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Abstract  

BilcbenockGlacierisas11rg王nggiacierintbeKamcIlatkaPeni王IS㍊la，Russia，Wbicbmostrecently  
Stlrgedin1982andiscurrentlyinitsqtliescentphase．Togetinformation onthe quiescentphase  
behaviorofBilchenockGlacier，apreliminaryresearchontheglacierdynamicsandmeteorological  
featureswascarriedoutfromJuly18toAugust17，1998．  

ThesurfaceoftheablationareaofBilchenockGlacierexhibitsrcpeatedpatternsofaridgeand  
agentleslope，andthedistributionofflowspeedswasconsiderablyirregularrangingfromaboutO．  
05mday－1toO．17mday▲1withina2MkmpartinthelowerreachTheterminushasrisenbyabout250  
M350mfrom1984to1998．Dailymeanairtemperaturevariedfrom7to170Candrelativehumidity  
WaSOftenclosetolOO％neartheglacierterminus．Averageddailyamountoficemeltwas56mm  
Waterequivalentneartheglacierterminus．Th（）ughthenextsurgemaybepredictedtoocctlrinthe  
nearfuturebasedonitsintervalofsurgeabo11t23years，nOremarkableprernonitionofsurgewas  
found dllringthisresearch．  

1．lntroduction  

BilchcnockGlacierisknownasaunlqueSurglng  
glacierinKamchatka（Paterson，1994），Whichhasbeen  
in a phase of quiescence since a surgein1982／84  
（Muravyev et al．，1987）．Atsome surgingglaciers，  
quleSCent～phase evolutions were studied to evaluate  
Ca11SeSOfsurge，andtheresultsindicatedthatmany  
SurgingglaeiersshowedsomepremonitiⅢlSOfsurges  
towardtbeendof払equiescent－pbase（Raymondand  
Harrison，1988；CiarkeandB王ake，1991；HeiIlric壬ISg≠  
a乙，ユ996；Lawson，1996）．However，thebehaviorvaries  
fromglaciertoglacier，SOWeneedmoreexamplesto  
discusstheprocessesofsurges．Themainaimofthe  
presentresearchatBilchenockGlacieristogetinfor－  
mationofitsquiescent－phasebehaviorandtoclarify  
the dynamic characteristics oftheglacier．We also  
paid attention for hydrologicalcharacteristics of a  

runoff stream to know the subglacialhydrological  
COnditionwhichisregardedasanotherimportantkey  
insurgemechanisms．  

Several glaciological studies aiming at recon- 
StruCtion of the past climate over Kamchatka have  
beencarriedoutonthesummitofUshkovskyicecap  
whichistheacc11mulationareaofBilchenockGlacier  
（ShiraiwaetaL，1997；Shiraiwaeia乙，1999；Salamatin  
g≠α£，199乳Becatl父払edominantmassoutplltfrom  
払isice capis under［aken by Biicbenock G王acier，  
dynamicsa‡idablationprocessesof BilcberiOCk Gla－  
Cierarealso主mportanttoreconstrtlCtamaSS－balance  
historyoftheicecap．Inthepersentresearch，tOmake  
Clear ablation processes of this glacier，We al＄O  
attempted to obtain meteorological features on the 
debrisrcoveredsurfaceinthe ablation area．  
AccordingtoMuravyev（1999），38％ofglaciersin  

Kamchatka Peninsula arelocatedin active voIcanic  
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CbenockGlacierhadaienがbof19．2kmandthearea  
Of24．4km2，Withtheterminusaititudeof650ma．s．  
1．（Accordir唱tO the surveyin1998，the terminus  
altitudewas750ma．s．1．）andthefirnlinealtitudeof  
2800m a．s．1．The accumulationareaisnowlocated  
between 3300 and 3900 m a．s．1．in a caldera of  
Ushkovsky and theice fallextends from2950to  
1400ma．s．1－Theaveragesurfaceslopebelowtheice  
fallisabout50，anditis9Oneartheglaciertcrminus．  
Theglacier surface ofthe ablation area主s covered  
Witb tbick and dark debris composed of voIcanic  
rocks and ashes ofⅥ7hicb tbickness exceedslm at  
someplace（Fig．2a）．  

