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Abstract  

Atbree－yearRu∬0－Japanesejointg王acierresearcbwasstartedin1996，aimiI噂atCiarifyingtbe  
glacialsystemanditsvariationintheKamchatka Peninsula．Thefirstyear’sfieldresearchwas  
CarriedoutatthreeregionsofKamchatkafromJune21toAugust22，1996：theKronotskyPeninsula，  
UshkovskyVoIcanoandtheKozyrevkaRange．Thetopicsunderstudyinclude：1）massbalance，  
flow，heatbalanceandhydrologicalfeaturesoftheKorytoGlacierintheKronotskyPeninsula，2）  
Stratigrapbicanaiysisofshaliov点mcoreofUsbkovskyIceCap，3）startofmonitoringofeast－WeSt  
Climaticcontrastbysettingautomaticweatherstations，4）reconstructionofQuaternaryglaciations  
inKamchatka，5）analysisofQuaternaryeOliandepositsinKamchatkaand6）analysisofvegetation  
patternswithmicro¶SCalingincentralKamchatka．Theobtainedresultsshowthatl）theKoryto  
Glacierischaracterizedbyanintensivemassexchange；2）potentialityofpaleoclimatereconstruction  
OVerthecircumOkhotskregionfromtheUshkovskylceCapwasconsidered；3）Qtlaternaryglacia－  
tionintbecentralpartofKamcbatkawasdiscussed；4）ex主stenceofextensiveeoiiandepositsintbe  
CentralpartofKamchatkawasstudied；and5）vegetationpatternintheKozyrevkaRangeandits  
SurrOundingswasexamined．  

1．1ntroduction  

GlaciersintheKamchatka Peninst11a havelong  
attracted theinterest ofJapanese glaciologists  
becauseoftheirnearnesstoJapanwherenoglaciers  
have existed since the Neoglacialperiod．During  
researcbworkso11“perennials‡10ⅥrpatCbe＄”inJapan，  
SOmeJapaneseglaciologistshavestressedtheneces－  
Sity of comparative studies of cryospheric environ－  
mentbetweenJapanandKamchatkaforadeepunder・  
Standingofenvironmentalconditionsofsnowpatches  
andglaciers（g．＆HigucIligfα乙，1979）．  

CbaracteristicsoftbegiaciersinKamc壬Iatka壬IaVe  
exc王usivelybeenstudiedbyRussianscientists．After  
thecompilationofglacierinventoryofKamchatkaby  
Vinogradov（1968），attention has been paid to the  
ClimateMglacierrelationships（Krenke and ChernOVa，  
1980），and the characteristics of the glaciersin the  
VOIcanicregioIIS（Vinogradov，1975）an（まbasicpbysics  
Of a particular glacier there（Vinogradov and Mur－   

aviev，1992）．Tbey壬IaVeSelectedseveralgiaciersin  
Kamcbatkafortbemonit（）ri三唱OfmassbalalュCe，and  
COntinued to measure their response to climatic  
Change．Theresultshavebeenpublishedthroughthe  
WorldGlacierMonitoringServiceasacontributionto  
the“FluctuationsofGlaciers”oflAHS（‡CSI）－UNEP  
JJN召SCOく198軋   
Inadditiontotbelocalfeaturesoftheglaciers，  

