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ABSTRACT

Lanka basin of Sri Lanka, is an ultra-deep-water basin, which is now in focus due to economic importance,
thus needed further exploration. This region consists of a prominent northeast —southwest trending gravity
anomaly in the offshore Trincomalee region, which is known as a seismically virgin area. In this study, an
attempt was made to generate a subsurface model using the freely available satellite and ship-borne gravity
and ship track bathymetry data. An iterative algorithm was developed to calculate the gravity anomaly, caused
by a two dimensional polygonal body having a density contrast with the surrounding, constrained further by
available seismic data. The gravity anomaly caused by the upper mantle was obtained by arithmetic operations
of the calculated gravity anomalies and the satellite derived free air gravity anomaly. Conventional trial and
error method was finally employed to determine the structure of upper mantle that indicates the depth of
Mohorovic¢i¢ discontinuity. The lowest thickness of the oceanic crust in the basin is 2 km and the average
sedimentary thickness is about 6 to 8 km. The Mohorovi¢i¢ discontinuity was found to be around 12-14
km along the chosen profile. The results are of significance, as they can be used to interpret the evolution
of the basin and depict the interested regional areas for further seismic surveys and oil and gas explorations.
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INTRODUCTION

Sri Lanka occupies a unique geologic position in Gondwana
land. Its location is of particular significance since Sri
Lanka acts as a bridge across the main East African
and Antarctica crustal fragments. Sri Lanka has a rich
sedimentary base in sea area. Early Miocene age is the
period where the two plates collided, Himalayan mountain
range was formed and major rivers like Ganges started
supply of sediments to this region (Kularathna et al.,
2015a). Since then, large amount of sediments have been
accumulating in the passive margins of this region. Earlier,
extensive exploration work has been carried out in both
Cauvery (Baillie et al., 2002; Chandra et al., 1991) and
Mannar (Kularathna et al., 2015b); Ratnayake et al., 2014;
Premarathne et al., 2013) basins. Though, the interest in
exploration for hydrocarbon in the ultra-deep Lanka Basin
has only recently been started and still not much data is
available over this region (Gamage et al., 2018; Ratnayake
et al., 2017). Further exploration may establish presence of
hydrocarbons in the Lanka basin for future energy needs.
Sri Lanka had been a part of the East Gondwana super
continent and has undergone at least two prominent rifting
phases during the Gondwana breakup time. The first rifting
phase which is less prominent, initiated around 165 Ma
ago, has resulted in the formation of NE-SW and NW-SE
discontinuities in the Mannar Basin (Figure 1). The second
rifting phase, which was more prominent, has commenced
around 142 Ma ago and had resulted in the formation of
Cauvery and Lanka Basins (Kularathna et al., 2015), the
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latter opening up to Bay of Bengal (Rao et al., 1997; Rao
et al., 1994). Locations of the basins around offshore Sri
Lanka are shown in the Figure 1.

METHODOLOGY AND DATA

For the present study, we use satellite gravity and the
bathymetry data. Selected area for the study includes
onshore as well as off shore areas in eastern side of offshore
Trincomalee. The gravity data in a 1- minute grid was
obtained from the TOPEX project web site. ESRI ArcGIS
software was used to create necessary shape files and for the
purpose of coordinate conversions. Sedimentary Thickness
map of Lanka basin and sedimentary thickness variation
along the A-Al line (Figure 3), as acquired from a previous
research work in Lanka basin (Silva et al., 2018) are shown
in Figures 2 and 3 respectively.

Talwani et al., (1959) had put forward an algorithm to
compute the gravity anomaly caused by a two-dimensional
body in the subsurface, based on iterative modelling. The
boundary of the two-dimensional body is approximated
closely to a polygon, by marking the number of sides of
the polygon sufficiently large. This method assumes that
the anomalous body is infinitely long and parallel to the
strike of the structure. The cross section of the body is
replaced by countless thin rods or line elements aligned
parallel to the strike (Talwani et al., 1959; Lowrie, 2007).
Mathematical expression has been obtained for both the
vertical and horizontal components of the gravitational
attraction due to this polygon at any given point.
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Figure 1. Basins of Sri Lanka (WGS 1984).

