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g “IK” KEMIZ-1E5HF: NiFl Co TERAR

S5 e
=,

EiE

EREEBE HEALEBISUT, ST 550081

K KR RERF T SN2 —, 2 VPAl K
SRR EE bR . A KA TR AER T, KT
EHRACY (73~290) x10° (Mc Cubbin 25, 2012).
KORTERAIIN, KR AT e & K, K
ik 3.5 % (Black 2%, 2022; Clesi %, 2016). £
ol ) 37 2% 0F 90 3 B KR A% -8 43 S A A L AE K BH &

IR 7~15 Ma W8RG, Ik, KR A BRI <K

RATES S T KRI85 il fE . SRBkon s #
KT /R ERRIAT R IR0 00 S B, A s A ik
PR 5 9 ) 7 PCAT by 52 50 B SE MK - Ni A Co JEFR
Y iy AR IS N A0 %) PR U Sl I PSP
EATI o BE AR BB A LR L s AT SR T K T
7 FAAR o 7K A P 0 T (R 4 5 2 AR T o A
KNG MRS BP B Jstn K2 WK S

HEUH: FRARPAEEIH (4207051

S BRI N ARA T BB T T KR IR ISR, TT
Ae MU Ni Fil Co 7E4 B AIRERR Eh (Al 1) 40 Aic. AT
PR SRS ERE AR koK, 1E 4~10 GPa %k
PENHAT TAFK S R4 (2%) SREITE Ni
I Co 104 J8 AR R ] K /0 FE S5, RAHUTTAL T
Ni 1 Co N4 FERESWE . . AIRE. K E
Z AR FR . R Ni Ml Co {04 @ FIRERS £ 1) 70 i
RO, FRATIN A 7K 8 2 98N KO R (T
JE, 2 %KM KR HE A E K H Rk
400 kmo FRATEE G K-V I HLEE 55 K A8 FeO &
WA, LT & K7 KEZL-ME 7 UK A
PANEANEE LS

R KA K R %1805

FEFERA B (19925, LA, P55 SERERILY . E-mail: zhaikuan@mail.gyig.ac.cn
SEIAER: FFH (1979-), BEFLG, WER 7M. LA 0 WY E % . E-mail: gxzhuan@mail.gyig.ac.cn
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X Bk m G MR it 75 A 28R A eI N A
By E g, x|

ERREEGE ER A RO, JER 100190

MCFE H A 15 BE D0 T8 28 B 70 A LAS) (1) 1) 25 A 4 6 U8
Photon Factory 9A JEIRZEN, AWFFIEH X S
WORE AN 258 (XAFS) F-B, EF0RE 3% o BRoRL K A B
AEPBRITTRERETT T REMRTT, HAZO0 HIE T2
Pl 1% 70 R AE RHAYA Z13ERE BL BT B A7 00 508 JE AR O
B L FE T = HUmUE R PRI KR A FEA, 4
2% NWA 13327, NWA 8657 DLz NWA 6963, ‘&
BT XA iU Shergottites, B 3 MR 0 W08 il L
T 5 LI E B R AT X BHERUE, 1 X 4k

RER I 2 19 R i WK T 3R W52 2 T RE AT UL RS IR AR
&, B LB R A (e R I . P
REETIRATS PR XN ) A SRR,
T AT TV AP T B B0 s R S R P e A e
XAFS $AK, AN Shergottites [/ A5
LUK A A B IR S8 A JSIRGU T4 TR LA

RERIA: BRI BT X S s 4 454
W SRR

FAEF WA AR (1994-), THRMGER AT EL, W5 R4S . E-mail: shaohuimin@nssc.ac.cn
*EAFEF TN P (1984, BIF, BIFJr I 47 EEMK. E-mail: yangliu@nssc.ac.cn
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1 P EREERE B 2AERT, BEBH 5500815
2. EBERE BAT RS AL, A8 2300265
3. W EBREBER, dERT 100049;
4. FUEKRE:, PETFUE 999077;
5. AR TR AT AEREE R, AR 610059

b L H BRCA R A I B R, =
EAFE A MOTE UL The K 7E W IAH A TT
Fo P, AR v B R I BRI
HER AL S RFAE, S s i H 3Kk N S A4 A B R )
A SR, AR T X A N I E
HLE B B IR A S R, R R SRR R A
i BF DA AR] Fofr 5 2Q 3R A 70 L5 1 o0 475 88 V& A V) &5
i, BRI 2T Apollo 3R [RIKE 5 22 AN 8T H 3k
FE b o R T B o A A R AT ST . kT
GRS T 2020 EREVE T OAEEVEILES, @& Apollo
1 Luna 1T 45 K FE X o T8I 56 3 % H 5 H 3Ry A O6 F
FE 5 CE5C0800YJFMO0101GP (1M %¢, fEH bR
TR 5 B B AR RS ) . 4
WA R TG R T SR U-Pb 440244047,
DA K 38 S 20 AT 5 X 1 B o HL SR O ) D e PR
AT I AR o A PG AL 2 v B Xl IR T
33 Ga T &8 VR FH s RO B i 4065 A4 D S5 381 4k

HEWH: BRARREILETH (42441822, 42373041)

W LT R . POPERRI R B 1%~5 %
) e FLE 1o NN B T IR BEZ 24 200 km (1) H 12 Y5 X
e, B YR XK AR AR B o s Al R T v L
A IO REA 3 o [, R S 90 R I R 2o o B
W2 A FEAS P A TN I 2 b T R R R B i T L
AR 32, X R T B OTUA SRS B R H BR ()
KB TR 1538 3 B AT 2 DI R o %P5 R, 76
JVER LI, A7 T 7e 3 50 v ) 5 i A g R
T R 1D 3 0 0 Rl SOK: e L R AR
P, L3 T O IS B0 7E H e i B SRR R 32 H
TR e A 2 o M AEAE T 5 oe B ) i b 16 2R
POTFEAE H 7oA H g (W FAE R AN I A S A o] g
T I i H BRPCIR A AN A e 0 - 08 o R AT A 25 RN
JR I

KEER: RHARK Wi, YT, e
iNpY

HAEHET: B (1986-), EIWFFLR, W57 : TREFH. E-mail: yang-jing@mail.gyig.ac.cn
*AFEF TN Wi (1986-), RIBFRA, BIRJ7A: 47 EFH#. E-mail: yang-jing@mail.gyig.ac.cn
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T d — 2 ) ‘ 1 el 2 1%
gﬁ@é ’ E-"ﬁé ’ /J\%"\ ’ ﬁg/@‘% ’ ﬁ;%ﬁk ’ %i@%
Lo IDARRZEA R TR, IR B0 264209;

2. PERLEGE BRI ARSI, BB 550081

KRR Z 0 A TR IR SR ) CUnfiat 1R Bk
TR MR Bk RIR AT D il ok T R AR K AR ELAE I e
I 39T I AR I e B 2 ol VR A B S T AR B R AR A
Yy, WS KRV REAFAEMRRER E ih . ILR BRI IE
JRAL 55 A7 40 5 A6 R ik R D T R PR OAR A B
IR SCARIR B AL SR OG0 3R. B Ak, BRIK B
MR th 55 A AL KB AR)Z )2 ATAE, 1T Mn A%,
ik g oo =, HARPURYIIE 5 S0E i Fe v i
WA IR AS S G R AL JE N 2%, X 7R KRR JZ K
PAERT . R 7K 3l e e AR AT B 25 3
AHIEFUE X KR BRI £ B R 1R ), SR e

[ A s W3 5 K i e 725 Rk, L Ih A LR R
FREER S M M BRI IR E 8, P RGid I 2
e 5 LA B PE . S SRR, AN R
1) 7 B R AIE 07 5 Hp 2T AR AT B s 5, )
A X 53 B BT 2T R K . X R 1)
TERFAE W] 4 K BB (W TES. THEMIS) 5
ALATERI (o SHERLOC) #R{EEH S %, I 4
MK R W RAGIR K35 3 7 s K e Pk A
PR E

REWH: R ARBEIEETH (U1931211, 41972322); ILARA BARRHARE 4 TUH (ZR2023QD157); W E1E 4 5 R HE 4T H (2022M721916);

FE SRR IS SR B FRWEH - (D020102)

WEE R IREEE, WLWRIA, BRI AT ARG, E-mail: 202317810@mail.sdu.edu.cn
SEEER: T, WAL, W AT AEGIEY . E-mail: yqxin@sdu.edu.cn
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W REKRLR A R DRI FRITE R R

N, ok —_— —
IEE, HILTG
B E R R K BRI ZS ) B2 24, A IE 230026

YE R AR Ay S/ MT AL AT g o A R, R
RO A IR AT A AR A B “ DU, SRR
T AL BAS R FAAE FH A5 R 8070, A9 G e g £, 2
ey BB, JERSEAL Sy . Hodr, ASTRIAL S 0 EORE B
AR S A Iy AR S, 90 G A [ B RO B
A 4 EORLAH 2y 1 LE 1 AR A 2 0~80 % (CL >
CO>CV >CR>CM > CK >CD), Bk A h
BRI 2> 5 b En ik 90 %Ll . KAk, KT
T S BRREL BA A7AE — A« BRORL-JE Ak 2% B 2y E AR
BB UL, MU RARRI R (1) BRoR 7 i4E Rf
bt CI 215 R BRRLB AT L PAS BRRL 415D 5
) Mg/Si ELAE, S il o i LA AR (2) CV.
CR. CO. CM. CK F1 CL #H 5| B Jot BR AL B A7 7 42
A LEEAA R CLALA T Mg/Si EEAE Z1 A — 2, R
ST 5 AR AN R BB JE 414 L. ok B %
Ut f B MR 7 02 JUT AL P AP AE 2 A R 28 1A
AL I P IR g 2, i P b A o 48 s i A
O ST T RERRL A 3, IS T R SR 8 43

T H: HEXARBEEETH (423730400

BIE A5y o AR, RSO R B Rl ],
AT 5L B PR A7 AE AT TR 210 A% 1) R0l 1) (R0 40 s, 3
B 2 AT LB i A — e MERE s Ak, BRTER
oL B33 ) 35 0 4 HP A AE AN R TR I K PH R kL
W, 3 W LI AL o AN 58 A AR 2R I 0 A R
SAERGr o A 2NN % B AN FR R TR R A
FERE AR TR 28 I AR JRORK 08 25 3, el % b
AMERRAAAEAE,  RIB 5 ERORE B A7 AN A o e B ORE
Y153 BRI CT 2 530 i Jo 3sKORE B3 A1 (1 A2 52 40 Jo 2 )
YR =Y . 1IX BLERATEE X CV.L CR. CO. CM,
CK Fl CL Z 40 I L BRRL B AT FE i, JFJE T — &
A1) R SO 30 Tl 11 5 43 % %6 G 2% A R SR/ T A
B R RS R 4 [0 2% 4 A ) 5 Oy T ) T A
SR, REIIR BT I« BRORL-FE AL B2 BN
B, R RAT B AR 4.

