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ATandetronacceleratormassspectrometer(AMS),amachine

dedicated to radiocarbon (14C)measurements,constructed by

Generallonex Corporation,USA,has been used since 1983 to

measure14cconcentrationsofenvironmentalsamples,aswellas

14tcdatesofgeologlCalandarcheological materialsattheDating
andMaterialsResearchCenter,NagoyaUniversity.

Thenaturillabundanceofradioactive 14c in the ratio to

stablecarbon12C(13C)is1.2Ⅹ10-12(1.2Ⅹ10-10).Detailsof how

thelow-abundant14catomsare separated from 12c and 13c
atoms withAMS arediscussedhere. Mainlydescribedarethe

mechanicaland electricaldesignsof(1)production ofnegative
carbonionswithaCssputterionsource,(2)ion一massselectiollby

magneticfield,(3)Chargeexchangeattheaccelerator terminal,(4)

ion-energy selection with electrostatic deflector, (5) 14C

identificationfrom backgroundparticlesbyaheavylopdetector･
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1.1ntroduction

LakeBaikal,locatingintheeasternSiberia(104-110E, 51-

56N),isoneofthelargestlakesintheworld,beingintheshapeof

crescentmoonwithwest-eastwidthofabout50km andanorth-

southlengthof639km.Thelakeisformedonariftvalleysystem

similarto thehugeriftvalleyinAfrica,andisconsideredtobe

expandingitswidthbyseveralcm orseveral-tencm inthewesト

castdirection. LakeBaikal,beingthedeepestlakeintheworld

With amaximum depth of1643 m,hasaccumulated more than

5,000 meter thick sediments,which preserve many kinds of

information concerning localaswellasglobalchangesofpaleo

envlrOnment･ Theperiod ofsedimentation covered by the lake

sedimentsisconsideredasoldasaboutthreebillionyearsbefore

present. A projectcollecting the full-length sedimentofLake

Baikalhasbeenplannedtoinvestigatethepaleoclimatichistoryand

tectonicevolutionoftheLakeBaikalsedimentarybasinintheLate

Neogene,astheBaikalDrillingProject(BDP)started afew years

agO･

AsafirststepofthebigBDPplan, twoboringcoresoflOO-

meterlengtheachwerecollectedfrom theBuguldeikasaddleinthe
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southern basin ofBaikalin March 1993.Eleven and thirteen

radiocarbon (14C) dates are measured for organic carbon

separatedfrom theupperportionofthecoredsedimentshole1and

hole2,respectively･

2.i.ocationo甘boringsite
The Lake Baikal is normally divided into three basins;

southern,centralandnorthernones.

Themaximum waterdepthofthesouthernbasinis1410m.

ThesouthernbasinhasAngaraRiverwhichistheonlyoneflowing

outfrom LakeBaikal･SelengaRiver,thebiggestriverflowsinLake

Baikal,Carriesabigamountofsedimentaryparticlesintothelake･

Owingtoratherhighdeposition rateofsuchparticles,a shallow

bump isproduced in the lake and thisseparates southern and

centralbasins.Themaximum waterdepthof1643m locatesinthe

centralbasin.An OlhonIsland and AcademicRidgeofashallow

bump With severalhundred meterdeep running straightfrom

north-easttosouth-Westseparatesthecentralandnorthernbasin･

The northern basin is rather shallow (600-700m) with the

maximum depthof900m),comparedtoothertwo basins(12001

1600m).

Thesedimentswerecoredoveratopographichighcalledthe

BuguldeikasaddleinthesouthernbasinofLakeBaikal,locatingat

theoppositesidefrom SelengaRivermouth(Fig･1)･Waterdepthof

thesiteis354m. Twocoresof98m (BDP93hole1)and lO2m

(BDP93 hole 2) long,neighbouring aboutseveralmeters,were

collectedcontinuouslyin 78 mm diameterplasticliners(BDP93,

1993). TheBDP93coresaswellasothershortersedimentcores

collectedpreviously(Oguraetall,1992･,Pecketall,1994)arenow

under geologlCal,chemical and physical analyses for many

respects･

5.EHPerimentaJpF'OCedures
Radiocarbondatingwasconductedforsedimentsamplesfrom

llilnd13horizonsatthedepthsfrom 5･5to1,400cm ofthecored

sedimenthole1andholc2･A few gramsofeachsedimentsample

Wastreatedwith1.2NHClfor2hoursat80C,rinsedwithdistilled

waterand dried.Organiccarbon and nitrogen contents,glVen in

wei;ghtratio tothedried sediment,are measured fora several
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Fig･1SchematicmapofBDP93drillingsite(メ).
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hu】一dredmgoftheacid-pretreatedsedimentsamples,usingaC-N

