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Abstract  

Twoice cores（83．92m and24Alm depth）were obtained at one of the highest areas（Sn¢  
肇e11afonna）in the western part of Spitぬergenin Svalbard by theJapanese Arctic Glaciological  
Expedition，1992，withcooperationfromtheNorwegianPolarResearchInstitute．Firnlayerswere  
Observedinicecoresfromthesurfaceto3Omdepth；theselayersgraduailydensifiedandturnedto  
icebelowthatdepth．Refreezingicelayerswereobservedfromthesurfacetothebottomoficecores  
：theselayerswereoriginallyformedbyrefreezingofmeltwaterinfirInlayersnearthesurfaceofthe  
icefield．Intheeiectricalconductivityprofileoficecores，peaksattwodepths（18m，34．5m）were  
Wellidentified．Theicetemperaturesinthe24Almboreholerangedfrorn－3．368Cto－0．75℃．  
Theicetemperaturesinthe83．92mboreholerangedfrom－1．470CtoO．00CC．Subnurfacewaterwas  
foundbelow2l．46mdepthinthe24Almborehole．After181itersofwaterwasdrainedfromthe24．  
41mborehole，therateofriseofwaterlevelintheboreholewasobserved．  

1．】ntroduct紬n  

Ice corlng，in－Situice core analyses，borehole  
temperaturemeasurementsandmeteorologicalobser－  
VationswerecarriedoutinthewestempartofSpits－  
bergen in Svalbard by the Japanese Arctic 
GlaciologicalExpedition．1992りAGE’92inSvalbardl．  
withcooperationfromtheNorwegianPolarResearch  
lnstitute（Norsk Polarinstitutt）．The overa1lobjec－  
tiveoftheJAGEistostudytheclimaticandenviron－  
mentalchangesofthelastseveralhundredyearsin  
the Arctic region（Watanabe and Fujii，1988；  
WatanabeandFujii，1990；Watanabeetal．，1931）．  

The primary objective ofJAGE’92in Svalbard  
WaS tO Clarify these changeSinthe western part of  
Spitsbergen．and to c（〕mPare With the anal〉・tical  
resultsofH¢ghettaicecorewhichwasobtainedinthe  
northeasternpartofSpitsbergenin1987（Taka‡laShi  

et al．，1993）．TheanalyticalresultsoftheH¢ghetta  
icecorehave alreadybeenpublished（Kameda t｝（｛］l‥  
1989；Fujiiet al．，1990；Kamiyama et al．，1990；  
Kawamura et al．，1991；Suzukiet a£，1991；Suztlk壬  
andFujii，1992）．  
FieldresearchwascarriedoutatSnl埴ellafonna  

（Fig．1）from23Jul〉▼tO16August，1992．Theieefield  
islocatedinoneofthehighestareasinNorthMWeStern  
Spitsbergen．IcecoreswereobtainedatSite－A（790  
08’10”N，13017’30”E；1190ma．s．l．）and Site鵬B（79008’  
10”N，13019’00”E；1160ma．s．1．）．SiteれAwaslocated  
OnaSaddlepointandSiteLBwasonafiatarea30m  
lowerthan Site－A．Thedistancebetweenthesetwo  
Siteswas538m，The（：Oringdepthsatbothsiteswere  
83．92m and24．41m，reSpeCtively．The sites were  
Selected for the followit唱reaSOnS（Takahashit，t a［‥  
1993）；  

u）They are at hidlaltitude．whieh meansless   
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Ciersinthe western part of Spitsbergen since1989．  
Annualaccumulationrateswereestimated at19sites  
andice temperatures were measured at13 sites  
（Lefauconnier et al．，inpress）．The group obtained  
twoice cores（24m and15m depth）in the Snbfjel－  
1afonnaregionduringApril，1992．   

InthispaperwewillreportouricecorlngSyStem  
andresultsofin－Situicecoreanalyses（density，elec－  
tricalconductivity）oftheSite－Aicecore．Resultsof  
boreholetemperaturesinthetwoboreholesandobserT  
vations of subsurface waterin the Site－B borehole  
willbealsoreported．  

