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Abstract

Inordertoclarifythecredibilityof14cdatinguslngAn tarcticsamples,14cconcentrationsof

freshwateralgaecollectedfromsomecoastallakesinAn tarcticawereanalyzedbyTandetron

AcceleratorMassSpectrometry･SampleswerecollectedfromLakeRichardsonneartheMt.

Riiser-LarseninEnderbyLand,theFirstCraterandCraterHillnearMcMurdoStationinRoss

Island,andLakeCanopusatWrightValleyinVictoriaLand,Antarctica･tnthedryvalleysandthe

McMurdoareasaroundtheMcMurdoSound,lakesandpondsarelocatedatglacierfreete汀ain,

whereasaninlandglacierisclosetotheLakeRichardson.

ne14CactivitiesofalgaefromthedryvalleysandMcMurdoareasrecordalmostsameas

thoseofgloballevelincollectingyear･Thesekindsofsamplescanbeusedfor14Cdating.Onthe

otherhand,modemalgaefromtheLakeRichardson,whichhasmeltwaterinflowfromtheterminal

glacier,hasslightlylowactivityof14C,ca.90%oftheglobalode.ThealgaeofLakeRichardson

mighthaveused'lold"Carbonsuppliedbymeltwaterofglacier.Ifsuchsamplesareusedfor14c

dating,theagedeteminationwillbee汀OneOuS.
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1.introduction

Radiocarbon(14C)dating,whichisusefultopaleo-environmentsstudies,needstwo

assumptlOnSinordertoobtainaproperage.Thefirstis''theclosedsystemassumptlOn'-whichis

Justifiedonthebasisthatthecomplexorganicmaterialscannotexchangecarbonwithenvironment
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afterdeath.Xtispossiblethatcontaminationwithexternalorganicmaterialscanoccur･Toexclude

suchcontamination,rlgOrOuSSamplepreparationprocedureshavebeendeveloped.An Acid-

Alkali-Acidtreatment(theAAAtreatment)hasbeenfoundtobeeffective(OIsson,1980)･The

secondislltheinitialratioassumptlOn'I,whichimpliestheatmosphericCO2hasbeenandaconstant

14Cactivityt】hroughtimeasaresultofequilibriumbetweenproductionrateanddecayrate.The

problemofconstant14Cactivitycanbecorrectedusingthecalibrationcurvefromtreerings(e.g.

Shiverand〕Pearson,1993),thevaⅣedclayinthelakesediments(KitagawaandvanderPlicht,

1998)Ortheotherradioisotopicdatingmethods(e･g･Bardetal.,1990)･Ontheotherhand,we

mustchecktheeffectof14Cheterogeneltylnglobalscaleto14cdating.InAn tarctica,dissolved

inorganiccarbon(DIC)ofrelativelylow14cconcentrationissuppliedbyupwellingfromdeepsea

andmeltwalkerofglacier,andcauses14canomaly(reservoireffect)intheorganicmaterials(Bard,

1988;Ujiiè三･tal.,1996).

DryvalleysareainsouthVictoriaLandisthelargestoasis,ca･4000km2,inAn tarctica,and

theiraridenvironmentmightnotbechangedduringpastmillionsofyears.Themeltwaterfrom

mountainglacierresultsinmanylakesandpondsindryvalleysarea.OntheshoreofLakeVanda

inWrightV;≡Llley,wecanseethehorizontaloldstrandlineswhichareobseⅣeduptoabout50m

higherfromllhepresentlakewaterlevel.Theseoldstrandlineswouldberemnantsofshoreline

orientationofpebblesandsandscoveredwithalgaethatlivedinLakeVanda,andshowthelake

levelchangesinthepast･Whenweusethesealgaesamplesfor14Cdating,wemustexaminethe

influenceofreservoireffectsin14canomalyfromsurroundingglacier･Inthisstudy,Weanalyzed

freshwateralgaecollectedfromsomecoastallakesandpondsinAn tarcticauslngTandetron

AcceleratorMassSpectrometrylnOrdertoclarifysuchreservoireffects.

