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R it AR 2 4l B ARDGHIE AR, SR 3R PR 228
BRI ITEE S . ) (0 B A R AR
1AL (ICP-MS ) il H SR 5 45 15 -1 & B 1% AY
(ICP-OES) X} A7 AL BRIZ AT Sr. Mn., Al Fil Ca,
Mg JCE & N, i FH 2 i B & 5 B 1A T
TEAL (MC-ICP-MS) X} £li 4k J5 119 5 4 W 2E 47 St [R) 42
FANK, DAS IR 9 7 302 5 X A [R) 40 B ANAS []
i 28 (A ik PR 6 54 o EL A S8 R, IR H AR
IR
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Pl 5 b 3 2 S 2 S Al
1.1 FEShIERE

AR LI ISR T AN = AR HE) SR
HARFE A T30, DURREA AR Rk IR Eh 21 B FA
[FIRMSE BRI ER A o IoabRIEY) ik GBW03105a,
Sy B — R R, 5 Li 4 L2 SR IR A bR
Y AH A . GBWO03105a 1% 54.03% CaO, L4 CaO 7%
Bt 5 ok iR £ 4l F=Ca0(%) xM,(CaCO,/Ca0) x
100% (M, A AAXS 73§ B i ), RARBEFE 2R 96%; H
7R IEY) B ) ECRM-782-1, SRR AN Jbnififk
ZE 1 22 (ECISS)FRUEM T, 7 30.34% CaO F121.29%
MgO, Pk CaO., MgO & it i iR Eh 21 B =Ca0 (%) x
M,(CaCO,/Ca0)x100%+MgO(% ) xM,(MgCO,/MgO) x
100% (M, FAHX 73 i), RIGLEREZH 99% .

HARIK A FES T C-3, 2R H 2214 B A4, &
47.61% CaO, 4iEL N 85%; HIRH = AREAEH E-3,
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WL, 25 2 RARAERIRER A Sr RO 2R 73 Hr P AT L KAt fl

a2t

K HZIB AR, £ 20.26% CaO F1 13.88% MgO, 4[i
FEZR 65%. IKAVREYI T GBW03105a Fl [ =%
FRUEYI i ECRM-782-1 1Y) CaO, MgO & -5k Hy
T, HARRER I AE CaO. MgO & B8 s
i, FEWLAT 1.3 715,
1.2 WA

JITA e 750 T ) 347 7 e 5 6 2 3 I PN
1o SEUR AT A ERIR | A5 IR AN 8T 04k [ 2 4
2374 BRA J AR 7=, SV o e (HOE R
BIRAE A=, LR R R A R A =
A7, Sl R ARG ARG, SRR AR RR 2 — K
RIBZIE MG . LT LM Aladdin 24 7 A
(HPLC=99.9% ) IiC. il i A% o Sr ¢ %0 #4 g o 5% [+
Eichrom Technologies 2~ R4, fife A 50 ~ 100um.
1L €484 Thermo Scientific™ Titan 3™ 0.22um £ &
L YE L g4 o 28 I KA Millipore 23 7] A 7= 11
Milli-Q 7K £l fk 5 5t il #5 14 8 2l 7K, H H BH R 7E
25°C TN 182MQ-cm, FF7ERA TAES R I TH#i
PEVRTR

Ca, Mg Jo & & iR ff H] Agilent 5100 7 HiJ8%
WA BT IRRSHEIE{L(ICP-OES ); Al, Sr, Mn JG
KRR Agilent 7900 2 PO AT i BHHR 4 45
B PR RIS AL (ICP-MS )5 Sr [l Z 3 % ] Nu 2%
F 1 22 H R R A A5 B A T3S (N Plasms 1T
MC-ICP-MS).
1.3 FESMRTHER R Al
1.3.1 A s r T

FREX 50mg HEHE 5L F 250mg J SRR EE T-411 4>
WA, BT 1050°C Hipyrdni, 30min J5, B
FEVEE T S0mL 5% fH R R 75 1 e, B 2tk B
TR 2000 45, I T 28 F Rt ),

FREL S0mg Bt 4% 5 T B UG LA AR, Ak
JA ImL 2 FK (EER 5 ERRFILL 1 ¢ 3), 0.5mL

#1 ZHRELRPE

SORIRIR A5 o H T UG LIRS Ak
A, 190°C ik 15h, ffo8 2R A5 BGh MR, &
TR L 120C Z T, INA ImLfi§fzE T, R
2K, ZZTEEIA 4mL #4liK A1 1mL i8R, 5T
HEAT 190°C ¥ 2h 00 I T2 A e 4
#+ Sr [Alf Z M
1.3.2 FEMPZRE

A% Liu 28 D3 Li 4 D0 B 2 bR R
FE AT EE R, BRI IR 1. PRSI
JE 5 s, A3 MARBURK 5 F A 2 4 B 200mg T80
T Liu 28 05 B 7 SRR s 20 B RR UK
300mg. 124 500mg T B0 T Li 45 0 42
TR . PR RS TR AT 43 R U
Oy | — TR, 1 —2MRiEs, —it & 2%
B, VSRR, | —ZREPRRE N THIE
LIRS R 0 Wy PR B R T 38 #e2S Sr AR
I —Z. @R, Liu 25 U5 520 57 2R LR [l vk
[E LT Z I E R B, W: A3 ~ A9 ffi ] 5mL
0.25% LFRXTRESFEAT 7 Ui Li 4 120 4 iy
ERHAMEWRE CREIT 2R ELRE, W
B2 ~ B10 43 51{# A 3mL 1% F1 4mL 2.5% Z, FR % K
ERIE 2 H R BT 9 YRR . Liu 25 1% ik b
LRZH B RERE T BN AW, S
TILRE S W2 SR 4, S R B 1Y) O R T 2
TR E ARBRIRER 2 73 St B FIRE S AT 5] ()
i, M—id i ORI RN TR R
21t AR IR ER 240 4315 5% Sr Rl 2k, IV—
SRR T R TR AN SR B s R, T T R A
R, BRI ES O 8 S oo,
1.3.3  Sr 4tk

