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Climatic Events in the Cretaceous Period

Junichiro KURODA*** Katsuhiko SUZUKI**** and Naohiko OHKOUCHI ****

Abstract

Although causal linkages between massive volcanic events and extreme climatic events have
long been discussed, no consensus has been established. Recent developments of heavy metal
isotope analyses such as lead (Pb) and osmium (Os) enable us to reconstruct detailed volcanic
events from marine sedimentary records. Based on these isotopic records, we have investigated
temporal relationship between massive volcanic events associated with large igneous provinces
(LIPs) and Cretaceous Oceanic Anoxic Events (OAEs). In this paper we overview recent work
on mid-Cretaceous OAE-1a (120 Ma) and OAE-2 (94 Ma) and their linkages with Ontong Java
Plateau and Caribbean/Madagascar LIPs, respectively.

Marine sediments deposited across the early Aptian OAE-1a show two prominent negative
shifts of seawater osmium isotopic ratios, suggesting duplicate inputs of unradiogenic osmium
from the mantle. The lead isotopic record suggests that the main part of the Ontong Java
Plateau was formed by deep submarine eruptions. On the other hand, marine sediments
deposited across the end-Cenomanian OAE-2 interval indicate an abrupt shift of Pb isotopic
ratios, suggesting an increased supply of volcanic Pb via subaerial eruption. Our data indicate
strong consistency between magmatic events and extreme climatic events for both OAE-1a and
OAE-2, although the eruption processes differ. A more precise discussion of the causal
mechanisms between these events will be presented in the near future.
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Fig.1 Outcrop photograph of Contessa quarry, central Italy. Black bands indicate the Early Aptian Selli Level
(lower) and Cenomanian/Turonian Bonarelli Level (upper).
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AROHEIZIHER 2R T 2 KINGE25EFE TH -
722 &iE, 9TIC 1980 AEAHIEH ShTwi
(Keith, 1982; Vogt, 1989), 1990 4FfRIZ 7% - C,
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Fig.2 Location map for Aptian time (120 Ma) modified after Schettino and Scotese (2000). Reconstructions of the
Shatsky Rise and the Ontong Java Plateau are after Shipboard Scientific Party (2002) and Riisager et al.

(2003), respectively.

EDOTFNOFMIIESDE ZARWAKETH 5,
FHOIE, EEEHERY OIS NSRS
B DO FN A 2 W2 L, HEREW 2 & B RKE
HAAXOEB 2L L W) 7 F7u—F Tt b
YV 7R KINEE & OAE-1a D) ¥ 712D
W TS L 72 (Tejada et al., 2009; Kuroda et
al., 2009), {£H L7z®x 7 F X4 E Umbria-
Marche # % 0 FERMHERE Y &, KB geig
Y F—HEOWBNTHS (K2). RiHid
BAEDA &) 7Hgeio 7 = I #i LT
B, NLITU~TTFT yOEELZFT v — b
RHGZHETLIFa— I BIPY—0b%
% (# 2 1Z, Coccioni et al., 2006; Tejada et al.,
2009). Hill7 7F7 v OREHEICIE, L) E
(Livello Selli) & IFiEN2E &S 2m ORMBE
TEFRDLNSE (K1), ) BITARERR
BB~k E s, Bilae~—v e nE
%79 OAE-lald LiIZ Lt 4 x> b &I
N5 X912, £V EIZOAE-1a #4521 % b
BCTHb, BVBIEAZ ) THREOT =V
WREBDIEZH, 47 7IEH D Cismon X ¥ F
V7, A4 A, MILMCIECHELTEY, BA
WCHWFFE DS HE 5 LT w5 (Menegatti et al.,

1998; Bellanca et al., 2002) . AffFETIE, 1%
Y 7 RYLER 7 X = I D Gorgo a Cerbara #
D HRB 2R 720 ZOFFHTIE, LU ED
E23i3#22mTHhs (K3), tVEDOTHB
TOEMICIEFa—rBI~—NERKEL,
F v — MREAZPAET 2 m VA KA R HYE <
HEhb, TN LY BIZAEREERESB X
P~k HE %2 FRET A5 mm ~ em ©
TIFVEEL, MPRER~Y - VEPET S,
BRI R LIRS T H%ICET 5,

