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Abstract

　　　　　Temporal　variations　of　Sr　isotopic　compositions　in　the　detrital　component　of　north

Pacmc　sediments　have　been　precisely　examined.　The　Sr　isotopic　composition　is　controned　by

the　nux　of　eonan　material　from　the　Asian　continent　with　a　high　87S♂6Sr　ratio　(O.724　-　O.726)

relative　to　volcanic　material　with　a　low　ratio　(0.703　-　0.705)from　the　lzu-Ogasawara-Mariana

arc　and　oceanic　islands　such　as　Hawaiian　lslands.　Assuming　that　the　volcanic　nux　is　constant,

the　temporal　variation　in　S　r　is　otopic　ratio　renects　the　amount　of　eolian　input　from　the　conilent.

The　major　characteristics　of　the　temPoral　variations　and　the　interPretation　of　them　are

summarized　as　foHows:　(1)The　87S♂6Sr　records　show　cychc　nuctuations　of　400　ky　and　100

ky　periodicities　which　are　associated　with　the　eccentricity　of　the　earth's　orbit　(Milankovitch

Cycle).(2)Between　3　and　O.8　Ma,　the　87S♂6Sr　ratio　in　the　north　centra1　Pacmc　sediment

increases　graduany.　This　renects　an　increased　eolian　input　from　the　arid　region　in　east　Asia.

The　increase　must　be　related　to　aridmcation　of　the　Asian　continent.(3)The　decreased

87Sr/86Sr　ratio　during　the　past　O.　8　my　impnes　a　decreased　eonan　input.　The　age　of　O.8　Ma　may

relate　to　the　chmaUc　event　known　as　the　middk　Pleistocene　shift.　AH　of　these　phenomena

renect　a　nuctuation　of　the　eohan　nux　corresponding　to　the　paleodimatic　cyde　of　aridity　ill　the

Asian　continent.　The　Sr　isotopic　composition　of　pelagic　sediment　ill　the　north　Pacinc　is

sensitive　to　changes　in　the　eohan　input　renecting　to　the　aridity　of　the　Asian　continent.

keywords:　87S♂6Sr;　Pacmc　sediment;　Mhnkovitch　Cycle;　Asian　loess;　paleochmate
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1.　1ntroduction

　　　　　Most　studies　of　Quatemary　cnmates　have　focused　on　changes　in　5180　and　613C　in　the

caC03　of　foramin&ral　shells　(e.9.,[1D,carbonate　content　in　sediments　(e.9.,[2D　and　the

magnetic　susceptibinty　of　sediments　(e･　g.　,[3-5]).Recently,paleo-environmental　analysis

using　radiogenic　isotopes　in　the　detrital　fraction　of　marine　sediment　has　been　carried　out.　For

example,　Sr-Nd　isotopes　are　used　as　tracers　of　deep　water　and　surface　water　currents　in　South-

Barbados[6]and　in　the　North　Atlantic　[7,81.The　Sr　and　Nd　isotopic　compositions　of　the

detrital　fraction　are　valuable　indicators　of　s　ource-region　material　(e.g｡[9-11D.Temporal

variation　of　the　radiogenic　isotopes　wm　provide　information　on　both　paleocnmatic　variations　in

the　source　region　and　geologic　events.

　　　　　Xve　recenUy　found　that　the　areal　distribution　oμ7S♂6S　r　ratios　in　north　Pacinc　surface

sediments　is　controHed　by　the　mixing　of　two　m4jor　componentsj.e･　,　a　continental　component

with　a　high　87S♂6S　r　ratio　and　a　volcanic　component　with　a　low　ratio　(Fig.　1;[12]).　ln

parUcular,　the　87　S♂6　S　r　ratio　is　high　in　north　centra1　P　acificsediments,　which　have　deposited

away　from　areas　of　river　input　and　ice　rafting.　The　high　ratio　indicates　the　signature　of　the

Asian　continental　materia1,　1oess[12,131.The　Asian　loess　is　carried　into　the　north　Pacific　by

middle-1atitude　westerks　and　beyond,　as　far　as　Greenland　[141.The　vertical　variation　in　S　r

isotopic　composition　of　core　samples　is　then　expected　to　reveal　paleochmates　in　the　Asian

continent　such　as　aridity,　91aciation　and　atmospheric　circulation　of　the　Northem　Hemisphere,

ln　this　study,　temporal　variations　of　Sr　isotopic　compositions　in　detrital　component　of　north

Pacmc　sediments　have　been　precisely　examined.　The　most　striking　observation　from　the

records　is　the　existence　of　a　cyclic　nuctuation　with　the　periodicities　associated　with　the

Milankovitch　Cycle　during　the　Qua2mary.　The　eolian　nux　from　the　Asian　continent　into　the
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north　Pacmc　is　related　to　the　aridity　of　the　Asian　source　region　and　is　sensitively　renected　by　the

87Sr/86Sr　ratios　of　pelagic　sediments.

2 S　amples

　　vertical　variations　of　Sr　isotopic　composition　were　examined　at　three　locations　in　the

north　Pacmc　(F¥1).Three　cores　were　obtained　during　the　NH91-1　and　the　NH93-1　cruises

ofthe　R/V　μaμmj-Manl.Two　locations,　NGC55　and　NP18,　are　in　the　north　centra1　Pacmc

and　the　other,　NP29,is　in　the　westem　north　Pacmc　dose　to　the　Mariana　arc.　NP18　and　NP29

are　piston　cores　and　NGC55　is　gravity　core.　The　water　depths　of　the　coring　sites　are　deeper

than　5000　m,　which　is　below　the　CCD.　Then,　these　sediments　do　not　contain　any　cafbonate.

The　three　cores　were　not　induded　in　the　previous　study　of　strontium　isotope　distribution　of

surface　sediments　[121.Details　of　mineralogical　and　morphological　descriptions　on　the　three

sites　were　published　elsewhere　[5,　15,　16]and　are　summarized　in　Table　1　･

　　　　　NGC55　is　a　core　sample　taken　in　dose　vicinity　of　NB69　of　Asahara　et　al.　[121.The

core　consists　of　dark　brown　to　dark　reddish　brown　clay,　and　196　samples　were　examined　there.

The　samples　cover　the　age　of　O　to　3,　1　Ma.　NP18　is　taken　hl　proximity　to　NB37　[121.The

core　is　composed　of　brown　to　dark　brown　clay,　and　1　14　samples　were　examined.　The

samples　cover　the　age　of　O　to　3,6　Ma.　NP29　is　taken　from　the　location　close　to　NB50　[121.

