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1 EEOBE

BHE, AMRICEWTARDERE NS, LW THS 1 Lo T L ZaoFiic e s 2
DR THD. 1| OFRBLEAEE LT 5 PHOREBRERICEMTSH, L Db P tmis
~RUiARE TR O MK, FRPE 2 AR 0 - b - ORI 5 H DA MRTARB IR
JERRL L e BTN TS S, 22T, S TRNGHHIL S50 T, L2 FltRkii
MTHDORENRA RS BT 1 Odedifie il L4 5ER 21m OBMIcOWT, ZJocitlic ks
VEITE] « WA (PR St L 7=

FHEC BT o T, AT OMITRUSFHOMMIBED L SPICHME €5 FRICHEE 8T, KR
Ak, ALHRE, MO 3 HTHEMT B L L Lz (A1 ~A-3). AT, Vil Lo fuvidnh s
S5NEFLYF 4 FICOVTEMFR LI (B). HENCIER E hulz Kl M U L/ i s 13 [ LB h
THH. AMROPEL LT, WSO L, ARERFST 0y — g YEHRTERNI NG, &
OIS OFHNAT <. EMIEHTPPRITLES MTHS. ThicD0TIE., KA
DitfloRSEh RV L PEMSTERL TV,

2 BM2EGOKR

i 1 OARIEYR O EBICHERICESE 0T, IRk R aR L LT, i e
& ROMmARTE LTEELTLS, & Db 3ICHid 206 - At - WMo Hmid, sBkiaie
LTOHD AR SHMTE, SRR LTI Z RN ENS GBI - 12,
A LhuE, T — 2 Mo@ LI TH 5.5m, Rl TH Am B, FHUCHLTHRINE 1~ 1.3m
BT, UIROREEHHOMmC LY 5D, FOmTARGIZHET 25° k. JLliT35° ~38° . T
ikl 5 ~ 6m £ 5, RICERZRAEY S OEMAZRS T EEORTES | ZERLIEE, T
DY ERIE 2 ~ 3m AR OIS C LA S, GREEEH MO DI RO IR H 5 C L IRl E
EF53TH3.

Kiah s 2HMEMSN5H, AMORMIZE 1 ~ 13m 8T, & LRYHTEThl iy,
FORER YL O A - dif R F, ORI - MAEEE G THNS TR T 5, Maof
Mgy YOHnE0LBHHOEORS D, WEEMIICH > TIhizRHERR Lz LAabhs0icH L,
BHERBEL CHEHARALTHND LTy idoTilaunh eibidhd. EL. WD TEBERT
EZLOUERNESAh o, RATESICHEETNBMNELT, T LEMBICH L, MSMchERE
BONSEMEAPEEHNSRBHENE T LT, WELOMIZI TR, Al LR E RO & il
HICRA L LTHA S hfZ LT LA TE S, AMOBIHCMb 2 LN THS.

HROFGHCIL TR, ThHOAME B DMBMB RO LIRS T 52 L 2 AL T B0, #R
MICHIHASED C L LD, i, A TOIMBHRICEEMICEL 5o Fikl LT, EERMICHHR
LiFZC &k, WA EHM L A SNL RN TThh D EABIFL N, AORTLZOEESBIEENS.
CHSHEHIICMD 2 M DV TIRRHTE S CaF L s,

RICHEROPFE TS icMb e LTRE L)L LU KEHT 3L, FOMTIE—ETHEL,
BRSO RIS DY T b L2 F 5 ORfifHEr SiRA i B L, EESmMOT 52 (F8 2)
&P L o Sm < IET B, Ele, KUNMIGEE AL EIIC - TR T, WRESRE
Nt U b e LU LA K IR TN TE ST, IRl o Mo bl iisn
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fibhict i hsd CE14FD. COC LRVl EOBERICEYNTRED, LLOMADPERL
HoNB, BELIATS AT ERNSSHIEZOMOKIICE DBIIBEE{T>TVEDTHAI .