coder(MT-700,YanacoLtd･,Japan).Carbondioxideofabout2mg

carbon was produced from total organic carbon in sediment

samples,byheating arelevantamountofthesedimentsamplesat

95O Cin asealed Vycortubewith about500 rDg OfCuO asan

oxidizer,-and purified cryogeplCallyusing liquidnitrogen and an

ethanolandliquid-nitrogen､mi xtureinavacuum line･Abouthalfof

thecarbondioxidethusproducedwasthenconvertedtographite

onironpowder(1.5mg)catalyst,byreducingαわwithhydrogenin

aVycortubeat650Cfor4-6hours.Detailsofthegraphitization

pro･ceduresaredescribedbykitagawa,etal(1993).

The14C/13CratioofsamplegraphitewasmeasuredⅥ′ith a

Ta】ldetron accelerator mass spectrometer (AMS) at Nagoya

University(Nakamuraetal.,1985).As a14Cstandard,NBSoxalic

acid (SRM-4990) was used.The obtained 14C/13｡ ratio was

corlVertedt014cagebyusingtheLibby-shalflifeof14cof5,570

yeaLrS.The14CageisglVeninyearsBP,and0yearsBPisdefined

asAD1950.

Residual ofthe carbon dioxide extracted from sediment

sampleswas analyzed forstable carbon ､isotoperatio,13C/12C,

usingaFinnlganMat252triplecollectormassspectrometer,which

wa:～describedas813qpDB.

4.lFlesuJtsanddliscussion

valuesoforganicCandN contents,C/N ratio,813q,DB,14c

age･sareglVeninTable1and2foronlyupperportionof thecored

sedimenthole1(from surfaceto1200cm)andhole2(from surface

to･565cm),respectively.Errorsquotedfor14cagesareonesigma

OneS.

4･1･813cpDBValuesand 14cagesoforganicfract五ons

14Cagesoforganicfractionsextractedfrom coredsediments

ofBDP93hole1and2areshowninFig.2. 813cpDBValueswere

measuredonlyfortheBDP93hole2sediments,asshowninFig.3.

The813q,DBValues,rangedfrom l25%otol30%O,Wereusedforthe

correctionofcarbonisotopicfractionationtogetthemoreprecise

14cages(Nakamura,etal.,1994). Thecorrection factorswere,

however,aSSmallas30yearsatmaximum andalmostnegligible

comparedwiththeerrorof14Cagesinthepresentstudy.Theages
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ofthetwocoresarealmostconsistentfortheupperportionofthe

sedimentsfrom surfacetoabout300cm deep.Theyshow different

trends,however,atdepthsgreaterthan 300 cm. Theage-depth

relationisexpressedverynicelywithastraightlinef()rthehole2

core･ A least squares fit provided the age-depth relation

representedby

Y=57.7Ⅹ+813, ( 1)

where,Y isthe 14cagein yearsBP and X isthe depth ofthe

sedimentincm.ThecorrelationcoefficientR wascalculatedtobe

0.997. From theage-depthrelationofEq.(1),the sedimentation

rate can be Calc山ated as0.017 cm/y forthe sediments from

surfaceto670cm deepforthehole2core.Ontheotherhand,the

14Cagesofthehole1coreincreasedlesserextentthanthoseofthe

hole2core,asthedepthincreased.Theage-depthrelationforthe

hole1corecanbeexpressedbytwostraightlines,breakingatthe

sedimentdepthofaround 530 cm･ Thesedimentation ratesare

obtained as0.022cm/yfortheupper sediments, andasO･125

cm/y(6timeslargerthantheuppervalue)forthelowersediment

from 530to12()0cm. Thesedimentationrateof0.022cm/y for

theuppersedimentsofthehole 1coreisalmostequalto O･017

cm/yforthesedimentsofthehole2core.

