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Abstra⊂I  

TheRrstfu］l－depthboringtotheHimalayanglacierwasattemptedin1981．ArterreachiTtgthebed  
atadcpthof30meterintheablationarea（5180ma．s．l．），COmplcte60－mlengthcoresamPlingwas  
POrfbrmedin1982intheaccumulationarea（5400m）ofYala（Dakpatsen）glacierinLangtangHimal，  
Nepal．Variousdatawereobtainedbymeasurementsandanalyses：th¢anualunitoflayering，dirt  
hori2：Onlayering，∂180，3Handthegro＄Sβactivity，Chemicalconcentrationsofindexspeciesofsea  
Salt，andanalysesofdustparticlescomposedofthedirthorizon．   
Thelatteradepositionofdryfalloutduringthedryseason，isc（）mPOSedofinorganicmaterids，  
SOil，rOCk舟agmentsandalsoorganicmaterials，aquaticargal，aquaticphyteplankto】l，andpollen．  
Morethan70annualunitsarerecogniヱedinthe198ヱcore．   
Duetomeltwaterinfiltrationduringsummer．noseasonalosci】1atjoninthevertieal∂180profi］eis  
noted．The3Hprofi1e，reVealedamaTkedincreaseaf（erathermonucleaTWeapOnSteStSeriesinthe  
1950s．Observationdisclosedaふ－9yearsdi恥rencebetweenthe3Hageandlayeringsequenceofthe  
dirt horizon．   
Amongthechemiealconcentrations，NH／，SO3‾TandNO3‾1evelsinthe1982coreweretentimes  
hi＄herthaninthe198lcorepossiblyindicatingthatadrasticenvirommentalchangeinthisregion  
OCCurredl00yearsagoormo柁．  

Ⅰ．In什伽Iuedon  

htheNepalHimalaya，the蝕stsystematieinvestigationofglacierswasorgani2X）dbyNa－  
goyaUniv¢rSi年弧dX－yOtOUniv¢ー＄ityorJapan，inco－0匹rationwitbt鮎meteorological  
d甲a咄飢tOfTdbhuyan仇iYerSity・Th¢むstpぬ徒Oデモhi＄mlti－year代SearCbpro評amWお  
undt：rlakellduringlll叩CriいLl汀川111リ73tい197S．lnthisprogrilnl．iLゝt：ric＞OrlicldsltLd心in  
lht：．（hllmbulShorongl［I；71kiLndJlunkreg！onintl－CCとLSte一－1l、ilrl辻ndヽ1uLutreぎioninlhc  
We鈍¢mpartW℃r¢Ca汀iedol】tand余mit知1resdtswe一号obtail】ぬ0‡1tも告知nd8rmentalknowト  
edgeofdistributionandpresentconditionoftheexistingglaciersandtherelationbetween  
＄hciersandclimate・Asthesecondphaseoftheprogram，anatt6mptatreCOnStruCtionofthe  
＄1acialenvironmentduringthemonsoonintheHinalayaduringthclastlOOorsoyearswas  
Planned・TheattemptatglacierGOreSamPlingtothebottomwasoneofthecentralobiect・  
tivesofthesecondphaseprogramamongotherinvest】gationssuchasboringcoresampling  
魚om庭1aciallaked甲OSitsandgeomorphologicalinvestlgationontheglacialla血fbrms．This  
isakothe丘指tattemptat産1肛i¢rbo血gtbrou由也e知11depthinth母斑imalaya．Inadditio丑   



帯   

to也esesぐi孤ti鮎aims，t¢¢bnioぬinprovmentanda¢qじIrlngOr餌p8ri孤00isanotb餅0句8C－  
tive，tOpreParefbrmorelargescakglacierboringintheflimalayainthefuture．   
hlthi、r叩Ort．thぐ1irヽtnlSult、0111）1CSlriLliきrこIPhit：uTlこ巾●1e→い（きhcicrぐOn！→WhichヽVCrC（）ト  

tained董㌢oml）0仏t毎払もIationandacmn籠王離i（）na托aOnYalaGla8ier血ring払eautumn（〉r  
1981and1982arepr¢Sented．Theresultsonphysicalpropertiesdeducedfromthecoreana－  
1ysesandalsoatechnicalreportonthisboringoperationaretobepresentedsqparatelyi‡l  
thisissue．  

Ⅱ．0Ⅶ暮1heo一也¢癖孤（鮎rb棚血喝p一再∝t   

II－1Site selection   
加地eall餌mnor198l，tll¢preliminaⅣOp訂ationわrthe感acierboringwasat捷mptedo‡1  
theablatio刀areaOfYala（Dakpatsen）Glacier，intherightbankofLangtangVal1eyinthe  
Lanが鎚ngr8嘗ion．Th¢loationortbisglacierisshowninFig．1．AsshowninFig．1，tI蛤Lang－  
ta喝r¢紗Onisapartort壬蛤00ntrdN呼al‡iimal呼aandislocatedina柁mOtea躇aaわ0℃t  
60kilometersnorth－WeStOfKathmand11．FromthecapitalviaTrisuliBazarittakes乱bollt  
10L14daysonfbottorcachtheremotestvi11age，KyangchenGompa（3，920metersa．s．l．），  
WhichisinaU－ShapedvalleyofthemiddkstreamoftheLangtangRiver・Amapofthe  
LこLTlguLnregion＼、iltltlistribLJti川1いfぎIiu：iじr←iヽSIlい“tli－1†せ1＾1lorlheeし1LJipnleJltiTlelu山一一g  
t王Iebori喝m感血町触l伽rtheelectricg孤era拍randlogistic評ar，th¢We妙torw鮎ch  
totaledmor8than500k島W鮎traIISpOrtedもyport椚．   
Th亡tllこtil－rObj∝ti、で、OfthL：11はIpilolt！lpCditjollこIrCilSfl）J）…＼S：  

