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Implication of temperature-independent summer monsoon
intensity proxy to variations of EASM in NE China over the
past 800 kyr

Hai-Zhen Wei ', Fang Lei 2

1. School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, PR China;
2. School of Geography and Ocean Science, Nanjing University, Nanjing 210023, PR China

The variations and driving mechanism of the East
Asian summer monsoon (EASM) climate have attracted
broad scientific attention and numerous paleo-monsoon
records from archives (e.g., loess, stalagmites, and
marine and lake sediments) have been explored to
reveal the variability of the EASM on orbital timescales
and its linkage with changes in solar insolation and
boundary conditions (e.g., An et al., 1991; Sun et al.,
2019).

As boron isotope fractionation during precipitation
is dominated by the Rayleigh process, the variation of
boron isotope in precipitation (8''B) can be interpreted
as a consequence of the level resulting from the rainout
of air masses after multi-step fractionation processes
along the moisture transport path. As a result, 8''B of
paleo-rainfall (8“Bpr) has been proposed to be a robust

E-mail: haizhenwei@nju.edu.cn

proxy of the intensity of the EASM, which takes
advantages of being directly correlated with the process
of precipitation and is independent of temperature. On
the basis of the study of boron isotope geochemistry of
the loess-paleosol sequence of the Niuyangzigou section
(NYZG) in Northeast (NE) China, a mathematical
inversion calculation is used to quantify the proportion of
boron accumulation from three distinct sources, and to
capture the original 6“Bpr signatures. A monsoon record
based on 6“Bpr shows a significant shift at ca. 430 ka,
implying an abrupt weakening of the EASM after the
Mid-Brunhes Event (MBE), which provides evidence of
regional disparities in monsoon evolution in response to
the MBE. Northern Hemisphere ice volume may have
been responsible for changes in the EASM in NE China
over the past 800 kyr.
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Bidirectional growth of the Altyn Tagh Fault since the
Early Oligocene

o, > 1 2
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The Cenozoic evolution of the Altyn Tagh Fault
(ATF) is still under debate. Here, we present new
paleomagnetic rotation evidence on curvatures south
of the ATF in the northeastern Tibetan Plateau to shed
new light on this issue. A total of 498 core samples
representing 53 sites and 6 time intervals (a-f) were
collected from the postOligocene sequence at the
Heishiqiu locality that in the junction of the
northwestern and middle of the reverse Stype northern
Qaidam marginal thrust belt. Rock magnetic analysis
indicated that the main magnetic carriers were
hematite and magnetite. After detailed thermal
demagnetization analyses, the characteristic remanent
magnetizations of 48 sites (387 samples), which
exhibited dual polarities and passed a regional fold

test, are most likely the primary magnetizations. Two
periods of remarkable rotations are identified at
Heishiqiu: a clockwise rotation of ~16.0 + 10.3°
during ~27~17 Ma and a subsequent counterclockwise
rotation of ~24.3 £ 14.5° during ~17~10 Ma. The
rotations were attributed to two periods of strike-slip
faulting along the ATF during the Early Oligocene to
Late Miocene, yielding at least (290~380) km of offset
at Heishiqiu. The integrated lines of paleomagnetic
and geological evidence suggest that the deformation
along the ATF has propagated both southwestward and
northeastward from Heishiqiu in the middle ATF since
the Early Oligocene. We propose a bidirectional
growth model for the ATF that might be applicable to
the evolution of the Tibetan Plateau.
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SRR I i AR AL S R PR S, SRS 40 b 1 24 i
FE M Cu [RIAT 4 B

F1 BEEL-SHMFTABESHLE. BRASENSE CuANENSNEER
) 3% 75 65
B i W im i /“ﬁﬁig) ﬁgi o o) 25D
WN19-0 0 SO 145.51 5.76 0.01 0.02
WN19-200 2 L1-1 90.20 15.01 0.06 0.01
WN19-600 6 L1-2 172.68 11.17 0.04 0.02
WN19-1000 10 L1-3 85.42 23.22 -0.02 0.03
WN19-1300 13 S1 191.39 0.55 0.22 0.03
WN19-1400 14 L2 60.56 2.49 -0.05 0.04

EE&WH: BFEARFFESEHERFESIE g ARG 2035 KA Si A1 U R 38418 2 2 LI (42103051)
WEE R WEMR (19949, L5, W5 rm.: Jefhgefioe AR BRIz, H U4 %. E-mail: minggd@ustc.edu.cn
WAGAEHF WA 7 (1978-), BUdR, WHITrm: AL R e WA IR % . B-mail: fhuang@ustc.edu.cn
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Ca” WA REHHEX AR BNREBSE LA
B, Bk

1. FERREBE MERLAAIT T SR ER L2 K S0 =, 33 FH 5500025
2. I EFREEBERS, bt 100049

3 R AR A BB YR AL, IR 1
AN E I A2 RS it AR TR T A T e
JE AR (1) — AN FE A () 2 AR A A B AR AL R A ML
W(SOC) A e M, AH H F 5% M s e b X A7 2K 1=+
8 [T B e 0 () R 2R AN A S T Rk — Do I,
WRATEA PR (DOM) AE Ay - J i P ik 26 v (1) o 2
Ry, A& TR S R A LS )
I 4 IR UE AN Ak, PR E A 3 A 1= 38 F DOM
(AT A A ok R 6 R M R RS G 7 96 A L
BT S AR e b X A5 IR G A K s A
H WL (DOM)T B B Ak BT 9 St A 4038, = 52 T8
Wi LMERIWIS R, Ca? fEfibilf K b HLR
{10 TE BRI R 7 THT AR A5 T AR T, 5 Ca® ik ) +
BEIK R DOM AT 8% H A 153 ) 340 G AN BH A

AT DA [ VG R s TR L X N IR 2 AN
I AT S, XN B 2 AR )E L
SR 2 ANF 2 TIEMH2, S2)HEAT T AL SE L,
T T DU A K EAE DY Rl Ca® Ik /K SF (0, 0.05
mmol/L, 0.5 mmol/L I 2.5 mmol/L) T DOM #¥E ]
AR, JIFEAANFEPNRTFB, 28 7k
() DOC FAFGIE 404, 1527 T 158(¥ DOM kit
8N E

iR, DOM [WEhER I FER 0 A A
FrEt: 1) HI3 DOM PR Mk B BE,  hph B fkbti
KEN DOM Bi.2) Mk BK HHedh 2 0 1 1w,
DOM (R RE E  WRLEHII, HI1 A KB a

DOC PiHifH, b (875.2~1047.4) mg/L; H2 & SI
W2, 439N (311.4~386.3) mg/L 5 (436.5~536.6)
mg/L; S2 A%, K (97.4~125.8) mg/L. #kuk/Ei
AR AV EE T8, REFE (20~45)
mg/L /i 4. DOM [HahZ& ik #En] LA Elovich J7
TR I I A, R2E M 0.95~0.99., #kHVR KT SUVA,s,
S AR, R AL J7 R 2y 1 o
HAEZ W LT

