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An experimental study on the partitioning of molybdenum and tungsten between
granitic melt and coexisting aqueous fluid at 100 MPa and 800 C
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Abstract: An experimental study has been conducted to investigate the effect of fluid composition on the
partitioning behavior of Mo and W between granitic melts and coexisting aqueous fluid at 100 MPa and 800 C.
High-K, calc-alkaline granites of the East Qinling molybdenum belt were used as starting materials, and the
system of granite-H,0O, granite-NaCI(KCI)-H,O and granite-NaF-H,O were investigated. All runs were conducted
in cold-seal Rapid-Quench pressure Vessels (RQV, a kind of “externally heated cold-seal pressure vessels”) using
water as a pressure medium. The results showed that molybdenum was more likely to distribute into the aqueous
phase than tungsten (D" >> Di**~*"). In contrast to pure water, the existence of Cl and F in the aqueous promotes
the distribution of Mo and W into the fluid phase; The partition coefficients of Mo and W increases linearly with
increasing Cl concentration, while the increase of F concentration, within the scope of natural granites, hinders Mo
and W to move to the fluid phase. The variation of Na/K value (mole ratio) in the aqueous phase had little effect
on the partition coefficients of Mo and W, which indicates that the alkaline type of the system was not the

main factor that influences the partitioning behavior of Mo and W between granitic melt and coexisting
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aqueous fluid.
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Table 1 Existing experimental determination of the partition coefficients of Mo and W between aqueous fluid and granitic melt

KRR AR L D ZIRLSRIR
750°C. 100 MPa, & H;O 1.50~5.50 / 1
750 °C. 150 MPa, 1 mol/L NaCl 12.00 4 11
700~900 *C. 100~200 MPa, 1 mol/L NaCl 0.10£0.02 / [2]
700~900 ‘C.. 100~200 MPa, 1 mol/L NaHCO; 0.20~0.57 / [2]
750 °C. 140 MPa, & H;O. NaCl 5% NaF ;&% 2.50+1.60 / 3]
800 °C. 100 MPa, £ H;O. NaCl. NaF. N2;CO;. Na;POsn NaB,O; &R / 0.10~6.70 4]
750 °C. 220 MPa, & H;O. 1~2 mol/L HCIl 2% HF 0.75~7.20 0.37-4.10 [51
750~850 "C, 215~238 MPa, 0.5~1 mol/L NaCl 0.18~3.38 0.01~0.19 71
1000 °C. 200 MPa, 0.5~1 mol/L NaF 0.02 0.04~0.69 [71
750~800 *C. 100-400 MPa, NaCl. NaCHKCIl, HCl, NaF. N2;COs. Na;CO;+K,CO;  0.02~747 0.01~1.28 [8]
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Table2 Chemical compositions of the Heyu granites, determined by XRF

ETE%) METE(g/E)

Si0; 72.40 Mo 09 La 443
TiO; 0.28 A 05 Ce 73.6
ALO; 13.77 Nb 30.7 Pr 8.1
Fe,05 231 Th 308 Nd 27.2
Ca0 176 Be 5.7 Sm 39
MgO 0.58 Ga 208 Eu 08
MnO 0.07 Ba 5229 Gd 34
K;0 3.84 St 326.1 Tb 0.4
Na,0 4.10 Sc 27 Dy 2.1
P,0s 0.12 v 25.1 Ho 03
b S 0.77 Cr 88 Er 1.0
B = 99.99 Co 31 Tm 0.2
K, ONa,0 094 Cu 14 Yb 11
Pb 28.1 Lu 0.2
Zn 37.7 Y 10.6

DIHEPHE 4 h ETHEHEEBPHIHARE
1500 C, 18R 1h FEFAEHRREEANETRE.
AEKWIBZIMIEE, RERBITRDHRY.

EREESBREPFERFRBERAEFMTH
RQV-IRERAZN EREETRESFER, B
EMEHSBEE WRPK-103 BéAtE-sa B0
BREBEFEARMNE, NEMREIREL] C, EN
IRE+S MPa. ETFSFRIMEE KB AP AP IR E 4,
HEEN. RIRGEREHEAS C. WA
TEEEEH, BTHANSESEAREMRAE
5HF Rene-4l), FLUKMEAFEANER, BAEKEF
BRI IR NNOPL,

FREX 200 mg L AIEM R E N KN 4 mm(5h
2)x3.8 mm(ME)*50 mm(KE)WESEH, AN
SFAEAHER 00 1L AR AESE RS
FEAN, FEEES L IRERNASHEEH, B
F 110 CHIMEREE. ERRTHREELT, M
ANRQV-RRERAZEXN BREELIVEERESR
H. EMEE 30 MPa, #—FREE 2-3 h AHR
Z850°C, REFAREAZE 100 MPa. 7 850 'CT1E
SBIRML 24 h 5, 4558 1 C/min PEIRER(GRITE AT
TR F IR E)EREMEE 800 CHIER 96-120 h. &
NETAE R AL, FRAER 000, HRERNR
BENEATIREANEIZFAZR, EHVHNTREALN.

