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Abstract  

Observationsofaccumulation－ablationandformationprocessofthedirtlayerandannualaccumulationof  
Yala（Dakpatserl）Glacierin‡ノa‡lgtangHimaloftheCentralNepaiwerecarriedolユttbroughoutt主1eyear缶■Om  
summer，1985tospring，1986．Thisisafirstlongtermobservationintheaccumurationareaofthegiacierinthe  
Himaiayas，Onthebasisofresultsoftheseobservations，itisconsideredthatdistinctdirtlayersareformedbydry  
faiiouもdu血gthedryperiodたomtbepost－mOnSOOnSeaSOTltOthepre－mOnSOOnSeaSOn・However，thindirtlayer  
carlbeformedintheposトmonsoonseason，ifthereisaiargeamotmtofsnowacctimuiationaswasseeninthe  
winterseason1985－1986，thetotalsnowfauatB．H．（3850ma．s．1．）fromDec．1985toFeb．1986．was142mminwater  
equivalerltContentsof払ed主rtlayerconsistoforganicmateriais，SllChas‡nicro－plantsandbacとeria，andmi－1erals．  
ItisfoundthattherateoforganicmaterialscontentisrelativelyhighMicroqplantscanbeseengrowinginthedirt  
layer．Wearesurethatourresultsofobservationwi11beveryhelpfultocoreanalysisinGlacierBoringInvesti－  
gationin也e‡iimalayas．  

aglacierinthe‡寸言malayas．We，hereinafter，preSent  
somepreliminaryresultsofwhat weclarifまedabout  
ぬeformationprocessofdirtiayersandtbe acclimu〟  
latiorトablationprocessofYalaGlacier．  

1．lntroduction  

Few observatioれS On the accⅥmuiation－ablaモion  
processintheaccumuiationareaofgiaciershavebeen  
madeasyetintheHimalayaMountains，eSPe－Ciallyin  
tbe NepalHimalaya．Furthermore，fewer ob麗rVa－  
tjonshavebeenmadeontheformationofdirtlayers  
Whichareconsideredannua11ayerboundaries．Clarifi－  
Cation ofthe accumuiation－ablation process and the  
formationofdirtlayersare，however，eSSentialforthe  
reasonablei‡ュterpretationofstratificatioれOficecore、  
Asapartof－tLangtang－Project”ofGiacioiogical  

Expedミtion of Nepa＝Leader keijまHigllChi），giacま0・  
iogicalarldmeteoroiogicalobservatio‡iSVeremadeat  
tbel呼per reaChes of Yala（Dakpatsen）Glacieri王1  
LangtangHimalofthe CentralNepal，throughouta  
yearfromsummerof1985tospringof1986．Thisisthe  
first王ong▲termObservation主nanaccumulationareaof  

2．Method and site of observation  

Fo主ioⅥring glacioiogicaland meteoroiogicalol）－  
s（？rVationsweremadeatllstationsdistributedfromS  
l（5083m a．s．1▲）to Sllく5500nュa．s．りon Yala  
（Dakpatserl）GiacierinLarlgta喝Himaithro噸houta  
yearfromsummerof1985tospringof19弧Figurel  
sI10WSlocations oF observation sites on tbe glacier．  
て’becontents ofobservationsare asfoilows：  
（i）Measurement of accumulation and ablation of  

SnOWattbeglaciersurねcewithstakes．  
（ii）Alトyear－rOurldmeaslユrementOfsnowdepthⅥ7ith   
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Fig．1、Locati（）nSOfobservationsitesonYalaGlacier．GC：GlacierCamp，BS：BoringSite，Sl－Sll二Stakesforthe  
Obscrvatior10fmassbalance，  

anautomaticsnowrecorder，SnOWpreSSure，air  
temperatureandsnowtemperatul’eatS5（5250m  
a．s、l．），  

（iii）Pit－WOrkofsnowcoversonthefollowingitemsat  
eachstation（Sl－Sll）ontheglacier．   
・Stratigraphicobservationofsnowlayers，eSpe－  
cially paying attention to dirtlaycrs andice  
layers．   
・MeasurementsofdensityandgrairlSize．   
・Sampling of dust particles，Organic materials  
andlivingmicro－plantsindirtlayer．  

