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BOHHTHY, AR AT T Ly s A, SHEETER Y0 BR) ROSBRRNT 5.

RBUEHER % 250 1= 30 B LTI, SRRSO /R RIS 2 72 L K, 1959 5 AAIED,
1959), LA BIE D HfE (FRAE - KlEASHT), QA * © WABar 7Ly s 2), Oh
St (F - LB AR, ORABEE @ABaL 7Ly ) KEASRTNS (AR
7, 1961 ROHIR, 1961). AR OTRHEICIE, 1 - FOKR IR OETIBEE - A ERE - Bk
LR EOTT 5. 7eb, G, ROEOBECIE, T RAEOSRORME OETBOMK &
b LB TII ALK KERICTEO LN TWD (85, 1987 ; Isntea and Suzukr, 1988).

KB M R LR HSAL 2 0D, TENBFHIAS & P Itiflc S 72785, BUABF R [N
ST Uy s AR, PRI - TS ARABERA L A5, S bR, Rk
2 B R N OB S, AR LT Lo 7 R & A BRED SRR & b
BRICHFIIERNTHAT 5.

REUEHSRO BRHEE, 2 0B BIEA & 1B OB 2 A L CHT 5. & 7Rl i
B AT RAEIC L0 BAS, 20N CHERERIENAZI TG, e, ARG
T, AT OA SR R A I DTS,

Im. 1 #f 38 &

P OMFTEE, LT (1894), EA (1894, 1895) DSHUANMILERIC /A4~ DM A% “Plkks”
KON “BEeE” L UORLEZ EIKhE D, /I (1897), £ (1925), EH (1925a, b) IXZDEGEN
FEEAZ A G 2MT L, Kobavasui (1941) (3 2 O MU DO PIFRRAE - i S - BHHEMS 2 F & DT Yakuno
basic plutonic rock (MK, 1951 TITRARHEIMRCE) LA T2, 2D, T (1950) 137K
NBPHR AR & SRR AT D AR A M A BRER T & A4y L, TEF A AR O M E RS R ST o0 —
D& Lz, PRIEA(1954) 13 - 3B RIS RE ES T O M ER CTh D T L R L,
IR - Kl (1954) 1T =B RTAYEHPSBBERZENAESTE 2L 2oLz, A
(1959), MMAIEAH (1959) ITRA B IR & — 8 - ZBRATRESIT 22 L &R L, iR (1961)
BT OHEMKGEZ &8 - ZBRRAMAOEEICE N T EMAME TH D & Liz, NI Hs
(1959), JEARIZA (196 ) [ IRARFHEIEE IS - TET ZmELNEHE RWZL, ThEhofi
% MU T B 70 IR, BSR4 T, SRS OB T & B 2 7



PLLEORFFEDt, Sk (1961) X0 Ter (1973) 1%, #EHICRBW TR VA & RIRICESEES,
TR LT IE R E S A (BRESIERIE) ROVERCE DB T T 5 & L, ZhICRAE 2
Ty I ADAMEL 2T 1o (1973) 1%, KA T Ly 7 AIHImAHER CERS L7 kpa ik (B
NN SERE (EEVISERE) L & B ICHIETENCIN » T L7= b 0 & HilaRHTWE H L 7= M Lk
Mol Lz, Z0t%, AFE1978), Isnmwatart (1985a) 1%, AL ORATHEHEOFHENS,
BESES - W EROLREN —EOF T 4 A T4 MEFERTEL, TNERABL 7 4474
MEARTTZ. e, ORABAT 4474 MIERIEREZZIT TRV, BTN EAAS FAICmIiF T
SEIH-NRY)—LGHNL T T =2 T A MEETEREN ERT5, @I E CEBBELMS L Shis
HODIREINE, ZOEBIEMCE VIBR SN L Lz, Kok (1986) X OTE HER NS b A7 ¢
FT74 FERWEL, F7-Kome et al. (1987a, b)1EXS r WAL 2 & Toaa bR O A7 4 4T
A MERGDOLHERZ L EERHLTND.

ARMEHIR O SRR AT 2> 7 Ly 7 ZACBIR LIZFgE L LCiE, iR (1961)  ASEABFNT A O 48
ANLTTASHCNT COHIOHE M AR L & HIg, BEH OB % b & (BT OHEEIC ST
W5, BI/NHE - BEEBICOWTS, TRENAR(?) KO ZERE LTEONMERE L TND.
AAFIED(1989) 1%, AHUROTBEOFEIHILIZ M T 2 HAT 2 o TV 7 AR E2=y b &
T - A=y MZXS L, liz=y h2ER LARVEIZ 2GR L7228 TRV IR L TR 5 2
Ll Tns.

AR sk o>~ T = A R A B BRI OV T, IR (1951), FRIEA (1951), Nakazawa
(1953), FRIZA (1957) 72 XOBEAHS. FEN (1957) | RAUL, AR FBORME -
ERODLINUBEIZ 2 oy Sh, BIE IIEMESTESE - BEE &, BEREICEENLRD. ZL
T, FWATEIE = BRI % 79" Eumorphotis J&<° Neoschizodus J& 72 & 0 “H HibA %, bHWLEIZ=
B P HIRTY: % 7R Danubites J&<° Hollandites B 72 ¥ D7 v EF A MG 2ET S.

m 2 EAF=a Ty s R

ARRMEHIRORATF 2 T Ly 7 AL, ST ET 2T 5 b 0T, XIEHEALE T FE AL
K 4. 5km THEIEOTHMRT S (F 6 ). AMETIE, HBEOEHKIE ORFEAY, 1989) LRI,
BN RS 2RATF a7V y 7 2% “OOMIERIE, Bhwvar=y XS - By

RS T 5. XA - B2 =y MIRABEFROREEZ S, BhvaE=y MIZoEM eIk
MZENENSAT D, Wiz=y FOBEFIIMETH L. ok, LRE - BE2=y ML, HE/THEEK
g OR)INEDs, 1954) OMFREEAEA L LEEERTREZ GO b OIS, HIR(1961) OFEHH1E;
AT OHERES, FIBEBME GEAITA, 1961) - RITILIBE (B8 - R, 1965) ORAARFETTE
RS T 5.

ZOED, AHIEORAT 2T Ly 7 AT, BEREEROCEREEPDTNICETD.
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FOR BEILKEHRIC B A2EAF I 7Ly 7 AOMERE
THREHE2 =y OZXREPOEREYOSHORT, £, ARVBADFORFIZALABETH, L— v v 70RO S G
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IR =B RENE HBRNAL
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m 2.1 Bhivga=v r(Sg)

8

BB =y b9 b, ZRE - EEaoy b DO b0, AHISEITEET < SO L R
DA 5 BT 1A B S~ AL 0 = Bt ARSI 2 Ml Bkl 2k <57
T5 F6R). oM, By BORETILCE S BB CZ O IRER 300 m & Had, HIHTy
ORETTELTTTT — SRR FRBE A & OB 2 72T WO 6 & CREINAS A L, AT I R
BT 5.

7, LR EEamy bRV AR R, R Tkn GRS H~
B S HBOIHA HR AL & Gl LTt 5. BRI, o o0 AL 8 0 L
BE RO b Ol 5.

%18

BhWEZ =y MIANAEAREABWEEZ R E L, ARARNE - ARABENNERS v X
4 RO & > TS, AR IO 2= 5 F ORI HET 5.

B =y OB, RICEREER O (BT 2Z0CHY, FEOLIHRS
AR R LT 0 0. < ORI, Hann b | mBEIROSIREA 2-3 HicFeE L <
VB ET, BIETETACH S KRR b, B5FC b SR OB OB R B A T X 5.

BIF WAFIY 7L v 7 A0MHALEOBRIE
A, BREE SEY IR UKBEORZ 5B o0 5, BEILAMEFTILAISM. B, (EAR, fE12em) BHEWEIZEZT 56
B TOESHAELYORT 2T T



KRS HE & OBERWTBICIN 5 At OBEN V= D 2R T B AT IR E L, LT
USRS mm A — & —CHICHE L CND. 7, BEEPO IS, READY—va T4 MR
P & 2 EBRET O BRI SHICIEm L, Sa0RELREC L TWD. ANRAIC K D EE,
BIoZilE - e =y PR dtloBE G2 =y FTHETHD. EENVELZ=Y FOEAIC
%, WEHmm-$em DEE S A - SR —f - FEATREORMIRDBILSFEO LS.

