o R

il_

i 585

- BRI -

R H Tt LA SR 7R R 18 K 3% 09 T By M B i

"o R ]

HH HH

N

i

b

H 1

Ap o R

(1. Ak BREHTEREELLE, Ll 200092; 2. HHE K% MR BFE, & 999077)

[ =]

RAERFEATCRRATOWNEENETEFAGR MW A FAHFEEELZNFF

B EFARMAFERFHEALEFNHREE LTI EEF L, RNEFRFHEKTHF
B w3 % X B Fr K 3 & I3t %] (International Ocean Discovery Program, IODP)IODP-U1337 3k #
Bl Ay, FI R USBEHKF, E2 7T 2% 8 Ma M kiZ 3k K% E B JE (Sea Surface
Temperature, SST) I8 5, & ATA A &K K& # X I0DP-U1337 3k f1 &K KA & X ODP846 3kt SST
W (ASSTyrssrsi6) » R T A KA E 8 Ma LKW ELT T £, RATK I & F Mk K F# KF
HAENELTEEPNEANNE 6.2~4.3 Ma HIE A TKERAIMB, X FPAFETHFHHEA
EHME;43Ma ZEL A ERFTRHYBENE,AE 0.8 Ma £ F|HARAF, B2 HY
KA AAERARETRAG ME BRREEENFH"EAT S EAL R E—FHHUX

KRERBHFEI .
[REIA] RAAE B P E

IR RS- PR AR KB AE R B BT R 2R 1] 7
A 28 J2 1 U o ek 1B 1) 3R 23 T K 3R AR A VY KT T
O B E b L T 2R P T Y B R R R R 2 R KA
FBARIZ AR TE R X EIE T AP L Sk
AV K DX 33X — DX G AR g * 2R Al 3l R T
BHRRAE)Y, BRI 2, 5 e ke
IR AL K IR B B AAE B VI R S
AR PR ECEC A I (R R B 4 LR e i —
FLJE W (El Nino-La Nina) 5 SUAA M s . ¥
T XA 5 B0 U0 A 45 ) A IR S 3 U (Walker
Circulation) \PA 75 31 i (Hadley Cell) FI#HT 46 &
i (Intertropical Convergence Zone, ITCZ) B ¥
Bl X 5 S [ KRR R S A — R 1 R L
il VR 9 4 T B R 55 AR AR

IR B 5 AR I T8 RV IR BR )2 8 K AR 25
BRGNPk vk 5 78
S B R A AT R DR Y R 3R R K R A R
s LLEUE KUR B TH I BE A8 4 500k B8 I IR 2 K
Wiy ZRES MG AR K&, BRI R U] 7E R

Wk H 91 :2019-07-25 & o] H 4 . 2019-10-25
* S EVEH , Email : tianjun@ tongji. edu. cn

HZE 2002 F#KRBAFXFHLF4E, AN
HERFRFEEEHRFHFF ML, B
R EERAHERH»ELER. £ 2
MEHERRKTFEGTEEFFTHR, §
KEARABEFFHFZAL BRT AT
HB AN HAAEAL S E,

BT (4. 8~4. 0 Ma) , AR 2 38 K-V A IR BR JZ 5 E
SIFIRIBWARERTY . BT RERZ IR AR e
F1%) 548 55 728 Ak I 1 Bif 2 182 St 1 WS 48 7R G R R F-
SST(Sea Surfoce Temperature) f BE 25 (627 . Wi
N0 Ml 530 s R B, RV s 1) A28 ) B i SST A6
JEAFAE YRR AE AL g1 R, oK 5 1)
im0y SST #6268 0% F W v8 75 19 5 55 722 1k .
KAV m ML n SST A B2 d d 45 LR, B it
(5~3 Ma) 12 Bl W I A [ 3 34 SSTT 5 32 4% i 41
RHERT R ER e R E RS 8 TR IL R EiR”
SARBG 1, SR R TEX, 48 b5 5 @ 19 75 74
KA SST BRREIC S A8, SST BB HEAE LT
o aBRR T, TRRKZREREREDE, £28



586 s F

N 2019 4F

] ¥ 45 [ 1) SST A B 5 4t , B 43 A2 B 48 b A< B 114 22
SRR R XA T A R ERE
TBUAR 18 S5 R 15 P O .

