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EEZD,
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LAXFxThh, K - BETTME S R UKo o s, 247100 B2 00RANE 2 ~4 8
BEDERL D HIINZ o,

AREBNIZAT 2 SPBRBIRER O LGB AT, A LA A R IR ER ORI BN TH 5, BaT S h B
THDED, LAT2AHBBEE LTEL, 207y FCRIBAE 3~ 4 B0 RiFr2E80kEs»rd ) (GF
158 B 1 ~4), X 7=AH & FREDZAT 2 PR ERE & L TIEE 164 ¥ 16,20,21 DM H &k 2 8 L
T3, bRACIOZ7)y FHEERICE L TE, HEERICE L TOMSCR (WASCR) ovss (58
159 X1 4,7,9), FLU <K% (5169 [¥1,3,5) OFBIHCREE LS A FARICHE 9 Stk o
ek (AKX 8) AL TwaAddEINs, ABEHICET 2% TIE, 2o TERLE ORTR
HRARIC THEL R OREISCR + SR04 H I MK EEL T 5,

3 FHHREHRIOFLE, RRBRELTI I 771 ML

DUR 4 mI#T 72 1l L 72 TGMBK-4,7,13,14,15 IZ D W CHIAEE, "5 7 7 4 MMb, HERFRICO WL
hd 5,

RO BTALEE X 2017 4F 12 H 13 HIC/WVGH— 2 BN L RS AR AR E KR E TR 2 Ao 72, Ak
VR X 2V v = 2 TV CAAA R B 2 o7, 3.7 b vho b o@F RS2 B %o
Tk, 7un RV A ERY ) =V aER2N 1 TRALZEE (CMIEBR) <X % 30 oioiEfz 2B, 7
b5 pEOBHEIEE 1 B I %ok, JOEET, MoPEEAR EDRDBERESI N L
Wicx2,

f- 7070 - (AAA: Acid Alkali Acid) 2 E L, BT, lmol/ ¢ (IM) ol (HCI)
% AT 80 T 60 Sy DMLBR % 2 [F1E 2 o7, 7LAH VAIECIz—EH 0.01M, 2[[H 0.1M, 3 [HHB
K IM oK F Y74 (NaOH) AKiE#Z VT, & 60 700 % | WRICEGRIZIZR 55 ET4
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~6ME#EYIEL7, E5ic, IM oM (HCI) ZAWT 60 000 % 2 [HE I %-ot, REBICHIAKIZED
30y Y% 4B I VR RILTwa 2 EERMERL, sl 2RI L 72, WEE OO FIZFHE 2 D
WHThH2,

&2 IEEORTLERR

okt JLER B mg B & mg EE
TGMBK 4 77 21.75 28.3
TGMBK 7 50 8.75 17.5
TGMBK 13a 47 4. 60 9.8
TGMBK 13b 38 4.19 11.0
TGMBK 14 103 6. 54 6.4
TGMBK 15 33 3.23 9.8

757 74 Mo AMS JIE FHE IR AERMIE R ICERZE L 2, kHE, 5 v 7ICFER L, elementar
#t84 vario ISOTOPE SELECT JGHEHRHIEA L, Mbesk, Kl hiz MRURKEZEEN I A 74 VIt
AL, 655 DML 2mg ZFFE L 72 2 v 7 [ S ROBEIOKEN A (KRFENVED 2.2 54 ) £ &b
IZEAL T, 650°CT 6 RHIINE L ¢ 90 L 72 (Omori et al. 2017),

x3 7771 MLOKER

HEA 773774 h 1D 777774 MEER VAVISZEN: S s Fe Bt C/Fe L

TGMBK_4 GR-6080 75.0% 0.90 mg 2.05 mg 0.439
TGMBK_7 GR-6081 74.1% 0.40 mg 1.90 mg 0.211
TGMBK_13a GR-6082 82.4% 0.89 mg 1.98 mg 0.449
TGMBK_13b GR-6083 0.15 mg 4.12 mg 0.036
TGMBK_ 14 GR-6084 39.0% 0.23 mg 1.95 mg 0.118
TGMBK 15 GR-6085 0.16 mg 3.84 mg 0.042

