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. RO FRORIE. Bt - FH5(1982), Wheeler {1 (1998), Richter ft1(2006) 254
129 %, £z, HABEAM OFREEA L FR(1991) 2 H (1995,1996,1997,1998,1999) Z&EI1C T %,
(2)#ER

TRZ R 3IRT o TS 126513 Y BEHERITEIC, TEkE'5 12973 aF I@7 Al
JRICAEE NS, SR ORI RS 2509,

- Y B A AR (Pinus subgen. Diploxylon) <Y}

7 AR OEE & TEEREE THRICE NS, GBS ORMED S BN DOBITIE A~
MT. BEOMEIX A, REMIGEIEMMTICEED 5N 5, BEHfkE. (OEE. Faia, KBS
E, TRV Y LHITHEKE NS, DIREHLIIEIRE 752, EHGEE NEEIC IS FE kIR DS MGER
5N5. BEGHIREHEY], 1 — 15/,

- aFFJ@7 51 )& (Quercus subgen. Cyclobalanopsis) 7 7%}

LM T, EEEIREHRFE~IE . B CREEIE, TR IS %, EE IS HE Lz
A L. BELIESHIRICHING %, METHHRRIE AN, B5), 1 — 15MlE DL O L EEHSHKE DD %,
(3)ER
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AP, BRI E U TR EMAIBEICAD . 58 & RIEMED &V,
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WIHREMED D 5, TNB VT NEEM LA TSN/ TH 5,
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(1) DB E

FRERD S B U EMIE TN E I EAMOHRALEZYINT LEaY) 0 Uiz & OZnhiidil e LT3,
D5 b, FigHKs 12971CD0TIE, REWFZHK LT 5, EMatkiE, HBFELTWAHTRDE
ST (RIVER) 2 53 3RS ZERRERR & UTHRILL T2,

il (HCDIC & D IREBE SR r VAR ) ZBRZs. /KIgEF RV w7 L (NaOH) IS K D JEAERES 77 )L 71 V) A]
R R, HREIC X 0 7))V A ) WUBRREC A2 i U T iR B S R v VAR Dy 2 PR3 % (i - 7V ) -
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LR nGEa. BEZR U CGRROERZI <. MOOHEGZ M La, AaA &5dd, ¥
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). FEERE IR, 524 E N 288K JAEA-C6 %), /\w 7 75 Rkl JAEA-C1) DOHIE
179, 8 PCIERRIEED °C e (°C/1P0) ZRE L, BRI S DTN T fE (%) T LT
LDTH B, MHMERERDOFEIE LIBBY Ol 5,568 F2EH I %, F7z, HEHEMNIF 195044 %
R & LI BP) TH D . FREIIAE(R 2 (One Sigma;68%) I 2 TH %,

WEFERORRGEL, HIEEZTOREICHE S (Stuiver & Polach,1977), ZHuc L7izhwv, JilE
A SO ATN I 5 FEHANL, 504FELLE 100 4EK01 10FEHNL TERLT % (TNEECEMRE T LD S 1 &
WA, LLFCOHGEZHWS), iz, BHEEEHICHEHETELUMEIT, BEREICHNSY
7 UL 7 &, Oxcald.3(Bronk Ramsey ,2009) 2 H\% (2017 FBifEld 4.3.21C7 v T 75— FENTW
%) WUEHIFRIE Intcal13 (Reimer et al.,2013) Z iV %,

(2)#ER

fiRz&R 4, K62ICRT . RIS DWTIE, BHIAE 4ai f§ FERE . CHTES 4ai JEORKRIAESS 7%
Tedh, EEX O 7IVAVHOMEE L T 5, OMOREHZ. WINEIMAIRENE L . EETOD
AAAUERINATRE T H D . AEARRIIETT 5 DIS T 7R 2RI T & 72,

I 5id. AHLEES 4a JE NET 1850 £ 20BP, B HlisiEE 4a JE RART 1975 =2 20BP,  C M1 4a
J& BT 2305 £ 20 BP OEMRMEHE SNz,

1 HERE 4b BOEM D 51E. No.3 CFEkES 1265)H2055 + 20 BP, No.4 CFEkEH 1297) M
3815 = 20 BP OEENE 5 Nz,

RIC LR OFERMEDBERIBIEFERZ RS, BERIE S X, KD CHEEN—E THH
55684 & U TR T NIAERUYEICH U, @25 O FH RS0 HIBRREE O Z B & 5 K&iho VC J
DZF), NUERHHOEN (MC O 5730 £ 404E) ZI{IET 3 C LI &k > T, BEMRISEDT 3T
HETHd, BMIEDE &ICx 2 EAMIERMN DD o TV 2 8P 8 CElRdMlEEE D AR DT, K
WD C HEREZ KL TV B)FEZHAVTESNTHE D BHiDOEDIE 2013 FICHELE Nz Intcal 13
(Reimer et al.,2013) Tdh %,

¥, ERPEMICE U TE, EENERDIEDICK D, MEREOREZICK > THEEALDZH
(Stuiver & Polach,1977), S ENERERZIRIEFRZ S CICY 7 MY 7 OFEHICHES iR, FHElHE
MURTNE DI, RIIFTHDRWEZ (VEHAD 25K L, XERTIEALS T EZ T,

2 0 DfElE, A MRS 4a B T, B HiILSES 4a 8§ NEBTC 1860-1720 cal BP, C g% 4a Jg§ LT
1990-1880 cal BP, 2350-2310 cal BP, No.3 C&&#&*5 1265)H2110-1950 cal BP, No.2 &&=
1297)514285-4100 cal BP %Z/Rr9,
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&4 BHEMREFAAERER

