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(% 33K . HIBZHRT 4L, BK-KEAT, £ I3M-FrThs. RERESZ=Y k
ICHAR, RRWKNR V. Yrary - L AHA - BRA - MVAAREDETEWE G, HE0
PR (TG IR A TH WV RIE AR L TV 5.
BLRWAE T, IRAG « PRI TL S ITMEEE L 220, BULREAAAEET 2 LR BNTHD.
A RANICBEDHE BES>SHEA~TIVREA) THY, BAEOMAF v— b - EEREEREE 2 L
DRBRLTF-, S AL Dhay « A7 xR EOREWEET.

DY

v. 5 & % £ H

FRACH AL =0 )N ZE s DR ZE AR Y U, ZREHEICER L TERO# ST 5 (Seki,
1958 ; Toriumi, 1975 ; ), 198372 ). HWERKMEHIROR WIZ oM 5 LA HITIE, LN 6
DD LI A A FRA S Tz (B 17 K 5 RETEEHE B BRI M 54, 22 Mk 40) .

1V T7F 7 Ra-nAa-flea
2) TAAVANAET AT Y BEA-fRiLA A -RRIEA

3) N U—Fm-T I F ) RA-RIER +HEA

4) T FRAE-RRER + (A%, AER, Hifa, AT 4NT 7 AL ]
5) /R — -k A

6) fkJEf

ek, KRROHANET L, £ OBRAERTEHLEYE L THR- TV 5.

ZRAETD K136 DM AEE EZR L, D-5) OHEMMEAGEITTF v —h - BB ST =y MR
CREIRE S =y M FHOREWZRERB LY THOLDIZRONLD. TAAVANAKROT VA
A, TABY RLT A MOBEER KO L A— hBIAOEBRSLSEAILRICH > TEL TV,
A EOERFAA G EDN D, BRI A H ORIEHICHY LG 2R), ZTOEET Y
—H-=T7F ) HaATHD.

IV. 6 pEH{b & R

A g HIE e ONPE (S B 200 R W OB L RS 2 v Ly 7 Ams, THETIZZ XY
F a3 FUMRUOBBBOFALARRE SN TS (F 2R AOHA 1-7T KO 3EB). £/, 4
OB LV EEFH 10 HAND 3 R b RO LA ER U7z (5 8% A OIS 8-17 KUV 1 AR .
LA T RERITRAF T E D B 220,

Fy—b-HEE1I=vF Ra=y MRS MHRINTEVORFEOGREND =B/ K
v Mes (EEED, 197TTHER, 1979725, THEEL LIEHAEN D Y =2 TR AR T Db s (FR
1A, 1982) BHE SN T WS (F 3KB). ARIOFEITL Y, /WNIEFRAR KT OEBE D S RFE
BLBWARY 2 ZRERTHBB AR RNEENT (5 3 RAOHIK 12). A=y ML, (LADE
HIA3D 70 FERIEARIA7Z23, HERRIZY 2 T B2 b b.



REBESLI=v F A=y F2biE, H3RA, BIRLEIE, BFHIEO/NITE  fILH
EDRKBN AR 2 ) R MMuf (Streptognathodus ; HHIEN>, 1980), RINEB O A KA 25
ARALD & A LA W - /N, 1981) RO/ OF v — b b = EifdzRrd =3/ P b
{b# (Misikella hernstein?, Cypridolella sp., Cratognathus? cf. sweeti, Neohindeodella sp. ;
B - /M, 198D BT STV S,

AFOFETIL, HA 16 5 Tricolocapsa plicarum, T. tetragona, Parvicingula cf. dhime-
naensis \ED O R RAL A EH L, Zi#5iXMatsuoka and Yao (1986) @ Tricolocapsa conexa
OFFEICHY T 5. M 13 X 17 2B D Tricolocapsa plicarum (%, ¥ = 7PN S V2T
BRI LR L, SFETH5HEBERGIZEY 2 FRPHIURICHE T 5. HS 14, 15 hoEHTS

F3HR BRRWHRH LT Ly 7 ZGER LA AFl, 4 2REHEKICHAELRLTWDS

maES 5 6 7|8 9 1011[12({13 14 15 16 17

b w
Hinf» » ¥
BT | W] #y
By | i s
| KR iR

noon o v 4

BIEA E
E4N
17 (1937)
2: Fujimoto (1937)
3 AL - S5 (1980), B FFBT(1982)
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7 X)) Hek
Fusulinella sp.
Schubertella sp.
Schwagerina sp. X
Pseudofusulina sp.

Parafusulina cf. kaerimizensis (Ozawa)
Cancellina sp.

Neoschwagerina cf. craticulifera (Schwager)
Ns. cf. simplex {Ozawa)
Reichelina sp.
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X X
X XX X

N. planata

N. regole

Epigondolella posterus

Ep. anderusoni

B itn

Follicuculus scholasticus (Ormiston & Babcock)
Archaeodictyomitra sp.

Eucyrtidiellum sp.

Hsuum sp.

Parvicingula cf. dhimenaensis Baumgartner

X X

X
X X X

X X X
XXXXX XX X
X

. sp.
Protunuma cf. fusiformis Ichikawa & Yao
P, sp.
Sticocapsa sp.
Tricolocapsa plicarum Yao

telragona Matsuoka
T. sp.

X X X X
X

X




W3HKB HYFR - E&E - #HNE P
XM 1R (1979) W H LW HF LK F Lk
2 $gHIZ A (1982). BB & | EH S RBSE
3: Sashida et al. (1982) BB H BB H| B EH
4: Guidi et al. (1984) & 8 LA
5: (& (1986) EKE | -t | ®E &'
7X)HLk
RRAC| %R | Millerella sp. X
_ | M| Triticites matsumotoi (Kanmera) X
- h Parafusulina sp. X X
s . Neoschwagerina sp. X X
4 | Rauserella sp. X
& | 19 | Reicherina sp. X
Yabeina sp. X
a/Fy MR
Adetognathus lautus (Gunnel) X
£ % Gnathodus(?) nagatoensis Igo and Koike X
Neognathodus bassleri symmetricus (Lane) X
R Idiognathoides corrugatus (Harris and Hollingsworth) X
Q@ ML noduliferous (Ellison and Gravels) X
Idiognathodus parvus (Dunn) X X
L sinuatus Harris and Hollingsworth X
TR | % | Neogondolella cf. rosenkrantzi (Bender and Stopped) X
- M
... | Neohindeodella benderi (Kozur and Mostler) X
ﬂ,u Neospathodus homeri (Bender) X X
= i | N timorensis (Nogami) X
18 | Neogondolella excelsa (Mosher) X
N. bulgarica (Budurov and Stefanov) X X
2 N. polygnathiformis (Budurov and Stefanov) X X
® Gladigondolella tethydis (Huckriede) X
G. malayensis (Nogami) X
W Epigondolella primitia Mosher X
M | E abneptis (Huckriede) X X
Misikella hernsteini (Mostler) X
Neogondolella navicula steinbergensis (Mosher) X
ﬂ(ﬁ(ﬂlﬂﬂi
- FP& Pseudoalbaillella (?) sp. X
-3 Follicucullus sp. cof. F. scholasticus X X
i M F (?) sp. X
Crucella(?) sp. X
Flustrella sp. X
Paronaella sp. X
Archaeodictyomitra sp. X X
o Diacanthocapsa sp. X
. (?) sp. X
“Dictyomitrella” sp. A X
2 “Dictyomitrella” sp. B X
“Dictyomitrella” sp. X
~ Eucyrtidium sp. X
7 Gongylothorax oblonga Yao X
G. sp. X X
G. (7 sp X X X
L Stichocapsa convexa Yao X
. Jjaponica Yao X
S. sp. X
Syringocapsa sp. X
Tricolocapsa plicarum Yao X X
T. aff. riisti Tan X
T. sp. X
T. (?) sp. X X
xR 1 2,3,4 5




Archaeodictyomitra J&=X° Tricolocapsa JB1%, ¥ = 7P HILIBRICHIT 5. FHAOME KR %
BEtd 5 &, HR 16 22 HEHT 2 Bl b A ORTRAE, Y2 TR Th L. ERS D
4 WS HEMT 2B LA, Yo 7PN S Yo TREMEZERT 22, Vo T A% oRM
FEELRNDOT, ZRLORTRRZ Y2 I8P EZ 261D,

U EoEREA? D, REIRES =y b OMRE A OE R, AIKE A RERT- TRk
N=EAT - B, Ty — MIARKEEIAOCZELBY -8, BEORRITY 2 TRTH L
5. ZOXDITEAE A DR EZR D DO, IS ORRITIEEMNII COMRE 2 Ly 7 AD
IERORERIZY =Y, AKERLT ¥ — FOFERIZMBET V- ECRBESUIERRERT 2O TH
5.

¥, WAHIROEFEE G oM 5K =y hOJes LY, T8H (1986) 12 &V Z/&E & 3 ik
LERRESNTND (B 3ERB). ZDIZLhb, KHIBOBREO—HIZRBIIHE R 5 HE
Ny 7 e LTHMmT 25 A, 1986) 7, b L IXEBALRADEIA Y = 7 /7P E N 2 iR
fAfMcE 2.

BE-BE1=v b LARRWEINTELT, TOHMBERRIZAHTHS.

V. 7 # H M &

B PR U OB ML, EW 225 WNW-ESE S O#liZ 0T V' F 7 4 — L5 « V2 7 4 — A0
WL, &L LTRIIKEOHEREX2T. Z05b, HEEEZRKLBREE L TWIEME, £
RENOEARZBORERICEIMERFOT VT 7 4 — L L NLIROFFITH SR LI IE QNS Bl & FF o
VUT7F—LTHD. ABRHELCTHEE BB, REENLAMIZIENRS NNE-SSW J5 M O Wifg T
HY, TOEMIBIENN LR T L5202 THS. ok, MLOELZED FARKERES, ZOWELIE
FUHFEOERT, RERICHEMN LR 5202270 T0W5S (M. 9BK). Z0I1EN, NSIhDH
NNW-SSEJ7 [0 D W J& A AR A MO Fi 26 =% & OBRFAHEICA BN D.

LRHIBORRAAE, Z OO T X TEWE TR INIMSL L7za iz RT3, £ OMEHEETRE
AT, EOKEDER N T — &R LTS, EERY T 4 — N T/NIBTE T OF /
BT 2 8 > CESE-WNWH I OY, AU EATT 2 EIR A 7268 ihdh 2305 1R _E b SR 0T %58 5
WD IENIHRICE BRI LT D BEBRRMNEBE LI, Fy— b EESa Sy POXRAM
AT DV U7+ — AR HRLND.



V. BiET Y T e g - 5 A

Bk - i)
V.1 # =

AREHIR OB AT~ TIZLTOHE - HAhbifRESh T 5.

1) BILAENRE (CER) KOS B-IRE AL 7 2 L A

2)  APEME (A EALATED

3)  BiAE (R EAL % )

4)  FEERIEAIE (A E AR -MERT )

5) IR (17 A R - WE T i)

6) TOMODINER—F v — F R OERAL S

N FKEAT Vo

ZoHh, DERBIUARENRSE L RLY T 2 V2 KU BAE I, HAIED (1953) BNEFA T v 7D
RBICHIZVFE Ty T OME L LicbDTh 2. HEARIZA (1953) 1%, FEE LT M sk Cle v Bk & [
] g 30k P ) R OV SR A | L — S BPIT AR Mtk =) H D BRI “BRBE L, Zh i B < Ak
FRORINEDOERERE” B ) v XJEERTZEEPALNIL, BIZINb 7 U v XFER - Tl
LM LT EZ R LT E LT, ZhE “BRAMH LY (Atokura Nappe)” EIFEAS. —77,
1) £E3)LISME, TOBHOIHEICL VAT » 7ICMA bbb THY, 2)ANEEIT/NT (1985) °H
K- R (1989) 72 SIC L0, 4) FEEEMEEEIZ/NK (1978 5 197910 LV, EDREEAT VY 213F
B (198D I &V, ZDMEAM (L ITERL - B SHOHERZR E &2 b LI =W S ITRE R g L
Ihiz. EBIZ, RHETIE, FEREROSEOFETZEOSMIAE LT v — N R OVERAE 2 % B
BTy THAMICED TN D, BAT v T ERMAT 2B - H A OHEIRRITEARIED (1989) LHKH -
B (1989) 72 K ORGEOAFFEIC L 0 2372V kIS Ao 72 W2 5.

AR XN 0 2 fE— NN IZ Z BB A Ty T O - A EOT R THRAE LR, hEm L gk
£ CEMESE TV DS WNW-ESEJj 1) & N-SJ5 10 & A WifE R I & 0 ik LT 2 (5 34 X)) . R 1LE
RECABESICEDND1EINE, ATy 72T 2 g - BAHAEOEFERERPTH L. RS
SN B LA TP - APIEME - BRAB R ORREE A T Y a s, E A LI XA e &
VIFOHEA TP a BN HiT 5.

BTy ORI IIL, $ K Z BT (F60Ma) 72> 5 gttt i (16Ma) DRI CTH 5.

