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1. WBHF#MRE

F s |
VTS S 5 i UL B R S R, TE AR L, MR R RN LT
AT, B IE AU R 2 AR . 1963 4F, Vine Al Matthews (1963) J:F-ifg
JEY Tk U AN R (B B0, B R PRI R 2%y DR« R R O LS A I e R
EImmE AR, AR B S IEAA AD, R FEAR T P BT S AR I JE B B, XL
FETERT Py 2 i S B M R REA IS B, BEEW RS 5K, FEa m e AR ME AR 1
7R B RS P 5t R
ORI 3o B S o 7 R P W 0, R385 P4 5 0 A o 3 B T3 R B U R
MR R MIREAS S, 13 BRGS0 TR B0 E SRR T (B 1) o WS84 1 A Hh
ERREIA R e 38 A A5 IS, 060 Sl bR 3 A0 P 4 20 R B R Ay i b R A B R IR
H B8 I RS 5 IR BEF248, WGPE0E S W e BRI SR B AL« RS2V 2l Ak i
T2 UL K JE O 2 35 RV AT R B AR (R D555, 2019). RKBEE 2RI
M7, WRPUERE TR RS TEANUSTZS RGN | 30 SRR I A0 2R 5 I 45 (1 e
K BATSE R B E 2SR R (5 5, MRV Fo g A I R () 5 1)

High-temperature
nonmagnetic
region

K1 R =4EEMAE (Gee & Kent, 2007)

Vine, F. J., & Matthews, D. H. (1963). Magnetic anomalies over oceanic ridges. Nature,
199(4897), 947-949.

ZefElis, b, FIKEE, RWHIE, JHEME. (2019). WEVERE R SN J12E KRG S R
2 43(4), 678-699.

Gee, J. S., & Kent, D. V. (2007). Source of oceanic magnetic anomalies and the geomagnetic
polarity timescale. In G. Schubert (Eds.), Treatise on Geophysics, Geomagnetism (Vol. 5, pp.

455-507). Amsterdam, Netherlands: Elsevier.
https://doi.org/10.1016/B978-044452748-6.00097-3

1



2. YEVERLN Q
o d b

PRGN e R Y PR A ) B TVE, W TR Al B B3 5 Y (Baver,
1906) HEAERE (4T 55 2 3 3 WA B AR IR BGHE A [X 337 () o A AR AR (1B 2D, Al
FERLT IR IR FT  AFREAN LT SR A Kt SC4% (Golynsky et al., 2018)

EEPETEDI N Y iz, (PR BRI 0 IFVERT 7 BB R . W A AT | e
TR R R o 7 S S U K 4 T A (Sager et al., 2019) o WERENI K FABIH, W 44
BAE P EWLIN AR TEANUREIN ML« FERRBEI S 7K LA A DA S IR HE T
MEE 5, MEA SIS L R AR BRI TR BT SR TR
TR IR S T A SRR B %

PRGN B EURRUR ST 70, BT B AL AAAL, TEANL. T NRESE T BE
BRKIN A, ZrREANFGEEERINT &, SEFEITE R BRE. 2 REEAHRFEL A 2%
(Wu et al,, 2021) . MEIETZER, FREANUL, AWNE SRR SAT &
PEHF R o B SR AN B A By T — P AN A LA TR R, $ e Bt ot A
LFHAHE o AT B Wb [R5 ARG S A R AN BT SRR 2 RO BR 1, R R PSR 03
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2. &BREL R E A EMAG2 (Maus et al., 2009)

Bauer, L. A. (1905). A contemplated magnetic survey of the north pacific ocean by the carnegie
institution. Science, 21, 594-596. https://doi.org/ 10.1126/science.21.537.594

Golynsky, A. V., Ferraccioli, F., Hong, J. K., Golynsky, D. A., von Frese, R. R. B., Young, D. A, et



al. (2018). New magnetic anomaly map of the Antarctic. Geophysical Research Letters, 45,
6437-6449. https://doi.org/10.1029/2018GL078153

