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Abstract: The distribution of Na, K, Ca, Mg, Mn and Fe between the granodiorite JG-1a, one of the geochemical standard
rocks, and 2M NaCl aqueous solution was experimentally determined at temperatures of 300 to 800°C and a pressure of 1 kb
using standard cold seal-type pressure vessels. The solid run products melted partially at 800°C. Only K shows a significant-
ly different behavior from the experiments using the basalt JB-1a (Uchida and Tsutsui, 2000) due to the presence of ortho-
clase in the JG-1a. The transition elements tend to be preferably partitioned into the aqueous chloride solutions with increas-
ing temperature. At 800°C and 1 kb, the Fe concentration of the aqueous chloride solutions reached up to 5,000 ppm, and the
Mn concentration up to 350 ppm. The distribution coefficient, Kp; = Cj 5o/Ci, rock 18 in the order of Na>K~=Mn=Ca> Fe=Mg
at 300°C, but changed in the order of Mn>N=K=~Fe>Ca>Mg at 800°C. The distribution coefficients of the divalent cations
for the JG-1a are higher than those for the JB-1a. The distribution coefficient of the transition elements, Fe and Mn, increas-
es significantly with increasing temperature. The thermodynamic analysis for aqueous speciation revealed that this is attrib-
utable to the formation of the tri-chloro complexes of the transition elements at higher temperatures.

Keywords: granodiorite, hydrothermal solution, element partition, supercritical condition, chloride complex, aqueous speciation

1. Introduction

The information on the element partition between
rocks and hydrothermal solutions is indispensable for
the better understanding of the formation process of
hydrothermal ore deposits. However, few experimental
studies on the element distribution between acidic rocks
and hydrothermal solutions under supercritical condi-
tions have been conducted until now (e.g., Whitney et
al., 1985). Uchida and Tsutsui (2000) has carried out
such an experiment using the basalt JB-1a, one of the
geochemical standard rock samples prepared by the
Geological Survey of Japan (Imai et al., 1995a, 1995b),
and demonstrated that transition elements such as Fe,
Mn, Zn and Co are leached considerably from the rock
by 2M NaCl aqueous solution and that their concentra-
tions in the solution increase significantly with increas-
ing temperature. Such results for the transition elements
have been predicted by the experiments of Uchida et al.
(1995, 1998) dealing with the formation of tri-chloro
complex of the transition elements under supercritical
hydrothermal conditions. '

Many hydrothermal deposits are considered to have
been formed in close association with granitic rocks.

Therefore, in the present study, the granodiorite JG-1a,
one of the geochemical standard rock samples, was used
as a reactant instead of the basalt JB-1a, and the parti-
tion behavior of elements between the rock and aqueous
chloride solution was compared with the JB-1a.

2. Experimental Method
2.1. Starting materials

One of the geochemical standard rocks, JG-1a which is
prepared and distributed by the Geological Survey of
Japan, is used as a starting material. The JG-1a is a pow-
dered sample prepared from the Sori Granodiorite (gran-
ite is the preferable name for this rock) of Cretaceous to
Paleogene age in Tochigi Prefecture, Japan. The rock
consists mainly of quartz, orthoclase, plagioclase, biotite
and a small amount of homblende (< 1 vol %) (Geologi-
cal Survey of Japan, 1992) and belongs to ilmenite-series
granitic rocks. Apatite, zircon, ilmenite, allanite and tour-
maline are found as accessory minerals. The recommend
value for the chemical composition of the JG-1a is shown
in Table 1. The content of transition elements, Fe, Mn,
Co, Ni and Zn in the JG-1a is considerably lower (2.02 %,
as Fe,04, 0.057 % as MnO, 5.90 ppm, 6.91 ppm and 36.5
ppm, respectively) than that of the IB-la (8.97 % as
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Table 1 Recommend value for the chemical composition
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Table 2 Identified phases of the JG-1a and the run prod-

of the JG-1a and JB-1a (Imai et al., 19952, 1995b). ucts.

JG-1a IB-1a Identified Phases
Si0, (Wt%) 72.30 52.41 JG-1a Quartz, Plagioclase, Orthoclase, Biotite
Ti0, 0.25 1.28 - 300°C Quartz, Plagioclase, Orthoclase, Biotite
51,04 1430 14.45 400°C | Quartz, Plagioclase, Orthoclase, Biotite
Fey03 0.51 2.55 500°C Quartz, Plagioclase, Orthoclase, Biotite
If/?r?o éé; (5)5 g 600°C Quartz, Plagioclase, Orthoclase, Biotite
MgO 0: 69 7: %3 700°C | Quartz, Plagioclase, Biotite, Amphibole
Ca0 213 931 800°C Quartz, Plagioclase, Biotite, Amphibole, Glass
Na,O 3.39 2.73
K,0 3.96 1.40 (ST SPS-4000) equipped with an ultrasonic nebulizer.
P,0s 0.083 0.260 The chemical composition of the minerals constituting the
H,O* 0.59 0.92 solid products was analyzed by the EDS (LINK QX-
H,O 0.12 0.92 20071) equipped with SEM (JEOL JSM-5400). After dilu-
Co (ppm) 3.90 38.6 tion with distilled water to a constant volume, the filtrated
1;; 32:21 1;2 ! solution was analyzed for the cations, Na, K, Ca, Mg, Fe,

Fe,0s, 0.148 % as MnO, 38.6 ppm, 13.9 ppm and 82.1
ppm, respectively). Biotite is the dominant transition ele-
ment-bearing phase in the JG-1a.

As the case of Uchida and Tsutsui (2000), 2M Na(l
aqueous solution prepared from reagent grade NaCl was
used as a reactant solution.

2.2. Experimental procedure

In the present study, the solution/rock ratio was fixed.
Sixty milligram of the JG-1a powder was encapsulated
with 80 ul of 2M NaCl aqueous solution into gold capsule
with 4.4 mm o.d., 4.0 mm i.d. and 35 to 40 mm in length.
The standard cold-seal type pressure vessel and an electric
furnace were used for the hydrothermal treatment. In
order to diminish the temperature gradient along the ves-
sel, the pressure vessel was settled horizontally and stain-
less steel rod with 5 mm ¢ x 120 mm was also inserted
into the vessel with a charged gold capsule. The tempera-
ture and pressure were monitored with a chromel-alumel
thermocouple attached to the outer wall of the vessel and
with a Heize gauge, respectively. The experimental tem-
perature was controlled at 300, 400, 500, 600, 700 and
800°C and the pressure was fixed at 1000 bars. Run was
set to 7 to 14 days depending on the ternperature.

After the run, the pressure vessel was immediately
immersed into cold water. The charged capsule was
checked for leakage by comparing the weight before and
after the run. Then the capsule was opened and run prod-
ucts were washed away into a beaker with distilled water
using an injector. Solid run products were separated from
the aqueous solutions with a Millipore filter with a pore
size of 0.45 um. The solid products were identified by the
X-ray diffractometer (RIGAKU RAD-1B). After dissolu-
tion with HF+HNO; solution, the bulk chemical composi-
tion of the solid products was determined by the ICP-AES

Mn, Co, Ni and Zn by the ICP-AES (SII SPS-4000).

Additional experiments were conducted at each tem-
perature for the quench pH measurement of the agueous
solutions after reaction. After the runs, the gold capsules
were punctured with a stainless steel needle. The quench
pH of the solutions leaked from the gold capsules was
measured with a pH test paper.

3. Experimental Results
3.1. Solid run products

As mentioned above, the JG-1a consists mainly of
quartz, orthoclase, plagioclase and biotite. No change in -
the constituent minerals was observed for the run products
between 300 and 600°C (Table 2). On the other hand,
amphibole appeared in the run products at 700°C. At
800°C, the run products show partial melting and ortho-
clase disappeared instead of appearance of amphibole.

Figure 1 shows the compositional change of plagio-
clase, orthoclase and biotite, which existed in the starting
materials during experiment at each temperature. The
chemical composition of plagioclase shows no significant
change with temperature below 700°C, but abruptly
increased in the Ca/(Ca+Na) ratio at 800°C probably due
to a partial melting of the JG-1a. The Na/(Na+K) molar
ratio of orthoclase increases gradually with increasing
temperature up to 600°C, but changed drastically between
600 and 700°C. The Mg/(Mg+Fe) molar ratio of biotite
increases slightly at higher temperatures.

3.2. Quench pH of solutions

The quench pH of the solutions was measured imme-
diately after the run. The quench pH of the solutions
remains nearly constant (5.8-6.4) below 600°C but
decreases considerably at higher temperatures (Fig. 2).
The pH reached 1.5 at 800°C. Such a tendency is simi-
lar to the case for the JB-1a.
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Fig. 1 Chemical compositions of (a) plagioclase, (b) alkali

feldspar and (c) biotite in the solid run products deter-
mined by EDS.

3.3. Cation concentration in the aqueous chloride solu-
tions

The experimental results are summarized in Table 3
and are shown in Figure 3. The recovery for the cation,
which is calculated from the total cation charge in the

Element Distribution between Granodiorite and NaCl Solution
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Fig. 2 Quench pH of the aqueous chloride solutions mea-
sured with a pH test paper (solid circles). The results for

the JB-1a are also shown with open squares (Uchida and
Tsutsui, 2000).

solutions, is also shown in Table 3. The recovery ranges
from 92 to 104 %. As the concentration of Ni, Co and
Zn was too low to measure by ICP-AES, they were
neglected in Table 3. Therefore, results for Na, K, Ca,
Mg, Mn and Fe are reported here. The results for the .
JB-1a are also shown in Figure 3 for comparison.

Na: The concentration of Na decreases monotonously
with increasing temperature due to ion exchange with
orthoclase and plagioclase. The concentration of Na in the
solutions for the JG-1a is lower than that for the JB-1a.
This is ascribed to the presence of orthoclase in the JG-1a.
In the case of JG-1a, the concentration of K in the solu-
tions increases with increasing temperature up to 700°C,
whereas the concentration of Na decreases. This can be
explained by the Na-K exchange between orthoclase and
aqueous chloride solution.

K: The concentration and behavior of K are considerably
different from the case of JB-1a. As mentioned above, this
is attributable to the Na-K exchange between orthoclase
and aqueous chloride solution. The abrupt decrease at
800°C may be related to the partial melting of the JG-1a.

Ca: The behavior is similar to the JB-1a. In contrast to
K, the concentration of Ca decreases with increasing
temperature up to 600°C and then increases at higher
temperatures.

Mg: Magnesium shows a different behavior from the JB-
la. The concentration of Mg remains low (a few tens of
ppm) below 700°C but increases significantly between
700 and 800°C.
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Table 3 Element concentrations in the solid run products and in the aqueous chloride solutions, and the distribution coeffi-
cients between the JG-1a and agueous chloride solutions (ppm).

Run No. S-1 S-2 S-3 K9 K10 K21 K-22 S-4 5-5 K-11 K23 K-24
Temp. (°C) 300 300 300 300 300 300 300 400 400 400 400 400
Pressure (kbar) 1 1 1 1 1 1 1 1 1 i 1 1
NaCl (mol/l) - 2 2 2 2 2 2 2 2 2 2 2 2
Time (days) 14 14 14 14 14 14 14 14 14 14 14 14

Na solution | 40350 39600 43430 44360 42465 43506 41945 37020 37240 38384 137955 38005
rock 14910 16790 20467 14814 16812 16308 19020 23360 23300 17634 19246 20236

: K 2706 2359 2,122 2994 2526 2668 2205 1585 1.598 2177 1.972 1878
K solution 3324 3696 3949 6030 3399 5690 5411 7781 7709 7505 7650 7703
rock 19700 20820 25470 17526 17814 18618 22368 18830 18750 16416 17562 17226

K 0.1687 0.1775 0.1550 0.3441 0.1508 0.3056 0.2419 0.4132 04111 0.4572 0.4356 0.4472

Ca  solution 7354 7446 808.1 14325 9115 8725 9213 5854 5922 9600 6852 7015
rock 10040 11010 11250 7836 7686 7890 8796 11270 11300 7938 7876 7752

K 0.0732 0.0676 0.0718 0.1828 (.1186 0.1106 0.1047 0.0519 0.0524 0.1209 0.0870 0.0905

Mg solution 17.28 1825 1323 11.50 1075 2250 2125 1993 1935 1775 2450 24.25
rock 3020 2598 2618 2214 2010 2886 2726 3134 3010 2226 2889 2924

K 0.0057 0.0070 0.0051 0.0052 0.0053 0.0078 0.0078 0.0064 0.0064 0.0080 0.0085 0.0083

Mn solution 39 34 39 23 36 34 38 67 71 31 65 62
rock 278 277 401 324 294 240 258 359 366 282 335 326

K . 0.1416 0.1232 0.0975 0.0694 0.1233 0.1430 0.1483 0.1880 0.1929 0.1108 0.1954 0.188%8

Fe  solution 43 50 107 55 66 46 29 123 126 74 106 102
rock 9036 9937 11630 7776 7464 7452 8022 10020 9785 7963 8856 8326

K 0.0043 0.0050 0.0092 0.0071 0.0089 0.0062 0.0036 0.0123 0.0129 0.0093 0.0119 0.0123
Recovery(%) 94.10 9311 97.69 106.65 99.34 104.43 10073 9241 92.83 09600 9449 94.69

Table 3 (continued)

Run No. H-1 H-2 H-3 H-4 H-5 H-6 H-7 H-8 H-9 H-10 K3 K4 K-5
Temp. (°C) 500 500 600 600 600 700 700 800 800 800~ 800 800 800
Pressure (kbar) 1 1 1 1 1 1 1 1 1 1 1 1 1
NaCl (mol/1) 2 2 2 2 2 2 2 2 2 2 2 2 2
Time (days) 7 7 7 7 7 7 7 7 7 7 3 3 3

Na solution | 37800 39000 34320 35420 35260 31500 32050 30040 26940 29060 29536 28673 31305
rock 29690 29680 31090 30840 29990 36150 30440 29900 28240 35260 29574 27810 26658
K 1.273 1314 1.104 1.148 1.176 0.871 1.053 1.005 0.954 0.824 0999 1031 1.174
K solution 12010 13170 15590 17540 15800 16500 18500 15280 9264 9993 11368 15934 16879
© rock 23760 28280 19560 23830 19160 19190 21140 19160 9989 12390 13338 16266 17100
K 0.5054 0.4655 0.7969 0.7359 0.824 0.8596 0.8749 0.7975 0.9274 0.8065 0.8523 0.9796 0.9578
Ca  solution 451 459 256 268 243 307 348 535 976 1252 1316 739 595
rock 14650 13540 12770 12560 11250 12820 13190 11790 15910 14550 9024 9168 . 8610
K . 0.0308 0.0339 0.0200 0.0213 0.022 0.0239 0.0264 0.0454 0.0445 0.0860 0.1459 0.0806 0.0691
Mg  solution 2370 16.10 17.50 13.80 187 1500 7.92 2850 3020 5640 1375 1250 28.75
rock 3247 3096 3119 3238 2918 3088 2830 2862 2780 4062 . 1008 1860 1980
K 0.0073 0.0052 0.0056 0.0043 0.0064 0.0049 0.0028 0.0100 0.0108 0.0139 0.0136 0.0124 0.0145
Mn  solution 102 95 157 137 143 217 229 302 379 321 276 231 260
rock 434 427 172 211 263 288 241 191 181 202 102 72 108
K 0.235 0222 0913 0.649 054 0753 0.952 1582 2096 1592 2708 3212 2.407

Fe  solution 531 589 1427 1250 3138 4072 4910 4858 5635 4753 3140 4073
rock 13260 12160 12350 15080 11830 7298 8963 8702 4869 6968 4494 3336 5118
K 0.040 0.048 0.115 0.083 0.117 0430 0454 0564 0.998 03809 1.058 0.941 0,796
M(%) 99.90 10410 9820 10270 1003 9650 102.10 97.40 8430 9650 9126 9076 98.67

K(distribution coefficient) = [concentration in solution] / {concentration in rock]

Mn and Fe: These transition elements show a similar
behavior to each other and their concentrations increase
considerably with increasing temperature. As for Fe, its
concentration in the aqueous chloride solutions reaches up
to more than 5,000 ppm (about 0.1 mol/l). In spite of their
low content in the JG-1a compared with the JB-1a, no dif-
ference in the Fe and Mn concentrations in the aqueous

solutions are observed between the JG-1a and the JB-1a.

