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1.InlbrodⅦction

RadiocarbondatinghasbeenwidelyusedinthefieldofQuaternary

scienceasanefficientmeansofagemeasurement.Especially,sinceits

invention,themethodofAMS(acceleratormassspectrometry)datinghas

demonstratedaparticularvalueforitsremarkablysmallrequirementofthe

samplequantity(Orderofmilligram-sizecarbon)incomparisonwithother

conventionalmethodsofradiocarbondating(forexamplegasspectrometry

andliq山dscintillationcounter,whichrequlrethesamplevolumeinthe

orderofgram carbon).Oneoftheimportantadvantageofthisreduced

samplerequrementisthatitenablesustoseverelychoosethedating

samples.『Orexample,inthecaseofQuaternaⅣscience,itwasnotuntilthe

intro(luctionofAMSdatingthatitbecamepossibletodateodyonepieceof

terrestrialmacro-remainslikeaconiferneedleoranarborealseed.Sucha

precif沌onofsampleisveryneededbecauseotherwisereallygoodagecontrol

ofth:tsedimentcorecannotbeexpected.Consequently,moreandmore

terref;itria且macro-remainshavenowadaysbeendatedintheQuaternary

science,revealingthemoredetailsoftheQuaternaryenvironmentalchanges

withIhigherresolutionoftheagedeterm ination(forexample,Ammann&

Lotte】r,1989;Brugiapaglia,1996)

However,asisforexampletypicallythecasewithEuropeanlate-

GlaciJ;lllacustrineclaysediment,theterrestrialmacro-remainsarenot

alwaysavailablefromalltheexpectedhorizons.Insuchcases,thelimiting

払ctoI.･OftheradiocarbondatinglSnOlongertheperformancenorthe

resolutionofthedatingequlpment,butthenatureofthesedimentitself.

Pollenextractionandpurificationfrom thesedimentscanbea

solutionforthisproblem,thefossilpollengrainsbeingthemostprobably

terrestrialandcontemporarywiththesedimentmatrix.Veryrecently,some
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techniquesofthedensitypollenfractionationwereproposedbyForster&

Flenley(1993),Regn611&Everitt(1996)andNakagawaetal.(inpress).

Giventhesenew techmicalproposals,duringtheroutinepalynologlCal

studies ofour laboratoⅣ (Laboratoire de Botanique Historique et

Palynologie,Umiversit6d'AixIMarseilleⅢ,France),wecamiedoutaseriesof

datingtrialonpollenconcentratesaswellasontheterrestrialmacro-

remains.Thisreportpresentstheresultsofthesetrials,anddiscussesthe

presentreliabilityofthepollenconcentrationmethodforthepurposeof

AMSdating.

●:Studiedsites
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Fig.1:NinestudiedsitesdistributedintheFrenchsoutherntocentralAlps･a:Rauxpeatbog,

b:Correopeatbog,C:MontSecpeatbog,d:lakePraver,e:Peuilpeatbog,f:lake

Boites,g:lakeCristol,h:lakeMiroir,i:lakeLigmn･

2.Material8 andmethods

Core samples are obtained from mine lakes and peat bogs

distributedinthesoutherntocentralFrenchAlps(Fig.1).Fossilpollen

concentratesandterrestrialmacro-remainsareextractedfromthetotalsof

7and33Selectedhorizons,respectively,andAMS14Cdated･Thepollen

concentrateswerepreparedbythemethodmodifiedafterRegn611&Everitt
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(1996).Theterrestrialmacm-remainswerevisuallypickedupfrom the

sectionofthecoresamples,orextractedbysievingwithrumi ngwater.

About5gramsofsedimentforeachhorizonwasintroducedintothepollen

extrac:tion,whoseprocessingsequencewasasfollows:

1) HCltreatment(36%HClatroomtemp.,12hours)

2) washwithwater

3) NaOHtreatment(10%at90oC,10minutes)

4) repeatedrinsingandcentrifugationwithwater(for6times)

5) HCltreatment(36%HClatroomtemp.,fewminutes)

6) densityseparation,preparativecentrifugation(repeatedlyat

manydifferentdensities-Seebelow.)

