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Abstract  

The210Pbdatingmethodwasappliedtoicecoresampleswhichwerecollectedfromthetopofan  
icedomecalled H¢ghettainnorthern SpitsbergpnbytheJapaneseArctic GlaciologicalEx匹dition  
1987．TheLコ川PbactivitywasfoundtodecreaseexponentiallywithdepthfromsurfaeetoaboutlOm  
depthTheactivityof210PbbelowlOm、depthwerenearlyconstant．Theaccumulationrateofthe  
icecore，aVeraged overlO mdeptb，WaS襟timatedas18士4cm－ice／yr．Thisvalueぬowsgood  
agTet）mentWiththeaverageaccumulationrateobtainedb〉Pdifferentmethod．  

1．lntroduction  

In1987．theJapanese＾rctieGlaeiologiealExpedi・  
tion（JAGE）madethesuccessfulicecoredrilling at  
the top ofthe Hねhettaice dome（79017N，16050登，  
1200ma息りimnorthernSpitsbergen（Watanabeand  
Fujii．19綿）．They obtained completeiee core sam－  
plesdowntothebedrockat85．61mdepth，b2qSiiu  
measurementofpHandEC（Kamiyamaet al．，1989），  
Observationofairbubbles（Kameda et al．，1989）and  
Sand particles（Fujiieial．，1990）had already bee  
l光rformed and clarified about paleoenvironment of  
northenSpitsbergen．Fujii（t LZ［．（1990lalsoestimat  
edanaverageaccumulationrateoftheicesheet，20  
Cm－ice／yr，from3Hcontentinthesurface3mofthe  
COreSamples．However，itisnotyetperfomedradi－  
OChemicaldatingaboutthesamples．Inthispaperwe  
PreSent theresultsofthe analysisof210Pbin theice  
COrefromtheH声ghettaicedomeanddetermineits  
averageacuumulation rateby using the21いPbdating  
metl10d．  
Anattlralradionuclide．210Pb（halトIife22．3yrslis  

amemberofthe23＆Useries．Thebriefdecayscherne  
after22＄Rais cited togetherwith the half～1ives of  
daughternue］idesasfollows：   

226Ra砺訂222Rn詣蒜㌃Shortlivednuclide旨－－・－→   

210P転→210Bi扇面㌻21¢P囁サ206Pb（stable）   

Radl）Iト2ココwhichisproducedbythedecal・O巨闇Rain  
SOilmlgrateStOWardtheearth’ssurfaceandescapeS  
intotheatmosphere．Thenthe222Rndecaysoutwith  
a ralativelyshortlifetimeandproduces210Pbinthe  
atrnosphere．The＝10Pbanditsdaughternuclidesare  
isotopesofmetalshavinglowvaporpresstlreSatrOOm  
tenperatureand，thus，eXistasasolidformaerosoIsin  
theatmosphere．TheseaerosoIscontaining210Pbare  
removedfromtheatmospherebywetordrydeposト  
【ionanddepsitearth’ssurfaceincludestheH触hetta  
ice domeintheÅrctic region．The activity ofthe  
210Pb then decreases a＄afunction of time at a r，ate  
COntrOlledbyitshalト1ife．Thisphenomenonpermits  
agedeterminationsofsnoⅥrandicedepositedwitbin  
thelOO）TeLarSOrSO（Crozaz√J（7／‥196j：Crozaz and  
Langway，1966；Picciottogg♂ま，1971）、   

2．AnalyticaImethod  

ThedetailedsllmPlingnlethodhavealreadybeen  
descrit）delsewhere（WatanabeandFujii．1988：Fujii  
eial”1990）．Theicecoresamplesweretransportedto  
Japan andstoredina coldtemperattlrerOOm Ofthe  
NationalInstituteof PolarResear亡huntilanalysis．  
Thirteensampleswerepickedupfromtopto65．   
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Tab主el，Restl呈tsofZlOPbanalysi＄重nともe妄cecoresamp重e岳fr（〉mt王1e‡iβgbettaice  
dome，nOrtherrlSpitsbergen  
Sample Deptb（m） Wei如t紘g）Cbernicaまyieid（％） 218拘（dpmプ短）★  
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6．62±0．14  
4．65±0．08  
4．30±0．11  
4．05±0．15  
3．29±0．07  
2．95±0，07  
3．36±0．10  
3．17±0．08  
3．21±0．06  
3．35±0．28  
3．17±0．10  
2．85±0．09  
2．65±0，10  

