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O, 1961), ERMERSTEEEDCE CREFIED, 1975) bEFEN TV 5. BEEITHRKS0emICET 5.
FHEEREIIME L T &,

AT - AeAs (1965) O F AL RAE COMIIC LD L, TALOBESHMN G, BEWS,
, WEEAZ~CHBICED, SEIOHREIA 7 AVBROONEE VS, 2FEITN250mE b
5.

FHEEBIE, &< »MH Trigonidae OFEHAHM B TWDA, ZDIEIMEA IR TEE T, Am-
monites, EA K H, Belemnoid, Echinoid, R, MM LA ENRZEHRE SN TS (MAEDA,
1962 ; MAEDA and KITAMURA, 1964 ; dbATHE2>, 197972 &) . dbATIEDs (1979) 1%, /NEBINA D
5 L7 Ammonites (Diadochoceras nodosoco statiforme) 1252 %, FREORNEZT 7F7
B oO%EL L, HEHH LA MORFHI LY, REEESTERIBROBRE 4 HEE L.

i3

v. 3 ™ H + #

AR R HUS O HHKI =4y O— X B HHOEAIC LY HH 5T\ 5. M HEIR P & (AMe—R)1]

EIERICIR S, (freR - BRAHF L BEL QDL BN, BRI XIE sk C % £ | | — SR g AR 1
0, T oY ST HIBOEG L BEL TS, RKIEHIS O AL HREIZIXTE R A ARG O s
D—2>Th 25 AW - RIERE S0 L TN D,



o . 7 ‘,’/// g ,/’/ P % g
w s TON O N S8
= JiR el A i A \ S,
& FAY R e —3000m
& 3¢ AR 0,
: L S N \
/::/‘ 4% NONN
{ * \\ —2500m
NN i o, # R A\
\ Y 74 )1 R
\ i W \\5 R
%) Y )
N ‘ A\ -~ N N\ ‘ — 2000m
RS
= = 8
fi nex

L&
IE Fo—I
AN 2L~ b (EBEEET)
9 1 Zhm BE(Bear— b)) UkEs

WM AMBHEBEE) ERMIC B 2RO, L& OEREER

AR B HUE N O P 5 471, BRI —ALIRIE— GHIR T 8 B — ) | AT 23 2 b AL 3 - B R e 7 [ o>
JLRIEWTE 2 8512 LT, ZOPRMOERBICHERNHOES (IZLES) HMOWRAEEZEET 5
oy (LEHD ST ond, Efoaaizade LT L Cna, duiEHE, bR - srgo
ERD, BN Zo0ERE —2OmENL RS TNS (B28K) . MiHrOBa & b BRI DR E
M L. H2EE - AUETE RS RO ERIZE, WiHOBEAFEL RU T4 MOAEEE OBEARBZ .
FAERBIROEIDTIX, WHOER & bEMERIERZZ T 5.

V. 3. 1 WXE#H

AHDOBEFAIIRESD, HNR L — b 2BV EN 5225, T FNUISROERT v— hOHE
NREND. FBOBFTEINAT O T 2L A "bies. AL ORRTIINA TR T A
TA YT Ty TFXICEENIABORRLEEROLIF2 : 1-3: 1THD

. ETe, WS EETO,
FENERFIET, R Eoarmy 78605 2Lt (B29K), Z0HORkES DWE

VIR 2 R OB bAFET 5 2 LITEETH .

WA IR CHAFAER T, —HOESIZK10emR W LEMTH 528, Fhickiomzilliz 5
BUORWAE DR OND (30K . W ORI AR 2\ UHRE, RIS R ICET A2 b 5. A
L— hOABAE G I LIxEN TRV, BT AR - FERPE CHRICHEM L TV D
JE & DL GA

(=)

. WERE O
RACBHR R LD 2 ERH DN, £ OMOUHERHEIIMO TENTH S,
{EREEUC LA, tER oS A TR e LTl TnD.

AREMEHIE O 2L AT DI, BUEE TO & ZAERITRER SN TR,

=L EHE A D2 BIRI,

M) i T2, 100m, FE)IIRTRZ, 300mEL L& HEE S b.
iz OE A I,

IOV FEICRIZ T 280 (FED) RO D. BRI iR T
IR CH 228, M MTUZEWMED, MLy BT L VB THEFEICREL TS

. BEBH
E— I HBIRECIA) U < RAMERN 2 J8BHE K 0 2372 DBV, ZHUIHbERin % < oA s 4 R



F20l iz AR ORIAEE  (GRITROERA)

30 AT O SLRI S E R L))

T L EbIT, AEOERN, FL LT LZMRORE, IR L RolERTHL Z L
ERLTND.

