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　A　delta，which　consists　of　a　low－1ying　area　foun（1at

the　mouth　of　a　river，is　an　important　feature　of

coastal　topographies．In　particular，1arge　Asian　rivers

form　huge　deltas　in　South，Southeast，and　East　Asia．

Morethan60％oftheworldpopulationlivesindeltas，
and　more　than80％of　the　world7s　total　area　with　rice

paddies　is　in　Asia．Deltaic　lowlan（ls　in　Asia　are　impor－

tant　also　to　the　stu（iy　of　sedimentology　and　global

sediment　flux．Rivers　in　southem　Asia　and　Oceania

contribute　about70－80％of　the　world　sediment　flux

from　the　land　to　the　ocean．These　huge　sediment

（ieposits　have　formed　large　deltas　during　the

Holocene，an（i　this　region　is　considere（i　the　present

（1epocenter　in　the　world．

　The　purpose　of　this　workshop　is　to　summarize
current　knowledge　of（1eltas　in　the　East　an（i　Southeast

Asian　region，and　to　establish　networks　among
QuatemaryF　scientists，sedimentologists，and　geologi－

cal　oceanographers　for　（1elta　stu（iies　in　this　region．

Recently，Japanese　scientists　have　had　several　opPor－

tunities　to　promote　intemational　cooperation　on　delta

studies　in　Asia．This　workshop　will　provide　a　forum

for　broader　exchange　of　present　knowledge　and　dis－

cussion　of　future　tasks　among　scientists．

　The　Geological　Survey　of　Japan　has　been　conduct－

ing　delta　programs　since1996．The　foci　of　these　study

programs　are　dynamic　sediment　processes，sediment

facies，sequence　stratigraphy，human　impacts，and　the

influence　of　sea－level　rise　on　large　river　deltas　in　Asia：

the　Huanghe（Yellow　River），the　Changjiang（Yangtze

River），the　Zhujiang（Pearl　River），the　Song　Hong（Red

River），the　Mekong　River，and　the　Chaophraya　River

deltas．These　programs　are　conducte（1in　cooperation

with　the　Department　of　Mineral　Resources　of
Thailand，the　National　Center　for　Natural　Science

and　Technology，Vietnam，the　Institute　of　Marine

Geology，Tongji　University，and　East　China　Normal
University　in　China，an（i　other　national　institutes　and

universities，together　with　the　National　Institute　for

Environmental　Studies　an（i　the　Geographical　Survey

Institute　in　Japan　and　Niigata　University，Nagoya

University，and　other　Japanese　universities．These

programs　are　supporte（1by　the　Global　Environmental

Research　Fund　of　the　Environment　Agency　of　Japan．

The　Research　Programs

Effects　of　Environmental　Pollution　Load　through

Large　Rivers　on　Marine　Ecosystem　in　the　East　China

Sea（Phase1：FY1996－FY1998，Phase2：FY1999－
FY2001）。Responsible　Institute：National　Institute　for

Environmental　Studies

Study　on　Comprehensive　Assessment　for　Impacts　of

Sea－Level　Rise（Phase1：FY　l997－FY1999，Phase2：

FY2000．FY2002）Responsible　Institute：Geographi－

cal　Survey　Institute

　This　workshop　is　the　third　international　workshop

organized　by　our　group　to　be　he1（1in　Japan．The　first

meeting　was　held．as　a　session　of　the　Intemational

Symposium　on　Quatemary　Environmental　Change　in

the　Asia　and　Westem　Pacific　Region，held　at　the

University　of　Tokyo　from　October14－17，1997．The

sessionname　was”Coastal　dynamics；1ate　Quatemar－
y　changes　of　deltas　and　continental　shelves万，and　it

was　convened　by　Y．Saito，M．Umitsu，and　W．W－S．

Yim．Post－meeting　publication　of　the　session　will

appear　as　a　special　issue　of　the　Journal　of　Asian　Earth

Sciences（voL18，no．4，2000）．The　second　meeting　was

the　Prof．K．0．Emery　Commemorative　IntemationaI

WorkshoponLand－SeaLinkinAsia，heldinTsukuba，
from　March15－19，1999．The　proceedings　were　publi－

shed　by　JISTEC－GSJ　at　the　workshop（Saito　et　a1．，

eds．，1999，487pages）．This　third　workshop　is　part　of

an　interim　report　on　Our　programs．

　　This　workshop　is　being　held　under　the　auspices　of

the　Active　Geological　Process　Panel　of　the　Geological

Society　of　Japan；the　Research　Group　on　Coastal

Environment　and　Morphodynamics　ofthe　Association

of　Japanese　Geographers　l　the　Sedimentological　Soci－

ety　of　Japan　l　IGCP　Project　396：ヲ’Continental

Shelves　in　the　Quaternarゾ’l　IGCP　Project　437＝

”Coastal　Environmental　Change　During　Sea－Level

Highstands7フl　IGBP－LOICZ－Japan　and　Inter
MARGINS－Japan．
　　　　　　　　　　　　　（1Marine　Geology　Department，GSJ）

Keywords：delta，Asia，global　change，human　impact

＊This　seminar　washeld　atthe’Geological　Survey　ofJapan

　in　Tsukuba，on　March　l6－17，2000．
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　　Multidisciplinary　investigations　have　been　made　on

different　Holocene　deltas　located　in　diverse　climatic，

geographic　and　geologic　settings　by　Smithsonian

Deltas－Global　Change　Program　teams　during　the

period1985to2000．Our　comparative　studies，for
example，have　focused　on　groupings　of　radiocarbon

dates　acquired　at　the　base　of　Holocene　sediment

sections　of　many　deltas（5g）。These　show　that　the

majority　of　delta　systems　were　initiated　during（1ecel・

eration　in　the　rate　of　sea－level　rise　at　about8000to

6500years　ago（Wame　and　Stanley，1994）．Moreover，

on　the　basis　of　archaeological　identification，we　find

that　humans　began　to　occupy　many　of　these
environmentally－rich　depocenters　within500years　of

their　initiation　along　different　world　coastal　margins

（Stanley　and　Wame，1997）．However，comparisons　of

（1ifferent　deltaic　systems　have　raised　salient　new

problems　that　now　warrant　attention　and　discussion

by　participants　of　the　Z）61如s防娩shoφin　Tsukuba，

Japan（March，2000）．

　　One　problem　we　have　identified　pertains　to　dating

of　Holocene　sections　above　the（1eltaic　base．Specifi－

cally，bothconventional　andAMS　radiocarbonmetho－

dologies　provide　age　results　that　are　commonly

unsatisfactory．　Dates　are　often　erratic　in　mid－an（i

upPer　core　sections　l　they　are　commonly　inverted

stratigraphically（i．e．not　systematically　yFounger　up－

section）l　and　they　are　usually　more　than2000years

too　o1（i，even　at　present　deltaic　plain　surfaces（Stanley，

2000）．Analyses　of　hundred．s　of　radiocarbon　dates

obtained　in　the　Nile（Egypt），Yangtze（China　P．R．），

Mississippi（U．S．A．），Ganges－Brahmaputra　（Bang－

ladesh，India），RhUne（France）and　Rhine－Meuse（The

Netherlan（is）in（iicate　ano血alous　ages　in　all　of　these

systems、This　observation，to　a　large　extent，results

from　progressive　incorporation　of　old　carbon　in

younger　sections，i．e．as　older　sediments　in　temporary

storage　along　fluvial　valleys　are　eroded　and　reworked

during　floods　and　subsequently　displaced　farther　down

valleys　toward　the　sea（Stanley　and　Hait，2000）．

These　episodic　downslope－to－coast，estop　and　goi

transport　and　contamination　events　are　thus　recorded

at　core　sites　by　inversion　upsection　of　ra（1iocarbon

dates，many　of　which　are　too　old　and　do　not　reliably

（1ate　the　time　of　final　deposition（Stanley　and　Chen，

2000）．

　　Difficulty　in　dating　Holocene　sequences　req，uires

serious　attention　in’view　of　the　low　elevation　of

deltaic　surfaces．Such　plains　are　vulnerable　to　the

interaction　of　natural　factors　such　as　sediment

compaction，1and　subsidence　and　rising　sea　leve1．Sea

level　has　been　rising　at　a　rate　of　somewhat＞1．O　mm／

year，while　the　amount　of　land　motion（usually　subsi－

dence）can　vary　within　a　single（1eltaic　area（e．g．～1．

O　to5．O　mm／yr　in　the　Nile），and　from　delta　to　delta

（to＞20mm／yr　in　the　Mississippi）．Together，these

factors　lead　to　relative　sea－1evel　rise　re（luiring　strat－

egies　to　protect　against　accelerate（i　coastal　erosion

and　salt　water　incursion　into　delta　plains．Radiocar－

bon　dates　that　are　too　old　lead　to　measurements　of

sediment　accretion　an（i　relative　sea－1evel　rise　that　are

too　low．Thus，to　establish　a　realistic　chrono－
stratigraphic　base　for　deltaic　sections，there　is　a　need

to　use　several　dating　methods（isotopic　and　others）

an（l　archaeological　i（1entification　concurrently（Stan－

1eyαα1．，1999）．Obtaining　accurate　dates　of　Holocene

se（luences　is　essential　for　calculating　reliable　rates　of

sediment　accumulation　a血d　of　lan（1subsidencerelati〉e

to　sea　leve1，measurements　critical　for　implementing

coastal　protection　measures．

　　During　the　past7millemia，most　Holocene　deltaic

systems　record　natural　phases　of　deltaic　plain　con－

struction　and　seaward　progradation（e．9．recent　ebird－

footi　phase　of　the　Mississippi　delta）as　well　as　of

destruction　（e．9．distributary　channel　avulsion，10be

migration　an（i　coastal　erosion　of　relict　lobes　of　the

Nile，RhUne　and　many　others）．However，it　now
appears　that（1uring　the　past2centuries，hz6仰zα7z　pres－

sures　in　many　systems　we　have　examined　have
become　more　important　than，an（10verride，襯劾名81

processes　thus　modifying　the　original　deltaic　architec－

ture．The　Nile　has　become　a　classic　example　of　a

system　where　human　artificial　alteration　has　acceler－

ated　the　destruction　phase　of　an　entire　（ieltaic　de－

pocenter（Stanley　and　Wame，1998）．Here，extensive

diversion　of　water　by　barrages，（iams　and　a　complex

irrigation　network　has　resulted　in　cut－off　of　most

fresh　water　and　sediment　reaching　the　sea．Salt　is　no

longer　flushed　from　the　plain　surface，and　erosion　of

selected　sectors　of　the　deltaic　margin　has　accelerated．

Increasingly，wetlands　are　artificially　reduced　in　size

as　they　are　converte（1to　agricultural　lan（1．As　Nile

populations　have　rapidly　grown　during　the　past3

decades（now　locally　reaching＞1000persons／km2），

waters　that　reach　wetlands　carry　la．rger　amounts　of

agricultura1，municipa1，industrial　wastes．As　a　result，

ever　sma11er　lagoon　and　marsh　areas　have　become

markedly　more　polluted，re（1ucing　much－needed　fish

catches．The　modem　Nile　is　an　example　of　a　delta

that　no　longer　functions　in　a　natural　mamer．

　　Most　fluvial　systems　elsewhere　have　also　been

dammed，or　their　water　flow　systems　modified　and

reduced，resulting　in　decreased　sediment　loads　that

entrain　deltaic　destruction　phases．We　find　that

water　diversion　an（i　chamelization　projects　on　deltaic

plains（e．g．Nile，Rio　Grande）are　usually　even　more
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important　than　dammingρ67s6（Stanley，1996）．It　is

quite　evident　that　as　humans　continue　to　migrate　onto

the　worldis（ieltas，such　systems　will　be　artificially

modified　at　an　increasing　pace．Of　course，river　water

control　measures　are　required　for　basic　human　needs，

yet　there　is　an　equally　important　need　to　maintain

healthy　delta　development．We　have　now　entered　a

new　phase　of　delta　investigations　that　emphasizes

environmental　balance，the　effects　of　which　will　be

felt　by　many．Collaborative　multi－disciplinary　scien－

ti：fic　studies　of　（ieltas　are　essential　to　resolve　the

geological　and　ecological　problems　highlighted　in　this

presentation．The　P61如s　防娩shoφpresents　a　valu－

able　opportmity　to　explore　growing　human－versus－

nature　conflicts　and　to　provi（1e　constructive　solutions

to　problems　raised　here．

References　by　the　Author　and　Co－authors　Provided
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This　keynote　paper　had　been　listed　in　the　preliminary

program　but　could　not　been　presented　because　the
author　had　not　been　able　to　visit　Japan．The　editori－

al　board　admitted　the　importance　what　the　author

proposed　in　the　paper，so　that　this　is　documented
without　the　actual　presentation　by　authors’s．

