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b hTED, WIhd SO L EL T RS HEN TS,

BBROBR L EbET, COTHD ML LS WA SFIETE LA, MiEEEREERy,
foft, AT AMGBERCHRTHDHENS, BALKEONERICHERLEVKHTRED&E-TWD
KR EMERBE, THERLNMOIEL LS EIXTET I THS. NILOH 7 R EMREMS
W1 LT3 R BRI T8 TS 5 A D> THED (I 1998), —REk
IZHBER LRSI SN TVS, WEZEREE 203 EHEOTTRLEE L&D 500D T
. WESREREL BbhE.

Bl b IS R SRR 2 5B, —DIRARIL Tab6-240 TH S, T TiTid3 HORRN
FENDLH, FO53H0 14 BEAERL TR RN TR E - L5 BIEROTE T, ik
Lo EINE N TYLS, KB Tab6-243 LML CHEE S LS ABKE LT BHNTHS
B, HlBERICE > TT oy VIRICREAAS . HTOREL. #iE L& ICHOWE L — 2 htki
ENTV D, FERMTENE BhE LS ZITE4ORTHS, MEBTHRENSEEOR
FHE, ChETCLMEMKETHS OMMRENTVS, PHTENE 111 XTlEPF Y AR
DAKA, 42 RMBETHBTHONEERZENSHS (HkiEh 2018). AUV LEHHFALED
fH 7 AMGERTEN I T2 EHEE IO SR O, S EaERE LTHfcaEhs
W3- TEEEZEHTE AV, ThHEAZANT L@ RHEST M EVTIHEEA6h5.
@A MR — F1 2Rl
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FEGIC DV THOE X 87 & X MEHT T 21T o 7. BOEX BT Tk IRET A KOBEVS
BRTH-f XREFHTE. P00 624 TRFESIC—HE LAV E 00 Quarz DE— ¥ Lif
VRRE STV S, PRENEOBH S 626 TR, AULOMIFEABRICE ST, ORI
THATWAT LS, HEMMLTHIEHEAONS,

Koo L ih, Ex 2 BoaMiE X #UETaHiT ) & 7 85 Oepidolite) & ORSREHTV S,
KR ORI L 766 (625, KL Tab.6-647) 4F8E (473) 4. 80 X WO H THSBIME TV S,
@k iR

31X SP030429 DITFHE WG T & 2N SLA D, RSN THICEAEITHE A,
Foiic R EaRE FAVER L RAHEL TED . ZChSEB ARG Sk o THAR R
o TWA LS HIKRER LTS, B X SO CIREMIERICEV =2 L LTHNS, kil
I E A, ARERE AR | BID LT X REES IR L LT A, FTDEsh
TR U — 2 Tl deh > 7 H8ERE (Hematite / Fe,0.) OF— Ric—# L1z,

9 SK090802 OFHEI 3 KO b OICH A2 L HHO®NA W <. WlTRABROHICRAS,
AR OEFRN ORI L2 O TRNE TS, BT X B Tisy 8o ¥ — 2 55
TN, THHORRNEEEA S PIHTT DIRL THINC L72RIET X Sei s ic gh L At
e (Quartz ~ SI0,) AHERICHL deh, MRIKRLD C— 2 FARTH > 10

WTNOWE S SEER T iz DT, REDIH L= AAMNERE L IENE TERVE
NeHB. LirL, BEPHEISEALHT EHL THEL N EDOLEHZ S, <V AFOHE,
REMR T/ A THROBLE R 2 L OOFESNSNTED (HID 1997), ZOMHEDHE
THEMBEBER LT 20, WINOAREBIKERLTED ., N7 ORREEESS ekl

Coft, AE LB T LBRICAGEINARE LDV T, TOIRENAT 2 it
X B HE > 91X Fig.133-1197 i3 SK091024 - FHHBHEENIOM Ry TH S, Mifilc
I B iR AR EEREOMEAEL SN D, KPR ENTED RAAEL TV SO LT
N5, 181X Fig4-20 1 SK180002 PRI LOMIBREHI THS. MmINMH5 LAREZLTED,
SIREITRINE L 1= & AW MRS A AETRAER L TO 2 RS s b, © 55 KA
HEATVA. WEREHRMEOEOERLN, ROMEL TV AR h TG
DX I EFWELLTOD, KRBHOROAGEENEL 5N S,

B RE

FTRISOWT IR X MEHF 2 170 AMSS O £ Fig.65-638 14 Quartz DHO ¥ — 2 hTFiH & h
TV %, 91K Figb0-557 Tk Quartz Ofb, [HEFEORMLESRNRONS. TR LTER
EHOMBMEGDETHRL LTHBZVEOLHA S, Eit Fig60-557 (& X 1 CT WIEZTT->T
BY., BNTIS EILORESIIBICHHE SN TS (Ph41), KHORF (9 K Fig.132-1188)
EHIE X N T, BIEY A ROBHRINE TS,

3) ¥k

1% 203 Ol e B2 &, WIRCHILE, PR E T, RELATOE/ DD
b TELT EMGPE, ThEHIEFRIMRT 5 & O TR CRIMMGE S ML, BHCPHETD
LICHTLEREL,
C1) RO e D

203 T 9 K TH TRTT ROARMY 2 8t WEATH | AL REORIFH 1 AIHLELTWS,
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CHREGTEND ZMBICEHENSS 2D, ML RMENTHBLOMNATE, BTReROHN .
TR PO MROWEK TINEL TV S, MEWRIOWRE~ SHIN RO A R ER el
DUVTI, TERERICHEA, Bt L TE O KW BEIcas (1% 2011), Fhicdhif, o
MR ES & W PR O DO B D . FORDE, ST IEERR A T
MYk e LTHEEL, BRETRNE, WMOREHSMEENZ LTS, HEOW, Bikilk
R BN LA, BARRIFYGEIC T E ML O TR A<, I3 TR, SudmE - fmn L
W AR I R i SR I TR E NP RRE S A . BHLAO MRS B TR L
Lkt &, MUEOWA, L. OO TR S - f et 2 R L TV 5. 203 X0
PP IR TR S5 B RO iR T L DL VA S,

(2) MHmEHAiIORIG

MEHBRETIRC N E TOMETLMLRNNETHROMNTIC MO 2 RS SHRE T h T
Do 59 MMETIRALEES SER SRRk, IO, BB BUTICHAVREERGhSGRENSHILL
TWB, 59 KBHHC BT 5 65 MMMX T, FESLLETY 5 H0 & BB LI INED & O
MEEOH L TwAiEs, Ml HOY, gL ERICIHEL TV S, 147 XEE T 1,000 51k
HIA ZFEBOBN . Xz TURBONG, AUSSHELTVS, N2t 50 REHETH,
{L OIS BAONTARIET, S h o7 L LEREOBEN RO > T, Jligiit
SN MERFIHC 50 2 B EEORRE S THAICEMN, L., EREMdamosns
FLBROUHPREE T BT, LHMDDHZEmIC Y R EOmMmL2{T-Twa Clul
2015-a+b). 203 XMFEEREE ORI SEURE N O RIC B 72D (ERISMD S M o>
TVHELEOO, BEESUMNPE L £ RHORHHIM ELTOS, SIS MK O
PRI &S I B RTE, RIGTEROBIE LTOMME S L E2 50, chbolli ks
&, FRONHIHCINHIC B 2R EEMROILRYIRIC 25 T LA EN D,

(3) Hftodeitemn T

AMTHATITONTOERERN TS D0 TEET 2 L0 X Sickd. (FREL TENED
BT BROMTHATbh THOREEABNS, MTENTVESEE TR, M- LERSY
WA B S, Ell & BEV- EREEONTAT IO T T L SilE Nz, i, il
LOLIAL SR, FROMESMVSNTORC S RERRRE L TRISNS,

[N, FLOIERE Rl TR RLT IS b [ UM T Ll 158 il C 8 R~
HEOHHBE 4 I L LTV S (8 2008). 158 RMAOHMEVFhL BEE L AT Y
EELCTAERCIETEANO R A TTHD, (HEWMOSHTEEETHE LTREIC L #23AT
WA (e 2008), iz, BT ERNGEN 2 RMAET, WELD &P B T il hui~i%
AT, HBPHIEDI L L TVS (il 2006), ST TIRME ERICMEU LRI RINENTED Ok
#2006), WPREINRICTELCHBRONTICHVbARLDEEZENS, EHTREEH
BOWARFT, SNOEMIHE CHELNEC LS B#THD, DMCRFUREER L EEND L
Db HD. BPHE, WIBIFE Y 203 RO &Gl 5 BE#RN S,

S TIRATRITE 8 BRI, it THEMIC IR IR TR SN B, ZONT
(T IR S TR B B O HHREASH L LTwa  OPIED 2003, W 2007). Ch
SEVTHEBEOHVETOZ A T THS, HASHIRITbATES T, MTEhMELRET
AIEPBMOFHE RN TS %, WITHYRIKFS &, ERIAOREGHEM TN AL TS SRS
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DDV EDH, REZTPHROME . N AOR TR E, M2 203 X0 B 1 HicX<HTWS (T
#1992), FFELBHRIZME ETokiEThh, ChEiriciarL i,

203 RO TIE# -  XOMTARTERSRE o fz, KEMEIIETO AT 158 RO
FHIILV . HIBOBILS SR H0T 2 XD, SR THEZCHOAOIMTHER SIS, 203
KRB TEEREMNT MM THOBENT.LIzEEABN2EHLED, CCTHIGE
TAHEENRDENG,

M-EHEERIOVTRINORO G L OMBAEHET 2 ML NS T B, W~
BRI, 39, MIORINTH - - B RRIAY, 7RSS L e A2k L 10 it E T o#l
BAMRETELLENS (I HN12002), LEMIEMALIES, MMOHELTESSDALOE
VIR S D, FOREOMGESEEMITSD, REKLOTEREEZEMLOT ETHDH. T
203 KA AT RIS D 2 M0l S Boh - T 0, thik & IGET 5 HEM 2 B4 B -
THERSPRMEEI. /T, FIHICERETREVHON TR TAET 5T Lo sk, IR
HOEMMFBAE N O, H50IE. TLELH-CESREESEGHUORERETOE L]
ML EOTIRES, BICERNIC L £EENL - C L 2nd niEtte £ 2 2080 H 5008 Lh
I L, EEIERKE, Eabpmedu s LEENAOREGNT, i BsREsEh
HEONBNE LEAGE, CRFDHTEBICAM=BENA25MOLRESLE00, LRITK
WY B ENTOELE, REOMICICZ EENTENTHE B 5, EEMNEEMICOL
TREEMERRERLTVS (K#2001).