BTN CIIERERN COFMMN L HEATEY, ARERNERFIICES L T\D. RO
IR OTZDIERT TN D Z LML, BB 4 5217 T RWES CO RS DAL A1
HHT, Wia, AL— e bICHBER—FEA—AR—EEATHD.

HEOBEOEMMAEEIL, 777/ Na—REA—RhAG—HREA— 27— Ths. AKITEE



I AZEH OWE O R L TV DI EIRE g
RHEAL— MELTWS (N

DR ETET b DDIRNNHRIKICSUIERIRIZA SN D Zenb D, AT HTRaLES. T
B TAT Ay 7« T Vy Ty OMBEPTREROBRHREGNIESEL, £V AY T v 7
WENRONDZLRHD.

st A 3R L VBT IE 2 L — 7 (1961) OF S FRAHICIFFMLT 20 L b s.

N. 3. 2 1tE#

EHOEAE, BWERBEEEZELL, Fy—b, EE, BERKEE MY, EIICHIRE &
o, WERAEAEIT RIS (AL—1F) BEDOIENRZNN, LA TURFEALTRSE (R
L—b) EF»rb2dZebdd. a, BE (AL—1) &bicHemZ2n LI0emEETAHEL, &
WIBEIRIZ E AV ER IRV, Fr— b, kA, BRMEERE ARG kg RS o AL EER I 2.
Fr—MIFLELTHBDOLDTHDIN, RO LOLH D, FEOEIIKEDBMBIONA T s F
ABA P THDH, FIUBCRES BI2E, LEREHFOSRBIE AT bROND. BRI
13D THIRLC, Atz LikkEaTH 5.

AN, A OB ALRIEE B T & 2 A TIEALIEE - R O A E THRICAEBRT 2 b o Z N
D, BERIR) o T — WH R PEAE 17 TR PR IR 2 L 951272 5. B )1 Rt FARIR
HAICER OB 2 IR Ea L Fv— FBABHLTWD Z L &, EFROWEE 2R~ LEE OS5
Db, AREMEHISEAN OILEH OBAE, MRS H~2ERT 2 AT 2 2R e e 2T b o L&
Exbhb.

47 D 1FAE Hp SRR T R AR IR O B 2 1R WA WA T % 3 2 A AT 5 2 o N, Ak
B — A TSIk IE LS O L B L2 H D, ZORPCIIERNE L, WaIHEE
REDIRPOWERLT ¥ — MITNTIEDOEEPICT 7 b=y 7 « A LT N—Ta TRo> TN D.
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W33 ALEH OBV ETRE LB 2T &3 D S
IR ELRS, SRHIIRETHD. HEEHEH I )| EWE O TR & REL T D UMIBEROR) .

BERR G LS RELTRBY, HBOOAUDIMEELROND. T2 b=y - A I N—T a OB
BOHLLDLHLN, ARENTHL Lo TWVDHHEDOLHDH. AHROREIITKRE, 5L, AFEHK
HEIFIETHD. ALOBE I TALILEHEATICHET 2 b0 & LTOPEIRRL, SEIiX
GERTHRY. RS B EROFITEEREZ L £ L) ITlio TV D, MEERESHIX
EWOE L RVEEOBEBICEE L WD, FARRIMEG 2@ 28R EEDEAO0MmIE, Z ORI
DR O R 2 72 8 A O 010 & Z OERSE 21X S ATRER CTH Y CH28XEERIS ),

COREESER (R T Y) I SN AE EWE (T2 )1E L) T, RS o TRAICE LS
BELT-LO LIS,

A A DfBEIX2, 500mLl ETH D,

bR RS TR mE L) B R R ST ¥ = T % v L Asifio SH e =2
JEHE TAE CRARIEA>, 1958, 1959) 1L, dbE#HMAYE A LREAEShZbD L Bbhb.

BT TIRAHIBL TH 2 B FRERIT L SHEA TV D, WETRE OIMHLE TR & FERHRT, A
BEF—REA—AR—ERATHD. ROSEOHMHREEIE, 77 F 7 PA—REA—RkiLAf + X
FNT )ALV r—EEALAFTHHN, LEIFNRRO SR —F1E2GLel B HbH. N Trs
TAT A w7 « Ty F X POABITIE, NUAVT ¢ 7 EECATIREARA R R8I SN D.

LEAT L, ARE LRSS 2L — 7 (1961) OF 5 AIRFICIIERE T2 b0 L b .