£ P04 HAR A B S O KRE IS PRITH Y, SRR R b5,

kLA B A BRI A BEN VEHIOE D 2 ME RV - TP (BB440-65) ThH Y, LITLIERIEAICE
Lo AR ~ 2 A NEOHREEHICRAL T 5. ok PIA AR A BEN Y O —EITIE,
RHRACESVEH Y ORI L 5 DR b, £ ESREY O & BRI ORE OFEIC &
ZERAEE (lithological layering) »MBIEES#LD (GETIXKA). JERMGEAMALT 2B EOE 13 om
~BmEETHD. BIEEO—BEMITEEN LR -FETHY, BV ET =y hOIENIITITFE
1Chsd. Eiz, BERNFILT30-90° TH 2. WEILTTHHPORITH, TR EA T 2 T e
WA IR IEIETATICEST 2 OB TE 28 TRIB), BRSO TAT /el Tl E LY
IEEMES 2 7R S 720,

#8 BAF 7Ly 7 AN wE2S Y POBRETOBEMBER
A, TEBEYCE O AAE BRI E [GS] R46735], B. MK ARG HADEGMIL 4 (GS) R46736), C. KA}
REBRRESUARSHEOMAE[GS] RI6737], D. AikOIEL AITE (GS] R46738], VIR O FAHE— T DA, A7 —n/i—
120.5mm. Pl: #R%E, cpx | #HWEE, hb HEAMNE



HokiA A AR BEN AT, ISR - EAEA - SEANA R ORERED N 57D, 20
Eh, BEKAKROZREM & LT A A - FEAZET. SIEa TR 16 BFEDIIKTY, £D—
LA B AL D D WEIRITHEANEE LT TE BB Th A 5. PRIANAEAEABINVED O B,
AL PILTICET 2 b ORI RBEREN L L HICEATVD (T-1T HE%). TOHEMIE, E
H=y POBEAL L CUIERAENT <, REMNZREA(GS] R46735) TIIRHEA (FE%T39%) +
HAPEA (36%) - WilEANa (4%) - REWHY (17%) ROZOMOFEY (4%) »6iad (F8
EA). REVML, RGN ERTT X U E o TV D, Z OB VE ORI OREN 255
B2 88 1 RIoRT. b PIA BAEA B B Z MR T 2 RHRA1E, PRCAE LY —v a2 T4 b
BT A MELTEY, WIRTIHKAG - KKK - REWTH L. M7 77 F74 MEET,
FEAOREIGS ] R46735 TITA N 62-66% TH D, HIFPEAIIAL0. 3-2m T, HE-FHEZRT. H@AakN
AILE - BaDZEMEER L, EHBORMR TH o720, MIE THANEG-CREWRS) % B &\ /-
D PRI A HD TN D . BRSO A P 1L S F S EOREICHROANAIC L VBRI TE

FBIER RAFI 7Ly 7 AMREMOLEER

1 2 3 4 5 6 7
TEBEYIIELEA LS ¥R &
GSJ R46735 GSJ R46744 GSJ R46743 GSJ R46739
[222a) HREF ARE 8 &  H a
Sio, 51.9 51.7 42.8 49.5 49.1 51.3 49.8
TiO, 0.06 0.90 3.27 0.97 1.16 0.75 1.01
AlO, 30.7 3.20 12.4 4.01 4.93 2.27 2.77
Cr,0, 0.18
FeOQV 0.14 6.65 9.85 10.5 9.29 10.1 15.0
MnO 0.04 0.22 0.18 6.19 0.24 0.38 0.42
MgO <0.01 14.6 14.2 14.4 14.0 15.2 12.2
Ca0 13.5 22.3 11.8 19.6 20.8 19.1 18.0
Na,0 3.80 0.42 2.94 0.33 0.22 0.22 0.27
K.0 0.05 <0.01 0.31 <0.01 <0.01 0.01 <0.01
Total 100.2 100.0 99.82 99.5 99.9 99.3 99.5
Si 2.352 1.912 6.243 1.865 1.839 1.926 1.907
Al 0.648 0.088 1.757 0.135 0.161 0.074 0.093
AV 0.992 0.052 0.375 0.043 0.057 0.026 0.032
Ti 0.002 0.025 0.359 0.027 0.033 0.021 0.029
Cr 0.005
Fe 0.005 0.206 1.202 0.331 0.291 0.317 0.480
Mn 0.002 0.007 0.022 0.006 0.008 0.012 0.014
Mg 0.0 0.805 3.087 0.809 0.782 0.850 0.697
Ca 0.655 0.884 1.844 0.791 0.835 0.768 0.739
Na 0.334 0.030 0.831 0.024 0.016 0.016 0.020
K 0.003 0.0 0.058 0.0 0.0 0.0 0.0
Total 4.993 4.009 15.778 4.031 4.027 4.010 4.011
0 8 6 23 6 6 6 6
Mg/Mg+Fe 0.66" 0.80 0.72 0.71 0.73 0.73 0.59

1) £&%iiFeOL L TRY
2) ARBOIFER» SR 1 H,0 2.06wt% 2 &L
3) BRAIZO>VTIFCa/(Ca+Na+K)



D, BRI S TH SRR DL DO G, EONEEZF LT EERRAEERIIKSBOETRLA
B BRLCOB AP, BIRORROBE LA - (GO MBS OBHEN b 5. LT
FHEDBRAVNE T, SRR 3mm OFFIE - LU RO L 7> TR Y, EFE1 mm LT 0%
Fk e A PIA NI WESIZ R L TRRA DM Z O APIEEOMEE 272 (B8 XC).

AL DA AN A BN 1Y, FIIOBEE = R OdERIBIC Y 72 2 5@ L R OV 7
WAL VR IE N T AT 5. 2 OMRARIERINC S04 3 2 RIS iR 35 . HRL A DA BLARDI A
BRIV T, TPRIHIC L TEH @A P A O BRI A2 £ < e Z & OREA O—FIC R OLROBRR D
LOEETREORE T GB8IXB). £, WHREMMY, FHCHEANEA IIRREANIAIC LTS
FIEDOREICEBIN TN D, ZDIF), BIRAKROZREME LTREA (—IERDTIA 2 DI
%) Z&te.

APIABEN NG T RICREE A LSl ANA & D720, Ml - PRIOFPH TR L < RB RS
ALATHD. LIELIET—VRICHRE & & T, #EIHHJFH%%%—VEJ# O FEEF 2 (2T TRER A A 3 AT
T 5. REAEANADIED, BIRA L RBEREM R ORI E UThRA Lt AfAZ2 a5, /&
BDY—va T MERF LW, ARABHUNESRS & A M, @ LiliE 580559 1. 5km R ORA
SPMTAE VS 07 ORIy (BT HHURA) 722 SICET 5. ESFES TIERRWISHR 30 miZihiz - T
T D0, JHPHOBEN VS L OBEATITBIE TE v, AT ORAITRK 10 eniZ & 5. FHRATE S T
1%, BRI 80cm DENRE LT, ERMEEZ 24 5 AN ABA ALV EICEAL TN,

APEE, LR SR T R OB RTEE H O R RIS /3 AT T 5. A BFRTEEH B O A P,
FimrErs (AR BRIEHIEN) 29T 2 b0 &b, iR (1961) TRSFAREEHE Sh
TbDThHD. ML - Bk ThREZREL, LIZUIZARAICETRRS & ANAIZZ LWESBE S
em= 2 10em THERIZHE D IR L TV 5. APTADEFNC KX H8EENRE L, fmEnLmsE eIt oM
T, B lm LT OARARRVERMEL T (E8XMD). 7k, RABFRTEEHMMEEORRV T,
74 PIE ORI X HL # - PERIPE O &R TR 65-90° R L, MAPIE OfERIZALEIC 45 o% L LA
A AP, RICRHEA LRk - R BT 2 EHEANA R, I ROBREREMES. 2
DIIDAT =2« IR - REWS A, Flo kg e UChklen - AEREZET. AREOREIT
THTH DN, fkERTIent, BIMEEEZ 2T 28E &2 WITEBRE KIS O RN & 2.

m 2. 2 XRE-HAL=v b+ (Sb, Ss, Sc)

AIRUHRE

TR - HAaa =y MIRASREGEOPNE S 5. EordEE, Ao SA0E - mRoEm & FF
OREWTEE R CHi-niz 7 7y 7 @I 1-3km 20T 5. X - B 2=y 2o lbicsfid
LEENVE =y b EEWERR THET D

TR - By MY, ZRE - FU T4 M XA KIS EMESR CES 2 THE &,
HAZ FRICEREEKIEE AR & 00 EEICH T2 2 ERTE S, @alhidt 55 r &0
WAFALIZIEO S ik L 0 T, TEBE DA L, HEEH SALK - BT & T 30-60° ALER LT
W5, EORMNTOEREIL2, 000 m+Thd. —F, ZOKEIYETIETHEE BfE»620, b



P BARI - FTEO AT 30-90° AHERL L, 7= EHBICHRD b Db FUS BRSO LEBIEAL BT AR
LTW5. MRAOBNWEZ =y b EOSEREE, At~ TEE»D EfE~& L0 B3 oq6 L

[ZWTE A A CRONTEE A AT 5. AT sk oo F AL i < o RN ORI, o T
B 2,200 m+, [A EEE 1,000 m+, WiELDIEO FEHE 500 m+ThHD.