globalscaleimportanceoftheglaciersinKamchatka  
Shouldbeemphasized．Accumulation onglaciersin  
the Kamchatka Peninsula is supplied by moisture 
Origirlatedfromthe Sea ofOkhotsk and the Pacific  
（kean．The vaporis stlpPlied b〉・fl‾equぐnt CyCユones  
CrOSSing the r喝ion duringⅥrinter，Which make t壬Ie  
North Pacific Ocean as a center of the Aleutian low 
pressure system against the Siberian high pressure 
SyStem On the continent．It suggests that the mass  
balanceoftheglaciersinKamchatkacanberelated  
WitbtbedegreeofpressuregradierltbetweentheとWO  
SyStemS．In fact，a Ciimatic shift occurredin the   
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wereappliedtotheyearlytodecadalvariationsofthe  
glaciersandclimate．Mass，heatandwaterbalance  
observati（）nS Of the g】aciers are the subjeets of this  
approach．The centennialtomillenniumヽ▼ariations  
Ofglaciersandclimatewiiibeclarifiedfrom主ce－COre  
Studiesbecauseicecorescontainprecipitationhistory  
andproxyclimatesignalsovertheIongtime．Glacial  
LinterglacialvariationsofglaciersinKamchatkawi11  
be studied by tracing geomorphological evidences 
suchasmoraines，terraCeSandotherlandforms．As  
ancillary works，VOIcanic soils and vegetation paト  
ternsinKamchatkawerestudiedtoclarifythecryos－  
phericenvironmentalchangesduringtheglacial－inter一  
宮lacialcycles．  

王n dealing vitb the present－day glacialsystem  
（timescale：100州101years），Studyareaswerecbosen  
innearlymeridionaldirectionin thecentralpartof  
thepeninsula；threeintensiveobservationsiteswcre  
established at three representative regions，namlng  
Okhotsk，Inland and Pacific Sites（Fig．1）．Thisis  
because the main vapor sources to the glaciers in 

North Pacific around1977（Trenberth，1990），Since  
then，thereoccurredanincreaseinthemasst）alanceof  
glaciersinÅ1aska王1COaStalareawbereasadecreasein  
thewesternc〔laSt（】ftheNorthAmerica（McCabeand  
Fountain，1995）．TbeIl，Vbat bappe‡1edirlthe mass  
balance ofKamchatka glaciers？Ifthere wouldbe  
anytrendinthemassbalanceofKamchatkaglaciers  
whichisreflectingtheclimaticchangelikeinthelate  
1970’s，OneCaneXpeCtpOtentialityofthepastclimate  
reconstructionfromtheglaciersofKamchatka．  

As far aslong－term glacialfluctuations during  
thelastglaciaトinterglacialcycle areconcerned，the  
KamchatkaPen主nsulamustbeoneofthe mostinter－  
estingandpromisingareasintheworld．Thereare  
Se＼▼eralRussian studies on this topie（0】yunin，1965．  
19郁：Braits亡・Va tlt a［‥196軋however．olltSide R11SSia  
almo＄tnOStudyisbeingdone．TheKamcbatkaarea  
maybe said as a’’missinglink”area ofthecircum  
－PacificQuaternaryglaciqtion・Withouttheknowl・  
edge of the Kamchatka glaciation，it may be very  
difficulttocorrelatewelltheAlaskanglaciationwith  
thatintheNortheastAsia．StudyontheQuaternary  
glaciationinKamchatkahasalsoagreatadvantage  
inchronologicalaspect，because the tephras from  
active volcanoes there may be used to date glacial 
deposiもS．  

う野e started a払ree－year Russo－Japarl鴇e jo払t  
g王acierresearcbentitledtbe“PresentandPastCryos－  
pheric HydrologicCycleinKamchatka”inthesum－  
merof1996toobtainkn0wiedgeoftheglacialsystem  
anditsvariationswithdifferent timescalesin Kam－  
Chatkaanditssurroundings．Thisreportoutlinesthe  
field researches conductedin1996 and summarizes  
preliminaryresults．   

2．Objectivesofresearchandfieldstudysites  

In the course of 父Veralmeetings between  
Japaneseand Russiancounterparts．it was agreed to  
Study variations of the glaciers of Kamchatka and  
glacialenvironmentswithvarioustimescales．This  
is because the glaciers of Kamchatka may play an  
importantroleinthechangeofterrestrialcryosphere  
withvarioustimescalesof，Say，10OqlOl，102鵬103and  
lO4years．This approachintime scales was never  
appliedtotheglaciersofKamchatka，SO，bothcoun－  
terpartsaimedtostudytemporalchangeofcryospher→  
icenvironmentofKamcbatka．  

hノIt11tidisciplinaryapproaehshouldbesuitabIefor  
this research．（；1acio－hydromeleort）logicalmethods  

