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IRSL Intensity (arb. units)
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Starch granules on Upper Palaeolithic stone tools from the Nishitaragasako site, Kagoshima, Japan
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Ayako Shibutani {National Museum of Japanese History}
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THL S v R e L b0 Thd. BRIFF - 78TO R EWNO 1 2THL 7 7w OGS
bESCODTHY, ML, ARCESE YO ATRYORE D S LR A4 RN LT 370 7>
RERDHEL, BEOREC ANOWBAN LRI T LWRPETH L. BWET ¥ 7 ¥ HGATIZI90T AR, #
GEMEC BT AW GHROEAR L LTHEEN, FENBEHRE LA LR EROFHENETE ( 0l
FH 2 & o TILY #E 1 (Cooper & Nugent, 2009; Ebeling & Rowan, 2004; Liu et al, 2010a; Liu et al, 2010b; Liu ct al,
2011; Revedin et al, 2010; Tao et al, 2011; Yang et al, 2012 Yang et al. 2009}, Hifph R & L COMELN LY R E
Loz HBORMNIER STV S, ARTIRLE. 886108 - ToWsEfEssin 5 (- B6E 20120 k4E, 2008,
2000 KPGidA 2012 HNNEA, 2012 8%, 011a. 20120) . BEEF > 7 > ROBRMAELBEOINRIUEDRE 1 500
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WORMANLATHS G2 A TY 5 (TR, 1983, 1984, 1998, 2004, 2007) s 112V T b, TR - 22T
F 2 b OERAKOGH Y L EOMTIZMbSEA EEL LTS A, 2007, 7L, IUHBRAOM/ERDS
KA RO 4 D AR 4 < (B, 1988 §57k, 2005) . VR OTIR b MUCIHUOE 25 & DT 2
s BHHEC L L ST, MERRAHEERFONLETSS LMEEATEY . MAEOAENLIRTHVT
REES v, BEREERCORESENRE LTRET Y 7 - RoRNERAS Z B, il 6 iy
AR IH RO LRORREFI L. oMM diod s ZLiiokd s,

5 & RMIET SR CORAMNTIE, BEIREAIN X 1B ECRER (31000 C yr BP), BBy S Mt LTy
7 VE) P (30,000 MC yr BP) A & C RO BEE KGR P R OMBAEAMT D, kol 46 C T
B LT A ek 2T 3 (BT, 2005; FIS, 1999, 2002 FF-¥FF, 2003} MAUMO LTI R E R E L
THBOBET > 7R ET, RROBECITHNEOME 2R Z Lid, BRSS! HSELRon
ML, #cbitetRmd s bela.

S LARATHAOEY S 5 2 A TAMR T, 40 0REro BN IR BRI, BATnAlK LT,
AT) F (3932000 ~ 29000 cal BPZR M H 2 M BEER LV L LAARS6REF - 7 ROKIN L RAL, W
SR URETRRBEREC VA LS NA N~ — LR, BRS04 EFFHME L Ty a—T, MARER
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THAT LA, M ERORR) OFTEEENCEIEY 5. ZO0EPTRET - EOEISRHE L, ERI00 R
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BABROWBIZ OV T, BRI RO MR 5 IE, 200002 8 D, B8, MARIRDS
N2 LOL9M. MARE FEAGR0H 65 L0208, BEAEGLILLDISHEAFHEBI TV 2. KT EER
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R ERTE A BEGOMETIHMBMT &L L ToME b i S0, &2 TAMRTIR, BI0E5ME
L. BERoRfEfibhi bR S AL ERMUAEREL, TRUSNOTES, MBOMLA LW THEIZow
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M, €, ANAENA, FAH R BRRNETSH D, WL LAT FUOSI0EA G I L
FOWRPER L EOFMIZoWTE, RREEOMY~— YL BBL TS0, FHHRELE
B, BT 48, BR-ER T S0 TSR I, 2010002 » THRIBROBgEI fThi,
AR 5 Az 5T B ORMITIOE, SRR T { Witz MR A h TV,

1B SRR AL AR UL 2 (S B TG R L i Z R A S T ) (RUT, 2007). FidHEr 8
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On the possibility of hear treatment on the jasper artifacts from the Layer X in the Nishitaragasako site
An examination of morphological traits of thermal alteration and thermal experiments

il Hi— LA
Yuichi Nakazawa(Hokkaido University)

WER - HREXEL O Y « 23— WABORFIZNSLBAL Sh TV LI PERE L. ¥y 25—~
ROBHENSPIITH 20, Vv A0 ORM I ERE T E R, ROBEZ TV v A/i-OMRIEIZE
RAELD ZEATRERI, EAMALAY cA/—BETERTAZ LI T, LA EAZ S LXMW LRE
Zofie THOEOFRD G, KL £ ARG L CRINBII L - TIBM 3 WA TTRIEAHEN S i, Rk e izhl
AT, WRGHMIREE LCRETELFy M)y FOURENEL, BALTWL LR8OS v A -1
LT D TR L AR, SEO5% 060 2R, e, Aty »J v F, FREGELE Y ol#s LU
ZONRMEOSH ZRFHFBOONA. T BHOKEBHRPEE L DR (7 2 F— & b MR L 1 a0k
Az Eph, FRRMEECY e A MURRAE SR v BTG S A A MER - ARBFXEH OV
ANA—-RUIGEORFIZE L TRAFIN S LTI L R C & 2030, SRTRR S LARNEBRIZRIA TV LS
VHIHA T —OREIL L > TV 20N FEE LTREN

