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Abstract : Modes of fossil-preservation of the lower Toarcian (Lower Jurassic) hildoceratid
ammonoids were closely examined by lithofacies, i.e., the Whitby Mudstone Formation,
UK, the Beacon Limestone Formation, UK, and well-laminated black mudstone of the
Nishinakayama Formation, Japan together with the Posidonienschiefer Formation, Germany.
All materials occurred from the Serpentinum- or Bifrons zones, or equivalent biozones.
Hildoceras bifrons in the calcareous concretion of the Whitby Mudstone Formation is free
from shell-collapse and dissolution, and shows almost intact preservation. The vacant body
chamber is filled with fine muddy deposits, while the intact air chambers are filled with
sparry calcite. Presence of organic-rich siphuncular tube and fragile septal necks reflects
consolidation in the very early fossilization stage. Hildoceras spp. in bioturbated limestone
of the Beacon Limestone Formation also show 3D preservation, but the inner whorls,
siphuncular tubes, and septal necks are almost lost. As a narrow “pathway” penetrating
the air chambers was opened, both body chamber and air chambers could be filled with
lime mud by the draught-through current. These features reflect the moderate diagenetic
damages. In contrast, various severe damages are overprinted in Cleviceras chrysanthemum
in black, well-laminated mudstone in the Nishinakayama Formation. The flattened whorls
suffered two-phase collapse, and the shell tests are mostly dissolved. These reflect the latter
stages of diagenetic processes. Preservation-potential of ammonoid shell-parts varies by
lithofacies, and the taphonomic histories can be traced from shell-damages. After the death of
hildoceratid animals, two contrary trends, i.e., one accelerates degradation (shell-dissolution
etc.) and another enhances preservation (mineralization etc.), concerned the fossilization.

Their preservational states are results of compromise of both trends.
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FLoIZ

SEMROEEAERYBZ T T A R, Ve TRICEHORIERZZT S (Donovan et al., 1981).
V2 T RO M7 TE N D BT TERREE dE R (Fig. 1) CI, FERIZEE L7 B o Bk oHE
B ED 5. & ZIEY = 7 7l ERERAZITTERRT V€ /A MeaERrsigdsn iy, 4k
D & DIFERAARITE S (4 , 1967; Kennedy and Cobban, 1976). H1T% 2= RO L KT 2 LR}
(Hildoceratoidea) (ZJB3 % b /L K5 2%} (Hildoceratidae) D—HEE, THY = TR DA LA fR
L < ELel T, DM A H b ERRE ek ol AR IR O A IR IR I S R A A
A7 LT 7z (Figs. 2, 3; Arkell, et al., 1957; Donovan et al., 1981; Schlegelmilch, 1992; Howarth, 1992a, 1992b, 2013;
Cariou and Hanzpergue, 1997; Schweigert, 2015) .

—J7, HWERIRBB(ESHEA TS Y o THATHNCIE, BTy 7 IR & RO R 2 e R ER
$% (oceanic anoxia) Z3FEIEL, A HIZ BEAEFRIEE MRS L7- (Jenkyns, 1985, 1988; Jenkyns and Clayton,
1986, 1997; Mailliot ef al.,, 2006). & V) oiF KA YO AR/ ~—7 1 (Holzmaden; Fig. 1) |2 #RIAIZHE
HT 28R R=7 E4&JE (Posidonienschiefer Formation) 1%, SBEAEAMROAGLNK GITEE - AiilH , 2004) &
LCEATHY, TORRMEAOMWRIE - FERITY 74 /7 2 —OHENGER S C& 72 (Hauff, 1921;
Brenner and Seilacher, 1978; Seilacher et al., 1985; Bottjer et al, 2002). il z1E, v/ F&T7ART € /A4 Rofk
AL, IR REEK A4 0 KT BRES T (Kauffman, 1978; Fig. 2D) T, UIX UIZA S EM A E-7- % /@i
[ & AT B CHIBE L (Seilacher, 1982; Schmid-Rohl and Rohl, 2003), (L7 & &7 & TEIENRR2 % “AAD
JE#E %2 7= 2 LB TS (Seilacher et al., 1976) .

