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Introduction

The mangrove vegetated shorelines had
widely developed in the south western part of
the Malay Peninsula. In the latter half of the
twentieth century, most mangrove vegetation
in southern Thailand, however, was destroyed
by human activities (Aksornkaoe and
Paphavatist, 1993), and well preserved
mangrove forests can be seen only in a few
limited areas.

This study aims at examining the landforms
and sediments of an estuarine lowland in
relation to the mangrove habitat, and also
discusses the effect of the future sea level rise
caused by the green house effect to the
mangrove distribution of the study area.

The study area is the Satun lowland in the
southwestern part of the Thailand where the
mangrove vegetation is preserved in a
relatively better condition.

Regional settings

The Satun lowland locates in the
southwestern part of Malay peninsula, and is
surrounded by relatively low mountains and
hills with height of several hundred meters.
The lowland, about 25 km from north to
south and 10-15 km from east to west, faces
to the Straight of Malacca, and some isolated
limestone hills can be seen in the lowland.

The height of the lowland is about 20m in
the north, 5-8 m in the central part, lower
than 2-3 m in the southern part, respectively.
Most southern part of the lowland is lower
than high tide level, and is covered with
mangrove vegetation. Tidal range of this area

based on our observations in December 1996
and in September 1997 was approximately 2
to 3 meters.

Methods

Geomorphological and  geological
investigation have been done in late 1996 and
middle 1997. A landform classification map
was drawn using 1:40,000 scale aerial photos.
To clarify the landforms and geological
features of the region, the authors did field
research and collected some samples using a
hand auger. Some samples were collected for
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Fig. 1 Map showing the Satun lowland.
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radio carbon dating and for both chemical and
paleontological analyses. The boring sites in
the lowland are in and around Satun urban
area, and in several spots along the road
number 4183 to Ferry port.

Landforms of the Satun lowland

The elevation of greater part of southemn
Satun lowland is between the mean tide level
and high tide level, and the region is covered
with tide water during
the high tide. This region is classified as a tidal
plain. Rivers as the Khlong Tha Chin (Chin
River), Khlong Phrao (Phrao River), Khlong
Bam Bang (Bam Bang River) flow in the
southern part of the lowland, and many tidal
creeks develop on the tidal plain. Among the
tidal creeks, there are some large creeks as the
Khlong Ta Miang (Ta Miang Creek) with a
width of several hundred meters. The mouth
of these rivers forms a large estuary, and it
extends to the inland approximately 2.5 and
with the maximum width is 2.0 km. Tidal flats
develop along the mouth of the estuary in the
level between mean tide and low tide.
Mangrove forests develop on the greater part
of the upper tidal plain, but muddy sediments
are exposed in the tidal flat.

On the other hand, the density of stream
network is low in the northern half of the
lowland.

Rivers cannot be seen in the central and
northern lowland except the Khlong Wang Pra
(Wang Pra River) and its branches and Khlong
Bam Bang (Bam Bang River). These rivers
dissect the surface of the lowland, and form
narrow valley plains. Relative heights
between the surface of the lowland and the
valley plains are 3-5 meters.

Since the eastern mountains and small hills
in the central lowland are consisted of
limestone, the slopes of the mountains and
hills surrounded by the lowland are very
steep. Low and gentle slopes and relatively
flat surfaces with the height of about 20-30 m
develop along the foot of mountains and hills
in the western margin of the lowland. The

surface sediments of the region are oxidized in
deep reddish brown color, and it is
remarkably different from the sediments of
the lowland.

Pleistocene sediments

Upper sediments of northern half of the
lowland is remarkably different from those of
the southern half. The boundary of the two
regions is almost along the east-west line
across the Satun urban area.

In northern part of the lowland, the surface
sediments consist of the gray white and
occasional reddish mottled silty sand or sandy
silt. This sediments are relatively hard and
compact, also seen in the outcrops near the
airport which locates 2 km north of Satun
Urban area. The surface sediments of the area
around Ban Tha Chin which locates north of
the Khao Wang Man (Mt. Wang M an) are the
same. Since the sediments are not deeply
weathered in comparison with the reddish
weathered sediments in the surrounding region
of the lowland, it seems to be formed in the
late Pleistocene.

