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Abstract  

Theaetivityo上州Pbinanieecoreobtai11edfTOmtheArctit：glat：ier．Sn直jellafonlla．innorthwesト  
ernSpitsbergenwasmeasuredanditsverticalprofilewasobtained．Theactivitiesof210PbatiTIO  
mdepthwerelowerthanthoseatlO－20mdepth．Thisirregtllarityof21OPbprofilesuggestthatthe  
atmosphericinputof2ヱ8PbtotbissitebasiargetemporalvariationortheinitialcollCerltrationof払e  
nuelideisnotpreservedasitwassuppliedonthissitビ．AcctlmuhtionrateoftheglaeialiccthTOugh－  
outlO－40mdepthwasestimatedbytbe218Pb－Cムronologybasedontbeassumptiontbatthevertical  
profileof210PbbelowlOmdepthobeytheexponentialdecrease．Theobtainedresult，OA4m－Water／  
yr，Wellagreedwiththeresultfromotherdatingmethod，0．43－0．49m叫Water／yr．Thisresultmay  
SuggeStthattheactivityprofileof210PbbelowlOmdepthinthesiteapproximatelyobeyradioactive  
decayofthenuclide，andtherefore，theirr・egularitymaybeduetothesuddendecreaseof210Pbactivity  
inl山10mlayerratherthantheenrichmentofthenuclideinlOh20m．  

These aerosois containing210Pb are transported to  
ArcticglaciersbybothwetanddrydepositiorlprOCeS－  
SeS．  

After re］llO＼▼alfrom the atmosphビre，mlPbisac－  
Cumulatedong王acialice．Verticalprofileof21OPbin  
a certain glacieris principally controlled by radio－  
activedecayofthenuclideiftheinputof210Pbisnot  
largely change during observed tinne scale and the 
post－depositionalmigration ofヱ10Pb together with  
meitingvaterisn喝1短ible．Namely，tbeactivityof  
2ユやPb（まecreasesⅥrithdeptbofg王acierasaねnctionof  
time at a rate controiied byits baiト‡iね．Hence，  
acclユmulaモionrateofa certainglaciercanbecalcu・  
1atedfromtheslopeofverticalprofiieof210Pbactivity  
（Crozaz g差招gり1964；Crozaz andIJangWay，1966；  
Nijampurkar gf α£，1982）．Recent studies bave  
shown that accumulation of210Pbin Greenlandice  
Sheethasnotremainedconstantoveraperiodofthis  
Centuryandhavesuggestedthatwemustpayatten－  
tion to application of210Pb chronology toice core  
dating（Ni3ampurkarandClausen，1990；Dibb，i99払  

Here，WerepOrt the preiiminary resuit of210Pも  
measurement onice core sample which has been   

1．】ntroduction  

Arcticglacierspreservegaseousand partictllate  
COmpOnentSinArcticatmosphereLlptOthepresentin  
theprocessesofsnowdeposition，air－SnOW！ice主nter－  
actionandiceformation．Therefore，Verticalprofiles  
Ofthese componentsin glaciers provideimportant  
information about change ofpast atmospheric envi・  
ronmentinthenorthernhemisphere（Ft蔚ieial．，1990）．  

Lead仙210（halfJife22．3yrs）isoneofthenatural  
radioactivenuclidecontainedinatmosphericprecipi－  
tation．ThemajorsollrCeOf218Pbis222Rn（haば－1ife3．  
82days）in the atmospbereⅥ㌢bicbis emanated from  
earth’s crtlSt aS areSuit ofdecay of22¢Ra（balf－iife  
162Oyrs）．Leadis metalelement havinglし）W VこIPOr  
pressuresattroposphericenvironmentand，thus，eXist  
asasoまidformofaerosol．Atthispoint，the222RnLL210  
Pb systeminthe atmosphereis very similar to the  
SO2＿SO㌣systemortheNH3LNH4＋system，because  
thesesystemsarepalrSOfagaseousparentandasolid  
dauさかterin也e atmosphere（Tsl】n喝aig才虎ム，1988）．  
Asaresu転atmospberic2王¢Pbregardsasatracerof  
terrigenotlS SeCOndary aerosoIsin the atmosphere，  
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Obtainedfrom aglacierin the Arctic reglOn and  
discussaboutitsverticalprofile．   

2．Samplesandmethods  

Theice core samples uslngin this study were  
takenfromSite－AonaglaciernamedSn摘ellafonna  
in northwestern Spitsbergen（79008．2′N，13017．5′W；  
1190m a．s．1．）by theJapanese Arctic Glaciological  
Expeditionin1992（JAGE’92；Takahashietal．，1993  
；Kameda et al．，1993）．  
Approximatelylkgsizeofsampleswereprepar－  

edfor210Pb analysisfromelevenlayersofthiscore  
（Tablel）．Theice samples were meltedin acid  