—F, VxvF—laIZAERIIOER SR
iR TH L (HM2). MH LIEHERLDT 3 —
7, %=, Fx—1bF, K—tIFF4 bBLOH
AROFA BRI EERRAHERE L T 2,
2002 4E ® ODP fii i Leg 198 T ¥ ¥V ¥ — &
HeR W A3 ] 2 1172 (Shipboard Science Party,
2002). 8% A +dHH 34 A+ (1207, 1218,
1214) TTET 757 ¥ OHRWAEIL & 7z,
FNFE L 10 ~20% TH o 72125 Mb ST,
OAE-la |ZHY4 ¥ 2 A E R A A IS
2o A 1207 TiE, BN S N-BEESEO
EXEf45em THo 7225, FLAMEIZE % &
EBROARERBEAEIIHN 120em LTSN

— 539 —



2o
o|§|3 Rlg 3
= |®|=|N
=1 EEl5]e £
Do g £|8| 3 206P /204 208ppy /204
5|2(= = 205Pb/2*PDie = Pb/2*PDbjsia
m = m 183 185 187 384 386 388
134 ®._ K 134 _ —_——
28| _|< ]
=%s} = L ]
124 |22[§ 12 v \
K J 2 _2-
14 | =3 114 o "
S nnlfn Ap6 5Y pY i l
s 1383 oo D t T ; o
104 L | |Z|= 10 o 5 \ / :
= | = o _ApS > > — H
<||® e —pet <>. ,'>. %‘ :
9 ] 9 _Ap3_ ) -

Chiastozygus litterarius (NC6)

Stratigraphic level (m)
~

H
°
6+ P
: < /
51 (8|3 5 N N, s
5| < \ ] /
]
44 (=8 4 — / \
o ] h T "
©
27 o 2A l\. l\. l\.
. 5 . [ \
0 0 —_—
Chert -30 -28 -26 -24 -22 -20 15.63 15.65 15.67 0 0.5 1.0
' Chalk 8"Corq (%o vs. VPDB) + 207Pp/204Ph, +1%70s/"®*08 e
Greenish gray shale
Black shale

3 4 %17, Gorgoa Cerbara £t 7 ¥ 3 ¥ ® OAE-la A O EREF, AEHAEF, Ak EZERMAL,
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Fig.3 Biostratigraphy, lithostratigraphy, organic carbon isotopic ratios, osmium isotopic ratios and lead isotopic
ratios of sediment across the OAE-1a in Gorgo a Cerbara section, Italy. Shaded interval indicates Livello
Selli. Biostratigraphy and lithostratigraphy are after Erba (1994), Coccioni et al. (2006) and Tejada et al.
(2009). Intervals from Ap2 to Ap6 indicate segments of carbon isotopic stratigraphy in the Early Aptian (see
text). Osmium isotopic record is after Tejada et al. (2009). Numbers (D and @ indicate duplicate negative
shifts of ¥70s/%80s ratios.
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(Shipboard Science Party, 2002) o IZOAE % &7 0 — N VR FEIER Y A T AATK &

NVLIT U-T7F7 ORI, FIThH QA L 72BN R FE FAAR IS & KB 2 42
IKEF 7 bh, AILiERFE B X R E R EE B & TWwhb, OAE-la DA, 4 X b

— 540 —



KRR O 2T (o A8, 7) A5k
DHN, ZOLICIEDOIL Y A — 3 U HFRD
bbb, TORDANA 71E, A7 KIS
WAL F 2 ERMARR OV EE (BCizzLw
KF) OGO E I EEZONTWS (Bl 21T,
Wignall, 2001; Jenkyns, 2003), —7F, ZD#%IC
RONBEDTZZ AH— 3 viE, OAE TK&E
DARIRFENRG-MFERPOREREENIZZ LI
JFEIRAH %, AT BCIZZ LW,
RFEOHERMPED &, RS NIRGIEERDRHE
V= N— @R FEFRMAELITELS BCITED)
be SO [ADANA 7 +IEOTI A —V 3
v oflargbeid, RPONLITY~T T
FT7 v ORBEIZL B SND (Menegatti et
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FIN AR OZALD B L 7 B0 D72, HEK
FKEMAARLL 2 BT 078D Z o 72720, A
J& 34 O [ LA HE R A A 1 SR O R AR EE
ZEEINZ T, —REEBVPREEEELB %9
B DR B DB o A i 35 2 WIS S % %54
BT O OB S KT %720, JEpxttt
V=& LTHHTHBICIEREPLETH S,
B 7 7F 7 ¥ O RFERVAELET L, £ON
F =5 8OO (Apl 205 Ap8) 12431
5N 5 (Menegatti et al., 1998; Bellanca et al.,
2002; Wissler et al., 2002; Herrle et al., 2004;
Ando et al., 2008; Tejada et al., 2009), Apl :
MO BEE NV I T v /T TFT vER) fHE
TR 1% DIED Y 7 &, Ap2: 77 F 7 v it
DEEME, Ap3 @ KB LRADY 7 N (IR 5 ~
7%), Apd: BWZEIEDY 7 b GLOMEICRES),
Ap5  IED Y 7 PA—REIZIEE ), FAARKAS

