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Abstract  

Weco”ectedsI10＼l＼ieeandmビ1twatersamplesfromthesurfaceofglariersitl＼lでSternSヽ▼albard  
inthesunlmerOf1991，and anaIyzed the111forNO；．SO∴Cl．a11dNa＋．InadditiolltOthesummer  
SamPIes．weeollec【edsnowsamplesinthesubsequent＼＼・interftLOmPitsdugthT’Oughthcsnowco＼′er  
On Austre Br毎gerbreenand analyzedthem form；ljoranionsandcations．Therestlltsshowedthat  
the concentrationlevel＄in the summersamples were muehlower than thosein the winter snow，  
indicatingthattheionswereflushedotitfromthesurfaceoftheseglaciersduringthethaw◆ The  
Verticalredistributionofionsduringthetha＼＼TOCCurrビdindi（feTentmanIlerSatdifferentsites．Inthe  
laterstageofthemeltseason，ionicconcentrationsinsomeofthesupra－glacialmeltwaterswerestill  
muchhigherthallthoseexpectod fromthemelt waterreleasedinthelatethaw．  

1．lntroduction  

Onl11OSt Of the glaciersin Svalbard．surface  
meIting takes place during the suIllmer eVenin the  
bigbestpartoftbegiaciers（HagenandLiest軋199払  
Melting causesmigration of chemicalconstituents  
retainedirlglaciersnowafld主ce．AccordingもOGlen  
｛－／（7l．（1977）、temperatビg】acierieeisverypurebecこIllSe  
impurities are flushed out of the glaeier by☆ater  
m（一Velllent．EvideIICe Oflea亡hing processesin tem・  
perateandnear－temperateglaciershasbeenfoundby  
previousinvestigators（HarrisonandRaymond，1976；  
Ricq叩de‡∋otユard，1977；Daviesg≠αgり1982；王ioはswor－  
th（・（（7［．．198削t Ho＼＼reVer、detailedchemistrysttldies  
Ofglaeierswithheavymeltinghavenot been亡arried  
Out thus far．Spatialand tenlPOralvariations of  
ChemicaicorlStituents andchemicalprocessesoccur－  
r主nginsuchgiaciersarenotwellknown．ChemicaI  
analysesofsれOWandicebavesoねrbeenfocu紀don  
glacierswithonlyalitHe，ifany，melte鮎cts，S主nce  
long・term atmOSPheric chemistr）lreCOrds not distur－  
bedbymelte拝ectshavebeentbemajorconcernsof  

theinvestigators．HerlCe，Chemistrydatafor・Svalbard  
glaci亡・rS are SparSe．although they are neeessary not  
Onlyfortheunderstandingofthepreぐipitationchemis－  
tryandglacierhydroLogyinSvalbardbuialsoforthe  
studies of the atmospheric chemistry and its spatial 
andtemporalvariationsintheArctic．  

Thisstudywascarriedoutasapartofanillte・r11a－  
tionillscientific research．’StudiビS On こItmOSPhere  
－CryOSpbereinteraction and tbe varia如ni‡1Arctic  
regionり（Watanabビ（T［，1／．．1993こTakahashi（Tlt］／‥19g3）．  
In tbe present work，Weintend toinvestigate tbe  
chemical composition of western Svalbard glaciers 
andtbeextentofrewdistribl止ionofcbemicaicorlStituu  
e11tS due to the stlrfaceIlleltiIlg．Wビalsointend to  
C葺arifythecbemica主processesocct汀王ngOnthesurface  
Ofsub－pOlarglaciers wi出払eavysurface meltingin  
thesummer．Forthesepurposes，Wemadechemicai  
anaiysesofsamp王esco王1ectedfromglaciersnear Ny  
LAlesund．Svalbar・dillthe summel・of1991andi11the  
Stぬsequentwinter．   
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SOlidcirclesinFig．1．  
ThemeltseasonatAustreBrbggerbreenusually  

beginsinJune and endsin September（Hagen and  
Liestbl，1990）．The mean equilibriumline elevation  
was 417 m a．s．1．during1967－1988（Hagen and  
Liest軋1990）．The snowline，the border between  
snowsurfaceandbareicesurface，WaSlocatedaround  

