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8574 FesOa 8 FesSa) [MEAZEW . WE/IMAZ RERIRHES, g M,
A UGN LGS, A VR 70 207 el liek, I VIR 4 3] 550 A AR A7 IO B
HIK AR “HE-TCR T (OAD”. 2 FHERFAT FRAE “HEmiit” 5t “ i
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BEAE A, GUORHLRERRERFH G245 RIS KK R gi i, wIE 750
oKD AR ISR F AR A A7 fik R AR R SRR A S S R L. (S —80), JF:
CABRURIURE R B 20 I Aok (FEDG S R T B0k 2 & th I AR H FD6R2
AT A G OK LV B R T A 2 5 A “BRot s AR TR 2 R,
RIS 40, 22 BK BB IS, 1% A R G RURL (14 4H I 4 s 2145 41
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B 2. PR A B A% S A B A S -TE SR T e F B 1 Fe 2 B AR SR L AR A
11 W& B 2R T 78 24 B o (R i 1

AL TR 2 SR OB BE AR, e e oK AR T 2 oA, HAR A
THTE OAL FHH BN 48 F IR A . REMWIAI, B TEMRAT
JRRERAT (FesOs) BUHEERA (FesSs) HUkIAh, 1R ZEmALN B v] LAYELH A A
B 2 RMBEIR . MRPUIAR. HERIRES SR, fesBEEanE B C. N,
P. S #l Fe 0 R L FEALIIARUTERE, JOILAEHER)IX L850 R I HBIRAL 2 IE I A 1)
TEAETTHR -

1987 4F, fH[E % JE B K 2% (1 H s % X Nikolai Petersen (4%, 7E4EE Ak
FTIHRA « EAFINE M FRS ISR R I T — MR i B, e e
MER, SRR GBS SEs EAR IR & R s ), i dr
42,9 AR R T ¥4t K AT (Magnetobacterium bavaricum). 5% RA 1-3 ik
RN B R T A0 B AN R, BRI R R AT B ELAR 2050 1.5 oK, KEERTIA
2)8-10 BOK, RETEQEMINAEIE L TANFRskIBRE/IME, IEReA K E R
RIURL . 1X A mUB TEREANTR SRR B AT T e R 5| S i 40 T AT 90 s o)
TG . SR, BB, HM WS, 1245 NIk, RE HRAETIRY)
L BIX RGATE,  FFAREAE S I6 Z 0l I 2R FR BRI X AT . 2003-2004
W, PR T H G, R B T S B ER A B AT R K A5 W AL R E
e B, AhdE i Kk B an oy B, MWD 3R B 2 AR
REERAT TR IR i, 03X S0 B o e B S R OAR D P PR ST R AT 1 o 9 L
RGBT, AR R K R AE E B %0 4 % B T Earth and Planetary Science
Letters = (Pan et al., 2005a, b).

2007 4, FE AL RERAT A 20 4EJ5 B0 — K, @RS HETT L 4
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LA SRR N, TR ZKE R T 2% =K AT (fr 44
°A Candidatus Magnetobacterium casensis strain MYR-1). 25 2 AL B 41 24 0F 52
RIN, B KRR AT B 5 AR R R AT B = FE AR AL, RGuiiAb B JE T
AR TE R 1], JB TR — M AF B (Lin et al., 2009, Lin et al., 2014). Ay
T RG22 7K PE il IR 18 0 2 P JRRH AR 0 AL SR 2R B AT R
THRIFR (RGN R 7 B ek, MUY & A AR BIR RN G, Zhaa A
Fil 5 R0 S LT AR, AR 7 /KSPBIFTE T % 2 7K P a  KAF BR 7
DI N NIRRT SIS NPT R S W R N N S BT T NG RSN
FE, R T T oSk e AIMAR 1< 2 T B i AR AR, 2t A AR B 1] 2
TS R (AR AR, 4R T oSk B ER AT (19[001 1 4K 2 B 1T 42
AT MR AR RIS (Li et al., 2010, 2015).
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hE, BEKE 2007E. Bk WAR/FEE B4
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Kl 4. B 2K EEERERAT BT 50 S TG INMA R S AR B R Ao 22 PR Bt (L et al.,

2015, 2020),
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2017 4, FE% 2K BEBHERAT A 10 )5, FEE0TT R 5% KGR
LHIBA, XBEENANEIEE, AL TR RO BB 7 Bk
(FISH-SEM Al FISH-TEMD, & 1 40 Bl i 28 245 5 H 96 2 U L INE = 15 1
INPRZE RN B R 2 R LIS 5 4 SR, IR TT R LGS =K PEia i K
FE B8 AE B R 55 77 T 40 T B BT Je 0T 38 7 IRZ4E3E (L et al., 2017, 2019, 2020;
Zhang et al., 2017; Liu et al., 2020). [AKf, AATHAEILGE 2KE . RETHK
J2E VAT ZR A K 2 AR B IV R PR R e S A R B T 5 B s K I T K B )
TP R KA R

N T RSN ERKR B R Ay R =FH Z RN E
BRER, WFFC I B 0 5 K () 20 A S Dl Y S 06 3 AR R M) IE [ 37 R 2 (R S /R 3
L LT AR (R A S A BN i o i DR 2 S AR R I R T K R
IR RATE BT TR S5 REH: D BT ELRIME/ME (MD. B
(S) MfgHAR (L) RUKLAh, FERERAT L BEE L0 A JTE Rl 26 DU A oK 2 ) K
NFEE (V) S5, FiES s TR R O HGE (STEM-EDS) Al 4T
X SIS (STXM-XAS) ik, FERHAS A, Alfee —MENY
IS M . St i BoR, 5 FTE 4058 G BE/IMEAR TR, 29 24.7% 140 R
THBBRL, 20 12.9% AR EATEHM, HRAM (~62.4%) RIAEHRNR,
WAEZIE ., KRS RE RN “IRIER ", ZF AR “
WK MKR. 20 FRGEEHMIEN X SRR (S LRI M X £k
ALK, S L-1 STXM-XANES) 73Hr B, EmE AT T 20 A P9 B AORE A
FEIEHE N NIIHIRGE (S8) £itd, TMiRLARE M, Hum Bk i &e, RS R
m Ce.g., S3*—8%), XA BEFE N IX LLRMURL AL 7E A2 A (1 378 Al 5 Bl A2
F1. 3) C K- STXM-XANES Zp 8 B, & mh I 081 240 i o (A WL B 4
MEA BENARY T, SHRYR F B e, NRsbZREHL: Bk
A5 75 TR NUJGAE B AT HEABEAT 93 A1 5 T AE A 31857 35 71 2 B /A e Ao
REAAE, RGAMIT BN R BEAHLTUR SEAR VLD AL, AR
WK ERZESM, MARBTRAESEABRIEELEH. 4) NK-T
STXM-XANES 70127~ , S5 20 i Ay R 57 1 B 3 o A 28 S L B 2 AN [
HAERT IR G55 RS IR E615 5 o [, RPN A BB R A S & S
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ENERAEFR BV . (1) 7E OAT FESHITC ATy, L T B M H AR 2h#
Tt A S A BB Bt DAORE (R T TR E 4B Y (S-S0 (2) R T 4B 58K
BRiAAL, 4NEE T A Bk R OAL LB A3REi; (3) fEAEMEEH,
Y0 A A AZ i I BR A ES EAL B BR 38 (S°—S03>—S042),  [7] I W ISR B AR I
FAAHTERIE T s (4) PRHiAH R 25 1Y 40 1 P O] vk 31 OAT T Jo PR R,
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Foe A A 1A P RER T [RIAE AOLR e 2 FRAT e i 25 [R] 26 5%k LU 43 #r
T 84 FRRME LN B ABRAN . B BUABR S LR AR R . LT
MAHT R, SHAMGRAREA L, AN E G TN 5E 38 4 ) Fe2+/Fe3+I)
Wi ts, BA B TG AIMAT A G U DGR DR B 50 B2 I I IR R4 J5 0 ST A 1R
HEAEE N B SR A (SP—>S"—>8052—S0.2) F i IR ki iR
(SOF—S0:>—>8*) KEEBGIEN . B 18- EMNTE 4L, HAB KR &
TG T 259 B A B ] 5 (1) 1 7 A R U 10 e 77 A KA DG R DG BB L[R]3
N, AN R] BER F SR ORAT B AR AL g, ) A 3 i) sE A E R, AEK
AR ARG A T EFFER, ANMIk3) OAL ARk & . B
VRS TC R . XU AR R T R REAN B rT LARF R 1 e B, 7E7K iR
AE-LASH E N ESEFR, WTLEs) OAT i (4R A RERIG IR, BEfER
HARLANTE 2 HAR BT IRE B . & B B AR B B n R MR AR L 16
RIS ARV T R, SR I A 20 B R FH X M e 8 AL, o A
A AR = F A NUIERRER, M E O RBAR L IS 3 PR Rl
SEAEE,  FE AN BRI A R R M BT T L RE R