The　core　contains　brown　to　dark　brown　clay　and　205　samples　were　examined.　The　samples

cover　the　age　of　O　to　6.3　Ma.　NB69,　NB37　and　NB50　are　surface　sediments　and　their

87S♂6Sr　ratios　are　O.7191,　0.7188　and　O.7129,　respectively.　The　high　Sr　isotoPic　ratios　of

the　former　tw　o　locations　clearly　rdlect　the　strong　supply　of　the　Asian　loess　to　the　sediments.

The　surface　sediment　of　the　latter　location　partiJy　renects　the　volcanics　supplied　from　the
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Manana　arc　and　oceanic　islands.

　　　　　The　ages　of　these　core　sampks　have　been　determined　by　magnetostratigrapy　[5,171.

Ages　of　geomagndc　polarity　reversals　foHow　Berggren　[181.Ages　between　boundaries　of

geomagnetic　reversals　are　deten7nined　on　the　assumption　that　the　sedimentation　rate　of　each

illterval　is　constant.　The　age　before　3.58　Ma　of　NP18　core　is　not　known　because　of　unstable

remnallt　magnetization.　As　shown　later,　nuctuation　patterns　of　Sr　isotopic　ratios　in　the　three

core　sampks　during　the　period　O.8　-　O　Ma　are　quite　simnar　to　each　other　and　therefore　the　shift

of　age　of　cores　due　to　missing　of　core-tops　and/or　bioturbation　is　smaH,　if　any.　Then　the　core-

toPs　are　assumed　to　be　zero　age.

　　　　　The　samphng　hlterval　of　each　core　is　usuJy　2　cm,　but　partly　l　or　10　cm,　and　a　sample

of　l　cm　in　thickness　is　taken　at　every　samphng　pohlt.　Average　linear　sedimentation　rates　for

thecores　range　from　Oj　to　1.2　mm　kyA　Benthic　fauna　continuously　reworks　ocean-noor

sediments　after　their　deposition　and　further　smear　temporJy　nuctuating　sedimentary　signals.

Each　Sr　isotopic　ratio,　then,　is　an　integrated　representation　of　at　least　8　ky　of　deposition

processes.　The　sedimentation　rates　of　O.5　-　1.2　mm　ky‘1　and　a　sampling　interval　of　2　cm

provide　a　temporal　resolution　of　17　-　40　ky･

　　　　　The　velocity　of　the　Pacmc　platemotion　is　about　10　cm　y‾1　and,　therefore,　sampk

locations　move　at　about　100　km　myA　Change　in　the　distance　between　the　samPhng　locdties

and　the　Asian　source　region　can　be　disregarded　in　the　following　discussion.

3.　Analytical　procedures

　　　　　Most　of　the　samples　weighed　approximately　100　mg.　The　sihcate　detritus　of　each

s　ample　was　remled　by　a　chemical　extraction　of　authigenic　material　using　O.25N-hydrochloric
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acid　for　l　hour,　The　detrita1　residue　was　washed　several　times　with　ultrapure　distmed　and

deionized　water.　This　leaching　procedure　does　not　affect　the　isotopic　ratio　of　the　detrita1

fraction[12].　HC1-treated　residue,　denned　as　the　detrital　component,　was　decomposed　by

hydronuoric　acid　and　perchloric　acid,　Strontium　was　separated　from　the　major　elements　using

a　AG50XV-X8　cation　exchange　resin,

　　　　　Sr　isotopic　compositions　were　measured　with　a　vG　Sector　thermal　ionization　mass

spectrometer　using　dynamic　triple　collector　analyses　at　the　Geologica1　Survey　of　Japan　for

NP18　and　with　a　vG　Sector　54-30　atNagoya　university　for　NGC55　and　NP29,　During　the

coUection　of　200　dynamic　cycles,　the　88Sr　ion　beam　was　maintained　at　2.0V(O,020　nA)for　vG

Sector　and　at　1.0　V　(O,010　nA)for　vG　Sector　54-30.　The　average　87S♂6Sr　ratios　of　the

NIST-SRM　987　during　the　course　of　this　study　were　O.7　10244　±O.000023(2(y,n=11)for

NP18　and　0.710252±0.000027(2(y,n=152)for　NGC55　and　NP29.　The　ratios　of　NP　1　8

presented　in　Table　2　were　normalized　to　the　value　of　the　NIST-SRM　987　for　NGC55　and

NP29､

4.　Results

　　　　Sr　isotopic　composition,　depth　and　age　are　presented　in　Table　2.　The　tempora1

variations　in　8　7S♂6Sr　ratio　are　shown　in　Figs.　2-a,　b　and　c,

　　　　Sr　isotopic　compositions　in　the　top　of　the　NGC55　and　the　NP18　cores　are　consistent

with　those　of　the　surface　sediments　in　the　vicinity,　NB69　and　NB37　(Tables　l　and　2E　The　top

of　the　NP29　core　has　a　slightly　higher　ratio　(O,7142)than　the　NB50　surface　sediment　(0.7129).

Although　the　samPhng　points　of　NP29　and　NB50　cores　are　close,　their　sedimentary

environments　are　considered　to　be　slightly　difTerent.　Manganese　nodules　occur　at　the　surface
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ofNB50[16]and　do　not　occur　at　the　surface　of　NP29.

87S♂6Sr　ratios　and　their　temporal　variation　patterns　of　NGC55　and　NP　1　8　are　quite

shnUar　to　each　other　and　tend　to　increase　during　the　interval　from　3　to　O.　8　Ma,　when　the　highest

isotopic　ratios　reach　about　O.720,　and　tend　to　decrease　during　the　past　O.8　my.　The　isotopk

ratio　of　NP29　is　lower　than　those　of　NGC55　and　NP18,　and　tends　to　increase　slightly　from　6　to

2　Ma,　when　it　reaches　approximately　O.717,　and　tends　to　decrease　during　the　past　O.8　my･

　　　　The　temporal　variations　in　Sr　isotopic　composition　of　the　core　sediments　are　compared

with　the　sedimentation　rates　in　Fig.　3　in　which　the　averages　of　the　Sr　isotopic　ratios　and　the

accumulation　rates　in　each　geomagnetic　polarity　interval　are　shown.　　The　sedimentation　rate

(gc�2　ky'1)is　calculated,　based　on　the　sediment　accumulation　rate　(mm　ky'1)and　the　dry

sediment　density　deduced　from　the　water　content　and　the　specmc　gravity　[19,201.Estimated

sedimentation　rates　of　short　polarity　intervals,　such　as　O.78　-　O.99,　0.99　-　1.07　and　1.77　-　1.95

Ma,　may　not　be　accurate.　ln　segments　with　short　polarity　intervals　(<O.2　my)and　low

sedimentation　rates　(<1　.　5　mm　ky°　1　),1ags　of　age　between　the　geomagneticreversals　and　the

deposition　may　be　caused　by　a　relatively　viscous　nature　of　the　remnant　magnetization.

