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事fbぐ〝Jけげ丘山ぐβJわJJ．1b〃明仰血UJかどr∫巾・．1有川昭〟ぐ揖乃j  
＊＊拝な栖・勧〃通お7勧吼伽乙毎血相秒，物ヰ扉  

Ab＄tr独d  

Soneaspectsofmassbalance，thesu∫face貝owandthethieknessorannuallayersexposedattheice  
ClifrsofYalaG）acierillCentralNepalarereportedonthebasisoftheresu）tsobservedfromSeptem－  
bertoOetoberin1982．TheamountofsnowdepositediTISLmer，balaneeandablationina11tumn，  
andthehorizontalandthevertjeal伽〉WVelocityvaTywiththealtitudesoflOstationsinlherangeor  
5100m－5500m．Amua11ayersattheicecli鮎ofYalaGlacierarecomparedwiththoseoftheglaq  
eiersineastNepal，andtherelationsbetweenthevuriationsofthelayerthicknessandsummerclト  
mate（meanairtemperatureandtotalpreeipitation鉦omJunetoSepモCmber）inKathmanduand  
aroundLangtangHimalduringthepast20yearsa∫ediseussed．  

1．Intro血ction  

S川11＝SpeLt卜Or、miL、ib止ulL＝L：．ゞllrtミ1t：Cflo、Vこ111dLhit：klleゝ川t、；1TmuこLlliL）’eTSじ叩OゝJtliiiice  
eliぬwereobserⅦdo羞YaまaG払8ier（DakpaモS幼Gla8ier）R汀Ⅵnd母指t弧戯喝itsg払ぬl喝i亀王  
COnditions裏毛hepres蝕tan止血reαntyearS離Obs紆Y温tionsv¢陀ma血血ring払epost一皿On－  
＄00nSeaSOnin19＄2a＄apartOrt量建も併ingpr房∝tもy仏eGla¢iologi¢alExpeditionofNepal．   
YalaGlacierfacessollthwestfiomtheridgeoftherightbank（north－Side）ofLangtang  

V扇重eyinc母胎扇Nepぬ・Åsぬ脚n池戸ig．1，tile画料hぉa＄maは孔托i血despan（5100ヱト  
5700鱒andrel融ive桓如ge扇動h・The呼野mOStl00mJ00moで扇t如deco温Sistsorasteep  
i¢eWallⅥrith‘注ima桓an温血斉昭’andr∝k払ces一触血w也is感l，manyiCeCliぬ撒nもe＄een．  
Ther絵isno凱甲一喝l∂ぬideもri＄Ontぬ¢gl鉱ier・Tおtot裏訂穐and漁eleng穐orぬe∝ntぬIparも  
Or仇egl耶ier肛e2．6km2andl．5km，reSpe¢tively．   

ヱ．M加踏も戒鋸胱iふ伽鱒Sトm湘00熟S薇§職   

S短泉emea＄WementSWerema血離10st裏io汲S（S！トS嘩ぬongぬero混eたomモ鮎termin℃S  
totheⅦp匹rridgeorthe書抜cierげig・l）血汀ingtもe匹ri扉丘omSeptemberl＄toOGtOber28．  
Thealtitudeintervalbetweenstations丘omS8toSlisappro裏mately50m．Thesurface  
le聡1cぬngeobtained如mt壬1eSem組SWeme‡ltSi＄S払ⅥlinFig・2南仏precわit融ionandair  
te鱒匹黒豆We蛮地¢‘Gl批ierC＆mp’（GC：509¢m＆Sエ）j鮎tb8l¢Wthetemin℃SOデモ触感鰐ier．  
丁数e細野r弧咄OrSⅥT払00kⅦl洩弧野蔦はbeseenatthe最廓erst如io王王＄in也is軸町ら  
th亡ざTユd痛ItdurinざIhi叩eTiいdotlO山〉lsb再nぎ；lt）皿t10t：mllCrlOOmori111itudc．L：ll≠・ard  
dlaJlgeOfthesurfacelevelisremark油1earoundOctober20duetosI10Wfa11．   
Prolilesofnl；L“bnJ；l】lCeOrfheg（fLCit：raぎuiltStlht：：l＝TtJdt：＼＼・L：T川bt：lilledこLTl（lilTビSho＼＼¶ill  