2.Samples

Fivealg..aesampleswereusedinthisstudy.ThesewerecollectedfromLakeRichardsonnear

theMt.RiiseニトLarseninEnderbyLand,theFirstCraterandCraterHillneartheMcMurdoStation

inRossIslar)d,andLakeCanopusatWrightValleyinsouthVictoriaIAnd(Fig.1).Table1shows

briefdescrlp1110nSOfallsamplesusedinthisstudy.

Oneof1:helivingalgaesamplesdesignatedasAARBwasfloatedonthelakesurfaceand

collectedfro](nLakeRichardsoninJanuary,1997(Fig.1b).AtLakeRichardson,mainlakesurface

wascoveredwiththickice,ca･4m,allroundtheyear･However,duringtheaustralsummer

season,theo】pensurfacewaternormallycanbefoundaroundthewestoftheLakeRichardson,and

thelocalitywherethesamplecollectedisoftenmeltedcompletely(asteriskinFig.1b).Inland

glacierwasattachedatthenorthernwestofthelakeandthemeltwaterfromtheglacierwhichwas

locatedalong,thecostofLakeRichardsonflOwedintothelakeinthesummerseason.

Fouralg.aesampleswerecollectedfromlakesandpondsinsouthVictoriaLand(Fig.1C).One
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Fig･1SamplingpointsOftheAn tarcticalage･
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Table1｢rhelistofalgaesamples･

pies SamplingPoints SamplingDate Remarks

R]E3 66042'S 50○40ーE Jam.1,1997 watersurface,LRichardsoninEnderbyLand

.CJa 77034ーS166000IE Jam.7,1987 watersurface,LCanopusindryvalleysarea

M]P 77050ーS1660391三 Dec.12,1986 watersurface,1stCraterMcMurdoarea,RossⅠ.

LV二【 77050ーS166039ーE Dec.12,1986 inice,lstCraterMcMurdoarea,RossⅠ.

wascollectedfrolnLakeCanopusintheWrightValleyinJanuary,1987anddesignatedasAACa.

LakeCanoplJSisacircularshapeandsmalllakewhichradiusisaboutfiftymeters,andlocatedto

thesouthofLakeVandainglacierfreearea･Thislakeisnomallysurroundedbyopensurfaceof

meltwaterduringthesummerseason,andthecentralpartofthelakeisalwayscoveredwithice.

LakewaterissuppliedbygroundwaterwhichisderivedfromtllemeltingofSykesGlacierofthe

AsgaerdRange.Algalmatsareobservedintheshorelinesandformedfilmscoatedpebbleand

floatingObjects･Greenishandbrownishcoloredalgaldepositsareobservedinthealgalmat.

Probablythesealgaemayhavepiledupbywindflow.Otherthreesampleswerecollectedfrom

FirstCratert:2samples)andCraterHillneartheMcMurdoStationintheRosslslandinDecember,

1986･TheydenotedasAAMP(watersurface),AAVI(inice)andAACH(watersurface),

respectively･Greenishalgaesample(AAMP)wasobseⅣedintheopenstlrfacewaterwithseveral

centimetersindepth･Duringthesummerseasons,1Cecoveredpartlythesurfaceoftheseponds･

ThesesmallpondsarelocatedinacrateroftheCraterHillandtheFirstCrater,andfarawayfrom

theglacieral̀ldglacialtongue.

3.Methods

Sample<L';IaretreatedusingtheAAAtreatmentsequenceofI-ICl(1･2N),NaOHsolution(1.2N),

HCl(1･2N),1【Oremoveanypossiblecarboncontamination.Thetreatedsamples,containingcarbon

ofca･2mg,wascombustedtoCO2at850oCfor2hoursinavacuumsealedVycor@tubewith

CuO,andcryogenicallypurifiedinvacuumglassline･TheCO2gasWasreducedintographitewith

--36-



hydrogengas(Kitagawaetall,1993)IThegraphitetargetspreparedfromsampleandstandardof

NBSoxalicacid(RM-49),wereusedfor14CanalysiswithaTandetronacceleratormass

spectrometerattheDatingandMaterialsResearchCenterinNagoyaUniverslty.The14c

concentrationisexpressedinpM(percentmodem,%)whichis14cconcentrationpercentageof

samplesrelativetotheatmosphericCO2in1950.Theisotopicfractionationwascorrecteduslngthe

sample813cvalueinevaluationofthe14cconcentration.The813Cvalueswasmeasuredwith

isotope-ratiomassspectrometers(FinniganMArM252inthesamelaboratory).