A simplified equation for the vertical component of given
in the equation is given in the equation 1.

Ag=2Gp {[z;Cosd+Sing][(0;-0,)Cosd-In(r,/r,)Sing]
+2292-Z161} - (1)

In order to execute this algorithm, a wolfram
Mathematica program was written. The x- and z-
coordinates of the vertices of the polygonal body (in
km) in a counter clockwise sense were introduced in
the program. The density contrast (in g/cm?), number of
vertices in the polygonal body, number of field points for
the calculation of the anomaly and the interval between
adjacent field points (in km), were given as inputs.
Density contrast was calculated as the difference between
the density of the material that had replaced the originally
existed material and the density of the originally existed
material.

The output of the program provides a table of calculated
gravity anomaly caused by the polygonal body at each field

point along the mean sea level. The variation of the gravity
anomaly caused by the polygonal body along a horizontal
axis on the mean sea level was plotted on a graph. Figure
4 shows the parameters used by the equation 1.

The tabulated data for each subsurface horizon were
arranged in an order, such that two adjacent horizons
including the free water surface, were coupled together to
form different subsurface bodies or polygons. Starting from
the Bengal Bay end (oceanic end), the x and z coordinates
were ordered such that they defined the polygon in a
counter clockwise sense.

The densities of the sedimentary column and oceanic
water were taken as 2.40 and 1.03 g/cm?® (Reddy, 2002).
The density of the basement was taken as 2.65-2.8 g/
cm?, since the basement in this region was assumed to be
composed of metamorphic rocks of the north-eastern area
and the densities of common metamorphic rocks range
from 2.65g/cm? to 3.03 g/cm3(Smithson, 1971). Figure 5
shows the gravitational image of the onshore and offshore
regions around Sri Lanka. Summary of the densities of
subsurface layers are given in Table 1.
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Figure 2. Sedimentary Thickness map of Lanka Basin (Silva et al., 2018)
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Figure 3. Sedimentary thickness along the line A-A1 (Silva et al., 2018)
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Figure 5. Gravity image map of Sri Lanka and its surrounding regions (WGS 1984)
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Table 1. Summary of the densities of subsurface layers

Layer

Average Density(g/cm?)

Water Column

1.03

Sedimentary Column

2.40

Average crust density

2.65-2.8

Mantle density

3.2-3.4

Calculated gravity anomalies for each subsurface
layer were added together. Addition was then subtracted
from the observed free air gravity anomaly to obtain the
residual gravity anomaly. The residual gravity anomaly was
assumed to be caused by the upper mantle in this region
as the gravity anomaly measurements are made relative
to the crust/basement. Thereafter, a model for the upper
mantle was produced with the trial and error approach,
such that the gravity anomaly calculated for the model with
a suitable density contrast between the upper mantle and
the basement, matched with the residual gravity anomaly
of the upper mantle. Furthermore, the summation of all the
calculated gravity anomalies including that by the model of
the upper mantle was compared with the observed free air
gravity anomaly. The subsurface horizons and the model of
the upper mantle were combined together to represent the
lithological and structural arrangement of the subsurface
of the Lanka basin.

RESULTS AND DISCUSSION
Gravity profile along the section Al-A is shown in Figure

6. Along this profile, two crustal Models, A and B, have
been generated, as discussed below.

(i) Model A

The gravity anomalies calculated using the mathematical
program for each subsurface layer is shown from figures
7.1-7.5 for the Model A. Besides, the computed gravity
anomalies and corresponding subsurface structure in the
Lanka basin in case of model A, that also depicts the
depth to the Mohorovici¢ discontinuity is, are shown in
Figure 8.

