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Introduction

Dense mangrove habitats are distributed in the Khlong Thom and Satun areas in the western coast of the

central Malay Peninsula, South Thailand (Fig. 1). Tsukawaki and Kamiya-(1998), Tsukawaki and Asano

(1999) and Tsukawaki et al. (1999) illustrated active subaquebus sedi:neﬁtary processes ‘controlled by -

strong tidal-currents in and around the habitats based on spatial distributions and compositions of the
subaqueons sediments obtained from both areas in 1996 and 1997. However, the problem on pursuing the

origin of such biogenic sediments as calcareous benthic foraminifers and marine ostracodes still remain
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Fig. 1: Locations of the Khlong Thom and Satun areas in the western coast of l:he central
Malay Peninsula, South Thailand.
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Table 1. Results of surface sediment samplings, and measurements of water depths and
chemical properties of surface waters.
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unsolved. Further, the subaqueous surface sediments of the southernmost and largest strait in the Khlbng
Thom area that seems to be the main water course in the area had been known. As a part of the field
research project "Organic Material and Sea-level Change in Mangrove Habitat", submarine sediments off -
the mangrove habitats in the Khlong Thom and Satun areas were collected and investigated to comprehend
present distribution' and composition of them. Further, measurements of water depth and chemical
properties of surface water were carried out in the area. Taking the results of the previous searchings into
accouni, this article describes mainly the spatial distribution and composition of the submarine sediments
from the studied areas on the basis of the results of both onboard obéeﬁations and sedimentological
anhlyscs in the laboratory of the sediments. Topographical and geological backgrounds of the studied areas

are referable in above-mentioned articles.

Sampling Methods and Analytical Procedures |

Submarine sediment samples used for the present study were collected in February 1999 in the Khiong
Thom and Satun areas. The samplings were carried out mainly in the offshore areas, the area of the Straits
of Malacca in both (Figs. 2 and 3).. Four sampling sites were located in the estuarine mouth area in the
fhlong Thom area, and two and one sites were selected in a subaqueous channel in the eastern marginal
part of the Tam Ma Lang Bay (Tsukawaki et al., 1999) and the Phrao Estuary on the north of the bay in the
Satuﬁ area, réspectively. Sampling devices were a Tamura-type grab surface sampler, about 2,000 ml in
volume. Salinity, hydrogen ion exponent value (pH), and teﬁlperature and dissolved oxygen amount (DO)
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Fig. 2. Sites of subaqueous sediment samplings and measurements of chemical properties
of surface waters in the Khlong Thom area in February 1999.
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Fig. 3. Sites of subagueous sediment samplings and measurements of chemical properties

of surface waters in the Satun area in February 1999.
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measurements for surface waters were conduced using by an Atago digital salt-meter type ES-421, a
Hori_ba compact pH meter type B-212 and a Horiba handy DO meter type OM-12, reépectively. The site.
survey was always carried out with a water depth measurement by using an about 20-metres-long nylon
rope with an about two kilogrammes weight. Latitude and longitude of each sampling site were confirmed
by using a Sony type IPS-360 GPS receiver. Twenty-seven and 16 subaqueous surface sediments Wefe
successfully obtained from the Khlong Thom and Satun areas, respectively (Table 1).

In the laboratory, smear slides were prepared first and examined under a microscope for compositional

description of muddy sediments. For sandy sediments, the entire sample was heated over 24 hours at about

50°C, and its dry weight was measured. Then, it was washed over a screen with an opening of 63 pmto

remove muddy sediments, and dried and weigh again to obtain proportional mud contents. The remained
sandy sediments were sieved over screens with openings of 90, 125, 180, 250, 355, 500, 710, 1,000, i,400,
2,000, 2,800 and 4,000 « m. Then, dry weights of remains on each screen were measured to obtain
proportional grain-size distribution in weight for sandy sedunents Further, microscopic observations for

each remain were conduced to the textural and compositional descnpuon for sandy sedlments

Results

Water Depths and Chemical Properties of Surface Waters ‘
Table 1 shows the results of measmements of water depths and chemical properties of surface waters in
“both Khlong Thom and Satun areas.

Khlong Thom Area: An offshoreward gradual deepening from a few metres near the coast to 17 m at the

" -offshoremost site is recognizable in the Khlong Thom area. Water depths in the strait situated between the

Pu Island and the mainland are generally 6 - 10 metres, but deeper part is located near the straits between
the Hang Island and the mainland. The results from the measurements of chemical properhes of the surface
waters in the studied area are mostly concordant with them of Tsukawaki et al. (1999). It has no tendency
in the spatia] distribution of salinity and temperature of the surface waters which are almost High round 32
%o and 30 °C, respectively. No tendency is also recognizable in the distribution of hydrogen ion exponent
value (pH) which are 8.0 - 8.2 in whole arca. However, a certain gradient is distinguished in the spatial
distribution of dissolved oxygen amount (DO). The highest DO, 7.11 'ppm, is distinguished at the site
KT99-25 about 2 km west off the Si Bo Ya Island, and high DO area is traceable southwards to off the Pu

