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Abstract  

Inordertostudyohthecryosphere－atmOSphereinteractionsandclimaticchange，glaciologlCal  
andmeteorologlCalobservation＄WereCarriedoutontheglacier＄inthewesternpartofSpitsbergen，  
Svalbard，in199land1992．Snowsamplingandmeteorologicalobservationswerecarriedoutorl  
Br¢g酢rbreenandIsachsenfonnainthesummerof1991．Twoshallowice～COredrillings，83．9mand  
24・4mindepth．werecarriedoutonSn硝e11afonna（theicefieldinthesouthernpartofEidsvollfjellet）  
in the summer of1992・Although the dri11ing sites wereloeatedin the highest area of western  
Spitsbergen，featur・eSOfmelトWaterrefreezingwerefoundinice＋COreS，andoneboreholewa＄fi11ed  
Withwater，DataprocesslngandicecoreanalysesareirlprOgreSS．  

1．htroduction  

The Arcticregjonisnot only a he；1t Sink ofthe  
earth，butasinkareaofaerosoIsandothersubstances  
transported from middlelatitudes．王n the polar  
regions，theatmospheresubsidesowingtotheoutflow  
Ofcoldaironthesurface，andisreplacedbytheair  
from the upper part of troposphere．Accordingly，  
Substancesoriginatedfrommiddlelatitudesaretran－  
SPOrted to the polar regions and precipitate on the  
glaciersurface．so that thchistoricalchange ofsub－  
stances in the atmosphere and paleoclimatic record 
Canbereadfromglaciericecores．   

In western Spitsbergen of Svalbard，SeVeral  
glaciologicalinve＄tigations have been carried out  
Since the NorwegiaロトSwedish Expedition to West  
Spitsbergenin193J．TheNorwegian－・SwedishExpe－  
ditionstudiedthestratificationofsnowandfinl（Ahll  
mann，1935a），ablation（Ahlmann．1935b），temPerature  
profileoffirn（Sverdrup，1935a），beatbudgetforablむ  
tion（Sverdrup，1935b）andothersubjects，Recently，  
Hagen andI－iest卵（1990）investigated血emassbaト  
anee of Br¢ggerbreelland discussedits relation to  
Climate、、■arming．Aecordingtotheseinvest，igations，  

the glaciersin this region are tenlperate glaciers．  
Therefore．theexistenceofmeItwaterontheglaciers  
may affect stratification of firn；1ndice．which may  
givedifficultyintheinterpretationoftheresultsofice  
COreanalyses．WeselectediceTCOredriuingsitesat  
the highest area of western Spitsbergen where the  
effectofmeitingwasthoughttobetheleast．Thi＄  
reportbrieflydescribesfieldactivitiesoftheJapanese  
ArcticGlaciologicalExpeditioninthe＼lでSternPartOf  
Spitsbergenin1991and1992（JAGE1991T1992）．  
Since1987、JAGE has made glaeioIogiealinvestiga－  
tionsin the Arctic region，Greenland and Svalbard  
（WatanabeandFu3ii，1988，1989）．   

2．Outlin¢OffieIda亡tivities  

Toobtaina historicalreeordofsubstancesinthe  
atmosphere and elimatic changei11the Arctic．ice  
－COreSamplingsandmeteoroIogicヱ1lobservationwere  
CarriedoutonthegiaciersaroundNy職Alesund，WeSt－  
ernSpitsbergen，inthesummersof1991and1992（Fig．  
1）．   
ltlthe summer of1991．the nlain resear（、h area  

WaSBrねgerbreenandpreliminaryobser＼▼ationswere   
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ぎ皇宮・ま・Researehareasやf琉eJapaneseÅrcモicG三aこiologきca王Exped言七重onユ991and1992   
inwesternSpitsberg印．（a）：Br参ggerbreen（detai王s王nぎig．2）；（b）：王鑓Chs即ねnna   
andS王1摘eHafonna（detailsi11Fig▲4）．   
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madeonIsachsenfonna．The activ主tiesin1991were  
asfollows：   
a）observatioIIS Of meteorologicalconditions r－ele・  
VanttOtheaerosolmovenlentandsettlingo11the  
glaciersurface．   

b）samplings ofsurface snow andice for air and  
hydroge（）Cllemicalreseareh．   
C）observation of water movementin glacier to  
understandthefirrlandicestratificat壬onandthe  
verticalredistribtltion ofsubstance＄irlthe snow  
こ＝1diぐe．   
I11thpsummer of1992，thelTlainresearchfieldof  