2．Methods  

2J．克g co門ク喀  
Ashallowtypeelectro－meChanicaldri11（typeMD  

－130S，GeoTecCo．Ltd．）andawinchsystem（typeW  
MDS，Geo Tec Co．Ltd．）were used for our coring．  
Only two persons are needed to operate the whole  
corlng SyStem．Weights of the drilland thewinch  
system are 25 kg andllO kg，reSpeCtively．The  
lengthofthedrillisl．7mandthelengthofthewire  
inthewinchsystemis120m．AO．4mlengthofice  
－COre with a diameter of 78 mm was regularly  
obtainedineachicecoringoperation．Eachicecor－  
ingoperationconsistsofthefollowingfourstages：1．  
checks and preparations of the drilland thewinch  
system，2．placingthedrillintotheboreholeuntilthe  
coringdepthisreached，3．icecorlng，and4．pullingthe  
drillwithice core up．It took aboutlOminutes to  
ObtainanicecoreforeachicecorlngOperationat a  
depth oflO m and about20minutes at80m，On  
average．Thedifferencemainlycomesfromthedif－  
ference ofthe traveltime ofthe dri11in theborehole  
（stages2and4）．  
A3．O kW generator（type EM3000，Honda Co．  

Inc．）was used for the entireice coring operation．  
The motors ofthe drillandwinch system were O．45  
kWandO．54kW，reSpeCtively．Anotherl．5kWgen－  
erator（typeEC1500Ⅹ，Honda Co．Inc．）wasusedfor  
icecoreanalyses．  

A24Almice core was obtained at Site－Bin5  
days（from29Julyto2August，1992）andan83．92m  
ice core was obtained at Site－Ainlldays（from4  
August to14August，1992）．As subsurface water  
cameinto theborehole at SiteB，We COuld not con－  
tinueourcoringatSite－B．   

2．2．血S才′〝才ce co柁α乃αら岱び   

snowmeltsothaticecoredatingiseasier．   
（2）ThisisatypicalmaritimeicefieldinSpitsber－  

gen・   

（3）Access by helicopteris easy（about40km  
northeastfromNy－Alesund）．  

The research areais about8km east from the  
pointwhereDrs．H．W．Ahlmann，H．U．Sverdrup and  

．    ；  
0    10    20    30    40    50km  

Fig・1・Location of research area（Sn¢毎elafonna）and   
COringsite（Site－AandSiteB）inthewesternpartof  
Spitsbergen．  

CO－WOrkersexaminedsnowstratigraphy，temperature  
variationsin the snowlayers，and meteorological  
COnditions on theicefield during the1934summer  
season（Ahlmann，1935a）．Theyfoundthatalternate  
layersoffirnandicecontinuedfromthesurfaceto14．  
7m depth，and the annualaccumulation rate was  
estimated to be200mm／year’in water equivalent  
（averagevaluefrom1899to1934）attheirmaincamp  
onIsachsenfonna（79OO9’N，12056’E；850ma．s．1．）（Ahl－  
mann，1935b）．They also found that firn tempera－  
turesatthemaincampwereO．00Cfromthesurfaceto  
6mdepthattheendofJuly，1934（Sverdrup，1935）．  

A Norwegian－French group has studied annual  
accumulationrates andice temperatures on the gla－  
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Afterice cores were obtained，the cores were  
StOredinacore－prOCeSSlngCaVe，ThecoreYprOCeSS－  
ing cave wasIocated adjacent to Site－B；the floor  
levelwas2．1mlowerthanthesnowsurface（Takaha－  
Shiet alり1993）．The room temperatures varied  
from N10QC to AlOC．Ice cores were examinedin  
detailby transmitted fluorescentillumination on a  
ligbttable．  

Shapesofairbubblesandpositionsoficelayers  
WerereCOrdedtruetoscaleorlanarrOWrOllofgraph  
paperwhichwasplacedadjacentto thecore．After  
the examinations ofice cores，Weights ofice cores  
Were meaSuredwith an eiectricalbalance（type EL  
6000，ShimadzuCo．Ltd．）at±1gresolution．Diame－  
tersoficecoresweremeasuredbyacai毎erat±0．1  
mmresolution．Inourorlglnalcore－prOCeSSingplan  
icecorecuttingwouldbedoneinthecore鵬prOCeSSing  
CaVeduringourstayontheicefield．However，Whole  
ice cores were transported to a cold roomin Ny  
－Åiesund by helicopter since the cave temperature  
wasrelative王ybigb（一ユ軋00Cto－1．00C）．  

