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3．GeneralDescriptionofaGlacierLake   

3．1BackgroundKnowledgeofaGlacier  

Tounderstandaglacierlakeitisnecessarytounderstandtheglacieritselfanditscharacteris－  

ticsinthecontextoftheNepalHimalaya．  

3．l．1Glacier  

Aglacieris a huge flowlnglCe maSS．The flowis an essentialproperty defining aglacier．  

Usuallyaglacierdevelopsunderconditionsoflowtemperaturebutthecoldclimateinitselfisnot  

Sufficienttocreateaglacier．TherearesuchreglOnS Ontheearthwheretheamount ofthetotal  

depositingmass ofsnowexceedsthetotalmassofsnowmeltingduringayearinboththepolar  

regionsandhighmountainregions．Astretchofsuchanareaisdefinedasaccumuhltionarea．Thus，  

SnOWlayersarepiledupyearafteryearintheaccumulationareabecauseofthefactthattheannual  

net massbalanceispositive．  

Asaresultofsnowlayerspilingupcontinuously，thedeepersnowlayersarecompressedbythe  

OVerburden pressure due to their own weight．As a consequence，the density of the snowlayers  

increaseswherebysnowfinallychangestoicebeyond a certaindepth．At the criticaldensity of  

approximatelyO．83g／cm3，SnOWbecomesimpermeabletoair．Theimpermeablesnowiscalledice．  

ItsdensityrangesfromO．83topureicedensityofO．917g／cm3．SnowhasadensityrangefromO．01  

g／cm3forfreshsnowlayersjustaftersnowfalltothetransitiontoiceatadensityofO．83g／cm3．  

Perennialsnowwithhighdensityiscalledjirn．  

Whenthethicknessoficeexceedsacertaincriticaldepth，theicemass startsto flowdown  

alongtheslopelikeastarchsyrupbyaplasticdeformationandslidingonthegrounddrivenbyits  

OWnWeight．  

Thelowerthealtitude，thewarmeristheclimate．Belowacriticalaltitude，theannualmassof  

deposited snowis melted out completely．Snow disappears during the hot season and may not  

accumulateyearafteryear．Suchanareaintermsofnegativeannualmassbalanceisdefinedas  

abhltionarea．Aglacierisdividedintotwosuchareas，aCCumulationareaintheupperpartofthe  

glacier and ablation areain thelower part．The boundaryline between themis defined as the  

equilibriumlinewherethedepositedsnowmassisequaltothemeltingmassinayear．   

Icemassintheaccumulationareaflowsdownintotheablationareaandmeltsaway．Sucha  

dynamicmasscirculationsystemisdefinedasaglacier．Therearethreecomponentsofaglacier  

mass，thatis，1）thetotalmassobtainedintheaccumulationarea，2）thetotalmassflowingdown  

fromtheaccumulationareatotheablationareathroughtheequilibriumlineand3）thetotalloss  

Ofmassintheablationarea．Iftheclimateweretoremainconstantandtocontinuelongenough，  

theannualamountofincomingmassintheaccumulationareawouldbeequaltotheamountofthe  

flowlngmaSSandalsomeltingmassintheablationarea．Asaresult，annualnetmassbalanceof  

thewholeglacier wouldbeideally zero for alongperiod．Thoughtheice massis continuously  

moving，thesize andshape oftheglacierneverchange；theglacierterminusstandsat thesame  

position．  
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Actually a glacier sometimes changesinsize and shape subject to theinfluence ofclimatic  

Change．AglacierwouldadvancewithclimatechangingtoacooIsummerandaheavysnowfallin  

Winterandthemonsoonseason：thesizewouldexpand andtheterminuswouldshiftdownto a  

loweraltitude．AglacierwouldretreatwithclimatechanglngtO aWarmSummerandlesssnow－  

fall；theglacierwouldshrinkandtheterminuswouldclimbuptothehigheraltitude．Theclimatic  