4.ResultsandDiscussions

The14cconcentration,813CvaluesandC/NratiosofAn tarcticalgaemeasuredhereareshown

inTable2.The813cvaluesarerangedfrom-6.1%ot0 -17.0%O.Commonly,the813cvalueofC3

plantsliesaround-25%O,butthepresentalgaeshowhighervalues･Manystudiesreportedthe813C

valueofalgaeorParticulateorganicmatter(POM)tobearound-24%o(POM,tropicallakein

Brazil,WadaandYoshioka,1996),-30%o(algaeandPOM,arcticlakeinAlaska,Kiingetal.,

1992)andl20t0-30%oblankton,southernocean,Rauetal･,1982)･ThepHandalkalinityof

theseAn tarcticlakewatersuggestthatquaintlylowDICconcentration.Toriietal.(1994)

Compiledgeochemicaldatainthedryvalleysareaand又osslsland･ThepHandalkalinityofwater

intheLakeCanopusonJan.7in1987are9.57and0.4meqn,respectivelyInthesecondition,

CO2(aq)inlakewatermightbenotenoughforphotosyntheticactivitiesduringthealgalgrowing

season.The813Cvaluesofsuppliedcarbonforalgaemustbehighinlakewater,sinceCO2(aq)

wouldextremelydepleteundercarbonassimilationactivityandhighpHvalueoflakewater･

Therefわre,thealgaeofAntarcticlakewouldassimilatethe13cenrichedcarboninlakewater･Wada

andYoshioka(1996)reportedthe813cofPOMintheLakeSuwa,centralJapan,isincreasedinthe

summert0-21%o(May)tol17%o(August),andsuggestedphotosyntheticcarbonassimilationwas

largelylimitedbyCO2(aq)and/orHCO3~Supplyineutrophiclakeinthesummer･13ccnriched

valuesofsuchAntarcticalgaeincomparisonwiththeisotopicdataofthelakealgaeshouldbe

stronglyderivedfromthelimitedcarbon･

Figure2showsthe14cconcentrationAn tarcticalgaestudiedhereandacomparisonwithother

materials,atmosphericCO2,treerings,mossandleaves(Nakamuraetal･,1990;Levinetall,1993;

Manningetal.,1994;ShoreandCook,1995;Takahashietal･,1998)･The14cconcentrationof

severalkindsofmaterialsfromglobalscaleshowstheworld-widehomogenizationfor14C･These

global14cconcentrationshowthehighestvaluein1960sco汀eSpOndingtothenucleartestlnglnthe

atmosphereandthedecreaslngtrendbecauseofdilutionbyoceanreseⅣOirandreleaseofthe

anthropogenicCO2fromfossilfuelburnlngaSWellasradioactivedecayof14C･withregardstothe
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Table2Resultsof14cconcentration,813candC/Nratioinalgaesamples.

ples 14cconcentration(pM) IJab.Nos.(NUTA) 813cpDB(%o) C/N

RB 99.1±0.9 5453 -6.1 7.2

.Ca 129.6±1.0 5454 -9.6 10.0

MP 113.3±1.6 5461 -10.0 7.7

.VI 118.6±3.5 5463 -9.7 9.9

CH二 119.7±1.4 5460 -17.0 6.7

(M
d)
uo!)eJ)U
8
u8
3,.

◇ ○○◇
◇
○〇〇〇

□
【コ

ロ◇88888色白
○
○

@ algae(Antarctica)

O air(良:hauinsland)*
◇air(We=ngton)千
D treering(Kiso)i
A leaf(Nagoya)辛
+ moss(Europe)S

∇ leaf(Kikail.)¶

AA〔b(19.6礼)

888色鮎 A 用 ▲ ▲ ⑳
NUTA-5454

A A CH (-1 7 .0 礼 )

N UT A -5 4 6 0

AAVl(-9.7‰)
NUTA-5463

AAMP(-10.0‰)
NUTA-5461

1950 1960 1970 1980 1990 2000

Year

Fig･2 Thel▲lCconcentrationofAn tarcticalgaewith813Cvalueinparethesesandothermaterials

