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FirstRe蝕1tsfiomHimalayanGlacierBorif唱pr房ectin198ト1982  
PartⅡ．S餌diesoni血ernalstrⅦCtll托andtr狙1S払rmatio狙prOCeSS鉦omsnowtoiceorYala  

Glacier，LangtangHimal，Nepal  

H再主meHDA＊，Okits11即WÅTÅNABE＊弧dMasⅥmiTÅⅩJKÅWÅ柚  
GぬでねねぎぬαJ軸e成め発げ極ろ助かめ〟gわ花油．βア  

孝勒妙属郎だぼrだゐゐ∫め〟g♂，働こ侮言γe指呼，鞠qγα鰯  
I＊魚r〃Jけ（ゾ∫（、わJ汀（・．れ）JⅥⅢ（J【血涙r∫巾，．乃叩川α9J（）  

Abstr8Ct  

Sixty－nleterdirectboringcoresobtainedin theaccumulationareaofYala Glacier（Dakpatsen  
Glacier），LangtangHimal，Nepalwer¢analyzedwithspecialattentiontothestratigraphy，density，  
grain．theairbubbles・TheinternalstruetureortheYalaGTaeierwascllaraeterizedbyagranularsnow  
layer17mdeep．Atthisdepth汽rntransわrnledintoieeabruptlyand【hedensityeLmeShowedadis－  
COntinuity．ThetemperatureofthesnowandieenleaSuredin theborehplewasOJCthroughout the  
enti∫elayer．   
Spolltingwaterwasfbundintheborehote，indicatinganaquif七rintheglacier．Frommeasurement  
OfthewaterlevelintheborehoJe，theriseinthewater1e＼でIwasround to be proportionalto tlle  
logarithmorthetime．andthelogariIhnlOrtheaveragereeoveryveIoeit），Orthewaterlcveldeereased  
illprOPOrtiontotheeumulativeyieId．Thecoe代cienfofpermeabilityorthisaquiftrwas3．7＼10－6  
cnl・S∝‾1，Oreq11altothatorcoInpaぐIsitt．   
Fronlthesestudics、thetransrormatio11prOCeSSfromsnowtoiceinthisglaeierwasdisetlSSed．   
Duringthemonsoonseason，muChmel（WaterandrainwaterpereolaledintotheglacieTJtiseon－  

＄ide托dthattbeaqui鎚＝ⅣaSmadein血如cier，血モモotberapidd¢n＄i触tionofsn珊in耶edin  
Water．Wherethistransfbrmationprocessfromsnowtoicchastakenplace，thediscontinultyOfden－  
SitycurveCanbeexplained．InconsiderhgthetrazISfbrmationprocessfromsnowtoiceinatem－  
perateghcier，thede－1Sifieationofsnowimn－erSedinwaterisilkeyねetor．  

1．伽tro血eポ繊  

蝕1982，int鮎a¢CⅥm出離io汲aで¢a（5，柵maboⅦSeai宅Ⅶl）orYaiaGiacier（Dakpatく挽  
（ililぐi亡r、し1tlミミ1こLnぎtlimこIL＼L：1一こ山．（＼uml、u】王（i叩Ihトtlr血ぎtいtFlt：hし、Jnlしい、こl”．L！・riLl（1いuいht：  
載路tSⅦ血a触王叩ti黒地eHimal野a†The60皿¢0柁WaSaれa蔓yzedp野mg融tentiolltO珪e  
Stmぢぬ托¢f触andicちandt鮎trans払m融ionpro辞SS録omむntoice．   
Theね1lowmgobser閥tion＄Ⅵ℃柑Carriedout；  
（i）stratigraphicobservationofsnowlayersandBlaciericc．  
（嘉）measⅥ托men†ordensitypro魚Ie．  
（i嘩mea引1托mentOr餅ainshap母乳ndpro創eor鮮血si既．  
（iv）0も鋸Ⅳ如io苅Orelongationorairbnbb壬es．  
I）uel（、tいぎi、Ikc川肌1ili州、、tt－ぐゝi川11両い、t－‥・州！tl－－川トel－「州ぎI11卜こIeklいいIlriこ1ト、－I・こ山、rト  

