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(1999) 12X =T, AIXIEHE T & 2 A5 1Lt & 220 11 H o0 FEM 72 46 R a B 00 X 4y & 53 A O FEAIA ity
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Db OIFRIICHFHAEAREITL, RS AROIRER LA HbND (I, Mhila) . AL
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MY S VB R RS e AT 5.

EREH
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. 3 A A M

m. 3. 1 #|=E
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TEENRE © 70 5. SEPRERACEIA L LT, ARILBENER DAL DA, Z DIEAIIEMETE O Hi
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CEFET 5. ARSI IR EMTICEE L TELTEBY, 20 2 MERICRG L TR L.

m. 3. 2. 1 ZE#EHE Rd)

SWMEERK B - BHEE (1999, 2001) (Lo Tiddka iz, LA offigs s LTET S
D5, AT B ML B I A 9 5 K EAE RS T2 108em A 51005 - mDffifs & L THEE L
TPET D (BB10IK) , HUERIZITIR R & i K R OV U CRES DDA &R LTz, 28k 3/
B 72 6 DI I & OTFEHTEAIRC, FERE O FRAE IS HATICRS T 5. B O RE W
DITAE-> TV D, fEREER L OESUTWT LR TH 25 (BE101X) .

B BAEERLOLRRAMBBIEET D ODITEHNPRES XIS NL0, WHE & bIAEMEHE
EDORISOREITIG T, HBbL, F7, ARPRERGHEENLL RO EEMENENT 5.

EREH
MMAIFERRAE (9907234, M K FErgJ71.5km ; X 1c)
Mk, MEREZEMET, RO A 22928, RRCHRIRIR A 26 7 2 B0IERk 2 229, fEfa e

D RJE OFRE CTRERSEN O & A Fldbk 2 I 6T 5. fEREE L ORIERBEM A b O Tlx, T2
SIEES (529%) , ARE (45.3%) , 85 (1.3%) , BER (05%) THHS, £ IFbkE
HERNLTEY, BHER (B837%) , ANA (389%) , Ak (56%) , H£EM (15%) , #£8L (04%)
T, TZE LR L2 bOTIERRA (612%) , A4 (192%) , A%k (11.9%) , BER (7.7%)
Lhsh. REATAE, REHERL LN, EHIZANG0-7T0CHERMLL TND Z ENL . b,
MO LOIXER, TP AIRT, BEMEABEETH L. ANAITEENOEAE T, Immiiko
FREANA T, FRCERICBeAaNaE a3 2130, AT 7 F /R EFELAG0RH 5. BER
LB - T, ANAORMEICHAAT . AT, MBREIRRICET 5.

m. 3. 2. 2 BB LVEE (Rh, Ro, Rf)

AMEERK AMEHIOBEVERIE, AL E P & SR AE4.5km, RTE5.2km O STk
\CHART 5. JHFROM RS IEC &> THMICERY FEh, ERECED2EAEZZIT TS, ERLEE
E TR LI BEF IR 7 v — 7 (1986) 12 & - TREANICHRA S (1K) . BERVVEEOF
T b il D OV PG BRI S TS S CRET S MBI G A PR BRI ) — T 4 P Th D, ARH
BERVVE RO A P BER /) — T 4 ME, BERVERO TR Z 2. AP AR ORI A 2R
2-3cmIZHETHRA FRBEREH OO, REAVIeMEBZ 2 KM LD b0, BRAGHER
mWh D, RITHAEGHEAANAENN ) —T A MIBT 26 0REH DN, B TIETERITHE
L, KBIT&20 e, MER ETIE—ERELE. ZOMIZHhADARERIEN ) —F A MBS
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HI0K K EABRAS PICEA S Z8es (F) RO & AERa ook (EX) O
IR A K CE)

ANE WIS MR T, LS ORE I PATICEI L, KR E AR A3 TV A, WH OBEIE— I

Th BN, LRSS AR TIZEA LT 5.

T2, DALAREERN ) —F A MIXVERET, DALARERWU EELLDORZVDR, B%
UTOLELMEERNEDOBFET S (BIR) . ZALEEI TN TE Rz, —ffL TR
L7z, ARABENCE R OEA AN AN, —F A DA bAaEHEN ) —F A b3 R
ZHoH. Zofiz, ARABALWEEZENT, JYFHoRES - BEOEANGRNVNERSTNT 5.
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T KB WAL ER  Ho1

RN T T T

(] xprrat
R, FLFRILE
AR LAEME 218

EEERE ARAERNE TERS CORA)
TUEBETE M B O mmmsnus smnn s/ —51 +
RHIEHE MASABBERENL S 54
ATTERE SREERIAL S — T b
BYF—FLE LRESE

1R B IE O SRR IE & BRSSO S S CEELIHIBEE e 20— (1986) O
2 & v 51D

BEAVVE TR RHER A A A O EMELSNC K 2590 IREEE R A By, o ILALE CigmE AL
PE, BEECCIREMEE 720, ARSI TH 5.