THERE D ERE e T UEEE KA ITRE AR 25210, Bl e LTy —f - 55
ARk - T 7T A - REANA R EARHEENCE T, £ LT, JBTFRY FALIC AN ERSEE D
FRL, B oK AEE ARICERE LTS O LBIFR T OE L Hifdm Lz b o~
BT D.

RF, B G OTEREIREE RIS O T 2 XA - A=y MIEROEFIK 500 mA R/~
7= 2L, LA TR EANARCREREZ A CEtEOILIEAARO b, —FHEA
FREN - IHA GEETAERICEMLIEDR) 2EUREAZFETRTNS.

E=g

LRE-HALI=y FTHE

THEEE, ZREEFEELRLIA b AT a7 TRAEA N ROGEIRAE & 2D ZREE XIS
e, TIUHAET 2R A EE R OEEE RSO0 b. FHED > b, ZREEKIEE & JEOM
RERTIA— b=y TEFHI, 10 KIRT.

KRR DRI Tl 575, REETHRENALY, BRIt B E, AN, RABT
PRI EITIIAREESE A 35 (B9, 111D, ZE & ZHIUCHR Shp EAIE, WiE TS
NTNDZENRZVR, LIFUET RV EEEDOTESICEH R > TV (G 121K). £, ZiEICHET
LHAPICIIZREOMARAE G Z L03H Y, 8T TIIREAEEED D TRERZ2 MM A2 R LT
LOPBETELEEI3R) . ZoFERIE, ZREDNKIIEENC > THRE L 72 %3 lclea & & bich
LEZZEZRLTND.

ZRAE IR 0 - ekt - JRERAZ 2 L, SRR TH D, KIS Z IREF L7 TR 0% < ITHIhLEes
PR EZRE TH Y, HAWEA R ORHEA OMEER - B2 0 EET GE14KA). EZIThAbA
AEEERICHRT D & e SN DRIBA B R DGR D b D, ARORRAIIRES 23 ZAE 0. 3mm LA
TCTANL MELTEY, HANEMDIIMIE - kpR TH 5. £, HIREEOHEANEAICIZT  RI4
MROFREZRFF L TWD bR OND. ZRE P O BRI 135 @A ORI A Y, HERERE T
HEORALT T Ly 7 AR ENE ZRETICRESN TV D bOIZLE~EWF e /Mg ltZRrL T
5 (1%, H15X).

FL T4 MIZRAERACH A TICAIRER & LCET S, malfdbilodt 5 ik, JEE20m+ o
LA FOERVEETICEAL, HELOEMIMTRMHEZIER LTS F10K). FLI1 M
A« BDROHAEA & BEHEK 4mn ORARBIEADNGRY, A7 4 F v 7 -HT7F 7 4 F v 7 iik%E
~Y. B RGEHEEM & G T,

HETEEREOERE A, LRETIEIHmMNHHK 150 m TESITHRENTHET 5. BEITE
{72 B0 5y TIEREIR G - POV NEIREAETH Y, Hen MR TADEEICIZTHAT RN RICLY
MAELTWD. JBYL L7y IR A6 - et r 21, & X mn MR CTALHEEE 25805 2 &2
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100m

BN XRE-HEAz2=-v bON—bvy 7A (BRAFETRE, BEHBG)
Pr:s¥5%H, Pm: v~y —%, Ep: BhAG
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FUR ZRE - FHE2- v 2T 2HREE BOlmfar SHCALHH0)
END L TH80cm

F12K ZHE (bs) & B (sh) OBMMOBEEA
BEAOHBHEDRALRL, FUMBLRY, MHEHI0REH



I HEPOXREM [GS] R46745]
A. HE(sh) P LRE (bs) DABSBAET 5, A7 —NVidbem, B. TREOBUETRAZHEERHL TV, C. XREED
LBAOBSOREIEHLERNRTVE, B, CLUTHH-IDAH, X7 —11i30,5cm

TED

EE RS IR 6 (AL L7a# TR - IRAG) - i, HikRo2isgET 5. mahigES
5mU T CTHEN, LIZUTESICHIRT 5. BREHEHICE, BMSETAROEENLRDT v— NG
L, BEEERICAT - RANTHBET 2BIERKEEObOR RN 5.

EREA

ZE - BAa =y F TEBOZRAEEKIEEITERER 220 TBY, TOEMIEYHREEND
K& ARZERREER & EEKERIC2 5T 52 LN TE D (6 ). EEREMIE, TEHEO - i
W20, KA AR C RIS OHEANER 2 B F E L TR L T D, ZRdim e LTREE D
FRS R — AR R SN (B 14 KB). REWRIEWME I
DR —fFA+ 58S AL AfA

2) N Y — RN A

3) kA £ R

HEESH

Thbd. ZNOOEYMERE» DIREREMIZAZDSE S 1 - N —AfICHST 5.

—77, EEREMNIE TEEBO FEICHYE L, —HIC kSRR HEANEA 2 LT bon b, %21

(54T /S b +HRIRT + 1 ER)



Bl BAFaTvy 7 AZRE -HE2=y OBBRAROBEMIEH

A SREEME LR OXRE[GS] RI6739), M —KOBF cBME s 5, B. TLRE[GS] R46740), C. TLRE[GS)

R46741], D.

w7 2 A ARBEE [GS] R46742], IRV THR~FDH, Ay —nAsi—i3A, Bizlmm, C, Di30.25

mm, qz ! BHE, pl | #HRE, cpx : BAET, bi: BB, ch: RRE, ep: BOATF, prh: HESH, pum /30 )—F, am :

HRE AT

BIRCTTIRE IR RIS 2H 6

50,

o KIRE
X BAEGR LFHIE B SR (3K, 1976)
& BABA T 4454 | (Iswatar,, 1985b)

o HEA T 4 A5 | (Kook, 1986) Fe
—_—>

Mg AV4 AV

50

B LREPORMERDLFER
DHAREOMERRAA 7T, RFEOBFIE | 2O S4B




El6H ZRE-HEz=-v F LREORRER
A. RKEDE (so) # RO HE BHILTHZE), TROMEN.Sm, B. GREER£5F- 88 RAFI TR, shixEER,
C. KERECREVENFRRATH, A7 —A/ —ik2mm, THAR-7DA



KILEHRRZ RGN RREET 2 b0 FETROOND. LT, B E L TAREZ G2 LT
AT ons (F 14 KC). RENARZERIEMMLE I

)@ AR A+ A A

2) 7 7 F AR AHA
ThY, FREFER-FAAARPEERICRY T 2. Z2ds, EHMTFATRIZ 00 ik A A - Eil AR
HOERIPHA T RO LEUEPITIE, BV 7 = VAKROMBEZ S TRE S E &b, -4
B - BERBOSWMAE T, BXA - BEA - BUAREMES . 1%, RIRADEF A 7 RICHRE S
L, BERIHAEIIL TS (BE14 D).

TR - A=y N FTHBIGRD ONDSE S A - oY —F bRk a i, RnAAfARE
FICEDERAERIE, o) —F - T 27 F /) BA LSS & K SRR R 720 351 &
AL Fie, KA E KNI RS 2R S 9, BRI ERICHE S BT THY. Zhb
DEM S, T - B =v b FEEOZ T TO S ZEERIIEEEZL R IER  (Mivasuiro et al.
1971137 ICHYET 20D EHRTIENTED.

ZRE-HE1I=-v LB

LEEE, BEAEE BERICEEERE - B - WEE D,

FUHOTERNE TEEO b O L [EREICHE K - BEHECH DA, LIXLIZEE 20em LUF CHlUE L72 Y
JEE 40cm LA T Oftth: — SRR S -CEEE B A Bete (B8 16 [A) . fRALTALFEBU R OHFR ) & e v
WCADBORIZIE, FESEOR A Wy 2 O RE LT EE NN 5. WHESEREIL, EX
5-20cm OFBIANE L JEE 1en LFOEAN LR DM EEBRERBTH 5.

