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ZZ 4k, Stepanov Aleksandr ', ¥ /b iF *

(1. REMTR S BHRSR, WAt I 430074; 2. hEMT RS IR FE Key State Laboratory, 4k #iX 430074)

ERERD™ — M IR AE R R R A R b, oA ARG S a0 R T B L, TR B4 5 A & b DL
T I . Ishihara(1977)IKHE RN A AEREAE B 5 70 A BERRD ARG I E SR BIE K &
R BAUMIE R S — R AR EGR . A, R R N A B E BT IR I, X RS
TLRMAMEER K. KIETUERF RS 45 R T . fEIREMEF & o T, SRRk
&0 SHAFHA: R BEERIEFERBEIC, MafR T R M RE, B AEREEA (White et al.,
2000) . [7 B R SRR BE 25 A BE A R T ER R T . KOEIUIR R I &40 A A S5 il T e o =F
B, REF TS WA BRI BT T A (AT RS S e A IR R
WA AE NS, WA DB T AT (A % . XX, FRATIF R T K TS A R H R 2 A
%%ﬁﬁoﬁkéﬁlﬁib,HUT%%WEﬁ%EMW¢%%%#ﬁﬁﬁO

ARUIFFEH, TR T — RIWILEH S AR PR IE A (R D, 16 1GPa KT, R4 HITE
800°C 2 1000°CHH MR FE R HEAT VA MY B2 . Hayden (2007)7E Ti I3 BOWE S0 Y, Na/K X S48 ] fgid
FRAYES IR o R, FEARRSEIRH,  FAS R 5 AR Na/K LB 1.7 (A . S04 1 38
ARV 53 BV AR RO AR R IR A . B I 7R B B N &R IR ZE (AwPY BT R M. AMEEA
ERE A glass BE A, AR5 BN LA HCE 70 G 2E R (5 25 B P gk AT 5256

®1 OKREBGASR

SM2.1 SM2.1a SM2.2 SM2.3 SM2.4 SM2.5
Si0, 62 68 65.5 78.7 711 75.9
AL O3 18.7 15.5 19.1 12.3 13.4 15.5
Na,O 10.2 8.5 8.1 4.7 4.7 4.6
K>O 9.1 7.6 73 4.2 4.2 4.1
ASI 0.17 0.13 0.17 0.09 0.10 0.12
Na/K 1.7 1.7 1.7 1.7 1.7 1.7

7E: Alumina Saturation Index(ASI), molar A1203/(CaO+ Na20+K20)

I ZE AR R, BRBRTE IR R IR R T BUN, O HARBR AR PRI K R I H I BPR SR . SE
B s R BN R A2 KL Ti 5 Fe JTURN7M 1, Fe WIEIURUE Ti BIMLERD 045, 0 Ti M&E SRIB R T
éﬁE(EMc%@N,R?%ﬁ%i%%%¢%ﬁ?7%%ﬁﬂll%%*FA@E%ﬁ,ﬁ?ﬁmﬁ
BRI AR LE SIS P AR tH . IXPTRERALE AL AR, BRERIT I Fe AOVEMRERT S, HET Ti
PN IE R . B SR NREAT, Fe 5 Ti SR MR AEE IR B8 AR RIS R R L 2 -

ZESWH: EREREAEEG EIUE  GER AR T SR8k 178 i BEAI T T R /T SRS 90D
EHE®A: B 5, 1997 4, WA, FENFRRE A F .
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a MIEIBIALL 7 SM2.1, 1000°C,1GPa; b ¥IUEMEARLL 4> SM2.2, 1000°C,1GPa; c. HIUEIEELLSr SM2.1, 1000°C,1GPa;d. ¥IIHIEIAZH > SM2.4,
1000°C,1GPa (Ilm 4KEH", Rut &240f7, Ti-Mt EKHEERE)
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1E-10g
= mTi o Fe SM2.1
E s a  SM22
E M TiDiffusion (Hyden, 2007)
1E-11 @ Z: Diffusion (Harrison & Walson 1983)
i | |
~iEid e - e
= 3 e 1
& -
1E-13
1E-14+ .
1E-15 T T T T T T T -
5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

