IR NRS TR

MARINE GEOLOGY & QUATERNARY GEOLOGY

et o R BE YR AR AL T 4 B TR SRR AL R R BB 5T

HEM, Mgk, IR, HRIETE, A F

Simulation of the mid-to-low latitudes seaways changes and the impact on the Atlantic Meridional Overturning
Circulation and climate during the Miocene

WEI Jilin, LIU Hailong, ZHENG Weipeng, LIN Pengfei, and ZHAO Yan

TELR I View online: htips://doi.org/10.16562/j.cnki.0256-1492.2024060701

FETT BRI A

Articles you may be interested in

JERPEH45° NI R 3 LR 2K AP B i A2 1k
Changes of the upper water column at the 45° N North Atlantic since marine isotope stage 3

TR S5 DU 20 . 2021, 41(3): 114-123

RPGHE A ARG X G B 2R S H 3t o S

Mineralogical and geological significance of hydrothermal products: A case from the Chihu hydrothermal field, South Mid—Atlantic
Ridge

TRRE BT 55 50 DO 4 M BT 2022, 42(2): 46-58

EL PR ARV R 2% e 13 R 19010 53¢ ) Hh e 4 T U2

Mid—to—Late Holocene climate changes on the southern margin of the Badain Jaran Desert: Evidence from the Gaotai Lake sediments
TR b T S5 5 DU 28 LT 2020, 40(4): 192-203

TR PE P 2 A PR AR R R R S 42 1l R R

Characteristics and controlling factors of marine source rocks in the basins on the two sides of South Atlantic

T BT S 5RO 28 M 5. 2019, 39(3): 143-150

e H BT TH: S A b AR i O R IR S0 6 4 SR Bl ) T 28 A

Obliquity—driven moisture changes in Qaidam Basin in Late Miocene during low eccentricity period

TR AR DU 20 ML 5. 2022, 42(6): 193-199

ENIREDURRE SR AR U DY) T4 RS PR3 5 7 e b

Millennial—scale paleoenvironment and paleoclimate changes recorded in the Bohai Sea sediments during the last glacial period

TRRE BT 55 26 PO 4 M BT 2019, 39(3): 61-71



http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2024060701
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2020073102
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2021062301
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2019110602
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2019022201
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2022052601
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2018092101

ISSN 0256-1492 W RS 5 U4 R 0445 4
CN 37-1117/P MARINE GEOLOGY & QUATERNARY GEOLOGY Vol.44, No.4

BUTF bR, X0 T, MG, A5 AR I v (0 2 T T A A X K P P 28 P B O R A R i A ASLADURTT S (D). I S 5 DU 40 H T, 2024, 44(4):
32-40.

WEI Jilin, LIU Hailong, ZHENG Weipeng, et al. Simulation of the mid-to-low latitudes seaways changes and the impact on the Atlantic Meridional Overturning
Circulation and climate during the Miocene[J]. Marine Geology & Quaternary Geology, 2024, 44(4): 32-40.

T PR GESE T X K F LB #E R
SIRTE LRI AR AR 3T

BE AR, X A, A, AR TR, R

1 o ERL A g S R 5 BT AR A% A 3R A ) 2 AR E R R s S =, LT 100029
2. P EIRL A B 2 M Bk 5 AT R R E A B, AL 100049

3.5, 5 266237

4. v E R B R IR S T Rk R SR BUE AR 2 rhusy, db st 100029

5. o BRI i 96 e T 9 9T R Bl i 4 5 T R T S B, dB st 100101

WE:ATFHELAR, FRNTAEFCELHEENTFEAREATRAEY AT KB EZ2BHEA (AMOC) #5% F fo s 1 4
EWRE, AZA, B X AL ELOFTIRGEHEE S AMOCZ MK AW ALK AE Y, AFAAT P FH TG IR
S, AR EABEREXTRET ¥ P HEAEEMRLE, QBRI AEFCE L EE LG XA WA RXE, BMERE
T, RN R BEEFCETLGES A RTEF R FFEEREANLRBDERBET 27, B3 & KB EHE
B 3 R A AR 3R R 3T AMOC 3% B 69 TALA B AR G 4E A o AR A TR T AMOC, X 4&E T &8 1 il
FHA A AMOC 9 55, X AL PG EBEM AN RIIRARELBEG GRS AR, FREXRBLETCE L
RS, ABRAY, AAKRNFERECE f’v«& %A, A BRI E L L8 AMOC = 9 25 4, B M ik 7 4k F 4%
% «&kﬁﬁ%lﬂﬁflﬂﬁzﬁmAMOC@}i HEEZE