% L E LA A P RO TR B A —
T U8B B Oy R R AB BB LA 10 T 2 ERE
WAR S B SRR AL ER UK S5 B W5k AR R TE K
S AR U P VR T RN R AR e SV T X i R
J2 2 AR e AR5 RUBK Bh Y b T RE A8 K AV 1Y
T BR 2 K A A AR EON R T S m fL A b
[ SST BHEE . fil & T — F 1 1F ) AE L 41 K<
IAE TR 2 )2 7 26 1 O 0 el A%, A% b T 3 ik —
A BRI BR 2 4k 22 A8 . SST M B 4k 22
LI BRI T XK SST R IK T 4
TR EHH(~4 Ma) , A FICRER KSR 9K (2 3.6
~ 2.4 Ma) 1S i )3 7R AR R OF R IR 3R 2 K
P e I (VS ER VRl = A i e | A 2
UKIE R BRI B R BT A, s i
U F14) 325 157 O DA (o 5 A G 425 ) oA O 1 5 (]
PERARHE R P ERAR Y 1 A R A LR L 4
JNT AR KP4 SST B A2 i A ok il K
SRV I AR, AR SRR S Y R M
B B B2 g e Xt ARl SST Ay st R K. &L
TR U 1) % 37 G A o SR S 1R T R G IR R Z 1 AR fk

YW dEE S A TR il = A
1 WHRAFZE

FATTR T FET A [R) ) AF 5 8 A
SST #f B H @ CTE & IR ZE RV sAR — PU kil K
SR T SR BRAE AR 205 38 RSP VIR, 33X AR AiRT DA
A DX B 25 ORI 1% 2%, (] B SR A ) £ B
AR AR UK FAH R 9 SST B4 28 3K, i KPR JEE 3k f
AR 2 A R 25 . FRATTEBE AR AR A8 AT T i AR
) 82 il X A8 5 X R AR RV 5 #%00 IX ODP 846 3
(90°49. 08" W, —3°5. 82" N3 7K 3295 m) MIZR K iE ith
1% X 10DP U1337 34 (3°50. 009" N,123°12. 352" W3
IR 4463 m) (B 1B SST B E (ASST 1557506 ) » K AE
T R T Dok AR DRV T AT A I o

LR 20 thad 80 ARAY L WRIT E A4 TR A UK

RARY HE A SST M4 50 20 X, 78 4 BRE 15
N7z R LIRS TSR SST S kg H &
Lo B — Ok, RATE & T 8Ma Lok I0DP-
U1337 iy SST i s, I AR IR A A X w3
T 2R AR 3B KOEPE ODP848 3, ODP849 3l . ODP850
Ul A1 IODP-U1338 iy SST if 5%, 1+ I0DP-U1337
Sl U TT J I 9% 1) B B R PR 2 — SR i v B &
HESL T AT EE A AR IR (] 2 AT |

N
[&)]

N
o

Sea Surface temperature (°C)

H
S
©
.d
3
§
8
IS

B1 SHARGMEMAE,ESHEY SST,HIEFRE World Ocean Atlas (WOA) 2013,
Eea+FRREEM SMyr URAEHPHHHHIEAS, EE 0.5 Myr?



5% 634

B 22468 . I v 7 1 3R 2R o T AT T v 7 14 3 R i A 587

B e 14 7% sh 23 B2 5 W T TR DU AR 1Y DA
B, AT 2 B oty YV A AR — W B 25 . R
DI IE Ry N ERE ¥ 2 B NG SR E I R S | EXL B S N 2
8 Ma LUK 4 M B (132 8 1] 25 AS A TR [l e 25
XF SST M ™= A2 . o 1 IF Rk b 22, FR A1)
BT AR By b PR A B AR S EAT T OSST il %
MRS IE o A T kS BEAS I, AT ODP1241 3511
SST #% 1F 1 B FEAK— 2. g |, IODP-U1337 3k
A1 TODP-U1338 3 [A] FE A7 A 43 B 1 IE 19 7T R (H 2
HT 3 79 A 3 19 B g LT 3808 B4R AR Akl KT T
SST ) %5 ik &, o e B 45 /0, T 9 oK SR B2
ODP1241 3 )4 e B 12 1F .

