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Abstract  

Iceflowvelocitieswere measured atthe Koryto Glacierinthe Kronotsky Peninsula，eaStern  
Kamchatka，inSeptember1997．ThemaximumvelocityalongaflowlinewasobtainedasO．16md－1  
こIrOulld7OOma．s．1‥andtheminimum＼＼・aSO．OtSmdL aroundl（）（】（）ma．s．l‖TheヽでIocit）Tat700t11a．S．  
i．，neartheeqtli肋riumlineinnormalyears，hasdecreasedbyanamotlntOfabout30ma－1from1960  
to1997．Hourly variationsin surface flow velocity and daily variationsin basalice movement  
measuredattheterminalpartoftheglaciershowedthattheglacierwasslidingatthebaseandthere  
WaSagOOdrelationbetweenthevariationsintheflowvelocityandthewaterdischargefromthe  
giacier．  

1．lntroduction  

In：Kamchatka Peninsula，there are numerous  
glacierswhich arethenearest onestoJapan．How－  
ever，Cbaracteristicsof翰eglacierdynamicsinXam－  
ChatkahavebeenunknowntoJapaneseglaciologist．  
Studying the characteristics of glacier dynamics in 
Kamchatkamaygiveusaplentyofinformationabout  
glacierswhichexistedintheLastIceAgeinJapan．In  
addition，itis veryimportant tolユnderstand t壬1e  
responseof払osegiacierstopossibleenvironmental  
Changessuchastheglobalwarming．  

Based on these points，a joint Rus＄0－Japanese  
glaciological research on Kamchatka glaciers has 
beendonesince1996（Kobayashietalり1997）．Insum－  
mersof1996and1997，Obser∇ationswereca汀iedout  
at汰e Koryto Glacierin the Xronotsky Peninsula，  
eastern Kamchatka．In this report，reSults of flow  
SurveySattheKorytoGlacierin1997arepresented．   

2．R喝iona暮settings  

TheKronotskyPeninsuiaislocatedattheeastern  

COaStalregionofKamchatka as aprominentmassif  
intrudingintothePacificOcean．AccordingtoVino－  
gradov（1968），thereare32glaciersinthisregion（Fig．  
1）．TheylieatthelowestaltitlユdeinKamchatka，SOme  
Ofwbicbf王owingdowntoanaltitudeof250m．  

Fig．1．Dis蛮bl止ion of giaciersi王l偽e Krono短ky Penin八  
Sula．DatasolユrCe：Vinogradov（196乳   
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WaS540ma．s．i．atS5．Horizontalandverticaiar喝Ies，  
anddistancesto thestakesweremeasuredfromcon－  
trolpointsontheleftbank（A，B）andthenunatak（C）  
intheglacierby using an electronic distance meter  
（TopconEDM－theodoliteGuppyGTS－2R：themini・  
mumangleanddistancereadings：10secondsandl  
mm）．Inthedistancesurvey，amirrorwasattachedto  
each stake．The error of the survey becamelarger  
with thedistancebetween the controlpoint andthe  
snow stake．Thelargest errorin distance was esti†  
matedasO．06mforacaseofS7Whichwasabout1408  
mawayfromthecontrolpoi王ItB．   

ユニ5J〃γり・ぶ／〃仙－／りフナJわJ（7／〟′m  

Surveysofshort－termVariationsinflowvelocity  
were carried out at the terminalarea with two  
methods．Onewasauseofstakeswhichweresetupon  
the glacier（stake method），and the other was to  
measurebasalslidingspeeddirectlyattheglacierbed  
（directmethod）．   

3．之J飼おゑg研g娩8♂  
A conrrolpoint D was established on a huge  

bouldcr approximatel〉r4OOmdown fromtheglacier  
terminus，andtwostakesαandβ，eaChwithareflec－  
tionmirror，WereSetupneartheglacierterminus（Fig．  
2）．Thedirectionfromα（orβ）toDwasconsideredto  
coincide wellwiththeice－flow direction．Distances  
fromthecontrolpointtoα（orβ）weremeasuredat  

TheKoryt（）Glacier，Wbichbasanareaof8，9km2  
and extends northwestward from1200m to250m  
a息l．，is the thirdlargest glacier among32glaciers  
（Vinogradov，1968）．Theglaciersurfaceisnotcovered  
with debris andlacks anyicefalls orintensive cre－  
vasses（Fig，2）．The equilibriumline altitude（ELA）  
wasreportedtobe780minthebalanceyearof1981／  
82（IAHS（ICSI）LUNEPrUNESCO，1988）．  

