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Fig. 1 The circulation of intermediate and deep water masses

in the Pacific (after reference [38])
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ACC: Antarctic circumpolar current; LCDW: lower circumpolar deep wa-
ter; UCDW: upper circumpolar deep water; AAIW: Antarctic intermedi-
ate water; EQPIW: equatorial Pacific intermediate water; NPIW: North

Pacific intermediate water; NPDW: North Pacific deep water
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Fig. 3 Nd isotope records from the Pacific and éNd variation of variety water masses



54

MHEEdy 4345

#1. ODP 8074L i eNd [F] {37 2 1 7 FE 4> 29 3.5 Ma iH
PRUGAR, 75 FE 4> 3.2 Ma FIEE 4> 2.67 Ma &2 T K g
4 AR B, I3 %o IO T R A K 56 7 MLt gk A s
i), Ji5 25 5 3 %k 07 b2 Bk vk a5 1 1 i it ] @,

oK T b2k BR UK 35 T8 BT S A6 K F IR E K
eNd bR BEAK A SR A A7 AR B (1) PMOC
BT AR, mE R K b DR R R 2 K Y Tk
T, VR K P A R 3G IR b RO PR Z K R U0
foeis , AT 5 R AL KCF PR 27K 1Y eNd Ffi s (2) X
R T Ak, B4 3~4 Ma i, PR S 2R
ARV, S Y P Bl R A AR B i R, RSP 7 KU AR B A
B, A8 S B BUR R N [F A7 2R 2 K R
38

Ling % 6138 i F 98 v KO-V & B 4558, 1 3
T Nd [F R L AR 424 3.5 Ma AFFE 56 3, AT 4
W, BE 424 3.5 Ma LAk, BT J6 K78 7 TR J2 K i 4
5, 2R ER IR AL %, U RO PR SRR )Z K B BT
BRI . bR ERVK ST 22 05, . KPR PR OK T
FRRL B B R, Ak b P P R 2 /K I B s A 1 T 4
JEST, AN, BEA 3.1~2.7 Ma HA 4], 4 i vk 35 &k R
B R, ROF FF FED BE 3 — M 19 R B IS 2 7K (Antarctic
Bottom Water, AABW) (18 J X Hh 25 1 it Ay 3= 34 ¥
75k LA IR Ry A, E— 2D B T PR A RN E K Y
Py BRI A A 4, A5 SRR K P A T 200 R PE v
WRIZKIG Ly o ANE, B 22 (0 F 4 28 B 78 e 1B i &2
TR A 1], A6 VPG PR R 2 K AR o, T AE i 2% 3
Ma 3] ] 5 P4 J2 9 55 (91 ), Frank 4509 438 P5 Jb Kk
POV eNd 7E L 25 3 Ma #5258 T R, (H R R Y eNd N
PRFFRE, RIL RV RESE T RER eNd FEAF A 1%
B Ve BT, JECFVE eNd I s % A KT RE
AU R VG TR 2K TTBR B I 2. A KPR
K A AR AR SR8 7 AR AL RS A DR A A O AT
A AL SPC IS BT R B, T B2 K GE K
A, MG BRUK 36 T8 i 2 5 8 KR 2, ICh T TR
T 2B R )Z K A B i, S 308 KU 25 19 AR A6 RS
W2 K s B e, SR, 75k K1 i ODP 882 fL
B30 % Bos, 7EFE A 2.7 Ma Z i o] e 4778 T IUIE
A AL RS 2K, BUE AT R WX SR U0R s AL
KR Z KT DL E] 1000~2 000 m /K IR, 1
& GV VG 30 1) w0, REAR A ) R T ALK
SEFE R TRIZ K 8UC 43 FEAE Y AR AT, s R fif B
NPDW Y ik BE Fl 850 A8 46 o A T K P 74 il 1Y
MDD53 3 i) eNd 75 54> 5~2 Ma [8] b 775, Al B
WAFHE 2] N OB B I KRR Z K55 . B,