SV－1  0．00サ0．20  
SV－2  2．22－2．72  
SV－3  5．17－5－56  
SV－4  7．03－7，34  
SV－5  9．88－10．32  
SV－6  11．99－12．37  
SV－7   14．97－15．30  
SV－8  16、46－16．76  
SV－9  19．72山20．06  
SV－10   35．90－36．㈹  
SV－11  45．6（卜46．02  
SV－12   54．59岬55．20  
SV－13   64．92－6S．43  
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★Tbeerr（）rdenoteslげVaユuederived育om払ecountingstatまstics．  

4rn depth of the core and removed contamination  
duringthedri11ingbycuttingtheouterO．5cmofeach  
block．The depth and weight ofeach samples are  
Shownin Tablel．We ha＼で meaSllred the 210Pb  
througha－aCtivitl，Ofヱ10Po．The method described  
hereissimilartothatofHaradaandTsunogai（1985）  
butincユudesminormodifications．  

Thesamplewasmeltedinaglassbeakerbyusing  
mierowilVe（1Ven and a（二idified with：三O mlof亡On亡．  
HNO3．ThenlOmgofPb．asa Pb（CH3COO）213HコO  
SOlution，andl．5gofCaCl2Carrierswereaddedtothe  
Samplesolution，anditwasstirredvigorously．After  
6hoursormore，PbandPowerecoprecipitatedwith  
CaCO3byadding25miofconc．NH．OHand2．5gof  
Na2COきdi岱01vedinwater，arldstoodovernigbt．  
TheprecipitatewasfilteredanddissuIvedwithO．  

5M HCl．Thesolutio11WaStranSferredilltOalO（ト1111  
Tefionbeakerwithlmlof20％NH20H・HClandthe  
initia12iOPointbesampievasremoved by electro－  
Platingonto the silver dist：at猷ト℃for mtlre than3  
hours．Therernainingsolutionwasdilutdtoexactly  
58mlof2MHCisolution．ChemicalyieldofPbwas  
determinedfromlmialiquotofthissolutionbythe  
atomic absorptionspectrophotometry．Then an ap－  
proximatelylOdpmof209Potracerwasaddedtothe  
SOlution andstoredformoretba113months．  

PoIonium－コ1Oproducedfrし）n1210Pbduringst（一rage  
and2搾Poたomtracerwereelectroplatedontosilver  
discbytheproceduredescribedabove．Theα－aCtiv－  
itiesemittedfromeachnlユClidesweremeasuredmore  
thanlOOOcotlntSby aαSpeCtrOmeter COnSisting of  
silicon surface－barrier deteftOrS and a multiehannel  
pulse－heightanalyzer．Reagentblank＼l▼aS【11eaSured  
bythesameprocedtlreaSthesampieandsubtracted  

fromtheactivity ofthesample．Theconcentration  
Of210Pbwascalculatedfromthe210Po／209Poactivity  
ratio．  

3．Results and discussion  

Theconcentrationsof210Pb（dpm／kg）intbeice  
COreSamplesandtbecbem壬ca王yieldofPbareshown  
inrrablel．T†leビrrOrdビnOteSIcrvaltled亡・rived fT（1m  
theeountingstatistics．Theconcentratio11SmeaStlred  
havebeentakentorepresentthemiddieofthedepth  
intervalcoveredbyeachsample．  
Theconcentrationof210Pb atthetopoftheice  