Fluctuation　Patms　of　average　Sr　isotopic　ratios　of　the　three　cores　during　the　past　3　my　are

fairly　shnnar　to　each　other,　except　for　a　drop　in　Sr　isotopic　ratio　of　NP29　at　1.9　Ma.

5.

j 7

Discussion

£θ㎎-zErM　zaμjμβ£lcmMazHIμ?♂trraμθ

　　The　temporal　variation　in　Sr　isotopic　ratio　of　the　core　sediment　dominantly　renects　the

relative　nux　of　material　with　a　high　87S♂6Sr　ratio　to　one　with　a　low　ratio.　ne　material　with　a

high　ratio　is　the　eolian　dust　from　the　Asian　continent　(0.724　-　0.726;[2　1　D　alld　the　material　with
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a　low　ratio　is　the　volcanics　from　the　lzu-Ogasawara-Mariana　arc　and　oceanic　islands,　such　as

the　Hawaiian　lslands　(0.703　-　Oj05;　[22-25]).Rb-Sr　isochron　plot　for　some　of　the　detrita1

components　in　the　three　core　smples　is　shown　in　Fig.　4　to　demonstrate　the　mixing　of　the　two

cornponents[211.Approximately　15　samples　of　each　core　during　the　period　O　-　3.0　Ma　are

plotted.The　Rb-Sr　isotopic　systematics　of　these　Quatemary　core　sediments　show　a　weH“

correlated　pseudo　isochron　with　an　age　of　300　Ma.　This　proves　the　mixing　of　the　two

components.

　　　　The　temporal　variations　of　continenta1　(eonan)and　volcanic　nuxes　for　these　core

samples　are　calculated　as　fonows.　At　first,　the　relative　contributions　of　the　continenta1

component　are　quantitatively　calculated　for　the　samples　shown　in　Fig.　4　from　the　plausible　Sr

isotopic　compositions　and　concentrations　for　the　continental　and　the　volcanic　components.

87S♂6Sr　ratios　and　Sr　concentrations　for　the　continental　and　the　volcanic　components　are

regarded　as　O.725,100　ppm　and　O.704,　300　ppm,　resPectively.　Relative　amounts　of　the

continental　component　are　calculated　using　Sr　isotopic　ratios　of　the　samples.　Ushlg　the

relative　amounts　of　the　conilental　and　volcanic　components　and　the　quantitative　sedimentation

rates　in　Fig.　3,　the　continental　and　volcanic　nuxes　(g　cm'2　ky°1)are　calculated.　The　results　are

shown　in　Fig.　5.　Both　of　the　calculated　nuxes　of　NP18　at　O.83　Ma　are　anomalously　low.

As　described　above,　the　sedimentation　rate　at　O.83　Ma　may　not　be　Precise　enough　for　the

quantitative　calculation　because　of　a　low　sedimentation　rate　and　a　short　geomagnetic　period　(O.2

my).

　　　　　At　NP　1　8　and　NGC55　m　the　north　centra1　Pacmc,　the　eolian　nuxes　hlcrease　durina　the

period　from　3.0　Ma　to　O.8　Ma　and　decrease　shghtly　since　O.8　Ma.　The　volcanic　nuxes　of　the

two　cores　are　almost　constant　(O.005　and　o.010　g　c�2　kyA　respectively)during　the　past　3　my･
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Then,　the　nuctuations　oμ7S♂6Sr　ratio　of　the　two　core　sediments　appear　to　be　controned　by　the

eolian　nux.

　　　　　Around　2.5　Ma,　the　Earth's　chmate　changed　signmcantly.　Ruddiman　and　Raymo

[27]suggested　that　accelerated　uphft　of　the　Himalayan-Tibetan　region　at　about　2.5　Ma　caused

the　change　of　atmospheric　circulation　in　the　Northern　Hemisphere,　which　triggered　the　growth

of　continental　ice-sheets　[28,29]and　loes　s　formation　in　the　Asian　conilent　[30,311.The

increase　of　the　eolian　nux　must　be　related　to　increased　aridification　of　the　Asian　continent.

　　　　　The　NP　1　8　core　shows　an　allomalously　low　87Sr/86Sr　r£o　at2.6　Ma(Fig.　2-b).　This

is　caused　by　a　temporarny　reduced　hlput　of　the　eohan　materia1,　not　an　increased　input　of

volcanic　materia1.　By　smear　shde　analyses　of　unleached　sampks,a　larger　amount　of

authigenic　phimpsite　is　found　at　the　depth　corresponding　to　2.6　Ma.　lf　the　formation　rate　of

phnnpsite　is　constant,　it　is　considered　that　a　relativdy　large　amount　of　authigenic　phmipsite　at

2.6　Ma　is　caused　by　a　temporarny　decreased　supply　of　the　continental　materia1,　which　is

consistent　with　the　anomalously　low　87S♂6Sr　ratio　in　the　detrital　component　of　the　NP18.　NO

dear　isotopic　anomaly,　however,　is　found　in　NGC55　and　NP29　cores　simultaneously･

　　　　　Nvhne　the　two　cores　in　the　north　central　Pacmc,　NGC55　and　NP18,　show　simnar

long-term　trends　of　87　S♂6Sr　ratio,　the　th1rd　coreNP29　in　the　east　of　the　Mariana　arc　has

difTerent　features.　ln　fact,　continental　and　volcanic　nuxes　of　NP29　show　a　difTerent

nuctuation　pattem　from　those　of　NGC55　and　NP18　(Fig.5).The　continental　and　volcanic

nuxes　both　decrease　during　the　past　3　my.　A　drop　in　Sr　isotopic　ratio　of　NP29　at　1.9　Ma　is

caused　by　a　decreased　input　ofthe　continental　material.From1.9　to　0.8　Ma,　the　87S♂6Sr

ratio　of　NP29　increases　due　to　a　reduced　volcanic　supply,　not　due　to　an　increase　of　the　eolian

materia1.　NP29　is　in　close　vicinity　to　Mariana　lslands,　Magellan　Seamounts　and　Marsha11
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lslands.　Their　volcanic　supPly　to　the　area　of　NP29　may　have　nuctuated.　Moreover,　there　is

a　possibinty　that　the　current　of　the　middle-1atitude　westerhes　was　not　innuential　in　the　area　of

NP29　and　that　the　supply　of　the　continental　material　did　not　increase　there.　This　may　be

related　to　the　hiatus　between　1.　5　Ma　alld　the　present　in　the　core　NP27　(19°　59.88　N,　158°　29.87

E,5582　m;　[16])that　is　dose　to　NP29.

