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Abstract: The pH value of seawater has changed obviously in the evolution history of the earth. The pH value of
seawater may be an important factor controlling the formation of marine carbonate rocks and the evolution of
their components, which is of great significance to the genesis of early dolomite and the formation of some
minerals. However, there are very few proxies for recording changes in ocean pH, with boron isotopes of
carbonate (rocks) being the main proxy. Boron isotopes of ancient carbonates are often affected by diagenetic
processes. During the transformation process of §''B-pH, the uncertainty of ap, pKp and 6''Bgy needs to be
based on a variety of assumptions. The analytical results are of multiple solutions and uncertainty. Multiple

independent indicators are needed to limit seawater pH value, and lithium isotopic composition of carbonate
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(rocks) is a potential proxy. Roberts et al. (2018) found that the 6’Li of foraminifera carbonate shells and seawater

pH value have significantly negative relationship, and the strength of the °Li and "Li hydration spheres (and hence

their respective desolvation energy) is pH-dependent, resulting in a significant isotopic fractionation during the

incorporation of lithium into foraminifer calcite. The 6’Li values of well preserved pristine carbonate rock range

from 4.9%0 to 13.4%0 (averaging 8.03%o), significantly lower than those of the modern marine carbonate.

Therefore, the 0'Lig,, shows a general increasing trend since the Mesoproterozoic. Preliminary analyses of B and

Li isotopes in Mesoproterozoic marine carbonate rocks from Jixian section exhibit a clear anti-correlation trend

for ¢’Li and ¢'"'B values, also ¢'Li and pH (¢''B,,=25%0). The same pattern is observed in siliceous banded

dolomite as well. This implies that the ¢’Li of marine carbonate has the potential to be a novel pH proxy,

although the mechanism behind requires further investigation. Li isotope may have great implications in the

reconstruction of 6''B of seawater, if it can be used as an independent constraint on pH value.
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H R PR CO, Wk BE R IAE I 0 At i, V0
pH {EFIHEK 6''B 8P 2 2 A%, Ohmoto et
al.(2004) ARG 1L 1.8 Ga J&EZARZEZE™ Bk 7] 37
BN 2 B R pCO, LBRAE R 1005 LA |, AR
P& 25°C Wi 7ZK i) pH {H 5 pCO, A& & (Ohmoto, 1999),
RS K pH (AR 4.6, fie BT K 51K
Z 1A R FE 22 (A pHR2.6) PRFFAAE, U] > i) ¥ 7K 7
pH R A 7.2, KM 3.0 Ga KA pCO, 7T BE
i, KA pH AR, W AREITH G, e AE bR
fREh it s NTCEIAT, AL, IRIREL A R ZERA
B R A T ORE ARk o W] LA A g A B R ek A
T N FL2AS Y S b TR AR VA B BB ) 7 ) (B RS 4
2008; AHANGE, 2011), S X e oy VR IR 1
Mo IEMFRATHOFTR R, H—H oot AT E
RS A ST o A TR T R R K A EE, AW
15 Bl ) ) B 22 A R B K - AR AT R pH
{E AR AL TR IRER A Si0, MY R/ITTE, X
e T H A S A K2R A, A 4%
72— AT B AR R 9 [ DU A b ik A
(R THAE, 2019) MAHRRAR £6 A ORI S T3 BR T 32
WER Ca™ . Mg®t, Fe'', Mn* & 4R B T
MhEAI i Z 5k, WS HCO; . COy ¥
JELA KRS CO, 43 ELHEAR G o 17K pH (E P RE
SRV A A R R 25 B 75 TR 8 S L 8 T A )
&, XF T b BR 50 1 = B R R 22 B0 25 40
PRI A R R B L SR, 1D SRV pH
HAEA R AR AR AR T FR 2D, W ) 2R
EHCEHIEALE

