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(1980) Tl Ostrea ® K 91T sp. Ayspp. ZDODVHIRE LIgWGLIRA L WY, JFRELZ L THRWOT, BUF T X TLNiE)
(1980) IZ W TRtk 5% .
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OB ATL, HILEE LLRESICEATERD. 6k 4B EShTE2n, KB ERoR
AIE, L EE - M@ I RTRE R AR (B8 & OMa) g (FERF - &M, 1984).

s ILE Of FEITLIS - 7 A A FOKEET, B> kT 5. FiiTEO b D
WCHPL L7 es O E 28 2 3D D T PRI ZIERE AN L, EMEORITIZHh o TRILA
B — BEDCH O ZIRHEREN), R E MRS ST 5. Z OBRITHECE LS, ZkHAERA S
JE{b A L Dosinia, Pectinidae, Glycymeris, Nemocardium, Palliolum 72 & 0 &I HEE 3% HAL
ABFOND 2 EMNDH D (IUPIED, 1980). —F, AEO LT, KiUEREDES L2250, &b
HCTHOZIISEENEET 5 L9125, IRHDEEE, WIbAKPIZHRAEZ DT, 2730
DEGI DRSS N TND. 7o, WHEEEORIINA T s T AZA N0 _IRHERDE BT Z L
NdHD.

AL, HIFRIIEEH LTy, UL, FIBORITHEE TIIMARILZ LS RES 1B DR
TILRL AT % (GRPHPEHA, 1969). L7223 > C, BRI OFIAGRILZ LA OE FICHRTEL TV D
ATREMEDS V. ATIREIE, M- PRI E K ONT VA U XA - BERCE B Y (BIRIEAN, 1972),
L2 550m DIFE AT D GEAEAFENES, 1969). A2 HIE, Bt (- fERTh) oA,
DD AMLEIRE " AFET S (WA, 1981)134>, VKICEET 5= e CRALR, 1975) & (i
B, 1974) B SN TW5. RILEOHERERE Y, REREERO LIEKEONB TH -7z LHEE S
NTW5 (g, 1974 5 [A, 1981).

FAFRILZ IS L, ANAEERIE - BRREZIENS R OB EKLOEEY TH D, 4G DENR
I%, 6.34 0. 190Ma (IIF: - JRfE, 1966) THMPHITH 2.

ULDFE=F2D 5, MAMRLZIZEZ RS A TICTFfE OB AERRDbND. T b,
HME-PHED b D LEMED S D LI KBS DN, BED S OD D B, [l R8O ACE KILTEB)IZ B
HRT B ENEITREFEIC L TH 5.

I - PO BABITENR - BRH D VI KB 7 2V ABERE 72 L, BHEOHIITIE U Tk

- RRCEMRR A R T. TOEBARARET 22 LT L VA, dad t b2, Thbh, i
SfE LA OE - LB OMERIC B A L= b O H 5 B L. IS L, B B S I3
MRANE & A LT, OB ARHITHELME - PHEEAE DR T, BS < mEILEHERIF ) Z D & HEE
Sha.

R, FosLEE, HAE, KARBERE, WA, WEEICES SN, ShbOKME
BRI K (1979) IZHEAWTWN DR, AWEDIARRIIRE (1979) ODTIREBEE b EOHLDOTH
2.

WA - TR - AEIE, WP BEE -1 - B ORDEBREHEFRYTHY, Zh b, bARER

FECHAT 5.

KRIBGLZRIE L, TARY DADAALREORE S ERE L, KRR - ILEBICOHT 5. KIREO
FE P RENALE T D KR (L (BRI T HUR ) X2 2 D 7 B Th S,

AR R &I WIS RYE S BAIE < 3 AT 5. Eiz, BEEETH CIImIN - YRR
W L HEREM) CRERR S LD 5 7 IRIP M S FEE L T D
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T, BB HEEM LT D, —EMITIRTE TR & 5V AR 20-40° AL L, Rt HbEs 4 b
5. FHRIIAHAT, BEIE800mLL ELHEEND.

BFBER A8 OB ICE T D HEME (3R) 2> B FIlr LT, Joiih S otz X 2 R A
BoTnbheEZLND.

B8 AEI W

DIE

CHYE - RIUEROTA A MEs 2 EHRE L, LIFLIRRES 2D (556
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B) . BbAEIE, M- ORI TR S, MEEEZ ST L bZ V. HEOEI T en Hn LA KICE
F, 7 BATIFATT IS - RALEEARO LN ZENR B D (FETIX) . WiEORmI, A -
B - B D ER A - ARE - ERRREOIME, il - BREKIEE - EREES R EOER
T, LODUIRER L KIZENNEZ. 207, KEElE LT 2T, kg EXET 52
LAREEL 725, Z0Zlid, BEEOLEBRICTHL. BT 28T, Hen 2520 HDW0VIE
30cm FREEDHMBEE W LIABCH b RICHIRSND LI, RIEE, T4 A M. Dni
NoHLNLIERME, ARMRE, ARGRAEREE, ThoOERERRHER R &AL D%
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BER HHERERORE (HEREkn-)

B OEREEES) | B R E W | # # e
EHANETRIRE | POV BRE 2R | SO R e
(KKSK 136-1) gﬁ'y”j/'7”ﬂ4*' B S EREH \ »

PG YRR ADE - R ik, APIER R B
(KKSK 136-2) Bl - BT Eﬁ%%g;;igf7/fvx P
R BERMEG 2 VRE. | FRAIELCHARED
(KKSK 136-3) E%;jt?;%X7ly. A »

Fod v | P REEERR TR « R + BRAT
(KKSK 136-4) | a9 LTI M s
(KKSK 136-5) T BRI - B

EBEESET A+ | DA RIRACEEEE | BESRES
(KKSK 136-6) ?iéfgﬁﬂﬁa RNAR « BRI ERET TS HhRRE

BERS VA A ERINERPOEEORRLDOERATSHD

B AR RASPEZMEREEOZN BT 22 L0 0, BHE=ZRICHKT I O LI
%9,

FBORITREND L DIZ, ABOTEHIL, RlEAEDOEBR ~HROOND. ZOKIEE
X, KIUEEE 3 5 VI LA BEE 720 LB IR & IR E L, & X I0E SEm OB 22 LE R 2k
Lo, RIEE KRG T ULIZ LIZHIERE U, BESE R 27220 2 L bR S < 2 D% < 13k H kAR A
WMOTHSHH. THITHD> THELS 2D, BaHDWVITHESITRET 5. ZOIENT B RIS KFED
B2 243228, WENBIES 10-20m LT O L v KR CHILF ~BIFCE R WEAREL .
EiR s KRG E D BN 8 5 28 DT A VA MEABEIRAEIEE, T A YA bk s 2RO
iR EEte. WfE &b TEIEEKILEED, 72 BEIE Ca A0S B S BRRERE T 5 O TR RTiHE
W LHr S5, IR REEIE 20-30m. FAZO S OIETEFICA2 - TRIKT 525, B0 b ol
PEERHLGE L GBI CE DO TRWHEE L 22> TV 5. 2D DIEMNIC, WL BRKEKIRVICE
S 18mS DT A YA MRAEEPENRO BN D, TIUFEITE AT Z LA KA TE L 0 FALIChLE
L, BREUNLERAF~LS. ZEAEBRALLRY, T 12nid—RIBRICR 2 523, B 6m 134

P2

3) =i (1973b, o) 1F, T OENICRE - REA BRERIO F RSB A S LTV D,

1) ATV KT APEAHERS £ 13, HE Y FBESATOARWEEARIS KIS 2 S0 D EER L, 1o, FHA—RSLkS
VIR L T D ES 25720, EEICH D IO O TR (L X ICRIREERa VR Y 2 —va V) BRI Y, L
LTI TR INLIE 2=y PNTIERIERRZBDHND LD fﬁ‘bm”zé 5. F7ebbh, FISHER and SCHMINCKE (1984) 73
)ﬂb\*b\éi IIRWER TOKTAREHERD 283, 72720, ZOTFEH, EBHI20IZRL0—H LR bhink )k
o T HRFRBGHFEIC GO, Eo OKkh” OHEIEE O BT OB OHEREREE H1T o 72,
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— HRIEE IR 4 L 72 0 ARALARE LT 2 0 TR D K Pk i HERE I & I S 5.