3 RERHHSEPLE LIEERORR

i, PR BO B AROKRE LTS, £, BAMcORBIE, MEGNORMBEEA LT
HMMOKEEFEE 15~ 40om 1 E 5~ 25T, AADPM B AP T LE &b, &z,
TR W o VA S Ff A & S &8 B EMAH R B RO OIEEE SRl T a5 LML
THIFIO LETHAEGHEWAHYDDIEH L, kfidHHEOS5F2—Ev 2 i ohEi, . EF
BOBLOOGENE, KEFRGHETI0IIHL, Fa—Ey FEBELGOPCIIE LRAKICOAETIC
T EFEMABSHOE LM HL, 5 LEEAIBL THBA TR LR 20EHnS SO, EFO
W dp HEAEEIC T 5 L TRTHEILL TOSalfE D 6 5. MERIC, 2 B ICERDNBMEDHS
BOEATAWMALSH D, FRESRERS S ELOLEABNS, FOIED, REOEHEPHEM OO
B, MY OMMIZ X BREALELPCEHEND T BEN LR LATES,

5 LEMBHEREANICKTIC 6 ~ 8 EIREN A, feichdh iz & 5 IS kifi & sl T SEEETiIIC#Y 55 am
DEBIEENH D . R BV TENERE T XA St~ LA L LR EETVWS, ©
O L, H < ETHHNGACT RS S ks, Wilio 3 Br% bR 5 IEEHIcE D HbE Tk,
AEmi Tk simo 4 BEHICH Y ¢ 5B 5 BIA TV S, ZO—AT, GO LRICE0TE, Hilikio—
s o Tl S HHbA R 2 2 FA B HIMAEIA 5. 2O FHROE—2 TIX FEORS L RIRE A0
Kit, BEOHLBAMMEPNL TS, BWHSEHLIZLON, SEVERERICLSEOMChMEY
Re LW, KRARMHTE ELTHED, 2T TRIHERATV S, T, iRtz 1T,
FEADBRCHAMERVA T ENENLSTH S,

FRACT-OMIBTIRUCIE ., HIEERE, NOSUERR, s 50 Cwbw 3 7 Tk OGN 2 &
NTWaD. AGRTEIEHRC SO THREMICHGZ LI D MU GHEET S (AFD A5 High
TIHELAEE SRV, 2 TREN LEO®KIE L hcbAEh-BE LTHL,

BEOEL RIS LT 1 ~ 15 SRS T, ShCHERDERICMD - TL 5. SERlRGNIOE
ROEBAICE ) —ROARMERET 2L0T, JHORAOW 2D ENHiGRE WHRGDEDL T LT
MWEEb DL L, WEMILER-> 28D L EX5ND, FOIRBULMC IR 20 LR, 3 S
BTEWETED, ERUEMAIORGEOWASDEEHN LT 58 L, AmiddEoEbin, Rl
FI3OPBER LG Tl BB 5 BITHip & ROROFCHICHAE I KRERL T ENTE S,
A F L BECT B L, COWMBEDEAR, FRICRMELZHE L KR HRGDEZHEN
BT, BAMCENEN LV EIICRZITSNEN, BHEOBGITEADHC BORIM Cliig 0BG £ 1k
RBEINMEE BT, K —ALENS T LML ED (G2 @D, FLYF 3 (FI0 1) il
HOFITHEA, TOHE. WMAEDENROASHHNIED FLMB G- TOELETITIE, Wiidloa#
MEHAM L TR EOMICZERAEL, THICEMBRENCERELELL5THS (5112),

s, b LF 4 4l B i ic o TEATE < AKERGRA S RTINS & 51, Bih
PHOGRIX A — | S ERAHIB Ly, TUL B OBIFORIMERITH > T, WiliGRIHNE L T
WA ERREBLDERZTOEN, BAOKRNS T D LA LERAE-> THED, ifGROREELH
B Fio, PRDEIEBHCHILTHHOBEL W >TED, PHRE LD ICHHE A EAROR T
BRI E AT B 55, ChICDVTR ML F 4 TRINE W FROBmMEOMEGEEEE L, &
VERRSC RIS B A O MG TE LIS LANEEE GA TV S L A BN, SROMINRETSHS.
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WA IRERADHT