KR TR L BROTERKLI AT s BOR A 5T
WF oy HAMBE s 62 R [ 7 3% 4k

BAEHABEER A WIEFR (1991-), #4%, W5 MRS RIR 4GS, E-mail: zhengbindeng@ustc.edu.cn
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(Fe. Ca. Mg) SIEMFHTKERRPRIFTARE

oo — 1 12 o pel*
Z=Y R EE, X B
1. PEBERR R A0 BB AL SR AR 4 [ F s s 06 =, A 230026
2 A BN, A 230026

S s KR W& IR, WK AE S
WP VAR BE S T IRATTN K N BB S 20 A R
A H A R o RS /D RS 3R W /K AL b o] g
TEAERENN MgS. CaS ZEfifbdy, (H/KEHu2 itk
W53 KT T S A PR T 5% T - 3 AT 19 BAR L I £
BT, TAIR A E ZE R A AL R T — RAEA ]
WP Wy B A T K 2 R - A )
AP S5 o SR I FE VB 4 1300~1500°C, 776
il 4 0.5~2 GPa. fitbPi a2 KH FeS. MgS
HI CaS M4, Fe/ (FetMg+Ca) HLH AR 4L 30 H
h 0~1o S50 R A1 S5 b AE , 4000 B2 I8 i 4% Fe-Si

B4 AP HIAE TW-4-TW-5 {E FHIT . S 25 5 B
(1) MgS F1 CaS I & K KT, JFH
MgS HIFRFHER ST CaS; (2) I Al LIE HERT I
fRPEMIBE T, TR EEARA A i 5 (1~2 GPa J&
FIVE ) o BATTIE AE 2308 I 25 5 0 A (0 sE 56 500
GEE B . Ry SUREE . ISR . AL R
o35 R ZE RS2 MR, B8 0 B 00 -1 /K R 28 R s i
FERERY, DA DA PRI B M0 A o 5 v O PR AT R R £
KR M A AL 2 R L T AR

KB KA REE; DA

BAEER N RT= (2001-), WULWFFAE, DR : SEH %1%, E-mail: whs164830@mail.ustc.edu.cn
*EAFEF TN U (1995-), L5, BRI 985 41%. E-mail: 1k2017@ustc.edu.cn
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N BB BN AT K EILFR A Ce BRI R4FE
B, R, KkE, XF, ZTE

PSR TR MR 54T R 2B, A 610059

YENH LR SRt s, i (Ce)
PR FA)+3 /4 T A8 A0 R R 2 1 I 3 DX - LAt A% 1 e
3, HAA b I IR RO A L R ok T o IR S A T A
IR I R T R G C iz R 4l
S (Ce/Ce*) A AN AfENT BT, {H Ce Fa
SE AN AR R 32 /b . IT4E SR Ce RaiE [ 24
BT 7 A3 80 T R R, 7AW 5 S il b9 8 A
PR A B T 3R Ce Fow AL (0 2 IR HLEE S S0
o AR, J= 5w L N o AHIFFUEEL 7ok H
2 [P A B SICHT X 3 KRR A TH R (DSDP) 11
FEfih, B AN VUZH SRR T 21 AN [ 4L 50 i DU )
HfK) Ce B [V 22 4L BAFAE (8'%Ce, LA NIST SRM
3110 AARFE) o &S9N A HF Lok — EiE K, Mk

HemH: HxARREIEETH (42330102)

BUaYE B AR 225, DUy RIEE A%,
Horp 7 FAC B R VEIR B VR 543 3 AT A RE bz 25
R IR R, DAGE O HORG 0 32, BSORE A e] WLk
WK, RN IFIRES KL RS Y, B
0'"2Ce i }1—0.008 %0~0.221 %o (V-1 4 (0.058+
0.081) %o, 2SD, n=42); Bt 144 ¥k 5 BIFE 5 ) LA
A 0 R R TR B RN R 1 S N K i 14 ol D ek AR
F, HERBIERIE A KA BAOTUE R
JE AL, KRG 0" Ce {H N 0.004 %0~0.205 %o (T3
i} 6'*2Ce=0.047 %0~0.104 %o, 2SD, n=16).

KB HilFAE KPEDURRY /N2 I8 i
By RIERE R

BAEE R BIERE (002-), LIS, BFF7 AL FE MR . E-mail: :zzj@stu.cdut.edu.cn
WEERRIA: 2k (1975-), @IWFGT R, WF9T 5 AL Z BRI . E-mail: xlisu@cdut.edu.cn
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Rkl 15 RiZEwX BIREE AT R R

X A% k1 ) 1,2% wyr 1,2
?3& ’ X]J%ldm{ ’ %E)L
L P ERERE B EER T, SEBH 5500815

2. TEREERE RAT A AL, AR 230026

PeAG BB AT BRI P IR B X, i
ANy AT ST 28 Pk 2 ORI Ll A AT X i
BT, AR ORAE TR IR SN R
DRUR, W12 DX I S8 52 P32 5 RS PR ) R DX sk
A S AN B PR P 75 R A R S A TR TR
JREH 0 AT IR M D ] R R REAT T Ry
B JEERT T SRR RER IR . KT A EREDINBLIE €
fras (LRO) SRR EAR, 4itr Kaguya §7 )%
B (MDD BRINRAT (6 Hs LK 1. 250 J7 A2k
A TR BRI T8 B 7Y 1R 2R 2 D AR BR R i
Zala XK 2 X — MR Bk A i 2 s X =4
ANTR SRR IG s R T/ IN R AR S o B ] BRI I 55
R 1A S o B AR 1 T A i el T RE LN AR Al 2

3495 o I LR R A2 W B AR Ak, TR b AT DA 3o 32
PEAIE 1 BUR 5 5 2 B AR RYLE B2 1 HL#
TREH 22 b ) TS ) B 4 A b P DR o Ik
SRR, 23T H B RV AE R UE . W 5T R IR A5
HBEAN I DX 31 38 )2 S 0 AN ), v i g 2
DX 4 H 8 L RE (12,13 m) 8 2 A XA H 2 (6.15 m)
B 5 B 9 DX ek P ) R 9 Ol X3 S & i A
KR 2 0 R =40, AELLE 35 4 b DX RT DL A 58 1k
H aF (e FE T e S 4 » S s e X S s Ak )T
S R .

REIA: WA TR, TR, X
Mo AL

W AEE R WA (2001-), WULWFFCAE, RS 172 EFY. E-mail: zengxuejin23@mails.ucas.ac.cn
*EAFEF T A W (1968-), WIFLHE, WIFJr M. HAERS 4T E MRy . E-mail: livjianzhong@mail.gyig.ac.cn
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Cr. Sr RUEIETIEH S SXRKadaiRe Al SIR4SE

KEF, EAER', LB, HRE, AR, B, e,
wxE, mE, RAED

L WP ERRERAR S A AL S e A [ e =, S 2300265
2. HEEL TR b ARRE S TR, AR 231131

KL B 6T e R AT R R R R
(s e BTk 5 5 KRR IR 0] (1) % i o H BRI
LGB A LLFFEE B PE A 20 Ga UG . A, R
[F) A7 25 B 8 7 L8 YR X I Al AR SR N 1) & B2 T80
PEr=#¥ Us Th A1 K J6% 1 KREEP J§[x . B fi#ix
— YR DX TR R AE TR L B AT 4 T H Bk AR Akl
T BE T SR B ML LA 2 e DRk, AT s ) 4
TBAE & 22 b4 G 25 TR AR [R)AE 25 10T 0 SR Al 4 1 1l
55 ZIAE VR X REAE . 4R 5 5 XA I C A
AL 2 M s BB, M T Al Apollo A% A1 H
R AT, Wik 5 5 XA M R Cr S IR,
[ IR B B2 W Cr [RIAL 08, W g
TR R R R O ) A3 e A i CInRRON A RO
A1), SILEEE NI R R IE— 8 PR

HETH: EXREARRSREESINE (42241102, 41930216, 42441837)

SREJE CESC0000YJYX052 () Cr [AIf7 & il ik
~0.5 %0, X—WEN Cr AL E D MIe R 5 5%
ECATER LT Py T 4 R B 1R 0 5 4 i o AR T DX 1)
T Cr A %, Wik 5 5 Z a1 Sr A # IR R AR
I, PR KA IR R A W oy B A . 1K P
7 HNVERAE 55 B 3 B i Bk R AR X s AR K =
Sto Cr Ml Sr R K BCAT MR R Gk 5 5 2l
TE45 i R R R A (A 4 AR IS O . Wik S
52 T 2 R R A 4 IR R B8 S R Tl ok
595 LA I REA AR TR 2 12 F1 15 RN
B A A K EA RN Al & &,

KHEIR: Cr[AA 3 SrAfrE: Mk 5 5 Xul

e EE

FAEF RS KR (1993-), FIFFR G, WEFJ5m: KA. E-mail: zynld@uste.edu.cn
*EAFEF TN AL (1978-), #3%, W5 R E-mail: Ipgin@ustc.edu.cn
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A APRZEBIIRFL: Pebble Accretion i+ 2 Grand Tack?

BRAREE TR AE Bk GAT B, 1#R 610059

B AF M AD ASBH F 1) YK BH &R 140 J5T FH 7K 1 i
BE) 1%, TN AT B E et R 3 OC
P, Kif# (Grand Tack) F1U0 47 F ( Pebble
Accretion) IX  Fift 32 ZER R 43 il A T A [ 1R HE B
SKARRE N RBH R W . SR, 505 WE P A 4 7 1%
W R R by T R A, AR E R R . A
W55 AR R K BH &R I S ) ot & FOK 5 s AE N
LIRS, VPG K IT A RN 0N A IR AR ASE 2R 7 12 X 3 0
R R R B4

BAMEH N ARBAERAL 77 (N-body method),
P 3 FORIT RS =5 2 BN R, e Al
75 A KB B AE ey e R I e o iFFT 4l AR W], B

W R TR P R BH 2R 7 AR (A 4 R e T OO R
R, 233 10~14 15 (20.58 M@ ~28.6 M@ ).
FEK 2B S RE 0 5 T, UF AT R AL I 5 R Al 2 2
TR, Fanlis 20 £%(122.17M® 0). CK
TR N A2 /D2 ) AR, URA AR
IR BT 2 S R 40 J5F R 7K 28 8 22 i W0 0 28] 4D KT, i K
IE R AR (1) &5 S B0 0 AT 1 N ORBH ROR L. IX R
B, BRA WORRAE P O BH R AT st R v vl B8 A o 4
TG HAT

*##17): Grand Tack; Pebble Accretion; P AFH
EFIAR

Supported by National Key Research and Development Program of China (2024YFF0807500)
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a1 v o 1% b 1,2,3 >, ] 1 > 1 1
ﬁ%mﬂ ’ J—-F— ’ %’E—%j—h ’ é%& ’ ﬁ%%ﬁ% ’ Bk55XEUf ’ gﬁ% ’
w4 ol 3 5,6 1 el
B, BAWE, IR,
1. BRURY: MhERRl:E TR, MR 210023,
2. FEFERERE RAT A S AL, AIE 2300365
3. HHEBREGE MRS ERY BT, HhER S AT R TS0 =, AT 100029;
4. PEBRER BEWRXE, TERFEALE S, Ml 210023;
5. PR HIER SRR AR, BT 2100235
6. T EE TRE2EBE WS IRETSBE, M 451191

FERITS T 5 BT R A B R e, 38 214D, BATA WA A1 5l FAE e — A — 1
EHERWZ AR ZIRAAET RN AAEE > T R, S ARERCE I b & (1 R e s
BT, B ARRN A SRR SIAAAE 2250 . 0 THESEIX B, R BOBE AR S ECE R SOF R Ay . Ik
e, FATIEE N TR B0 IR P ki 17— TATEE, T ERTE R R A SR A R SRR T T BRI A
B BAT W] SR ORI IR R iU AT W R AR, OO A ERAR T B 10 2 S
W9 Madia R IR IR T« g5 BV /L I 7O R
PREARETTE s BA TR IR b U5 H A PRk 15 A
Bl 2 12 SARBR 2 B (>~180 km) AYRAR YA KgR: H: AlXala: ¥ ey A%
D<o K2 B R A ORI AR N — B0 (1132 458

