread phases. As its average velocity
is *2.5 km/s and time thickness about 1.0 sec
(TWT), the low velocity seismic sequence could
be the Tertiary sediments. The second seismic
sequence between C and E has low-frequency wave
Beld and the reCectors are sub-parallel to divergent
and dislocated with small oAsets at several places.
These numerous oAsets may be due to local faults
or can be fractures developed in the process of rock
formation or caused by other/subsequent physical
processes. The sequence of high, 4.6 km/s average
velocity and 2.55 gm/cc density could be interpreted as dense rocks equivalent of Deccan volcanic
rocks/traps. Presence of volcanic rocks is noted in
the adjoining onshore area (Rajendra Prasad et al.
2010) and over the inner shelf (Pandey et al. 2010;
Ravindran et al. 2012). The last seismic sequence
beneath the reCector E has low, 3.7 km/s average
velocity. The low-velocity formations could be
sediment equivalents of Mesozoic times (Bgure 10).
Top of Mesozoic sediments could not be traced
very precisely, because of the shielding properties
of high-velocity Deccan volcanic rocks. The OBS
refraction data 2-D model studies of the St1, St2,
St4 and St6 locations have revealed varied velocities and their velocities vs. depth plots further
conBrmed three-layered crust structure overlying
the Precambrian granitic basement.
The 2-D model studies of proBle 6 potential Beld
data (Bgure 8) under constraints from refraction
and reCection results have revealed velocities and
density structures. Seismic sequences stratigraphy
and acoustic character of the rock formations are
noted from CDP seismic reCection records. The
results have enabled estimating (1) *0.8 km thick
low, 2.2–2.6 km/s velocity and 1.7 gm/cc density
formations occur on the top. (2) *2.0 km thick
high, 4.5–4.9 km/s velocity and 2.5 gm/cc highdensity rocks are noted beneath the low-velocity
formations with increase in thickness to the east.
and (3) [2.0 km thick low, 3.5–4.0 km/s velocity
and density, 2.2 gm/cc rock formations occur
beneath the high-velocity rocks. The high-velocity
formations thickness increases towards the east
and at farthest west along the middle of the Gulf.
The deep seismic studies of the Mandvi–Mundra
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proBle, along the adjacent onshore area, have also
noted a low velocity, 3.1 km/s rocks overlain by
4.6–4.8 km/s high-velocity rocks. The 3.1 km lowvelocity formations are interpreted as Mesozoic
sediments occurring at 3.0–4.0 km depth. They are
noted from the Suthri-1 drill well log as Bhuj
formations (Bgure 7a, table 1) and also from the
near-shore drill well, GK-01-A1 logs (Bgure 1 for
locations). Therefore, we consider the low-velocity
rocks are Mesozoic sediments, which have physical
properties comparable to mainland rock formations. 2-D geoelectric model crust has also revealed
low resistive, 0.4–1.4 Ohm-m formations of *3.8
km thickness overlie high resistive rock formations.
The model parameters are not quite consistent
with the potential and acoustic Beld models except
resolving low resistive formations overlying high
resistive formations. Rajendra Prasad et al. (2010)
have noted between Mandvi and Mundra even the
5.1–5.25 km/s velocity rock formations at depth
and inferred as Mesozoic formations. Even though
the bottom formations could not be traced on our
seismic reCection records (due to limitation in
seismic energy source), we even expect [2.0 km
thick Mesozoic sediments. Therefore, it is reasonable to account for more thick Mesozoic formations
even in the oAshore areas including the Gulf of
Kachchh as well. The numerous discrete and \3 m
oAsets in continuity of the formations could be due
to variations in compaction of sediment and in case
of the high-velocity rocks overlying them.
The four-layered crustal structure interpreted
on-shore along Mandvi–Mundra proBle consists of
Tertiary sediments with velocity 2.4 km/s and
about 0.3–0.5 km thick. The underlying Deccan
traps are noted with 4.6–4.8 km/s velocity
and \0.5 km thick near Jakhau and 1.4-km thick
near Mandvi. So, the Deccan trap thickness varies.
The Suthri-1 drill well records show less thick
Tertiary sediments and Deccan volcanic rocks and
anomalously, [ 3.6 km thick low-velocity rocks
and *1.4 km thick high-velocity formations interbedded. Inside the Gulf, the volcanic rocks noticed
are more thick comparatively. Even at the GK-01A1 drill well *1.8 km thick Tertiary sediments,
0.8 km thick Deccan volcanic rocks and [1.0 km
thick Early Cretaceous sandstones and clay stones
inter-bedded are reported (Pandey et al. 2010).
Thick Mesozoic sediments and volcanics are noted
in Kachchh oAshore (Ravindran et al. 2012). The
increased thickness of volcanics occurred in the
vicinity of volcanic centre and Precambrian
granitic rocks.
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Figure 11. Major crustal features depict tectonic fabric of the area. Tectonics scheme proposed for this area is discussed in the
text.