Fhl, FHEICHRICEADED S, BINTORBEMIETEE, B8R, chETicth
BEROMAIC L ->T 4200, 60, 143 RV BOBHE L -MEK T, 558, B30 80
HHBAHEEE N TV (54 2013), Th5IE 15~ 16 HROBEHORHERSh5, RGO
T 60 RUIEED M74 70 5 1t LIz HERIY (i 285 4L/ R BIE) i, @& L sichRiks
FHLTHED, LS5 TN OTHATEEMERE N TVD (EHED) 2017-a). X
72 42 JuE 424 Sl (LD Lo R Gl 245 3L/ Fig 80-46) 125 RRicix, Mt
e FTENTVABT LAEEETNTOS (BHIEN2017-a), ThEXDEHL EHOEEEH
ELTIE. MMBEAES 7 XIS 55U 0T 10 MREHE~ 11 MG EO SRR (i 1213 %7 Fig.134-
1468) #1535 . % 203 ROFFHL T HEMIZ 200 FRETHDIEBAR L - TVS,

i, P LEHAN S, 60K, 42 XoOfll, #HHKORELIE 85K, 111K 217 KA ¥T
BHBA RO TS (kI 2018, BEIEN 20200, TP 60 KMo M66 THit: Lise
GO (iR 285 4L/ ARMIE) (&, X SEHT 26 CHORGIC b2 MEM I Eh - C bbb,
B E N LD L HEZSNTVS (HHIE 2017-b), 85 JMFI LVTRE LRmE R L2
LOT, MOEEICHBOMEYS RN (Hl 522 4 Fig60-1). ZO/MEAHSEEL RSN, W
U ) SN L TWAT e, BICTIV SNFITRENEA Y, 111 XOMAREL T
WBHIEF (T 9AMD) TE, XBEFAH THOLRATHS L FOF 27884 b
HENTV S, FRBHIOM, 60 Rk 42 XEMELEMAKT. 111:RBASSlgsERATH
Wl S. 111 AEKEGREERR L., FORICHED S MO EF -k h
B EAFRIOEFHC BT 5 R ORBERE U 3 RSB D, RO L ORMFEATEH $h
5, flonTRTHcHLEEI. NRTTNTIRES 203 S ToOl LS,

ERmOm T, SRMcRTEHAROME. PP X > TREMOWEL S TRREN
TVBH, SRS ENDEZEEIEBINEDSTRONS, 7 & FORIILEMA S B RN
e LTHmshAfl (B 2007, Gi6ED 2018), BRRO=ME DEEFTIE 6 ~ 7 HHIc#5 0]
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REVEDS DR OB L 1999), 1R/ iNlE T I TR RO RN, ThENRE
Wi - THEEN TV S (M | 2006).

9% 203 XWEhAUIC B 2 BBINTA LD &3 BHRBOE L TibhTOREOM LI M
EDWTVRIE, SEAMOEERO BN & ORI T TOECIE TS 5, 128, Rt
BOTEE ¥ RO REIC BT 2 T HICNT 5, HICERERESH T, COMT ki
EfEoTORONEEL DL, HROKE XL EDBRRFCRZRTONRIREE NS, #—
EHEFROGRICERNT H%0E, AMIEALAF I HOMAR COROIRNSOHInSHS L L
TWa (ki) 1999), ERMERMKAERRAMOBOSH T, cHEURRETT—HOES
CEAEFHML TVA L0, TS EESRARRIL LTAENTED ki - c #aeL
EHEDEOTHS (Nl 1999). WINEZLTHLRREMTE T, BULTEIEMELNDEL,
SHROME, MREOERATERT S ERRE TS,

(4) MR~ DS AT

SEOH RO P THHIC R L B0 H 5 AOERICMT L0 THS.
LB 54 7 AN THENE ChETICL BHERE ATV, LrL, SEOBEK TR
FTREQG ZFOVROLE L NERHOFEEN A SYIHOMETH S, FHCHEI O (81 630 170)
HChETHERMBBATILL TOI S (F1280 5 ORI 23 IChE. Eik, BEEZDE
BAEEEP, S5 VUBRONE L ¥ 2 NS E L E o RMINEL TV SIHD B,
—REROFESEREND, UTFIRPHOAS 2 ER LI TC D0 TIRiRZGDTRMT S L 8
I, dREOMMEAAS.

FPMERO M) LZOEADIEDNTRTOERY, PMOHT ANTICMSSEH, Fica
ADHRICGERHBICOV T, MR OMEMG LS bl L, B h, ToROEREN
AT 24 OPHMETHLELTWS (Figd4). AECHMERMIAERT SR DO ROMN,
Ml GEF, MEE0 O LICBREENTVS, FONTLILHEOLEN S, L DU
TELEC AMEE NS, 115 X 62 Mtk EHE ORI TH D, TElo 203 2l
PRl ERORIRICH 2D . FEIEECT L Tot Ok E RS, OOt T,
172 MK T 70 ST E QAT ZARUAN L ARBEDS, BEGER R PATE 180 MK TR ¥EL
HWEOOH T AHE . SIRA ELTW RS s, BIEORTTSOFME DL & 5 i
ITHUAOTAEN N E TN T e, 203 AMBRKI TR THICHS 0T, MEZOM AL DS
LV SBRONERINTH - Ffothdy, (FIEHCD 5B IR 2 N L  OFFUIRER Lk 50
MLETHE. ThTH, ZOU LRSS EAMRK OALHIN, 050 b0 < - 72 i 5
IMEROBESFIEL TV EEA 6N, COMENEMRLTVDETE, 203 Xilfro bR
HEHORBMMANTHITED (239 NMK), O8N, B HNS,

[FROKEZ T LTz, H30IENENDITRIFE N LB H5NE A7 AU, 2
LASHT & RRGEEO ISNTEER, WSS T B LA ATV, ILETIE 2018 FiCiThN
P2l E A 13 XA TE LI L THY Gl 1380 8/ Fig49-4), MEAPLE LD, 1
L FIROBRIEANE S N AWM, 1E L RPREER ST 2 8IS GBI S & Heifihd )
LTV BIA D, L L Al oIz 50 b C A N0 A5 e R ehkxe,
SERER TN LM TOH 5 AEEONRETHE E o Tidh v 0o, M EPENIZ 2 20
—RAEEHRTHD . 203 KR AU EDNLO—DTH 12 & LBNEVEVIETH 5.

RCTTTITONTOFREREENTUR, FHRNAE EICOVTHEATHIZV, MOIELIC

189



AN, BUEDT, 203 XMEL G T AN TICMD 2 @I - TWEV, VIR E FER
ENFARETHODHUIPARMTS D, FROAFZENEH BT S Lk,

203 KM TIXEEG . BINOM LD 6 —REENTONETREDS EA 505, HEOWMEIZD
WTIE. RIOBRICHNHA R & TOEMREE IRTRETH D TRV, Wic & iy, B
AOWRNTHHGE S ) T HREHNELTVA T Ehb, ERD SOMAOIHEIEL 82 511555,
CHLHIEY S 2 EOTEED, &5 -D0RMIC OV Tk, FHHKEEHIC & D SO fEEh e
THD, HHETT> 75 8E, VIR MEILOREELENLTHY . A o bAENk
LOEEZLEND, EEL, CORMBEATRELMSADOFIMD LD THB, BahbHE
CTEDLS EMTATONNEICE S Ohid, FHIONRTIERLMTITETVED,

THHSRIL . o RN I A LB 55, SOiiTEE#S &, HITRs <
AN KKK EZE (674) ORICHANR LU i Z Il e L 4Eh 1965), bk, SR
LI T ARl E NS, EHAIZE R BOBIRHET AL D, TRAEN TS
LRENZ Gk 2009), COSOREMIC ORIV THLEEDLEALNTWD, Tk
i PRSI AN L AR (1086 ~ 1122 6F) # TSV L ENE (5
F1075), L LIURESRL, RICHREIAMG F 5 OILIEHITHORE 3 (1650) Lk s, &
CAM, Thbseie (1737) P, SERLEE. Wi 36 (1903) 46, difh L fiA R 5
ik LTHM, &g L4505, K114 (1939) EICHAMR, KR 16 (1941) FiCid
AR L P MORIEE A RE R & LT, AR S RO —RHAML L2 SO0, 11 40 F1
RS RENEDA 2, LA LW 48 (1973) ., Sk Bic kD ELLBHEC E-Tva O
M 1987). CORICHMNELILIE, EMEBIZBRILE L THATH XS THEMN, MO Th
LA Z{E6 (1810) FicidEhiz TR B2 1 —, LiE%—hAHOEC, HE
L EHOBAELTWREC LERTIEA RGNS Bk 1973), BEHHENCIEATED,
ROBEME L CHSEN L TURT ERERBICARE NG, LOALMETHZ A EEENT:
W, 12 RO RUOERSE TRBICOLTORRIE S 5 L 00, FHICH L TIEZ OfRieii e &
BAGES CLRTET, BMRTITHD, MU TIHSE B OBFEHIFRMTH - AL
EREENDEEATHONSAELES NS 00, HOBMEECicEEn TRy, HIADE
BEAKERTIAE S MEOMTIThbN TV T &b RAUE, KW & 3IHEMEE <. @598
ERAPMEICEBA RN EONE L,

