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Ammonoid biostratigraphy of the Nishinakayama Formation in the Toyora Group
exposed in the Nishinakayama area, Kikugawa Town, Shimonoseki City

Kentaro NAKADA
Oishi Fossil Gallery, Mizuta Memorial Museum, Josai University, 3-26, Kioi-cho, Chiyoda-ku, Tokyo 102-0094, Japan

Abstract : The Nishinakayama Formation, the middle part of the Lower Jurassic Toyora
Group, has been known as one of the most major sources of the Early Jurassic Mollusca
fossils, especially ammonoids. The ammonoid biostratigraphy with the detailed international
correlation was recently reestablished along the Sakuraguchidani Valley, the northern North
district of the Toyora Group. The aim of this study is to discuss the ammonoid biostratigraphy
in the Nishinakayama area, located in the southern North district, on the basis of the revised
zonation. Three ammonoid assemblages are recognized in the study area. The lower assemblage
(KNOO0301 assemblage) seems to be corresponded to the Canavaria japonica Zone (the
uppermost Pliensbachian), and the upper assemblage (KNOO0102 assemblage) is compared to
the Harpoceras inouyei Zone (the middle Lower Toarcian). The ammonoid faunal associations
and their stratigraphic transition have been also recognized in the Sakuraguchidani Valley. These
evidences suggest that the revised ammonoid zonal framework in the Sakuraguchidani Valley
enables to be applied to the southem North district of the Toyora Group. The revised zonation
with the high versatility in the North district will contribute to the international correlation of the
Early Toarcian (Early Jurassic) Oceanic Anoxic Event analyzed in the Toyora Group.
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Formation, Early Jurassic
F—D— B 17U A WA, TR, SER, e, Vs
et

LI
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A DERT 5 2 & TH DI, < D Difkx el AW FRORIFSEA 72 ST & 72 (Yokoyama, 1904; FAAS/NEF
1947; Arkell, 1956; {2 , 1956; Sato, 1960; 1962; Hirano, 1971; 1973a; 1973b; Tanabe, 1991; Nakada & Matsuoka, 2008; 2011) .
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1962; Hirano, 1971; 1973a; 1973b; Tanabe, 1991; Nakada & Matsuoka, 2008;2011). i#74ETld, Nakada & Matsuoka (2011)
&0, AL PR AL E S AR AL — MCB W TRENR T > /) A FAEBFR Dy O L Z O[E
Bt e S, Linl, ZOHRARF RO AN — FESNZBT PRIV TIE, +
\CRRRE S T2 SISV,

PLEOREL P23 T, AEBHISEEERIC &72 2 15 ILHIX A O 1L IRGE 34 SHHAWICIN T, YRR
ZEA AL L7 T868 2013 450k~ 2014 4EWIEEIC AT THME S, EHlEREORT-/2BIEN B H LT~
AFRTIE, TS OFTREBIC RV THTE S - BT FRRET 21TV, Nakada & Matsuoka (2011) |23V NT
RSN 78T 8 7 A RAETBRFR Sy OABHBSETRIC 1T APLATEZ W TRGEET 5.

HhEARER

EHHERE SRR AHIIEIE, K8 (1920) A4E3RIC Kobayashi (1926), /)vbk (1930), il (1938), #AAR-
/B (1947), Hirano (1971), Tanabe (1991), Nakada & Matsuoka (2011) 72 K2k VeS8 CT& 72, BRI
LRV RESE, vEhLE, SEPEO 3 BIZR &S (Kobayashi, 1926). ABEHE TR OISR (X
JVAREHERD SIS D LIMETEL, Eo AECRBIFERHCIIAREA CHES NS  (Hirano,
1971; Nakada & Matsuoka, 2011). Hirano (1971) 35 4 U* Nakada & Matsuoka (2011) (& LZAUE, SEBFEIE 4 #BIC,
WL 2 EEl, BRI 4RI E T SN, T A RMEAERILE FERORO AT
A (Hirano, 1971 123317 5 Nm ) L0 ZEET 5. FHAHE ©& 2 v (L X 305 1 L g oz ¢
BV, BEORIEEERE NS < 4349 % (Hirano, 1971; Tanabe, 1991; Nakada & Matsuoka, 2011) . £ A TEEEREIE,
IV NE~HE T RAREIC L > TIBREN TR Y, HATEHO mBEFRH P~ I W Tl IR
5% (Hirano, 1971; Nakada & Matsuoka, 2011; Izumi et al, 2012) .

