&5 49 HA

FAAMRXESFHEROER



1134

HERAGWEE, LXHGAY, R ERPOA A THE, BED
A RAFELRT AL, ARGTERS BT EHEFHFAFEN. ARERY.

AR FHFQIRE AR L, KT H K E TGP IEFHL, BB EK
AT, BB IARM K FEGFF R X, BFRHMAALRR ZHF 4005 F
HETERTUAFREAAN RN EAZH RO ENGE, Ld, EAMZEXRIELZR S
Kt RIFAF AT XA L B 094 i) T 5137694 & K% (deep sea)
5% (deep time)s KFZHIFKTXIIEAXIniE, FARENKEZT, 3EHELH
FRACT SF O Lo CAVLT T B GIE ), KMl AR A 1 5517 2
IEE; TR T R E T, AmibdEEE A3,

AEREHFOEIN LT, AKAE TR FAL, B KF SRR P T R
BRI E T, B RIRET R HRGER . ERZABAR, B AMRBAE]EN,
MR RIS ARG B —, TR, ZHEA#EE. A TRAEAGFHF X
Foxt i F 02, AN EFOIRFABF AT TR, GEBF P SHLm A,

HEBEPS, AR CM?2, —AHE A% “Centre for Marine Magnetism” 49
%E, BEBEERIILE LR TAL E=MC? AR, #A%ZKRMNSAHE
E [F 64 3P Foad A1 552 69 W16 K o

R A AR R A FATIR; 09 = o RAVABESF ARG FH LA E, 12
BIAR T #F . L mFA X GBI ZAEMXENE S A TRIZABEN
IR HUIAL F A AN G B K A R IHAL F AR AT L, BF T PS4
W 7 CM?Magazine, AHIE &4z st F TAEE M LIRS 3] . Skt

“HEFRFT AA, RETHER, RETRR". 21 #L2LEHEFHFGN
K, ®E® &, ERMNGFZ#E b BEFEAFNE LR



TIEFCTERR oo 1
MEFHLE, Geology: IR KILHT I B AREERI oo 1

FEEEZTTLE oo 5
B39 E MM WDEFEA oo, 5

SCHRTEIZE ..ottt 8
1. GBI ATL#S 5 > A] LA ) A [ 3 A T DX TR DX s 8
2. VIS A W ZE T oo 11
3. ZBLAIAKTGHE I T F IIRIB COrnnrvcrcreceeeeecsenns 17
4.83.0-42.5 Ma HEIEVEVEAN A G IR B ooooe 20
5. BT WACCM-X 8% 2 1950-2015 4 &1 )2 KSR /0 #T ... 24
6. MEARHT AT VS BIE SB S RITIIHE A e, 26
7. 38— E 2 AL I — AR R I ] R A AR A v A
Koenigsberger FAE HIHT 712 v 29
8. IR, WAL TR A HEIRAL 2 Z TAITIE R e 32
9. K VLTRSS T 8 I 22 Hb X 5 5 — YR vk s 1A 3 15 R AR Ak [ 4
BRI T oottt 35
10. D-O Ji# [ 1) —F K-SR RE AT oo 37
11, SV R AR T30 0 3 8 UK e 2 5 B 4 i thE A 5 0K AR AL BRI ...
12, WRFIEAR S Woyla 5K (EQEEJEVETE F51 1) BB HRIE....... .44
13. K AEM-BTR4H K K s 4 Ethiopia #1[X. Lima-Limo # T %) 30Ma 3
B TR E ZE TR 47

14, REGRFR AR AV R I AR 50



Wt

HEBSE, Geology: HEIIRYITRIFE B EMKT

IEH, ERHEZAUEEAT] (Geology ) T 1 H Ll K22 N B 2045 A A M &
5 I [ R 2 AR BT (K B W IE T ROCR, $RIE T 77 THIREIR TORR P FR e s
(1 AR, 2R IAM R T A D DU IR SRR AL Gl R, 46
AN A kI SR A IRt T R R

TRAFAEIF TR P (G55 5 2 i FU IR AL I AL I AR FR B AR
BT H ., FEHRIFE RS CniEsn™ . PRI UL S
T E BRI TERBFEZOR I, AEVIRR 9K H AR 2 TURA TR 1 5
—ANE AR H AT X LA Y B R R A AR B 1R — =K
JRT BRI (magnetotactic bacteria) A& BIHE/ME A, — 2@ 7L
BRIE JR 4R (dissimilatory iron-reducing bacteria) ffl ¥ B FI ARG ZR T (Roberts,
20150, HET AN X P RSB RERA RHESS A T — VAR, thlnid MRk
AEHE A BB RT . GEARTESURAE, 10 5 A BRAE T 40 T8 M ARG U R
PR AR B, KGR A NIER R S B,
TRt R Eh i SR/ E AL, DIARYh 2 LA (B ED BLR (Jergensen, 1982;
Boetius et al., 2000), i A S A7 AE A A UTRR ) b (R RE ™ M DAAS 31 R B R AF
WEFCRIL, AL TR TR T R - A be ik 46 ST (SMTZ) BB 28 483
DURS 1R T A 1 R £ 3K 30 - F be R U I R s B, i 2
B R B A 2 DU R 25 R A58 SR 7 f# (Riedinger et al., 2005;
Mirz et al., 2008; Roberts, 2015).

TEAZHE e, bR A 55 S0 0 R I L34 SR X — MR KA 230 K DT AR A AL
GMGS2-16 BEATWIALZE AN, AT I B FLIAR A HE B 24> SMTZ S (Lin
etal, 2018) MM IFARHICE, MRIHAREEE (B 3A), XikAK
BN, P LEE R Z M FB(FORC —B IR 2k . X S 4T
O, TR BT RS S, MR A AR R
VLA, FEIX S AL 3 B AL th 38 AR DR AF G R A5 R AT ORAE S ANK K

1



WA (1 4) ! AR, XEEREERY R0 200 £ 800 4K, H.2 LAY
I, g S AR AN R SE 350 1) 1 R b St DA R 38 DA A 1R A 0 B R
CRb /NN AR S T B AMRER T B 1, 18] 2), FR7RiX e 5 AR RAERA 7T e A
A AW A !

K 2. SR BRI A0 T S A AN U 7> A R Bk R (I E Lovley et al., 1987)

2



A. B. C. D.

F. .
Y (104m3kg 5"°C garp (%o, V-PDB) e "(AV = nuest'ﬁ
0 2 4 6 15 65 -60 -55 -50 = Magnetite
G = Goethite

commecn
) d pm 66m ) Uisseos WM

V
E o0 e
A N

003 7.20004 \ " M WM w
ooz E2. o= y f MAL_21.70m
oot seoeot f \
a0 - as000t ,
£-om aoeot ]
&-0m 320008 — ‘ A 90.20m
-003 240008 M M

: | |~ ™

U M

0l =3.4 x10“m’kg

%! depth: 21.7m wm MS G ‘el GJ\
OO o0 o6 0o 0% Blo A \ 140.05m
. .
carbonate’nodules o E3.
o bearing layers - -

~—-204.40m

s
0% y=14.4x10"m'kg"

%1 depth: 90.2m 21.70m
%05 ooz ob+ 066 abs 010

(11|1) 2|n (220) G11)
1

\( 2)

o ‘ Wouestite
DZZ E4. o (311) (333)
e . o arn o0 | o0 ez 40 Magnetite
e  a I bl (400)
003 180004 (20 0)| 13?:11 o1 @12 .
DI0RG:2 0.4 0.6 0 5 10 15 20 Lu| X=66x10°mkg’ [T A - Ll
magnetic extract CH(mmol/L) <t P 25t i, Hoomer 26(°)

(wt.%)

K 3. WFFUE L GMGS2-16 [FIRES: HERAL A W24 E . (ATRRIREAL S,  (B) VIR
VIR RS s (C) W IRIRIR Sh &5 % L R 2 (D)UY Bk s (B)UTA I —Bh
2R (FORC KD (F)RIVEYTR XRD 0 dr45 ROE WS ).

