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Introduction

Themangrovevegetatedshorelineshad

widelydevelopedinthesouthwestempartof

theMalayPeninsula.Inthelatterhalfofthe

twentiethcentury,mostmangroveve野tation

insouthemThailand,however,wasdestroyed

by human activities (Aksomkaoe and

Paphavatist, 1993), and well preserved

mangroveforestscan beseenonlylnafew
limitedareas.

Thisstudyaimsate狙mlnlngthelandforms
andsedimentsofan estuarinelowlandin

relationtothemangrovehabitat,andalso
discussestheeffectofthefuturesealevelrise

causedby thegr紺Ihouseeffectto the

mangrovedistributionofthestudyarea.

ThestudyareaistheSatunlowlandinthe

southwestempa托oftheThailandwherethe

mangrove vegetation is preserved in a

relativelybettercondition.

Regionalsettings
The Satun lowland locates in the

southwest肝npartOfMalaypeninsula,andis

surroundedbyrelativelylowmountainsand

hillswithheightofseveralhundredmeters.

Thelowland,al)out25km from northto

southand10-15kmfromeasttowest, faces

totheStraightofMalacca,andsomeisolated
limestonehillscanbeseeninthelowland.

Theheightofthelowlandisabout20min

thenorth,5-8m inthecentralpart,lower

than2-3minthesouthempart,respectively･

Mostsouthem partofthelowlandislower

than high tidelevel,and iscoveredwith

mangrovevqgptation.TidalranBPOfthisarea

basedonourobservationsinDecember1996

andinSeptember1997wasapproximately2
to3meters.

Methods

Geomorpholo由Cal and geolo由Cal

investlgat10nhavebeendoneinlate1996and

middle1997.Alandfbrm Classificationmap

wasdrawnuslng1:40,000scaleaerialphotos.

To clarify the landfTormsand geologLCal

featuresoftheregLOn,theauthorsdidfTleld

reseamhandcoll∝tedsomesamplesuslnga

handauger.Somesampleswerecollectedfor
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Fig.1 MapshowlngtheSatunlowland･
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radiocarbondatingaJ一dforbothchemiCaland

paieontolo由Calanalyses.Theboringsitesin
thelowlandareinandaroundSatunuIもan

area,andinseveralspotsalongtheroad

number4183toFerryport.

LandformsoftheSatunlow且and

Theelevationofgreaterpartofsouthem
SatunlowlandisbetweenthemeaJltidelevel

andhigh tidelevel,andtheredoniscovered

withtide waterduling

thehightide.Thisre由onisclassifiedasatidal

plain.RiversastheKhlongThaChin(Chin
River),KhlongPhrao(phraoRiver),Khlong
Bam Bang(Bam Bangmver)flow inthe

southernpartofthelowland,andmanytidal

creeksdeveloponthetidalplain.Amongthe

tidalcreeks,therearesomelar野Creeksasthe

KhlongTaMiaJlg(TaMiangCreek)witha
widthofseveralhundredmeters.Themouth

oftheseriversfわrmsalargeestuary,andit

extendstotheinlandapproximately2.5and
withthemaximumwidthis2.0km,Tidalflats

developalongthemouthoftheestuarylnthe
levelbetween mean tideaLld low tide.

Mangroveforestsdeveloponthegreaterpart

oftheuppertidalplain,butmuddvsediments

areexposedinthetidalnat_

Ontheotherhand, thedens】ityOfstream
networkislowinthenorthem halfofthe

lowland,

Riverscannotbeseeninthecentraland

northernlowlandexcepttheKhlongWangPra
(WangPraRiver)anditsbranch.esandKhlong

Bam Bang(Bam BangRiver).Theserivers
dissectthesurfaceofthelowllmd,andform

narrow valley plains. Relative heights
betweenthesu血ceofthelowlandandthe

valleyplainsare3-5meters.
Sincetheeastemmountainsandsmallhills

inthecentral lowland areconsisted of

limestone,theslopesofthemountainsand
hillssurroundedbythelowlandarevery

steq).Low and野ntleslopesandrelatively

natsurfaceswiththeheightofabout20-30m

developalongthefわotofmountainsandhills
inthewestem margLnOfthelowland.The

Surfacesedimentsoftheregionareoxidizedin

deep reddish brown color, and it is

remarkablydifferentfromthesedimentsof
thelowland∴

PleistocenesedimemtS

Uppersedimentsofnorthernhalfofthe

lowlandisremarkablydifferentfromthoseof

thesouthemhalf.Theboundaryofthetwo
regLOnSisalmostalOngtheeast-westline
acrosstheSatunurbanarea.