10000/T
B3 BRERE I R A

FEERERAT M9 B ie , FRAISRAS 14 1GPa IS T, ANEH /3 FIAERRFE 24 T Ti 55 Fe 97
Ho XWEMT HESH AN TS AERKEFUS AT T SRS 8ENE R (B 3). RS 1EAZ A
S S A A Ti T BERSE—NEEZEE A o 5 AER USRS 200 i s 7 b 48
SAAR Ti P EEREST Zr Y §0H 2 =N EZ (Angiboust and Watson, 2007). 438 K 3is FIFA R R )
AERE A R A TR TR, WEHR T FRIE, KBS RGH SO A MATERERZ 1, FibE
RN T LA N . X TR R RN IS R A iR R R E T Rl 50 $RIRE . AT
FRARM Ti 5 Fe Y B 0L, M AR T &A% LR . Gt eixX —IiR BT, 8k
At N2 2 R 2
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Hayden L A, Watson E B. 2007. Rutile saturation in hydrous siliceous melts and its bearing on Ti-thermometry of quartz and zircon. Earth and Planetary
Science Letters, 2007, 258(3-4), 561-568

Ishihara, S. 1977. The Magnetite-series and Ilmenite-series Granitic Rocks. Min. Geol. 27, 293-305.

White, Powell, Holland, Worley, 2000. The effect of TiO2 and Fe203 on metapelitic assemblages at greenschist and amphibolite facies conditions:
mineral equilibria calculations in the system K20-FeO-MgO-A1203-Si02-H20-TiO2-Fe203. J. Metamorph. Geol. 18, 497-511.
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S RB-INMIEEZEHTE MVT BUSRSERA 1Y
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2, KLt FRET

(1. KR KRS ERE, BEFE P2 710054; 2. Ko K% HERRLZ SRR, BEFG, 784 710051)

A FRZH MVT BUEYVEER" PRAE 7% (8] 73 AT AR R E 3 5 ML ARG JEH % VI X &R (Disnar and
Sureau, 1990), HHL-Pb/Zn EEWIHAANIE Py Zn EE R IR B EERIER /7 (Sicree and Barnes, 1996;
Saintilan et al,. 2019). {H & FA ML A F| T4 77 8UER Pby Zn TG E PLR & & - B 0 45 74 ] i /> sz
ORI S . BT DA b el /@, FRATTR A MR AL 22 A SR 0 R W R R 3R AT 4 B, BABRA LR AL, i X b
EIRICER KAV =R, AR SRR R

DAL FRE WL AT S0 MVT BUEVEED NG, EEGE B RITRAMBRIR A S PRGNS (P
L-D. HAERNET A FESR'S L-2). BERRISRMA Py Zn Y7, RIS FER G20 UL AR A

(Feind s L-3) NP SRS SEAW IS (FEimdns L-4), 40 nl#iT Bl sk .

A 5 S I T S E SR & S5 B AR R (ICP-MS) Z5 R EoR (] 1), Pb. Zn TESEWHILTA
[FIFE R A Sy, H UL PG S FK AR UE 52, 17.99% (Zn) F1 6.56% (Pb), BiHIHH Pb.
Zn TCERA G AT EANUEWIER, UESE T2 S AN R AW SR s R T): R UTEAT IR
5353 B LRSS - % (GC-MS) IR (& 2), AYarn B P 7B £ LLE C=0 $3E  E1Ei
H. R, B, HEEFRFNETAESA C=0 BMWANRER S S5&Buumi ras, Himble)E-
W BT AT H i, BEAFRANR S ERA —EZE R
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K1 HRSEIGHTS Pby Zn TR & ERLE
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Disnar, J.R., Sureau, J.F. 1990. Organic matter in ore genesis: Progress and perspectives. Organic Geochemistry, 16(1), 577-599.

Saintilan, N.J., Spangenberg,J.E., Chiaradia,M., et al. 2019. Petroleum as source and carrier of metals in epigenetic sediment hosted mineralization.
Scientific Reports, 9, 1-7.

Sicree, A.A., Barnes, H.L., 1996. Upper Mississippi Valley district ore fluid model: the role of organic complexes. Ore Geology Reviews, 11, 105-131.
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MARRNMEMI RS BEEIE IR E—
BRI IE IR T B R RN A

X kA, FHES, "

(1. PERHERE HERCZERFFUAT, SOM STPH 550081; 2. MRUR¥ HhBRRL#S RSB EBRFEIA RN A0, L7 AL 210023;
3. BN @ TR, M 52FH 550025)

TR AR BB [F) 57 25 ZH BT FH T s B K O AH BT TR 249 B i AAs P o, ) 2 = 2 v VA pH B AR
CO, IR EBESH . AT T AR I E AL 2 AN 2 L 2 ok s B RT3 . SR1M, AHSCHh B
FE BB R A7 2R 20 08 A7 AE i, JUILAR IR AR AR 25 7% (B(OH), XD X Wl IR 25 4 1B i 52w |

