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AbstTYZCL：PfCliminaryglaciologicalinvestigationwascamiedoutontheaccumula－  

tionareaofSo丘yskiyGlacier，RussianAltaiMountainsinJuly2000．Analyscsofa  

12．3mcoreand3mdeeppitsample＄Showthatseasonalvariationsof6180，tritiumand  
meltfhture＄remainedinthewctsnowlayers．Annual1aycrthicknessdeterminedon  

thebasisofseasonalityoftheseclementsfor12．3mcoreisO．99mofw8tCrOnaVeragC  

in1994，1999withaminimumin199Bwhentheminimummas＄balancewasobserved  

fbrthrceotherglaciersintheAltaiMountains．HighcorrelationsofNH／conccntra－  
tionwithconccntrationsofK＋．so▲2，NO3▼andPO．）．arcfound．NH／andK’are  

consideredtobeofbiomassburningorigin，andPO43，andNHノarcduetochemical  
ingredientsusedfbrfireextinctioninbiomassburning．  

keyword＄：biomassburning，icecore，Altai，So負yskiy  

l．IntrodⅦCtion  

Aglaciologicalinvestigationwascarriedo11tOntheaccumulationareaofSofiygkiy  
Glacier（49047′N，87046′E），OneOfthemajorglaciersintheSouthChuygkiyRangeof  

theRussianAltaiMountains，during15－24July2000asaJapan－Russiajointresearch  
Prq5ectpriortotheicecoredrillingplannedin2001．Thepurposeofthisinvestigation  
WaS tO eValuate whether the research siteis suitable fbrice core dri11ing丘om the  

Viewpointoficecoreclimatestudies（Fll匝etal．，2000）．Asrecentclimatewarming  

hastxenrema血bleinSiberia（ChapmanandWalsh，1993；Weller，1998），So丘y並iy  

Glacier，WhichislocatedonthesouthernfringeoftheSiberianplain，isexpectedto  

PrOViderecentrecordsofclimatewarmlngandsimultaneousenvironmentchange・  

Weobtainedanicecoretothedepthof12．3mandduga3mdeeppitatthealtit11de  
of3450ma．s．l．oftheaccumulationarea．Someoftheanalyticalresultsfromthecore  

（stratigraphy，grainsi2：eanddensity），boreholetemperature，Stratigraphyofthepitand  
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meteorologicalobservations have already been published（F両iietal．，2000）．This  
PaPerinterpretsseasonalftaturesofchemical，isotopicandphysicalpropertiesofthe  
SllrfacewetfirnlayeranddiscussestheprdbableonglnSOfchemicalelements．  

2．Fieldworkandcore＆n81ysis  

FigurelshowsthelocationofSofiyskiyGlacier．Itextendsffom3867to2450m  

a．s．l．，isapproximately7kmlong andhasanaveragewidthofl，7kmfacingtothe  

north－eaSt，TheheadoftheglacierislocatednearMt．Brat（3867ma．s．1．），OneOfthe  

highestpeaksoftherange．  

The campngsitewaslocatedat3450ma．s．1．oftherelatively且ataccumulation  

area．Icecoredri11ingwascarriedouttoadepthof12，3mwithahandaugeranda3  
mdeeppitwasexcavatedaboutlOmawayfromtheborehole．  
TheweatherduringtheresearchperiodwasmostlyclearwithwindspeedofOto5  

msrl．Minimumandmaximumairtemperatureswere－4and＋5℃，re甲eCtively．  
Thesnowsurfaceheight，Whichwasmeasuredusingastakeinstalledinthesurfacesnow  

鞄J．妙たかGJαねrw油∫Om00〝わ〟r肋αd〝d加わcdめ〝わR〟∬ね．乃eたec〃rれg∫fねね  

わdわ〃Jed坤∫OJ〟亡fdeo〝一触椚呼．   
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from15to24July，increasedftom15to17Julyduetosnowaccumulationof52mm，  

andthendecreasedby157mmduetosnowmeltingandsublimation．Duetosnow  
meltinganddownwardmeltwaterpercolation，theboreholetemperaturewasOOcfrom  
thesurfaceto8mdepthwithminimumtemperatureofLO．1℃atlOmdepth（Fujiiet  

d」2（刀2），  

Thecoreconsistedofwetfirnandicelayers．ThecorewascutatlOcmdepth  
intervalsandthesurfaceftwmmofthe coresampleswaseliminatedwithaceramic  

kniftinthecoreprocesslngtrenCh．Thesesampleswerekeptinplasticbagsandmelted  
inthetemperaturerangefromlOto20℃．pitsnowsampleswereco11ectedinplastic  

bagsfrom the surface to3m depth atintervals oflOcm depth with apre－Cleaned  
Teflon－COatedsamplerandweremelted，Thesampleswerestoredinpre－Cleanedplastic  

bottles（100cm3）andsenttoJapanfbrisotopeandchemicalanalyses．  

TheanalyseswerecarriedoutinacleanlaboratoryoftheNationalInstituteof  
PolarResearch，Tokyo．Theoxygenisotoperatio（6180）wasmeasuredbyamass  

