
Bulletin ofGlacierResearch7（1989）221一226  
⑤DataCe11terforGlacierResearch，Japar】eSeSocietyofSnowarld‡ce  

22J  

Shapesanddistribution ofairbubbJesin anicecorefrorTIAsgardfonna．Spjtsbergcn   

TakaoKAMEE）A．，ToshiyukiKAWAMURAl，YoshiyukiFUJIlごandHiroyukiENOMOTぴ  
1InstituteofLowTemperatureScience，HokkaidoUniversity．Sapporo，060Japan  
2Natiol－al‡nstitt豆eofPolarResearcb，Kagal－Cbome，Itabasilトku，Toky（），173Japan  
3GeographischesInstitute，ETH，Winterthurerstrasse19O，CH－8057，Ziirich，Switzerland  

（R∝eivedDecember15，1988；RevisedmarlUSCriptreceivedJarluary28，1989）  

Abstract  

AirbubbleswereobservedinanicecorefromAsg昌rdfonna，Spitsbergen．Thesewereclassifiedintofour  
typesbytheirshapeanddistributionpattern（uniformdistribtltiontYpe，bubbielayertype，Cylindr壬caltype  
andcobwebbedtype）・AIsopartswhichcontainedfewairbubbles（cleartype）wereobservedintheicccore．  
Onthebasisofthisclassification，distributionofeachpatternofairbubbleswasinvestigatedthroughthe  
entireicecore（85．5m）．Inhomogeneousdistribution ofeachpatternwith depth wasobserved，andwas  
probably a resultofdifferences offormation process or ofstress conditionin theicebody．From the  
Observatior10fairt〉ubblesa‡1dgrains，itwasfourldthat clearpartsw緑cbcontain feⅥ7airbubblesare  
COmpOSedofgrains2to4timeslargerthanthoseoftheneighboringparts，andthat”cobwebbedairbubble  
type”wasobservedorilyatgrainbolindariestIfthistypeofairbubbleswasaff鑑tedbysolarradiati（）n  
duringtheformationprocess，theyprobablyreflectthatabareiccfieldexistedatthattime．  

minimumtemperaturewas棚13，30Caとadepthof4，3m  
（June4，1987），andlOmicetemperaturewas r11．OOC  
（June4，1987）一Thisglaciericewasmostlikelymadeby  
refreezingofmeltwateronthecoldicebody，Whichis  
knownassuperimposedice嶋MeteorologlCalobserva－  
tionsofthissiteintheperiodfromMay26toJune13，  
1987，WaSall・eadyreportedbyIzumieial．（1988）．  

Variot王Sairbtぬbleswereobservedingiacierice．  
Theseairbubbleshaveseveralspecificshapes；rOund，  
Cyl呈ndricalaridcobⅥrebbed（beingcorlneCtedwitぬeach  
Other）．Ifthesedifferentshapesarecausedbydifferent  
COnditions，e，g．freezing rate of melt water，Water  
COntentin snow，layered structure and texture of  
SnOW，andstressinicebody，thedistributionofshapes  
Ofairbubbiesinarlicecorecotユ1drevealsuchinforma－  
tion．Consequentlyitisimportant toinvestigate the  
Shapesofairbubbles，anditsrelationtotheformation  
COnditions．  
Gow and Langston（1977）indicated a relation  

betweenshapesofairbubblesandweatherconditions  
forlakeice．Howeverairbubblesofglaciericchave  
notbeenirlVeStigatedirldetail缶’OmthevieⅥ7pOintof   

1．Introdu亡tion  

王cecoredrillirlga！ld g柁－5あcoreanalysesⅥrere  
carriedoutinthenortheasternpartofSpitsbergenby  
Japanese Arctic GlaciologicalExpedition，1987  
（JAGE’87）with cooperative work by the Norwegian  
Polar ResearchInstitute．The overallobjective of  
JAGE，Wh言chisplanrled tocontirlueurltil1992，isto  
studytheclimatic andenvironmentalchangesofthe  
iast few hundreds years arourld the Arctic region  
（WatanabeandFujii，1988），andtheprimaryobjective  
ofJAGE’87wastoclarifythesechangesintheAtlanN  
ticsectionoftheArcticcryosphere．Fromthispointof  
view，field research was planned at the top of  
H舶hettaicedomeonÅsg昌rがonna，Spitsbergerl（790  
16’N，16052’E；1200ma．s．1．；Fig．1）from MaytoJune，  
1987．  
ThefirnlayerwasonlyO．5mthickatthedrilling  

siteandtherestwascomposedofglaciericetothe  
bedrock，withadepthof85．5m．TemperatureatO．5m  
fromthesurface（topleveloftheglacierice）wasTlO．3  
DC（May31，1987；lztlmi，perSOnaleommunication），  