G Z AV IR A ) AR, MR BRI ISR T RE

e UTAR IR o ity G A i SR e R B 1 . W 7 4 9L GMGS2-16 7 138
] P VA R A RAR SR A PIRAT X, 1% DX 3 o P A 1) PR o s v 175 ) 2 53 BT
Py A -1 SRR 5 IO AR A, o 12 FR 2 (R SMTZ Fi b Bk AL P (n 35
BRI EA, B R E IR A (B R R 1B 4A-BD.
X LE R A — B POs B e iy, T ORR B AR Mo SRR F R A SR A
KBRS EORE A AR 1T B

YRR R Gt s o PR B0 A P 3 D AR SR 3 4 R AR I 3R 22 SR ATT R R R
W EEE AR, 12 R R bR B R BRI R WL J — & A BAS
B B BT AT Z R /R AL T #R D (Beal et al., 2009; Egger et al., 2014;
Sivan et al., 2016). SR e il A= M0k 3L JELAE HIAE 22 R die i AV /K IO AR B4 35 o
CH 2RI, B H AT MARE T BT AR A AR BRI 78 . 901 &
58 TR F BE s vh AR WD o SR A AR DG 1) B AR AR, I — B R R I T
AT I TR ARG SRR DR, IR R RIS (5 5 B R EE . [H
I, 1ZKIAT Re 2 ARSI AE YL EAE AL LR R &R, AIER
KSR T IS HE PR



BRET (HD AR (G MIFEAEL R, (CD)YREWEN BE4: (EF) 8REE M KRSy
EOR; (G-D RDIRBEERT M N ERE5#;(J-L) L 5 fi4s (TEM) FIESIA SAED #7
WHERE

ZR KT (Geology) L: LinZY, Sun X M, Roberts A P, et al. A novel
authigenic magnetite source for sedimentary magnetization. Geology, 2020,

https://doi.org/10.1130/G48069.1

BB REF, PLOXFRREASEIRFR
2012 4 AR AEKET AMA, RATATLRFEHF
AFEFrHts, K HLERFRATRIRERD
KB, ATRAMHRFERATHEEERRTAM 2 ).
B A7 72 Geology. GCA. Chemical Geology. Marine
it : Geology ¥ #1F) 2 X & 8 B—4E SCl#tL. THEAKR
ARMFELETFRAA, AR EALTXFRA, | LR A (—FF8)
FHAHAB 4R




EI9E  HIMAT YL

BB T 438 A Fe** (Ferrous) F1=4} Fe’* (Ferric). 24 pH>5 i, Fe?'&x
W E AR Fet

Fe?* + 3H,0 > Fe(OH)s+3H " +e"!

2Fe*" + 4HCO5 + 1/202 + 4H0 > Fey03 + 4CO; + 6H20

Fe:0; + H,O > 2FeOOH

4 P WNR L A ok G, e SRR Fedt, MUK S & T UK 8™
(Ferrihydrite), LAKERD J9EERL, J5 A 7R FIEH R 7 ) 8k . — BT
IR AR O I, AR BN, SRR B R SRR, ST IR
i, AR A A 2 5 L. AR ) Fed il AR, R4
Al-Ferrihydrite N7 2 JE SRR . X UL, R BEA S TR, &R
T2 b AT 2% 5 R 100 R T

AR SR B AR AR R B R IR X Fh e 4 R 2

EHERAT IR TR B KR SR A, SRS A o T ARERAT TN 75 K Bk S 3R
8, SRJG s R AR INE BRI

IR RARIRAN, —RAEJ LA B LA nme B DUBTA BB HE K 2RV A 14
IREE AR HEE BRA TE 8, FT REAR KA SR (0 2% 1 MU i3 7R R RO TS o

WAV RBRSE, BRI, KD AR, AW ER? 24
RIS, SR AR SV T, REERAHRD HET.

FATTAT AR AR AR 1 B i, RS R E B KR IR =
pH X ERF FIRERA (AR BB, pH =7-8, IR =4-90 °C, 7REH 5L
Fo pH=12-14 I, FHE02ME— 1™ HA.

AT R AKERAT TRV AR AE A4 pH AE IR T 55 15 ?

AR, TE pH=12-14 I, /KGN (I MRE R R, BTV B s 5 K i

WMRER P IEERZHAMEYLR, i P, 256t B 4R (2 2
XA R S R E R B R T, BE AT CARH /K BRA VA, LR A B 77 H
[ It AT DABH LB /KR 65, AT FE AR R AN 2 AL

5



WHIRATE ALY, APPSR FRAETZSFRR, NEGIEBI 45, HE2E
AR IC R R R AR, FTUAE A 5 P A S R AR

Hm>Gt
ﬁ
{jus .
it Ferri
g Fe-Organic
complexes
Gt
AP &=

BT KERAT e e 5 Bk b e R AN HLIE &5 B ORI
HARBEFRBL RPN, 2 Fe SRR, KEIKEXZK, BEY

RAEREFTUSGRN ER M 2, RS BRI K &R H AN
I, X B8 2 S U ERAT

AAPUTE R LRGN, SRR AR ARANE S G T DR AR € 17K
BRHORE . HEN S EE SN, BREMANER—FMEIREY. FrUER
IRFL, BRRRPOKERE™, DAL IRA YRS BB L.

PATR G — NIRRT MEH R AT A . JRERT B A TR
CIRER L KRR, B SR ED . TR B3N CAPLR S B DUk
SEmMEEE (BtaRm, KB &8s, BHEE.

BHERI IO O TR GRgh s mildk iR WlE. B3 B O
U Efmm . S B EEE . R,

PATHEE A TR, LTSRS RS, PO VER SR
FELIER T, RIROBIORARL, KRFAEH TIREGRE R G OIR R

HEVER W2 18], T AR AT AL, SRR, (HA2E, Tkl
TR BT A — 8 7 NI AR S 45 R, TR AR 2. R EHE
Fe? S ALK Fe**,  mlE I A% o KK e A HEORBERT BL 1



RIS N, BT SR T KT BT DA RO AR
A ] BE 2 AL R R = R AR

IR BT LLEEAE A TLF- B A 108 W REVER 4. NI BB ORI o I AT
VENTE B o AR ARV RYTIERT, F77E Fe2*, AT LA ma ey .

FEIRJFEIREE T, AR R AR W] DU . [z, AEAIAEE T,
FGARAT AT LA S SRR AR R R AR ERE . FEARIB SRR N, KRR k™ ] A
WM —PAZ AR, WAZSRTIERE, AR AR BT AR 52 Z A
YT AR NCIPS 902 NUNGETEE S Ve LY Tt A P agda sk s =1 {351 A P ]
O AN, XFAZSEEERE e, Fm st 2 BRI R K

BHERY SZ A O IR R, e R S SR ST e (2605320 °C).
AL ARG, BRI . R, BB AR SE AR, K, PHE
THEHHES . 3 AT Unit cell > 1 4> Hem Unit cell.

0 100 200 300 400 500 600 700 0,001 0.01 0.1 1 10 100 1000

1 1 0.3
70 =
3 PF o3 SP sD PSD o 028
0.8 - - 0.8 60 - -
a4
0.7 |- : Fﬁ-“s; - 0.7 ok_-- 8 PF_ I
06 " o6 - ‘Q_"d?e Boer and Dekkers »
o 2 a0 1996) =
205 {& 405 = 015 %
e o
0.4 | 2 o 04 30 | —_ \\a‘”% =
-1 0.1
0.3 | 03 20 k- ,\“‘
o2} 0.2 . e p d 005
01 (c¢) = 0.1 (d) —O— Mrs/Ms
0 | 0 0 PETT T BT EETT e BT BT 0
0 100 200 300 400 500 600 700 0.001 0.01 0.1 1 10 100 1000
Temperature (°C) Grain size (rum)

Bl 2 BB S R R B
Wh TR S AR AR, T BBV BRI FE PR . (HR, X Fhdib S
FETR RN IR B VAR G o BEARERA ORI, mhikAa e . wl BLE 3 J-T ik,
— RSB, FARIREAG 58 FE 23 LU VTR A, Xt R AR R R AR T 4k,
BB IEIERA R (PO X T KBRS, PiA 10%/E 4. E£)LE Y
K, PrAf LA E] 50%. % o B 38 - by L3 R BURRER In#GR B, R
KR T LB 2L E 4K, Frdf BT Pr4)oN 50%.