Sager, W. W., Huang, Y., Tominaga, M., Greene, J. A., Nakanishi, M., Zhang, J. (2019). Oceanic
plateau formation by seafloor spreading implied by tamu massif magnetic anomalies. Nature
Geoscience, 12(8), 661-666. https://doi.org/10.1038/s41561-019-0390-y

Wu, T., Tivey, M.A., Tao, C. H., Zhang, J. H., Zhou, F., Liu, Y. L. (2021). An intermittent
detachment faulting system with a large sulfide deposit revealed by multi-scale magnetic
surveys. Nature Communications, 12, 5642. https://doi.org/10.1038/s41467-021-25880-1
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X4

VR A T AR AR VR AR IAE AR B 37 TR i 12T A v 2 1) 5 P ) S8 B R AL S I
(RLEFR, RARHA IS Y B R o RGBT X 2, AR TR, . &
GO TN % £ AV SUE &1 8

VR JE RAD 3 PV Ao P 7 V26 7 (R T R A A PO M R B 5 o G o il M 2 AR M IR A3 1
WS R A WO BB MER, R A I R i Y B R, R i B
RSy o K TUE AR IS SE AR, MR IR TR O, AR RS (A
BEXHE AR I IZ B 45 H R 1 s B2 TR

AT AZE TR HEA QAL E BT 200, Mg T SRR RS Sl R — S 2
{H 52 BT SRAE B L ARG P DA S e 7 BBk 56, A BRI EAR e g (A B 1B A 4 i
UL, oy R 5 FE Y R A o () 7 FH M 3R AR T IR A O I R 3R T (Richter et
al., 2015) FIEHE 4 B 2 (Yamazaki et al.,, 2021), F-9F 8 5 A FBL, W08 54T
Hh % EHT AR HOBRE) J) AR 45, kLi IR e IR A G A 2 (Liu et al., 2021).

il 20 B B B — RO R T B AR T DA S 2 b 7 1 A B BRI 7, 0 ¥ A 2 B A A 11 4 3R
PERCRE TR AR, I TR N BRI AT 7= B U A3 A | A2 BR85S R e kA
AR T IEN Bk R G0 % P2 AR ELAR R, A R TR B R Bk AR
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Kl 3. SEEEEROE S ERN () FIEREAEAML (b) (Yamazaki et al., 2021)

Liu, W., Gai, C., Feng, W., Cao, W., Guo, L., Zhong, Y., et al. (2021). Coeval Evolution of the

Eastern Philippine Sea Plate and the South

China Sea in the Early Miocene: Paleomagnetic

and Provenance Constraints From ODP Site 1177. Geophys. Res. Lett.

doi:10.1029/2021GL093916.

Richter, C., & Ali, J. R. (2015). Philippine Sea Plate motion history: Eocene-Recent record from
Basin. Earth Planet. Sci. Lett. 410, 165-173.

ODP Site 1201, central West Philippine
doi:10.1016/j.epsl.2014.11.032.

Yamazaki, T., Chiyonobu, S., Ishizuka, O., Tajima, F., Uto, N., & Takagawa, S. (2021). Rotation
of the Philippine Sea plate inferred from paleomagnetism of oriented cores taken with an
ROV-based coring apparatus. earth planets Sp. 73, 1-10. doi:10.1186/S40623-021-01490-5.
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i X

PRIKJRIAL A 4 BRI 2R G ) S 2 2H s 43, He S5 W0 v 1 12 SR — S BT R B 28 1) B
TR R, AERIGEFKIREERIRIET, X ARIE A BRIEIA R SEE1T#8 2 G ML
(RIREMA R S o e PR 3t DX ARG 2 2k VK R U IR, WA P IA S I R L8N, O T 4Bk )
FHEE I o RIKER T ARAL SRR R PEBRAA A VRIS . U e LA R TR s A
i o

b 20 T ok A A T A T PO 9 2 R R S R (L SRR AL 2 (0 T B, 3 TR
ERORES 7K A8 LA K 2 7% 05 TR B LA, D5 F R 10 PRI 7 o i R F TR
B, SRS TR (AMS) RIS S5, 2 PR sh A B A i B 2HR 47,
ERRKRAT AR LR EE . J7 ) Z4EJE I (Kissel etal., 2010). MEAE % A etk —
AR, HO R FERFE AR (Kmax, Kino Kmin) W5 506 RGBSR Kl o h
FURLAR, REAEEL DT IS T2 17 S 2 o PR R A B 1 3 25 ) S B0RT LU e HE 10 7 Tt ]
FTHERTK TR TT 6] TEVRIE R B KB ST, KRR D M ks, H
T SR PRLEE K /N Z IR B B VIR R