VR Y Tk T 6 1 1 [) 57 28 4L BT DA AR R i g K
pH {E A H I RS CO, WK, AT A5 20 W ] 432
RHIRA AR VS R 2 R B, EPR EXT
TR AEACLIR AR DOAR, i 56 1O 22 LIOR o i
B AL A BB R 2 A pH A A e o TR
TARZO5E, $&ih TRk pH (E R4 R R EOC
#Z 3 (Sanyal et al., 1995; Sanyal et al., 1996; Pearson

and Palmer, 2000; Palmer and Pearson, 2003), {HX}
Hy BRI K pHE Y AL BRI T AR B

Bt 25 AF 5 (R ARISE B 0 i, Bk R o''B-pH ¢
A $5 bR () AT 58 M 32 B T kR (Pagani et al.,
2005), )@ 2L e LU LA T : (DB R 2
SHRAREG Q)M ARIRERIHLIE, ) Lo JE A
(22 Sk (4)J5 30 b S 4 AN 286 - 3 2 B Xt 43 Hir 4
S (5)0" Bew MYTHE . 1H A WM 1 9 ) iz
AR A2 B 5 W M ST AR FH 09 5% T (Gaillardet and
Allégre, 1995; Paris et al., 2010); 7EHuWERH{L L F2
O"Bsw fH RN A H E M, o H AR fk e AR K
(Kasemann et al., 2010; #&XNi5%, 2019); 1EXAK pH
FAFT, AU B(OH),, #7) B(OH);, H2x5 Afk
methh, —HMHBIZ pH EE W, pH {HBAL,
B(OH); Wi A L, E4510 B(OH). AN E
(H N PLEE, 2008) o BRI IE XT iy 2 ik 2 468 A 1M 55,
0"B-pH bt B R AT 2R, A Hra R
B ZYE . AE k. TG 2 M T8 bR K
pH EHEA TR, AR ER CE)ER AL R 2 — B TER)
BALPEFE PR (Roberts et al., 2018), ], #L[RIf ZEEE
R, X 6'"B-pH KR MEE A, Tk
o""B-pH 193& FIVE I, o o] BG40 I 5 i [ K
PER EE pH WA FEE RS HERE .

1 SRR B ER AL £ R

Li AR RO, °Li 1 Li, [R0 R F 8
SR 7.52 %F 92.48 %, P IR 2EAEH K (G
16.7%), PRIEIGLR /318 W3, 76 AR TR K,
S 7N B b FR AR 2K AL 2 i AR O AT 2T Be (Hoefs
and Sywall, 1997; Huh et al., 2001; Pistiner and
Henderson, 2003; Kisakiirek et al., 2004; Rudnick et
al., 2004), 7 -7AKZ, "Li e Je kA,
b KL, W oTLi (AT (] 1), 41
TEME TR TIRSFICR, ETEHEETE AT B R 2y
1.5 Ma (Huh and Edmond, 1998), ¥ /K1IES
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A (2 1 ka)(Sun et al., 2018) K A%, Ktk $RAEFL
fRAERK PR A MXTRE =Y 0.18x10 (Riley
and Tongudai 1964) f1 3 — 1 [d] i & 4 i
(6'Li=31.0%0+0.5%0)(Chan et al., 1992; Moriguti and
Nakamura, 1998; Millot et al., 2004), #-5#AH ML,

Vg K B B R4 28 A R AR RN AR Y, TR A2 BRI
Bl A0 Sh AP R AT o S AR EE E 20k A
TR (KBl ek 1R 6 2 A IR Ak 27 X k) (Huh and Ed-
mond, 1998; Misra and Froelich, 2012)F13k& H &
P 5K G 1 PR A (Y A TR R A A 1 R AL
1£)(Chan et al., 1993; Misra and Froelich, 2012), #
WA AL A B AN W] R R R FRIE . v
A e R AR 1 0T Li $3E 4 BRIV - (B 7%0(Chan
et al., 1993; Bray, 2001). JA] 7K AR ] {37 2 AR fb 4
K (6%0 ~ 33%0), NIALF-3K 23.5%0(Huh and Ed-
mond, 1998). #L A% Hh U 3222 DL IS TTORRAE T A &
e L aE IR A, TS Li. Mg, Fe I
B A SR RERRER 2 1 BV Ak 1R R 106 XU A FH Of 52 B
(Misra and Froelich, 2012),

