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Review of Studies on the Early Jurassic Oceanic Anoxic Event
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Abstract. In the Phanerozoic Eon, boundaries of the geochronologic units have been defined on the basis of

abrupt changes of fossil biota. Most of the changes as boundary events imply mass extinction or ecosystem

collapse, occurred due to extraterrestrial impacts, climate or sea-level changes, oceanic anoxia, and/or

wholesale volcanism. Among them, global or regional responses to the anoxic events (OAEs) are of much

note in relation to progress with trend from the uniformitarianism to the new catastrophism. The early Jurassic

OAE, shown by deposition of organic-rich muddy sediments termed black shale, is here reviewed based on

recent advances in sedimentorlogy, geochemistry, paleontology, and radiometric dating, and some possible

scenarios on such environmental changes are discussed. Hydrate dissolution hypotheses have been proposed

to explain simultaneous negative excursions in carbon isotope records from the black shale marking the OAE,

but more chronological data such as duration or precise timing of the events, as well as data on biomarkers,

modern anoxic environment, and global environmental simulation, are required to solve the problem.
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PR ZHE KA
Bt FER (Ma) VR £ (Ma)

Columbia River (USA) 17+1 Frgr - RiT— S 14+3
Ethiopian 35+2 G A% 3612
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RE LTI TH Y, OAEs 23| E T8 57478
P SRR BL AN TR IS R BB IR 28 5 X 9 7R BRBEIC 172
W, BLEEOWELEIE, AL KVEEE & m g T Al S 7o g
FITE ORI A CHEDTRERN B Z > TRV
(Broecker, 1987; ZHi , 1991), MK L fHiFsn T 5
NHTHD, LoLURAMICIE, BifES, W< OnoR
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R B L 7= VKBS E DBHTIC e £ - 2854, D)
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OAEs DIERER %5 2 T 9 2 TIHFITSBITR D,

OAEs N Z oo REIZHERE L 72 L B X LU TV S HE
I, KREOFMRFENRIE SV, EBO e BREE
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TEIC E > CREOHBEMDRIFSND Z LR o200
(preservation model) ., Z 4L & & KED FHEY H s S
TR E L TRESEARNE U d (productivity
model) . 2 FFHDFHHNFIHETH D, Woolnough (1937) 13,
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3% 4. Preservation model & Productivity model {Z331F % /K3,
IRAEFEVE, HEREMUE OSZAF (Wignall, 1994 128 %) .

Preservation model Productivity model
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WAEREVEIER, M FIRER D15 & BB L, BRI K
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T BRI, FEZR RSB ENAR LT DIERIZ L > T,
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DD LT OB B0NCe Y 225 5, il 213 Erbacher
etal. (1996) 1%, [RFBFRN R DOZE)R HI (hydrogen
index) /Ol (oxygen index) FLIZ LD EWMODHZ A T 4o51F
D, e - EEKYERN AR EEE R R E VB &R
E1% P-OAE (productivity OAE: OAE-1a, 1d, OAE-2 734H
W) &L MR AR KYERNC R AR R T D 2 &
IZE VBl & Z &5 D-OAE (detriic OAE: OAE-1c 3
M) ZFRBIL7z, 7272 L OAE-Ic lZ oW ik, — k4
PEMEA IR U7z ttic, MBI X0 R S L
EWIHIERLHD (EEIEN, 1997), F 72 Erbacher et
al. 2001) 1%, KA - FlEE - KAEFLBTORFEL KL
OWEEDORNVARLE 2 JET 5 Z £ 1T Lo THRFOWED
TRE G R OB ZE L Z B 52N L, OAE-1b 23D
ZMETIER < IR & REAKDE MR T K 2MED
RBIEIC K- THIEE Z Shiz ik RTn 5,

A #ALLLRTD OAEs TILEE /3o TRV &Y
2, BlZIE~ UV A - B4 (PT) BER O OAE I,
WRREIZHL Z 572 LB X AWFRE DL VD, 1REE 729
N Z o 7=D 2L FREL TV DIFEE IFTET 5
(Wignall & Hallam, 1992; Wignall & Twichett, 1996; Kiehl &
Shields, 2005) ,