Fff - AL OBERID & Tl & LI HkIC WOT A A NEABEIKE O EATICRE & TR L
FTLRIABR T D, BEEORIIE UL LIRS L7 RBE OB « KN 3 e £ T
5. FEEE Inn PAANORIEER T HEEMALIET, LIRUIRNERIZO N, T OM%E R
FRED IR T LTS, ZORIEEEIETFA - LHHEOILT Y OFRES TR BIEL, 50nfz
FELHEESNDA, ZOMMTIIRMICEL LRIKRT 2. L7eh o THEIFIZZ OFITIcdH - 72 ATHElE
NEW, BEE IO T L RoZERE (6 X)X, ZhEIiZiERBEECH D

JRBAAL, BT 2HATRARY, THe EMIcZ<ER TS, TERRDREHLTVWD
FH - BEEOIRE T, BEHOMIZ, Fen$in DK - JREAOBLIRS - 2L Man LIFLIdHE
TV DHES (WANIEDY, 1980 OFHIBITIZIFMY T 2) 288352 N TEDH. 22 TiE, EE
- 45 10em OIERE « v MEMPES 4- $10m O ERALE O FIZ#i L CER B8RO, —
U5, EAHIICEHET DIREAE D% 1L, A HOTREK - JRE )V MAT, —IC, WAKBERA
L RICETIK - JKABEIREEEEC I EVIATT IS oRE LLEIRKERADR RO D, KEDJR
BAENDIXUIE LIS A ZET S,

W Ok EEIE, BRIk LERRE Y A 2 BT Jp—
GUBE - WEHOREOERY O, KE v (%%%i
& D VIR EL SV ME D8 & 73 e ) ORIE
THEEe L 51272y, FUESERE & ORI T, v
U NE - TEEBMER L 72D . REOWERETIL, R
SFHE A RO 5 RARE S OMESIE - BEE oL R
IZERENR TV D (B8 M) . £, IEROILHDHE
T, HEOHRIC Ostrea L, THUCHZR
5 H AR B AL AT TIE, Clupeidae, Acesta,

Portlandia 72 & OEIHICHER T 2 E ka3 o
Mo TG (H9X) . HIZHSTOWRITIIAT T
W IE DN BHE 2R B IR B A 72 LEEIRE AT % .
ZITORAZ T OFT Y FrIHEm o b a fs
LTWa., —F, mlslicnfid 28, Wss 2m

—]

(11

—
B 1 % R LR 9% % RS S Tk ! q
Kbz R L U, Wi FE oI s B AL 5. o
—ENCHEE O R D L b BN, BHE, R .

- S G L, ek ] 5 N < 5 "“F@\_m\_m:\@
RSB O O ST 5 #0) LR 50T, W —— igﬁy@ﬁ%%
WERCEDLNS 2D L. KKSK4OS Besgsg

EF AR EROLA 2S5 (4 6 ROH B#fic L B g
7358). HeM IR LBORRE (EOTRS

RHE LA R) co el e Mist o
BAEENERD
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: ar BN 0 o0E1 <D sEE oEA

1] sk o7 whb—] n[x]

B AL RASEOBRBAED N — b~y 7 GRETEHOWRAR)  wAes (1980 L5

1-5:HHE 171/ PgRE 2:HE 3: B8 4: 7191 1 BRARE §:BRaxs
6-7: BRAAFE 6: AEMBAES 7:BAER) S:WE 9:/va—wn 10: 1LAEH (1980)
CEARESE 11:LAENEA

FeR HHBERMEWAES., 1980RHER #ﬁ‘é}

Ostrea sp. Lamprotula sakaii Suvzuki (MS,)
Portlandia sp. L. sp.

Viviparus sp. Cuneopsis nagahamai MizuNo
Semisu'lcopim sakamotoi Suzuki (MS,) C. praeambiguus MizuNo
Anodonta etomoensis Suzukr (MS.) C. sp.

A. sp. Corbicula sp.

HIER HHEEEDE

ERBYRT R BRAEE (Lrigss, 1980)

Metasequoia japonica MIKI
Salix sp.

Quercus sp.

Alnus sp.

Potomogeton sp.

Acer sp.

ERBIRTHERER BL &)

Metasequoia occidentalis (NEWBERRY) CHANEY

Lindera miyataensis Huzioka and UEMURA .
Parabenzoin cir. trilobum (SiesoLp and ZuccAriNI) NAkAI
Parrotia fagifolia (GoerrERT) HEER

Vitis sp.
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m. 2 g M F JF

WER EpHEEEA (1967) . %J1(1952) OFMEFEAEICHY T 5.

BWHh AT A

S I TH) LT R SROBCIE < AT 5. —RERIL R B & 5 VT 20-
407 fHZ, HHEZEVEL. WETTHI SN TWAES RS 2 O TIEMZ BRI RALER, KT
1200m FRE L HEE S LD .

BEBEE HHEBICEATERZEEZLNS. LPIEA(1980) K TNLUPA « 4 (1981) T REA
BIfRICH D b DL Uiy, BN GHEEND L 91, MEOHEITEANTHD. £, IR~
T dr i iR L7 © B SR N ERIC 20T TREH T Db 2k (55 9 XD 13X, TfE O OHERIER B3,
YK = VKIS & B~ BRI L L2 2 L2 RIB LTV A, iilifER B fhTicAonsd “mk
FSFRY OBV MEEEBIIZOZ LA EMTHHOTH A D (F8 X)) . IEMMTOWE L BRHOWE
FTIE, AT 7SR EORHRMEE LR T BAEENEHBICOCRZ L THET 2 I . i
1F22(1980) 1%, Z OB Z RESHE LEL TWDER, EOMETHE, HlEOWERZRVIALT
WAGER, e AT/ NENZHRONEZ Ebd Y, WIEKHT XY HOREMERD 5.

B AEITREREE CIRACERCE  KiE AR 8 L, EOMICRIERS « kiE e (85 10
).

BORESIIABEENOR EMETRONLN, KEPICED DIEIITKIE, RTS8k
T LETTIEE< 400-500m, (I TIEmRAR80m AR TH L. kilgsdicsy LiFLidERER 20T, B
EIREA & KRR RBMRICH D R SN D. EHEAD B CH D Z LIFMENTH D, AED

AN G E wargKs)
T fsns
L (KBREEBHOIKT) e

VVV -
MV BLEIRE - KEEE :
;
‘
3
!

