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Abstract The large tsunami, which was generated by an
earthquake on 26 December 2004, affected most of the
countries around the Indian Ocean. A total of 48 tsunami-
genic surface sediments have been collected from various
coastal geomorphological features such as beaches, estuar-
ies/creeks and mangrove areas in the Andaman group of
islands. These samples were analysed for sediment charac-
teristics such as sediment texture, granulometric studies.
The studied tsunamigenic sediments, deposited by the 26
December 2004 tsunami in the Andaman group of islands
consist of poorly sorted, coarse sand to medium sands, and
are similar to depositional effects of previously reported
earthquake-generated tsunami waves. The tsunamigenic
sediment consists of a coarse sand layer with abundant
reworked shell and other carbonate fragments. The tsunami
sediments were mainly composed of boulders of corals and
sand which determines the high-energy environment
throughout the study area. The variation in @ mean size,
therefore, reveals the differential energy conditions that lead
to the deposition of these kinds of sediments in different
locations. The tsunamigenic sediments were mainly poorly
sorted, moderately well sorted and well sorted during the
post-tsunami (2005) and whereas they were mainly moder-
ately well sorted to well sorted during the post-monsoon
(2008). The symmetry of the samples varies from strongly
fine skewed to strongly very coarse skewed in the post-
tsunami (2005) and post-monsoon (2008). The Kurtosis of
the tsunami sediments were mainly Platykurtic, Mesokurtic
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and Lepokurtic during the post-tsunami (2005) and mainly
Mesokurtic and Lepokurtic in post-monsoon (2008).
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Introduction

Worldwide tsunami catalogues from different parts of the
world list far more than 2000 tsunami events during the
past 4,000 years. (e.g., Heck 1947; lida et al. 1967a, b;
Papadopoulos and Chalkis 1984; Zhou and Adams 1986;
Nakata and Kawana 1995; Tinti and Maramai 1996; Lander
and Whiteside 1997; NGDC 2001). In many places in the
world, the written record of tsunamis is too short to
accurately assess the risk of tsunami, although sedimentary
deposits left by tsunamis can be used to extend the record of
tsunamis to improve risk assessment. When sediment is
deposited by a tsunami and preserved, a geologic record of
that event is created. By looking at the sedimentary record in
an area, geologists may be able to identify such deposits and
infer the occurrence of past tsunamis. The recognition of
deposits from past tsunamis allows geologists to extend the
relatively short or non-existent historical record of tsunamis
in an area. Because scientists cannot yet predict when a
tsunami will occur, obtaining a geologic record of past
events may be one of the only means to assess future risk.
Tsunami waves are known to be able to cause significant
alterations in coastal systems (Dawson 1994; Bryant et al.
1996; Bryant 2001 and Scheffers and Kelletat 2003). From
the geological viewpoint, tsunamis are notable as short
lived but extremely powerful agents with a very complex
pattern of erosion and deposition, leaving large volumes of
sediment on the seafloor and coastal arecas (Bondevik et al.
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1997). In particular, studies of the sedimentary deposits
from the Okushiri, Japan tsunami (Sato et al. 1995;
Nishimura and Miyaji 1995), and the Flores Island,
Indonesia tsunami (Dawson 1994; Shi et al. 1995) describe
the pattern of sedimentation associated with a tsunami. For
example, Shi et al. (1995) find that the grain-size fines
landward in the deposit on Flores Island.

A tsunami deposit is usually identified by sedimentary
context (e.g. deposited on soil associated with coseismic
subsidence), larger grain size than surrounding sediments
indicating higher-energy depositional conditions, spatial
distribution of the deposit, and by ruling out other high
energy depositional modes (e.g. storm surges or floods).
For example, in Cascade, paleotsunami deposits are
identified as being anomalous sand layers in low energy
marsh or lacustrine environments (Atwater 1987; Clague
et al. 2000). There is additional information which indicates
a seaward source of sediments, such as microfossils
(Hemphill-Haley 1995a; b) or geochemical signature
(Schlichting 2000), which also useful for determining that
a deposit was formed by a tsunami. Generally tsunamis are
classified into three categories, distant (>750 km from the
source), regionals (100—-750 km from the source), and local
(<100 km from the source).