ARLEE A PIABEAL 2 — T A M A RA B S I Hm-3100mD 7 v v 7 & LT, AEILTE
B J7400MIEORBIEICHE L, 12OHKE R SRV, MENK ETEINb0T 1y 7 PRI &
<, MRS AL TV A EZRE L. ARGEENWE &P RZ2 b > T L, M IcsUsE
BRRBD BB &G, AREHITANARNWNVEB AR TICER L TWeEExohd. 7k,

-21-



Bk BB EEOSEREL (%) (CERILHEE L2 L —7" (1986) DH#24% % fiilk{k)
1: MRDEE AR, — T A b, 20 DADAFRGANERNG ) =74 b, 3: BEANGHAV . —F 4 b, 4: 86
ARBEEN /) —F 4 b, 5 REAHLRAKGEHI G, 6: fHES - @R EMAMNARA S

B 1 2 3 4 5 6
#BEE 55.3 63.3 57.6 65.6 73.2 81.9
mh b hE 0.2 10.3
BHada 2.4 1.7 13.9 1.0
#ARE 3.3 0.1 17.2 0.1
ARE 38.1 16.3 11.4 32.6 25.3 18.1
RER 0.2
BmIKE 0.1 0.2 0.2 0.1
30 0.7 0.3 0.3 0.1
AE X 0.6

AEFERE SR EL, M TIIMEE LA OND. DADAREABN ) —F A4 MIAFLTE
5 ALERIC AR LA 2137y, b TRBCGRPEE) RIS 043 2. ARABER G &I
BEMRIC D D728, EMRNHMEIS S 225 Z LI LWAZ BT, HEV IV EZ R S 720,
7%, AEENUBENWERORE, T brbE TRBORE ) XbEHE CidfiRs - #aEARasEn
WEDRA by Z8RIESA L, BIBRICARABE S 2 B <. RRIGHIEE TR AR ITET < Fic#mo iz
R CIET 528, B B £ VIS WO HER ETIERILL TWiewy., 72, ABLTEMATICE
A THOINT—RT U HA RRRDTHNATNS.

WA E  AEBLEEEIIF T ORERSE A - SO D, ETHBIEEN ) —F A RS
JERL S, £Dt%, THEMATHLANAHRAWE - MAANARN ) —F A PP L ARGHBEN
W —F A4 MREALT. ZORHIEICER S CWISHIREENL ) —F 4 AR LB 26D,
RN CRHES - EEBEANABVESEA L, AIABIAVE - SEAAMABIAL ) —F A b
RMABAAFERENN S — T A N RORIBEIL  — T 4 M, IR, ABSEHERe SRR e )42
H72p LI BR—~ 7~ OGRS UEROED TH D00, RHEHE - BAEANABNNEITOOR R 572
~ I DEROTFREEND D, Fo, DADLAREABRN Y —T A MIRHRA OANKLESH A A
P OMgEREBIEDPOBENWEB LY S0 L Eh b~ 7~ Of /L VER o B 1B &
WrEnsd. —J7, REH - EAEANAGHALWVEITMEGOANLE, APNAOMEAPLEN T &
MR SCER OB OIS Th 5. BNV ST CENITBRME 2T 2 &, BT TR
WG Z B WV TERR A L BRSO AN AL S R 2 ERE S 2 S Z B ERETH

5.
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ERRH
MAERARAENN L —S5 4 b (8782604, A:EumiZEE | LIFg J7500m)

ARL, (VB 25 M ORI 2 20 3. R I 3Rt R A (85.3%) , #ABA (38.1%) , &t
A (3.3%) , HAHED (24%) , DALAL (02%) , #8L (0.7%) TH5H. BIKDEEME LT
MIRF, DhvariaEnsd. fEAIZAE, 05X10mmEE T, MAARE 2. BEkEn
WHDBRERIZA B, HEHTIANS0-95D K KA T, U AANMERIZ60E L% TH D, 44 ITMIE
NHHAET, 0.5-1.0cmOBEFETH 52, FARBOPMEEAL LD bORD DS, FTEEA L H AL
K, 0.6X0.4mmiARE, FRCAPIAOKIICEA SN 5. HANEA X T X CTBOMA A OKIIC L
Vo7 L LTHETD.