TR IR AE b5 17 SE I A PT B A (ESE RS, ELR IR M /K [T (K SR PT B A7 7E i 4, DRIUE,
TEMRIRAE T A BBUAE S, TS KER KIS e, W2 A4
JE X AR KRR . Heln, Kissel et al. (2013)7) FHRE A0 26 5 1057V 48 F5 AURLEE T 43 38 1447
b8 b 2 4 T DR ALK PU PR IR K IR 3R B A2 4L, Zhong et al., (202 1) AMS K &AL
MR WIEARA, 78 73 BT AL R K AE DK TR DI B R AR A . BRI, RORA
P PERAN R AR SR S AT 5T, $5 7R AR SE I S I KRR AR AL, X T8 S
MRS FE AR SRR I S BRI T A H A B L




(a) Legend
sKmax 4Kint o Kmin

Interpreted paleoflow

direction
Kmax (b2) ., % “
Kmin 103-117ka s '
A A
300 u 60
A
(b1) o . . A
Gravitational settling of grains *Inclination -
270 <A - A9

I ° 30 50 70 9™
! 1 No prevalent = P RN

y flowdirection

1
* * Kmin L]
240 . 120
.
-
210 & 150
180

(c2) —

330

1 161-172ka
(C ) 300 60
4 ¢ A

Current flow direction

Kmin Inclinations ¢ 4

Kmax g Imbricated grains 2o « 1520 %
A
20 A . 120

210 150

K 4. ARSI fE A R AR R & B (Nichols et al., 2020)

Kissel, C., Van Toer, A., Laj, C., Cortijo, E., Michel, E. (2013). Variations in the strength of the
North Atlantic bottom water during Holocene. Earth and Planetary Science Letters, 369,

248-259.
Kissel, C., Laj, C., Kienast, M., Bolliet, T., Holbourn, A., Hill, P., Kuhnt, W., Braconnot, P. (2010).

Monsoon variability and deep oceanic circulation in the western equatorial Pacific over the
last climatic cycle: Insights from sedimentary magnetic properties and sortable silt.
Paleoceanography, 25(3), PA3215.

Zhong, Y., Liu, Y. G., Gong, X., Wilson, D. J., Lu, Z. Y., Liu, J. B., Song, T. F., Gorbarenko, S. A.,
Shi, X. F., Yang, X. Q., Liu, Q. S. (2021). Coupled Impacts of Atmospheric Circulation and
Sea-Ice on Late Pleistocene Terrigenous Sediment Dynamics in the Subarctic Pacific Ocean.
Geophysical Research Letters, 48(19), e2021GL095312.
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WA b=
EERBRIEA A IR AR RGeS A5t X 3T 1t 26 U0 R Ge A A L A T
IMARAAS AR BA HEREH] o I 3R 2 M U e, 9295 K COn MRS
FEVERRIESE, RV ANBRIR EL 52 BAE N R 2 KSR COL I B /KO 3A AT A
BEANTRHE o AN R SR 2 3 TR AR 73 )2 R s S A E R sh PO BIR R, T
) KBTI COas AT KA 5 i PERR IR IA 2 [B] R DR B o AEBE MR IR IE A L AR Th i
B 7AEYEANEEINR, RN S ERANE R, pH, WS — RAKAEM R . 1k
bk, Korff (2016) KB TFRRK X A2 H R A 1 YR M- el vk e el A9
R 1 E A AT PR BRI R . AL R F e (AMS) SE 28t m] DL R B T
T AT S A R 9 PR A AN [ B 300 (v AR 3, T T AR SRAB BRI 28 324K o #E %
NI YR T, BRI ANZRALT- 5477 I Z [AFAEE A B (Chen et al,2020), X
A5 AR X A W T M AR AR BRBEAT SER BRI 7T o 22 ARG A R T VE T INN BE W8 B 47 4 R
TR E WSS, AT SR BE 47 A DGR B PR3 R XS M LA o

