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N3, BEHALETEREESOMBEETH D, AXIE
MBS TREAN KD ZL BZHANH 3.

AR BT

TEEIEE

500m
BEEERERE GHIRW)
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nB, SHES L Ul 3ty v 7 — L
DI ISR < B 22T TR S N3 205, JH P
DI S HUE O - SRS & OBIRIEAH TS 5.
BOFHEHEOE TN D & 51, KA ZALTFT Y
TLw 7 ZAORYEICHLIT 5.

3.5.1 L'F/E

AFOW A EHEOWE L FHUT S N O - K
BEF, 1991), B 3.4 KO EOIYHHEKICENTE
WEFIFEFEE L TRENTV S, =AMz SHlED S

MR UENDFEMICRS &, QPK=MAKICE
WTRIEGH DR MERDH D, QFREZMAKICEN
TREANRRDERVEANH . T THliEnil
TREOWEZRS L HET 2 MMBEICONTOEDT
H%. PRIEIC DV TIEZOMMS R L ElfEa
BRI B S TWT, BAHGH O KE DA
LT 5. TR A DWW T OEZEF K & KR E D
DI —HLTWVS (53.2%).

3.5.2 =HE
AR O @B S IR A IKETH D, KK T
BAVEAEDESZNEREADZOVRICKELNSL %

#3.3 wHE O .

B EOIFE 50cm.

Jle 7 Al ELJg o

BHEH

H3.4K

H3.2% HIHEH O E QLK

BEH

O : WTFE

e L K OF L i b D SR A A = A X

R O Y S RN LR KIIE N THRELL 726 0.
Q:fi%k, F:Ef, R:ER,
P:REA, K:7WVA)EA

B3 R E O VP L ASHE R 2 2 R 9. HALIE %.

bt T BARE B BB PR
WS | W wam | T KA +oR KR
LR *
RN .
oo | A AEE A WL | BT | B EEAME | E-ESL
B 6 7 14 7 5 7 8
SiO2 7699 +2.21 6406 395 6782 128 65.06 440 7578 291 6593 +£308 | 6700 =141
TiO2 0.48 =+0.10 0.66 =+0.08 0.56 =0.07 061 007 0.54 £0.09 0.74 +007 0.58 +0.07
Al203 1200 =+1.51 13.68 +1.01 1421 *0.66 13.30 0.5t 1292 +1.24 1469 =150 | 1423 =063
Fe203 3.41 =039 5.15 =055 462 x0.51 514 +0.38 283 +086 573 =061 467 =051
MnO 003 =001 0.07 =+0.01 0.08 =+0.02 0.10 +006 0.14 X017 0.08 =+0.03 0.09 =+0.02
MgO 110 +0.18 246 022 217 =+0.37 253 %020 1.05 %022 330 084 214 +0.39
CaO 0.32 =+0.19 795 =+533 382 +1.37 7.86 487 044 +043 3.76 +275 494 076
Na2 O 435 +034 407 =079 410 +099 3.86 075 470 =+0.33 403 %079 361 +043
K20 120 =039 1.75 %051 248 042 1.38 =+0.59 137 %070 1.58 +0.64 260 =034
P20s 0.12 =0.03 0.15 =003 0.15 =0.04 017 =003 024 -+0.23 0.16 007 0.14 =+0.04

* EFREK EBOWE LR CEUT 5D THRYT




(3.4, 3.5, k- el (199D ok, AHz
21-41% BaBI v rTH o, ATF13-18%EEN, %
DS bHFBARNEAE/OROK 2HEZTENTNS.
Bl 18-26% @ NBREANZ V. KA KR TEREE
B LA DY 14-25% & 2. HERE Pl ik b
HeRENEL A 10%TENTVD. FFENIE
myndminaa, BER, F2U4, BXKGO, A4,
Vaviz¥ T, FoficEkaNiidonsg. LM
KTk v 7 x> LEh£ <, AlL0,/Si0, Basici
ty Index [X1 T 1 & B #R 75 B 5 Ok O 1) 5 1S 3 W LK &2
/L, K*/Al*- (Fe*+Mg*) / (AI*+K*) [X Tk AnDi
(1 - BIRes) #sic2 < Sy FEhB (B 3.6 KX).
COXD HERRGHKZRTHETHADOR - H4HIC
BENTH2. GbamBED SIS TEL) XiEo
BRI ICHELLT 5 C L3R SHEMEINTE Y (L
JEEA, 1987 5 A - EUEEF, 1991 5 KM#IEA, 1995), {b
R EFLT S (5 3.28).

BIAHE AR EED S B T i BV AR
(1989) MLz tAaE R, ThETAEEE LT
ENTWVWEEDTHZH, EHH I KEEOWEE L&

HI35X @mMlEMNSOEMEE N
A ZuaRA=a)y, AT a)n
q: A%, pl i R®EA, AR
A —)lid 0.25mm.

REZOVMEOLETHMNI OGNS, CotE-OWED
B TRy NSE R, T O R RS ] E e A
TR OEHEOWEICHEIT S (53,2 %).

3.6 pEHIEA EER

3.6.1 WWTE

AMXIERTEEA D EIIEIRND, P TAR] KR
DR, fIED (1997) I &> TN FED S Rt
ADFEHIMESNIZDT, UNCHRDRT 5.

b A ER U7z D vERE TIAMR ) s o fe i 171
PATE A SO ERE T, HEEHEIEG &V R VIREE
HEK Gz aCRBRAETHS. fiEMDE, %
B~V LA O el di{k 45 Follicucullus japonicus,
Follicucullus. sp. cf. F. ventricosus, Nazarovella
infrata, Pseudotormentus kamigoriensis SFDREEEN,
#% # » 5 i Follicucullus japonicus %z & £ 7%
Albaillella levis, Albaillella triangularis #3 &9 %
BV LA OREED EH Ule (gD, 1997). %ED
URVIREEEE B G EFOE G HE L, fAjes
Mo & EMOBERE LA RFEDFEL T 5 5, LT
BOFEREZZBIHIV LKL E LTS,

3.6.2 SiiE

LARFE (1987) &, KERIGEANT RASFIALPER 1
km O WA G EHNIC 94T 2 /8 B - K EAEEE S M5
%)V L id @ Neoalbaillella ornithoformis #f 4 o
MECRZ e L TED, AW TE RO BECE LA
FEM U BI3.7RD. midlizksic, @lEicidx
Nz RT3 RAEDL Y XRICHFENZ T END
B, REEVURIKREBOHEBRRESIENTH S, &
BHTIE TN S DORAET & EiE OB 7% IR i E
EORICIZNWENES SN, EBEHEREROFERZ R
TEDLIFMETERRL.

T, FFINHPROM MR EOHEAREIDK 200m M
(4 21K, #5169 1ZidF v — MROEEEN S DT
Oy I7hdH0, NVLAKOBEHEIEANREENTNS
CE#R - B, 2004). 7=7zUER -\ (2004) TlETh
50NV LA OHRERIK G Z S aMHIE, BPAHER O
UT2 2=v FTHHE LT, milELEMosDE L
TW5.

BBEESFED (1987) (F AR R ST L AREIEN
EOWMEESEXOTIHY 2 SHmHOaZME L, X
ZERS EWREEICHLUL TV e LTWa. KHEE
EAME O SIS L ENTVS GER, 1993) DT,
COGEEMEOLEDE WS T LIk D, (LAPEN
AU AR Tl FHr & LictsNIicd b, millgh
DIEFATIE L, FREBARBZ T EHHSNEZ>TW
% (hl, 1994).



Al,04/Si0,

K*/Al*

049 IIA: Immature island arc
EIA: Evolved island arc
MMA: Mature magmatic arc IP} ____________
P gm-mTTTTT
0.3 -7
EIA .- :
- . o daeme e T T
P I 2 i emee="
.- i i
MMA .-~ L9000
0.2- e }‘Ii’ o &
Pl [ J [ ] A -
. e 1 e A BEISTLY IR
ne? o HEILTLyUXR
o .- =
. o URLRUFE"
s B ALSILTLY X
i
! 0 HHW
]
N O WTE
0 i 1 T T 1
0 0.05 01 0.15 0.2
(FeO+MgO)/(Si02+K20+N azO)
B
A BEEICTL YU
@ HEIATLy IR
R LMLLFE"
B ARLUFIALTLY TR
O S
O T
BaGb
0 ™ L 1 T T
0 0.2 0.4 0.6 0.8 1.2
(Fe*+Mg*)/(Al*+K*)

53,6 X HPHE M OGP RY A O LA R

A

7Ty b U T PHE B & O PHE R S OB AR,

DK*/AlF — (Fe* + Mg*) / (AI* + K*) K. *ZZhZNOILRICDV TR A EREZERT.
CORBWEDFEEDHKZHET 572HDEDT, Willd 2 EREFEAICE>TRKELE
BaGb & Z NZNACE « T A i,

ZUAEVE I Z > TW3. RhGr, AnDi,
i - RS EE, ZRA - hnAEEEzR LTV 5.

Al,0,/Si0, — Basicity Index [(FeO + MgO) / (SiO, + K,0 + Na,0)] EHiEH, 1992) I



AR U 72 K 5 IS S i VR 14 1L ot 5 oD W ) o 0 v A4 P 12 ot
tkEnTHy, FAREN, (1993) 1 FLmIL LRI 5E D7
WIS R SN 3K E O R A S K D Nassellaria
ZHH L, chzehERB o Rba &L Tns.
EREE E ORI THERET 2 EZEHZD, Z0D
Bk E O LG PE B IED S O HIHICIERIILTE D
9, PAERMEALE LUTHENTHZ LIEERAE.

Db &S e AHIEO @ ilE o Rt - Kt E 5
FHFRPSEICE R b A FEH LTz,

ARIEFAECE D> T, @HEDAEORE®EY VI Y
KDOWT T oy yayboy 7ERIMEETR- Tz &R
FHREMBHZE 3.3 RICRT. TOMBBICINIFE

i - BT 2 8 L 7%, Nakae (1993) (3Z2#TFIF
M (1987) DFTARTORMAY 2 b G OEHREZE
L, EE K ORI E D RIS 2 A PR O
AR BICHERS U e Rl MR TH B L LTV 5.
L, ok iftadmEod ocidawn. i
BEIVIAYDT v vay Ty ZERDPHERENRIC
FEVEDTH B ETNIE, Nakae (1993) DE X & 5T
. —H, IaruroFERiELERLTED, H
EROBWEZHICK>TY 2y FENAgEEE KIS N
TW5.

IR BARKIE M ORI OMEERZE LD B L5
3.8KDLIH LS.

B3.TK PG, Sl OEE A D 5 E U R

A —)Vid 100 p m.

1. Neoalbaillella ornithoformis Takemura and Nakaseko

Albaillella (?) sp.

=W

Follicucullus charveti Caridroit and De Wever

Ishigaum trifustis De Wever and Caridroit

$3.3EF EHEMEOMBEMEIILVIVICEEZ T viaYy Ty ZER

(D

2,3 @ 5) (6,7.8.9)

HRES  HEE  HBs B RERE AE AE #EK BRESRARY BERESEARY RPETHRE HE ORE VI FREMy

B K g

P (Ns) 0 Ni) 04 (Nd) 23 Pr(x?) ¥ & Agetlo
(cm®) (em?) (X10%cm?) r (%) (ppm)

BB & AWE TRE pas g o

20040324-1 " e gupns gggﬁ{f} N54® 5259 PV EDL 30 875X10° (7800)  933X10° (831) 8901 (4557) 0900 6 100 1576

1) BiEHE ST 2 77 y—# (NERE : ED1, 4M88RE : ED2)
(2) #opdFIRREIE BN 7 X : NIST-SRM612

(3) BHBPT: AFFETOPET IRR4BF SXE

@) r: pgd pj DMK

(5) Pr(z?: xMEQEBER-DO 3 IHICET 5 ERHES (Galbraith, 1981)

(6) 4ERM : T=(/AD) «In [1+Ap+ £ *(0s/ 0D+ 0 4] EDUFoX12)
(7 83 0,=TX [VENs+UENi+1/ENd+ (g /L V] 7

(8) PUDREAEER 2 p=1.55125X10 "yr

(9) % : {EDI=380:+3 ; {ED2=347+3 (Danharaeral ., 2003)

HEBORBTrvar bIvy BERH
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3.7 HUERSE

AR [ i b3 00 8 FE 30 4 I 8 TR IS K o T, PR RS
RO Fic#->TWwaEDeEZ NS, 7277 Ll
WORABE T ZO%ROEICE D EAZERT T END
<, ARISFFH DTN ORI J S N 2 L5 W IE & I
< 10m L EDWRHE > TV 3

e M I U K T SN B Uiz RS & 2 i L, i
E1-2km F EOBIMMEENBOERELTRLENS. 2k
ELTOERER#EL, 7Y AZ—L LU THEmARILSE
AT LYy D ANRDENZ TR H 5. ERA%K
CORBHETHET S L, HES520mIFEDDZVHE
HifS SN 2RI o NS,



54T PHE

4.1 WhgeEw

A HUH O FHE AR I DWW T DO AR IR B IS I KIER
BIChED, ZThH5 ORI, MERERD 7.5 557
D1 MRA) XiE (GH, 1932) = TR LotE] (h
WiEd, 1936) & U TSR LTz, Wk, ROERHES T
AT DRI DWW TR TSI A 2170, Asiiigic
DWTHEFK D 217> 7z (JI, 1958 ; Sakaguchi,
1961, 1963 ; Sakaguchi and Yamagiwa, 1958, 1963).
PR, FHEMH TOMPEEROBEE, TicREEICHES
THET 2/ MURGEAIEICEENS MRS AT LA
HEIKREDOTHRINTERENDD, TDDIK
BICEEESTAZELEVIEEESF v — FOFR
LEIXNTHEMEENREATENTE .

1960 FACKREN S, =EI PR EROF MR
#Bleaelca/ FYFMEHENS X S1CRD, KK
i i BXIC I8 T 6 Halobia fbfr & i =&/ a/ K
k D FEH A A & 1 (Nakazawa and Nogami, 1967).

