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Abstract: The Cretaceous is an important period in which occurred many geological events, especially the OAEs (Oceanic Anoxic
Events) characterized by black shales, and theoxic process characterized by CORBs (Cretaceous Oceanic Red Beds). This paper
describes the causative mechanism which explains how the oceanic environment changed from anoxic to oxic in Cretaceous. Two
typical events show different results that caused by interactionsoftheEarthSpheres. Here we propose that the rise of atmospheric CO,
occurred because the enhanced submarine volcanism—was abruptly and permanently diminished during the Cretaceous. The
Cretaceous large-scale submarine volcanism caused the concentration of CO,. The releasing of the inner energy of the lithosphere
and thedistribution oflandwhich caused the increasing of atmospheric temperature. This change presented the same trend as the
oceanic water temperature, and caused the decreasing of O, concentration in the Cretaceous ocean, and then the OAEs occurred. The
lithosphere produced volume of lava in the upper oceanic crustwhich contained Fe in the seafloor. When thehydrothermal fluids
alteration of oceanic crust and the seawater/basalt interactions (including microbes alteration of submarine basaltic glass), the
element Fe dissolved in seawater. Iron is a micronutrient essential for the synthesis of enzymes required for photosynthesis in
oceanic environment, it could spur phytoplankton growth rapidly. The photosynthesis of phytoplankton which can consume carbon
dioxide is in much of the world's oceans, wherever they are in atmosphere or in ocean. This process could produce equal oxygen.
And then, the oxic environment characterized by red sediment which is rich in Fe’* appeared. The data show rhythm of the anoxic
and oxic from south Tibet and DSDP/ODP section, which the anoxic is often accompanied by the occurrence of oxygen rich
environment.Undoubtedly, the anoxic andoxic in the Cretaceous Ocean were controlled by the mutually dependent processes of the
Earth system which included lithosphere, hydrosphere, atmosphere and biosphere. An important conclusion of this study is that the
black shalesand the oceanic red beds are caused by the same reason, but led different results. The anoxic and oxic in the Cretaceous
ocean were caused by volcanic activities, but they were of different causative mechanisms. The former was based on physical and

chemical process, while the latter involved more complicated bio-oceanic-geochemistry process.

Key words:Cretaceous; Anoxic andoxic; Earthspheres; Interactions
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Fig. 1 Magma production rates,shallow sea temperatures, and atmospheric CO, concentrations
during the last 150 Ma(Coffin & Eldholm,1994; Robert & Abraham,2005)
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Fig.2 Land—ocean distribution in Cretaceous(94 Ma)
(White dotted line shows land contour, Christopher,2000)
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Fig.3 Ocean Circulation of Cretaceous(100 Ma)
(Red arrow shows current direction, Chen et al. 2005)
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1/4~1/3 N 235 3l B i ) CO, &\ 1t (Christopher et
al., 2004 ; Christopher and Toste,2010) , Ifij H:H1 %) 2/3
B 165 1 A W) 2 1H #E B8 (Passow and Carlson, 2012) .
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YR A TR ) B A T R L S R R
PRI, B A HE T I AR AR B MLER TS S e 5 P
FHTF TR, B R Ve AR 2 " ik B 5 LR TR AR )
A=) i o B AN OB ) A ) 1 R 435 1
WML 25 TR EY RN T A 7
(Falkowski et al., 2000; ) %% , 2011 ; Dondra et al.,
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R HLEPEH o FEARTE AT HNLC (i SR A 2¢
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1999; Edward et al., 2000; Philip et al., 2000;
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al., 2005; Shigenobu and Atsushi, 2005; Yann et al.,
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A =0 XUAL , B S XL 52 31 (Gordon et al.,
1997; Wells et al., 1999) . AJi |, 3 2 Al —id 72
AN TR B, S8 s 30 Y SIS AT B S vk —
2R 1Y R A W B S A ) R AR K A
J& , B R AR W T R, AR
AR ZR G2 i RO AR, I & DU AT LT 4 3 ) 38
TE AR 22 1)1 TG e it ( Asimow et al., 2001)
431 B RARED)

TR KA IIE L 2 AR AT R B R 2 1) R T
B, TR A U AT B S AT 23R M A B 31K
%

37K 5 2 RCA R AR ER IE 2, £E 250~500°C
100 Mpa i 5578 T, KRR TR 2R IC 3R By v B e 5
55 A9 0.69 mg/L (25°C) , 556 285 R 5 3 31 366.60
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mg/L, 34T 53045 (X KAk >4 ,1999) o iX—
TRESAE AR E A AR R 45 ) 153, DSDP 504B
F1 ODP 896A 3ifi {3 X ¥ JIK K 1L 75 WL I, 75 T6F Ji
(mbsf) 846~1055 m, & BE & 100~350°C ; 1500~
2111 m, ¥ A 350~400°CTL I, 1 L HESE 4 BRAE4E
Z /DA 8x10° mol/a #4974 (Lui et al., 2002) . fij
Mackey et al. (2002 ) 3 iz X 215 78 P A2 19 3 A
YORMRIESE , 0] Fis B 0 & & Bon R IR IB T
P 2 O PE AR AT PR TR E AR 7= 07, iAot
LR/ S N oS o o S U L R s P 23
2545 (2016 ) X IAR I PE TR IS HRIR I 3 0 RN ) o
WA T TAGE, AR BRI PRI G sh e B B AR
65 Ma B HGH B3k 4.11 TW, 17 LUK P 3 4 TAG
X PG IR AR AR TR ) o s H e,
AR T AR 1% 3138 Aok FA I T ) R B 2% R Y
T iE R 1389.82 kg /s