Ho且oee遡eSea－Leve亘Cb我遡ges蹴d
　　　　　G亙罐o一恥d睡so鵬sy

Masao　NAKADAI　and　Jun’ichi　OKuNo1

　　Observations　of　late　Pleistocene　and　Holocene　sea・

1evel　variations　contain　information　for　establishing

the　tectonic　histories　of　continental　margins，island

arcs，and　oceanic　islands，as　well　as　for　estimating　the

mechanical　response　of　the　Earth　to　changes　in　sur、

face　loading　by　ice　and　meltwater．A　separation　of　the

parameters　that　define　these　various　processes　is

possible　in　principle　by　examining　records　of　sea4evel

changes　over　different　time　periods　from　geographi－

cally　widespread　sites．For　example，sea－1evel
changes　at　sites　near　the　former　ice　load（10cations　in

the　near　field）exhibit　a　quite（iifferent（iepen（1ence　on

the　various　parameters　defining　the　Earth7s　response

and　the　ice　load’s　geometry　through　space　and　time

than（lo　sea－level　changes　at　sites　far　from　the　ice

sheets（the　far　fie1（i）．

　　Sea－1evel　changes　in　the　far　field　are　characterized

by　a　rapid　rise　during　the　melting　phase　from　about20

000years　before　present（yr　BP）to　about6000yr　BP．

In　the　postglacial　phase　from　about6000yr　BP　to　the

present，however，sea－1evel　changes　caused　by　the

melting　of　the　late　Pleistocene　ice　sheets　are　very

sensitive　to　island　size　an（i　the　geometry　of　the　coast－

1ine，an（i　have　a　significant　spatial（iependence　over

distances　of　less　than100km．These　variations　are

associated　with　the　viscous　response　of　the　Earth　to

meltwater　loading．By　using　the　spatial　dependence　of

sea－1evel　changes，　it　is　possible　to　separate　the

tectonic　and91acio－isostatic　components　of　the　obser－

ved　Holocene　sea－1evel　changes．

　　In　this　talk，we　discuss　the　concept　of　hydroisostasy

using　the　observed　sea－level　changes　along　the　west

coast　of　Kyushu，Japan．In　this　area，submerged　arche－

010gical　sites　from　the　Jomon　period　of　the　mid・

Holocene（underwater　Jomon　sites　with　ages’of6000・

5000yr　BP）have　been　observe（1．These　underwater

Jomon　sites　are　reasonably　explaine（1by　sea－level

variations　due　to　meltwater　loading．These　observa－

tions　also　provide　important　constraints　on　lithospher－

icthicknessandasthenosphericviscosity．Wewillalso
show　the　sea　levels　predicted　using　glacio－
hydroisotasy　for　the　sites　discussed　in　this　workshop．

　　　　　　　　　　　　　　　　　　　　　　　　　　（1Kyushu　University〉

Keywords：hydroi＄ostasy，　sea－1evel　change，
glacioisostasy，Asia，Holocene
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H蹴餅d互m撫Rivers，West　Coast　ofKorea

Geon　Hong　MINI　and　Yong　Ahn　PARK2

　　There　are　three　big　subtidal　sedimentary　lobes　at

the　mouths　of　Han　and　Imjin　rivers，west　coast　of

Korea（northeastem　margin　of　the　Yellow　Sea）．The

deposits　of　the　three　lobes　can　be　divided　into　two

seismicstratigraphicunits（SequenceAandSequence

B）．SequenceAcanbefurtherdividedintothree
subunits（Subunit　A－1，A－2，and　A－3）．

　　The　lowermost　sequence，Sequence　B，is　composed

of　reddish　to　brownish　sandy　sediments　deposited　in

the　paleoriver　mouth　during　the　pre－Holocene（1ate

Pleistocene），whereas　the　unconformably　overlying

sequence，Sequence　A，is　composed　of　typical　ma－

crotidal　marine　sediments　middle　to　late　Holocene　in

age・
　　Such　sedimentary　environmental　changes　as　those

between　Sequence　A　and　B　are　well　supported　by

regional　erosion　contacts　shown　in　the　seismic　profile，

and　by　sedimentological　characteristics　of　sediments

from　deep　cores．In　particular，three　subunits　of

SequenceA（A－1，A－2，andA・3）aredescribedin
ascending　order　in　relation　to　sedimentary　de－

positional　history　and　process．Subunit　A－1is　char－

acterized　by　olive　gray　muddy　and　clast－bearing　ye1－

10wish　sandy　sediments　showing　some　stacked　ripple

laminations，reactivation　surfaces，an（1五erringbone

cross　laminations。Subunit　A－l　mayhave　been　deposit－

ed　in　a　tide－influenced　shallow－water　environment

during　a　middle　Holocene　transgression．

　　Subunit　A－2is　dominated　by　cross－stratified　sandy

layers　and　muddy　sediments　with　rhythmic　tidal　bed－

dings　that　may　have　been　deposited　in　a　subtidal

environment　during　Progradation　and／or　aggradation

during　a　late　Holocene　transgression　period．Subunit

A－3is　composed　of　nearshore　tidal　sand　ridges　and

alternating　sand／mud　deposits．Such　alternating　sand／

mud　deposits　prograde　offshore　an（1are　in（1icative　of

subtidal　deposition（iuring　the　late　Holocene．

（1Petroleum　and　Marine　Research　Division，：KIGAM，

Korea，2Department　of　Oceanography，Seoul　National

UniVerSity，KOrea）

Keywords：Han　River，an（11mjin　River，river　mouth
sand　bo（iy，Holocene　trasngression

Ho亘oce聡e　EvO亘聰意ion　o£the　H賦a趙9ぬe

　　　（Ye互昼owR亘ver》De互ta，Ch置鹸

Yoshiki　SAITO1

The　Huanghe（Yellow　River）has　a　length　of5464

km　and　a　watershed7．52×105km2in　size．Its　sedi－

ment　discharge　rate，about　l．0－1．1billion　tons／yr，is

the　second　largest　in　the　world。The　Huanghe　Delta　is

characterize（i　by　elongated（ielta　topography　and　huge

sediment　discharge　in　the　present　delta　and　by　fre－

quent　lateral　changes　in　the　delta　lobe　and（ieveloped

cheniers　（shelly　ridg6s）on　the　（1elta　plain．The

Holocene　Huanghe　delta　complex　is　divided　into　ten

superlobes　based　on　cheniers　and　the　historical

remains　that　bound　superlobes．Nine　superlobes　are

located　by　the　westem　Bohai　Sea，and　one　superlobe

is　by　the　Yellow　Sea．

　　Detailed　analyses，including　more　than　fifty　AMS

radiocarbon（1ates，of　three　borehole　samples（H9601，

H9602，and　ZK－228）taken　from　the　present　Huanghe

（ielta，together　with　radiocarbon　dates　previously

reported　from　Holocene　cheniers，provide　a　high－

resolution　picture　of　the　Holocene　evolution　of　the

Huanghe　delta　and　its　relationship　with　cheniers　on

the　delta　plain．Chenier　formation　and　delta　prograda－

tion　are　linked，and　controlled　by　sediment　supply　and

course　shifts　of　the　lower　reaches　on　the　alluvial　fan

formed　by　the　Huanghe．

　　Paleosediment　discharge　of　the　Huanghe　can　be

estimated　from　deltaic　sediment　volume　in　coastal

areas．Based　on　the　paleogeographic　map，borehole

data，and　detailed　radiocarbon　dating，the　estimated

past　sediment　discharge　from6－1ka　was　only　about

one　tenth　of　the　present　amount．This　rapidincrease　is

thought　to　be　the　result　of　human　activities，such　as

deforestation，in　the　Loess　Plateau．The　increase　in

se（iiment　discharge　cause（i　the　Huanghe　delta　topogra－

phy　to　change　from　strand－shaped　to　an　elongated

shape．　　　　（1Marine　Geology　Department，GSJ）

Keywords：Huanghe，Ye110w　River，delta，chenier，paleo－
hydrogy

H磁蹴lm腿cto鵬heYe盟owR童verDe亘ね
　　　　　　Reg量me蹴ditsConse騨enees

Zuosheng　YANG1，Yoshiki　SAITo2
　　　　and　John　D．MILLIMAN3

Water　and　sediment　discharge　from　the　Yellow
River　into　the　sea　have　been　steadily　decreasing　since

the1970s．Average　amual　water（iischarge　during　the

1990s（1990－1999）at　Lijin　gauge，10cated　about105km

from　the　estuary，was　only27％of　the　discharge　from

1950to　the1960s，and　sediment　discharge　measured

only33％of　what　it　had　been　from1950to　the1960s．

The　river－flow　cutoff　first　happened　at　Lijin　gauge　in

1972，and　it　has　become　more　and　more　serious．There

were　a　maximun　of226no－flow　days　at　Lijin　gauge

an（i333no－f玉ow　days　in　the　estuary　in1997．The

Yellow　River　is　now　a　seasonal　river．
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　　The　rapid　reduction　inwater　andsediment　supplyto

the　Yellow　River　delta　area　has　caused　serious　envi－

ronmental　problems．The　delta　coast　undergoes
strong　erosion．The　newly　formed　wetlands　of　the