The low-velocity rocks, Mesozoic sediments in
between the traps and Precambrian granitic basement with an average velocity of 3.7 km/s are more
than 2.0 km thick. On proBle 3, the Tertiary sediments have average velocity of 2.4 km/s and
0.7 km thick. The Deccan traps have average
velocity of 4.8 km/s and thickness of about 1.6 km.
The velocity and depth models interpreted from
2-D refraction studies also show increase in thickness of Tertiary, Deccan and Mesozoic formations
in the Gulf. The potential Beld data especially
horizontal gradients of the free-air anomalies and
seabed morphology have lead to infer the presence
of E–W trending NKF along middle of the Gulf.
More thick low, 3.1 km/s velocity rocks underneath the Deccan volcanic rocks are more likely to
occur in the Kachchh oAshore region as well. This
overlies the granitic basement with 5.9–6.1 km/s
average velocity. The model studies show
upwarpped basement in the middle of the Gulf. It
was noted at shallow, 3.2 km depth at Jakhau from
deep-seismic studies (Rajendra Prasad et al. 2010).
The present studies in comparison with results
from oAshore and onshore regions have enabled in
noting some of the features of the internal
structure.
Recent geophysical and drill well log study
results of the inner shelf of Kutch and also of the
Gulf of Kutch have revealed some of the crustal
features and their geology of Mesozoic to present
times. The crustal features noted from earlier
studies are depicted in Bgure 11. They include

numerous geomorphic features of the seabed, near
NNE–SSW trending Median High extending from
the mainland into the Gulf, the system of faults
trending E–W, NNE–SSW and WNW–ESE and
several crust features. The regional faults are coast
parallel. Interestingly, increase in Mesozoic and
volcanic rock formations thickness to the south and
east are noted from model studies. They are associated with deeps in Precambrian granitic basement. Rifting between the two mainlands; the
Kutch and Saurashtra are considered occurred
during eastern Gondwanaland break-up. The rocks
are deposited in the paleo-deeps of the basement
rocks. The deeps are most likely developed due to
tectonics resulting from seaCoor spreading in the
eastern Arabian Sea. Such paleo-deeps developed
in the basement and/or tilt in plate position
favoured later deposition of thick rocks at places.
The NE trending Median High of the Kutch
mainland extension inside the Gulf is limited. The
NE trending Suarashtra arch of the inner shelf of
Saurashtra coast extends up to the Gulf mouth and
terminates against the northern-most part of the
Saurashtra coast (Bgure 11). The E–W trending
Gulf is placed in between them. Considering their
geographical distribution of various crust features,
we suggest that the crust features are together and
extend regionally and later got separated owing to
the E–W trending Gulf origin and evolution. Several regional coast parallel faults and near eastwest trending coast parallel faults inside the Gulf
are noted. They mark reCect rifting processes.
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Even the Kutchchh mainland is slightly to the east
from that of the general coast alignment of the
Saurashtra coast. Considering the coast conBguration of the two areas, regional extents of the crust
features, presence of several regional coast parallel
faults of the inner shelves and the Gulf, we believe
that origin and evolution of Gulf is greatly contributed to the crust features origin and their
regional extents. The Median High and Saurashtra
arch are once together and got separated later as a
result of origin and evolution of the Gulf since
Cretaceous–Tertiary time (29r time), i.e., time for
beginning of the seaCoor spreading in the eastern
Arabian Sea. Therefore, rifting between the two
areas might have occurred during the eastern
Gondwanaland split-up and initiation of seaCoor
spreading in the eastern Arabian Sea. The seaCoor
spreading processes have greatly aAected and
contributed to the evolution of Gulf and the crust
structures and sediment deposition.
Considering the small amplitude fractures noted
amidst volcanic formations and the presence of
intra-trappean sediments inferred, we even suggest
that they could be considered for areas of reservoirrocks and investigate for hydro-carbon prospects.
Moreover, presence of the thick Mesozoic sedimentary formations underneath the fractured volcanic rocks add to the promises for exploration of
hydro-carbons form the Gulf area.

(3)

(4)

(5)

(6)

(7)
5. Conclusions
The geophysical data collected in four oceanographic cruises inside the Gulf of Kachchh were
analyzed and the following are noted to recognize
major crust structure units and tectonic fabric.
(1) Satellite-derived and bathymetric investigations of the seabed topography inside the Gulf
have revealed series of deeps of the seabed on
either side of the Median High and are
extending inside the Gulf. Correlation of them
with the observed high horizontal gradients of
the free-air gravity anomalies lead to interpret
that they reCect crust structure reliefs which
are perhaps fault-controlled.
(2) 2-D model studies of the potential Beld data
under constraints from seismic reCection and
refraction results have lead to interpret fourlayered crust structure of the crust, thicknesses
and depths and their physical properties;
velocities, densities, resistivity, etc., and

(8)

acoustic and wave Beld characters. They have
lead to interpret crust structure and geology.
On comparison of the properties, thicknesses
and depths of occurrence of the layers, with the
mainland and oAshore crust features known
from drill well logs and deep-seismic studies,
we recognized as the crust consists of Tertiary
sediments, Deccan volcanic rocks and low
velocity Mesozoic sedimentary rocks. Inside
the Gulf, more thick Deccan Volcanic and
Mesozoic rock formations are possible.
The Deccan volcanic consists of numerous
fractures and intra-trappean semi-transparent
sediment formations within the discontinuous
packs of high amplitude low-frequency reCectors. They even could be considered for reservoir rock formations in view of the geologic
structures and the Mesozoic sediments
underneath.
The results shall help in abridging gap of
knowledge of geology and structure of crust
between Kachchh mainland and Saurashtra
peninsula and also contribute to understanding
the regional geology and crust structure and
tectonics especially of the Kachchh oAshore
region.
The south and eastward increase of Deccan
volcanic and low-velocity Mesozoic are likely
to occur within the deeps in Precambrian
granitic basement.
The Mesozoic and volcanic rocks got deposited
in areas of paleo-slopes developed during
rifting between Kutch and Saurashtra peninsular regions.
Crust structure and geology and tectonic
history suggest favored conditions for hydrocarbon prospects.
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