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Abstract: The impact of organisms on the carbon cycle since Proterozoic should not be underestimated. Oxygenic photosynthe-
sis of organisms produces organic matter and O, while consuming CO,. Burying of organic matter and biogenic carbonates fur-
ther sequestrates CO, and decreases the consumption of O,. It is thus reasonable that causal relationship should exist among
oxygenic photosynthesis of organisms, icehouse climates and oxygenation events. In this paper. we discuss 5 events, namely,
the Early Proterozoic great oxygenation event (GOE) in connection with oxygenic photosynthesis of cyanobacteria, the Neo-
proterozoic oxidation event (NOE) in connection with radiation of eukaryotes, the Late Ordovician oxygenic-icehouse event in
connection with flourish of early land plants, the Carboniferous-Permian oxygenation icehouse event in connection with flourish
of vascular plants, and the Quaternary icehouse event in connection with angiosperms and phytoplanktons. In these events,such
causality is indicated by coexistences or successive appearances of icehouse climates and oxygenation events, reflecting atmos-

pheric CO; decreases and O increases, which are possible only through biogenic photosynthesis and successive burying of its
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products. Causal relationship among oxygenic photosynthesis of organisms, oxygenation and icehouse climate indicates the in-

teraction between organisms and their environments. Organisms do not merely adapt to their environments, they also influence

the environments. In the prolonged geologic history, such interaction formed co-evolution between the two. However. biotic

oxygenation did not immediately produce oxygenic or icehouse effects in early geologic history. Such effects were minimal at

first and accumulated gradually, and became efficient when reaching certain threshold, so usually delayed in time. Following

the increase of biotic diversity, abundance and metabolic ability, its impact on environments became stronger, time-delay de-

creased and coupling increased. Such interaction between organism and environment forms the self-regulation between biosphere

and earth system, which explains why. unlike other planets, the Earth’s surface has been maintaining a habitable environment. The

lesson for mankind is that we should treat the relationship scientifically, so as to avoid negative impact on our mother earth.
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Fig.1 Schematic map of carbon cycle in earth history
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R & A PLaR B S BOR R ey CO, B35 I
b R RN DR - BRI BE R R 8 g1 R UK Y
S W2Z—(Lenton et al., 2012, 2016) {H X — &%
FOR R A SRR R, B CO, fiE T i — b
TR X S RE A IE.

4 AL — A SR O
S KRR A

A B R R R LRI SR R B vk R Ak 2 —
B UK DR A e R P B (350 Ma) SE SR B
B2 5 B (275 Ma; B 3).8F 58 # B X — A
BIRA CO, AW T BEAEAF . Reo, NIEAZ
(400 Ma) 9 12 245 TR ZE S 4297 (290 Ma) (1) 2
Zeds, BIAE S T M 3 000X 10 ° FFEZE 500X 10°°
(Berner, 2003; Kl 3) ot st (308 Ma) 9
600X10 "FFE — & 414 (298 Ma) [ 100 X 10°
(Montanez et al., 2016).3X 422 5 1 (R BL7E X 5 4>
BT S FL 8 E g B OR [F (McElwain,

B T (Wallace et al., 2017) 4&45 5, X K 1Tt
A0 R S B A R 3R 9 X 107 kg, 5 NOE (1) 650 ~
525 Mati 4 £ #H 24 (Campbell and Squire, 2010),
HAER M RRAS RO, YO I85] 31% 81t 7418
K (21%) , BIAH 24 F 150% PAL(Kump, 2008). [
M AR — B X — K F 5 KR O,
i CO, UL ZAHFE G 1Y (Berner, 2003; 4 2).