　　　　The　87Sr/86Sr　ratios　of　all　three　sites　start　to　decrease　synchronously　from　around　O.8

Ma　to　the　present.　The　decrease　is　caused　by　a　reduced　supply　of　the　Asian　continenta1

material　to　the　north　Pacmc　(Fig.5).This　is　supported　by　the　mass-accumulation　rates　of

north　Pacific　pelagic　clays　at　DSDP　Site　578　[321,at　LL44-GPC-3　[33]and　at　KK75-02　[34]

that　show　decreased　suppnes　of　the　continental　matrial　during　that　period.　The　age　of　O.　8　Ma

may　relate　to　the　middle　Pleistocene　shift　which　is　the　change　in　the　nature　of　nuctuations　from

the　early　to　the　late　Pleistocene　[27,351.The　aridity　as　s　ociated　with　loes　s　formation　in　the

Asia　may　have　changed,　although　the　hnkage　is　not　clear.

　　　　The87S♂6Sr　valiations　in　the　detrital　sediments　inversely　correlate　with　the　variations

of　magnetic　susceptibihty　reported　for　all　cores　examined　here　(Figs.　2-a,　b　and　c;　[5,17]).

Yamazaki　and　loka　[5]suggest　that　magnetic　minerals　of　pelagic　clay　in　the　north　Pacmc　consist

Predom㎞antly　of　two　components:　one　is　detrital　hematite　and　magnetite　(and/or　maghemi㈲

transported　as　eohn　dust　and　the　other　is　biogellic　magnetite　formed　in　situ.　Biogenic

magnetite　is　produced　in　the　surface　sedhnentsat　a　constant　ratealld　has　high　susceptibnity･

When　theconhental　component　with　a　high　87S♂6Sr　ratio　and　a　low　susceptibihty　comes　to　be

dominant　in　sediments,　the　ratio　becomes　high　and　the　susceptibmty　becomes　low.　The

variations　of　Sr　isotopic　ratio　and　magnetic　susceptibnity　in　pdagic　sediments　are　both

considered　to　renect　changes　in　eolian　nux　from　arid　regions　in　the　Asia.
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j.2　CyJa;Mq'o?μ75'♂‰7α○

　　　　Despite　the　difference　of　sedimentation　localities,　the　Sr　isotopic　variations　in　aH　three

cores　have　nuctuation　Pattems　fairly　similar　to　each　other.　They　s　how　s　imUar　cychc　changes

(Figs.　2-a,　b　and　c).　For　exampk,　all　the　cores　have　lower　87Sr/86Sr　ratios　at　about　O.　1,　0.　5

and　1　.7-　1　.9　Ma　and　higher　ratios　at　about　O.3,　0.8,　1　.6,　2.0　and　2,3-2.4　Ma.

　　　　The　frequency　spectrum　of　the　87Sr/86Sr　record　was　examined　and　compared　to　the

p�odicities　of　the　earth's　orbital　parameters　as　estimated　by　Bqrger　[361.Data　from　O　to　2.58

Ma,　that　is　the　Quatemary,　were　used　in　this　spectral　analysis　.　Two　data　of　NP　1　8　at　2.　526　Ma

alld　2.562　Ma,　which　are　anomalously　low　87S♂6Sr　ratios,　were　not　used.　The　data　used　for

this　spectral　analysis　were　interpolated　from　the　raw　data　by　spnne　function.　The　long-term

trend　during　the　Quatemary　was　removed　by　subtraction　of　a　3rd　order　polynomial　fit　to

87Sr/86Sr　data,　Autocom31ation　of　the　data,　smoothing　with　a　Bartlett　window　and　Blackman-

Turkey　method　were　conducted　using　the　time-s�es　analysis　of　PaiHard　et　a1.　[371.Cross-

spectral　analysis　was　also　used　to　compare　the　87S♂6Srrecords　with　the　eccen�city　of　the

earth's　orbit　and　to　assess　directly　the　coherency　at　each　frequency･

　　　　variance　spectra　of　NGC55,　NP　1　8　and　NP29　cores　and　the　eccentricity　of　the　earth's

orbit　together　with　their　coherency　spectra　are　shown　in　Fig.　6.　Tempora1　resolution　of

87Sr/86Sr　record,　17　-　40　ky　as　mentioned　in　the　above　sedon,　prevents　the　detdon　of　the

short　periodicities　associated　with　tilt　and　precession　(<50　ky;　[36])and,therefore,only　the

eccen�city　is　used　for　this　comparison.　　Spectral　analyses　of　the　three　87S♂6　S　r　time　s　eries

spanning　the　Quatemary　show　that　the　record　of　NP29　is　strongly　innuenced　by　the　400　ky

p�odicity　and　that　those　of　NGC55　and　NP18　are　also　innuenced　by　the　same　periodicity･

Among　the　P�odicities　of　the　Mhnkovitch　Cycle　associated　with　the　eccentricity　of　the　earth's
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orbit,100　ky　(126　and　96　ky)and　4　1　2　ky　Periodicities　are　imPortant　[361.For　an　the　cores,

the　87Sr/86Sr　record　and　the　eccentricity　are　highly　coherent　at　the　400　ky　earth-orbi�period

(Fig.　6).

　　　　The　87Sr/86Sr　variation　in　NGC55,　thecorewith　the　highest　sedimentation　rate　among

the　three　cores,　is　compared　with　the　SPECMAP　stacked　5180　record　[38]for　the　p�od　from

O.8　Ma　to　the　present.　The　SPECMAP　stack　is　a　weH-estabhshed　chmate　indicator.　lt　is

found　that　the　87Sr/86Sr　variation　is　remarkably　similar　to　the　variation　of　6180　(Fig.　7).