(&Y TEBRT LT - BEORE]

ZDORIZOWTIEEE < BBFFE ST E 72203 (1980 A LLRT OAFFE S 1PN H (1978) IZFE L VY, BLRREAL
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TIHERREEZTORV. HERIZAN(1953) 1%, BiaT v 7 FIEOME EEE 4 5 A fiid o o s i &
HIe L, BATE R OVERE LA RTINSO b b Shiz & Lo, HIFHEH (1966) 13, T HHIR
DA T v T DA < — N T CEEEHICRDZ. M (1978 5 1979) 1IX &M 1A 2 RkkE - BRATE &
OF RS E NRIR & Lz, BLERO TR b &l LA 2 PRE % V975 B AR 0 [ fikd 5 5 oo i ok
AR (H D WVIXEFH IS L2 Z SICEE LThW e, ZhicsiL, /NP 52(1983) 134114 559
AN TEAOBNFENRE RS Z L2 D, FERILER B ARNE O QALK RIEEI OEY Tl <fEE
& SR ORI o M IRICHER T 5 & L. /N (1985) Tid & OHUE IR 2 & LA & IR0y,
F 7o AP A BRI 5 2 & B RTRIBH SRS T DL mARIEA (1989) L UMEH - @
A (1989) 1%, BRA T v 7 & MRS 2 1 45 0 00 B AR AR B OTSe/s6Se gl A A 9 & & i 1L A 3 P ks &
AL A A OTE A AT, AP RS IO L, S DREEW L SO PRIC S
STEMERSHILAROEREZ b2 L Uiz, ML (1991) 134 B 1L A 3P & & sEF 0 O &
L, SEFEHEMRICHEEZIER L W Lis, —J7, ¥R (1984) 12 &ML A MRS - BR a8 R 0%kt
BATUVaPNEBITELE ) AN R —AHOERIEREZ T TS T e EmL, Bil)IER D
Ml & LT b. E72, Hara et al (1990) blRAIED RETEH 5.

V. 2 @BiliasEilsos (K

AL, 1L (1886) IC & W AZMFE & L TE DM OBEIR S, EEIEA(1950B) 1280 4
Ul A PRk & fd Svle. BEENIZA (1950B) « /ANEIE A (1970) IZE MO B AR E L, JAH
(1964 ; 1967) K& OVIMBEH>(1970) 13% D BH AR 2 25 FRAITIAEL S 2 BERS I T H HBl o )1 1A 85
FkE CITRIE A, 1963) & IR U A difd el & de Uiz, —JF, /NK(1978 5 1979) 1%, 1) @5 IR Jepaik s
DEDY OZWNFE BT EROEBER R LNRNT &, 2) BH OOMAEEFUIA DKL A iR 2
2L, SMILATENRE SIS SRS L0 mOEEZ 505 2 L, 3)&lILA IS
RO DAL DRI =W IR BIC A DR N LR 8 n, &BILAERE Z =)o i
DHENWHENHD 7 Y v Bde Lz, Fi(1984) b, &R ILAEPIRE & MO EH OB R 2 13
AETRME EHEE L TV D, @ARIED (1989) K UVE A - AR (1989) 13, @M IL-AZERIRE &)1 LA e
PafkE DA E - AL EM R OURAER 2 & —HOEHR L RSN D Z L EB BN Lz, ZOEDR, /I
7 (1983) K UMEH « @A (1989) DAFZER 65 (V. 1).

BEE I (1950B) 28, FERTRE AR O ILAITIC A3 5 A SRR I DWW T4 LTz,
#1132~ (1950B) TR RILAZERREE TH 525, /MM (1970) LR IT &R LA MRSE L KL ST
W5, BRI E, D7e < L b 1920F LR IS AT S AL E BB BT IEAT O 5 4y D 1 B T
BILTH Y, ARETH@BILAENSZ NS,

wm R NIET L.

S FEITEILD D HE T ~/DIRTHAFIC T CORIKIC E & £ o THMT 2130, HHITERIZE
INGHDN D D

BFER FE-/D)IHETE, ANIETERD CHogrstis (g e N E 8 IR e icBlbn s, by



it HFEERE, EAUCOMAT 28EE & I1%, FNEN@EANE CREIND. FETE 2 A% PIcof
T2 ZW)NH OVEE s K O SRRk S FH S T AV A TEE R 2R L, IRAKE ClRah D LH#HEET
5. NI S OV CIE, ABR D 53 A1 1 =38 145 O S S (B AN AR IS 0 A LT B,

BRI AR OARE T, WA S IRANEZ 0 L CEolE EALICER D, WiEmoEmn - ER
I%, N56°E-N74°E, 18-30°STh 5 (FAK - ik, 1989).

SNJUBTHS RIS L OV BT 4R TIIb - E AL > 7 = VA o T 5. N sk <) 3
ARG B AL 7 2V RIZE AT D & S50 BiHEED, 1963), ASIXINE Hi s T3 B A BR8]
LI,

BH FCAEPSEEN DAY, FENIHE TIPS OMIRK OTERAE NS~ 4 4 MCEHA
SND. BERESRITHERLTND.

AEPFAIE, TR, FICREA - FEANALL R BRERLPAREZET. LXITHVEOD Y
BARZMED. FRITEHEED23-30L OB AE Th 503, —HIXEHEES30-42THEAETHD. E—
RALAE T A 3eP9ikaE 2> B — 86 b — ) /L8 OFEPIC A 2 (B535K) . 4245 D Si02 1351-62wt% (Shibata,
1956 ; mAS - AR, 1989), F7o, 87 Sr/ 86 Srl AT LA TN DE % & T0.7038-0.7043 T
BH5(ERA - AR, 1989). S L&A - NN —FHOESIEMEZ%TTEY CER, 1984), SE5A
IFMARE LT HTEAICRD NS,

AEAITARA ORI K235V EEEAFEEL, TOEMTIZIFEWT GEL < IEN60°E-N70°
W) T, dbFE/IEBEIC45-90"HAI LT 5. LIFLIE, EB&10cmBl T L v XIROEF /DG Y % & #,

B E RS

B RF<—— 90 BEf <— #BEA
LE+AHVEG

% 35 S LA S PR O — FRLAR



ZOIE TG ITIT AT T D, W OOA IR DS BT, WA IR o5 LA 3L Pies
LRIUEDR, Fo M ThRamrtTns.
BREN TRRERM NGRS
PEME - /NIETEE AL, /IR

FICRER - FEANA - AEROCBERNS2D (36 X). 201, FIASEHME LTY AKRA
A7 v - BhAG - REVLM A, “REME UTRIES - BRLAA - BER - 589 [ - SR
V—fEEle. S ATMIRE LTHET D, Wil AT RER KRS mmOEAEEHIR T, k-
Fk-F kDL AL RT. BERTHET, ZEPBCEZIEIREAESEIADESG LIRS TS,
BEAEIERSmmX 1.5 mmOEFRT, 21XV —v 274 MEH D WEEY A MEL TS,
AP, £20.2mmbl FORDKAS b OES & L TR ZE O TH Y, —HITEEnEenmn.

POk 1, @5 1LVE 25800 moD il B& VS W <0/ NITRT B ARG /IR W2 T, 520 em BA R DR
ELTHERBEICEAL TS, AEARAICHS, T, AXZAREGETLIVERECTHD
(% 35 ).

EHRAEE T~ ZA ML, &BILTET800 m OER IR VLI REHE O A, Bl & Clgsh,
ESmU FThd. oAk - WIEA - REA - BERKCAZER2LRY, EFTRLELES S
T4y iR RT 5.

WERR ASsaTomaRAaIconT251E8Ma UM &, 1983), <~/ < ¥ A FPOAERIION
T252+8Ma (M l1iE7>, 1990) DK-ArFERBH LN TN D (B 4 ). Fiz, FIZHHUEO)IH LA 5

%361 ARSI ARPIRE OBEMMEEE  Hb: H@ANA, Bi: BEM, PL:AEA, Qu: A%, A —/dlmm



BAR BiET Y TEMRT DHE - H A OREENR

T oL B MO £ R H F BE-/h NI £ iR
55.0 Ma (TERIBEE : Kf, K-Ar)’ 59. 6 Ma (BB O RBUERIEEIKE" . Ir. FT)7
& 57.6 Ma (B3| LEEKE : Zr, FT)T
5 =]
%IE % 62.5 Ma (GRS ERIERS : Kf, K-An)* 62. 3, 63.6 Ma (JEE & b —F L% : Bi, K-Ar)*
® 65.6Ma( H L : Bi, K-Ar)* 60.3, 64.6, 70. 2 Ma (A/X AME OM :
" Kf, Bi, Hb, K-Ap)®
65,67Ma( B E :Zr, FD)!
- 93.8Ma(+ ¥ 7 2 LR*: WR, K-Ar)’ 85.1Ma(k 7 = VR*: WR, K-An)'
- 1
:0] 105 Ma (P41l b — 3 V8 : Hb, K-Ar)* 112 Ma (1ILif%, + —4 % : Hb, K-Ar)! 109 Ma (7R, B34 : Hb, K-Ar)®
BB l0Ma(E L SEES Hb, K-An* 105 Ma (Flk, SBIGHZ : Hb, K-An)® 110 Ma (4L, & < ABEHHRE : Hb, K-Ar)®
- 250 Ma (JIIHILAXPIRE : Hb, K-Ar)* 263 Ma (KR, +—7 % : Hb, K-Ar)* 251 Ma (2B LG XIS : Hb, K-Ar)®
% 277Ma( Bk : Hb, K-An)* 252Ma( B Lt : Mus, K-Ar)®
2715 Ma( [ + : Hb, K-Ar)®
! Watanabe and Suzuki (1978) Hb: /B34 " NHLERERE R U SMLGEBIRE IS
? /NEF (1983) Bi: RBS
3 /NEF (1985) Mus : BRR
CORAR D (1989) Kf: #YEBA
5 RZH (1990) Zr: Ynay
& WhLiE A (1990) WR: 2%
TOATR - fAk (1991)
8

/INEF (1990)



BAfkAE TH 250-27TMaDEA G S TR Y, MERRIIT-ZH B THDH. 2B, Yraror
4 yvars FT7 v ZEMRE L T149+=9Ma(Watanabe and Suzuki, 1978) & 18223+ 5Ma (#iAK -
#, 1984) DELHEINTWD

V. 3 @Blasiies i of ) - IeE AL 7 =L 2 (Kh)

TR OARE AL, DBED (19700 128 0 2 OFENME LA ATREARE SN, £z, &
BRIERO b O, B (1964) 12 £V ZO5HAR S, BB LA TS DALY Fv
U7 VAL LT E STV

B BRI ERTERE O8I LR

S NIETRE R, RIAH R BT e OSSP RT &0 C, A LA kA 2 o TN 3 i T 5.
72¥, FOHHIRICITE & Eo2nmndAbind CGBidiEs, 1963 ; &k - ik, 1989).

BFER oBlaaplss RO aE L IE TR S h, AROBFERBIEIANTHDS. TR
BCiE, JIFFILAENREICEAI TV D (BiFE2, 1963).

BR NIRTRES R OKRETIE, AEAITEBILALRIRE AR ER T 2WBICH> TET 5.
BEICET D201, WEELRESOMEE TERNRRIE-TWD (EIKMKA) . Ak - fEA
13120.1-0.2 mm TEV A 7 Mk 7 L, WEHICTANA, JREBICIERER-S < AROMILE
ZELTHD. NIITAREICIIWERL Y 7 2V ARL LR, AE-FEA-BRER-ANGESLAH
DI G R 2R, BB TV EMES Z LT D

BEPRI R T, ARV 72V 23 MHIA LA OIS T E S, BiaEslE csEss
(FA - AR, 1989). AL TR0, HEHILIEN S LI AL BRIV T, MikIh TAE UM
BOLEHICE 2em LT OB 0OEY OEBLE LTEL TS, SKAH-BRERFLY 72V A (EITK
B LA A-RERFL Y 7 2 ARHZLND. SAAEHAE 1lmm T, A - REAES

BELTWD. 5L ARDRNALADIRPHHND.

RN 7 2V AL, LR CREICHER L TRY, BRERANARLY 7 2 L2 TH
2.

tdm RHEA.

WA HHEN (1963) DR LI BEARMRICES< &, FEEOMERMRIZE ZBRTH .

V.4 B NoE BHA

KL, GO AL SR T & i BTN (i, 19647 &), /NEF(1985) 1%, $SSFATILY

AEPAPIEHOEREN O ESND Z EERL, ANAIZOVTI06MaDK-ArEMREHE L
2. T LT, RAERPZWINFEOERIERLZIC, BAELE L bICZmIEFcbiebaniZ L 2iEh
Lo, 2%, BERBOMS Gk - 6, 1989 ; fiAlE, 1989) - % ERAL GRILEA, 1990)
B O R ONEF. 1990) b, AT 10 B 2 e A + R L



3T APIEEOBEMEIEE A SLAHMANE, B: SKAA-BERNHE. Grt: &< A%, Hb: Wilif
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72 (Majima and Takahashi, 1987). /NEI TIXENICHAL ARG END. E0ICHARRWESINT
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%A, 1950B).
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Acila sp. 4 Anadara sp.
Anadara sp. 4 Arca sp.