The surface of this Pleistocene sediments
becomes lower and is covered with recent
muddy sediments towards the southern part
of the lowland. The depths of the Pleistocene
surface are 0.5-1.0 m in and around the central
part of Satun urban area, 2 m in the southern
margin of Satun urban area which locates 10
km from the coast, and about 5 m at the site
about 5 km from the coast. The surface is
lower than 7 m in the region near the coast.

It is clear that the surface of this
Pleistocene sediments become deeper towards
the south, and it forms a low gentle surface in
the northern part of the lowland. As the
gradient of this Pleistocene surface is steeper
than the tidal plain of the southern lowland,
the Pleistocene surface is considered to be
formed in the late Pleistocene or the last
glacial period under the lower sea level.

Holocene sediments and their age
The sediments which cover the Pleistocene
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in the southern part of Satun lowland consist
of soft muddy sediments with organic

materials. Sandy sediments with
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occasional small gravels are seen on the top of
the sediments in the region near Satun urban
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Fig. 2 Landform classification map of the Satun lowland.
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Most of the sediments in the southern part
of the Satun coastal lowland consist of muddy
sediments with peat layer in the upper 1-1.5
m. The muddy sediments are green gray or
blue gray color, and it suggests that the
sediments are marine origin.

A peat layer in the muddy sediments at the
site of 961130-4 can be seen in the depth of
3.10-3.30 m. Age of the peat is 6640+ 90
yrBP (NUTA-5161). This shows that the
peat layer was formed in the culmination of
the Holocene transgression. Age of the peaty
material in the upper part of the muddy
sediments near Ban Kaian Batu at the site of
961201-11is 5710100 yrBP (NUTA-5159).
This also shows the age of the culmination of
the Holocene transgression.

Concentration of woody fragments can be
seen at the depths of 5.06-5.78 m and 6.18-
6.94 m of the site at 970922-1, 3 km from the
coast line. Sediments in between and over the
woody fragments are sand or sandy  mud.
Ages of the wood fragments are 950 130
yrBP atthe top horizon and 12704200 yrBP
at the bottom horizon, respectively. These
ages suggest that the woody fragments are not
the basal peat but the concentration of drifted

wood fragments along sand spit or bar which
extended from the west.

Landforms and Mangrove habitat

As mentioned above, the land forms of the
Satun lowland are not a simple geomorphic
surface but the surfaces of Pleistocene and
late Holocene. It is fairly hard to distinguish
the boundary of two surfaces in the field, but
it 1s possible to trace the boundary from the
detail analysis of aerial photos. These
boundaries can be seen not only along the
Khlong Wang Pra but also along the Khlong
Tha Chin (Tha Chin River) and the Khlong
Khan Chin (Khan Chin River). These rivers
dissected the Pleistocene surface very
shallowly and formed narrow valley plains.

Upper soft sediments on the Pleistocene
sediments near the central part of Satun urban
area are very thin and mainly consist of sandy
sediments. This suggests that mangrove
vegetation haven’t covered the region since
the middle Holocene when the marine area
expanded according to the post glacial
transgressio. .

Mangrove vegetation develops north of
Khao Wang Man (Mt. Wang Man) which
locates east of Satun urban area. The
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Fig. 3 Geological cross section of the Satun lowland from south to north.
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Pletstocene surface, however, develops just
north of the present mangrove forest. This
means that the mangrove forest of the area in
the middle Holocene expanded almost to the
southern end of the Pleistocene surface.

Mangrove vegetation near the eastern part
of Satun urban area in the middle Holocene
also expanded to the southern end of the
Pleistocene surface. The present mangrove
limit of the area is also very close to the
southern Pleistocene limit. It is about 1 km
south from the Pleistocene surface.

Southern most part of the Satun urban area,
however, is not covered with mangrove
forests, and the area is submerged by flood
tide in the time of high tide. This means that
the present limit of the mangrove habitat in
the area is not the natural condition but the
condition controlled by the human activity.
Furthermore, the distance between the
southern end of the Pleistocene surface and
the northern end of the present Mangrove
forests along the Khlong Pharao (the Pharao
River), just east of Satun urban areais only 1
km. This suggests the middle Holocene
mangrove limit was not far from the present
mangrove limit.

There is no detail record of the middle
Holocene sea level in the Satun region. Even if
the sea level in the middle Holocene was
higher than the present sea level, the limit of
mangrove vegetation at that time was not so
different from that of the present, because the
southern limit of the Pleistocene surface is
very close to the present mangrove limit.

