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Nature Communications: YEHKFESAETE 3400 FI4ERTRERUK 29 KB 1
SMEZEN

3400 5 S 1T 1 AGE #r - <% 8 (Bocene—Oligocene transition) &3 4E
A FE F 5 B3 AR FfE 2 —, EEMEE AR VKSR I, A&
F5 H IR MR TG UK 1 <l 2 MRk AR B T A UK ) UK ZE B3R o IX — B AR il
H—RYNERIERIAE AR, (3 HER B dr e 17— ™R fdkbk, 3t
BR_EMIARAEAS LA .

P R UK i 1 BT A B )RR AR A2 AL

W2, B ARUK 75 73400 /3 4F Bl 78 38 /& AT T B 2 AR IK IR s T e 7 v %
NERGAEREE BRI AARAIE? JCH R APUE RE RN ARL R 7 XL
BRI — B AR A TR . S, R 2 B L BRIA B T 5T P 22 4
Gl 7 N CAR T AR LN ) 1 NI 2D B 5 NS 22 28 o v e R WA N /A AN =
RN F R 1 S0 5 2L RS v R 7 7 AT A BB 45 92 T TR 28— R AR KA I [
SRS SR IR PR AT FE TN A 6 thE -0 S e B e v ) LT S AR A F
JI TS RE, s X R R R BEE PUIE AR AL, Dyt — DI
P ROK 5 T B B0 0 22 B R e A BRI AN A D RN AR 1 138 R

WEFEN 45 & HEE R A AR SCERAREARA E 1 F ] 1 0 =2 1 b X G 25 1
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22 FL I tH A U b 2 (I HERR AR, IR 25 A IR B RE 24 R e R Hh Bk A e
7 7 35503100 /5 £E [ 1 70 AL Tt o %0 FUE R T A - (S
TR B, &h SR WATE G -7 3 thE 5 20 g W UK 2 R ME 7 e By =2 2 S A3 AN
BEATR, T HAENEE B AR . 723370 T3 4FHT, FE MoK 55 BB
AN, 22N FE S B GE FE B B RO (405 AERI0 3 4E) %5 TAE3370 7
TS5, PR AR B R UK SR B 5 22 P 8 0 A% (P LT B 3 00 R B HE 2 () AR 00 2. (40
JIEFOE) . FER (4148 MP 2 ()4 AW, SRR IRIE
HE I 1207548 IR ERE 28 A 6 EE, B 78 B BA I RAE 3637 TH -5 1 5 AU s Y
IR Bt S A R LT J 30 3 R RN 1 AL IR B 35 6 AT RE -5 RIS AR K R COL 4 B P
IR A B UK B R AT R S 26 R
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R ECR T LA Article /23 k % /E Nature Communications (Ao, H., et
al., 2020. Orbital climate variability on the northeastern Tibetan Plateau across the
Eocene—Oligocene transition. Nature Communications 11: 5249) . % 5745 21+ = £}
S g R TR S IR TR R B R R B AT ST
H. EXE R RESRH R A 8.

YRR Bar, 5, TRt ERIA S0 SR 7T 51, BA
S DU T A A ER ) B SR A s B SO FE A, MR AR AR
N MR BRI A SE RS E I, 2014 AR IR L
R T SRR




EPSL: 3Rl 4L 40 B3I R BL R bR vty th 2o B B S8 A 7 I L Kl B
RRLERE

i BR Py s K Rl B Rl A R RS SN R, B EERE AL KL K
S B AAY) E 24 HIRZRm (Nance et al., 2014), HZ NIRRT, HiBkE
MRREZ) 5-7 ALF TR — N EREE,  WimT BEA77E R Kenorland (2500-2100
Ma). Nuna (1600-1400 Ma)~ Rodinia (900-700 Ma) LA & A K 0] GETE %) Amasia 8
KB Ce.g., Mitchell et al., 2012; Evans et al., 20-16; Li et al., 2019). {H2/F At
BRI Py 52 b U RCR R R R R 28, S A OIE R R AR AE 5y — N K
——Pannotia (Dalziel, 1997). H Pannotia # KFE R HEH LK, — B4

(Evans, 2020; Murphy et al., 2020) ,—/MERZC B G+ WU & A2 E X BLAN KRG 754,

YEDUVE X BLAN = B it ez — AL By b AR 2 75 72 31X — I 48] 5 L Ab AZ 0 X B
gy GEZAFBH RSP R L) 595 kK EREPA (e.g., Trindade et al.,
2006; Tohver et al., 2010, 2012; Cordani et al., 2013; McGee et al., 2015; Schmitt et
al., 2018) ¢ i& BLIX — G+ 1K) — > E 2 JiR R Al 2 A S R b i 10 55 B AN 78 23 R AT 5
BRI B = (D’ Agrella-Filho et al., 2016).

BEXTIX —Fp 2 e, FRA T EENE T B ifh (Amazonia) ARCHUAH K HRAR——Fi BL
P& (Avalonia) it (2 WLAE T M X FLAN K 22 Pangea i KRt 58 -G 1032 X FLAA R
) RPN A RIFFER AR R R 20 (ca. 590-560 Ma) HbJZ AT o ik fift
58, BEFCXAL T INERASF 28 (B Do RIRBEF 53R ca. 590 F1 560 Ma
PN T SE T AR Gl AR A S0 AN BN R 50 ), &5 5 1 — I S L Ath 32 SEAR AT
Mk, BFE5718 (Laurentia). PHIE (West Africa) M %' (Baltica) [y
HREAR X PO X BB A B EEA B AT TR R (B 2). AR SR T
GLZNNNE

1) V8 X BN K Bl A AE ettt = b 20 I 3 58 i 28965, B T - 0 1

( Avalonia-Amazonia) HR 35 71 X TLAH 2 [0 4 K (FRN Clymene Ocean) [ 7,

G55 M OCH pUE 4 R W ol APt e R A EFERAL R . Wik, Hwm-Raa
Pannotia 8 K A FLE;

2) FBEPIIE T 590-560Ma IS EHR RS FAF K AL AT RENE AW ST ORI T
M Rodinia 2 X] FLAN KBl T B AR KRG e 4 s 4 4t | — NSRBIV A, 1
— iR P R A 20N S IRy e B R R B ) s A R R A Ak — B A R .

ZN IS DNE St RERIL R NN E DN s U BT HENCTH DN
A K22 A NASA((NNX14AP10H)) 3 H (Ross P. Anderson) P M Jil1 52 K NSERC—
Discovery T H (PhilJ. A. McCausland) :[F %8, 55— Bt R C &K 3R AE Earth
and Planetary Science Letters #i 1] I::  Wen, B., Evans, D.A.D., Anderson, R. P., and
McCausland, P. J.A., 2020. Late Ediacaran paleogeography of Avalonia and the
Cambrian assembly of West Gondwana. Earth and Planetary Science Letters,
https://doi.org/10.1016/.epsl.2020.116591 .


https://doi.org/10.1016/j.epsl.2020.116591
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K 2. #il ‘E?Qﬂﬁﬁﬁﬂﬁﬂﬁﬁf ER X AN E R & K&, (SF =Sao Francisco; RP =Rio de
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B E T O BB RRAE 2020 £ EBHAF RS EREM

2020 4F 10 H 15— 18 H, PA“FHFEAE. Hpmdb= 2 181 2020 H [E ik
LR S (UR RS RIS R R OEAT, BPEREE TR R
T R KR S TR RMALUR, |k EE L b i o K
AN

Y T 2 v [ P — 1 [ R [ B R M 2 0 e 2, R AR X A s A [
WELTT R BRI EER O, ARG EZTAE. =N EEE G,
HEREF R B AR R A P AL I B IR T & RS 5 E bR AR =

\"_‘ [_Hr ESN.HMMERS«”‘ i MEEE

=

41 \ %@

ey

T 2 O SEAE N R TR B AN &) AT o RBD BB SR I I

R 2 O LR S AH P GIHT R AT 2 ] e 380 ANL'G 2R S a1
A4 (VTOL Fixed-wing UAV Aeromagnetic Survey System). % Jig# L AN R
J RG] TilE 248 (MultiCopter Aeromagnetic Survey System) A1l H 7 21 Y fie 32
T AHL M AE R4 (Gas-electric Hybrid Quadcopter UAV Aeromagnetic Survey
System) o

T [ BN R GA KIS B TR B & LS i 564
PR, BRCE R ARG (8T KRR AR BRI BEROR SR A, & A K,
PRI BREER B SRk, CW-15 TEACE 2 3o ALGIR S W0 [ TR &
FNIE 2019 FFEH E T KRG R . R AL ER L DT 7 IE AL
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g ERTRER IR I AE 55, W TP AR & T REE I AR HE T AR IR GTK-
RI15M RUsEe [ 2 B IC AHL b, BT 7 MO S0 o il s R fl: — 2 U
TSI RN R T B A R RS T EANAER S
& ERREHER R, SAEINE RIS AR RIBOR T E . cas-igie Mg BN Y
SRS BRI SR RS AL, EATTEEE