1+4 | Arca sp. 4 Cerithidea sp.
Bulla sp. 3«4 | Chlamys sp.
Cerithidea sp. 4 Crassostrea gravitesta (Yokoyama)
Clementia sp. 1 Cyclina chinensis Gmelin
Corbicula sp. 4 C. cf. chinensis (Gmelin)
Corbula nisatoensis Otuka 1+ 4 | Dosinia sp.
Crassatellites sp. 3«4 | Glycymeris sp.
Crassostrea gravitesta (Y okoyama) 4 Hiatula minoensis (Yokoyama})
Cultellus sp. 1 Macoma sp.
Cyclina japonica Kamada 14| Mactra sp.
Dentalium sp. 3 Ostrea gravitesta Yokoyama
Diplodonta ferruginata Makiyama 1 0. cf. gravitesta Yokoyama
Dosinia sp. 1 Solen sp.
Epitonium sp. 1 Soletellina minoensis Yokoyama
Fulgoraria striata (Yokoyama) 4 Tapes sp.
Glycymeris cf. direlicta (Yokoyama) 3 ¢4 | Turritella sp.
Hemifusus ? sp. 1 Vicaryella nipponica Yabe and Hatai
Katherinella cf. iizukai (Yokoyama) 4 V. cf. chosenica Yabe and Hatai
Lamelliconcha kawadai Aoki
Lucinoma sp.
Macoma aomoriensis Nomura
M. cf. optiva (Yokoyama)
M. cf. tokyoensis Makiyama
Mactra sp.
Margarites ? sp.
Meretrix arugai Otuka
Mizuhopecten sp.
Nuculana sp. X

Ll i B I I e R I - T e R R R o R R e e I T R I S T - N N e
[

Ostrea gravitesta Yokoyama
Pecten sp.

Pitar cf. itoi (Makiyama)

Pollia sp.

Saxolucina cf. khataii (Otuka)
Soletellina minoensis (Yokoyama)
Solen ¢f. gouldi Conrad

Striarca sp.

Tapes sp.

Tateiwai tateiwai (Makiyama)
T. yamanarii (Makiyama)
Turritella chichibuensis 1da

T. sp.

Trigonaphera sp.

Venus sp.

Vicarya callosa japonica Yabe and Hatai

Vicaryella atukoae (Otuka)

V. ishiiana (Yokoyama)
V. tyosenica Yabe and Hatai
Yoldia sp.

1: 3 H» (1950B)

2 : Hatai and Masuda (1962)
3 MAAL - $K(1980)

4 : FEng (1989)
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Acila sp.

Conchocele ? sp.

Culutellus izumoensis Yokoyama
C. sp.

Dentalium sp.

Dosinia anguloides Nomura

D, Jjaponica nomurai Otuka
D. cf. akasiana Nomura
D sp.

Glycymeris sp.

Lncina borealis L.

Lucinoma cf. acutilineata (Conrad)
Macoma nipponica {Tokunaga)

M. optiva (Yokoyama)

M. cf. incongrua (Martens)
Macrocallista brevisiphonata (Car.}
M. pacifica (Dillwyn)
Mactra sp.

Meretrix meretrix L.

M. sp.

Natica sp.

Neptunea sp.

Ostrea cf. gravitesta Yokoyama
Pecten cf. kaneharai Yokoyama
Pelulroma sp.

Polinices sp.

Reticunassa ? sp.

Saccella minoensis Araki

Siliqua pulchella (Dunker)

S. cf. pulchella (Dunker)
Soletellina minoensis Yokoyama
Spisula sp.

Tellina sp.

Thyasira bisecta Conrad

T. nipponica Yabe and Nomura
T. cf. ozawai Yokoyama
Trapezium sp.

Turritella sp.

Yoldia scapha Yokoyama

X BROE8FELIHD)
1. E#izH, (1950B)
3. R - AR (1980)
4. fE4E (1989)
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IR 5 (Ka) 1238 BRTHH O S ORI B 2 S, RO Vv ME-BERE vV MR OA

DERIKERE DD

P R IK A (Ka) 1338 BT PR <5202 & KAMZ 2T T L HHIZamA LT 5. KIAE TH ORI THHIC
SWHBERWRHZ LN LD, WL OFIEITMERE TE TWhau, B E LR o WHDRL DRI K T,
EFTIHEKILATZ A LREADIENATE - KILERFBROOLND.

b EREGANS B{bA Nuculana sp. (BaFH, 1977). FHET B OS2 b KA L R
Nephrolepidina + Miogypsina (¥: 3. « ZHE, 1975), & A 2 & Miogypsina - Operculina - Ne-
phrolepidina(¥x 3., 1977).

WERA SR E oI ESTIE, REROMERUTZEESG L REFONSN.12IZH 72
D, HETRE O RAT 2 S P O P D D (ML, 1977).

M EEREITERIEA (1950B) O RRKHKSE « T, (1970 o RE-EREICHTZS
WP S5 D LS (X TEFRB1E 2> (1950B) @ _LE-LHEEIKS, AHL(1977) DEERE T OT4RKE I H T2 %

SRRV O/NESE - FE)IEIE & DR HIT E T RHEEIRDUCH 23, B L Z/hERB - /)
EBlzxttbEns.



VI. 3 BRRAHERE

VI. 3. 1 BMELHRRE

[(ME] BRABHIZHA T 2HBHILMER, 72 & XS ARERE - /B R RE - BRACHT g %
(Arai, 1960)72 & DBRECKy SR TE 7. ARE TR A OPH#HEZ, b RN —BGoH
Bchsro b L, mUBE - BiEREDOVHNEEZEL, 7)11(1930a) (T > TRRA 2 i #F
LIRS, BRAMBEIII T LY, AWE - /g - + /Mg - NPT K OB BTEIC Xy S 5.
S HIT/NEEFHT G « BRAQHT R IZ 2N EN N - Bfic 2y s d. 2o ) b/NERFHTTE - BRACHT 8
FEENELS, TR ENBRRAHBREED N RO KMy & LHE D5 (5 57-58 K) . #EROEF
Xy & ORIEE ORI Y. 2, AWENOBRHETE Ml E CoMAL— M, EHIZA (1950A)
ICHERL L, EHEITITHA S/ NEBITR A E TOREINCE D (5 59 [X) . Bk 4 Hig #F 0 I KFR g =
135,500m (28 L, HUE T LB R & O i & it LT 0 EREEE DN .

MR Bk R TE 0> HVETIRG (IR A AL UL AT B O NL8-N. 10 (FF 3] 7 1 0D fi T 9 -+ 49)
IZh7=d. Thbb, NEEFHE N D RACHTE T E O T E THAN. 8, FRAHTE Rt ik & Bk

F10FK BRI O L E X S

&1 (1930a) Wi (19500 | HESBIZ A (1950A) Arai (1960) & 5 (1980) & 9 (1986) kB %
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FRFN | N
HEN w N AR BT E#EASN.9-N.10 T & % (Matsumaru

YEDE TR . etal, 1982 Ibaraki, 19907 Y). FH#O
B 5% el F e
2 Pl FYbRE - BHUE - 1/ a0 B IEEE LU
Y
L YOIE I AT B AL ASIE LT U A2 Ujie
and Tijima (1959) (AL 55 0 7/ it (4 40
" DKL TIE G 2 6 N.6% 1 T Tk
G HILEZHELTWDA, ITRERBHICX
" E BT A RRHEE 27, RBREHEET S
a
B g DEEXDH. ZOREBEEL, KBETIID
% R 535 9 B 4 LB BE O HLIEE O HUETIRE R & N 8
"t =277 Lo Ut (VI i 9B HR)
prael 8 5
P [HRE] B HUERE LS SV Tl < A
g | .| E
Mg 5 M 7 BT AE 0% < O RN Y - HERR
L FB00m RN ST, AMOMER L
- —
== LB L LT, 511(19308), MERHIE
/RN | UE e -
BEHEB [Purs H(1950A), HHLiEH(1950), Arai(1960),
T AR I S (1986) #15 0, HEKIE Arai (1960) 435
hutel Cp L o ENDZLRE. BREEORRE L LT
B

1E2Z, HH(1902), Kk (1920a + 1927),
JEAS « KVG (1936), HAURL {8 47 B H 7350
(1942), BEA - JEE (1947a), VEH - 8BS

% 58 TR AL 4ah 1 Jea A D AR AR

(1959), KAMR - JH (1969 23 5.

HEMPHTR R AMBES Paleoparadoxia %13 U &+ 5 S5k KB HEB A 23 E &
HZLETHATHD (KA, 1987). Paleoparadoxia \Z-2\Cix, i (1953), f4H « /NEFF A HF
TN —T7(1978), HEA - JA(1978), HiA(1988b, 1988), #HHI(1984), IEHE(1953) 3d 5. 1FNIT,
A (FI, 1928 5 49Hh - @i, 1979 ; EBpIZAs, 1983 ; EBF - YK, 1984), U I A X (MA, 1983a),
77 (5H, 1988), 7 I NY UhEPEE—, 1983), HJH(LEF - BOA, 1985) R E3E BTV 5 (311
).

Bt &%t g & L=#Fgeicid, #{ib (1921), Yokoyama(1925), )11 (1928, 1930a), JWEIBIEH
(1950A), ¥ - B (1959), Kanno (1957, 1958a, 1958b, 1960), Hirayama(1973), (L (1981)
D, 720 THERIZH, (1950A) & Kanno (1960) IEFLR 2 g #E 2k 0 B{b A 278 L T 5 (F
FA-1).

FEEA LR OME & LT, Ujie and Iijima(1959), Saito(1963), Matsumaru(1980), #2 3L
(1981), Matsumaru et al(1982), KA (1981), Ibaraki(1990), AKETS v /{bADHTEL LTH
F&1E70:(1989) 13 5 .

JEAFFLHROBIETIE, Ujiie and lijima(1959), Matsumaru et al (1982) & 51%7>, KEA
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1R BRLAMBREOFTHEMLT

#h ] B a1 it A X R
& B K B |/NE¥HE £ R | Paeoparadoxia tabatai AH - NEFRGEHE
7 v—7(1978)
H w & | &% % Bl i W | Paleoparadoxia P A(1988)
= [£¢] & ” Kurobechelys tricarinata Shikama(v I # # ) | KA (1983a)
¥ / M B ” Cetorhinus sp. (/¥4 2) FHith - ZR1979)
B X BB T OR|/EFETREAK | FREAFNVZE FEI((1984)
” /N BE BF BT #& # | Paleoparadoxia tabatai(Tokunaga) A (1983b)
” ” Scomberomorus sp. (%7 7) LB - :KA(1985)
” B R i 3 B | Kurobechelys tricarinata Shikama(® 3 % #) | #4(1983a)
” ” Paleoparadoxia BEA - A (1978)
" " Sulasp. (A& K Y) /NEFBE- -(1983)
” ” b 4 HiE(1988)
” ” 7= L35 (1983)
” B XM FR|FREAFAMRE F1H(1953)
” B R ™ ¥ B | Paleoparadoxia tabatai(Tokunaga) A (1983b)
EHBE-B%CETE L & Br Carcarodon megalodon i & D+ A LEF i35 (1983) »
% - A (1984)

T T R
fL B Lepidocyclina & O*Miogypsina 2348 7 Ff 7> b @15 &L TW 2 (5H6, 1920b ; Yabe, 1927 ; I
17>, 1950A ; f&H, 1950 ; Arai, 1957a ; Matsumaru, 1980 ; Ibaraki, 1990).

IhHDIENT, WA GEEIED, 1950A), #Mba (RHES, 1920a ; #JF, 1940 ; EHIZD,
1950A ; Ak, 1970), 4K (Arai, 1955) G STV

HES - WEMEPOTR  HRAICET 28I, K5 (19202), FJ11(1930b), Arai(1957a,
1957c, 1967), PN - %iE(1971), W Q1977, 1979), FiB - H¥F (1986, 1987), Latt(1990) 23 %
HEFEMEE IZ DUV TIE, Arai(1957a, 1957b, 1957c, 1958, 1959b) 23 ¥, Arai(1959a, 1959c) | M
JE M IR A S L7z,

BERESSEIM Z M > FTE e LTiE, FHRIEA (1950), LR (1955) A3dH 0, HEMIZ OV TiE,
It - B Q957), /AR - B (1961), FHIEA(1981), Yamaji and Takahashi(1988) 23 %

B L TIE, Inoue(1974), it - #5)11(1986), Latt and Sato (1987) DAFFER & %

WL ZUZ DV TidHyodo and Niitsuma(1986), fRBA(1986) 23 5. i bic k2L, BRXA
HOHMEKOMAITIZERZMNTND. 2O LIXAARBEOIK - FEIOMZZC L 672 5 BEH L
HOKFHE Y OREEEZ RET5HDOTHVIERIND

V. 3. 2 EBRE (Si, Sic)

EWEILFESEHETH 205 (Si) & A (Sic) Iy &b

WESL 7)1 (1930a) D FID LB % .

B\ EmETo.

S WS IIRRAR A O LR b LG NT T T 5. S HICAHIALTE A & 1 E ([ 55)



e OV = ) [ i) (a8 f5e 9~ 5 . s 1 AR Ut oD 5 T Sl & B P HTRG U QMR RNC 0Ai2 . Zhil
FEPERRIC b R & & TV 3 A5 FRIED,  1950).