—REEOMERETH LN, CTTEETNTVEAZ ARV TLRMAFTATSH D, HA EHOM
AV LOBETH 1T ChD. TOLNFE L TERIGRENERSNEN, FEOTRE
KRFENTLEL, AU TLKEETE S, N FTRL A>T b BRHBRETHS .
i, AEdlE LT, MAENEOBSEOERFEEENS, Beauaheai bLTuaH, it
BB BRE LTEDNE L DROMETNTHS, TNSOKEENE, HRLTHS 2V
BEENREBDNSY, TOHKCOVTEMRTEEY, HMELTO2RRER G 3, %7
e B2 PRI O M L Lok 6 “ERM LS 53S0 (LESIEA 1993, 1995,
1996a), THEHET 3% 5IEEEDM EBRE T —IERMOMBIGFE LRV Lick S,
JT. HEEH T AHEO EARERMAE T - LR G, $RC T BB RS TR
BOMEZITED . THEARIORIE THATERG S L LEs b, | BBIcmL T
FORITERA T - RERMTON TR TR T 2 0 TIEVELTVS (RliEh 2014).
HEROMMICUBTEML 4 T AUk, BIEICE D PRI T - LOERL L EPRFOH I AN S
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<o RTLBOEROMEETT - ARG IRRIEED Sy, RS Mb B EME L
RBN5ERAFE Lad S s — 2 BB 6 han T L i, SHEOME LV —
BEREE . BENAT ALAMOMM, BRTHS EES, BILEROTT Mo e LTT
DUTORAEEE %A BRERDME LAEV. Ly LISHR NI R kB Chil ko
NN TH D, SHROMEELTEERY, 50, HBLMIHCLE L LToMREEh
BPRIO L RFPHEROTRE ZY, BRIFENET 2 LRONARL S EL TV A, L
ML, TOMMKROMLI B E > THS Y, HEOMROERIC SRk,

R REETHIURONTTHSH, HERFD SFHEENZUSE LTI, FEORHTHR
BN ENEANLTH D, BTG TR E BT TR E RSN 2HORIIL, ZoOH
EHIDS ATKEGERSSHD EEAS, i, HEMTIRIE, WEHS ADIKIC LB LGRIER
BOOWEELERL TWS (F L 201 1), REFROML 79 RMATIH T, Skl iho
FERUXNE G L Ao TE O METORFRIHMIORIRSR L@ R >TSS (L 1996-
a), FORICTTONTITIE. TR 5 RNETH L L#omh 2 51 (i 221 8 Fig105:61+
62) A AHHEULAEORMIC AS C EAWSE T (ERED 2019), SEIDITEON TR
EAMS RS SN Tl MIBEORA X Y TR EROH T AN L13, TOFREL X5 0N
sl

203 Wit THEOMRRKE { LB MOH S AU L LS LT, MYSRRO A 5 AR
BHCOMTIESNTVRES EAMRE NS, FEhEMMEERD. WEHS LD FHARD
i, BEKOMILTFEERME Za0E Lk, ChboUREmorbicfish, Eciciiih
fe®fp, (WERIFREH LROMRIC LA, SREAEN i E Ty D il L T
MR 0, RN L RIS . R0 LML L THRIR & Y ek
HAAENEOPRENTVS (2011, ChEORBICEAS A MR ENL LTEH
VWENTWE, Eie, FHOPTEAYEGERIES D 2004 410 R E 417 800 £z REAF AT
FOhicis 80 AL LOME N 5 ARIEIC L BHERIHETEN, LB LR & & < RIEBIR
DEOLRENS (KIS 2012), ThENVOMAThEEOLEEA TRV, Pk
EOIIED 11 PRI TS D MRS ThhA ) 7 LR 7 A LOFBRFRENTVS (h
FHE 2012). WICH ERIGEGROML TR BHEE Lo BRIl E Nl e /LT
VWA (FFE2011), ChoBHRAE, PO FREEORDFTTH- I L OB b AT b
BAS. CThETHHR 12 ~ 13 HKOME CREFRRKT LV H AR IR RN T
B LT SRS B PT R O N L B 5 BB A L OV T R TRt S iR
LR 7] ARMORE IS ERRER A TV, FINLATOERETET S LOTREVH,
L, HROVIPHEFRRE N, KD S ID TS AOERRAIHECZ 0005 2R TR
MEOBEEEBRUS, H LRI KA 11 R RS R U BB BT L f-tkic il
BARAK RS L ENTED . ZOC L5 & PRIHUGEDR IO KRB EEOED D LM,
WETHEBNLAT AL TIHEE NS BIIFC ANTE A SR EROE Lhau,

IREO RO AL ST BEIT I, LR RE RO A Z AT 5 & SN O R0 ik 4
FERES RO TS (HRIEH 2019), TOFMOH T BTGNS LA TR - T
WEVBHRTIE. ThS0HS ANEE TSNS THL Y, SFROLELO & &S IckR
W Lieft-> T, METWEE NS AWSHIA C RMEIZER L T iiRemd il & LTkl
N,
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IREICHRMCDVWTRCOE G, MEON T A4E, BHFIHEE BHEE & ICilmb TREEN
THD, TONOMIIE 12 IHTHDA, A TR RMMES AL, RO IR
WAHE VWAS, MELITREEVGIHNO A 5 2RI T, e 61T
TWAT EAVRENTV S (0 2001), L < & d 500 EREOEMANHS. TS THEAD
NBORRACEBHEHHETHS. 2T LMHFAHKRTRY, RELEMBEOHS A THST
L (s 2001), MEARLOMBRATH Y RABEKOFELHEE O, ZOEFTA 203 X
Mt A SRR EONMIc B3 C LR EMSEAD E (KEE 2000), BHEICENICRNE
deh R EtHEEB Sh, 55 EMEBICETSH T A EREOKIEL, RORREIFIHICE
F 5, MEOINICEATEORRE U L RSN SRESEH SR 0EKTE, MET
DA ABWHERERA L > THRHBIAEN, Ho0HIcL>TREML, HEEEEM R zEW
5 KEERSIROBEA I NS (E2013).,

HICENTHZ ZON TAHHENEOE, 16 HHRICA>THETHS, HIHRO—REWE
TP O LR AR TR BN 2BM LI A7 A EHIN L LTva OkH 2018,
HmED 2008). LFARREACIREEG EOI L LTV A, il L S RO - THS
FHROSIZ AW TH S, LT TREROBMT, H7 A0BMICHAVzLASRLNRICHT
AN LEESRNELTYS (HEh 2019), 205 BRENUMOPIEE N AOBRIEH
U LA T AT, B 4 oM, 3 H AR D | iU PRSI N il (%
AOY Y h—HlLHEE) L HAEORGHBOWRIEDNSS L XN T0s (EHiEd 2012), L
L, WFRLIEMCFARETH Y. ME LORMMMFREZRITL,

BLE, —liOBEHEE CT, MEOMAHT S A EERTN T APSBFO -G THo T EAF
mENTz, FNERE LTOH 7 ARGORTFRANNE, W, L — B0 & - TARMICTT
bHNBLI D (LK 1987), ZOMNEZSUROEISBRECE >THRY, BMLTERE, C
NETEOWNRIHATH S AOFGEL M E > Ff B S, YIRS 5 A LT
Hotz, LS, ROt S Uk, ALHAO T A R EROFTRHICOUTMA SR L T
WAL AMBUSO R L ERE SBH TSRSV, hiicEY S Tho) Ao Ed
CNETHMBERENOCHRNELSNTER, Ll A ALRENFEHEELTOCET. N
IO LA I 2 A2 B4 C LM TSR LV A B, SRIOM L-EE T ORI
ZOWO—DEEDTLEEWI LDTHD.

k. AROMNCHI- TR, FidDLlcBMSIcEh £, ML L TEMELE
FEd,

HMIE T, HORER, H LW, SR, MR, M, WOESE, SR r, RIS, (L
P, PEIHNE CRECRRRS « T ERIERD

ab

1) AR IEE R L TOSHRIC DO TRRROR TOHEILT A, ThbB, SEEK THMBIENT
WATHRESX C L0 Fig BHL SbE TRIT BOT. TEHE8RE O,

2) HNMBOSRCDVWTIE, AEOME L. RS RE s Wk g &5 TR C LTINS,
T T T R RO R AR W T

3) WEBTHAOEKOBICRENTLSY, TOHROEE X BB TR THEC EHNEH -1 (i
(40 2008).

4) MERREREH kA5 200 X o S TREDRINE NS WHICOVTE, T2 TOHRRPINTSS.
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100029 (15-67) 090161 (27-256), 091106 (145-1283%), 91X (156-1443), 130002 (6-18).
240073 (12-81).240025 (18-156). 24 [X (21-172).25 X (10-39) #'% b BIC 31X (119-1282%),
080313 (59-703). 091062 (142-1258), 240073 (12-84), 240080 (16-124), F O HEIc
100041 (15-80), 100090 (22-124) HWEOBEC 120121 (26-219*), BHBEIC 814 (58674,
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689). NEEFIC 080482 (58-691), WL HIC 12 X (30-358) HiH2. WER-CRAMME (&
HEH) £ AHS0E~RARLLLHHBT S, BAM (BE-XM) FiC, 240080 (14-106,
121, 130). 24X (21-169), 291X (14-99) HH2, BESHBRICE, FH=RFITFLHE
I 100032(13-56) . %M £31- 040125(20-83).240073(13-98) R LBFIC 120123(28-311).
120165(28-314),240080(16-133) 4% H | AR LAHEF MBI & - L T 1200054(25-271)
B HA, Mt S hERAERTOMENE. RETARLERLHIC 120094 (29-337), REETH
FREF (EAMFK?) 12240073 (12.87) A'H %, CALESREE)

3. (R - TLenif)

203 MKz B A N CORHHOERIE, SRR R S CITEIC N I TOREe 11
T EN D 12 HHEATRRICH T TORIE ¥ S 0b i Tiauss, MR O@IE eichiy T
WLTV S,

YISO BMOMBIL. 8 IZRT. BAUEER (16 ). ti (6K, 27 K. 28K) #'%
MERTVS, ZOHI HRICHIT TN > TL B &5 TAULRE(O 1K), 17 (3 1K),
EHi (51X, 91K, 15K, 23 [K), BEMAOMMAH ELEM (9 K), [ L < Rmmitemne
Al L7z 8 IS B 9 IHCHIROMM (8 1K) MRS TV, FoTy 10 R T,
(91K, 181K), LH (18 1K) SHHEhiz, Mlicid, & 3m OHIEHIICES M (810, MM
TR AN LU, AR AR OHT (15K), ZiEOM, LmloR
AR L 7RI T LR SR (22 ) AREEE h TV B, CheElRopiciEhs,