DR i

1. BN ES LRGP E R R X AR X

BEN: b3 zhongy@sustech.edu.cn

Lin X, Chang H, Wang K B, et al. Machine Learning for source identification of dust on the
Chinese Loess Plateau [J]. Geophysical Research Letters, 2020, 47: e2020GL088950.

https://doi.org/10.1029/2020GL088950

WE: PEREEEE (CLP) KT XA IRAFLE S A SO E RLHT i) B A AR A 22
ML Tk, A 8 MEEIRIX R Z TR e s SO B AR AT 25, AT E S %
PR (CLP) X HYAR UK B A0 24 5 ) (] DK TR HEAT 702 W 8 0 22 SRR BT
ko ALas B AR i — A UKIYI- a1 DK S0 (B 9 ) e Dt X 70 7 2280 0, IR e AT T
JEAEMRA PRI TR JE AR A AL, EIE RRE R kIR, X —iARE Sr-Nd
[FI A2 AN U-Pb RIS 3 AR — B . AT SRR, 8 K & kAL 7 H S A
PLE 22 SRR 58 2 e 1B Bk

ABSTRACT: The provenance of voluminous eolian dust on the Chinese Loess Plateau (CLP) is
still highly debated. Here we apply machine learning methods of support vector machine and
convolutional neural network to train models using element compositions of surface sediments
from eight potential source regions, accordingly, to determine the dust sources and contributions
by classifying the last glacial loess and present interglacial sediments on the CLP. The trained
models succeed in differentiating major secondary sources and quantitatively estimating the
contributions of both primary and secondary sources at least during the last glacial-interglacial
cycle. The understanding that a constant dust source despite changing climate conditions agrees
with those derived from Sr-Nd isotopes and U-Pb age spectra. Our observations demonstrate that
big geochemical data sets coupled with machine learning technology are fully capable of tracing

sources.
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Figure 1. Map showing the shaded relief of central East Asia and the sampled sites. The
continental-scale geochemical mapping covers the Chinese Loess Plateau (CLP) and eight potential
source regions (PSRs). Glacial dust storm track and modern surface winds are according to Pullen et al.
(2011). Circled H means high pressure over Central Asia. DT R. and HS R. are Datong River and

Huangshui River, respectively.
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Figure 2. Compositional biplots of LGL, PIS, and PSRs. (a—c) PC1 versus PC2 and (d) PC3 versus PC6
(some of the PSRs that show similar distribution patterns with that on PC1 vs. PC2 biplot are not
included to avoid serious spatial overlap). PC loadings for each element are plotted as black lines.
Numbers in bracket denote the variance accounted by PCs. LGL = last glacial loess; PIS = present

interglacial sediments; PSRs = potential source regions.
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Figure 3. Pie charts showing the dust classification using support vector machine (SVM) and
convolutional neural network (CNN). (a, b) The last glacial loess (LGL). (c, d) The present interglacial
sediments (PIS). (e, f) The weighted average proportions of LGL and PIS in the eight potential source
regions (PSRs), respectively. (g, h) The decomposition of the Hetao Graben into six other PSRs. N =
number; ETP = eastern Tibetan Plateau; N. Alxa = North Alxa Plateau; S. Alxa = South Alxa Plateau;

NTP = northern Tibetan Plateau consisting of the Qilian Mountain, Qaidam Basin, and eastern Tibetan

Plateau.
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Li HJ, Sun C F, Fang Y H, et al Biomineral armor in leaf-cutter ants [J]. Nature
Communications, 2020, 11: 5792.

https://doi.org/10.1038/s41467-020-19566-3
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ABSTRACT: Although calcareous anatomical structures have evolved in diverse animal groups,
such structures have been unknown in insects. Here, we report the discovery of high-magnesium

calcite [CaMg(COz3).] armor overlaying the exoskeletons of major workers of the leaf-cutter ant
Acromyrmex echinatior. Live-rearing and in vitro synthesis experiments indicate that the
biomineral layer accumulates rapidly as ant workers mature, that the layer is continuously
distributed, covering nearly the entire integument, and that the ant epicuticle catalyzes biomineral
nucleation and growth. In situ nanoindentation demonstrates that the biomineral layer significantly
hardens the exoskeleton. Increased survival of ant workers with biomineralized exoskeletons
during aggressive encounters with other ants and reduced infection by entomopathogenic fungi
demonstrate the protective role of the biomineral layer. The discovery of biogenic
high-magnesium calcite in the relatively well-studied leaf-cutting ants suggests that calcareous
biominerals enriched in magnesium may be more common in metazoans than previously

recognized.
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Epicuticlar microstruciure

Cuticle

Figure 1. Morphological and structural characterization of minerals on the cuticle of Ac. echinatior. a
Ac. echinatior ant with a whitish cuticular coating (Photo T.R.S.). b SEM image of ant cuticle with
crystalline coating. ¢ Backscattered electron (BSE) image of a polished cuticular cross-section of an ant.
This layer is brighter than the cuticle in backscattered electron (BSE) mode scanning electron
microscopy (SEM), indicating that it consists of heavier elements and is continuous, covering nearly

the entire surface. d BSE image close-up of a polished cuticular cross-section of an ant.
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Intensity (a.u.)

Figure 2. Chemical characterization of minerals on the cuticle of Ac. echinatior. a In situ XRD analysis
identifying the cuticular crystalline layer as high-Mg calcite. b—g XANES spectroscopy and mapping
with PEEM of a cuticular cross-section. b Average of PEEM images acquired across the C K-edge,
showing crystalline layer tightly attached to the cuticle. Three distinct component spectra were
identified in the regions labeled cuticle, epicuticle, and mineral, from the most internal part of the ant to

the outer surface. ¢ Normalized component spectra extracted from the corresponding labeled regions.
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Characteristic peaks are marked, including the 285.2 eV (C=C), 288.2 eV (C = O) and 290.3 eV
(carbonate) peaks. d Component map where each pixel is colored according to the chemical
components it contains. Black pixels are masked areas containing epoxy or gaps. Faint carbonate
components within the cuticle and epicuticle were emphasized by enhancing the blue channel 5%, thus
this is a semi-quantitative map. A fully quantitative RGB component map is presented in
Supplementary Fig. 21. Individual maps of each component are presented in Supplementary Fig. 22,
clearly showing an increasing gradient of carbonates towards the surface in the cuticle. ¢ O K-edge
spectra extracted from the mineral crystals correspondingly colored in the Polarizationdependent
Imaging Contrast (PIC) maps in f and g. f Magnified PIC maps for the regions represented by boxes in
the complete PIC map in g. g PIC map quantitatively displaying the orientations of the mineral crystals’
c-axes in colors. This map was acquired from the same area shown in b and d at precisely the same
magnification. These are interspersed high- and low-Mg calcite, and heterogenous at the nanoscale.
Biomineral crystals do not show preferred orientations but are randomly oriented. High-magnesium
calcite in carbon spectra is identified by the carbonate peak at 290.3 eV, which occurs in all carbonates,
amorphous, or crystalline. The O spectra in d clearly indicate crystallinity, and their line shape indicates

a mixture of high-magnesium calcite and low Mg-bearing calcite.
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Figure 3. Mechanical protection afforded by the epicuticular mineral layer. a Quantitative
nano-mechanical properties of insect cuticles, including honeybee (Apis mellifera), beetle (Xylotrechus