Temperaturesin the cold room at Ny冊Alesund  
varied from about －20 OC to －15 0C，In the cold  
roomicecoreswerecutatanintervalof15cm；the  
Samp王esⅥrerepaCkeddoubieintoplasticbagsく也ick－  
ness：0．05mm）in（汀dertominimizecontanlination（）f  
ice samples．The plastic bags are contamination  
－free（Goto，Azuma et al．，1993）．   
Icesamplesintheplasticbagswereslowlymelted  

attheroomtem讐rature（100Cto15OC）attheNIPR  
StationirlNy－Å主es11nd．Tbe melted water was  
packedintocontamination｝reepolypropylenebott王es  
fordetailedchemicalandbiologicalanalysesinJapan．  
Theelectricalconductivity（EC）ofthemeltedwater  
（nearOOC）wasmeasuredbyanelectricalconductivity  
meter（typeSC－82，YokogawaElectricCo．Ltd．）with  
a sensor for pure water（type SC－82〉，EC valtleS  
measuredbythissystemwereatltOmaticallycorrected  
to EC values at25OC．  

2．3．励服払ね励ゆ肌励昭  
A丘ericecoringatSite－Aa‡1dS主te嶋B，borehole  

temperaturesⅥ7eremeaStlredbyadirectcontacttber一  
mistorsensorsystem（Fig．2）．Thethermistorsensor  
（modelBYE－64，TECHNOL SEVEN Co．Ltd．）was  
placedindirectcontactwiththewalloftheborehole  
byleaf springs，The system was connected to the  
drii肋gcabledirect王y．  

Theresistanceofthethermistorsensor（1－5066×  
104flatO．000C）withthedrillingcable（8．962t2at－  

Fig・2－ Tbe thermistor sensor野Ste汀Ifor borehoieice  
temperaturemeaミ；ureInentS．  

1．1OC）wasmeasurcdbyadigitalmultimeter（SC7403，  
IWATSUCo．Ltd．）witharesolutionoflfL Temper－  
aturedependenceoftheresistanceofthedrillingcable  
WaS王Iegligible，  
Calibrationsofthethermistorsensorwerecarried  

OutuSing a PtlOO n temperature measurlng SyStem  
（TypeFq25，AutomaticSystemLaboratories）beforew  
handinthecoldroomatKitamiInstituteofTechnoト  
Ogy，Japan．The absoiuteaccliraCyOft‡ie PtlOO蔦  
SyStemWaS±O．030C（MeasurementsServiceDivision，  
CHINO CORPORATION TechnicalCenter）．The  
fo1lowingequationwhichrelatesthethermistorresis・  
tance（R kn）to thermistor temperature（T K）was  
Obtained by the method ofleast squares using婚  
Calibrationpointsfrom－20．910Ctoll．32¢C．  

3312．1021  
T（K）＝   ・……………………‥ （1）  LnR（k∫ユ）十9．413146  

The correlation coefficient of the relationship  
was O．9999and the standard deviation of estimated  
temperature was O▲003やC．Tberefore，tねe accl汀aCy  
andtheresolutionofthethermistorsensorwas±0．03  
℃and±0．003OC，reSpeCtively．   

3．Resultsand discussion  

ユノ．∫／用／なJ坤JJ／川／（直川，t・7／わJJ∫r川‘J‘イ「〃∫巾T／け（巾／＝そr  
娩g5gお一AねβCOγ℃   
Ice coresconsisted offirn andicein the upper  

part．Firnlayers became glaciericein the deeper  
partサ Observediceintheicecoreswasdividedinto  
twotypesaccordingtotheamotlntarldco‡1figuration  
Ofbubble主nciusions：OnetypeOficecolぬinediessair  
bubbles，thuslooking transparent（T－type）．The   
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Othertypeoficecontainedconnectedand／orspherical  
airbubbleswhichprobablyareremnantsoffirnpores  
（B－type）．Wecouldeasilydistinguishthesetwotypes  
Oficethroughtransmittedfluorescentillumination．  

