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WP, ESNLEPEEoILE, SRERIRICRONS, UTREATADAR - B OREEIRRT
5.

II. 1 EREBARUERER

ARG O F AR EOEREICAE L, RO ARERERIC & VRS N ERERH
Vo FROBEHE-PEFRERRSZ NS 2T 2 AHLRMOERE IR A/ LTS (586
).

PFERERTECRIEEHIHORBERCSNT 5, Fv— MERERSEEL L, DEREE
BEREEMHES. BB TR, REROSERES TEF, BIEROME Lt h4eR & FEikc, %
BEFORER Y2 7ML D EEZ 513, TEREHEOESF2 b EEERERIEOER
BMMEHETE B, FEFRERATIINHEL, L EALHE-KHEOME LA L, ARIFHMRELMECH
FHE b0, BRILE D AEBOERE R, BEREOMKESE LD, —F, BEHOLOEIEREHD
RS ICTRAICIE B BIRD AL, SMRAHE 223, —HIEHE L IR L, 3 7=21F
HEhd, Fro— MERERBRREOBRT v — boliEE L (BT, 24, ERLEBTEERS
FUITERE P IS FRRICAm L, ERECRRLI V=24  PekoTwa,

Vo FROWEMHKE-PHEREHIIEL L THAWE, TGS, AXRNEE» 643, HhwEil
HEENFHED HERARE LR W EERE LT OO L, TERESEP IR HESE LTET 0L
X435, THERE ITEEESHEPIDRELRHES L LToASHT 5. ULV EDOSm-
Nd 25 FRI212Ma D P2 ZROFEMRERL, LGS L I121TFH LFEMN 2 RT(Kagami ef al.,
1895), RICHIAZEPIES BELENRE L SN Twiz b D T(Yoshizawa et al., 1966), ZDWEHE
HITERLENCE L EEFUTW BT TR, RRETH DV, V2 7ROFERERT.

BIELAHNERABORBHIER ST, 525, ERHEHERABRLEE LORE» 5, B1
WS> LB AMTERACESTE 5. 8 1MERLTERPNES, A6 LTRSS RUEZLTER
A 2MIIMNTERE | B 3 MR TER PGS, KRUEMEEERURETERE | 8 4 WL N1E
HLHAMEEETH S (F 4R, B 1MOTEHSMIT PRSI T, TREREZT T2 L
7 b EHATER & (Yoshizawa ef al., 1966) L SNT &b TH 5. EHILTEREPIGS 3BT Rk
BEGERNGE P EETH B4, B4 WMOBENAEES & OB T ) REYIEK 2 27 230K
RERERPISE N L EHFZT 5, BRUERS ZPRFRROBEFLEHSFERTH LY, &
BE THRROMRALRE 2HEIcA b, ERIVERNGE 2H <, 82 Mom)ITER A 34
Bioam T 2 HNS RO ANGRERER S -LENGE T, EH0ERLBEL-EEMVEC LS
O TARELERTH S, COEMERITE, A )ERAMEROEHLALNS, E3MOERE
B, —8HBHKDR by ZROERERT, ERFORBHFEOWERZD > THALTWS, BF
G PGS (RGP PR I A0 3 2 ORI TE R PRk & - RS pRS ¢, BHE(LY DD, EFedT
PR P R SR 1 PGS o0 3 R A NG R BRI PR S R Urh i A RS AXNEE D 3
B LB, KEMES IZ LILEICERKICORST T 2TER S T, PR EERERETH

—_ 8 —
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TRBEH R FIER RIS L8 = RIBFTREREE (B Aeiil GEdiihd ) WIES RS (1987) o & 2) Matd TN, HEikEoimzRT,



5. BFIERMSEEREZ 230N ANGRESEME-TERNGE TS 225, SFERBETIEA Y
ERDHERE & 2 EHABLT 5. % 4 MofER S IBMEE RS T, EiTAERE»EHLoEEIcE
BHEICAHT 5. JOEMERBIRT, 2028002 LT 5. —F, HlERES SR
Kaia LTERL, ARSI ATT 2 MEROMBITERETH 5.

C OMHENTEREEOBAERIZF LN T v, wE F TREINT /TR HRFHERS
$ K-Ar - Rb-Sr 4R, £<{2795-75Ma TH A L #RL T3 (BFRDMY LIS R
EZ A4, 1987). 4B, EFLEL VB OEY-28 Sm-Nd #1345 98 Ma, L < Rb-Sr 4t
34772 Ma (Kagami ef al., 1995) T, Zh &EMRIZRAEOTERS (ECGITEES) OB X 23
WEDFHEDEMR, 2F 0 Yty FEA L EN T B (Kagami et al., 1995). Z7z, HLwEFOIN
2@ SHRIMP 4 72 Ma & & 85 Ma (BRI 134, 1993) T, ®REVEMEORAICLE ) 2y b
FRERT @RI, 1995). Tabb, JNLAERKNFRY COMENTEMENFREAL IR
5.

BRI EZHE, TRERSEREOMENEZITEMEIRE, TXTORAOIERE %
BOHMBRICES 32, HMEREIBERVAETHERL-BFICOAEL, BltoBAFmE LS,
FHEEE b2, FMERIIVAST BKTHY, —RcHLTMICEAT S, b, EREESR
LERALNEY, IhoRBIEREICET S,

II. 2 8 =%

AR =T, “ R GERAE, 1953) ERAEH» 6% 5, ZEEHEMRERETE
LB ZEL L v, KUEDOBREFAD13-16 Ma EHESNTEY, PhHlhMHOMWBTH 2,
RAGBOFROBER LY, ZOEEETERROXUEDEREZEZFALTH Y, HEREREZ
R OITIFABEEZ biLs.

TR, FRLED FrXOVR-—RR, BNRE, EyBRBICESEN, WINLERETH .

F ¥ ZV R —RIE S RIGERHER R O Wb R O R a6 L, RE=R & RS 72 28 IR
THEL TS, KAMLTTH, P, EHcESENS, THIZY7 of BEGHECE KUBRERE
L2, —MERFELTW S, PEEY 7 o GBERRNEROEERUKIRE &, BEDEAITY 2
DEERANARFELGRLENEE THS. EIEY 7 o BERRME RO XS, BERUEA
BTH5.

FENRE RG-S o EB B UUBbICSE L THM L, FrAnR—-RBEEBAEC, %
BE=REAEAICE->TwE, SHICE VRS - W5 - Y ME, EERRLSESRUCERASL, A
7 vARTRARRIA RIS EE, A7 CAEEIACRAEERUEAS XS NS, &AM
BRARICHFBMRICH ), TOMHARDTRAETIAMMIRT £ IcR 5, BE - BE - LM E
(FEFZOA L, BORMEOBEEMLA 2 ET 5 (T LIuiseiig4, 1986). SHRKTIEESMURAS
BnbWEH XM FT, by »cHlE, BRMERE2ETIELOI(PEVRILETH S, Hh
BEEFRILRENS), FLANAEEELW(ELRENICILWEERLHSE. 47 ARG



AHEEAR SRS BROBLT <V MRICAHL, BE -BE - SNV MELERTS. AvI VA
BRMEA R RE RS RUEHAS MR LT LRSI SE L Tw 3,

E7 AR GRERFTHATA A MEs, BERRBGE-T4 4 MRS, BE»LL B, &
EMHRENENEL ZRFCTHT 25, WL FNRE 2 EMCH. BEGRHWERT A A b
Bk, FWEPLELARERZZLTEML TS, BERRME-74 4 MERE IHETES
FRRGHLT S, B3 ERFEORLEECHLY), METEIEVEETRBMECHAT S,
Teime, FAdLALE, FLAkLEOEREZED,

BASHRERL-BRILELCHAT 5, SH» oW 7 o AREERIE, V7 o aREERNE,
ARNERARAERERRELNE, 77 Y REFITRRRA KA S, F7 oA BZHHHE 1T
BEEVER, TOMEBEIRTSS.

II. 3 KIRE®

KIRBEEES, BT HE IR L 2 WA T, 12 OB LR £ D KUK 2P,
KRIRBHEKRFFCPREEMDEERCEL ST 5. ARIBHETIE, KRFEFHSOEHKEZE
RiMEEE, SR TRSAERICSMA L, (30 ERUMTEEICE - i HF o HREE<
Lot o@EIicaNT 5, £, RERFHFSRAZILOMTICLE (HEML TS, KIRKEE
DEFREEEFICITLHR, EREKR—) » 7 b TKUKBRURIS LG % & THIEENTWS,
AR RE TR A (1997) 1 Lo - T, KBREHEE TFALL 0 TR, $8HE, LHBc=aL%,

THRBIIEHMEEOTEE L, MELE, 5EEEOEGSIUAEREISICSAm L, #200 B4
i DEVHET, X72af THPBERHERTEDILGZETR - BHiBRE> 5% 5. F8E
FEHKEETE, MRk, SREBERCENMSICHT L, #4200 FHERD 5 80 HEHE T,
AZ o THWEEEEMOWME TS 3, BTN - iBET, PHEO LI 4EED
TRk LR 2 PetBTH 5, LERIE, EHEMEEEEE, AERSmERIcsmL, W - BiBke
BRMSLEOER P 5%, AZ2aA TEFHB LICEZOWETH S,

II. 4 BREHEFM

FRER OB EIE, K& KRFF - EFLEFERCEMILMNGE: - REZWEFICHLIT LN, £
NENIIERALHETHEELTWS, ARE TR COREEZMEP (AT 2 LEFTRELDOTHE
fir « i - ASAL (FEIc LA & TALE) o 4 2 X4 Ui, ARG ER E TOImER i sbokiic, EAE
R 3 BT AR, OB RHERU R M R U 2 M LIPeo TER K IS, BOLB mHER s
AMALIATICHEME L 72 b D TH B,

AR g B AL B EHERM I, KIRFEFES CIMERLSPERATREC, PAREHERYI3E
K& E B EE ORI R LT Sk, KA mHEfithiE, RN - k- B0kl
ERSHT 5.



II. 5 &R - ATzt

WENFHE T HRANLNT 50, ARG RRFH IO BRRT, ARHRKIRTEEIC
IR TR AR L Ty B, RO BRI - TRk L 2B, mREsE{ KL boT
Hb,

HAIRTFEIZ, —#IMRCE TAIRA LRI - THIR, 1986), Azl HETWCXM
MmN AT Licgfhihr 6, ot % 0T 2 IAE0HEmFER LS.

AR EHE P R 0TI R - B FHALIC I E HEEE L PEIN 2 EHEIFET S, T0ER
2 b, AEENBTERISE RERIEETIC L W oroEERFALNE. i, KIRTFFOBEIHNE
R R EEMEDEMNE, EFCL > TEDIL LN T A, CHADEIHIT 2T H, BN
DI CAKED 1/10,000 DZEHERZTICHER LicEKes b nnaELE,

II. 6 i& W /&

ARSI, KIRFF2EDFE LI, W O2hDBITFIFALNS,

MEE O PR EZBLICHC LIS, RVE (LTS 2R ELTW2, WTFHEOMITICLY,
ZDEMD TR _EITHIE R (B EIFFCRMR, 1980 % ¥)» 3 L, i A>T HEM2HITT
WA EDHEEINT WS,

BN OTERIZ, MBOERNE (ERTESR  SIEIESE, 1802 L) ici-TRATHEY,
ISR AT 2 ERIMERET D ENE2ZT Tw 3, COGEHBROERIEIRIOMIC b EY
CECEWTRE © %11, 1986), BREE-POMRTE, LY 2EMEIETHE,

SENLBFRIC S, PRERSERERO—E 2 L3 &R E RS REE L T 24¢, ARIEHEIC
EoT, TOFENTHERICYE S,

. ZRREFRERRE R

(FH S E RBB)
m. 1 #f % &£

AREMENEREFARVEREHBATHCBT 2. CoMOERSHEERERIZ, UF
(1893) i & 2 20 Ao 1 TR, HiEIc L D, KEHLLBEROSHIBEE NS, 207, Yoshizawa



et al. (1966)i &V, MMHFEFRWNO L LHI RN, OIS % Girfdii EFHEOMER AR
i, FhUC L2y, ZOMMICIIESFOERRE I ERILLICST L, TREBIDELEICS
M5, BREMEOLPT, L WE LIRS FAER oI, BB ERSH
PEHETHI LM LpIzE N, £0%%, FAHQ963) L), ERILELWEORIITHIL, Mk
EFSBEEN, ACBEWREELZTRROBETH A LML N, Eie, EBUMETENE
Z—7(1986) 12 & 1, EEILUBAVEEORE L WERES AR 5, EHUELWENEET
BRENLZZE, BREKTHEI A EMMESINL. bob, EFUOKAVWERIIZAET, £H
HNWEELE T LNTERLN, COBRFIERUHEICOAGH TSI b, EMUTENLWE L
wET 5.

o, AERLMFASHEFE V=719 & D, EF-ERLEOFH L WibERAF AR N, EX
BN, BEANGOHMIRE SN, COMMOIERSEFE 1N L8 4R aENs 2 e
Moz dhl, ARERZOMERRICKE (ERLTWS, iz, oMol ERoLAEK
DFEE TS (R BEBEES (1997) i L NRES L,

A IEEE, Z RIS O SRR S BT (1982) (< & 0 &R-EiRilstodtigi & L T,
HHHRsS B RA RSN, HWERS B, FHEREFLicaHmT 52 eamsii, Bi,
PEEE - BRSHE(1997) 12 & D, S o0 B A U R & (BRSSO M E R R UL AR & e,

Z DIEDERE DO RGIFENDWFEIZ A% v d%, Kagami ef al (1985, 1995) R Fhnx & i3h
(1995) Iz L N AEmL a2l e LT, BIMIClE S k. AL EDOANERNLWED
SM-Nd&&74 V7 v kick 24403192219 Ma, BABANEHEL SRS OENIT 169E
29Ma &, FTHENLABLROFERI V2LV HWI 2 FROERF ol —F, ERBFER
HOIERMEHD Sm-Nd, Rb-Sr &ET7A V7o ERIZFRBITLALRESN T, E#
WHFERGOILESICEET 2 EEWMALOMESEED Rb-Sr 28 F A o #ETH £, 75-80Ma X
1F95-100 Ma & # 2 it s (IRE - 7%, 1993). FE, EMUZEN WEE2H { FIERD Rb-Sr 28
T4 Y7o EhREd N, 11147 Ma & BELHMOFEHIRI Ll (neRiEH», 1995). Hig,
FAHEHOEHEEOMELZ TN WED Rb-Sr -8 T4 V270 A FIZ72MaTH 3. &5,
A L D ECHBEROBRSHMEOBENEDORREND 74 var « Ty 7 FRHEH - M3k
(1983) ic & D WE S A, 101 Ma OWHER S bk, SR IFS (1993 (LEEG FHEFEFO AL
BN ) SHRIMP {2 MEL, 95-72Ma 27874, S LHEULEENFHERHOERE
o K-Ar ££%, Rb-SréifpEMR & TiZ—8 L, WTFhiftREaoBc ks ) £y FFERAZRLTY
5, INEI i, ERFOKKBEHRIERATERL,» LIEE L LHEZ LR TN, BEWEEY a7
DKBIERIOED T, BELKOTERETFINEL R L ST RKREMDO LD TH LI LFHLIPLE-T
&7,



Ol 2 fAREREM (Mc, Mg, Ms)

o. 2.1 # =

A [ M D ZERE SIS RERES, AFARLTILEITORRIHEICZ £ 2> T L TWw 53D,
EREIOLFMEBRICHES N TLIRGAT 2. EREMENENTERT 2icH12), Hho Tk
) e e AR, BEICHE LTHE L LTORBWICESZ BWioafl e Loy, LEITEE TR
HBEVEFRER E oo SRR R L TR L.