A HBAZPEERBARREESEAERE (XD & EH T
(41920104009). [H % H AR 254 5 ORI H AT (41890843) Hl[E K H 48R}
B QU FCREATIH  (41621004) %

AR T 2020 4 11 H KA (Journal of Geophysical Research: Solid Earth)
. LiJH, Liu PY, Wang J, et al. Magnetotaxis as an adaptation to enable bacterial
shuttling of microbial sulfur and sulfur cycling across aquatic oxic-anoxic interfaces.
Journal of Geophysical Research: Biogeosciences, 2020, 125, €2020JG006012.
https://doi.org/10.1029/2020JG006012

VR Bef, PHERASHEDEHMTIHATR, Bt
A R0 KK F AT 5 A GAF 68T % XA K. 3k 2015
o FERRAARFREE REFFHAFEL TP RS
A 2015 F “MGARLEFFAEL” HF5.
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5K B4, Journal of Geophysical Research: Solid Earth: KB L5345k

T TR AARE B AL F E AL

HH T35 F L 9 A EE g (R, 325 1L 4R F 2 3 308 LU iy i A AARB 4 e b s i
FI A7l 0 (Oliver, 1986). & Ay FLARFEIE AL L 12 Hh 2 S B2 Bl 5 30 R 117
AL BTS2 Ak 2 ERGAC LR (Elmore et al., 2012), i fifi 2 i < 1
TE RN (Zhang et al., 2018, 2019), KIRTUFALG R(W MVT 80T AL
(Lewchuk and Symons, 1995) & . I £E7F Fif fifi 22 b [X 5l 11 b Bl R A0 3 545 21
TR Z MW FE, (E 3 L7 S A LE 8 408 e T e DX el G e S DA R A St 2 2
APART = A A 2 EE T A I SR 55 1) B B/ A G BRI 9

BEXT BB, R ROR R S LA B i JE ok BRI B AR
A5 K REHAR e T [E 37 [ T 22 B¢ Adrian Muxworthy ZIRZ KBS TES T, 5K
S L LA 48 Bk 8 0 ) 3 1L R AT A% AL 2 BEREAG A 7T o LS LU RS S
AT AT L B = Bt ol R B i 5 1A J5 LR A T B Sl 8 7 A ) e kP
I IR LU (Dong et al., 2013), A& ph Wiy FRE AL M IE o0, RS
a2, AAERIRERE, Jos, BEE, DL ER 2 i il S A0 A B,
RIRBRAFRET, B S, W2 AR 18 1L AT A% 5 e 1 2R AR R 901X
o GBI R G, CE A, FREEEE, St R RS AT, BN T
R L RE g Wiy A2 )2 1 R Ok 2 0 A 2 A I R o 1S FRAIE T I& L
AR B2 3EARAE R THRIAR T 3 78 v A I8 SRR B (1 A8 4b 2 B e Ak 7= 2
IR, 8 s B L7 AR P BT RO R 4 T B AP 2 57, R 2%
TR, BEZE, AREHSEHERKEE.
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%42 % KM TRRER

1.1. 3| = H AL R 5

RS R T AER 10% A4 R R T, B FRAEX (- D, B
s R Ay (Bl Sk B 3 RIS Vb s BRI Ry 4 Al DUdE R 7 KU
Fik BT PEH E AL (Sun etal., 2008) . I A A AR 5 24 0KEs Ho 22 O Y5
[X Ce.g., Biscaye etal,, 1997). [Ktt, EAR3E HACIETHE BB, H2TLE
B E R

R L (JEFE 100-300 m) B MARIER ™ (~500 x 100km?), =&
THAJTER RIS %A (Heller and Liu, 1986; Kukla et al., 1988;
Maher and Thompson, 1991, 1992, 1995; Banerjee and Hunt, 1993; An and Porter,
1997; Ding et al., 2002) 25 SAEMF7E % 4 (Heller and Liu, 1982, 1984; Heller and
Evans, 1995; Guo et al., 1999; Zhu et al., 1999; Evans and Heller, 2001; Pan et al.,
20010 H [ 2 g S T 0 T e R SRR A 45 OBE VDS DL R T L R = 2

(HEB /R BEHEOR, SERAM) . MRIEH T BEIIR (ESR) (55 58 Z kL
AL S, Sunetal. (2008) AJyiE s JRANRL 2+ F EORIFE T LA, A4
o [ AL 1 S BE AN YDV o FE AL SEFNRRIN , 04 38 LR I T 0k [ X PR A R
R 5 b [ 3 A R R R (— < ~ 30 m) . EARAS A X IR AR 2R K,
{EL2 A — AR R A REAE BB BT IR TED ) 2 B 8AIK - 727 75 22 (Pillans and Wright,
1990) a3 #7 i1 ( Begét et al., 1990; Lagroix and Banerjee, 2004; Lagroix et al., 2004)
HMIBTHREE (Carter-Stiglitz et al., 2006; Bidegain et al., 2009) % 4 b6, & 5 ik
JIRASAHFI R LA, DRSS N 1 A 2 /oy 38 2245 5 I R 2% 1% Liu et al

(2010) IR AR AE 4 358 o BE 25 I REAL 2 TTHR T 60% I RATEAS 5, BRAEAS [FIRLEE
RENER™ 4006 W VE ST DTRRRB S X 0T 28, 5 N BRSSP AR 2
Dy iR W o PRI A 0 22 52 P AR AR DT R T AT 9, RS 1 R AR A0
USRS R R YD H R0 (Walden et al., 2000; Lyons et al., 2010), #i5E 1 XU
PURRY) (EFNFE LD MIEIX (Torii et al., 2001; Maher et al., 2009a, b).
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K 1. (A) R AREX AR 2K, MAREEEEE (ngm?yr') AR ER X E E
W (ZMH Duceetal. (1991)) ; (B) HE A LT A0, i k482 KU