[ | sam-von

Y

10K HAAFRBOEH - BEOELE R TEEERR
M B PAKS -1 ORRBULBREREE (197001 L 5
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HIR FEFRORRGRES
A:REonHE . BELESOEM (ME-ERMONRK)
B:R&or S RELHEOEM (BATERR)
BAERESITINR D EOVONFFLT, vV MNE-EEPRBEL, BENEIUCKS. 2L ME - Jeald
H-30cm OHFOEZY %72 L, D OTOMICEE & D WITEIKE OWE 28t Z 3% <, Hiv/EEt
BHDHWNTATT I TR EONBHEEPRTEDOONDLZ eHH (1L K) . HEEITI IV NEEREDHEY
2o TR/ NRICHBEST 2 6D (B 11 K) &, B EAT7 I 728500l n3b 5. BEAJRES
O, LEE UTRAE - 10cn ORBHEANNEEND Z LR3H 5.
TORCENIAE TR OHERICZ <, T Cliims sy, Gl ka2 sl LT s (5510 [X) . ik

HeE HEFBHEUE L HE

@) ) &) @
Si0, 74.98 75. 30 74,26 73.20
TiO, n,d, n.d, 0.50 0. 54
ALO, 14.42 14.46 12.34 12.85
Fe,0, 1. 06 0. 89 1.84 2.93
- FeO 0.16 0.15 1.42
MnO n.d, n,d, 0.10 0.10
MgO 0.16 0.11 0.34 0.77
Ca0 0.16 0. 32 0. 00 0.89
Na,0 5. 65 5,40 4,11 5.74
K,0 2.30 1.80 2,87 1,03
P,04 n,d, n,d. 0. 02 0.13
H,0(+) } - } L85 1.20 1.33
H,0(—) 0.43 0.22

Total 100.23 100. 28 99. 33 99.43

(1),(2) =EETTHEHEEZV7EE (MUKAE, 1957)

(3) BIHEIL (ZH, 1974)

(4) BEIETIHELR (GST R 26510 : KKSK 209-86)
(AT EEXBITIEC X B AHETL$ Y FeOs & LTRD



18

| u3iE
BE - AR E BE - KUHTR - 88
| BERKEE AN

~WEE - HIYE
e N AN NEARBIR SIS
TS 3+
Tﬁﬁm&{t

1=12:70--2=vh

T L - L
N2 L TS s+ 5 6 A-Q: Rl NEE
BE (BERIKEEE 5 %L) A—QN{IE

Hi%E
—3YRYa-3r- 4R

70 e
4/////// A NE=F=1.

10 {Z22s
. S LREAKLARE
DEKREHR

B2 BRAEF R DU KB DR 2 TR (R

§7n~-a:ybHMﬂE,ﬁEﬁ,ﬁk&ﬁhb@ﬁ@mamlorzﬁf%b
TR eazmy bl 206078+ IBBRSEHEL, TEC IR Ui s,
EHCRTFIIERORR R HANBOENE, T cam, } 3 4. 5iLHAR-
%%%E#ab,Tﬁw—ﬁmﬁf%ﬁmmﬁ&wmﬁan,L%Ku&w%,EK
LKWﬁEED%ﬁ&%ﬁﬁ%&BhB.7n—-1:yb9-mmiﬁ:o@@@
FHEREERET, 79— 25, M2 BRBEOT = » 7 2RORATWS, =
=y FBOHEHLRMEEELBO LN, MR [ hb0BEYFT

FHINa ([ZEL (B8 R) WHW IRRIACE Th D, WA lXRARESE B Lo iiirs Kk &
LZLAbY, MEICEE LD THA . BED% <L, Z£O LT RO ICmD > TABMLNE
L7220, KILABAICRLT 5. B KBBIREZZITT0D. 72, Bl12Kicfirsnd K91,
AN T D ACE kB DL ITHEHE SN AR &2 WIT kLA - SlEs 2 BICET. £
NHIFERREHEZMYIAALTHD ZERHY, LIFUEFREZHIHLTHD. £, TEECIIME
BN 12K, WEARDONLZLbHD. KEREOMIZIE, LIELIXY vy 77 IFH50
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AT I T2 AT 005 - REOHEREMEEN TS (FFH 12 M) . kIEEOKE=y O THEITRKL
L, EECIIEELTWS2RE, LRROFELEZOED L, KPEW T LI kKHHRY CTh D L #HE
EIND.

TEOWRAECE X, Bl - HELTRLELS, TR - FRILLKOCEEALRER EOBERTIC B IEV T
BROND. Z6OHIETIE, WANEEICELS, LAbHEREEORE LTSRSV, Zoifil
IEREOWES « KILABEARRD Hvd. RS BT THDT 5. #lxE, $10 KR
Shnkoiz, Hill - #E LA FLE U (55 10 AR <) T, &K200-300m Tho7
HOM, FITHE, 50-100mLLF &Aoo TnD. Leid>C, THOFRCEE, &I L-Es
—ABHDHVEIRE R KUEDOEZR Y EHEESNS. EHOFLE, BEL, HECEDOREWINZH 72T
59

P DWECE L, BT X DI KIEE N BT 5. ZDRESITRKRT400m {itc TH L. THOD
TERCAIE EHRR TRV, FRACE DN EVETNE ETEVMEA SR HivD (8 10 [X) - e, Bl s
HEA LI D M RIS 3595 AR DR OUIIRD — 1%, HITHTRIC &7 5 L
V. Z TR R 2ROFEREA RN DU « KB ITBET D FBIERTE 2. ZoiEng, K@
ORAIEAZTBE, FEORS « KIEEIZBILLTnd EBbild R—2105 2 WITENRIROWHCE
BRBFAMT R EITHALTED, UL PEOTACE O Ch 7= vietEn H 5. 26 DEY
DOEMTE-Z D LRV, HETHY, BTHRRLLITHEMENE L LTELDONIBIEE
NEDEATM(N- S~NNW-SSE) L3725, FLBEIANGEELATRAIIND.

LA, REOEEEHE < EARBPHOMBCERBTITRO oM. WTFNGEALIEET, Wax
FIRET D, BEEITATA TRMEREFOABAC L, KILABE LT 5. £, PEoRtcsE
IZEEE N DRI IR OB A BRO bNEH T LN 5.

ARJFFEIECHT < DR IE IR CoABsIN D, CEBEN TR bHELS 100m ik, CHEEE
FCRAEENHEEZEE, ALY, BMBREFOABOESEKIZR> TV IEIRROLND.
Thbb, ZOBNEE, BASFEOMRNEE > ZEHICEA L7 b DT, ABIEEL < 0% IS O
HIRO—213 S < LB EMECh oo b L fEEND.

AEHHOMmBCEBICHEN D ZIERBIZ2-3KHD. WINGILHEL TRBELS, ZRKRKOLD
T100m AiE TH 5. EILTES TIETRER S0, BISHT OMALAHE TIAbEfHE D b o &1
FEHEICH D Lo DRZIERER 2 RO bhd.

ERRER

RACHE <GSJ R249939>

PESR « PEH ¢ B, AT HURR O RTANER P8 O ARE IR

B RED - AL KO BROD Y ER.
WG 0. - NAA T, —EBICHAIRICAR > TW A b OB B 5. AT RAV RO DS
RondZ endbs.

Filk EERESY - Dvay c ToNEA R 8RB Y YA b REBESEMEZE LTV D

5) GEMS %% 5
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HoE BRHFRELEMOREECETSHELBEE (®hies, 1984)

BERE

Bathysiphon ? sp.

Cyclammina pusilla Brapy

Cyclammina sp. indet.

Cribrostomoides cf. crassimargo (NORMAN)
Cribrostomoides sp. ?

Discammina cf. compressa (GoEs)
Martinottiella nodulosa (CUSHMAN)

FREZE

Cibicides ? sp.

Epistominella pulchella Husezima and MaRUHAST
Globobulimina sp. indet.

Gyroidina orbicularis A’ORBIGNY

Hastilina sp.