A | Hos : ;fcﬂ ;ﬂw g 6 1C HHIEAE mbfxbj JEARIIEARAR Code
X JENL PR (%0) (BP) i EER FEAAE ek No.
1 AT |RAES | AAA | -32.32+0.42 | 185020 | 1852420 | o cal AD 128 - cal AD  178| 1822 — 1772 calBP |0.455| pal-

4af@ T cal AD 188 — cal AD  213| 1762 — 1737 calBP |0.227| 10370

20 | cal AD 87 - cal AD 108| 1863 - 1842 calBP | 0. 069

cal AD 120 — cal AD  232| 1830 — 1718 calBP | 0. 885
1 BHAT ALY | AaA |-29.67+0.44 | 1975+20| 1977420 | o cal AD 4 - cal AD 55/ 1946 - 1895 calBP |0.682| pal-
4ail@ FHb 20 | cal BC 38 - cal AD 69| 1987 - 1881 calBP |0.954|10371
3 CHuA, |k | AaA | -30.2670.49 | 2305+20 | 2303+20 | o cal BC 399 - cal BC  380| 2348 - 2329 calBP |0.682| pal-
dailg 20 | cal BC 405 - cal BC 361| 2354 - 2310 calBP | 0.954| 10372
1 HEG R AAA [-28.64740.23 | 205520 | 20564+18 | o cal BC 96 — cal BC 39| 2045 — 1988 calBP | 0.682| pal-
B 45%1265 20 | cal BC 159 - cal BC 134/ 2108 - 2083 calBP | 0. 06710665

4bJE cal BC 115 — cal AD 2| 2064 - 1948 calBP | 0. 887
1 HE@ AERF | AAA | -29.88+0.18 | 381520 | 3816+20 | ¢ cal BC 2288 - cal BC 2272| 4237 - 4221 calBP | 0. 161| pal-
431297 cal BC 2259 — cal BC 2207| 4208 — 4156 calBP | 0.521| 10666

4bJE 20 | cal BC 2338 - cal BC 2322 4287 - 4271 calBP |0.030

cal BC 2310 — cal BC 2198| 4259 — 4147 calBP |0.911

cal BC 2161 — cal BC 2153| 4110 - 4102 calBP |0.013

DAEMEOF 1L, Libby D =E155684F 4 i,

2) BPAERAE L, 19504E A Il s L CITERTCTH B &R,

) LmEsEiE, MIERSE o (EMED68% 725 A 2 #iH) % AR L 7= fil,
DA, BB, T Y BRALEE, AaAlE, TV ) ORE A LB AR,
5) I IEIZRITR LTI D RTOMIEFIUEZ M H L, 0xCAL4. 3. 2 TRHET 5,
6) FEATANCE DA A D HEHRIL 0 1368%, 20 1X95%TH D,

OxCal v4.3.2 Bronk Ramsey (2017); r:5 IntCal13 atmospheric curve (Reimer et al 2013)
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WIS, BICANTHRET %,
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TEMP KR zR5. K63InRT,

A SO da JEld. [EMMEADRIFIREED | HTHEE & IEFITD W (TR TOFREZ M L C
W3), AT, Y AFRT EARREMDZ 0, TD S BEARKEN TlE. Y BN KD 80% %
B, OHEIEYVBENDRALNZFETH S,

BHlifiik, (RAREIIFEMIE TH 2N, ENIE B RSHEMICH B, iz, B5EEH2b EIE
{EMMEADNZE & A SR E NIR V. WS NORE DHTFRIEN DR, H3aldl b & Tk, RATE
WMTRE7ARVHEEERYENEGRTH, EIE, VB, AFE. aFI7HEE2MNS . BRI
TIEAFFRRE L, FHCE3a @ TR Rm2 A, TOMOFIEEE LTYNEE AT, YIU4EX
Hg. AEXAE, Va v A BEKEMDZES, 2cBEO TR VENEERLZO., fllidHE
BRI DR 75 %,

C M5 dai JE &, TEMMEG OIRIFIREENE S . HikiE S IER I DR (TR T DK Z SR L T
W3), AN, BHIFODFaEL O & PSS,

1513089 L HICDNTIE, HTHRIEDIER I DR, 2 TOREZHWT T LST— M Z2EKT %,
HEREYD 1g 3720 DIERT - 8. 30MEFEEE L IERIT VR0 DHTRSRIEARRIEMD Z L. ZDKE
NV IENED S, TOMOARKERE. EIE. VAR, /TR XE. aFTHE. 7
AAHTHBENALN S, EAREME, . HEILDR0D, ZOHTEARRRRRL L, K
BEHTHB A FBEEGT, FHEUE, [ UEMZOH L0 MIGEEOME L SR TITI,

RO ERAEE6ITRT, BHUSOS 4B SIE, #irad) 5 0 8ERE (f 28 (X e 2L,
TERAC IR, A XARZIVAEREE, R ZIVAJE, &I RUNTE) 66 MHDFEILEIADFEE &
Nizo FELIGV T, BALMDHYIF . BN HR S Nz, FINEARHI R TEART, Mvkfyo1
AR VAL REN 1, RV AJEORENATHE . PEMYIO A T (A &2\ D o
RRNI0ME, A 2R (TFRA e GELHD) OREN 13, €I RUNFBORED 1 NS5, FE
FLERDMEIREIIBIF CH %, 72720, AR (AL NEERE, 73 A b oSO &, MRS