RS oY= RS
IFLaic
R ACHTRTACBO AW RIS 7 (00 B BRpAs . IR RO NSO AITH D, AR e il
BSOS 2 PRREA (/0K ) 45 & TFRUER (ABK)(LUF, Bobbkis, HOIEs & 009 ) Saimicovs =
AORK LicEnEANIT B, FRIOMKTE, WS X TRAROGRBETRAOZNRELT, &
AN ES X TEGN EREE UL, SOOI DWTR Uiz, £, BB OB Eiel
NOWMEEISDWT EMBEIT oz, EHNO b L2 F L0 FRIENFBHEHT DU TBBIRLE 35 K TR
PELRAE MG KA L 2. WU FIC ZORBRERIGY 5,

1 HH

(1] ERAREE

B oGl LRI, B0 RIA-L AC5T M. A2 A0 31 M, A3 7837 si. B A 20 it
145 SCH 5, MR G RIGT 9 24, 9 17 24, Wil 40 Ok 66 MTHD.

2 BEEWAENERE

AL, MDA OIRG 4 8L BRUHARIOEG 3 80, HAHBFOR SR, %Y B, KYIH »
SR LTzdl 10 MORFTHS . A, BiEsRL e IcRLE,

(3] Hie#

AkfHE, MDBER TN T2 0 3MEXT T4 O 3 S IELEBEM 2 8TH 5, VIR LN T
*KTHh, 2B 2h, Tahbid 1 hoBRHZM Lz, T2oBEM2Z o5, 1 LN
WiEnf=c s, M5 1 KEERRLE S XUBRRETNOWKE L L. T2 QBLHIZFEBOMN T,
17 S OIERNRD SRS, BN Todu. BRI O ZRIL . 85 R I
R E Lz, T4 obHeMid, BEHBKONTTH 30 EOERDSZHSNEH, BRI - Tuvan, i
15 SEAAEACHLE, BLEN 15 SE2 BRRIE IR & Lz,

2 SfiEE

(1) EBEMEREE

YRk 29 4 6 H 27 ~ 28 S W Pl — 1A B kb ¥ . S I E A L e, R I
B —SEHOTH, FIMETOSMPHEERS L, 1 1 (2006) DA BT IES &, AIRT
BETEZMMOHAREM L, &b, ElRAOHOMIEIE. SOMNFRREES. S0 X B,
X MU0 E RO T 205, OIS LTVEW6, BN a 6 IERRN TS AN TH BN
IEREE Az,

6 H 27 Hid, WhEBOGRICEVTIRRERME LTz, 6 H 28 Hid, WAWMOLR, Bk, WY),
B PGEIIC (S S BRI, W R BT RO ETT- 1=

GRIDEEICHI > TRETMOHNPEO(HH LV 0L E, BERELGHC OV TIREBEN R LS
T, BETOORICEHSEMN L, BISR U GRIGBHGHR O, By =% TOREImN
PRI L C B 50, WilF A ImOME I L T ok, BHB X TR DLTIE, Hay
BT B IR E RE L, HS2M Ui, IBA0WES &, AROSS LI —HLawvsic
fEE iy, £, GMOBRAOBITEA, PSS X UH)IIOM KRN E LT, Krumbein(1941) 2
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KT &, BOPIEIENE &ML T,

(2] EEWHEMRR

MBlEE. GUEVE 0.03mm ORLE ISR L THRIc L, WMRET CR% D L. Md 2 0MO K
BN BMOME - IS ENBEETE 3 LI ABL VI T LERBL TS,

RS Db E 4 A YEL Fhy 2—I1C kD 15X30% 15mm BEOR A ( ShE v hE
WHBIBEEOAE ) ICUIB L TR OF v 7 L4 5, TOF v TETLAT— b, # 180
~ #800 OBHEAE TSR L THE 0.lmm LU FETHIES 5. 51, A/ DB ET# 2500 Off
JEEH & FID T IEREIC 0.03mm OJE X SIS 5, L35 — b+ LT ko UKo O g i—
T AN D (BRI OME L3 5, W R FIcBVW TSRS 5.