BE ST L2383 KEL, JEE30-100mTh 5. HXHCTIEIISE O FAICESE BFEL, BE
FEF260mICET 5. HEFHT R TS L OBE RN E < JEE L, JE/E200m = Th 5

BFER BRXEOV2 I RERNEAICEY . FESBHITRRAHIBOET CH L, HEFRTH
JFAZHFEEH Y 8 5 (55 60 (X)) . EEBFNT &R CIEASKIIM A G 2 REESICE S LB bN DD, BIEILN
BRIRCTH D

B8 BEGYIEFRCT AL —REWENLRY, —HBICEENIET 5. HAHSOE R E A S
SRIZT T TR E T UIE UIZTE R -TRE Vv MERET 5.

WA ITIE S 1-3mD R HR7 B B 2R3 3 [ 635 A& O MR BB S Th 5. — RIS\ IEEL
TNA—AETLEITHEDT v — MiERZR D, BEDEIFv— b - BEEOES-8em OMEA
G, BERIRETIIBEWEICT ¥ — MBOE A RS ORELEEN T 5

B (Sic) (TR FH BT T TITRATICEEL TV . JES110 m OSLROAEE T, L
IS B ABAET D, BEEE3-20em @, B - REATFT v — b, SEAENLLRY, ARBEEEEAENIC
GENTND., BEOHG I3, L REDBIKDOE KD ThH 5.

EERPITHE N C I3 s & H628 L C 2 JBYEL, SR CILIRCERIC, ) &10-30 m OBLROHELE A L Xk
ICEAES 5. 2D OEEE ITIERIETEES (BEHRS - U85, 1959) LIFEIN TV D, BEFEIE, lem KDL Y

% 60 SRR SRR N o
U-U : AEEAHE. HEOFv— MInizb
RS TN D, FEEEEH IR S 2.5m T,
Fe RGO D T+ — b O - % & 77,
EIET Vo — 2 BRI Th D, Ei~T
Jb 3 — AR AT AT 2 CFRFITRTJE)



RBABEGA B LD IR AOL RBEE O A ORR20- R K70 cm O, BHRKGOF v — b - BA - Fk
BoaDAEE, WABOWS - BER Y ThsD. REITHRR T, A% R4, Frx— k- ROGOHR
mHied

B i 5 Paleoparadoxia (JiA, 1988). HEEFHT &R D /L big Kk Ok Lo 06 Ak
o (B - 8RS, 1959), MOVEAFILELAZET D, BRH/MEN S Bk, FBiiH - &R0 6 Y
b (FEERIE A, 1950A).

M PHHOKR NICE TS 28, ZEROERESEOENREEND Z LD, FiEHgkomLfE
FE/NGEE, E R sk oD & AR R AR (AL, 1977 ICxftb s s

VI. 3. 3 EHE(To)

WEL  Arai(1960) O & HIIES HDE 2 &Hs.

B BT E HORFIERE.

S RRAHOIHRIED O LI T TR T 5. S DIAHILIEEH & IR E I 85T 5.

BE 2GS TIHEE—ET, H100m.

BFEFR APEZESGICES . BT ADER L O 2 5 10m/EOWE v L NMaw
HHEEERCERBOMB YV MEICET S, ZhOHUR T FERZBEGER A OIS,

EFH HFHKOOIIL REROLUHE YL AT, RIS EERIET S, LiIZ LiIE50cm-1m
KOMHEOAIKEFR b5 . HHE LD TIEOSCHBRR R A b o0, TRz < 2
5. & HE OB IIERRTE (%) 1B Tn D

B AT E AR DAL TR A AR & 22 0 JRELRO L METH Y, KA DRAIRLEE K 8 & Hete.
AL o/NEEFRTIE O YA & KB LIS W, RO AKERBLAZ &1 2 & TRl LS. JEAEALHYE
TN & D & A KBS T OHEREIRE 1L L& T H % (Ujile and Tijima, 1959) .

R S oEEREMAAEZET S (R, 1928 ; HFHIZA, 1950A ; Kanno, 1960). RifE7 5
U A A GEA, 1983a), LA GEIE, 1940). YA O (LEFIE2y, 1983). ALHREA & EAA LA -
ZilEPEA LR (Ujiie and Iijima, 1959 ; Matsumaru et al, 1982) - AIRE T > / {bA (FEiGIEH,
1989) .

R B - MBS, FEHIEO/NERE, o/ ME— IS LSS,

V. 8. 4 F/ 8B Ne)

WEA  Arai(1960) O/ #ilbiE & Gy,

Bih B E o SRE)IA A

S BRAHILZRIC M T 5. AR O BEETER L 0 L TIZ T g & TR E A T E L
720,

BE 2L vErE OB L (D585 KIS TR b IE< 170 m, HHF~REICH 720, FHHETH
$1C140m, M T70m.

BFER SHEZESICEI D, BE - ET(1986) A Lz L o1c, WEFITRIF 2 b BT



He1R T/ MEORKERE 95\ T 7 RREEAEYE (i)
TTIEHEHBEZHIVIAALTND.
B R -ARIGEK B, BT, LIFLIRRERSHAEZ 2 o TWN5.
ST E IR TR LA TH B AL, HERREE D D LT 2 DICKy &5, FAEIER K o i
MRS C, JES2-5cm OJBHA SR 5 KIUORAZGHAFEET 5 (5 61 X). £&5cm DHEAKLIDH %
Bagte, BH - B 1986) T2 OMZEH AR RRICE D b LB X, LI REIR R g B 2
b OMB AR S CTH D, T/ HEOWEIILIEILEEDLOTEKETHY, BN TIXAALTT R
DIFNEA - ARPZTENLTND.

ESRPRTRTE ) S BRI 20 T E oL MEN T THEEICHE NEET 5. REOBS TR TIIE
S bm, ¥ TIES0cm Th 2. HAMOEH THELEICWE - Fr— FOHEREI0-5ecmd L s X
WZEER TV D, WIRKITE S BRI S KEAT v — b - EEOED, REICZHOFLHORAE b
OF HERRKOARKEMILE A FTe. EALIIWE TV NE (30-40cm/E) & v hE (Bem/E) D HJE T &
5.

B Ao EERECAEET 2 (R, 1928 ; MHIZH, 1950A ; Kanno, 1960). HiFE»G ¥
A (B - il 1979). A O (EBE), 1983).

M F—vE XA MHO FAICMET D 2 L L BRI G, FEigko/NE o Licxttbsns.

VI. 8. 5 $§§mﬁ«momod

INNEBFR LY — XA FORMERAEREBNORDBEVHIETH L. 2F L LTRAESREEN LW
AEBEEA~D LN EFHRAE L TWD. EROHEX Sy & OXtIEbBIE L, RWE CTIE/NEERT
T2 5 & HA R~ 3 2 A O R 2 521, /NMERFR B2 REAWE BB 5725 TEH 0D &



AIRELENGRD EOWIC 20 L. Zo#s
- B UL U/ NIRRT G S HAE 3 2 it o0 BV
(Oc) ZHIEKIZR LT,
ANEEEFRT A PE 5 D ARV — R T, R o B
5 L TIEEES - RS AEEEICHTET 2 L 512

I olo o o 25728, TG LEA~ OB IT R T
— B5EE6R). Livl, HEELRTIEES bl

R — T, TS EBOHRE(L b0 50T

R e P 1 Rk, BRRMEIIORIIEEAD B
= < (= R T, TR R b

= -4 A OBEREIR SR SR, R MR T
= . 2 LROSRET50REYTHS (5 5TR). 7

E L, OB RIIARIEHIE COER L 1@ YEHS 5/
Lo STHY, 2fFE LTI T E LI/ MEEFIT G R
o0 JED (T8 - T =) IR Hedsk ) 22 BRI
- MIEE  Arai(1960) O /INE BFHTJE I 2 BE & L7z

Elrevsns .
o= B BT 7 O RPN 2 fr £ C AT
it (5 59 X)) .
o Eﬂiﬁ:ﬂiﬁjﬁ;ﬁjﬁf&% S HALARHAL I SALTEES - BITEERCT T
IR 3 A9 %
BE JEEIEREE CEALFE TEV. TR 0TI — b (T=) - TR ) XIE Hs ) T4
1KC2,000m, /NEEBFHT O FRE)IL— Tl FHEA31,200m, E#231,000m, L — hCld FHEA3500
m, L#E731,000m, $EFE 5B AT TOR)IL— b TIZ FEA3550m, L#23400mTH %

(% 58 ).

BFER +/ ME 2B, HMMOEMLIETIE -/ MEE R & EHBAESWBICED .
a8 /N EER R LREBEREBOD 26720, & XITHESEZHT. + /MEICER 55 M

TIHWEZIZEACHERVIEET, E~SREICWERTAET L2 L 512720, LEHEETIIRSEDOHE

BEBEE 1K 1mChs. HRNARICES 6m OBENHET 5130, L% S2-4m 0/

HOPPAET D

INEBFETE FIIREBREERE (Ow 225720, LIFLIITHME (Oc) 2t (5 63-64 X). FEifEYE
ITHEERE T EMI~REICHEEBRERE L 5. T RIS, EAL~REICHE OB M

DAL B, PNEFFITREA T 1B OE S Tem L > TS, E EHEWEEZPERN

REERY, TOREIF/NERITRATI0m, BRRITEHTsm TH5H. NERITE ORI TILE

JE5-15m DA N EIFHRIET 5 (35 64 X).

/NEEEFIT g O E TS FE IR AL« Y — L~ — I 7 B X — B A NMIRHEI e FR 2 O HEFERETS &



% 63 INEEEPIT R B OSSO B RT/NEIR O AR 2 5 64 X))

A, WHERELEOW A, —MICE &5-20 cm O BB -MRIAYE T, ML L CHIKGIRE N E A
5. LEICEZ0.52m OFR-HRRENEEL, ZoL )W EiiFZLELiIE7 L —h~—2 - F
N—T 2= IR EDERENRHBND.

HIgh s o G2 EHTHD L, NEEHTTE T E CTIZAHILE S TOSLEWEIN A H S, 2
Ikt L, BRSO EIIRE I~ RBIE MBI L 220, B O = M) - THA | XIE i ClaBea a1
J@L7en. ZhbOBSE - WEOERERASONERT Z & (UK - %, 1971 ; ftBH, 1986 ; 4O
TERERL) S, DERTE ERoWE O R Eb Ry RS IERE,sbIEENTZEB I BND.

ANEEBPRTRE HI 1T LIS LIRS R VR B I S EET 5. B X RICJE X 2-10 m T, BEE O T
I RIESTH D0, EVEE T TR OMERAEEEZ T T VAL TN D, BEREIIRFIKAwSE D
£e1-5cm OHE[IENR LT, THHORSE - WAOKEEAE G, & ALY RK50 cm KO L HiHEH
HHROMEAENGEND. FEITPTRD T, BEEEOHITRLZ6:4THD. LIFULIFEED
RACBER AN B 5 (5 65 ) . BEEITfE o THRE RN RE THOFE RV RWEEIRE LA bND.

/NEEBFRTJE B OBEE 1L, AR R IR TR R oML T, AL R OV 7~ RIS L
CRROBREE R LTV D. NI AR OBEREEND 2 LD, ERALOHREREZILRD.

/NEEEFETJE DM A TR A R O IR E5-30m DA T 7 HEEN LIE LIZ A Gy, A HudbvEEs
DO/NEETFRTJE T CAECZ . IV Q9T IZTRRR BHDO A T v TR A FE LS RFTL T D

B ALHEEO/NEE R E T O AR LI - FilEMEA LB (Ujile and Tijima, 1959) - AJKE
F oAb (EREIED, 1989) A FET 5. WAD FHICHWA N LIZLIEALNS.

s PR T OEEHO LICE 52— XA MITH L Z b, RILERSTIIE, &M
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JEREMERE (AL, 1977 ICxtbEn 5.

VI. 3. 6 #AHIE (Ch] Cha, Chu, Chc)

BRI NS - WV ME - DV MEPD R ) BRICHESE AR ET S, 2 E LT,
O L~ WENOWEI L MEER TN MENLED LN L TWD . (ERDEFKSIr L D
XHEH B L, RNRE TIERRTEILORRE b B EZIC T THmT 28580 FIREZEERE L,
BRRMTJE % 24y Uiz, FEIZWE-E 2L Mg (ChD) RO SE W E v v MEEE (Cha) 2B 5. L
TR > M-S M (Chu) « BE2A (Che) 20 B 725 . 2o s i CTIRBLE S EAEE9, )
LWE I MEASOBEMHE LD TP L0077, Tie BHOBHXIIRETHY, HEDE

WX D EENRER R T .

WER  EHIEA (1950A) OFRRITEREZ gL Lizb 0.

B NEBITREA,N DR ECORE) - BEIFGE. 72720 Z 0800 — b CIIBRR TG T
DHPEEE SN D . FRAE OBES % & T BENIBOR)INER L CHREH LTV 5.

S BTG XA A P B IR < A3 5. ARBIIE MU C ik, BRRITIE T8 Db s -8 v L
& (ChD VA FE) IR O OB HTHUSHIT L < 454 L, B AR E S v NS EJE (Cha) 13/NEIFRTARSS - 58
WP ORI T - )1 LRI O A TR - BRRXBoALFIC /B D . BRITTE LS oRE s L M-
M & (Chw) IR T 2070 L, BES (Che) (TG LR T ILH - BARIZ)NT THOHT 5.

BE #0L— FED - R)INEW T THH500-600 m. b E TRRA ) (X itk 2 5 b 7= i) 1 v
— FCL700mIZFET 5.

