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Fig. 1 Paleotemperature records from different latitudes across the Eocene—Oligocene climate transition
1913 FLH& Bz 22 GDGT i (Schouten et al. , 2008) ;2—913 L US G2 I 1 (Liu et al. , 2009) ;3—913 LK bt 22 FUHHE I ( Fldrett et al. |
2009) ;4—336 L US 1 0 (Liu et al. , 2009) ;543 [ 74 SSQ 7 Mg/ Ca iE 1 3L ( Katz et al. , 2008) ;6—929 4L TEXqq i %1
FE (Liu et al. , 2009) 7925 7L TEX g5 i K (Liu et al. , 2000) ;8—TDP L Mg/ Ca i3 45 (Lear et al. , 2008) ;9—1090 7L U #3418
B (Liu et al. , 2009) ;10—511 4L UY #3231 (Liu et al. , 2009) ;11—511 $L TEXgq i FHE (Liu et al. , 2009) ;12277 L US it ik e
(Liu et al. , 2009) ;13—277 FL TEXy, #3200 (Liu et al. , 2009) ; 14— b2 1 8" O L (Zanazzi et al. , 2007)
1—GDGTs-based air temperature of Greenland from ODP Site 913 ( Schouten et al. , 2008 ) ; 2—U;<7' -based sea surface temperature from ODP Site
913 (Liu et al. , 2009) ; 3—pollen-based air temperature of Greenland from ODP Site 913 ( Eldrett et al. , 2009) ; 4—U" -based sea surface

temperature from DSDP Site 336 ( Liu et al. , 2009 ) ; 5—Mg/Ca-based temperature near the sea surface from Saint Stephens Quarry (SSQ),
Alabama (Katz et al. , 2008 ) ; 6—TEXg,-based sea surface temperature from ODP Site 929 (Liu et al. , 2009 ) ; 7—TEXg4-based sea surface

temperature from ODP Site 925 ( Liu et al. , 2009) ; 8—Mg/Ca-based sea surface temperature from TDP Site 12 and 17 ( Lear et al. , 2008) ; 9—
UL, -based sea surface temperature from ODP Site 1090 (Liu et al. , 2009) ; 10—U} -based sea surface temperature from DSDP Site 511 ( Liu et
al. , 2009) ; 11—TEXg4-based sea surface temperature from DSDP Site 511 (Liu et al. , 2009) ; 12—U;<7' -based sea surface temperature from
DSDP Site 277 ( Liu et al. , 2009 ) ; 13—TEXgq-based sea surface temperature from DSDP Site 277 ( Liu et al. , 2009); 14— O-based

continental temperature from central North America ( Zanazzi et al. , 2007 )

[t ( Matthews and Poore, 1980; Keigwin and Keller,
1984 ; Miller et al., 1987, 1991; Zachos et al.
1992) , 3% BRAE AR R AE E—O FAid f b iy 22
ARl L B R A UK SE 9 sk 5 . Pt B g
X i R P AR a7 A T A S o L
bro

MEAE R B A 55 43 B 5 b T 1 S 9 AS T 3 TEURI
B RS S AR 0 B, X E—O S AR i i
(R B2 AR AT B T R . TRV Y
FEARALAE IE A A7 £L 72 R 1) Mg/Ca H1 Sr/Ca FUAH
(Lear et al. , 2000; Katz et al. , 2008 ; Pusz et al. ,
2011 ) ;¥ 3 T I 32 B A A 8 A A 45 17 10 A L
TR Mg/ Ca F11 Sr/Ca FU{E ( Lear et al. , 2008) |
BRI A AN AR RR UL, (Liu et al. , 2009) (it #7™
H: 1) GDGT L& 4548 TEX (Liu et al. , 2009) ; [if
b T i B2 A b B A I L S B R AN O A AL
AR 2 ( Zanazzi et al. |, 2007, 2009) .+ 340
Wre A 8% GDGT 1k & %) ( Schouten et al. |
2008 ) 5 2= M i B A8 1 1 A 1 6 AR B 4 L H A )
A6 7 Z (Ivany et al. , 2000) F1 {8 4 & 45 1F
(Eldrett et al. , 2009) 4%, 752U 12 , X L IR
JEFE PR AR A AE — € BYASHA & M, Bl an, F ] Mg/ Ca
A R R I A R B Kk R Eh A AR AR
[ACCOLT ) T, HAH 32 T 2k A TR JE A8 £ 1 5
MAEAE A ENE (Lear et al. , 2008; Pusz et al. ,
2011) 3 F| Y TEX g B 5 B2 5 25 Pt 50 ot o o A
FIRZ IR (BIT 550 , 5 H Ay A 15 4 Bl U A 7E 22