(e A « FEARML - sl #D)

FHEHIC BT B2 HERDFEEZRBT B EENT &5
Fo. ETHIC 1970 M) 5 80 HRICIE, WD B AN Hl
MRHERHOME R ZHEIT 55 AT, 2/ FY R
A TR LA DI ZR T2 X512k D, FHEAIC
DNTEH, Fvy— FREAREERBNICHMT 2 H5HD
ERADNARENE Y 2 THICRST ENHEN LR ST
Efz. 5 ULEMET, AHBIZHBO T DO DIEKH
R WF 7% N 7% X 7z (sozaki and Matsuda, 1980 ;
Takemura and Nakaseko, 1981),

1990 ERICIE, Ml b A X 5 AR O & 7
DEMETDNIHEE O, MK 072 &I iE R R Em N s &
Nz&oi1ckol GB4.18).

—J, REEFRELIC OV TIE, 1970 FR®BPEICAS
EHARICBWTE, TNETERZ GO T phG
Wimic Kb o> T, TL—r7 7 b= 7 IR U 7= 5k
NEENB XSk ->TER FHER TE 1980 FRIC
5o T, EANGHEE LT, SHYEROHAEDE
ZFICT % 2 HOME (K (suite, unit, complex 7z &) A

41K TRUERP A X s oo i - oy A S oof bR
HaAZy b ary Ty 7 ADER (AHD 136 _ERE
fitiEm| Sakaguchi | =®FEN | H.mEn O |szeswnsi—7 Nakae® il
(1936)| (1958,1974) {1987) (1990,1991,1992) (1993, 1995) (1993) Wtz (1998) ZF‘IE J.‘L:ﬁ
W W TN ilpy |
.................. B
e | " B wwm | SHE EHE S R
kit B blE Hnw ....... A B, Al a A A A A
2| e | 2 @] |B
P Yas - SERHH o :%ig $Lu% BSA7
Tt oob | »1aQ 7 w
| [ eiaw D« 8| AL
..... ! x| P¥7veoz iinkintal SN pyo
FWHE (2l o . e
mRE . A A A A A A
dm | | WK KR [eosw 3
AN NN . . wnm 3
| RIRAUE RR R A¥TLyo2R (mm) HIR Tid 'E
e 2 A A ALFLysR ™
JThda=yb azyh
mﬁg A A mg]A A A A ”
B mgem | WE A¥TvysR mEEE :~E35%ax Tie |BY
b OBEROH[CDNTORS. . . . o RE
FENE | O - BRF(1990.1991.1992)DK L& 1 FEHNE jiﬁv{J’Lx Tib | &
+,Rﬁii TOVWET O I ES PICEATVS. EB/IR L A R = A + B
| O (19949) CEURESEN(1987)225 | av7Lysa | e
Z /15 fLFtt =R S ETE. ;mg A A
. A A T
LEE | OBREEC1SERELLT, RERERt . e N
RUK. -] 71 |2
BAEE arILysa ATy vR ;g.gg'




FyTRERLTVWE LT EEZNMEREINGE (A,
1983 ; Imoto, 1984). BIfEF T, T L7zMEEE 5
Kl b E N, WA B ZMET L — b OWikiN &tk
HBIAPIC K BMNIMERICERT 2 HEEINTNS. X
51T, MInfERAOHEITICHE S B O L EICDOWT,
EOTYHKOZLE LB LU THIT 2AEEINT
T35 W - BUEEF, 1991, 1992).

T 5, FEEOMEN LIy T LTHEKS
FEA I ) OFEDE S H I E iz (Caridroit et al.,
1985 ; Ishiga, 1990). T DM YJFEMABICH VT LR
HHoNTHBO, AR TAR) Kol ~E- ERELE,
AMECBOTEATAO XS FE - @dlE & LTl
wENTWB.

FHEHZEE 5 0 1 EXKIEOTITIE [Nz H
wCOL)INE, 1957) IillB by, 7 L— bamiciifiL 7z
R, THUERPRALER) Mk CFFAIZAy, 1989), THEAS) i
ORFHED, 1989) ICUEE D, ARKIEICHHET 2KIEE L
CAEPERE TR Mk OEAE A, 1991), VHEE TIAHR
(RAIED, 1995) MUACHEE TRl sdbis) ORRIEA,
1998) MEFITH 5.

4.2 Bt H

FHER &, DO THIARIHERTY & xS T e
BTG ECRAE A 8 OIS > T, Z DR H
W7 L— ROWLPARIC K > TR E NNk e &
5zZbM, EBED TR Hus-> Tl figicsnT
Mg E & HaI R E e Wz, FARED, 1993
KEA, 19957% ). X5, HtOFmEHEREY O
WD DONT, PR OHERTIC DOV T EILHIA
Hi S EEN e R MR O HEEND KD
Wiz o e (s - fi, 1989 : Nakae, 1993 : FEA,
1994 72 &),

PR OHIERE, 8 (1983) % Imoto (1984) HIc

KXo THEROEEZ [EMER (BT 258 & 15
RS (Ri-rhY 2 S8 IkBlE Nz, Z LT, BifE
TR omfEaeg, wWInsAkgms - Fvy—+h
ICRESNZ MR OYE & FEIRIEE S D 572 5 1
ETHEREN, ZNEDIERNINES LT T E S
DESHEL MEREaY Ly 7)) MERD > TV
LA EINTHS (FIL, 2000a, b &).

COHREa YT Ly 7 A0MBNEEAEFIE,
ik 5V R A QR Es, JICETEEHERTY 2 &
T5Fv—1, TLUTHEOWMSE - BADFERIECIETE
KLELRZWETL—MEFZRTEENTNS A -
J\R, 1986 ; Isozaki and Maruyama, 1992 ; Hi{T,
2000a 72 £). TOXI G—EHDWHET L — MEFZ)
MADORARN Iy F & HAxd. T LEEANZRIZ Y
B, AR BHRE O K8 il 0 7 FE S B 1T K - T iR AV
DIRUIEDIRTESRIER LD T 520, BaHET—
HOWET L— M EF 2R T 2 & 1diE & A EARATHE
Ths. Lich>T, WHMNRIEET L — MEFRE S
ERBEOERZEEZRETZILICE-T, —DDX%
EESTMERE UCRMTE2 807 S aY T Ly
JAEEHT S.

—fIC, WEPET L — NER A REEICEET B BT, S
WKHELBE T L — FMEFO FEICERDOLI=Z Y b D
EMFAMInENG. Lieh-T, SftfAEa Ly 7
A0 ETFEWETHEHEN, MEN MioHRiaa> 7Ly
7 AF ERBAEDERDPF LV EV S ENRDENS.

AREHIROZ T T Ly 7 2 Lo Zzn s & o
TEZHE 4. 2RICRT. TOSbLEERHEBEEaY TS
Lw 7 Z0—#%, £BPZEEBEnTuwians, LU
M5 THEBPEIGER ) BEOE L=y + HAiED, 1989)
R Mg Kigora> 7Ly 7 2 (FEARIZD, 1993 ;
LIRS 2 )V—7, 1993) O/ v T+ —Lk b
EHAhLICBOTHIF RO SN Tz,

ARG I 350 2 FHER O R, R > 7 4 —

a2k AKREHEE MO PRGSO Y T Ly 7 Z0%E

X v db E ® O BEL B il KR AR FHpg#r
(GERIZD, 1989) | CRRHER, 1989) | (B -k, 1990) | GFAITA, 1991) | GEXKIED, 1993) | (BAMIITZA>, 1995) ¥
B
KlFarFLy sz
HRa 7Ly 77X | Tnd
[ 3 WE
A=y b UEarFry s R KkfTEa2=y b | avr [apr HEEx Ly 7R | T
VyZR Ly 7 A
ZRarFLysR X @\
o Ll ayFry R
Erfia=v b |G TLyIR PFAKF2L=> b ays |ars EFNaryFry s A | TOH
v Ly R
K= b MM Ty IR #HarF ey sR | &rffa=y b ZRavT LUy IR Ega Ly 72 | Tla
1 RIHUE B 1 B A BHavSLyrR 1 Bt BfarZLysR | giavrrysx |Bl IWaryFry 7 Al T1




LERIC o049 % P i 2 B AU Tl 320 1T R e oD
CERRHMEEI YT Ly VAN H T B EICHB. Th
SIEHEN i bR LISFaYy T Ly s REWIKa YT
Ly 7 ZD 2R EN5. ZTOSMUNCIEZY 2 T e
BEaY 7Ly 7 AMBIET 3. I5ICYa TS
avILy 7 RGNAMEROHEI Y T Ly 7R, 4E
wla>7Ly 7 A, Z7RINC /0T 2 EEB D >
Ty X, TRMERORILIY T Ly 7 XD 4 FEiC
MrEN5, TNSORHERSEIY T Ly 7 R, 131
HPE O Rl LW E TROIEL TV 5.

¥ 7z, AR M P ACE o PR S R A E LI A
FTHHET2aAV Ty 7 RE, BAEKRIC KDL
B Z2Z T TWBy, itAlckdary 7Ly 7 A0
DN THZ. LhrL, BHRAOKREL Y AICEE
N3EAPHEOEHEN S, mMiltE A HEEa > T Ly
7 AN, FRRESAERE O Y Ly 7 R, LAY E L
ATy ZRACEFNTNIGARETH 5.

4.3 TR R

4.3.1 ALFAVTL YR (Hs, Hm, Hc, Hg)
e R - FHEHETIZE 7 V—7" (1993) OAILSFEE
ZREERK. WO (1958) OHIKED S B, FIC PV, PVI
ICHIY 9 %. F7z, Nakae (1993) HHEFHEHOE AT
YLy IR UIHEKRE, AavT Ly s Ao -
FERICIFIEHE YT S, AT Ly 7 ZOWEIR, %BIC
IR KDNCFHERF O Y 2 TR A & IR 2 R a s
HESMHKZERT. coary T Ly 7 Ahicid, His
BINLED S JCHYL (1987) OdiZk)E, fif- iUsE (1990,
1991, 1992) IC k- THIAELINHMEEZZATY
%.
BRI S RO RO B LD H
AULBLOCESZLV—F CGE4.1KA-B, 54.2KD).
S HEHEOMHAT > T+ — LR RERIC DT B
BREATZOmEE, ¥V 74— LI mT 5.
q%ﬁ>y7i—Aﬂ§MT%€m<ﬁﬁﬁ%%ﬁu,
H O {FALES»SHERICEZWEORM T, KRV il-
B 5D 5 S g I 2 % s dLR 2km X B PE#) 6km
DO TH 5. Fiz, mdbPEO TG LKk O H M T 54 B
WEREEAMANKREZIBITL, HEANMTREIL#EICE
DT %, MR TIEEOFED BN,

P 7 — LB T, RARE A O & LA
WS RHFE OIS, NEEITIEH 2 DR RS
FHRORIAY T LYy I ARRH LTS,

BB, WY YT F — LB EICE, T AR —
ELTATAY T LYy FARRDENEZETAEDH 5.
BHhFOBRE %4 3XKICHEFRKAERT. RHLr
DEEFEMHY VT 4 — LI DNNALR-R >R )b —
T 1,600m, FFIIBWVIL— R TH 700m TH 5.

B AoV LylRGEAEZEKREL, BA - A
G Fry— a0 FRAOROPHEFIIER S NG -
RREAEHEZRZL, RUFWEAXALATEBAAT
KK LTz 2 BEHOWEREA TV, RIC FEh 5 |k
HANEHC L IcZ R MERRT 5.

TEHOHAX, WERF ¥ —OAENEER, FEMt
EHTBHTENEZL (E4.4KA), BESOKHEZE S
LT3 ((B4.4KB). Fiz, IREOHE/ YVa—LE
ULIZIRBEOHEEMEZATHREbRED LN, KE
VWEDTIRERN30cmICET2E0DEH5 (H4.5K
A).

TS B - T, REIKAILFDE (A XA
T, BEAT) MEELTOVL. ALFWERIEHES
PICK > TRE-HEORILFREA XA T L EOA
WSFWE B 24 Iy 6ins. RILUSFWE A XA 7%
Hptaz 2L, @IkHEL, AR ZVWLHEEGH
WETHD. MITAHPIAREAEE ORI IR MNZ <
BRoTWaE0MhRBLENS (F4.6KA A). Kl
FWEB XA T ISR R L, FEED R T
BURZ 2T (4.7, —RICHIANEL, RE LN
fROIRD 2 . HTRLRD S CIE, BEIC BV Tk &
BAOAMICHELUL TV 2D, mEORAREORLEN
KRELEERDID, BTRICBO TR TES. K, #
FHE R m g R O A O B T, ARPHEA
WCIENTARNRD ENG (H4.8KA, A).

Fr— &, BKE, K6, ST, BEORETE
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HIOHIHNIC X B HEBHEH L EZ 5 NHAK R T >V I)V—7 «
VIBRDEND.

4.6 pEHEGEHESENR
ARRIEHIE D 51%, FicHdEd, AT, TKHE, Wi

BH, 2/ FYF, Bz EolbaoEENfiEn
T\% (Sakaguchi and Yamagiwa, 1958 ; I, 1958 ;

Sakaguchi, 1961 ; Sakaguchi and Yamagiwa, 1963 ;
R, 1965 ; Nakazawa and Nogami, 1967 ; [LIH %
A, 1977 5, 1977 ; RS Eakdth 2=, 19
79 ; Isozaki and Matsuda, 1980 ; Takemura and Na
kaseko, 1981 ; J:AIE A, 1989 ; A M « F}ifk Hits WF 5%
FN—7, 1991 ; #, 1994 ; WK, 1994 ; FHEHIEFRRIZE
JV—"7, 1995 ; K « HA, 1996 ; HAIEAD, 1997 ; &
AlEA, 2003 ; Hik - /R 2004 ; B, 2004 7%8).

EHIC, SEFHICHEMEOF vy— P BRUHEN 5K
BB GZE2 LN TERL. ARETE, TNETH
HEnbaEitSR s D2 e L EIC, FRFTZIC
BonribaELMSZEDTE 4. 21 KIIRT. Xk,
#aAY Ty 7 AR LA L T OFEN, BT S
FHICOVW T 2Rl L, fa T Ly 7 AOHEE
RIEDWTHET 5. &, ARXEHIKD 5 #7772
Ule F At z8 4. 22 MICRT .

4.6.1 =EfREREEIVIL VIR
AUFIVTLYy IR RYRVLOFK 1km O 1
58 T, ARILUFWEA XA T Liktaa L OB D
BUE O BB R E SR B Triassocampe deweveri,
Pseudostylosphaera japonica, Capnuchosphaera sp.
7% & O = BRI 0 S BRI 2 R 3 Ak
AMER Uz, M558 O#BIE, ALSFE04ENR%Z
IRTEEZLNBT NS, HHORHMICDOW TS
% (F4.23X).

