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Abstract  

MassbaiarlCe（〉bservatiorlSOnaninまandicecap（〉fsummer－aCC11mulatわntypewereca汀iedolユt  
insummer，1987．Verticalprofiiesofoxygenisotop壬ccompositioninsurfacesnowlayersoftheicecap  
were obtained for dating each seasonalsnowlayer．One year cycle of theisotopic variation of  
precipitationwasclearlyseenintheprofilewhereadirtywinterlayerhadtheminimalvalueofheavy  
is（）tOpe COntent．Aitittldin己1profiles of accumu主ation，ablatiofland baiance during August were  
Obtainedfromprecip玩ation，amOuntOfrefreezingofinf主Itratedwaterandbaianceatthestlrface▲The  
pa姓ernofaltitudinaiprofileofthest汀facebala∝einÅugu或，1987wassimiiartotbatoftbeam｛＞u雨  
Ofsnowldepositafterthepreviouswinter．Themassbalanceduringthe2yearsfromtheendofJuly  
1985toJuly1987tendedtodecreaseatahigherratewithloweringofaltitudeonthelowerpartof  
theicecap，incomparisonwiththatinAugust1987，FormassbalanceofglaciersintheWestKunltln  
Mountainsunderacontinentaiclirnate，eVapOration仙Sublimationisconsideredtobeimportantfor  
ablation，andrefreezingofinfiltratedwatercontribtlteStOpreSerVationoficemass，OWingtOCOldness  
Oftheg主acier．  

a醸iysesofmassbaianceinciudi喝COmpOSitionofthe  
OXygellis（兎OpeSinsurねcelayersof軌eicecapwiまibe  
describedinthisreport．  

1，lntroduction  

The West Kunlun Mountainsliein the north－  
WeSternpartOfXizang（Tibet）Plateau．Althoughthis  
area adjoinsthe ar呈d Taklirnakan王）esert，tbere are  
maれyglaciersinthesemoumtains．AccordingtoZhang  
eial．（1989），thereare317g蔓aciersw主thavtotalareaof  
l，495km2011tbe soutbernslope ofthelⅣest Kuniun  
Mountains；1argeportionoftheglacierareaisoccupi・  
ed by valley glaciers（73％）andice caps（flat－tOp  
glaciers，13％＝ZhaIlgandJiao，1987）．T‡leglaciersiil  
thisareaaretypicaユ’continental－typegiaciers’．  
Åsoneofthestudiesforclarifyingtheprocessof  

preservationofmarlyglaciersintbearidinlandarea  
OfAsia，Observationswerecarriedoutonanicecapto  
Studythecharacteristies ofglacier massbalancein  
tbisarea，aSpartOftberesearchworkbytbeSino－  
JapaneseJo主ntGlaciologicalExpeditionintheWest  
Kuniun MoⅥntainsin1987．Prelimまnary re＄ults of  

2．Outline of the observations  

Tbe C主10n酢eIce Cap（35014’N，8lOO7’E）on tbe  
SOuthern slope of thc West Kunlun Mountains was  
ObservedfromtheendofJunetotheend ofAugust．  
Tbisicecaphasanareaof16．4km2，Vbicilmakesit  
thesecondlargesticecapinthisarea（ZhangandJiao，  
1987），andhasbighestarldlowesta重t圭tlユdesof6374m  
and5750m，reSPeCtively，aSShowninFig．1．  

The annualprecipitation at Kangxiwarin the  
WestKunlun area（3986m a．s．l．，240kmwest－nOrth－  
Weまたom the ol）SerVedice cap）is37．7mm on an  
average（1963－19朗）；and71％of that occurs from  
May toÅugust（Zhang andJiao，1987）．Åt Hotan   
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the Chongce‡ce Cap are shownin Fig．1．Since5  
Stationsalongthewesternlineontheicecap（ÅトA5）  
VereSetattbeendoりuly1985byareconnaissance  
parもyofo11reXpedition，也echangesof餌rfaceleveis  
for2yearscol11dbemeasuredaiongtbisline．Res11its  
Obtainedat15stationsalongthecentrallineontheice  
Cap（BO－B13）aremainlydescribedinthisreport．  

