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Temperature at the Bottom Simulating Reflector
(BSR) can be estimated from the pressure—temperature
relation of the gas-hydrate stability phase curve. The
geothermal gradient and hence the heat flow could be
deduced if the seafloor temperature and thermal con-
ductivity of sediments are known. In the present study
we have studied a seismic line of the Kerala—Konkan
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basin of the Western Continental Margin of India,
where BSR is identified on a seismic section. The sea-
bottom temperature was used from the oceanographic
data available from the region. Geothermal gradients
and heat flow were estimated from the position of BSR
using the phase relation system of gas hydrate and
thermal conductivity of the sediments. The estimated
geothermal gradient and heat flow in the area around
this line are 34.88°C/km and 69.76 mW/m’ respec-
tively.

NATURAL gas hydrates or clathrates are ice-like crystal-
line solids, composed of cages of water molecules that
host low-molecular-weight gases (mainly methane), which
are thermodynamically stable within a limited range of
pressure and temperature. They are known to occur in the
polar regions in association with permafrost and in the
sediments within the upper few hundred metres of ocean
floor on many continental margins' . Pressure and tem-
perature conditions control gas hydlate formation in the
submarine sediments. Figure 1 displays the phase diagram
of gas hydrates. The solid line represents the pure meth-
ane-hydrate phase curve with the pressure converted to
depth assuming hydrostatic conditions in both water and
sediments. The dashed line represents the hydrothermal
curve as a function of depth. Figure 1 shows the zone
from the seafloor down to a depth of up to a few hundred
metres, where gas hydrates are stable. At the point where
the curve of the conditions in the sediments (dashed line)
crosses the phase boundary, we reach the bottom of the
zone where methane hydrate is stable. The base of the
hydrate stability field represents the phase boundary bet-
ween the gas hydrate-bearing sediments above and the
free gas or gas charged or water-bearing sediments below.
The characteristic reflector, which in principle coincides
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Figure 1. Stability region of methane hydrate in sea water as defined
by temperature (7) and pressure (P, indicated as water depth).
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with the predicted base of methane hydrate stability field’
and mimics the seafloor, is known as the Bottom Simulat-
ing Reflection (BSR).

Heat-flow measurements of the seafloor provide useful
input to derive the thermal structure which facilitates to
address various issues related to fluid expulsion process,
heat transport mechanism, sediment overburden and its
influence on the lithosphere, and evaluation of continen-
tal margins, etc. However, heat-flow measurements in the
marine environment are cost-prohibitive. In such places
heat flow and geothermal gradients could be derived from
the location of the BSR on reflection seismic sections.
Such studies were made from several margins, viz. Blake
Ridge and Nankai Troughs'é. Makran offshore’, Cascadia™”,
Barbados'”, Oregon“. Chile Triple Junction'?, North
Sulawesi'’. The present study aims at the estimation of
geothermal gradient and heat flow from the observed
BSR on the Multi Channel Seismic (MCS) reflection data
along the Kerala-Konkan basin of Western Continental
Margin of India (WCMI)14 (Figure 2).
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Figure 2. Study area in the Kerala—Konkan basin, WCMI. Solid line

indicates the seismic line under study. Contours represent the bathym-
etry over the region from GEBCO data.
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The Kerala-Konkan offshore basin forms an important
element in understanding the evolution of WCMI and
geodynamics of the Indian Plate. This offshore basin is a
pericratonic rift basin located in the southern part of the
west coast of India. The basin covers an area of about
580,000 km” including deep waters. The regional strati-
graphy and tectonic elements in the Kerala—Konkan off-
shore area have been brought out by Mitra et al.”. About
3000 m thick sediments of Palaeocene to Recent have
been recognized with several unconformities. The top of
the Palaeocene, early Oligocene and middle Miocene
constitutes the major unconformity surfaces in the area.
The period between late Oligocene and middle Miocene
witnessed a westerly tilt, giving rise to an environmental
setting suitable for the development of lagoonal carbonate
facies at specific places. During post-middle Miocene
period, the area received terrigenious influx concomitant
with peninsular tilt and uplift'.