B IRNTF T F RO L, JNL L7/ NETAD 72 OB I RIEfMZ23 3 m+Th 5. JRAMD

BIE E A - HEE TN S RS (BBI6KB). B OB, MENLI10%U T THD. #
Fldi K em, %< X 1em AR T, BERUSES - % - v — hA &0,

A VIIREIR 2 « SRR OHURL - BEERDE T, f&ENLTH LOARBALTE S 0 b OIFEE 100 mEL E &N

LB m -30 mBETH S, MEICZ L, XRECHERE XIS (eGSR OERICE
tr (F16MC). WKIEHEY B< 2. BFEFMEISNbONLAIE- e bDETHLND. ZDIE
DE - B - Fx— FOER, A% RO - FRAORRR R EEED. Ky BRETARERETO
B RS TR AR C, AT OHORITE FIT5en TR 5.

(FHAT AL A+ HER)

H

E

m 2 3 @#EgEs W)
IBTEPREE L, ALK 4km V87, LIREAHTIZIER 10 m/NER L LCET 5. AR OB
L OBEMITIIBETE P, WA S OBRITIRHTSHS.

Z OBEGREA ORI T RAE 2 U ETIEHCE R Ly, —HICSIk TR & B i
FET 5. FICHAD AL & HRRAD72 5 HANEA A DA T, RBEANAL - RRA BRI
V=2 T4 B ROV v 5L - BRI A R > TV D, A b AAIRERIZIESCab L, A v o = ffk
BT, HAHEGIE, RS0, 2-2mm TR 20 BEY% & 0 . 7 1 ASKEE - SRR B - REH CTH 5.

ZDIE, AHURTE GG O EILTHRAN O EARIKIRICE L2 kT, RAB a7 Ly 7 XL



B OBEFITIZER > TRESHE A OWANEL RO N L. AEITHAEAER S V.

m. 2. 4 #EER F)

PMRUER

EERBEIE, R <A L7l — BRI h— T Vs R OMERIPIRES 2 32 & L, SRR - WL A 20 B
fES. ZOBMBIOEL, E2 MBI ORELNRT LS MEL TV B EDREETH 503,
LR D CREERBE O KA Y T2 L1l L, RRETIERLUER T A A b & Uiz, AE
TEHREEHEE L b0, EBoXKTILKIECENT, “ ez 8700 LIERPIRE & 5\ T aw
FBABEE KO “HREAZWV LERBECEEBIES” & SN b O35 A - BH, 1965).
BEREAED YD, wWHUTHEIL T ORZHA0 ST A D BRITHE LT 2 R b — T Va3 b B K &
<, e =y FERERE - By FOBEROWEICH > THfT 5. ThERTIE, TT
I8 10 cm B 10 m &/ TH 5. BERES 1T OBEEMAL L7-FRIHE LTHEL, A A L DB
FRIIARATH D03, —EHTEIRKOBEANEREE BT 2ERPHEE SN GE 1T . BEREAEDS H, h—
FVE R OIERPIRE I ZRA - EA=2 =y PROEOIMOBIEL =y MRIZEL, ZlakD
TAYA MEIFICERA - B =y NMUZET . FREEEAITEAOBI A=y MNIEHRD
TENTHD.

A

- R h—FvE GEI8IKA) ITEHICATE - READO RV ETORENE G, JERMIE TIEE

BT HMALECEATIERROERES BALUHHREFLA200m)
F: ERERE, FEOLTF4m



B8R BAFI L 7v v 7 ARREEOEMBER
A. MR+ —F & [GS] R46747], B. KI#E
[GS] R46748], C. #4 %1 + [GSJ] R46749].
A, CHEZFX—%, R4 —As"—i10.5mm, Bi
THE=—FDH, Ar—ns5—130,25mm,
gz I BE, pl: #ER

WAV EAZMES. REATVWTROEREILT VAL MI2oTW5b. =T VEO—HICIT a5 &R
RADOWMIGHMNR A OND. ZOED, BRI - B - D3 RO E LTRLAA -
e - wikEANAEZET. 1 ZE A EOLABRERZR 2T TR Y, BERARIHREIZIE -
THES LTS, ST T, BT 2BIc LA L, ARIEEN e ~d. £,
—HIEvA B A MECHERSS LEA X AMERE R LW D, e, TO XD Ao - FS ARG A1)
2585 ADHNRDS LIZLITRDO 5D,

LHEROTA YA b & Liaad, e Ciaste - IKAREz 2L, b—aefthmiies & 527
0 JLIR T2 S TR, ZldE & LTcanid, BAL0. 2mm FREE D SRR - RARIRBHR A 3B E 2
23568 (F18XB) LERO0. 5-1mn OV EORRAMEELN D05, FRAITTNTT A A M
LTS, Z0iEAy, 0. 2mm Bife OREHIL OWEBER, HHlZoks T84 (FICA GHMIC B3R KO
T gl TAYA MELIEATIEIAICAREESTEY BISKC), &EIThAELPRAN
DIRDAT=NTA FbBOOLND. ok, LIZUITAED DWIEAE+ A DOMIRZBD 5D,

m. 2. 5 EHtREBESFR

KHIEOBENEF DY 7 L 7 R et 5 R - Hita=y ko5 b, @altiEzl, +=,
$E e ORI TR OEE (M52, 3, 4, 5) b Bl {Lr Follicucullus sp. 33EEH L7-.



Fio, T CICARREHIRHSGHROM AT (MR1) T, EAEFHS Follicueullus sp. BRWEE TN
% (Ishica, 1986a). L7=23o7T, EAEOKHUITI EfF - %W Ths. B2, ARRMEHITEL ORNE
Ay 7Ly 7 AT, HUEROBEXIFEHIRN O TR (EARIE), 1961) OEENG ZEflH
H#% =% 7~ 9 Follicucullus monacanthus #4578 LV 72 & TV D (CariorolT et al., 1985 ; ZEA - K
A, 1985). —J7, ZEEEEREOHERE ) HI% Follicucullus monacanthus BEE, i@/ 51 F. scholastics
TEAFET D (Isutea, 1984 ; 83K, 1987). LEDZ Lind, LA - HA= v MIFMRAITITIRES
JERET - THEICHIETE 5.

WA 2T Ly 7 ZIZONWTIE, #ONDHIERPIME SN TEY, BT SEHIFRESIETIC
OIART DB VEROMPIAT 241275 Ma OK - A r 4R (Sumam et al., 1977) BMFHH TS, £z
WA 44T 4 b T285Ma (Ko et al., 1987b), [ LRFETEEBICOAT BHEAT 4 4T A b
T281Ma (Kome et al., 1987a) OWFiuh “EACHINARTRD - Sr a7 A V7 n U ADEHE S
TW5. ZTNHORMERIL, ®RAFa T Ly 7 AOBKERD HWITEEERICTHY T 5 & 27T
ZEBRTED.

BERDOWTRIC LT, RATFa LT Ly 7 A0 ) HLEELHEIIBERIHCEAL GERIEN,
1961), ELRABBRACHY T 2 ERBIICTESICEDL TS (TR, 1961). HICRAE a7
Ly 7 ZADBEN AL S 72 SV 2 B RS RE I D - BEEICRET D (In#iEAy, 1961).
INBDOZEND, HAF LT VY 7 20— FIIFBETERERHCER L TV b oo, ZoiRiid

B - I E TRk L, BACR - ZEAUADICK T Lo HD TN TE D, KA, i LRAR
SO T4 BRI bR 2 7 Ly 2 AN KT BT 2 IR B R X
nNTkv, RAHa 7Ly 7 AOF T ZEARTICE THD 2 & AR STV 5 (Tokuoka et
al., 1987).

M 2. 6 #74454 FELTORABaVILYIR

ARMFHIROBRAE a7 Ly 7 2%, AFE(1978) S O Isnvatart (1985a) DA AT 4 47 A
FOTEHIERIT G- 5. ARMEHIEN THAB = > 7 L 7 2O A DRI H 5D A BT
AR R G ORI (319 X, HERWEHF - GO—EIcEY) Tk, #bIEC OfPa EaG
B (— SRS E ), OQHEA AT 2 XEE (BT O FALICHWEREE R B
), @EAEE (b Efrzand), @ZXRAERE (R EHE - ShAGANIEHOR), ©/ANEEZETE
NOVEDRERICNT 5. 2 LT, &AL, 20k FRZCAERT M TRIN TS, L
ML, QOLRAEEIEWNEDELN S L2724 LHETE, £ RENT O FALIC QOBENVEDS,
F T O I @O Hi 2R T EEEIMIE L TV D. ZULOMAERVIL, beblodT
FIA MEFAERBR TEf SN b0 LB ON, FEETIIE I9KO L IITHEILTES. g,
HESEAE K SOD, TsHIwATRT (19852) IZ K DA A7 4 45 A F D Metavolcanics NS HIZTF
fiZ® Transition zone, Cmetacumulates FHBICKSHRONTAHY T 2. £ (1978) D345 L /oA A7
F T4 FORHE, TbLIRAENESAE LIZUIZAEET 5 2 & OANREE (sheeted dike complex) &
EDRNZ EREBIBBLTND. 12750, RABAT ¢ 47 A MCHE U TARRICIE, Sk A



@ /
SEIB- !
= TR At =L
xieﬁam /

@ﬁnwﬁmma
V

T I MONE - M B

BIIK BHIUKEHSRTERBORATF 2> vy 2 AOMBEREY 744 54 FBFEOET
HBSHEREOARICAL, < tEoLTom
4y (Isu-

- PRAVA A FAPIEAR & 52 1) T2 ZEE DOy R OZRIE D D Z O FRLOBE VA Y 2D 5 H
YT 2EADOENBDRL, ZOFHMTAATHD.

