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BhAIEEE
% 42 8 IR

R 40 2 B IR Jig s 0 71 2 pR R 7K B UK 1 8133 7 (Henshaw and
Merrill, 1980; Evans and Heller, 2003). Hfi, it fit45 &I 3 ZRIE,
£J20,000 Tg/yr (R 1), T oK) 1A RIS K 18 8 STAR AR X 8020, 43318 2,900
1,100 Telyr (R 1), &F HABGEE i =R g AR, IRt 2)
200 Tg/yr, {H2IEFETURRYEZ R, H EOMERMAEESER, Brble
AT AR T A T2 R4S 08 0.002 Te/yr (K 1), JREHAEIK
NI AT DL 2 (Lanci et al., 2012, {E2 X BREE T4 22 09F 7 (6 ik 7T 72 %

(Itambi at al., 2010a) o K 1Lt [ &R 05 A — 7 B 1K LK CRZ) 375 Tg/yr, & 1D
BRI, KK ZE XS F AR & S 7T+ B, (HR = SRS
Fe 1. ORI R B R b
IR Y/DSY N b N PN i

R (>1000 mwd)

K iR E HEHh X (<1000 mwd)
(Tglyr)
(Tg/yr) (Tg/yr) (Tg/yr)
PK)1(1) 2,900 1,400 1,500
W (2) 20,000 18,000 1,700 300
e () 1,100 1,000 100
WEAZ T (1) 200 200 0 0
T HRL (4) 0.002 0.0002 0.0018
KBTI (5) 375 40 335
M 24,575 22,340 2,235

*(1) Raiswell et al. (2006) ; (2) Milliman and Syviyski (1992) ; (3) £ Maher etal. (2010)
EHIE TS (4) B2 H Love and Brownlee (1993) ; (5) £ Straub and Schmincke (1998) it
BIFAMEZ L ORPE. $B Raiswell et al. (2006) FIJ7i:, W AS[EIHE 5 FEE A 4L 20 34T
THEL . A X AR R 13t DX A Bt B K o 3t [X T DA P45 X 7
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HAT, vk HERR AR AR 10%, FEEATEmAhX (> 60°). i
JUF-3 AT BT i BE L X, AER AR AR XIS sk of A 2, 32 B IR A
HBIX IR XA X T 3 AR Bl P DX DR K o oy 242 2 R TR E KT
PEI PRI (e SED LB (e i, BlRifa . 3O
AR LEE AN BT R 3D, IX X LA DA IS 3 (Maher et al., 2010).
2 TR IS B RE TR, I A2 0 R AT 10%A0 2% Kk AR AT SRz 4
RERETRIFUUARIAEL . M S, UR)ITETRT BLRE 50% FRITTRR Y i 3aios BRI
BCGR Do IRZ YA LI BRI TR E 2. B et SiBk A
o NG A R MR JZ I AT DA TR IEAT B IR 06E , 3 oh— NN 2 1]
DL iE B TR D TR B R A R TR A 1 31X 32 22 A T 6 A L
o A P BN B o I T BT ] 2 T 9 A AT AR B =V o SR U PR DR D R R34
BB, BIEEETURYI TR E B AR IR S .

1. UK) a8 IR IR R B

BT UK BBk 2@k, B BA e oK) 1 b5 i 20 s iR (1400
Te/yr, & 1) AP EREA RIS ST IR (Raiswell et al., 2006)
AX LERURL VI R ELRRBRG L, 32 B2 H AR S TR ) B SOE R o 53 A
SR UK T R (1500 Tg/yr) H UK L 8 B B i #h 77 (Raiswell et al.,
20060, MUKIIFAG)G, X ERARYE FE B RS B0RE LUK AERE B (IRD) 0k
TR . IRD J2 1 M AVRHAE 2 K & TR, GEE R T 150 m),
552 W BUR PR RRIR 623 Z I ARRL TR ) GEE R+ HZ . IRD 25 ER
AL, FEAEE ALV, (H2 1 Heinrich F44 ], Laurentide
UKZE (LIS) [ IRD JZ4##E 2| ALK PE ¥+ (Heinrich, 1988; Hemming, 2004;
Stanford et al., 2011) . X EEFAEXS W VKR A B 4E ROE IR, ik T K&
VKNP TSR ENE. T LISVLAEM EENE & (B Bk it KL,
it LL IRD 2 1) AL e B e T BE S DT AR M I B4k % (Stoner and Andrews,
19990, Bk, BIALFEAURT BMENA Rabr iR 1L R vE ¥ IRD 2 B3 B A
JEJE, i LT DA SR TR AT 95 DX R (R B S RS 20 (Robinson, 1986;
Grousset at al., 1993; Dowdeswell et al., 1995; Robinson et al., 1995; Lebreiro et
al., 1996) . 5 & B AR K L 2 S 800] F Rk — IR Sk AL S 15 B 45
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W, AT SR FLz B A7 LA - B 1 IRD Y (Robinson, 1986; Stoner et al.,
1996, 1998; Thouveny et al., 2000). {HJ&, IRD JZAN[F/KF 207 R L 52 4
fiE, LLJ5 HE A0 RM IRD 2 IAFTE, BORERIES IRD ZEIEX 5
VKR Can: REERE 25, JEE. UK. ZFElitl ) 3 SIEM, At
UESE [ Z BT AR5 IRD [Ff 25 B A3 B HJHE 1R (Grousset et al., 20000, R4 ZHY
A6 R PG U AR A (R 7 R i R DA UK AR i 18 5 2R 4 Bt (Eldrett et al.,
2007), X BIE I T UK ) 14502 29 (0 Bt U5 o8 0 1 5 A R SR AIE - AT LA
B0 M 24 SR A AL
SR AT 7712 R] RGN IRD, {2 oA TR B A /D & (1B 52 7 F #46
B 25 2 5 R oy KW FL R IRD  (Huo et al., 1998; Brachfeld et al., 2002;
Kanfoush et al., 2002; Pirrung et al., 2002; Venuti et al., 2011). 7EH¥AFE =4
i), BRI RS (Ehrmann and Mackensen, 1992), X{#F1$ 7 IRD 7£
IR R s, (H R IR ™ IR A 3 DU 4D IRD JZE AR B 5 R
(Pirrung et al., 2002). JLWw W, HTAEXTRERITEY) IRD 2 EAH = 1)
REVER e i, BTLARIEE DY A6 KPR IRD JZ 2840, Rk IRD JZ 1) 32 ZRFAE
& A B E AL %14 (Kanfoush et al., 2002; Pirrung et al., 2002; Venuti et al.,
2011).

2. 2 B Rl IR B UTAR )

WH, KL RK L (Dekov et al., 2009, 2010) XTI 5T ik
NI, DR AR PRV B S e T BE BT A A ) R AR . R, AL
B, AERN—ANE N A A HESE, T LUR SR FOAS [F] RSO A2 1 A2 4K,
USRS T VDI Cl e SOV E  BTREAFT S SR DR ST AT B B4 5T J D A A Bt X (A
WD FHPURAEAR T 2 4N £0 4 (Rohling et al., 2008)+ EIE 7 (Bloemendal
and deMenocal, 1989). A% (Doh et al., 1988; Yamazaki, 2009) H1Jt K Pt

(Bloemendal and deMenocal, 1989; Itambi et al., 2009, 2010a, 2010b) FI#}42.
X LA ST T B AR AR LR GRS 28 U AL 1 s i 2 A 7 BB Tk H
&, WA AR B A HAR IR 2 5 DA Lok AR S N R B AR R R 255 2 i B,
B 7 —S RAIFiE 34 (Rohling et al., 2008), |- At b )y I8 ARG HED 101

