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Abstract  

ThisarticleprovidesadiscriptionoftheequlpmentOfthethermaldrillforliquid劇1edholefor  
investigationofbothtempcrateandcoldglaciersinArcticregion．Someresultsofdeepthermal  
dri11ingdoneatsomeglaciersinSvalbardaredescribed．Icecoreanalysisisalsomentioned，From  
MaytoJtme1980the368mdeepicecoresampleswereobtainedinthecentralpartoftheAmundsenis▲  
senin Svalbard．This glacier contained abandant waterinice．In Svalbard archipelago both  
temperateandcoldglaciersexist，Showingnegativetemperaturegradient．Temperateglacier＄Were  
foundinPolarUralmolユntains．Coldconditionsandnegativetemperaturegradientwerediscovered  
forglaciersirlFranzJosefLa‡ldandSevernayaZemlya．  

1．lntroduction  

Investigations of gIaciers in the Arctic region 
havebeencarriedoutinthesetenyearsbyexpeditions  
OfInstittユとe of Geo妄汀apby，tbe USSRÅcade王ny Of  
Sciences．Most of knowledge about climate and  
glacierconditionsinSvalbardandintheSovietArctic  
regionwasobtainedduringIGY（1957血1959）（Kotly－  
kov，1985）．  
TIle魚rst Soviet glaciologicalresearch workin  

Svalbarddatesbackto1965山67（Kotlykov，1985）and  
iIl1974the父CO‡1dstageofinvestigationsbasstarted  
たげmOredetailedstlユdyofmassbaiance，bydrology，  
fluctuationsofglaciers，COmpOSition，thermairegime，  
evorutionofglaciersinthearchipelagoduringPleisto－  
Cene and Holocene witb broad appiication of sl】Ch  
modern geophysicaland geochemicalmethods as  
radio▲eChosoundingandthermaldrilling．  

The Arctic andAntarctic ResearchInstitute has  

Tablel．SovietIceCoreDri11ingActivitjesinArcと盲cReg主on．  

a主so或artedgiacio‡ogicaiinvestigationsinSeverriaya  
Zemlyain1975．TabielandFig，1showtbeoutline  
OfrecenticecoredrillingcarriedoutbySovietglacio－  
logicalexpeditions．  

2．EtectrothermaIdr州s  

GiaciersinArcticregion，eXCeptthece】雨alpart  
OfGreeniandIce S壬Ieet and tbe upper part ofsome  
polartypeglaciers，meltingoccursinsummer．Many  
glaciers，partictllarlyexistil唱irlIceland，alsoinsoutb  
ar主d westcoast ofSvalbard aretemperateとype arld  
COntainmuchofwateringlacierbody．DrillingsysN  
temandicecoreinvestigationsforsuchglacierslead  
to need specialtecbnique to dig a hole aれd unique  
analysistostudyicecores．  

Arctic and Antarctic ResearchInstitute，Lenin－  
gradhasbeendevelopingtechnology andequipment  
fordri11ingattemperateandpolartypeglaciersunder  
COntraCt With tbe王nsとituteofGeograp‡ly，洩e USSR  
Academy ofSciences（Korotkevich and Ktldriashov，  
1974；Morev，197礼 Theseequipmentsweretestedat  
te‡ⅥperateglaciersinPoiarUralin1974，Pamirin1972  
andinSpitsbergenasweilasattheRossIceShelfand  
SOmeOtherplacesinAntarctica（Zotikov，1979）．  

Electrothermal“hot－pOint”drillsystemisshown  
in Fig．2a．王t consists of electric heater，plpe and   