Higher　ratios　com3spond　weU　with　glacial　p�ods(even　numbers　in　Fig.　7)and　lower　ones

corresPond　weU　with　interglacial　periods.　The　variance　spectrum　of　the　87S♂6Sr　record　of

NGC55　is　concentrated　at　approximately　100　ky　and　the　87Sr/86Sr　record　and　the　eccentricity　of

the　earth's　orbit　are　coherent　at　about　100　ky　(Fig.　6).Fine　structure　of　the　glacia1-interglacia1

cyde　appears　to　be　superimposed　on　the　mjn　structure　of　increasing　and　decreasing　trends　and

the　nuctuation　of　the　400　ky　periodicity　discussed　above.　Some　smaU　time　lags　between　the

87S♂6Sr　ratio　nuctuation　alld　the　6180　curve　(Fig.　7)may　be　caused　by　the　inaccurate

assumption　of　nnear　sedimentation　rates　between　boundaries　of　geomagnetic　reversak　While

the　NGC55　core　hasa　relatively　high　s　edimentation　rate　(O.　1　0　g　cm“2　ky°　1　),the　NP18　and　the

NP29　cores　have　smaH　sedimentation　rates　(<O.05　g　c�2　ky'1)during　the　past　O.　8　my.　Their

smaH　sedimentation　rates　are　likely　to　have　prevented　shorter　periodicities　㎞87Sr/86Sr　variation

according　to　the　Milankovitch　Cycle.

　　　　The　87Sr/86Sr　ratios　in　north　Pacmc　sediment　depend　on　the　share　of　the　continenta1

component　from　east　Asia.　lf　volcanic　supply　is　constant,　the　glacia1-interglacial　cycle　of

87Sr/86Sr　variation　in　the　pelagic　sediments　is　considered　to　be　controlkd　by　the　load　of　eolian

input　with　a　high　87Sr/86Sr　ratio　of　theAsian　continentalsignature.　Actually,　periods　of　higher
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87S♂6Sr　ratio　tend　to　be　longer　than　those　of　lower　ratio　on　the　diagram　and　this　nuctuation

pattem　s　uggests　a　renedon　of　the　eolian　nux　with　the　high　87S♂6Sr　ratio　(Fig.　7),　The

northem　hemisphere　was　more　arid　and　more　dust　was　transported　during　glacial　periods　than

during　illterglacial　periods　[39].　The　cyck　of　the　87S♂6Sr　ratio　must　corr5pond　to　the

paleochmatic　cycle　of　the　aridity　in　the　Asian　continent　[401.

6.　Conclusions

　　　　　The　temporal　variation　of　S　r　is　otopes　in　the　detrital　component　of　the　north　Pacmc

sediment　was　precisely　examined.　The　north　Pacmc　sediments　are　mixtures　of　the　Asian

continental　material　with　a　high　87Sr/86Sr　ratio　(O.724　-　O.726)and　vokanic　material　with　a　low

ratio(Oj703　-　0.705).Assuming　that　the　volcallic　nux　is　constant,　the　temporal　variation　in　S　r

isotopic　composition　of　pelagic　sediment　in　the　north　Pacmc　indicates　the　eoHan　nux　from　the

continent.

1 The　87S♂6Sr　ratio　in　the　north　central　Pacmc　sediment　increases　overthe　period　from

3　to　O.8　Ma.　This　renects　an　increased　eohan　input　from　the　arid　region　in　the　Asian　continent,

which　must　be　related　to　andmcation　of　the　continent.

2 The　decreasing　87S♂6Sr　ratio　in　the　north　Pacmc　sediment　during　the　past　O.8　my

imPnes　a　decreasing　eolian　nux.　The　age　of　O.8　Ma　may　be　related　to　the　cnmatic　event

known　as　the　middle　Pleistocene　shift.

3.　　　The87S♂6Sr　variations　in　the　detrital　sediments　inversely　correlate　with　the　variations

of　magnetic　susceptibmty.　The　variations　of　87S♂6Sr　ratio　and　magnetic　susceptibmty　in

detrital　sediments　are　both　considered　to　renect　changes　in　eolian　nux　from　the　Asian　continent.

4.　　　　87Sr/86Sr　records　show　cyclic　nuctuations　with　Periodicities　of　400　ky　and　100　ky
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which　are　associated　with　the　eccentricity　of　the　earth's　orbit　(Milankovitch　Cyck).This　must

renect　a　nuctuation　of　the　eolian　nux　corresponding　to　the　aridity　in　the　Asian　continent.

　　　　　87S♂6Sr　variation　as　shown　here　is　expected　to　exist　in　any　pdagic　and　hemi-pelagic

sedhnents　in　the　north　Pacmc,　Precise　and　sequential　analyses　of　radiogenic　isotopes　for

detrital　sediments　may　reveal　changes　of　the　aridity　of　source　regions　in　the　Asian　continent,

volcanic　supply　and　atmospheric　circulation,
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FIGURE　CAPTIONS

Fig.　1　Locations　of　NGC55,　NP18　and　NP29　cores　on　the　distribution　map　of　Sr　isotopic

　　　compositions　in　the　Pacinc　surface　sediments　from　Asahara　et　a1.　[12].　0pen　cirdes　are

　　　locations　of　surface　sediments　in　the　previous　study.　Stars　are　locations　of　the　core

　　　samPles　in　this　study･

Fig.　2　Temporal　variations　oμ7S♂6Sr　ratio　alld　magndc　susceptibmty　of　core　NGC55　(a),

　　　NP18(b)and　NP29　(c).They　corrdate　inversdy.　Data　of　magndc　susceptibmty　is

　　　from　Yamazaki　and　loka[5]and　Yamazaki[171.Note　that　scale　of　magn�c

　　　susceptibihty　is　inverted.　The　horizontal　bars　at　the　top　of　diagrams　show　the

　　　geomagnetic　polarity　intervals　(black　/　white　shows　norma1　/　reversed　polarity).

Fig.　3　Temporal　variation　in　Sr　isotopic　ratio　and　accumulation　rate　of　the　three　core　samples.

　　　Thick　hnes　show　Sr　isotoPic　ratios　nd　thin　lines　show　accumulation　rates,　Averages　of

　　　Sr　isotopic　ratio　and　accumulation　rate　in　each　geomagnetic　polarity　interval　are　shown.