N. 3. 3 /MRAEEASH

IR - JVRTE RS AO B oM G+ RICIE, FL T4 MEOBEIRBEL Rbnb (R
A/ NRUCCIAAME— R SRR A8 2 TP O g - BRABF DS A IS, FL 74 MERAEALTH
OB ZHFHILTND).
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N

\;EFNHE

VAR

(FHFF) BEE) [ mr+e(genpges
(RiME) W VYO ﬂ - &2)

X & " BERTFAVIT R
B

0 Skm

M Lty F-RBSINAEY PO s Lo ERE (EAIES, 19653 k)

El:a
(oY

ANRIZEE L TRLTI A MEARBEAT, FLT4 hOF2ARBEENHTICBESEEARD ENT
X7V, RU T4 MRARBEAEHIROH MiFdetiZe v LAk o b o &, dLlRo —HFrngu. IkiEix
1720 LIOmMTH 5. HIRO AT IR ISR 2003, Budd e & v 2 F8 e IR 80 455
Wbl THERS RbND.

BROREEICI, DR BN REEL TWDDICH LT, Ak ERE2 b T
B, —J5, SMEREN CIZEIRbEMARIER 2% CkY, HEnoEanT 75 ekl
Wiz, BEREETCED LTS, LER-ST, INDOEIROEARXN G +Haa OHERE, 2
TEt%, WZEED - BUEAERS OB ALIEITH 5.

PLEDIENHEREERO S EHBICRB->TT 774 MalkdAons.

V. 3. 4 PEH - RETERES & EMERE

AR X ISR (V3 DU 5 - DDA 8 & FEFHFIAIC B - T, JERIE DS HEA L TV D, ARRIIE IS NI
RoN2b0i%, FALKI20km, HEKIBKkMOBEEERO —FHTH 5. HAOHIEBELRR OCEMIC X
-C, JBVERAERE, HERRAE RS L OBEEAE RS I = ahn D (536X, HEAIZAY, 1965). H



EPAL RS TRV YA OB T 5. BEHUSAL RS TR 5 - BUEERS K0 LB OERS
THY, FEER - BELHEEY S THEAL, ZhE, HEOT 4 v~ 7 FHIkNOSROARE (F5
TR UMK - A, 1969 ; TSUNODA, 1973) LIZEVERLE 5.2 T\ 5. BEHUERAL s 1A EE Hgk
PITITBEH LTV ARV, HROKRBHOBSSIZIE, 25 URLLTOREE LT HERTTERSIC X S B
HERTERMENAONS (BARIF), 1965)'. UL, PEEN,EILLSE) Lt yEEo R
BRIAE s o O BER OK-ArFERIE, 1IMa (B #) 2R U7z (9 - fEHE, 1966) .

V. 3. 4. 1 JBERTERS

JRJEELAE el 1 F 2R - RVRIE R AR OO iR & 23R, REIE M N CIIoRs (— 853 & v 3R
FORENROENFRICEHT 5. BFBRROD Y RO A5 E 35, Kk Pn BERE P
HTHD., BIVEARFI—IVARYy FREELTWDHZERH D, LIZLIE L v RIROE e
BEET. WEEOHMIT—RTIERL, FMMICEETL2ZbH0, bOWIHERELT L bH
%, WA RTEA, e OSSO RITHN OGO F ISR H 5. FREERAL 7
cVABERHES L RO, BREHIZE S, D WER R S .

AEENZIET 774 BRORT v Z A NI ENRT, 2T ~F A MIZEALERW. T
7T A MEE KRS L0Cm, [ EemRE O BRIk & 2T

ZOBREOFRERO I, A AP OFATES CRENDBEERRIEMEN H 0, FHEIRA)I—
HIERICIEIEATICRET 52, L L, BEROMOES) T, MBS S i Ofs7: 12 &
STIEARYBOOLNBRED Z L%, KiE (1940) 13, HEEEREE L LT R—2RkofE%
AT E LR, ZOL D RBAIERS 50 E 2 IR TE o T,

RS EA D Gie—RER6), BER GiRe—Ree), MREA, fk 1UVERA
(=P MEERLFEELTND) DIEDy, RIS E L TRNWAR, A7 =—Y, VN3,
D VIRA R OSIENRE 5.

Se - /bR (1965) 12 K ARl E 5 2 RIRT. FOUECITETIO KB, & 5\ 3RO FRR
DARFESTHDEN, WIFNLRBEALHETHDILEZLNDLDOTHD. DI L, MIGHEEED
b, KyOMWRIZEZ L, JALITIEa T U ARENT I ) BANLWRSERT. Zui%ssy, 2
DA CIEFE 7R — R IARERIC K D ERER O BN H Y (BEAIZ)Y, 1965), EANEE LT
WA E LRV, ZOEPOEMO L OIE, /v« 2T 0 Z AR &, Fe,0,+FeOn
Ca0k D Z\WnE v, FHE A A OIERSE B ORM (—HZER<) (SHIBATA et al., 1958 ; OBA,
1962) #L<RL TS,

V. 3. 4. 2 WAL
FR 2R ERIE R R RURRAE 2 O JBLOFR G, W ORI CIRSEWEI TR AW T 5. 20T

11)  HEOARFEEE THIZIE 2 O 0005 i OB A OREIR A 55 L RO N D ETROSURBEER—EF AR L 7 =2V ABRG
ns.