5 ~ 30°C JeHL A UL TE SE 56 (Marriott et al.,
2004a) % L5 A1 1 0'Li BRI 8.5%0, 7 A7 -
‘ﬁﬁiﬂ/‘ﬁﬁ%%ﬁ Ocalcite-fluid = 0.9915 OEE{/I\PFHXHLB'%%
FO WL S LN, [ 57 2 000 3 38 AT i 2 1 R

KF o B3I ZR B D iscay = (LI/Ca)cars/ (Li/Ca)sotution =
0.0030 ~ 0.0092, H.Fi & W T+, Li i#F A7 A1 Y
ik — /0, Marriott et al.(2004a)iA Ky Li A2 i
A T7 AT S5 8, T2 A (8] 5T 25 B2 3R A (interstitial
sites)o IZMFFTIBM E T KSR IEH SCAT A9 B0 5 Mk
MENZHR, SH@EAME, SCHP D(Li/Ca){E
(0.0022 ~ 0.0028)H {1k, 7EH# MR 414 T & nifc iz 5 Fil
R SRk T2 6 1 L [ 57 28 43 VR A 5 I FE TG B I G R
A ) AR Al 0 R B TR 5 %) A ) 467 2R BRI SR g 7K
(% O'LifH, FF4 v RE4E /R i KAk B (Marriott et al.,
2004a) . HE— 5T R B, VWP O R A
Li/Ca {H Fifi 5 V5 V8 &8 B 0% 38 i 384, i SCA i
Li/Ca fE X} £ B 25 AL A U (Marriott et al., 2004b).
YEFINNX AT RERE Li 785 A1 F0 SO R o 08 (4 17
BN R, FHIAN Li BUC T SO Ca 90,
B Li/Ca B S0/ LifCa Y 3 451l
Ko 9 —Jr i, Li Yl R A7 A i Rl BRER 7, 1
W Li i 4 ik BE o] RS2 5 A A1 P Li/Ca 1 £ 2245
HINE . Gabitov et al.(2011)7E 25°C /K H LA
MUTIE R A S, 30 Li R R 8 R 50k
Glasagonite-fluia =0.9895 ~ 0.9923

Misra and Froelich(2009)7E S5 5 A WLEL 3| SC A
5K Z [ 177 58 25 B TR R i, B3 & B =Fh
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Fig.1 Liisotopic compositions of major geochemical reservoirs (modified after Penniston-Dorland et al., 2017; Tang et al., 2007)
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A TE) Fh 25 i) A FL B (0. universa ., G. menardi F
G. triloba) Z [AIAETE R 3 4048 o AR AT 4 vk
oA LR BE, SR TR AR AR K B[R A R
2 i (Misra and Froelich, 2012), ZWF5E s K
[F) 37 2% 2H B ) A M AR A AT D) B e i A R Bl R R R
A Ak KA T Ve 1R R 1 30 XUAAE P i 3
L ke R LR R, R R A XU T XU A
JHHFERS CO, R AMEHE R, WA MR, A
FLAEAY 0Li A REIS 52 R I BE S A s, A
fLHL Amphistegina lobifera ) 6'Li &1 /K Fh & fif G
HLAR (DIC) IR JEE 1) BE £ (Vigier et al., 2015).
s Fe i, KA (Sun et al., 2018) . H A
(Taylor et al., 2019) 5 FF it v Bl (¥ ik 2 £5 #+ (Pogge
von Strandmann et al., 2019)f¢) 6"Li RJ LIAE % 5 Hh
G A R R A R = AW = A (N
THHF PR IR £ 1 4 J80 0 T RE I I 7] 740 3467
B AR AR T AR Ak, DRI Ry R A 8 A 11 4 Bl R
A M R B 2 I IR PR ER A T PR & T3
L, DAURERI DT IR Fh o 1k DL S A R 46 7
HFE i (Pogge von Strandmann et al., 2019),
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Roberts et al.(2018)%] Amphistegina lessonii 1]
R AR 5 — R s A LR PR R AR R 25 4L AR
(0"Lignen) SR FFETRAHY pH AH 22 [AIA7 1 25 10 TR
KKFR, WFRET P pH-COY MBI . AR, 7E1H
FER pH T, 0'Ligen 5 DIC Z[AIBA & AH A,
0 Ligen S[COT 1WHEEH B EMFENE ., A.lessonii 1)
Li/Ca HLAE AT pH {E 22 [0) B A7 BH S A A28 b e 4 SR T,
Li/Ca {H 'S DIC ¥ HA — 1 IEMKEH LR
(R*=0.55, p =0.08), {H Li/Ca FI[CO: JCAHENE
22 ERHBILHMHARLER

