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Abstract  

This paper focuses on field activity by the“Japan－RussiaJoint GlaciologicalResearch on  
SofiyskiyGlacier，RusSianAltaiMountains”carriedoutduring15－24July2000and617July2001．  
Thepurposeofthisinvestigationwastoreconstructclimateandenvironmentrecordsinthepastfew  
decadesthroughicecorestudy．Threeicecores25．1m，12．3mand9mdeepwererecoveredandtwo  
pitsof3and4．5mdeepweremadeontheaccumulationareaofSofiyskiyGlacier（49047′1O”N，87O43T  
48〝E；3435ma息1，）．Thedeepest25．1mcorewillpreservetheenvironmentalrecordduringthelastlO  
to20years．Icecoresampleswerecutandmeltedattheresearchsite，andtransportedtoJapanfor  
more detailedanalyses，SuCh asoxygenisotopes，microparticles，pH，anions，Cations andbacteria  
content．Coresconsistedoffirnandicelayers．ItwasfoundthattheboreholetemperaturewasOOC  
fromtbesurfaceto8mdeptbandalsofrom16mto25mdeptb．Tbetemperaturebetveen8a‡ld16m  
wasnegatiⅥ≧Witbt壬IeminimumatlOmdeptb（【0．10Cfortile2000boreholeand－0．30Cねr払e2001  
borehole）．Meteorologicalobservationswere also carriedout．AftertheinvestigationonSofiyskiy  
Glacierin2001，reCOnnaissancesurVeyOfglaciersneartheRussia－China－Mongoliaborderregionwas  
Carriedoutandsurfacesnowwassampledattwosites．  

Some of the analyticalresults of the12．3m core  
（stratigraphy，grain size and density），borehole tem－  
perature，Stratigraphyforthe3mdeeppitandmete－  
OrOlogicalobservationshave alreadybeenpubIished  
（FujiiL？f（Z／．∴刑）O）．Detailpd anal）▼SeS Of111elted sこull－  
plesobtainedaredoneforoxygenisotopes，micropar－  
ticles，PIi，anlons，Cationsandbacteriacontent．This  
reportoutlinesthefieldactivitiesonSofiyskiyGlacier  
in2000and2001，and describesresults ofreconnais－  
SanCeSurVeyOfglaciersneartheRussia・¶ChinaLMon－  
goliaborderregioninJuly2紳1．   

2．L．ocation oftheicecoringsite  

Figurelshowsthelocationoftheicecoringsites  
in2000arld200lonSofiyskiyGlacier．う野estartedotlr   

1．lntroduction  

Glaciological investigations were carried out on 
the accumulation area ofSofiyskiy Glacier，Russian  
AitaiMotlntailiSduring15【24Jl】ly2000and6－17July  
2001as aJapan－Russia joint research pro3ect．The  
purpose ofthisinvestigationwasto reconstruct clト  
mateandenvironmentrecordsinthepastthroughice  
corestudy．Recentclimatewarminghasbeenremark－  
ableinSiberia（e．g．ChapmanandWal丸1993；Weller，  
1998），andtheicecorefromSofiyskiyGlacierlocated  
OnthesouthernfringeoftheSiberianplainisexpect－  
edtoprovideinformationonclimateandenvironment  
Changesinthepastfewdecades．  
Weobtainedicecorestodepthsof12．3，25．1and  

9mandmade3and4．5‡ndeeppitsin2000and2001，  



方J  BljlietinofG王acioio蛮ca王Researcb  

Fig．l．Thelocationsoftheicecoringsitesinthe2000and2001fieldseasons．The  
SOlidcircleonthe】eftindicatesthecoringsitein20OOandthatontherightin  
2OOl．The dist；ineP betwcLtm the sitesis9Om．  

tionandthedistancefromthemeteorologicalstation  
totheboreholein2000．Acampsitemapforthe2000  
SeaSOnispublishedinFlカiietal．（2000）．  

