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ThegeoJogyofVietnam：Abriefsummaryand probJems

Tran Ngoc NAM

Abstract：The territory of Vietnamis dividedinto five structuralblocks：Northeast

（NE），Northwest（NW），Truongson，Kontum and Nambo．The NE blockis a part of

the South China plate，in which strata andigneous rocks have been found dating

from the Early Paleozoic to the Quaternary．The NW and Truongson blocks are

regarded as NW－SE trendingPaleozoic folded systems filled with thick（＞12000m）

Paleozoicformations．Precambrian strata arewidespreadin theRed Riverfaultzone

and Fansipan rangein the NW block，andin theKontum block．Archean rocks are

foundonlyintheKontumblock，WhichisregardedasastablemassifwithoutPaleozoic

sedimentaryrocks．TheNamboblockiscoveredwithaverythick（＞6000m）sequence

ofCenozoicformationsdepositedinacontinentalrift．DuringtheMesozoicmanysuch

grabenstructureswereformedandbecomebasinsforsedimentation・Igneousactivlty

in Vietnamis dividedinto five episodes from the Archean to Quaternary．The most

importantimpediments to the description andinterpretation ofgeologyin Vietnam

arelack of reliable radiometric and structural data，and scarcity of good outcrops．

Keywords＝　Vietnam，Kontummassif，Truongson，RedRiverfaultzone，Precambrian

Strata．

lNTRODUCT10N

Vietnamis a country of area331，689square

kilometers situated on theIndochina peninsula

（Fig．1）．Because of manyimportant geological
features reflecting reg10nal geologlCal evolution，

Vietnam has attracted the special attention of

numerousgeologistsfromvariouscountries（e．g．，

FROMAGET1941；SAURIN1956；DovJICOVetal．1965；

KUDRIAVTSEVetal．1969；RANGINetal．1993）．Recent

English publications concerning the geology of

Vietnam have beenlimited mostly to plate

reconstruction models for the whole East Asian

regionandtheSouthChinaSea（DEWEYetaL1989；

HUcHONetal．1994；LEE＆LAWVER1994；PELTZER

＆TAPPONNIER1988；TAPPONNIERetaL1986），and

ingeneralpublicationsinEnglishdescribingand

discussinganyaspectsofthegeologyofVietnam

areveryscarce．The aim ofthis paperis togiVe

ageneralplCtureOfthegeologlCalcharacteristics

of this country based on the results of research

byanarrayoflocalandinternationalresearchers

and to summarize themostimportant obstacles

to future progress．

TECTONIC OUTLINE

TheterritoryofVietnamisapartoftheSouth

China Plate andIndochina Plate．The plate

boundarylStheRedRiverfaultzonethatstrikes

NW－SE andextendsoveralengthof＞1000km
between the Gulf of Tonkin and Tibet（TAPPON－

NIERetaL1990）（Fig．1）．TheRedRiverfaultzone

COrreSpOnds totwo distinctstructures：theAilao

ShanLRed River shear zone referring to the

narrowmetamorphiccores ofthefaultzone and

the active Red River fault system（LELOUP et aL

1994）．According to the modelof TAPPONNIER et

aL（1986），the whole ofIndochina has extruded
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Fig・1・SchematicmapofthemajorCenozoicfaultzoneineasternAsia．01igo－Miocene