1.2. #RARITRY)

R AT LRI (8] GE B A8 BT GEJLTK). X
B H S SRR AA), FE EATRAR ARG n] DS e (K A4, (EA2 A
RMESEEL, PRI S Ml sk = o L A A (i A M. RE
ik, KZHBEH AR DIE & OB = S i, R BRI E

ATREREIR IR Y 32 EoRYR, 2 s 1 s AEA (I 1.3 75) (White and Walden,
1997; Pope and Millington, 2000; Bogalo et al., 2001; Kumaravel et al., 2005;
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Sinha et al., 2007; Franke et al., 2009; Gémez-Paccard et al., 2012). [ | HIF 5
B FRUTRPIIE BN R0 A B T R e iR e - (Hedn, Salomé and
Meynadier, 2004; Horng and Roberts, 2006; Horng and Huh, 2011). 541, #iE
KBl B P TR P RGN 1) 2 15 5 A 8 B RIS AR R B )« Tl 1 VT
RGUIBEFHINEA )2 — Fhih g FoRIE B0 2507 20, JUH A KSR A R AL
B, W56 RXEREE NS 2 PR X A K (Salomé and Meynadier,
2004; Horng and Roberts, 2006; Horng and Huh, 2011 ).

1.3. IHVTRRY)

WAUTARYIR B2, ROAMATIORAT 1 ek PR 2 (0 Kt i AU A5 B B
P2 07 0 AU AR A ml 3B 5] 1920 4E (Ising, 1943). Ising (1943) 7EVH]
TASL O RO 78 b % DS A R I AR ) TR R AT 1 S R LU B R Y
i, IXAEIR T VAT (R e P S PR B R A ], R I I AR e A il R
HAp bl . 1960-1980 4RI, 2% I yA RGN BN T I TR P S5 1 2
W 5% B 2B P &% 8 ( Thompson, 1973; Thompson et al., 1975, 1980; Dearing and
Flower, 1982; Sandgren and Snowball, 2002). MU, FJ 2 77 2008 78 IR DR
Ve E bR A3 302 BN

WU P AR (G S iR B SR R S AR
PIAEOG, Wi R E RIS (K, VKO BEKIX R0k A i A
PR B DU R I FE . L3R B RV R AL R VR 4 A v I B IR AL
T AR A 7 DA A WU & &, FLsgma Bt Rk B (R P A A AR 5 A AR
UCEREER PR A i CEe i A= s D R kA AR R o AERRE A A I R,
AR E S BRAECIRAS 1R R i e, 7T DA ol PR 48 7R AR SR TR P 5 42 2 il H
K (Williamson et al., 19990, & 2 M4 11 — IR X R etk ¥miis# . ot
P TR G i R PRI 72
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K 2. WIASEK RGP RETEN WEE . SRR S SOE U R A

(A) [EUKI, (B) vkIl. Eoe, BT R (PUER A1) =R A, fE4

it NS 7RI . SR KA ka8 1At m e g %1k, X

FEINBR . SRR A SR R B E SR N, (B 2 R TR S PR A DD o IR

DL et U M IR, sl R PER 0 e o VU e TR S AR, B o Sk KR AR
R TR PR & B

I N 58 2 B 8 22 - LR P A 55 Rl PR3- U A8 A i ZURE A G
T UM R B A REE S, Colman et al. (1995) % BLA B 9 5 A 05 5 4= Bk
SAERGANEAEH, FE@ESIRFEE-IK X IERS) (10 JTEFRED MdEkh:
W, A 552 KB B RS R . T-4E R L, Thouveny etal. (1994)
IR I I St e ) E SR O AR A (R 1 A 6 5 4% 98 == UKOES GRIP 1 GISP2 < fig
TSR — B0 R F UK A TR AR 25 P I mT DA R AR R 5 LR P e S
AL AR K LUK IS S 1) A (Lie et al., 2004; Nesje et al., 2006; Larrasoafia et
al., 20100, UFRFESE, SO WIA DX S5 - PR AR A 1 S 52 B AR AR 5t
P, AT BOa FpoR Y, ANBIESD (Bln: KAk, EEL . kR, o
FETBUR B8 3R SRR X I B A R 55 ) 0, 2 %of [X S 5 7 A ¥ 25U (Dearing
et al., 1981; Higgitt et al., 1991; van der Post et al., 1997; Lanci et al., 1999; Gedye
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et al., 2000; Hirt et al., 2003; Oldfield et al., 2003). 4yTF G FIFZ A PRI, R
YA &= T LUA SR 2 8 AR R W X WU A B & (Dearing et al., 1981;
Dearing and Flower, 1982). {E&, PR 4 i) s Atk 5 A5 10 22 b 40 LA
A R SRR Z) 4G R, tln, DRGSR IR 1= %
T DX R A A K, AT s S AT VA A U o, R R 3 ek 55 3 AR 1k
kb, RTECR SR, BRI . DRIk, VR R R T I DR T g
PO SRERT T R PEFR RS SR A b B o G, L= AR TR TR P RE FE
. (PSD/MD). fHJ2, WX A EAERIED ) CAERRESE . BEERE™) (A
S RE JtE . B FAAE SP/SD HIRGAR BRI A ARERT, IR TTRA
RGN MPRLAR IR A RIS ERAT 5 AR (R AR £ B T DA S i Vs DX AT R
RS . bhan, 7E Klamath 3] (GEEMEIXIMND, S BUAR MR %R KL
TR 58 (Rosenbaum and Reynolds, 2004). I H., FiVEREEETTARBBIE 2
AT, TEIS R A5 HP AT RE R SR 7K 311 77 1) 3 348 A8 REL ARS8 9 9 2 AT 50728 H )l
PR (Rosenbaum and Reynolds, 2004).

BEVER PR ME B S AR 2 R B UG, EL R DX (R R e g sk o LMl A
ol EE R RIR S W R A P, R KRS N R E 5l
R, FEEMATRAE, s M E 2K XA H L3 (Oldfield et
al., 1979; Walling et al., 1979). [Hitt,, Ny 7RG fE R UTAR P A ER 1) e
BIEH s G R, BRATHRZE Tyt y S5 IE X YRR B R . WvA-U
X AL EEAG 3 Todm: WX GEs. TS, BRBEHIMRGE
WETUR . PR TURRA) S TR B I ) RIS R A o S48 wp S [ B F 7230
APTRRIAE X Y. Oldfield et al. (1979) HF 7t 2 IR M 2 $5 7 X 3R X 1)
AREREES )5 TH AR BUK . Dearing et al. (2001) XHEATTARY 5 8 X W0 )5% 1)
REAT T+ RGBT, MR ST T % E Petit Lac d’ Annecy H T B )
AT, PIAEMERSFL, T RUTAR AR X R L S R b o VR TTAR
PR 2 AT RV R FE TS A o SR FE AR AR A S B LRZ, 14
WEZE (REERGEMPRITTR) (Ryves etal., 1996) SLAE kIR IR
WAL SR T I B (Snowball and Thompson, 1990; Snowball, 1991;
Roberts et al., 1996), MFRILAMHIHIEA FTRE. AT S, BABNHNFELF (o
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BOK, TR, KRR A 1 XA TR R R A AR KR 2,
XL RIS IR A2 i A B A2 A0 1) — A B 2T ORI