Westerly
winds

co
Sea-ice extent ? @

“. Dust (iron)

——=3» Water transport with increasing DICg
- \\/ater transport with conserved DICyq,

5. LGM I s A s I R on & K. (Galbraith & Skinner, 2020)

Chen, T., Liu, Q., Roberts, A, P., Shi, X., & Zhang, Q. (2020). A test of the relative importance of
iron fertilization from aeolian dust and volcanic ash in the stratified high-nitrate
low-chlorophyll subarctic Pacific Ocean. Quaternary Science Reviews, 248, 106577.

Galbraith, E, D., & Skinner, L, C. (2020). The Biological Pump During the Last Glacial Maximum.
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Annual Review of Marine Science, 12, 559-586.

Korff, L., Dobeneck, T., Frederichs, T., Kasten, S., Kuhn, G., Gersonde, R., & Diekmann, B.
(2016). Cyclic magnetite dissolution in Pleistocene sediments of the abyssal northwest
Pacific Ocean: evidence for glacial oxygen depletion and carbon trapping. Paleoceanography,
31, 600-624.
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o
-

mIB
A &
WEPEIASR L S — | DRERERL S . SRR A I 25 5 1SS St s HBE AR B

WKL #0s . DIORANEAL, ORISR R BARSE, BRI, Wiy ke i)
M CHE). S8, MRAE (WE) SERAE T LA SR B S5 A 78

HERERIN ALY/ RS VAR YIS S DK i) EaXa X 01 /7 oI = R X e st 7 L U R ) =X (A E
R ED ). b, JEUAEREVER I R RR ST DARIRIB BR TR Y A it IR 420 o 408 - AR
AR, AR R 1 BSOS 5 BORAYER™ )R] LS i e S A IR SR 2 1 WAPERT DR
BAKARRF AL E 2 D3 T UURRIS R A OAFAE, 4 Kissel et al.  (1999) MRAEMELPER"
Y A T AL RV E B IR . Gai et al. (20200 N F#EVER VIR & A
RIAR TR HL A 1 R O T DUR AR S0 22 XA R A R e 3 %

Gai, C., Liu, Q., Roberts, A. P., Chou, Y., Zhao, X., Jiang, Z., & Liu, J. (2020). East Asian
monsoon evolution since the late Miocene from the South China Sea. Earth and Planetary
Science Letters, 530. https://doi.org/10.1016/j.epsl.2019.115960

Kissel, C., Laj, C., Labeyrie, L., Dokken, T., Voelker, A., & Blamart, D. (1999). Rapid climatic
variations during marine isotopic stage 3: Magnetic analysis of sediments from Nordic Seas
and North Atlantic. Earth and Planetary Science Letters, 171, 489-502.
https://doi.org/10.1016/S0012-821X(99)00162-4
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Hiins
FRAR R (R A R AE DT e AR R, BB SRS 1) 7 I A S B A5 S, JRAE
TR JERAFAETIRRIZ 1o LAk, ORI P IR "Be HORHXT 3= B2 B AR S S B i
Gy AR o YIRS IR A (1 % , 2 Rl AL B 24P 2 (Lund et al., 2006).
TR WP LSS B, AT MR PR PRI . MR TEEAS 5 S
FH R KA AR WIR N (Laj & Channell, 2015). {Hi&, ZIRPERMEL.
PR WAl . DUREREESE R R KoM, IDOR A oh S M SR AT AR R A e .
ATUR oy MR 2, AR KOS S oA i R e S 2 IR R 25 5, AR BR R B Fu R %
TACRFE R A Ja TR Mt FEREE S (Panovksa et al., 2021),

Years before present
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| 1 ! I L
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— T
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v w
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tal, (2012), EPSL, compasses are pointing South.