（i）血diI噂aS扇taも1¢Site紬rglaciモrもori‡lgi王ICludingexplく）rationora∝eSSrO雨¢＄andlか  
gistics．  
（ii）test払gofabori】鳩ma放言n¢狐de或imati喝Orth¢騨1er離OrpOVerby混血aidrivi‡噂at  
an由Ⅴ飢i（〉n王Ii如ーぬan5，00Oma．s．王．，  
（iii）investigationofsupra－anden－glacialcollditionsrelatingtothemeltwaterphenomena  
anddebrisdistributioll．   
First，ar餌Onnaissan00薫i沸ttotbeLangtangr喝ionwasmadeandYalaGlaci¢rVaS  

払じnd．Th8威aeierist壬IeOIllyon¢in也isr喝ionsatis桝ngtbe払1lo感喝logisticぢ0れditions：  
i）itiseasytoaccesstheglacier，  
ii）easytocIimbllpt壬l¢aC00mlぬtionarea，and  

8lOE   
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Fig．2．GlaeierdistributiollintheLaIlgtangHimal．  

iii）t壬Ie柁i＄nOSⅥprむ盛況iald曲fison地egl胱ier．   

Iトニ．Glnciい！いざiし・こl！ゝelli叩吊、1′山（1！ilヾier   
Åtopograpbi¢mapOr也やa托aarOundYぬGl鵡ieriⅡdudi喝払eoperationsi細孔ndtもe  

routeto也¢glaci¢ri＄血0耶IinFig・3・AsshoⅦjnthis魚卵柁，漣eplat組旺盛弧i¢一雨thaぬpか  
諾Oidsも老中eCOVe血ganar飽Or2・566km雲，rang¢SuptO4kmin融ぬ熟托astt（）We＄や，a‡ldⅦp紬  
l・5k－11iれ！肌ぎtllトl）11！hlい－1いr州こInJisIいぐこl！eti（－knlnハ‖l－！いt1日l王l－eこl、tl－t、にさこ1！準血Tl  
（；tlr一叩LLT！l亡ejt＝、・Lltitlnい（！t一山n（）u－is510りL）m；uldtllutOrlhL｝”一一川一言tridgcmtlぎCゝrr川一一5、5（）（）  
tい5、700mt3tCrS∴l、hel叩いざr．LFllliL：；ltCIcmclll＝一l●1ht：glこICicrこIl・u皿l†川IiLrized童IllこLhJL）L   
L弧が皿gHimalissitllat8d呈泊th8飽St¢mparもOrt払eGaぬkiRiYerbasi軋A000ぬingto  

tl－CC！i－－1alいhざicこl！恥じいrli、し－†、＼叩ユ1l、tlb一三トIl正＝－）・lI－eヽupillざい、・抑－－－－じnいilじl一山里廿mu＝・ト  

T血bIe．1TopographieandglacioIogieaIelementsorYalaGlacier．  
l）Locati（ln：ヱ8ロlヰ、－15’N、85ロ36し38’E  
2）貰1即ationoftt旭SnOlユt：5，08ふ－5，200m  
3）Up匹rmOSteleva（iollOrtlleaCeumulaLionarea：5．500－5．750m  
4）EleYationoftheequilibriumline（198り：（approx．）5，200m  
5）LengthorthegZacier：（apprl）X．）8∝ト1．500m  
6）Å∫eaOrtheglaci打：  2．5ふ6km3  

（5、∝Xト5，500nl）2．ユニ5kmつ  
（5，5∝ト5、750m）0．341km2  

7）Elevationortheobservationsites：  
BaseHouse（Bl－1）atKyangchen：3，9ヱOm  
GlacierCamp（GC）atthesnout：5．090m  
】981BorjngSiteI；S－19別onlheab】ationa陀aこ5，180m  
198三BoringSiIeBS－19820ntheaccumulationarea：5．405m   
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Fig．3．TopographicmapoftheareaaroundYa】aGlaeier．  
¢C：G王aci訂Camp（5，¢弗m），gほ：l学者1避0血gsiモモ（5，1紳ぬ）弧d82丑：】9さ2】きorir噂Siモe（き，ヰ05m）．   

感珊isa混めno取落oonprecipitationar¢aeXt孤di盈g飽＄紬ard如m仏¢A乱napⅥrⅧa托gion．  
Thes約柁aSa托Ch乱ra醸ri認dもyab鉦1ikeareaorhigh甜n00現地tionorprecipitationalong  
theso出払＄lopeort鮎maぬridgeortb¢許e奴Himぬ町a．And掬nS8qu8ntlynotlri＄触悼‡珪Or  
glad8rSin地鳥モam粗Sislar騨】yswppliやdbythemo独SOOnp溌貯ipit離ion．   

T8bleヱ．Meteoro】ogicaldaはOnthere鋸arCharea．  
（l）MeteoroIogicaldataatKyangehen（3．920ma．s．1．）●  

