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R R OSSR R S B B AN ST 5.

3.2. 1 EFEAALSAE (Mu)

Wi = v FOERDA S AATERELOIL D
WA A A I B O TN IS A 5. 2
A A B Aska O 4y 0 AbfE T I HTTE A 19 0 i #f Wi T
FHo=y hORE RS L, ERIXRBICHEEERO
A R G R = o N OB R A PO S OVEE R BEALL
HEEETDH. ZOEMNA DA OTEHMIZ IR AP
M OERBENNE D AT B 03, 8 OB X6
MTERNoT, MERICR LU G, N
REA A B A AR S ST PG A2 1 0D @ 44 TR I L S A AT 5.

K=o FOERNA L AE TR O-Boa A L,
Btk 7 ey 7 ORI IESEDREET HH oA E S
(3. 1), kA b ABTiRBeaiNa, HElhin
EELERL T A bW LT =—NTFA bTHD., T
NOERKD A S AE bIRBEOERIERZH - THY, I
A, PLEZRA, EAFEEELCTHD.

F=E=EG)

B A 4 b (3. 2[4 (a), #Hdi /A4 I rE

Lkm)
FENMAR A BAG L REO-EAOZ EMEE R
H[MATHDS, LieOiA, FL-EFRA, SHEREAR
BHGEEES . DALAGIEEL ~ 2mm THIILA A%
L, R OEN BIZITRER A AL TV D, -
e O Z A E R HINAIEDA S AATERO R A S 25
LOITELTHWS, £, AMICHALARZUNETS
RO b LE T A DEREA & & BIThA D AAREORM
EFHHDEIICHEL TS,

3. 2.2 ZERANRSRUERBNLNE (Ma)
iR = b ORISR OB,
FEI O KBS 2R L, ACOU & F iR 2 HE 16 & i o i 15 17
Jg e Eh, mARIER2.5km, HIGHELY Skm O LT
BAT LTS, Ko nske-Bac, Skiav Ls
wyfvykwm%mmmwk 2 H RS D3 9g i
LERRMPIETH D, FIRROERRAPE O - Hizika
BIZRHR A OBEEMEINC X 5 R ENEELRIzA
STWAESLHD (3. 3K (a). BRI AP
V2= TSI A5 YA DR A ZE RN VE S BE T 5
(453, 3 (b)). & #EL-AL o> 5 PG 151 0 i 4 1 o> 7 R
12, #Bilkd 2 X ) ik e LIS GOERA L 7
7 F 7 NEDSRDEHTRRERDAT D, ZOo—H
IR E OEE em D/ SR L AREERD
(3. 3 (¢)). HEELTEmEIEORILIZY, JEPE %50
RICMENTA= v FOFFRIRERAPIESH LT
W5,

A=y b OB PIE RN S TR B &
LTHARERUKRA LT LYy REET. I5HOER
BAEREIIZERSENOESERIC L Frr T Ly
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PR A B A OB G

ERLH S At UGB N4 1)
BRI

TERE A S AT O 5T

a2
PR A DAL (ERE A F). am: fARA, ol
WA B A, spr BERCA, chl: fRlRA. OOk N
24 HPE PR 1 km)

Rz 7B ) MPE, 72 F W, skieainE
UCW 2. il o P M OB v o0 T Sl i
boRHEAE, £2< ORI L TiEEE, b
DRI S ERERERIC X 0 7o sg B e,
Ry R —H, a—Y Ak ERELTNDS,

T NS BREVAATTEATER P (3. 4 (),
FEILER 500 m)

IR TIRERE ~ 2mm O AfE koM a LA G L -
AP RS 0 e D W & Ae . BEF
Tk, BT L B, fvid, T35 b & EEREE
e L, YT 2 F oA, AT 2 E2ED. R
7L v Fidit-iptogarkar L, BEEmER D
WHThDH., R T Ly ROz IEsgR G-k G0 T
2 F 2N OEHREGBAE L TS, AIEH oM E O
FEMEEM THL I T AEG0RREA (> Ang) 13
FELARY. HIRTAAGICARZ S, BT, 7
NoiA [ ERENSR N AR ORGSR T 5D,

02— /T A ) AT VA ) A8 P S A SR L
A3 4K (b)), #Frlidi 4 )

PR TS ~ 10mm OFER O (A & 7 ol % 1 5%
Wik - A B S A ABRLV S RO M A ST A, BT
TlE, "7k, a—=Yra, T VN, T
S UMM AE MR L L, Dok AE, TR
Ak, A7=2EED. WIRTHOIZRZ 284550%, 8T
TR RN OEOSEEERT ALY T LY Fb
Y, FoMMEIZEEa-EaoL a2 fm T T A Y M
BIAAE T A, B Gk - @Iz L2 5851,
HFCREARRoo— Y L I ROfRAL, T
i b RO OO O Z AR RT T A S YA



F3. 30 2Rk NS R OVE RN VS OB G T
(@) ZEpRfPI. amp: WERIGHESE O 58 Lo AR, s—amp: #RIEA0 525 SR A IEE L, Fiicie o280
PO (EFEILALR 500 m)
(b) st Gl )
(c) WETTH ST OEREEN L L2 XL mse: SEEPTA A, mg: BRBEi vE Lo XL (EREILEAEIE I T00 m)

A%, A EEILITE R 2. 4 km)

LR A R WAL, AL T LR, Rk
3.2.3 THERSRS -THRELSA b - ZHEE G, AR VG, 72 F I THY, PROTF AL |,
& (Mm) AT x e, TAHY MG, AOER, REHEDAEES.
it = bOER LR ERS - B LT A b PR AR (R ~ 2mm O IR LIRS TR
TR A AR [ g g R 0 B R R R b ) P ikt - ¥ O S Ef: &2 7T 7B U RiA 2 E LT
DNAGEILHE SRR TERE ] RSP o8 WD, JRERA T L FILEE0.5mm BEOFR o[
EHHEBL AN T TOATT 5. BRIk O 2 pk Zak ikt T, Wa-gSGaogeatiinmL, MMCET 2 F
e (3.5 (@) RRWVWLERFLIA MEL, i J A B O SR O A AR T T A8 ) A
AYEOIC T BRI L7 Bk /e ) USSR (B 00 S BRT 1 i CTWD., #HEA, T80 b, AR iae

NRHLND (F3. 5 (b)), &z, NEEITH LN, ROB AR T Ly FOMAM®H S LS 2B LTINS,
MR A BV B DR A, TR A MR AGNAGT 2 F 2 WA R E (3. 6

TR E = I Al S P G NI L = i = d el e (b), HFEFEFRTHR2.5km)

B UMRA, Tk s, AU —fH7 RIS EEM R N A, BN, T2 T W, T
R D = NEEREE T4 Uil il LT 5. A4 FTHY, PROAT =, REREHEED. RO
T F ) GIRR R EAOS AT, T 2T W
SRR A L FRIE A O EE MBI A IR L, A TEAE L
R T D ) B S AT Ll E s (B 3. 619 (a), TS, FENRAAIZEBEEZ R, BolkihoR ek,



W3 AR 2SR R OB O T

(a) ZERAPLE (T3 MRENAREAERMME) . hb: RA LT L R, ab: 7451 b, ep: fEAA. (&

FEILAER) 500m)

(b) ZERREENE (B— Y mT AR YFAET A Y APEEREERBENVGE). hb: A7 L K, Naam: 7
A Y PIAT, NaPx: 70 VEEG, lw: B—Y 2 f0, spht A7 =2 (i A4 JF)

F3. 0 AR KR R ORI A ORI T

(a) ZEpR ISR
(b) HERETA .

LS.

3. 3 = =v

S = AR R 5 e S 0D bk T B i TR oD
N R, RS Ab oW, N4, BRI
B TEAE ] RSN O BHE T ARG A0 T o
BN ST D, —0ah, ENEEONLS
R T ALIER Lkm TH D, b OEREE O
FEM PG A ) CALEA 2R U, s D AL~ ERE A,
TR, BERRE, wE A, R, RERE,
WHRE R A ONEIZ BT OJE O TR S EAL A

(HFEILINEPE 4T 2.4km)

(& FEILTH M HAY 2.5km)

B LT D, BRI L T 28 E o B
FOREIEFIT00m TH Y, ffHlx OB ORETEE m
LIFTHD, BEEHALOW)IERITEAR2 =y FOBil X
NZRBEREPBELT 5. o BGRIEh &2
A MEL#E F—Famn@gB L TRy, W&o
Rl BN ORI P SN FET 5 2 E D FEFETH
5. NAFITITRE s &SR a oA+ 5. ik
PGS () 0 A0 T g CHEIR B = o b AR A YA S O
TR A AR EHET D, BILEE S T, RO TG
BRSO B R TH A PG N M o/ i o 2 Ak 5 2 2
B RAOALEA A L, IRE a0 T FAZIE 8k
BRHEDPEEES.



3. 614 Ak ISR R OSSEREL R A OfE R 5
(a) ZREZUSTRS GHEA 7 AR VA SAER ISR . ropx: FERTHURIREA, hb: BRFL T L2 R,

NaPx: 7 /L5 U K4, Naam: 7050 U 5004,

H# 2. 4km)

3.3.1 EHERS (Fm)

BT RS i B AT T S B R s Xk A L
WEREAERE LT 7 F /7 WA RURRA OIEE Bl
WL DA% ETD (3. 711 ). NaHthric
SATT D EHT R TR T EEO 55 Bk OBk
B AEME O e L AR E D, BB ISy
5 R SIS m O RE)I o) &7 L
T3,

A=y hOHBTREIITERESE LTT 2 F
Pif, shAf, HBAEBELCLTWS, R0 T=fk
W) (e MLtk P oD AR [ b 7 5 SR 4 2 B e e
BT U A OWMBSTERTE .

ERRE
wEAT 7 F 2 AR (83, 81X (a), HrkiiEERy i
HL#Y Tkm)

Ko7 7 F /Wb End. ZoMmiziEiEa s b
WORAT =y, REWMDE G 72 F 7 NadEen-
WO a2 F TSR TH . T 2T N L
A OB IEEMEFISEFICRIE L, MR EA T
TH. W, WHENEICEENIFEAALGE T AL |
HZOMECITMEE T e o7z,
TN VA GEHT N3A Mg ATRRGT 7 5 /[N
AR (553, 81 (b)), Bibk i RERF rg 3R Lkm, B =
PN )
LRI T BRI, SRR, AL, T F
S, TS NTHY, PEORKE, Tk YA,
A7 =y, RBEWHEDECES. R 2REE im
DBV LA T, ToEMIcsb-%kEanS

(A FEILHI P A9 2. 4 km)
(b) WEEEI S (T3 MRiRAEIAAT 7 F /AR, act: 72 5F 7 A,

ep MEALAA. (EPEILRGHE

EMEERT T AN YA E L TWS, 72 F 7 WAt
E-RFRO L Ot Z RTINS TH Y, BiRAL LD
IDBREEMEF A2 L, ThBFEEERLTWA.