colonus), leaf-cutting ants [Atta cephalotes worker, Atta cephalotes soldier (purple), and Acromyrmex
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echinatior worker without biomineral (green, with green minus circle beside the ant image)] and Ac.
echinatior ant worker with biomineral epicuticular layer (orange, with orange plus circle beside the ant
image), measured by an in situ nanoindenters with a cube-corner probe (n = 12, 15, 13, 15, 12, and 13
for insect measured above, respectively; center, median; box, upper and lower quantiles; whisker, 1.5 x
interquartile range; points, outlier). Atta ants images, Xylotrechus beetle image, and Apis bee image
provided with permission from the copyright holder, Alexander L. Wild, Jon Rapp, and Don Farrall,
respectively. b—d Aggressive interaction between three Ac. echinatior workers (with/without biomineral,
respectively) and Atta cephalotes soldier (Photo C.M.C.). b Ac. echinatior worker (left) aggressively
interacts with Atta cephalotes soldier (right). ¢ In aggressive encounters with Atta cephalotes soldiers,
Ac. echinatior workers with biomineral armor (orange) lose substantially fewer body parts (i.e., legs,
antennae, abdomen, and head) compared to Ac. echinatior worker without biomineral (green). d
Survivorship of Ac. echinatior workers without (green) and with (orange) biomineral armor in
aggressive encounters with Atta cephalotes soldiers (purple). Asterisks indicate significant differences
via a two-sample t-test (¥*P < 0.05, **P < 0.001; P-value = 0.0184, 0.0001, and 0.0006 from left to right,
respectively; n = 5 per treatment and the corresponding standard error are shown.). e Survivorship
curves of Ac. echinatior worker with (orange) and without (green) an epicuticular biomineral layer
exposed to the entomopathogenic fungus Metarhizium. The inset images show more substantial fungal
growth and emergence from biomineral-free workers (Photo H.L.). ¢, ¢ n = 3 per treatment, and the

corresponding standard error.

16



3. ZBLERMAAEEF A KA T KR CO,

BEN: EPiX fengwy@sustech.edu.cn

Capriolo M, Marzoli A, Aradi L E, et al. Deep CO; in the end-Triassic Central Atlantic
Magmatic Province [J]. Nature Communications, 2020, 11: 1670.

https://doi.org/10.1038/s41467-020-15325-6
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T ELA 52 HER R R FE AN A I T] o 38 1o 00 J5 R A0 4 A DRAF U VA I I E 7S AT
AT =BLRM AT IHA RS (CAMP) XA E & COx [ EIENE . TRATLS
KW COx 5 B DA — B2 5k B i A/ rp- R 5 . IRER R 147 AL R 42 11
CAMP & RAZ AR R R, EA TR RPEB A ke (RS LML &
RIS, Ik CAMP &R IKMEAN =& LAWK Cox 85 21 HEZZHM A
NHEBCREA 2. I KRR KL CO, AT RE BT 1 =B 20 AR 1 4 BRAZ IR MR IR AL

ABSTRACT: Large Igneous Province eruptions coincide with many major Phanerozoic mass
extinctions, suggesting a cause-effect relationship where volcanic degassing triggers global
climatic changes. In order to fully understand this relationship, it is necessary to constrain the
quantity and type of degassed magmatic volatiles, and to determine the depth of their source and
the timing of eruption. Here we present direct evidence of abundant CO» in basaltic rocks from the
end-Triassic Central Atlantic Magmatic Province (CAMP), through investigation of gas
exsolution bubbles preserved by melt inclusions. Our results indicate abundance of CO; and a
mantle and/or lower-middle crustal origin for at least part of the degassed carbon. The presence of
deep carbon is a key control on the emplacement mode of CAMP magmas, favouring rapid
eruption pulses (a few centuries each). Our estimates suggest that the amount of CO- that each
CAMP magmatic pulse injected into the end-Triassic atmosphere is comparable to the amount of

anthropogenic emissions projected for the 21% century. Such large volumes of volcanic CO> likely
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contributed to end-Triassic global warming and ocean acidification.
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Figure 1. Sketch of the transcrustal plumbing system of CAMP basaltic magmas from the mantle to the
surface. The evolution of basaltic magmas occurs at variable depth by crystallization of minerals,
which then form aggregates in crystalline mushes'>'* and entrain bubble-bearing melt, forming Mls.
Different volatile species exsolve at variable depthl6. In particular, COz-rich fluids (white bubbles)
start exsolving at great depth, whilst H>O-rich fluids (blue bubbles) and S-rich fluids (yellow bubbles)
start exsolving at shallow depth. The black dashed arrows indicate the potential sources for the carbon
in CAMP magma: the mantle, the deep crust and the Palaeozoic or Triassic sedimentary basins in

which CAMP sills intruded. The carbon within the here studied Mls derives from the deep sources as
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demonstrated with clinopyroxene geobarometry data. Clinopyroxene crystallization pressures of this
study have been calculated using ref. 37 (Supplementary Note 2). Clinopyroxene crystallization
pressures of bibliography are from ref. 2 for Morocco, ref. 3 for Portugal, and ref. 40 for USA. The
error (+ 0.2 GPa) takes into account the uncertainties from both the geobarometry model (+ 0.1 GPa)?’
and the electron microprobe analyses (+ 0.1 GPa, deriving from the + 10% accuracy on measured Na

concentration).
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BEAN: ZREE liyj3@sustech.edu.cn

Yatheesh V, Dyment J, Bhattacharya G C, et al. Detailed structure and plate reconstructions of
the Central Indian Ocean between 83.0 and 42.5 Ma (Chrons 34 and 20) [J]. Journal of
Geophysical Research: Solid Earth, 2019, 124: 4305-4322.

https://doi.org/0.1029/2018JB016812

FHE: PO P EN PR, Crozet VG Sy INMTINTE 78, TR RLT ENEERCER (31
{E[¥) Capricorn), FaMRMARBRIAEIIBLEL (ILEN) Somalia) [HIZLMFRIZ J5 MIVEAS . A AR
WO T TR L U T TEDUL I £ e T, R A AR AT (S S T TR
C34ny (83.0 Ma) F| C20ny (42.536 Ma) MW R4, HeT~ 1400 ML W R R AT
B 29 AT > R GRS R B LB AR AE &R, W] /3 B Capricorn-Antarctica /1
Capricorn-Somalia [ MR B ()4 IR #5251 55 Capricorn, Antarctica, Somalia i [H]
BB AR E AT LR . AR B, = ANBBR A E @ M X Capricorn-Antarctica Al
Capricorn-Somalia 1] /MR I 1) 58 5 A i B2 i@ #% . 17 Somalia-Antarctica [¥) 7 AR () 5
AR = AN E R A O AN AL o A U AN SRR = AR e 1) S 4 ) ) 22 e 1T g
K Capricorn-India 4" #{i 5 5 3T R R AR T BAS [R5 o 28 (R 57 4 480 B 20 1) A 3 A )L
AN Z ST (=AY 5k PO RRESS R . = AN H ] S 4 2R = B AU
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ABSTRACT : The Central Indian Ocean, namely the Central Indian, Crozet, and Madagascar
basins, formed by rifting and subsequent drifting of India (now Capricorn), Antarctica, and Africa
(now Somalia). We gathered a comprehensive set of sea surface magnetic anomaly profiles over
these basins and revisited location and identification of magnetic isochrons between C34ny (83.0