Stratigraphic observations of snow pits were  
Carried out ontheice cap mainlyin August．Contト  
nuoussnow／icesamplesat5cm山depthintervalswere  
takenat7stationstoobtainverticalprofilesofoxy－  
genisotopiccomposition，  

3・SnowstratigraphyandisotopicprofileoIsurねce  
Iayers  

Resultsofstratigraphic observationsonsurface  
SnOWlayersandoxygenisotopecompositionofthose  
layersareshowninFig．2．0Ⅹygenisotopiccomposi－  
tionisexpressedbytherelativedeviation，6，Ofthe  
heavyisotopecontent（180／160）ofasamplefromthat  
Ofthe StandardMeanOceanWater．  

Theprofileoftheoxygenisotopecompositionof  
thesurfacelayersshows thedistinct minimalvalue  
around払e sbailowest dirtlayer at each sねtion，  
t壬10ugh洩eproポieoftbelowerparttendstobaveiess  
Variation．Sincethedi托isconce‡ltrated主nsI10Wdur－  
ingthedryseason，thedirtlayerisconsideredtobe  

0  1  2  3km  

Fig．l．TheChongcelceCap，andpositionsofstakestationsand  
AdvanceBaseCamp（A．B．C．）．（afterChenet alリ1989）   

（1375ma．s．l．），230kmnorthwestoftheicecap，63％of  
the annualprecipitation of33．4mm（in average of  
1954M1980）isalso concentrated during the above4  
months．Accordingly，theglaciersintheWestKunlun  
Mountains belong to tbe’sumer－aCClユmulation  
typeブ（Ågeta and壬ii酢ICbi，1984）．On suchvgiaciers，  
muchoftモIeannualaccumulationandal）latior10CCur  
SimtlltarleOtlSlyinsummer．  

Positionsofstakesalong20bservationlines o  

別（597ヰma＞S・1・）Åu9・9  Å3（5977m）Alユ9・17 88（6118m）Aug．14  8さ‘（6130m）Alユ9・17  Å5（61開m）Au甘・19  日12（6327m）Jul■31 B13（63る6m）Aug・11  
昌；J1800ん。   
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Fig．2．Stratigrapbicc（）lumnars∝tionsand匹0錯esofoxygen   
isotopiccompos主tionatstationsontheCl101唱Ce‡ceCapin  
1987．  
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formedinwinter．It can be seenin Fig．2that the  
heavyisotopeincreasesintheわ1loⅥ7i喝Summerlayer  
near the surねce，Whicbis tilicker tbarltbe winter  
layerduetomoreprecipitation・   
Althoughtherearenoisotopicmeasurementsof  

winterprecipitationintheWestKunlunarea，itcanbe  
confirmedthattheheavyisotopiccontentofsummer  
precipitationisbighert‡lantbaとofwinterprecipita－  
tion，becausesu‡nmerpreCipitationhasbighervalues  
than r・u∬仁一Off water from glaciers which rough1y  
representstheannualmeancomposition．Consequent－  
1y，itcanbesaidthattheisotopicprofileinthesurface  
layerskeepsananntlalcycleoftheisotopicvariation  
ofprecipitation，tbo11gbmeltwaterbastわeeffectof  
redistributionoftheisotopiccomposition．   
IntheicelayersatStationsA3andA5，thesur－  

facelevelsonJuly27，1985canbedetectedfromstake  
measurements，aSShowninFig．2．Intheupperpart  
above thislevelat each station，0nly oneisotopic  
minimuminwintercanbesee‡lintbeisotopicprofile．  
SinceairtemperatureinJulyandAugustwashigher  
andsummerprecipitationfromJunetoSeptemberless  
atKangxiwarin1985thanthoseinaverageof1963－  
1984，andsnowcoverthicknessabovethecontinuous  
icelayerⅥraSOnlyaround5cmand20cmatA3andA5，  
respectivelyattbeendoftbatmoI血in1985（う野ata・  
nabeandZheng，1987），thereisapossibilitythatthe  
1985layerwasabsenttotheupperpartoftheicecap・  
Theoxygenisotopeprofileonthelowerpartis  