HROBRNHEEE N TORNEEX T, YEMEAOEMIHLEL Ty, HEEmTE{RS
Nfoft, EHRREE, TS A, U, RN, Y TH, £, BHEH GK.
614, 81X, 101X, 1514, 27 [X), bEHIIYET (81%), s Lan (BIX, 101X, 15X) ofts, §'R
FAELOE LTEME (8, FEMEMR (15K, 27K), (M) ~5#E L3 8K, HN
HE (BIX). LM% (12 1K), Euld AL (12 1K), JUSMOMNE (B8 IX) HEIBFSND, iz,
BUEROS 6.6 KR 27 KT THIFO) E0S SepdiEh @Esmt LTuvg, Tm %)
OCFAE AU L AL TN OB T & RN C R T N TV S IR Ol . SR
TN C Gfph, C1EST B RS . HUSEBERE (UL TED) & L <3 TIOL). FMBEE, JEBGEpEE,
HOUB MEE, =EHES. WISEGEMR (T &L TH - FD) HETHS ™. ThHOMTIRL
MHEROGFIEN DN ABHTEH L, ThEMEERT, NHE] LPEHDMMRICMD S Lr
EHTRVES S, Ldbh, LLEO &S HHLETD. Kk, HEHNERF ORI
FFED D, YAEHIC T MERS 2 R DMERAFE L T e nlETEABIA 5,

Eife, I -34 ORBS - EEMEHHORTRREN TS L 312, 203 RMEK T, HIS
I EOH LSS, HICIRE - ERSEOARY, & L EORSROM IR TV
TEAFLTVWS,

COXFIC, 203 RMBIKTE, HIUSECT, EIIERZ DML &R n 7.0k s st
FELTWEC L ERET AT LN TES, 6234 FR]

(k) BREACES(CETIRA (RN - AW LA, PR MRS T— R — 2 ERELL.
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4. it
SEIOMETE, BEICH- T 11 MEE~ 12 RS olile L, Bk hERe
FFIRAR & e T8 SOBBER. MR RN, USRI, I - B P ERE
OM LT, EEREAE RO, KA EEAG RO E LTOWED 7, EAfulER3ED
HEEDDEL, 12 EECEE TREMT BN, T PRI 6ERL, 13 RICIZER L
@9+ 14+ 15 KOPEIMICIFERE D, 13 IHQEELRRMO 3% Rk {55, Jbic 270m R
D172 ZAFEKAATE 14 ECCEOBRO S0 RZ <D, 1333 FOPHEROME 25
EBZSNTVSA, AN SO 5T, S AU AMBERCA b rihd 2 e L1
WY S, 515 Figd QWK RENITET I 9 KON | %R 4.8m O&GTTE LT, 44 65m
@11 KTl 1.35m FAS> T 345m, B§) 45m O 8 [XIHTIE 0.8m FA'>T 40m &b, FHo
HERT LR F T O 0.8m ORSAE 1 i T 1.35m ik L, KDMMAES 25, MhEMEEL
@9 K%l TRIPEH 50m @ 171 KM LA 200m 0 50 NMEK L 2R A IR THRS
& (Fig.1). 31 ifiikd 50 KA CHUS 5.0m. 200m BN 9 KT S0 FHWD D% 4.5m &8
AEMIFT, £ BiC 13 MRIHRGTEE TOMMAY ST 5. 10m RO 142 MK TE 60 Thi-
T 39m, 51 50m BN 171 XK TREPEATENE OO L5m FA > THEE 3m &, A#liE
KA & AU FASSH, L BICH FFORBERATT-> THERZILTRE B2 bh, 11 e s
MBI, 13D, 16 M E TOMMP T 5. AREKE BT T, WililkoRE
Ll LI TR ER L, 39 K TIZEK B0 LR L TULB. RSO0 -8,
CAURETRMOBEHEA D, B RS IR E R AP 2R M e B TS EibN S,
GEOMETHCEHENLOM, 5 A EEMGRTMOMN I LRTH D, Al
ORISR S B b, T AU THE 629 SICOIF D, 9 BKIEHT 285 MIC KT, ThE
TP EEPIT I A L SR B & 2 116
Thd, #EKOH LRI Fig2 R Lillh
T, GEWHED3-4-912-24+ 14+
15 KW O TIKT 538 MEHA, BHO
85% & & EEONLER LR o TV D, By
ORI Lz & DT 1 R~ 12 1it
RNGHET 123 84, 12 R~ % 5T 35
L I3 MRIET 3L R0, 11 R
~ 12 B TH T6% 2 DTN E 5T
W, —IiHT AR - M
580 miMM E 4L BRI
L LEsOT I MREE~ 12
BRI T 465 21, 12 [t
Wi~ T 18 44, 13+ 14 fit
RTTabLAD, 11 R
~ 12 it il 4 TH 95% &
i, Chonit s
/ o~ HE 3 MR SOk
Fig2 #5 Afb L (1/1200) AR LR LTELEALL,
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12 R P RAZERI NS MHTHD, WENIWT £ TEDT I3 JERA, ME203 M &
BR21 4L AR 19 PR LT, MESEREES TV S, BMIEY - B0 RN 369 4. &
R 23 g, MELS19 80, 8- MRASO . RRAT3 AL MUMBAT L L BIAt 5 AL RGO 26 sk,
HRAEMTH D, BRI E D0, AT 9 KTHIHRIC 4 TMME MG M PR S &0
Fe AR & B F L TR L oz OB E L TR Y, B0 G, AW E ik
TES MO L fo THET %, 45 AHPHIHAR « 1K - FIBCEA S D, IS 185 Ao Rl A
SANNBHD, HTARHTHY I LIMAT AL RAL T0D. FEORES « SR E > TN L
LTHD A7 AD | RERED SBEINT.E T—PIL TiT> T3 Al EEA L AR 91X T 1104,
12KTOM, METI3MH ISKTSMSMELTEY, SKABULTVE, chbkidic
30912 MEASMBERO Y & TR LLTE D, FHETRETELEHORES O %

Fig3 ML gmhing (1/4)
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A5NG. HLE3-6-9-12+14
KTHEL, $i2h 9K IBHT
EHLTVAD:. TNEON S5 ks
TR THMBILETSHS LA
BENTV S, AMEX O
45172 0 180 KWK TELE
DA Z AMMBETA LTS,
172 T3 300 £ L OB A
L, 12 RRICHEEhTVS,
180 RMFIKIE 11 MR e S
Mol EARH 5h, 12 [tk
i~ EAREN e R TS, B
BT 5172 AKX E R ET D L,
AWK OMIGER - ol EE
BAH L 1R~ 12 AT
DR AT AWIETHM. 12
S 172 D N B
fiLTwauiEftt ¥2xons, L
LHh, BB THRNERONT
FAMELH TH- L LdaRE
feiEL,
fl1ic 3 X 12 WD i i
S, 14 BRI 300ke A B
LERSSHEGE [, 10 KO T AN
WEE k) Al AR, P
HE PRS2 A RS (Fig3), 111X
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5. (i
SEOMET, EHOMMEIFrEE i, W0 MR OMRRET I, Jemkis T
TOWRMEME LI, TTTR, HEBHCOWT, L83,

<IEMHIZDWT >

MR SNEHF O EHMCHFTREAVSZEHFT, CCTRIRICDWTOHITR
DN TilinNG,

P& AR B0 B I BUC DUVTIE, R — [CAVRBARER 68 JMA O WEES Lic, HT
OESEDHEE, HOKEEH, HEAH L BB LEN ST, Kb E@ty s L
WL, Tabl DL BHXLHTVS (—HAIFET) @Y.

TR 77 (em) | JEIATE (cm) | WG HUKE (em)
W | 17c i~ 250~336 | B0~95 10 (298~31.0) % (24.5~258) X (29~32)
mi | 18 i 240 10 - 290%232x2.7
VI | 18cHE~19c il | 120~166 | 68~84 10~13 | (249-250) % (205-20.8) % (28)

Tab. 1 EJIFF @55
AKTIx, EHH% 45 (SE090094 - 090161 - 090708 -090709) KliL (Tab.2), Efik (IV
WD EHFEOBIRDHE L3 2 LAMERTE S, &b, A0SR O R LR
LOLEZLND,

SE N BATE (em) HETE v LM (em)
090094 | il 430 490 (79 10 300%250%4.0
090161 | 17e~18cth 430% 320+a (64) Fh11-F 10 | 280X 200%30
090709 | 19¢ i 360 300 (73) 10 24.5%230%30
090708 | 19c & 125 (76) 12 24.5%200%30

Tab. 2 9REEHEHF

WL B 510 T DT OIMBIHIIE 16 RS THOR ST LAWETHS, HHHOWM
Blix, 1587 (KIE 15) FRRFEONMFLICRET 5807, ML UMORTED OEi[iFo st
1588 (KIE 16) 4Fh5RE - fzh RUIBE RO T B R0 IR AU X 5 IO e L - T,
I OB AN CHRAOBENH - bD XL Gh TS 17,

9T, 17 R4 & #2505 SD090004 (1 -10 Fig17) &Lz, Wh 5k
WUEAHEL, BB (Figl- @), MDA, ORI, BRGSO P L (Fig.1-
), (AR SEHT2AEP TR LY 2, b, PCEENOBRBTOTIhLOLH
S, KL EbhS, £, GELERTYS LR SEIN L3 5HY, $HC SE090161 Akt
ICERENLRRTH Tz, RiliXOWKE (Fig.1- @), FCPRAROSCE E DM, ThaicH{E
SRR FPTE, SESORFE (Figl @®), BE, GRNE, B0 % F282VH (Figl-
®) HLTs,

fbic & 12 X SE120001 A0 5WE (Fig.1- @), 24 [X 5K240214 &0 & [ K@M OAR Y TE
£ DR, SK240039 405 [{E#Y) ZEOOE. [TRAERM OREE DR ELTVS,

Fio, 2 KILIHTI. T HOMS T ORI ML Uz, ST EAROHERTLO Tk RS
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SEVTHD GERLAE O ERMAYAHE L TV T EAVHIH L. MfXRRIOM 171 XME TR,
W R A D - ferp it ST LIRS — bl r TR R b D STz piA L
TofzbEZLNTVD, 2 KE R, L RGN 5 10RO AR M T TANThh,
Mg AL e DEEXSNS, TOFE 18 MR FHETLERENATVS, CTHhEEE
EXOFAR, TR B2 B ORALE (Fig1- @E), IO, e, W1E

SRR, RROCRR L HPER (Figl- @ - 60) i35,

M MOMEEREEIZ XD e, SO HHEHI I ErRER, ITRIEERA S L EA TV S
Lic kB, UHoRME, BEOILST, RHRONMAOBRICHOBD EAETATSED, &2
HITCEmAEMA, fiMgOREECEEENTVS, HEREOR., KEYTREL, ikl
Fili, AL ESBHELTVE,

SO L5 TH 5 BIRORBICPHHA O 6 LEBICEOERES FE Lz LhEA
A, MHEOMEERIE R T & ah ol BT S EHTOMS L. o @Pang LTu
A Edofsidbe. ANEFEIMLELTVS. e SR 513 b2 (I0-33 Fig?-
9-10) &IHLLTEHED, ThEIHIZLOTH- .