B 5 A AE F #9527 (Bloemendal et al., 1988, 1993; Hounslow and Maher, 1999;
3



Larrasoaiia et al., 2008; Itambi et al., 2009), #7322 FHLAV 2 2 [a] Tk 2R AN A .
AT NEIBE FEA R B, Hothfih 2 28, R R e mT a0 ) A
(S-ratio) BRHZAXS & & (HIRM MRBINZSHD MSHL  wl1FE 9 Kok 22 4
AHIFEFR (B 1) (inarés-Turell et al., 2003; Larrasoafia et al., 2003a; Kohler et al.,
2008; Maher, 2011; Roberts et al., 2011c) o Vb5 1A R K FREE (AR R 20 K
BAFAET RS B, AT DARI PR 77 7 VAR 25 5 Huker Il K (Robinson,
1986; Doh et al., 1988; Bloemendal et al., 1988, 1993; Balsam et al., 1995;
Yamazaki and Ioka, 1997b; Hounslow and Maher, 1999; Maher and Hounslow,
1999; Maher and Dennis, 2001; Dinareés-Turell et al., 2003; Larrasoana et al.,
2003a, 2008; Kohler et al., 2008; Itambi et al., 2009; Maher, 2011; Roberts et al.,
2011c). fHIE, FHEGERME, K seis s H FRAEAE MRS IRM X4
Frmab g Aae i 1T, XRMESLT, SR TL P AR it . DR, JRE
BRALZ2FE AR A DRS ISR R 148K HIF74E (Robinson, 1986; Kohler et al.,
2008), {HARJUF T HERIN & = el o 1 & R G2 2 Rl s 1 ek
B B G DL A ANAE T IX 8 T /R ERAT I S 80T DRI RSB T+ T3S
X IRy AR X (Maher, 1986). 5411, Larrasoafia et al. (2003a) FJFH<S %
s PR AN ER A S HEE TRU3 HH SRR 2 0 A o AR 2R R X OIS iz 73 /K e
ACTH HI AR R B I (~ 21°ND o 53 2R 35 DX RS 1 00 7 66 4 DX 3P 150 A Ak
I ST AT e, TR A AL A2 il X Bl KA A 22t RAEIX
Se SRt L, (AR RUSORy AR Fa N AT 78 POl i 2 T XSS S AR o B
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Bl 1. 2D AT AR JE AR AT R 2Rl sk . (275 Roberts etal. (2011¢)) . HEH
KEFAMRET 5 DMK HALE. (A) #FIi (Rohling et al., 2009); (B) £IL#F KL09 fL
[k 221 5% (Roberts et al., 2011¢); (C) H I3 4 & J5UBA ) 1A R 6 H1 T ARLR 5 B (Sun
et al., 2006b); (D)-(G) %> I A H ¥ EPICA Dome C [{)#3 4210 5% (Lambert et al., 2008), ODP
967 FLIFAS 221 3% (Larrasoafia et al., 2003a) , 659 FLAUFI R iC5 (Tiedemann et al., 1994) ,

721 FLAHI# 22185 (deMenocal et al., 1991).
3. s R G IRREE DT
TR R DUAR P ) 32 B4, (R W VR DU R IR TRT I e PR U AR 4

A IR (AT T REAE R T s B o TR 3 2852
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R, MARSIRNE . FTUL, L0t SR 2 B R BIE N A B B8
FUREL S B RLAR B 0, REALER RGN B T R UR AR NG R (Weber et
al., 2003; Stein et al., 2004; Alt-Epping et al., 2009; De Vleeschouwer et al., 2011),
171 326 226 i I (3 4 1) 2 B2 Bl 7 2L g DA PR s 2 FE A% R AR, B 35 A
HAEM (Weber et al., 2003). RAETERFIT FFHE 1, RS S Y00 3 ZARAFAE
AN, 5 S AR S A L, X FE TR, HedEH
fih 5 BARLARAT KRG S BT, X ] e B IR AL A SCE TR X AR 1k, L
4R By 38 7R] (Maslin et al., 2000 ) F1E A -FiE & i A7 /L. ( Prakash Babu et al., 2010).
FEHAAT LT, JATI B R PR DU AR P e S ) SIS L ST M 38 6,
M2 5Y5 X T4 204 5% (Zhang et al., 2007). L, 2RI FHHIT 7,
TRERA /BTN LU 595 X TR AR AT ¢, USSR ML, AR
BT TR PR T (Maher, 1986). Abrajevitch et al. (2009) FJ & 71 1 2
JTEAF B PR P LOARL, DA Sk U7 2 X ) P iy - e 5 5 A Y P 3
ENE AR . 4, Colin et al. (1998) A H 1 il - 5 A YT R {7365
TR DX P~ A A IR 1 2 T eyl R A (0 RE A (¥ 7 B B R AR

4. REFRXT IR B IR 0E

HEFEUUARY) — BRSBTS 20 Fdk AT s, sema L) as i ) BRRAE
MPIRE R X2 FETE SRR BB TR, AR 73 A 5 46
ok (Faugeres and Stow, 1993). B JEZEH NGS5 R Z B R R IF
AR5E4LTER (Andrews et al., 2003a, b; Rousse et al., 2006), {H &5 VY20 E i
VIR 5 & B ARLAS A 50 AL 55 2 H00RT FH KA JES 50 1) i B2 AR AL, T2 %
Jb KA (Kissel et al., 1997, 1998, 1999, 2009; Andrews et al., 2003a, 2003b;
Hassold et al., 2006; Rousse et al., 2006; Stanford et al., 2006] F1 Fg A% | J&

(Mazaud et al., 2007, 2010) . JI&JZ IR A ERITARY) RS I 73 i, IF H.
2 UM RIURL R 25 8] 73 AT o 1K 23 5 WA TR A B3 i, AR AEDTARY W2
) (A Z & m 7, AMS) B977 [P BT (Parés et al., 2007) LUK & [r) M1
IR A E (Kissel et al., 1997, 1998; Hassold et al., 2006, 2009a, b) 7] DL K
HRJE IR BN 5B o RS ) TR DRI I 5 a7 A AMS B9 B A
BT 1 v 243 S G oI K P8 AT A T I 2 1 55 3 X 1R e 2 3 3 2 B

6



5. REFEIIRYER

JUETE— LU 8 B FEHLIX, e Rt JERTE B [URR A 2 AN [ PR DX 4
{HLRAEIX SO 2 R 22 [ [ DX 3Bt YR 8 AR 2 R TR B 15 2L o AEARZ FE I AR AL K7
7 (& 2) (Bloemendal et al., 1988; Itambi et al., 2009, 2010b; Just et al., 2012)
A i (Kissel et al., 2003) HIHEEAETIARC S PRI 1 KBS 2 AT AR
iz IR G IRV . Sz, X e iR T R A RRT A A 1) AR DG O6
Fo MRS RS S S A 5 NG R A B 308 T U IRD =
Hh R H R E RS DB XURC R 8k BT (Robinson, 1986; Thouveny et al.,
2000). & & REAT A IRD FIPURPIE R 456 1 =IRG8 . AFE b
VRV X (R TRR P A7 2 B S5 AR A T DA SO 3 S5 390 J5 PR 26 82 43 A1 o 5 R AR OKES
R AR UTAR I IR AL 210 35— B30 AR B IR PR DTAR M I REAG R 10 5% mT LA
HEWT H XUSR R AT IRD e # AR A S (Pugh et al., 2009) . XK IAREIL D
FEHAAMEA R, AbRkE B RHELIE 2 AR A (Grousset et
al., 1992; De Deckker et al., 2010, iX & 173 EHEH], KOYHRETURPIATKE D
SR 2 IB] AR 2R T LA A TS G AR M i AU PRI U AR P A ST VR AR ) A Y (Pugh
etal., 20090, fH2, HARHFFE NI R B E i AU I AL SRl s AR
IRD {115 5 (Huo et al., 1998; Kanfoush et al., 2002; Pirrung et al., 2002). %34,
e A SR AR R A B A T O AR A 1) P S (6 45 IRD Ak R A5 B A %
(Parés et al., 2007; Mazaud et al., 2007, 2010; Hassold et al., 2009a, b). 7E7 L
RFPEAETE IR A5 5L, IRD ARSI 2B, 1845 K LR SL R 5 iR i)
Wi (Bailey et al., 2011).
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BEN: b3 zhongy@sustech.edu.cn

Struve T, Pahnke K, Lamy F, et al. A circumpolar dust conveyor in the glacial Southern Ocean
[J]. Nature Communication, 2020, online.

https://doi.org/10.1038/s41467-020-18858-y.