12)  SREI— TSRS & 2 AT, 2RIICERRSE RO b D, 2 ORRE LA — ISR IS < REA TR,
WS ECIIE S m o oL I~ ad A b3mbig (AT, 1965).

7457



Ho2R FEW - RATEHEOLFER (@ - A, 196X D 51D

1 2 3 4 5

Si0, 70.12 70.36 72.10 71.60 70. 60
TiO, 0.69 0. 68 0.17 0.33 0.14
Al>0, 14.85 14.45 15.15 14,41 14.59
Fe;03 1.27 0.58 0.57 0.79 0.76
FeO 2.15 2.87 1.35 L79 1.36
MnO 0.05 0.04 0.01 0.07 0.04
MgO 1.61 0.93 0.91 1.56 0.70
CaO 2.27 2.58 2.08 2.15 2.46
Nay0 3.60 3.44 3.84 3.40 3.54
K,0 2.55 2.55 3.04 2.70 4,32
P,05 0.17 0.35 0.08 0.05 0.03
H,0+ 1.02 0. 64 0.74 0. 64 0. 82
H,0- 0.32 0.16 0.12 0.12 0.53
Total 100. 67 99. 63 100. 16 99. 61 99.89
Q 31.80 32.96 31.76 33.68 26. 65
C 2.45 2.18 1.96 2.10 —
Or 15.07 15.07 17.96 15.96 25.53
Ab 30. 46 29.11 32.50 28.77 29.96
An 10.15 10.51 9.77 10. 34 11.16

Wo - — — — 0.35
D%En — —_ — — 0.17

Fs — — —_ — 0.17
Hy{En 4.01 2.32 2.27 3.89 1.57

Fs 1.85 3.74 1.74 2,22 1.54
Mt 1.84 0.84 0.83 1.14 1.10
Il 1.31 1.29 0.32 0.63 0.27
Ap 0. 39 0.81 0.19 0.12 0.07
H,0+ 1.34 0. 80 0. 86 0.76 1.35
Total 100. 67 99. 63 100. 16 99. 61 99. 89

1, 2: ANERELERS, BAl
3 AARNGRESERS, BRal
4 AAMNERZRTRS REME
5 EAREAZOTERE, EELE
BT 3 oaHED NaO iz 3.83 TH5H2, thTREHIGhAEVL. RAFERRC
XBEFERED, p. 550K 8 TR DfEiX3.84 ks> Tk D, BRI AE-TWHDT
ThERH L.

FER OB LG b, KA ILAY, W ORI RIS OB Fie & THsZESND. Kk
HEO (EANA) BEERS T, BB RS ICEE 20 V) RO OBRRMEE OREITTI D, T
72, RHEREEOFED —RICZ LY, FRILROSEATHS. BRELERE D ED Y ZEY BN TH
AT D0, ORI TR —FFREERIC X 0 Kb T, BIfE, SHITRLNR. ZOIEE,
FA S TIE—AXIC100mATHE, V& ZATIHIESEMO Z L bbb, miE CRREHE ) (T TR
JFERE RS N ERERES ORN 7 2 VA LB L TR Y, REBRIEREIFRL Y 7 2 L ARITERE L
TROND. FER - BEAE A RO Y 7= 2 ARIEHEN T, RENT OENER Y, 1EK1km
MbizEd 5.



FEEBNRIFE AL, DU+ OB A ISR L O ICHABR R 2 b o TEL WA, Bitmy, &%
IS BN EFROHER, @MW) Bty @i, FalllFRE, KB ER, 79 3~E5/0R
HIZAOND. < OB, BMEIXRE RO LEZRISITWA, HERTIRT0T RS RN T ~MER L
TV 5. BT I BB R A & D W, OB AE OENRIU T HHE A iiRO KL 7 =
NAFZHEALTWD Z BB 5.

V. 3. 4. 3 2SR

FH2EEY - JAURAE S RO D o T +Ha a1, EMESRER 221 CTHEM LT D, IREELD
WEEICBRER O CHBLT AR 28ER T, BERT A V7T v RELORT. BRERITRES
P ROBEAETOFRLRRLL AL DD, ZOEFACEERIC LCRsomIcT . EigEE T
WCEFAPED THET2MAEZEHNAT, EHFATA Y77y RELUOURT. Lis & OEfi» o R
ERTA YT Ty FETORRLZNTIEILS. 5km, EHF LT AV 7Ty ROZHIEL 5kmTH 5. M
FH L HIRAROMENIEE AT L T2, RRIEHIKOR 5 Cl%, BERT A V7T v K e
K& DERFEA AN Y, BEfZE AT IZI0kmEL LIZ B L TV 5.