Fig.　4　Rb-Sr　isochron　plot　for　the　detdtal　components　ill　the　three　core　sampks　of　the　north

　　　Pacmc　sedimens　alld　in　three　size　fractions　of　the　Asian　continental　materials　(1oess　and

　　　river　deposi0.These　data　are　from　Asahara　et　aL　[21]The　Rb-Sr　isotopic

　　　systematics　of　the　core　sediments　show　a　wd-correlated　pseudo　isochron.　This　pseudo

　　　isochron　renects　the　mixing　of　two　materia1,　i.e･　,　the　Asian　continen�material　with　high



87Rb/86Sr　ratios　(5,0　-&O)and　high　87S♂6Sr　ratios　(Oj724　-　Oj26)and　the　volcanic

material　with　low　87Rb/86Sr　ratios　(0.0-0.1)and　low　87S♂6Sr　ratios　(0.703　-　0.705),

from　island-arc　volcanics　such　as　the　lzu-Ogasawm-Mariana　arc　and　oceanic　islands

such　as　the　Haw£an　lslands.　Continental　component　of　the　core　sediments　has　a　high

87Rb/86Sr　ratio　that　imphes　nlle　p　allicles　(a　few　Ftm)tranWm�from　the　Asian　continent

by　wind.　Data　fidd　for　volcanic　materia1　[22-25]and　riv�ne　suspended　mat�al　in　the

Japanese　lslands　[26]are　shown　on　this　diagram.

Fig.　5　Temporal　variation　of　nuxes　of　the　conUnental　and　volcanic　mat�als　in　each　core　[211.

　　　Fluxes　are　calculated　from　the　relative　amounts　of　the　continental　and　the　volcanic　nuxes

　　　and　s　edimentation　rate　(Fig.　3).　The　continental　nux　corresponds　to　the　eohan　nux

　　　from　the　Asian　continent.　The　data　at　0.83　Ma　of　NP18　(dotted　lme)is　exduded

　　　because　sedimentation　rate　at　O.83　Ma　may　not　be　correct.

Fig.　6　variance　sPectra　of　Sr　isotopic　ratio　of　NGC55,　NP18　and　NP29　cores　and　the

　　　eccentricity　of　the　earth's　orbit　and　coherency　sPectra　between　Sr　isotoPic　ratios　and　the

　　　eccentricity.　The　signmcance　leve1　(80%)is　shown.　The　long-term　trend　during　the

　　　Quatemary　is　removed　by　s　ubtraction　of　a　3rd　orderpolynomial　fit　to　87s♂6sr　data

　　　before　spectral　analysis.　High　concentrations　of　variance　spectra　of　the　eccentricity

　　　(0.412,0.126　and　0.096　my)are　shown.　The　87S♂6Sr　records　and　the　eccentricity

　　　have　high　coherencies　at　the　400　ky　earth-orbita1　(Milankovitch)period.

Fig.　7　Comparison　between　the　87S♂6Sr　record　of　the　NGC55　core　and　the　SPECMAP



stacked　6180　record　[381.　0xygen　is　otopic　s　tages　are　labelkd.　Even　numbers

represent　glacial　periods.　　High　frequencies　of　the　87Sr/86Sr　variation　are　remarkably

similar　to　the　6180　curve.



Table　l

Sample　descriptions

Core

sample

　　　Location　　　　　Depth

Latitude　　　Longitude　(m)

Descrlptlon re?

NGC55　24°　00.14'N　175°　06,56'E　5741　Core　length　362　cm,　dark　brown　to　brown　clay.　[5,15]

NP18　　20°　00.03'N　　175°　07.1　1'W　5323　Core　lengtb　676　cm,　brown　to　dark　brown　clay.　[5,16]

NP29　　19°　59,92'N　15y　28.9PE　　5262　Core　length　700　cm,　brown　to　dark　brown　clay.　[16]

　　　　　　　　　　　　　　　　　　　　　　　　　　　　Ferromangnese　nodules　occur　at　depths　or　O.30

　　　　　　　　　　　　　　　　　　　　　　　　　　　　alld　L93　m.

a

b

Data　sources　for　sample　descriptions.

Data　source　is　Asahara　eL　a1　.　[121.

Sample　ofsurface　sediment　in

close　proximity　to　the　core

sample　and　its　87SΓμSr　ratio　1)

NB69　　0.719086

NB37　　0,718812

NB50　　0.712928

Asahara



Table　2

Sr　isotopic　data　for　NGC55,　NP18　and　NP29　cores

dePth(c°)lge(Ma)s7Sr/s6Sr*　　depth(cm)age(Ma)s7Sr/s6Sr*

NGC55
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63
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047
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208
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0.018

0.026

0.033

0.040

0.047

0.055
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0.113

0.120

0.128

0.135

0.142

0.149

0.164

0.179

0.193

0.208

0.222

0.237

0.251

0.266

0.281

0.295

0.310

0.324

0.339

0.354

0.368

0.383

0.397

0.412

0.426

0.441

0.456

0.470

0.485

0.499

0.514

0.529

0.543

0.558

0.572

0.587

0.601
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0.631

0.645

0.660
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　98

100

102

104

106

108

110

112

114

116

118

120

122

124

126

128

130

132

134

136

138

140

142

144

146

148

150

152

154

156

158

160
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164

166

168

170
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176

178

180

182

184
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188
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196

198
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202

204
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208
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113
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145

147

149
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175
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179
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189
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203

205
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209

211

213

215

217

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

718

733

747

762

776

791

805

820

834

849

863

878

892

907

921

936

950

965

979

998

030

062

082

098

115

131

147

164

180

196

212

229

245

261

278

294

310

326

343

359

375

,392

,408

,424

,440

,457

,473

,489

,505

,522

.538

,554

.571

.587

.603

.619

.636

.652

.668

.685

0.719763±13

0.719796±16

0.719647±14

0.719839±14

0.719813±14

0.719863±16

0.719880±16

0.719778±14

0.719905±17

0.719981±17

0.719973±16

0.719937±16

0.719832±16

0.719669±14

0.719705±14

0.719878±16

0.719829±17

0.719791±14

0.719836±16

0.719793±14

0.719766±16

0.719699±14

0.719686±14

0.719758±16

0.719491±14

0.719577±16

0.719671±14

0.719536±16

0.719546±14

0.719396±13

0.719586±16

0.719712±14

0.719744±14

0.719654±16

0.719671±17

0.719655±16

0.719576±14

0.719738±13

0.719573±14

0.719458±14

0.719624±14

0.719547±16

0.719458±17

0.719595±14

0.719380±14

0.719206±16

0.719232±17

0.719288±16

01719344±13

0.719351±14

0.719349±14

0.719065±13

0.719330±14

0.719314±14

0.719353±17

0.719612±17

0.719565±14

0.719487±14

0.719516±14

0.719277±17

674

689

703

0.719219±14

0.718827±17

0.718889±14

0.719094±16

0.719083±14

0.718962±14

0.719103±14

0.719272±16

0.719319±14

0.719309±14

0.719290±16

0.719282±16

0.719289±17

0.719229±16

0.719297±16

0.719310±16

0.719187±16

0.719217±14

0.719166±14

0.719352±14

0.719353±14

0.719280±14

0.719396±16

0.719332±16

0.719363±14

0.719359±14

0.719478±14

0.719547±14

0.719391±14

0.719430±17

0.719540±16

0.719538±14

0.719462±14

0.719427±14

0.719418±14

0.719577±17

0.719642±16

0.719394±14

0.719282±17

0.719160±16

0.719328±16

0.719417±13

0.719431±17

0.719272±14

0.719231±14

0.719246±14

0.719287±13

0.719321±14

0.719473±16

0.719342±16

0.719325±14

0､719468±17

0.719521±14

0.719711±14

0.719690±14

0.719891±16

0.719804±14

0.719518±17

0.719760±13

depth(cm)age(Ma)s7Sr/s6Sr*
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0.718923±13

