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Fig. 1. Geological sketch map of the West Qinling uranium metallogenic belt.
1—Quartz monzonite; 2—Granite; 3—Diorite; 4—Diabase; 5—Rhyolite; 6—Andesite; 7—Caldera; §—
Ring crater; 9—Stratigraphic symbolsi Z-—Sinian; € —Cambrian; S—Silurian; D—Devonian; C—Car-

boniferous; T—Triassic; K—Cretaceous; 10—Owverthrust fault; 11—Uranium.
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Table 1. Fluid inclusion composition of quartz and calcite (mol/kg H,0)

P55 (FEdvS | i | o/ C K Na Ca?t | Mg?* | F Cl SO~ |HCO; | CO3 | CO, | CH,
1 |510-2P| A% | 350 | 0.09 [ 0.04 | 0.01 - - 0. 02 — 0.12 | 1.84 | 1.35 | 0.72
2 |510-23 | f#4A | 320 | 0.02 | 0.06 | 0.05 | 0.01 — 0.11 - 0.96 | 1.20 | 0.88 | 0.31
3 | 510-7 | F% | 290 | 0.01 | 0.10 | 0.04 | 0.01 | 0.06 | 0.14 - 0.49 | 0.94 | 0.69 | 0.09
4 | 510-4 | A% | 285 | 0.01 [ 0.02 | 0.01 — 0.02 | 0.04 — 0.65 | 1.20 | 0.88 | 0.45
5 |510-6 | A% | 275 | 0.01 | 0.19 | 0.02 — - 0. 30 - 0.67 | 4.85 | 3.36 | 0.14

Al (5| 304 | 0.03 | 0.08 | 0.03 | 0.01 | 0.02 | 0.12 — 0.58 | 1.99 | 1.46 | 0.34
6 |510-3| F%E | 230 | 0.02 | 0.09 | 0.06 | 0.02 — 0.14 — 0.25 | 1.24 | 0.91 | 0.53
7 |510-10| A% | 215 | 0.05 | 0.07 | 0.12 | 0.04 | 0.03 | 0.36 | 0.01 | 0.13 | 2.34 | 1.72 | 0.45
8 Y-8 | £1% | 180 | 0.01 | 0.07 | 0.05 | 0.01 | 0.03 | 0.08 | 0.05 | 0.14 | 2.14 | 1.57 | 0.28

A2 (3| P 208 | 0.03 [ 0.10 | 0.07 | 0.02 | 0.02 | 0.19 | 0.02 | 0.17 | 1.91 | 1.40 | 0.42
9 | 510-8 | £ | 165 —2 [ 0.01 | 1.67 | 0.11 | 0.09 | 0.02 | 0.15 | 0.05 | 2.79 | 2.05 | 0.63
10 |510-21 |Jif#4| 160 — 0.02 | 3.30 | 0.20 — 0.09 | 0.41 | 0.01 | 2.87 | 2.11 | 0.25
11 [510-5| A% | 155 | 0.01 | 0.14 | 0.15 | 0.05 — 0.09 | 0.13 | 0.08 | 2.49 | 1.83 | 0.54

A3 ()| F¥{E| 160 | 0.01 | 0.06 | 1.71 | 0.12 | 0.03 | 0.07 | 0.23 | 0.05 | 2.72 | 2.00 | 0.47
12 | S1-2 | &A% | 360 | 0.01 | 0.02 | 1.51 | 0.02 — 0. 05 — 0.91 | 2.48 | 1.82 | 0.13
13 | S1-4 | 4% | 345 | 0.02 | 0.22 | 0.02 - 0.06 | 0.34 — 0.44 | 2.03 | 1.49 | 0.22
14 L-3 | &A% | 320 | 0.01 | 0.06 | 0.04 — 0.02 | 0.09 — 0.36 | 1.80 | 1.32 | 0.50
15 | L2-3 | &A% | 280 | 0.01 | 0.03 | 0.07 | 0.02 | 0.03 | 0.56 — 0.72 | 1.15 | 0.85 | 0.78
16 |PD7-9 | Ff#A| 250 | 0.01 — 0.04 | 0.02 | 0.09 | 0.19 - 0.84 | 1.24 | 0.91 | 0.50

Bl 5)[F#{E 307 | 0.01 | 0.07 | 0.34 | 0.01 | 0.04 | 0.25 - 0.65 | 1.74 | 1.12 | 0.42
17 | PD4-4 | Hfiff41| 225 | 0.01 | 0.09 | 0.04 | 0.01 | 0.06 | 0.08 — 0.18 | 0.71 | 0.52 | 0.28
18 |[PD6-3| A% | 225 | 0.04 | 0.09 | 0.22 | 0.03 | 0.05 | 0.04 | 0.12 | 0.03 [ 1.37 | 1.01 | 0.28
19 |[LP-22| fa% | 220 | 0.01 | 0.03 | 1.51 [ 0.11 | 0.03 | 0.05 | 0.02 | 0.56 | 1.84 | 1.35 | 0.06
20 S-1 | A4 215 | 0.02 | 0.13 | 0.02 — — 0.11 | 0.14 | 0.09 [ 1.10 | 0.81 | 0.51
21 | L2-10 | F1% [ 200 — 0.10 | 0.02 — 0.01 | 0.03 - 0.48 | 2.48 | 1.82 | 0.31
22 |L2-13| A% | 190 | 0.04 | 0.14 | 0.35 | 0.11 — 0.32 | 0.23 | 0.35 [ 2.26 | 3.13 | 1.08
23 |PD1-3 | 4f#4| 180 | 0.03 | 0.34 | 0.17 | 0.04 | 0.01 | 0.38 - 0.03 | 0.90 | 0.66 | 0.13