PR W XAE ALRE A Fe B N STBR B RVE AT DL BRI A7 1 Attt e A
KRR CO HIFFAR . 2RI, FEAR VKIS T 7 R KB SRR AR 5 R R Ko F 7T
R, BRAHER (~24-32°8) FEARRUKIIE T A BT A A0S TTHR 1 7 AT 0 R b [X 3~
80% 1) AT &, T P AR DX 45k ) VAR SRR T ok B iR X — AU S B4 R a AR AR
B BT AR SE R O AU TR KR AR o JRATT 45 AR s 72 B RVPE UK, Bk
F1 it S 28 L T AR T 7 56 P B VD AR BRIRARAL S IR 0 MR G B S A

ABSTRACT: The increased flux of soluble iron (Fe) to the Fe-deficient Southern Ocean by
atmospheric dust is considered to have stimulated the net primary production and carbon export,
thus promoting atmospheric CO> drawdown during glacial periods. Yet, little is known about the
sources and transport pathways of Southern Hemisphere dust during the Last Glacial Maximum
(LGM). Here we show that Central South America (~ 24-32 °S) contributed up to ~ 80% of the
dust deposition in the South Pacific Subantarctic Zone via efficient circum-Antarctic dust
transport during the LGM, whereas the Antarctic Zone was dominated by dust from Australia.
This pattern is in contrast to the modern/Holocene pattern, when South Pacific dust fluxes are
thought to be primarily supported by Australian sources. Our findings reveal that in the glacial
Southern Ocean, Fe fertilization critically relies on the dynamic interaction of changes in dust-Fe

sources in Central South America with the circumpolar westerly wind system.
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Figure 1. Sample locations in the South Pacific. Main terrestrial potential source areas (PSAs) indicated
with white labels. South American dust sources are grouped into latitudinal bands. In the text, PSAs
between 24 and 32 °S are also referred to as Central South America, whereas Southern South America
describes the PSAs south of 32 °S. Southern Ocean fronts from ref. 94. STF: Subtropical Front. SAF:
Subantarctic Front. APF: Antarctic Polar Front. SACC: Southern ACC Front. SAZ: Subantarctic Zone.

PFZ: Polar Frontal Zone. AZ: Antarctic Zone. Map created with Ocean Data View95.
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The distribution of dust fraction 2°°Pb/?*Pb in the glacial South Pacific. Solid and dashed white lines
delineate the limits of 40% and 15% winter sea-ice cover during the Last Glacial Maximum (LGM)7’,
respectively. Black dots: LGM time slice sampling locations. The dashed black outline indicates the
modern zones of increased wintertime wind speed maxima in the high-altitude (200 hPa) westerly wind
flow of the subtropical (STJ) and subpolar (SPJ) branches of the jet stream located north and south of
the reduced mid-latitude jet (MLJ), respectively’>. Terrestrial source data from the literature listed in
Supplementary Table 3. It is noteworthy that some original terrestrial sample coordinates were slightly
modified to improve visibility in this figure. Ocean fronts from ref. °*. STF: Subtropical Front. SAF:
Subantarctic Front. APF: Antarctic Polar Front. SACC: Southern ACC Front. SAZ: Subantarctic Zone.
PFZ: Polar Frontal Zone. AZ: Antarctic Zone. Map created with Ocean Data View software®. b The
LGM wintertime scenario. The northward expanded Southern Hemisphere westerly wind (SWW)
system (STJ present in the South Pacific as in a) delivers dust efficiently on a circumpolar trajectory
from Central South America to the study area. The extensive sea-ice cover reduces the dust deposition
in the South Pacific AZ. IRD: ice-rafted detritus. Numbers in yellow box as in a. ¢ The LGM
summertime scenario. The STJ transporting dust from Central South America is absent, the SWW
move closer to Antarctica and deliver predominantly Australian dust to the South Pacific AZ and SAZ
north of the summer sea-ice limit. Numbers in green box as in a. A comprehensive overview of tracer
evidence constraining our proposed LGM scenario of circumpolar dust transport and deposition in the

study area is provided in Supplementary Table 4.
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2. WBEBREA R BN —BL-=BLEMRKLE

BEN: FRRZR jiangxd@sustech.edu.cn

Jurikova H, Gutjahr M, Wallamnn K, et al. Permian — Triassic mass extinction pulses driven by
major marine carbon cycle perturbations [J]. Nature Geoscience, 2020, 13: 745-750.

https://doi.org/10.1038/s41561-020-00646-4

FE: K4 251.9 Ma i — S 4- =S40 A 2 B2 IR ahL, XHE3) 174
i [ AL o PUAR AT (0 A O A% T SRR, B L i A LA AT B B L ) 5 AR
TR IIERAE . AHIE TOR T ST 2 AL SR5E MR AT B R Gk pHD 70 #r, 45 KRR Wi
K pH FAR AP T B RV KL . A SRR B, AR TUEN 1 ER A A,
P A R i 30 3 77 5 LU e SR A SR AN R R L 3R I A2 o it S R DA PR AR R A 5 7
BRI A JAE FH RSB S UIAH DG o AR FUAE R 1 il 2 SR PR S 1 52, #R7
TR L, SR A XA SR E SR AL T, s R = A AT
R R BN 2 2 (B A P B o 20 IR BRATT RE 6 A1) FH M ER A 22 Bt S X — gl W A v
EMIRR A IR

ABSTRACT: The Permian/Triassic boundary approximately 251.9 million years ago marked the
most severe environmental crisis identified in the geological record, which dictated the onwards
course for the evolution of life. Magmatism from Siberian Traps is thought to have played an
important role, but the causational trigger and its feedbacks are yet to be fully understood. Here
we present a new boron-isotope-derived seawater pH record from fossil brachiopod shells
deposited on the Tethys shelf that demonstrates a substantial decline in seawater pH coeval with
the onset of the mass extinction in the latest Permian. Combined with carbon isotope data, our
results are integrated in a geochemical model that resolves the carbon cycle dynamics as well as
the ocean redox conditions and nitrogen isotope turnover. We find that the initial ocean
acidification was intimately linked to a large pulse of carbon degassing from the Siberian sill

intrusions. We unravel the consequences of the greenhouse effect on the marine environment, and
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show how elevated sea surface temperatures, export production and nutrient input driven by
increased rates of chemical weathering gave rise to widespread deoxygenation and sporadic
sulfide poisoning of the oceans in the earliest Triassic. Our findings enable us to assemble a
consistent biogeochemical reconstruction of the mechanisms that resulted in the largest

Phanerozoic mass extinction.
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Figure 1. Brachiopod-based stable isotope data from Italy and China. a, Late Permian palacogeographic
reconstruction (Methods) with the locations of the sampling sites. b—d, 8''B (b), §'*C (c) and §'%0 (d)
records derived from brachiopod shells from Southern Alps (Sass de Putia, Tesero and Val Brutta) and
South China (Shangsi). The error bars in b indicate the analytical uncertainty for solution-based §''B (2
s.d. = 0.2%o) and the s.d. between multiple ion spots measurements within a single shell for SIMS 3!'B.
The stratigraphy of the Meishan Global Boundary Stratotype Section and Point (GSSP) is shown for

comparison. The purple field marks the onset of the CIE as defined in our age model (Methods and
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Supplementary Information), with the geochronology based on the latest age estimatesl. Conodont
zones: Hindeodus praeparvus, H. changxingensis, H. parvus, Isarcicella staeschei and I. isarcica.
BWFB, Bellerophon— Werfen Formation boundary; FAD, first appearance datum; Ma, million years
ago; NIST, National Institute of Standards and Technology; VPDB, Vienna Pee Dee Belemnite; RTF,

ridge trench fault.
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3. BBURZBAARZ THEREMT S REM

BEN: EPiX fengwy@sustech.edu.cn

Cipar J H, Garber J M, Kylander-Clark A R C, et al. Active crustal differentiation beneath the
Rio Grande Rift [J]. Nature geoscience, 2020, 13: 758-763.

https://doi.org/10.1038/s41561-020-0640-z
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ABSTRACT: Silicon-rich continental crust is unique to Earth. Partial melting during high- to
ultrahigh-temperature metamorphism (700 °C to > 900 °C) promotes the long-term stability of this
crust because it redistributes key elements between the crust and mantle and ultimately produces
cooler, more-differentiated  continents.  Granulites—rocks  formerly at high- to
ultrahigh-temperature conditions—preserve a record of the stabilization of Earth’s continents, but
the tectonic mechanisms that drive granulite formation are enigmatic. Here we present an analysis
of lower-crustal xenoliths from the Rio Grande Rift—a nascent zone of extension in the

southwestern United States. Uranium—lead geo- and thermochronology combined with
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thermobarometric modelling show that the lower 10km of the crust currently resides at
granulite-facies conditions, with the lowermost 2 km at ultrahigh-temperature conditions. Crust
and mantle xenoliths define a continuous pressure-and-temperature array, indicating that a thin
lithospheric mantle lid mediates elevated conductive heat transfer into the crust. These findings
establish a direct link among ultrahigh-temperature metamorphism, collapse of the Laramide
orogen and lithospheric mantle attenuation. Other indicators of modern ultrahigh-temperature
metamorphism are consistent with these conditions prevailing over thousands of square kilometres
across the US-Mexico Basin and Range province. Similarities between the
pressure-and-temperature path from the Rio Grande lower crust and those from exhumed granulite

terranes imply that post-thickening lithospheric extension is a primary mechanism to differentiate