(6) RFRRBIALLZFHL-BR

HEF IR S LTV D ERFRITIT, IREREE Y
DK 'E 5% (CaCO;) 1T F 4L D MR F (inorganic
carbon, carbonate carbon) & | [ FAEYSOUEEAEY) 7T
7 b (CH0) #iIcEEN 5 AHKx5 (organic carbon)
DZFEERHS (K6), ZTNHOEMEIBS ZLI2XY,
OAEs OB L HRTIEDH Z LA TE L, REEEHOE
LR DN (8°Cyy) ZHETIUT. TEB L 72K
W O IR SR OB A HEN T E 5, £, AR
FOFNKRE B°C,) DI LR, KPR
HHEICH T IA AT D “IRL BRI B O ZEE DHER T
&5, KBFNARLZZETB SEL0F, KPR T O
PRFE RN DZAL & | RN BIBER DT & %,
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S &
=

HBRE
cHo Kcs 00

MBI mEmeE (TDC)
HCO, , €07, CO,(aq)

\4— J;o%%

(IRETROILL e
CaCoO, 6 H#N75> s b
CH,0 CHHi)

[#E ] caco,

6. RRMEERICBT DIRFEOFAERREL, HER DI
B ST D AR T K ORISR O AL L 72L&
PCICBTRBEORMRESEET D & KRE-HFERT
D PC ALY . HERFNRLSED T~ T b5 |

IKELRLR G D RFE ELIAFR O LIE, KRG
WIEEME OIS, KEOIRE (mixing) OFEEZEIZL -
THEL D, FNIRSBIZIRIT, KB KRE R OIRERE
(R& - MBEER O E I TR S TRTR) . RPN A
o= MR OE O (BHIRFE DS S k> T T 5,
OAEs BEEZ 2 &, R CHBRFEICELREEE
EENHRET 2 DT, KR - MR DRFIER T L
ZUT D, WD HERELT O BRI, 8V 2C 2B IR
IR L CHBEET D RINL RSB 24T 5 A3, FE ORI
FEVFI S 72 3 B0 TR BUBE O FEBR D 72 0MC
R5DOT, @, REFMELIT—ETHD, L,
BB RSN ICHER PR Sh D & TDHEK
W O RFITHERHUEOMEERICEN 2 20 . KR -1
FEHR D RSB RINR LA T T 5, SRSRFINAR L ORE X,
OAEs DIFFSED723T, Tl D BEfED~ 1T i T
&7z (B2 Kiispert, 1982), FIZ HHALIZIBW T, R
RENRLE O E B b7 oeE & L CEBEM I b
AT 5b (Hasegawa, 1995; 1997), 7272 Lkt DB
WZ1E, MR D IR BR DZEALLIIMT bR % 72 51T
& o TRNARE LT T2 Z LI T4 E L TB LE
B 5,
REOHED D R SN TICHERED R ICRTEIN D
L. RK-WERIITZEATZAL PCIZZ L2577, &
FRARIITED FENCS 7 M5, REFRELLDIE
~D L7 NI OAEs DRAFAD K H12F % H AL, Leckie
etal. (2002) 1% TOAEs [ZRHRRINAKLELD 1.5 -2 %ol I
DIEY 7 FZFEH ] L LTW5S, LA, OAEs L& %
LRTNDA Ny METIZ, “TLHEDOTT FRFR
HHNTWD DT TR, B2 OAE-1c IZHB W T
SR RINLAAR LD BF IR0 HAL T eV (Erbacher et al.,
1996), RBEFRALIKLLDES 7 R A721F 41T OAEs Tl
RNEWIEZ T LB DA, REBFNIRL D R
DFEEICRED LT, mVVERSE OHERTER & ARkl
DOFEIZL > T OABs IFEZRIN D& T L, FHITE
ZTW5,

AHERBIRE C KR - MEE O IRFEFINAR LB L7

T, 88Chy & 88C,, XA L L 51T CEAFIC) £BT 5
T Ch D, 2L, ENENDREFNLMALE DL E) A
H = X LITZIUE EEM TR, BT, KEF O T
(bR ZFIA Uizl B O RBERNIRL & Ko
VAP IIRFE 2RI LI T 7 v 7 N RO D R
FRINAR L Z T 2 5A41F, BEEIKETH D,
2L, KRR OB bR FIRE D BR U CRURMS E5-L
B EEEZTHD, RITO BLIRERENS EF L
e Z ko T, B B ORGSR R ITR E < 72
D, BELAEH O 8C,, EITRICS T M5 (Grocke ef
al, 1999), L2> LKIRO ERIE, KIS AT —f
{LIRFIRE (CO, (aq)) ZETFIE2HMICE<  (Kerr,
1998) OT, KIRD EFIZ X DBENKE TIE, BIE
W77 7 b BRI FTRMEGIIT NS 7
Z 7 MWD §RC,, EITIET A~ DB DB A 5T
HIENEZBND, ETo, BT O 8UC,, HIL,
Wt - A OSBEOEIC L > THE (TSl (EA
I, 2000) . #EZKH OEEEEEREIR IR ORI IRELIZZ L2
ORI T 0 KL B ARUE MR D, IRFERINLIRLL
DT —ZIIFFIBRRERETRANG 2 D05, EOfE
FRITEMUCII R AT, ZANDOMA R & 5577
HRZ R THRET AT O WER H D,