smoothedandshowslowercontent oftheheavyiso－  
topeln COmparisorlVitb洩at on tbelユpper part at  
Station A5in Fig．2．On the contrary，tbeisotopic  
profilein temperaぞe glaciers usual1y shifts toward  
highercontent．Atypicalexampleisseeninaresultin  
Iceland（A’rnason，1981），Wheremeltwaterwithlower  
contentoftheheavyisotopeduetotheisotopefractio－  
nationpercoiatesoutthroughsnowpaek．rrlthecaseof  
tbeChongceIceCap，Wbicbbelongstotheslめ一pOlar  
type，meltwaterfromtheupperlayerinfiltratesinto  
thelowerpartandisconsideredtoberefrozenthere  
duetolowsnow／icetemperature．Asseenalsointhe  
resultatStat主onA5irlFig．2，theisotopicprofileofthe  
s∬facelayersin1985くう好atanabe and Z‡leng，1987）  
shiftedtolowercontentoftheheavyisotopeduring2  
years．Quantitativeexaminationisnecessary onthe  
changeSOfisotopiccompositioninice－WaterSyStemS  
onanicecapofsub－pOlartype．   

ー5   O  
Cm Water  

Fig，3．Aititudinalprofilesofprecipitation（動surfacebalance   
（b’）and amounts of melt water（m＝mf十m，）along the   
CentrallineoftheChongceIceCapinAugust（1st－26th），   
1987with thelower horizontalscale．Amounts of snow   
depositonAtlguSt26afterthepreviotlSdryseason（above   
琉eieve王sindicatedwitba汀OWSinぎig．2〉arealsosboⅥⅥもy   
粥uareSWiththeupperモ10rizontal鑑ale（opensquaTeS洩0Ⅵr  
resultsalongthewesternline）．  
mf：refreezingwater，m，：runr－Offwater   
［measuredvalue］   
かSOlidcircle，b’：OpenCircle，m：CrOSS  

4．Prelirninary resultsofmassbalanceelements  

Since most aGcumulation and ablation occur in 
thesameseasononsummer－aCCumulationtypegla・  
Ciers，itisdi鮪culttoobserveacctlmuiationandabla－  
tion父paraとely．王nadditio王l，directobservationoftbe  
balanceisalsodiff壬cult，because主nfiltratedmeltwater   
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refreezesandcausesgrowthoficelayersinthesnow・  
pack，Showinga complicateddistributionasseenin  
Fig．2．Tberefore，maSSbalanceelementsneedtobe  
estimated fro‡n relevant observationaidata o‡ltbe  
basisofsomeassumptions．   

ln this report，maSS balarlCe at eaCh stationis  
describeddividingthemintosurfacebalance（balance  
attheglaciersurface）andbalance（balanceincluding  
refreezirlgWateraSinternalaccuinulatiorl）．Relations  
betweenelementsofthemassbalanceareasfollows．  

accumulation：C＝カ＋勒   
ablationこα＝－（雛＋g）   
bala‡1Ce：∂＝C十β＝（き＋頑－（研＋g）   
Surfacebalance：み’＝タ＋α＝か」糎十g）   

Here，P and earetheamountsofprecipitationand  
Sublimation（evaporationトcondensation，reSpeCtively．  
Allprecipitationontheicecapwassolid，eVeninthe  
WarmeSt SeaSOn．The amount of melt water，m，is  
dividedintorefreezingwater（mf）andrun州MOffwater  
（m，＝mMmJ）．Other factors，for example drifting  
SnOW，areneglected．  

Figure3shows thealtitudinalprofiles of the  
Observationalresultsconcerningmassbalancealong  
怯ecentra11ineoftbeicecapin AlユguSt（1sト26th），  
1987 wわeminteTISive observatio11SⅥrere Carried out．  
Surfacebalance（き’）inFig．3waSCalclユiatedfromtbe  
Stakemeasurement and snowdensity data at every  
Station．Thealtitudinalprofileofprecipitation（夕）is  
givenaslinearfromdata at2stationsnear thetop  
（B12）andattheterminus（AdvanceBaseCamp）ofthe  
icecap．Theamountsofmeltwater（m）wereobserved  
at6stationsbycollectingpercolatedmeltwaterwith  
aplasticbottle（8cmindiameterandllcmindepth）．  
This bottle，being fiuedwith snow，WaS buriedin  
SnOWpaCk at arolユndlOcmbelowtbe surface at tbe  
upperedgeoftbebottle，andぬeincreasedweigbtof  
the bottie was measured．Åiinear profiie of tile  
amountofmeltwateragainstaltitlユdewasobtained，  
excludingunreliabledata at2stations，Thepropor－  
tion ofrefreezing waterin melt water was roughly  
estimatedfromdata ongrowth ofsuperimposedice  
and snow temperature at each station to belOO％  
above5970minaltitude and O％at the terminus as  
ShowninFig．3，  