1968  M  J  J  A  S  O  N  D   
Temperature（OC）Max．  

Min．  
恥ipitation（mm）  

12．5  11．6  12．5  12，8  1l．6   S．5   
1．8   5．6   6．9   fI．9   5．4  －0．9  

1（i7   ヱ・‖  1㈹  10ヱ  180  
6．ヰ   4．7  

－ヰ．l  【7．1  
0  0  

J  F  A  M  J  J  A  S  

TenlPerature（JC）  
Min．  

PTeCipitation（mm）  

l．ユ  ー  9．0  －  13．0  】3．0  
叫9，9  －  －2．5  1．乏   5．6   7．0  

29  59   之76  

1エ5  11．9  
6．6   5．8  
179  －  

（11）Estimatedmeanairtemperature＋＋  
GLaciersnout（5，090m） BS－1982（5、407m）  

May  
June  
J山y  
Aug．  
Sep．  
Oct．   

0．8  
l．6   
2．6   
2．3  
1，0  

－0．7  

ー0．9  
－0．2   
0．9   
0．5  

¶0．S  
¶2．5（－4．3）綿＊   

●observedbyDcpt・OfHydrologyandMeteorology，MinistryorWaterandPower．NepalGovemment．  
●●usingKalhmandudata（197ト1975mean）andapplying a Kathmandu－Lhajung（KhumbuHimal）lapse   
rate（0．57亡Cノ100m）．  

●●●09（氾（LT）meanairIeJTLperatureduringOct．lst－23rd．1982．   
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Dailymeteorologicalobservatio‡lS（surfaceairtemperature，PreCipitation）werenadeat  
KyanきehenGompこl．WhcreこIthscJIL）uSC（B＝rorlh心pr（づectsetur、、undtheGlacicrCamp  
（Gqatad即ationof5，090m醸rsa・S・1・dばin郎ぬa血皿Ofl粥ト19＄2・Th㈱でOrds  
showthat（hcminimummei川aiTleI叩CraluTC“－ミISI17、C（Oct．ユ5††一、1恥21ilndthemaximum  
Wa＄10．30C（S甲．3rd，198かatも注血ringÅじg．27ttトOct．26t重l，198ヱ・   
ThBelevationdi飴rencebetweenBHandtheglaciersnout（GC）isaboutl，200m．Appling  

anapprl）prialelilpSCrate（0．57（1．J00ml．1hcじIinliltiec川1diLionut（hebL）ringsitellS・1982  
（5，405mlandtheghciersnout15．O吠＝111aTビCSlit－1こl†ed．Thce）il11こIticeonditionsiIr（一undthe  
きIaeicraresunlmarizcdinTこ11－1c2．   

ⅠⅠ－301止l血80r也¢boringop8ratioれ   
ThecoreboringswereperfbrmedwithanelectromechaniealmachinedeNelopcdbyProL  

FiL！．4．Schet11aticLli札ぎranlい［1hcき1ut：icrboringdriLIsさ－ゝtCm・   
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Yo＄hioSmki（1982）・Themachineconsistsofacorebarrel弧dadrivingsystemwifhaset   
Ofanti－tOrq混血sandissus匹ndedonanamou托d¢aもkThedesignofthem混血¢is   
ぬowni丑Fig．4．   
ThisislhclirsLurtemllttいと1ml－leby borhglhrL）ughthcl、u］JdeTILhoraghcierinlhc   

NepaIHimalaya；払¢reR汀ちma叩unhownfおtorsfbrtb¢boringop併扇ion間托tak蝕into   
a∝0Ⅶ1itint王1epr甲aratio‡1．Oneof仇emostimportantprobl¢mSistIleintemdconditions   
OftheglacierinthepresenceofinAltratingmeltwaterandsllb－glacialdebris．Andinregards   
tomechanicaloperation，therealpowerd温ciencyofa＄¢neratOratSuChahighaltitude  
（moretha115，000ma・S・l・）wasstillunknown・Usageofahighpowergeneratorwasnotpos＄i－   
bleduetotheweightandtherateoffuelcon岳umptlOn．Agasolinegeneratorofratedo11tput   
Ofl¢，50Hz，2kVAwasdlOSen；itweighsabout40kg，makingthetotalnetweightofthe   
SyStemabo血300kg．   
DllringOctoberandNoveぬberin1981，apilotoperationwascarriedoutontheaもIation   

areaofYdaGlaci訂atanaltit㍑deof5，180ma．s．1．   
1i）Ibいri叩inl（－1I－ehこtreiしじこLI、し11トd叩【llい汀eい「封1nい、’こl、lこIL亡Il．‾111じt即叩erillurJinlllじhい1e   

remainedsligbtlybeioⅥFOOC＄OtIlatin鎚tratingorndtvatervぉpracticallynonexistent．On   
theotherhand，theoperationwhichwascarriedoutduringacoldseason，tOaVOidmeltwater   
PrOblems，invoIveds11Chlogisticproblemsashigh－atitudeporteremployment，Climbingona   
glaciercoveredwithheavysnow，etC．   
Immediatlyafterthe1982monsoonseasonwasover，themainboringoperationontheac－   
Cumulationareawassetllpatanaltitudeof5，405m．Duringtheoperation，Varioustroubles   
withtheboringarose：afailureconditionontheanti－tOrque触sduetotheexistenceofthick   
temperateloosefimdevelopedbetweenltolOmetersbelowthesurface，themachinewas   
S血me巧edもyanabruptspolltingofi嘘Itratedmelt■W融合で融adeptbof27n，andalsomany  
111Ct：11こIni鳥1trいublL：SO亡eurrL止（））llheいtherhiLn山川l山rぎtlOLlt：L＝lll吊l・mllpl（、617111Cnnbe   
boredperday．   
AttlleC－1d11rOetL，hcr、IhcIirsl佃111rしLIL－d叩LllhL－rin呈illlhL；＼upこLIHiIlu］）・i川lじご亡CLIcLl：  
17mof負mand43moficew¢re払Ⅶnd．The短nperatw¢m¢aSllr¢m¢丑tSatdept壬1Weremade  
intheairoftheopenborehok）withathermistor・Thebore－holetemperatllremeaSurementS  
OntheaccumulatioIlareaindicatatethatthisar8aistem匹rate（theicetenperaturebelow  
lOmdepthwasOOC）．   
Theglaciologicaldescriptionandthehydrologicalanalysesofthespoutingofen－glacial  
WateraretObediscus＄ed，inconnectionwithawatertablestudy，inseparatepaper（Iidaet   
al．，1984）．  