BFEfR EIFEARGICES . NETIIES - T/ANER T, PNETITEOJRS D, HEX10-
20 m D RIS FE & % CRRACHT | ORI 5 12 72 5. BRI - KB TIEBRZREE R 2 b - THAR
2.

BHHE ABETHE, BDE-BDEIILFE(CW) RUBDEDEIL FEEB (Cha) o745,

FHEMTHDWE-HE N MEE, OSBRI 5K ADOBMBIN SR N LBEY L METHD
(5566 ). 2 T A=5B13/ N EEEFITEEAS e 7 CIIE B R BIRRA ORI b 35 & 72 0, 5 ~ S BIHLRIAL
T 5. EEMITEARARRDEI L MENDL RS, MK BIET S L, JEI40-100 cmDPE L M
L1-3cm DMK EDHE TH Y, ZOWEHENEEALFRLTVD, & EIES15-150 cm DA
RIRY SN ERAET D, LIZ LIEA2 m KOOI OAKEMMBAES L TRV, FHEilEkd 584 72
TebdhD.

WHERE LV MEREIE, WE-E YL MEPICEIET 5. NERITRS CIEES100m T, B
NORMEY )V MNEEBEE(EI25m 2T, BE2-4m OWENLRHWEESEE (EX20m) &
720 (FBe6IX), LALIXSRARLELD.

BRI O S CIUES B LE130m TH 5. EICKAGEHRIE T, BE LV MEHEZ kT
WaNPLERAEIZBILT 5.

BRI A S TIE S0 m THDH. BIFE LTINS Bt~ WEI L NahbWE YV M
BHEBAR T, WEESEES LIBWE~ BT D LM ERRBOOND . WAESAEITA
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% 66 FRALHT S ORb A E WP ERPE LV MERE  BE T EROME» O IXESH =0 A & ZET 5 CNERFRTZE
B, @R X R OKEBIE - ALEITE 59 X)

JE1HEMLOEX230.2-1m T, BWAEIKIEILIELIET Lb—h~—2BR LR 5.

RG0S T, FEEICE S6m OMBYER AN RIET 5 /E Z60m O AESRAETHD.

K EEE, BEVILEFE-VIL RE (Chu) K UEE (Che) 725725,

WHE NV ME-2V MEE, TEOIEMEEOBHBARERDE SV MERO LIV MENLRD
(FE67TI). TH IV HRRHMRLT, FERICAKEREA R 55, BA 4% CI3JE £60-80 cm D

K A EHRLEE A AS 2 BURTES 5 .

BAEIRIES2-1m CHRET 2BENGRY, —EHTES0.5-1m DBE-IE IV ME & Hlga s
T BB TIIWE LV ME- L RETIZES6 m OBEEWEN AL, WhITRkEaE - Fy— -
Hig - WaEnbid. ZOBEWE TR T RIBUR CTRMIZIE HBIZ 2 5. BT BAO/GE)IIT
BREECES12m OF ¥ FAVROBEENRLHND. b OBSE OB — I/ TRAEI0 cm, B
FRIZG 6 - A RAEOF v — b LFEENS . BRREO DD L Ebh s THH - el OBIE
ENDHDOD, ZPE)INE O BRI e ho T,

HIF ORI TS - WEI L ME - BEEOHBTH Y, BAELm ORkOEAENS 2D E
E2-6m D ABEE HIHEITHAET S

B J ORI T v 3 — AERHRI A B4 T D, 2 O B OSSP IC IRIR R RO N B
FENTND. BRRITIG LHICIEZ o1&y, B sp b « BN B (& b (2 TRk A ) IRIg b3 ) (2 77 L
a— AEWEBIET .

B FRHTE TEO T8Ik mAE & MECH Y (Arai, 1960), H=nfbaTHHIL T
BNEBITZ A O (5 66 ) 21X U AT b BE R kG 2+ 5 (R)1, 1928 ; FEHIEH, 1950
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6T FRRWTJEOWME v ME FERMKE. 2 T AR Ly B eEIr o))

A ; Kanno, 1960). BkR M KB RA H1%, Paleoparadoxia (BEA « A, 1978), 7 I A A (A,
1983a), # A NV (NEF, 1983), B4 27 Y7 (5H, 1988), ¥ ADELU = (LEFIEA, 1983) 72 &
EETDH. ZOENMTHLLUTOENELTWS. /INEBHTEHEAS AN D Desmostylia(E M, 1984),
INEEBFRT AT - BRI B Paleoparadoxia tabatai (YA, 1983b). /NEBFHEE NSV T Z
(B - 3R, 1985). BARTTAED B KEHE LR Lepidocyclina - Miogypsina (& H, 1950) 0iFilE
AL (Matsumaru et al, 1982). b LV ENEHEDORKRRTFREN D Desmostylid(HiH:, 1953).
HH BV A O (EEFIEDy, 1983 ; 1B - 50K, 1984). BB EEOKRTTRAD O AKX (A5,
1970). /NEFFRIZRA 21X CORPTTEAEN2em O 2 BAFROEER R OND.

WEEFHR Matsumaru et al (1982) 12 L, FilEMEA fLILE P ON. 8-N. 107 72 5 i h i it
DR LHHTH L.

M HERAND, e mBEoR LB 2 NI IS S D (R - #k, 1980).

VI. 8. 7 #hEME

MR MBI L U TR UM 2 B 2 72 L TR Y, ARRINE I PN C IR f 3 20-
30 AL LTV D, AL R TITAH 0 LR 0 RICHEAI LTV D,

AR OB TR TR /N2 R/L - A H v, HigoEm - BERNE LIE LIEE10 m D
MTRE<E(T D, &L LTIE E-WARV LNE-SWAER TS LSEHA TH 5.

BRI AR A W9 % - AR I DV TR TR T 7

FRR AL TiE, ENEFMOWIERNH HiL, b %8> TNNWKE ONNEF 16 O Wi E % 3
FELTND.
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VI. 1

{5 Bt L HERT )

(PrRzE5R)

B CHERIIE, BRRAMI DS - FREJITR s & G RET ISR < A9 2130, e -FE &

RAMEIC L 0MT 5.
LR T OB EHEREM ORE ST 72 8L < OISR H 5.

1983).

PALEEIE S

D224 S (BHIZE D,

TS O B HERE I DV TR RS - A (1927) LR, HTH (1954) (2 &

W B R HERE 1L, K& <@L - L -
AL B HEREMIZ 3y S D (MTH « FR1, 1952 ; MTH, 1958 « 1963 ; WEIMHEZA M HiE I A=,

1982 ; WIENTHEZ ASNT L S A=,
I3 b 3D B W CTiE 3-9 B oy & s (FEHE, 1975 ; WTH - #%H

1983), &AL
1983 ; &K * H4F,

1986). 7233, VHER[ )75 ) BRI CIX P ALB E - IR SRR B b ORAR - i H, 1969).
ARETIX, ERAAM & A ENT sk & CMNL I/ TR bh CERERER Y 2 HENHEZESIT R

S A (1988) Dt HICESWTH— L, BEdfEME @i - P21 - 2D -
RO L@ 128R). BEMRMEE> 77 7 (MR e — o) oxtibic kv,

RALT - AR D 52
AL B Fr 1 1 2 R 1

WAL T B il PR, AL I B i (s e, ARAL T B )i e hEhsttbsh s, 2
A OHERRITT - EHH CH L. RN TR EEIFEHHEOMERLTH S,

H12#E wIEXKIEHIEO RO XSy

B 4 @& ik H B AT M i RS 0 s
mgﬁ RO JE11(1952) | BIRL2 2 1982) | RT{H-9RHI(1983) | dok ¥ (1986) | #piRizor(1082) | SERRAZAR | 4 g o
E _®MN
SR N ERE W k & m T OB oM @ | EALIRR MR
AL L]
K & i Bt WO e R |
R € &
" FUB il | A B LAY | 4 1 B R
% P 1]
" IMo—sk OB o I B [x%o—uh Keo-1N
# ¥ 1 om | DEHEE ) HHEH 1 A
REFo—28 | HiMio—2oB FMo— 1B
" M B OB E | M 5l i | WERN | R IR
) ] FAHO-LKE ) FAZo—~2M | TASo—~L8 FR&Eo-2B
LB rwmw | PN OE D e | irwmse | R LR H
" A O— LR ERo—LME
| LB rngmy | EME A KNGS | GO E A
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VIL 1. 1 SEEREERY (th)

T B L HERE) 1 2B A 4l & AR M3 2 /N BE LS 43 A D

BRA M CII AR M 1 5 o R MR L2 0 LTl v, MM (T - fH, 1983) & MEh T
W5, BE40m OBJE T, BRUIBRREOFKAEIRT v — b, B RaFr— b, BE, PR
D« PV MEKROERE TH 5. EEITIRE BN CH D, oA 7 U r—a Vg
LV S—N, N=>SHADRMAERT. AL —LBICEbNLS. Bl OBMIK SO K&
175m Th 5. HEITERKRC G/ NM23HY, BEILmI LT, HEDES1-2m OAEE L0.5-
1m OFBEGKLEEDOREN B2 5. VU O Stegodon orientaris shodoensis Matsumoto ? %
PEHI U7z (BEA, 1936).

T HOR CIT R AT R &OREFIC A3 5. PR Ti3t®m65 m T, BT T ATnD. RET
WES15m OBENL Y, HiaE2E-> T d. TH3 mITskaTE00.5-2m KOAEERET
20-30cm KO F ¥ — b « PEFHOWEOMNEEE ETe. H-EHIZTFv— b - WEHOKERETHD. 1T
MRS - REFr— b - FIREMPEGEND. BENE-FRDTHD. AT U r— g R
H B, NW—SED i & 773

VI 1. 2 6 I BREHEREY (tmi)

WAL T B HERE IR AR B BAE T 2 13>, FREITHUROFRIF R ICIA AT 5. AT HE
WIZb AR H 5.

B AT, BRI ORI E BB TR - (F i - NESOH, NERFRT B 54 L C
W5, HERWIIEIES-10 m OBUE T, ELEPE - SFR - G H TR RALICIE S 2-6 m 0 K ILREDR T E
NELDEE6SH). ZoMEEIITRE s —ABICH I TS (VL 2). B OB KR O
F1X80-90m TH 5.

R AT MU I T IR LA RIS IR < FEEET D 1IN A EIT GRS /AN 2. B Fif (VLR ifi) o B IR
MNHOEIF40-45m T, ALBORNAL T Bl & OB IR ERLENA DN D, FEMIRE TI3H8E
HWITES10m OBEENSR Y, BT 77 (FPRER—LB) AN S D, BTy — - 4
MWET, ~DfmzRTA TV r—rvarBNhbind. IR TIEEIEES-10cm, % K60cm T
SW—NED Mz rT. HFETHALOM TN+ v~V v O Paleoloxodon naumanni
(Makiyama) 2 PEH L7z (3R HT 208 & B SHT MR S A%, 1983).

BANTHTE L CIEBUR 2 S O E45-55m Th 5.

VI. 1. 8 i I EHEREY (tms)

FRAL By FEHERE W X 3 BT Rk 2 A < 343 5. BRAC R CIIRRAL T A 72 ST A T 5.

FEETHUS T, CoBmmidim & Jidn T s, #REMPBR SN ZL3ERTH LD, F
JERTH £ CRLRER FEN R ER 2 A EGICE Y ONBIREINT-EE 69 K). F—V v 7E&RHZ LN
T ERET AR TIEE X 15m O N5 72 % (55 72 X)) .

AR A CIXES5-40m TH 5. SHITEHCRHESH m OBESRLND.
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% 68 L T B R HEREA & KL REDRS L)

VI 1. 4 {E4I ] BREHREY (th)

AL T Bt e HERS ) TR A b 1l + ) BT i » AR AT 200 U TR L TV D, BRRAHD 5 b,
RRATHA I 8-9 BICMIZy 415 (&, 1975 ; BT - B%H, 1983 ; &k « HF, 1986). FHTHiLL T
R F R (FRETREZBRMTHER S A, 1983) & LT TRV, MHin & 05 Tl aEET Lk
DACEE] T TRV ER L B 5. BUIR D O IERR A TIZ30 m, BiF - &/EH
AR ORARTHE TIE20m TH 5. HREDIZ - RIEZ2-5m OB SR 5. EERTHE O 5 T
A7V = a VIESESNWOiN 2737, —RICEMLIZT 7 713 b7y, BRRQAH - i
BT D —E Tt ST 2 (FEEITEEZ BT S AE, 1983).
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% 69 AL B HERR ) & om — A RO 2 RS (RESHEU-U) TEY, BB TR O K+
FREA~ERLTND. b2 KR e — ARAE-> TO D (LRI 1km %5 0T-355 RETELR AT

VI. 1. 5 {EfIEBEHRED (tl2)
AT T By EHERE I 1 3B AC Zh U oD 25 FHIT « ESHPRT (LIS O E & o 200N & D IS FIERT - BT
HREICHHELND., BUTRNDOLEIL5-10m TH H.

VI. 2 777 (e—25)E) ()

B AN A BB 0 T 7 TITiE, ZEE - TRE - Bl - REDOK o —LB D 5 (FEITEE
ZESRTHRS v, 1983).