AFWTIE, Rl 34 BRMAVNCHTICEM Lz 2 %P (01 0 Section 2 35 L T3), BILUYFA LY Section
2 O EF WD THIZHEE S EEER VO (X1 @ Section 1) (23T, 2013411 A 14 H
~ 16 BT CTHUE AT ONAC A IEARERE 21T o 72, AR D 0 TEa iR, T
HDHREARN— MIOART HAEE & AR SV NE~R B ROTREIC L > T E 5. KEIZIE
NE-SW £l « NW HRIOEIRWEGE 2 32545, 1R ILERAS5 036 J 08 Section 1 JE1IA TIxZ o/ N2
RS RIET D Z LIS K> THIBOEBRAREZE THH Z LD, FHEHIRITHIC T 2 Wi 0 /i
PHEHIEND (K1), KRB WTHST L2 37 3 a URICEWT, BiElc L 2 g ottt o kanse
M0 K LIRS e o7z,

WERIREELER

PR RV TR L 72 ARR KB L OEH b A 2 R LT L U F v — M, 3BV TRIRT 5.
£/, HEBHEOEEIZHOWTIEK 2 1TRT.

Section 1 (K 2A, B; X 3)

[ ] ARICBOTRERTT-723 827 ¥ 2 Y OP TR AN ENIAET S E 52 5. 2R
21, TR R 0L NERARAIC L OERESND (K3). o2& va s s &
ATHEBRDFENE L <, BRI VA T IS e DS 5. A THEBARET D EYEIC VT,
AL UT-AE R s LI LIS E £ 5. B 1 mm DU T OB Sk 7- 2 b &te
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aerial photograph of the study area, (C) Map showing the outcrop localities of the study area.
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~ ¥ (Nakada & Matsuoka, 2011 {23317 % Dactylioceras helianthoides #~ Harpoceras inouyei 5 F#FOOFH4SfE)
AR EFEEIT D (zumieral, 2012). Z OFFERIZRBYUEL, HEFEAR) - HIERLZAORMGHIFE D%, Toarcian #)
DOUFERRSREL (L%, OAE) FICBWTHREL/ZEE2 5N TS (amietdl, 2012). FEHEAIZES
< ABFERIR (1) OFEFICHONWT S _LROEA L OFE R L IRATH 5.

[EHER] : Atr v icBnTil, BEHO2BHLY T E /A MeaOEHSHELSNZ (X3).
THLDPEHBUET & 5 KNOO101 7> 51, Cleviceras chrysanthemum (Yokoyama) 25EEH LT\ 5 (K 4.1). —7,
_BA7.00 KNOO0102 725 1%, Cleviceras sp. cf. C. exaratum (Young & Bird) ([X]4.3) 35 X O Lioceratoides matsumotoi
Hirano (X 4.4a-b) DOpEHI RS-

ARV TIE, Section 1 IBE O3 L ER SN2 L0 EH LzikifiEim b a iz >\ T L i
TOHREENRGT 2 T o7z, LR L 0EN Lz 8 ERIZOWTIY, R st iz ZE-3 < FEHE D
HEZIT -T2, T ORERE, C chrysanthemum & [FIE L7122 485AK (9 B THEEARIZOW TR 4.2 (2 TRIZR),
Lioceratoides yokoyamai Matsumoto) & [FlE L7z 1 1A, 35 & O Dactylioceras helianthoides (Yokoyama) & [F]7E
L72 1TEEAR (X 4.5) 1220 T, Wiy P TEERR L OVEHRm VAT 7o RIS L < HR L, kL
TR & BB ETe L NEIES &0 D REE O EORFBICE-S %, KNO0102 L 9 sEH L7z & H#Ell
s (X3). 723, C chrysanthemum & [FE L 7= OFG-MMO0002a fE4% (%] 4.2) 12OV TIE, WAl o —
I HREGRRDOIRAF DR ST,

2. AEHEE

(A) Section 1 M2, (B) Section 1 @ KNOO0102 {HEM#EEEE, (C) Section 2 M EEEE, (D) Section 3 DFTFEEE.
Fig. 2 Examined outcrops.