TGMBK_13b, TGMBK_15 122\ Tid, BABEM, HFEROBICHER S 1Ll jRFERDY 400ug AT TH -
7olco, FEROEMERBZHABE L., MEKEHAO 70 b an (KEs 2017) KTexX ¥4 F2ERL,
AMSHlE % To7, KPD7 77 74 FEMICIEL X V7 A4 FERBOFRIE TR, REFUOBKIZH
b oNREREIL 72,

4 AMS AIERER
797 74 MEL T RFRENT BT 2 BERPER RN AL O BHIE X, 2018 45 7 HICH SR AR A 7L
VAT $ 2 MRS E R irsiE (AMS) ZHVClE L7z, BH “CAHEMR BPENR) 2HET 27201,
RSy M DRIIE IS 2 0 PC filild AMS 12 CRIRHAIGE L 224E% JHv>Tv» % (Stuiver and Polach 1977),
HERSIIELL T @D Th 5, kB, MHEOREST (MW 2017) 220 THBHT 5,
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x4 BEERRFRHEDORER

B HEHERS 1D 4C 4E{ “C BP A §13C ik
TGMBK 4 TKA-19327 3181 +29 26.5+0.3%0 | HHl
TGMBK 7 TKA-19328 2789 + 29 29.6+£0.4 %0 | HHl
TGMBK 13a TKA-19329 2799 + 28 27.4+0.5%0 | HHl
TGMBK_13b TKA-19431 2717+29 -202+03% | HH
TGMBK_14 TKA-19330 3119+ 30 313+04% | B
TGMBK_15 TKA-19432 3139 +31 -198+03 % | HH
TGMBK-1a YU-4537 3231420 -26.07£0.48 | /K 2017
TGMBK-2a YU-4538 3021421 -26.80+0.54 | /IFK 2017
TGMBK-2b YU-4570 2967+24 -20.88+0.71 | /K 2017
TGMBK-5 YU-4540 2904422 -23.9520.61 | /K 2017
TGMBK-6 YU-4541 3053+21 -24.87£0.56 | /1K 2017
TGMBK-8b YU-4568 2605+22 -20.10£0.55 | /1K 2017
TGMBK-10 YU-4536 307327 -17.960.85 | /K 2017
TGMBK-11 YU-4542 2836+21 -26.22+0.55 | /AR 2017
TGMBK-12 YU-4569 2886+23 -21.48%0.69 | /K 2017
TGMBK-16 YU-4543 3015+21 -26.847+0.55 | /NK 2017
TGMBK-17 YU-4571 3111423 224747066 | /K 2017
HC EM oM 1 R EEZ T,
=5 HEINZIREFREERL (cal BP X&)
B4 HIEAEAR(1SD) IEAEAR(2SD) %
3446 cal BP(27.4%)3424 cal BP Bl
TGMBK-4 3454 cal BP(95.4%)3360 cal BP
3408 cal BP(40.8%)3376 cal BP
2962 cal BP(83.8%)2841 cal BP Bl
TGMBK-7 2936 cal BP(68.3%)2852 cal BP
2830 cal BP(11.6%)2785 cal BP
2992 cal BP( 0.9%)2984 cal BP il
TGMBK-13a 2940 cal BP(68.3%)2860 cal BP 2965 cal BP(89.7%)2844 cal BP
2824 cal BP(4.9%)2791 cal BP
2847 cal BP(35.5%)2814 cal BP B