Grain size analysis is the epicenter of any sedimento-
logical research. It is a fundamental descriptive measure of
sediments and sedimentary rocks. Grain size studies of
sediments can give information about various depositional
processes like nature of the particle, mode of weathering
and changes occur during transportation from place to
place. Also grain size parameters are being used as
indicators of sediment size distribution and depositional
environments. From the beginning of nineteenth century
onwards many remarkable works have been carried out to
appreciate the grain size characteristics of sand (Udden 1914;
Wentworth 1929; Krumbein 1937; Krumbein and Pettijohn
1938; Otto 1939; Keller 1945; Klovan 1966). Grain size
studies for delineating the subtle difference in depositional
environments were brought out clearly by Folk and Ward
(1957). Various authors have attempted to discriminate the
environments like river, beach and dune using textural
parameters (Mason and Folk 1958; Friedman 1961, 1967;
Moiola and Weiser 1968). A few efforts have been made to
distinguish beach sand from dune sand and from river sand
using textural parameters (Sevon 1966). Keller (1945) has
indicated that dune sediments can be distinguished from
beach sands on the basis of shape of the size frequency
curves. Inman (1949) has established a relationship between
the dynamics involved during sedimentation and the result-
ing textural characteristics of the sedimentary rocks. The
statistical method has been applied in diagnosing the finer
differences that may exist within a particular environment of
the same physiographic unit’s viz., dune, berm, high tide,
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mid tide and low tide sediments (Mohan and Rajamanickam
1998, 2001). In the present study, an endeavor has been
made to make use of the grain size characteristics of
sediments collected from different part of the environment
that are subjected to various degree of erosion, transportation
and depositional mechanisms.

The micropaleontological criteria also rely on specific
hydrologic and geodynamic conditions. In fact depending
on the hydrodynamic of the shoreline, the geomorphology
of the coast and the behaviour of the tsunami waves, the
fossil record will present particular/different characteristics.
The micropaleontological assemblages depend, for exam-
ple, on the habitats crossed by the tsunamis waves when
traveling towards the coast. Hussain et al. 2006 studied and
identified the presence of Ostracods in the recent 26 Dec
2004 tsunamigenic sediments in Andaman Islands.

Methodology

This study aims to contribute to a better understanding of
the effects of tsunami on coastlines and what evidence they
may leave in the coastal stratigraphy by analysing the
tsunamigenic sediments. These observations of modern
tsunami sedimentation will ultimately improve the identifi-
cation and interpretation of palaeotsunamis in the geologic
record. The recognition of deposits from past tsunamis
allows geologists to extend the relatively short or non-
existent historical record of tsunamis in an area. Because
scientists cannot yet predict when a tsunami will occur,
obtaining a geologic record of past events may be one or
the only means to assess future risk. Hence the present
study has been taken up to investigate the characteristics of
the tsunami deposits along the coast of Andaman group of
Islands. The entire group of Andaman Islands has been
taken for this study. Extensive fieldwork was carried out
during May—June 2005, post-tsunami (2005) and March
2008, post-monsoon (2008). The locations of tsunamigenic
sediments surface samples were recorded using a GPS. A
total of 48 tsunamigenic surface samples were collected
from the study area from various geomorphological tsunami
inundated features such as beaches, estuaries/creeks, back-
waters and mangrove swamps, with the help of crab.
Collected samples were transferred to our geo-chemical
laboratory for further analysis. The collected surface
samples were air dried and homogenized. After homogeni-
zation, sand, silt and clay ratios were determined following
the procedure given by Carver (1971). The carbonate
content of all the surface samples was determined by
adopting the procedure of Loring and Rantala (1992), as it
is an important component of coastal marine sediments that
serves as a dilutor for trace metals. Organic matter was
estimated in the form of organic carbon based on the
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procedure suggested by Gaudette et al. (1974) to assess the
role played by organic carbon in the retention of trace
metals. Sieving was carried out in ASTM at quarter ¢
interval (25, 35, 45, 60, 80, 120, 170, 230, 325 and
Bottom). The sieve sets, stacked in the descending order of
their sizes, were shaken using Ro-tap sieve shaker
continuously for about 20 min. During sieving, proper
attention was paid to minimize the sand loss from the sieve
sets. The sieved materials were collected separately for
weighing. Weight of the individual fractions was tabulated
for further granulometric studies. Granulometric study is
essential to understand the mode of transportation and
depositional environment of sediments. Using graphic
(Folk and Ward 1957) and moment methods (Friedman
1961, 1967, 1979) the weight percentage data of 48 (two
seasons) samples were processed using a personal computer
by the modified programme of Schlee and Webster’s (1967)
procedure. The mentioned characteristics of the sediments
and the mechanisms were utilized to study the size analysis.
Textural attributes of sediments and sedimentary rocks
namely mean (Mz), standard deviation (c1), skewness (SkI)
and kurtosis (KG) are widely used to reconstruct the
depositional environments of sediments and sedimentary
rocks (Amaral 1977). For the present study, GRADISTAT-
VERSION-4.0 programme developed by Sumaon Blatt and
Kenneth Pye (2001) is utilized. From the statistical
parameters, frequency curves, mean size, standard devia-
tion, skewness, kurtosis and a comparative statement was
drawn for the analysis proceedings.