2 e T NG HRE S Bh 38 R & Ge A B v 3h DY e 3 I AL A R G805
ATV R A T AT — b R T 5, REEIR R, A RIENLED . mRR
L ORFANEN, VRN RCAAR . AR AR AR A, TR — B AR R B AR AT
ANZERE T BRI AR i TAE N AT B B (ERLZIE) M fa st X ARk,
RENSAE AR T AR A T AT WATAESS, B0 TARXUBS IR st &
PRI EAR . A" TAREE SRR T & T AR SR A PO R AR R
Fro NIV HEA AR CERE™ . &b 807 B da 55 TRMbREIE GF
BRy BRI, MRRSE). MRS, FH, . UXO CRIZE#HZ)D RIS
HORERR S AR 5 M ER ) BRI 55

Z &M ANHUTHE R 5t

PRSP0 AT A VR R0, O T IR 85 IR e o e
HIHTT I, FE KA AR S SR BB AN 2 BT Ol 7] & R B 5 o S R 35
ISR S AT AR T AL 1, WA S 2 O RHCATE AR, IR i BRI
LI O IR R E Tk T



WEPERES OIS 2020 H EHEERFLEER A AR FES

2020 £ 10 A 17—21 H, HF-UJaEMERE ZEE A ARESERERA I
HEPERL SR O AE R NSNS, FR0D Sk A bk s

2020 PEHINKEZXSZEIRES

ERRNFRAFRES

/i:/f—ﬁ%tlﬂ u)ﬂﬁélz/u\%ﬁ

FAL S 2 A P RR 5 a0 R

JEI#h R Bh B 2 42— 11 Sk &5 — (Co -Seismic Focal Mechanism of 1999 Chi-Chi
Earthquake (1999, Taiwan, Mw 7.6) Deduced from Gouge Magnetic Fabric).

iy SCHIF FE BB R — 1 S 75 — K28 DU 22 DISK s (IR 26 2 UM ik R AE AL T
T DX i N AR RIE T ) o

e I8 2R T 9T B B 0 — 1 Sk s — (P AR AR S A A A /IR AIE B S R
W IR R = 0.

Mg /4 J5 — 1 Sk 3k 5 — (70ka DLSR B Hifd i 3% ) Nowegian -
Greenland Sea. Laschmaps f1 Mono Lake HiRZIEFE F44-)

2 Dl Y 1 Ja — T Sk o — GRS T S 1 2 20 i 0 ) st by o o i
ALY

AN 5 — AR i — (P8 IR LUt X A e T KR 51 S P 8 9
DXCRRAED o

A X — T Skt & — (R R M DU [E 203 ODP 1177 L #upd = A TAR
YIIEHIRIDHE T o

KRB 4z, JEI 1ML O BT FURCR, 12it 7 5B FATH AR
AT o AL T ] U BR A 2 BR A S AR IR S B bl e, A0S ity Bl o 55 B3l 7 52
B R AL [FIAT B 2 AR B )



AR
FRE B-EHSHEYE

HALEE S BN ERTRL R SR RS DL BRI VIO, X
S PRI R XA U R R A E . Ik, AR, BATHA TR
A s SO TS R R R K

AW HIRZ, BAV g — T8 LS.

HiALZE AL A mkg

Ylow-field (RS 7R

Yhifi-field AL R

ferri BREENEREAZE (fow-field - Ynifi-field )
it ARG 2

Xt AL

Xfd BRHEAEE Ope - xne)

XARM ARM HifkZ% = ARM /DC ¥
RIS HH) BAL N AmPkg '

SIRM b R 55 i 7

ARM AR T B

TRM el

HIRM SIRM H I AEREA 73
filiis 10 224 -

M Y ANREA R

Mis o AP 5 R

B i)

Ber RS T

MDF IR — L T 2L AF VB, SRR ) AE 5%
Berore FORC & A WA %5 &0} S (1) 57 /g

WhAZHn T HEVER DR L RURERABRIR S (BRTR] 2 R ORE RS A
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FCHETSORL (IR P01 0T, P A T S 00 e 3] B ] PR A B o B 5 2 (M A B 7R
U2 S BN EMREERTCEH TREM AL [eg, Thompson and
Oldfield, 1986; Hunt et al., 1995a; Verosub and Roberts, 1995; Dekkers, 1997; Dunlop
and Ozdemir, 1997; Walden et al., 1999; Maher and Thompson, 1999; Peters and
Dekkers, 2003; Evans and Heller, 2003; Liu et al., 2007a; Tauxe, 2010].
AR R & 2S5 — (¢ RETEMNE, S8k R
WA ERD, & SCAMRHEIREN . (BUB R AL MD S5 oM (HD) Z Bt
6, c=dWdH. S5FBAE, Frammeos TRAGEE TR Kk, R
WA Z, (AER—MEERNSH, B8 T ZMU Yok, 5 EE 0
Yol CEDERBEMEPIIT, AnEekn™. WEORERDT), SSRIBEMT CESOBRREVEY BT,
WARER S M), DU — SRR, BRI (IORERR 2R KG
) AR (AT, BRIRES). Ht, N T RERAEWBREEMER 4 (i
BT WEBERDT . BOEERET) MBI, R B BRI R SSURN SRR SR )
Ji CAnZR AT FOER BT XA ZR I DTk R W ) T TR iR A M
RN, A R R R (RS E, on i o T ARIREIRZRARREE:
YIS TR CRRBRETE T M)A TR E R M0 DUk . BRIk, FRATT AT DAAS 30 3 2k 1
YR ZE: o e Pii- On i g 10t e MRAT-REVER WDRIAE, IXo B TR M AL 2
55 1K) G 45 ) 200 (R R ARG T R PR P HRPRL A /INFIT AR o gl 5% T LB 9K
IEn Bk, LA o R 2 A1 5] — B A IX Sk (R ), LA
PAAR AR A BE [Dunlop and Ozdemir, 1997; Tauxe, 2010]. HB4EEIE T 7 S A A
(IR SR S0 AN W AR A0, 1 &S R 37 R P 5% 1 o TR, BL REWs BE (1 2 5 (MID)
ORI JC R4 BE B — R AL A B (SD) B0k xH T 4137 i o2 AN R o £E L FEE
/N, SD RURL AR RE B SR E 1R e 197 1), X PR AT AL ZE R
/No ARER/NE SD UKL A2 BIFREE 2 R Z, EAT LR AN B2 BIRR 1, 1X
EEAIRI T — R ORI E (SP) (4T N, 31 HAT HL SD ki % &= ic.
X T K BGEAE KB SRR SF KT 100 nm (RS kT, Heider et al. [1996] % H1,
CANSZRIAR ISR, 1K T B2 R ik Se R 1) A 3 1 70 L R SR AT WD S 350
TGSHE KT A1 R A 1A 2 e 9 B B TR IR BE (2l o [RGB i
FH R0 A ) B P N PR BE . —foRas, MID AT SD RURL (g PR e S ik 1 A

9



JRAS [F] (R REAL AL - MID BSORLRGAY 52 B BUZAE R S WL FROVEE KR B35 1 1 5 )
75 SD JHURLIFI R A I 2 R A AN 5 P % B (R e e 32 3 5 kR V. (R, MID AT SD
Rin] MR 5 X 55 SR1fT, SP A MD R50RL IR 2 RAAE A VR 2 AR AL, oA
1A SD UKLV T AR, I HLHR 7R ORE 15 40 R00RE A7 78 R PR B8 1 2 2 T 22 7 3
(1, BRI, FEFREEREA A7 i A MD BURL e B X 3t SP R B R E ) (LR
30

— AN EERNIRIIBURE , KNS 2 BL 53 1 2 AW , AERORAS /& LA 33 S kAL
TR R R R0 i T BB, BATERURL 2 T8 i — NI AU BE T S 32 3 I 2514,
RAE“TRiR IRAS, AL HBEEE R NS [Schabes aneks; Bertram
Wi | | i ams , 89800 SHEONCEIRGTEE A= AR M . XLERILH T AT
MD FI SD HUkL 2 (i AT AMBURL, BB EAEE (PSD) BKL [eg, St a,c ey
1962; St acey anld74BVath én jaens ,a9854. Dunl op