Lagena sulcata (WALKER and JAacos)

Nonionella miocenica CUSHMAN

Proteonina sp. Nonionella ? sp.
D

Textularia sp. Sphaeroidina cf. compacta CusaMaN and Topp

Uvigerina subperegrina CusHMAN and KLEINPELL

RRERE

Uvigerina sp. indet.
Ammonia sp. indet. vigersna Sp- 1

Brizalina argentea (CUSHMAN)
Cibicides cf. floridanus CUSHMAN

LR EAFEH ORI H D RHSERE O IR H AT OB A A D Acesta, Portlandia & f#E 2%, *
7oL - AL O 2> B Propeamussium tateiwai & f oA EEL T 2 (ILNIEDY, 1980) .
WO, THIE R OAFERT G O B EHEOIREE NS, - P EREICEE L T\ e Bz b
DIEAEAFLRBEOEHIRE SN TND (FIH).

m. 3 4 49 &

WMEA  WpHEEA (1967) . I (1952) OAUIEIFICHYS T 5. 7272 L, SEustidbi ook
X, 7A VA PR KFRHERN) (B RS ORI SEEETE L, £0 EOJRBEEEIEILE
LT5.

B TR

24 - BE AT - AT O AR - LVERERT & RS SO RO Mg L, TR - SRR - 8 -
HeZ i SO AU OHIRIZ 53T, AESEE 2B &< Ko+ 5. —MEMEIHE T, FElo
M IR, Ao R CITIbEiRt & oo T DL BRI, B - KSMHE TR BEL, MAOK
2> CHE< 72D, 190-690m FRE TH 5.

BFER T OREEE L BBES

BH ABIL, THowSs - JRES - BUCEER L EHOT A Yo MERRKEREIC ST oD (G
3. &HITKRAEMHTITRBEL, MEAUHIZAI > TR 25, T4 4 MEGEREEOL AT,
P GRS, 1L A LB CE <25 (H 13 X).

BEKE g O - WA BEPCE ORI RIZBYE, St ko TRZRD (5 14
B . bRV - REFMECHE, TEiZEmERE<, EFERIKENE< RS, £, TOK
TR CIIIREAN, MM CIHEREEDS - BIKANE< 25, BEOE S, Hen-1n WA @
AT 10 B en RKOMBEETL I LNH 5. £, BEREOTITIIESEom THIK - Lo LICLE

Wi - WS -
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B oA B e
cETe 4 B o

i
E/f;«w % *E&P:%F;r;]m ) s v R
’ =t i
s SILE - BADHE
o B 'Ok"‘/'q/a’h-;\é\’/ . T B

— BEHBT Y HE
«— RRORTHE

}me] - HA(1981)

| e - REE - RREER

BRABFE

TE

i BEVERIKE - TA YA b

LYo 200m
=P
| BRI 100
.......... A 25 v 7 0

wE-KE
BN AFEREREIRR (BE-RE « TEGD

TRALTHBES AN 2 5 2 Lin D, ARPKIRHER L HEr SN2 b0 b H 5. BEIE - BED THIZIZL
FUEM R - FURA RO GHE 15 X B, ), HBENICHRILERE - T WEr AT I - 3R
Va—varRERROOENLITENEZNEEL6 ). LA >T, BESICOVWTUIRLS A0 B0
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$I5E FURMOPE - BHE  WKEER
A ERE BERLLE (BRASORM)
B: g, RAEM, WENNRE (MRS RN
C: BRHOEEALND RN @RLTRLEM)



23

w6l SYRMORKEBLEM (Fee-KARER)
A BREMPCIEBIL BTG (@-b) cavala—vav
{c) BFF7 1+ ) BEK@NALNS
B:RREMOTEEARETRAOASEMHFORNRC L 2XE
(ADBABAER. ACFOURYRT)
A, EEIRAE - A OZ  TIRERHEREY TH A D .
TRIRPKERE T OWETROND AT L, HEAICHIBECHERRH ST L ZRLTWD
WA - H28 198D 2 LAk, FORORTHEOTIANIZEH D WIEHRE 0L ONREL, AT T 0T

RIS R OND Z &R H 5.
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B10E FUBEAILRLE (EEIrTROESE ; BHEs, 1984)

BHEBE AKERE

Cribrostomoides cf. crassimargo (NORMAN) Nodosaria sp. indet.

RIKGEEE Nonionella miocenica CUSHMAN

Ammonia tochigiensis (UcHIO) Nonionella ? sp.

Bulimina inflata SEGUENZA Sphaeroidina cf. compacta CusumMaN and Topp
Cibicides cf. floridanus CUusHMAN Uvigerina subperegrina CusaMaN and KLEINPELL
Dentalina sp. indet. ) S

Elphidium sp. , Globigerina praebulloides praebulloides Brow
Epistominella pulchella HuseziMA and MARUHASI

Globobulimina cf. pyrula (A’ORBIGNY)

ERLOT A YA MRAEIREEL, B0 A2 S mICE K P ARRHERY & ER & T 5. KIRHERY
DL ST 10-20m T, MHDFEDOND. 2 OKPRPERAERNT, FEEBIIZSEn OFT A HA F
A (FE em=30cm) BREL TNT, EFHIZMNIIZONT, TRALORENMBAT LK, AN
x5, ZLTCEOHIZY TIHGHWETRENRO D Z ENE. EETIE, BIKE - TR - v
MEOEWEEE LIFLIEEY, HLE & B2 on 5 B - iaaieis BB 5.

B THAOHENSIX, Palliolum peckhami, Propeamussium, Acesta goliath 72 & OV KGR
Zo T BAEE QUNIEDy, 1980) EAFLHULE (5 10 ) 25, LMLoF 1 % MRAEIKABO ST
LTHAL T O AR BIX, MWEEOan QLS ERRNI 7 v —7, 1976) ESHLTWD.

m 4 # L /&

WA VHL(1962). £ (1952) OEILIREE L F L. 7272 LispariE 24 (1969), 1LIPNIE)(1980),
W - iR Q8D IC RV AUETOME & L TR T At IROREE O ElT 5/, S
K OV A A FLHRBEHE OFERINE (BPAHE A, 1984) & EMRIBRFFEL (EEF - M, 1984) 0D &HL/E
IZEZH 5.

BRI (R IR ik

S5 - BRI AN AATLATOALHS - e AR SR OTI RO L, T - A5 - AR 5
BROIMOHIL & 13 CTHAT 5. WO T b —AEMITIRFE T, BUHFRE - U4 B
BRI 5. B0 TIE 30-80" BB CE IR 450m FEEE, AL o> Ml T i 15-30" LR
TREEIT 120-220m EHEE SRS,

BEBE To4bEL ik

A NE-FBETRE - DL MEE R E T OMAHER T, FIUTEKE - 1S OE A i 2
LD 5. VEEEIIRAESERE - FUE O b DIZ AR TBAR IR 2208k 6., —ICEERTH D 2
LR, BULT B LMAERRIZEN B HETHD. L, BAERZAORAH TSI LEED
X722 5%, EASE - FUEO L0 L ORBINEHLL 2B,

{£& Propeamussium tateiwai, Macoma, Solenidae, Doliocasis 72 & DKM A (ILPNIED,
1980) DIEAHy, TFFIZA(1984) IZ L - TH 11 RO L 5 AL ARREES LTS, 13T
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#11E EWOFLBRET>HILRME (CERITTELS « RIRATE ; BHE), 1984)

BHERE AIKERE
Bathysiphon ? sp. Buccella sp.
Cyclammina cancellata Brabpy Elphidium sp.
Cyclammina cf. ezoensis AsaNo Epistominella pulchella HuseziMA and MARUHASI
Cyclammina incisa (STACHE) Fissurina sp. indet. .
Cyclammina pusilla BRADY , Gyroidina orbicularis ’'ORBIGNY
Cribrostomoides cf. crassimargo (NORMAN) Hastilina sp.
Martinottiella nodulosa (CUSHMAN) Lagena sulcata (WALKER and JAcoOB)
Proteonina sp. Nodosaria sp. indet.