TGMBK-13b 2863 cal BP(95.4%)2758 cal BP
2803 cal BP(32.8%)2773 cal BP
3380 cal BP(45.8%)3333 cal BP 3440 cal BP( 1.1%)3432 cal BP EeTps)
TGMBK-14
3290 cal BP(22.5%)3263 cal BP 3399 cal BP(94.3%)3240 cal BP
3396 cal BP(59.7%)3340 cal BP 3447 cal BP(78.1%)3326 cal BP i
TGMBK-15
3285 cal BP( 8.6%)3272 cal BP 3296 cal BP(17.4%)3254 cal BP
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TGMBK-1a 3461 cal BP(29.4%)3442 cal BP J/INFR 2017
3481 cal BP(95.4%)3391 cal BP
3430 cal BP(38.9%)3401 cal BP
TGMBK-2a 3317 cal BP( 6.8%)3307 cal BP 3335 cal BP(20.1%)3288 cal BP /NHR 2017
3241 cal BP(61.4%)3172 cal BP 3265 cal BP(75.3%)3150 cal BP
TGMBK-2b 3218 cal BP(93.8%)3059 cal BP /IR 2017
3172 cal BP(50.5%)3104 cal BP
3042 cal BP( 0.9%)3032 cal BP
3098 cal BP(17.8%)3075 cal BP
3015 cal BP( 0.7%)3007 cal BP
TGMBK-5 3073 cal BP(63.2%)2995 cal BP 3150 cal BP(15.6%)3091 cal BP /HR 2017
2978 cal BP(5.1%)2969 cal BP 3081 cal BP(79.9%)2960 cal BP
TGMBK-6 3332 cal BP(34.9%)3290 cal BP 3350 cal BP(92.6%)3207 cal BP /PR 2017
3260 cal BP(33.4%)3220 cal BP 3193 cal BP( 2.9%)3180 cal BP
TGMBK-8b 2754 cal BP(68.3%)2735 cal BP 2758 cal BP(95.4%)2725 cal BP /MR 2017
TGMBK-10 3347 cal BP(20.5%)3318 cal BP /PR 2017
3365 cal BP(95.4%)3211 cal BP
3307 cal BP(47.8%)3241 cal BP
TGMBK-11 2965 cal BP(45.5%)2919 cal BP /FR 2017
3004 cal BP(95.4%)2865 cal BP
2907 cal BP(22.7%)2881 cal BP
TGMBK-12 3142 cal BP( 2.5%)3125 cal BP /B 2017
3060 cal BP(52.0%)2991 cal BP
3108 cal BP( 1.9%)3095 cal BP
2985 cal BP(16.3%)2965 cal BP
3078 cal BP(91.0%)2938 cal BP
TGMBK-16 3332 cal BP(15.2%)3291 cal BP /B 2017
3259 cal BP(78.5%)3147 cal BP
3237 cal BP(68.3%)3168 cal BP
3121 cal BP( 0.8%)3114 cal BP
3090 cal BP( 1.0%)3082 cal BP
TGMBK-17 3370 cal BP(42.6%)3334 cal BP 3388 cal BP(55.8%)3317 cal BP /IR 2017
3289 cal BP(25.6%)3265 cal BP 3305 cal BP(39.9%)3245 cal BP