6. RIFUIRYNIC I Laschamp MR FS SHAF(~4.1 ka) H[H], 4 BREH ) B 1. 3% (VADMD
5B (VGP) HIZESARLRFE .

Lund, S. P, Stoner, J. S., Channell, J. E. T., & Acton, G. (2006). A summary of Brunhes
paleomagnetic field variability recorded in Ocean Drilling Program cores. Physics of the
Earth and Planetary Interiors, 156(3—4), 194-204. https://doi.org/10.1016/j.pepi.2005.10.009
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Laj, C., & Channell, J. E. T. (2015). Geomagnetic Excursions. In Treatise on Geophysics (pp.
343-383). Elsevier. https://doi.org/10.1016/B978-0-444-53802-4.00104-4

Panovska, S., Korte, M., Liu, J., & Nowaczyk, N. (2021). Global evolution and dynamics of the
geomagnetic field in the 15-70 kyr period based on selected paleomagnetic sediment records.
Journal of Geophysical Research: Solid Earth, 1-18. https://doi.org/10.1029/2021jb022681
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8. ¥ IIREEAF

ek RN

AR A A i b 5 D SRR U R I T SR AR AL, B YA AR IR L AR R B
g REI B L 2 AW AL R A B R AR A o a0 R - aa B AR A A (PETMD, 4658
AR AR S AF (BOT). B UG8 % /2 BRI IE ). KILmBER . i UARE L
B T A R R OR A, SHRAER R PR B SR B R A B

A MRS 1E R A TR EL AR A, DR 7 17 S B A o A=A S P B L 1 T 2 L i
FUMLEy, X TR AR IR EE SRR AL R B S5 7 o XSS 53 R RS S g 75 75 T
I, BRI, KRR, YRR, A7 28, RAGRI s . W77
VRAEAE T 128 TR N | oy AR AR AR A A AT S U7 T R AT PR . RN R
U1 Chang et al. (2018) @i FORC A7) BT 45 & A BT WL 82 %8 K P PETM HA H) 2kdn
N B0 51 2 A2 7 7 1 S BE T 5 A RN AR R o DR T R A R e N AR T RE Sk B R 4

(Larrasoafia et al., 2012). BREHEMUAIMGE 227087, AL PETM 8] Ay BI85 1) 38 AL
IMETER KA T A (Chang et al., 2018). Ith4h EOT WAL/ MA L I R AK AR, R
AL BAA WU ORI T i MATERS 704 (Luetal., 2021).

il 2 TR AE W AR S AR A RH 7 B e ORI TC SR AR 34, (E R AE R Gk THI A
= HREAEZMONITES TR, TR EMERI TR, K6 R G R R < (%
o 394t R T 4%/ P2 I PO A ELAE D i B A 28 B Rt A B 3R 1) DUk AT S S AL
IO 14 JE S PR B AR AL K AR AL . 2 SRR BV R A SRR s eI 7 ) — AN T 18]

XRF Fe Bulk Mg - CFB Bulk coercivity Coercivity - biogenic
(x1000, cps) (x107° Am*g™) (mT) S-ratio (mT)

01 2 3 450 10 20 30 10 20 40 60 0.84 0.88 0.92 0.96 57 55 53 51 49 47

Depth (mcd)

0 20 40 60 80 100 5 10 15 20 01 02 03 04 1.0 20 300 1 2 3 4 019 020 021 022 0.23
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Kl 7. BKPEHE PETM I BRI & S8R L. (ac) CREBRIG G R . IR A

G, (d-0) &FEM Mss Mi/Ms. Be. Bers HIRM. S-ratiow Bip 2525
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Chang, L., Harrison, R. J., Zeng, F., Berndt, T. A., Roberts, A. P., Heslop, D., & Zhao, X. (2018).
Coupled microbial bloom and oxygenation decline recorded by magnetofossils during the
Palacocene—Eocene  Thermal Maximum. Nature Communications, 9(1), 1-9.
https://doi.org/10.1038/s41467-018-06472-y

Larrasoana, J. C., Roberts, A. P., Chang, L., Schellenberg, S. A., Gerald, J. D. F., Norris, R. D., &
Zachos, J. C. (2012). Magnetotactic bacterial response to Antarctic dust supply during the
Palacocene—Eocene thermal maximum. Earth and Planetary Science Letters, 333, 122-133.
http://dx.doi.org/10.1016/j.epsl.2012.04.003