Earth’s continental crust.
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Figure 1. Modern-day lithospheric geotherm beneath KBH and comparison with ancient granulite
terranes. a, Temperature-depth constraints are from metapelite thermobarometry (blue ellipses), depth
to the magnetite Curie isotherm (MC; blue rectangle) and extrapolation from near-surface
measurements (BHT; blue circles). Mantle depth and temperature estimates (green rectangles) are from
two-pyroxene thermometry and the seismically defined Moho beneath KBH'!?, as well as temperature
inversions from surface wave tomography velocities®>. Also shown are the dry peridotite solidus>?,

0.4 °Ckm™' mantle adiabat, wet granite solidus®*, metamorphic facies grid and aluminosilicate phase

diagram. Steady-state geotherms calculated for the observed range of surface heat flows near KBH are
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shown as black dashed lines; the solid red line represents model geotherm calculated for 30 Myr of
depth-dependent thinning (crustal and mantle thinning factors: 1.25 and 6, respectively) and the black
line represents stable cratonic geotherm using adjacent Great Plains surface heat flow and crustal
thickness®. b, Comparison of RGR PTt constraints with PT paths derived from exhumed granulite
terranes (orange arrows; see Supplementary Information for full reference list). Light-blue polygons
represent > 20 Ma PT constraints from the RGR (ages are superimposed); darker ellipses correspond to
modern PT constraints. Zircon REE patterns (embedded) from KBH mafic granulites show evolution
from garnet-present to garnet-absent conditions. Also shown is the aluminosilicate phase diagram. IVZ,
Ivrea Zone, Italy; MAT, Rauer Group, East Antarctica; PAL, Palni Hills, south India; SMZ, Southern
Marginal Zone, Limpopo Complex, South Africa; GR, central Grenville; AR, Arunta Complex, central

Australia; CAL, southern Calabria, Italy; NCC, North China Craton.
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BEAN: ZREE liyj3@sustech.edu.cn

Sager W W, Huang Y, Tominaga M, et al. Oceanic plateau formation by seafloor spreading
implied by Tamu Massif magnetic anomalies [J]. Nature Geoscience, 2019, 12: 661-666.

https://doi.org/10.1038/s41561-019-0390-y
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ABSTRACT: Tamu Massif is an immense Mesozoic submarine volcano, the main edifice of the
Shatsky Rise oceanic plateau. It is located at a spreading ridge triple junction, but considered to be
a shield volcano formed by effusive volcanism from an emerging mantle plume. However, it is
unclear how Tamu Massif eruptions interacted with the spreading ridges, which are enormous
linear volcanoes themselves. Here we create a magnetic anomaly map for Tamu Massif, which can
provide clues about crustal formation. For Tamu Massif, we find dominantly linear magnetic field
anomalies caused by crustal blocks of opposite magnetic polarity. This pattern suggests that Tamu
Massif is not a shield volcano, but was emplaced by voluminous, focused ridge volcanism. If the
magma source at the Shatsky Rise was a plume, it was closely connected to and controlled by
seafloor spreading. By implication, even the largest oceanic plateau edifices can be formed by

seafloor spreading. We suggest that the widely accepted analogy between continental flood basalts

18



and oceanic plateaus requires reconsideration.
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Figure 1. Reconstruction of magnetic anomaly formation within Tamu Massif. Top, the formation of
the split M21 anomaly by ridge propagation during Chron M21n. Inset, Late Jurassic-Early Cretaceous
geomagnetic polarity timescale. Middle, the rotation of a ridge segment during M21n and M20. Bottom,
the formation of magnetic anomaly bights M19-M18 on the north flank of Tamu Massif. Blue (red)

lines represent negative (positive) magnetization isochrons. Double-ended arrows denote spreading
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directions. Dashed lines enclose wedge-shaped anomalies that may indicate ridge propagation, with the
direction of propagation shown by small black arrows. Red and blue dots (labeled J) show the positions

of triple junctions. See Supplementary Fig. 9 for further explanation.

Sea level =

‘Normal crust

Figure 2. Schematics of an existing volcanic pulse model and a spreading model for the formation of
Tamu Massif. Top, the pulse model3,10 implies the formation of a massive volcano with an extrusive
top (EX) and intrusive lower crustal body (LCB) sandwiching middle crust (MC) and normal crust.
Grey and white blocks in the crust indicate normal and reversedpolarity magnetization blocks. Short
vertical lines represent intrusions that modify pre-existing crust. Bottom, in the spreading model, crust
forms continuously with no boundary between the plateau and adjacent crust. Lateral topographic
variation is caused by changes in crustal thickness, with a maximum at the centre of Tamu Massif. As
above, grey and white blocks indicate magnetic polarity. UC, upper crust; LC, lower crust. The insets

show the inferred volcanic succession (t, is age, with t3<tx<t1).
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B¥EAN: Mn#E Liujp@sustech.edu.cn

Subramani T, Lilova K, Abramchuk M, et al. Greigite (Fes3Sy) is thermodynamically stable:
Implications for its terrestrial and planetary occurrence [J]. Proceedings of the National
Academy of Sciences, 2020, 117: 28645-28648.

https://doi.org/10.1073/pnas.2017312117
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ABSTRACT: Iron sulfide minerals are widespread on Earth and likely in planetary bodies in and
beyond our solar system. Using measured enthalpies of formation for three magnetic iron sulfide
phases: bulk and nanophase FesSs spinel (greigite), and its high-pressure monoclinic phase, we
show that greigite is a stable phase in the Fe—S phase diagram at ambient temperature. The
thermodynamic stability and low surface energy of greigite supports the common occurrence of
fine-grained Fes3S4 in many anoxic terrestrial settings. The high-pressure monoclinic phase,
thermodynamically metastable below about 3 GPa, shows a calculated negative P-T slope for its
formation from the spinel. The stability of these three phases suggests their potential existence on

Mercury and their magnetism may contribute to its present magnetic field.
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Figure 1. Calculated P-T diagram of Fe3S4 showing negative slope.
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Wang C, Mitchell R N, Murphy J B, et al. The role of megacontinents in the supercontinent cycle
[J]. Geology, 2020, online.

https://doi.org/10.1130/G47988.1

WE: 5B KK Pangea 21, fF7E% Gondwana Kfifi, X2 —MHFIKLIHH 2T Pangea K
ffi—FH“ER K. KT Gondwana K4 & %F Pangea # KETEIEE EFEHIMEM, 4
HEEVWZ 0. AXE, FATUEY 1AL K =N KEE AT, SN2 a4
200m.y A5 MU Gondwana B RUKF (98 &, I H B KRS 3 52 i K SR AR IR Bk Bl 7)
Ak BTN KBGO AR H AN ERUKRE, 5 ARKN Amasia 8 KRF#E DI . 3K
A I Sk R SIE A B 26350 18 b 5 27 11 Gondwana iy b B 25 [ £4) B A% 1ok 2 7 [ R4 K Bt 4
o S KRG R I B J A . il KRR, — > B KRR E S S8 e Tk s 41
&, ERPERALE, NUURERRKN. R, BERRENEMmHILE, 5HE KM
TE B KR o 12 R [ JL AR 2 4RF1iE 5 M Rodinia %] Gondwana %] Pangea [{32 2)) 225645 /it —
B,

ABSTRACT: Supercontinent Pangea was preceded by the formation of Gondwana, a
“megacontinent” about half the size of Pangea. There is much debate, however, over what role the
assembly of the precursor megacontinent played in the Pangean supercontinent cycle. Here we
demonstrate that the past three cycles of supercontinent amalgamation were each preceded by ~
200 m.y. by the assembly of a megacontinent akin to Gondwana, and that the building of a
megacontinent is a geodynamically important precursor to supercontinent amalgamation. The
recent assembly of Eurasia is considered as a fourth megacontinent associated with future
supercontinent Amasia. We use constraints from seismology of the deep mantle for Eurasia and
paleogeography for Gondwana to develop a geodynamic model for megacontinent assembly and
subsequent supercontinent amalgamation. As a supercontinent breaks up, a megacontinent
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assembles along the subduction girdle that encircled it, at a specifc location where the
downwelling is most intense. The megacontinent then migrates along the girdle where it collides
with other continents to form a supercontinent. The geometry of this model is consistent with the

kinematic transitions from Rodinia to Gondwana to Pangea.