Tぬefbreitem＄（i）and（ii）we托immdiatelym飽Sured融tlleObseⅣationp血t，anditems  
（iiりand（iv）were弧aly託d妄nJ秩p弧u≡血gthecrossや0王ari既dphoto伊野hsorvertぬItbin  
S∝tiontaknぬt鮎obser柁ti（〉npOi奴C－aXisode汲tatiく〉nS毎Ⅵniv打紐1st聯GO扇dnotbe  
m組SWedbecau＄eairtemp¢rat11reWaShigh   
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Duringthisboringwaterwasdiscoveredspoutingffomabollt27mdepthintheborehole．  
Thismaywellbeanaquifbrintheglacier．Thisisthefirsttimethiskindofaquifbrhasbeen  
reportedinaHimalayanglacier．Weobservedthisaq’uifbr．   
Basedonthesestudies，thea11thorsintendtoreportthestmcturalcharacteristicsofYala  
Glacierandtheaquiftrcharacteristics，disc11SSlngtherelationbetweenthemandthetrans－  
fbrmationprocessfromsnowtoice．  

2．S血dロー山c血色一札cteristicsofY細魚Glacier   

2－1・Stnwtureof早nOWCOVerandglacierice   
Theoutlineofsnowcoverandglaciericeis＄howninFig．1（a）．Itischaracterizedbythe  
COntinuationofathickgranularsnowlayerfromthesurfacetoadepthof17m．hthislayer，  
thereareremarkab）esomedirtlayers．Icelayerdidnotdevelopmorethicklyinthedeeper  
PartOfthetemperategral）ularfirnaswithglaciersinotherreglOnSOftheHimalaya・   
Theboundarybetweenfirnandicewasobvious．Atthedepthof17m，fimtranSfbrmed  
abruPtlyintoice．Andbelow30m，thegralnOftheicewaslargerthanintheupperlayers  
exceptfbrthehat血edareainFig．1（a）．Inthesehatdledareas，thegrainsizewassma11er  
thanintheotherlayers，fbliationwaswelldevelopedandtheelongationofairbllbbleswas  
COnSpicuous．ThisareacanbeconsideredtobetheshearヱOneOfthisglacier・   
Moreover，thetemperat11reOfthesnowandiceobservedintheboreholeilltheaccumula－  
tionareawasOOCthroughouttheentiremassexceptfbrseveralmeterstowardthetop・  
1astobservationin198lshowedthetemperatureoftheiceobservedinablationareawas  
about－lOCthroughtheentiremass．   
ThephotographsofverticalthinsectionofthecoreattheeachdepthwereshowninFig．2．  
（i）icelayerintheupperpartofgranularsnow（atadepthof2・5m）  
（ii）jcenearthefim－iceinterface（atadepthof17m）  
（iii）shearzone（atadepthof42m）  

（a）  （b）  （り  

Fig．1．Theresultsofcoreanalysis．  
（a）Theoutlineofsnowcoverandglacierice・   

G：granularsnowlayer；I：glacierice；■：aquifbr；琵：Shearzone  
（b）Variationofdensitywithdepth．  
（C）Variationofgrainsi2X：withdepth・   



ヱ7  

（cm）  0 1 2 3 ヰ  5   
Fig．2．Thephotographsofvertiealthinsectionofthecoresattheeachdepth．  
（i＝celayerintheupperpartofgranu］arsnowcover（atadepthofユ．5m）  
（ii）icenearthe魚rn－ieeinterface（atadepthof17m）  
（iii）sbe訂Zne（餌ad叩thof4之頑  
（iv）gIaciericenearthebedroぐk（atadepthof55m）  