Lu, Y., Wang, D., Jiang, X., Lin, Z., Yang, Y., & Liu, Q. (2021). Paleoenvironmental significance
of magnetofossils in pelagic sediments in the equatorial Pacific Ocean before and after the
Eocene/Oligocene boundary. Journal of Geophysical Research: Solid Earth, 126(9),
€2021JB022221. https://doi.org/10.1029/2021JB022221
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9. EIRYAEIN

EAL
EIRYAGI A TRER TR AEH IR AR KB L ARl 3 NS A [ (R AT I A A
AU RE . A KRR/ WK 3530 A0 A 3 2 07 2T LAt R AE 44
Yl PEZ IFER o PAEIAAR R — T, WARIE— A4k R AP AT (Raiswell &
Canfield, 2012). A7 MU S E SN AT A RASMO LR, R U & S BBk E k. 1987 4
Lovley MUTRBUWIF 4385 42 @30 AT 3 GS15, bREHRIEIARI RN, HAl, T8
TG FIRT 78 £ BRI T R IR, POt AR (0. SMTEERE, b2
BAEAL WEM ST IRRIA AR RILIREHLE] . BROEHSH AR RGUR AR
SRR LA K A B 4 S ) s A5 e A6 25 77 THI (K97 Fl (Hutchins & Boyd, 2016; Zhang et
al., 2020). FEEIBIFINEAFEIRA . AR UEY) 58 . ARRERAGH BB T 1
— IR L PR R I RGO E, IR TN RS

a

Precipitation
ATMOSPHERE

Precipitation

Rivers and
Hydrothermal
Activity

Enhance enzym
activi 0(?420 F430) Meth

Kl 8. (a) AFRELTEIA k7R 2 Kl (Raiswell & Canfield, 2012); (b) kA4 IRAL S AEFR T FE

7~ 72 P (Hutchins & Boyd, 2016; Zhang et al., 2020)
15



Raiswell, R., & Canfield, D. E. (2012). The iron biogeochemical cycle past and present.
Geochemical perspectives, 1(1), 1-220.

Hutchins, D. A., & Boyd, P. W. (2016). Marine phytoplankton and the changing ocean iron cycle.
Nature Climate Change, 6(12), 1072-1079.

Zhang, J. X.,Qu, Y. Y., Qi, Q. X., Zhang, P. S., Zhang, Y. B., Tong, Y. W., & He, Y. L. (2020). The
bio-chemical cycle of iron and the function induced by ZVI addition in anaerobic digestion:
a review. Water Research, 186(45), 116405.
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iy

!}“ v
Has

SR SUA A R S B — AR R, A ARIR IR B Bk ) A AT ASAR P AR B AL
A —FARCE AR (& 9) o RIBEHIESCR (AR 3 BERAETEIIR, AR .
WSO AR 1 R A B AT bty s b B2 My BN 2 T, s A 3 P R, e gl i
BEAR Rk BT P AR A

W SCAAE AR R REBR Y R IR A REVE T, B AR B A S R, R 0 >
10 emu/em?, [R]T K BB I S04 A0 I 30 X RT 8 5 BURFERL T (Dunlop & Prevot, 1982), F
SRR 78 R DRGSR 1 7= B Bt e SO AR BE IR N (Toft et al., 19900, HE— B4
00 BHE FE R R JD S B AR AR AE 200-300 °CHIMESUA A0 TT IR B b R Hh - 18 4 7k v
BN (Dyment et al., 1997). JEEEHF AL H ARG T W 8CH IR BERIE A RA
Pt KA R Z R R HE AR SCERRE < 75 %I, HEAREAL: HJiestait
FEIE > 75 %I, WA AR P 5, AT A B R IR R REANRE AL 22 ) = (. (NRM:4-10 A/m;
K: ~ 0.07 SD fEvEserh @B araite, HiggCaRE > 75 %HRHEE S (Oufi et al.,
2002). Ja NBIESE | BEAEWECA IR BRI ANBTINGR, BEBRA I AR B MO 2R e
SUAE T B SCH MoK B Ja , 72 THREIR R T R A — PR aCafE R, Bokeen
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