Petrographicalclassificationofsnow，firnandice  
WaSStudiedindetailbyShumskii（1964）．According  
tohisclassification，thetwoobservedtypesofglacier  
ice at S叫埼ellafonna（T－type and B－type）probably  
COrreSpOnd to ttinfiltrationice”and ttinfiltration－re－  
CryStallizationice”，reSpeCtively．Infiltrationiceis  
theiceformedbyfillingoffirnporeswithmeltwater  
andits refreezing．Infiltration－reCryStallizationice  
isice formed byinfiltration densification and grain  
growth，Settling and paratectonic crysta11ization．  
ThesedescriptionsanddefinitionscomefromShmus－  
kii（1964）．Shumskii（1964）alsowrotethatttthecom－  
plex，branchingairbubbles，Which areisolated rem－  
nantsoffirnporesarethemostcharacteristicfeature  
Ofinfiltration－reCryStallizationice”．  

Theformation process ofthesetwo types ofice  
WaSnOtdiscussedquantitativelyinShumskii（1964）；  
however，hepointedoutthat†’thegovernipgfactorof  
theicetypesistherelationshipbetweentheintensity  
Ofsummermelting，Winterfreezingandtheamountof  
SOlid precipitation deposited”．Thus，the vertical  
distributionoftheseicetypesisprobablyrelatedto  
past climatic conditions at Snbfjellafonna．This  
pointwillbediscussedinaseparatepaper．  

AdensityprofileoftheSite－Aicecoreisshown  
in Fig．3．As the Site－Aice core consisted of firn  
layers，infiltrationice，andinfiltrationニreCryStallizaT  
tionice，thedensityprofileoftheSiteAicecorewas  
influencedbythedensificationprocessesoffirnlayer  
andinfiltration－reCryStallizationice，andalsobythe  
percentagesoftheabovethreetypesoffirnandicein  
theice core．  

The variations of density are relatively large 
from the surface to about30m depth and smaller  
below30m depth．Thisindicates that firnlayers  
becomeglaciericebelowabout30mdepth，Sucha  
transitiondepthwasalso observed atabout30mon  
Other glaciersincluding Vallee Balachein France  
（Valoon et al．，1976），Jostedalsbreenin Norway  
（Kawamura et al．，1989），Yala Glacier（Dakpatsen  
Glacier）inNepal（Iida et al．，1984）and San Rafael  
GlacierinPatagonia，Chile（Yamada，1987）．The30  
mdepthisprobablydeterminedbythe densification  
parameters（load pressure and temperature）of tem－  
perate snow．  

Density（Kg／m3）  

400 500 600 700 800 900 1000 

40  
㌧′  
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＿  

q） （⊃ 50  

Fig．3．DensityprofileofSiterAicecore・   
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Theprofi】eofele⊂tricaleondu亡tiヽ・ity（EC）ofthe  
S主te鵬AicecoreisshowninFig．4，WhiietheSite－A  
icecorebasalengthof83，92m，theECmeastlrementS  
wercLdonefromthestlrfacetoLIJ．14mdul■ingthe1992  
甜mmerSeaSOn，Twopeaksindicatedwitbasterisks  
（＊1are＼Ve11ide11tifiedintheprofile．Thepeakat3i．  
50mdepth血owsthehighestvalueofEC．Tbepeak  
around18mdepthshowstheseぐOndhighestvalueof  
EC．Theshapeofthispeakisbroaderthanthatof  
thehighestpeakat34．50mdepth・Wewi11measure  
tritiumaTldコ1ロPbconcentrationsoftheSite－Aice亡Ore  
fordating．TheECprofile presentedin thispaper  
shいuldbeinterprビtedtogether＼＼riththedatingresults・   

ユ3．励閥払k励ゆ肌加憫  
MeasurementsoficetempeLrヱItureSin the SiteLA  

boreholewere started from6hol汀S afterice coring  
operations were finished．For the SiteLB borehole．  
measl汀ementSOficetemperaとureswerestartedfrom  
23 hours after ice coring operations were finished. 
Measured t‡妃rmistor resistarlCeS Were（：OnVerted to  
tcmperattlreS uSing equation（1）．The temperature  
profilesattheSite－AandSitc－Bboreholesareshown  
inFig．5．Beforedescribingthecharacteristicsofthe  
profiies，aCCl汀aCies of measured temperatures are  
discusse（l．  
AccllraCies of nleaSuredice temperatures are  

determi11edmainl）▼by twofactors：1．absolute ace11－  
racrofthetherTl】istorsensoT’systemこ2．stabiIizations  
ofmeasurediceteI11PeratureSintheborビholes．The  
firstfactorwasexplainedinsビCtion2．3．Theseeond  
factorisdiscussedbelow．  