IRVEI Ca™ WM 0 34N E] 2.5 mmol/L,
HI1, H2, S1 il S2 i+ v il v A BLER (DOC)H5 2k %
SN 66.3 %; 76.2 %3 73.0 %; 52.5 % KB4 3] 58.8%;
72.4 %; 68.8 %; 46.6 %, I HLk B SUVA,s, i
A Sp H#Z T, XL R Ca® HBi Pk i) DOM
Py Faask, HHABRKM A =490k
W SEAT 720 M (EEM-PARAFAC) 45 B4 1,
VRV VR Ca® I B T I, 90K 0 9 v i B R 2K 9%
Moy Lo TR, BRIl e b
Fto XE W Ca> 14 1 DOM B g S, JF A
I s 5 2 B A VR T Ca® R B A T n
SR, XV AR Ca¥ A /K- IR p MR T A %
gE PP  Ca® FR Ui ) AE ks ik A P Al A K 1 4
w7 B TR RIEA AR (SOM), X4
T R s v, B s g A ALK AT
W, AL . ST B T R A K
Erp SOM TR FIE AL, Ay 38 DA s b X (1) 1 g ik
b5 S S

BeWiH: FERYARIEERBIH (Ul1612441, U1701241, 41773147)
BAEH A HSC (1995-), LR, BF M W LB 2205, E-mail:  xiaopeiwen@mail.gyig.ac.cn
WBEEHEA: HRE (19700), BFR, MWFIHRERIAFST. E-mail: xiaobachua@vip.skleg.cn
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ERE EAL I E R RIS A £ R IR E R R

=kl a2
Wik, BB
L P E ARG PR SRS R I Bt vb B 5 VA T S S =, 22 7300005
2. R R M BRER BEAAE T 2 b R U A b 5T R K TR SR A, Ve 710061

JUEAAA . TR EARE. EAN
23 LA B e AP DAY H R AL PR KL ) 2 sk 5 1
Bk ORI RAEMEERZR, HEF BT LhUs
WE] 400 Ma ZHT . ik, RESA W 1) EF K OO0 F
W2 R 7o E TR R W, AR T Bk R 5
[T AE I A e & N R BB RN R R 3R 0 T 5 A 1
Ao DL, WFFEAS A B TR) RRE 1R BT Kk Dy S 5 R
A HLHD AR ER R S B R 2 WX REA 5
FEENSHEMME. HTHIRRGEE L, EPAHE S
(A7 b DO S AT A5 3 T a2 T IR 7 iz
o N, FE T R R AR TR SR R A HL DY R KC-1
FLUTAAC S 3 75 HE 18 Ma LUV 9 Py [ s X <K )
BRI H X R Y 1) RS 2 R 1)
B K FE 2k /D BB AH DG o ASHIFFEATS LA SR IE AR 7 b Hy

WEFERE S, A IV 3 X HTG #1155 5390 i e AR e
IE A X B O . SRR, Wip &
Bt R (~30~20) Ma BF k2, 2 J5 B K IT 45 W
WD HE~12 Ma, JF{E~13 Ma LR W sh . 1X
—idEHIZMX KC-1 fLIid xRS, IR
AR B (1) ) ] 4 il B AR A 5 1R B K 22 S ok b AT 3
i, B 1RO P R BIX A 3K T B 22 () K Yk
ANRKEARIRALG, ARGt NPk IE I8 BB K 1
MEFIE N 2 WA . BBk, 5 e R AN A A7 &
(A B T 5 | b 3 T AR Ak BT BE 52 M T B K D DX 4840 i
VT R B KA. g b, R DURUT ST B K
T, RENS AU A A AR AR A S L IR B HL
HER LR B A UESE, R A AR A5 B AR
FFa bR 7R R = I G 2% B
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R IR 7K $B B AL 2= 2= T5

T REEFIEE

XA, AF AT

L. pERERE R BT T, TSI E R E A=, e 7100615
2. EREERERS, 65 100049

TR £ e WAL BE G R W FE - CO, 1T 5 W K I [1A]
JUEARRAA, M0 “ &I T IR TRAAL” i de
HFT A AR LUK (0 K Bl 3 360 TH 0 5t 1 R 1R i KU AK
HARM COp MFEHER, M5BT R .. R
M0, WA A RE TR £ A S FERT Uk 3 B )
SO N IR BRI AR PR ) . L[]
PR B ZTER  °Li A1 7L TR I o 2
DAL — A A AN A A TR i Sk o, Rk e
MR £ AR AL I FE ) R s 0 o 50 1B A7 3
B KRl AR FRIBIE 5T CLAE 22 5 THERE T it Sl g 2 A
TIORL S B [ 67 3 AR AR AIE - XA S ORIl . Rt
U U A A, (H L TRL A S s B N 25 7
I W TAIAAAESE, TR R AHTTTLE
TR i D 2R Gk PR30 A A T 8 X3 T 7K
HRH T R I R DA R il e R P e, KA 24
BRI 3 RISk T U R X UG R,

LT H: 2019QZKK0707 (41991322)

SLiBRYIE 2SIV y TR TR VA 4D IO S e e S E AP D
FUHT J5 K5 i DA 32 A 23 PR LA o

SRR, T KU PR R TR 3O B RN AR T 2
DR 8 (1 25 0 M AR A AT 2 A R W o 7
S, WKSLi {ERARAT . RN F2 A A W B e
See (1) WZEATRINZ)S8'Li (AW TR, |
M5 8L ik m TR, HARLREZL (2) W
ZESTLE YRR, Weshok, W BIK AT
MBI LA e Horb, K SCA B R A7 35 1) 52 i
RHLA (1) i B 5 RS (10 452 30 484 00 A3 A ¥ e 8 3
N STLi B (2D AR5 EE R U AR S n
RE S (sl ] K VA AL /D . 87Li . ATk
PEt, IR RN B S IR JEE AN [ 2 AN [
ST B TTRR S B, DR IR DO S AR
15y, B RRERE I R IR A I IR 2, EAT R
LS ci R AT

1E
¥R

HAEER A XA (1994-), LRS54, W57 e RO 2RI, E-mail: liuyang@ieecas.cn

WMEEERA: TR (19712, WILH, AR, ERANLEERPERESIEHE (2012 45, 2014 FENERHGE D HERHEAHZE AL,
2016 AFENIEFEZE “TTAVHRI” SFENA o WA 55 50 DY 20 b o [ 5 AU SE0  AT, AT VG e A8 K 2 A BRI AR AL F AL Be Bi4%  (International
Journal of Geosciences) Hl CGHIVARIEY HiZs. WIS ) 0y MR A MO BRA 22 TR, 48 v J5L S 120 2 s (O RR A i S RO 3 2 R R R HE R 5
ey S TR 2 RS R R S BT AN [RS8 DX 2 B 28 52 SBT3 sk T B 2 AT A 55



664 e A HER A 2 225 18 i AR AR 2 SO B4R

- B 18 MRIFESHFERL -

5 R0 T e 2 A e M L B SR 5

SCAR', Pamela L. Sullivan®, Sharon A. Billings’, Hoori Ajami®, Alejandro Cueva’,

Flores Alej andro®, Daniel Hirmas®*, Aaron N. K00p7,
Katie Murenbeeld®, Xi Zhang2, Li Li®