Seafloorisshaded．（AfterSHÅRERetaL1990．）

to theSEduringthecollision ofIndiawith Asia．

The relative movement betweenIndochina and

South China alongthe Red Riverfault zone has

been estimated to be from330km（LACASSIN el

aL1993）to500－740km（TAPPONNIERet aL1986，

1990）ofleft－lateralmotion duringtheTertiary．

TheSouth ChinaSeatotheEastofVietnamis，

therefore，SuggeStedtohaveoriginatedasapull－

apart basin at the termination of the Red River

fault zone．

Figure2shows the tectonic divisions of the

territoryofVietnam．TheterritoryofVietnamcan

be dividedinto five units as structural blocks．

They are the Northeast（NE），Northwest（NW），

Truongson，Kontum and Nambo blocks．TheNE

blockisrecognizedas partoftheformerChinese

COntinent．The stratigraphy andigneous rocks

there range from the Late Proterozoic to

Quaternary．TheNWandTruongsonblocks，With

the thickest Paleozoic stratain Vietnam，are

recognized asNW－SEtrendingPaleozoicfolded

SyStemS，buttherearesomedifferencesintectonic

developmentbetweenthem，eSpeCiallyintheLate

Paleozoic．The Kontum blockis an uplifted

massif．The oldest stratlgraphy of the Archean

is found there，but Paleozoic rocks are mostly

absent．The Nambo blockis a part of the

MalayslaLMiami“geosynclinal system”andis

recognized as a continental rift filled with thick

（6km）Cenozoic deposits（DE et al．1986）．

STRATIGRAPHY OF VIETNAM

The rocks of Vietnam range from Precam－

brian to Quaternary．The strata of each of the

blocks（NE，NW，Truongson，Kontum and
Nambo）is different（Fig．3）．

PRECAMBRIAN STRATIGRAPHY

The Precambrian formationsin Vietnam are

found along the axis of the Fansipan range，in

the Red River valley（NW block），andin the

Kontum massif（Fig．3）．
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Fig．2．TectonicdivisionsoftheterritoryofVietnam．

Archean metamorphic rocks

IntheKontummassiftheArcheangranulites，

groupedinto the Cannak complex，Whichis the

Oldest stratigraphic unitin Vietnam，are found

in close connection with autochthonous plutons

Of alkali－Charnokites（orthopyroxene－bearing

granites）．Thethicknessofthecomplexhas been

estimated to be＞4000m．Thecomplexconsists

mainly of two－pyrOXene and hypersthene－

garnet－bearing granulites，and sillimanite－

garnet－COrdierite－bearing khondalites．Several

Calciphyre and marbleintercalations are found

among the khondalites．The representative

mineral associations of the complex are typlCal

Of the cordierite－hypersthene－Orthoclase sub－

facies，the highest temperature part of
intermediate→preSSure granulite facies，COrre－
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SpOnding to P－T conditions of800－8500c and

7－8kbars．The Archean age of the complexis

proposed on the basis of petrologicalcorrelation

With classicArcheangranulitesin otherparts of

the world（HAI1986；THI1985）．

Lower Proterozoic metamorphic rocks

Lower Proterozoic rocks are foundin the

Kontum massifandin thecores oftheFansipan

range and Red River fault zone（see Fig．2for

locality）．Theyareplacedintodifferentcomplexes

underlocalnames．Thegeneralthickness of the

COmplexes has been estimated to be2500．3000

m．Thelowest part of the complexesis mainly

COmpOSed ofamphibolite－biotitegneisses，horn－

blendLbiotite plagiomigmatite andintercala－

tions ofamphibolites．Theprincipalconstituents
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Fig．3，GeologicalmapofVietnam．（AfterTRAN＆NGUYEN1986．）

Ofthe upper part aresillimanite－biotite－garnet

gneisses and schists．There are also graphite－

bearing schists andintercalations of quartzite，

lenses of marbles and calciphyresin this part．

Themetamorphicconditionshavebeenestimated

to beintermediate－preSSure amphibolite facies，

COrreSpOnding to P－T conditions of650－700℃

and7－7．5kbars．TheoldestKAAragesregiStered

from these complexes varyfrom2070to2300Ma

（TRIggαエ1977，THI1985）．

Upper Proterozoic metamorphic rocks

Upper Proterozoic metamorphic rocks，With

astratathicknessoflOO0－1200m，areWidespread

and form alarge（50－60kmWide）belt bordering

the Kontum massif．They are composed of

amphibolitewithgarnetandcummingtonite，With

intercalations of garnet－Cummingtonite amphi－
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bolite，marble and plagioclase－diopside schists