Figure 1. Paleogeographic reconstruction of Pangea before breakup, showing Gondwana

megacontinent (orange) in Pangea supercontinent (blue) (Mitchell et al., 2012; Mitchell et al., 2020).
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BEN: X inewway@163.com
Lin Y A, Colli L, Wu J, et al. Where Are the Proto-South China Sea Slabs? SE Asian Plate

Tectonics and Mantle Flow History From Global Mantle Convection Modeling [J]. Journal of
Geophysical Research: Solid Earth, 2020, 125: e2020JB019758.

https://doi.org/10.1029/2020JB019758
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ABSTRACT: The plate tectonic history of the hypothesized “proto-South China Sea” (PSCS)
ocean basin and surrounding SE Asia since Cenozoic times is controversial. We implement four
diverse proto-South China Sea plate reconstructions into global geodynamic models to constrain
PSCS plate tectonics and possible slab locations. Our plate reconstructions consider the following:
southward versus double-sided PSCS subduction models; earlier (Eocene) or later (late Oligocene)
initiation of Borneo counterclockwise rotations; and larger or smaller reconstructed Philippine Sea
plate sizes. We compare our modeling results against tomographic images by accounting for
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mineralogical effects and the finite resolution of seismic tomography. All geodynamic models
reproduce the tomographically imaged Sunda slabs beneath Peninsular Malaysia, Sumatra, and
Java. Southward PSCS subduction produces slabs beneath present Palawan, northern Borneo, and
offshore Palawan. Double-sided PSCS subduction combined with earlier Borneo rotations
uniquely reproduces subhorizontal slabs under the southern South China Sea (SCS) at ~ 400 to
700 km depths; these models best fit seismic tomography. A smaller Philippine Sea (PS) plate with
a ~ 1,000-km-long restored Ryukyu slab was superior to a very large PS plate. Considered
together, our four end-member plate reconstructions predict that the PSCS slabs are now at <900
km depths under present-day Borneo, the SCS, the Sulu and Celebes seas, and the southern
Philippines. Regardless of plate reconstruction, we predict (1) mid-Cenozoic passive return-flow
upwellings under Indochina; and (2) late Cenozoic downwellings under the SCS that do not
support a deep-origin “Hainan plume.” Modeled Sundaland dynamic topography strongly depends

on the imposed plate reconstructions, varying by almost 1 km.
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Figure 1. (a) Present-day tectonic setting of the South China Sea (SCS) and surrounding SE Asia after
Hall (2012) and Cullen et al. (2012). Red lines indicate subduction zones and triangle teeth point to the
overriding plate. (b) Plate reconstruction of SCS area during the Oligocene, prior to the main phase of

SCS spreading (after Miiller et al., 2019). The hypothesized proto-South China Sea (PSCS) ocean basin
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is thought to have existed within the plate reconstruction gap (white areas) between the SCS and

Borneo. RRF: Red River fault.
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Figure 2. (a) and (b) Predicted mantle flows and mantle structures from our preferred geodynamic
Model 2b under Indochina and Hainan Island during the latest Oligocene 24 Ma. (c¢) and (d)
Present-day 0 Ma. From the late Eocene to Oligocene the model predicts a midmantle convective
upwelling beneath Indochina and Hainan. At 0 Ma, the model predicts an extensive E-W directed
mantle downwelling that is inconsistent with a deep-origin Hainan mantle plume. Black arrows show
mantle flows and the black lines indicate the £ 300 °C temperature contours. The inset maps show

reconstructed coastlines and cross-section locations at 24 Ma and the present-day.
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Evstigneeva T A, Cherepanova M V, Gorbarenko S A, et al. Millennial-scale environmental
changes in the northwestern Japan Sea during the last glacial cycle [J]. Boreas, 2020, online.

https://doi.org/10.1111/bor. 12484. ISSN 0300-9483
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ABSTRACT: High-resolution analyses of pollen and diatoms in core LV 53-29 from the
northwestern Japan Sea trace climate, vegetation and oceanographic changes during the past 120
ka. The age model for the core was based on tephrochronology, color lightness and magnetic
susceptibility and was used to aid correlation with Dansgaard-Oeschger cycles (warm Greenland
interstadials (GIs) and cold Greenland stadials (GSs)). The palynological and diatom data from
this core record the changing influences of the East Asian monsoon, eustatic fluctuations in sea
level, and the impact of variations in the direction and intensity of marine currents. Increases in
Quercus and Cryptomeria pollen reflect GIs. The highest values of Cryptomeria were recorded
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during Marine Isotope Stage (MIS) 5 and were associated with an increase in the intensity of the
summer monsoon. The increase in Larix pollen is an indicator of GSs, and it occurs in all marine
isotopic stages. Changes in diatom records indicate that oceanographic conditions in the
northwestern Japan Sea differed from its southern and eastern regions. An increase in the
cold-water and polyhalobous Rhizosolenia hebetata indicates Gls, although the surface water
temperatures were colder than today with normal salinity. Species of the genus Chaetoceros,
which is characteristic of GSs, were abundant during MIS 2. The predominance of Chaetoceros
taxa and the high total abundance of diatoms may reflect regional upwelling conditions. The
absence of brackish-water species at this time indicates a slight freshening of the surface water.
The study of pollen, spores and diatoms in sediments from the northwestern Japan Sea illustrates
the great potential of these proxies for identifying abrupt climate oscillations preserved in
high-temporal resolution marine records, particularly those related to interstadial and stadial

conditions.

125°E ' 145°E
Figure 1. Map of the Japan Sea region. A star indicates the location of core LV 53-29. The marine
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currents in the Japan Sea (Yarichin 1980) are (1) Tsushima Warm Current, (2) Shrenk Current, (3)
Primorskoye (Liman) Current, (4) South Primorskoye Current, (5) North Korean Cold Current, and (6)
East Korean Warm Current. The inset map shows the major regional climate systems with East Asian

monsoon (black arrows = winter monsoon; grey arrows = summer monsoon) for the study area.
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Figure 2. The relationship between the percentages of terrestrial pollen (herbs, trees and shrubs),
diatom abundance (9106 valves g' dry sediment), warm-water diatoms and selected indicator taxa
from core LV 53-29 with NGRIP (North Greenland Ice Core Project Members 2004), selected Chinese
stalagmite records from China (Wang et al. 2008) and summer insolation (Laskar et al. 2004). The

dotted lines indicate GSs. The GS numbers always follow directly the GI number.

