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Abstract: Paleontological researches on the early Toarcian (Early Jurassic) oceanic anoxic
event (T-OAE) have mostly focused on body fossils including marine microfossils. However,
marine trace fossils, which are important for understanding the paleoecology of trace-making
soft-bodied marine benthos, have relatively less been investigated. Therefore, in this study,
stratigraphic variation of the trace fossil Phycosiphon from the Lower Jurassic shallow-marine
Nisinakayama Formation of Toyora Group, (Shimonoseki City, Yamaguchi Prefecture,
southwest Japan) was investigated. The negative excursion of carbon isotope in organic carbon,
which is the diagnostic feature of the T-OAE, has been documented in this formation. As a
result of our observations, the abundance of Phycosiphon from the T-OAE interval seems to be
lower than that from the pre and post T"OAE interval. Furthermore, smaller Phycosiphon seems
to be more common in the T'OAE interval. However, because our observation are preliminary
and qualitative, more detailed analysis is strongly required to quantitatively evaluate the benthic
responses to the T-OAE.
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TW% (Jenkyes, 1988). 7=, ~7 /L7 U HIOBAESPIIXREFRNAL (6°C) OB/ AR
FENTEY (Kempetal., 2005; Hesselo et al., 2007; Al-Suwaidi et al., 2010; Izumi et al., 2012; Them et al., 2017), fRFEIE
BRSO EL S N2 Z L 2R LT, E 512, T-OAE [T L7k & oS mhi g, SHEoire/E
WS U CHERAE A2 MIE L2 2 L3 ST % (Morten & Twitchett, 2009; Casewell & Coe, 2013; Danise
etal,2013).

—5C, TOAE IZBJ 2WFEOREES & LT, FJHERNRMFEY 23507 bivd. TOAE OffFZEIT e —n
v FEETCEATH Y (McArthur et al., 2000; Kemp ef al., 2005; Hesselbo et al., 2007), & "CIIAFZEEL A L vy
RV BV B L, SO HIEL (X 1A) 2FE LIS, N7V T Vo7 T AEEIC IS B R
BEEENCOWTIIITET — Z DMl > TV D8, NoH T o RO T — 2 IR ZE LTS 20 )
ZEThD. T, HAEWROMEOMBSE LTL, TUEFA N THH - iR - e T 0
M & Do TR Z R & LIIRR 206 00, ARILAIZRT 20987 — & AMisd CTh7an 2
EThD. WHFERRRITKT D TOAE O¥ELIRAHNIELET 272D, M & L TRAFESFUZ W
TR OO 22> DAL SV AN DWW T OHA B ARA[ K TH 5. 2D L 5 28GR E OB M THE) L 7K
BRIAR A & L CHUB I E S D Z LD (Seilacher, 1967; Seike, 2009), 7 /L7 MO AIR LA D
WFZERIEFICEE TH D,

Db Z &b, AR TIRL PR TREMICOH T 2 T = 7 RMAE Th 5 EHifEftra I L g~ &
FEH U= b a2 xige e 35, RILEOHERSEIE, = 7 RAiE R 2 ST PEO AL e
WISHIE L CWe 2 ERHE ST D (lzumi e al,, inpress).

F7z, ERILED S I NSRBI N ADEIR LA T D Phycosiphon D3IV PE 35 Z &3
WhHENTWD GITAL, 2010; Izumi ef al, 2012, 2018a; Tzumi, 2014).  ARFETIE, FREIMHERITOR O 7 &
2 BV TE A & B AAREOREBEATY Y, PEHILEIZIST % Phycosiphon D EERIZDUNT TN
2L, x0T bERET 52 LA AL T 5.

HE R

AHRFFETIE, FRIMTEAITIC AT D Y 2 T (77U A8y 7 VHIG NS S 7T L HiRTHD
DENFETH L ERBR T ILEZ xS E LTnd (K1B,C). BRI, P L8 ORI ki) &
A LTWAS A4St 27 2 a > (Sakuraguchi-dani section) | A A HII 3R L 7= (X 1D).