FRRBHITIIAER, Zirm—2 - Elln—2 - [Uiie — KK SHTWD BERIED, 1963). A
HTIE, N7 7 IORIICH &OF, FEETHUE L FEOAFRICHE —L T b,
HERIIIZEe —LAFOAN LR L, FRE - B - KEDOK o —LEITENK L.
BEO—LE ) ZEo—LBIIRRRAHO SO LM 2B > THNIHMT 2. BRRXTHLL
(TREAL ) IR R N) T, B &1 m Th 5 (70 X). SEEn— A P ED \ 1 BRERRNE
()11 - BTH, 197D 2D HAL 5 ETH - fEH, 1983). Z v —A@OEFZMMEITIANAET, N7
BERFEEEBEZ LN TS (NG - #M, 1958).

THREA—LE TFTARER-LBEBARZo—LEE L UIRDHRW. LavL, R - /T
B O PAL T B AR Lo K LKERS LR s, FRE v — L oM K ILE— %48 (Pm-
D UhHRIED, 1966) ARENTERY, ZOKUKEREBA TREr —LBICHET 26D LEZ BN
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Kk L
VVVYV
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840
S| AT TR EEELRE

(HBP)(”"‘JH 8TH, )

Bam RE ettt

VY] BB ERES

vvvvv| EBEEA
AN

123
o 2 o °[#EELEL Y

q
OSSO B

L — L JE ORI
(BRAtigess, mi g MBka2 ) i Hisk )

T2 (HHEr — AR V—7, 1965 ; FENT
BEZLSRTLRE A%, 1983).

FHO—LE FEEAEZEXMLRIAE
(1983) I L, Hiifim—2EFEE1-2m Okt
LA TZEBO-BEAOn —LETHD. TR
Hudsk P T RO T B EHERI 2, KHL

CHEbND. e — L, KOLS)a—

L@ TEIZHTZ5.

KEO—LE KEn—2BUED, 1975)1F, %
JE AR L T B DL o By R HERE O (L - R

EBOTCODBIED, B IBEREOTHLRLNS.
HBHAORALE T — LB T, ESIX15mEETH
5 (ET1K) . FEITHEEZERNT R S A% (1983)
IR, EFMAIIR AR 2 <, LR
BWEEZON, )lle—L@FEICE ST D
2 TEUF OUCHERDBRES TN D D
%, 1979).

xBEm [E) SR ET
[iizn=g | F

vy ¥
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Vi. 3 W & E@

A, BEEEHEAY L OBRHER N SR 5. B BRCENHRY, & L TR - RE
JI = B - AR R O/NMIINZ IR » THAI LT 5. FEETER T ORIV T, BEEAG - R
@ REFy—b, fWmAE, TERODE, ks, TRNEEREOENBETHS.

7k, B A (1987) 1T A X g Mk & & Lo 5 ) | A B D HERE M DT DWW THFZE L T 5. IR
(1957) 12 B4 L R it © UL HERE 2 FJE L T D

VI {5WrfE - s

(Fr=Es)

<L vE

VI 1 MY BT e

B HT & [T DB AL S AR (2 B IEAs,  1975) 1T FIEWE - PR W (AL B TR ) g
Hsk ) & & HICNW-SES M OIS Wi R4 7e LT 2. AR Mtk | 13536 97 T o> B SROE A3z L C
B0, FREETH LTI I B i (jHEi) 281> T 2 BB HUES IR Ch 5. B Ic Wiz
SO H Y RxEIEH, 1975 ; AHIE2Y, 1977 ; HEIEH, 1975 ; BHEEANTHEH®)D, 1981 ;
SNEF, 1985 ; ANEF - L, 1986), 72T HEABAN TR (1981) 1%, MBI ETE 215 R RE O
ETNT —RIEEL, RBRHIE - EBHLESE - EH 707 7 A BT L DAL E L T
VB, ENLORERICED L, MK IZE S 4.5km, ALHEMA LRT2HMECTH Y, (5 T
HEHT) OZENL3.5m, FHZEAHET-15cm,/ 1034 D Ce v LBRIEETE Th 2 (5 72 [X).

V. 2 % H W JE

FAE D> (1977) 13 AL B [ 17 | 13 M 3tk P 0 V2T WT il © P ST Jg 2 TR g L RRAE L 72, iz K
ET IR T, R S 3SR 5 % BETR G £ TO17 km T, EEHTIEALRMA 13 m ERL,
fre AU TIEIREMA LA L TR Y, 50-200m OEMTNEMTHD.

2 R IS (3 S g o0 B R 8 km M L TH Y, BRI ZBIFES A &P E BT D
WEE I B L TV 5. ARIEHEE TR BRIITEE ShP, THEESEE L5 L 2RI
[EEEL o NSY (AT
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SwW BT NE

®t e
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- Y1 =N S (177 Il 1%
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ol O — s o paww o e 70
gﬁ N 15534
4 o] prumss
e S oo 60
fir =
gé =27 wiR UKL
mE 50 50
" ILhE
£ 23
T 40 ”‘ 40
0 100 200m

%72 AT A5 o0 i R MBI B P ) 2SR L & 0 B0 LT DL BRI BT R R
(1981) IT 4B IE

VIL 3 7§ B E b 5B
PEEEHEIE, 19314 (B 642)9 A 21 HICHA L-AREE FRMETH S, ERILFE & @A T
DDA 189°14" , bk 36°09' , I 10km BN, M=6.9Tdh 5 (KT, 1982). i ERAEA I
T (1932) IC KR, B TEIE 5 27l d 272 L8, HERTOES - #EI1T 1923 FOHRHIEZ LA
LEMTH T, TOWEIL, HE 114, FREE 127 FRECKD, F2HhFK0EE, #iFAKD
WP - WERD, MBI R ERAE U ZOMBICOWT, FENEEZEAN BRI AE 198 ITH O
D THROHEOHE WM F|EEZIT->TND

IX. & B # &

(PrRzE5R)

IX. 1 Fn @ & B

FRA T BATITE 2 PE L 7= RIS AN 5. LLF, BRI K 0 BIHNCRR T DT fB 2 BT 5.
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FERHRIZERR 2B B RSN T R S NHEICHR ESh 7 2 B AERICRSNTWS. 2ok -
VA ARI A O 155 TRSRBHER ] D 8538127 N D IR RIS EE A2 K F ThH o 72, IERMEREMIC DN T
el 223, BRRTEREANEE BEbNs. HTICIXHEXRIE Y BIC bR A4 - it ER D
%, BT H O LT HIL RIS HA RN ST,

ARG TIZ NS OFEIIC SV TIEFAMR L TV, SIXHA-BEWB IS > TofiT 5=
WIFES B S D WITBRR DT vy — I BELTZLDOTHA 9.

X. 2 ¥ A # K

SN ORI /INRBR IR AIR N H Y, —EIFBIT ST\, BIE, BEIENTBITESN T
BV, HFE100-150t DBRZARE L TWAHIED, 230 T HEITEA TR T S - 08 8 E T Y
DL SN (FHERIBEZESHTRFE A%, 1983).

X. 3 WAakOEA

BA RRRaH, /NIRRT 10 M FTOBRAE RS0, Ak AL CO RO EARA -
AL MEEE LTBATSN TV S.

B ORE RBAG E LCL, FEITHE - BE, TSR CHaEORSS - aRE LB, *
72 B B CRRR B OB E G & L CBITES TV A, BRR AT, /MEBFITRA - B8, &%
RATKE I CRRAAHBRED TV MENE A L MEEE LTEBITINTE 2. BETHRRTFRRED
BEFHTHBITEN TN,

BEUPHT G5 CTIRHERCE - REIKE RO TEBITS Tz,

ERHTEMF CREG TR ORKENURM L Y BTSN TE THY GEMIE), 1950B), HBHIELE AV
FEEHE LTHBITSR TS,

BAR i) ROSENOWRICH B D Z )N AE & IThE RS DEBNE, =3A & EEhiE
HELTHATHD. RARTHIROMIE TIXZEMOEFICEIY ZarRESn Ty, Zolgko
BEREPEY D —D Lo TS, £z, O THEET B ORI FEICERAERH Y KIED b
AT TR EZ A E LTHY L TW7eds, BHFIB9MIC RiE & A DRI K 0 AKR#E L7z (FFEIT %
BEESMTLR S A%E, 1983).

X. 4 # R

BTN L BRE - BB TR O =R R ICHRBAIEL T D, b ORI,
230 TN BT 3 D 552 )1 i (B A HEL R ) CREAT ST 0 R I R B 72 13/ NI R BIE & IR TN 21
7, FhEE, WERTEH TOBIT STV (K - 8%, 1902 ; IEHIZA, 1950B). HITDO ADFET
I, BRI R CH R O R AR T I b ol E ) ThD.

— 111 —



IX. 5 $LE - HITFK

FRAR A « FIEITERLIZ TR 50 7 AT R B Y, REIXKIE 11°C-16.5C O 7V h VIR#H R TH
5 ERMAR, 1965). F2b0 L LT, FHEKL (FEITEEZESITRRE I AVE, 1983) 23 dH
5.

HFKIZOWTOBEE LTI, B - Bk (1955 5 1957 ; 1959) (TRIFT D SAMIE - # T KR %,
SR (1969) IXRR R T L O L /K 2 302 U7z, SR RAAE (1972) 13 % BT EL O 7K « HF/K DR
B iy aEL TS,

F7z, FIED (1989) (ZRRACTHTJE L DI D i # & HUE & DBURIC OV TIHAEL TV 2.

X Wk

HOZE—(1974) B ERIA L BEACEIC 0409 2 0758 =R OHERIGL - HIRTJE. 2595, vol.69, p.45-51.

BIHER - SEILArEFn - bk AS1E - MR 0 - R 5L - MRS - KiFERE - & S mE W |
R - WA - TR —ES - (1T 5 - EH8—(1963) FEB R T HATOBA B 2
D& T D MBS RTSE. #ERF:, no.64, p.18-31.

AR - HREST - m
& B mABERIS - RN - SR RS - LT F - P (1966)  THAEEHT. MR
B}, no.83, p.8-24.

BrobE = (1953) BRAHICEKIT DT AEAF U v FDesmostylid (Cornwallius? sp.) DR, B
A SRFHERTHL, no. 3, p.65-86.

Arai, J. (1955) A peculiar sand-pipe from the Chichibu Basin. Bull. Chichibu Mus. Nat.

Hist., no.5, p.1-7.

(1957a) Preliminary remarks on some sedimentary structures observed in the
Tertiary formations of the Chichibu Basin, Saitama Prefecture, Japan. Bull
Chichibu Mus. Nat. Hist., no.7, p.67-84.
(1957b) Some load cast structures in the Akahira Formation (Oligocene),
Chichibu Basin, Saitama Prefecture, Japan. Bull. Chichibu Mus. Nat. Hist.,
no. 7, p.85-90.

——(1957¢c) Sedimentary structures associated with graded bedding. Bull. Chichibu

Mus. Nat. Hist.,no.7, p.91-99.

(1958) Types of sedimentary structures observed in the Tertiary formations of
the Chichibu Basin, Saitama Prefecture, Japan. Mem. Publ. Commen. Prof. H.
Fujimoto’s Sixtieth Birthday, p.224-231.

——(1959a) On some Cenozoic clastic dikes from the Chichibu Basin, Saitama
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Prefecture, Japan. Bull. Chichibu Mus. Nat. Hist., no. 9, p. 31-46.
Arai, J. (1959b) The cross-laminated sandstone of the Nenokami Sandstone (Oligocene),
Chichibu Basin, Saitama Prefecture, dJapan. Bull Chichibu Mus. Nat. Hist.,
no. 9, p.47-60.

(1959¢) Cylindrical structures in the Tertiary sediments of the Chichibu Basin,
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(1960)  The Tertiary system of the Chichibu Basin, Saitama Prefecture, Central

Japan, Part I ; Sedimentology. Japan. Soc. Prom. Sci., Tokyo, p. 1-122.

—(1967) The foraminiferal genus Lepidocyclina in the Tertiary deposits of the

Chichibubasin, Saitama Prefecture, Japan. Prof. Hidekata Shibata Mem. Vol, p.
383-388.

FHESEE Q977 WERMEOTA R MFEOHTA KU —Xg, aatik, B, 308p.

Blow, W. H.(1969) Late Middle Eocene to Recent planctonic foraminiferal biostra-
tigraphy. In Bronnimann, P. and Rentz, H. H. eds., Inter. Conf. Planctonic
Microfossils, 1st, Geneva (1967), Proc., 1, p.199-422.

BRAHARISE 7 v — 77 (1961) i) IR DO BRAC AL IZ >V T HIERFHY, no.57, p.1-11.

————(1963) FRA OV (BEHR) . HUERFFF, 1no.68, p.13-18.

HEARTRFE (1924) i) 1| M5 HUBT IS 3. HU22E, vol. 36, p.482-494, 527-539.

————(1935) BIAILHALE O B AT JE. HUEME, vol.42, p. 137-151. 163-181

(1936) Stegodon orientalis shodoensis Matsumoto? O FPEHL. HIE M, vol. 43, p.