Ml w)
@

SE0907OR
o redien

Fig.l TAiibfit (1/8)

Fig2 THAMIE FOT - % - GEBRNERL UM A IR ) (ko)
(mp HET)
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AEONROHIMTIE, FHREHET T LA ek, CORE, KAWL TES R
WO TR L) CX B L. 16 R EEOREIFRIC KRROKETHIAFRICE>T
WhEEhi=C £MebD. FIHCIE. COROS - BRI ICHEE & > TOIBRENNAE L <
Qe k- THUCEREN E LTHRIEATED, WEMOMSE, JEMEREE, duzai), s
FEEOBAL, £ L THlEBRNETHENRZBAENEEICE L T0D, Lo THRIOHEAX
JAIE AN M S ofiiic (s Sh s,

ZOFEMEE, 221K, 31 KBIUHTEK FAGEECSOTHESMEE N TED, #30mLL L
DORMEETES, WREN -OBNCBOTHETERFE RS, chidintotiilicidE hi
TR HNA) EERIEGET 2L OTHE 10, SHOMBICH - T HREIET ZHLE LS,
Eie, WMMOBKTHHH, 47 X0H 112 200 OB AR 5 & 2H oA THH % i
THHERORETRE L, BOEELOHER LTV T EAMEITE S, Taud, AN
ATz &5 ISR U AFF R K- TR RGN EEND O (EEND) TH-7T ebs
Hohah, EOREICHE > TEORKEFHALES LR SWENTHB. Ebic, L
ATHCEEL T, B2 PHICBETBRIET, MOV TEMEOSEHTERN LZA 6, b
BUED T DI T & 2,

s, MEFOMLOMMOEECH- fEME ORI RE, ML 5 B AD
0 (M) 58, BEEREREE, CREFEE)

A ]<_£EI_!JI_)'IE =
|

e

Fig.3 ML=
CHE 1) HRIT - THS 325 (RIS R (LU NN P 1T 287 SK) 1902 7
HEI - TR B S OIE EOS IS (1)) RN m R B 5 5 1005 F
HE - TS 2303 2 Chii KoY BLOE (F) (RN R PR 6 59 1006 1
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it 1>
PRI 203 POl LRERIOSRINE (RIS BT s U T

SRV v R
1. ZLHIC
i TSRS o & — ST M R L LR SR IR 4 21T o e T,
FEREWET D,

2. ®H

FEO AR VIR Ule, TR0 | TRORHE 5 (LI s i o & — 3 LTy
HLOTHY ., [FES) RUMEAH LELOTHS, RPT ) tlbhibok, B8
I MO L £ 6h5 L0 THS,

3. sk

AEMEETICT BV A 7 oo 7& T, FEORED LR RERIR L Ttk
& L7e, ZoREHARD & RIS (i, 2001) T UL, AENRECHEARL T
ICP 3805 Wbtk O UL AME L=, ZORRIZILSE #) 200ppb 5 KR AKSY
BBRHER D Z Y &7 2 50ppb L7425 & 512, 3%MBREHE 1.oml IZMB L7, — M s
SIRAE ICP ~ A =1 L 2 REESYHTEIT (Thermo Fisher Scientific 24 NEPTUNE PLUS)
ZAT, R L,

4. #R
#1, E 1PN RERERRER L, BEOMRINIE LT, (8 (HE - 158 (o
SR ) THFZAMG) chiT#nRLE H1hoFSiik1 Mo [HF5) I2ELT
[REN
FE - ERIIERC b PRMIUE TOE  OFHIHI SO TTF -4 2R LR, £0
SRR RO ISEL FEO & H T/ A—F 5T 5 L85 L T3 (Bl T2, 1982a, 1982,
1983, 1987),
A PVERMRIST R S s i o T . R0, SRR o EE Y 0
M TIZAD,
B : il - =ERHOMIE T RO T, RO, SR LOEMSIOR
WL ZITAD,
C : HAMEOSH A OfE, HAERTBEE TOL 25, RBFHRLBROBEHC Lol
TRy,
D : ZEI0CHPHTE S &, ERRIC IR SN TR E R R PAMI B D T A v,
ZIIZITH, ChoOBRE ELITMERREZLLD L, MEMROIRFITITET
TPh/206Ph Ho L 208Ph/206Ph HORHE (a ) AMEM ShaZ L% ThiEd TR
WA YT, SEICIS T 206Ph20Ph b b 207PhR0Ph OB (b AR AsFR &
N5, SEIORER- RTINS E RV,
ks L USRS, RO T Z A O TR L IRER Ui AR L, 2hud, B« R
(1987) WS L OB MBI E Bz - Tl FZREOEME EESh. H7
AR 10 8009 5, 6 SR BRILIREGE S HEE Shicdd, 4803E 2 64h, hiEofEp
~ MR OIS Aotz A7 AIFRIA AR 20, ZhbizonTid, —dbkEs
NN LA - OP, FHEFLIAL TINTURLZ®S “RAEMTDh T D
PR CHS, ThHEORRL, EE (2014) BERLIENELESL TS,
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L%k

WSS (2001) [ H RO OGN A7) TE N &R R 28 86, pp. 65-120,

FRURIGT T, WeleRlh—Rs, RS (2014) Thiticdsid 5 A 7 ARPE(L O AliEtE- T 8 RaE o
W7 AR HAHTE R B [5852L B RREED 66, pp. 2544

TR, FRELK (1982a) THARINHAEL A6 27 BEROISEL [4 522 HEED 68 (1), pp. 42-62.

A, FRA (1982b) nRHAteikc Xk 2 PEtBionr) TMISEM] 370, pp, 4-12,

A, EREY (1983) TEARMIMHIC X HHABEOHE (2) ) [MUSEUM] 382, pp. 16-26.

Wilade, TREN (1987) TH7 &7 Spllct oStk -#6as L ol % i) [&&
EHERE] 73 (2). pp. 199-245.

# | Hux e, | M | o | P | pepb | PP | pbAMp | MpbMp
5| e Fe | % Pb b b b
1 # HEHE | BIGSOI | 084772 | 210957 | 184635 | 156317 | 389499
2| 2 AL | BIOSO2 | 084796 | 210991 | 184581 | 156317 | 38.9449
3] W 16400 | BIGSO3 | 084774 | 210965 | 184660 | 156542 | 389568
4] W 16-407 | BIGSDS | 084772 | 210955 | 184630 | 156513 | 389487
5 i 15403 | BIGSOS | 084768 | 210912 | ISA574 | 156460 | 389289
6] o [ioa 15400 | BI6806 | 084760 | 210907 | 184598 | 156465 | 389329
[ 7| skooosmo [ IR 15406 | BI6SOT | 084779 | 2.10993 | 184670 | 156360 | 389640
8 Tl 775 A | 16411 | BIGSOS | 0.84768 | 2.10940 | 184629 | 156504 | 389462
L i

9 H7 ARG, | 13-338 | B16809 - - - - -
(o | 77 AW | 13380 | BIGSI0 | 084762 | 210919 | 184612 | 156481 | 380382
K A7 AW | 1439 | BIGSI | 084773 | 210919 | 184569 | 156468 | 389291
12 Hi 11320 | BIGSI2 | 084763 | 2.10907 | I84388 | 156464 | 389310
13 i 11-319 | BIGSI3 | 054759 | 210899 | 184591 | 156458 | 389301
(14| T RIIE | BIGSIA | 084764 | 210918 | IS4608 | 156482 | 389370
15 ] oo |77 28| 10:316 | Bi6s1s [[085318 | 21ise | 183487 | 156547 | 388543
(16 | 7% 200G | 11312 | BIGSI6 | 084771 | 210941 | 184610 | 156497 | 389420
7 % 28 | 11315 | BI68IT | 085125 | 211238 | 183909 | 156557 | 38.8467
(s | J7 A0 | 11313 | BIGRIS | 083365 | 201816 | 183137 | 15633 | 387914
19| 91X | 75 AN | 672 | BI6SI9 | 084755 | 210879 | 154578 | 15640 | 389236
20| SK090771 | A% ABUE | 671 | BIGR20 | 084752 | 210864 | 184569 | 156426 | 389191
21 | sxsou | 7 <005, | 23512 | BIGS2I | 086124 | 212580 | 181340 | 156175 | 385493
22 | sewon | fa 458 | BI6R2 | 084759 | 210883 | 184380 | 156442 | 389247
23 | s | g REIL | BI6S23 | 084776 | 210974 | 184652 | 156539 | 389566
24 | sy | 12332 | BI6R24 | 084773 | 21094 | 154630 | 156531 | 389545

g A58 SRR 5

1 HLERRER 203 WM RO OMIFRA L TR R
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(1)PIRRERTE

AHRAEERETHADONROBHLE BRL TH RERKL-.
(2yz o0

AEFAEFEFL—ATRELESTH LA XETEERGEAHTHOBBSEEE. 719
0-RA—-T O2ETREL-LOEE T, LHEE. RASRERCLILVLEVBECO T, 8805
KA, k. KESLLOMBN TEDFI AL BH D,

