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BEXAKEEZMEOFEZ S L2, WHOES HHOENEHORE, El K HOEIRP
R EIZOWT, ZOWEEZHENT A, BIEFTOL A, KRBT EEHIE, SHER)| % =
AN IR L OFI IS oA+ 5, B Y 2 IR ~AELRD O BEAGIKE D S Epidiceras
speciosum, Epidiceras guirandi, Monopleura sp. ® 3% MEFE T & 72, EW MR I EICHIKIBICE At
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HLTBY, 5tk EH_HEOMNIELOFHICERT S 2 L ifFs NS,
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SANO, Shin-ichi, Yoshihiro MORINO, Peter W. SKELTON, Kenji MIMOTO, Kazuo NOSE and
Takayoshi HIROTA (2008) Late Jurassic-earliest Cretaceous rudists from the Torinosu-type
limestones in Southwest Japan — preliminary report. Mem. Fukui Pref. Dinosaur Mus. 7 : 67-81.

A synoptic guide to rudist bivalves from the Late Jurassic-earliest Cretaceous Torinosu-type limestones
is provided for future research. Three taxa of early rudists, Epidiceras speciosum, Epidiceras guirandi
and Monopleura sp. are recorded from the Torinosu-type limestones in Southwest Japan. E. speciosum
is recognized in all four areas: the Youra area in Kyushu Island, and the Shirokawa, Sakawa and Kahoku
areas in Shikoku Island, encompassing a stratigraphical range of late Kimmeridgian-early Tithonian to
Tithonian-Berriasian. E. guirandi is found in the Tithonian-Berriasian limestone bodies in the Sakawa
area, and Monopleura sp. from the late Kimmeridgian-early Tithonian limestone blocks in the Shirokawa
area. In the Kahoku area, E. speciosum occurs in oolitic facies, but in other localities, the rudists occur in
micritic facies. In the Youra area, E. speciosum co-occurs with several species of corals. The rudist records
of the Torinosu-type limestones extend the biogeographic and stratigraphic distributions of each of these
specles, and may also contribute to understanding of the early evolutionary history of rudists.
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B M H (rudist) &k v 7)) 5 2 EE (Superfamily
Hippuritoidea) ##m 3 2 ZHHD 1 7 Vv — 7T, &H
RHHAIHOA, HLVIEFEFOT Y FIEU L D%
& BRLEEZ LGOI ETHMS5 NS (Dechaseaux et al,
1969 ; Gili et al, 1995 : Skelton and Smith, 2000). [E#—
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MERBE Y 2 905 Bl KICREEE 75 v b7+ —
LIZAE LTBY (Ross and Skelton, 1993), #iay - Hf
BRI E LT LIELIZHWS LA DS (Kauffman, 1973 ;
Hallam, 1977 ; Sohl, 1987), 4F(Z HHEEAL R IZIE ST >~
T b o T “HEMERE OFTEMNEREZ->TBY,
T IS ER HMEANOBE XD ) & H O
WAl oEEE L EHENTWS (Bl 21X, Masse and
Philip, 1986 ; Scott, 1995 ; Skelton, 2003b ; &£EF, 2003).
HARIZBWTDH, dblEE» ST T, £ LTFE
F i % (Barremian ~ Aptian) O % A K & R i )8
EHPLER ZHEOENPHE SN TS (Yehara,
1920 ; Yabe and Nagao, 1926 ; Nagao, 1933 ; KA - 14
5, 1959 ; Saito, 1964 ; Shikama and Tanabe, 1970 ; HAt -
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it , 1987 ; Tanaka, 1989 ; ##i# (32>, 1990 ; Sano, 1991 ;
Tanaka et al, 1996;Iba and Sano, 2007:Ichise, 2008). 1[[%{
BT 2 I~ BRI OER AR NEO [ER
RAKEICETLZEPHLNMI R > TEL (ZXRIEID
1990 ; fEEF1Z 7, 2007) 7%, [AEMCOESR _MEIZ, BE
FToLIsh, BEAAIKEDALHIZMON TR,

Varg H AR O BHEERS X O°F O L1213 B R
AIRE &I D B Y 2 Tk~ A B S oA
IRaEDEFNTHEY (Bl 21 Tamura, 1961 ; Kano et al,
2006), BRARHWRERED S E®H _HMHE O HEF S
Do (1941) (EEIEAE) g BHE ALK E T
A E L CHRER Y ¥ ) A & & b2 [Hippurites] %
HIF TP, TOFEMIIAHTS L. ERDOMRLHIH
OMFDR L ENH;EGE L QO3ENHISE»TS DT 1 2 5
2 #F (Diceratidae) ®/NEIFE (ZARIZA, 1990) &, &
1R LI )1 s 2 5 @ Epidiceras speciosum (Minster) &
Monopleura sp. D #H4 (EF T2, 2007) 12& & F 5.
ZoiEy, BEAXAGIKETOZBALAIZ OV LIZLIE
St “HEOWEENER ENTIEVE 500 (Hlz1F,
TREP, 1989 ; #REFIT A, 1989), AHEFMMEN X412
LaNTWZav, 2, WOER ZHHOFHS I
FCTICEHINTELT, T EHEHRMHATHS
DEIPOHWTOSEH L o/l E—HEEZLND.
F72, BERNAKEOLE, WNOPEIEELRY, AKE
25 E R AR O L 5 L) B3 2 &A%
L, AEZZB—BREICLTVWEbDLEbNS.

JT4E, Skelton % Masse b2 & o> Tl (Z 2Tk
Skelton (2003a) @ Diceratid Phase # &) &t =k
AODHEORBELPEIMICED SR TBY (F 213,
Skelton, 1978, 1999, 2003a ; Masse, 1994 ; Skelton and
Smith, 2000 ; Gourrat et al, 2003), %& 4% OF & D=EEY
BN, HEYHBE L BB INOOH L. IS
OWRE ST T, BRERAOIKEEER HEIZOWTH 5
HEMSITTEL X)o7 (BT, 2007). BHEA
AIKEEER MEZ, hFITHoiclasnTtni
ol T F ABHE IO 7T — 5 £ LT, MoER K
HowEMME A E 2 5 L THEAENL 2T TR L, W)
HMoE 7 71758 (Monopleuridae) DREHIFLEZ &
(EEF T2, 2007) 7% &, EW KM HOE/LEE 2 5 LT
QEELEZ LN, SHBOVENIIIREENS.