WF5E 3R WX R K AT Hy 3 4> vk BT i, ok
991 RITE] PRI 1 4 ) R R T AL PR A R 4 2 4. UK
11 2 FnpKIYI 3 4350 %8 W T A A A GR35 R R —
TR R St (R 2E R — B 5 S R B vk i
(Isbell et al., 2003) (& 4) . FE vk 2 Fvki 3 Z [
A A 3 TR kU B A ¢t CR 78 2k — % B
IR [] ok 9. 3%k 2 DA e 2 R Can X1 0 ) SRy o R o
8, TG DRCRITAL 56 Y S 2 I [i) W A5 AN ] Cln ] 4 4[] oK
AT v pK Tt A R MR AR 1 X R A P L A Y
T UK 2 1) R AR — Ui R i A K R —
B A i IR 2B B 8 BT 0T ) e 22 ) T, O £ B T 0 B
YR OB i 2 26 (0 28 P A 1 — RO iR Tl A%
e 55 2 YRR | M2 ) W R B % VE Sl I R

1998; Chaloner, 2003). K O, MHE I 25 i A B R4 kAR BT T W e L e T ok 3 R R L (H
. B AR S TSI G R R Y AT ViSTRLyLES i
AR ,
[EpEa ) s e I G| g | | g | 2 P = | 219
A 5 R MR | BAAEAR | Goprr || | A | i R U e
Alf-S B L% ks | ek [ s | o | B e 2 6 10 14| B|ME %ﬁy
2 F — — [ — o
B ;El\ ﬁ% i
4 g 4L 3 R
_ BESEN g | E
< | T ol A
R|Z g i [
290 | T x| m 7
TR s mm P B g
BEw | vk i%%-‘é N
TR | E
— SRR | %5 =
300 e
3 I | iy %ﬂﬁ @
R | Fmsexm | os T
g e B |
B smam Bl 7| #®
B | B &
®[ 2] i
319 HE 5 | wiraesm ka2 P
3 . & B AN
3 | e | FAEEA it
EEC] S <! AN
B S
a6l ;;% 4 2 4 i) ok | i

B4 mmsd — B e Y S vl IR ks A R A

Fig.4 The coupling relationships between the wax-wane of terrestrial plants and glacial-interglacial transitions in Carbonifer-

ous and Permian

G ) SO 5 VK 1A G 06 & 4 Cleal and Thomas(2005) 5 4845 485 ) 43 A S vk i )45 5 4l Gastaldo ez al.(1996) 5t [E AH B (149 ¥ 3R | i J2 1]
W 5 965 P Sh 4 B L B Wang er al.(2013) 3 24 — %5 1195 4 35 /R ) — %5 95 L
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A3 %

R F A P, oK 3 IE 47 A1 24 (Fielding et al.,
2008) . AT B8 IR 5 UK W 1 B Y I 2 B Ve M A R
(Wang et al, 2013).

PRI 2— DI 3 5 oty A AR 4R A R o A R B
S — S0, A T A 2 Tl BT R AR B (BT ).
N AT RS IR ELBR P BR S AT ARE A R N
RNV I o A 7 E DA i =" DI =
(A 07 o 40 BE) R S AR B (IR 40 ) 25 2 S ) IX.
% (Cleal and Thomas, 2005; & 4).3X 26X &t —fi%
3 2R B IR T A B0 G R R X R Y A 4 U O A
A7 AR P S I, B 8] KA AR 2, "] 7 2 A
THRA N ERN R T Y R 3 19 B %% 42 (Cleal and
Thomas, 2005; & 4). 4 4E 8 HH W) F B 5 <%
AR AR AE B TR] N A G e 7 K B R T Y B A R
AR 5 AR 775 L XA | 32 ok 3L RE L 3k YA )
1A T A R Ak, BV R AR Bl A 4 4 A 0 1) SR i A= 4
EAHY) RS SFEY . (D HR R e B A
B 5 OK SO TR R e SR OB AT S j o |
6 BHHE DI Re , ROR IG5 T Ol s A Xk R
PAE IS O, 38 CO, BIREJT 5 (2) iy FE LAY AT 7
MR DU SR R AR SR S & R R B R 4y, A1 TE
A AE B R TR OR (AT Rk 30 m) , HJE gl % v g
WK CO,. Hotk [E 2 58 71 1 ST K s i 245
(3) AT Bt A= W) 5 Ak R 7 5 T H AU AR ) B2 4, T HL
A TE A5 4 G T R B e A AR Ak
2248 W) /Y & & &= (carbon sequestration) 35 270 +
155 /10" m* « a, iy BLAC KL 4 ] 6k & (6 £ 4 ¢/
10" m* « &) B JL 4% (Cleal and Thomas, 2005).7 H.
T AT P 15 ol 3k A T 1 i A LG T T 1Y
B s W EAR Y166 7E = AR B K O, A B
FE, AR — & 40 N R s o S R 22 Y I
Wz — (I 3)  [m]f, Bi A 42 o sk ) XA AR FH SCTE B K
# CO, (Beerling and Woodward, 2003).3X 54 E 1
AP AR BoR 5 4 Pk B2 Cmy 1S O,
CO, 1HHL, J .