(3RS ERARN

RO O ERAOHEERE, FEEBTENORTULEENLT S,

SUEHAREESRE- V1YL, BB IR EA A, T —FREE HRAD4150, 4240, #320. #600, #1000,
RUSAAFELFRITFO pmel  mTEREEL -, F-WEICEERAHEREE AL, HHE0- RN
HREERRLTE LB EET -,

(42170 vh—RAMEEE

BRFOHNLE. ERBOEREEEENELT, Evh—AMEEER S Vickers Hardness Tester &
WTHEORRE T o1, ARILBEHFBLI-EEIC136’ ORAEL S AT EVFERLAA, TORIZ
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5 &5 HKT3 HKT-4 | HKT-6 | HKT-7 | HKT-8 | HKT-13 | HKT-14
Iiﬁﬁ‘ HER |ARBRE | HER (GERE | 8F anE Ll ]
[em @ 36.4 54.7 60.3 42.3 4.9 41.6 3.65
1.3 0.17 0.65 0.11 1.28 0.35 0.22 <0.05
Fe0 14.2 21.4 19.1 5.73 44.8 45.5 0.29
Fe,0; 36.0 53.5 64.8 54.5 18.2 1.2 4.84
1510, 21. 4 12.4 12.2 18.8 22.1 23.6 70.5
A120 1.91 2.38 2.90 3.56 4.75 5.64 15.7
iCa0 1.51 0.56 1.20 0.93 3.70 2.53 1. 42
Mg0 2.67 0.16 0.35 0.22 0.91 0.74 0.74
K0 1.02 0.45 0.65 0.71 2.23 2.17 2.01
[Na,0 1.02 0.52 0.40 0.78 0.80 0.72 1.82
0 0.12 0.03 0.07 0,07 0.13 0.12 0.04
Ti0; 0.32 0.06 0.31 0.10 0.46 0.53 1. 05
Mi <0.002 <0. 002 0. 002 0. 005 <0. 002 <0. 002 0.003
S 0. 060 0.074 0.034 0. 067 0.036 0.068 0.020
P205. 1.10 0.510 0,296 4.40 0.435 0.285 0. 506
c 0.40 0.41 0.14 0.71 Q.11 0.14 0.079
Lol B # = = = - -
c.W, 4.02 3.95 1.06 5.48 0.46 0.65 0.95
v 0.008 0.003 0.018 0. 005 0.015 0.025 0.011
Cu 0.004 0.006 0.004 0. 005 0.003 0.003 €0.002
iZr 0.004 <0. 002 0.015 <0. 002 0.012 0.010 0. 008
ISC 41.53 16. 50 12.10 25.00 35. 15 35. 40 92.25
iSO/ &k 1.141 0.302 0.284 0.591 0.734 0.744 25.274
Tio,/28 [ 0.000 [ o0.001 0005 | o000z | oo | oo | 0288
10T = Toss on ignition (RMME)

$C = slag component (B )
EERS (Si0;+K150,+Ca0+Mg0+K:0+ Nas0)
C.W.= conbined water ({t &7k £ (2B K)
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BHNBETES, HEIBEHO—DEEHH10mm, IE24mmDEH A H 5. BFE I3 mmBEH OFYVIE LS
EEAENHL I, MIERTHYEMTHEIFRLHSSEREOTELTHSS.
(&R RERREBEBVV-EERETHS. BEOLMIBE VRIS HFeO)LT7HF 1 Miayalit
e:2Fe0Si0: ) D H (X LI BREREN WL S,
(8)p (1 1 iR Ee ) SEEEG) OBERIL NS OFERAERH LB COLHRSIDREN R Eh
f=. SO R IZ S FREKL CHS. B EURE ERMILOFREE S EIEL. P08
FARAHABH ML 1 ERET HLLEAIERBYHIGABTHD S,
(eptE(12H42RT4): $E TROMT TR HRGNM O KRLREN S E R ICERTE -
AROEMHELEROLBNIREIETP I DA LI R EREERFITS,
(SRt : Bifkiron scrap)IBHEE DWERM ENT-, IFH O K EIF1.180°CERD.
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hESRETH S, PRI 741 THY, BIRILE IS  FRRE T () 1
83.3 T, HRERi L KE A L ) ShITRETLIRER RE Dk cRE A L A LIS,

(FACRTD AR TR - 55— IS U ROBEMA G S D, FEEOHE S 2 g
R 1, HRRERRE, SR YOI LR L L ToRFOMRAANEFEANS, £, ARFIzTS
WO B0 5,

@1 RGN AT

[9 1% SX090893 & N\iT]

HRIARE) AAFORERELHED A< Ay, B3, 7 A7 Y D HIoMmeE - S
B, EIREOREIILAT, AR TSRO T « A FRUGAIT, Jo KON A
FraSltE LB 7 5 FREETIN AU BIZB L TV A, BT EAA S — K, TR e -
e RElE ROV E R A VB S E L TuA, AR LA L D 2 a
Ylkths,

SRR B - B - 5 3 BHSE L TV,

EREERTR, ERTER, R, R, R, Aot - RS
MFELCS, i =i o RE b 5,
PR AT, AR, A - MR AVER R ASETEL TUvh. RERTHIRO Rt
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WRETH S,
(PR L AR PRI, PO A s B o R L B2 D, SRS S LU
WEREHED HARIE L b S,

4. ik

AR AR RO SEP CHIR ShuTas 0 | MRS W] & A AR A LE N O TS
ZRHND MEAR LI SR T ol 7L, RO T SATRERED SX090893 BOMHMT
&0 RO TR LROBIEERD O SR L T0D, SX000893 Bohi ki, Btk
IR R L TOD L0, i & HIZHE S LA 7B T R0 Bl A TR
LB CinDd, TRACB L CIBne « BB L, Basicf LsRECHEL TS,
JEB N IR S LTiddh b 4 Rdey yBEETE - MSEES O 5. D, IR L Tt
SEHORCHBES R MRICHHND &5 I S BN RET Hhdey, B O
W EHE SR IO L LTI, PERORIGIGY 7 5 SRR IR 4 e b
A TH D, Th S ORI LRGSR RSN R R & L Ol A
AMFESH TS, AREARR LT b Zh S oMEs & AR c R L L T 251559,

5. SrlEHTHKHAHT

Sr (A hurF L) ORMEE ESoSr) RAHEOFSPHER O R L TE 0Lt Tk
(SR AiEARL, COMIEO OSBRI SRR S AN LA TOS T RIS LB S h
HEBRHIG, Eil, ZOHFARITEN LIBEiaakde 2 b LTHRMIZ A B R 5 7 D opik
(RS, LIsato CoR GO Sr R A T 5 2 LC X0 Eofa e iiET 5 2 &
RS, i, HOTHAMTIRE  HRBICER SO LAV D L b, o A0 Sr
[P A =2 2 LGz 0 ShIRMAO TR A% = L A,

875¢/865r ratio
onm B
I
e :
Al = e e ] ]
— i »e ke ke
i oy - — — -
e _h;';g".n e
" CH o b
— = — —ar o
amn .
0
anm knﬂm % |
” (
T S e e TR R e T T e T
S uz U Uz P2 .
b4 RETR R T T

SN S s, BT O B
SMEOME | B2 K, W WERE,
WS MR TR N clmative-Gaussi
REDEE | WEEHATREI R SO S8

[ 1 fitihh 203 i EAF Sr R

jian cusrve
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Ll 10 (512 FORESAIETh o1, HIEAT 20235 Ol ThD, ARSI S
MR T E IR A TSRS LTED, 3~4 855V 5~6 MOBR TBR S sl a e L
F=(Hillson 1996), Bt &t CHEdFRme MR T o 0Tl L. AEARRPRURIT i 28 T o

(Keyence #Ht, VHX-1000/510D) T AVEORIFRBAHEGAL . BiEmira e L M,
TR S SRR Rt S s L— 1SR J i AfE ICP =L Lo 2§k
ik (LAMC- ICP-MS, L—4—: AnalyteG2 (=% i< L—%—), Photon Machines #1 ;
TIRSHTEE : Neptune Plus, Thermo Fisher Scientific #:34) # Al /=, 1¥EHI20T, 1[EBZ0§
1. 4mm OF A 541 6 BTV, ZOEAPEANT (2 1 OFBKOME 22OREOME Lz,

ARHTIZHL, o 212 Y7 RO ER Y 7 b Excel BIOT FA 2 Th5 Isoplot/Ex 3.70 (Ludwig 2008)
AR, SrRATAMETORE, 12 REHCBOCRIFRF— 2 33 ohi (5 B 1), DFrkiL
15E42.0.7087 Wif&OEA A LTV 5, Tsoplot Z:FlL TR M (Probability density) ORI ATV,
Rt S -2 #dHES T Unmix age V7 o &V THIBIEL 1T/, £ORME, 0.70787
£0,0001, 0.,70851, 0.70899, 0.70964:0.0002 ) ffAt—2 L4754 207 7 24 —ndilis N,
REAHHE T IR E < 0.70850—07002 % — 7 L5 2 7 A ¥ —AWEad S, ol AHBRER Sy
#EEZ LS, —HTC SX090893 X2 STO30477 0 L 912 0.70787 ¢ '— 2 | L&t AL il A=+ 3t
EHR, ST030492, ST120282 @ L 512 0.70964 O &'—2 [Zgd 5 il 2ot 30D i R i,
ZHHIHL TP R 5 I T R LTV NS B A GRS, FHI, SR TS
ST030477 « ST030492 AT OMEL & 11370 0 LS & 5 ZRAE-CHH L L 7= SX090893 A3 i
AT AR, AR LTI, £ O S BOBEIC A 5 B BB ATk WL, E
L TIL S HOBERL LIRS ERIR oM L 1 RS TEHE L oW Tiish
THEEOE I Th D LEA L S,