（ielta　have　been　eroding　away　at　a　rapidly　increasing

rate　of10km2／yr　since1996．The　storm－buffer　func－

tion　of　the　wetland　is　declining　in　effectiveness，put－

ting　the　coastal　dams　in　an　endangered　state．Shrimp

hatcheries　are　disappearing。The　number　of　food

organisms　available　for　shrimp　an（1fish　has　declined

dramatically．Shrimp　production　during　the1990s　in

the　Bohai　Sea　has　decrease（i20．2％compare（i　to　the

1960s．Saltwater　intrusion　into　groundwater　has　in－

crease（1，causing　the　deterioration　of　the　ecological

environment　of　the　delta　Iand．Nutrient　input　into　the

sea　has　（iecreased　sharply，an（i　the　possibility　of　a

disastrous　pollution　event　occurring　has　increased．

　　The　main　reason　for　the　reduction　in　the　Yellow

River　water　an（1sediment　supply　to　the　sea　is　the

rapid　increase　in　the　quantity　of　water　consumed　in

theriverbasin．Morethan2001arge　irrigationsystems
and　eight　large　water　reservoirs　an（l　hydroelectric

installations　have　been　built　along　the　main　channel　of

the　river．Water　consumption　has　increased　to　five

times　more　than　it　was　during　the1960s，and85％of

the　water　consumed　goes　to　irrigation．More　than30

billion　cubic　meters　of　Yellow　River　water　are　con－

sumed　anmally，comprising55％of　the　total　water
resources　of　the　river　basin。

　　The　strong　water－regulating　effect　of　the　reservoirs

is　the　second’major　reason　for　the　environmental

degradation．And　the　decrease　in　precipitation　during

the　Iast10years　is　ranked　thir（i　among　the　reasons　for

reduced　flow．

　　The　largest　reservoir，called　Xiaolangdi　and　located

in　the　middle　chamel　of　the　Yellow　River，is　expected

to　be　completed　in2000．It　will　have　a　water　storage

capacity　of12．65bi11ion　cubic　meters　and　a　sediment

storage　capacity　of9．75billion　tons．Therefore，the

water　and　sediment　supply　from　the　Yellow　River　to

the　delta　area　will　be　reduced　even　more　in　the　future．

The　environmental　problems　due　to　the　delta－regime

change　caused　by　human　activities　may　become　even

more　seriOUS．

（10cean　University　of　Qingdao，P．R．China，2Ma血e

Geology　Department，GSJ，3College　of　William　and

Mary，USA）

Keywords：Huanghe，Yellow　River，Human　impact，
dry－up
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Se我一：Leve旦E互腿ct総tio醜s，C且i撚teCha醜ge，

　　　　　　　撹醜d　Seδ童me盟t　Prove醜a醜ce

Zhongyuan　CHENl　and　Zhanghua　WANG2

　The　present　stu（1y　focuses　on　the　temporal　distribu－

tion　of　clay　minerals　in　a　new，complete，type　core，

ZX－1，from　the　south－central　part　of　the　Yangtze　delta

plain．The　continuous　sedimentation，along　with　a
suitable　se（limentation　rate，ensures　that　this　high・

resolution　clay－mineral　study　w皿increase　our　under・

stan（iing　of　environmental　change　（iuring　the　late

Quatemary．Four　diagnostic　clay－mineral　suites　were

marked　upward　from　the　core　bottom：Zone　I，
kaolinite　and　illite　（late　Pleistocene）l　Zone　II，

kaolinite　and　chlorite（early　Holocene）l　Zone　III，illite，

smectite，and　chlorite（early　to　mid－Holocene）l　and

Zone　IV，illite　and　smectite（1ate　Holocene）．Holocene

smectite　distribution　has　been　closely　linked　with

sea－1evel　fluctuation，　because　its　　occurrence　　in

Holocene　sediments　is　related　to　sea　invasions．Fluctu－

ations　in　kaolinite　and　chlorite　during　the　early　and

mid－Holocene　are　apparently　associated　with　climatic

oscillations，as　verified　by　the　pollen　assemblage．The

clay－mineral　distribution　also　sheds　light　on　sediment

provenances．The　terrigenous　sediment　sources　ofthe

late　Pleistocene　and　early　Holocene　were　primarily　in

the　westem　highlan（1s　of　the　study　area，and　the

sediments　of　the　late　Holocene　were　basically　from

the　Yangtze．During　the　mid－Holocene，the　clay・

mineral　suite　indicates（1ual　sediment　supplements　to

the　study　area，derived　both　from　the　westem　high－

1ands　and　the　Yangtze．

（1National　Key　Laboratory　for　Estuarine　and　Coastal

Research，East　China　Normal　University，P。R．China，

2Pilot　LaboratoryF　for　Urban　Remote　Sensing　an（1

Archaeology，Department　of　Geography，East　China

Normal　University，P。R．China）

Keywords：Yangtze，　Changjiang，clay　minera1，
Holocene，delta

Se面me賊F雄es＆翻Prograぬtio醜Rateof
　　　　　　　tぬe　Cぬa醜gj豊a聖g　River互）e且ta

Kazuaki　HoRI1，Yoshiki　SAITo2，Quanhong
ZHAo3，Xinrong　CHENG3，Pinxian　WANG3
　　　　　　　　　　　and　Congxian　LI3

　The　Changjiang（Yangtze）River　has　formed　a，huge

tide－dominated　delta　at　its　mouth　since6－7ka，when

sea　level　reached　or　apProached　its　present　position．

Three　borehole　cores（CM97，JS98，and　HQ98）were

obtained　in　the　Changjiang　（ielta　plain　during　1997・
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1998to　clarify　the　characteristics　of　tide－dominate（i

delta　sediments　and　their　architecture　and　the　pro－

gradation　rate　of　the　delta．Detailed　core　descriptions

an（i　sediment　analyses　were　carried　out，and32Acce1－

erator　Mass　Spectrometry　radiocarbon　dates　on
molluscan　shells　and　plant　materials　were　obtained．

　Core　sediments　were　divided　into　six　depositional

mits　based　on　sediment　analyses．They　were　inter－

prete（i　as　tidal　sand－ridge，　prodelta，　（ielta－front，

subtidal　to　lower　intertida1－flat，upper　intertida1－flat，

an（1surface－soil　deposits，in　ascending　order．Tidal

san（1－ridge（ieposits　occurre（i　only　in　JS98and　consist－

ed　mainly　of　several　sets　of　an　upward－fining　succes－

sion．These　sets　were　composed　of　poorly　sorted　very

fine　to　medium　sand　with　shell　fragments　and　mud

clasts，overlain　by　thickly　interlaminated　to　thinly

interbedded　sand　and　mud．Prodelta　sediments　were

recognized　in　CM97and　HQg8andwere　characterized
by　dark　gray　silt　to　clay　with　occasional　thin　shell

beds　and．thin　coarse－silt　layers．Delta－front（1eposits

consisted　mainly　of　thickly　laminated　to　very　thinly

interbedded　sand　and　mud．Silty　to　fine　sand　with

parallel　and／or　ripple　laminations　were　commonly

recognized　in　HQ98．Subtidal　to　lower　intertida1－flat

sediments　showing　an　upward－fining　succession　were

composed　mainly　of　thickly　laminate（i　to　very　thinly

interbedded　sand　and　mud　with　few　shell　fragments．

Upper　intertida1－flat　deposits　consisted　of　thinly　inter－

1aminate（1sand　and　mud　deposits　containing　plant

rootlets．The　surface　soil　was　characterized　by　dull

brown　clayey　silt，including　abundant　plant　rootlets

and　snail　shells．The　prodelta　to　delta－front　units

showed　an　upward－coarsening　succession　covered　by

an　upward－fining　succession　from　the　upPermost　part

of　delta－front　unit　to　the　surface－soil　mit．Sedimen－

tary　structures　such　as　thinly　interlaminated　to　thinly

interbedded　sand　and　mud　and　bidirectional　ripple

laminations　in（iicated　that　tides　strongly　influenced

the　formation　of　these　sediments．

　　The　sediment　facies　and　their　succession　and　the

high－resolution　radiocarbon（1ating　made　possible　the

determination　of　the　accumulation　rate　of　the　core

sediments　an（1the　progradation　rate　of　the　delta．The

accumulation　rate　of　core　sediments　was　l．1m／ka

during・the（1eposition　of　prodelta　sediments．In　con－

trast，high　accumulation　rates，more　than3．5m／ka，

prevailed　during　the　deposition　of　the（ielta－front　to

lower　intertida1－to　subtida1－flat　sediments．The　delta

has　progra（ied　more　than240km　during　the　last6ka，

with　an　average　progradation　rate　of48km／ka．Pro－

gradation　rates　increased　abruptly　to　from34to76
km／ka　at　ca．2ka．A　possible　cause　for　this　increase

was　a　depocenter　change　from　the　middle　reaches，

which　had　broad　floodplains　and　lakes，to　the　delta

area．

（1Department　of　Geography，University　of　Tokyo2

Marine　Geology　Department，GSJ，3Laboratory　of

Marine　Geology，Tongji　University，P．R．China）

Keywor（is＝Yangtze，Changjiang，Holocene，prograda－
tion，delta，paleohy（1rogy

臨rmf翻D五齢f耳age亘昼ateCystsFo懸d睡
S麗ねceSe磁盈e描sa舩aCoreSam夢丑e
Co旦亙ecte〔置Of亙s駐ore　from　t恥e　C恥＆聾gjね館9

　　　　　　　　　R且verMo就h，Ch童舩

　　　Kazumi　MATsuoKA1，Yoshiki　SAITo2，

Hajime　KATAYAMA2，Yutaka：KANAI2，CHEN
　　　　　Jianfang3an（1ZHou　Huaiyang3

　A　palynological　study　was　carried　out　on　nine

surface－sediment　samples　and　a　core　sample　collecte（i

offshore　from　the　Changjiang　River　mouth，China．

Palynomorphs　found　in　these　samples　inclu（ied　vari－

ous　taxonomic　groups，such　as　dinoflage11ate　cysts，

Prasinophycean　phycoma，freshwater　Chlorophycean
P64乞6zsケz仰z，Chrisophycean　archeomonads，tintinni（1

10rica，microforaminiferal　linings，resting　eggs　and

bodies　of　copepo（1s，and　acritarchs。The　results　of　this

study　are　as　follows＝

1）The　occurrence　of　P64宛s！7％窺suggests　that　the

freshwater　plume　derived　from　the　Changjiang　River

extended　to　around100km　offshore　from　the　mouth．

2）In　the　surface－sediment　samples，the　dinoflagellate

cyst　concentrations，10to102cysts　per　l　ml　se（iiment，

were　approximately　one　tenth　the　concentration

found　in　the　coastal　areas　an（i　inner　bays　of　the

Korean　peninsula　and　west　Kyushu．

3）Since　autotrophic　dinoflagellate　cysts　dominated

all　surface　sediments，eutrophication（iid　not　progress

extensively　off　the　Changjiang　River　mouth．How－

ever，in　the　core　samples，the　increase　in　hetrotrophic

（1inoflagellate　cysts　upward　probably　reflected　grad－

ual　eutrophication　during　the　last　two　or　three　dec－

ades．

4）Some　cysts　of　red－tide－causing　dinoflagellates　such

as　L初gz〆o漉痂z伽zρo砂εづ7z御z，S67ゆφs宛llαケ06ho躍εα，

an（i　the　Po雄7貌os　h功曜ズ♂／s6h磁漉勿complex　were

present　in　the　surface　sediments　and　also　in　the　core

samples。
5）Ellipsoidal　and　ovoidal　cysts　were　probably　identi－

cal　to　the　toxic　species／116貌z多z4万z6盟z6認9z61伽／如盟z召7－

6％s6an（1／1．ηzカzz〃z御z，respectively．

（1Faculty　of　Fisheries，Nagasaki　University，2Marine

Geology　Department，GSJ，3Second　Institute　of　Ocea－

nography，SOA，P．R．China）

Keywords：palynomorph，dinoflagellate，　Yangtze，
Changjiang，delta，re（i　tide
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　　　　　　　　＆t10a翻6kyrB．P。