ARAEBNLVE - BEARARNL —F 4 ~ (8612265, H KB iR 2 IE /7200m)
HRI-HLDRL, MRk, AL A 2%, RECARION AR A X e A R 5. BRI IIA R
1 (50.8%) , AP (44.6%) , HAWESA (4.8%) , RGHEA (0.2%) 7H7ed0y, HAAPIABEIL
W =T A FTIEAHES (62.0%) , AP (25.7%) , HAMES (7.5%) , #HG (3.8%) KOk
9 (0.6%) L7225, BIRAHME LTYOARGA, PravPNEgEnsd. HEAIZEET, ELALR
S 2 R S 720, HLEIZANS5- 900 K EA TH 5. APAIE:AE» LMIEOBETE T, RRICEEHS
WA ANA A FFD. £, B22empL5emOB Sk E D L DO T, REREFRA XY TA v
WHAET L. RFMATEAE, Bk THWE Lo, #5EA O—813M4P0a ORI KT L
THOLND. HERAITEAET, Z<EEEL T2 F /W00 s LTARAOBTICET 5.

MALARRBEARENN L, —5 4 b+ (8682703, A& Lk 7)7400m)

R, R, RDIHARZ 223 EAMEIEmIIR R A (47.6%) , ANA (17.7%) , HAHEA
(10.3%) , #HHA (14.0%) , DABAA (8.4%) DIENAEFRL (0.6%) , #iL (1.1%) %5
To. EIAEM E LTOARA, YrarBgEnd. REAIFEFET, BWMEcr 33, 2o
JUZANOD K EG TH D, MPIAIMIE, BEMT, RAXU T4 v 7 i thoihmzafg+s. L
U EaAazRo. REAITEATE, LY vy 7 RICET D ZEMEL, HVEats
FEo. BAEAIEZ S BANAOEIIZL Y v 7 L LT, &5WET 27 F 7R E LTET L. A
LAFITEET, Rk CThs. REALEHEETLIHEG, LIhALARMICEAANIAR, FEA
BIZAE RNV EAPADL T L7 A PVELTVD., AERVEEFEDT LA R —A P ThD.

HMES - BEEEARRBRBN VG (8682711, A:EUHiES » f:FFJ7100m)

ki, BAHE, EELTREANGRY, TOMAAPANHRIIRRICHED 5. R IE
MEA (78.0%) , ANA (22.0%) ThHd. BIRZIHME LTO VKA, Pray, SENREEN
. RIEAIXAE T, HOREEEZRT. AnklkiZ80-90E /L% Th D, MAIAITAEA DKM
Y, REAREEZRLTHETD.

LR ARRAEHUISIC A6 3 2 AR B LBV E DAL 2 SOEX R A2 IV TR T2 BRIV S SE
12Si02% T44-45% % R L, Al,0s°CaOllE 4, & L <K0lLZ LWHHZFF > T, #5iC, Rb
B BT ppmEL F TR IRV, BRI IEIEE R LAk 2 AT 5 2 &, Sm-Nd T A Y
say ECHIBIZEREICOZ Z E0n, [ ZIFHEULZERDE OB LT-EEZDND.

BEAVVEFHO IE ST DAL B BAEEIE D> (1989) IZ X - THE SN TWA. ZHUT LIERE

FI1TANBS-95D K E AT, B&EI LA bR, AEIEMTIE, NALAAITRITEERA LT,

T — AT TA bikSy (BEL) 1206-07TH D, RHA LT A Z A bikdy (BvEE) £30.5-0.6
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DA NR=2 2 THY, AN OMg (Mg+Fe) fii30.5-0.6T, ¥~/ X AARALrT Ly NIZBET
5. 20X, ERILBENNEOEETEH OREIIMREANE LS AKBETH L0 L, Aaiiy
OMIERE L RN ETH D (B12K) . DL ) RESITTEE R DL < OBEESE & 3l L 724
WThs. 2oL RKFIKNE LIRS LEEKESIE T CORRM THDHZ LERLTND. £
7o, ABNLBENWE IR A E DA D AANEEET D56, 4T, ARALAERVLDY T 24
FRBHILD. ZOX D BHBRIIEHETTESLT V. 20 X9 GG, 5-6kbDH-&E F T
ENFZLIZRY, EFEHENEDBRORRIEEZ RL TV 5,

FHR ERLBEE OSM-NA A FER K O4E - A Kagami et al. (1995) (2K - TH
HENTz FnC LD L, ARG - SEAANABENN ) —TF A FORET A Y 7 a AERT
192+19Ma, FIA4:fE1£0.512169+0.000021, #L4-47 A VY 7 v U AERIX97.7+5.5Ma, FIAfEIE
0.512259+0.000005Cd o 7=. —J5, RHEME - EABEANABENVEDORET A Y 7 o U FERT169+29
Ma, #J4f#1£0.512148+0.000021Cd -7z, T HBEAVAEE ORI A O Al OFER LY
HHEMNTELS, Ya TROFEREZRL, BAVEHEOED N IECRFRSI N TEMAMSEO 7+ 7 7
v —T7< (Yoshizawaet al., 1966) , oW REHID KIEBOEM TH L Z LR BN LR o7. F
7z, BEWEEOHR T, AHRE - EOEANABENE AT ABENEZ <Y, AERGEITEREOH
PIcHD. LaL, PIERTOCRRY, v/ ~vnoRRe b a2 a1 5. 728, ARGEROE
DEF-GEMFEMRII S S H <, 100Maiite DFfE 7T . ZIUFTEREEOE A X 2R Y F4L
D AREME A RO,