AR M P BT OFR BME I N ClE, ZDIEny, EKARTA Y77 v RBREHIEN TS (Yuasa,
1976) DIARKMEHIEN CIXNZ EHIE BAHE, FE) BRI CET 513001, <A AAIFHB LA
V. BERE RO OBNIIT, B RA, AIREASHBT 2 2 03B 50, RN Z OHBUTIBH S U
RNOT, B EZIFRTZENRTE AR,

LEHOBBICE L EAN, HREERO Z S THROBHEmMmORRKE 2L, —RAIRERICA
ZHIERDD. T21EL, TROITEEO RIS TRENT /N EL, FAROML/NE
KEIHI2THY, Boar I A ML RABREIZERS 720,

V. E R E (ERETIEER)

Z TR A L1, PRSIV OE L L CRR— OIS 5, v 47 L—V
AR RO~ 78 - TLyF X ThHb.

BN B K 912 (p. 50, VIL1), AFRAEGEIRINOOTER—OFIR T TIE, BEFEH R =) H 0
AARIROERE NS L, —D2D =2 &R LTN5.

ZOWOR T, ZWIHOMERE D, ERGORA (EL L ORREA LIRS EIROBRR A
HLOBEA) b, IY LI L—PA L HIVIEI~vA 7 aT Ly T XilhoTnE. Zhb, FEOHED
Bip % 2FEOERSEEL, AR AV, FBPRIBREOE D O/NRTIE, Wi 30 & LB
L. ZOMYIRLAMER BICEMRICRT I EIFERAREBZEX 6N DT, I T THEEERJIE Tz
WO TY T leo>TnBHE L.

SR OEARREZE 2 b b0ix, BE (RE?) KO BE/NTRELT OIS A EE2

13) ¥y X7 L—YA b REIHZI V=% A}, vA 707 Ly F O, 4% Heeins (1971, Tablel) (X%, #4E
MRS EIRIEZRIF L TR Y, MR HEVF L < A2L, WIEME (fluxion structure) %78 S7RWERSS T, KLT-2% 0. 2mm
UbDboE~vA 707 Ly Ty, ZREVMBOLDOEX ¥ % 7 L—HF A LA



AT D, OREEOERTHS. NEHRY ROOL O, S UEETNET 2 Ak OH EA Ok
W%, wkeq, HEr, ZESENOREMBIDTND. Fhi, MsnizS< A0, s hiko
e~V A MEEZ b ORBRER AN AOND.

FRHEOHALR L B boiE, BELTRBEKEZFOTND Z 2%, RERAEREIC
o THEE LT W, NERIRAAMHED & D Tl, MRIOFAR, RANHRDIEMOBIS, FElmmEl
TORERBEA, WUERAPEIEL, ZOBEREEHD 5 BRICHRAMEREZ T TO20RR L.
ZOEANE, HFEA RIS T O BRI 2 F O MR A S FEIR S A DY, TRARERR O B X
STEME Loz b DB OND. FT, ZOHOPIZE, RBEICEE LT 74 NEER
DAL OFR A EAN A ERRA LD DR 2ANE LFET D, B8 XTSRS 0 OHF A 5EM
Feahic LI LIZROND, FBOEE LT 774 MRHET 2D THA S, %HIL, Zoffi
D =W IO IERRPEDE @A P 2 AT D RRICITE < RV O T, IR 5D ORI LS AR B
kIob0EBEZLND.

VI % U &

AN OB ISR DR FEITEII CTH D, XE IR N HE o |G s TR 2 HER AR, £1—
Y, TNy 2RO Y 7T 0 v a VRN A SN D DB TH D . F I ARHI
PE R0 FEIARE B OV HIR T b, )1 R OV OO SRS o "RV RIS /7 By e e ONERIT R HEAE
WDRRONDDHTHS.

VI. 1 BEHEEw

MK ECIRB mHERI & 2 DI T OR Lz, EARKIEHUSAEE 5Tk, Bmgd 3BRICHTH 2
EFTRECTH DA%, FEFMI K O =11 LI B e & OSHISBIR B A D728, —FFL TRLTH
3.

AL B HER & L2 b oid, BB O TR LT B R O LB o EORERI TH D, 372D
b, RHIEHIK CREMLO, HREMOHDBEE MMAKOGZORKRLRR) &, #ANLHEFHICT
TIEA 2 BV 2 © DB Th 5.

