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3 & Z H Medium-grained sandstone
800‘; V.coarse-coarse-grained sandstone
‘E Granule conglomerate
900 Pebble conglomerate
—: Granitic rock
0002 1005.0

BB EEEAEFORME S 7 OEME  WRes, 1989)



V. 1.2 %BRE (As)

WER ok (1927) 12&kD. A (1913) o NEAEE] ICHkT 5.

AL, =H (1951) KOYLH - #3K (1960) DBFXSTIE, EEEOREICOWTIIRE < BUjE
STW5 (H33X). =M (1951) IFSREDO LA ombaiEsz TTFHEkEpERE) & TR AEE)
XAy LTz23, 205 bo TFEREEYEE) 13, ZHRIE (1957) KOYLA - g5k (1960) 1ZHE-> THIR
JEloED, TawE e (w2)) & Lz, £, SMEZRAMET=MH (1951) 2 [HZWEE] & L7z
Wia % 1 LT 28PN TE, & ENDIREBIREA A T2 8 OFTH AR ORIEBIRE L 13
LAY, HESSMWMOBRABOZNEF—THHI LD, ZOBHOKMyZEREEEEL
[EHERAMSEE LhbETERARE L.

LA - gk (1960) OMFTOREFDSH, [KRE) & THE/F) & Lifoadn, AmEokA
JBIlTHY S5 (MRIEDY, 1989 5 533 [X).

B ERRVCOIHFEGAITERIL 6 54501 DE) RiEH#IRN) .

BFERE TUOANEEEGITED . WENTE RO TEES T, ARBERET O LE oA RIS
(1%8) OLRZ s> TERABOREEL LTWD (LA - #0K, 1960). —J7, BEEWTEVEHRI O H
HTIE, 1 FBIIBELRVOT, ZOARBICHYT L EHEE INDAROEEE GBS 8O IIK %
HRHBOTRE Liz. 2k, ZOBEIAROMEELETLOT, AWBOMICITRMRRERH 722
LIXHEDTH DA, ZHUTRTE D < BHJE & HERE S IC 0k O BIRIERIC K 2R TH Y, K&z
RERIRIER A 0L 5 b ECORBAEES LITRRDMEEOLOTHS. ok, Yok (1989) 13, TEMIEN A
Wi OIRRE AL B, EEEOR - MRS EET 2 2 L0, WEOMICRESBIFET 5 W
REMEZ IR~ TV D,

O BRI A ICHIBT D, EEITIRAAC T OB B RIEAHT TIE, I T Hst oA
TR OB ARSI EDILD.

o - HE MR TIE, IERRRO & TN IRAAN L2 B BEEWE O 16 ORI > T ORATIE
F OB AR B A AE o TS S, ERIINEERE I IEEAT GEdbE) T, EANEIEERER VLA
ICEAETHIRL T\ 5.

—J5, W O R O REFHERAEEI /3 A o M FEIC b BB AR IRTEL, HICMA»>Th
-7 OFERICHEAI LTS (LA - 80K, 1960 ; HI9RIEA, 1989).

B WX AO CEBIBLIIE - Sk n 605, BT LBaEr 2L, EARICHENS
REHOWMNT HIRC 2, 2 WX LIDREHMASL A &1, EHICAD > TREZE T ML 72
v, EROAEREORSICBILT D, SEYETREEMLE 2 ZET 5.

BE SRR AMEOMKEITIE, RFOLRPAESTRMLIZYBE T LTV
b, AROBREEIAITH DA, BUEEHT DRV ERIZRK50m THh 2. FIEWE O HUR O H#1 T
BT, JBEIX 175-180m THRO T —E LTV 5.

tR AENOLET SREBML ORI, [EEMNBWEE) LiEdh (Otuka, 1939), W< bH%
< OWFFENTTHbILTE 72 (Yokoyama, 1924 ; Makiyama, 1934 ; Hirayama, 1955 ; Kanno, 1961 ;
Kamada, 1962 ; A - KJE, 1979 72 &). AREHIKNTIE, =M (1951) 2%, &METILI DIA LR



PAHBEDOARIEN 6% < OEEEYL A OREHEZRE LT\, F7z, =@ (1951) 28 [HZWEE &L
Joihsy (R TIREAE L L) 230 b2 < OREEMLABER LT D (ZH, 1951 ; R4 - KA,
1979). —J, HIFREOEKEE?L bEEMLANRESN TS (IO - $3K, 1960 ; MIRIEAH,
1989). =i kiug, AEowKEIYLAEEE, Acila(Truncacila)oyamadensis Hirayama,Cyclocar-
dia laxata(Yokoyama),Clinocardium asagaiense (Makiyama), Mya grewingki Makiyama & O Tur-
ritella tokunagai Yokoyama 72 &% FERMERER & L TRV, ZONEDLACHEE O HE = RIENSE)
MR S D (Mizuno,1964). $7=, HERIRE L LCIE, WO L-mkiEra2Rd (RA - K
B, 1979)

Ve (1989) 1%, ERNTARRTE DR TRD DI DGO A 5T 21T > TS, ZhUT L,
KB DI BEAE X 2% C Pinaceae & Taxodiaceae 23 K-% 5, Tsuga - alnus - Tricolpate Pollen 7%
L0%FRERES TL DAL T, SMICHE - BRSO Z 7R L, FALOGHE DR TERTE &
FELL R T0D.

Asano (1949) 1 IARE BIEARILBAZRE L TS, F72, L0 - 89K (1960) b, ARXIE sk
O FGEROARE D AT OEAF LA ZHE L TN D.

B - WL ASB DT S % ARREEIENT, WiHittoE ThD LEZLN TS (Mizuno,
1964). F7z, kB (1962) HEAFGLBEAE DA EWHHL LTnD.

V. 1.3 BB (Si)

WEA Uk (1927) 12K D, A (1913) o TEREAE] ([CHkT 5.

=M (1951) @ THZREE] O 5 BERNTHRAMIIC Y 5 b OOR EBOIEsEIE, AREDH
WBICHYS 42 (B5331K). LA - gk (1960) 25 DKEFRE) - M RBIE) KO TARE] et Lz
TeEREE, AREOANBITHE TS (B33 [X).

B ERRVOSHEELAITAR 65001 E) KIEH#IEN) .

EFFBIR TR EENLES BT 5. MU T, MR HH g OBs CREEICE
bid. HFRTIE, BOEWTE CREFHCERE L 8375,

o - BE MR T, ERITIRAT O EERTE ORI L, BIZ50-60" OBACHEAH
% PUIEWTE O B O TR LY, A 5-7° CHICRE AT 5.

88 ABIIRAORENGRD. MRBEHIH T, BHEARORLD, HHEOFEMIIAH TH 503,
ERICHROIENS 25 L) TH D, —HFHTFOEREIE, FHITAREORMEA-1 (F35K) T
13, B LS LESTREDOBEIE LV 20, K EMICEAHRERIIR 6D b oozt
TEEEBLR TH 5. L AL AICIERIIMI A N E £, £ A RIS TR 2 ORISRk
FhTW5.

BE LREAESTHLATVDLIONT, bebEOEREIAWUTHDN, MEHTIE30-40m
T TIX210-240m Th 5.

LB AL, RESEAITZ L0, JLA -8R (1960) [ XAuE, Bk DIRT - JH) ik
RN ORHEN S, Periploma besshoense (Yokoyama), Cyclocardia laxata (Yokoyama) 72 & OfbAaASEEH



LTWa.

BIR - g5k (1987) M OWIRIED> (1989) 12 XX, AJE/H 513, Dictyocha deflanbderei, Mesocena
apiculata, Naviculopsis biapiculata 7¢ & OH:E#fE#:, Rouxia obesa, Thalassiosira mediaconvexa,
Sceptrones pesplanus 72 & OES LA FET S .

BEEC - EE IR - ghK (1987) KOWIRIED (1989) (XU, AJE O REHTY A EREHEEA L ATHE
1%, Bukry (1974) ® Dictyocha deflandrei Zone ® Mesocena apiculata Subzone & F8E &4, HEIIATIN
Mgttt e sha (32 X). 72, AENOHEHT 5 Rouxia obesa & & TeEERAL AR, DMK S
AT I OTHE TH D L BEA BN TS WIR - K, 1987). BLEOBILEEF 6, AEOER
%, A ChH D LEXHND.