Nonionella miocenica CUSHMAN
HRERE Sphaeroidina sp.
Ammonia tochigiensis (UcHIO) L. .
Amphicoryna cf. fukushimaensis (AsaNO) Uvigerina proboscidea SCHWAGER

#12% HILBREORK KKSK 73-27/h OIESMER
(R TR-SRMEEG -, ABD

i & % 3

SHEHED

Abies

Tsuga 1

Pinus 7
LEEHTER

Carya 1

Petrocarya-Juglans 3

Alunus 10

Ulmus-Zelkova 2
FRENEIEH )

ctf. Klukisporites 1

BT 7 e v — A () (RABIZIRE 20g %)

135 5 N IEBEA OTFENHER SN TS (12 £) .

m. 5 @& #% b @

WER TR BEEEHUENICER T, BEREIE LIE & STV eI - ZilE B IR E T Dk
W8 GERGEESEA, 1969 ; (LPNIEAY, 1980) DMFR. A FNE, ABO THA AT 2 BARITEEEILIZ
B 7pge.

B SRR\ RS RBANT FEI A O BARNT by, SEICRINTINEICE 5 B AR —H5 &, RARNT
TP & @I E DI & D VIR,
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////A BB %
KLf s wlE ///
—BRERE [ -TRE
% R 2
—~BREEE
TWs— T4 b
L BRI
- T
ey
3
200m = #
163
&
0 % S
®

S
L

e B A

Wer—o—

EN

-

ET
_HE

FUTR HILB - BRUEBERR T 2leg-7 1
VAL OKREE Tm:RDEEE - KBSy
FTEE Tu: RRE-TILERE « KEEY
XT38

(AR D) ,
T8 1-10 Fm OH 7 AERIE

KILEEE - BERARECE, BUREAR SITBLT 5.
ENRABRAR, S Fk7e LRk 4 A TEREA & D 22708 BRI S T (AR

2 - BE L MEE RSB EY
BN IR 33 5. AR ERL, £
AT A AT S, Lieado T ERRIT
FRATHLD, MK CHRRATE 28y ORBE
13X 1300-1500m Th 5.

BFER TobLEsEs

EE ABORKFEHIL, FCHIEOL
D LRI U7 BAOTRE O WEE & e e L -
TAPA POKWEERE (LT KT T, A
FHE TR BEL, TEHIZm»-> Tk T 5
BREOHELTK) . Z OB, BREKA
A — BRSSO IR 72 B IRHERE & D\
VK TR PR HERES) ©, RRALHEYS - RRALTAT
JEELDIZINA T Y T e & OFLHERREE TR
LD LbHD. HHOLREEHICHLTA
YA BARTRPRTHERIIIE, R RIE O
BWEA & D VITBE AR 232 IR 5
no. ¥£7, £oic, MRLBRERANATE
78 EAROHMENEENTNDHZ &N
H5.

\ZE R D RINEEA « kiE & TR L
THEELT MTm) THE, WEHIEERS
WEBE L, HTIE E KiaHs 5l 2 8 23

RO, WMEIRERERICHD. F2, k
HIEE BN L LT, —8IZTA YA b
(= ZIE?) BARKEZED L 512D,
AT, KBS D WITHIRE 2 LT
WEOEBT 2O, BT

HPICHAL(MRIIA « B - C), ZHASb—HKGHBH:SN TWAEF2A RS2 (KRIID) . Ak

O & E

AT D ENIE KA
AR DR M A R T Z ENL N GE19 KA - C).
L5 (H19XB) .

BERL, AlkE HATITEN - KR E RRANZE AL SN S (KRILE - F)
MR &, KRILBRE WD SITEMRDEED /S0,
T2 EBRLTVWD. LIEA-T, BEBIREEDOE DOEMEIE > 7= &l S D.
X, AR ALE T ILPNIEA (1980) MFELSBIEE Lc L H I

KWEE ORBLENZ BAbAT - AEEARRO BND 2

). BIRDBFFED IT %
FTRbbLEEDH D VITRBITTOATIICEAL
—J5, WL
T(HI8 ), kKA



B EEE

»~

o

-

w

oY
v VWV Vv
i

3

#18E EsB AR KRR O 7 r— « ==y + Z L ORRR (MRS 5 LAED, 1980)
1: BOKFAUTORKER LR RERSE 2 IR AEoRKE 3 EEEHD
VB~ B IR E 4 PRAEBELHOKUBRKE 51 EEA bR KRS KA
6 PRETEEL, —WklEnyaU OUBRKE 7: KU RAEE LB YR D,
ﬁﬁm%km%m?%ﬁﬁﬁ-S:Rmﬁmﬁﬁﬂ%#bfkﬁibtﬁﬁ- 10 : BibRE
Ry 103

Eﬁ@z&3uﬁ~okmm$ﬁ%fﬁhmmmhfhé.Eﬁ@euﬂﬁ%fw

Pﬁ%ﬂwm%okm%ﬁ(ﬁﬁwmmui)%ﬁ$,%%ﬁmﬁﬁ.&Eﬁ&ﬁbﬂﬁ:aﬁ&a
it,%E%KkMR&mLME%ﬁ%@%E&%ﬁ:aﬁ&%.@(O%%,Tﬂﬁbiﬂm
mmofkm%ﬁ®ﬁ€$uﬁ¢?bﬁ,*%Tﬁmbhn,L%&T%TRa&ZQbakm
BELHD

Pbi : © o#sizPath s LIRS0, —RIT, P p I TILEREERPERT S
GEI6IKIA). = DA TE, Kl ER LR R aRiTEEnsgTs. ERoERKI
&§0l<nwﬁ,1muL®E$O¥@ﬁ%§?é:k%$b

Potf 1 k@A xtE L, bT20klEReas & 210emFEHOFITERLNS S RETHHA.
ﬁﬂoﬁéﬁiwbk%ﬁmm,%ﬂuﬂO%ﬁbkm%ﬁ®%€$u@&Tw&w.km%m
OEERIT LTI 20 » TRECRS T D

Pdﬁikm%ﬂ&ﬁaAZ%if,?ﬁ%ﬁﬁ%ébtkm%&EW&?bﬁﬁ.ﬁm%ﬁﬁﬁ%h
Bridbbbd

Peif : B MR K UBAN HHL - Ak ILRACRE LT 284, = DL L O B, —IC
JoliEBra Ehine (B16KB)

H%:?ﬁiﬁﬁﬁ<%%btﬁ—ﬂﬁkmm#%ﬁ%%ﬁ(%16MB) ZOhEcit current
ripple RHRABNL T LbHS. 1HORERTI BORLENRSNE Z RSN

Pgilli : ROMTAD KUK, 5% WREERY D O (161 B). —ie LI EN - T
I OERERYD, &f T BORLEELTT
1fwwumtom&kwmﬁﬁwmsmr,Paﬁwakﬁiﬁﬁé%%éofm6@miﬂ
“h5. —Hc, Pelf-Pg HHE LI % unit THISRTWABENE

ZID D RS DFIZ EALTIE, WE A S AL DL EITR N 9151 T, HUOBRENE-T 5851
25(E18MTu). ZOREEDHEEITILZRAED DWVITZERAEERIIENL VR, KV HroEETIET

A YA PRV ORINEIED D, WIS KRS BBIES T (XRIVA - B), ZIREGIZAKP & iidL CHE

27
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210 WAL O KFEOER (BRRTERHOWED

WK - BEBRETIIPITY € a8, kLA
B - RRABEREINTHENSRIESD WiTHH{L
MENED SR, Kb kRIERY O BY T T (A).
ERLGRTHRELBANCH - Tw5288653 (C).
HWERKRERCIAROEBILANRONL Z &S
D.(B), KPKBHRERGD 77—+ 2=y } HRH
TarReRyo, COERBIZAME

i LTZRIE O KRS 2B 2 L35 5 (ARIVC) . LA L, Sl iiEicid Tk, EEm & T2
HHBEAN ZER 2 LK SV UE DR D LR WEWEE (BARIVC) BBIEIND. ZOEEE,
TR CRILABEECRET 273, OB OBWEIITY 7Y — S XWRITHR: (RS < KB
) SNTZE BRI bD.