4 DaSKATHOBEERREE

OAEs IR 28M%E1%, pffiiz & LTED 6
TETkV, AlICEZ o724 OAE (2B L CIixifFst
FHR TR BROE—N oSN TET0a L oicEb
% (Afifd OAEs OIFFEH 3 L OV FZEDOFEHIZ OV
THEL FEF - 2 (2006) IZFELVY), LovL, Y=
FLRATHIO OAE IZ W TS EATZ S O D, iR
AL R LIREDIED 5 —RAEED FHET
THHMIZHAT 2 Z &R TE T ZOHL L EREIZON
TALERANSIN TS EZATHD, 2Tl Bl
EBIG R EH B CHERPM TN TV D Y = T e
WD OAE IZDWT, ZDWFFEH, DO NACHIE R,
SHDBLEEIZONTIERS,

(1) MEDIFLFEY LEHBEL L TORE

Va RN Z o7 EE X BTV D OAE 1,
A XY AL RNA Y EHLE LTHEMTONTE T,
|Z Hesselbo et al. (2000) 7234 A/NA K lL— MIBHT 51K
W% Nature (ZFEFE L7-PABRIL, SBEE LR E D, FiF
FEAOFFE O 2 TEZN, T —u v LSt o fikicR
WTIEH E D AFZENRHEA TV 2V, Jenkyns (1980) 13,
HHRLD OAEs & AT = 7 #d Toarcian D13 U 1T
OAE N Z o722 & &, HBIFd CITHERI L TV /2, Fleet
etal. (1987) X, W3 —u v N ZBIT 5V = F AT O
HARIES S DOFEATIZ X Y . Pliensbachian-Toarcian #1213,
IR SR OHEREE & ISEIRINIAR oD B 3 - Hi T A
HLILDH Z L EPI BT LTz, Jenkyns (1988) 354
DYBRFOFFEY BT HIEMA LD, T OHERFN - H
AL T — & &R LC, 50 Ti4ERHgEV 172 Toarcian AT
WO MEfRFFI (early Toarcian anoxic event) DFEFHLE L
THRFLEZ (W7,

Yo Z AR O H 4 2 | & ¥ OV2 @ 1 Raup &
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(Reprinted by permission of the American Jounal of Science)

7. ¥ 2 7 #d Toarcian $IZHERS L 7= B HEMIC B T B D0 AR (Jenkyns, 1988). iR L ONEFIC O | AREHITIE L 015 .

5. YVa THAHIOT T A MNEFAFERE (enkyns eral, 2002 12
£2) . 7rESA M=%, AL — e v E#E (Boreal
fauna) . Pliensbachian #fj & Toarcian #1002, $-7> — > 4753, &4,
B = ORI —HECIE R BARINRRD Z LR

) TURFA NS =Y TUTFA BFT S
fid (Period) B (stage) Clepi s — o) (e s —w v oS
aalesis
. moorei
levesquei .
levesquei
dispansum
fallaciosum
thouarsense .
striatulum
variabilis
Toarcian crassum
bifrons fibulatum
commune
. falciferum
falciferum
exaratum
semicelatum
. tenuicostatum
tenuicostatum .
clevelandicum
paltum
. hawskerense
spinatum
apyrenum
gibbosus
margaritatus subnodosus
Early. stokesi
Jurassic figulinum
davoei capricornus
Pliensbachian maculatum
luridum
ibex valdani
masseanum
Jjamesoni
. . brevispina
Jjamesoni
polymorphus
taylori
raricostatum
oxynotum
. . obtusum
Sinemurian -
turner1
semicostatum
bucklandi
angulata
Hettangian liasicus
planorbis