WA 10mL 6mol/L 5 2 . 10mL 8 20 7K |
10mL 3mol/L fiff R 1 ¥k I °F i 44 B o B % fift T
3mol/L PRI 2mL FE i Z e I AM R, K5

Table 1 Procedures of the multiple-step leaching experiment.
LERAFK BWITS SRR Liu 45 U3 g7k LS B PrTE e Li 4 (0 oy ik
) SmL 1mol/L Z.FR%k+ )
[ —Z.FR5E TR Al, A2 i 10mL 1mol/L Z.JR%%
MRl i 30min 0.02mL 8% i ML Bl 24h mL 1mo 782
- A3~ A9 5mL 0.25% aji& 3L 1% 2B OF)
I —2Z iR Al0~AI2 30min 6mL 1% Z.1% B2 ~BI0 20min sl 2.5% 2. 255
L 2.50% 7.7 .
Al3~Al4 3mL 5% 2. ’ arn
- j ImL 1% (KA
Mt &2 miER i 6mL 10% 2% i
i ORI Al5 30min m o (IR Bl1 20min omL 2.5% Z.F( F1Z42)
IV 3 R v fi Al6 15h ImL 2 E7K+0.5mL F IR B12 15h ImL % FE7K+0.5mL E IR
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JIA 6mL 3mol/L AR #5 & = IRIKEEIE R T Z, A
SmL #H 4l KIEE Sr. )5, YR 15mL 6mol/L
R . SmL HAKIE RS 7 .

2 SEeER
2.1 B

Ca. Mg. Al. Sr. Mn JCE & 8 CR H 35 [ i
J A J5 (USGS) A #E i BCR-2. BHVO-2 #47
P, DNECRE i B R Af B AR T 10% . T AR St
)45 25 032858 32 20S1/%8Sr=0.1194 1 1F, J2B N e ot i
IYVEREI, B 4 RS IR — UK [ PR AR ERE i NBS-
987 > VY- Al £5 45 e A 9 1H) A9 A B8R AR ML, ORI
0.710245 X 25 52 il 5 (1) NBS-987 i A7 17, Sr
Il {37 2% R BHVO-2 1E bR ) i, M 1E 5 1Y
A3 BB 27 St/*°Sr=0.703489+0.000005 (n=6, 2SD; #fi
T2{H: 0.703478+0.000034), SHEFE(EAHMI & . AL
TESEue op il T Li 2 D2 AR ) B K A A v R
GBWO03105a, A% ¥ 52 56 I i 19 it A ik R &k 21 53
YSr/%Sr Ll M 0.708877, 4> & FSe/*Sr Ll M
0.709161£0.000017, 5 Li 25 "2 SR (5 - ik
Eh2H4%: 0.708879+0.000013, 4>+ 0.709149+0.000027)
YA o

ASCRH Liu 25 3 0 R K A Ca 7T E
[l e KKy 92.42% ~ 97.63%, Srot Z [0l Y % Ky
92.31% ~101.33%; H 2z Ca JLE IR N 93.70% ~
102.21%, Mg JCZE IRt 3h 90.82% ~ 103.74%, Sr JC
LR 81.07% ~96.41%. AR Li 25 (2]
TR KA Ca JTCER IR K 93.65% ~ 94.67%,
Sr JCE MKy 89.02% ~ 93.53%; |1 =% Ca LR
[l i K 99.24% ~ 101.91%, Mg It % [0 g % Ky
87.85% ~99.98%, Sr JCERIMSEH 92.42% ~102.57%
PRI 73255 Ca, Mg Fil Sr 82 HUAR BT 488 v 0 [Tk
R, 2R B G OT R F R NHIR . ECRM-
782-1 Fil ECRM-782-1R A PN 7 ik SE B0 i F i 81 52
FE(E 2, £ 3), TR MH . & & Sr R0 RZ A%
R REEEREG(E 1, Kl 2),
2.2 FEREAIRER

GBWO03105a 4= %5 Sr & & K 216.64pg/g, &4
78r/2°Sr F B M 0.709161+0.000017, C-3 &4 & A
47.61% CaO Fl 1.13% MgO, Sr & i i 675.64pg/g,
4 H5YSe/*Sr Al fy 0.710180, ECRM-782-1 4> %
Sr & ikl 24.68ug/g, 4V St/ Sr LU H A 0.708452+
0.000009, i A R . E-3 &4 & A 20.26% CaO
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Table2 Element and ¥Sr/*°Sr values in each step of the

leaching procedure in Liu et al™"*!.