3.3.2 EEHE (Fs)

K=y hOEERET, ENHEIICOATS. A6
JRAEEREL, WEREETS (B3 TR (b). BT
Fra g MOz iE@hi o LA 6 EIC
Hikaha, PBEOZ720Urv4 FEEBRENRE S,
AR & & DB E MBI & 72 LB A AR LT
5

3.3.3 RBERE (Fp)
AR = FORE S ILEEE M, EE AL 81 A 5,

RaROHER S22 T0a, 8IIAEROIRER ST
BN AL TR Y, WA U) 2 BT e O das EiET 5.
N4 TS ERE A 2 o BT FALIZIRE &0 a1
L. MU S CIEATHOREZE-> TWAESE RS5O |
(EIC b TG (NS O g~ 2 IR E A a2 45 A
T4, K=y MORER SRR O-BEair 2L, i
FEMRFEETD (B3 TR (o). £/, WHEIZIZIEFET
RIESEH mm P EH em OERRLIEEL, TOHREED
FREEIXBEI L IC e D, i RS TS S Y
Ry E, TARHEVREET I P A P ESR
IZETEsRH 5.

ERH
TNoSA MASERRA 7 =Yy A MAE (S, 8
(c), Hrbevli BE R P HEAY 1 km)



3T RS, BEEAA R UNREIA A Ol

(a) WERTTH .

(H e T 11 R 1 k)

(b) EEFTAAS.  CBrydili S pg 49k 800 m)

(e) VEFTH 4.

R BEIT A SE, TS b, wmRiEH, T YvA
FCHY, PMOAT =, TRYA b, RBNHGDEE
V. TSRS, R ERENLRDMEEFRAL T =Py
A D8 A 2 HERE A mm T TR D R TR A3 R
Hhb. ffRAE 7 =Py A MIBEEMEYILTED,
NWHLDRERWE TH 5.

3. 4 MUETHEE & ZERAER

AR [ I AR O BE B Al 0 ) | 2 S = 128 ik =
vH Ly AfEL =y RORE RS, BIARICESE
HCEME b= EmRm N5 2L L0, BIEOE
O PREERBFAET H 2 EEETH L. Ak
[ =0 REE ) IR A N L #E H9  HE s & =)
Tk a7 Ly 7 20O s A m - R (F

Clrhdeiti N4 )

FH o« 20, 1996) LV, AEiEHE P oo th Je i AL
i T D E L THEMBrmEICR Lz, AN o
SWINER 2T Ly 7 A= MEEdEd A
L #0P E B Om ARG X 0 NL I 5 5
o=y NOBEIZET A2, L0 EMlomE L CiIEE
Uitz =y FOREREDGAT 5. BILOHE =
= v MERMAPIE & fitE =y MEE RS OB LB N
FIWBEINAATH S, mhhEo TEREG BiEN Tt
devaEmoOEARES =N ERa T 7 ADEZ
=y FRUOBRRH Y 2 ZifN= 7 vy 7 A0 HUR
A OHRRBCF 2 B LT 2 BEALHUE [ 005 44 g &
GoTnad, TEE RBNOZO XS RAcdtiEdEm o
0 10 W LA R M N g B3 TH 53, 8
MACE O TARHATHS.

ABAMEHIR N O EE = = » b OZRCEBIE - # A B



3. 8l WEERTI S M O T A S O G
(@) EHEAE GRRAT 2 F /WA ). act: 72 F /P40, chl: #RiEA7 (BTl 8577 4489 L km)

(b) ZABVFHEELEHERE (T VREEET AL M AARRAT 72 F /AR E). repx: 78
HHEHEAT, NaPx: 7% VEEAT, ep: #kdLAAT, chl: #RIEAT.  CHThiiEERF T 4G Lkm, HIBE [ =RIKDF) #9)

WTHIEIOBEN T <, ==y MNEOHEHESE O
BHEECTHD. BLUMFOMG2=y FOEREEO
RERE30 LA FCRE< A L T b, N o aEHE
O F B 10 T~ 30 ~ 60" RS b ORI Z .
JEE T S O ZE R 0 B PG AL PG e vy L BTGB T
#HC20 ~ 307 dbBIR LR <, db~md BB A7
VAL CIRIZERETH D, EHFILOB)EROIREN
HOREILI NGO E T52°N Th 5.

ARIEHE D =) AR =2 7 Ly 7 ADR 2=y
ITERRESEROERMER 22T 5, #ffita=y b
OEFTRE, Bk Liais RO F Lo 4 Mok
N R =1+ T 7 F P+ EALAA + BRIEA O
AlEEBRD LI, ZEOEMEFER <) =0T
2 F 7 NAHROESRIER 2o TWnWD Z &R LT
L. EREHESICA LN SR ETE & SIS
HBHE, NALG+T AR )BEE T 7 F PG+
A, Nl —f+ TR A + EREA OM AR
HHRHET 5. ZhbofplAsEoRBIE oA —

(c) TR (TS PAERRG 7 =2 Py A PR, GIediliES i 84 Lkm)

BT 7 F 7 A TEHOEESTOERIERERET 5.
7, AR M B OV T =0T R ) [ g i g P R
OS2 =y FOEEE R AO IS T VA ) A &
HELTVDN, N —m+77F WA +fh AR
+ R A L 9 e R A E T D B A A T
ZENTERhodz, W =08 IR RN O it
Fo=y MAYOGEEERS IITEREmE LT, W
BH, ~rr_U—Hf, fhAa, T7F 208/, 7ARl
DAPAEREC TS (BIED, 1959). fE- T, 1
o=y MOERCEE D EN T = o b OEERETE L A
12, R RY)—F1T 7 F 2 WA EES TOERME
&M TODATREMEA K& V. AR bR oD =1 )11 28
a7 by 2 AOIREIE N FREOHEEIXTT b T
WS, AREMEHSE O fF = = > S OIRE RS OIS
XM E ZE)IER a7 Ly 7 AORERAHICH LT
&, FHROETORERENEMIELP = 5.5-6.5kbar, T >
360CEHEE XN TS (Enami er al., 1994).



4B BERERAT VY 7 AROBEFERMS

AR AR (I Mk L 2 5341 9 2 i (3 A o0 i iR
FERERERIZ LY A B S HAHELRK = T
vy AL LTHS. Fiz, SFEEREOH AL L 5%
F R oD B R 1 ARTE TREIR T 5

4. 1 WFFEs R OWESE

e %ﬁ@llﬁﬂﬁr%ﬁjéﬂﬁﬁﬁﬁbt;
@(mw)fu AEEHIE DFHAZE LR T T Ly 7
ERCHBIIHEZER R BEROR RS ERREN TS,
%w& THSF4r o I B TE8E 21ER LA
2 (1928) HEEREHAZESE L EAFREICES L
t.mhﬁwlwﬁ BOE (G 55 1R (HBEL I A A,
1956) Cif, fHFELMAEE (REOEELR= 7L
v ATHY) FEERE, B ARAECK
LT AL U B (Rt i ) - 2 e UL,
1963) TIIMHNRL K M sERE R RS, FESS M ORVREE ik
i, FEE RS & SRR O BRI Xy ST D,
20 )55y O VEHGRAE S 2 AR QLU EEDy, 1972) ClE,
FERAEBULTIRRN 2 7 v A5 &R R
M EN TS, JEWIED (1982) 1, ||:.‘ﬁt; 4x.‘|.'1:|lL f g
DT &Rk U, [l oo 22l i s e - i - f
%&U%ﬂ%v~r&w*&ﬂ@Jﬁuoh Sy oF A
. FEESE oSN R OB HGIZ IR S D Z & 2R
, TEERAE L T A BRI R T b, TR
J'%ii'?ﬁ%i:%f:a_&zl-ﬂ%#LLt. LT CHHFE K
Py 7 ADSHNIL < S AT B ANE (L R B
ik 7e (2350 A AERCE O G & Iz ST~

AP 0E (1978) I, ARAEMUkoOME O A, FiHoA
YU A e T ARE UE, thE O - A S L

LFv— F&tES BIE, L#oniE—Ragpms
FEETHEMNBIZES Lz, 2FEIET,000m &R
Bit-oTna. ARIEMBEIZIZZ A SOMED S H, T
*®KEME&P%®%MWﬁ%m¢é.ﬁ@(W%)
BRI £ DM 2 AR L, AR RIS ik D S F 2
mﬂ//bvaxzvﬁm%rmm,%m%f~b&+
R &35 TWifE, kO S % Bk 3 2 A8 1UE,
BRTF v — k EERIREN SR HEIUE, ZERTFv— |k
FEEETHRIFREICKS L, HEShTHWDEE
A%, T-MIJEA500m BLF, A5 1L 252,000 ~ 3,000m,
P21 23 3,000m AT, REHFSFREA32,000m LA ETH S
fhFIED (1985) [HAR G HLH G 8 > & R T L2 751 T
D2HET4r o I MBI & B U, & FALOBLRISEIZ

12 & 2 Al 2L pldak

(e e — 1)

i;tl.,i D, FOEMICIEEETEFEE LIz ERIESE
B U OM 0 K L OHJEREED, .EiJ:ﬁLthq-)flﬁ{]
FEONEEPUS R EAR D EMEFZH Gz Lz, ko)
T1E8,000m &HEE STV A, 20 54500 1 HUET[E M
oA O I (BAIE D>, 2004) T, fHFEZ m:
YTy 7 AR TH D ERNHERE 2 T Ly s
DI - Ln-f7/v&w%#—th%L,:nu
?&WHt;UEUtEHE%(m%h%”m)

£ (ERRET) RORERN CKilcE-=Z '“%)
%ﬁnﬁébfﬁﬁbfwé.%ﬁﬁmmibitt%
WL HEET A ILEIED (1974) ORGHBFEEE L TVE.

FERM TR = T L 7 ADERR L, T
mﬁ@g%th(MHﬁm 1974) (2 X v, BERH
WRAH - BRSO SN TV A, ARIEHE O %
FRAFITEE AN S ERANICON SN D, Asami and
Hoshino (1980) M ORyk RLIZA> (1982) (ke O
WG L DB 21T > T, fikHaH Ok
HORBERAICHY), ERAOT O ) RAERA R
WY, FER-h D EAN (b)) RAERA
DIFEL A E L EAHANFANHIHIY) O3 ETRRIL
TWDh. EL HAT- U L G2 6 U 7= 28 ke il 4
TE T, AL THIB20°C,  FEMLAA 4 T H60°C A3 B
t HALTUY A, Asami and Hoshino (1980) R UMW FLIZ A
(1982) (%, BHFEEMCG M OEEMZERKE LTh Y E
FRLEEAAH O ) BRAETAFICIEERY) dRELT
Wa . B ) BRI A S ik o0 28 s oo Hi T
3 e OVEIRZE A E ] G AL U= B s ofid & K& <
LTS,

AR DO FEFE ALK =2 2 7 L 7 A DB O R
OWE TV, AL TR RO =ik
B5 ) g OEFLER T T Ly 2 AN 98-102Ma
@DEF WA F CHIME “E4% (Suzuki er al., 1994 ; §iAKlE
A», 1994 ; Suzuki and Adachi, 1998) 7%, Ty [XiE
BB [0 KEHE A5 70 Ma 0 BER: K-Ar 4548
& 68 Ma @ R4 Rb-Sr 4% (Ueno ef al., 1969)
Fe U169 = 3Ma & 63 = 3Ma @ B K-Ar /% (Banno
and Miller, 1965) #3fF 5T 5.