SD. PSD E¢ MD W) HIEMIERRE, o e ax A2 3 SRL R [R50
(B 1), PALRRMET VIR ERmPet er s a n2003]D #kikezits
SP/SD i1t (%9 20-25 nm HIHART ) [Ma h,d988; Wo r, i998]H}, fifhAs15 5
%, BT MWFasE [ SD BURL Ay SP kAT — AN BIELI 8], 4n 500 A5
AR, TR T LU B RROREX A1 7 ( e 87, BR] 3k — R AR [X 3 ) o 52 F ] i
TRAE o T8I PG IEL R BOW SR A [R5 B2, SP/SD a4 5 BA R AU AT LA SP iR
B NFEER) SDIRA [06 R e 1984] Worm 1998]. fEszikdr, X AJ Lt
AL IR A SZ B (1, M 470 Hz ] 4700 Hz, X2 #54># ] Bartington
A TAESIE ). M SP FIFE 1) SD REMBE, &SR T
[Thompson a hogs; VIrdgos; il Id1.,20a1. Pk, Zaxtsismuiil,
e d=Ca70 -16a 700 A RHfE SP/SD LA PRI SE [Li u .,em05a]a |
Fer e ottice gt ATIH—4k, T 3c %  (=cther e #100%). ¢ dlcr YT LA
T SP R AIAEAE[Z h o u ., B990; Wolr, 1998; L i u .,&005a]a b Yoik 5
SP/SD U S Atk FEERI A A H 9% [Wo r, 1998]. SP AT B A Wi i iE
HRE, X R T B ol B AR B R R A R ) [e.g.Du n [ 1973 L 0 U
et ,280bal.
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1 NAFSHERANMHKE (BE Pet er s af3]pekker s

FsE M SD R BA BRI ¢ o ¢ ARG REMICKREMEIBaner j ee

allogl;Ki ng. ®R; Haln t ., ®95a].allid Ak WiEn— 1302 (e.g.,
AF =~100 mT) H&IN—/NIERY (6.9, DC=~50 T), BJLAZRTGFE S 1E
L (ARMD . ARM HK/N 5 B ) S i, BRI Z8 5 DL ARM I RGAL,
FIH (carm = ARM/DC bias field) H¥.

—BAELLT, ARM FZ S SD FIORL 1 % A2 1k .

HIR ARM £ MRS E, B4 ARM MIERAIEAE —E e 24tk i
W, carmfll o @8 cr %)Xt T SP AIERE SD BRI FE+ Uk, IE4h, carnifl
BBE, ARM 5B mEIHZMEADE, MX/MEIEIE DC %> 80 nT A /&4
FOZET [T a u, %983]. ARM s ZUARST- R 1t RN P, (H 2 B T W Mk 1 2 1]
FIAH EAER, ARM t2BEERER Tk [Sugiurga1979]. #J5, ARM HI#k
REIN 2 &% Z R AF M1 DC IR/, ZEGE ZE[Yu and Dunlop2003] LA A AN [F]
S2I6 B HH S [Sagnotti et a) 2003].

R R B TR (A ) (VR B D) KRGS NI, BRI 3 77 1R S AL,
X AN T BN PR A SRR (IRMD  IRM B85 #0037 U886 I i 385 b, EL SR,

11
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BOE AR EIR P A IRM (SIRM 2% M, . JBHMEHMERS KD NTT, H
FEXFEMIAICA AL SCRBEVER ) R, B IR BIMAN, Bk, @
1 T i3 N3RAFH IRM FRAE IRM 1 T AZAE SIRM. B8 = iAMINeEY, (1.5-2
T) RN, EEIEXFER TS WA R Sk, HA s OR
B AL BER) B3 s7TREEWMROo c het. 2®sl.et al

SIRM ] DAAE R M JORL RS ™40 25 R R A R A 1 I S T R e . 5
CARKC: e R, cARMBIRM WA L HRKRIEREZIL [Pet er s a,2@3].Dekker s
RGN T, cardBIRM Z L carter o A, IOAHTE R 527K A WA RIORL I 5
i (B AR LS E 1) SD RURL A iR RO R IBURL , 1l ca r et e 23] SP 0K
(RIsRZUREIE o SIRM/ ot FIAEDTAR IR b SD i s Bk MUk & & 1 48 A [e.g.
SnowH®IRoberts ,dMWIRTelPIB]s K NHEXTT e, SIRM K]
SRR T B BRI SRR I 1 SD BIRL &

SRR FE, EREE (MD HBEE SMINRES B3N R N . fE I S REY (R
%9300 mT) B, HFERRTEE—E, M ARSI InmEm,
BT A R BB AN R A BB (Me) e HHESECRE, Ms RIS TRAZ KD,
Rk, ©ATCMRBAFRAEREET PR . R MO IR, BT DA ZA
YE R IR O R G 50D IR 254 REAS BB S (M B 45 R . Ms [ RE AT
DS HESHEATER G RAE, B, o ek MR SP BURLIAEAIEEBUK[Hunt et
a.l1995a;L i u .,e003], aAy MsX SP BRI 57 L SD FIU 5t o

EARBEER Y CHESAT . FRERAT s BEERA . RETTRRN . OB Mgfb i
JE LU SRR W) R R = AN, DR S SRR P (15
SRS YRS [eg, Li u .,@002].a9R110, EATHIBLE S AT A
PR TERE” (RIS AT AN AR BE R 2 85 FABE AN T ASR AL o AR
FEIE By HEAC S 7 O HE S BT T A BB . X T BRANEURL, N — > B Ak B 1 R
B 53— A Gy Al 75 190 BIT R B AN I35 KN RSO i ) » TEREPER )5 &,
A DA R AL 3 B AN AR Sy 2 1 13 KN T, B He CBRAAZ A/m) BY Be
(AL T)  FRows

X T AMBENLE 7] B AR RIUKE 7341 » Be I8 H £ 100-300 mTCEH R B /1),
MG (AR RA LT mT. 9T MWHEERE™ (REFRERTD X4y ARk

12



W B AR W )45 5, BT RAUR A <8 IRM (HIRMD (HIRM = (SIRM + IRM.
031)/2, FHF IRM.os 1 & XIAHEN 300 mT )5 /) IRM). S-ratio (S = (-IRM.
031/SIRM) D [Ki ng an d, 19¢Ih, alfRM & FHBRAG M &= it 4 (o
TRERAT FIEH R HOMREE, T S-ratio FISKAIWHVEREVER 4 CAnBESRA, TRk
B FE S AT . 2 S-ratio B2 1 I, WEREAMER 45 3 St
fio AEH CEHERET) MIIRERIIN,  S-ratio BB BEAK. {H S-ratio R F LHF
TIW AR B AR Ak R AR 2RI 11, F H R RE LA E—[e.g,He s J2@0P. L i u
e t . [2807b] #&H L-ratio = (SIRM + IRM.o37)/(SIRM + IRM.o.11)) &3 Wr R4k
[ B2 %) HIRM A1 S-ratio HJFEMA . A 2 L-ratio £ 7€ I, HIRM F S-ratio 4 f¢
1ML SR . Lratio (AR I T @Bl ) 28 2 RRLAR 23 A A8 Ak, 3XR] R S Ak
TIRX A s R R T AR R M R SR [Liu et al .
2007b].
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ABSTRACT: To understand past changes in oceanecryosphere interactions in the Southern Ocean

off the Antarctic Peninsula, multi-proxy analyses of three sediment cores located off Elephant Island

were used to reconstruct changes in paleoproductivity, nutrient utilization, bottom current intensity,

and iceberg calving since the last glacial period. The glacial period was characterized by low surface

water productivity with high nutrient utilization, indicating surface water stratification. During the
14



deglaciation, surface water productivity increased with decreasing nutrient utilization, implying that
the increase is associated with increased nutrient supply from the subsurface water by enhancing
Antarctic Circumpolar Current (ACC) influence as fronts migrate southward with warming.
Abundant occurrence of grains >1 mm during the deglacial period indicates rapid ice sheet retreat
with large-scale melting and calving. During the glacial period, however, coarse siltefine sand-sized
fraction represented ice-rafted debris (IRD). The different IRD grain size characteristics are thought
to be related to the IRD source material characteristics. Regardless of IRD input, the running
downcore correlation (5 to 9-point) between sortable silt mean grain size and percentage showed
that sediments are well sorted by bottom current. However, the cross plot of them showed different
temporal relationships. Sediments were sorted by the ACC and southwestward flowing bottom
current. Along with southward migration of fronts and the ACC, southwestward flowing bottom
current influence diminished, whereas the ACC influence increased particularly from 7 ka. Our
results indicate that the sedimentary processes in the Scotia Sea largely depend on the regional

interactions between the ocean and the cryosphere.
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Figure 1. (a) Map of the study region indicating the locations of the sediment cores examined in this
study as well as in previous investigations. The white open arrows indicate the location of iceberg alley
(from Anderson and Andrew, 1999); the orange lines indicate the Polar Front (PF) and the Southern
Boundary of the Antarctic Circumpolar Current (SBACC; Orsi et al., 1995); the dark gray and white
dashed lines indicate the summer (SSI) and winter (WSI) sea ice extent, respectively (Gersonde et al.,

2005); and the light green arrows indicate the ACC.
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Figure 2. Downcore profiles of (a) MS, (b) mean grain size (MGS), (c) sand proportion, (d) silt proportion,
(e) clay proportion, (f) sortable silt MGS, and (g) abundance of grains >1 mm per cm3 of cores GC03-

C1 (black), -C2 (cyan), and -C4 (blue); (h) the relative abundance of open ocean diatom F. kerguelensis
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in GC03-C1 (Bak et al., 2010) and GC03-C2 (Bak et al., 2014); and (i) the EDC dD ice core record

(Jouzel et al., 2007).