Sepkoski (1984) 73 2600 J7 4 &I Tl Z o 7o R A
FHEDIHLDO—DERELTHDLTHY, ZORIIIE
Pliensbachian—Toarcian 55 /% 73 % OHaIE DRI Y 7= 5 &
SNz, UL, Hallam (1986) 13 —# BFHOFEEZAL
AL, WD ZEET 5 DI Pliensbachian-Toarcian
B Cld7e <\ te L A Toarcian $IFTHI O falciferum zone (7
YETA Y= AZOoNTE, K5BR) THD LR
72 F 72 falciferum zone OHEPEIZDOVWT, ALK HAIZ
IERAEENFET 2 0 BRI LR NW 2 &
NH, RERITIEAR L T I — 1w IRE S L7 ik
72 OAE IZ X 2HEKTH v | FRL~IVIRE O/ b
DIZFTE 72 & Raup HITHGH L7z, ZHUZx L., Little
& Benton (1995) |38 L~V CHFEAEM S O 2 2 A L,
%1% Pliensbachian 1% 17> & Toarcian #7T7HA £ T 750
JI%% (margaritatus, spinatum, tenuicstatum, falciferum, bifrons
DSODT EFA M=) L) RV Z 2T T
EZ BN FETHDLZEEP LN L, 5
W EE, V= TRETIIOFEZE L, Pliensbachian 114 #
2> 5 Toarcian HRTH & TOREHII O RERAY 22 HEB & |
Toarcian HARITH falciferum zone (2L I — 1 v /X TR Z -
72 OAE IZ X A HUmIN 224 & o | 2 FEHOFE D72
STNDHEWNI ZEITRD,
(2)Pliensbachian-Toarcian #iIZ5% S i-#h B FAIZEH
¥ = Z A O Pliensbachian-Toarcian #121%, —{& &
DEIRZEBRI S TNZDIES S h,

Jenkyns (1988) (%, Toarcian #{? falciferum zone |Z 5
B ORI - TEME CRIRFICE IR REREE 2 3 HERE 03 T
* 0, HIEBANZIZE D FALD tenuicstatum zone <°_FAT.D
bifrons zone (2 b KIS o CTHMMICEOHERENE Z o722
L %R L7z, Jenkyns & Clayton (1997) (34 ¥ VU 2|2k
WA 21TV, falciferum zone @ 9 HRTH O exaratum
subzone i CEA MR FEEH & (Total Organic Carbon;
TOC) Dt —27 &RFFRMAKILO AT, HiZZhic
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fe < IERF 2 Lic, LARE, Toarcian 30D 71T 6 FrT
falciferum zone JEIZ 6 A 24 C o mfifB T ORI
BTN S — 1 NOFHTITOID XD IZ/R T,

HEREZFRIRFFEDOH T, e b —fRAICATON TN D O
DMRSFBRNARIZBIT 20T T 5, IRFBIFINRL D2
1%, Jenkyns & Clayton (1986; 1997) % & » THFZEA
» B AV, margaritatus zone (Z/NS7RIED E— 7 | spinatum
—tenuicstatum zone J&31 O3/ IME %% C falciferum zone (Ff
\Z exaratum subzone @ i) IZIED B — 7 NROH b7,
F7-. BB DOSHTIZ X Y | tenuicstatum zone FERHND
falciferum zone T (exaratum subzone Hi) 12/ TH
DE—I D, §5Cyy * 8°C,, & BIAHAETHZ E LI
INT72 > T & 7= (Hesselbo et al., 2000; Schouten et al., 2000;
Rohl et al., 2001), Z DIE7H>, Bailey et al. (2003) %A F
U ABL A IZHBWT, Rosales et al. (2004) LA
RANZBNT, ENENARV LT A FHIZEEND A
LA s OIS A4TV ), Pliensbachian 17> 5 Toarcian
HNZ T CEAR RN LS Mg/Ca SeIN BB 5 2 & 2
BN LT, kIR IR B IZ B D agam A Jba L
TW5,

Va FRAICEZ > B E0 5 b, mFELIE LT
OAE & OBHE NSRRI TV O, Pk ZAH Dk
FIEE T %, Pélfy & Smith (2000) (X, =¥ RUF K
FeD /2B L7z & E 2 5T Karoo (FI7 7Y
71) BE O Ferrar (FEfH) Yok LEE OIS OAE & [A]
RRITEE Z > TV D Z L 2L AN L, T OKAIEEAS

