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Sediment thickness in the Bay of Bengal and
Andaman Sea compared with topography and
geophysical settings by GMT

Polina Lemenkova

Abstract — The study presents an analysis of the sediment thickness compared with
bathymetric and geophysical settings in the Bay of Bengal and Andaman Sea, Indian
Ocean. It uses a combination of the high-resolution data: topographic GEBCO, satellite
and marine gravity anomalies, EGM2008 geoid and GlobSed to visualize the correlation
between relief, gravity and trends in continent-ocean sediment transport. The results
include thematic maps and 3D model showing increased sediment thickness in the
Bengal Fan (8,0 to 8,2 km) in NE direction with maximum in Ganges Fan (16,2 km), and
southward decrease in the Andaman Sea from Irrawaddy river mouth (6-7 km) to the
Strait of Malacca (1-2 km). All maps and 3D model have been plotted by Generic
Mapping Tools (GMT) cartographic scripting toolset version 6.0.0.

Keywords — Andaman Sea, Bay of Bengal, cartography, sediment thickness

1. INTRODUCTION

The paper examines the sediment accumulation in the basins of the Bay of Bengal and
the Andaman Sea compared with the geological and topographic settings in the study area,
Fig. 1. The seafloor here shows diverse pattern of the distribution of sediments that have
the highest values near the coasts and shelf areas and the thinnest layer near the open sea
basins, mid-ocean ridges, spreading centres and younger seafloor and. On the contrary,
thicker sediment layer is near the older seafloor where they accumulated over time.

The sedimentary cover in the oceanic basins has generally continuous distribution of
sediments accumulated as strata in the basins. The exception is presented by the slopes of
the submarine elevations and seamounts. Sediment thickness gradually increases towards
the continental margins, generally ranging from 0.5 to 1.0-1.5 km [1]. However, the Bay of
Bengal is notable for the exceptionally high sediment thickness caused by the long-term
intensive inflow of the material from the adjacent continental margins. In the eastern part of
the Bay of Bengal, the thickness of the sedimentary cover is about 2-3 km, in the western
parts it exceeds 3 km and sharply increases in the pre-continental troughs, reaching more
than 7 km in the western part of the Bay of Bengal and in its northern part (mouth of the
Ganges river) — over 15 km (Fig. 2).

Origin of the terrigenous sedimentation include transfer of the materials from the
adjacent coasts, transportation, deposition and dislocation of the sediments [2]. The origin
of the deep-sea sedimentation is diverse. A key pathway for sediment transfer on Earth is
the land—ocean transfer of sediment by rivers including the major role of the anthropogenic
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factors. These includes the increased sediment loads and river fluxes from the agriculture
activities, land surface processing, logging and mining [3]. Major rivers contributing to
these activities include Ganges, Krishna, Mahanadi, Godavari (India) and Irrawaddy
(Myanmar). Apart from the riverine sediments, other sources include glaciers melting, dust

moved by the aeolian processes and storms [4].

Topographic map of the Bay of Bengal and Andaman Sea region, Indian Ocean
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Fig. 1. Topographic map of the Bay of Bengal and Andaman Sea. Source: author

Bathymetry play important role in the intensity of filling of the negative relief forms
by sediments. The seafloor of the troughs and trenches can form a certain threshold which
serves as a dam, in front of which a thicker sediment layer is being accumulated. Therefore,
the streams of the sediments moving over the seafloor closer to the continent with flatter
relief are being accumulated more intensively compared to the areas with complex
topographic structure [5]. Geophysical effects can be illustrated by the sediment response to

the acting forces of gravity.
To generalize, the formation of sediments can be induced by the following factors [6]:

1. Land weathering (terrigenous material)



$ sciend OOVidius University Annals Series: Civil Engineering, Year 22,2020 15

2. Biogenic processes and accumulation of shells and tissues
3. River runoff transferring sediments to the ocean basins
The processes of partial deposition, stratification and differentiation of the sediments

along the transport paths to the final runoff into basins takes place in accordance with
complex formulae defined by mathematical foundations of gravity [7]. Geospatial factors
include physical and topographic settings, hydrological characteristics of the water column
and chemical characteristics of the sedimentary material which is reflected in the
transformation of the deposited materials into sedimentary rocks. The link between the
sediment accumulation with topographic factors, geological and geophysical settings can be
studied using multi-sources data analysis and overlay of raster grids using advanced
cartographic solutions [8]-[10]. Such work is required to provide a quantitative assessment
and cartographic visualization of the thematic layers affecting seafloor sedimentation
processes. Local settings of the Bay of Bengal include high erosion rates in the Himalayas
which ultimately generate high sedimentation rates in the Bay of Bengal [11].

Sediment thickness in the Bay of Bengal and Andaman Sea region
GlobSed 5 arc minute grid Version 3 by NOAA World Data Service for Geophysics

5E 80E 85'E wWE 95°E 100E

5€E 80E 85E W0°E 95E 100°E

Color scale E turbo (iﬂhnwumwm"\wlo« Visualization (016200, C=RGB))

[ 1000 2000 000 4000 B000 6000 Y000 B000 OO0 10000 19000 12000 13000 14000 15000 16000

—~ Mercator projoction. Scale: km
2020&;00410“27 — I— i
0 200 400 600

- G Mwwes 1203

Fig. 2. Sediment thickness of the Bay of Bengal and Andaman Sea. Source: author

Other important factors include mineralogical and chemical differences between
sediment particles of rivers which in turn are associated with hydraulically controlled
compositional variability of fluvial sediments entering the Bay of Bengal and the Andaman
Sea [12].
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2. EXPERIMENT DESCRIPTION

The methodological framework addressed in this study and proposed by existing
works [13]-[15], develops a GMT based approach [16]. The GEBCO dataset [17] has been
used in order to visualize a series of topographic grid (Fig. 1) as well as ETOPOS [18] for
3D modelling (Fig. 2). The geophysical and geological grids include EGM2008 geoid grid
[19] for visualized geoid of the Bay of Bengal and the Andaman Sea (Fig. 5) and satellite
derived CryoSat-2 and Jason-1 marine free-air gravity anomaly grid [20] shown on Fig. 4.
The sediment thickness GlobSed grid [21] was used to compare spatial variability of the
sediment thickness in the basins of the Andaman Sea and the Bay of Bengal (Fig. 2).