Innorthernpartofthelowland,thesurface

sedimentsconsistofthegraywhiteand

ocasionalreddishmottledsiltysandorsandy

silt.Thissedimentsarerelativelyhardand

compact,alsoseenintheoutcropsnearthe

airportWhichlocates2km northofSatun
Urbanarea.Thesurfacesedimentsofthearea

aroundBanThaChinwhichlocatesnollhor

theKhaoWangMan(Mt.WangMan)arethe

same.Sincethesedimentsarenotdeeply

weatheredincomparisonwiththereddish

weatheredsedimentsinthesurroundingregion
ofthelowland,itseemstobefわrmedinthe
latePleistocene.

ThesurfaceofthisPleistocenesediments

becomeslowerandiscoveredwithrecent

muddysedimentstowardsthesouthernpart

orthelowland.ThedepthsofthePleistocene
surfaceare0.5-1.0minandaroundthecentral

partofSatunurbaJlarea,2minthesouthern
margLnOfSatunurbanareawhichlocates10
kmfromthecoast,andabout5matthesite
about5km fromthecoast.Thesurfaceis

lowerthan7minthereglOnnearthecoast.
Itisclear thatthe surfaceofthis

Pleistocenesedimentsbe00medeepertowards

thesouth,anditformsalow野ntlesurfacein

thenorthem partofthelowland.As the

gradientofthisPleistocenesurfaceissteeper

thanthetidalplainofthesouthem lowland,
thePleistoc併IeSurfaceisconsideredtobe

formedinthelatePleistoceneorthelast

glacialperiodunderthelowersealevel.

Holocenesedimentsandtheirage
ThesedimentswhichcoverthePleistocene
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inthesouthempartofSatunlowlandconsist
of soft muddy sediments with organic

materials.Sandysedimentswith

Occasionalsmallgravelsareseenonthetopof

thesedimentsintheregLOnnearSatunurban
area.

Mountainsandhms
Tidalplain/FIoodplajn

Limestonemountains
Sandybarrier/Strandp一ain蝉

Pleistocenesurface
Tida一f一at

Fig･2 LandformclassiBcationmapoftheSatunlowland･
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Mostofthesedimentsinthesouthempart

oftheSatuncoastallowlandconsistofmuddy
sedimentswithpeatlayerintheupper1-1.5

m.Themuddysedimentsaregreengrayor

bluegray color,anditsuggeststhatthe

sedimentsaremarineorlgln.

Apeatlayerinthemuddysedimentsatthe

siteof961130-4canbeseeninthedepthof

3.10-3.30m.Ageofthepeatis6640±90

yrBP(NUTA-5161).Thisshowsthatthe

peatlayerwasformedintheculminationof

theHolocenetransgression.Agpofthepeaty

materialintheupperpartofthemuddy
sedimentsnearBanKaianBatuatthesiteof

96120トlis5710±100yrBp(NUTA-5159).

Thisalsoshowstheageoftheculminationof

theHolocenetransgression.

Concentrationofwoodyfragmentscanbe

seenatthedepthsor5.06-5.78mand6.18-

6.94mofthesiteat970922-1,3kn fromthe
coastline_Sedimentsinbetweenandoverthe

woodyfragmentsaresandorsandy mud.

Agesofthewoodfragments･are950±130

yrBPatthetophorizonand1270±200yrBP

atthebottom horizon,respectively.These

agZeSSuggestthatthleWOOdyfr轡lentSarenot

thebasalpeatbuttheconcentrationofdrifted

woodfhgmentsalongsandspltOrbarwhich
extended&omthewest.