ニュニー  Bulletin ofGlacier Research  

1ight on alight table at也e dri11ing site．Due to a  
logisticprobiem，Onlyoneeighthofa11icecorescouid  
bebrougbtbacktoJapail．Deとaiiedobservationsofair  
bllbblesandgrainswereca汀ied仇1tin汰ecoldはbora－  
toryoftheInstituteofLowTemperatureScience．  

3．Results and discussion  
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Variousshapesofairbubbles were observediri  
theicecore．Theseairbubblesareclassifiedaccording  
to也e主rsbapeanddistribution．Sbapesofairblぬbies  
areround，Cy主i王適ricaiandcobwebbed（bei‡lgCOrlneCtw  
edwith eachother）．Roundairbubbiesweredivided  
intotwopatternsaccordingtotheirdistributiontype；  
withorwithoutclearbands，ln addition，Clearparts  
耳Vhicb corltain few air bubblesヽVere Observed－Tbese  
PartSWereClassiiiedintotwotypesaccordingtotheir  
thickness．”Ciear type”means that clear partsconN  
tinueformorethan10mm＿”Bubb王eiayertype”indi－  
CateSthatthe汰icknessofclearpartsis†larrOWerthan  
lOmm，andmanyclearbandswereobserved．Onthe  
basis ofshapes of airbubbles andtheir distributio  
patterns，air btlbbies are dividedinto the followlrlg  
払urpatternsげig．2）aIidonepatternⅥrhichcontains  
fewairbubbles：  

A）”uniform distribution type”，thatis nearly  
rolユnd airbubbleswhich aredistributedalmost  
川1ifいr111ト  

B）”bubblelayer type”，thatis nearly round air  
bubbieswhichcontain severaiclearbands－  

C）”cylindricalairbubbletype”，thatiscylir適ri－  
Calairbubbles（majoraxまsisabolユも5m2（）mm，  
minor axisis O．5－1mm），and distributedin a  
nearlyparallelway．  

D）”cot卿ebbedairt〉ubbletype”，tbatisbubbles  
which are connected with each otherlike a  
CObwebinice．  

E）”cleartype”whichcontainsfewairbubbles  
Thisclassificat；onofairbubbまesl好aSCarriedout  

by continlユOuS photographs and records of strati－  
graphy．DistributionofairbubblesisshowninFig．3．  
Solidpartsindicatet‡1ateaCbpattern ofairbubbles  
WaSObservedattbesedeptbs，‡tⅥraSfouridtbateach  
patternshowsirhomogeneousdepthdistribution，Paト  
ternA（”uniformdistributiontype”）d主stributessparse岬  
1yatdepthsof（）－77も085．10mexceptat33．80to48．30  
m，andⅥ7aSparticularlyobservedatadepthof48．30to   

18僧  170  1ぎ  1訂  

Fig．1．Loca扇onoficecoredriiling（solidcircle）irlSp注sbergen．  

groⅥ互h b室或Ory，eSpeCiaiiy for superimposed giacier  
主ce．   

Inthispapershapesanddistributionofobserved  
airbubblesarediscussed．Thereaftcrrelationbetween  
airbubblesarldgrains，and their formation process  
aredescribed，  

2．Method of observatjon  

AirbubbleswereobservedjlユSt afterrecovering  
icecoresatthedrillirigSite．1Ⅳedividedtbecoresinto  
threel｝artSaiongtbeverticaldirection，Stratiき汀apby  
（shape and size of air bubbles，that of grains and  
distribution of dirtlayers）was observed using one  
part，Which was cut from the center with awidth  
aboutlOmnl，Tbistb主cknessenabiedustoobserveair  
bubblesandgrainseasily．Thesecondpartwasused  
for chemicaianalyses（6180，majorions，traCe ele－  
ments，pH andelectricalcorlductivity）andthethird  
part was for physicalanaiyses（densi軋grain size，  
bubbie pressure and totalgas content）．Results of  
thesestudieswi11bepublishedlater．   