FE 4> 3.5 Ma D)ot K71 B U /K FE A B 58 0 TE 45 DT
ANFE Sy, AL, ARV TR )2 KR B 45 i A5 31 T
FE

2R JE N i A G I R R A 5 | b RO R K
A eNd ffw B0 BT fE . KUz ik A e 2 & AR o v
fift, Sk i 7K Nd WSS A T AL, 2B TR N W 4 BRI
Nd W 7 1) 53 #k 72 K 29 4 400 Mg/a®”, van De Flierdt
s ML f] PR U AY AR T AR R Nd X LR F
T2 K Nd A7 ZREAE YR . 85 3 oG 7K 41 Nd [R]
A 2R FRHAE AN E AR, B4 HZE 42 I Nd([Nd]=30%10°,
eNd=—10.3) 1 5 ik 35 3] 4 30U S 1 13%, B a] 3% i db
KOV Nd [ RFEAR 1 e B4 3.5 Ma 25, K
ABERE, H AR K48 824 R 3 ¢/(m’ka) ), Fib Kk
S LL44-GPC3 3 13 4 24 200 mg/(m*>ka) &7, 3k %)
FE 4> 3.5 Ma Z R 10 £, AB4 K52 X2 rf Nd 1%
fiff 2R IK B 3.4%, (H ] i B B iR AL . ESEE E
ODP 885/886 uli , i 4~ 3.5 Ma Z J& X\ 2k 8 & 1 ik %
140 mg/(m*-ka), J& Z Hif B9 4 %5 2 47, 22 U5 Nd 1) 3% it
R IIFLIRF] 4.3% BT, SEBR b, KA B0 Y 7 A
R K AT 3K 20%7, PR 2R 5 Nd B 53k 0T BB R 1k 31X
g RATEER], EHA 3.5 MaZ |, b K FEERE
K eNd It — B T, dogh 2 nl gk A B
SPME N AN W7 200, i SR AT Nd A IS A5 1R 1 B
AR AT RE S — EAFEL T L (3 L), AR
Nd i A 38 IR ALHETE T eNdAY L FH #3815 b
BE—2 il . I, BE 4 3.5 Ma 22 5 3 Y P Rl XL
B AR BESR LT, n] Xt b ASE PR )2 K Nd W &
FRIE G T PE AR A A B R Y TR -
42 PMOCEHXEELIKTHMXER

VRV 55 ORI it T =2 ] A VR 2 KRR Co,
VA P A A Y R TR o, SR VARV L R R ) A RS
BEREE X, RE KR CO, AP I- R A 7E
WK B LT 2 Rl 2B, AN HLERE | 8RS | B
TR A W e 2 4 (L5 FLA BAS I, VK 2 AL B i
TR TR 38 XI55 Ay i (4 it A B 4L 17 2 e o 7071, A ggf I
W, TR )25 7K 3 JRURD 5 55 2 R 2 Y Y e P 7 Ak ) i A
R, MG B r et B ol T AR

FE VKN, T TR 2 7K XU 55, B 48 K, kA
it S8, VKRR CO, MR RN EE N & .
T AT R R KV DRI S v 38 & B VK A A A
Sk CO, il JE 1) 2 1 /K A 79, Wan 4579 & 31 UK 3 B
1G5 RS 1 22 [ IR 2 K 1 [COTT) 2834 K, Ry K7
TR )22 K8 XU 55, o A7 it g 7 385 42 4 T 1E 4 . Ba-
sak 451 JE AL A B KO Nd A D SR I, KR



1238 JE R A b T/ 22 S RSP 28 1) B i B A 96 1D 4558 Nd )z g % 55

VKR Z K F 2ok A TR R IX, 5 FEEZE
K Z ) TR B 22 B R )2 4, eNd %5 [0] vk 39 e 24
2e, [AIFE LML TERIZKBY 2 MG . TEVKIEIN, VE4
Z ()R R IR A 4 b i, IRV TR J2 K Gl KU i, TR 2
IK B R TR, T PR AR PEAE UK B/ CO, 14 31 R
i, SRS CO, B . Ronge 509 38 i X 7Y i K-
FEA A K BRI 1A AMC Y E EE A Sy kI 3 B S8 it
i XG5, X R CO, MR EE EFH A E R BTk . AE
S b AR A S (BT Rz s ), AR vk vk I 19 eNd 1
i (Kl 4a) 5 K CO, ¥ FE Tt JL-F [F 25 (1A 4b),
< B R R K AT e 348 5, b RSP TR 2 7K 1) B e 5
hnprue, E 4538 t A9 2, Hu Fil Piotrowski™ fiff 53 A Ky
AR VKA -1 B TR K 28 ) 41 PR A BAR B, T v T
TRIK e 1 A9 55 (] 4e)o v RSP AR R e T 9
AN 2 R R TR 27K i 92, T2 BT A 0 A AL % 1 5
o 23 1 DK 1 RS A 3 XUk 55 325 B0, A FRATTIN R,
R RV PO N [R] A7 3% 4 ) oK 00 i 5, AR PT BB 2 F
F UK I A K PG VTR )2 K 0 BT R 0 55, IR R R R
Nd [F) 4 22 4 AU/ 0 1T 2R T8 2R KT )2 7K AT 1Y
Nd [F47 = 19254k, m]fgS2 i T vkiH 5 PMOC g5, db
JE K R AR K- eNd 114 TR 3G e,

R vk i B R PMOC 5 K CO, HRE 1)
KFR, Ny bt /R T A AL KPR R I RS
CO, Y& £ AT RE & 2 (k4R it T AT eI AL . 75 1
FoR, BT 2R, W NG A o, X RF
T KA B AR BEBG I Fe 9 B AR IE R
TEA MK 32 385, X KR CO, MR BE /Y T M A B 2 ot
[ (11 s [ NS RE 227\ 1 R R 4 N
TR 2 K GE R 55 DL K G TR )2 KB 1 X R AR
AL AR Z, T N A BRE A RO b R )2 K GE LD
55, A KT CO, £ R B A7, A Pl E AL A &
FANFE . I, 7E F T i 2 AL, ALK R
FRN DA -5 25 38 R 55 , A5 T 22 CO, FEIRIK B
£F, DNITTXT 4 BR A AR ¥ At BR UK 35 T2 187 A B
Y TTRR