Changeresultsinaglaciershiftingtoanotherequilibriumsizeandshape．  

3．l．2Moraine  

Steepslopesbesideaglacierexposedtothesevereclimatesuffercontinuousvi01entweather－  

ing．Fracturedmaterialsfalldown onaglacier from the slopes and are sometimesburiedinthe  

glacierbysuccessivesnowaccumulation．Aflowingglacierscrapesandpolishesthefloorandthe  

Wallsofthevalleyundertheglacierlikeabulldozermakingandproducingfinematerials．These  

materials are called dbbris．The debrisis transported downstream by a glacier workinglike a  

COnVeyerbeltandpilesupatthemarginoftheglacierterminusasaresultoftheglaciericemelting  

at that point．Thisglacialsedimentis collectively called moYtline．A moraineis composed of  

materialswithrandomcompositionbecauseitisformedwithoutundergoinganyfluvialaction．  

AmoraineadjacenttothepresentglaciertongueisveryfreshintheNepalHimalayasinceit  

WaS formed during thelast advancing stage of the LittleIce Age between the16th and19th  

Centuries．Thestructureisnotyetconsolidatedandiscomposedofveryloosematerials．  

3．．．3Debris on a Glacier  

TherearetwotypesofglacierintheNepalHimalaya．Oneisadebris－COVeredtypeglacier（D  

－typeglacier）andtheotherisacleantypeglacier（CLtypeglacier）freeformdebrisontheglacier  

Surface（Moribayashiand Higuchi，1977）．The former glacieris seenin a relativelylarge valley  

glacier．Alargevalleyglacierproducesahugeamountofdebrisbythemannermentionedinthe  

previoussection．Theglaciertongueiscoveredbythickdebrisandcontainsdebrisintheglacier  

body．Thelatterisacirqueglacierandahangingglacierwithcomparativelysmallsize．Sincethe  

production of debrisislimited，the surface has no debris andlooks white and very cleanin  

COmparisonwiththeDLtypeglacier．TheterminusareaofaDlypeglaciertonguedoesnotcause  

flowingactionandmayremainstagnantorcongealedasadeadicemass．Thisareaisseparated  

fromthedynamicmassbalancesystem ofthepresentlyactiveglacier．Itsrealterminusisnow  

locatedintheupperpart，thoughthisarealooksapparentlyconnectedtothepresentrealterminus  

Oftheglacier．  

TheexistenceofaDLtypeglacierisadistinctcharacteristicofthevalleyglaciersintheNepal  

Himalaya．Asaresult ofglaciermeltingfromthesurface，thedebriscontainedintheglacieris  

exposedontheglaciersurface．TheD－typeglacierisessentialtothedevelopmentofaglacierlake，  

Sincethistypeofglacierisonlysubjecttodiminishitsthicknessanddoesnotyetmeltawayinthe  

retreatingprocessesduringthefewhundredyearssubsequenttotheLittleIceAge．Therichdebris  

Onthesurfaceactsasaheatinsulatorandrestrainsglaciermelting．Otherglacierswithpoordebris  

On the surface，forinstance，the glaciersin Alaska and the European Alps shift their terminus  
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positionuptohigheraltitudeintheirretreatingprocessesandstagnanticemassneverremainsat  

theglaciertongue．Iftherewouldbenorichdebrisonaglaciersurface，thepresentglaciertongue  

WOuld be expected to have melted away and disappeared．This debris covered glacier tongue  

preparesthefieldforaglacierlakeformation．  

3．2GlacierLakesintheNepalHimalaya  

Watermassexistinginsufficientamountandextendingwithafreesurfacein，under，beside  

and／orinfrontofaglacieroriginatedbyglacieractivitiesand／orretreatingprocessesofaglacier  

isdefinedasaghlCier hlke．ActuallytwotypesofglacierlakesarefoundintheNepalHimalaya，  

morainedammedlakesandiceLdammedlakesasillustratedschematicallyinFig．1．Thesolidline  

andbrokenlineindicaterespectivelyapresentglacier and a pastglacierinthefigure．Theice－  

dammedlakeis rarely formedin Nepal．Almost allglacierlakesin the NepalHimalaya are  

moraine－dammedlakes．  
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Fig．1：Schematicexplanationoftwotypesofaglacierlakein  

the NepalHimalaya：a）morainedammedlake；b）ice  

dammedlake．  
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3．2．1Morainedammed Lake  