（iv）Samplingofdryfalloutateachobservationsite．  
（v）Meteorologicalobservation at the tcrminus of  

glacier．  
Similar observatiorlS On the Yala GlacierⅥrere  

madeinautumn，1982．（Watanabeeial．，1984）．Howe－  
Ver，Only one season of observationis too short a  
period to clarify the process of accu汀Iuration alld  
ablation of the glacier，a11d alトyear observationis  
required．  

3．Res山ts and discussion  

J．ノ．バノ再訂l、〃れ、バ∫わ（血J汀（、  
Observations on surface mass balance were  

carriedoutateachovservationsite．Sl－Sll，bystake  
methodfromAugusttoNovemberin1985asshownin  
Fig．2．Dailyprecipitationanく王daiiymeallairtempera－  
tureat R H．（BaseをIouse，3850ma．s，1．）duriTlgthe   
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periodfromJulytoNovemberarealsoshowninFig．  
2，  

Thelevelofglaciersurfacedecreasedmorethan  
lOOcmatSl（5083ma＿S．l．）dtlringtheperiodfromthe  
earlyÅu郡Stとillthelnidd王eofSeptemberbecalユSeOf  
intensemeltinginthemonsoonseason．ThelevelofS  
5（5250ma．s，1．）whichisveryneartotheequilibrium  
line（5200m a．s．1．）（Watanabe et alリ1984）had also  
remarkablydecreaceduntilthemiddleofSeptember．  
However，littlevariatior10ftわelevelcanbeseenaとS  
l＝55（きOma．s．l．ラ．   
InthemiddleofSeptember，andaroundOctober  

lOth and18th，the surfacelevelsuddenlylnCreaSed  
becauseofheavysnowfallofmorethan50mmperday  
atB．H．（BaseHouse，3850ma．s．l．）．Thesesnowfalls  
increased thelevelof tile glacier surねce at Sll  
（5500m乱S．1，）bymorethan200cm．Airtemperature  

felldrastica11yineverysnowfallandafterthesnow・  
fallof October18th the fine weather period of the  
post－mOnnSOOnSeaSOnSetin．  

T‡1eSereSll】tss‡10ⅥFCOnSiderableagreeme11tWi払  
resultsof1982くAgetag≠戊乙，1984a），butprecipitat主on  
duringtheperiodfromSeptembertil10ctoberin1985  
ismuchlarger．Heavysnowfallsinthepost－mOnSOOn  
season characterize the meteoroloRical condition of 
19B5，  

ユニ古け一肌J′りJJ（イ仙1／Jナナ／く町J・  

ResultsofpitworkofsnowcoveratS7（5333ma．  
S．1◆）duringtheperiod ofthemonsoonandtheposト  
monsoonseasonsareshowninFig．3．aswellasthat  
at the terminus（5（）00m a．s．1．）of glacierin winter  
SeaSO‡1．In theぎig．3，DLirldicates dirtlayer andi  
indicatesicelayer．   
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isconsideredtohavedepositedinAutumn，Whilesnow  
abovethedirtlayerdepositedinwinterof1985，that  
is，from25to27Ⅰ）ecember．  

Therefore，itcameclearthateverydirtlayeris  
not formed by same process，but thindirtlayeris  
formed during the dry period of the post・mOnSOOn  
SeaSOnifalargeamountofsnowacctlmulationoccurs  
inwinter，Inthiscaseweexpectthedirtlayerhasno  
grarlularsnowlayeraboveita‡1dtbatdryね1loutof  
thepostTmOnSOOnSeaSOnisthemaincomponentofthe  
dirtlayer．  

J7∴J．（1（りJ／り汗ヾ丹■仙・（ノ／ノブ／申リー  
Sa王Ⅵplingofdu或particlesontbeg壬aciersurface  

oftheablationareaa‡ldindirtlayersoftheacclユmu－  
1ationarea werecarriedout．Ourpreliminalyresults  
showthatdustparticleinthethickdirtlayerconsist  
ofmicro－plants，SuChasphormidiumspリandbacteria，  
notsodifferentfromthose ofthesurface dust ofthe  
abiationarea，a王1dtllatabot主t18％ofitsdryweightis  
Carbon（Kohshima，1987ラ．   