The gまacier surfacein the ablation area shows  
repeatedpatternsofatransverseridge（Fig，2b）anda  
followinggentleslopeasshowninFig．3．Therelative  

areas．Tムus，tilein幻uenceofvoまcanicandgeotbermai  
activitiesuponmassbalance，hydrologicaicondition  
and glacier dynamicsmight be veryimportant to  
understandglaciersinKamchatk乱  

Fromtheseissues，We Carried out a preliminary  
research onglacier dynamics，meteOrOlogicalcondi－  
tions and hydrologicalprocesses at Bilchenock Gla－  
CierfromJuIy18toAugust17，1998．Inthispaper，We  
present first the historical records of researches at 
BilcbenockGlacierbyRussianscientists，andsecondly  
the distribution of surface velocities，the surface  
topograpIlyOftbeglacierandtbeweatbercondi薮onst  
Resultsofobservat主onsandanalysesonbydrologicai  
processeswi11bepresentedもyaseparatepaperinthe  
near future．  

2．Regionalsettings  

BilchenockGlacier（Fig．1）islocatedinthecentral  
part of the Kamchatka Peninsula∴h this area，the  
highestandveryactivevoIcanoesinKamchatkaexist，  
most of vbich exceed3000m a．s．l．Usbkovsky  
VOIcano壬IaSanaltitudeof3900maridanicecapof4  
kmindiameterislocatedattlle Smit．BiicbeliOCk  
Glacieristhemainoutletgiacierfromthisicecap，  
According to Dolgoushin and Osipova（1975），Bil－  
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Fig．2 Bilchenock Glacierin summer of1998．a：Upper   
partoftbeablationareaandtileiceねI10fB呈icbenock   
Giacier，VieⅥFedたomtbewesternba王1kaとabout950m   
a．s．ま．（A喝uSt14，199覇．Tbe glacier fユowsかom tbe   
Center tOWard tbe王eft sidein洩e foreground．b：Å   
transver＄eridgeof血eglaciers11rねceviewedfro汀1也e   
westernbankaTOuTld850ma．s．l．（July22，199軋Loca－   
tionsS4，5and7areindicatedinFig．4．   

細 腰拶swandま捷  
Gロ伽涙雨＝2抑m   

Fig．1Location of study are乱 Hatched areasindicate  
glaciers．  
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abulgeofdirtyice15→－20minheighthadbeenadvanc－  
ingoverthestagnanticezone．Theglaciercontinued  
toadvancewithsmallspeed（sometensofmetersper  
year）ねrl．5years．Atlast，inぎebruary1982，払e  
glacierstartedtosu‡嘗e（Vinogradovggα£，1982）．   

Inspring1982，thefirstfullglaciol喝icalresearch  
WaS Carried olユt at Bilcbenock Giacier by Ru＄ian  
SCie雨ists（Vin喝radov g≠ α乙，1982）．The researcb  
items were photograpbic slユrVey near仏e terminu＄，  
measurement of surねce velocities using a‡1electric  
distancemeter，SnOWSurvey andinsta11ationofseis・  
mometers．Ameteorologicalstationwhichrecorded6  
Nhour－intervalairtemperatureandatmosphericpres・  
SureWaSSetupOntherightbankat850ma．s．1．The  
second and the third researches were carried outin  
SepteInber1982andÅugustユ983，reSpeCtively．  

Theresultsoftheseresearchesaresummarizedas  
foi王ows．  
1The surge continued for ab（一Ilt tl＼▼Ol’earS and   
StOPpedin autumnl射け ■1、he major advallCe   
bappeIledin1982－83andtbeterminusreacbed400   
－500ma．s．1．（Muravyevg才α£，1987）．  
・Amapofl／25000scalewithverticalresolutionoflO   
m wa＄COmPiled using photographic and surface   
surveySdatabyD．G．TsvetkovandA．S．Tyuflin，  
Institute of Geography，Russian Academy of SciM   
ence（Fig．4）▲  
・TherangeofairtemperatureinApri昆wasfrom仙30   
9Cinnighttimeto－50Cindaytime．ThatinSeptem・   
berⅥraSfrom－3㊥Cinnigbttimeto150Cindaytime．   
Tbetotalsurfaceloweringduetoal）iationIleartbe   
termilュuSWaS24to30cmfromSeptember5to17，   
1982．  
・Flowvelocityat4kmupglacierfromtheterminus   
WaS about O．5mday‾1in1982，Which was slower   
than1980．   
In general，SurgeS reCur at regularintervals  

