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Abstract

The Naradani Formation is located to the south of the Torinosu
Group in the Sakawa district of Kochi, southwest Japan, and con-
sists of a linear, narrowly distributed series of marine clastic deposits
that contain allochthonous limestone blocks. This formation was pre-
viously correlated to the Bajocian—Bathonian Middle Jurassic using
brachiopods extracted from the limestone blocks, with later radio-
larian correlations suggesting an Oxfordian—-Kimmeridgian Upper
Jurassic age. The formation has also been interpreted to underlie the
Upper Jurassic—-Lower Cretaceous Torinosu Group. However, the
discovery of two stage-diagnostic aspidoceratid ammonoids, Aspidoc-
eras sp. and Hybonoticeras sp., from muddy sandstones in the strato-
type area of the Naradani Formation casts doubt on these previous
interpretations. Aspidoceras was widespread during the latest Juras-
sic, and the presence of Hybonoticeras limits this short stratigraphic
interval to the Kimmeridgian—Tithonian boundary in various Tethy-
an sections. This clearly suggests a latest Jurassic age for the Nara-
dani Formation and generally supports the radiolarian biostratigra-
phy age-assignment. However, the ranges of ammonoids from the
Naradani Formation overlap those from the Torinosu Group, mean-
ing that it is not possible to determine an age-difference between
these two lithostratigraphic units. Further research is needed to test
other hypotheses, for example to determine whether heterotopic fa-
cies relationships exist between the Naradani Formation and the To-
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B OREEH AP HARICHIR D, FOHIZ SRR RE
N 0RUSA L TS AR RIS, FERE H AR
%%*%Nﬁ%@ﬂﬂﬂi’&@ﬁ?%hf%&f&éﬂﬂf;ﬁ?éé
UMEK, 1932) (Fig. 1. ThsohERo>s, LAAE
FERADW(Fig. 10 2EXEr e L, BRAEICEITY
F=AIRE T Oy 7 a0 oM E A T, TomfldiRm
(1940) Iz = » DI % (Fig. 2). LEAEIE %?f‘l‘%?‘f"“
rEEGEOHEH =82 FEY 1 5 R EEAO NS ER (=
S b)) (e, 1984; M IED, 1998) &, EH
P a1 TR FEB AR IE A O B B ERE (Harada, 1890; A
A, 1956a; HFF, 1960a; Matsuoka, 1992) ORJIZHeEN T
5319 % (Fig. 1B). METFERH S CREAE SIIWERAGRIC
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rinosu Group.

Keywords: Aspidoceras, Hybonoticeras, Kimmeridgian—Tithonian,
Naradani Formation, Torinosu Group, uppermost Jurassic

HHH KM, 1984), FEEERH DR HHIT L RN & Fik
BARARICH D EHEE N TS (Matsuoka, 1992). £/,
ERERL, CRAEOEMIC—EEE, B OBIR
THIRD EHZABNTND (RAT, 1956a; Matsuoka, 1992).

LEABIE, DIRGIKAETO Y ZIZEETNDEENS
HFEY 292N as 7N 7 B ICRb X7
(Tokuyama, 1957, 1958). #IZ, APCET 0w 73 EME
ERBREN, HEOWEEN SET DERtAaIck->TE
MPaTRF VI AT =T AT —F A w7 )
IO TR I N7z (Matsuoka, 1992). UL, GlRET
0w 7 Z2BRWTERBEN S IIRELAITRE SN T
W,

—J5, “BAC OEBEERR X OMNEIE, ERoOMEEIC
S TorAT L ORK, 1956a; pHIEHD, 2007), S EIE
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Fig. 1. Maps showing fossil localities of the Naradani Formation, the Torinosu Group, and equivalent units. A, B: Index
maps; K: Kaisekiyama Belt; M: Mitoda Belt; T: Torinosu Belt (tectonostratigraphic divisions by Kimura, 1956a). Open cir-
cles: ammonoid fossil localities; open triangles: radiolarian fossil localities; 1: ligamori (Iwameji Formation); 2: Kaisekiya-
ma (Iwameji Fm.); 3: Iwameji (Iwameji Fm.); 4: Ohtoge (Torinosu Group); 5: Nagatake (Iwameji Fm.); 6: Taroda and Shi-
roishigawa (Torinosu G.); 7: Naradani (Naradani Formation; including Locality 1 discussed here); 8: Torinosu (Torinosu
G.); 9: Mitoki (Torinosu G.); 10: Kambaradani (Torinosu G.); fossil data from Katto (1982), Sato (2005), Aita and Okada
(1986), Matsuoka (1992), Matsuoka and Yao (1985), and the present study. The distribution and division of lithostratigraph-
ic units is based on Kimura (1956a), Katto (1982), Matsuoka (1992), and Wakita et al. (2007). C: Locality map from the
1:25,000 Sakawa and Choja topographic maps published by the Geographical Survey Institute of Japan. D: Large-scale map

of the Loc. 1 fossil site (33°28'49.10”N, 133°14’40.15”E).