45-46.
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Acila iwadonozawensis Kanno 2 Cellana n. sp. (af. testudinara 1
A musashiensis Kanno 2 Linne)
A submirabilis Makiyama 1 1,2] 2 (1,2 Cerithium eminulum 1]2
A. vigilia Schenck 11 (Yokoyama)
A vigilia var. n. subsp. 1 C. n. spp. 1
A cf. divaricate Hinds 1 | 1 | Chama hayasii Kanno 2 2
Adulomya (Acharax) 1 C. n. sp. (af. ambiguna) 1
tokunagai Yokoyama Chione cryptolineata (Clark) 2
A. cf. chitanii Kanehara 1 C. (Gnidiella) richthofeni 2
Aequipecten hataii Kanno 2 Hertlein and Jordan
Akera sp. 1 C. (G. ) trigona Kanno 2
Amaea sp. 1 C. sp. 2
Ampullina cf. asagaiensis 1(1]2]2 Chlamys akahirensis Kanno 2 2
Makiyama C. akitanus (Yokoyama) 1
Anadara cf. amicula Yokoyama | 1 0] C. arakawai Nomura 1
A. chichibuensis Kanno 2 C. nisataiensis (Otuka) 1,2
Ancistrolepis striatus Kanno 2 C. cf. nisataiensis (Otuka) 1)1
Arca watanabei Kanno 2 C. notoensis Yokoyama 1
A.  n.sp. (af. noge Linne) 1 C.  cf. ashiyaensis Nagao 111
Argobuccinum (Fusitriton) nip- | 1 1 C. of. kaneharai 1
ponense natorianum Nomura (Yokoyama)
Astarte sp. 1 C.  cf. sakitoensis Nagao 1[1
Astraea hayakawai Kanno 2
- C. cf. squamatus (Gmelin) 1
Babylonia n. sp. 1 C.  swiftii (Bernardi) 1
Barbatia sp. V11 |¢c  aff. swiftii (Bernardi) 2
Basilissa (Orectospira) neno- 2 C. (Aequipecten) 1
kamiensis Kanno yanagawaensis Nomura
Bathytoma (?) sp. indet. 1 C. sp. 211
Buccinum sinanoense Makiyama 1 Chrysostoma sp. 1]1
B. cf. sinanoense Makiyama | 1 Cimatium (Septa) sp. 1
B. spp. indet. 1 Clavus spp. 1 1
Bursa (Dulcerana) n. sp. 1 Clinocardium decoratum 2
Calcar sp. 1 (Grewingk)
Calliostoma (Calotropis) hataii 212 Colus (Aulacofusus) asagaiensis | 1 111
Kanno Makiyama
C. cf. simane Nomura 1 Conchocele compacta minor 2
& Hatai Omori
c. (€ )sp 2|c.  disjuncta Gabb 2 2
Callista (Costacallista) 2 Contumax cf. munitus 1
mitagensis Kanno (Yokoyama)
C. SPP- 1 1 Conus yoshidensis Kanno 2
Calyptraea striata Kanno 2 C. (Rhizoconus) spp. 1 1
C.  tubula Otuka 2 C.  sp. 1 1|2
C. yanagawaensis 1 1 1 Corbicula (Batissa) nagaoi 1
(Yokoyama) Suzuki
C. (s.s.) sp. 1 Crassatellites nipponensis 1
Cardium (Cerastoderma) 1 (Yokoyama)
asagaiensis Makiyama C. pauxillus (Yokoyama) | 1| 2 02 2| 1|1
C.  (C. ) shinjiense 1 C.  sp. indet. 1
Yokoyama
Crepidula auriculaY okoyama 2
C. (Nemocardium) iwakiense | 1 C. isimotoi Otuka 1 1
Makiyama C. n. sp. 1
C. (Papyridea) harrimargi I 1 Cryptomya sp. 1
al
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Ctenamusium (Micramussium) 2 Jouannet n. sp. 1
kusiroensis (Takeda) Laevicardium augustum 2
Cultellus otukai Ogasawara and 2 2 2 (Yokoyama)
Tanat L. shiobarense (Yokoyama) 2
C. izumoensis Yokoyama 1 L yoshidenese Kanno P
C. izumoensis jobanicus 2 L . X
C. rectangulus KannoKanno 92 2 Leptothyra (Phanerolepida) cf. 1
C.  sp. (cf. izumoensis 1O 1 expansilablum (Kuroda)
Yokoyama) Lima (s.s.) zushiensis Yokoyama 1] 2
C. 0. 1 L. (s.s.) cf. sowerbyi Deshays 1
Cuspidaria (s.s.) araii Kanno 2 L. (Acesta) goliath Sowerby | 1 1
Cuspidara n. sp. 1 L. (A. ) cf. rathbuni 9
Cyclina sp. 1 Bartsch
Cylichna kantoensis Kanno 2 L. (A. ) yagenensis Otuka | 1 D,2
Cypraea sp. 119 |1 (A. ) sp. (af. rathbuni) 1
Dentalium (Fissidentalium) 2 2 L. sp. indet. 1
watanabei Kanno Limatura jeponica (A. Adams) 1,2
D. (Antalis) sp. 1 Liocyma cf. terrera (Yokoyama) 1
D. sp.indet. 1 | 1 | Lucina (Phacoides) hannibali | 1 | @ | @
Diodora aff. sieboldii (Reeve) 2 Clark
Diplodonta sp. indet 1 L. (P. ) n. sp.l (cf. 111
Dosinia chikuzenensis Nagao 112 2 2 acutilineata Conrad)
D. fujimotoi Kanno 2 2 L. (P. ) n. sp.3 (cf. 1 1
D. (Phacosoma) akaisiana 1 kamenooensis Otuka)
Nomura L. sp. indet. 1
D, (P. ) nagaii Nomura 1 Lucinoma acutilineata (Conrad) 2
D. (P. ) nomurai Otuka 111 [©) L. columbiana (Clark and 2
D. (P. ) odosensis Nomura 1 Arnold)
D. ovata Kanno 9 2 L. hannibali (Clark) 2
D. shibaharensis Kanno 9 L. katayosensis Aoki 2
D. (Kaneharaia) kaneharai 1,2 cf. otukai Hatai and 2
Yokoyama Nisiyama
D, (Bonartemis) sp. (cf. 1 L. tomitensis Kanno 2
historio Gmelin) Lunatia spp. 1 1 1
Eunaticina ? sp. 1 | Lutraria nenokamiensis Kanno 2
Felaniella usta (Gould) 2 Lyocyma furtiva (Yokoyama) 1
Fulgoraria (Psephaea) fujimotoi 9 Macoma aomoriensis Nomura 1 1)1
Kanno M. arctata (Conrad) 21 2
F. (P. ) striata 1] 1] 111,2 M. asagaiensis (Makiyama) | 1| 1] 2 |1,2 1
(Yokoyama) M. calcarea izurensis 11111 1
F. (P. ) cf. striata 11 (Yokoyama)
(Yokoyama) M. incongrua (V. Martens) 1
Galeodea cf. apta Tegland 2 M. optiva (Yokoyama) 1{2]2]2 2
G. trituberculoides Kanno 2 M. orbiculata Kanno 9
G. SPp- 1 L2j 2 | M sejugata (Yokoyama) 111] 2
Gennaosinum ? sp. 1M snohomishensis Weaver 2
Glycymeris cisshuensis 1| 2 M. sookensis Clark and 2
Makiyama Arnold
G. miyagiensis Kanno 2 219 | M sp. 1 9
G.  cf. totomiensis Makiyama | 1 Mactra (Mactrotoma) cf. 2
G. spp. 211 dolabriformis (Conrad)
Hariotes cf. japonica Reeve 2 | M. sp. 2
H. (Sanhaliotes) n. sp. 1 Martesia sp. 1
Jouannetia hayashii Kanno 9 | Megasurcula (?) n. sp. 1
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Mercenaria “chitaniana” 111 (] Pecten (Notovola) sp. 2
(Yokoyama) Periglypta hayakawai Kanno 2
M. kurosawai Kanno 2 Periploma cf. yokoyamai 1
Merisca spp. 1 Makiyama
Mitra (Chrysame) n. sp. 1 P. Sp. 1
M. (Strigatella) n. sp. 1 Phalium yabei Nomura & Hatai 1
Modiolus chichibuensis (Kanno) 2 P. sp. 2
Molopophorus nipponicus 2 Phaxas sp. 1
Kanno Phiyctiderma japonica (Pilsbry) 2
Monoplex ? sp. 1 holadomya (?) sp. 1
Mya cuneiformis (Bohm) 1 Pho > P
R i Phos (s.s.) spp. 1
M. (Arenomya) grewzfzgkz 1 2 Pitar (Costellipitar) concentrica 212
Makiyama
Kanno
M. (A. ) grewinghi 2 P, sp. indet. 1
elongata Nagao and Inoue Plicifusus agumensis Kanno 2
M. (s.s.) hasimotoi Kanno 2 Polinices (s.s.) sp. 1
Nassaria cf. paradoxica 1 Portlandia (Portlandella) 2
(Jenkins) watasel (Kanehara)
Natica (Notocochlis) sp. 111 [P (P. ) ef. 2
Nemocardium sp. 2 chehalisensis (Arnold)
Neptunea araii Kanno 2 P. (Megayordia) 2
N. eos (Kuroda) 1 1 thraciaeformis (Storer)
N. modesta (Kuroda) 1 2 Propeamussium (Squamamus- 1
Nucula (s.s.) n.sp 1 ]
R sium) sp.
N. © SP- 1 Protorotella hayashii Kanno 2
Nuculana cf. confusa (Hanley) 1]1 1 11 (P sp. (cf. depressa 1
N. innermis {Yokoyama) 1 Makiyama)
N. pernula (Yokoyama) 1 | Protothaca sp. 2
N. (s.s.) n.sp. 1 Securella carmanahensis (Clark) 2
N. sp. 1 S. cryptolineata (Clark) 2
QOlivella sp. 1 S. postostriata Kanno 2
Ostrea (Crassostrea) sp. 1]2 1,2 1 Serripes pauperculus 1
0. (Saxostrea) cf. 1 (Yokoyama)
paulucciae Crosse S. of. pauperculus 1(1]1
Pachycrommium japonicum 2 (Yokoyama)
Kanno Siliqua ryokamiensis Kanno 2
Panomya elongata Kanno 2 Siphonalia modificata (Reeve) 2
Panope japonica A. Adams 2 S. sp. 1
P. cf. japonica A. Adams 1 Siratoria siratoriensis Otuka 1
P. n. sp. 1 Solemya dalli Clark 2
Paphia hirabayashii Otuka 2 S. gigas Kanno 2
Parapholas sp. indet. 1|8 (Acharax) tokunagai 1 1 211,2
Patella sp. indet. 1 Yokoyama
Patelloidea ? sp. 1 | Solen saitamensis Kanno 2
Patinopecten chichibuensis 2 S. cf. gouldi Conrad 1 [©)
Kanno S. sp. indet. 111
P. hayashii Kanno 2 Soletellina sp. 1
P. shibaharensis Kanno 2 Spisula (s.s.) yokoyamai Kanno 2
Pecten (Patinopecten) kimurai 1 () 1 S. (Mactromeris) voyi 2
Yokoyama (Gabb)
P. (P. ) kimurai 1 1 S. (Oxyperas) spp. 1 1
tioganouraensis Nakamura Spoudylus kamitanoensis Kanno 2
P. (P. ) murayamai 1 S. n. sp. (af. nicoparicus 1
Yokoyama Spreikers)
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Tapes higuchii Kanno 2 Vasticardium kantoense Kanno 2
T. (Siratoria) microsiratori 2 V. sp. 2
Kanno Venericardia (Cyclocardia) araii 2
Tectonatica sp. 2 Kanno
Tectus yamadensis Kanno 2|V, (C. ) chichibuensis 2
T. (s.s.) n. sp. 1 Kanno
Tegura (Chlorostoma) hirani- 2 v. (C. ) hannibali Clark 2
tensis Kanno V. (C. ) laxata Yokoyama | 1 2
T. (C. ) microstriata Kanno 2| V. (C. ) pacifera 2
T. (C. ) n.spp. 1 Yokoyama
Tellina vancouverensis Clark 2 V. (C. ) siogamaensis 1
and Arnold Nomura
T. (Angulus) sp. 1 \' (4 ) subnipponica 1
T. (Moerella) cf. okadaensis 1 Nagao
Nomura \'4 (C. ) tokunagai 1 2 1
T. (M. ) sp. 1 1 Yokoyama
T. (Tellindes ?) sp. 1|V (C. ) yakatagensis 2
Teredo sp. 1 1 Clark
Terebra (Myurella) cf. myuros 1 V. (C. ) yoshidai Nagao 1
Linne V. (Cardites) sp. 1
T. (Strioterebrum) sinousa 2 v. (Megacardia) n. sp. 11
Kanno v. SPp. 1 1
T. (S. )sp. 1,2 Venus (Periglypta) sp. 1
Teredo sp. 1 V. (Chicne) cf. yiizukzi 1
Thracia chigayensis Kanno 2 Kanehara
T. Spp. 1 21 2 Yordia (s.s.) asagaiensis 1 1
Thyasira bisecta Conrad 11O ®© Makiyama
T. of. flexuosa (Montague) 1 Y. (s.s.) laudabilis Yokoyama | 1 21,2 1]1
T. cf. ozawai Yokoyama 1 Y. (s.s.) rhombica Kanno 2
T. nipponica Yabe & Nomura | 1 1 11(7Y. (s.s.) sagittaria 1111
Tricla corpulenta (Y okoyama) 1 Yokoyama
Trochocerithium cf. shikoensis | 1 1 Y. (ss) watasei Kanchara | 1 !
(Yokoyama) Y. (Megayor.'duz) cf.‘ 1 111
Trochus (Infundibulum) 12 thrac"uzeformls Storer
L Y. (Cnesterium) sp. 1
goisiensis Nomura
T (. ) spp. 1 Y. Spp. 211
Trophon sp. 1
Turbo (Marmarostoma) 1
parouloides Nomura
T (M. ) tochiyensis 2
Nomura
T. (Batillus) cf. cornutus 1
Gmelin
Turricula (?) spp. 1(1
Turritella (Hataiella) chichibu- 2
_ensis lda CHRL 5 BEIZ(19500) O B
T. (H. ) chichibuensis 2 I - HEE - T W ARTIE & LT
elegantula Kanno —ARLTHE STV B, b -
T infralirata Nagao 1 EHE - T 8O REERD D OWE S
T. mitagawensis Kanno 2 5. i::mo (1960)
T. omurai Kanehara 111 1]1
T. tokunagai Yokoyama 111} 1
T. cf. kadonosawaensis Otuka 1

— 128 —



QUADRANGLE SERIES
SCALE 1 : 50,000

Tokyo (8) No. 27

GEOLOGY

OF THE

YORII DISTRICT

By

Hiroshi MakimvmoTo and Keiji TAKEUCHI

(Written in 1991)

(Abstract)

The Yorii District is to the northwest of Tokyo, situating in the northeastern
part of the Kanto Mountains, and extends over the Sambagawa and Chichibu Belts
of the Outer Zone of Southwest Japan. In the mapped district, there are widely
distributed rocks of the Sambagawa and Chichibu Belts. In addition, overlying these
rocks, allochthonous rocks and strata ranging in age from Permian to Paleocene
locally occur in the Sambagawa Belt, forming the Atokura Nappe. Miocene and
Quaternary sediments are also exposed mainly in the southwest and northeast of the
district.