（iv）如壷rice‡l¢arthebeむock（atadep血or55m）   

ユー2．Densitypro漁1e   
Theve戒元温1pro馳ofa職r聯d班Sityissぬ0潤ぬ罰g．1（b）．ぎort払eむst17m，t奴density  
in¢reaSedgradua11y．Accordingtothepitstlldiesoftheupperpartofsnowcover，thefeisa  
SeaSOnalcycleofden＄ityvariationintheannuallayer．Thiscyclepresumablywasrestricted  
totbeloverpartof肌OWCOⅦrandgawavid魚ortbeFig．1（りto也edensitypro魚Ie．   
Åtadep仏of17m，五和wit壬IaくknsityorO．用・75（g・Cm‾りWaSSuddenlytrans払med  
intoieewiththedensityO．＄5（g・em‾3）．Inicesheetsinthepolarregion，thedensitymrve  
洩a喝ed謬a血allyvi洩breaksofslopeanddoesnotもa閣tbis抽Idofdiscontindty．Toex－  
Plainthis，Weneedtoconsidertheotherkindofthetransfbrmationprocessffomsnowtoice．   

コー3．ProJil亡いrぎrこIiTlヾi′亡ilTtLlelいngiLtiollいTiLirbuトトles   
pro丘1esor訂血si託（Fig．1（¢）werema血by‡血otographsoデマ¢班icalt鮎nsedionⅥS血g  

ilTlnrli血－Si！亡i川：Ll）●SeHC！＼lu．′l：ISS．TG7－31．こ…dthcel（一一Igiiti（｝170rこIirトIJbhlし・ゝ（ns．3）  
WaSmeaSu代dbydi∫eCtreading鉦omcore＄乱mpleatt血eobseⅣationpoint．   
Thegra血sizegradllallyincreasedwithdepthunti130m．Atbe）ow30m，thegrainofvery  

la準Sizecameo雨．Tbereasonisconsideredtoberec曙Stalliヱationona∝0℃雨Ort払e鑓ear  
付砧一、、●i－1ぎIl11WlllullhegriLi一一山ビい、rrヾ叩Ondinglolhellこ11el）eJこIre；liTIFiぎ．1（il）＼、こ）ヽiTlたtct  
Sma11．   
T鮎pro魚Ieorelo‡場裏ionora羞ごもubも1esissboⅥⅥ払Fig．3．地代p托封氾tSthemぬoraxis  
OfairbubblesandMIIindicatesthem毎oraxi＄．Fig．3（b）showstheratioofMTItOMI．The  
ZOneSOfmuchairbubbleelongationareseenneardepthsof30m，38mand42m．hthese  
′川IeS（Fig．1（－；1－1：l－；ltChedこ爪こ11tlleざ「とIi】li血“てLい111誹il】tしIhりi；ltiいIl山、・品、P山≠・誹．Th亡   
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D（mm）  MⅡJM＝  
2．0 ん0 6，01．0 2．0 3．0 ん0 5カ 6  

●Ml  
OMⅡ  

10  

（さ）  （b）  

Fig．3．Variationofelongationofairbubbleswithdepth．  
（a）MIrepreSentStheminc！raXisofairbubbles・  

MIIrepreSentSthemaJOraXisofairbubbles．  
（b）ratioofMTItOMI・  

PreSentinvestigatorssuggestthatthisistheshearzone．Thedebrisofthebedrockalongthe  
ShearplaneWaStakenintotheglaciericenearthebedrock．  

3．Ob馳Ⅳa偵omo一癖aeie一礼qⅦi鮎r   

3－1．Borehole waterlevel   
Whjleboring，in丘1tratedwatergushedoutintheboreholeatadepthof25．5－27．5m，re一  

見ectingtheexistenoeofanaquifbri11theglacier・Thewater）evelintheboreholeroserapidly  
toreachtheequilibriumWaterlevelataheightof7．8mfromthebaseoftheborehole（Fig．  
4）．   
ThefactthattheequilibriumwaterlevelintheboreholewashigherthantheWaterTable  
indicatedthatthjsaqujftrwasacon血edone．Fig．5showstherecoverycurvesofthewater  
levelinsidetheboreholeafterremovalofsprlngWater．ThelinesA，BandCaretheobserva－  
tionalresultsofthewaterlevelofOct．4－5，Oct．6－7andOct．7－8，1982，re甲eCtively．   
FromFig．5itisconcludedthattheriseofthewaterlevelisproportionaltothelogarithm  
OfthetimeshlCePumplngStOPped・ThelinesA，BandCareglVenbythefb1lowlngequations：  