（Paterson，1994）．AtBi王chenock Glacier，theinteTVa呈  
wascalculatedtobe23yearsfrom1959to1982．IfⅥre  
assumethattheintervalofslユrgeisregular at Bil－  
Chenock Glacier，the glacier canbe regarded tobe  
approachirlg the next stlrge，Which seemslikely to  
startintbenearfuture．  

4．Outline oIresearchin1998   

4．ヱ．5び相即〆gん7Cブgγめ乃α研ぬ  
Surveyofflowvelocitieswascarriedoutatthe  

lowerreach of Bilchenock Glacier betwee‡1Ju王y18  
andÅugust17，壬998．   
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Fig．3 Longitudinalsurfaceprofilealongtheapproximate  
centerline of Bilchenock Glacier－ Surface profile  
betⅥreent王IeGPSpoints（◆）vasdraⅥFnもyabrokenline  
basedonobservatio王10f偽esurfaceモOpOgrapbyin1998．   

beightoftberi（短efrom汰eslユ汀011ndi喝gentleslope  
suTfacewasabotlt30ma‡1dtIledistarlCebetⅥree11tⅥrO  
ridgeswasfrom500to800m，   

3．HistoryofstudiesofBikhenockGlacier  

Tablelshowsdocumentsoftheglacierterminal  
altitude．ThefirstinformationaboutBilchenockGla一  

丁ableユ．The aititude of the glacier termirluS and surge at  
B主icムel10CkGlacier  

Year  Glacief terminus Memorandum  
（alt言ttldei王1m）  

1900  9（〉Ow920  
1949  800  
1959760  615¶630  
197（声’s  93（ト95（）  

1982／朗  400州500  

cierwasgivenin1900byTyushovwhotriedtoclimb  
Ushkovsky voIcano．He reported that Bilchenock  
Glacier terminus waslocated at approximately900  
←920ma．s．l，（Bogdanovicb，19（軌Nextinformatio王I  
wasobtainedbyanaerialsurveyinSeptember1949．  
Thesurveyresultshowedthattheterminuswasat8OO  
ma．s．l．andtbeglaciersurねcelleart‡letermimswas  
heavily crevas父d．In1959／60，tbe occlユrre‡1Ce Of a  
sl汀geWaS員rstreported．Åttbattime，tbealtiもudeoぎ  
the glacier terminus was615－630m a．s．1．（Vino－  
gradov，1965）．Inthe1970s，afterthesurge，theglacier  
activeterminusroseto930M950ma．s．1専，neartheice  
fall，hav主ngleft a vast field of“stagnantice”  
downstream（Muravyeveta£，1987）．   
InJuly1980，itⅥraSrepOrtedbya薫eidwork払at  
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AGlobalPositioningSystem（GPS）receiverused  

toi玉eaSure tbe flow veiocities of Bilcheno（：k Glacier  
wasGP¶SXlくTOPCON Co．Ltd．〉andtbemetbodso  
－｛ailed“higトspeedstatics”wasadopted．Thelargest  
problemto use a GPSinthe fieldresearchwas the  
powersupply．TheGPSreceiverisabletoworkonly  
eight hours evenifits batteryisfull．Thus，in this  
research，We11Sed a solar battery（H－1304：DAIDO〉  
wbicbcangenerate13．21Ⅳunder払eclear－Skycondi－  
tion．  

Two receivers were used，One WaS Settled at a  
fixed pointduringthe survey and a position onthe  
glaciersurfacewasmeasuredfor30minutesusingthe  
otber one．TⅥ70fixedstations were estab王isbed亨0Ile  
（α）ontheleftbank，Whichwasusedduringsurveysin  
thelowerreachoftheglacier，andtheother（P）atthe  
terminus，uSedduringsurveysneartheterminus（Fig．  
4）．Thealtitudesofthesefixedpointsweredetermined  
by the comparisonwith the Russian map，and the  
altitudesoftbesurveypointsverecalcuiatedastbe  
relativeheightbetweenthefixedpointsandthesurT  

Vey pOints．The survey pOint on theglacier was  
marked by a painted stone which was regarded a＄  
Stable，Sincetheglaciersurfacewascoveredwithso  
tbickdebris払atastakecouldnotbesetup．Totaliy  
fifteen markers were established at three types of  
Surfaceconditions．Thefirsttypeislocatednearthe  
glacier terminus，Whichis regarded as stagnantice  
ZOne（Sl，S2，S3），thesecondisonridges（S4，S5，S7，S9，  
S13，S15）andthethirdisongentles‡opes（S6，S8，SlO，  
Sll，S12，S14），aSS壬10WninFig．4．Eacbpositionwas  
measuredatintervalsfromfourtotendays．  