1.4. HeREAHEE

bR 7 ORI AN g, AR R AT DA IR ORRE o SR AR A PR B L 2 I %
X LA UK 56« ALK )AL 5. RS 22 0KE (NGRIP) IFREEILR
WHAR A D& BT Y IR FE R DA DG, 12 UK - [ vk SR 4E
WK (Lanci et al., 2004; Lanci and Kent, 2006; Lanci et al., 2012). £ NGRIP
UK R W) B FE R R AT /R AR R R IR &4, BLASBB I [H)
A, x5 [ % AL (of. Biscaye et al., 1997), #5 A Y (Lanci et al.,
2004; Lanci and Kent, 2006) . 4 B UK AR 25 14 57 3% W Bl ek SR 5 R A< 4%
AR BT IR IR R AR, B ARG 7R P S 2 e RS AE Dk 3]
[P IR 1A R A B B 25 5% (Lanci et al., 2008, 20120, o T35 55 47 35 V0 i
R e o] g i ) PR UK PR 20 S A T 2T 5 3 3 B R 2 e R SR R AE DK
S0- TR UK SUIIN [8) RBEAFAE 22 57, Itk — 2B U OIS R o A B 1 o B A SRk
O R RAR SORIFEAZAL TS FERE /) (Maher, 2011).

AT NAIT TR, 5 AR A 0 2 B AT DL A 58 A A AT A PR A FEE A T
2 (Perkins, 1996; Openshaw et al., 1997; Lascu and Feinberg, 2011). SA% T
A 5 A BT I 2 DGR — LR IR T M 3 s 1 T SRR (R OO
AR RO AR5 ) ()R, (RIS (0 AR EAL 5 P 8 AN B 2 B, AR HER 19 U-Th
WS, AR 0 AT ] AR SR A B AU R A Id R Ce.g., Perkins, 1996;
Lascu and Feinberg, 2011).
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1. KPHE SRS IR DR AR Z R4 5 e EESE

BEN: b3 zhongy@sustech.edu.cn

Josso P, van Peer T, Horstwood M S A, et al. Geochemical evidence of Milankovitch cycles in
Atlantic Ocean ferromanganese crusts [J]. Earth and Planetary Science Letters, 2020, On line.

https://doi.org/10.1016/j.epsl.2020.116651

FHE: TKRUIL 2 4 8 4 7o o\ i K I 5 AL VR FH S T /K R 3 4 R Pl e st o B
TABNIEHER | 400-7000 SKIRAE I P e TR AL ALE, BATE R T 9% T KR & M=%
A5 B SRR T — . AR, T R ORI S 22 (1 A AR PR A A A AT
ToiET4R 100ka A M d AR A5 B0 BIL, FEE BT S 210k R, RICKTFNZ £
& 45 5E v R [F) 7 3R AR AN T 22 0 3R 2 B AT AR B 10 3% VG = B R 110 9 B2 0 B HL S M Y T A2 4
I R 23 (] 43 HER (Apum) BOG R Tl RS A % B TR 3% A (LA-MC-ICP-MS) Pb [FIfi &
HARAERS 23 7302 b LS IUREAG JE H 4R 17 2 MRS g SRAIE S, 1E AR UL
Y2 20Pb/2%Pb, 205207Pb/2%Ph Lff, 5 Fe/Mn LL{EARfL. Al Si Fl Ti 2484k —35. Xf Pb
[7i) 37 2 s 1] 4ok RN 260106 TR 85 14 45 SRAIESZ T ~20 ka 100 AT 405 ka [ R0 777E, 3L 1.5-3.5 mm/Ma
(¥4 Kl 3 5 A 2 E AR RS AL O — 3 X — U, A b R AR R T
SRAC R, S KRR K Ei H S A6 T7 22 nsa 24 Ha e 5. sadsk, X
Wi 2% A6 K P 32 2 PR XA i 76 2 TR ) <P Al o X S8 25 BOR R ER 45 e Il SRSt 7 —FhJ7 ik,
FEAE AT [ A7 3R 2 0 3R 45 BERARER 1000-5000 4F K 8] 43 %

ABSTRACT: Hydrogenetic ferromanganese crusts are considered a faithful record of the isotopic
composition of seawater influenced by weathering processes of continental masses. Given their
ubiquitous presence in all oceans of the planet at depths of 400-7000 meters, they form one of the
most well-distributed and accessible records of water-mass mixing and climate. However, their

slow accumulation rate and poor age constraints have to date limited their use to explore 100 ka
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paleoclimatic phenomena. Here it is shown how the Pb isotope signature and major element
content of a Fe-Mn crust from the north-east Atlantic responded to changes in the intensity and
geographic extent of monsoonal rainfall over West Africa, as controlled by climatic precession
during the Paleocene. The studied high-spatial resolution (4 um) laserablation multi-collector
inductively coupled plasma mass spectrometer (LA-MC-ICP-MS) Pb isotope data is a nearly 2
order of magnitude improvement in spatial and temporal resolution compared to micro-drill
subsamples. The record demonstrates cyclicity of the 2°Pb/2%Pb and 2%% 207Pb/2%Pb ratios at the
scale of single Fe-Mn oxide laminae, in conjunction with variations in the Fe/Mn ratio, Al, Si and
Ti content. Time-frequency analysis and astronomical tuning of the Pb isotope data demonstrates
the imprint of climatic precession (~ 20 ka) modulated by eccentricity (~ 100 and 405 ka),
yielding growth rates of 1.5-3.5 mm/Ma consistent with previous chemostratigraphic age models.
In this context, boreal summer at the perihelion causes stronger insolation over West Africa,
resulting in more intense and geographically extended monsoonal rainfalls compared to aphelion
boreal summer conditions. This, in turn, influences the balance between the weathering
endmembers feeding the north-east Atlantic basin. These results provide a new approach for
calibrating Fe-Mn crust records to astronomical solutions, and allow their isotopic and chemical

archive to be exploited with an improved temporal resolution of 1000—5000 years.
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Figure 1. (A) Location of Tropic Seamount in the north-east Atlantic. (B) Cut section of core 085 004
showing the presence of three Fe-Mn oxide macro-layers resting on a carbonate substrate (modified
from Josso et al. (2020b)). The white rectangle highlights the zone of interest for this study. An
electron-back-scatter map of this area is presented in Fig. 2. See Josso et al. (2019) for details on
establishment of the age model and Josso et al. (2020b) for a complete description of the geochemistry
and textures of the core. (For interpretation of the colours in the figure(s), the reader is referred to the

web version of this article.)
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A | Laser-ablation Pb isotopes data SEM data
1 - 91 horizontal traces 2 - 1 vertical trace 3 - Mosaic of 28 phase map
(150*5 um)
Fe:Mn
Data extract 2.3 - Porosity
0.8322 = from Fig. 1
g 1
0.8318 3
T
0.8314 © 0.66

Measurement (n)