Atypicalexampleofamorainedammedlake（Fig．1a）isoneformedonthetongueoftheImja  

glacierinthe KhumbureglOn，East Nepal．Thisisshownin Photoltakenon25April，1991．The  

positionofthelakeisshownbynumberlandanarrowinFig．4．Intheretreatingprocessesofa  

glacier，glacierice tendsto meltinthelowest part ofthe glacier surroundedbylateralandend  

moraines．As a result，many Supra－glacialponds are formed on the glacier tongue：the ponds  

SOmetimesenlargetobecomealakebyinterconnectionwitheach other accompaniedbyfurther  

deepenlng．Amoraine－dammedlakeisthusborn．Thelakeisfilledupwithmeltwaterandrainwater  

pouringintothelakefromthedrainageareabehindthelakeandoverflowfromtheoutletofthe  

lake evenin winter season when the flowis a minimum．  

Therearetwokindsofmoraine，anicefreeandaiceCOredmoraine．Beforetheicebodyof  

theglaciercompletelymeltsaway，glaciericeexistsinthemoraineandbeneaththelakebottom．  

Asglaciericecontinuestomelt，thelakebecomesdeeperandwider．Finallyicecontainedinthe  

morainesandglaciericebeneaththelakemeltaway；thecontaineroflakewaterconsistsofonly  

the bedrock and the moraines．Theice bodies coredin the moraine and beneath thelake are  

SOmetimescalled deadiceorbssilice．  

Photol：Typicalmorainedammedlake；aglacierlakeformedontheImjaglacier  
intheKhumburegion，East Nepal（No．1inFig．5）．   
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3．2．2lcedammed Lake  

Anicedammedlakeis produced onthe side／sides of a glacier，When an advancingglacier  

happenstointercepttributary／tributariespouringintoamainvalleywhereaglacierisflowing（Fig．  

1b）．A typica11akeis showninPhoto2．Threelakes are seen on the right bank off the debris  

COVeredglaciertongueoftheNgozumpaglacier，thelargestglacierintheNepalHimalaya，Which  

flowsfrom righttoleftinthephoto．Thelakeswerestillfrozen andcoveredby snowwhenthe  

photowastakenon25April，1991．SincetheglacierintheNepalHimalayaproducesrelativelyrich  

debris，thicklateralmorainesaredepositedonbothsidesoftheglaciertongue．Sincesuchanice  

dammedlakeisusuallysmallinsizeanddoesnotcomeintocontactwithglacierice．Thistypeof  

lakeislesssusceptibletoGLOFthanamorainedammedlake．Amoraine－dammedlakeistheonly  

dangerousthreatinthe NepalHimalaya．Thedescriptionhereafteris，thus，COnCentratedononly  

a morainedammedlake andits outburst flood．  

Aglacierlakeisonlyformedandmaintaineduptoacertainstageofglacierfluctuation．Ifone  

follows thelife span of anindividualglacier，itis found that the glacierlake builds up and  

disappears with alapse of time．A morainedammedlake may disappear，OnCe the damis fully  

destroyedorwhendebrisfillsupthelakecompletelyorthemotherglacieradvancesagaintolower  

altitudebeyondthemorainedamposition．Theexistenceofaglacierlakeisessentiallyephemeral  

andnotstablefromthepointofviewinthelifeofaglacier．  

Photo2：Typicalice－dammedlake；threelakescoveredbysnowofftherightbank  
OfNgozumpaglacierintheKhumburegion（No．2inFig．5）．  
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