Theamountofsnowdepositedabovethefirstdirt  
layerrepresentsthesurfacebalance（partlyincluding  
勒）aたer the previous dry season（vinter）at eacil  
mainstation．TboseamountsonAugust26abovethe  

－5  0  
Cm Water  

Fig．4．Altitudinalprofileofaccumulation（ご），ablation（β）a11d  
balanceくきラaiol閥ぬecentrailineof払eCboれgCe王ceCapin  
Åugust（1st“26払）ブユ987，Calcuiatedfromtもeresultssbown   
inFig．3．  
fc＝タ＋紛，）α＝あ’州ああこあ’＋勒）  

1evelsindicatedwitharrowsinFig．2areplottedalso  
inFig．3．Apatternofthealtitudinalprofileofthemis  
Similarto that ofthesurfacebalancein August，aS  
Seeninthisfigure．  
Onthebasis ofthe results showninFig．3，aC－  

Cumulation（cニク＋チ扇，ablation（α＝∂’－β）and  
balance（あ＝∂’十鱒デ）in August（1st－26tb）at every  
station along the centrat iine were estimated and 
ShowninFig．4，‡tcanbeseenirithisfiguretbattbe   
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profileofbalancebeiowabout6，200mwasirregular，  
and the balancein August，1987was positive as a  
＼＼Tholビ．  

Massbaiancedur主喝tbe2yearsfrom汰eendof  
July1985tothe end ofJuly1987could be obtained  
alongthewesternlineoftheicecapfromobservations  
Ofchange＄Ofsnowsurfacelevelandicesurfacelevel，  
andanaltitudiTlalprofileisshowni11Fig．5．1tcこ1nbt：  
Seeninthisfigure thatthe equilibriumlinealtitude  
duringthisperiodwas5930m．Themassbalancetends  
todecreaseata壬IigherratewitbioⅥ7erir噂Ofaltitude  
On theloⅥrer parとOftbeice cap．Suc‡la patternis  
distinctlydifferentfromthatinAugust，1987asshown  
inF短．4．Thisdifferenceisthoughttoberelatedto  
Criticalgまaci（㌢－meteOrOlogicaまconditions．Forexam－  
ple，Wbensnowcoverdisappears払raiongtimeontbe  
lowerpartoftheicecap，ablationisacceleratedby  
radiation due to thelow albedo of bareice．ln this  
CaSe，tbealtitⅥdinaiprofiie ofma∬bala‡lCeCanaS－  
SllmeapatternliketbatinFig，5．  

5・Characteristics ofmass balance ofcontinentaト   
type glacjersin theWestKunJun Mountains  

Somecharacteristicsoftheglaciermassbalance  
in the VVest Kunlun Mountains attributable to the 
continental climaLe were found from observational 
results onChongceIeeCap．One ofthemistheim－  
porta王1CeOぎevap（〉ratioil－Sublimationforabまationof  
the glaciers，aS also reported by Takahashiet ai，  
（1989）orltbebasisofglaci〇【meteOrOlogicalobserva－  
tionsontbisicecap．  

SirlCepreCipitationたomJu王y29toAu酢ISt4was  
negligible，the surface balance during this period  
Whichwasobtainedbythestakemetbodcorresponds  
toablation．T壬1erelationbetweenablationandmean  
air temperature during the period at every statiorl  
alongthecentrallineandthewesternlineontheice  
CapisshowninFig．6，Airtemperatureateachstatiom  
VaSCa王culatedby11SeOftIletemperaturelapserate  
血汀ingtbisperiodwh壬cbwasobtained鉦omdataflear  
thetop（atStationB12）andneartheterminus（near  
StationBl）oftbeicecap，aSO．590C／100m．  