H

FHEDRER

&5 TEMDIER

53 JERE (R

(V2 P LN - € -

Je& o1

Al £

Bl A2

CHli sl 1:4i3089

4a 2a 2b 2¢ 3a

3b

4ai

4aii

4b

4ai

2

ARALE R

~ ¥R

IR

> g

[N

~ R HLME R R
~ YV BEMEE AR
~ Vg ()
2UY VX

AKX
AFAR—AXTVYE—v /x5
Y~TttlE

PO ITNIB—I VIR
VT R/R=T SR
NN R

BN XE

N FIE

7 TR
aFIRa S THE
aFTRET NN MR
VAR

7V E—AE

B e
T XRE—L7 X
Y RUXE
v X UE
EF ) XE

T

7 a XR

DA%

X XE
A T XR
ARE ) X)E

o — NN —
“.VIVPCDHOOHOON\]PB\]CHMOO‘HWNOJ

= ol
(S B S R S U |
| o
([N Gy R I

|
|
I = o |

[ |
|
|
[ |

w
|
|

[

8
32
50

2
25
41

wW
\CJ'I\MO@C,OO‘IH\

[ W =
MQOO\HmwOO

D W —
|NN\>J>wow»>N\G}>—‘MDJ\]

o= = N |

2
16
43

15
71

[ I N e R L A |

IS
wW =3

I o =

[$2]

Do o=

5
11

IS
©

[ B I e R N A

I Do W o=

o= 1 o

1
15

[ B |

| = = =00 W

| o=

FARIEH
Viled=)
VAL IR
T X IR

A B
oA 2 F
BV TR
NN

VN

7 R
TartAE
AA LV V)E
FURTT)E
EUVRCIATR
< AR

e AN
TUV NI
VU FUJR

2 XX EF
FIFUE
IEX)E

& 7 R

X IR RN R

I = 1 Do
[N

—_ Rl
[
w
o 9
—
o N

w
| == W | N

—

| = =3

= T S R

w o=

[Nl

o=

LR
e R

—_

P& YIRS
A ERNY TR
S R=T )R
fth o> > & FH b 1

192 145 18 50 55

35

102

50

57

52

& o
AR
EALH
RILH

o ST

£ R 2 B <)

217 101 227

194
415

145

1 50 55
276 2

316

237

35
288

226

102
358

231

51
328

238

57
310

—_0 O O

221

52
278




PRI

B 5HT HIAF

LT EOFHEING 9K

T OB EBL U R D LK ORER) 001 HAENF] + B %l @O

N

UN B2 HEE N I HFERFUNHZEHUHY O OFHILEE L < - BUYE "BHHU RGN

claad

a ° gy 1 k ko 24H 8 680€XF
[ I |e I B N B
2HAlvL-€L B
o |o R | o|E
O lo|e ° B h E
)
q o o B Iz HHEHE
| | B E
i 24ml8
o 11 11 B o |E
[do | . ° oo I = HEYL-€L
+ + ¥E9L-SL
Ol . . BB | E kg
o ° oo of 1 . | —
ENME Y MEEEE e EEEEE g HEEHEEEEY 2 B g B HEEE S
CHBFILALAL ANV AR 2EECEFLEL SV B HELEFEFLSTE FF m/MM & =
LI GLENGAGEEHEE L (/T /& oLl raNYL Y Tom Lz
YUEEXCAZYZ (MI¥XT b Fa£d U414 @ £ c\dexd 4 L¥ % s
= Ey4aYT LQFEE MU A 71 E [ = VA G w2
& [EL & o4my © a0 L 8 72 1§ ¢ nBH WFIYL-EL
n = 4 £ 4 g c £ g NEE Bay
oL = Z £ A % -
4 + C >4 F s
T C 2 PN ZE MEERE E (T
4 i
>
+
>



F3E GHAOBIR

ERE TR ERHICELIREL, oWPIcRE LIz eh b, aAVZIZx—2 3y TH5 T AN
iRl BERIOENT B,

TH13089 M B id. BRI 10 0 KERE (A EX AR A% A 3B (T F R 2NELRED, A 2 FL
TEATH, AT)E. A XKRZIVAELHE, K2V AJE. 7V b SY e I RUNFE) 525D
FSGEANAE T NIz, RN TE. RILHOAM, fh . Bl BREENHRI Nz, ESEik
O TEEE. 525 TH %, FIEARHIRTEANSKD . BIHHEOA X DAL L 7253M 104 (5
HBEA 6D & KM~ O A € X AR OR D 4, A X B2V A ELEDORIEZH 5, K
ZOVATEBDORFEM25 1A &, WEMYOT AT ORI 2230, HERMOA 2K (7 F AN
AL ORFEMN 1, A FBORENSMH, ATBORENI3M, 7V / bUTHOM2ME, v 3
FUNFREOREN I HEAHER I Nz, A AR 2V AL Z SRV BN REZ < £2KD 49%
2B, KOTTERATHEN42% 25D, WO AT NRIED 91% 256 5, FIGEIKO LRI
IRREIZ BEFC. BRSO A XOEDO A AL L TS,

(3)ER
D ARED 5 2 O kA

AEXOEIEAEDBAMNZEL 505N LA EHEOMIEIREX, 2IRMICE, F iz,
TEMMEGZ GO ANREE VR0, TS BN DR, RIS T 258 LT
TERMEGEL D A E AU WVIRIEDMEIE L T2 A REMESS . HERSR D0 iR K 2 (A DI DW R DB 5
b S, (EHEAIC DV TIE, IFRMEREE NI X2 Bkicsg< . JBUE-THADHEI TS % &IN5 (f
196775 8),

*6 MEERTHER
B MR B ENL

OYFERE LA BN +513089 Bith 5 fii#%
2JE 48
FOARHR S
e ok a7 eI 4 -
A FOER) ALY 6 -
# RAGRH 4 -
A FF e TR R e - 4 & &3mm, £ BIRAF, 00T HIEE
A FFHT & A b 2R RE eI 1 13 BT R S 1. 7T~2mm, K EBIRAT, HUTHIEIH
A B RE eI 5 -
TEAYHE HRE £ 47 -
(L% 176 -
28 RE e 6 -
L% 7 -
A RRH A LR RE eI ! 1 1513089 : AL TITRER K0 RN
(L%, 1 -
RENA R f S eI 59 23
L%y 192 24
TV hU T ¥ e 2 -
ea NUATIR RE 56 3 -
%0 8 1
&t 525 66
TR
RAGHA + i
N +
HiEL) F + +
il +
Y +++ +++
) [+ R T SR