AP BENLNE DS -FEMIRD-ST7 A Y 7 v ARSI 2 E 1T (1995) [k o THIES L, 71.8%
95Man frb iz, Eiz, BV E E < ERNRBEE EO WSRO ST A Y 7 v SRS HIE
Ef, L1+=7Manfd bz (inx iEhs, 1995) . Rb-StOMM-25H 7 A ¥ 7 v AERIIAE A O
K-ArEAR L I3IE—5 L, ERAEHEICEDERY BN, TRbbiEfaOE AN X 2BEROEN, U
Ty MEREZERLTNS. £z, HHEIROERITHII00MaR(H% OENRT, Vo THOBVERE &

Ca

1o BENWELSE
2 EERE

, Fe
— mg(Mg/Mg+Fe)

. —
o An%

A4

2B BB Vi A ST UT i SEG IR SO TS DAL ERAL. (RSEIE (1989) E6IXI L v 51H)
© o BERVERE, A ZEHERCE. DA b A - BERNIMg Mgt Fetbz, RHRATITANRR 2R
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L 0D 46 R e B oD BN A - D K RIE BN 28R U7z wiREME 2R LTV 2 (HFREEIE 2y, 2000) .

W7 O FEFAAC AL, T T ORERSEABIRK QUSRI 72 £ 6 K& ARFH 0 e A
’ &5 (HAEEEA, 1985) . 5 UNAE M ILREF LR 4 52 1, W 7 i b
RO, H2MIERAE I AR T A Y U R &2 T, B3I RAE TSR TR by 2 RDEKRE 2
SEAWIE R EITMRL CEIRRIC T 5 2 LA S, RRIEHIK O F )~ —F VB R
ZH 5, BUMERERICIL S, FAliftfs, REMLRSE, SRS, LIRS TR
W, NV U RRERL, FAREELZROZ L FH2HERA IS S D (B513K) . TH{RBEAE
i B IR T, BEFEH O LR EOME 28] > TA by 27 RICHET B 2 & 2O 33T A IR
COHEEAE AR C, EIRRIC EREAE R E A RIS K FEIRD B AT, SEAMIAE A SEI bk
ENhD. INLERAEO P T, SE2HIEREEN KD % L, D T3 R FE & U4
FAEHED, BUEHEEITL S ARSI 21T &0, b, SE22HERESEO T T, KL
B ERTERAE N Z DL & Hb 5.

— | ALA

R * RABR | BARR ()

BHTEME
§54#1 |  |72.8+2.0Ma, 0.70897;Rb-Sr, Wh
67.0%3.3Ma, K-Ar, Bi

VOHER IR E R BO AR S
81.5+ 1Ma, U-Pb, Zi

REERE
87.0+2Ma, SHRIMP, Zi

82.0+ 1Ma, U-Pb, Zi
72.5+3.6Ma, K-Ar, Bi

=

534

= TTEIIITTRITIITPRIPRRAP AT,

BRIERE
72-74Ma, K-Ar,Bi

B

TamfERE
108.6+2.1Ma, 0.70736£0.00017, Rb-Sr, Wh
77.7%3.9Ma, K-Ar, Bi

H130X ARE IR O T A E O AR & OREN Ghn - |ESE (1999) D22 nE)
WA DT — % O CRb-Sr, WhiZRb-Sr44 7 ¥ 7 1 444 (Morioka et al., 2000) ,
SHRIMP, ZilZ ¥ /L 22> ®OSHRIMP4AE{L (Watanabe et al., 2000) , U-Pb, ZilZ¥ /L2 DU
-PbfEAL (Hertig et al., 1998) , K-Ar, BilZBEROK-ArER (B A - #5E, 1999, 2001)

R
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m. 3. 3. 1 H1HEESE (1)
aY b—FIiLE (1)

i EEIMEER AL 2 L —7 (1986) 23 BUKBR A SN (2 58 9 2 Hok A D R R
b=V iE-fER PR (A Lz,

A RBRUGHUEEE S, RO LA IR A, B LB S & AR TR R O BT SN M L
0.5km, HFEO.3km& BEALV VA IZIR 9 K D W/ INRBIC 4T 5.

B AL E R EE, EREERE LTS, ARRIEIRIC IR < 553409 2 ZREAE A 1T
FHBEAROREEZ T, ) BEAOIREREGT D,

BHEBE HET, kL HRRIREEOR O OND P—F A ETH D, MR ALILR-mE T
THNWEEOREE LM TH 2, BHWEHRELNRD L. BEWEMT TIIANEAR L, AR
URADEY ARNEEE &S, —IRLo M BB R R OTER PSS b oot 5.