8 Ma L)€, 1IODP-U1337 i US fH¥1% T 0. 98
(1), 78 bt me ), R R 38 KF 7Y SST
O #30 US-SST J #% B kPR (Capping Out
Issue) ™ fH & # 1y IODP-U1337 ¥ i) UK -SST &

S L AN 7 N 1K @4 N R P o s P T
SR P2 07 V5 32 S AR AR Xt B2 AR A T2 T RE Y

2 & R
2.1 HHEEXREXEHSST SSTHEFIZRIETY
BEEE

AT E R IODP-U1337 ¥ SST it 3¢ 5 & 7k
TERCEHEH AR SST il sk H3 W& (K 2B), 8~
7 Ma, %3 SST B fLH /N, 4 F57E 28 ~29 °C Z ],
7~5.4 Ma &4 T 4R o th B 0, 45 0
SST 75 1H 30 ] 52 B 0 S 9 AR 3R L SST A e 38, et JiE
#J1~1.5°C, 5.4~4.3 Ma,SST X W] & F+m (&
2B) . M~4.3 Ma JFUf , #53 SST HF i AS [6) 72 B 1
BRI I — B RS2 B b B i, b U1337 ik
R YR R 2 A /N, 24 2.5 °C , 846 il e TR R BBE O KL 3k
6 °C(F 2B).

(o] Intensified Cold Tongue

31997/1998 Winter:
1 0.5°C#0.25°

SST gradient (°C)
AssTU1 337-846
(4] » w N - o

1
4.3 Ma Very Weak Occurrence 6.2 Ma
or _ I H 14

U1337 SST

SST in EEP (°C)

——— 846 SST
25
| — 847 SST
)
‘ | " 850 SST 24
ALl —— 1241 8ST
I I U1338 SST 23
"I '
‘ 22
2:5 ‘
A F 21
3.0
o
o g
R 35
S
Sa
ST 4.0
S
O
4.5
5.0 L 1 1 1 1 1 1 1 i o o | 1 1 1 1 1 1

0 0.5 1 1.5 2 2.5 3 3.5

4 4.5 5 5.5 6 6.5 7 7.5 8

Age (Ma)

B2 ZHFEAKFEHESSTIZF(0~8Ma)!
A. U1337 3 JERIA FL o 80 ;B ODP 846 3729900 847 s 850 whl) |1 241 355 [ IODP U1337 251 fl U1338
¥ UK -SST i85 :C. TODP U1337 3 A1 ODP846 3 i SST KB JE (ASSTuissr-s06) o C H L HBLE A = S F . L N 0.5°C
S 2R 0 FE UL337 31 846 3h7E5RJE /R JETE4E (1997/1998) BY A Z M IR FEE RS BE . ASSTunssr s £33 T 1 HUFR A7 A% 1E



588 o R

¥R 4 2019 4

8 Ma LA ASST s MY A8 AL F7E 0. 3~
4.9°C Z ], 8 ~6. 2 Ma, ASST 1557505 £E 0. 3 ~
1.3 °CZIa /NI 3 3l Bk b5 1997/1998 4 4 2
G TR JE 3 D B9 SST #6 B (E™ (0. 5 °CH$3
(8 2C), 6.2~4.3Ma,ASST 1537506 7E 0. 5~1.7 C
Z BBl , HAE 4. 9~4.5 Ma 1 6. 2~5.5 Ma #
] s ASST yy557 506 5 BUBA A 5 {8, X5 % TODP-U1337
ui Al ODP846 ¥k () SST K fH #1. 4. 3 Ma Lok,
ASSTuissres VA~ 1°C/Myr 9 I i@ 2 W T+ & 2
3.5 CEA., HEZ 0.8 Ma HiJ5 » ASST y1ssreis FH 8 2
JLTCLEA I HER RS,