lll．GlaciologicatreゝぐardhⅥ－t汀karnundl－81aGla亡ier   

IⅡ－10切ectiⅦSanditemor仏¢裏紙iolo由¢alresear洩vork   
Theglacierboringpr（毎ectcarriedo雨dw血g198ト1粥2isoneort鮎mahcompo】1e雨SOr  
interdisciplinarystudiesattemptingareconstruCtionoftheclimatichistoryintheI．angtang  
reglOn，CentralNepalHimalaya，durhgtbepastlOOorsoyears．   
hthesestudies，Stratigraphicandgeochemicalresearchondepositedmaterialsinglacier  
lakes，geOmOrPhologicalreseachonglaciatedlaTldfbrmsandglacialdepositionsandsoon  
WereCarriedoutincollaborationwiththeglacierboringpr（かct．   
Beforethepresentwork，glacioIogicalresear血inthisregionhasnotbeendo】leindetail．  

There払托tもe知ndamentalknowledgeor室1acialco黒血ion＄，maSSbalance，heatbalanceand   
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也edynami払Ico℃ditionorexistl喝gladersint最sreg】OnVerepOSitively汲¢駕SSa野良汀也ese  
studies．  
Intermsofthepilotexpeditionperfbrmedin198landthemainoperationin1982，thefbl－  

lowlngglaciologicalresear血workwascarriedout：  
i）PhotogrammetricandtriangularsurveyOfYalaGlacierandsurroundingarea，  
ii）geomorphol喝icd＄uⅣeyOn珪e劇aciation，  
iii）111こLヽトbこLtこLnC亡iuldtleこLtトillこITlt：eStuLlieいInYこIlilGlucit：r．  
iY）structuralanddynamicstⅦdiesonYalaG王acier，  
V）stratigraphicandgeochemicalreseardleSOndepositionofglacierlakes，  
vi）glacio－biologicalstudiesontheglacierandinthesurroundingarea，  
vii）glacierinventoryofがaciersintheLangtangregionbymeanSOfaifPhotogrammetry．  
Prelimill：Lr）・reゝu）tsohLain亡dinlhcseゝutdi亡ゝaretOtN：PrLLMltedinsepiLrtL：r叩いrlSinlhiゞi→－  
Slle．   

ⅠⅡ－20旬edivesandconte山SOf仙eboringcoreanalyses   
The30m－longcoreobtainedfiomtheablationareaandthe60m－COren．Omtheaccumu・  
1ation area ofYala GlaGierwereanaly況d打on two di飴mtpoint＄OrViev：Oneis a  
Slr；lliぎmT，tljcこIlli巾●＞亡、undanotheTisゝltldiesof、tllephさゝiclllpl叩erlieゝ；lTld onlllelm－1S一  
弘rmationprocesses鉦om如ntoghderice．   
Observations，meaSurementSandsamplingswerecarriedo11tinsitu，becausetherewereno  

meanSfbrtransportationandstoragetokcepsamplesinasolidstateinsucharemotere＄10I1  
0ftheNepalHimalaya．Thefb1lowlngStratigraphicanalysesincluded；  
i）扇＄ibl¢Stratigr痢，  
ii）揖rtl野era莞alyses．  
iii）samplingfbrstabl寧isotopeIn£aSurementS，radioactivei＄OtOPicmeasurementsandchemi－   
Calcompositionanalyses．  

Thecollectedsampleswereplacedinpre－Cleanedair－tightpolyethylenebottlesandcarried  
tothelaboratoryatNagoyat血iversityandotherplaces．  
Th亡ローlさ■＼i罠11－「叩打l）●川eilSurelnenlSi一山Il血d111ehllい“・illざ：  
i）den＄itymeas仏陀me点tS，  
ii）crystalshapeandsizemeasufementS，  
iii）bubbleelongationandsizemeasurements，  
iv）observationsofthemicro－teXtureOf蝕mandice．  
Tb£density皿組SurementSWe托madebymeansofavolume－Wei由ttecbliqⅥeinsi短．Tb．e  
meas℃r¢mentSand汰eoもser陀tio鮎ねritemsii一毎Ⅵ℃reanalyヱedもぎ払eじSeOrCrOSSpOiarized  
pb．otograpbsof五m－icethぬsectionstakeninsi血．   
TheseresultsarereportedanddiscussedinpartIloftheboringprqiectreportinthis  

ISSue．  

1l’．R亡Sullso†slr8tigr叩hira血山yseso†thぐ印reS   

IV－l．Alalysesoftheannuallayerlng  
IV－1－1Dirtlayerstratigraphy   
Onboththecoresffomtheareasoftheablationandaccumulation，VisualstratlgraPhy，  

asぬowninFig．5，isrel離iYeiy由npkconsis血goficecmsち血tl野er，もubもIypartandciear  
PこIrt・OnLl－eし一Ihcrhilnしl．こl、ゝhし一、、－njnPlこtlel、thい、・Cll－LIe、一山T，CJeonecnlritIionorLlirtpilrti－   
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Phtel．TypicalstruCtureOfdirthori2：On．  

