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Abstract  

In1987anicecoretobedrockatadepthof85．61mwasrecovered at rIぬhettaicedomein  
northernSpitd）ergen．Theicetemperaturemeasuredintheboreholewas…11QCatlO mdepth  
and－9．4DCatthebottom．StlddentransitiorlS fromlargegrainstosmalloneswereobservedin  
Vertiealthinsectionsofgrainsnearthesurface．Theseboundariesseemtoindicatethediscontinuity  
Oftheiceformationprocesswhichoccursperiodicallyeveryyear．Therefore，theboundariescanbe  
usedforidentifyingannuallayers．FromstructuralanalヅSeSOftheicecoresatdifferentlOdepths，  
itwasfoundthatgrainsoficewereinterJockedandhaveirregularboundaryshapesinthemiddle  
depths徽 Someofthemshowedanelongatedshape，theorientationsofwhichseemtobeperpendicular  
totモIegirdiepianederivedfro汀1icefaもrics．T壬1eSei王1terlockingalldelongatedgra主ns，alongwith  
Characteristicsoficefabrics，Canberelatedtoapastspecificstressconditionintheicebody．We  
CanSpeCulatethattheiceofthemiddledepth（approximately20m－65m）isremnanticefromalarger  
icecapthanatpresent，＄preadovernorthernSpitsbergenafterthehypsithermalperiod．  

1．lntroduction  

lcecoredrillingandin sihECOre analyseswere  
performedin northern Spitsbergen by theJapanese  
ArcticGlaciologicalExpedition，1987（JAGE’87）with  
COOPtlrationfrom the Norwegian Polar Researeh fn－  
Stitute（NorskPolarinstitutt）．Theoverallobjective  
OftheJAGEistostudytheclimaticandenvironmen－  
talchangesofthelastseveralhundredyearsaround  
theArcticregion（WatanabearldFujii，1988），andthe  
primary objective ofJAGE’87was to clarify these  
Changesin thビAtlantie set：tion of the Arctic Cryo・  
Sphere．Fieidre§earChwasperformedatthetopof  
Hbghettaice dome on Asgardfonna，in northern  
Spitsbergen（79O17’N，16050’E；1200m a．s．1．；Fig．1）  
from May toJune，1987．At the research site，a  
distinctiveboundarybetweenthefirnlayerandgla－  
Cieriぐe WaS found a【a deptllOf onl〉▼0．5m．Total  
lenがb of the core down to bedrock was85．61m．  

A氏erあざぬanaiyses of tbe wboieく：OreS，apprOXi－  
matelyoneeighthofthemweretransportedfromthe  
researchsitetoJapanforfurtherdetailedanalyses．  

Someresults oftheanalyseshave alreadybeen  
reported（e．g．Kameda etal．，1989；Fujiietai．，1990）．  
Kamedag～d£（1989）ciassifiedtbeobservedpattern（〉f  
the distribtition of air bubblesin theice core，arld  
Showedverticalfrequencyofoccurrenceofeachpat－  
tern．They suggested the possibility of reconstruc－  
tingthepastenvironmentfromairbubbleshapesand  
distributions．Fujiiet al．（1990）determined recent  
Chronol（1gyOfthe⊂（汀efromthetritiumconcentration  
and otherinformation（electriealconductivity，pH，  
layerswithvisiblesandparticles，Clearicelayers）and  
alsotheageoftheiceby14Cdatingofsmallbacteria  
COloniesandpetalsfoundinicecoresnearthebottom．  
Sincethe agesoftheseorganic mattersweredeter．  
mined to be ollthe order of5OOO years B．l，．．they  
COnCludedthattheageofthebottompartoftheice  
WaSOntheorderof5000yearsB，P．andtherewasa  
timegapofabout4000yearsatabout50mdepthof   ■AuthortowhomcorrespondencedlOuldbeaddressed．  
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Fig．1．Loca如noficecoreくまrilii†lgSite（soiidcircle）at  
Hdghet（airedomeinnonhtlTnSpitsbビrgenl  

theicecore．   
In this paper，We repOrt preliminary results of  

structuralanalyses（grainfeaturesandicefabrics，i．e・  
c叫aXisorientations）carriedoutbothattheresearch  
siteonH如hettaicedomeandinthelaboratorywith  
theportionoftheicecorethat wastransportedto  
Japan．We also speculate on environmentalcondi－  
tionsforreasonableexplanationsoftheresults．   

2．Results  

2．11cetemperatureattheresearchsjte  
Theicetemperatureprofileis血owninFig．2・  

Minimumtemperaturewas鵬13．3¢C（June，4，1987）at  
adepthof4．3m，andlOmicetemperaturewas－11・  
00C（June，4，1987）．Theice temperature at the  
bottomoftheborehole was－9A OC．Judgingfrom  
theairbubbleshapes，ice structure（Kameda et al．，  
1989）andice temperature profile，a Sudden change  
なom firn to glacialice at a洩aliow depth can be  
atもributed to tbe refreezing of tbe percolated melt  
water血ringthesumrnerseasononthecoldicebody・  
Thistypeofglaciericeisknownassuperimposedice  
（Paterson，1981）．  