AEMEHSEOFEE LR 2 v 7 L 2 AOE R
BB OV BEAS AR o0 e ey sl A VBT & s LU, &
R © BT O JEF O FALIC D THEICHmL, =

N HOREE &8> TEA L fHERACS Ol 28 il 1
EETH T LD, EIGTER M OV R ME T 0 26 52 % iF
e HEATE LTHili L TVWA. Seoand Hara (1980) 1L,



ZERIES TP ORI 2R BEIRZE L & L CEET 2 REROME
DIRFFHAENT 21T, I OIEREE T TOREROR
e &L X OBROERINE S REROWAEE MBS & O B
D32 TR L 7=, Masuda ef al. (1991) 1A g b o
EEDEZEROMELER 2T Vv I ADERTF v —
kAW R IRIZ IS 1T A A BE ORI R R 2 R0 U 7=, 1%
BT = L — O E BB ) & 35 IERRI R &
UMM THELZEEBZ NI HFEETS L %
L, ERRIRE Lo G0 FERR & LIS
F 5 BERH ORI K ORRT 3 & ol —E O BIEMN
HHZEEWHLMI L. ZEIEN (1992) IEKRS
P OFLFEABER A S O MLk A BET L, fUER O S IR
SR RRAE G IC AR R Uk, A nR AR L i R
(Ot A e Sva T 331] [ 25 O Sl | o 107 B LA E PG/
LR S e A B A ORI IC B T, BEERTE
B DT D BB 2 AL A B E S OTEREN 5
B & AMZ L7, Miyake (1993) (ZIEBERIC L v [E)E
L2 BREROBERIT 217V, BH05EIZL RS
NDHT Ly v — Uy R—I3BERA S O G2 i3 5
e, MRERBIERShZ T Ly y—iy F—
VR 28 8 o0 [l % 35 %8 4 5 alHEdtE 2 454 L /2. Otani
and Wallis (2006) [ZZNEEE S OHL O LPO (& 7 7E
MECH) FFSTo. B b= VR~ o T, AR
REFR IR IR 243, LPO ¥ - LIZR5h
T, B ERSTERIZ L - T LPO A& - 3Bk LA
LW EERERAYEH I, JofKERIE, SR
B IZ LPO RO NARWIES, FO LB REME
ER 2 V=7 AN SOBIICEIRIRBV N ETHD
Z L &L TS, Adachi and Wallis (2007) (3 AR (1]
Hobk O IBIEZE L AR TG I B K B THHATE 5 =
ERA LML, #HEROREIX - 0RO &
Bizh Yy, EEAIOREIZERERERIC, ZHEORK
Bl b — i & DR RER I G T 5. T
TIZ=FED (1992) CHEEIN TV D L )bk - —
T E OB EIIEF LRI LA TN DR, 5
L2 L 5 2B sl A3 E Uz /R & LT85 Ma @
Bk h—F VB EAFICHEER T L v 7 AR E
IRAEC OGN Tz d » - aTREME 2 F546 L 7=,

BME ARREHSOEFER T Ly 7 RTERIE
Ao BEREba - ERREEEE NSRS (B4, 1K a). M
BHCIHEAOEMELRL, RELERSOHYHRAE
WL D RS U R, b ) REEERE, &<
AAEFAN RN Y RAEFAHOREmE (4. 2
®) #RECcHERQkE LA HELERaL T Ly I AD
PRI ANE U Th o THEMENRE < A2 B0
NEOEMITKRE BT 5. BT RELEC ks
WTERSHORESH T L icitdk Lz, Aed, Ltk
Yo D> HA Y BEAETFAFITHEEREOEAICLD
RV TH Y, HELER 2T Ly 7 ADOENE

LD AR A VY, ERaliE & L C oo (B
b, ARFETEMR L7z, BRAORIZEEL, ARG Tl
T, KRR, 7T 7V ADLATERWS. B,
W, 79 /77 /v ADEKITIUGS (International
Union of Geological Sciences) @ SCMR (Subcommission
of the Systematics of Metamorphic Rocks) 73 & 9 & & ihiz
Metamorphic Rocks : A Classification and Glossary of Terms
(Fetts and Desmons, 2007) [Zfit5. T/ 7 =/ AL

TR FEE LA WERCS ITHERT 5. ZOERITHED &,
FZ )72 NAEERORL 7 2V A EET. —F,
I T b AT R CAE U o s L il s
RiEESND. LizioT, FEOIEELARVWERS:E Th
DFORE B TRVERIZ ST /7 = A LRl
DHPMEThHD.

AR AT DR LN D T Ly 7 ADERK
HEOWMEILTO®EY TH5H. ZmpEE L TR
e Pz et o R W RREETUE e E D, B
LA OAE L OB I Tl d £ valisfEo R < A
Wb RO ZERREERUS e AR A A L,
O MG LMW i e DR E 5. EIZFH O&
E L O L o B R R TR A R S S
AR L A B AR (LM A C oW (554, 11X b)
T, HEIEAEBEcH Y, RN A5
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WriE (EMETE) -l LM & Fo Lo 28 s I A BT
Sh., Z OB LD HH LM O T R b e
% O LT oA pEIE A LR 00 5T R O 8 11 S L o
BE R ONF B~ ~9500m T Y, B
EH Y EREERAHOSRTHLD Y ERERAT A Y
77y Kb I L2308 5 092 AE P ~49 Thkm T
VDL ARE LRGP b AR P HE 0 o0 A TR AN EAE
TS5, ZOBEIZE D EWERIERE & Z0 RN T
O Y RCEE B LB OB S O AL AL A DS s Lo b
P~ Lkm T TV D, ARE LAER D S #iok i 851
2T T O ALE- HUE ) O GG I X0 RV



AT | — L B 5. RIS & W1 i
Bz o CTIEATIRIC R i3 A B o AL s-m i A 1 o
AN, EOEREE S O T OEREEE R
e O BE RO E A AL P A AICEE ~T 5 L D

IEMERTWS. AEIIMEGICIZ 2 >0 HdbE-1E
P2 O A WHE A EET S, 2 AROWIRD 5 B AL
OWRGE, BT EIT H7 00 Bk T 76 P A e o
ERmANECSRBL0EEZLND.

ARSI OFEF ALK = 7 Ly 7 AOZERRIRETAL
g, 7V ERA TR+ SAFOHBTRESIT L
NAMIREER OERRIER 2% T b, ERkies Ofk
WS E RO ERSN T, BERN, HY)ELE
BEH, L AREHFAMCHMTED, BEFELED
VD REAEBRAOHOMICIAER +a%k=1 ) EA+E
B+ KOBKEISD, Y ERHERAOTE S AA
WHFOAHOMIZIZREG +BERa + =PV EA+ &
< AL+ WA + KOBAKBIGCHEFRTE SH. BERN
Lo ) RRESANORROBETEHSEME, Fikoll
G & A OBERAHE THAEABEETHH I L LY,
5 (1999) M OVEIFIZA (1992) OfHEA2MH &, T=
600°CHif%, P=3.5-4kbar itz LHEEZN D, 1V et
FERA A CIRE RIS 2 h U B + Bl 0 oG
BELEALERGNT, BV EDA+ BEROOEMHLGE
MBI RERSZ L L0, B (1999) M OVEIRIEA
(1992) OFERAAM S &, BUSEMEE T=600-T00C T
AU, P=3-dkbar LV L EHEEEN S, [FHFOERK
Pt OFEMFA A P e ) O EZE R = v
Lo 7 AFERAG A ) A 4iF (Ikeda, 2004) &MU THS.
ZOWREEE J) %4 & LT P=5-6kbar, T=700-750°C
(Ikeda, 2004) 73iiZ STV A, AR R R 0 2 IR
SGAT 5 EL AU EFAHOBHIREIZ Likok ) &

AHBAH LY bEIRTHL LHEESNS. Zalae L
TITAPEMAEIRBICELTWA, [FEEOSmMEE %
B8, PEMGELOEZEER = Ty 7 AEL
ARHEH L (Ikeda, 2004), SLMHPEOE L= v
Ly 7 AZL AAHEFAW (Miyazaki, 2004) 75 H
EENTWAS, FRFROEL AAEFAHOREEN
441Z P=4-6kbar, T=800-850°C (lkeda, 2004), P=
3.4-6.3kbar, T=700-850°C (Miyazaki, 2004) T 5.
PEFENE OBEMERIR Th o0 ) ERETF RO
FRIBETIE, ERARER 28 R VB 2 RS 1 A AL,
AV EA +TEE A LD o TR R O AE AR
CTWa., BEFHE LY ERMETAHEOMICE, A
TEf+ BER AW =0 )RR A + KOBKEIE
AR, H U EEEEHAE L Y BANEE A & OMici3R
TR+ ERG A = 0 )R+ WEA + AKOBUKEIG
MIERTED. BHEOSIIBAIE T 503 E FHEAF
PEDOEWEUET, FHEMBERETLEETH L. I EA
WEAWIH Y RAERAE & AR ENE LD b
O THHN, FHFOERENTH Y BAERAH X
WRIETHS. RUDVEAEFAT THhoThH, Fhk
h—=Ta & H 0 5 H U RS A & Bl e %
B0 &< AV BAEE AR T4 I T ol
HHLNS. Pk h—F o R Y BEANES AT R
A & OELRTOBRIR SIS ) B + B O
B S <, it o B ) BAEE A TIRRE
Bl & OBTRAHT o Bt io b U B + EE A O
BUEEAS RV Y, T ORI ERNE B DR E ) D &
B LTS &z B, aCiiiqE s O RS s ERN S
W~ — TV ORI AEH 2 < SR K WIRIEO S
TTlfr Lz &g & s (EfFEAy, 2007).