1. RLBDI

BHECEROEBLIBLCRESEMIMAD S EilloC, HHOMEERLSED FENHD. TRITNBL
#(heat treatment) EFFIR, TIEWED LA TIRHY LT 7 = v 2 & LTABN TV 5 (Crabtree and Butler 1964%
Elo BETINALBMNE, WENISEEAEOMEE LY T T340 TH % (Gregg and Grybush 1976: Schindler et al.
1982},

IMBEBUIRD R A F A4 S FTANV D v F—A TNV TOTHY Vo= POBEFRRER BN TRB S
Moo LR, F—2A b7 U THREBOBERITIZIHES D 7HY ¥V —DAlyawaraBiizid, aRIAVAELE
KTHL, EAFBREED Z L L TIHOWY ML AT » Tw 2BEFD S 5 (Rinford and O Connell 1984) .
FEMRIZBEVTL, 2= TH6T7 A ) S KEOEFL TNRARGESOREIAVHATEY, 39—y 1T
(I IR SR K (14.000 - 100004 ) 12 & CAlv»Hhd 24+ (Webb and Domanski 2009}, & 584, BT
FUAOFEHELAONTLARFEMBAIGEACAMIESR TS, ToEE7H2FENETH
B I ENAR SN (Brown et al 2009}, HATIR T, MLHROFERREL SV CHFENMEE TR, G300
BB EAULATYS (ERBIN). UGRRRORRTE, MMERO RIS, i TRIEETOER
FHE2VTHEE RS S5 20 3 L 0o (Kil1998: Yonekura 20090, /MG EMRIL v, 3%, ML)
BRERTEER, Fy—F, 202 b Al Fa— (EW). YrAn— (FE OB IHLAED 2 E80
(microcrystalline siliceous rock types) Tdh 1, BEALE XOA I AKNET LD LTV (Webb and Domanski 2009) .
IMEREZ & THEEAM S A0 = XL 3B H 5, 228 RIE, 6 LMET L R0G AR X - Tl ISR
FoLLCH I ARNERET LD Y RIS 5123204000 TH S L vr 9 (Purdy and Brooks 1971:323) .
iz OEOREREPRIZL - THEESA, BERTHIED S, HEO L ZONZNERI ML VI WML DH
4 (Domanski and Webb 1992}

Pk R R T RREE T 2XEAG U, ¥y 20— THENAARIERME LTS, Torh
3 RERTATERDOS SERSEENDS T LA REEZERR TN & - CERERCIES S h, s
DU ERANRRE L, EOMBREY ST, FREOMEL S L T2 HHRHKC > TREDITESL 60
AREAW TSNz YA L0 HWEREAEARIC ATV L AR L, TEHy BRI LT IR
PRIV OBV S WA SR E e, 70 Y27 PO RANE, WHR BRI TR FOX
B0 Y v AA—MWABIZDV T, MAMHEH S WA TREL BN 2 2 Th B HHIL20094 8 H L20114: 2
Hizs AMizh o> THHBTL KM L /2.

2. HE

AUHOMBMAO{|MOEEIZ DV T, B 3 4 v+ AE(Brown et al. 2009:Melcher and Zimmerman 1977) %
TFA Y 2 S0k (Dunnell et al. 1994) ORI, F 350 % M~ XM ik o)1) (Domanski and Webb 1002, Domanski ct al
2000) % EOMERHEAFMEND T ENFEV, TRORAREORFVEN L) REERITHEWE L AL TH
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HETEDLEV)ATH - L SFEENOBV hETH L, TORM, BESNBOT Y 7V ERS L2, BHEFEETH
BENLRRELORES TN LV LERNLFIIF ST EAMLV. LdoT, EfEmhinier i
HARILLREFRTRTHE. 3. MBAMLRT 52002, BREARIZEV TR oI E53 2 2 24028
£ 5 (PIR198, 20000, HEAALIZLTEY . BERUREL W) ERTH ), ThIGRSTRORRDOTENL
BRI Lo TREE NS —7, MALRBREMAZ LV IERTHEZ EdbL, AMPKEHHLTEGOREREER
515 EAFE SN PIE L 54w, 29 LA L INSe@y & S0 < 25U, BB EREZET 5 2
i ERLARO LAY SERMIC RS LI REE RH S RET V(R ). Ll ALoREizgs
TREERS 0, HOHNEYMARH ARz, WS, RERRICOHMT 2 2 £ 45 (Vaquero et al. 2012).