(ii) Model B

Similarly, the observed free air gravity anomaly and the
derived shallow structure along the Profile A1-A, in case
of Model B, is shown in below.

From the two models proposed in the study, model
A seems to be more realistic than the model B. Density
contrast of the model A was set at 0.60 g/cm?. The average
thickness of the crust in model A came to be around 4.5
km. The value of 3.38 g/lcm? for density of the upper mantle
in the oceanic region is considered appropriate. Density
contrast in model B was set at 0.55g/cm?. In model B,
crustal thickness was found to be about 7 km in most of the
region which was rather unrealistic. Therefore model A is
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Figure 6. Observed gravity anomaly along the section A1-A.
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Figure 7.1. Gravity anomaly caused by water column
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Figure 7.3. Gravity anomaly caused by crust column 1
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Figure 7.4. Gravity anomaly caused by crust column 2
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Figure 7.5. Gravity anomaly caused by mantle column.

more acceptable than the model B. The weight of overlying
rocks would have cause an increase in the density of the
basement rocks at greater depths. Values for the average
density of basement lies between 2.6 g/cm? and 2.8 g/cm?®
which could be higher in the far oceanic region. In this
study, we use the average densities. However, in the reality,
there could be lateral density variations in the subsurface
layers that yield localized gravity anomalies in the gravity
anomaly profiles. This issue could have been minimized,
if the densities of subsurface rock layers were available
from several exploratory wells along the profile. Since the
exploratory wells were not available, such localized gravity
anomalies were assumed to be negligible. The horizontal
components of gravitational acceleration as assumed to
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be negligible in this study, since it has a very minimum
influence compared with the vertical component.

It can be observed from model A, that the calculated
gravity anomaly and the observed free air gravity anomaly
show a drastic difference at the distances between 200
km and 250 km (Figure 8(a)). At those distances, the
landmasses of Sri Lanka was emerging from the sea
and therefore, Bouguer gravity anomaly has to be used
instead of free air gravity anomaly in such regions. Since
the study was highly focused on the region occupied by
the anomalous gravity which was overlain by oceanic
water, free air gravity anomaly was better suited for those
regions.
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Figure 8. (a) Comparison between the observed free air gravity anomaly and the calculated gravity anomaly along the Profile Al-
A for the Model A, using the densities of basement and mantle as 2.78g/cm?® and 3.38g/cm? respectively. (b) Derived shallow

structure in Model A.
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Figure 9. (a) Comparison between the observed free air gravity anomaly and the calculated gravity anomaly along the profile
A1-A for the Model B, using the densities of basement and the mantle as 2.75 g/cm® and 3.3 g/cm?®. (b) Derived shallow structure
in Model B.
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CONCLUSIONS

Observing the structure of the Mohoroviéi¢ discontinuity
and the sedimentary thickness, the primary conclusion that
can be made is that off shore north eastern area are in rich
in sediments accumulation, with average thickness around
6-8 Km. The Mohorovi¢i¢ discontinuity below the water
surface was found to be around 12-14 km along the A-Al
line, with an average crustal thickness of about 4.5 km.

ACKNOWLAEDGMENT

Authors wish to acknowledge The University of Sri
Jayewardenepura for providing financial support under
the research grant no. ASP/01/RE/SCI/2018/16. Special
Gratitude to Petroleum Resources Development Secretariat
for providing required data and facilities to conduct the
research successfully.

Compliance with Ethical Standards

The authors declare that they have no conflict of interest
and adhere to copyright norms.

REFERENCES

Baillie, B., Liyanaarachchi, D. and Jayaratne, M., 2002. A new
Mesozoic sedimentary basin, offshore Sri Lanka. Petromin,
28(4), 53-57.

Chandra, K., Philip, P, Sridharan, P, Chopra, V., Rao, B. and
Saha, P, 1991. Petroleum source-rock potentials of the
Cretaceous transgressive-regressive sedimentary sequences
of the Cauvery Basin. J. Southeast Asian Earth Sciences,
5(1-4), 367-371.