IWATARI (1985a) @ Transition zone

m. 3 #% # k& &

m 3. 1 /MEE (0d)
I B A M AL P O L T S LA B /NS T, I

TR (1961 1Tk 5.
> TrHAEIERY 100-200 m THPFEICME S 0 L, IEABER L, MIIRAB 271y 7 208
mEhs., A#ETokE

WET =y b EZIENNE TS S, A O FE K OVESR LR AL
JEIFRAEHRIZBNTH 140 mTH D.
A & BB IERE & OBSUIR AR W TS, F20MIcEDL— by Yy T ERT. 22T
/N DR S & AT ERED ROEE DK | mOBIARITE > TEEL, KikEES O
Do TRRHW SN TS, Fie, RO, BATEREO BA A A W
LW rEEERS L. —J7, /INEEORNICITRAL =
M O BIRITE B S (B 20 ) .
—JiTlL, M4mic
5<%, /hHE
HEER

VXA 30em 12
B SN THML, WEAEEIC LY R

YTy T ADBNNE L=y RS AT DI,
/N &R TEREO BRITAL TRV O ERE 9 S#RALRIOD 2 2:FT T b gl S 7.
TR AN AR A CRAT B O S LT 5.

bz TUNHBOEE N EM 2517,
ECAAEN 1-2 mOFBIARMTYH » THETH. WAFBREOW

DRk & RAFERE O &
BHROMEITIEHL, Loy ARERT S .



AABaTLyIR
Mhvga-y}p

o3

$£206 /JHEONV—-FTY T
BrRLHKRREFESORIE
n— b=y 7OMRITE 6 HBR

ANHBIREE LTHARUREERN LY, WERUCEIESEME ). EEERAH D VILRGE
FEL, EHEIOIVBEINRY. E, OB EREZARSS.

AT LR A R OVK IR S 0 B2 D, fkad 2 WITHE R A B9 5. KRUARE TS
WCHELTEL, BINIKRICEWTES -3 mOBALCHENEETS. 8 FOBETIE, Liaiifii
Fi L B DD, ABERE RIS, LalE kIR S A TR AOESE L inn OHALCHET 5.

WEFTARITEDRIKOFENY v 7T, MICREAPZRE R OHERE OS2 &,

EEE EAHE R LRI OB IRAER & T/ ICEL, Wb K AfAE R 5. MiEFE S
5 mCERAREIC - THEL, WEORNIIEGNTHS. BB LZEHEHTHY, AMOEA &
OBRIIARHTH S, BiT OBE CIIRTE OBE A TIIMRMba DIVEE R TR TR H 58, 7 v
FRALER DR R EICA M TS Do 7o, WO ESIC L ZEUER S 2RI E T5
EEHACRREADE EN, LR L XRITRE LTZH BN FEET S,

i 6 OECE GEENLTTRREAHT) 25 Follicucullus sp. 23T 5 2 & 2D, /NHEOHELER
DYl &b EIT B - BITH D, ORI HERHRIC S &, /N IR R T
Xt T&E 5.

m. 3. 2 %EEE (Nk)
KA (1933NI L s &h, HIRA951) IS XY FER Shve. ARk O H & I3 RIEH (1957)



OFHEROHIR (1961) OBEEEN FHBZET) (YT 5. FHEIARRIESAL TR 48 H
MBS C, HUINTIR > CRIALIE 100-150 m CHPEICHE < 049 5. FIALmR L OSRIZWEIC
Fo THRABBREL BEL, WEHERITERE OIS ARSI CERE T 5. RN OBEIIHA IR
TH100 mTH 5.

AJE &AM OB BRE L OEEFUTHHEFICB W TEIE SN, #21 MICF0REEFEY =T, 22
T JE DMK L VHIRI S & A ERE ORI OFE L= BRAEENWETHEL, WiEmoEmn
EOMERNIN 52" E, 78 NTH D, FABFBEETIE 30-50cm (Zb/-»> THillT S h, HAED S biftalke &
TeRYBE AT L RIRIZ 22T D, —T, FEMIE & RO T IERE & OB UM TE 5 TR S
M, FEEBOWSE L RATBHOEAENN 3 mOWEiH255L LTHET 5.

HREE, TURIEA (1957) IRV BEIILMEROLIBEEZEL L, RKEERV LSRR
KB O A & ST LR SN, AR TIEE L L Tiba L BR b5, EIE—
ARG N URART, MRTHL. WHTESBLT2HBELEELABTLHERHY, HHEI
RRE LI L RRETRT 2 E N B D, FEHD DI TOMIBOW S ITEHANELS, K%
WOy Thd. —F, HFHRGROMRE T OMEITERN L, ARICELT VT4 R TohY, il

PR WHE - RAHEE L OMA Y 2 TIE (BALTHEER)
Nk : HHEOWE, Ym: BAHGHOHE



AR, WY RA, HAEEED.

ARXNE RIS OFEEE 5> S 13X P IUEN (1957) 12X Y 4 BT HORD & 5 LA PEHO®E RS 5.
M OIS 7, 8 (hiRiEA>, 1957 DMN 4, MN 4°) 7753 Yabeina yasubaensis, Lepidolina sp. 72
Y, E 7, FETES O (hIRIED, 1957 OMN 3) 7>5 13 Yabeina yasubaensis, Yabeina sp. cf. Y.
gubleri, Lepidolina sp. cf. L. toriyamai 72 & OfhsE fifb A 238K OB A GIIEES) HICEH 5.
—J7, FHHEEFOHLE 10 OAKED (FRIFD, 1957 OMN 2°) 72513 Lophophyllidium sp.  (JBi/fH) 23
FEMT 2. AU OFEIE ) 5 b5 LA CBUEEE R EAET S (PIRIEA, 1957) . LLEOFE
ERICIESWT, ERET B TR T TH Y, MBS 5.

M. 4 HwAWERE (Ys, Ym)

BNIFREREE A, BABNTHES O o - N BRI OW TRk S PR, 1951), RITHITIZ o9
2 = T BRI VG S AR R OV SR RE & MR E 7z (PR, 1952) . g, HIRIEA(1957) 12 &
BRSO - T =B ROAPHNIRAB BRI — S 41, BCHIIR AR T OFH ) S AL IIE O D AR

MIRRE SAUTz. T ORI AR i PG B 0D (ELIS V) I I oD AL BRI E S

TN B TR T A B B AL PG 8 00 KRB BFHT K O an L Abie s 2 580, by - ey - i
Bt 2 K701 - AT - S IR s L dEeE L CIR K 3409 5. s B o maALiEmE & v il o
HIE UL, RABFEREO /AP I R RAEMESWIE TR EN TV S, RARERNL, TOMRTK
AT T Ly 7 ZDBNVEL =y P EWBTHET 5. AR R ORLREE ST 285 2 KO
PEWTE 2 ORVEIRA B S-S EREE, HAER ERED 2WINEE) 2EET, mEERA
War7 Ly 7 A0BMNNEL =y N EWIETHET 5. KR O ALPERTE o Ji <1, AR
JBREXFE RO/ NS L WE T 5. EIC, ARERHIKREMARMFICRWT, /NHEEORMN TR
FNTHROHFIC AT 5.

IR DB SRR I - FRIRIRD S5 7 b R ISR D F L OBF 2R L, % OfERE S Hmli v iR
I EH - RRAK KRR ICRENT, O TR, 372bbEED ERICKESBLETE, W
JEBIZ XD EFF O IR LORREMN B 5. —MICHEMEDEMAA L, 162 30-50 BRI L, Ml
72BR Y Tiddb B 2R

S THPRLZ2 O USSR, TRIR AW L FIRGAE 29 5. WK L, SERAREL, lET 2. |

ARV URKREZEL, WXUII IV MR L2 53EMNERE T, WET 5. F22 KIS - X
REAROBN AU BT 2 AREHOBIHGEA R T. 22 CIEARERE 2L, HBOE a2kt
SRICERETH Y, FRGIRARET S, £/, HBHE &K 30" OAE THLT DEMNIETS.