2．Samplec01lectionandchemicalana】yses   

2．ヱ．助〝ゆわcoJわcJわ乃  
We collected samples from a sub－pOlar glacier  

Austre Br¢ggerbreen（78．90N，11．80E）（Takahashiet  
al．，1993）betweenAugust6，1991andAugust14，1991．  
Thesamplingsitesduringthisperiodareshownby  

Fig．1．SamplingsitesonAustreBrbggerbreen．Solidcirclesdenotethesampling  
Sitesin August，1991，and opencircles（WlandW2）denotethoseon February，   
1992．SitesGltoG5arewhereautomatedweatherstationsweretemporarilyset  
upduringthe1991summerfieldobservation（Takahashiet al，，1993）．   
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Westartedicecoringfromthebottomofthispitarld  
Stやppeditatadep払of2，卓1m．Snowsamp王鴇Were  
COま王ected from tbep主tⅥrallcontinuousiyw舐b a pre  
－elビaIled scoop；lnd plltinto plastic bags whiL：h had  
beenassuredtobccontamination仲freeregardingwith  
thcrelevantions．IcecorestakenatsitesG2，G3and  
G5＼＼，el，t）allcuti11tO5→1（1cmlonきミPieぐC・S＼＼▼ithahこmd  
SaⅥr．A珪ersbavingofftわesurねceO．5－1cmofeacil  
piecewitbaprewc！earledknifea‡18disposableplastic  
gioves，WeputeaChsampleintoa plasticbag．The  
COreCtlttingandshavingⅦere（重onei†l払efie王d．   
Inadditiontothesnowpita王1dicecoresamples，  

WeCOllectedvariousくでsurfacesampies”atsitessbown  
＼l，itllSL）lideilてIesinF痕．1，＼＼・hichineludelheLit：eC11ring  
Sites，duri喝tbesummersamp‡ingperiod．モtStlrface  
Samples”consistedofsn研7Samp王esfromthetop3咄  
5cmofsnowcoverdepositedintheprevious・Winter，  
icesamples打omthetop3－5cmoftbebareice，SllユSh  
Samp呈esⅥrhich are tわe mixとure of snoⅥ㌢and me粍  
Water，andmeltwatersamplesfromtbeglaciersur－  
ねce．T‡le tOplcm of the gまacier surface was  
rem（〉Vedpriortothesampiingtoavoidthecorltaminaす  
tionfromouractivitiesor主tbeglacier．T壬1eSr10W，i鴫  
Slushandmeltwatersampleswereco主1ectedineither  
piasもicbagsorpre叫Cleanedpo重ypropy王enebott王es．   
‡norderto室nvesti卵tetbeeffectsofthesurねce  

melt主ng on gまacier c壬Iemistry at bigber elevations  
wherelessmeltingisexpected，WeeXtendedoursumこ  
mersamplingtoasiteat79．lON，12．9CE，850ma．s．1．on  
Isachsenfomawbichislocatedabout30kmIlOrぬeast  
OfÅustre Br¢ggerbreen（Takahashigf 戌£，1993）。  
T壬1eSnOWVaSWetin汰etop2mlayersof‡sacbsen・  
fon王1a．Wedtiga2．10mdeepsnowpiton‡sac壬1Sen－  
foIlnaOnAugust12．199lこ＝1dto（一kコ6sこ1111plビSft・onlthe  
pit wall．The pit samples were coliectedin pre  
－Cleanedpolypropyまenebott壬es－  
Thewintersamp血gonAus汀eBrぬge沌reenwa＄  