BETH: EEARRIFEERIIHE (42322202), | @RI 2 2 BhI5H  (2024300389)
W—EE R i (2000-), WULWFFAE, RS WRIEE K A A%, E-mail: zhehan@smail.nju.edu.cn
*AFEFH TN G (1985-), RIZEZ, W5 : A41%%. E-mail: zgang@nju.edu.cn
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B ), i o 0 R ) TR AR T 1 S S A A S
Ak, 7] B 1 A P i T 30 8 Al A5 A R A 3 T AR X
SRR A o« P9ORBH R RAR W REZ ) T ARACM W i o [
S, R BRI T 3 R T KA R e 55 e
el sk ORI R IE LR R i g s, BT BRI M
— TR AR B 2R R AR . G, H B bRE N
N BH i [y s PR At 2 R o ) L A Ak v 4R )
TAEVUIA. EBr HBREMIF G . S H . KR RFRIR
IR, AR ) A0 IE A ST 1) ] SRR S BRI 55
A% Z0 R A e R | o ST Ol AR Ok R
HbrZ —

Apollo. Luna TS S T 15 4> H Bk
o 30 R T AR Ao DA AR ot R AR R 1 4 o b )
5 FEOULI A (R Ui W) ) BRAE B B2 W) ) 10 Ga %2 T
M TR T AT, 1T K2 36 Ga LK [ 4 o AR B3I
HAETREE . (0L, P b s (1) [7) 67 28 4708 Al i o

GUURE ML I 37 S B4 A 7 A 3 AN — S5 A1 WL 24 3R
AN E LR IR, B AR RO R 7R T A SRR
JEUR s 9 5 RGNS PR EEANTE L SHUE IR S T
A58 2T T AN AL o A K P A R 5 T 0 LB T A i
S M AGUREGE T (RIS, 5 J o i R 1) ) R AL 2
B MO I o P R e (1 A T R R
S S AT, R BT A LB R AT SR M B B T A
TN

AN T R B RS A A R AE ) BRI 1) e L
PR Ty Se ST T R e e, TR T R
Ui 0RO 1 2 BRI ok 2 Bl A 3 5 1l PR B
Blo BEXF H A4 o I R A ol g SR A ) Ok B
BEAR L, R T ARR T ERERIAT 5547 SIS 1 R
BT

KB KRG i it A
FAEF

T W E A IR 2 R ISR . BTSN RS2 E R A RFE A S p EARR S S B AT H S FF
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K/Pg 527t R &
— kB3 Stevns Klint Z|H BB

BB Aw! Birger Schmitz?

1 P EERERE E4ILRICE, MAT 210023;
2. Lund University, Lund, Sweden 221001

K/Pg S 23 2 d s i A0 Bl b (1) — & 91 [+
WK YA, FECT ORI KAy =
RN K4, Bk b5 6600 J74E [T I 45 2 5 1 7
SN E AN T R DA OC . SURL (R A K/Pg S 4k
PL— MK B m 7t R, SH
A7 SEANPRAR YRR, LA AR I 1 Ry L
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B AR O sk PR R 2 W R AL,
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A ERATAG AR AT T e P s e — AN S L R
B IR, AR T A 2 B S5E v af DA ) o AT A
s ETIb, AR E ML RS, BREA
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TP AR 20~25°C, T 30~40°C ik X JA]
WESRE ML, & 580t SR HERBRAE, 52
JE (PR BEIR E A F)F ik A SR T S PE I 3 T, IR R
BEF (10~20 C) ab % Ab SUME v 1 S it 70 J B T
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(SIC/STC) $&7t 3.2 %, ST A LA It X &3 )

ToHLIIE; 16S rDNA § 3 7 /745 R, HAE
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FiE T2 N A5 ek i 7 o — )2 thk
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TRICEN T 2G5 =g v 3 W
JIEEL A AN B B L (1 06 rRL AL TR, R T bR
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2. TR, BRI 430074

The sorption of dissolved organic matter (DOM) is
a major pathway for the formation of mineral- associated
organic matter (MOM). However, limited information
exists regarding how prior sorption events influence
subsequent processes through their persistent impacts on
mineral surfaces and solution chemistry (termed the
"legacy effect"). To systematically characterize legacy
effects in MOM formation, we conducted sequential
sorption experiments using kaolinite and gibbsite as
model minerals, with DOM extracted from forest floor
materials. The MOM formation efficiency leveled off
upon repeated addition of identical DOM solutions to
minerals due to the retention of highly sorptive organic
molecules (primarily aromatic, nitrogen-poor, hydrogen-
rich, and oxygen-containing molecules), which decreased
sorption site availability and simultaneously modified

AR, WIMEHE: RS, RIFTTR,

mineral surface charge. Organic-organic interactions as
postulated in multilayer models played a negligible role
in MOM formation. Continued exchange between DOM
and MOM molecules upon repeated sorption altered
DOM composition but not MOM formation efficiencies.
Sorption-induced depletion of solutions in high-affinity
compounds further decreased MOM formation
efficiencies to pristine minerals. Overall, the interplay
between the differential sorptivities of DOM components
and mineral surface chemistry explains legacy effects
that contribute to the regulation of fluxes and distribution
of organic matter in soil.

Key words: mineral-associated organic matter;
sorption; carbon sequestration; Fourier-transform ion

cyclotron resonance mass spectrometry; legacy effects
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VEF ) 77223 0L T OB B LA o Seah, FRATIZRd v T
AN DXty 3 ] WL L0 AN, JFIE K
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i fE B FRIE XA R R S i
B RE o Wt T E R BERR RS T, 45 A RENLAR
R (RE) FIVE AR RIH P (Cubist) LA
SURERY, IR T M 3R PR I5E T A R 11 2 0 A 5
SINTHESE o JE S 28 THOW ML IR AT DX sl i A B
KECIRAIETE, B0 R 22 1 ON & B b Bk R G R}
ST R, O BAR L BR 5 4T B AR 7 5 R
KR AEAIRAL T MRFLA

KEEIE: FEw s KAVER; T8 Mldses)

W H: BERARREESTH (42002042), K E SRR (2024YFF0808000)
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BTERA R E S AL

tRELITENUESE

AL B FAR IR 5

kA, BmBT, MR, HAY, Tk
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M R A R E RV IR e P S B B U, B4
oK, AxERIE P R B R A A DR OB R LA
PR ARG R AR R
SERA, WILHETR W], BRI LR AT A
LIRS BN W) o B LU AR BRI (I
A AL BRI B 20 5 1 2Rl o 1 BRAT 1R T A7
FEZ P PPERE], e . LA . =HEAZ ) OH/
OH, %5 . IXUEILHAEANR] pH 25 AF 1 R DURE I sl A5 2]
TR T AEAAT BRA AR 2 5 18 e I A I pH AR
PIL, BRIk SR SR H A (pKo) 2
SR DG 2 1 e I B R 0 3R O 5 HIL I ) SR
RN, BUA S5 T BOCTE X 0 B AN F] i« A
R A7 R 1K) pKs BHERAT R I S N P B s - o 3 1K ik

HEEWH: EBFRARBSESIE (42125202, 42302038)

WA T AT e Z HEF AR o ARAIF SR B — P J 3
T 5B 3 AU T % R AT R S AR T P IR B S [
L2t R NEEVEREAT TS, FRAT TR R
ANTFIHE AT pK, W T T2 BRI ) S O 454 o
FELEERE b, o T La¥' /Y /ST AR R R oo R
MO e & gk S G RUENE, #7s T Lo RAEs
B AN R H O L] AW (K2R
TR B A A VR A R 3R S i e R A 1 Al
LRGPy AR, AT IR T IT R R IR R K
A G SRR R R AL T AR S R R AR

KT BTERD BT ML S HLL
A PEBRS) TR
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THERFAEMKYIRS

REE RN I IE PRI

T, REY, TR, BEE, BEE, FAI

JentRe: sk 5 RE =R, JEE 100871

I R H 0 RO B 2 I RIE9E 7 v, SEBL T 0
A 500 GPa L& &) FIA (H) ¥ (Cm) 3L 96
Floc g MR E T, HERRIE 98.7 %; KGR
P ) 555 S M A, @ Ton R At S T
R ORF P8 BT T RANTE e
R R M RENT B8 T oegE MRS 7 401X
TG 2 HEL G B 0 B0 T S R SO R R R L AR
P r B 5 T R B A DG OC R R s ) T I R AR 6T
I R BAE R B 1 2 B IR, VRS B AR A A
TN A R 00 B D sk B, #8717 B ) 51T
FEL 7 5 85 1T 3 S50 40 3 o B s ) B AT ) — PR
I o6 25 v B 1 2 RV ) T kR 07 TRTAR G K /INE Ky
VRO € SEFR bR, IR AR ST D ek 522 B R g 38 i
BER DR Bl o T 6 85 (1 A o RS T b 5E B M A%
0 DR] 45 R P 184 5 1 PS5 3 T 184 s LA R 3R 1) T 1D
(g5 mHESEREIS:; RIT &ET#
M v 7 LA 4 s 3 L A B 5 (1) 2 S R B 55 1) 4
EhE, SRS SARSE Y 1 S U ek B =N
B 3 B4 i 34K LLOK By HE A A8 1R — MR 2T
IRERS I, i H AT ) R L R i R A A
B S N PO B Y, B W T AR R R Fe
(ID Y5 H,O 2 I8k A A A i 72 AR S

RamH: HERARREEETH (92351302)

PRI, $&H T & Fe (ID 795 oLz [ kA&
s 73 5 ¥ T B RS 1T T G Ji 1 Bl S A 5 0 ) 9 A
B, SEBL T 65 PIAH S 5 7 i SR sl ) R
W IR A AR ) B VR TN, 48R s b o B 2 1 5 48
s ORI L Y < DA 5 B IE 48 I IE 5K
I J0 T o A S ) ) pR B0 R BTN 5 i
BE— IR ERINAF I ICR Y I e S
PR Ay 2 P BT o SR R R A 2] by el
#, ##57 Artificial Intelligence for Mineral (AI4Min)
BRI T4 AldMin-PE =15 T H Chttp:/pe.
aidmineral.com), SEZHL TAELLIINATEILHE . 0K
AP 1y B 2 S AR R R AR, BIVAT B g
HLARPE . DRk, A2 oR FnbE . B SOW URe S5 34 )
YA, I RABIE RS BT N B, 2
T YR AR B A HURIBETT, 80 A F5T
Hi R 5T ) B SRR SR A T e S TR
AHIFFE N M ER e EEAR IR I R b e AR B T
7 SO B R AR E MR TGS AL T B K B
w5k

KB VYE RS YRS RERIR, T
BN Wt N T fE
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i B E K E LI 5 A IE R ELRE AL
FIER", 3@, HRE, FR, ki

L. FNARPES TR RASRE (7ND, 7 511458;
2. JTARTMEREE, T 5100065
3. ML PR A R, )N 511458;
4. BIRHER, BT 999078

BKO(TD 2R AE H e s, LGN
Ti BA A RHAEMBAARIESIME. WL
5o CanpoRan) b, TiOEE AR B TR .
ORI T A B R G RV S8 3 A T et v
B2 R X A IR =Y TN SE 7 S L Y= I HD QITE 7 Dt
Chn KRR S il s PEFESE) AE AR i B ff
B TR TR B4, (SRR Ti T %
(A ML S L b BR AL 22 AT R WIS 2 o ARBFIUR
FH 22 Pl DX 40 BT ARG 2R B B 94 36 2 K Ll KGR
Py LL K Line A Marshall ¥ 111 2k L 3% 38 i O FE 50 5
CERIEAT RN T, VRGN R T ko B 5 h AR oL
HOTE IR A TiO B W8 40 K JBORE ¥ 5 A 4
e L. BARS AR (1) Kkl g mg iz,
KA S ELE G, Siv AlL Mg, Ca M1 K JT&E K
T, LUK Ti Ml Fe U & MM & 4, LG
FIREFE WA Y (2 RIVPZIRE-TIO,
MIERSEEE M, KOl BEES T W 2B Tio, 1 2L 47
WM RERS: OBERZRZREREARKT