EEEROFHIZIZ, OxCal4.4.4 (Bronk Ramsey, 2009) Z i L., BI1EF —4 1213 IntCal20 (Reimer et
al. 2020) % MW7z,

5 EA-IRMS HIE#HR

IRMS 12 & 2 g FfLfF s X ORE - E@ROEBEHROME X, FHERER AV YR FEARNEE
TEI%ok, BEMERFZENRNEEICE T, Thermo Fisher Scientifics #:#o Flash2000 J6E 557 %
BALPEEEE & LC, ConFlo IV A v ¥ —7 = — 2% #&H L T, Delta V % RO HE B HT el cllE 3
%, EA-IRMS &2 Tk 2 o7, #90.5mg DORFEEAR 2 HEICEAIY o WEICAEL 72, HIERA R,
[FRZAEDMER 1 ST 3 “XEHEWE (77 = %) 23k EFRFICHIE T 2 2 & CEEREA 2R L 7,
WEOWETIE, 0 "C OHEMEZ 0.2%. 0 "N OFHEIE 0.2%Th 3,

HEFRSRIETO®Y Th 5, Ak, BFOBRESS (IME2017) 1220w TH T 5,



e 45 30 7%

x6 LTERMMAKL - RERE - BEXRE

BT 8 1%C%o 8 ®N%o EREND R 3R % C/N tt (mol fb) e
TGMBK-4 -26.7 7.3 39.4 1.9 23.7 B
TGMBK-7 -25.9 15.0 9.5 0.4 29.5 B
TGMBK-13a -30.3 5.4 52.8 5.7 10.7 B
TGMBK-14 -27.0 8. 4 67.5 4.1 19.2 B
TGMBK-1a -24.9 7.1 58.1 6. 55 10.3 /NHR 2017
TGMBK—2a -26. 3 5. 67 58. 2 5. 45 12.5 /MR 2017
TGMBK-2b -26.6 7.44 9.68 0.397 28. 4 /bR 2017
TGMBK-5 -25.6 5.27 56. 4 4.69 14.0 /bR 2017
TGMBK-6 -26.3 8. 46 54 6. 36 9.9 /bR 2017
TGMBK-8b -25.8 9. 68 38.6 3.96 11.4 /INBR 2017
TGMBK-11 -28.0 7.48 70.5 1.21 67.9 /INBR 2017
TGMBK-12 -27.8 6. 42 30.3 0.593 59. 6 /INBR 2017
TGMBK-16 -27.6 9.11 68. 5 1.07 74.7 /R 2017
TGMBK-17 -27.3 6.5 57.3 4.24 15.8 /R 2017

P bR ALE B2 &, 0 PClE-24.9 ~-30.3%DfETd O . EEMEDIFYE I KT 2 AlREMELE 2
543, 0 "Nk TGMBK-7 %% 15.0%0 & ®°E 25, fibld 5.4 ~ 9.68 DfiicE X £, C/N Hiix TGMBK-6
HE, 10U TFORRELEDL ERB RO N5, % BKEORIEORENSL v, L T, BEEOMYE.
F 7 ZBEME OB E R O RIFYE AR LR TH 5 L E SN, WIETHAL, ko a: NiE (74
BUERS) & b:#bE (R R) ZJEL 72 TGMBK-2,12 I2BW» T, WA DK 14 FRYEICE VT, miFH e b
NSOk a DIZH D BHRE 14 T2 H 2 b0, MaF—oFNfHzRd 2 &k, NED
BRI CH 2 7% 61X, Z OFEYNGE ) Y — N —KIROEPBIN 3 ERNZ L v (EFEY % D 7% <
ELHZEEEFHRY) TEERBLTVWS ERIONS,

6 FRHNUEBEDF

S AIGE 53 DU IEAERAE % i b HEROE WHEIPICR T & TRlofkIc A 2, B, W IZBREERD 1 ofi
5 £ 10ICYI) B - 81D T LCRET 20T, UTTIEZD X ) ICHET 5,
TGMBK- 4 13247 1 3\ (A58 2 BB) — 3455 cal BP(95.4%)3360 cal BP
TGMBK- 7 13K C 2 2 p R — 2960 cal BP(83.8%)2840 cal BP
TGMBK-13 1344 458D 13b ofii & b . K C 2 b B — 2865 cal BP(95.4%)2760 cal BP
TGMBK-14 (35155 4 BeBt (%47 2 2UBBLRE) — 3400 cal BP(94.3%)3240 cal BP
TGMBK-15 13247 1 30 (BIfS55 2 Btlg) — 3445 cal BP(78.1%)3325 cal BP

DUN ICER S 7y ORI 2 BB L TR <,
TGMBK-1 : Z47 1 AR
TGMBK-2 : #1111 :0R (%47 3 ¢ )
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TGMBK-5 : AEEI R OGR C 1 U =447 3 ¢ 2U)
TGMBK-6 : JtPI5I%47 3 ¢ 30 (%47 3 ¢ )

TGMBK-8 : Kii A 1 =

TGMBK-10 : K B 1 (%47 3 a 2l BeRE)

TGMBK-11 : K C 1%

TGMBK-12 : dtBIHZAT 3 ¢ X (2473 ¢ )

TGMBK-16 : %47 3 b &

TGMBK-17 : 27 2 30 BB (RIRH5R 3 BB ORAT)