S5 WA, 0" Lighen 58 F 0" Bapen FITEIK
pH ZIAIEHUADE, X FhOC R ATE A BRI A iy W ik
WA FL I, Cibicidoides wuellerstorfi(R*= 0.5,
p = 0.5 Cibicidoides mundulus(R*= 0.76, p = 0.005)
R EEE, SN, FERTA RE S R AR #) 6'Li F
O'"B Wi Z [ AF FEAR SR 1 S A K 2R o

Roberts et al.(2018)M4E C. mundulus #) 5"'B.
O'Li Al pH {HZ A2 2435 T pH-0'Li LA 5X:
O'Li = (17.1£5.5)xpH+(159.3+43.8), BiE T o'Li fF
RPRNT R pH B A 8 A A A R KTV UK
() pH B 38 AP S8R T, JE T3 — B — A, oLi
HES ) pH B9ZEfL S 6''B R 1) pH 2R 1L AH HLAT A
MRMIEE . FIFAAFLE o'Li #hFEHET "B 1Y

pH &, WA LBKAEK "B, MR
it ST ] %) 25 A 08 7, X2 AR B SR AN e i D 1)
[n]
2.3 O'Li-pH EEZHHEXHHE

AALAE LR HE R, °Li 5 Li K& ET
PSR EEXT pH HKREEE (R TR], ZE0™ A KR ek
At R, Lio 095 AR W IS (B 25500 K)
b A& A DLy A 6] AL &R A3 i, AT BOW 22 3 Y
pH-0'Li 3 £ . #RTM, Li/Ca X} DIC ¥ & i A 81 F-
AEAER I [FIALZR 4308, BTz s 9k o2
ik

2% I+, Roberts et al.(2018)15 Vigier et al.(2015)
M FE AT, B &3 o7Li %t DIC f B i iy, {5
KT AL HBR AR ER S A o'Li 5K pH (H 2
FOMHCOCR, - EE) 7 2 0] U S 5 ik
pH AR AR, IAh °Li F1 'Li K& 8 FAE ik
ATk R 3 fia A% I 8 v K, X A2 R Y 25 7% g
5 pH {EAR, B 1 A A L A 5e ik
()2 A8 A AR 2 I RIS 2R 401

Fiiger et al.(2019) 8 5T 2B, 107 iR A
A B R, B A R Z B2 80
s, B3 i i AR SR pH fH . SEIR 45 R
KU, fERE T AR, BT R
D(vijcay=[(Li/Ca)car/ (Li/Ca)sorution] 5 17 filf A1 45 4 3
A IEAHSEOCFR; 1 H A B2 Wk Ay g A7
& AT RE S AT HCOL AHOG, B 43T 22 2kl pH {1
N . B KR T 4y Li/Ca HLA]
PIME RS W AR R A0 TR, RS 19 50 AT
DA R B 8 - v fr A, YA 2 /AR IR
B T A AR TR W) 6 B B A A0 o B 1 % B 7R
TR T A L B AL, X R R SR
TR ER A it A1 1) 20T 2R BV Sl PR AR 4 A ) B
FHRHATEENE XL