HIERIE S22, 5e)2 5 &R 450~1000 nm, @F#E T
FR SR 20 AL T (1) TiO, 40K ik SR 4R 4k, Rife
H 4~32 nm; (3) HZE TiO, W T YA kMUK
W, FERE D LA R BUERE, AF1E TiO, Wik A=
RERR AR ) S A, (RIS, Fe JB Ik 25 A AH
B RAT T TiO, W R4 s (4) Kl s i A i 72
AR TiO, B A A R T Ti MRS (L
FCOKD I, HAFTERTE M LA TiO, 44 K WUk &
SHKEEEZE®. AU, — s T K3
AR R B AR TiO, MBI > A 7~ T Ti 1%
FEES OJLEMCK I8, 55— iR T Ti f£55
Tl R AR PR B T B SOBCER T, BER T AT A
X TiO, B4 Bk« A HL LI SRR ) TA
P, B AR B A BA B Ti FIE B 4R AL 1 8
IS, 0T HE7R Ti e ek b 2 AT o FAy B
=X

KB BB BT AR R

FEETUH )M AR SRR SE I E  (2023A04J0915), 1 AR BE YR EIG AT R U R AU R OO 4 (KLMMR-2022-G02), [ TR
HHARKEREESTH (0070/2022/A), RINFHLIE (JCYj20220530115406015)
B EEHET A AR (1992-), W4, BRI WET Y5 &I IR ST MY . Email:  zhoujunming@gmlab.ac.cn
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g, #ERAT, T, HRE
1R EMFOCY: GRBO HERERE2 5, I 4300745
2. WPEHUFRS GRIO AR R PREE BT 5K S g, I 430074;
3. PUJIERE: A Fr AR by, e#R 610040

KA IRAEZE Py s MTRR S, A8 e 1 AT
A T W 7] 52 Wi A2 0 B o o X — it AR o 7R
RO A 22 5 1) W e, Bk T R A AN ]
WA 20 RAK 2 B O3 TR I 2 o 3K U BA 858 222 2 i 1|
& AR 2 B I AR AL, AN T 5 M
FrCSR I SRR L, IR RE 2D 5 i A M 2 B
IR o AR WAE 0 B B e S R
HABUVERK KRN, HORUE. e LK
BU 0 A WA o B R 1A v 2 XK 1 Bl S o
(R AL S RAAE LR 472, DL S BRI AL
N2 18] AT BE TR RE 5 OQ 2R, O6f T B A BROE A 3R
o0 A AT B X, W RE N BRAE h e R i 5
P SEPERR A RS . ARSI R 1R
TR R AR &5 &m0y Wi B S i 8 (FIB-TEMD. HLJ
RE ARG (EELS). ZE# 34T (Meta-Analysis)
T BON AL MALAE R AR e e AR B &
XS F A P RAE T BEAT TR, 4 ARR Y
A2 A A T AT RE 2 T e 358 I Y A N e O A 1)
iR, Al I Sy i oy A 2H 43 61 3 58 K LB 4%

151 () 75 3 8 P A A e I PR B AT o BRAE BRE B o
2 UL ) oK RS SR e o 0 0 s B R g oK
JUE A SRR SR BRI A7 e A A2/K
"E TiO, MUk T SHH R Hr 9K A CREERE™ . S kK il 3
T R ACTE G, -5 2 B L RESAE XL
R IR, IF A BEERET B R 4R I 5 3 1 1
M SR IR & B o S AR G S0 & AR AT R 8L
BRH™ I B — R ML AN ] P02, B A 8 A Bk
B A Z 2 A S CGF) RS K
BRI S R P, e S BRAT 20 M A HE AR AR ™ £l 1
BN 23 PR A A T e Bt 32 31 5 1) B A AL A 3 o
RFAE o TR EBRE K LR IR HoS 103 BURE S 55,
FEACZE AL LR, BRI TiO, Wk 4 k&
PO EREAIR AT TV B UMM S Ti
B T BTS2 2 IR O SR R B £k
P AR FERAR CHTLE AR ).

REIA: PPN Kl BRI Bidk
B AL

FEFET A B (1996, HEHIRA, FIFJ7M: H %)% . Email: liuchency@cug.edu.cn
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KRG IR R
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AR I, L A AR AR o AR SC ARG VLA I
HITHUR B 6 R 3 11 25 o A o0t %, T8 ik B 4
WA W BT, T OB St 72 . AR RN
IF) P W ] 2 R A 3 K1) 0 oA L J2 4 A 1 781 78 R 44 3
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& AZ OO RFR e S5 WD R, 2 )2 23 B 7 SR T i 2
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JE A A AR IE P O EE RS- RO s
VER ) ¥ & AN -V AR k2t AN e =2 L]
AR L5, DA A W AR IR A TSRO E JE 1 1 2
(RSD). BHPRAGEYE =4 (RFD). HORIEZE T
Hz=f1 (FSD) FIACIRALEYE I =47 (FFD), Btk

HEUH: BRARREESIH (42272127)

RACADR B o AR P LEPE A W7, FSD F1 RSD 2y
WK TP E AL DIUE, 110 FFD A1 RFD U b 69 4 1) i %
JifRA (HMC) s SCAHERLR = A B K. 57
)2 2 B H T 28 DR R T 5 2 43 A TR AL, AERTIR i
5K H RSD A RFD, MG /EZ MR 78 3 (A 2 A4
FUA 5L R0 53 FHIRE K R AR 2 5 T8 B AR 15
L R, TV T Bl A% 00 52 58 7K IR 8 5 1) T B A
ARVl o B i T T, AE IR 25 B R 43 31 7
S J2 4 A FR) 8 250 DR ) 3 A0 25 J2 2 3 e 7 S 1 A 4
R

KRR BlRaal; JURAL WARIRIE; H
N L]

H—EE R HARC (2000-), WiLHFRA, W57 M HhER{L S, Email: 2669665400@qq.com
SEEEAT A TR (1988-), EIEIR, WHT/r . AR 2. Email: wanglichaohappy@126.com



64 ) A R A 7 2 225 19 T RAR I SCI B4R

c B2 WIKSEMITEERMERUMINEY UIFEEMENRARE -

T HHAELF IR FILH SRR

N *
AN
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AR R, 7E IR AL A S R HAT OGR4
Yo AWFFUR SR 0 -PRI5 9 S5 i S S BL D,
RGUREILAEA BRI B B TR U R AR S5 R it
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PEARME TR SR HESE . FFUSRW], B4 2 1] ek
FH 2 7 H iy DG E L 72 17 B SONE , 2 3 K AR i
SAN S BRI R AT KR 0™
Py JZ TR S AR T T ey 7 RO IR S NI 8 2%
SN SRR AL 2 AR o AE LSRRG IR T, R 1
)3 T 3 4 B SR Ay A LR E A Tl 5%
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[FISELZE T A MUK IO A o T < ST e AL L I

HEmH: BRARBEIREGTHERFIEESTH (42302043)

W& RE R 7/RUE SVASNIOY N (VA R AR L)
A7 AT S LA P O T e T 1 S MR
AT T2 A3 2 7 A Py I R E T 4 R S 1 IR 5
o [ 78 WU o AWFTURE L 10 )2 18] -7 G i R PSR,
Fi7s T R g SN B A 51K 2 ROERE S AL
T R E RIS GBS 5 AR A AR, Fd T
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P ERTEEARE , 5 D M R OB A 1) AR AR 1) 5 3 e 1t
TR ILAL

KB FiLyy, e EIRTRMmT
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5. BRI AR IR L, KR 130012

HERFEARR TG R AR, SERi AL, A
BRI V. Cr il Mn &S5RI L5050 1) 2
BB RY, Cr F1 V175 3] LU s A
JASAE FIIREIE R (fo,~IW-2) MR, (HIXAMZR
GEAH It WSHAC, B, ABAEA
R R E AL SRR IE R, HERE D) T # K 175
RAVK, AAEAE T IZER N Ry T LU RS H BRI
e 2 AR Cr [RA7 4. SR, 28R REE Y
(PR AR T “RRIERE” RS, X AETS H BRI Cr
S B HAZS 4y S ok R A A YT AN 2 o A2 IX T 5
W, AT KA BRRLBR AT Sahara 97 096 HEAT T
— R e i e SR, DA i FRAT DO I S A AT TR /N AR
ERzg o St R AR, IR S Cr 7EAX 08 2 7
SRR AT R . IR (1) GRS
CrO5 7 T2 B I 10) T v 0 480 188 1) I A1 T A1
(2) Cr L4 B BARRRERR Sh s 7R 2 AT 43 FE A 0.02
BmEZ) 1. AP, RAEEE ST 1450°C

F10 S 56 v W22 51 4 B U A T 5 T IR R, K T s ik
W 7E S = RS (<1 650°C) MIBH EHs J) (5 GPa)
TREEH .. W KA ERRIEIAT Sahara 97 096 ] Cr
G (3175 x 107 5 CLERRIBUA MY, 16 “8”
JE G R TP RERR BRI i ) Cr B | R R, (HERERDT
BIE R —2 “HFE” 7 “i” vy Cr FiE
(1800 x 107, W TN KT Crt, KILE
-8 10 I AR R 1T 2 S 8008 h SCr 5.
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A WK AT ERRE A
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% (Ga) FIth (Ge) 1E N as Rk pgot %,
CATTHE 4 JE -RE IR AR 4 A4 (1) 20 BCAT Dy 6] T B At b A%
TE ISCRH3 R 4 W el e LA T 5 S AE AR5
W, FRATTR P06 I # & WA R 2% E, 22~
70 GPa i1 3 728~4 740 K ¥ [k i 4 FilbAT T4
JE-FERR AR B, DARIUE . IR SR 4 )8 ooy
X Ga Fil Ge 73 BCAT M IR 520 o 55T 52 560 £ B SOk
B (I 2 AR W], Rl A R ) R R T
Ga fl Ge MIREANEYIETS, H Ga FIZEENEET Ge.
PIA SRR, B (S) FkE (Si) FES
A% Ga Fll Ge (PSRRI, X5 2 i AEARGHIE AR i
ZAFFIIRFTT S R —8. Ibak, AL R YT,

LJEP A (0D X Ga F Ge (¥4 I8 -HERR £h 2 AT
ARAMREEEN, 52 AR AAR, O <Hmn
Ga [FISRERME, H&PRIC Ge MoREM. 454 Ga HI
Ge M AT A, FRATHEAT T 2 Wy BoAZ B WA 2 1) 4
##, DARRARN E L BRI 2R3 /> Ga. Ge #1° S
FIEMRARNG R F . 45K ED], Ga Fl Ge W
SEAE BRI R (R BN AR rh BRSO, T AMUAX
JEAE MR B I K S 10 %~20 %ol ISR BE bk
A

REEIR: SR-FERER NI AR T
s WO NI Al ms ORI

FE4 T H : National Key R&D Program of China (2022YFF0503202), Guangdong Basic and Applied Basic Research Foundation (2024A1515010935)
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MO BRI e B A . KA. B BRI
S oSSR R ) B SRR AL, &) T KA A B -
AR R AL RE AR I AR
IARIR B o PR BT -5 A5 10 Bl [ 38 A B o 9 op
LA TR E AT LA LR ER AL A A R
A R b T T SR /PR I R AN [ 5 s e B R A R
GEVEAT AL, o 54, Y EUZE AN NH, A 3% 38 i NO,
N BRSO AL Z T SO B AT
A SOL , BRI MRA Fe (1D A AL & B
CRERRD™ < FRERHT 45D JEUTTE ORI 4tk ik it
(BIFs). Bl i 46 54 o0 248 i v vh R A7 IR AR
2R M AT AR, EATEM A N R A HE
LA AR, R E KA NH, A AL B K
NO,/NO,J&, FEAN[FI ML P S ik 1, al % )2 A
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I JEL, DN R BE A AR A [F] 1 3 5 2850 A P AR 5% o
SR, R H AT T HE SR AR, (E IR B - A
W 3 17 3 A 3K B0 00 3 Bk T 3R AR ) M BR AL 22 R 5 1
R I B ARHLENIC A FER Z R Fn 2 ik, 3 80
W IR A 27 0 R AR () OB PR B DR 29T A TR
AU IE WAL o b v KR E A PRI I R (T
T 70°C B EH LD S YRS A TR R A Bk Ak
SEOGIR R LA () — R 1, BAN AR, T
AR R AT A, W A AR SR 5 A TR
S A TR S5 e S 3 AR AR R U AN, A A
FHOANFEIRIH CAFRRELE R WrERE M. %
MR A, AR AREES TS Feo C. S %%