LA

1l EROHCBTERENACRKII W TORERE

3. BB & BB O TEYEO B B IEE

ERORTFERTBLTL O’ TR > THRICAVHATV L LAROALGCAETMATLED LI LE
EAELED, ELT, REREBMMLAT AL ML THPD D LAROTHHETH S (Gregg and Grybush
1976)0 & IZEBWIIP L Tid. HENBOKS DML L > TRMET 2 Z & 65 Y (Schindler et al 1982). WMMOE
[T LRI RH SN D, —H T, Vv Ao, B For— M EORBEORMBNI OV TR L2
THITIERI RS TEY), TOELLMSSATWA, BOWHICHETE S HERE, A} Y v Fipotlid) 2FF
D T2y ROEANTH S (Purdy and Brooks 1971}, £ ORI, W OMMER & (282 - 2 FHA LT E b -
THY, LELEZ L= 8 -0 L) 4R ERTBENHE. £, MRS, Mo OhErs 58452
LB b, TOANSLLIL, BEL CEADSIED > MANIIET 208 T, KIHHEEPHHIO®V TS
DENHDHZ LG, BRFEOERAEL, OFHReibsd, RRELo TRUNFEOMEFRZLLELONE,
FThFr— PR EORSGRAD LSS L HER T, BRIZL>Tr L1 ¥ 7 (crazing) & LT BHIRTHDEH
Wi CHEE SN D S EAS D (Purdy and Brooks 1971). SEIOBRBH-Tid, Hy b » FHdLhEHH
Ptk Brvpaik Lic, GEOBELSBENRLAY, ATBHERETE I A - REROY 70 2e XA
EETH)., BMIL SRR L A, RES Y 2 AIIEIETE) EMHT ALV, EOln, Bk
LTHRAL&d ol

SR OKKE LT, FEEOXEREEEE LA, ShICOMRDOE, REEAHTEDNS %5 8RN
B ENALSE, FIRAOLRA S S DD I AW S A L2 2 TV S (Brown et al. 2009; 914E451993: Purdy and
Brooks 1971} €07, MAEHEETLZVHENE ZKHTEZRITHE. CORRODREL, WRHERE W
Hi HBEEE O ERRERAEE & Do MEOBNR(20097 8 H) T, JEE I L OXROBEMRT
BILizkoT, FREKREL UMW LR L2,

(1) BRI % & D3R

HERr BRBXEHEO T + AN—WAGOBB LT E 25, WRGERIEE ORALRBR L2, UT
2 BAORNEE L DEEI DV TRET D,

OHEEMIT (A (No3203) - LB (No3600) & D HMENLHFTHE(BR 1), @ETHY, TWEAS. TH.
REMRMOZHLETH Y, AoBmlA Mg BiTT 5 2 Lo TN OEWIZAL. FEOFEFENC#ECT L. W
WL MEORAIZEy Yy FAMER TV 2h 6, HMShRzMe T LI edtbi b,
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TGl HERMA (No3203). WillkEGEBMEOGESIZHY b)) v FARIATVD,

OMA LRy b v FHA JOEEG

0.3623) i A HRIZ L > TEHMREIC S 220KE 2y U v FAEKSRTHL(FRZ). Tofty b
U FIRE#RENEZ CHLILKER ThHh, TAERENT S, BN ICET OS5, FTTITRT A% €
PR G LV L HECE S, SOL 2Ky Py FEOZEMBOAN £, T TNy by FH

EORRL v BRI, fTARME DRI AR R T,

BETDHOOMRy Yy FHR L S, 18y FU v FROOZHRE L 52 0%RAT

LAy By FRk(FN)

(AR L A
04897) & BEBAIEF O v A (NoASTL ORMBEEHETH L (TR ).

B FARERATVE,

.

Ol LR 884 |
WA DS 58 HERAIGED S AR

V- 5o o T A2 A

HEM LT (NoASTL) & ol i il

£ by KON (P o R

BHE3 M L7 (4 NosgoT)
#EE) .

O#F (No3605, & No4021)
W OPDIOY ¥ ASA-BHR RS 2em) 2y Py FARRERTED, WAL TV 5 Z LAHRE

ni:(Fr4).
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Fr(No3605), MmilcHFE Ay F) o FARENL, 48 (No.d021) o & R i, 18- BU I &
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(2 )M L B 5 TREED & B R

KREAHT L MR, —~HOER Bt LLEL, TOXRRIFBIEEE -RICEDLALDTTRE
. MAMEGHTE LN Fv. ERE  HEOTERCACERIRER TS, ZORBIZLHEL *
ROERIHER K LS TREL, 3TDLIERETH S, T0XH &, BHFIICTIES AR I LRAH
SRSEHY, TPEr BRXBORRO Y Y A - RARIIERINA T2 BAOHIE GRS LV L 00,
MARRHESHMRAEREET 2L, CHETOMRRRPLHOGATY S, LA T, ZOXRIZ
DTS REBRIAE L L1