AFE T, BEAXOIKEICHET BT 2 9~
HEROHOEHE _MEBIVEH KA LEBZINATY
TTHEBEIZDOWT, TR, EHTAEMRE%
BEHSLZ LX), SBRoOMoER K EEERD
—BhE Lzv, miEAEWR O, ¥ Aptian RE121E, H
K5 b B2 B AR EET A%, W OEH
THHERRIEIZH 7o TEH TR E EAL IR
WREL BRI L, T72, MEIBELETHTHL S
END, INBHIZDOWTIRHAERICERS. 7B, &k
ECHREN-ERXAIKGEER ZMHD D 6, RES
N BRI E MRS B ARBEERLSRE (KSG) 12 YUek
SNTW5B.

PO —HH D535

WA, B A H OS5 ER FORRNEENEH I N
DOHY, HLWAEHENMRES N T L2Y (BT,
Skelton, 2003a, 2006 ; Pons and Vicens, 2008), % O &
Mz owTix, HAMEITT O [Treatise on Invertebrate
Paleontology, Part N. Mollusca 6. Bivalvia] ®2E] % 5>

VNS, BRI HOGEL L ZFORERIZ oW
Skelton and Smith (2000) ®F L H % BB iz, K
i TOEHR A H D5 HEIE Skelton (2003a) 1235 <.

JE 5 KB H o #Efb % Skelton (2003a) 2DV CRHH
RN 2 (Fig. 1). ERTHABRIIERCTEET 2 7V —
T (T4 I ARO—E L L 7 4 =7 (Requieniidae))
ERBTCEET A IN—T (F1 7 ARO—#E, 71
LI AR E LI =T R R RV ETORERZHE) &
DZODOFRMMIZA T 5N, WH & D Oxfordian H EH D JE
WoMEOMBERIASHELARE CHET S, A TH
BT HI7NV—TII, b (E#) I2K0kEEL, ¥
T OWIEAL (invagination) & FEEHMOFEE (uncoiled
form) Z#EEH LD (£ 7Ly 5% 8N, £
GIEEOER L L) B RV F — LB O AT bE
E ), ERMHEHOEERL S LEEZONDS. B
WA EICIERRRR LN osg e LTS 3 o
A X MY Valanginian H6H, Aptian HtH, Cenomanian
KICREHLNTBY, IS 2EICEHR Ao
% Diceratid Phase (Oxfordian #1886~ Valanginian H1t),
Caprinid Phase (Valanginian #' 8 ~ Cenomanian K ),
Hippuritid Phase (Turonian ~ Maastrichtian) ® 3 A7 —
VIS TESL., TNODMEA XY ME, WhW B ifFE
MERERELE (B2 1L, T - 8, 2006 ; Takashima et
al, 2006) @9 B Weissert OAE (Erba et al, 2004), OAE
la, OAE 2 OFHICIZIZ—F L TBY, ZOHEEAE
H&NTwb (#2113 Hofling and Scott, 2002 ; Skelton,
2003b ; £%F, 2003).

WD A DA DR

BHEAIK GO TH 5 Diceratid Phase I21%, 74
I 2%, Lo A= TR TV IROBRNEET
% (Fig. 1) (Skelton, 2003a). &, 77 Y ADT 2 F L
RS Y 2 THBEMOBREORVERPZHEEON, &
OB HE LD S Twb (B 21X Skelton, 1999 ;
Gourrat et al, 2003). JEi M HIX, FoHkicHz5 %
Aa RV, FRABHERE»S 2 5EE BT 5 ET
Kplash, FREEMHIZIEE LWARERZRO S O
HETHX9127% % (Skelton and Smith, 2000) (Fig. 2A).
R LWHOER —HMEDL CIZES I1mm LT E L
PR E SN, LASBREREICL DRI LI LIE
LN TVWAEIELHLDTEENLETHS.

O M H O, YEERED T, R
[myophore (%D R HERICRD LN LHE) | O
REPEETHD. 71 T ARHIEV T 2D, &
BRloFEL & 5. H#% CHEAE T 5 Diceras & Valletia,
7% CE % 3 54 Epidiceras, Heterodiceras, Plesiodiceras
B, %%k (polyphyletic) & # %2 55 (Skelton
and Smith, 2000 ; Skelton, 2003a). Heterodiceras X
Plesiodiceras 133 L\ WS T, LRk (7% &R 5.
%< D71+t F AF (normal form : Douville (1887)) (&
—METHRRIC2A, ERRIC1IAOwEH L, HROBTO
B (PT) »°% L < K&w (Fig 2B, C) 7%, Valletia Tl
Hix®D 1 ROEANEI L, ixllH7zi2b 9 1 RO 5
ET B0, ERRIC2AR, AR I ROEERFOLHIZ%
H (‘inverse form : Douville (1887)), L% TIZHi D
HDBRTOWIZIHRTELREV, T 27 AROHT
b JE AR 72 Diceras %° Epidiceras Tl%, 77 ® myophore
R ORI TIE R L, FONIITHT L8R E 2
94 (Fig. 2B, C ® pm) 7%, ZhiZxf L, Heterodiceras %
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Requieniidae Plagioptychidae Dictyoptychidae Antillocaprinidae
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_ E
5 R
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OXFORDIAN EVOLUTIONARY PHASES >3 P
AV, attached valve; LV, left valve; RV, right valve; PC, platform crisis

FIGURE 1. Evolutionary history of rudists (Modified from Skelton (2003a)) . Stars represent systematic and chronological positions of rudists
from the Torinosu-type limestones in Southwest Japan. Note that Monopleura sp. from the Torinosu-type limestone (the star on the right)
represents the earliest occurrences of uncoiled rudists. Uncoiled rudists comprise all those attaching by the right valve, except for the primitive
genera Diceras and Valletia, which retained spirogyrally coiled growth of the valves.