Observations toknow glaciologicalfeatures of  
theKorytoGlacierwerecarriedoutinJuly1996，a11d  
tIlereSultssi10V也at也eKo研OGlacierisatemper－  
ateglacierwitbl）aSalslidi三唱andbasmoretban6m  
（inwater〝equivalent）snowacclユrnulationattheELA  
（Yamaguchigfαg．，1997；Sbiraiwaβ才αプリ1997）．   

InSeptember1997，Observationswhichsurveyed  
distribution of flow velocity along a flowlineand  
Variationsofbasalslidingwerecarriedouttoobtain  
moredetailedcharacteristicsofthedynamicsforthe  
KorytoGlacier．   

3．Hothods0lmeasurements  

ユ．J．∫J′汀（こl誓〟わJ甘√り7州，／J肘  
Sl汀Ⅴ野SOfflovvelocityalo喝aflovlineatthe  

KorytoGlacierwerecarriedoutbetween8thand14th  
September，1997．Thirteen snow stakes of2m－long  
metallicpipewereestablishedalongthecenterlineof  
theglacier（Fig．2）．Thehighestaltitudeofthestakes  
WaSapprOXimatelylO20ma．slatS．7，andthelowest  

Fig．2．Contourmapofthekorytoglacier．Locationsofseveralobservationpoints  
areplottedby＄ymboIs，   
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4．Results and discussions  

∴∴ ハご、∴・・・∴・√－－－‥・・－1・∴＼J・、J∴・∴一 丁－ノ・．   
Flowvelocitiesobtainedatllpointsalong払e  

flowlinearecompiledinTablel．StakesS6andS8  
COuldnotbemeasured，becausetheylaydownduring  
thesurveyperiod．Figure4showsthedistributionof  
flowvelocitiesovertheglacier，Whichwasgivenas  
daiiy王nean Values during the stlrV野period．The  
maximum velocity along払e蔦owline was O．16m  
day‾1atS，near700ma．s．1りandtheminimumwas  
O．06mdaylatS17and S16near1000ma．s．1．inthe  
accumulation area．  

Tabiel．Rest王まtofsⅥrVeySalo王1g払e蔦owiine  

intervals ofseveralhourswiththeEDM from19：00  
0nllthto9：000n14thSeptember，1997．  

Tbepreviousol）SerVa唇onattbisg王acierin1996  
Sbowedtilattbe sbor卜termflov variationsiilnigbt  
timewerenotsomuchasthatindaytime（Yamaguchi  
et al．，1997）．So detailed surveysinnighttimewere  
Carriedoutforonenight，from19：000nllthto7：00  
0n12thSeptember，Withanintervaloftwoorthree  
bolirS．Duril唱the o汰ernigbts，tbeintervaivasten  
boursl）etWeen22：00and8：00．Whereas，indaytime  
from8：00to22：00，aimingtoobtainmoredetailed  
Changesinflowvelocity，thesurveywasmadeevery  
hour．  

Duringthesurveyperiod，thetheodolitewasfixed  
firmlyontbec（〉ntrOlpointandieanユngOf洩esurv野  
Stakesontheicewascheckedthreetimesbyusinga  
tapemeasure．TheerTOrSincalculatedvelocityatα，  
Whichwerecausedbytheleaning（max．10mm）and  
theatmosphericcondition（1～2mm），WereeStimated  
tobe‡esstban12mmforeachmeaslⅣement，On tbe  
Otberband，tbeleaningofstakeβwassucblargetbat  
theerrorsduetothemwerealmostcomparabletothe  
flow velocities．Therefore，the result forαis only  
Showrlinthenextchapter．   

J．ユニタ β／汀（イ 川ぐ仙川7  
Nearthegiacierterrninus，thebasal主cecontacted  

to thebase couldbe seen at theleftlateralmargin  
（Fig．2）．Tomeasurebasalslidingspeed，ahole，Which  
diameterwasapproximatelylOmm，WaSdrilledatthe  
Sideofthebasalicebyusingahanddrill．Distances  
between払eboieandtbefixedpointo王Itbebedrock  
（Fig．3）weremeasuredwithatapemeasureeveryday  
from15：000nllthtoll：000n15thSeptember．  

Stake  FloⅥr  Changeofdistance  Longitudinal   
No．  Velocity  betweenSnandSn＿1  Strainrate  

（m／day）  四   （day‾1）   

S17  0．06   0．10   －5．1×10鵬牒   
Sユ6  0．06   ＋0．26   ＋1．2×10m4   
S15  8．10   十0．01   十7，0×10岬8   
Slヰ  0．10   ＋0，01   ＋4．1×1（〉－6   
S13  0．10   ＋0．01   ＋7，9×10‾＄   
S12  0．12   －0．00   －2．9×10鵬7   
Sll  0．14   －0．09   －2．3×10】】S   
Sl。  0．13   0．12   ¶4．5×10山5   
S9   0ユ6   －0ユ9   －3．9×10005   
i S, 0．12   －0ユ6   －8，8×10鵬8   
i s, 0．15  