BB X B A A AL T ) D B AT A D FEWUE I K o CHEALICaEI ST D8 (I, 1936;
X ID), & OLEs sk IEAE LA & % < FEH T 5 Z L TbLR TS (lEED,
1982; Nakada & Matsuoka, 2011; Izumi, 2014). EHlifE#EC B4 D AF%81, B (1896) (& & 2 HUEIE#HCT
£ A MEaOEHRE, Yokoyama (1904) IZL 57 /) A FOFEHEICIAEY, K (1920), Kobayashi
(1926) & ZZEFHIZZ < OFEFHEIFFIIOFIEM Thoiiz, S BITAAAR « /B (1947), Hirano (1971) Hi24-
THRFEIWFRN R SN CEI. SO OMFEER LY, EEEL T bR E, vwHdLfE, o
BEICX Sy STV D. FRSERLEICOWTE, FEHTAEAREEL Y, A PR R NBEICATE L
TERETH D Z EDRENTWD (WIFIEA, 1982). F7-, BEHILENDIET )4 MuahRgEd
5T Lh, ALAHIXSDHENL LTS, EHEAICIE, Hirano (1973b) (28-S <ABA#XA SV BT
BY, TALH G Fontanelliceras fontanellense s, Protogrammoceras nipponicum %5, Dactylioceras helianthoides 5 D
3HNED BN TS, L LITH, Nakada & Matsuoka (2011) 12 L » TUEAHIX D KE SN, P D
Canavaria japonica ¥y, Paltarpites paltus 15, Dactylioceras helianthoides 15, Harpoceras inouyei 1150 4 Hi3 T HLT-.
PR L FALORREE 2 A LT Y, HHIXEEZERE 325 (R, 2010). BLOARIZEN
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Figures 1. (A) Palacogeographic map showing continental arrangement in the early Jurassic period
(redrawn from Cohen et al., 2004). (B) Inset map of Japan showing location of study area
(Sakuraguchi-dani section). (C) The distribution of the Toyora Group. (D) Schematic diagram of
the north part of the Toyora Group and the location of Sakuraguchi-dani section (redrawn from

Nakada, 2014).
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TEIV ME~REEOBREJRE NI A L, HEBIZR W T S#E 2 PAET 5 WEIE), 1982
Nakada & Matsuoka, 2011; Izumi et al., 2012).  FHE~HEfE O— & HHEIZIBWTIIAIE(CA Phycosiphon 12 X
LML LTI Y, o~ LSS O —EII T TIRTATEER A ik LTy % (Hirano, 1971; Nakada
& Matsuoka, 2011; Izumi et al., 2012). VATHERL &/~ 3 fE U TIIpMbA-0 b Lot fr, o REEAs 1 mm FREE
D7 T U RA HNVEGILS R D5 72 ERHEAZE R o d (T, 2014). 72, Bk rsva v
TIXHERMEFAAIRIZE L O, REBEFINARELO LB 30 58 ST D (Tzumi, et al, 2012; Kemp & Tzumi, 2014;
Tzumi ef al,, 2018, b). [RIFZFNAREL DA FLHE T T-OAE 24581 2 e b BEEARFHLTH Y (Kemp et al., 2005;
Hesselbo et al., 2007; Al-Suwaidi et al., 2010; Them et al., 2017), #0487 & a U HFEEIZBW CRRE BSHEE S
TW5 (Izumietal.,2018a,b; X 2).

—%, At v a O TEERO EHEIIRERMRLEOZES) S — o ORI G, T
1 TOAE HIRTH DOEFMI CH D LEZ BTN D,

HRFE

ARFZETIE, BAREZ ¥ a B TIHAGIEZ I L7, BT, B ISR D Phycosiphon
DFERDIEFIEA LA THIT 5728, BEIBHEN SRS 7 VAR L. (M2).

FREC LT Yea Y > 7V, Phycosiphon O 4583 572018, £38A470 v 2 —% AW CEEm okt
U CIEE S AU L7z, RBFEDREUEN S Phycosiphon DREHDHER T 7281,  Phycosiphon O 2K 72
AR B BEET D728, & Phycosiphon JEUEZ IS\ N CIBERIA] & EA T HANCYINT L7, Z DB, Phycosiphon DFE
HBEEE S HELS &> TR B FTREME S B 720, WIREIEE Tle b %< Phycosiphon HHERR ST JEHER %
KL

JEHE & AT NS BT U 7B Phycosiphon JE2a4- > 7S, 754 v B —L 7T 2AME -V CHIEE L7-.
FFEVEZEITRIEE D72 5 5 BXFEORHERY (#4400, #800, #1000, #2000, #3000) ZME L, I A 2 & —TIL #400,
#800 ZAEH L, AT AHTTIE #1000, #2000, #3000 ORFEERS 44 L 7=,

WFEEVESESE T4, JEPhE b (W) (2590435 Phycosiphon DRIIREIEZR 21T > 77,

#w R

Phycosiphon DECE,

ROt 7 v a o bEEH LT- AR AT Phycosiphon |3 1 mm FEE TH D, TBat 7 Vo
EWE AT 5 &, ZOBRIEEIERE SR> GRS o TS bOnZW. LarL, BT
) (=JEEEH & TE ) (TR 78> TV D ORI D i o T D b o bBlgsnd. £z, 1
YTV ORI LR D &, TEEW TR S AR R TR A D MLA TEREEDS L S 1,
KOS BIE S D, AKHEm A #2395 2 & ¢, H—JgHmlIF 5 Phycosiphon DTSR
W R A BT 5 Z L3 TE 5.