Pbte2・1・Opticalmicrophotogr叩hicdata：（1）minerals，（2）and（3）plantLfagments．   
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PJate2・ヱ．Electronmicrophotographicdata：（1）minerals，（2）pollenand（3）plant丘agments．  

desarldtheirregulare裏stenceisadistinctivefeatureinthevisualstratigraphy・Thevertical  
SCquenCeい一fdirLhoriLOni11（ulgtheeorビSこIrei11ustra【edMllhcstratigrill－11iL：JiagramlOri由1  
andkindsororganicandino巧anicmate出払lsoftもecontentsco皿pOSedisdes訂ibedindぬil  
inthefbllowlngparagraPh．   
Vario11SSOrtSOfdustparticleinthedirthorizoncanbeconsideredtobebroughtfromthe  
neafbysurroundingsoftheglacierduringthedryperiod伽mthepost－mOX［SOOntOthepre・  
mO】lSOOn．  

．・＼sT，re、・iou＞l）lPOil－tedいuthyヽlilIerclこ止（1965）rrいn－hjゝin、で←ligaliい＝SOnthe Khumhu  
GlacierorMt．Everest，ea＄tN甲al，hesⅥ∝eededindatingtheicelayerw●池theaidortbe  
trituimcontentandindemonstratingthattwodirthorizonsaredepositedannua11y．Whena  
COnSiderableamountofsnowfa1loccursinwinter，tWOhorizonsofdirtmaybelaiddown．   
A＄Sbownin（萌colⅦmnOfF短．5－1，也es¢dkt血orizonsa托indica短dbylinesftomthe  

uppcrmいStl（一JL－Wnin亡IuしIingsomcorthed亡brisonsheilrT）IanごくIhruゝtuI－froTnthcg）ilCier  
basement．   
Estimatedboulldariesfbrannua11ayeri札gareindicatcdbyanlineintherightcolumn．  
AsshowninFig．5－2，theboundariesoftheupperlOmetersinthe飽mlayer，Wheretheleast  
OCCurrenCeOfvi＄ibledirthorizonswasobserved，WereeStinatedbycomparingthestrati如か  
tionofぬeexpo＄edwallorcreYa＄SeSi紬at¢dneartbeもor払g＄i短Ofl粥2．   
8亡1州・th亡d叩Ih（－ーユ31れ亡Iers．two（lil－1h－ri川11SⅥ・ilIlh1日1e；lnnuこl＝こl〉一亡rトビぐt｝nlい●isibledし1じ  

toin¢reaS血gde11Sity．   
htheGOreffomthea肌mulationarea，mOrethan70乱nnualunitsoflayerlngWerefbund．   

ⅠⅤ－1－2．0Ⅹyge4isotopepro別e   
Thecoresflomtheablationareaand theaccumulationareatakenin1981and1982were  

ana桓d払rtheoxyg孤isotopeco‡lteRt．T鮎托Sultsa托Sぬ0ⅦOntbedg如sideoftおstrati－  
graphicdiagraminFig．5－1．AnalyticalresultsareglVenin∂180notationasfbllows，  

（180／1¢0）s乳mpl。－（180／180）s班OW  ∂180＝   ×100OrO／。。）  
（1＄0／18qsHOW   

SMOW：StandardMeanOceanWater  
andanalyticale汀Ⅳisニと0・20／。。・Coidかninhi由mⅢ血ainandpolarr密血，aSiswell－  
known，PreServeStheseasonalvariationsofthestableisotopecontent．IntheHimalaya，aS  
reportedpreviouslybyWushiki（1977）fromhisinvestigationoftheannualvariationofthe  
deuteriumcontentintheKhumbureglOn，increaslngPreCipitationwithadvanclngOfthe  
monsoいnくCaWnCnu”Idcer亡aSCinきdtlteriun－CL）nl川い、■hichinereil、亡dlhTOughthewinler  
tothe叩ringaflcratemT）Omrさ・decred§einashortcrperiLIJILtlhcenしIorthnltlnSOOTl．   
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Ice crust   

ldyerト0＝nddry  
I亡∫1町er  

＝柑1（0「モ（仙r▲t緑川■Md）  

汁1「  －ユーL Per∈Olat盲0珪   

0日  恥pth hodr  

G  Granu】ar snow  
developed   

S  sモttled sno■l  

か  8盲rtわorうzon  

Annuallayep boundary   
（esいmated）  

Fig・5－1．Stratigraphicdiagramand∂180pro61e．  
St：Stratigraphy，a：Annuallayerboundary，d：dirthorizonandD：density．  
Sinoxygenisotopepro爺］e：∂180valueofspoutingwater．  
Fig・5－2・Stratigraphiecorrelationbetween198lcoreandicec）itrstra（igraphy．  

Åseasilyvisぬ1i次d如mFig．5－1，＄血繊菅野tedse舶O追出oscillationwasno毛細Ⅵ娩  
and，also，也erewasnoreむ止ionbe紬eentもe∂1SOpro蕊k弧dぬ¢anm扇l叩¢mnge頭m幻ed  
h）－1h亡（lit－1】こl〉■亡＝eし1u亡11ぐど．   
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Tahle3．∂1800fsolidprecipitationandthespoutingwater．  
（り1粥2丑oringsit¢（5，405m）   
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ー19．0こ／丁。  
－19．6  