. 2. 2 BERUHEE

AR OERETHITF +— MEREREZ L T2, DERSBEERE bEL, BICHER
ARRIRERE PICTER S ERVEECEAL, BRLAEREHLALNS,

WEREREFIZZEIREOBEFFO—MEMERL, RDRLEMMLZERC, JLiozZismiitic,
FEOLMAEBIEEICEM L, SR/ IEMERES. SRl mIZIRATH S, Bic, i
WESOEREELOEMEZA LABLTEY), SRMEHRICDE{TF vV LTwEEEbNRS,
B, HREIIRRWLTEREBLEANEIC L VUL s720, BREMIE7 oy 7L T 5.

A REHIR O AR ZERCE U I3RGAZ FHRE (B ) HA L bHl) SRESCEFA OB I L 24
HEA LN, ZOFRITIZEIHETSHS.

m. 2. 3 548

F v — MEFRZERE M) AR OHEERABOEE L5 2R T 5. AE05 bREILLY
PLEFED S DIRFRENT, 33 ADREFOBHMIES, BER, RICERAFEING. WA
TRERZE KA Ms)IZREIWMHES & REMHE AT 2. SOEREIERERAIfEA, HEALL
Twaidh, BERAVLICALNS, £, LIDALLHEMICL2BRHELEDALNS, WEREER
LR 810 om FREEOTE & HEARAFHDUIC B T8 128 - TIRA L ARSI ERFEZRE (165 5 HIR
EHI)Me)FER NG, CORRIZERE LEEES T AT I <AMT 5. EHLEHZHT
DEEFEMLCEERSHrTERERICHIES N, ERED LARAEZT, BHICERL, 37~
Z A4 bRICL S ERPFEET 5.

Fr— PREERE (Mc)  RRIWFLRIES 473 5, Fic, KNBMILTELEITRRESFHED b o
PRBTH S, ARMNCIIFEOFRS +— FOFEE L(BRLETR), REBO®AFR LN,
BEBLEDERGEHPELT WS, VRO L OIEELERIETL, HREPH LY, Bk
HEHE L RRH A>T 3B,

HARH
F v — MEIEZEERCE (9632803, Loc. KFIRRILH &M ILETPE 1.2 km)
3 5-10mm AEBEHE 1-2mm ARG, BEFFL»LL3[/RFv—EEODLOTHS. #



BT RED 6 AXMH % 2 r5EA, REH, BiRA, RICS{5hA, EREPLL S,

DHRRBEEFERSE (Ms) © FEE ZAREO XTI L TARR W OALE > 6 KHE WA IS THAL
2, 2CArLRBICAMT S L) CHES AT 3. i, dLEHD L0 REBRIEEXEETHRE LW

BEE |MEREZ L ODERESEEERE CNMLHTEERNE 1 km) 8RL ¥ ONENETEIR->TW 2,



2300 TH5 (WM. EiCALMTHE, HREMfFAOLHHERML, BEREMHOAEEL, WMEYICTE
il DR RAL T 5,

ERER
BhE R AR ZE R (95080401, Loc. AFIHRLLTHISH LLATHE 1.2 km)

FERWELREEROBENERTH S, WEBIMNTEEHOARENERTH S, —7F,
REMELTCHEG L, BCHEREAYELTY 2, MREWIIRE, »)&A, #EA, BF
, BEH, FNEERTH 3.

T DEREEME RS

FOE ERSHRE N EIREEINERE (EARTIEL 0.5 km)
PR ols, BEEL, REOWEFTHRTS S,



DRRBEERERE(TEREEREME ) (Me)  RELUOREE, FRELHEAOMLIC X (oM T
5134, MRIUALE T, BERSEFEEREIWIIERSE cHETAMETL I (AN, EiZ, =
MEEREESMEOERIFWT, EEETFOMES L LTLRLNS, BERERIEERS DO IZTER
BTGRP EA L Tw B, FEmdiEs, AL, BEOMEFTHIRE L->TwaiE», B
BREOBH L BCNBERBAVRREL -T2 (B IR). /o, BT, #A— MOTERBEIRY
PG BAL TS, EREEREEG LT 220, HELL, FEa0RE»L T HIETSH
3, — M bOIBERBIMEREZRZT, REOHMBErANEWIDbE S,

BRI
PEiRaiEzks EREREEIRE ) (96032101, Loc. JHFHRILATSREPTHE 1.3 km)

WERSEE DRSO E R T, BRERICET ocm DREDE S OIER S TRy B ic
o THRICEA L, FRHCHOECERE SRR L, I 7o2 4 MR, Mgz ase 4
£A, #EL, AEE, AR, (ECBRETHE.

m. 2. 4 ZEHEER

AHH TIIERE TN, 7oy 2L T LPELE Y, Z02OREIRSREERE DL
DM A B DRI I BERAHEMAT 2 LIITE v, EREFOIERE L 4 2 35A IR
LEDGNTER S IHET 2 EEICZ{ET S, LirL, BEROERICH - TERAEFELALENR
MR T ZERERIC & B aHRid A ST 1,

I, 3 BlER

m. 3.1 BE
ARIEHROFERABL, M H2ELTIERE-PEEREREEREHICKRE( ZHTE 3.
EHHRE-PEERRE Y 2 FIRARETIOEY TS ), EREHRIEAELRMD KEEHOENTH
5, EHE-PERREREHEENLGE, RS RUAENERE,» 625, EEEHIFATOER,
BABGRL 6 AR XS ENE, ZoRT, 810 Lo ieknEBitEs, ThUENE?2, 3,
dIADTERE FFITER S ICB T 5. ARIETEE 1 MOEREyRLE MW T 5.

M. 3. 2 EHHRE-RERMESE (Rd, Rh, Ro, Rf, Rp, Qf)

LS -rEEREREORT, BENWBHEIRBLS 24T, BLWERIEN UL B L LTER
WABEIC ARG T 57, FoEsc, EEEIRTCMESRCMIEIZEST 2, b MRER
BN Z  IZRIBEESHETHE L Z LINEHcaMm T 5, SRS BEREESHL - SROME
BELTDAETA, ZLUEHHECHFCESALNS, CRALEEES VT LEE+ cm fi#E
DLDHFEL, ZLUESHEN LD, CALPBEELTW2HIRTH 2, o8, BEHMAEENERE
BN FTERENGE LIEHENTELERTH 5H(Yoshizawa ef al., 1966), BN WED S b—F



SAPETHEEPBTILTE L, RBETHEY, Va7ROERZRT L2 5, REMICIEIHEERLW
BrEATAEEZ bNB,

Zi@iE (Rd)

2% EEIR  Yoshizawa ef al. (1966) 2 & D iR E Lz, KRR TS FTER S HEN
Ba, LECHAVWERCEIOMom LECL0OHEm»5 200+ m oS LTET S, K
Ficid, HEAKECHEE RN A LR UL, TGS 28 UEAENES S ERLTER PGS fic it
BiZL A6N05, HZ LWEHSOXFITILEMEOERILIERMRER I LE-THHT I
10R). EEGEOHEMR-TH), S LOBRIMKETH 5.

i REOERE D LORERSTHEARRILH ) RARAORAAAEZT, #ABMHIC
2 UBETREIELTWEIED, HELH L), SREIERKELTLYE, ZHVOEEE LD
KIGDREIC X > TEWI»ELT 5.

HRRKE
FhEfCs (9508251, Loc. SFREMTARITHAPE 0.8 km)

FIHER63%) EAMAEI%) LN A 2h, BEMGBAR)RHEKEB.6% bat, BERERE
1mm BN LD L, B5mm AiEOBMRO LD EHD S, PR DD IFATARKT, B
IFHEBELTWw S, BHKD b EHELRTHEERT. ANEEE 1 mm fi&kokanle
T, B, BHICEGANEY Lo, EREC Y 2 BEFF WS CHIES R K>
Twa, ShenfiBIRVY) v 7T, ANEOKEERBORGHICI) E2rNELDHE N,

REMET, MEENKICET 2. REGR¥AE-LET, ANGORBICET LI EFEN,

I Sy v S T o '-—‘--

WI0E AEFLTERDPIRE & 2R OBMR (PRI E)ERLTER MRS (5 68)
H7 ey 7RISR (M) 2 AA L Tw 5, MEDRRITETS S,

N
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ANAREhVE

11 PALABERINW/ =54 P EANARNLWEOBE (EMULERERTE s v — 7 (1986) DF 4 H)
A LAGEREACG S —F 4 F (REM) & MNERELWE (v F)EEHHCA ) M AR LB 2 v,
HBIRERL S —Z 4 b (R S RIcEF SN,

A AREEENN ) —F 4 b

£ELUBEHhLE (Rh, Ro, Rf, Rp)

S ER AREMREOHN AR, WER OS2 SAEFILO L) RENERELTLO
&, TEREE I MRELIES L LTET 2 00017615,

EFNLEN AR, XiEEACE oL, REBENTHEMET RS eoWHIZamTs, D
AL E ERIDHASENE 7V — 7 (19860) iIc L DL (RSN, SEOFETIE, BRFELL
AR OGP S BRI WEFRANGHNLWE - /—F P 2ERLL, £N6 LWE
LT, HEMITZHP0E LTRABAREEHNW/ —F4 MR b b, MBERMIFLHEREZEET,
PR EZRT (B ILX). /2, #RZEA W/ —F 4 P RCRIRTEME THNARNL W EPIC
A RICET 2 (B 12R). MEORMRMIRTSS. 24, EOEANARLGEBRURESHE
WAL 5 o FORBR T BRI R EF IC % 800 m DELICEU 2 & e LT, ANAKENEEZHIRICH T
AT 5. AR CRIMRECANEoZRESIC L 25w RS A o0, ZolEld, &R
I T TH 545 ALICBEEY 2 KIRICEMS TREEL L), AROBIZHINTS
5.

LRSI ML WEHIEARTEZILEFS Z EI#EH T 100-300 m MR EF 2 2 T4, £
¥ m offfgs & LTRRESHEPICET 5. S/ WE ZRBSANARNLVWETH
5.

B4 AL E BB OCOHIERER L L OEHNTOERD b E TR S —F A4 PAERE
n, TORANAKENLVE, PALAREARNILW —F4 FOFEHEFEAL, MR/ —F54

AP REENWE

FRIBERAN S —T A b

Tm
| I—

#1120 ANAHENLWE LRI S —F 4 FOBMR (ESLIBFERARIE 7 e — 7" (1986) 2 5 E)
APARIEILGE (o F) FMIREEL / — 7 4 F RS 2SR



A PR
JEA
AREEE 2 b b A BRI —F 4 b
{ o |
T

FI3E EFUHA WS FROSEREOME (S30bESNIE 7L —7(1986) % 3 [ #§EIE)

b AEAE S ALh. Fetkic, SHMUERSRMOBRR D b OERMTH 52 BEREANAELWANRA LR
(50 LA IR 7 v —7, 1986). S HERLEN WEDSHMHENRFREH® ISRICRL, ©
DE—FEKEE 4RICRLE, IALHNVE BERET TRMEE 2R L, B/ TRAICRERES
bALNEZ AL (RSN, MREETHS, ANERLVWERIABSREREANGLN L2E
HBTH 25, MEAY lem 2B 5RUHS L2 3RERAMKANGRL-ER, HCHFEAESR
BAB%IEL, BA-ARAE-HN/ —F74 PREL2EMLFET 2. ChbEMHEwEL, Bt
TREMFHELY, PALARERARENN —F4 EPALARZN WBREEGTY, PALAR
IR LA LN WHA-ANG-REN . —F 4 PREAEPALAREER N/ —F4 t
Abi, BHAIEATE(EUR), hsiBBATCRNrCtET, MERLETE—ELTERRELL,
BHEANGHELEIIKBIRER? L% 30, FEATEN WK EEL, FEEOMREICAS D
DbH5HEIE).

Pl

+ EREANEIEhVE

A BERERANERENLVWE

E DALARSEENN —FA b
® HPIHEBENLE

A IMBIEERA S —TFA b

Ul W=

px /) JANTS

P EERMUBENCEOMERIL GRS SV — 7 (1986) 1 & 3)
Pl:#&A, Px:iflf, Hb: ARG 5-8(E UGS subcommission (1973)i2k 3.
FEGHERANGHNLVES L lom 282 AXUEERHAZ S0 AMNEHAWE,
An:#HeE, Hg: ANBELVE, Po#@Rm-ANERAVWERUMEAW, —54 b, GniHRw/—54




. N 0 50cm

——

BISE VAT > 7WEERTHLCEORSE (ORI
FCIDIRIE (Ma ;| MEH) EFRBRER (L. BRI XIS v 22l E%T.

ANFRBEBEdL S 2 3R R R L 2 AR IR 300 m AR L v ZRICEHILTE R PGS i & i
TET S, 22, BEWLFEHOERILTERPIEE I b E 100 mBiROMBEHEL LTHHTS, E
i, R TR FACER (& BOLTE R PIEE B ic b 2R 150 m B OIS A H B3, T Rl
BMICIFENOmU ELHBENZ EZ->THHT S, ChbMRBIEhWERKRESREANS, fiR
FAENL2ANRRANCETH S, EHEEROBASCIERESIERICL), BERLEUHAY
55, ARARET- S mm AEDARERT, REAHBEIRIELAL AL, #AKIE An 80-90 Fitk

WIE PALABONEARRBPHOEREICALNIAERINL T2 24 F(Sp)
(v ikE) o B E I




TH5. ANRIIFER-UET, SEGEROMZED2 LI ICET S, BET, —HEBICERR
MEE L,

AR
ANARACE - HA-ANG-FEL- /2 —F 4 | (8708241, HKIRTHHE )

AoR-AR R, RCRAERE 2 3. ERSEMIIA R (65.6%), WEANAG2.1%), BEEL
(0.6%), HFHER(0.4%)2 6% 5, BNRSEWE LTYARA, F5 84280, BRALYE
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BETIZLAL RFEELRE L, #lliE An85-00 DRERTH 5. AMNAIZEEHETHENE
BEERLTETS. SFRGRIEEE RRTHw2aE2LE, LIELIEEANGRREF2A
5, WEHIRBAMLTT 77 / NEROBRFDrANERICALNLS,

PABARERRN W/ —F 4 | (8612261, Loc. HLAMRHTEiHPT# % 0.5 km)

b, WAz ST, BREEE LY. ERoEMIIAER (63.3%), PALAR(10.3%), B
FHER(7.7%), ARNG8.7%), BFEGEE.9%)THN, BMRFEHELT, F7 8, )~
REXALNE, FEAZEABERTRENEELREY, TOMRIEANNDREETH S,
ARNARKBTRAF ) F o 7 bt 0E8T3, REET, 2 7HREBRFREFNER 2L
RrBbhaEamalarashnsd, HARIIELY, Vv ZRCEL, REEREDHLNY
W, PALARRANBIRAEINLI L2, BEREEBEETIHE, HTPALARM

—

W18E  ARICMEIENEE & ELTENE OBIGR CERRT ) METEN & (A E5)
AE AR H TR PR R EMm) 2 <,



ERFROPReANGIrFEEGNC ARV EARNGOY T L7 74 PELTWE (B 16
R). ZnE)uyr7r 24 F REOHEFEEHNLCERIC L ST ALN S (TR, 1979 H
#EHEVEA, 1989).