Itislikelythatpercolatedwaterofmeltedsnow  
andrainduringthemonsoonseasonestimated74cm  
waterinall（lidaetal．，1984）andshortwaveradiation  
proliferate micro－plantsin the dirtlayer forrned  
beforetheearlymorlSOOnSeaSOn．  
Micro・plantscanbeseengrowinginthedirtlayer  

formed during the post－mOnSOOn SeaSOn，but the  
amountis not so much as that before the early  
monsoonseason．Itisalsoexpectedthatamountand  
SPeCies ofplantinthedirtlayer formed beforethe  
ealymonsoonseasoriarediffere11tfromtilOSeint‡le  
dirtlayerformedduringtheposトmonsoonseason・We  
countitpossiblethatcomponentsofthedirtlayermay  
indicatetheperiodofitsformation（Khoshima，1987）．   

Ji．▲ノ∴l（、（・ノ川川んJ／古ノ卜〃帖J／／り〃 ♪J、r）（、t・、ヾJ り〃 l’‘J／′7  
（／）■J坤‘由一■吊（ごん汀／．リー  
Fi酢Ire4isadiagramofestimatedaccumulation－  

ablationandformationofthedirtlayeratS9（5417m  
a．s．l．），S7（5333ma．s．1．）andS5（5250ma．s．1）on  
YalaGlacierthroughouttheyear，Airtemperatureat  
S9く5417ma・S・l・）isestimatedby consulti喝竿ir  
temperatureat KathmanduⅥ7ith the assumptions of  
sinecurveseasonalvariation，13．0℃，annualrangeof  
JulyandJanuarybeingthewarmestandthecoldest  
months，0．6℃／100m oflapserate ofairtemperature．  
Asforprecipitationaswell，byconsultingchangesof  
precipitaとionin Tirnureく1676m a＿S．1．，23kmⅥ7eSt  
from Yala Glacier）（Ageta eiai．，1984b），Sine curve   

Threedirtlayersseenwithin2mdepthfromthe  
Surfaceon25Aug．canbeidentifiedthoseinthepiton  
bo払2and210ct．assbownintbefigure．On25Åug，，  
SnOWCOVeris thin above the uppermost dirtiayer，  
Whilethickon2and210ctcausedbyheavysnowfall  
aftertheendofAu酢ISt．  
AsseenintheFig．3，distinctdirtlayerisoften  

Seeniust above a tbickicelayer or a group ofice  
iayers．OnthelユppermOStthickdirtlayersof25Åug．，  
2and210ct，Weredepositedloose・bondinggranular  
SnOWlayers，COmpOSCdofsphericalsnowgralnSOfl－3  
mmindiameter．Thcseresultsagreewiththoseofthe  
ObservationonYalaGlacierinAutlユmn1982（1ida et  
dg．，198姐Itiscor主Sidered払aticelayersじnder dirt  
王ayersareformedbyrefreezingofpercolatedwaterof  
melted snow andrahlduringthe prc andthe earlyN  
monsoon season．Granular snowlayers above dirt  
layersareconsideredtoformthroughmetamorphosis  
Ofwaterloggedsnowinthewarm summermonsoorl  
SeaSOn．T壬Ierefore，WemaySaytbatdistinctdirtlayer  
is formed during the dry period beねre tbe early  
monsoonseason．AccordingtoFujiiet al．（1976），the  
dirtlayershouldbeformedduringtheperiodfromthe  
posトmonsoon season to the pre－mOnSOOn SeaSOn，  
COntaining the dtlSt particles blown from the dry  
grotlndinthestlrねcesnowlayer，Itiscons主dered払at  
the distinetdirtlayer on YalaGlacierisformedby  
SuChaprocess．  

However，therc are someindistinct dirtlayers，  
SuChastheseconddirtlayerof2and210ct”andthe  
firstdirt王ayernearesttothesurfaceof23Jan‥The  
dirtlayerof23Jan．areexaminedasfoliows：   