(a) Glacial period (before 17.6 ka)

. . - sea ice diatom

(b) Deglacial period (17.6—10 ka) - open ocean diatom

* |IRD grain

§ GC03-C1,-C2, and -C4

. Iceberg sea ice

(c) Holocene (after 10 ka)

Figure 3. Paleoceanographic models of (a) the glacial period (before 17.6 ka), (b) the deglacial period
(17.6e10 ka), and (c) the Holocene (after 10 ka) in the Southern Ocean off Elephant Island. MLD is the

mixed layer depth.
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ABSTRACT: The early Paleogene represents the most recent interval in Earth’s history
characterized by global greenhouse warmth on multi-million year timescales, yet our understanding
of long-term climate and carbon cycle evolution in the low latitudes, and in particular the Indian
Ocean, remains very poorly constrained. Here we present the first long-term sub-eccentricity-
resolution stable isotope (8'°C and §'30) and trace element (Mg/Ca and B/Ca) records spanning the
late Paleocene—early Eocene ~58—53 Ma) across a surface—deep hydrographic reconstruction of the
northern Indian Ocean, resolving late Paleocene 405-kyr paced cyclicity and a portion of the PETM

recovery. Our new records reveal a long-term warming of ~4—-5d at all depths in the water column,

with absolute surface ocean temperatures and magnitudes of warming comparable to the low latitude
Pacific. As a result of warming, we observe a long-term increase in 8'%0gy of the mixed layer,
implying an increase in net evaporation. We also observe a collapse in the temperature gradient
between mixed layer-and thermocline-dwelling species from D57-54 Ma, potentially due to either
the development of a more homogeneous water column with a thicker mixed layer, or depth
migration of the Morozovellain response to warming. Synchronous warming at both low and high
latitudes, along with decreasing B/Ca ratios in planktic foraminifera indicating a decrease in ocean
pH and/or increasing dissolved inorganic carbon, suggest that global climate was forced by rising
atmospheric CO? concentrations during this time.
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Figure 1. Raw Mg/Ca data for mixed layer, thermocline, and intermediate water depths plotted against
age. (a) La2010b orbital solution (Laskar et al., 2011). (b) IODP Hole U1443A/ODP Hole 758 A 8'3*Chu
and 3"*Cplanke records with latest Paleocene core gap indicated. PCIM =Paleocene Carbon Isotope
Maximum. (c) Planktic to bulk 8'3C gradient with latest Paleocene core gap indicated. Pale brown
shading represents uncertainty (+0.1 ), based on the analytical uncertainty on thed"Cplanke and 8'3Couix
measurements. (d) Raw Mg/Ca data for the IODP Hole U1443A/ODP Hole 758A splice, color coded by
genus/depth habitat. Error bars indicate analytical uncertainty on the Mg/Ca measurements (£3%). See

Supplementary Figs. S1 and S2 for planktic §'*C and Mg/Ca data plotted by foraminiferal species.
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Figure 2. Comparison between proxy data and modelingresults for late Paleocene—early Eocene sea
surface temperature (SST), with modern mean annual temperature and seasonal range in SST also shown
for comparison (Locarnini et al., 2013). (a) Late Paleocene temperature proxy data plotted against the
modeledmeridional SST gradient based on the National Center for Atmospheric Research Community
Earth System Model (NCAR CESM1) from Frieling et al. (2017), assuming a radiative forcing equivalent
to 2240 ppm COs. (b) Early Eocene temperature proxy data plotted against the modeledmeridional SST
gradient based on the FAMOUS Model E17 Eocene simulation from Sagoo et al. (2013), assuming a
radiative forcing equivalent to 560 ppm CO,. All low latitude surface ocean and benthic IODP Site
U1443/0ODP Site 758 temperature proxy data are plotted as ranges of values for the late Paleocene and
early Eocene in (a) and (b) respectively, while mean late Paleocene and early Eocene temperatures are

plotted for ODP Site 1262. PETM proxy data are considered anomalous and have been excluded. Paleo-
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latitudes for the low latitude sites were computed relative to the paleomagnetic reference frame of Torsvik
etal. (2012), using Version 2.1 of the model from paleolatitude.org (Van Hinsbergen et al., 2015). Benthic

temperature proxy data from IODP Site U1443/ODP Site 758 (D1500 m paleo-depth) and ODP Site 1262
(D3500 m paleo-depth) are interpreted as crude estimates for high southern latitude SSTs at >60dS, as

early Paleogene deep waters in the South Atlantic and Indian oceans were predominantly formed in the
Southern Ocean. See Fig.1for site locations and Supplementary Table S2 for the sources of all published
data. All published Mg/Ca temperature estimates included in this figure were recalibrated following the
Hollis et al. (2019)approach used in this study. However, temperature estimates based on other proxies
remain unchanged from the original literature source. All TEX86temperatures are plotted using the

TEXHS86calibration (Kim et al., 2010).
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Figure 3. Raw B/Ca data and carbonate chemistry for mixed layer, thermocline, and intermediate water
depths plotted against age. (a) [ODP Hole U1443A/ODP Hole 758 A §'3Cpyi record, with latest Paleocene
core gap indicated. PCIM =Paleocene Carbon Isotope Maximum. (b) Raw B/Ca data for the IODP Hole
U1443A/ODP Hole 758A splice, color-coded by depth habitat. Error bars indicate analytical uncertainty
on the B/Ca measurements (£5%). (¢) Change in mixed layer and thermocline carbonate chemistry
(borate ion/dissolved inorganic carbon ratio; A[B(OH) 4]/DIC), plotted as the change relative to a
baseline of 0 for peak PCIM conditions. (d) Change in benthic (intermediate water depth) carbonate
chemistry (carbonate ion concentration; [CO3%7]), plotted as the change relative to a base line of 0 for

peak PCIM conditions. Error bars on the carbonate chemistry data points indicate propagated analytical

uncertainties asso

ciated with the B/Ca data points.
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ABSTRACT: The transport of carbon into Earth’ s mantle is a critical pathway in Earth’ s carbon cycle,
affecting both the climate and the redox conditions of the surface and mantle. The largest unconstrained
variables in this cycle are the depths to which carbon in sediments and altered oceanic crust can be
subducted and the relative contributions of these reservoirs to the sequestration of carbon in the deep
mantle. Mineral inclusions in sublithospheric, or “superdeep”, diamonds (derived from depths greater
than 250 kilometres) can be used to constrain these variables. Here we present oxygen isotope
measurements of mineral inclusions within diamonds from Kankan, Guinea that are derived from depths
extending from the lithosphere to the lower mantle (greater than 660 kilometres). These data, combined
with the carbon and nitrogen isotope contents of the diamonds, indicate that carbonated igneous oceanic
crust, not sediment, is the primary carbon-bearing reservoir in slabs subducted to deep-lithospheric and
transition-zone depths (less than 660 kilometres). Within this depth regime, sublithospheric inclusions
are distinctly enriched in 80 relative to eclogitic lithospheric inclusions derived from crustal protoliths.
The increased 20 content of these sublithospheric inclusions results from their crystallization from melts
of carbonate-rich subducted oceanic crust. In contrast, lower-mantle mineral inclusions and their host
diamonds (deeper than 660 kilometres) have a narrow range of isotopic values that are typical of mantle
that has experienced little or no crustal interaction. Because carbon is hosted in metals, rather than in
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diamond, in the reduced, volatile-poor lower mantle, carbon must be mobilized and concentrated to form
lower-mantle diamonds. Our data support a model in which the hydration of the uppermost lower mantle
by subducted oceanic lithosphere destabilizes carbon-bearing metals to form diamond, without disturbing
the ambient-mantle stable-isotope signatures. This transition from carbonate slab melting in the transition
zone to slab dehydration in the lower mantle supports a lower-mantle barrier for carbon subduction.