5 iRy

AR S LA BT T R AN (R I S8 AN [R] 7K TR 7 1
Ll 25 58 /Y Nd R 290 5%, 385 43 B 7K L Ak . KLz
i SR DX N [l 2R Sk 2, #8957 1T PMOC
98 T S L 5 A BRI AL Z R R A5 H DU L
SO (D BEA 12 Ma DUk, KA 7K R Nd 7] 37
RAME TG RIS, 7 Y i 0] & £ 76 1 4
3~4 Ma #[], 562 BR UK 35 98 Bl ] A — 35 (2)

2042
1.5
o 104 2.0
Z 0.5 11 -15
0] &-1.0
0.5 1 ¥ 0.5 Z
1.0] —s—87]C —e— 85TC/IC 0
—=—U1418 —e—U1419 0.5
300 10
Th i
s 280 207
= 260 ] 155
o co, s
2 940 10 =
® —— dCO,/dt =
o 2201 5 3
S 200 0 9
180 1 <
16007 ¢ 5
1200 4
8 &
= 3
= 800 3 3
i, %
& AeNdgyq 1123 5
400 1 ——— HpE At
1

10 12 14 16 18 20 22
AEpb/ka
B4 SRR UK DR AR L A b 2K B
[ 2 | AR B R IR 2 /K s B[] AR < CO,
WAL
Fig. 4 The variation of ¢éNd of the intermediate and the deep

0 2 4 6 8

water from the sub-arctic north Pacific, deep circulation transit
time and atmospheric CO, concentration since the Last Glacial
Maximum
a. FTRLHR AN A 2K (26 ) AR J2 /K () eNd (728461, b, vk
AR RS €O, W AT 7 B HL A b it AR S, ¢ A iR RO ODP
846 fLANZR I AT ODP 1123 fL Nd [ 3R 2 {H (4r G2k ) R ey
TRIZ KR 2% R (L0 28 R AR U7, 80 9 5 46 7R JLF [l i %%
H I UK I KR CO, YR BE 1 T A 4 Bk 1 ¥ 57 4908 B 1 T A
W Bt
a. Authigenic eNd of the intermediate (record in purple) and the deep wa-
ter (records in blue) from the Alaska Bay[m]; b. ice-core CO, and its rate

80-81],

of change[ ; ¢. calculated transit time of the Pacific deep water (red

line) according to the AeNd between ODP 846 site and ODP1233 site
(green line)m]. The yellow-shaded intervals denoted the synchronous in-

crease of atmospheric CO, and rise of global ocean mean temperature

AE IV AR TR JZ K T DL AR 457 i RS 9 R 2 g A8 T el
B2 T EORJZ K Nd [ 3R LA 3~4 Ma TF IR AR
A BRI (3) 7 L /8 i 2 52, AL R PR =
1 RTBR 553 75| A 4 DR Bk i 2 X CO, 5 47 B4 15 T fiE
JE AR AR Ve ALK R VK 5 Y EEE AL
{ELASH6 A2, AT L 4 o e B R T AL
7 T E AT R D0 FA, EE 52 BURE A 3570 A 4 2 1
i 24, Nd [F]7 28 30 5% B8 B 1] 760 245 8] 73 3 43 i AR I,
752 (] e LS BUROR SR BBORE R 370 3 5%, e L



56

MHEEdy 4345

HETEHAFES RN G R 8 TREBER KR, ROk SRS 58 & 2 B R E AR F AL
240 %) im PMOC f9 1 25 AL AR 5 A BR AU AL AL 2 8] Nd R 3R A e 23 ) 7 BER T B0

SE Lk

[1] Raymo M E. The initiation of Northern Hemisphere glaciation[J]. Annual Review of Earth and Planetary Sciences, 1994, 22: 353-383.

[2]  Woodard S C, Rosenthal Y, Miller K G, et al. Antarctic role in Northern Hemisphere glaciation[J]. Science, 2014, 346(6211): 847-851.

[3] Meyers S R, Hinnov L A. Northern Hemisphere glaciation and the evolution of Plio-Pleistocene climate noise[J]. Paleoceanography and
Paleoclimatology, 2010, 25(3): PA3207.

(4] REARAE, Bk, fb i FIBR S HE U 20 vk B PR A4 200]. Bhfaifz, 2016, 61(11): 1164-1172.
Lu Huayu, Wang Yao. What causes the ice ages in the late Pliocene and Pleistocene?[J]. Chinese Science Bulletin, 2016, 61(11):
1164-1172.

(5] 3K3CB, 278, BRIR. LR BRIV (292.73 MRS JL R T KR ORI AR (D). S PUZ0RITSE, 2019, 39(3): 525-534.
Zhang Wenfang, Li Gaojun, Chen Jun. The abrupt change of aeolian dust in north Pacific sediments during major Northern Hemisphere
Glaciations at CA. 2.73 Ma[J]. Quaternary Sciences, 2019, 39(3): 525-534.