Itisgenera11yconsideredthataccumulationand  
ablationoccuralmostatthesametimeinthemonsoon  
SeaSOnintheNepalHimalayas，winterbeingthedry  
SeaSOn（Ageta，1983）．Thewinterseasonof19851986，  
bowever，WaSVeryeXtraOrdinary，because払erewere  
threeheavysnowfallsinLangtangValleyduringthe  
Winter due to the passage of developlng WeSterlies  
trough．The snowfallof December 25－27，1985  
recorded81．7mmandtotalsnowfallofwinterof1985  
－1986amotmtedto142mminwaterequlValentatB．  
H．（BaseIiouse，3850mラ．Strati許apbyく〉n23Ja王l－  
Showsthestatesofonemonthafterthesnowfall，On  
23Jan．，athindirtlayer wasfound50cmbelow the  
glaciersurface，granular snow anddepthhoar were  
Obscrvedbelowthedirtlayerandfreshandsettleddry  
SnOWWereObservedabovethedirtlayer，Waterequiv－  
alent of snow above tbe dirtlayer being148mTn．  
Therefore，SnOWwithhighdensitybelowthedirtlayer  
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DL：dirtlayeri：icelayer   
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SeaSOnalvariation was adopted on tbe presl王mption  
tbatprecipitation主s50cmand20cm－Waterinsummer  
a‡1d＼哲inter，and annualprec主pitatiorlbeinglOOcIⅥ－  
Water．  
Ontilebasisoft壬IeSemOdelsofarlnualchangesin  

air temperature and precipitation．arld Ageta’s  
formula（Ageta，1983），mOnthlyaccumuiation，C椚：aild  
monthlyablation，am；Canbeexpres＄edasbelow．  

ご耶ニ0  ㍍＞3．50C  
C椚＝あ花（0．85－0．247忘） 3．5qC≧7㌦≧仙0ぶC  
Cmニ少閑  ㍍＜叩0．6¢C  
α潤ニー0，3（㍍十3．0）3・2   ㍍＞仙叩3．ぴC  
什¶（1  r¶≦ 3．甘C  

Ma岱bala11CeateaChobseⅣationsiteontileglacieris  
Caまculated，洩own ascリ∫VeSOfwater equivaie王1t Of  
SnOWOrl払ediagram－   

JudgingfromtIlediagram，aとS9（5417ma．s．i，）  
intheaccumulationareadryfalloutofthedrypriod  
Of the previous post－mOnSOOn，Winter and the pre・  
moTISOOnSeaSOnformsthick dirtiayer a11d accumu－  
lation occurs above this dirtlayerin the monsoon  
SeaSOn．ThesimilarprocessisthoughttooccuratS7  
（5333ma．s．い，Whiieaconsiderableamountofabia－  
tion occursin the monsoon seasorlaIld tile glacier  
St汀facerapidlyt〉eCO汀主eSdirttÅt S5（5250m a．s－1．）  
Wbicbisvery nearとO the equiまミbriumline，ablation  
increasesin tbe monsoollSeaSOn and tbe dirtiayer  
b∝amed主だiculttorecognizeasanrluallayer、   

It can be said that thin dirtlayer，Which the  
authorsobservedinwinterof1985…1986，formedby  
dry falloutin the dry period of the post－mOnSOOn  
SeaSOn，is formed at the plateau stage of the post－  
monsoonseasononthecurvein Fig．4、Incase of  
王arge amount of snowfallirlWinteriike the winter  
蹴aSOn1985－1986，itseems洩attbed豆tlayerformed   

inthepost・mOrlSOOn紀aSOnisdistinguisbed鉦omtbe  
川1e formⅨ！duringlhe dr）▼PeriLld of winterこIlld the  
pre－mOnSOOn SeaSO‡l．  

Milierg£αg．（1965）indicatedtheposibilityoftwo  
Stratal〕eirlgdepositedanrluailyinNepalHimaiayas  
by their observation of the Khumbu Glacier of Mt．  
Everest（Chomolongma massif）．He explains that  
there are two main accumulation processes．In thc  
monsoonsea＄Onthedepositiorlisbydirectsnowfalいn  
winter，thelesserdirectsnowfa11issapplementedby  
thewindofjetstreamdepositionoftheⅥrintersnoⅥr  
frorn tbe exposedねces of tbe st汀rOunding Chmo－  
lorlgmarnaSSif．   