EWVwI kKB AHI,

A WRHIE ST DR % HiE S 412 13 BIAUE ISR L C A GA, BIAGHI 2l S HEM L dk Bt
BAENTH L L) Icllbns, LaLAaRs, flrWEREZHEEILTw L &% & KkKFE 14 FRMEIZ, #BE
DREHD “CIEDLEB X BHHIEE B 2749 7o, FlRENR L S 2 BIEEE A4 NS X 5 i
RN TH LMD 2, DT LS EZUNCREFERZRE 2, DTk, GR#FE 2 0 (95.4%)
ZM\v, cal BP (1950 4ERE ) <, FHEHMED 1 Mo Bz 5 % 72 10 EIC o AERME TRl T 2, &8,
WEZIREI)IZ, IntCall3 & IntCal20 TIEAEHRANCBIEFMMEDS R E C A 5 2 i3, DIT, B oHtE
R, MR 2019 12 & B,

1AM T§ 2 &5 A2 507 %3 TGMBK-1a, 4, 15 1%, TGMBK-1a 25 % % i < 3480 cal
BP(95.4%)3390 cal BP Ic & ¥ #1 % £, TGMBK4 3 i IF4E A Cld B & X 2 & /& % 3455 cal
BP(95.4%)3360 cal BP, [l U ¢ TGMBK-15 & 3445 cal BP(78.1%)3325 cal BP ¥ 7 & 3295 cal
BP(17.4%)3255 cal BP £ 9#H L\, B X%, 3450 ~ 3320cal BP Z A2 W THE L 2 HEMNIEZE R
T K (2019) 12 & B 2 E TOMERH & DRI DOHEE TR TO, BIPNLI T AR D HEEFR 3370 ~
3220cal BP &3 & TGMBK-4, 15 13& 4253, fed > TGMBK-1a 133 L 2 HilRFH o 5 40 (4
BT 3420 ~ 3370cal BP) Ittt 2 R 2R T,

247 2 ANt E s TGMBK-14, 17 1388 & Z FH—4EUE T, 2429 3400 cal BP(94.3%)3240
cal BP, 3390 cal BP(55.8%)3315 cal BP - 3305 cal BP(39.9%)3245 cal BP Ic& £ N 3R T, Lok
WZATIOHEEENR L AT 24ERERT,

Wi EE A B X (2 4EFR 3220 ~ 3100cal BP) (2 xfkh & 415 TGMBK-10 ¥ 3365 cal BP(95.4%)3210
cal BP IZ& ENARIEENRT, PRHLDHDODH - & BH L 3210cal BP Ui & A3UR KA B Xoodw»
BREClE N2 b0 ERB I ENTELT,

BRI RTEE220T 3b 2 (HEE4EMR 3130 ~ 3065cal BP) (2§95 TGMBK-16 & 3260 cal BP(78.5%)3145
cal BP &Rl LIIEENROMRDR S F, Lo L, TGMBK-16 4 b ¥ 2Dl 4s 5 3120 cal BP(
0.8%)3115 cal BP - 3090 cal BP( 1.0%)3080 cal BP O IEFEMICH 7z 2 0[HEME S H 1) . %47 3b OWIELE
REGET 2RI EZ SN S,

WA 3E IR CL 2 (M 424% 2990 ~ 2880cal BP) 12 HUiE S #1261 ¢id, MR WERfE %2 R
L 72447 3¢ APIE O TGMBK-2, TGMBK-6, Z 2% L TRRH L WAERfEZ 78 L 72 K C1 Y o
TGMBK-5, 11, %17 3¢ fffT Ll Z 12 TGMBK-12 &, 2 D DAEZE 78 THIEWNIHIE & - ER o |k
TREPND, HIZEDOPRE TGMBK-6 13, 3350 cal BP(92.6%)3205 cal BP & Wilifi#Eic i & 415 ko
HEAUMETH 5, TGMBK-2ab (LY ¥ — N—SNROHE L2 FZE T 2 LIRS A AR & 2 605 SHIA



WFgEftsl 55 30 %%

HWD 2b IcfRFE X 2) 1F 3220 cal BP(93.8%)3060cal BP & # L EARIE & UL %47 3b s D HEEAE
RedH s, T, HAIZH L TGMBK-5, 11, 12 Ti&, 513 3080 cal BP(79.9%)2960 cal BP, 11 i&
3005 cal BP(95.4%)2865 cal BP, 12 (% 3080 cal BP(91.0%)2940 cal BP 12 & £ 2 4E(4C, Bl Cl
K & 7213247 3¢ A (HEEFN 3065 ~ 2895¢cal BP) Ic&FNA2FMETH D, MBS LE S Z 5,

