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Fig. 1 Oceanic anoxic events and geological and
geochemical records in the paleocean ( According to
Huang, 2007) (The occurrences of oceanic anoxic events

were designated as the rectangle with the sign of 1a, 1b,

lc, 1d, 2, 3. See the text for more details)

Jii (Larson #l Erba, 1999). filf OAEla f) s &
Je 1 — A RIZL Y C 5 H (0. 500~ 3. 0%0) JF IR .
Sr/*° Sr [a] I FEAR DO PR 500 R SR TR
JO B R A ) B K 2 R 5 o SR AR I AT B P C
A (=206 1 I 393 9 2R €8 T BT AR (Sliter.
1989a; Bralower %%, 1994; Menegatti 28, 1998;
Jones Fl Jenkyns, 2001). — Wi OAEla [y %
AR JEER S Ontong-Java KT 48 90 kb 1 A+ 1 s
%A 5% (Larson, 1991a; 1991b; Larson F1 Erba,
1999). OAEla Ja gl iy C 7 5% 1R AT 5B w2
M IR K AL BL ok B A 4 (Large Igneous
Provinces, LIPs) i3, 5 BOK fli i1 Z LY Hh 1 e
KA W 53 i 51 R B (Jahren 48,2001) . KL
B LIPs {6 s i 45 51, 51 KA CO, kB T
2 WUAR AR AE B0 2 3 J80 KT 8 75 ) J5 1 2ok 1
s RV R J5T A 40 0 A S Y e AT R ik 5 A ) Y
R B %, 51 R ik R R & b 1 0T RN R 68 5L IIT

T & (Weissert 45,1998)

OAETD 2 IR 4 iU TURUR # Jm IR T 28 74
FF A6 K PE ¥ A s 5 9 3 X CArthur Al Premoli
Silva, 1982; Premoli Silva %F 1989; Bralower %%,
1997, 1999) . X Be ik 9 32 B UM s s Aptian
A AL ¥ At - TR B DA KB JS - Albian 1
-1 1Y E I (Weissert #1 Lini, 1991; Weissert
S5,1998) . X — s TR B IR #h 10 C AL T LI 4G
B REMRI A D, 5 &3, " C fE OAEla Z
JE AR BTt R Aptian I A LA 1 H5 R4 22
Hohn . 55 T BT S — 20 R s 2 C Ak
FR IR (R g Aptian) , SR 5 7E M Aptian £ UCHE 5
£ Aptian A 5 1. B J5 78 Aptian 4 7 fig
TG I T}, Weissert #1 Lini (1991) % Aptian H1 i
1A e 17 7 3R A 0 2 T A BRAE VS LUK I Y & B R
T T B, Aptian F1 Aptian-Albian %% i b 3 38
R G DK iR 1) 3 BRI S Re 1 i 26 B2 UK )1 A TE /Y
HEHE (Frakes, 1999),

W5 R M OAELD BN 5 OAELa B —
JE [ 22 51 2t R IAE OAETD JfHE — UG 58 A
P TR TEZ W B A0SR . Erbacher 55
(200424 T ODP 1049 3 5 (b 74 ¥ 75 27 i)
OAE1Lb Bt (M4 F 1 E Vocontian #5# Paquier J2)
8 P i RIS A L H RS () 60 3R B0k % B T - IS
WAL LU O Hy 30 5 9K 19 1 i » PR T 42 4 ml g
T ARZ KR TH 5 B Bl IR K S A B 0 3 Rk A
3 V2 R o A 5 1 2 K e 46 o B b TR B 2% 1 T
5 Plio-Pleistocene B #}] i¢ 3 o 76 1) )i 48 IR 19 T 1%
PLERIARZE AL, H 2 55 A B 5K 2 [ Vocontian 3
t Albian I ] Paquier JZ & @, 5UE F R0 2 T4 7
J1 1 # & (Breheret, 1994; Erbacher 4%, 1998,
1999), it #b, 7 K 74 ¥ Blake Nose (Norris %%,
1998) Y 1049 ¥l &5 A1 DSDP 511 ¥l &5 (Bg K P4 7%
Falkland & J50) . & 8L 1 {055 A A6 A L2 (L 45 2R (1
TURTEND 1] 5 B2 A 1 D0 1 5% 7% (RL Albian
4D R BATE Albian FLI R Jb R 74 ¥ 22 (8] 47 76
K B e (<< 1000 m), X U6 B 5Y 3E B, E
OAELb )"z I Be N Az 77 g AU 25 A i Y- T A2
AR AT LAGE A A LR HH 5 = A1 1) e