Figure 2. (A) Details of the laser-ablation pattern that produced the Pb isotope map 1, the Pb isotope
dataset used for cyclostratigraphic analysis (2) and keys to colour scale of the Pb isotope map and SEM
phase mapping (map 3) in panel B. CFA = carbonate-fluoro-apatite. (B) Geochemical phase mapping
and 207Pb/206Pb mapping and transect data as shown on Fig. 2. This data and the close up

demonstrate the positive correlation between high Fe/Mn ratio and high 27Pb/2%Pb ratio. (C) Details of
24



the Pb isotope data produced during the 91 ablation traces used to produce map 1 using similar

colour-coding.
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Figure 3. TimeOpt analysis performed in Astrochron (Meyers, 2015). (A) 27Pb/?%Pb processed using
standard methods (see Methods) prior to cyclostratigraphic analysis. (B) Periodogram of the 2°’Pb/?%Pb
data, using the TimeOpt growth rate of 2.7 mm/Myr. Grey and black lines are log and linear spectra,
respectively. Dashed red lines are the precession and eccentricity periods. Yellow shaded area in (B)
has been used for band-pass filtering in (C), with instantaneous amplitude in red determined via Hilbert
transform. (D) Amplitude of band-pass filtered 2°’Pb/?%Pb (red) compared with eccentricity model
reconstructed by TimeOpt (Meyers, 2015). (E) Growth rates versus resulting squared Person
correlation coefficients for envelope fit (12, red dots) and spectral power fit (r2, grey line), which are

combined in (F). Highest r2 fit of 0.038 is at ~ 2.7 mm/Myr (rounded from 2.668 mm/Myr). (G)
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Significance of maximum observed r2 (from F) based on 2000 Monte Carlo simulations with AR1
surrogates (p = 0.826), yielding a p value of 0.005 (i.e., reject null hypothesis at 99.5% confidence
level). (H) Cross plot of the amplitude of band-pass filtered 207Pb/206Pb and of the TimeOpt

eccentricity model. Red dashed line is the 1:1 line.
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Figure 4. Astronomical tuning of the 2°’Pb/?%Pb data. (A) Original 2°’Pb/?%Pb isotope data (Fig. 2),
with pluses denoting age correlation points and ages for profile distance d = 0 um and d = 5000 pm
from Josso et al. (2019). (B) Detrended and normalised 2°’Pb/?°Pb data with equal age spacing (see
Methods) to emphasise the cyclicity with pluses denoting tuning tie points. (C) Astronomical solutions
of Earth’s eccentricity: La2011 (Laskar et al., 2011), La2010b (Laskar et al., 2011), and Zb18a (Zeebe
and Lourens, 2019). (D) Growth rates resulting from cyclostratigraphic analysis (black) and
Co-chronometry data (+2c , in blue) for this stratigraphic interval from Josso et al. (2019), notethe

convergence in growth rate estimates between the two methods.

26



2. EIRERIEREES MG

.
hAS

BEN: FRRZR jiangxd@sustech.edu.cn 5..7{_1: | i3

Tipper E T, Stevenson E I, Alcock V, et al. Global silicate weathering flux overestimated because
of sediment —water cation exchange [J]. PNAS, 2020, 2021: e2016430118.

https://doi.org/10.1073/pnas.2016430118/-/DCSupplemental
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ABSTRACT: Rivers carry the dissolved and solid products of silicate mineral weathering, a
process that removes CO> from the atmosphere and provides a key negative climate feedback over
geological timescales. Here we show that, in some river systems, a reactive exchange pool on river
suspended particulate matter, bonded weakly to mineral surfaces, increases the mobile cation flux
by 50%. The chemistry of both river waters and the exchange pool demonstrates exchange
equilibrium, confirmed by Sr isotopes. Global silicate weathering fluxes are calculated based on
riverine dissolved sodium (Na*) from silicate minerals. The large exchange pool supplies Na* of

nonsilicate origin to the dissolved load, especially in catchments with widespread marine
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sediments, or where rocks have equilibrated with saline basement fluids. We quantify this by
comparing the riverine sediment exchange pool and river water chemistry. In some basins, cation
exchange could account for the majority of sodium in the river water, significantly reducing
estimates of silicate weathering. At a global scale, we demonstrate that silicate weathering fluxes
are overestimated by 12 to 28%. This overestimation is greatest in regions of high erosion and
high sediment loads where the negative climate feedback has a maximum sensitivity to chemical
weathering reactions. In the context of other recent findings that reduce the net CO, consumption
through chemical weathering, the magnitude of the continental silicate weathering fluxes and its

implications for solid Earth CO, degassing fluxes need to be further investigated.
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Figure 1. Sr isotope ratio in the exchange pool as a function of Sr isotopes in the river water. Open and
closed (black outline) symbols used the NH4Cl and CoHex methods, respectively. Gray symbols
indicate samples where the water and exchange pool are not in equilibrium. Uncertainties (500 parts
per million [ppm]) synthetically distributed about the mean of the data are illustrated by the small

points (Inset). Red lines are 100 examples of linear fits through this synthetic CoHex data.
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Figure 2. CEC.SPM vs. Na* contoured for the percentage reduction in silicate weathering flux 100.
(Na*-Nagi1)/Na* (0 = no change) calculated for pNa = 0:6. Open and closed symbols used the NH4Cl
and CoHex methods, respectively. Gray symbols indicate water and exchange pool are not in
equilibrium. Symbol legend is the same as for Fig. 2. Cluster of blue data points to indicate
uncertainties are synthetic data distributed using the mean uncertainties of CEC.SPM and Na*
determined using a Monte Carlo simulation. SI Appendix, Fig. S8 shows contours calculated for pNa =

0:2.
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Chen C, Lee C T A, Tang M, et al. Lithium systematics in global arc magmas and the importance
of crustal thickening for lithium enrichment[J]. Nature communications, 2020,11:5313.

https://doi.org/10.1038/s41467-020-19106-z
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ABSTRACT: Much of the world’s Li deposits occurs as basinal brines in magmatic orogens,
particularly in continental volcanic arcs. However, the exact origin of Li enrichment in arc
magmatic systems is not clear. Here, we show that, globally, primitive arc magmas have Li
contents and Li/Y ratios similar to mid-ocean ridge basalts, indicating that the subducting slab has
limited contribution to Li enrichment in arc magmas. Instead, we find that Li enrichment is
enhanced by lower degrees of sub-arc mantle melting and higher extents of intracrustal
differentiation. These enrichment effects are favored in arcs with thick crust, which explains why
magmatism and differentiation in continental arcs, like the Andes, reach greater Li contents than
their island arc counterparts. Weathering of these enriched source rocks mobilizes and transports
such Li into the hydrologic system, ultimately developing Li brines with the combination of arid

climate and the presence of landlocked extensional basins in thickened orogenic settings.
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Figure 1. Distribution of global lithium deposits and conceptual cartoon describing Li cycling in
subduction zones. a Map of continental brine, clay, pegmatite (hard rock), geothermal, and oilfield
brine deposits based on compilations in this study (see Supplementary Dataset 1). Continental Li brines
are dominantly found in Cenozoic/Mesozoic orogenic belts; pegmatites are found in eroded magmatic
orogens (maps based on Roberts and Bally’®). Base map was processed with GeoMapApp