Mineral inclusions
W Garnet

§ Majoritic garnet

Eclogite Peridotite

@ Bridgmanite

Meta-basaltic Meta-pyroxenitic

© 0 55y,

Figure 1. Model of diamond formation in the lithosphere, transition zone and lower mantle. a,
Lithospheric diamond forms by fluid or melt metasomatism of eclogitic and peridotitic substrates*, but
the 5'80 value of the inclusions is buffered by the host lithology®°. b, In the transition zone, the carbonate-
rich upper portion of a subducting slab produces carbonatitic melt. Diamonds and majoritic garnet
inclusions crystallize during the interaction of the carbonatitic melt with reduced, metal-bearing
convecting mantle. The short melt migration path and the limited interaction with convecting mantle
produces majoritic garnet with eclogitic compositions and elevated 8'30, directly reflecting the local
carbonated AOC melt source. Greater levels of interaction with the convecting mantle are reflected in
the lower 8'%0 and increasingly ultrabasic, meta-pyroxenitic character of some majorites. ¢, As the slab
penetrates into the lower mantle, the negative pressure—temperature slope (the Clapeyron slope) of the
post-spinel transition** and the delayed garnet-to-perovskite transition in metabasaltic lithologies*
retards the formation of lower-mantle minerals (dotted white line). The transition to a lower-mantle
mineralogy leads to slab dehydration and the hydration of the surrounding mantle. The hydrated ambient

mantle releases carbon from its metallic iron hosts to form diamond.

24



4. Futuna BRFEES ZAMKIKIL: DEREAR 2 EM KBRS R

¥ N :ZRE liyj3@sustech.edu.cn

Szitkar F, DyMendtesprebdugoeécaNi sm Sout heast of F
Ocean)sedlebhoor magneti codasteiqugnaerd|[ dfgi doalt nal 0
and GremdalheRes28R6h 107064. https://doi.org/10. 10:
PR ASOW T HACTAER Futuna 5 R B B LT R DA T B K FRATHS (AUV)
MR NIEIKES (DSS) BEAT I HE IR ML o XA X IRA T KPR BRI A He s
ALY TT A E T 0 S, B IE A SR AN B KA IE 15 Bl YE KA ELEOULI 45
R HTHEIR HBCHT A R, KL, T8I E SR AR R BANE BR Kl FVRL R Bl M 75 . AF
FHort AUV WAL TEIER 1) Bayesian S 25 SANTE /K 28 £ 10 S 3 45 A 1T H A A
A A AP0 248 %o A B SRIE 6 K L R AEAR o A 3 R I — 8 L 7 i — A S R B 15
(780kyr) Z HIAFAE, T H A B AR, PIRER R mik . X445 R WA X Y
W IRAERL 22 LA B TR TS MAELL K ILiES) .
ABSTRACT: Near-seafloor bathymetric and magnetic data have been collected by Autonomous
Underwater Vehicle (AUV) and manned submersible (DSS) over a volcanically active area
southeast of Futuna Island, French Territory of Wallis-and-Futuna, in the Southwestern Pacific
Ocean. Located at the edge of the Lau and North Fiji basins, at the convergence of the Pacific and
Australian plates, this area is characterized by intense volcanic and tectonic activity. Direct
observation by submersible reveals that the seafloor is covered by recent lava flows, volcanoes and
large, active or inactive calderas filled by smooth lava flows and eventually hosting hydrothermal
sites. We investigate the volcanic chronology by combining a Bayesian inversion of the AUV-
gridded magnetic data with an inversion of the submersible data specifically designed to estimate
the rock magnetic polarity and absolute magnetization. We show that some volcanoes predate the
last (Brunhes-Matuyama) magnetic polarity reversal 780 kyr ago whereas their neighbors exhibit a
normal polarity and appear to be recent. This result suggests that the seafloor in this region has

undergone continuous and sparse volcanic activity over the last few million years.
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Figure 1. (A) High-resolution bathymetry of the Kulo Lasi Caldera. The smooth bathymetry at its bottom
corresponds to new and mostly basaltic lava flows with some andesitic flows. (B) Equivalent
magnetization derived from the AUV magnetic anomalies using Honsho’ s Bayesian inversion (2012).
(C) Reduced-to-the-Pole magnetic anomaly computed from the equivalent magnetization. The bottom of
the caldera is associated with a relatively weak magnetic anomaly by comparison with the top of the two
flanking volcanoes. To the Northeast, an elongated negative magnetic anomaly corresponds to a
hydrothermally active area, in accordance with previous studies in basaltic (e.g., Tivey et al, 1993) and

andesitic (Fujii et al, 2015) contexts.
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ABSTRACT: CHAMP satellite and relatively densely spaced ground-based data measured over
southern Africa between 2005 and 2010 are combined in a new regional, harmonic spline based,
core field model. This new SACFM-2 model is compared to the regional SARM model, which is
based only on satellite data, and the global CHAOS-6 model. The results agree well in the vertical
(Z) component, with somewhat larger differences in the horizontal components. The Z component
and total intensity F are used to investigate the evolution of the South Atlantic Anomaly in this
region. The computed maps of main field of the Z component and total intensity F show a steady
decrease in the field over the years during the study period, indicating the evolution of the South

Atlantic Anomaly over southern Africa and suggesting an increase in the area of this feature.
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Fig 1: Comparison between SACFM-2 and CHAOS-6 at 2008.0 for 3 components X, Y and Z.

Comparison of models SACFM-2 a and CHAOS-6 b at epoch 2008.0, their differences are shown in the

third row ¢ and last row d at 0.8 and 350 km altitudes, respectively. The three components X, Y and Z

are plotted in the first, second and third columns, respectively. The unit is nanotesla
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ABSTRACT: Evidence of Cenozoic magmatism is found along the length of New Guinea.
However, the petrogenetic and tectonic setting for this magmatism is poorly understood. This study
presents new field, petrographic, U-Pb zircon, and geochemical data from NW New Guinea. These
data have been used to identify six units of Cenozoic igneous rocks which record episodes of
magmatism during the Oligocene, Miocene, and Pliocene. These episodes occurred in response to
the ongoing interaction between the Australian and Philippine Sea plates. During the Eocene, the

Australian Plate began to obliquely subduct beneath the Philippine Sea Plate forming the
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Philippine—Caroline Arc. Magmatism in this arc is recorded in the Dore, Mandi, and Arfak volcanics
of NW New Guinea where calc-alkaline and tholeiitic rocks formed within subduction-related fore-
arc and extension-related back-arc settings from 32 to 27 Ma. Collision along this plate boundary
in the Oligocene—Miocene jammed the subduction zone and caused a reversal in subduction polarity
from north-dipping to south-dipping. Following this, subduction of the Philippine Sea Plate beneath
the Australian Plate produced magmatism throughout western New Guinea. In NW New Guinea
this is recorded by the middle Miocene (18—12 Ma) Moon Volcanics, which include an early period
of high-K to shoshonitic igneous activity. These earlier magmatic rocks are associated with the
subduction zone polarity reversal and an initially steeply dipping slab. The magmatic products later
changed to more calc-alkaline compositions and were emplaced as volcanic rocks in the fore-arc
section of a primitive continental arc. Finally, following terminal arc—continent collision in the late
Miocene—Pliocene, mantle derived magmas (including the Berangan Andesite) migrated up large
strike-slip faults becoming crustally contaminated prior to their eruption during the Plio—Pleistocene.
This study of the Cenozoic magmatic history of NW New Guinea provides new data and insights

into the tectonic evolution of the northern margin of the Australian Plate.
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Figure 1. Location and overview geological maps of NW New Guinea.
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Figure 2. Cross-sectional and map-view tectonic models for NW New Guinea for the Eocene to
Oligocene and the Oligocene to Miocene. a) The top panel depicts the Eocene to Oligocene northwards
subduction of the Australian Plate beneath the Philippine Sea Plate and the formation of the Auwewa
Volcanic Group of this study within the larger Philippine—Caroline Arc. b) The left-hand middle panel
shows the Oligocene to Miocene collisional event described in this study and how it occurred in western
New Guinea. Here Jurassic to Cretaceous passive margin sediments overlying Australian continental
crust enter the north-dipping subduction zone and jam the system, this results in partial melting and
formation of the granitic protolith in the Wandamen Gneiss. ¢) Oligocene to Miocene collisional event
in central and eastern New Guinea. Here fragments of the Philippine—Caroline Arc collide with
Australian continental crust and obduct along the northern margin of New Guinea. d) Map-view tectonic
setting for the Eocene to Oligocene corresponding to (a). €) Map-view tectonic setting for the Oligocene
to Miocene, geographic locations for (b) & (c) are displayed here. The map-view tectonic reconstructions

are modified from Webb et al. (2019), palaeo-latitudes and longitudes and plate motions not referenced