[6]  Willeit M, Ganopolski A, Calov R, et al. The role of CO, decline for the onset of Northern Hemisphere glaciation[J]. Quaternary Science
Reviews, 2015, 119: 22-34.

[7] Bartoli G, Honisch B, Zeebe R E. Atmospheric CO, decline during the Pliocene intensification of Northern Hemisphere glaciations[J].
Paleoceanography and Paleoclimatology, 2011, 26(4): PA4213.

[8] MaslinM A, Li X S, Loutre M F, et al. The contribution of orbital forcing to the progressive intensification of Northern Hemisphere gla-
ciation[J]. Quaternary Science Reviews, 1998, 17(4/5): 411-426.

[9] Haug G H, Tiedemann R. Effect of the formation of the isthmus of Panama on Atlantic Ocean thermohaline circulation[J]. Nature, 1998,
393(6686): 673—676.

[10] Bartoli G, Sarnthein M, Weinelt M, et al. Final closure of Panama and the onset of Northern Hemisphere glaciation[J]. Earth and Planet-
ary Science Letters, 2005, 237(1/2): 33—44.

[11] Ruggieri E, Herbert T, Lawrence K T, et al. Change point method for detecting regime shifts in paleoclimatic time series: Application to
60 time series of the Plio-Pleistocene[J]. Paleoceanography and Paleoclimatology, 2009, 24(1): PA1204.

[12] Hayashi T, Yamanaka T, Hikasa Y, et al. Latest Pliocene Northern Hemisphere glaciation amplified by intensified Atlantic meridional
overturning circulation[J]. Communications Earth & Environment, 2020, 1: 25.

[13] Amakawa H, Usui A, lijima K, et al. Surface layer Nd isotopic composition of ferromanganese crusts collected from the Takuyo-Daigo
Seamount reflects ambient seawater[J]. Geochemical Journal, 2017, 51(1): el—e7.

[14] Frank M, Van De Flierdt T, Halliday A N, et al. Evolution of deepwater mixing and weathering inputs in the central Atlantic Ocean over
the past 33 Myr[J]. Paleoceanography and Paleoclimatology, 2003, 18(4): 1091.

[15] Wu Qiong, Colin C, Liu Zhifei, et al. Foraminiferal ¢éNd in the deep north-western subtropical Pacific Ocean: Tracing changes in weather-
ing input over the last 30, 000 years[J]. Chemical Geology, 2017, 470: 55—66.

[16] Du Jianghui, Haley B A, Mix A C, et al. Flushing of the deep Pacific Ocean and the deglacial rise of atmospheric CO, concentrations[J].
Nature Geoscience, 2018, 11(10): 749-755.

[17] Han Xiqiu, Jin Xianglong, Yang Shufeng, et al. Rhythmic growth of pacific ferromanganese nodules and their milankovitch climatic ori-
gin[J]. Earth and Planetary Science Letters, 2003, 211(1/2): 143—157.

(18] WHEER L G RAZIN AR H S ERREMM]. Jat: M Rk, 2009.
Han Xiqiu. Growth Rhythm of Pelagic Polymetallic Nodules and the Global Changes[M]. Beijing: Geological Publishing House, 2009.

[19] Han Xigiu, Qiu Zhongyan, Ma Weilin, et al. High-resolution dating of Co-rich crusts: A comparative study using the methods of orbital
pacing and *°Th,/**Th dating[J]. Science in China Series D: Earth Sciences, 2009, 52(4): 484—488.

(20] Bk, B 4. H RSP PR Bk AR 45 70 KB 7 90 Hh oK 22 e A i SR 300 AR TR B 4 50 AR K T R AR D], DUARA AR, 2010, 28(5):
1006—-1011.
Han Xiqiu, Qiu Zhongyan. The identification of Milankovitch cycles in the gray-level series of Fe-Mn crust from the central Pacific
Ocean and its growth rate evolution[J]. Acta Sedimentologica Sinica, 2010, 28(5): 1006—1011.

(21] SEEER, B8, hYEbk. M ILE S50 M BRRAERAELL S I BREEIC P SE M. AL at: HuBTH kL, 2014,
Han Xiqiu, Qiu Zhongyan, Ma Weilin. Seamount Cobalt-rich Crusts: High Resolution Age Framework and Paleo-environment
Records[M]. Beijing: Geological Publishing House, 2014.

[22] German C R, Elderfield H. Application of the Ce anomaly as a paleoredox indicator: The ground rules[J]. Paleoceanography and Paleo-
climatology, 1990, 5(5): 823—833.

[23] Pearce C R, Jones M T, Oelkers E H, et al. The effect of particulate dissolution on the neodymium (Nd) isotope and Rare Earth Element
(REE) composition of seawater[J]. Earth and Planetary Science Letters, 2013, 369-370: 138—147.