Ma) and C20ny (42.536 Ma) using the objective analytic signal technique. We present
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high-resolution magnetic isochrons for 29 periods based on ~1,400 magnetic anomaly picks. From
the conjugate sets of picks, we derive two-plate finite rotation parameters for both the
Capricorn-Antarctica and Capricorn-Somalia motions. These finite rotations are compared to
three-plate reconstructions of the plate boundaries between the Capricorn, Antarctica, and Somalia
plates, constrained by the closure of the Indian Ocean Triple junction. In general, the three-plate
reconstructions  slightly overrotate the reconstructed isochrons with respect to the
Capricorn-Antarctica and Capricorn-Somalia two-plate reconstructions. Conversely, the two-plate
reconstructions for Somalia-Antarctica slightly underrotate the isochrons compared to the
Capricorn-Antarctica-Somalia three-plate reconstructions. We suspect that the discrepancies
between the two-plate and three-plate methods result from the recent seafloor deformation in the
Capricorn-India diffuse plate boundary and/or from the contrasted nature and geometry of
magnetic isochrons at different spreading rates (i.e., magnetic structure of the three spreading
centers). Three-plate reconstructions better constrain the closure of the triple junction but spread
any misfit among all three plate boundaries. When enough quality data are available, two-plate
reconstructions may lead to more realistic plate motion estimates from which additional geological

problems can be identified and solved.
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Figure 1. Updated magnetic anomaly picks superposed on satellite-derived free-air gravity anomaly

map in the Central Indian Ocean. Age of the lineations are indicated by colors as in the legend.
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Figure 2. Location and ellipse error of finite rotation poles for Capricorn-Antarctica (a) and
Capricorn-Somalia (b) for the two-plate (red, Table 3) and three-plate (blue, Cande et al., 2010)
reconstructions. On (b), the open black triangle marks the finite rotation pole for Chron C22no
(16.252 °N, 43.554 °E, —27.040 °), which is not listed in Table 3 but reinforces our confidence in the

observed fluctuation between Chrons C23 and C21.
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Cnossen 1. Analysis and attribution of climate change in the upper atmosphere from 1950 to
2015 simulated by WACCM - X [J]. Journal of Geophysical Research: Space Physics, 2020:

e2020J4028623.
https://doi.org/10.1029/2020J4028623

FHEE W R B Z AL B 2 (K U AR A I 1 L R A L I SR Lo S
XKLL T AR T I &5 I S A 5 B 2 T i be e, FRATTAEH Whole Atmosphere Community
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ABSTRACT: Monitoring climatic changes in the thermosphere and ionosphere and
understanding their causes is important for practical purposes. To support this effort and facilitate
comparisons between observations and model results, a long transient simulation with the Whole
Atmosphere Community Climate Model eXtension (WACCM-X) from 1950 to 2015 was
conducted. This simulation used realistic variations in solar and geomagnetic activity, main

magnetic field changes, and trace gas emissions, including CO», thereby including all known
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drivers of upper atmosphere climate change. Analysis of the full 1950-2015 interval with a
standard multilinear regression approach demonstrated difficulties in removing solar cycle effects
sufficiently to obtain reliable trends. Results improved when an (F10.7a)? was included in the
regression model, in addition to terms for F10.7a, Kp, and the trend itself. Comparisons with
previous studies and analysis of spatial variations in trend estimates confirmed that the increase in
CO: concentration is the main driver of trends in thermosphere temperature and density, but at
high (magnetic) latitudes effects of main magnetic field changes play a role as well, especially in
the Northern Hemisphere. Spatial patterns of trends in Anf>, N.F>, and total electron content
indicate a superposition of CO; and geomagnetic field effects, with the latter dominating trends in
the region of ~ 50-20 °N, ~ 60 °W to 20 °E. Additional model experiments to investigate the
indirect dynamical effects of climate change in the lower atmosphere (< 50 km) on the upper
atmosphere (> 100 km) suggested that these effects are small and insignificant. However, current

model limitations could mean that these effects are underestimated.
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Figure 1. Trends in A.F> (km/decade, top) and N.F> (%/decade, bottom). Filled contours indicate that
trends are statistically significant at the 95% confidence level, while line contours are used for
nonsignificant trends. The location of the magnetic equator and magnetic poles in 1950 (2015) are
marked with a white (black) line and white circles (black squares), respectively.
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Zheng H, Clift P D, He M, et al. Formation of the First Bend in the late Eocene gave birth to the
modern Yangtze River, China [J]. Geology, 2020.

https://doi.org/10.1130/G48149.1
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ABSTRACT: The First Bend on the Yangtze River (China), the point where the river ceases
flowing toward the south and heads toward the northeast, has been one of the most strongly
debated geomorphic features in Asia because it holds the key to understanding the history of the
Yangtze River and is linked to the tectonically driven surface uplift of the southeastern Tibetan
Plateau. Mid- to upper Eocene sedimentary rocks preserved in the Jianchuan Basin located
immediately southwest of the First Bend demonstrate that a large river system, presumably the
paleo - Jinshajiang River (the upper Yangtze), used to flow south through that region. Provenance
analysis of sediments over the wider region, based mostly on U-Pb dating of detrital zircon grains,
confirms that the once south-flowing paleo - Yangtze River originated in the Tibetan Plateau and
flowed into the South China Sea. Inversion of the Jianchuan Basin, starting in or after the latest
Eocene and associated with wider plateau surface uplift at that time, caused the river to be
diverted toward the northeast where it was confined along tectonic lineaments associated with

strike-slip faulting, giving birth to the First Bend, a major step in the formation of the modern
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Yangtze River.
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Figure 1. The First Bend on the Yangtze River (China), the point where the river ceases flowing toward
the south and heads toward the northeast, has been one of the most strongly debated geomorphic
features in Asia because it holds the key to understanding the history of the Yangtze River and is linked
to the tectonically driven surface uplift of the southeastern Tibetan Plateau. Mid- to upper Eocene
sedimentary rocks preserved in the Jianchuan Basin located immediately southwest of the First Bend
demonstrate that a large river system, presumably the paleo—Jinshajiang River (the upper Yangtze),
used to flow south through that region. Provenance analysis of sediments over the wider region, based
mostly on U-Pb dating of detrital zircon grains, confirms that the once south-flowing paleo—Yangtze
River originated in the Tibetan Plateau and flowed into the South China Sea. Inversion of the Jianchuan
Basin, starting in or after the latest Eocene and associated with wider plateau surface uplift at that time,
caused the river to be diverted toward the northeast where it was confined along tectonic lineaments
associated with strike-slip faulting, giving birth to the First Bend, a major step in the formation of the

modern Yangtze River.
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Figure 2. Sketch maps illustrating formation processes of First Bend of Yangtze River. (A) Jianchuan
Basin as internal basin during early Eocene. (B) External basin with outflowing paleo—Jinshajiang
River during mid- to late Eocene. (C) Inversion of basin during late Eocene diverted paleo-Jinshajiang
to east to form First Bend. Faults are from Yunnan Bureau of Geology and Mineral Resources (1990).

a.s.l.—above sea level; FB—First Bend.
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Pickartz, N, Rabbel, W, Rassmann, K, et al. What over 100 drillings tell us: a new method for
determining the Koenigsberger ratio of soils from magnetic mapping and susceptibility logging
[J]. Archaeological Prospection. 2020, 27: 393-414.

https://doi.org/10.1002/arp. 1782
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ABSTRACT: We investigate the relative fractions of remanent and induced magnetization of the
fillings of neolithic long pits in order to develop remanent magnetization as an additional
parameter for the archaeological interpretation of magnetic maps. We determine the
Koenigsberger ratio-the ratio between induced and remanent magnetization intensities - for key

targets by combining magnetic mapping with downhole measurements of susceptibility, numerical
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modelling, and inversion computations. The susceptibility data were acquired in drill holes along
profiles crossing the targets identified by magnetic mapping. The targets of this exemplary study
are house-accompanying pits at the Linearbandkeramik site Vrable ‘Farské’. For this purpose, we
conducted auger drillings with a point distance of 25 cm and measured the susceptibility with a
downhole susceptometer. The resulting two-dimensional susceptibility distributions were used to
calculate synthetic magnetic anomalies corresponding to the case of solely induced magnetization.
The comparison to the observed magnetic data showed a considerable discrepancy that can only
be explained with remanent magnetization. To determine the Koenigsberger ratio we developed a
new interpretation approach, using parts of the measured susceptibility distribution as a basis
function. The free parameters of this numerical problem are determined by non - linear inversion.
We applied the novel approach to six exemplary profiles and found Koenigsberger ratios between
1.6 and 10.5 with the majority of the values being smaller than 4. These values apply to soil
volumes with susceptibility values larger than 27-160 X 10-5 SI. Laboratory measurements on soil
samples were used to examine the possible causes of the observed magnetization. The analyses
suggest that the increase in susceptibility and remanent magnetization in the pits is caused by an
increase of the population of magnetotactic bacteria and deposition of magnetized material,
followed by the alignment of the ferrimagnetic iron compounds in the waterlogged environment of

the pits and accumulation of viscous remanent magnetization.
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Figure 1. (a) Measured magnetic profile (vertical component gradiometer data) and calculated magnetic
anomaly assuming induced (dotted line) and induced plus remanent (dashed line) soil magnetization.
The dashed line shows the optimum fit obtained for a Koenigsberger ratio Q of 2.4 for subsurface
points with a susceptibility x > 90x10 SI, and Q = 0 elsewhere. The underlying two-dimensional
susceptibility distribution is shown in (b). Downhole measurements of magnetic susceptibility were
performed at the drilling locations indicated by black triangles. Outside this area the values were

extrapolated and tapered to the average k-depth function of the surrounding soil.
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Jickells T D. Global Iron Connections Between Desert Dust, Ocean Biogeochemistry, and
Climate [J]. Science, 2005, 308: 67-71.