in the figure are derived from Hall, 2002, Hall, 2012.
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Following collision in the Oligocene to Miocene there is a subduction polarity reversal, resulting in continental arc
magmatism in the Moon Volcanics throughout the middle Miocene
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Figure 3. Cross-sectional and map-view tectonic models for NW New Guinea for the middle Miocene
and Pliocene. a) The top panel depicts the middle Miocene southwards subduction of the Philippine Sea
Plate beneath the Australian Plate and the Tamrau Block during the middle Miocene, this followed initial
differential collision across New Guinea (Fig. 16) and a switch in the polarity of subduction. Subduction
is initially steep, leading to shoshonitic magmatism from ~18—14 Ma in the northern Moon Volcanics,
before shallowing and producing calc-alkaline magmatism from ~14—12 Ma in the south. b) The middle
panel shows the Pliocene tectono-stratigraphic configuration of the Bird's Head Peninsula following late
Miocene to Pliocene collision of the Tosem Block and the onset of Plio-Pleistocene magmatism in the
Berangan Andesite. ¢c) Map-view tectonic setting for the middle Miocene corresponding to (a). €) Map-
view tectonic setting for the Plio-Pleistocene corresponding to (b). The map-view tectonic

reconstructions are modified from Webb et al. (2019), palaeo-latitudes and longitudes and plate motions

not referenced in the figure are derived from Hall, 2002, Hall, 2012.

32



7. EHBERZIIR Nuna R Lo RO M- 5748 v et 2 2 FHT P 52 T h

—
BEAN: H 11930854@QQ.com ‘.
Kirscher U., Midcl@éal le omapmesttliricaui nt.sB.an t he dur at.

Austidaluranti a connection in thel[Geireodgyd2amhsed)Nuna
https://doi.org/10.1130/G47823.1

FHE: 5 n AR 70 AR Nuna i KR H BRI NE- 5746 1l BE A R AE L) 1.6Ga TT
BRI, A KA B E 7E )R 4R TR SWEAT (southwestern U.S. East Antarctic)fJiti 1. S8
T AR S B BRI RIFIIZIR . AWF 7T AR R T — AR H KR AL #R 4
1.3Ga Derim J5 Fr 475 (K087 (10 = ot Bty e, e 3R MR R A 55 48 v B 24 I Ak A1
[ PRI o X — 3 O oy MO At S 1 ORI AL 2 TRT R &, IR & S8R AR R B
FRIMAEE, R W] Nuna KB ROMEA T ZRAEAEL) 1.3 3 1.2 Ga Z[8].

ABSTRACT: The Australia-Laurentia connection in the Paleoproterozoic to Mesoproterozoic
supercontinent Nuna is thought to have initiated by ca. 1.6 Ga when both continents were locked in
a proto-SWEAT (southwestern U.S. East Antarctic) configuration. However, the longevity of that
configuration is poorly constrained. Here, we present a new high-quality paleomagnetic pole from
the ca. 1.3 Ga Derim Derim sills of northern Australia that suggests Australia and Laurentia were in
the same configuration at that time. This new paleopole also supports a connection between
Australia and North China and, in conjunction with previously reported data from all continents,

indicates that the breakup of Nuna largely occurred between ca. 1.3 and 1.2 Ga.
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Figure 1. Paleogeography of Nuna at ca. 1.3 Ga including its core constituents Laurentia (L), Baltica (B),

Siberia (S), Australia (A, including Mawson, M), and North China Craton (C). Main orogens are

indicated. Large igneous provinces (LIPs) emplaced during Nuna breakup are also shown with associated

dike swarms (lines) and proposed plume centers color-coded by age (stars; Table S6 [see footnote 1]).

See Table S7 for Euler rotations. McArthur-Yanliao Gulf is outlined (Collins et al., 2019), also known as

the Gulf of Nuna (Mitchell et al., 2020). NAC North Australia craton; NCC North China craton; SAC,

South Australia craton; WAC, West Australia craton.
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Abstract: The Quaternary East Asian summer rainfall evolution reconstructed with the Chinese
speleothem 3'30 records shows the consistency throughout the region of East Asia, and has long
been considered equivalent to the monsoon intensity. Its variation and teleconnection with global
climate were usually interpreted by the meridional shift of the intertropical convergence zone
(ITCZ). However, many other proxy records, climate simulations and meteorological observations
suggest the inconsistent rainfall patterns in the different regions of East Asia on multi-timescales.
Such spatial heterogeneity in Quaternary East Asian summer rainfall indicates that the hydroclimate
in this region is not fully paced by the migration of the ITCZ. Here, we report a sediment record of
rainfall evolution during the last 400 ka in the northern East China Sea, and this record, in
combination with a transient climate model simulation, indicates an out-of-phase relationship
between rainfall over middle-southeastern East Asia and northern and southwestern East Asia on
the precession band, with high boreal summer insolation corresponding to the increased rainfall
intensity in the northern and southwestern East Asia, however, decreased rainfall intensity in the
middle East Asia. We attribute this regional heterogeneity in East Asian rainfall to the reorganization
of the Hadley circulation, including shifts in the ascending branch (ITCZ) and descending branch
(subtropical westerly jet), in response to changes in the hemispheric meridional temperature gradient.
Our results highlight the crucial role of the Hadley circulation in the East Asian hydroclimate and

have important implications for future climate projections.
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Figure 1. (a) Cross section of the Hadley Circulation and westerly jet as well as other atmospheric
elements in the Northern Hemisphere. (b) Monthly mean rainfall as a function of latitude (ordinate) and
calendar month (abscissa) (modified from Liu et al. (2008)). The precipitation is averaged over the East
Asia sector between 110E and 130E. The black and white lines highlight the ITCZ and subtropical frontal
rain belt, respectively. The yellow box plots indicate the interannual variability of East Asian westerly
jet latitude between 110E and 130E (Schiemann et al., 2009), suggesting the coherency between the
subtropical rainfall belt and the position of westerly jet from the early spring to late summer. (¢) Summer
rainfall distribution in East Asian continent and surrounding oceans and locations of loess sections, cave
records and sediment cores referred to in the text. The new data in this paper come from IODP Site U1429
(red star). Data of summer rainfall amount (cm/month, July 2010) are from NCEP Reanalysis data of
NOAA/OAR/ESRL PSD. (d) Potential sediment sources of IODP Site U1429. Yellow and red arrows
indicate fine-grained and coarse-grained sediment input paths from Yellow River and Kyushu,
respectively. Black dotted lines show the general boundaries of three regions in East Asia mentioned in
this work. White line shows the coastal line during the Last Glacial Maximum (LGM). (For interpretation

of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Figure 2. Time series of benthic §'%0 stack, summer insolation and rainfall in different regions of East
Asia. (a) Northern hemisphere summer insolation at 65° N (Berger and Loutre, 1991). (b) Reconstructed
northern East Asian rainfall by the '°Be (Beck et al., 2018) and §'C of loess carbonate record (Sun et al.,
2019). (c) Middle East Asian rainfall reconstructed by U1429 EM3 flux supplied from Kyushu, and
pollen records from sediment cores RC14-99 (Morley and Heusser, 1997) and MDO01-2421 (Igarashi and
Oba, 2006) in eastern Japan. (d) Simulated East China Sea annual average rainfall (Clemens et al., 2018).

(e) Precipitation d?H in the Pearl River catchment (Thomas et al., 2014). (f) Chinese speleothem §'%0
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record from Sanbao, Hulu and Dongge caves (Cheng et al., 2016). (g) Benthic §'30 stack (Lisiecki and
Raymo, 2005). Dotted lines highlight the intervals of maximum insolation. Transparent grey bars show
the Marine Oxygen Isotope Stage (MIS). Marine isotope substages are indicated by red (interglacial
intervals) and deep blue numbers (glacial intervals) (Past Interglacials Working Group of PAGES, 2016;

Railsback et al., 2015).
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Figure 3. Simulated spatial and temporal change of rainfall, surface temperature and northern westerlies.
(a) June-August rainfall distribution in the subtropical (20-50°N, 105-150°E) and tropical (25°S—25°N,
105-130°E) region during the last 300 ka. White curves indicate the precession. (b) June-September
rainfall and surface wind difference between high and low insolation during the last 300 ka. (c, d) The
same as b, but for the surface air temperature and 200 hPa U-wind differences, respectively. In b-d, the
high and low insolation composites of mean climate are calculated based on seven periods of relatively

stronger precession modulation, which are marked in red and blue circles.