V. 2 GERER

@4 Otuka (1939) I2L& 2. Watanabe (1926) @ “Yunagaya Series” I[CHIKT 5.

B EERVOESHEE EGRAINMIT 6 501 1) KigEgeN).

BFBR TROOKBREZAESICES. BERARERESD L, AREHT A0 B BRI
FICBDNDA, AMEHIRNTIZA L - SABRHIXINL, SEBRICHEBERNESICEDRS.

BERS ABENITMLY, MFE R, s, KEeE, @28, FE»L25 (301K
s BEIE, 1957) 7%, ARIEHIEAN T, TEOME - 1% - KEBEOHNGTH. 728, A8
FEOR FEOMMERICE L, EHEEA (1957) 1% TEE) oM 2L Cna2%, kil (1972) 23
LML TND LS, HAMORBIIHETROAEEZ bEATHS AREMES &<, EAE LT
WY TRV E KB SN D DT, RPETIE, EFERAHRAIEEEZE Y 2 L icT 5.

B - R WPPEREA O, 20.9Ma (K-Ar) &U823.4Ma (7 4 v a v b7 v 7) OFEREDSEE
SNTWD ORF, 1988). FE7z, ARETHUNPEREORIKED T 4 v a v FF v 7HEMRE LT, 20.8
Ma DfEZ #5572, KEFRIEH 51T, RRERERER(LA X% (Barron, 1985) ®NTD 4B (16. 7-16. 0Ma)
ICRRE SNABBYLE S EHT D (ARIED, 1990). F72, &/ RIENS b AR ERCAREDEH L
(FkK¥E, 1985), & 51|Z Riedel and Sanfilippo (1978) @ Stichocorys delmontensis Zone 75 S. wolffii
Zone \ZR L SN AR BULE RN EH TS (FTRIEhy, 1990). & HEOVEIE, Mt Tl Sichocorys
delmontensis Zone 7> S. wolffii Zone (2, AIKE T /A EF (Okada and Bukry, 1980) Tix CN
1 HDHWVECN2 Tt S, S HIREMEE LIk AfESF (Blow, 1969) TIENG L0 & WEHELR
TIEABEE S TS (FriEny, 1990). F7-H#bATlE, Akiba (1986) 0> NPD2 IZAHY 3 2 FFIE
DO B RO TS (MR, 1986). LLEDOT—2064TC, BRABEITH & 2RIt o
BHOHFMTHD (B 32X).

V. 2.1 #MFEE Kn)
HER R (1954) 10k B, L - JER] (1953) O THEEATARE] 1IC% L. 28, ARBOZiHT

M (1972) IZFELL.



=W O(1951) © [HZBEATE) I IAREORTERBIZE Ly, F72, BIRIEA (1989) 23 FiEHc2)E
RELARR LI HUB O S5 B, i M (D@ 13, AMEOMERBICHYS 35 & HlShs.

B KRR R EAME (5 5o 1 Tindk) Bg ) .

BFER AEEBZAEGICES. ORI, SMITRAIS DR _ERMRELT T OW K CHER T X
% (47 MBH). RICTRGEMSE L, RO REEE RSB, RO L 2BICEAICED
N5, PEERTE MO FHEBTIE, AREO LICREAETHRS.

S - HE  WEREICIh o T, BRI R ONRIIRT R RIS 5. ARARME T, &
MIZEERAL, EAHTIFERE T, BN L > THIZ80 AR L2, HIPEIC 80" TR L TV 5.
RKERFHETIE, A TRIZ 40-207 R 2.

BT OO HA O IAESFIE AT O H FEREIC b AJEMRIET 2 (8534 [X). BIRL 5 LU F OfE IR
THIZHEL .

BE OAEIX, BE - AR CRAEN LY, BIKEE B,

ERBTRAME T, ABOREICITKIEEE LTSN H Y, TNRNEEBOWEZ B
[ZH-> TV, ZOEER, BELERCER LG THEROEMBEEZ EL L, ZIUHEA - Lk
HEOFMEE M BEE T, BIKEORE THEE->TWA. FlCHORIZEBKIZRD ZEbHY, £
TARDOEEL DTNCEEND. ZOEALTE, HIKE - REHIRAD DV MRLEOMRBERE &2 £ &7
LEHNERD. ORI, BERSEEUMREI SN EEND. 20 IR ICROAES - F
Y= b BEOMEEN DR IEEEAER o TREY, —HICEEL-2n ORABESES. =M
(1951) (C XA, BERETITEOERIEN 2-3 Bk E 5.

IRICATRARANHT T, ABIZE - KEEROHBEE N S22 5. BHTIZE A CIEREEN S22, WEI
THNa—REThb.

TG R O M P U ONTER L, FOMORMEDOT — X I LiuE, HRE U BEEE TR T
LEFHNFEELTVE LI THAN, WEDEELTRY, MRLD LEMEROOMRITH 5. FHHT
ARITREOFHE WIRIEA, 1989) TiE, AFORIKICE, KEEROEN LRIEERH Y, ZnrERE
EREAICHE>TWD. T EEOEMITHCE & — XA D 2-3m BALOBVIEL T, &2
HEZABIE S om OWERESHENTWS, BIIEEAES, Fr— b, Fkcs oM - 1y
BTHs. WHEIEEIERICEEE T, —HHERETHD. £, BETICLANLEHH MR- T
W5,

BE SRAMIETRAKS0m, BRHETHR8ON THDH. M FER TIIEEIZ50-T0n TH 5.

R WEIRAEKOCWEFICHHDIBEENTWDER, FECHA 2 bDERroT.

B - R B TANTIRAAL ) 0 10 BRI TR T2 ARG R 0 & RERMRIEI S C oW Ty
NarDT74yvay N7y ZERERE L. TORE, 20.8 £ 1.2Ma OERHELNT (B2K).
ZOfENE, Ak (1988) MARIIOWTHE LT3 20. 9Ma (K-Ar) K023, 4Ma (74 v ar b7
v 7)) OFERIELIFE—BTS. Lizhi>T, ARITAHITEIEOHER Th 25 Z L IMEETHS.

AJBIL, B - B - RS R, AeBE TR ROKE ) IEHIS NI 23403 2 T T E
OBEER (ARIEH, 1990) Itk (5530 [X).



F2R FEROBKED7 4 v~ a v 5y 78R

BRUABNS | BRUHURI] s Py
R oo| eEew | 2RE|] 0 @ o o | ° o |0 M| e oE
(cm~2) (cm~—2) ’ (10'xcm~2) (ppm)
mroREE |
Ha 1587 sayv '(M_a). 1.51 x 108(764) |2.07 x106(1044) 26 7.66(1179) | 0.674 220
(30f8)

e HREERE sy vt 7,7 MREE

FFF - ST BAFEFHE TRIGA MARK I
Bk AT T 8-

=, % v 7% KOH : NaOH=1 : | (mol) etchant, 225T, 29"00m
FachPE T RUHS B BT | NBS-SRM 612 glass+Mica, Zeta {=372x5

FREOHER T=% In(+ip - €2 - p)

2 ZCTHRAE, HixPUOLPETER(1.480%x10 Yy 1),

IR S L RIE S hiczetafiTH D

DHEEN :
BECHES om0/ oM+ L 0N+ 1 EN e+ (ozeta, 070

7L ps & pi OHHBATRE

V.2.2 ERE (Go)

MER Uk (1927) 12X5. PA (1913) o THLEERE) (CHkRT 5.

3B, =H (1951) © [HZZWERE] 1%, TOWKEIELATENRRBOZ R & ITIER TR TH Y
(=M, 1951 ; 0’Hara and Nemoto, 1982), Bi 5RO LG O FFHAIOREE (0°Hara and
Nemoto, 1984) EIIRRS>TVWAHDT, HEFTIIILITTE V. ARETIE, =H (1951) & [#H%
WaEE] TEREELRCLOTHY, RAEBKETHRIVRL TV D LMRLE (B33K). £,
=MW (1951) o [T2ZEERE] X, ko ssy, MERICk Lk,

W EERVWbEHELZME 6 hao1 ) REHSEN) .