(3 #EEE

AR AR Te e, DT ORI ) - HEHD (Sl ) - BeH ( Besaiinti ) o 3 Wiimod S (2 L
ORI & TR S D TARMHB O R Z IR L. 2 OB BUERAS KU
VLT PEGE AR BRESCTIETO) H ACHEAKE 03 7 — & S — A L Fel TR (9780 ) &1L d 5.

B, AH#HBOXPRAORIE, 5 - (13 (1982) % Wheeler ftb (1998) B EIC§ 5, Efz. HAM
BEAROAMMERCDVTE, H (1991) K (1995,1996,1997,1998,1999) #BEICT 5,

(4] mesHEREERNE

BAEH I, AREBIGEL, REMELE, BHLHICHSd 5 L%, THEMDERL. HifE (HC)
ISk D BN REE RS 2 R 25, ORREL T B U L (NaOH) 12 & 0 ERRES 77 )L A U nlid R o3 7 25,
HCLIZ & 0 77 71 0 WU R L e IR S R T TR ST 2 R 9% (R~ 77 b4 Y - MEILAY AAAAcid
Alkali Acid). #/#%i3 HCl, NaOH S Imol/L TH %,

I OMYE, —REBERORME., 577 1 Me (BEMIE L LKETEICT 5 ) & Elementar #:0
vario ISOTOPE cube & lonplus £ Age3 % idif L e FlEN{E i 2 MV 5. WMBEED Y57 7 1 b - BibhR
EatEbE NEC HBON Y F7 L ABEMOTHE Imm OFLICTLAL, #bidEe 45,

BEIE 2 27 LN E ~— A & L 14C-AMS WIS (NEC +E8)) ZHIVT. 14C ¥, 13C i
(13C/12C), 14C I (14C/12C) RS 5, AMS BEEREFIC, KEELLEHSS (NIST) hSHtEhs i
ML (HOX- 1), [SIBRIGE 7 0 e & BRI X 5 BERAKE (AEACC6 5 ), /3w 2 757 Fitk (IAEA-CI
F) DT,

& 13C ik A 13C M (13C/12C) Z#fllizL, BEERED SOTNE TorEsd (%) TELIZED
THD, MMERAOY ML LIBBY OV kI 5568 FEAMMT 5. &l MHEERIE 1950 4 M E
L6 (BP) T 0 M (One Sigma:68%) 1Mo BETHS. MEENOZRA Lk,
[HPE P CORMEICEES (Stuiver & Polach,1977). 7=, BHERERIIC -HHETRLEMERT,
ARG ISV B 7 Y L7 1E, Oxcald 3(Bronk,2009) % U %, #2iE il #i2 Intcal 1 3(Reimer et
al 2013) 25,

3 ®BR

(1) EEPRERE

£ 1 ISRRBER (/i) OESERRE. 2 2 1HhllE (A0) ORSERSE. % 3 IS G RIR O I
Zalize B ICMfENEE, X2 12 Krumbein(1941) OFESIEHSEVERL fz.