AXINEHIR OB EFJERED 1%, FHET O 11 12T Ceratite D7 > EF A =2 Claraia 72 &

THEBEAAOFERPIRE SN TV DHTH S (PRIED, 1951 ; FRIZA, 1957).

D AbAPEHZ R PRIE2Y (1957) OHEIKIZ & &2 LTRSS L0 T, 20 0iEEH D Lilbhs.
2)  ZOAKEIBUE, EHE9 SHROBE@MEICYE 20, SEORE TII#ER ST,



B RAHBHEOHEYS (BHUTES - KEREMOKIILED
HORE (GyES) 2RE

. 5 M1 B # &

AR XIMEHIEE O SRS OB 1L, HOEONTIFIE AT 22 LW R X 2RSS & ZICiEse T
ZIRED Y WiE RIS STV A, i BT IAE TR TE IS RER L, ShicEiES T, s AicH
DWEAE AT Ly 7 A, BEEEEREO/NRE - BRE, ZABERONRCOM T 5. B T
% b OMERNE, WORNRTFATREME R HALE 72T E IR L, b B o FIAHE S 2 72
El

AREMEHIR OB DI, WAH a7 Ly 7 A0BAEL =y b &2 ORI 28
Wt &g, Ak - AL AMERN D P B RALH - TR S M OWE TR EN D, B E =y b e
FHEEHE & DB % 72 S W82 0 b O OFFEI, ARG CIEBIER T RN, SREBROFEET BiE Uk
D J RIFHEBRPESTHI Tk DERAHHITRLD Z &3 TE 5. £ZTiE, N60 E, 60 NOWiEmR AT L LT,
e i < AR L7z BEn s, MNC PRGSO BSE R0 T5  (RFHEDY, 1989).

ISR DRAB N & R RO T D RAB 2 T Ly 7 ADIRRIE, 80 AL v
DREE 22 LI CIIBA B SERE L W8 TRz L, 88 & B 5 OTEFIA O #E 8 C L& m 1333 R ki
55 AL TV D, SEEF 2 0 B IRASTE TIVNHJE L iEEE 228, BEREOBRITBIE L TRy, 5
B2 D < HF OBINRWTIHBERVE = b E/NHBREEHREZ &> THfi L, FiE OSER T
JE LI L7, SR D EICHRCCII R R L T TR S LHEES D, AT Ly I AD



e OEEFAT T AR ERAE B AL, 7B EHERM DI ED T ORI FEHITIAH TS
5.

WA T Ly 7 AT, a2 =y M EXRE - BEE ==y MU 2R 5 <
BN TEHEMEZ R LTS, £, ZilE - BAET=y NI b ALH - B O—f% &R T 30-90
LR L, odb EiofEz e L, HEE= Y MR DN D EIRIEIES ZOZRE - BE1=y
F OIS LTI TH 5.

PERRHAE, FEAE S ALTE - BIROER 2N Y WiERIC KL WAL, W8 ORI T2 O0MmiEss K
AL TV D, BHRIIBWITIE, BRAEa T Ly 7 AERT D8 ADHOTAND, Z O
JERO—E % 22 TRAERE S HEE TE D, Z OWIERITA KSR O ALPTHE T 8RBT I 2 227
SHTEY, TOEBRMITI=EREMLREE VWA D, FIZ, ZoOWERITBIIECT/EEE TliEA
AR ITER S 2 b EMSE TV D ATREMENAH Y, TOHEITITHEALRLE L7225,

V. & JFb A

(CEA H 1)
V. 1 #F %8 %

BFHE AR Caripro1T et al. (1985) 12 & 0 BEEEHE & PR O PRICALE 3 SR & L TES - M4
I

HPHIERES SO & L CIIE S NI, JHERO e ShCne. B, NERIE (5
JINEA, 1957) CHEESIRNE CRAIEA, 1961) T, FHERALEE O MBI A BUE K OIHE & IFIEN,
SEENE (I - B, 1057) CHENEE LIEEN. SIS OMBI TR TS = &b R
AR XK S hL, FHESEE & L Clbh -

Tsiron (1985) 1 FHIEAILARI 24 72 2 8 IR 2 B AT (<3 00 B 8 DR AT 0D A0 00 L
B AR LR A B L, CEROTHEE DI B e Lis. BN & FHE SR ORIC 555 =
WHO ERIE, CaroroiT et al. (1985) 12 & 0 FEEETH A HEERTHICONT COMIK THMEGR SN, AfH
TR - HUEDHER - HOSORMLTT OB B 7 C, BB - PHEDTTH TS bR SEHEN = & 0D,
PREHE & ks ST, ZAUTSENI - C, SHERAIKIZY = FEHBUME T OREIC S %, Yo FHaic
BTG S U= 2 L S B0 STV (BV . 1 BB H) .

TR ORAILTERIC 35V C, A (1985) 132 OBFHEH O MBI T 5 REEE b, 44
DRSO PR B OIS Clo 5 ATREMER TR L. 0%, SR (1986) 13k LI BIEHEIRIZ 4y
i BRI BT OES D b A R TR 2 8 L, FEASEP BT S - L 25
MM LTz, Ishica(1986a) (T PHEH S PRERH O RIFRICIN o C, IR b Ll L PEH E C 120km %8 %
THER T 5 Z LR L, REEMEN b U T 28 e UT 1HRAICXS S Lz, £ LC, UT 2 #lifi a4k



R B KEUBITEE L CEHEES LB S B35 B BRTHY, UT L 2T 5ok EEidE

ELTEWRENSRLF - B _BERTHD L L.

ZO%, AK (1988) (ZIEEHITEEOBFHEHIZOWT, JEF - HUEHEE « AR - e
X A MEEROMG e EE2IT, FHETzdL - - O3 HICXS L, ZNEN a5 g 2 hiEE,
TRBEOO EME M4 Lz, 2 LT, ZhLOHBIZ ERLTHNG Z&RL (2) (20 ThAia
BB DIy 7 Ly 7 2L LUK SN L& 27, Isnea (1986a) DX4y & OBRTIE, K
#F(1988) oAk « HAFASU T 2 BT, RS UT 1 AAICIEIEHEY 5.

FURREFIZ 7> (1987) [ FHEHB 7 790 M QM FEIROK EARE N D 2 MiuusAs b “ B Al ik o it b aq &
Wit Uiz, s 2HUE 0 O BEFETHUOBIHE R IOV T, RIBEFIE) (1989) 1L ML OR A -
F ¥ — b2 D L ORBEICED EARCOEF 2R L, Zh b AHEFRIRMR L B2 7. — &
R &V D HUBEERITEB IS OHE N OB ONTZF TR LNEDTH L. 728, Car-
ro1T et al. (1985) A3t L7c =40 (7) ol i & S e g i X o +-2ld  ORF, 1988) 124725,

WA DO RRFHI SV CEBFHE T O B R 52 2 50 U 72 © OIIXANER O Isnica (1986a) L UUAHT
(1988) 3 5. ZDIFANT, MIFH> (1985, 1986) CAH - # (1986) 1LHPHEHIK B O HLA A
Matl, HBEHUCOW TR Uiz, E7e, # - BUREF (1990) (TR « FREGH R OSSO 8 - =&
REPBED T — FHLEL 2 FEE - BT L, Mg X0t tb 21T o 7.

ARMEHIR OB ROV TIE, Fikoa# (1985), Isiiea (1986a), FEA(1986) 12 & 2D
BHDHRT, WhiEDOFMEIZ OV TIEAEIZA (1985, 1986) THLY bz

v. 2 #f =

AR gk o0 8 P IR AL 2-6km OB C, ISIERPE S MICHERT 5. FHHTEICEIEIC L > T8
ENBAL - - O3 HITY END. B AR DHEE T AYE, ERER OmEE ()
FAVHFFR) & RS,

FEPHE B AL 2R T 2 B, BN TR DREEASICIAE Y, Fr— S BAICED
BIFERTSD. ABOEE)HIX G - Bl 2 s a3 E LT 5.

BFHE T AR R T 2R IR E A 2 B L L, WAEAAEREROWE 25T, ABOEAN I
ZEABHIRTE 2 R T B I b A S E T S

HEFHE A AR D MBI ER A Y, R ERABAER T, WEICE D EFRRI o
AR S, AEOHEADDITTERT - B AR T HEHOMEA 2 ER T 5.