Phycosiphon DBFZAL

BOnt sy a ool (X 2) »EHREH Lz Phycosiphon D& e 572012, Tesy
Y VOKEIRI O A% v S E IS L. (K3).

3A 13 T-OAE D EFHIEMENGEMN L2 b D TH Y, Phycosiphon 73 @B O JAFIFHIZ —HRIZ 04 L
TWA, HIT, HErIT (B 1mm BLE) @ Phycosiphon 3% < AFAE L TWD 2 & bERTE 5.
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Figure 2. Lithological log and carbon-isotope stratigraphy of the Sakuraguchi-dani section
with the sample horizon highlighted. (Lithological log is modified from Izumi et al. (2018a),
and carbon-isotope data are from Izumi et al. (2018a, b)).

3BBIXTOAE IO EHENSHEH LIzt o Th Y, EFHERE (K3A) LT 2 & E#En Lo
Phycosiphon DFEHBAIE DS 5T LT DTS AIRBIZ D D LRBik & 5. £72, Phycosiphon D
A ZHIEFIIVE (BRI 0.5 mm FRE) DB DONREL o T,

3C 1% TOAE # O EHWIBHEN SEEH L7 b O TH Y, TOAE HTOEHMEE (X 3A) &kt 5
&, Phycosiphon DFEHEITNE E)vH 720 b 0D, TOAE g% (X 3B) & Hlsed % L pEH=ITZ . £,
A RIZHONT D, [X3A OV 7L L AR R AR (B9 L mm 2L E) O Phycosiphon 3% < 725 C
W% (X 3D).
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(b3 % Z L SHEER S V-, JERRIE I3 % Phycosiphon DREHIRNE, IRTERE OTE) oA B i
ERIELTWS EEZBND. AW THRE LT o TAEDN DR Gk e B 55T
5 Z L IINEECH 57, TOAE HIEUED S BRI S L7 Ies o 7LV D Phycosiphon OFEHENNZ ORI D
JEMEIC AR TN EvDh, TOAE MIIIRE NSt 7 & a » OHEREAICAER L QO AR A 1T
FEMME T L QO rTREME, F720%, TS OAERENED L Qa2 "8 LD L5 b,
S HIZ, T-OAE HAfEHE X v pEH U7z Phycosiphon OFIEE ORIEIENUE L 0 FEH U 7= Phycosiphon (ZHb~C/ Vi
HLONREZ., ZDOZ E05, TOAE WA KO AR EW N FER L, X0 /O AR Ew O
FNVERRRERRE CH o722 Emd—oDa[Hett & L THEER S 5.

UbEDZ b, #ant s v a okt % T-OAE HEHE L Z OR%IEUETIL, Phycosiphon 0
FERY A ANELLTND Z EMNHER S, LavL, — RN, AERAM Th 5/ 0D~ k2%
ITENGEPH S LR pe <, ME L THEFEN DRV, BELEORELZZ T WEEZ SR T
% (i, 2014 72 &), AT, AW CRIZE L7 iE3mo TIREN TH 5720, Aanksvaro
Phycosiphon DR 8T 2 bA S L TR HTBEME D B 2 DD

Phycosiphon

L\

ilcm

Ciem ] \ [Lem

B 3. (A) T-OAE BRRTDEEEAEE (-25.02 m) IZH 5 , BEE L TD Phycosiphon
D457 . (B) T-OAE B4 (-2.16 m) I 5115 , BEE £ T Phycosiphon D5 .
(C) T-OAE Bl D EE B (46.50 m) ITH T3 , BEE L TD Phycosiphon D5 .
(D) B 3-C RIZH T B Phycosiphon DIEKE .

Figures 3. (A) Distribution of Phycosiphon on the bedding plane of the pre-T-OAE. interval
(-25.02 m in section height). (B) Distribution of Phycosiphon on the bedding plane of the
T-OAE interval (-2.16 m in section height). (C) Distribution of Phycosiphon on the bedding
plane of the post-T-OAE interval (46.50 m in section height). (D) Magnified view of
Phycosiphon in the Figures 3-C.
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