Gamage, S.S.N., Ratnayake, R.M.TS., Senadhira, AM.A.D.M,,
Weerasinghe, D.A. and Waduge, V.A., 2018. Radioactive and
non-radioactive element analysis of Dorado gas discovery of
Sri Lanka and their influence on natural environment. J.
Tropical Forestry and Environment, 8(1), 55-63.

Kularathna, E.K.C.W., Pitawala, HM.T.G.A. and Senarathne,
A., 2015a. Gondwana Breakup and Development of
Sedimentary Basins in Sri Lanka.Proceedings of the 31st
technical session of Geol. Soc. of Sri Lanka, p.6.

Kularathna, E.K.C.W., Pitawala, HM.T.G.A., Senaratne, A.,
Senevirathne, B.S.M.C.K. and Weerasinghe, D.A., 2015b.

Forced-fold structures in the Mannar Basin, Sri Lanka:
modes of occurrence, development mechanism and
contribution for the petroleum system. J. Geol. Soc. Sri
Lanka, 17, 53-63.

Lowrie, W, 2007. Fundamentals of geophysics.2nd ed. Cambridge
University press.

Premarathne, D.M.U.A K., Suzuki, N., Ratnayake, N.P. and
Kularathne, E.K.C.W,, 2013. A petroleum system in the Gulf
of Mannar Basin, offshore Sri Lanka.Proceedings to 29th
Technical Sessions of Geological Society of Sri Lanka, 9, p.12.

Rao, D.G., Bhattacharya, G.C., Ramana, M.V,, Subrahmanyam, V,,
Ramprasad, T, Krishna, K.S., Chaubey, A.K., Murty, G.P.S,,
Srinivas, K., Desa, M. and Reddy, S.I., 1994. Analysis of
multi-channel seismic reflection and magnetic data along
13 N latitude across the Bay of Bengal. Marine geophysical
researches, 16(3), 225-236.

Rao, D.G., Krishna, K.S. and Sar, D., 1997. Crustal evolution
and sedimentation history of the Bay of Bengal since the
Cretaceous. Journal of Geophysical Research: Solid Earth,
102(B8), 17747-17768.

Ratnayake, A.S., Sampei, Y. and Kularathne, C.W.,, 2014.
Stratigraphic responses to major depositional events from
the Late Cretaceous to Miocene in the Mannar Basin, Sri
Lanka.Journal of Geological Society of Sri Lanka, 16(1), 5-18.

Ratnayake, R.M.T.S., Gamage, S.S.N., Senadhira, AM.A.D.M,,
Weerasinghe, D.A. and Waduge, V.A., 2017. NORM analysis
of the reservoir sand section in the Dorado natural gas
discovery, Mannar basin offshore Sri Lanka. J. Geol. Soc.
India, 89(6), 683-688.

Reddy, M., 2001. Descriptive physical oceanography. Oxford and
IBH Publishing Company, p.440.

Silva, K.C.C, Gamage, S.S.N. and Weerasinghe, D.A., 2018.
Digitizing scanned seismic sections of the southern and
North Eastern Indian Ocean Regions Adjoining Sri Lanka.
In: 34th Technical Sessions of Institute of Physics Sri Lanka.
Colombo: Institute of Physics Sri Lanka, 51-57. http:/
www.ipsl.lk/index.php/publications/technical-sessions/1 8-
publications/technical-sessions/241-volume-34-2018.)

Smithson, S.B., 1971. Densities of metamorphic rocks.Geophysics,
36(4), 690-694.

Talwani, M., Worzel, J.L. and Landisman, M., 1959. Rapid gravity
computations for two-dimensional bodies with application
to the Mendocino submarine fracture zone. J.Geophys.
research, 64(1), 49-59.

Received on: 11.12.18; Revised on: 5.2.19; Accepted on: 20.3.19

222