KL b5 d i 45 R (Weijers et al. , 2006)

1 SRR AR ok B T 58 3E Ji€ ( Zanazzi et al.
2007 ; Katz et al. , 2008 ; Lear et al. , 2008 ; Schouten
et al. , 2008 ; Eldrett et al. , 2009 ; Liu et al. , 2009)
SN I ARO[ 43 2 DX B s AR E—O A8 I 1
TR N L A il BE B AR R D0 o i 98 A, AR
TR b B Y ol i B A — i 2200 (LT B A
A5 R B E—O AR W R fF 7 e, JF 3R
P B A DX 22 S (1 1) o IR0 — 282235 BT 4
L E—O B8 R — IR e BRI R R dE A, S 80T 4
BRF I FRIR Y 4°C (Liu et al. , 2009) o [T
BEEIRE , B ET B4 SR B, L ODP1265 fLFiI
1090 fLoKF , eI A fLHL Mg/ Ca HfEE R E—O
Bl 708 S (1) e R Y 9 T 98 Ul BE R IR 24 2°C (Pusz et
al. , 2011),

MRIEE 1 R A2y 51, AR T E—O
B 70 T i A ) DX T i R ) e A (BT 2) , HE
7 AN 25 [RRRAE QD 45 1 X174 [ 30 o g 451G
L3 DX, B4 BRI PR B O @Rg (b E BRI
Rl AN X, R BRI BR K s @b 36 rh 2 FE
DXt P I e 2 [ 2 B VTR

T Ik B 72 A 1) 22 15 PR AE D T, — SE AT ST LR
73 TR Tvany 55 (2000 ) 5 T 8 P4 AR T 2 1 AH
JUR Y B H A A F A R AP R B, E—O B s
AR EREAL 3 ~4°C, 1 B FFRA Y &, K
IR T4 HZEN 7%, Eldrett 55 (2009) ) A4
SRR e sz > 3 DI E TR h O AR 45 B
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Fig. 2 The changes of global surface temperature in the
latest Eocene and earliest Oligocene ( the data shown in Fig.
2 were from the same references as annotated in Fig. 1)
(a)—36 ~34 Ma #133.5 ~31.5 Ma {0l ) R ERELJZHLSE ;
(b) —E—0 75T 5 AR 25 BE AR B T Bk
(a)—Global surface temperature during 36 ~ 34 Ma and 33.5 ~
31.5 Ma; (b)—the changes of global surface temperature in

different latitudes across the Eocene—Oligocene transition

SR 2= VIR AR AR R AT TS, A B E—O
W2 Jn s AR ZEW R,
1.2 EatRok AkEFR N £IKE T H T

AR [R) 26 B XY T SR R 62 R W s, 7
E—0 Z 52, R A fL 14 R AL R A7 AE 0. 9%0 ~
1. 5% ZZ AL , Tty 1l DX i A FL dU SRR 2 3R B AF e
25 1. 1%ol) %54k ( Zachos et al. , 1996, 2001, 2008 ;
X KE&E, 2004; Coxall et al. , 2005; 357 4E4E,
2006 ; Kaiz et al. , 2008 ; Pearson et al. , 2008 ; Pusz