:

I～;

∴

diluteinthewater centrifugation
(2500tpm ,20min)

Fig･2::Pm(岩duretoseparatedifferentdensityfractionsofthesediment(modifiedafter

Regn611&Everitt,1996).
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Thestep6)isdescribedinmoredetailinthefigure2.Thesampleismixed

withwaterandcarefullylayeredonthedensemedium liquid.Asolutionof

H andCdⅠ2(10tollinw/wproportion)wasusedasthedensemedium for

thereasonofitslowerviscosity.Thenthecentrifugationwasperform edat

1,800rpmfor20minutes.Thel･ightermaterialistransferredintoanother

tube,dilutedinwater,andrecoveredbycentrifugationat2200rpm for3

minutes.Thistreatme山 wasrepeatedatleasttwiceatthesamedensity

仲othforlighterandheaviermaterials)inordertoachievebetterdensity

fractionation.Thefractionswerethenwashedtwicebywater,treatedbyHCl,

andi山roducedintoanotherturnofdensityseparationatanotherdensity.

Foreachturn,aslightlylighterdensitythanprevious timeswasselected;

i.e.,webeganfromdensity2.00,thendescendedto1.95,1.90,1.85......finally

downto1.20.Thedensityfractionationwasrepeatedatleasttwiceforeach

density.Eachdensityfractionwasobservedbylightmicroscopy,andonlythe

richestfraction(S)inpollenweresubmittedtoAMS14Cdating.However,not

allthesubmittedsampleswerereallypureinpollen.Bothpollenandmacro-

remainssamplesweretransformedintographitepowderbythemethodof

Vogeletal.(1987)andKitagawaetal.(1995),andAMS14Cdatedbythe

corroborationofNagoyaU血Versity,JapanandGro血ngenU血versity,the

Netherlands.

3.ReSultS anddiSCuSSion

3.1.Generalconditionofthepollenconcentratesanddatingresults

Theresdtsofextraction anddatingof40samplesshowsin

Appendix.Mostofthedensltyfractionswerenotreallypureinpollen.More

indetails,theHolocenesamplestendedtobecontaminatedbyorganicmicro

fragments(peatfragments,planktonicdeadbodies,etc.)andthetwolate-

Glacialsamples(sampleNo.lland12)Wereratherrichincarbonparticles

thaninpollen.Theagevaluesrangedbetween27650土150BP(sampleNo･

12)and450土50BP(sampleNo.13),showingthatthesamplesaremaidy

fromlate-GlacialtoHoloceneashadpreviouslybeenexpected.

3.2.Evaluationofthedatingresultsonpollenconcentrates

Thesamplingdepth,thedatesofdensityfractions,andthedatesof

macro-remainsarecompiledinthefigure3.Thedatesofthedensityfraction
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Fig･3:Depth-agedistributionofthedatingresults･Thedatesof一一pollen●-concentratestend

tosh允Olderthanthoseofterrestrialmacro-remains.

andmacro-remainsaregiveninopenandcloseddotes,respectively.Such

presentationservestodetecttheanomalies(inversionandjump)ofage-

depthdistribution.Itisclearlyshownthatthedatesofmacro-remainsare

generallyalignedonthereasonabletendencies(withonlyoneexceptionof

samplesNo･4and5inCorreopeatbogwhichareinvertedinage),whereas
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thedatesofpollenconcentrates(densityfractions)almostalwaysshow

anomalies:WithodyoneexceptionofthesampleNo.40,allthedatesof

densityfractionsareconsiderablyolderthanthoseofterrestrialmacro-

remains.Itthusseemsthatthedensityfractionpreparedbythemethodof

Regn611& Everitt(1996)arestillcontaminatedbythematerialsthat

containthecarbonderivedfromoldertime.hthecasesoflate-Glacialclay

samples,itisundoubtedlythecarbonparticlesthatcausetheageshifts.

TheycanevenbetheparticlesthathadbeenlongconseⅣedintheGlacialice

fortheprecedingdozensofmillemi a.InthecasesofHoloceneorgamic

samples,ontheotherhand,themainsourceofthe"older''carbonisprobably

aquaticvegetalfragmentsthatcaneasilybeaffectedbyhardwatereffect.