L R REHBR R GRLE 2B, R 300000;
2. College of Earth, Ocean, and Atmospheric Science, Oregon State University, OR, USA;
3. Department of Ecology and Evolutionary Biology, University of Kansas, Lawrence, KS, USA;
4. Department of Environmental Sciences, University of California, Riverside, CA, USA;
5. School of Earth and Space Exploration, Arizona State University, Tempe, AZ, USA;
6. Department of Geosciences, Boise State University, Boise, ID, USA;
7. Department of Geography and Atmospheric Science, University of Kansas, Lawrence, KS, USA;
8. Department of Civil and Environmental Engineering, Pennsylvania State University, State College, PA, USA

PATIE Ny o A a1 T KA 2 S5
oK AP R ER AR 22 R 1 1 TR B 2 i 3R
NRTH B HOER R 40 (19K B RN SR - A A 5 AN
A BRI . AR, BEE N RIE SN Ak, 5%
iy 1T M 2R 25 R AR Ak CAOnRE AR R 0 A AR A BT 5 LS 1
L BRI 2% 2508 ) 7E 22 KFR B b sg e B KA 2
ATYRANE 2 o AHIE I8 ik 45 25 5% [ L5 3 M PR A i3
) S A SO 5 4R A 5 T e AR 1) 22 R SO A% e Y
SRR FTIXAN 1) 48 o iy 226 1 8 480 6, 4% 52 HE AR NAR 1)
Konza FtJ5URT B B A 8o 4 2K g ) 1 138 o 73 =5
1 Fitch M. 2T Konza ¥l S EFR KL, BT

O, BEARNR WG AR 2 45 A E, HAE
300 £F A AR UL 2 ) AL B S AIVE a8 A0 B iy — > Bk
®. fE Fitch ¥, HIEEAK SR Boni%
HB DX AT R 205 05 R DA K B RS I R R U AR AL
BOWHUR . B GRNERW], L3R E iR =
BB AR BRSO MR KM 1) S AR, (T
PR A [ 52 W00 W] 22 AN T o LG LB A3t 55311
WHIT, BARE R 2P 1, (HIZXth i WX 4
X 3 i R 45 R AR A (R RO 2 ot DX AN R AR Ak
RABL o ARG, N FR &b AR A i R ) 2 [n]
AR AT RE 2 I K bl 22 57 (1 RN 22—

W BOBIWAEH T A SO0, @R, BEST e HhEROCHERT AK SC-LE b ERAb 22 A8 5 1L FEATT 5T, E-mail: wenhang@tju.edu.cn
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ERF L PM, s FHAERR L= 4H AT
Haw Wak®, B, 480, AR, ¥R

L RAEFE TR VLA RIS P Sl s se a0 =, 798 330013;
2. RAEBLT R KB L A TRE%EE, M2 330013;
3. RAEBITORSY: RAEH TR BRELA %P, BB 330013;
4. ERF LB ARBRY XEY )R, ZFEIL 674199

KA 23 PR A I A e it
&Gy, Hool g U . RAEIR 32
KRR, VIS ZEH, AW UL L S B AR
TREE KA 1) PM, 5 BERE N AR L35 R0 i v,
X N AR B30 T i o S (TC) J& PMy s I HL 24
By, Ry, EEAFEANK, TTRBEY
o TC WEAFETT RN, —BEATFR M, B
AR, £ EHIX, XFHTRER, R
PRIEREVRIE I, BRI, MR ZERN, mT
FeKIRZ, WK SRS G470 B 5 i ol 4 H

AWFFTT 2020 4F 4 H 422020 4 8 H WIHAE L e
F =R (100°14'25.77"E,27°8'10.85"N) 3K
£ 44 A PMys KRS, 08T T PMys FE& K (TC)
WS Je oA e e A AT & (8°C ) o SR B, RAf
WA TC WV N 4.5 pgm . TC WK1
IS, 472 % TC [RS8 7.1 pgm >

29 pgm>, RIHEFE. EFENOBLEH. Tk
JRRDE TS IR 525, HRA R, KR,
T BERZ B PG KNI R S AN s IR G . HAR TR
J2 2R A A DX RO R ) v R 0, AR S 1l a2 2
FHARPR O K 5 R 1R 2 4 o ik ot io < A1 A% ] e =2 30
TERF LN TC WEHE. B2, REZINVRIM
KT R, K Feili. FK— 7 ] T bk
Koo H—JrH R TR S R, F3EUE R TC
W 2 PR . 8°C [ T M 9—24.9%01.0%0, F575
BN 8C I 53 5 9—24.0%0+1.2%0 —25.3%0k
0.6%0, FZERHEZEMMIE, HHEFEME AR
R E AL F o R DU SR A o R e S 1R
PM,s "' TC RIET Cy i SEAKE. HLehZHe o
C, Y, vimkor N 53.9%. 23.5%. 15.9% Al 6.7%:;
HZNIET C W MLsh 2. BRpeR Cy s,
GIRREL 0 A 60.8%. 24.7%. 12.1%F1 2.4%.

BEER N BT (1997-), WULWFFAE, WF55m: KB 2205, E-mail: ynshawn@126.com.
SEEEAT A HAh (1984, KRIEHEZ, D507 KSR F Bk k2%, E-mail: xiaohw@ecit.cn
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Sr-Nd RMIZEKSHI T KBS £IRAYD 2 RkE

= 4% 1 ", PEREYRA Yvette”, MA Lin>", GAILLARDET Jerome®,
SAK Peter’, GILL Tom®

L P EREEECR RS S8y S PR E KR i %, S8, 230026:
2. Department of Geological Sciences, University of Texas at El Paso, El Paso, TX 79968, USA;
3. Institut de Physique du Globe de Paris, France;
4. Department of Earth Sciences, Dickinson College, Carlisle, PA 17013, USA

I G R R S R s A S DA O,
MR, HBEAME, SIRPILL M NS 8l B HE
s ol By IS RO FLRR K, sRAk s AL b, 35
HFINPETE Ca, K, Mg, PAREFRIGERTA. KL,
ANIRPE VD 2R T B 1R 8 97 00 20 T AL 1K A )
RE S A R AR Y A 7 SRR I FH o SR hr vy b 20
TRVGEE, ANABEUTRE B DL A e LSS 4R )i ik
FE O 780 e, (H VDA FAAR T - 3 i 1) v ik v
ARFI ST R KL TS A R0 AR v 2 PR A i
TG, St-Nd R 23 FAT W AN R (R A7 25 LA PRI,
Sr-Nd [A] 47 ZEAHIZ IS 2 1 = AN [R R K
HAME NI R b AR BTk, TR AR
50 E A IR TR ML A T g

BAT TAERIL, KT =AH1H, Sr-Nd [Ff7 %
T SRR TR R B 35 HAT B 525k o ¥ Se/*0Sr {H Bifi 14
R B WG (0.7168~0.7046), &g HUAEAEAK B
R EZ W (-9.27 F+4.35), BFEKADT
Bt AL IR A U . R = ATk 7~ s 2 b
AP I MR A R HEA T, ARV A 55 K5t

ik 22 S RN DL RA A 6T 0 e B S IR T R A A
BIEL) 4 m BRI, ARIE v AR5 () )z M B
Sr-Nd JC# 7L ZU A A T 1) NiE# . Sr [ 3
53 0 RIS 30 R B T RS $ s . PRV ASTH St AUAE
KIZRZ (0K 50%) H B ALK 0.709 (R,
PRILRE K I E M . BR BRI St oy LU B IR B 12 W 4 =
HAomRI b4y, BEA I R 2 1E . 2T Sr-Nd [A]
A ZWRA B, AV E YDA T Nd R 2
IR T IE 0% CIRER) ~2) 85% (M%), HAEHICHR
] NI AN i N L R R AR Tk .
BT Nd o # 1R vuik, A1 nT 5 H EEE FR 0
FZ P PSR UETTER P AT KL 05 R 1
R N7

g BT, BATMEELRE: (D IRFE R
il 2 B By A F IR, (2) IR
Sr-Nd [FJ 4 2% 3 52 B AR Vb 20 R L AR 1) 52
M, HAEHEE Sr ARG F, 46 uciRa b
R, (3) WX RIZ T IEN N DL P EEFRIOR
TR 9 S A .