Plesiodiceras, Valletia T % myophore (&t O i £ 812 4F
14 5 (Fig. 3A & Monopleura @ myophore (am, pm) Z18).
L7 A = 7RHIERRESE CERAMOIEL 008, &
ENFETTI, BICBEATT1 I 2R EXBIENS
(Gourrat et al, 2003). €/ 7L 7 5%d ‘inverse form’
TH AN, Valletia £ 138, Lk (Kik) O2ARKOH
BIZIEFCRE S &R, WioRNTEbE & b I2FEEEA]
OFREEFO L )12 D (Fig 3A).

BRI EIE o AR IZ B0 B WERZRE O R2G

BRAHIKED S M H oMKz 58 L CHLD B
FT LT RICE L, BREER ) e AT
L, OWED 7Y —= v ZIZWEE T, FEICEELRER
myophore DIZIR Z HEZBIZE T 5 2 LIZHE LW, Lo L,
AIREHERSE (27) %k, ZHEOMEZT L
TELRVHBTH-TD, WAL CRBEE#TLI LI
L0, HLBREOFRENTRRICEIGERHDH (FI2IF,
Skelton and Masse, 2000). = 2 Tix, BHEAGIKEET 1
LI AREE®R T TRER BN, TE A DR AN
BOERTEDLHIIBEBENLO»ZRBNTH. B,

IS DOER K EOEYFRIFEEIZ DWW TIIRE DD 4.
TN B AR N HuIsk i D 7 4 & 5 ARt /NRIFE 2D
THRNT 5. COEBTITAIKRE, SMELZSHETE S 2
LBy, KRLA2 A (Fig 2D-F & Fig 2G-H) 1=
AlEH (1990) THEINZZLDEFE—DIERTHL. Z
NOOERIIEIHAETH ), RN ERT, LR LD
K& (Fig 2D-F). —E2WIZMERNZ % > 728K (Fig.
2H) Tid, Mk BZSICHIRO#E (pmt) HBIETX 5.
FHONEME TIXBEOIT D, RiEkic b ROV E
(amt) PEE NS (Fig 2G). B> TWHIERDIE
% AP A 3 L7 (Fig. 21) T, W o
WREDOANMENCZEE 328 (pm) PEIZ S, Zo%Hk
IEATERERL O FIEKR OISR ST 2 DD LR TE 5. 7
g ¥ X JE Epidiceras sinistrum (Deshayes) (Fig. 2A) %
Epidiceras speciosum (Miinster) (Fig. 2B, C) & Ib#3 54 & |
KREZBELLLO0, I LCEMULTEY, $/-H
TEMERN 2 EiE2 S 5 PR O 13 AT 5 & #75 @ [myophore
DZEHE] (am & pm) IS SEL T ENTE L. T2,
b (Fig. 21) ICERZR S 7228813 %5 @ [myophore
DI SRS DT ENTEDLD, ZOZ &IFhE
75 Th [myophore DM | OFELXRETELI L
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FIGURE 2. A, Epidiceras sinistrum (Deshayes) from the Middle Oxfordian, Meuse, France (Peter W. Skelton Collection). Bivalved specimen (right
valve (RV) and left valve (LV)), anterior view. Broken line represents commissure. Note that the thin outer layer of the shell is preserved in
the left valve (LV) ; B-C, Epidiceras speciosum (Miinster) from the Upper Kimmeridgian, southern Jura, France (Christian Gourrat Collection) .
B, Right valve (#Es 20) interior. C, Left valve (#Es 13) interior. Two teeth in the right valve (anterior tooth, AT, and posterior tooth, PT), and one
tooth in the left valve (central tooth, CT), as well as anterior and posterior myophores (am and pm) in each valve are identified; D-I, Epidiceras
guirandi (de Loriol) from the Tithonian-Berriasian Torinosu-type limestone in Ennogataki, Sakawa area, Shikoku, Japan. Triangles indicate the
position of commissure. D-F, Bivalved specimen (KSG-ss001, collected by Kazuo NOSE) . Umbones of both valves are broken. D, Right valve
exterior, E, Anterior view, F, Left valve exterior. G-H, Bivalved specimen (KSG-ss002, collected by Kazuo NOSE) . Right valve and posterior part
of left valve represent internal mould, showing anterior and posterior myophoral traces (amt and pmt) . G, Right valve exterior, H, Posterior
view. I, Bivalved specimen (KSG-ss003, provided by Kenji MIMOTO) . Antero-posterior section through ventral part of both valves, showing
posterior myophoral ledges (pm) in each valve. Scale bar = 2 cm.

ERLTWE, TAE2IARDI L, BB KERTIV— DZFHEDRD LNT VDA, NEFEIIBREMICIZIZEAL
7"C [myophore D ZEHEDSMEFRIR 2 SMI L, TOFTF TALD 72, RESDOANEL LIGERYIFE E. perversum
D] W) A OB X Epidiceras DA Tdh b, T (G. B. Sowerby) & E. guirandi (de Loriol) @ 2 f&®D M2
72, Plesiodiceras ® & 9 i R NERE RS W & b, BN TEY (Skelton, 1999), EJIFEERIE, FOKE
Epidiceras &\~ R & #4451 TH 5. Epidiceras 1213 E. E0n, BRIIZL Y EHWE. guirandl LIRS NS,

sinistrum = E. speciosum &\ 72 KIEUFEDIAVIC, NELFE WIS, BRI M3 & Monopleura sp. D % /3



FIGURE 3. A, General morphology of Monopleura from the Late Barremian, Gard France (Douvillé, 1918) . (1) Left valve interior of Monopleura
varians Matheron. Two teeth (anterior tooth, AT, and posterior tooth, PT) are identified. Anterior and posterior myophores (am and pm) attach
to the hinge plate. (2) Monopleura michaillensis Pictet and Campiche. Bivalved specimen. Supposed positions of the sections in Fig. 3B-D are
shown; B-D, Monopleura sp. from the late Kimmeridgian-early Tithonian Torinosu-type limestone blocks in the Shirokawa area, Shikoku, Japan.
B, Antero-posterior section through cardinal parts of both valves. Two subequal teeth in the left valve (anterior tooth, AT, and posterior tooth,
PT), and a central tooth (CT) in the right valve are identified. C-D, Cardinal and myophoral parts of right valves. Adapical view. Thickened
parts of the shells represent anterior and posterior myophores (am and pm) and central tooth (CT). C, Body cavity (bc) and two tooth sockets:
anterior and posterior tooth sockets (ats and pts) are identified. Dorsal part of the shell is slightly broken. D, Anterior tooth of the left valve (LV)
remains in the anterior tooth socket (ats) in the right valve. Scale bar = 1 cm.