NS B 2R (F A DT -F T )
ERTT VA MEGHHE ST 5 (Fig. 1B, OHI;
Sato, 1962; *H, 1974; £, 2005). Z#HIZx L, Ma-
tsuoka (1992) 13, MEHbAEFICE D EARERH 200 1
DY 2 7 %-TFHATER G b7 N F T >
B ICxted Bin e, RHLERIZLT U BMERIcB W T—&L
T, BRI~ FIHHC S D AR ORFUR LD
HEZISICEDDITE, £TEBEOBNXETFEILN S HE
IR MRAEDOE VT & /1 RMUa 25T, ikt
Al ERE LSRR EFRETd 2 e Ea->T
W5,

EFSIL, INETRELANFESN TWEN ST EER
[BORXEOWEEFNS, REBP1TIRERTTAE Rt
FARDY E /A MG EHTZICHER LU (Fig. 3). D
R, CERENSHEHLETY DT /1 RORTRMRUIER

JEREEY 2B /A ROL 2P EHSMTEET 2 ATREMEDSE
{&>7/?dT, by

o H O OB

=1

LRAER, BBORER N60-80°W, R 40-80°N
DAL EAL TS %, 7272 UFILB KR DU /N
P, WITNDITKD EBONDMI L /IR L A 5N
%, M ONEEER, BRI LA OSRER OB
BafRIZ, FAEHE TR R R D/ OB TE /.

LERABIMREE T EREL, GHICEKDTEE FE
&, EEREICXrEng. RoEEES ot EA (Fig.
10) T 430 m & ffED 5015 (Fig. 2).

THEIZESA 120m T, BHITHEEEY L1 Mba
EREREJEEDEEN 5120, 2EE L THEESTHS.
(SIECEISY ghA Yl

- -
—
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Fig. 2. Standard stratigraphic log for the stratotype area of
the Naradani Formation.

FEEIZEZH 170 m T, BHICKKATES, BLUKE
RS SR EOEEN 572%. TR AERED,
FHIIEPEBICIZIS ENDS KD, WEREEE S
2%, RO Loc. 1 15, 2RO _BE G RY
FICRC>TY &/ A RMufaizES % (Figs. 2, 3).

LHEIFE S 140 m T, BEREAREZFARSL, i
KL~ MRS A 2 5. JEEHICES 2-5m, B 5-12m
DIREGIRE T Ty 7 %238, GICEIIRERREY & e
W& &, “Rhynchonella” tamurai Tokuyama %5 @ i &
AR —ORIEZES S, ARET7 0y 7 ORI,
IR UWIER AT > TR E,  RERERE DAY o § HERGS
BEEODHONH D, —F, HEEEIFHEHART, Ak
FETO YT QAP L TEHL THW2EE0%2 0 (Fig.
2).

1. Eb

L REAMER WO Loc. 1(33°2849.10”N, 133°14/
40.15”E; Fig. 1D).
2. B%

L B EROREIK B
3. ERK

WaleaaEMcid s SN2 aBEREN s —HAla &
EBITHERT S, MAEEERZIESHN30cm DL > RO
REERE T, /AMERFTHYT, 51249 150 em #ifki L
TRRICHEENTE AT 5. BN AMbaBERE O SE L
PRMELT, MY '/ AR, KA, REYZED
BT TIRICERL TS, BESecm LY >/ A R
fEARIEI AL L T 373, B 2 cm BAT OfEKIR AN
RESN TS, “KHEIESE 1 cm LA EOEENZ WA,
R EL T2 D%, KRELEMDN TN TRYRS S DN
2. S -5cm OMEAR EDMEMF AL EIZE N
2.

fEEEO RITE, Mo )L NEIRENERS. 20
Hordeaiddel, —HE, B BH, vy, B
PR IMRETICEET 5. “HEIZESR 1 cm BLFOfE
RN, LA DBRINRT TNDHDNL NN, Ik
LCwrsy, B 1-3 cm OREY A, JER & AT I8
FLTWDHENH 5. HE 1-3 cm OEIREENENIC
Rons.
4. LAE

2O AE KT ARY >E /A R Aspidoceras
sp. & Hybonoticeras sp. \ZMA, —HEHD Corbula glo-
bosa Tamura, Nuculana(Dacryomya) stenodolichos

Ve T (Fig. 2).