et al. , 2011; Scher et al. , 2011) , [&]Rt, Fatl SR HJH
BT K &5 vk g 3 AE G I R
( Ehrmann and Mackensen, 1992; Zachos et al.
1992 ; Ivany et al. , 2006 ; Barker et al. , 2007 ; Scher
et al. , 2011) , JX LEIE 45 3L [7] 45 75 3B R AR K A UK 5
A X — =R Bk A 29 52 Ma DORIH
ARV R rh i B U R AL Z — RS R
e\ =" A UK E” (Miller et al., 19915
Zachos et al. , 2001 ), T4ER, —LHF5RH T A%
JE TR 7 AR TR 6 1 FR ZS X Mg/ Ca YR BR 19 5% 1] T
ARBETE At E—O F 08 ] a] i BRI, PRHORE X — 3k
P ) S A R A2 A R T ok i 5k, — B2
g I KR4 5K B UGB S 1 B4 A R AR K
FEHE UM UK 5 W TE X — I I AEE Y 5K (Lear et
al. , 2000, 2004 ; Billups and Schrag, 2003 ; Coxall et
al. , 2005 ; Tripati et al. , 2005) ,,

AR T 4 R it 18 14 % T 4[] 07 3R BF 5 485
(Zachos et al. , 1996; Xl & K%E, 2004; Coxall et
al. , 2005 ; Pearson et al. , 2008 ; Pusz et al. , 2011 ;
Scher et al. , 2011) , FA 13155 T A [F] 45 B b 10 5%
(AR 7 R TE 34. 5 ~ 34 Ma(E—O 5472 Hi) #133. 5
~33 Ma(E—O #/3J5) Wi B 2206, MIAL 3¢
HRT LA Y, X — 2 (E A2 B2 A 8 i o, IR 1
T2 0. 8%o, I £H LMWL 1. 3%o, HI T UKEY 5K FHL
(14 1A 7K AR R 37 2 AR AR AE 4 BR— 3, IR L, 3R 4R TR o7
FR 22 (L it 243 J32 S8 o o 9 1 B 5 3 B R R P L
AT RRAR L R 0 DX AR T B LR o X R B, 3
BRI D B2 A S AR S — ) (B 2b) o ik
FE E—O AR mHATE i i) s A oK i 5 34 RS 22 1]
AN, U RT i 42 BRI - T T R 55 ~ 60 m, ¥ 7K 4]
(LR ASH 0. 6% 247 , AN [A] 45 B X 53 41 0. 2%0 ~
0. 7%c4 Al V. 2R WYL BN S e 1 R 1 ~3. S°C YRR
M 3e) o fHIX — B AT REXT 24 s R A oK 5 179 AL
Bt R, PRy 2 i) 1 R CO, MR B (LMAR R,
J5 ) 76 700 x 107° ) I ( Pagani et al. , 2005;
Pearson et al. , 2009) , S Az i B B 8 AR IS | 7K 35
PSR B4/, i 10 %o i M DXl f 1) 255 F 9
WAESE T X — &5 (Anderson et al. , 2011) . X & B
& Pusz 45 (2011) K45 Mg/ Ca L H BT B 2 F) R ~F Bk
R B T TR 2°C 1 T R R P RE i /)N, T Katz 25
(2008 ) A1 Miller 55 (2008 ) 4 45 8% P4 -&F 2 A 78 Bl iz
CL 0 3y DT AR AR Hh oA L e 4 Rl i % Mg/ Ca LU AE
R E— i T AZ A 255 BE ST B A Y 67 m
R 4 BRI 1 T AR PT BB . PR, X E—O #e A8
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TR TP A KR S A SR A BRIV T T AR M 2 AT
T 2 PR R S e = — 1 TS A A 5 T ) WF

5
o

1.3 RS CO,KREMNER
KA COLREE AL BN SRS B ER T

1218 LA 1H) A 25 (%0)

05 1 1.5
32.5

33.5

34

34.5

2 2.3

2
o)