https://doi.org/10.1126/science. 1105959
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ABSTRACT: The environmental conditions of Earth, including the climate, are determined by
physical, chemical, biological, and human interactions that transform and transport materials and
energy. This is the “Earth system”: a highly complex entity characterized by multiple nonlinear
responses and thresholds, with linkages between disparate components. One important part of this
system is the iron cycle, in which iron- containing soil dust is transported from land through the
atmosphere to the oceans, affecting ocean biogeochemistry and hence having feedback effects on
climate and dust production. Here we review the key components of this cycle, identifying critical

uncertainties and priorities for future research.

32



land surface properties
and dust availability

temperature, precipitation

changes in soil moisture anthroPer e

and vegetation land-use
O change
> @
ity
ity

& wind speed
dust entrainment efficiency
precipitation

dust transport efficiency

aeolian iron supply
to the open ocean
relief of Fe limitation,

ecosystem stimulation of N,
composition, fixation
‘ballasting’ CaCO, production &

ballasting denitrification

ocean CO, sequestration
radiative forcing

cloud cover, sea-ice, SSTs,
N,O and CH,
radiative forcing

marine
productivity

climatic
state

halocarbon, alkylnitrate, & DMS
emissions to atmosphere

radiative forcing and production of

cloud condensation nuclei (CCN)

Figure 1: Schematic view of global iron and dust connections. Highlighted are the four critical
components (clockwise from top): the state of the land surface and dust availability, atmospheric
aerosol loading, marine productivity, and some measure of climatic state (such as mean global surface
temperature). The sign of the connections linking these varies; where the correlation is positive (for
example, increased atmospheric aerosol loading Y increased marine productivity), the line is terminated
with a solid arrowhead. Where the correlation is negative (for example, increased marine productivity
Y lower CO2 and a colder climate), the termination is an open circle. Connections with an uncertain
sign are terminated with an open arrowhead. The mechanism by which the link acts (for example, the
impact of a change in atmospheric CO?2 is via the radiative forcing of climate) is displayed in italics.
Finally, the ““water tap” symbols represent a secondary mechanism modulating the effect of a primary
mechanism; for instance, a change in global precipitation strength and distribution will alter the
efficiency with which entrained dust is transported to the open ocean. If a path of successive
connections can be traced from any given component back to itself, a closed or feedback loop is
formed. An even number (including zero) of negatively correlated connections counted around the loop

gives a positive feedback, which will act to amplify a perturbation and tend to destabilize the system.
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Conversely, an odd number of negative correlations gives a negative feedback, dampening any
perturbation and thus stabilizing the system. For instance, atmospheric aerosol loading Y marine
productivity Y climatic state Y dust availability Y atmospheric aerosol loading contains two negative
and two positive correlations and thus is positive overall. In contrast, marine productivity looping back

onto itself contains a single negative correlation and thus represents a negative feedback.

Table 2. Effects of dust/iron (Fe) on ocean biogeochemistry. (In addition, there are dust effects on the climate system via albedo and the hydrological
cycle; see text.)

Interaction Mechanism Area™ Reference

Primary productivity Reduction in Fe limitation allows more efficient use of macro- HNLC and other Fe-limited areas (36, 42)
nutrients and hence CO, uptake.

N, fixation Reduction in Fe limitation on nitrogen fixation increases primary Subtropical gyres (1, 43)
production and hence CO, uptake.

Changes in species Species-selective relief of iron stress. Global (42)

composition

Ballast effect Increases sinking rate of organic matter, reducing organic matter Probably only significant in areas (52)
regeneration within seasonal mixed layer; promotes CO, uptake. of high dust deposition

DMS Increased productivity leads to increased DMS emissions and HNLC and other Fe-limited areas (54)
increased aerosol formation.

N,O and NO,- Increased fluxes of organic matter to deep waters lower oxygen Upwelling systems (53)

concentrations and promote denitrification, release N,O, and
lower oceanic nitrate inventory.

N,O and CH, Increased productivity leads to changes in euphotic zone methane HNLC and other Fe-limited areas (54, 57)
and N,O concentrations.
H,S Increased fluxes of organic matter to deep waters lower oxygen Upwelling systems

concentrations and promote sulfate reduction; sulphide produc-
tion lowers iron inventory.

Halocarbons and Biogenic gases linked to primary productivity. These are greenhouse As for DMS (54)
alkyl nitrates gases, linked to aerosol formation and to the ozone cycle.
Isoprene and CO Biogenic trace gases linked to primary productivity. These gases As for DMS (54, 57)

influence atmospheric oxidizing capacity.

*Most impacts have effects throughout the oceans, but where appropriate, we identify here areas that are most sensitive to changes in dust/iron flux.
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Song Z, Latif M, Park W, et al.. Interdecadal Pacific Oscillation Drives Enhanced Greenland
Surface Temperature Variability During the Last Glacial Maximum [J]. Geophysical Research
Letters, 2020, 47: e2020GL088922.

https://doi.org/10.1029/2020GL0ESY22

WE: REMARAMERICRAE THERE (SAT), kRARKEZPMKidR L&A E—1
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W&o UK, KAJZ5 PO B ITEA WG58, (LR =2 5 iR g o, JF it
KARAERAE SAT KA.

ABSTRACT: Stable oxygen isotope records, a proxy for the local surface air temperature (SAT),
from central Greenland indicate disproportionally large reductions in the multidecadal variability
from the Last Ice Age (Last Glacial Maximum, LGM; about 21,000 years before present) to
modern times. A climate model simulates the changes in multidecadal Greenland SAT variability
as inferred from the proxy data. The enhanced variability during the LGM is largely remotely
driven by the Interdecadal Pacific Oscillation (IPO), a multidecadal oscillation of sea surface
temperature (SST) in the Pacific Ocean. Atmospheric teleconnections from the IPO strongly
intensify under glacial conditions, driving enhanced surface wind variability over Greenland and

through atmospheric heat transport the SAT variability.
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Figure 1. Regressions (K/K) of 5-year mean SAT anomalies on the 5-year mean SAT averaged over
Greenland for the (a) PI and (b) LGM simulations. Stippling indicates significance at the 95%
confidence interval using p value test. (c, d) Results from cross-spectral analysis between the tripole
IPO index and Greenland SAT. (¢) Squared coherence spectrum of the IPO index and Greenland SAT
in the PI and LGM experiments. The red dashed and solid lines indicate the 95% confidence limit for
the squared coherence. (d) Phase spectrum between the IPO index and Greenland SAT. Positive phase
refers to the IPO index leading the variations in Greenland SAT. Note that phase only is shown at
frequencies with statistically significant squared coherence. 5-year mean IPO index in the (e) PI (black)

and (f) LGM (blue).
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Menviel L C, Skinner L C, Tarasov L, et al. An ice—climate oscillatory framework for
Dansgaard—Qeschger cycles [J]. Nature Reviews Earth & Environment, 2020: 1-17.