(http://www.geomapapp.org)®’. b Map of estimated Li resources with size of symbols reflecting ktons
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of Li metal. ¢ Map of Li reserves with symbol size corresponding to ktons of Li metal. Resources
represent the amount of available Li, whereas reserves represent that which can be extracted
economically. Data are based on company reports compiled in this study (see Supplementary Dataset 1).
d Conceptual model for Li cycling in subduction zones. Relative to background mid-ocean ridge
basaltic volcanism, Li concentrations are enhanced in arc magmas by direct contributions from the
subducting slab, melting in the mantle wedge, and fractional crystallization in the upper plate. Crystal
fractionation is more extensive in thick continental arcs. In addition, mature continental arcs are often
associated with net-evaporative intermontane basins. Weathering of andesitic and rhyolitic source rocks
in thick continental arcs, followed by transport of solutes into these local basins, leads to further
enrichment of Li. In island arcs, appropriate source rocks are scarce and any mobilized Li is likely lost

to the ocean.
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Figure 2. Li systematics of primitive arc magmas versus crustal thickness and slab thermal parameter. a,
b Li and Li/Y in primitive arc magmas vs. crustal thickness. Primitive arc magmas represent only those

with 48-52 wt.% SiO2 and 6—15 wt.% MgO. In (b), dull gray symbols represent averages for more
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evolved magmas (53-57 wt.% Si0»). Error bars for Li concentration and Li/Y ratio are 2se; error bars
for crustal thickness are one standard deviation (1o) (Supplementary Dataset 2). As in Fig. 2, the pale
green bar in (a and c¢) and blue bar in (b and d) show the average Li concentration of MORB from Gale

et al.?? and the Li/Y ratio of MORB from Ryan and Langmuir®, respectively. The dashed line in (a)
represents the linear regression of the data (with the Mariana arc excluded). ¢, d Li and Li/Y of
primitive arc magmas vs. slab thermal parameter (®/100). Slab thermal parameters are from Syracuse

et al.3*.
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Jovane L, Florindo F, Wilson G, et al. Magnetostratigraphic Chronology of a Cenozoic
Sequence From DSDP Site 274, Ross Sea, Antarctica [J]. Frontiers in Earth Science, 2020,
8:563453.

https://doi.org/10.3389/feart.2020.563453
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ABSTRACT : New paleomagnetic results from the late Eocene-Middle Miocene samples from
Deep Sea Drilling Project Site 274, cored during Leg 28 on the continental rise off Victoria Land,
Ross Sea, provide a chronostratigraphic framework for an existing paleoclimate archive during a
key period of Antarctic climate and ice sheet evolution. Based on this new age model, the cored
late Eocene-Middle Miocene sequence covers an interval of almost 20 Myr (from ~ 35 to ~ 15
Ma). Biostratigraphic constraints allow a number of possible correlations with the Geomagnetic
Polarity Time Scale. Regardless of correlation, average interval sediment accumulation rates
above 260 mbsf are ~ 6 cm/kyr with the record punctuated by a number of unconformities. Below
260 mbsf (across the Eocene/Oligocene boundary) interval, sedimentation accumulation rates are

closer to ~ 1 cm/kyr. A major unconformity identified at ~180 mbsf represents at least 9 Myr
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accounting for the late Oligocene and Early Miocene and represent non-deposition and/or erosion
due to intensification of Antarctic Circumpolar Current activity. Significant fluctuations in grain
size and magnetic properties observed above the unconformity at 180 mbsf, in the Early Miocene
portion of this sedimentary record, reflect cyclical behavior in glacial advance and retreat from the
continent. Similar glacial cyclicity has already been identified in other Miocene sequences

recovered in drill cores from the Antarctic margin.
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Figure 1. Downcore variations of NRM intensity, ChRM inclination, and magnetic polarity zonation

(black denotes normal polarity and white denotes reversed polarity).
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Gradstein et al. (2012). Hiatuses defined from the sedimentological data and biostratigraphical datum
are represented following the legend. Magnetostratigraphic model A is in dark red; models B and E are

in red; models C and D are in orange.
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He M, Zheng H, Clift P D. Zircon U - Pb geochronology and Hf isotope data from the Yangtze
River sands: Implications for major magmatic events and crustal evolution in Central China [J].
Chemical Geology, 2013, 360-361:186-203.

https://doi.org/10.1016/j.chemgeo.2013.10.020
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ABSTRACT: In situ U-Pb and Hf isotope analyses were made on detrital zircons isolated from
sands of the Yangtze River in order to understand the evolution and history of crust in that river
basin. A total of 2277 detrital zircon grains were dated by the LA-ICP-MS U-Pb technique and
674 grains were also analyzed for Hf isotopes on the same spots of concordant grains. Our results
show five major groups of U-Pb ages: at 2.4-2.6 Ga, 1.8-2.0 Ga, 700-850 Ma, 400-550 Ma and
200-300 Ma, which correspond to known granitoid magmatic events within the drainage
(Liiliangian, Jinningian, Caledonian, Hercynian and Indo-Sinian/Yanshanian). The initial Hf
isotope ratios [eHf(t)] of the zircons exhibit a wide range from negative to positive for each of the
five major age groups, revealing that existing crustal materials were mixing with variable volumes
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of new mantle melt at these times. Zircon Hf model ages (TDM2) display two major ranges of
crustal growth, one being Mesoproterozoic (1.0-1.5 Ga) and the other Archean—Paleoproterozoic
(2.5-2.8 Ga). These zircons were mainly sourced from the Yangtze Craton and the Cathaysia
Block, respectively. Crustal growth rates based on TDM2 model ages suggest that 30% of the
present crustal volume was formed by 2.5 Ga, 48% by 1.8 Ga, 70% by 1.4 Ga and 96% was

formed by 1.0 Ga.
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Figure 1. Landscape of the Yangtze River drainage basin shown as a shaded topographic map together
with the sample locations. The Yangtze River is divided into four parts: the Jinshajiang, Chuanjiang,
Midstream and Downstream segments. Circles indicate samples with zircons analyzed by U-Pb dating;
Stars indicate samples with zircons dated by U—-Pb dating and also analyzed for Hf isotopes. TG =

Three Gorges, JP = Jianghan Plain.
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Figure 2. U-Pb age spectrum for the whole Yangtze River. Five major age peaks are observed at

2.4-2.6 Ga, 1.8-2.0 Ga, 700-850 Ma, 400-550 Ma and 200-300 Ma.
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Gwirtz K, Morzfeld M, Fournier A, et al. Can one use Earth’s magnetic axial dipole field
intensity to predict reversals? [J]. Geophysical Journal International. 2020, online.