RO L FE R e R A AR A DRk, ASHIE 9 I8 i
AN )i (R R A A, ASEAUL I Bl e e P R
Y AR, BT RS AR ) B R R A S A A
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B Fe (1D S A HLBRE AR 00 T B fb o 7 &%
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At B NH, £ H4L ) NO,, TR (<48°C) M
A 58S A NO;y, AT BB A i W FE B A,
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J LA NOJH I . RPN =R,
NO;#7 Il 7 72 A AE R (A HLERG) b,
HE g sl NOJy £ (Jed>55'C). KR
PAN, b AR . 52 AH R, 45 NOJHl It A 37 KAl
A (5 S*ak Fe (D #A) S5, U S ILH7E
m A SR NO,. ikl T~ 2 5 NO, [ #.
W50, NO,LAK NOJIEARIE AL . 2
ZAF R REVE & HCO,. Si %) FHAML Fe (ID
TR IIT LB R (545 °C) LLREERD . RERR
W% Fe (1D - Fe (IID WAMSEY YN T,
It A ek 5 ARG T 8 1) 2 B2y 40 W) AR 0 45 Fe
(ID B o X e TA Rk 1 — 20 G v 220 i 30 o i v
DR A A 76 AT R AS T AR BRI T S 56 B S
P, W IR 2 B A b Bk LR I A R R B AR T R
P IR 2K

ES7 37 BT ST Wtk e S 7 G s/ B S AR T
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A% OB 5L, (HTE AR FR AR Ji 7 R PR R B s A
WA RN, & HYESZ 2 RS, Rz 3= Bk 40 27 2
T ATIAC AR KT C HT O [RIA 2843108 110 95 S8 - B A g B
AT AL I 8 ZE AT A B, X — NI AR IR R B
Fea, DO AEARIR AR M, T BOA WMRLIE S K43
e, S KL 1~3 4> per mil %5, X TRk
T LG RSB TAR R, P AR DR AR
R, ST T e X MR IE I vok . HET, EFs b
KT HEEZ RIS (DFT) KPR 16 i 2k J8- 3
A g BROIE ALK IE  ( Diagonal Born-Oppenheimer
Correction, DBOC) v M 7T 3= EAE h A E 4 45K
NI FE R e B TE T vk B BOA R 5 L Fifia
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] 73 8, (BAE R S AHEI A S C i 12 2 18] 1R 1 D
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Stabilized Earth’s cratons through episodic,
felsic magmatism during Paleoarchean
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Nuclear volume efects in Kinetic isotope fractionation:
A case study of mercury oxidation by chlorine species

341

AL

1. B T ORE, Bl 610059;

2. EBEEGE HERILEHTTURT, S ™ 5 4 I = e %,

It is well-known that the equilibrium isotope
fractionation of mercury (Hg) includes classical
mass-dependent fractionations (MDFs) and nuclear
volume efect (NVE) induced mass-independent
fractionations (MIFs). However, the efect of the NVE
on these kinetic processes is not known. The total
fractionations (MDFs + NVE-induced MIFs) of several
representative  Hg-incorporated  substances  were
selected and calculated with ab initio calculations in
this work for both equilibrium and kinetic processes.
NVE-induced MIFs were calculated with scaled contact
electron densities at the nucleus through systematic
evaluations of their accuracy and errors using the
Gaussian09 and DIRACI19 packages (named the
electron density scaling method). Additionally, the
NVE-induced kinetic isotope efect (KIE) of Hg isotopes

H1FH 550081

are also calculated with this method for several
representative Hg oxidation reactions by chlorine
species. Total KIEs for ***Hg/'”*Hg ranging from
—2.27 %0 to 0.96 %o are obtained. Three anomalous
*Hg-enriched KIEs (0> *Hg/'**Hg=0.83 %o, 0.94 %o,
and 0.96 %o, ) caused by the NVE are observed, which
are quite diferent from the classical view(i.e., light
isotopes react faster than the heavy ones). The electron
density scaling method we developed in this study can
provide an easier way to calculate the NVE-induced
KIEs for heavy isotopes and serve to better understand
the fractionation mechanisms of mercury isotope
systems.

Kinetic

Key words: Nuclear volume efect;

fractionation; Hg isotopes; Ab initio calculations
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Deciphering a complex Neoarchean-Paleoproterozoic
collisional history between the Kaapvaal and Zimbabwe
Cratons: new constraints from polyphase deformation of the
Central Limpopo Belt, southern Africa

" Guenther Brandl’, & E &', x|4°, & x*

1. The University of Hong Kong MhERFI2Z R, FHits;
2. Council for Geoscience Limpopo Unit, Polokwane, South Africa 0700;
3. WM, KEF 130012
4. o S R P B R A L, SRR 110034

The Limpopo Belt of southern Africa is a classical
Paleoproterozoic orogenic belt that is believed to have
resulted from the collision between the Kaapvaal and
Zimbabwe Cratons. Previous studies have primarily
focused on geochronology, petrology, and geochemistry
of different rock assemblages, resulting in a general
tectonic framework indicating at least two significant
tectonothermal  events from  Mesoarchean to
Paleoproterozoic. However, the spatial and temporal
relationships between these events, as well as their
overall structural patterns in the field, are poorly
understood. The Central Limpopo Belt contains the best
lithological exposures of different ages, making it the
most promising area for detailed structural mapping and
analysis, and for gaining a better understanding of these
issues. Based on the detailed field-based structural
analyses, four generations of deformation were
identified. The earliest D1 deformation is characterized
by the penetrative S1 foliations only preserved within
the 3.6~3.4 Ga anorthosites that now occur sporadically
as xenoliths or boudins in the highly deformed 2.9~3.3
Ga Sand River gneiss. S2 are penetrative gneissic
foliations that were extensively developed in the Sand
River gneiss and were intensively superimposed by
subsequent deformations into tight to isoclinal folds.
After restoration of their attitude, S2 foliations strike
NW-SE and dip steeply to SW at high angles, indicating
that the D2 deformation experienced a roughly
NE-SW-oriented compression between 2.9~2.6 Ga. D3
deformation resulted from significant NW-SE-oriented

H X BRBI#REEINH (42025204, 41890831, 41902191)

compression that intensively superimposed the earlier
S2 fabrics into vertically inclined isoclinal folds and
tectonites S3-L3. Strain measurements on these
tectonites indicate that all pre-existing rock assemblages
were stretched or sheared along the vertical orientation,
resulting in the development of numerous sheath folds
in the Sand River gneiss and 2.6~2.7 Grey gneiss.
Associated with the zircon ages from anatexis melts,
the D3 deformation most likely occurred at 2.1~2.0 Ga.
SHRIMP U-Pb zircon age dating recorded these two
metamorphic ages of~2.6 Ga and 2.0 Ga on a single
zircon of the foliated Sand River gneiss. A regional large
scale inclined open fold F4 gently refolded the D1-D3
fabrics and marked the final deformation of the Central
Limpopo Belt, occurring sometime after~2.0 Ga.

Detailed of this study, in
combination of geochronological and
metamorphic data lead us to propose that the~2.65 Ga
and~2.0 Ga tectonothermal events occurred under
different tectonic The~2.65 Ga
tectonothermal event developed coevally with D2
deformation and high-grade metamorphism during the
NE-SW collisional event. In contrast, the~2.0 Ga
tectonothermal event occurred during a NW-SE-
oriented collisional event between the Kaapvaal and
Zimbabwe Cratons, resulting in the formation of the
major Limpopo tectonic linear belt seen today.

structural data
available

environments.

Key words: Archean; Limpopo Belt; Deformation;
Structural evolution; Tectonics
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Differentiation of Enstatite chondrite-like
planetesimals and planetary embryos

?3’9‘5‘{’

HE

HERRESE HERACERT ST, D™ ™ 5 T 4 [E B s g%, 5B 550081

Enstatite chondrites (E-chondrite) exhibit isotopic
signatures remarkably consistent with those of Earth,
suggesting their potential as analogous materials to the
building blocks of our planet 1, 2, 3. The impactors
similar as E-chondrites that contributed to the accretion
of the proto-Earth are believed to have undergone
differentiation4, 5. However, the differentiation of
planetesimals mechanism for metal
segregation, which is challenging given the small size
of planetesimals and the absence of gravity triggered
permeable flow. Partial melting of silicates may be
necessary for this The high melting
temperature of MgSiO; raises doubts about whether the
heat sources from short-lived decay systems are
sufficient to melt the E-chondrite-like planetesimals.
This study present high pressure melting experimental
results on Enstatite chondrite Sahara 97 096 and
computerized tomography analyses of metal segregation

requires a

process.

under various conditions. Thermodynamic calculations
indicate that heating by the decay of the *°Al-**Mg
system can sufficiently increase temperatures to melt
over 20 % of the silicate in Sahara 97 096, thereby
initiating metal-silicate segregation. We infer that the
parent body of Sahara 97 096 was likely smaller than
12 km, where efficient heat conduction kept the
planetesimal cold enough to avoid thermal metamorphism.
Impactors contributing to the accretion of the proto-
Earth should have been larger, potentially undergoing
“core-mantle” differentiation. Large planetary embryos,
comparable in size to the Moon, are expected to have
formed a core and a magma ocean very early in their
history and would have cooled down subsequently.

Key words: Enstatite Chondrite; the building
blocks of the Earth; High pressure and high temperature
experiment; differenciaiton
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Mesoarchean—Neoarchean coupled crust—-mantle
differentiation followed by gravity-driven lithospheric
delamination and subduction initiation in the
North China Craton

pAE=3

o E SR B TSI, dEs 100037

The geodynamic regime that formed Archean
silicic continental crust is unclear. The episodic
Archean TTGs (tonalite—trondhjemite—granodiorite
rocks) and associated granitoids, with emplacement
ages of ca. 2.9, 2.7, and 2.5 Ga, occurred in the Jiaobei
Terrane, North China Craton (NCC), provide a
continuous record of the formation of the Mesoarchean—
Neoarchean silicic continental crust. To investigate the
crust-mantle differentiation, crustal reworking and
recycling, and geodynamic regime associated with
formation of the Mesoarchean-Neoarchean silicic
continental crust, we undertook zircon U-Pb dating and
Hf-O isotope, and whole-rock major and trace element
analysis of Archean TTGs and associated granitoids.
The episodic Archean TTGs and juvenile crust
coexisted spatially- temporally in the Jiaobei Terrane,
indicating synchronous
differentiation of crust and mantle. In addition, the ca.
2.9 and 2.7 Ga TTGs have an identical Mesoarchean
juvenile crustal source and similar mantle-like zircon
6"%0 values, whereas the ca. 2.5 Ga TTGs were derived
mainly from younger Neoarchean juvenile -crust,
indicating removal and replacement of the Mesoarchean
juvenile lower crust. Some ca. 2.5 Ga TTGs, granitic
gneisses, and sanukitoids have markedly higher zircon
580 values compared with mantled'®*O values, which

Mesoarchean-Neoarchean

are indicative of Neoarchean supracrustal recycling.