30



9. PR HERKENRZEEIE (Lunpola Basin)

BiEAN: B 11930854@QQ.com

Fang X, Dupont-Nivet G, Wang C, et al. Revised chronology of central Tibet uplift (Lunpola
Basin) [J]. Science Advances. 2020, 6: eaba7298.

http://advances.sciencemag.org/content/6/50/eaba7298

PR 7R e A, X T AR e e S 0 S5 A B R A BREEAN AR 2 R
(¥ 0 25 0% B 2 o AR P 5P Lunpola 78R RO 21 S AT TF A0 13 st ik i B, %/
M 35 Ma BURAUEZ R T @i, AR EE R BRI A A B BT T 25.5 Ma, X 6
FOREH TR AW TC Y, FRATVE AR 2 AU AR 5 7 K2 IE Lunpola #3h = F%
MR, g5 KK, 39.5 Ma i 7578 o J5 Hh 8 it 44 oo 2 353 S5 (R(< 2.3 km), ~ 26 Ma
I8 (3.5-4.5 km)o 3K SCRE T URMTIH DAORARIESR . GhIm 05 8 2 XA IK A7 78, B3 ot L
WIEATRASRTE, T B R A AE KU TR SIR R FE AR Wt A B e

ABSTRACT: Knowledge of the topographic evolution of the Tibetan Plateau is essential for
understanding its construction and its influences on climate, environment, and biodiversity.
Previous elevations estimated from stable isotope records from the Lunpola Basin in central Tibet,
which indicate a high plateau since at least 35 Ma, are challenged by recent discoveries of
low-elevation tropical fossils apparently deposited at 25.5 Ma. Here, we use magnetostratigraphic
and radiochronologic dating to revise the chronology of elevation estimates from the Lunpola
Basin. The updated ages reconcile previous results and indicate that the elevations of central Tibet
were generally low (< 2.3 km) at 39.5 Ma and high (3.5 to 4.5 km) at ~ 26 Ma. This supports the
existence in the Eocene of low-elevation longitudinally oriented narrow regions until their uplift in
the early Miocene, with potential implications for the growth mechanisms of the Tibetan Plateau,

Asian atmospheric circulation, surface processes, and biotic evolution.
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Figure 1. Correlation of the observed magnetic polarity zones of the measured Dayu section on the
northern limb of the Dayu anticline with the geomagnetic polarity time scale based on tuff zircon U-Pb
age constraints. (A) Paleosol complexes developed on the top of each cycle of channel deposition
(conglomerates): overbank deposits (siltstones-mudstones) of a braided river environment. (B) Paleosol
nodules in luvic paleosol complexes. (C) Tuff layer at the thickness of 318 m. (D) Tropical water
striders and fish (climbing perch) found in shales at the thickness of 150 m. (E) Tropical fish (climbing

perch) found in grayish shale at the thickness 139 m. (F) Schematic lithologic log of the composite
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section showing stratigraphic positions of paleo-current measurements, radiogenic dating samples and
fossils within the Middle and Upper members of the Niubao Formation. (G) Virtual Geomagnetic Pole
latitudes from paleomagnetic samples throughout the section. Open (full) dots indicate reversed
(normal) polarity directions. (H) Polarity zones (N for Normal and R for Reversed) inferred from VGP
latitudes. Top and basal estimated ages are from correlations to the GPTS indicated by dashed lines to

the panel I on the right. (I) Geomagnetic Polarity Time Scale. GPTS, geomagnetic polarity time scale.
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Pusz A E, Thunell R C, Miller K G. Deep water temperature, carbonate ion, and ice volume
changes across the Eocene-Oligocene climate transition [J]. Paleoceanography, 2011, 26:
PA2205.

https:// doi:10.1029/2010PA001950

FE B R A A L HUE X [ e (RIS 2R Mg/Ca B8, 5 58 7 S 49T -8 i 1 9 (EOT)
FHRAE/KIR (BWT) FIpKERAL, X2 50 NME T ERRM AR ER . A5
I K PG EE ODP 3 £1 1090 F1 1265 34l 7 EOT (%9 338 - 33.54 Ma) H[HHE/KS0O (dw).
A IR UK B AN~ AR AL o [RIE, ) AT 1 C #3112 X i JES /K S R Hh IR /K [T B ok
PR IRATHIEHE R LART R RAICER W, 75 EOT ZiMZ G, —Bedbdy B ik bk i
TEKFEPE . RHAS0 it EoR, 7 33.8 Ma (EOT-1) HI#RE T+ 0.5%0, XRE T —
ANE (2310 m) 1 EFE, SRJEAE Oi-1 R BEE T+ 1.0%0. fEFRATTH Mg/Ca idskH, Oi-1
(#133.54 Ma) HIFUHE KRR IFAPIR . ATy, BRIR A WARAER N Mg/Ca 245
([ AR A 35 A EIVE R o D T ARRR X — R, AR R R I AR, KRR T AT T
&IE. {E 1090 F1 1265 £, EIEfEH BWT Bon 5 0i-1 —EH) 1.5°C IR, “F355n

£90.75%0, UKEIIEINFBCRBRIE T L 70 K, FRKIE # N HACE K

ABSTRACT: Paired benthic foraminiferal stable isotope and Mg/Ca data are used to estimate
bottom water temperature (BWT) and ice volume changes associated with the Eocene-Oligocene
Transition (EOT), the largest global climate event of the past 50 Myr. We utilized ODP Sites 1090
and 1265 in the South Atlantic to assess seawater 5'%0 (dw), Antarctic ice volume, and sea level
changes across the EOT (~ 33.8-33.54 Ma). We also use benthic 8'°C data to reconstruct the
sources of the deep water masses in this region during the EOT. Our data, together with previously
published records, indicate that a pulse of Northern Component Water influenced the South

Atlantic immediately prior to and following the EOT. Benthic 8'%0 records show a 0.5%o increase
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at ~ 33.8 Ma (EOT-1) that represents a ~ 2°C cooling and a small (~ 10 m) eustatic fall that is
followed by a 1.0%o increase associated with Oi-1. The expected cooling of deep waters at Oi-1 (~
33.54 Ma) is not apparent in our Mg/Ca records. We suggest the cooling is masked by coeval
changes in the carbonate saturation state (D[CO?"]) which affect the Mg/Ca data. To account for
this, the 3 BWT, ice volume, and d estimates are corrected for a change in the D[CO?"] of deep w3
waters on the basis of recently published work. Corrected BWT at Sites 1090 and 1265 show a ~
1.5°C cooling coincident with Oi-1 and an average dw increase of ~ 0.75%.. The increase in ice
volume during Oi-1 resulted in a ~ 70 m drop in global sea level and the development of an

Antarctic ice sheet that was near modern size or slightly larger.

Site 1265 Site 1090
Site 1265 Benthic Mg/Ca Site 1090 Benthic Mg/Ca
Benthic 60 (%) (mmol/maol) Benthic 690 (%) (mmol/mol)
2 1 05 1.0
—T T LU B e B e e e s s e

D

Age (Ma; Cande and Kent [1995] time scale)

84 88 92 20 40 60 80

Site 1265 Slte 1090
Wt. % CaCO, Wt. % CaCo,
[Kroon et al., 2006] [Latimer et al., 2002]

Figure 1. ODP Sites 1265 and 1090 benthic foraminiferal §'%0, Mg/Ca, and weight percent carbonate
records verses age in millions of years. (a) Site 1265 benthic foraminiferal 6'%0 values (red circles;
Cibicidoides spp.) verses age in millions of years. Isotope values are reported relative to the VPDB
(Vienna PeeDee belemnite) standard. (b) Site 1265 benthic foraminiferal Mg/Ca ratios (red diamonds;

C. praemundulus) in mmol/mol plotted with weight percent carbonate (black line) from Kroon et al.
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[2006]. (c) Site 1090 benthic foraminiferal 3'%0 values (blue circles; Cibicidoides spp.). (d) Site 1090
benthic foraminiferal Mg/Ca ratios (blue diamonds; Cibicidoides spp.) in mmol/mol plotted with
weight percent carbonate (black line) from Latimer and Filippelli [2002]. Gray bars mark the EOT-1
(Eocene-Oligocene transition event 1), EOT-2 (Eocene-Oligocene transition event 2), and Oi-1
(Oligocene isotope event 1) events occurring at 33.8, 33.63, and 33.54 Ma, respectively [Miller et al.,

1991, 2008; Lear et al., 2004; Coxall et al., 2005; Katz et al., 2008].