Fig．4．Thespoutingwaterintheborehole．   
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椚g．5．Rぬtionbetw据nWa紐rlモVei加地ebor¢bol¢andt鹿毛im¢a鮎rpumplngS紬pped．  
A：Oct．¢－5；B：Oct．6－7；C：Oct．7－8．  

A：上＝1．5ユ1nJ－3．O  
B：上＝1．85lnJ－8．O  

C：エ＝1．郁虻‖－7．1   

Ⅵ－11亡reいヽth亡“a！erle、etこ1Ⅰ－tlJiさIi－－1eSi■lぐeplll叩両川叩丁一山．‾＝旺1山lざ川！iこ11、（－「llleトe】●e－  
COY¢ⅣCuⅣeS（Fig．5）孔re乳Imostt数台samevalues，W餌chme孤島thaモモh¢COe瓜cieI王tOrp訂－  
n－eこIbil中一l－t、亡aCh叫しIi付risこ山一ll－SとIhcsil！11じ′11s（、．1h＝11いlい、一山Crl－11！lll－ヾしl叩．1tl亡れ11－rel王Ie  
托ぐ0Ve叩Velocityorthew離erleveld鰐精鉄紀d．  
1nordertoobserY¢血isp加盟Om孤0‡lmOreC】osely，pはmpi‡1gWaSre匹ateda‡ld蝕∋代ぢ0ヤー  

el－ed≠－；ll打l亡、・etヽ、●ilり11ぐとlゝurぐt川・州l（）しし（－‖lr〔、Ilきtl二（l．lnlIliい＼・il〉・threhli＝＝－t、ttleⅢ汀Il」h－  
tiveyieldwith也eaⅦ粗野Ⅶloc主tyort王IereCOVeredⅥ㌢8terievelwasmeam柁d（Fig－6）．   
Frりnri！：・6、ih：imトt：C州dLJdeしIttlこ一tlhelいぎこIrilhn10rthLLil、で「：lぎereL：0、でr）・、で1いぐil）L－L、Ihe  

Waterleveldecreasedinpropo頭iontothecⅦmulativ¢yield．Andtもeeqtl象山onorFig．6is  
γ㍉＝0．87gw¢・0帆∑¢  

Ⅵ小亡reljsltleこLヽでriiざ亡rCL：L、＼一t：1T、・e！oeil），Llrthe、、・山erlL・VeI妄nthebし一r山一一日111汀）1171d∑Lli～  
tお肌i奴iⅦyield（1加わ．H雛ing也e拍扇g如血e¢Ⅹ穂苅ded，itisestimぬdt壬1atⅥraterWiil  
almoststopv鮎nt壬はぐほm混乱tiveyieldreac鮎saro皿d75（〉1iters．  

1．0  

0，5  
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rig・ふ・R止Iti（mllel≠－ロビnth亡こ1ヽじnlゞい●el心lいJ＝herじヾ（、＼erビd≠ulerlぐ＼etい～Iこ川J仙I11Ulaliヽ・り・i亡tし1  
（∑q）．   
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3・2．Coe蝕ientofglaciericepcmeability   
Altho頑i七重IaSもeenconside戚也離農la8krice血asnop¢m£め血y，t鮎co此間WaS  