′．J、ユハムJ／沌J′柚〃（イノ7J〃・ハ☆眉前山  
The GPS could always receive more than four  

Sateiiitesirltbisresearcb．Undertbeseconditions，汰e  
maximumborizontalerrordueto the GPS cbaracter  
is土8mmandtheverticaloneis±16mm，therefore  
itcanbeconsideredthatthedatainthissurveyhave  
highqualityenoughtodiscusstheglacierdynamics．  

Table2showsmeandailyflowspeedsandFig．4  
shows tbe distribtldon of floぅ好Veloc主ties．Velocities  
neartheglacierterminus（Sl，S2andS3）weremuch  

Legend  

・ 

GPSCorl徳01Po主nts   

HyむologlCaiSモation   

Met00rOlo由dSt8tion   ÷ニ  

50m／a  

0  1km  

Fig．4 MapofBilchenockGlacierin1983（basedonTsvetkovandTyuflin（unpub・  
lished））withlocatjonsofobservationpoint＄anddistributionofflowvelocities．  
Thevelocities areshown by arrowswith armualvalues（m／a）by multiplying  
dailyvaiueswitb365（まays．Marksofridgesweredrawnon払eもasisoff主eld  
SurVey．   

Table2．FlowspeedsatmeasurementpointsonBilchenockGlacier（fromJuly18toAugust17，1998）   
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Sma11erthanthoseatotherpositionsandtherollingof  
thesurfacewasmuchlessthanthatofotherplace．For  
払ereasonsg王Venabove，WeCO‡まSide柁dtbisareatobe  
near王ystagnanticeca11Sedby払erapidreもreataたer  
仏eslユrgein1982／84andthepresentactiveterminusof  
theglaciertobelocatedupperthanS3，atanaltitude  
abouも825ma．s．i．Judgirlgな0汀Ithepre＄entaltitlユde  
Ofglacierterminuswiththesもagnanticewas750ma．  
S，1。theglaciertermimlSShouldhaveTisenbyabout  
250－35（〉mたom1984to1998．Veiocitiesvaried（：OnSid－  
erablyfro‡nplacetoplace，parもicりiarly，Veiocit呈esaも  
S6andS14neartheborderbetweentheridgeandthe  
gentleslope，WereSignificantlylargethoughtherea・  
sonisno七Ciear．   

In19S2／83、during the stlrge，＼でlocities on the  
SameridgesasS4andS9weremeasuredbyRussian  
SCientists．Eachannualvelocitywasreportedtobe98  
ma‾1（atS4）andlOlma‾、1（atS9），reSpeCtively．Inour  
stirVey，Veioc辻iesvereobtainedas12ma鵬1（atS4）and  
17ma－1（atS9）bymultiplyingmeandailyvelocities  
もy365days，SincetbepresentvalⅥ銭are aboⅥtOne  
sixthofthosein198ユ′′′83．thisglaciershollIdbeぐOnSid－  
eredtobeinthequiesce‡lトpbasenow．   

・J．．？∴lJ√かりJ・〟嘩由、‘7J（血i¶－（‡高一〃ざ  
Meteorologicalresearcb vas carried ouもなom  

July22to August14，1998around血e teminus of  
Bilchenock Glacier．We present me払ods of field  
Observations and summary of preliminary results．  
Furtherstudiesincludingananalysisonsurfaceheat  
balance are noⅥr gOing on and tbeir results willbe  
presentedinthenearfu餌re．   

尋．まヱ．動転娩班ぬ  
To evaluatethebasic characteristics ofablation  

and heat balance of the debris－COVered glacier，a  
meteorolog主calstationwasestabiisbednear汰eterm圭一  
nus．This stこItiollWilSIot：ated on the surfat：e Of the  
Stagnanticeatanaltitudeof778m乱S．1．（Fig．姐The  
COmpOrlentSmeaSl汀edattbis或ationarenetradiation，  
globa箋radiation，airtemperature，reはtiveねumidity，  
Windspeed．andprecipitation．AllthemeteoroIogicこ11  
8ata except precipitation were measured atl．5m  
above tbe ground arld recorded automaticaily atl  
－ht〕uri11terVal．Windspeed＼＼▼こISObtこIinedfromthビrun  
－Of－windinlhotlrmeaSlユredbyathree岬CupanemOme・  
ter．Precipitationwasmeasuredseveraltimesaday  
using a“simple raingauge”composed of a funnel  
（diameter：21cm）anda bottle（Us壬Iiyama and Maト  
Suyama，ま995）．Åmountoficeablationwasal犯meか   