HH6 ¥ As5—O0H(No3600) il FHIRTHORMTHAEREANMA L3001 { v0fiizins
b,

Lo iR 6 ik, P50 SRR
PBIREA D D RIFTLE L DR T 6 A,

ALYy AN-RASBFFINTVAI LA S, BBISH
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4. Ak - AT
1 gkt & A

PR LR L0 Y v A BEHIHBB L UKL ELONLHMFZOONL LD, BMZLaTY YA
NH=HEOLICERT5OPERNLPTELHOREKIIRETR otz LKL DEMIZE SHME, A
ORI L ZEOMG LR L. SMBABOLOONHENEL, TASTREKEHBAISLEE
WKIRTOM MO L MBE ML KL Ao ¥y A ZIA T, W TIRRL RO S Thih
2L ABI-DDML, TRENMAOE Z EARGHETT 2 o7, WM 2 M L 4 M ERE L. MHOE(L
FMKOBTHMET S 7 h— T ER~ANTEE LA L EOTLEMBT 2 7L — i,

KOBOREEIRE, KPR STEEEMTEL L REEGL 4 SPICTBEEREL, HEXDOT L —
ADLYHLEMITVBE &, KEKMTOREEINMLL FANE BOXWRESL, 500C * CHHIMTE
B RS R £ M TRsE L.

FKERIA20114F 1 AZ2IH T4 020 KRR D TH Y B TEHAFIES DV /2 00, BBUGARFLKRLMT
ot KROBINE S, WEEE, GARZ, WIRE, FHELA, FRE—TH D, HAGETFEASHRKFR
DN & D% T E Bz,

(2 )desrstit

ARAHEEMEHRNO Y v AN OG- fh, BV EE RO Lilodl, AMMA QRS (IUG -G 1%
ENBTOEEPH0em FIRENICMBAAL. FRHERISL4E5TH), FAEN2EHNE ARNONBEH
Lizs

BTy (rOTY) {27

h SRR AR 2 O E R L7z Pl E SemiE KD {XHTEO RISKEL v LB2
WHOFIZDWTIE, BURDLL A IIHSHy BRBXROU- 428, TOLTREAL V.

1-45HETOAWMPOREKEFBLTTES Aot (F 1) 20ME 4MOMMIEAERE L. TATIIZ
DT AL & ) e FRThOPIIGRLRRL, KRR, SIAHR NI LI kP e s
DRLGRICARTRGH S S

e 1 2 3 4
WEERYRT 2 4 2 4
KD SE Rt Rt -4 (=R

BHEOKE DL E BRI £ 0B - ML CRA
*1 EBEOMRSE R

F20E, Yy AS-RROTEERL T 5, BARI2WTRERTS TG (. ABTHL. RIZANTRE
HLABEL WATHEASELMRL DI KEDTHE.
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ONERF AR SN, FAGGICKTHM LB TELL LR 6N0E, KRA2HES S 1 Di2HIE (8
KON £ £ A £ HRIOKRTH L. b P EORPMEMHIET 2 LRI TH L. ZIUHEMAIHT
BRI DT T MRS 2T S 5 (2L 4 A 4 LI AR LR . DE2HDIRGE2
CHUL, EEXKABTOKE QRN CLARERTFOIZLOE MENRVE ZALBAIEVEZIS LS
DIRAT S, RAOREREOERIZL - THRESALTRELSH S, FLBRED L IZREK L DR
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Y AZEThE. Mk (LeviSala 1986) LML 212k > THRMAKRITED IR L H D Jib:
B LR LA SO AEETH D,

OQEERZy A—DOlfa, 206 LRI EICTRMICER S, ERTE, -2l > T EHA,
POREL AHILABESNL, SNEOLYEXBHEOBE T L2Y v A/ —HAuRO L ¥ ERBAICER
FTaHERbL, bLEERBGIIZ Lo TELTWAETIUE, M- 80512 X ATl oREF MRS
WA B B

OFiRIZ 4 B TIM-@F LY+ A5—220 T, 1005 1IZEH LAMATRS bR ARV v 25—0R
AT 22 L bR SR, LR (ST L b b i ) B> TLELIZOR LG 2, b5 —
B 3EHOMB R 5 LENB L, EREOREORREMTHRAE LSO, Fo FU s FBREN
3 B0p, REFERNBELHOPIT S ETIRBREININEMME L5,

OREKIFOLDIZH o LMARFHZILGIRIE F o A (B SN A Do Lo . MLy 20— RAEH
B R LIS, EIRWIAYEE 245 (Webb and Domanski 2009), SRIOERTIE, GROA— Fnre—iok
AHETHS AL ORMIZILHEREIL AL L dd o7, Lo L. S50 L 2R TILMEHNNELC L 2 Higwnr
WHREHTHEERD S LA, SUOMETRIZE DMETILLRAL G W dho LTRIEL L., T0BE,
HEHEORMAIEOME T X o T LA HERO 2 7 0&MMESRRIAOBRLCEET 5 UL S04 LA
v MEBEBOMENEERALZ L LHATH S,