36



1. DAAEMBT R K K BUE B BIHERTZ) 30 Ma ftifisy o

BEA: EEFR 11930841 @mail.sustech.edu.cn AN

Zhang X, Jiang X, Xiao H, et al. A gradual transition into Greenland interstadial 14 in
southeastern China based on a sub-decadally-resolved stalagmite record [J]. Quaternary
Science Reviews, 2021, 253: 106769.

https://doi.org/10.1016/j.quascirev.2020.106769

FHE: AR 2 BMUKIAFIEIVKIH (GS AT GIS) & _EANUKIHUKEIE S 1 S AR AE,  HLARFAE
A& T RUBE IR SR IR A SR AR BRI K SO U AR A o TEIE 221 AR ep, b [ e
W FE3E A~ T HI AL R E UK A/ (B UK A (CS/ CIS). {HAZ, XF CS/ CIS A8 J HAE W 2R,
b X AR RLIR B HLATI AR 56 42 T i AEIX TR FE e, FRATHELE 1ok B o [ 2R w3 A1l 2= VI )
T 2Th FEARPR B FS FE I A 48180 i 3%, 1055 T 58.2-50.8 kyr (1950 42 /i) HH, ¥
GIS (1 CIS) 16-14. FATKHEAREF GIS (CIS) 15.1 (&) 152 CGE—AN ) Sk
S FEIC AT ORI, FRATIESE A GIS 14 1R A RT3 22 A UK soR o B 35 1 A
Fridste X —RKIEH, ARZH R S5 AT REAE 51 R FAR M T45 U F R rpile 7 o0k E A .
BeAh, FEIATMEFE S, 19 GIS 14 BT UERHEFSE T 1.49 T4, X5 NGRIP F Ll 21
T POE BT AR TR, ARG A S A L, AT e T FR KR E RN GIS 14 17
Py 1 R EAL P A 2) B E RIS I . AL 2 il b
LI AT PG R A APV MR IR (SST) 03, R T PUEE G AT SST A fh 5
o ] 2R e 3 1) AR M B 2 VR A 2 (B P REAEAE A FERR R o BRI, o AR R 0 oy S i o T
AR SRR 1 T4 RS A A AR O ML ) 225G B, BRI e AT AT DA Sy o s S AR A B i s 2 )

ABSTRACT: Greenland stadials and interstadials (GS and GIS) are prominent features in ice
core records of the last glacial period and are characterized by millennial-scale climate oscillations
with sub decadal- to decadal-scale hydroclimatic shifts. Over the past two decades, studies of

Chinese stalagmite records have revealed corresponding Chinese Stadials/Interstadials (CS/CIS).
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However, the CS/CIS shifts and their corresponding forcings across the Asian monsoon region are
still not fully understood. In this study, we present a 230Th-based sub-decadally-resolved
stalagmite 8'%0 record from Xianyun Cave in southeastern China covering the period 58.2-50.8
kyr BP (before 1950 AD) and including GIS (and CIS) 16-14. We used GIS (CIS) 15.1 (peak point)
and 15.2 (first point) to chronologically link the high and low-latitude records. We found that the
onset of GIS 14 in our record occurred earlier than in an ice core record from Greenland and
stalagmite records from northern China. This finding implies that low latitude tropical climate
likely played a key role in triggering abrupt millennial-scale events. Moreover, the transition into
GIS 14 lasted 1.49 kyr in our record, which is in contrast to the abrupt temperature rise observed
in NGRIP (the North Greenland Ice Core Project, 0.02 kyr). Compared with previous stalagmite
records, we identified two transitional patterns into GIS 14 in monsoonal China: 1) a rapid
transition in northern China and 2) a gradual transition in southeastern China. The gradual
transition in our Xianyun record is analogous to a sea surface temperature (SST) record in the
western tropical Pacific, highlighting a possible inherent connection between the changes in
western tropical Pacific SSTs and East Asian summer monsoon variability in southeastern China.
Paleoclimate records in southeastern China are therefore critical for understanding the
mechanisms of abrupt millennial-scale climate events, as they can act as a bridge between high-

and low-latitude records.
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Figure 1. Comparison of 8'%0 records between (a) Xianyun Cave (red; this study), (b) SST in the
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western tropical Pacific (neon red; Stott et al., 2002). Black dashed line denotes the onset of GIS 14.
Cyan line/arrow denote the trend into GIS 14. (For interpretation of the references to color in this

figure legend, the reader is referred to theWeb version ofthis article.)
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Elhacham E, Ben-Uri L, Grozovski J, et al. Global human-made mass exceeds all living biomass
[J]. Nature, 2020, 588: 42-444.

https://doi.org/10.1038/s41586-020-3010-5

RE: NRCEMABIEMBRRIEAR LT IR I H 8 — A n gt 2 N3 7= 4k
(P SR LR A AR S AR 2 FEIX L, AL T EM R TR (AR, JF
¥ H 52911  teratonnes I BR A= P e BT B HEAT EEAL. AT BRIE L7 7E2020 (+6) 4F
MoFAE b NIRRT R A 20 st Bl — £, B AREmamE. FImE,
BR A NG R B O E R AR R XA AR A T AN
A NIRRT 5T & 1 58 B AR 5 ARAE

ABSTRACT: Humanity has become a dominant force in shaping the face of Earth!23456789 An
emerging question is how the overall material output of human activities compares to the overall
natural biomass. Here we quantify the human-made mass, referred to as ‘anthropogenic mass’, and
compare it to the overall living biomass on Earth, which currently equals approximately 1.1
teratonnes'®!!. We find that Earth is exactly at the crossover point; in the year 2020 (+ 6), the
anthropogenic mass, which has recently doubled roughly every 20 years, will surpass all global
living biomass. On average, for each person on the globe, anthropogenic mass equal to more than
his or her bodyweight is produced every week. This quantification of the human enterprise gives a
mass-based quantitative and symbolic characterization of the human-induced epoch of the

Anthropocene.

40



1.6

1.4
1.2 - Biomass 2020+ 6 £
£ 1.0
:CU"’ 0.8
g :
E‘ 0.6 — Other (for example, plastic)
I Metals
0.4 -| mmm Asphatt Anthropogenic
W Bricks e
0.2 | W Aggregates (for example, gravel)
I Concrete
0 [
1900 1920 1940 1960 1980 2000 2020
Year

Figure 1. The green line shows the total weight of the biomass (dashed green lines, +1 s.d.).
Anthropogenic mass weight is plotted as an area chart, where the heights of the coloured areas
represent the mass of the corresponding category accumulated until that year. The anthropogenic mass
presented here is grouped into six major categories. The year 2020 + 6 marks the time at which
biomass is exceeded by anthropogenic mass. Anthropogenic mass data since 1900 were obtained from
ref. 22, at a single-year resolution. The current biomass value is based on ref. !, which for plants relies
on the estimate of ref. '°, which updates earlier, mostly higher estimates. The uncertainty of the year of
intersection was derived using a Monte Carlo simulation, with 10,000 repeats (see Methods). Data were
extrapolated for the years 2015-2025 (lighter area; see Methods). For a detailed view of the stock

accumulation for the ‘metals’ and ‘other’ groups, see Extended Data Figs. * 3.
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Li M, Zhu S, Ouyang T, et al. Magnetic properties of the surface sediments in the Yellow River

Estuary and Laizhou Bay, Bohai Sea, China: Implications for monitoring heavy metals [J].
Journal of Hazardous Materials, 2020, online.

https://doi.org/10.1016/j. jhazmat.2020.124579

FHEL: BT 0BG AT 1 S 2 T W 7 <5 JR 5 s o () A S PR B R . Dy att, of S F 35T
HISR IS 123943 E DA it BEAT B 0, DA 7 — P PRd AT R0 07 VR RAG D B 45 )
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TrEhl. MET R, ARSI EECD, TRZHAER T ICo. Cry Niv Cuy Zn
P B K. LR INTT R FIEE (PLD FoRRIGYE T BTG YRA, JeRIXI5
P, ERT AT REXM: Cov Cry Niv CufiZnEZRH HAR KLY, MCAMPbZE A
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A LLERIE B E Coy Niv CuflZn i) e KU [X 5 o

ABSTRACT: The Yellow River Estuary (YRE) and adjacent Laizhou Bay (LB) encounter
eco-environmental risks caused by heavy metals (HMs) pollution. Here magnetic measurements
were performed on 239 surface sediment samples from the YRE and LB to establish a rapid and
effective method for detecting HMs. Magnetite, maghemite, and hematite coexist in the sediments.
The distributions of magnetic minerals are dominated by sediment sources (Yellow River in
northern and western LB, and rivers in southern and eastern coastal LB), and the anticlockwise
water current. Compared to the background values, Cd content is enriched for all samples, while
Co, Cr, Ni, Cu, Zn, and Pb contents are lower for most samples. The low pollution load indexes
(PLI) of HMs (< 1-1.56) indicate the unpolluted to moderately polluted status, while the muddy
area is the most polluted. The principal component analysis indicates that Co, Cr, Ni, Cu, and Zn

are mainly from natural weathering substances, while Cd and Pb are anthropogenic. Contents of
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fine-grained sediments and magnetic particles are positively correlated to Co, Ni, Cu, Zn, and PLIL