MHRIBEL / —F 4 b (86871, Loc. HURBRTEL#NAT)

ML, ERELEAT MRERELT. BERGT.8%), BEANEEG0.5%), #HETHER
(5.8%), WHEHETG (3.4%)2EL L, BROROPALAFE»H% 5, FHEGIE0.5X1 mm BE
T, WEMEBE L wiaTFARRE ¥, BT An90-95 DRER T, FiEEHE An6d TH 5.
BB LR I Ic R S, Bk e do s, BEANARE—RIC0.5-1emBET,
Bkt e 23 b0rH 5. £, 2emBEMM KT L 2500055, MIHEAEER
TERLAR, RAREEERA LN v, KPR R TXTHEANGOHEHICY ) v ZREA LS,

FEREANAHL S R UEHES (8708267, BCARTGHEEHITES, 0.5km)

FREER T, £ LTHEREGLI%)» 6%, ZoMERERICASENANE (13.79%) »HEH
5. WIRTRHIREGETEMED L ) LHRETRY. MRSEME LTF 7 A8, DARGEED,
FEAIZAET, HoRIGMEEZTRT. AnfERiZ80-90 ThH s, ANRERHEANG &EEaRW
WREOBNEL 5L 5, BERUREAEANGRZNAEZZNLTELLLOT, BEREN M
ETBHIENEW,

REWAZENES (Qf)

wH AR EEIE 7V — 7 (1997) A THITE S R 2 RIEPIEE okt L& Lz,

A% ARED P RES S, \EESLICAsE L, ANGNRIICL 2 REEE b, ~—
AHREEE LT (B 1TED,

Btk AEG ISR ELHBAERS TN (B 18 ), B WESEFRS Z S 5,

RHECHE SHEMFHLY. FEEMOEFRIILHMTLL L, B8BTS, HRE2AT. T4
bbH, LHnEAE Si02 %, BHOARD SIOFE- GF 19 X)), Th s {LZMBNTH 5.

ERRH
i £ PO SRR P (94080404, Loc. “FREFTREEMITEY 0.5 km ; # [ iR a)
PRSI, BE0ARGTHEETT LNE. ERSEMIRHESL(46.3%), BH20.5%), #
SiO,(wt%)
62

60
58
56

54

52

50 N 2 2 . N 1 N " " M . 1 L . . g
THaED 1000m 2000m 4LEp

%19 wITmEENERE oL mo SIO&EFRoO%E/l (BiSEE,, 19971k 3)




1) EA(1.0%), BERA7.5%), ARNTE03.7%), HEHEL1.0%)» 5% 5. BIRSEHE LT
Unaoy, CAUF, WARAZED, SIERIESmm iiEo B LAEOERT, 524
EhALNDE, A EAIIE, MEERKICORET 2, EHTRIZLAEALNLE W, Fu
sN—A A P ABREATEIET A, BIIIMBIE-E AT, WA Ly, BERHT 3-4 mm ik, ¥
HiE-B#EMERT, BALTZ oy MRIZEL, ERERIEEEL b 0TI HEED H 5 85 ki
DIEAREL - T3, ANGIRYEEE-8E, GEERoWamlETH 55, BEICHG»
CEb-S RGO T 7 F /NaEET S, EEAIMERESE0ANGOERICEELTRS
n, ELREEREMICE-TT 275/ BALLTWA,

FR HEFFEOMNLWEHOFEMICOWTIZ Kagami ef al. (1995), fnxz %34 (1995, 1997), fRiE
134(1990, 1993) 7% ¥ic &k U, [BULRERDIFFTHHE N IIciTbitsz,

Kagami ef al. (1995) IZ4EBLBERL VS 5 20 @O WE 24EH L, £ 5122w T Sm-Nd &%
T4V 7urikick ERMNEERAL, 2O, FEMRTHLIARAHELVE, PALAGEHE
/=74 b, BilfkE3 192219 Ma DIZRER—DT4 VY7 aric7ay b3k, BEEANEA
HhwE-fRE13169129Ma DEMRERT, HALVERDOKOEFRH0.05-0.4wtR%E 2bod
TENZ e LT LT, MLWERITEREOREEZHF N ZTTwEnWEEIL LS, TV,
FRERBHELCEFOBRFREZRT, wihlicls, BHhuEBRohETELLRTEAER
ROUEBSHC IO KEFEWOEM (74T 7>+ ) Th{, P27RDRRIEHOEMT, 27
Ric b kBB B e B2 b, 4, ANERLWEOLE-EMT A Y 7 0 »F£{{2Sm-Nd
T 97.745.5Ma, Rb-SrikT71.829.5Ma k%3, CNLBHEREHORARRLIFRESLLD
LR & LT B (Kagami et al., 1995).

R IEA (1993) ILE I HARFO R OEGBEXREF L VTSI A vavizonT
SHRIMP {2 & ) 95-72 Ma D4R 2 #HE Lz, CHbERLEREFROBACLS Y £y MERER
LTwn3,

Pt FRIEOLMEGS, WhvE, BIUMARENESoNENZEE 280, 3EX ok
BALESITET -2, B, 2RI INGFEREZRLL, HhvwBHoE5{LEMREAD &,
Si0,% T 45-47% DI H D, AlL0;, MgO, Ca0 ic&EA, Na0, K,0lcZ L., ZOFiLsh
WEHOEL PELLTHAELGLANALP L X ->TWA I AT 5, F/2, RbIiZAHSH ppm
DTFLELDTEWHEREZL-TWB(EE20R). Ffiz, PALARERHNLN/—F4 F TEWRD
fli % 7. Srii#200-700 ppm T, 400-600 ppm D DHFE{, LLFmWEE 2. ERILFEL-E
DOBEEHIIELDTHLUL AR ERIT CELPRALSH-NATA VY7 ek 7oy b3S
(Kagami ef al., 1995) 2 & &5, CHLFEHIFRAILervr bR I EE L NS, TEMETICH
S N MREEL WAL AERUELWED b 0 LIEIER UL E Lo (BREE», 1997).

R DA I AR W B O(LEERIC N, SR RbPK0EFEIFBHWY, JLL
ffid o (HEEEED, 1997). Hic, ML Sm-Nd£&ET7TA v Zurkic/ay F3h, hsh
CAREWEIcHET 32 L 2R L Tw 3 (Kagami ef al., 1995). <& & 5 Ze{b2EMAR OREE(IT 4B ILBE
MWBALZTTE L, ER-HFAEREOIBORFHT L H 5 (RRIT2, 1990). HhWEFHoES
2L LTRYVTA MET, SRS RKEEOHKRERED b D L HI L kM2 b2 (BRI



A, 1990 ; Iz EiFH, 1997). 4B, HHWEFENFRRARFIKEATH 0L, EFTIH
I3 T Y Mg IS 2 72\« (HEEE D, 1989). COBHI T LW HAKRIET TE
BERLSLERLTWS, EIS, PALARLHARAMICBLTEMRB TR ENLAEAVS
Tvry4 FEAL, RFDWETCTERE NI & %5RT (Nicholes and Lorentz, 1973).

EEOMA RS GLFER B D D (E2F), EHD b I3 Si0,4759-62%, H Juih»*
58-61%, HEBHC51-58%TH 5, F iz, LIEH bW icmb > T, FeOI36%4 5 10%~, MgO (3
2% 70 b 5%~ & RIS 5 (HAEEIZH, 1997).

m. 3.3 {ERBH
ARIEHIROTE R SIS EHOEERNGZ £ 2 6 4 BHIZ R4 & 5 EBILE IR s L —
7, 1997). 8 1MIMERILTERPNGE, SWLERERFERTERE ; B2 MEMIERE B3

B1E ERLELWEORERM L EHEOSELSHIR (EMIbFERFIIE 7V —7'(1986) i L 5)

1 2 3 4 5
Si02 4494 4703 4644 4677 4557
TiO2 1.10 0.60 0.90 0.42 0.35
AlOs3 19.99 2569 2470 2149 2081
Fe203 1.22 0.65 0.86 0.62 0.98
FeO 7.69 3.66 6.55 3.84 6.33
MnO 0.19 0.08 0.13 0.09 0.13
CaO 1340 1464 1386 1682 13.56
Na20 1.81 1.23 1.41 0.75 0.99
K20 0.20 0.23 0.15 0.18 0.15
H20+ 1.44 1.47 1.06 1.68 1.12
H20- 0.32 0.03 0.05 0.18 0.04
P20s 0.08 0.09 0.38 tr. 0.06
total 99.76  99.72 10025 9920  99.53
“Sr/Sr 0.70731  0.70791 0.70837 0.70776  0.70767
Rb(ppm) — 5.8 2.6 4.7 19.1
Sr(ppm) 402 396 518 393 367
An% 93 92 88 90 95
plagioclae

1Rt —34 F
/=34 b,

2 PALARERERYS =54 b

4: ARNARRENWE, 5:2—}F7 74}

3 ARENELE EA-ARNETELY



ok NIEMROEMNLTEREHEO SR LIEIN (BREEIY,

1997 | HE3E - MM, 1997124 3)

ERMNARPIREH fEEILTEHR PIRE BRUALEE EELTERE

A B ¢ D E F G H I J K L M N
NUMBER | 103006 51221 112007 112005| 060204 070305 060201 95111308 95111309 042204 091516 190208]95050501 96101802
Si02 61.29 58.60 54.75 51.15] 65.59 65.74 68.67 70.55 67.71| 74.04 75.69 73.49 72.48 75.32
TiO2 0.84 1.20 1.40 115 0.52 0.65 0.42 0.26 0.31 0.03 0.06 0.17 0.31 0.14
ARO3 16.82 14.80 17.68 17.53| 16.05 15.68 15.67 14.82 15.05| 14.71 1322 15.11 14.54 13.81
FeO 6.60 8.64 8.75 9.97 4.38 4.96 3.59 2.63 342 0.43 0.61 1.07 3.07 1.71
MnO 0.10 0.15 0.15 0.19 0.08 0.10 0.06 0.06 0.08 0.02 0.02 0.03 0.06 0.02
MgO 2.44 3.45 4.15 5.03 0.98 1.40 0.77 0.46 0.61 0.03 0.08 0.36 0.50 0.17
CaO 5.65 5.35 8.32 9.87 4.53 3.74 4.24 2.35 3.06 1.27 1.07 1.95 2.07 1.47
Na20 2.94 2.34 2.63 3.03 3.78 3.90 3.75 3.63 4.17 3.00 1.72 336 3.20 3.50
K20 2.83 3.33 1.54 0.94 1.72 1.93 1.29 4.16 2.32 6.14 6.64 4.08 3.97 4.27
P20s 0.16 0.23 0.23 0.13 0.14 0.16 0.12 0.07 0.09 0.04 0.05 0.03 0.07 0.04
TOTAL 99.67 98.79 99.60 98.99) 97.77 98.27 98.58 98.99 96.82] 99.71 99.16 99.15 100.28  100.76

A AN Ceiibs), B AIEMEE (hES), C: AEMES (FibiE), D AXMNERE GELV-S R, E: PRRESIEE NG (NG
&4, F: et SaEmn s (Rei8), G BeRBEHEPIRe, H @ hElSa e MNgs (C ki), [ pRmEaEmiees (Ch
g, T PEREREES, K PERESHERS (B, L OkRSREng, M pRRERENE (ANEEHHE), N PRmEaE
I (FEE48)




Rb(ppm)
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20X AEBLFENWE RURIOFFERESE S Rb-Sr DBF
(E#EEIED, 1989 12k 3)

MR T e IR, REMRES LUB RS | # 4 I ATER S L BfERs TH 5.

B 1 MDA FBRRELE X E T, ERBEAZZTTE Y, HMERE(Yoshizawa ef al.,
1966) ICAEY ¥ 5. (EHILTEMPIES TR A KO EEBEE PGS Y EETH 50¢, HATERE
EDEMBTIEL ) RAMPHERKEET 5, SBLERS I PROBRERTEHE-EHEMNFETHE. &
ZTER S EPR AR BERERS I ETH 557 Mk, B0E, ARKOREREREF BT
&b, EHILEEPRE 2 & <. 8 2H0B)ITER S (3RS Ic o4+ 2B RoalEa R
ERTER A LTEENEE T, AMOERLENLHE2ZR)E LS AT 2. COTEBEIRIE, &
UV EAVFEROEED A 6N S, FIMOMLEE (LK, —HHEFROR by 7ROTEHERT, X
FO—IHEEZD > THEAL TS, BTFERNES EHEESICHMT 5 -kt RmMkE a3
RifgkE T, BHEEYPS 5, Bkt T PhikoARNaREREENGE 0 Ir iR ko ANE R
EFEEPSE, PRRAROANAGRERRXENZEED IS, 645, KEHXRE ZP-HE0RE
BAERE TEWRICHMT 5. B LIRS 05 E o PR o A N5 R E R0 R & -TE M NS o
340, BEERETICIES ) REFBER 2 2 8H~BLT 5. 8 4 MOERE TEIERE T, i
fEEEFERILOLIICEBFEICAMET 5, COWREHSEIFIKRT, TA2R2E0, —F, HHBE
FE AR E 2 LT, ARSI T 2 ROMBIERETH 5.

ARG Z 1 & EREHOMEENBMRD £ & 2 KK BEFT T RS Aot aE
DFFERS L L DIRE A RITRLE, 2, 5bET, ZOMBOBMERTELRLE, 4, &
FEFEONEHHEEEEM LT v L5, EELMESEHE I V=7 (1997) I & 20— FE 1L D TE
A L HEEE 17 BITR L, TEREED € — PR I 22 RICAEBNLnS & — Filiisgic
SFTERL.



- Sz P

MEETREE i B

M it 6 [ &
4 [ " P ERIE R & SELLTER &
. ———— - (69.5+£3.5Ma, K-Ar, BER)
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- 1 8 D
sm [ [wreme H b pie H ET e | (80.9+4.0Ma, K-Ar, BES)
2 BhlHE  (GiotasMa
m [ )1l 76 i Bl i msrema  GLotdoMa KAr mzm)
spmmmiEn (% %| (70.8+1.4Ma, K-Ar, BER)
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(111+£7Ma, Rb-Sr, £5)
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P ———

F2AR ARERROTRBEAOMENAR L ERIHRE R RBBHEFTHOERE L XL EBLLARETE Vv —7, 1997 D% 5 BISMIR) T
ARWOTEHLR 3 (1982), FCM (1982), ABNUMBERBHIE Y L —7 (1986 ; 1997) 10 & 5. MBS B FORHI P M1 (1985, 1986) RUKIFIZ»
(1990) 1= & B, MEHFEADEHHE Kagami of al. (1995), %334 (1995), RE - % (1993), 7KEFIH (1990) k2 k£ 3.



X * ERLTEMPERE
¥ WEliEsH

O m)TERE

+ BFEMPmE
O EETEME
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X BEibEmE

Gd
o ¢ o
//
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DRy EBILBOTEMEH a
aR O (ERUEMREE
(= Eilimrasia)

O HBLEME

+  KufEES

hUER = R OTERE S #HER

§22-12H EBULMRUT REOEREHOT— FEREMUM(18-1 ) | ERueSiREmEs L —7
(1997) ; “ i (18-2 ) © #SE - BEE0WT KL 3,
E 413 IUGS subcommission (1973)i= & 3, Gr: {Eli%, Gd:{EMPIHRE, To: F—Fn%,
Qd: BENERS

m. 3. 3.1 1 MEEER (Gs, Gp, Gi, Gt, Gf)

RRILTERPIRE (Gs, Gp)

W8 AENUFREITE 7V — 7 (1997) »*EEE-(E # LM AHE I BN IS B T 2 RRRTE I8 P&k
Alcfird L7z, Yoshizawa ef al. (1966) DEMTER A X et 5.



/% ERLOESR LAFEH ISP TR ST 2@, KNBUHRRUMECSHT 2.
7z, ZLRWLEEOERITIC 2T THEL 4mT 5.