InもhecaseofYalaGlacier，払ereisapossib壬iiもy  
tbatformationoft‡ledirtlayerocctlrStWiceayearby  
direct snowfaili‡1thelⅥOnSOOn SeaSOn and Ⅵ7iれter．  
Accuml裏ation process on Yala Glacieris（ヨifferrent  
from that ofMiller’srest鵡．  

こ7．こ了∴l〃〃〝〟／肌∵〝JI川んJ由一Jり〃11〟〟 け）（止♪（山ぐ〃ノ  
（ごん甘んT  

Tablel（i）shows water eqtlivaient of snow  
be紬eerid雨Iayers、Whicbwasobtainedthrougbpiモ  
VOrkofsurfacesnowcoverateachobservatiorlSiteon  
Yala（Dakpatsen）Giacier．Tabiel（ii）sbowsprecip圭一  
tationateacbobservationsiteof9－100ct、and17皿  
180ct…Littユedepe17dence ofprecipitatiollupOntbe  
aititl】decanbe seen．Accordi喝tO theとabie，Orl也e  
assumptiontbatthick dirtlayersareformedoncea  
year，annualaccumulationata sitewithanaトtitude  
Of5333m乱S．1．isestimated asfollows．  
1984  44．6g／cm2  
1983  21．7g／cm2  
1982  65．Og／cm2  

Extremelylittle accl】muiatio王10CCtlredin1983．  

Tablel．（i〉1好ater eくiuiva璽e祀Of sr10W betwee11tWO ne短bboring dirtiayers aとeacb  
observat童on site（〉n Yala Glacier，  

URFACE巨TIiEIST．D王J  
lST，DL喜へ・TIiE2ND・DL   L。L   
m2）   
．5  紋2 60．2  

L．0  三等諾芸㌫至二等諾≡毘    ‡ 57．0 49．6 44．6  【      30．7  u 21・7 65・0喜   
25．9  

。7  

し旦叩m．  

書    ∃ H 盲  



左2  BulietinofGiacier Research  

Tablel．（ii）Precipitation of October，910and October，17－18  
at each observation site on Yala Glacier．  
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Similar characteristics ofthe accumulationis shown  
attheuppermostsiteSll（5500ma．s．l．）．Thestrati－  
graphicdiagramaroundtheseconddirtlayer（Fig．3）  
Showstheseco‡1ddirtlayer，Whichisthin，has王10ice  
layers belowit．Åt S6（5300m a，S．l．），thereis a  
possibilitythattheseconddirtlayerwasabsorvedin  
thethirddirtlayer．Thercfore，theseconddirtlayeris  
thought to be formedin the dry period of the post－  
monsoonseasonthatwaspreviouslymentionedabove．  
Iftbeseconddirt王ayeristhedirtlayerformedin洩e  
posトmonsoonseason，itfouowsthatannualaccumula－  
tionintheperiodof1984atS7（5333ma．s．l．）is66．3  
g／cm2，andthisnumeralvalueisnear65．Og／cm2．  

4．ConcIudingremarks  

Itisconsidered thatdistinctdirtlayers arefor－  
med by dry fallout during the dry period from the  
posトmonsoon to the pre－mOnSOOn SeaSOn On Yala  
（Dakpatsen）Glacier．However，thindirtlayercanbe  
formedint壬IepOSt－mOrlSOOn父aSOn，ifthereisalarge  
amount ofsnow accumulationin winter．  
ContentsofthedirtlayerconsistofMicro・plants，  

SuChasi，hormidium sp．，bacteria，andminerals．Itis  
found that the rate of organic materials content is 
relativelybigb．Micro－PlaTl短Canbeseengrowingin  
thedirtlayer．  
Annualaccumulationsatasiteof5333ma．s．1．on  

Yala（Dakpatsen）Glacierareestimated65．Og／cm2in  
1983and66．3g／cm2in1984bymesureringwaterequi－  
Valentofsnowbetweendistinctdirtlayers．  