FREEEE, YV MNEOREHEAELTED, kK
BZRTEHa RO 5N, bAEHEE, BERUR
BEHANLRDIZARLUFWAEAZALTOAMEEDOPR
KA, YIVNEEHBEBLTWAZ D, RUFWE
AZATICHIGT 28D L HIMEND. REAHEREOD
SBIRTCTHE RIS BEBtAE L TEZRED
Supumellaria & & & I 4> & 0 Nassellaria 2% i 19 %.
R EEMEICE AT RO S E D 51, Supumellaria
b MITHEH 3 % A Nassellaria 1Z58 8 5 iz, &
7o, IR OAKEEETD S 3R a 7z v
LTWRL.

AN RAREE D TV 7 55 O SIFRTE IS 22 9™ % A% 1<
WEB XA TS HARUEHSICEENDIHEE/ Va—
)L 5, Eptingium nakasekoi ZZ X O =H &K 7 =
DT oMb a M ER U (B - VB, 2004 ¢
Hig 62).

Mg 18 OF v — FH 5 Triassocampe deweveri,
Pseudostylosphaera japonica, Eptingium sp. & D
=B O ea N ER Uz, #5017 O RiE 8
D F v — 5 Triassocampe sp. aff. T. deweveri,
Triassocampe sp. cf. T. postdeweveri, Pseudostylosphaera
japonica 7x £ o /1 1] = & Al 1% 0112 0] = & A AT 2 R
FTRBECADERT 2. £/, HA190HAPIC



Ty 7RTEDLNZF v — A 5iE, Albaillella
levis, Follicucullus scholasticus, Pseudoalbaillella
longicornis 7% £ O H A% AU L Ad D B b G 78, b
63 OF v — kA 51k Parentactinia nakatsugawaensis,
Pseudostylostaphela sp. cf. P. spinulosa, Pegoxystris sp.
75 & i = A0 1 - I = B A G O i R b Y e
HL7z.

FHIGENT O 131 2 EE SO 7 1y 7R
F v — b 5 =&k o e Uk & Parentactinia
nakatsugawaensis &z ¢ I / K ¥ b Neospathodus
triangularis, Gondolella jubata 7z & 2 L7z (H -
FEAR, 1996 ; HAE D, 1997), AREZUEHO IS IE XD X
ITHBH (F4.24K, H4.38).

B A TIE, HRARIKEHARED 2 J@HEICRD 5
Na. KEAGTv— M ERKOOHEEEARE & IEFL O
WiETHLTWS., PEHOBEHSMIE, Fy—FeAa
ELENS B> TEOREZ L, BUROEE
HAICBITT S, ABRHICBIS2REFERIEEZa ./ Rk
N OB R b &, FICFL & P20l TlENTIK
HEoFv— 0o EHLE.

B B, TEHNUTMMICEEEAZA, LHIC
FEmEENES 5N 5. FRREICEH R EEERE A
&, MEtE FEAOSREEN L.

By v 7 — LR O 64 DF v — b5,
Follicucullus scholasticus, Albaillella levis 7x & D%
WOV LA OME A D EL Uz,

D EOF v — FREADOBEHICGFERD S, KOV
Ty 7 ADWERHGEDFENRZHET S LRDKL I
5%,

KAV T Ly 7 A TEB-HEOARLT WA A %A T
AOWEEDFENRE, Fy—FORTREGWVER (F
M=k zH-mH=aidai) Zoerh,
Capnuchosphaera sp. O/R 9 H=ZERAiHEHE 25
Nz, £, LEHMOKRNFEDEB XA T2 a3 HfEIE
FHI =8/ T, THMORLFHEA XA T2 CHE
DEMRXOPRE V. Aar T Ly 7 ARNDFENRD R
3 2MOWEZZOHREAI YT Ly 7 A0EHERIC
DT O, SHBROMIZRLRE RS T,
BRIV Ty IR HMASSOMEEED D Sarla
sp., Betraccium sp., Capnuchosphaera (?) sp. Z&s
B =EBROBE (LA DNERT 5 ORE « FHE A D
7OV —"7, 1991). HWHEEJI & H K)o & Fith S 5
300-400m N DTN DNE T, %P =8I Z xRS
Mysidiella? n. sp. ZE@TAKREDIHADFERENT
W5 (FIR, 1994 #1557 38). T OIRAMFER T N7zl
ROBEMOFEAEZE CRYRV LIS O T 581
XOJbM oo FEEE 4 .25K) /» 5 Pseudostylosphaera
spinulosa, Eptingium manfredi robustum, Triassocampe
deweveri, Pseudostylosphaera japonica 7 & fiifi=&4

FT 4 =7 YHOBEIUL AR RV ENTWS (JFHE
Mty BEgE 7V —7, 1995 :#if 57). L L, Th5iE
V2= )VERIIEELTEENS ROHEEEAENLD
FEHTHZEEZLN, BREOEAENS T Sarlasp. cf. S.
sp. C of Yeh 7z ¥ D% =B O R b fa D EEH L
7z.

LW SR O B L S MER O SIS HEOH A D
5% =& %~ 9 Japonicampe nova BEHEICE T B
R G A ER U (b, 1994 :#is160). F/z, —
RO 49 OFAE,N S BRI =8/ — U7 VO
Canoptum triassicum % & & @R AL 7 WY pE HY L 72
G Ay, 1997).

ZFDEh, HiS14, 15, 16 72EDOFr— A 5I1da
/ R I Neogondolella sp. A EH U7z ([AE4EE R &
BAe s, 1979),

—J7, MEOHICEENSGKEL VX (g 29, 31,
33, 34, 35) M 5iE, L LB IRV LBRBTAOL
L F 0 1 o Waagenophyllum indicum Hif D & A &
bRl e DA FEH L T2 RO, 1958), Z
NHIEHER O 2 EDRVE VI RMD B B (K,
1967). ¥R ERCTHEEDRZZ APEL Y A
5 1% Waagenophyllum tambenze © & A THb A A
TN T3 (Sakaguchi and Yamagiwa, 1963). E&
oG IE L > X 51 Neoschwagerina craticulifera
iffi & o Schwagerina japonica, Pseudofusulina
tambensis 7z £ O #ifE LA D, REECTENS /NG
ALY Ah 5 Gladigondolella tethydis A%, i
R2O0HEBFROAIKE L Y XA 5k Gladigondolella
tethydis %> Halobia sp. 7x & D% =Bl O H—
—T7VvHEEZONBLANEH Lz (Nakazawa and
Nogami, 1967 ; [AEHAE AR, 1979). iz,
TN B O ERE, RN ZETE ORI E i E N
LZINAK AL Y X (Hf36) A 5 1&, Gladigondolella
tethydis, Neogondolella sp. aff. N. navicula, Neogondolella
sp. cf. N. constricta 7% & O ] = B/ B % =8
IO/ R bR DOM « I ADJEHOIL AN FEH L
TWBT eMD (EH, 1977 5 [AEME Bk Zists,
1979 ; IWHIED, 1977), APEIKIENIV L E =8k
DYix L ERHMRDRR S 2 MO IKEDMMEET 5.

INSOEMEALD, ROV T Ly 7 XDF v —L
RARADREH LWERIG P = SRBIN-%I =8
HHTH 5. £, Hah bl T 2bAaXD, #K
HfBEIC BT 2R3 T Ly 7 ZOREE A O FERIE,
Fr— FRAGREDRTERI D POPEL, BH=EK
HI-RIEEZ 5N 5.

AT EFELIN D B DA E IS DWW TREIR T % .

Higi5, 6 0FHILTDOF ¥ — 25, Gondolella
spp. *® compound-type ® I ./ K ¥ bk (Isozaki and
Matsuda, 1980) 4%, L FOHEILHE, S 7 OF v—



Bk Hulg D PHEHE, EPHBC A B E I U T2
A ES - BEEARRKENSOMILA, @:F v —Fh
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B4 22K PHgHTD SEEN Ui e a

A —)UE4T 50 p m.

1. Dictyomitrella(?)kamoensis Mizutani and Kido : i 40
Tricolocapsa plicarum Yao : #liz5 40
Tranhsuum maxwelli (Pessagno) : Hisi 40
Parahsuum simplum Yao : Hig 47

Gigi fustis De Wever : #lif5 50

Bagotum sp. : 5 50

Parahsuum ovale Holi and Yao : s 46
Canoptum triassicum Yao : il 49
9.Latium sp. cf. L. paucum : Hhgf 41

10. Gorgansium sp. : g5 41

® N as W

11.
12.

13.
14.
15.
16.
17.

18.
19.

Triassocampe deweveri (Nakaseko and Nishimura) : iz 57
Pseudostylosphaera spinulosa (Nakaseko and Nishimura) :
Hix 18

Sarla sp. cf. S.sp. C of Yeh : Hlifi57

Betraccium sp. : My 55

Parentactinia nakatsugawaensis Sashida : Mz 13
Triassocampe coronata Bragin : iy 7
Pseudoalbaillella fusiformis (Holdsworth and Jones) :
H153 19

Follicucullus scholasticus Ormiston and Babcock : iz 68
Albaillella levis Ishiga, Kito and Imoto : i 64



k 7» 5 & Triassocampe colonata, Triassocampe

vulgaris subzone DFf#E R X A TILAMNEL L
deweveri, Pseudostylosphaera spinulosa 7z & O HiH (Sakaguchi and Yamagiwa, 1958 ;Sakaguchi, 1961).
=BEACHTH O e D EH L Tz, T 0D i oD 11 8 e o G 1) B BT R T B A 5 42 IS 22 % 5

MR 20D4GKEL Y A 5E Pseudofusulina

BRI D PEANAZMREE (PHRE TAAR ) M) 1S fiiEd % H

95 4.23 T =B - KO MBUERCOREEDER LICE A7 v F (i 58)

Ha24X i B BEAC O RN E LA T v 7
Gt 13) H 5 Wl BHALE, F1, F2 W,



H43K ZHETFvy—IhSELLEMIEAR

{t a %

27
30

34-b
[34-¢
135-b
35
36-b
36-c
38-a
38-b
39-3
39-b
39c

31-a
33-a

Neospathodus sp. ¢l.N. homari (Bender)

@128

140-a
40-b
40
40-d
@ [40-e

Neospathodus homeri (Bander)

Neospathodus trisngularis (Bender)

®|®|0|0]34

Neospathodus sp. cf. N. trimngularis (Bender)

Neospathodus spathi Swest

Neospsthodus sp. ¢f. N. spathi Sweet

o e
o |@0|0] |@40

Neospathodus spp.

Neohindeodalla triassica (Muller)

Nechindeodeila sp.

a/ Kok

Gondolslla_jubata (Sweet)

Gondolelia sp.

Cypridodels sp.

Chirodelia(?) £p.

Ensntiopnathus sp.

Diprodolela sp.

Parentactinia nakatsugawaensis Sashida

Parentactinia sp. cf. P. nakatsugawasnsis Sashida

Parentactinia okuchichibuensisi (Sashids)

Parentactinis spp.

is Oumitrica

Arch ts sp. cf, A, cn

Archasosemantls verusta Sashida

Archaesosemantis spp.

Polyentactinia sp.

Nofrema(?) gigantocerous sp.

Tiborela agria Sugiyama Sugiyama

Tripedocorbis(?) sp.

Tstrarhopalus sp. cf, Rolgawai Sugiyama

Tetrarchiplagia simplex Sugiyama

Pantanelum spp.

Poulpus nishimuras Sugiyama

Poulpus p. ¢f. P. nakasakol Sugiyama

Poutous spp.

Cryptostephanidium bongispinosum (Sashida)

A

Cryptostephanidium sp.

Pagoxystris mizitani Suglyama

Pegoxystris sp. [

Pegoxystris 3p. A of Sugiyama

Pssudostylosphaen sp. !

Pseudostylosphaera sp. cf. P. spinurosa (Nakaseko and Nishimura)

Pseudostylosphaera(?) m.

Psesudohsbodiscus 3pp.

Palasoscenidum sp,

Plafkerium spp.

Temahopals sp.

Eptingium sp. L

Zevis .

Spongosificarmigen(?) sp.

Syringocapsa spp.

Foraminifers

LRERGEH DL > Xh 5 Pseudofusulina vulgaris
MEHT 5.

Zofth, NEILIEAK 1.5km ORPEESEHfEhO 7Ty
JIRAIRE (Mg 21) H 51 Staffella sp, Nagatoella
ellipsoidalis var. orientalis, Misellina sp. 7% & O #jj
HER LA S ORI, 1973).

4.6.2 Vais#HHBEEIVTL Y IR

B> 7Ly 7R HEEDSHMOREZ K% TR
MAICEDHAMOM 46, 51, 52 5y 25
# % sk 9 Parahsuum simplum, Parahsuum ovale,
Parahsuum sp., Bagotum sp., Canoptum sp. 7 &

O LAz ERT 5 OKH - FHEM AL S )L —
7, 1991). Fiz, HifL 47, 50 OHEEERIKED 513 Gigi
fustis, Parahsuum longiconicum 7= ¥ OFHY 2 T #
RS b A D E R UTe ORI - FHE SIS 7L —
7, 1991). HHIEBOHIA 42 T, HHEEEOXRMICEZE
@ Parahsuum sp. O v F YT GEMNRD SNz M
RED B, Mgl 48 DEEE LA 5 & Canoptum sp. & &
¢ 1C Dictyomitrella sp. C of Yao, Parahsuum(?) sp.
HEDHIY 2 Ik LB A SN BRI ANER L.

LT AT, /NNEILHAEE DK 500m DAEICIE, F v —
McEeENTHEET Y T Ly 7 ANEDH N, Hifi44
EHIF A5 DF v — FE LOWMEHEEHS & IOl
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24
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22 23 21
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Lt WK

Ha.25 X P EEKBRIEAREEDER LB RAr v F (MK 57)
b, YTV 21-25 TEHEH L.