https://doi.org/10.1038/s43017-020-00106-y

TR R DICH LA i 2 ey MR K PG P T 2 K A2 A6 95 AiE » A5y Dansgaard—Oeschger (D-O)
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ABSTRACT: Intermediate glacial states were characterized by large temperature changes in
Greenland and the North Atlantic, referred to as Dansgaard—Oeschger (D-O) variability, with
some transitions occurring over a few decades. D—O variability included changes in the strength of
the Atlantic meridional overturning circulation (AMOC), temperature changes of opposite sign
and asynchronous timing in each hemisphere, shifts in the mean position of the Intertropical
Convergence Zone and variations in atmospheric CO,. Palaeorecords and numerical studies
indicate that the AMOC, with a tight coupling to Nordic Seas sea ice, is central to D—O variability,
yet, a complete theory remains elusive. In this Review, we synthesize the climatic expression and
processes proposed to explain D—O cyclicity. What emerges is an oscillatory framework of the
AMOC-sea-ice system, arising through feedbacks involving the atmosphere, cryosphere and

the Earth’s biogeochemical system. Palacoclimate observations indicate that the AMOC might be
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more sensitive to perturbations than climate models currently suggest. Tighter constraints on
AMOC stability are, thus, needed to project AMOC changes over the coming century as a
response to anthropogenic carbon emissions. Progress can be achieved by additional observational

constraints and numerical simulations performed with coupled climate—ice-sheet models.
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Figure 1. Summary of interactions and feedbacks involved in D-O variability. Schematic of an
interstadial peak (panel a), a Dansgaard— Oeschger (D-O) stadial or Heinrich precursor (panel b) and a
Heinrich stadial (panel c¢) showing the possible mechanisms leading to transitions. These schematics
qualitatively illustrate the main climatic changes associated with D—O variability, taking into account
the large uncertainties associated with quantitative estimates. On going from interstadials to D-O and
Heinrich stadials, North Atlantic Deep Water (NADW) formation weakens, deep- water formation sites
shift southward, sea- ice extent increases, the annual mean sea- surface temperature (SST) decreases
and surface currents (black arrows) are modified, with, in particular, weakening of the North Atlantic
Current (NAC). The subsurface temperature in the northern North Atlantic (NA) increases (the side
panel shows the annual mean zonally averaged temperature in the Atlantic with respect to depth and
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latitude), while a stronger halocline develops (side panel contours). Warmer subsurface conditions
could destabilize the Laurentide Ice Sheet (LIS) and lead to iceberg discharges in the Hudson Strait,
which is characteristic of Heinrich events. As the Atlantic meridional overturning circulation (AMOC)
weakens, the Intertropical Convergence Zone (ITCZ) shifts southward, increasing sea- surface salinity
in the tropical Atlantic (SSS+). A possible southward extension of the LIS during stadials would
intensify North Atlantic westerly winds (yellow arrows). Breakdown of the halocline through
convective overturning or increased salt transport to the North Atlantic could lead to a stadial to
interstadial transition. Stronger Northern Hemisphere westerlies (arising from LIS changes), Southern
Hemisphere (SH) westerlies or increased atmospheric CO2 concentration during Heinrich stadials
could also contribute to AMOC reinvigoration towards an interstadial. Favourable background

conditions for D-O variability to occur are indicated in green. FIS, Fennoscandian Ice Sheet.
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Xia Z, Oppedal L T, Van der Putten N, et al. Ecological response of a glacier-fed peatland to late
Holocene climate and glacier changes on subantarctic South Georgia [J]. Quaternary Science
Reviews, 2020, 250: 106679.

https://doi.org/10.1016/j.quascirev.2020.106679
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Abstract: Sedimentary deposits from glacier-fed peatlands provide records of past glacier
variability, but the dynamics of these peat-forming ecosystems have rarely been investigated.
Through multi-proxy analyses of a 204-cm peat core, we reconstructed the ecological response of
a glacier-fed peatland on subantarctic South Georgia to climate and glacier variability over the last
4300 years. A stable peatland with rapid carbon accumulations and dynamic turnovers between
brown mosses and monocots persisted between 4300 and 2550 cal yr BP when the up-valley
cirque glacier was small under a regional hypsithermal climate. Carbon accumulation rates
showed two peak periods driven by climate warming, reaching 140 g C m™2 yr™! at 4000-3500 cal
40



yr BP and 70 g C m™2 yr'! at 3200-2700 cal yr BP. Paired 8'3C and 8'0 data from brown moss
cellulose reveal several intervals of glacial meltwater inundation that caused short-term
disturbances of the peatland vegetation, indicating that glacial meltwater potentially still affected
the peatland ecosystem during this warm period. Moss-dominated vegetation was disrupted and
peatland carbon accumulation rates decreased to 15 g C m™2 yr! after around 2550 cal yr BP when
a cooling-driven glacier advance shifted the erosion and meltwater regime enhancing the glacial
sediment influx onto the peatland. Although this enhanced regime of meltwater disturbance has
continued since this transition, the brown moss habitat was gradually re-established during the
medieval climate warming between 1200 and 600 cal yr BP and then became dominant shortly
after that. This re-establishment of brown mosses might have benefited from a period of increased
carbon accumulation rates up to 100 g C m™2 yr! at 1200-900 cal yr BP that built up the organic
matter matrix and stabilized the habitat. We conclude that the ecosystem dynamics of glacier-fed
peatlands is strongly shaped by the interplay between regional climate and glacier activity. This
study also demonstrates the potential of stable isotope analysis in studying the paleohydrology of

non-Sphagnum peatlands.
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Figure 1. Summary of proxy data from the DB2 peat core (plotted on the Bacon age-depth model) and

comparisons with other regional records. For all these records, their radiocarbon dating points are also

shown as dots with error bars (calibrated calendar median age with 20 error). The calendar age is
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relative to 1950 CE. (a) Block Lake LOI data (5% running mean) (Rosqvist and Schuber, 2003) plotted
on an updated age-depth model. (b) DB2 LOI data plotted on different vertical scales for Unit A (right
vertical axis; gray line) and Unit B (left vertical axis; back line) and their 30-year bin values (red lines).
The dotted lines connect the corresponding low LOI values in (a) and (b) despite a less certain
chronology for the Block Lake record. (c) DB2 brown moss macrofossil percentage. (d) DB2 brown
moss cellulose §180. (¢) DB2 brown moss cellulose 613C. In (d) and (e), gray and white symbols
represent the data points from Warnstorfia sp. and Sanionia sp. macrofossils, respectively. The light
blue vertical bands indicate six inferred glacial meltwater inundation (GMI) intervals. (f) DB2
“instantaneous” CARs plotted on the Bacon age-depth model (dark blue line) and the Clam age-depth
model of linear interpolation (purple line). Also shown are the time-weighted mean CARs for Units A
and B (dark blue horizontal dashed line) based on the Bacon age-depth model. The yellow bands
indicate the observed peaks in CARs. (g) Mean summer air temperature (MSAT) record reconstructed
from Fan Lake (Foster et al., 2016). Here the chronological anchor points for these temperature peaks
used by Strother et al. (2015) are also shown along with their ID numbers (7, 8, 16, and 18). The green
radiocarbon dating point (ID number 17) was rejected in the original age-depth model, but if used, the
horizon of 3250 cal yr BP would be anchored to an older age, pulling this section of the MSAT curve
rightward in the Bayesian age-depth modeling. The red horizontal bars below show the periods of past
warm intervals by Foster et al. (2016) based on their multi-proxy dataset. MCA—Medieval Climate
Anomaly. (h) Diamond Lake bulk magnetic susceptibility record that was used to reconstruct the size
of Diamond Glacier, with a higher value indicating a larger glacier (Oppedal et al., 2018a). The blue
horizontal bars above show the interval of Little Ice Age (LIA), including the peak stage at 380-220 cal
yr BP and the second stage at 120 cal yr BP, defined from a well-dated high-resolution glacier-fed lake
sediment record at nearby the Hamberg catchment by van der Bilt et al. (2017) (south of Fig. 1c area).
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web

version of this article.)
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Advokaat E L, Bongers M LM, Rudyawan A, et al. Early Cretaceous origin of the Woyla Arc
(Sumatra, Indonesia) on the Australian plate [J]. Earth and Planetary Science Letters, 2018, 498:
348 -361.

