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Preliminary study on Oligo-Miocene hydrological changes in Southeast Asia and their driving mechanisms
HU Jianxiong, HUANG Enqing, TIAN Jun
State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China

Abstract: The closure of the Indonesian Seaway played a key role in the evolution of the Indo-Pacific Warm Pool and associated atmospheric
circulation during the Cenozoic. However, the relationship between the closure of the seaway, the evolution of the warm pool, and the shift in
atmospheric circulation remains unclear due to poor constraints in tectonic and paleoenvironmental reconstructions. This study reviews the
historical literature, including evidence from pollen records, coal deposits, shallow marine carbonate deposits, and biogeographic evolution. The
results show that the hydroclimate in Southeast Asia underwent significant changes during the Oligo-Miocene transition, shifting from relatively
dry conditions in the Oligocene to persistently wet conditions throughout the Miocene. Combined with recent simulation studies, it was
concluded that the hydrological changes in Southeast Asia were influenced by both global and regional factors. The narrowing and closure of the
seaway may have increased the gradient between the east-west thermocline depth and the east-west sea surface temperature in the Pacific Ocean,
limiting the exchange of subsurface water between the Pacific and Indian Oceans. This in turn led to a strengthening of the Walker Circulation,
which subsequently induced hydrological changes in Southeast Asia after the Oligo-Miocene boundary and mitigated the effects of global
cooling over the Late Miocene. Uncertainties remain in current studies, and more geological records and simulation studies in the future would
help to accurately characterize the relationship between seaway closure, warm pool evolution, and atmospheric circulation in the
Oligo—Miocene.
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BJYRE - RSP 1z b (57 R B OK 2 1t ) A A b 3k 1Y) Wr-FE PR e Oy B2, MK 28R RS SST =4840k
“ 5] B (heat engine) " Al ¢ 2K ¥K 5| % ( steam 2, RO I TS B R X B2 v SST i b+ 43
engine) ", H:ifg 3R B (SST) & @j(? 28°C JffE bl BORK, Wz  SST %) 1ok 55 18 8 fig 38 1 5 KRB 36 i
A8 B0 R A I B (B 1a) M, AR 4 5 95 18 (BIYR 5 FF It A1 A3 78 2 B 000 ) AH B AR H 52 i B A<

Pr NI B - [ 58 s BIF R TS T £ 6 30 B0 A R Tt s X9 S DG A 5 e 0 UK A R RS S HIL R BIF 5T (2023 YFF0803902)
TEH A S (1998—), B, Wi W58, W8 1 M B 2% & ll, E-mail: jianxionghu@tongji.edu.cn

BIREE: BRI (1984—), I, WL, 242, IF I T4, E-mail: ehuang@tongji.edu.cn

Y #E B H3: 2024-06-28; 2t[El A H#A: 2024-07-20.  SCRIE 4


https://doi.org/10.16562/j.cnki.0256-1492.2024062802
https://doi.org/10.16562/j.cnki.0256-1492.2024062802
https://doi.org/10.16562/j.cnki.0256-1492.2024062802
mailto:jianxionghu@tongji.edu.cn
mailto:ehuang@tongji.edu.cn

544 35 5 41

A, A5 W T - BTt 2R R L TR A A SR TR B B Sl AL 17

i R G0, LR K SCIR AP, BN Je i 8 2 B ik —
AR £ T s RV I, AR A AR Y 328 28 Wi 4 i oG
PA] 2 19 3l i, 5 V6 1) T LR 2 PR 2R . — T THT AR M
H 23 ] - Sk 0 b 3R AR KUK BT 08 2 7K HE FR A A By
PR B s 53— T3 Ao 8 45 B JE B2 U 1 T 5 e
W1 & B I i ZAE T2 BROK SCIE AR,