Concluding remarks

Landforms of the Satun lowland consist of
Pleistocene and late Holocene surfaces. The
Holocene surface consist of the late Holocene
sediments which deposited in and after the
Holocene transgression. Southern part of the
lowland is classified as a tidal plain, and the
level of the tidal plain is between high tide and
low tide. Present mangrove vegetation
develops on the tidal plain. In the middle or
late Holocene, mangrove forest developed

along the expanded inlet of the Satun bay and
southern limit of the Pleistocene surface.
Distance between the northern limit of
mangrove forest in the middle Holocene and
that of the present one is less than 2 km in
maximum.

ICPP (1995) estimates the sea level rise
until 2100 AD to be about 50 cm as the mean
value and about 1 m as the maximum value.
These values aren't higher than the middle
Holocene sea level in the Malay peninsula
region reported by Sinsakl (1992). And since
the Pleistocene surface of the Satun lowland is
relatively steeper and higher than the
Holocene surface, southemmost part of the
Pleistocene surface will not be covered by the
expanded inlet caused by the sea level rise.
Therefore, even if it is assumed that the sea
level reaches to the estimated value in 2100
AD under the predicted sea-level rise caused
by the green house effect, mangrove forest
will not expand further north of the limit of
the Middle Holocene mangrove forest.

Acknowledgment

We would like to express our thanks to
Prof. T. Kawana, Mr. K. Ichikawa, Mr. J.
Tsuchiya and Mr. T. Takai for their field
assistance of augering We also express our
thanks to Dr. Charlchai Tanavud (Prince of
Songkla Universty, Thailand) for his kind
help to our reserch.

References

Aksornkaoe, S. and Paphavatist, Nittharatana
(1993) Effect of sea level rise on the
M angrove Ecosy stem in Thailand. M alay sian
Journal of Tropical Geography, 24, 29-34.
IPCC (1996) Climate Change 1995. -The
Science of Climate Cange-. Contribution of
WG Ito the Second Assesment Report of the
Intergovermental Panel on Climate Change,
Cambridge University Press, 572P.

Sinsakl, S. (1992) Evidence of Quaternary sea
level changes in the coastal areas of Thailand:
a review. Journal of Southeast Asian Earth
Sciences, 7, 23-37.

—159—



MERIEAR GO - BEEHEY - FRERRE

GRCH)

AR (1997) T & HE & ik 4R 8). A HiER, 19, 550-556

Umitsu, M. (1997) Landforms and floods in the Ganges delta and coastal lowland of
Bangladesh. Marine Geodesy, 20, 77-87.

Umitsu, M., Pramojanee P., Ohira, A., Kawase, K. and Fang, J. (1998) Landforms and

Mangrove Habitat in the Satun Lowland, Southern Thailand. #H B KZINEE &0
prat 2 dX), (in press)

Umitsu, M. (1998) Holocene sedimentary environmental change of coasral Iwlands in

Japan. &7 B KZIMERE Bt 885 dX), (in press)

(FRERE)

HERIEAR - JIBEA % T - C. Woodroffe (1997) [ —Z b5 1) 7 Shoalhaven {&#iz
5 HERB OER EHIBEK. 1997 CEAHRBRREZ 7 ha VIR E RIS
VIRV A TREFEIZ V7 b a U ESRE RN K D R - Mo ERE 14C AR
Wi ORI - FEORE GEBRT)

Umitsu, M. (1997) Development and Environmental Changes of the Japanese Deltas.
REKIHAKU International Symposium : Terrestrial Environmental Changes and
Natural Disasters during the Last 10,000 Years. ([E v B st BB &)

W B (1997) whERHh O LERIFAE & ARES). #3257 b a U ISR EARIEEE
DRI & & OMBRBR BRI ~DINH. A BRPERAERBIREEY 2 —
YRV A (AEBRKPE)

W EAs (1997) 7 iicBIF D BREEIL L &GN 2 OB E L. HEREK R 2 E
FPREFRRTVRT T A, HIERBEA BN T 2 BVt R BRI DOIRE & o ikis.

(HH B KE)
VA (1997) FAZ ¥R OB, IGCP U RY Y A THEEHER A OHERE
Bl . (PR

—160—