Suredusingasnowstakejustbesidethestation．   

イ．ヱエ肱イnり17／（）函、汀／（’州（7／晶JJ   
I）ait）r111eteし一rOlogicalぐ1enlビntS dl】ring the obser－  

Vationperiodare威10W■ninFig．5，ItⅥraSfineontbe  
firstdaya‡1d血ringfol汀daysintheiatterha王fofthe  
period，btltrainydayskeptintbemiddle．Tberewere  
fourdayswitbrainね里1more漁anlO mmd‾1，andまモ  
WaSdrizzleandねggy主ntbeotber茄vedays（吏．g．A噸．  
1，5，6，7and12）．Daiiymeanreiativehumidityinthe璧  
dayswassohighandc重oseも01QO％．Åirtemperaとure  
was，COrreSpOr）dingwithsuchcondition，relativelylow  
（around8CC）inthisrainyandfoggyperiod．Underfine  
Weatbercondition＄，也edaiiyamotlntOfgiobairadia｝  
tion L・XL：ビeded151りmLコdl．；lnd da巾r111ビこ111air temL  
perattlrerOSehigber馳an12¢Cl王iourlyairtempera－  
turesometimesexceeded20OCinthedaytime．Wind  
Speed waslargestin the event of rainstorm and  
maximumbourlyspeedinthewboleperiodwas8．6m／  
S．On鮎edays洋風Åug．8，9andlO），Wまndspeedwas  
COmparat主veiylarger thaTlpreCedi喝 foggy da因．  
Smaliwscaie coid air drai王1age a（：CO‡Ⅵpanied by fog  
WaSfoundonAugust7，8and12，flowingdowninter－  

1998（しocalTimモ）  
Fig．5 Dailymeteorologicalconditionsneartheterminus  
ofBilchenockGlacier．Solidcircles，SOlidsquaresand   
Ope王ICirclesintbe缶gureofwindspeedindiこatedaiiy  
maximⅥm，meanandl℃まn主m㍊mVa王ues，reSpeCtively．   
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mittentlyalongasupraglacialstreamonthestagnant  
ice．  
MeandailyamolユntOficeIneltaroundthemeteor－  

0まogicalstation was56mmd▼ユ（w．e．）．Relationships  
between汰esumofpositivehoⅥrlyairtemperature，  
∑Th＋（OC‡i），arldthecumulative amourltOficemelt，  
∑m（mm），areShowninFig．6．Adegreehourfactor，  
WhichisexpressedasagradientofbrokenlinesinFig．  
6，in thclatter half of the period（Aug．4uuAug．13；  
including2missingdata）wassma11erthanthatinthe  
formcrhalf（Jul．30－Aug．2）．Thismaybeattributedto  
differencesintheweathercondition，eSpeCiallywind  
Speedandinthethicknessofsurfacedebrisbetween  
thetwoperiods．Becausesurfaceformofthestagnant  
icebadbeenchangingtbrougboutt‡1e perioddue to  
meiti王1g，tムicknessofsurfacedebris，mOStlyconsisting  
Offinesandarol王ndtbestation，increasedintbelatter  
halfoftheperiod．  

faceprofileforapremonitionofasurge．Oneofthe  
reasonsforthissuppositionisthatvelocities onthe  
ridgeswereasslowas払oseonthegentlesiopes．The  
repo頭so‡ltheabnormalsurねceprofilesbowedtbat  
the veiocityin the thickening zone wasfaster than  
thatatanyotherplaces，SOtbatthethickeningzorle  
traveledfromtheupperreachtothelowerreach of  
theglacier（e．g．Clarke and Blake，1991）．At Biト  
Chenock Glacier，however，the ridges could not be  
propagatedbecauseofsimi1arvelocitieswiththoseat  
anyotherplaces．Anotherreasonisthatthewidthsof  
ridgesatBilchenockGlacierweresometensofmeter＄  
atmost，Whichweremuchsmallerthanofthethicken・  
ing zones，Whosewidths were from some hundreds  
meters（Clarke and Blake，1991きto some kilometers  
（Rこl〉▼mOndatldHarrison．1財制．Ful－ther．thepatternof  
aridgeandafollowinggentleslopewasrepeated．  
Oneexplanationforthecauseoftheserepeated  