Study area

The entire group of Andaman Islands has been taken for
this study. Extensive fieldwork was carried out from June
2005 post-tsunami and during March 2008, post-monsoon
(2008). The Andaman and Nicobar Islands comprising of
572 islands/islets, extend over an area of 8,249 Km?”. These
islands are located between 6° 45" and 13°41” North
latitudes, and 92° 12" and 93° 57" East longitudes.
However, only 38 Islands are inhabited having a total
population of 3,56,152, according to the 2001 Census.
Although, 94 are designated as sanctuaries, including six
areas as national parks, two of which are marine national
parks, two areas and two islands as tribal reserves in the
Andamans. The land area of 6,408 km? in the Andamans
constitutes 90% as reserves and protected areas of which
36% are tribal reserves. The entire Nicobar group is a tribal
reserve and has four wildlife sanctuaries, two national parks
and one biosphere reserve. The status, flora, fauna and
profiles of all the protected areas for both island groups has
been discussed in detail (Pande et al. 1991; Andrews and
Sankaran 2002; ANET 2003).

The locations of the tsunamigenic surface sediments
were recorded using GPS and are given in the Table 1. The
study are has been further segmented into the North
Andaman, Middle Andaman, South Andaman and Little
Andaman. Diglipur and Mayabandar which come under the
study areas of North Andaman Islands, where Rangat,
Baratrang and the Havelock Island cover the Middle
Andaman. Similarly Port Blair, Siphighat creek, Corbins
Cove Beach, Chatham Islands, Ross Island, Rutland Islands
and Chidiyatapu areas come under the South Andaman and
finally the Hut Bay, in Little Andaman Islands (Fig. 1). The
Andaman and Nicobars are fringed by one of the most
spectacular reefs in the world and currently they are not
only significant for the Indian Ocean region, but are also
globally (Kulkarni 2000; Vousden 2000; Turner et al. 2001;
Andrews and Sankaran 2002).

Historical earthquake in the Indian ocean

Even though tsunami is a common phenomenon in the
Pacific region, some destructive tsunamis have also
occurred in the Indian and Atlantic Oceans (Altinok and
Ersoy 2000). As far as the Indian Ocean is concerned, the
main tsunamigenic sources are past and potential earth-
quakes generated at its eastern boarder great subduction
zone ranging from Myanmar to Indonesia through Nicobar
and Andaman Islands (Fig. 2). The recurrent tsunami events
(triggered by seismic activity) of the Indian Ocean indicate
that more than 80% of them are originated from the Java
Sumatra and Andaman/Nicobar subduction zone (Rastogi
and Jaiswal 2006). Mega-carthquakes and associated
tsunamis have approximately a 2 century period of
recurrence while the one of smaller but significant event
is of the order of few decades (Rastogi and Jaiswal 2006).
In this study we have updated former catalogs of tsunami
events in the Indian Ocean (about 90) (Newcomb and
McCann 1987; Heck 1947; Berninghausen 1966; Lisitzi
1974 and USGS 2005).

Description of 26 December 2004 tsunami

On Sunday, 26 December 2004 at 00:58:53 UTC, a great
earthquake with a moment magnitude of 9.0—or possibly
greater (Stein and Okal 2005)—nucleated 250 km southwest
of the north tip of Sumatra, Indonesia. A large tsunami was
generated and severely damaged coastal communities in
countries along the Indian Ocean, including Indonesia, Thai-
land, Sri Lanka, India, Maldives, and Somalia (Synolakis and
Kong 2006; Synolakis et al. 2005) where distances of more
than 6,000 km, which correspond to wave travel time up
to ~8 hrs. The original earthquake and aftershocks
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Table 1 Sample locations with GPS values and the distance from the shoreline

S.No. S.ID Lat Long Sample location Distance from the shore line (m)
1 DGl 13°1328" 93°02'42" Kalipur

2 DG2 13°16'08" 93°0225" Old Jetty Durgapur

3 DG3 13°16'11" 93°0224" Durgapur 10

4 DG4 13°16'36" 93°01'51" Old fisher colony 1

5 DGS5 13°16'54" 93°01'36" Ariel Bay Jetty 30
6 MBI 12°55'07" 92°55'56" Avis island 20
7 MB2 12°56'30" 92°57'14" Sound island 17

8 MB3 12°57'40" 92°55'19" Extension of Mayabandar 0.51
9 MB4 12°56"27" 92°54'03" Orchid island 5.9
10 MBS 12°56'12" 92°5325" Curlew island 2

11 MB6 12°55'56" 92°53"27" Egg island 1

12 MB7 12°55'45" 92°53'13" Dotterl island 6

13 MB8 12°54'33" 92°52'33" Shallow bay 20
14 MB9 12°50'50" 92°5620" Karmatang 8

15 RA1 12°35'45" 92°5727" Rangat coast 0.12
16 RA2 12°35'41" 92°5726" Rangat coast 0.78
17 RA3 12°35'35" 92°5726" Rangat coast 0.47
18 RA4 12°35'34" 92°57'50" Rangat coast 0.24
19 RAS 12°30'42" 92°57'57" Aamkunj beach 0.57
20 BALl 12°06'36" 92°44'37" Estuaries 20
21 BA2 12°03'54" 92°46'11" Estuaries 6