in thelower part．The upper partis built up of

tw0－mica schist，gneiss，quartZite，amphibolite

and marble．

IntheNWblock，theUpperProterozoicrocks

COnSistmainlyoftw0－mica schists and sericitic

schistsintercaiated　with quartzite and marbie．

The strata thickness has been estimated to be

900－1000m（HAI1986）．

The metamorphic conditions of the Upper

Proterozoicrocks havebeenestimated to beclose

to400L500℃　and2－3．5kbars，repreSenting the

highestrtemperature part of greenschist facies
（THI1985）．

PALEOZOJC STRATJGRAPHY

Paleozoic stratain Vietnam are widespread

in the NE，NW and Truongson blocks，but are

absentin the Kontum and Nambo blocks（Fig．

3）．

Lower PaJeozoic strata

The1300－2000　m thick Middle Cambrian－

Lower Ordovician strata that consist mainly of

limestone，mudstone and sandstone have been

dividedinto two types，namely the Changpung

andThansatypes．Thelatterisdistributedinthe

NE block，Whereas the formerisin the NW and

Truongsonblocks．ThefaunaoftheThansatype

is closely related to that of Southeastern China

and Tienshan，Whereas that of the Changpung

type has been regarded as a member of the

Eastern Asia－Australia paleobiogeographical

province（NGAN et aL1986）．

The400－1000m thick Middle and Upper

Ordovician strata that crop outin the NE block

are composed of terrigenous brown coarseL

grained clasticrockswiththeremainsofspecies

Of brachiopods（e．gリ　tHetnamia dbuuillet（MANS）

andLonchodomasyohiSUN）andothertaxa（NGAN

efαエ1986）．

The3000－3500m thick Upper Ordovician－

LowerSilurianformations arelargelydistributed

in the NE and Truongson blocks and partlyin

thelow course of the Da Riverin the NW block．

Except for the sedimentary rocks along the Da

River，Which contain coralfossils，theothers are

terrlgenOuS flyschin character and contain

graptolite assemblages．

The　2000－3500　m thick Upper Silurian

formations conformably overly the above men－

tioned formations．Many fossil taxa have been

discoveredintheUpperSilurianformations，SuCh
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as graptolites，brachiopods，trilobites，and

acritarchs．The Upper Silurian formations cover

largeareasintheTruongson andNEblocks and

thelow course of the Da River of the NW block

（NGAN et al．1986）．

Upper PaIeozoic stratigraphy

In the NE and NW blocks thelowest

Devonian strata，With a thickness of600L700m，

are continental formations containing fresh－

water fish fossils，unCOnformably overlying the

Lower Paleozoic formations；in thelower course

OftheDaRiver（NW block）there arecarbonate－

terrigenous formations conformably resting on

Silurian formations and containingfossilassem－

blages of brachiopods．The Middle Devonian

Strata are mainly composed of　500　m thick

Carbonate formations contalnlng abundant

remains of corals．The Upper Devonian strata，

with a thickness of200m，CrOp Outinlimited

areas．The strata contain are bedded siliceous

limestone，Shale，and siliceous rocks，COntaining

Frasnian and Famennian conodont assemblages

（THANH et al．1986；TRI1977）．

In theTruongson block，theLowerDevonian

Strata are Characterized by a　2000　m thick

formation of shale and sandstone，COntaining

Abu）akia，Mbnog7てゆtus，Erbenoce7m，etC．In the

Hue area，SOuthern partoftheTruongson block，

the Lower Devonian strata are continental red－

COlored beds of conglomerate，Sandstone and

mudstone．The Middle I）evonian strata are

Characterized by a1200　m thick terrigenous

formationin thelower part and a500m thick

Carbonateformationin the upperpart，thelatter

COntaining abundant assemblages of coelenter－

ates and brachiopods．The thin UpperDevonian

Strata areCOmpOSed oftwofacies：the carbonate

facies contains Frasnian－Famennian stromat－

OpOrOids and conodonts distributedin the north

part of the block，Whereas the clastic facies of

the tida1－1ittoralzoneis only Frasnianin the

SOuth part（THANH et al．1986；TRI1977）．

The Carboniferous－Permian formations are

WidelydistributedintheNE，NWandTruongson

blocks．In the NE block these formations are

Characterized by Carboniferous－Permianlime－

StOne COntainlng numerOuS foraminifers and

Upper Permian siliceous shale，bauxite and

limestone．In the NW block these formations are

COmpOSedoflimestone，Shale，Siliceousshale，and

porphyrite basalt，Whereasin the Truongson

blocktheyarecomposedofLowerCarboniferous

Shale，Sandstone，COnglomerate，limestone and

Carboniferous．Permian limestone containing
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abundant assemblages offoraminifers．Thetotal