[24] Yu Zhaojie, Colin C, Meynadier L, et al. Seasonal variations in dissolved neodymium isotope composition in the Bay of Bengal[J]. Earth


http://dx.doi.org/10.1146/annurev.ea.22.050194.002033
http://dx.doi.org/10.1126/science.1255586
http://dx.doi.org/10.1360/N972015&#8722;01294
http://dx.doi.org/10.1360/N972015&#8722;01294
http://dx.doi.org/10.1360/N972015&#8722;01294
http://dx.doi.org/10.11928/j.issn.1001&#8722;7410.2019.03.01
http://dx.doi.org/10.11928/j.issn.1001&#8722;7410.2019.03.01
http://dx.doi.org/10.11928/j.issn.1001&#8722;7410.2019.03.01
http://dx.doi.org/10.1016/j.quascirev.2015.04.015
http://dx.doi.org/10.1016/j.quascirev.2015.04.015
http://dx.doi.org/10.1038/31447
http://dx.doi.org/10.2343/geochemj.2.0463
http://dx.doi.org/10.1016/j.chemgeo.2017.08.022
http://dx.doi.org/10.1038/s41561&#8722;018&#8722;0205&#8722;6
http://dx.doi.org/10.1007/s11430&#8722;009&#8722;0037&#8722;8
http://dx.doi.org/10.1016/j.epsl.2013.03.023
http://dx.doi.org/10.1016/j.epsl.2017.09.022

12 4

TS F I/ 1 2 S8 KT 2 ) B A A - TR L 45 7 Nd [ B0 SR 57

[25]

[26]

271

(28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]
(371
[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

(471

(48]

[49]

[50]

[51]

[52]

and Planetary Science Letters, 2017, 479: 310—321.

Greaves M J, Statham P J, Elderfield H. Rare earth element mobilization from marine atmospheric dust into seawater[J]. Marine Chem-
istry, 1994, 46(3): 255-260.

Tachikawa K, Handel C, Dupré B. Distribution of rare earth elements and neodymium isotopes in settling particulate material of the trop-
ical Atlantic Ocean (EUMELI site)[J]. Deep-Sea Research Part I: Oceanographic Research Papers, 1997, 44(11): 1769-1792.

Tachikawa K, Athias V, Jeandel C. Neodymium budget in the modern ocean and paleoceanographic implications[J]. Journal of Geophys-
ical Research: Oceans, 2003, 108(C8): 3254.

Greaves M J, Elderfield H, Sholkovitz E R. Aeolian sources of rare earth elements to the Western Pacific Ocean[J]. Marine Chemistry,
1999, 68(1/2): 31-38.

Jones C E, Halliday A N, Rea D K, et al. Neodymium isotopic variations in North Pacific modern silicate sediment and the insignificance
of detrital REE contributions to seawater[J]. Earth and Planetary Science Letters, 1994, 127(1/4): 55—66.

Horikawa K, Martin E E, Asahara Y, et al. Limits on conservative behavior of Nd isotopes in seawater assessed from analysis of fish
teeth from Pacific core tops[J]. Earth and Planetary Science Letters, 2011, 310(1/2): 119-130.

Goldstein S L, Hemming S R. Long-lived isotopic tracers in oceanography, paleoceanography, and ice-sheet dynamics[J]. Treatise on
Geochemistry, 2003, 6: 453—489.

Talley L D, Pickard G L, Emery W J, et al. Chapter 10-Pacific Ocean[M]//Talley L D, Pickard G L, Emery W J, et al. Descriptive Physic-
al Oceanography. 6th ed. Boston: Academic Press, 2011: 303—362.

Talley L D, Sprintall J. Deep expression of the Indonesian Throughflow: Indonesian intermediate water in the south equatorial current[J].
Journal of Geophysical Research: Oceans, 2005, 110(C10): C10009.

You Yuzhu. The pathway and circulation of North Pacific intermediate water[J]. Geophysical Research Letters, 2003, 30(24): 2291.
Miyao T, Ishikawa K. Formation, distribution and volume transport of the North Pacific intermediate water studied by repeat hydrograph-
ic observations[J]. Journal of Oceanography, 2003, 59(6): 905-919.

Bingham F M, Lukas R. The southward intrusion of North Pacific intermediate water along the Mindanao coast[J]. Journal of Physical
Oceanography, 1994, 24(1): 141-154.

Talley L D. Distribution and formation of North Pacific intermediate water[J]. Journal of Physical Oceanography, 1993, 23(3): 517-537.
Kawabe M, Fujio S. Pacific Ocean circulation based on observation[J]. Journal of Oceanography, 2010, 66(3): 389—403.

Amakawa H, Sasaki K, Ebihara M. Nd isotopic composition in the central North Pacific[J]. Geochimica et Cosmochimica Acta, 2009,
73(16): 4705-4719.

Pahnke K, Van De Flierdt T, Jones K M, et al. Geotraces intercalibration of neodymium isotopes and rare earth element concentrations in
seawater and suspended particles. Part 2: Systematic tests and baseline profiles[J]. Limnology and Oceanography: Methods, 2012, 10(4):
252-269.

Piepgras D J, Jacobsen S B. The isotopic composition of neodymium in the North Pacific[J]. Geochimica et Cosmochimica Acta, 1988,
52(6): 1373—1381.