https://doi.org/10.1093/gji/ggaa542
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ABSTRACT: We study predictions of reversals of Earth’s axial magnetic dipole field that are
based solely on the dipole’s intensity. The prediction strategy is, roughly, that once the dipole
intensity drops below a threshold, then the field will continue to decrease and a reversal (or a
major excursion) will occur. We first present a rigorous definition of an intensity threshold-based
prediction strategy and then describe a mathematical and numerical framework to investigate its
validity and robustness in view of the data being limited. We apply threshold-based predictions to
a hierarchy of numerical models, ranging from simple scalar models to 3D geodynamos. We find

that the skill of threshold-based predictions varies across the model hierarchy. The differences in
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skill can be explained by differences in how reversals occur: if the field decreases towards a
reversal slowly (in a sense made precise in this paper), the skill is high, and if the field decreases
quickly, the skill is low. Such a property could be used as an additional criterion to identify which
models qualify as Earth-like. Applying threshold-based predictions to Virtual Axial Dipole
Moment (VADM) paleomagnetic reconstructions (PADM2M and Sint-2000) covering the last two
million years, reveals a moderate skill of threshold-based predictions for Earth s dynamo. Besides
all of their limitations, threshold-based predictions suggests that no reversal is to be expected
within the next 10 kyr. Most importantly, however, we show that considering an intensity
threshold for identifying upcoming reversals is intrinsically limited by the dynamic behavior of

Earth’s magnetic field.
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Figure 1. Illustration of the prediction strategy. Top: dipole (solid blue) as a function of time. The thin
blue, green and red horizontal lines represent the start-of-event, the end-of-event and the warning
thresholds. Two low-dipole events are labeled A (reversal) and B (excursion), and we indicate their
event durations. Highlighted in red is a period of low intensity, which is not a low-dipole event, but
where the low intensity causes false positives (FP). Towards the right, we illustrate a prediction over a
given prediction horizon, which will lead to true negatives (TN). The prediction horizon also defines

the true labels, (see bottom panel). Center : prediction as a function of time. The red line at zero
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corresponds to the prediction no low-dipole event occurs during the prediction horizon, and the red line
at one corresponds to the prediction a low-dipole event occurs during the prediction horizon. The thick
black line segments correspond to periods during which no prediction is made. For events A and B, we
first observe TNs, followed by false negatives (FN), caused by the warning threshold being small; then
we observe TPs followed by a period during which no prediction is made. Bottom: true occurrences of
low-dipole events within the prediction horizon. The orange line at zero corresponds to negatives (N),
i.e., no low-dipole event occurs during the prediction horizon. The orange line at one corresponds to

positives (P), i.e., a low-dipole event occurs during the prediction horizon.
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Coxall H K, Wilson P A. Early Oligocene glaciation and productivity in the eastern equatorial
Pacific: Insights into global carbon cycling [J]. Paleoceanography, 2011, 26: PA2221.

https://doi.org/10.1029/2010PA002021
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ABSTRACT: The onset of sustained Antarctic glaciation across the Eocene-Oligocene transition
(EOT) marks a pivotal change in Earth’s climate, but our understanding of this event, particularly
the role of the carbon cycle, is limited. To help address this gap we present the following
paleoceanographic proxy records from Ocean Drilling Program Site 1218 in the eastern equatorial
Pacific (EEP): (1) stable isotope (8'®0 and 8'3C) records generated in epifaunal benthic
foraminifera (Cibicidoides spp.) to improve (double the resolution) the previously published
records; (2) 8'30 and 8'3C records measured on Oridorsalis umbonatus, a shallow infaunal species;
and (3) a record of benthic foraminifera accumulation rate (BFAR). Our new isotope data sets
confirm the existence at Site 1218 of a two-step 8'%0 increase. They also lend support to the

hypothesized existence of a late Eocene transient 8'%0 increase and early Oligocene Oi-la and
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0i-1b glacial maxima. Our record of BFAR indicates a transient (~500 kyr) twofold to threefold
peak relative to baseline Oligocene values associated with the onset of Antarctic glaciation that we
attribute to enhanced biological export production in the EEP. This takes the same general form as
the history of opal accumulation in the Southern Ocean, suggesting strong high-to-low-latitude
oceanic coupling. These findings appear to lend support to the idea that the EOT 8'*C excursion is
traceable to increased organic carbon (Cor,) burial. Paradoxically, early Oligocene sediments in the
EEP are extremely Corg-poor, and proxy records of atmospheric pCO; indicate a transient increase

associated with the EOT.
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Figure 1. Analysis of climate proxy leads and lags across the Oi-1 isotopic step. (a) Close-up of Site
1218 benthic 5'%0, §'3C, and bulk sediment weight %CaCO; between 33.59 and 33.75 Ma showing the
timing of geochemical changes across Oi-1. (b) Cross-correlations of benthic 8'%0 and §'3C, bulk
sediment 8'%0, and bulk %CaCOj as individual pairs for the Oi-1 interval. The Cibicidoides spp. and O.
umbonatus records suggest that benthic §'*C lags 8'*0 by ~10 kyr across Step 2 whereas %CaCO; and
580 (all species) are in phase (see Table 2 for correlation statistics). Errors are equal to plus or minus

half time step. Site 1218 bulk 8'30 is from Pilike et al. [2006].
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Son J H, Seo K H, Wang B. How does the Tibetan Plateau dynamically affect downstream
monsoon precipitation? [J].Geophysical Research Letters, 2020, 2020GL090543.

https://doi.org/10.1029/2020GL090543
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ABSTRACT: Recent studies have demonstrated that mechanical effects have a greater
contribution to the East Asian summer monsoon (EASM) than thermodynamical effects. However,
a theoretical basis for the underlying dynamical mechanism has not been elucidated. The present
study shows that topographically forced barotropic Rossby wave theory well explains the seasonal
evolution of the monsoonal precipitation and its amplitude and peak location. The subtropical
zonal wind impinging on the Tibetan Plateau is a key factor, and the resulting downstream
cyclonic and anticyclonic circulation anomalies form a peak zonal geopotential height gradient in
between, leading to the development of the meridional wind and the accompanying moisture
transport to the EASM region. As the season approaches the summer monsoon period, the peak
geopotential height gradient — thus the monsoonal rainband — shifts to the west from the western
North Pacific to East Asia. The findings in this study can be applied to subtropical monsoons

worldwide.

45



East Asian summer monsoon in MJJA
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Figure 1. Characteristics of the East Asian summer monsoon (EASM). (a) Climatological mean
precipitation and horizontal wind at 850 hPa in boreal summer (May to August), and (b) schematic of

the EASM.

Figure 2. Vertical structure of the atmosphere around the Tibetan Plateau. Vertical and zonal
cross-section of (a) zonal wind (m s™) and (b) geopotential height (m), averaged over 25°~35°N during
May—August. The geopotential height anomaly is calculated by deviations from the zonal average at

each pressure level.
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Tharammal T, Bala G, Paul A, et al. Orbitally driven evolution of Asian monsoon and stable
water isotope ratios during the Holocene: Isotope-enabled climate model simulations and proxy
data comparisons [J]. Quaternary Science Reviews, 2021, 252: 106743.

https://doi.org/10.1016/j.quascirev.2020.106743
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ABSTRACT: The variation of stable water isotopes (8'%0, D) in climate archives is an important
proxy to understand the evolution of South Asian monsoon (SA) precipitation over the Holocene.
In this study, using an isotope-enabled climate-model, we examine the responses of water isotopes
in precipitation over the SA region to orbital changes in the early to late Holocene (8 ka to 0 ka).
Precipitation is enhanced during 8 ka to 4 ka in response to increased summertime insolation, and
correspondingly, larger magnitudes of negative water isotope ratios in precipitation (8'30precip) are
simulated. The model-simulated wettest period and the corresponding period of maximum
depletion of 8'"®0precip in the SA region is the 8 ka period. We find that strengthened circulation,

increased convection, and precipitation led to the 8'8Oprecip depletion in the SA region. In the
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tropical Indian monsoon region, where convective precipitation is dominant, the 8'®Oprecip values
are inversely correlated with the local convection and the amount of precipitation. The 3'30precip
values in the East Asian Summer Monsoon (EASM) region are not well-correlated with local
precipitation, likely due to the enhanced convection and depletion of vapor in upstream areas and
mixed precipitation types in the region. The modeled 8'80precip values are evaluated against §'%0
inferred from proxy archives. Proxy data and model-simulated isotope ratios in precipitation agree
on the larger magnitude of negative isotopic values during the 4 ka, 6 ka, and 8 ka periods relative
to the present, although model-simulated enrichment in the 2 ka period is inconsistent with some

proxy-records.