4. Consideration and Discussion

4.1. Element distribution berween the JG-1a and aque-
ous chloride solutions

The distribution coefficient of elements (i), Kp,. be-
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tween rocks and aqueous chloride solutions is defined as
follows:

Kpi = Ciso17 Cirocks 3]

where C; 5o designates the weight concentration of the
element 1 in the aqueous chloride solution and C; oy the
weight concentration of the element 1 in the solid prod-
ucts.

The calculated distribution coefficients are summa-
rized in Table 3. The temperature dependence of the
distribution coefficients is shown in Figure 4.

Na: The distribution coefficient of Na decreases monot-
onously with increasing temperature.

K: In contrast to Na, the distribution coefficient of K
increases with increasing temperature.

Ca: The distribution coefficient of Ca remains low. It
decreases with increasing temperature up to 600°C and
then increases at higher temperatures.

Mg: The temperature dependence of the distribution coef-
ficient of Mg is similar to that of Ca. However, the distrib-
ution coefficient of Mg is considerably lower than that of
Ca.

RESOURCE GEOLOGY :

Mn: The distribution coefficient of Mn increases signifi-
cantly with increasing temperature.

Fe: As similar to Mn, the distribution coefficient of Fe
increases drastically with increasing temperature.

At 300°C, the distribution coefficient is in the order of
Na>K=Mn=Ca >Fe= Mg. However, the order changes to
Mn>Na=K=Fe>Ca>Mg at 800°C due to the drastic
increase in the distribution coefficients of Fe and Mn. The
distribution coefficients of Fe, Mn, Ca and Mg for the JG-
la are high compared with those for the IB-1a.

4.2. Agueous speciation

In the present reducing experimental conditions, dis-
solved elements are expected to exist as Cl7yg, Na'y,
NaCl%q, Khg, KCl%, Cazgq, CaCltg, CaClygg, Mg,
MgCqu, MgCIQan, FCC12an, F€C13-aq, MnCIZan and
MnCl3‘Zlq (Boctor, 1980; Boctor et al., 1985; Fein et al.,
1992; Uchida et al., 1995).

The concentration of each species can be calculated by
solving simultaneously seven mass balance equations for
Cl, Na, K, Ca, Mg, Fe and Mn and eight mass action
equation for NaClg,, KClg,, CaClyg, CaCly%g, MgCly,
MgCly%g, FeCly g and MnCly,q (cf. Uchida and Tsutsui,
2000). The dissociation or formation constants for the
aqueous species were taken from Table 4 of Uchida and
Tsutsui (2000). The activity coefficient for the charged
aqueous species was obtained using a Debye-Hiickel
equation and that for neutral species was assumed to be
unity. Details for the calculation are described in Uchida
and Tsutsui (2000). Because of the deficiency in the ther-
modynamic data for 300°C, the calculation was conduct-
ed only for the experiments carried out at temperatures of
400 to 800°C. The results are shown in Figure 5.

In the case of alkali and alkali earth elements, the con-
centration of neutral species such as NaClgg, KCI3,,
CaCly%q and MgCly%, increases with increasing tempera-
ture. As for transition elements, tri-chloro complexes such
as FeCls g and MnCly g increase with increasing temper-
ature. The increase in the solubility of the transition ele-
ments with increasing temperature seems to be almost
attributable to the formation of tri-chloro complexes.

4.3, Comparison with previous studies

4.3.1. Comparison with Uchida and Tsutsui (2000): The
results obtained for the JB-la by Uchida and Tsutsui
(2000) are shown and compared in Figure 3.

The difference is remarkable for K concentration in the
aqueous chloride solution. The K concentration is higher
for the JG-1a than for the JB-1a. This may be explained
by the presence of orthoclase in the JG-1a. In the experi-
ments for the JG-1a, the chemical composition of ortho-
clase changed drastically at 700°C and then the K concen-
tration in the solution decreased to the same level as the



vol. 53, no. 2, 2003

Na >Na, solution

mol /1
RN

s
7 NaClaqg

300 400 500 600 700 800
Temperature (°C)

0.5

K

0.4 ¥ K, solution

0.3+
©
=
0.2
0.14" Kfag /
£
&
04— : :
300 400 500 600 700 800
Temperature (°C)
0.04
Ca
0.034
% 2.Ca, solution
£ 0.02-

0.014

CaClagq

300 400 500 600 700 800
Temperature (°C)

Element Distribution between Granodiorite and NaCl Solution

0.003
Mg
0.0024
E 3. Mg, solution
MgCltaq
0.001- /
£
e
300 400 500 600 700 800
Temperature (°C)
0.01
Mn
0.008+
0006
g > Mn, solution /
0.004-
0.002
300 400 500 600 700 800
Temperature (°C)
0.12
Fe
0.1
0.08
2 0.06-
2. Fe solution
0.04 1
FeClzag
0.024
FeClzaqg
“““““““ v -
300 400 500 600 700 800

Temperature (°C)

Fig. 5 Concentrations of the aqueous species in the 2M aqueous chloride solution in equilibrium with the JG-1a at tempera-
tures of 300 to 800°C and 1 kb, calculated using the dissociation or formation constants for the aqueous species in Table 4
of Uchida and Tsutsui (2000). The solid lines indicate the total concentration of each element.
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case for the JB-1a. As for the Mg concentration, a differ-
ence 1s distinct at low temperatures. This may be related
to the formation of montmorillonite in the experiments for
the JB-1a. As shown in Table 1, the JG-1a is deficient in
Fe (2.02 % as Fe,03) and Mn (0.057 % as MnO) contents
compared with those of JB-1a (8.97 % and 0.148 %,
respectively). However, the concentration of these ele-
ments in the aqueous chloride solutions is at a nearly same
level. This may be because the Fe/(Fe+Mg) ratio of biotite
" (0.42) in the JG-1a is higher than that of the mafic miner-
als (0.23 for augite) in the JB-1a.

4.3.2. Comparison with Whitney et al. (1985): Whitney et
al. (1985) has reacted synthetic granite containing 4.8 to
4.9 % of total Fe as Fe,0O3 with 1N agueous chloride solu-
tions (HCl, HCI-FeCl,, HCI-NaCl and NaCl-KCl-FeCly)
at temperatures of 400 to 700°C and a pressure of 1 kb.
They analyzed the concentration of Na, K, Ca, Fe and Mg
in the solutions. In their experiments, the oxygen fugacity
was controlled by hematite-magnetite, Ni-NiO or quartz-
fayalite-magnetite buffer. However, no difference was
found among the experimental results using different
buffers. The behavior of Na, K, Ca and Mg is similar to
that of this study (Fig. 2 of Whitney et al., 1985). The Fe
concentration in the aqueous chleride solutions shows a
maximum (0.25 mol/l) around 600°C in Whitney et al.
{1985). On the other hand, in this study, the Fe concen-
tration increased drastically with increasing temperature
up to 800°C (0.1 mol/l). Whitney et al. (1985) considered
that the decrease in Fe concentration above 600°C is
attributable to the falling (FeCl,)/(HICI)? ratio controlled
by the solubility constants of magnetite and other iron-
bearing minerals. In the case of the present study, mag-
netite is not present in the system. Thus the present
experimental system was not affected by such a control.
Therefore the increase in Fe concentration in the present
study is considered to be simply due to the formation of
higher order chloro-complex of Fe such as FeCly .
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Reliability of the thermodynamic dataset used for SUPCRTO8 (revised SUPCRT92). — Verification by the calcula~

tion of mineral saturation index for geothermal systems—.

By Masaki Ocata™ and Etsuo UcHmA”

Abstract: The reliability of the thermodynamic dataset of SUPCRT98 (revised SUPCRT92, Johnson et al., 1992) was checked
by calculating mineral saturation indices for geothermal waters. For comparison, the calculation was also conducted using the
thermodynamic dataset of SOLVEQ86 (revised SOLVEQ, Reed, 1982). New computer code (GEOMS) was written using Visual
Basic (ver.6.0). In order to calculate the mineral saturation indices, mass-balance equations and mass-action equations are solved
in a successive iteration method. Total ionizable hydrogen ion (TOTH) was used as a mass balance for hydrogen ion.

Judging from the consistency of the calculation results with the field evidences, the dataset of SOLVEQS86 is consid-
ered to be unreliable in the temperature range of 170 to 300°C. On the othér hand, the thermodynamic dataset of SUPCRT98
was judged to be more reliable in the same temperature range. In the calculation of mineral saturation indices, atiention
should be paid to the aluminium concentration in geothermal waters because the aluminium concentration makes a large

effect in the calculation results of mineral saturation indices.
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Table 2 Dependent components and dissociation reactions for SUPCRTO98.

SUPCRT98  SOLVEQS6 15. Si0,° = H* - H,0 + HSiO5 | 36. MgOH* = Mg?* + H,0 - H¥
1 HSIO5~ H,Si0,2 16. NaCl® = Na* + Cl~ 37. Fe¥* = AD = Fe?* + 9/8H* + 1/8802’
2 Nat Na* 17. NaHSiO5° = Na* + HSiO5~ — 1/2H,0 — 1/8HS~
3 K+ K+ 18. NaSO,~ = Na*+50,2~ |38 FeCl* = Fe2*+CI-
4 Ca? Ca? 19. NaOH® = Na*+H,0-H* | 39. FeCl>* = AD+Cl-
5 Mg Mg+ 20. KCI° = K++Cl- 40. FeCl,® = Fe?* +2CI-
6  Fe¥ Fe?* 21. KHSO,* = K+*+S0,2+ H* |41, FeOH* = Fe?* + H,0 - H*
7 APB¥ INE 22. KSO4~ = K*+ 50,2 42. FeOH?>* = AD+H,0-H*
8  COs* COsz*~ 23. KOH® = K*+H,0-H* 43, AIOHZY = AP+ + H,0 -H*
9 SO SO.> 24. CaS04° = Ca?t + SO, 44, HCOy~ = H*+CO4%-
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1 C- . Cr . 26. CaHCO3* = Ca2* + H* + CO32~ | 46. H,S° = g+ + HS-
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2. EHEHE 31. MgSO,° = Mg+ + S04~ 51. HAIO,® = A*+2H,0 - 3H*
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Input of chemical compositions of geothermal water
at a pH measurement temperature
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Calculation of ionic strength

Calculation of activity coefficients for agueous species
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using mass-action equations

Adjustment of molalities for independent components
using mass-balance equations
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1 Output of molalities and activity coefficients i

Fig. 1 Plow chart for the calculation of aqueous speciation at a

pH measurement temperature.
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Fig. 2 Flow chart for the calculation of aqueous speciation and
saturation indices for minerals at a given temperature.
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Fig. 3 Dissociation constants for the aqueous species.

Table 4 Dissolution reactions for minerals.

. LOW-ALBITE
NaAlSizOg

. ANHYDRITE
CaSQy

. CALCITE
CaCO,

. LAUMONTITE

=Nat + A* + 3810,° + 2H,0 — 4H*
Na* + AP+ + 3H,Si0,°= 4H,0- 4H*

=Ca? + S04%~

=Ca?t + CO:,?‘*

CaAl,Si4015 4H,0 = Ca®* + 2A1%* + 48i0,° + 8H,0 — 8H*

. MICROCLINE
KAISisOg

. MUSCOVITE

KALSi;010(0H),

. QUARTZ
Si0,

. WAIRAKITE

Ca?* + 2A1%* + 4H,Si04°~ 8H*

=K* + AP+ + 38i0,° + 2H,0 - 4H*
K* + A3+ + 3H,S10,° — 4H,0— 4H*

=K* + 3A13* + 38i0,° + 6H,0 — 10H*
K* + 3A1* + 3H,Si0,° — 10H*

=8i0,°
H,S104° - 2H,0

CaAlySiyO1s- 2H,0 =CaZ* + 2A13* + 4Si0,° + 6H,0 — 8H*
Ca?* + 2A13* + 4H,Si04°- 2H,0 — 8H* (SOLVEQS6)
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(SOLVEQS6)

(SUPCRTD9S,
SOLVEQS6)

(SUPCRTSS,
SOLVEQS6)

(SUPCRT98)
(SOLVEQS86)
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(SUPCRTO8)
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(SUPCRT98)
(SOLVEQS6)

(SUPCRT98)
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4.1, #hEAKII T A e ERHO
SHEF
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NE—25#H ENE~3FHOG5H 7~
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BEX100TH 5300C T TH25CHERE
WEREL, SYsNIEREAEE L.
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Fig. 4 Solubility products for the minerals.