38



9. MBS i SRHEWTIR IR YR O ELAE AR R A — LB R

|
BiEAN: ETHZ dunfan-w@foxmail.com &
YamazaMagnelt.gst ati ¢ isnetae rsaecdtiinoennst si 4o rndf eeerpr reedv & rr oan
curve diagrams: | mplications for relative paleo
Geos,ysz2Q@08Q0R2®Mi0510. 1029/7.2007GC00179
WE: TRUTRY b O F RO TR R R S A IR 2L, DS AR B 2 2
S JES 5 T RE(ARM) SRS, (R, v DLd o A AH AR FH R 3% i) ARM BEAL % (cARM)
5 MR R HA(SIRM) I EUARL, J5 382 — 2 F T A58 B g Aok B2 AR o AR X o i
ARG Tt T B 52 B F R TAF IS, KD ARM W AR R IE ORI A 28 22 R i) — b
o AWFFERF — B S % i 26 (FORC) B AT IRM SR AR i 2 08 A PR DU AR P v (1)
PERURIIEAT SRAE « Z55RFRHT, Bk 32 B i — N AR AT A S (SD) 70 2 A0 — A LA F Y
HLWE(SD) AR, FIMNEE — A2 WMD) 8. Wil 5 R EAE TAE 32T AT R
A G, I Hr i il 1 IXEeAH 3 (A = B o (B ScrE BLAE F 3 e v o3 A
(Hu), &= 5. IRM HREE #h 2 a] DURDN Bom 0 A B A £ 30 Bk fd . A
I3 P20 U B 23 50 9 40 ~100 mT. Aliih fE BBV #5447, KRB0 R+ FORC &%
A EAER B SD 47, Ja# b KM, XN THEAEHE SD Hore.
cARM/SIRM LUARFEE AR EAE A SD 4170k B RN FEAR . IXE WA, cARM/SIRM Lt
1B 52 )i Rl RE TELAF P AR S35 50, T AN — 8 S W R AORE PR DR/ o e AH ELAE FH R S 7
TORD R IR TR (0 485 7 AN AR Je AR (5 G SRR A A (R AR SRR AT A ) G R AR R ot iR P A 1
Sl JBE A MEE R PR RIORE B ., 5 BUH — AL B B2 - ] ) — B AN BR vEE AL 22 7 SRR b ik i
ABSTRACT: Understanding magnetostatic interactions in sediments is important for
paleomagnetism and rock magnetism. Magnetostatic interactions are known to affect significantly
the efficiency of anhysteretic remanent magnetization (ARM) acquisition, and hence the ratio of
ARM susceptibility (¢CARM) to saturation isothermal remanent magnetization (SIRM), a magnetic
grain-size proxy widely used for environmental applications, can be controlled by magnetostatic
interactions. Relative paleointensity estimations may also be influenced by magnetostatic
interactions because ARM is often used as a normalizer to correct for the difference in

magnetizability of sediments. In this study, characterization of magnetic grains in deep-sea

39



sediments from the North Pacific Ocean was conducted using first-order reversal curve (FORC)
diagrams and IRM acquisition curves. The FORC diagrams indicate that the magnetic grains consist
mainly of a noninteracting single-domain (SD) component and an interacting SD component, and
additionally of a multidomain (MD) component. The relative abundances of these components were
semiquantitatively estimated by curve fitting of cross sections along a line parallel to the axis of
local interaction fields (Hu) and through a peak in the coercivity (Hc). Three components were fitted
assuming a Gaussian distribution of interaction fields (Hu). The IRM acquisition curves can be
described by two dominant components assuming a log-Gaussian distribution. The mean
coercivities of the two components are ~40 and ~100 mT, respectively. It is estimated that the former
component is carried by biogenic magnetite, and roughly corresponds to the noninteracting SD
component derived from the FORC diagrams, and that the latter component is carried by eolian
maghemite, corresponding to the interacting SD component. The cARM/SIRM ratio decreases with
increasing concentration of the interacting SD component. This implies that the cARM/SIRM ratio
is significantly affected by magnetostatic interactions and that it does not necessarily reflect
magnetic grain size. The effect of magnetostatic interactions on natural remanent magnetization
acquisition in sediments is not well understood, but if it is similarly sensitive to the SIRM,
normalization by ARM in relative paleointensity estimations would overcompensate for the
concentration of magnetic grains and cause the significant coherence between the normalized

intensity and the normalizer that has been reported in the literature.
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Figure 1. (a) Relationship between cARM/SIRM ratio (anhysteretic remanent magnetization
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susceptibility to saturation isothermal remanent magnetization) and SIRM. FORC diagrams for
representative samples on the right- hand side are for specimens from depths of (b) 0.04 m in surface
sediments from grab-sample NKS5, (c) 4.18 m in core NGC65, and (d) 1.31 m in core NGC69. A total of
191 FORCs were measured, and a smoothing factor (SF) of 3 was used [Roberts et al., 2000].
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HRETAE . BEPER PRt i DX (0K ) 1 ST T AR A A AU, St T 5t 70 ka S
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AN )5S T SR R IME AR OSBRI 34.5 ka O SREE AT AE S Mono RS A 2%,
FIEATNIE, TR D LA b i R 3 R e 1 S U AR T R 22

ABSTRACT: Magnetostratigraphic and geochemical analyses were performed on two sediment
cores recovered from the Sea of Marmara to investigate geomagnetic field variations over the last
70 ka. A chronology for each of the two cores was developed from eight AMS 14C datings,
tephrochronology, and tuning of Ca concentrations with stadials and interstadials observed in
Greenland ice core oxygen isotope data. Based on the age models, cores MD01-2430 and MRS-
CS19 reach back to 70 and 32 ka, respectively. High average sedimentation rates of 43 cm kyr—1
for core MD01-2430 and 68 cm kyr—1 for core MRS CS19 allow high-resolution reconstruction of
geomagnetic field variations for the Sea of Marmara. Mineral magnetic properties are sensitive to
glacioeustatic sea level changes and palaeoclimate variations in this region, reflecting the variable
palaeoenvironmental conditions of the Sea of Marmara during last 70 ka. Despite the impairment
of the palacomagnetic record in some stratigraphic intervals due to early diagenesis, relative
palaeointensity variations in the Sea of Marmara sediments correlate well with similar records
derived from other regions, such as the nearby Black Sea and the GLOPIS-75 stack. The directional
record derived from the Sea of Marmara cores exhibits typical palacosecular variation patterns, with
directional anomalies at 41 and 18 ka, representing the Laschamps and postulated Hilina Pali
excursions, respectively. Both directional anomalies are also associated with palaeointensity minima.
A further palacointensity minimum at 34.5 ka is likely related to theMono Lake excursion, with no
directional deviation documented in the Sea of Marmara palacomagnetic record so far.
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Figure 1. Palaeointensity and inclination records from cores MRS-CS19 (green) and MD01-2430 (red)
over the last 70 ka. For comparison, the palacomagnetic record from the Black Sea (black; Liu e t
subm.), the GLOPIS-75 record (brown; Laj e t 2@4), VADM stack (blue; Channelle t 2@ 8 ),.and
Holocene model (light blue; Korte e t 2(H 1) are also shown. Light red line shows unreliable RPI record
of core MD01-2430. Vertical grey bars denote magnetic field excursions, LA (Laschamps), ML (Mono
Lake) and HP (Hilina Pali). The dotted vertical lines mark the stratigraphic positions of the Avellino (AV),

Cape Riva (Y-2) and Campanian Ignimbrite tephra (CI/Y-5) in the studied cores.
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ABSTRACT: Pinnacle Point (PP) near Mossel Bay in the Western Cape Province, South
Africa, is known for a series of archaeological caves with important archaeological finds.
Extensive excavations and studies in two of them (PP13B and PP5-6) have documented
alternating periods of anthropogenic-dominated and geogenic-dominated sedimentation. A
variety of caves do not bear evidence of anthropogenic remains. We have studied in detail the
remnant deposits of three of them, Staircase Cave, Crevice Cave, and PP29, which have been
formed under the same geologic and sedimentary conditions with those with anthropogenic
contributions. Their remains are small and patchy but have extensive speleothem formations
(as do most caves at PP) that were isotopically analyzed for paleoclimate and
paleoenvironmental reconstruction. These caves also offer the opportunity to understand the
purely geogenic signature of the PP locality and thus offer a geogenic baseline for the
anthropogenic caves. Archaeologists normally focus only on sites with strong anthropogenic
signals, but by building cave life histories we “raise the bar” (Goldberg 2008, p. 30) on our

contextual knowledge.
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Figure 1. History of caves and their phases. The caves and the age period that correspond to each phase
are also shown. (A) Cave formation by a sea high stand and occasional deposition of marine sediments.
(B) Retreat of sea. Blocking of cave entrance by dunes: formation of speleothems. (C) Sea high stand
close to the level of the cave. Erosion of dune sediment and any other previous deposit: formation of tufa.
(D) Retreat of sea. New dunes blocking partially the cave: occasional formation of new speleothems. (E)
Sea high stand close to the level of the cave. Erosion and Collapse of cave roof and exposure of its
sedimentary fill. Circled Phases C and D denote periods when human occupation is possible, as observed
in other Pinnacle Point (PP) caves. CC, Crevice Cave; PP29, PP29 Cave; SC, Staircase Cave.
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Li, Y., Y. Song, R. Orozbaev, J. Dong, X. Li and J. Zhou 2020. Moisture evolution in Central Asia
since 26 ka: Insights from a Kyrgyz loess section, Western Tian Shan[J]. Quaternary Science