¥ GBW3105a

o2
BB wg, g, & Ca St Mg/Ca St/Ca Al/Ca  Mn/Sr
(%) (%) (mmol/mol) (mmol/mol) (mmol/mol) (mol/mol)
Al 0.709120 3 4 0.02 0.36 1.07 0.02
A2 0.709044 6 3 0.01 0.23 0.80 0.26
A3 0.709009 13 6 0.01 0.22 0.01 0.14
A4 0.709002 20 6 0.01 0.19 0.11 0.46
A5 0.708993 26 6 0.01 0.21 0.07 0.13
A6 0.708985 33 6 0.01 0.23 0.03 0.27
A7 0.708974 39 6 0.01 0.23 0.09 0.21
A8 0.708941 46 6 0.01 0.21 0.07 0.43
A9 0.708949 52 6 0.01 0.22 0.07 0.24
A10 0.708889 77 25 0.01 0.23 0.04 0.37
A1l 0.708920 99 22 0.03 0.25 0.17 0.44
Al2 - 9 0 0.73 0.09 23.46 8.24
Al3 - 100 0 0.91 0.05 29.57 15.72
Al4 - 100 0 0.88 0.28 68.51 3.86
Al5 - 100 0 0.39 1.04 0.00 3.06
Al6 - 100 2 0.62 6.22 7.65 0.73
- . FEdh C-3
P gy Segp Ca Sr Mg/Ca Sr/Ca Al/Ca Mn/Sr
(%) (%) (mmol/mol) (mmol/mol) (mmol/mol) (mol/mol)
Al 0.709862 3 4 0.02 0.93 0.29 0.34
A2 0.709773 7 3 0.02 0.81 0.43 0.40
A3 0.709721 14 7 0.02 0.90 0.01 0.17
A4 0.709712 21 17 0.02 0.84 0.01 0.48
A5 0.709702 29 7 0.02 0.83 0.01 0.48
A6 0.709707 37 8 0.02 0.86 0.01 0.47
A7 0.709696 45 8 0.02 0.88 0.02 0.46
A8 0.709709 52 7 0.02 0.88 0.02 0.25
A9 0.709680 59 7 0.02 0.90 0.03 0.25
A10 0.709655 75 16 0.04 0.86 0.00 0.55
A1l 0.709655 98 23 0.02 0.86 0.05 0.50
Al12 0.709807 99 1 0.12 0.94 24.14 0.67
A13 0.710330 100 1 0.39 0.83 49.37 1.40
Al4 - 100 0 0.79 0.87 191.98 2.71
AlS - 100 0 0.67 2.58 1952.20 1.05
Al6 - 100 0 8.06 1.93 32.74 3.08
— EESh ECRM-782-1
R Xe
S gy $0gp a Sr  Mg/Ca Sr/Ca Al/Ca Mn/Sr
(%) (%) (mmol/mol) (mmol/mol) (mmol/mol) (mol/mol)
Al 0.709127 3 8 1.06 1.77 3.74 23.15
A2 0.708408 4 2 1.01 0.54 4.04 46.89
A3 0.708270 6 2 1.02 0.54 5.73 42.24
A4 0.708276 11 6 1.00 0.65 1.84 56.58
A5 0.708185 17 5 1.00 0.50 0.70 58.77
A6 0.708010 22 4 1.01 0.46 0.72 46.22
A7 0.707987 27 4 1.00 0.47 1.51 47.75
A8 0.707913 32 4 1.01 0.47 1.70 44.70
A9 0.708009 36 3 1.02 0.47 7.40 48.15
A10 0.708018 42 5 1.00 0.50 16.67 45.40
A1l 0.708000 51 7 1.00 0.45 8.34 43.13
Al12 0.707935 60 7 0.99 0.45 7.70 40.91
Al13 0.707875 65 5 1.01 0.50 13.95 38.91
Al4 0.707880 73 7 1.00 0.50 8.80 38.36
A15 0.707873 96 19 1.00 0.48 6.45 38.10
Al16 0.710082 100 11 1.00 1.37 469.94 34.58
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(8232 2) (8235 3)
. o
- FE & ECRM-782-1R 2 b C-3
I g, s0g, & Ca St Mg/Ca Sr/Ca Al/Ca Mn/Sr B 51, s6g, B Casr Mg/Ca Sr/Ca Al/Ca Mn/Sr
(%) (%) (mmol/mol) (mmol/mol) (mmol/mol) (mol/mol) (%) (%) (mmol/mol) (mmol/mol) (mmol/mol) (mol/mol)
Al 0709080 2 8 1.04 1.74 330 2291 Bl 0709875 5 5 0.02 0.96 0.13 0.12
A2 0708318 4 2 099 0.56 447 4975 B2 0709711 15 10 0.02 0.87 0.00 053
A3 0708155 5 1 1.00 0.49 516 44.60 B3 0709731 25 10 002 0.82 0.00 049
A4 0708311 10 5 098 0.53 085 6537 B4 0.709734 36 11 0.02 0.87 000 048
B5 0.709686 47 11 0.02 0.87 0.00 048
A5 0708051 15 5 098 0.46 116 5530 B6 0709682 58 11 002 0.86 000 049
A6 0.707996 20 5 0.98 0.45 073  48.69 B7 0'709666 © 10 0‘02 0‘83 0'00 0'48
A7 0707956 25 4  0.99 0.45 .02 46.70 BS 0709675 79 11 0.02 0.87 000 049
A8 0.707944 30 4 0.99 0.45 1.23 44.30 B9 0.709670 88 9 0.02 0.86 0.07 0.44
A9 0.708024 33 2 0.99 0.47 18.25 48.09 B10 0.709677 95 7 0.04 0.83 0.53 0.53
A10 0708005 38 5 098 043 1140 4570 BIl 0709831 99 4  0.08 0.84 6.55 0.6l
All 0708036 44 5  0.99 0.44 758 4459 BI2 0709652 100 0  2.30 0.35 12017.92  6.68
Al2 0707903 56 11 0.98 0.45 539  40.16 o FERE ECRM-782-1
Al3 0707875 66 9 098 0.44 874 3881 ‘;‘; oo o B Ca St Mg/Ca Sr/Ca Al/Ca  Mn/Sr