) 756 % e 1L 5 J 38—+ RUAR AR T 5 — O,
JaIHE 5 CO, TR — B il 5 vk,

P B K R] K 3 B I8 ) g AR T R AR AR T AR
a5 OG5 B 9T, % b 2 H AR AR T AR 46 e T
53%, WILA 2.123 X107 ¢ fAH Y T RA P 1X10°°
CO, TF5 . #1245 T # il 4 20 X 10° (House et
al., 2002). BV 4 4% F m] BE A9 &5 AU AR 2% EAE N
WA % R CO, AT AT BEIL 2 X107 ° ~5 X
107° a " BRp a Ab — A B g, 2 DS R R Y

A T T LA AT RO 4 s [ B, 7E R L b 2
DX A 1 AR A B W 5 7 A G 3B L L Al s
CO, e & 8 In % Bt & 1 H 3, <AL st 2
(Cleal and Thomas, 2005).

LR IN A R — S KRS Y
SR U UK R S O AR T A R A R OE R
MR A= 2t AR

5 AW U Al vk e Ry A

LK E A 2 AEE B KRB . M
e vk 35 F R I LIk (e vk 35 A BB DOk P B
FEAE SRR, 205 F 09 3 36 20, oK 2% 0] 2k 25 1 12
T — B 58 I SR (5 0 0 A ) R A By L — S 18
YK W X E A B9 2 W (Coxall and Pearson,
2007) AR DA DL HAE A B Z —Kig ik .

AR SCIN R L A %k 5 D 40 vk S B A AR A
A FICEH B8 KR CO, WE H 2 A4 F LR B
1A K& (Falkowski et al., 2005), X 5k% 4 — 1
20 fili b A ) B TR i SO ) R R R T T R A
WRARXAUE AR Y R e — i ir a2
SN L — A B A o = BT T WL % O AR Y
gEIRZ — I RO A A 52 RHT o T A
.Sl —EhEES R ERSHR T KR
CO, B RING , 1 3 3 Bl oty B T — 6t =2 58 i ik
AR A G LUk KR CO, B BIRT
[% (Zachos, 2001; IPCC, 2007), & 3 &k &
TR Z — He OB OC R L AE A 20 OG5 P 3R 1Y
A Y T VR R AR R TR G R T, VR R
=K PR U SORE 0 R i b b B Bl R R R A
AR, #Bo Bs, OF AiE £ 28 A 7E 55 DU 20 vk 01 A B
R, Y 2 R T AT AR .
51 #WTFHEDESNLKHEHHIER

BT AR 0 PR ALY B — S e (3D B
JETE AL B R I AR B . (1) BB T AL B I A e
T H A AN R CHLF 40O 9 395 P A v B i s (2) BT
A U B ARAP W 45 PR 5% 24 BB 35 N 5 (3) HLKE 15 1 28
B ML ] FOBLAZ K6 4 i PRI 2 B B Dy 5 (4) i S 24 4
PEREOL 5. I LB FAE P BE AR K LS KR, X RETE
o7 FE V| 5 S AR o A IR — BN R T A
TR i B (Frits, 19855 Sun er al., 1993).
M 2 i B, Bl Maastrichtian 3 20 & £ #.
BAERLOR 4P R FE R ) A — B SR My
A RE — S KL ELZ )G
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B AR 3 AN RAKE Y K K R TR R A |4
J& BT AR B B A A 431 BH(Ta-
khtajan, 1969), it 30 J7 Fr, & Bfi 42 4 8 8000 ~
90 B 2.