BEEE AEoXUETRILE - KRENFEALTHD. THObONBIEICESHORE O
TTOMEIR - AR 2 L FIR .

SRR 22 1L <GST R26512>

PEIR - BEHN - AR, RN

LR © 10,758, 55% (%5 13 % (10) B 1) .

B RHR A - SEEA - SRRE A
ISR AT 11 6mn BUT - @i - SREREE 13 0. 1-0. 2mm F2 2.

AL KT A - BEA - HIRPRA - BTG - BRI
BR2mOMRNSILFHRA O R LATTFATICA, E OWEEFRAS ) T B ks 1-51AsE U
TWd.
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)] 2) 3 @ (5) (6) Y] 8 9 @

SiO, 59.36 53,98 50.03 50.80 50.98 59.47 60.91 59.89 50.91  58.55
TiO, .37 1.11 1,19 1,13 1,14 1.35  0.67 0,90 1,37 1.29
ALO, 15,74° '16.55 17.28 18,05 17,59 16,89 17.74 15,68 18,20 14.69
Fe, O, 7.36 8.16 8,89 7.51 9.13 2,44 1,90  5.98 4.76  9.03
FeO ) : 4,63 2.15 477
MnO 0.12  0.14  0.15 0.i4 - 0.14 0.11  0.07 0.12  0.17  0.18
MgO 2.36  4.64 6.59 5,17 5.46 2,32  1.22 2,50 4,02 1,98
Ca0 4.88  7.93 10.49 10.95 10.27 6.06 7.66 . 6.08 9,71  4.84
Na,0 73,99 2,95 2,46 2,63 2.61 4,05 3,82  3.96 2.52  4.33
K;0 2.44 1,20  0.63 0.49 0.67 1,11  1.07 0.38  0.19 1.25
P,0; 0.35 0.27 .0.24 0.23 (.23 0.3¢ 0,21  0.23, .0.23 (.51
H0(+) 1,20 1,77 1,08  1.42 0,78  1.67  0.34  3.38  3.33  2.26
H,0(~)> 0.61  0.33. 0.47 0.75 0.59 0.40 2.62  0.49 0.57  0.79
Total 99,78 99.03 99,50 99.27 99.59 100.84 100.38  99.59 100.75 .99.71

(1) REEE . wEEERUE BEESYE (GS) R26517 : KKSK19-5)

(@) BRELESE»ADAREREAZUE BRESE (GST R24992 : SKDT 3)

(@) REREESEIADATEBERZRE BBRETSE (GSJ R26516 : KKSK23-5)

@) REEASEIADAREBELIRG BBErSE (GSJ R26515 : KKSK10-3)

(6B) DA LAREREALBEAIRE BBM%Y (GSJ R26514 : KKSK 9-2)

(6) E/RETHS (=3, 1974 '

() SIBETERE (5 1974)

) . A DAFRSARFEA Y BIRAIUE BRI (GS] R26513 : KKSKS3-15)

(9) BIRETERYE (=8, 1974)

O FEOLBEATLE BEEES (GS] R26512: SKDT12)

(1)-6), ®), WIEIEX BRI X BILEANET, & Fex Fe,05 & LTRDE,

A B AA AT SRR A A 22 LA <GS R26513>

PEML WS, RARETIF .

{LAERERL © S10,259. 89% (5 13 K (8) B 1) .

BEAL

A

AR - HEBLG - SRR - DA B AL

BRAE MR 2-4mm DU, S@EEA « SKEEA I 1-2m LR C, Wb K VIR E =5
ZERDD. B AR EHI B S 0. 2-4m KOG T, HEHEA - BRAICIRY

Fh, FICENTAEL Y AORMRSEDEICHEND.
W 7 A - fHRA - BREG - ROTHG - SRIE

RO S A b A EE D L <GSJ R26516>

PEH : VAE . IIRETZ R DIEIR .

{LAERERL © $10,250. 03% (55 13 K (3) B 1) .

Bl

A

RHRA - FEEA - DADAA - SRERIEA - BREE

EOBAED 4mLLT. 0. L FOE I XA "B3mALAAFIZEAE SN TND. DAL AAIFIGH
R RHER - WEEES - RO TR WIRE BT MR H D, Fio, ISR 8m

BRECERZZ2T LR 5.
HT A« fHEA - A - DAL AA - BRI

SIBH Y, ZONTHIRER TN - IREBEIVEC TS . Eie, BEh - ARERIDT, DDAbAA

< B O—EBITRRERE LHMICEIR S TV D,
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IR A A 7 A b A A B2 LS <GS] R24992>

PER - PEMN : WOH. BIRETZ IR O

LSRR : S10,753. 98% (&5 13 % (2) /) .

BEdh - BHRA  WERA - A DA - SRRREEA
BHRAL3-4m KD H DL, ZDOF LG 5V MTHULES &5l E & ORI R ViR E R 585
DBRDOOND I NS, AT ImET T, FEEaEEN. A AAIT0.01-0. Im T, 2O
DYICRISEDR DD . o bAADE THkERHIMICER STV D,

itk WT A - RRA - BRI - BT - . LTI GRS - BRI 2 U T D,

R SARITEH - BN 7 OWEF 5 5 Dosinia, Pectinidae, Glycymeris, Pancturella, Nemocar-
dium, Cardiomya, Palliolum 7 & Oyl B LA 23S S Tnd (ILNIEH», 1980) . F£72, BFFNZ
M (1984) 12 X 0 & :HOJeE 1 3Bk & A FL LA Cribrostomoides cf. crassimargo  (Noruax)
BEEINTND.,

. 6 F A f& 1% 1A

NG AL X BRI IR < A T 2RI TS, MHE H - B (1938) I X o> THIAZ L L
FEEN TV, 20k, FIARRIIZIUEE @K, 1947), FAGLK L (FEL - =i, 1964) &5\
IR ILZ LG OSHE - TS, 1966) &tz IRIPRRR D TV D, AE TIX, FIAFRILZ IS &
MESZ L2T 5.