：Katsuto　UEHARA1，Yoshiki　SAITo2，
　　　　　an（i　Kazuaki　HORI3

　Two－dimensional　paleotidal　simulations　were　car－

ried　out　in　order　to　investigate　the　influence　of　large

morphological　changes　that　occurred　duringthe　postg－

Iacial　perio（i　in　the　region　around　the　Changjiang

estuary　on　tides　and　tidal　currents　of　the　Yellow／East

China　Sea．Calculations　were　made　for　two　typical

periods：10and6kyr　BP．The　former　corresponds　to

a　period　when　the　Changjiang　estuary　extended　south－

eastward　for　about400km，filling　the　incised　valley

that　had　been　sculpted　when　the　sea　level　was　lower．

The　latter　period　coincides　with　the　maximum　postg－

1acial　transgression　in　eastern　China。Special　consi（ier－

ation　was　taken　to　reconstmct　the　paleotQpography

around　the　Changjiang　estuary（from　lat31．33。：N　and

long119－123。E），which　was　accomplished　by　using

available　borehole　datasets．The　aim　was　to　remove

the　effect　of　the　massive　se（1imentation　that　obscures

the　original　topographic　featuresinthis　area．Wealso

simulate（i　the　coastline　and　bathymetry　along　the

Jiangsu　coast　and　Hanzhou　Bay　for　the　same　reason．

Sea　Ievel　was　assumed　to　be－45m　at10kyr　BP　and　O

m　at6kyr　BP，relative　to　the　present　sea　level．

　At　lO　kyr　BP，the　M2tidal　amplitude　within　the

elongated　estuary　exhibited　an　alternative　（iistribu－

tion　of　maximums　along　the　northem　coast　and

minimums　along　the　southem　coast．The　existence　of

two　maximums　can　be　related　to　the　second　natural

mode　of　the　estuary，while　the　asymmetric　distribu－

tion　of　tidal　amplitudes　between　the　coasts　may　be

ascribed　to　the　Coriolis　effect．The　M2tida1－current

ellipses　were　almost　Iinear　and　aligned　primarily　with

the　axis　of　the　bay，i．e．，in　a　NW－SE　direction．This

feature　was　also　detectable　along　the　relict　submarine

valley　outside　the　estuary．Additional　simulations　that

lowered　the　sea　level　by45m　withmodemtopography

reveale（1that　the　tide　and　tidal．current　rectification

due　to　the　burial　of　the　paleo－Changjiang　estuary　was

limited　to　the　area　within　and　adjacent　to　the　estuary．

　On　the　other　hand，at6kyr　BP，the　M2tidal　cur－

rents　converge（diverge）from（to）the　mouth　of　the

estuary，forming　a　radial　tida1－flow　pattem　originat－

ing　from　the　estuary．Tidal　amplitude　reached　a

maximum　value　in　the　middle　of　the　estuary　and

attenuated　toward　its　head．Th6se　features　agree　with

the　numerical　results　of　Zhu（1998），who　estimated

paleotides　at7kyr　BP　using　a　different（iepth　eleva－

tion　modeL　Tides　and　ti（ial　currents　in　the　estuary　at

6kyr　BP　seem　to　have　been　stronger　than　those　at

present．From　the　analysis　of　the　tida1－current　phase

pattem　and　from　some　supplemental　experiments
with　changing　sea　Ievels，it　appears　that　the　emer－

gence　of　the　radial　flow　pattem　of　the　tidal　currents

might　have　been　caused　by　the　southward　shift　of　the

southem　tip　of　the　Yellow　Sea　amphi（1romic　system

that　accompanied　the　postglacial　sea－1evel　rise．

　In　the　Jiangsu　coastal　area　between　lat32．5。N　and

33．5。N，the　major　direction　of　the　M2tidal　current

shifted　from　a　SW－NE　to　E－W　direction　during　the

last6000years．This　directional　change　is　consistent

with　a　paleocurrent　direction　estimated　for　the　North

Jiangsuregionusing　a　geomagnetic　analysis（Zhang　et

a1．，1998）．The　SW－NE　flow　pattem　also　appeared

when　an　experiment　was　carried　out　using　the
presentday　con：figuration，except　that　the　san（i－ri（ige

system　off　the　Jiangsu　coast　was　removed．．Thisresult

might　indicate　a　relationship　between　san（1－ridge　for－

mation　and　the　directional　shift　of　the　tidal　current．

（1Research　Institute　for　Applied　Mechanics，Kyushu

University，2Marine　Geology　Department，GSJ，3Uni－

versity　of　Tokyo）

Keywords：Yangtze，Changjiang，paleotide，Holocene
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　　　S腿sce瞬瀬蹴y：Pre髄mi舩ryRes磁s

　　　　Baozhu　Llu1，Yoshiki　SAITo1，

　　　　　　Toshitsugu　YAMAzAKI1，

Abdelaziz　ABDELDAYEM1，Hirokuni　ODAl
　　　　　　　　an（l　Klazuaki　HoRI2

　Anisotropy　of　magnetic　susceptibility（AMS）has

long　been　demonstrated　as　a　useful　tool　in　paleocur－

rent　determination，in　particular　for　marine，lacus－

trine，and　tida1－flat　sediments．The　Changjiang　delta　is

a　typical　tide－dominated　delta　in　a　mesotidal　coastal

environment．AMS　analysis　was　conducted　on　sam－

ples　from　Borehole　CM－97（1at31037’29”N，Iong121。

23’38”E）in　the　Changjiang　delta．This　borehole　core，

about70mlong，recordedsedimentaryenvironments
of　the　Changjiang　estuary　during　the　apProximately

10，000years　from　lL5ka　to1．5ka．Sediments　from

this　core　were　divided　into9stratigraphic　units，name－

Iy　Unit　l　to　Unit9from　bottom　to　top．A　total　of1272

discrete　samples　were　obtained　through　sub－sampling

by　pressing　standard　7cm3　Plastic　cubes　into　the

working　half　of　each　section　of　the　split　core．Initial

low－field　magnetic　susceptibility　（MS）and　its

anisotropy　were　measured　using　a　KappaBridge　KLY－

3S　susceptibility　meter．　The　natural　remanenr

magnetization（NRM）was　then　measured　and　the
sample　demagnetized　using　a　three－axis2G　Enter－

prises　cryogenic　magnetometer　with　an　in－1ine　alter一
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nating　field（AF）demagnetizer　with　a　peak　field

strength　of80mT．The　majority　of　the　samples
exhibited　stable　magnetization　with　a　single　compo－

nent、heading　toward　the　origin　of　the　orthogonal　plot．

Some　samples，however，did　not　show　a　credible

magnetic　record　and　were　exclud．ed　from　further

statistical　analysis．Magnetic　north　for　each　sample

level　was　calculated　from　a　linear　fitting　of　declina－

tion　on　depth　and　was　used　for　reorientation　of　the

AMS　axes　to　their　geographic　coordinates。

　　Following　the　recommendations　of　EIlwood　et　a1。

（1988）and　Tarling　and　Hrouda（1993），a　set　of　AMS

parameters　defining　the　mean　magnetic　susceptibility

（K），corrected　anisotropy　degree（Pj），magnetic　linea－

tion（L），magnetic　foliation（F），and　the　ellipsoid　shape

（q）were　calculated　and　used　to　evaluate　the　magnetic

fabric　of　the　present　Changjiang　delta　sediments．Only

samples　that　satisfied　criteria　for　a　primary　fabric

were　used　for　paleocurrent　estimation　using　the　paleo－

magnetically　oriented　maximum－and　minimum－
susceptibility　axes．Paleocurrent　directions　cou1（i　gen－

erally　be　recovered　for　most　of　the　recognize（i　g

stratigraphic　units．Absolute　directions　were　only

available　for　a　few　levels　where　imbrication　could　be

recorded．The　overall　results　can　be　summarized　as

follows二main　flow（iirections　were　to　the　west　or

northwest　for　all　stratigraphic　units，i．e．，a　flood－tidal

current　dominated．This　finding　was　in　good　accor－

dance　with　sedimentological　interpretations　of　units2

to6as　intertidal　to　subti（ial　estuarine　sediments．Poor

correlation，however，existed　for　units7to9，which
had　been　interprete（i　as　prograding　（ielta　or　（lelta－

plain　sediments　without　much　tidal　influence。Never－

theless，interbedded　sand　and　mud　layFers　cou1（l　be

recognized　in　sections　from　mits7to9，whichperhaps

explains　why　AMS　showed　a　flood－tidedominated

pattem．Another　possibility　might　be　that　deltaic

sediments　were　reworked　by　tidal　processes．For　Unit

l，which　was　interpreted　as　fluvial　sediments，no

absolute　flow（lirection　cou1（l　be　inferred　from　the

AMS　data，but　the　reason　remains　to　be　detemined。

All　the　stratigraphic　boun（laries　could　be　seen　clearly

from　the　characteristics　of　downhole　changes　in　the

MS　andAMS　parameters，which　shows　that　AMS　has
great　potential　in　sedimentological　studies　in　a（1dition

to　paleocurrent（1etermination．

（1Marine　Geology　Department，GSJ，2Univer合ity　of

Tokyo）

Keywords　l　Yangtze，Changjiang，magnetic　suscepti－

bility，AMS，paleocurrent

　　Sed亘me賊aryF＆ciesa翻Progr認atio醜

Mode亘ofthe臨亘oce聖eMeko髄gR董verDe且訟
　　　　　　　　　　　　　　董n　Vie撫我m

Susumu　TANABE1，Thi：Kim　Oanh　TA2，

Van　Lap　NGuYEN2，Masaaki　TATEISHI3，

Iwao　KoBAYAsHI3and　Yoshiki　SAITo4

　The　Mekong　River　is　one　of　the　major　rivers　in　the

wor1（i　in　term　of　water　discharge（470km3／y），sedi－

ment　discharge（160million　t／y），an（l　drainage　area

（810，000km2）．The　river　forms　a　vast　delta　at　its

mouth　on　the　South　China　Sea．The　delta　is　located　in

a　humid　tropical　region　and　is　greatly　influenced　by

monsoons．A　monsoon一（1riven　ocean　current　creates　a

waveuptolmhighatthecoast．Atidalrangeof
about3mprevails（mesotide）attherivermouth．
Ocean　currents　are　considered　to　affect　the　mor－

phological　form　of　the　delta．After　the　maximum

Holocene　transgression，the　delta　prograde（1from　the

inner　part　of　the　Indochina　Peninsula　towar（1　the

South　China　Sea．

　　During1997－1998，three　boreholes　were　obtained

from　the　delta　plain　in　order　to　study　the　delta　deveL

opment　in　relation　to　Quatemary　sea－1evel　changes．In

this　study，the　TVl　and　VLl　cores，which　were　locat－

ed　in　the　outer　and　central　part　of　the　Mekong　delta

plain，respectively，were　described　in　detai1，and　the

sand　and　silt　contents　were　measured　in　order　to　study

the　sedimentary　facies．AMS－14C　dating　for15sam－

ples　was　done　by　Beta　Analytic　Inc．

　　The　following　sedimentary　facies　have　been　inter－

preted　by　analysis　of　the　sediments。

　　The　TVI　core　was　composed　of　the　following　seven

facies　in　ascending　or（ier．They　were　l）枷s6窺6蛎侮彪

Pl6麟oo6彫ジ4勿os勿：tan－colored　weathered　deposits

with　l4C　ages　of　about43，000yr　BP　on　shell　frag－

ments；2）惚ηsgz6ss魏1αg　s64初6πε：a　mixture　of

terrigenous　deposits，such　as　bauxite　pebbles，　and

marine　materials，such　as　foraminifers　l3）ヵ704ε伽渉0

461如吻oπS64麹6痂3：an　upward－coarsening　succes－
sion　from　massive　clay　to　flaser　bed（1ed　sand／mu（1