閏g・3・、Fig・3aind毎雨es也eamoⅦ戒戚組OWdモp髄如dⅧ嘘ilt圭Iebeき如n一浪gOfO戒めer嶽Ⅳe   
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抽㈹瑚雨録画  

r短．1．l．ocation、いrヽ†こLli川l＝一一11－；lliL（jliLeierandiご亡mい＼・即1enhtuTitlgtlleTICrioLlfr（、111SL：Plenbcr  
28toOctober27（2タdays）．  
GC：GlacierCamp，BS：BoringSite，SO－S9：Stakesfbrtheobservationsofmassba］anceand且ow，  
B－G：SurVeypOintsoficecli恥  
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Fig．2．Thelevelehangeoftheglaciersurfhcc，aJlddai1yprecipitationaJldairtemperatureat18hat  
theGlacierCaLmP（attitude5090m，the（erminusoftheglacier）．  
T：traC¢preCipitation．  

theupT－ern10StdirtLLyL：r．SincesllehLiirlisconsid亡rじdtohcdcpositcdduringtheprビVio11S  
雨nter（thed叩peri血たomthepost－mOnSOOnSeaSOntOth¢騨¢－mOnSOOnS払SOゆ，SnOWぬ  
Fig．3aisconsideredtohavebeendepositedmain妙duringthepresentsummer血etothe  
monsoonprecipぬtion．Asrepo豆edbyA野ね皿dS飢脚（197＄），ablationofddsn珊Ori∝  
belowtllCdirthycr小∝urSdllrin呈SulnI－1じrOnthcglilCicrsinthcNcpユIlli】1uliLyaWllellthe  
CurTClltS11mmCr＄nO＼Vabovcthcdir11a．ycrIuppensIodisaT）Pt：iLrtClnPOrarily．Thcrt：fl）Te．the  
balユTICt：duringlhissu111nlermu、tbelessLhaJltheilml）11ntOrSnOWabovethedirthycr．espe－  
Ciこ11ty；ltthe）0≠・eり－iLrL．汀theanlOllnll－rre什ecヱillき（）fmcllWaterCilnbeneglcctcd・   
Fiき．3bsho≠－Slheil∝unluliltit・n，ablこ11i川Iandtl山乱IICed11TillgthelnlOnthl鷲l－iodsliLrting  
attheendofSeptember．Accumulationwasestimatedfromrovghdataofprecipitationatthe  
GlacierCampandtheboringsite，andthestakedataontheghcier，a＄Suming鉦omthere・  
suttnml111i11IghciL：J・ゝintheN叩ユIllirTula）・a（HigucIli亡tiLl．．1り氾）thltPrCCipitatjonlladthe  
sameamountata11stationsbeG肌1SeOfthesma11distancebetweenthem．The bahncewas  
Obtaineddirectlyfromtheresultsofthestakemeasurement＄andthestratigraphicめsm・  
tions．Thenablatio71WaSCalculatedastheresidualofthebalanceandtheaccumulation．Since   
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a．  
Fig．3．PTO丘1esorlllaSSbalanceagainstaltitude．  
a．AmountofsnowonOctoberコor3abovetheuppemlOStdirtlayer．  
b．Massbalanceduringtheperiodh・OmSeptember27toOctober28．   

a払precipit離ion血i‡1g洩eobservedpeTiodwassnowoYer也ewbole訂eaOft壬1eg壬雛ier，the  
di飴renceor払e扇b¢doatth8gla¢iers偲鮎eもe極¢ent鮎11pp訂pa琉andtbe】ひWerpartWaS  
Sm弧There放ちtもe托1aiionもe紬℃孤t鮎abhtionandt壬1e扇t血血inFig．3bisnoも¢叩托SSed  
asthepowerfunctionsuchasthatobtainedbyAgetaetal・（198Q）fromtheresl11tsincluding  
morerainfallonthelowerpartofaghcierineastNepal血ringthesllmmermOnSOOnSeaSOn，  