(*Levinetal･,1993;†Manningetal.,1994;辛Nakamura,1990;与ShoreandCook,1995;¶
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algae,the14cconcentrationofAACH,AAVIandAAMPareidenticalwiththatofothermaterials,

andAACaandAARBwerenotplottedonthegeneraltrendof14clevelchange･Thisindicatesthat

samplesAACH,AAVIandAAMParenotinfluencedbythereservoireffect･hkesandpondsin

dryvalleysandMcMurdoareasarelocatedfarfromtheinlandglacier･Themeltwaterofthe

modemalpineglacierinflowtotheselakesandpondssuchasLakeCanopus.However,DICin

meltwaterflowmightbenotsoHold'TandabletoexchangetoatmosphericCO2,Sinceitwouldtake

alongtimetOinflowtolakewater.As describedinprevioussection,thealgaecollectedfromthe

LakeCanopuswaspiledupatthecoastbystrongwind･Thehigh14cconcentrationofthealgae

carbonwasprobablyderivedfromthemixtureofmodemandold(severalyearsback)algae

carbons･ForsmallpondsofFirstCraterandCraterHill,itmightbepossibletoexchangecarbon

isotopeoflakewaterwithatmosphericCo ∑,Sincetheselakesandpondaresosmallandshallow.

Therefわre,the14cconcentrationofAACH,AAVIandAAMPareconsistent14cconcentrationwith

thatofothercarbonreseⅣoirintheaverage14cconcentrationofatmosphericCO2･ The14c

concentrationofAACacollectedin1986isslightlyhigherthanthatofotherthreealgae.samples

collectedsamesummer,andshowsthelevelequlValenttothatof1980.Asnoticedinprevious

section,AACamightbeamixtureofalgaegrowninseveralyearsbefわre1986,becausewecansee

thatalgaldepositsinLakeCanopusweremixedwiththealgalmat.The14cconcentrationof

AARBisapparentlylowerthanthoseofothermaterials,andshows88.1%lessthanglobalone.

AARBmightbeassimilatedDICofrelativelow14cconcentrationwithmeltwaterofglacier･The

viewcanbesupportedbythepresenceofglaciernearbyRichardsonLake,samplingsiteofAARB

(Fig.lb).Weestimatethe14cdatedifferencebetweenAARBandleavesfromKikaiIsland

collectedinthepreviousyear(Takahashietal.1998)tobeca.1000years.

Thetwelve14CdatesofthehorizontallaminationsontheshoreofLakeVandawerereported

byToriieJαJ.(1994)toberangingof1280yrBPto2920yrBP.IfthealgaeofLakeVandawere

periodicallyinfluencedbyreservoireffect,WecannotestimatethewaterlevelchangingOfLake

Vandabecauseofe汀OneOuSOf14cagedetemination.However,ithasbeenconsideredthatDry

Valleywouldnotchangeitsaridenvironmentasthelargestoasisthepastmillionofyears.The

algaefromthedryvalleysareaandRossIslanddosenotshow14canomalyinthisstudy･Hence,it

wouldbepossiblethatthelakelevelchangingOfLakeVandacanbeestimatefrom14cdatesofthe

horizontallaminationsinitsshore.

5.Conclusion

The14cconcentrationofAn tarcticalgaeismeasuredusingTandetronAcceleratorMass

Spectrometry･ThealgaefromthedryvalleysareaandRossIslanddosenotshow14canomalyin

thisstudy･TheseindicatethatDICinlakewaterisnotinfluencedbythereservoireffect･The14c

concentrationofalgaesamplefromLakeRichardsoninEnderbyLandislow.Thisalgaeis



influenced｢I)ythemeltwaterfromclosebyglacier,andhasthe14Cageoffsetaround1000yr･The

geochemicalsamplesfromlakesandpondsinstabilizedlargeoasis,likethedryvalleysarea,shows

accurate14cage.withregardstotheb13cvalues,An tarcticfreshwateralgaemeasuredinthisstudy

showrelativehigh813cvalue.Thelimitofcarbonsupplyforalgaecausedbythehigh pHvalue

andlowalkalinityoflakewaterprovidethehigher813cshiftofalgae･
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