BAtR ARIERE, BEBLMHLICE W TERLTERNGE 3, FRLRE O ICTEMMCRALT
wh, Efe, EREICHERICLARATYS, BRo@ELTERES, A UERS 2ERLERNEs
OREE TR URPRELTHEALTYW S (§23, 24R). —F, BLERUCBRTIERENGES 3HE
IS EILTERPIRE DR 2 P> THALTWS (8 25[),

EHOEE TR, FRROBRSHERNGE 2EL T2, BCANGE2ET, 2, HEEE
S b A HN5, LMOBIMATERE & DBMIMETRENNERE D DT VG ) REOTEN £
ZiF, HVEAFERELD, BAKENTSE. 2o, BREUTCTOSRRERE L EHEICERL,
STIA MR LS TR,

SRR
ok RERAE R PI#RCE (050701, Loc. =M AE £ EIHALH 0.5 km ; % I [FR b)

ERAYIE 3-6 mm AREET, WHCRERE R % ¥, ERSEWIIRREGT.2%), #HER(37.7%),
%) &E017.6%), BERT.5%)P6%Y, BETRRGEHE LTPay, WAKER, F9>
g st, EMEAEZTTEY, FARERKMERERT. AREREmmBECFEET,
REHERZEAEALNT, WMEFHF-72) LTwa, £, AREOEMITIEIINA S
A PFRETE. A ERIEAE-MET, N4 MEERSE N RELT, HFEEFRS
o, BREY 77V APEL, —BERHLLTWS, REFEBEAIRT, R2LTEL,
ER Iz P EMEN R 6NE, FNEEENIANERBGAET, BERL 7oy PELLTE
T 5.

BB S PERE (062618, Loc. =#FTE#ILTEY 0.3 km)

BmmAPHIE2A)VEEHLAEE T L2BMET A, ERSEDIRAERGBT.4%), )
EH(17.6%), AE40.0%), BEFG %X »64Y, BESEHELTYVI Y, ) VIRE,
F & 8D % B, FHEAIT S mm BiEOLEEOELT, )Xo r kR b
B, MEEEEREET, RELOBEMETINAAAL FERLNE, ANVERBEA XY F v
EEERA Y EMD AL, Fouov—t4 PR RT. FoERICIEGERZ v, ARIE—RIC
3-4 mm R OPEERT, F7 74 AHBRET, BT LLTWw3, BERIIFAET, 2
AR EAE L L, EERMNFHEETH B,

ER/UERSE (G)

R PEE - ESEHE (1997) A EIRRAT AT PRI AHE IS SR 3 A TR R s Ioxh L L7z,

2 AKIERE, AR RLE L, HER-TEALTEICEY 5 A 3 km, BALH 1km O/
B EETH B,

R ERLTEHE RN ER LIRS ERIRAPBMATHELTE Y, WBLLw, AL
TIREWLIER A HERILIER MRS P IS IRRICEAT 5 (5 23 F).

BREWE PHOBZHEME TH S, FRREEENRO N, ZoEMIZHED 5 EALE-HH
KT, ERIEHPIEE L BN TS 2, BECENELIEA LML WY, SERERETOOMEL L 2
3. BEOEHRSLBEEMDORIIENT 5. REOYT 7L A4 AR BEROERESIH A LI SIE
P, BEAIEAYEN, HRICL>TW3,



Y e e
R S G W ~NTERILTER RS

H23E RFLTEE MRS LR LERE OBR (SHETHHIN 500 m)
WHEWIEM A (HEIOLTERPERE L DERBTT 774 FRELD, ERBEFNAT S,

ERER
PRI BETE [ 2 (95050501, MEHRRTAT AR | &8 IIREIAR b)

FIFRRIEE 2 A1 5, ERALWIIFRA (31.6%), AFEGL.0%), Y &FH(29.0%), MEH
(8.3%) 2 bikd, Yivary, DARBENRSEME LTEL, BRIMGE, BRT, TEEAR
Dize, MWEHGEEFOEY, WELWIEL»FA LS, BEEEIFAR-BET, T4 b
Btk Abndi3r, RUEMEELROLNE, RRLOBMBTIIINVAHA PllilEZT.
72 BRISEEE-E, —F4 PElE LS, BTIESrEET S, RERIFAR-8, K
HRT, 870y bELTH, ZEBEERICET 3.



BRILTERS (Gt, G)

wR AEBLERERIE 2 N — 7 (1997) 2 =R A B AL A IS R & LA BRIRIER B 1
Lz,

% AREOHRE, ZHMITERLOBEHH 00 m OFFICHE IS 5. ERIGLFHE TR
MNeis,

B ERUERNGECEAL, BSRUEHMEPSIRELLT 74 b EOSTRERIERILTER
Pt 2 B < (8 24 ).

BHACHE PRAMKEZSREREZE L T2, BT, —SrhoBEaENFRoBE
RS SHT 5. MEDBRIIWMBEHRETH 5.

E=y o i
HURL R EAHER A (963216, Loc. =MRTAREFEH 0.5 km | K IIERE b)

FHRKEEE 2 F T 5. ERMEMEBHRIEAL.0%), # ) EFG7.0%), #E&EH23.0%), RER
(5.0%)TH 5, BIRAEmE LTEER, Yoy, NAKGEZ2E0. REGRADETEEE,
REREEIIIZEAEALNT, BHIHEEELL TWA I e E\w, TEEALREG, Hitlha)
HELND, RELOBBETINALA PHRET S, 2V ERERETHRIKRTH S,
4 MEESA LN, MOHEMERLX)F v 78 HTH. AEEBDET, ¥7 74 MDD
B, RHELTwa, BEFEDREFRTZ oy PRIZEAST 230, FEEICH > TEMBAS)
T5.

HERL R AL & (100206, AW ®EILFEER 1 km)

HIRLT, —#T7 774 FEMEERY, ERoEMERES (19.0%), &) &£730.0%), A%
(49.0%), BEHQ.0%)TH5. BRGHEBE LTI N2 Y, DAKRAREESD. FEAEIFERE,
REWERALNT, BHHORETHEIFE L. 4 ) EREIBART, <34 MRESRD
biLs, BREBH TV, ALY, BERFEZoy FELLTET 3.

M. 3. 3. 2 HF2HEBES (Gn, Gm)

BNAERE (Gn, Gm)

B ARSI 7 v — 7 (1997) A BTN ) [ A8 2 55 H 3 2 MDA A PO BT & 16y
E L7z

A4 AEIEACRS, ZRIBEREG)IIFED SXKFMIBBILTHICH T TR SMHAL, & 61 TREEHAL
&, RiEHbE A Lol L T T B,

BifR @I ICAH T 2 RIMAZHENGE £ Bz 2, SRk DMIERS CHPrn 3,

EHCEE HNT, —Bhh, SRREEEORH SR IERME-LRMNEETH S, Bk ) &
ATREOT 5N MRS KO RERLEE-ERNGEE M T 6, ERMHEEA ) RAGHEREMIE
WHBHRETH S, EERERHMET b 2w, Cofilils B B0 FmICETTHBEERT.

ERE#H
KR AP RERTERE S -TER Nk (B 8332803, 4:Euinh)il#a7% 0.3 km)



%
- oy
Y
S
R
B e
\\ f!ilb?ﬁﬂlﬂﬂﬁﬂ\/\

B24E LIRS &R IOLTER PIERE QDR (RIRRTTT )
EWLTEN S M) I2ETOLTERDPIERE (B0 b CBRIICTRAT 2. BEORIR
WIE TR Y, BUTER S O—iBAEILTERM MRS CHAL T3,

B, BRrRMEsrRoons, Eo MRt a8 En32.2%), AXG39.0%), # ) &R
(22.2%), MIEH(5.6%), MMNA(1.0%)TH 5. WMRaGEME LTEINa Y, )AKA, #ih
ABTEENS, BEABFEBAERT, lcm KiCE T3, RUEMEFA oS, BEHTEIL
AT il A 5 7% EDEEMEN A LD, A)) BRIZEAED L B HMBESCR TS 5 27,
lem 2THESKRDO DD E vy, — i/ —H A MEESREL, HTFHELALNS, AE
5-Tmm T, Ha LTRIERE LTI LN Ew, BIERERLNLH, 7714 ALidFv.

MERE 2-dmm DEHET, b2 LTHmrH5. HNREFEAET —BMRETRESGL 7
oy b2%T.



HER B Z AR Pk (83328-16, AEATIE)IFEY 0.5 km)

AN REFFERE T, ELRRiafRR (31.8%), AFEB2.8%), # ) RHE(32.4%), BE
H(3.0%) TH 5, MEAHEME LTI Y, DVAKAEED, BELIZEEE, HvRiEhs
2R, AVERAEER VA4 MEESRET S, AREBEALT £XLeLeT. RES
[F¥EHEB-8ET, Z7uy M ELT,

m. 3. 3.3 33MERER (Gk, Gg, Gb, Go, Ge, Ge)

B TIERPIRE(Gk, Gg, Gb)

&8 AERNEEEITR 7V — 7 (1997) ZAuRE it E AL O 1 P o L,

4 AR, HERTORAIGWHEICERRICOESMT 5.

BfR  BRTIERPIRGS SRR LTER PGS 2 Y 532, alRikicERLTERMEE 2R (825
A).

HARCHNE oMk, BURoTERNEE -RXENEE T, EERoANATRETD T o s, SHE
fehss L <, shialaRsaramilis, rhailaREansils, mhompa R SaiemEm ik

825 ERLTER NSRS L B TEMNGES RUE ETEEEONE (ERUeHsaEmRs v —7 (1997 0k 3)
A TIPS (Ka) S RB I ERWERNGEChH2RE, 7774 Ml(Ap L k3.
B @ B RPER A (Ka 2 E LB PRs (Sh) L s T 7 77 4 FHAP &L ), RKESHEM(Le)pEINLTE
PR R,



BOIEWEP L% B, CNLEEMIITXTROIEECWET 2. EEMHOPRA NG REEEMNR
HiE, TR TH 24, BEREMTHIROERT, BHEREOWIES &0,

ERRHE
A A B EHAE R NG (101806, BT WIFEALT 0.5 km)

WARTH 5. ERSUMEFESR (38.5%), F%#(22.0%), A Y &EH(15.5%), BEF(14.0%),
PR (9.5%)TH5, BIRSEHME LTI a Yy, DAKREED, SERRIURVEET B
WHESH RO 6N 5, AEIPLER-WET, EIHEEERT S22, V7704 AMLEH, 4
BRGMBET =4 4 MEEFFEEL, —MICEFErRoOons, BER0Z CZAE-*A
¥, BBREeT, 7oy PRICESALTEL, W2, BuEmiEd 247, ANGIHEERo 8RS
T, FRETRERLIoy bELT.

MRk A REEIERE PR (073111, HIEHEE)

Mk, SR, FWET, —BEATLAMEIKRE (BT S, ERAGWEFAER (38.5%), A%
(26.0%), #1)&A(11.0%), REEQ5.5%), ANAO.0%)THS, dlkame LTI
¥, DAKREED, MHRAREE-FEART, —HAREL L), MHHEEERT. AREMH
B-HART, EHEERT. 4 ) ERARBMWET, Byt MiEE Y. BESZAET,
7uay MRIZET 3. ARNAREEORAANG TS 3.

oA A R EREIERIEGE (101811, MIET@IFEEDE 1 km)

L, Lk, RIS, BerREErES L hE, DERE0UENEED. ERSEYERESR
(43.5%), HH(25.5%), 7V &EA(G.0%), BERF15.0%), ARAEQL0%)THS. BIRIL
WmiEynay, DAKREYPS%5, SRR mmBEOFARESET, REMErAohsd. &
Rl T, HERERCEL, HEELra6nsd, ) EREART, EERL, METR
RICET S, BERE2-3mmOBEET, 7oy MRICEL, B, BuEmESH£%2Y. ARG
IR, Wekfe, AET, REGLZ7o0v FELT,

B ETERS (Ge, Ge)

w8 ARLGREEEIE S A — 7" (1997) ZRE TR Ic B Ic BT 5, HEANGRER
1Em B -TEmPIRE Ic@d L,

o ANERES, KRR TOMRMEICEHRRICORET 3.

B COMEMBCHRT 2T 754 FEAEIMERLTEREMNGRS 2 H < (68 25 M B).

HHECHHE MEL, —EPRT, BRoOERE-TERNEETHY, BES—VTHEOT LS,
AREEIIEAS ) RAVHER & 2 5 ANAREGERHE-TEHIESE TH 5,

ARRH
HBLRE LR S (092506, ARIETHETE ) 0.5 km)

FER S IERHRA (35.0%), F3(40.5%), AV EH(20.0%), BEME.SR)» 642D, BA
Adi, PNy, DARBERRAEHE LTED., SERIZ7T-10mm Big0O¥ERE, sk
T, RHEFALN S, BBRLIELIEHERELLTWS, ARET-1I0mmBEO7—L &%
L, BHEEREZT, B 770 A A sid, 7)) ERITEAEB-HET, Fw—44 b
ML L, BFHErALNLL, BEREIAKE, BET, LA4LTZoy FRICET 2,



BER A PR RERTER S (092511, AAFETRIERY 1.3 km)

7Y BRRBEK, WROERET, Bl0mm 2MI5AE, BFOL ) RERKTEEITLNE,
ELHERGY EH R 30.0%), A3(35.0%), # ) &AGLE%), BEFA.0%), ARG
(0.5%) 5%, BlRAHEHE LTI Y, DARGED L% 5. FHERIER 5-8 mm ik,

FEET, FoREHHEFA LN, EMIEERLL TS, A7 —VIRICEALTET 3,

) BAEEBERT, RAX)Fo 7 bOEMEAETH, N~ MEELEL, BFHELT
Hos, REFESmmAENBBERT, BELTETLI LV Zv. ANARGS, FEE
T, BREFEL 7oy b LT,

KETEEE (Go)

T HEEE - B (1997) AP B oK AT AR I A IS B 5 k- R B ERE R A O & 2
Lz,

Sf KRBT B HORFITAGE (CHEES Lkm, #8408 1 km o NRELZ ST 5205 FE#
D FLEFEICE LIS,

AR CoitlE LR EHE OEMEEF T WLHBRABREIARETSH 555, TOFMWIIEH
WAL PR RSB IR ILITERI B D 214 5,

SHCEE PHEEORERTERE THWRKEEE b2, FoEmIZALE-EE> s LILE-HE
KTHCEM LT3, SMIZHBENSE T 2. Bo0ic, BRESIREAILLEY, ») Eare
PREEET I L ERHEZIT TS,

EREH
Fp - R R 4 (95062108, ST BLEF R -FIT ) (UK a)

ERS I FHER (31.3%), AIE(38.3%), AV EA(23.6%), BER(6.7%)TH 5. SIS
ST ARE, YA rThd, REIERHR, R, ERERACLEZT 771 A A Do
3, AERFEEB-BET, T4 PRaFECRLN, REHEEZETS. —8 AVE
REDEMEMTINASA MR LT, AV RAFEEE, W, BBEFESRCEL, T4
PABMEATL CREL, BTFHEL L ALNRE, REHIYAE, EEK-RERTI/ oy P 2%
LTETR DL, MARCET DN H S,

M. 3. 3. 4 #4HTERSE (Gh, A)

BAIATERSE (Gh)

W8 AEFILMEERI 7 — 7 (1997) A5 FHATE R BRI IC B T 2R E A BEH
TEMEICHE LA,

4% REMER L, RRBPEITERINLICE & > THE MK 26T 5.