5. BRWEHAIKESWOERRIC, FLWAFRERT, ZEHLTWS., #OBHmrs, KOG H, LM
INIOBRE A OLHOWMHE I RBO LNE (KEFIZD, WA EHWEN D, FTRED commissure . DWiTH (Fig.
2007). AIKEDP SEERZED Bk vs, Bims» S8R 3C) T, BHIS—EBHEL CWbA b0, 3 2FTIHER
HIZOWTOFEREEDL Z LN TE. AR EEEHIRT WsiEE o 72 KOy, 2V MEPROLNE,. 20
M8, OO & - 72 WiE (Fig. 3B) T, E ) BREL D DIIMEE (be) T, 580 2 D3 8AAD Y 7y

FRIIFIZRI DR X 2 F0 2 KDH2S, Tixl2 1 KOEHS b (ats & pts) EERTE %, 3L 72 commissure 125



72 & — - HREFEIL - P.W. Skelton -

Honshu Island Osaka

—

0 /7“/””ﬁ15€;;ik@ij
oo—
\\( )), Kahoku ) f\
S <

Kyushu

Island Sa};&;wa/\/ k\h__
Shlrokawa
oura
1132°E | 134°E

FIGURE 4. Localities of rudists from the Torinosu-type limestones in
Southwest Japan.

R L7z (Fig. 3D) 12, V4 v PNIZ B0 (AT)
EELLOPEBESN, ZofElEFT L. BRoORER
DHL, VI y NEOESEE (CT) ICHEL, 20K
KHE) O 7% o T 3 D R4 13 Hi 7 & 275 @ myophore (am t
pm) ST A0 EEZLNL. fEoT, TOEMN
M H Tld myophore {3789, BEFHOMRELRIZALE L
TWbLZ LIRS, FRIC2ARDIZIZF LA E SO % £
-, myophore 2SHEEFRHOEETICMET 5, FEHE O
%*]3%%5%%%, T—4 (FEW) RoEREZRT, Lwvo
79 UL, W o E B —HH o W Tl Monopleura (2 —3%
45 (Fig. 3A). 72, LOWIHIZH myophore DELZE R
accessary cavity i SN W L, ZOEH _HH
A5, BRI L D EVE LY SEOER, LhEHo
BORTIE 7% <, EQ’EE’J& Monopleura /& Td 5 Z & &R
B35, 20X, AEII) BELWEETH, B
@%ﬁﬁﬁ‘%fw%ﬂélﬁi&%fﬁ&/\b&% sk, g,
WAL > TiE, T COREXITALWRENED S 5.
BESCAIK S OE R HH i
[BREAOIKRE] (X, & LTl HAN IO 5,
B ERIDTER S NSRS ST 58 TH 5
(4, 1960). *ﬂ‘/ﬂ"’?E?LE&t@ﬁ%‘[ﬁt%i%ﬂéﬁﬁ
HE%4ETSH, LIZLIREHEYE T H%V(@.’V%@%I@_é
v B ?ﬁéﬂé%@@ AR 72 BT 7
ENTWR, EHIERE~TEERIC AT 5, 1ﬁﬁﬂ/l7
F~BHEAA RO BREBREEPIZL XKD D WIdEIR
DEIREEDR L EET D20, Z0LDH LD, BEI
AIKEBERGILEELS UNE TOZ2LSMONTE
o (HA, 1960), F-H#Yagi» SRl ELT T
DR A GECICTER ENZ L OB FEEL T D (B 21T,
AH, 2006 : Iba and Sano, 2007). BHEBEEIIMIME LD
AR CHERE L 7282 2 5N TBY) (Matsuoka, 1992),
BEAEDOBRENXAIKE I ZLEEEETEZ S
Ny, B FEM L 2RI EB I 2w & n
5, AKGOEESGIZOWTIEERmTH Y, REVONT
W72\ (Kano, 1988 ; 7% BF, 1993 Kano and Jiju, 1995 :
BT 2, 2005 : Kano et al, 2006 : Ishida et al, 2006).
%B, E“i_O) %%iﬁfﬁmaﬁﬁ DHEREIZ DOV T I Kano et
al. (2006) IZFEodonTn5b
%#%}:ﬁbiU%@*Hél}: (2Tl EﬁE@@%BAL%E%ﬁ

SAET - PR - B RER

fEx&os) ORBFEXAKED?LSL, TNETITRS %Eﬁ
R, SRR M, A ] e, m%ﬂ%*jl:
HIH D 4 32 B W CER M EHOERPHR SN TS
(Fig. 4). VITFICHS & 1C3eahmd 5.

RO BLDU 1 Sk (Fig. 5)

ﬁiﬂj FEAATI T WIS, A o PR, LB -
# (1987) @ Loc. 5, £ (1999) @ Tu202.

HWiEs A, B (1986) B X U Matsuoka (1992)
WX ) BHEBEICTE SN TWS,

WX 22 /B LR - S8 (1987) &, #HREO
BENXAIKEEY > TILAOK O OfENERERE B
L FDMLE, mEEMERO/NUAKE & L@ 5
ZENS, AIKAEORNRE Y 2 Tkt~ Al R &
LTwa, EHBIERREE» /O NRERLAICED
VTR EENTEY, BEAAIKEORNRDL Y 2
TRBEMNEEZ NS (R, 1986 ; Matsuoka, 1992 ;
Nishi, 1994).