thickness of the Carboniferous－Permian strata

has been estimated to be1800－2200m（HUNG＆

TIEN1986）．

MESOZOJC STRATIGRAPHY

In Vietnam the Mesozoic strata consists of

Triassic andJurassic marine sedimentary and

VOIcano－Sedimentary rocks，and Cretaceous red

COntinental formations．They are distributedin

Mesozoic grabens．In the NE block the grabens

trendfromNE－SWtosubW－E，Whereasinthe

Other bocks they mostly trend NWLSE．

The Triassic formations mainly consist of

terrigenous deposits，VOIcanics，andlimestone

COntainlng abundant assemblages ofpelecypods．

The NorianLRhaetian consists of coal－bearing

deposits containing the famous Hongai flora

（KHUC＆THU1986）．

Cretaceousredcontinentalformationsmainly

COnSist ofsandstone，Siltstone，lightvioletto red
brown shalesandconglomerates．Insomeplaces，

there are salトbearing formations（THU＆TIEN

1986）．

TERTIARY FORMATJONS

Tertiary（mainlyNeogene，insomeareaswith

UpperPaleogene）depositsareoflimitedquantity

and belong to three types：1acustrine with the

intercalationofvoIcanicrocks，lagoonalordeltalC，

and marine．The lacustrine deposits are

Characterized by their gray color，rhythmically

interbedded with conglomerates and coarse

Sandstone，and coal－bearing units．They are

distributedinnarrow（afewhundredmeterswide）

depressions and often developed alongthemain

faultsunderthelakesorgrabens．Fossilremains

Of vegetation，SpOreS and pollen，mOllusks and

diatoms have been collectedin thesedepositsin

SouthVietnam．Basaltsarealsofoundinthesame

deposits．Very thick（3500－6000m）lagoonal or

deltaic formations are distributedin the Hanoi

and Mekong basins．Marine formations are

depositedonlyonthecontinentalshelfofVietnam

（DzANH1986）．

QUATERNARY SEDIMENTS

Quaternaryformationsin Vietnamconsistof

two series：deltaic sediments distributedin the

Hanoi＆Mekongbasins and coastalplains，and

basaltsthatarewidelydistributedinthehigh1and
of the Kontum massif．

JGNEOUS ACTIVITY

The magmatic evolutionin Vietnamis

dividedinto five episodes：Archean，Early

Proterozoic，Early－Middle Paleozoic，Late

PaleozoicLEarly Mesozoic and Late Mesozoic－

Cenozoic．Some episodes are subdividedinto

CyCles（QUYEN1986）．

lNTRUSJVE BODJES

Intrusive bodies duringthe Archean episode

havebeenfoundonlyontheKontummassifwith

COmpOSitionsvarylngfromultramafictogranitic．

EarlyProterozoicintrusivebodies aremainly

plagiogranite and migmatite，and aredistributed

intheKontummassifandintheFanslpanrange

Of the NW block．

The Early－Middle Paleozoic episodeis

Subdividedinto four stages：Middle Cambrian，

Ordovician－Silurian，　Early Devonian，　and

Carboniferous．Theintrusive bodies of this

episodearewidelydistributed overVietnam and

Vary from ultramafic tograniticin composition，

The Late Paleozoic－Early Mesozoic episode

is subdividedintotwostages：Permian－Triassic
and Middle Triassic－Norian．Intrusive bodies of

this episode are commonlygranodiorite，granite，

with some mafics and ultramafics．

The Late Mesozoic．Cenozoic episodeis

Subdividedintothreestages：LateJurassic－Early

Cretaceous，LateCretaceousLPaleogeneandLate

Paleogene．Intrusive bodies of this episode are

high－alumina granitoid，alkaline granite and
alkaline syenite，

The ages of theintrusive bodies have been

estimated basedin parton radiometricdata，but

mostly on comparison with relative ages of

associated voIcanic formations．

VOLCANJC FORMATl0NS

VoIcanic formations are foundin Vietnam

throughout geologicaltime．Thin pre－Mesozoic
VOIcanic formations are foundin a wide variety

Of geologlCal structures．They areintercalated

With polymineraトterrlgenOuS，grayWaCke，Sili－

CeOuS and carbonate rocks of Archean，Protero－
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ZOic，Early CambrianrEarly Ordovician，Late