SUPCRTOSDE I %M 7 — % £ v bEHWIEE, AR
EreTomESETaBRETH Y, o, BRA
DEMEEHA0I % BBES T LA, £SO
My o> BN BE FE BB #2112 180°C ~ 190 C AT TOIZ IR L,
FIGREET, Na/K#i{bFIRER B L UNa-K-Cafif{bF R
ERtE D HE SN AFEBREDII0C~180TC L BVi—
BAE R L72(Fig. 5-A). —JF, SOLVEQS6DEAIIZHF —
Ty FrRWCHEEIE, SEYOENEREEN

180C~280COLVIREEHE CoL 22 0, 74—»F@
BHEELEHL 2\ (Fg 5-B). M5, NE—-35#IC

VWTiE, SOLVEQSSDELSjZay 7 —~ &k/%%%wt%
&, FROPETOREHEBTBENRETHY, T,
BEAOBEMERE0 L ZBENTNE N, FhL
O OFFIE R B AR 12 180°C ~220TC TR L,
WLFRET L VEESNIBFEBIEED180T~190T
EHEH R Z 3% R L& (Fig 6-B). —F,
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Table 5 Chemical compositions of geothermal waters and steams. .
Area Takigami Takigami Kakkonda Kakkonda Reykjanes Sumikawa Mori Mori Okuazu
Well No. NH-2 NH-~3 KA-la A-2 8 S—4 D=8 D-11 OA-4
Water{mol/kg H,O)
Si0, 0.004726  0.005359 0.007681  0.0095 0.0109 0.01112 0.008371  0.009369 0.01132
Na 0.02027 0.02010 0.03162 0.01927 0.504 0.01557 0.1897 0.2071 0.2305
K 0.0006905 0.0007775 0.002164  0.001509  0.0457 0.001642  0.01381 0.01266 0.03581
Ca 0.0008508 0.0008358 0.0006163 0.0002118 0.0442 2.982x105 0.001148 0.001248  0.005739%
Mg 2.057%1076 1.522x10°5 4.114x1077 4.113x107 6.15x10°5  4.114x107 6.746x10-> 4.114x10° 4.525%x10°3
Fe 1.791x10°5 1791105 1.791x1077 7.288x10¢ 6.10x106 - - 3.581x10°7 1.647x10°3
Al 2.595x10°6 1.483x10¢ 1.557x10°5 4.41x10°6 2.70x106 8.154x105 7.042x10°6 1.483x107 1.594x10°3
2CO2 0.002049  0.0009810 - 0.0001498 0.00149 0.001195 0.005341  0.002296 0.001361
SO, 0.002481  0.003104 0.001104 0.0006935 0.000307 0.001302 0.002646  0.001927  0.0003450
TH,S - - - 0.0001779 6.74x105 - - - 4.412x10°5
Cl 0.01292 0.01379 0.03159 0.0176 0.637 0.01264 0.1966 0.2183 0.2482
NH; - - - - - - - 0
H*(pH at 25°C) 9.20 9.20 3.59 9.05 6.38 7.60 3.00 7.60 7.05
H,O 55.51 55.51 55.51 55.51 55.51 55.51 55.51 55.51 55.51
Steam(mol/kg H,O) . :
ZCO, 0.02020 0.01570 0.01828 0.01598 0.118509  0.0003323 0.3546 0.03549 0.03397
ZH,S 0.0004122 0.0003828 0.004001  0.00645 0.005097  0.0002758 0.001706  0.001706  0.0009503
gﬁgé$§§§§ 1.0 1.0 1.0 1.0 20.0 6.2 48 48 12
Reference Chiba, Chiba, Chiba, Chiba, Arnorsson Sakai et al., Takanohashi, Takanohashi,  Nitta,
1991 1991 1991 1985 et al., 1933 1993 2002 2002 1987
A 5] AS
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Fig. 5 Saturation indices for minerals calculated for the
geothermal water from Takigami well NE-2.
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Fig. 6 Saturation indices for minerals calculated for the
geothermal water from Takigami well NE-3.
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Fig. 7 Saturation indices for minerals calculated for the
geothermal water from Takigami well NE-3 with a
modified aluminium concentration, 0.7ppm.
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Fig. 8 Saturation indices for the geothermal water from
Kakkonda well KA-1a.
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7z(Fig. 7-B).

Q) BRHBAEEFRCETEERM)

KA—1amH D57 T — # (Chiba, 1991)B & FA—28H#
DG T — 5 (T, 1985 W CE#EOFTE LT 7.
Table SIZBRHEKA— 2B H LA 2BHDSHF— 5 %
R

Fig. 88 L UFig. QI TN ENERARKA-1aBHB L ¥
A2EHOFER YR T L s oo, RERNEER,
BAaE, AR, BhE, HeER, BER, FE, 7
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HIZDOWTIISUPCRTISDO BN EHF— 4t v F 2 Hw
e, IO 8 DDEY OBNEREE L2200 ~
40CTOICNERE L, ML BERES LI VT SN L FEE
BED210C~230C L BIF 2~ AR L TV 5 (Fig. 8-A).
—75, SOLVEQ86DETIZENT— 4t vk Buigs
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HToE2Y, MRZERIIES N D - 2(Fig 8-B).
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Fig. 9 Saturation indices for the geothermal water from
Kakkonda well A-2.
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Fig. 10 Saturation indices for the geothermal water from
Kakkonda well A-2 with a modified aluminium con-
centration, 0.4ppm.
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Fig. 11 Saturation indices for minerals calculated for the
geothermal water from Mori well D-8.
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Fig. 12 Saturation indices for minerals calculated for the
geothermal water from Mori well D-11.
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Pig. 13 Saturation indices for the geothermal water from
Okuaizu well OA-4.
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Fig. 14 Saturation indices for the geothermal water from
Reykjanes well &, Iceland.
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Fig. 16 Input form for the calculation at sampling temperature.
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Experiments on the simultaneous partitioning of divalent metal jons between spinel
group minerals (spinel and magnetite) and 2M aqueous chloride solutions

under supercritical conditions

WHE 4 (Etsuo UcHma)*
BEETRF (Chiyoko TAKAHASHI)*
KH #HE (Norimasa OHTA)*

The partitioning of Mg?*, Mn?*, Fe?*, Co?, Ni** and Zn?* between spinel group minerals
(spinel and magnetite) and 2M aqueous chloride solutions was experimentally investigated in
the temperature range of 500 to 800°C, 1kb. The experimental results were analyzed ther-
modynamically taking into consideration the aqueous speciation. ] ’

The partition coefficient ~ iomic radius (PC-IR) diagrams are drawn based on the
experimental results. PC-IR curve for magnetite is parabola-shaped with a maximum between
Co?* and Fe?*, whereas Ni?* and Zn?* deviate from such a trend. The anomaly of Zn?* and
Ni%* may be attributable to their tetrahedral and octahedral site preferency, respectively. The
PC-IR curve becomes gentle with increasing temperature. This means that the element
partitioning becomes weak with increasing temperature. On the other hand, PC-IR curve for
spinel shows a maximum between Ni?*. and Mg?*, but Zn** shows no anomaly unlike the case
of magnetite. This is because the element partitioning occurs in th&tetrahedral site in the case
of spinel.

Keywords: Spinel, Magnetite, Aqueous chloride solution, Partition coefficient, Supercritical

condition
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2002),
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FERART ﬁmfﬁ%z? WENHD, ) OFEELE
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B E R 2 6 BRI A VAR L SRR AR £ o7
PC-IR B (partition coefficient - ionic radius diagram) =
ERRT 2 2 L & D TROSEER 2 2EMICHS 2 288
T& 5%, PC-IREERWIFRKRIE, ERTERWS, 77
2=y DEETH -~ S EIC B B RO EEE)
FHENLT-DIEHN TS (Matsui et al., 1977),

L,+%6+XWX*4%®JUﬂ/7/EK%W
E T ERESEER T2 (HES, 2000, & - NHE,
2000), NS DEES S, Zn B3 A NVAFA b BIUD VT
VEOWTNIEBWTLBELEFERT I N n L
s Tr, MAFEIREF (1965) WX iuE, IR Zo O 4EYT
T4 NERFOEEC LD ERBAEINT D, I VEB
FUANAFA VBT lEEA & i 6B A b
EFEOTVEDT, Z0DLI7% Zn OEE2ZHI, TEE
DTH2L, #IT, KPFETHE, IO L2ERTI-D
W, THEBA A B 4T A P EED I A ALES
WTETRERSEERY T 70, 27, HEDOLD, B
UAEANESNCET 20582 Ea Vg S Tilis
BA AV BT A MRS NS R AW TETT
ERESEER 2T,

1L EERREEERRAGE

1 =EER

FHFRTRRD 2 DDRBWTERET o7,

(1) FetFedrO,(REESH)—(Mg2t, Mn2*, Fert, Co?*, Ni®™,
Zn**)Cl,-H,0

(2) MgAlLO(R & 2V )—(Mg?+, Mn?*, Fe?*, Co*, Ni*,
Zn?*)Cl,~H,0

WL DOBE, D% Fe,0, (FeFe,0) &L, 72, A
EARIVOEE, TSR MgALO, & U TIE(IkiEE & @
I B 1T 5 Me?, Mn?*, Fe?*, Co?*, Nizt, Zn?t O EESE
EEEF T oz,

2. HEHE

WS OEREHFENE » LTI Fe,0, 53K, 27713 Fe
SR 92 L% I Mn, MgO, NiO, CoO ¥R #& 2 =%
DAL DL Fe,0, B KDENE 1 I OB ER W
Fre 7z, A ANOEFEHEIE & LTI MgO & ALO,
DTN OBEEMEER L,

BRI 2 KIGBR e LT, BHEHEEDER
Fe,O, AW EE, & IM MgCl, MnCl,, FeCl,, CoCl,,
NiCl,, ZnCl, AR EBRE A0SR %, EFHSEIE
17 (Fegse, Mnggz, M2Ogs, NiOyys, CoOgp) © Fe,0, IEEY

CKHE HE

PHRAWES, IM FeCl, & IM ZnClL, AER® 5155
Wit 71 OEE T‘?E‘a{a\ UieAds=ER L, 5, A ¢
F LD RSB IIE, ﬁ%lh&?ﬂan7PbCh,CoC,,“th,
ZnCl, KB % 101 I OEIETES LIKEEY |
Az,

3. EEFIE

WE27mm, M2 30mm, B3NS mmOE&EF 2 —7
12 EECEREHEEIE 20~30 me, RUTEATE 20~40 1 B X U
ETHELTHEDT Y o v (Ts’jOJNO5 mg) FEXR

BRI L ﬂ?\b/w mf;’b]@azfc%/g@ Bzl T 57
B, ATVVAEoy P b InEHEEEALET 2 —

TETANFa—THE F&K@%kAnf%ﬁ~%ﬁL
EEITo70, FEERSEHIE S00~300C, 1kb & L, RGHEERE
BREGEBEECHECT4-I0BEE Lz (Tl B LU
Table2), FIMEEREEFCESFONEICRY HTr
OAN—TFT NV ANVBEIS T EWT, rjji/wagxf_yz
AoTEEL:,

Table 1. Experimental conditions in the system FeFe,O,-
(Mg?*, Mn**, Fe?*, Co?r, Ni%*, Zn?")C1,-H,0

Run Duration Temperature Solid” Solution ™
No. days - C mg ul
Mt-01 7 500 30.4 20
Mt-02 7 500 30.1 30
Mi-03 7 600 304 20
Mt-04 7 600 29.9 30
Mi-05 7 700 303 20
Mt-06 7 700 30.3 30
M1-03 7 800 30.2 30
Mt-09 4 800 30.1 20
Mi-10 4 800 302 30
Mt-11 4 700 302 20
Mt-12 4 700 30.5 30
Mi-13 7 600 30.0 20
Mt-14 7 600 30.4 30
Mit-15 7 500 30.8 20
Mt-16 7 500 30.6 30
Mt-17 7 500 19.9 30
Mit-18 10 500 183 40
Mi-19 10 600 19.4 30
Mt-20 10 600 20.0 40
Mt-21 10 700 20.2 30
Mi-22 7 700 20.2 40
Mt-23 7 800 192 30
Mt-24 7 800 20.5 40
Mt-25 7 500 202 30
Mt-26 7 500 20.8 40
Mt-27 7 600 207 30
Mt-28 7 600 21.0 40
Mt-29 7 700 19.5 30
Mt-30 7 700 20.8 40
Mit-31 7 800 20.5 30
Mt-32 7 800 21.1 40

*Mt-01-24: Fe O,

Mt-25-320 (FeooaMngpMgegNing, Copen) Fe, 0,
**Mt-01-24: CaCl, : MnCl, : FeCl, : CoCl, : NiCl, : ZnCl,
Sbeladed,

,27,29, 31 FeClmZDCL:S 1,
,28 30,320 Fe(l,:ZnCl,=7:1
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Table 2. Experimental conditions in the system MgAlLO,~
(Mg?*, Mn**, Fe?*, Co?*, Ni**, Zn**) Cl,-H,O

Run Duration Temperature  Solid’ Solution

No. days C mg ul
Sp-23 7 500 304 30
Sp-40 6 500 29.9 30
Sp-41 6 500 30.0 30
Sp-42 6 500 30.0 30
Sp-43 6 500 30.0 30
Sp-24 7 600 30.5 3
Sp-25 7 600 29.9 30
Sp-26 7 600 30.3 30
Sp-27 7 600 29.4 30
Sp-28 6 700 29.7 30
Sp-29 6 700 30.3 30
Sp-36 6 700 29.8 30
Sp-37 6 700 29.8 30
Sp-39 6 700 30.3 30
Sp-32 6 800 29.8 30
Sp-33 6 800 29.8 30
Sp-44 5 800 30.0 30
Sp-45 5 800 30.3 30
Sp-56 5 &00 30.3 30
Sp-57 5 800 30.0 30
Sp-58 5 800 30.3 30
Sp-59 5 800 29.7 30

*ALO; 1 MgO=1:1
**MnCl, : FeCl, : CoCl, : NiCl, ; ZnClL,=10:1:1:1:1

EiE - BEAEK TR, BERICEREAKCELTE
BL, RIEEZEERS, BEE, RICESE»SEDHL
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BeA 707 oAV —C L 2EESW TR, | SITHE
BT EERR R 100020008k Ui, {5, WA
LT ICP O EAHEEE (SIT SPS-4000) 2w THE
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I EEER
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~50 pm TEIRICE 51 ERESESRE L R HERB R
720 HF7, A ¥ RIVRDOERTIZ, 600~8000C BT,
AV HRN VFEOADBER S NIZHS, S00C TR 73y
LETNE DT AQKBCHORENE SN, ACANVE
HE2BLZ LB TER, FITUTTR0CCKS