HemH: HEAREEIHE (42172218)

Consequently, we can constrain the geodynamic
processes responsible for the formation of the
Mesoarchean-Neoarchean silicic continental crust in the
Jiaobei Terrane, NCC. Episodic hot upwelling mantle
(or plume)-lithosphere interactions at ca. 2.9, 2.7, and
2.5 Ga resulted in coupled crust-mantle differentiation,
which produced the TTGs, juvenile crust, and dense
lower Subsequently, lithospheric
delamination triggered by gravitational instability
occurred followed by continental uplift, subduction of
altered oceanic crust, and upwelling of asthenosphere
and mantle-derived mafic melts. This resulted in
anatexis and  metamorphism  with
anticlockwise P-T paths in the middle to lower crust at
ca. 2.5 Ga. Furthermore, following the large-scale
melting and cooling of the mantle, a thick, stable,
cratonic lithosphere had likely developed by the end of
the Neoarchean. The geodynamic processes during the
Mesoarchean-Neoarchean were diverse, and episodic
hot wupwelling mantle (or plume) -lithosphere
interactions could have been responsible for the
formation of Archean silicic continental crust in the
Jiaobei Terrane, NCC.

crustal restites.

extensive

Key words: Archean silicic continental crust;
Archean TTGs; Archean geodynamic regime; North
China Craton; supracrustal recycling
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FOAEES 20 A Ak (8] B9 40 i

KA, F

L =R HERRRE B, BB 650500,
2. Universitd Bayreuth Bayerisches Geoinstitut, Bayreuth 095440

“HOLHRALY)” (Hadean matte) JE&f51F 51
BRA SR A f e R, TR SR IA B RN 4
IBRAL A o SX PP A A A A M IR A% 18 4 v T 7%
R B TEZEEM .. AL T A E s
N 1 A% 23 S 1K) Sk Bt M TR 18 £ 1 2 vh S A
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T Ak LA R Tk 18 266 Ao Jeis A 2 37 1Y) SCSS AR R TGV AR

o IRFRATT ) S0 45 K, Bl 145 G A S5 LT AT
YRR IR T — N SCSS AR BT A A,
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HETH: ERARREIEETH (42402048). E ¥4 (GZ2C20232516)
B EE &BAEEE T A XIFE (1995-), W5, WFRJ7: LA £ %. Email: 1k2017@ustc.edu.cn



128 T R

19 JRFEARFE S SR E A

« BE S5 WIKAERERFRRBI R, RIS -

MBS B TABNRSE e 1A- 7 08 5 S M SR T

AR, FHRHET, K
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SR Mg®, SR CaO/ALO; JLTPARFFAAL . B4
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7. WM A LK E BRSBTS R, Kb 410012;
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P AA (80~110 km vs. 140~165 km), 3%t K Znt
IS b B A A 5% 28] 1 0B DDA R o e Ab,
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Doy B#H 3 325 R A R 2R A ey I 1) A
TS, SRR ST A K A IR
LEATIR 75 il (<10%~25%) 1] 330 Cu 7N YR IE T
HRPRBEEE: (2 TNER-FRIEA B,
TR RN R SRS RS T3 Cu AR AR I
R ZERREL T AR BRI — 2 g e (24T Cu
FERH AT B R R SR RARFE R S50 45 1
R, AT 2 D5 1000x107°~>10000%107°
Cu A e BN S0 A0 W DT .

KRR W R WARs APIRES: ICRE

FEETH: HrimdEE /R B X E SR SIS (2023D04067) E K ARBEIEETH (41972055, 42002059, 42122014), BB S0

KR H (2023YFF0804200) .

W—VEF RN A (1987-), BIEEZ, BT SEHA A 2% 5 kb 2. Email: dongmei.qi@xju.edu.cn
CEGEE T IkiE (1982-), #H¥z, W LKA A%, Email: zhangchao@nwu.edu.cn
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Bl 57 4 BUA R BY 1 B AR RS
s

L P EBRERORRE RS R 2 B, GIE 230026

FEHUER A S, 5 R AL 23 (K0 N B3G5 s g (K T vy
il HyO MUEERR Bh (R I PERG 0, TR IR &5 K
H,O FVEE R £ 75 /0 (1068 I 7 b DA 4 o £ DA dvtoe 44
AR AR A T-HIBR R, I 5 SR 1
JRSZ 1 TR AR A I St e A2 DU eSO AR
(A2 e VR 28 v I A (R RS2 45 1 5 —
W 5750 s o S 45 R W], A s VR AR AN SR A
FEAE A ML 58 IR JSE T BE TR BGHE I S b T AA T i i A
FOWELE 2T 100 km IR B4 2B J50R I 5 450
o A H,O MR ET M o0 (L 4R, ZIRIRSE)
WA 7 I S SRR A B B, BRI
JE L RHEPER R RBEE . Sy AR SR

T I - 3t 5 A T DAY RO RS A 45 i 7 T B
Wi TG RAE W I 2 Fhoe 35 o I 5 ST A 10 4 27 R
I e A HIME RIS P 1A K K, 3K AT DU RS HICA
AL o R I S 3t SR S v e A A AR 2
TR AR W5 o AR o A4 AN o b AL 22 AR
PREL S A RT RE S R i 7 3t S A1) 5 B 0 o b R 3t
TR T LA JS AR AR THL P B 3L P AR i 3
IF HorTRE 5 A RE A7 AR IR R o B I S 3t oAt 4 vl g
FEAR diver S LA R IR B R R 2 1 SCB A I

FEIA: B TR AR TR e, A

SN
HH A1

B—EETA: BURE (1981-), ##Z, WU M SLHA 4%, Email: hwni@ustc.edu.cn
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i 5 Mg,Si0,-H,0 it iRBI £ FI4IE 14 R

PR, Y, REK', XMEER, EER, HAY

1. VERSE WEESRE, Fal 2100245
2. MRUKY: MhERELE S TRE2ERG, FEAC 210023

LA 3 W A b T JAE AR (1) 45 K4 FR s 1 O IR
AN TR EATHEAR bty v 34T A 22 QT o LT R
TR B A T A TR R I S b s AR P TR R
FATTREIRART vy v 38 B K 0 o A T 3 P R i 7
SRR RGP XTI, BRATRA S —
PRI T3 1% 05k, RV T MgySiO-H,0
A ZAE 2000~3000 K F1 10 GPa J5 3, LARK & &
WA 0~70%M 45 M JoE Ay BOREE R . AN
B SR ST S i S 56 W 4% 1) 1) R B R T A4 |l T
fEZKI K BRGNS . 75 Mg,Si04-H,0 K&,
/KA OH 1% 5 Mg 454, B Mg-H,0,, #1 Mg-OH
P gE R, B /KE RN, Mg,SiO-H,0
AR IR 6 FE AE TF LAY BE 2 D0 H PR 3d R B 1045 05, B S
BTG £E 2000 K OS2 (1) R B AR B IfAE
BT 45 MR S8, MR, I FE R R 1 45 A8
ISR o IR SR B PRI B (1) OB N 32 2 11k
FEMR R PR Lh @l (38 0. B IR 7 Mg,Si0,-H,0 Jifk
(ARG 6 A0 LI A R 08 B Ll 2 T 4k v 2 21 3 A4
B, R AR 1.7 3 20 £, Gl KX e g
S5 UR B AT AR TR I S b SR A AT LR, R

AT, D5ty b FAS [ RE R R 2 23 T2 (8 s S
JRTARZT I A AR R, DA et o I
Gt R A 3 T AT R 10 i ) B A T 2T
70 M S M BT U R RO R . R
Mg,Si0,-H,0 Fifdr, FATMEEH] Q°F1 Q' & 3
R, 76 20% 3] 30% MK K & SO N, R I S
Mg,Si0,-H,0 HifAH Q" (¥ Ll 434y Q'>QC. 4R fi
MK 30%I, Q" A RN ALK Q™>Q's
Q° M AN UK, 1T QR QY i i AT LA Z WS AN
o XIHFFTEN, IR Mg,Si0-H,0 FAAARIL
SRR Q" (n<<1) B, i FLd & A 1R A Lk
() OH o fEVR My ofr, HH Ve S R O AA = 2R 1)
R I S b S IR MRS B B AR AR [S104] . IXF 5 KA R
FHREIGHE (BlEmuocs) sy, Hie
BEE TR I SR AT R« BAh, BB U 1A T 1k
T 1 At o A A R O RERR ) OH T A A2 AR
T OH fl EE Bk Y5 .

KRR ol S R A B PRI iR
gikys et

EE&WH: EFEESIRTRITE (2018YFA0702700) [H &K AARFHAEEIH (42373033), s i Al 4 2% (B240201111)
HEE R SZEML (2003-), ARMAE, BRI M HHAHLERIL 2. Email: 2113010128 @hhu.edu.cn
TWAREE TN PhXFE (1987-), ®IEd%, WIS 7M. A HhER{b "%, Email: sunyicheng@hhu.edu.cn
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B Gilbués #08 €N AR SR FEHAEREIE TR

RWA, BHE,

ERAT, TAR

1ol ksE HhERREA S TRESERE, |4 ¥Rl 519082;
2. WHL K% HhEkRl2Be, i 310013

CLP Bl A 5T se vl B 2 18 el )iy, i
ok, TPUERA IS T S, U R R
Hifi R BL (Svisero 25, 1995, 2017). XEb4hif &
Aok H MR Can M) A, R
MR AR R T HEE IR (Walter &5, 2011;
Pearson %5, 2014). 1Mi&WIAREHIEHAE N —FHL
SKHB TS B RAR “RIE”, A48 HE et ib A i
IS YURR LR P 48 1y 1R S5 =1 Js e Ak M Joit M B 63
AR AL T E B o A SO A LY B2 B M) (Piaud
State) ¥ Gilbués i X WM 27.4 ct, 1L 86 4
NI AT TE S TESURFE R E2 534 5 45 6 0 NTEH
Pl S A5 T T BORIE RO SR VS Gilbués BV
S WA 0T FL 28 I (R O T e 5 S AR v b R g s Ut
FRAETE G FE IR 48 7 o T X FF S IR AN 52, oAl
R 1. WEFCFEACLL “ R+, kil ”
G U Y Tl R MR s URE AR 2 5 O L O R+ = A1
TE /8 IR 2+ = AR & B i/ 2 B - it IR
Z, BT BV Gilbués WHH G WA 78 Hug rh il 5z T
R M AR ] (Fedortchouk 2%, 2017; 7 52 A
2, 20195 TKRESE, 2024). BbAh, HAT ZRH b
AR W T\ R 4 W 2 B RT e R 4 i
i FE /N T 1450 °C 1 15 7K Bk R 6 05 4 1) s b 4
(Fedortchouk %%, 2019); 2. Gilbués W™ 4RI f1 3%
T IR /AR = ATE MY, P TER R A 7S
MGG, BAE CO, WIliRHE, fandnlfe
2t Xco,>0.9 BRSSPI = MM,
EOh b AAAE AT S HO AR IR0, 4R
R T Xco,<0.5 A (Fedortchouk 45, 2017;