Fig．1．Locationmapof払eproject．王talsosboⅥ7S（】istri・  
bu如nofprese！lトdayglaciersin払epeIlinsula（Vino一   
宮radov，1968）．   
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theKorytoGlacierarlditsteminus・Shallowcorings，  
ablationmeasurement，glaciai幻owsurvey，beatbaト  
ance measureme鴫discharge observation and map－  
plngOfmoraineswereca汀iedotlt・Tbeglaciersin  
the王niand and Okhotsk Sites wiilbe studiedin the  
secondandthethirdyearoftheproject．  

The Ushkovsky Ice Cap was selected for tbe 
Studl・Ofcentennialh＝11ille）1niums亡a】e＼rilriationsof  
theglacialsystem，becausetheicecapisoneofthe  
bigbest a王1d tbickestgiacierin Kamchatka．‡n tbe  
Summit area of43km2，the glacier covers approxi－  
mately24．2km2（Murav’evandSalamatin，1990）．We  
stayedatthestlmmitoftJsbkovskyVoIcanofromJ111y  
24toÅugust4，aIldconductedasぬal王owcoring（27m  
deep），SnOWtemperaturemeaSurement，maSSbaユance  
sttld〉∴r；ldio－eCho souIldings andinstallation of an  
AW－S．  

Glaciaトinterglacial－SCale variations of the gla・  
Cier＄OfKamchatkavereinvestigatedin1996atInw  
land Site of Kamchatka．Glaeiallandforms were  
prelilⅥinarysurveyedattbevalleyofBystrajaRiver  
aroundEsoanditscatcilmentareaint王IeXozyrevka  
Range．Vegetation patterns were also studiedin  
CO‡如nction with the geomorphologicalworks．We  
al＄O COndllCted a researcb onvoIcanic deposits and  
soilsin也esameareaanda呈soalongtheKamcbatka  
Ri＼で「．  

3．Ou川ne of帽SearCh results  

J」．〃張ゞh山肌∵吋一ノふ一再（｝（；ん7（・んり・  
A＄a preliminarystudy on themassもaiance of  

Xoryto Glacier，也e amount oぎ記a＄0釣aisnく）W WaS  
measured．Shallow corings at severalaltitudes on  
the glacierindicate thatthe net balanceincreases  
linearlywithincreasingaltitudeintheaecumulation  
area（Shiraiwag才α£，1997）．Moretban6（事Ocmwater  
equivaientofsnowwasdepositedatthebigbestpa珪  
Ofthビglaeieri11Jul）19錮．The ablation of the gla，  
Cier wasintensive because of high air temperature．  
Thealtitudedependenceofablationintheaccumula－  
tionareavasnotlarge，btlt払ere was asignificant  
differencein the ablationbetween払e terminaibare  
itニe；川d thecltチan St10＼＼・ab（）Ve firn tine．Va11ぐ・）▼Wall  
ef鎚ctonぬeabはt主oTIWaSfoundonlynearthetermi明  
nus．Thedegree－dayfactorofablationwasO．72（cm  
day…10C▼l）atanelevationof545mand軋55（cmday｝1  
℃1裏10拓m．  

Asimpleestimationofmassbalancefromtheend  
Ofsummer1995totもee‡ldofsummer1996suggests   

Kamchatka are the Sea of Okhotsk and the Pacific  
Ocean．Infact，thereisasもro喝eaSt－WeStCOntraStin  
themaximumsnowdepthinwinter（Fig，2）．These  
払ree study sites are王ocated at Kozyrevka Range  
（OkbotskSite：55035．6’N，158D17．4’E；1050ma．s．王．），an  
icecapatthesummitofUshkovskyVoIcano（Ⅰnland  
site：56O4．5’N，160O28，7’E；3900m a息1，）and the  
Kror10tSkyPe‡血st王ia（Pacif重csite：54049，5’N，16105軋  
3’E；i155ma．s．1．）．lnthefirstyear，WeCOnCentrated  
洩efieldworkattbePacificSite，eXCepttbeinstal王か  
tionofautomatic weather stations（AWSs）at three  
Sites．  
Among32glac主ersin the Kronotsky Peninsula  