Island. In contrast to thls, the lowest DO is recognized at the site KT99-6 about 10 km west off the Si Bo

Ya Island, and the sites KT99-12 and 13 on the western coast of the Pu Island. The DO in the strait
between the Pu Island and the mainland is relatively low round 5.7 ppm.
Satun Area: Offshore water depths in the Satun area are shallow 3 - 6 m deep in general. The deepest

part is recognized in the subaqueous channel situated near the eastern coast of the Tam Ma Lang Bay -

(Tsukawaki et al., 1999) where the water depth is 6.8 metres. The results from the measurements of

chemical properties of the surface waters in the studied area are roughly concordant with them of

Tsukawaki et al. (1999). It has no marked tendency in the spatial distribution of hydrogen ion exponent
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‘ Table 2. Proportional mud contents and compositions of sandy sediments of the selected
submarine sediments from the Khiong Thom and Satun areas (+++: dominant, ++:
common, +: present, *: pyroxenes and zircon, **: limestones and laterites).
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“value which are 8.0 - 8.3 and salinity about 32 %o in whole area. In contrast to these, clear differences are

recognized on the distribution of water tomperaturé-and dissolved oxygen amount (DO) in the surface

- waters distributed between in the western and eastern halves of the studied area. ‘The former and latter are

characterized by high water temperature 35 - 40 °C and low DO less than 45 ppm, and comparatively low

- water temperature round 30 °C and high DO over 5.0 ppm, respectively. -

Subagqueous Sediments _

Table 1 shows the results of onboard observations of .the submarine sediments obtained from the Khlong
Thom and Satun areas. Compositions and microscopic photographs for sandy sediments from the selected
samples are shown in the Table 2 and the Plate figures, respectively.

Khlong Thom Area: Molluscan shells and shell fragments rich or bearing bluish grey very fine-grained

sand or muddy sand mostly covers the sea-floor in the area of the Straits of Malacca. Proportional mud

‘contents of these sediments are generally low less than 30%, but it increases offshorewords clearly from 13

% to 59 % at the sites 2 km and 13 km west of the Pu Island, respectively. Calcareous benthic
foraminifers and marine ostracodes are frequently contained in these sediments (Plate, figs. 1 and 2).

Planktonic foraminifers and radiolarians are occasionally detected. Sandy terrigenous sediments are

composed chiefly of very fine- to fine-grained quartz with a very little amount of heavy minerals such as
zircon (Plaie, figs. 5 and 6). Muddy sediments consist mainly of clay minerals. Coccolith is frequently
recognized in the muddy sediments. In contrast to this, yellowish brown medium- to c_oarsc-g’fained sands
composed mainly of quartz and lateritic rock fragments are distriboted in the sea-floor of the strait between
_the Pu Island and the mainland (Plate, figs. 3 and 4). Molluscan shells and shell fragments are the dominant
biogenio sediments in these samples. Plant debris, both calcareous and agglutinated benthic foraminifers
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and marine ostracodes are rare. The sample obtained at the inhermost site, KT99-20, of the studied area .

consists of granule- to pebble-gravels and molluscan shell fragment bearing brown mud.

Satun Area: Molluscan shells and shell fragments rich or bearing olive grey or bluish grey homogeneous
muds are distributed in the sea-floor of the area of the Straits of Malacca and the Tam Ma Lang Bay area.
Reddish brown mud, less than one centimetre thick, covers the surface in part. Proportional mud contents
of these sampies are varied from 12 to 98 %, but they excluding the molluscan shells and shell fragments
are inferred to be more than 90 %. Plant debris, calcareous benthic foraminifers and marine ostracodes are
commonly recognized in these sediments. Sandy terrigenous sediments consfst mainly of very fine- to
ﬁne-grained quartz (Plate, fig. 7). Muddy sediments consist mainly of clay minerals. Coccolith is
frequently recognized in the muddy sediments. On the other hand, plant debris rich yellowish brown
muddy sand is obtained from the bottorn of the Phrao Estuary. Sandy sediments are composed mainly of
medium- to very coarse-grained quartz with a small amount of lithic fragments consisting mainly of
limestones. Charcoal grains and \fery ﬁhe-grained zircon are frequently recognized in the sediments. Both

calcareous and agglutinated foraminiferal tests, and molluscan shell fragments are rarelly distinguished.