Kimura, N.(Praesaccella)erinoensis Kimura, N.(P.)
yatsushiroensis Tamura, Grammatodon(Grammatodon)
takiensis Kimura, Protocardia tosensis Kimura, Opis
(Trigonopsis) torinosuensis Kimura, Parallelodon koik-
ensis Tamura, 3 X O 2 3 D “Rhynchonelld” tamurai
Tokuyama 23 9 %, HEHIRED) L 7=4 75 kD S 5,

—#H C. globosa Tamura & N.(D.) stenodolichos Kimu-
ra b %<, TNETN41%, 30% &5 2.

5 &%

N7 /A BPHAEZERET AR
Maeda (1987) %> Shigeta et al.(2009) IZ& > TRIN/2E
NiRHEEY P LA OERELSETBO, W70 s EiE
N7 M7 B OREIRZR L T s, £40E, 7 2E
A MEA &L EBITERAEN SFEH L/f_#?BZEﬂ:EﬁO)E
Rk, BREHBIUZOHEYHE (7LJ\I*|0)§|§£(¥EJE S
NERGRE) »SERT 2 A AARORKITEW
(Kimura, 1956b; Tamura, 1959a, b; 1960b, 1961; Haya-
mi, 1975).

TR/ A MEEDORE LR
LRAEPHORENSE (Loc. D5 a5 kDT >
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Fig. 3. Uppermost Jurassic aspidoceratid ammonoids from the Naradani Formation. A: Hybonoticeras sp. (KUM.
GM.2012001), ventral view of a fragmentary body chamber; B: lateral view of the specimen shown in A; C: Hybonoticeras
sp. (KUM.GM.2012002), lateral view of an immature specimen; D: Hybonoticeras sp. (KUM.GM.2012003), external cast;
E: Aspidoceras sp. (KUM.GM.2012004), ventral view of a fragmented immature specimen; F: lateral view of specimen
shown in E. Arrows indicate growth directions, and all specimens illustrated here are from the Kyoto University Museum

(KUM) collection.

B/ A MEanEH L. 283N T s REER DN
BEWIT, BEKIRESOTOERN, LML, BOF
WRLEMOREYA, HEVBNEFEEZZITTICETERINT
Wa7w, GEKRLET ZAE R I AR 4 EAIZDNT
i3, HEEICEL )L ORENIHETH S (Fig, 3).

1. 948

Aspidoceras sp. (Fig. 3E, 3F) ld R AR DHFE D —HB
T, K<ENTMERERIA S AAEHOEEZRED. AV
DJEFHD S MEEIZNT T—EER L TN S RIES 2 RiiMEY
DREEMRAED, AR EEIROHIR A R ATF
95 (Fig. 3F). 1 NIFREITHE> TR T 2 F|0ZEIC
ML, Zo—Hi3RHIRICHET 2 EABND. —TF, 1R
DS OBEAMIRERZRVWTH O FELRN. IR Sidn
IID Aspidoceras |BDARFRERKEOTHHEATH S
(Zittel, 1868; Arkell et al., 1957).

—%. Hybonoticeras sp. 3, HRMFERD X TIMHISL
(Fig. 3C, 3D) &, 2 & DDk =724 HEO K (Fig.
3A, 3B) D 3 EARNE S /2. W B IRBRIZFES THi
ATBOWHEZ RS, NV OREF~EH /T THOTNTEIR
L5 S ki < JE 9 % BHIR /R Fbh & 57 A D28,
AV OB X OREE OF EizinT R%EET S (Fig.