B—AEE A S AT LS (2001 4F-), £, EEHFITT M SR

TIKEEZE, 2024). Gilbués AP 1 3A 4 KA 26 1 11 7%
A TE SRR AR G S T 5 7 A NI AN R A A 2R AR R
B8 AR A B B G WA RIEAN A A, DY i
HEFLE CO, Al HyO Jit A 1 2R THI ST SRR AIE (1) H B0 m)
RER WA RMAE LIS R S CO, fE H,0
AR, fER RN B RENE CO, Wifk, #EiTHh
FNE HO Jifh. XECTEIURHIE b BEME S A0 A A K
R A B G WA IR SRR PR it T B4R (Spark
2%, 2009; Fedortchouk 2%, 2010, 2019); 3. 4
2R THI 1) €8 B RN P G5 A 8 7R 1 L AE OB ek R v (1)
S SREOEBEE o b PRI AR, T
0T T2 2 (5 0 B A I AR AF R A ok, R IHIX
b 4 W 58 43 85 28 g J= 3 0 AR S PR BE - (Vance
%%, 1972, 1973; Eaton-magafia 1 Moe, 2016).
ar o AE o A B I NI T REE T T 2 R R
FmBGERE, FLat o BRGS0 B 2R &
We Gilbués W14 WIATLE MR IR b S04
JLRIPTRUE MRS S S E (B W R 48, 2002
Nasdala %%, 2013). FR#FFTER, B Gilbués
WA 4 WA SR UE T e B o A%, AR R B &
TE S0 27 e A1k S B L 7 b 3 W A7 390 1) Pt 28 ) o R g
A H AR B o AE L, 8 U A 1 M T 5 RE A T
Rk KA # . JEAh, Gilbués W 4 WA 78 5
TR GO R A2 o A 7 b 2 ) A S 405 R LB
P it

X#217: Gilbués #bH E&WIAT; S
s WARIREE, EAR L

H T B FL R 5 i FE R HR 7R s B-mail: zhanyq25@mail2.sysu.edu.cn

#TARMERE A a7 B03% (1963 4D, T2 BN TS AT ety % 3 O ]l ot 14 P a8 o % % 7 = SCARE AE T s E-mail: qiuzhili@mail.sysu.edu.cn
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Bor ke RAIR 2 AR A IR B S R R Ly B SR B0 1A

okt

SIS L 1
XK, HERE
1. BERURY SCBEHBRY JRAAEIA 5 e 4 [ i i seie =8, MhERRlE S TRE2ARE, B9at 210023

HL 3 R0 A A v L RBURR (R B B S £
s R N T PR T A S IS R DX
BRSO AT AL AR, T BTG A [ R4
R G ARRN TR, S MR- R SRR S
HRRIBIEFE BRI 535 — P 70 Jall 0 Yo AR
R o, SRR T ER AR LA R B T 55 )
R i A T AR E R AR (2, T
H TR A T ) BEARL AR B, 2 T S B A
FEARIPR I S5 5 =GR ) 52 R TSR0 4%
P, AR it o [ AH AT P OREIZE /N TS B A R K
1, AR &I RORDRLJEE ) L R AN

ABETE B T ASB IR AR 4 02y 5 X
IR PR VR I A RGBT T IR SERR AR R B

IKBO A FIR R R VB A4 (Li,CO3-Na,CO3-K,CO3),
FERE RN 0.3%~10%, AR R 0.5~20 pm,
S PR SR AN O 1 GPa Fl 200~700 'C. &5 H %W,
R A ALV SR R R 3 R B 3 e T S I e
, ISR ESRAET (<5%) JU N EE; 14k
G RARE (2%) B, M FR 5 3R R R I T i
Bk, LA EWTSR 4 &0, IE kRSl T
i BRI 5 A 119 3 R RIS B T A5 3, S R Sl X
BRI TS CAnRnt Bl i 3 R ) R Bl
2 R T IR A O T B E AN X — RIS
T HART Py -5 AR 5O P - AR R R L 3R

KEEIA: A AR e s S

H—VEE R KBk (1989-), BHELEFZ, WF9XU5 1 : B S A%, Email: hyliu@nju.edu.cn
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RERR KR R A AR B 7K AU 3L o5 A g T A2 /Y
AN F R REF

ET@T, Mewm

1. P EHFTRE (dbnD, dbat 100083

AT R Dy M BR R 2 e W () Bel 2, bl e
R T A R, AN M ER A Ay R G B A A
), B IR S R E YR E A
PR O Al . BRG0P AN I 52 21 4 o
T AR T 7K /9 Rl TR B TR 8 /3 Ak DA BT AR 3 i Pl B
W I A (P A AR S o 5 o) ) 3 8 A8 A aed o ]
I 7 A B R A AE R gy, U O S 4 R o
R AT N, UL SR PR s A8 AR A 1 i
[F) A2 [i] A R B Rk 2 400 358 ) B SRR 2 ) 1. AR IR ST R
M RGEWIEA Y BE-0YIcE- RN ek 2,
454 alphaMELTS # )22 BIAL,  BEXF RS A PE 1
SRR = (INZ K Bay of Islands ¥ 2% HubS MG
)y R E T M 15 50 AS R AR S0
AL A A KN Rl ) M BR A 2 R, AT T T R
W (1) R IR C RIS i TR A Mo 7K AL AR A AR 7 400 Mg
A G e R — 0 SRS R . 7E SRR B, MR
T3 WERGONE 5 0 SR 0 o0 38 B BR Ak 24 R E. (K Re/Ir,
Pt/Ir, Pd/Ir) &7 T Ui s M@ A2 AR ik FE A2 A Re/Trs
Pt/Ir. Pd/Ir 5RE4 53 S P BIHLEE o SR, 7 RERHNE
SR TRERNE 1 Y08/ 00 [F) AT 4 I A —

HamH: HEXARREEETH (42103017

B, WER Re/Os [HREL 5 5 A5 5 H P9 I A% ) JEOH
PERIR "¥70s, ML T AR AT b A2 A4 1 s
) CRAAEIIND . BeAbh, MR R R 25 A P R Al
Wity (V[ Pyrenees it L7 Lherz Mg A ), 78
o3k AG 22 RO EERRIR ) T Hg P AR R, g
TAH R ERAL F 35 F: (MgO vs. TiOy/ALOy) .
FH42%E MgO vs. TiO./ALO; B br R Gn} b 4Bk 7
Pl A P g, P U TR R Sh s AR S A E AR A
Ky o 38 v A, T e R R A AR s Y
IR 5 A B RS e . R — 475 D8 B 2 B 4
Re-Os-Al #l Lu-Hf AR 4T4, ARPRE T Lherz
TOMERIONE S A S 1 AR (RN TR] (2 20 AZAETITD .
AR Ay 2 R ) 7 20T & % T/
PR AR A B B R s B, R T A [ BB L 6
A ERAN )4 38 17 55 (1) 5 A el Mg 1) T i 45 s 4 1
DR, TR T HE PR A AR ) S s A R
W A T R 1

KR : A A PG s SR s s ) S
TR HhJ 1A

BEE T B, BIEIZ, U7 M R S 0 2 s E AL, Email:  YujianWang@cugb.edu.cn
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B TR LIS SR R SR A IR R4 AE -
Xt RH IRRE R L BYIE TR E X

H A

e A

LorP B GIRBO M SRR 5 o™ Pl 4 [E B s s, il 430074

PRV TAR A LB AT R A 1 b 3 L AR B
Mo R AR ARk, S8 SR LAy () EE A G )
RREREENZ &R EX —— R 2RI 4
DX (1) 3 LA B 40 o 5 AT A SR R B AT R W 7
BT R RN T VS KRB, R R
TR AT KT 7 N GO L B B R
(02 A7 2 HUBR AL 2R HE DL R e IR S5 AT i — 2
WFFT, (H AR TRk, RIS R
FRA S (PRI A AR DRI TT, I HZ KK E
KR F LA, I HoZE 15 miE e, B
A SR AR 5y 5 B A K05 2 O BRI S 2
AN o BEDH ] Z 0 A T2E 25 AR TS DU
R R o R PR P R BT L 4
. I LR TRES B AR A, i Fe™
5 Fe REHE Ti. V. Cr. Mn. Al. Mg Z884t, ixit
TCHEIRPIE, SR TR B 22 4 0F, 3
17 S W B I e v s 2 - RO R e AR i B . AR SC LA
LA R 19 ANGES IR R GRS LA K &y F
FUNTS, FIRDG BRI R S (SEMD fif e 3L
WAL EA A, JEAE A A T o R A

CEPMA ) 30t 31 it e J26 B & 55 29 1 0 % 12
(LA-ICP-MS) JURE 3 T 2 AW 5 4l 111 B2 ™ R rh
T METGESE, HRESEVD B (1) Wk
PR GUIR AR, A B o R AR, I
HEAARFERME WA A: SR KA+ B s B+
FYE S WA+ EERA 0 U £ AT AR+
WR™ SR A £ BT SE; (2) 455 S M ER1E 2% 1
fi# (Ni/Cr-Ti+ V-Ni. Ti+V-Al+Mn. Ti+V-Ca+ Al+Mn
), RV LT IR h IR 2 O G A, R R
TREAT IRER, HIEBOIFE R . AR KA
A A SR AN 2 S A R LR AL g AR B
B sgm s (3) AR 1 AN (3 AMESLD) ik
TuE V BRI ARNES, B vV SREE L
Tty UESE T WA TR R 7R OB RO A R . 25
b A L B AR TP R AT B AT
TR, H IR e R RFAE REE §5 7 Hom -
B RE, AT B R 0

KEEIR: WL IR MEBR; B, TEIGE; K
™ FG

SEORVLZ T LA B AT PR A BFEIH  CBIRYL 2 5 L™ 4R DX B AR F 50 15 R0 2 ™ TR0 )
HEE R HEUWE (2001-), WiL#FsA:, WP M: B K% Email: 1202311369@cug.edu.cn
AR RN BIEAR (1983-), WFHTLH, W5t : § K% . Email: dengxiaodong@cug.edu.cn
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=mmETKEAFIKZER HEBMZESERE
X FNMEKRERK H BB MR
B, H

1 AHBEE T oK IR AT ER B, ATREREAII L, AR 610059;
2. WP ERBREBERAL AT ST TR ERAL 2 R A S, BB 550081

AR 2 (DH) P iz Hu W FH o B s 7K
PRI R . ARG Ak, FEAR K FE
WA B K & EE D FME, A h iRk
SEEH R E. RN, X—WARETHERNS
IKTRUK Z B H TR 20 sz ae i 32 ik Bt
TR, H R 2 1 2 TR AEAE I 2 10 R ) 8%
NG, 2 s T 20N (1 5% T B o i TR R IR 22 o
Tk, ARWFRF B 55 73 % (PIMD) [
TR T KB K AE B s (0~8 GPa,
300~1273 KD NI H [R50 A TRIUE T4
SEUKBEARKZ IR H RS 80k A e 18
RN, SEARECY s MifEmE T, SRRECYIE.
AL, BATR KB - K M B ERE, JEaG
b Rl AR, BT AR Py (colds warm
PLJ hot) HRR A i A /K FVRE TBOK 1K) H [R) A 22 354K
PS5 RN, WA B TBUK RN 5% B /K 16 oD 8 -5 fff
WML R S B )R C . FAAE H R & 013

HETH: HEARBEEEIH (42473012, 42494850)

BRI SE A K, BRI 5 4R D, R KA
FETBOK IR oD fELBE 2 Bl A5 0 il R I B A1 5 B 7
H (R 238 2048 2 s i I e FE RS R B K 5 Bk B UK
REHEE D, BARAER oD {E MK & s
AR o IX OS5 RS DI A AR e 2 45 4 A A
0D {H (—234%0) (117K Bk IR R U (K 5 AR AN
BRI LA SCHRIRGE (K EAT AR oD fELAOFE dh v] BE TR
GBI IS R BLAh, BATE R oD {H MK 2 et
Frs NGRS g, IL oD {HRFAE 5 R 4 Hh i i A
(=75%08-220%0) 75 AN, Ky FATTHETTHBER R
FRERR N H R SRR IAT I SCRE . A, Tk
AT AR 2 A B AT - 7K 2 M) 1) 18 2R R AR A o
AKEREN H R ZR 00, SR 45 R B i AE—
SEMIRZE, ARRBATE - DRICER TSR

