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Experimental magnesitization of calcite at 150°C and
partitioning behavior of REE between magnesite and
hydrothermal solution

Yu Nakano” and Iwao KawaBE"

U Department of Earth and Planetary Sciences,
Graduate School of Environmental Studies, Nagoya University,
Building E of Faculty of Science, Chikusa, Nagoya 464-8602, Japan

Reagent grade calcite was reacted with MgCl. solutions doped with REE (Mg concentration
of 0.089M-1.8M and REE concentration of about 0.3 ppm each) at 150°C for 10 or 20 days. Solid
products were identified by X-ray diffraction. Solid and liquid phases were analyzed for Mg, Ca
and REE. The solid phases reacted with MgCl. solutions (0.89M and 1.8M of Mg*”) were almost
magnesite (about 95%). The molar ratios of Mg/(MgO Ca) in solutions of the run products were
consistent with the extrapolation of the reported experimental equations in the high tempera-
ture range from 275°C to 420°C to lower temperatures. The values of pH at room temperature of
the final solutions are ranging from 5-7, and they show a decreasing trend with increasing Mg
concentration. This is probably caused by the precipitation reaction of brucite, which is more
likely to occur at 150°C than at 25°C. The REE partition coefficients between solid and liquid
phases defined by

K (REE) M Xree/ (Xumgd Xea) LoidlJ REEQ Mg Cal)Uiquia
have been determined experimentally. The series variation of logKs (REE) in the run in which
the solid phases were almost magnesite, shows a decreasing trend in LREE and a convex tetrad
effect.
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Tabled Experimental conditions of respective runs.

Run No. I-a 1-b 2-a 2-b 3-a 3-b 4-a 4-b
Weight of calcite (g) 0.5024 0.5014 0.5013 0.5022 0.5008 0.502 0.5008 0.5007
Volume of solution (ml) 33.7 33.7 33.7 33.7 33.7 33.7 33.7 33.7
Temp. (C) 150 150 150 150 150 150 150 150
Reaction time (days) 10 20 10 20 10 20 10 20
MgCl, concentration in the initial solution (M) 0.0885 0.0885 0.442 0.442 0.885 0.885 1.77 1.77

Tabled Analyses of Mg and Ca for run products, pH values of final solutions, and
mineral identification by XRD, together with calculated logKuwgor.-

Run No. 1-a 1-b 2-a 2-b 3-a 3-b 4-a 4-b
solid phase
Mg (wt%) 1.37 1.58 16.2 19.1 28.1 28.1 29.6 29.4
Ca (wt%0) 36.4 357 17.2 153 3.04 3.26 1.78 1.66
magnesite content’(molar %) 5.84 6.82 60.9 67.3 93.8 93.4 96.5 96.7
mineral identification” C, (B) C, (M) C,M C,M M, (C) M, (C) M, (C) M, (C)
final solution
Mg (M) 0.0737 0.0779 0.356 0.342 0.750 0.744 1.63 1.65
Ca (M) 0.0160 0.0132 0.0866 0.100 0.142 0.139 0.144 0.145
[Mg]/([Mg]+[Ca]) 0.822 0.855 0.804 0.773 0.841 0.843 0.919 0.919
pH* 6.91 7.14 6.36 6.22 5.94 5.62 5.38 5.08
log Ko, -12.1 -12.6 -11.7 -114 -11.2 -10.5 -10.4 9.8

“Calculated as Mg/(Mg+Ca)x 100, on the assumption that solid phases consist of only carbonates.
® X-ray diffraction peaks assigned to calcite, magnesite and brucite are C, M and B, respectively.

The parentheses indicate minor peaks.
‘Measured at room temperature after each run.

dCalculated from experimental values using pH values at room temperature and eq.(7) in the text.
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Tabled The values of logK«(REE) in the run 4-a.
REE La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y
logK(REE) | 236 269 295 298 335 348 343 369 3.8 38 393 402 406 405 370

The definition of KyREE) is given as eq.(8) in the text.
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