COre WaS6．62士0．14dpm／kg．This value decreases  
Withdept壬ItO3．29士0．07dpm／kgattbefifth王ayer（9．88  
pIO．3コml．TheaヽTt？rageCし1nCentrationfromOmto12．  
37m＼＼TaSCalculated tobe4．31±0．04dpm；kg．This  
Valueis somewhatlarger thanthe（：OnCentration of  
芝ま¢Pb，2．9±0．5dpm／kg，attbetopく0－12m）oftheice  
C（一re Whieh was cotleeted from the Camp Century．  
Greenlandil11961（Crozaz and Langway．1966）．  
Altbol喝hwecannotmakeclearthisdefねrenceatthe  
preserlt，thismaybeduetothetemporalandspatial  
Variationsofatmosphericdepositionratesof210Pband  
the defference of geographical feature between the 
twostations．．Theconcentrationof210Pbinrainwater  
attheUnitedKingdomvariedfroml．ito9．3dpm：j：kg  
taverage 5．O dpm：3kg）（Burtl－n こⅢd Stewart．19601．  
Turekianeial．（1983）alsoreportedthattheconcen－  
trationof210PbinthetotaldepositionatNewHaven，  
USA wasl・S－17，1dpm／！kg（；lVeragt・9．5dpm／■kg）．  
ThビCOnCentrationofコ1PPbatthetopofthecorel＼・hieh  
Obtainedinthisstud〉・liesintheserange．   
T量Ie COnCentrations of2iOPb belowlO m depth   
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PaT－ticularly usefulto determiIleiee aecumulation  
rateswithoutpersonalinterpretation．Detailedanal－  
ysisof2川Pbwithsamplingatshortintervalsofdepth  
andoverwideareaswillprovideususefulinformation  
for estimating paleoclimatic condition of the earth．  
Furthermore，if we measure otherlong…1ived radio－  
isotopesinice core samples，aVerage aCCumulation  
rateoverlongperiodwillbeavailable．  

werenearlyconstantandtbeaverageconcentration  
for9dataunderthefi氏blayerwere3．11±0，04dpm／  
kg．Althoughitis not possible to determine the  
source of these210Pb at the present，One pOSSible  
explanationis the210Pbwi11be supported fromits  
parentnuclideinthemineralparticlewhichiscon－  
tainedintheicecore．Atanyrate，ifweconsiderthe  
average concentration，3．11±0．04dpm／kg，is back－  
groundvaluefor210Pbintheicecore，theconcentra－  
tions of 218Pb which origirlateSin atrnosphere  
t310Pbu。さuP，。r一ピーl）are ぐakulatpd by subtractiT唱 this  
averagefromupper4data．  
Thetimeelapsedsincedepositionofasampleat  

adepthzbelowthesurfacecanbecalculatedfromits  
activity of210Pb。nS。。。。，te。，prOVided that theinitial  
activityofthisnuclidehasremainedconstant：   

Ag＝Ao・e「揖，   

where  

鬼才：aCtivityof210Pbu。Supp。汽edatdeptbz，   
A。：aCtivityofZl¢Pbu。Supp。汽edattlleSurface拉＝0〉，   
1：decayconstantof210Pb（3．11×10‾㌢r▼り，and  
t：ageOfthesample．  

Whentherate ofannualwater accumulationiscon－  
StantSuChthata＝Z／i，Whereaistheannualrateof  
accumulation，then：  

1nAg＝－Z・入／α＋1nA。．   

Thisistheequationofastraightlineincoordinatesof  
lnA％andzwhoseslopeis－え／aandwhoseintercept  
onthe ordinateaxisislnAo．Thustheaecumulation  
rateLTCanbecakulatedfromthesIope（Crozaz（Tt LZ／、，  
1964；Crozaz and Langway，1966；Picciotto gfαg．，  
1971）．  

Plot ofthe natura1logarithm of210Pb。nSu。。。，te。  
activityinthesamplesversusdepthareshowninFig．  
l．Thestraightlineinthefigureisobtainedbythe  
least－Squaremethod．Asthe correlation coefficient  
of this straightlineis O．90，We Can COnSider the  
ヨ10Pb。。SU。。。，te。decay exponentiallywith depth from  
SurfacetoaboutlOmdepth．Theaverageaccumula－  
tionrateoverlOmdeptb，18：ヒ4cm－ice／yr，isdeter－  
minedfromthesIopeofthisline．LO．17±O．Oj．This  
accumulationratevelia許eeSWitbt壬IeVa王ue，20cm  
vice／yr，Whichisestimatedby3Heontentinthecore  
Samples（Fujiieial．，1990）．  

The radiochemicalapproach by using210Pbis  
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D叩th（m）  
Fig▲l・PIotofthenatura11ogaTitllmOfご】叩bun≦叩POrt．Jaetivity   
VerSuSdeptb・TわestraigbtlineinthefまgureisobtaiTl感by   
theleasトSquaremethod．Thehorizontalbarsandtheverti－   
Ca‖）arSindicatethedepthintervalandthecountirlgerrOr，  
respectively．  
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