(Henehan et al., 2016; Klochko et al., 2006). FtERTFE I, FAAAS FHHZ T 7 pR B LL 22 B KA
YER AR R A 22 40 i 2 itk AR, X — B ESHAN MR PRG35 (Liu and Tossell, 2005). &4t
Hartree-Fock J5 VAT 512 bR 5 1AL TN WA 22 (R0 (R 22 7 VR IS A7 ZE R B i) i AR AR R P . [RIR, f2 4t
1) Bigeleisen-Mayer 2 TU7E TR A XS J5 0 SRR R4 R I, 23 DR R 25 R E VS TR 20 55 v B il &2 T R 22 32 PR o
Rk, @ —B 2N ES T LR W 70K AR P RE 0 )7 2 401 ) o

AT AL =g ) CCSD(T) /7781 B3LYP-D3 ik, 456 g il IE f g B — B BRIE A& IE,
PR 2 R R 2 0 VAT B A 7T o BT XA RITIRAR 357X (X=Na, Mg, Ca) [BFFER, BIFER
IR AR5 L B(OH), X TR RAFAE, iR NI P R AR &5 7 I8 (R A7 3 AR A AR 1%0. BRItL, ¥R
PRV R AR 28— X A 2 5 3 R M Y I R 20 T A R AR B8 1 IO R A 3 0 U8 AR, V8R40 T IR AE X I
JR 5T IR B T A AT 72 AR — e s CRIVA TR ARRD) o DRI, Y S V8 7 A 200 s o T 05 I 5
TR RS RAIRTEE . NG, AW T SRS B CCSD(T) 7 4 T A R 201 R B AR 15 775 SMH R 1R[]
BEZAT T, AT BT XG4 ) 1 1R85 B2 bR 5 1 TN SR S8R0 [ A 2 0 TR I s o 485 6 AT T A0 A
REIEAN B B —BUACHEER IR IE, ASHIT e 45 th 25°C IR 731 MBI I MR 25~ RO R 37 3R 2304810 1.0259 F1) 1.0275
Z 8o X W IF AL 2R 3 e 5 LT S8 38 2 T — 8. @I IX — - MRS B0 R IR 282 5 7KV T ) i [
L2 53 TR 5 A G S 36 I AH W) & o

AT 8L T 0 A FR VA IS AN AR A B HERR IR, S TR 4 T A BRAR B - 2 R BB [ 2
RS BRI R FEA R0, AR T — & H AT SR IR T, X ARSI R
WML T 2% . [\, AT T B AT RS OREIA  AAT [F AR BT o s A b 2, BT ROK
VR R I RR I [E A 28 40 TR B8 1 IR S A

SHE IR -

Henehan, M.J., Foster, G.L., Bostock, H.C., Greenop, R., Marshall, B.J., Wilson, P.A.,2016. A new boron isotope-pH calibration for Orbulina universa,
with implications for understanding and accounting for ‘vital effects’. Earth Planet. Sci. Lett. 454, 282-292.

Klochko, K., Kaufman, A.J., Yao, W., Byrne, R.H., Tossell, J.A., 2006. Experimental measurement of boron isotope fractionation in seawater. Earth
Planet. Sci. Lett. 248, 276-285.

Liu, Y., Tossell, J.A., 2005. Ab initio molecular orbital calculations for boron isotope fractionations on boric acids and borates. Geochim. Cosmochim.
Acta 69, 3995-4006.

EETH: PEEER G FRBL T (XDB 410000000 5 5K HARIHS (42130114, 41903019, 41773016, 41603015)
fEEmIfM: X6, B, 1996 4, WA, MRS, FEMAFERMRMIIILTHE. E-mail: liufeixiang@smail.nju.edu.cn
©EEY, E-mail: liugi@mail.gyig.ac.cn
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P54 (CaS): MIKA-FEFRIFERLHE
X S IR EIRE RIS TR 2R

AT, AXH', Rzg', 2EF', £ > LeonBagas’, 141",
AEw, A, T2

(1 PEREGERERY S TR M =1 572000; 2 HARBHERARKIEM R S5 B R Sis B« 710054;
3 University of Western Australia Crawley 6009; 4 University of Nevada, Las Vegas Las Vegas 89154; 5 g /5 BHE K ERIR 528 XBERTARBE | 4
Y 518055)