30). BRET 21N, EEFEL TRIE O AIHELL,
A ROEEIIEITSITRDD, A REAKILDEI<HEET S
A% % (Fig. 3A, 3B). HAORBIE, BHHICHEN UF
Wil DN 1 LD ZETHY, I Hybonoticeras &
DT BH % (Fig. 3A; Breistroffer, 1949; Arkell et al.,
1957).
2. 9 - B

Aspidoceras |& & Hybonoticeras J&13, & ®IZTF Al
Hitel & HUOMT R ER O O > R T KEERGD N 5 KR E T
AT TV )—7C, —o v\, 7 7Y
R, RTHZATIV, FH, > ROy FH), e,
BEUOHKDOE LY 2 TR0 5IE<ERHT 2 (Arkell et
al., 1957; Krishna, et al., 1994). Z® 55 Aspidoceras
B, mbEA Y 7 AT r—F 1 7 UBEDSERISRERE, B
KOAy FHIL NS PET 5877 (Checa et al., 1986;
Krishna et al., 1994) ZFk<, mEERRN M D H#— -5+
DAY DT NSRBI T % (Callomon and
Cope, 1971; Schlegelmilch, 1994; Zeiss, 2003), #lAIX
RIEDREMMDVEDTH S A. acanthicum (OppeD) IZ& >
TEHK SN2, HHFEH X O - EEF > AU
DT RO LA Th D (Zeiss, 2003).
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Fig. 4. Age-correlation chart for the Naradani Formation, the Torinosu Group, and equivalent units in the Sakawa area. Bio-
stratigraphically determined sediments ages are plotted according to tectonostratigraphic division (Kimura, 1956a; Wakita
et al., 2007), with fossil data from Tokuyama (1958), Sato (2005), Aita and Okada (1986), Matsuoka, (1984, 1992), Mat-
suoka and Yao (1985), and this study. Area numbers (1, 2, 4, 5, 6 and 10) are identical to those shown in Fig. 1.

—75, Hybonoticeras JBDPEHIL, T F Agisi o+ >
AU DT —F b T BEBAUTE O EE R RO 5.
BIZNE, AREOEFE @ H. hybonotum (Oppel) 13, %ﬁﬂlﬁ(
NI DT =7 > B FER D Raib ik & U TR < 72
1T % (Schlegelmilch, 1994; Schweigert, 2000; Zelss,
2003). ZDED, IR D TILA B B OBZEh
ATEHIFYE - Y I EDOE T 2 a > T, REIFF A
Uy 27 —F 2T CREESME S R ERT S 2
EMMHIS TS (Caracuel and Oloriz, 1998). DL %%
&9 % &, Aspidoceras sp. B & U Hybonoticeras sp. ®
PEHICED, CEREIREHE 2 IRGF A v T
—F L7 B Tt aTREMEATE . Z OfEERIE L
W bGEFORm(E Yy VAT +—T 4 7 >—F 2 A v
27 M Matsuoka, 1992) EBBEIGERFINTH 2.

Z

7 AE Rt T ZAROERT, #UsrTIEd 20 HARE RN
5BHH 5N TS (Sato,1962; WH - 5w, 1983; 1k,
2005). #1ZVE Aspidoceras J@1%, HEHAEED / RE
(IEAF, 1950) R FES - H/\EE (Sato, 1962) 7»

=

==

ENTW5S. Hybonoticeras J&\S, Bl - S HAEEE ()
(Zn, 1959; B - #rhd, 2004), AHESHRTERET IR E (1

B&1ED, 2005b; Sato and Taketani, 2008) 35 L UVEE &
(2% - 7KEF, 2004; EHEIZHD, 2005) D SMEIN TN S,
L, BRBEBHBLUOZOMYENSELEY >E /AR
{EEOHFITIE, IEfERPE S EFIE AR TH > 72
0, EANKRINTWEND/20, EAROFENAIHY

BN ULIXUIEH 5 (ERE, 2005). TD7=8), BB~
FHOT > /1 MEAEFIZOWTIE, #%3LHEAAA
MR INTHE ST, FEE DL <HEHOMAIZHE D
FEARDEBENIAE > 72 (04K - KEF, 2004; #2#E, 2005).

—7%, Matsuoka(1992) 13, KEbA 2 & £ 9 L b
AITEORE A KD 725 L BRAE & Wik AR O HEREY ©
b2 EEZ, EFORMBAICEDE P2 I7RF v
DATH =T AT o—F AU w7 VB IR 72
Matsuoka (1992) IC X5 LEAEORRIL, Y2 /AR
fEEICH DS AHEDIER (Fo AV v P T o —F hZT >~
) &L SXTHBBORFAMNLED, DI (Fig. 4).