EREH
HAAREREER F—F /LA (B83332809, MKW A b I J70.8km)

HIEL, TSRO LS. EAMHEIIIRE S (538%) , i (159%) , U EA (04%)
BER (191%) , AMA (108%) Tho. MRNEHE LTEYA AL, YARE, A7 =—25
GEND. BEAILEEBERT, RAMESEET (2 7AN60, U LAN30) , HAMEETT .
FIEMBIIUR T, WL RT. 7Y BRI RCHMBAIURICET 5. /= 1 kI
V. BEBES-TMMO BB T, FRRREEIC EHCRARICET 5. ARTIEEEET, BERY
smy NERT

m. 3. 3. 2 H2HATERESE (Gi, Gt, Go, Gk)
FiferE (Gi)

g IR - RSE (1999) 28 ACBF miRLH LI 5R H 3 2 HURIBRIR SRR REE RS- B R PORE 2 i L7z,

o ARRIEHEO ks, AR RATATIC, IEskm, FAESKkmIZ 7o THAT 58 (HTIRD
AR MR 12 b D AT .

Bk ZZEFAEREIC Ko THIRRIC LD . AT CII BB RS 1 TRL L 72 0, RRICT 7T A NE &7
% (B14K) . BT CTHD L FARPRHB AR OR EHVERSEN 22T T2 bbb 5. Lk, B
(2 8o TGRS LT 2 L 2 A6 H 5. NURBSER KRS TR E NS,

EHEBEE BHFMEORWKEON ) RASCBERNORSNC X 555 IAEEN G0 Hiv GB15K) , £0
Mg AL HAAETE-mF R O A AR L, ALHIC20-50 iRl 5. ARty L, B, L
JevE- s Ao Er], ABl260-80 A L, R—2affkiE 2R d. 2 LA E CHEE A ATV
(FB16X (@) , —HERIFEEO Db 5. 7ok, ZBAERE & OB CITRERNREL T 5.

ERRH
MMBUREZEFTERES (980770603, 72 1F AL 3T 70.5km)
BIE, 2-4cmdD U BANBER A 704, Bk iplEa (29.2%) , 1% (34.1%) , HV
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RERRESR

I AR BRTE A PRk

X X A
XXXXXXXZ((\-:-.‘. 4 e e e
X X X X % \‘...~.* P
XXX XXX X X

[ e
XXX XXX XX AL e -

(b) XX XX XX XXy T e
XXX XXX XX AT AT

XX XX XX xxbool S e

XX XX XX XXl ~
Voo 0 1m
L

14K R E U O AL S FER L O BEABIER OF 1+ I (1999) O H33IXI-555kd L v 51 )
a; FATAE RS & QBB O BIR (RWFifs R 7300m) . A BFFE IS X R TAE S & OB TT 7 5 4 ME
Lipy, RTERBITRERIRET 5. b PUIRBHE R S & ZZBE RS O BIKR (P4 R0 T 5206 7 150m)
VU R BEAE i DX o2 13 22 P AL 8 & DRI C 7 7 T 4 MR &R D . ¢ HEEAER S L ACBHE RS O BIR (o
FHI T J7200m) . [ AL ff 85 85 MRR 1 20 BFAE i 26 4 MRS B <

RA (33.0%) , BER 47%) THS. GlmImLE LTIy,

D NIKRF, T8GR EE
. BRAFFEAE, BUREEEZ LD (27 A48,

U AAN23) , AN ETH. BV
EA LM TIIINA DA MEENRET L. Y EAIREAE, —041 MEELHRDLR,

HNCHBRAMER L OND. WY BABMIET— /ANy FREEE LTS Z ENREL, KA Fx

VT 4 v ZITREA, ARRED/NEZET. AFRBIRIRTEEG LT, T¥A 7 RICES LERRAZ
Y. BERTFAR-AKT, MTEALTZ oy Fakd.

XEEME (Gt)
w8 S - HAEE (1999, 2001) 2SHHIAH R EFTICEH T DB R ERAE A ICm4 Lz
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WS FLHAERE OFER, B ) RAOMSEARET S (iR J7300m)

7RG FER

o RWIERE s KEEBE
» XHERE 0 E#EHE
+  WRBIEREPIRE

»  UEEBRIERDPIARE (RRE)

o HHIEME

AE+A)EA MEA

16K ALfE O S A B
a- biddkn - [WEE (1999) OFTH5IH, a) EE LM - A28 L O LR A O A - RR A - Y KA R
fe. b) B - 2B IO GRS B O SR I - R G- (A3 ) R) BRI o) K EBEOAE RS
DE-REF-7 Y AL
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S ARBIE U, AT R AT A R HENTIS T TR 4km, PRI 2kmib 72 > THy
T 5.