Theicetemperature ateachdepthin the bore－  
holes was measured from just after the tビmPerature  
measurlngSyStemWaSSetarldcontinuedねrlO min－  
utes，Åftermeasurementsoftbe 
eachdepth，thethermistorsensorsystemwasmoved  
downwardintheborehole．Typicalicetemperature  
ヽ▼ariationsduriIlg the10minutesi11【he Site－A bore・  
holearesllOWniIIFig．6．AsthesetemperatuT’eVニ1ria－  
tionsweremainlycこIuSedbyinitialtビmperaturediffer．  
en（：eS between the boreholeice and the thermistor  
sensor system，these variations varied essentially  
aecording toこInequatio11（1fheatcotlduetion・Thus，  
anexponentiaicurvewasseiectedforanextrapola－  
tjon of the measuredit：e telllperこIturedata p（一intsin  
oTdertoestimateastabilizedicetemperattlre（Ts）．  

The first examinations are made to cstimate the  

ElectricaJConductivity  
いJS／C汀l）  
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Temp（！ratUre（’c）   

－2．0  －1．0  0．0  1．0  

Temperature（1c）   

4．0   3．0  ・2．O   10  

Fig．5．Tem騨ratureprOfi董esoまSiもewÅandSite－Bborぬ0盲e乱 Tbepositivetempera・   
tures圭nぬebrackets主nSite〟Bboreholecorrespondtosubstlrねcewatertempera－   
tures．Thewaterw藁SprObablyheatedduringicecorlnginthewater・   
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CurVe（1）and－2．870Cfora curve（2），reSpeCtively，  
Thedifferencebetweenthesetwotemperatures（0．030  
C）was caused by the differenceinintervals for  
exponentialcurvefittingsandthedifferenceprobably  
involvedin otherstabilizedicetemperatures（Ts）in  
Tablel．Therefore，theaccuracyoftheTsinTable  
lis probably o11the order of±0．O6℃because the  
absoluteaccuracyofthemeasuringsystem（士0．03℃）  
must be added to the difference between the tvvo 
stabilizedicetemperatures（±0．030C）．  

Ontheotherhand，initialicetemperattlreSandthe  
temperatures after the firstlOminutes（TlO）were  
onlyrecordedforfollowingdepthpointsintheSiteNA  
borehole：8．5m，2m，3m，4m，35mand55m，andわr  
alldepthpointsintheSite－Bborehole．Thesedata  
aresunlmarizedinTablelandTable2、reSpeetively．  
For the accuracy of the TlO，the mean difference  
betweentbeTsandTlO（±0．00450C）mustbeadded  
to士0．06OC．Therefore，the accuracy ofthe TlOis  
probablyontheorderof±0．070C．  

Estimatedstabilizedicetemperatures（Ts）atthe  
14depthpointsasmentionedaboveandtemperatures  
afterthefirstlOminutes（TIO）atotherdepthpoiIltS  
areusedforFig．5－（A）．TlOareusedforFig．5－（B）．   
Icetemperatures atSite－Åwereregularlymea・  

Suredat5mintervals．Additionalpointsweremea・  
Suredfromthesurfaceto15mdepth（0．5m，2m，3m，  

＄tabilizedicetemperature（Ts）usingicetemperature  
datapointsduringthefirstlOminutesateachdepth．  
These data were obtained at14depthpointsin the  
Site－Aborehole（5m，8m，15m，20m，25m，30m，40  
m，45m，50m，60m，65，70m，75m，and80m）．An  
exponentialcurvewasfittedfortheicetemperature  
dataforthefirstlOminutesateachdepthpointbythe  
methodofleastsquares．Temperaturesafterthefirst  
lOminutes（TlOlandestinlatedstabilizedicetempera－  
tures（Ts）intheSite－Aboreholeare summarizedin  
Tablelforabovementioneddepth．Themeandiffer－  
encebetweenthesetwoicetemperatureswasO．009◇C  
（±0．00450C）．  