/S g NS S IR Cl i O A e (S
RAMPFIT #5846 ¥\ U1337 3 SST Al
ASSTuissreis 10 5% B 5% 4T 5. 45 2R W 7k, TODP-
U1337 ¥ F1 ODP846 ui iy SST 7 b th 2 9] 1) 5%
et fa] 43 5k 4. 2940, 14 Ma #l 4. 04 0. 04 Ma,
TE SR T B 0 0% 5 A sk [R] 43571 2 0. 36 0. 30 Ma Al
0.46 £ 0. 10 Ma, 7£ B b8 %% = {4 J5 , TODP-
U1337 3 I ODP846 ¥k i) SST ¥ ¥ 1A 43 7l K
~28.4°C Fl~27°C, T J5 43 5 2 ¥ B A% 22 6 B8 47
AT 9 ~26. 5 °C Al ~22. 7 °C . ASST 50506 H 5%
Priska] 2 4. 3240, 16 Ma F1 0. 76 == 0. 36 Ma, 5 %
i fir SST it 5% (Y Bf ] 4% 47 s e AR — B, 76 Lot
18 301 11 5 4 05 2 BT 5 ASS T unssr s 76 1 °C R /NI 3%
B, MAE 4.3 Ma ZJi s ASST (ras7 506 B 2 ~4 °C , - AE
5 — W A B T (0. 76 £ 0. 36 Ma) ik 3| 1y
~3.7°C BFERKF.

8~6. 2 Ma Hi[i1] , ASST 1557516 7 0. 3~1.3CZ
6] 5, B AR 5 1997/1998 4E &2 (5 JE /K JE 4 it
WY SST B (AU (0. 5 °C) . RIS H 4k T4
WA - HELXEKEMRE 6. 2~4.3 Ma 1],
ASST 1557505 FUE S 3G K, I H 7248 10 2 BB
FIRAE (~ 1. 7°C), 33T SRR 48 4 Z 7 3 IR 2%
(1.5°C), B /Rn ¥ & K& ®5: 4.3 Ma ZJa,
ASST 1550805 LA ~ 1 °C/Myr B 1§ i 2 7 T w5, I 1
0.8 Ma ik F ALK (~3. 7 °C) ., FHZ N B &
TR FE B R H AR T 2 IAKE 1
i Aing i

AR b, 403 Ma DL, R K& AR K it [X
F) SST 17320 1 A AIK o 7T R 3 30 B o 32 3 v i R th 3%
MR VS & 1Y & &t i i s (| 2B i 20) . Bk
Ab o TE W T AR 19 8 28] s ASST y1557.606 AN [6] B2

JE M3, A5 G, AE A BRI A SR ) (7 ~
5.4 Ma) s ASST 557606 B T ~0.5 °C ;5~4. 5Ma ]
8] s ASST yrssreus AN ~1.5 °C, SR FE 4230 F E
B &R FE VA (B 20), 1Y SST F
B, ¥ & Ok F A X B 8  AS B. e
4.3Ma LA RN, B H LTRSS (K 20);
MfE 1. 6 Ma Hij J5 . 2Bk SST #5221 [1] 8% #a %, db it
M8 & & B AR (R’ 20),

2.2 AREEXREHEZE. SE LA SSTHE

ENX%R

AR TE K F % MR b X Ay SST # Ji
(ASST vras7.506) - B 3D 28465 KF-VE 2 1) (& 3B) Fil
i) b (B 3C) 1 SST B AR f AR 5 AH L, R AR
REZ KV Mg, A
4.3 Ma DLk FERE & 4 3K 32 W7 A8 ¥ DL K i 1) | 22 o)
SST BB I ¥8 5 1 & F B Wi, 4.3 Ma /&
R RFHER SST B m. A RAEHENEFIE
W, B A REAATE . 5 R I R P o 1 R CF
() SST H6 B FIEs ik 45 1 SST A it 52 B — E iy A%
H(E 3 e EmmEE AR .