22 BA3 12°0627" 92°48'00" Estuaries 0.25
23 BA4 12°11'32" 92°52'43" Boat fan broken 4
24 BAS 12°11'36" 92°52'32" Limestone cave 10
25 SA1 11°3026" 92°41'58" Chidiyatapu 130
26 SA2 11°29'31" 92°36'57" Jolly boys island 10
27 SA3 11°2929" 92°39'19" Rutland island 20
28 SA4 11°30'41" 92°36'58" Red skin island 5
29 SA5 11°35'01" 92°36'04" Alexandra island 30
30 SA6 11°35'01" 92°36'41" Grub island 15
31 SA7 11°39'31" 92°43'49" South coast 11
32 SA8 11°34'45" 92°044'16" Junglighat 5

33 SA9 11°34'47" 92°44'13" Junglighat 8

34 SA10 11°39'31" 92°43'49" Junglighat 10
35 HA1 11°59'03" 92°57'13" Radha Nagar beach 5

36 HA2 12°01'10" 93°00'32" Dolphin beach 2
37 HA3 12°02'30" 92°58'49" Havelock Jetty 15
38 SC1 11°3624" 92°41'16" Sipighat estuaries 1,500
39 SC2 11°3627" 92°41'17" Sipighat estuaries 1,460
40 SC3 11°36'34" 92°41'17" Sipighat estuaries 1,300
41 SC4 11°36'46" 92°41"28" Sipighat estuaries 808
42 SC5 11°36'46" 92°41'32" Sipighat estuaries 780
43 HB1 10°3725" 92°32'63" Nethaji Nagar 25
44 HB2 10°35'34" 92°32'35" Hut bay 75
45 HB3 10°3520" 92°3320" Jetty harbour 193
46 HB4 10°35'04" 92°33'56" Back waters 55
47 HBS 10°3426" 92°33'56" Vetinary hospital 265
48 HB6 10°33'55" 92°33'33" Harmindar bay 325

DG Diglipur, MB Mayabandar, R4 Rangat, B4 Baratrang, S4 South Andaman, H4 Havelock, SC Sipighat creek, B Hut Bay, RUT Rutland

Island and JUN Junglighat
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Fig. 1 Map of study area showing field-sampling locations
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indicate that approximately 1,200 km of this fault
ruptured along the northern Sunda Trench (Fig. 3). The
first 650 km of the rupture appears to be the source zone
responsible for the generation of the principal tsunami that
resulted in loss of life on remote shorelines-sea floor
deformation here was rapid compared to the propagation
speed of the tsunami.

This is the fourth largest earthquake in the world since
1900 of which the largest is the Chile earthquake in 1960,
with Mw 9.5, followed by the 1964 Prince William Sound,
Alaska earthquake Mw 9.2 and the Kamchatka in 1952
with the Mw 9.0. The 26 Dec 2004 tsunami caused more
casualties than any other in recorded history. In total, more
than 157,577 people were killed, 26,763 are still listed as

Fig. 3 The epicenter of the 26 15

missing and 1,075,350 were displaced in South Asia and
East Africa. At least 110,229 people were killed by the
earthquake and tsunami in Indonesia. Tsunamis killed at
least 30,922 people in Sri Lanka, 10,749 in India, 5,303 in
Thailand, 150 in Somalia, 81 in Maldives, 68 in Malaysia,
59 in Myanmar, 10 in Tanzania, 3 in Seychelles, 2 in
Bangladesh and 1 in Kenya (USGS 2005). Even though
tsunami is a common phenomenon in the Pacific region,
some destructive tsunamis have also occurred in the Indian
and Atlantic Oceans (Altinok and Ersoy 2000). Oceanic
waves caused by the 27 August 1883 Krakatoa volcanic
explosion in Indonesia, was the earliest record of tsunami
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Table 2 Minimum, maximum and average concentration of tsunamigenic surface samples during the post-tsunami (2005)

S.ID Range Sand (%) Mud (%) Caco3 (%) Om (%) Sediment type

DG Min 98.20 1.60 2.87 0.14 Sand
Max 98.40 1.80 3.89 0.54
Ave 98.28 1.72 3.35 0.34

MB Min 93.00 0.80 10.65 0.10 Sand
Max 99.20 7.00 18.75 0.52
Ave 97.81 2.08 15.39 0.27

RA Min 98.20 1.40 0.32 1.01 Sand
Max 98.60 1.80 1.47 1.43
Ave 98.40 1.58 0.68 1.28

BA Min 97.00 1.60 1.12 0.19 Sand
Max 98.40 3.00 4.75 0.64
Ave 97.86 2.14 2.82 0.37

SA Min 95.00 1.00 2.35 0.10 Sand
Max 99.00 5.00 15.47 10.32
Ave 97.82 2.18 7.77 3.93

HA Min 89.80 0.80 10.42 0.21 Sand
Max 99.20 10.20 12.64 2.57
Ave 95.73 4.27 11.84 1.40

SC Min 98.20 0.80 0.14 13.95 Sand
Max 99.20 1.80 1.45 17.84
Ave 98.78 1.22 0.58 16.14

HB Min 98.20 1.30 11.76 0.16 Sand
Max 98.70 1.80 16.03 0.63
Ave 98.42 1.58 13.93 0.32

created large waves of height 11 to 11.5 m in Kutch
region.