g, ARZNRET D T = 7 R Tdb 5 1R H AN OBIHERE - wrhLfE s, SREOLHR
BIZLUEPE IR R TS O FCHERE LI BREIEIE R E IR E L, BV RETART €/ A ROfbfA
EEMETDH T ENELHABHBILTVWS (L, 1896; Yokoyama, 1904; /INbk , 1931; 5111, 1938; #AAS « /NEF
1947; Hirano, 1971, 1973a, b; 1 , 2014; Nakada and Matsuoka, 2008, 2011; Izumi et al., 2012; BifH - K|11,2019). &
Bz, JEBTIEN, BRI LT F /A MM ORAFORRIE @R U 54TV % (Shikama and
Hirano, 1970; ##51%7)> , 1982; Tanabe ef al., 1984; Maeda, 1987; Maeda and Seilacher, 1996; BijH , 2001; 3T « BiiH ,

Holzmaden

I Jurassic

Lyme Regis---
Ilminster

Figure 1. Reconstruction map of Early Jurassic paleogeography showing hildoceratid localities.
Compiled from Scotese (2014) and British Geological Survey (2020a, b).
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Figure 2. Lower Toarcian hildoceratid ammonoids from the Nishinakayama Formation, Japan (A, B), the
Posidonienschiefer Formation, Germany (C, D), the Whitby Mudstone Formation, UK (E), and the Beacon
Limestone Formation, UK (F, G). A: Flattened Cleviceras chrysanthemum in black, well-laminated mudstone,
GKP 00001. B: Flattened Cleviceras sp.in black, well-laminated mudstone, GKP 00002. C, GKP 00003 and D,
GKP 00004: Flattened Harpoceras sp. in black, well-laminated mudstone. E: Hildoceras bifrons showing 3D
preservation in a calcareous concretion, GKP 00005. F: Internal mold of Hildoceras sp. in micritic limestone,
GKP 00006. G: Frontal view of the same specimen as F.
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2004; Takeda and Tanabe, 2015) .

PLED XSz, ARTIEHEN REFART UF /A MeAITRAIERIESATEN GENT 5 A4 A —T 03
V. —JF, BEEHRETOT A MEAIREROVERZ ST TREBP I LESH, LrbEzobo
DUiE L CHIZ LR STV e 8, (LA b BRI A IE RO  TFkEifio b oTch b
(Fig. 2A-D). WEIUALAAGEIED R & — R &AW T3] 12, T—/v%& THEREOBIFHC X 58O BT
[CEWEIGS, T UGEWEERGE I OERORNET v ) A ROX 75 ) 2 —2K, FHIZORPEE
BILT HOIERETHDH. 7 A MEaD e R_AF SN0 EIFT H120%, 5 Ao &4
HEOSEIR], BREISHIDIEHZ: &, ARBH R CEZ OISR IEFICHECH Y, ORIt a i
< =DM bA LR AR 28 U7 st i 8lE2 & TS AR AR T % (Maeda and Seilacher, 1996) .

FRITIE, PERRIEAERIR O Ty = 7 2 PICIF B AR AN L S E X EREMHRAFEL, BNt
T ART ')A MEAORIFIRIEL 2 TH D, & 2 TANIZE T, BEEFICAH TR TF S0,
L IAD B D LA LR 2 BIZ T B 728D, TEB b 7T o BAFEILEE & [FR A OBIMRIC &
LHREMICER L, BAZEMTNLET AR CEL KT ARHIBT 2T VE ) A FILAORIFIRIES
HEAIERYRE P ORT & iR L7 (Figs. 2-7).

#mH - Eth - EERF

TR T AT CBEORERERNSET A0 E LT, (1) REI—7 vy —INE1 Y he—
BT 58 0~ FE—JE&E (Whitby Mudstone Formation; Howarth, 1955, 1980, 1992a, b; Powell, 1984; Cox et
al., 1999; Simms et al., 2004) DAIKE =27 U —3 a3 b EEH LUTe Hildoceras bifions (Figs. 2E, 5), 33 TN 2)
K—t > MNA LI A S — (lminster) (25043 % B —2 KA E  (Beacon Limestone Formation; Cope et
al., 1980; Callomon and Cope, 1995; Cox et al., 1999; Simms et al., 2004; Huxtable, 2013) /& pEH, U 72 Hildoceras spp.
(Figs. 2F-G, 6) %3/ 77, HAEMJESEMIT, (3) 2fERE - T L) G PEH LTz Cleviceras spp. (Figs.
2A-B,7) HHULNT, RAY - WAV~ —F DR R=T BEENS pEH UTZ Harpoceras sp. DA (Figs.
2C-D) ZMA T L7,