BEFBEE THOMPEBICEAICEHRD. HIoKERBICEAICHEBT S

S - HE  RITTRARMTEA S AR TEET R ONKEE ) I HRN I 20 T, BRI o BRI
THAT 5. EMIEPEEWIREIIEIETFAT (EdbrE) THIZ50-300 OHANCHEL< .

B ABEIERE TS ALY == ay (B OFRELIROMKI AN B85, —HT
PREBIER S 2 5T

BE #HT5RVKK100n THD.

LB RS RN I TR T & e o728, bl TRET R OKE | SIS o/ s BT ST
TEHABCADER LTS UARIED, 1990),

B - e TN OMEHER KL O A OK B RIE OEESE LA ER D, ABITAThET ko
BHOHE TH D LHEESND (5532 [X).

V. 2.3 XKBAE Mz)
WEH ok (1927) [2XkB. R (1913) o [KEF EWERE) ICHkT S,



B ERROCOSHTFEKERITME (5 5501 ) RiEH#IRN) .

BFBER FLoORRFEESICES . FEHKO N IILE R OKREFE & WE cET 5.
310 - & AXIEHUIS AR ORI RFRAT 2 &, B THRIT R OVKEE ) g Mtk o0 =2 I 230 )
T, WG ORI - THAiT 5. EMTREENTEBICETT dedim), #ic40-12° @R 5.
B ABEIL, OOEEOFKAHRESEEE L, ZHUCTHKGAOME - s (ImLUF) 28k
Te’, ARIEHIEAN T, WEBORAMIFEA LR, REOZNLRD (APRIED, 1990 D63
).

BE #HHT 5B 150m THS.

LR AEOWRE» LEERMEA D ENT 5. ARIEHIRN T, IRICITRARATI A S B LA A
St AREED, 1990 OF5 62 XKV 6 #£).

Bt - it ABICE N A EEBCEHEEIT Barron (1985) ORMEEEER(LGH X5y NTD 4B
(16.7-16. 0Ma) |ZFBESHLD. LI=dio TABOFEUTRHITHitORTH L (B 321X).

AMEHBR O =R 2 BT, BAEA FL T A FOBEAEERPNDERNE0MT 5 . FEEFiE
FEEATOALTE 0. 5km DML, IRILATA) I OB F P 4km QMNP0 L, WIh bigst
nTFOERTHS. EIRFELL, 46 S L <M IBERAEI2I8 - TRALICM TV S, SE 0
PPk, TFEATROKEE) Mgl o 8 =B A S h s, TRITROREE ) XIEHR T,
B EO2A b A EERA A LS E LA D 13, 4AMa O K-Ar 225 REAF LT
5 (ABRIED, 1990). AXEHIRO & DI F LD LD LV /ML LIEMAT, FrIA Mz aS
D%, K BEANSHEENRG. AEOBMETTE A 36 IR

BERREER HEAWANLIA

BEgh : HANES - RES - RBWEEY

e HANES - RIEG - HWmANG - A - KBS
RGBS IREEREE & F 2 U BRE T 5. TEMBIIA 7 4 T 4 v 7 REREG L RER MDY,
BRI AT 0D SRR B 1348 (A O X@ 4 DI T AL 5. BAE A & 354 PO A 1 LIE ISR A 2 &
ITW5.

V.14 %

Tt

1 JE R

WEA Otuka (1939) (C&5. ZEERE, ZEEEFSBERE VD HEA T, WK RO
FEZROSEIERMBEALCOWTHNOGILTWV DA, RRETIE, ®ABHO LML A CE:R
0, BB ESICEDN ZHE ORI E L TRV 5.

BIUEA (1989) @ CalE, Cb/BRBLOC JEITHY TS (BF351X).

728, ARRIEHIERN CIIARBR A RIBEALICSET 5 2 LIZRE 20T, 2EEEE LT—HEL T
5.



HIK BAMELFLIA P OBEMEEE (Fh+-3)
Ch: KiEHE (e B HAERE 1.5 km)

B BEAV LR VD EIRTOSEBRIC OV TIE, PRI E ShTuniawn, 7272
L, REHL, FROZRMST (RZEERMI ; BUED IR 6 AL AT TOMR) (TR
MLTNDZEND, AFTONTEbDLEHRLND.

BFER ARIEHMHE T, MEEEARESICEY, KEFBICARESIIEDND.

o - #E AEE, ARIEHEN TR, KESFEOMISROM TICRET 5. #
IR 5° LA T OB CE< RS TH 5.

Bl AEHO T, BICHLROKEIREMMR - MR E G0, LA IAIRAR, B
BAROARAZRLUZS (H35K). F72/E S8 em BUT O A OHBIER 5 W8 % Sokciite., KISk
O _EEBIEROOMIL & 72 o THERRIR DO SLRIVEVES 12 1XREN O Y, —IBHRIb A 3 X O E kL
BEIKE O HE 2 Pt

BE ZRITAITEORMEA-1 LA TlE, 100m THD (35 X). BEILHEIZAI - THLE
HUTH > THINL, VRO T Tl 330m BBE L 2D,

B RNEHOOITEEMANZETD (32K ; PRIEDy, 1989). EEMETIE, Akiba (1986) @
NPD4A 75 NPD5D O&{LA AR SN TV 5. EEEMEM: CTlX, Corbicema triacantha Zone 7>
© Dichtyocha pseudofibula Zone DORHEN T 5. FHEHA LR T, AERETEBIC Blow (1969) @ N.
9 ®, FIZHHR TlE Riedel and Sanfilippo (1978) ¢ Dorcadospyris alata Zone % U* Diartus pettersonii
Zone DEENZFNETNHREINTWA. AKE T > /LA T, AERETEIZ Okada and Bukry
(1980) @ CN3-4, ARt FIZ CN7b-8a DILAREM T 5.

Bt - ) REHUICEE S 2 2-BRHE, BEEMIE R BRSNS, ZOEMNITB L Z 15-9



Malch=% LHEEIND. 72721, HIRIED (1989) 2L T3 X 912, 13-14Ma fHFic A =
A 5 ABIEET B AR B D (55 32 ).

V.5 il & B Bt

WEA HH (1949) KL 5.

B FIRMLET 6 a0 1 HUEXKIE] Hiki) .

BFER AREHIEN T, THOZEERE ANEGICEY, BOHEmICRESICEDbNS.

BFES HXHOMEHETIE, ABEIE T LY AN - Eon - [l - REFREO4AEIHRD
(FE30K). Zoob, EoREEMUEORIIFFERRESGNH Y, Zck v RERE, TEe
EEICAT b D, ARRIEHIENICIL, GBI LEOM LG & KREFBOLNHMAT 5.

Bt - de  FHIESUES (Manabe, 1979, 1980) KRUEEMMEATER (WNR, 1990) 5, AEHEOE
RIZBHFH R SBBIFET OB INC D25 Z E B L TR TND (32 K).

V. 5. 1 AILUE Mk)

HEL SEM (1953) (2 5. Hayasaka (1956) ¢ “Otagawa Formation”, 7LH + 5Kk (1960) K UYAA
Er (1992) o TREIE (TS 2.

B FRAaTm AL s O RSN VWoE (5 5450 1 Tle ) g N .

BFERFR AIEHIEANALSEORITITEF T, KEREE REGIED . IRIIIT&E & L OKRENT A
REFHECIE, RS EWE CHT 2. ks, Bk [RITROKEE) RIFHURAN TIL, ¥ = 7 /5T
IERE, HEE MR OKEREE NESICES (ARIED, 1990).

20 - WIE OTOERE ISR o T, IRIEATER, Rl R OSKRERT A RE AT Wt s i3 5. Wi
ORI L o RO PNEHR A Cdo 5. AEFIBEEWIE AT T, EANIIZIERED, HO®
AETHIRL TV 5. 7ed, KAERTHAELIRG Clt, AR ITHRICHHTICHOAMET, KEFEIEE
SR E 2T TN U TOHEELE > TN D.