flight fr・om Aktash，AltaiRepublic，Whereis the  
closesthelicoptersitetoSofiyskiyGlacier．Ahelicop－  
ter Mト8MTV was used for the flight．The GPS  
iocationoftbeicecoringsiteir12000was49047′41”N，  
87043′43〝Eand3，454ma．s．1．，bowever，tbissitecorre－  
SpOndsto49C47′10”N，87043′43”Eand3，450ma．s．1．on  
themappublishedbyROSKARTOGRAFIYA（1／200，  
000；1996）inRusSia．Thereasonforthedifferenceis  
uncertain．Thecoring＄ite（Borebole岬1）in2001ⅥraS90  
m east from and15mlower than thatin2000，The  
locationoftheBorehole－lonthemapisestimatedto  
be49O47′10”N，87043′48”E and3，435m a．s．1．Figure2  
ShowsSofiyskiyGlacierfrom ablation areato accu・  
mulation area，This picture was taken onJuly15，  
2OOO．Lateralmor・ainewasclearlyobservedalongthe  
ablationareaoftheglacier．ThecoringsiteandBrat  
（3，867ma．s．1．）areshowninFig．2．Figure3showsthe  
CampSitein2001，includingthetwoice coringsites  
（Boreholes－1and－2），COre prOCeSSing trench，4．5m  
deeppit，meteOrOlogicalstation，tentS，andtbedirec麟  

Fig．2．Sofiskiy Glacierfrom ablation area to accumula・  
tionarea（July15，2000），IcecoringsiteandBrat（3，867   
111a．S．1．lalでSholl▼11．   
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MiningUniversity．  
Coresconsisted offirnandicelayers．The core  

stratigrapilyWaSreCOrded毎s藷打OnCilarとsheetsin  
realscale．The cores were cut atlO cmintervalsin  
2000and20cmintervalsin2001inthecoreprocessing  
trench．Theice samples for the2000season were  
meltedinplasticbags，and thewatersampleswere  
storedin polyethyleIle bottles．Tbese samplesⅥFere  
senttoJapanfordetailed analysis．The melt water  
fromcoresin2001waspouredintoapolysulfonefilter  
holder（AdvantecCo．Ltd，Japan；KPA7U）withabell  
jar（AdvantecCo．Ltd．，VT－500）．Thewaterwasthen  
filteredwitha47mmhydrophilicPTFEfilter（“Om－  
niporemembranefilter”by㍍illiporeCo．Ltd．；pOre  
Size of O．2jEm）by using an electric vacuum pump  
（AdvantecCo．Ltd．，EPMOl）or ahandvacuumpump  
（Advantcc Co．Ltd．，IiP－01），and storedin a pre  
－Cleaned polyethylene bottle，The vacuum process  
waslユSed for accelerating tk filtering．Tbe sampie  
bottles and f主Iters were sent toJapan for detailed  
analysis．Figure4showsicecoreanalysisbeingdone  
inthecoreprocessingtrenchin2001．Snowstratigra－  
phyof3mpitin2000seasonwaspublishedinFujiiet  
（7／．（20州）．  

CAMPS‡TEM（2001）   
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Fig，3，Campsitemapin2001fieldseason．  

Theicethicknessatthecoringsitein2000was  
estimatedtobe210mbyradioecboso11ndingくぎrank  
Pattyn and Wim Van Huele，perSOnalcommunica－  
tion）；however，theice thickness map for the whole  
SofiyskiyGlaciershowsonlylOOmoficethicknessat  
the site（Narozhniy et al，2002）．Thereason forthe  
differenceisuncertain．   

3．lcecoring，COrePrOCeSSingandboreholetempera・  
tures  

Tablelshows research activities on Sofiyskiy  
Glacieri112OOOand2OOl．Weusedahandaugerforthe  
icecoringin2000and2001，andanelectro－meChanical  
dri11in2001．Thehandaugerwasmainlyoperatedby  
S．M．Arkhipov andI．A．Ponomarevinboth years，  
and thatwith an electro－meChanicaldrillby three  
en蛮neersofSt．Petersb㍊rgStateMini三唱University．  
Weobtaineda12．3micecorein2000，and25．1mand  
9micecoresin2001withahandauger，However，the  
electroLmeChanicaldri11，Which transports cutting  
chips by air sucking，did not work since the firn  
temperatureatsballowdeptbⅥ7aSOOCandtbecutting  
Chipsverewet，Thedeepest25．1mcorewillpreserve  
the environmentalrecord during thelastlO to20  
years．The hand auger and electroMmeChanlcaldri11  
weremanufacturedbyDepartmentofTeclm0logyand  
Technique of Hole Drilling，St．Petersbtlrg State  

