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Experimental study on boron distribution between coexisting water vapor
and boron-rich melt and its geological implications
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Abstract: As a common geochemical indicator and tracer, boron is of significance for the study of petrologic
processes in subduction zone, magmatic-hydrothermal differentiation, volcanic activity and mineralizing mecha-
nism of rare elements, copper and gold. Boron is highly water-soluble and volatile, its capacity of distribution and
transport and species in vapor phase are helpful for understanding the formation of boron-bearing minerals,
evolution trend of chemical composition of fluid, fractionation effect of boron isotope and metallogenic
mechanism of ore-forming metals. The distribution of boron between coexisting water vapor and melt (or liquid)
in B,03-H,0 system was studied experimentally at temperatures from 200 C to 350 ‘C and pressures from 0.19
MPa to 3.43 MPa. The equilibrated contents of B,O; in the vapor phase range from 1.06% to 32.35%. The
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apparent distribution coefficients of boron between vapor and melt at 200 “C, 250 “C, 300 “C and 350 ‘C are 0.035,
0.042, 0.20 and 0.33, respectively, show an increasing potential of partition and transport of boron in vapor with
temperature. The general variation in distribution coefficients doesn’t seem to be so large between systems of
hydrous boron-rich melt and dilute boric acid solution, suggesting the capacity of boron distribution between
vapor and liquid in the B,03-H,0 system may be affected slightly by the content of boron in the melt or liquid, but
remarkably by the temperature. According to the result of thermodynamic approach, the gaseous species of boron
in water vapor at 350 ‘C and 0.19~1.74 MPa are H;BO3; and HBO, probably. It is predicted that the coordination
number of water will increase with the pressure of water vapor, and hence H;BO; or other possible species such as
H3BOs-H,0O become more important. Sassolite encrustation (or sublimates) occurs in some volcano areas, the hot
and dry surface of volcanic rocks is favorable for the vapor deposition of boric acid from the exhalations. Our
experimental results suggest that some fumarolic gases rich in boric acid are probably related to hydrous
boron-concentrated residual melt or fluid derived from liquid immiscibility or late stage exsolution in the
underground volcanic magmas of high temperature. The degassing process of the residual melt or the phase
separation of fluid accompanied with decompression results in the production of aqueous vapor phase,
consequently boron distributes into the vapor in substantial quantities.