Tablel．Depth and weight of samples for 210Pb analysis  
obtainedfromSiteAontheSn¢fjellafonna，Spitsbergen  

silver disc．TheαaCtivities emitted from each nu－  
Clidesweremeasuredbyanα」SpeCtrOmeterCOnSisting  
Ofionimplanted passivated silicon detectors and a  
multichannelanalyzer．The activity of210Pb was  
Calculatedfromthechemicalyield ofPb and the210  
Po／209Po activity ratio．The reagent blank of this  
procedurewasdeterminedpreviouslyandsubtracted  
fromtheactivityofeachsamples．  

3．Results and discussion  

Average chemicalyield of Pb andits standard  
deviationin our method was94．1±3．8％．Measured  
activitiesof210Pbinthesampleswerereducedtothe  
activitiesatthedateofsamplingandshowninFig．1  
asadepthprofile．   
In general，the activity of210Pbin theglacier  

Shoulddecreaseexponentiallywithdepthaccordingto  
radioactivedecay，iftheinitialactivityofthenuclide  
in surface firn remains constant and the each firn  
layerbehavesasaclosedsystemforthenuclidesince  
thetime ofdeposition ofthe snow（Picciotto et al．，  
1967）．  
AsclearlyseenfromFig．1，theactivitiesof210Pb  

inuppertwosamples，0．009－0．016Bq／kg，Werelower  
than those at3rd and4thlayers，0．032－0．037Bq／kg．  
Thisirregularity of210Pb profile suggest that the  
atmosphericinput of210Pb to the Site－A haslarge  
temporalvariationortheinitialconcentrationofthe  
nuclideisnotpreservedasitwassuppliedonthissite．  
If the activity profile of 210Pbin theice coreis  
COntrO11ed by not only radioactive decay of the nu－  
Clide，We CannOt apply the210Pb chronology to this  
COre．   

In1987，JAGE’87icecoredrillingteamobtained  
ice core samples from the top of the Hgghetta ice 
domeontheAsgardfonna（79017′N，16O50’E，1200ma．  
S，l．），80km east from the SiteAA of Sn硝e11afonna．  
Theaverageactivityof21OPbfrom2．22mtolO．32m  
intheJAGE’87core was O．068Bq／kg．The average  
activityof210Pbinuppertwolayer（1．53M9．55m）in  
thisstudy，0・013Bq／kg・WaSe－fifthofthevalue  
which was obtainedin the Asgardfonna．On the  
Otherhand，theaverageactivityof3rdand4thlayers  
（9．55－18．04 m）in this study，0．034Bq／kg，WaS nOt  
differentinfactoroftwocomparedwiththeaverage  
Valuefrom9．88mto16．76moftheJAGE’87core，0．  
053Bq／kg．Thisindicatesthatthedifferenceofactiv－  
ities between two site atl－10m depth waslarger  
thanthatatlOp20mdepth．   

Sample  Top  Bottom  Weight  
（m）  （m）  （kg）  
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－WaShedpolyethylenebottlesandacidifiedwith20ml  
Of conc．HNO，at the sampling site．The sample  
SOlutionweretransportedtoJapanandanalyzed210Pb  
bycountingα－aCtivityfromitsdaughternuclide，210  
Po．As the method has already been published by  
Suzukiet al．（1991），WeOnlyoutlineit．Yieldtracer  
for Pbwasaddedtoeachsamplesolution，andthen，  
Pb and Pointhe solution were concentrated by the  
CaCO。COpreCipitation method．The precipitation  
WaSCOllectedbycentrifugationanddissoIvedinO．5M  
HCl．Andthentheinitia1210Poorlglnal1yincludedin  
the sample was removed by spontaneous deposition 
OntOthesilversplral．TheapproximatelyO．02Bqof  
209Po tracer and conc．HCIwere addedto the remain－  
1ngSOlutionandstoredformorethan6months．The  
ChemicalyieldofPbwasdeterminedfromanaliquot  
Of this solution by atomic absorption spectro－  
photometry．Repeating coprecipitation and sponta－  
neousdepositionprocedure，210Poproducedfrom210Pb  
duringstorageand209Pofromtracerwereplatedonto  
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Temporarily，letusassumethattheverticalpro，  
fileof210PbbelowlOmdepthinthisstudyobeythe  
firstrorder removalprocess，i．e．radioactive decay．  
Now，Wehaveassumedthefollowingformula；  