SPeCtrOmeter（Finnigan－MAT，Delta－E）．The concentrations of cations and anions  

WeremeaSuredbyionchromatographs（DionexDX－500）．Theanalyticalmethodis  

describedinWatanabeetat，（1997）．  

3．An81〆icalre飢11ts8mddis仙S或on  

5．J．助α∫0〝α〟伊げ∂1℃加血椚仇拍融ゆ油化  

Figure2showsthestratigraphyandpro61esof6180andtritiumfbrthe3mdeep  
SnOWPittogetherwithprofilesofthecore shownasdashedlines．Remarkableice  
layerswiththicknessmorethanlcmwerefbundatl．Oand2．9－3．Omindepth．Many  

minoricelayersoricecruStSthinnerthanthiswerenotfbundbelowthedepthof2．Om，  

probably due to melting by melt waterperCOlatedin the next sunmer Of snow  
accumlllation，SuggeStingthatthedepthof2．Omisthesurfaceofthepreviousablation  
SeaSOn．   

The6180proGlepresentstwohighvaluesatO．3and2．7mdepthsandaminimum  

atl．2mdepth，bothshowingisotopicsummersandwinter．Thetritiumprofi1epresents  

highconcentrationpeaksatO．3rO．6mand2．7－2．9mdepths．Thetritiumconcentration  

inprecipitationincreasesinspnng－Summerduetobreakupofthetropopausebetween30  
and600Nlatitudein甲nngandleakageofstrato甲hericwatervaporwithahigher  
tritiumcontentintothetroposphere（Gat，1980）．Itis，therefbre，COnSideredthatthe  

twohighconcentrationpeaksinthetritiumpro丘1eshowsprmg－SummerSeaSOnS．The  

tritiumpeakatl．6tol．9mofthe丘rncorewasprobably払rmedbypercolationofmelt  

Water．   

ThoughSchottereretaL（1997）reportedthat61800ficecoresinAsianinland  

regionsdoesnotindicateseasonality，the6180andtritiumprofi1esinthesurface3m  
deeppitofSofiyskiyGlaciershowclearseasonality．  
FivedirtlayersweredbservedataroundO．1，0．7，1．5，1．8and2．8mindepthswith  
thicknessoflOto30cmona3mdeeppitwall．Themostdistinctdirtlayerwasat2．8  

mdepth，SuggeStingdepositioninthespnng－SummerSeaSOnbecauseduststormsinthe  
Windwardaridregionsmainlyoccurinspringandearlysummer（Dolgilevich，1973）．  

Theotherlightcoloreddirtlayerssuggesttheoccurrenceofduststormseveninautumn   
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andwinter（Demshin，1966）．   

j．2．蝕αぶ0柁αJ密乃αねd乃d伽αgeげ伽βmc¢柁   
Summermeltwaterpercdatesatleastto8tolOmindepthatourresearchsite  
judgingfromtheboreholetemperatureOfO℃（FttiiietaL，2002）．Duetothemelt  
WaterperCOlationiJltOfirn，isotopicandchemicalconcentrationsshouldhavechanged  
ffomthetimeofdeposition．However，SeaSOnalfluctuationpattemsseemtopersistin  
the61SoandtritiumprofilesasshowninFig・3・Thelineinthe丘gureof61Soshows  
the［average］．［standarddeviation］calculatedfbrsnowdeeperthan3mwherethe  
seasonalfhctuationbecomesindistinctduetothee鮎ctofrepeatedmeltwaterpercola－  
tionfbrmorethanoneyear．Su脚Slngthatmeltingoccursmainlyinsummersnow，  

61800fwintersnowdoesnotshowmuche鮎ctofmeltingcomparedwith6180fbr   
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Summer SnOW．We，therefbre，COnSidernegativepeakswiththevaluelessthanthe  

【average］－【standard deviation］asisotopic winter．Indistinct ones are shown as  

dashedarrowsinthefigure．  
Forthetritium slgnal，Whichattenuateswithahalf－1iftof12．36years，Wetake  

peaksexceeding the valuesof［runming mean］＋［standard deviation］asthe spring－  

SllmmerPeaks．Here，WeCalculatedtherunnlngmeanandthestandarddeviationfbr  

thedepthrangeofaround2．5m，Whichcorrespondstotheannualaccumulationrate  

j11dgingfrom3mdeeppitwork．Solidanddashedarrowsinthefigureofthetritium  
PrOfi1eshowthedefimiteandprdbablesprlng－SummerPeaks，reSPeCtively．  