PR BA SRR HE O, Bl CO, ). LAH
R FE A Y 5 U AR O vKIIE R AR TR 2 Ak i ik
(Meissner et al., 2003; Crucifix and Hewitt,
2005; Kubatzki et al., 2006; Claussen et al.,
2006)  FRARA: 2 R G0 o B IR A H AR Y P A
SEAF 2 359 X 10° ~ 744 X 10° 1, 43 4F 7 Bt & N
54X107 t/a. & Mk HE P B il 4 787 X 107 ~
2 775X 10° t(ZEIE 45, 1997) . 45 1) 2 3 AR R 7E
YR 38 BN B — IR P AR IR BT LA LA T
YR ER AT AKX, HHAFmMR 0.17 X
10° km® G L% 48 ,2001) , AR Sy b 3R 2 5 $ly 4%
MR TR A FE TR AT AR AR A 64 %6 , {5 H G045 9 775 19 g
FHEJGE W 2.53 fif (Costanza et al., 1997). A
IRF 33X L A R B SR A R 8 A AR CVE 26 il
RETE WG ¢ » 5 B A7 T b 52 v B A AU b sl 1
A~ .

FE IR FE BN 5 DU 20 vk T A DR — SR
FH GCM S A5 BB AU A5 s 357 It S 5 485 o vl 5 B
EEY 5O DU R 11,5 J7 4510 & R A0 AR i Y
UK R — 2D ek, AT % 0K 5 E = 65°N
(Gallimore and Kutzback, 1996).Jahn er al.(2005)
i CLIMBER-2 T fi 15 A A5 400 i B o 76 AR UK vk e 301
(LGM, BE 4 26.5~19.0 ka) . A8 8 0] i L F 35 F
B 0.6 °C. O HAE AL P 3R i 25 DX, B i AR — & J5AE 1
B2 A R S 4 B IR 2.0 °C LT CO, B AR SN T
B REIRAEZ X AL 1.5 °C , 50 X R B R R 3000 K
T CO, FEARALRL.
5.2 FiFR4EY (phytoplankon) BY3E O, & CO, £

H M =B DR K Y B4 7 F R = RF
TE B ) - TR M A 3 ANk (AT 3) (Falkowski
et al., 2008; Jiao and Azam, 2011). 74 ¥l 3% () 25 A8
WA AR A6 WT ol AR B AR R 4G W T
W =S 1, LR I A % s WA e IR IR LT e =
Btk s PR AUAE ¥4 (125 Ma) A BB AT A
FE EE R W F = & £ 4 (Falkowski et al.,
2008). = FH B TE MR 1 L8R T A%, 78 K/ T FtZab
32 BN A B EAUA SO B i 4% R BT (plas-
tid) A5 R UL BESEAT PRI IERE L 23 30l S i U a
b; 2L 38R a.c/d P& (Falkowski et al., 2004). 1 4=
REEE RPN a b BRI, P AR =

KIFUWE A Y 4R ac RN K. 5 & LA 1EH
BT R SR E T R R TR AN H , B8
G Ml AR AR AR BB R T R R B L Ok
GAYEBREER S O, R B mF 245, 1/ 3 2011
S RTR U 2R 1 B T A AR T A R 1 S
W BT AR TR AR 2R Y K R L R DL = R TR T I
Y KRR &R (Falkowski er al., 2005;
Martin and Quigg, 2013). ¥F I WA 4 1 A )
G SEROCA YR 1% A E], HoA 7= ) 5 4R
BTG A5 % L B A EE A O, W CO,
YEJH. 1 & 76 20 ~ 200 Ma Z [A], 1 7 6" Con, K
8 C,p ¥ 52 T A (Falkowski ez al., 2005) , P W X —
FF 30 A7 L B %) 1 RS R 2 A B e S R
PESKIF A & IR 5 Ok 2t LK B 0 P 27 i A
HETE A A AL AR 1) 850 B8 1 A G, B S8R R
RTER S RGP O, i CO,. 3 28 A AR vk
TR K ez —.