F2ACANVEOERBRICEBL TRABEZWI LT
L, R E NI A AN ORIERR 2~4 pm X FEREGIZANE
<, EINBEDENI I ZEEODENERS T,
2. SR CIEEYPERREIC BT 2 TRODE
WskEE (M) BXUAE RV (Sp) LEM7KBIEHIC
BT L 2HEEA 4>~ (Me: Mg, Mn, Fe, Co, Ni, Zn) D%
BRI FNFNRRTERSNE,
FeFe,O, +Me, = MeFe,0,+ Fe; (1)
MgALO, +Me;=MeAlO,+Mg; 2)
22T, Me, iAKEBHERO Me 4 A Y ERT, BB, 22T
BRESESE T O 2 HEEA 4 v OTHEY A MZ6BRATH
D, ACRNVTRABMTH S 2T 5, (1) & (2) DEIBIC
BT B0 QORI Koy EE TN
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rEEREINDL, JIT, X BRI BT S 1 ERSD
ENSRTHD, yoold, BAVPKERTCBT 2 1 €81
F U DENGEERRT,

Table 3~Table 9 I EER TR O, AR IVE &L
VEALYIABERTIZ B 2 2iE&BA 4 v DELSE LR
Y1 — EACREHE DO ATRE (log Kep) 2777, HIEKIL
F TR B D E 7896 £V % 5 FeFe,O, RS & D %t
D, BOD A~ FNLFHEFDOMOKS (MeFe,0,) £ D
25, {5, ACRNEZTHEEDIL~YE VS Z
MgALO, BEESH3 5D, B O 1~8 B % #5F DD L
4 (MeALO,) TH 5,

TEONEERRIEL o, SEEECE 6 A 4 >
R LTT oy b Lz PC-IREAEDLNL S, TR
KRIBENTIEA 7 R LS OFSEEE I hE - THRARYZ
BEIR R (Matsui et al., 1977; T3, 1979), EEERD>
SELNASEEE LA A EEOBEFRE Figuel &
Figure 2 WRT, & ZTH, 44 »¥F & LT Shannon-
Prewitt 2% (Shannon and Prewitt, 1970) % Av>7z,

Figure | 8 X U Figure 2 726, FEEREETBWT 2
SBA 4 OB L UAE A NVADBE LS 2 DIEF
i, IZIEROBEY TH S,

SRR Nizt> Co?t > Fe? > Mgt > Mn*+ 2 Zn**
A E FIVFR Mgt > Nizt > Co?t > Zn?* > Fe?* > Mn**

PC-IR B R8T, BEEER T Fer & Co?* OEIC
TEE R b OISO MBS E SN 528, Nitt & Zn* i
FOMEEMSRE NG, T, BRICZLIZDONTH
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Table 3. Mole fractions of cations in magnetite and aqueous chloride solution, and partition coefficients at 500°C, 1 kb

Run No. Mg Mn Fe Co Ni Zn
Magnetite 0.0064 0.0091 0.8702 0.0704 0.0521 0.0000
Mt-01 Fluid 0.1313 0.1408 0.5488 0.0291 0.0014 0.1487
log Kps -1.513 -2.388 0.000 0.184 1.383 .
log Koy -1.253 -2.357 0.000 0.196 1.371 -
Magnetite 0.0035 0.0009 0.8248 0.0814 0.0858 0.0035
Mt-02 Fluid 0.1437 0.1463 0.5045 0.0634 0.0016 0.1406
log Kpn -1.822 2,432 0.000 -0.105 1.530 -1.812
log Koy -1.569 -2.399 0.000 -0.091 1515 -1.79%
Magnetite 0.0065 0.0037 0.8820 0.0608 0.0432 0.0018
Mt-15 Fluid 0.1322 0.1396 0.5697 0.0287 0.0003 0.1296
log Kpg -1.501 -1.768 0.000 0.137 1.946 2,037
log Ken -1.244 -1.737 0.000 0.149 1.938 22,024
Magnetite 0.0063 0.0027 0.8400 0.0831 0.0653 0.0027
Mt-16 Fluid 0.1362 0.1323 0.5496 0.0507 0.0003 0.1307
log Kpg -1.522 -1.877 0.000 0.030 1.935 -1.872
fog Ken -1.268 -1.845 0.000 0.043 1.918 -1.859
Magnetite 0.0048 0.0010 0.9231 0.0446 0.0266 0.0000
Mt-17 Fluid 0.1462 0.1298 0.6061 0.0348 0.0028 0.0803
log Kpg -1.671 -2.318 0.000 -0.074 0.788 -
log Koy -1.431 2,284 0.000 -0.060 0.774 .
Magnetite 0.0321 0.0113 0.5151 0.0283 0.0094 0.0038
Mt-18 Fluid 0.1463 0.1314 0.5778 0.0518 0.0025 0.0902
log Kpg -0.859 -1.264 0.000 -0.462 0.383 -1.578
log Kpy -0.616 -1.230 0.000 -0.449 0.369 -1.565
Magnetite 0.0000 0.0019 0.9403 0.0269 0.0288 0.0019
Mi-235 Fluid 0.0700 0.0422 0.8467 0.0340 0.0020 0.0051
log Kpg . -1.388 0.000 -0.148 1.106 -0.456
log Ko . -1.368 0.000 -0.140 1.097 -0.458
Magnetite 0.0039 0.0000 0.9639 0.0176 0.0127 0.0020
Mi-26 Fluid 0.0533 0.0397 0.8753 0.0235 0.0011 0.0071
log Kpg 1,177 - 0.000 0.167 1.014 -0.603
log Kpy -0.853 - 0.000 -0.161 1.009 -0.597
DRESDEBAAETNT WD I L6, §Y L E{LiE
v, = £

L 2{B&EA A4 OREERIZONT
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ST TXT T A PC-IR HHRR L DEER DI 5 T B,

WA L A VA F 4 PRI BT 2 TESEOERD
BT B T Es, EEEEROTESEICH T 2 3EFIL,
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BRCBTITESER, T LTAF V2B -EREE
WEDEE2EbEZOND, HMEERBL VAV AFA
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Mgz > Ni2+ > Co?* > Zn?+ > Fe?* > Mn?*
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Table 4. Mole fractions of cations in magnetite and aqueous chloride solution, and partition coefficients at 600°C, 1 kb

Run No. Mg Mn Fe Co Ni Zn
Magnetite 0.0243 0.0075 0.9009 0.0308 0.0336 0.0028
Mt-03 Fluid 0.0766 0.1248 0.6639 0.0068 0.0015 0.1263
log Kpg -0.631 -1.355 0.000 0.523 1.214 -1.786
log Kpy -0.504 -1.344 0.000 0.527 1.211 -1.782
Magnetite 0.0268 . 0.0065 0.8828 0.0378 0.0415 0.0046
Mt-04 Fluid 0.0986 0.1302 0.6184 0.0168 0.0014 0.1346
log Kpp 0.721 -1.459 0.000 0.198 1.309 -1.619
log Kpy -0.600 -1.445 0.000 0.204 1.302 -1.614
Magnetite 0.0267 0.0065 0.8811 0.0424 0.0387 0.0046
Mt-13 Fluid 0.0921 0.1307 0.6299 0.0188 0.0006 0.1280
log Kpp -0.683 -1.452 0.000 0.208 1.644 -1.590
log Kpn -0.560 -1.439 0.000 0.213 1.641 -1.584
Magnetite 0.0291 0.0064 0.8643 0.0528 0.0455 0.0018
Mt-14 Fluid 0.1161 0.1315 0.5955 0.0241 0.0006 0.1321
log Kpp -0.762 -1.476 0.000 0.178 1.729 -2.022
tog Kpn -0.647 -1.460 0.000 0.184 1.722 -2.016
Magnetite 0.0000 0.0137 0.7812 0.0368 0.1650 0.0034
Mt-19 Fluid 0.1341 0.1272 0.6392 0.0221 0.0028 0.0747
log Kpg - -1.056 0.000 0.133 1.681 -1.426
log Kpy - -1.037 0.000 0.140 1.673 -1.419
Magnetite 0.0206 0.0075 0.9045 0.0525 0.0112 0.0037
Mt-20 Fluid 0.1353 0.1314 0.6339 0.0264 0.0023 0.0707
log Kpp -0.972 -1.398 0.000 0.144 0.536 -1.430
log Kpy -0.865 -1.379 0.000 0.152 0.528 -1.423
Magnetite 0.0135 0.0010 0.9497 0.0135 0.0222 0.0000
Mt-27 Fluid 0.0622 0.0466 0.8695 0.0147 0.0015 0.0056
Jog Kpp <0.701 -1.721 0.000 -0.073 1.132 -
log Kpn -0.581 -1.711 0.000 -0.069 1.129 -
: Magnetite 0.0087 0.0029 0.9460 0.0193 0.0212 0.0019
Mt-28 Fluid 0.0519 0.0377 0.8899 0.0129 0.0012 0.0064
log Kpg -0.804 -1.141 0.000 0.1495 1.208 -0.551
log Kpn -0.679 -1.132 0.000 0.1527 1.204 -0.548
WEERR L TWwa, JRE Zot DS 4B A b 2T FeFe,O, + MeCly’ 2= MeFe,0,+ FeClyaq (5)

HEEOENTH B EHBEEINTHE, LrLEgs, A
ANEEZ BT In? MDD 2 HEEA 4 v L B -7 18
HERLTOBRTEEZWI EMms, L5, ZnH B4
[T A WEADTA P EFERWIEICE 2 EEBHAN
%,

2. BEEOFEZE

Wiskgh s L URE A0V EEMYPREEB BT 2 8%
OATERIGIE, #hFEn (), Q) R0k3wFEshz, L
L, (1), @) KRBV TREFEENBESINL TR
IS ORBEEREROEERL Ty, 1kbT
500°C 282 2 BB TR T NVA ViEehEE Lz wiEl
VIKBERIZBSTIE LAY O 2EERA F > 3hiEaEE
ELUTHERET 2 382 505 (H1 21, Boctor, 1985; Boctor
et al., 1980; Lin and Popp, 1984), # & TEBGEEETH
HHMHAGEEERGD LA 4 VBRI, Kok d iz
Eergans,

MgALO, +MeCly"aq=MeALO, +MgCly aq 6)
EERICBEIE U T B MeCl 1A A S Ebes (, 8

FEKEETTIEZOE L A Y R EATRE L CEET

L, —ERIXRD I DR TWwB,
MgCly'ag=MgCl* oy +Cl-yq %
MgCl* o =Mg#,q+Cl7 4y (8)

T2 b B MgClys, MgClt,,, Mgtt,, DINEETHEELTH
D, MgClymp R EDEREEHWRER L 2w EZEZSND
(Frantz and Marshall, 1982: Uchida et al., 1996b),

fti5, MeCl, (Me: Mn, Fe, Co, Ni, Zn) REfIESEN
5 <, IR T CIRHMOBEDENEE L L WiEE,
F & UTHEERTRE MeCly'a & UTHFEET 08, MgCl, 2%
BHETDEINLOHEENL Cl A Y EfEAL, X
DEFE & D MeCls’aq 72 EDER Y v uEEEERT %,

MeClyaq+ Clmg=MeCl, ®)
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Table 5. Mole fractions of cations in magnetite and aqueous chloride solution, and partition coefficients at 700°C, | kb
Run No. Mg Mn Fe Co Ni Zn
Magnetite 0.0191 0.0067 0.9295 0.0172 0.0219 0.0057
Mt-05 Fluid 0.0252 0.1034 0.7523 0.0036 0.0024 0.1132
log Kpp -0.213 -1.282 0.000 0.589 0.874 -1.389
log Kpy -0.163 -1.281 0.000 0.590 0.873 -1.388
Magnetite 0.0317 0.0084 0.8975 0.0252 0.0326 0.0047
Mt-06 Fluid 0.0457 0.1135 0.7080 0.0103 0.0023 0.1202
log Kpg -0.262 -1.234 0.000 0.283 1.056 -1.515
log Kpy -0.222 -1.232 0.000 0.284 1.055 -1.514
Magnetite 0.0467 0.0149 0.8992 0.0224 0.0121 0.0047
Mt-11 Fluid 0.0696 0.0488 0.7895 0.0118 0.0005 0.0798
log Kpp -0.230 -0.570 0.000 0.221 1.299 -1.250
log Kpy -0.197 -0.567 0.000 0.222 1.301 -1.288
Magnetite 0.0540 0.0174 0.8720 0.0320 0.0174 0.0073
Mt-12 Fluid 0.0679 0.1248 0.7025 0.0153 0.0009 0.0886
log Kpp -0.194 -0.950 0.000 0.226 1.204 -1.177
log Kpx -0.158 -0.947 0.000 0228 1.205 -1.176
Magnetite 0.0370 0.0085 0.9213 0.0199 0.0133 0.0000
Mt-21 Fluid 0.0652 0.1115 0.7272 0.0151 0.0035 0.0775
log Kpg -0.349 -1.219 0.000 0.016 0.482 -
log Kpn -0.314 -1.216 0.000 0.017 0.480 -
Magnetite 0.0314 0.0114 0.9258 0.0209 0.0086 0.0019
Mt-22 Fluid 0.0787 0.1154 0.7152 0.0151 0.0025 0.0731
log Kpg -0.511 -1.117 0.000 0.029 0.42% -1.697
log Kpy -0.478 -1.114 0.000 0.031 0.427 -1.696
Magnetite 0.0126 0.0010 0.9497 0.0174 0.0174 0.0019
Mt-29 Fluid 0.0477 0.0422 0.8903 0.0119 0.0017 0.0061
log Kpp -0.607 -1.663 0.000 0.136 0.993 -0.528
log Kpy -0.571 -1.665 0.000 0.137 0.993 -0.527
Magnetite 0.0078 0.0010 0.9591 0.0175 0.0146 0.0000
Mt-30 Fluid 0.0383 0.0367 0.9060 0.0108 0.0013 0.0069
log Kpp -0.716 -1.602 0.000 0.186 1.010 -
fog Kpy -0.678 -1.600 0.000 0.187 1.008 -
> T, ERBEREINFRICENT 20 h7: ) BEFE BORERZ (10~(15) XOEERGFA L EEERAREHE

BEA2RDILERH L, 22T, BEEE LT MgCly'a,
MgCl* 4, Mg o, MeClymoo, MeCly'ag, Clmyy DA EREET
&, IHHOEFENICIUTOEERES L E8EA
HBELD LD,