Oct．17  
18  

Oct．ニュ  
23  

ー・▼31．SJ／■し、「  
－16．8  

（u）Kyangchen（3．9コOm）  
1981Nov．14，－・9．5J／。、「   

（111）Spoutingヽ＼′aterrrOnlI98三borellOl¢  
5samplesm¢乱n－19．50／。。   
（TritiumCOnt¢nt40TU）  

Theoxygeniso【0匹COntentYariesbe極een－1007。。and－220／。。，Wi血ameanvaiⅦeOr   
－1510‾‥（lqボニーL：tlre）こ111J15・t．＿＿（1琳l－CいrL：）・・＼一一しIthe rこ1nよドい（肌さg亡ni、いtuPt＝、・こ11ue  
doesdecreasewithdeptb．   
Forrefbrence，OXygenisotopecontentofsolidprecipitationdurin＄thetermoftheboring  
OPerationin1982isglVeninTablc3・Fromthesedata，itcanbepointedoutthattheoxygen  
i＄OtOpeCOntentOfprecipitationvariesgreatlyinarclativelyshortperiod．   
The・了巨0、・aluL！l－｛叩Olltinざ、、illtlrこLLlhed叩1hり（コ7mclersis；11、い、hL）VHlinTiLhl亡3．   

ⅠⅤ－1－3Tritiumpro免1ing   
Verticalpro免Ieoftritiumconccntrationinthe魚mandicearepresentedinFig．6witha  

Simplestratigraphicdiagram．Themeasurementsw8reCarriedoutinthelaboratoryofKyoto  
U壷ⅦrSity．Tb¢tritiwnconc勒trationisgiveninTritiじmunit（1TU◆ニT担×10‾1り．封iswelト  
knt）＼、・nlhこItlriliしInle＝TleじTltrこ1Tiい－1p山人iill†inli川diじ亡IaさでrいI、ぎlこlしier．du¢lutll叩r、）山川いn  
Ortritねmbytber‡HOnuClearweaponstestssince1953，a托gOOdm挽nSfbrhydro王ogic扇dati工唱  
upto30yearsago．Illthenorthernhemisphere，thesedi＄tinctpcaksintheglacierplofi1e  
（ValnqiobullGlacier，Iceland）andthatoftheiceshBet（Greenland，Dye3）analyzedbyTheo・  
dor＄Sen（1975）ar¢払undin1954，1956，1959，1963，1964borizo王Iandsoon．血contrastwitb  
theくehiぎIl‖esゝ川・111いn：thiLll川：ミlいい、一IeCnlrlttiいn．1hcvu！uci）lLhL：1－rC－bomhさ●ellrゝiso－11he  
Orderor18TV．Tbesehightritねmconcentra丈ionsarealsoねⅦldinGrenzGlaci¢ー，Sviss  
Alps（Oeschgenetal．，1977）andVemagtfもmer，AnstriaAlps（Stichleretal．，1983）indicating  
thevalueorlO3TUin1963horizon．  
IntheHimalaya，thefirstmeasurementoftritiumconcentrationweremadcbyMi11eret  
al．（1965）ontI旭蝕10rtもeWest飽Cwmortbe温血wnbuGlad訂in1963．Abo雨500－800TU  
…l】CClltrこLtiいn、“－crC11、lI11diJltllelこlさICr＝lcpいゝit山LlurinぎIq51卜柏1．：＼iPOinhXlいulb）・  
KamiyanaandKitaoka（1984）丘omtbedist血涙ionormeantritiumvalⅥed∬i王将仏¢period＄  
1963－1964and1974q1975surroundingtheNepalHimalayabylÅEAnctwork，thchigher  
COnCentrationsoccurinthedeeperinlandregionandthereverseinthecoastalarea．hcon－  
trastwiththesehigherlevel，mOrethanthe3，㈱TUaverageof1963－1964prccipitation，is  
払℃ndinXariziIⅥirくネ勒anistan），Ⅶ録王台也ator伽Del最（b戯わ，inamaritim¢Clim細君，  
111小＼■SarCtatiヽ・elyIo≠・erヽ・iLIut：Ot、IL！Sヽlhi1111．OtX）’TLTh3lいWCrヽ－i17ueorlt3ゝSl．（巾O rLround  
OnMt．Everestimpliesthatclimaticconditionsareconsiderablybyamaritimemonsoon．  
IntheverticalproGleoftritiumobtainedfromYalaGlacier，SeV¢ralpeaksandtroughsare  

fbund．Distinguishingfiguresamongthemareindi¢atedalphabetically（A－G）丘ombottomto  
top・Todatち也¢p飽kEcanbepr¢SⅦmedmostprol沌blytobep一群わit融iondurhgt血合1963－  
19糾period・Thepro盈1eobtainく通知mt鮎abi離ionarearanglngト10Tt7m野COr柁SpOnd   
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Fig・6・ProfileofTritiumcontentandGrossβactivity・  
AlphabetintheTritiumprofi1eistemporaryindication．   

topre－1954precipitation．Thespoutingwateratthedepthof27meterswasfbundto  
40TU．   

1V－2Analysesondepositionalenvironment  
IV－2－1Chemicalcomposition   
Some90samplesand145samplesobtained丘omthe198トcoreand1982－COre，reSpeCtive－  
1y，WerebrollghttoNagoyaUniversity（Japan）fbranalysis．Theglacierfirnandicesamples  
WeremeltedatthesamplingsitesandkeptiI】Pre－Cleanedair－tightpolyethylenebottles．The  
bottleswerecleanedwithnitricacidandrinsedwithdeionizedwater．Tomeasuremain1ythe  
SeaSaltindexspecies，F－，Cl‾，NO3‾，SO。2‾ofanionandNa＋，K＋，NH。＋，CaB＋，Mg皇＋ofcation  
Wereanalyzedbythefbllowlngmethods；DionexModellOIonChromatographwasllSedfbr  
thedeterminationoftheanion．Thesampleswerefilteredwithmi11iporeBlterbefbreanalysis．   
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 Fig．7．Profi1eofch班Iicalcomposition，PHandConductivity．   