3.3.Somepossiblesolutionsfortheimperfectionofthemethod

Nakagawaetal.(inpress)developedthedense-mediaseparation

methodofpollen emi chmentforusewithorgamicsedimentsamples.

Accordingtotheirarguments,thebestdensitytoseparatepollengralnS

from theorgamicsedimentmatrixliesaround1.88gcm3,1.90beingtoo

heavyand1.85beingtolight.Sotherequiredprecisionforthedensity

controloftheliquidmedium islessthan0.5g/cm3,whichwastheresolution

ofthedensityfractionationadoptedinthisreport.Theincreaseofthe

densityresolutionmightenabletoachievebetterpollenseparationfromthe

organicsediments.Asforclaysamples,Certainlimitexistsforthedensity

separationofpollengrainsfrom carbonparticles,thedensityofwhich

overlaps with that of fossil pollen grains (Carcaillet, personal

commu血cation).Chemicalprocedurestodecomposecarbonparticlesare

thereforeneededtoobtainhighlyconcentratedpollenpelletfrom thelate-

Glacialclaysediments.TheuseofSchulzeliquid,aliquidlongusedto

decomposecoals,mightbeasolutionforthisproblem.Wewilltakean

actiontoverifythispossibilityinverynearfuture.

ThesampleNo.40wasodyonepollenconcentratethedateofwhich

gaveagoodaccordancewiththetendencygivenbythedatesofmacro-

remains･Thissamplewasnearlyperfectlypureinpollen,aswasinfact

scarcelythecasewiththemostofotherdensityfractionsamples･This

impliesthatthepotentialvalueofpollendatingisstillconsiderablyhigh,

requlrlngOnlyagoodroutinemethodofitsextractioninenoughquantity･
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4.Remarks

Giventheseratherunexpectedresults,wecontactedpersonallyto

Drs.Regn611andEveritt(theauthorsofthepaperontheextraction

methodology)inordertoasktheperformanceofthemethodintheir

laboraLtOry.Theanswerwasthattheirmethodworksgenerallywellfor

poorlyhum ifiedpeatsamples,butscarcelyforgyttjaorclaysamples,aswas

welli二llaccordancewithourownresdts.hconclusion,Weprobablyhaveto

accepttheideathatnopollenpurificationmethodhasbeendevelopedtoas

satisfactorydegreeaswecanadoptinthelaboratoryroutineworks,asyet.

Thee如ablishmentofthestandupprocedureofthepollenconcentrationand

purification method suitable forAMS datingremains as a future

persp･:)ctive.Theresultsofsometrialssuggestedinthisreportwillbesoon

reportedwhentheywillgetavailable.
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Appendix:There8ult80fallthedating8_

site depthrcml

Raux 64-66,51

Raux 163-168,5
Correo171-174

Correo227,5

Correo351-352,5
Correo440

Correo580,5-584,5
Correo629-632

Correo699-702

Correo763,51770,5
Correo7781784

Correo822-825

MontSec45,5-49,5

MontSee90,5-92,5

MontSec145,5-149,5
MontSec246-249

MontSec310

MontSec370-374,5

Praver197,5
Praver231-234

Praver327

Praver603

Praver795

Praver815,5-819,5
Praver893-897

Peui1 50,5-54,5

Peui1 75,5179,5

PeuiJ 105,5-log,5
PeuH 224

CristoL67,5-70

Cristo1102,5-105

Cristo1117,5-120
Miroir 23-27

Miroir 95-99

Miroir 143,51145,5

Lignln 52-55

LignLn 89191

Lignln 132
Liqnin 180-185

No.materialslconditionl

densitytraction1

2 densityfraction1

3 densityfraction2

4 apleCeOfwoodofBetulasp.

5 unidentifiedleaffragments

6 unidentifiedleaHragments

7 needlesofAbiessp.

8 aneedleofAbiessp.

9 seedsofBetuJasp.

10 seedsofBetuJasp.

11 densityfraction2(n'Chincarbon)

12 densityfraction2(richincarbon)

13 awoodfragmentofFa9uSSP.

14 awoodfragmentofBetulasp.

15 anunidentifiedwoodfragment

16 awoodfragmentofBetulasp.

17 awoodfragmentofT=asp.