Thestratigraphyofthecoreischaracterizedbythickicelayersatrelativelyregular  
intervalsofabout2masshownbyarrowsinthefigure．Thesethickicelayersmay  
havebeenfbrmedinalessperneablelayersuchasanlCylayer，fbrmedattheendofthe  
PreViollS ablation season when summer surface snow may have vanishedby strong  
meltingandsublimation（F両iietat．，2002）andsnowdepositedinthe甲ring－Summer  
SeaSOn may have been exposed．Perhaps the thickicelayers were formed at the  
PreVious甲nng－SummerSurfacebyperCOlationofmeltwaterinthenextsummer．  

Onthebasisoftheabove－mentionedinterpretations，WeeStimatetheannuallayer  
（winter）boundariestobeconsistentwiththeotherseasonalsignalsshownontheright   
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Sideofthe丘gure．Theannualaccuml11ationwasintherangeofl．1to2．1m，Withan  
averageofl．63m，丘om1994to1999．Thewaterequivalentvalueiscalculatedtobe  

O．99musingdetaileddensitydata．Theannualaccunulationratein1998wasabout2／3  

0ftheaverage；thissmallaccumulationrateissupportedbytheevidenceoftheaverage  
massbalanceofthreeglaciersintheRussianAltaiMountains（Fig．4）．Figure4shows  

themeanspeCificnetbalanceofMaliyAktru，LeviyAktru，andNo．125Glaciersinthe  
NorthChuyskiyRange，indicatingunusualnegativebalanceinthe1997／98balanceyear  
duetoreducedaccumulation，aSlowas24％oftheaverageandintensivesnowmeltas  
muchas73％1essthanusual（IAHS／UNEP′UNESCO′WMO，2001）．   

j．j．CねemわαJ♪αf〟柁ぶq／∫〃ゆα肌OW  

3．3．1．Correlationmatrix  

Figure5presentsprofilesofmaJOranionsandcationsfbrsurface3－mdeepsnow  

layertogetherwithstratigraphy，6180，PH，ECandtritiumcontent・Asmentionedin  
Section3・1，theseasonalpatternsof61Soandtritiumremaininspiteofrepeatedmelt  
WaterPerCOlationandthe3－mdeeplayercoversseasonsfromspnng－Summer1999to  

Summer2000．However，initialpatternsofsnowchemistryshouldhavebeendisturbed  
duetofhshingofionspeciesbymeltwater（Brimblecombeetat．，1985；IizukaetaL，  

2000）．Itis，therefbre，difBculttodescribeseasonalfbaturesofmajorions．  
ToconsidertheirsotlrCeS，WeShowthecorrelationcoefBcient（r）matrixtxtween  

maJOrChemica）speciesforsurfhce2mdeepsnow，Whichwasdepositedafterthelast  

ablationseasonandhaslesse鮎ctofmeltwaterperCOlationthansnowblowthisdepth，  
inTablel．CoencientswithvalueshigherthanO．7areinshadedcells，   
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CH3COO‾  HCOO■  MSA  C「  NO2‾  NO3‾  SO42－  PO43－  Na◆  N＝4◆  K◆  Mg2＋  Ca2◆   

CH3COO‾  1．00  

HCOO‾ 0．98  1．00  

MSA   0．50  0．44  1．00  

Cl‾   0．18  0．16  0．30  1．00  

NOz－   0．59  0．63  0．21  0．13  1．00  

NO3▼   0．28  0．35  0．24  0．46  0．44  1．00  

SO42－   0．30  0．39  0．37  0．18  0．19  0．56  1．00  
PO13－   0．15  0．29  0．05  0．53  0．38  0，48  0．63  1．00  
Na◆   0．40  0．41  0．Z4  0．87  0．03  0．19  0．18  0．84  1．00  

NH4十   0．48  0．59  0．14  0．37  0．25  0．71  0．77  0．92  0．31  1．00  

K十   0．55  0．59  0．Z3  0．44  0．Zl  0．41  0．68  0．82  0．56  0．78  1．00  

Mg2◆   0．20  0．34  0．23  0．64  0．37  0．27  0．23  0．81  0．79  0．26  0．16  1．00  

Ca2◆   0．12  0．03  0．S2  0．79  0．01  0．44  0．27  0．53  0．68  0．24  0．40  0．60  1．00  
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AsseeninTablel，therearetwochemicalgroupswithhighcorrelationbetween  
species：thegroupSO42‾，NO3‾，PO43L，K＋andNH4＋；andthegroupNa＋，Mg2＋，Ca2＋  
andCl，．ThemostprobablesollrCeOfthelattergroupisterrestrialsalts（dust）because  

theextremelyhighconcentrationofCa2＋isundoubtedlyd11etOterreStrialdustdeposit  
andthe K／Naofl，12isclosetotheaverage K／NaofO．970fthecontinentalcrust  