= 512 Matsuoka (1992) 13, itz d SIS HE
Bk E D 2 FRAND S Hlfaiil (F =7 >N T
CEZTF UMD EHEEL TS, ZORRIL, BEERNDS
FETHT A RORTIRHMU(F A w7 o—F b
7D EEHETLZHO0RRHL <, MFTTERITIE—HK
LTWiaWn(Fig. 4). ZOXS5A—3E, 1) EREHBX
VZDOMMEDOT > /A1 Rig, FEBEIC :I%’E%éﬁ(@%ﬁ WSy
PINTHMT B S EIFIEMBEFLIZ Y RS ERL T
52 & (Fig. 1B), 27 > E /A MuBED5HE - MEDRE
ULNEEHEITH TH 2 Z &, 3) b ald, BEXER»
ENNDERBHOY B /4 RMEAGEbEOHEFELRVWE
O, MEDIOAF v 7T <nWZ e, BED3 A
MBBRIFEKNEEZEZSND. Lizn>T, KE{LAZEET S
HEORAGRICDWTIE, 98, T 5ITHRIL Thaiidz
5720 (Fig. 4).

TOEIRMOF T, BREHOE T L3NS LER
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J& DR R DR 5 Aspidoceras sp. B KT Hy-
bonoticeras sp. BWE5N/=Z LIFEHETH S (Fig. 3). Z
DALY, CERBIIRET2IRF AUV DT
D—F RZY VB Tt E NS e E £ o 7= (Fig. 4).
I5IZ, SREOFERIIRO LS BEEEIGET 5. IhE
TEREAEIZ LY 272 MHAEROEEEHOET
I FLIC =2 HETH D, LEAEOHREZRICHIERIE
WICHERL L, BIHEONA 4N\ — LGRS %2 R R EREDS
HREL 7= &5 A 51T &7 (Kano, 1988; Matsuoka, 1992).
UL, “F&ESnNsEREAEMSENLEY >E /AR
ORTHRGF oA D7 o F =7 M) &, "B &
SNDEREHNSFET DY T /A ROL O INHLENC
BHELTWSRICERT 20805 5 (Fig. 4). $72bb,
7 /A MeaEFOREN S5, CRAEES
BERE ORGSR TERNE WS RERAE SN,
INETHIEFEHOR LIE CEAREIT, FRFRAHE
RIZH 2 EHEE I N TN D (Matsuoka, 1992). FRIOT—
ZIE, ISHI—HEHAAT, CEAE GEERENR @A
Matsuoka, 1992) &S BEH (R 12DV TH, Aix<
& B —HIIFERFEAABIRIC B > 7= D TIEAs W E W S FEER
HONLTHEND ZEERLTWS., LENST, 5% LE
BiEEBREERORFREGRZEFL < BRETT 20805 5.

£ & B

IR K2 5341 B & B g O 7 500 &,
KLY IRERT2MEOT AL R I ART &/
1 ROCGEFA L. ZD S5 Aspidoceras I&8l%, 7F
2 D LB 2 T RN S B EICHEL, Hybonoticeras
JBIEFRIHIRDF > A » D7 >—F b 27 CHESIRL AR
T2 79 THS. INSOIADERIZED, LRAHE
BER LIS 2 TR F A v 2T —F 2T V) I
ENDUREMEDE V. CORGEMIE AT & BB
PR TH D, INETEERREIL L2578 - T
HElRSRERHOEFH T ChsHEEEZSNTE
. LU ERRENSELLEY & /1 RORTRHME
&, SEEHEY E /1 ROL P EHSMNTEBL, 7
2E/ A MuanSIEmEtAEF L= b ORMUEITERIT
Eiz, L= T, 4% bEAEIBRBEHDRE
H I FARRARRIRICH 2 E WS ERRHZED, WaH
JEFF1=w b ORFERE RGO 0ERD 5.

&t 33

AR ZEFTOICHIZ0, EAIKFEITHE R BT B R
EBLVOMELGOIT TS EIXREHZ 20 2E0n
7o, RSz (ERED, #ifR MEANPEX), REAKEA(A-
PEX) &1+, REKFHEEHESHAEEIR BLOEE B
K2IZLOHETHHEERFOT VE - EIOH LI, i
fil i CTARFZE OMIERE Tilti L CWa 2 &, BRI RS
HEZEEW >z, RARFMMEXE BRI U2 HDES
BHRBEN S W W RN THCENS, EekET 5 L
TIEHITENL S To. TUREB R R 25 DA ZE = 7

& B IZ 0

2012—11

TRITIEFR L DR AT CREBMIERITIE o /2. FIREH
(EESIRYE S EYERIENOL N/ (£ MBS 2 () =V at Ja g
R L Cwh/efen/e. b ZITE<HHLH L BT ET.
ABFFED B O —EISTRE A BRI AR 7 B i) 6 R
7%(B), No0.24340129] 2l L 7=

X ik
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