18 densityfraction3
19 anunidentifiedleaf

20 needlesofAbiessp.
21 anunidentifiedleaf

22 needlesofAbiessp.

23 needlesofAbiessp.

24 needlesofAbiessp.

25 anunidentifiedwoodfragment

26 awoodfragmentofBetulasp.

27 awoodfragmentof

28 Pinussylvestris/uncinata

29 unidentifiedwoodfragments

30 awoodfragmentofBetulasp.
31 aneedleofP.cembra

32 needlesofLahxsp.

33 woodfragmentsofBetulasp.

34 densityfraction2

35 awoodfragmentofLarixsp.

36 densityfraction1

37 1eaffragmentsofBetulasp.

38 densityfraction2

39 awoodfragmentofSarixsp.
40 densitvfraction2lDureinDOllen

radiocarbonage

1770±100yrBP

6680±100yrBP

3340±80yrBP

2580±80yrBP

5450±80yrBP

5810±80yrBP

7110±80y伯P

7550±80yrBP

9670±90yrBP

9220±480yrBP

20620±120yrBP

27650±150yrBP

450±50yrBP

1850±60yrBP

7560±90yrBP

8830±100yrBP

9940±140yrBP

16110±100yrBP

810±80yrBP

1520±120y伯P

2060±80yrBP

4540±80yrBP

7830±320yrBP

8520±90yrBP

9460±90y伯P

6810±80yrBP

8120±90yrBP

9670±90y伯P

11230±90yrBP

5040±80y侶P

6380±90yrBP

7910±80y侶P

2340±70yrBP

2730±80yrBP

5580±90yrBP

7300±80yrBP

9790±90yrBP

8970±90yrBP
9560±160vrB

Code

NUTA

NUTA

GrA-6614

GrA-6601

GrA-7789

GrA-6612

GrA-6602

GrA-6595

GrA-6607

GrA-6597

GrA-6583

GrA-6589

GrA-7790

GrA-7791

GrA-6599

GrA-7792

GrA-6600

GrA-6605

GrA-6580

NUTA

GrA-6582

GrA-6586

GrA-6608

GrA-6588

GrA-6587

GrA-6585

GrA-6590

GrA-6610

GrA-6584

GrA-6611

GrA-6613

GrA-6609

NUTA

NUTA

NUTA

NUTA

GrA-6616

GrA-6615

NUTA

densitynution1:1･25-1･55g/g/- 3,richestinpollen,tbnsityfraction2:1･25-1･60g/cm3,3･

richestinpollendensityfraction3:1･55-1･60g/cm3,richestinpollen
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AMS年代測定を目的として､堆積物コアサンプルから花粉のフラ
クションを分離する試みについて :技術の評価と展望

中川 毅

エクス ･マルセイユ第三大学古植物学花粉学研究所､マルセイユ､フランス

フランス南部および中部アルプス地方の9地点から堆積物試料を採取し､層準によ

って化石花粉に富んだ密度フラクションまたは陸上起源の大型植物遺骸を抽出し､そ

れぞれに対してAMS年代測定をおこなった｡花粉のフラクションの分離にあたって

は､Regn611&Everitt(1996)によって提案された比重分離法を適用した.もっとも彼ら
の論文が示唆するところとは異なり､実際に抽出されたフラクションは､かならず L

も花粉だけを純粋に含むものではなかった｡年代測定の結果を比較 ･検討したところ､

密度フラクションから得られる年代は､陸上起源の大型植物遺骸から得られる年代に

対して,.ほぼ一貫して古い値をしめすことが分かった｡ただし分離されたフラクショ

ンがほぼ純粋に化石花粉を含む場合に限っては､両者の間に値の矛盾は見られなかっ

た｡このことは､年代のシフトには花粉遺骸の物質の混入が寄与していること､また､

花粉が純粋な形で抽出できさえすれば､AMS年代測定用の適切な試料となりうるこ

とを示している｡Regn611&Everittの方法は原状では完全なものではなく､このことは､
その後の彼らとの personalcorrmumicationによっても裏付けられているo技術的な改善

点としては､密度のさらなる細分化､シュルツ液の利用による炭素粒子の除去などが

考えられ､これらの実施は当面の課題であろう｡
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