Amakawa H, Alibo D I A, Nozaki Y. Nd concentration and isotopic composition distributions in surface waters of Northwest Pacific
Ocean and its adjacent seas[J]. Geochemical Journal, 2004, 38(6): 493—504.

Amakawa H, Nozaki Y, Alibo D S, et al. Neodymium isotopic variations in Northwest Pacific waters[J]. Geochimica et Cosmochimica
Acta, 2004, 68(4): 715-727.

Frollje H, Pahnke K, Schnetger B, et al. Hawaiian imprint on dissolved Nd and Ra isotopes and rare earth elements in the central North
Pacific: Local survey and seasonal variability[J]. Geochimica et Cosmochimica Acta, 2016, 189: 110—131.

Basak C, Pahnke K, Frank M, et al. Neodymium isotopic characterization of Ross Sea bottom water and its advection through the south-
ern South Pacific[J]. Earth and Planetary Science Letters, 2015, 419: 211-221.

Grenier M, Jeandel C, Lacan F, et al. From the subtropics to the central equatorial Pacific Ocean: Neodymium isotopic composition and
rare earth element concentration variations[J]. Journal of Geophysical Research Oceans, 2013, 118(2): 592—-618.

Lacan F, Tachikawa K, Jeandel C. Neodymium isotopic composition of the oceans: A compilation of seawater data[J]. Chemical Geo-
logy, 2012, 300-301: 177—-184.

Molina-Kescher M, Frank M, Hathorne E. South Pacific dissolved Nd isotope compositions and rare earth element distributions: Water
mass mixing versus biogeochemical cycling[J]. Geochimica et Cosmochimica Acta, 2014, 127: 171-189.

McKinley C C, Thomas D J, LeVay L J, et al. Nd isotopic structure of the Pacific Ocean 40—10 Ma, and evidence for the reorganization
of deep North Pacific Ocean circulation between 36 and 25 Ma[J]. Earth and Planetary Science Letters, 2019, 521: 139—149.

van de Flierdt T, Frank M, Halliday A N, et al. Deep and bottom water export from the Southern Ocean to the Pacific over the past 38
million years[J]. Paleoceanography and Paleoclimatology, 2004, 19(1): PA1020.

Ling H F, Burton K W, O'Nions R K, et al. Evolution of Nd and Pb isotopes in Central Pacific seawater from ferromanganese crusts[J].
Earth and Planetary Science Letters, 1997, 146(1/2): 1-12.

van de Flierdt T, Frank M, Lee D C, et al. New constraints on the sources and behavior of neodymium and hafnium in seawater from Pa-
cific Ocean ferromanganese crusts[J]. Geochimica et Cosmochimica Acta, 2004, 68(19): 3827—-3843.


http://dx.doi.org/10.1016/j.epsl.2017.09.022
http://dx.doi.org/10.1016/0304&#8722;4203(94)90081&#8722;7
http://dx.doi.org/10.1016/0304&#8722;4203(94)90081&#8722;7
http://dx.doi.org/10.1016/0304&#8722;4203(94)90081&#8722;7
http://dx.doi.org/10.1016/S0967&#8722;0637(97)00057&#8722;5
http://dx.doi.org/10.1029/1999JC000285
http://dx.doi.org/10.1029/1999JC000285
http://dx.doi.org/10.1029/1999JC000285
http://dx.doi.org/10.1029/2004JC002826
http://dx.doi.org/10.1023/B:JOCE.0000009580.24051.90
http://dx.doi.org/10.1175/1520&#8722;0485(1994)024&lt;0141:TSIONP&gt;2.0.CO;2
http://dx.doi.org/10.1175/1520&#8722;0485(1994)024&lt;0141:TSIONP&gt;2.0.CO;2
http://dx.doi.org/10.1175/1520&#8722;0485(1993)023&lt;0517:DAFONP&gt;2.0.CO;2
http://dx.doi.org/10.1007/s10872&#8722;010&#8722;0034&#8722;8
http://dx.doi.org/10.1016/j.gca.2009.05.058
http://dx.doi.org/10.4319/lom.2012.10.252
http://dx.doi.org/10.1016/0016&#8722;7037(88)90208&#8722;6
http://dx.doi.org/10.2343/geochemj.38.493
http://dx.doi.org/10.1016/S0016&#8722;7037(03)00501&#8722;5
http://dx.doi.org/10.1016/S0016&#8722;7037(03)00501&#8722;5
http://dx.doi.org/10.1016/j.gca.2016.06.001
http://dx.doi.org/10.1016/j.epsl.2015.03.011
http://dx.doi.org/10.1029/2012JC008239
http://dx.doi.org/10.1016/j.chemgeo.2012.01.019
http://dx.doi.org/10.1016/j.chemgeo.2012.01.019
http://dx.doi.org/10.1016/j.chemgeo.2012.01.019
http://dx.doi.org/10.1016/j.gca.2013.11.038
http://dx.doi.org/10.1016/j.epsl.2019.06.009
http://dx.doi.org/10.1016/j.gca.2004.03.009

58

MHEEdy 4345

[53]

[54]

[55]

[56]

(571

[58]

[59]

[60]

[61]

[62]

[63]
[64]

[65]

[66]
[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

van de Flierdt T, Frank M, Halliday A N, et al. Tracing the history of submarine hydrothermal inputs and the significance of hydrotherm-
al hafnium for the seawater budget-a combined Pb-Hf-Nd isotope approach[J]. Earth and Planetary Science Letters, 2004, 222(1):
259-273.