W—VEF RN #akl, WL, BFEim. KRR ZHERIL 2%, E-mail: guojiye@ustc.edu.cn.

W5 /E# W/ MaLin, Assistant Professor, E-mail: Ima@utep.edu.
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SN S IR FT A PR T P SE—— IR Hirts TR 7 AR TR 4
FEZRFNFEHLD

x| #2, EWAY, R, kext, Bay'

1. WP ERREBHER AL PR R R T A S, BER 5500815
2. ERFERBE Mg TR E S RGNS, % 562100;
3. REERY: HIR RGRFEGIIRE, Kidt 300071;
4. PEBREERE K S IR, B 610041

DM ey S A T R e SR Rk, R R ORGP
PR AR AR M AR R Y R X B, g rh g A
TR b oA X o B TR AR AU A R AL
AVESE, B4R E sUE BT M B AL P L
WEFEt 058 o ST PG ke e X 2 K B 22 2
I Ak TR VI L, SRS A T T
B NTIIWAE TR | AR L E s P2 9 INTEVAG R 1
JEOUBRIAT T A% % “Be/ Al HUBINAE, LI

A (2.85+0.21) Ma, it FUIEZE Jy (57 £3) m/Ma.
24 B 7 W TR ) R A WS YU TR - (0.56 +0.16)
Ma % 3.54 (4+0.25/-0.22) Ma, V¥ 1) g% 1
vudb (47 +£5) m/Ma. BPUILSE R CGRFEAIAE
BB N SRR (R 1), SO DY Rl 30 2 51 A
2.8-3.5Ma. 1.25 Ma. 0.75~1.06 Ma 1 0.4~0.6 Ma.
PR BRI IR AR s 2R B, e AR AR BRSO
PRI EE B SV X (bR AR T U L K fE X I

ZNIR R ) B s A S AR A T R B P AR N o
T JE AR R B MR A WS YU (0.41 £0.12) Ma

JUEE B RAR 8 JF ELST M P4 5 A 1 ) 0 s 3t 390 1 R
ESFr T ST K

F1 mMNSRAILEHMEIBLEX AR TYI5hE
BGIL o )

e ()

27 P B /m Ky b T ""Be/*Al 4T /Ma By P B /m T ""Be/*Al 4 #%/Ma
A 350 Al A 455 I 1)
B 220 FfAL 1.46 (+1.32/-0.80) B’ 360 GIEATD!
2.85£0.21 (BRA) 162 a5 1R
C 145 =2 (| . ok . 3.54 (+0.25/-0.22)
REW ) 44 (+023-021) () 150 JUIR K
D 81 K2R 1.25 (+0.17/-0.14) D’ 85 DGC 1.23+0.44
. 0.75+0.10 ( BRA)
E 50 KA E’
0.69+0.10 (%) 43 BC 1.06+0.23
58 73 1R 0.49+0.13
F 15 T2 0.41+0.12 F’ 10 DMC 0.56+0.16
5 Tl 0.01

BETH: JERE B SHFT R (XDB40020300), 5 AR R4 (41473055, 41401009)
HAEF T gk (1985-), EIWFFLR, WIFU 7. LRSS, FAFEMTFERY. E-mail: liuyu@mail.gyig.ac.cn
SEEEAT A DYy (1978-), WIFUH, WFFC7 M HEEHER{L 2. E-mail: luoweijun@mail.gyig.ac.c
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L AL 5RE X Bl ST AR $0 - 3% R AL R 4A A B9 =2 i
BE, 245

WEG BT R B HURIIE T R R S0 2, iR BB 5 TR A I5E, M9 st 210023

FeE R R RV T 3 R XA R 1 52 B (R 48 i, £
AN ) (R S5 25 AR AT LT AN [ AL 7= 4 (Eberl,
1983; Huetal., 2014). Kb 32 W T Kk
AR v oo 2 BR A ERFAE I BEST, W K Mg, Li
o BT, KT AN R AESAT R 1R KB R A
FHXT K-Mg [R5 22 70188 (14 52 M0 1 R 43 31 R ST 9T

R Bk ZEUOAR ) LA IR0 SR R T N
(Y Bl DR S DU A R AE s B 52 B B 1E F 1 5%
Ma, AT DL SR Sz e R — DX 35k Py 1 T~ 380 4 2 AR 3 S
AHIFFCIE I AR A T X BRI DU T TR 5
WF DX 5 D, SR, AR DA R T I R S X 3
(18°N~40°N), Wiy « 2 AT Fl oy = A=
PG o MR A 27 0 55 28 WD TRR A Jir o 3 42 kg Bt st
TR U A, HORA I B A E B A AR EE
TN A% K A #4850 2R, WM
DR 5 Kist 31410 T2 AL 2 —-0.28%0 £ 0.07%0
F1-0.67%0 1 0.02%0, V- II{E N—0.51%0 £ 0.22%0 5 HER

A ER(E (BSE) 7EiR VUMW —8. 8 Mgpsws
B 4—0.31%0+ 0.08%0~0.08%0+0.03%o0; 1 &3 JiF 3th [X
(D BRI RIS R AE 0 TSI (2 (—0.40%o
+0.01%o0 F]—0.57%0 £ 0.04%0) , - ¥4 {H 4 —0.50%0 +
0.09%0 » Mg 1t 25 1k 75 Fl h —0.29%0+0.01%0 ~
0.05%0+0.01%o0, 11 Hul2 Mg [FIA7 R4 k. HAFHER
[, YR 61K F 8% Mg 2 IAIA7 L W 1) fukH o6
KR, PRGN GRS YK Al §°Mg {EHI
7 A, 0 TR AR 8 v 0 L DX B K

K-Mg [FIf7 # £dm R B, hai B HiX K-Mg [F47
ARG i B AR AR O HEAN =, 1K AT e B iR X
A B 2R R T T R A DR X TR A LR A
IR AT O . SRk B RS & B DU RE i K-Mg [RIA
FARARVEHE R, H5 K/Ti. CIA. AUK 2R
TFIRZR e 2R, R H K-Mg [FAfr EHm EE2sT
12 AR, 3K AT B R ST A I ) A 2
KALAE A5 A7 %

FEATOH = A2 B Hb T R IO 32 R 8Y —MERF TS SEHE(E AR T (41873004)
W—EE R BE (1998-), LWFseA, WFTim: FRALZMBERILY:. E-mail: DZ1929006@smail.nju.edu.cn