B ok, BRI D R RWe®, ARRIEHEN TOBMOFEMITI AR TH D23, Wik
M7 BEE DRI 5 &, ARITESE - W - AN DR Y, WRK O EGOBEEIKE A TH
2.

BE WEICE> THRSN TV A LD IERREEIIRHTHS.

L\ FRIEO LT OREIEPICITEAOENE EN TV DELERH 20, [FEICHA 2 b DT
ETERDPoTE.

B - 3t AUl E Mo L, HIREKUE T o Gilbert Epoch O EEHICFHY L, =D
FERITATEET IR (3.7-3.4Ma) ThodEansd (H32X; BIR, 1990). Ao milifE b i3iER
CRRTH D LHEESND.



V.5 2 X#%E (D., Dy, D, D, D))

WEL St (1949) © TRFEFE) [0k,

Tk (1948) KO=H (1951) o TEhikg) & FEHRE] bbb OIIAREITEY 5.

Hayasaka (1956) @ “Ishikuma Formation” & “Fujigai Formation’’ % &ibd7-t0, FsAKIEN
(1992) @ [rREfg) & THERE) 2bbei-boliclyd 5. £, BRIE) (1957) © IEhig) &
mHE ZHbEbo, KOVLA - ok (1960) o FEkifE) IARICE L.

W FHIRETIMAT CREESEIL) RO ERIEHEDRE (6 a0 1 Mld) XKilgHik
7).

BFEFE ARIITAOMLEICEAICERD D, ARXIEHIEN CIENE T 5. TR Tk
SEEHAENESIIES . ETHTEREGRAERE, T AKER, ROV SRR &1
\EEA LD ZATERIECHET A2, KEENTILACIE, #8 BB (Iw,) OREEE REAICE > T
DONELEIND (F3TH).

o0 - BE OVCEWTE R O AR FEBE O K53 & 30 THIR R UM FIZIA S92 . WCEWTE
DA n OHIE TIEAER L 72523, ZRLAOHIR T, BRI s LT T2 < HIC
R 5.

B8 ABITERODSE, BDERERCIRENDLRD. £, KILKENE  eEhBITRE & 722

STWD. ABOEMITE S KR LIZESIL, TEOWEZRMS (D, Dy, D) &, LHOIER
45 (D, D) MbR%.

WERAFE T D, Dy, Di) %, Atk DFRTROREE) BiE (ABIE2y, 1990) CTHEERE (D) Lz
HANCHRYE T 2 2%, ARG CIE ARk LC, 2 oy ok B IsmERS (CBL L TR
D, 3ODEMITMONARETH 5. AJF LEEO D, KD, 1% T[RRI L OKFE ) KE (ABRIED, 1990)
TOD, KRODNC T 5. 728, [FITROKRTE] RIFHIRO LRI 5703 D Dy (ITH Y T D 411,
R B B PN P 3 L R,

Dy, i3, BEKERE K OWEIEMAEN SR 25T, ABORK FMICEET D, ZOBEMD TH
I, B R OBTET 2K E T2 1IN IR o0 kL - HIRIAD A &, Y OWERE ORI AE O 72 D 5735

N AN
TESE  guwme pEEs

s RIS

AT KEFEI OB LR RESCESEHR
(KREITILAG AR DEOFIR)



ET D, WAEORESITEE 10-30cm, FEHZ50-100em C, RABIZ1I-5emfEETH D, AL TR
St LB A 29 5. RICATEA OEEIFEREOETIE, ZOMEBHRIZIZLE &R F v 1L
WEEN R DN, F v o RAPNITHZRRC VR ESTE L TS (3539 [X ; Hayasaka, 1956). 20
AL, RIINTEA OREIFEEOE, KOZ 2P LMD NV TLHEETS. D, @ L
3, A AL DR LB B O I L7 B E TR A H 78 5. BRI S, 3

QR 1 7/ N rsanssanomnansn

D2 \

SF11

SF 10

LR

(RIT - B5E HEE) (R ETEG8R)
FIBR REFEOEMN

FWR AEFRETHDLOBHPC RO D AR ¥ SUBREDE
(RILETE A, HEIBEOR)



AFH—_—2a URBEFICREL, U UIFBERRICAZ 5. RIIAT/NF R OERINOOE, 1F
IREFEDK GO, KUMHMST ORTIE, ZORKEEOTIZ BLaBEBSIET 5. HHic
NEFHTROND BILAEIIRIAIRIEN BF Th 5 (Hayasaka and Hangai, 1966). *&tH D, 1%, Fic
AR B AR D AL O IRIIIT =R — @ B IS AT 573, KEERTAAROR S TR L, T/ X VM
O3 L7,

Dy, 1%, HEBEOSKMBR SN SR DA T, D, O B R > TS, L= TN, FH—
N—2 g UPEET D, ZOBME, RILIROFE OB, RITATHF S KREITAAEICANT THAAT
L0, RRJIEBZ 5 &Rkt L, D OFERICBEIT 2

D, [ZHEE FRIR OB B VA K OVe BRI A 22D 72 5 8F T, Dy, @ RICEZ2 S, —fFIC |k
Fihpo CREZB L, TESTREMMR S, ESMAREREN LRV, i B TiE—Es &
STWNS, BELWAA A —_—v g URFEL, ARLEL AR5,

D, %, BHERKADIEENORDEMTHS. FAO D, &iTKLKERE SFL11 fHETlIns.
AR M T, BT 0 D72, ZOEHDOKRENTRDNTE Y, KAERTHNED & 5 AT (AL
FHEE THAT DT E R0,

D, %, KEE/UFEERIT XD IZ K > TAE UM Z I L TV A BT, JEd & 2hicHeE 20
WHEEN GRS (F40 ). Z ORI 201X, bk TR R OKRE) XiEH% i, D, O ok
LfKJE SF21 & SF22 Oficd 5 (ARIEDy, 1990) 23, ARKMEHUEN TIXE HIZTALo SF11 0E E
F72EE O TEYEE TR R TRAL TWDHERH Y, IRITATEEED 6 /)7 O KREIT HE 0L
FTIE, D, OEMENBKIML TV, REIFEHIZAN T, M3 70y 7 13F5EET, D, OEFHA D,

FON KEFBRLEHFOD,OEHE REVEELRE)
(UIEBTER LD #5 R D )



F721ED. O LICEHH - TN DT TH D, Lichio T, BEHOBMTIE, HIZD, OJRE /213D,
ORYEVEE D I85> T Dy OIEWE BJEEANRZEL L T D K5 ic LR ARy, D, PIizi
S HIZ 2 RINARIRIEHIT R 07 L b 2 BB BN,

R PIFZEOKMKPEAEL, BIAFRERLE 25 (41 RUV42 X).

BE BESRICHMT 2R IRK190n THD.

B AE»LIFE2 OCENEHRTS.