Tablel．ResearchactivitiesonSofiyskiyGlacierin2000and2001．  

Fig．4．Icecoreanalysisin the coreprocessing trenchin  
2001．  

Year   2000   2001   
Icecoringdepthbyhand  12．3m   25．1mand9m   
auger  
Ice core analyses ーInsitumeastlrementSOfsもratigrapby，grain  暮Insitumeasurementsofstratigrap壬1yand  

size and density density  
・Preparation ofmelt water samples for  ・Preparationofrneltwater samplesfor  
Chemicalanalyses   Chemical，biologicalandvoIcanological  

analyses   
Boreholetemperature   ・1minterval，fromthesurfaceto12．3min  ・0．5to2minterval，fromthesurfaceto25．  

deptb   Im in depth 
Snovp托observation   ・3m血depth   ・4．5mindeptb  

・Surfacesnowsamplingattheablationarea   
Meteorologicalobserva－  Ta，Ws，Wd，P，Hs，CAandCTat3timesper  Ta，Ws，Wd，P，Rdateveryonehour，andHs，   
tion   day（9LT，15LTand21LT）   CAandCTat3timesperday   
Ta：airtemperature，Ws：windspeed，Wd：winddirection，P：atmOSphericpressure，  
Rd：SOlarradiation，Hs：heightofsurfacesnow，CA：Cloudamount，CT：Cloudtype   
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Figure5shows borehole temperatures for the  
200O aTld：OOl（Borehole－1）coriIlgSites．Athenllistor  
sensor（ModelBYE－6・1．Technol．Seven．Co．Ⅰ一td．．  
Japan）and a portabledig主はユmuitimeterwerel王紀d  
f（〕r tllellleaStlre111e再S；lS Sh（〕Ⅵ－tli11Ka111ビda tイ rJ／．  
（199ニ3）．The thermist（〕rSenSOrWaSallo＼＼でdtoeonlet（1  
equiiibrium over atieast2boursと00btaillreliable  
Values．鉦was払und tぬt払eborebole temperattlre  
WaSO．O小CfromthesurfacetL）8mdepthzlndtakethe  
miIlimllm temperature atlO m depth，Which was  
－0．lqC for the boreholein2000and MO．3OC for the  
Borehole柵1in2001，reSpeCtiveまy．The temperature  
gradtla11yincreasedwithdeptllfromlOmdepth．a11d  
became O．OqC again below aboutユ6mi11dept壬1for  
BorehL）1e1．This ther111a】condition was pl・Ot）ably  
formedb〉■eOldtempel’aturecondtlCti（一ninwinterand  
meltwatel・Pet・eOlationfromthesurfat：einsummer．1n  
Otherwords．duril唱Winterthefirntemperaturefrom  
thesul’facetoabout16nldepthbecomesnegativedlle  
toc（一］dtenlperatt1r亡ゝCOnduction、Whileduril唱Summer  
meltwaterpercolatesfromthesurface，andthefirn  
temperaturerisestoOOC．Whenweobservedthebore－  
holetemperatl甘eintbemiddleoりuly，meltⅥraもerhad  
reacbed8min deptb．‡tis uncerもain w王妃t王妃r t壬1e  
negative temperatureremainsduring the wholeyear  
OrVani＄besaモモbeen80ftheI罰eiとingseasoninÅ喝uSt．  

B別怜boletempぐrRt11rや（dc）  
▲0，4・03 ▼0．ヱ・0．1 00  
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FiF．6．h1ビteいl■い】閥icalronditi〔l11Sこ111dstll‘faceIlぐigIlt＼・ari；11  
tiononSofiyskiyG呈acierfr（〉m15to24Juユy2000．  