3．SⅦr蝕ee8聞O一書h¢如eier  

SurfacemovementsatstakesSOwS90nYalaGlacierweresurveyedbytriangulationfrom  
thebaseline（length：284．63m，direction：S22．50E）whichwassetuponthemoraines乱bout  
ヰ0いJll“・e＞lrrいnlthL・（．iheicT（知11P．SlこLkcpい、itionい、ビT・亡111亡こhtlrLLd“－ilhこl＼＼－iIJ●l－ニTh川do）itL：  
OnSeptember28andOctober27・IcemoヤementS血ringthisperiod（29day＄）areshoⅥ1in  
Fig．1andTablelvithther8la料ed裏a．   
TheflowlinesaTOundthestationsS4LS9arenotconnectedfromthoseatthestationsSO＿  

T＆blel．Thesurfhce爪owofYaJaGlacier．  
Horizonta＝low（m）  Vertic81flow（m）＋．［＋  
29days’●   Annuat＋●  

Station  rnovement movement  
29days’●   Annual●●   Sl打払ce  

Flowdirection＋ movement movernent sIope．  
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S6＄OW  
S700W  
S67ロW  
S69ぐW  
S580W  
S670W  
S57eW  
S5ユOW  
S500W  
S420W  

ー0．41  剛5．1  
－0．28  椚3．5  
－0．21  騨2．7  
－0．10  －1．3  
－0．15  一一1．8  
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SI  
S2  
S3  
Sヰ  
S5  
S6  
S7  
S8  
S9  

ー0．01  
－10．03  
＋0．10  
＋0．13  
＋0．15  

ー0．2  
－0．ヰ  
＋i．2  
＋1．7  
＋1．8   

＊S叩．28」）ct．27  
●●calculatedassumingthe恥wst鷲edinOctober10bethesameastheannualmeanspeCd  
●●●－：Submergencefto＼l・；＋：emergenCeflow   
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S31H（一“ヾVer・Lllハe‖血1山一、、・ゝho、、・、thet）lPicut11i＞lribtltiL－nOrlh亡、・elocit）‥、・hi山一ChiLTlきじゝ  
詳a血al毎たomasubmergen00丑owin也・eⅥpperpartt（〉anemeTgeIICefbvintb¢Iow合一part．   
BoringstothebottomoftheghcierweredonenearthestationS3intheaccumuhtionar  

（BSin1982，5405ma・S・1・）andnearthestationS7intheablationarea（in1981，5180na．s．l．）．  
Thethicknessofthe如Cierattheupperandthelcrwerboringsiteswasknowntobe59mand  
3lm，reSpeCtively．Theobtainedcoresamplesattheuppersiteconsistofsnowandicewhich  
丑owedfromtheupperpartaroundthestationsSO－S2toS3．Averagesofthehorizontalspeed  
a11dtheverticalspeedatthesurfaceofthesestationsS（トS3are18m／yearand－3．2m／year  
（s11bmergence），reSpeCtively・  