F v — k /» 5 Canoptum triassicum % & s Canoptum
BEEEMPEH Lz, &5, Erodtiid fkEic By
THHEATOREF v — i 5 Latium sp. cf. L.
paucum, Gorgansium sp. R EBP=EK / -V TV
o -% o o b 5 213 T 5. Canoptum
triassicum Z B =EHBHLE TN TS (Yao, 1990)
M, BiZED XS K& Canoptum BEECREM T 28541,

B =B8RS 2 SHh I E TERT S C &

MHLENTWS (AR, 1993, 1995). ZHT ehb, &
S LAICEAZ B A IRIY 2 S TH % e
MEWV. BEOB =B OMEBHE G F v — My
LOEHTHY, Fv— D LA EE S HEEE R
WY 2o THBAEEENE .
CNSDOERLAEND, KoV T L w7 ZADREED
WEERENMY 2o/ EEZENS.
Fr—FhSREHHOM S 8ICH WV T KL



)V Lo Bk A Pseudoalbaillella u-forma,
Pseudoalbaillella simplex 2/ K> ~MbA7 Gondolella
sp. aff. G carvata, Streptognathodus elongatus,
Idiognathodus delicatus 7z & Ok A s Lz (JF
ARiE, 1997). HMEOHIS 9 ICBWTIE, BN
L#dd Neoalbaillella ornithoformis, Neo. gracilis,
Neo. optima 7 & O it i {b A W PE ) L 7z (Takemura
and Nakaseko, 1981). HEEDHIF 10ICB VW TIE =&
#2®D Neogondolella cf. excelsa, Neogondolella. sp. aff.
N. constricta Z& & A, BB O 12 1B 0T
Neogondolella sp. cf. N. excelsaZx & a / K > kW
FEHI U7 (BH, 1977). IRAEEAD L O FOiiA
(53 39) o R OwOILfq (FARAd-=8) AV
HENTw3 (BAED, 2003). NSRRIy 7Ly
JAMND DI DA RETEDN D 5.

RO EICHES AIKE D/NEB D 5 1E Triticites

montiparus #i OFf#E DA EN TS (Saka-
guchi, 1961).
FE/NaYTLy R HNBERT/NEATE O AL 43 O
HEOESD S 1F Tranhsuum hisuikyouense, Hsuum sp.,
Archeodictiyomitra sp. %z &, EREEBRIKED 51X
Bagotum sp., Parahsuum sp., Archicapsa pachyderma
HEMNEH UL N5 ORBE A /RS ERIS T
Vagk-HHY 2 ST, BREERIEDERD
FMBEAHEAEX DR HWEEZIENS. LA > T,
ARKaAVT Ly I ZAOMEEOMEFENRIE, #iflY 2ok
B - 2 SREmHEE A BN S.

WaHGRERO T Oy ZIRAIRE (R 65) »HiIE
Staffella sp., Nagatoella ellipsoidalis var. orientalis,
Misellina sp. 7% & O#figk b {ba DR Lz ki, 1973).
BiEEI>Y 7Ly X PEAFIIHROMET 41 DffIK
BHEHESL, D, WY 2 T %O Tricolocapsa
plicarum, Tricolocapsa sp. cf. T. conexa, Dictyomitrella
(?) kamoensis, Transhsuum maxwelli 7z £ o fig 8 1/t
GMER Uiz, £, Aoy Ly 7 ZOJEIEIEERIC
Yo TN TRHMERI DR LTS (JF
AiZh, 1989).

Fr— B, EFINGVOMIE L, 2, 3, 4 T#
=2 D Epigondolella bidentata, Misikella hernstein,
Gondolella spp. ® 3/ K> MW EH L7z (Isozaki and
Matsuda, 1980).

i 67 D Fu<A bh 53/ K Mef Gondolella
spp. R W EN T3 (Isozaki and Matsuda, 1980).

INSOEHIEANS, BEEOMEFERIGTHY 2
FRBEMANMSBRAY 2 KT, ZEBROF vy —FxlR
Ty 7L TEATVREEDLEEZLNS.
BUAYTLYy IR ThETDETH, AHBOERS
JEXF v — b SFFERREICEN R GEEHL T,
TWVA, EMAMICAIE T B R IFED 5 Liiiic

DT BZATY T Ly 7 ZAMYEH 513, Tricolocapsa
sp. cf. T. parvipora, Tricolocapsa sp. cf. T. rusti,
Stichocapsa convexa, Stichocapsa japonica, Mirifusus
(?) sp., Archaeodictyomitra sp., Dictyomitra sp. 7«
E o b4 A E H U 72 (Isozaki and Matsuda, 19
80 ; M3 - FHE M IZE /)b —"7, 1982). TDT &b
EARAVT LY 7 ADOMEEOMBEEMRIIBIY 2 I/
LHtEESNS.

4.7 MR REYE

A RIS O B FHUM FE 5 R ISR > > T 4 — LA
BHENT VS, BT YT+ — LG TIE, RAHE
BlERARIC K > TRELAFEANBH L AW TN TV 3.
Fhe, MY YT —LOKEIBE, BAOFEILEOWE
KEoTU BN, INELMLCEMAHT TS, L
oo T, BHETEHEOEEIIRTHEHIZ>TWVS
LEZbNG. WEK ETIIERTERWVD, AT
CBWT FMIOFHEFRARLSFaY Ly VAN T 2V
A= LTHNTWVWBEERERLS S (Hl 2, Hit
(1987) MFEOEEHHILTHERE e L) £H0, &
VT F— LOWERIE SR AMEEE L TS, —
REALDRI > > T o — LA TlE, g O EmD
EEH P, ERD 10°HIB ERONTHE S 2 <, i
HIE B WG & a > T 5.

FHEArOSHERSE > T Ly 7 RUE, Bk > 74—
LILFIC AL TH O, HEmICIZIE 7% LlfEic
XoTHEN, HHEW LML S FUNEERPELE -
TV, UL, bl zicA cItdfilcidc s Lz
MEZ RSBV NRDLENS. TDHB, /)
NS T T, HEEaY T Ly 7 A (FilY 2 T
Tlic) OHREFICKAOE EWiE THRENS LSS,
W TRMOERNNT T Ly 7 A (FlY 25 kg
WY o IR Tib) ABNTWa. Fiz, < odtfll
DFHEEa > T Ly 7 A (MY 2 SREBN-%EY 25
FRTH: THa) &, WEEa> Ly 7 A (MY 2 T4
Tlic) DF v —FTIKICRD NS E LW EZHRATHE
BLTEO, E/Nary T Ly 7 X (WY 2 5%
Y 2 TRETA : Tb) ZRNTW5S. %RE & RED
MG R, AR Ic v 5N 5.

COMEEREEEROXSICHEZ NS, HEEd Y
TLw 7 ZOF v — MEKOME EWE (hRiEh (1936)
OCUNEILEBT EMEARE) OIS RENWT &, HEE
AT Ly 7 ADOBESICEERPREL TS L, H
BE, ERNOWIA T Ly 7 AT IZBEFSGED RO b N
2k, HEEaY T Ly 7 AR REHEE Tk TRRERIC
NIWVLHDBENTF ¥ — F ERFEEDFREELTVD 0D
WEREN DB LS, REMEICEOHEI Y T LYy
O AWE FEWEICE > TERINaY T Ly 7 A 2BA T



EHM O T Ly J ACEE LD EEETNS.
FHER O AXIE K O PHEH ORERCE IS D W T,
Fr— b ARG BHEA - HEREDEHEZNTE
NOMEERDOBEZBES LI, WBIETL— NEREET
9% ((H4.26K). HEEEI YT Ly 7 RICDODWVTHRS
L, RGN EMICMET 2 ARILUFI T Ly 7 A0
HAEOFERE, hi=a8&H-%i =852
bn, oary Ly 7 AX0HLMIEHY. —T7,
W FAICME T RILa > T Ly 7 ZAOEEDER
X, BRIHY IR TRESA V. TOX S ITHEN END
5 FALCm Mo T, AWMLSE, WK, HEE FERN, FEE
W, BRIy Ly 7 ADIEICERDT L & % I
NBBHEN5.

Tk, HEOMBEHbas R, 837 Ly 7 X0

MR RERZRLTVEEDEEZ BN, RSO
Y7Ly 7 REREER B O = SR B EI i
HETL—FORFARIC BB NTAEETEE L TV o
BT eZERLTVBED, TOBOENEBHOERKIC LS
THERY GEAD 1275 < 55 &5 ki iznconizn
AEEHIR NI IZ, HIKa YT Ly 72D “RKRyRY
(b E” REEa Y Ly 7 2 s EICHE AN 7
LTV, Thold, K<EELEEERORET

LA RBEEOHERRY 1 7 VGRS 5, FEA (1994) 1T &
ZRABOREEMATEY, MUOHRSa>Y T Ly
JADEMEZHOMCHRITS., T Lk aREE, B
PR ORGSR M e CRIT ) A SIS L7z D&
AbNs.
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555 RIS U UVE IR

AR X i ik 0D AR AR B, AE T A R & A IRERIC
RESKDTE, ZOZ IFARKMEHIH PGS 0T 2.
e aBIdEREICEAESNTWS. TS IIEHFEAD
WEESNTEY, WINLHEKTHS. fERAHEL
TlE, KAREETEMEERDORESBEARDREREL, TO
EMSNRBRER AR L UT, EEAERMA, ke
M EPEIERME DN H 5. RES AR &R RIS I AHA
ftzfi L, feraPifa D LAz %d. Blkieis &
e A EMZRICZ LOERIERTH S, e, &K
KO E LT, 2LDOERDIMTZT ENHIFE5N
%. INSOEMREHBIBEAAE L, 2 dmitto
HAGMZ &S, (EBa > XRIEA-RE A 20,

5.1 RAREESIERM AR

KA EACR AR, FEM 7B XS0 A sl dkic & D
= (HESE, 1971), kexGHBRRIZNTIEZ AV THRS
PICiZE S N femShcd . 2 LT, AEERIEILE
DK THET M TN, Ao (HESE, 1971,
JIEF - B3R, 1972), & LFIcR O MG (Masuda et al.
1972), $i¥notEt (H%SE, 1973a, b ; Tainosho, 1974 ;
Tainosho and Banno, 1974 ; {f' /4 12 7», 1973), Rb-Sr
fERME (shizaka, 1971 ; HFSEIE D, 1999), K-Ar
EAARWE (%M, 1971 5 WS, 2000, #% HH N7{&
(Matsuhisa et al., 1973), FHlE (HaIEH, 1972),
EOOWER®EE (&MIEH, 1984a, b) T EBREMN
IKHFEN, ZORRPMETENTE . RETIEHT
NEDORREEEL THET 5.

RAREGIER G, AR REARD 2 kD
570, WINE@IEmL T OEREE X, (F
IEN30° W D MUz IECHEMIRIC 2T % ([
FEHE, 197D, 2L THEDMIEZEL. WSRO S 4
MEE X, - AR ORGEICIEFAMINIC T 5.

AR T W RERIE DT, GERERD BRI
5. WRAKGIERE [AMR) XiE (RE, 1995) T
FEMCRHERENTOEDT, ARETRIEKTS. Tk,
REBAE R B AHIE D (1995) Ik b —HEikENTWVBD
T, AREE T REHER AR ORI HIC E T2 OV TRl#
T 3Fh, TOREBERERDOEE, HAKXCONWTE
W& 5.

5.1.1 8854k (DNc, DNm, GdN, GNc, GNp, GrN, GNf)
BB HREE (197D 12k3.

CHHAS HE R A7)

P AU E RO [TRAR) Ml & OERIC K 72 >
THAid 5. KERIFEEEMTRIFLUIMD 5, FAT R
KT oML, EK 10km, E£ 5. 5km O IR
s 5.

EREBE RBGEREEI IR ORERESE I v
TLw 7 A%EE, 1ZIFN30° WO HICIECMEN
MRS AT % (HESE, 1971, KEKNTIE, K@
WEM A G N BT 5.

REBZ S RIE A OIER SO Eihk 7z L, Eic4D
DEMEDRZEGEKTHD. SEEE, HEXET
FEERLMHRKICAAHTS 5. 1K), FEEXDK
HZHEEEROE AR EOIED 5, ook LR ks
IS IRIC 01 9 2 MR e P kk s, e S kDot
Wz b B R A S PIRRE, BEEAEIRDO K 2 D
PP B D SRT SRR TE i 5 & D RIS 2046 9 % MLRLAE R Y ik
A, 5T, BEBEROKEZ DL S MK REIRIER S T
B3 ARKOUEMRBEHRZEES. 1XKELHE5.2 NI
Y. i, REMTAHOILAHKZE 5.2 RITRT.
TNESDEAIZ, FLOENMSRT, fEETEEM 21T
WENSHEBENICEHAT A EICKb RSN DL
ExzbN% (HESE, 1971). ThBICMAT, TOAEK
b mc E < 2 ROEMBUERD & % .
BF - - BEABER BEAREEERREEREREZRT
O TH 5. RERAEERNOZHRINE, SRR
I HRORL A DEPT AR DY, HR IR IS MR TE bl PO RS B3, A%
ICHITRL BEIRTE RS VLS L, 2 < DYHIRIAE R BIRA B &
%% CGHS5. 1K), SERBMOBEABGRERS L, MG
PGk 5 & HORL A DRI RS H I I S RIS PE L, R
TRBENSIRELZEBOERICEM TS (5.3
B A). HORLA DR Rk & RHREAE el PO O BB £R 1,
FHUREAE fd PO DY S IR IS FRoRLf JEpa ik s 2 B &, Befih
WCRERMEEDN T T4 VEICE SR E, BEAMG
CHo, WG EE LY GE5.3XB). —77, Mk
{6 B AR BEIRAE f 5 1S &k 0 IRIRIC B, Ml
WCIAMRIBIRIER ST 7oA Va5 M (55.3
B C), — ¥ Hitdsl T vk Ak BE AR AE B 75 03 ok 53 IR AN &
BN, WBEFRICH S (ARSE, 197D, Thb
FHE B R S LT, BEEAE IR AR A BB A R I
HAL, BKENPRENTEHALEGEKRTHS. £z,
JERxE & P EE O S HIG T XN TEABRICH 2 DT, W
BTOREAMNENH B LA ENDE (MK, 1971).
—J5, TR E B TCIEEAMGRTH B, Wi
TH5TELEEZVOT, FIFEHRMICEALIZLEDTHS.