Fig．2．TemperatureprofileintheglaciericeatHねhettaice   
domeinnorthernSpitsbergenonJune4，1987．  

2．2Verticalstructureofgrains．  
Figure3showsthreeverticalthinsectionsofthe  

icecorefromthedepths：0．56t11tOO．68Tll，0．68mto  
O．8Llm and O．91m tol．O6nl，reSpeCtivel）T．These  
sectio‡lSⅥ7eremadeju或a免許thecorerecoveryand  
werephotographedbetweencrossedpolarizingpiates  
with transmittedlight．Sudden transitions from  
largergrains（diameterofabout8mmto12mm）to  
smallones（about2mmto4mm）were ob＄erved at  
aboutO．58m，0，80mandO．95mdepthsasindicatedby  
arrows．Distancesbetweentwoadjacentarrows（0．22  
m and O．15m）coincide nearly to the mean annual  
accumulationrateoftheice（0．20m／year）duringthe  
匹riodfrom1958to1964（2．5tol．5mindeptIl），Which  
wasdeterminedbymeast汀ementSOftritiumconcerト  
tration（Izu）ni．in preparation）．Therefore，We SuP－  
po父tbat the boⅦldaries betweenlarge and small  
gramscorrespondtodiscontinllitesintheiceforma－  
tionprocesswhichoccurperiodicallyeveryyearnear  
thesurface，andthesecanbeunderstoodastheannual   
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Fig＿3、VerticalstructureofstlperimposediceofdepthsfromO．56mtoO．68m，frorr1  
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boundaries．We fu珪her suppose tbat thelayers of  
largegralnSareformedinlatesummerwi1entheice  
temperatureisrelativelywarmduetothereleaseof  
latent heat，and that thelayers of smallgrains are  
formed during the following early spring when the  
mcltingofsurfacefirnbeginsbuttheicetemperature  
nearthesurfaceiscolderthaninlatesummers．  

213Horizontalstructure，e10ngation andicefabrics   
Ofgrains．  
Figures4and5sbow払epilOとOgraphsofhorizon－  

talthi‡lSeCtionsbetveencro＄edpolarizingplates（Å），  
tbeelongationofgrains（B）andiceねbrics（C）oflOice  
COreSatdifferentdepths，ForeachdepthinFigs．4  
and5，the photographs and diagrams are placed so  
that their horizontalorientations arethesame．  

The horizontal thin sections wcre made about a 
halfyearafterthecorerecovery．Theicecoreshad  
been storedin a cold roomlaboratory ofILTS，  
HokkaidoUniversity，at r15eC．Itisfoundfrom6  
Photographsatdepthsfrom19．72mto64．56mthatthe  
grainsarehighlyillterlocked，bavingi汀eguiarbound－  
aries；StlggeSting洩atrecrystallizationtookplacein  
theicebody．  
Diagramsofgrainelongation（B）weremadeby  

thelinearinterceptmethod（OhtomoandWakahama，  
1982）to quantify the elongation of grains．This  
methodwasemployedalongradiiwithlOOintervals，  
Atdcpthsof19．72m，29．81m．39．8lm，73．11mand76．  
93m，grainsare elongatedin a specific orientation．  
Thiselongationmayberelatedtothedirectionofice  
flowassuggestedbyFujita et al．（1987）．However，  
Since theresultsof73．11and76，93mdepthscanbe  
attributedtotbepreseIICeOfonlytwoorthreelarge  
eまorlgatedgrains，thisin長汀enCemaynOtboidねrtilis  
deeplC已   
Ice fabrics measuredwith a Rigsby stage for  

horizontalsections of each core are shownin the  
Schmidt’sequalareanetasinFigs．4¶（C）and5－（C），  
Thenumber ofmeasurementsis shown at the right  
Sideofeachfabricsdiagram．Variouspatternsofthe  
icefabricswereobserved；randomtype（0．5，1．4，73．11  
and76．93mindepths），tWOmaXimatype（19．72m），  
greatgirdletype（29．81，39．81arld49．61m）andnear主y  
血Singlemaximtlmtype（59．98and64．56m）．However，  
thediagramsof29，81，59，98，64．56，73．11and76．93m  
deptbsmaynotbestatistica11ysignificantduetothe  
sma11number ofmeasurements．   

It was foundthatthe plane ofthegirdleinthe  
largegirdletype（29．81，39．81and49．6lm）wasnearly  

perpendicular to tbe direction of elongated graiTIS．  
Theseresultsseemtoimplythatthelargegirdletypes  
Offabricsaremadebytheiceflow（Budd，1972）．   