Several contiguous NW-SE trending tectonic elements
have been identified in the WCMI'"'*. With the initiation
of tectonic pre-Santonian time, the basin evolved through
two main phases of passive margin development — early
rift phase and post-rift phase. Depositional phases of the
evolutionary phases favoured development of abundant
sandstone reservoirs, reefs and large carbonate platforms
and carbonate banks, which are flanked by possible
source areas. Organic carbon content and maturity point
of the rock indicate petroleum generation potential in this
region. Favourable geology makes the basin attractive for
petroleum exploration'’.

Stability of gas hydrate in marine sediments can be bet-
ter understood from gas hydrate phase equilibrium studies*.
The BSRs observed on reflection seismic sections are be-
lieved to represent the base of gas hydrate stable zone’. It
is observed that inferred BSR depths coincide with the
imaginary line drawn parallel to the existing seabed from
the point of intersection of the geotherm and hydrate
phase equilibrium curves. In a given region, phase equili-
brium is governed by physical parameters such as pressure,
temperature and salinity. Based on gas hydrate phase-
equilibrium studies for pure water and sea water, a sche-
matic phase diagram was prepared by Sloan* with 4%
pore water salinity (Figure 3). The choice of 4% in the
present study is based on earlier studies'’ of core samples
from the WCMI, where the pore water salinity has a
range of 3.84 to 4.59%. The available ODP site informa-
tion on gas hydrates plotted in Figure 3, reveals that most
sites are on the lower side of pure water-methane hydrate
curve and near the sea water—-methane hydrate curve with
4% wt of NaCl. For temperature determination at the
BSR depth, the methane hydrate system with sea water
with 4% wt of NaCl over pure water seems to be reason-
able.

Depth to the BSR can be determined by converting
two-way travel times (TWTs) using interval velocity in-
formation. Seafloor temperature (7)) can be taken either
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from in situ measurements or from the appropriate hydro-
thermal chart of the study area’. The temperature at the
BSRs (77) can be estimated from the phase diagram (Fig-
ure 3) by knowing the thickness of the stability zone (Z).
From the knowledge of 7z, Z and geothermal gradients,
the heat flow (Q) of a region can be determined. Q is a
product of thermal gradients and thermal conductivity
(k).

The accuracy of these estimates depends upon velocity
information in the sediments above the BSR, pore-water
salinity, gas molecular composition, choice of hydrate
system considered and the type of conductive regime
assumed. The effects of other parameters (like pore pres-
sure, sediment density, grain size and variation in seafloor
temperature) may not significantly influence heat-flow
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Figure 3. Methane hydrate stability condition for the pure water—

methane hydrate and sea water—methane hydrate systems”.
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Figure 4. Multi-channel stack section along the line of study.
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estimates, as suggested by Ferguson er al.'’. Hence they
are ignored in the present computations.

In Figure 4, a BSR can be traced from the seismic stack
section of line K-743 of the Kerala—Konkan basin of
WCMI. The reflector extends over CDP 440-570. The
seafloor and the BSR are observed at TWTs of 2450 and
2880 ms respectively. The BSR reflection occurs at
430 ms below the seafloor. The 430 m thickness of the
stability zone is computed by considering an average in-
terval velocity of 2000 m/s for the sediments above the
BSR. The sea-bottom temperature for the corresponding
water depth (1837.5 m), derived from bathymetry—tem-
perature charts®, is about 3°C. The temperature at the
BSR from the pressure—temperature phase relation of gas
hydrate system with pore water having 4% wt of NaCl, is
18°C. Geothermal gradient is calculated from the tempe-
ratures at the seafloor and BSR, and thickness of gas hy-
drate stability zone. The geothermal gradient estimated
along the Kerala-Konkan basin of WCMI is 34.88°C/km.
Taking the average thermal conductivity of 2 W/m °C for
the sediment™ of study area, the heat-flow value thus cal-
culated is 69.76 mW/m”.

It is possible to calculate heat-flow from the identified
BSR on seismic section in a region using the physical
properties of marine sediments without any heat-flow
probe data. The BSR-derived heat-flow map can be uti-
lized to understand better the geothermal structure and re-
lated phenomenon over a large area. The accuracy of the
estimated heat flow depends on the accuracy of the values
of seafloor temperature, thermal conductivity, salinity
and density of the sediments. Here we have estimated the
heat flow in the Kerala—Konkan region as 69.76 mW/m’,
which falls in the range of 50-130 mW/m’ estimated by
Rao et al.”® for the WCML.
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