AT DR T R E AL S AR AR T RO
HHRRZENAZ LA —5, 5.5~4.0 Ma #I8], 4
AT PR R SR JE KRR IR (B 3E) L 2 3. 0°C/
My, PR BR 2 22 R BE B K. T 4. 0 Ma LUJS »
T R )23 8 L R R B R AR /N, 29 0. 4 °C/Myr (] 3E),
Ut IS AR R 2 AT A AR 1 AH AR PR B L R R BRI
B0, AE A 4.3 Ma IRZEH R (~1°C/
Myr) {5 i 8K J2 (% 28 3 78 i ) F0E B2 (~ 0. 4°C/
Myr) b5 HIFAVCED 7R o5 18 KTV i BR 2 i A8 ¥
TR EHEEE R ~1.2Myr,

3 RERENIHAVHRT

£ 4.3 Ma Z R, $ily LA B A9 22 )2 7K A ] LA
A o YR A R B A 73 AR AR T P 9 1 i R
RE 101 e I A 2 g g et L) R i
F14 H e £ 1, IS T R S AR AR G KT TR IR BRZ i
AR R EENE. R HMEEE 3~
2 Ma Y] [8] B fuk 56 T 1 Hhogi i v FF (7 ~5. 4 Ma)
[B] 17 R i ) SSTT 78 3 A~ I 399 4 728 1 50 AR A
LT B G BR 23 A2 4 L) A ok 11 e 3 1t 3 B
FTREASA] B AR S AT 5 2 — 20 0P 5T . 8y BE T K
2 M3 7N B 78 A s I LU B BR R AE 4. 2 Ma

im BR



5% 634

HIZE 258 WG v T T A AR 2R 0% 3 KT 9 v 7 9 b i 589

B B s B B B A R RN R RN R RR AR RARAs Raas aanas]

Intensified Cold Tongue 4.3 Mag

o
I
-“I

o

PF A3 ! 80999-851

ODP 849 & 1241
Subsurface Temp. (°C)
>

SST (°C)
ODP 806 & 846

Very Weak
Occurrence 26'2 Ma =
[ l1 = “ | 10 S_)
i CAS Closure 3
2 gg
"o
16 Lo
18 £8
20 §
o, 22 5
EEP Thermocline
1997/1998 winter: 0.5° o
.......... WA USRS G
1T &
3
Cold Tongue . 5
" b
‘g
5

Zonal SST

26
Meridional ssT [ 3°
28
~
F 26 ©F
o
2 23
8§ F 22
s E 20
- 20 3
24 4
F 28
A 518 &
BF 50 E 4, o
/ E 36 io
intensification of NHG i)
3.3-25Ma F 40 £
o e f 44 §
o

Pt W fevsad
0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8

Age (Ma)
B3 HRABALFEBMASBTX SSTHESRTEFEMATEESST.SSTHERAKREBKEEMNXRE
A. TODP U1337 35 JEMA fL B 8 O ;B. ODP846 35 F1 ODP1208 35/t Ay 4 17] SST ## i ; C. ODP846 ¥ Al ODP806
i AR A ER 0] b AR VG R T KPR SST B EE s D, ASSTyissrsss s E. ODP849 3 I ODP1241 25k 3% 2 /K i i F. ODP851
i F ODP999 3 17 A FLHL 88O 228 (AS™ Oyosssr » B £8) I ODP999 3l R 32 )2 K IR BF (H 8) , SST ¥k ¥ T Lawrence
20171.(2006) . Herbert™® 42 (2016 ) . Wara 201 (2005) #1 LaRiviere 85 (2012) . ¥ /K ¥k 35 2 18 B B0 S U T Seki 45031
(2012) \Haug %57 (2001) , Steph 2177 (2010) Fl Ford %51 (2012)