Carriedouto王1ぎebrもiary20，1992モOCbaracterizetbe  
chemical composilion of the winter snow which is 
littleaffectedbymelting，AustreBr如gerbreenwas  
COVere（箋withsnoⅥrVbicbpresumablybadaccumulaト  
ed s主nce Septemt）er，闇汁 Tbe thickness of ぬe  
Sr10WpaCkwasl，10matsitel財1a11dl．ユ5matsiもeう野2，  
PitsweredugatbothsiteWl（235ma．s．1．）andsiteW2  
（470m a息i．）down tol，15m．At botb sites，Super  
－impo＄ed主ce，Whic壬Iisconsideredtobetbe1991sum－  
mersurface，WaSfotlndbeneatbtbesnowcover．Tbe  
bしIttOm5cIllOf thp pit at site WIwas the supビr  
仙imposedice，Whi重eatsiもeW2もbepitⅥraSilOtduginto  
the super仙i王叩OSedice at ail．Samples were taken   

SiteG3on August6，1991，andgradualiymovedup・  
ward．It wasIocated aro川1d site Gion AtlgtlStl：l．  
1991．Thegiaciersurfacewasmoreheterogeneousat  
ビ1evations below the snowlineL than；tt eleLVations  
aboveit，  
Thesurfaceoftheglacierintheareaaroundsite  

Gland site M was bareice partly covered vith  
brownish red dirt，S叩ra†宮Iacialmeit water was  
draiIling through the ch；lnnels fornleLd with fいIiation  
patterns，Sedimentwasoftenobservedatthebottom  
ofthedrainageLCllannels．SoTneOftht？ChこInnels＼＼▼ere  
COVered with beadsJikeice grains whose diameter  
vas2州3mm，  

Around site G2．t．he glacier surfat：e had similar  
feahlreS tO those ar（ヽund sites Glillld h／1．H（）＼＼Te＼でr．  
ぬebareiceexposedat払esurねceⅥraSbrittleint主Iis  
areaincontrastwiththatintheareaaroundsitesGl  
and M，SirlCeinter血CO‡lneCtion betweenindividua王  
grainswasweak．Cryoconite ho王eswitb diam由ers  
5LlO cm and depthsコOqこ柑enlWere fotlndin this  
area．Thenumberofsupra州giacialdrainagesandtbe  
di正一】COVered area decreased as the elevationin－  
creased．  
TbeglaciersudaceintheareaarolユndsiteG3and  

SiteNwass】llOOtherL：OmParビdtothこItatlowerele＼，；1－  
【ions．1teonsistedofwetgraIlulat’SnOW．STush（∫．（、．a  
mixtt7re Of snow and melt wate汀blueiLle and TllビIt  
Water pOOIs ofseveralmetersin size on top ofice．  
Theglaciersurfacewa＄partlycoveredwithbrownish  
dirt．Å1tboughsnowcoveracc11mⅥまatedinthewinter  
Stil王remairledintbisarea，tbearearatiocoveredwit王I  
SnOWgraduil町rdecreasedduringthcsamplingl）ビriod  
alldthearea ratioofsIusb，bareice andme王t water  
p（1OIsincT’e；lSedwithtime．  
UpperpartoftbeglaciersurfaceⅥraSapparentiy  

more‡10mOgeIleOuS．Tbesampling＄itesate王evations  
bigherthansiとeG4Ⅵrerea11coveredwithwetgrant11ar  
SnOW throughout the sampling period，SitビGiwこIS  
mainly（：0Veredvi払wetgranularsnow．Ataround  
theendofthesamplingperiod，patChesofmeltwater  
poolarldsltlShwereobservedattbissite、  
AtsitesG2，G3andG5，Wedrilledicecoreswith  

a壬1and a喝訂OnAu郡ま9，AtlguSt8aIldÅugust6，  
respectively．Tileice core＄Were dril王ed from tbe  
giacierst汀ねcedowntodep汰sofl．78maもG2andto  
O．70matsiteG3．ÅtsiteG5，Wedugasnowp董ttothe  
depthofO．6射恥Wberewehitsuperwimposedice、Tbe  
densityofsnoⅥtintllepitw；11lrangedbet＼VeellJ70kg！、  
m3and520kg／m30n AlユglユSt6．Melt waterⅥFaS  
t：Ontinuousl）．emeTgi］1g from the bottom or the pit．  
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Brめggerbree11，  
ConcentrationsofNO㌻，SOZ一，Cl‾andNa十inthe  