HEEVEE WA 260R, #9%. E-mail: liweigiang@nju.edu.cn
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KEER T2 RS Bes K BN

6% %% | RAYMO Maureen E. 2, 253 > kg |,

GOLDSTEIN Steven L. >, BEARD Brian L. *
L RAMEREZE T A0S, B aURY HIBRRl A 5 TR A e, B RS SRR TR A v R 27 rpoly
2. Lamont-doherty Earth Observatory, Columbia University;
3. WAERJEY IR HLEIRT A B R S %, i atR HERRL A 5 TR B s

4. Department of Geosciences, University of Wisconsin-Madison

M ERE AT CRME— B BAT AL ST AN
K FORBE KALTHFE CO, R 2 U], Ik
Je R T BRI AT R R 1 A 5 I BT B0 AR
HEIK Be [AIAL A RAWY) &, SR 0 DAL AN LAt X
WARFR I FEIEA SR ZM T %7 JE B R AL - 11
WL 4K “Be R NACTEE” M. HEi7id
I 80 A S PRI T H RN R A Be AR 1)
IR, JEHE Be JCR AL IX AT 4 (IR A HER,
AN B AL R 2 AN BE B 75 K
FEMR SR AL IR, B = W) S (KRR IR £ XA FE o

MR “Be AL MAPER” B, JIF 22l R
FOBT IR RE IR S AL AR » A STy T A, — 5 i
S ST S MER R A Be fFR A M BRAL BB AR Y,
IR T IARHE K Be/*Be 1 LML T i AR

FEETH: (41991321, 41730101, 41622301)

R, H45 B G oRIEK Be/ Be HUAR Rl KUK I R 1)
AU, BB E (K 'Be/ Be Hf ISz K
i 31 ot XA 236 0] RS S5 e B AR W) A, 3X K i 4k “ Be
FIA 2 AR et 7 — R B . S — 5,
AL ZR G0 1 HATE 5 H I O T A SR i TR A i S U 3
FEG I K R 4L, RPUR R T K [RA7 2
2 R K ki U B 57RO, R U T 487 K Bt UL
5 FEE DR B SRR T R Bl AL A K — AN E A . A
WEHEA b, 25 BRI 73 Ak i B2 A K [R] 437 2% -
A5 R A o B, AR SAl TE R BT )3 B K
[ A7 25 2H BN —0.22%0+0.04%0 0 3X 33— 25 A AL K 116
PRl A TR T E MG R, W SR R
B AW AR T BT K AR AL T
[ AfG 52

W—AEH TN 4% (1989-), Wd)5, WHH7 M. K XALRIBRAGEAF5E. E-mail: shileili@nju.edu.cn
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N =S TUERERHFIER &

B

o A R TE TSR, bRt 100083

COUR R T R R DU, R
AN R L2 AT LI, (ER, T /N )
SURAVIRUFAE RSP B 1 K BBk AN Sy,
T DR R & B QUR SRR A%
FRIREE R, FH IR Y 3 1R DU ST S BN TR I ) e
#)# (Schieber et al., 1998). MEJF LA Enl 4
PRI ANIES S IEBR AR 05E (Lazar et
al., 2015) o “HUBE”, MOFRGL (M) REHE, A5 A
Gy VAT 2 0 R TF O B R I v, R A
lem LAF, HAEHER#E L B, RMEAEHL B kb
e T A AT DU o DUHR IR R AMREAE R 5
71 em LRI ZH, ESESRLB., 1
T 52 AACAE T 52 W JE B 2 i 55 1, e A 5 244k
JT o U EE T R 7E RAKAE F P 802 2 s R i i
Fi (Potter etal., 2005) o X KZHIIHHF KL,
PE AR Rk, iR A fE R ANE A A O
BYesfr, W AR TR R IR, W KA SE e

CHTTR TS CORMLER T CRBREE AN S 5L
CHUKEREE . SR A IR SR AR IR AR L, X
oA FROHURS VE S e 2. ek, 2w HOR IR e
A AR TN R SRR IE Cln “ R ”
aCRARTD, AEFRIRUTAR B I e i B DT T AN 2
¥ (Macquaker, 1993).

FEUET 5, “8UZ7 MpiBawE, /eyt i
TE RSP0 R 4 VR () e v M 2 R G, FEER . A4y B
PR LX) HALZ . XFEMUORZ RS T 1em
GHH 0.05~Imm J£). “TUEL” il ung, B—uk
FAORAN G A S E S H-EIE, KECEATIN
S 4 RS 2 R RE AR B g, i B 2
s E TP I ESE . “2UR 7 s [ AR DU R, <t
B S R s RAAE 2 . AR, SUZ 2T Ak
GUBRIRIHEA, 17 00352 B2 ) A RAAE TR 1) 77
2EHEGG I o HEATSUZ 5 0T EE ) R A R TR A
A A AR



TP A R 2 s

918 JRFEARFE SIS E A 671

- LTRL18: RIESUERL -

BlfENERETHRLITRERSRSZWESE

Y 1 N —1 & Al 1 5 1 N 1,2%
RXE, A=, B8, £, THAW
Lo BT RS MRS TR, “HS %L 243002;
2. MK T A SR RO 3 TR 700y, e B ¥l 243002

TS X DA I e 500 A 2 e St o 2 el
HOSRBEUE, w R . AR OR R X R W A
Ky RS RIS GG WL . | R
WK RRY, Ol SRR b oo gk
PSR R A 2 o e A AR T s oo 3=
(PR 0 S A s e R 35 (W IF S R AR o« AN 500 3
AR EE T 5 A KA T A = 6 25 1) 90 A7
RGO RHAT T . S5 REM, A
(R BR RS T 25 WAL T Ce il mr, Hx
3 Y. La. Ndo Pr. Sm. Eu PLK EHG+ o0 A1
bR RN . BRRIBR AR AL AT R B, Bl
AN TR HRORG B 5 T R A AR ER R, AT

SRR 5 A R T BURES, AT RE S IR
SE AR A OC, B R e
S IRERR AN G, IUCHaRifE,
BT iRES SRS JE WL, BRI A
PR A 1 m] e o P HE R B A T SR A AE SR AL Ok
Ko BBOIERITARILE Bu F5FH A Ce IESH, Al
FAEAGIRESR AL S 0 L5 T rh il A, Ja 2 AR ZE A K
Eu A1 Ce 535 R WL b B oA R gk & e, it
B, ANTRFRESAORR L RS ¥ S8 A 3 J 2 AF AN [ th W] g
Eu. Ce RH KK R —. FIRGEREN], Bl
st D g I AR S A b o B A2 AL R AT 4k
FRE HLSE B RRAE A 4511 (K 50 SR S o

FEETH A HRBEIE S (1608085MDS82), [H 5K [ 4k R4 5L 4 (41203055)
W AEE R RS (1996-), WULWFFAE, WF5 5. AP BRI %2 E-mail: 1136551865@qq.com.
SEEEA T A AN (1978-), BIEER, Wt/ . YR, E-mail: yongbin_jiang@163.com.
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(L) EREMERTREREFERNKL