1t

%5

5. 1 WF 8 s

= OFEFIRBEIZ 0TI, < L1920 44K
Bl E AR S 75 T4 o LERER W< -
MR ENTWS., Zofh TAREREICVWTIE, A
JF(1928) A% TEHG) BisA AL TEY, Bz
P SE R AE s ) (A HbEL [ o0 B EAE T e L S )
SOV TRORPETE s OGFrbk b — vz 1o y)
XL, BaRilEfToTnwa. Fi2, Bl &
L OO BT E ) EHREH AT TIZHRIIL TR Y,
A N B ATE T (20T D/ A T 9042 P
biotite quartz diorite] & L THifa LT\ 5. F2 Uik
W%, /N (1949) 13X, ACREESERGEEETEEF L&Dz 4y
i~ % URRAE M OV A BHIZ D W T OB A0 7
Tod E Lo, FROEMREEIZ VT Tolder intrusives )
DI AE e R R, AL A Pk, aCH 16
l'younger intrusives| O = #EAEMMNIRSE 2RI L7, =
NOORRERITIFZOBRREINS LOO, %O =l
WAHFIRME OB RO Lo,

T OB, =5 O MEEER S OBWERTHR D
o, Mg (1967) 1L FOHIRER KGR E I 43
% [ R 0 FRERMEIE & 15 276 a8 ) & TP IEAE fo 45 08
LA (RMERIEORIE h—F A8 ITHY). 2L
T, B R oFTEN PRIz o+ 5 fﬁ'i%f’ﬁﬁﬁ%?ﬁlﬁ
(I, 1942) L&D TERIMMEFEMRBER L, FEIRE
LT MRS RO TSR SE) 13tho
MFEEME L TRARY, AL L0 HEWiERETH S &
FERRATIT T2, 7, SITHUR O TR IZ U TRIER 72
i, WFFEAAT oo (1970) 1L, Tomita (1954) #3
A LT AR o B A AR A KT S -0z o
aOREEE VD FiEETY ART, A DA B
— IV RS A b O LT A A

EREATE. ks, AREIEOFHE b —F a1 =G A
KON SO L LTWa, FLT, HENES L

=" (1972) 1%, Ednlk =iy % & dech Oy ki
AT HIEEIZDNWT, ThE TCHEBIciThhTE
EABIE L, S4B L, EReEORD %
ODIEREICK Ay L. 2O T, Zixlildhﬁnl'iglﬁic}??ihlﬁ I
—F NV H LRI OE | BT D i — e 1 S POk
BH1OCETS. £ Iofsut, B b—F s E R
IR L7 D Th Y, THAKMEE) & LTES
RIS TRy, REERSIIBTETHS L
LTWs., ELTZEORREESIML T, IHEIED (1972)

o
A

%

(PG i) 571

1320 550 L WS TEHG) # £ & 7= FElz, (um
1F4 (1974) 1%, Zh bz St s e
TEDFRIEN 72 20 75 430> | HUBT 1T rp 5 M 7 SRS H BT )
IEF LI, ZORMMERKIE, FhUE, o
HFEEWEED L D ¥ ALl oz,

—J7, WRIEH (1982) 1%, ABIEHbEAN O )14
EOGHERE TR FEHSPRE IS TomEREE
BCEBIZBWT, A ORENE &R R 2w LT
A, FOPT, REEHIE RO N —TF o0
THHEM AR L, MERREEZITo TS, 22T
I, ASEE sk N O B 1, TGneissose biotite granite |
%> [Gneissose biotite-hornblende quartz diorite] & L T it
ENTWS, F7, FUES (1985) (X, Akl
F R - 3 S AL IR B A G L, ZhEk THEM o
PIvEe, IMECE & ORiEBREOAIZTE 2@ T
cEEE A ERBE L. ZLT, WHEAMRY Rb-Srik
R K-Ar 572 E O A RS E UCHMFL, Kk
WEESDODAT— DI04, AREEIZ ST 5
PRI TlE, BREL N — T b R OVK RS AL [ e 73 A T —
I EFEMAEMICEERNFR LI L B2 N AW
FASTED) L7205 12, Bk b — v M O ER A6 o 4
MAT—T 0 (FHFEERRIERRR B & P 7 o b
Mz~ 7% % A b RAPCEEDHBT 2R E T) 12
445,

WH M=V EHZBI LTI, KK (1985) ASHETS:AY
EHOERNRMNEEIT o7z, ZRETEEEEEO 5 &
B2 HAVTW T L S0 OEER ST, B —
WD THEEEM THY, IR E N —F 8T
D THULAEH) & SRS 2 e LR L. 2L T,
FER AR A R L, Al L v E LT
EWVIRRREETAERLTNS.

WHFIZD (1990) [XHR b —F a0 K-AriElIc K %
FEA AN (73.3£2.9Ma, 68.0 £ 2.1Ma) %L T
WS, £o%, ZiIFEHFENOE > XA 0 CHIME &
(the chemical Th-U-total Pb isochron method: ; Suzuki and
Adachi, 1991) {2 X AHAME K HICiT i, A5
=T OWTIE, RIFR T IHIRER R 8850 ot
EtOAAE (94.9 =4.9Ma, 94.5 = 3.1 Ma) 7% Nakai and
Suzuki (1996) 2L VWS TV D, Fikk b—F LI
DUTIE, 85.2 ~86.0Ma (Morishita and Szuki, 1995)
2, RETEREIC OV TIRT7.6 £3.7Ma 72 ¥ (B5KI1FM,
1994 ; Naki and Suzuki, 2003) M5 ST A,

R b — A E OB R ICE L TlE, Kutsukake
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(2002) |2 X % =47 fe UM M O fE AR R S o
FEMREROPTORENTVS. £ T, HHRUH
W REZE TR T ER 00 L L T LEME s i o
B EROZ L, 124 7THEFESSED, MPEDBAK
RMEDFEIT Y LT A MEXREOEE T ORIZE Lol
fRIZE o THUEAREEREm VL Z EBREH STV 5
1990 4 A LU D 7 LW o0 R OV (1988) (2 L 5E
RO Bl L ORRRE R VIAALT, BARIZA (2004)
1£20 540> 1 HUETEbE [ R OV BB ) 2 Rl L 7.
Z OHERE T, AREOME b —F s L UKE
WAt 12, Zheh N WIEFE A BT 5 I
BIEE b —Tovds ) ROY TREBAE RS (&, Bk b
— Vi R ONECER B e 1, DR A s J ) b oo T
W b —F) RO TEETE RS R UM BIE RS (2K
SENTWS, Aok, ZOMERIECTHE, ©EilHiikos
FAHEARNE & FERIZ KA (1985) (Z5E-> T T#H b —
TR IZEHBNRTNS,

EFER ORI EE > WA, T E THER
WA DEH AT =S OPTRrbTVWL DO RIS Z
EHEhots UAIED, 197472 F). ZoOMESTIE,
e dT R &7 20 4500 | WV BABE TEHG 3 X OV L)
W) (HARIZ A, 2004) ICBWTHESEEATED,
P AT S A E W WERIIE S ENTWD.
L7 L 2000 4EARAZIE WD it 0 6, fE A & e
DB O I HEA, RS 2 B D TERE
A ERBETHD Z b TER (58 - 3,
200072 ). H|Z Nakajima er al. (2004) %, A< [y
WNF T ET ST D/ k& Gte, thitiFn o
W N MR L T B B EE N R CAL s O 5 BB A 12 oW
T, ¥al® SHRIMP (5L S ifEA A ~A 7
nZo—7) kBT T r—iERtE LTT1-86Ma %
WELE, Zhizky, Eﬁkﬁ”'{iu\fﬂé)uﬂqdﬁiﬂﬂ
OHEFEREE L EFEFE CRIEOERTH D, HEER
HOTEE AT — /®¢Ti%hﬁkﬁwﬂﬂ@%wfk
WZERH GBI oT. £, I GRS ORIT
OWFFER RN D, EESEAER L UBE O EHO X5y
IR LA RERITENERELOTHLZ LD, K
WMETIE NG 25 L THEES LIRS,

R, ARECTHOCDEREEOATNIIUGS 2L
43H (Le Maitre, 2002) {ZFEVy, 4 i3 HECLAR T TS A
0019 (HAMBEIHS, 2006) (ZL-o7=. iz, HRie
BOBERTIImmBEE LE, 56412 15§46 #H8
THRGOLEWEZBBDRI%E LTS, 2,
AT THERR LvwHislE, HicmMsEts a4
ZEERL, ZoRRICLLTICHWEL D ETS

5. 2 #pFE h—FE (K

R M (1967) AR T OIRERR AR AT

AT HUERCE E TS LFEATZZ LITHE
+5. -
o dbEoREHBE» L, BYRTHAEMREFR,
T RCAL PR AR AR, SUSelT, FRMENT =0, LW
T, FERRT, IBSRMETAT, MEERRIEZHT e LT
ET 5 (5. 1), il RERN L, oo
75 X v o mEFEAC I, AbBo 2B BN & 8
G A THIERI500m, FEAL20m OFEFHIZ Z < bFh
WA 5. Fi-, AXIE ek 75 5 o 8 o il B v
AT JEREIZ BT, o S R U ) & e 4~ 512 T
HEHI500m, EEALFY200m OFEPHIZHOT NI HHT D
B, AR ISR FIC = < T i
SATD.

EHRUER BIRALTCOT H A, ARIR
PIZIEHBIEE TR VD, BRI 3mBEOIEANRR LR,
Z O R B A P R R RS CH D
(555. 2[). FHBTIZHAAT DA I ZBEEREED BAFC
12724, BEHIIRBATH DAY, MR SR IR dhigk N <
(R AR BERA A b —F ARy LIER RS
Thd. FmdiaEICHMT 24T~ 1A b
CRUh &2 794 MEZZTTEY, FEEAaNTE
G LTI b=V a LHEETE 505, ST
Thb.

BERRHE

el A RR DR A8 DY A A 22 REAE i P Ak (GST R8T394/

GY119, [Tz L. Tkm, 455. 3A, 5. 4A [X)
ERCOYEAD - BHUEL (UT.6%), fidE (24.3%), B YESE
(7.1%), WA2RE (14.2%), Winfal9s (6.7%)
TR Ay REs - WA (0.1%), A7 =—, YAzl AN

T
= T $§EW
LR=HE {
2 P
ﬁ@wﬁﬁﬁ
R L Lt

ﬁ% ;EA-WJﬁb—-HI«%
EWE | %

10km

W55, 1 =iz 503 HHE R —J A m oA
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REERE © BemAZEREERIEESH
Qtz A Bt ABABRIAR Mf
O Bgb: &40
IR —F e @ StlHERIIE RS
& Sti AT
A Sth:BEFR—FLE
B Sth: 848

% Sts: ¥Rt RS E
R e
- — g X Kt
T AVAVAVAVAN
6 @O /\/\/\/\N\
+| © A
°a )
\ 6 \10

YAVAVAVAVAVAVAN

/ / -’
/ / 1 N N
Fl Pl
HOGD: fEREMNRE, TO: F—F g

;: * @]
MG
Qtz+Kfs

T b [ bk oo Rl A

s
Eofzi 4 (Le Maitre, 2002) #7557

z
Kfs
IR O — Nk
Quz: A%, Kfs: T4 U A4, P FHEA, M A G, MG: €2 Y iERa
Qtz-Kfs—Pl [#(Z1% UGS (21~ T

Wbk 1AL 7E, GSJ R8T395/GY153)

IR | — s B OV TEIETE [ 5 o BT 156
A) WS b =L (g diEEdk, GSIRST394/GY119), B) KEeit i

#5. 314

35

Fh. 4 MR b — L R OO REEE R O ST
A) PR —Fds (W2 AE, GSJ R8T394/GY119), B) KMy (Frilim)ibm, GSJ R8T395/GY153)
hbl: W im AP, opq: &I

qz: A%, kfs: B YRA, pb: FREA, bu



kIR

SEMME AR T, A ABYOEMEFNIC X DR ERPEE
AT, FIRERIT2mm BT, AHFEHL20.9THD
FMREATEEInm LU TFT, FHETHY, WHELRN
WgEZRL, EANGORFELHETH D, ARTEE
25mm U FCHETH D, H Y EAIZERE2mm LUT T
BTHY, MoFEMHEToRBIZETS L onREn, BE
FHIEZE2mm LR T, FHETHY, WMEld Y=2=186
Tho. HlAMNAITEERLSmm LT ClE - AR T
HY, ZMEILFRATHD.