Bk SWERMSICE > TEASH, £z, REEMAPICE30emiiofifEs & L Tufsh Tk
D, WIE OHMBRITHAN TH 5. Eiz, REERIE AT T10-200mOIETT 7T A ML 8o T
B GEITH) , REFEMAE OREFER, LRGN EALWREEN D 5. £z, BIRKOHHAE R
HICHDND.

EREBE PR DMK OERS-ERNEETH LS. —#, B RAOEHL (REHO5em) %
AT 5. ZEfffkE Bem-$m) ZZHHE L, WE OSRITEMICA VA, EANTHE LD
(GB18) . ZSHEfRE LT DSOS BEREAENINT 5. Ak, S Th 5 LA TR E
BRI & AR AERYS & ORI TS EST 2N R 605,

ERLH
MR EEREREES-TEHEPIES (990310-4A.2, LMK ERE 40.2km ; KfiE1d)

HUBL-HoRL, 59V RIS SRR b s . TSR R A (38.7%) , A% (33.6%) , #V
RA (25.8%) , BER (1.9%) T, FRIANONREEND. FISIEM & L CBEA, Y AKA,
AT z—r, IVarThih. PFEATAENLYEAET, BOREEE, TANS PRGEERT
B RATEEEN LML T, N—=¥ A MEEREEL, MERAME V-2 FABEH LB
DD, ARIMIE- AT, BEWEL L, MBRERICET LS. BETEAENGMIZECHY,
rvay et R r R 5ANGRPREEND LD D.

EiffEmEs (Go)

g S - WA (1999, 2001) 23 AR E HETAT LI EE H S 2 MERDS IR s (Bem-$km)
ZOAL, RRLE IV~ 2 A NMERERFERS S L.

A ARIME MR, AR T HETET A E 2s © d-AT I A0 TR ARRI4km,  SRTEAIIkmIZ S A LT
W5,

R FCHERSSEIEERS A2 <AA LTV DY, L Tikz o@Dz k2 EmRRD b
D, A OIS LTI RER TH 5.

EHEBE MESERLZRSE <AL, RRLTIZ~Z A MELER->TWD. HERPERFEA
B & ORFROFRIZITIE U TEMANE B2 SR NGCEE £ CEMICELT 2 (19K . Zeds, &
ROBE CHA A RIRA KA Z <A L TWD03, L CliEz o &R0 hdBinnd 5. HEREE
TRZERCE DS T B O FINSE OB ie 2 R . £, B ) RARE AADBIRER PR b
% (BB19X) .

ERRH
PHAESEFREERTEES (980917-9, AT E M CHTRI 50.2km ; Mhk2a)

ok, VARG AR bR, BRI RE A (37.9%) , A% (322%) , B URA
(24.6%) , HBER (63%) , AER: (02%) ThHD. BESHEHE LTIV L=y, VAKATH
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-0€ -

FATR R EAERAE & 2T AR A OBIfR G ML i K £/ 5200m)
WAL R X R EAE RS & OB CT 774 VEERD (FK) 35, KELRSZHET 5

(7).




A8 R EAL A O FEK
EWRRR A 2 A LAk LT A (R TR £ J7200m) .

5. RHEEIEBTEART, RN, 7S MRBSRSRG. Y RAIDEE A SRR
FHRTHBA, FIEOTHN S ORA—A 23y KRS, ObRA—F A L BRDHNSG.
HIMMBEEOK E ST, MBARKCTHD. BBIESY T/ LA AABROEND. BEALO
BRI CLEI VA A N ETET 5. BERITEH T IIERRA SR bR, 78y ki
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(ABSTRACT)

The Osaka-Tohokubu District, which is a quardrange between latitudes 34" 40'-34° 50'
N and longitudes 135  30'-135 45' E, is situated among Osaka, Nara and Kyoto Prefec-
tures. Topologically, the district includes the Ikoma and Katano Mountains, which
separate the Osaka Plain to the west and the Nara Basin to the east.