provedもyV乳kaぬma¢tal．（197勾，Whooもser托dth融Wa紐ー匹Ⅳ01atedぬtoi恍ね払eabla一  
点onareaoデモb£Å1askanGi鵡ier．子中eandM胱f1972），hav洩gconductedvario服t王妃mO・  
中一11こi111i血re、出rCll州II－e叩′、uil－いしlユ1止Ir）i】l＼盲t】eiヾe・lれハ山Itl；1tこIttlleiし＝11ビIli丁場pいim．  
WaterCOuld負owalongtheplacewherethreegralnSmeet．Theyalsocon丘rmedthesame  
experi正妃ntai‡y．   
●nlisliHlt：ミ川・il～t：いnFirnlいIlhiLtlh：it：tLいritn；山ごunlulこLti川111r亡こlこ11＼こ山（jhL：jerhこISPCト  

meability．Tぬ＄tゆWaSenla聯dtく）¢Ompa洋tぬwaterぬside鴎epo托甲a00Of血合画r  
icetotb£鮮0籠n加裏erinsiぬt王1epO托Spa伐Ofsoilpartiぢ1es・E鮎rtsweremadetoobtaぬt鮎  
COe伍dentofpemeaもility，血atis，徳ebydrolく増iGCOnSta離W‡1icbist鮎k野tOt短句llant摘卜  
tiveeval11ationofthegroundwateraquifbr．Therecoverymethod（Theis，1935）wasemployed  
h、いhlnilltll亡ぐい州iei川lりrl、enll亡こIh‖恒i－1、、I一山＝－どい、、●叩●（－l、tl－い、こ！1亡rlヾYヾti＝11eこIS11r亡tlh）・  
a‡mmp払gte乱丁ぬewa短∬重eⅦ1intheも0托嵐8l¢rapidly托ぢ0VeredⅦもenpⅦmpl莞gWaSStO脚d．  
Slll叩（－ゝ山ぎIll山Illヾ小＝ntityい川－er亡ぐい＼一叩●≠▼山e■－isllleSこ川－e、、・illllllこILい1、Illビl－1Llnpぐd－1叩  
、ヾこ11cr．tlleCいt：川ei川ILlf－TmllStllis、iトi7il）、Tisざi、川t一）－Lhe7bll（Ⅲ・‡一lざt：L！uこLt山n．  

rニ0．183（！／ぷ′・log招′  （1）  

l、－hⅣe pislll亡＼’い山一llCl－rt－しIIl叩ed一叩、＼山げゝi■lCel】lelヽul叩ing≠■こISSlこl】－1ハL／tゝ【heli111e  
Sincet】おpⅦ甲】ngⅥ観SSta頭母d，g′istも¢tim¢Sぬ駕tbepⅥ‡np王道gVaS或Opped，andぷ′ist王妃  
n：、idualJrこl≠－－dい＼・l11、i．t：．．ihL：dinしrcllet：OrLheiTlitiiLt、、・こ此r tぐ＼－elinllle t－いreho！t：ilnd tlle  
“・illertハ・elduri11ぎIh亡ー亡Cい・叩－l－1汀iいtl〉．  
Itisassumedthatlogtitfisonecycle，andthat，AS′isthewaterleveldi飴renceduringthis  

川l亡q・じ1c．  
Eq，（1）侃mbere融杭enas  

r、n．1ド3¢．」、†－  （ヱI  

ttlmlじt川b亡1llelIlicklleS、い1、てhこ1qui丘t・．   
Thecoe瓜cientofpermeabilityKisglVenby  

T● 人■肌  （3）  

TllisnlC＝lL－1l≠・こt＝lSedtいL7hliLilllhet：tV爪し：iビIllし汀l｝CrnlCこLhll＝〉（、111hehaゝiゝい「‖lい、山eTle、・eJ  
data鉦om七重旭0も紀Ⅳatjo刀OrOet．6p．m．4：i5聯Od．7a，m．iO：30：  

片＝3．7＼10‾8cllltS‾l  
ThisvalⅦe，W地頭istlleValtleOrCOmpaCtSilt血c孔S¢OrSOil，meanS仏訳tbeabovかmentioned  
こLquifしTisc州Sitlt：TedilしLuieludt：（≠・ilhゝ1iきhtr、ぐ‖11山bilil〉：）．＝li→、・i11uい●irl11こ川）liLざreeSl、・ilh  
Ille＼・こIl11じ（人r 小．い・10、；い1l・Sil＼＼・lliヾll‾ーこtkこItlごlヾll占el山．tll）7（）lいhlこIhl亡しIrr川11tlleir＼＼・illlじl・  
ObseⅣation孔t乳nablatまon弧eaOfanAlaskan威ader．  