（Vino酢adov，1968），KorytoGlacierwasseまected払r  
thesttldy，beeatlSethisglacierwaspreviouslystudied  
in1970－71byVinogradovandKhodakov（1973）and  
in1981－82byoneoftheauthors（Y．M．）（IAHS（ICSI）  
UNEP山UNESCO，1988），SOthatthetemporalchange  
OfざIacialconditiorlS Can be studied．The present  
observationwasconductedfromJuiy8toJuly2lo王l  

Fig彙2．D主str主butionoぎtbemaximlユmSnOWdeptb面m）in  
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that the extremely high positive balance can be  
ascribedtoheavysnowfal1sinthewinterof1995／1996．   

ユ2．ダわ抑〆励りわGんzcわγ   
Ice－flow velocity was measured at two snow  

－Stake transections betweenllth and17th ofJuly，  
1996．Thelowerlinewassetnearthefirnline，and  
measuredice－Velocitywasabout70m／a．Theupper  
linewaslocatednearthesteady－Stateequilibriumline  
at an altitude of780m，Where theiceVelocity was  
about60m／a．Comparingthesevelocitieswiththose  
in1970’smeasuredbyRussianscientists，theice－Veloc－  
ityattheequilibriumlinehasdecreasedbyabout30  
m／a（Yamaguchiet al．，1997）．  
Shorトtermvariationsoficerflowattheterminal  

partwereservedatanintervalof3hours．Observed  
dailyvariationsofflowratessuggestedtheexistence  
Ofbasalsliding．ThemaximumflowratewasO．024  
m／h and the minimum was O．012m／h．Correlation  
betweentheiceLflowvelocityattheterminusandthe  
riverdischargeattheglacierterminuswaspoor．  

3．3．月おαf∂αお乃Ce〆瓜）りわGおcわγ  
Tounderstandthecharacteristicsofheatbalance  

Oftheglacier，tWOmeteOrOloglCalstationswereestab－  
1ished；OneStation（theablationstation）waslocated  
atanaltitudeof545ma．s．1．（Fig．3），andtheother（the  
accumulationstation）wasatlOO5ma．s．1．（Kodamaet  
αJ．1997）．  
The bulk transfer coefficients at the accumula－  

tion station were5．5×103and8．8×10▼3for the senT  
Sibleandlatentheatfluxes，reSpeCtively．Attheabla－  
tionstation，theyare2．3×10‾3and3．8×10‾3，reSpeC－  
tively．Thebulktransfercoefficientdependsonthe  
Surfaceroughnessandtheturbulentintensityaswell  
asthemeasurementheightsoftemperature，humidity  
and wind speed．The coefficients may have some  
errorsoriginatedfrominaccuratesnowmeltmeasure－  
ment，Wherethedensity ofsnowwas assumed to be  
COnStant．  

Calculatedheatbalanceshowedthatthelargest  
heatcomponentfortheablationwasthenetradiation，  
givinganaverageofabout45％ofthetotalablation  
heat．Thesecondlargestwasthesensibleheatflux  
and the third was thelatent heat flux，Which were  
about30％and25％，reSpeCtively．Atthe ablation  
Station，alargedailysnowmeltwasobservedonJuly  
18．Onthisoccasion，thelargestheatsourceforthe  
SnOWmelt was nottheradiationbutthe sensibleheat  
flux．Whenthedailysnowmeltwasintensive，turbu，   

Fig．3．Meteorologicalstation at the ablation area of  
KorytoGlacier（SiteNo．5：545ma，S．1．）．  