REL CHRIC X o TI/INERAD AL 27 h538
oND), Ap6: HOIED Y 7 b, Ap7: Hil
TTFT v HRMORET 2 — X, Ap8 : N
BDY7 b GRIERZ 1%). EX5DL 5 ) T
Gorgo a Cerbara 7 ¥ 3 ¥ OF Bk F R AR
FI2H, D Ap2 05 Apb6 (ML T B K RIAL
HitoZH RO o (K3), 7Fa— )k
ZEVARA =T BB R—HLTwE, 209
L) EIEAp3 0D Apb I H 7B, — T ¥ Y
F AT, OAE-la Bt a2 &G I 704
B e A ARGLERIS, Apd E EZ LN B IED
Y7 M E, FOLENIC Aps ~ ApT (AN T B JE
HRFED LN TWD (X4) (Dumitrescu and
Brassell, 2006) o

FEHOSOMBEITN—TIE, A7) TDOk7 V3
ORI O F A I AR E R E L 22
(Tejada et al., 2009)c = Z THMNTHFAI Y
2%, MRS 7 o AR SN A A A 3
T ATHb, —MRICZOFETREB-~Y I VB
1k, KERILER, Z L CHBW R &I hL A
AITLANHBEINL EEZS5NA7-% (Selby
and Creaser, 2003), {EAKDF X I 7 AFAKRE
BRLRE A S LT E Do [ U420 Sl &
NHL=w b LTREZAEL, 0
18TRe/1%0s 0 &, HEEWHCHEL CTE
B10s o & KD 0, W5 L CHEREIRE o 15705/
880s A HICT 5 (FERHIIE) o WA L 723K
SO A I ARMARR (K3) &, NLIT v
BIUOT7 7F7 v (LR CMO ¥ f i
) 121205~ 0.8 EElZRT, £ EHE
DO 1m TS F X I 4 FGARLD TR A 12
Kby, vYVBEEEDH50ecm M7 T0.4 I
ET D (M30D), T0#k, * A3 AfEMA
WA 1cEm< ), Y ERIKMETO0.6 &7
5o LVERTETH A I AFMALIX 0.7 5
502 FTRMIKTTS (K30Q), 20,
LV BO TS EEIZHTTH R 3w ARMAR
B3 02 Lo icRE L2, Y EOH
Do R BRICHOREWEE 75, 2020
DOF A I AFRMARLOARD Y 7 M, FARL
DEGKEFEHRD F 2 3 7 A ORI A
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T4 5h, FMEEOKV< Y PvHRD LI
WERIM R kD & 2 3 7 2 OBERE AT NS
52 & Tt T& 5% (Peucker-Ehrenbrink and
Ravizza, 2000), L 2L, ¥70s/'%0s [L7A%0.4 DL
TIET ¥ 235 % KA A 2 37 20K
TRFTHMLE ) &35 &, KEEdh ook
M RBBIKT S5 580H 5. Bl 2 13K
? ¥0s/10s [t % 0.2 LT IZT 5 124E, KEEHh
LOFAIT A EIZIZIEOTLEDRITN
1¥7 53 (Cohen and Coe, 2007), BlEH T
T\ L72255 T, FRIEOBERWA A I Y A0
PG CTHIT 2 HREGHNTH 5, KRR
b OF A I AMEREO Y b, BAERICL -
THIERNAD S D725 SN DAL, BOdE%Ek
IR R 2 E DB L WD L E X
51 (Ravizza and Peucker-Ehrenbrink, 2003;
Robinson et al., 2009), R IZb 7z o CTHALK
D MRS N 2 2 FIT 5 DHHEL v,
L7255 TC, 2TO2EDF A 37 ARMAKLD
KTIE, <~ MVEREOKWREMALZ b o% A
Iv2AOMICEsbnEEZLNSL, OF D,
XV MR SDOX TR & o TRBIELZ KL
WA 2 mIFEE L, WAKRDF A I T ARMAKL
DO2MOET 2B 725 L7z, 1HBEOKILA XY
N id OAE-1a 2513 U ¥ % 30 ~ 50 J74E R 12, 2
mHOKIIA XY ML OAE-1a & ZIZFM LT
XU ED, LY EOHRIHT T HEE TS
o 1KYV AEFLTYIal—YaraB2
ol R, 0.2Mt & 5Mt DF A I T ANEN
ZN 20 HAERM & 100 HAERAR ST e 2 LT,
CO2MOFAMALOBERTAFHHTE L Z L8
HW L7 (Tejada et al., 2009). Z DRI, HEE
ENTWELF Y by Y% 7RO &IN5
LRAEDEE, BLIOF Y b Yy 7iaLRE
DF A I APEE (100pg g™ ) OHEE L,
UMYV THARICEEND T AI T ARED
ENEFN1% & 30% 24T % (Tejada et al.,
2009), 2F WV, F ¥ FUI X THEORKIS
Lo THMTRLZETH L, ZOWEEBELT,
VS IR AR OF R I Y AR OZAL
B, AV MUV THAROL) BERKRESA