Reviews, 2020. 249: 106604. https://doi.org/10.1016/j.quascirev.2020.106604
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BRUK s B A5 0 28 B2 U DX S R B A 5 T ALZ A0 3%, 3R PR 3 8 AE TR
R ZE A K A PO PP S X AR B s AL s (HIX RS2 BN ZE 1) TR AL,
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Abstract: Central Asia (CA) is located in the hinterland of the Eurasian continent, and faces an
extreme risk of continued aridification under the current global warming trend. To predict future
climate change in CA, paleoclimate studies provide essential references. However, the mechanisms
underlying climate changes in CA remain relatively poorly known. Here, we investigate moisture
variations in CA, as recorded in a 6-m loess section in the Western Tian Shan, Kyrgyzstan, which
has accumulated since ~26 ka based on the radiometric AMS'*C dating. We reconstructed the
evolution of the wind regime and moisture conditions in the Western Tian Shan with a modified
grain size index (GSIm) and a new LZ proxy (ALZ). While the frequency-dependent magnetic
susceptibility (xfd), redness (aZ) and yellowness (b?) did not provide reliable paleoclimatic
indicators, due to weak pedogenesis and other controlling factors. The GSIm records demonstrated
a precipitation maximum in summer before D15 ka, shifting to a maximum in spring after ~15 ka,
probably associated with large-scale modulation of the latitudinal climatic zones and atmospheric
circulation in response to retreat of the Northern Hemisphere ice sheets. Based on the ALZ records,
we place emphases on the important role of temperature-modulated evaporation in moisture
evolution across CA; however, this has only influenced moisture evolution in spring and summer,
with little effect on winter moisture conditions. Moreover, the ALZ records may also indicate that

atmospheric humidity can partly affect the long-term effective moisture variations.
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Fig. 1 Comparisons of moisture proxy ALZ (a) with the first principal component (PCA-1) generated by
principal component analysis (PAC) of the pollen data from the Sayram Lake sediment core (Jiang et al.,

2013a) (b) and mean annual precipitation averaged over 35°-50° N and 50°-70° E based on the TraCE-
FULL simulation (Zhang et al., 2018) (c).
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Fig. 2 (a), (b) Comparisons of GSIm [(26—200 um)/<26 pm] in the BSK loess, mean grain sizes (MGS)

of Jingyuan loess in the western CLP (Sun et al., 2010), the area of the Eurasian ice sheets (EIS) and the

Svalbard-Barents-Kara Ice Sheet (SBKIS) (Hughes et al., 2016), total land ice volume from ice sheets in

the TraCE simulation (Lora et al., 2016) and benthic 6180 record [LR04, Lisiecki and Raymo (2005)]

since 26 ka; (c), (d) cross-correlation analyses between the BSK GSIm and Jingyuan MGS for 015 ka

and 15-26 ka respectively; (e) time series of the average mass ratios of the >2.5 um fraction and the <2.5

um fraction for the 3-day sampling intervals in 2011 [modified after Schettler et al. (2014)]. Dashed lines

in (c) and (d) mark the 0.05 p-value.

48



13. 23RiRERAET T EFiR

#EAN: 5KIEE zhangyn3@mail.sustech.edu.cn

Jurgen) ®&@maamem, Jungcl aus, GNabal i telpéervatvar et madles

the Holocene tempédNattwre CommpunEAo®dét i ddas 4726.
https://doi.org/10.1038/s41467-020-18478-6
W At BRI R B AR IR Bl 45 A P p R . — LU i 5 IR R At e BRI

ARV s T 25— EE G5 R ORI A BRARIE o FRATTHIIT U3 WAL A P I 25 A R AL (1) BBl ot
AT AR AR U T I R AR A, A BRAR I AN AR A AU o I o XA AR IR A A Py sl X
RN s TS ADN S ) P AR 20 32428 T AE ok M A AR 4k, Je 3 2 B BIE AR AT K
R A AR o At p ) AR IR A O 2, AR 437 U B PR A B B A A Ul
AR ISR HE S ADL PR 4 BRI B AR A 3 o AW FURT R AR B8 O AR AN 4R AR X AL
BRI B HE A E R

ABSTRACT: Reconstructions of the global mean annual temperature evolution during the
Holocene yield conflicting results. One temperature reconstruction shows global cooling during the
late Holocene. The other reconstruction reveals global warming. Here we show that both a global
warming mode and a cooling mode emerge when performing a spatio-temporal analysis of annual
temperature variability during the Holocene using data from a transient climate model simulation.
The warming mode is most pronounced in the tropics. The simulated cooling mode is determined
by changes in the seasonal cycle of Arctic sea-ice that are forced by orbital variations and volcanic
eruptions. The warming mode dominates in the mid-Holocene, whereas the cooling mode takes over
in the late Holocene. The weighted sum of the two modes yields the simulated global temperature
trend evolution. Our findings have strong implications for the interpretation of proxy data and the

selection of proxy locations to compute global mean temperatures.
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Figure 1. Annual global-mean temperature anomaly during the Holocene based on reconstructions and a
transient simulation. The annual global mean temperature anomaly based on the reconstructions by
Marcott (black curve), based on the reconstruction by Marsicek (red curve), based on the transient
unfiltered simulation (gray curve), based on the low-pass filtered simulation (green curve), based on the
low-pass filtered simulation over the pollen sites used for the Marsicek reconstruction (blue curve), based
on the low-pass filtered simulation over the Marcott sites (cyan), and based on an artificial simulation
dataset over the Marcott sites (orange). All time series have been adjusted to the simulation time period
(6000 BCE to 1850 CE). The units are Kelvin. The y-axis on the left side also shows the temperature
anomaly but with a finer scale for easier comparison of the curves over the last millennia. For the

computation for the artificial simulation dataset please see text for details.
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Figure 2. The simulated warming and cooling mode in the transient Holocene simulation. First two spatial

empirical orthogonal function (EOF) modes (a,c) and corresponding normalized smoothed principal
components (PCs) (b,d) based on the simulated annual 2 m temperature using the MPI-ESM data. The
red and blue curves in the right panels show the low-pass filtered PCs. The explained variances of the
annual (not low-pass filtered) temperature modes are: 18% and 9%. Panels (a) and (b) show the spatial
pattern and temporal evolution of the warming mode and panels (c) and (d) correspond to the cooling

mode.
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Figure 3. Net effect of the warming and cooling mode explains the long-term temperature trends during
the Holocene. a Temperature reconstructions based on Marcott et al. 2013 (gray and black curve) and the
cooling mode (PC2) (blue curve). The gray curve shows the global mean temperature whereas the black
curve shows a regional mean from 30°N poleward. b Low-pass filtered simulated annual global mean
temperature anomaly (black curve) and sum of the weighted warming (PC1) and cooling (PC2) mode
(green curve). The PCs have been weighted by the global means of the corresponding spatial patterns
before summation. The global mean of EOF1 is about 0.238 K and of EOF2 it is about 0.066 K. p is the

correlation coefficient between the two curves.
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Figure 4. Time evolution of the warming mode is correlated with the greenhouse effect while the cooling
mode is associated with the Arctic sea-ice increase. a The gray curve shows the low-pass filtered
greenhouse effect and the red curve the low-pass filtered warming mode (PC1). The greenhouse-gas
effect is defined as the difference between the upward surface thermal radiation and the outgoing
longwave radiation at the top of the atmosphere [Wm—2]. b Low-pass filtered normalized cooling-mode
(PC2) and low-pass filtered annual Arctic sea-ice concentration (SIC) in %. Please note that the right y-
axis is flipped. ¢ Change in the seasonal cycle of the Arctic SIC between the first and last one hundred
years of the simulation. d Blue curve shows the simulated climatological insolation. Bars indicate the
change in the seasonal cycle of the insolation between the first and last one hundred years of the
simulation. e Low-pass filtered summer (JAS) insolation (blue curve) and summer (JAS) net surface
solar radiation (black curve). f The gray curve shows the area-averaged heat flux from the ocean to the
atmosphere in Wm—2 and the blue curve the cooling mode (PC2). Except for the warming mode (PC1),

the cooling mode (PC2) and the greenhouse effect all data is area-averaged from 60° poleward.
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