OAETd i 8 6 5UATE R T2 70 A B R
PO B BN R RS T R R o0 A B S T A
A LAY )T iz B ECAH BE & (Erbacher 4, 19965
Wilson fI Norris, 2001), ODP 4h#&it %] £ Blake
Nose B8 19 Albian K#I 1 B4 7 5 1] 5 OAELd
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AHRSEE . WF5E 2 IR 6 v g S ) BB 5 [ 4 E 2
IKAE 3 2 BRI AT O, T X b il 08 = 202 th T4 2
TR 0 s 0 5 2= 40 23 0 98 55 T 5] k2 17 (Wilson 1
Norris, 2001), 451K 4= 7% B Rotolipora A4 [i]
A7 2R BRI o 27K I B 1 T e et g | Ak o
JERM A Z — . J5— KAl RS Bl A 1 AR A
H Cenomanian. fJFRE A, 57 C A (~1%0)
AHAG HIL A7) 2 60 R S LAY 2K 4 = F (Erbacher 4§,
19965 Stoll F11 Schrag, 2000) AHEE &R . MW iZ T = 2|
By S KaE AR [ AL 2 IE B S (~1~2%,, Weissert
1 Lini, 1991; Weissert 2£,1998; Stoll #1 Schrag,
2000; Wilson Fl Norris, 2001) | Jilt 5 Ht i 26 7K = 1
(Erbacher 4§, 1996) £ 1 2 % §£ I& T OAE1b I
OAELd i, 3R W T KRIEH I 3B A2 1

H Albian ¥ #9 Biticinella Bioggensis 4 ¥
Fr i) OAEle B & 7573 KM . 3£ E Western Interior
Seaway . 8 J< F| W ( Toolebue)  BF & ¥ , & 2= 5 Fit
PRA P AR R A 6, T BF 98 A% AR (Prace #l
King, 1986; Bralower ££., 1993; Coccioni
Galeonti, 1993; Erbacher &, 1996),

2 Cenomanian-Turonian SV G4 S
e

b C-T RALZ AW OAE2 & 240 50 W
FH A — AL TR )z A —
F 5 HUUBIA 5 f (Schlanger %5, 1987) ; g K P 7
8 e 4 2% 1 B 8 A i B 1 OGS AE AT A (Sinninghe
Damste fil Koster,1998), iz #] & Z A 4 4 Py i )2
S UE 48 A BT AR A TR YA HEWT OAE2 19 ¢
ZEBt[E] S 500 ~ 800 ka (Arthur, 1988) F1 400ka
(Caron 2, 1999) . i1 2f¢ B e 0] 3t /2 2 J5 i A 31
FEAF R R SE I ), 75 3 5 S HEA A A A R . fl
3t OAE2 7F 3 EH B} & $i £ Western Interior
Seaway #5421 720 ka (Meyers %, 2002) . 1E BB %
TS A FFEE T 400 ka (Kuhnt 28, 1997),1fij
TEhn & KV ER W A 320 ka (Prokoph %, 2001),
OAE2 1y = B 45 2 764 BT A Bk R +h vh 7 1k 91
I IE R (43 50 620 Fl 2%, Arthur 4§ 1988;
Jenkyns %§,1994) , P\ T & B8 N 4 BK 0k 76 24 17 < H0
B 3, v BB 5 A LBk B9 R ML KL HE R A K
(Schlanger #1 Jenkyns 1976;Jenkyns 1980; Arthur
&2, 1988; Weissert #I Lini 1991; Jenkyns %%,
1994) , [F]iF 0 i) i K SRR A7 3% LU (B B e 3 i R
K T BE 55 IS I 1Y 35 Bl AH 56 (Jones #l Jenkyns,