(A) General view of the Section 1, (B) New outcrop around the fossil locality KNO0102, (C) New outcrop of the Section 2,

(D) New outcrop of the Section 3.

12



TETHNETBERLBRICHFT SRFERHAERUEICES 57V E/ (1 FEERF

0 - =
£ 5 3
o & &
- N ¢ g
Section 1 TS
" 2s| 8¢
0 N =
Es| =
E 3 3
g 2 S
.K.N.QQ!??...OZ‘..... @~ O----- U, ») g
E 8 T 3 >
$ %83 2
S
§ 3 g S -
X £ x < (7]
@ © SR ©
O g » © o)
N (7] O < [&]
G g T @ o
s § £ 3 Legend e
« "(E (!E o ©
7] S [} S
g 8 8 =S L
g & 8 3B E Laminated mudstone
€ 3 7 3
K Q T N c
) Mudstone with 8
weak bioturbation
ol o P S 2l B ©
£ Mudstone with 1 &2 =
S SRR strong bioturbation €
5 I
< ¢ Pyrite o)
S Y < =
3 %)
2 Claystone g m
S Siltstone o (-]
@ . =
_g @® Ammonoid from outcrop *g
E.» O Ammonoid from float =]
o - e
Section 2 O Bivalve from float
[2])
S== =
S @®
NAAAAR N Q.
o 8
NAaaTaaAS| =
S 5 <%
S 3 a
S § =
o 2 ©
SN S o
TOETERTees © g
Q 73 GEEEEEEL EEEEEEE
s 8
S==== & g 8
= =
Section 3 § @ g
————— g 5 8
© (&) 3
< ie] oy
1m 5 3 ¢

X
'z
0
=]
i€
oc
N
o
a]
Y

Canavaria japonica
Pliensbachian

LAEHMEOBEERREE I VT v E/ A FMEREOER LD

TUE/ A FERBFRS B &K URER 2 1E Nakada & Matsuoka (2011) 12k 5.

Fig. 3 Columnar sections and biostratigraphic successions of ammonoids of the study area.
The ammonoid zonation and the stage boundary follow Nakada & Matsuoka (2011).
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Section 2 (& 2C; & 3)

[BH ] ARFERICTHEEZIT->723 B2 ¥ 3 2BV T, Section 1 XY FAZAD Section 3 & ¥ LA
BTDEEZLND (X3). BMHICOWTIE, 2RI E Lz 2v NEIRE SRS T 5
Wb, Fio, EWEELIIR > THESEDNIRET DI T2 M7 5 Z L 3T, AR FHCHBT 5K
7V a U FEICBOTUIZOREBIEE TH D (M 3). LA IHTEE A LR,
[EHRER ] A7 v BT 20 ba DEHITER S ien o7

Section 3 (B 2D ; & 3)

[EHE]: KRB\ AL T2 387 v a v HCidd PMUfET2 EExod (M3). K7
T a AoV, BTSN EBT 5L MERAIZL Y, TENIATERN ST DR R
AR VR T ORD (M3). EEOI NV NEIREREIZ OV TIL, Section 2 24T 5 2V MNETRAS &
KT 53, AKvr s a T 5 v NEIRE DI AV EYABELICIN » THRET 5 kAN L 0 Sl
DACHE ZHANT D Z ERFRETH B, AL LTAEM T IZ OV T, Section 2 D 3/L MNEIRE & [FAERICIE
EAEEEN.

B, AT Vg HERCE DA EORIT, B0V — Mo TO T DREOSTEEEE T (Nakada

& Matsuoka, 2011 (2331 % Canavaria japonica HiHH4E) DAFICHERIT % (Nakada & Matsuoka, 2011; Izumi et al,
2012). PEMT DT A FEABELE VT ABTFFHIRELORER (Bid) 120 Th, ZoafExttt
DFRERITIEENTH .
[ERER] : A7 v a v oBEN O, SESAITER LTy, L, EilRofEd: (Section
1B L3 L 0es) dlv e L-iEEimba 4 BEARIZOWTIL, AL > TE L BET S
AL & W o T aH EORHKICHE S E, AtV T3 v EEoO KNO0301 EgHEL v EH L7525 (K
3). ZHHOERIZOWTHEFNIMN ETo 7R, 2B 2HOT7 VE /4 MEABIOLE 1D
"Bk AEER L. MRS NT-DIX, Canavaria japonica (Matsumoto) ([X] 4. 6-7), Lytoceras sp., 3 L
Pseudomytiloides matsumotoi (Hayami) (X4.8) TH25 (X3).