2 g s = m(Mg? o)+ m(MgClt )+ m(MgClyaq) (10)

2 e, 1= m{MeCly’ s ) + m(MeCly ™ aq) (1n
(Me: Mn, Fe, Co, Ni, Zn)
= m{Cl7aq) + m{MgCl¥ aq) +2m(MgCly"aq)
F2m(MeCly aq) T 3m(MeCls aq) =2 (12)
KE(MeCl¥ag)=a(Mgaq)+ a(Cl7aq)/ a(MgCl7eg)  (13)

K(MgClyaq)= a(MgCl7ac)* a(Cl7aq)/ a(MgCly'ae) (14)
K (MeCly™aq)= a{MeCls 2/ {a(MeCly"aq) - a(Cl 2a))
(15)
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, oy BEGKEERICBITS 1 TES
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)7 oo EOERRERICIZAES (2000) @ Table
@Lz%mto FFEWE, LUk (1995) BMEEL LT u S S
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Table 6. Mole fractions of cations in magnetite and aqueous chloride solution, and partition coefficients at 800°C, 1 kb

Run No. Mg Mn Fe Co Ni Zn
Magnetite 0.0261 0.0112 0.8966 0.0261 0.0298 0.0102
Mt-08 Fluid 0.0187 0.0999 0.7586 0.0100 0.0035 0.1070
log Kpg 0.046 -1.025 0.000 0.344 0.854 -1.092
log Kpy 0.072 -1.024 0.000 0.344 0.854 -1.091
Magnetite 0.0192 0.0115 0.9385 0.0144 0,0077 0.0086
Mt-09 Fluid 0.0358 0.0702 0.8497 0.0105 0.0003 0.0333
log Kpp -0.314 -0.828 0.000 0.092 1.316 -0.629 -
log Kpy -0.295 -0.827 0.000 0.093 1.310 -0.629
Magnetite 0.0076 0.0105 0.9322 0.0277 0.0103 0.0115
Mt-10 Fluid 0.0453 0.0824 0.8139 0.0139 0.0003 0.0442
log Kpg -0.831 -0.953 0.000 0.242 1.422 -0.645
log Kpn -0.813 -0.952 0.000 0.242 1.418 -0.645
Magnetite 0.0209 0.0152 0.9268 0.0238 0.0076 0.0057
Mt-23 Fluid 0.0378 0.0969 0.7902 0.0151 0.0035 0.0566
log Kpp -0.326 -0.873 0.000 0.127 0.270 -1.065
log Kpy -0.306 -0.872 0.000 0.128 0.269 -1.065
Magnetite 0.0124 0.0181 0.9267 0.0266 0.0105 0.0057
Mt-24 Fluid 0.0444 0.1083 0.7627 0.0159 0.0033 0.0654
log Kpg -0.640 -0.862 0.000 0.140 0.411 -1.143
log Kpn -0.621 -0.861 0.000 0.140 0.411 -1.143
Magnetite 0.0222 0.0058 0.9469 - 0.0145 0.0106 0.0000
Mt-31 Fluid 0.0264 0.0366 0.9189 0.0100 0.0016 0.0065
log Kpp -0.088 -0.814 0.000 0.147 0.810 -
log Kpy -0.067 -0.813 0.000 0.148 0.811 -
Magnetite 0.0203 0.0019 0.9516 0.0155 0.0106 0.0000
Mt-32 Fluid 0.0260 0.0320 0.9236 0.0098 0.0016 0.0070
log Kpp -0.120 -1.231 0.000 0.185 0.800 -
log Kpn -0.099 -1.231 0.000 0.185 0.799 -

Table 7. Mole fractions of cations in spinel and aqueous chloride solution, and partition coefficients at 600°C, 1 kb

Run No. Mg Mn Fe Co Ni Zn
Spinel 0.991 0 0.003 0.003 0.001 0.002
Sp-76 Fluid 0.654 0.184 0.107 0.025 0.002 0.027
log Kpp 0.000 -2.781 -1.67 -1.14 -0.523 -1.361
log Kpn 0.000 -2.686 -1.659 -1.095 -0.478 -1.389
Spinel 0.967 0.002 0.009 0.011 0.003 0.009
Sp-88 Fluid 0.498 0.28 0.141 0.034 0.003 0.045
log Kpg 0.000 -2.457 -1.5 -0.787 -0.234 -1.004
log Kpn 0.000 -2.429 -1.537 -0.798 -0.244 -1.069
Spinel 0.981 0.002 0.004 0.005 0.001 0.006
Sp-89 Fluid 0.568 0.208 0117 0.043 0.003 0.062
log Kpg 0.000 -2.305 -1.685 -1.156 -0.572 -1.246
log Kpy 0.000 -2.242 -1.696 -1.137 -0.552 -1.291
Spinel 0.972 0.001 0.007 0.009 0.003 0.007
Sp-90 Fluid 0.534 0.237 0.139 0.035 0.003 0.052
log Kpg 0.000 -2.648 -1.537 -0.83 -0.195 -1.108
log Kpy 0.000 -2.600 -1.559 -0.824 -0.189 -1.162
Spinel 0.977 0.002 0.005 0.008 0.002 0.006
Sp-91 Fluid 0.489 0.284 0.146 0.032 0.003 0.047
log Kpg 0.000 -2.363 -1.762 -0.895 -0.492 -1.183

log Kpn 0.000 -2.339 -1.801 -0.908 -0.506 -1.250
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Table 8. Mole fractions of cations in spinel and aqueous chloride solution, and partition coefficients at 700°C, 1 kb

Run No. Mg Mn Fe Co Ni Zn
Spinel 0.968 0.002 0.006 0.013 0.002 0.008
Sp-28 Fluid - 0.58 0.219 0.136 0.027 0.002 0.036
log Kpg 0.000 -2.277 -1.553 -0.545 -0.136 -0.867
log Kpn 0.000 -2.258 -1.557 -0.540 -0.131 -0.881
Spinel 0.966 0.002 0.008 0.014 0.004 0.006
Sp-29 Fluid 0.587 0.209 0.133 0.03 0.003 0.03%
log Kpp 0.000 -2.203 -1.443 - -0.536 -0.172 -1.013
log Kpy 0.000 -2.182 -1.446 -0.529 -0.166 -1.026
Spinel 0.971 0.002 0.006 0.009 0.007 0.006
Sp-81 Fluid 0.562 0.23 0.141 0.031 0.002 0.035
log Kpy 0.000 -2.329 -1.639 -0.783 0.304 -0.997
log Kpy 0.000 -2.311 -1.645 -0.780 0.307 -1.013

Spinel 0.964 0.002 0.008 0.012 0.004 0.01
Sp-82 Fluid 0.584 0.21 0.135 0.03 0.002 0.039
log Kpg 0.000 -2.229 -1.456 -0.623 0.151 -0.801
log Kpy 0.000 -2.209 -1.460 -0.617 0.157 -0.815

Table 5. Mole fractions of cations in spinel and aqueous chloride solution, and partition coefficients at 800°C, 1 kb

Run No. Mg Mn Fe Co Ni Zn
Spinel 0.971 0.002 0.007 0.009 0.002. 0.008
Sp-56 Fluid 0.516 0.251 0.144 0.035 0.002 0.051
log Kpg 0.000 -2.354 -1.599 -0.849 -0.307 -1.06
log Kpy 0.000 -2.350 -1.602 -0.849 -0.307 -1.067
Spinel 0.961 0.002 0.009 0.012 0.005 0.012
Sp-57 Fluid 0.528 0.238 0.142 0.036 0.002 0.055
log Kpp 0.000 -2.305 -1.481 -0.745 0.088 -0.934
log Kpy 0.000 -2.299 -1.484 -0.744 0.088 -(.940
Spinel 0.966 0.003 0.008 0.01 0.003 0.011
Sp-58 Fluid 0.532 0.247 0.13 0.034 0.002 0.055
log Kpp 0.000 -2.238 -1.459 -0.81 -0.013 -0.974
log Kpy 0.000 -2.232 -1.462 -0.809 -0.013 -0.981
Spinel 0.977 0.002 0.006 0.006 0.002 0.007
Sp-59 Fluid 0.545 0.238 0.134 0.034 0.002 0.047
log Kpg 0.000 -2.32 -1.582 -0.978 -0.237 -1.093
log Key 0.000 -2.314 -1.585 -0.977 -0.236 -1.099
Spinel 0.959 0.004 0.01 0.012 0.003 0.012
Sp-84 Fhid 0.68 0.169 0.1 0.023 0.001 0.026
log Kpp 0.000 -1.791 -1.134 -0.436 0.15 -0.482
log Kpy 0.000 -1.779 «1.132 -0.430 0.156 -0.485
Spinel 0.971 0.002 0.006 0.008 0.003 0.01
Sp-85 Fluid 0.665 0.183 0.102 0.023 0.002 0.026
log Kpp 0.0660 -2.103 -1.415 -0.615 0.072 -0.587

log Kpn 0.000 -2.091 -1.415 -0.610 0.077 -0.590
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Fig. 1. PC-IR diagram for magnetite at temperatures from 500 to 800°C, 1 kb.
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Experiments on the simultaneous partitioning of divalent metal ions
between sphalerite or garnet and 2M aqueous chloride
solutions under supercritical conditions

A R4 (Etsuo UcHma)®
B @2 (Michiyuki Furkuma)*
B (% (Fumitoshi SATO)*
#PE  E (Sho Enpo)*

Experiments on the simultaneous partitioning of divalent metal ions were performed in the
systems (1) ZnS (sphalerite)-(Ni**, Co?*, Fe**, Mn?*, Cd**)ClL,-H,0 and (2) Mn,AlLSi,O,,
(spessartine)-(Ni**, Mg?**, Co**, Zn**, Fe**, Ca?") Cl,-H,0 in the temperature range of 500 to
800°C at 1 kb. In the former system for ion partitioning in the 4-fold coordination, parabola-
shaped PC-IR curves with a peak near Zn?* were obtained and no anomaly was observed for
Zn** and Ni** but Cd*". In the latter system for ion partitioning in the 8-fold coordination,
parabola-shaped PC-IR curves with a peak near Mn?* were obtained, but Zn?* deviates from
such a trend and tends to concentrate into aqueous chloride solutions. The PC~IR curves for
spessartine are gentle compared with those for sphalerite.  The PC-IR curves both for spessar-
tine and sphalerite become gentle with increasing temperature.

Keywords: Sphalerite, Garnet, Spessartine, Aqueous chloride solution, Partition coefficient,
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Supercritical condition
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Table 1. Experimental conditions in the system ZnS (sphalerite)~
(Ni?*, Co®*, Fe?*, Mn?*, Cd*}Cl,~H,0

Run Duration  Temperature  Solid  Solution”

No. days C mg ot
sph3502 8 500 302 30
sph503 8 500 29.8 30
sph504 g 500 29.9 30
sph 505 g 500 30.0 30
sph 506 8 500 30.1 30
sph 509 & 500 30.4 30
sph 510 8 500 299 30
sph 511 8 500 303 30
sph 512 8 500 29.8 30
sph 601 7 600 30.3 30
sph 602 7 600 29.8 30
sph 605 7 600 30.0 30
sph 606 7 600 30.2 30
sph 607 7 600 29.9 30
sph 609 7 600 30.0 30
sph 610 7 600 29.8 30
sph 611 7 600 303 30
sph 612 7 600 30.2 30
sph 721 5 700 30.2 20
sph 722 5 700 30.9 20
sph 723 5 700 285 20
sph 724 5 700 298 20
sph 809 4 800 29.3 20
sph 8§10 4 800 30.5 20
sph 813 4 800 29.0 20
sph 814 4 800 29.6 20
sph 815 4 800 30.0 20
sph 8§16 4 800 30.4 20
sph 817 4 800 29.7 20
sph 818 4 §00 299 20
sph 821 4 &00 29.8 20
sph 8§23 4 800 29.8 20
*ZnS.
**FeCl,: CoCl,: NiCl,y MnCl,: CdCl,=1:1:1:1:1 for
sph502-506, 601, 602 and 605-607, FeCl,: CoCl,: NiCl,:
MnCly: CdCly=1:1:10:10:10 for sph309-512, 609-612, 721~

724, 809-810, 813-818, 821 and 813.

11 =R EEREAE
1. EEHR
KRETIE, XD 2D20RET LT, &Y —EmiE

BEW BT 2 2@EEA 7 ORESEER ST 577,
(1) ZnS (BIEEIT)-(N1*, Co?, Fe**, Mn?*, Cd**)Cl,-
H,0 %

) MnALSLO, (RS L F 4 2)-(Ni2F, Mg+, Co?*
Zn?*, Fe*, Ca*)Cl,-H, o%

3

1) DFRTIE, ZnS (FFFRAN) WA % Eksr, NiS, CoS
DADIFE ST EHERS & L kw&w, (2) DFR T,
Mn AL S0y, (A9 IVT 4 o) BEELS & TS, NiLAL
Sis0y,, Mg, ALSHO,, EOMOER G R ER 7« L TE

Wotr, MERITS LT, KERDOESA 4 VIBEL?2

mol/l & L7z,

2. HEWE

InS ODEFWE - LTz, ) v 7 25 U w7 OkRE
ZnS (BSEESARSE & 7 VY HLDESYD BRIz, FAERE
I T B RIGER I, 1mol/l D FeCl,, CoCl,, NiCl,,
MnCl, 38 & U CdCL EKBREEEBLEH 203 111
10010 10 OFEBEETREEEDE b DORER L,

Mn, ALSHO, (AT 4 v OHESE - LTI,
MROEE Mn, ALO, BLUSIO 2 E N3 130D
ETES L% 1 mol/l O MaClL B 1%, 300°C,
Tkb DEETTT AN Fa—HBRIEAEZZA LTS H
BRIESETER LI AT LT 4 VEERL:, Bk X
#EFTO (RIGAKU RAD-IR) O#ER, FICERTIZ 2
TARYNT 4 2 TH oIz, M, ARYNT 4 T
DERIGE® L L T, Tmol/id] \IiClz, Mchlz, CoCl,,
ZnCl,, FeCl, 8 J: U CaCl, & RIBWH % (50103
HEELETES LI LORERL:,
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Table 2. Experimental conditions in the system Mn,;AlSi;O,
(spessartine)-(Ni?*, Mg?*, Co?*, Zn?*, Fe?*, Ca**)Cl,-H,0

Run Duration Temperature  Solid.  Solution™

No. days T mg ul
sped29 14 500 159 20
sped30 14 300 16.8 20
spe439 14 500 15.1 20
sped40 14 500 14.8 20
spe4s2 14 500 14.9 20
sped56 14 500 22.4 20
spe457 14 500 15.0 20
speds8 14 500 14.4 20
sped25 10 600 19.8 20
sped27 10 600 19.6 20
sped28 10 600 213 20
spe4d6 10 600 15.5 20
sped3s 8 700 30.5 20
sped36 8 700 17.0 20
sped37 8 700 16.5 20
sped47 8 700 15.1 20
spe448 8 700 15.1 20
sped49 8 700 14.7 20
spe450 8 700 14.9 20
sped(2 7 800 19.7 20
sped0d 7 800 214 20
sped07 7 800 21.4 20
sped1] 7 800 212 20
sped12 7 800 21.6 20
spe414 7 800 17.3 20
spe41s 7 800 14.0 20
sped19 7 800 14.4 20
sped20 7 800 16.0 20
sped22 7 800 14.6 20
sped23 7 800 14.3 20
spe424 7 800 15.7 20

*Synthesized spessartine.

