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Fig.1 Geological map showing the water sampling locations in underground of the Clara mine

( Geological map modified from Huck, 1984 and Biehler, 1991)
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Table 1 Comparison of the actual mixing water with the calculated mixture using PHREEQC in closed system to CO, pp/(mg - L™!)

KFEE No. 1 No. 3 No. 5 No. 15 Mix 1 No. 28 W /%
SREERTA] 1998 - 09 1998 - 07 1998 - 09 1998 - 07 1998 - 10
TG H 0.10 0.15 0.15 0. 60

/C 15.3 16.9 16.5 17.2 16. 86 18.2 7.36
pH 7.69 6.58 7.37 7.55 7.27 7.03 3.41
Li 0.03 0.05 0.16 0.01 0. 04 0.20 80. 24
Na 15. 04 9.32 28.47 2.37 8. 60 8.72 1.38
K 4.49 4.92 10. 17 3.36 4.73 4.15 13.98
Ca 55.69 38.26 68. 48 16. 12 31.26 31.30 0.13
Mg 12. 46 7.48 9.69 3.35 5.83 5.98 2.51
Sr 0.62 0.21 0.42 0.17 0.26 0.26 0.00

F 2.73 4.36 4.13 3.00 3.35 4.10 18.29

cl 11.55 14.23 56.79 1.76 12.87 13.25 2.87
Br 0.26 0.34 1.17 < 0.03 0.25 0.25 0.57
S03- 111. 01 84.87 144. 10 17.39 55.89 56. 89 1.76
HCO; 100. 04 38.43 23.33 37.82 47. 44 39. 65 19.65
NO3 5.27 3.56 8.88 5.26 5.55 3.58 55.03
Si0, 13.0 11.2 9.0 12.0 11.5 10.6 8.77
Al 0. 008 0.210 0. 095 0.296 0.224 0.436 48. 62
Ba 0.102 0. 073 0. 148 0. 109 0. 109 0.138 21.01
Fe 0. 009 0.010 0. 009 < 0.005 0. 004 0.103 96. 12
Mn 0. 001 0. 001 0. 021 0. 005 0. 006 0.0111 42.31
Cu < 0.001 0. 004 0. 006 < 0.001 0. 002 0. 0285 92.98

Pb 0. 001 < 0. 0005 < 0. 0005 0. 001 0. 001 0. 0039 82.69
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Fig. 3 Influence of the mixing of different ground waters on the saturation indexes of some silicates minerals and

their possible weathering products (a) and some minerals of barite and fluorite veins (b) in closed system to CO,
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®2 HEMEXMT CO, AMGERFESIEMMRMER (Mix2 +Air) 5RERSMTLER (No. 16-1) HILLER

Table 2 Comparison of the actual mixing water with the calculated mixture using PHREEQC in open system to CO, pp/(mg - L~1)