4. F\PILMR GREHE) NICELT HOREESMELYEL L-RASMILER

1-2. Cleviceras chrysanthemum (Y okoyama), 1, OFG-MMO0001a (KNOO0101 Z#£) ; 2, OFG-MMO0002a
(KNOO0102 [B#e & V) it L #ERI S N B857). 3. Cleviceras sp. cf. C. exaratum (Young & Bird),
OFG-MMO0003a(KNOO0102 [B#£) . 4a-b. Lioceratoides matsumotoi Hirano, 4a, OFG-MMO0004a (KNOO0102 B #£) ;
4b, OFG-MMO0004b (KNOO102 B#£). 5. Dactylioceras helianthoides (Y okoyama), OFG-MMO0005a
(KNOO0301 B & ) iR L #HERBI SN B85R). 6-7. Canavaria japonica (Matsumoto), 6, OFG-MMO0006a
(KNO0301 B & Y A L RIS N B85H) ; 7, OFG-MMO007A (KNOO0301 B# & Y {44 & I S h B8R
A). 8. Pseudomytiloides matsumotoi (Hayami), OFG-MMO0008 (KNOO0301 B & Y #tiG & RIS DER).
TRTOEBERADNEREARBERZKARSEYERALEY v ) —IE.

Fig. 4 Mollusca fossils from the Sakuraguchidani Mudstone Member exposed in the Nishinakayama
area (study area).

1-2. Cleviceras chrysanthemum (Y okoyama), 1, OFG-MMO0001a (KNOO0101); 2, OFG-MMO0002a (floated rock,
corresponded to KNOO0102). 3. Cleviceras sp. cf. C. exaratum (Young & Bird), OFG-MMO0003a (KNOO0102). 4a-b.
Lioceratoides matsumotoi Hirano, 4a, OFG-MM0004a (KNO0102); 4b, OFG-MM0004b (KNOO0102). 5.
Dactylioceras helianthoides (Y okoyama), OFG-MMO0005a (float rock, corresponded to KNO0301). 6-7. Canavaria
Jjaponica (Matsumoto), 6, OFG-MMO0006a (floated rock, corresponded to KNO0301); 7, OFG-MMO0007A (floated
rock, corresponded to KNOO0301). 8. Pseudomytiloides matsumotoi (Hayami), OFG-MMO0008 (floated rock,
corresponded to KNOO0301). Every specimen is the collection of Oishi Fossil Gallery, Mizuta Memorial Museum,

Josai University.
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TR/ A FPEBERIOEREZDES

RO TE,  BRo X O I BB AL SRS O W LI IZ RN T, 33— DT | A R
MEETHRT AL TE.

Section3 _F3#i¢> KNOO301 JEHAEIZ I\ TR S AL/ T 8/ A REEE  (KNOO0301 #E4E) Z C.japonica
I ko T S D, AT, %mmmm%WX@%%@HTéﬁﬂ%@“ﬁﬁf%b &Dﬁw~bc
VT Nakada & Matsuoka (2011) 12 L WAL ST T 5 / A RAESEFX Sy O 5 Tl Jﬁéﬂ“é C. japonica
WOkt FTEAEAE TH S, BLEL D, KNO0301 jE#E/E Nakada & Matsuoka (2011) {23317 % C. japonica 45

IRt s b &8 % 5.

Section 1 H13#8¢> KNOO101 JEH#E L W BEHL L7=7 € / A FEEEE (KNOO101 #E4E) (2 oW\ TiE, Ko C
chrysanthenum 53 1 BEARPEH L7=DHTH D (X3, 4.1). BAOpL— MZBWTE, C chrysanthemum 1%
PEHI L v sl <, Paltarpites paltus 5 =5~ H. inouyei #Hg F#E TOREHAE HAL TS (Nakada &
Matsuoka, 2011). >, KNOO101 Jg#EAS T Toarcian PEIZxTtb S D Z LIFHI 6 TH DD, Ll Lo
e HIIREETH D (12 3).