（llrOnlatOgriLPhicLt…1ditionゝ“亡rC：止IeTlt．廿（X13ヽlNこIH（lO一こIlld O．1Mユヰヽ1Nこl：（、o：：nOW  
ra鴫138ml伽；＄eparateCOlm，3×500manion蝕stseparator；S明甲reSSOrGOlⅦmn，6×  
250manionsl甲preSSOr；iI扇e離io丑VOlnme，100甚1．   
T鷺娘COnCe雨ー如ion＄OfNa十，K十，Ca帥andMg帥ぬsamplestak孤緻om198トco代W¢陀de－  
term血edbyatomicabsorptionmethod，WhilethoseofNa＋，K＋andNH4＋insamplestaken  
たomI982－COr¢W℃redetermin¢dbyionckomatograpbicme仏od．   
八＝resulLsrL，rthel兆）－COrCiulJT－こIrlOrlhoゝL・hr］t）ボニーeOreこIn：Shし｝、、、■linlTig171M亡i川COn一  

党ntrationsandst狐daddev如主onsorea血ぢ鮎mical呼∝iesintbe紀Sa鱒再es乳托ShoⅥ1in  
TLLhlcJIThcいrJ亡rOl、th亡CLmCCntriLtiいnS≠・iLSい一n叩ミ爪IhletolhこI10r（ir此Jlkin（lict：eOr亡tこIkcJl  
atSite2（Langway，1970）．   
AcomparisonofthctwoploRlesinFjg・7revealedthathighNO泣牒042－andNH。＋c  

CenTrこ1tionsL）t：ulrjnthe川ドニーL：Or亡、Vl－icIl、、、uhJ叩し雨tt：dduringtllClこISt、e、・eml）・t＝arSlnr亡JlecIS   
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TabLe4．Meanofchemicaleomposition（mgjlitter）．  
1982 Core 

CI‾   NO3‾   SOj‾‾  
＿f O．35  l．j  O．ニュ  O．コ5  
∫   0．ヱる  1．0  0．ヱ1  0．ユニ  
〃   55  54  55  55  
19紀Core  
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鳶：m¢乱n，∫：Standarddeviation，和：numbero一弘mples．   

adi飴澤ntdepositiona】e‡lV豆onmtswo1111diI唱YalaGiacier鮎m血atin也epモriodwhe弘  
也e198トcoreⅥFaSdepos如d．   

ⅠⅤ－2－2DirtI10ri却npa豆icleanalysis   
Asmentionedbefbre，dist払ctlydevelopeddirthorizonswerefbundinbothcores．Obser－  

VatioJISOrt血esはー払cefbmngproces＄insi血andぬestrati餅apbicoccur托nCema血itoゎー  
、－iし、u、1Ilユ11hぐS亡ド；lrlicl亡ゝ‘－riざi旧IeI、rいIllilた州爪Itdllrillぎttledr）－S出1いn．1TllIlいヽ・il】ter、Lll亡  
COreOftbewesterlyjets加ami＄abovet壬1eHima如amollntains，re＄ultingmveけStrOng  
winds・Particle＄，Whichareprod11etSOfweatheringprocessesftomsurroundingrockwall  
andglaciatedplateauwithoutsnowcover，areblownupwardandfalltotheglaciersurface．  
Snmt：l、I、th亡711CiLl11ヽ：t－Te仙nlt：dto he皿rri亡dillnL川IILhL：riht：tこ111l一！こIleこLuこuld thcTilklll  
Makandesert．   
Particlesconsistofinorganicmaterialssucha＄rOCk丘agment，＄Oil，Chipsofmineraletc．  

andalsojncl涙k毎・れ，K・Kosbimaintbisissuら0確弧icm融erialssⅦ洩asaquaticargal，  
aq℃aticp桓tepiank細1，pOlle乱Particle弧alyses，廟光determi王1atj棚andinvesti伊tionon  
t壬Ieirorigin，areS点1iinpro餅eSS・Microphotograpbdatares111tsdealjngwitht鮎vad鞘Stype  
Orpa琉iclesflomoptiぢ裏紙dele疏ronmicroscopyaresboⅥ1inplaモモs3and4，re＄匹etively．   
Sixty－tW8dirtあor短onand6sも飽rplanes主nclu融点gr8Ckfね夢眠ntarefb℃瓜dint鮎1982－  
COreObtainedfromtheaccumulationareaofYalaGheier．0‡lthecorestratigraphy，thedirt  
horizonintheupperlOmetersisnotdistinctorinvisibleexceptfbrtheuppermosthorizon  
知meddu血gthed叩SeaSOnOrl粥ト1982・Belowadepthor12meterswitb乱naVerage  
d饉SityofO・6g・ぢm－さ，t短dirthorizon喝aねもecamedistind短Yisit〉lebelowabelow洩¢  
dept壬10f22met¢rSWithanaⅦragede鮎jtyofOt8g・Cm－さ．OtberhoriヱOnSVithinan弧nⅥ裏  
unitappearduetodensi鮎ationofthe免m．   
Fi鮮Ire8sbowsvertic扇distrib融ionoftbe血tho裏芸onandⅥ℃ightamountor払8pa鵬ides  