W FA Rb-SrE Ui e LCix, Rk TR X
IR, WA TR E R R OAE O T= Z A b
IZ2WT114Ma (7 UV EH) AU80Ma (AER) 2375
BALTWA (R - A3, 1966). 7 XIE sk o & 5
UL R HIRER R #4850 O EHZ 2T, CHIME £7F X
AHERE LT94.9£4.9Ma B 194,56+ 3. 1Ma 23 H
T % (Nakai and Suzuki, 1996).

b2k RS (1967) (2 L v TEEl, Nakai (1976)
Wk 23kl o Rk 4y 9@4}49?1[1733 Kutsukake (2002)
kv IRRE O ER e, MoLka ek, A LEHE
OHHHERAREN TS,

5. 3 KitilefElis

i b (1942) 2SR ORIRERZS BuA M Ol T
J3 0 KEEWAT I 34T DA & TR o )
EWENTEZ LT B,

S ISR RN - M TAE, E R
I AR T B ERTIZ oA L, Ofth e EERIa
O E LTRSS, fHimEbE RN T, m G
oW PNHETEIZ BV T, 9 1km X 300m O ALH-FE
WA O AT 5.

EREUER Bl ek R a e v I
by, AEBRUEL AAEELILDBHL. R
WERHERE L 7 4 W BRI - T BREF RO HERIC K
HHOT, TOEMMEENINTSW, 66°SW THD

ERiH

ook RO RE R 9B v Y AERAE (GST R87395/

GY153, &)L 300m, £55. 3B, 5. 4B [X)
Tk aEd . B )RR, A%, fERA, RES
BIRe Ay - Yoy, FEWHEY
SEn T T SR 2 mm BETH 553, 55V BRI A
AL, AREIEFLImMmBETHS. fEEIISEET
bHH. HUVEAFTEFES.6mm L FTTHIETSHY, §Huns
— A FHEED LA, A¥EEER2ZmMm LT T, i
WEchy, HOEDEtE R, BEAIZRESEL. Smm L
FC, FAR-ETHY, EARRBORBENEE T, B

WA TIEAe . A Y EA L oEMEgIcBT S I
ARA PORENFHETHDL. —WOMEAITHELLEHR
LTWa, BEMIERL.2mmUT T, AB-WETHS
et Y=7= Bt T, KESPEHE L TRIBAELTY
L. ZANLPRIC oo B BERICL HSmMEENRD S
ns.

BEER Rb-StRET A /7 vl X HEMRBN
<omEENTWD A (Kagami, 1973 5 (L4 1E D,
1983), WL baMARE L, FEHTE HHEAMEIE
BTV, CHIME B F XAHEMA L LT, i i
A T PE AR & AR BT 89.7T £ 7.7TMa M T891.2
+3.5Ma (Nakai and Suzuki, 1996), ZmEWEENTIZ8
VT 92.2+6.0Ma (Suzuki and Adachi, 1998) 723§ 5 i
TWa, O, K-AriEic X 54E00063.9 ~ 64.4 (B
ER),66.2 £ 4.3Ma (FH@ANA) bl ESh T 5 (4
HIEAs, 1979).

2248 Kutsukake (2002) [Z L 9, 138E O B,
PRk ed#, FHETFEOSWELARINTND

5. 4 ¥k b—FLE

&R MENE S A—7 (1972) BEETAL A IC oA
DR A TER e S LIRATZZ LIZhisk
DL W b —F B ORI L THWZOIERRK
(1985) T %.

SRR T S s & D ] R [ ki e P
JINZ A TP 16km, M-EKI Skm (2343 5. fHih
EMF Iz, F Ui A b < BIRO 3 /ATREED, Hrk
R EN S AT, HPER 1 km, AL
8.5km DIPHIZ A3 5

BRRES S ECREESHNA F—F BRI
5. ZKIEIIIIwiLij{_ﬁ}ﬁa“é-ﬁf)& h—TFNEE, ERSHL
WoOSMAE bR LG, RUBEIZIL S, dRit
A, JEE, BER b—J Ve, HPRiR, MRIAE
Ao SOBBEICE S Lz, Thbb, RbE<S
T H%EmNaEEaEEE2a8mE L, T0EE
%’HI:WIL Weig s a & E ok b—F L E-tERE N
en B OB E BER F—Ea, Mk h—F A aE
OXEAHZHRAR, SR BT v RS T oEME
RIAE AR, R E v TE S DA R & AREAE A 25 4R
& LrE

MEENR AREOFEMIZ ST, K-Ariklc L v 73.3
+2.9Ma (FiEMNFH) KTU68.0+E2.1Ma (RIERE)
RELRATWA (NHEIED, 1990). F 7=, Morishita
and Suzuki (1995) (%, AEIEOBER F—F /L8 &
UHIBIAIZ DWW T, £ X4 CHIME {4 & L T,
86.0+4.7Ma, 85.2+3.3Ma,85.5+5.56Ma #15THEY,
K-Ar B2 L DA UM EAERE R T LR L T D,
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b2k e o LS AS Nakai (1976)
IR DAFRINTWD., FOIFH, KK (1985) i3
AL AR ST AR, il S hTunin,

5.4.1 EH# (Sth)

D HIE = A ORI E L, Bk
B EEHICHIT THREHSkm, fHAL8.5km DI
ST 5.

BHRUER o R0 b —T s R U N
ARER =TGN BAR S, HiEAKA 0RO B
FEmBREWVWI ENRHMT, EEI0mm 2z L
BHbS. LIELUIEAAEHOEMESNIC X 2 mmihs %
R E Lo Ao E 2 EiIcE R, 0
Rl 7 A R E L BT e A 2 E RS (55, 5A X))

AR

ok A AR RE b —J 08 (GST R87397/GY131, #F

i ARG 0.9km, #55. 6B, 5. 7B [X)
TR BEA (B2.1%), A% (30.2%), Y EHR
(0.5%), BERE (13.2%), HBEAMNE (3.9%)
RIS 868 - BRI (0.2%), HIRA (0.1%), P
aw, AFx—r
PR CIL TR S mm B T, BIBMED L btk o156
F 947 e O SRE B O TE MIELSIC X 2 EHEE SRR T H .
FrAGEMILELEZ oy FEAT. BT TIEME
SN T, AISEIZ17T.0ThS. AEAIREE-RAET,
E®R14mm LT ThH Y, RFENHETHS. AR
Ffe4.6mm LR CMIE, BEBOMEL LTS LR
bhH. Y EARREARLAREORMICET 5. B
LB BT, RE28mmEFThHY, @it Y=2=
BETHD., —WERAL LTS, Wil AL E B
EHE TR, RRSmm U FChs. ZiEixgeenc
DY, DI ER A RTOD BN A

5.4.2 HEFIHE (Stf)
S kT S AR AL O SRR T IS AR B E D,
BLERICE E EoTRAT .
EMRRBRUVER RS AAHERSHRER M
FENERL, IKAHHERL ZELHD. BILED
IZa AT 5O VP EL L, BER F—FL
EFESCHRTAE A IR LS LB b5 A, W
TG BAIZSAA L TEY, HER TR L T
EREH AR, e DR TS, AR
BT b, EEHERE I REEET 50, b Eand
B h—FNEETHD. WHOIZ-E Y Lignd—x
MROEREE 2 V2 2GR EBRHD (5. 5CKD.
WM BT, AEEEEER 2T Ly 2 A%
'“HJWJ“I’%% fHEDHFEER = 7 Ly 7 AT,
EEHem ~Et em TAEHEE RN EIRN RS

% (5. 5D ).

ERici#k

MRS AABHAEHEFRER F—F 18 (GSI

R87399/GY140, ki manfa LB 0.7km, #5. 6D,

5. 7D [¥)
LR - fEA (48.2%), vk (37.4%), HU KA
(0.7%), BER (11.2%), AEF (2.2%)
PRS- AEBRE (0.5%), =F XA, Yo
SEMR LSRR T, CEMRIE lmm BREE, @IsEIT11.2TH
5. MEAEERELAnm UL FTHE-EBE, LIELUIEHE
EipRarinE AR, AT R4 0mm EAF T,
xRy, HYEAITER4mm L FCHIETHY,
BEAPOEGORFBBORBICE LY, SEAHEHBIC
whbhd, BEFITER2.4mm BLFCTHE-FETE, 4
BIXY=2=1BaTHY, —HiFREALTSH. AERITER
0.8mm LA FCHF- BB THS.

5.4.3 EEB—FIILER (Stb)

oM R, FiER, B e, BEO3EA
AT D, ZOWED, FITTEILERIC & EEROE R
ReND0, GAid e 7o o PRI 3R LT
U,

BEHRUER  FIoPRRLER b — T v R OYE PO
BHNLRY, AEBEELIERHD. BIITIRELA
fAEEDLOLALNS. HELER T Ly 7 ADE
RO A BRI Z &L, LIELIEEREE /Y
A% Gt (#5. 5B[X)

ﬁEﬁﬁ

R QB A RER b —F L8 (GSIR8T398/GY167,

ﬁmT#+4M7mn #5.6C, 5. TCIX)
BT - A (38.7%), BHEA (37.2%),
(3.0%), BEH (19.6%), HER (0.9%)
RIRE S8 - RaBHE (0.2%), Y= (0.1%),
K, £FA4a
SEAN SRR TR 2mm BRI, fREUT 196 THD
FAYTRE3mm LA F Tz Th 5. f#l\i:ﬁfi-ﬂe{xs.bmm
UTFTHD. #YEATEEIam AT CHIETHY, B
E-hEofEARCMOFSMEAETL I L85, B
ERITERI48mm L FTH Y, BEMENER L, i
Y=Z=fBETHL. AERFEZREIGmm U T THS

BV EA

5.4. 4 thf{fEmEH (Ste)

2% T RE M AL TR 0.9 km OFIEIS Y 1 TS
MTHDHRTHDS.