5 HET AARAIT

e U 72BN LD ERE TE % BHIFOFRICE & DL &, {EMMbaftid, 35 2 Bakkc
DR ELZILT B, £/ Hdai BEHEIE FH2cBEHE2bFTELEZDET B LRI NS,
DURIC &R DA IS DN TR B,

5 4 BAZAER (VERHMR A~ SRR B4, FUKFTIEREI NS4 EE, 20 BN
ICRE T B IR AR L AR 2 18I~ a0 & 5 A HER TR E Nz 4a B S h
%o BRI, HERIHOARM O 14C FEREB K OCH BN S, 55 4b @A IRAERMR AP HIARE, 5
da JEWIVERM USRI~ SRR E S HEE SN 5,

55 4 T8 TN O B2 2 {EMH b L FSSEABEED R S N TV S D, ZOMBIEHE TAE  Bix
> TWV5%, {EMMEA TIIARARENMEL T 2800, FISEKTIEIARARENERBDENER, JHEHA
DOIVHIPOHEREERBE, 26T 2 ARAIEMDZ < WRIENE TIEM EERDZ W TH ST L, TSIl
ROFEAMEN & BITKEHEREZ TR T 2T 2N ZRT CezibEEAD L. ZHETHAR
TERNEZRE S X 0 BN TGO Z KL, Vo IE S AR AL AORE R K LT\ 5
TENREENS,

AARIER TlE. PEIAT R ARILIERAR (O D 2 MEHERK) 0O 32 B A B3R T db 5 WAL D 7 /1 77
TilfilE, BERTICBT 2 Rz A EEER O~ Y B EEERE 2 SO NLHET S, 2O
ED, HRLEBMERTHEVEEE - ¥/ FE. KELESO aFSiE, REEsiEsoy
HE - E3E - AFE. PRS- IMOMKERZEEY T IV IE—IIVIE. IRV TRE-TY
g, ZVE—7VF+E. Y RRORREREZ GO REED Y Y DR}, EEELBEBCHET 2 Y R
VFBUEFBAREZ /F 2V - T7hYT Y FFH-TF - I XFF - 77T - B I IEEMEL) 7
ENMEREND, CTDHB, TAAVEHE - U AEid. AHIBIC SO TLENZGIT Ty ZHEE
BDEHRREIER CH B, HFHEIE, 5 4 BORINCENCEK L CW e B i Rl i %, co&5 %k

AR EATHNEREE D S . BAETHENT BT WA VBB XU YA BICOW TR, FEXE IO i
FICE MU TOWEREEEDRS E NG, T AAVEE « A BUNOERIE. EMNFE L, B3I
KB EFNARB N L < | MERILEZFRT VIR A LT - IMEEKT 5, DX 4

REMELEZ DL, FHO T RMEZEZZTHARICOWVTIE, SZICHERRZ OAOMINC X %
REBOFEZIRT VRNV, A S ORAERELOFEE TR E NTMBHL R & & il
DL TV & HERIE NS,

BB HABTIE, WAL OREEE LTSV BORGHEICE N T M E LTSN
%o KBRFEFIC I 5 NAMNBRRHEIC X 2 <V B ER OB INBHE O M HIERFRICEE T & % 1l hE
MR E N TV S GEA « 1 ,2008; 14 ,2010), 25 4 J& DI AR AR R IR ~ I (TR
HICHIY 2 C e D, AEBERA TR, BHEOWIE THEEES N5 < Y B ERmEhnBRGOE &L O &
{7EBTEMNERTE %, e, BIBT 5 X5 IO/ 3 HTHE R T & IR ERMRERE T~ Y @D
ZPET SRR SN TV 5,

COXIICVENZHET ZHE AETIE, EHICHRNZ < DRFMMEC 22 D, HEaHIChH
MRFLIC BT AMEIDEML T eI hbNs, Tk, F4EERIETIE, HEXS
Z ORI T, NBWERAERILBFEEL TV LB EI NG, B L, <Y X oghni,



F3E GHAOBIR

EPFE IR T O R R R 2 L5 00 IR E IS & B HHISEORZEL TR T D 2 %, ThHD
Tex5FEADE, HABBRBTOIYVBOZEICOWVTIE, BN ABOWTNALOHTEL, & LI
ZOEEEL VST KD BERNOREICHRETES TV EEZ BN, TOMIE, HEXELTOREM
IREPMEROBREOMET & & 5455 HREEEROBEREE S F 2 TR HiD R ETH %,

BB, AHUSONaBXE e AN Y HEE Y ZBER T 5520, B LA DRIEIRENEL |
BB IEFICD RN (TR TOREZ R T 5) o SIHEERHEND > 2R FIE. IREERIEMIC R, A
RaRL=>DEMNL < (Stanley & Linskens, 1974), ELIC KT it EA D % ok « (LN ,197 1),
TDT END, EMMEADORIEDHBICHEL TW5 & EZ N, JAIAEE & ORE M,

WolED T, BAEOEARERS &, ABIZ VRO FEEBEENZ L AEXhE. ALY
B VYA g EkERYEVRET, BIEOHRICHHT 3 Y 2 v A BIEPREOIER
TEYa Y AD1IEND S, TR L VBICBAREDOMZLIEBTTZ YV FYNALELT
W5, EHIT, BHIKON 4 JFOMIGEAD 51&, HADA XRZ)VAELRE, R2)VA)jE, eI FY
INF @M EN, HKEYIO A 2R 2V A5 G R 2VA @I RYEZ HD 5N ES Ty
%, TOXKIIC, HAETE. 1ML EFEIEADORTT T, KigHIE ORI ER T 5 T &
MR TE S, MY OFEHVRIL E STEREOHERTERSE 2 55 2 2 L. 5 4 EERSOIRERN Tld. [
RINTHIKIC K % TRDWAMEIET 2 DD, ZNLISVDOIFHNCIEIAS < AL T2k~ 1@ HI D R &
nNTwkeEZI6NM%,