FEIR C RREHO A ERL, BIRTEH T cm 10T 5
T INVLET L EME ERE T LA, —EICEE KHE
DEEFLROONE. OMENIoA L, BEEAIIKLL
LCETAIAIRE7O Y7 (36 m x 6 m: bICBET
LAREEO—E LR 72 B8R $H, TROBAE
BREREELCWD EEEZ SN WD, Tay 7 LR
L72) Tk, 7ay7ANToORHEEZRETSE, ENH
THEFEERBRMOEHEFELLBRT LI ENTED,
Zo7ay 7Tk, MBS A X0 bioclast BERE (B
#1130 cm) 205, EW AR Y TEZHETAIKRY
g eric! (Eé’\ﬁ’?’v(‘)m) f\0)7'rﬂ:7b“' Db, AIKRERO

TE (EEH2m) | “HADE #fiin%E EOH
N NEN N éﬂ%*’“%*ﬁ VJ T?E?“% (Fig. 5A). —yi'e
HEREBLUIL ORI, o To, EéﬁSmm~1m1
OFIRBER =, £< ﬂi'x*ﬁt ecm T, FUIE T cm Ik &R
B R~ Hi@ﬁiﬁi@ﬁz%*ﬁﬁ‘ oo D, AKIBELRD
Ei (E248 4 m) 1268 L O OIE R A H 25
R, %éb>ﬂi~%|3 BELTHETLIHOD, BIROE
ERIIEK L TV, Zomicix, v IToRd 5
W IR~ BLIR IR AR O £ HMEN 5 iﬁﬂ“ cm if_ e
NULEDOESIZOI > TEBT A LITLITFED S
5130, Bt em \ZET LY j‘@b@lﬁﬁ@ﬁ‘”ﬁ"ﬁﬁﬂ’ﬂ

IZET 5.

JE B A H % i—%ﬁﬁﬂawa> bDOWLVN, &

FEAED LITLITRD SN, BOKE SIEHRAH 16 cm

\2#3 % (Fig. SB) ZoHI i’i”?’?%%kﬂﬁéﬂ ]
J& L BHFEICX T CELABPRERTE, MY LBHFD
myophore M ZE#2 (pm) AWRRIZFEDO S5 Z & 205 (Fig.
5B, C), Z OJEi —# H 1 Diceras )& »* Epidiceras J& T
HHEEZZOND, 2BOMTIORE S|ZET AL
Epidiceras speciosum & TH ), KAKEEFIZIZD %
< &b E. speciosum WWEFENTWAHHDEHBIsNS.

i ARHIIZ BT 5 & AR AR S OFTEIL IR 5
MmonTwizd ) 728, ZoZKAILEOERIZOWTE
BRERIZFEER EN LI N T THEELZVWD O EED
b, 7B, KAKEEZ2E0, dHBOERAAIKE
FET Y IRRBILER, T FY AL EIZoWnTIE, I - SER
(1987) B X UMERE (1999) TY A AR EN, —ERIEX
RENTWAS

2. BRI (Fig. 6)
P 7T 71T A 00 S T
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FIGURE 5. Occurrences of rudists from the Late Jurassic Torinosu-type limestone in the Youra area. A, Many rudist individuals occur in the
micritic facies of a limestone block. Triangles indicate the bedding plane and also the boundary between the upper and lower parts of the micritic
part of the limestone block. The length of hammer is 32 cm; B, Occurrence of several bivalved specimens of Epidiceras speciosum; C, E. speciosum.
Posterior myophores (pm) of both valves are observed in section. Scale bar = 5 cm.

W% S AR THER B (RIF - 2/, 2004).
SHRBEIIBREBEAY T, THOTHEE LirofiE
JNEIZ 2 X &ns (fJiEh, 1959).

F#{X : Kimmeridgian % ~ Tithonian Aii#. Sk~
HAEM L72AKEXBEMEERTH D700, THEL
HFEINEDOT v EFA N ERBBOFERLL, AIKEDTT
ROMWRRFERO LR %, JE# _#H Epidiceras speciosum
OEMERTTITREPE Lz EBFIZA, 2007).

FEIR ¢ A T o B BB A IKE SIS, commissure
DEZE 12 cm \HET 2 E# A H E. speciosum B D13
7>, commissure DEZE 1~ 3 ecm T, BEOIRLHEIRE
& FE L WARER % R T Monopleura sp. D% B O Wi %
ey 5 2 EATE 5 (Fig 6A-D). KEIOJEH M HIZ,
RERE RO D O % AHVB O, Mz Bir
L7 L 7275 O myophore DZERDIFEAE, FEDH A X
5 E. speciosum ¥ & n (Fig 6E, F). Monopleura
sp. DFBENZ DWW TIIERIC [ BHENXAIKEEE R M H
ZBULWNEBTEREDER | O TRk L 72, Monopleura
sp. DAY 7 —rikz ¢, AELEZOSNLEIR

M—FRIZRD 515 (Fig. 6B). #EHlIZOWTIIEE I
(2007) &R E Nz,

% REHA OB R RS ORI, HREREE R
RimZ Slzowaix, ®IF - B (2004 THEL < MRET S
NnNCTnab.

3. BAEENg (Figs. 7, 8)

FEMb : WAIRAENNEM T s (ZRII D,
1990). K& - HiEE (2002) »— 7 #H#E1L, Ohga and Iryu
(2003) @ Hitotsubuchi Quarry, Kano et al. (2006) @
Hitotsubuchi Eastern Quarry & [fl—%&1£727%, Kano (1988)
THRIE N2 581K (= Kano et al. (2006) @ Hitotsubuchi
Western Quarry) &1387%%.

g4 : BRERAMHE. = 2 Tld Kano et al. (2006)
DORBFNAES .

B % : Tithonian ~ Berriasian. %~ #i & o> HE % i 1 12
Tithonian ~ Berriasian & & 71 % %% (Kano et al, 2006),
ARG B pMEET2RAMBLD Y (F 2L
Ishida et al, 2006), KA DHEREEMRIIAIKEED 515
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FIGURE 6. Occurrences of rudists from the late Kimmeridgian-early Tithonian Torinosu-type limestone blocks in the Shirokawa area. A, Micritic
limestone block with individuals of Monopleura sp.; B, small bouquet of Monopleura sp. in the limestone block of Fig. 6A. Arrow indicates upward
direction; C, Another micritic limestone block with Epidiceras speciosum and Monopleura sp.; D, Occurrence of Monopleura sp. (enlarged image
of Fig. 6C) : E, A large individual of E. speciosum (enlarged image of Fig. 6C) . Anterior and posterior myophores (am and pm) are observed ;
F, Shell structure of E. speciosum (enlarged image of Fig. 6E) . Outer and inner layers of the shell (ol and il) are identified in section. The length
of hammer is 33 cm. Scale bar = 1 cm.