5~
.
.
4L
3
53r
=
22r
<
1r .
R2=0.493257 .
0 1 1 1 1 1 1 1 ]
-4 -3 -2 -1 0 1 2 3 4
Je2l R 2 B SST R (°C)

B4 GFEHKRPEESTREESALEEET (ASSTuissrss)
BIX R, bR BB SE SST R EHMIER A Herbert™ &,

FARASIR (B 3F), R 4. 2 Ma 7] fE & [ 5 I i Ik
7 5 VA et ) — S SBR[ T ]
W, #E 4. 3 Ma Z i, B8 7K AT 3 5 B 42 1 g ik 4K 4% 51
TR 7R IR T R b DX A5 2 M XA 4 11 I BR )2 UK
PR DL T2 3R 2 DT 55 1 I BR 2 1% 3% ML 1
SN R R T KPR Z N AZ R SR HRE
RIS (B 3). b iEdE i, i & D
(14 5 A 28 70 I 12 R 2R R 38 KPR 1 & 8 T AR
BT M B, R 4.3 Ma Z R R RR I E
B AL S KPR 2 m A A ) Y SST B AR 46 5%
I (8 3B.3C), A 4.3 Ma LASE, i £ i 38 0
FReL BRI 50 W 1 R 22 18 38 (ASSTuisarsis ) 17 1E



590 s F

Ht

4 2019 4F

W8 A R e (R? = ~0. 5. 1/ 4), iP5 2 2 K
P4 35 2R AT AR 30 ok Uk BB 22 A i AL T A Ak b 4% TR AR
KEEHRKEEA,

1I0ODP-U1337 351 ODP846 i ity SST £ i 5%
TR R T A AR K1 & H W 3t DOk 0 &
B AEALE . B EHNET B AR B:6. 2
~4. 3 Ma ][], Jt H:7E M o o 1 v = 44 300 ] (7 ~
5.4Ma) B H KRB ;4.3 Ma 245 . B HFRF B
WS, B E) 0. 8 Ma A2 A7 iA B BACAKF- . & i
U 1) 5% P R v T R R B AL Tk T R SR H
45 T Sol I 2 114 98 Y A VL R 2 A R AL AR I
VIR BRI KTV, ZEARKEH LB E LN
B .

AR FEAELL T T AN A TR 5835 56— 1 H K
B AR T8 AR ASSTvias7-006 5 78 PH 2R 3E KF 3 SST
T JBE R AR 46 SST 6 JE A7 72 A — B Iy (1 3)

ok — 20 BV AR KPR s 4 SST il

EHATANFE . 85 T fE 7~5. 4 Ma, 2 BREHE  SST
JUF- B AR 2 T8 tH K SF s ASST vrssr-06 10 5% 878 AR 2R
BRI H R E WA P om, o8 25 N ] 68 5 b
AR R G AR DL RS T R X AR
WFSE A3 W A] B I 48 Tz i B R CO, Yk B
Ak, SR, AT TAEH & B i By Be KR CO, ¥
JEARE IR R B 5 SST A8 fb A 56 Ay fa #4500, 4
.2 Ma DIk, AR AR E KO SST A B Bk 1 34
T R B TV R T U 2R I (R 0 55 ) B 5
(2B A 2C) , dn o] A F1 B oo DLk ¥ 7 i 4k
AR R SR R B S W
B — BT,

it AXRINBRAAAFELS(TE AT,
41525020,41776051) &5 K 84 .

& £ x #

[1] Talley L D.
Edition) : An introduction. Academic Press, 2011: 1—6.
[2] Cai W, Borlace S,

Descriptive physical oceanography ( Sixth

Lengaigne, M, et al. Increasing
frequency of extreme El Nino Events due to greenhouse
warming. Nature Climate Change, 2014, 4(2). 111-—116.

[3] Hu S, Fedorov AV. The extreme El Nino of 20152016
and the end of global warming hiatus. Geophysical Research
Letters, 2017, 44 (8): 3816—23824.