2wk 'St/ PSr
Al4 0707873 75 8 0.98 0.46 734 39.00 (%) (%) (mmol/mol) (mmol/mol) (mmol/mol) (mol/mol)
Al15 0707853 98 20  0.98 0.4 550 3725 Bl 0709137 2 7 1.09 023 019 500
Al16 0.712228 100 7 1.00 1.55 171739 33.68 B2 0708186 12 10  0.97 0.05 0.65  61.79
= B3 0707971 22 9  0.98 0.04 0.57  50.06
- FEh E-3
iR FCa s MaC e C TS B4 0707958 33 11 0.99 0.04 047 4570
7 BT gha A 2 st B5 0707977 41 7 098 0.04 061 46.46
(%) (%) (mmol/mol) (mmol/mol) (mmol/mol) (mol/mol) B6 0707963 51 9 0.98 0.04 044 4391
AL 0713153 2 1 091 0.20 000 855 B7 0707957 59 5 099 0.03 048  42.60
A2 0712982 3 1 100 0.13 0.00 1137 B8 0707988 62 4  1.02 0.04 080  41.94
A3 0713075 8 3 1.00 0.17 042 12.00 B9 0707929 69 6  0.99 0.04 063  38.88
A4 0.712645 14 4 0.96 0.16 0.17 12.64 B10 0.707988 71 2 1.01 0.05 095  38.87
A5 0712345 22 5 091 0.15 006  11.55 Bll 0707994 74 3 1.00 0.05 0.89 3881
A6 0711715 29 4 094 0.14 013 1248 B12 0.708390 100 27  0.95 0.05 321 3472
A7 0711543 36 5  0.88 0.15 005 1223 " FERL ECRM-782-1R
A8 0711056 41 3 097 0.15 049  12.17 fm o . WCasr MgCa S/Ca AUCa  Mn/Sr
AR St/ %Sy
A9 0711750 48 4 0.91 0.15 0.10 11.98 (%) (%) (mmol/mol) (mmol/mol) (mmol/mol) (mol/mol)
Al0 0711815 51 3 0.94 0.17 1.21 10.53 Bl 0.709120 2 8 1.12 0.29 0.01 0.00
All 0710880 61 6 091 0.15 020  11.68 B2 0708159 11 9 098 0.05 061  60.99
Al2 0710850 64 2 095 0.16 047 1075 B3 0708030 22 9 098 0.04 054 5185
Al3 0.711104 74 6 0.91 0.15 0.25 11.27 B4 0.707947 34 9 1.00 0.04 0.43 44.25
Al4 0710849 81 4 091 0.15 032 1050 B5 0708126 42 8 098 0.05 0.82 3592
ALS 0710849 90 7 090 0.16 0.33 0.2 B6 0707974 52 14 0.99 0.07 0.69  42.64
A16 0736939 100 40  0.88 0.93 41108 145 B7 0707930 60 6 099 0.04 0.53 4070
BS 0707934 64 3 0.99 0.04 070 4149
B9 0.707945 67 2 1.01 0.05 0.80  40.09
. B10 0.707945 70 2 1.00 0.04 0.65 39.85
B . BE2[29] ey IS 3 87q../86
#3 R Li B2 IR IR R L R S/ sr buA Bl 0708029 74 4 0.9 0.05 000 3285
Table 3 Element and ¥Sr/*°Sr values in each step of the BI2 070888 100 26  0.82 0.05 528  34.60
. P [29] FEf E-3
leaching procedure in Li et al'™". R _
w6 2 Ca S Mg/Ca St/Ca Al/fCa  Mn/Sr
BES) GBW3105 EE
VELHH (4 ‘0 mmol/mo mmol/mo. mmol/mo. mol/mo
i fi a (%) (%) (mmol/mol) (mmol/mol) (mmol/mol) (mol/mol
ST v e B Ca St MgCa S/Ca AUCa  Mn/Sr Bl 0713510 4 2 047 0.14 006 726
TS/ S B2 0712825 13 7 0.83 0.20 0.94 1358
(%) (%) (mmol/mol) (mmol/mol) (mmol/mol) (mol/mol)
BT 0709095 7002 043 017 001 B3 0712315 23 7 085 0.20 047 1281
B2 0.709012 12 8 0.01 0.21 0.01 0.26 B4 0.711839 33 8 0.81 0.20 0.32 12.76
B3 0709025 22 8 0.1 0.20 002 040 B5 0711553 41 5 085 0.16 037 1231
B4 0.708964 31 8 0.01 0.20 0.01 0.61 B6 0.711417 50 5 0.84 0.15 0.35 12.18
e 1 o oo o YT B7 0711054 53 2 095 0.15 0.60 1127
B7 0708877 58 8 0.1 0.22 005 034 B8 0711674 55 1 093 0.15 0.67 1099
BS 0.708878 67 9  0.01 0.22 006 034 B9 0711559 59 2 091 0.14 041 1175
B9 0.708877 76 9 0.01 0.22 0.04 0.30 B10 0.711196 65 3 0.89 0.15 0.42 11.79
B10 0.708881 85 9 0.1 0.23 005 034 BIl 0.711166 69 2  0.92 0.15 070  11.00
BI1 0708912 99 15  0.04 0.24 072 045 BI2 - 100 56  0.82 0.49 12822 330
BI2 0.730411 100 2 0.92 0.41 364.51 3.20
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I —2 R, T—CRER; T—dEmRER; V—RREM. a. b—BLW M Ca ik 2HUE N A Ca WILE]; o d—ELIEMIY
SreE A ST LL; e F—4FAEHY Sr/Ca UMl ; g, h—EF 00 Mu/Sr WAl i, j—EFB RN Se/ s Fufl, B MREA S B ; a. c. e, g.
iR Lin 28 U5 IO by dy £ by jORATLESE PRI a0 b o R, ORI s