AirbubbiesaIld餅ainswere（〉bserved，reCOrded，  
andphotographedbytransmit如giightarldpoまar臼zed  
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Fig．2，Shapesofairbubblesintheicecore，  
A”uniformdistributiontype”at6．9mdepth，  
B”btぬblelayertype”at39．9mdepth．   
C”cy】indricaiairbt】bbletype”at22．3mdepth，  
D”cobwebbedairbtlbbletype”at5．3mdeptb．  
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62．70m．PatternB（”bubblelayertype”）isobserved  
mainly at a depth ofll．78to15．20m and30．68to  
48．30m．PatternC（”cylindricalair bubble type”）is  
Observedsparselyonlyatadepthof22．80to38．78m．  
PatternD（”cobwebbed airbubbletype”）distributes  
SparSely atdepthsofl．25to31．84m and wasnever  
Observedbelowthedepthof31．84m．PatternE（”clear  
type”）isdominant allthrough the dei）th exceptbeL  
tween12．50to14．60m and39．84to54．80m，  

王f払ese types of air bubbles are related to a  
Sp∝ificconditionofrefreezingmeitvaterortb裏of  
glacier stress，払einhomogeneous distrit〉ution vith  
deptbshouldbecausedbythecbangeofsuchcondi－  
tion from the past to the present．Nevertheless，the  
formationprocessofvariousshapesofairbubbleshas  
not been clarifiedin detail，eSpeCially for superim－  

PATTERN  

A B C D E  

posedglacierice．   

，■ブ∴〉仏ソ‘J／扁〃ん／〃廿ノ川／J・か†帥／t・J‘川イ、ビ八丁／JJ∫  
Relation between air bubbles and grains was  

investigated，We observedit onice plates and thin  
sectionscutfromtheicecores，Verticalsectionsofair  
bubblesandgramsareshownin Fig．4；thesephoto－  
graphsweretakenbyatransmittednorma＝短htand  
a polarizedlight．Figure4shows that cIcar parts  
whichcorltainねwairbubbieswerecomposedof2－4  
timeslarger grains than tbe neig壬1boring parts・In  
particulartbisisdemo‡lStratedbothat払eupperparと  
ofFig．4MAandmiddlepartofFig，4岬B・江wasalso  
found for”bubblelayertype”that the dir’eCtion of  
bubblelayer wasidenticalwith that of elongated  
grains，andthatairbubblesexistonthegrainbound－  
aries．Furthermore”cobwebbedairbubbles”typewas  
observedonlyatgrainboundaries（Fig．4】L・▲▲▲C）．Onthe  
contrary，aSforothertypesofairbubbles．airbubbles  
werenotalwaysobservedonthegrainboundary・  
On the very toplevelof the glacierice at the  

driilingsite，itisobservedt壬IatVOidsatgrainbound－  
aries，about O．1－0．5汀imin widttl，joi‡ltO form air  
cbanllels（Fig．5）．T壬IuStilispart oficecorebasair  
permeability．TheshapeoftheseairchannelsissimiT  
larto”cobwebbedairbubbles”observedsparselyatl．  
25～3l．84min depth．Consequently the”cobwebbed  
airbubbles”wereprobablyformedastheuppermost  
iceintheglacierbyrefreezingmeltwater．Weobserve  
this”cobwebbed air bubbles”0nly at grain bound－  
aries，thisobservationsupportstheimpressionthatair  
channelsatthegTainboundaryturninto”cobwebbed  
airbubbles”．IftheseaircbanIlelsⅥrerelⅥadel〕ySOlar  
radiatioれ，theiceⅥ7hicb contains”cobwebbed air  
bubbles”intlュeicecoreprobabiyilldicatesthatabare  
ice fieldexisted atthat time．  

Fromtheviewpointofgrowthhistoryofglacier  
ice，COnditionsoffreezingandstressforothertypesof  
airbubbles has notbeeninvestigated yet．Iffurther  
investigation will solve the growth history of each 
shapeofairbubbles，thisworkwouldprobab】ycontrir  
butetoclarifythepaleoenvironmentofAsgardfonna．   
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Fig．3，Distributionofeachpatternofairbubblesintheentire   
icecore（85．5m）．  
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Fig．4．Relationl）etWeenairbubblesalldgrains．  
A”clear type”and”uniform distribution type”at77J）m  
depth  
B”bubblelayertype”at39．9mdepth．  
C”cobwebbedairbubbletype”at5，3mdepth．  
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