**NiCly: MgCly: CoCly: ZnCly: FeCl,: CaCly,=5:2:3:5:1:3.

3. EBRFIE

ERHEDES & URICER 2 /ME 30 mm, WE2T
mm, BXBIT 30~ mm O&EF 2 —T iy —R B
EROCLBESABRC L DEA L, PIESICTT 258
OEE I, BERHFEWE (ZoS) 20~30mg, RIGER
200l BLUEBTH THLT v b 72 0. Himg %%
Fa—TWEHA Lz, ARV VT 4 V20T 2 EBROBS
Wi, ERUTERANY VT 4 v A THSETERL
TEL NI EREHFE 15~30 mg, FSAYR 20 1l B
FUT7 Vo208 ) 2EF 2T RE AL,
BEAREZNELLTIODAT L Any s d
WEEEEHALRS Y T VEFA N F o —THOBEER
IEEEIC AN, BE X I UBEFC TIE L 7o, IR,
BISEBOMBECI D (110727 1 A )b — 7 v A )VEVET %
BoTHEL, EhEA ¥y - CllE Lz, [HEEss
B L VA NT 4 VOFERRICE T, BEIZS00~
800°C, FESiE 1 kb & Uz, &7z, RIGHERRE W, POEAIERA
ERLT, ~8 B E L, ARFNT 4 VRICHL TR
S~14 HRE & U7z (Tables | and 2),
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Table 3. Experimental result for sphalerite at 500°C, 1 kb.

chloride solution, and partition coefficients

cEE XE-E R =

Mole fractions of cations in sphalerite and aqueous

Run No. Mn Fe Co Ni Zn Cd
Sphalerite 0.000 0.006 0013 0.002 0.960 0.018
sph302 Fluid 0.217 0.012 0.004 0.196 0.571 0.000
log Kpg. log Koy - -0.495 0298 -2.155 0.000 1711
Sphalerite 0.000 0.007 0.014 0.003 0.960 0.016
sph 503 Fluid 0.170 0.011 0.002 0.116 0.701 0.000
log Kpp log Ky~ -2.954 -0.321 0.725 -1.769 0.000 1.895
Sphalerite 0.000 0.007 0.017 0.006 0.933 0.038
sph 504 Fluid 0.209 0.012 0.003 0.214 0.561 0.000
log Keg log Kex . -0.476 0.560 -1.778 0.000 1.908
Sphalerite 0.000 0.007 0.013 0.003 0.959 0.019
sph 505 Fluid 0178 0011 0.002 0.155 0.654 0.000
log Kpg log Kpy  -3.185 -0.348 0.660 -1.915 0.000 1.846
Sphalerite 0.002 0.008 0.017 0.003 0.949 0.021
sph 506 Fluid 0.201 0.012 0.003 0.183 0.602 0.000
log Kpg log Ky -2.228 -0.366 0.589 -2.003 0.000 . 1.803
Sphalerite 0.000 0.002 0.003 0.002 0.969 0.024
sph 509 Fluid 0.410 0.006 0.001 0.010 0.572 0.000
log Kpg log Kpy ~ -3.441 -0.783 0.168 -0.866 0.000 1.458
Sphalerite 0.001 0.002 0.002 0.005 0.962 0.028
sph 510 Fluid 0.413 0.009 0.002 0.011 0.564 0.001
log Kpg log Kpyy  -3.124 -0.808 -0.056 -0.612 0.000 1.180
Sphalerite 0.001 0.002 0.002 0.003 0.971 0.022
sph 511 Fluid 0.418 0.005 0.002 0.011 0.563 0.000
log Keg log Kpy  -2.896 -0.766 -0.270 -0.828 0.000 1.465
Sphalerite 0.001 0.002 0.002 0.002 0.966 0.028
sph 512 Fluid 0.461 0.006 0.002 0.011 0519 0.001
log Kpg log Kay  -3.229 -0.764 -0.130 -1.100 0.000 1271
ﬁ@%ﬁu%QIﬁ@ R SNE o, ERENBTE L%ﬁ@ﬁb:%95 N7 DFERE (Kee) 1EEN
LR EREEEL, EERETEMET CHRENE NEDESICEEFDEND
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Table 4. Experimental result for sphalerite at 600°C, 1 kb. Mole fractions of cations in sphalerite and aqueous
chloride solution, and partition coefficients

Run No. Mn Fe Co Ni Zn Cd
Sphalerite 0.026 0.011 0.023 0.004 0.937 0.000
sph 601 Fluid 0.186 0.009 0.003 0.167 0.635 0.000
log Kpg_log Kpn  -3.229 -0.764 -0.130 -1.100 0.000 1.271
Sphalerite 0.017 0.010 0.014 0.005 0.954 0.000
sph 602 Fluid 0.211 0.014 0.004 0.182 0.590 0.000
log Kpp log Kpy  -2.948 -0.358 0.380 -1.739 0.000 1.677
Sphalerite 0.025 0.009 0.020 0.004 0.942 0.000
sph 605 Fluid 0.254 0.018 0.003 0.217 0.508 0.000
log Kpg log Kpy  -3.201 -0.554 0.594 -2.040 : 0.000 1.735
Sphalerite 0.021 0.009 0.017 0.005 0.947 0.000
sph 606 Fluid 0.221 0.015 0.005 0.178 0.581 0.000
log Kpp_ log Kpy  -2.954 -0.449 0.360 -1.740 0.000 1.843
Sphalerite 0.026 0.008 0.017 0.004 0.944 0.001

sph 607 Fluid 0.052 0.001 0.006 0.632 0.307 0.001
log Kpg log Kpy  -2.473 0.307 -0.031 -2.699 0.000 0.919.
Sphalerite 0.027 0.002 0.001 0.002 0.964 0.002
sph 609 Fluid 0.346 0.004 0.001 0.014 0.634 0.001
log Kpg log Kpyy  -2.368 -0.441 -0.050 -0.984 - 0.000 1.427
Sphalerite 0.024 0.002 0.003 0.004 0.967 0.001
sph 610 Fluid 0.387 0.005 0.001 0.021 0.586 0.001
log Kpg logKpy  -2.772 -0.713 0.166 -0.931 - 0.000 1.398
Sphalerite 0.025 0.002 0.002 - 0.002 0.967 0.001
sph 611 Fluid 0.377 0.006 0.001 0.022 . 0.594 0.001
log Kpg_tog Kpy  -2.757 -0.710 0.257 -1.179 0.000 1.410
Sphalerite 0.027 0.002 0.002 0.002 0.966 0.001
sph 612 Fluid 0.395 0.005 0.001 0.036 0.563 0.001
log Kpp log Kpy  -2.884 -0.609 0.118 -1.397 0.000 1.273

Table 5. Experimental result for sphalerite at 700°C, 1 kb. Mole fractions of cations in sphalerite and aqueous
chloride solution, and partition coefficients

Run No. Mn Fe Co Ni Zn Cd
Sphalerite 0.003 0.002 0.002 0.004 0.968 0.022
sph 721 Fluid 0.679 0.009 0.002 0.024 1.000 0.001
log Kpp log Kpy  -2.300 -0.734 0.023 -0.780 0.000 1.494
Sphalerite 0.004 0.002 0.002 0.006 0.966 0.019
sph 722 Fluid 0.256 0.005 0.001 0.018 1.000 0.000
log Kpg log Kpy  -1.766 -0.327 0217 -0.426 0.000 1.667
Sphalerite 0.003 0.002 0.002 0.005 0.971 0.018
sph 723 Fluid 0.283 0.006 0.001 0.022 1.000 0.002
log Kpg log Kpy  -1.975 -0.462 0.189 -0.635 0.000 1.015
Sphalerite 0.005 0.001 0.001 0.005 0.969 0.019
sph 724 Fluid 0.257 0.004 0.001 0.021 1.000 0.001

log Kpp log Koy -1.737 -0.543 0.188 -0.588 0.000 1319
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Table 6. Experimental result for sphalerite at 800°C, 1 kb.

chloride solution, and partition coefficients

LB X -EE OB

Mole fractions of cations in sphalerite and aqueous

Run No. Mn Fe Co Ni Zn Cd
Sphalerite 0.018 0.014 0.010 0.002 0.952 0.003
sph 809 Fluid 0.427 0.016 0.000 . 0.039 0.516 0.003
log Kpg log Koy -1.629 -0.306 - -1.534 0.000 -0.297
Sphalerite 0.022 0.019 0.014 0.002 0.943 0.001
sph 810 Fluid 0.372 0.018 0.000 0.027 0.581 0.002
log Kpg_ log Kpw -1.441 -0.205 - -1.450 0.000 -0.607
Sphalerite 0.024 0.020 0.038 0.002 0.916 0.001
sph 813 Fluid 0.476 0.015 0.000 0.044 0.464 0.001
fog Kpg_log Ken -1.594 -0.177 - -1.717 0.000 -0.411
Sphalerite 0.008 0.003 0.002 0.004 0.978 0.006
sph 814 Fluid 0.387 0.022 - 0.003 0.039 0.548 0.001
log Kpg_log Ken -1.943 -1.151 -0.354 -1.282 0.000 0.367
Sphalerite 0.006 0.002 0.002 0.005 0.975 0.011
sph 815 Fluid 0.312 0.011 0.002 0.036 0.639 0.001
log Kpg_log Ken -1.873 -(.996 -0.235 -1.050 0.000 0.841
Sphalerite 0.007 0.002 0.003 0.004 . 0.977 0.006
sph 816 Fluid 0.266 0.008 0.003 0.026 0.695 0.001
log Kpg_log Ko -1.678 -0.816 -0.081 -0.914 0.000 0.529
Sphalerite 0.010 0.008 0.003 0.004 0.968 0.006
sph 817 Fluid 0.246 0.019 0.002 0.002 0.730 0.001
log Kpg log Key -1.499 -0.483 0.064 0.307 0.000 0.870
Sphalerite 0.010 0.008 0.004 0.004 0.968 0.006
sph 818 Fluid 0.232 0.008 0.004 0.006 0.751 0.001
log Kpp_tog Ko -1.465 -0.082 -0.141 -0.236 0.000 0.803
Sphalerite 0.010 0.007 0.003 0.004 0.968 0.007
sph 821 Fluid 0.377 0.011 0.003 0.010 0.598 0.001
log Kpa log Ken -1.790 -0.376 -0.180 -0.565 0.000 0.568
Sphalerite 0.010 0.008 0.003 0.004 0.967 0.008
sph 823 Fluid 0217 0.014 0.004 0.009 0.756 0.001
log Kpg_log Kew -1.448 -0.333 -0.192 -0.491 0.000 0.832
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Table 7. Experimental result for spessartine at 500°C, 1 kb. Mole fractions of cations in spessartine and aqueous

chloride solution, and partition coefficients

Run No. Mg Ca Mn Fe Co Ni Zn
Spessartine 0.000 0.010 0.967 0.012 0.010 0.000 0.000
sped29 Fluid 0.014 0.073 0.830 0.012 0.022 0.004 0.045
log Kps - -0.915 0.000 -0.037 -0.400 -1.036 2221
log Kpn - -0.506 0.000 -0.053 -0.409 -1.058 -2.231
Spessartine 0.013 0.013 0.949 0.010 0.013 0.001 0.002
spe 430 Fluid 0.013 0.073 ' 0.822 0.012 0.024 0.004 0.052
log Keg -0.078 -0.807 0.000 -0.178 -0.353 -0.820 -1.443
log Kpn 0.332 -0.396 0.000 -0.194 -0.362 -0.842 -1.452
Spessartine 0.000 0.016 0.964 0.012 0.006 0.001 0.001
spe 439 Fluid 0.011 0.099 0.744 0.013 0.015 0.008 0.110
log Kpp - -0.915 0.000 -0.127 -0.483 -1.179 -2.100
log Kpn . -0.548 0.000 -0.147 -0.495 -1.208 2113
Spessartine 0.002 0.013 0.951 0.012 0.011 0.002 0.008
spe 440 Fluid 0.013 0.083 0.742 0.019 0.024 0.010 0.109
log Kpg -0.912 -0.900 0.000 -0.298 -0.468 -0.788 -1.230
log Kpn -0.528 -0.516 0.000 -0.316 -0.479 -0.814 -1.241
Spessartine 0.000 0.012 0.973 0.006 0.004 0.001 0.004
spe 452 Fluid 0.008 0.115 0.825 0.004 0.006 0.002 0.039
log Kpg . -1.057 0.000 0.122 -0.205 -0.650 -1.104
log Kpn - -0.698 0.000 0.100 -0.218 -0.681 -1.117
Spessartine 0.000 0.013 0.967 0.011 0.004 0.000 0.005
spe 456 Fluid 0.010 0.092 0.833 0.006 0.010 0.003 0.046
log Kpp - . -0.929 0.000 0.207 -0.444 -0.922 -1.000
log Kpy - -0.542 0.000 0.188 -0.455 -0.948 -1.011
Spessartine 0.000 0.014 0.976 0.003 0.005 0.000 0.001
spe 457 Fluid 0.009 0.108 0.801 0.005 0.008 0.002 0.066
log Kpg - -0.968 0.000 -0.299 -0.295 -1.003 -1.770
log Ken -0.603 0.000 -0.320 -0.308 -1.033 -1.782
Spessartine - (.000 0.013 0.971 0.008 0.005 0.000 0.001
spe 458 Fluid 0.008 0.105 0.767 0.006 0.010 0.002 0.102
log Kpg - -0.958 0.000 -0.008 -0.356 -0.802 -2.299
log Kpy - -0.592 0.000 -0.029 -0.369 -0.831 2311
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Table 8. Experimental result for spessartine at 600°C, [ kb. Mole fractions of cations in spessartine and aqueous
chioride solution, and partition coefficients