ice corings was Sn¢f3ellafonna near Eidsvollfje11et，  
こIndothericesamplingsweremadeonBr¢ggerbreen．  
Tbeactiv壷もiesin1992wereasfollows：   
d）shallowice corings at highMaltitude areain  
WeStern Spitsbergen．Theicecorestratigraphy  
andotherphysicalpropertiesprovideinformation  
On the annuat accumt】lation ratein this regio［1，  
behavior of melトWater mOVement，formation  
mechanism of stlperimposedice and other  
glaciol（）gicalphe110111etla．   

e）phot（）graphingglaeiersulイaceinfraredimagesto  
Studythermalmorphologyofglaciersandtoaid  
analyse＄Ofsatel軌eimagesofglaciers．   

f）surfaceice sampliTlgSfor bio】ogiealreseareh of  
planktonandotherbiotaontheglacier（Brねger－  
breen）．   
g）analysesoficecoresandsnowsamplestostudy  
naturaland anthropogenic climatic and environ－  
mentalehangesduringthe7astfewhundredyears，   
inciudingtheseasonaiandinterqannualvariation  
Ofseaiceextent，andvoIcallicact童Ⅴ壬ties．   

3・ResearchprograminwesternSpitsbergenin1991  

In the summer of1991．snow andice s；1mplings  
andmeteoro】ogicalobservationsIVereCarried out on  
Brねgerbreenandapreliminarysnowsamplingwas  
doneonIsachsenfonna．  

ユJ．凡っ（ⅥJlソJゞf／どぶ   
a）Br¢ggerbreen  
Asmallva11eyLglaeier．Br6ggerbreen（78J541N，11’1  

50’E），WaSSelectedforg】acio】ogicalandmeteoro王ogi－  
Calobservations（F主g．2a‡1dぎig，3）．ItねcesKongs－ ○  
督orden（Kingsbay）andiscIosetoNy－Alesundwhere  
SCientific research stations of severalcountries，in－  
CludingJapan（Nationaltnstitute of Polar Research  
（N王PR）maintains research facilities），arelocated，   

Thereasonsofselectionareasfouows：   
（1）Thisisatypicalmaritimeglacier董nwestern  
Spitsbergen；theanIlualsnow accumulatiollis  
large．   
（2）Long－termmaSSbalancedataandmeteorolog－  
icaldata are available；Since1950the mas＄  
ba王anceof血isg‡acierbasbeeninvestigatedby  
the Norsk Polarinstitutt（Hagen and Liest軋  
199軋   

（3）Tbeglacierterminusi誉Oniy3kmfromthe  
JapaneseStationi11Ny－Alesund．   

b）1sachsenfonna  
Anicefieldplateau，Isachsenfonna，WaSSelected  

forpreliminaryきnOV泣mplingくF主g14）・Itisabout30  
kmNEof Ny1－Alesundand easily aecessible by heli－  
COpter．   

且a虎雄α柁滋ざ〝物ね   
alMeteoTOlogiealc（）11ditions  
To know theloealchange ofheat balanceon  
the surface of Br¢ggerbreen，an autOmatic  
WeatherstationwassetupatPIonthビteI・nlinal  
moraiIleOfBrbggerbreen．anotherstation wasset  
at P20n the glacier head，and5glaciological  
Stationswereoccupiedalongastreamlineofthe  
glacier，aS Shownin Fig．2．The observed ele－  
ments arelistedin Tablel．   
b）Surfacesnowsampling  

For chemicalanalyses，Surface snow samples  
Weretakenatvariousglaciers．   

C）Hydrologica王observation  
Preliminary observations of percolation of  

Waterin glaeier were made atlnトdeel）bore  
－boles．   

d）Infraredcameraobservation  
Infraredimages of Brぬgerbreen were taken  

fronlthemiddlepartoftheglacierandfromthe Q   
Japanese N）▼、A）esll11dStation．   
e）Pitwork onIsachsenfonna  
Forselectionofacoringsitein1992，prelimト  

naryglaciologicalobservationsweremadeat2m  
－deビppit．  

ユ、了．魚油両軸油  
Leader：Shlln’ichiKobayashi（Professor．Niigata  

Universi抒）  
Members：ShuheiTakahashi（Professor，Kitami  
王nstituteofTechnology），HiroytlkiEnomoto  
（Associate Pl■Ofessor，KilamiInstitllte（）f  
Techl10！ogy），Kumiko Goto…Azuma   
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Fig．2．Locationsofobserva如npointsoTIBr¢ggerbreenin1991・pl，P2：autOmatic   
weatberstationsat洩eterrninaImoraineat】datthegユacierbeadrespectiveiy；  
Gl－G5：observa如npoir托SOntbeglacier．   
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（Nalionaltnstitute Post DoctoralFellow．  
NagaokaInstituteofSnowandIceStudies，  
Nationa11IIStitute for Earth Science and  
Disaster Prevention（NIED））．   