B AT, AETHO D, OFEMNOLET D, F2REMITIRIIIT/ N [ OB, KIEE
KOKE, EHEFORLKOEAOHBNFEREOENHD. 2055, EEICOWVWTIE Hayasaka
(1956) @, F7-/NEFHIZOWTld Hayasaka and Hangai (1966) 05235 (833, Zihuc ki,
il pE MO ERIR B RESE 1L,  Glycymeris yamaguchii Hayasaka,  Umbonium (Suchium) giganteum
yamamotoi Sugiyama 72 F&EEEFEE LTEY, S 5IZ/NFHTIE Fortipecten takahashii (Yokoyama)
MEHL TV,

D, DAEFATIE, KRAERTERISTE S ORE)INR VOB, K OMERTFRINEOFINE R A SR EB LA

IR KEFETHODW»DLEN LKGEHLE

RILET & & | RILE/NEFH
Genus and Species Hayasaka |Hayasaka and
(1956) Hangai (1966)
Nucula tenuis (Montagu) R
Acila (Truncacila) insignis (Gould) C C
Glycymeris yamaguchii Hayasaka VA VA
Glycymeris cfr. nakamurai Makiyama R
Mizuhopecten ibaragiensis (Masuda) R R
Fortipecten takahashii (Yokoyama) F
Venericardia (Cyclocardia) ferruginea Clessin A A
Lucinoma sp. R
Clinocardium cfr. hataii Hayasaka R
“Clinocardium” nomurai Hayasaka C R
Dosinia japonica (Reeve) C
Mercenaria chitaniana (Yokoyama) F
Spisula polynyma voyi (Gabb) F
Dentalium cfr. weinkauffi Dunker A
Dentalium weinkauffi Dunker A
Minolia pseudobscura (Yokoyama) A A
Umbonium (Suchium) giganteum yamamotoi Sugiyama VA VA
Turritella cfr. ikebei Kotaka A
Turritella ikebei Kotaka A
Neverita (Glossaulax) didyma (Bloten) A A
Tectonatica janthostomoides Kuroda and Habe F
Pyrene bouchardi (Dunker) F
Siphonalia cfr. fusoides (Reeve) R
Olivella fortunei (Marrat) C C
Granotoma sp. R

VA ': very abundant (10+), A: abundant (5+), C: common (3+), F: few (2), R: rare (1).
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/
cm, ¥
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OR 6

OR 5

OR 4

OR3

OR2

OR 1
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TYYYYY

D4

SF22
SF21
SF 20
SF19

SF 18
ve Ss SF 17
vf, gl, wh, 5cm SF 16
pm
f, gm SF 15
SF 13A
SF 13
f, gm

SE 12

isisac|f gm
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ssenas|f, gm

pm

¢, gm, 4cm

¢, gm, 4cm

fpm D2

sl, gl, Sem
¢, gm, 20cm

vi, gl, wh, 3cm

sl, gl, wh-pur, Sem g 1y

sl, gl, wh, 11cm

c-f, gm, lam, 15cm
c-f, gm, graded, 35cm

cSs

42 KEFREROKUKE

o usivcSs

il ¢, gm, 47cm ¢

Dic

=16k
RIS
6 DR

- 'Y

—0

sl : silt-grained

vf: very fine sand-grained

f : fine sand-grained

m : medium sand-grained

¢ : coarse sand-grained

ve : very coarse sand-grained

wh : white
pur ; purple

gl : glassy
gm: mafic mineral-bearing
pm : pumiceous

lam : laminated
Ss : Sandstone

D Mudstone
Sandy mudstone
Mudy sandstone
D Fine grained sandstone
m Medium - very coarse
grained sandstone
Thin sandstone layer
IE Mudstone clasts
Glassy fine-grained
volcanic ash

Glassy coase-grained
volcanic ash

Mafic mineral-bearing
@ crystaline volcanic ash

n Scattered pumice fragments
and mafic minerals

[]s
L1

Trace fossil

d pumice



DREMT D, & BITD, OEMTIE, SRET/NR - BT O OB S IREO BOEIEEL
ARPEHT S,

RMEERTHTILAHID Dy, O EEROfEUEN D, el (Mysticeti gen et sp. indet.) 2EHLTWD (ER
JINED», 1993). Fiz, KEEMTRFFRHIO D, O EEOBUEN W OAD Ro03> TS (BT
H, 1985). 5T, EWT/NE 7 AL Ol OBEHO BAbAfE S b ERDOF 03 oo 7z,

Fiz, RRKUEHIROKAESEREH» B I3 A (Koizumi, 1972 ; I41EA>, 1986 ; HIRIEAY, 1989 ;
BIR, 1990 5 BAJINEA, 1993) ROVSHH LA (RA)INED, 1993) MG SN TVD.

B - |/ BIR (1990) KOER)INED (1993) (2 Liud, AED D, Dy, D KD, 1L, Akiba
(1986) DOALAFHEESELA X 5y NPD 7B 225 NPD 8 1% 9 5. %7z, D,IEFA U< NPD 9 i
EESND. B EAERFTIE, D, % Riedel and Sanfilippo (1978) ¢ Sphaeropyle langii Zone O - |
2, £7-D,ix, Lamprocyrtis herteroporos Zone IZxttb &415  (RAJINED, 1993). YL EOLAEF)>
5, AEOERITEMEHE L HESh D (5532 M).

=
E
=
3

(7 [ )

VI 1 B R

A Hk D By FEHERII T 32 & L COMEERHF O N A9 5. ARIEDy (1990) TiE, [HETE O
K] IEHIKICINC, ZHBOBEZEN 1, AL, Az 1, PACI, AL 1, (K07 0B RICK
syrLic. LavL, AREHEECIE FEITRONKZE ] Mgk e, B okmaim<, £izmofk
7 BIF7RT20, MBmORRE BRS L, ARECIITBERE [ 26IVo4 By Uiz, Al
DAL T BB ESARIED (1990) OFL 1T B EICIRTHYS T, ZhbDBERD Y b, MRERVO
AL L, MBI OB DML TH L EBZZHNDD, TOEFNIT NI TUREETHD. 72
o, TRATROKRZE] (X Clam AL I B IS O HERI AR bz i, ARHUE Tl s T
VRV, 5543 BN 3R Mk A S e D By X XA, 35 4 RIIIIEROB XSy (P11, 1961 ; [
1E0y, 1981) L oxttbzRd. £, 844 KICII TR B RHEREY O BIERR 2 R

VL 1. 1 BREREHRY (th,, th,)

A U D @ B EHERE 3 RO THERICHT ARSI 4 5. &L T B mi3oEERT A B0 dE T D
HFH HAL, FER 180-185m (S VHE A B R S RFSN TV D, HERWIIEEH CIIfEE T 20
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H4ER AREHR RO ORI OB ER G O% &

. . EN
FJ11(1961) f) 3.7+ (1981) A3 5 (1990)
(A Fi13hs, 1994)
BVER FoEE A7 B o A7 T B o
HVER AR Ehr T B 567 T BRI
s VB
Hlakr i B - PT—
¥ 3,
HUNER
Ffr T
H 3B P T B
iz T B R
BIKE [=10A 923 =il | 9235
#1, 2B
1B =i I B & T B

KEEHEE RIIETHE EREAIR-E REENDR O ORINHF WHEETHIAE W% AT VR
SAIREHRREY FUIEEERY PUIEEERY PAIREERY PENEEHEY RUIREEEY PEIRERED

WEE S k-t

Y

[oos] A EM#) ¢ sgw o i
By am }c. A# bE®
B ®

HER

[T 2k ik

T e

(= &

0 = i {a

BAR B EERYOBERERK

73, mOMEIAEREE (ERE - FEMIREE - AERPIREES ; LUTFRER) OBk 7o L
BHAET 20RO D, @A T B ITBHTR 5 DR A 40-50m O LETHERIZFRD S5 78,
BERORFIIR 2. HERWIIERAHO TR OBHEEN SR 288N B2 5. W oB
IZHOWTh, HEEOH D EYLAKIKE LISV TI#BEH TR TE R o 7.



VI 1.2 ZRE (Tk)

BIERT/INR I 7 OWFREE Tl A7 1 B SR O R EERE O TALICE S 4-5m OV s R OWE
DD AT HORRO BN D, T OHEREINIHAAREN D R R OKEE) Ml 4 50 & 3
5%J5E (Suzuki and Nakagawa, 1971) ([ZHY T2 &2 bnbd. HAHUZRBWT, REH» DY
{47 (Suzuki and Nakagawa, 1971) ROMHE(LA (RBF, 1984), Hfbfi CMER - BAR, 1984) Ot
BHESINTWD. KEOHERRFIC OWTIE, HE & OBMRLELI LA, ROHETRRE R (S,
1974) &0, mMEEDKEIORKEER LB SN TND.

VL 1. 3 SPREBREHEY (tm, tm,, tm;, tm,)

B EHEREI Y, AREIEHIS SRR O E R R OMEREICI > TASEBEOBND. 2055, HfiL
[ Y RIIE & A B OMERR T, WIS B R OB B ATUR LT 5. ITH e e &
9 45m, FERINT/NETHRIS0m THY, FIZEEL RbBIMAH 5. HERWILTE FEIE O L O
BERE U0 OB AN B0, 3-bmDESEFTDH. EAICIEESK In O EA K LIKE 13 4 i
5.