5.1 FAREEEREAROME X K G (FHASE,

S E AR M2 7R g

1 i,

5 : SR BB B E RS,
9 : MR BEIRTE R PR,
12 Wk ERs A,

15 : Wi

2 KERJERE,

6 : HTRIBEIR E e A
10 : AL ER PO,
13 : KR e PeS,

1971)

3 {ERBEA, 4 HTRIpk el 7,

7 HIRIBEIRAE RS, 8 : RN LA,

11 MRER PR S GEEREATD,

14 : PR FHE R O RESE a Y Ly 7 A,



B5.1£ fE

i DREMNRATOF A I (%) (HASH, 1974)

=204 #RA A% HRA EBEER] ARG EHER fAEfh
RS E AN RS 52 13 - 18 9 6 2
FHAXREE 52 16 3 14 12 3 -
HAEEPNRS 41 25 18 1 5 — —
HABHRTEE PR S 37 30 23 8 2 -— -
WMupKTEESs 34 32 20 7 1 — -—
AR TEREE 33 34 28 4 1 - -
H5.2% HAEAEMESAROIEHEHOEAELZMK (I - ¥R, 1972)
23-S KL HBIRRE, 21-S ki SEPIRRE, 79-S  HURIAE i PR
72-S HRIBLIRAE M PO AR, 43-S : MR BEIRAE RS, 83-S : Mk BEIRAE el 75,
7-S WSRO HIRI Rk OAE S, 9 : &b RE KO MR BEIR Bk (e i &
Sample No. 23-8 21-§ 79-S 12-§ 43-S 83-S 7-S 9
wt%
Sio, 55.25 56.18 65.86 70.41 70.96 72.88 74.56 75.02
TiO, 0.91 0.85 0.6 0.38 0.29 0.28 0.16 0.04
AlLO, 18.06 16.86 15.23 1417 14.47 13.6 13.25 13.86
Fe,O, 0.75 1.07 0.73 0.47 0.24 0.54 0.18 0.95
FeO 6.66 6.54 3.74 241 2.37 1.48 1.26 0.47
MnO 0.14 0.15 0.09 0.07 0.03 0.03 0.05 0.02
Mg0 4.79 455 2.09 0.98 0.85 0.53 0.25 0.37
Ca0 7.98 7.65 3.77 2.713 1.97 1.65 1.35 1.04
Na,0 2.39 2.51 2.57 2.67 2.52 2,72 3.61 3.19
K,0 1.57 1.59 3.89 43 5.06 5.07 3.96 4.01
PO, 0.2 0.20 0.15 0.13 0.08 0.07 0.08 0.09
H,0* 0.32 1.12 0.48 043 0.31 0.46 0.46 0.89
H,0” 0.55 0.23 0.32 0.34 0.32 0.28 0.28 0.10
Total 99.58 99.50 99,52 99.49 99.47 99.59 99.45 99.91
s . Ma, 75.6 = 3.0Ma T (%H, 1971), Rb-Sr#EM{ik%
AAVEATAY IR ET96.2 £ 2Ma TH % (Ishi-
VIR B AP :
zaka, 1971). LML, T ® Rb-Sr&EMRIFILIEEADIE
ADMIEHRRE g e B N
D MHERTERIPIRE e
o FEHIBIR TER falr, FRSHEEA (1999) “PHIRSE (2001 &, AREKD
Sﬁé O MABHIBEIE RS Rb-Sr & 4%, BEROKAr /K, ROV Y

AR

RS SR DER SO I ARHK (%) (HAS
JE, 1971 ZfEngk)

FuLUBRE MER

B5.2K

COEXIIC, RARAFEMERIEGEAICKDEKE
Nzt DTH% (Tainosho, 1974).

MHEER BEEAROFRITDWVTIE, RbSriEDS
N G HRYIAE DY Ishizaka (1971) Ic X b, BEROD K-
Ar FERMSER (197D IC& > THEETN TS, Thb
ICENE, BERSROEERO K-Ar £RK1E 73.8 = 3.0

DT 4v¥aybIy ZERCOVTEHBEHZITY, 5
@ Ishizaka (1971) & EZ B EMAMRZ2E 2. AW
HTRIIC LROH LWERMEICE DD TG 2175 2.
roRi G POk, MR R POk, AR BEIRIE RS A 2 &
s Rb-Sr A7 AV 7 V4ENIE, 81.5+0.7Ma T,
MAEL/NE L, MSWDEE KL & b EfERFERZRL
FI LD AR IZIER CMHEZE DT EAHL M E K>
T3 (HEEEEZED,, 1999). — ), BEE O K-Ar4E
RiZ, HRI G JEPIRES T 78.1 = 1.7Ma, HLRLAE i PO &
ATT7.7+ 1.7TMa (HFSHE, 2001), 450 (1971) 44X
CIFERETLPRH VRS 2. £, MUK WP R
HOYNAYOT oy vayhTy 7EMRIE 806 16
Ma TH2 (HFEE, 2001). Z4&i, HAERIRS TQ,



5.3 RESAADTER AFHE O H AR (HAGH,
A

1971)

MR A P kRS (CQD) & H ki Pk S O B ABGRZRTX
HURFG D5 POk S (CQD) A ki fa JEPIfE h S IRAE L2 B AR AR (Igr)
ik (Q2) BXU I+ MEIR (m) ICEAMNS.

o=}

C ARG BERIR S (QD) AMHRIERBIfRS (GrD) ICHA TN B K

HURIAE R DI 5 3 BT 7 754 FE (Ap) &> TW3.
C : MIKITERPIRA (GrD) HIAIBLIRTER S (Ada) IKIRKICHAN N 2K
HURL BEIRTE B A 0 B IR U 72 TE il 5 IR A LRI TE i PO k' 2 E <

BEROKArERRZYVarvoT v yaryhIy
THERXDRREL, RICHNZHBGRE & OBFRTIE
FIETH. TOFRKD—DE LT, MNAERERA DR
ERHE UIF UIRBS IS > TRIEAEL TE DL, Zhic
KBTIV IAVOREMNEZEND. HIE HEROK
THERE (wt%) 1£5.856 & 0.117 &K<, #Ea{kD
WENTTEL, Ok, RERO KA FRIEHE
BROERTHRLSPREVERZRLIEDTHAS.
¥, INSIEES MBS TEROMASEIRE X TNE
¥ ->THH, Rb-Sr &AFEMIIK 700C, BEROD
K-Ar {0 # 300°C, YVvaro7evar bk
ZHERIZE BICEIEDK 300 CLL FEEN TS (Dods
on and McClelland—Brown, 1985 ; Yuhara and
Kagami, 1996). CThbH52EET 2 &, RAEKE, <
TN HE ALK 700CH 54 300°C X THAIT 2 X TH
100 JTHED 5100 J7 4 & fied TRIRERIC H RS U 7z
TEZRLTNSD.

EhKH

R AERZE (DNc)

AR ES [23-S) CKERITF S EERCREZAMT K1Y, 26 5.4 X
D1, 2)

WHERI R, B, MR, BRTH 2M, Tom
WKEEANANH RS ZET LA H B, Ficm
MBOOUENNECRETATHLNED, TOR
FIOHAMEE I, EEBRIRT, ER2IEIERES
BER, A%, HEAPNG, HAEAG, RO THS.
LIF IR TR HEICE DV TV 2O ERME 3%,
BIRDEEYNE IV ay, TREAL L, FRUG, AIVA
FA NWEET S,

REGXLEAE-BIE, EHIRTTYIVSL BRE, H—
VAN R, R 7Y M EEZE L, §90RE RS
NHLND. &, REICK > ThIhITFDILZEMHRK
NENT S, BRERIHERTET S 6D LHAORIERD
AL EEIHICKRESTHTZEDELDD, H]REIT
KAHRICT ERV. BIKTET 2 BERIYAE, A



KNS HIKT, —EEBaleNASNS. kD RE
FHIEAAAPREAZRAFV T4 v ZIClBT 5.
Zowid R Th D, HEANAEKEE 2 RERE
WKTHETZERERID MgldEH, &TICHVWRE
Mt Rd. AR rz2L, aa?miEdrl, )
HEE SNV, HEAN G IR ET, BAIR
25T, M THAODKIGHRE L TETZ2EDEEZ .

Tk, HEAMNA ORI HREA D 5 ZH U e -
w7 7 F /HEEANGZET L0020, 1
ARGk E LTS 2 EmmapIa, Mok <Ic
ODNAPUMgle SO RIMGEZRL, Tz, HAEKDMA
Pa&koAdUCicZ UL Felc &8, Y=2 il 113 1%
O TH 5. HREAZEAE, EEIR Al e
ENTEHEEANADKISHICE > THRESENS (5.5

H5.4 X RESVARONERN TR A O NN CEMES R (RE, 1974)
H, 5

1e 2 MRS Rs, 3 - 4 iR e P

+ 6 FRAE i Pk



X B). BSHMFEZEL TH O, ABKECEHICH> T—
W7 o7 /7 lAaEANAICEEL TV S. Rz b
5, ANAMNEOMKIEDUADNEHRCaNZ L&
. FUTHEARPAIE, X =®ilE, Z=%E0n7T, £
sy, oM MmERSERZZY, HEs a0
OBHICRR E BN, 9V RMEEZ RS, 1)V AF A b
BABAGER 2L, INTARAERPICUEENTET

5.4 (Do)

5. TINZA MIRIRTHRNZ S A SN, BERHIC
WHEINZTERZWV. FRUVGBRENCHERET S.

PRIAZERRRE (DNm)
AR S T21-S) CRBR M SRERR S REMT i AL, %5 5.4 X
D3, 4)

FIKET, BEUAEYICX2HVIRAKENHADNS

7 - 8 HHRIBEARTE R Bk A, 9+ 10 MKIBEIRIE A,

11+ 12 : SRR E fa

FMEEEIVINE 7R =a)b.



EA, —EBEE A PO DY OEAKED RS b NG, K
taaEYZET N, MRGERRAICHEANTAR 0. A
EEREEHERLRERE 2 72 9. BRSO R EL, Q7
BER, HEANA, HAEANTLEDONY EAND
A, BIRSEYEYIVaYy, FRUA, AIVAFA L,
TINZA M 2B,
PEAGETRTERROEON S, Mk CEARDOS
DETHEDREENA LN, RIS K> THED DL
Bz, »wIng, 7IVNA B, A—IV ANy R
mEEY. RHEDNA LN, KBIEHEERZ %2
FTWaTehdH B AEEMIE, B, SEWEdk
<, —HIEE LA LN S, BRERIAE, BAIK-
BIRT, MRS EaEMNaE2zUET 5 ENE
V. ZEiO@IREaTh 5. EEAa I EaE, &
KTH2D, THHAGEZZTEOEZ V. TEAMNA
DZIBICIE, HPE A2z LT TE BN 5K
w7 7 F /aEANGZET 5. Xz, KA
BB RERICEDEMNBZEHZ N GHE55K0).
LA IR RIS D I DN Mg Ic & A Felc Z L <
B, HEEERED. Y=ZWMORREAOTH B H
PHEOIZEAE-METH 2. MREZFAHEAZIES
BTHAENZ V. BRHEIIEEL TS, Bt
R AR EANAOOKISFRIC K> THRESNT
WaT ENZWV. T, BRI THBRIKCTY 75/
PIAEANGICEREIN TR T ERZY. HYEAR
i TR BEIBRIC DT LTV 5. LRt ©
EEANARPREASEZ LELERAF T oy 7y
. =Y A MIBRIET IV F I AT DIEEHEL, &
FOFELTWVAERWV. AV AT A NI TRE S RE
BHicaaInsgy, ghcEEgplahictadagIh
. 782 A FPIHBNEZ S HAONAERPICEZEE
Na. F2AGFAET, FHEEENTHS.

A ERZE (GdN)
AEE S [79-S) CRBUSRART RS, #5405, 6)
FRI- AR T, BE AW K 5 55V i P E A
HHNZIEH, —HREEANAORINIC X S 55 EHED
WHLNS. FEIPRARMRT, TR HEWERIEA,
AYE, AV EA, BER, BEANGT, L EICHBE
HEEE. BIRAEIME ANV AF A, Yvay, 7%
2A b, FRAVADEENS.
FEOGHACTHEERIRO & O & ki T B P EEE
KOEDICKDEND. WIFNE, TILNA B, H—
JV ARy RAEZ2 75d. DRI &3 BTSNV T8 L C
BO, B FEBBICHBRICKAE NS, KB iRE)HE
WG Z A L, —RICHZRHMEIERZH0, — 8RR
KXZRBZEZTTVS. ARG ERTHEZRL,
Lt e 5. R ORER A E DI N,
RGO ENE Y. I AE, Rz AL,
FEDRAEND 5. FifF THEME VAL, TS
HEAABND. ) B HRRS & & RS SICX 5
TN, WINE AV ANy R Z LS. MRS
FHET, RAFV T v 7 ICREAYARZAUEL
WA= A MEREZ RS, =Y A MEEKE 7 VN A
F I ATDEA 2040 p m EIEL, HEELTWVS. —H
PRS2 29 28y H 5. WhEMTERE, ®
FAIRT, PLEEDRSNGEH LTS 2. &
ERNE AL, A IR-HCR7Z & UKES Ead P &
cdicray MR, —EHER R TS U T
T5EDEH 5. BERORE KD 2 WVIFEHMmICH >
e TRREAEDRD SN 5. Z O IR RiEE
THs. Hafpiald—RICHK T, £ OBREKITIC
HMar b2k LT 7 F /I EaNaZET 5.
WE OB TR <, KMANICE—CH 5. K
DI S S ICEEROERICK>TEDEMNY

H5.5K RERSROERMAEOR @Y o IR (Tainosho, 1991)
AR UEY, B MK AIERIRS, C: RGBS, D MR EMPIRSE BRI A
(cpx), ®UATHiA (Opx), H@EMAKNAG (Ho), 77F /KAEANA (Ac), BRER (B



oy %Y GE5.5KMD). KD 75/ BLEA
PIAEICED I DN Mg W R, Fe, AL W LEHZE
REEHEERT. ZHotERROGTHS. TIF/
A EANG R E-RE, SHRoEakzLZL, &
A P DLERIC DFFAET . AL2ERL U HULERIC 77
T BEDIEEMgICEHFe, AlICZULL %53, 78
24 MERIE O Tkt 2 <, RERTICE
FEns e, AV AF A MEYEAE-ME THR
ERFICUFEEND.

A BRTE MR #RE (GNo)

AR [72-S) CRBOMFRARTEL, #5.4KD 7, 8)
AEFRO-KAMERT S, Oy oiddick
LZIVHEEMBEN A O N D, PR ORI E G T 2
ITICHRL DI DAL, SOBERHEA RS NS.
BEEMIE— iy ay MR LUTHET 5. BERIEY (GF
R 5-10mm) OREBFESL>H Y EA>HHE>%E
MG T, GEEY) CFERA 1-4mm) O &ld A% >R
EBA>HVEA>REERT, WINhtZoETE2L g%
N5, WL OEOREILZHZ LRIENDTMITEZN
BRI T2 A, Yvay, Bnkifa, AIVXF
Ab, 7REA+THS.