Ånexampieofa smaliglacier（GlacierÅⅩ010）  
dtlringsummerintbeNepal‡iimalaya（Ågeta g≠戌Jリ  
1980）isalsoshowninFig．6．Asseeninthisfigure，  
Simitar；1mOuntSl〕fこIblati（）nOぐCtlrinthビWest Kunlun  
at airとemperature around4なCiower払an tbat主n   
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MEAN AIR TEMPERATURE（Oc）   

Fig．6．Re】ationsbetween abiatio11andmearlair temperat℃re   
duringtheperiodfromJuly29toÅugust4ateverystation   
along the centralline（solid circle）and the westernlinc   
（open circle）oftheChongceIce Cap．A clユrVe Shows the  
relation血ring sⅥmerin也e Nepal‡iimalaya（Glacier  
ÅⅩ010：a鮎rAgetag才虎g，，i9紳）．   

ー50  50  

MASSBALANCE（cmwater）   
Fig，5。Ma∬balanceduring2yearsfrひmJuly27，ま985to如iy29，   

1987aま0‡1g康eveまerrまIineoftheChorlgCe‡ceCap．  
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areas．Tbiscoldcharacteristic oftbeglaciersisat－  
tributedtotheseveredecreaseofairtemperaturein  
Winterduetotheinlandeffect，inadditiontothehigh  
locationoftheglaciers．  

SNOW TEMPERATURE（OC）  
－10  －5  0  

6．Concludingrem即ks  

Preliminaryresultsofanalysesofmassbalanceof  
the Cbongcelce Cap are describedin汰is report．  
However，fieid obser∇ationst〉yOureXpeditionwere  
iimited to o111y a few montもs d11ring su‡nmer．T壬Ie  
mass balance throughout a year should be studied，  
coupling the field data of glaciology and glacio－  
meteorology with climatologicaldata around this  
area．For the above study of thisglacier area，the  
morphologicaldifferencebetweenicecapsandva11ey  
glacierswhichoccupythelargestportionoftheglaq  
cierareamustbetakenintoaccount．Theformerhas  
an ablation area ofbelt－Shape along the termintlS  
Witb a smallaititudinalspan；tbelatter bas o‡1e Of  
ton糾e鵬＄hapewitbamuchlovertermirまuStllanthe  
former．Tbisdi梅renceporbablycall父StbedifferellCe  
Oftheglacierregimebetweenthem，  

Fig．ア．SnowtemperatureofthestlrfacelayersoftheChongce   
IceCapirl血emiddIeofAtIguSt，1987・   
1：St．B8（6118ma．s．り，14tb／15！】LT   
2：St．Å3（5977ma息l．），17th／16bLT  
3：St．Å5妄6188maIS，l，〉，19tb713bLT  

Nepal，namely，under air temperature range below  
about－20Cinthiscase．Thissuggests alargecon－  
tributionofevaporationpsublimationtoablationdue  
tothedrycontinentalclimateintheWestKunlun．  
Asdescribedintheprevioussection，mOStOfthe  

infiltratedmeltwaterintheicecaprefreezesinthe  
snowpack due toitslow temperattlre．This means  
littleeontributionofmeltingtomasslossoftheice  
Cap；thecoidnesscontributesgreatlytopreservation  
OftheiceInaSSintbeareaofpoorprecipitation．  

Thiscoldcharacteristicisseeninthe snowtem－  
peratureoftheicecapsurfaeelayersas洩owninFig．  
7．Theobservationsweremaderoughly atthe warT  
mesthourinthewarmestseason．Thethicknessofthe  
OOClayerwasonlyafewtensofcmintheicecap，but  
inthecaseofasmallglacierintheNepalHimalaya  
（Gl．AXOlO：5000m－5300m a．s．1．），Whichis also the  
SubMpOlartype，SnOW／icetemperaturewasnearlyOOC  
fromthesurfacetoaroundlmindepthatthesame  
season，themi（箋dleofAugust（Tanakag才αg．，1980）．In  
theaccumt11ationareaoftheicecap，SnOV7icetem－  
perattiredecreasesfrom－8～…90Catlmdepthto－  
14～一168CatadepthbetⅥreen5mand20mくZholユ，T．，  
personalcommunication）．  

Shiand Xie（1964）pointed out the coldness of  
glaciersinnorthwesternChinacomparedwithother  
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