X2 HoKINEFIZE > THBE SR F 23
TAZEBBDOTH D EREROT

HH 53T/, £ %) T Gorgo a Cerbara
rvav (M3 LRFEY Y Y F—ilt Lol
fi 27 (ODP Site 1207) (X1 4) @R LR
iM% L7 (Kuroda et al., 2009). = D%
TlE, BoEHEZES, ~—L, Fv¥— MR
EL, Wb R Z BRI TR R L ki E
R UL L2z $n o iR 2 g L7z, L7z
Mo T, T THRATHEORHE, HEEE
WICHEELTWDL EEZOBNDL, ¥y Y F—iih
BILOA &) 7 oHER O S IRALARMK (X 5)
NV I T o TIERBE RO & ZIEHE UAEE R
o BBREEWZ &I, L 3T Y (Core
46) 27 v v F — iR HERR W (WA 7 g5 I AL AR
RoZ@i#donsd (5 OFf/ SR IVEH),
i, KEEMGEOME2SF Y Y Y TR
Kwaimbaita—Kroencke B LA~ = & FilEH
A OSMARIE DS EBTH D, 45
7 @ Gorgo a Cerbara t 7 ¥ 2 > T¥, RIEIZ
INEWHDOOFI T 7F T v DX ) B OIS
T (OAE-la i) T, $tFfAAL2 >~ >
Yy Tl (Kwaimbaita-Kroencke ) < =
v A O FEMAAREIES L (/5 DA
AN D EMRTHAIZRS) . T OSFEMARILZEE)
MR LN A EHEE, 1RHOF A I 7 AR
HORTARD LN FHEIZIFIZT—HT S (K3
DD), ZDt%, OAE-la TtV BOHRAIZL
IhE, AXUT Y Y a v OFEMARLIZREE
Wik O FEALARISE IR 50 —T, ¥ v
FoWEOMRMIEA v Yy TGO LR
DRI EZ PR FFT 5, OAE-la 25
bolztk, vy F -G ORI KEEE D
fEICRE S, SO XIS, ShFEMARIIZHIEIC X -
TEEMNRY — PR TEY, REFKREV,
TV Yy TilEER Y S B FEISE VIR
X U R —iEaOHRWITIE, SRR v
Yy 7iEE D LIRS XA S D5
WMo ERTEHY, NLITVITTFT
B LA A 5 OAE-la 5 b 2 F THi o —
H, APy T TR SRR, HE
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T AWV (4 2 7) TlE, $ROREBFILK
Fedbi K TH ) OAE-1a 2813 U F 5% 10 J74E
i QI HOF A I ARMVARLOIKT K30
D) WA P Yy b LY== FiEED,S
DEPAEAD T AWML 72 Z L AR S D D
ATHY, OAE-la JBHEIZIZE R KA A X A
5DOMBIIED LN QNMHOF A I YA
MAERLOKET - K3D@), 2oz ki, 1MH
DOKRINA XY MTE, s 4 5 7
(CURED T F A T TG STV 7295,
2 EHO KA XY FOBIZIZE RSB EAX
MO ENEE, TF ARSI S h
TWaPolZ E&RT,

FHOIL, ZOMEMKILOEE Y — 2 Hh b
BEED KINEB ORI OWTHE L7z, % 2
O — N2 5 X9 2 KIS i ke B
(X ) BV iETOEK) b L IR EN L
KPP EKTH L ULEND S (Kuroda et al.,
2007) —7, EiETOKINEKTHILEL, Wi
2B B R A & b od THIER % IR HPH L2 fit
AT EITHEL Vo SER DR ARL DZEE) <
F—i, A bV THEAEO KGO
H, 1AHOF A I AFAMAEERZ 725 L7
KIUNGEITIZ, 4 7)) 7T OHEBWTHOTHh RS
SR EB DD HNb, THZ EiE, 1HA
ORINTEENE, EFBECRKTICHZRNT 2
KUTEBIPE X722 L 2R LTS, BLH L,
Fe FREK D L BB RKTRAI;RE 7250
LEZOLND, —J, LVBBEORKEW2EHH
ORITEB T, KIEF OS2 RIS §
% &9 B LD L ITIBFERIK I AT X
ol R LTW5S,