SurfacesamplescollectedfromthesitesalongdifferT  
entcontourlinesALE（Fig．1）are plottedin Fig．4．  
Nosystematicvariationsofconcentrationlevelswith  
distance fromtheexposedmountain rocksthat fornl  
theedgeoftheglacierwereobserved．Asfarasthe  
COntOurlineslocatedabovethesnowline（i．e．contour  
linesBME）areconcerned，nOSyStematicvariationsof  
concentrationlevels with elevation were observed．  
Thescatterofconcentrationlevelsweremuchgreater  
for eontotlrliIle A．which wasillthe ablati（）n ZOne．  
thaれねrcontourlines B州E．  

Figure5depictstheconcentrationsofNO；，SOi一，  
Cl‾andNa＋inthesurfacesamplescollectedfromthe  
sitesnearthecenterflowlineoftheeastbranch（the  
Sites areindicated bylarge soiid circlesin Fig．1）．  
Wedidnotobserveanytrendsinconcentrationlevels  
withtimewithinthesamplingperiodofAugust7，1991  
－August14，1991．Whileitdrizzledintermittentlyon  
August8，AugustlO，August12andAugust13，1991，  
Wedidnotseeanysystematicchangescausedbythe  
drizzle．Time－tO－time variationsin concelュtration  
levelswereweliwitbi‡ltherangeofsampie－tO－Sample  
variation＄．The scatter of concentrationlevels was  
greateratsitesG2andG3thanattheothersites．   

ヱ之ゐ乃お〝乃Cg乃≠相鉄）乃ぶg乃娩g紗あおγぶαブナゆg由  

ConcentrationsofNO；，SO：．．CIL▲，Na＋．Mgご＋and  
Ca2＋，and6180inthesnowpackalongwiththevisible  
StratigraphyatsitesWlandW2areshowninFig．6．  
K＋ concentrations wereless than or close to the  
detectionlimit（100ppb）in most of the samples．  
Aimosta11Cl－ナNa＋andMg2十inthewintersnowon  
AtlStre Br参ggerbreenwere the sea salとOrigin，Since  
the ratios CりNa十and Mg2十／Na＋in most of the  
Sampleswereclose to those ofthe sea water，The  
SO㌃／Na十ratiorangedbetweenO．29andO．62，andthis  
indicates that40－90 ％of SO言‾was the sea salt  
Origin，SirlCe払eSO書▼／Na＋ra如for琉eseawateris  
O．25．Tbus，tbe sea sprayⅥraS払e major source of  
ionsonamaritimeglacierAustreBrbggerbreen．  
Thestratigraphy，the8180profileandtheconcen－  

trationlevelofeachion at site WIwere general1y  
Simi1ar to those at site W2．In particular，Peaks  
；汀OUnd O．：imこInd O．5Tllin conce11tration profiles of  
SO言．，Cト，Na十，Mg2＋andCa2十atsiteWIwerefotlnd  
atsimilardepthsalsoatsiteW2．Thenitratepeakat  
O．51TO．53matsiteW2whichwerenotseenatsiteWI  
wasassociatedwiththeicelayeratthatdepth．The   

fromthepitwallswithapreMCleanedscoopandptlt  
intoplasticbags．14and12sampleswerecollected  
COntinuouslyatsiteWlandatsiteW2，reSpeCtively．  