4，Resea代hprograminwest即n5pit5b即併nin1992  

王nthesummerof1992，Shal王owiceMCOrlngSWere  

Can・ied out at Sll的ellafonna．and surfaeeice sam－  
PtingsandnleteOrOIogicalobservationsweremadeon  
Br触gcrbreen．  

4．エ忍βS路γどゐ虜ねぎ   
Sn¢再ellafonnaisahighicefieldintheupperpart  

Of tloltedalfonnain western Spitsbergen（Fig．4and   

Table 
Tablel．ObseT■ヽ・ビdビlビmentS■）nlうr由ggerbreeninthesum－   
merof1991．T：airtemperature，TS：SnOWtempera・  
ture，TR：radiaモ緑etemperatureofglaciersurface，WS  
二＼＼・iIldspeed．WO：Winddircぐtion，RH：rClativehし1nlid・   
ity，I：SOlarradiation，㌘：airpre∬ure，M：meltingrate．  

Station Altitude Observビd etements  

P
 
 
 

▼
t
l
－
 
 牲

 
 

錮
W
S
 
 

S
 
，
 
W
T
 
 

P
I
G
l
儲
揖
“
郁
陀
 
 

m
 
 

ハ
リ
 
O
 
5
 
n
V
 
5
 
（
U
 
n
V
 
エ
リ
 
ご
じ
 
点
U
 
3
 
†
エ
 
4
 
5
 
 
 
 
 
 
†
エ
 
2
 
3
 
4
 
5
 
 

T
M
M
M
M
 
 

H
 
 
R
 
 
 

S
 
W
 
 

q
叫
 
 
T
 
 

T
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T，WS，WD  
Fig．3．Aerialviewof駄触gerbreen．  

13dE  

148E   13PE   
Fig、J．ResearehsitesonIsaehsenfonIla aTldいn SnOfje］1afontla．A．B：Site－A and  

－Bぬrsbal王owicecoring¢nSrl≠夷eIl為払nnain1992；C：SnOWS為mpiingsiteo玖   
lゞa亡hsmlfl）nnai111f拍1．  
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（3）Easy access from Ny－Alesund by helicopter  
（about40km）．   
Figure6showsaplanofcoringsites．Atfirstthe  

coring site was Site－B，but the drillmachine met a  
waterLtableatadepthofabout20mandtheborehole  
wasfilledwith water．Sincetheelectro－meChanical  
drillmachinedoesnotoperateinthewater，thecoring  
sitewasmovedtoSite－A，about500mwestwardand  
30mhigherthanSite－B．Theicecoringwasdonein  
atentwith4．8mx3．5minareaand2．3minheight  
（Fig．7andFig．8）．Atrenchwith5．5mx2・3minarea  

Fig．5）．Coringsiteswerelocatedonacolbetween  
Eidsvol均ellet（1451ma．s．1．）andChristiefjellet（1245m  
a．s．1．）asshowninFig．4．SiteA（79008’10”N，13017’30”  
E，1190ma．s．1．）wasjustonthecol，andSiteB（79008’  
10”N，13019’00”E，1160m a．s．1．）was on a flat place  
lower than Site A．The sites were selected by the  
followlngreaSOnS：   

（1）They are at highaltitude which willlessen  
snowLmeltandenableice－COredatingeasy．   
（2）Thisisatypicalmaritimeice－fieldinwestern  
Spitsbergen．  

Fig．5．AerialphotoofSnbf5e11afonnaaroundresearchsites．   
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Fig．6．Icecoringsitesandca王ⅥPねci】itiesonSnめ碑】afoロ 
nain1992．  

Fig．9．Trenchforcoreprocessing．Icelayerscanbeseen  
atintervals ofseveraltensofcentimetres．   

Fig．7．IcecoringsiteatSite－B・Theicecoringwasoperat－  
edinatentwith4．8mx3．5minareaand2．3minheight．   