Le Houedec S, Meynadier L, Allégre C J. Seawater Nd isotope variation in the Western Pacific Ocean since 80 Ma (ODP 807, Ontong
Java Plateau)[J]. Marine Geology, 2016, 380: 138—147.

Hu Rong, Chen Tianyu, Ling Hongfei. Late Cenozoic history of deep water circulation in the western North Pacific: Evidence from Nd
isotopes of ferromanganese crusts[J]. Chinese Science Bulletin, 2012, 57(31): 4077—-4086.

Anderson C H, Murray R W, Dunlea A G, et al. Aeolian delivery to Ulleung Basin, Korea (Japan Sea), during development of the East
Asian monsoon through the last 12 Ma[J]. Geological Magazine, 2019, 157(5): 806—817.

Pettke T, Halliday A N, Rea D K. Cenozoic evolution of Asian climate and sources of Pacific seawater Pb and Nd derived from eolian
dust of sediment core LL44-GPC3[J]. Paleoceanography and Paleoclimatology, 2002, 17(3): 3-1-3-13.

Rea D K. The paleoclimatic record provided by eolian deposition in the deep sea: The geologic history of wind[J]. Reviews of Geophys-
ics, 1994, 32(2): 159—-195.

Turnau R, Ledbetter M T. Deep circulation changes in the south Atlantic Ocean: Response to initiation of Northern Hemisphere glaci-
ation[J]. Paleoceanography and Paleoclimatology, 1989, 4(5): 565—583.

Bell D B, Jung S J A, Kroon D. The Plio-Pleistocene development of Atlantic deep-water circulation and its influence on climate
trends[J]. Quaternary Science Reviews, 2015, 123: 265—-282.

Burton K W, Ling Hongfei, O’Nions R K. Closure of the Central American Isthmus and its effect on deep-water formation in the North
Atlantic[J]. Nature, 1997, 386(6623): 382—385.

Raymo M E, Oppo D W, Curry W. The mid-Pleistocene climate transition: A deep sea carbon isotopic perspective[J]. Paleoceanography
and Paleoclimatology, 1997, 12(4): 546—559.

Raymo M E, Ruddiman W F. Tectonic forcing of late Cenozoic climate[J]. Nature, 1992, 359(6391): 117—-122.

Frank M, Whiteley N, Kasten S, et al. North Atlantic deep water export to the Southern Ocean over the past 14 Myr: Evidence from Nd
and Pb isotopes in ferromanganese crusts[J]. Paleoceanography and Paleoclimatology, 2002, 17(2): 12-11-12-19.

Kwiek P B, Ravelo A C. Pacific Ocean intermediate and deep water circulation during the Pliocene[J]. Palacogeography, Palaeoclimato-
logy, Palaeoecology, 1999, 154(3): 191-217.

Ravelo A C, Andreasen D H. Enhanced circulation during a warm period[J]. Geophysical Research Letters, 2000, 27(7): 1001-1004.
Burls N J, Fedorov A V, Sigman D M, et al. Active Pacific meridional overturning circulation (PMOC) during the warm Pliocene[J]. Sci-
ence Advances, 2017, 3(9): €1700156.

Rahmstorf S. Ocean circulation and climate during the past 120, 000 years[J]. Nature, 2002, 419(6903): 207-214.

Sigman D M, Boyle E A. Glacial/interglacial variations in atmospheric carbon dioxide[J]. Nature, 2000, 407(6806): 859—869.

Basak C, Frollje H, Lamy F, et al. Breakup of last glacial deep stratification in the South Pacific[J]. Science, 2018, 359(6378): 900—-904.
Martinez-Garcia A, Sigman D M, Ren Haojia, et al. Iron fertilization of the Subantarctic ocean during the last ice age[J]. Science, 2014,
343(6177): 1347-1350.

Anderson R F, Ali S, Bradtmiller L I, et al. Wind-driven upwelling in the southern ocean and the deglacial rise in atmospheric CO,[J].
Science, 2009, 323(5920): 1443—1448.

Chen T Y, Robinson L F, Burke A, et al. Synchronous centennial abrupt events in the ocean and atmosphere during the last
deglaciation[J]. Science, 2015, 349(6255): 1537—1541.

Sarnthein M, Schneider B, Grootes P M. Peak glacial “C ventilation ages suggest major draw-down of carbon into the abyssal ocean[J].
Climate of the Past, 2013, 9(6): 2595-2614.

Wan Sui, Jian Zhimin, Gong Xun, et al. Deep water [CO;‘] and circulation in the South China Sea over the last glacial cycle[J]. Quatern-
ary Science Reviews, 2020, 243: 106499.