Allthesamplescollectedinthefieldbothinthe  
summer and払e winter were brought back to Ny O  
山Åiesundtobemeitedataroomtemperattlre．The  
Samplesme‡tedinplasticbagsweretransferredtopre  
…Cleaned polypropylene bottles after they melted，  
whereas those co11ectedin bottles were keptin the  
Samebottles．Allthesummersampleswereshipped  
toJapanintheliquidphase．Immediatelyafterthey  
arrivモdatNagaoka王nstituteofSr10VandIceStudies  
inearlyDecember，1991，theywererefrozeninacold  
roomandwerekeptfrozenuntilthechemicalanalyses  
Weremade．Thewintersamplcs，Whichwerealsoin  
theliquidphase，WerebroughtbacktoNationalInstト  
hlteOfPolarResean：hinTokyo．Japanwithinaweek  
fromthesamplirlgdate，Tbeywereanaiyzedimme－  
diatelyafterthearrivalinTokyo．   

2．2．Cゐg例言甜Jα犯αかざお〆∽〝砂Jぬ  
AllthestlmmerSampleswereanalyzedatNagao－  

kalnstitute of Snow andlce Studies for NOi．SO：r  
andCIJwithaDionexDxLiOOionchromatographand  
for Na＋with a Seiko SAS7500atomic absorption  
SpeCtrOphotometer equippedwith a flame atomizer．  
Samples containing visible dirt were filtrated with 
Nuclepore fi娠指（pore size：12〃m）prior to払e  
ehemicalanalyses．MeastlrenlビntS On 61さぃ were  
made at Nationallnstitute of Polar Research for  
SamplesfromIsachsenfonna．  
ThewintersampleswereanalyzedforNO；，SO3w，  

Cl∴Na＋，K十，Mg2＋andCa2＋withaDionex2000i／sp  
ionchro111atOgl・aPhandfor618OwithaFiniganMAT  
InstrtlmentInc．♂EmassspectrometeratNa貢onal  
Institute ofPolar Research．  

3．Res山ts  

ユJ．んJJ∫＝…汀【り由ⅥJわJドJ〃〟れ－∫J…JⅢ（TJ・良川！♪／（Y  
Verticalcon（：entrationprofiiesofNO㌻，SO言‾，C「  

andNa十atsitesG2，G3andG5areexhibitedinFig．2  
togetherwith the stratigraphy．Verticalprofile＄Of  
ionicconcentrations，6180anddensityandthestrati－  
graphyatIsachsenfonnaareshowninFig．3．Asseen  
from Fig．2and Fig．3，t壬Ie Verticalconce王1tration  
profi王e and the concentrationievelof eachionic  
SpeCieswasdifferentfromsitetosite．  

Figure4andFig．5showthespatialvariationin  
ionicconcentrationsinthesummersurfaceonAustre  
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BrめggerbreeninAugust，1991alongwiththestratigraphy・Thesnow／iceboundN   
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distribution ofionsintheglacier stlrface was more  
homogeniousinthewinterthaninthesummer．   

4．Discussion  

4．了．穐血gかが払〆わ乃ぉの瑠rg刀身冴ぬ乃ざC聞ね♂妙  
おαC鋸喝かⅥCg∬錯  
At site G5，COnCentrationlevels ofionsin the  

SnOWandthesuper－imposedicebelowthesnowwere  
muchlowerthanthoseinthewintersnowcover（Fig．  
2andFig．6）．Moreover，thehighpeakinconcentra・  
tionswasfoundjustbelowtheboundarybetweenthe  
snowlayer and theicelayer．Simi1ar observation  
WaSpreViouslymadeatFolgefonniIceCap，Norway  
by Davies（t a［．（1982）．while their data showed the  
highpeak at12一一15mindepthineontrast with our  
peakatamuchsha1lowerdepth．Verticalprofilesof  
ionic concentrations at site G5 indicate that most of 
theioninput since the1990melt season had been  
releasedfromthesnowabovethesuper－imposedice  
even at the highest part of Austre Br¢ggerbreen．  
Theionsreleasedfromthesnowseemtohavemoved  
downward and stopped at the snow／ice boundary．  
Lowionicconcentrationsatdepthsbelowthisbound・  
arysuggesとthat払eremovalofionstookplacealsoin  
the previous year－（S）．The ratio of the peakionic  
eoneetrationtotheaverageionicconcentrationinthe  
entiredepthexceptforthepeakwasgreaterforNO㌻  
andSO書‾thanforCトandNa＋．Thismayreflectthe  
preferentialelutionofNOiandSO…‾toCl．andNa＋  
frommeltingsnow（e．g．Daviesetal”1982，Azumaet  
al．，1993），althoughwehavetoknowtheinitialdistrト  
butionofeachioninthesnowbeforethemeltsea＄On  
to cometo a conclusion．  