3．Concludingremarks．   

1．Sincetheicetemperaturemeasuredintheborehole  
WaSCOmParativelylowfromthemeltingpointofice  
asdescribedintheproeeedingsection（NllOCatlOm  
depthalld岬9．4PCatthebottom），itcarlbeconcluded  
t‡latSubglacialmeitingis王10tOCCu汀ingatとhissite，  
乙TbesuddentralてS主tionsoftbegrainsizein偽enear  
Surfaceglaciericeisunderstoodasaresultofseason－  
alchange of the formation of superimposedice．  
Boundariesbetweenthelargeandsma11grainscanbe  
usedtoidentifytheannua11ayers．Suchboundaries  
WerealsoobservedatVestfonna（Palosuo，1987）and  
Stroya（JonssonandHansson，1990）innorthernSval－  
bard．Therefore，themechanismofglaciericeforma－  
tionmustbethesameinmanyglaciersinSvaibard．  
Structuralanalyses，nOtOnlyonthegrainsizebtltalso  
On払esIlapeOfairbubblesareimportarlttOidentify  
anntlallayersわricecoresfromSva王bardislands．  
3，Grainsoficeareelongatedinaspecificdirection  
from19，72mto39．81m，aldt壬Ieicefabricsshowtwo  
maxima，greatgirdle，nearly－Singlemaximum types  
foreachcorefrom19，72mto64．56m．Icefabricsare  
oftenrelatedtothestressconditionsexertedontheice  
（e．g Kizaki，1962；WatanabeandOura，1968；Budd，  
1972；Fujita et al．，1987），The two maxima，great  
girdle and single maximum type are normally ob－  
SerVedin alarge shear zone（Kizaki，1962；Budd，  
1972）．‡fa shear zoneis a representative placefor  
for汀はtionoftIleSetypeSOficefabrics，theseparticu－  
1aricefabricsmayindicate也at洩eicebodybetⅥ㌢een  
the deptbs approximately20m and65m bas been  
Subjectedto alarge stress．However，Since the re－  
SearChsiteisthesummitofanicedome，itisdifficult  
toimaginethatanylargeshearstressisexertedinthe  
iceatpresent．Therefore，WemaySpeCulatethatthe  
iceatthemiddledepth（20mto65m）wasapartofan  
activeglacierwhichflowedtotheresearchsitefrom  
anothericecap．Sincethebottompartoftheicewas  
formedinthehypsithermalperiod（Flユjiietal．，1990），  
tbisimpliestbata王argericecapatpreserlteXi或edat  
SOmetimearolユndt主IereSearChareaaftertbehypsit一  
九ermalperiod．Thissuggestionofalargericecapis  
consistent with the determination of the maximlユm  
advanCeOftheglacierterminusduringtheIJittleIce  
AgeglaciationinSpitsbergen，Whichwasdiscussedin   
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Fig．4．艮orizonもaistruc餌reof許ainsミÅ），elo罰gationofgrains（B）andicefabrics（C）   
for5icecoresof払edeptbなomO．5mto39．81m．IceねbricschangefromtⅥrO   
maximumtypetorandomtypebetween19．72mandl．40mindepths．Horizontal   
Orientationsofthephotographs（A）anddiagrams（B）and（C）arecoincidentat  
everydepthofthecore．  
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Fig．5．HorizontaistructureofgrainsくAラ，e王ongationof酢a主ns（B）am8iceねbricsくCラ  
for5icecoresoftbe（】eptbたom49ぷ1mto76、93m．keぬbricschan宮e女om  
randomtypetonearまy肌Singlemaxi王Ⅵumtypebetween73．11mand64．56mdep払s．   
ThesameremarksontheorientationasinFig．4apply▲   
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Werner毎npubtished）anddescribedbyDowdeswellei  
α£（1990）．A structuralboundary be抽een recent  
SuPerlmpOSediceまayersandsuehremnanticeseems  
toexistbetweenl．5mand19．72mindept主l．  
4．Belowtbedepthof73．11m，魚eiceねbricsseemto  
bビdiffeLrelltfT－Omthoseofthet】Ppt？riee119．丁2mto6  
56m）．inspiteofuncertailltiesduet（lthesl11aIlnumber  
of measurements．A structl汀alboundary betⅥreen  
theremnanticeofmediumdepthandbottomhypsit▲  
hermaliceseemstoexistinthedepthbetween64．56m  
and73．11m，althoughFujiietal．（1990）proposedthat  
atimegapexistedatabout50mdepth．Moreinfor・  
111ationisstilIneededforthefullunderstandingofthe  
pt！Culiarstratigraphyofthethreedifferenticelayt？rS  
dt）Seribed above．  
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