with　current－ripple　lamination　or　double　muddrape

structure；4）s6伽σz47nα堰初s64伽翻sげs癬痂1
伽渉：we11－sorted，fine－medium　sand＝5）sκ厩磁1物渉

s64伽6πs：altemating　thin　sand　and　clay　beds　with

wave　and　current－ripple　laminations　in　flaser／

1enticular　sand　l6）s碗4プZ諺s64加6磁s：an　upward－

fining　succession　from　we11－sorted　medium　sand　to

very　fine　sand　l　and7）　δ6σoh　万㎏6一わ6z6泥　szoα盟z汐　s64歪一

彫6勉s；altemating　beds　of　sand　and　clay　with　plant

fragments．

　　The　VLI　core　consisted　of　seven　sediment　facies．In

ascending　order，they　were1）枷s6解6窺and2）惚％s－

gz6ss舵乙σ8’s64加6πs：same　characteristics　as　with

the　TVI　core　l3）sh雄彫％4　s64吻6％孟s：massive
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marine　clay　with　a　gradual　contact　with　transgressive

lags　l4）ヵzo461如　　s64乞盟z6％よs＝alternating　san（i　an（l

clay　with　double　mud　drapes　and　parallel　lamination　l

5）461如吻o痂s64伽6％孟3＝an　upward－coarsening　suc－

cession　of　altemating　sand　and　mud，with　common

current－ripPle　laminations　l6）妬α1プ㍑　s6漉彫6嬬：

an　upward－fining　succession　of　sand／mud　lenticular

bedding　l　and7）ノ700吻1召初soづ1：clay　with　roots　and

covere（i　by　lateritic　soi1．

　　14C　dating　shows　that　most　of　the　deltaic　se（1iments

in　the　TVI　core　were　deposite（i　from2，720to720caL

yr　BP，and　that　the　deltaic　sediments　in　the　VLI　core

were　deposited　from6，110to3，435ca1．yr　BP．These
age＄indicate　when　the　subaqueous　Mekong　River

delta　passed　the　borehole　sites（1uring　the　Holocene．

The　Mekong　delta　hasprogradedsoutheastwardsince

the　maximum　Holocene　transgression．Moreover，the
（1epositional　rate　of　the　VLI　core　is　higher　than　that　of

’TVI　core．

　　Thus，the　following　features　are　suggested：

1）The　sedimentary　facies　associated　with　the　VLl

and　TV　l　cores　suggest　that　sediments　from　both

cores　were　influenced　by　tidal　currents，but　that　the

TVI　core　was　more　influenced　by　wave　and　ocean

currents．

2）The　progradation　rate　of　the　Mekong　delta　de－

creased　in　the　Iate　Holocene．The　progradation　rate

was25．8m／y　from　the　VLI　site　to　the　TVI　site　and12

m／y　from　the　TVI　site　to　the　present　d．elta　front，

based　on　identified　delta－front　facies　and14C　dates．

3）The　change　in　progradation　rate　occurred　around

3，500－2，500ca1．yr　BP．

4）The　reason　for　this　change　may　have　been　the

sediment　dispersal　effect　of　longshore　drift　towardthe

south　to　Ca　Mau　Cape　caused　by　wave　action．This

possibility　is　supported　by　the　presence　of　a　wave－

influenced　sediment　facies　in　the　TV　l　core　and　by

wel1－developed　beach　ridges　on　the　outer　part　of　the

delta．

（1Shinshu　University，2Sub・lnstitute　of　Geography，

Vietnam：National　Center　for　Natural　Science　and

Technology，Vietnam，3Niigata　University，4Marine

Geology　Department，GSJ）

Keywords：Mekong　delta，Holocene，sediment　facies

Ro亘e　of　Remote　Se醜s童Rg亘醜a　S眼rvey」for

　　　　　　　臨v五ro簸me臨a亘C血a髄ge

Yasukuni　OKuBo1，A≧iko　TANAKA1，

Manabu　KAKu2and　Sin　SINsAKuL3

　　Remote－sensing　instruments　view　wide　ranges

repeatedly，and．their　images　provide　information　on

changes　in　the　regional　environment．Changes　in　the

shoreline　of　the　upper　Gulf　of　Thailand，which　was

great　before1987a唄is　remarkable　in　the　comparison

of　the　remote　sensing　images　with　the　old　shoreline，

continued　ti111992．Three　altemative　explanations　for

the　cause　of　the　changes　are　（1）　1and　subsi（ience，

probably　caused　by　over－pumping　of　ground　water，（2）

the　new　artificial　lakes　along　the　upper　streams　of　the

Chao　Phraya，and（3）the　destruction　o：f　the　mangrove

forests．The　Rayong　area，150km　southeast　of　Bang－

kok，faced　rapid　coastal　erosion．The　images　deline．

ate　recent　artificial　construction　along　the　coast，

suggesting　that　the　construction　was　a　cause　of　the

erosion．The　mangrove　forests　of　Phuket　Island　and

Phang　Nga　Bay　in　the”time－series　SAR　composite

image”are　marked　by　a　gray　color　with　a　special

texture．Remote　sensing　should　be　a　powerful　tool　for

mapping　beach　forests．The　images　of　the　Amphoe

Khlung　area　suggest　that　the　wetland　has　undergone　a

rapidchange．Aseasonalchangeinplantcovermay
accomt　for　that　change．Since　the　coastal　change　was

vulnerable　to　tides　and　waves，knowledge　of　the　sea

currents　and　their　changes　are　crucial　for　the　interpre－

tation　of　coastal　environments．The　remote－sensing

images　show　muddy　flow　from　the　river．Therefore，

analysis　of　that　flow　could　give　information　about

currents．

　　Consequently，extensive　analysis　of　remote－sensing

images　acquired　at　different　periods　can　yield　infor－

mation　about　changes　in　coastal　environments　and

their　possible　causes．

（1Geophysics　Department，GSJ，2Mitsubishi　Materials

Natural　Resources　Development　Corp．，3Department

of　Mineral　Resources，Thailand）

Keywords：Chaophraya　river，Gulf　of　Thailand，
remote　sensing，SAR

A　Note　o髄施e　Mor曲ody黙翻c　Processes
　　　　　　　of　I）童f£ere醜t　T旦me　Sca亘es

　　　　　　i臨騒e：Pear丑RiverEst賦蹴y

Chaoyu　Wu1

　An　estuary　is　a　region　where　a　river　meets　the　sea。

All　present・day　estuaries　are　geologically　young　since

they　formed　when　sea　level　reached　its　present　Ievel

approximately　6，000years　ago．Long－term　mor－

phodynamic　processes　and　sedimentation　in　the
coastal　zone，in　response　to　human　interference　and　a

changing　environment，is、increasingly　an　important

lssue．

　　The　Pearl　River　delta　is　locate（i　in　Guangdong

Province，South　China．After　entering　the　delta　area，

the　West，North，andEast　riversbifurcaterepeatedly

and　form　the　network　system　of　the　Pearl　River，one

of　the　most　complicated　river　network　systems　in　the

world．The　Pearl　River　discharges　into　the　South
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China　Sea　through　eight　major　outlets，which　interact

through　the　network　and　form　several　estuarine　com－

Plexes。

　　Based　on　field　observations，a　hy（1rographic　survey，

historic　records，navigation　charts，and　sediment　dat－

ing，　the　present　paper　briefly　describes　the　mor－

phodyamic　sedimentation　processes　for　different　time

scales，from　seconds　to　geological　time－scales．The

most　recent　field　survey　in（iicates　that　seasonal　varia－

tion　in　the　circulation　pattern　of　the　estuary　varies

from　partially　mixe（1to　remarkably　highly　stratified，

（1epending　on　river　discharge，water　depth，and　tides．

Spectrum　and　system　analysis　reveals　the　characteris－

tics　of　variations　in　low　frequency　flow　and　water

stage　over　periods　from　several　dayもto　several

months。The　possible　driving　forces　are　also　discus－

sed．The　evolution　of　the　estuary　for　the　last300years

is　described　using　historic　records　and　navigation

charts　from　as　early　as1723．The　geologic　evolution

an（i　geographic　setting　of　the　estuary　have　profound

effects　on　modem　morphodynamic　processes．Numeri－

cal　models　based　on　physical　laws，behavior　models，

and　elaborately　selected　statistical　mo（iels　are　apPlied

to　simulate　the　morphodynamic　processes　for　differ－

ent　time　scales．

　　Fina11y，an　automatic　marine　environment　observa－

tion　system（PEIOS）being　built　in　the　Pearl　River

estuary　is　briefly（iescribed．

（1Center　for　Coasta10cean　Science　and　Technology
Research，Zh6ngshan　University，P．R．China）

Keywords：Pearl　river，delta，estuary

Co＆s訟旦Develo夢me鵬o貴盟eMo題e騰Re岨
　　　　　　　　　　　　　R豊ver　De亘t＆

Tran　Duc　THANHI　and，Dinh　Van　HuY1

Withashoreline145kmlong，themodemRedRiver
delta（MRRD）is　considered　to　have　two　zones：a

subaerial　delta（1ate　Holocene　plain），with　an　area　of

5000km21and　a　submerged　delta（avant．delta）with

an　area　of　about1000km2．The　sediments　of　the

MRRD　rangefrom　fine　sandto　clay，andthefacies　are

mainly　those　of　avant－delta，submerged　bar，tidal

flood　plain，beach，beach　ridge，and　mangrove　marsh．

The（1eposited　sediments　tend　to　be　finer　on　the　south－

west　along　the　shore　and　from　the　low－tidal　subzone

both　lan（iward　and　seaward　in　the　transverse　profile．

　　The　MRRD　is　located　in　a　depression　with　the

Cenozoic　sedimentary　thickness　reaching5000m，the

Quatemary250m，and　the　Holocene　about30m．The
sinking　rate　was　detemined　to　be　from　O．04－0．20mm／

