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Abstract  

lce flow veloeities were measured at the Koryto Glacierin the Kronotsky Peninsula．eastern  
Kamchatka，inJuly1996．VelocitiesonthecenterlinewereobtainedasO．23mdqユneartheglacier  
terminus，andO・17md‾1attheusualequilibr主umlinealtitude（ELA：about800ma．s．l．）．Velocityat  
theusualELAhasdecreasedbyanamountofabout30ma‾lsincethe1960’s．Hourlyvariationsin  
Velocitymeasl汀edattheterminalpartoftbeglaciersbowedtbattbefastestveiocityappearedin仏e  
afternoonandthelowestappearedintheeariymoonlng，WhichwasconsideredtobedlユetObasal  
Slidingfluctuations．  

1．lntroduction  

ln Kamchatka，there arenumerousglaciersthat  
aretbenearestone＄tOJapan．Itisveryinterestingto  
StudyKamcilatkanglaciersfrompointsofvieⅥrbow  
perermialsnowpatcheschangeintoglaciersandwhat  
differencesexistbetweentheperennialsnowpatches  
andtheglaぐiers．1nadditi（1ntOtJlis．acompariso11Of  
ClimateconditionsbetweenJapanandKamchatkahas  
beenconsideredtobeessentialforfurtherunderstand・  
ing of Tlature Of perenni；llsnow patehesinJapan  
（rIigllChi【Tt（7l”1979）．1thadbeendiffieult．however、  
duetopoliticalproblems，tOSurVeyglaciersinKam→  
Chatkabefore199lwhenKamchatkawasopenedfor  
ねreigners．  

AjointRusso－Japaneseglaciologicalresearchon  
Kamchatkaglaciersstartedin1996（KobayashietaL，  
1997），Inthisreport，apreliminaryresultonflowof  
theKorytoGlaeierintheKronotsky PeniIISLlla．easト  
ernKamchatka，ispresented．   

2．Regionalse¶ings  

TheKronotskyPeninsulaislocatedattheeastern  
COaStOfKamchatkaasaprominentmassifintruding  

into the Pacific Ocean．According to the report of  
Vinogradov（1968），thereare32glaciersinthisregion．  
TheylieatthelowestaltitudeinKamchatka，SOmeOf  
Whit：hflowingdolrntOaIlthealtitudeof25Om．  

TbeKorytoGlacieristbetbirdla‡官eStgまacierin  
thisreg10n，Whichhasanareaof8．9km2andextends  
from1200mto250ma．s．1．toⅥrardnortbwestexposl汀e  
（Vinogradov，1968）．Tbe g壬acier sl汀ねce bas no  
debris andlacks anyicefa11s orintensive crevasses  
（Fig，1）．The eqtlilibriumline altitude（ELA）was  
reportedtobe780mintbebalanceyearof1981／82  
（ⅠÅHS（ICSIトUNEP－UNESCO，1988）－   

Inthe1960’s，flowvelocitiesoftheKorytoGlacier  
Were SurVeyed by Russian scientists，and an armual  
meanヽ・elocity（）f9Oma▼l＼＼・こISObtaitlPdneartheELA  
（Muravyev，Per＄On．COmmu．）．   

3．Methods of measurernents  

ユJ．7‾ね耽削椚形動椚喝  
TransversesurveySOfflowvelocityattheKoryto  

GlacierwerecarriedoutbetweenJtliylland17，1996．  
Twolir把SOfsnoⅥFStakes，汰eupper and払eloⅥ㌢er  
lines，WereeStablishedontheglacier（Fig，1）．The  
SnOWStakes weremade of2m－long metallic pipes．   
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Tbelユpperlinewascompc拳㌍dofeievensnowstakes  
andestabiishedaio‡1gaCOntOuriineofabo11t800m．  
The specific net balance and ELAin1981／82was  
w284mm and780m（IAHS（ICSIトUNEP－UNESCO，  
1988），therefore，the upperlineis considered to be  
locatedneartheELAinthenormalyears，Thelower  
lineマFaS COmpOSed oftbirteen s王10Ⅵr Stakes and tbe  
altitudewasabotlt560mwhichwasestimatedtobe  
theELAinthebalanceyear1995／96（Shiraiwaetal．，  
1997）．Horizontalandverticalangles，anddistanccto  
theindividualstake were measured from control  
points（upperline：A，lowerline：B）ontheleftbank  
Oftbegiaciert〉yanelectricdista‡1Cemeter（Topcon  
EDMptheodoliteGuppyGTS－2R：theminimumangle  
anddistancereadings：10secondsandlmm）．Inthe  
distancesurvey，amirrorwasattachedtoeachstake．  
Errorofsurveybecamelargerwithdistancebetween  
t‡1e COntrOlpoint and tbe snoⅥ㌢Stake．Thelargest  
errorindistancewasO．06mfortbecaseofUIwhicb  
i＄about1400mfromthecontrolpointA．  