AW CHW-e L KT A ER eV RE' 7 ARNIE T % Hildoceras, Harpoceras, 13 X O\ Cleviceras 13,
WEILE T R 7L T B0 Serpentinum 5~ Bifrons 47 (GE[E), B L OFIUTKHEE SN DR LNZ)E
HENDEE L, 1ZER CRERIZAES LT etind T2 —#E T2 (Fig. 3; Howarth, 1992a,b). 20728
HRBR DY A ZREE Ty, BROIEAROIE S 720 E OFRERIFHED B EWCEN L > Tnd (Fig4). Ko TP
DENNIERT 2O RN TH Y, ¥ 73> THEBR L CEL A a0 &)
Wr U7z (Figs. 2-7) . ABFECTERUR UTAEARR, & TN KSR A THCEEEI RS ST b, KRS Tis,
B O JCEHOEBRE 5 (KYUM) 2480 L CFKitd 5 (% : KYUM GKP 00001—GKP 00001) .

LEDORTE

1. A=Uov—ERF - Kq v FE—REBFORKEDI VY )— 32 (Figs. 2E,3,5)

B RE~BERET, Mg L O TR ORE T HRIRE 2 R E L, RIS
ICETHEOVL MRS PR SK) 120 m OffE CHER L 7= T, fbRlCELAIKE= 27 Y
—a v EEZLETEENDH S (British Geological Survey, 2020a) . Hildoceras bifions <° Dactylioceras commune
72 &0 19 HEALHTHED BRI S LT i 2 R b A A L pE S S 0Nz, RACHAE (O Sullivan ef al,
2013) AV A (Dineley and Metcalf, 1999) 72 St DB LA DFEH & 220,
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EHEB¥E . Bifions 1/ bR DB A BIEUIC VW (Fig. 3)

ER . HROELE cm ~1+4% em O Hildoceras bifions DR, 1ET5kY A A7 0 OARE=a 7 Y
—3 3 (envelope concretion; Maeda, 1987; Maeda et al.,, 2010) (27 < @A FILIIRAET, JEHHE] & A T2 48
TYREPICHEE LD (Fig SB).

/e TR BRI COMEREZ S L, KB & RO koI Abm % <, FEEAMEE Liz@di3 7z
W RO % (apertural margin) A3 KU PICTEREICARIE S V2B R S b s (Fig 5A). =721, &
FOMBIE LR Y Cidsiaz Lo T aitkHT 2 h o7z,

B®RE . BERIEA Y S LVOBREREA IR D, SRR (3D) IRfFSN TS (Figs. 5A,B). EfE 15
om Z#lZ D KEMEROEE, EFE72 AMROES T S ChT MO, SRER 0 I =Ml Al
Wik (factureline) 23EU 52 &b H 250, TOHETHRAETSIIEIL T2V (Fig. 2E).

TREILT T LA SEEOTIRAICZEL LTV DA, BROIE S & B2 2R X RIE 5258 (%

TESINTWD  (Figs. 5A-C). WFEEREW <> Cld, FfEiiit 2 R IR O AMEE (shell wall; Fig. 5C, D) <2,

UK. Ammonite Zones Ilmlnsteni Whitby Holzmaden Toyora

. Posidonienschiefer Nishinakayama Fm.
Aalensis
Pseudoradiosa
c Dispansum o
& | e T
Y| Variabilis e
© e T
o |- A ARIRRCEEEECEEEEECEEE el = - :
= | Bifrons P ons Dactylioceras
IS Il====="====l1" '@ Falcitorum B ®  heliantoides
Serpentinum e e @ Falciferum [ @ heliantoides |
"""""" NN B === iy : Ml Protogrammoceras
Tenuicostatus e Tenuicostatus nipponicum
g Spinatum e : e — Fontanelliceras
c | o s T ] fontanellense
E 5| Margaritatus
& | «| Davoei
% Ol s
2 | 3| dex
B ] R B B e R L LR EES
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Oxynotm
[and RRPRRDINPIPISPIPIIPIPIPIIE NP I PP
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o N FRURURURPIPIIPIIPIPIDIPIIPIPIRIY PRI I NP
e Turneri
TR S B B —
o [ Semicostatum | e e
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S .......................................................................................
@ Planorbis
T
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Figure 3. Biostratigraphic correlation table of the four Lower Toarcian fossil sites. All sites are correlated
to the Serpentinum Zone or Bifrons Zone, or corresponding biozones. Compiled from various sorces
(Arkell et al., 1957; Donovan et al., 1981; Schlegelmilch, 1992; Hirano, 1971, 1973a, b, 1975 etc.).
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siphuncle

protoconch

air chamber

septum

septal neck

Figure 4. Schematic sketch showing morphological terminology of hildoceratid ammonoid shell.