KW KB FEZBEER; PP KB, 53@7Mmf,; Eﬂ’?‘ﬂvifﬁiﬁi;%#&ﬁﬁf&iﬁ

FE 43S P736 XHEAFRIRES: A DOI: 10.16562/j.cnki.0256-1492.2024060701

Simulation of the mid-to-low latitudes seaways changes and the impact on the Atlantic Meridional Overturning
Circulation and climate during the Miocene

WEI Jilin'?, LIU Hailong'?, ZHENG Weipeng®*, LIN Pengfei'?, ZHAO Yan’

1. State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics, Institute of Atmospheric Physics, Chinese Academy
of Sciences, Beijing 100029, China

2. College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing 100049, China

3. Laoshan Laboratory, Qingdao 266237, China

4. Earth System Numerical Simulation Science Center, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China

5. Key Laboratory of Continental Collision and Plateau Uplift, Institute of Tibetan Plateau Research, Chinese Academy of Sciences, Beijing 100101, China

Abstract: Since the Middle Miocene, the opening and closing of the Tethys and Panama seaways may have directly affected the intensity and
spatial morphology of the Atlantic Meridional Overturning Current (AMOC). However, systematic studies on the connection between the two
key mid- and low-latitude seaways and the AMOC are few. Based on the boundary conditions of the Middle Miocene, we conducted a Middle
Miocene climate simulation experiment using a coupled climate model and a sensitivity experiment of the successive closure of the Tethys and
Panama seaways. Results show that the openings of Tethys and Panama seaways provided "shortcuts" for tropical Indian and Pacific Ocean
waters to enter the North Atlantic, respectively, and transported high-salinity and low-salinity seawater to the North Atlantic, respectively, which
played opposite roles in the change of AMOC intensity. The opening of the Tethys Seaway enhanced the AMOC, which offset the weakening of

the AMOC caused by the opening of the Panama Seaway. The closure of these two mid- and low-latitude seaways could cause a north-south
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asymmetric response of global sea surface temperature, and the dividing line was roughly located at the latitude of the Panama Seaway. This

study showed that the modern spatial structure of AMOC could be formed only when the Tethys Seaway and the Panama Seaway were closed.

Therefore, the closure time of these two mid- and low-latitude seaways is of great significance for studying the evolution of AMOC.

Key words: Atlantic Meridional Overturning Circulation (AMOC); Middle Miocene Climatic Optimum (MMCO); freshwater transport;

Panama Seaway; Tethys Seaway
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Fig.1 The global thermohaline circulation®

Red arrows represent warm surface water and warm water path, blue arrows are upper cold water flow and cold water path, and white arrows indicate deep

water and the path.



34 T M S5 5 1 20 M S

2024 4F 8 H

XF AMOC 58 B RN 2578 Ak B9 AH X BTk

PR, S #E3F MMCO IS0 R 1) R 41 107 e 3
[ 42 I 36 5 725 Ak XF AMOC Bz Ho | J2 i 7K f 8 B 38
A5 i e R H AR, A IS 3 TR A S R 5
B FGOALS-g3, JI & MMCO g i L3 56, 76 )t
FE b R A 4R A0 T R B A AR R S Y
BRI

1 Ay vk

1.1 JEEK

FGOALS-g3 J& i1 1 [ B} 2 B K9 BE 52 B
H ETF & 5o I 2Bk A R R a R, %
Z 57 B bRl AR 2 BRI ES S B B (Couple
Model Intercomparison Project Phase 6, CMIP6) fit) 5 41
K, HA B R BE 22, FGOALS-g3 194>
X & KA X GAMIL3( the Grid-Point
Atmospheric Model of IAP-LASG version 3) 27, ¥ ¥
i 3 LICOM3( LASG/IAP Climate Ocean Model
version3) 28 i 1 % L CAS-LSM( Land Surface
Model for Chinese Academy of Sciences) ' il i yK #5
7, CICE4(Community Ice CodE Version 4) %,