IKEES No. 5 No.4  No.10 No.11 No.13 No.16 No.7 No.25 Mix2 + Air No. 16-1 R7= /%
SREERTE]  1998-09 1998-09 1998-09 1998-01 1998-09 1998-09 1998-07 1998-07 1998-09
WAEH 015 0.1 0.1 0.1 0.15 0.15 0.10 0.15
t/C 16.5 17.2 13.5 13.9 11.6 15.0 15.0 14. 4 14. 635 16.1 9.10
pH 7.37 7.09 7.78 6. 64 7.49 8. 04 8.96 8.47 8.21 8.02 2.36
Li 0.16 0. 05 0.02 0.01 0.01 <0.01 0.18 0.12 0.07 0.18 61.37
Na 28. 47 8.72 5.62 2.19 1.95 1.57 49.94  29.82 15.92 15.81 0.71
K 10. 17 4.31 3.90 2.72 2.85 1.50 32.90 18.65 9.36 8.99 4.12
Ca 68.48 39.65 59.07 14.07 23.07 7.43 89.07  74.60 46.25 47.92 3.48
Mg 9. 69 8.51 12. 58 2.88 7.11 2.19 4.82 12.36 7.58 7.08 7.09
Sr 0.42 0.31 0.57 0.05 0.29 0.13 0.58 1.02 0.43 0.56 23.21
F 4.13 3.44 3.76 3.09 2.96 0.08 3.85 2.77 2.91 2.91 0.17
Cl 56.79  20.22 4.34 1.62 2.01 1.31 35.85 11.07 16. 88 18. 44 8.43
Br 1.17 0.37 <0.03 <0.03 <0.03 <0.03 0.77 0.14 0.31 0.31 0.18
S03- 144.10 82.88 110.59 7.68 18.50 5.73  267.58 191.40 100. 87 100. 05 0.82
HCO3 32.33  32.94 107.97 40.87 70.15 25.01 48.80 128.10 58. 62 62.22 5.78
NO3y 8. 88 6.28 4.73 4.95 8.52 3.91 8. 69 5.38 6.47 10. 12 36. 10
Si0, 9.0 11.0 10.0 10.2 9.4 6.8 13.0 11.0 9.9 11.2 12.03
Al 0.095 0.221 0.008 0.053 0.005 0.277 0.613  0.800 0. 266 0.179 48. 85
Ba 0.148 0.083 0.067 0.349 0.066 0.119 0.443 0.513 0.221 0.237 6.72
Fe 0.009 0.047 0.007 < 0.005 0.011 0.145 0.095 0.401 0. 100 0. 126 20. 82
Mn 0.021  0.002 0.007 0.001 0.002 0.011 0.024 0.042 0.015 0. 0274 46.22
Cu 0.006 0.005 0.017 0.035 0.050 0.002 0.009 0.059 0.024 0. 0125 92.02
Pb < 0.0005 0.006 0.035 0.019 0.003 0.001 0.003 0.016 0. 008 0. 0035 133.19
SEEMER PRSI, BRMZE  REERKPER S S >5.0) .

BAEAE T 44y, 1 Al, Fe, Mn, Cu Al Pb.
EATEAR P 4 Xt 5 548/ T 0.5 mg/L. R TT
TEML K B NOy & & TR A IR &
K, XA RES MR A AE MR BN R TS e 6.
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Fig. 5 Relation between the Ba and SO~ concentrations

in natural waters from the Clara mine
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Fig. 6 Change of the saturation indexes of barite, gypsum and celestite during the mixing of different spring and ground waters
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Mixing of different waters and formation of secondary
barite in the Clara mine, Black Forest, Germany

ZHU Yi-nian', Ingrid Stober? , Kurt Bucher®
(1.
Guilin 541004, China; 2. Geological Survey, Baden — Wiittemberg, Albertstr .5,79104

Freiburg, Germany; 3. Institute of Mineralogy, Petrology and Geochemistry, University of Freiburg,
Albertstr . 23b,79104 Freiburg, Germany )

Department of Resources and Environmental Engineering, Guilin Institute of Technology,

Abstract; The mixing of different waters can result in characteristic dissolution and precipitation processes,
which could lead to a new and deviant property to the water. The mixing processes of ground waters, spring wa-
ters, surface waters and mine waters in the Clara mine are simulated using the program PHREEQC in the sys-
tems either closed or open to CO,. The resulting mixture using PHREEQC is almost the same as the actual water
sample ; the large differences exist only in the minor components. During the mixing, the water type changes ac-
cording to the changes of the water composition. The modeling results show that the mixing can cause a strong
change of the saturation indexes and lead to the dissolution or precipitation of some minerals in the mixture. The
mixing of the Ba-rich Na — Ca — Cl - HCO;-type water with the SO ~ -rich Ca — Na — SO, — Cl-type water is the
most important reason for the formation of secondary barite “MeiBelspat” in the Clara mine.

Key words: water; mixing process; simulation; PHREEQC; secondary barite; Clara mine; Germany