1entheatfluxes（sensibleandlatentheatfluxes）were  
large．ThesnowmeltheatbalanceofKorytoGlacier  
WaSCOmparedwiththoseforseasonalsnowinSpits－  
bergen，MoshiriExperimentalForestry，Hokkaido，  
Japan and Hisago Snowpatch，Hokkaido，Japan．  
Thenetradiationwasthelargestheatcomponentat  
allofthethreeplaces，Whereas，atKorytoGlacierthe  
net radiation contribution was the smallest．Thisis  
duetolargewindspeedwhichcausedlargeturbulent  
fluxes．  

3．4．物d和才曙ブcαタカα如柁S〆助りわGんzcfeγ  
Hydrological observations were carried out at 

two runoffstreamsfromKoryto Glacier；Stream A  
（Fig．4），Whichhadgreaterdischarge，flowsfromthe  
CenterOftheterminus，andstreamBflowsontheright  
Side of the valley．Waterlevel，Water temperature  
andspecific electric conductivity（SEC）ofstreamA  
WeremeaSuredfromJuly8to19atlO一minuteinter－  
Val．During this period，discharge of stream Ain－   
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t壬Ia‡ltbatofstreaInA，WbereasSECwasgenerallylov  
throughouttheperiod（Kodamaet al．，1997）．   

、？．こヲ．5ん（〟山廿‘、t－ナナ〃g〆Jん（，〔ゝ仙（）亡ヰl・山一（1¢  
Åfirn－COreOf27mlongwasretrievedatGorsb・  

kovcraterattheslimmitofUshkovskyVoIcano（Fig．  
5）．T壬1eCOreVaSCOmpOSedmainlyof蔦rnandinter－  
beddedbyiceiayers．Theanalysesof6180and6D  
Of firn／ice samples are under way．The core  

CreaSedgraduailyfrom5．5m37sto7．5m3／s．Tbedaily  
maximum discharge occurred around1500to1900  
（localsummer time，SOlar noonis about1400），but  
ditlr王1alcycles vere rlOt Ciear．Water temperature  
wasfairlystableandremainedbetweenO．8andO．40C，  
whileSECdecreasedgraduallythroughotlttheobser－  
Vationperiod．   
DischargeofstreamBremainedaroundl．2m3／s  

atthesameperiod．Watertemperaturewa＄higher  

Fig．4．rlydroIogkalobservationatstreamAofKorytoGlacier・  

F主g．5．Dri】重i喝豆ipodbeav呈王ycoatedv地ri王れeiceatGorsbkovcrater亨び洩kovsky   
IceCap．   
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near the summit were probably formed in the Little 
IceAge．Whalebacklandforms（rochesmoutonn6es）  
are observed around1350m a．s．1．Some periglacial  
phenomena such as earth hummocks，SOlifluction  
lobes and patterned ground are distributed at Mt．  
Kozyrevka．   

3．β．勧如椚甜γ抑払侶勉加姑qり払晰血肱  
AlargeareaofKamchatkaPeninsulaiscovered  

byvoIcanicashsoils，mainlycomposedofpyroclastic  
materials．To clarify the formlng prOCeSS Of the  
SOils，afieldinvestigationwasperformedinthevicin－  
ityofUshkovskyVoIcanoandthewesternareaofthe  
VOIcano（Yamagata，et al．，1997）．The following  
Characteristics of the soils suggested that the soils  
WereCOmpOSedoftheparticlesderivedfromseveral  
differentsources，SuChassmallscale eruptions，bare  
groundintheriverfloor，alpine area，andsurround－  
ingsofglaciers：（1）thepoorsortingofthesoils，（2）  
1ithofacies and thickness change of the soils with  
increasingdistance fromthe voIcanoes，（3）the presT  
enceofseveraldifferenttypesofvoIcanicglassesand  
roundedlithicfragments．Therewasnoevidencein  
SuppOrtOftheadditionoftheeoliandusttransported  
fromthearidreglOnOftheAsiancontinenttothesoils  
in Kamchatka．  