AT, 2FRY

1 KK, PR, V% 710054;
2. P EB B ERA BT, T P2 R RS SRR R, P 710061

KBl Ak R b, b 2 5 M i ) 9 /499
BT, AT A ERE IR SRR AR E iRy, IRy
FERA CO2 14 Hb 5 ] 1) R84 1 418 24 R0 A< Ak A%
e, MIMTERZI s s BRI B (40 Tang et al.,
20210, oA, HERR Eh I L 1 FE KA CO2 11 41
SR 2 R b R R b 3R ) B (Walker et
al., 1981; Berner et al., 1983; Hilton and West, 2020) .
DRI, GnAn] A5 2807 B AR IR b XA A b Bk 5 A o R A
U EERLE W 2 — (Gaillardet et al., 1999; FRIR
4 2001; West et al., 2005). 4627 AL 52 24
A7 H B B = O 1R FRE (Walker et al., 1981; Berner et
al., 1983; Gaillardet et al., 1999), i (+) 4:J& (ln
Li. Na. K. Mg. Sr. Ca. Ba %) 2% 5 EAH
TR — R &, B AR B — 2 1
TRsEE, R R A R RE IR Eh s KA IS T Fa b
JUHESR, T (1) @RS ENIE. 48%%
TjidEhr (Bilhn: Rb/Sr. Li/Ba. Ca/Mg. CIA %5) f
F LR A 2 AL, i 4k 22 AR B 5T 3E N T BT i
R, EEARE N TS . 240K, T2
WS B AR TS I PO R g, 2R (D &g R
FR R T A s R SR A Ak I R A, 2L
R IR A s A e b s KU R,
W: Os. Sr. Li. Mg %, 2R, 7EH THIER
A A R G B R I 2 [ A7 R AR AR, AN ]

REmEH: BRARRERES (HEHES: 42103055, 41991322)

P FE AR R 25 B P AFER, B2 b 2z K4k
P — M. Pk, FHE (D) SEFEMES AW
DL, AR IL R Hy, ZROREETFBATE AN
UE, B RmERT, 5 4 1 R SR B R R A KUk %
AR B BT R o 1K B U H A TREE R 25 5 XAk
1) 05 2 %

HOM R A s R, B T R . s
FR A — 1) ATUARER b FE M R4 (Taylor
etal., 1983) FI[FfL = (fFlln: Teng et al., 2004;
Gong etal., 2017; Nanetal., 2018). [FR, 5T &
M2, B SR XA S R R R e 2, A
SCRC R (D 4 R 2 s Bt e ROBE B4k~
A B FLX A i Y R a2 e Dk, 2013
CETFUR AL B TRy e 2 7 B — IR IR R o R
KRR PR R, FF S I B L A SR
B, A Sr R FE s ER A iR AE ] Li [\
A7 7R R AR T R R R BE N 5 A ] Mg R4
FONEERIR SR A DU AR IR ] Ba [ 50K
PRSP TR s T K [ 287 B 0 T
TR o G2 T AE LR BAT T4 T TR T KBl RO Rk 1R
ERE AT AN IR o DT B IR 20 1R BR A A 27 AL
HE IR Z AR FR, A H AT RRE XL R i g
SR B T30 < M s P P ORI R T
RO E B F s,

HEFETA ARG (1987-), B, EIEGR, WSO ARG, @ FR e R 3. E-mail: Ifgou@chd.edu.cn
SEEEET A &FR (1971-), B, WIITHR, W57 H: MRS, R4k, BI53F. E-mail: zhdjin@ieecas.cn



) A HUER A 2 25 18 T RAR I SU B4R 673

- LTRL18: RIESUERL -

FEE RIRL LK R E A RS T
R EL XK ST A RN Rz

1 1,2 \ 1 1.4 \ ol —1
wit, 'R AR, k!, FEFN, Q| EaE, B
1. FEREBHERIREE I, Vi 710061;

2. W EBREG DI 4 S AR SRR ST 0 P2 7100615
3. KR, LHUTREZERE, P44¢ 710054;
4, PEREERCRSE, B 100049

A2 A IR T HE R COL AT 5 2 BRBRAR FA-F
fi, YEry T HERIWIE L, A ERR G R
BRI R BT I 2T RIS, fE A ERAC I
TECN, MR AKSCEAEAUR, A AR o iy
X SR AT AR ANG 2, H TSk iTEE .
fRHRER T B B (Mg) AL Z00 s i s
R, RS BRI AR A 2 AR B A 4
AL R T 8 S MR VL E 3 BT DG /K St I Je T 7K
Mg 73 (87°Mg) [ /3 HER IR (B JE—Ik
KAED, AT L K PR 2025 R A A PEAR A 3 F AN
B, AT DL SE AR P A A 2 DR X A i 52 et
AR 7 CU e PRI M IR . S5 AL
7R, BT OGS ZE T PRI K 87 Mg KA T RGOl
JE4 0.2%0), MAEZRKUINII—1.20%07% 14, 21178 KU ) )

—1.00%o0. (HAFERMIZE, WK 8 Mg 7:Z=KIIH ) 6
YR it 5ot e N A b A s T s B PR R,
WK §°°Mg {H 5 BIF IR IE (SSC) A HZ Il
R (PERO¥IH B U IEMI SRR (7= 0.56 F10.64),
LK AR Mg [RIA 28 AT AL SE E N 21 T ] 44
o, NI EE K Mg R 3R AR EHERR T IR AER,
T SRR IR )G, ARURE BRI S )
SN, OB B A WA W T Mg 3R
SEI, R I 2 AT ) AR i 7K SR 5 RS 1) v BT
TR, TR B A8 H it 70 I (] P S 25 4 T
T 8 Mg . ASWFFTRWURIT. EJF 7K Mg [F{ %
ZEAT AR A h 2 R () K SO AR, e Tl A2 X 7K S
FEPFRBUBI Y, SRR 27 R AR o 2 o S
2Bk Mg EPRFRARL T S bW U LE 55 o
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R IR SR B A R B AR R R R K Bl UL B35

HEL, HFL, HAN, FEL

[R5 R 2 L U ER R 2 22 5, RS X S %, B 200092

B 0 2R AT K ok M 58 R v v 3 BAT B I AR
FRE, SEER LT R A 2R Ak R ) R
grEY) y —, SRR R AT R T A
MR EEARAAT B o M ERS L OO B R A7 3 7R R
R b 5 g S U0 K i XA S R 1 S T S A A
AR BT A B AR AR A — AN 8RR, JRSIi) o8
T o T 11 5 9 v ol 2 DX A2 3 i 4 TR A B 1) O e IX 3,
JKBNTI+ KR pH/Eh FlEk 5 45 FR 8 IR 32 R ALK,
Tk R A G I AT DA 3 SO N R A TR )
YUk, LR A 5 1) Ve AR, 1T 52
TG AL TR E S AR B2 o X ¥ 1 - o 4 O e
T Iy I ok ORY A2) BE R AT 3R b R A 2 AT O REAE (1)
WAL, HIA TP Zia M. RCKIE
2019-2020 RiFLRAEFRIH MR,  LLUAR M 1 -F 3230
X R 2R E S DR TR 5, TF RS -4
A B R e G JE 1 T 2% REE R 7 2R M BR Ak 2 20 #T

4 R B HURL TR ) BAT 5 R AL B3 e A1 [R] 1) o
RANBE AL ALK, R W HRIE T A K B L,
RS HRE TR ) S MR CRR ) 2 1) FR) B [ A7 3% 22
5 A Mg annn=0.3%0, FeAL b HLFE KL AR %
B 5 B 2 10 (KB R 28 0 AR B — 55, 3R WDHY
WL RT3 Sl % TR KU S
25 [ LU ST 4 R 7R, RIEHRG R TORR Y B
1) g7 1) B 3 O BE A 3R A4, J ) b,
A A U B 3 DR Bk R AL 3R AR AL
0L S S 1 P o S Ao R ORI TR 87°Mg
EHE Al S EEIIEARKR ., XLETREG R,
VA 1 B Bt OB IX B RGBT 8% Mg (i 5
UORRA) e 22 13 6 K i AR i A 5, i 0 AR 70 e A
LI o P AN 2 235 52 W kG b b G OAR W Bk (R A6
R BRHE, Bl UEORS TR G DT AT LR i K Jl X
HAEHT .