AL B idHr [ BB A DTS TZIT 50y, b L<IRIT L A EHEE R FIBA S A7) 1R
DBET, FEMNTH > T b 0T 5. HEMITERESEOTME G220 (5 45 [X),
F2-5m TH2D. BUTRE O EIE, @IV T30-40m, f8)INARVTIEAY 20m, &AW T
H2bm THDH. ZOPFAMTEMIE, AL ER & IFIFEH L0z Rm L TRy, AL T B mABEK
THEEOWKMEZZDbND. Tobh, ML 1 BERUKEFOWRIZHES T, WEROTIETHRE

BAR PUIBREERYOBRE UEIHTL)

Ay =it 2m



TERDMBIE, 1 BARWALEISIRE AR S 728, Bt CIIRE O @ ST TR 6T, Sl E
FENEIT L2 D LMIRTE S,

LTI B 38 1 R OVE i) [ D 22 J7 CRL IR < S8 L, MEREWI AL RS S O P RER O B ED & 72
5. UL, HERRWOBEENT/NRRORREIT R OFG TIXESK) 2m OHBHE T ORI N 5720,
MWROHEREW L E 2 b s, BUR & OLEITRE)IIRV TR 15m, ERJITAV TR 20m TH L. L
VB IEE RN DOLEFED AR L, PALIB T & ORIZK bm DS 2 F S B EE THI N TN S,
HERE) I IAE TS O PR OB BN 572 5.

LB ORI SV TIE, Bz [ B MBI s o PR # IS b St (iE7y, 1981), Wizl
R HMROT DD D2 Z L n, WIS RERDKI O - MR- TRl Szt EZA LN
5.

VI. 1. 4 {ERIEREHERY (11, t1.)

IERA B mHERS 1T, A28 17~ & F BRI biA L 2 BOEWTRE AT T 2> & T CHRIMIA < 0109
5. EWE R ORI OWETIE, BEmEIE FRICmd> TEIR & Q@3 e, WigEIciig+ 25
25, RN R OVE R DR IR E TBIEA AT 5. BUIR & O Mm@l 1 TR &
<, RITHTRIBAHE T 20m (TS 5. HERWITEE L CIEREEOH M - A 520, R
TEL RN HS. 7ok, MIEMBPEROMBAIEM T, @) R OE ORI > T, i
T & DO 10m FREOERLEMARD GID. 2 OB LA AR Lo & omicxf bk S
20MFA BTV, W & OLERCHE OBNTE 2 EA BARGL T BEmICHY T2 b0 B % 7.

VI 2 FiRH & Ot midERgy  (F)

AR (X M35 o L1 M R O e [98 % Z0 T 48 D HH S 13/ N 72 B R B HERE W 28 45 A 5

TRITATAE AT Y, WA R OAE 1 B RIS, fEiRESEE) 672 2 A LA NG
DFIRHHERE) 23 LIRS < S0 5. HEREWII KRB RIEOW L OVE T, kMmO A X5
ETHD.

F 7 PR LI, REEECRHE OIEERIC 5-10° DARLE b ORI NFET 5. Z OfEshE
EHER L TV OHERE, EL L THEREEOEBEZETAENS2Y, ~ MY v 7 23HERE O R
bLle= Y DRE LRLOGERHD. 72, BELEETMRDOLNORD5E005. ZOHEFE
PIOHERERHNZONTIE, LR ERR - B A (Ad-D ; %id) &R bk LK E O 5845 &
il DERNEERHY, SEIERMHOLOREENTND.

VL. 3 #3~Y HEREY (1s)

A X g Ml AR, AR e L D KRBIT SR B AFUTITIE, #9 Lkm 5T D72 - T, FHRE S LL
T OMEREIZ LR 5-10m O/NEAFAET 2 HIEA R 6N D . HFWITTEE TIIME TE 20, £



TIEHREFGERFREOW KOV P ERLIBRIEL T L2003BO LN, ZOMBITRE#TVICLD
bOLHESND.

VI. 4 #W#EE (a, al, ar)

AT, Bk oWEE B D RAEE TS BV CHER LB 2 £ o Cfifg L 375, L
Fod o T, BB IEEHHE NS FZH O L ONE EN D, HEM TR, Meta By 5
AR (ar) KOESEBHER (a) ZXBILTRLTH D, KRB OFFEIG L, AFEE R
Wt & BINT 3 2 B Ih - Tt 137>, EIIEHUS PSS O BIR BRI N 2 fih 2 EZRINCH - Th
ST D, 546 BUSITAHIRICIS T 2 MEEE O R — U & ZHERIK BARIEA, 1992) &7 2K
X, AEEOFE ) - @) - BTN O Hllk CIFE S 26m L EOMWEEE A AT 5. ZOHTHE
FIRAATE (K=Y Y 7HE @) TIHEEH38m SR bR 2o TRV, FHITITEHZRE TR O
M LEReEND. FEHOREIIKROEE)IRVW TSR ERRELAT, WEBOREIIIAHTH
2.

VI 5 BERKILREY EXTIEER)

AR [ s oD | LA A ST« DB il B INA o Tk I LE Y (B LR, [ TR
) RROHEND. BALKILIREE, (LiRlmn BT EREEE BEEE - TR, o TR E /T
FIC bm LA EDIR S 2 F T 5. BT EoR b KILKEIZIES 50cm-1n Th 5. [XIIFEHIR G L
WO RAAHETIE, IHHER K O%ERE OB ILKEHRICH A AOBRABNREREND Z 013
%, bz S LI LIERn b, HKRERITHN30en ThHhD. ZORABIZHLOENEA L8225
KELZ LaRHME L, BERBRKILREDOERAE (Ad-D; Arai tal 1986) [IxflbEinsd. (L
R A B A M3 IR —4 IR O TALICALIE S 2 2 &R SN TR Y Bk - 5L, 1993),
ZOEMRUTDRE B8 THEAMED bW EEZHND.
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VIL b H R i

CARAnL - MIREER - &I - &6 1)

VIL 1 ) ety

OB AP 5 B T PR L L b BRIV > TTNTO™ W 5 1S 100km (2072 » Tl 3 2 CTd 2.
ZOIFIERITRE - BiR~A v My (1, 1984) 12k £ B2 DA DT, M)A ITER
200km LA EIZ R SRRRBAAE TH D, KRIEHE T, BIIOHTRlEE~ A vt A~ W20
YA PRBAFITRET H0E 2-3km ORI E L TRO LS. WiE R RIE U Je oo B I
DALT7 1km OHEZEEHRTEIEDWIBIC Lo TEB A, ZOEMRRFIZTh TV,

MFERT R OVRZE) IR T, MR AT 2 W D 5 b, FHIREDEE 72 3 ADWifE %,
PE> O NELZ ) RS PRI - ROt - ST & A 72 (BB T D). 2o OWiEI, ARIIEHE%
TIE R OB EJIAES O RWE £ CILBIE D23, Z O TIEWE O RBMRIIA I TH 5.
605G, MEEAERETEE AL BIERA A BT D WE & U ORLE S &3 2 0 s v e
WZOWTHE, JINAENLIEOR 1kn 282N ZAUCHE T 5. T7hbb, THITEROKZE] XiE
Hidsk & FIARIC AR (iR Mgk < b BTECBRAL a8 & Ak EAE RIS R E OWE & 55102 O AR S IR X
BIEI, WEBADR > THMTH &0 FLAR0.

SRR SR EE T D~ A = A N OIERFVIMEREL, ARSI ThoR L 22/ T52 8%
RLTWD. ZOLEETIWIEEEOISEHIRL, HaEEaTH ORBIEELE, B =520 kI LITEBILL
RICHD. BT NOEMRIZOWTIE, K- AL (1992) A360kn & A>T a. (LLUKH - KA
(1992) 1TRE - B~ A v A MEEIEERBAAFOALTIER & LTERY, BRI OW SR A D2 &
13 130km & A>T 5.

IR T O AL O W E Y, HEK CIIEHRRER Lo TV D DR ITERBL ThD.