IRBEALOMEKED BH- %25 &2 LT OAE 12272035
72D TiE7aW )&l ~_7=, Jourdan e al. (2005) (% Karoo
WK ZRE OFRZ G L T 800 4 (T ARTHENX
600 H4) IZKRSEMOEEBHMARE L. RIMNRE
B S To T DICRURICHER R B2 523, 204k
OIS IR 72 FCITIEE B R o DTl
LTV D,

AT Z o T B OV TE, A0 TN TE
NLENICAFFED A TU 5, Aberham & Fiirsich (1996)
WK T VAW THERR M H O ZERME Ol & s
L . Pliensbachian-Toarcian B2 FE K T H LN Z -
TWe & Fak L7z, i (1993) KO Hori (1997) (H
ROF ¥ — ~ %7 L, Toarcian HIATHIZ BATF ¥ — K
DFFEL & blZ, BB bAREDE L 2/ R FO
HHRPEZ 5722 L 2B 6202 L7z, Ruban & Tyszka
(2005) (%= —H AJLPEERIZI T, Toarcian HHTHIC
AILBRDSEEIEN D L2 2 & &6 L T 5, Mattioli
& Pittet (2004) 1X, A Z U T O EWEMEIR BRI D
Toarcian #RTH#] D TOC 23 fe KIZ 72 2 WEH (tenuicstatum
zone E8DN G falciferum zone THB) (2. AIKEF 7T
Y7 b BB LT Z & & WA L7z, Bucefalo Palliani
etal. (2002) XA %V RJLERC. tenuicstatum zone 34
(semicelatum subzone) 7O falciferum zone Tl (exaratum
subzone) D fRFFRINIKILAREICHEY T T o b
PHE L. ZO%, T~ BREMOTZ 7 bl
L7z &alk~_7z, F7=, Macchioni & Cecca (2002) (%7 >

Organic-rich horizon §'3Ceard (%o PDB) Magmatic activity

C D

Extinctions

(Karoo and Ferrar)

Ammonoid Zone A
Ma (NW European standard) (European region)
178 —
- levesquei
180 4
8 thouarsense
=
2| variabilis
ot b
SN N T 2
182 bifrons i .
Salciferum I I
B tenuicostatum
184 spinatum
~
g' margaritatus
n 2]
o
)
O Fmmmmmm e m
=,
18671 5 davoei

4 A

A
v
b
v
a

8. ¥ = T AR Pliensbachian-Toarcian HIZHL = ~ 7= 3k H . 72T A b/ — 2 LERMEIZ Pdlfy & Smith (2000) 1285 .
A: BN ETHHEREW DN = F > 7= 4] . a) Whitby Mudstone Formation (f VU A, =—2% '+ —) (Szlen et al., 1996) . b) Posidonia
Shale (K7 >7) (Rohleral.,2001) . ¢) g —r » /< (7 L7 A—HififEHE) ¢ manganese carbonates 33 & U carbon-rich shales (Jenkyns

etal,1991) .

B: [RFRFNLIA LD ZE) (Pdlfy & Smith, 2000) . a) Dorset (f XU R) . b) A Z U T -HRT VTR ¢) 7T A .

C: Karoo 33 J. O Ferrar #t/K LS OTEEIRE . a) Karoo 33 &L U Ferrar (P4lfy & Smith, 2000) . 183 == 2 Ma. b) Karoo (Jourdan et al., 2005) .
600 H4E (178-184Ma) |28 L SEMIBOEEZHETE . D EEAEw S OZEl (B Lv-UL) (Litle & Benton, 1995) .
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EFA NOSERMEA T L, WKHELE) & OBEIC W
Tisim Lz, B BIX. tenuicstatum zone Tl CTIlI7 F A
WL AR LT AR TR 2 IZHEIRDS KL Z V) | tenuicstatum zone
R TIE OAE (Z B L 72 RHEINEE Z > 7 D72 L,
Toarcian #1D A~ MFEIE TIL 7R < BePFERY (stepwise)
T TALLDThHoT L TIRL TV D,

PLE® X 512, Pliensbachian-Toarcian f(Z 134k % 7228
PR Z o7 2 ERREITH LN > TE (X8),
INOOHERERET DL, Vo TRAHICEZ 5720
ITHMZRER O 1 [ERY o4 X hTide < B
E) & 7R BB % & A TSR BT 5 Te O TR
WREW) ZERTRIND, ITHETIL, falciferum zone
JEL DHEREW) D 7o (SIRAGEE T TS 5 K 5 Zeigeis L
X UIEATHON TN DA, HIERILSERY - 4S50 B>
HITRMIC DI 2B ShTnWo, FHI e 25E)
EERIICIE 5 1E0 0 Tlxe, REMZREAEZ - T
Vo ZHACATHI OHMEROEZB 2 HET L TS 2 EPNBET
H59,