The high-risk Co, Ni, Cu, and Zn regions can be quickly delineated with the frequency-dependent

susceptibility.
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Dallanave E, Kirscher U. Testing the Reliability of Sedimentary Paleomagnetic Datasets for
Paleogeographic Reconstructions [J], Frontiers in Earth Science, 2020, 8: 592277.

https://doi.org/ 10.3389/feart.2020.592277
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ABSTRACT: Paleogeographic reconstructions largely rely on paleomagnetic data, mostly in the
form of paleomagnetic poles. Compilations of poles are used to determine so called apparent polar
wander paths (APWPs), which capture the motion through time of a particular location with
respect to an absolute reference frame such as the Earth’s spin axis. Paleomagnetic datasets from
sedimentary rocks are particularly relevant, because of their spatial distribution and temporal
continuity. Several criteria have been proposed through the years to assess the reliability of

paleomagnetic datasets. Among these, the latitudinal-dependent elongation of a given

44



paleomagnetic directions distribution, predicted by a widely accepted paleosecular variations
model, has been applied so far only to investigate inclination flattening commonly observed in
sedimentary rocks. We show in this work that this concept can be generalized to detect
“contamination” of paleomagnetic data derived from tectonic strain, which is not always detected
by field observation only. After generating different sets of simulated geomagnetic directions at
different latitudes, we monitored the variations in the shape of the distributions after applying
deformation tensors that replicate the effect of increasing tectonic strain. We show that, in most
cases, the “deformation” of the dataset can be detected by elongation vs. inclination ratios not
conforming to the values predicted by the paleosecular variations model. Recently acquired
paleomagnetic directions and anisotropy of magnetic susceptibility (AMS; a parameter very
sensitive to tectonic strain) data from New Caledonia verifies the results of these simulations and
highlights the importance of measuring AMS when using sedimentary paleomagnetic data for
paleogeographic reconstruction. We suggest to include always AMS measurement and analysis of
the distribution shape to assess sedimentary paleomagnetic data used for paleogeographic

reconstructions.
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K3

North

C) K1>K2>K3
K2

B) K1>K2=K3

Figure 1. Theoretical evolution of magnetic fabric in sedimentary rocks during incipient deformation.
(A) Absence of finite strain results in the solely effect of compaction-derived oblate fabric. (B) During
a weak cleavage stage the fabric assumes a prolate shape, with the major axis perpendicular to the
shortening direction. (C) In a strong cleavage state the fabric is triaxial, with the minor and major axes
respectively parallel and perpendicular to the shortening direction. The effect of the fabric evolution on
the paleomagnetic inclintaion is shown on top of the figure; figure drawn adapting concepts from Parés

et al., 1999 and Borradaile, 1997.
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Figure 2. Effect of the strain simulation with strata tilting. (A) Two reference TK03.GAD distributions
generated for a 10 and 40°N latitude are first subjected to inclination shallowing as described in the text;
to the right hand side the conceptual model of the theoretical weak cleavage and strong cleavage
conditions is shown on both the back limb (B.L.) and front limb (F.L.) of a fold system. (B) Effect of
the different strain simulation on the two distributions as described in the main text; the bold numbers
correspond to the ellipses shown in panel C. (C) Elongation vs. inclination of the data shown in panel B;
data are shown together with the reference curve expected by the TK03.GAD model (dashed line), on
which the original 10°N latitude (red) and the 40°N latitude (pink) sets lie; the dotted line is the
minimum possible value of E (1 = circle); SDZ and FDZ = shallowed and flawed distribution zone,
respectively. (D) and (E) are as B and C, but with a simulated shortening direction (minimum axis of

the S matrix) oriented NE-SW.
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Gottschalk J, Michel E, Lena M, et al. Glacial heterogeneity in Southern Ocean carbon storage
abated by fast South Indian deglacial carbon release [J]. Nature Communications, 2020, 11:
6192.

https://doi.org/10.1038/s41467-020-20034-1
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ABSTRACT: Past changes in ocean '“C disequilibria have been suggested to reflect the Southern
Ocean control on global exogenic carbon cycling. Yet, the volumetric extent of the glacial carbon
pool and the deglacial mechanisms contributing to release remineralized carbon, particularly from
regions with enhanced mixing today, remain insufficiently constrained. Here, we reconstruct the
deglacial ventilation history of the South Indian upwelling hotspot near Kerguelen Island, using
high-resolution '*C-dating of smaller-than-conventional foraminiferal samples and multi-proxy
deep-ocean oxygen estimates. We find marked regional differences in Southern Ocean overturning
with distinct South Indian fingerprints on (early de-)glacial atmospheric CO; change. The
dissipation of this heterogeneity commenced 14.6 kyr ago, signaling the onset of modern-like,
strong South Indian Ocean upwelling, likely promoted by rejuvenated Atlantic overturning. Our

findings highlight the South Indian Ocean’s capacity to influence atmospheric CO> levels and
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amplify the impacts of inter-hemispheric climate variability on global carbon cycling within

centuries and millennia.
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Figure 1. Deglacial oxygenation and deep-ocean reservoir age variations in the South Indian Ocean. a
Accumulation rates of benthic foraminifera indicative of phytodetrital input (light purple) and high
annual productivity (dark purple) in core MDO02-2488, b benthic foraminiferal 8'3C records from
MD12-3396CQ (black (epibenthic/shallow infaunal species): Cibicides kullenbergi, grey (deep

infaunal species): Globobulimina affinis; small symbols: replicate analyses, large symbols: mean
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values), ¢ 8'3C gradient between G. affinis and C. kullenbergi (A3'3C), and corresponding bottom water
[O2] levels at our study site (arrow indicates present-day bottom water [O2]; small circles show the
ASBC range based on non-averaged G. affinis 8°C values), diamonds show average values, d
authigenic U (aU) levels (brown) and U/Mn ratios in authigenic coatings of N. pachyderma (orange) in
MD12-3396CQ, ¢ d"*Rp-am variations (arrow shows prebomb values, following the Global Ocean Data
Analysis Project database, version 2) measured in core MD12-3396CQ, f production-corrected
variations in A*Cam, g atmospheric CO, (CO2am) variations (circles), and h EPICA Dome C (EDC) 6D
changes (grey line). Vertical bars indicate intervals of rising CO2,am levels. Darker bands highlight
periods with centennial-scale CO2am increases. Lines and envelopes in b, ¢ and e show 0.5 kyr-running
averages and the lo-uncertainty/66%-probability range, respectively. HS1 Heinrich Stadial 1, ACR
Antarctic Cold Reversal, BA Bolling Allered, YD Younger Dryas.
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Figure 2. Relationship between seawater oxygen concentrations and conventional radiocarbon ages at
present-day and in the past. Modern seawater [O>] levels versus conventional '“C age in a the Atlantic
Ocean (squares), b Indian Ocean (circles), and ¢ Pacific Ocean (triangles) below 2 km water depth;
modified after ref. 4. Symbol color represents the latitude of the seawater sample. Large symbols show
reconstructed bottom water [O2] (via the A3*C proxy) and ventilation ages (i.e. d"*Rp-am, representing
paleo-conventional *C ages) from the deep South Atlantic (green: MDO07-3076CQ, 3.8-km water
depth), the deep South Indian (blue, this study: MD12-3396CQ, 3.6-km water depth) and the deep
Eastern Equatorial Pacific Ocean (black: sediment core TR163-23, 2.7 km water depth; please note that
Holocene A3'3C proxy data in this core overestimate present-day bottom water [O2] in the study region
by ~80 umol kg™!). Symbol labels indicate temporal bins over which the paleo-'*C-[O,] data were
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averaged (in kyr before present (BP), e.g. for 15 kyr BP: 15.99-15 kyr BP). The principal trend of
increasing ventilation ages with decreasing secawater oxygen content can be ascribed to the
accumulation of respired carbon, while deviations from this trend can be driven by the advection of
well-ventilated water masses, e.g. from the Weddell Sea ([O2] increase without '“C change), or through
organic carbon respiration in upwelling regions ([O:] decrease without '*C change). On
multi-millennial timescales, the respiration rate may change (causing the '*C-[Oz] slope to steepen or
flatten), and the ocean-atmosphere '“C and O equilibration timescales change with varying
atmospheric CO: levels (i.e. mean reservoir ages increase in a glacial 190 ppm-CO> atmosphere
without [O:] change) and ocean temperature/salinity (i.e. [O2] saturation increases without “C change

during glacials).
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