HRIEEAM 2 Gt S 4 2fF (Figs. 5C, D) NEFREITESTWHONBIERTE S, Aoy
U—3 a3 VORIZEE, BRERAMEES “IRIVICIEIE L CWAba b B D08, Wik & RAUER S A ¢ &
% (Fig.5B). F7z, ZLAEDT—AT, EEMWENBROAOFEM ZRE LI E ERFASNTNDS (siph;
Fig. 5D). WZERHRETOME (B 1 ~2mm) BMEFESHLTOAHI bR ST

FEENIMEA OE & R UHKLOTES THRE STV 5 (Fig 5C). MRBRAMEDSMmCNmIE, LIZL
IEHESLOBRE TN TN D (py; Fig 5B). —F, K[ENITTEA A =2 L o THH LA TV (Fig
5C). HRA AR—L, B FEEITET 5 HOAOINEBIN SR SAUL L, KEOHLEOETE
Ao TR LTV 5. i A 8= ZRPRRICO L, O @FTIPREA PRI f 2> TEL L T
WABZEND, DI —REIER S NI-OTiE/e <, KkfERORRE CERIZ Iz > TREIEH HIE
anizEEz b5 (Fig 5C, D).

RIS, KENZHERN I L TS — 2 0F E AR 6RA (Fig 5D). (ERERTORER
ENICHEREDDNMEA L TWDONEESNLIGANH DD, HiThd (Fig 5C). #ROINEE, 74,
EWEZ G0, [FBIEA ) DN OGS IEFIC R ARFL TR Y, WE R LA &
B EHSL ST H A= %52 HRICHERE AR L, SEREEShizEExbn5.

2. AILIVRA— - E—a RAKRERE (Fig. 2F-G,3,6)

B RO - Bk - RE 0 - B0 Sk e e E BT ARG A = v b T, BRI LS m R~ 5
m &2 IZEEe (British Geological Survey, 2020b) . 58\ VEMIEEL A 521 1= BB A A C,  AEids o2
Ly MZETe (Fig.6).

FEHFBHE ¢ Serpentinum 57> H A5 H AV B A BIEUZ AW (Fig.3)

B BRI em ~ 10 em O Hildoceras spp. [XJEFLH] & TAT 72 BB CHPRETIZHE L T 5 (Fig 6B)
—J7, AL 3om LU T OHR3 & & S E /R IREEE R T. KUR & FEBEOM T MR S - B (Fig. 6A) &,
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Figure 5. Mode of preservation of Hildoceras bifrons in calcareous concretions of the Whitby
Mudstone Formation, UK. A: Middle-grown shell showing 3D preservation with almost perfect
apertural margin, GKP 00007. B: Vertical section of an envelope concretion, GKP 00008.Up: upward,
py: pyrite lining. C: Horizontal median-section of a middle grown shell, GKP 00009. The body
chamber is filled with fine muddy deposits, while the air chambers are not filled with sediments but
sparry calcite. D: Close-up view of a quadrangle in C. Note that black, organic-rich siphuncular tube
(siph.) is well-preserved together with fragile septal necks. No sediment-infill in air chambers.

HERNCERES KB L, KUBOBRBRAFSIEE (Fig 2E G) D2 FEEN OIS, EE OO TIX
Bhgn o TV BDREHI 2o 72,

B®RF 0 WBRIISNAIZIEA ) DT LV OBBIERE AR D, 3D TRIFSN TS (Figs. 2EG). fEHEEX
BN EOAEDBENTR B2 (Fig 6A). 72721, Wk SHEER LN IRE SN 72 (Figs.
2F 6B). FKAMI R EE T EE 0N 5 (Fig. 6B UM .

AV ORIFIRIEITGEITC L 0 e 5. IRBROAME (shell wall) 1ZIRTF SN TV D Z L BL WA (Fig
6C), HERIANTEI KDL TRESGTRD R L (Fig. 6A), MREEROP (intemal mold) 27 %72 & DFEEM)
NEHEEZE L TWDEIICRZL7r— 2855 (Fig 6A). FFEREMNIHCME A Tz 5 &, SVEICITW
WRERDOMBET L RIFSI TS (Fig 6B, C). &7z, AEITWREDOE T Z (Fig 6C) 137 ST
DA, ARSI OB N EER D& 7 X 1IN TV B IA L (Fig 6B). —J7, HEEME, B
g &7 2 & DOFEATS (septal neck; Fig. 4) 1Z5E IR L TWA. TR L7 E 4B < “ Bil »
27> TR Y, BUEITHER ) T L T\ % (Fig. 60).
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Figure 6. Mode of preservation of Hildoceras spp. in bioturbated limestone of the Beacon Limestone
Formation. A: Internal mold of a middle-grown shell showing superficial 3D preservation, GKP
00010. Shell tests are lost. B: Vertical section of a horizontally laid whorl, GKP 00011. Inner whorls
including protoconch are lost. Not only the body chamber but also air chambers are filled with micritic
limestone. A few air chambers exhibit geopetal (gp), and the upper void is filled with drusy calcite.
Up: upward. C: Horizontal median-section of Hildoceras sp., GKP 00012. Note that the siphuncular
tube (siph?) and the septal necks disappear completely and that all the air chambers are filled with
sediments. Instead of lost siphuncular tube and septal necks, a “pathway” penetrating air chambers is
opened.