Kl C2 I (HEE 4L 2880 ~ 2680cal BP) 2 415 TGMBK-7, 13ab (X, & X Z[H U HEAfET,
BRIFAEMCIE, 7 13 2960 cal BP(83.8%)2840 cal BP, 13b & 2865cal BP(95.4%)2760 cal BP Ic&£#41%
BOEAERT, & IR C2 IO WS ISR [ BETdh 5,

b ok HH L WA AR (&4 2680 ~ 2460cal BP) 12 % X 415 TGMBK-8b I%, 2760 cal
BP(95.4%)2725 cal BP OBEFER T, K A RofEEFENR K D b B4R AT, K C2 sHTHilIc Y
T2ERTH %,

PLb, R&ADORI L IEFIE L R CHIRTH 205, WO HE SN S 1A K ) S B HERE
FERERITHIPHA I N, LEFM KRR E T, 12 LA EREIEYE RPN ETH 2 2 L2 I 15 525,
FERAMERP LR OCHEAMEY Z RIS OERZ RIS 2 2 L, Ak EilGiEY %2 —E /iR
SRLNEYEZ R 2 BERIPTH LI RSN TR EER KT,

NEERRICHZIE T 2 IR BN BV T, BIERIES SO ERMEMN 2 B o N 2 LIFEEE Y, L
B oHE RN Z SHELT 2 7-01cd | LA KEOMELRBIOMEZED 5 L L bic, EYMD
ek (VR 2022) 122V TH T2 BER T BERH 5 E VR D,

[FEE]

FEETHEEES. HARRMBE UL € v 8 =D X D AERMERZ B 2o 7, HMER, HAYMIRBSBIAH
FEE B IRAERENTZE (B) TidR 14 AERHIEIC & 2 REBCUL O Pl 4 O FERESE - BURAH) & UL O SRR R L) GRER
5 25284153, WHFERFIMGE— , K 25 ~ 29 FEJE) | 2018 4 H A AR Bt i gk g (G B) N7y
7 H A GO IR R IS & 2 BURAT) & A2 - 2SR O ) (WF7EERE /Gl 3E#ES 18H00744)
2021 AR SEAEANAS HAEI S (A) SHIEIfFSE BO2 B T 188X & 3B REY) O Rk BE AR AR RS EE ) (PR RFB/ IR — B

5 20H05814) OfEEIC X %, WBIOFIHICE W Td, FHREHAERH 25 VAR IARRESULT 2 > & —35AK
Filiths, BUSHITALHC (X[ SZIRE s AR A ROARR . IR, 1A E R, AMS - IRMS JIIZ I IZ AR FE DRI DER -
YAk AR~

[51Ax#]

TLIESE 2017 DAEGESS - AR EGE S5 ARRIECU LTI AR & 388 . MIARRBERES - fifMIIEAL L EX
PSRV UIEil

TLJSE 2020 T o AMEE IR o 1 dvett & Wl h s PXRARTY,y o FTRIRBIC O W T o 5EE — LB IS & 1) 2 kR
BB OWIZE 1 — ) THlsE b2 5

RARE L. IR, REEEEAT. BOBIE. FRRREL SRITAE (2017) TR o RS EE AR B SR AR AR, U238 20 [m]
AMS >V RY T Ly

AVBREIE— 2017 TXIFEEESH 30 C AR & BB DATAEER « XV 1 SRR 75 A U L S AU o 3 2
53884 MiRRBERAR - AWMEIEA L & ERKD D M

ARG 2019 FRERUR R D FAEAGHE s [k

AR 2022 TRERUR ] L as Y D R R Lo tiat ) THesy 58 67 %5 (55 291 %) |, RS

THPE AR 1987 DUHEBR A — 1 — XEEI— KR A A iAW, T 5l 8

N AR 1992 TUHE BRI — NHIEEE —XF A E G s, TRt 17
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