1265 L5 IH) A7 25(%0)

04081216 2 2428
[

W3 1k 1) =2 EH & (Berner, 1990; Royer et al.
2004) . A2 80 4EAQ H ], Barron (1985 ) 3£ F
ARG AR R COL MR B HRR AT A 2 5 3%
45 E—O A8 e N BT A AU I AU 28 v 1y
H IR = SR AR CO, FREAER . fiilr 10

738 LA A4 75 (%o) TDP 12+174L 5 )4 75(%0)

0.81.216 2 242832 -4 -3.6-3.2-2.8-2.4 -2 -1.6
[U NI U BT N B P I U RO B

35 I LI L DL | rTrrTrTrrTrrti | L L L L
R Ma) 12 16 2 24 28 32 04081216 2 2428 12 1.6 2 24 28 32
522 FLA IHIAL 22 (%0) 109071 % 7] Az 3 (%) 744 FLER A 22 (%)

90 e ——

60 < %
~ 30 + 5 = ie:3
: | 1.0DP1218 | =X &
- ug| P
i 0 Z.TDOP12+17 e @H;
= DS R
® 30 t :.ODDPDIP256252 = 0.5 &

| A 50DP1090*D I | E;f =

60 2 3 ’

7.0DP744 (b) ® (c) &

90 —_— — — — — r T T 0
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&G C) HECD)
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Fig. 3 Characteristic of marine 8O change from different latitudes across the Eocene—Oligocene climate transition
(a) —E—O ¥R I I 23RO 7] b X A 2R SR A2 3830 5% 5 (b) — i 20 FF 38 E—O IR IIWFR 55 (o) —E—O B8 J5 AN ] 45 BE 114
WA R Z A5 i ;1—O0DPI1218 FL 8'80( Coxall et al. , 2005) ;2—TDP12 .17 £ ' O( Pearson et al. , 2008) ;3—DSDP522 fL §'® O ( Zachos
etal. , 1996) ;:4—O0DP1265 L, 8" O ( Xl 15 €%, 2004; Pusz et al. , 2011) ;5—0ODP1090 4L 8" O ( Pusz et al. , 2011) ;6—O0DP738 FL 8" 0
(Scher et al. , 2011) ;7—0DP744 4, §'* O ( Zachos et al. , 1996)

(a)—Marine 8" 0 records from different latitudes across the Eocene—Oligocene climate transition; (b)—the locations of high-resolution marine

and terrestrial records referred in the text; (¢)—the changes of marine §'8 0 in different latitudes across the Eocene—Oligocene transition ; 1—the
580 of ODPI1218 ( Coxall et al. , 2005) ; 2—the 8 O of TDPI2 and 17 ( Pearson et al. , 2008 ) ; 3—the 6'8 O of DSDP522 ( Zachos et al. ,
1996) ; 4—the 880 of ODP1265 (Liu et al. , 2004 ; Pusz et al. , 2011) ; 5—the §" O of ODP1090 ( Pusz et al. , 2011) ; 6—the §'0 of ODP738
(Scher et al. , 2011) ; 7—the 8" O of ODP744 (Zachos et al. , 1996)



96 Mo R

it 1 2012 4F

4,6 E—O SR FE R AR CO, ¥R B 11 B B
TEEGERE ., TR R LA AR R AL
F8%% (Retallack, 2001, 2002) | JZ M3 27K pH {E
MR L Fe B [a] /37 2 ( Pearson and Palmer,
2000; Pearson et al. , 2009) Fll B/Ca .1 ( Tripati et
al., 2009) , AR IV 77 0 3 28 7 A 1 1 S U 1 )
i [F] v 2% ( Pagani et al. , 2005) 4%,

K 4 255 T IR R A [F]H6 br B i
H AR CO, e i 25 . (Pearson and Palmer, 2000 ;
Retallack, 2002 ; Pagani et al. , 2005 ; Tripati et al. ,