b EEEE STIIT ORENCHREMATIE L T D 00 B —a VKA B OIEARTF ORI T,
FERENOIEBTREN LA O & [F CkhioaK A TR S T5  (Figs. 6B, C). {EHENICTE
SNTZHERI P LD ATERAEIETL A B Z D, MRICEIR LT %/ A ROBEENEE
EWOERGE & LTI T rTREMEA IR S 415 (Fig. 6B, C; Maeda ef al.,, 2010) . HERE) D St A58
RREE, LURUEVA2 8RS (geopetal) Z7”T (gp; Fig. 6B). 726, HEFEMIIKEND T
)7, ZERAOFE FE S FEEITRA ORGSR (dusy caleite) THRD B, 2 ZHHIERS
B0 E FHIENAEETH 5.

3. DHEER - APLUELGEORBEEES (Figs.2A-D,3,7)
B Yo TACHI OWRE LR IS DR T CHERE L7 SRETERIES & TR L 5 8IEA) 250 m D
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= I (Kobayashi, 1926; ¥AA< « /NE | 1947, Hirano, 1971, 1973a, b; Yamada and Ohno, 2005; [zumi et al., 2012, 2019;
AITH + K111,2019) .

EHRB#E . Dactylioceras heliantoides i (Hirano, 1971, 1973a, b; -85, 1975) /B3 H -k BIZIH W
7 (Fig3). SBIT, RAYv—F AT B8 F=7 EEE O Falciferum 12k S5 @ U5
75 el V= (Figs. 2C,D, 3).

W E oA g s oW T, AL X Y Canavaria japonica %5, Paltarpites paltus 75, Dactylioceras

heliantoides %5, 33 & OY Harpoceras inouyei 1; D 4 LA W2 X9 B HENIEE STV 5  (Nakada and
Matsuoka, 2008, 2011; [ ,2014). FAUIHEZIE, AGCEMA2EE U= EUEIL D. heliantoides 535 3O H. inouyei
WO SND AR B 5. EH BIE, FHREOATII OV TORGENR 721+ TE T
DT, AR TIEROFEEO5E (5D IS/,
EAR . FBROER 2cm ~ 15 ecm D Cleviceras chrysanthemum <° Cleviceras sp. /3@ ER ] & AT 72 BB TR A
T LTS, LIXUIRRASHE F & 459635 (Fig. 7A; Maeda, 1987; Maeda and Seilacher, 1996). 5
KEFOH 2 HERIELUALTIE, UK UIREES 3 om RSO RREZRNEE L CEHT 2 @il - K,
2019). ZOPERIE, Ry R=7 HATREL L MRS ok & i T& % (Fig. 2D, Kauffman, 1978).
F 72280 Pseudomytiloides matsumotoi 75 Cleviceras DFXDINGZ B TORETRERT A7 — AL R b5,
—J7, HESWE LA Tl D D BAERNC T A H 2 (iH - K, 2019).

2L O, KRB EEBEOW ST PRIF SIIKE TR 2225 (Figs. 2A, 7A). {EE D% 0#% (apertural
margin) 23K TUSGEREICRAT ST EIR b D2 <, EE GBI LIZRY, FENICHEGEE->T
WA o T2, B0 O3 U AZFE—ERD § 0 & b S50 ZIE Tl A bz,
®RE . BERAERNERICEIVIENLTEY, W EARRLEM L THIZE LTRFEEND (Fig 70). 12
BRAMEEE 7 2 OFWE N RR LT2BE 3 &7 & LTk &b (Fig 2B OfEAHRY). R R=7TH
)@ H O Harpoceras DA7 (Fig. 2C, D) &[RIU <, FHILEFED Clecviceras H1¥ 7 & KB & TEROE
BV D THOES AT 5 (Fig 2A, B ; Seilacher ef al, 1976; Maeda, 1987). R F=7 HEE D
Harpoceras ORER & “FATEHE CTHIL D5 34, BE B IRITEMR LE STV, 272 BR OG0k
HICEB OO IENRESND Z 20395 (Figs. 2C, 2D OB D WMD) . ZiUdakRado T\l
PEELRIE (periostracum film) YRR & IR S 41T  (Seilacher ez al., 1976).