MR AEHoR IR IEPIEE £ RIKICE < 34, oG HILTER NGRS IcEmELERZ 5 2,
AVERFESHEELEET WD,

BHRCME MEEITRIERE T, BETIRTRERErRE LY S, RO HALAEREED
CEEREBET S, SHELEE LTHETH 2, MG HT 2 b0, PRAREYXEZW, &
MOEHILTERPIRRE & DBMIBIHETIIT 774 MH, ~7=74 VEEHE %3,



BRI
HILE < AREH BREEENE (51406, FRAT(E M | PRI b)

FEHER L 3R (20.5%), A¥E42.5%), A ) ERE3.0%), BERQG.0%), F<5F
(0.5%), BEF0.5%)THa. BlEsHmMmE LTI Na Y, DAKRGZED, SHRAIZ¥EE-
B, MadHiit, BREMEFrREETL. HDVEGEFRIcm EBI3KEDRA, Foliht
2mm AR L0 5% 5, K4 FoBEs i —3 A MlESREL, AL DETH
BHRLNE, FHHEE1-3mm T, EIEEIBEETYH T Iv L A B>, BERR 1-2mm,
BE-LEBTHRELTET S, S<{2FE1mmAiZORKT, MELTET 2. BEZRE
1mm @i T, ¥HETHS.

HibfEREE (A)

wHh  AESLREEAIIZE 2 V— 7" (1997) HF AR BT B A I BEU A I R 1§ & MRLTE 25 1o L
g L,

Sf —RITKRELEFRELET, EREEER:E L TRRIERICE S ST 5. A<D 08, 3
KIRTHHSLAHECIRIEINE L - THHT 5. FRIBEOEFEESHERIZT XTI ORMAEREICET
5.

MR o TXTORMEREEIRKICE .

EHCEE WROMBIERSE T, W7 774 bR L% 3, BATmMEELFR KBS TH 5,

HARE
MR R ERAE R 2 (100902, HUKBR L)

HIET, ) ERENKS X ofatEt, ELlRmEFRE (17.3%), BHE41.5%), H )&
F(40.0%), BEHQ.0%)TH5. BlRsEHE LTAER, Pay, VARGP L% #
EAE2mm UTOFARELT, REMEIrSETH S, 2 ) EAEFFC, 1em FIEDOMS &
), =4 PHEEFREL, hoSHERLA X F o 2 QAT 5. A 1-2 mm BiROR
WHEERT, MINEEYHETH S, BRI 1-2mm kO HEHET, HELTET 3.

1340 AR

ARG OTERE MO PS4 110 MEBUY, 800 X BT & BIESIT 24T - 22 (AEEEE D,
1997 ; HE%E - HASME, 1997). 2, 3BTRS OB LALEMTEER L, DTSN
FEHOLEEROBEZIIET 5.

8 1MTERS | B HILTER DI (3 SI0, 4 58-T5% & IRV iz h 72 1), ALO, I3 14-18% i
DH, K0 1-4%D b nHhE <, EiEErsTT,

EREILTER S 12 SI0,2° 69-T9% L LT 54%, T0-T5%D Lo £ <, FEHLEREMNGESE L) SiI0.&
HRIZED.

HEITER & (3 Si0,% 66-78% T, ¥ 3% LMWEEZAT 5. ALO,b 13-17% & Ll
$, #2, K04 4-8.5% Liliv: b Ly, WMEINTER S DN BERERAEME T EEHICH~N, 2
% Na,O ic@ir. BB I— %I EHILTERMIGE ICHEW K0 2 b0,

E2MTCE A BT & (3 Si0,7° 69-T4% R #, ALO,IE 14-17%Hi%, K,04°2-5%% #& <,



3%k RFEMEOMRENTIEREHO 8 (MR (MEBSHEIEh, 1997 | MR - B, 199712k 3)

LR E= B FibmE BT iembies KEAEHES MRATLRES | ETEREE

0 P Q R S T U v W X ¥l 2 Z1 Z2
NUMBER | 053271 620510 315270| 092508 101816| 101806 060505 101811{95092902 95092902-02| 52208 52209| 91507 100902
Sio2 70.21 7107 7357 7759  76.81) 6936 71.57 62.52 76.51 73.86] 7248 74.85| 76.68 76.34
TiO2 015 0.11 0.09 0.08 0.06 0.57 033 0.74 0.18 0200 0.14 0.18] 0.04 0.05
Al203 16,70 16.42 15.01| 1296 13.49| 1534 1511 1625 13.28 14711 14.23 13.95| 1344 13.61
FeO 2.01 1.81 1.01 1.08 0.75 3.78 2.43 6.42 2.06 2.22 211 1.44 0.86 0.90
MnO 0.01 0.02 0.02 0.02 0.02 0.07 0.04 0.12 0.04 0.04 0.30 0.04 0.04 0.09
MgO 0.95 0.51 0.31 0.08 0.03 1.14 0.48 1.80 0.33 0.36 0.30 0.38 0.10 0.09
CaO 2.65 2.45 1.57 0.94 0.56 3.75 216 5.00 2.39 2.44 1.22 1.46 0.87 1.29
Naz0 3.25 3.25 3.01 3.23 3.23 3.37 3.52 3.34 3.87 4.06 3.29 3.60 3.24 3.34
K20 3.53 4.01 4.78 4.64 5.69 1.53 3.01 2.65 1.76 2.72 4.20 3.82 2.98 4.28
P20s 0.01 0.01 0.01 0.01 0.01 0.14 0.08 0.15 0.05 0.05 0.07 0.04 0.01 0.02
TOTAL 99.48 99.78 99.38| 100.63 100.67| 99.04 98.74 98.99 100.47 100.67| 98.34 99.76| 98.26 100.00

O HEREGERE (BNE &),
BAEFNFEGE, U Ak PR e Mk,

EReE s (e,

Y2 L E < S EEd MEEN A,

PR mERERS (RE40),
VbR A BESAENEE, W BN ESER S (E548),
Z1 : tE R A N (),

Q : BRI BER &,

Z2 R A

X R ERAE

R :HEMEEAERE, S:HRMMNARERERSE, T PRANGRE
Y1 & 2aann
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o EREIERA

26 F AR 1, 3MOTERETD Si0,-Na,0+K,0 B & Si0,-FeO/MgO
(HEEREEA, 1997 2 E B)



Al203-(Naz0+Kz0)

Ca0 o gzl 1k B FeD+Mg0

Ala03-(Nas0+Kz0) Al503-(Nay0+K;0)

| 54 7TEliE S &4 TEME

Ca0 0T TE FeQ-+Mg0 Ca0 1Tl TE PR FeQ-+Mg0

27 FRRLIR O TE M BT ALO,-(Na,0+1,0)-Ca0-(FeO+MgO)X (HSEE», 199712k 3)
1# 4 7HEREME S # 4 7RIS M OBER R Chappell and White (1977) iz £ 5,

4 . BRIEE 4 . WAATME
A WERTEME

A {ERWIEGEIRSIRRIE
+ (ERLTEMEIRE

.
.

*

nt

+

bes
ol

Ab 1 RGBS An Ab 4 N 2 Ad
F28E EiFbEOTER SO / VA Or-Ab-An F



Ca0 #%1.5-2.7% L& lfic 5 3.

MRS - BT IR PUERE (3 S0, 62.5-76% & IR Wi icb /2D, ALO® K0 BEFNEh
12-16%, 1.5-6%D L DA £, RRENEE L.

FBTER & 1 Si0,27 13-TT% & K & 2 Lol v, 8 1,2 MofemE st~ R Sio,&F &
DEATHNS &, Na,0»%HE<, Mg0 - K,0 HE\,

B2 LA 3 SI0 A7 73-78% IR L, B iid b2, ALO,® K0 IF £ L& 1L 12-15%Fi 7%,
4-6% EEmWEE b,

B4 TERE | A ITERIE (X SI0W £ K AT T2-TI% T, ALO& K0 D £ < #, ZNEN13-16%
L 2-T% L, EIMATERA ZABERS IS, ALOEFHEVE L, SZ74 7 HES BT 5.

HHTE R 2 (2 Si0,77 76-79% & % L < # <, ALO.H 13.5% ik, K.0#* 4-6%HIRD b DA E W,

BETER A B L, EHILEHENES By RbEF R, SMUERHS IS ZrafF ks Lok,
KEBIEREIEC ST EFR2EAT L. B2MEFELHEHESIIPRT Bagfike -,

B1IMERE > L8 RS CEA(LEEROERE A S £, F1MDERILERNEES IZTRE
W K,0, 77 kU FeO/MgO thz b2 (HEEEIZ, 1997 ; 8 26 ). 55 2 {ER A O JIITE R &5
RV FeO/Mg0 281 5. % 3RS O R TIEMMNRE 3R L Si0, 24 ¥ 2IEH & I~
B &g K0, T/A% ), FeO/MgO THORMOEmMAMHME B 2HEE o, KBRS 2
R Na,0 & b2, BEEREIEE Y K0, FeO/MgO Ltz b5, tholbfs & 27 5 (5 26 &),

5 AMTERE Ol NIERE S RUHBERE T L SIEEHW K0 T, thoHoEEE E R - Tn
3. Z0kSi, EHEEEERINICE > TFO(LFENEFEERCT 5.

CHHIEEEHED - b, MRS ALOA T, FeO % Mg0 (2Z L {, Chappell and White
(1974) D S Z A4 7B B ICBT 2 (B 273 ; HEEIZ», 1997). o, BRWEMEBEZH (S 24
TIREEIC, —HMIZATIERE BT S, —F, WOEBESHIZIIZA A BT S, okl @&
KHOEHEFEOPICLETIALBEENL I ISP A THRBMEPFET I ErHbedr LT, &
72, /& Or-Ab-An ik 45 &, BEWERECHITATERE 33 L < Or RIE A (8 28 M),
EHILTER MRS I An dRICE D ¥, BRFMOTEREIZ L > TILEERFREL D, ThThB% -
e sehbERENIEERLTWAS,

Im. 4 & Ik

AREOSREEELE2HE, ERSCLVBERERZ T T 2EENGHS (FNEIR) &%
1-3 MiofEia e B  ERPIRIEA S HBER A (TERE BEIK) AR Sk E{ ST oNE, %
B, MEHIAERS (A)TER S OB TBICIEM L 72,

I 4. 1 EHESERER (D)
e as S (D)
AELSASRTIZE 7V — 7" (1997) 2658 LB U A S IS T 5. EBILEENL WSRO TEIC



DAEL, FHMEMEAL, FREHEALI ITTw2, AMBERNSEE-ARNEEETHS. &
IRDIEE 10 m BRED b Dbt F A, FRIRHTHEITFHED b (3 BREREEA R & {, $k100m i3
ik 5. BROFMIHALT @O b O T 5. BRSO REELE-BET, AREO—
WHIED FETH 5. T OBEIRD Rb-Sr £EFRAM2RKIH (197 Ic &L VFbh, #111£7Ma
» BEACHIM-FOERp R o N,

ERREHE
16 R PIARHEE (9308671, KM H ENT /)

BEadth L HNORES, ANARUDRORES, Ak, ok b, SRS MRU Xt
LT, DAKA, 2 v8éL BiEG» 5% 5. SEAMMIZERTS 35, AEod N HE
E-BETHS5, ANRIRFAE-OE, BRERET, RERCEELTwS d0rEwn, RERTE
B, RBOEEET S, HEEMWET, MBECRARICET S,

M. 4. 2 FHYERE (P)

IR IRICE T 2 EENES (P)

TEHPIREEE IB)IEEENTIRICE A SN5, WROANAEHNEREE TH 5. ORI
HEDBIR W HEmDIOr£EL, ToFRERHILEDbDO»Z ., EF, BERITALNLW,

BARH
FERE PUSREE (9301205, HCKBRT/N 735 0.5 km)

#HRA, ANERULEOMENER, RIEP 6% 5, BIRSHY L L TREREY, BEREED,
#FEEZEE, EFRoMERFAEL LY. ANRREEE-F BReT, Bk
R &30 5. HPHAII A TRRAONMEEDH S, AEIMET, BMBEEIRICET 5.

(&E)Ez)
IV. 1 WFRERUIER

Z FEREE SRS OB ONERIE, 20 A0 1 TRBG BEGUT, 1893) THL, £0fk, K
B(1910) A F LHTHLVWHEEET-7. Koto (1916) 2 HADKIIZDWT F L H72RE D H TAl
WLEEL, WEHERZHE TS, iz, HR0930) A UMEOFFOWMEEIT>Tn b, L,
COEDWRE TR ELZ LB KBERBEOMICKE LRANEDH S LEBEHENTELT, Z



FIEES Z oWz S BN L v (BIED) Kb e F 2 s Twiz, BCIoFo_ EEHFTH
WEARIIAKUESCEINZ 7 omaORBIRERLTE), BEFOEAE B L LATRIED %W,

BIKMF KBRS H T, HTAE» (195324 W Z LEROBF/ZIIHL SN, HAlE3r
(1953) BRBRBRF L — FR#ML 2WKICES L, ZERBFARERIVERICECILZMLMIZL
fo. i, MOTRE - BRORS LeEE2{To7, #4032 (1953) LIk, Z ERHEOBEFICET 24
fEMZIFFEE, Z EILHEREES (1986) AT, ZORES b#HEARITH» (1953) LiFZEbL 5%\, Z kil
WERFFE S (1986) (ZENIRE - £ WRE I L TEAMICHELZITY, HEOMS2T->Tw5, i
SIS BOEH T ) MO ITB L T, i) REESROFEIC L S BLImE L SN Ty
A (#i, 1932 ; WEME, 1967 % &).

ZEBEEE, TR D P XNR-RE, RIIRE, E7BRRE LT HRAFHRAITP(1953) 25D
MEXINTEY, AMELINEHEETE. LrL, BERSRCOWTRABRETRSFTFTNL LW
MEREZEB LT RMBALT 2 L2 ERICH E, EVHBELIIEDLT, BHICLIERSEH
w3, ZEE#EOSMIE, KIS (KRS - 5SS - BAR) LS - BEPLE S, FYrANVE-—RER
FREERUVBEAS KRB, 6% >TE), BBEOBEBEOEMEEIZLALEEET LW, —F, Ch
FREORBREECES:, DALEBRUVEARPLL-TEY), KEREBLAYEE W, EY
WAL, BELES, KREPLL->TWwa, ZLEEM» LBEROMMIIR P> TELT, TT
g rEz L5,

¥ ¥ X R —BJE R EM 07 nh BERRECE KRS ICB LTI, KRR M0 - #8% A 7
= AL EHEMEREE R ¢ - T Kato ef al. (1971), Yamazaki et al. (1973), E5% - 3 F (1990), &M
14 (1995) % X DT gEdcH 5.

ZEE#EHOKILEIZOWTIE, BFRALEEO—EE LT Morimoto et al. (1957), W « K4
(1969) *ERFMWMEET > T d, Fhe, KIEDBSHFEREFE - i (1964), 58iT2(1980),
WA (1984), EN(197) REL T 3,

ARTEHE IS & FRATERILSEICEBEAS»SE L, Fl(01985)nifisErH 5, CbLOHEAS
DEEERZEEHOKLENEBLZZRLTA ), REHOEHEEL 5L,

V. 2 ZER®

V. 2. 1 F>»Xw5—2RE (D], Da, Dm, Dh, Dr, Du)

B8R FAFEH(0953) I L 5. FAITA(1953) o EILHZERFZES (1986) IIAB 2 FIcHiB X5 LT
VBN, AEETIARFETHE, P, LHCEST 5, RBEOSRRS LRI (1953) R
L EERFSE 4 (1986) DEIE & DAIITE 4 |ITR L7,

A gL ET AR, BN R (R, 1953).