IRALE: EHERE)IL, W5, THIER:, HRFICHML TV,

VTN E MBS TREEN G725,

VI. 2 EHERIRHEREY

HLHE HiH D R 72 R O THECIZE D & AN R BN EEL TV D, AL ITHEMA S
B L TRL TV, R UEHRIR OHEREY CTHBIARBIE e © D1F, RIS, gl

14) BUFHTEH 0 1,482m =44 5706 T SR,



HOLPUT R SN D . RIEITHLER TS TREMN CTH 20, RNOABEEERZZI-WEBNOR L. B%
)| EFRORFAT I S 5 FHHR B O pIRIE, REDNE L B EMBHENFE L 2 o7z,

VI. 3 El—r (MWEXLTIIERK)

M2 518 Eo b #R ORI/ MR e = H AT L— BFIET 5.

VI. 4 T7vUbUgvyaHEEY

iz FEALSR O FEROGE FES & 0 N THICE D8, KA & 4 < IR IC S L e <,
KIEMET 7 vy a2 L EA LD, ZOMEITERCTEIRBOOND.

VI. 5 VU757 a  HEY (MEXETIIEK)

SR, BEHE, #EIL, WRAEIIEAIT O, AR O (IHE M CIEE S & 2 AR DA
WELTWDS., InbIXY I 7T 7y a AL 28 TH 53, MEM ETIIERK L.

VI. 6 BRHEREY

B O AL P B D =M TRV I B IRV BN D . X, FRJINRWIS, FEBAR AT
LTW5.

VI 7 FETFEAE WEKETITER

FEsa R VE R LA, KPURTE), ROEIEIREOEME T B, ATk > TR S2micEs
%5, ZHSLRUTORAZELERE—REEICEE LB TERAREAER-> T D, ZoomidEX
IR LT euy, AV BIE HU A PE 5 RI55kmIC AL E T DN E ISR T 2 b o L HEE S
ns.

VI £ 2 W JE
WU Tk ~_7= K 912, AREHIEE IR B AN L ORAEICET S 4 SO KRME X b
5. BT B HERKOBR Lo TS EEANE, RO, HEKOERTIEARVR, BE2EEE

a5 P AR, B, WA &P T ES & AR & 2000 D ALIRIRETE IZ DWW TR T~
3.



VI 1 rpderriig

R R I T A AR &AM & A BT 255 RO MBER R TH Y, ARBINE AL B o s g
HUISRINIZEEE D, HE TS, RO B s, ESE A ~ TR E TEB S D, ARXKIE I
WTTIE, THEE B AN RIOEFE N &, MO =314 & 23, PREEERZHRATEL TV D, itk
ERAHE OB AITE LS NTWA T TR, FRC X > TN OEA EAMEOEA EBAY IR
CoTWzh, EH56E BMHITITHE LBTZWEAERH D, £z, HRBERZ O S O 1 [F
OEXIZL > THEKRINTZbOTIE AL, MEILFEHLZLDOLEZ X615 (KoBayasH, 1941 ; 7k
JF, 1958) DT, EZICTHRMEER LG P LWEERH D, 22T, EEARRITITEEA OB A D
Wil O PN b T HER T 2 s A b o THERARER E L, SEIRD HANURE T IZ0 T, Pk
TERROTEENC K - CIEE 2 T, ZRIIHORA L EFHOEA & BHAIEA L TR M LT
. 22T, S, EERmHOSADEYIELTHEL, MEOMIINELR->Tn5E. 251 T
%wt¢%%mﬁm,Amm%ﬁWt¥fi TEZMEN ORI > TWDH S, HFFE L 0 B CIE =g
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(Abstract)

The district mapped is geographically situated near the northeastern end of
Southwest Japan which is separated from Northeast Japan by the Itoigawa-
Shizuoka Tectonic Line. The district is divided into the Inner Zone and Outer
Zone by the Median Tectonic Line.

Geology

Zonal arrangement of rocks characteristic of Southwest Japan is also promi—
nent in the district, though each zone is much narrower here than elsewhere
(e.g. Shikoku). From west (Inner Zone) to the east (Outer Zone) the N-S
trending zones, Ryoke, Sambagawa, Mikabu + Chichibu and Shimanto Belts, are
separated by the Median Tectonic Line, Iwairi Thrust, and Butsuzo-ltokawa
Tectonic Line, respectively (Fig. 1). The distric is one of the most mountainous
regions in Japan culminating in Mt. Kitadake (3,192m), the second highest
mountain in Japan, at the southeast corner of the district. The geology of the
district is well represented by the north-south trend of the major ridges.
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Inner Zone of Southwest Japan
Ryoke Belt

Ryoke Belt to the west of the Median Tectonic Line consists mainly of meta-
morphic and acid plutonic rocks. The metamorphic rocks occur in northwestern
part of the district, but they are also found as narrow strips and small lenses
in the eastern and southeastern part of the district. Original rocks of the
metamorphic rocks are mainly sandstone and mudstone. Mineralogically, anda-
lusite is stable in the lower grade part, and sillimanite replacing both andalusite
and white mica is stable in the higher grade part. As the occurrences of anda-
lusite and sillimanite are not numerous, it is not possible to show the position
of sillimanite isograd on the geologic map.