The Osaka-Tohokubu district geotectonically belongs to Ryoke Belt in the Inner Zone
of Southwest Japan. The main lithologic units of the Ikoma and Katano Mountains in
the Osaka-Tohokubu District are composed of metamorphic rocks derived from Juras-
sic complex, Jurassic gabbroic rocks and Late Cretaceous granitic rocks. The Miocene
Hozanji andesite intrude into the granitic rocks. Osaka Plain is in the western part of
the District. Osaka Plain are uncerlain by a thick suquence of upper Cenozoic sedi-
ments. Many hills develop on the east of the Ikoma Mountains (Tanabe, Nishinokyo,
Y ata and Ikomadani Hills), northwest of the Katano Mountains (Hirakata, Katano and
Nagao Hills), and Senri Hill in the northwestern part of this District. Many hills are
composed of the Late Pliocene - 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.
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Fig.1 Summary of geology of the Osaka-Tohokubu district

The Ryoke Metamorphic Rocks occupies the northern part of this area, Kannabi
Mountain. The metamorphic rocks are derived from chert, mudstone and small amount
of sandstone. The rocks are characterized by the metamorphic minerals such as biotite
and chrolite. There is weak banded gneissose structure. The primary sedimentary
structures in the rocks are well observed. Metamorphic grade of this district is weak

RYOKE METAMORPHIC ROCKS
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compared with that of the another Ryoke Belt area.
PLUTONIC AND DIKE ROCKS

The plutonic rocks are exposed in the lkoma and Katano Mountains. The plutonic
rocks of this district can be divided into two age groups ; Jurassic mafic plutonic rocks
and Cretaceous felsic plutonic rocks.

The gabbroic rocks forming the lkoma Mountains can be divided into three rock types
on the basis of their field occurrences and petrographical features. The first is the
hornblende gabbro and gabbronorite which is the main type of the gabbroic rocks in the
uplifted Ikoma Mountains. It is coarse-grained and dark-colored hornblende gabbro
with orthopyroxene, and is often penetrated by late intrusion of granitic rocks. The
second is fine-grained gabbronorite and is included in the hornblende gabbro. The third
is olivine bearing gabbronorite. The Sm-Nd whole rock isochron age of the hornbinde
gabbro and norite is 192 = 19 Ma. These gabbroic rocks belong to Jurassic igneous
activity. The major elements of the gabbroic rocks vary systematically with the SiO,
content. The study of the chemical compositions and ®’Sr/®Sr ratios suggest that the
gabbroic rocks are the products of magmatic differentiation from single tholeiitic
magama. Plagioclase has high anorthite contents, but forsterite contents of olivine are
rather low ranging from 0.6 to 0.7. These facts suggest the crystallization under the high
vaper pressure. The metadiabase occurs as xenoliths in the granitic rocks and shows
metamorphic granular texture, and is usually called metadiabase in the Ryoke Belt.

The Cretaceous granitic rocks can be divided into four stages based on field occur-
rences and their structural relationships. The first stage granite is the Ishikiri tonalite.
This tonalite is gnissoic in texture. The second stage granites in this district are weakly
foliated and widely distributed. The Kisaichi granite, Tenno granite, Tomio granite and
Katano granite belong to the second stage granite. Among them, the Katano granite is
the main rock type. The third igneous stage granite is massive and occurs as a
stock-like body, cross-cutting the general east-west trend of the Ryoke Belt. The third
stage granite comprise the Shijyonawate granodiorite. The fourth stage granite occurs
as a dike-like body which intruded discordantly into the second and third stage granites.
The fourth stage granite include the Tsuda granite. This granite is fine-grained and
sometimes contains muscovite. The fine-grained granite intrude all the the other stage
granites. These ages indicate that the igneous activity in these ganites of this district
occurred between 85Ma and 70Ma, except for the Kisaichi granite.

The dike rocks divided into older and younger dikes based on field occurrences. The
older dikes are composed of diorite to granodiorite, which intrude into the Ikomayama
gabbro. The younger dike is composed of quartz porphyly dike. Most of them intruded
into the granitic rocks with a N-W strike orientation.

HOZANJI ANDESITE (MIOCENE)

The Tertiary rocks in this district consist of Miocene intrusive rocks (Hozanji
andesite), and they are distributed as a volcanic knoll in the vicinity of Ikoma Mountain.
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This volcanic knoll consists of aphanitic hornblende-two pyroxenes andesite. These
rocks are correlated with the Nijo Group based on similarities in their composition and
occurrence.

OSAKA GROUP (LATE PLIOCENE TO MIDDLE PLEISTOCENE)

The Osaka Group, which 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, that is the lower most part,
lower part, upper part and upper most part, in ascending order.

The Lower most part is mainly composed of gravel and sand layers. The Lower most
part is characterized by plant remains rich in the Metasequia flora, and was deosited
more than 1.6million years ago.

The Lower part is mainly composed of gravel, sand and mud with four marine clay
beds, named Ma -1, Ma 0, Ma 1 and Ma 2.. The survival of Metasequia flora, and the
new appearance of the flora from the Quarternary are recognized in this part. It was
deposited between .6 million years and 0.85 million years ago.

The upper part and upper most part are composed of the gravel, sand, silt and is
intercalated with four marine clay beds respectively. The marine clay beds in the upper
part is named Ma 3, Ma 4, Ma 5 and Ma 6, and in the upper most part is Ma 7, Ma 8,
Ma 9 and Ma 10. The upper part was deposited between 850 thousand years to 600
thousand years ago. The upper most part was deposited between 600 thousand years
to 200 thouthand years ago.