Tbe second examinations are made to estimate  
theaccuracyofthestabilizedicetemperature（Ts）as  
mentioned above．Tbe meas11redice temperature  
variation ata depth of80minthe Site岬Aborehole  
was used for this calibratiorlbecause the thermistor  
SenSOrSyStemWaSSetat80mdepthfor16hours26  
minutes．Figure7showstwo exponentialcurvefit・  
tingsforthemeasuredicetemperaturesat80mdepth  
；aneXpOnentialcurve（1）wasobtainedbythemethod  
Ofleastsquaresusingalldata（13datapoi11tS）d11ring  
theentire16hours23minutes，aneXpOnentialcurve  
（2）wasobtained by the same method usinglldata  
pointsduringthefirstlOminutes．Itwasfoundthat  
twoice temperatures stabilized at L2．900C for a  
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Fig．6．Typ童ca壬exampi鴇Ofmeasuredicetemperaモurevariaもねns血ringtbefirstlO  
minutesin Site肘A borehole．These variations were mainly caused byinitial  
temperature differences between the boreholeice and the thermistor sensor   
SyStemintheboreho王e．王cetemperaturesat8mdepth（A），i5mdepth（軌45m   
depth（C），65mdepth（D），and80mdepth（E）areshown．   
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Fig．7．IcetemperattlreVariation＄atadepthof80mintheSite－Aborehole・Time  
Owasjustaftertemperaturemeasuringsystemwassetat80mdepth・Data  
pointsinthisfigurearethesameas（E）inFig・6・Curve（1）wascalculatedfrom  
alldatapoints（13datapoints）during16hotlrS26minutesbythemethodofZeast  
squares．curveそ2）vascalculatedfromlldatapointsduringtbe針stlOminutes  
bythe鑓memetbod．  

4m，さnland12．5m）．Tce temperatures rapidly de－  
CreaSedfromthesurfaceto5mdepth，andreacheda  
mitlinlum（－3．36’C）at5mdepthasshownin Fig．5  
－（A），From5m to25m depthice temperatures  
rapidiyincrea＄edandtookamaximumvaltle仁」．25鬱  
C）atadepthof25m．Icetemperatureslowerthan25  
mdepthgraduallydecreasedagain，tO－2．870Cata  
depthof80m．1ttookabout20hourstocompletethe  
22pointicetemperaturemeasurementsintheSite鵬A  
borehole．   

1ee tempt？ratureS at Site－Bllでre regularly mea－  
Sured atlmintervals．Ice temperatures rapidly  
decreasedfromthesurfacetolO．6mdepthandrea－  
Cheda111inimum（一1．47ヾC）atlO．6mdepthasshowll  
in Fig．5L（即．1ce temperatures rapidlyincreased  
belowlO．6m（董eptb，becomingO．000Cat2（き．6mdeptb．  
This ice temperature was probably caused by thin 
Waterlayers on the borehole surface at the20．6m  
depth．Subsurfacewaterwasob＄ervedbelow21．46m  
depth．Thus，temperatureSat21，6m（0．040C）and22．  
6m（0．2Oぐいin depthscorrespond to the subsurface  
WatertemperatureS．Thesubsurfaeewaterwasl）rOb－  
abl〉，heated duringice co（ingin the water．Thus，  
汰ese data are expressedin bracketsin Fig．5and  
Tabie2．‡t took about4hours toCOmplete the22  
pointice temperature measl汀ementSin the Site－B  
boreho王e．  

While the elevation difference between the two  
Sitesis30m，1Ce temperature COnditions were quite  
differentbetween these twosites．Theminimumice  
temperatures at Site－A and Site－B borehoies were  

Observed at 5 m andlO．6 m，reSPeCtively．These  
minimumice【eIllPeratureS had been formed b〉▼the  
Penetration of wintcr cold wavesin the pt・eVious  
winter and by penetrating tvarm waves during this 
pastsummer．Theincreaseoficetemperaturefrom  
lO．6m to20．6m depthin the Site－B borehole was  
CauSedbysubsurfacewaterat21．46mintheicefield．   