ORFHME B 4o TEHSE KPS &, IRRAFIAL TOAv b DKL TITEE ) v Ln I Fille
vttt ik RECNARR LAFHRE LTWRWHEHZIOWT, #IRRE (fracture toughness) % A
L {Domanski et al. 19947 &), B & = TRINRIEAE C 2 2 TS ERERT S LEVH B,

Qe CRBEOMEIORES, Yy A -k, TR LABREQGORIELIZE>TELDLZ E4HE
PEfot., LEREEICAD, MK 2RO ELIZE - TERAFMISE koTw{ ZeAMBanl, 4
BERACILE L Ao o, HARATHRARAIMETE S LAFNEAL, &b, BN LOBHBRIUENE. »
= EI RO N ASRB I LS, TREAHA ) L XA b= ELTHAM STz
ittt d 5.

5. W MEEFXR M 1Y v 23— R OR
(L) &k

TSR - ARMXEH oY v A REBEDLE L, ARSBATHS L0, HEEEE, oL
SHF A LABR L TV EOS BT BEME LS. VrAS—EEALTHEN LA ML HME
RTOE—MI20TH—BTH LA HMNEOTRLFEZ L. WL IR L Tva. BIEERERICNL, #H)iro
EEMBIEL DL E L, S, HF AR AWERER 2 RH T AR AVL S L AT E LML mRL 2
B0 2% o2 ARARIZ L - T# S NAMITORRG EORIENRIEL . MWD HHREICBET 24 L2
CORMMEIEE S ELAKEEUTIIZ LD,

1 BEET
BRES
HHH
WHOEM HY L
Pk ¥ A T Hy b v K, 2 LAY Y Y (crazingd, JER AU AR (Mo Lo RERTIA & £ A i)
LRORE:IT, LB, B, Ay R FRA, BIRLZ Fa— b, TRIL-ERAROSH LML L
PO SR, EMNGTIER L Tya), SR UTE 2V ASRRIES D) s (T - R & XD . #sln G
e SRR R

8 FMER:e Y, FaW—, SILVY, AT T

O BRI & A7 VI L2 450 2 I 0 H & 10% RIRE TR
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11 P AR IO MM RO ¢y — > 2 5PML £, BRI, BE—B, BECRE, M8, SHOTWm, AW

12 4T # A 78, N, 2T0MER, WRReL L

13 St dTieE, STEIR. REAR. S, 6. 3

A O EMZmTH Y, ABAETHETRBAL L. ARGMEL TV, BS WS MoK,
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#4  PERIEEONTE
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EEoTIEERIENLLDNFEBLALTHE LA B, b — N (wols) EAEAE v, [HANRDLNH I
LA -BHE AR £ 450 | BEOBBEKEOS BRI EIATHa J AR I,

BERS Y WMERY L WAOREM S V) (ER)

WBLA S Ga—i 11 [} 2
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ME 15 43 28

[#y kU FHK] 2 -
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5 HEHROHMII AL HRONNE

Wiz, MR OKEERE L THD, FRICMBILAL X > THA % S8 E, LB RoRVE I HE s
B ENMFERDZ Eh, FRBRCEOYRNER T S Do 22751, THUdiIsER HoI0E N %
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4. SHEORE
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Feading| sample i M Fa  [Co [N 0 |As ) st zr Mo Po
1 ¥7h | aeme |A0D  |<LOD | 200696 <L0D | 6877| 89.63/<L0D 5660<L0D |<L0D [<LOD  <LOD
2 HARE 467653| 14993 B8438.00 <LOD | 8105 28.12/<L0D 141.08) 163.30( 80.74[<LOD 1950
3 2847318/6L00 | 60068/<L0D |10 [<L0D |<LOD | 3006| 660|<LOD |<LOD |<LOD
4 731037/<LOD | 8507.12<L0D |<LOD | 3248/<LOD  2641| 802|<LOD [<LOD |<LOD
5 <100 |<L0D | 925608 <L0D |10 |<LOD |<LOD <LOD |<L0D |<LOD |<LOD |<LODG
6 2950064/<LOD | 116640 <L0D [<LOD |<LOD <LOD 1410 811[<LOD [<LOD |<LOD
T |Yean—(mm 4142879 <L0D | 24983 <L0D [<LOD |<LOD <LOD 7.70| 1032| 13.47| 1251|<LOf

T S LoD 750.52| 6756931 51264|<LOD | 2076 10528 <LOD [<LOD |<LOD |<LOD _|<LOI
9 | ¥ Asi= ) | 2966 [<LOD 26561| 87955 <L0D |<LOD |<LOD <LOD | 3147<L0D |<LOD |<LOD |<LOI