4．T撼血essoi脚ぬ1野e指eXpOSd如ieec玉ぬ  
4．1．Res由無仙Y乳l鑓Gh¢壬er   

Manyicecli蝕，Whichexpo＄ethemanylayersofsnowandiceontheirverticalsurface，are  
SeenOIIYalaGlacier．Dirtlayersonsuchcli鮎canbeseendistinctbffomfaraway．Asmen－  
tionedinChapter2，aSnOWandicel孔yerWhichis～aJldwichedbetweentwodirt7ayerscanbe  
assunedtobeanannuallayer．Therefore，thethicknessofeachlayerbetweenthetwoneigh－  
bouringdirtlayersismeasuredfbrthestudyoninter・ann11alvariationsoftheglaciermass  
balance．  
Icec胎at8places（んH）selectedintbewholeareaortbe叩perpartOfYa】aGkci¢r，チS  
ShowninFig．1．Thelar欝Sticecli熟named‘G’テjlエStもel脚thebori喝Site，areSbownin  
l二せ1、11ヾミgl出いI、Ille、eieじ亡＝h、、－Jr亡ゝul－、・cyeし1hさtriこ川ざ■l】こIlil－－1l、Nl－11l－しトこLゝeli－1い、●I－i止≠●こIS  
籠Sedねrthe錯r如¢魚owmeas籠rementS．Theintervalsbe毎∝ndirtl呼号巧Onea血di抒v合作  
功1血如edたom仏oseonatelephotoandtb£realscaleobtainedbythetriang扇atまon飢lⅣey．   
VariationsofsuchintervalsatvariouscliffsareshowninFig．5a．TheresultatS3－4inthis  
figurewasobserveddirectlyattheactualspotbetweenthestationsS3andS4inNovember，  
1981．ThethicknessofeachlayerinFig．5isnotwaterequivalent．Accordingtotheanalysis  
OftheboredcoresbyWatanabeetal．（1984），SnOWdensitiesnearthesurfacearearoundO．4  

thepicture）．   Fjg．4．Iceeliffs（G）belowtheboringsite（BS：aItitude5405m，upper－lert  
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Fig・5・Variationsofthicknessofalayerbetweenthetwoneighbouringdirtlayersexposedaticecli釣，  
withmeanthichessof5years．  
a．ResultsatvariousplacesonYalaGlacier．  
b・ResultsineastNepal，TibetandLangtangHimalwithmeanairtemperatureandtotalprecipitation   
duringsummer（JunetOSeptember）atthemeteoroIogicalstationsincentralNepal．（A．P．／I．E．：   
Airport／IndianEmbassyinKathmandu）  

g／cm3andgraduallyincreasetoO．8g／Cm3atthedepthof17mwherethetopofthecontinu－  
OuSicebody三ssituated．  
Itcanbesee11inFig．5athattheannuallayersofthecliff岳B，CandEarethickerthanthose  
OfthecliffbS3－4，G3andG5wherethealtitudesarearoundlOOmlower．Consideringthe  
differenceofsnowdensitieswithdepthasdescribedabove，themeanthicknessofthemost  
recent51ayersinwaterequlValentarelessthanthoseoftheolder51ayersbelowthemi11al－  
mosta11cli蝕・MaximalthicknessatlayersNo・3（1980）andNo．8（1975）canbeseenincom－  
monatallcliffs．   
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4．2．Comp温点紺m扇ぬ偽edim如iee樹感銘○鮎  
InFig．5b，theresultsfbrYalaG）acierarecomparedwiththoseineastNepal（Glacier  