I —Ammonium acetate pre-leaching; Il —Acetic acid leaching; lll—Excessive acetic acid leaching; IV—Strong acid dissolution. a, b—The proportion
of accumulated Ca concentration dissolved in each step to total Ca; ¢, d—The proportion of the Sr concentration dissolved in each step to the total Sr; e,
£—Sr/Ca ratio of each step; g, h—Mn/Sr ratio of each step; i, j—° St/**Sr values of each step, the straight lines are the *’Sr/**Sr values of the whole rock;
a, ¢, e, g, i adopt the method proposed by Liu et al. (3] b,d,f, h, j adopt the method proposed by Li et al. (27 2 and b represent the cumulative values

for each step, while the remaining figures show individual value for each step.

Bl AR CR ILEREIR L BRI L

Fig. 1 Variation of limestone samples element ratios with leaching steps.
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I —Ammonium acetate pre-leaching; Il —Acetic acid leaching; ll—Excessive acetic acid leaching; IV—Strong acid dissolution. a, b—The proportion

of accumulated Cat+Mg concentration dissolved in each step to total Cat+tMg; ¢

concentration dissolved in each step to the total Sr; g, h—Sr/Ca ratio of each step; i,

, d—Mg/Ca ratio of each step; e, f—The proportion of the Sr
j—Mn/Sr ratio of each step; k, 1—""Sr/**Sr values of each step,

the straight lines are the 87Sr/%Sr values of the whole rock; a, ¢, e, g, i, kadoptthe method proposed by Liu et al. (3] ;b, d, f, h, j, ladoptthe

method proposed by Li et al. (2]

#2

Az AR LARERTED B (L

Fig.2 Variation of dolostone samples element ratios with leaching steps.

; a and b represent the cumulative values for each step, while the remaining figures show individual value for each step.
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H113.88% MgO, Sr & H 65.54ug/g, 4% Y Sr/*Sr
FAE R 0.718270(F 4) .,

4 PERIEAER

Table 4 Basic information of samples.

#+ Sr i NN
b e S ST g o gy POREAUE

(ng/g) (%)

GBWO03105a  JK# 216.64  0.709161+0.000017 96
C-3 W 675.64 0.710180 85
ECRM-782-1 H=% 2468  0.708452+0.000009 99
E-3 Hz% 65.54 0.718270 65

2.3 KAZLRRIEER

WIS Ca 7520 5 A 1Y) 5 SR A SR L 1
TR R 20 70 i it L8, PR T TR AE L IR 2 A 4
(LR SIS T R sy b e I N i = ST S B S
A X, FFAE T R R A (Liu %5 5 107
A13, Li % P20 {95 3 o B JLF 58 4 v i (181 1
Hra, b)o B LiuZs 1B gk A10~ Al1, AR
2 PR I A A 3, T RB SR TR A
TR R 08/ 2 TRV JE R B N 35, PR T YA BRTE
TREE IR AR R AL SR v, B 251 A# 1Y St Sr/Ca.
Mn/Sr FbfE# hfE 2 (] 17 ¢~ h). GBWO03105a
FHA Liu % U3 05 g IR A0 ¥ S/ St L AR A7 465 H 1
7E A10, 2 0.708889, & FH Li %5 "2 77 v il ik 11
YSr/*Sr FAE fe A% 1 BLAE BT, B9, oA 0.708877(& 1
H1i,j) o C-3 R Liu % 3 Jr ik iy se/*osr 1t
AR IIAE A10, AL1, 2} 0.709655, 5K Li %5 129
TR S/ St HUB B BLAE B7, 47 0.709666
(BT iy ) o fR T 5 30 R 55 Ml 5 1 FH 45 3 A
e L L B L
$7St/%Sr HAE A e ARABLAE A 1R it S A B R 6 4 4%
(9 Sr [F) 437 2 LU AR, Bl GBWO03105a J5 AR B iR £h 2H 43
¥Sr/%Sr L Al Ry 0.708877, C-3 JBL Bk iR £ 4H 43
7Sr/%Sr HAE M 0.709655
24 HAREZHRREIERER

LT Ca Il Mg #8325V A 1) 7 R Al 55
BRI AL COR A LB, SRA Liu %8 15 [
J5 %, WAL 20 BEAR AR Vs i i R TP, T A
R T T FPE T T 5 2 3 Y 130 58 A Vs A (14 2a)5
KF L2 P B05 i, RIREE S TE B1 ~ B6 ¥ fif
R, N BT W5 Al R T AR U0, R £k 21 AR 1
A S A TR R TS, R SRR A R AT AR 2 30% 1Y)
WRPRER A 4> AV ik (18] 2b) o WA T B BRAE 2R B T
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2 FR R I A 20 3R, Mg/Ca., St/Ca. Mn/Sr H A
FEEE 2% c~d, g~j) Mg/Ca HEAZ 1L 7R
PRk QIR A RIEMNA R A oA, LR
2B Mg/Ca LI 2) (323 1), ECRM-782-1
K0 Liu 25 183 058k, Se/ S L (B F AR A5 H 3AE
Al5, ECRM-782-1 i {R{H }y 0.707873, ECRM-782-
IR f% A% {5 4 0.707853; 5 Li%s "2 i o v,
7St/*°Sr Lt {H f% K {4 13 Bl #¢ B7. B9, ECRM-782-
1¥Sr/%Sr [ {8 # MK {6 1 0.707929. ECRM-782-
1RY'St/*Sr HAEFARIE M 0.707930(14 2 H1 k, 1), E-3
KA Liu 45 1530 053k, YSe/Sr L (B B AR (5 ) 3
A15, 7 0.710849; K FH Li 25 "2 iy )i, ¥Sr/*Sr
A AE BT, J9 0.711054(K 2 k, Do 1T
Ja W0 R A A S AR R 4 i Y Se/0Sr L T
g (16183840 oAb W S TS Se/%0S e U Y A
RAEAE A izt i R A R R 21 4319 St [R1y 3% FL A,
Rl ECRM-782-1 Ji§i A= % R 5k 41 43 ¥ Sr/™Sr L (H
0.707853, E-3 Jit /& Bk iR £k 41 4 *'St/*Sr L {5 M
0.710848.