%8: SRR PIMD: ABEFRUK: (i
KR oD E

BEE T A (1991-), BIWFRG, WFRCU7 . AL E ki TS ERE %, Email: gaocaihong@cdut.edu.cn
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Fe-Si-C-(H)ARZPRIEZ TEZHBRN EHBTIUR

K"

1 EHFREE GRBO, I 430074

VR R FL ML DS B TR A 5 AR BRI 3 O TE 1k
PRSI ORBE S5 . BRI, DG SRS S L
A RE RIS M AFAE ORI AT IUSR WS, fEBK-
BITRZ U, SRR IT R IEIE Z AE AE A
HHIARER, FRIGERN, BRI R IuR 15
T R R I AR T ot e st i B R e R
W o ASHTFURI I 22 100 T0UH HLSC I8 ANHLER 5 31 J1 37 ik
(58— LB 231 80 ) o SN S R BB A T
Fe-Si-C-(H) Z TR RIS RIAT TIRR, KIILH
FAERZ IR TF IR RO A RIS, HILE R

JEE B 2 B AR A, Bl ) T T AR . X3,
FEMUER /KR % v RE S st IR S BR B - iR
FINAAAE Siv C H SRR TR H A SRk s
VMR, ARV AR PR R S IR R T R 5 R
X, A B LI Ia e A A TR e I e Fr SR I e
R, 37, Siv Cv H AR ITRAERRIE AP
SRR A EANTHE RO 0 S S P T 20

R WAL BOGE: Wil 2
T HL; 55— PEIs BT

fEZ A R (1988-), %4, WHHUT M. 0¥, LKA 4% . Email: fengzhu@cug.cdu.cn
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& Mn A Xt Nb-Ta-Sn 8 BIEE/EA: BRELFRER
772 Abu Dabbab %8 € B 1L X S BIEHE

IEE, k"

Lo PEAERE: HUT2E R, VE%E 710069

P o v AR BB VP Abu Dabbab #5474 B A 5k
1o PSR I A K AE %S (ND/Ta=0.245, Nb=50.34x
10°°, Ta=215.2x10"%), L% LLE Mn [H4eH A1k
MR A T ARG EE R TFRE (EPMAD.
LA-ICP-MS. ¥ M 4 U-Pb &4 ((641 £
8) Ma), 3T T [z BERIHRAH S 4k 4 ki 40 T Ak At
R T E Mn FAATH Mn* T R-UIIE/E Nb-Ta-Sn
B ok AR R OB IE . A R AL ], Ta AH
LT Nb HA S s iR R, AR A s R T HR
WoR, Bi%E Li-Rb-Cs &1, Nb/Ta, Fe/Mn
BWIAL. 2B Rb-K/Rb, Cs-K/Cs f& 78K A i
JIUCE J A R (P 43 B 45 AR S (F=75%~95%) . Tif A\ 5K
B m A A BRI, AR R A AR L SRS sh PERH
BT (Mn) AR AR, 4AE R R Mn® ik
JE>1% (450 C), #AEPLTE 17x10° Nb, Hekin”
R ATis B AT, M KIER A TP A 9E CL il kT
450~650°C &5 FiR FE X ). & Mn SR AT DAt 52
) Mn*", {EBEGEEE I I RN 45 o AT A GG 20
Pl 2 P8 R A 3R A A% A TR 5 ) S B T TR e

FEEIH : BB E SR RIIE (2023YFF0804200)

M HGE H Mn 35 8l P BE K. Abu Dabbab 4K
16 54 2 s M2 g2 s (1D BRI 0 ik Mn*
(Mn/(Mn+ Fe) X 100) =90, 2% Mn & IS .
Ta” (Ta/(Ta+ Nb) X 100) 1t EIAZMARERL" (42.33
+3.24) — I8N (60.87+£8.80) — LB EnH
W (76.49+4.58) [P (20 2R AT
Mn-F-Li #4038 7RI BEE & Mn JARAT 8 FGRIRE
=B GBI X W% Mo FAAR IR R 45
WIE, AABE ) Mny F &8, iagsiig: OFf
SHD bRESE AR AT M B B
FARIAS AR Y, F678 T & Mn SR BEE R 45 i Ag
AT s (3) 41 A R .35, Mn A5 (97.26
+3.16) Eil%k (51.83+4.15) WEEL, Ta" A
WitE, Ta®. Mn"5 F & REIEM, SR ERTE
Mn JARLER A 48 8 KA X 7 %™ Nb-Ta-Sn &A™
R RIAL D o

X #£17): Abu Dabbab i 5 4 JE 14 X %+ ; Nb-Ta-Sn
WAk: & Mn FAE: B4 EE

H—EE T INER (2000-), WLWFA, WS # A%, Email: Syj243660@outlook.com
SEGEEE T IKiE (1982-), #HIZ, W A Bk 2A R SE 564 1 2%, Email: zhangchao@nwn.edu.cn
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IR SRR R 7 PR ST BRI T 5

1*
E
1 P EBEERE T MIBERACZEDIFIRT &, )N 510640

SR TC 3T 4R 78 MU ER AL 2% P 5t B 2R DL H o 2
SRBRPE TG R o SRR 7T R AN DU — I B g
B BE R, SR R s BRI B Bl ) 2 1 R OGS b
BRACSEIREL o SR, w00 0 e ORR H J
FEH, SR IG5 IR I A ML b L 2 1 A 3% v A )
B, UL T AT 2% 00 0 3 AL H BR8] )= (¥ 20 A
SR AR o BT B ), FRATTE R e e
I E A AR, RGO T DU O R T
ENIESRE 2 PRItk ok ISP IR UL NS L S P S

R 545 B SRR o o AT AT T A
JTERTER, EE@E: (o BT B
L R T XS SR I 36 0T RS B
R () HR T YUR T o R
SELFE LT T PN R T U
2

K. A DO A BRI U 14
TEMR AR RBiCER

BEAIL, BIBTSUOY, WEFUTT e SRR T 38 00 s A A AR R e 2 s E AN PR T L 2
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Identifying dehydration-induced shear velocity anomaly in the
Earth’s core-mantle boundary

A A

L ERE BRI R A S BORBIET S, B 430077

Steep temperature gradient near the bottom of the
mantle is known to generate a negative correlation
between the shear wave velocity (VS) and the depth in
most regions of the D” layer, as detected by
seismological observations. However, increasing VS
with depth is observed at the D" layer beneath Central
America where the Farallon slab sinks, and the origin of
this anomaly has not been well constrained. Here, we
calculate the thermoelastic constants and obtain the
elastic wave velocities of hydrous phase H with various
Al contents and cation configurations, which may act as
a water carrier to the D" layer. We find its VS substantially

EAEHE TS

lower than the post-perovskite-type bridgmanite. The
dehydration of Al-enriched phase H the
redistribution of Al from the hydrous component to dry
silicates would raise the VS at approximately 100-150
kilometers beneath the top of the D" layer. The
presence of 3.5 wt.% water is sufficient to compensate
for thermal effects to match the seismic anomaly at the
bottom of the mantle beneath Central America. The

and

positive slope of VS versus depth in the D" layer may
fingerprint deep water recycling.

KB TKEY) s MR B S
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DA JREAL) X () I P RBORE TBORARE o SRR W, ARAR i %
B UL AR T2 BRI L ST IR B B R DR AR T
Ji e £ Y o 1] b, 24 R BT Fp 5 AL A Sk 2

HhSE R, 1B R YA A s . 53k
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S TR, R T AR, (BRI AE 1SR
(<5%107°~6x10"") MK T H 45 (<5x107°~65%x107")
5 AOC (4x107°~131x10"), R 1 RAEREE
TREHE A A K B B o AT 50 JFE s VA I o AR 2R v i 35
SR ClLCHE A B A >Brl (BFEAHD >F (R
A D, WnILZ T 2 B K RE T, JFRR
E T ASTRRT IR B bt 25 00 4 43 A FH I et s i 4%
1} (Cl: 450~480 °C. 12.2~16.0 kbar; I: 510~550 C.
20.8~22.2 kbar). % EHLEIE L T DLdE— 2D RN
KLU 130 3 o3 I, A 7R R S i 1R Bl AR 5
AT AR 5 B I Y e 3 R I OB T R L
FURSCRE Ay R Sl AT o e 2 A AR TR % ) 7 b g b sk
T 2EAR T — MRS TR 4

R KPEIH T A2BETe: )TN W)
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FEETH: ERARRFIESTIH (42322303), HEE B IRIRE (2023YFF0804404)
FEFTA: BEIK (1986-), HIZ, WHFTJ7 . Ml A A ihBk 4k 2%, Email: xiongging@cug.edu.cn
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Impact of volcanic volatile fluxes on Mesozoic terrestrial
biotas in northern China

1,2 4 32 > 2 v 1y 2
3, REET, 2ES, EHAEM
1 B SOt R SERE R AT ST B, B 200444,

2. WIS HhERRLA2BE, BiIH 310058;

3. SRWIMYEA B SRTE SRR EBE, LR #hdk 224007

Volcanic eruptions significantly modify surface
environments and climate, with profound effects on biota
across various spatial and temporal scales. The
spatiotemporal evolution of the Mesozoic Yanliao and
Jehol biotas in northern China—two world-renowned
terrestrial lagerstitten—correlates with Jurassic to early
Cretaceous volcanic activity during the destruction of the
North China craton. However, the coupling mechanisms
between terrestrial volcanism and biological evolution
remain poorly understood. In this study, we measured
chlorine, fluorine, and sulfur concentrations in
clinopyroxene phenocrysts and apatite inclusions from
Jurassic volcanic rocks in northern China. Using
experimentally calibrated clinopyroxene/apatite-melt
partition coefficients, we quantitatively estimate the

volatile degassing during the origin (0.1-3 Gt CL, 0.06-1

Gt F, and 0.03-1 Gt S), development and flourishing
(3-57 Gt Cl, 2-21 Gt F, and 1-10 Gt S), and decay
(34-1002 Gt Cl, 10-216 Gt F, and 4-136 Gt S) phases of
the Yanliao Biota. Our results, integrated with previous
studies, suggest that environmental degradation and
climate cooling induced by substantial toxic gas
emissions likely contributed to the decline of the Yanliao
Biota and impeded the development of the Jehol Biota.
In contrast, the relatively limited volatile fluxes, reduced
harmful element delivery, and sufficient nutrient element
supply from volcanic products may have fostered
favorable conditions for the development and flourishing
of both the Yanliao and Jehol biotas.

XK $##17): volcanic eruption; volatile flux; terrestrial
biota; Mesozoic; northern China

B4 EFEERBFESH (41688103, 42002053), Ll K¥HERA B (N.13-G210-25-259)
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Low fraction of volatile-charged carbonate melts
in the upper mantle

K 1*, Guoji Wu'?, Xuran Liang3, Kaiwei Tao'?, Michihiko Nakamura®,

Yuan Li’
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Carbonate melts serve as an ideal medium for
metasomatism, facilitating the global material cycle
between Earth's surface and its interior. Recently, high
electrical conductivity and low seismic wave velocity
anomalies have been detected at the bottom of upper
mantle, which are attributed to the presence of
carbonate-rich melt. However, the spatial distribution of
carbonate-rich melt in the mantle rock remains elusive.
Here, we experimentally investigate the effects of
volatiles (H,O and NaCl) and Al,05-SiO, on the dihedral
angle in olivine-carbonate melt systems under upper
mantle conditions. Our findings reveal that the addition
of volatiles significantly reduces the dihedral angle,
reaching nearly 0° even at 1 GPa and 1200 ‘C. Our
results indicate that, at the bottom of the upper mantle,

volatiles-bearing carbonate melt can completely wet the
olivine grain boundaries. The decrease in dihedral angle
is probably attributabl