Run No. Mg Ca Mn Fe Co Ni Zn
Spessartine 0.025 0.010 0.934 0.013 0.016 0.000 0.001
spe 425 Fluid 0.019 0.048 0.754 0.013 0.037 0.004 0.124
log Kpp 0.010 -0.781 0.000 -0.086 -0.462 -1.170 -2.042
log Kpn 0.051 -0.741 0.000 -0.088 -0.464 -1172 -2.043
Spessartine 0.013 0.010 0.951 0.012 0.012 0.002 0.001
spe 427 Fluid 0.015 0.061 0.816 0.010 0.029 0.003 0.067
log Kpg -0.120 -0.872 0.000 0.019 -0.457 -0.321 -1.724
log Kpn -0.081 -0.833 0.000 0.017 -0.459 -0.324 :1.725
Spessartine 0.011 0.012 0.955 0.010 0.011 0.001 0.001
spe 428 Fluid 0.018 0.045 0.751 0.011 0.037 0.003 0.135
log Kpg -0.311 -0.692 0.000 -0.171 -0.647 -0.520 22.246
log Kpn -0.269 -0.650 0.000 -0.173 -0.648 -0.523 -2.247

, Spessartine 0.018 0.013 0.941 0.009 0.017 0.001 0.001
spe 446 Fluid 0.028 0.069 0.685 0.013 0.045 0.006 0.154
tog Kpg -0.334 -0.855 0.000 -0.281 -0.566 -1.033 -2.240
log Kpn -0.301 -0.821 0.000 -0.284 -0.568 -1.036 -2.242

Table 9. Experimental result for spessartine at 700°C, 1 kb. Mole fractions of cations in spessartine and aqueous
chloride solution, and partition coefficients

Run No. Mg Ca Mn Fe Co Ni Zn
Spessartine 0.003 0.008 0.965 0.010 0.009 0.000 0.002
spe 435 Fluid 0.012 0.032 0.818 0.011 0.023 0.004 0.100
log Kpg -0.470 0.678 0.000 -0.111 -0.460 -1.048 -1.688
log Koy -0.463 -0.672 0.000 -0.112 -0.460 -1.048 -1.688
Spessartine 0.023 0.011 0.927 0.015 0.020 0.002 0.001
spe 436 Fluid 0.011 0.043 0.807 0.015 0.031 0.003 0.089
log Kea 0.256 -0.654 0.000 -0.050 -0.255 -0.244 -1.967
log Ken 0.261 -0.649 0.000 -0.050 -0.255 -0.244 -1.967
Spessartine 0.016 0.009 0.944 0.010 0.020 0.000 0.001
spe 437 Fluid 0.016 0.054 0.742 0.014 0.043 0.004 0.127
log Kpg -0.111 -0.900 0.000 -0.241 -0.448 -1.137 -2.263
log Kpn -0.106 -0.896 0.000 -0.241 -0.448 -1.137 -2.263
Spessartine 0.027 0.011 0.950 0.000 0.010 0.001 0.001
spe 447 Fluid 0.012 0.054 0.795 0.014 0.030 0.002 0.093
log Kpg 0.268 -0.757 0.000 - -0.533 -0.626 -2.197
log Kpy 0.273 -0.752 0.000 - 0.533 -0.626 2.197
Spessartine 0.018 0.013 0.940 0.011 0.017 0.001 0.001
spe 448 Fluid 0.014 0.040 0.801 0.014 0.028 0.002 0.100
log Kpp 0.037 -0.569 0.000 -0.188 -0.288 -0.447 -2.014
log Ko 0.043 -0.563 0.000 -0.188 -0.288 -0.447 -2.014
Spessartine 0.038 0.013 0.900 0.019 0.029 0.001 0.001
spe 449 Fluid 0.019 0.051 0.721 0.023 0.054 0.010 0.122
log Kpg 0.200 -0.702 0.000 -0.190 -0.378 -1.026 -2.281
tog Koy 0.204 -0.697 0.000 -0.191 -0.378 -1.026 -2.281
Spessartine 0.030 0.013 0.907 0.017 0.030 0.000 0.002
spe 450 Fluid 0.009 0.051 0.709 0.020 0.065 0.004 0.142
log Kpg 0.408 -0.704 0.000 -0.165 -0.435 . -1.875

log Kpy 0.413 -0.699 0.000 -0.165 -0.435 - -1.875
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Table 10. Experimental result for spessartine at 800°C, 1 kb. Mole fractions of cations in spessartine and aqueous
chloride solution, and partition coefficients

Run No. Mg Ca Mn Fe Co ©ONi Zn
Spessartine 0.003 0.009 0.970 0.009 0.007 0.001 0.000
spe 402 Fluid 0.016 0.061 0.887 0.006 0.010 0.008 0.011
log Kpg -0.717 -0.849 0.000 0.103 -0.241 -0.764 -1.854
log Kpn -0.716 -0.848 0.000 0.103 -0.241 -0.764 -1.854
Spessartine 0.014 0.012 0.941 0.014 0.016 0.001 0.001
spe 404 Fluid 0.017 0.087 0.771 0.021 0.035 0.005 0.063
log Kpp -0.170 -0.947 0.000 -0.274 -0.422 -0.650 -1.994
log Kpn -0.169 -0.946 0.000 -0.274 -0.422 -0.650 -1.995
Spessartine 0.019 0.013 0.951 0.009 0.008 0.000 0.001
spe 407 Fluid 0.010 0.049 0.857 0.011 0.016 0.003 0.054
log Kpg 0.236 -0.630 0.000 -0.138 -0.347 - -1.928
log Kpn 0.237 -0.629 0.000 -0.138 -0.347 - -1.928
Spessértinc: 0.008 0.019 0.950 0.006 0.010 0.002 0.004
spe 411 Fluid 0.011 0.032 0.884 0.014 0.012 0.003 0.044
log Kpp -0.150 -0.249 0.000 -0.406 -0.091 -0.224 -1.035
log Kpy -0.149 -0.247 0.000 -0.406  -0.091 -0.224 -1.035
Spessartine 0.005 0.010 0.974 0.006 0.005 0.001 0.000
spe 412 Fluid 0.012 0.030 0.907 0.012 0.011 0.004 0.023
log Kpg -0.412 -0.531 0.000 -0.335 -0.396 -0.694 -2.118
log Kpy -0.411 -0.530 0.000 -0.335 -0.396 -0.694 -2.118
Spessartine 0.031 0.020 0.892 0.015 0.029 0.003 0.010
spe 414 Fluid 0.011 0.046 0.849 0.016 0.024 0.003 0.051
Jog Kpp 0.439 -0.380  © 0.000 -0.035 0.054 0.000 -0.741
log Kpn 0.440 -0.379 0.000 -0.035 0.054 0.000 -0.741
Spessartine 0.018 0.017 0.931 0.013 0.017 0.002 0.003
spe 415 Fluid 0.010 0.056 0.827 0.013 0.026 0.003 0.065
log Kpp 0.199 -0.572 0.000 -0.060 -0.248 -0.224 -1.445
log Kpy 0.200 -0.570 0.000 -0.060 -0.248 -0.224 -1.445
Spessartine 0.005 0.007 0.968 0.008 0.006 0.004 0.002
spe 419 Fluid 0.014 0,022 0.896 0.034 0.012 0.006 0.016
log Kopg -0.484 -0.505 0.000 -0.636 -0.345 -0.269 -0.982
jog Kpy -0.482  -0.504 0.000 -0.636 -0.345 -0.26% -0.982
Spessartine 0.011 0.014 0.954 0.008 0.008 0.002 0.002
spe 420 Fluid 0.010 0.046 0.851 0.016 0.025 0.003 0.049
log Kpg 0.023 -0.570 0.000 -0.353 -0.570 -0.149 -1.355
log Kpn 0.025 -0.569 0.000 -0.353 -0.570 -0.149 -1.355
Spessartine 0.015 0.012 0.942 0.014 0.013 0.003 0.001
spe 422 Fluid 0.009 0.041 0.829 0.014 0.039 0.005 0.064
log Kpg 0.180 -0.588 0.000 -0.046 -0.541 -0.279 -1.749
log Kpy 0.181 -0.586 0.000 -0.046 -0.541 0.279 -1.749
Spessartine 0.034 0.014 0.915 0.017 0.014 0.003 0.003
spe 423 Fluid 0.016 0.047 0.839 0.016 0.027 0.005 0.050
log Kpg 0.286 -0.549 0.000 -0.015 -0.315 -0.240 -1.293
log Kpn 0.287 -0.548 0.000 -0.015 -0.315 -0.240 -1.293
Spessartine 0.016 0.009 0.948 0.013 0.010 0.003 0.001
spe 424 Fluid 0.010 0.070 0.821 0.015 0.026 0.003 0.055
log Kpg 0.140 -0.944 0.000 -0.122 -0.477 -0.115 -1.713

log Key 0.141 -0.943 0.000 -0.122 -(0.477 0115 -1.713
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Experiments on the simultaneous partitioning of divalent metal ions
between hedenbergite or tremolite and 2M aqueous
chloride solutions under supercritical conditions

WHE ik (Btsuo UCHIDA)*‘
FE¥  ¥E— (Junichi Usxusa)’
Al 8§ (Tasuku Kataoka)

Experiments on the simultaneous exchange of Ni**, Mg*, Co*, Zn*, Fe*', Mn*, Ca®" and Sr**
between hedenbergite or tremolite and 2M aqueous chloride solutions were carried out in the tem-
perature range of 500 to 800°C, 1 kb. The PC-IR curves for the both minerals show a similar shape
and have peaks near Ni** and Ca®. The former peak corresponds to 6 coordination and the latter
peak to & coordination. The PC-IR curves suggest that Ni**, Mg®* and Fe** are partitioned prefera-
bly in 6 coordination of the minerals and Mn*", Ca*" and Sr’* in 8 coordination. However Co** and
Zn** deviate from such a trend. The ion selectivity decreases with increasing temperature.

Keywords: Hedenbergite, Tremolite, Aqueous chloride solution, Partition coefficient, Supercritical

condition, PC-IR diagram
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Table 1. Experimental conditions in the system CaFe3i;0s
(hedenbergite) ~ (Ni**Mg?",Co* Zn?* Fe?* Mn®*,Ca®*,Sr*)Cl, -
H,0

Run  Duration Temperature  Solid  Solution
No. days T mg ul
Hdll 10 500 304 30
Hdi2 10 500 29.9 30
Hdl13 10 500 30.2 30
Hdis i0 500 307 30
Hd5 7 600 30.1 30
Hdé 7 600 30.0 30
Hd7 7 600 304 30
Hd8 7 600 294 30
Hd31 4 700 10.3 40
Hd32 4 700 10.0 40
Hd33 4 700 9.8 40
Hd36 4 700 10.9 40
Hdié 3 800 10.2 40
Hdl7 3 800 103 40
Hd18 3 800 9.9 40
Hd20 3 800 10.4 40

500 and 600°C: MgCly:MnCly: CoCly: SrCly i NiCly: ZnCly = 1:1:
1:1:3:5

700 and 800°C: MgCly:MnCly: CoCly: StCls: NiCly: ZnCly: CaCly =
1:1:1:1:3:5:20

Table 2. Experimental conditions in the system Ca;MgsSigOq(0H),
(rremolite) - (Ni2", Mg?*,Co®*,Zn>" Fe?* Mn?*,Ca*" Sr*")C1, -~ H,0

Run Duration  Temperature Solid Solution”
No. days °C mg ul
Tr52 12 500 123 30
Tr53 12 500 13.8 30
Tr35 12 300 1.5 30
Tr58 12 500 11.9 30
Trd6 7 600 13.1 30
Trd7 7 600 11.9 30
Trd8 7 600 12.4 30
Tr50 7 600 13.8 30
Tr28 5 700 14.0 30
Tr29 5 700 12.2 30
Trd4 5 700 10.7 30
Tr4s 5 700 13.3 30
Tr33 3 800 11.8 30
Tr34 3 800 13.9 30
Tr3s 3 800 12.7 30
Tr37 3 800 11.6 30
* CoCly:FeCly: ZnCly:MnCly: S1Cly i NiCl=1:1:2:2:2:3

BWAIEL, EARA Y F—PTEEL L, FGE
VL, 500, 600,700 BL U 800°C &L, REE/IT1kb &
Ui, RSEEEEI I V&R Y, 500°CT10-12 B,
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L 7z (Table 1 % £ U Table 2),

EBERTER BERREBYESFrLRVEL, Bk
ELTER L., BEE, &7 vzl L, Bh
PIEEVD F DZP’;;&_E.’)’C(?EW¢/‘Q FO%, &h T

NEEEEL, EHEFRVTERATNEY S wﬁ—-ﬂlﬂ



BEFEFETCRT 27 v ERR IUEREA L M BLYIEERIC BT 5 2 HEB A4 v oREBSEER
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Table 3. Experimental results for the hedenbergite system at 500°C, 1 kb. Mole fractions of cations in hedenbergite and aqueous

chloride solutions, and partition coefficients log Kpp and log Kpn

Run No. Ni Mg Co Zn Fe Mn Ca Sr
Hedenbergite  0.0273 0.0438 0.0103 0.0059  0.4726 0.0065 0.4302  0.0033
Hdil Fluid 6.0004 0.0009  0.0036 0.2131 0.1933 0.0100 0.5010  0.0776
log Kpg 1.4232 1.2843 0.0734  -1.9468  0.0000 -0.5736 -0.4544  -1.7548
log Kpx 1.3468 12502 0.1366  -1.8835  0.0000 -04259 -0.4139 -1.7151
Hedenbergite 0.0147  0.0409  0.0134 0.0042 0.4870 0.0062 0.4304  0.0032
Hd12 Fluid 0.0002 0.0011 0.0062 0.1164 0.2522 0.0135 0.5303 0.0801
log Kpg 1.5006 1.2803 0.0483  -1.7255  0.0000 -0.6224 -0.3766 -1.6827
log Kpy 1.4218 1.2303 0.1133  -1.6605  0.0000 -0.4710 -0.3588  -1.6656
Hedenbergite 0.0267 0.0553 0.0132 0.0107 0.4604 0.0100 0.4204  0.0033
Hdi3 Fluid 0.0002 0.0012  0.0088 0.2183 0.1918 0.0113 0.5045  0.0637
log Kpp 1.6532 1.2850  -0.2050 -1.6918  0.0000 -0.4316 -0.4596 -1.6613
log Kpy 1.5797 1.2579  -0.1438 -1.6306  0.0000  -0.2882 -0.4111 -1.6137
Hedenbergite  0.0291 0.0472  0.0142 0.0045 0.4787 0.0079 0.4156  0.0027
Hd15 Fluid 0.0004 0.0010  0.0066  0.1747 0.2145 0.0115 0.5040  0.0873
log Kpp 1.5068 13118 0.0173  -1.9367 0.0000 -0.5100 -0.4325 -1.8540
log Kpy 1.4338 1.276%  0.0435  -1.8758  0.0000 -0.3674 -1.8194