ÅREA  YEAR TOTAL l）EPTH OF HOLE，m  
with core Ⅵrithoutcore  

Sva】bard  1975【1985  1586  950  
FranzJosefLand  1957蜘1959  196  
SevernayaZemlya 1975仙1987  2500  500  
Po】arUra‡  1973－1974  110  900  
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Fig．1．Location ofice core driiling s三tes done（solid circie）and planned（so王id  
triangle）intheÅrcticbytheSovietglaciologica！expedition・  

problemsandcouldobtainthecoresampleswithgood  
qualityfortemperateglaciersandforcoldglaciers  
witbunifolⅦtemperaturedistriblユtionintheÅrctic◆  
Ontheotherhand，Wehavegreatdi鮪cultiesduring  
thcdrillingatcoldglacierswithnegativetemperature  
gradient．Insuchconditionssegregationoficewould  
occurduringdrilling・Topreventthisphenomenon，  
weextractthemeitedwaterfromt‡leboreholeⅥFhen  
tbe neg裏ive temperature gradient takes place－In  
ordertosettlethisproblem，neWantifreezeofaicohol－  
glycerine－mixtureisdesignedtouseintheboreholein  
the future．  
Wehaveusedthisthermaldrillunderthetemper・  

atureco王1ditionfromOPto－320C，NeⅥFthermaidri11  
forexplorationunderthetemperaturesupto600C  
hasexperiencedinAntarctica．Morethan6000min  
totallengthoficecoreshavebeenrecoverdusingthe  
prcsentthermaldrillingequipmentinbothArcticand  
Antarctieregions．Maximumdepthsofboreholesin  
ArltarCt主candArc含まcregionswereattained870mand  
561m，reSpeCtively－   

plag．Input voltage for electric heateris220¶320  
volts，andthevelocityofdrillinglnPureicereaches  
12－18meterperbour，Thed主mensionsare40mmir】  
diameter，1．5meterinlenがh，and30kgin weight．  
Thisdrillhas reached586min deepest boreholein  
Amundsenissen，Svalbardin1980（Kotlyakov，1985）．  

Electrothermaldrillforliquidfi11edholesispre－  
sentedintheFig．2b，Itconsistsofcorebarrel，plSr  
ton，COre CatChers aIld ring beaterIAicoboトwater  
mixed antiイreezeisstoredintheinnerplPe Ofcore  
barrelandispushedoutthroughholesofthepistonby  
upwardmovementofthepistoncLuringicecoredril－  
1ing．Antiイreezethengoestothebottomofthehole  
a11d mixes witbmeltedlVater．  

Diameter of the boreboleisllO－120mm and  
diameterandthelengthofthecoreare75N82mmand  
l．5－3m，reSpeCtively．Thedrillingspeed rcaches5  
mperhour，Duringthefirst24continuousworking  
hours，drillingspeedreachestothedepthoflOO－110  
ma11d45to50mperdayattわedepthof500m，  

う村e had not壬Iappened to meet any tec壬Inical  
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Fig－3・Succe栄§壬onayldtypesoficestlユdぬ  
トs地毛短apわicsモud妄esこd6Cri〆ねn，pわぬ許apあing，COn抽ロー  
OuS汀1eaSurementsofopticdensity，electriccon血ctivityand  
Shearstrength，  
2rstucturalstudies：A－Samplefordensity，isotopeandchemト  
Calcompositionandmicroparticlesconcentrationandforspores  
andpollen；B山Samp（eforphotographsofcrystalstructurcand  
airbubb】es；C】－Sampleねrpbo】ographsofairbubb】es；D【  － 

、 ・ ‥ こ 、・－・‥・・ミ、・・、●・  
thermalcutter．  
3－isotope－geOChemicalstudies：E…Selectionofsampleswith－  
Outicemeltingbyrnechanicalsampler；E，－meltingofthecore  
Centreby hydrothermalsampler（remainderis used forice  
densitymeasurementsandmeasurementsofgaspressureinit）．  
Al打払edimensionsaregiveninm王Ⅵ．  

thecoreislightedfrombothsidesandisphotographed  
from the above・Then electric conductivity and  
Opticaldensityaremeasuredcontinuouslyalongthe  
COre・Operationsmentionedaboveareperformedon  
aspecialmount．   
ThencoreiscutintolO山30cminlength．Core  

CrOSSSeCtionismadebyabandsaw．   
Withahelpofanelectrothcrmalcutter（Fig．4），  

thesecorepiecesarecutintotwoplates（eachthick－  
nessl1・5mm aT－d3－3．5mm）and two segmeれtS．  
These plates are pbotographed on a phototabiein  
poIorizedandreflectediightinmicro－andmacroscale．  
The thickness of plate are measured on this table．  
The variation ofthicknessis no more than O．lmm  
fromonespecimenttoother．   