こ？．ユ ∫J′Jて】L二l，メ／JJ仙、／川〃川（J／‘川丁†J  
Ice－flow measurements were carried out with  

Shortintervalsattwopointsαandβneartheglacier  
terminus（Fig．1）．；eaChwasmadebyasurveystake  
with a reflection mirror．A controlpoint C was  
establishedonabedrockbumpapproximately300m  
down from也e giacier ter汀血us，and tIle direction  
fromαandβtoCwasconsideredtocoincidewiththe  
ice－flow direction．Distance between the control  
pointandα（orβ）wasmeasuredeverythreehoursby  
using the electric distance meter（Topcon EDM）  
between8：00onJuly18and8：000nJuiy19，1996，  
Inordertogetmoredetailcbangein恥wveiocities，  
SurVeySWere alsomadeateveryhotlrbetween8：00  
and15：000nJuly19．Duringthesurveyperiod，the  
theodolite was fixed on the control point and the 
leaning of survey Stakes was checked befor’e eVery  
measばe汀IentS．An error of distance survey，Wbich  
wascausedbytheiean主ngofstake（2～3mm）andby  
theatmosphericcondition（l～2mm），WaSeStimated  
tobelessthan±5mm．  

Fig．1．Cou閏termapOftbeKorytoGiacさerandbo王izor血三vectorsofs11rfaceveioc－   
itiesattwotranverselines．Locationsofcontrolpointsandsurveypointsare  
plottedbysymboIs．   
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4．Res山ts and discussions  

J．了．J）正わ勃J症）〃吋‾，爪－〃・J・tイ（－（イ／ん，∫  
Horizontalandverticalcomponentsofflowveioc－  

ities obtained along fhe two transverse lines are 
compiledinTablel．Fig．2and3＄howdistributions  
ofhorizontalvectorsofsurfaceflowatthetwolines，  
togetherwiththesurfaceprofilesofthelines．The  
VelocitiesareshownasdailymeanvaltleSduringthe  
SurVeyperiod，andeachsurfaceprofileisshownas  
re王ativeheigbttotbecontrolpoirltÅorB．  

The maximum horizontalvelocityin the upper  
iinewasfoundneartbecenteroftbegiacier（U5）and  
itwasO．17md‾1（Tablel；Fig．礼InFig．2，direc・  
tionsく）fvelocityat two poinもSin tねe rigbt§まde are  
differentfromtho＄eattheotherpoints．Thereason  
istbattbetvopointswereseto‡1a debrisconeof  
avalanchesfromtherightsidecliffoftheglacier，and  
tbe direction oftbe slユゴace siope of払e debris vas  
much different from that of the glacier surface．  

Tablel．ResultoftrarlSVerSeS11rVeyS  
Verもicalvelocities 十：emergenCeVelocity  

一：SubmergeIICeVe10City  
Upperli王Ie  
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Fig．2．Distribution ofhorizontalflow velocities（a）and   
払esurfaceprく瓜eirl払elまpPerline極），Wぬichsbownby  
therelativeheighttothecontroIpointA  

Stakenumber  Horizontalvelocity  Verticalvelocity   mda▼1  mda★t   
（y）   tT†   

Ul（rigbt）   0．04   0．04   
U2   0，03   －0．04   
U3   0．10   一札01   

U4   0．】．0   0．03   
U5   0．ま7   牒．07   
Sll   0．16   －0．01   
U6   0．15   8．02   
U7   0．09   －0．01   
U8   0，09   ∵¢，小1   
U9   0．05   －0．02   
UlO（ieft）   0．04   鴻．01   
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Fig－3．Ⅲstrit〉utjon ofhorizontalflow velocities（a）and  
tbes11rねceprof主ieill汰e王owerii11e（b〉，Wbicbisshown  
bythereiativeheighttothecontroipointB   

SublⅥergenCeVelocityw■aSdominanもintbeupperline  
andthemaximtlmWaS－O．い7mdTt（Tablell．Inlhe  
lowerline，1argehorizontalvelocitiesfromO．20mdql  
toO．23md椚1wereobta主nednearthecenterofglacier  
（L5－LlO）（Tablel；Fig．3）．Thesevalueswerelarger  
軌an tbe maximtlm Vaiuein払e upperline．Sligbt  
Submergencevelocitywasalsofoundinthelowerline  
（Tablell．   

Inthe1960’s，flowvelocitiesoftheKorytoGlacier  
WeremeaSuredbyRussianscientists（Muravyev，per－  
SOn．COmmu．）．‡n that report，tbe maximum封ow  
Velocity near t王Ie tlS11alELAIWaS90rn召上．Tbe  
Observationin1996coversoniyoneweekarldsurface  
Velocityofagiaciershowsseasonalchangesingen－  
el－al．Wetriedtoesti111arL・amこl＼imumpossibleanmlal  
Velocity using the center－1ine value of O．17m d■1   