J．J．5JJ毎J′ゆ（、P汀血－rわJ肋r S址一β占（－Jl血ん7  
Subsurfacel＼・aterSuddenlyeameintoSite－Bborel  

h（1】e（diameter：102mm）whenthedrillreached22．12  
mdepth．The＼l’aterlevelcameupO．66mtoadepth  
of21．46m．Wecorltinuedouricecoringoperationto  
adept壬10f24．41m．Becauseicecoresfrom22．12mto  
2ulm depth eonsisted entirely ofice，SubsLlrfaee  
WateraCCumu王atedintheborehole．Thewaterievel  
Stayedat21．46mdepthaftertheicecoringtoadepth  
of24．41m．  
The waterlevelin the Site山B borehole was  

measuredwithapolypropylenebottle（250cm3）float  
eonnected to a tapemeaSure（5O minlength）．The  
resolutions ofthe measurementswere j：1mm．  

Figure8shows the results of waterlevelvaria－  
tionsin the Site－Bborehole．TimeO referstojust  
a鮎rdraining181itersofwaterfromtheborehoie．k  
WaSfoljndthatthewaterleveldecreasedby12cmby  
draining181iters ofwater．ThisIowering ofwater  
levelin the Site－B borehoie corresponds to a dis－  
Chargeofaboutlliterofwater．Thus，itisobvious  
thatwaterwassuppliedtotheSite－Bboreholefroma  
WaterChannelsystemintheicefield．   
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Table2．Site－B boTehole tenlPeratureS after the firstlO min・  
L）teS（TIO）at each depth、1O minutes was coLnted  
j11St a†ter thete111Pel－aturビnleaSuri11gSySte111≠・aSSet  
inthebく）reboまeateachdeが九．1Ⅷeestimatede汀Or＄  
OftheTH＝s土O．（17て．ThビPOSi（ivetenlperatureSin  
the brakeks correspond to subsurねce water  
tempesatures．Thewaterwasprobablyheateddur・  
1nglCe（：OrlngintbeⅥ㌢ater．  

Tablel．Sit（トA boreholett！mPeratureSaft（・r the firstlO min・  
utesateachdt）Pth（TIO）andeslimatedstabilizedit：e  
【emperatures（Ts）．1O Tllinutes was coun（ed just  
裏短r軌e temperature mea＄uringsys絶m wassetin  
theboreboleaもeacわ8eptb、Staもi‡i冨edicetempera・  
tures（Ts）were e＄timated by the method ofleast  
Square＄uSingicetemperaturedatapointsduringthe  
first】O minutes．Thc esti111ated errors L）f tht）TIO  
即IdTsare士0．07やCand士0月60C，reSpeCtively．  

Temperatures  
Depth  a托ertbefirst  

1〔lminしItPS  
（TlO）  

（ふC）   

1．6   鵬0．07   
2．6   －0．10   
3．6   …0．16   
4．6   仙0，57   
5．6   －0．66   
6．6   －1．n9   
7．6   州1．38  
8．6   －1，32   
9．6   鵬1．37   
10．6   仙1．47   
11．6   －1．32   
12．6   …ユ．13   
13．6   州0．99   
14．6   叩0．82   
15．6   000．61 
16．6   岬0．47   
17．6   血8．24   
18．6   －0、Il）   
19．6   －0、08   
28－6   0．00   
21．6   （0．04）   
22．6   （0．20）   

Temperatures  Estimatedstabilized  
Depth afterthefirst  

10 minutes 
（TlO）   （Ts）  

（m）  ぐC）   ぐC）   

0．5   －0．75  
2．0   －2．23  
3．0   －2．31  
4．0   －3．11  
5．0   －3．35   叫3．36   
S．¢   －3、21   －3．27   
10．0   －2．79  
12．5   －2．28  
15．0   －1．79   －1、79   
20．0   －1．33   －1．3ヱ   
25．8   －1．25   →1．25   
30．ひ   －1．35   －1十35   

35．0   －1．51  
45．0   －1．87   榊1．86   
50．0   …2．銅   －2．04   
55．0   －2．19  
60．0   一三．33   鵬2．34   
6510   －2、ヰ8   騨2．48   
70．0   …2．62   －2．63   
75．0   －2．72   岬2．76   
80．0   －2．8与   －2．87  
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