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Abstract: In this study it attempts to use the Li isotope geochemistry to preliminarily limit the surficial environmental processes
associated with Archean seawater. It performed Li isotope analysis on marine carbonate samples from the Kaapvaal craton in South
Africa and finds that the carbonate shows light Li compositions of ~-+1%; during the period of 3.0—2.9 Ga, and increase of
+7%, to +10%, during the period of 2.6—2.5 Ga. Through inversion calculation, the Li isotope compositions of seawater in the
two periods are ~+12%, and ~-+ 20%,, respectively, which are significantly lower than modern seawater (~+31%;). However,
the d'Li value of seawater during 2.6—2.5 Ga is more than 8%, higher than that at 3.0—2.9 Ga. As an effective tracer for
continental weathering of silicate rocks, Archean seawater shows relatively low 8’Li values, which indicates that the surficial
weathering at that age was dominated by the dissolution of source rocks, and secondary minerals were rarely formed. During 3.0—

2.5 Ga, the decrease in the overall temperature of the seawater and the increase in the formation of secondary minerals may jointly
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lead to an increase in the seawater 8’Li value during Late Archean. The study of Li isotopes of Archean carbonate can effectively

invert the Li isotopic composition of paleoseawater, and provide new information for understanding the surficial environmental

processes related to the Archean seawater.
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W& Fe?' Ml Si0, (aq) 55 41 73, 5 BEAQ i v 1 5
(Siever, 1992;Rasmussen ez al.,2015).
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AR DL K 5 A 1o i S AT A AT A

MK B EE (Sr) Ak (Os) [F A7 28 241 iU A% 52 R
5 K Bl AR 1 K4 T2 H (Cohen et al., 2004 ; Goul-
dey ez al.,2010) , SR i X L8 [7] 7 3 1A & ) 5% %2 3] It
PR BTS2 L 40 S R LR B 52 3 ok e R XK Y
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Rl AL 3 B A7 AE 2 i M IR 4F B MC-ICP-MS
3BT EC AR &R R (LD [R) A7 2R 7R 5 K Bl KPR VR
F8 98 T R IE 342 i S B O (4] fe RS, 2017578 5F
%45, 2008) . Li [A] i F 75 7 B KBl ik 2 2 AUAk )y T
BA LT RHE (DA MR — A2 E8 bk TR S
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(AR5, 2019) , HAE XAG o F2 vhoa] DL y= Az 4 K
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2018).
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Fig.2 Photos of carbonate samples and sampling position
a.Nsuze-1(3.0~2.9 Ga) 3k H Pongola Supergroup; b. Transvaal-1(2.6~2.5 Ga) % H Transvaal Supergroup;c.Transvaal-2(2.6~2.5 Ga) % H