BIBRAAGH) 5 3EIXEHD DK 5IEIRMD X 5 S HERES TR S Nic b Hhbn s, HE
BYIHICERN G AR5 2 e b, IREMRGEAOR i HIREYEDEE L9 WK,
Z WA DFEDE D 2 WIE NI K 5 IR ERBICA L L T T EhEE T N5,

{EMMEABER ORERAHBUEES 4 BICHLIT 520, 202U, IRAPESER O € I 8- A,
JRERIOY A )E « £F /FE - VY IRDERLELED . YIEEREMNINET %, WiET 52V EE
B FEERE R & A THRLEBMELEDO YR TE L EZ NS D, A, ¥ ARMEY & AR ZEH
EEEENNH O LB O DI H NS & A F TR H AT CH %,

Dbk ehn, dificiks b, %Rkt CIfEE LIAEiR, 55 4 B BUHEBSICLEi LT A
AR L OB REZ T, HIGBTLIzEAENS, FAEHSELOR R Eid, fEDFED
B9 CEREME OB EEE H I ERIREICZ(E U CO I ATREMED SV, 22 DT L3R T 3 3B
ROLH13089 DREYMEAREEN D EHEE I ND, Fio, A IER OB D EE T, T S RHEER
MR FI A DM TO NI AREEDR D %, Vo IE D . BN TH 2 B/MIE. BEUD 5 OFH LR
OHFEZZ T L E>T0EE00, FAREEMAE FMRICY VA EXhE - AEXHE - Yo ov A
JB. AL VIR ENERT KB~ HIRM TH o7z, Tz, ROV INEOREH D 5 JE0 T ORES
ORREMENH %,

F2c B~ 2a BIARHEA (13 - 1415~ 15 - 1614 13- 14t e HEE SN D H2c @ T, ¥
REERYVVIIVIB—INVIB.IRVTE—TYRE /N FExEZ  OJLIER ORI,
HHVFEM LR, ZAMEZEOS VEOHIEGNELIHINT 5, DT &b, 13- 141K
IR 3EEEIHO H RIS L T, WABELORENRE STc LA EN, IV EZ TR E T 2 FEREREK



5 HET AARAIT

DHFEMANZL LT B BN D, RTEFEEEBOE IR « Y HBEM B EINT 205, CEFEED
REZE & UTHEIIM U T2 aTRENE & o JREERBHER OHERER OB AN E S MBI Z /R LTV 2 TREPED A
FiDOFREMEMN D %o Tt MRS O SRR SN DRI 5 & 5 GHits i TH 5 (HE ,2004) T
EMB. YOI 2 & OB O 2L Z B £ 2 TeFHE B TH 5,

15« 16 Al 2a JE T, JAEBEMDIZ LA LR LA R0, <V B EHEE RS E 0 E
T 5K51Ch%, TOT LMD, MEBENE SITEITL. IREBMDIEIR L., Y BHAANZE LTz
CEMEEE NG, GB. IVEBIEEBIE M EERL RS, BRIMEEI N TER LA D
RO < 7R B EMICH % (Faegri and Iversen, 198975 ), TDT &b, FELOFRMAEALDET & 7%
S G EICE. XIS Y BIEMDEIT 2 2 M TRENS, SHORHHERICOVTE, TDX
S TRIRIAMAE LI REMEE RE T E RV, TOHEIR, RO EARMETH L NS IZ E, JHUkE
FILBNTIY DD ZEENEL oD TIRRW T LICHEET 208N D %,

i) 1413089 # - DREYI LA

THHE NS, BEHFEO A X DRI LD LT 5, N5 id, YIS N7 E ik
BRI lic kD, BiFELIEHEND, 7272, BIERFETIEA R OFMBETRE TN TWIZE D
ICHRT 2 E DD, FHIATNTZEDEDOMNHWITE AU,

WIS Z RO T RIS DV TR, ek b ERFEBRATRESRL S, [EMLATE, EEVE
DHN 575 % KA RO L 5%, THUTH L, FFIETEA IRV AEUEZ ZTR2)VA)E
ET AT RFLE L, AEZAR, AR ATE. 7V b UY eI RUNFEEDBREE N,
KA D AR RO & 75 %,

ok sic, AL EOEMMEA TEZET 3~ Y EI., BEE ek EERE 2, RKEEND
BV o, RVBLWNTEHT BIEMMEAICOVTE, BBENZEALETH S, Hit> T, Hbit
KA ENDZAREOZ I GEBFEAD B LtRimh SIS N e EZX 5NE, TOTEND,
fEmibaic s T Y BN HHENER O DEIE. YHRB. /XY TER—T7 Y XE. a)F i
J&. 7AHTHBICOWT S, AEPGEHEORLH LTI EFLTES T, LD kSO 2 Rk
LIzt D EHEEE NS,

PboT b, HHEicid, SN EANCERTH > LR ENS, TLT, +
YUK E L IEZDORATIE, RS2V BRT7 BATHENEET T 5 X5 2Bk B+t F~ 1 X
— FMVEANOIKGO DFAE LTz T L b HEEE N B,