From the analyses of the60m core from Foト  
gefonniIce Cap，Davies gfαg．（1982）suggest tbat a  
h短hpeakatthesnow／icebotlndar）・eXistsonlytempo－  
rarilyinthemeltseasonanditdisappearsbytheend  
Ofthe meltseason．However．coneentrationprofiles  
obtained at siteWl，Austre Br¢ggerbreerlfrom the  
wintersampling（Fig．6）showedhighpeaksin what  
WaS COnSidered to be the previous summer surface．  
Thispresumablyindicatethatsuchhighpeak＄OCCa－  
sionallyremainafterthemeltseason．Arecoveryof  
adeepericecoreisnecessaryforthefurtherstudy，  

Concentrationlevelsofionsinicecoresfromsites  
G2andG3werel爛20rder（s）ofmagnitudelowerthan  
thoseiIlthewj11terSnOW（Fig．2andFig．6）．Concen－  
trationievelsin tぬe bo払cores appear to be even  
lower than thosein sanlPles from site G5（Fig．21．   
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DISTANCE－ m  

DISTANCE．m   

F転．1．Concentrationsofi（－nSinthesurfat：eSarTIP】esぐOLlビCtedfromthesitesatong  
differentcon（O11rIiTleSAEatAustreBr4，ggerbrt＞en（Fig．1）．Thealtitudesofthe  
C（）nt（一ur tinesAlミwt）re165，325，395．140andヰ9Oma．s．l．．respectivel〉P．Dateof  
払esampユeco】iectionwasAugust13，1991forc（）nt（〉urlineAandAⅥguSt12，1991   
forcontourlinesBvE．Thehori2，Ontalaxisofeachfiguredenotesthedistance  
OneaChcontourline，Wheretheoriginalpointistakenattheeastedgeofthe  
glacier．  
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Fig．5．Concentrations ofionsin the surface samples collected from Austre   
Brbggerbreenatthesitesindicatedbylargesolidcircles（Fig．1）．Thehorizontal   
axisrepresentstheelevationofthesamplingsite．OpensymboIsdenotesnow  
andice samples．Hatched and solid symboIs denote slush samples and melt   
WaterSamples，reSpeCtively．Datesofsamplecollectionareshownbydifferent   
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：August12，nablas：August13，andstars：August14，1991．   
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decreasewithdepth，Whichisoppositetotheconcen－  
trationprofilesfrom‡sachsenfonna（Fig．6）．Tbere  
distribl】tionofionsbyme王tingseemsto occurina  
di＃erentmanneratindividuaisi略possiblydepending  
upontheextenとofmelting，Stlb”SⅥrねcestructure，and  
tbeverticaltemperaturedistribution．   

・J．ユ∫J小一卜gん甘んJ／川バ／廿〃汀JT汀〃んJJなノJ晶J∫（てり〃n、7ト  
か加わ符S  

Leveisofionicconcentrationsinthesurfacesam－  
piescoliectedonAustreBr¢ggerbreeninthesummer  
atsitesabovethesnowlineandatsiteswellbelowthe  
snowline were muchlower than thosein the winter  
SnOWpaCk（Fig．2，Fig．4，Fig．5and Fig．6）．One  
exceptionisthehighSO君－levelinonesamplefrom  
siteGl（Fig，5），Whichispresumablyassociatedwith  
dirt，Ontheotherhand，SOmeOfthesamplesfromthe  
sitesaroundandalittlebelowthe＄nOWlinecontained  
asmuchionsasinthewimtersnowpack．Thiscannot  
be attributed to the dirt，Since samples containing  
Visible dirt did not rleCeSSarily show higherionic  
COnCentrations．Most of the sampleswith highion  
COntentSWeretheslushsamplesandmeltwatersam－  
ples．  