perSOcm望ar払・Twodi飴柁ntmOdesofpartic】eo吼ー托n∝Were加ndill也eco托；t如oneis  
acon∝ntrationpattemtoa壬10rizons≠rね∝弧dtheot毎rasc融teredpatternataα托aね  
dep血ー弧ge・職eweightsGOl11dbedividedtwo詳0叩S；namelyl岬10mg薄Ocm2andv2MO  
m感80cm望・Åpeakof甜mgatadepthor39meter＄VaSeX既ptional．Wei室htco叩adson  
alongtbevertぬipro点kisonlyぬー柁托re】】∝bec皿SeOデモbeg托atereloR伊tionwithinc托aS－  
hgdept‡l．   
Theresultsofthegrossβactivitymea＄urementSOftheAltereddustpartidesareshowninthe  

riめtinFig・右・The騨ner往1t托ndortbepo瓜eねdiはteSaline鮮血αeaSeint壬IeSem最0伊貞tb一  
皿ぉ餅apb如mlOpCi7gdownto10pC鹿int鮎Ⅶpper触meaも0Vet如de押hor之Smeters  
SOmeunuSualincreasedtrendsarenoted．   
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Fjg．8．Profileofdustparticleconcentrationperunitarea．  

Altho11ghthegrossβactivitynotonlyresultsftomtheradioactiveisotopeOfthermOnuCle－  
arweapontestproductsbutalsofiomIlaturalonessuchas40Kffomrocks，thesebroad  
peaksseenintheupperlayerofcoremaywellresultfromthear蝿cialproductsofradioac－  
tiveisotopeSaSSeeninpolariceandfirn．   

IV－2－3MeasurementsofpHandtheelectricalD．C．conductivity   
ThepHandtheelectricalD・C・COnductivityweremeasuredinsitu，emPloyingaUC－23  

digitalpH／ORPmeter（CentralKogakuCo・，Ltd・）andaportableconductivityェ妃ter，mOdel  
CM－1K（TOAElectronics，Ltd・），reSpeCtively・Theresultsareplottedversusdepthonthe  
rjghtinFig・7alongwiththechemicalcontent・Thecoresamp】ewasmeltedinthepre－Cleaned  
polyethylenebottlebymeansofwarmwaterbathingafterremovlngthemantletopreventof  
contamination．   
ThemeanpHandelectricalcond11Ctivitylevelinthe1981and1982corewere5．6，2．39  

PU・Cm‾1and4・7，2・01帽・Cm－1respeCtively・lncompariso11WiththoseinotherreglOnS，One－  
tenthofleveloftheAIps（Oeschgeretal．，1977）andequivalenttothatofcentralGreenland  
（Hammer，1976）．  

Ⅴ．ComclⅦぷmgremarks   

Theresultsdescribedinthepreviouschaptersarepreliminaryandfurtherstudiesarestill  
inprogress．   
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WithregardtotheaccumulationprocessonYalaGlacier，Characteristicscanbepointed  
Out；themostimportantamongthenistheinBltrationofabundantwateroriginatingftom  
S一一OWmeltinぎundliquiJprecirililth”一durinき†hcmon肌一11、ビ山L一Ⅰ一・l）uril－glll亡gkLCierbo］・inp  
OPerationin1982，anabrupt＄pOtrtingoccurredatadepthof27m・Althoughthisspouting  
Canbepresumedtobeanaquiferduetoitsnature，afleewatertablemaydevelop，rea血ing  
anupperlevelofadepthof17mandso，intheheightofthemeltingseason．Whenthis  
Phenomenonispossible，themassbalanceprocessin丘rnlayerbecomescomplicated．Itis  
SⅥg野Sted仏atthemassbalanceprocessぬ0Ⅵ1dbedividedinto摘OSt喝eS，theinitialstage  
銀地es℃r‰8andt鼓弓secondaryst喝eintbelevel（〉rthew離合rtaも1eatace沼温indep也．Onthe  
Otherhandthecharacteristicsofthetemperaturepro五1eofthisglacier，aSlightlynegative  
PrOfi1eintheablationareaandOOCthrollghoutthefulldepthintheaccumulationarea，  
ShouldrequlreanOtherapproachfbrunderstandingtheicefbrmationmechanisminsuch  
in伝1trated water．   
Theマari（〉u＄Ve珪icalpro負Iesinl粥ialld1982cores，aSShownin払eprevio℃SCbapters，  

1eadtotIl¢紬1lowlngSimpleconclⅥSions：  
（i）Thedirthorizonsareaclearcriteriafbrtheboundariestheannuallayersinthecore  
Obtainedftomtheglacier．Increasingdensitywithdepthmakescleartheexistenceand  
OCCurrenCeOfdirtparticlesandbe10WaCertaindepthtwosuchhorizonswithinone  
annⅥallayerwereねund・  

（ii）Rぬtivelysmallscdeoscillationisa洩aracteristicortもeo野genisotopepro最k．T最s  
homogenizationmaybeconsideredtoresultffontheinfiltrationofwater．Asmall  
di飴rence（0・lO／。。）ofthemeanvaluebetween1981and1982coresisalsointeresting．  

（iii）1nproRlesofboth3Handthegrossβactivity，aStrikingincreaseduetothermonuclear  
WeaPOnSteStSinthe1950sisfbund．Atpresent，ObservatjondiscIosedaseveralyears  
しIifTtrent：じb亡1wecllthe：、lIug亡とInddiI・tllいriLO11、eLluellCe．●rhcre：lWlliいti”unLJcrstud）・．  

（iv）The魚ndingoflivingthingsinthedu＄thorizonwi11leadirLtereStinginfbrmationonthe  
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