21« BE ABRZEUBAZOLMEFEBEMICFHA LT3, BEEZ EIWHE THK 750 m
PETHS,

BEME AFESREPEACHE IIH, ZRUEESTR—MIETELTY 3,



¥ oE B

FaE

Z EEEo s R

REE — Eilith=7R 2 (1986) FARIFAN(1953)
ol | - | RS EEE A
G| | BEBREE T4 MR 7 EFIERES G| ERWSTER  (x)
B |REBMAAETS YA MBS | Sl L e
Ny EEMRERRERERCEAR| | | e LB RS B (%)

m | B EAMERERERIESE | | sl o ﬁ
e Rlegiule Tuiual | B EEILE ma0E

[P OERER R AR B RV RIUR— B REEE | | | L8 R R RS
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B ERBEKRE T, i, RS ha,

T o R BRERRAUS KILBRERE D 5% ), —HIEE LT v 5 (8829 X)), BERHEEERE T
R FREL, —F, OFEEDERITINSTFRRFITHARL Ei3om L v, THAKD
BELZ RILEFTIS0m ki L, KFITHARES TEFH20m & W< b, Z RIEHT
AR IR REIRE 2 AT 2 BRD b, HUOBEKEEIRE D F P ERHEIE, &R, A
BEN, MRKILR»H57% ), —fRICHEKEEN, BRORBIE L, AFCERE R o RlORE
ks, TEHEHEZE0, FERHNCRBILLARIPEERaZ EWd b, KTFIIRTFRAEFD
ANTE, BECERSREROBED» L4 2BENRDH L5,

PR 7 o REEREILEEERWARS, Y7 o adaANGRFEARILEESEP L% 5, 4
TP bAT, BEFHHECRANCEL2LALND, BERRVESSHESLT, V7 0GB EE%E
IWEEE BRUPKBEF F o AN F—RBTHE2BACEH>Tw 200 MEENL, winbFELVNY
ABL YT, FYXVR—RE T E P s Dok E LEMEBIR e r - LHEES NS, 72
DhAREFRINEEEZ, £ OWHEEAOHESE 280 (FARIZh, 1953). HEWICIZAILAEE

] ¥ XL R—REETE, 7 ofGRERIECE KBRS OERERRE
(RFITRFERA T ORBEIH)



v, FRICEL MK LIE LITEKSESRET 5, V7 oaBEBR0E KNS RBIES L
EECHE-TEY, BEISEWHSTIIERIZENT, BEICE LY, $LEHoRBMEIRRT, HE
DERELENZ D6, ZNLERESD LRI Z OB EE L b5 (58 30 X).
—7, BEPLEHNLHIRTI, EROMHEBIEA, BEIGEWEHZET S, 0L EMETIE,
BERES L CREL, EFBmRlErBoons, Y7 oaeadalaRidaRZILEEsil
EieT hibdtF oL, £ BALAMEOERERT, BT L 23EREZET2Y, —KRICE
BAEATE), WBGRFKEAEET S, HAECKREONER, MIRICLZITL2E500KE
b,

L7 o A RERRMEES - EABRUKE» 6% 5. EERFEAS T RILfPERZ, K
A R EFEZHEEEMEE P ORI - I ICER L ToHT 2. THD F XA KR—RE T -
RERDAR LT RRE L, KBTI Fr XNR—-RBEFHOY 7 oGega ARG ITa% LS A
EITT Yy T 5 (PERE - 3FE, 1990).

FrZnR—RE Lo KBS, BEEBERLICHEYLE R4, T RIEERE, BERAR
B, BB LM BEKENDER» 5% 5 (B3RA). AKBBLEINIFAEFLELONEEN
DEL I 7 o ASEEERRRE T, REL TwiWw(Kato ef al., 1971 ; Yamazaki ef al., 1973).
FEMHERNMETE, ST AVE-ZRBPHor7 oasfAaNARAERRILED T 7y
7 ERUSRARESALNS, o b TIIBRERE-RIREDE TR E %5, KILEERS -3
RARA B —RISEKT, BEI-4mBEOZ L E0L, FREN, BAG, WEXLK»5%0, @
RIFESCGESLEB), RbiicB3 L E My AEErRONLI L DL EENEC). £k, &1
2 EBOEBRAL A —E L Tw b (Kato ef al., 1971 ; $EHIZH, 1995) 2 L b, HERIZEET




EELAZEHESNE., bR 5 LRS- GERATES I AREHER e H 2 o b, K
B L7z A SRR X AL 2 B ic B v, ZEPAA SNy RET 231 MD). & 2{2 bomb
sag RO LN B LN H B (EIIEE). &, LELEKLEAFEEN TV (EIRE
#, vesiculated tuff (Lorentz, 1974) ¥ 52® 615 (B3R G), T bDRED SR L 72l 258K
B3 —DHEHEE 2 5T 3 (HREIZA, 1995). WAEFALIETIE, MIRGERE OREICIZE & A
LNBENEFEEL, POTLbidF-72 L) RERLTWS (B3 K H). % OUFE Tl
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C. KIRSSEIRE IR s o b5, Tl ARy ARES R 6 H D (RENEY),
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| 8 DB SR ZCE AT LT B, MEERA TR —FICiiscs KILAE T, TERICEEX

AREEIET 4, MEMT TR FyANK-RBHH2B ¥, JREERFKE (, BRI
7 e BEE ANAERARARILEO7 0y 2 ICEUEKARE X H 5. SRITHEREATIRIZL
AETFRBDBECT oy 2054 5 RIARET, s e 5. BEALH T, DEREF
Y ANK—REPHOVF 7 o BERANERTRELILEZHE TR,
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- BEAR L ORFETRFR R ACH ORASN S ET 2 5RIEH O Kt HENSD,

#EA, 7% BER, ¥ruh.

HZAK, ¥72AVvYZ, B e#RARUTER.
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AL 7 o RS KBRS OIS CRTIT R R R IR GHE, GS] R65935)
B. ¥7 o RERELE R FRI ke, GS] R65961)
C. &4 7 oRARAEHFIARLE (EHETAIESY, GSJ R65917)
D. 7 oG BRERRES KT ElLggE#H, GS] R65915)
WL TFHRFE—F—DA

W7 o AREREIE (532X B/GS] R 65961)

B - FEW L RTFETR A O B~ I I BT A58 T, HRETESREET B,

Bean | BHh, RES, ¥7uh
FHRA IR 2 mm LU TOEER-BERT, BE-FEREET 2. BEREE2mm LITO
EHHRT, Y=Z=B62275. ¥7oREE 1.5 mm U TFONRT, 2LALAEBUR
Bk 2T,

BRI AZR, BEA, TEREY
FREREEE0.05mm T, EOMOBRET BT, "7ty 74 v 7#fET
12

T— FHRL D BHEE=28.2%, V7 nR=1.9%, REH=7.8%, HF=62.1%

ANAFA A% (5 32 [ C/GS] R 65917)

EEHD « EEIR © ERRATHITE 5 0 Z Il LER I BRI T Ak oiEE.

W& AR, S A, SEEEY, ANA LN TR
BELFEER 2mm U TFoE-EERT, PERGEET 2. fHMEEZEE2Zmm UTT,
E-ERhZ22E3 5, AEREDER0.7mm U ToRKTH S, ANARERE0.4mm Ll
TOEERT, BEREELTEY, I kv,

¥ 72, BER, #HER
HZ RS 7 REEZIT TS, SEAEER).1mm LT, 0ol 3EHET,



SATRENT 4y 7 MlERT.
- MR ARA=18.7%, BHFEBE=7.9%, TEVNLEN=0.6%, FE=72.8%
BERHRAECE (5 32 M D/GS]T R 65915)

AEH « Ak R TF Rl RO BN T 55,

Bean : BHRE, RES
B, PHRAREREL S mm DToEEKZ 245, BESER0.3mm B To
kT, Y=SZ=HHRErE7 5,

¥ 7R, BER
MEARGEEIBmmUTT, ~TeE) 71y 2 lERT. 2, MANErTRD
Lila,

T K #HRA=2.7%, BEM=03%, HH=97.0%

FER FrANR-—BEBORLE>FLE FEHOVZ o GREREINEEEN BT K-Ar it s
LT 16 Ma(ilF « fEH, 1964), =¥ 27 o RaHANARFELRZLEESO 28 K-Ar (e L
T 15.4+0.3 Ma(E)], 1997) DRSHECIREE L TW 3,

V. 2. 2 RISRE (He, Hs, Ha, Hb)

BE FAUE(1963) 12k 3. AT (1953) % IR0 2 (1986) 48 2 EICEBRE4 L T
VLAY, RIRETREARB2EHTRSG T2, AMEOEHEES L HA&ITH (1953) U kIl EmEs
(1986) DB L DA I 4 FITIR L7,

#slh FEMER LD BERARICE2EHRLGEARE, 1953).

A% BE ABEEZHHRESLRBRICHATTORREE, — FIEERA, BaFirskFo
Wi B B, MMLAL O LR R, MREHESLESEL T L Tws, BEZaH
MIEICEZEEET, MWEZATRERAMUEET200m LLETH 3.,

BApie Fr AR —RBEREGICE S 3L, EBOEE=REPEACE . —RliEFERIS
e TIRERGELUE F A R—RERERE=R2HB T w3,
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MICEEMECS ), 2o SET 20MmiE T L CBx 5,

s s - Y M ER, FrANR—RESHETIRIAER Y, FRUATEREREOEE=RE
B - TRNBRAHRETICSET 2, METRBSMMAECRLE 2L, BEHWOmicE
15, FENEBFALLE TR TAD F > ZNR—2B L oW#ET 5. BE -5 SV bEESH
Wiz L > TEHSHEEL 80 L3 2R84 2 (T Eilihprde s, 1986), SEERILL T2 P bdk—
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TR o AEFANGHE AR LEORICEU L0 A ), BENr LORRIERS - EE
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HEM) . BEKRFIIRFry BT RGBT 2RIREOBEE, FrANK-REEZEEIA -T2
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IS ELE 3, KFIRESCD, Mk, T ISR, LELO LR RIS
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IREA, BAEAREREEDTREILET, FLWHEKEEZEL, BHIFEATHWS. AETERENIC
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BRUF AN R-—RRLHEYAHRICHB - TRALTEY, Mkl CRES N2 EAWEM LS
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WEEERA TS, M S CMEICERREIR E LTHM T 2 130, EMATINSFIE 5 IS/DEIRDERD b i
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&, ANAHAFRREAEARLENEE LA, BERMTIZY » 7 A RERA LRE 2 IEL
T,

725 R EAMIERRE 1 FERAIC AL L, MERLW, WEGELNS, EENEE
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b,
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EEEH
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DINAYDT7LyTav b7y Z7ERELT, 14.040.6 Ma(BuliZs, 1984) HHEE N T3,

IV. 3 B A%S%H (Na, Nr, Nb, Ns)
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EfR LYy o ARTERREE S REOEMEMICEA L Tw A, MRS Oy 7 2B
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PRI 2 AE RS AR T B (HEFE, 1985).
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SRR
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AZRIFRRWAF AL TS, BHEERILIBmmUTT ~MT7eE)T497#
#WERT,
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13 1500-2000m TH %, KEBFE FMEL ) THE, HE8, BB sh@REZP,
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G (R EZ, 1963) ICfEU T 5. EUEHUK TIZARTN ERNPEFHT 2MEHETILEL, REEWT
(d, BHENBEY L EFNIFCrTTOFLEBMMR, 6505 BTG - 4M T LR F R
F% (3 5 19).

NI, #9200 TTERRIA &4 B0 BRI, At THUEEREOMNE T, FEIZIR - 8
B, _EEBIE, WERRSLE RIRT. SHRKLIKE RO O ERP G, TXF KWK EROER
Wik (Mad)BHE T OWBEE £ TEIET. RAWTE, E9RE &R (REE, 1963), EE
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BB HT S,
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BERICHOIASLIcELE 3, Kio, 1U4E(1930) I KRTTHGTHREDK— 1) » 7F7—=F b, TAL
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N KIEZAERE, ERTR, KR, HEHBICES L BWETLEFUT TR oBFESFELNLT
L h (338 ).

W%, WEREAAIREAE - FFCE 62 R0 L LT, RETAMBIIZL LN, KIR - 586 - &
B @b BT B0 B L MES T, KRTEEL AT 5 - B, TEREZE
Aipe LTKRIRBER @RS, TAFMUKED TRZEIC L TLE - T T sl (KRB
Wee 7 n—7, 1951).

1960 EfCLIEE, SESFREMICH T, KETHOMALrEA, SRS FIEEREZ 0o
ERATTAL. St TR TEOMBIFRE L., Sl s, FHTOSET—1) 7L
LT, OD-170 5 OD-9 @@ R — 1) > 77 hitde, #MaliZa (1964) (£ OD-1 @& kA b i iohh -t 8
2 43GEMEL, Ma 0, 1, 2, 13 &g LA, MELKRBEHOBITE, £ 0KIUKEEZ O
kst OMEARDE L THR SN T 3,

B B o sthte T 0, TR A (1963) F Rl « RIEEROKREHORBFEZHEIL, ZO%E)
(1973) PR FHEDOME L LTE Lok, RAEZMTIE, KM - MR (1958) »* 4B A H T X
B WA, Sl (1967) FRERMESOMER 2L Lz, WERSET ERFF2EL L,
KIRMEBED T « FHFH 4T 2, Bl - R)I(1974) T, ThE N, HDRF, FEEHGLER,
FMEBMEIZ3EFE 3 (H5H8). LR EEBROKXIREEIZ, BIEW280m TTFHED L
BT aeel, CoMoXRERE, 4K L0702 GMZIE», 1971).

FRRREHOBFENLTRT & LT, 5 (084, 1970), WW#ANirei, 1968), Hik(F O,
1967), MOLBRE (BEL - fds, 1969  RHE - #til, 1969 : Yokoyama, 1969 % &) ZLIE{LA (Kamei,
1966 ; B3 « #HF 0, 1970), EHESUEIF(Ishida ef al., 1969), 74 wica v« k5 o Z 4R (FEF] -
i, 1970)% ¥, HEL OFETRFERLMEF TSl b0 —EDmRE, HE - @3
(1970) i L H LTV 3,

TEEARRE

KIRBHOWMRZHLE LT, ROIEETHPOMBOLILWHEE LT, TRAMEXHZ. i
I, FEEBETMa 0 D P DEEES(Yokoyama et al., 1976 ; #LIEA, 1981 ; )34, 1982 %
£), REHIEOHE)IT Ma 5 FH_EOMG 2 (8H, 1980), #or0@BER )AL TWE T &
L, TEATHLLFZ LML, BIEMEOTEA, BERMLATEAL IXATWS, Ml « &M
(1982), FEHH(1983) 7% & BB EAL ENAEAZEEL LTKIRBAOEERII- L2 0L 3
2, KIRERMZE THERE, PHEER, LPERHCKS L, LNEBRORMErSIREmLE L
7z, fRH (1980) % X (3 ibRERB FF IS E AN oS 4 <o b, Ma 0O FRTRINLTEY, o
NAEDFRRIZ L THIRB N L 27, PEHE(1984) TLRIREOR— ) > 22 P oA L
o, BUEREALPFETEELTWLS,

THhiza L, TR (1983), TiMRIE4 (1984, 1986) ZZoiESE, KIRBES FHEHEFEZ V—7
(1992) TRGMBEFEAICH LTEHEENLTRBTH 5, i, HHMBIRBFENTRE»20, R
SALEEE (Torii ef al., 1974), YePHLE(Nishida and Ishida, 1975)%c ¥ "B EM T H 2. fiFH,
1980 b (2, BENFEANUNKE EREEBOERBAEF» 5, TENAKLKED 2m Lir s, =
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YHEKILRD 5m ERETHAN FASA WY THZ E L, AP, BHOREDORNIZ TV EF L
Sivfz, E4E, HEFAFOEHATZAMH{ECE T, IofEoRSFNRE 25, MLF Re
FIBERORETCH S LHFZ, MEEEIZE) &5 P ESTEL (, MRBRERZ YL oMY
AARTHEZUEM Gz LA (EH - B, 1994).