Dlscussmn Spatial Distributions and Compositlons of Offshore Sediments

- As aiready mentioned, Tsukawaki and Kamiya (1998) and Tsukawaki et al.. (1999) demonstrated the
active subaqueous sediment exchanging processes in and arcund the mangrove habitats in the Khlong
Thom and Satun areas due to the strong tidal currents. Within the water areas of both, such marine

biogenic sediments as calcareous benthic foraminifers and marine ostracodes are detected in most of

sediments from the middle to innermost parts of the areas. In contrast to this, plant debris and charcoal

grains derived from the mangrove habitats and tocal villages or kilns located in the habitats in the inner
parts of the areas are traceable into almost all sedimenté from the offshore areas. On the basis of the spatial
distribution and composition of these traceable biogenic and artificial sediments stated above in the
subaqueous sediments, and taking subaqueous topogra[.:)hical transitions in compliance with the tidal-level
into account, Tsukawaki et al. (1999), and Tsukawaki and Asano (1999) illustrated main course ways of
sediment transportation in both Khlong Thom and Satun areas by the strong tidal currents at various stages
durmg both flooding and ebbing periods.

Tsukawaki et al. (1999) inferred that the main sed1ment transportation in the Khlong Thom area during
both flooding and ebbing periods takes place through both northern and southern straits between the Si Bo
Ya Island and the mainland, and between the Pu Island and Ithe' mainland, respectively. The submarine
sediments obtained from the southern strait in the present study are characterized by dominance of coarse-

to very coarse-grained quartz that is the dominant sediments in the inner part of the area. Further, théy

contain cornpafatively large amounts of plant debris and charcoal grains originated in the inner parts. The -

relative quantity of the coarse-grained quartz and above-stated biogenic sediments is much greater than that

in the northern strait (Tsukawaki and Kamiya, 1998). These. facts support the idea that the main sediment
transportation during the ebbing tide is taking place through the southern strait in the Khiong Thom area.
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area must be reserved.

On the other hand, Tsukawaki ef al (1999) recognized a subaqueous channel that starts from the
northeastern marginal part of the Tam Ma Lang Bay near the entrance of the Ta Chin Estuary and reaches
west off the Yao Island through the central bay mouth area. They and Tsukawaki and Asano (1999) judged
that the subaqueous sediments are transported mainly through the channel during both flooding and ebbing
periods in the Satun area. The results of their bathymetrical survey and sedimentological analysis for the
subaqueous sediments support the existence of the channel, but details of its southwestern extension have
been left pending. In spite of offshore sediments from presumable southwestern extension of the channel
and around the channel were collected and investigated in the present study, no evidence for the existence
of the southwestern extension of the channel has been obtained in the studied area. Owing to a lack of field

evidence, a definite conclusion for existence of the southwestern extension of the channel in the studied

Conclusion _ _
The principal findings of this study can be summarized as follows.
1. Water depths and chemical properties of surféce waters.
A. Khlong Thom area ‘
a. An offshoreword gradual deepemng is recogmzed west off the Si Bo YaIsland, and water depths in
the southern strait are 6 - 10 m
b. A certain gradient is distinguished in the spatial distribution of DO in the area of the Strait of
Malacca.
B. Satun area
a. Water depths in offshore area are generaily 3-6m. _
b. Clear differences are recognized on the distribution of temperature and DO in the surface waters ‘.

between in the west and east of the studied area.

* 2. Subaqueous sediments around the mangrove habitats

A. Xhlong Thom area
2. Molluscan shells and shell fragments rich or bearing bluish grey very ﬁne~gramed sand or muddy
'sand mostly covers the sea-floor in the area of the Straits of Malacca. o .
b. Yellowish brown medium- to coarse-grained sands composed mainly of quartz and lateritic rock
fragments are distributed in the southern strait, o
B. Satun area
a. Molluscan shells and shell fragments rich or bearing olive grey or bluish grey homogeneous muds
are distributed in the seé-ﬂoor of the areas of the Straits of Malacca and the Tam Ma Lang Bay.
b. Plant debris rich yellow1sh brown muddy sand covefs the bottom surface of the Phrao Estuary.
3. The main sediment transportation during the ebbing tide is taking pIaoe through the southern strait in the
Khlong Thom area.

4. A definite conclusion for existence of the southwestern extension of the subaqueous channel that is the
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main sediment transportational route in the Satun area must be reserved.
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Explanation of Plate

Microscopic photographs of sandy sediments of the subaqueous off the Kh!ong Thom
and Satun mangrove habitats, South Thailand

Figs. 1 and 2: Very fine to fine-grained quartz with calcareous benthic foraminifers
and marine ostracodes from the s1te KT98-1 in the northern part of the Khlong
Thom area.

Figs. 3 and 4: Poorly sorted but well rounded medium- to 'ooarse-grained quartz with a
small amount of lithic fragments and calcareous materials from the site KT98-17
' in the southern strait of the Khiong Thom area.

Figs. 5 and 6: Very fine—grained qﬁartz with calcareous benthic foraminifers and
‘marine ostracodes from the site KT98-21 in the westernmost offshore of the
Khlong Thom area.

Fig. 7: Fine-grained 'quartz with calcareous materials from the site ST98-6 in the
offshoremost part of the Satun area. .

Fig. 8: Plant debris bearing medium- to coarse-gramed quartz from the site ST98-16
in the Phrao Estuary in the northernmost part of the Satun area.
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