0.718724±16
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0.718629±16
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0.718663±16

0.718748±16
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0.718754±16
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0.719320±14

0.719052±14

0.718642±14
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0.718059±16
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Asahara



Table　2　(continued)

dePth(cm)

NGC55

328-　329

330-　331

332-　333

334-　335

336-　337

338-　339
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2
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358

360

NP18

0
2
4
6
8
0

　
　
　
　
　
　
　
　
　
　
　
　
1

12

14

16

18

20

22

24

26

28

30

32

34

36

38

40

42

44

46

48

50

52

54

56

58

60

62

64

66

68

70

72

74

76

78

343

345

347

349

351

353

355

357

359

361

1
3
5
7
9
1

　
　
　
　
　
　
　
　
　
　
　
　
　
1

13

15

17

19

21

23

25

27

29

31

33

35

37

39

41

43

45

47

49

51

53

55

57

59

61

63

65

67

69

71

73

75

77

79

age(Ma)
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088
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s7Sr/s6Sr*

0.717713±13

0.717574±16

0.717737±13

0.717737±17

0.717867±17

0.717962±13

0.717864±14

0.717507±14
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0.717739±16

0.717323±14

0.717673±14

0.717421±14

0.717644±14
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0.718815±16
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537

s7Sr/s6Sr*

0.719162±13

0.719261±14

0.719325±16

0.719109±13

0.719109±13

0.718948±12

0.718414±13

0.717989±14

0.718362±14

0.718544±14

0.718533±13

0.718677±13

0.718800±14

0.718762±12

0.718568±13

0.718553±11

0.718466±11

0.718465±11

0.718554±11

0.718463±11

0.718442±11

0.718332±11

0.718409±13

0.718201±13

0.718342±14

0.717756±11

0.717329±14

0.717379±13

0.716488±13

0.714732±16

0.713168±14

0.717380±16

0.717203±14

0.717320±10

0.716920±13

0.716981±13

0.717056±11

0.716855±16

0.717092±11

0.717087±11

0.717263±19

0.717489±22

0.717148±17

0.7　1　7　1　1　5±20

0.717063±19

0.716644±11

0.716933±16

0.716815±17

0.716789±29

0.716811±17

0.716313±13

0.716753±11

0.716662±14

0.716272±11

0.716059±13

0.716051±11

0.715983±13

0.715611±11

0.715363±17

0.715385±17

dePth(cm)age(Ma)

280　-　281

290　-　291

300

310

320

330

340

350

360

370

380

390

400

410

NP29

0
2
4
6
8
0

　
　
　
　
　
　
　
　
　
　
　
　
1

12　-

14　-

16　-

18　-

20-

22,

24-

26-

28-

30-

32-

34-

36-

38-

40-

42-

44-

46　-

48　-

50-

52-

54-

56-

58-

60-

62-

64-

66-

68-

70-

72-

74-

76-

78-

80-

82-

84-

86-

301

311

321

331

341

351

361

371

381

391

401

411

1
3
5
7
9
1

　
　
　
　
　
　
　
　
　
　
　
　
1

13

15

17

19

21

23

25

27

29

31

33

35

37

39

41

43

45

47

49

51

53

55

57

59

61

63

65

67

69

71

73

75

77

79

81

83

85

87

013

067

120

173

226

280

333

386

439

492

546

599

652

705

759

804

843

882

921

961

997

025

053

081

109

136

164

191

219

246

274

301

329

356

384

411

439

466

494

521

549

576

604

j31

0

0

0
0
0
0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

s7Sr/s6Sr*

0.714988±1

0.714658±1

0.714548±1

0.714472±1

0.713667±1

0.713461±1

0.713028±1

0.713254±1

0.713003±1

0.713206±1

0.712919±1

0.712863±1

0.712701±1

0.712683±1

6

6

2

4

6

4

4

7

4

6

4

7

6

7

0.714174±16

0.714119±16

0.714123±14

0.714126±14

0.715154±14

0.714927±14

0.714865±14

0.715009±14

0.714884±14

0.714791±16

0.715574±16

0.715499±14

0.715645±14

0.715709±14

0.715435±16

0.715468±16

0.716055±16

0.715833±14

0.715174±16

0.714970±14

0.715088±13

0.715293±14

0.715166±13

0.714771±16

0.714608±16

0.715207±16

0.715261±16

0.715748±16

0.715966±14

0.715394±14

0.714796±14

0.715051±16

0.714976±14

0.714973±16

0.714505±13

0.715196±14

0.714816±14

0.714847±14

0.714245±14

0.714029±16

0.714362±14

0.714571±14

0.715050±14

0.715910±16

Asahara



Table　2　(continued)

depth(cm)