Composite overlay of the 3D topographic mesh model
on top of the 2D geoid contour plot
Bay of Bengal and Andaman Sea region, Indian Ocean
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Fig. 3. 3D relief model of the Bay of Bengal and Andaman Sea. Source: author
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Combination of such multi-sources data enables to assess the relative degree of
correlation between these phenomena (geology, tectonics evolution, topographic relief and
sedimentations processes) that confirms the area of direct and indirect influence affecting
the sediment inflow into the basins of the Andaman Sea and the Bay of Bengal.

3. RESULTS AND SIGNIFICANCES

Principal results include cartographic modelling and mapping of the raster datasets
including sediment thickness, bathymetry, marine free-air gravity anomaly, geoid
undulations and 3D model (Fig. 3) demonstrating the relief DEM as a three-dimensional
transect.

Marine free-air gravity anomaly: Bay of Bengal and Andaman Sea
Global gravity grid from CryoSat-2 and Jason-1 satellite missions
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Fig. 4. Marine free-air gravity anomalies in the study area. Source: author
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Multi-source high-resolution data analysis is crucial in both linking the processes
between sedimentation and impact factors affecting its variation and regional studies of the
shelf area of the northern Indian Ocean.

Besides, it provides a technical assessment of concentration for sediments using high-
resolution grids with the topographic effects, closeness of the continental slope and
geophysical values.

The topography of the region is visualized as a map (Fig. 1) and a 3D model (Fig. 3)
showing the diverse relief of the Bay of Bengal and the Andaman Sea.

The Andaman Sea separated from the Bay of Bengal to its west by the Andaman
Islands and the Nicobar Islands has a smaller basin [22]. Tectonically, the Andaman Sea
was formed as the result of highly oblique subduction at the western Sunda Trench [23].

A lower marine free-air gravity values (<—70mGal) with a very steep gradient lie
directly over the forearc basin (Fig. 4). Comparing to the Bay of Bengal, the gravity
anomalies have a trend of gradual decrease in westward direction. For instance, values over
40 mGal above the Ninety East Ridge against below -70 mGal along the eastern coasts of
India (Fig. 4).

The basins of the northern part of the Indian Ocean are characterized by a presence of
the highly stratified sediments, where terrigenous deposits play an important role,
especially in the north, near the continental margin.

In the southern parts of the Bay of Bengal, the basal deposits origin of Paleocene and
Eocene age, respectively.

In the southern part of the Bay of Bengal, there are sandy-argillaceous deposits from
the Pleistocene, Middle Miocene, Lower Cretaceous overly the basalt basement.

The basins of the southern part of the Bay of Bengal and the Ceylon Plain are
characterized by a small thickness of the sedimentary cover from 0.1 to 0.5 km (dark blue
areas on Fig. 2).

The sediment thickness in the Andaman Sea is determined by the influx of the huge
masses of the sedimentary material from the Irrawaddy river and ridges of the Andaman
and Nicobar Islands separating the sea from the Bay of Bengal.

The eastern part of the Andaman Sea is shallow (Fig. 1 and 3) with limited
sedimentation processes [24]. On the contrary, the isolines of the sediments show gradual
increase in sedimentation northwards reaching up to 9—10 km (light orange colours, Fig. 2).

The area of the greatest depths >3000 m) is located near the Andaman and Nicobar
islands ridge. Only near the mouth of Irrawaddy sedimentation rates are very high. In the
western, deeper part of the Andaman Sea, the average value of the sediment thickness is
high (7-8 km), in some places exceeds 9 km.

The highest values tend to the northern parts of the basin, closer to the Irrawaddy
mouth. The dominant role in sedimentation of the Andaman Sea is the supply of
terrigenous sediments from Irrawaddy.

The trend of the geoid undulation (Fig. 5) is controlled by main directions: W-E and
S-N.

The SN-oriented segment can clearly be seen on the segment 75°-80°E in northward
direction (a transect Sri Lanka up to Himalaya), which is related to the geophysical settings
and rock properties, formed during the geological evolution.

In contrast, the WE segment exhibits from the Strait of Malacca to the Laccadive Sea
at 5°-10°N, with a changing geoid height from slightly negative values (-10 m around
Sumatra, Andaman Sea) to above -110 km (SW off Sri Lanka), Fig. 5.

The Bengal Fan shows gradual decrease in geoid height in a SW direction (from -58
to -96), Fig. 5.
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Geoid geopotential model: Bay of Bengal and Andaman Sea
Global geoid image EGM2008-WGS84 2,5 minute resolution
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Fig. 5. Geoid model: Bay of Bengal and Andaman Sea. Source: author

4. CONCLUSIONS

As demonstrated, the Bengal Bay, a complex foreland basin southward of Himalayas,
shows string variability in sediment thickness that reflects a complicated depositional and
tectonic history which is also supported by findings in previous works [25]-[30].

The increasing intensity of automatization in cartographic processes [30]-[32] makes
GMT scripting toolset as especially effective instrument for geodata visualization.

Comparing to the traditional GIS [33]-[35], the progressively changing methodology
of the mapping approaches in GMT gradually replaces manual routine of GIS by scripting
approaches and using programming languages in geological data analysis.
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