T, EHEAIC DV TIE, FHICRBHEDS &, —MREICIZEIC X > TR & REEEERR 9 5 &
DN EEND EEZBNZ LSRN LI X S R RERAYNE WEIR O Mith (HERR)
T, JBBIETEH->TEH, £ THAET N BIEM LA OTRKREIF DD T/NE <0 RGO )R
sk 72 [l S 2R 2 < S ENBATREMED D 5 T EAVREN TV S (Fi ,2007),

1513089 Tld. MHURIAD S/NE GEHBRO MM THEKBAVNE WA BN ST, JHHiPED &
WEMHEABEENME DN T e TREN S, L L, MESNHERN SR TH -T2 LAVRBEh
ZARTHIOIMHEATE TR, LD XS ICxVER R E T2 ARKEMDE ST 5, THUTDVTIE,
BESBNT2 L 1T, ORI TO/EMMEA DIRIARIED T E o JWBHE TIEM ERERDIRIR < Y JE e



F3E GHAOBIR

B ORFEINRKESEEL T0E T NN S, [ EHESNLAAEAEREY O 3 ETIE< YV ED
B L TOARND, TNRHRBRZDORIEDEN ERICRTH A BOHE. IKRICK > THRET B
Z <. FHCENTZAE N 2RO < YV BIEMETRA L3 W T SIS 2 ATREE SV, £z, 2huc
DWTEREARTH 2N YT, BEARZ ZOREDD G D HF THIHIO X S IR Ficdh b, 2D
TehiE AR TH 2V @ KEHE S Nzl fEkE b5, il L7z 18513089 DIEMH LA REEE D R
IZDWTIE, EHBETOX D ILADIRIEREED BVl & oxttt, REBRHRICHIT 5 FE X O HHIFH &
WO THBERREESEZ, SHICHE LT BEDH S,

iii ) J& S & 0 e

AGEBEL T, RS CREAKHE 350 ,1996) ., P (P« 3 - 55 ,1997). /B
PR OPREEE T - 85K ,1992 - 2%V 7 1992), (RS QPRI T © 3834 - 75,1997 - 434 ,1998a - b)
REESFEPS (PO 2 28Y /1998 « RSB . @ I3 - 575 ,1997) ., B9 4 HuE bk GUTREER [ - 2R E(EH!
P - I 1997), PEIHASEES GPREER - %)/ 1984) 72 & WK, AR . H OB R
Wi 7z & OFESHER 2 05 & U T A o WTiE ROMEAE T % (K164),

PERMROIEMMEOREE 2 B D &, WINOHIEE Y A8 « 7 AV Hi)E & W o T BRI R AR A
MR L EEEREER, <~ Vg - 3 IHER E O T RMEEN SRS ERT A, HSH T
NEDEEGNRE> TS, £z, UL {bEHR D &, AEPNCEEET 2 FHREM T, 7hH > fig
B> AN - BT A AVHE - YA BRERZ EST A TE - VAR - <Y B e
ZMELTW5, BEIRAIER AL L. ABIC K2 BEROEITICEN, AT T 278 & OB,
ZTOMENESITEE D LT ARYMR T TMANBRITER T2 AR5 N TV (L ,1979), F
FHEOEMNZ . TOX S HETERERL TV AN E < [ CERER FIC)i@Ed %45 E 0
RO R 2T A 5 &, B BT RHERS TREEBEELDS RIS R O, e ETT L
TWeZ EARBEND, TOXIITHVERMUE, BB TE R LI ANRI TER T I e VWA 2
W, ZOZLDMHEEIIHFIC K > THEZ S TW el eI DMMNZ %, TOMEZLDFEKITDOWNTIEA
ZyPIREAEBEELICIECIN G 2 ATREMEAYE O, Sl iR O P FEE B A O e A A BRI B D EBME AL
R B R A T RIS TR E T H B,

EIERERIC TR B &, WVERMREHEICIEIR U T, T AN VHIE - 4/ @i & OHRILEERHER DR
WMemzrm U, AFE. TIRE - VARG EOMRMEEEBHEN & XM ERDO< Y EiMEInRVw L
FET HHEANEZ L 5%, “XMEDILEICH > THEITLIZC A ES NS D, HSH T2 OEEN
BT L REEND, TOXIRMEMHEAREDOZICDWT, 4 - HR (19971, M
EORFRI e~ 5T eh b, BEMESR EDDODDHMEES —KHE LTV, Tz, it
FHEBHEM QI DV TR, KURZAMEIC X 2 0 BONER T A <L IEEBIRIER O J N HE S X
R EINTH % EEMLTWS, 22U, YO KM fE S thRERBT 02 b, IR PESF B/ AL
BHENHEHT 2 X5 REELHIC B W TERD TN S (FER 2004) T L2 HE 2 % & THINZATD
itz I Tzl iett e B %

PEE (1976 + 1978) (I BH B D ZEH ELEE O FERER ORI & U THRIH & Nz BRI Ok Rl 7z
AL, 5 IR SRR RA LM I EARDZER N Z VAN, 7 IR TIE T 1<y AM AR D ZE 157



F#H BRRS
i e
AD1900
AD1800
plini:s
AD1700 7
AD1600
L+ - Bl
AD1500 —
- =67
AD1400 —
AD1300 —
| #A
AD1200
AD1100 —
AD1000 1 F%&
AD900 —
AD800
AD700 fRE - =B
AD600
- EERHE
AD500
- EERE
AD400
GOk
AD300 A
AD200 —
A%
AD100 | IERER
0
BC100 —
| IAERER
BC200 —
BC300
AR
BC400 REERTHR

OH = [ex:ui=s [©:u1= @R 6l
FaFEN BFAHEN AREFEN KEFSN EHEEN
BEEY  OPEERE PMBRE PRERE PHERE
plini:s plini:s
i~ SF @
EBEY
it st %
% @ ARt R
=R
% ER~HE
i £ HIEE 6C %;
% HIEFRHA 5C
SRERER
M7> 7 R
B <R
I I sastestzn
[] =oft
[] ar>=R
E VR
H 7hhvER

@i
REEDS
HFRER

plini:s

Fhit

D

L]

IREPHA

DR
REBEEF
R

plagics

Fhitt

D

=R

v

GLul
INREER
AR

pligies

&

it

D

10

O (Ot
FHIEE  =EE
PAERE HMIERE

pligics

D

15-16 fi#c

& 13-14 2

v &

A~ it

e
I3
&

IERAA~
il

v »

IE

AR
~1&HA

CBRS
”

FHROMUEIIR 4 BB, Y5 T7DOLICRLERRIE, SEEOELEREZTRY (Y57 TOBMEE).