ONZBRICESVCHERT LI ENET L. AHAIED AETORKEPSESNIHIKEF v 7{balIcEko &
(2005) 12X BEBREBIOZoOMYEO BEAOIKE Tithonian % # 7> Berriasian i #iH & S hTHB Y (Aita
? % < H Tithonian ~ Berriasian THh 5 = & MRS T and Okada, 1986), T~ / #% FOAKERIZOWTHIT
WhIED, TV H Y FORIKAERICHERET 554 (Kano IZFRBEOHEFEFERDOTTREMEA B 5 .

et al. (2006) @ Hitotsubuchi Western Quarry) (& fJK PR R R EERITAIKA I IRRATER ICERE S L
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FIGURE 7. A, Hitotsubuchi eastern quarry of the Tithonian-Berriasian Torinosu-type Limestone in Ennogataki, Sakawa area in 1989 (photo
by Kenji MIMOTO) . View from Northwest to Southeast. Localities of Epidiceras guirandi (EG) and a possible rudist (R) (Fig. 7B) are
shown. Locality of Epidiceras speciosum is shown as ES, but its horizon was several metres below the horizontal plane labelled ES in this
photograph. Limestone generally dips north; B, Occurrence of a possible rudist in the middle part (R) of the limestone body. Note that colonies
of stromatoporoid (st) occur near a possible rudist individual; C-D, E. speciosum from the Torinosu-type limestone in the Hitotsubuchi eastern
quarry. C, Right valve exterior (KSG-ss004, collected by Kazuo NOSE) . Umbo is broken. Anterior and posterior myophoral traces (amt and pmt)
are identified. Scale bar = 1 cm. D, Left valve exterior (KSG-ss005, collected by Yoshihiro MORINO) . Umbo is broken. Commissural diameter

more than 20 cm. The width of lens cap is 6.4 cm.

THBY, BAOHETICL > TEHIZEDRTLIW, P2
ORARTHRICAVG AP THD SN0, &
MBEAZBHATLEIENTELRY. RALRKOGHE)
5, commissure DEZEDY 10 cm %83 KM D Epidiceras
speciosum (I AR ER R TEHOAIKEE TREIZE &
B4 7 &, commissure D HZE 2K 5 cm @ Epidiceras
guirandi \ZAIKERDO TP HELN2d 0 L HEF s
% (Fig. TA). Zo3», AIKAKRFTORIEEIZB W
T, EHIEET S, ROBIRE 23 REILHRBEERICHR L
T, ER A EAONL HAPETLHALEEIN
7z (Fig. 7B). EOREETHEHR M HE»EE L 2EIRIZ
HOLNEV, COREKTIE, 7)—=rFicEkh, B
W oAHEEAE LT B A2 0B 4. E. guirandi
DFBEIZDWTIE, BRIC [BHEAKEEER B HICB

T PIEREORE ] OFTHEB L. KEOER M H
X, K&, —EICHEI AL C\5bZ &, E. guirandi
WZHBLL 72, BEAI LT ERT I8, SR
Kb, WEBONKEALER L7ZERICBWT, ML
"I - $5 ® myophore D 4RO Z RS, HIRD, H
B HHEAD»S % 5355 (amt, pmt: 7 V) —= > 72 &
DIRFEIGIEIRE 22 9) DR CE A AR H L L0 5 E.
speciosum & I &b (Fig. 7C). 7% B, commissure
DOEZEN20 cm 2B 2 5 IFEFICKBOMMAELHE STV
% (Fig. 7D).

%« =ARIEH (1990) THE L2/ EIOT 1+ AF
1%, EROBEME OKRE. guirandi TH5HZ EDboo
720 F72, ZEARIEA (1990, p. 107) TEK L7z [HEH
FERLENOSEXGIKEEER —AH] BLUH
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FIGURE 8. Rudists from the Torinosu-type limestone in Kooku, Sakawa area. A, Right valve of Epidiceras speciosum (KSG-ss007, collected
by Takayoshi HIROTA) . Internal mould showing anterior myophoral trace (amt) ; B, Bivalved specimen of Epidiceras guirandi (KSG-ss008,
collected by Takayoshi HIROTA) . Anterior view. Internal mould showing anterior myophoral trace (amt) in both valves. Scale bar = 1 cm.

(1992, p7) ICFEd®E DB L [FEA0LF DN HY
Ry MHE (EH_#H)] 1% Figure 7D IZ/R L2 E.
speciosum DFEFEDIER % 18T .

B, ENHE/NED, R BEEBEABBICET S
HIKEERD S b E. speciosum & E. guirandi D RE SN T
W3 (Fig. 8). EARMDITE AL DESDHTHER 1K AE
THERREENTBY, BEICBWTILATH L2089 1D
HPH LIS LIEHEETD 505, BnIRIERED T2,
myophore D ZEHEIZXT IR T % 7%k DFERAF I (B 21X Fig.
BABLU8B D amt) MR TELILNDHE. ZOjE
HOFIKEEREDOIIEIZITE A EfTDI TR WA, Bk
MBOENEERLEHELERETELREND D, 4
%, WETHEDDLVEN DB,

4. RAEEIEHE (Fig. 9)

M BAEEENEILITEAMAN, BAGEMEOMIK
ORIk EA (Fig 9A). FIFI3AH (1989) @ Loc. BF-15

W% ERARE (7). ElRZKEIROZ# A
PRAEERAIZFER SNz FIFIZ (1989) FThs0Rk
Wik S HEAAIKEEWROFIEIZIED VT, ZORMIZER
HMEHGAT A & L7225, B S IZEEAMEOFE 5 A8 H
LEENTBY, F-MEOERDEYINLZ NG, ER
i@ D 5H w BO T (FWE S, 2004, 2006 ; Kozai
et al., 2006).