Cleviceras DB DK FWiH 2 D &, s IROBIRABEDEMNIMEE TE 20, B/ XIHTL A
EVIR L, WRERIMEDAHIITIEMO—EN R OoN D DHTH 2 (Fig. 7B). MO EEWH (Fig. 7C) T
I, TAHEES RV 2 IR Cleviceras H3HERR & A TICHRR L CWO DR PR TE 5. INEBICHER Y
RN LTAERRNRORCESR L L TND DTS, KBEHNERICR T LES LTS (Fig 70).
BRERSMEERS L OV 7 X OBV EITRR L, ZOT EMIC RN AER L TS (Fig. 7C). IEEHITa
SPRAESHTNRW.

E72, FICERRTOIEBRAEED bl & T & THRALMARZRY, FEOLGN LR LESAT
W% (Fig. 70). Mii7e r— A TIE, IREAMED BRI THAZTH 35 L 5 lith, Bad b, Pk
1% (half-ammonite preservation) O L HIZHLx 28AbH 5. Lo LEEWMZ (R L CTBIZ LZRY T,
% < OFETIREAEED I ARSI TR Y, EOYHERFTA b -7 (Fig. 70).

A
aFaff

AW DI, R - B Z RO EEOIEI - RSETDS, SR ST SR Ko THe
%. JERK « SYRRAERIIRT DA, HERBREESC pH 72 CRIBUKOMEICKRE < EA SN DO TLT L
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Figure 7. Mode of preservation of Cleviceras in black, well-laminated mudstone of the Nishinakayama
Formation. A: Flattened Cleviceras chrysanthemum showing two-phase collapse, GKP 00013. B:
Horizontal section of a Cleviceras phragmocone, GKP 00014. Traces of the whorl tube are visible
while septal walls are mostly lost. C: Vertical profiles of the black, well-laminated mudstone of the
Nishinakayama Formation, GKP 00015. Each internal mold of ammonoid consists of a crushed body
chamber with thickness (phase 1) and a completely flattened phragmocone (phase 2). Traces of the
original shell tests are filled with secondary minerals.

10



TEHOASREL PSRBT VE/ 4 FMERDOERICL HRFREDEND

HAHITE R RV, TUE S A ROBEOYE, —MRANIIEMAPEDTI T BRI ~DIEF & L
TUTDO L ITHEE STV 5 (Maeda and Seilacher, 1996) .

RIS

AREECE AL G, =)

TLHENT T LADR WRBRHOEDINE, BT, k)

HERERFS AN hiE S 555 (FrRCRIBUKICRS D' 7 %)

7 T LA DFRAER

. AT TE =% (aptychus)

FEERDAAT DIRAFIREEDN S, ARAF SIVIIBAOFR D F A —VITE AT 5 &, (3%, O £ Tl
DR IRDHEA TE BB CfbA & L THg I EE STz 25 2 LnTx s (Fig8).
RT—=U 1 EEHEORE

Alalbg U7z Bt o e, Me—, BB DMRES N CWNZONER v hE—EREORRE=2 7 Y
— 3 3 VWD Hildoceras bifions Td % (Fig. 5D). @EAEITGHY &7 7 LATROIEEYIZ K VRS
NTWDTe®D, EERIZIRWTIEE N7 7 U 7 ORI L 0 i Sod7<, @i oo 1 Clddn HiPED
K, LoT, HEMEDPRIFINTNDHR Ay NeE—IREEOAKEa 7 ) —va U, SRR L
FREloOR TR bAoA RE CRFS N LB 2 BND  (Fig8).

T A ROFER, WEME EAMIRORBIER Y FoMEILT 5 &, BEHOBKROFKE (G K
100 m DR, 11 5UE) ERENTAOTE BIEA T LH A T 0.6~ 09 KU+ ; Denton and Gilpin-Brown,
1966; Ward, 1987; Saunders and Landman, 1987) 7= CHE/K AR ENIZHIE L CTIR/AK T % (waterlogging; Maeda
and Seilacher, 1996; BiiFH ,1999). = OiE/KIFTIEMEE TR X 5.