[0 [Fezri—tam | 1088211/<LOD | 639060 <LOD [<LOD <LOD <LOD | 3451[a81 [<LOD [<L0D |<LON
il 556134 60082| 3139324/<L0D |<LOD 6247 <LOD | 441.85| 5681| B4.33/<LOD |<LON
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Reading sample T cr Mn Fe Co Ni Cu Zn As Ab S [ Zr Mo Sb Ba Au Pb
1
. =
3 test | agate M |<LoD <l0D  |<LOD 220696 ;LOD 58.77 | <LOD 3963 | <LOD I 55| <l0D |<LOD |(<LOD |<LOD |<LOD  <LOD i <.|.on
4 i (ﬁ?ﬂ‘ HAEE 4676.63 | <LOD 14893 8438 <LOD 81.05 | <LOD 2812 |<LOD | 141.08| 1633 8074 | <LOD <100 |<L0D <LOD 195
5 i 3018 [ EM(R® | 28473.18 | <LOD <L0D 69068 <LOD |<LOD <LOD <L0D |<LOD 30.06 88 I<LOU <L0D <L0D |<LOD <LOD |<LOD
6 nE 383 | FM (W& | 731037 | <LOD <L0D 8597.12 ;LOD <L0D <LoD 3248 <LOD 2841 302.<LOD <L0D <L0D |<lOD <LOD |<LOD |
7 e 1593‘ E1 I 18 <L{;E; <LOD <L0D 925808 <LOD |<LOD <LOD <l0D (<LOD |<LOD |<LOD .{OD <L0OD <L0D |<lOD <lOD |<LOD
L] ﬁ; 3508 EM(®X | 2050064 |<LOD <L0D 11664 <L0D |<L0D <L0D <L0D |(<LOD 141 an .<LOD <LoD <L0D |<lOD <LOD |<LOD
9 i 3270 | IM(NE | 4142879 | <LOD <L0D 24983 <LOD |<LOD <LoD <loD |<LOD E 7T7 10.32 | 1347 1251 [<LOD | <LOD 7<L0D <LOD
10 e 2470 | REE? |<L0D <LOD 75052 67559.31 51264 40; -<LUD [ 2978 (10528 |<LOD |<LOD <LOD |<LOD | -<I.OU <L0D <LOD |<LOD
1 L] 2986 | EW(FR (<LOD <L0oD 255.6|. - B79554 <L0D |<LOD <L0D <L0D (<LOD 31.47 [<LOD | <LOD |<LOD <LOD |<LOD <LC-JD <L0D
12 il 2921 | EW(H®X | 10882.11 |<LOD <L0D 63906 <LOD |<10D <LoD <L0D [<LOD 3451 881 |<lOD |<LOD <LOD |<lOD <l0D |<LOD
13 . il 4618 |EL-MLlU| 5581.34 |<LOD 60082 3139324 <LOD [<LOD <LoD -52‘47 <LOD |44185 | 6681 | B4.33 <LOD <LOD <-LUD <L0D |[<LOD

_Il FAE |2-7<-7H|5622000 [<LOD | <0D | oo <l0D |<LOD <LOD ‘<L0D7 <L0D |<LOD | 1342 | 1807 18.97 | <LOD |<LOD | <I.Qiﬂ <LOD
15 fest | &NIE | 27127 |<LOD 1164101 61153.79/1464197.38 <LOD |83297.33| 279643 :<LDD <L0D 53.16 | <LOD |[<LOD |11498.28|<LOD |<LOD ‘ 19212 4;65_8-
16 | AR kS <L0D <L0D ; <L0D <L0D - <L0D |<LOD <L0oD <L0D |[<L0D 1308 5711 4054 4181 [<L0D '<LOD <LOD |<LOD
17 @ [ 3018 | XM{R% |<L0D <LOD <L0D 146813 | <LOD |<LOD <LOD <L0D |<LOD 61.88 938 |<LOD |<LOD <loD <lOD |<LOD |<LOD
18 £ 3270 | TM(ME | <LOD <L0D <00 706.34 <LOD |<LOD <LOD_ <LOD [<LOD 3834 2282 1829 1414 | <LOD <LOD |<LOD [<LOD
19 £ 2921 | EM(FM |<L0D <L0D <L0D 552;).1 <l0D |<LOD A<I.OD ;LGD 2183 2084 11.11 |<LOD 12534 <LOD <Lﬂ; VcLélls
20 £ 1 | 3508 | E®(FM |<LOD <L0D <L0D 25;5-45 <L0D |<LOD <LoD <L0D [<LOD 2923 1888 9.11 [<LOD <LOD <LOD |<L3D |[<LOD
21 Eid ! 3831 | I |<LOD ldBD <LOD 571676 | <LOD |<LOD <L0D <L0D [<L0D 2286 1309 <LoD <L0D 53699 <L0D |<LOD
22 test ! BEX w <L0D I <I.DD ‘ <L0D 29325_;55 330.13 | <LOD <LOD <L0D |<LOD |<LOD <LOD |<LOD |<LOD <L0D <LOD |<LOD |<LO0D