FEETH: H A =8 Mg RN 5§29 85710 28 LLRIG A BE-E5 16 28 (42103004
BEE R BN, BIBFRR, BRI BERIALE KR AR B A, E-mail: zhongyahu@tongji.edn.cn
SBEEAT A Halk, 882, W5 KSR 2 KRG, E-mail: syyang@tongji.edu.cn
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Reverse weathering may amplify post-Snowball atmospheric
carbon dioxide levels

Fangbing Li'*’

, Donald Penman™*, Noah Planavsky3, Andrew Knudsen’,

Mingyu Zhao®, Xiangli Wang® Terry Isson’, Kangjun Huang®, Guangyi Wei’,
Shuang Zhang'®, Jun Shen'', Xiangkun Zhu ', Bing Shen®*

1. MNR Key Laboratory of Deep-Earth Dynamics, MNR Key Laboratory of Isotope Geology,
Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China;
2. Key Laboratory of Orogenic Belts and Crustal Evolution, MOE, School of Earth
and Space Sciences, Peking University, Beijing 100871, China;
3. Department of Geology and Geophysics, Yale University, New Haven, CT 06520, USA;
4. Department of Geosciences, Utah State University, Logan, UT 84322, USA;
5. Department of Geosciences, Lawrence University, Appleton, WI 54911, USA;
6. University of South Alabama, Mobile, AL 36688, USA;
7. University of Waikato (Tauranga), Tauranga 3110, New Zealand;

8. State Key Laboratory of Continental Dynamics and Shannxi Key Laboratory of Early Life

and Environment, Department of Geology, Northwest University, Xi’an 710127, China;

9. State Key Laboratory for Mineral Deposits Research, School of Earth Sciences

and Engineering, Nanjing University, Nanjing 210023, Jiangsu, China;
10. Department of Oceanography, Texas A&M University, College Station, TX 77843, USA;
11. State Key Laboratory of Geological Processes and Mineral Resources,
China University of Geosciences, Wuhan 430074, China;

Snowball Earth glaciations are the most extreme
climate perturbations recorded in Earth’s history. It has
been argued that the termination of these events was
characterized by a single rapid transition from near-
global ice coverage to an ice-free greenhouse climate state.
Notably, this deviates with more extended transition
periods of ice sheet waxing and waning typical of
Phanerozoic glaciations. Using a coupled mineralogical
and Mg and Li isotopic approach, we explore the role
that authigenic clay formation within the seafloor may
have played on Earth’s climate during deglaciation of the

Marinoan Snowball Earth event. Marine authigenic clay
formation—a process referred to as reverse weathering—
recycles carbon within the ocean—atmosphere system and
acts to elevate atmospheric CO, levels. The results
indicate a shift towards
weathering within the uppermost portion of the
glaciogenic Nantuo Formation in South China. Carbon
cycle modeling indicates that widespread reverse
weathering could have driven a protracted (millions of
years) carbon dioxide drawdown following high carbon
dioxide levels expected during deglaciation.

more extensive reverse
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MEtEMSHEE
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FihA, %

AR IERZFTEFM
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EATH7, HE', T

1. [RIGE R o [ X E s &g, B, 2000925

2. EARBRUR TR TT By v BT 5T i v B PR P SR

JEE 35 65 DU 2 oK 391 - TE) oK 390 g [ b K0 COy R
R A AR R R Bl AL ) s e 2 A AR 4K 11 O B
FITAE o —SEAR 26 [k Y50 s AR 3% IR E 52 48 78 K 3]
Fiki ZE A OO CRR A 1) 5% i A KA CO, T AE T A
AR, AN 2R R AR 1R = AR e R e A i N 2
TF) PR 56 R AP AT AE S8 o ASHIF 90 T8 ok i A5 s ey
L (MD12-3429) [ifi i #¥ 5 2H 43 1) o0 2= H Bk Ak 2 A
Sr-Nd [FIf7 &= 34, FFJE T ik 2% 244kyr DUKAEPR £
1 A A SRR ST THT A B il B T A5 BRI R 7 1)
XFLEHTAT, SRR T Bl 3 A I S5 B8 A5 ) 20 i [
SRR RERR SR SRS AL AR £ (SCWD) FlEg gL
i Mg/Ca LU HE KR (SST) fEKIE
e b B R0 AR BRFAE I s TR 2 5 e
JUPE b R AL 5 BE 1) — G IR 36 o T oy PR O R 1 i
B, BV KPR FE T Bl S DR A A A2 SR 1

EAEHE TS

i, 266071

TE A H T, 2 H TR S B UK A R £ A X Ak 1
SR (1) PR RAS [R) B B g AL 7E MIS6.5 B Be, KUk
S T v L R R AT L L 880 B35 AT X
JAAKAC 35 [F) 20 i 1 2R 30 B3 2 AR Ak o R, IR 2R iE
EL PRI R R T AR R T A bR - 5 T A DR
BRMAR, ST KPR R, AR, 88
=5 B K A XA e R ) 3k — 25 o i 3 n S A%
Sy A e TR HE RS A e B S E N N i
%Eﬁ*“/ﬂ&ﬁ%@[%%%,%ammmﬁ
Sl DX AR R R Tk R S A Bk 4 b gk — 2D R
1k, BEA MIS6 J& W1 H ) DUk b o F B4 is i
AT, A R SR RS R e 8 7 A 0 . FRAT]
[T 5 2 B A% -3 T 1T ) 25 A 0 XUA 1 5% 1) 5%

Wi, R U Xl O 1 i A S B i A 6 4 2 1 S O
(RPN A UN o

gkt (1995-), WLAFIA, ST R BT, YA, E-mail: zhangchi_tj@tongji.edu.cn

BT Bl (19712, #FE, W07 Wi, U ER1L 2. E-mail: syyang@tongji.edu.cn

# AR VEE TR

WOME (1977-), BIEEZ, WEFT7I: W . SR ERL 2. E-mail: xiangtong@tongji.edu.cn
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Xt pH B g iz