Results and discussion
Tsunamigenic sediment characteristics
Sand-silt-clay ratio (texture)

It is essential to study the sand, mud (silt and clay)
characteristics in sediment samples to understand the
geochemical behaviour of trace elements. Trefethen’s
(1950) textural nomenclature has been in the study to describe
the sediment texture. The relative abundance of sand, mud in
the tsunamigenic sediments samples was estimated (Tables 2
and 3), as a result the tsunamigenic sediments of both
periods post-tsunami (2005) and post-monsoon (2008) are
mainly composed of sand (Figs. 4 and 5).

Organic matter (OM)
Organic matter is a major constituent, and also a good index

of the environment in which sediments are deposited. OM
in the sediments indicates the biological activity, fertility of

overlying water and also the status of pollution of the
aquatic ecosystem (Alagarsamy 1991). Determination of
organic matter helps to understand the mobilisation,
precipitation and retention of trace elements in the sedi-
ments (Ramesh and Anbu 1996). Organic matter in the
sediments of an ecosystem is brought from land through
run-off and weathering of soils. The important source for
organic matter is plant and animal matter from the adjacent
ecosystem (Shankaranaraya Guptha 1979).

The study of organic matter and calcium carbonate in
estuarine and coastal environments is important as organic
carbon is used as a tool for predicting of pollution (Shimp et
al. 1971; Schoettle and Friedman 1973). Calcium carbonate,
on the other hand, is an indicator of provenance and
dispersal of terrigenous material (Loring and Nota 1973).
Organic matter in sediments has highly variable sources,
including primary plankton production, terrestrial compo-
nents such as humic acid-rich particulates, pollen, leaves and
residues of which include the remains of living organisms, as
well as various constituents produced as a result of the action
of various agents on the original living matter.

Organic matter plays an important role in the transport of
metals, since it is able to bind trace metals, and in the
diagenetic processes that take place after deposition on
(Hunter 1979; Balistrieri et al. 1981). Moreover, the
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Table 3 Minimum, maximum and average concentration of the tsunamigenic surface samples during the post-monsoon (2008)

S.ID Range Sand (%) Mud (%) Caco3 (%) Om (%) Sediment type

DG Min 96.20 3.60 2.87 0.14 Sand
Max 96.40 3.80 3.89 0.54
Av 96.28 3.72 3.35 0.34

MB Min 91.00 2.80 10.65 0.10 Sand
Max 97.20 9.00 18.75 0.52
Av 95.81 4.19 15.39 0.27

RA Min 95.70 3.90 0.32 1.01 Sand
Max 96.10 4.30 1.47 1.43
Av 95.90 4.10 0.68 1.28

BA Min 93.80 4.80 1.12 0.19 Sand
Max 95.20 6.20 4.75 0.64
Av 94.66 5.34 2.82 0.37

SA Min 92.20 3.80 2.35 0.10 Sand
Max 96.20 7.80 15.47 10.32
Av 95.02 4.98 7.77 3.93

HA Min 87.50 3.10 10.42 0.21 Sand
Max 96.90 12.50 12.64 2.57
Av 93.43 6.57 11.84 1.40

SC Min 96.80 2.20 0.14 13.95 Sand
Max 97.80 3.20 1.45 17.84
Av 97.38 2.62 0.58 16.14

HB Min 95.80 3.70 11.76 0.16 Sand
Max 96.30 4.20 16.03 0.63
Av 96.02 3.98 13.93 0.32

sedimentation of organic matter through water removes
organic pollutants from the water column (Mackereth 1965)
and is closely associated with the removal of certain heavy
metals (Pita and Hyne 1974). Organic matter percentage in
tsunami surface samples of post-tsunami (2005) in the
Diglipur area ranges from 0.23 to 0.67% (average 0.37%),
the Mayabandar area ranges from 0.10 to 1.12% (average
0.50%), the Rangat area ranges from 0.11 to 0.89%
(average 0.48%), the Baratrang area ranges from 0.13 to
0.78% (average 0.31%), the South Andaman area ranges
from 0.10 to 14.27% (average 5.78%), the Havelock area
ranges from 0.22 to 2.79% (average 1.26%), the Sipighat
creek area ranges between 12.93 to 15.95% (average
14.66%), the Hut Bay area ranges between 0.10 to 0.45%
(average 6.66%) (Table 2). The high percentage (14.66%)
of organic matter is seen in the Sipighat creek area with low
percentage (0.31%) is recorded in the Baratrang areas.
Organic matter percentage in tsunami surface samples of
post-monsoon (2008) in the Diglipur area ranges from 0.14
to 0.54% (average 0.34%), the Mayabandar area ranges
from 0.10 to 1.52% (average 0.27%), the Rangat area
ranges from 1.01 to 1.43% (average 1.28%), the Baratrang
area ranges from 0.19 to 0.64% (average 0.37%), the South
Andaman area ranges from 0.10 to 10.32% (average
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3.93%), the Havelock area ranges from 0.21 to 2.57%
(average 1.40%), the Sipighat creek area ranges between
13.95 to 17.84% (average 16.14%), the Hut Bay area
ranges between 0.16 to 0.63% (average 0.32%) (Table 3).
The high percentage (16.14%) of organic matter is seen in
the Sipighat creek area with low percentage (0.27%) is
recorded in the Baratrang areas.