HE AN BB S A 32 B AAAE T (1)K B PUE N B KO8 £ B A (Lin et al., 2022). (2)7K 2 K [Hi(Bennett et
al., 2016)~ (3) A BRESAT BT H 3 71 (Martinez et al., 2019). A 78 F) 7% 2 [5] {37 5 AL 22 18] 100 Al 32E 47 7R 5256
ERAFE ORI AE BRI R HFE(1.5GPa/1510 K. 0.5 GPa/1320 K F1 0.3 GPa/1273 K) & Ak i) % i
I S ERIRAS F N T A BB RS £1 (CaS), R SMC(S = Bitk#, M= &%, C= WmRSmER. R
SESOEW AT LEEHDIEAAAE, XY/ T CaS fEKFH RAFERVEH .
Liu et al. (2023)7€ X T 2 MR BT :CaS-CaO-S P i [ %% FE(OLS %URFE 1) CaS-CaSO, T 4
R (OA SHIRETT).
CaS-CaO-S “Ffiif i () 4i% & (OLS oxygen fugacity buffer)iH 5 /2 =:
lgfo, =-21.1162+3.65342 x 107/T° —6205.07/ T* +(~16237.94—0.11450P) / T+ 0.43722 x 10°T +
11.135441gT + lgfs,
CaS-CaSO, T #7 i 4 i% F (OA oxygen fugacity buffer)it 524 2
lgfo, =2.19144 +1.09305 x 10°*T —25137/T —1551.42/T° + 1.5305 x 107/T°+ 0.04777P/T + 2.78381gT
P HALA bar, T AN Ko AR EWE T S*/SO Pt A S*/SS P i (I S0RE, NAT EBEIR A
PREEAEFESRAE T B BB . CaS Fa i 778 75 220 2 SR FEIC T OLS: MR = T OA, M| CaS ANREAELE,
M /& CaSO, A2 SEFFAE. 1E 0.5 GPa/1320 K, OA=FMQ + 2.21=IW + 6.05 (Igfo, =-7.83), OLS =FMQ —0.52 =
IW +3.30 (Igfo, =-10.57), HAR L5 7 SUS™ Pt fl S*/SFghf iR B, AT B BRAEIAAIH PR 2
WAL TR SRR . RAMRICA S B, TRERAS/KE CaS AIAEKE . HEREmR™
ZATEN) 3 AN, BN CaSO, W REAFAE, WiHbER BRI KR 3R K& R ERES 80 B (Liu et al., 2023).
Liu et al. (2023) & {48 H BUBRES A1 il BerE i oA N HUISAEAE, L AT RE A2 AR 1R 2 B R A5 I RT A, 1%
HLi 2%t Bischoff and Seyfried (1978) I\ A A TR 25 /2 T Ca A SO, 7EME 7K HH 1A 15 M7 155 i 2 UL FE 1y T
e ] FEAEATLH) R P 78
1EREANES; (GOE) Z R, HiERKSZ A 548 (Lee et al., 2016; Lyons et al., 2014). K%] 24.6~18.5
fZAERT, ESMNIE R K SKF(PAL) I <107'~107 (Igfo, <-7.6 £-6.0)_ ETFF Igfo, = —5.3 ZE-2.7(Kanzaki
and Murakami, 2016), F£4 GOE. GOE Z Hijf i) G S B S I BE 1R v e CaS A K R GOE Z HithEk K
S 1gfo, L 1 _E R —7.6 £-6.0(Kanzaki and Murakami, 2016), S5BAfiAE AR el ES. b, Fl
HBR 5 22 15 1) 1gfo, (EAE 2173K I g TW0.5(Sossi et al., 2020). #4035 FEE RN S 800 i 415 2 B R A5 1™
FEAEMI %4 (Liu et al., 2023). FHIHLERBE N HHOK L) 2/3 Tk A BRORL RS AT R 1/3 Tk A S BRARL B A
1 Bk (Javoy et al., 2010). T KA P2 A [7 A 1 2 (0 335 00 R Ay o B AR 0 KR A FEERORE B A ) A2 K BH 2R Bt
T A e B BB AT R 2 — BN AR R 2 e ot o AR 0 R R ol 2 R0 K R A R B RS A T

&M A, 9, 1987 44, BIRF, FEMNFHRY AL S RS Iemi il AR 4R m R AT .
©EIEY, E-mail: liuyg@idsse.ac.cn
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I ASHIE T HE S M ER T B 3(GOE 2 BN A BB S A1 CaS HIFETE 4.30x10%'~7.58x10" kg, WXL CaS
U4 FR % ¥y CaSO, W LLVH FE 3.82x107'~6.74x10" kg /<, M IMACH R KR P AR EN RN
1.246x10" kg, AHHEHEN CaS HIFFLE AT AL /LG R T HhER-F 118010 9% B [ & (Liu et al., 2023).