3 iig
3.0 JRAEWERER Sr RN RS FR R

R A8 A 4 2h 5 B A i A g £5 20 531 Sr (]
1 HE A 2ZE IR K, X GBW03105a fiY Sr [F] {1 %
FUAE AH22 0.284 %0( 4= 75 : 0.709161, J5 A= Bk iR 45
0.708877), %I T C-3 #H 2= 0.525%o(4= %7 : 0.710180,
Jit A= Bk R R 2 0.709655), X% F ECRM-782-1 AH 2%
0.869%0( 4= 0.708452, JF A Bk iR £ 0.707583), Xt
T B-3 M 2% 7.422%0( 4+ 0.718270, J5i A= fik iR 16 -
0.710848) (&1 1 H i, j; Kl 2 # k, 1) . GBWO03105a 7%
H 4% AEBRIREL 40 5, ECRM-782-1 &4 1% L5k R
R 204y, ECRM-782-1 % T GBW03105a HA Hi /b
(0B AR R 20 3, (EE AT T KA Se/™Sr LU (H AR K
WREEE , SR RN 0 i Al B AR 2 43 1935 L A 25 5
St [Ff7 ZR A5, X T I AR i iR £h 41 43 5 HLA 2R 43 Se
[F) 57 2 PR AH 25 K3, S2m e
3.0 AT SRS Sr

X}F GBWO03105a, Z i@k iz # s A T L.
=R 4 1Y/ oS He B (B 1, §), SR A Liu
2 L3 R RS /%S HUBASIRRE A 0.231%0
(T3 : 0.709120, FLAKAH: 0.708889), % Li 4 12
2 A 7 9 S Se/%0Sr Lo AR 7 AR I R 0.218 %0
(T2 : 0.709095, Fe A% AH: 0.708877) . {1 K # b
Ca B3k H 7 A1, LTREE TR H AT BIAIK Ca
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AW BN AR R(E T hab). X TH=
FARMEYI ECRM-782-1, SR FH Liu 25 1% 7 A
Li 2 1200 py7 i BB TR R A AR T L TR IR
A3 IS Sr/0St HAEAR AR EE 43314 1.199%0 (Tli=:

0.709128, FAKAH: 0.707929); 1.240%0 (Fiis: 0.709103,

BARAE: 0.707863) o Bl Ry 2= 7 Bk R R 2H 53 = %2
HH A (Mg/Ca #2355 1), BTLL ECRM-782-1 4 1Ri=
5> Mg/Ca 7R H = A B9 I, i #3530 43
Mg/Ca B AR [R], & B 0050 700 il (0 7 AN 2 1
Z:47 (2 He,d) . GBWO03105a Fl ECRM-782-1
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R ER RN B R 286 107 )b P A e A5 i ELA v i S
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BRI L EA T, SO 4 AT RS A 58 9451 Sr oA
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AR AS AR Sr 23 B A i R 2R Y Se/* S LU
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K1), Hrf A13~ Al4fHH 5% 1 212, A15 ffH
10% (2185 T Li 25 120 Jr e R 4R i I ERE 7
i ORI A RBIDME A 1% 1 4R, Al/Ca Ft
5, MY7Sr/*Sr HAEBAT B R ARk (& 3b, A 15) . A
I, X TR A 5% ~ 10% ) 2R 4538 iUV i
FZh L4 Wi B0 SR A R R R 4H 43 Y™ Sr/¥Sr b
i Wit 1% 09 LR 21 i D 36 0 iR,

EXFSe/A0Sr LE A K. R Lin % L3 iy
VA Li 45 V0V O R AR 1 A, TETR R A T 43
BIFIA 6% F1 30% kR R4 AV (& 2 i a, b)),

i ORI AL TR B A1S R Z 10% 1) 4,
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| — 2w, 1—2iEe; M—iditZiiai; V—SRIEm. a. b—KARE, G052k Li % 12 th GBW03105a #EFEUE; . d—H

AR a. c—RER SR Lin 25 DB by d—RERCSRAD Li 45 PP LR

I —Ammonium acetate pre-leaching; Il —Acetic acid leaching; lll—Excessive acetic acid leaching; IV—Strong acid dissolution. a, b—Limestone, G035

is GBW03105ain Li, etal™’;c, d—Dolostone;a, c—The samples are processed by Liu et al (3] p, d—The samples are processed by Li et al (]
F3  FESh AVCa FATEIRER PN