B2 (7)|°F#fEH| 209 | 0.02 | 0.13 | 0.33 | 0.06 | 0.03 | 0.14 | 0.13 | 0.25 | 1.52 | 1.32 | 0.38
24 |PD6-4| £13 | 165 | 0.02 | 0.04 | 0.14 | 0.02 | 0.01 | 0.15 — 0.09 | 1.61 | 1.18 | 0.54
25 L-5 | &1% | 160 | 0.02 | 0.41 | 1.98 | 0.39 | 0.14 | 0.35 | 0.36 | 0.01 | 0.61 | 2.69 | 0.09
26 |ZKO51 | 4| 150 — 0.02 | 4.72 | 0.01 [ 0.09 | 0.04 | 0.29 | 0.03 | 3.56 | 2.69 | 1.35
27 |PD4-13| A% | 140 | 0.03 | 0.26 | 0.07 | 0.02 | 0.04 | 0.05 | 0.50 | 0.02 | 1.70 | 1.25 | 0.20

B3 (0| F¥fi| 153 | 0.02 | 0.18 | 1.73 | 0.11 | 0.07 | 0.15 | 0.38 | 0.04 | 1.90 | 1.39 | 0.55
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Table 2. Dissociation reaction forms of uranyl ions and their instability constants

P 9 5 8 0 2 % e
150 C 200 C 300 C
1 [UO, (OH)*" ] ==U0%"+0OH 10775 10762 107140
2 [UO; (OH)Y] ==UO}" +20H" 1071392 101847 101282
3 LUO; (OH)3 ] ==U03" +30H" 101617 1071562 10170
4 [UO, (OH)i ] ==UO0% +30H" 1071638 101592 101527
5 [UO, (COy°] ==U03"+C0} 101138 101188 101289
6 [UO, (CO»3 ] ==U0i" +2C05" 101774 10~ 17-96 101822
7 [UO, (COzi~ ] ==UO03"+3C03 10191 10— 19-08 101832
8 [UOF+] ==U0}" +F~ 10750 107500 10496
9 [UO:FY] ==U03" +2F " 1087 10870 10862
10 [UO,F; ] ==UO}" +3F 10117 101113 101105
11 [UO.F7~ ] ==UO}" +4F~ 10552 10538 10632
12 [UO, (SO,)°] ==U03}"+80j 10123t 101228 101220
13 [UO, (SOi ] ==UO03" + 2801 10651 10767 10~ %98
14 [UO, (ChH*] ==U0%"+CIl— 10 0-49 107057 10066
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Table 3. Intensities (I;) and activity coefficients (¥;) of anions in the solution

BT () K& 510 K 512 17K

IR (7D 300C 200 C 150 C 300C 200C 150 C
(L) ]0—2, 33 10—2. 36 10—2.I3 10—2.33 10—2.3? 10—2.[9

Yhcoy 0. 935 0. 976 0. 989 0. 932 0.972 0. 990

Yco? 0.620 0.738 0.736 0.638 0.761 0.772

Vso? 1. 000 0. 967 0.910 1. 000 0. 931 0. 887

Ve 0. 987 0. 992 0. 991 0. 982 0. 991 0. 987

Vel 0. 969 0. 980 0. 987 0. 956 0. 978 0. 989

You 0. 935 0. 976 0. 989 0. 931 0.971 0. 990

® 4 PP EPE T

Table 4. Activities of major anions in the solution
;ﬁrbk- ir'ﬁ'lJE cC) d!i('f)g— al‘{}i_ aﬁl]f_ ar acl A0H
300 10827 10654 0. 00 10470 1039 10 6-16
510 WHC 200 10—3. 78 1()—‘:‘. 17 10—.1,F2 10—4.?0 10—3. 73 10—8. 08
150 10— 1. 31 10—8.35 10—3. 68 10—-1.53 10—-1. 16 10—8.21
300 10—3. 22 10—6. 43 0. 00 10—.1.-“ 10—3. 62 10—6. 46
512 {UW 200 10—3,61 10—?.-13 10—3.91 10—-1.53 10—3.85 10—8. 11
150 10 4. 40 10 9. 04 10 3.47 10 4. 16 10 3. 83 10 9. 55
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Table 5. Relative concentration of uranyl complex ions in the solution
510 07K 512 7K
1 445 5 7