ChangeofdistancefromSeptember8thto14th（Sg－S17）orfrom  
9thto14th（S，，S7）  

＋：StetChed  
－：COmpreSSed  

褒CbangesofdistanceatS9andS7Sbowthecわa一喝eSOfdis臨nce  
betweenS9andS7andbetveenS7andS5．  

Changesindistancebetwecnneighboringstakes  
duringthesurveyperiod，andcalculatedlongitudinal  
strainrateS are also shownin Tablel，It was fotlnd  
払at払eicebodyintbeupperreacbfromS12tO S16  
StretChedlongitudinally，withamaximumstrain00rate  
Ofl．2×10－4day－1atS16－S15．Ontheotherhand，theice  
bodyin thelower reach from S5tO S12WaS COm－  
pressed，with a minimum strain－rate Of－4．5×10M5  
day－1at Sl。一S9．Theabsolutevaluesoflongitudinal  
Strain－rate aとtbe Koryto Glacier were one or tⅥrO  
Orders of magnitude smaller than those at Glacier  
Soler，Patagonia（Naruseet al．，1992）．   
InlateSeptember1960，theflowvelocitiesofthe  

KorytoGlacierweresurveyedbyaRussiangroup．An  
annualflov velocity，Wbic壬1WaS Simpiy calculated  
frommultiplyingthedata obtainedinSeptemberby   

Fig．3．Ii三日Strationof洩edirectmetbodof ba＄aisliding  
measureInent．  
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Fig．4．Horizontalvectol・sofsurfacevelocitiesalongaflowline・  

obtainedinJuly1996（Yamagucb主ぞ言αgり1997）．Tbe  
maximumvelocityat15：000nSepte王nber12tbwas  
abouttentimeslargerthantheminimumvelocityat  
night．   

Ingeneral，Surfaceflowvelocityofaglacierisa  
SumOfplasticinternaldeformationoficeandbasal  
Siiding．Itisdifficuittoconsidertbatpiasticde女）ma≠  
tionratecanchangewithinthisshorttime．Thisshort  
…tCrmVariationinflowvelocityis，therefore，regarded  
astheinfluenceofbasalslidingvariation．   
Assumingthattherewasnobasalslidinginnight  

time and the velocity at nig壬ItⅥraS Ca11Sed onlyl）y  
deformation ofice，tbe basalslidi11g Speeds were  
estimatedasabo11t89％on12thand67％onSeptem・  
ber13thofmaximumflowatthesurface，bydividing  
（1ふax．一佐ight）byl克axリWhere VLax．and VLightdenote  
themaximumandthenightvelocity．Theseratiosand  
魚emaximumve王ocitywerelarger払antbosein1996  
（Yamagucbig才αg．，1997）．Ingeneraいbevalueofbasal  
Slidingdependsonthestageofgrowthofwaterchan・  
nels or cavities at theicerOCkinterface（Paterson，  
1994）．Becausethesurveyin1996wascarriedoutin  
theearlysummer，thecavitiesfilledwithwatermay  
notgrowsobig．0Iltheoとberband，becausethes11rVey  
in1997wasconductedattheendofsummer，itcanbe   

365days，WaSrepOrtedas90ma‾1atabouモア00ma．s．1，  
nearS9（Y．Muravyev，unpub冒shed）．Theobservation  
period主n1997wasalmostthesameasin1960，thenan  
annualflowvelocityofpresentstudyatS9WaSalso  
simplyestimatedtobeabout60ma1．Acomparison  
ofthesevaluesindicatesthattheannualflowvelocity  
nearS9basprobablydecreasedbyanamountofaboⅥt  
38m amlfrom1960 to1997．The terminus of the  
KorytoGlacierretreated80mbetween197land1982  
（IAHS（ICSI卜UNEP山UNESCO，1988）．Ifthistermi－  
nusrecessionmayhavebeencausedbythinningofthe  
ice，itcanbepossibletoconsiderthatthedecreasein  
血efloⅥrVelocitywasaまsocausedbytbesbrinkageof  
theglacier．  

J．エゴ／J（りト／川JJ川J血／わノバ／ノ／／（、（－－．J7州・  
J．ユ7 ∫／（止．・J机朝川ノ  
Fiuctuationsinflowve王ocityobtainedattIlepOint  