[4] Koutavas A, Lynch-Stieglitz J. Variability of the marine
ITCZ over the eastern pacific during the past 30,000 years,
in: Diaz HF, Bradley RS (Eds.). The Hadley Circulation:
present, past and future. Springer Netherlands, Dordrecht,

2004 347—369.

(5]

[6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

Fedorov AV, Burls NJ, Lawrence KT, et al. Tightly linked
zonal and meridional sea surface temperature gradients over
the past five million years. Nature Geoscience, 2015, 8
(12): 975—980

Fedorov AV, Dekens PS, McCarthy M, et al. The pliocene
paradox (mechanisms for a permanent El Nino). Science,
2006, 312 (5779). 1485-—1489.

Steph S, Tiedemann R, Prange M, et al. Early pliocene
increase in thermohaline overturning: A precondition for the
development of the modern equatorial pacific cold tongue.
Paleoceanography, 2010, 25 (2): PA2202.

Ford HL, Ravelo AC, Hovan S. A deep eastern equatorial
pacific thermocline during the early pliocene warm period.
Earth and Planetary Science Letters, 2012, (355-—356):
152—161.

Brierley CM, Fedorov AV, Liu Z, et al. Greatly expanded
tropical warm pool and weakened hadley circulation in the
early pliocene. Science, 2009, 323 (5922) . 1714—1718.
Burls NJ, Fedorov AV. What controls the mean east—west
sea surface temperature gradient in the equatorial pacific: the
role of cloud albedo. Journal of Climate, 2014, 27 (7).
2757—2778.

Wara MW, Ravelo AC, Delaney ML. Permanent El Nino-
Like conditions during the pliocene warm period. Science,
2005, 309 (5735): 758—761.

Ravelo AC, Lawrence KT, Fedorov A, et al. Comment on
“a 12-million-year temperature history of the tropical pacific
ocean”. Science, 2014, 346 (6216): 1467—1467.

Zhang YG, Pagani M, Liu Z. A 12-million-year temperature
history of the tropical pacific ocean. Science, 2014, 344
(6179): 84—87.

O’Brien CL, Foster GL., Martinez-Boti MA, et al. High sea
surface temperatures in tropical warm pools during the
pliocene. Nature Geoscience, 2014, 7 (8): 606—611.
Philander SG, Fedorov AV. Role of tropics in changing the
response to milankovich forcing some three million years
ago. Paleoceanography, 2003, 18 (2). 1045.
Marlow JR, Lange CB, Wefer G, et al. Upwelling
intensification as part of the Pliocene-Pleistocene climate
transition. Science, 2000, 290 (5500): 2288—2291.
Lawrence KT, Liu Z, Herbert TD. Evolution of the eastern
tropical pacific through Plio-Pleistocene glaciation. Science,
2006, 312 (5770): 79—83.

Dekens PS, Ravelo AC, McCarthy MD. Warm upwelling
regions in the pliocene warm period. Paleoceanography,
2007, 22 (3). PA3211.

Lunt DJ, Valdes PJ, Haywood A, et al. Closure of the
panama seaway during the pliocene: implications for climate
and northern hemisphere glaciation. Climate Dynamics,
2008, 30 (1) 1—18.

Fedorov AV, Brierley CM, Lawrence KT, et al. Patterns
and mechanisms of early pliocene warmth. Nature, 2013,

496 (7443): 43—49.



55 6 4 FH 7245 . M rP T Lk AR I T8 T 98 1% b B Ak 591

[21] Brierley CM, Fedorov AV. Comparing The impacts of and Planetary Science Letters, 2014, 406. 72—380.
Miocene—Pliocene changes in inter-ocean gateways on [28] Mayer L, Pisias N, Janecek T, et al. Introduction. in Shipboard
climate: Central American Seaway, Bering Strait, and Scientific Party of ODP, Proceedings of the Ocean Drilling
Indonesia. Earth and Planetary Science Letters, 2016, 444 Program, Initial Reports, 1992, Leg 138 (5—12).
116—130. [29] Herbert TD, Lawrence KT, Tzanova A, et al. Late miocene

[22] Zhang X, Prange M, Steph S, et al. Changes in equatorial global cooling and the rise of modern ecosystems. Nature
pacific thermocline depth in response to Panamanian seaway Geoscience, 2016, 9 (11). 843-—847.
closure: insights from a multi-model study. Earth and [30] Liu Z, Herbert TD. High-latitude Influence on the eastern
Planetary Science Letters, 2012, (317—318): 76—84. equatorial pacific climate in the early pleistocene epoch.