# 3R T XA, EEED M & RSB LT EEaRHE LTHERZh TS, M
ZIER LR > T0S, M5, WM, fEREA L, ZulEA i Ehabimnerd,

—2F -



b d 2 HEMATFIRER R TIX. FOERS X UMM L S1, 55T, RV 7 DIV AL E
NTHEY., GRlcEMEN TV SEEDRIRTE S,

Eiz, HbEEFOGRL BB HOMMO TR X UYL, 8RR S0 TR L 2 MBS S & UREE
D20 TilR3,

MSEFO AR A-1 OIS, % 15 ~ 50em, [IIE0.2 ~ 05 &9, fil1A-2 OBEAE, BE20
~ 50em, FHSRE0.3 ~ 0.5 &R, fRA-3 ORAIE, B 20~ 40cm, PIEE 0.2 ~ 05 %53, Bf
RO, BT 20 ~ 40cm O, FIESIE 0.3 ~ 0.5 2537, B ARIONEH I 20 ~ 50em, PIEIE 03
~ 05 &md, #cBLTIE, B 10 ~ 50cm, P 0.2 ~ 0.5 Zmd B@EAMIET 2. B, 168
EAEhRL KRANPR @UEDE, R TR S ENSHNETRT,

AWM BT, EHGRMORGOBEE, 15~ 50cm, MBI 04 ~ 05 25d, EHOBER.
PR 15 ~ 25em., PIISRE 0.4 ~ 0.5 %259, L8 LIS SifEd 201888 15 ~ 50cm, PIEIEE 04 ~ 0.6
e, NOER ~ 18 (&, #iE 15 ~ 50em, FIEE 03 ~ 05 &5 9. mllA 19 ~ 40 @&, R
LA ORI Loai M E N T 0, 8% 15 ~ 50em, FIEE 0.3 ~ 05 259, WO, i
50 ~ 30cm. PIHHIE 0.4 ~ 0.6 #mT,

Ko Egtic By Tid, BRREERSOBIMAMIEE hiz, % 50cm BT S ZiIc B LT
Wa, WY HICBEWTE, EREEOERFALHEE Nz, AT, 85~ 15em BEOT oy 2k
i AMET 5, WY BICHL Tk, BEE 20 ~ 60cm, I 03 ~ 0.5 &5 BT 5, Hib)
DIEH LIS 58, R 8 ~ 90cm, PIBEIE 0.3 ~ 0.5 &5d,

W RS B\ T, 2 WA TR E G L T, BIHE X0 EHRIMOMK TR, M 0.3 ~06,
BEfR 20 ~ 50em &9, RUE (IR A ERE LS TED DO THEREY 2B 5N D, RILEEEY
BRIl T 2 LB E D, BHERE D FHROMETE, SOLSTMLELRLNSSE. LR
Bl L (), KRAWDTHMRTEND. B | ~ 50cm &ZRL, FEE 1 ~ 10cm ORH T
WAL, M 0.4 ~ 0.7 OMAMIET S, FTAMMAEREZL, B~ DR, KEKHO
BEOMEIE 0.6 &9,

2 ERWHERRE

(EESARE T2 2500 B 5 M & & CRIEO TRV S Uiz, Mok, B 4 ik
IKHLTEE (> 50%), Mt (20 ~50%), Pt (5~ 20%), Mt (<5%) BLTELHTME (<
19%) WS BT HEIC X D FEE L R4 1SR L, SREIBHC L TR FAR—7—B X UMER—5—
FIEBWTRANMRETARE L, SHERICRL o LUFICH TR RS,

7 BAES! W A4

AR, SeanTTRIRE R RGP RIRELE TH 5.
RS

B B RTEE L BT LImm BUF R FE R~ R E 2 5. 70 27 0 Al R £ 0%,
B TR . BRETRT,

BIRL S

HURERTD @ IO THMEFE L, KR 0.256mm LAF, ERE~IE. fElk~2mBRE 5,

AP  PREFHEL., BifE 1L3mm LU, 0B~ B, RER~TERRE Y 5,

AEHEY  RRE(E L, BiEE 0.65mm LUF, fbJE, MEBRIK~EZ 545, MlcmarELs
ZehBB,

ZRL
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262, iR CRBO IS G AIREER S