Fig. 3 Variation of sample Al/Ca ratio in leaching steps.
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3.2 2R ENERE AL
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VR T A FE S i 4 o (HGE X b PRI 35053
HOBRTR SR A APV A 00, R BR T Liu 45 13 4R
ik GBWO03105a A1 C-3 HARATR(AL10 ~ A11)iEf#
IR R 543 1) o BB FRER 40 /1Y 46.51% F1 39.49%,
K (%) H bR R £5 2H 53 76 3% WA 20 B PR s i, 10
T AR B X435 76 SR Li 45 1200 4 i Oy ik o
GBWO03105a fil C-3 HHr TR (B7 ~ B) i fift A Bk iR
84300 5 RBR IR ER 21 /A9 26.419% F130.31%. J1H.
Liu 25 U335 07 ik R S3422 00T 50% TR VA 19
T F AR IR £R 41 43, X B E 24w W 4
HARRER, SR Liu 45 1131 $ 00 7 i 1T R 2 Ak
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BB RSERY Li 45 12 4 I B vk, 8k BT ~ BOAE
SRR IR AR AR TR R 4 A 1 H AR AP BR
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ARV BE ) TR A TIR 4, IR TR R 2 70 A 2
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ERESR 2R, AR SCHERE SR Liu 45 1B $
7k, BEEE A14 ~ A1S VR R4 U SR 1 D A i i 1
Ao HirA IR
322 ZAREIEMIL

SEa st AR, MR RS R PR A S A —
ORI RIR, AT W R 2885 S A RS R T
S HARZH 43 Sr R R MRS R . AR LI H
FH a8 2R X ST 1 U8, K A IR
AYCSLHY Al/Ca I Li 45 D3RR S h BAR (18] 3b), %
B 825 1T LARRAIGAE B AR o0 s i 75 4% o

TE 2 B 5 WU 404, Lin 25 U530 97 g AT smL
Imol/L Z FR# 7S 30min, & BiUk; Li 2 12 ik
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i 10mL 1moVL PR #k & 24h, PHRPFILIR J5 ik
Xof /D AR B R ER 443 St 5 YA B B 22 5 (1
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HEBAERE T e g B’ 29 e, g, i), ITRAFEEICE
FI2 3 43 7] DL %#E SmL 1mol/L Z, iR & B Y8 5
30min, LA AL AR . 46 K I AR ]

BT BRTHE, AR SCHE H—Fp T XA [R5k R 5
ARG (1) 212 5 vk, T IR R
4l B >=85% (1) JK 5 M4l =65% M H = 5 B i
(£ 5). BT CMRETR, HT5 s
FAT S 4450 Sro X F Az &, R Liu 48 15 41
W IR G 14 2R R B 2R3 003 $ 1%,
KRG 5 R D, 1B H PR IR R D13 ~ D14; X T K
T L4 DRI T AR IS B 9 2 R Rk
J CTRIESIZ IR, A RE 50 L, $2HH bR IR
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il FHARAR S 1 222548 vk B A Fr
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44 1200 5 S o ) R RSt/ S (1 =2 18] £ ff
22, YT 0.06%0, [AIET, A GBW03105a
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%5 MLEZ P RREERRP TR
Table 5 Optimized experimental procedures for multiple-step

leaching method.

sy VT 1R R
(min)
DI 30 SsmL 1mol/L Z,fiz%%+0.02mL 8% i A b4
D2 ~D8 30 5mL 0.25% Z.FR
D9 ~ D11 30 6mL 1% TR
DI12~DI13 30 3mL 5% 4R
D14 30 6mL 10% 2./
gy TR R
(min)
L1 30 5mL Imol/L Z.&%#+0.02mL 8% i3 E b A
L2~19 20 3mL 1% 2.8
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Table 6 The Sr isotope results of standard material using

optimized leaching method.

FRUEY) T YSr/%Sr HlE Sr [ F w22
GBW03105a  0.708930+0.000015(n=12, 2SD) 0.000053
ECRM-782-1  0.707868+0.000034(n=12, 2SD) 0.000015

AR SCAH FHARAEY) TR L SRAE A, DORE S ke iR £
ali FE ARSI A B R, YT T A B BRER £ A
KRR ER LAy (PR T v . B R T o R
Mk, g Ca, Mg, Sr JtZE &1, Sr/Ca, Mg/Ca,
Al/Ca, Mn/Sr HW{A S Sr [RI0: 2 LU IE AR i 1 2
R AR AR R ER 2 43 1 HAR A BR . [RIE, i
Tk YA A 22 AR S R P ORI A il R AR DY
SONR . FERTAGERE b, ASSCER 1T AT B A ik
MR th e Z R Tk, WkIRER A1 =85% Wy K %1

FTRARIERA 1% LRI 9 £2883%, Hinb B
H L7 ~ L9; 4l =65% M1 = e it TR R
PEHN 0.25% ~ 10% LIRI 14 22375, B %
4 D13 ~ D14,

ASCHIE T T EPREY) BT GBW03105a F1RKH
R bR AL 2= 5142 (ECISS) 1 o A b i) it ECRM-
782-1 JF A= B R £ 21 43 19 VSe/*osr e AL, 4 R
0.708930:£0.000015(n=12, 2SD). 0.707868+0.000034
(n=12, 2SD), H: ¥ ECRM-782-1 ¥8 J 14 K 3E .
AR SC R I B MR Ak 2 A T B T O R R 1 S
R, A ik 75 ¥ R BT Rk A R i TAE, LU
6 AN (R AC R 40 55 R R i, 0 R S 6 D vk Y RT SE E
HEE

i SR AR AN A SR A R B R L
HHE T
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Comparison and Optimization of Sr Isotope Analysis in Carbonate Rocks
by Multiple-step Leaching Method
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HIGHLIGHTS

(1) A multiple-step leaching method for primary carbonate fraction is proposed by comparing and optimizing
previous methods, and is suitable for limestone and dolostone with carbonate purity =85% and =65%,
respectively.

(2) Excessive 5%-10% acetic acid leads to leaching of non-carbonate fraction of limestone.