A7 (COMBE(X10 7y HR AT
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Fig. 4 The changes of atmospheric CO, across the
Eocene—Oligocene climate transition
1—RF oA 7 & &8 89 KK CO, ¥k J& (Pearson and Palmer,
2000 ; Pearson et al. , 2009) ; 2—H:F M F S FLE H K KK CO,
e (Retallack, 2002 ) 5 3— 3 T AEJ Ml ik [5] (3 K B A RS
CO, HkJiE (Pagani et al. , 2005 ) ; 4—3F 81/ 45 L # £ 19 K<

CO, ¥ % (Tripati et al. , 2009)
1—Marine 8" B-based atmospheric CO, reconstruction ( Pearson and

2000 2009 ) ;

atmospheric CO, reconstruction ( Retallack, 2002 ); 3—marine

Palmer, Pearson et al., 2—stomatal-based
alkenone-based atmospheric CO, reconstruction ( Pagani et al.,
2005) ; 4—B/Ca-based atmospheric CO, reconstruction ( Tripati et

al., 2009)

2009) . MWHRTLIE Y, BARZHE R Bon R CO,
VR JE A TC DK ) o T T — LA 3 T i S sy, T e
B LOREAR (& 4) {5 B AT H A [F] 45 5 f 8 1)
KA COLMRPEATIAFAEAR 24 R A 2 7 ( Ruddiman,
2010) , #5ilL, Pearson 55 (2009 ) Kk T F7 i A fL L 5¢
PRI B[RO 2R LU (X E—O A8 i fE v KR CO, vk
FEMITEA B AR AE HEAT 18 o3 B R n (1A
4) 534578 CO, Mk T E—O FLE T KL 2
25760 x 10, K 5| T B 58 Ik R 1Y 77 A e
VKIEHY CO, [ {E (700 ~ 840 x 10 ~°) ( DeConto and
Pollard,, 2003 ; DeConto et al. , 2008) ,{H{EFS 13 =1
Je Fifif5 CO, ¥ B S [l FH31 24 1100 x 10 ~°, AR, 4F
E—O 5678 1] CO, ¥k B 1Y B A1) AR 75 B 0 22 15 40
HERAIBIFTT

1.4 mEBEHIMZREMBREALRNETN

T B TR R AR TTU AR 5 T8 A 5 30 A48 ) TR B
MR ER IR #ME TR ( Calcite Compensation Depth , f&]
Fr CCD) o MR ER ER I TR X B 007 FaxX — PR J&E
Z b CCD S /KR EE b 5 Z 15k & iR CO, e
FEAHDG, PR 5 4 BRI A B R0 A% 22 AL AR OC (Rea
and Lyle, 2005) , E—O "% A2 ip 28 A= 4
BRIGVE CCD A2 fb A 1o 25 M BT 0 2 —, 4 K7 CCD
B4 T RS, o, JRE PR TGE 1 km
LI F (I 5a) (van Andel, 1975; Coxall et al. , 2005
Rea and Lyle, 2005 ; Tripati et al. , 2005) , KFHEF
ENEEAS R A 0.5 km DA | (van Andel, 1975;
Peterson and Backman, 1990) , #Efi®&, E—O < f&
7SI CCD ) 748 el ¥ G B R 3 T AR XA T AR
T 1 £52Z2 % (Rea and Lyle, 2005) . [A]if, E—O
7R I S P Bt B B S Y R Tk R 6 3R 8 A, 4K
ZAHHAL (AL WL 3b) B sk s (B 5b) | IR
B[R R AR X — I JH & A2 T 24 1%0 1) 1E A ( Zachos
et al. , 1996; X7 K&, 2004; Coxall et al. , 2005;
HSFIESSE, 2006 ; Pearson et al. , 2008 ; Pusz et al. ,
2011) .,