Sed from experieIle亡・by three obsel’VerS（Kameda、  
ぎ房iiandNまsbi姐SoももewindspeeddatainFigt6are  
Onlyforreference．Theweatherduringthe2000seか  
SOnWaSmOStlyclearwithwindspcedof3to4ms～1．  
SnoⅥr beight vaぬtion was meast汀ed t王Sing a stake  
insta11edin the surface sno＼Ⅴ．After the stlrface snow  
heigbtincreasedかom15to17Juまy血e to snow  
acclユmulation（＋52mm），偽ebeightdecreasedfrom17  
to24Juまy due to snow melti三唱and slぬiimatio11（a  
totalいf15T mrllOfsn（lWl＼▼aSIost）．Thus，thesurface  
mass bal；1nCe from15to2・iJuly was－－48．3mllliII  
Watereq．（anaverage＄urfacesnovdensityof468kぎ  
nrR3frol11OtoIOOnlmi11d〔・pthwasuseL肌  
Figure7showsairtemperature，relativehumid－  

ity，windspeedandsnowheightvariationfromJuly7  
to17，2OOl．AiT－tempel●ature、relative huI11idity；1nd  
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Fig．5．恥l■ビllし－lビt円11p町attltでSiIlご州tla11dコしlい1（Bし11・止い】e  
一l）．  

4．Meteor0logicatobservations  

Fi酢1re6洩ows air temperature，Vind speed，  
Weather condition and snow height variation at the  
Camp from15to24July2000．Air temperature was  
l11eaStlredb〉・a thermistorsensor atl．5111height．；ltld  
Windspeedwasobtainedasthemeanofvaluesgues・  
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ドig．7．Meteort11（lゞie；11い）nditionsandsttrfaeeheightvこ1T■ia・1  
tiononSofiyskiyGiacierfro‡℃7to17Juiy2001．   
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Windspeedweremeasuredwithanautomaticweather  
station（DavisInstruments：WeatherMonitorH）every  
もotlr．Tbeweatberduringtbe2001seasonwasalways  
Cloudyorsnow．Surfacesnowheightdecreaseddueto  
sublimation and melting from7tollJuly，butin－  
creasedduetosnowaccumulationfromllto17July．  
Net accumulation from7to17July was190mmin  
SnOW．Ifweasslユmethatthedensityofnewsnowon  
thesurfaceis300kgm▲3，Surfacemassbaianceduring  
thetendayswas＋57mminwatereq．   

5．Reconnaissance survey of g暮aciers near the   
Russia－China－Mongoliaborder region  

A reconnaissance survey of glaciers near the  
Russia－China－Mongolia border region was carried  
out onJuly17，2001．A mountain range forms the  
border；Mt．Nirambal（4，374ma．s，1．）inChinaisthe  
bigbestInOtlntainintbisregion．PtlrpOSeSOftbestlr－  
Veyincludedsurveyingthesurfacesnowconditionsof  
glaciersneartheborderarea，andfindingasuitab】e  
siteforicecoringinthefuture．ThefiveJapanesein  
2001field season，S．M．Arkhipov，A．Ⅴ．Logvinov  
（PolarRoutes，LTD）andaRtlSSiarlSerVicemanたom  
Åktasbfrontierguardbasejoinedthefligbt．  

Figure8showsthelandingsites：Sitel（49010′30〝  
N，87052′10”E；3，500ma．s，1．）andSite2（49010’10”N，870  
48′25′rE，3，620 m a．s．1．）．These sites were selected  
becausetheyarelocatedathighelevationandtheir  
slユrfacetopograpbyisrelatively幻at．However，mOlm－  
tainridgesareclosetobothsites，andthewidthsof  
theflatareaswereonlyabout200m（Sitel）and300  
m（Site2），WelandedonSitelandSite2at18：30and  
19：00，reSpeCtivelyandspentabout15minutesateach  
Siteforsnowpitstudies．Fi評∬e9showssurfacesnow  
SamplingatSitel★  