108
JRE JE 5 WL 0 T 1 2 o oL o RS DM SR A0 J0) B 19 B AL D 53
L B LR R A AR
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WAL ORIG5> RO BITMOERCDW T, WHOERAINRK(SzS) LPIAINRK & DR
MR, B R34 R SO N R LB O CHE AR KR BBF T bR TV A%, SEBRK0EHLE
MRS IRAFRLEGFED o0 Hiz, WAMORA T LRR, S RO LR L BROERAT CoBTHY
122V ThE, SR TR DS CCERBMENS BOT I Ehol Lo dh ), MO ANFEHOBE 2w
TIk BT & T,

Sil, WRGEHFBREDOUN LT, IR PSR - BN (R RI O LS 3 Bl & 0 2 2 &2
T Lo B, SOMNBELIVTICHEREEERL, $LERTEREDORK REREMIfL L 2RE/
SREFHESDETEI v, SO LHTHRE LAAFDLER) F—/—BROFRI2e T o & fro 2.

2. 10T AR &bk
1) a4 a0H

Sri LR g, ETEEE RSB TRE SR TSR 7 BMRERD & i1 L 20 R A o 0 15
28Thh.

PS5 M EEONTIZO LR ELOREATH ) . MBHINCF S O/ (@ 1 ). Nallodid
Iz, WO BOMBRE Iz RO RS L TR THE A1 Tl M71ZEN1I0GRZERYH 5
Lo TRADC LSRR, AERLEOL L RS ATV L EHTH S (MIOFBRO THRIZ L),

o RRCHE LRSS, SRBAS—FT L EN T LBREA G DAL, STERLE L.

2) ki

SPETSRRHE I 3 i IR 0 S R R R SR Y ERER T T AR ) AN R IR L 2tk
AEL. THMEETo RELALSEERES . TEREr BiRENTI20°103mg. Nell04A2418mg Th -7
SRR EREBORITRENSHE DAL L, HEMBAL TV, L L, MEERET CHETS
=L BETRREFOBEIONNS CETATVA LS, "CEEMEHHITIEE MM L2 TR ),

PR R IC AL, KA CETERS LT, BB LA e R ) 2 K2 RE L. KIS, ERbicE
BRA LT 32 M R E R IR A0, BT VA U BAAA) RE T o, T ARG, B
ORIBIZIE L TO001 ~12M ABE(LF b 1) 7 & (NaOIDAKHHIZ L D, Sl ~80C ORI L 17 2 L H, 2004, B4
ZNaOHORE* iR LT, ABERANHOLLL 2 FCIOREERDEL, REHIZ0T, 12MORIE $ CaR
LT OAKHIZA, ARSI ORTRENE -2 D6, QIMORETT VA VRAEET L. iMoo
TuH Y BHERT, 7IVHFR I SRETELLOLHANLA(R2) . AAAROSHITERE, REHRRATT
AAARI ZF o P YERLD Bvri e, R L.

WM L ZAAAAO BB OCOALP 6 57 7 4 MEE TR Lo - FHEEEE L, MtomEEHE (s
L, 22282 F AMS:NECHLSSDH) CHCRBEOME & fTo /. WMRSEPLDCH S,

B RIS £ CERR/ERFER O (C/NIL)Z, WEOREE TN R K ERMEE
B E TV BEAMSY AF A (MICROMASSHE, The lsoPrime EA System) & v Tl & 7 2 (i 0¥y
(X ARFEA2000% B . BFENEEROBREIIEHAN02meE: . RREMHELOWEICHE 2 ~ ImgE Fvrz
- E PRGN L FofEE T, BREEERROI L o8 TIFEL TV 5. $L 6 "CHTRA=02%.
& NUCRKOLNIEEL EZ 505,

3. ARG

UCAE R v R % LIt L e MCEERIZADIOSONE & A E L TITHRIIA &R LAFRTSH D, $MidLibby
DEG68IT. & BEA L A2 1% 5 RLAVCMALIE, OxCald]l{Ramsey. 2009) % Jilv» TIntCal09(Reimer et al. 2000) #5 X o
Marine09(Reimer et al. 2009) DRAE M % 6 L THIE Lo R 1, REEROMEFTAD20 DREER L /20

MCAR AR 40 T 5 B o S RFNGT120711,095+ 30 MC BP(PLD-16785), P94 B+ 58t 1044%11,145 + 30 “C BP
(PLD-16786) Ch ) . 2 fIdMas TtV ISR RO & s (D) o BN BATEFMKLORK R, EHR 7 L
N71200 42T 6 "CHA245N. & NIEABORe. M4 H 4 QMEN4D 12T 5 "CIATZIZ%, 4 UNIIH9A%. T,
SUCHACHBOME h bR, IUNML BRI A S, Fh, CANIBIRERENSY, 04K, BiE
KRB EUIENFhol,
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4. B

Bk SIREEE R & C/NILO GRS 5T, HEH - BRI LRI R G C/NEA R R
FEECELI LSS, IRSOMBIERRILRCRIEY > A s BASEh T LR EN D, £ 5CH.
SUNMLMHTH L Liph, SRHOLBTRROEIRNE & 2 FRYL, GEERONMY TH I TikENEE
LW D LEND D