https://doi.org/10.1016/j.epsl.2018.07.001.
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ABSTRACT: Key to understanding the plate kinematic evolution of the Neotethys oceanic
domain that existed between the Gondwana-derived Indian and Australian continents in the south,
and Eurasia in the north, is the reconstruction of oceanic plates that are now entirely lost to
subduction. Relics of these oceanic plates exist in the form of ophiolites and island arcs accreted

to the orogen that stretches from Tibet and the Himalayas to SE Asia that formed the southern
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margin of Sundaland. The intra-oceanic Woyla Arc thrusted over western Sundaland — the
Eurasian core of SE Asia — in the mid-Cretaceous. The Woyla Arc was previously interpreted to
have formed above a west-dipping subduction zone in the Early Cretaceous, synchronous with
east-dipping subduction below Sundaland. The oceanic ‘Ngalau Plate’ between the Woyla Arc and
Sundaland was lost to subduction. We present paleomagnetic results from Lower Cretaceous
limestones and volcaniclastic rocks of the Woyla Arc, Middle Jurassic radiolarian cherts of the
intervening Ngalau Plate, and Upper Jurassic-Lower Cretaceous detrital sediments of the
Sundaland margin. Our results suggest that the Woyla Arc was formed around equatorial latitudes
and only underwent an eastward longitudinal motion relative to Sundaland. This is consistent with
a scenario where the Woyla Arc was formed on the edge of the Australian plate. We propose a
reconstruction where the Ngalau Plate formed a triangular oceanic basin between the N-S
trending Woyla Arc and the NWSE trending Sundaland margin to account for the absence of
accreted arc rocks in the Himalayas. As consequence of this triangular geometry, accretion of the
Woyla Arc to the western Sundaland margin was diachronous, accommodated by a southward
migrating triple junction. Continuing convergence of the Australia relative to Eurasia was
accommodated by subduction polarity reversal behind the Woyla Arc, possibly recorded by

Cretaceous ophiolites in the Indo-Burman Ranges and the Andaman-Nicobar Islands.
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Yoshimura Y, Yamazaki T, Yamamoto Y, et al. Geomagnetic paleointensity around 30 Ma
estimated from Afro-Arabian Large Igneous Province in Lima-Limo section, Ethiopia [J].
Geochemistry, Geophysics, Geosystems. 2020.

https://doi.org/10.1029/2020GC009341
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ABSTRACT: We conducted a geomagnetic paleointensity study of lava flows at ~ 30 Ma
distributed in the Lima-Limo section of the Afro-Arabian Large Igneous Province. The
Tsunakawa-Shaw method, which has built-in low-temperature demagnetization and double
heating procedures, was applied to 120 specimens from 45 lava flows, successfully obtaining
paleointensities from 75 specimens within 34 lava flows. We measured hysteresis loops and
thermomagnetic curves to examine the influence of magnetic properties on the paleointensities but

found no relationship between the paleointensities and the ratios of the hysteresis parameters. We
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calculated 27 flow-level paleointensity means after excluding specimens that possibly contain
titanomaghemite based on thermomagnetic curves. We observed cyclic changes of paleointensity
in the lowest reversed magnetozone, which may reflect paleosecular variations. To estimate a
representative virtual (axial) dipole moment (V(A)DM) at ~ 30 Ma, we applied a flow-level
selection criterion depending on the specimen numbers. Eleven flow-level means passed the
criterion, which gave an averaged VADM of 4.2 + 2.1 x 102> Am?. This is similar to five averaged
V(A)DMs reported previously in the Late Cretaceous and the Cenozoic using the
Tsunakawa-Shaw method. We combined our data with available data between 25 and 35 Ma. We
concluded that the mode of 4.4 x 10?2 Am? from 32 flow-level means is representative of this
period. This is close to two previously reported long-term representative V(A)DMs since the

Jurassic.
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Figure 1. (a) VGP latitudes of individual lava flows in the Lima-Limo section of AALIP, which are
based on Ahn et al. (2020) and corrected for African plate motion. (b) Magnetozones recognized by
Ahn et al. (2020). (c) Flow-level means of paleointensities. Error bars are standard deviations. Dark
blue squares represent acceptable data passing the consistency criterion of Paterson et al. (2010), while
pink squares are other data. The dashed gray line and yellow zoneare the averaged paleointensity of all
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Fakhrae M, Planavsky N J, Reinhard C T. The role of environmental factors in the long-term
evolution of the marine biological pump [J]. Nature Geoscience, 2020, 13: 8§12-816.
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ABSTRACT: The biological pump—the transfer of atmospheric carbon dioxide to the ocean
interior and marine sediments as organic carbon—plays a critical role in regulating the long-term
carbon cycle, atmospheric composition and climate. Despite its centrality in the Earth system, the
response of the biological pump to biotic innovation and climatic fluctuations through most stages
of Earth’s history has been largely conjectural. Here we use a mechanistic model of the biological
carbon pump to revisit the factors controlling the transfer efficiency of carbon from surface waters
to the ocean interior and marine sediments. We demonstrate that a shift from
bacterioplankton-dominated to more eukaryote-rich ecosystems is unlikely to have considerably
impacted the efficiency of Earth’s biological pump. In contrast, the evolution of large zooplankton

capable of vertical movement in the water column would have enhanced carbon transfer into the
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ocean interior. However, the impact of zooplankton on the biological carbon pump is still
relatively minor when compared with environmental drivers. In particular, increased ocean
temperatures and greater atmospheric oxygen abundance lead to notable decreases in global
organic carbon transfer efficiency. Taken together, our results call into question causative links
between algal diversification and planetary oxygenation and suggest that climate perturbations in
Earth’s history have played an important and underappreciated role in driving both carbon

sequestration in the ocean interior and Earth surface oxygenation.
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Figure 1. Schematic of the mechanistic model of the ocean biological carbon pump. a, The major
processes controlling the transfer efficiency of organic carbon in marine sediments (Supplementary
Information). Faust, Fpico, Falgae and Feacite represent imposed relative fluxes of windblown dust,
picoplankton, eukaryotic algae, and calcite, respectively, in primary particles. b—d, Comparison of
results from our modern model configuration (black curves) with observational water column data from
the North Pacific Ocean (grey crosses) for concentration of dissolved oxygen ([O2]; b) and dissolved
inorganic carbon ([DIC]; c) together with validation of model results against observations of the

size—velocity spectrum of marine aggregates in the modern oceans (d). Error bars in d denote one

standard deviation.
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Figure 2. The impact of first-order changes to plankton ecology on the ocean biological carbon pump.
Values of transfer efficiency are calculated using the oxic and anoxic power laws and without
temperature dependency on organic carbon remineralization (Qio=1). a, Net organic carbon transfer
efficiencies as a function of atmospheric po> relative to PAL and across a range of ecological scenarios:
(1) default Precambrian scenario with picoplankton, no algae and high dust flux due to lack of land
plants (pico; black); (2) a late Proterozoic scenario, similar to (1) but with a small contribution of algae
to ocean productivity (pico+algae; red); (3) an early Phanerozoic scenario, with faecal pellet production
by zooplankton and increased contribution of algae (pico+algae+zoo; blue); and (4) a late Phanerozoic
scenario with more complex eukaryotic algae (including diatoms) and an attenuated dust flux promoted
by the emergence of vascular planets in terrestrial ecosystems (pico+algaet+zoo+diatom; green). Error
bars show the 90% credible interval from a Monte Carlo analysis of model parameters (Supplementary
Information). b,c, Resampled distributions at two discrete atmospheric po» values, with colours
corresponding to the scenarios shown in a. Modern open-ocean organic carbon transfer efficiencies are

shown in all panels by grey shaded boxes.
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Figure 3. The impact of ocean temperature and atmospheric oxygen abundance on the ocean biological
carbon pump. Temperatures are reported as sea surface temperature (SST), while atmospheric poz is
given relative to PAL. Note the log scale for atmospheric po2. Organic carbon transfer efficiency (%) is
calculated as the fraction of carbon exported from the surface ocean that is delivered to the

sediment—water interface.
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