Fig．9．SⅥrねcesnoⅥ7張mplingatSitel，  

Fi酢IrelOshowssnowstratigraphyatSiteland  
Site2．Thesolidlayersandopencirclesindicateice  
layers and wet snow，reSpeCtively（Colbeck et alリ  
1990）．Thesurfacelayerat Sitelwascomposed of  
20cm tbick wet snowlayer from tIle Stlrねce and  
superimposedicebeneath．Thesnowlayerfrom15to  
20cmindepthwassoakedbymeltwater．Smallblack  
particles（¢0．1－0．5mm）were observedin super－  
imposedicefrom30to40cmdepth．Thesurfacesnow  
layeratSite2wascomposedofvets‡10Ⅵrand30to50  
mmtbまckicelayers．TbesnowtemperatureatSite2  
fromthe＄urfaceto95cmwasO．00C．Snowsamplesfor  
chemicalanalysiswereco11ectedfromthesurfaceto  
40cmindepth（Sitel）andfromthesurfacetolOOcm  
indepth（Site2）．Thesesampleswi11beanalyzedin  
Japan．   

Fig．10．SnowstratigraphyatSitelandSite2．Thesolid  
layersalldopencirclesindicateiceiayersandwetsnow，  
respectively．  

Itwasfoundthattheglaciersneartheborderon  
theRussiansidearerelativelysma11andsteep，SOitis  
diffictllttofindasuitablesiteforicecoring．Onthe  
Otherhand，PotaninaGlacieriIIMongoliailaSarelか  
tively flat andwide accumulation area（ca．800m x  
600m，Surface slope along the flowlineis about8B）  
withanaverageelevationof3800ma．s．l．（Site3：49010′  
N，87050′E）．Site3maybesuitableforfutureicecoring  
site．   

0  5km  
｝   

Fig．8．Landingsites（SitelandSite2）duringthereconM  
naissancesurveyneartheRussia鵬ChinaqMongoliabor・   
derregioninJuly2001．Site3isrelativelyflatandwide  
areain accumulation area of Potanina Glacierin  
MoIlgO汀乱Tbis site may be stlitable for ftlttlreice  
COrlngSite．  
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Table2．Principalinvestigatorandfieldmembersin200Oand2001．  
Name   Affiliation，City   

PrincipalInvestigator  YoslliyukiF房ii   NationalInstituteofPolarResea‡｝Cb，Tokyo   
YoshiyⅥkiFぬii  NationalInsti翫虎eofPolarResearch，Tokyo  
けumibikoNi血io  Ch主baUniversity†Chiba  
TakaoKameda  KitamiInstituteofTecbnoiogy，Kitami  

Fieldmember＄in2000   ArcticandAntarcticResearchInstitute，St．Petersb11rg  
SergueiM．Arkhipov  

Moscow  
ⅠvanA．ponomarev   Facl点tyofGeograpby，ÅぬiStateUniversity，Barnaul   
ⅩeisukeSuzuki   ShinshuUniversity，Matsumoto  
Takao Kalneda KitamiInst紘uteofTecbnology，Kitami  
Mika Kohno NationaiInstituteofPolarResearcb，Tokyo  
FumioNakazawa  NagoyaUniversity，Nagoya  
Jun Uetake TokyoInstituteofTechnology，Tokyo  
SergueiM．Årk王Iipov      insti細teofGeography，Rtl∬ianAcademyofSciences，  

Fieldmembersiri2（〉01  MoscoⅥF  
ⅠvanA．Ponomarev  FacultyofGeography，AltaiStateUniversity，Barnaul  

AndreyN．Dmitriyev  
LevM．Kaplun  HospitalNo．360fKronstadt，Kronstadt，St．Petersburg  
ÅndreyE，Korygin   Ecosbelf，Sも．㌘etersburg，   

andTecbnology，Japan（principa王i‡1VeStigatoroftbe  
Grant：Prof．K．Kamiyama ofNIPR，11208202）．The  
reconnaissancesurveyofglaciersneartheborderwas  
s11pp（汀tedbytbeResearchInstituteof壬壬umanityand  
Nature（PI：Dr．M．Nakavo）．   
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