COMRMRE, FY IV X THEOEARE
HBRLTALI T I X UilEaE, dEd
L= iR, 7 I UFilitEHbELEKR
7 Great Ontong Java Plateau & L T A
SERTERLZEEZ 5N TW S (Hoernle et
al., 2004; Taylor, 2006). *+ ¥ b ¥ ¥ ¥ JifEHD
RIEREE R, BIOZ0—8 23+ 7527 LT
B LTI 5 EOEAEN - EAEMF
TTh D, F ¥ hrYy TEROREORIS A

W7 757 AHEEPCTHEBTER L E R SN
TWb, 120K A b2 & R LK ORHEAS
OS5 Twb (Thordarson, 2004) 25, Zh
BHINHZDDEEZ LN TS, ThIZHFL,
~ = b FEAR IR LK ORBRREIE K DR
A% LR ENTW 5D (Jenkyns, 1976; Jackson
et al., 1976; Kauffman, 1976; Mahoney and
Spencer, 1991 7% &), Z @ Great Ontong Java
Plateau OTEK L5, EXHLIEA ) T2
a yCHEAMAKLEHE L) 1RHEOF X
I AARIE DI T 2~ = & S ilEa O RE LXK
2, AU TRy Y a v CEREAMAEEZ L
babw 2l HOF A Iy AFRMALOMET
A YT TiEEARO MR I LT
Wb EfEm L7z THHOF A X7 A AR E)
A5k & 72 KE1 13X OAE-1a B K9 30 ~ 70 )54
HiEHEESND. CORMIIZIEET 7 > 7 b
@ Nannoconid & O LM B AEAL T 5 HEW A
NV IR 5TV DEH, ZHPIHIH - 720
S - R - AR A XY MR E TV
Vo —F, 2B HOF A I 7 A LA B
OAE-la LML THY, & 512 Nannoconid &
IS 5 4 X~ b (Nannoconid cri-
sis) R, AWML rFRMALOEDOZIL (Ap3)
ZIZIZF L Twbe Ap3id, BCIZZ LWk
F (CRILIRE) PEBMICKREIER IR SR
o2 ERRBLTEY, KINGEI B L 72—k
1bh#% (Larson and Erba, 1999; Wignall, 2001;
Svensen et al., 2004) Ot Ez b b, 2
mibr,zﬂamkm@ﬁi N A3y | NECR
T ij(%ﬁ‘o TeEEZLND,

2) /YT -Fa—OZF ER OAE-2

%/7:7/@%%%~ECO_OAETUi
THHERREE, NVATA MY, EAEYO
KBRS HE SN TS (Jarvis et al., 1988;
Paul et al., 1994, 1999; Gale et al., 2000, 2005;
Keller et al., 2001), % 7z, Kaiho (1994) I3,
HILROMMP 5 — s, HEREIERT 2K
AL R KA DEFRIC A T A A fL S

IR L TWA T LML, H~EiEDS
MR L7 LMD 72, OAE-2 TIX, KM
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Depth bellow the sea floor (mbsf)
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W AR ZOFRNALDOIEDT Y A - a v
B s N Tw 2 (B 213, Gale et al., 1993,
2000; Hasegawa, 1997; Jarvis et al., 2006;
Kuroda and Ohkouchi, 2006; Takashima et al.,
2006), ZDIEDIT 7 AH—3 3 i, OAE-2
T PCIZE AR R OHERGE B A I8 <
% Z LT X o TERBEKT OB R O R
I % B2 BE T, Bty —nve LTH
HTE%, &S, ZOFEDIIAH—T gy
Rt o ik e LT, R %o OAE-2
Ei#DOEME T84V L7 (Kuroda and
Ohkouchi, 2006) . £ O#5A, HERALKIE T
W RERAMARDIEOL 7 A= a v X0
%0 LA 5 AR RO H S ORI T TITIZ L
FoTHY, TORK, KD RFZRMAKLAE <
% HWEICAL R IEEEILER R 7 F A THREH 5O
WRPIELEFoTWL I ERHLNICHR -7
(Kuroda and Ohkouchi, 2006) .