V. 2 RIRBEHORF

V. 2.1 # %

EEEE O BESEMIBIE L LT, KIS TSN (1973) 75, REGMTE, AH - BARK
(1958) A*AEBH /KB E B < 5 TAEBSR e, h)I| (1973) R B EBET, WilEdd (1971) »#5R
EET, FASIIA(1953), M- )1 (1974) FEBHURIC B W TZ T MES T2, HMEREIE
HAERAFICL D, TFALL D EARE, REESLERE, BEREOISRCHT AL BREER,
WBE (1971) 2 E TA BB 24T, FEh, KIRTFHFSUOEBH LI T3,

V. 2.2 THEE (01

AR g O KRS Tld, Wi EE0IEiz, REEM TEREREREO " LILISIE - otz —
TR TESCHE > THAIT A, £, BRAEEBENS, £MFCBWTAFRGTOEREESTERS
HMERBACH->THMT 5, ERHEBOBERL, RELFRICL-T, EBESEEMHrbibnT
0 3 HOERERTIR Y B MU TR & KRR L O BRI EER S LT wiew, BEIH EEALE
THOmMUT, BERSTIRH0mET, BREETREHBOMLT, £RETREMNEmIUTTS
3, winosd, PEAOBREEELE L, HERECROOMLEERET 5, BRPICEEZNS
B3, Fr—F, HE, DEOME-MEL )TN, BHERMIcE-TIE, T FEHEEHOME ST,
LIFLEE, b7 7HRPBEELT.

HiRiE, ERBICBWT P Z 7DEFEEETHAI L0, $EHFmMOGME L 2| D
ThaiEHFEZ s (S, 1997), FHBHEREFCI, 8L E M T % 280 MIFEFEELTWE
ZERTRET S,

V. 2.3 #&E (Om)

SRR E PRGN FBO LR, 5, T AFKNKE GRS (Mal) BEERE FOREE F
TEHFET. BEM160m T, TERETHBROPE, B, BEEzELL, E¥ERBEE 4D
R & 16 M RILRRE & 8k,

BHACETE, THETHIIEEN80m, EHEH0m THS, THERBED L WDEEEOMH
. BEECERENZ LV B - LR ENS . THEEE - Rlo L 4BokLRBEED.
LA, TS, FRLBUEGER, TAE), 41 xo—, E>2, WALZEXOKIIKEY L EET
5, BBIZES3-10m WkO LWl ohEps 5%, FiTE, BEreERT 5, BEIE
Ny TAREERR b 7 7R RET S, PREEES 1-3m T, —ikICHi-KEEkDE

__62 ==



rhEuY, W Fr— AL, REARURE) 449, ERERREAZE TS, B8, —
MV MR BB ERORE 5% 5. EE 1-10m WR-KE2EL, KB (E#HT2. &
MR 5 B Ma-1, Mal l3ARERROMBEICREHLLw, —H Mal g2 2-7m, Ma2 g2
1-dmThH 5,

FREAMITBWTIE, FERR, SREW, XAEMOMLCHHTS. THSELDEEELL,
HEBCME 2, AEIBLMAOEREHO PHEITGEHIED L ViR B IR Lo
EMFAMT 5 PHEONTERE, 7 7OEFELETH L L b, HiLEmoRmE L))
DUMMTH S EHZ L5 (F, 1997). Ff, FELERTEANH6NE ) B2 283 3 (i
e B, 1974), KEREERHERGRRIC 13, MBI RARORRONO E LTEREENTEALE
iohhs,

V. 2.4 LEHE (Ou

TAFRWUWKEELHEHERM)OTEL ) LEOME T, w2 %4l TRF Rl
7, MWENLZERatiTs. BEAOm T, MERODER, B8, >0 EL okt
Birtlked, 12BOKUKERETS. Mab6 DLRT, 8L THCHPLS,

MR EROKTIAFHERIBE R LTED, FN9) THRIBRBICHELT2%, 2o
AT EFEHCBR L T2l 2 6FIT, LR TR LI LNE,

FEIIRES 40m, PEROVERE, DB, PV FBE, HEET W A4 Bk B Mas-6) Lk,
ERT 5. 7X%, Sal, ATH, UkBZ L2880, —REDE - RE LR RET
¢, WHEMTERPEIELEEL3,

BRI, BEREONEB» 5%, LIZLIEHMRERLLTEMRLTWA, Ma3 iz Li
LIFREHEEDI L bd D, TRTADMMMENORIEE Ma3 (2 1-10m, Mad i 2-6m, Ma5
(11-5m, Mabl21-dm THd, RERBCHITESFKLEL, DREGEFEOE S 1-3m T, g
B tE 1-5 m i 5 KO ERTH 2, BECDE, Fr—MEA»L%Y), EHERZED
Zrbdd KFIEBBTE, EHERLDBELLL, FAREZOZT v 7EXLIFLIERLNS,

AR 2 0 50 m T 4 i O v HERURE B (Ma7-10) L R OWSME - BIF - v bR R B,
SRR IERT S, H25 - AR ) LY 6 BOKUKE L, AR, KERLUTSE PR
HERLASOXRIERAL %1 2, BEEE21-8m T, T-AkBEAkOMH-EMEEEA, &
ME -BE-Fr—FE2L6%5 BBIEES1-S5m T, #H-MERPL% 5, EERBEREE],
BRHEROL-BEHSET I LR BCHANTS S, Mald 3y~ FA4L 7280V EEY

©3,

V. 3 KILIKRE

AU 2 AU A - RACHERIE, BRI KINRR AR 60 MO —2T, #1508 KILKE
FRENE, CNGOKUKEBECAETIEFMRICRESLTHLS (K, 1973, 19757% ). KEE
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FEOTAL LD, W« £HI-IL 7KMII-TL Z4MEI-10-100, #if%, M/, =i, 80, TRWI-.
I, 4x0—F1V, ®s8, 7, EMUEIV, WET-I, 7X%, 0, 4610, AT
I M, $2 5, Bk AR, ME, ABLYOKLKELSEthara ef ol 1975). LTO®
WEREN QD E LI D, 27, FAEROKUKOEERE 9RICE Ld b TS,

FEKIWKRE | ARIESIC 5 L v, KIREHOPTCRICEEL Y DO—2u D THET 5.
BEOTHWICH 5. BHHEL bR|HEHOBICHMT 5. FE 100-300 cm DHIR-FR O Y 7 2K
Kk, FizAarb5KAAT, PHICREARDESE T,

EX2KRIUKR  Mal BD3-5m Lffich ), BEOcmBETHL, WlE»58BE2L, #R-
HRION S ZERIWKTH S, REAORRBIBCTE, BFORD L) 42088257615,
T4bbl. THRAA» CHARTLHIIY PAERFRETIHS, 2. KeroRBEOH S
V=74 v LS, 3. BEMETERELORELLES, T L T4 BRETETEEORET

RSkt BOTSRERSNS,
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2EAicairoisd, COKIKEIZ EEEED O7 KLKRZE ¥ L aptb 3, wiliEiz, PEiuiomR
BB KPR & ST 3 (B8R, 1997),

FERR AR IV . EX 27 KILKD 3-12m B icBBHA A5, BES-20cm oA, HEH>
& RO KILEKIE,

(L B e L PR A T-T01 © Ma2 JErhic 2 m HIFR T 2 @HE(L I1), 3m Efric 1 JGHE(ID S D, I 2RISR Tl
WETE Yo, W0em BT, ABEMENOY T ZAHKUKTH .,

FXFXIURRE : Ma3 Bhicdeznsg, BEE30-70 cm OFERDME-HIR Y 7 AR KIWKRTH 35,
HEE T ERADEMERL, KRBEODHE L LEBORSICHELN TS, KERFILT AP
DUHEPIZHIR TR AN KLKER, FARDE ) ZFBHERT. T4bb, THLY, BRk0E
Wik MRTEBEEALK, BRENILEOGBESURREAUKE LT, T, GEIED
HELic X D 3 N3, KK T ERREEO Ku6C XILKRE & b3 h, HGEIZHEEES
NTFS DEH KIS LAz L # 2 5T 5 (8RH, 1997).

RIVAKIWKSE : Ma3 D 3mBELMICH 2. BEE10ecm TT, Bf, $-HED T2 ROLP

P23t 1o Pl
BionyFRG

WRE PHEAWK

MEE  P-EEXUE
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B KK TH B,

SHRKILKRE - Ma5 D 5m, 3m FHREAZNIMTDTFEL, BE20-25cm FTHD b D 3HEHE
t, o b odEEe, PO XKILKRTS 5.

ATHKILRRE © Mab BricikE s, ImMBT2HREREL, HICFE 0em LIF, KA-Af,
ROKIMKTH B,

WAUREE @ Mab BOET, BE20-7cm, HREGE-HEAG, P-HNOS 7 AEKIUKRTH S,
Y05 KIWKE | MaT BHEOET, BE 20-5cm, Wik, P-ikos s 2EKILKRTH 3,

RS KINKE : Ma? BO ¥ 5m BiLicd D, XMbodbicad, BE lem, BEKTH 2,
REAKWKRE : 42 ) KUKEDH 1 m T4k, BHREPSECHAT 2, BEI0-10cm, bk
&, h-HRD S 7 ABRILKTH 5,

AR KUEE - Mad fp, Ma7 Bo# 10m EficAbh, HHAIHBLICSHET 2, BE5cmBE
fi, T2IART, HAELKLIKRTH 5. 8 2mm BEEOANAEED.
FAXILRE - Ma8BO# 10m EfiicAbiid, BES5em T, BRI ART, #&HENUKT
b5,

ABRKINRE  Ma8 B0 20m LfLicA s b, BE0em T, HAM, P-HREOLLRME AL
KTH5,

V. 4 EHtA & HESER

V. 4.1 tEgmta

KECEF#EHOMEMLER, =A(1948), Miki (1957), S5IMA19S) L Xick-THRES N, HHE
(1960), HIEEH (1966), AL FITZC 7 V—7"(1971), #)11(1973), Itihara ef al. (1975) ¥ itk -
THEINL.

TE#E» L, BERMEYHTHEA ol THDHCE T 2EMbas SET 5.

REE 513, A2 THWEED Juglans cinerea var. Megacinerea, Metasequoica disticha,
Picea koribai s ¥ # T 3, N6 BFHMBLEOTHIZDAET 5. Juglans cinerea var.
Megacinerea (3T BIWKIWKIED» &, 4 o —KINIKEE THOREEIS, Metasequoica disticha, Picea
koribai 13, Ma2 2 TORHMEICE T 5. % 72, Picea maximowiczii (b X 255 E 3)° Menyanthes
tifoliata (3 #¥7) %13, EMLERDOEMAAE»BEKLKL D b LAomE» EST 5,
F 72, Juglans mandschurica (> a7 7N L E 2 KIUKRE LD B SBT3,

FILRED 513, Pinus koraiensts (F 3 7€ =) % X EaTER2 Rm LA, Mabé-7 M, Mas§-
9, MaloLIEZ Y EfoiEh o EWT 5. —7%, Palivrus nipponicus (3 F rwovi v A),
Sapium sebiferium var. (2 F 3% o) Ze ¥ BB 2 SE2 R TAE, BRISLRE» 65—
IZEEL, Ma8 B & 2IRER ) Melia azedarch (¥ ¥ ) ELT 5,



V. 4. 2 WEILEMMER
RER BATH 5, FEAKXILIKE® 8 m FAIOMHE » & Slegodon sugivamai (AX¥=Y7)DETHE
IMEAMAHEL L Ty 3 (3834, 1971). Mal @ 50-60m FHioELn bE» L, Mam-
muthus paramammontes sigaensis (¥ 77V"7) A& LFIM, Elaphurus shikamai (<=3 77)D
ADEEH LT 3 (FRRILSIE S 509007, 1985).

HIEHE SO A GEBMEN OB EAT O 4 = o — KIWKBHED &, Stegodon of. akashiensis (TH Y
7) DR - Y (BH - Ak, 1984), Elaphurus of. shikamai (A= 7YV7)0H (B8 - A L,
1987) A LT 5,

/2, RRBREADFRAIERHILD Ma2 B4 & Mammuthus shigensis (377777 O FHEARK
A%, Mab BHEF T 6, Mammuthus shigensis Ofc FSRERHHPEL L Tw 3 (HEIZ, 1966).

V. 4. 3 HHEBEEF - 71vvar- FSv2ER

KIRBHOBFIZO2WTIE, TOEPEHEMEERFC 74 vary - bFo 70 E3 384T
TN TER INLOBFEHEIBEICE LD,

KR FERE D T HiRE TG FFSERUBFgE IS, Tshida ef al. (1969)ii2 % 0, Torii ef al. (1974), Nishida
and Ishida (1975), Maenaka (1979, 1983), MLl - AR (1980), WIREIZA (1984) &2k - THED L
NT&E, Thbb, Torii ef al. 19TDEBA 7R B - 7T 2 XROBHFEKUKBHEE & Hic
L7

E7z, RKWKEBEMS 749> - b7y 7 &0 - 08, 1970)° K-Ar #:GEE - s,
1970). S b LREMLLDORIFEIBEITRLAZEB N TH S, EHALKRTLH5 2 kLK
(i, #1.0my. (87, 1988 ; #iliid#, 1984 ; % ¥), KEBREOLEE L LMB2E T 57 X%kl
KIZ7 4y ¥ are b3y 740T 0,87 muy. (B4 - $008, 1970) DEAE ST 3,

V. 5 KRB OEE

RIRGHAE T, 2kE LTRREDFE~E < G, RiEROE S TIEIEROMRIWRICETT
SR B, RAAM L OBMRIL, S LI - EROTEE TIIARITR SRR ILFE % 8
T, KETIRT Sy MAEZATEL TS, RIFOMENICIE, KFE8L TRTSlhL Y o R
HiL, BV IR 5 A5, HENESCRHERTEROBRRILITE % ¥ oldtitoliEic k-
TYPorhTwa,

RFEFHIPREHRBEDY» 6, KFITHEHORICH T, N30-40'S Fi~r s, HHoR
(T N 5-10'E T4 < HE#, PTIE, N5-30°W T 30-60° T it 5.

EEMSE, PAFHRE, CEAMATL2REILICES), CIPLETENEFRL2TLE
HfETH B, WRHAO I T, KBRS 30-90°E Frlc st L, BT, 3-300cBEs+ 2
MR B TH B,

HREEOKRERL, FicH ERT 2 KEE 2714, EMEIHIC NNE-SSW 0 —it o7



g R s, i, BIBMUSTE, FICHE ERL, A Ciamici CHEf LTy 3.