ONO (1977a) using co-existing garnet and cordierite, estimated the metamorphic
conditions for a gneiss from northwestern part of the district at 650+=50°C and
4.5-5kb. K-Ar ages of biotite for the Takato area are 677 Ma (BANNO and
MILLER, 1965) and for the Komagane area 58, 59 and 64 Ma (SHIBATA and
HAYAMA, 1968). These ages correspond either to the intrusion of younger Ryoke
granites or to the rise of rocks to a shallow depth (SHIBATA and HAYAMA, 1968).

The age of original rocks were believed to be Mesozoic to Paleozoic. Triassic
conodonts, however, were recently discovered from unmetamorphosed part of the
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same belt in the Kiso district to the northwest.

Plutonic rocks of the Ryoke Belt occur in two modes. One is granitic rocks
which is generally conformable with the trend of the Belt (Hiji and Katsuma
Quartz Diorites). The other is scattered small granitic to gabbroic bodies (Mina-
kata, Saso and Tomigata granitic rocks). According to the studies by RYOKE
RESEARCH GROUP (1972) and YAMADA et al. (1974), Ryoke granitic rocks are
divided into an older and younger age group, separated by emplacement of the
Nohi Rhyolites. Hiji, Minakata and Katsuma granitic rocks in the district
belong to the older granite group and Ochiai-type granite is regarded as the
younger one. However, the Ochiai—-type granite is closely related to the Katsuma-
type quartz diorite often occurring intermixed with each other. We believe both
of them to belong to the same Katsuma Granites (newly named) and consequently
name them the Katsuma- and Ochiai-types. The Tomigata Granite (newly named)
is thought to be of the family of the younger Takatdc Granite. The relative age
of the Sasdé Granodiorite is not clear.

The Hiji Quartz Diorite and Minakata Granite near the Median Tectonic
Line show so-called “porphyroid-like facies” in which porphyroclasts of plagio-
clase and sometimes hornblende and allanite develop in fine-grained quartz and



biotite matrix. The “porphyroid-like facies”, derived from the Hiji Quartz
Diorite close to the Median Tectonic Line, show the effect of cataclasis with
development of microbreccia and cataclasite.

Outer Zone of Southwest Japan

Sambagawa Belt

Rocks of the Sambagawa Belt are exposed as a narrow strip between the Median
Tectonic Line on the west and lwairi Thrust on the east. The maximum width
of the belt is only 3km. The rocks are crystalline schists derived from fine-
grained clastic sedimentary rocks, chert and basic volcanogenic sandstones with
minor clastic sandstone, and limestone. Small lenses of serpentinite also occur
sporadically in this belt.

Rocks, up to 500 m in width, lying next to the Median Tectonic Line show
characteristic development of albite porphyroblasts in all lithologies, and are
called spotted schists. The rest of the belt belongs to a non-spotted schist zone.
Spotted schists represent a higher metamorphic grade than the non-spotted
schists. This boundary can be clearly discriminated in the field.

Five to eight basic volcanogenic schist beds, each 10 to 50m thick, furnish
excellent marker beds. The structure of the Sambagawa Belt is a conformable
sequence forming a simple homocline dipping to the east at moderate angles.
The total thickness of the Sambagawa Belt is about 2000m. No fossils have been
found, and so the age of the original rocks is not known. However, recent dis—
covery of Triassic conodonts from Shikoku along with occurrence of Triassic
radiolaria and crinoid stem from the Kanto Mountains and elsewhere suggest
that the sedimentation of the rocks in the Sambagawa Belt probably took place
from Carboniferous to Jurassic.

Metamorphism of the Sambagawa Belt is characterised by moderate to high
pressure/low temperature metamorphic conditions. It is widely believed that the
Sambagawa metamorphism affected not only the Sambagawa Belt but also the
Mikabu + Chichibu Belt. No biotite and hornblende on the one hand, and lawso-
nite, jadeitic pyroxene and pumpellyite on the other occur in the Sambagawa Belt
of the map district. The metamorphic minerals include quartz, albite, white
mica, actinolite, epidote, chlorite, stilpnomelane, sphene, calcite and rare piemon-—
tite. Garnet also occurs in the spotted schist zone.

Mikabu + Chichibu Belt

The rocks of the Mikabu +- Chichibu Belt trend north-south between the
Iwairi Thrust and the Butsuzo-Itokawa Tectonic Line with a width of 7km.
Roughly in the middle of the distribution of the Mikabu + Chichibu Belt is
developed the N-S trending Todai Tectonic Zone in which the Early Cretaceous
Todai Formation occurs. There is no difference in lithologies, structure or
metamorphism between the rocks to the west of the Todai Tectonic Zone and
those of the east.