EHRUER PHBEREATE Y RSN
L. HEEN =T Ly 2 A E L EEF80m DR
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5. 4.5 HEMIfEESEME (Su)

S ETTOE, Ak, @k, R, SRR, RAR
DEHIZBNT, FEHPIERRIC ST 5130,
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U0 ot ~E BT 5. £, FATHEHEIRD 5
AP, O N EHCREET AN E - TS I
AL TWDZ En, s 426 W HER A 2aliz
HEAESRbO LSS, PVFFCBATEZHO
DL LRI i i o MR pi s s LTk
v, BEAm (BEdD) oL muiE s B oK E A 2E N
LY 5 &, BelEalRE 4 C S 2B B i2AiE-m
HHEOGIEL Tk Shi- L HEESR D (6. 1214).
stbe e AR AR sk & B 2 S D RCE O
MEgEE %< GteZ 0D, T OMESIXRERIIC RS
DI EE, B2 WITIAER ORE, 1971) (Zxtit
Sh, EHTAERFEOABERBRIITEIND (fh
FEED, 1985) . AR OREE S NRP O LB TR S,
R REEE LRy, LikoZ &6, BiliZix
B AENROME Y & L= 6 Uiz L e T 5 g 3HRAE
DAL TORWD, MR TR & T Hik
A HIUER L SRR I A3 54T L T (Bt o g i
R-pi et Brey, 2001), AREEANRELZ G L
IR RS I VR U 7 SRS AR 3 A Lo mTREMEDS
Y



76, 91" HElF SR KilE
35 M SV T TR R T (B) S ITEEA R4 (356, 3IRIMALS). TRLHE RIL2007T4E 1L H8 B, A,
LUk 1~ 1213k B OFHm D B FALIZ @D T L2 EE EORT T, %4 O &3 7m ik,



Y

6. 1002

el R
Hugd 2 Lov 9 (56, 9B
(A) ZERREERTS ~FNT DAEE A RO e
(B) MBS (LR BEs) okkT
Rh: #ifCes, md: g, o SVEHEERTUAILK, D WET A $4 MR, M : i (57 7z A), Re: ZkEE
(C) VeA#E & I

Mt: BES o ILETHSY, md: JEOMAEE (95 X 25em O L)

ES)



6. 11 g ERoER 2
M L~b 12 (35 6. 9[X208)
(A) W RO A ORET
(B) (A) ANy vTF
(C) #ER LY LY

Tt DR
B U Y VBT CHUBLD BT M- T, b F v — hORIEE (Lom FE) A3H 2B, HACHHE Rh) A%<,
I A AR,




H6. 12 gL
TeE e
R £

H56.131%

HRECATIO 11D A7 L 2
WROBETI & LA T LA RE. OOHR
5 15T,

AATES BARIENGEE
2
B
A B
7 H
24 :
# | &
L g ; ;
B4 =1 B
227 > F 5= |
fp ¥ F 5 B L H
g =) v = B 7R X 2 + F ¢
g il AN IPAY = A W R« = . R v F o)
b 2 kR daro Ry o B4 Y9 HFIEh IREL
Y R mm/h WY/ Y 7 SLEI/AXZX 1 THEEE
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H6. 14 falROERLATEE
IR 2 o8 e = o BRI S:
G-DI-HE L 9D EMRT OIROAE, G-DI -1 L~ 11 OREEEIRO LT (AR ).

RS F A& G-D9-4 G-D11-1
AR TE ¥ Arboreal Pollen (%) (%)
EIim Abies 12 8
T g, Tsuga 7 8
[(N7d=3= Picea 23 23
< Pinus 0 24
AFHL AFHY Taxodiaceae Cryptomeria Type 8 7
AXF AZtaATR Taxodiaceae Metasequoia Type 1 4
AFAR —AXHYE —E /8 Taxaceae-Cephalotaxaceae-Cupressaceae 1
g Carya 5 20
IR Pterocarya 1 5
IR Juglans 1 3
T2 T BT YR Carpinus - Ostrya 5 3
NR3R Corylus - 1
PIAVES" Betula 3 g
INSIRE Alnus 6 9
7R Fagus 6 7
aFZEatTilliE Quercus subgen. Lepidobalanits 3 20
a; BT AR Quercus subgen. Cyclobalanopsis 1 2
=V — s Ulmus-Zelkova 32
TV Liquidambar 2 20
VIR Sapium 1 -
L g Rhus 1 =
=UFXR Euonymus = 1
=T R Acer 2 2
/B Tilia 2 1
7ax Araliaceae 1 -
XwIAR)E Nyssa - 1
AA N AT & Lonicera 1
HARTEH Nonarboreal Pollen
AFF Gramineae 19 1
) 7 Cyperaceae 5 6
558 Polygonum 1 -
AT B/Y T2 T I — XY h I Polygonum sect. Persicaria-Echinocaulon 1 -
=% Xl Artemisia 1 =
T B 7E ¥ Unknown Pollen
______________ THATER ) Unknown pollen 2 9
A EY s O HEYIRS Pteridophyta and Bryophyta Spores
{th D % {1 other Pteridophyta spores 19 41
FOMOMIER other microfossils
i I 2 Dinoflagellata 1 3
& & TOTAL
RAAEE Arboreal Pollen 141 210
AR AE R Nonarboreal Pollen 27 7
REHAERY Unknown Pollen 2 9
AR - 2 RE N - Pteridophyta and Bryophyta Spores 19 41

#AER - -+ Total Number of Pollen & Spores 189 267
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7. 1 WS R OMBEEE

BRs  [Ehh g s T A HURIE, THE TS
O1HERKIE T84 (A, 1928) ok -T, L7k
e S T, PO - AR B EHERR 1
W, R OHERM DSBS &R SN Tz ORI O
HThDH, Ok, BEREFER - FmR (1963), &
Il (1976), FHPBY (1980a, b), FJFE (1981) #& iz
X o T, ARE IS Z 5 et = FB 0 550U R DR IEY
WZAFgE S ATz, BT C FE 5 By mHEREI O (K43 M
Uiz TE, BT - K& (1960), [E (1976),
AFHEH (1981, 1982), AW (1984), A4+ (1988),
Ui (1998) 7 E 3l Uiz, A% d iR - 2 U (1963),
ZeJi (1981), 3 (1998) (TR —V v V&R R+ 5
ZETHITHEIZ DT il Lz, Fri (1998) i,
NS HERE, EBIE, PR DWW T, HiE & M
EMAGDETHRRT 5 2 & C, HKHELR) L o Bl
0 REREIRI (R 12 05 T4ENIT @ Marine Isotope Stage
(MIS) 5e) LABFOIEREL A i L=, Fofhiz, KX
IEN D% BB X - TH RO T Iz >0 T S h
TS (R - B B 17 sl fni 0 22 B iid, 1985 ; %8
FHIT sU AR SR 25 B 200, 1986, Hrihlili - HihkiiiEiitE E R
=, 1980 ; {EFHGERELLZ B M, 1982, BT : i
FH, 1973 ; i st T e L B &, 1998 ; — = 0THE
WEESH, 1976 ; fEMT -y, 1990 ; FPINT : S,
2001). '

ARBIENO N FZOERIZOWTIE, Hik3 2 HifE L
SR b OERREFRER T 7 T 72 L O T — 2 35
HNTELT, MmO 82 X 5 P gt D
OFARF A 72 REER L2aHEE S Tuiglo. Bl 12 ik
(\Z331) B A IR MHERY O M T4 5 i HER Y &
BRI D B0E, BB T, R—%, KU, BR7
SR, Kh TSR, EERKIRA2Y T LD Hi
K SEHMICELT 7 T MG Sh, FfEOFENRE
R MEHE R B SN T D (RIFFIREAFIES
W, 1989, 1991, 1993, 1995). F 7=, & JI|T7EHmT(Z
BT D ENEROE)IED B B AL72 Crassostrea gigas
(= H %) AbmE, 93 HER & W D R B4
RBB\BLATWD (FRIFH, 1991). =L, 8IE
IR A& WA T HERE L /- wIREPE b FET STl v (O,
1998 ; 1A, 2008), T O BURPERFEENRITH
WTIIRERSETHS.

(F5& 4L)

BE ARSI 2 H R, R (B, 3
PN OHE s, TRRR-GHY) & Z A LISk oo Lt
Bz X4y LCRtid 5.

W EIZ ST D - B E LR, AL D RERE,
NEFERE, IRIERRHEHERS A, BRE, NSRS, BT
B MR, RIS SRS, 2720, BEEW,
P L HEHER D (2 DT, HERPEROIEA <, 1
OB EHERMY & HEREC BT S aaetE i H 5. L
SRR SE TR T A AR S o AT S S phARE (IR
Hi e O AR MR, SRS MRS, HIATSE HER)
THDH. FRHE)FE T, A OB R &
IR O R HER AT L, B O FZ ISV T
WA REOEREMERE L TS BT, LK ; 7. 2
[=).

IR DRI, RISy EALE: BHERM, R
(X7 FOrE: EHERSY), phiiE (RIERIRHHER M, #iTin
HHERE) (T4 a5, B EHERUMICE, Rk &
INIPEDOBERIRIE L THEND.

Mk CHZETERVWHITIE IOV T, BFEA—Y
IR RE L. WEHZ oW, B, AR
BTSSR TV a Loz, 5 (1981), Hid
AERE R - AL (1963) 12X AR =Y o a1
FEFTEERE GRS, 1973 5 MORG T HE T AR 25e 3 1
a2 URH R, 1986 5 [H 1T, 1988) HRELIC.

T. 2 JEEREL (B, FRI, AEER R & AERR
S OFEINHR

7.2.1 XEE (Yb)

HE-FE AHIZH (1981) Lo THHL, KF
1E7 (1982) Tridlk Sz KIS & K H g & .
B LR OB EIZB W TH BN SRR O A7 B B
DO—DOTHHRAEAMK T HMETHD (KFHIED,
1981, 1982). AFHEH> (1981, 1982) (%, EArE: i
HELTRGHEELEZRD, TROOMMEE LS LT
SENEEE L BT A ER L. L L, AFIEA (1981,
1982) |2 X B REHSE & 5 LI, Bt LR
RENPLEEDXKYNZHNEE S E X, AEETRINEE
LOTHREEE L=, W (1998) (3AE 0 MG % ki
frme ez

MR BT GRRONE M GRkHEa, 1982 ; P9RE
M= REF ) XIER) .

BFEBEFE HFiEs L TAHLNDHRTTHILEL T,
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ARG VL b — T Vs 2 RIS TRV, ANEE B O
BiEoHERmic L > THfrans. z—:hJ: DnEINOT
S T IR E RS ST, %MT%tmﬂuﬁﬁ
1B & 2V TR E 2 L » TRr & d, K
A (1982) 2L IEBE I 20m LN E ERsh, KK
IENTIESm LINOBIER#ZE 5,

St BRI DR TTE L8005 W
W ENTREDE THAiT 5.