I S TR 7 DO B TRE R A W 73 B Pt VR
WA 5 S ok 55 DU 22 vk W) A B R 7 A R R
B AN 2SR E AL R C, FE ¥ 89 77 A2 (Cerling et
al., 1998) , X BEA MG AW I

6 it

AR SOV Je M BR A ) 2 1 SR AR BS L B AR ) 5 B
BE 19 AH B AE R B[] 386 Ak 7 A 40 6 A 1 5 i
PRI A 08 5 A% 50 0 IR SR 45 T A= ) A 3
PREE WA LR R

A P ASAAGE BT 38, B o B = A R
SENA A2 ) 5 PR AR HLAE D EL P R AR YA SO
Sk it o M IR IE B LAk, O H 4 ST 2 3% ¥ i 14 5 T
Hby 1R 2 TET DA T 2 1) v ek AR ARG B R A A B A ) A A Y
T AR b T PR R T RAE T T AE M X R E R
PR o — A EE R R Bk 48R 4 A 5k
L URA R N, (3%) Fl CO, (95 %) Ry 3, 1 i BR 4
PLN, (7990 F1 O, (2190 E, B XA EE
S ERA WA A O . AR ) 5 R 8 2 ()
TP BT T T 2 X [ 4 A A R AR K Y Bl S
1 F I PR E AL (& 4; Lenton et al., 2014).

AWt AR 5 W O R L A o R I [ A R 3K
RGN = RIEA R M Bk 3R 2 I A7 o R AR A7 2 A=
RS LOR A : R T SL RN I TR @ 2R R 1 B 8
S HEY R RARRCRN, R (DA
A VK0 R AR S TR R A Ak B A T S R R
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R CO, FEARFN O, 34 im [F) i s 40 4k % A5 (2) KR
CO, FEARA O, 38 m [F] B sl R 44 11 B0 H gl o A= 9
(A 1 FH B 7 40 o 80 A e 1l it 1 ok 341 7B 76 11
CO, W PEFRARAEANRESE O, ¥R 5 (3) HLHEE AY
7] R0 - 20 5 A T I A LT A5 N BB IR 20t A
EREFERLE) CO, F= R/ O, XA DL Y
AR B ROk K- (B 1 20 @i k) 7 i 98
B2 AR AR, VKB R B 2 S S A P B
[ 25, 30 & A B A 70 0 HE B X g2 — > iR £ iR
P 1) 7] .

B 5 A ) 22 5 RS Y 0 3 R g ke
TR 3 A R B R R LD O R B R 2L A
WA 95 A 57 20 77 A= A B vk ) A R B RO T Y
RN T U 2 A 1 L B W i AR R R SR B B S AR
A JBTAE T DATE B ) b2 S A i ELAE A 5 T
SR SCHITE B 5800 R B A RE T BCFR B2 g 1. DA 4
FRJEFE GOE WG T 2~4 1248, AT BE Iy A% 4
YR (8 {24 ) NOE #ER TIJLT & 2 e 4,
A ki A= A R R (6 A2 AF) BT 4R B AR (470 Ma) £ B
PO ARVKIMIER T 2 T HE 1 LE2F ., RAG B A%
AR A ) R, 5 R A S KA SRR G AT
LB 2 A MBI RE Y R AL G5 e PR IR Y B D AE g
i JE R W ek D RS PSR H O

A=) 5 MR IR S 2 (B ) AH BAE A T A S
HhER R GE 0 B BRI A R BRI L SR
JE U AR A i B A 0 PR B RN A NS
EIROR R S A IS F N R N 1 TR PN <5 = (o
P R b | B2 b S Ao b K, R R DL T R R
PR R AEAEIRATT M AT A EE KPR

B ALTEARAAMAFEALZRAFCGLR) &
Y5 SRR B 41661134047 F8h ; f2 AR AG 42 P 43 5
WAL R A L E AR R 09 5 F LF A0
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