2001), fUnAEdt 35 Western Interior Seaway A] LA
R C/T FLRR s B 1Y Ol K BTAR AT LASIE B 1
YT 3k M o 5y Jm #E (Kuffman Al Caddwell,
1993) . FAIK I 3l s i) Ho A E 98 £ 95 I8 K & FiR
B E ot R & & Wt & (Snow A1 Duncan,
2001) o X EHAFGIES T[] I 0 6 AH 7 U A - 32
S HUA REH (1737 A L IR Rotalipora 14K

OAE2 A 7 Ik fo iy s b — R ELE 054
(Jenkyns 2£,1994; Norries f1 Wilson 1998), T
RAEY 5K A T A0V A AR LAY 1S, S Bk
PEAF R /L (75 B Aptian DU B/ F T T
130~350 m(Kominz, 1984; Larson, 1991a,b),JE
BT B B i B BCTR R B R R . T
KOHEAE R 4T R COL & 4 & Ry 3~
12 % (Berner, 1994) , i dth 0 VE 09 o S e 48 br 2
78 E AL 200 m. a. DR SR N il B 19 BB (Frakes
45,1992 Huber %5, 1995), MRSk EBEHE K
VB FH B IR 5 DA T -5 50K A B4 14 0 38 15 57 o
FEAMIE N F? Umi %,1996) . I 45 3k i1 BF 5%
IESE L E OAE2 fy & Rl # b AERE T 4020 ~80%%
() CO, BIFEAR (Kuypers 2 .1999) 4Bk HE 19 & AIG
(Arthur %5, 1988) 45 =5 {1, A AE J& K 74 ¥ M1 #4H7 Ail
R B2 30T 100 Gk A M AR A B O B R 19 45 2R (Arthur
&%, 1988;Jenkyns %¢,1994; Kuypers %£,1999), {H
& i1 T Cenomanian M 1 % 7 B 38 — B, T
LI A AR DR B) T PR I — 3R 90 B =R 22 ) 1 i
JGRFREHEARG M HES) . H 2 R4 Kuhnt 55
(2005) X 2 PUAH A (0 BE I8 RFRS I WA iy 7 C-T
FBR R B E F A TS K AL OAE2 8 F A%
R B HAMT S5 (K 2 b Stage 1~
7. Kuhnt %.2004) : @ 42 BRER M #5115 3l @ C, 1]
Co i S P I 56 A8 6 RE CO, I BEAR (b F 55 — A4
i % WAL 22 WD o () I 340 1 4 BR Btk Al % 48 5 - Bk v
B Hh AR — ORI s @ AR IR 3% 26 i B /K UL
M FEI W © P A LR Rotalipora F & Y 2
TR TR B AE s © FERT4ERRAYY C & B A
HH BT LB T 1) B e 1B D Wk [m) o7 3% i A% 52 95 5
FE b 2 5 0 R L

KT OAEZ [ AP SR T R 1 7 2 K T
A A B0, — &R B BFSE N DN, AE
OAE2 %A 1] ¥ i R BASE KL ik 3l Oy T 7K R
TAFEYOTREN F &R E R &R TR
AR BRE  TTE OAE2 f & A B — & 1 5t
ik (Sinton F1 Duncan, 1997;Kerr, 1998) ;{H &K
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Fig. 2 Events series during the occurrence of OAE2 (According to Kuhnt et al. , 2004)

KA I LG BN 5 OAE2 Z M V) K &, b T &
Y] 1% 8 B (Larson #1 Erba, 1999)., K %44
A$2H OAE2 kB REEXLEH THEERN T
JE K- JZ K 3 51 & R AR A 7 g B T
22, Huber % (1999,2002) %& Bt K 7§ ¥
J2/K (500~1000m) ifit B 7E Cenomanian A ] 58 48 A\
15°C EFF3 20°C,ax J& B 2240 J2 7K B8 1 I
{H . Meyers F%ERRB], B A TUA P EARM N £
B E B SR B SR B K AR T RFERZ, R
OAE2 HA R VEA 7™ J1 1 82 5 (Meyers 5§, 2002),
Cenomanian AR 7K #: %5 B2 6 B 19 25 4, o) BE 2 5| i
TRIK I T U A L K A iy S B R A SR T
2R U A TR B AC 4 Y 06 BE S5 (Leckie 45,1998
Huber %.,1999) . MAEY bR AL 2% 09 M B2 R B
TR A AT DUAR Y v i 0 A 2 R TR 5 R ) k-
WG 3 1Y 1F R 4 2% % ( Van Cappellen 1 Ingall,
1994) , Al gt & OAE2 By H . Mort f1 Adatte %
(2007 ) 38 328 Xof 457 £ 197 11 K G 9P 3o LA U780 5] T ) 9%
PE W B 5 & AE OAE2 J A 1 v e i B 114 1