REIR : HIKEDSHR LR ISR D 5208, FERAE
WKCHRLZZETUE, HEAIIBWTCThRIKEDNEET S
Berriasian DT g2 5 (B 5, 2004, 2006 ; Kozai
et al, 2006). ¥ 7z, Epidiceras speciosum O g H1ZFD
FiE, ZofEod BEA (Skelton, 1999, 2003a) T %
Kimmeridgian %~ Valanginian Biii27RE & 5.

FER: KEEH M TY— 4 F (o0id) IZETAHIKE
GURICER A H OB Y EET A RRO LN
(Fig. 9B). HWKRIMO KT FWHEECEDNLTBY, B
HMARETE 0D, 2HNOE»IT CER HMHOE
LR TE D700, GEERPER M EORTEL 72
B TH DL EEZSNS (Fig 9A). —#RICIZE s —HH
DOEITER LD S, A AT %) ZHREIITRERR,
KREE, —EOMFEIRIZPE &M IX BT & S48 AR
NS, M L7275 O myophore DZEREDSHERR T

&5 2 05, E. speciosum LHMWEh s (Fig 9C).

W% : ZEABIIHEE T (1989) 12X DI|ESN, JT
A H R AR O T AL (pre-Aptian O HHR) &
ZHNTH, FIE (2004) 12X Y2 o —HEREE
ReF e nER o7 B BHEERE LT
IR 2 2 805, kD BEAAIKEDOIFETIX
BEBHEOLOL—E L TEFERINL I 0L (Bl
Kano et al, 2006). L4 L, &W - AH (2000) &, &t
HWIZBWT, ERAMEY BE)IWIRE SE, KOS
T AEFIN BREE L IZE LML L THESITT
BY, F7o, BEAMMTOERARBIZB VI, )1 HE
DBEEBEICIIAD LN, BBE—AIKEOHERY A
7 VHMEERGEE SN, FEETK LA ENT A4 L
(FRB, 1993 &V (T2, 2004, 2006 ; Kozai et al, 2006),
PN M3 o> B BB & 13 F 7 B HERETRIEAVRIZ S LD . fEo
T, ERABIIERBEHRORBHE L TMESITOND
o HLHWIE, BEBEL D EMICAET S BIHAEOHE
Y EBRTRELOD, ESICHFTILEN DA ).
W LT, RHIHIZBIT B E speciosum % & LA IK
EEROFERPS, ZOMEDL L IZERICERARE, b
LSERARE &38R 5 BRBIANYE OGO RIE S
N, SHROMERETHRITNIFELELEZOND.

5. BRAAREEERE _MHOF LD

B 3R JK 5 2, Epidiceras speciosum, Epidiceras
guirandi, Monopleura sp. ® 3 TEDEHK “HE AR &
N7z, E. speciosum {34 TCTOHMI A S, E. guirandi 134
JI #3755, Monopleura sp. \&3JI M2 S L TW 5,

Bt E I, BEBELY ETIC2KO L84 (Kano
et al, 2006) ®, EIBE THOWMFORB,SEHRL TV,
eI M3 Tl BERRE (AR HbfE) O KB R AR 2
L, M3 Tithonian ~ Berriasian & N5 DIZxF L, 3k
JIHIE T TEE (THIE) 108 s B aa st
FIZEEL, COARKEDOABFEMRIT Kimmeridgian ]~
Tithonian A & HEE SN TV 5.

[E M, —RICEIKRBICE L AHICET 5 2 &8
L, FAHIFHTIEY — A4 FEEBIZEL TV, £
7z, B AR EET LERE RIS (U, W%
N, i) b HIUL, BIET 256555 (k)11HIE).
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FIGURE 9. Occurrences of rudists from the Torinosu-type limestone blocks in the Kahoku area. A, Oolitic limestone block containing many rudist
fragments with nerineacean gastropods. The length of hammer is 33 cm; B, Occurrence of several specimens of Epidiceras speciosum; C, E.
speciosum. Anterior and posterior myophores (am and pm) are identified in section. Scale bar = 1 cm.

FRICTU SIS IS BV TIfk 4 2 IR EILR L E
R ME A RIFTAICEE L CTH Y, s BRI E D
P IRBILRICE AR T OLH 5 b E A
HP BT 2WREFEZ LD, WFIUILTYH, Bk
HTEERBIP DTz, Bl AHOERPERT 5
AR E e AL TR T A 2 L I3EEL <, SRS 512
T RS T LEND 5.

BHEXAIKEICHET 5
JE B ZHH & I3FEE SN W REI A H o4

BREAOIKEICET A KB KEIZOWT, ER A
THLUEEMESRINETICDIRMEINTE . fHlziE &
MEFILHIS T FROERAETOEBEXAIKE LRE
ARG I 0 LY = 7 R/ AR A 2 5Bk M R 12
FOLL LA HME SN TS (FREFIZH, 1989 ;
Y 1992). Epk M E ORI TCR AR o4 E
ET I VADNENS Y (Skelton and Smith, 2000),
Wi CTdh o> TdHEENBHROEH S %2 XA T 52 &8
T& 5. FLHMBE T4 GHREIZAH 1989 @ Loc. BF-11) (2,
AV ATEHE EQICTHADNEET L AIKEDELENM

5s (Fig 10A). +FHoKHICIE, ER-KHZ
BT 5, FRagiEosE, SERMOINEERE 22
Hi L 7B =%° myophore 7z & O 2R CTE§, Eh K
BT AWigEE BV, ZOZKEORZEIZOWTIERE
LAOMEPLETH L. —F, HFE (1989) TEKL72/A
WA K E KT B ISR W R A AL O A 5
%0 (Fig. 10B), WB RO LNV &R, 744
) 7 ZF (Radiolitidae) 7 & DEWALE % Fro E th
Hid Barremian 122 62w EHEH L Z2Ww2 & (Fig 1) %
EETHE, ER_MEEZEZOALZ. BERGHRA
BRI O o s B E 2o, KEAICTER#ROZ
METHLZ NS, -0y XOFFAHEO 71 &
I ARERE" B FET 5K ¥4 A% (Pinnidae)
@ Trichites ThHhHEFEZHbNE, TDXHIZ, EH KK
HThahl) 2l AKReHICEIN2EROME L
W) 2T TR, i, B X myophore 7 & OFFEL E T
BLLETHETRXETH 5.