Az＝Ab＋AleXp（－αZ）   

Where Azis the activity of210Pb（Bq／kg）intheice  
COre at depth z（m－ice），and Ab，Aiandαare COn－  
StantS．Thefirsttermoftherightside，Ab，refersto  
thebackground activity of210Pb whichis supported  
from226Rainmineralparticlesintheicecore．The  
second term is derived on the assumption that the 
initialactivity of 21OPb in surface firn，Ai，is  
exponential1y decreasedwith depth，Z，aCCOrding to  
therateconstant，α．Ifweassumetherateconstant，  
α，is governed by radioactive decay only，We Can  
Calculatetheaccumulationrateofglacialicefromα  
by the methods described elsewhere（Crozaz eial．，  
1964，Suzukiet al．，1991）．  
TheconstantsAiandαWaSdeterminedbyaleast  

SquaremethodbyfixingA。．WeusedafixedvalueO．  
0008Bq／kgforA。，becauseitwasthe activity ofthe  
deepestsample（85．3m）obtainedfromAsgardfonnain  
northern Spitsbergen（Suzukiand Fujii，1992）．The  
COnStantSObtainedareasfollows；  

Az＝0．0008十0．062exp（一0．057z）   

andtheequationareshowninFig．1asasolidcurve，  
The accumulation rate throughoutlO－40 m  

depthofthecoreexpectedfromαOftheequationisO．  
55mLice／yr．Ifweconsidertheaveragedensityfrom  
lOmto40mdepthoftheicecoreisO．8g／cm3fromthe  
result of density profile（Kameda et al．，1993），  
obtainedice accumulation rateis able to convert O．  
44m＋Water／yr．  

Kameda et al．（1994）estimated OA8m－Water／yr  
ofaccumulationratefromthe3H contentinthesame  
COreinthisstudy．Pinglotetal．（inpreparation）also  
measuredverticalprofile of137Cs atthe Site－A，and  
reported that the annual accumulation rate of the 
glacier was O．43－0．49 m－Water／yr．These annual  
Water aCCumulationratesagreewiththe ratewhich  
have been obtained by our calculation．This result  
maysuggestthattheactivityprofileof210PbbelowlO  
mdepthoftheSite－Aapproximatelyobeyradioactive  
decay ofthe nuclide．Therefore，theirregularity of  
210Pbprofileinthisstudymaybedueto the sudden  
decrease of210Pbinl－10mlayer rather thanthe  
enrichment ofthe nuclideinlO－20m．Because，（1）  
the accumulation rate obtained by210Pb chronology   

Pb－210（B叫g）   
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Fig．1．Verticalprofileof210PbintheicecorefromSite－A，  
northwestern Spitsbergen．The horizontaland verti－  
Calbarsindicate the depthintervaland thecounting  
error，reSpeCtively．Seethetextfor methodofcalcular  
tionofthesolidcurvegiventogetherwithitsformula．  

usingninedatabelowlOmdepthshowedgoodagree－  
mentwiththerateobtainedby3H and137Csmethod，  
and（2）thedifferenceofactivitiesbetweenAsgardfon－  
na and Snbfjellafonna atl－10m depth waslarger  
thanthatatlO－20mdepth．  

Thesuddendecreaseof210Pbactivityinl－10m  
layer may not be due to the seasonal variation of 
atmosphericfluxof210Pbontotheglacier，becausewe  
measuredaverageactivityover4mdepthofthecore．  
Furthermore，theirregularitymaynotbebroughtby  
thepastchangeofmeso－andlargeSCalemeteorologl－  
CalconditionovertheSvalbard，becausewehavenot  
ObservedsuchirregularityatthetopoftheH¢ghetta  
icedomeontheAsgardfonna，80kmnortheastofSite  
－A（SuzukiandFttiii，1992）．Accordingly，thedrastic  
Changeoftheverticaldistributionof210Pbobtainedin  
this study may be caused by thelocalphenomenon  
occurredinthe area near the Site－A．  
Although we cannot wholly explain about the 

irregularityof210Pbprofileatthepresent，thismaybe  
Slgnificantlyaffectedbythepost－depositionalmlgra－  
tion ofwater soluble Pb togetherwithglacialmelt  
Water．Goto－Azuma et al．（1993）observedtheverti－   
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CaldistributionofmajorionicspeciesintheBrbgger－  
breen，WeSternSpitsbergen，andreportedthattheions  
Wereflushedoutfromthesurfaceofglacierduringthe  
thaw．Theyalsoconcludedthattheleachingprocess  
not only reduced the concentration of ions but also 
Createdthecharacteristicverticalprofiles ofionsin  
theglaciersurface．  
Atanyrate，WeCannOtapply210Pb－Chronologyto  

icecoredatingiftheverticaldistributionof210Pbin  
aninterestedglacieriscontrolledbynotonlyradio－  
activedecaybutsignificantVariationofatmospheric  
flux and／or post－depositionalmigration．Further  
investigation about the verticalprofile of21OPbin  
Variousglacierswillprovideinformationontheaccu－  
mulation process of glacial ice and the application 
limitof210Pb－Chronology．  
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