Calcium carbonate (CaCOj3)

Carbonate is an important component of marine sediments
and has been found to be an important indicator of
provenance and dispersal of terrigenous material (Loring
and Nota 1973). Likewise, organic carbon matter is
determined to assess the role played by the organic fraction
of sediments in the transport, deposition and retention of
trace metals (Loring and Rantala 1992). In addition, the
nature and amount of organic matter and carbonate content
of the shelf sediments are used as tools for the recognition
of paleoshorelines (Mohan and Rajamanickam 1994). The
grain size, organic matter and calcium carbonate content
maybe critical factors other than pollution that influence
metal distributions in sediments (Salomons and Forstner
1984; Cauwet 1987; Windom et al. 1989).
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Fig. 4 Trilinear plots of Sand-
Silt-Clay of surface samples
during post-tsunami (2005)
(after Trefethen’s 1950)
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Hence, the distribution patterns of calcium carbonate in the
study area was determined to know the ecology and its
relationship. The percentage of CaCO; in the analysed
surface sample of post-tsunami (2005) in Diglipur area
ranges between 4.39 to 8.89% (average 5.42%), the
Mayabandar area ranges between 2.69 to 19.49% (average
15.92%), the Rangat area ranges between 1.58 to 6.59%

Fig. 5 Trilinear plots of Sand-
Silt-Clay of surface samples
during post-monsoon (2008)
(after Trefethen’s 1950)
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(average 3.12%), the Baratrang area ranges from 3.47 to
15.60% (average 7.56%), the South Andaman area ranges
between 3.59 to 18.60% (average 9.37%), the Havelock area
ranges between 16.30 to 18.70% (average 17.16%), the
Sipighat creek area ranges between 0.68 to 0.88% (average
0.76%), the Hut Bay area ranges between 18.10 to 19.25%
(average 10.73%) (Table 2). High percentage (17.16%) of
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CaCOj; has been recorded in the Havelock area and the
lowest percentage (3.12%) has been recorded in the Rangat
area.

The percentage of CaCOj in the analysed surface sample
of post-monsoon (2008) in Diglipur area ranges between
2.87 to 3.89% (average 3.72%), the Mayabandar area ranges
between 10.65 to 18.75% (average 15.39%), the Rangat area
ranges between 0.32 to 1.47% (average 0.68%), the
Baratrang area ranges from 1.12 to 4.75% (average 2.82%),
the South Andaman area ranges between 2.35 to 15.47%
(average 7.77%), the Havelock area ranges between 10.42
to 12.64% (average 11.84%), the Sipighat creek area
ranges between 0.14 to 1.45% (average 0.58%), the Hut
Bay area ranges between 11.76 to 16.03% (average
13.93%) (Table 3). High percentage (17.16%) of CaCO;
has been recorded in the Havelock area and the lowest
percentage (3.12%) has been recorded in the Rangat area.

Granuometric analysis

Granulometric studies of the beach sediments on the east
and west coasts of India have been carried out by
Chakrabarti (1977); Chaudhri et al. (1981); Rajamanickam
and Gujar (1984, 1988, 1997); Chauhan et al. (1988);
Chauhan and Chaubey (1989); Chauhan (1990); Mohan
and Rajamanickam (1998); Mohan et al. (2000); Rao et al.
(2005); Angusamy and Rajamanickam (2006).

Tsunami sediments in the studied locations are mainly in
the form of continuous sheet (few cm to few tens of cm
thick), of coarse and medium sand. Their thickness depends
on many local factors. The average of these sediments at
various places has been given in the Table 4 for post-
tsunami (2005) and in Table 5 for post-monsoon (2008) of
the analysis. The sediments are classified as coarse sand to
medium sand during the period of post-tsunami (2005)
(Table 4). Whereas during the period of post-monsoon
(2008) the sediments range from fine sand to medium sand
(Table 5). In general the 26 December 2004 tsunami
deposits mainly consist of coarse sand in Diglipur, Rangat,
Mayabandar, Baratrang and Hut Bay area, while the
deposits mainly consist of sand in South Andaman and
Havelock Islands and medium sand in the Sipighat creek.
Most of the sediments are delivered from erosion of
nearshore and beach zone. The observed differences in
grain size are caused by local factors.