KAHEA GAMIL3 78 3 F J5 17 bR H sigma 4
P (26 J2), KF-J5 ) bR F 25 T RRUIAL 1 28 26 1)
B, K4 HER Ry 20(180x80) o A6 2R FH W 2 £
Vi 0y %8, N4 AR AR SR . ¥ 7 4
B LICOM3 SR ] n T 1 AL AR 2, 3 3 JF R R
30 2, KA HER N 10, IR H = AR A% . =AM
K& R G AR S T B R 2 AL R Bk Y Bl
(61°N/65°E 1 61°N/115°W) , ikt f T 28 45 o 4% A5 =X
FEJOM ™ A A A7 AR Il g, B4R T T X G A i
TR R RE ), WA T I I TR . Bl
A5 7 70 4 CAS-LSM S 78 CLM4.5 JEfith FAF T 2k
WA T H EO W T BT AR, QiR K
A Tl B . N R LR K ISR L S VR il AT Y
AR AT R B N O RHE S B2 A% . 7R FGOALS-
g3, Rl KA Y AP A% 43 A 2 — 3L
1Y, T oK 53 g B 2 Y 40 EE AR X KT A 3 A
AH TR, 32 A5 = 2o #8 5 #F CPL7 SE 38 3 i B X
A DA R i ) 28 3 B

1.2 Rt

oy BIF 5 82 W PR T A AR 26 JRE g 1 A Al X 4 Bk
A LA ST PR R B SE AL, AT T 4 4

1 AERit
Table 1 The experiment design.

R PI MMCO_400 MMCO_Bl MMCO_B2
CO,IKRE/N0° 280 400 400 400
i b AR AR r e rhre r e
KR AR r e rhre r e
REHR T i KW TFH K] KW
B igiE BN TFH FFI KW
Rt A 45 WA e R A
LAV 0.016724
BB 23.446° HPIHIF
%7 102.04°

BERLR S, R I40 WFE 1. PSS Tlb 2 v i
X HRIR g B2, SR T IR W B o3 A . KB R Fn B
HbRE A, KR CO, MR 18 Ry Tl A i 1) W
&, B 280x10°%, = ZH MMCO £ {8 i % 4 %
Frigola & 1) Jir 41 f4& (1% v v 3807 thE 199 ¥ i 40 A . KR
MR ARG A A . Horh, MMCO HiJE b iy i
HT A 2R IR R A A 4000 m, P RN B 4 1L i
TR EE 425 1000 m([&] 2) . CO, ¥ B2 I AR 4fg v b
T B G o g A B A o U Sl 400%10°¢
MMCO_400 Sy H v A Db HE 56, 7 4 30 i 1
T 52 g Y B O I CIRA o 5 R R R
Vg T N 3 G 43 ) AE B R R R O¢
P 0238431 58 R E T 4 A ORI I T 5
Vi T G DA X T BRI RN A% 1Y 2 e : MMCO_B1 H
X P R 3 ¥ 3, MMCO_ B2 £ MMCO B1 3Ll |
E— 25 P B g AR5 B A R Y i
AR W) b5 7 # = k A A B 27 s (1) PHC3.0( Polar

44]

Science Center Hydrographic Climatology, Version 3.0)t
(1 — A V-2, AL A 1000 B4R, B
J5i 100 47 1) 4 3R F- 257 4t 2 Ui 2 0 2 U B 1) 28 1
FI/INTF 0.05°C/100a, R BIBIIEA kg T —4
P e s, BRI R il e Je 100 AR AR X 45 2R 047
Bl 2 W

1.3 2 A&

AT H3E A R b R P 3 X (25°~ 80°N) ik
ATIRAK WS 53 B, 12 W v AR 45 88 7 3 1 T A % 1 o
it AMOC Y52 o b K PG ¥ Ml DX 1) 96 3% 22
JES F) ¥ 7K &% & ( Freshwater Content, FWC) 11135 5
BN



445 a4l

B R, S bR T v {1 s 2 9T A A X DR PG e 2 ) 2 AR A A A R e B BT 5 35

MMCO

—4500 —3000 —1500

0 1500 3000 4500

FR/m

2 MMCO i J¥
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Fig.3 The simulated Atlantic Meridional Overturning Circulation in each experiment

Positive value represent the clockwise rotation. The purple shaded region at 6°N represents the Panama Seaway, and that in 34°~40°N represents the Tethys

Seaway in MMCO experiments.
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Fig.4 The profiles of the upper 1380 volume transport at the relevant sections in the Atlantic

a: The sections of the Gibraltar Strait are located at 10°W for PI and at 9°W for all MMCO experiments; b: the section of the Panama Seaway is located at 6°N;

c: the section of the North Atlantic is located at 25°N; d: the sections of the South Atlantic are located at 34°S for PI and at 37°S for all the MMCO experiments.
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Fig.5 The annual mean sea surface temperature and sea surface salinity differences

a-c show the sea surface temperature (SST) differences; d-f show the sea surface salinity (SSS) differences.
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