The geology of the district is summarized in Table 1.
MESOZOIC OF SAMBAGAWA AND CHICHIBU BELTS

The Sambagawa Belt covers about half of the mapped district, and is underlain
by metamorphic rocks which have been derived from strata of probably Jurassic age
through the Sarnbagawa metamorphism of high—pressure intermediate type in Early
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Table 1 Summary of geology of the Yorii district.

Age Geologic unit Geologic event
Alluvium
Holocene Lower II terrace deposits
Osato Loam
Lower 1 terrace deposits
el Younger Loam
e % Late Middle 11 terrace deposits
c
218 Shimosueyoshi Loam
3|5 Middle I terrace deposits
© &’ @ Tama Loam
3 Higher terrace deposits
32 e
Early
Pliocene Differential upheaval of
© Kantd Mountains
S Late
o a (Yagii Fm.)
3 3 |(Tsuchishio Fm)
Q
Sl o g © (Fukuda Fm.) z o
WSl o o it . c ichibumachi
o| 2
o S| 3 © § (1chinokawa Fm.) @ a Em. | | sedimentation of Kodama Formation
= S| = € 3 Arakawa Fm. 2 3 |0ganomachi Fm.| | 504 Matsuyama and Chichibu
= - ES Nenokami Fm. H
] g Kosono Fr. ;_) Tomoa Fm Bonchi Groups
PPN PR <« Shirasu Fm.
Early
Oligo-
2 cene Emplacement of Atokura Nappe
Y
o Greenstone Melange
9 Eocene (age unknown)
E L.
o |Paleocene [m
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Cretaceous time. The metamorphic rocks of the Sambagawa Belt are divided into
two units : the Sambagawa and Mikabu Units.

The Sambagawa Unit is the structurally lower unit, and comprises crystalline
schists with minor ultramafic rocks. The schists include pelitic, psammitic, mafic
and quartz schists with rare calcareous schist. They are subdivisible into spotted
and non-spotted schists. The spotted schists contain porphyloblasts of albite,
grading into the non—spotted schists. The metamorphic grade increases structurally
downward except for the area to the south of the Mt. Fudo where a large-scale
recumbent fold is recognized.

The Mikabu Unit contains two subunits : the Mikabu Greenstones, and the
underlying pelitic schists containing blocks of the Mikabu Greenstones and
ultramafic rocks. The Mikabu Greenstones are a volcanic sequence of basalt,
hyaloclastite and associated volcaniclastic rocks produced by submarine volcanism.
Igneous structures such as a pillowed structure and igneous minerals including
clinopyroxene and hornblende are principally preserved. The pelitic schists of the
lower subunit are regarded as a tectonic melange formed during an accretion of the
Mikabu Greenstones to the original rocks of the crystalline schists (Tokuda and
Hara, 1979 ; Tokuda, 1986).

The metamorphic rocks of the Sambagawa Belt can be divided into three zones
on the basis of the appearance of index minerals in pelitic rocks : chlorite, garnet
and biotite zones in increasing order of grade. The spotted schists belong to the
garnet and biotite zones, and the non—spoted schists and the Mikabu Greenstones to
the chlorite zone. The pelitic schists and the Mikabu Greenstones of the chlorite
zone locally contain lawsonite. The metamorphic facies series of the Sambagawa
Belt is the pumpellyite-actinolite facies, through the glaucophane schist facies to the
albite—epidote amphibolite facies.

The Chichibu Belt occupies the mid-western and southeastern parts of the
district, and is underlain by the Chichibu Sedimentary Complex of Jurassic age. The
complex is divided into the Chert-Siliceous Rock, Mixed Rock and Sandstone-
Mudstone Units in ascending order of structural level. These units are bounded each
other by low—angle faults.

The Chert-Siliceous Rock Unit consists mainly of mudstone, chert, pale green
siliceous rock and basaltic rocks. The unit yields Jurassic radiolarians from
siliceous rock. The Mixed Rock Unit consists mainly of chaotically mixed rocks
containing blocks of basalt, limestone and chert in muddy matrix. The Unit yields
Middle Jurassic radiolarians of the 7Tricolocapsa conexa zone (Matsuoka and Yao,
1986) from mudstone, and Late Permian to Late Triassic radiolarians from
chert. Therefore, the unit is considered to have been formed in Middle Jurassic age.
The Sandstone-Mudstone Unit is composed of alternation of sandstone and mudstone
and massive sandstone. The geologic age is uncertain.

ROCKS AND STRATA OF ATOKURA NAPPE
The Atokura Nappe was originally defined by Fujimoto et al (1953) as the
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klippes overlying the metamorphic rocks of the Sambagawa Belt and consisting of
the Atokura Formation associated with quartz diorite.
The Atokura Nappe in the district comprises the following units :

1) Kinshozan Quartz Diorite 5) Yorii Formation

2) Amphibolites 6) Greenstone Melange
3) Atokura Formation 7) Chert

4) Yorii Acidic Rocks 8) Mylonitic granite

These units are separated from each other by WNW-ESE-trending high—angle faults.
The Atokura Nappe occurs in the mid-eastern (Yorii-Ogawa area) and mid-
western (Kanezawa and Kamiyama areas) parts of the district. In the Yorii-Ogawa
area, above eight units crop out, and are unconformably overlain by the Miocene
Matsuyama Group. In the Kanezawa and Kamiyama areas, the Atokura Formation
and the Greenstone Melange are narrowly exposed. Small exposures of the
Kinshozan Quartz Diorite and Amphibolites are also found in the Kanezawa area.

The Kinshozan Quartz Diorite consists of medium-graind quartz diorite
accompanied by diorite, granitic pegmatite and psammitic to pelitic hornfels.
Radiometric ages indicate the plutonism to be of Permian age. The psammitic to
pelitic hornfels is in fault contact with the Quartz Diorite, and locally affected by an
intense shearing. The representative mineral assemblages are biotite-garnet and
biotite—hornblende+ garnet.

The Amphibolites contain amphibolite, garnet amphibolite, biotite-garnet gneiss
and minor tonalite, and have yield K-Ar ages indicating the Early Cretaceous. They
can be correlated with metamorphic rocks of the Abukuma Belt in the Northeast
Japan on the basis of their lithology and radiometric ages.

The Atokura Formation consists of conglomerate, sandstone and alternation of
sandstone and mudstone. The mudstone yields ammonite and radiolarian fossils
indicating Late Cretaceous age.

The Yorii Acidic Rocks include rhyolite welded tuff and granite porphyry.
Fission—track age on zircons from the rhyolite welded tuff indicates a volcanism
during the Paleocene. The Yorii Acidic Rocks and their equivalents, Kotsutateyama
Tuff and granite porphyry in Shimonita area to the northwest of the district, are the
products of the latest Cretaceous to Paleogene acidic volcanism in the Inner Zone of
Southwest Japan.

The Yorii Formation is a marine sedimentary sequence of latest Cretaceous to
Paleocene age. It is composed of conglomerate (Hachigata Conglomerate Member)
in the basal part and of conglomerate and sandstone in the main part.

The Greenstone Melange consists of sheared actinolite rocks with minor
metamophic rocks of various baric types. The geologic age is uncertain.

The Chert is locally found along the northern border of the Yorii Acidic Rocks,
and is intensely sheared. No fossils is obtained from it. The Mylonitic Granite is
very narrowly exposed, and is a severely deformed aplite.

The Atokura Nappe is considered to have been emplaced between Paleocene
(60 Ma) and Middle Miocene (16 Ma), from the facts that the youngest strata of the
nappe are the latest Cretaceous to Paleocene Yorii Formation and the nappe is
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overlain by the Middle Miocene Matsuyama Group.
MIOCENE

The Miocene in the Yorii district is divided into the Matsuyama Group, the
Kodama Formation, and the Chichibu Bonchi Group. They were deposited during
Middle Miocene trangression, and are correlated each other as shown in Table 1. The
basal parts of the Matsuyama and Chichibu Bonchi Groups are characterised by
boulders of granites and gneisses derived from the Ryoke Belt of the Inner Zone of
Southwest Japan.

The Matsuyama Group is mainly exposed along the Arakawa River in the
mid-eastern part of the district, and is divided into the Kosono and Arakawa
Formations. The Kosono Formation consists of arkosic sandstone, conglomerate
siltstone and acidic tuff, and ranges in thickness from 110 to 350 m. The sediments
are considered to be shallow marine in origin. The Arakawa Formation is composed
of alternation of mudstone and sandstone and locally of siltstone, and exceeds 550 m
in thickness.

The Kodama Formation crops out in the northeastern margin of the district and
consists of sandstone, siltstone and conglomerate with a thick intercalation of acidic
tuff in the middle part.

The Chichibu Bonchi Group is exposed in the southwest of the district, and rests
unconformably on the Chichibu Sedimentary Complex along the northern margin of
the Miocene basin. The group is divided into the Shirasu, Tomita, Nenokami
Oganomachi and Chichibumachi Formations in ascending order. The total thickness
varies from 2,500 to 5,500 m. The Shirasu, Tomita and Nenokami Formations
consist of arkosic sandstone and conglomerate, siltstone, and tuffaceous sandstone
respectively. The Oganomachi Formation consists of alternation of mudstone and
sandstone and conglomerate, and has a thickness of 500 to 2,000 m. The
Chichibumachi Formation consists of sandstone, sandy siltstone, alternation of
sandy siltstone and sandstone and siltstone, but in the eastern margin entirely of
conglomerate. The formation ranges in thickness from 1,800 to 3,000 m.

QUATERNARY

The Quaternary comprises river terrace deposits, tephras (loams) and Alluvium.

The river terrace deposits ranging in age from Middle Pleistocene to Holocene
are widely distributed in the southwest and northeast of the mapped district and are
divided into the Higher, Middle I, Middle I, Lower I and Lower I terrace deposits.
The loams are made up of the Tama, Shimosueyoshi, Younger and Osato Loams.
The Younger and Osato Loams are correlated with the Musashino and lower part of
the Tachikawa, and Tachikawa Loams, respectively. On the basis of correlation of
loams, the terrace surfaces of the Higher, Middle I, Middle II and Lower I are
correlated with Tama, Shimosueyoshi, Musashino and Tachikawa surfaces,
respectively.
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The Alluvium is composed of valley bottom plain and river bed deposits, and
narrowly exposed along the rivers such as the Arakawa, Kannagawa and Tsukigawa.

ECONOMIC GEOLOGY

There occur talc deposits in ultramafic rocks of the Sambagawa Belt in the north
of Minano—-machi

Sandstone of the Mixed Rock Unit of the Chichibu Sedimentary Complex and the
Atokura Formation is quarried for aggregates at nine localities.

B BRREHERS T Ly 7 A0S EEH U kb
A —=)8 =13 100 1 m

1-3. Archaeodictyomitra sp.
1: HiR 12, 2 AR 15, 3@ His 16
4-5. Tricolocapsa plicarum Yao
4 HixT 13, 5 MR 17
6. Tricolocapsa tetragona Matsuoka
45 16
7. Tricolocapsa sp.
14
8-9. Sticocapsa sp.
8 : Hi& 15, 9: Hi& 16
10-11. Protunuma cf. fusiformisIchikawa & Yao
10 : HIs0 16, 11 : M 17
12. Protunuma sp.
AT 16
13. Parvicingula sp.
HAT 13
14. Parvicingula cf. dhimenaensis Baumgartner
4T 16
15-16. FEucyrtidiellum sp.
15 : M 12, 16 : Hix 14
17-18. Hsuum sp.
17 : M 12, 18 Mk 13
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