300C 200C 150C 300C 200C 150 C
[UO, (COy»"] 2.79 0. 075 10~ 28! 3. 60 0. 042 107318
[UO, (COx»F ] 0. 27 10208 10106 0.45 10250 10604
[UO': ((-"Oi)’l :| 10 5. 90 10 8.13 10 11. 24 10 6. 19 10 - 8. 84 10 13. 32
[U()2 (()H)?] lofF- 12 lofﬂ. 25 lofﬂ 10 7 12 lofﬂ.lil lOfll_J,uE)
[UO; (OH) "] 10608 10 7% 10774 10765 10731 10 7-89
|:U()2 (()H):J.] 101161 101518 10921 101161 10— 15-27 10— 16.50
[U()_, (()H){ :| 10 21. 36 10 25. 20 10 26. 04 10 21.56 10 25.32 10 27. 18
[U();‘F $ :| 10 5. 46 10'\ 12 10 5.24 10 5.17 10 -5.2 10 1. 87
[U()zF(}] 10651 10 6-143 10 6-05 10593 10 6-09 10 5-31
[U()gF;;_] 10876 10870 1081 10818 10819 10703
[U()QI:.ZT :| 10126 101 101148 101114 101154 10 10.00
[U()_:(_,l 4 :| 10 9. 99 10 8. 88 10 9.39 10 8. 66 10 -9. 00 10 9. 06
[U()2 (S()l)U] — @ 10275 10287 _— 10 1-97 10266
[U()2 (S().;)S_] S 10— 9-29 1075 _— 107587 10712
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Table 6. Proportions of uranyl complex in the solution
510 §7 IR 512 57K
il 24 5

300C 200 C 150C 300C 200 C 150C
[UO, (CO"] 91. 18 88. 24 52.93 88. 89 76. 36 13.18
[UO, (COz5 ] 8. 82 9.79 0.75 11.11 4.57 0. 04
[UO, (COi ] 10—4-39 10-5-06 10—6-71 10— 480 10—558 10— 72
[UO, (OH)Y] 10591 10618 10— 472 10573 10— 6-05 10549
[U()2 (()H)i] 10-4-52 10-4-21 10291 10514 10—4-05 10— 326
[U()_} (()H)J’] 101010 101211 10471 101022 101201 101190
[U()_} (()H){ :| 10— 20.05 10° 22.13 10° 21.51 10 20.17 10° 22,06 10° 22.58
[UO:F* ] 1039 10723 0. 20 10-%78 0. 01 0. 54
[UO,F"] 10500 10336 0.03 10454 10— =8 0.19
[U()zFi_] ]0 7.25 ]0 3. 63 10 3. 61 10 6. 79 10 1. 93 10 2.43
[U()_:F‘f :| 10 11. 09 10 9. 15 10 6. 95 10 9. 75 10 8. 28 10 5. 40
[U()_:(_,l :| 10848 10 - 5. 81 10 -4. 86 10— 27 10«-5.?-1 10---1.-16
[UO,; (SOH"] —u 2.09 46. 10 — 19. 48 87. 10
[U()g (S()_l)g_] 10 6-22 1030 10447 10 252
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THERMODYNAMIC STUDY OF URANIUM MIGRATION
FORMS IN THE WEST QINLING URANIUM FIELD

He Mingyou

(Institute of Geochemsitry, Academia Sinica, Guiyang 550002)

Key words : uranium deposit, uranium-bearing hydrothermal solution, migration form of

uranium, thermodynamic study, west Qinling
Abstract

This paper has analysed constituents of fluid inclusions in quartz and calcite formed at
different stages of uranium-bearing hydrothermal solution in the West Qinling uranium field
and, using thermodynamic method. calculated migration forms of uranium in uranium-bear-
ing hydrothermal solution. The results show that at the early ore-forming stage, the urani-
um-bearing hydrothermal solution mainly contains K", Na*, Ca*", Mg*", Cl, CH,, CO;3
and CO,, and is deficient in SO7 , and at the middle and late ore-forming stages, with the
elevation of the emplacement of uranium-bearing hydrothermal solution and the variation of
the environment, K™ and Cl~ tend to decrease, Na™ somewhat increases, and Ca*", Mg*",
CH,, COj , CO;, and SO7 obviously increase. The mixing of the groundwater with the ura-
nium-bearing hydrothermal solution, as evidenced by the fact that the groundwater at the
oxidation-reduction interface is of SO? -HCO; -Ca*" and Mg*" types, and the water body is
rich in Ca®", Mg’" and SO? ions. Thermodynamic calculation of uranium migration forms in
uranium-bearing hydrothermal solution demonstrates that at the early and middle ore-form-
ing stages uranium in the uranium-bearing hydrothermal solution migrates mainly in the form
of [UO, (CO,)’], whereas in the residual hydrothermal solution of the late stage, the migra-
tion form of [UQO, (SO,)"] becomes dominant. It is therefore inferred that the change of ura-
nium migration forms might be attributed to the entry of large quantities of SO} " ions derived
from meteoric water. and that the uranium-bearing hydrothermal solution is derived from the

depth instead of from meteoric water.