3 BT R AR LA R A SRR
5 pH fHHIR &

BT UL EMRTE MR, FAT ek e s 2 5] i oBoo
AT ARBR R R 5 R A T 1 B [R) L 3R AU w0 40
5, TR A A AR A, ASSCESE T AEY)
R A ——& 20, IFERIREE A — s
Hz g, PUCRA UL B 5 A 16 sh 3 DIAH O
MIRET 2% 5 S 2 PSR SR RUAE i, 455 TR TR
oA MO R B, RR IR R A L R4S
37K pH LAY SC R HFFE X HUBTRESL, FF dl R AR LA K
3 HE i BB TR A A T A 7 0 S5 0 WL 55(2019),
TR AL 2R R A T DL A 2 (2015) 0 T THI ] 2247
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H—THFEN R 2F AL AR S BT el 5
30 fEELRNFES4LRE

T 2 IR Eh A 4 KA, BRIk
mn i, (R RERFERICRLZ, WiEE
B0 (38 7 ¥ (Rudnick et al., 2004; 7762 0E%E,
201 ) ANfig s 2 A 2E alifb 2R . ARUCR A e A
QOIN T, BEA . RA 8 mL AG50W-X12
P8 7S g, DL 2%HNO; Mk e, esE 19 ~
49 mL X[ AP, AT A SE B — 2 58 AR 1Y 48
o3 B o AR T 200 $h ORI AR b, B2y
R, UR4E 9~ 49 mL X (A Ik EERIE T K
o AE . BARIEIR FR

BT Ak R Savillex®24S 7 42 At 1Y bR v 1
M, N 6.4 mm, K 250 mm, 27 8 mL &
AG50W-X8(200~400 H)HA K& F3c e fig J1 1)
AG 50W-X12(100~200 F)BHE F2c b g, w5
A 4 mL 2% HNO; ke 3 ¥k, 312 mL Ffrk: 7,
SRIGHL 1 mL SRR ERAIAE i BAE . M 2% HNOs
WRVEHR, 5 ER A AR R, N D A
e, W HE 19 ~ 49 mL XAl fOR BRI, X% IX

[EIFTS 2 mL @9 BEROBCEE AT I . %F T AR Af
DLARGBE . Rl BE R AR S ICER 9 ~ 49 mL X [R] ik
VR T G A
32 SWER

i) BT R s LRAL 11 DSl iR
A W R R A Y AR TR 7 R 4 B (6 Lican) A
4.9%0~13.4%0(F 1), V14 8.03%0; H g E%
PRI AL 5 ANRE T 255 1 2 A FE R Y 6 Licasn 210 H
0.0%0~18.8%0(F 1), ¥ 10.04%0. KL 1A
0" Licary PIIRAR AR S AE S UK 0" Bean, F9 2 0 {H
12.9%0 FIKAE 5.7%0, HiEJ& 274 15 % 0 Lican 5
0" Beary S B AR R

F T 6 B T T 4 E 5k L LR A
Hz A1 6" BAE Y3 i T H = m MUK S, i
1E 3.3%0~12.9%022 [ (F 1), “F14 8.4%o ., X 13 55(2019)
I RRIERRME 5 N & £ HEMFEA R B(OH); #
ATRTRER 1 o BB IR i1, %A 2570 11 = 5 T RE
TR T R BRI KR8, A& A1 ity W K R
Hdetr. H, FXmihe A aEER 1 hiRid
[ 10 AR 2540 L = B FE

®1 HSEABAERRBERERFFTEENE. WEAREMRMIE A REBIRERRIRE, 2019)

Table 1 ¢'Li and 6"'B values for carbonate-associated fraction of carbonate rocks collected in this study
(JHB values after ZHAO et al., 2019)
FE S 45 Ak J=IIA 1 B /m A% /Ma 5" Bearn/%0 8" Licarb/%o