C ORHNIZRFHERFERT A ) TilEG AR S

N7zo B THWEIZFOHDO T L — MEEIZE -
THEDO N ) THEBIZED—H2FT 57 ML
T, RKIEDOHETHE SN TV L H ) T
B LA 0 PAr/PAr £ 181X 95 ~ 92 Ma &,
OAE-2 A, (94 Ma) & 1FiT—% 9% (Snow
et al., 2005). —F, Y FHAHNVHEKZRAIX
MPERERE O A v FHliKEEE 7 7)) A KRS
INDUWHETHEIB L7z <7 A A D VKT E
X, YT HAANVEBICHENT L LK ERE
L, RETAINY) v Vbbb d
B, BBEIZITEA KBRS N TR n:
W, FORRAEA O I 2 #PH I RFHTH 5
(Sinha et al., 1981), < ¥ 4 A 7 Ve Etk Zik
#1392 ~ 84 Ma @ U-Pb £ (Torsvik et al.,
1998) X “Ar/*Ar 4EAX (Storey et al., 1995) %
D YA ANNIKZRE, ) THRIT
FNOHEETHS X 10°km® DEEZ HDOEK
RKINEERTH 5 (Eldholm and Coffin, 2000) .

A 5 1) 7121, OAE-2 #4345 K+ 1Y)

K 4 KV v F—ilits (Hole 1207, Cores 42-47) ® OAE-la A B O L&y, AfTEIE, A8 R #ERMAL,
SR, AMERE B X OV E R & # L2 1 Shipboard Scientific Party (2002) £ X UF Bown (2005) X
D, WEODF-BEZE) FHAYEOARERGE SR K FE AR (X Dumitrescu and Brassell

(2006) 12d &<

Fig.4 Biostratigraphy, lithostratigraphy, organic carbon isotopic ratios and lead isotopic ratios of sediment
across the OAE-1a interval from ODP Hole 1207B, Cores from 42 to 47, Shatsky Rise. Lithostratigraphy
and biostratigraphy are after Shipboard Scientific Party (2002) and Bown (2005), respectively. Shaded
interval indicates organic-rich black shale equivalent to Selli Level. Organic carbon isotopic record is after

Dumitrescu and Brassell (2006).

5 A %1 7 Gorgo a Cerbara 7 ¥ 3 » (/) & ¥ ¥ ¥ ¥ — it Hole 1207B (1i) @ OAE-la Ji 8 ® §i I
Wifkltorax7ay b HEREY O E 7 — % 1 Kuroda et al. (2009) 2 X 5. A~ by P x T
W (OJP) LR @ & [A AL 4K HL K 1$ Kwaimbaita-Kroenke %! (KK) & Singgalo ! (Sg) 12417 b1
% (Tejada et al., 1996,2002,2004). 7 7F 7 Y IZWEH Liz~v = FiEa (MP) XRE O FE MR,
OJP ® KK B X il % L 1Z1E M UM % 7% (Hauff et al., 2008). K B i o §5 7 fir fh I @ b K K B (NAm),
MAKEE (SAm), 2—F ¥ 7 Kk (Eu), 779 7 KB (AN &, ANEERN T8 X ONTHER Y o
S IRIL B X O U/PD t, Th/Pb It 5 3K T v % (Asmeron and Jacobsen, 1993; Allegre et al., 1996;

Millot et al., 2004) .