yr　during　Neotectonic　time　and　O．04－0．12mm／yr．dur－

ing　the　Quatemary．The　sea　Ievel　rose　at　a　rate　of2．

24mm／yr　from　l957－1989as　measured　at　Hon　Dau

Station　located　on　the　NE　margin　of　the　MRRD．The

vertical　depositional　rate　has　been　surveyed　for　the

same　period　and　was　from1－6cm／yr．In　the　intertidal

zone　the　MRRD　has　developed　as　a　result　of　the

dynamic　interaction　among　river，tide，and　waves．

Every　year，the　Red　River　discharges　into　the　coastaI

zone　of　the　MRRD111’million　tons　of　sediment．The

tide　is　of　the　diumal　type　and　has　a　maximum　range

of3。5－4。O　m．The　prevailing　waves　are　from　the　NE

and　E　during　a　NE　monsoon，and　from　the　SE　and　E

during　a　SW　monsoon．The　mean　wave　height　is　O．88

m　and　the　maximum　height　is5．O　m．The　mangroves

contribute　importantly　to　the　deposition　of　sediment．

　　Coastal　accretion　of　the　MRRD　is　rapid，but　irregu－

1ar．The　delta　has　expanded　seaward　at　a　meanrate　of

28m／yr　and　a　maximum　rate　of100－120m／yr　at　the

large　river　mouths，where　accretional　convex　bows　or

caps　have　been　formed　and　extended　into　the　sea．

However，the　first　four　shorelines　have　been　ero（1ed．

Erosion　of　the　Van　Ly　coast　has　been　at　a　rate　of　lO－15

m／yr，with　a　maximum　rate　of30m／yr　during　the　last

50years．Along　the　coast，accretion　has　been　stronger

to　the　SW．The　main　distributaries　of　the　river　have

moved　periodically　to　the　SW　or　NE　simultaneously．

The　length　of　the　period　has　been　observed　as30－40

years，and　at　this　time，the　distributaries　are　moving

to　the　SW．The　fomation，development，and　destmc－

tion　of　sandyF　beach　ridges　close　to　the　river　mouths

have　influence（i　the　（1irection　of　motion　of　the　（iis－

tributaries．Human　activities　such　as　the　construction

of　dikes　and　dams，the　dredging　of　channels，and

upstream　and　mangrove　deforestation　have　changed

coastal　landforms，sedimentary　distribution，and　ba1－

ance。They　have　contributed　to　profound　changes　in

coastal　erosion　an（i　accretion，an（i　increased　the　risk

of　flood，　sea一（1ike　ruptures，　and　salt　intrusion．　In

particular，the　sea一（like　system　built　during　the　last

thousand　years　has　forme（i　large　lowlan（i　compart－

ments　inside　the　delta　and　has　accelerated　the　very

rapid　but　irregular　expansive　acretion　of　the　tidaI

Plain　outsi（ie．

（1Hai　Phong　Institute　of　Oceanology，Vietnam）

Keywords＝Red　river，Song　Hong，delta，Holocene

：La翻formsa翻E髄v童ronme腫alCk蹴ge沁
　　　　　　曲e　Lower　ReδR量ver　De亘ね

Shigeko　HARuYAMAI　and　Vu　Van　PHAI2

　The　Red　River，which　is　the　biggest　river　in　the

northem　part　of　Vietnam　and　the　second　largest　river

in　Vietnam，is　forming　a　large　delta　plain　at　its　mouth

in　the　Vinh　Bac　Bo．The　Red　River　delta　is　a　result　of

the　interactions　between　natural　factors　and　long－

term　human　activities（during　the　last2ka），as　we11as
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the　land－sea　interface．These　interactions　are　obser－

ve（i　in　relief　structures　such　as　landforms，the　channel

network，and．artificial　constmctions．The　accumula－

tion　rate　of　the　Red　River　is　high，causing　the　flood

plain　between　the　river　and　the　artificial　dikes　on

eithersideoftherivertobeO．5－0。8mhigherthan
outside　the　dikes．Althbugh　they　are　being　continuous－

1y　changed　by　the　alteration　of　the　channe1，bed－10ad

sediments　tend　to　raise　the　chamel　floor．The　Red

River　an（1its　distributary，the　Day　River，have　raised

beds　as　a　result　o：f　the　construction　of　the　dikes　and

circle　levees．

　　Based　on　the　analysis　of　the　landforms（by　the

interpretation　of　aerial　photos）and　sedimentary　fea－

tures，and　the　role　of　the　dominant　factors　affecting

their　formation，the　Red　River　delta　was　divided　into

the　following　geomorphological　units：alluvial　ter－

races，alluvial　fan，natural　levee　and　back　marsh，

higher　delta，10wer　delta，tidal　flat，1agoon，and　sand

ridges．In　general，the　dominant　process　in　the　coastal

area　is　deposition，and　the　shoreline　has　moved　sea－

ward　at　various　rates　during　modem　times．However，

coastal　erosion　is　occurring　south　of　the　river　mouth．

The　most　intensive　accretion　is　at：Kim　Son－Nga　Son，

where　the　average　rate　of　accretion　is80－100m／yr，

but　the　rate　has　varied　from30－40m／yr（from　the

tenth　century　to　the　present）to100m／yr（from　the

nineteenth　century　to　the　present）．The　accretion　rate

at　Tien　Hai－Ba　Lat　is　about5－7m／yr，and　reclaimed

lands　are　increasing．From1960until　now，the　area

reclaimed　is　about　lO，000ha．About60km　of　the
shoreline　from　Do　son　to　Nga　Son　has　been　erode（i　by

wave　activityF　and　currents．The　erosionhasbeenmost

intense　on　the　coast　of　Hai　Trieu（32．3m／yr）and　Giao

Phong（33．3m／yr）．

（1Waseda　University，2Hanoi　National　University，

Vietnam）
Keywords：Red　river，Song臼Hong，delta，Holocene

：Meko囎gR童verDe耳taProg聡d＆t亘oni麗o蝕e
　　So賦th　Chi聾＆Sea亙醜t肚e　L、ate　Ho亙oce聾e

NGUYEN　Van　Lap1，TA　Thi　Kim　Oanh1，

Masaaki　TATElsHI2，Susumu　TANABE3，
Iwao　KOBAYASHI2，Toshio．NAKAMURA4，
　　　　　　　　　an（1Yoshiki．SAITo5

　The　Mekong　River　delta，one　ofthe　largest　deltas　in

Asia，is　located　in　southem　Vietnam．The　sediments

from　the　river，dominantly　silts，clays，and　fine　sands，

have　been（ieposited　in　the　South　China　Sea　and　the

Gulf　of　Thailand、Detailed　mapping　an（1sedimentary

studies　indicate　that　the　maximum　Holocene　trans－

gression　occurre（i　in　the　interval　from　ca．6000－5000yr

BP，and　sea　Ievel　at　that　time　was　approximately3．5

mabovethepresentsealeve1．Du血gthehighstand
and　regressions　in　sea　level　over　the　last5000years，

delta　progra（iation　has　pro（iuce（i　a　great　flat　plain　of

62，520km2．

　Delta　progradation　into　the　South　China　Sea　is

discussed　based　on　preliminary　results　from　newly

collected　borehole　cores．Six　boreholes　were　drille（i　on

the　lower　delta　plain　of　the　Mekong　River　delta　in

1997－1998：BT　l　lat10。17’01”N，10ng。106。21734”E　l

BT21at．10◎08718”N，10ng．106。28’7”E　l　BT31at．10。

01’5”N，10ng．106。37’44”E　l　DT　l　lat．10。17’4”N，

10ng．105。39フ17”E　l　VL　l　lat．10。02’16”N，10ng．105。58

’22”E；TV　l　lat．　9。41’12”N，　10ng．　106。25732”E．

Based　on　detailed　analyses　of　samples　from　these6

cores，1atest　Pleistocene　and　Holocene　sediments　were

distinguished．Latest　Pleistocene　sediments　were　com－

posed　mainly　of　mottled，slightly　oxidized，yellowish

gray　stiff　silts，sandy　silts　with　subangular　pebbles，

and　laterite．These　sediments　were　radiocarbon　dated

to11，340and43，420yr　BP。The　Holocene　sediments

were13－56mthickandunconformablyoverlaythe
Pleistocene　sediments．The　Holocene　deposits　consist－

e（i　of　dark　gray，greenish　gray　clayey　silts，sandy　silts，

and　fine　sands．They　were　characterized　by　paralleI

lamination　and　wavy　and　lenticular　bedding，with

shell　fragments　and　organic　matter．Radiocarbon　ages

on　marine　molluscan　shells　from　embayment　sedi－

ments　were　ca．5200yr　BP　at　the　BT2borehole　and

5700yr　BP　at　the　VL　l　borehole．These　embayment

sediments　were　linked　to　the　evidence　for　a　Holocene

sea－1evel　rise　found　in　the　northem　Mekong　River

delta．The　imer　prodelta　sediments　were　dated　at　ca．

4600－3400yr　BP，but　near　the　recent　coast　their　ages

were　ca．4200－2400yr　BP．The　imer　delta．front　sedi－

ments　were　dated　at　ca．4590－3300yr　BP，but　at　ca．

3100－2200yrs　BP　near　the　recent　coast。The　suba－

queous　inner　delta－plain　sediments　seemed　to　be

younger　than3300yrs　BP，but　those　near　the　recent

coast　were　dated　from2100－1300yr　BP．These
changes　show　rapid　delta　progra（1ation　and　seawa．rd

migration　of　the　subaqueous　delta　plain，delta　front，

and　prodelta　system　of　the　Mekong　River　delta　after

the　maximum　Holocene　transgression．

（1Sub－lnstitute　of　Geography，Vietnam　National　Cen－

ter　for　Natural　Science　and　Technology，Vietnam，2

Department　of　Geology，Faculty　of　Science，Niigata

University，3Graduate　School　of　Technology，Shinshu

University，4Dating　and　Materials　Research　Center，

Nagoya　University，5Marine　Geology　Department，

GSJ）
Keywords：Mekong　river，delta，Holocene
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Coast＆亘Ch蹴ge我翻S誠w我terl踊騰sio醜
Re亘atedl重o　H腿ma醜Activit亘es童髄the　Co＆sta且

　　：Low且我翻so貴藍eMe］ko醜9RiverDe且ね，
　　　　　　　　　　　So覗tぬer醜Viet聡＆m

：NGuYEN　Van　Lap1，TA　Thi　Kim　Oanh1，

　　　　　　　and　Masaaki　TATEISHI2

　TheMekong　River　delta，one　ofthe　largestdeltasin

Asia，is　a　tide一（10minated　delta．S6diments　dominat－

ed　by　silts，clays，and　fine　sands　have　been　deposite（i

in　the　South　China　Sea　and　the　Gulf　of　Thailand．

During　the　sea－level　highstan（l　and　regression　over

last5000yτBP，delta　progradation　has　produced　a

great　flat　plain　of62，500km2，the　total　shoreline　of

which　is　about740km　long．A　monsoon　regime
together　with　two　different　tidal　patterns，semi－

diumal　and　diuma1，0n　the　South　China　Sea　and　Gulf

of　Thailand　have　played　an　important　role　in　the

coastal　change　of　the　Mekong　River　delta　in　recent

years．Since1885，1argetidalrangesof3－4mhave
contributed　considerably　to　coastal　erosion　and　accre－

tion　on　the　coast　of　the　South　China　Sea．The　Bo　De

coast，60km．10ng，a　we11－known　eroding　coast，is

eroding　at　an　average　rate　of30－50m／yr，and　in

places　at　a　rate　of　over80m／yr．The　remainder　of　the

delta　coast　is　ero（iing　at　about10－25m／yr，inclu（iing

the　coastal　segments　of　Go　Cong，Ba　Tri　an（i　Dong

Hai　of　Tien　Giang，Ben　Tre　and　Tra　Vinh　provinces，

respectively．The　delta　coast　on　the　westem　si（ie　of

Camau　Cape　is　accreting　with　an　average　rate　of

50－80m／yr，and　in　places　at　a　rate　of　over100m／yr．

　　The　low－1ying　Holocene　coastal　plains　supporting

freshwater　wetlands　are　often　close　to　or　below　the

level　reached　by　the　highest　tides．Together　with　the

large　tidal　range　and　the　wave　and　northeast　monsoon

actions，saltwater　intrusion　has　clearly　occurred　for

the　last　several　decades．Saltwater　intmsion　has

extende（1more　than20km　inland　in　more　than20
years，and　saltwater　has　invaded　the　low－1ying　fresh－