LandformsandMangrovehabitat
Asmentionedal)ove,thelandformsofthe

Satunlowlandarenotasimple野OmOrPhic
surfacebutthesurfacesofPleistoceneand

lateHolocene.Itisfairlyhardtodistinyish

theboundaryoftwosurfacesinthefield,but

itispossibletotracetheboundaryfromthe

detailanalysIS Ofaerial photos.These

boundariescanbeseennotonlyalongthe

KhlongWangPrabutalsoalongtheKhlong

ThaChin(ThaChinRiver)andtheKhlong
KhanChin(KhanChinRiver).Theserivers
dissected the Pleistocene surface very

shallowlyandformednarrowvalleyplains.

UppersoftsedimentsonthePleistocene

sedimentsnearthecentralpartofSatunurban

areaareverythinandmainlyconsistofsandy

sediments.This suggests thatmangrove

vegptationhaven'tcoveredtheregLOnSince
themiddleHolocenewhenthemarinearea

expanded according to the post dacial

transgression..

Mangroveve野tationdevelot)snorthof▲

KhaoWan岩Man(Mt.W礼ngMan)which
locateseastofSatunurbanarea.The

Fig･3 GeologlCalcrosssectionoftheSatunlowlandfromsouthtonorth.
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-P王eistocenesurface,however,developsJust

northofthepresentmangroveforest.This

meansthatthemangroveforestoftheareain

themiddleHolo00neexpandedalmosttothe
southemendorthePleistocenesu血 e､

Mangrovevegetationneartheeasternpart
ofSatunurbanareainthemiddleHolocene

alsoexpandedtothesouthernendofthe

Pleistocenesurface.Thepresentmangrove
limitoftheareaisalSoveryclosetothe
southemPleistocenelimit,ItisaboutIkm
south&omthePleistocenesurface.

SouthemmostpartoftheSatunurban area,

however,isnotcovered with mangrove

fTorests,andtheareaissubmergedbynoo°

tideinthetimeofhightide.Thismeansthat

thepresentlimitofthemangrovehabitatin
theareaisnotthenaturalconditionbutthe

condition00ntrolledbythehumanactivity.
Furthermore, the distance between the
southernendofthePleistocenesurfaceaJld

thenorthernendofthepresentMangrove
forestsalongtheKhlongPharao(thePharao

River),justeastofSatunurbanareaisonly1

km.ThissuggeststhemiddleHolocene

mangovelimitwasnotfTarfTromthepresent
mangrovelimit.
Thereisnodetailrecordorthemiddle

HolocenesealevelintheSatunregion.Evenif
thesealevelinthemiddleHolocenewas

higherthanthepresentsealevel,thelimitof
mangrovevegetatlOnatthattimewasnotso

differentfromthatofthepresent,becausethe
southem limitofthePleistocenesurfaceis

veryclosetothepresentmangrovelimit.

Concludingremarks
LandfTormsoftheSatunlowlandconsistof

PleistoceneandlateHolocenesu血ces.The

HolocenesurfaceconsistofthelateHolocene

sedimentswhichdepositedinandafterthe

Holocenetransgression.Southempartofthe

lowlandisclassifiedasatidalplain,andthe

levelofthetidalplainisbetweenhightideand
low tide.Pres飢t mangrove Ve野tation

developsonthetidalplain.Inthemiddleor
lateHolocene,mangrovefわrestdeveloped

alongtheexpandedinletoftheSatunbayand
southernlimitofthePleistocenesurface.

Distancebetween the northem limit or

mangroveforestinthemiddleHoloceneand

thatorthepresentoneislessthan2kmin
maXlmum.

ICPP(1995)estimatesthesealevelrise
until2100ADtobeabout50cmasthemean

valueaJldabout1masthemaximumvalue.

Thesevaluesaren'thigherthanthemiddle

HolocenesealevelintheMalaypeninsula

re由onreportedbySinsakl(1992).Andsince
thePleistocenesurfaceoftheSatunlowlandis

relatively steeper and higher than the

Holocenesurface,southernmostpartofthe

Pleistocenesu血cewillnotbecoveredbythe

expandedinletcausedbythesealevelrise.
Therefore,evenifitisassumedthatthesea
levelreachestotheestimatedvaluein2100

ADunderthepredictedsea-1evelrisecaused

bythegreenhouseeffect,mangrovefわrest

willnotexpandfurthernorthofthelimitof

theMiddleHolocenemangroveforest.
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