The basal unit in the Mikabu + Chichibu Belt consists of greenstone and
serpentinite which is conformably overlain by successive chert and limestone
units. Judged by the sporadic occurrence of the graded bedding, the whole
sequence is right-side—up dipping to the east at moderate angles. The thickness
of basal greenstone/serpentinite unit (lower unit) is about 1500m, the middle
chert unit (middle unit) is 1000-1500m, and that of the top limestone unit
(upper unit) 1000m. No fossils have been found from this district though else-
where in the same limestone are found several Late Permian fusulinid and
Triassic conodonts.

Lawsonite, glaucophane and omphacite have been described from basal green-
stone. Other metamorphic minerals include pumpellyite, chlorite, white mica,
stilpnomelane, actinolite, epidote, albite, quartz and rare piemontite.

K-Ar age of metamorphic white mica occurring in a mica schist of the basal
greenstone/serpentinite unit from the Okawara district is 105=6.3 Ma (WATA-
NABE et al., 1982).

Shimanto Belt

Rocks belonging to the Shimanto Belt occur between the Butsuzo-ltokawa
Tectonic Line to the west and the Itoigawa-Shizuoka Tectonic Line (outside of
the map district) to the east. At the northeastern corner of this district is a
Miocene pluton of the Kaikoma+ H36 Granite, which intrudes the sandstones of
the Shimanto Belt. The Shimanto Belt is subdivided into two units by a NNE-
SSW trending fault, Kitazawatoge Fault. To the west of the fault is the Senjo—
dake Unit which is mostly composed of overturned weakly schistose sandstones
dipping to the east at high angles. To the east of the Kitazawatoge Fault is
the Kitadake Unit consisting of interbedded sandstone and slate with sub-
ordinate chert, acid tuff, and basic volcanogenic rocks forming an overturned
eastward dipping set consisting of a syncline and two anticlines.

The Senjodake Unit is 2100 to 2300m thick while the Kitadake Unit is over
2500m. Both units yield no fossils. All the rocks of the Shimanto Belt are fine-
grained and well recrystallized, containing white mica, chlorite, actinolite, sphene,
albite, quartz, stilpnomelane and rare pumpellyite. Within the Kitadake Unit is
a vaguely defined zone of crush conglomerate or melange. The existence of a
thrust (Norogawa Thrust) dipping east at moderate angles is inferred.

Kaikoma « Hod granitic pluton

A zoned discordant pluton (Kaikoma: H56 Granite) is intruded into the
Shimanto Belt in the northeastern corner of this district. The size of the pluton
is about 20km (NS) by 8km (EW). The eastern side of the pluton (outside of
this district) is cut by the Itoigawa-Shizuoka Tectonic Line and thrusts on to
Quaternary terrace deposits.

Porphyritic potassium feldspar—bearing coarse hornblende-biotite granodiorite
(Hoo-type facies) is surrounded by coarse biotite granite (Kaikoma-type facies).
K-Ar age on the biotite of Kaikoma-type facies gave an age of 11Ma.



Dikes

Numerous dolerite and quartz porphyry dikes occur mostly in the Shimanto
Belt surrounding Kaikoma -+ H66 pluton. The country rocks are schistose, but
dikes show no sign of schistosity. The country rock and dikes are both contact
metamorphosed within the aureole.

Contact metamorphic zone

Biotite and cordierite isograds are located around the Kaikoma -+ H656 pluton.
The maximum distance of the biotite isograd from the pluton is about 3.5km,
while that of cordierite isograd is 1.5km. Other contact metamorphic minerals
include sporadic potassium feldspar, andalusite and very rare garnet in the
innermost aureole.

Todai Formation

Early Cretaceous Todai Formation occurs in north-south grabens within Todai
Tectonic Zone. The maximum width of the occurrence is only 400m. It consists
of conglomerate and regular intercalation of sandstone and shale. Trigonidae,
Ammonites and other fossils are abundant.

Quaternary Deposits

Quaternary deposits in the district mapped are only poorly developed. Talus
deposits are common. A small terminal moraine occurs near the top of Mt. Senjo—
gatake and outwash deposits to the northeast of it. Solifluction deposits develop
are well represented at high altitude parts especially in the eastern district.

High (250m), middle (100m) and low (40m) terraces are covered by gravel,
sand and tephra along major rivers.

Economic and Environmental Geology

Small deposits of copper, manganese, and nickel occur in the Sambagawa and
Mikabu « Chichibu Belts. None are large enough to be economical.

There are mineral springs in serpentinite in the Sambagawa Belt at the
northern edge of this district and at Tomigata in the metamorphic rocks of the
Ryoke Belt. Both are utilized for baths.

Because of the occurrences of major faults, steep topography, and develop-
ment of schistosity, most of the map district especially in the eastern half is very
susceptible to landslide.
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