Å＼030i（lStlOrOnぎ川mill－・h川、亡LleorビS・Jio7一さmiLGhL：ierinKllumbuHimil11こLndTihct（こI  
glitL：ieroTlthJllOrlll亡iL、Iilol一＝・rヽ1t・G；Inぎ駄ng（lle）1、35kmnoTthrromYilhGliLL壷r）．The  
resl17tsineastNepalwereobtainedin1976，andthatofGangBengChenwasobtainedwith－  
OutaSCale餌皿Photographstakenin1982bytheexpeditionoftheAcademicAlpineClub  
OrXyoto仇iversiw．TberesⅥ1ts鉦omY乱1aGlac始rarerepresentedbyt壬1eCOnneCtedres℃地  
雨G3（l昭訂Nos．トIl）andG5（1琴erNos．1：ト：喝inFig．5a．  
Itcanもeseen払下ig，5btb舶tbeⅡほant鮎cknessoftbe51ayer＄Nos．㌣11ismoret壬1an  
thoseor仏e王oweT5‡ayersina‡13regions．TbouめtIlemaXimaltbickness及tlayerNo．8is  
eommollillu11Teg主on＜Lltleミnter－ユnn11ill、′ilrinti川Ii、ⅠこLrぎeこL†（ili山eT－1＼O3（）・   
￥甜iationsormeanairtempem餌代a丑dto払1preGipit雨ion血ーぬgtheperiodfiomJnneto  
SeptemberincentralNepalareshownfbrreferenceinFig．5b，Sincesummertemperature  
andpre¢ipitationd㍑ri喝tbemonsoonseasonareconside托dtoもerepresentatiYeねdi飽tOrOぎ  
名主批ierma＄Sb扇an¢eintheNepalH血alaya（Aj野毛a，1粥3）．Distaユ00Sanddi一号ctionsたom  
YdaGlaciertoKathmaIldll，Dhunche乱ndTimllreare70kmsouth，35kmsouthwe＄taJld  
23kmwe穐respe¢tively．   
hter－annualvariationsofclimaticrecordsin Kathmandudonotcorrelatewellwiththe  
VariationsorthelayertbicknessorYalaGlacier．H㈹Yer，theperiodof5sum8rSin197之－  
1976with也elowesttemp¢ra餌reandt‡le鮎由estp代eipitationamongtbemostre餌nt20  
渾arSinKatbman血¢OTreSpOndstotbeperiodof仏el昭erSNos・7－11wbicharetbe仏iGkest．  
Onthe、止Inlm亡rpr山Tlitこ1【i（一niltDll11nぐhL：．Lht：1州（lL：nLLi出いrllNerlヽreeiTlit：lti（、】1in11－e1110くt  
re∝nt5y組rSthanぬ血8preYio籠S5㌍群S盈nd払emaximⅦnY扇℃eini975correspondtotbe  
Variationof】ayerthicknessofYdaGlacier．Ontheotherhand，atTimure，thepatternof  
inteトanmユalv訂iationofs闇nmerpr舘ipitation魚℃m1972to1975andthem＆ⅩimdvalⅦein  
i恥Ocol－「止Lt亡≠－L：lい高IhthetendLmrさ－orthLllこl）t：rlhiek11e、＝一rYi11ilGlこlしit：｛．HL）≠一亡ヽⅣ、the  
COrreiationbetweenotherresultsatTimureandYalaGlacierisnotwell．   
Asdescribedabove，thecorrespondencebetweenthestrati戯cationoftheglacierandair  

te‡nperat11reandprecipitationinsummerislimited．Thisdiscrep揖ICymaybecausedifadis－  
titlJtdiTtlこl）el－11叫－t－しIleJllい11いトe！、し汀れIellぐ〉t－】111山il－Ⅰ＝liTtlこl〉●じT、11叩P川已（llい丁亡丁－1こ高Iitlこ川  
annⅦallayer，dtb猟書h仏ecoiれCidenceortbemaxim81vdⅦ¢be毎eentbethickness（〉fl町er  
No．8andsummerprecipitationin1975atallplacesinFig．5suBgeStSthepresemtionofone  
血tlaぎeでperyear汁om1975totbepresent，Aiso，血e蛍飴ー孤C¢Ofmeteα01qgicalconditions  
beい、●亡el11ll亡きIaciピーいntlle1111川IltこIina11dlIl亡“－ea111e＝心【io】lドallhemoll汀nlOll11tこIill、CこlIl  
侃uSeSⅦChadiscTep弧Cy．   

5．ro爪⊂1udimgr即1arkゝ  

ThecoresamplesboredtothebottomofYalaGlaciero飴rrecordsofvariationsofmass  
balancein伽e7］Cedbyclimaticcollditions．Forbetterreadingofsuchrecords，theannllal  
q符1eofmassbalanceandt王城Str離igrapbyぬ汎】dbest涙i章d．A】so，adiscⅥSSinortbepa頭ide  
pa也た（〉mtb．esⅦT払00tO也e血eplayerontheぬsisofthe甜ー払Ge丑0Vdaねisn∝eSSary．Itis  
VerylmpOrtanttOunderstandtherelationsbetweenglaciermassbalanceandc）imaticcondi・  
tions，三野e¢iaiiy，inordertoded混e払epast8iimat¢如mtheもげedcoresortbeg払der，itis  
ne∝＄Sa抒tOS血dy餌ぬerⅥr緑ch払ctorsamo喝Climaticconditionsco戒rolt】鹿thicknessor  
annllallayersoft王1eglacier．   
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