Mean size and standard deviation

The analysed post-tsunami (2005) samples consist of sheets
of very fine sand to medium sand. Most of the sediments
are moderately well sorted (Table 4). Standard deviation
(o1) measures the sorting of sediments and indicates the
fluctuations in the kinetic energy or velocity conditions of

@ Springer

the depositing agent (Sahu 1964). The best sorting is
presented in samples from Rangat (RA) and is mainly
unimodal, well sorted. The worst sorting (poorly sorted)
obtained samples consisting of trimodal, poorly sorted at
Diglipur (DG) and in Hut Bay (HB). The sample from
Mayabandar (MB), Baratrang (BA) and Sipighat (SC)
consists of moderately well sorted. The mean size indicates
that the coarse sands were deposited at a high energy
conditions and well sorted medium sand were deposited at
a moderate energy conditions. The variation in phi mean
size, therefore, reveals the differential energy conditions
leads to the deposition of these kinds of sediments in
different locations. The post-monsoon (2008) sediments are
moderately sorted (Table 5). The sample type at most of the
locations consists of moderately sorted very fine sands at
Mayabandar (MB) and Sipighat (SC).

Skewness

Skewness is a measure of grain-size distribution symmetry.
Most of the analysed post-tsunami (2005) samples, in the
Mayabandar, Rangat, Baratrang, and Havelock consist of
excess of coarse material (coarse and very coarse skewed).
On the other hand the samples are fine skewed in Diglipur,
South Andaman, Siphighat and Hut Bay Table (4). The
post-monsoon (2008) samples are mainly of coarse skewed
(Table 5).

Kurtosis

Kurtosis is a measure of the grain-size distributions,
whether they are peaked or flat relative to normal
distribution. The analysed samples during the post-
tsunami (2005) are platykurtic in Diglipur, most of the
samples in Mayabandar, South Andaman, Havelock and
Hut Bay are mesokurtic and samples at Rangat, Baratrang
and Sipighat are lepokurtic in nature (Table 4). Most of the
post-monsoon (2008) samples are mesokurtic except in
Mayabandar which is lepokutric (Table 5).

Sediment ecology

The sand silt clay ratios clearly indicate the dominance of
sand in both the post-tsunami (2005) as well the post-
monsoon (2008). The sandy nature may be due to the
transportation of sediments form the offshore bed to the
low-lying environment. The samples were mainly collected
from the creek, bays and estuaries where deposition of the
organic matter is favoured. Further, due to the environmen-
tal conditions where organic matter vs mud that favor
organic matter positively in the mud rich samples. The
turbidly is very low inside this creek and this may also
favor organic matter. The coastal flats have an admixture of
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Fig. 6 Scatter plot for sand, 15 y=-1.002x + 100.2 30 y=-0.562x +65.
mud, calcium carbonate and - 10 R?=0.991 & 20 R? =0.01
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sand, silty clay and diluvial material with fine fragments of
coral lime. Coralline rocks are exposed in the coastal
segments of the Andaman Islands and the fringing reefs that
are arranged around the chain of islands may favor the
organic matter and carbonate content in this region. That
the organic matter vs sand does not show relative
correlation may be due to erosional activities of the
sediments. The study mainly focused on the nature of
sediment and its characteristics with respect to grain size,
during the post-tsunami (2005) and post-monsoon (2008) of
Andaman group of islands. From the scatter plots, it was
found that there is no good relation between the organic

matter and mud during the post-tsunami (2005) but there is
a good positive correlation (R? = 0.183) for the post-
monsoon (2008).

Calcium carbonate shows a correlation (R* = 0.015)
during the post-tsunami (2005) (Fig. 6). Carbonate content
is high in the beach samples when compared to estuaries,
creeks and mangrove areas during the post tsunami. The
higher carbonate content at creeks and estuary are probably
due to the accumulation of high order broken shell debris.
During the post-monsoon 2008 (Fig. 7) the correlation is
(R* = 0.004) may be due heavy rainfall causing erosional
activities near the coastal locations.

Fig. 7 Scatter plot for sand, 15 y=-1x+100 20 y=-0.233x+ 30.07
mud, calcium carbonate and 10 R=1 15 * * .004
organic matter in post-monsoon g g 10
(2008) 5 5
0 4 T T ] 0 !
85.00 90.00 95.00 100.00 85.00 90.00 95.00 100.00
Sand Sand
20 y=0.711x- 65.12
: o 20 =0.233x+ 6.738
R*=0.056 & . h : R2=40.004
: e
0 ‘—"—|
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20 +p V=0711x+5998 20 - y=-0.360x +5.681
R*=0.056 R*=0.183

*

@ Springer

Om



Sediment characterisation of the 26 Dec. 2004 Indian ocean tsunami

227

Fig. 8 Grain size statistics,

Grain size satistics post tsunami 2005

during post tsunami 2005
(logarithmic method)
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There is a good correlation (Fig. 6) between the
calcium carbonate and organic matter during the post-
tsunami (2005) but during the post-monsoon (2008) the
level of correlation is less. This clearly indicates that
during the time of tsunami inundation the waves had
eroded the coral beds in the near offshore region and
deposited the sediments with number of broken shell
fragments.