Transvaal Supergroup

YERER S R IR AR L UA AR S AR ST BIF T R
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2.9 Ga.
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Kaapvaal ¢ i3 - B 4 52 09 — 8 4r DO, FF A
Transvaal -1 #l1 Transvaal-2 R H Transvaal
Supergroup & 2 , 4 # 78 Bl 1€ 2.6~2.5 Ga. Trans-
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Transvaal 7% #b Fl 7§ &8 /) Griqualand West 4% Hb .
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BT, M R TOR A — ) W i sk e 37 &, O}
1%+ 41 5¢ I (Sumner and Beukes, 2006) . 3% — i
JF 915 3k oKty ol AT R SRR T4 Transvaal #1
Griqualand West %5 Hb B¢ & & >k (Sumner and
Beukes, 2006 ).Griqualand West 7 3 | 19 T B 51
JE BT B 55 Hh (Evans ez al. ,1997) , b B8 4571
WP HEER S, Rk TR, RWMIEHRC &l
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W7 34T T %8, von Strandmann ez al. (2013) 1A
Sk A e BE AR T 0.1 N £8 8 (HC1) AT 75 i Bk iR
IRy AH T X A AL/Ca 47 W 5 Lin ez al.
(2019) 1\ K B R (HAC) 1E b % i TR 1 3 R T
HCL, X HAc & BEAIR T 590 W], 35 10 &8 43 52 ik R $h 0™
Py T4 AT LA 2 . 25 G TN B RIS, A8 SOR
0.5 N (1% 7 s BR A o 1 M 12 , 1 2 Pk U TR 46 43 K
(200 H)#9 200 mg, N AR (0.5 N)20 mL, 58431
FEYS) % 0.5 h e ok B BYVE W, JF T 100 CHy
P E 25, BN A 8 N HCUI AR 22 B IR AR , e
JTA 3 mL 0.2 N HCISE fF i 4 43 & Lifal 2 % K
PR FUBH B 7 28 45 B R 43 B9, L 0.2 N HCL K ik Uk
HEATRE A B L R 2 4l Ak, O UE BT A RE S Il R
=>99.8% , 3 H B A KA Na/Li L (H (<0.4) , IR
A h BioRad AG50W-X12(Sun ez al.,2016) .Li [ i
F Ok 7E A I8 Tl K2 58 W, A A% Al Thermo
Fisher Scientific Neptune Plus MC-ICP-MS, ill| & ¥
TR AR o — FE  — A e R BB R ST IS
FBLL 50X 10" L-SVEC [ PrbrAE A7 4% 1E , 5050 =
Libp HE ARG B2 £0.3%0.
22 TERESNW
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(HAC)# f# 0.5 h, SR J5 2o U8 43 15 [ AH 08 W78+
Je R A B 1600 fi5 . I ik 7E b [ RL 2 H R K2
(USTC) o [E B2 B 52 08 4 7 15 PR 45 T 40 S0 00 & 58
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2, RWIME M kR skl oy IR AE B — M T A
(CaCO,) , b FHEZ K H = £ (CaMg(CO;),). K
P 5 b B — E & Y Fe Al Min, A5 X105,
Nsuze-1(3.0~2.9 Ga) A & Fe/Ca(60~89 mmol/
mol) FIE Mn/Ca(8~12 mmol/mol) Y4 1E , 1 3k A
Transvaal [ RE i (2.6~2.5 Ga) WA 441 52, BA K
Fe/Ca ( 24~51 mmol/mol) Al & Mn/Ca ( 32~
50 mmol/mol) FHFAE .

W2 ER AR S B Li & & ([Li]) B AL, 3% 38 A 2
IX10°, REARMEMK L& EA T 2R, HY
O'LifE 2 (8] G B S AH O B AR A RO AR AR R
FE i 1 L [6] 7 3R 20 iR T 102, 5 A K (2
31%00) 22 B NI B, R AU AR b Nisu-
ze-1 B AR O'LifE (~1%0) , 80 Ky A ik iR 3k
#E b Transvaal-1 fll Transvaal-2 i 8'Li{H A T 7%~
10%,, B3 I 5 F Nsuze-1. 53k B [F]— e FFr A 19 B
i AL S A IR Ay — B SR AH 2R 1, X
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B IR 6 5 78 DURR I 23 15 PR 858 7K K & A A X £
E W) Li R 7 & 5018 (Marriott et al., 2004a, 2004b) ,
PR] 0 BIF 50 A ik R 6 25 0 L[] 67 28 2 8 T A A3 3K
S 3 R K ) L[| 7 R FRAE . B RTE A PRI,
J7 i A 75 UURR I 25 5 K & HE 3%0~5%0 1 Li [\ iz
318 (Marriott et al., 2004a) , 3 H UL FL R 35 19 7R
JE A5 Ak 0 5 il A0 I 2K 2Z 6] 1Y 43 TR AR B80E B Y 5
i /] L Z 0 A 3 (Marriott ez al., 2004a, 2004b; Del-
linger ez al., 2018). 1 = A1 PR BT 5 7K 4k Z 8] 9 Li
[F) 57 2 3 18 AT AR A, BATARTS T =R T &
B 2 A 5 DR W R LA 1 3R B L
FIRE W RS IRE R WA (D s
(Taylor et al.,2019) :
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Table 1 Analysis results of Li isotope and elemental contents in carbonate
b Li/Ca Ca/Mg Fe/Ca Mn/Ca Al/(Ca+Mg) R (109) o7Li osD)
(pmol/mol) (mol/mol) (mmol/mol) (mmol/mol) (pmol/mol) (%)
Nsuze-1
Ns-1 2.54 2.04 73.99 11.14 0.93 0.6 1.1 0.1
Ns-2 3.19 1.79 88.16 11.77 1.74 0.8 0.4 0.3
Ns-3 2.93 1.85 74.66 9.82 1.01 0.7 0.9 0.1
Ns-4 2.79 1.88 73.25 9.48 1.10 0.7 0.9 0.0
Ns4’ 2.92 1.87 74.28 9.59 1.09 0.7 1.1 0.1
Ns-5 2.00 1.93 70.88 9.38 0.72 0.5 0.6 0.2
Ns-6 2.03 1.97 60.08 8.01 0.52 0.5 1.0 0.0
Ns-7 2.08 1.96 64.99 8.78 0.71 0.5 0.5 0.0
Ns-8 4.19 1.89 79.31 10.69 2.27 1.0 1.5 0.1
Ns-9 2.86 1.87 81.17 11.42 1.30 0.8 0.8 0.3
Transvaal-1
Tr1-1 1.14 1.89 34.51 33.68 0.08 0.3 7.3 0.1
Tr-1-2 1.23 1.95 30.07 33.13 0.14 0.4 7.7 0.0
Tr-1-3 1.30 1.96 32.25 33.56 0.12 0.3 6.7 0.1
Tr1-4 1.13 1.90 24.49 32.52 0.19 0.4 7.3 0.6
Tr1-4 1.67 1.86 23.72 32.25 0.05 0.4 7.4 0.2
Tr-1-5 1.03 1.91 33.40 34.37 0.02 0.3 7.3 0.2
Tr1-6 1.35 1.88 32.96 34.81 0.05 0.4 7.0 0.3
Tr1-7 1.24 1.88 34.02 34.56 0.02 0.4 6.9 0.1
Tr1-8 1.46 1.91 31.95 34.56 0.06 0.4 7.0 0.0
Tr1-9 1.42 1.98 50.46 35.93 0.09 0.4 6.6 0.3
Tr1-10 1.32 1.86 32.40 33.44 0.07 0.4 7.0 0.2
Transvaal-2
Tr2-1 2.40 1.91 35.92 44.03 0.18 0.6 10.2 0.2
Tr2-2 2.82 1.90 31.17 42.10 0.11 0.7 10.0 0.1
Tr2-3 2.29 1.86 33.40 42.81 0.09 0.7 9.1 0.1
Tr-2-4 3.23 1.92 28.51 41.78 0.08 0.8 9.5 0.0
Tr2-4 3.45 1.94 28.52 41.46 0.09 1.0 9.2 0.2
Tr2-5 3.18 1.94 45.53 49.54 0.22 0.9 9.8 0.0