EE IR T LA X O 2D ) B4 L IR SR T L
HIAETE . Nederbragt 28 (2004) i 1 %f & & BF 35 1
SV 45 1 ) TR AR R R I b R I 42 5 I3 i b ek
2 E BRI, AR R B A Y A7 A T P il i IR S
TR SR A R 8 R R OAE2 J [A] 1 3 1Y) Bk
WML IE WS . Bt OAE2 /4 7= Jy v] BLIH
Z T IR JE KA R ek GAROK IR XD I B R T
Rl A C/T WAz (1 42 IR 02 1 iR
JE KW S — 2D AR 1A LR Y ) 2 2 5 k-
SEICER Z () A ) Ml 3R A 200 B 1) B i L 45

3 Coniacian-Santonian K ¥ 648 54
5T

BR 17 XF OAEL 1 2 BYAIFFE Z A1 o 3 48 o X J A
R4 B 55 = R 8 & F M. 1 5t &2 Coniacian-
Santonian K ¥ G A F F I & T B B9 BF 5T
(Wagner %£,2004), Coniacian-Santonian fift %, 55 -
BT EF~2. 3 Ma(87.3~84. 6 Ma), %1 OAE3
HARB OAELa s(# OAE2 J A M3 5¢ Al 1Y 5+
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.M an[E OAETD HRFERR THE K 1 iy FAF
(Leckie %5,2002), OAE3 i & 112 40 K 1< o R
G — P EEMET AR TN ELERES
e ) B HE AR V8 B — A% 28 (Huber 48,2002) . 7E
OAE3 ], BRI R VE 4 & 22 40 T4 4 A Ak
RS AHR R VU I 3 1 JL A 30 2 1 225 b 48 7 B
INERARJZ (OMZ, oxygen minimum zone) 3 5K [ IR
& [A] I A A LT R 0 D R T B A 1
Mol 22 & R M X . AR £ X 28 Coniacian-
Santonian I #1984 515 (19 43 A 0 LA 40 OAEL
M2 HFET iz H AR IH S R OAES (9779
(Arthur %5 ,1990) , [ I 4 9 ¥ AH Bk 12 £6 th B4 N
B F 1 IE . Wagner %5 (2004) 1 #F 58 & 3.
Coniacian-Santonian 3} [&] f) #4HF K P 7 # X AR H B
S TEG A AR A #R BT Ak 5% /1 (PZE, Photic
Zone Euxinia) , i [F]7E OAE2 # 8] AR 4L, R A4
AR b 3 XS A A B sz B — i PR .
Hoffmann(2004) /) 8 58 & B, 47 K 74 ¥ ML X 1)
OAE3 143k — B Ji] 1A 1 0 U R, JE 8 T 25 DT RR e
[l fy — >~ 10ka (1% J 6 5UA DU A BE J5 1) ~ 12 ka
M SRR A . G TR 0 73 BT F 58 R B 7
JIT B 5% 00 VG I 2 3 RV L X, OAES 28 68 51 4 17T
TR AR 52 31 [l by b 2 A2 U 10 722 Al 45 5 PRI T o A0 A
RGPSy, LS i # Pliocene-
Pleistocene 1 & 58 J5i 0¥ & 1% #H 2% ) ( Beckman 4§,
2005) , fEA i E 5 OAELb By i IR B A 25 ol 1 5%
R, BREENZ,.XT OAE3 B Lo UE ] T
1 20 3 5 A0 R G 1 ML R Y B SRR AE