(3)0AE [ZRH9 B1k< L ERDRER

V= ZHCHITIO OAE IZB LTl 45 itk THFTERA 73
K2R EATV, SHEHERERORH Z LT TR
D, M—HIRBUTERL RN EF o THU, HIERDKEIC
ERL T, ZBERFSED LR LERHITHA S &
WO ZEFEL OMREDFRE L TND2, KREDOAHE
WM S 727215 I 2 472 productivity model
MY TITED D0, AHEMITENITEREITFE LR
Do T NEBRFKWPTFE LI 2dIs &z &hi
preservation model 2N TIXE LD h, WETHIZRE L
TV, BUT, WS OO ZFRIT LTuy,

EW—RAEEEDNOAE 3|2 LZEEZXD
productivity model # % (2 I&. Parisi et al. (1996) <° Vetd
etal. (1997). Bellanca eral. (1999) & 25 \» B, Vetd et
al. (1997) 1%, N AU — DB T O Si, Mn, Fe 550
(LR Bl B O —RAPEMEZ FHH L, Toarcian 12
EFEVEINEE R U7z &k _7=, Bellanca et al. (1999) 1%t
A2 )T ORBEIEITIBVT, Ba/Rb H% % IV CAERE
PEZHEE L, REO&WAEEMEICZ X > T OAE 235 &
IENTDEE LTS, T2ZL, HeiRsEL L
McKenzie (1982; 1985) DD 2712 & 5 €7 /L1% 100
FERBREDEWEE A r—L10boTHy, thilgs L
THWAIZIEZVER & 5 (Jenkyns & Clayton, 1986)
Rosales ef al. (2004) 1%, B B m OHERRIZIRE(L DK
HE—FELRWDT, B A b Z il U e R Bk ok
DIEIRALIR—IRAEFEM & @ O T- D TIEZR N & R~ Tu
%, AR OAEs &% & productivity model 7
IZZRUEEBDNRR2N K DI A 2D, TOCEAMEKR
& R RHS, RBFNMKIEAETITRSAIZY 7 P L
TWN572DTHA 9, Bellanca et al. (1999) (% McKenzie
(1985) #5IH L. g [HEFEMDR Lt o 72REo I
JER) L LTV DAY, AEFEMEA LR LTS
RFBRNARIITIEIZ Y 7 b5 EEZ DTV ENET
b5,

—Jj, preservation model i 72 B IE, WEFEIE &R D45
i & B Z DB Z RO TV DALY, Selen

etal. (2000) % A ¥V RZBWTHAEITV, Toarcian
Wl o HEFE % (Whitby mudstone) % ¥ = 7 #d & #] ©
Kimmeridgian Clay & Fb# L C, Toarcian #IZFAM) A
FEMEDME LS, XV RE LB CHERBSE Z o 72
Lk ~7=, Bailey eral. (2003) [FALZESHT DORE RS
Toarcian F# CIRMELASEE Z 0 . KD KRN B Fiid
ATEZ & THENME LT OAE XD o7z & FiE L
T 5, Mattioli & Pittet (2004) HEFENSRE L7ZZ &I
0. AR L 2o TABMOMRENEZ 7o L3
L7,

WTFROETMZENTH, OAE &K YELE) (5
W3 A—F—) LHESITTHEL TV LIRS ITS
W, LinL, ED LD RiKHEDRIZ OAE 232 2~ 7z
DML, FNENDOET ML Y 725 Tb, Rohl et
al. (2001) B X % Schmid-Réhl ef al. (2002) 1% KA Y D
Posidonia Shale % Fi#& L C. & OHEREER LI MK UEZH)
ERBEICL Y ERENT W & E 2, (EiEKUERIZE
WO & DUFKAZHRHIIR SN TRBERTEIC e 72
& L7z, —J., Frimmel etal. (2004) XR T KA YD
Posidonia Shale (22T, M/KELH) L &K (B A—
VR \C X BAKEE 2 oo b I AR REREE N
bobhd & L, FRCEICHK ERBSDIRIIATL Z &
2 & > THREDRBL & EFEME DRI Z - CTHIED
PETFEE N2 LI L7z, Parisier al. (1996), Bucefalo
Palliani et al. (1998) © (XA # U 7 ® Umbria-Marche (&
BT, AL E (maximum flooding) #1725 &EifEK
PR AR PEME DS YR LR BESRBREE N A U T & 3B 2 728,
Mattioli & Pittet (2004) [XFIHIBIZ OV T, EifEKHERIC
WEED U LT 7o DEMASR R R o 7o LR TWn 5,
@) N FL—FEE vs 7oFnA KL— kER