NP29

88-

90-

92-

94-

96-

　98

100

102

104

106

108

110

112

114

116

118

120

122

124

126

128

130

132

134

136

138

140

142

144

146

148

150

152

154

156

158

160

162

164

166

168

170

172

174

176

178

180

182

184

186

188

190

192

89

91

　93

　95

　97

　99

101

103

105

107

109

1　1　1

H3

115

117

119

121

123

125

127

129

131

133

135

137

139

141

143

145

147

149

151

153

155

157

159

161

163

165

167

169

171

173

175

177

179

181

183

185

187

age(Ma)s7Sr/s6Sr*

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2

2

2

2

2

2
2
2
2
2
2
2
{
Z

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

/
O
z
{
U
/
0

　
ー
　
ー
　
ー

(
'
£
(
,
£
{
/
`

q
/
l
n
j

659

/
0
4

0
0
1

/
0
7

7

7

7

8

8

8

8

Q
/
Q
/
Q
/

Q
/
Q
/

0

0

0

0

0

1

41

69

92

15

38

61

84

06

Q
/
(
.
/
1
1

`
Z
″
s
J
7

90

09

27

46

65

84

03

2
4
1
1

16

17

0.715900±14

0.715896±16

0.715785±16

0.715748±16

0.715670±16

0.714974±14

0.714870±16

0.714076±16

0.714488±16

0.714851±16

0.714820±14

0.715247±14

0.715471±14

0.715266±14

0.715996±16

0.716447±16

0.716393±16

0.716007±14

0.716172±14

0.716015±14

0.715992±14

0.715992±14

0.715865±14

0.715826±13

0.715925±16

0.715991±14

0.715308±14

0.715517±17

0.715325±14

0.715497±16

0.715335±14

0.715735±14

0.715958±16

0.715909±17

0.716029±14

0.715992±16

0.716125±16

0.715878±14

0.716101±16

0.715802±14

0.715828±16

0.715653±16

0.715606±14

0.715576±14

0.715672±17

0.715795±14

0.715858±16

0.715395±14

0.715586±14

0.715528±14

0.715353±14

0.715483±16

0.715585±14

18

19

19

2

1
0

9

197

216

235

254

273

292

311

330

349

367

386

405

424

443

462

481

500

519

537

556

575

591

606

620

635

49

64

79

depth(cm)

194

196

198

200

202

204

206

208

210

212

214

216

218

220

222

224

226

228

230

232

234

236

238

240

242

244

246

248

250

252

254

256

258

260

262

264

266

268

270

272

274

276

278

280

282

284

286

288

290

292

294

296

298

300

195

197

199

201

203

205

207

209

211

213

215

217

219

221

223

225

227

229

231

233

235

237

239

241

'243

245

247

249

251

253

255

257

259

261

263

265

267

269

271

273

275

277

279

281

283

285

287

289

291

293

295

297

299

301

age(Ma)s7Sr/s6Sr

693

708

722

737

752

766

781

795

810

825

839

854

868

883

898

912

927

941

956

971

985

000

014

029

,045

067

,088

,110

,131

,153

,174

,196

,217

,239

,260

,282

.303

.325

,339

.351

.363

.375

.387

.399

.411

.423

.435

.447

.459

.471

.483

.495

.507

.519

*

0.715537±14

0,715484±14

0.715335±14

0.714838±16

0.714987±14

0.715054±14

0.715055±14

0.715088±16

0.714897±14

0.715074±16

0.715116±16

0.714865±16

0.714966±14

0.714800±16

0.714926±14

0.714837±14

0.715019±17

0.714830±16

0.714780±14

0.714742±11

0.714542±14

0.714511±37

0.714343±14

0.714585±16

0.714774±16

0.714772±16

0.714543±14

0.714812±16

0.714917±13

0.714591±17

0.714882±13

0.715077±14

0.714966±14

0.714756±16

0.714582±14

0.714637±14

0.714886±14

0.714543±16

0.714989±14

0.714407±16

0.714984±13

0.714619±17

0.714725±14

0.714781±14

0.714726±14

0.714950±14

0.714985±14

0.714959±14

0.714977±13

0.715026±14

0.714835±16

0.714959±17

0.714924±16

0.715195±17

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3
3
3
3
3
'
3
3
3
3
3
3
3
3
3
3
3
3
1
J

{
j
9
j

3

3

3

3

3

3

3

3

depth(cm)age(Ma)s7Sr/s6Sr*

302

304

306

308

310

312

314

316

318

320

322

324

326

328

330

332

334

336

338

340

342

344

346

348

350

360

370

380

390

400

410

420

430

440

450

460

470

480

490

500

510

520

530

540

550

560

570

'580

590

600

610

620

630

640

303

305

307

309

311

313

315

317

319

321

323

325

327

329

331

333

335

337

339

341

343

345

347

349

3
3
3
3
'
3
3
Q
J

1
,
‘
Q
,
‘
{
,
j

3

3

3

3

3

3

3

3

3

3

4

4

4

4

531

543

555

567

579

605

632

659

686

713

739

766

793

820

847

873

900

927

954

980

007

034

061

088

4
7
{
5

1
'
`
J
″
`
J

1
{
/
`
Q
J

　
φ
　
φ
　
φ4
4
4

1
1
1

ζ
J
z
`
U
7

{
,
j
1
J
Q
J

381

391

401

411

421

431

441

451

461

471

481

491

501

5H

521

531

541

551

561

571

581

591

4

4

4

4

4

4

4

″
`
J
『
J
ζ
J
ζ
,
″

5

5

5

5

5
5
5
5
5
5
″
`
J

446

538

633

720

806

873

965

042

115

188

258

325

392

458

525

592

659

726

792

859

926

993

0
1
1
{
Z
1
J

　
ー
　
ー
　
ー
　
@
　
-

/
0
/
O
g
)
/
`
U
/
h
U

1
1
1
1
1

0.714884±13

0.714851±13

0.714809±16

0.714733±14

0.714730±16

0.714788±14

0.714806±16

0.714634±16

0.714914±14

0.714679±16

0.714509±14

0.714740±14

0.714602±14

0.714583±14

0.714377±16

0.714164±17

0.715670±14

0.714315±16

0.714131±16

0.714192±16

0.714210±16

0.714458±16

0.714703±14

0.714858±14

0.714608±14

0.714643±16

0.714916±16

0.714589±14

0.714460±16

0.713834±14

0.714280±14

0.714205±14

0.714788±14

0.714302±14

0.713736±14

0.713265±16

0.712946±16

0.713747±14

0.713886±16

0.714007±16

0.714081±14

0.714051±14

0.713833±14

0.713977±14

0.713680±16

0.713723±17

0.713780±16

0.713457±16

0.713593±14

0.713860±14

0.713203±16

0.712955±14

0.712775±14

0.713041±16

60

61

62

63

64

60

26

93

60

27

　AIl　ratios　are　normalized　to　s6S♂sSr=0.H94.1he　s7Sr/s6Sr　ratios　of　the　NISTSRM-987　durinμhe　analysis

are　O.710244±O.000023(2(y,n=11)forM)18　and　O.710252±O.000027(2(y,n=152)for　NGC55　and　NTP29,　ne
ratios　of　NP18　are　normalized　to　the　value　of　the　NIST-SRN/1　987　for　NGC55　and　NP29.

*　The　en`or　in　the　final　digit　(2Q)is　given.
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