Fig．10．In－Sitt王ice core a王Iaiysesi王1a COre prOCe∬ing  
とre王1C王1at Site】B．   

イ．ユ軋∫t、（川ソJJJ†皐ふ、し、／ヾ   
a）Shallowicecoring  
Twoshallowicecores，83．92mand24Almin  
王engtband78mmi王1diameter，WereObtainedwith  
anelectro－meChanicaidriii．   

b）In－Situcoreanalyses   

Fig．8．Shallowice coringwith an electro山meChanical  
drillonSnbfje11afonna．  

and2，1mindepthwasdlユgandcoveredw主tharooffor  
COre－prOCeSSing（Fig．9andFig．10）．  
DescriptionofBr¢ggerbreenistbesameasin3．1．  
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sent to Norsk Polarinstitutt for radioactiveiso－  
topeanalysis；mOStOftbeotbertvo－tllirdswere  
meltedan（i亡ransportedtoJapanfor魚irtberlabo－  
ratoryarlalyses，SomeicecoresⅦerepreSerVed   
in the cold roomまn Ny岬Å1esund．Tbe plarlned   
laboratory a王1a王yses are as fo1lows：Cbe‡nical  
composition（majorio王1S），radioactivea壬Idstable   
isotope（3H，210Pb，D，1∂0，etC．），0‡嘗anic com－  
pounds，gaSCOmpOSitionofairbubbles，tOtalgas  
content，biologicalinclusions，and mechanica王  
propertiesofice．   

軋ユfb有頭畑地  
Leader：ShuheiTakahashi（Professor，Kitami  

InstituteofTechnology）．Members：ShiroKoshima  
（Associateprofessor，TokyoInstituteofTechnology），  
Kumiko Goto－Azuma（NationalInstitute Post Doc－  
toralFellow，NagaokaInstitute of Snow andIce  
Studies，NIED），TakaoKameda（Research associate，  
KitamiInstituteofTechnology）．TemporaryparticiL  
pants：OkitsuguWatanabe（Professor，NationalInsti－  
tuteofPolarResearch），JonO．Hagen（NorskPolarinq  
Stitutt）．  

5．Further studies  

TileglaciersofwesternSpitsbergeninvestigated  
i王11991－1992 vere maritime temperate giaciers  
af詣ctedbytbeopenseaontbewestsideofSpitsber－  
gen，Tostudytheroleofpolarreg10nSまntiユeglobal  
circulation of substancesまn tbe atmosphere，mOre  
extensiveice山COre Samplings are necessary．In the  
nextseveralyears，JAGEwillinvestigatethegiaciers  
intheotherpartsofSva】bard，SuChasthe H¢ghetta  
ice field in northern Spjtsbergen and Nordaustland 
Whicharelikelylessaffectcdbymaritimeclimate，aS  
weilasthe Greenlandice sheet．  

Preliminaryscientificresultsoftheexpeditionin  
1991－1992werepresentedatthe15thNIPRSympo・  
sium on Polar Meteorology and Glaciology held in 
July1992andatthegeneralscientificassemblyofthe  
Japanese Society of Snow andIce heldin October  
1992．LaboratorylCeCOreanalysesareinprogress．   

Atfirstthecoreanalysesweretriedinthecore  
】prOCeSSingtrench，buttbeairtemperatureintbe   
trencbwasratherhigb，about【10QCto－1DC，SO   
mostoftbeanalysesⅥ㌢eredo‡1einacoldroomin く）   
Ny－Alesund．‡temsofana王ysesvere pbot｛）gra－   
pbingoficecores，Stratigrap壬Iy，de‡lSiとy，aIldelec－   
とricalconductiv主tyofmeltedsamples．  

C）Boreboletemperature  
d）Pitwork（refertoitemsofb））  
e）Measurementsofaccumulation  
f）Meteorologicalobservations（Fig．11）  
g）Infraredcameraobservation（Fig．12）  
h）Samplingof2Amlongicecore（Brbggerbreen）  
i）Sampling of surface sediments on glacier for   
biologicalanalyses（Br¢ggerbreen）  

j）Metcorologicalobservations（Br触gerbreen）  
AutomaticweatherstationssetinAugust1991   

havebeenoperatedtillAugust1992．  
k）Laboratoryicecoreanalyses（Futurework）  

One--third portions of ice core samples were 

Fig，11．MeteorologlCalinstrumentsatSite－B・  

Fig．12．infraredcameraobservatio三10nSrl多重eliafo‡1nain  
ユ992．  
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