4∴Di5妃ⅦSSi（Im   

み1．Åq最知   
艶is柁pO頭edぬtnost¢デ蝕an℃扇a汎mぬ毛細ina猟palHi髄玉野aGlaぬi摘皿磨録  

包も0混もymonsoonprecip主tationln犯mmer，Aiso，ablatio汲arisesin凱江Wr，SO電ぬisgl誠重er  
issaidtohavea 

． 

i川dこIbl山i＝－d11ri－1さIllell山り仙－Mlゝ亡aS州∴1－t－ビ■でI＼、－一亡、血c・－－1Si11ぐrilt一三Itl亡Origiれl－1、、、－こIlerいrこIn   
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aqui触，itisneoessarytomeasuretheliquidprecipitationandablationduringthemo】1SOOn  
SeaSOn．8雨t揖sdi良cultkjndoroも既Ⅳationもas王10tbeend（）ne融Y扇aGla£ier．Tb遁，鉛ra  
roughestimationol、Ihcseqtlユntitit：ヽ．Agela－sl19さ3）cslimatj州tllrm111ilWこISuSed．  
I：irst．；lirtemperaturediltiLl－rKこLt71nlとLndu“lコSCO］TIPilred≠iththいSt：いFl－hLtjung（Khumbu  

柁威On）：0．5アC7i00mwas払Ⅶndtoおthelap紀rate・   
rromthisX幻bnan血扇rtemp¢ー離Wedata，tIlemeanairtempera餌rewasobt血dea血  
monthatdi飴re11theightsontheYalaGlacier．Att11eBoringSite，airtempcratureswere  
asfbllows：  
June，－0．190C；July，0．860C；August，0．530C；andSeptember，MO・770C・  
AccordingtoABeta’sfbrmulafbrestimation，ablation（as：CmWater）duringthemonsootl  
SeaSOn（suppo＄hg7㌢isthemcanairtemperature（OC））isgivenby  

喝＝一l乃＋3．勾3・2  

Vsin農地is払血a，theablationisぢalculatedatthe丑od喝Siモモdw血gt鮎monsoonseぉon  
（JuTle－・September）as－ヰ6（Cln＼＼・iLtCrl．NexしIh叩rL！hこIbiliL）・OrOCCurreneCPfsolidprccipitil－  
ti（瓜華％）totota王p托Cipitぬionis由venもyÅ夢ta（1邦3）as餌lovs：  

ぷ＝－23乃＋80（榊0．8＜乃＜3．勾  
A00Ordingtothi＄fbrmula，theprobabilityofoccurrenceofsolidprecipitationattheBoring  
Siteduringthemonsoon＄eaSOn（J11tle－September）Sis77．5（％）and22．5（％）isliquidpre・  
¢ipitation．   
Next，SOljdprecipitationwasestimatedtobe97cmwaterbyannualaccumulationas  
estimatedbyborinBCOreandpresumedablation．Thisresultgaveustheestimatedliquid  
PredpitationatYalaGlacierduringthemo刀＄00nSeaSOn（June－Septembeり；thevalueis  
28草nWatモー，andm混血liquidp弼ipitatio皿WおthedistinctiⅦ鎚a血托．   
With【heseestimalj（一】lS．1hctotillm亡11こIlldmiTl≠、ユICraTYnh（；711Cicr上いril唱SilcdL］riJlg  

nl…lSn（mSeaSnn≠・ユS7ヰcnl≠・山打∴恥・匹rCOlこ1ti（－n（、t、lⅥuCIl111ヾ1tこIndr山Il、、－こIleri11いIIIC  
glacier，也¢tr弧S払nnaモionなom魚nか餅ained弧0VtOCOar紀r一餅a払edsnowtookp王aceぬ  
血sw町，andthe托byt血合pemolationwasmoreao∝lerated・1Ⅳi血沈ispositiYe良edもack，  
WeCOIISider，thickgranularsnowlayerupto17mindepthhasbeenfbrmed．Stillmore，the  
PerCOlatedwaterfbrmSanunCOn蝕Iedaq11iftratthefirn－iceinterface，WheretheWaterTable  
isn）medduringmonsoonscason．ThisaquiftrisconsideredtohavewaterperCOlationto  