HEFHEH OHJB RSP DWT, AR LR OME & OXHIGA 8 23 RIRT. £F°, Ak (1988) @
T TP AR IS O B RO ER ICHY U, A58, BRBLKOEERXENEMERE, +&
FEROAEMEICH T2 2N TED. 2nbn o b, AFNE (1989) IFhEEZA2=Y F LB
o=y MR L, BT ARSI - SEIETE, B BRI TH D & LR, ARIEHE O
AT TNO2=y MUEST 23R THD. —J5, Isuica (1986a) ILRHIPHIC Tz o TREFHE
HOMBIXS 21T 7275, ARIEHIEOL « FHIZUT 2 BHAC, MHEA3UT 1 BHICIEERY T 5. i)



P 1 (1988) = & &
IsHIGA (1986a) X 4t 12 7 (1989) A - 4k (1990)
UT1 % Wom E g EE R
T | K & B e o
L  w| tTREE g BRRE
vEl ke m | B orwm () 5 um

EBoOBERIIE L E

H2E BREEOMBX N

FFEAH> (1987, 1989) (T L2 HEMTO KBTI ITALE L, AREITHY T2 52 5. EAR(1986)
VA S L IR HR 0 B FHI & R b TR, TR B R O S BRI 3 43 L7273, 4Rl bk
LD ITHUEX Sy 2o, BEAR(1986) DREFNLITEEROYRE A8 e O — I HE IS L, £ DMy
NRTCEERBICIET 5.

PUFICEBAHE#AL - H - B0 3 HE KT 28 BICoNT, 516, BFRWEHER~S. ELA
& HVEARAR, WOE OSLAARC R OHVE RS I DWW OB A2 3R T, £ & TRuk¥ 5.

V. 3 gk (EPHEae) (Tg,Tc,Im)

HRR. AR AR 0 LT (L 2 S A BT T C oM 2R L 35 . RBIRAEEEOEEDD
MRS, Fr— b, WEEET.

bk}

AEREIER AR 150-250 m DA E /R L, —ESOHIR CIIRM LA b b, BRSO - CTHRPE
VSR < e 5. AT & 0 5 R ORI AL AT & 0 BU5 O MUk 13541 L.

AEFZOIR TR OBEATF 2T Ly 7 ZABN WAL=y N EIERRTH Y, FLHlTToH
BN a 7Ty s AL - HE2 =y M EWETHET 5.

BF

ABOEHIRBIIB AR TH Y, EMREFIIRITH 203, 5524 BN LK C O MR &
AT RBNT TS ARKE L XA GUREEEICAE Y, RESHEETEOERE - IEL VX% E
DEE - FY— b - A - BEEVNRETD (F24X).

ILRHZ 31T 5 ARE D RN DR ST 60 mTH 5.

&4

AREITEE U TREEEROEEN DRI, Fy—h - WE - AIEZMHD.

FROOEFIT RIS - FRAT, —IEIREE 2L, Ba RIS B85, ARHET
RIS 2R TS BIER T X B IIF Tl EEITREN S mORAIKE L v A& &R, 1ENCHE



[T #+—F
SO | BV XEGURS
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BUR ABBOMBEBERRL—bey T
N bRy FRERMOBRED ATy F 5 KFC L LD
X BBERCRELRE (B2 H0RRRECE 2 Ronn)

BORKEDNV » X G,
E%m%&x@ﬂﬁﬁf,%%%%ﬁﬁ%é.%%@%@mmt-%ﬁﬁmﬁﬁb,ﬁ@%ﬁ%ﬁﬁ.
HLIRF 0D B T3tk S FEH D BALISAMA L, ks e EXE A ENEN8 30cm-1 m DJE S TR AICHET
5. BIZ I TIEE L AR B EAENHNL, BETERLZFED, Jish g, ZoEL v
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ek, AHUE D PHE R D DALA OHEITEL V. AEl, Fv— FROEED BERREITHE D2
b4 37 M 41 OB L D R L7z,
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WICTEEIZOWTH D &, #1524 OEMEDS T Parahsuum cf. simplum, P. cf. ovale NEEHT 5. =
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hisuikyoense (13 =  fe A4 5 - HPIRTHE % 754 Hsuum hisuikyoense BEEEHOREFETH L. D&
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HAIZOWTE, #S50, 51 HUVE8 OEAEDH I Tricolocapsa cf. conexa 23 FEHI 5. T. conexalX T.
conexa i DREFTH Y, ylocapsa (?) spiralistiin b bEEH L, ¥ = Fiddiitk - “niEs ~7.
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FBOHTEHD. BHORKE, FAEN(1986) X 0 EBIERE L i Sh, BREFOET<
IZHRE SN TWD R, ARG CIER AP TSR T 5.
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52 X)), GfEHIL21-25 THD. BIFTIE, —RRICHIRIC, REEADBCOMB OB Z =T Z Lad
5. EROSHEMIIREAS - A 2 Y BA - A0 - BES - AUGEA - HANATH Y, BRI
L UTHEIKRA « BEBKEE - T2 V8L - A7 =2 - U ary - AR EED . REEAIEIRE R EIED
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IO ORI AT L, LIXUIEHMIGHEEE 235280 b 5. ANAITMIE - fBtaT, Hit
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HATEEBRO LT, LIZUIERER - ARAICRRSh TS, BERITEARBAET, LI
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DS TE AR
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BRI - Vas - FAAEMED . ALY RAT UL LITHSHEE 2T 5.

VL 2. 3 EAREPIREDK- A r&ER%
A SRR S ORE R T 3 DIBIEORIREAAICSOWT, BV EAZHAVWTK - A r ERZIE L. &
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F4R EAERARETO N ) REDK-ArER
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HHES =y # K (¢ M
HEA " P omsTrr o M
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B BHEOREIT, RS ADGE R CREMEMPBIZETE, M- ik, Shoik, #AET
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FE5E TERREDER (RAFESHED)
Gd : TEMPIRE, Ys: RAHEHOWE

T/NHOBRIZE LHER BN D 1o BT 72, ETBERIERAOIEN Y LB S TR,

ATFOERIT, RATFRIA TP IS OFK LR RE 20O EA~ERD R THRETE 5. Z OFE R
FIRABBRETICE A LB A 52 TR Y, ORI 500 mRETH 5. KD b OITHkL - 4
Btk T 27, RARBHPI/NEIRE LTEAT S L ZATIIARBAZER 2R L, ERamiEnsel
BEND (54 1K) . SAREEIRIZINTIR > T 60-70 m I K1Y, RABBREOTSE L I A S TR
5. —J5, IROMOIERPIREITH - ki, SRDRTH 5. 18K 1 m & 3-4 m OFERPIRE O 23K 20
mOEHEEZBWTET 50, EAMOES & OBEBEOBEANTIIBE SR,

RIS I EICRER « A - WY RANHRY, BRERZVEST. 72, Ky BEETIEEID
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HIET, HEBBEREM (7 o7 vy) LRRRENEERER(A) 27 L—2) hoid. BE
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MEEAL, PRERSEEE - WAL ALK A 5 X TS (AR - B, 1965).

VL. 3. 2 ARENRKZE (Qd)

FREPIRE L, AR TR OV ST S AR 512 09 5.
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OB BIIIES TR
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FUKUCHIYAMA DISTRICT
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(Abstract)

The Fukuchiyama District is situated in the westernmost part of the Tamba
Highland. In the district, there are widely distributed Paleozoic and Mesozoic rocks of
the Maizuru Belt, Ultra-Tamba Zone and Tamba Belt which are the major geologic
provinces of the Inner Zone of Southwest Japan. Late Cretaceous igneous rocks and
Cenozoic sediments are also exposed in the district. The geology of the district is

summarized in Figure 1.
Paleozoic and Mesozoic

Maizuru Belt

The Maizuru Belt is divided into the Shidaka, Yakuno Northern, Yakuno Central
and Yakuno Southern Subbelts from north to south. The Fukuchiyama District is
underlain by the Yakuno Complex of the Yakuno Southern Subbelt, and the Maizuru
Group and the Triassic Yakuno Group of the Yakuno Central Subbelt.

The Yakuno Complex comprises gabbro unit and basalt-shale unit, and is associated

with minor felsic and ultramafic rocks. Both units are bounded by faults. The gabbro
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Fig. 1 Summary of geology in the Fukuchiyama District,
In the Tamba Belt, the construction of three complexes was completed in Jurassic
time or a little later, Solid and dot lines, the former determined and the latter
indetermined or inferred, indicate the geologic age of chert on the basis of radiolar-

ians,

Unconformity

unit consists mainly of fine- to medium-grained hornblende-clinopyroxene gabbro and
small amounts of hornblende gabbro, hornblende gabbro pegmatite and amphibolite.
The basalt-shale unit is subdivisible into two members. The lower member is composed
mainly of weakly metamorphosed basalt and intercalating shale, and the upper
member is made mainly of shale. Radiolarians from shale of the basalt-shale unit

indicate Middle to Late Permian age. The Yakuno Complex is regarded as an ophiolite

sequence but lacks ultramafic rocks.