AEEZHRBRLNFREEE, 2F8TFK
REWEFET 100 CHEFHT 1h, MIASHX
FHE SRAFESEREMBITIRENT 05
mg FEARNTR. BESEES LN LB L 30 min,

MERAMNSRHEEE, MEBRRBMBBR, AN
RuOlF&®, RUESREE~Y AEBFRER
BN EE, HEHLE 1 mol/L HNOy(&IE
WEIERNEE 24 h LUEBREZFAS| EZRIEE
TR W AR Y, SRR IR YRR

12 SBEMEA IR

LI WA AT b SR R TE R E RS R B
AR R FERERANRENXRE TR
MFE, WEHEP Mo I W HIEENHATAILKREX
BN FERESLUEAMN LAICPMS(Agilent
7500 Series)FERX, 7 AR MK EHEI Gao et
al Pl AR S R A AR R R E 20 30 pm, F
A NIST SRM610 fi5MF, F=HIERIBH Ca i R
TMo. W BN EFICIE. MIIKMEF A Mo,
W BERETERF R F AR KRB
HFERESLIEMN ICP-MS(ELAN DRC-¢){X 28
Ei#iT. REBEEMFEMNELER, BE LAICPMS
SHTEIME IR ENTF 10%.
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VRMPTER TN AEERER LB ER
MEZEZ—, BLENSIHNERN, RINREH
TSR E AR PR IER KR
RIRZE A BT IR . F A B FIRE X IR P AY Sin
AlNa.K #1 Mo. W E#{TTEH, HRETR, 4
EMRETEN S TRYS.

FREHEMNTRMERERLRIREFTENS
—BEREK. EHEEIRIFRANBERELFT
RIRIET, HEM Mo M W HIEILEN B EENH
F 80%~90%F0 75%~90%3EE (R 3), HRIEIERR
AR REREA.

PR ELRIRRERMRERFZ—, RIK
HAEREFHITESE NS A ICP-MSELAN
DRC-¢)#1 LA-ICPMS(Agilent 7500 Series)ME, H
HIRERT 10%2), AHEANETEERIEAE
FEE5RKETFESME BB 2 HHERE
REEIRELTF 20%.
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Table 3 Partition coefficients of Mo and W between aqueous fluid and granitic melt at 800 °C and 100 MPa
ESTIE T RAAE REME it o . EEEMo G CF e BEE
RS &4 (mol/L) (h) (ugle)  (ug/g) : (%) (glg) (ug/g) W (%)
GSJI-1 H0 120 5143 41142 013 9219 34.69 47518 007 9316
GSJI-2 1 mol/L NaCl 120 288.96 170.18 1.70 93.77 102.98 27946 037 7064
GSI-4 3 mol/L NaCl 114 208.12 76.01 2.74 61.50 152.46 32233 047 9005
GSJ-5 4 mol/L NaCl 114 308.30 61.76 499 83.53 184.69 247.58 0.75 8438
GSJ-6 i 3 mol/L [CI'], Na/K=0.5 96 24734 120.10 2.06 79.80 109.99 285.55 039 7496
GSJI-7 3 mol/L [CI"], Na/K=1 96 282.83  120.87 234 86.91 91.42 312.01 029 7563
GSJ-8 3 mol/L [CI'], Na/K=1.5 96 307.94 117.86 2.61 91.71 87.77 247.93 035 6314
GSJI-9 0.25 mol/L. NaF 96 166.95  307.01 0.54 94.22 70.14 351.07 020 7689
GSJ-10 0.5 mol/L NaF 96 109.46  243.78 045 70.56 4397 431.03 010 8685
GSJ-12 1 mol/L NaF 96 106.25  343.64 031 90.46 2082 480.80 0.04 9179

HHY- - RRRABERERE 7 - WAFEYR T RSE, O - BEFYRRERS S D - nEERERKISERE Y

SR

SETEMR. WEAETARD, XR~YRAH
BAE, MEREE, PHEAREMELANK, T
BB Mo(W)B+s MEREE, TRMESE,
RIBEE. EFREGERMAIIBAE. BHFY
&, RINHNER, RALRERRKE TE. ANE
BUAE 28 P EL 4R BN B SR B K £ 80~100 pL, HHEF
AT EET 40%~50%, FRAEATLBERBR.

2.2 Mo W 7EFER/1E (48 (8] 7Y 2 B R 4

Mo, W BRI FRIKE 1 H. IR
3EHM, LFARN R akIRFRE, Mo 31 W A5 B
FEIR/NDy,=0.13, Dy=0.07), KA Mo, W 3EEIE
EETE N RBERES.

LM -NaCL-ILO 4k F Hh, [ NaCl SR [E #75&K
AN A (H 1 mol/L # % 4 mol/L), Mo #1 W M EL &
HAREX, FEUHEZAZMEMEXMEE 1) Dy,
B 1 mol/L B9 1.7 ¥ &% 3 mol/L 8 2.74, 1= 4 mol/L
9 4.99; Dy, B 1 mol/L A9 0.37 3= 3 mol/L &Y 0.47,
8% 4 mol/l, A 0.75, R ClMEESGHT Mo, W
EREHEEETR, T Motk W BEfiaFHEHEAN
FARHE (Dyo>1; Dw<1).