[ Gl | G 5]
i 4t i [ s
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r Gr
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Cr i3
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v r
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23, FREBRE S A EIR
. RN AR
HEL GBS T A | s | B | st | s | o | e | A
{EH Gr 43 [ 15 [ 23 [ 18 [ 99 | 9 15 | 39 | 63
EELR Fe§ 2 2
FLIAF Do 1 1
e An 5 15 | 14 2 36
i (R An 1 1
2l Bs 6 6 2 1 3
&l 57 | 31 37 | 20 | 145 | 9 17 | 40 | 66

Rl BRAEL . PR 0.35mm LU, b, @Rz S,

RAIRT - W TRRA(E L, KIEE 0.04mm LUF, RAE~ME, MK~ TR BHkE ST 5, TiEW
BMEATEENB D,

A WH#ES2 MW AT

ABtBHE, EELARR 2 ¥ A DT A o R LHEBE SN BHILT A YA F THS.
jatiyinol

BHERE B TRUAEL ., BIfE 03 ~ 1.85mm, FAE, MRKERT 5. RRWSEZRLTHNITS
LohHiEng.

KERE. M CT G 2HIEE R L. ME ORI T TH S, [#7417)
Bl

L RTEE UL BEEE 03mm BUF, EEE~ B, EifHkE 4 5, Wi E R L THid 5.
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ooq%@ Sasye el

F2. MEEEMRE(Krumbein,1941)

FUE (R ) P RVEE L KR 0.01 ~ 0.31mm OfE, FERIRE 29 5, HIREER L. ET2Y] >
THT 5.

FREEL B THBTA(E Ly BiE 0.04mm DL FOMIB~F A, ke Y95, ISR L THd 5.

Rk RTAEL, KifE 0.3~ 0.15mm 0, {E, NI~ NERRE LY 5. SHEE & L
T %
FOt

KRR © BTEtE L, BiPE 0.1 ~ 0.75mm OME, FEEHRE RS, SPITEMLHbEE N 5N
SR TR T B,

HERs LR B A(E LR 0.0 lmm LU ROMIE, LRI E S 5, SETTRMO 2 ind 5

v HRES3 W A8
AN, e ITEIR SR 29 5 MR M A ERMMRETH 5

B e
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ERESTIL

HUEOPRYFEEL. KR 27mm LUF, B, FiBRE RS 5, MSNBICHEGRSZAUATL L0
Hildhohs,

BHEA D SRTAEL, RE 36mm LU FOME~ 1B, B~ EERIRE LT 5.
BlRks34L%

AV PRIFEL, BiE 3.0mm, I, FEBRIERL, v 7050 Y~ =91 F il
AT,

MBI PRHAEL . RE 0T Imm, WE, FEBER~ERL, 515,

MVERE: MURTAEL. BER L7mm LU, B, WRIKERL. SO B2 REHENC X - Ttz
ntwa,

FRUH M THEHAC L, BfE020mm LUF, EAE, BUBIREL T 5.

IS | RURTE(E L. BiFE 0.90mm BUF, B~ FHE, FEB~EmIERERL, 51T 5,

I WR#ES4 HE B

AR, SRR R ) — - T Y F GRS TS S,
EMSELT

BEA  ZRAEL, KR 1L.3mm LT, WBE~FEE. Temik~EmieLds, fhienl
THAY B

THF /PG RFEL, R 0.70mm LUF, i~ FEiE, FHR~HkE S B, mkEaesRT,
AL 5L

PR — TR L BETE 0.25mm BUF, (W~ FE, EHA~EBRHRE B 5, SRt Erid .

BRilA D PRHAEL . B 03mm LLF, flfE, FilEkasd .

ks LBy - P EFEL. BT 0.01mm LUF, @SSR FEM &R L THiid 2.

FBEWESD  PR(AE L. B 0.35mm LUF, b, FEEHK~TERREY Y 5.

F BRESS MAE B 185

AikkE, 75/ TSRT 1 v VRIBERTHRITRL Y T 2 LA THS.
E RS

% LRFEL, B 0.75mm LLF, M, FEBRERT S, Y5 /77 AT 1 v 2#likERL,
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