4 RPEBREE R IR S IR

E b ERFEFAMRESCEWKIE = TR
A H I 0 A R O A S 1 B PR BE 5 38 G R
BTG —mE W, fEokEEIrR R, 3%
HEAT & A LT 2 (0 5 2 AR il B 0 A DL &
W12 s R A2 TAE R IR B2 1 — 2 R
JEIREOGR K F o= YIS s A DLk R
£ I Al Ak 3006, BT OKE Ay 44 O BB A T A
(Arthur 1 Sageman, 1994), Jyfit B & )2 11
A LR & B LT IZ 434, Schlanger #il Jenkyns
(1976) fi th 3 2 J2 T R I B0 450 il IS 2 R
SACHE R AN R S B VR A & /D 2 (Oceanic
oxygen minimum, OMZ) 4" 5 , ff 75 % & K7 B
AT BRI A DL 1 3 BB ORAE —— O R PR Bk
A RAERE T, 5ok B T Ak 2 2 2 CRe

S Ttk [R) 3 3R b 2 ) Al AR W2 TARE IR A, R IR
0, DU 12 5 A1 8 IR 30— 008 17 T 4 BR i AH Btk 192 6
B A7 2% 19 1F s (Jenkyns, 1980a) | ¥ ¥ i i 4= 9
FR 2 KRB i AR W) R R IR B (Leckie 4%,
2002) , & B 7 il 80 5 1 Xt g 45 42 BROR I e ik I 1Y)
RS It HLTE Gl S8 1 200 ) — JB o A T T AR
7= H1 3 & (Erba, 2004; Leckie 45,2002) , (A i 2
0 U AR 0 S HE RS 7 A Je A B B il 42
FR 4 TR 2 187 BRL AR AT B8 J2 ¥ v AR 7 ) T S 0T
TR BT 7= ) e 22 08 RV AR R
IRER” o X A ) AR A DRI A T il R —
AT S 455 1 R 5 T I 5 S SRV i A0 24 1) gk DA
i KPR G AR 1Y 75 7 0 KRB 6 1 ik B KPR R 2
A 7= 1 W9 42 85 (Erba, 2004 Leckie %, 2002)
#1990 A Z G B & RPERAR MR 2Lk 17 . AT
R OAEs M 0] # % 1 B ¥ I8 R A KO s 4
(LIPs) (1% 3% 2 #1 & ¥ o & 4 77 3 % (Larson,
1991a, by, Wik — 24 OAEs iy &L Hl L1Ps
163 B &R 2 3k (Larson fiI Earba, 1999; Kerr,
1998) 4t th F LIPs (3% 8l . AN AT B 51 & K
PR AR SRR T AR 5] R RTRIIE 2 7K A i 44 5 1T HL v RE
Wk K3 & 5% o6 £ (Sinton f1 Duncan, 1997;
Kerr, 1998), 5L i 1 42 = Jy ) & % (J] 3) . LIPs
GBI HERE T K5 CO, 1 B I 5 2800 /9 i Jal
AT RE 512 H 2 Ak XUk 1R o s A P 1 ) e A )
I X T R A 7 ) R B s 2 A A A Y (F?
Ilmi, 1995; 1996 ), Van Cappellen #Fl Ingall
(1994) .Nederbragt &5 (2004) )38 53 A= 4 #h Bk 1k
AR OAE2Z (19 SE BRI ST . 4 T 1 ol S RE 5 A
J1 AR R AR T RS 3R O R A T AR T 4
RAE AT 7 o B A 7= 7 A R A B 7 5 —
A3k (& 3)., M4 Sarmiento (1988) . Hotkinski 2
(2000) 2 A DU 38 3o 985 7 5 2R J7 3k 0o ol 1A 3
AT TS BT R S A R iR
FIE 2 7K T8 J0E 38 1 T B T R 23 5 BORTE I R0 Bk
o

WAL A SR R AE S 1 i U], % 1 2 i A
14 18y P DI 2R AR — > T B A U 4

(1) F 2 F AT W] i TR RJE K
Qb T Bk A 3 D A A — OO L R A R T2 )
A RV TG AT -7 10 AR ) Y DR B R [ IS 40 A A
T P2 R ok [] 37 3R 2 Bl TE Al » 3 I AU /T VE R R
AR 20284 o X AR AL BE AT BE I KPR K A4S
A B4 728 Ak 451 G0 R B D 23 K Y 9 5 U 3R B A R R
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Fig. 3 Genesis scheme for Cretaceous anoxic events (According to Erba, 2004 with revision)