B+ 2~ 30cm OP-F#EH A KO- R O £
NE R DK DOB NSRS EICRD (57, 31, B
7. A B). EEFRIZMEHZEEMCGE LR, Bl g
BN, 2V VEIZR>THWAHZ EBREW., HERE
DR S, Ei2, BULDORREEIC L o TIZEER~ IR
l2/ey, IWEHEDORBR SRV ELE, HEE
T EEmIcR-BEl L Tws, EiflZiEl ~4m o
T (v AEERRT25YR OMF) BERS.
T I T 50 -k, RPEERS O TLIC ISR, RERRE,
PR LA BAET S - MBI R AR SN D (5
7. 4 B). Fiz, ZORBICEBIEHTcm O~—T
DT 7 IRPAEEIND (7. 4MC). ZOTF7F1%
¥l L TR, #EMiTmHERLho7-,

R ARNEA (1981, 1982) 1F, Ak & A A H
DN REG A etbe Uiz, NP EEICIIARR IS ES R
DR T 7 ZNA LW, JETELINE I 0
X BT, E7, AR ORYEED /N HE OTLEE X
Db EnEb I Tnaize, AEINFHEELD b

(R OHER) T & 5 alHEMED & %

7.2.2 /pEHEE (On)
MAEE  AMIZA (1981) (W L, ARHEA (1982)
CREHE S AT/ NBF RS AN R & D T (R LED,
2008). AJFix, W FHROLERIZEBWTHLN DA
O BB R RO — 2T 5/ M & iRk 5 HE T
% ORFRIED, 1981, 1982).
R EE T AS N ET (R
&) .
BEEFE  BOUHED TR 9m, RIS TR 5m
OREDPHRTE D, RESSHERETE RV, £
KOBIEIZ DWW TIZH LTV, RFIEH (1982) |2
inmﬁrmﬂmmL@¢% BT A RET ek i
ﬂa\mm;t AlELigme LTHhLNEN, BiGHa
B )BT JE T, A B R e HE R S TR 5 .
A BN AR APk, ST E
a0 AR AT AR S
B 2~ 20cm OF-KEEHS A XOMM-F LR 5
IKOBWDERE THS, SVERZLEENS. M
T - M R O ILE AT 5. Bk alk (v
YEABFERTSYR OEHE) LTWaD, ik - kg
ETHEERH D, FTi—#micsnTiE, v k-
EMWﬁﬁﬁmﬁWﬁﬁWWﬁﬁfé%Aﬁﬁé(ﬁ
7. 5 A). B)IHE&RITICHIT DA EEiC X EEE
DRSO ERO P -KEEDHAET S (7. 51 B).

RGO HIR) (4

W7 3E BEHURDIC 1T D S O LR
i i 2 - KEEY 0 o s PN,

YN DR ST 45em.
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7.5 /B RE O LS

A T — B I3 A I R KB A DML EAEESIRET S, YA OREE45em. B Wi 4
RITIZ 30 . BEERISHORELENR . YO S(T45em.

dtb ARFIZED (1981) (Xt O AL A 5w
Brem O (IR KEBREIZHY) & ARE % kbbb
LTWAA, HRlofiimitaEmickeall, =4
T OREDPFHETH D70, AR & IXEFHEOERL LA,
Fi, REBICEENAEL, NFREOLO LY §E
TEORENH L, FEEI NS EE L0 &b
i ChH D AREMED & 5. Bk — 8 m Iz k1) 5 @I,
BNAFEAEORNPEOEES T Tha <, Ziftko IREE
HOHERE Y & [AIREIZIRAE L TW A ATREME N B 5.

7. 2.3 |BEARIKIIEIEY (fo)

& B MRS T 5, P-BEEic s
5 ORI AR T 28 ChH D, AFIEN
(1981) &, IR LR RICEBT 53O IR R
Mo A MRl T S MRS 2 2 U2 R 1L RS & TR R &
L=y, ARERHEHERE L ERROME %+ 5

BFEE LSS T L L T AT T
AWMENRGHAHN, 1ZEAEDEE, FRIZIAHTHS.
BINAEREHICE O TIZN0m OBENHRE ST
D (RFHED, 1981). AHERTY OHERS T X, B0 &k
HHERE A HE, MRTE ORI BT S h 5.
ofF BIERAEIZE VLTI, Bl &t s 5 m)l
PAVE, SRS LARIC IR < 45455, B RA H
IZBWTIE, WG T 5 BET a5 0)InT, fsHk
EHT, Bl EEIC AT S, FRIERIC VLTI
FUN, vEEWEN, LN, WAz G
TAT S,

B B0 MICE T 5 AERYIL, Bikok
WR-ELE A Al S B2 D (BT, 6[X]).
HEITR-MEN SR, Be-REealkLTns. K
@O AL TR E- R a L (v B A BRRTEYR,
2.5YR O@I) NEMLD. BT, ThFEhE#Edss

LA 6 45 S, ARHINEEEER = 7Ly 7 AR
RS 72 EOEA, MHEE = AR 7Ly
JADBEANLIRD. 7 VEEE o THND Z ENREL.
MEERY » AT 5.

Wt ARHERIIIHERUEAR A SR T 7 7 T e E OFEIL
2, BUEOBRELEITIc L TRA D20, FhEh
Do AT O AR 3[R OWFHY LT HERE L7z & 1R & 72
b,

7.2.4 ZINE (To)

- TR AR, NSO AT D EERE O/
O T4 L, FAc L Y rbEkfE, wE, R_E»H
2% (PEIED, 2008). ARGIXREAR, NSOFRE (f,
196072 &), /NSOHFILECHEERE (B, 1998) 72 & LIEERh
TWHIETHD.

Rt 1S O R, B -10 ~ 2m O (h
E5EA, 2008).

BFEE AREITEEFEEEYEEAESTE, ML
iR EscEbns, TEBEOHE) KENTIE,
T VK5 ~8m OWEEE, 2 ~5m OibfE, TLT3
~ Tm OIS G EITHR SN D Z & TFHUE H 54
EINTWD (hEIZD, 2008). AR L1
RIZFI50m QMK FHEA BB EN 57T, ETEE
DIEFITH BT, BRI L - THEbS., S L
TWAHBORIEIZL ~2mBETHS (PR, 1991 ;
FARRIEDS, 1997).

A M TEER ORI KENORTIZEBIT 5 510
MET, B RO SN &/ NRFHEIT O &R -20
~bmIZHATT 5. BB O HES R
i FIZRBWTHEREL THMT 5. ARMENIZHEWT
SN AT IC R 5 EINZhnD &RE L Y Lk
OFFTRICE T 5.



18 - bR ARRIENIZET 2 A RIZIRIKO BRUWIRE D
bRy, RO, BE, 7VVF, fiLd, &
REDLAOEEPMENTWD (HT.711 ; & - i
M, 1986 ; /&, 1991 ; AMIEA, 1997). HEIZ-OWV
TIX, Crassostrea gigas (% H %) HEHREL T 20Xk
MMEE G, B X ED ST Trapezium liratum, Patelloida
pygmaea lampanicola, Fluviocingula elegantula, Clithon
sowerbianus, Cerithideopsilla djadjariensis 72 75, 71 31l
JE O YRR D> Tegillarca granosa, Macoma incongrua 74
FoEKEOR O0LTBICAERT A ME SN (2
[l EA~, 1997). (kA1 Pinus parviflora, Abies firma

7p SRR 3R 3 RE, JLEER 3B SR Xh, Bt
4l Fagus, Pinus, Quercus, Sciadopitys I3 EENLIZPEH L7
(fxfiEA>, 1997).

- F ARIEIZBWT, BIE L L8R O
WOT, A R OIS & OBMRASHTE TR F i, T8
R O RSP 0B g oY g bR (b BRASE RS9
2m) 1%, BIFEROEHHE (FEEM10m) LY #5km M
PEiZd Y, BHEE S ORERED B W O % H i
ThHsd. LrL, AEERLZBOTHEE AR LES
SRV () @ AR L2 &, kg TH
D8N IEE, R T BRI Lo T R &2 HlH

HT.61 IRIRHRHEHER S o0 - LY A X O A R

e g -y oo @EEE,

P DA A =T I m.

W7, TR N ST I 0 D M AT (S @ L
A BEEEOL. B OB A.



ENTWD & (PEIEH, 2008), /N HFG 1Ll bR g
FELDIZETHAR LTS Z Ehd, o TEIETR
NRTER OFEEANEAIC £ THA LTz T*L‘PI‘?)“ b, -
FROFH X ARE T, BIEORE 2 ) E o
e LT

B (1998) 13 TG R OIS BEEMICRIT 58I
&#Fﬁ‘-ilf.-“ia)iﬁﬁiziﬂ?éﬁ'illiﬂﬁ“ FEIZNEEIZSA L, Th b
DOREFBR S, B E % e 0K MIS5e @ Hifiliy
Thod e Lz, —FH, PRIZA (1991) X, BT
OFFEAN B LTz Crassostrea gigas % FV T 29,690 +
350yrBP &\ ) B PERRFEN E @Y Lz, Z oflE,
IRETIC MEMBROMEL KIERNOEIRENHHE S
iz BUEA OB PERFEE (5926,000 ~ 34,000 yrBP :
ML, 1974 ; MM - f2JF, 1976 ; i, 1990) & FEFAY
THa. LnL, ZASOEMREE, @ SollEk
DOIRFUEV I TTERTE OB TH D 2 £, F ORI
A SCHEAE & )RR EE OWERE A TR HIE £ o Sl T H
Sl Z EiFEED LV (M, 1998). L7=Ai-T, LEEo
AR I W TR E S R s BT ORI H 5
LBbhbd
HIBERE P2 (1991), BiEH (1997), k2l (1998),
HE (1998) 13, BEE 17 ~ 20m % 01| g MERE I oD g 5
BREMEL, WHPREA R L (7. 8[K). )15

RO B G O BALABERILR O HEOFBEEE, /N
WY 5 BT O M FIZ 53463 % B RE O RAb A BRI
R - JEESBESRICHRY L, Zh D056 & il BRI IC
B BB SAILINT D 2 L3bnd (RIEIED,
1997). Fi=, B7. sEHoEg L TEBLOME) KiE
IR AT 2L OHGIEHU L TR Y, hEIEN
(2008) DFHRO & 5 \HRILRG & BIF TR SN D W]
RETEAS .

7.2.5 IMNERHB (K2)

WA EBE  WILRONE (5, 1960) EEFEO
SR (ks 1960) , 8411 e o 7 BE B R A (MID (R
Hiim‘, 1981, 1982) # fERk9 2110 B mHER Y ©
b5, Wb D UNEEERET Hovit EBGERT &
I 2 MR TH DA%, HiIEA (2008) 1Zd - T/
PR L EFEE N ARIED (1982) 12 X 5 s,
PUSHESE, AR LARICEENS.