PreviotlSStlユdiesorlmeltingsnowpacks（g．爵Jo－  
hanrleSSen gfα£，1977；Johannes艶n and Henriksen，  
1978；St王Zuki，1982）reveaied tbations arepreferen一  
員a王lぎreleasedirltOmeまtwaterandt壬Iattbemeitwater  
releasedattheinitialstageofsnowmeltisrichinion  
contents．Accord主ngiytbemeltwaterreleasedattbe  
laterstagebecomespoorinioncontents．Hencethe  
lowionicconcentrationsinthe meltwateratsiteGl  
indicatesthatthiswasthemeltwaterproducedatthe  
laterstage ofmelting．On the other hand，Samples  
withhighionicconccntrationsasfoundatsitesnear  
andalittlebelowthesnowlineseemtobeassociated  
with melt waters with highionic concentrations．  
Thesemeltwaterscannotbetheoneswhichhavejust  
beenreleasedfromthesnow，Sincemost oftheionic  
loadaccumulatedsincethepreviousmeltseasonhad  
beenalreadyescapedfromthesnowbythetimeofthe  
Sampling，aSdescribedsofar．  

Themeltwaterswhichcontainedhighioniccon－  
Centrationsmighthavebeenoriginatedfromthemelt  
Ofthelayerwith highionic peak as seenin Fig，2，  
Sincesuchalayerprobablyhadjustbeenexposedat  
the surfacein the area around and alittle below the  
srlOWiine．Tbe meit waters arou王1d site GIcould  
havebeenlowsincesuehalayerisconsideredtohave  
beenaireadymeite（まoutintbepreviousst王mmerOrin   

AIso，the top O，2～0．3m of the core from site G3  
ShoⅥ㌢edsligbtly‡lig‡1erCOnCe雨rationlevelsofC卜and  
Na十thanintbecorefro汀ISiteG2量 Theseねctsmay  
reflectthernoreieachingofioIISatioⅥFereleva貞ons  
duetobeavierslまrfacemelting，Wbiie払ereisanother  
possibi王ityぬat the co‡iCentrationleveisin払eice  
preserlも1yattbesurfaceofsitesG2andG3mig如have  
beenま0Ⅵrerthanthoseinpresentdays壬10WVhentbe  
ice was orlgmaily deposited as snow，for theseice  
COreS Were taken from the ablation zone and they  
mightbeoldice．  

Concentration profiles of different ionic species 
fromthepitsamplesfromIsachsenfonna（Fig．3）were  
allsimilarincorltraStWiththewintersnowpack on  
AustreBr触gerbreeninwhichthecorrelationbetween  
concentrations of NO, and those of other ions was 
Weak（Fig．6）．Theconcentrationsshowedageneral  
tendencytoincreasefromthesurfacetothebottomof  
thepit．The＄efactsindicatethattheleachingofions  
has occurred at the top 2．1m ofIsachsenfonna．  
However，theionic concentrationswere closeto the  
winterconcentrationlevelsatthebottom ofthe pit．  
This suggeststhatlessionshavebeenescapedfrom  
theglacier surねce at‡sachsenfonna than at A11Stre  
Br¢ggerbreerl．  