4.3.2 i ERAL

TR I AL SRR 7K — LA ROV B T R
H A B EK B RS ) o — SR B ERAR

ZRA R F R b, 2 ERAS [ Bl 2 AH AR
FH 5 B0 B ) E 7 4, XA AR T DA 2
A3 1) AR BT R (TR W] RS A #k , 2013a.,2013b) o
IR Z R A TR SEKHEER, S REZ T
AN TR B A P AR, SRR ) 0 A 7K B s 4 Bl 2
] B 22 # (Guy et al., 1999; Kentaro et al., 2007;
ArvidsonRS, Mackenzie et al.,2013) .

P TRV IR 5 PR (R R R R B, T IC A K e
AR A, R 5 Bl b 2 A P ZE A A
AN [] , LAY (R R TR R TG 2 i 3R 2 — Rt 2
HIE2~3 e BEEEJFZ , XF TR LA 1 2 Y B
AR PR, B 1 BAE 92 7K — 2 B 1 ) Tt 28 46
(Blank et al., 1993 ; Pineau and Javoy, 1994) , f#4= %)
W 18 R e AR 2 FR A B 24 A 5, DSDP 396B.,407 .
409 .410A . 648B F1 ODP 834B Z: /57 & B, W 2E 9y
XTVE IR AR 0 3R 2 2 3 38 1) el s I o
2208 (B VEF B K (Fisk et al., 1998; Torsvik et al.,
1998; Furnes and Staudigel, 1999; Benzerara et al.,
2007) . A ER, BROT R AT DU R R
2R A SE M S K B TC R A . Jeffrey and
Pilar B9 (2000 ) 31E 5, B fif 2 3K B33 FeO (1 7%
N 9.45% , Zad 40 TR G ), FeO I iR IR 3

4.21%; Ze 3 PG S , T ISR LA Fe (SiLALSE
JCE AR, MK Mg & & SEmin, xt
ODP187 Ml R 1 JIE 2 il 5 O M BF SRR 55, 7E 2.5
Ma Z P, 40T AT DA JEE 3 2R 250 pm 1 % RT3
% (Thorseth et al.,2003) . X} DSDP/ODP ¥£5¢ [
(500+200) m Bt X B a A DA a BT 3R W, 224t
A 10~20 Ma [ i , Fe''/ X Fe M (0.15+0.05) 4%
fn 2 (045 £0.15) , °F ¥ ¥k B ik (8.0 £ 1.3)%
(Wolfgang and Karina,2003) .

PP 1 20 B R AV PR T TG A
WG BE BRI AR IR, A A B R gk oo
R RN PEIRAR , WA 0 7 TR A ) 48
P AR . TR IEAR T AR e AR
TR, R COL MR JE 11 BATC R 1) 5 i 4200k B T
R BIE RAF I S o KO R AR Y BB e
TR
5 BLAYPLAR F 1 AR A AR DT AR Y

ik

AR F 2D RS RN 5, A A
FEFN R T 58 M55 o IR T8
AU 5T, FEA T T RV B A R S L
(5K ¥% [ 45 , 2007; Zhang et al., 2008 ; 5K iz [ 45 ,
2013),

FET XL R R T A 2 AR
T A MR AE 2= 0 AT, 17 VTR DA
SFe( B4k ) 44550 10.35%, 24 4~ 5T AL i F- 14
TN 12.54% , 5 T AU 8.75% 12 & i,
UE B 20 GUSTE B WK HR Aot 2 i, 1
HORE, AT B8 5 i A 2R 06 Sh B VA G 21 ()2
BE RS B BRAR AR A S T, T A
551 IR P S AR OG

FE TR AL R 11 4] (DSDP) 105 36 437 L 305,
306,367,368 F1370 ui i, LA K KA TR (ODP)
198 FiIL UK 1207~1214 3 {37 11 W2 Mg AR DLRL F0  1F
AL, B S 20 PR B By R (g T
R B R AR G Rt [ 30, OF H S R B R
PO 5K SR IR R T XA R R R B )
I 56 2R . R PE T 105 3547 OAEla S L
I A5 A IO DR 5 i TR A — 3, 1 & & Ko
KO IR 5 KT 305306 it A R 198 it Ui vk o
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Figs.4 Rhythmic sedimentary characteristics of the typical profile and the curve of iron content
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