Rg oy he—REBOAKRE a7 Y — a O Hildoceras bifions 1%, K[EWNIKIZ LIZRY, #H
B THHRICHEIE LTCT 8/ A ROED, RIEREOHERIIINE LT RO 2K LTS &35
ZBNA. FRANLIA LT REREOHERY GRRIOIR) 723, BRI LIEENE Tl 5 —7,
IS TR DMEEME L, [EN~OHERMORAEZNE (Fig 5C). 0%, HERWHR ORiERE T/ 7
TV T OIEED, FifbEC X 53 DEF T Ha 42 (Fig. 5B), I GITRBAN YU AOREZTIEEI L,
NAIKE a7 )= a ORI AR LT &5 2 515 (Raisewell, 1976; Allison, 1990a-c.) . Hi1fE )3
WL, R CRENTET AHREISGET A LVENS, T CICEBEEY AKE= 7 U — a3 UK
SNTWEEEBZBND.

D O ke W N =

RAT—U2  WERITKRIZ & DBADIETE

AN VAR —DE—2 L APCEIET O Hildoceras {bA1E, FRaNT FITIRERA 3 D CRIFEN TN DA
FHBIET D L, MEEETIRER O, EEME, X O - [REEREATH (septal neck) 723%k40iC
W5 (Fig 6). &5HIC, ERINAKRENTHERYA T L T2 003K TH 5 (Fig 6B,C). ZHUE,
R, RO HWIERHIBUKIIIRE SAVERER, D MEBR P UERDSEIREICEE L, AR S T =i
B SNTZZ L EEWT S, Thbba s v FE—REE LD DI —BEA B Colbalb 2 X
LT EBZZ BN (Fig8).

Seilacher (1968) I, SRBRHLER &EEMEN LN T, EFE (AN) NHXRELEHil L CRRF.LE O
AR (D) (CE 25— I8 T O X $ 1T ki (draught-through current)  23FiALAUIE, AMEEICHRE
DIRVKENIZ b HEFEY DN - HERET 5 2 & 2 AR 72 KA 925k TREM] L 7= (Seilacher, 1971; Lehmann,
1976; Hagdomn and Mundlos, 1983; Maeda, 1987; Maeda and Seilacher, 1996) . HERSMANR BN 2 HD TN D B —
a U HIRENE D Hildoceras b4 b, HlAb 2 < &7 2 B4 2SS 5 L OURBR B2y i €
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W5 (Fig. 6B,C), Z O & 9 ZHerk/EA IOl L CKIED «“ A0 7 &« 0 AR,
HEHIE O TA TR W E IR E BT AKPEOKEE & U T ZRER, KIEPICHEREY) 2 il -
WS HT- B2 0NnD.

W& PRI KRS & D HER O NERR LY, RA Y O BRI L v = LAV JERE (Muschelkalk
Group) ZFETEENHIVTUW D  (Seilacher, 1971; Hagdom and Mundlos, 1983). 73 H 3 XXX, v —a fAlkA
& (Fig.6) 0Ly =V AN JERED & 5 I AIKEHER T T o> THRBEA N T L (T 7 L) D
DIERBHEA TNWDRTH D, AKEFTOAIRKEDRHE WA LY, TR RIS ER OREZ R 2T
TWDATREMED D D &\ D LR AR OEN B A 9.

ATF—T 3 [BELDEE

PRILERRY F=7 B CREERIRETOT T ) A FMealdklam =), &g v hbe—
TEEBOAKE ) ¥ a—N O 3 DIRIFEIIRNTIIRELL BieoT% (Fig2). LML, Zibboe
Z T EA LI - PHIBE ATV DI Ch D, BREAERIEE T ORIEIREE BfRT 2 7201
1L, ARROAT—I 1, 2 TR ED L S RIAFTRE T ONEIEE X TERTANERH 5.

BEOERRAETO L KT 2ART V8 A RMEAIE THEEZZ 0D, IREI S L= 220
B, B 7 F THZONTWDEREL D BENNCE D DI TlEN,  WRBRNE <o | Al i
(fracture line) Z#/EU % (Figs.2A,7A). 72721, #OMNLHERMMEA L THEBNE BT 57280, B8
WRECIETEN 2 (Figs. 2A, 7A, 7C) . fth )5, & 7 & THlih S - KBS ERENMEN - b IEBITH 2 5 25,
SONTIEET . ZOE, [REFMBKTHlZESNTOWAET 20T, AXMRITIEESICRFECERS
(Figs.2A-D). LAERTABEBE DT U ATHD (Seilacher et al, 1976, Maeda, 1987)