FIAGRILZ AL, T ORILE 2 REAIZEY, .%Ll]j AR D BEWTHET 2 Z oD LK Z JERR
LTWBA, @il - FoARRIL E S EEIGENTZRL, A A MELEARAEERT 5 8- IKREaR s
B OMEBERLZ2 IS 7> 6 78 5 . IR D RIS 720805 C IR ORI Bk 0 K LA BEE B R b s
ERB DD, KESNIZFEILIE . — )7, FEBMATTHR NI & D ITHTE - PR DA BT,
TN o ToREEAMBIEE S, 2 23— DO IR IUTE WG FTE 272 2 & & 2 b b, Kb
D K-Ar FRAF1E 6. 34 + 0. 19Ma TH 2 (I - JRL, 1966). JiHl - JEH(1966) (2 LauE, &GO
REFEHEAITN DWW D HT G Z 27 5 MBEHZ I T, 866 & L TR MEE oA & 4391 b
bL-AMAEER, FRICEBER -7/ —Y 7 Lb—R - SRR - WlmiEa - 7824 b - 840 -
RS - VT ANRBH BN D, Si0, 1L 63% A,

FUR MABULUEOBRRRIUEOLRESPHE (o - i, 1966)

Si0, | Ti0,| ALO; | Fe,05| FeO|MnO | MgO | CaO |N2;0| K;0 | P,05 [H,0(+)H,0(—)| Total

63.39(0,39{18,10{ 0.95 |2.89| 0.05 | 1.84 {5.68 | 4,80 | 1.37 | 0.10 | 0.34 0.14 | 100,04

Bt IR (RILHBrY)
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. 7 8 % = i B A%

BEUEHURNICIE, SEIEVE - PHEDRNR - HIRH D VNET 2 ) ABER L, TEECE - T4 1 MARS
ZERDOND. R THAEITEN S, KBS RIS ICBERE 52TV 5. RECEERO T
WZIE, BUHSFRE T ORBCERS L RO L O LHBTEN D OB H DD, FLHITOWTIIRHEFE
DA & LTl 7z,

m 7.1 HEHE- BERAS

A - mEILE IR - SRS D WIET 3 ) RS RS LTEAL TV A (20 X)), —fRig, &
IRIFHPEIE OB A 7~ L (B8 20 (X)), S NRIFAEA NS-NNWAZIEDN TV S (520 - 21 X)) .

7 2 U AREER R KB B RIZA0E - BESFE PICR b, ZRHIE—DOEENTHEEIL
- ARG H DL R LT A F - QA E TORMEEETRT. £ DO5E, REEITEZERD 5%
EEEGZTHDLZENLAUBHEREL 5 WITZNLZICBEA L LSS, Lo LHICIEfIsh
bV, BlAXERBREHLO GHE B - S TS OB EE R OBIES & 5 DD T
KBRS N TR Y, HRPEARFEHEEIICEA L L 2R L TW5. 20X 5 2FIHIENICH
RENTWRVR, ZoFINGHEL T, RITIIEHEFEHERICEA L2 L ORRWE THE TE W
CHIHTE T O A RIZ R I E T 2 5 2 TORV L, AKRBTEREO B H 328 572 O THUE SEEHE
B HLWITENLZICEA LD TH D) .

— iR ER " ACE
R RA B
ZZ (gxeat) ‘ o O

— BB o 0
— 4 | By BNGRAR

A
B

&
°

\ = =
"II//ylf o
Y 4.

\ 5 o

520 FSHuRILIRc 313 2 BEAB O
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21K

ORI hAHEOEE LTEEkUBLEL

5

SEE - B RO R DIFEE 2 A

HIsE FETITEABOLELSHE

10

ey @ 3 @ (5) (6 (7 (8) (9) o)
Si0, 48.67 53.42 49,37 49.47 49.45 50.56 48,11 45,88 58,83 75,01
TiQ, 0.83 1.92 2.14 1,01 0.99 1.39 0.8 0.96 1.16  0.39
AL, 18,08 17.68 15,15 22,31 20,73 18.73 18,41 16.86 16.04 12.67
Fe,0, 2,03 1.34 2,45 3,78 2,50 1.70 4,03  9.45  7.53  1.67
FeO 5.78 6,55  9.22  3.59  5.03 9,90  5.43
MnO 0.15 0.17 0.26 0.14 0.14 0.16 0.19 0.18 0.16  0.03
MgO 7.57 2,99 4,51  3.11 4,49 3.8  6.09 7.81  2.14  0.30
CaO 9.23 5,93  7.59 10.98 11.79 10.17 10.13 12,27  5.58  0.84
Na,0 3.21 4,77 3.78  2.69  2.70  2.93  2.42  1.33 4,44  4.17
K:0O 0.65 1,94 0.58 0.39 0.50 0.28 0,50 0.28 1.47 2,74
P,0; 0.21  0.93  0.24 0.26 0.29 0.25 0.15 0.16 0,32  0.04
H,0(+) 1.84 1.72 4,93 1,11 1.71  1.41 2,21 2,98 1,73  1.19
H,0(—) 2,18  0.68 0.46  1.83 - 0.42  0.19  1.13  1.00  0.13  0.46
Total 100.43 100.04 100.68 100.67 100.74 101.49 99.68 99,16 99,53 99

.51

(1), (FEFBIFEIETAGUR, 1929). @QXWEE F1 454 + 7771 b.

(EEETANE, )-O)EBRITNE, (7FEABET-LE(ELEG-I=H, 19731 X %),

OHAERF LIS+
QAR BRI EREAERLENRE (BIRETKERRT(GS] R26518))
QOFPIEIAECE ZEBNTIERERUL(GST R26520). (8-t X REk X A{LBEAHIET, & Feid
Fe:03 & LTKRD.

ZHILIEE(GST R26519)

—J7, BARKR OV AR O RER3 13A4- U1 - @i iEHIC oD . 2FUIE T O E AR K OV N
ARITREE (TR % 5 2 TR0 LKISIERO B 380 b0y, \SiElEho o, BE
[ASuiy

R AT DA RS THHEIR D BB NRBE 3L L, Z AU A8 DB TH 7R > T D B AVBLES

SNo7e &, RBEOXRE -2

L i L
pEEpavE

PEOBEANEOREZFAFYIE - S WEHERICEA LI Sl S h 5.

& FRFNCIESE) Lo rlmetEns ey, BAL, B9 2 2 -

LaL, iz DBEAEDOEA
Rl 2R ET 5 Z LITEE L <, BUARSFBHRINICEA LI L Ebh 2 b0 bd 5. £ 2 CTHEN TR
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GEOLOGY

OF THE
SAKAIMINATO DISTRICT
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(Written in 1984)

(Abstract)
OUTLINE

The Sakaiminato district is located in San-in of west Japan.

Northern half of this district is in Japan Sea, and southern half is on a peninsular land.
The peninsular land is divided into a hilly land and a lowland, namely Shimane Hanto
(Peninsula) and the Shinji lowland. Shimane Hanto faces Japan Sea with a rocky and
rugged shoreline. On the other hand, the Shinji lowland spreads south of Shimane Hanto,
and connects Shimane Hanto with the main land. In this lowland, Yumi-ga-Hama, Naka
Umi, Matsue Heiya(Plain), Shinji Ko(Lake) and Hi-no-Kawa Heiya lie from east to west.
Yumi-ga-Hama is one of the largest sand bars in Japan and faces Miho Wan(Bay), a bay of
Japan Sea. Miho Wan is connected with a brackish lake Naka Umi, through a narrow
channel, Sakai Suido, and further with a brackish lake Shinji Ko which is to the west of
the mapped district. Notable is that both Shimane Hanto and the Shinji lowland lie in the
E-W trend.

Geologically this district is situated in the Green Tuff Region. Included are a thick pile
of Neogene volcanics and sediments, and concomitantly thin sediments and a small
volcano of Quaternary. The Neogene crops out mainly in Shimane Hanto forming an
anticlinorium, while the Quaternary spreads over the Shinji lowland, probably underlain
by a Neogene synclinorium. The anticlinorium and the inferred synclinorium of the
Neogene have the E-W trending axes, conformably with the topographic arrangement
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mentioned above. Further, the anticlinorium is cut by the Shinji Fault and its derivatives,
most of which are reverse faults steeply dipping northward or southward with ENE to EW
strikes. The geology of this district is summarized in Table 1.