X64 ZEPNCHIFBEEARRNEMDBALIZE

O
THELERS
BEE

ARt

&

T
~htit

D

EIEYIER

IREHA




F3E GHAOBIR

S5 e 5, FEIMERERIICEES . AMOENIRIRGER T 7 71~y I EhNEr T L7z
TERIERL TS, M ESEERE & AR AR E PR T & 2 AL N O F-SHEZEARE T L, BRI Ot
FERERRAY 5 il ~ S A BB U T A A VHER Y A 8% & O LERMREZED IR SN TH Y
OV« P —T 2120087 8), BHED XS BELEHERIN TRV, TDXK D REHBEORE
FAODFEFRIZ, PRI P MY 72 RS DB T & B AR ATERI RO FE « HHOH D 15 OEOHE
RLUTWAAREEDNE L. 5%, BIBZEMBEOBREDRIE X N TOARWAIEB RIS DWW T kTR
EZITV, BEEFEEIC BT 2B FIHOH D HIZ DT, EHICHE LT REDH %,
ERROTEMHMEAREE BB & NIGEBFTIE~ Y BIEM D 20 %111 & Z0E L, KIESFEDE Tl 74
JREER DO aF i EAMEINEA 2R L TED, WINE RKEDEITL TWA T EMEEES NS, [
R LTe K O ICASRBR & RAERELAME T L TV T E DRI N TV 5. HIRIC DWW T & M LSS T
LTWBARENED D 5 & DD, B THEREDN DR SBROBROERZ © > Thitat L T el
M5,

it OER b AR, 2 OEBTHRINTE L. KRAEMHKICDOWTHRS & I VIEEHO
N - ZPENREE LTSNS, “XMENS SICHEIT LI EHA BN S, 22 L. XV EDREHH
1330% ~ 70% it L HIFUC K> TNTYFRDH O, AKIRE U THEMILEMO T /L HENZET 2
HREROENE LM, MRS K > THEAEISHT 2 ABINEELIRIDAZ D RIZ > T2 EDVEA
%o FTMHLIREICIE, AL D JLWHIPH CHAR AR EZRM R Licd D L Bbh s,

HE I faLdot X o

(1) A%

V) A B B B X BT (ZSX Primus I + FP @ &E7 TV r—v a ) EHV. o
AE— REC KO ZEH T %, WEHO TR I L&, &7 SV r—2 3>y uld S5 LD FPE
BiEAMEM L, Si0,. TiO,. AlLOs;. Fe,0;. MnO, MgO. CaO. Na,O. K,0. P,0;DFH 107tH£B &
U Rb. Sr. Y. Zr. Ba D& STRICOWVTERDNZFNM LTz, A, BHEGRNTIIMNIITBEEAN
PESERLNTRR BT BT D BRI 2 ATHERARE (JA-1,JA-2,JA-3,JB-1a,JB-2,JB-3,JCh-1,JF-1,JF-2,JG-1a,JG-2,JG-
3.JGb-1,JGb-2,JH-1,JLk-1,JR-1,JR-2,JR-3,]Sd- 1,JSd-2,]Sd-3,JSI-1,JS1-2,JSy- 1) & > %

FORNE. B2 (110°C) L7zidkl 2, #2873 )L (CMT B4 TI1-100 5 10ml 1 & > 7 AT > H1—I3A
MR TR - BE L. HIRAE— REERT %, EEEIZY A7 8le PAEERBE— Ry > TS
(3091A001). il K OF BRI A (Li2B407) 5.000g 12xf L Ttk 0.500g, #EANE I by F
L(LiD . 7ARMERE L HERIE. 1200°CT600RTH %,

HOE X MpEESFE. 2 —%" b Rh, EEMLES50KV, BEFS0mA, sk~ A7 30mm ¢, ik A
EYON, #4775 L30mm ¢, MEFHKELETH %, LB DMESRMFERTITRT,
(2)#ER

MR ZL 8IRT s T T TR Z T 5 757k e LT, DUNIORTIERZER L, Zhb
DOfEZ e - Bl & U728 % 5 DIERT % (K65). 1 DHIE, LR Tind FHZCETH
% Si0, & ALO; 2 ZNZ I & il L 32X TH B, 2 DDIIMTORMESEZ % L CEELEAH
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FICHYEA. BEAODTEILHETH S Ca0, Na,0, K,0 D3 EEENL, EAEKICEBIE 7V
AVEABRUCAY BEAORIGZERNICH S, EEICE, ROESERICBI27)VAY) EAORIEG
(Na,0 + K,0) / (CaO + Na,0 + K,0) Z#iilix L. 7I)VAh YV EAICBIZH Y EAOEH K0/ (Na,0
+ K0zt & 3%, 30D, MAEPRER ANGAEEAEMICE T 5 FTEEKTRTH S,
TiO,. Fe,0;. MgO %R L. Fe,0,% /7B & L7z TiO, & MgO DZFNZENDEEE TS5 T7{kd %, 4
DOBIIMEITTETH S Rb-Sr &3 INT %, 5 DDA UL METLETH S Zr-Ba ZHEINT %,