Fig.5 Cross plots of 2°Pb/?*Pb vs. 2®Ph/2*Pb ratios of sediments across the OAE-1a from Italian section (left)
and Shatsky Rise cores (right). Data are from Kuroda et al. (2009). Pb isotopic data for basaltic rocks from
Ontong Java Plateau (OJP) are divided into two types: Kwaimbaita-Kroenke (KK) and Singgalo (Sg)
(Tejada et al., 1996, 2002, 2004) . Pb isotopic ratios for the Manihiki Plateau (MP) formed during the Early
Aptian age fall within the field defined by KK-type rocks of OJP (Hauff et al., 2008). The Pb isotopic ratios
of continental crust in North America (NAm), South America (SAm), Eurasia (Eu), and Africa (Af) were
calculated based on the Pb isotopic ratios and U/Pb and Th/Pb values of river-suspended particles and
sediments (Asmeron and Jacobsen, 1993; Allegre et al., 1996; Millot et al., 2004) .
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J& (Bonarelli Level) &35 Bt B 255
9% (Arthur and Premoli Silva, 1982; Coccioni
and Luciani, 2005; Kuroda et al., 2005), # ¥
IRFVLEEDT30% &8 2, WHROEESOHFKK
RMES2~10%THALILxEZDL, ZO
IR MG I e SEESIL, WIEHTHA LA
%1 7 Gorgo a Cerbara 7 ¥ 3 > THRF LY
J& % &t RO 2RI, TofAKE
RE L ZoRENMVARLE 1.5 mm BFETHlE L
72 (Kuroda et al., 2007), ZO#EF, K+ LY
JE LI IR I 4% DIEFIZ Y ¥ — T A DEAL
NRDENT: (K6)e 2D X)) %2k MK
HOKT (D A,84 7) 13 OAE-1a T itk
TotsvarpbREINTED, OAE-2 T
LbINFTWLO0OHENLIHEEIN TS
(1 1%, Hasegawa and Saito, 1993; Gale et al.,
1993; Erbacher et al., 2004)s ZDZ &5, ji
FZRMVARLEDBE D A4 7 13 &N BBETH
D, FFLIEBOHMMPIILELRFIZBCIZZL
WIRFEDO KRB G E2bND
(Kuroda et al., 2007), KF L) @OMEEHOE
W DAL 718, RO RFEFMARLOIED
I A=Y aryOEhil#ooh, br) LT
F AR ACEBILRVEETREEH ORI T
T A5 —%% ¥ % (Kuroda and Ohkouchi,
2006), 2% 0, ZORKFFEMLAELOEADZ /A
7%, OAE-2 THREHAOHRY 7 F AR
JEEBALRPEHENCIENT B A & 72 o TV A REPERS
Hbo

APV EOREZARBOPIZIE, 3XEF
LARILEM D RAE ST % (Ohkochi et al.,
1997; Kashiyama et al., 2008). 4 ¥& 4% 1t i
NA F=—D1—) OGS, FEBOREG
GERFEEEBI L) T /N7 7)) TICHEL
TBY, MERBOABIRE LA LR
W5 227 572 (1 21E, Ohkouchi et al., 1997,
2006), O kL, OAE-2 Al ~i)E 72
FOANRY PTIRERL, WRERRE L &7 4E
WA Ry P THo7eZ L ERLTW D, A
mFEr a7 4 VORHREFYTH LRV T 1)
v DRFEFNARGL SR, FRBEA P H O e K FAAA

It % — 3% W 27" ¥ (Kashiyama et al., 2008),
ZDZ EIE, KD RFERNARLSREHETT 50
WCKERFME R D KT LY ELSHI L72R
V74 Yy olRFEMARIE, OAE-2 TEAH
WRFEDORERMMARK E RO IEDZ 7 A —2 3
VERRT ZEDPHL NI 572 (Kashiyama et
al., 2008) .

4 %1 7 Gorgo a Cerbara £ 7 ¥ 3 Y DK+
LBk FRMARLER & N F < —h — Rk
&, KT L) RE IR K HI 2 BRBEZE AL S &
2 EERLTWS, FF L) BOHFAMIKILZ
WELZEZA, FF L) IBOREER T 285
AR DAL RO bz (K6). KF L
VEOTOF 3 — 27 @O FNAR T K B 7%
OMEE DO, RF LG TIEYEEKL7=HY
TMELREDMEIEWEE 22 (7). 2D
iR, TFABCTROESOWRESNIL F L0
Wz, ) TilRERKE S A XKICHKR T 58
BT F AR SR T2 L2 RT, K
7 &3 < BN 72N 8R 2 A 3 5120, T
MK CUE 2 < B MR GiEKIHT & D AT o
K) b L IR AKRPEKTH 2 LENDH 5,
450 7B B HFEMAEILDZEILIZ, OAE-2
TlE & 72 KRBT E A % L b 7 F A
HECHMEMBT L LD kD L I3
MKFBEKTH 72N SN b (Kuroda et
al., 2007) o