Wi i - C, SRITIME L7 s RAEOIRE - SESRE ARSI 7 2 IR LT D, Wi o<
A2 7 T A MERREOLEN % biEo T\ DT, HBIHE LTRWETZ LR TH 5.

TR o OAE R BRI I A RS S FEEE L, 2 O 0T — A% IS NNE-SSW M TRSL L, Mt

FIFRFETHD. WETEE CTIE, 20 - 3 IRIEREES PICIELE em 22535+ om DJBIR D ¥
NETvAuF A FBRRWESND. EREEEEOIREEL VLV F I~ A uT) A b TR
LTWo. Iz, SRANAREGILHE 600m Tix, SRAMROHRIA PIAEH RERAER MRS PIChE 15
em DN ETv At A EBERICHEELTVD. ZOHE, ERPRCE O R IREEILNG W0,



TNV RT A aFA MINAS WIS S DFLT, KIEOHMMEEZFTLT0D. [FHITKOKE] XiE
HIETIZZ ORI R ULV ETI~vA B S A FDLEND, Ya—REXTA FEBZXONLHEBAN RN
SNTVD ARIED, 1990).

BT B L 5 = AR LARE IS RIENS - LT DL BB = AR O E BT DUV TIE, W) RS C 15 BH
W Z R LN e O BERE SRR T2, L LR DA D 2 7 594 %
DWiERe, IR ORI AT M OWE % mAE T D~ A m A MuE bR WKHiEIL, =0
ORI ILHI ORI B 2 BB EIHR L OB Sz & B2 b5, B I S a3
JEDZ ATHE LRI SRR L, WESFWICEN LIZDOTHA D, BAEICOWTIE, BEEOT —
ZUXIRR, AE T THA MEDERNIPEEBIH L0 590 0T, 2§ 2 BEEMAAAT D2 (L& & [A]
BENENLUTTHAD.

SN B 5 0D R AL 7 1) 00 W8 - v £ B T B T8 0 — > T dp B RREMTHRIR AL )5 Tkm o WNW-
ESE IO WHE L, BN RN T, BIEA A %38 2 [F 7L O Wi g 892 AlRErE S iR, AR
BOEE, KFEHEICH 1. 5kn FREOEMBHEE SRS,

VIL 2 EERGREHET

PUERB R L)) AR O BT 8km DML T, 40 & ATICE DG Th 5. Tl PR L #5%
Z XG> TR 100km #fe LT 2. 4B IRERAT & RERIZ PN O ATl &~ A o)A b -
Y7 FHA NPRBEEICHEET DR 2-3kn OFRE TH LS. MR L L Tv A nF A MuoBE
BWETHL, UV T~ A m A MIRRIEHIED DI RN Z E Ty, Jl) IR & RERS, <
A A N OEXFRIMEE D D AT IS ERNIC X 2T, EORE M) R & FIER T &5
Abhb.

AT OWIEO 5 5, fix b KEULZR b OIIRERTE L 4T bhTnd GBTH). BIfEfmERTRS
B REEWEIE, AMIAUCAE Ui Wig: & U CoBEERMRESAS, 5 = f LA OEREIS 35 0 2k
xS LT B3 OfET B E L THEIEBIL CTA L0 TH S, ZoWiEE, bidekiaam
B0 G, MITEERWbEHAZEE T 100kn (272 > TEFET 2 KEE T, H#AIC TR
R 1L & 2 D ROWHRTI 5 AR e OB & 7p > T . BIFEORERILMIE, FL LTI o
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(ABSTRACT)
GENERAL REMARKS

The mapped district lies in the northeastern margin of the Abukuma MountainsChor-
theast Japan. In this district the Hatagaya and Futaba Fracture Zones run from north to
south. The two fracture zones extend over a distance of about 100 km along the eastern
margin of the Abukuma Mountains, The fracture zones have a width of 1 to 3 km and
are associated with mylonite and / or cataclasite.

Within the Hatagawa Fracture Zone, three major faults exist, named as the Western,
Central and Eastern Faults respectively. And within the Futaba Fracture Zone, the
Futaba Fault is the main fault.

On the east side of the Futaba Fault Paleogene formations crop out in contact with the
fault, and Neogene formations are distributed widely on the rest of the district.

In the narrow area between the Central Fault and the Futaba Fault, Pre-Tertiary
metamorphic rocks and intrusive rocks occur.

On the west side of the Central Fault, so-called Abukuma granitic rocks and associated
metamorphic and ultramafic rocks occur.

The outline of the geology in the district is summarized in Table 1.
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Table 1 Summary of the geology of the Namie and Iwaki-Tomiocka district.
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PRE-TERTIARY ROCKS ON THE EAST SIDE OF THE HATAGAWA FRACTURE ZONE

On the east side of the Central Fault in the Hatagawa Fracture zone, metamorphic
rocks and Early Cretaceous intrusive rocks occur. These rocks are similar to those of the
South Kitakami Mountains respectively, and can be correlated with the geologic units of
the South Kitakami Mountains.

Metamorphic rocks occurring in the Hatagawa Fracture Zone

Two types of metamorphic rocks occur in the Hatagawa Fracture Zone. One is
distributed in the southern half of the mapped district and consisted of pelitic schist and
basic schist. The rock is strongly mylonitized and thermally metamorphosed. It is cor-
related with the Yakuki Metamorphic Rocks occurring to the south of the mapped
disirict. The Yakuki Metamorphic Rocks is considered as Pre-Devonian.

Mineral assemblages are as follows:

Pelitic schist

plagioclase + quartz + K-feldspar + biotite + muscovite + opaque minerals + tour-
maline + chlorite + amphibole

Basic schist
plagioclase + quartz + amphibole + opaque minerals (I chlorite + epidote + biotite
+ muscovite

The another type is distributed in the northern half of the mapped area. It consists
mainly of pelitic metamorphic rocks associated with minor amount of mafic metamorphic
rock and limestone. The original texture of the rock is well preserved, though it suffers
the mylonitic and cataclastic deformations partly and is thermally metamorphosed weak-
-ly. The rock is regarded as thermally metamorphosed equivalents of the rock of Soma
Paleozoic Formation.

Mineral assemblage of the pelitic metamorphic rock is as follows.

plagioclase + quartz + K-feldspar + biotite + opaque minerals + muscovite +
chlorite £ epidote

Metamorphic rocks occurring in the Futaba Fracture Zone and its western
margin

In this district, pelitic metamorphic rocks associated with minor amount of mafic
metamorphic rocks, and metavolcanic rocks occur. In the Futaba Fracture Zone,
metavolcanic rocks are predominant and pelitic metamorphic rock is the major consti-
tuents in the western margin of the fracture zone. Those rocks are thermally metamor-
phosed in various grade, that is, one is completely recrystallized and the other preserves
the original texture.

Mineral assemblages are as follows:

Pelitic metamorphic rocks

plagioclase + quartz + K-feldspar + biotite + tourmaline + opaque minerals +
cordierite sillimanite+* garnetx muscovitex chlorite

Metavolcanic rocks

plagioclase + pale-green amphibole + opaque minerals + chlorite + epidote

These metamorphic rocks are regarded as the thermally metamorphosed equivalents of
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the rocks of Paleozoic Formation crops out in the Kawamae district.

Intrusive rocks

During the Early Cretaceous time, vigorous plutonism occurred in this region.

Medium-grained biotite-hornblende quartzdiorite (Okurayama Quartzdiorite),
medium-grained hornblende-biotite granodiorite (Kunimiyama Granodiorite), medium-
grained schistose biotite-hornblende granodiorite, medium-grained hornblend-biotite
Granodiorite (Tamanoyu Granodiorite) , medium- to coarse-grained biotite granite
(Hachijoishiyama Granite), medium-grained hornblend-bearing biotite Granodiorite
(Kawabusa Granodiorite), fine-grained biotite-hornblende tonalite, diorite porphyry,
fine-grained biotite granodiorite, granodiorite porphyry and felsite were emplaced suc-
cessively.

Granodiorite porphyry and felsite tend to occur along the shear zones or faults.