JEY-4 WA 0L 4l 7360 800 7.1

JX-58 WA SLIA 4R 7350 830 3.7 8.0
JEY-1 WA FLIRg 7340 860 33

JX-55 (FE=myay/ e BRI 21 6980 1412 8.0

JX-54 BIZORAE BRIAZH 6960 1419 11.0

TL-3 BEA RG240 6920 1433 7.8 4.9
JX-51 FBIZORE R 6900 1440 8.0
TL-1 KA BRIG 20 6880 1445 5.9 6.9
IX-44 Epray Z5 2 L1 2 5 DY S 21 TR 6553 1472 7.4
IX-43% HERAsS Z5 2 L1 2 5 DY S 21 TR 6496 1474 6.3
IX-42% DS P sy %5 3 L2 55 D Sl 20 TR 6439 1476 3.3 18.5
JX-35% R I n A FR IS WA 4618 1503 8.7 9.9
IX-34% eSS bar o) FRINASE WA 4421 1506 10.1
IX-32% - SiE b o) FRINASE WA 4027 1512 10.3 3.0
JX-31 Had Z5 A LA A 3828 1515 5.2 5.0
IX-30%* RERA o Z5 A LA 5 — 4 3810 1518 11.0

JX-28 Epa= RIS — A 3668 1524 5.4 7.2
IX-24%* [Ei S e ba ) RIS — A 3384 1536 5.7 18.8
IX-22 AT S Py Z ok I 25— WA T 3310 1539 4.9 5.7
IX-21% R A n A T e AL THEER 3180 1542 3.3
JX-20%* BT H a2 T O £ 00 2910 1545 12.9 0.0
IX-19% RERLA I & TR VU4 T 2473 1548 12.5

JX-17 TUERASSE TS Y2 T 2166 1554 6.9
IX-16 EPN Y EE [SRE i A 1991 1557 1.0 9.4
IX-14 EPNIV & [SRa st X 1816 1560 0.7 13.4
JX-13 EPNIV &S [SRa st X 1641 1565 0.8 12.1
JX-67 Bz 11 1L 20 T 510 1630 0.0

TE: 10 DREFTAR 1 2 AR ARE i+,
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3.3 i aRagus/RintRERE SRR RN R AN RS T AR KRR L, HARIE R 4300 BEE

A TE B AS [] B AR AN [R) 288 50 36 A0 5% 1R
RN RABUR TR 1 o BT
TiE A FL AR B35 0 B[R] 47 2R 4 B (Marriott et al.,
2004a; Hathorne and James, 2006; Rollion-Bard et al.,
2009; Misra and Froelich, 2012); drA=fCHIH A Qi

AR PR £R A W 21 TR 57 2 2H i (Pogge von Strandmann
etal., 2013, 2017; Lechler et al., 2015; Sun et al., 2018);
A R i B F) T e A AR B R AR S ) R [ o7
RHMGEE 1), 450 E/RTE 1630 ~ 800 Ma, i EL 511
2 2 RV 5 25 25 i FR 3R %5 19 0 Lican 70 I 7E
4.9%0 ~ 13.4%Z [A](F 1 Je 2), ¥4 8.03%, Hi
T IACHE I e R R i B [ 67 28 48

T 24, T A R PR R R R A L i —
A B I A 28 T AR A, FRATTIN A i —3
TGy AT A e TR A 8 ) 7 2% 4 P Sl (1 2
H S0 IE T TE RN A6 0 Lican, X FIE 1L
Feo b A AR A A AR B R 1) AR R 6 2R A AR
HoA WA F= 4 RE M %, 40 518 bk 8 ke
(Hirnantian) 7K 1, K ¥ &k 4 & {4 (Oceanic Anoxic
Event)OAEla, OAE2 DI K " F 4 — =5 F L&
(Permian-Triassic boundary, PTB), & fHifg4:5]
RS P T L B PR 6 1 () o7 28 A Ak B e R, R B )i
PRI 45 R Bl ik PR R KA 5 B2 . AR CO, Wk L) Sl
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Fig. 2 Comparison of the authors’ Mesoproterozoic 67Limh data and previously published data since the Ordovician
(the open symbols are quoted from the previously published data, and the solid square is the data of this study)