A5 (2000) 4+ KM (2004) 12 £ B, REMZRBPOMMEL 28T 5 &, S8 B0 2608 RIS
RCHPCHE LML, AL OPRMARERL TV (E2), BHE L 2RI A000% iR T %2 Wi ik
b dH A, THEOEITERILHOCERIZ, L) F— /1 —YROBBELH T WELEFFL THTE
LR RO B LB D S,

ZITHOIR. B ERIEOREOBITI A L IntCal0d (Reimer et al. 2009} & EFEROREORECH WS
Marinc09(Reimer et al, 2000} XM & NIV T, BUEERLTEHM L2 (2], F3). IntCal09THIT L 22, BIESE
81213240 ~12860 cal BPYI'C. 13000 cal BPA(#% M0k ¥ 5. F72. Marine00CHIE L% &k, 12795 ~12565
cal BPH T, 12630 cal BPA#& T hLb 5. S0+ REAEWOUOERIZBBLE, ZORMEOMANIA>T
B ETHINALH, EMLGNE ML oIz, BFEROTEORATS, EE TR OMROBAKNITR.
O—# L) F— DR AR & RS D LARETH Y LEHHWOGEOASPS . ERLEEREROLOE
Ly, WA HMEORIHROERE, [55X£13200 ~12560 cal BPOM LI L LTRATEE v, Ml
KEHOKEOEREATEIVES S,

ZOERIE, BILHOBT L BOME L FR STV DR HIVRLRIRY OF L LBOTR LBV, BLAR
BN TI, EEALAEO TSNS, BAEEERCENE L, BEXERF Ao oTua WIRTERERAR.
2005). THENEy EEWOZ I LHOTRIE, BLMMANOE L8 & (2I2M¥h, TALY S P28 LV
B LNAREEFEL SR, VTRIZLS, SRIOSH#RG, WU ST SRR ERIT RS & S
BOABEBOBNEELL LT, WO TEELF— 5 EdoT.

WO RO FRE R LA L (2010 ORI, SEOTSH s RO T ¥ &30 L TRIEFHL
L7 df, BIEENMELT o7, HE2F O FERERE (S0 BT RAS. 2008) wicER ~HER
LHOTROMATHS (T, RA%), £/, BGERLIMAEET %, ERREFILREOER LRI04 Rk
AT IRFR-RERACEMRLMAL.

il F RGN LTkl Lk 20+ Bz on T LA L, Hiiot BEofRm RS
EHHPIILTHEL,

O

SO & o AP R R RO R TR L FE SRR SRR OREATIU, KRNSO L
# 2T TR AR TS G EORFAN KO L D B L R 2. 20, RESERERME
HOFHEME WA S5 THALE, ST TG 2 20 2 O S TR MR O & MEA R E & EMe
AFIR, WOROREEAL LR FEH B W R OR A A E i sil i L L2+

b, AR, K22 ~ 25 HEFH RN T IR S T 48 (B) [ Kl 40 1 S22 4 & £ ARG A 72 | (i
FeACRG: Lt R e L T A

LG22

BAREWERE. 2000 [RS8 RS e RN B0 & SANBTEAR

TEE A6 2011 NS L S agie t LR FACIZRT 3 %8 & ERRISE-, pp5465,

TR 20120 THAAS S0 3£ EHSRORERR20TnCald £ IntCally @i 5 £ 0 LEN00G N L. 116 108 2 RSy i e
G172, pp 101116,

LS 2012b. MOS0 0R JfLe—g RN £ B 4 IERIL.

TSR 2012 £+ CRUEEINEF AL T, WIOTH, ppT3T6, MANHTERE

BAD A-#0%-E M0 2000 FHENS 7 & RRLE TN FSEFE22000 $RIBARTRRER R 241249 FEEHPH
.

WELRAFERS, 2006, [LEREINES 2 TMRCLHREREHTES, KESLHENENE

Reimer. F. J.. Baillie. M. G. L. Bard, E. Bayliss, A. Beck, J. W. Blackwell P. G. Bronk Ramsey. C.. Buck C. E. Burr. G. S, Edwards, R. L. Friedrich, M.
Grootes, P. M. Guilderson, T P Hajlas, L. Heaton, T |, Hogg. A G. Hughen K. A_ Kaiser, K. F. Kromer. B, McCormac, F. G, Manning. S. W. Reimer, R.
W. Richards, D. A, Southen, J. R. Talamo, 5. Turnecy, C. 5. M. van der Plicht, ] & Weyhenmeyer, C. E. 2009, IniCal09 and Marine0® radiocarbon ege
calibration curves, 050,000 years cal BP. Radiocarbon 51, pp. 1111-1150.

Ramsey. B, C. 2008, Bayesiun unalysis of rudioearbon dutes. Radiocerbon 51-1, 337.360.
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