BlackcoloredvoIcanicashsoilswererecognized  
at altitudes of below500m．The basalage of the  
blacksoilswasestimatedtobeabout2000yearsago，  
takingaccountofstratigraphicrelationshipswiththe  
Shiveluchi4 ash falllayer（ca．2ka）．Plant opals  
OriginatedfromEboideaewerefoundintheblacksoils  
andlower brown soils．The formation of the black  
SOilsareexpectedtobeinfluencedbyclimatechange，  
Vegetationchange，andhumanactivity．  

ユさ，．l■（鎖イ√J／／り〃♪J〟ん1川＝（イ〟J川／川）∫l、‘J／／／／g／JJ汀JJ／ハJ／  
〃（川J（、／J（J／んJ  
Westartedphyto－geOdiversitycooperativestudy  

betweenKamchatkaandJapan，Withparticularrefer－  
ences to plant species diversity and vegetation pat－  
terns associatedwithglacier topography．The first  
Survey WaS COnducted on descriptions of vascular  
plantspeciescompositionandtheirspatialpatternsat  
theupperandmiddlebasinsofBystrajaRiveraround  
Esso duringJuly23andAugust6，1996（Sato et al．，  
1997）．Micro－SCalemeasurementsshowedfivetypes  
Offorests；mnuS，Alnus，Betuhl，Sblixandthemixture  
；mOSaiccoexistenceofherbaceousplantsandsimple  
shrubvegetationtypes．Atotalofabout200vascular   

COntained20ashlayers which willbe analyzed by  
mineraloglCalmethods．Average annualaccumula－  
tionrateduringthelast30yearswasestimatedtobe  
O．57m／awaterequivalentbyusingdatedashlayersin  
thecore．Weobservedtheriseofsnowsurfacefrom  
20to50cmduringJuly25to August2，1996，Which  
SuggeStedthattheicecapwasgrowingeveninsum－  
mer．Becauseoflowsnowtemperature（－16OCatlO  
m deep），it was possible that surface melt water  
percolatedinthesnowandaccumulatedimmediately  
below the surface as refreezedicelayers（Murav’ev  
andSalamatin，1990；Shiraiwa etal．，unpublished）．  

RadioeChosoundingswereoperatedatthecenter  
of Gorshkov crater by a4MHzimpulse radar to  
measuretheicethicknessofthecrater（Matsuoka et  
al．，1997）．AlthoughMurav’evandSalamatin（1990）  
estimatedthethickness oftheicetobefrom40to90  
mbynumericalsimulation，WeSOundedthethickness  
to be from180to230m deep．If we believe the  
thicknessobtainedbythesoundings，theicecapatthe  
Summit ofUshkovskyVoIcanohas a potentiality of  
paleoclimate reconstruction during the last several 
hundredyears．  

ユ（i．ムJ∫山荘／／／り〃－モ／■」11S  
Automaticweatherstations（AWS）wereinstalled  

at three sites fromJuly to August，1996：Okhotsk，  
Inland and Pacific Sites．The systemincludes sen－  
SOrS Onglobalradiation，Windspeed，Wind direction，  
airtemperature，relativehumidity，SnOWSurfacetem－  
perature and air pressure．Snow depth and snow  
temperaturesensorswereadditionallyinstalledonly  
atInland Site．The data willbe recordedin data  
rloggerseverylhourformorethanoneyear，andwill  
be collectedinthe summer of1997．  

．■L∴．1J‘／／両JJぎl！／■ gん（、／け－ハ、ん〟ハブ ん川（坤〃侶（J…川（／  
蝕o  
A preliminary survey Of the Quaternary glacia－  

tionsalongtheBystrajaRiverwasconductedaround  
the town of Esso andinthe west of the Kozyrevka  
Range（Sone et al．，1997）．Morainesoriginatedfrom  
tributaries of the Bystraja River are located at the 
western end and about 6 km south of Esso．The  
moraines werelikely depositedin the Last Glacial  
Age，because Holocene tephralayers cover the  
moraines．Remnants of U－Shaped valleys remain  
alongtheleftsideoftheBystrajaRivervalley．  

NoglaciersexistinMt．Kozyrevka（2015ma．s．1．），  
the highest peakinthe Kozyrevka Range．Cirques  
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