Ordovician－Early Silurian，Late Silurian－Early

Devonian，Late Carboniferous－Early Permian

and Permian ages（QUoc1986）．Thick（＞800m）

SequenCeS Of Mesozoic（Middle Triassic and

Jurassic）VoIcanicformations arefoundin many

MesozoicvoIcanicgrabensinVietnam．Paleogene

and NeogeneLQuaternary voIcanic formations

cover the modern relief of some areas．

GEOLOGJCAL HJSTORY

The geological history of the territory of

Vietnam（Fig．4）stretches back to over　2300

million years ago，When the Archean rocks were

formed．Thefirstgranitizationprocesstookplace

in the Kontum massif，makingit the earliest

COntinentalpartoftheterritoryofVietnam．The

SeCOnd granitization probably took place during

the Early Proterozoicin the Kontum and NW

blocks，WheregraniteandmigmatiteoftheEarly

Proterozoic are found．

TheKontummassifhasbeenstablesincethe

Later ProterozoIC，With only thin platform cover

formations and no Paleozoic formations．In

COntraSt，intensivegranitization took placeinthe
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Truongson，NW andNEblocks duringtheEarly
Paleozoic to formlarge granitic dome－like

StruCtureS（e．g．，graniticbatholiths ofSongChay，

Bu Khang and Kham Duc；See Fig．2）．

DuringthePaleozoic，theTruongsonandNW

blocks were“geosynclinal basins”situated

between theIndochina micro－COntinent to the

south andtheChinesecontinenttothenorth．The

basinsgraduallyupliftedandbecameacontinen－

talregionbytheLatePaleozoic．Evidenceforthis

is based on the temporo－Spatialdistribution of

Sedimentary facies．　Devonian red－COlored

Sediments of conglomerate，Sandstone and

mudstone arefoundintheHue area，and cross－

bedded sandstone containing fresh－Water fish

fossilsis foundin the NE block，Whereas there

are marine sequences of the same agein the

center of the basin．

CarboniferousLPermiannonclasticlimestone

COntainingabundantassemblagesofforaminifers

foundin several regionsisinterpreted as a
platform cover，eXCeptforintheDaRiverregion

（intheNWblock），Wherelimestoneisintercalated
Withbasaltthatisregardedtobeariftformation．

In the TriassicLEarlyJurassic several graL

bens were formed．They became basins for the

deposition of sedimentary and voIcanic rocks．

Cretaceous red continentalsedimentary suc－

CeSSions are recognized as orogenic formations．

During the Neogene－Quaternary there are

Onlytwomainbasins，theHanoiandMekong，for

Sedimentation．Basalt effusion took placein the

high1andoftheKontummassif，and otherparts
Of the territory of Vietnam have undergone

Weathering and erosion．

THREE MAJOR PROBLEMS

FACING GEOLOGISTSJN VIETNAM

（1）Alarge problem forinterpretation of the

geologicalhistoryofVietnamis alackofreliable

radiometric age data．Precambrian stratigraphy

and the relative ages ofigneous rocks are still

debated．TheoldeststratigraphicunitinVietnam，

the Archean Cannak complexin the Kontum

massif，is proposed to be Archean only on the

basis ofpetrologlCalcorrelation，While1119－1216

Ma Rb－Sr and1200－1800MaK－Ar ages from

the complex（suggesting a Proterozoic age）are

thought to be ages of superimposed metamor－
phism（THI1985）．The high－grade metamorr
phiccoreoftheRedRiverfaultzonein Vietnam

has been placedin the Proterozoic based on the

2，070r2300　Ma KLAr ages from hornblend－
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biotite plagiomigmatite（TRI et al．1977）．In

COntraSt，the cores of the Red River fault zone

in china that are made of the same rocks have

been thought to have resulted from the
deformation andmetamorphismofPaleozoicand

Mesozoic sediments during the Tertiary（TAP－

PONN王ER et al．1990；ScHARER et aL1990；LELOUP

＆KIENAST1993）．These are only two examples

Ofmanyillustratlng prOblems dueto thelackof

reliable chronologiCal data for formationsin

Vietnam．

（2）Large faultsin Vietnam are commonly

proposed on the basis of geophysical data；

however，their geologiCal aspects have not been

Studiedsufficiently，eVenforthelargeboundaries

between structural units such as the Red River

fault zone・Becaupe of thelack of geological
StruCturaldata，there aremanydifferingtectonic

maps andinterpretations of the geological

evolution of the territory of Vietnam．

（3）The soil coverin Vietnamis very thick．

The moist tropical climate promotesintense

Chemical weathering，dense vegetation，and soil

formation，thus good outcrops are very scarce．

Thislack of outcropsis perhaps thelargest

barrier to geologiCalresearchin Vietnam．
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