V. 6 KIRTFEFOM THRE

KUCEE DR (FHAIRNT O OD-2 K— Y > 7 Tl2 656 m, Ma0 Ll Fic 480 m #KIREREH R
LB LENTWS, HHEIE,(9)ICL 3L, KIRFHEOEIEE, EITHTEIG O KIRH PR
BWET1063m, EFEHATL034m & ER, HKIRFHFT, MEHIAATL38m, HHHEFEAT
990 m [F] B T 1E X T 13 1600 m FREE DIREE 2 #52. KIRFEFHMTORE R—) »7a7 & LTI,
OD-1, OD-2 k 1996 4B ICHVEFAER TIT ool — ) » 7% H 0, ThELDKILIKE SR LE
A ENT w5 (FNNEA, 1997). BEKIETRAENEEIIFR T 1475 m, 7, KRETIThh
PRE R (BT, 1990) 12 & 3 &, EREEREIE, Hok 2500 m TRt

LA EERICIE, LB S Y, LHFCETREEEOLSHNEICH T To%d > Twa I bf
MRS TWD, i, BRIEASFOEZIIALTHECHES PN LTY 2 EFHES AL EILED,,
1997). RIRBEEOEFHE, ERTEE ORI TIERER, STl R eSca R ), sl
TEMETHLLEENTWwE, L L, SuEDFEEETEDT—2 T3, AL BEUcEEES
MLTWAEIHBELTWS,

V. BRERUEREHEREY (th, tm, tll, t2, ti2, t])

(%) B - B R

AR, B ABEOREFREL TS, KRFH TR, LT 5 EHREDKX & 40
NiZig-> T RBREFACEELTW S, LR FEZEC SRR TE, Wz LTRTT 5
ROBOT)IC L 2BRMENBRREE. LT, ERZWFERTIE, EBREMTT 5D SAEINIRS
TREBEREFRET 5,

£ iskl, WHEOTHEENFFL L, RREOKRFRIERL, BERLBOTLE WD T 1948 4
CRESERE L1 50 1 R4 S0 L EDERZ2ER LTRERS 2T, 2, Heiitl
BTN ENBRET, Hr0BER2M» {HET 22 LR3ATRLOT, EEEh) - PAL(Em) - &L
(t) (Fiz b & FRIICES) L 4207V —7 L LTRIRL .

AT B B R (t12) T 13 ook (2 JF4ERTE) ISR S ALie b o (BE IO EMEY), EArEDE
EETERICER E N b o (WHTFO RS EAALY), rhaoB SR R (8 13 TR RF
Z L IE A (8 AT £ ) Al IcHY, SBRER IR RSN bDEHZ



KIRFEF

BAFON | Ll oo B R HERCHE, H)I1(1973) AFafi « Pl - EALIC 3XA LT B, wihdk
REHZTEAICE->- TR EHEm BB HFERLTE ), SBREEFYEIRILIEFELL, £
D FRBEHFU TS, ABMERE th&iZE)(1973) OB ERER & T2 L Tw a5, P -
EMBRREEIC OV T tm « tll - t12 0 3TEICHS L7,

th WIS AREAL T S8l LR 2 EH CHRENE R LTECREL TS ), MR
FAEFRCHEAZ ZL DN L > TH L VAN ERZITTw 5, Fiz, BN EEBRNOMICHET S
BB (ERMATE) T2, EEOlEBRECLEECOLthEFFH LTS, Zhid, ZOBRRHE
BENTH b AT ~ED > THET S L) R EBEZTTWIIEERMLALDNTHS. &
Z T th ERBITYE L, EBROERICT b2 Ic R RFT 2B TH 2.

tm AE. B - BRI - TEERINCIE > T, thTEO TR - PRI T E2E 20 m Hijfk) IC 4
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(ABSTRACT)

The Osaka-Tonambu District, which is a quardrange between latitudes 34°30'~-34°40'N and
longitudes 135°30°-135°45’E, is situated in Osaka and Nara Prefectures. Topographically, the
district includes the Ikoma and Kongo Mountains with highest altitudes between 450m to 500m.
The mountains separate the Nara Basin to the east and the Osaka Plain to the west.

Geologically, the district belongs to Ryoke metamorphic Belt in the Inner Zone of southwest
Japan. The main lithologic units of Ryoke Belt in the Osaka-Tonambu district include
metamorphic rocks derived from Jurassic accretionary complex, basic to intermediate plutonic
rocks also of Jurassic age, granitic rocks of Cretaceous age. The northern part of the Kongo
Mountain, Nijo-San (517m maximum altitude) includes Middle Miocene volcanic and sedimen-
tary rocks. The Osaka and Nara Plain are underlain by a thick sequence of upper Cenozoic
sediments. Many hills in this district are composed of the Pliocene - Pleistocene Osaka Group.
The lowland is occupied by terrace deposits and alluvium. The terrace deposites are divided into
the Higher, the Middle and the uppre and lower Lower terrace deposits. The alluvium is
distributed largely within the Osaka Plain. Abandoned river and levee deposits are distributed
in the allubium along the present small rivers. Natural levee deposits, in addition to an artificial
levee, are distributed along the Yamato-Gawa and Ishi -Kawa River. The geology of the district
is summarized in Figure 1.
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RYOKE METAMORPHIC ROCKS

The Ryoke metamorphic rocks, which occupy Yata Hill, were derived from bedded chert with
sandstone and mudstone, and are characterized by the metamorphic minerals such as biotite,
sillimanite and garnet. The rocks, derived from chert, have their primary sedimentary structures
preserved, for example parallel lamination. The rocks derived from sandstone and mudstone,
include sillimanite and consits of banded gneiss with infrequent granitic veins. These rocks were
most probably originally deposited during Triassic and Jurassic.

PLUTONIC AND DIKE ROCKS

The plutonic rocks outcrop largely in the central part of the Ikoma Mountains and Nijyo
Mountains. The plutonic rocks in the Osaka-Ténambu can be divided into two age groups;
Jurassic mafic to intermediate plutonic rocks and Cretaceous granitic rocks, based on their

Geologic age Geologic system Major geologic events
Artificially flatted areas Artificially flatted
Holocene Alluvium [Formation of coastal plain
E‘ Middle- Lower terrace |_upper plane
E |Late TCITE(_‘}C |deposits lower plane Formation of terrace in uprifts
Pleistocene |deposits | Middle temrace deposits
Higher terrace d i
Early Upper Formation . q
. Uprift of the Ikoma Mount
o Pleistocene| 952K2 | Middle Formation e -
=2 - Group 3 Sedimentation of the fluvial - marine deposits
g Late Pliocene Lower Formation
Q
5 Sedi tion of the sandstone and congl
o Jogashiro Formation Volcanic activities of the biotite
E‘ ___________ - rhyolite to dacite =
g ) . olcanic activities of the ofivine basalt |
g Middle Nijo to andesite
& | Miocene | Group |Harakawa Formation Volcanic activities of the aphyritic andesite
i . "[Volcamic activities of the gamet-biotite |
Donzurubo Formation hyclite- andesile
[Younger dikes Intrusion of granodiorite porphyry
Stage 4 Taike Granile and granitic dikes
Granitic rocks | Minamikawachi Granite
Stage 3 Katagami Granite
G 9 it rocks Omichi Granite Intrusion of felsic plutonic rocks
Katashimo Granodiorite
Stage 2 .
o Late Cretaceoys _|Granitic rocks Narukawa Granite
§ Older dikes Intrusion of granodiorite porphyry
w3
4] -
p= Stage 1 'Ir"k;}’“]j[‘!"‘ma Gramite Metamorphism of the Ryoke Metamorphic Rocks
Granitic rocks S:iagiasil:yman%:;? Intrusion of the felsic plutonic rocks
Mafic- Fukihata Quartz Diorite Intrusion of mafic-
y intermideate | Tkomayama Gabbro intermideate plutonic rocks
Jurassic plutonic rocks | Metadiab
Tabsasic Original rock of the Ryoke Sedimentation of the original rock of
Metamorphic Rocks the Ryoke Metamorphic Rocks

Fig. 1 Summary of geology of the Osaka-Tonambu district
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composition, radiometric age, and intrusion structures.

Jurassic mafic to intermediate plutonic rocks in the Osaka-Tonambu district, is composed
mainly of gabbroic rocks, metadiabase and quartz diorite (Fukihata Quartz Diorite). The
gabbroic rocks (Ikomayama Gabbro) are exposed in the Ikoma Mountains. The gabbroic rocks
are divided into the following four rock-types; hornblende gabbro (including gabbronorite),
olivine bearing gabbronorite, fine-grained gabbronorite and leucocratic hornblende gabbro.
Among them, the hornblende gabbro is the commonest. These gabbroic rocks are intruded by
later granitic rocks. Geochemical studies suggest that the gabbroic rocks are products of
magmatic differentiation from a tholeiitic magma. The plagioclase in the gabbroic rocks has a
high anorthite content, but forsterite contents in the olivine are rather low. The minerals
constituting the gabbros crystallized under the high vapor pressure of about 6 to 8 kb,
corresponding to lower crustal conditions. The Sm-Nd whole rock isochron age of the hornblen-
de gabbro, norite and metadiabase is 192+ 19Ma. An age of 169+29Ma has been determined
for the leucocratic hornblende gabbro. The metadiabase occurs as xenolithes in the granitic
rocks. The Fukihata Quartz Diorite is intruded by granitic rocks. Petrographically, it is
correlated to the Ikomayama Gabbro of Jurassic age, which pre-dates the granites of Cretaceous
age.

The Cretaceous granitic rocks can be divided into four stages based upon their composition
and intrusive relationships. The first stage comprises the Shigisan Granodiorite, Iwahashiyama
Granite and Takayasuyama Granite. They are gneissoic in texture and are correlated to the
Ryoke older granite. The second stage includes the Narukawa Granite which is a medium-
grained and weakly schistose granite to granodiorite. This granite is widely distributed in this
area, and is correlated to the Yagyu Granite. The third stage comprises the Katashimo
Granodiorite, Omichi Granite and Katakami Granite which occur as discordant intrusions in the
Shigisan Granodiorite of the first stage. These are massive, and occur as small stocks. The
fourth stage granites include the Minamikawachi Granite and Taike Granite. These can be
clearly seen to intrude all the other stages. They are fine grained, bearing muscovite and garnet,
and are correlated to the fine-grained Ryoke granite.

Igneous activity in this area is classified into two stages:early to middle Jurassic and late
Cretaceous. The first stage of igneous activity commenced with mafic magmatism, followed by
a small amount of intermediate magmatism. The second stage of igneous activity is character-
ized by voluminous granitic plutonism. These mafic rocks occur as xenoblocks, mean tectonic
blocks that were incorporated during granitic emplacement. The granitic activity is subdivided
into four substages; 1: older gneissose granitic rocks which were deformed by the Ryoke
metamorphism, 2: younger granitic rocks were formed by voluminous plutonism, 3: small-scale
stock-like granitic rocks which occur as discordant intrusions in the Ryoke Belt with an east-west
trend, 4: fine-grained granitic dike activity. This igneous activity may have started in the narrow
Ryoke Belt.

The small dikes can be further classified into older and younger dikes. The older dikes are
composed of granodiorite to quartz dolerite porphyry, whereas the younger dikes are composed
of the Taike Granite (granitic dike) and granodiorite porphyry. Most of them intruded into the
gabbroic and granitic rocks with a N-W strike orientation.
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TERTIARY

The Tertiary rocks in this district consist of Miocene volcanic and sedimentary rocks (Nijo
Group) and intrusive rocks.

The Nijo Group is subdivided into three formations, the Donzurubo Formation, Harakawa
Formation and Jogashiro Formations in ascending order. The Nijo Group is determined in
middle Miocene age by radiometric dating.

The Donzurubo Formation is distributed around Nijosan, and is subdivided into three part,
namely the lower, middle and upper parts. The Lower part consists of garnet-biotite rhyolite
lapilli tuff showing dense welding in some part. The Middle part includes a garnet-biotite
andesite lava and volcaniclastic rocks and a garnet-bearing hornblende-orthopyroxene andesite
lava. The Upper part is composed of a garnet-biotite rhyolite lava, intrusive rocks and
volcaniclastic rocks.

The Harakawa Formation includes four lithological which alternate with each other. Con-
glomerate, sandstone and siltstone show a wide distribution, and include fresh water species
diatoms. The aphyric andesite lava and intrusive rocks are so-called Sanukitoids, which have
scarce or almost no phenocryst. The olivine-orthopyroxene-clinopyroxene andesite lava occurs
in The Kamenose Landslide area. The olivine-clinopyroxene basalt lava and intrusive rocks are
distributed in some area as small dykes and lava.

The Jogashiro Formation includes three lithologies including a biotite-orthopyroxene dacite
lava which forms the Terayama Mountain, a biotite rhyolite to dacite tuff distributed in a limited
area around Kokubu, and a poorly-sorted conglomerate which includers boulders of the
biotite-orthopyroxene dacite.

Some intrusive rocks are distributed in the vicinity of Shigisan and their formation is thought
to have occured at almost the same time as the Nijo Group based on similarities in their
composition.

OSAKA GROUP

The Osaka Group, which is more than 1,700m in thickness, is composed of unconsolidated
gravel, sand, silt and clay beds with more than 50 volcanic ash layer. The Group is divided into
the lower, middle and upper Formations in ascending order. The Group has a gentle dip toward
the northeast in the Tondabayashi Hill, and dips gently basinwards at the margin of the Ikoma
and Kongo Mountains and the Yata Hills. It includes several folds and flexture zones with a
N-8 trend.

The Lower Formation unconformably overlies the Ryoke Complex in this district. The Lower
Formation, which is more than 80m thick in this district, is mainly composed of gravel and sand
layers. This Formation is distributed in the western side of the Tondabayashi, Kanan and Mami
Hills and in the Ikomadani area. The Lower Formation is characterized by plant remains rich
in the Metasequia flora, and was deposited more than 2 million years ago.

The Middle Formation, which is about 160m thick, and is mainly composed of gravel, sand,
silt with intercalations of four marine clay beds, named Ma-1, Ma 0, Ma 1 and Ma 2. The
Middle Formation is distributed in the Tondabayashi, Kashiba and Mami Hills and lkomadani
area. The survival of Metasequia flora, and the new appearane of the flora from the Quarternaty
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are recognized in this formation. It was deposited between 2 million years to 800 thouthand
years ago.

The Upper Formation, which is more than 90m thickness, is mainly composed of gravel, sand,
silt and is intercalated with eight marine clay beds, named Ma 3 - Ma 10. They show eight
sedimentary cycles of marine to fluvial sediments, which show successive climatic change. The
Upper Formation is exposed at Tondabayashi Hill.

TERRACE DEPOSITS

Terrace deposits in this area are divide into the Higher, Middle and Lower Terrace Deposits.
The Lower Terrace Deposits are further subdivided into upper and lower. The Higher Terrace
deposits formed before the last gracial age. The Middle Terrace deposits formed during the last
intergracial age. The upper Lower Terrace deposits formed several ten of thousands of years
ages. The lower Lower Terrace deposit formed last gracial age.

The alluvium is distributed on the Osaka Plain. The abondoned river deposits and natural
levee deposits are distributed along the rivers. Several artificially flatted areas are distributed
within this district.

ACTIVE FAULT

In and around this map district, there are several active faults. Along the western margin of
the map, a narrow hill is located with a N-8 trend, where the Uemachi Fault forms the western
margin. This fault has off-set the alluvium.

The Tkoma Fault runs around the western margin of the Ikoma Mountains. The southern tip
of this fault extends to the south of the Yamato river where it cuts the historical site.

The Kongo Fault, which is part of the Medium Tectonic Line, runs around the eastern margin
of the Kongo Mountains. However, it has an unclear appearance in this district.

ECONOMIC GEOLOGY

The Shigisan Granodiorite, and the garnet-biotite andesite and aphyric andesite of the Nijo
Group are quarried for crushed stone at several locations in this district.

In the Kamenose area (middle eastern part of this district), large landslides occured in 1931-
1932 and 1967. At present observation system has been arranged and control works for
landslide prevention are in progress in this area.
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