NEOGENE

The Neogene in this district is divided into 7 major stratigraphic units, namely the
Koura Formation, the Josoji Formation, the Ushikiri Formation, the Furue Formatlon,
the Takashibiyama Formation and the Wakurayama Andesite in ascending order, and the
Neogene intrusive rocks. The lower two formations form cores of the anticlinorium, and
three other formations except the Wakurayama Andesite, surround them.

The Koura Formation is the earliest Miocene sequence of lacustrine deposits, mainly
composed of sandstone, conglomerate and andesite to dacite volcaniclastic rocks. Thin
layers of argillaceous rocks are frequently intercalated, and appears to dominate in the
middle and upper-most parts of the formation. Volcaniclastic rocks are mainly of sub-
aqueous pyroclastic flows. Sandstone and conglomerate include abundant volcanic
fragments and occasionally grade into volcaniclastic rocks. From this formation, reported
arc non-marine molluscan fossils such as Corbicula and Viviparus, and plant fossils
suggesting warm climate (Miocene Daijima-type. Flora).

The Josoji Formation is the early to early middle Miocene marine sediments con-
formably overlying the Koura Formation. The formation characteristically comprises
large amounts of black and hard argillaceous rocks and rhyolite volcanic rocks, which
interfinger with each other. Water-chilled lavas and hyaloclastites of rhyolite dominate in
the lower part of the formation. The lavas and associated hyaloclastites form scveral lava
domes. On the other hand, subaqueous pyroclastic flow deposits of rhyolite composition
appear to dominate in the middle part. Black argillaceous rocks commonly include
framboidal pyrite suggesting reducing and/or anoxic environment. Shallow-marine
molluscan fossils are sometimes found in the argillaceous rocks of the lowest part and
benthonic foraminiferal fossils probably living in upper to middle bathyal zone in the
argillaceous rocks of the upper part. The boundary between the Koura Formation and the
Josoji Formation is dated at about 22 Ma by a fission track method for zircon.

The Ushikiri Formation comprises two major lithologic units; the alternation sequence
of argillaceous rocks, sandstones and acidic tuf'fs, and the overlying sequence composed
mainly of subaqueous pumice flow deposits. Sandstones are usually turbidites, and acidic
tuffs are also turbidites and/or subaqueous pyroclastic flow deposits. Current marks at
the base of sandstone turbidite indicate its current directions from NE to SW and from N
to S. The alternation sequence sometimes shows slump structures with the flow direc-
tions from E to W and from S to N. This middle Miocenc Ushikiri Formation is deposited
in deep-marine basin, succeedingly to the Josoji Formation. Though, the thickness of the
formation varies in places; it becomes thinner eastward and southward, especially the
sequence of pumice flow deposits decreases in thickness eastward and diminishes in the
southern flank of the anticlinorium. These must have occurred probably as the anti-
clinorium set up grow in the time of the Ushikiri Formation.

The Furue Formation conformably overlying Ushikiri Formation consists mainly
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of black to dark brown argillaceous rocks less hard than those of the Josoji Formation
and the Ushikiri Formation. In contrast with the Ushikiri Formation, this formation is
thinner in the northern flank of the anticlinorium, though it is deposited in the upper to
middle bathyal zone as well.

The Takashibiyama Formation, newly defined in this report, is the latest middle to
late Miocene volcanic sequence; water-chilled lavas and hyaloclatites of andesite and
basalt are piled up together with subaqueous gravity flow deposits of volcaniclatics and
subaqueous pyroclastic flow deposits mainly of andesite composition. This formation
conformably overlies the Furue Formation, however, its distribution is limited to the
northern part of this district. Instead the Furue Formation in the southern part is overlain
by the Matsue Formation, which is however concealed by the Quaternary in this district.
The Matsue Formation is nearly contemporaneous with the Takashibiyama Formation.
However, it is composed mainly of shallow-marine sandstone and lava and tuff of alkaline
basalt, lithologically different from the Takashibiyama Formation.

The Wakurayama Andesite is constituted by aphyric andesite erupted on land in latest
Miocene time. It unconformably overlies the Matsue Formation, the relationship can be
observed in the Matsue district south of this district. The andesite, however, is not
involved in the folding of the preceding formations. This indicates that the folding has
completed before eruption of the Wakurayama Andesite.

Basic to intermediate intrusive rocks abundantly occur as dikes, sheets and laccolith-
like bodies in the Miocene formations except the Wakurayama Andesite. Large bodies of
quartz. diorite, porphyrite and dolerite appear to dominate at the lower horizons of the
Miocene formations, and dikes and sheets of andesite, basalt, porphyrite and dolerite at
their upper horizons, especially in the Takashibiyama Formation. Therefore, most of
them are believed to have intruded during late Miocene time. Some of these basic to
intermediate intrusive rocks are intruded by rhyolite dikes petrographically distinguished
from rhyolites of the Josoji Formation. Among these basic to acidic intrusives, dikes
commonly trend normal to the axes of the anticlinorium, suggesting that horizontal
maximum compressional principal stress during late middle to late Miocene time is
normal to the axes of the anticlinorium.

QUATERNARY

The Quaternary in this district includes the Yamamawari Formation, the Nogi Forma-
tion, the Daikonjima Basalt, the Okudani Formation and alluvium.

The Yamamawari Formation, the Nogi Formation and the Okudani Formation are
terrace deposits composed of gravel, sand and mud. They are distributed at the elevations
of 40-55 m, 30-55 m and 5-40 m respectively. The Daikonjima Basalt forms a small
volcano of alkali olivine basalt, which constitutes the islands Daikon Jima and E Shima in
Naka Umi. A scoria cone is observed at the center of Daikon Jima, though it is outside
this mapped district. The ages of the Daikonjima Basalt and three terrace deposits men-
tioned above are Pleistocene, but not known more in detail.

Alluvium spreads forming sand bars and dunes of the Yumi-ga-Hama and other em-

bayed small coasts, and forming plains and fans along several streams.
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ACTIVE FAULTS AND LINEAMENTS, AND EARTHQUAKES

In this district, 8 lineaments are recognized through an inspection of detailed topo-
graphy. Most of them coincide with the Shinji Fault and its derivatives formed during late
middle to late Miocene time, and show little evidence of active fault. One lineament on
the Shinji Fault around Shichita can, however, be recognized as an active fault. The fault
named as Shichita Fault is about 2 km in length and topographically shows maximum slip
of about 150 m in right-hand direction.

Notable earthquakes which have the epicenters within this district and brought about
considerable disaster have never been reported. On the other hand, three earthquakes
relatively greater in magnitude (M) occurred in the adjacent areas: M=6.2-6.3 in A.D.
880, M=5.8 in A.D. 1904 and M=5.8 in A.D. 1925.

ECONOMIC GEOLOGY

In spite of occurrences of many intrusive rocks that may offer positive signs of mineral
resources, only a few ore deposits are found in this district. Several mines near Katae,
Makuragi, Nonami and nearby were worked years ago and now are closed; all are very
small and have not been studied in detail. The deposit near Katae is a Kuroko-type
deposit occurring in the black argillaceous rocks of the Josoji Formation. Its total amount
is inferred to be less than several ten thousands tons. The deposits near Makuragi and
Nonami are vein types of iron and/or copper sulfides. Little is known as for other
deposits.

Quarries at the two places along the old road between Ui and Shichirui of Mihonoseki
Machi supply crushed stone from the clastic rocks of the Koura Formation for aggregates

of the base of road and buildings.
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