—RRRGALLOARREICET /%

Vo FHEATHIO OAE OB BTz > TIFEE - b %
MEFTETZDON, tenuicstatum zone A5 falciferum
zone FHEIZANT T, TOC fEMRAK & FIFRFHHIC RN S5
HH - WHRSRRNARIL OB R Th D (M9), KFEIF
PR OB FRFEIZONWTIEZ N E T, A O A—
REAIIZZE{E L 72 (Jenkyns & Clayton, 1986) , K&-IfER
O AR FIREN B L7= (Jenkyns & Clayton, 1986) .
FEFTAEW L 7o BT TR B IR DR RS2 DS P
M SN 2CITELEEARNPE LT (Kispert, 1982; Slen
etal,2000) %, BEx RBMREREESNTER, 2B A
BRI £ D ZERIC DV T, 87Cyy & 8°C,,, 23
TTIZEB L TWD Z EMZFD%ZBH LT/ Y (Schouten
etal.,2000), BIETIXH F Y RFTORIGITIe > Tl

Z DWW —F H ¥ U=D M, Hesselbo et al. (2000)
Thbd, WHIEFMDILA (fossil wood) H D R FE RN A
b BRI ARRE CIIE L CRRT OIFEZ N D, R
FIBROBAEDNEEF O E EE LFREKFITH KA
TWL I EEH LN LIz, £ LT, A KEICHE
BT 21cbMbod, KA -k e UCRERAELRDE
TR A, LrbEIMCcEE L FeE 5T 5
7o, REDO/NA FL— MRS LI Z LIS 2l
AL TR ERE Llc, WokZE IR & iR kI
Ko TKIEMDOA X g FL—k (X F 2 DRFBRNL

I
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= Mochras Farm borehole, Wales
4 Porto de M6s, Portugal
o Fuente de la Vidriera, Spain

&B3Cear (%0 PDB)

variabilis

bifrons

Salciferum

UBIOIBO [,

tenuicostatum

id

spinatum

(Adapted by permission from Macmillan Publishers Ltd: Nature, copyright 2000.)

9. Toarcian #RTH] tenuicostatum zone 7)>% falciferum zone |2
T CREER S N, IRFBHCA T O IRF IR OB T
(Hesselbo et al., 2000).

IRFRER I, — 60 %o & FEFITHRY) MRORL, TDA K
DI & > TR OEEFEATHEE S41. AREEKIED
U EEZXT-DOTHD, D%, Beering et al. (2002)
IIRE - HEFDRBZD~Y ANTG L A%REZ . " RL—
N DAHRDH < KEH O ZBLRFIRE O E5H L IRE(L
AT RO TN D,

NA R U— Mafigaiid, BERT iR ORIk L THID
THREINZHTH Y (Dickens et al., 1995; FaA | 1995) |
KA A L0 b FEHRIC RBRNAR LN AICE® 5 Z
EEBATHZ LN TE S, BEFTHRIZIE 3000 F-A
EW S EHIMICE < DOEAF LRI L 7o, 2K
DFEDO AT 2B EF- L, AL RO RFEFAAE
FEI3 5 1000 AELAPNICAIIZ 2 - 3 %o RIZ S 7 b L7274,
15 TEIEED P> THEE L2 ERHLMNI RS> TN
% (Dickens et al., 1995; Kennett & Stott, 1991; Norris & Réhl,
1999), Hesselbo et al. (2000) 1% = FALRHIOHAEITD
UWNVT, BEERARRE & B U CHERRRE AR L. 5000 4R
TR 2 %oBAUCT 7 b LIz, IRFBRINIRLEME
BRARAN 10 TAERT (TR 3 7 HEER) SV - & b o7,

Hesselbo & D/~ A R L — kg2 %t L T McArthur er
al. (2000) 1%, XL AFA MDA b F U ARG
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