BEAOB LB THIR, 731 MRS, h—Ib
ANy R 27T, BaiiEz e b, KL /B
THBIC KA E NS, BREBIEIRE) KA 2729, B
W —ER A2 TV a. BBEIE ERRE 5T,
AEMEAREAE, RWiGz R, AR
EALoLmv. MEBORERWEFGEOREEL B0, A
PEVEE, —HERZRTH, KOy Z %
. WTNEHEET, —IMICEIELYASND. A
Yngdzo. AV EGOBRIEHIR, BETH—IV ANy
FREZRT. =T A MO FEGEST 20, 7 ILSA
FIATOMEIE30 pm &AL, —HBEFREEEH D5
N3, AfEnaENFRLHIRICAML, FH—0)¥
AN ZRT. AR TEINANA RDRARENDHY
EOOAREEYEE, Bih Y EAICHERAREZ DRV,
RERIVEAE, BRIR-BRIRT, SEAaAaL L8l
sy NEELULTCHETS. ZHo@EHEGaTH 5.
EamlaEEaE, REIR-KIR, iy 77 /KW
AHEANAZE D, HAEEMNRE DTN 5D
BTH5. FAFBIUVELRXRERICEDENM NI O
AT ZHMotR - RKRaTHs TrF/HA
H A B A B A DOREIC D AT 5. Eid sk
- T, FuEatre o, EEHKEPOLHOE
DIFEMgICEHAFelcZLLR%. I)NarywA )b A
FAPIRKBRERPICUEINS. BNAGRERS
G2 AT 5.

MRBRTERES (GrN)
RIS [43-S) (KBRFSBEITRESMITZ A, 955 .4 X
D9, 10)

AEFKG-IKRGEZRL, PEOKGAFYNHEEG
HW N O ) EAORANC X 2 ORBEENASNS.
HIRL D RIRA R 2 2 S I MR O SE W EE L, 59
WEDIRATREN A DN 5. B CE¥ERIR 7.2 X 4.1
mm) O, RELG>AYEA>OERKTDEDEE
ARG TT, GEIY CE¥ERZR 1.3 X 0.8mm) D FIEf
WS> EA>SHREG>RERT, WInbLZDIETE
CBEND. MR AROREILZAD EEBEDHDTH
K20, RIS IIE A VAT AN, Yvay, 78R
A4, hAH, FRUVATHS.

REAOBSIEEE, HIRT, 781 bR, H—
VAN R, XU T U REEZ27a U, B3 I B
Lzt D, KEBEIRE R Za L, —SHEERMEE
Mz2THsb, —fEKRBICHENALN, FNICH
FHEGZEA L TWS. £ < OBEEO BB R IE
HBEE2 LB TH 5. PEOOARIZEBEED
HEDIGETT, KB B OXANIHAR TRV,
BEORBEIMELOHMICHARDEWV. HHEEEER
KT, ZOREDEAHREIEMZIRLTVS. chbidlt
BT T I E A ER L NEWL. AVEALD
BESIEHR, BETRIRKOAGEOAETHREONS.
o, ARPPEAREDUENZZL I LHNEZV. R—
Yo MHEIEEET, TIVUNA RS ATDIEE L. ¥
NICHIB RS FHEN BRSNS, AV EAOARIEZEA
BT, o nFRERR, =Y MIRkIE D X D RE
LTWin, BERNIVAE, @A IR-HCk g ma i
fiedicr/uy bR LUTHETZN, HMTEERET
. ZHOOIREOTHS. AIVAF A METRERF
ICafFENG. HEAAIEEEE, BAEK KBy
JF 7 MHAEANAEE LEWEENZ L. fRERIE
EZZTTHEY, BREREIAY F2ELTHETS.
PE R RGNS E D, FBRMIEZESIC LN D Fe
KERATIVAVICZ LK%, ZHOOERk-foT
H5. ENAGREETRAEHEZED, 7RE2LE
HEQHICAAEIND T EHEL, LETITKRERLS
ZILEGtH 5.

WARKIBEIRTE RS (GNP

AR S [7-S) CRIFFRATIRY, 95,4 XD 11, 12)
BLAR,  RLRAH R 72 5297 2 SRR A1 1 R D BXE St S5 208
AT % BHE IR 2 72097, AaEY LGS M
VIUTHES BT EMBU. BRI CPEIRiE 3.9 X 2.4
mm) DEREFHEA>AE>STY EARTADED T E
PIGT, AR CHEERE 0.4 X 0.2mm) ORIG5>
AVEASFHEA>RERT, WINLIDIHTEZLF
IND. MELTHEHOBREILEARD LBREDTHZ V.



BRI 3 e nAfa, Yvay, FEUA, AIVAXF
Ak, 7TREALTHS.

AHEEAE, RK, KA Z KT 5.
WHET, WEER RS AV, BREGEEZLIE LIRS
B2, AEMELTAVEAZEBLENZ V. B
BEORAE, FIRTTIVSA B, =V ANy R
M, XU 7Y YRS ZRT. —RIC, AERIEMICEE
bNABEZITTWVWE. REHEIEFRELTED, &
FIREI GG 2L, BRSEEREMEZET. A
ANEAREMNCIDVETH S, UG H V. B
AV EAEEEFAE THIREZZRL, A—IV ANy K
WEZEd. GREPREASZRAF U T oy Jicdh
FTHIEMNEBWV. IS—H A MERKIE T IV T X TD
e, HEORELTVAL. BTIREEL Zhic
HAoNB. AEAVEAZLEAE, oLnizHIR &
PICE AV EADO KB 2 58 5. 78— 1 MRk 8
TTERHELNGEWD, XA r7ura—79H Tl
HMNTIVSA FIATHKRINENS. BRERI AR,
fEFOIR-HCIR, 7oy b ERTT, HMITHETZED8
Z. ZEiO@IZREOETHB. RIEICK > TZDLE
AL ITMCHEEZ D, KEDNEWVEDIZE FellE
THEmEE D, EHEMAAR—RICADENRIRTH
520, LRULERERE 7Oy FEET. L EIKTIC
TOFPAEANONARLEND, ZHiOEEHRGT
BB, AIWAFAFFRERPICTHEEINT, WL T
FET B, FRUM, BNAARMOAERICERZ .,

5.2 jkEfekd’s (GdH, GrH, GHP)

HEEREE, TRATEOIYARHR, —H b2
FCRRLHOBEIE DB EE (2003) 12 & b &G TNz,
HERIZREN TR,

Bxs Hih (2003) k3.

HEIUH SRR R T BT Ry

2 AR OPEILE O T ALy Frtic, ERH 2km,
TEREH 0. 8km & S0 B PG I ZE O 72 K5 P9 IR IS /MR B LS 43
g 5.

BF - EABGBRRUKRSER ABOFREHOY 25/
HERTE Y T Ly 7 AZARICY) > TEAL TV, &

B53K (LHEHKCIERMIBEED K-Ar £

I, HEAERE ORI O FHE R & OEAEETIE, FHE
HOWEENEE TRERZZ T TV,

T AE R A RS o0 v kL A PO R B RHE R POk S O
WAAOK-Ar EREDPEE N (FE5.3%). %
DOFERIE 70.4 £ 2.7Ma T, FUDIERERTH SR
Bk (74.0 +3.6Ma) (5[, 1971) RAIRILIAK (72.7
+ 3.6Ma) (MaiiEh, 1995) & LIZIFF CENRTH 5.
a8 AREESRIEEHZICE A, M RERERES
(GHD), WhiBIRBERAERE (GrH), KU H kP
AERERHMERMRS (GAH) KX Lz, TS T
PRBERBEREREDN TR TH 5. 3EOBGREH»
2 &, Mk BERHERS DRI RERMER S I
T30, —HIRRICRATZH2EH 5. HFRBCREE
RHER 75 & R PO BERMER PIRE O BRI, A/E
A IR O KB M IV TG TH S o, BAEGRER
THBEN G APTH S, ZTOEHEMERIEBEXZ
DOERZRLU. TNDEMOLEHAKZE 5. 4RI
R

HORL A PO B RHER PSS ENE L L, A
EHEIH T AV BEARAENED L, READEmL
HAREEVVREE RS (5.6 K). £z, Kad
AMEEEN, TOMETIRISICEROERD, K
PitaE e %% (B5. 7K. ToXk5ic, TOFEMI
SHZEDFE LD, TEPRED E Rz R d e, K
WETIE AT L U TR AP RERMER DIk S 2 51
T 5. &b, ARE VYRS DL FHIE SO0, % W
5556 % T, CaO M 8.4% TdH b, ALO; A 21 % & =TS
DZEFMET 5.

HORLBEIR R ZE RHER 5 1, SROPEES, FRicHERIC
EWE r EE S IS TR 0T 5. 2D
HTEEMHENEDD, M RBRHERS ML TS E
FVEIC, FkiA e REREREPI A I D < & A EE
MRz ixy, BEANOEGEE0LH 5. (LMK
1& Si0, % HY 70 % T, MgO H%0.6%, CaO »*2.3% & K&
W (55542,

Hiwr SLERHE R S G AR S AR O BT A R A
5. —HIRKICH RSO BERERS PICBET 2.
AR EBOEEL, RRIE 2-3mm T, &IICHWH
IRARR 2 729,

FRUEZIA 70/ 0P =Ty )SUtIic & %, 418-11 : EHECR S O R A B A R E R ER PR G
DEFEMPIA, 425-10A AER A D ERERE, 425-11A : GRS O M B HER B ERHER S O RER

HUES| 544 EEh HHER%

ek | K SEER | “Arrad |BETEARIE| %Ar air

(wt%) | (nl/g) (Ma)

418-11  EETEEES | RETHEER |PHANGREEBEEHNRS

Aia 0.45 1.23 | 704%27 354

425-10A |TERIBEENR | B E [{fERME

£2E8 4.93 13.26 | 69.2+24 13.3

25-1A |BTeRE | eHTRAER|ANEREREES

258 6.59 1863 | 72.7%25 9.7




ERIHE
PHANRAGEESTERNKRE (GdH)
AEE S [418-11A] ISR/ 1km
PR (PO K-Ar 210

kL, BB BIBRCIRALR 2 7597, E R BIRE B
DERDEMIFER, AKX, AU ER, BER, HE
AAN SR 2D, E%%‘:/‘/Bﬁﬁ%é%ﬂiiﬁ#ﬁﬁ
PO ER, A0 AVEANTLVELERS. H
WO E LT, AIVAFA N, 7REAL N, Yay
NHLENS.

PEARZHEEAE, REHMENFEL, &I
Sy FEFEGE 2% (55.8X). AREMIET,
WEW LA NEV. T, —#AY B LMl
WrkddonNdbs. HYELGERMIET, 03— Y1
MifE D, RERZBOLSKREEGT, HIKTET
2T ENZO. ZEOEBEATHS. BELTREA
KEDS>TWVEEDONZ V., @A NO RO BN
T, ZWMiOMRHEBOTH S, £z, KFICEEEIcH

5.6 X BT A O TR P B2 REHE R B S O FEIR
EUEME A U <, Bl e s fid R oM
(BBl 7% E /7 500m)

FEADN D ED o ek 7 7 F / BEEANANR
55, AREYYVNREESORMTEAE, LA,
FART, ZEMEEEV. EZICEAEI A TDHENS.
HREA 32 <MD 7 7/ IAEA A1
LT3,

PHBRBERSRERES (G

FRES T030305-1 & e iy SRl g &8
FOWELRHBA A S5 NS, M2 I3AE, —ikh

VEATHS. ERpEMEHE, REA, AYEHRA,

RERTH SN, LITHBEMNAZETT. BT
LT, AIWVAFAL, 7RZA N, IVaryh#Hhs
ns.

AEREEEERIRT, —BAMEME TS, BEAR

FHE-HET, BHEENALONS. HY) EOEEH
BT, S—9 A MO RET D, RERIEAEND
HIET, HATELZ T ENZ0D, EZEAGLTY
Oy RS, ZEO BB G T, I T

k=R
ERTEEE
o fHTEHESE
OrR R BERTE B B
ATEEPIRE
.. ®
o DO
.DD o O\a A
A A
| \
/ / |
FAAYEBRE #EE

B5.7 X EEACR S DIYA K (%)

54K HAEAEME, FERMS, SHRBERE SR UIEREBE O 2 a b AR

R e

030305-2 : Hrhrff P RERHER PIfA, 030305-1

W5 418 11A  foelfis, 418-10A : HRif3EE > VB, 418-9 Wk fg P MERER Pk,
CHORIBEIR R RHER S, 030305-5 : MK {E R &

JRAER S 5 425-11A MR BPERIRBRZERMERS, 425-11B @ MK BCIRRE RG-S, HRBIERS 5 425-3 Mk
BIBCIRIERER A, {ERBESIR ; 306-4, 425-10A, 425-10B : {ERGHEA

HEES 418-11A  418-10A 418-9  030305-2 030305-1 0303055 425-11A 425-11B 425-3 3064 425-10A  425-10B
ERERS ZREMES ZREHE ZRIEMEZREHE ZREHE FErESE ERESHE %f;g TERBE TER¥E TEHEBE
wi%

Si0, 54.81 56.26 59.46 67.62 70.47 7155 73.51 74.65 13.27 7547 7511 75.69
TiO, 1.19 0.85 0.94 0.51 0.37 0.31 0.17 0.15 0.15 0.13 0.06 0.07
AlLO, 21.27 21.84 20.84 14.77 14.28 14.02 1371 1341 13.51 12.51 12.48 12.25
FeQ 6.78 5.87 6.99 518 3.09 2.72 2.23 1.95 242 1.87 1.64 1.46
MgO 1.15 0.97 — 0.75 0.58 0.50 0.22 0.20 0.15 0.07 0.06 0.06
MnO 0.14 0.10 0.21 0.09 0.06 0.05 0.02 0.02 0.01 0.01 0.02 0.02
Ca0 8.26 8.44 9.53 1.83 2.3 1.88 1.52 1.36 0.81 0.87 0.74 0.65
Na,0 3.28 3.12 — 267 3.00 290 3.35 3.23 2.94 3.02 3.06 2.90
K,0 1.32 1.62 1.84 4.07 4.51 4.79 4.35 4.55 4.35 5.15 4.63 475
P,0; 0.30 0.21 — 0.04 0.03 0.03 0.04 0.03 0.03 0.01 0.01 0.01
Total 98.50 99.28 99.81 97.53 98.7 98.75 99,12 99.55 97.64 99.11 97.81 97.86




AL TV,

HMEMEESTEEE (GHD

RS 1030305-5) SR EAITE M 1km

MW7 754 VEOMRZR TS MBI, &
IKHVBLRZ RS, BREAVEAGRARTH . FK
DEMEAE, BMEG, W) EARUTERERNISKS.
B IENE A IV AF A, T2 A, I)VarTh
5.
AUSRDIRT, —EHEA LU THEBIRE LT, HENDE
XY T T LA UEEHAELNTY. REAEEET, 5
WEIMENA LN, & FICKEHPHEEREL TV S.
AV EARE AN S —HME T, 380 —8 1 SRk
Y. BERIVEAR, BIATHET LI N2 0. i
OEFEE, BRI > TRIEAILL TR T ENZ L.