αなomllthtolヰ払September are血ownby払ick  
linesinFig，5－a，tOgetherwithairtemperatureatthe  
ablation area（b：545m a．s．1．）and discharge of a  
streamfromtheglacierterminus（c）．Thevariationsin  
floⅥ7Velocityhadtwo clearpeakson12tb and13tb  
September，a王1dtbeyvereiargerarotlnd15：00and  
smal1eratnig紋．Thistendencyissimilartotheresuit  
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．＿．▲ ▲．＿ ．   Sep．15   
Fig．5．a）Variationinsurfaceflowvelocityobtained atpointα（stakemethod：  
thicklines）andvariationinbasalslidingspeed（directmethod：brokenlines）．   
b）Airtemperature（lhoueaverage）intheablationarea（545ma．sl）．  
C）DischargeofstreiuT）（1houraverage）fromtheglacierterminus．  

COnSideredthatthecavitieshavegrownbiggerthan cierterminus（e．g．Ikenetalり1983），theresultofthe  
thoseinthesurveyperiodin1996．  surveYin1996doesnotshowsucharelation（Yamagu・   
Thoughitisoftenpointedoutthatbasalsiidingis chieialり1997）．However，inthisobservation，agOOd  

C王oselyconnectedwitbwaterdiscbargefromtbegla－  CO汀elationbetweenvariationsin幻ow velocity and   
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dischargewasfound（Fig．5）．Peaks offlowvelocity  
Were found around15：00and peaks of discharge，  
excepttbefirstpeakintbenigbtoflltb，Verefound  
arollnd18：00a允er払ree！10urSfrom払epeakof封ow  
Velocity．Thistimelagmaybeexplainedbythesitua・  
tionthatthehydrologlCal＄tationwaslocatedatafew  
hundreds meter down stream of the point of flow  
measurement．Thepeak offlowvelocitywaslarger，  
Wben蝕epeakoftbedischargewaslarger．  
Åreasonvhytbegoodcorrelationbetweentbe  

flowvelocityandthedischargecouldnotbefoundin  
1996maybethat，becausethesurveyperiodinJuly  
1996was early summer，there was much seasonal  
SnOⅥrarOtlndtbeglacierandmeltlVaterOfthesnoⅥr  
floweddirectlyintotbestreamaiongtbeciiだ．On払e  
Other hand，the changesin dischargein September  
1997weremostlycausedbythechangesinthesubg・  
1acialwater，Since there waslittle seasonalsnow  
aroundtheglacier．  

J．ゴ．ご〃／rハイJ机、抽出ノ  
Fluctuationsinbasalslidingspeedfromllth to  

14thSeptember measurcdby the direct method are  
alsoshownbybrokenlinesinFig．5－a．Thevalueof  
basalslidingspeedisshownasameanvaluebetween  
meastユrementS．TbeI苅aXimummeanveiocitywas3．7  
mmぬ001from21：000n12thto16：080n13thSeptem－  
ber，andtheminimumwas2．1mmh．1from16：000n  
13thtolO：000n15thSeptember．Thesevalueswere  
One Order of magnitude smal1er than those by the  
stake method．A reasonable eause of this difference  
Sbotlidbeadif短renceintopograp壬Iicalconditio王1SOf  
thesurveypoints，namelyonewasclosetotheiateral  
margin and the other wa＄On the centerline of the  
glacier，Althoughthereisnoinformationaboutcondi－  
tions of the base and subglacialwater pressure，a  
major cause may be a differenceinice thickness  
betweenthesurveypoints．   

5．Concludingremarks  

Flow velocities at the Koryto Glacier in the 
Kronotsky Peninsula，Kamcbatka，Were meaSured  
from8tbto14tilSeptember，1997，Tbesurveyalong  
theflowlineshowedthatthelargestvelocitywasO．16  
md－1atS9（700ma．s．1．）andthesmallestwasO．06m  
d‾1at S17andS16（aroundlOOO m a．s．1）．Changesin  
distancebetweenneighboringstakesrevealedthatthe  
icebodyintheupperareaof払eglacierstretcbedand  
thatinthelowerareawascompressedlongit11dinaily．  

The annualmeanvelocity at about700m a．s．l．has  
decreasedbyanamountofabotlt30ma‾1from1960  
to1997．  

Two shor巨irlterVaimeas11rementS Ofice－fまow  
VelocityattheterminalareasuggestedthattheKor・  
ytoGlacierwasslidingatthebaseandtheratiosof  
thebasalslidingwereconsiderablylarge．Flowveloc－  
ities became the highest in the afternoon and the 
Smallestatnigbt．Tberevasagoodrelationbetween  
the variations in flow velocity and water discharge 
fromthe glacier，and the peaks of discharge were  
foundatthreehoursafterthepeaksofflowvelocity．   
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