MELT WER払るOm汀l） ◆  
LIOUID PRECIP111T10N（2801nm）  

Fig．7．SehematicdiagramofaqujftrinYalaGlacier．   
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Permeableice，inadditiontotherun－Ofrinlぬeinclimateddirection．Percolatedwaterfbms  
anaqlli良ri蓑虫detb¢icewi仏theho璽dぬgpia舵払rin魚沈ー離edwaterne群汰e血e鮮ZOn8．  
ThereisモモIepOSSibilityt壬Iatd∬iI唱也em｛）n＄00nSeaSO丁重，も鮎叩per弧dlowera叩i飴rs鮮¢  
elm11亡Cけd、l－i】lultl】亡Ii川el、！、い卜～ヾr＼－こ両州、川中－t！1じIINでl●叫1111し「＼、－；lSいり1ゝi山I・山†いT℃111aiIし  
T壬1eInOdelorYalaGlacierAqlliぬ・isshowninFig．7．   

トニ1寸こI11Sいr111血i川11－l・へ・ハ→rrい＝l仙－“lいil・eill＼′illこl（it皿心r   

Two st呼SぬaYeCOnVe離iona王重y beenぢOnSidered toもejnvo匝edi丑也etrans払rma也on  
pr（〉∝S＄汁om弧OWtOi¢einオモemperateglad軋  
（i）TransR汀mationもydensi鮎奴ion．  
（iilトい‖11こIIき州、－t、州I－げiIl】I、い1ぐIliceh）・ill、・こL、i川Ii川JこICぐい11し11it＝いndllri11ぎil、、’il11er亡N（l≠・肌で   

andrefteez量ngOrperCOlatedmeltⅥrat併．   
Hower，i弘也eも猥eOぎYalaG払cier，汀wモtaketぬepro∝SS（ウoniy；t壬Ie血ns撤離ionⅥぶ  

騨a血ai，紬号数母心鑓0血ね血y（〉f血nsity耶at17min血pth挽nnOtbemad8Clear．AIso  
l】ll！1eじlヾい、！、l●l童）、iliドhこIrtllいいIll前山rlltこ11こい＼・tllleI・亡いItl≠こl＼・el∴1山dI・いlぐlllIleS¶．1≠・－iしe  
inteぬcewi血17m－tbickgmnularsnowlayerasanad払bator．L氾bolltⅣ（1971）co血med  
thatwintercolddoesnotpenetratedeeperthan15m餌）mhisobservationofthe蝕Ⅶat  
3．55いIllいIl＼1州IrilこIllt：illtllCl－rench．＼1pミ・・t†＼′；1liL（ilこteh、r．川巾・lheiしetこLILlrOl、Ih…p  
partofthesnovl呼併WaSSe孤紬inc托aSel）y托餌光Zl喝0ぎme主twa重訂．AtYぬGiaci訂，itis  
ne氏S＄a野tOtakeot重鳩rtranS払m離ionproces＄eSintoconsid章ratio】1．   
Tbnherei＄也ea淡em離ivepro∝SS：dens漁はtionofsnowimmersed払wa捷rorOOC．  