CaS WAL K CaSOy, HhSLPRBIE KA RB 78 ot 41 B CaSO, 5 75 N E A A FHAT AR 51 o

S 3CHR -

Bennett C J, Mclain J L, Sarantos M, et al. 2016. Investigating potential sources of Mercury's exospheric Calcium: Photon-stimulated desorption of
Calcium Sulfide. Journal of Geophysical Research: Planets, 121: 137-146.

Bischoff J L, Seyfried W E. 1978. Hydrothermal chemistry of seawater from 25 degrees to 350 degrees C. American Journal of Science, 278: 838-860.

Javoy M, Kaminski E, Guyot F, et al. 2010. The chemical composition of the Earth: Enstatite chondrite models. Earth & Planetary Science Letters, 293:
259-268.

Kanzaki Y, Murakami T. 2016. Estimates of atmospheric O, in the Paleoproterozoic from paleosols. Geochimica Et Cosmochimica Acta, 174: 263-290.

Lee C T, Yeung L Y, McKenzie N R, et al. 2016. Two-step rise of atmospheric oxygen linked to the growth of continents. Nature Geoscience, 9; 417-424.

Lin Y. 2022. Enstatite chondrites: condensation and metamorphism under extremely reducing conditions and contributions to the Earth. Progress in Earth
and Planetary Science, 9:1-16.

Liu Y G, ChouIM, ChenJ Z, et al. 2023. Oldhamite: A new link in upper mantle for C-O-S-Ca cycles and an indicator for planetary habitability. National
Science Review, nwad159: 10.

Lyons T W, Reinhard C T, Planavsky N J. 2014. The rise of oxygen in Earth’s early ocean and atmosphere. Nature, 506: 307-315.

Sossi P A, Burnham A D, Badro J, et al. 2020. Redox state of Earth’s magma ocean and its Venus-like early atmosphere. Science advances, 6: eabd1387.

Martinez M, Meen J, Barker D. 2019. Lunar Soil Sample 74221, 2—A Study of Unusual Fines. Environment, 2: 3.
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Advances in mineral solubility measurement
techniques that | have experienced in the last
half century: from un-visible precious metal
capsules to optical cells

CHOU I-Ming (J& X #)’

CHERERE WHERIE S TR IR ST 7O sk, ¥R =T 572000)

During my graduate studies at the Johns Hopkins University, I learned the oxygen buffer (Eugster, 1967) and
acid-base buffer (Frantz and Eugster, 1973) techniques, which were later applied to determine the solubility of
magnetite in supercritical chloride solutions (Chou and Eugster, 1977). In that study, about 50 pl of sample
solutions (either distill H,O or FeCl, solution) were equilibrated with magnetite under magnetite-hematite redox
buffer and Ag-AgCl acid-base buffer at 2 kb and between 500 and 650°C in Pt capsules, and its pH, chloride and
iron concentrations were analyzed after quench. FeCl, appeared to be the major solute species. The results were
used to interpret the depositional conditions of the magnetite deposits of Cornwall type of Pennsylvania, USA
(Eugster and Chou, 1979). The success of this magnetite solubility study depends on the excellent redox and acidity
controls at experimental pressure-temperature conditions using the corresponding buffer techniques, but this type of
solubility measurements is difficult to be applied at lower temperatures € 500°C) due to the limited permeabi lity of
Pt to hydrogen (Chou, 1986). To solve this problem, fused silica was chosen as a hydrogen membrane (Shang et al.,
2009; Fang and Chou, 2021), and the success of in situ redox control and Raman spectroscopic analyses of the
sample solutions at 300°C and vapor-saturated pressure was demonstrated by the speciation study of aqueous Sn-Cl
solutions in fused silica capillary capsules (Chou et al., 2021), such that precipitation and dissolution of cassiterite
under various pressure-temperature-pH-hydrogen pressure conditions were characterised and our capabilities for

performing rigorous hydrothermal experiments at temperatures below 400 °C were greatly increased.
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Chou I M, and Eugster H P, 1977. Solubility of magnetite in supercritical chloride solutions: Am J Sci, 277: 1296-1314.
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