Key words: boron; volatility; distribution coefficient; gaseous species; volcanic gas; sassolite
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Fig.1 Boron distribution coefficient versus reaction time at 200 “C and 300 C
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Table 1 Experimental conditions and results of boron distribution between vapor and melt in the B,03-H,0 system
o)ty ——— v (mL) @ c'(0) ©  c@o)  p o pw
HiBO;  H,0 B:Os  H:0 (%) B.O;  H,0 (%) (10° Pa)
200 7 0.176 0.699 103.286 0.096 0.171 35.96 0.003 0.605 0.49 11.95 0.014
15 0.175 0.696 102.773 0.096 0.182 34.53 0.003 0.590 0.51 11.74 0.015
19 0.160 0.702 103.255 0.084 0.117 41.79 0.006 0.655 0.91 12.92 0.022
22 0.173 0.702 103.088 0.091 0.172 34.60 0.006 0.606 0.98 12.05 0.028
37 0.173 0.697 103.185 0.091 0.161 36.11 0.006 0.612 0.97 12.14 0.027
48 0.175 0.695 102.663 0.090 0.168 34.88 0.008 0.603 1.31 12.07 0.038
70 0.180 0.702 103.241 0.094 0.176 34.81 0.007 0.605 1.14 12.03 0.033
72 0.175 0.701 102.935 0.085 0.068 55.56 0.014 0.709 1.94 14.05 0.035
87 0.176 0.697 102.662 0.091 0.162 35.97 0.008 0.612 1.29 12.24 0.036
96 0.175 0.701 103.339 0.091 0.153 37.30 0.008 0.624 1.27 12.38 0.034
114 0.172 0.701 102.957 0.085 0.100 45.95 0.012 0.676 1.74 13.43 0.038
120 0.160 0.694 103.192 0.081 0.107 43.09 0.009 0.657 1.35 13.02 0.031
250 6 0.197 1.710 103.389 0.105 0.286 26.85 0.006 1.510 0.40 30.93 0.015
7 0.188 1.250 102.826 0.099 0.088 52.94 0.007 1.244 0.56 26.23 0.011
13 0.193 1.710 103.275 0.109 0.252 28.61 0.008 1.542 0.52 31.56 0.018
14 0.184 1.263 103.088 0.092 0.081 53.18 0.012 1.262 0.94 26.61 0.018
23 0.194 1.650 102.652 0.099 0.211 31.94 0.010 1.524 0.65 31.44 0.020
23 0.185 1.407 102.793 0.084 0.061 57.93 0.020 1.427 1.38 29.88 0.024
23 0.187 1.283 103.346 0.086 0.079 52.12 0.019 1.286 1.46 27.12 0.028
23 0.184 1.079 103.123 0.080 0.064 55.56 0.024 1.095 2.14 23.74 0.039
48 0.212 1.714 103.156 0.095 0.133 41.67 0.024 1.674 1.41 33.98 0.034
48 0.178 1.711 102.818 0.083 0.201 29.23 0.017 1.588 1.06 32.57 0.036
48 0.184 1.607 102.819 0.081 0.124 39.51 0.023 1.563 1.45 32.28 0.037
48 0.195 1.475 103.315 0.091 0.207 30.54 0.019 1.353 1.38 28.37 0.045
48 0.189 1.168 102.915 0.077 0.070 52.38 0.029 1.181 2.40 25.43 0.046
48 0.191 1.263 102.736 0.084 0.074 53.16 0.024 1.272 1.85 27.09 0.035
54 0.188 1.251 103.007 0.082 0.083 49.70 0.024 1.250 1.88 26.61 0.038
72 0.218 1.708 102.820 0.092 0.127 42.01 0.031 1.676 1.82 34.25 0.043
74 0.186 1.252 102.740 0.074 0.064 53.62 0.031 1.269 2.38 27.18 0.044
90 0.203 1.705 102.997 0.095 0.256 27.07 0.019 1.538 1.22 31.72 0.045
96 0.222 1.705 102.944 0.091 0.128 41.55 0.034 1.674 1.99 34.20 0.048
96 0.190 1.246 102.810 0.074 0.067 52.48 0.033 1.262 2.55 27.06 0.049
122 0.186 1.261 103.331 0.071 0.061 53.79 0.034 1.281 2.59 27.39 0.048
300 7 0.255 0.792 103.190 0.116 0.045 72.05 0.028 0.858 3.16 21.46 0.04
14 0.257 0.793 103.072 0.100 0.041 70.92 0.045 0.864 4.95 22.00 0.07
24 0.222 0.837 102.936 0.060 0.030 66.67 0.065 0.904 6.71 23.40 0.10
24 0.256 0.792 102.912 0.079 0.039 66.95 0.065 0.865 6.99 22.51 0.10
48 0.253 0.794 103.182 0.045 0.036 55.56 0.097 0.869 10.04 23.28 0.18
73 0.256 0.794 103.084 0.039 0.030 56.52 0.105 0.876 10.70 23.64 0.19
96 0.259 0.794 103.270 0.036 0.031 53.73 0.110 0.876 11.16 23.71 0.21
120 0.254 0.793 102.685 0.033 0.026 55.93 0.110 0.878 11.13 23.88 0.20
350 14 0.230 0.070 102.780 0.099 0.011 90.00 0.030 0.159 15.87 5.23 0.18
22 0.246 0.037 102.936 0.104 0.010 91.23 0.034 0.135 20.12 4.68 0.22
29 0.307 0.262 102.890 0.094 0.015 86.24 0.079 0.381 17.17 12.56 0.20
37 0.198 0.050 103.364 0.086 0.002 97.73 0.025 0.135 15.63 4.42 0.16
48 0.160 0 103.148 0.071 0.009 88.75 0.019 0.061 23.75 2.22 0.27
48 0.115 0 103.026 0.043 0.004 91.49 0.022 0.046 32.35 1.89 0.35
72 0.193 0 102.972 0.083 0.013 86.46 0.026 0.071 26.80 2.70 0.31
84 0.596® 0.081 102.953 0.568 0.021 96.43 0.028 0.060 31.82 2.45 0.33
84 0.151® 0.495 102.776 0.031 0.024 56.36 0.120 0.471 20.30 16.05 0.36
85 0.216%) 0551 102.697 0.085  0.039 68.55 0131 0512 20.37 17.44 0.30
85 0.280 0.033 102.654 0.098 0.021 82.35 0.060 0.134 30.93 5.38 0.38
(1) B.O; V P ¢V (B B0y V) 0]
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Fig.2 Boron distribution coefficient between vapor and liquid versus temperature
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Table 2 Mole fractions and partial pressures of components assuming boron presence as H3BO; (g) or HBO; (g)
in the equilibrated vapor phase at 350 'C
H3BO3(g) HBO: (g)
pi(10° Pa) X(B203)
X(H3BO3) X(H20) p(H3BO3) p(H20) X(HBO,) X(H20) p(HBO,) Ph2o
B350-9 2.22 0.671 0.175 0.825 0.39 1.83 0.149 0.851 0.33 1.89
B350-13 1.89 0.736 0.283 0.717 0.53 1.36 0.220 0.780 0.42 1.47
B350-5 2.70 0.623 0.209 0.791 0.56 2.14 0.173 0.827 0.46 2.24
B350-2 2.45 0.875 0.275 0.725 0.67 1.78 0.216 0.784 0.54 191
B350-3 16.05 0.251 0.141 0.859 2.26 13.79 0.124 0.876 1.93 14.12
B350-8 17.44 0.361 0.142 0.858 2.48 14.96 0.124 0.876 2.09 15.35
B350-7 5.38 0.547 0.262 0.738 1.41 3.97 0.208 0.792 1.13 4.25
O ; p(HsBO3) p(HBOz) p(H:20) 10°Pa
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Table 3 Boron contents in water condensates of fumarolic gases in volcanic areas

()

B (ng/9) B20s (%)
Satsuma Iwo-jima 465~890 14~21 0.004~0.007 [16]

105~235 13~680 0.004~0.22

97~99 0.007~0.41 < 0.00013
Momotombo 886 220~700 0.07~0.22 [47]
Kudryavy 535~940 17.5~42 0.006~0.013 [50]
La Fossa 285~606 25~229 0.008~0.07 [22]
Tuscany 190 9.67 [41]

1 B20s B
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