5.3 Jfefds (GrA)

BiE% HiFn

I R

St AEREEE A, EALATICK 1,500m, fEK
250-500m DOEMRIRIC /T 5 (5.9 K).

BF- - BEABGBRUKArER Sihkdigc, BAGE
RSP OHERE I T Ly J RICE AL, BRI
HZ5Z2TW5a. Fh BRI 2 HiE THRILL 725
KIOBRERD K-Ar £ 72.7 £ 2.5Ma T (355.3%),
FEEIEME L ZIERU K-Ar EREHT 5.

AR EHLREEALEIHET BE5.10K), #
PR QMRS T > 7 L 7 A & OEMER LT O B
Mk & 2%, (EZHBRIEE 5.4 RIRLIZK SIS, SiO,
MT4-75% EHEHBT, K,0M 4.5%Hi1% & &l b
L, MgON 0.2% LRV ODKMTH 5. Kk, Eit
e S & Bl S TH B D, HEERIE 2R A P B
BHTEND, KRETRIEARE LTS LK

EAEH

HMAMHRBEEBEREE (GrA)

RS T425-11A10 mMARE S
AEEARE (RERE K-Ar 4540

REAPHY EGHBEEE 722 BUAZ R . FEK
SEME AR, AU EAL, BEANTCEERNSES.
BIR D SEME T 82 A N, Yvay, £IVAFAL-hb5
5.
OUIXLEEIE-BIE, RIRT, & EICES L TEIIR
L% ES5.11KD. AU EAEEER, KT, gv
NR—Y A MBI A LN, BELEEEE, EAEIR,
FVEHEEE L, BEIZHEMELTWE T NS
V. BERIVAR-EBET, BKRTET I N2,
ZHomEBEtTH 5.

B5.8X EEICR A O TR P B BHE R s O 8
WEE =
(BRI ER S 500m) 7B A=a)b.

$5.9K  EEAOER

Gttt /5 400m)
B %
o RitkiH
[ J '.
( 1)
/ \
T ER s 22)

W50 BUEREOBIE IR (%)



5.4 #Hgwkfekds (GrS)

HHER A X T NE T, FIFT - &R (1998) IckD,
AR AN E I R X & — S G OFEIRD R E N
TVWBDHTHS.

Hi&a  HIfT - #iG (1998) IKXK%.

ez SR AR 0E 4 VD BT

o EHEBEA D O SHEGILE £ TiEE 400m, mk
) 700m OKEFTIRD LR W EIPHIC 9T 5.

B - EABER ARdiigedbiBT, BAHEE O Mg
OHRIEIY T Ly 7 RCEHAL, BERIERZ 5 %

511K JFAE RS DMK FOIR L ERHE F S O BEMEI 5 A
(WS /T 400m) 7o A=a)b.

T3, BAMELEKTO R E2AETHEL, Eilmic
BOTERE MK 714 MEEEHED (BB5.12
KD, —HBIRIRICEMEFOREMEZEHWTWS. £k,
HFH OHERYE O — I EHLER 2%, A<AHEL
TW35ahH 5.

B BETREETEMERICZLLD GE5 .13 KD,
EPHEH & ORAEAE T, K ORIRL & 7 D BEIRAH K
MEF LS. BOUAYBEEAETENTL. L4
FH B & Si0, 2 73 %, CaO H0.8%, MgO A10.2% &K
<, K0AV4.4%, Na,0 h'2.9% L@y (55.4%).

aaH
M- EERERE (GrS)
=R DEEEYe DS

MREAOYAYEA, —EOREDH M 7% %550V B
Ry GB5. 14 XD, EWRaHEas, 1Y EA,
REAKRUCRERNSERD. BIRDBEIET 82 A,
Inay, AIVAFAEEES.

GAHEIFFEAE, RIKT, EXICERBLTETS. A
EAIZPEE, HIRT, MESZ2EIEaN2 <, H§u0S—
YA MBS ALND. BEAZEEE, EBEK 550
Rz AL, ek dehzwy. BRERIVH
E-HIET, BIATET 2 ENZ . ZHIOGIEHE
MTH%. BHIcih-> ThigAlEL T2 T EAZL.

H5.12 X BB S &l HERS & O BB R
MO EFHERHERS, TR D ERE, NIRRT TS0 VEM. (RBTTERBA D D)



5.5 Al

AREHIHAICIE, ZROENRDFEEL TV B DM
WTH 5. [ UGS MR A R R 75 A8 o 18 T
ERZY-THWAH T END, GBIRFOBEAR, (CidaH
P#HDOEDTHS. kb ZWEIRISAEHIES THEE K
EV. DVTXRHA-TMCA T, FHEH TR EICOA
BT 5. EIRD 2 < AR XKIE HiLE R P4 B O {6 i
WRBAWCREL, ZDOKRETOE AT HEILETH S.

5.5.1 TEEBE (Gp)
fERBEEDRERARE L TRERSKEZEVTEHA
T2EDL, FERESOETHICBEHES ZHOWTHHET
200 H 5. WINLEELMEILEOB A IRZET
%. REBAVHIKICE AT % & DI, BHEATYIM A & KA
WKEREDE, WARTHRENSERICES EDD 2 AN
RHHN S, FHCHTHEIE—EH U A SR ER S O %
L, HASEREZRT. WINOIERIES L R
10 %t m A 5 ) 50m O IE T, mdbicH 5-6km & B <
BMLTHdT 5. AEEHSELT, BEDOANY EA,
%, BEGRUTPEORERNALNS.

JFAE R A DO P IS 043 2 AERBES (&, SR 10 £

m-#J 200m OIE T, FILH 1.2km & BBIA K E V. B
mEAEOAN Y EA, A%, REAGENDES. 5
I, BHEH AT IEAE m T, FAEE 200-300m D
REO/NEVEDERBNS. TNS/NHBEEIRAE T
W, ®EFREE I ERZ 5 A TWAFHH D, & EIC
WL E DR A END.
BF - EABGRUK-ArE&R FEEKEADOE D,
HFHE R OMEICE AL, SWEMERIERZ 5 2 Tw
2. DS BB THREL 72RO BRERO
K-Ar4£f%13 69 .2 £ 2 .4Ma T (55 .3 %), FUDOEIE
W & EIEE U K-Ar ERE2HT 3

AHE
o FURIGTE I &
o
o
e
! A
Fuh)ER #HER

513K HRBE RS O A A (%)

Bl AHZCRBELAERIHETH LN, BrH
L DEMEBALETCEBEE LR D, WE2AET 5. L
BRIGH 5.4 RIRLTZK D IC, Si0, W 75-76% L HEH
T, KON 4.65 2%k L. —77, MgO1d0.06
%, Ca0l30.6-0.9%L THLDH TRV DOMWRBTH 5.

EREH

TEmbE (Gp)

AEES T425-10A] @A EEER O #hoE
EER (RER K-Ar 40

G, AV EfA, REAGRUCREERZHMNE T2 8HE
GRS Z R GREEMEMEL T, Bica%, AVE
7R EOHEHLYA 5% 5. BRI T 82 A b
JavisEhoiks.

OREOR ST A, RIRT, ETICHMBHRENAZLON
. WV EAOWMBIZAE, ZELTHIEL, HEL
TVWa. TDOLHLTHOA—Y A MO ALNS. BE
AOMEITHIE, RiE@EEAoNRn. BHELTWVWS
TENEZV. BREROBGIZAIET, BREAMGELTWVS
TENZV. ZHOMIEIEEOTHS.

5.5.2 WRERUXEREE (Rh)

FRRCE B O SR BE A & T @ i B g O # o i
DT B, THSFHESHERPFHEH OHERAE I T Ly
I A BTt 5L R-mrE b T ImIicEA L T
. TOEMIC, BESAFE AT 0 FOA T HL/E > B i 17 5
BEREIC B D EAOND. RS N O RIS I3 A
IBTEfET, PEOREAVRERNZ EDOKR&ILY 2
B, ORIHER, BECTHRTREMIFEE TE R
V. EEEED & O EIG T, HAERE cm- 5 cm
DIFTH 5. @Bl TEENE T cm2m O
EONHIEDTHTHHEL TS, TOERIEART

$5.14 FE I AE W 75 0 f kG — rp R BEIR B REE R 5 O
WM BT
(EHmEEEA D D) y7ax=a)l.



BB T DMHRIZE LV, B TRMXEREENR
5N, MRS SR BRI O T @ T e T
HAHN D, WITNEIEHNE 10cm-3m 2% T, mikic
DHLTVS. WIng | M, BT, LXICHEOIY
DM AHAEND. ZHELTVET ENZL.

AREH
X&¥E
e BBL T 5% i v TS

REATICHER, REMDPLRS. TN EN,
AEAEE L, XS EZL, —EE NS ERD
BAIREZ DB ZZLT0S. SiMOZEEHLT
V5.

e B A R Ik

KBTHEREAOAHEN S0, DEORER DK
HOEND. EEHM, BET, GRREODBEHR
Z LIRERENA SN ED, PEORERDHALNS.

5.5.3 UThE (P)

e BT RO Z D ALER O H P BT AR, & 51
RARTAANS IS BRI 549 %, RIAHED & DI
fEfbta L HAaERZRT. W N E GRS/
P OHEICE AL TWA. IRiEEH 50cm-1m T,
HtE R <Ry, BATARRBBEZMItTHS. Bt
D& DI, BEAFHRADE AT MICEY] Y S fEigE
NHHEND. iz, BHROEMRICHWTIE, AR
THOWREANZ CRET ZDIH L, JE#HE Tk
BBEE, XTOWIAES REMAEHDHENS.

aa5H
UhaE
[ DEEEse DS

HMEECREAPRITEAN 4D, ARG EICHE
R DR E AP R & A E I 575 5. BHEAD
KEEAIZBIET, A& TR 2980 RiiEz £ .
Tz, BB Sy FRFMEDNHSNS. BTG D
MAIEBEIET, ZORMETEMMARENELTVS.
X=WEARM, I=8 0O DD THHNZONEDAS
Nns.

5.6 RESARDILARIR N OHEE & H AR

RS G AROIEREHORA, SEOBRER U E AR
T 20, RERCIEMOILETHZiTo. X
WA OB ABIGR, SIRONEME, FHA,
Wi & DBIMRN S, FEANICHESV SR DRSO MG 217 -
7.

5.6.1 1R

REBAAROIERAHOILEHNZ 2B L BRIED,
1984a) ((A5.15K), &0 FEMMMNA L—RIC
Hi#ic © O, Rayleigh D 7 AN E D < € 7))V Tl
ENB. o kiEFIns 3EMNE—< T DLl
MOEYTHB T LERLTWS (HFSE, 197D, FNL
KOMHEZATE, REHEMPECR-ST7 AV 70V
Fic7my hENB (shizaka, 1971 5 HFEHEED, 1999).
Ko, REkCHEYORRFNESTE TR & A
THILIL 2% > (Matsuhisa et al, 1973 ; Masuda
et al,, 1972).

T, @Yol EfRE A2 L, SEMEHORER
DIEHAE An60 iR & Hal U 72 iEZ G35 DTk L
(A5, 1973b), RS An flAUE AP35 (B55.16
X). iz, H@aiYo (100Mg/MgtFe) (mg fi) % &
% & (Tainosho, 1974), i f P4 D mg il i3 A JEpd
BEMDIEREICAMS DN L, BICHBETD
mg HDMPHBE LW GB5.17 K). F/z, RERO mg
BREEPHEZICABICDN, ZFMICH DT 2 (H
EHE, 1973a). T bDT &I, REBRSEIKROXALH S
MALS 75 O MEERHN S ATz 2R L
TW3 (Hf5H, 1971 5 Tainosho, 1974). THO XS,
RERARDFIEMEHIFA - I R ENTZE D
ThHs. {EHEROILFMKNE HETORBRT— 2D
B S HERI S 2 &, BB EROE A, ERIEH 0.5Kb
(A, 1971 &, EDLHTERVWEALTHS. DT
Lk, RHERT — 2 DRI K S ICHER A RO RIS
BA, EfLEA®HTHS T (WH5HE, 2001) &FFEL
TV, Thbb, REBASERIGERATNICHEHAL, FRFEO S
LICRBICIHHAI LI L ZRLT WS,

5.6.2 HEBEAONIEE
RESEIRICIE S VATEEA A SN S (B 5.18 K.
NERRSE DRIE L, R T LB aa G oids] o
WEHEAT, ZoOMICTEICH) BEA, —HBREORE
K> TV, BoaaydmhiiGuEpiitEic2 <y
Fh, DWTHNAERPIRRS T, MRBERIERS TldZ
DEMNDIRV. i 2 BEKRMOBOIEH SRES N
ERETH D, 77, MRBCIRERA XA EGHEE
DB K E RIS T, ThobHVENEZRLTVS
28, TORSIESEIC L THNEREZIE L. lE
WR—ZETEHMEL, ZTOFEMEMEMEE Lk
(Tainosho, 1991). ZOD#iRzZHA2Z & (H5.18X), 4
PROEHIHGE X SR DTRICTHMNTH 5. EHRHZZ N
EERONHNCHERI L, F—LREE->TW03. fihH
2 &, EERFERRES O RRL PRk S T ® BlS MW EEE T
5. FHEERICE O PR PRk S TR BEE T, O
W& BB X EEROIBICTHAMN TS S. —J7, Mo
FRT GBI OSSN T, SO LU



TV,

HkL o DRt & RURLAE i Pk s D B SR O

WitzEH% L, NEMGERHETEhDTL LT
BY, MEHBTEIHARGRIDZICE2 DD 5 T HEE
DO RHERIFFED S NGV, R ZH 25 L, SRIERED
FORL BEBIRRE Tl 60-70° N & ARSI SR S 5.
JEPEER D HR A BEPI RS TH R D £ 60° N TE ARSI
KRS 2 EDNZ VD, SRONANCHEMNT 5L DE

FeyO3
e r

- N W v
L J— Y

(1)
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Tiog|
(°1e)

0.5
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3
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60 70 Si0, (%)

RES A A DTE R A OLZEH KD N— T — X
(EBmiEh, 1984a)

X KB XU AR, O: ks
K UMK BCIRTE R PO s, + ¢ AlRL 3 K U
HHRL BEIRTE ef 75
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100Mg/Mg«Fe Hornblende and Biotite

516 X BERASEKRORENOIZAMK L RHE (Tain

osho, 1991)