Section 1 _E#50> KNOO0102 B#ED 51X, FiRod X 512 Cosp.of. C exaratum (X1 4.3) 3 KON L matsumotoi (K] 4.
dab) DFEHMPHERSN TS (X 3). Nakada & Matsuoka (2011) (2L 2B A8 — MIBITHT E /A
RAJEFAZRBWTCIE, C sp. of. C exaratum DOFEHIE H. inouyei HHZIREITH Y, L matsumotoi DFEH L > Y
{2 TC i D. helianthoides #5~ H. inouyei #HEl & SN CW5. LLEX Y, KNO0102 E#EL H. inouyei H7lZ%f
tkEns k%?lé AKIEHE L Y OPEH I HER X412 C. chrysanthemum, L. yokoyamai, D. helianthoides (2> NT b,
RO L— MZE1T B H. inouyel #570° H DFEHMAHER S TR Y, AEHEOATEFHIRH LR RIZESH T
5.

PLEEY, AFRICHNTHEPIIR L O EEH L7-7 F /A MR, D7a< &b KNO0301 BEESs &
TVKNOO102 FEEEIZ DT, Nakada & Matsuoka (2011) ioT&DﬁW—FTﬁEéﬂtT/%/4%
HEEE ORI L OV DZEIE 5 — U L [FARROBHEMAS L O OB N RO D Z E MRS, 1o
C, Nakada & Matsuoka (2011) 2L D BEOA/L— MZRBWTHTZIAES - ERESLL SN T/ A NEE
RO, R HRR IR W T HE AT 5 Z E N FREE B X HILD 2 ERARGRICBWTH L)
Lipotz.

BERod 912, EHfERErE R L VeI A RS 2 AT B L7 BaeEY, = Tl
it Toarcian #iFTHID OAE FIZRWTHERE L7- 5 %2 H7U T % (Jenkyns, 1988; Tanabe, 1991; Izumi ef al, 2012)
Z O OAE (IR A2 HYBPERA0A XU N LB Z BT D, |7 U7 ik (MEED L T v
PO LI TR X S &Rk U7 HEREE O A AR A 305 DI Tl 5 (Jenkyns, 1988). iE- T,
BRI R AR Toarcian $ARTENZ T AL VT o VRO ST & AEYRSE OB A R4 5 E
CTHish CHEE /R M TH D &2 5. Nakada & Matsuoka (2011) (2R WTHESR S N-T & /) A RAERBFX
5313, Toarcian HIFTHD OAE (ZBHT % = D% DT ZREFIC AL, = — w1 ~HUBE O AETE TSy & DE
Bt IC FIRZ B THEF S 2. 20728, ARGmZBW ThER S A7z BT kRS 75 © 0O Nakada
& Matsuoka (2011) (82T %/ A FEBFXGOFREDL, Y%7 v/ A RAEBFROBHERL
FEH NI IS DRV ILAMEZ R T & L I, ZHE TRNA/L— MIFRE X3 C & 72 Toarcian HiRTHOH
WEEFHOREATICRE L, SRR s I A kI 5 & L 7= 2 ARG O FIREE 2 7R/8 55 L\ 9 A TR
FRNEEZD.

Hirano (1973b) 1%, EHHEREALEIHLSNICIIT DT /) A FEOSHICOW TR EIT>TBY, Ef
[ 13851 2 33\ VT 1 Fontanelliceras fontanellense 45 (Nakada & Matsuoka, 2011 ¢ C. japonica 5~ P. paltus 45 F#B) 1
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SAALRNE Lz, UL, AFlcdsy T C. japonica 11 DA AHERR S22 LIZ LY, PEHLHIKALZ
F\U T C. japonica #i~ H. inouyei #7 £ COME L7127 ¥ v a VAT D AREMEIVRIR S D Z LD,
TIEFRIH Lo A% O HE AR A IR S 5.

#

A EED HICHT Y, BRRZ VORI 20— U7 LA O) B LT F AT O AT o 1S
MOIEAR « BEORMIIED FTREL L D IRAZ W, 1S TERASHO FTE—E AN E
ZIILO LT HHGHYEHEOERITIL, LR THEARO T TOANRHEI S0 TBffE V2, 1
HEBUZN TOFE~D ZFFA] - T2 izr2viz, RIS RO HA TR & ONCE FfE— RIS
(THHFHE P OREET 2 TREN W, EEIE IR RO SRR 1L, AR 2857 28
FEZHNTE N, RO kL, BELELEAR L RITFET.
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