patternsmaybethenon－uniformityondistributionof  
Surface debris．The debris thickness on ri（短es was  
morethanlm，Whereasthedebriscoveringthegentle  
Slopeiceisthinorabsent．Thusitisconsideredthat  
thedifferenceindebristhicknessbetweenridgesand  
gentleslopescausedthedifferenceinablationrate（e．  
爵Mattson et aL，1993），andastheresultridgesand  
gentle slopes were formed．Itis a debatable point，  
bowever，tbatonまytbedif短renceinab王ationratecarl  
realiy cause a30m higb tlndulation vbicbis tbe  
relativeheightbetweentheridgeandthegentleslope，  

Therealcausesofthenon－uniformity ofdebris  
thicknessarenotclear．However，fromtherepetition  
Of the patterns of a ridge and a gentle slope，itis  
probably that there is a relationship between the 
patternsandthesurgecycles．AtBilchenockGlacier，  
itisconsideredthatdebriswassuppliedfromthesteep  
SideCliffs beneath theice fal1．During the surge  
Period，theglaciershouldhavegonesofastthrough  
払e debris stlpplying zoIle払at debris couはnot be  
depositedtIlickenougbontbeglacierstlrねce．Ontbe  
Otherhand，inthequiescentstate，theglacierpassed  
sfowly through the zone with enough time to catch 
muchdebrisonits＄urface，Asmentionedinsection3，  
therewereatleasttwosurges．Thus，thecomparison  
Ofthedatesoftheselasttwosurgeswiththeregular  
patternsofglacialmorphologymightgiveuscluesto  
revealtheunrecordedsurgecyclesofthisglacier．The  
flow velocity measuredinthis studywi11provide  
important data for the further examinations of this  
kiIld，   
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Fig．6 Relationship betweenthe cumulative amount of  
icemeit（mmw．e．）and the sum ofpositive hourly air  
temperature（bCb）．  

5．Discussjon  

Somestudiesonstlrgingglaciers attheends of  
their quiescent stateimpliedseveralkinds of abnor－  
malsurfaceprofiletoprepareforthenextsurges，for  
example，abulge（ClarkeandBlake，1991），andarapid  
thickening zone and a thinning zone（Raymond and  
Harrisom，1988）．  
AtBi］chenockGlacier，WereCOgnizedcharacteris－  

ticrepeatedpatternsofatransverseridgefollowedby  
a gentle slope，Btltit seems reasonable to co‡1Sider  
thattbesepatternsdonotindicatetbeabnormalst王㌻－  
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6．ConcIuding「emarks  

BilchenockGiacierisreportedasasurginggla－  
Cier whose surgeintervalis estimated as about23  
yearsandthelastsurgebrokeoutin1982．Thusthe  
glaciermayberegardedtobeinthelaststageofthe  
quleSCenCe冊Phase．The velocitiesin1998were much  
Slowerthanthosein1982，andtheterminushadrisen  
byabout250－350mfrom1984to1998．  

The evaluated dynamicalcharacteristicsin the  
qlユiescenトpbase at Bilchenock Glacier are t壬1at七重Ie  
Sl汀ねce shows repeated patterns of a ridge and a  
gentleslopeラandspeedsnear払eborderbetweentbe  
ridge and thegentle siope were significantlylarger  
than other places．But the causes of these spatial  
differenceswereleftunknown．  

Dailymeanairtemperatureattheglaciertermi－  
nusvariedfrom7to17OCandrelativehumiditywas  
Often close tolOO ％．Averaged daily amount of  
icemeltneartheterminuswas56mmdqlw．e．（July22  
…Al喝uSt14，1998）．  
王nordertomakeclearmoredetai王eddynamical  

CぬaracteristicsofquiescenトphaseatBilcilenOCkGlむ  
Cier，itis necessary to survey more preciseiy縫e  
distributionof封owvelocityandshort－termfluctuか  
tionsofflowvelocity．Inadditiontothe＄e，thesurface  
heatbalanceand the distribution of debris thickness  
＄houldgiveuseffectiveclues．   
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