6. K
ORFZBRE203 BT L AT & A EAIRERS ROBBTPY < R CHA LT vt FRRIERE
@ SX090893 B A S A RIE Tl Ml S RO Lo v,
OZRABE203 MR F5L TSRO ARA L LTl Y. 5 BUSIAREIE LWk Rk - &
M3tk Th D, EMEESTREChH o AR, A, BEERORH Ok T T,
@St [FNEHLS T T, ASEBFED & 12 R 5 S T O MRk THED R ioh, £ O OME R
EROBIECHE S BEHOBEES LUASCEOMIEH O itk fan L 7=,

(e =)
FRESEHL 1955, BUCHHAKEREO NSRRI 2
Buikstra 1. H.and Ubelaker DK, 1994, Standards for Data Collection From Humn Skeletal Remains. Favetreville,
Atkansas Arkansas Archaeological Survey Report, Number#d,
FFRELENR, 1954, BT H AT ORI AR 1.
Hillson S., 1996, Denral Anthropology. Canbridge University Press . Canbridge.
A, 1928, EAEURABOARFIRG AL, 43,
RS EARIA, 1926, MERRBANTOAFGINI W2 SAOMRL ANCEMEE AL
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TR - THEE, 1928, MREEEIRANFOASEAYEIE H3 - 40 HHEROT - TRAOMTL ANEENEE 13

NHEIFLRFEIARA IR, 1988, PR - /B 2. NHUICTOREARRIN IR A VAL, N
i

Ludwig R K., 2008, Users manual for Isoplot. Berkeley Geochromology Center Special PublicationNo. 4

Martin-Saller, 1957. Lefirbuch dor Anthropologie Bd 1. Gustav Fischer Verlag Stuttgart

FTF#E, 1981 (EBNICAGERR LSRR, KEGEES. PR TATEGERRS.

BT, 1985, SN IR LEMER L ORI OA, BRI 11, IR AR S,

Meindl. RS and Lovejoy. G 0., 1985 Ectocranial suture closure: a revised method for the determination of skeletal
age at death based on the lateral-anterior sutures. Aworican Jourmal of Physical Anthropology, 68:67-66

WO 1957, BN B AARBRO AT ABSETE 4.

PREE, 1990, ARSI - RS ORASOAR, B AL ST RRS

PG - AGEEL 1980, SREAOTR BE0E Hh, ASUEOTR IR

PRI, 1971 FIEAMEORERH O, ABTEHRE 9.

W, 1957, BCULMBAA HREOASIFIRTR AR 4.

A, 1967, FIACAMITOERE I SRR MRAIEEEMAE 31, 607-656

PG 1955, HATREBOBIR. ANEPRIR 2.

Kot 2012 EESOEE B DA L Av—h—ORE . Aothropological Science (spanese Series)
120-1.

Aotz - MG - AHIACT - MRRLZ, 2010, HEMIRGEH 7 BOMHUSREA RO RIGIHI SERIURERE 7. /1M
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1. ST030400 B H (LEE) 4.ST120085 &R (E@IRD

2.ST090624 LERE - BE 5. 5T120085 Mg & (@IEE)

3.5T090627 EAE R (LEIR)

6.5T120085 EH (LEEH)
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1. 57090624 FEEE

4.5T090624 EEER

2 ST240014 TEEE
5. 57120085 LiEHE

3. 5T240014 l F I=H#5h SRk DB 6.5T240014 EEER




1. ST090624 T AL & 3.ST240014 FEER

2, ST120085 FHR



{fithid 62

1% MRS 203 KT L3EPHAR O EREHMEIC > T
L2 - AR - MR

I BEOERE

2019 4 5 7 27 H, ESZRFEMaN (LUF, FHE) oM & s R (L
T. B olRiE, AMAET S TEBUEMTR Y 2 -2, HRGNSEKCs
S 40RREE 2 0 3 RFIAECHL L 22 9RErp IS s oz & v de AR 5 R UM
& DNA T 21T 9 o ic, BB Oy 7Y » 7 2fiok, 2035, 2HhicovToHl
e Th s,

AT 2RI - RN (YRR T4 2 L) TIRY)D TOFREPMAIEICHE X
REMA D L A O CH 5. PIITIER AN & P S ML B LT
WA, C OB CRIEEA Y, ST XD S0 B B B TTTHE 2 BB AT A
LN AEL DT, DNA SHiTic X 2 B o SO MR s k25, R RIGE IR 2 thic
BMED, Lab kil 3L 5077 OEIRELAEr - L bd Y, Y0
HiRRATZERTE Do,

Licdfo THRME TR, BB MERMELTI CLivih | hoEficovTHET
arrbic, chiThEzhtwsRARoAROERLORBEFIC L LTS,

fd, ARSI RS, I WA ELRAS, IVE 3 HFHHO HREL =,

I SHihiE

A A 7 5 SRR S 203 ST IS K o TR L 72 A 2 sl 2 W TR 14 (R
JE R HME L Ao, MERE S 203 A ST090624 L ST240014 A & i L 7 A o WIBRH 2 & &
(RMEM OB E 7ML % (GRS : FOHGM-4, FOHGM-SMW14),

AR, e TR —-BEN VY, () LA - ZHICEMLT, 27
=¥ i & DRI R BRI & 5B 14 EIEE (AMS-MC 3. b UNoBiE -
YRNPTEHEL . ) A - ZFEBT S 27— ViloFMizE LR,

m R
()3 7 =4 (FFFARE O I

B0z 7—7 v oRE (FoEffitsoBohta s - vERiiRoWe) i
FOHGM-4 T 0.8% & 47 { . BB @A 7 =4 Vit L EITE 3, HE 14 FRME
b B BRI DT B T kTR ad ok (#2), —F, FOHGM-SMW14 I3 3.6%
D374 YERET, +HROD 7 RERTE . £, BK - RRREL L
Wani C/NHH 33 ZRL, RIFE= 7 —7 v IMOMRM (2.9-3.6)[DeNiro, 1985] 12X
FoTwh, ShbOKEH L. FOHGM-SMWI4 HEFRED RiFR 2 7 — 4 ¥ 2 [T
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TEL AL,
(2) BRF - wEF L

FOHGM-SMW14 OBEREE (81°C) 12-19.1%, LEFEFAL (65N) 12 11.6%
Thot (#2).

(3)FetEHEE L i E I 5%

FEP AR B OE P el i L 3 RBREE oMb, Rk DRE - BRI
EHEEHLTYS, b OWHMRIcH, BIRL 2PoRiiklkskmEhtns, £
T. b FOfHBoRkEEEEL TROMLIEHT S C LT, KEphkEES
A5, ¥ OICKPRCRIBERTESEOHWY 7 + 7= 7 & L-TISOCONC 1.01
= [Phillips and Koch, 2002]. C @3t Cit. f£80 3 S0P 8IRL, & F oFHER
oFtkEEBEAELERPORASDENE RIEET 5 2 LT, EASHERO ]
it EEEETSE e b SERL 2k hoREERONE) FAMb I LiT
&5, WOk LT, BIFHRCREIATHE, T2 3K IBEVILRORE &
L, EHEMORMELESELE (8 3), b, HNLARYIHE 27— okl
NBEEO RS IE 6 1°C T 4.5%, 6N T 3.4%DHIIE% L 72 [Kusaka et al., 2010], B
EB & E AL ERILEIOFHHRco v Tk, o UM T o RIS &
LTHEHOf0ERY §UC TI5%0HES Lt LT (REEWEALL) [Kusakaetal,
2010), fe¥pi a7 —4 IR E RS PRO IR BIRIIE L A 2, B3 KRChED
e b e, sPAcoREBRoREEINEMELT, £ FAERLARY T 0T
A voffidRLTva,

K2 or b oRoRN - RERCIKRE, &3 CRTAYO X VA2 THORY - 2%
[z & B L -85, FOHGM-SMW14 (& C, ¥l (C:ffit k. Colfidh %L 7Bk
i) LiEREARS LA Ch o T AR A AL (B1), 2FEICi C RO
HEHERE Dok LHENE NG, REFEOWEFRTSEL, 144262%TH ok,

(@)% 14 R

B 14 ERFEORHE. FOHGM-SMW14 | 2323+21 “CBP o R Z R L (% 2).
(SYBIEE

JEERIEMNT Y 7 b (OxCal 4.4.2 [Bronk Ramsey, 2009]) #MvT. IntCal20 &
Marine20 @#F Hh#[Reimer et al., 2020, Heaton et al,, 2020] #iR& L =€ F A CRHE 21T
o, BAEEL LT LB L AWENF S ELM2AL L, HIEFRNY L Marine20 70 & DI
R DR (AR D) i3, b RO WS ¢ & 5 MERIET O v T, -296 235 (4C
years) & {i% L 7 (http://calib.org/marine/. [Kong and Lee, 2005]).

RN OFH, FOHGM-SMW14 IH42TCHT 4 tHid# o BIEHENR (1o) AL (%2, B
2).
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NV ER

D A D 14 4F{UIE 2323521 C BP ¢, BOEE{CIE 2 0 T 410-230cal BC
THotk, T, T3 HEERCH S F | XOMIEFER, W3 i L AW g
fTH 35,

PUIMED AR R ChE TAMAKPOHPRZES IS X o TREAR DTS 31
FHEHHEAGOMESTHORTE Y, 225627 “C BP (OxA-13337) & 55 14 4E
RS TS (HPiR 2004), © oB# 144ER L E<hid 100 g L ilvTd
%, THrh o RO VPN AMIEY ¥ — A=Y N -400 SFEEKEHEIC, D—Hn
YHF——%hR (AR) ®-37 9, HEAWFTEL 20%L LTHERT>Tw54, 43
TEC I Marine20 I & 5 BE CHE4E & 1 5 heep://calib.org/marine/#: &, MBI Ic fit % iy
REMRD AR=-296 X B2 I L ICHEENHGH 14426.2% 5 MK L 2 LT
T B, SRS > CE AMEFRE R LML &1,

Hith & OW|AERF L IntCal0d TH -7t KPFIL 2020 4 8 Qd@lantidrho
IntCal20 4> Marine20 % JHl\» 72, Marine20 T EE A #IRE ) & — S — 219 4-500 4 & L,
I TAR BREIABHE, 20 EML ZERL A2 b OHARE TS, Ll
AL, WEBRHFSERLREANCELL AV EALNIOT, ERMIcb oL b
AEOERERRED 0 — A ) F—r— R 5296 EERIEHEE L2456 TR R,
EDEANEFERL TS,

B

AW A EITT 5 1Bk D, AMKERERELCCIT RO B 7R, AMAET &
THBOULHBTR & 2 —ROBOFFRCEH L LET, 25, KIFREEHEY
FHEFAROFENTR (MAFRRER) (FhEr—2ickavr#4e7 AoERD
B (fufe  EERRHT-B8, BUEF®ST  18HO05509) MWTHRTLA,

1P LR

Bronk Ramsey, C., 2009: Bayesian analysis of radiocarbon dates. Radiocarbon 51(1), pp.
337-360.