M#ETE R & -NaF-IL,0 {k &, B+ NaF iR
ERIEX, Dy, M1 Dy BREZ ML X RRIEXKEH
T MRS . & NaF 3REH 0.25 mol/L B,
Dy ¥ Dy 28028 0.54 #0 0.2, MAFRIENE AL
KETRY D . {BREE NaF JREAFE—H1E X, Mo,
W R B R E 2 & PR KA, Dy, B 0.25 mol/L
B9 0.54 f%£Z 0.5 mol/L B 0.45, FZ 1 mol/L A 0.31,
Dy B 0.25 mol/L B 02 P& ZE 0.5 mol/L 89 0.1, &=

1 mol/L &7 0.04(3% 3, & 1).

EEEFRR CIRREAN 3 mol/L HRT, B
Na/K(EEREDEES R4 05, 151 1.5, Dy, 314
2.06+ 2.34 # 2.61, Dyw 5 8 0.39, 0290 0.35, &
R No/K LB A Dy, BRE A AR, T Dy
LFEREE ), RAES ClLEZT, WEBBFM
EARLH Mo, W ZERIKAFIRAEE B 7 BL RE £
R oA

BHRE, ERENEA NaCl, KCl 8k NaF #)
BRIRFE P, KR Mo, W S B REIER
HABEHEEMPEZHEZXTaKEKER, BETR
P Cl, FEEPEEFHEESHT Mo, W MIE
RAPERU RS EHENTIKETR, B CLFRERLLEF
REESHTF Mo, W EREHEER. BHF Mo
MR B R W XB%, Bl Dye>Dyw, 3R Mo bk
W EffiEFR2EENTEE. ERMRORRR
N ERIEZE P (NaCl 8¢ NaF &iR), Dw iR/ TF 1, 45
TWERKSHEBRZEEHEEAIEFEIERE
EEBEP.

34

LRSI ERRA, £ 100 MPa, 800 T f, =
NNO REEMRAKENEIFEEREHET, Mo
W MR BEZHPRZIRENRBA K, & Cl
HE HRERESNHL.

Mo #1 W 7EFE 5 B-NaCI(KCD)-H,0 K& iR/
BEEENAERSMEARFCIZENARMES
B A . Mo BJIX—303 45 R 5 Ryabchikov ef ol
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Fig.l The relationship between partition coefficients of Mo and W and concentration of NaCl and NaF solutions
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AR EEEREEPEEDW<D), BHEFRITHE
AL, IS MATREREA Mo KK
B P R IR RRAR, TRREFEHNSGR. &
7N, EiMo AR RBXERETERR
IRBVBRTE B : 50 R & A AR ER B MR, H AR
HRYEE M #SE, Mo M ELREGIMA. W DB R
HEER P CIREASTIEA, XEBFEFLZE,
Manning ef al “"BISRI £ R—F; 5 Bai er al IR

TG RT—B, ARSI ET W 5 Mo —#,
HABR BRI BEARTZ®HR Cl 2EFM, W 5
Cl RAARER K EE -

HEIE RS -NaF-H,0 R &, Mo, W 5 B R &b
*hEPF EERAENHAERREAARATHEEHT
PR S . X—LWERS Bai e ol VRIIEN,
B R A8 Dy 70 Dy EIBN S, AHERATFE
SRR, BIEFEERX, Mo W i BURRIK, R
RPEMGEH. GFTLEY MWL RBTR, &3
HF A &%, Dy BESENRFH FIREZBES B &M
KFR. YR FIRENT 2 mol/L B, Dy EBEAN R
FIREMIES TR/, MEHER FIREXTF 2 mol/lL
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ZAR Mo Al W EEITHBER. W A AT
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(K, Na), WO, R EFEIEB. ARRETSSE
) CO, BT WO» L Fe?', Mn**#0 Ca* Ry EITH,
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zZ—, BENZTEFETREERNERS.

#&3IE, Mo 7 KC1 F47K 8 i A B IS Y SLRR
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WHRAER 1.6% Mo, HETESRE. 2EFEEM
KK ZF, FE4iKkE, Mo K H,MoO, eI, ME
EHEE20% KCHIMBEEE(<11% KC)T, 23
L MoO,CI'#1 KHMoO, FERIEBM. Axrsnimsd R
£75 Mo 1 W EEREMR R EEM Y BERE SR
FH CLREEEMXER, AAREAERMRRL
5.53%(1 mol/L NaCI)Z 22.11%(4 mol/L NaCl)&: &35
E. Mo MW HANERHMSHEEFMREXR. Bk,
£ TF Ulrich et al "M RLER, 7 1~4 mol/L NaCl
RER, #HA Mo, W £ 3R MoO,Cl", WO,CI"
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