PRE-TERTIARY ROCKS ON THE WEST SIDE OF THE HATAGAWA FRACTURE ZONE

On the west side of the Central Fault in the Hatagawa Fracture zone, Early Cretaceous
granitic rocks, so called Abukuma granitic rocks, and associated metamorphic and
ultramafic rocks occur.

Metamorpllicrocks

Metamorphic rocks occur as relatively large-scale xenolithes measuring about 0.2x 1
km within the medium-grained schistose hornblende-biotite tonalite and medium-grain-
ed hornblende-bearing biotite granodiorite. The metamorphic rocks consist mainly of
pelitic metamorphic rocks with minor amount of mafic metamorphic rocks.

Mineral assemblages of the metamorphic rocks are as follows:

Pelitic metamorphic rocks

plagioclase + quartz + K-feldspar + biotite + opaque minerals+ garnet+
muscovitex tourmalinet chlorite

Mafic metamorphic rocks

plagioclase + quartz + pale-green amphibole + opaque minerals+ sphenez tour-
maline
plagioclase +quartz +hornblende +opaque minerals +clinopyroxene

The metamorphic rocks are thermally metamorphosed by the surrounding granitic
rocks. It is not clear whether the rocks had already been metamorphosed regionally
before they were captured in the granitic rocks.

Ultramafic rocks

Ultramafic rocks occur as xenolithes associating with metamorphic rocks within the
medium-grained schistose hornblende-biotite tonalite and medium-grained hornblende-
bearing biotite granodiorite. The rock is completely serpentinized.

Intrusive rocks

Intrusive rocks in this region are as follows, in order of intrusion; medium-grained
schistose hornblende biotite tonalite, medium- grained hornblende- biotite granodiorite,
medium- grained hornblende- bearing biotite granodiorite, medium- grained biotite granite
(pink biotite granite), fine- to medium- grained biotite granite (gray biotite granite) and
granodiorite porphyry. They intruded during the Early Cretaceous time.
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TERTIARY

The Tertiary system in the mapped district is maily distributed on the hilly areas to the
east of the Abukuma Mountains. It consists of the Lower Oligocene Shiramizu Group,
the Lower Miocene Yunagaya Group, Lower to Middle Miocene basaltic intrusives, the
Middle to Upper Miocene Taga Group and the Pliocene Sendai Group in ascending
order.

Shiramizu Group

The Early Oligocene Shiramizu Group rests on the pre-Tertiary basement rocks and is
lithologically subdivided into the Iwaki, Asagai and Shirasaka Formations in ascending
order. The group is exposed in a narrow area west of the Futaba Fault, dipping steeply
or almost vertically. It also occurs several hundreds meters below the surface of the hilly
area east of the Futaba Fault.

The Iwaki Formation is composed of pebbly santstone, sand stone and mudstone inter-
calating a number of workable coal seams. The lower part of the formation is characteriz-
ed by cyclic alternation of non-marine pebbly sandstone, sandstone, mudstone and coal
seams, which form typical cyclothems. On the contrary, the upper part is represented by
dark gray marine coarse- to fine-grained sandstone containing shallow marine molluscan
fossils. The formation ranges in thickness from 50 to 215 meters, thining eastward.

The Asagai Formation conformably overlies the Iwaki Formation. It is a poorly
stratified fine- grained sandstone containing abundant shallow marine molluscan
assemblage known as" Asagaian Fauna” [ The formation is about 180 meters in thickness.

The Shirasaka Formation consists of gray marine mudstone. It lies conformably the
underlying Asagai Formation, and has a maximum thickness of 240 meters. The forma-
tion yields well-predserved diatom and silicoflagellate fossils of Early Oligocene age.

Yunagaya Group

The Lower Miocene Yunagaya Group unconformably covers the Shiramizu Group and
crops out in a narrow flexure zone along the Futaba Fault. The Kunugidaira, Goyasu and
Mizunoya Formations constitute the Yunagaya Group in this district. The upper part of
the group consisting of the Kamenoo and Taira Formations is missing in the mapped
district probably due to remarkable erosional event prior to the deposition of the overly-
ing Taga Group.

The Kunugidaira Formation is composed mostly of pebble- to cobble-sized con-
glomerate of non-marine origin, and contains some fine felsic tuff layers in its middle
part. The thickness of this formation varies from 50 to 80 meters.

The overlying Goyasu Formation, about 100 meters in thickness, consists of poorly
stratified shallow marine fine-grained sandstone. Calcareous concretions are sometimes
found in this formation.

The Mizunoya Formation is bluish gray marine mudstone intercalating sandstone
layers. Marine diatom fossils indicative of latest Early Miocene age occur in this forma-
tion.

Taga Group

The Taga Group is marine muddy deposits of Middle to Late Miocene age. It unconfor-
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mably overlies the Yunagaya Group and consists of muddy very fine-grained sandstone
and sandy mudstone in its lower part, and of diatomaceous mudstone in its upper part.
The group is not exposed in this district, but it is widespread beneath the surface of the
hilly area. The total thickness of this group exceeds 330 meters. The group yields a varie-
ty of microfossils such as diatoms , foraminifers, radiolarians, calcareous nannofossils and
Silicoflagellates, all of which are indicative of early Middle Miocene to early Late
Miocene age.
Sendai Group

The Sendai Group in Sendai area, Miyagi Prefecture is divided into the Kameoka, Tat-
Sunokuchi, Mukaiyama and Dainenji Formations in ascending order. However, only the
latter two formations occur in this area. The group is widely distributed in the hilly land
east of the Abukuma Mountains.

The Mukaiyama Formationis Lower Pliocene non-marine sediments which unconfor-
mably overlies the Miocene deposits. It is composed of conglomerate, sandstone and
mudstone intercalating lignite seams and felsic tuff. The formation is exposed in a
limited area along the fexure zone near the Futaba Fault.

The Dainenji Formation is Upper Pliocene open marine deposits composed of sand-
stone and mudstone. The formation includes a number of thin volcanic ash layers which
Serve as good key beds useful for precise correlation. A maximum thickness is ca.190
meters. A large-scale submarine landslide deposits occur in the upper most part of the for-
mation. Marine diatoms, radiolarians, calcareous nannofossils, molluscs and fossil whales
have been reported from this formation.

QUATERNARY

Quaternary strata, including terrace deposits and Alluvium, are distributed on the
coastal region and along the main rivers. They consist of gravel, sand and mud. Terrace
deposits are devided into the Higher I, Higher O , Middle I, Middled , Middle O , Mid-
dle O ,Lower I and LowerD terrace deposits. The Higher terrace deposits were form-
ed in Middle Pleistocene, and others were Late Pleistocenein age. The Tsukabara For-
mation which consists silt and sand, is distributed just below the Middle I terrace
deposits filling smal Ivalleys. Alluvium is distributed along the each river.

The Futaba Fault in the Futaba Fracture Zone delineates straight between the
Abukuma Mountains and the coastal lowland. The Abukuma Mountains were uplifted in
Pliocene to Early Pleistocene being accompanied by faulting. The northern part of this
fault has been active even in Late Pleistocene, although this fault doesn’t cut the terrace
deposits in this district.

ECONOMIC GEOLOGY

Building stones
For the aggregate, metavolcanic rocks and sheared granodiorite (Tamanoyu
Granodiorite), in and along the Futaba Fracture Zone, are quarried.

In the many places around the Indate-mura, Katsurao-mura and Miyakoji-mura,
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granitic rocks are quarried for building stones. These granitic rocks are so-called
Abukuma granitic rocks, and especially fine- to medium-grained biotite granite is
valuable for its homogeneity and fine-grained texture. In the mapped district, biotite
granodiorite occurrig in the Umaaraito, Miyakoji-mura is quarried.

Clay

Kaolinite with a minor amount of montmorillonite occurs in the Mukaiyama Formation
distributed along the Futaba Fault. The clay has been used for pottery knwon ag" Obari-
yaki”

Coal measures

The Lower Oligocene Iwaki Formation contains many important workable coal seams
in its lower part. During 1950’s and 1960’s, the coal seams were mined at several mines,

but all of the mines have been closed at the present.
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