AT, 1 F T OGE T N — T AL KGOS
27 (ODP Leg 207, Hole 1260B) &4 %) 7
TR 72 HERE A 5, RF L) BRI IRIC
2B ¥10s/180s O N & B L7z (Turgeon
and Creaser, 2008), Z DO Z & 205, 5 &
OAE-2 TH V) 7THHEDIEHIZ & b 79 KHH A
KUNKEHIZ L D, =¥ MVREOF A I 7 505
FEICRRICHB I N LRI TV L, EHFLO
RN HTRE R &, HF T DR T NV — T DF
A3 LM GHAERIE, OAE-2 TRMIMZ
KUNGE A & 72 &) HITERENTH 5, 7272
L, SRR OEB % ST %11, KL
KHRELTRZ S, b L AZBFEMRAKFEK A
BREDLERDH L, 5DL A, T HTAHNEE
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AL EBE L CTHEK L 72IRERA5E - T 5 25,
B ) THENTD W TUTRHBL 2 B WK O FERLIE
RS Tuiwn, LaL, ERKEEELGXD
%1%, ZOTREAIIIRE FRK 2 FBR L TWwb
LONLL WiiE~v=eIEE, TV L Vi
HBR e ” I XA %L Coffin and Eldholm,
1994), 71 7R TR LERERAR 2 » Tzl
BPEIE T s Twd, SH%oB Y TilEE R
KA X ORI S 2 78 0 F 2
FEV DD 5 6

IV. KBERIGEE E T O—-NIVRE
AN MERBIHDIEEH ?

INE TORFEWH DA A I 2RO LK
HE DML Y, AEALOWEEBEFELE
KK g 2 A X O KITEB OB A3 5 2212
o T&EIz, 7272, FHEOBINFEFTHEL2IZL
TE720I3, WFEIRFEFA & RBBLRIITGE) &
O[] TH5, TiE, WHHITV-TnED
X GHREBEBRTHEDITL LN TELDIEA
I e TNFTOMETIE, ERKBEASARXD
e & b 7% ) RBUBLKIUNGI I X - TRE-if
R M &b Z 1t jk % (Larson and
Erba, 1999; Svensen et al., 2004; Kuroda et al.,
2007) 2SEH SN TE . KINGHIZ L - TK
KHPOZBALRFERREI W LA T L,
BRI X o TR L Z LTINS,
SBEATNIIFEEROZ(LZ T SR I L, DS
AL L TR O RFEAL - MR Le s &L
ZL72o»d Lhi v (Kuroda et al., 2007)
COYF)FIE, BIZBRIZWEND BCIZZL
VR DB R 2R TR ERM RO D ¥
7 b A% OAE-1a X OAE-2 BEIFICED HN D Z
&, MEFEFREKIRDY OAE-1a X OAE-2 BlIGREIC
29I LA 3% (Ando et al., 2008; Forster et
al., 2007) & EBEHTHS, 72, OAE-1a
T#® 515 Nannoconid crisis 13, K& o
AL FRIRIEASEIN L 72 2 &2 & b % ) WO
PALD K L % 2 5T b (Erba, 1994), &
ISR L, R bRFERED FAIE D 74 ) g
1BIC & o TREERALMRAE S, KD & RAEH

MHAE SN D 2 & THEORBAEEI I L T
HBDOMBAREINLENI I 1DDY
FUF LFEBENTW S (Misumi et al., 2009)
O T F Y AIRGMEAEYHIERIL A 7V E
7 (MiMiC) I2&k o THEMEY I 2L —Y 3 v
THIHENTWwAS (Misumi et al., 2009), 7272
L, KB b#ED ERE, A3 400
MR D2 Btk (OAE-1la B X 17-2) <&
MEARKLE DL B #k (OAE-2) IZIERD 5N T
W,

—Ji, ERKEAEEAXO KL X %8k
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Fig. 6 Biostratigraphy, lithostratigraphy, organic carbon isotopic ratios, osmium isotopic ratios and lead isotopic
ratios of sediment across the Livello Bonarelli in Gorgo a Cerbara section, Italy. Shaded interval indicates
Bonarelli Level. Lithostratigraphy is after Kuroda et al. (2005). Isotopic records of organic carbon and lead
are after Kuroda et al. (2007). Open and closed squares in the carbon isotopic record show organic-poor
(< 2% TOC) and organic-rich (> 2% TOC) samples, respectively.
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Fig.7 Lead isotopic compositions of sediments across the OAE-2 interval from the Gorgo a Cerbara section, Italy
(Kuroda et al., 2007). Red and blue squares show samples from the Livello Bonarelli and underlying chalk
interval, respectively. Pb isotopic ratios of basaltic rock from the Caribbean (at 88-95 Ma) (White et al.,
1999; Hauff et al., 2000; Kerr et al., 2002; Thompson et al., 2004), Madagascar (at 88 Ma) (Storey et al.,
1997) flood basalts, and from MORB (at present) from the Atlantic and Pacific (light gray) and Indian (dark
gray) oceans (Hofmann, 1997 and references therein) are also shown. Meshed domains indicate likely end
member of Pb isotopic ratios of volcanogenic silicate minerals from the Large Igneous Provinces.
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