Ronge T A, Tiedemann R, Lamy F, et al. Radiocarbon constraints on the extent and evolution of the South Pacific glacial carbon pool[J].
Nature Communications, 2016, 7: 11487.

Hu Rong, Piotrowski A M. Neodymium isotope evidence for glacial-interglacial variability of deepwater transit time in the Pacific
Ocean[J]. Nature Communications, 2018, 9(1): 4709.

Poppelmeier F, Blaser P, Gutjahr M, et al. Northern-sourced water dominated the Atlantic Ocean during the Last Glacial Maximum[J].
Geology, 2020, 48(8): 826—829.

Liu Ruolin, Wang Maoyu, Li Weigiang, et al. Dissolved thorium isotope evidence for export productivity in the subtropical North Pacific
during the late Quaternary[J]. Geophysical Research Letters, 2020, 47(11): e2019GL085995.

Bereiter B, Eggleston S, Schmitt J, et al. Revision of the EPICA Dome C CO, record from 800 to 600 kyr before present[J]. Geophysical
Research Letters, 2015, 42(2): 542—549.

Marcott S, Bauska T, Buizert C, et al. Centennial-scale changes in the global carbon cycle during the last deglaciation[J]. Nature, 2014,
514(7524): 616—619.


http://dx.doi.org/10.1016/j.epsl.2004.02.025
http://dx.doi.org/10.1016/j.margeo.2016.07.005
http://dx.doi.org/10.1007/s11434&#8722;012&#8722;5322&#8722;9
http://dx.doi.org/10.1029/93RG03257
http://dx.doi.org/10.1029/93RG03257
http://dx.doi.org/10.1029/93RG03257
http://dx.doi.org/10.1016/j.quascirev.2015.06.026
http://dx.doi.org/10.1038/386382a0
http://dx.doi.org/10.1038/359117a0
http://dx.doi.org/10.1016/S0031&#8722;0182(99)00111&#8722;X
http://dx.doi.org/10.1016/S0031&#8722;0182(99)00111&#8722;X
http://dx.doi.org/10.1016/S0031&#8722;0182(99)00111&#8722;X
http://dx.doi.org/10.1029/1999GL007000
http://dx.doi.org/10.1126/sciadv.1700156
http://dx.doi.org/10.1126/sciadv.1700156
http://dx.doi.org/10.1038/nature01090
http://dx.doi.org/10.1038/35038000
http://dx.doi.org/10.1126/science.aao2473
http://dx.doi.org/10.1126/science.1246848
http://dx.doi.org/10.1126/science.1167441
http://dx.doi.org/10.1126/science.aac6159
http://dx.doi.org/10.5194/cp&#8722;9&#8722;2595&#8722;2013
http://dx.doi.org/10.1016/j.quascirev.2020.106499
http://dx.doi.org/10.1016/j.quascirev.2020.106499
http://dx.doi.org/10.1038/ncomms11487
http://dx.doi.org/10.1038/s41467&#8722;018&#8722;07079&#8722;z
http://dx.doi.org/10.1130/G47628.1
http://dx.doi.org/10.1002/2014GL061957
http://dx.doi.org/10.1002/2014GL061957
http://dx.doi.org/10.1038/nature13799

1230 JEEAEAR: b7 /BT T 22 S8 P i) A DR Y0 L 255 Nd R o 3T % 59

Evolution of the Pacific meridional overturning circulation during the Plio-
Pleistocene transition: Nd isotope records from the Fe-Mn crust

Fan Weijia'?, Han Xiqgiu'?, Qiu Zhongyan'?, Ye Liming'?, Guo Dongshan '’

(1. Key Laboratory of Submarine Geosciences, Ministry of Natural Resources, Hangzhou 310012, China; 2. Second Institute of Oceano-
graphy, Ministry of Natural Resources, Hangzhou 310012, China)

Abstract: The global climate and environment have changed significantly upon the development of the Northern
Hemisphere glaciation (NHG) during the Pliocene/Pleistocene. The Pacific meridional overturning circulation
(PMOC) plays an important role on the distribution of heat in the global ocean and atmospheric CO, sequestration
in the deep ocean, however, the relationship between PMOC and the formation of NHG is poorly studied. In this pa-
per, we collected the available Nd isotope data of seamount Fe-Mn crusts from the Pacific. By comparing the Nd
isotopic records from different water depths and different regions of the Pacific, considering the influences of wa-
ter mass evolution and dust input on the Nd isotope records, we discuss the evolution of the PMOC and its relation-
ship with the global climate change. It is suggested that the stagnation of the deep water formation in the North Pa-
cific and the increase of the Asian dust input may be the reasons for the decline of the ¢Nd of the North Pacific deep
water since 3~4 Ma, and the increase of CO, sequestration in the deep ocean caused by the weakening of the deep

water ventilation in the North Pacific contribute to the global cooling and the formation of NHG.

Key words: Pacific meridional overturing; Northern Hemisphere glaciation; Nd isotopes; ferromanganese crust; aeolian

dust
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