B J& T T8 Wi 46 56 P BOER Je BT AR U Y it 45 K
VAT Y 152 - JBSC ) T O 7K 2 72 J AR R ¥ - TR R b R
K, T TR G R 205 108 308 3 42 2 7 P
R B —IRERIZ KR EAL, J5 75 B B JE BT 28 i it
N BB R O T W U ERED R R R —IRE R K
TR E(E 1a) ™5, [RIET, B 22 09 3 g AR A 25 7K A
A 2 A S A T TS R E AR A RV B, B
O BR)Z AL AR K B, AL T RKCE IR A
Wi, IF 2P AR R Y AN, B v T G AT
] — EAF RN A L, BB 432 3 A R AR Rt 5
Bt 2 32 ( Oligocene—Miocene transition, OMT; £
23 Ma) , KR A e 5 7R w0 il e dilf 48, B0 2 i
T E TF 4G e S P, i, KPS ENEHEZ
() R AR K AR 22 40 T B O 4837 21 i 2 R, S BOKF
PEIC M A FL H Fa 2 48 (8%0) | Hilk (8°C) [Rl 2 1 i
IR T EREE DO, SRT, B JE W 0 46 OG5 R
I 82 B8] X5 B OC R A7 AE B R B 48 ol
Von Der Heydt il Dijkstral™ 3& F #5481 48 1, B JE
TE Y AFRE FF 50N 23 BEL LR B2 i R i, R T G
P T B b B B O AT BB T B RV .

Al 2 DA A B T T DG B P G 5 B 4 il
E H R G — e Rt R (29 12~10 Ma) '+
i LA MR (29 4~3 Ma) 520 X SE P A0t
BAHES) T B 1 AR R R AT . ENE
W IE OGP AR rh, T R K A R T B IR BR 2
H)R IR G R A L A F AR R ZE R R 5,
T[] b PR L A AR R A 2R AR B 0N, I B )
TR JZ DR BEAR BE U100 PP 28 1] 5 26 1] iR BR 2 TR
JEE AR FEAE 1Rt [m) s Jod 25384 0, o 52 A D e i
TH 1Y 5 Je O A B B, BRAR B b A Je) 1 OB il

M Yt 1 T2 W 5 Ak £ o 2 0 TR I K
SCIEFRAS R o T A, I s AL 5 OF- VR IR T A 3
SR VIA G . ROPVEIR w3 i BT 5 F Ui 347
S N 26 2 T IV PG S R R 5 i DX, 7 b DX e TR
A3 500 S T R 2 2 AT R AR R, B
S Ak AL 23 3 5 B BE VIR e AL, i — AR B AR AR T
|1 RN T2 R Ay NS e 2 R 28
b S 3k e s T DGR3 AR 7 P B AR XERR 1, [
Af 2 2 I Ll P O P 3 5 2420, JF B R Al

AUV Q-3 B A g T 23901 o) g 4500 1) 18 32 i, X
L 2 g A 7 P DY i L DR AR A, IROR
M SIE P S 4 DX A1 2 PR e b i A 1 R S g 40220

HT T 1 i B A DX K SCA B 95 78 22 (8] A7 AR
BRI AR, AR S0E i £ 2R v . 3 DX T T 2 R
THAR S U B BORE, S0 2R B R A% SR
F% ) 223 38 A 5 B R YA PR DL R I ke T R
KE, 4G B MBI, 28R =& Z ]
1 ) BB S AL

1 HiRE =

1.1 £RSKELTL

AR BRI AR IR, WER RS
IV BT TH DA A IC K ) Rz s 00 2 A AR B oK T
KB MUKW Wop I a], YR AR A L& 80
R 1%0~3 %o, A BRI = T ALY 3~4°C, mtk vk
6 K Pk, I T R 29 30~ 50 m( & 2a—c) B0,
KA A AR (CO,) MR FETE (300~700 ) 107 Z [H]
Wl (& 2d) P, SST A8 fb 5 I 25 25 () S5 o 1k, 1 446
38 SST 2k 15~20°C, P43 i 3 SST 29}y 30C
(L 2e) B30, 07 ThE A T8 T AR 90 30 28 Ak K S0mT
PLoy R 3 AR B W i —d s it 2 22 J5 , k&
I3 T 24 2.5 Ma W9 B2 [l 7, B S & A2 5 Ma K
WIREIR, 22 )5 R BLZ 2.5 Ma fY 811 .

OMT M ], TR 1 S A A L IR 850 3 /in 29 1 %o,
SERYIR TR 0.5°C, BN VK 35 R DL YK, W
TN FEZY 10 mo [A]E, KA CO, WREE TR FEZY 100
107, @26l SST T R4 5°C, H ik & i1k SST 728
A B E . OMT Z 5, 24> bt a), <A Dk
Bl BRI . R A A L 80 S 1%~
4%, IR LI E R 1~5C, B H &Y
10~ 60 m, K< CO, ¥k £} (300~500) x 107, 5
PRI N IEIT . AL SST K 10~20°C, ik 4
M IRARIRAE 30°C ZiA o HhT thE AR i Ak R 35T LA
S RAPABYE: OMT 2 )5, &BRET T4 8 Ma [WiR
JE 0] FF, Bt 2 A K IR 24 10 Ma B IR R .