（Broeckerand Peng，1982）．Next we considertheprobable origin forthe fbrmer  

grOup・  

3．3．2．Signalsofbiomassburningandfireextinction  

ThemainicecoresignalsforbiomassbllrningareNH．＋andblackcafbon（Peel，  
1993；ChileketaL，1995；HoldworthetaL．，1996；Tayloretalり1996；Legrand and  

Angelis，1996；Ja鮫ezo etal”1998）．Furthermore，there are reports thatgive the  

concentrationsofK＋，fbrmate（HCOO‾），aCetate（CH3COO‾），glycolate（C2H303r）  
andoxalate（C2042L）inicecores．Thesevaluesareelevatedduringbiomassburning  
events（LegrandandAngelis，1996；Ja駄ezoetal，，1998）．   

HighcorrelationswithNH4＋in2msurfacesnowofSofiyskiyGlacierareseenfbr  
PO43r（r＝0．92），K＋（，＝0．78）and SO42－（，＝0．77）as shownin Tablel．As the  
concentration ofK＋is not wellcorrelated with that ofCa2＋（r＝0，40），the K＋is  
COnSideredtobenotofsoildustorigin．ThecontentofK＋inSummitsnowlayersin  
Greenlandshowspeaksmostlycorrespondingtobiomassburningevents（Legrandand  

Angelis，1996）．  

RecentsatemteimageshaveclearlyrevealedthatborealfiresinSiberia，Mongolia  

and China have occurred overlarge areas（Cahoon etat”1994；Kasischke，1999；  

Tanimotoetal．，20（氾）．AccordingtothefirespotmapoverSiberiainAugust1998  

（TanimotoetaL．，2000），aneXtremefireyear（Kasischke，1999），forestfiresoccurredat  

SOme Placesin southwestern Sitxria．Occurrences of forest丘resin southwestem  
Siberiain1999and2000areunknown，butfbrestfiresshouldhaveoccurredinthese  

years judging ffom the statistic of report of fbrestfiresin Russiain1970－1998  

（Kasiscbke，1999）．  

Onthebasisoftheseconsiderations，themaJOrSOurCeOfNH4＋andK＋islikelyto  
bbiomassbur血g．  

TheconcentrationofPO43－isextremelywe11correlatedwiththeconcentrationof  
NH4＋（，＝0，92）．PO43．isnotachemicalspeciesemittedbybiomassburning．Themost  
PrObable sourceisa chemicalingredient，mOnOammOmium pho甲hate（NH4H2PO4），  

Ofthe dry chemicalfire extinguisher known as“AI】C”extinguisher，Whichis most  

COmmOnlyusedforfireextinction（e．g．SEJINT＆E，2003）．   

Itis，there払re，eXPlainedthatthehighcorrelationsofNH4＋concentrationwith  
concentrations ofK＋and PO43‾in surface snow ofSo負yskiy Glacierare due to  
Chemical甲eCies emittedby biomassburming and chemicalingredientsused fbr丘re  

extinction．  

4．CoIlelusions  

Analysesof3mdeeppitsnowanda12．3mfirncoreintheaccumulationareaof  
So丘yskiyGlacierintheSouthChuyskiyRangeoftheRussianAltaiMountainsreveal  

tbefbllowl皿g：   
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1）SeasonalityperSistsin61＄oandtritiumprofi1eseveninthesurfacewetsnow  

layer．  
2）Theaverageannualsnowaccumulationrateduring6yearsfrom1994to1999  
wasestimatedtobeO．99mofwateronthebasisofseasonalityof61So，tritiumandmelt  

托atures．  

3）Annualnetaccumulationwasextremelylow，abouthalfoftheaverage，in199＄，  
beingconsistentwiththeextremelylowmassbalanceofglaciersintheNorthChuygkiy  
RangeoftheAltaiMountains．   
4）ThehighcorrelationsofNH．＋concentrationwithconcentrationsofK十and  

PO43，areduetochemical甲eCiesemittedbybiomassburnlngandachemicalingredient  

usedfbr魚reextinction．  

5）Thepresentstudyshowsthattheresearchsiteisconsideredtobesuitableforice  
COredrillingtostudypastclimate．  
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