StakeIWber  Horizo王lは1ve王ocity  Verticalyeまocity   mda【1  mda◆1   
（y）   （y）   

Ll（rigbt）   0，00   0．01   
L2   0、04   －0．02   
L3   0．08   －0．01   
L4   0．19   ¶0．01   
L5   仇21   －0．02   
●   0，22   －0．02   
L7   0．22   －0．01   
L8   0．23   【0．01   
L9   0，22   JO．01   
Llい   0．20   0．00   
Lll   0．16   0．03   
L12   0．15   0．00   
い3りefい   8．鋸   【¢，82  
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measuredinthisyear，andobtainedaresultofabout  
60ma1，TileCOmparisonofthisvaluewi払仇atin  
the1960’si11dicates that annualfiow velocity has  
probablydecreasedbyanamountofabout30ma‾1  
duringthisperiod．AccordingtoIAHS（ICSI）rUNEP  
」∫NESCO（1988），tbetermintlSOf魚eKorytoGiacier  
retreated80m between1971and1982．王fthis termト  
nusrecessio‡1mayhavebeencatlSedbyat壬Ii‡lningof  
ice，itcanbepossibletoconsiderthatthedecreasein  
flowvelocitieswasalsocausedbytheshrinkageofthe  
glacier．   

弘之5駄雨一助7指摘戒め乃5g搾おイ払紺  
Flucttlationsin flow veIocit）L（1btainedIlt the  

pointsαandPfromJuly18to19areshowninFig．4，  
togetherwithairtemperatureattheablationarea（545  
ma息1．）a王Idd主蹴barge ofa strearnなomtbegまacier  
terminus（Kodama留吉αg．，1996）．Tbe幻ow ve壬ocity  
WaSlargerin払eafternoonandsma11erintbeearまy  
morningasclearlyseenatthepointβ．Thistrendis  
the same a＄ that observed at Moreno Glacier，  
Patagonia（Naruse ggα乙，1995）．However，at the  
pointα，SlユCbtrerldⅥ㌢aSI10tSeenOnJuly18，althougb  
theflowveiocitybecamelargerinthe afternoon on  
Ju】）▼19．Thビ111aXimllmVeloe恒TWaSabout【wotimes  
larger than theminimum for the case ofβ．This  
hourlyvariationinvelocityismuchlargerthanthe  
SuⅣey e汀Or mentioned before．In general，Surface  
幻owofaglacierisaslユmOfplasticinternaldeform針  
tionoficeandbasaisliding．Itisdifficulttoconsider  
that the pl；lStic deformatioIlrate Changeヽ＼・ithin this  
Shorttime．Thisshorttermvariationinflowvelocity  
is，therefore，rlegardedastheinfluenceofbasalsliding  
Variation．Åsst王ming払attberevasnobasalsliding  
Wbenve壬ocityⅥraSminimum，汰erateofbasalslidi喝  
WaS eStimated as about50％of totalflow at the  
Surface，bydividing（Ⅴ研αズーⅤ椚f柁）byV澗。尤，WbereV研。ガ  
and Vmin denote the maximum and the minimum  
Velocities．This rateis the same order as those of  
te汀Iperategiaciersrepo豆edelsewbere（Kamb，1964〉．   

Itis o鮎n pointed out tbat the basals‡idi喝iS  
doselyconnectedwitbwaterdiscbargefromglacier  
（g．g∴Naruse ggα乙，1992）．In tbis observation，how－  
ever，a relation between variationsin flow velocity  
anddiscbarge魚・Omtheglacierterminuswasnot払und  
（Fig．封．Th亡・t－eaSOnis noIclビar at preS円1t．but the  
Observationperiodmaybetooshortforthiskindof  
WOrk．  

5．Conもーudingremarks  

FIow veiocities at the Koryto Glacierin the  
Kronotsky Peninsula，Kamchatka，Were meaSured  
育omJuly8も020，1996．Transversesurveysshowed  
tbattheね或estvelocitieswere（）．23mdwlattbeiower  
iine（560ma息i）andO．17mdqlatthetlpperline（800  
ma．s．l．．ilttheusuatELA）．Tlleannu；llvelocitrinthe  
upperlinemayhavedecreasedbyanamountofabout  
30m a～1sincethe1960’s．  

Shortinter＼・almeこISure111ent Ofil：ビflow at the  
terminaまareasuggestedthattbeKorytoGlaciercould  
besiidingat thebase，and therate ofbasalsiiding  
COtlldbeestimatedas about5（〉％．The鮎wveloc－  
ities became the highest in the afternoon and the 
smallest intheearlymaoning. Wecouldnotfindany 
Clearrelationbetweenthevariationsinflovvelocity  
andthewaterdischargefromtheglacier．   
Inordertomakeclearthedynamicalcharacteris－  

tics of the Kortyo Giacier and glacioiogicalbound－  
ariesbetweensnowpatchesandglaciers，mOrepreCise  
SurVeySOnthedistributionofice－flowandshorトterm  
fluctuati（111Sin fl川▼ヽ▼elocities arビPlan11ed tobtさCこIr－  
riedoutatthisgiacierinthestlmmerOf1997．   
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