1.2 EEHEEMEET

B Je v 18 (WS04 S P o AR A2 A Bk 02 Bl Y e
S M O30 B T A (2 45 Ma) 2, 38 ) Al
BRIFARACRS, [0 AR w L R o . X —is3h 51k T
AR Bl R A — R I AR o Ho, AR
4 DT TG S I T B B i e, R 2 2B U 5 Y



18 TR 3 57 5 5 D 20 3 5

2024 4F 8 H

60°E 90° 120°

S 90°E 100° 110°

~30.0

27.5

25.0

S
=R

20.0

17.5

Ocean Data View

15.0
150° 180°

120° 130° 140°

BT BRI 1 BRI 55 A ST 8 BT 51 P f ot o 9 )
ax B[V M 73 413 Y05 Bl B2 P, G b €0 S AU MR U, (0 S AR T IR, 4 (0 S AR 3 R il AL (B 180 I SCHiK [37-381) 5 b: R
AR R TR0 i 8 0 A, B i SR [39-431) 0 32 235 M4 3t o0 (i L €0 X3, 5 180 1 SO [44-451) , A3k b A W IX RCHC AL BR
(H AL, BB SCHE [46])

Fig.1 Modern oceanography in the Indo-Pacific Warm Pool and sites cited in this study

a: Distribution of the Indo-Pacific Warm Pool (black lines) and surface oceanic circulation in the region. Warm currents (orange lines), cold currents (blue

lines), and monsoonal freshwater plumes (green lines) are presented (modified after references [37-38]); b: location of palynological profiles from

representative wells (black dots, modified after references [39—43]) and main coal-bearing basins of Southeast Asia (brown patches on land, modified after

references [44—45]), the Wallace’s zoogeographical region and its boundaries are denoted (white dashed lines, modified after reference [46]).
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Fig.2 Global climate change and tectonic evolution of the Indonesian Seaway

a: Global deep-sea benthic foraminiferal §'*OF"; b: variation in global mean surface temperature relative to the present estimated from benthic §'*0F';

c: variation of sea level relative to the present estimated from benthic §'*0?; d: atmospheric CO, estimate®"; e: global SST estimated from TEXgg, where red

line represents middle-low latitude region and blue line represents high latitude region™; f: tectonic reconstruction of the Indonesian Seaway (modified after

references [34,38]).
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Fig.3 Profiles of palynological assemblages of representative wells in the Oligocene—Miocene in Southeast Asia

Modified after references [39-43].
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Fig.4 Main periods of coal development in major Oligocene—Miocene coal-bearing basins in Southeast Asia

Modified after references [44—45].
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Fig.5 Characteristics of the Oligocene—Miocene coals in Southeast Asia

a: Ash and sulfur content, b: maceral composition, c: gelification index (GI). Data are cited from references [54, 63—75].
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Fig.7 Comparison of hydrological changes in the Oligocene to Miocene in Southeast Asia with other regions

a: Reconstructed hydrological changes based on the palynological assemblages**and model stimulation; b: the evolution history of the Indonesian

13834 ¢: global deep-sea benthic foraminiferal 5'*0”; d: global mean surface temperature®® and sea level change®” relative to the present estimated from

Seaway
benthic §'°0; e: atmospheric CO, estimate™; f: global SST estimated from TEXg, where red line represents middle-low latitude region and blue line represents
high latitude region™; g: "*0 and §"C of tooth enamel bioapatite for large herbivorous mammal in Pakistan*; h: xerophytic vegetation changes in Central
Asia, where green dots represent the sum of Ephedra + Nitraria + Chenopodiaceae + Artemisia™®'™, and orange bars represent the sum of steppe and desert
vegetation®”; i: compilation of §"°C for plant wax n-alkanes in Africal® ", j: the onset of C4 vegetation expansion in the Late Miocene across the globe®";

k: potassium content of the IODP U1464 located in the northwestern Australia, with wet and dry conditions being represented by >0.3 and <0.2, respectively™.
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