2 Z 5L KA 5 Bl 10 N 8, Hh 3 P B -1h 2 AR 1 2
T3 W 7KE F7 W 5T 04 i A KRN s UEA b3 iR
VAR 3 AR s T AR 7 ) I R R e T BE A B
T BB A AR I O At A 47 20 1) 170 ke AR
B BE R EL R A TUETIRNAER T —Fh B
IR AR T T RVE” S W i S SR A 2 R T il AR A
i HL 72 B AR E DR ZR i R 3 I Bl 4 3 0 T e R
KM PRER R,

(2) 7 [e] B 9 1 R e 4 5 1 X T B S 4 i <
fEEAAEAE AR E L., M TFAHELIMNS ., SEE
- ) il 2 A I AR W 3 g SR IR T R A
MR IE TG S HESh . 755 A 21 Valanginian ff
89 2 %% A2 3 TP Panana % a0 B W& L (H 2 H
TR A BR, R BE B IR = A, oW T
Valanginian Bsf 8] 1 7 A 72 )1 35/ (Weissert it %5
F  Erba 5 Weissert, 2004) Flfk 2% XAk i 4% 58
HRER CO Mg Tk, HE 120Ma £ 4. k&
Ontong Java %81 i€ & JR B K W & . OAEla £ /4=,
brs & B i I dR, JF B O AE
Turonian F I (OAE2) fff iz ik 3] 20 £ 4 1) 2 Bk
X R R Y B E s BE S5 M Turonian B F|
Campanian 99, 4 BRI BE AL T 45 55 L A0 02 79 4R
AME A4 T OAE3, #&J5 M Campanian 51 JF
B ARBRAR IR — B8 T R RS A R . X
Huber % (2002) %] 43 1) v B 11 0 &= <k = B
1 B --UR = A . MR Erba (2002), OAEla
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Abstracts

Oceanic Anoxic Events (OAEs) occurred during Aptian-Albian, Cenomanian-Turonian boundary and
Coniacian-Santonian, namely the OAE1l, 2 and 3, with the OAE1 being further sub-divided as OAE]la,
1b, 1c and 1d. But only the OAEla and OAE2 arrived at a global scale with others being limited in the
Atlantic and Tethyal realm. Cretaceous OAEs were usually corresponded to the positive excursion of
carbon stable isotope in the marine carbonates, rapid turnover of marine biota and large scale distribution
of organic-carbon enriched black shales, which indicated wide ranges of changes in the paleoenvironment
and paleoclimate. Though the exact genesis of each OAE was somehow different, it is usually thought that
Cretaceous OAEs may have been related to the igneous activities from the Large Igneous Provinces
(LIPs). The CO2 content would have increased, chemical weathering and hydrological cycle would have
been accelerated with the higher input of nutrients to ocean as the results of igneous activities of LIPs
occurred at certain times of Cretaceous. The ocean would have got productive and prone to become anoxic
in the deep water. The rapid positive feedbacks between the ocean primary productivity and ocean anoxia,
due to the coupling of carbon, phosphorus, oxygen and sulfur cycle, would have contribute to the
expansion of ocean anoxia to a global scale (for example the OAEla and 2. The different OAEs might have
different implications for the evolution of Cretaceous ocean-atmospheric system: the OAEla marked the
beginning, OAE2 signified the peak, and OAE3 indicated the decline of the greenhouse climate during
Cretaceous. Due to enormous burial of organic carbon, the OAEs would have much effect on the
atmospheric /oceanic system such as the decrease of CO2 and increase of O2, accompanied by the global
cooling and enhancement of oxidation potential of the deep ocean. The causes, processes, and
consequences of OAEs still need to be elucidated though more than 30 years has passed since it was put
forward for the first time. Multidisciplinary studies are to be done for these OAE1 (a, b, ¢, d), 2 and 3,
to get the important information on the CO, contents, seawater temperature, nutrient status, the change
of sea level and biota when they occurred. The terrestrial response to the OAEs has also been studied in

succession. Chinese scientists can contribute much to this issue.
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