Theage-depthre一ationinterceptsthesedimentsurfaceatan

apparentageOf1270and810yearsBPforthehole1and2cores,

respectively･ Theconstantshiftofthe 14cageby rathersmall

valuesof1270and810yearswillnotaffectthediscussiononthe

sedimentationratediscussedabove.Theproblem ofapparentnon-

zero 14cageatthesedimentsurfacelS,however,an important

issIJe,foranalyzingthecarbonsourcesofthesediment,whichwill

bediscussed elsewhere.

Itisnotclearyetwhythesedimentationrateisdifferentas

described above between the two cores drilled within several

meters distance･ The 14c dates for the hole 2 C｡re may be

gerlerally accepted,because thesedimentswith older 14c ages

tendto･show younger14cages,owingtocontaminationbycarbon

withyoungerages.Thehole1sedimentsmaybecontaminated by

dustparticlesororganic chemicals in the process ofsediment
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divisionorbybacterialgrowthduringstorage･Thesedimentation

rateofO.017cm/yforthehole2coreisalmostconsistentwiththe

rateof0.019cm/yoverthepast30,000yearsfortheBDPhole1

core,obtainedby theUSA research groupofthe BDp-93 Baikal

drillingproject(BDP,1993)･

4.2.C/N ratiosoforganicfractions

ContentSOftotalorganiccarbon(TOC)andnitrogenandC/N

ratioforthehole1and2coresareshown inFigs.4-1and 4-2,

respectively･

Forthehole2core,Organiccarbonandnitrogencontentsas

wellasC/N ratioshow aclearbump-dip-bumpstructure,varying

valuesoftheC/N ratiofrom 6.7toll.2,dependingonthedepth.

TheupperbumpwithC/N ratiosfrom 9to llinitiatedinearly

Holocene,accordingtothe14cagesmeasuredfororganicmaterials

inthesediments(Fig.2). ThedipofC/N ratiowith thesmallest

valueof6･7appearedataround18,000yearsBP,thedateknown

asoneofthecoldesttimeinthelastglacialperiod. Thesecond

bumpwithC/N ratiobeingsmallervaluesthantheupperoneand

ranglngfrom 7to9･3,lastedfrom 35,000to25,000yearsBP,that

wasconsideredasarelativelywarm period･

IshiwatariefαJ.(1992)usedC/N ratiostodifferentiatesource

materialsoforganicfractionsinthesedimentofLakeBaikaL They

summarized thatC/N ratios oforganic materials derived from

lacustrinebiomass(autochthonousandlacustrineorigin)tendtobe

6-9bythecontributionoflowerorganismsasalgae,phyto- and

zoo-plankton with rather high protein content,while those of

organicmaterials,beingsuppliedby higherplant (allochthonous

andterrestrialorigin) withlow proteincontents,aremuchhigher･

Ishiwatarietal.(1992)analyzedthecoresample323-PCIcollected

from northernbasinofLakeBaikal,andestimatedthecontributions

to organic materials in the sediment from autochthonous and

allochthonous fractions,based on the assumptlOnS thatorganic

materials whose C/N ratios ranged from 6･7 to 8.8 are

predominantlyautochthonous･

ThelowestC/N ratioof6.7whichappearedinthelastglacial

maximum period, as shown in Fig･ 4-2, implies that the

autochthonousfractionspredominatedtosupply organicmaterials

inthesedimentsatthattime. In thewarmerperiods,on the
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contrary,allochthonous fractionsincreasedandresultedinrather

largervaluesoftheC/Nratio･VerticalvariationsoftheC/Nratio in

thesedimentsasslgnedwithaccurate14Cagesareveryimportant

to evaluate the paleo-Climatic change around Baikalafter late

pleistocene･ The 14c agesobtained forthe BDP93 hole 2 core

sedimentscanbeusedtobuilduptheaccuratechronologyofthe

paleo-Climatic change which is deduced by the C/N ratio of

sedimentaryorganicmaterials.
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