Correlation: JJAS 3'*0,, Vs. Total precipitation

[ T L [ e
08 -06 -04 -02 0 02 04 06 08

Figure 1. The correlation between JJAS mean 8'®Oprecip in permil and amount of precipitation in mm
day—1 in a) the OK simulation and the correlation between the anomalies [b) 2K—0K, ¢) 4K—0K, d)

6K—0K, and €) 8K—0K] of 8'3Oprecip and amount of precipitation.
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Figure 2. Linear relationship between JJAS mean §'®Oprecip (in permil) and precipitation (in mm day ™)
over the land regions for a) tropical (5°N-25°N, 60°E—95°E) ISM region, b) EASM region, and c) the
SA region in the 0K, 2K, 4K, 6K, and 8K simulations. The regression, slope and r2 from the regression

analysis are shown in the panels.
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Mattei M, Muttoni G, Cifelli F. A record of the Jurassic massive plate shift from the Garedu
Formation of central Iran [J]. Geology, 2014, 42: 555 - 558.
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ABSTRACT: Modern generations of apparent polar wander paths (APWPs) show the occurrence
in North American and African coordinates of a major and rapid shift in pole position (plate shift)
during the Middle to Late Jurassic (175—145 Ma) that alternative curves from the literature tend to
underestimate. This Jurassic massive polar shift (JMPS), of vast and as-yet unexplored
paleogeographic implications, is also predicted for Eurasia from the North Atlantic plate circuit,

but Jurassic data from this continent are scanty and problematic. Here we present paleomagnetic
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data from the Kimmeridgian—Tithonian (upper Jurassic) Garedu Formation of Iran, which was part
of Eurasia since the Triassic. Paleomagnetic component directions of primary (pre-folding) age
indicate a paleolatitude of deposition that is in excellent agreement with the latitude drop predicted
for Iran from APWPs incorporating the JMPS. Moreover, we show that paleolatitudes calculated
from these APWPs, used in conjunction with simple zonal climate belts, better explain the overall
stratigraphic evolution of Iran during the Mesozoic. As Iran drifted from the tropical arid belt to
the mid-latitude humid belt in the Late Triassic, carbonate platform productivity stopped while
widespread coal-bearing sedimentation started, whereas as Iran returned to arid tropical latitudes
during the JMPS, carbonate platform productivity and evaporitic sedimentation resumed. These
results illustrate (1) the potent, but often neglected, control that plate motion (continental drift
and/or true polar wander) across zonal climate belts exerts on the genesis of sedimentary facies;
and (2) the importance of precisely controlled paleogeographic reconstructions for tectonic
interpretations, especially during times of fast plate motion like the Jurassic. As a suggestion for
future research, we predict that the adoption of Eurasian reference paleopoles incorporating the
JMPS may lead to a reconciliation (or reinterpretation) of existing geologic and paleomagnetic

data regarding the deformation history of central Asia.
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Figure 1. A: Latitudes of paleomagnetic poles from different apparent polar wander paths (APWPs)
from the literature, in African coordinates; drop of pole latitude during Jurassic massive polar shift
(JMPS; within gray vertical band) is evident in the Kent and Irving (2010) and Muttoni et al. (2013)
APWPs. B:Velocity of African plate calculated from different APWPs; high plate velocity characterizes

the JMPS, especially according to the Kent and Irving (2010) APWP. L—late; M—middle; E—early.
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Golden N, Zhang C, Potito A, et al. Use of ordinary cokriging with magnetic susceptibility for
mapping lead concentrations in soils of an urban contaminated site [J]. Journal of Soils and
Sediments, 2019, 20: 1357-1370.

https://doi.org/10.1007/s11368-019-02537-7
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ABSTRACT: Lead contamination is a prevalent issue affecting cities worldwide. Traditional
fieldwork and laboratory analysis techniques can be time-consuming and costly. The purpose of

this study was to evaluate the performance of ordinary cokriging (CK) when volume magnetic
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susceptibility (k) is used as a co-variable for spatial interpolation of Pb in contaminated urban
soils. The study was conducted in contaminated urban soils of a former unregulated landfill site. A
total of 76 surface samples (0—10 cm) were collected using a systematic sampling grid separated
by 20-m intervals. Magnetic susceptibility measurements were taken at a higher density of 10-m
intervals with 288 measurements. Thus, it was used as an auxiliary variable to predict Pb
concentrations by the CK procedure with an aim to improve spatial interpolation of Pb. To
determine the effectiveness of CK over the ordinary kriging (OK) procedure, the spatial density of
samples was reduced prior to interpolation. A total of ~ 15%, 25%, 35%, and 50% of the Pb
samples were randomly selected and reserved for validation. Omnidirectional semivariograms and
covariograms were fitted using log-transformed data prior to interpolation. Measurements of k
shared a significant relationship with Pb concentrations by the Spearman’s Rho correlation
analysis (rs = 0.676, p < 0.01). The effectiveness of the CK procedure over OK was determined
using validation datasets. Statistically, the results showed that InPb when its auxiliary relations
with Ink were used in CK had overall lower “root mean square error” (RMSE) and predicted InPb
values from the CK procedure had a higher r2 value with measured InPb than OK. A model
produced by the CK procedure with a reduced spatial density of 49 Pb points provided the more
accurate map with a RMSE of 0.550 and an r? value of 0.730, p < 0.01 level. This technique can
potentially reduce fieldwork and soil analysis costs considerably. Measurements of Pb and k must
share a substantial level of spatial continuity to implement CK effectively. Where applicable, it
can be used in the site specific evaluation of hazard posed by Pb exposure to ecosystems, human

health or water bodies in urban green spaces, roadside soils, allotments or brownfield sites.
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Dataset type o RMSE ME

(a) Ordinary kriging
InPb_;se 0.596 0.902 0.037
InPb_»se; 0.431 0.926 —0.185
InPb 354, 0.359 1.258 0293
InPb 504 0332 0.952 —0.056
(b) Ordinary cokriging
InPb_;se 0.848 0.600 0.300
InPb ase; 0.545 0.890 —0.093
InPb 354, 0.730 0.550 0.090
InPb 504, 0.622 0.765 —0.220

Table 1. Summary of prediction metrics for best performing (a) ordinary kriging and (b) ordinary

cokriging models from each spatial density of Pb samples
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Figure 1. Interpolated maps of Pb generated using a) ordinary kriging and b) ordinary cokriging models.

Data was back-transformed prior to creation of contour maps.
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