Coxall %5 (2005 ) %f 7 1 K- ¥ ODP1218 fLHY
BRI L 25 5 MR AT FL HUA B SRR 07 R AT 1 IE
T, AR R, E—O AU A R b CCD s
PS5, 4A Rl 2R Y B BOPE B i R AE — 2 (B
Sc)  FR/NIZI IR CCD 284k A BRAE VS K F Al UK
95K 5 i P BE B B PR R DA G o (B[R] T
SRR AN CCD 2, Bk AL R TE E—O 82 )5
291 Ma X218 R 2 Z A 19 /K7 (Bl 5bc)
Merico 45(2008 ) 7 FH 42 3K 1 ¥ A= ) b 2Rk 2% 4 X
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Fi7 (box model ) , Kz 550 T E—O B AT J5 i A
FLZFN CCD 2% Ak 1) P ol (B 156 (A BB 341 7k 328 23 34
s B RRER XA i 5 £ 5T 9 Ui A 0 T FE SR G &2
Bk CaCO, LR h Bl 2R ) R G A8 ) 14U 2, RS2
PURME R ——vK 354 5K (IR A A £L A R
R I ) 5 S 4 R v~ T8 A D e T o PT84
Hby DXk R 6 0 AR 20, 5 | e v 7 2 1 O S B
CCD 75 55— Jy 1, 4 BRIGSF-18 1) T et & 53
Fili 2k [ A5 2% i 1 04 B R D91 R 1S i 1 52 XL
b, K AE — B s 3] P S0 1 Al [R) o7 R AR
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Fig. 5 The changes of CCD, marine 60 and 8" C across the Eocene—Oligocene climate transition
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(a)—The CCD history of Pacific Ocean during the past 50 Ma ( Tripati et al. , 2005) ; (b)—marine 8'° C records from different latitudes across the

Eocene—Oligocene climate transition; (¢)—a comparison of CCD, marine 80 and §' C records from ODP 1218 ( Coxall et al. , 2005 ) ;1—the
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Fig. 6 A correlation of high-resolution records of Eocene—Oligocene climate transition between marine and terrestrial realms
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Abstract: The Eocene—Oligocene climate transition ( EOCT) was a period of rapid global cooling at abou 34
Ma ago, representing a major step from early Cenozoic greenhouse toward modern icehouse conditions. It was
accompanied by a series of dramatic changes in Earths environmental system, including an expansion of ice sheets
on the Antarctic continent, a global sea-level drop, a declining atmospheric CO, concentration, a deepening of the
calcite compensation depth, and a biotic reorganization, thus has great significance in understanding the
mechanisms behind the long-term Cenozoic cooling, the behavior of regional climate in response to rapid cooling
and the effects of major climatic changes on the biotic reorganization. This review summarizes recent progress in
studying EOCT. (1) Significant cooling during this transition inferred from geological records of different latitudes
indicates this phenomenon was triggered by global rather than regional factors. (2) The declining of atmospheric
CO, and the associated global carbon cycle changes have been proved as the primary causes of EOCT by modeling
studies, rather than the previous hypothesis that the Antarctica was thermally isolated by the initiation of Antarctic
Circumpolar Current. (3) Marine records revealed that this transition is marked by a two-step increase of benthic
foraminiferal oxygen isotope values occurred within 400 ~ 500 ka, reflecting the drop of global temperature and

establishment of Antarctic ice sheets, respectively. (4) A comparison of the EOCT interval in Asian terrestrial
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records with marine records suggests that the regional aridification mainly corresponds to atmospheric cooling (i. e. ,
the first step of EOCT) rather than ice volume growth. However, there are still many questions remained unsolved.
Future application of more detailed and accurate proxies of atmospheric CO, and paleotemperature, recovery of
high-resolution sediment archives from the oceans and continents and more complex models across the EOCT will
further reveal the changes of each environmental factor during this transition and their relationship with each other,

and obtain a thorough understanding of the mechanisms behind this critical climate transition.

Key words: Eocene—Oligocene climate transition; global cooling; CO, ; mechanisms on climate change
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