The Maizuru Group consists of the Oda and Nukada Formations. The Oda Forma-
tion is composed of shale and greenstone with sandstone and siliceous shale, and yields
Middle to Late Permain radiolarians from shale. On the other hand, the Nukada
Formation is composed of sandstone and shale with conglomerate and limestone. Late
Permian fusulinids have been obtained from sandstone and granule conglomerate.

The Yakuno Group is represented by a fining-upward sequence composed of fine- to
very fine-grained sandstone and shale of shallow marine origin. Occurrence of bibalves
and ammonites indicates that the group is the Early to Middle Triassic.

Ultra-Tamba Zone

The Ultra-Tarnba Zone is divided into three subzones, the Northern, Middle and
Southern Subzones. Each of the three subzones is bounded by north-dipping thrusts.

The Northern Subzone is underlain by the Ishiba Formation, which is represented by
a sequence of greenstone through chert to sandstone and shale. Middle to Late Permian
radiolarians are collected from shale. In the Middle Subzone occurs the Ebara Forma-
tion composed largely of shale and small amounts of sandstone and interbedded
sandstone and shale. Radiolarians from shale are assigned to early Late Permian in
age. The Southern Subzone is occupied by the Takatsu Formation, which is represent-
ed by a coarsening-upward sequence composed of sandstone and shale. Radiolarians
from shale are diagnostic of the Middle to Late Permian.

Tamba Belt

The Tamba Group is divided into two tectonostratigraphic units, namely the Type
II and Type I Suites, on the basis of lithology and geologic age. The Type II suite
thrusts up on the Type I Suite. The rocks of the Tamba Belt form folds with E-W to
NW-SE trending axes in general, in which the Kuroi Antiform is most conspicuous.

The Type II Suite cornprises two sub-units, namely the Mimata Complex in the
upper and the Ashibuchi Complex in the lower, which are bounded by a thrust. Type
I Suite forms the Kuroi Complex. The three complexes range in age from Permian or
Triassic to Jurassic, and radiolarians from shale indicate the Jurassic age. Therefore,
the construction of these complexes was completed in Jurassic time or a little later.

The Mimata Complex is composed mainly of shale and small amounts of chert,
greenstone and interbedded sandstone and shale. The complex yields Early and Middle
Jurassic radiolarians from shale, Middle Triassic and Early Jurassic radiolarians from
chert. The complex was constructed in Early to Middle Jurassic time or a little later.

The Ashibuchi Complex is represented by an apparent coarsening-upward sequence
of shale or chert through greenstone, chert and shale to sandstone. The complex yields
Middle to Late Jurassic radiolarians from shale, Permian radiolarians from chert, red
shale and siliceous shale, and Mesozoic radiolarians from chert. The complex was
constructed in Middle to Late Jurassic time or a little later.

The Kuroi Complex of the Type I Suite is composed mainly of shale and small
amounts of chert, siltstone, interbedded sandstone and shale, and sandstone. Middle to
Late Jurassic radiolarians are obtained from shale and Jurassic radiolarians from

chert. Late Jurassic radiolarians also have been reported from shale of the Kuroi



Complex in the adjoining district (ISHIGA, 1983) . These fossil evidences suggest that

the Kuroi Complex was constructed in Middle to Late Jurassic time or a little later.

Late Cretaceous

Granitic rocks

Granitic rocks occur as small stocks in the district and intrude into the Paleozoic
and Mesozoic. The Hoyo Quartz Diorite crops out as a stock with a diameter of 1.3km
and is composed mainly of fine-grained quartz diorite and quartz monzodiorite as-
sociated with very fine-grained biotite granite. The K-Ar age of K-feldspar from the
fine-grained quartz monzodiorite shows 79.4 = 4.0 Ma. Other stocks consist of
granodiorite and quartz diorite.

Arima Group

The Arima Group is made up predominantly of felsic to intermediate volcanic rocks
and rests unconformably on the rocks of the Ultra-Tamba Zone and the Tamba Belt.
The group occupies the westernmost part of the district, and is divided into Units 1,
2, 3, 4 and 5 in ascending order. The Unit 1 is composed of andesite tuff with
conglomerate. The Unit 2 begins with an andesite tuff, followed by andesite lava. The
Unit 3 is formed of rhyolite lava and the Unit 4 is mainly made of rhyolite tuff. The
Unit 5, which is distributed apart from other units, consists mainly of rhyolite welded
tuff, and is lithologically correlated with the Units 3 and 4.

The Arima Group is bounded on the Hoyo Quartz Diorite by complicated boundary
reflecting topography, and has no trace of thermal metamorphism by the Hoyo Quartz
Diorite. The K-Ar age of the Hoyo Quartz Diorite is older than that of the Arima
Group which is exposed in the surrounding area of the Fukuchiyama District. These
show that the Arima Group postdates the Hoyo Quartz Diorite and probably overlies
the Hoyo Quartz Diorite unconformably.

Dikes

Dikes in the district petrographically range in composition frorn intermediate to
felsic. The intermediate dikes consist of diorite and andesite. The felsic dikes consist
of quartz porphyry, granite porphyry, granite and rhyolite. These dikes intrude into the
formations of the Ultra-Tamba Zone, complexes of the Tamba Belt and the Arima
Group.

Cenozoic

The Cenozoic comprises terrace deposits and Alluvium. The terrace deposits are
mainly distributed along the Yura, Haze, Takeda and Maki Rivers, and are divided
into the Higher, Middle and Lower terrace deposits.

The Higher terrace deposits are widely distributed in the Fukuchiyama Basin and a
drainage of the Yura River, and are composed of gravel, sand and mud with volcanic
ash layers and peat beds. The deposits in the Fukuchiyama Basin have been called the

Fukuchiyama Formation and correlated with the upper part of the Osaka Group



(FukuMA and HuziTa, 1986).

Economic Geology

There were three copper ore deposits, a few manganese ore deposits, a lignite
deposit and many silica stone deposits in the district, but all mines of these ore deposits

have been closed.
Sandstone of the Takatsu Formation of the Ultra-Tamba Zone is quarried for

aggregate at a few localities.
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2 oz & R %
1. Tricolocapsa sp. cf. T. conexa MaTsuoka 51 H# # F13002-11 RISV oA
2 . Tricolocapsa sp. cf. T. conexa MaTsuoka 50 A # F13001-12 BHavTvyr2R
3 . Eucyrtidiellum sp. cf. E. ptyctum (RiepeL and 39 H E=2 F12990-1 BHEaY Iy IR
SANFILIPPO)
4 . Tricolocapsa(?) fusiformis Yao 51 R #& F13002-15 BHarFLry s R
5. Unuma sp. 28 H E= F12976-2 ZRavyFrv v 7R
6 . Protunuma sp. 58 H # F13009-1 BEar vy 7R
7. Stichocapsa sp. 0 B # F12891-9 BE#ar vy 7R
8 . Hsuum sp. 29 H % F12977-8 ZRayFry s R
9 . Archaeodiclyomitra sp. 34 H # F12984-3 Eyar vy 2R
10. Parvicingula sp. 58 H k=1 F13009-2 RgEaryFry s A
11. Hsuum sp. cf. H. hisuikyoense Isozaxi and 25 H # F12973-2 ZRarSvy IR
MaTsupa
12. Lupherium sp. 25 H E=3 F12973-4 ZRBarFryv 2 A
13. Parahsuum sp. cf. P. simplum Y ao 24 H F=1 F12972-1 ERayFrw 2R
14. Parahsuum sp. cf. P. ovale Hor: and Yao 24 H E=1 F12972.2 ZERav vy 2R
15. Canoptum (?) sp. 27 Fe—1H F12975-1 ERayIrvy 2 A
16. Triassocampe sp. 23 FAFr—» F12970-5 ERavFry R
17. Triassocampe sp. 23 FEFr—t F12970-7 ERavFrv v IR
18. Pseudoalbaillella sp. 35 FREHE F12985-6 BMar vy 7R
19. Psexdoalbailiella sp. 35 Fo—} F12986-2 BHarFry R
20. Follicucullus scholastics OrmisTon and Bascock 42 HRHS F12993-7 B¥ar Ty 7R
21. Follicucullus sp. 37 F+—1» F12988-2 Efar Ly 7R
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