55 103 i

PG BRIRERCE) M ER R AR AL —FIBTERY K pH BACIERE 7 619

34 BREIAERAMCERARIEK pH ENH LY
VAR AR B R 6 1) 09 17 57 28 2 B0 ' Bear) WT LA 2K
HANEK pH H, SRMe T2 MRE K i ol R A R
(6" Bew) B # 0" By AR B o WK G0 R 37
AT T S E BRI AR, T 24
HEH A F T EaF(Paris et al., 2010; #XPE5E, 2019),
PUAHE K TR R R AL K ZY 39.6%0(Foster et al.,
2010); ALK, 6" By AYZE MK K +2%0(Pearson
and Palmer, 2000); 8" By, 7E B4 — =B FL(PTB)
BT 2 34%05K, 36.8%o(Clarkson et al., 2015); H2EAL
KA IRI 57 28 A B ARRAEL A K2 31%o(Joachimski et al.,
2005); 7E M IKD AW (635 Ma), 0By, BIERAKME N
25%o(Kasemann et al., 2010),
0" Bean-pH fH A HE AR UTF
0'"B,, —0"B,,
-6"B,, +1000x (e, , —1)}

H=pK, -1
p p B g{a34><5“B

carb

Wt o - :(:R(B(OH)Q

S WR(B(OH)A)

TGz i — B AR AT, R T
T=25°C, S =235 g/kgFlP=1 atm 514 F By Z W
H1 B9 % 5 pKp'=8.597(Dickson, 1990); i & F1#l iz
MR Z B ) 5318 R EL aa.a(52 pHAERYSZ IR R, R |
7 B 3k B (RIS R B /N B AT 1.019~1.033 ZJH]
(Kakihana et al., 1977; Sanyal et al., 2000; Zeebe et
al., 2003; Klochko et al., 2006), ASHFZE kst T 5

i YA 1.026(Nir et al., 2015), 0" Beas, K I AT 1L
P S BIAE T 6By, 7Rk, R K pHAA
7S AE o TERR I H—Br T AR 0" Beary 11T 0" By 1
B, FATEFRE 0'"'Boy AZELL K pH {H AL )
2 PO T T e, IR RS A SIS
M, EA TR, AAg 8%,

1630—800 Ma LI, Ji b i ik 0 [m] 157 25 A9 21
B B2 0.0%0 ~ 11.0%0, -4 4.81%0(3 1) B
pH {H7E 7.5~8.3 Z 224k, FBAAHNMFEAL R

IR TR oGl VK A I R 7 K ALAR, 7 1630—
1400 Ma, "By, 3% E b, M (21£3)%0 3 K =
(29+3)%0, TEZRISLHZY 1400 Ma BRFR L K ¥ /K 1Y
"B B, AR o SR G LI ) [ =
(25+£3)%0, 5 Kasemann et al.(2010)315 /) B vk 28 K
H1(635 Ma)f) 6" By, {H(25%0)— 5. 55— 5 1fi, #1%
B 0By, ANAE, BRISHEE —BUCE g Sk TE T
LAY pH YE A 7.5~8.5(0rdin and Matter, 1981; Mei
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Table 2 The pH of Mesoproterozoic to early Neoproterozoic calculated by the o’Li and ¢"'B values
for carbonate-associated fraction of carbonate rocks

# 6" Beao-pH AR I AFFN Y

R i i 5 Ik 0" Licar/%o 3" Bearn/%o oH (5" BL=25%)
JX-58 = 8.0 3.7 8.0
TL-3 SEA 4.9 7.8 8.3
TL-1 R 6.9 5.9 8.2
IX-31 SPar ey 5.0 5.2 8.1
IX-28 Mz 7.2 5.4 8.1
IX-22 oA IS ey 5.7 4.9 8.1
IX-16 = 9.4 1.0 7.5
IX-14 EPiY/ S 13.4 0.7 7.4
JX-13 BNy & 12.1 0.8 7.5
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