W R TG R OV R P 00N T N
O HARRE TR S o B (PRI H, 2008).
BFER Ak, SERBHERDIC X - T bR,
B il VR PR E M O S o RS 12 k- THNF S
A, BN ORE T 10m OREEO AR B2 ¢
50 (7. 9K A), A=V A FEETIE10 ~20m

AT~
V. o

[ ik
[F==RRtiHae
2 Mied - IRl
@ {Lfii

A7, 81X ER RS HERE O B

ERWIEA (1997) ICL %, MEREHHEEE 20m OFMMIZE S ARIEOS)EO B

fearERE, o s 5.



IZiET 5.
o BlAREEHIZENT @“MWm%mﬁﬁMLm
T, B R B CIR S T E T, M%Tﬂm
SR A L AT . *ﬂmkmfdﬂmwmmwm
BRI T THART 5.
B AE TRk o BB A Xl A G e
BT D, A XA R-EEEY A X
OEMAELEENILERH S, FHERMEMNEEL 2.
74 Vi b cE T, BRI OLEENZ <,
%m*ﬁ¥®wawa7($Hﬁm 1982). JFEIE20 ~
30cm ORI - R EFET2EAE L H D, I
mﬂf&+$%&£L$m$& (37. 94 B).
®b AR ITARERISEIZ BT, FAE & ORI
PECIXA20AS, Mk TEELOEE] KiETiE, &)
J8 & EIIE 28y, B EmIT R B Eh D, B
I (FZELE) OHEREERIZIA O TIRA WD,
HERRIE D45 72 A MISbe EHEE STV 5 (i,
1998 ; thEI1EHy, 2008). Li=3o T, AEOHERHE
fiW%~4(ﬂm75T HI-R 2 AR O &4
EINs.

7. 2. 6 FHEABIKHHEERY (fy)

FE RIS U D AL O ST A A% Y

THMETH L. ARHED (1981, 1982) i, S

&R DD i A W3 A HkE A v E

FR LSS & )N & LA, AR 6525

Te.

o S RE N A Y PE b TN T T e [E B VR BN AT T G E

L, FAREAr B fim oMk ke T & 5 /- % 78
PhESTAC > THAPT &N 5. AHERY o B IF 12 e

TRV, smBETHS.

oM BIIAREEHICELS AL, E)IEREEHIZBW
T, BN T & 2 BARTAEE)NET, FEHEHT,
PR BRI AT 5. FOIEMITE RN ) gk,
T RS A SRS P BRI
B AL RKEEY 4 XOEAEN S EITRD. R
WAEL, EHEKBEeERETH. 7 VETIZE
A ER LR, B m B OBER - JREAEHET
DHBENRDD, ELICIZRAE 7 PR OO LRE
7%, WIH TR R & T, BIE2 ~ 3m R
DIREIE, il 2GR, WERLALNLEERH
5. I B OISR oo B T IS ALE L s T
W, MRIARHERIAIHER L= L HEE S D,
*EE ARHFEICITHER G E R T T 7 7 e K ORELD
< BRI oML E S W ITc L o TR D20
ZTIENO BRI B S B HHER Y 23 [F]— OHERTE
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(ABSTRACT)

The Goyu District is located in the eastern part of the Aichi Prefecture, central Japan and corresponds to the southern margin
of the Mikawa Plateau. The topography of the Mikawa Plateau shows a gentle westward inclination from 500-700 m to 200 m
in altitude and developments on the low-relief surface and surrounding steep slopes. The plateau in this district is divided into
the Eastern Mikawa, Western Mikawa, Hongu, Kannon and Goi Mountains from east to west. The Kichijo Mountains, which
is at northwest end of the Yanayumihari Mountains, are located in the southeastern part of this district. The Kichijo Mountains
are bordered from the Mikawa Plateau by the Toyogawa River Basin where is distributed over the NEE-SWW-trending Median
Tectonic Line (MTL) .

The Ryoke Metamorphic Complex and Ryoke Plutonic Rocks are distributed in the Mikawa Plateau, and the Sanbagawa
Metamorphic Complex is distributed in the northern part of the Yanayumihari Mountains. The MTL should be present between these
two metamorphic complexes. The Neogene sediments locally cover the Ryoke Metamorphic Complex and Ryoke Plutonic Rocks in
the northwestern and northeastern parts of the Goyu district. Miocene felsic dikes intruded into the Ryoke Metamorphic Complex
and Ryoke Plutonic Rocks in the northwest margin of the Goyu district.

The uplands and lowlands in this district are mainly distributed along the Toyogawa River, Otowagawa River and other small
rivers in the mountain areas. The Toyogawa Upland is characterized by five level fluvial surfaces composed by fluvial terraces and
alluvial fans.

Figure | shows a summary of the geology of the Goyu district

Sanbagawa Metamorphic Complex

The late Early Cretaceous to Late Cretaceous high-pressure and low-temperature Sanbagawa Metamorphic Complex is distributed
in the northern part of the Yanayumihari Mountains. It is divided into the Mikabu and Funatsuki units, which are in contact
with each other by the ENE-WSW trending high-angle fault. The Mikabu unit is composed of metaperidotite. metamorphosed
amphibolite, metagabbro. metabasalt lava, metadolerite and mafic schist. The Funatsuki unit is composed of pelitic. mafic and
siliceous schists. These metamorphic rocks have suffered high-pressure pumpellyite-actinolite subfacies metamorphism.

Ryoke Metamorphic Complex

The Late Cretaceous low-pressure and high-temperature Ryoke Metamorphic Complex is distributed in the Mikawa Plateau. It is
composed of metamudstone. metasandstone and metasiliceous rock. These metamorphic rocks are NEE-SWW-trending and have
NNW-dipping schistosity and lithological boundaries. The apparent lower structural part of the Ryoke Metamorphic Complex in this
district is composed mainly of metasandstone, middle part is composed mainly of metasiliceous rock and metasandstone, and upper
part is composed mainly of metasandstone intercalated with metasiliceous rocks.

Using mineral assemblage of metamudstone, the Ryoke Metamorphic Complex can be divided into biotite, K-feldspar-sillimanite
and garnet-cordierite zones. Metamorphic grade increases toward the apparent lower structural levels. Metamorphic lithology
changes from schist to gneiss with increasing metamorphic grade. In the garnet-cordierite zone, migmatites are distributed
pervasively. These metamorphic rocks have suffered high-temperature amphibolite facies metamorphism.

The Metamorphic Complex has suffered contact metamorphism due to the intrusion of the Shinshiro Tonalite and Busetsu Granite
of the Ryoke Plutonic Rocks, and a K-feldspar-cordierite zone was formed.

* Institute of Geology and Geoinformation
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The time scale follows Gradstein ef al. (2004). *: not exposed in the district
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Fig. 1 Stratigraphic summary of the Goyu District




Ryoke Plutonic Rocks

Ryoke Plutonic Rocks consist of the Kamihara Tonalite, Tenryukyo Granite, Shinshiro Tonalite, mafic rocks and Busetsu Granite.
The Kamihara Tonalite is distributed in the northwestern margin, southwestern margin and western margin of the mapped districts
and composed of medium-grained gneissose hornblende biotite tonalite. The Tenryukyo Granite is disseminated in the western part
of the mapped districts and contains medium-grained gneissose biotite leucomonzogranite. The Shinshiro tonalite is present around
Shinshiro-shi in the east part of the mapped districts. This is mainly made up of medium-grained biotite hornblende tonalite and
hornblende biotite tonalite. Mafic rocks occur in the northeastern part and western margin of the mapped districts and mainly consist
of fine-grained tonalite and quartz diorite. The Busetsu Granite exists in the northwestern part of the mapped districts, and is mainly
composed of fine-grained muscovite-bearing biotite monzogranite

Neogene rocks

Neogene rocks are divided into the Ryusenji , Motojuku and Tsukude Formations, felsic dikes, and clastic dike.

The late Early Miocene Rhusenji Formation is distributed in the western margin of the mapped area. The formation is mainly
marine sediments, partly slumped. However, the 5-meter thick, rounded boulder conglomerate of the formation base has only
been deposited in the district. The Middle Miocene Motojuku and Tsukude Formations are disseminated in the northwestern
and northeastern parts of the mapped district. They are made up of 40 - 90 meter thick, fluvial boulder conglomerates. They are
considered to be sediments related to the rapid uplift in the forearc area of the Southwest Honshu Arc around 15Ma. The Middle
Miocene, N-S trending felsic dikes are intruded into Mesozoic rocks in the eastern part of the district. The dikes are composed
mainly of rhyolite rocks and associated with the Shidara Volcanic activity. The Late Pliocene (to Early Pleistocene) clastic dike of
the NE-SW trend is present in the northwestern part of the district. The dike is 10-50mthick, and consists of muddy conglomerate
and pebbly muddy rocks of the Tokai Group origin. The formation of the dike and erosion of the Tokai Group are synchronized with
the movement of the southern margin of the Mikawa Plateau, gently inclined towards the NW.

Quaternary deposits

The Quaternary deposits in the Goyu district are mainly characterized by the middle Pleistocene to Holocene fluvial deposits.
The middle to upper Pleistocene deposits, which are divided into fluvial terrace and alluvial fan deposits, are distributed around
uplands along the Toyogawa River and Otowagawa River. The terrace deposits, which are composed of subrounded conglomerate
(pebble to boulder), are subdivided into the Yabe and Onoda Formations as an upper terrace, Kozakai Formation as a middle terrace,
and Ishida Formation as a lower terrace. The alluvial fan deposits are subdivided into the older and younger ones which consist of
subangular gravel (pebble-cobble). The marine mud layer of the Toyokawa Formation, which contains plants and brackish mollusks,
is outcropped at the river bed of the Toyogawa River. The Holocene back marsh, natural levee and abandoned channel deposits are
present in the Toyogawa Lowland, which is the largest river basin in this district. In the mountain area, undivided upper and lower
terrace deposits, which consist of subrounded to subangular conglomerate, and valley floor exist along the small rivers.

Economic and environmental geology

In the Goyu district. silica stone deposits, so called “Mikawa Keiseki”, are distributed in the Ryoke Metamorphic Complex.
The deposits are silica rich parts of metasiliceous rocks, and some of them are mined. Stone materials of the Busetsu Granite are
quarried in northwest part of this district. Metasandstone of the Ryoke Metamorphic Complex and metamorphosed amphibolite and
metaperidotite of the Mikabu unit of the Sanbagawa Metamorphic Complex are also quarried in the southern part and southeast
margin of the Goyu district for producing crushed stones. Some hot springs are distributed in south and east parts of the Goyu
district. Much damage from trench and inland type great earthquakes, related to the Philippine Sea Plate subduction, are reported
around the district.
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