Choy, K. and Richards, M. P., 2009: Stable isotope evidence of human diet at the Nukdo shell
midden site, South Korea. Journal of Archaeological Science 36, pp. 1312-1318.

Choy, K. and Richards, M. P, 2010: Isotopic evidence for diet in the Middle Chulmun period: a case
study from the Tongsamdong shell midden, Korea. Archaeological and Anth logical

Sciences 2, pp. 1-10.

DeNiro, M. 1., 1985: Postmortem preservation and alteration of in vivo bone collagen isotope ratios
in relation to palacodictary reconstruction. Nature 317, pp. 806-809.

Heaton, T., Kéhler, P., Butzin, M., Bard, E., Reimer, R., Austin, W., Bronk Ramsey, C., Grootes, P.,
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Hughen, K., Kromer, B., Reimer, P., Adkins, J., Burke, A., Cook, M., Olsen, J. and Skinner, L.,
2020: Marine20 - the marine radiocarbon age calibration curve (0-55,000 cal BP).
Radiocarbon 62(4), 779-820.

Kong, G .5. and Lee, C. W., 2005: Marine reservoir corrections (AR) for southern coastal waters of
Korea. The Sea, Journal of the Korean Society of Oceanography 10(2), pp.124-128.

Kusaka, S., Hyodo, F., Yumoto, T. and Nakatsukasa, M., 2010: Carbon and nitrogen stable isotope
analysis on the diet of Jomon populations from two coastal regions of Japan. Journal of
Archaeological Science 37, pp. 1968-1977.

Minagawa, M., Matsui, A. and Ishiguro, N., 2005: Patterns of prehistoric boar Sus scrofa
domestication, and inter-islands pig trading across the East China Sea, as determined by
carbon and nitrogen isotope analysis. Chemical Geology 218, pp.91- 102,

Phillips, D. L. and Koch, P. L., 2002: Incorporating ion dependence in stable isotope
mixing models. Oecologia 130(1), pp. 114-125.

Reimer, P., Austin, W., Bard, E., Bayliss, A., Blackwell, P., Bronk Ramsey, C., Butzin, M.,
Cheng, H., Edwards, R., Friedrich, M., Grootes, P., Guilderson, T., Hajdas, 1., Heaton,
T.. Hogg, A., Hughen, K., Kromer, B., Manning, S., Muscheler, R., Palmer, ]., Pearson,
C.. van der Plicht, J., Reimer, R., Richards, D., Scott, E., Southon, J., Turney, C.,
Wacker, L., Adolphi, F., Biintgen, U., Capano, M., Fahrni, S., Fogtmann-Schulz, A.,
Friedrich, R., Kahler, P., Kudsk, S., Miyake, F., Olsen, ]., Reinig, F., Sakamoto, M.,
Sookdeo, A. and Talamo, S., 2020: The IntCal20 Northern Hemisphere radiocarbon
age calibration curve (0-55 cal kBP). Radiocarbon 62(4), 725-757.

2 - B EFER] - k4 = - Tom Higham 2004 : TH#R4 A % Hlv 72 AMS SERHIGE (7
2| ThHEEYS - WAEHYRE 6 BERAFLYAE HAZHROENE]
pp.245-251.

PHARMAG 2009: THREMMOIHE L BT & 7 — BRBERRE IC X 2 REERE AR O
F— ] PHL16~20 SERECEFLIERBEERTR RIS CEHTRIRRTA) FrFCRR S
i, B RN, 524p

IS 2001: ThEHE - RBEAEIEITIC X D BOT L ek BAR A 408 ) TR
BAGMMDE®RE ] 9 86 4, pp.333-357.
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K1 Ara - FFEETLE 27— HhbFE

T | WE frdReE

L

1 | ki KEOFHNAKE T (HEHKSR - 772 v 7%)

2| uESER 1

3| BRs TV b vk (5°C.1 W 8h bl EWE)

4| MiydEmR 2

5 | BiEfrAg NaOH (0.2N, 5°C, ##iA 5L b AB A, LB hoThb 1B
8 LLL#piE)

6 | BRI

7| ek BRI TREE (BEbAxuv X 5ER)

8 | WK1 an—RF a7 (GBI £ Ad, 8ml OsiAE Ad., % HC % 2ml
SL¥oMmrs

9 | B2 HCI(1.2N,5°C, 1 H) 500ml @@ icBBAD Ao —AF 2 —7 &
AL, R&—7—THit

10 | s wan—RFa—-FOEE, HMEMBCARL, Pk T LN
ISR

11| A PR, & B oMK E AR, R i R

12| @O A0 —AFa—FHERLEOHEL. ERA (EXTo7-YY) &
ML, AR EREE T3

13 | €75k | RPA D OEIEICHK 8ml & HCI(1.2mol/L)1 i, 90°C, 10h

14 | i GF/FMi@ L. Mk (¥7F v a7 =% KKl -4 7 8B

15 | Witk 4 | 2days
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#2 WS BRREER 203 RMEH AR D = 7 —4 il & EREER UBE - BB

DER
MMES | ¥ | IR | ARER | a7 -4 5 B R 14
L&l AR R | AR |G | BIES | FR
(mg) (mg) | (%) (“C BP)
ST240014 | A | 0% | FOHGM- |585.34 (2133 [3.60 |PLD- [2323%21
® SMW14 41662
ST090624 | A | ZEf# | FOHGM-4 | 690.36 | 5.69 |0.80 HsEF A
#
HEES B (cal BC) | 6MC |8 5N| B | | C/N He | ipEEVEH
1o 20 (%, (%o, | FRIE | FRIE | (mol/mol) | #F 5%
(68.29) | (95.4%) | VPDB) |AIR) | (%) | (%) (%)
FOHGM-
400-365 | 410-230 | -19.1 116 | 366|128 |33 144462
SMW14
FOHGM-4 AT

%3 AMHERCEERRTSEOTCA A AWEE (£ 2 HF) oRikE

BMEAT | BRAAT | MR | B0 | 6°C 5N 31
# | (G VPDB) | G, AIR)
wh | 1 I, 2001
ey | awer | o || asa | easzo | R
Ciity | HEAOH | WE | 5 28 67=0.1 | illl, 2001
R Minagawa et al,
BEEWRFLE | FhidEee i 15 -19.8+2.1 7.820.8 Sk
WaEM | e | @mm | — | -sot2o | 1zsag | Cnoy & Richards
2009; 2010
WA | BEEN | WE | 3 | -est21 | 15021 f;;" SRR
MU | HhEH | WE | 7 | 30514 | 1asegg | Onoy & Richards
2009; 2010
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G15N (%a, AIR)

1

TR
He
*—{'—' W
L]
.:p?&mmu a
ity
o fith
-25 -20 -15 -10 -5

GYC (%o, VPDB)

® FOHGM-
SMw14

% RBFEE 203 JGRTEH S A B o FfiiEIL & fedPEnlo kLo ik
(e o Rfiktiz % 3 £ 21)

‘Wiaring Gata fiom Heston e & (3020)
Atrnamphen data from Remer et al (7020)

0 C3 %
Modetied date (BC)

H2 2T 203 KREH AR OERKEED 25 7

322



SEE R o

P22 B BATE S 203 Yl AR H R4 TP @3 DNA Z2BFiC 2T

M e, PP BWe, B fEHE.

| [ESZ R WA i AT A
2 BRI A A R IR

2010 AELARB SRR I EA L L in bt — 2 ¥ (Next Generation Sequencer, NGS)
X, HAROBY /2 LOMRE LIS LT, BROFMTHINN 72 2 BB ERl
DY AOWENTOIS L5 s> TS A Fu et al. 2018), BAEMBOBHORE
BRI T HHY L A7 — 2 2l RN E > TE Y 2 E T AR OREMNR
BV LD LIEOM S U AR L o5 s (BIZE Kanzawa-Kiriyama et al.
2019).

I8 1 LR B D PR T & (1 BRI SIS X s AL, BRI ICRRER Les L
BERFAIEAOTHRE ELONTEY, #5 L{EROBMECRER L OMRE, BARAOERLE
A& ke, WEALEREF, Lo LAsss, Ml TIFOMARIEALERE LfRifEo L
SOMMICR 2 THEY (@HRIED, 2020b), FOEEEEMRICRAS - LITE TR,

L), PERFRIRE AR 2 50 B 7o b (B KT LR I S SR O 203 Ml
FIZE o THEE LA O DNA ST 24T S B 2100, TRERA S NGS VM C LR L
5 2 LA TELD T B TO DN A Yo L3 A Fliciibh T a0k rt i
s, HHEOERERET 5Ll

R O i

SEOFPI GO, SR S E L5k THS (1), DNA Hhitisfi: LT
IEATEDNA B S TV A L B2 0N S K 510/ - - MEE & FV 7 (Pinhasi et al, 2013),
DNA OhhtHiE Adachi et al. (2013) (ZfE- TPV, B L7z DNA R Fsy 20 koD DNA 7378 -
TINAPERIET 50T APLP 2 (Amplified Product-Length Polymorphism method)
X, WilkiEA (2014) & Kakuda et al. (2016) OF'w ha—nicfEofz, iz, Kkitte—2
T (NGS) &HIVo S b3 KU 7 DNA 00 SHUEER SO PR L BIED (20200) (ZHE-TH
Rl

R
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