ZDo L, FENASOHERORA - FBHIL, K1y NE—REBOAIKE ) V2 — LBl —ay
AIRERICH L CALN, {LAEICE X 23 @08i5:CcHh 5 (Figs. 5,6). —J7, BAKEHRE T
DRIFIZAONDZBOESE, FUXRER 5. B2, v—arapcakE (Fig o) AR - k)=
TR ORFHABIZEST D &, IRERINEE TS CYYIOTEREZ (R > TV DD, NEBDRRRED 234041 T
WO —AR U LIE® D, TR, ERMEIHERIIC Lo TEHEN L DICK L, [RERNDE
THIFEWHWIEHIBUKICEEIR S A, BIBUKICES NIt 7 2 Ot e b, FROIRER BT ok
BIPTREEAME N L, TRNEEOB & 45 5|< EE 2 D (Maeda, 1987; /i ,2001). ZO X5z, B
BIEFEEHROE L FETART UE /A MEADRIEE, AT7—V1, BIO2EFT, S OITKHERRIE
FADPEATRER, EREh-tExond (Figs).

ihmERE

T 2T RNV FETZART U A MEADRIARIBITZERIZ Z > TR KER D2, Zhibs
(BIZBED D 2 SDOEW72 LY RINRD DX A I T OENTUHTE % (Fig 8). EWnstts, =725
ALFAMERI DA N > 70 % » T REIT 5. T O, S A B Lorid 2 512 < Bigt (degrading
stopwatch ; JER « (LFAIIRAR « WERRORGER 2 ©) &, WS A [EE UIRAT9 2 510l < BFEE (preserving
stopwatch ; SELIEM 72 &) DBERHCA X — N2, iz O < HELITBREEIC K-> TR S, iz ORf%
WTEHET, BRI 537 7 U T L 5 @8 ORI O BRI IEN 2 b Ly R Tho—
75, R Lo T UTRIFEY (RilggT/ N2 7 U TIC & 5 FeS 22 ) 1%, Wbz et U Cilfgns
PRIESND2OEHT D, LA EIF 200D MLy ROZHOEMTH Y, WENEZTRDLI0IMbA
DIRAPIRIEZ D 5. TE DR, Thb BB E T ICEE SND XA I 70, EEEObA DR
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FRIEAFRT L EZ D LR LTV (Fig 8). A ITOVMEEDOBVMEATZTICER LAL TH 578,
(b ORRGESNTT BT, (LA SN A— VO b EE Ch %5 (Maeda et al., 2003) .

T soft tissue

,,,,,, Whitby Mudstone

AEREREEEEEE 1 ----(_Beacon Limestone

Preservational states

>

Time after death

Figure 8. Schematic diagram showing two contrary trends deciding the preservational states of fossils.
Preservational statets of hildceratids are variable between the Whitby Mudstone, Beacon Limestone
(Ilminster), and well-laminated black mudstones of the Nishinakayama- and Posidonienschiefer
formations but such variation was due to different fossilization timing. After death, the “degrading
stopwatch” accelerates decomposition of carcasses, e.g., by shell-dissolution. Another trend,
“preserving stopwatch” brakes decomposition and fixes the carcasses, e.g., by mineralization. Fossil
preservation can be explained by the compromise (= the crossing point) between two contrary trends
in passing time. Free watch images are provided by Favpng and Publicdomain Q.

iz

TEMEHEAZ VORI 22— 7 AO)IFHI LIS, BHFIEOWERERE» O T - ZhE 20
72 E, 22— U7 LEROFMIES L OAROFEOEILETH REBHEE o7z, EAhRELRAE
BHIE O i SCRERF R 36 K O IUNTISZW D B O 72 O A OBIRTIAPE R 121, MR OEASI 52 T
HEE > T2z, WO BBERZRIZIE, SFERIC SN =720 o, ST - Ul
BEHNY, BNV ~v—TFT UECAERME L TTEY, ZhE gy 7+ /) I —FEOrLERY
WZOWTCagim L CW 202, R Y 7ot ERSRKE, TV v fcEdE L7 BB AR  (GKP 00002;
Fig. 2B) ZHFED 7O FURREICHIE L C F & o7, EmATIETH O A REEOWE S FI121E, A CTHEF,
KREBMFEZ o7 PLEDH 2100 SIS L E 7. AWFFEi ISPS BHiF% (JP18K03827 ; fifH), F5 &
OV« IMATERRA B HBRE T4 () DB &= T 7z,
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