A KR A ERIRE OB AY, B KA
wWPlkkA, C Wl a%Ep&S, D MK{E
W POk,  Ea : AHALBEIRAE b PO RS O BE SR
Efi, Eb MK BCIRER IS oA &R EA,
Fa : MR BEIRME RS OB & E A,  Fb o ML

BURTER S O GEMES,  Ga : MUK BLIRTE
HEOHMAEN, Gb : HMk B RIERED
OHMEN. OHIEEPMAIICK 3.
60,
A
55 & E c
501 [ D
45
“0 E
35 F
30 [ )
25 e
3A
25 55 &0 3 70

SiOawt%h rock

B5.17 X RESERO AN N T REROLAHR (ng )

L BEA O Si0,wt% & OBif%R (Tainosho, 1974)

A MR OB RR S, B RGBSR, C
FLURIE R PIfs, D - MBI BEIRE Rl PO kS, B -
MR BEIRTE RS, F o AR BEIRTE R S 1 -

ST A B A O RLTR, 2 A B A o JE S,
3 HER



H5.18 K AERSE KON (Tainosho, 1991)
| OO ORIICXZHE, 2 hVE
HOESNC X BHEE, 3 :RERAEARERBOR
FR 4 2 F i ir & o i o Em,  ER

H%. ok A SEPIRRS X —E DM Sz H Lk
W IR & 8 SRR R BT S ORI IE 2 A B L,
KELBFARDIBICTHMATH 2. M HB L, Ak
JEHEIE AR TH 2 D3, 153 T &2 O BCSIREE IF — 5
ERDRGEIT PR LTV, B BB MU AE i B ok
ETREROMEICRN TS 20, KMl TS ED
RATRRAZT 5. MRBEIRIER S & OB O M E Z
HB L, KEZMBHEIRIERES ZE D &< K S G
ZIELTW5. iz, WV EAGHSOMEL LT 5.
R ZEH B L, BBXZTEKRDOHMANC 40-60°HF T 5.
L, SRS TE—EAERONANICER L TV 5.
M TE BB X T EEANCHERT 5. HRIPERAE

L DOBERE TR EADOINS 30-50° A L, R—LIK
K> TW5., KEBOMPBIRIERMSEZ A% &, £k
HRIBEIRIE R SRS AIIC ZE L E o TN R—LIRE S
T3, EHHMEAEKROIHNIC 40-70°HBM L THD, b
ety ya)ll—LRIcE->TWVW5.

REBA SR & HAR S T & % B PHE AT PHEH O HERE 75 0
Ty IR DB B E (518 K), HAD
JEHMNE 60-70° THEMAINIC 2 BER L TWD. Fik,
RO TE SERMAMINTER T2 E 0N E L, Wi
& 40-50° & RFBEMER TH B, 5 AT HEH O £ il 1 D
R EH B L, ShRONMNC 50-70° R T 24, —i
E AN 40-70° AT 5. chbDT &, REKRD
FATEEICHERDICH N T VWS T L ZRB LTV 5.

5.6.3 BENAIEICKZEFEDEE - e

REBAEAFILOE I RE I EH, (1972) ICXK->THE
HCHETENTz. T T TIREERSEROMEDILERUTH
AEREICBIR T 2 HRICOVWT DRSNS, EHOAD
T—=THREICEHLTHD &, BEOMEEHT-5- -10
mgal TdH % DI xf L, ‘&L #HE T3 +5- +10mgal
TH3 E5.19K). TOXIC, BEROILHE L #H
HTHOMMCEED, FMEHOM FICEWE NS
ZOEEME R R LTV, Fi, JLpaEs o IR AE R P s
fHEICIE-3mgal DB OBRFEN R SN 2. MUK BEIRAE
Btz s s L, HAAERARE L FkOE 7 — 2%
RLU, HELZBEOT7—FREERLONRV. £z, b
HE D BARES T 2 BFHER R FHE W OHERSE a > T Ly
U AL OEMEB T, EANLIR2MTHSDICHL
A PEE O AR Tl EAZLIEER MR D, WRINT
H5.

55 5.19 MO BEZ S R %2 At Ik 3 -5 e P I Y 5 E X
MR TR CNSENT =2 LHENC G- ZHITFTO
BRDOBE SR RT. TORDDL, HESERDOIZEER
MPEICEESH T, JERICSER Z R I /ENRD 5N,
T OEIET — ZIF ISR T B T O NEBIEE T — & &
AN TH B, T, BT EICHB L, RGBTk
BIEERDBRBICDVENNT HDHRT, AROHEERIC
BHEORAL TRV, Fiz, O BIRTE M S
W R 4km £ TTE(E L, 2 O 5 PH & LR JE [ POk S
MEDFL XS ITHIRITDRERSEL TV B EHEET NI,
DEIERKRECHNENMNICS ELHHETES.
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(ABSTRACT)

The Kyoto-Seinambu District, of a quadrange between latitudes 35°0" 11 ” 6-34°50" 11 ” 7N and longitudes 135°29’
49" 9-135°44’ 49" 8E, is situated in the Kyoto and Osaka Prefectures. Topologically, the district includes the Hokusetsu
Mountains. The Kyoto Basin and Osaka Plain are located in the east and south of the Hokusetsu Mountains.

The Kyoto-Seinambu District geotectonically belongs to the Tamba-Mino Belt in the Inner Zone of the Southwest Japan.
The main lithologic units of the Hokusetsu area in this district are composed of the Ultra-Tamba Terrane of coherent clastic
sequence, and the Tamba Terrane of Triassic to Jurassic sedimentary complex. Granitic rocks and many dikes intruded into
these basement rocks in late Cretaceous time. Osaka Plain in the southern part and Kyoto Basin in the eastern part of the dis-
trict are underlain by a thick sequence of the upper Cenozoic sediments. Many hills around the Hokusetsu Mountains and the
Otokoyama hill are composed of the Late Pliocene to Middle Pleistocene Osaka Group, with Pleistocene terrace deposits, while
the basins are filled with alluviums. The geology of this district is summarized in Figure 1.

Ultra-Tamba Terrane

The Ultra-Tamba Terrane in the district is comprised of coherent clastic sequence and is divided into the Yamashita
Formation and the Takatsuki Formation. The Yamashita Formation is structurally situated on the Takatsuki Formation, and
seems to be fault-bounded to the latter. The Yamashita Formation consists mainly of interbedded sandstone and mudstone, and
mudstone with sandy laminae. This formation distributes in narrow area at the western part of the district, and is altered to
hornfels by the contact metamorphism of the granite. The radiolarian fossils of Late Permian age are found in this formation
of the adjacent area to the district.

The Takatsuki Formation consists of dark green fine-grained calcareous sandstone, interbedded sandstone and mudstone,
and black mudstone. Western part of this formation is altered to hornfels by the contact metamorphism of the granite. The age
determination by fission track method for clastic zircon indicates Middle to Late Jurassic age. The geologic evidence seems
not to be consistent and the true sedimentary age remains uncertain. The formation forms several sets of anticlines and syn-
clines.

The Ultra-Tamba Terrane is considered to lie on the Tamba Terrane bounded by a thrust fault and make a synform structure.

Tamba Terrane

The Tamba Terrane in the district is composed of a sedimentary complex derived from an oceanic plate sequence, and co-
herent clastic sequence. The sedimentary complex is characterized by mixed rocks of basalt and chert of oceanic origin, and
terrigenous clastic rocks of varied size with highly sheared muddy matrix. The coherent clastic sequence consists of sandstone
and mudstone with weak deformation.

The sedimentary complex of the Tamba Terrane mainly distributes on the northern flank of the Yamashita Synform, and
is divided into two stratigraphic units, the upper Type Il Suite and the lower Type | Suite based on the age and lithology. The
former lies on the latter by a thrust contact.
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The Type | Suite of the district is the Ranzan Complex and distributes in narrow areas of the northwestern and northeast-
ern parts.

The Type Il Suite is composed of the Honzanji and Izuriha Complexes of Middle to Late Triassic age, and the Tano,
Toshitani-gawa and Karatogoe Complexes of Early to Middle Jurassic age. These complexes generally distribute from south to
north respectively having east-west trend, and the younger complex of the north is situated under the older complex of the
south, respectively. In the western part of the district, the Karatogoe Complex directly contacts with the Tano Complex. In
the eastern part, the Tano Complex is intercalated between the Karatogoe Complex and the Toshitani-gawa Complex.

Granitic rocks

The Cretaceous granitic rocks of this district can be divided into two types; granodiorite-main rock pluton (the Nose and
Hoki granitic complexes) and granite-main rock plutons (the Hara granite and Settsukyo granite) . The Nose Pluton is composed
of three concentrically arranged units, the outer unit consisting of quartz diorite, the intermediate unit of granodiorite, and the
central one consisting of granite. Based on mineral and chemical compositions, the Nose pluton was formed by successive
intrusion of magmas derived from fractionation of a single parental magma. A Rb-Sr whole rock age of the Nose pluton is
81.5£0.7 Ma and two data of biotite K-Ar ages are 78.1+1.7 and 77.7£1.7 Ma.

The Hoki granitic complex is comprised of medium-grained hornblende-biotite-granodiorite, medium-grained porphyritic
biotite-granite and fine-grained biotite-granite. A hornblende K-Ar age of the Hoki granite is dated at 70.4+2.7 Ma.

The Hara granite is a small granitic body and fine-grained porphyritic biotite-granite and dated at 72.7+£2.5 Ma by biotite
K-Ar method.

The Settsukyo granite is a fine to medium-grained porphyritic biotite-granite and occurs as a stock-like body, cross-cutting
the general east-west trend of the Ultra Tamba Terrane.

Dikes

The dike rocks are divided into two types, felsic dike and intermediate dike based on chemical composition. The felsic
dikes are main dike rocks and composed of granite porphyry and granophyre-rhyolite. Intermediate dike is porphyrite. These
dike rocks intruded into Pre-Cretaceous rocks and the granitic rocks with a N-S strike orientation. A biotite K-Ar age of the
granite porphyry is dated at 69.2+2.4 Ma. These dikes are the final Cretaceous igneous activity.

Osaka Group (Late Pliocene to Middle Pleistocene)

The Osaka Group having is more than 1,700m in thickness, is composed of the unconsolidated gravel, sand and clay beds
with more than 50 volcanic ash layers. The standerd stratigraphy of the group is divided into four parts; the Lower-most,
Lower, Upper and Uppermost parts, in ascending order.

The Lowermost part is mainly composed of gravel and sand layers being deposited more than 1.6 million years ago and
is characterized by plant remains rich in the Metasequia flora.

The Lower part is mainly composed of gravel, sand and mud with four marine clay beds; Ma -1, Ma 0, Ma 1 and Ma
2. The survival of Metasequia flora, and the new appearance of the Quarternary flora are recognized in this part. It was de-
posited between 1.6 million years and 0.85 million years ago.

The Upper and Uppermost parts are composed of the gravel, sand, silt and are intercalated with four marine clay beds.
The marine clay beds in the Upper part are named Ma 3, Ma 4, Ma 5 and Ma 6, and in the Uppermost part are Ma 7, Ma
8, Ma 9 and Ma 10. The Upper part was deposited ranging from 850 ka to 600 ka in age and, the Uppermost part was rang-
ing from 600 ka to 200 ka.

The stratigraphy of the group is established in 2 hills groups, the hills around the Hokusetsu Mountains and around the
Otokoyama Hill, and underground of the Osaka Plain and the Kyoto Basin. The correlation of the groups in this district with
the standard stratigraphy is shown in Fig. 1.

The Osaka Group around the Otokoyama Hill was subdivided into three formations, the Tanabe, Seika and Shodai
Formations in ascending order. The Tanabe Formation, no outcrops in this district, is composed of the gravels to the south of
this district. The Seika Formation, 30 - 80 m thick, is mainly alternation of gravel and sand, and silt. The Shodai Formation,
60m thick, mainly consists of gravel, sand and mud, and intercalated with three marine clay beds (Ma 5, Ma 6 and Ma 7).

The Osaka Group around the Hokusetsu Mountain was subdivided into three parts, Lower and Lowermost, Upper and
Uppermost parts in ascending order. Lower and Uppermost parts are mainly composed of gravels and Upper part is composed
of sand and silts. Some marine clay beds (Ma 2, Ma 3 and Ma 6) are interbedded in this district.

Thick strata of the Osaka Group are hidden under the Kyoto Basin. Those are 200-300m in thickness in the northern part,
and about 700m in thicknees in the southern part of the basin. The starata interbeded the marine clay beds (Ma 3, 4, 5, 6 and 9).



Terrace deposits and Alluvium

Terrace deposits are divided into the higher, middle and lower terrace deposits. The terrace deposits develop at the
Nishiyama, Takatsuki, Mino and around the Hokusetsu Mountains and around the Otokoyama Hill. The higher terrace deposits
formed before the last gracial age. The middle terrace deposits formed during the last intergracial age. The upper part of
lower terrace deposits formed several tens of shoutands of years ago.

The alluvium is distributed on the Osaka Plain and Kyoto Basin. The rivers were improved for save the flood. The
abondoned river deposits and natural levee deposits are distributed along the former rivers. The river and natural levee deposits
are distributed along present rivers.

Active Fault

Several active faults are designated in and around this district. Those are Arima- Takatsuki Tectonic Line Active Fault
systems, Katagihara Fault, Haigata Fault, Oinosaka Fault, Otokoyama Fault, Ujigawa Fault, etc.

The Arima- Takatsuki Tectonic Line Active Fault system runs along the northern margin of the Osaka Plain and in the
northwestern margin of this district. The Bojima, Magami and Ai Faults belong this falut system. The last activity of this
fault system was the Fushimi earthquake occurred in 1595 A.D. The Katagihara, Haigata and Oinosaka Faults run along the
western margin of the Kyoto Basin. The Otokoyama Fault runs also along the western margin of the southern part of the
Kyoto Basin. The Ujigawa Fault is assumed to run NE-SE trend along the Ujigawa River.

Economic Geology

At several places in the Hokusetsu Mountains, sandstone of the Takatsuki Formation are quarried as aggregate for building
and road base course. In ancent age, limestone are quarried for mortar in some places.

This district was damaged many times by the earthquakes. The Fushimi Earthquake was caused by the activity of the
Arima- Takatsuki Tectonic Line Active Fault system.

Some flooding river disasters were occured at the southern part of the Kyoto Basin. For save the disaster, the tree was
planted in the forest, and the rivers were improved from the Edo era to 1910AD. The Oguraike, the retarding basin of the
Ujigawa river, was filled up and become the rice field until 1933.
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Fig. 1 Summary of geology in the Kyoto-Seinambu district
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