water　wetlands　through　a　combination　of　inland

extension　along　main　chamels，tidal　creeks，incom－

pletely　infille（i　paleochannels，an（1　artificial　canals。

Moreover，the　extension　of　salt　marsh　a亘d　mangrove

marsh　environments　inland　along　most　tidal　creeks

has　been　considerable　because　of　increasing　Pressures

from　shrimp　farms　along　the　landward　fringes　of　the

salt　and　mangrove　marshes．Since　the　price　of　shrimp

has　increased　rapidly　in　recent　years，1arge　areas　of

mangrove　forest　and　rice　fields　in　the　Camau　Penin－

sula　have　been（1estroye（i　in　or（ier　to　set　up　shrimp

farms．The　area　devoted　to　shrimp　farms　has　in－

creased　rapidly　from82，300ha　in1991to147，000ha　in

1997．The　expansion　has　not　been　manage（1we11，and

it　aggravates　the　ongoing　Processes　of　coastal　erosion

and　saltwater　intrusion．

　　　The　main　concem　of　this　study　is　the　rate　of

coastal　change，especially　emphasizing　coastal　ero－

sion　as　documented　du血g　the　past100years　and

saltwater　intmsion　during　the　last20years．Further

coastal　erosion　and　saltwater　intmsion　inthe　Mekong

River　delta　will　probably　be　induced　by　the　sea－1evel

rise　as　a　consequence’of　global　warming．

（1Sub－lnstitute　of　Geography，Vietnam　National　Cen－

ter　for　Natural　Science　an（i　Technology，Vietnam，

2Department　of　Geology，Faculty　of　Science，Niigata

University）

Keywords＝Mekongriver，delta，saltintmsion，human
impact

肱teHo互oce聡eSe我一：Leve且Ch蹴gesa舩
Evo亘翻o聡o貨heCe錨聡且P且舖鵡，丁血認a翻

　　Masatomo　UMITsu1，Sin　SINsAKUL2，

Suwat　TIYAPAIRAcH2，Niran　CHAIMANEE2
　　　　　　　　and　KUmikO　KAWASE1

　　The　Central　Plain，one　of　the　largest　deltaic　and

ti（ial　plains　in　southeastem　Asia，is　located　along　the

lower　reaches　of　the　Chao　Phraya　River　in　central

Thailand．Lan（iforms　of　the　lower　plain　are　classified

as　flood　plain，deltaic　plain，and　tidal　lowland。The

elevation　of　the　plain　is　mostly　less　than5meters　in

the　central　and　southem　region　and1－2meters　in　the

coastal　region．

　　Holocene　sediments　in　the　central　plain　consist

mainly　of　silt　and　claywith　occasional　organic　matter．

They　are　classified　into　four　units：basal　peat，marine，

tida1，and　fluvia1，from　bottom　to　top．The　basal　peat

developed　in　places　on　top　of　Pleistocene　sediments

and　was　covered　by　the　marine　unitl　it　lay　mainly　at

（iepthsofabout－5to－10minthesouthwestemplain，

andabout－5toOmintheeastemandnorthemparts
of　the　plain．The　marine　mit，the　so－called　Bangkok

clay（Nutalaya，1983），overlay　the　basal　peat　or　Pleis－

tocene　sedimentsl　it　consisted　of　very　soft，gray　silty

clay．The　marine　unit　was　more　than10m　thick　in　the

central　an（1southern　plain，an（1decreased　in　thickness

toward　the　margins　of　the　plain。The　ti（1al　unit倶onsist－

ed　of　gray　silt　or　silty　clay　with　very　thin　organic－rich

sandy　layersl　it　was　covered　by　the　fluvial　unit．The

tidalmitwas2－3mthickinthecentralplainand3－5
mthickatthemarginslitsthicknessdecreasedtothe
south。

　　Some　ra（iiocarbon　ages　for　the　Holocene　sediments

have　been　obtained　from　the　sediments　of　the　Central

Plain．The　ages　of　the　basal　peat　collected　by　the

authors　and　reported　by　Somboon　（1990）were
between　ca8000to5500yr　BP，and　they　show　that　a

distinct　mangrove　forest　had　developedbythe　earlyto

middle　Holocene．The　basal　peat　Iayers　were　dis一
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tributed　from－10m　to十2m　depth，and　their　ages

indicate　the　period　of　the　Holocene　transgression．

Ra（iiocarbon　ages　obtained　from　the　tidal　unit　ranged

from　ca．7000to4000yrs　BP。These　ages　are　also
indicative　o：f　past　sea－1evel　changes．

　　Based　on　the　ages　and　heights　of　basal　peat　and

tidal　sediments，the　maximum　height　of　sea　level　was

more　than2meters　above　the　present　sea　leve1，and

occurred　around6000yr　BP．After　the　sea－1evel　high－

stand，a　slight　regression　occurred　ca4，500yr　BP．

This　sea・1evel　change　is　similar　to　that　shown　by

Sinsakul（1992）．A　former　beach　ridge　is　located　in　the

southwestem　part　of　the　plain．The　height　of　the　ridge

is3－5m　a．s．L　an（i　its　age　is3420yr　BP。Late　Holocene

tidal　se（iiments　developed　in　the　central　and　southern

parts　of　the　plain，and　they　show　that　the　Central

Plain　expanded　as　the　tidal　plain　retreated　toward　the

south。

（1Department　of　Geography，Nagoya　University，

2Department　of　Mineral　Resources，Thailand）

Keywords：Chaophraya　river，delta，central　plain，
Holocene，sea－1evel　change

　　Se面me臨躍ySeq腿e麗esO貴heP．T．
：Bor曲o旦e，LowerCe踊聡且P盈＆i馬丁ぬa量亘蹴観

Suwat　TIYAPAIRAcH1

　The　project　on　the　Impact　of　Sea　Level　Change　on

Coastal　Areas　of　the　Lower　Central　Plain　of　Thailand

is　being　conducted　by　a　joint　working　group　of　Thai

and　Japanese　Researchers．The　deep　drilling，the　P．T．

Borehole，was　carried　out　at　lat．14。4’20”N，10ng．100。

37’59”E　in　late1998．The　core　samples　were　de－

scribed　and　the　sedimentary　units　were　classified　in

detail　based　on　lithology．The（1epositional　environ－

ments　of　each　sedimentary　unit　were　interpreted　from

the　sedimentary　sequences．The　paleogeography　of

this　sedimentary　sequence　was　characterized　by　com－

parison　with　delta　models．The　results　of　this　study

were　used　to　reconstruct　the　history　of　lower　Central

Plain　throughout　the　Holocene　period．

（1Department　of　Mineral　Resources，Thailand）

Keywords：Chaophraya　river，delta，central　plain，
Holocene

亘」ate　H：o且ocene　De且t醜Fro藍t　M翌grat亘o髄o登t翫e

　　　　　　　C血ao曲ray我De亘訟，盟a萱亘a翻

Yoshiki　SAITo1，Yoshio　SATo2，

Yuichiro　SuzuKI3，Sin　SINsAKuL4，

　　　Suwat　TIYAPAIRAcH5，and

：N’iran　CHAIMANEE4

　　Late　Holocene　delta　progra（iation　of　the　Chao－

phraya　River　delta，Thailand，is　described　based　on

delta－front　sediments　and　ra（liocarbon　dates　from

borehole　and　open－pit　samples　taken　from　the　lower

central　plain　in　Thailand．Three　borehole　cores　were

taken　from　the　central　plain　of　Thailand　in　late1998：

Site　l　lat．14。04フ20万N，10ng．100。37’59”El　Site21at．

13。40’037’N，10ng．100。13フ20かE　l　Site31at．13。34フ11’フ

N，　10ng．　100。35713”E．　Holocene　sediments　at　the

borehole　sites　were10－13m　thick，and　they　unconfor－

mably　covered　underlying　Pleistocene　marine　or　flu－

vial　sediments．Radiocarbon　dates　from　the　basal　part

of　the　Holocene　ma血e　sediments　were　ca．4．O　ka　at

Site1，7．0－7．5ka　at　Site2，and2．5－3．O　ka　at　Site3．

Other　radiocarbon　dates　on　marine　molluscan　shells

from　the　basal　part　of　Holocene　sediments　in　pits　on

the　central　Plain　were　from7．0－7．5ka．As　these

molluscan　shells　with　radiocarbon　dates　of7．0－7．5ka

were　recovered　from　sediments　beneath　the　central

plain　and　about5to10m　below　the　present　sea　leve1，

they　are　linked　with　the　Holocene　sea－1evel　rise　and

inundation　of　the　central　plain．Accumulation　curves

from　age－depth　plots　at　borehole　sites　clearly　show

the　time　at　which　the（1elta　front　of　the　Chaophraya

delta　passe（1each　borehole　site．This　event　occurred

from3．5－4．O　ka　at　Site　l　an（1ca．1，0ka　at　Site3．These

（iata　and　other　ra（iiocarbon　dates　on　the　delta．front

facies　provide　contimous　data　on　seaward　delta　pro－

gradation　in　the　central　Plain　for　the　last6ka。

（1Marine　Geology　Department，GSJ，2Geological

Museum，GSJ，3Mineral　and　Fuel　Resources　Depart－

ment，GSJ，4Geological　Survey　Division，Department

of　Mineral　Resources，Thailand）

Keywords＝Chaophraya　river，delta，central　plain，
Holocene，progra（iation

　　　　　　Se量smic　Facies，Stratigra夢ぬy，

　　　　a翻：Evo亙轟o髄麗yMo岨e亘of：L説e

Q濾tem麗yD叩OS童ts亘遡曲e：LowerCe薦ra丑
　　　　　　　　　　　P且＆i遡o釜Tha，i且餅δ

Wichien　INTAsEN1，Thawatchai　TEpsuwANl
　　　　　　　　　an（i　Suvit　SERITRAKuL1

　In　June1998an（i　March1999，a　geophysical　survey

with　high　resolution　seismic　reflection　profiling　and

echo　somding　systems　was　conducted　by　the　DMR
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and　CCOP　along　the　Chao　Phraya　River，the　Tha　Chin

River，the　MaeKlong　River，the　MaeKlongCana1，the

Damnoen　Saduak　Cana1，and　the　Sanphasamit　Canal

in頓e　westem　part　of　the　lower　Central　Plain　of

Thailand．Atotalof4721ine－kmofgeophysicaldata
were6btained．

Water　depths　along　the　survey　lines　rangedfrom　O．

3to60m。Three　major　seismic　sequences　beneath　the

water　column　were　classified，namely　Sequence1，

Sequence　2，an（i　Sequence　3，in　（lescending　order．

Sequence　l　generally　thickened　seaward　with　thick－

nesses　ranging　from　l　to20m．Seismic　reflection

configurations　within　this　sequence　were　characteris－

tically　parallel　and　subparallel　with　Iow　amplitudes，

acoustic　blanking，and　chaotic　pattems．The　sedi－

ments　were　interpreted　to　be　composed　of　prograded

：fluvial　sands　in　the　bottom　of　the　channel　axis　over－

1ain　by　Holocene　marine－estuarine　muds．The　topmost

lithofacies　within　this　sequence　was　made　up　of　recent

fine－grained　fluvio－estuarine　sediments　near　the　coast

and　coarse－grained　fluviatile　sediments　farther　up－

stream，40km　from　the　coast．The　mud　unit　could　be

correlated　with　the　Bangkok　Soft　Clay　Member．

Sequence2was　separated　from　sequences　l　and3by
strong　reflectors　at　depths　below　the　water　surface　of