Accord払gtoWakaもama（1粥5）andTslエShim挽く1978），theimmersionor馳OWぬw離erle鋸ぬ  
toarapidinc澤aSeOrCOmpreSSioれSt托nがh．Ther蝕pOn，t鮎yimmersedsnow血00Cwa捷r  
こ川dこしl－l、＝いIHい川1i－1ヾS→i、●e甜－ぐゝ、いrilT叩ーい＼il11こl！小 川いぎ－≠・l川】－：：tllじ州1叩「ごヽSビ（！sll（、“  
transfoTmedintoicein one week．   
Takik紺野a（1983）dsoexpe血n孤ted頑洩comp躇SSiontests籠nぬrconstan電ioadofw認tぞー一  
致如Ⅵrated＄nOW・Whmw離er－SatWatedsnowwasloadedwithacompressivestre＄S177g－Wt／  
Cm2，hefbundthatthedensitysonincreased，reaChin＄0・82dcm3afteraboutlOOhours・  
「r川一一いt－S亡一l、●こLiiollい（＝llhi－1iLtいヾヾ＝Oll．t：r）’sLiLl、い｛い－t：Tl－ぎrititlNlぎ1いhulミtrtl－rm“一爪い卜ゝⅣ、、亡Lll  
Heals（〉0もt由nedtb¢COe魚ci繊毛Ofcompre＄＄む柁Viscosity，Ⅵもichisde蝕edbytも合ゎmda  
て ＝け書い：…－－－1一江Cliヽで、Irバミこ二‥里r血1rこiIel、、、’illltl－どい、¶ぐh←i州Ill；11i－1ih山、亡いr“●こ11亡r－  
S油汀ated馳OW，t壬1eVaheorthecompressiveviscositycoe蝕：i耽t（ぞ）wasf血rorderssmalkr  
ltlこIl11ll．＝い「：ml山・Cl盲ハIl…＼；爪11ソellh）・Kいji111こItl舶来－1－llヾいiltlいl、1りnニl）いざ－＼＼・l亡111・叫11はh  
2－lmd甲七重10rSnOW融th洩edensityO．5甚／cm3．The相良汀e，an乱qllifヒrwasobvio℃Slymade  
attもesnow－まcぞi離erぬce如乱dep馳of17minYぬGlacier，融¢陀仏e托OC川代drapidd孤Si－  
fieation ofsnowimmersedinwaterofOOC．   
汀tbeabovや－mentioned細ns玩ばm融ionofsn珊tOieeぬstakm画鑑ち洩edisco扇imiiy  
Ofde‡lSitycuⅣeW最chwasmentioIledp托Ⅴ主ous桓wol11dbe餌pl血ed．Thephotogr叩bofa  
thinsectionoftheiceatthedepthof17mshowedeven－grainedcrystalsofspherefbrmjust  
こl、ill山eハドri111州lこ＝re州tlゝ．   
Ont鮎basisof也esedata，aモモheとransねmatio‡10rS丑OW柏ic¢OrYalaGlaci¢r，deれS漬ca－  
tionof弧OWimme路edinvaterisconsi血托dtoもeimpoぬnt．NotoェiyinYぬ01acier，b融  
alsoino焼蛤rHimalayanglac近rsaround5，000岬6，000m，Witht‡はCO】ld玩ionofco叩a指呼  
tiveiygentleslopevithmllChaもl如io】l乳ndli叩idprecipit離io王1，t鮎sametrans払Ⅲnation  
pro¢eSSis凱叩pOSedtotakepla00．  
1くct：州tl）r．iL＼＼山t：rTこtNe、、・こLヽI＼一L［Tld h）・＼■；L‖MleI；tt．t！L）76l；LTtdSehLHl1111ぐr‖t）7いjl＝川   
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Alpincgl誠ier．AIso，iェJapan，tbesametransねrmationprocessorsnowtoiαi＄COnSid駅d  
lL7tiLLcplユet：i－1lⅦrCnniil）”L一“・pこIlt：hes・≠′IICll州ISiLIcri；li！LIL亡IrこL恥八一rmittiLlllOrSrlO＼ヽ・tい  
i∝inatemper醸威a¢ier，tb．ede黒S羞鮎a扇onorsnovimmersedinⅥ7ateri＄akey払ctor．  
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