1野iththeicecoreplate，meaSl汀emerltSOfconcenト  
rati｛）n and dimension of air－bubbまes and form and   

Fig・2・Electrothermaldrillingsystem．a：hoト  
polnt typedri11：1皿COnicalelectricalheater，2，  
4MCOnneCtOr，3－tube，5－Spring centering de－  
Vice†6－Cablewire；b：抽ermaldriユ1ねrIiquid－  
filぬiholes‥1－e王ectricaiiy heated‡東陽 2【  
蝕用ge，3、COreCatCbers，4pisモ0れ，5鵬Sもainless  
Steeiouteraれdinner pipes，6－pipe払r fi－∬喝  
innerpipewithantifreeze，7－1eafsprl帽，8－drill  
head，9¶Cablewire】  

3．Icecoreinvestigations  

The dri王iing andin－Situice core analysis were  
Carriedoutbyateamconsistsof5to8members．   

Figure3showstheconsistency ofoperationsof  
icecoreinvestigation．Thedescriptionandphotog・  
rapbingofarlicecorearemadejusta食eritsextrac－  
tわnfrom琉edriii．Forstratigrapbicobservationof  



Builetin of Glacier Research バ・J  

Acknowledgments  

T‡le autbor vouはIike to thank‡）rofessors O．  
1Ⅳaねnabe and Y．Flユjiiof tbe Nationa主Instittlte Of  
PoiarResearch（NIPR），TokyoandDr．N．Untersc壬1－  
teinerofUrliversityofWasbingtorl，U．S．A．forvalua－  
blediscu＄ionsdur主ngmystayatNIPRi王11987．  

References  

Korotkevich Ye．S．and Kudriashov B，R（1974）こIce sheat  
dri11ingbySovietAntarcticexpeditions．Icecoredrilling  
tJ．F．Splettoesser，ed．）．University of Nebraska，Licoln，  
28－30August，1974，63－70、  

KotiykovV▲M．（ed．）（1985）：GlaciologyofSpitsbergenReslユits（）f  
Re＄earChes on tileInterllatiorialGeopbysicaiprojects，  
Moscow，“Natlka”，200p．，（irlRussian），  

Morev V．A，（1972）：Adevicefor electrotbel什malcoredril！iれg．  
Builet室nogInvefltOinsarldDiscover童es，27，Lice王了Se350朗5，   
li【1Ru∬iこl両．  

ZotikovI▲A．（1979）：Ant汝eeze一也訂mOdriまIil唱forcorethro噌h  
thece王1打aipartofRossIceSt把If（J】－9Camp），Åntarctic乱  
CRRELReport79q岬24．   

Fig．4，Electrothermalcutter．l－icecore；2仙Nichromewire．   

dimensionoficecrystalsarecarriedout．Oneofthe  
segmentsislユSedわrmeasurementofthede†iSityby  
hydrostat主cmethod．Thelargersegmerlt（shownasE  
inFig．3）isusedforchemicalandisotopeanalyses・   
1Ⅳeappiytwotypesofextractors．TIleOneisa  

ctltteトplanewitbtwobladesmadeof或ainiess＄teei・  
The wide f汀st blade erode＄tbeice suげace．T王Ie  
secondnarrowblade，followingthewideone，CutOut  
thesample．Thesecondtypeofextractorsisdesign－  
ed for melting the core heart，This operationis  
performedbythedevicehavingfunnelshapedheater，  
inwhichhotwatercirculated．Theworkingsurface  
oftbeextractoriscoatedwitbthepolyethyiene．  
Å1lequipmentsusedねrcoreinvestigationswere  

disignedandfabricatedbythe‡nstituteofGeography，  
USSRAcademyofSciencesandweretestedatAusト  
ねnnainSvalbardandaもicecapcalledAcademyof  
SciencesinSevernayaZemlya（Fig．1），  