5－30m　and．20－100m，respectively．This　sequence　is

about5－40mthick，andtheseismicreflectionconfigu－
rations　within　the　sequence　were　characteristically

parallel　and　subparallel　with　higher，amplitudes　than

in　Sequence1．It　was　presume（1to　be　made　up　of　clay

and　san（ly　clay　deposited　under　a　terrestrial　environ－

ment　during　the　late　Pleistocene　an（i　could　be　correlat－

ed　with　the　Bangkok　Stiff　Clay　Member。Sequence3，

the　lowermost　sequence　depicted　on　the　seismic　pro－

files，exhibited　a　wavy　parallel　pattem　in　the　upper

part．It　might　be　a　middle　Pleistocene　sequence　equiv－

alent　to　the　Phra　Pradaeng　Member，which　is　com－

posedofathickclaybedabout10－20mthickatthe
top　and　alternating　layers　of　san（1／gravel　and　marine

clay　in　the（ieeper　part．

　　The　Chao　Phraya　delta　margin　is　experiencing　lan（l

subsidence　an（1coastal　erosion　problems．Thick，soft，

marine－estuarine　muds　just　beneath　the　present－day

flood　plain　may　be　one　o：f　the　stratigraphic　factors

responsible　for　the　subsidence．Extensive　river－san（i

mining　results　in　a　negligible　supply　of　sand　to　the

coast．Consequently，coastal　erosion　at　the　head　of　the

Gulf　of　Thailand　has　been　accelerated．However，high

urban　growth　rates　and　pressures　from　development

in　central　Thailan（1have　stimulated　increasing

demand　for　new　sand　and　gravel　deposits　to　mine．

Sand　dredging　in　existing　river　chamels　will　be

stopPe（i，an（i　thus　a　need　exists　to　fin（i　relict　or　in－

active　deposits　in　nearby　areas．The　river－channel

evolution　mo（iel　presented　in　this　paper　suggests　that

coarse　channel　sands　and　gravels　were　deposited
during　later　stage　of　estuary　infilling　and　are　thus　to

be　found　in　more　mature　parts　of　the　present　floo（1

Plain．

（1Economic　Geology　Division，Department　of　MineraI

Resources，Thailand）

Keywords：Chaophraya　river，delta，central　plain，
SeiSmlc　SurVey

　The　M我rkham　I）elta　a聖岨A且且覗v萱＆且F＆醜

Co即且exesof出e臨o聾Pe恥且聖sぬrB我曲，
　　　　　　　　　　P＆騨aNewG樋鷺ea

Niran　CHAIMANEE1

　The　Huon　peninsular　basin　is　dynamic，although　the

extent　of　the　（iynamics　an（1the　interlocking　of　the

different　mechanisms　are　not　very　well　known．It　lies

on　the　leading　edge　of　the　South　Bismarck　plate

convergent　margin，which　is　overriding　the　Australian

plate　along　the　Ramu－Markham　Collision　Zone．

Coastal　processes　of　erosion　and　sedimentation　are

responsible　for　some　of　the　dynamics，while　other

dynamic　processes　are　responsive　to　the　tectonic

situation．The　formation　of　the　Markham　delta　and

coastal　alluvial　fan　complexes　of　the　Huon　peninsular

basin　is　an　example　of　tectonically　induced　landforms

that　have　been（iynamic　during　the　Quaternary．

　　The　coastline　of　the　Huon　Peninsula　in　the　vicinity

of　Lae　is　a　low－1ying　plain　made　up　of　alluvium

deposited　by　rivers．At　the　mouth　of　the　Markham

River，a　deltaic　fan　of　sediments　has　been　deposited，

where　they　sit　precariously　at　the　e（ige　of　the　conti－

nental　slope．Added　to　the　mix　is　an　east－to－west

wind－generated　littoral　drift　that　has　further　built　up

sandbars　and　spits　at　the　river　mouth．These　features

are　subject　to　rapid　change，and　their　seaward　slopes

are　steep　and　unstable．Finally，much　of　the　coastal

population　here　lives　within　striking　distance　of　the

tsunamis　that　occur　occasionally．

　　Several　shallow　borings　were　performed　in　areas

selected　as　geologically　significant，especially　along

the　coastal　zone，an（i　sections　along　roa（i　cuts　and

river　banks　were　measured　and　described．Datable

materials　from　the　shallow　boreholes　and　sections

were　collected　for　C－14dating　in　order　to　establish　the

chronology　of　coastal　evolution．The　coastal　land－

forms　of　the　Markham　delta　plain　were　characterized

and　the　alluvial　fan　complexes　within　the　Huon　penin－

sular　basin　were　differentiated．The　sediment　budgets

and　coastline　behavior　accompanying　these　geomor－

phic　features　were　evaluated。Finally，the　evolution　of

the　Huon　peninsular　basin　and　the　impact　of　tectonic

instability　were　elaborated．

（1Department　of　Mineral　Resources，Thailand）

Keywords：Markham　Delta，Alluvial　Fan，Huon
Peninsular
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　　　　　　　魂e且ねs，Verac腿z，Mexico

H：iroko　OKAzAKI1，Daniel　Jean　STANLEY2
　　　　　　　　and　Eric　E．WRIGHT3

　Grain－size　distributions　are　used　herein　to　compare

the　relative　importance　of　fluvial　sediment　input

versus　erosion　by　coastal　processes　in　two　adjacent，

modem　deltas，the　Tecolutla　and　Nautla，10cated

along　the　high－energy　Veracmz　margin，southwestem

Gulf　of　Mexico．Both　systβms　have　been　formed　at

the　mouths　of　short，powerful　rivers　that　carry　their

volcaniclastic　loads　from　the　adjacent　Sierra　Madre

Oriental　mountain　chain　down　steep　slopes　directly　to

the　coast．　Our　focus　is　on　evaluating　influence　of

flood　overbank　deposition，sediment　entrapment　on

delta　plains　and　effectivebypassing　of　fluvial　material

to　the　sea．A　total　of197surficial　sediment　samples

（Tecolutla＝961Nautla＝101）were　collecte（1system－

atically　in　ll　environments（coded　l　to11）between　the

delta　apices　an（1the　Gulf　inner　shelf．　Grain－size

parameters（mean，standard　deviation，skewness）
were　determined　for　each　environment　in　each　of　the

two　deltas．

　　Comparison　of　textural　parameters　in　each　system

indicates　a　general　similarity　in　grain　size　across

parameters　in　both　deltas．However，evaluation　of

differences　in　parameters　show　that　the　Tecolutla

［one　of　the　most　powerful　rivers（1）in　Mexico　when

in　floo（i　stage］　has　a　larger　loss　of　coarser　fractions

by　overbank　deposition　on　levees（2）and　flood　plain（3）

than　in　the：Nautla．Moreover，there　is　more　effec－

tive　entrapment　of　finer－grained　fractions　in　the

marsh（4），mangrove（5）and　upper　estuary（6）of　the

Tecolutla．As　a　result，sediment　in　the　Tecolutla

lower　estuary（7）is　somewhat　finer　grained　and　better

sorte（l　than　in　the　Nautla．

　　Grain－size　parameters　in　offshore　environments

　［dune　（8），beach　（9），breaker　zone　（10），inner　shelf

（11）］reveal　that　sediment　from　marine　environments

is　accrete（10nto　the　Nautla　delta　by　coastal　processes

in　the　high－energy，wave－driven　Gulf　coa．st　margin．

This　landward　pulse　is　confirme（1independently　by

the　delta’s　truncated　configuration　and　masking　of

volcanic　and　light　mineral　components　by　heavy

minerals　and　carbonates　of　sand　size　in　its　lower

estuary．In　contrast，fluvial　sed．iment　of　the　Tecoluし

la　can　bypass　the　lower　estuary　to　beyond　the　river

mouth．This　is　indicated　by　the　gentle　cuspate　form

of　the　delta　and　presence　ofhigher　relative　amounts　of

fluvioclastic　light　and　volcanic　mineral　components　in

the　lower　estuary　and　offshore　environments　immedi－

ately　seaward　of　the　river　mouth。The　investigation

reveals　the　extent　to　which　grain－size　analysis　is　a

necessary　adjunct　for　interpreting　sediment　source，

role　of　overbank　flow，entrapment　on　plain　surfaces，

and　seaward　bypassing　of　sediment。It　is　also　valu－

able　for　distinguishing　transport　processes　in　different

deltaic　environments．

（1Natural　Museum　and　Institute，Chiba，2Smithsonian

Institution　USA，　3Marine　Science　Department，
Coastal　Carolina　University，USA）
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Nautla（ielta，Veracruz
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Daniel　A．DeLlsLE1，Georges　DRAPEAu2
　　and　Daniel　J．STANLEY3

　　The　natural　coastal　behavior　of　the　Nile　delta　is

now　being　alteredby　human　interactions　up　to　a　point

where　it　is　considered　to　be　in　a　destruction　phase．

Egypt　has　been　included　in　the　world　economy150

years　ago．Ever　since，the　Nile　delta　have　suffered

irreversible　alterations．Human　and　economic　pres－

sures　imposed　the　construction　of　major　engineering

infrastructures　such　as　dams　to　produce　electricity

and　regulate　the　flooding　seasons　to　allow　agriculture

all　year　long．Anthropogenic　modifications　can　be

observed　by　the　land　use　over　the　years．The　four

major　lagoons　of　the　Nile　delta　are　good　indicators　of

the　increased　land　reclamation　activities．Historical

maps　and　recent　satellite　images　were　overlayed　to

determine　the　rate　of　surface　decrease　through　the

last150years。Lagoon　coastlines　were　digitized　and

integrated　into　a　Geographic　Information　System

（GIS）．This　database　allowed　to　monitor　coastal

changes　using　a　geostatistical　apProach．Not　only　our

results　show　rapid　size　decrease　of　the　lagoons　but

also　a　trend　in　their　lateral　motion．

　　The　geomorphological　changes　of　these　lagoons，

even　if　altered　byF　human　activities，showed　a　tren（1

which　we　believed　was　induced　by　differential　subsi－

dence　throughout　the　delta．The　rate　varies　from1。5

mm／year　on　the　west　side，near　Alexandria，to　almost

5mm／year　on　the　east　side，near　Port　Said．The　GIS

allowed　the　surface　changes　of　the　delta　to　be　compar－

ed　with　geological　information．A3D　model　of　the

Nile　delta　chronostratigraphy，　for　the　Holocene

period，was　produced　using　the　carbon　datation　of

more　than400samples　taken　from86boring　cores，
provided　by　the　Smithsonian　Institution．The　profiles

extracted　from　this　model　show　many　deltaic　features

such　as　delta　fronts　which　were　correlated　with　the

sedimentological　information　of　the　corelogs．It　was
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also　possible　to　identify　the2major　depocenters　ofthe

delta　as　well　as　the　location　and　accumulationrates　of

former　Nile　channels．

　　Overall　results　show　that　lagoons　alterations，even

induced　by　human　activities，are　influenced　by　natural

impacts．There　is　a　close　relation　between　their　recent

motion　trends　and　the　Holocene　history　of　the　Nile

delta．

（1Universite　du　Quebec　a　Rimousk：i，Canada，Current

address：Ibaraki　University，21NRS　Geo－Ressource，

Canada，3Smithsonian　Institution，USA）
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