AR K TR BE . O A A A B o 2 R
CaCO; fil CaMg(CO,),, il H Ak 2% 3 K 1 22 45 H L
], AR B+ 5 Nsuze-1. Transvaal-1 1 Transvaal-2 it
Ca:Mg~2: 1 BB B mRME T T HANA R A
Pl M) 422 30 10 1. H H7— S8 58 3 WY O 40 9 UL BE AT
fE L = T AL, U0 Robert and Chaussidon (2006 ) i@
1 B 5T A A7 1 SR 3R, AR TR K 9 3 B2 7E 3.0 Ga
0.8 Ga )\ 70 CF R #] 20 “C. R HZ W5 1 3.0~
2.9 Ga ¥ KR EE A 70 °C,2.6~2.5 Ga F IR 7K 1R
Sy 50 C, A A5 e IR R A DT R 551 K 0 4 1R A
3.0~2.9 Ga ] 8] 45 K 11%, (Asemaercan=11%0) , 7E
2.6~2.5 Ga W[ 29/ 12%0 (Aseuwaercamn=—12%0) , L I

I [F) 5 250 T 7K R BE A 22 20 °C, {H X B iR £k 5 T BRI
() Li [ 47 28 434 5 g A B i ([ 3a) | 3X 7F — &
JEE B oA Rt AR K L[ 47 28 40 B i 3 A T AR
NS e
R4 Ry AR R £k 25 1 LiRl v AL, 45 A

R Eh i ) 5 g K Z 18] Y 43 18 R 8, 153 4 3.0~2.9 Ga
N 2.6~2.5 Ga 3 8] 14 5 7K 8" Li{E 2 3 29 4 +12%,
H1+20%0 (Asemaer can™= 0 Liseaaer— 0 Licay; B 3b). &
AR K Y L )AL 28 2 S AR K (+31%,) 2
S E ALE A~5ACAETE] i K Li R A7 3 41 8 Hh
~+12%, A F] ~+20%, , 3= B2 6 ¥ 7K Li [F 47 &
A1 i oG K T — S U
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Fig.3 Fractionation values between seawater and carbonate at different temperatures (a), L1 isotope composition of Archean

seawater (b)