Tわe♂180profileたoIⅥIsachsenfoilna（Fig．3）did  
not show any systematic decrease orincrease w主洩  
deptb，Sinceadepthhoariayerisgenerailyfomed  
Wben cold snoⅥr deposited onto tbe warm summer  
Surface，aSCanbeseenfromt壬1eOrleformedontopof  
tbesummersurfa（：eO王ュAustre Br¢ggerbreen（Fig，乳  
thedepthhoarlaycrwithlowdensityataroundl．7m  
depth presumably corresponded to the fal11ayer．  
Hence，negative peak of6180seen at aroundl．3m  
depthmaycorr－eSPOndtothewinterlayer．Thevaria・  
tionintheprofileprobablyreflectstheseasonalvaria－  
tionof6180values．The6180profileforthetop2．1m  
OfIsachsenfonnaappearstohavebeenlessmodified  
bymeltingcomparedtoionicspecies．  

Leachingofionsbymeltingisthemajorprocess  
determ］nlng theionic concentrations at Austre  
Brねgerbrecn and atIsachsenfonna．The vertical  
COnCentrationprofilesofionsfromsitesG2，G3andG5  
atAustreBr¢ggerbreen（Fig，2）andthosefromIsach－  
Senfonna（Fig，3）arealldifferent，althoughleachingof  
ionshastakenplaceatallthesesites．Anotherdiffer－  
ent profile ofionic concentratiorlS WaS preViously  
Obtainedfromacrevasseiocatedneart王Ieequiiibrium  
抽e at a temperate gまacier（Ricq－de Bouard，1977）．  
They exbibited tbe tendency for concentraもiorlS tO  
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theearlymeltseasonatalowerelevation，OrSuCha  
layermightnothavebeenformedat＄iteGl．Further  
Stl】diesarenecessarytoclarifytheoriginofthemelt  
WaterSVithhigh主onconter托S．  
Spatiaivariationsintbestrucとureand払eionic  

COnCentratiorlS O首 班e glacier surねce were mucb  
greaterinthesummer払aninthewinter（Fig，2，Fig，  
4，Fig．5and Fig．・6），Since melting of the glacier  
Surfaceoccurredheterogeneously．Thegreatestspa－  
tiaivariationsobservedatelevatioriSarOtmdandjust  
be王0Ⅵr the snowline（Fig．4（Å）arid Fig．5）can be  
attributed to the co－eXS童sterlCe Of snow andice  
CO王1taininglowionic corlCentraとions and meit water  
COntaining highionic concentrations at these eleva－  
tions．  

5．Conc山sions  

ConcentrationsofNO；，SO言qw，C「and Na＋near  
thesurfaceofAustreBr¢ggerbreenand‡＄aChsenねnna  
in wester王1Svaibard were veryiow主n汰e summer，  
becausemostoftheior血inputswereremoved育om  
thesurfaceofthesegiaciersduringthethaw，Leach－  
ingofionsnotonlyreducedtheconcentrationlevelsof  
ions，butalsocreatedthecharacteristicverticaipro－  
fiiesofio†1Sneartbeglaciersurface．Theveryhigb  
peakiれCOnCerかation profiies was found near払e  
botlndarybetweerlgranularsnowandsuper－imposed  
ice，1ⅣeslユggeStthatthish主gbpeak汀はySlユrVivetbe  
Wbolemeltseasoninsomeyears．  

Thehighpeakinconcentrationprofileswasmore  
pronouncedforSO㌃andNO；thanforCi，andNa＋，  
WhichwasprobablyduetothepreferentiaまeIutionof  
theformerま0‡1StO洩eiatterionsfroれ1meitings‡10W－  
andice as derno11＄とrated by previous studiesくど．g  
Davies g才 α£，1982；Br主mbiecombe gg αg．，1985；  
Brimblecombeβ～αg．，1987；Aztlmaβ≠αgリ1993）．  

The surface snow，ice and melt water samples  
fromvarioussite＄OnAustreBr¢ggerbreenindicated  
that the variations ofionic concentrationsin these  
samples were greater in the area around and just 
belowthesnowlinewheresupra叫glacialmeltwaters  
Witbhighiorlicconcentrationsexisted．Thesurねce  
melting seemed to accer血ate theわeもeroge‡1eity of  
iollicco王1Centrationsintbegiaciersurface－   
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