) ER

ZlENE. EPANO TR 1 RE. 2DDTEREDHAHFLTH S, S5DOOHMXNNLIE, BAFEFE
TLRDOEAXZH % & 185 2 s OB LI LB O T L ICBREIEN A S NS, L LENS, il
D 4 DDOEAFNS DOV T, AT LIERLBHETEIC DOV TR TH %, RALEFEIEABRERE L K&
N3 ROV~ IEDPERDIE~FEED 5750 . Z DI FE NS HEMO HiskiGEE KR ORE 4 5T
5RNCHERLTeE DTH B, TDSD, EEFEAD HBEO(L AHRNTE RO, 5 DENKE
VWODNEARHTH S, Ko THINMTIE, BEOBETECEZRZNE D, 1848 2 fUCITIENGED 5
N EINO T E TGS LD T EIFDMN B, DN TIEIEF>E D LAV, TOXKD REEE.
25 EIRNTIC K 2 BT DRI G G 5 5, 1272 L. TOEEICE, HiEL k2 8o gL /)
it 5 & 752 % T aREEBIIE N ETH 5, TDD, SHRICOVTIE., HNE T2 L8550 0B
BEIC& D, LEREHNC B B TALAHRDIE 5D E % H 2 PR U B oL & OBIGROME %
fTo TV T ENLEENS,

®R7 HAXBESAERMS

IR TE 1% T T 2y 5K PHA 4 (deg) FHIRER] (s)
e | ~ . 5| mh
AT WA T AT F S > b ik L U Peak +BG -BG Peak | BG
Si0, Si-Ka ouT ouT sS4 PET PC 120 | 300 109. 030 105. 00 113.00 40 20
Ti0, TiKa ouT ouT s2 | LIF(200) sc 80 | 340 86. 140 84. 50 88. 50 60 60
AL,0, M-Ka ouT ouT 4 PET pC 110 | 300 144. 770 138. 00 - 40 20
Fe,0; Fe-Ka ouT ouT s2 | LIF(200) sC 90 | 320 57. 494 55. 50 60. 00 40 20
MnO MnK o ouT ouT s2 | LIF(200) sc 90 20 62. 966 62. 00 63. 68 60 20
37.00-37.50 | 41.50-42.50
Mg0 MgK o ouT ouT s4 RX25 pC 110 | 420 39. 596 60 20
(0. 10step) (0. 20step)
a0 caKa ouT ouT S4 | LIF(200) PC 120 | 290 113.124 110. 20 115.90 40 20
Nay0 Na—K o ouT ouT s4 RX25 pC 120 | 300 48. 134 45.90 50. 30 60 20
K,0 KKa ouT ouT S4 | LIF(200) PC 120 | 280 136. 674 - 142. 00 40 20
P,0; PKa ouT ouT S4 GE PC 150 | 270 141. 096 138.10 143.20 60 20
25.60-25.80 | 27.06-27. 14
Rb Rb—Ka ouT ouT s2 | LIF(200) sc 100 | 300 26. 598 120 40
(0. 10step) (0. 04step)
24.40-24.70 | 25.60-25.80
Sr SrKa ouT ouT s2 | LIF(200) sc 100 | 300 25. 134 120 40
(0. 10step) (0. 10step)
) _ 23.04-23.16 | 24.30-24.50
Y YKa oUT ouT s2 | LIF(200) sc 100 | 300 23. 758 120 40
(0. 06step) (0. 10step)
Zr ZrKa ouT ouT s2 | LIF(200) sc 100 | 310 22. 536 22.16 23.04 120 60
Ba Ba-La ouT ouT s2 | LIF(200) sc 100 | 290 87.164 84. 50 88. 50 120 60
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EE S etk 3%
o Total
At Si0, Ti0, | Al,05 | Fey0y MnO Mg0 Ca0 Na,0 K20 P,05 Rb Sr Y Ir Ba
%) (%) %) (%) %) (%) %) (%) (%) (%) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) (%)
® | F55)E L 68. 24 0.77 16. 45 3.41 0.03 0.48 0.21 0.21 1. 41 0.02 84 51 16 316 322 91. 31
© | LB %5 (2066) | 69. 80 0.79 16. 69 2.18 0.01 0.34 0.20 0. 56 1.80 0.14 81 61 21 325 528 92.61
7 RH L 75.37 0. 86 16. 14 2.88 0.02 0. 46 0.23 0.61 1.79 0. 04 89 62 17 364 405 98. 49
(2068 - 2093)
Si0,-Al,0, ROEIETE
0 0
17.50 0.95
17.00 S 090
— < ®
g m®)(2066) & s
01650 - 5085
= ® @(2068 2093) <
-] S.
16.00 ' 0.80
| ©(2066)
15.50 0.75 -
(2068 2093)
15.00 ' r ' , 0.70 ' ' ' ,
60.00 65.00 70.00 75.00 80.00 0.80 0.85 0.90 0.95 1.00
Si0, (%) (Na,0+K,0)/(Ca0+Na,0+K,0)
EEIMEETER Rb-Sr
0.20 100
80
015
3 u [ 2066
=4 o ©Q066) G 6 Pl n
& ® (20682093) € @(2068 2093)
% 0.10 g ®e
g 2 40
()]
=
0.05
20
0.00 . , , , , , 0 . . .
0.00 0.05 0.10 0.15 0.20 0.25 0.30 70 75 80 85 20
Ti02/(Fe,0,+Ti0,) Rb(ppm)
Zr-Ba
600
a ©(2066)
500
Rl
(2068 2093) hh  StpEe
400 u . —roe
® W RELH
€ &t
g 300 hd
=
200
100
0 . . . . ,
300 320 340 360 380 400
Zr(ppm)
65 BAT{tFEHERMEHER
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