42 FMAHEREBALIAMCEARNEER

Hby & T0) 3t 7K 5 DS B Y K B EE Y LiF
A3 TG, 78 5B KR S5 4T 3T 35 87 Lim=23%,
(Teng et al., 2004; Tomascak, 2004) , i Ji& # W
O'Linr~=8%y, JL-F- A & A= 224k (Chan et al.,1992) . K
AR K L R 67 3 2H BB AR B R B 4 B L A9 i A
iy R AR 5 AR KA AR K 22 57, 7F 3.0~2.9 Ga
1], ¥ K L [6) 57 28 4 WAl ~ 41200 , 3% Xt i A
iy JG A~ 24 O LB 7 A T AR R B BRI K Li i
B A AR W 0T L (s KR ), 78 BAR
T T R IX 43 i AT UK 24 16 %0 B 43 18 CBI Asw sep—=
Bsw— Osen=16%0) , Al 1 /K 19 Li [ 43 2 41 i (8" Lims
310008 32 45 T LA b AR o oG (8] 4a) .

FE R AV T A o S i G 3 Y L [ A7
RS BRI —B0(~16%,) , R4 07 i Al HR
i A7 1 OTLiAE 2 SRR T 0%, AR AT HE fif 1 /K
Li [RI A 2 40 WM ~ +12%, . Jo i $A TR L i B Al 3
Li 38 S fe] 96 A 0 oG 19 °F- 3 LI E SR T
PR 30 ) O LA =2 8], T AR L[R]3 41 By
~8%%y , AH L S I iy A\ i T - 44 07Li<<0%, , T i K Li
[e] v 28 4L I 0h 20 O . b M58 P38 Ll 1k 35X
107, -3 Li [ 4 2 41 Bl 0% +2%0 (Teng et al.,
2004) , T 3 7K (1 Li [A] 57 25 20 B 32 28 32 2 7 K Bl ik
15 KA, G v 32 ZE A 4 AR A ) 0 A R A
Yy B, 24 XA 2k A DL R IR ER A W A i o 3
(— B )ALk ) |, Li R 2R & A 208 30 3 /K 19 Li
] 0 2% 20 B 5 D52 A Y, > R Bl KU A FF: Bl o Ok 2R
Y1 Ok =890 T8 B O —BOAAR) "L & e dE A
Rl A, DT AT 3 K B 4R L, S BUOL R R
e W OTLUH L AE — Y RE R Y R B

(Al 27 AL 5 5 0 30 ol e 22 L) B Ak 2 RUAE
SRS, R TR AT Y B, A K O LiE A
2= I FH =5 (Bouchez ef al., 2014) R4 X Ik XAk 5%
FE AT BEAF#E 22 5, (H i /K 8'Li <<0%, LA & &
Az BARTAT G K L [R5 38 20 B — M AE 6% ~45%0.

Zi bk A 2 i A S T Y Bl AR TG TR SR
A K G Li A7 R AR (~+12%,) , F R R R
JEE X5 U K R A AR T ) Y L 8] 67 28 43 18 A A

A DI = W T AL 7/ RS i W 1 LR i -
AH I /0 0.15%, (Li and West,2014). 24 3.0~2.9 Ga
T8 (19 76 7K 15 S~ 70 °CHY (Robert and Chaussidon,
2006 ) , 3 if it i oG 3 B A TR K Li TR 3R A 1RO
fE 9%, (Liand West, 2014). b0 & 44 T, 25 K18
3R K& A 5 ZU ) — BRI K O Li(E 2 3 b Hb
FC, O L 22000 I, A1) i i & o K Lii
Y 35, B AT SEBELAY I K 8'Lise 12%0 (&l 4b).

43 KERHIHFR L

3.0~2.9 Ga W8] ity ¥ 7K Li R 7 AL R T
YA YAT 3 K A Y 8T L DA B R it Ak 1R 25 i 1] — 3K
AL B KRB R B DL KR AR R CO, v BE T 5
i) 4 22 AR 19 B 25 K & (Hessler and Lowe, 2006 ; #
Sk B %, 2016) , H: v R 7K R0 AR 4 2 5 i B AR K i 7k
iR AL B B B e 1 I 2 AR — i R AR b
FAE B B, O 1) — 00 KBl KUAK AT 8 J2 55 e 19 b
PR RS R 1 CO, Y B 3 [6] S By . b 3R 06 2 5
VR 25 B0 A K KA BR 5 ZU A BT Sk
CO, H: [FAFE A - b 5% ik 92 2 B DRkt 381 okt | ok A 28
7/ Ra S A TS B T B W =N i el = S |
AT 1 O LA (B I H5 252 M 1365 K (14 L [R) 47 2% 21 A
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