Sediment texture

The phi mean size of the samples varies from 1.112
(Rangat) to 2.415 (Sipighat) with an average mean of 1.865
(Fig. 8) during the post-tsunami (2005). The majority of the
sediments sample falls in coarse sand category and the rest
in medium sand category. The mean size indicates that the
fine sands were deposited at moderately low energy
conditions and the medium sand were deposited at
moderate energy conditions. The variation in phi mean
size, therefore, reveals the differential energy conditions
that lead to the deposition of these kinds of sediments in
different locations. The phi mean size of the samples varies
from 1.538 (Digilipur) to 2.532 (Siphighat) with an average
mean of 1.903 (Fig. 9) during the post-monsoon (2008).

Fig. 9 Grain size statistics,
during post monsoon 2008
(logarithmic method)
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The sorting of the tsunami sediments varies from 0.561
(Digilipur) to 1.073 (Rangat) with an average mean of
0.802 (Fig. 8) during the post-tsunami (2005). The sorting
of the tsunami sediments were mainly poorly sorted,
moderately well sorted and well sorted during the post-
tsunami (2005). The sorting of the tsunami sediments varies
from 0.625 (Digilipur) to 0.973 (Siphighat) with an average
mean of 0.817 (Fig. 9) during the post-monsoon (2008).
The sorting of the tsunami sediments were mainly
moderately well sorted to well sorted during the post-
monsoon (2008).

The skewness values range between —0.170 (Siphighat)
and 2.380 (Rangat) with an average value of 0.752 during
the post-tsunami (2005) (Fig. 8). The symmetry of the
samples varies from strongly fine skewed to strongly very
coarse skewed nature. The strongly fine skewed and fine
skewed sediments generally imply the introduction of fine
material or removal of coarser fraction (Friedman 1961) or
winnowing of sediments (Duane 1964). The skewness
values range between —0.239 (Siphighat) and 1.633
(Diglipur) with an average value of 0.702 during the post-
monsoon (2008) (Fig. 9).

The kurtosis values range between 2.439 (Digilipur) and
11.397 (Rangat) with an average value of 4.904 during the

Grain size statistics post monsoon 2008

O MEAN W SORTING 0O SKEWNESS 0O KURTOSIS
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Sample location
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post-tsunami (2005) (Fig. 8). The Kurtosis of the tsunami
sediments were mainly Platykurtic, Mesokurtic and Lep-
okurtic. Friedman and Sanders (1978) suggested that
extreme high or low values of kurtosis imply that part of
the sediment achieved its sorting elsewhere in a high energy
environment. The variation in the kurtosis values is a
reflection of the flow characteristics of the depositing
medium (Seralathan and Padmalal 1994; Baruah et al.
1997). The kurtosis values range between 2.395 (Siphighat)
and 10.524 (Digilipur) with an average value of 4.950
during the post-monsoon (2008) (Fig. 9). The kurtosis of
the tsunami sediments where mainly Mesokurtic and
Lepokurtic.

Conclusions

This study contribute to a better understanding of the
effects of tsunami on coastlines and the evidence that left in
the coastal stratigraphy by the analysed tsunamigenic
sediments. These observations of modern tsunami sedimen-
tation will ultimately improve the identification and
interpretation of palacotsunamis in the geologic record.
The studied sediments, deposited by the 26 December 2004
tsunami in Andaman group of islands belong to poorly
sorted, coarse sand to medium sands, and are similar to
depositional effects of previously reported earthquake-
generated tsunami waves. From the textural analysis it is
inferred that the type of the sediments is mainly composed
of sand in Diglipur and Havelock Islands and with sandy
silt in the Mayabandar and silty sand in the South Andaman
areas. Generally the texture of the sediments is mainly of
sand which indicates the high-energy environment i.e.,
tsunami waves have deposited some sediments in the low
energy area. The grain size analyses of the sediments show
a distinct difference between the deposition of sediments by
normal cycle of waves and by tsunami waves. The sediment
texture, organic matter and carbonate studies clearly
indicate the high energy deposition environments. The
majority of the sediments sample falls in coarse sand
category and the rest in medium sand category. The mean
size indicates that the fine sands were deposited at a
moderately low energy conditions and the medium sand
were deposited at a moderate energy conditions. The
variation in phi mean size, therefore, reveals the differential
energy conditions leads to the deposition of these kinds of
sediments in different locations. The sorting of the tsunami
sediments were mainly poorly sorted, moderately well
sorted and well sorted during the post-tsunami 2005. The
sorting character concludes that the sediments were from
beach whereas mainly moderately well sorted to well sorted
during the post-monsoon 2008. The symmetry of the
samples varies from strongly fine skewed to strongly very
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coarse skewed nature in the post-tsunami 2005 and post-
monsoon 2008. The Kurtosis of the tsunami sediments
where mainly Platykurtic, Mesokurtic and Lepokurtic
during the post-tsunami 2005 and mainly Mesokurtic and
Lepokurtic in post-monsoon 2008 which indicates multiple
environment and primarily of their original characters of
marine environment.
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