ARIT, AR, FAE, KE, TEE, KE2E, ¥R

FPERRE BET N ERAL AT R AL S B ERAL 2 [ X T AT S %, TN 510640

Bk P 2 IR A 4 BRI A = B2 (1)1 F0 2 A Hh
BRAL G IR IR O i B, AN 28 35 4 R4k 1) T
AR, IS 5 b R A T TR A PR R b T B SR K s AL . PR
T Li [Ff7 2 (°Li A0 TLi) 2 18] AR AR R 5 B 2 A 22 4
K (~16%), 113 Li [AA72 R AEH TS R R A e B
F A, L Li oo R EEWAE TR, HE
P72 A BT A2 AL VR R S8 AL I8 SR ()5
AL Li [RA 28 70 7R B R R e Ak iy 1T B A 5 (1
¥ 7. Hr, BT Z s R E 1 IR
I Li [RA 28 400847 A AT T8k REEMIETE, (H
e AL R I Li R 28 0 WA T I WF AR ¢
b H A PR HLE] AN B A

DRI, AHIFFCIE I AR 0 X — AN SE A B4 28 A
e S REA . 59 XABIX L XA RT3 XA XD
X HA e B L 0 L R 4L T T WEST . WF
JREE LW, AMENIG Li SHZ KA AR S Li
[ 22 20 R AR /N o AL =R f (1) Li 76 22 AHE B

HEH: EXARPEEEIE HES: 41991325)

SERES B4, H tlino (E15-6.0%31-73.8% A AL
s I SLi (AR TS ) —11.4 %0%E+2.4 %o. A
R P A S EE i RJEA 8'Li 2R K, B
ZBERISRIE A1) Li 3 P I i T AL et 1, A
R A Li WK, RHOA RV Li W
As A OEr 8L e, RS I 8L (.
PR ) THTJEC BN T, XA =) pH L% 7 PG,
RACF=HIH Li RBEARIB WA, R~ §'Li
8 LG AR TRt ste. ik, AN ALY B 4
AW Li R 2T 45 SR R, SV s i Rk
ARG R R R AR T B Li R R . A
FHRRT YR SAEARIR pH PRBE R XL, R P
PN Li [FA 28 50 VAT b, AERgE 21 55 I 1k BR B o
I Li Mg LD Suitera N g,
MPEMRMEM BRI Li A2 LD Wi T4k ig
HENEHA o X RIAT Bh TR A B AR 4L 512
55 5 B AN 2 (A AS— 35 Li R 28 70 VAR

W—VEF RN Kkll, TR, BFFiim: R 2 HERILS%; E-mail: zhuguanhong@gig.ac.cn
SBEEAT A B8k, ERmE TR, FF5m: B M IcE R FZ MR E-mail: jlma@gig.ac.cn



678 ) A HUER A 2 25 18 T RAR I SU B4R

- LTRL18: RIESUERL -

KLU ERRPRIEBRMAED1E

Bx#'™, RE#Y, TEE, EMHEY, Rg’, ARy,
TES, #57
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3. Earth and Atmospheric Sciences, University of Alberta, Edmonton, Alberta T6G 2E3, Canada;
4. University of California, San Diego, Scripps Institution of Oceanography, San Diego, CA 92037, USA

VA W58 SOOI o L~ N 2 ) O A R 1B
il 7K R b R AR SRR A T I 2 5 i 7K R
WY IR S D0E, BRPHEZ . UK. 2%
FRAIE 2 A7 o 9T IX — R B P 5 e L ER (L 25 4T
o, X ER LR T R R AL SO E T
PR 2 S PR R B S5 B R IR (MC-ICP-MS)
DU 4 e TR 35 PR ORGS0 3 4w, &0 AU 3548
b E T U6 B T - 33 v (1 R AL 22 9 RATIEST T
KRG L HHH Feu Cus Cdy Zn 250 Z A E [Ffr %
o)A, RIVANIE RSB 6 T B M T E Fe M
Cu W [FIA7 ZHERAL22AT 0, 1 Cd 1 Zn 14 [F) A 25 53
A B AN Y, FE T N RN . Bk
Kii, KFELE)Z Bh BT EM KA EE TR, =M
Fe #0524 [ 2 1K AN Fe IRl FLI/K 1) T

IT#, 7eH T Eh AR S I ARFZE (110-160cm)
DUk, B Fe AL Z i (87°Fe=-0.12+0.03%0) [¥]
BEE)E (Feo=10%). FEANFIHIN Fe [FA7E{EM
Fe &8 B B F MM FAER . KR Cu FA %
SITRINLES Fe AHAL, HIERE L Cu BE Ik
BAER Cu FMZEN Cu), JFRESLBR/KIN FIT#,
S FE L W B E e, JLRAL RS & %
WEMFKIR. 2GRk LT, 2 Cd R &R
B e, 8M1M0Cd Ik T A-0.496 +0.010%0, 12 %
AN N T R4 H], 40em LR E4r Cd &
HAA K, A Cd [FIA7 =38 B 5 (-0.357£0.076~
+0.4681+0.076%0), W HEZHL FI/KEEM . T Zn [FI{7
B AE KRG AT R R LR 1 (8%°Zn=+0.143+
0.022%0~+0.270+0.032%0) »

BRI HX ARBIAIESE (41803005) “ZHURN R RZIRAAGIBEIH (re522113)
B—VEE R FRSOW (1985-), Hd%, WHoJim: B ERIL Y. E-mail: chengwh@ahau.edu.cn
SEEEA T A W7 (1978-), #d%, WM. AEL4eka e M7 % . E-mail: fhuang@ustc.edu.cn
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K Ik A TR A IR A A2 4 Jeie R K 0T B A A ST 1l R
HER B PR (R S BE N LD . A S Hh 2 Ak ) B
W, VLA S DO A ) M BR Ak 2 4 2 T 5 DX A
HAAT B, o (0 52 Wz 1 2 8l ) 3 FHORR P e [m] 4
RERESE W, KA S HE CAMER P BRIk, el ik
T S DUR A 2 21 A O B s XA i B (S 5
S ) FH T R T AR R s K i XA g e R i A
I I 7] S8

N 25 P 2 B T 7 R IR Y Ak 2
B R R FE A 5, (B4 B 3E F T Al SL O TR T
GO~ SEE AT AR ) € EWF U e bR . Garzanti et al.,
(2013) #EHH CIA/WIP YA DR E M 5 i R

SR, CIA/WIP S TR AL, 8 2 1R Rk
R TCVE AT SR 7~ SiO, FBAEH - I H A ST 50
FET CIA-WIP B4 1“3 BLAR AL = 4 e 44
27, AR AWIP/WIP #ifshs. H, AWIP
TR — CIA NIARKAL =5 GURAAE (1) WIP
2l o AWIP/WIP ANZ U AL R FE s, H{E F
T SiO, MR RERE, IRk H e SV DU 6t
AR RAL = AR M . AWIP/WIP 485 (RN, 3
INUURRY Si0, FiREFE PG, LA 4L BBz T
BUACIRAL =4« AWIP/WIP 3 51 J5 5 v] LA Bk 7K
) 343 35 U RRUE AT 5 S ) e Sk OB 0 b A 2
AR, TSRS AR B 5

BEEIUH W Zrife RAL DR % B R 5 A BT AL (K W - (2022 YFF0800503)
e i FEE (1988-), EIWFIT R, W7 : JIHBER{LY. E-mail: ylguo.tongji.edu.cn
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