(3) The *’Sr/*Sr value of the primary carbonate fraction of the European Committee for Steel Standardization
(ECISS) dolostone reference material ECRM-782-1 is reported for the first time, which is 0.707868 +0.000034
(n=12, 2SD).
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ABSTRACT

BACKGROUND: Marine sedimentary carbonate rock is an important carrier for recording seawater information.
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The Sr isotope composition (*’Sr/**Sr) of carbonate rocks can reflect the relative contribution of the continental crust
and mantle to the Sr isotope composition of seawater. The long-term variation trend of Sr isotope composition in
geological history can be used to interpret global tectonic events, weathering rate changes, biogeochemical cycles,
and determine the age of marine sedimentary strata. However, the carbonate rocks likely contain non-carbonate
fractions to varying degrees, which lead to the whole rock Sr isotope composition being unequal to that of the
primary carbonate fraction. In order to obtain the primary carbonate fraction that reflects the primitive seawater, an

effective leaching method is required.

OBJECTIVES: To identify experimental procedures and target leaching steps that can effectively extract

representative primary carbonate fractions in carbonate rock samples of varying purity and variety.

METHODS: Reference materials of dolostone and limestone (GBW03105a and ECRM-782-1) were selected to
represent carbonate rock samples with high purity, and natural samples of limestone (C-3, purity: 85%) and
dolostone (E-3, purity: 65%) were selected to represent samples with low purity. The leaching solution of all steps
was measured for Ca and Mg contents by inductively coupled plasma-optical emission spectrometry (ICP-OES), for
Sr, Mn and Al contents by inductively coupled plasma-mass spectrometry (ICP-MS). The Sr isotope was measured
by multi-collector inductively coupled plasma-mass spectrometry (MC-ICP-MS) after purification of the leaching
solution. Through the utilization of various indicators, such as Sr/Ca and Mn/Sr, the targeted leaching steps were

ascertained.

RESULTS: (1) Factors affecting the Sr isotope composition of the primary carbonate fraction. The detection
of Sr isotope composition of primary carbonate fraction is affected by the soluble and exchangeable Sr, resulting in
higher *’Sr/*Sr values. Thus, the pre-leaching step is essential for the multiple-step leaching method. It is shown
that an excess of 5% acetic acid can cause leaching of non-carbonate fraction of limestone and affect the Sr isotope
composition of the primary carbonate fraction.

(2) Comparison and selection of multiple-step extraction methods. (a) It is recommended to use the
method proposed by Li, et al*”/for limestone samples. It was found that the carbonate of GBW03105a and C-3
dissolved in the target steps (A10-A11) proposed by Liu, et al'"*! accounted for 46.51% and 39.49% of the total
carbonate fraction. A large number of target carbonate was dissolved rapidly in these two steps without considerable
differentiation. In the method proposed by Li, et al®), GBW03105a and C-3 target steps (B7-B9) dissolved
carbonate accounted for 26.41% and 30.31% of the total carbonate fraction. The target steps are close to the step of
non-carbonate fractions dissolved in strong acid. For natural samples with complex mineral compositions, the
method proposed by Li, et al*” may have leached non-carbonate fractions, which resulted in a higher ¥ Sr/*Sr value

) is recommended for leaching unknown

for testing. Therefore, the more conservative method proposed by Li, et al
limestone samples, and B7-B9 are the target steps for leaching representative primary carbonate fraction. (b) The
method proposed by Liu, et al'*! is recommended for dolostone samples. Liu, et al''* selected acetic acid with
different concentration ranging from 0.25%-10% for leaching. The carbonate fraction is almost completely
dissolved, and the lowest Sr isotope value measured is lower than the method proposed by Li, et al'®”’. Hence, to
choose the concentration of acetic acid from low to high for leaching is helpful to separate the target fractions of
dolostone samples. The same concentration of acetic acid is chosen by the method of Li, et al'*”), and the dissolution
rate of samples with different purity began to slow down at A9, leaving about 30% of the carbonate fraction not
leached. Thus, it is difficult to judge whether the target carbonate fraction using this method has been leached
completely. For the multiple-step leaching of unknown dolostone samples, the method proposed by Liu, et al'" is
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recommended here, and A14-A15 are selected as the target steps for leaching representative primary carbonate
fraction.

(3) Optimization of a multiple step leaching method. The insoluble powder in the leaching solution will be
digested by the subsequent addition of nitric acid, which can affect the Sr isotope value of the target fraction. This
study has found that the Al/Ca ratio in the acetic acid leaching part is lower than that in Li, et al'"*! (Fig.3b),
indicating that the filter can reduce pollution caused by the dissolution of non-target fractions. In addition, the pre-
leaching steps can also be optimized. The experimental data showed that SmL of 1mol/L ammonium acetate could

be selected for pre-leaching to simplify the experimental procedure and shorten the processing time.

CONCLUSIONS: Based on prior research, a focused multiple-step leaching method for carbonate rocks is
proposed. Limestone samples (purity=85%) are suitable for 9-step leaching with 1% acetic acid, and the target
steps are L7-L9; dolomite samples (purity==65%) are suitable for the 14-step leaching method with 0.25%-10%
acetic acid, and the target steps are D13-D14. The Sr isotope value of the primary carbonate fraction of the European
Committee for Steel Standardization (ECISS) dolostone reference material ECRM-782-1 has been reported for the
first time, which is 0.707868+0.000034 (n=12, 2SD). In the future, the experimental methods will be further
improved to encompass samples from diverse sources and varying purity, thereby ensuring the reliability and

universality of the experimental approach.

KEY WORDS: carbonate rocks; Sr isotope; multiple-step leaching method; primary carbonate fraction; MC-ICP-
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