The Group is distributed in the hills in this district. The stratigraphy of the group is
established in 3 hills groups, the hills on the east of the Ikoma Mountains, Senri Hill,
Hirakata Hill, and underground of the Osaka Plain. The correlation between the
standard stratigraphy and stratigraphy in the hills groups in this district is shown in Fig.
1.

The Osaka Group in the hills on the east of the Ikoma Mountains, the eastern part of
the district, around Nara, Ikoma, Seika, Kyo-Tanabe and Y ahata Cities, was subdivided
into four Formations, the Tomigaoka Formation, the Tanabe Formation, the Seika
Formation and Shodai Formation in ascending order. The Tomigaoka Formation, 50m
thick or less, is subdivided into two members : Shikahata Gravel Member in the lower
part and Higashibata Alternation Member in the upper part. The Tanabe Formation,
80m thick, is subdivided into two members : Mizutori Gravel Member in the lower part
and Zakuro Alternation Memberin the upper part. The Seika Formation, 30-80m thick,
is mainly alternation of gravel and sand, and silt. The Shodai Formation, 60m thick, is
mainly consist of gravel, sand and mud, and intercalated with three Marine Clay beds
(Ma5, Ma6 and Ma 7).

The Osaka Group in the Senri Hill was subdivided into two Formations, the
Senriyama Formation in the lower part and the Ibaraki Formation in the upper part.
The Senriyama Formation, 230m thick, is mainly composed of gravel, sand and mud and
is intercalated with three Marine Clay beds (Ma 0, Ma 1 and Ma 2) in the upper part.
The Ibaraki Formation, 110m thick, is mainly composed of alternation of gravel and
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Marine Claybeds (Ma 3, Ma 4, Ma5 Ma 6 Ma 7 and Ma 8).

The Osaka Group in the Hirakata Hill was subdivided into three Formations, the
Ikaga Formation, Kori Formation and Shinkori Formation, in ascending order. The
Ikaga Formation, 30m thichor more, is mainly composed of gravel and sand and is
intercalated with a Marine Clay layer amed Mal. The Kori Formation, 30m thick, is
mainly composed of the alternation of the gravel and Marine Clay beds (Ma 2-Ma 6).
The Shinkori Formation, 30m thick, is mainly composed of the alternation of gravel and
Marine Clay beds (Ma7 and Ma 8).

TERRACE DEPOSITSAND ALLUVIUM

Terrace deposits in this area are divided into the Higher, Middle and Lower Terrace
Deposits. Ther Lower Terrace Deposits are further subdivided into upper and lower
surfaces. The Terrace deposits develops at the Senri, Hirakata, Katano Hills and
around the ITkoma Mountains in this district. The Higher Terrace deposits formed
before the last gracial age. The Middle Treeace Deposits formed during the last
intergracial age. The upper Lower Terrace Deposits formed several ten of shoutands
of years age. The lower Lower Terrace Deposits formed last gracial age. The Lower
Terrace Deposits in the Hirakata and Katano Hills are undivided because there are
many plains and they are tilt by the fault and flextures.

The alluvium is distributed on the Osaka Plain. The abondoned river deposits and
natural levee deposits are distributed along the rivers.

ACTIVE FAULT

There are several active faults in and around this district. There are Ikoma Fault,
Arima- Takatsuki Tectnic Line Active Fault systems and Uemachi Fault.

The Ikoma Fault system runs around the margin of the Ikoma Mountains. This active
fault moved between 1.6 and 1.9 thousand years ago. This fault system separate at the
northren part. There are Hirakata Flexture, Taguchi Felxture, Katano Fault and
Nagao Flexture. Hirakata Flexture runs NNW-SSE along the western margin of the
Hirakata Hill. The Lower Terrace Deposts tilt to the west by the Flexture. The
Taguchi Felxture, Katano Fault and Nagao Flexture runs NE- SW trends that is
parallel to the northwesten margin of the Katano Mountain.

The Arima- Takatsuki Tectonic Line Active Fault system runs along the northern
margin of the Osaka Plain and in the northwestern margin of this districu. The Bojima,
Magami and Ai Fault belong this falut system. The last activity of this fault system is
the Fushimi earthquake occurred in 1595 A.D.

The Uemachi Fault run N-S trend along the western margin of this district. This
Fault has off-set to the SW in the alluvium.
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DISASTER CAUSED BY THE EARTHQUAKES

This district was damaged many times caustd by the earthquakes. Some of them
moved at the Nankai Trough. There are Showa Nankai Earthquake (1946), Ansei
Nankai Earthquake (1854) and so on. Others caused by the active faults. The Fushimi

Earthquake are by the activity of the Arima- Takatsuki Tectonic Line Active Fault
system.
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