SHRORL

BEXAIKE D5 ILED ST E TOLH» 5
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FIGURE 10. Non-rudist bivalves from the Torinosu-type limestones. A, Bivalve from the Berriasian Torinosu-type limestone of the Birafu
Formation in Jujidani, Kahoku area. Absence of calcite prismatic outer layer of the shell indicates this thick-shelled bivalve is not a rudist. The
length of hammer is 32 cm; B, Trichites sp. from the Kimmeridgian-Tithonian Koike Limestone of the Soma-Nakamura Group in Fukushima
Prefecture, Northeast Japan. A large and strikingly thick-shelled bivalve with a distinctive shell microstructure of large fibrous calcite prisms. Its
shell structure, composed of thick calcite prismatic layer alone, does not correspond to that of a rudist. Scale bar = 1 cm.

145. bMa

FIGURE 11. Distribution of rudists in the Diceratid Phase sense
Skelton (2003a). Circle indicates rudist distributional area in the
Mediterranean Tethys (Yanin, 1989). Stars represent rudist localities
outside the Mediterranean Tethys: 1, Southwest Japan (Mimoto et
al, 1990; Sano et al., 2007; this study) ; 2, Bau Limestone in Sarawak,
Malaysia (Lau, 1973, Skelton, 1985) : 3, northern Oman (Hudson
and Chatton, 1959; Skelton, 2003a) ; 4, Southwest Iran (Hudson and
Chatton, 1959; Wynn Jones, 2006); 5, Nova Scotia Shelf, Canada (Eliuk,
1998) . Plate Tectonic Reconstruction created by the Ocean Drilling
Stratigraphic Network (www.odsn.de) .

HOENTWBELOD, VoS ~HEidmaiios
FBXAIKA2LOER M HOERZ, HEFToLZ
A, INE T JUNEER A S WE PRI R S i Twn
5. AR I 7 &, EASR B BEIALIK
GO LEEHMADOERORENDH L (KAR - BB,
1959 ; BRACHWENIZE 7V — 7, 1966) 137, BRAAIKE
EFERRICAIKIBE DO EME A LT 5, dLilEE O Aptian
B D Orbitolina FIKE D ER M HNZ T 5 (Sano,
1995 ; f£¥F, 2000 ; Iba and Sano, 2007) = & »5, Ek
“HERBEXAIKEFRIERBICERT LW REERD
0, S, EEHEOER® SHEICANREOFEED)
RKOENG.

*75, TR WA S #hIk O A h AT R b RE /Nt A T

Hi3Y 2 7 %Y (Kimmeridgian ~ Tithonian) @ i Bk
igm7 Ty hM7x = LTHILENTEY (Fl 2 ITHRET,
1992 : Tfﬂff 1997 ; ARl - HFE, 1998), ERALAYIZ A4
12 THADEHLTEIWIZTEY, FEEo—AKR
ﬁ?f)F ﬁE@F&ﬁ% HICB WA EML Tw
HICb bbb, BEDOLIAERHEITRWAET

Wi, BN EoOENOGEEY, AIKETERLROE
PR CHERE SRS Bk A E o4 BEREE 4 S LIz B
TLUREMELPTFH SN, 4% T — % 2L L’C’I‘iﬁ*f%ﬁﬂi
ERH 5. 72, ‘%%iﬁ/ﬁ}ﬁ%@iﬁ%%fﬂ/ FRERRDS
H 5D (Bl 21X Kano et al, 2006), E#§ 4t H oS
HEME I LT, WO RE &77/F7% —nk B
FARIKE L # LB 5 2 E DRI 500D L?(Ltcb\.
WA DR M H oL AT I TIEFISH
HEJR B D 7 F A g0 5 5T w7z2hY (Yanin, 1989;
Skelton, 1999), A ~v—r AT, L= T, &
S FFILEE ) N2y Tih s, Bl A
%) LAEEHR-HES LEHoEN REEINSL L)
27 1 (Hudson and Chatton, 1959 ; Lau, 1973 : Skelton,
1985 2003a ; Eliuk, 1998 ; Wynn Jones, 2006), & B —
BEOWMMAENLEE 25 LT, I —0 v/ 3RUio
DFEEIER SRR TS (Fig 11). BEAAIKS
FEJE e B ot T3, Epidiceras guirandi 35k I —
O v 730 Kimmeridgian ] O A2 5586 Tw 725 T
HHD, FROFERIZLY, I DEVERICETER
ERBHFH AL S Z L I27% 5. F 72 Valanginian PLET O
Monopleura Ditklx, ZNFEF T 79452137
Hb 38 2> & @ Tithonian @ M. crimica & Berriasian @ M.
taurica \ZIRSNTH Y (Yanin, 1975 ; Skelton, 1985), %
JI| i Monopleura sp. (3 Rz e OFLFR & 2 5 (EHFI3
A, 2007). M. crimica & M. taurica \& Monopleura @
TH/NEITH LH, & H IR E Monopleura sp. 121
Barremian @ M. varians 72 ST 5 K& & (F 212
Douville (1918)) =& 3 511K H ), Monopleura 13/
PO ZA S — N L7z HEMIIR D727k kb. 2
D EHIZ, BHEAAKEREER A, o oEE
HANYEEREIC 7 F ARSI F TOM LT Tni
CERRTIEDNY TH L, PIHOER ZMHOM#ELEE 2
LETHEREBINTE ARG, SR EHRER
BLOZOMHLUEOL DDA ST, Vagidhiio gl
KAKEGIZOWT S, ERZHEREOHETH L 20
K SO R R A R S L 5.
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K, AR R, TEEAER, EEELRICE,VEE L
R 720z WREERRIITREEAR 2 Rl L
Twiezw/z, &l RIK, R SR FE2ER
BERESCIG, BAEAR, BOREZ I3 A s o B3
AIREDEARL B, GRS oW TRV 7272
Wi EHE TH HRAJINEIR, EUESRICIIERE
TEIZEFL T2 E, ARIEFEL (kS ne I
FI HINETIR, 9MEs IR ba ORERLRE 12
LT, R Hofling [, Fili#MBIIK, FREHILK, il
FRAE R IC B 72 o THIB IV 7272w 7z DLko
Ji b &0 REHH L BT,
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