[23] Liu]J, Tian J, Liu Z, et al. Eastern equatorial pacific cold tongue Nature, 2004, 427 (6976): 720—723.
evolution since the late miocene linked to extratropical climate. [31] Seki O, Schmidt DN, Schouten S, et al. Paleoceanographic
Science Advances, 2019, 5(4) : eaau6060. changes in the eastern equatorial pacific over the last 10

[24] Brassell SC, Eglinton G, Marlowe IT, et al. Molecular Myr. Paleoceanography. 2012, 27 (3): PA3224.
stratigraphy: a new tool for climatic assessment. Nature, [32] Rousselle G, Beltran C, Sicre M-A, et al. Changes in sea-
1986, 320: 129—133. surface conditions in the equatorial pacific during the middle

[25] Miiller PJ, Kirst G, Ruhland G, et al. Calibration of the Miocene—Pliocene as inferred from coccolith geochemistry.
alkenone paleotemperature index UK’37 based on core-tops Earth and Planetary Science Letters, 2013, 361: 412—421.
from the eastern south Atlantic and the global ocean (60°N- [33] Mudelsee M. Ramp function regression: A tool for
60°S). Geochimica et Cosmochimica Acta, 1998, 62 (10): quantifying climate transitions. Computers & Geosciences,
1757—1772. 2000, 26: 293-—307.

[26] TianJ, Ma X, Zhou J, et al. Paleoceanography of the east [34] LaRiviere JP, Ravelo AC, Crimmins A, et al. Late miocene
equatorial pacific over the past 16 myr and Pacific—Atlantic decoupling of oceanic warmth and atmospheric carbon dioxide
comparison: high resolution benthic foraminiferal 8% O and forcing. Nature, 2012, 486 (7401): 97—100.

0" C records at IODP site U1337. Earth and Planetary [35] Haug GH. Tiedemann R, Zahn R, et al. Role of Panama
Science Letters, 2018, 499: 185—196. uplift on oceanic freshwater balance. Geology, 2001, 29

[27] TianJ, Ma W, Lyle MW, et al. Synchronous mid-miocene (3): 207—210.
upper and deep oceanic d13C changes in the east equatorial [36] i dh. B bR DLk 7R K7 ¥ v & DX T8 Ak 4R ik B HE X
pacific linked to ocean cooling and ice sheet expansion. Earth SRR R B R, 2019 42—59.

Evolution of the East Equatorial Pacific cold tongue since the late Miocene
Tian Jun' Liu Jingjing' Liu Zhonghui’
(1. State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092
2. Department of Earth Sciences, The University of Hong Kong, Hong Kong 999077)
Abstract Understanding the evolution of the eastern equatorial Pacific (EEP) cold tongue is vital to reveal

the dynamics of the past climate change. However, the timing and mechanisms of the eastern equatorial

Pacific cold tongue development are intensely debated on geological time scales. We reconstructed the sea

surface temperature (SST) changes by the alkenone method over the past 8 million years, and used the SST
gradient (ASSTyi557.606) between Site IODP-U1337 in the Eastern Pacific Warm Pool and Site ODP846 in the

cold tongue core area to investigate the cold tongue development since the late Miocene. The cold tongue

evolution could be divided into two stages since the late Miocene. The cold tongue remained very weak

between 6. 2 and 4. 3 Ma, but then underwent gradual intensification until ~0. 8 Ma when the cold tongue

developed into its modern state. We suggest that the cold tongue development was preconditioned by the

closure of Central America Seaway and was intensified by the cooling in extratropical regions through the

‘thermocline tunneling’” mechanism.
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