-0.3972

Table 4. Experimental results for the hedenbergite system at 600°C, 1 kb. Mole fractions of cations in hedenbergite and aqueous

chloride solutions, and partition coefficients log Kpp and log Kpy

Run No. Ni Mg Co Zn Fe Mn Ca Sr

Hedenbergite 0.0183 0.0296 0.0079 0.0088 0.4915 0.0071 0.4316 0.0053
Hd5 Fluid 0.0005 0.0007 0.0026 0.1652 0.2856 0.0168 0.4409 0.0878
log Kpg 1.3452 1.3756 0.2502  -1.5109  0.0000  -0.6132  -0.2451  -1.4565
log Kpy 1.3018 1.3346 0.2886  -1.4725  0.0000  -0.5202 -0.2352  -1.4466
Hedenbergite 0.0194 0.0275 0.0091 0.0069 0.4861 0.0051 0.4408  0.0052
Hdé Fluid 0.0003 0.0009 0.0053 0.1459 03100  0.00170  0.4515 0.0690
log Kpp 1.5834 1.2723 0.0423  -1.5216  0.0000 -0.7210 -0.2058 -1.3206
log Kpy 1.5429 1.2348 0.0783  -1.485¢  0.0000 -0.6335 -0.1947 -1.3095
Hedenbergite  0.0189 0.0267 0.0080 0.0089 0.4961 0.0047 0.4322 0.0046
Hd7 Fluid 0.0006 0.0009 0.0051 0.2407 0.2479 0.0119 0.4173 0.0759
log Kpp 1.1900 11732 -0.1045  -1.7345  0.0000 -0.7011 -0.2862 -1.5181
log Kpy 1.1459 1.1391 -0.0655  -1.6955 0.0000 -0.6067  -0.2582  -1.4900
Hedenbergite  0.0285 0.0236 0.0099 0.0073 0.4628 0.0053 0.4575 0.0051
Hd8 Fluid 0.0005 0.0009  0.0045 0.1537 0.2725 0.0127 0.4581 0.0971
log Kpp 1.5278 1.2030 0.1101  -1.5541  0.0000  -0.6100 -0.2307 -1.5115

log Kon 1.4790 1.1521 0.1528  -1.5114  0.0000  -0.5072 -0.2311

-1.5119
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Table 5. Experimental results for the hedenbergite system at 700°C, 1 kb. Mole fractions of cations in hedenbergite and agueous

chloride solutions, and partition coefficients log Kpp and log Koy

Mn

Run No. Ni Mg Co Zn Fe Ca Sr

Hedenbergite  0.0033 0.0321 0.0059 0.0058 0.4965 0.0033 0.4478 0.0053

Hd31 Fluid 0.0002 0.0042 0.005% 0.1332 0.3374 0.0102 0.4272 0.0816
log Kpp 1.0873 0.7136  -0.1671  -1.5317  0.0000 -0.6614 -0.1472 -1.3524.

log Kpn 1.0563 0.678 -0.1390  -1.5036  0.0000  -0.53922  -0.1406 -0.1337
Hedenbergite  0.0140 0.03%90 0.0128 0.0040 0.4874 0.0036 0.4362 0.0031

Hd32 Fluid 0.0608 0.0034 0.0075 0.1204 0.3800 0.0112 0.4201 0.0566
log Kpg 1.1465 0.9464 0.1264  -1.5828 0.0000  -0.6014 -0.0918 -1.3744

log Kpy 1.1187 0.9170 0.1518  -1.5574  0.0000  -0.5385 -0.0789  -1.3614
Hedenbergite  0.0144 0.0590 0.0104 0.0051 0.4655 0.0030 0.4383 0.0041

Hd3s Fluid 0.0008 0.0039 0.0079 0.1133 0.3861 0.0127 0.4089 0.0664
log Kpp 1.1634 1.0951 0.0396  -1.4300  0.0000 -0.7058 -0.0508 -1.2870

log Kpn 1.1303 1.0604 0.0693 -1.4002  0.0000 = -0.6327 -0.0334 -1.2715
Hedenbergite  0.0140 0.0353 0.0069 0.0088 0.4865 0.0026 - 0.443] 0.0029

Hd36 Fluid 0.0008 0.0033 0.0086 0.1029 0.3507 0.0093 0.4074 0.0770
log Kpp 1.1759 0.9387  -0.1945  -1.1652 0.0000  -0.6518 -0.0588  -1.5225

log Kpy 1.1472 0.9074  -0.1683  -1.1390  0.0000  -0.5870  -0.0484 -1.5120

Table 6. Experimental results for the hedenbergite system at 800°C, 1 kb. Mole fractions of cations in hedenbergite and aqueous

chloride solutions, and partition coefficients log Kpp and log Koy

Run No. Ni Mg Co Zn Fe Mn Ca Sr
Hedenbergite 0.0135  0.0361  0.0088  0.0039 04701  0.0029 04590  0.0057
Hd16 Fluid 0.0030  0.0056  0.0056  0.0656 04740  0.0123  0.3015 1329
log Kpg 0.6564  0.8128  0.1979  -1.2197  0.0000  -0.6235  0.1861  -1.3620
log Kpy 06471  0.8024 02068  -1.2109  0.0000  -0.6029  0.1927  -1.3554
Hedenbergite  0.0164  0.0637  0.0157  0.0063  0.4684  0.0029  0.4181  0.0085
Hd17 Fluid 0.0023  0.0074  0.0072  0.1485  0.4499  0.0119  0.2748  0.0980
fog Kya 0.8430 09150 03225  -1.3932 0.0000 -0.6285 0.1648  -1.0774
log Kpw 0.8335  0.9065 03315  -1.3842  0.0000 -0.6055  0.1800  -1.0621
Hedenbergite  0.0208  0.0447  0.0096  0.0078 04318  0.0032  0.4765  0.0056
Hdi8 Fluid 0.0024  0.0072  0.0091  0.1286 04532  0.0130 02846  0.1018
fog Kpg 0.9622  0.8140 00433  -1.1966  0.0000 -0.5814 02448  -1.2383
log Ken 0.9517  0.8041 (0333  -1.1867  0.0000 -0.5562 02593  -1.2237
Hedenbergite  0.0116  0.0330  0.0065  0.0056 04706  0.0032  0.4635  0.0062
Hd20 Fluid 0.0021  0.0033  0.0062  00.0839 05091 00154 02739  0.1049
log Kpp 07854  0.8315  0.0490  -1.1438  0.0000 -0.6533  0.2639  -1.0965
tog Ko 07772  0.8237  0.0569  -1.1360  0.0000 -0.6334 02754  -1.1850
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Table 7. Experimental results for the tremolite system at 500°C, 1 kb. Mole fractions of cations in tremolite and aqueous chlo-
ride solutions, and partition coefficients log Kpg and log Kpy

Run No. Ni Mg Co Zn Fe Mn Ca Sr

Tremolite 0.0086  0.7009  0.0071 0.0035 00075 0.00194 02513  0.0017

Tr52 Fluid 0.0005  0.0308  0.0230  0.1648  0.0159  0.1295  0.5827  0.0527
log Kpp -0.0984  0.0000 -1.8691 -3.0248 -1.6845 -2.1820 -1.7226  -2.8388

log Kpn -0.1321  0.0000  -1.7644 -2.9200 -1.6425 -1.9934 -1.6536 -2.7705

Tremolite 0.0097  06.6988  0.0053 0.0020  0.0077  0.0152 02592  0.0021

Tr53 Fluid 0.0006 00270  0.0216  0.135%  0.0229  0.0795 0.6327  0.0798
log Kpp -0.2347  0.0000  -2.0268 -3.2410 -1.8847 -2.1311 -1.8010  -3.0003

log Kpy -0.2434  0.0000  -1.8813  -3.0955 -1.8084 -1.8945 -1.7427 -2.9424

Tremolite 0.0115  0.6967  0.0046  0.0020  0.0077 00152  0.2608  0.0015

Tr55 Fluid 0.0007  0.0425  0.0167  0.1213  0.0166  0.1691 0.5637  0.0694
log Kpp 0.0014  0.0000 -1.7707 -3.0022 -1.5479 -22616 -1.5496  -2.8746

log Kpn -0.0322  0.0000 -1.6652 -2.8966 -1.5053 -2.0719 -1.4805 = -2.8062

Tremolite 0.0109 07149  0.0062  0.0012  0.0074 0.018 02382  0.0026

Tr58 Fluid 0.0007  0.0497  0.0135  0.1131 0.0268  0.1871 0.5441 0.0650
log Kpp 0.0508  0.0000  -1.4975 -3.1211 -1.7153 -2.1593 -1.5164  -2.5635

log Kpn 0.0100  0.0000 -1.4082 -3.0317 -1.6852 -1.9899  -1.4457  -2.4935

Table 8. Experimental results for the tremolite system at 600°C, 1 kb. Mole fractions of cations in tremolite and aqueous chloride
solutions, and partition coefficients log Kpp and log Kpy

Run No. Ni Mg Co Zn Fe Mn Ca Sr

Tremolite 0.0067  0.7242  0.0063 0.0030  0.0084  0.0139 0.2353 0.0022

Trd6 Fluid 0.0006  0.0554 0.0156 0.1152 0.0290  0.1188 0.5702 0.0951
log Kpp -0.1036  0.0000  -1.5121 -2.7016 -1.6537 -2.0470 -1.5006  -2.7435

log Kpen -0.0787  0.0000 -1.3516 -2.5410 -1.5547 -1.8038 -1.4519 -2.6947

Tremolite 0.0106 0.7140 0.0069  0.0032  0.0091 0.0201 0.2342 0.0019

Trd7 Fluid 0.0008 0.0628 0.0237  0.1234  0.0257  0.1747 0.4897 0.0971
log Kpg 0.0656 0.0000 -1.5891 -2.6477 -1.5070 -1.9956 -1.3759 -2.7715

log Kpn 0.0678 0.0000 -1.4908 -2.5493 -1.4533 -1.8345 -1.3225 -2.7181

Tremolite 0.0097 0.7071 0.0069  0.0035 0.0078  0.0187 0.2432 0.0031

Tr48 Fluid 0.0007 0.0439  0.0281 0.1136 0.0195 0.1512 0.5503 0.0927
log Kpp -0.0370  0.0000 -1.8148 -2.7188 -1.6042 -2.1153 -1.5617 -2.6862

log Kpn -0.0226  0.0000 -1.6780 -2.5820 -1.5234 -1.9024 -1.5080 -2.6324

Tremolite 0.0063 0.7134  0.0048  0.0015 0.0089  0.0163 0.2442 0.0015

Tr50 Fluid 0.0006 0.0473 0.0198 0.1299  0.0282  0.1549 0.5471 0.0722
log Kpp 0.0311 0.0000  -1.7907 -3.1045 -1.6797 -2.1560  -1.5288  -2.8494

log Kpn 0.0413 0.0000  -1.6611 -2.9749 -1.6049 -1.9517 -1.4713 -2.7918

1/7Mg7813022(OH)2 + Meaq = 1/7MG7S].,3O22(OH)2 + Mgaq (2)
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Table 9. Experimental resulis for the tremolite system at 700°C
solutions, and partition coefficients log Kpp and log Kp

Es

, 1 kb. Mole fractions of cations in tremolite and aqueous chloride

Run No. Ni Mg Co Zn Fe Mn Ca Sr

Tremolite 0.0082 0.7349 0.0060 0.0020 0.0119 0.0186 0.2155 0.0029

Tr28 Fluid 0.0007 0.0687 0.0107 0.0538 0.0234 0.1330 0.6161 0.0937
log Kpp 0.0534 0.0000  -12779 -2.4558 -1.3128 -1.8836  -1.4851 -2.5406

log Kpy 0.0695 0.0000  -1.1931  -2.3710 -1.2716 -1.7519 -1.4618 -2.5172

Tremolite 0.0070 0.6922 0.0087 0.0016 0.0164 0.0256 0.2460 0.0026

Tr29 Fluid 0.0006 0.0336 0.0208 0.0574 0.0322 0.1259 0.6140 0.0954
. log Kpp -0.0610  0.0000  -1.4920 -2.6660 -1.4050 -1.8035 -1.5082 -2.6713

log Kpn -0.0490  0.0000  -1.4245 -2.5986  -1.3640 -1.6972  -1.4881 -2.6517

Tremolite 0.0053 0.7531 0.0041 0.0035 0.0124 0.0236 0.1936 0.0024

Trd4 Fluid 0.0006 0.0785 0.0176 0.1264 0.0284 0.1504 0.4758 0.1224
log Kpg -0.0181 0.0000  -1.6085 -2.5362 -1.3399 -1.7861 -1.3680  -2.6983

log Kpu -0.0126  0.0000  -1.5566  -2.4843  -1.3102 - -1.7012  -1.3409  -2.4843

Tremolite 0.0066 0.7386 0.0062 0.0012 0.0054 0.0146 0.2237 0.0037

Trd5 Fluid 0.0005 0.0748 0.0286 0.0536 0.0215 ~ 0.1373 0.5775 0.1062
log Xpp 0.1083 0.0000  -1.6551  -2.6369 -1.5928 -1.9677 -1.4063  -2.4365

log Kpy 0.1196 0.0000  -1.5890 -2.5708 -1.5529 -1.8631 -1.3848 -2.4330

Table 10. Experimental results for the tremolite system at 800°C,

ride solutions, and partition coefficients log Kpp and tog Kpn

1 kb. Mole fractions of cations in tremolite and aqueous chlo-

REH LI, BEERL L BICTRIC L 5HEOEN)

Run No. Ni Mg Co Zn Fe Mn Ca Sr
Tremolite  0.0169  0.7058  0.0057  0.0026 0.069 0.0137  0.243%  0.0024
Tr33 Fluid 0.0035 00927  0.0203  0.0959  0.0301  0.1622  0.5204  0.0749
log Kpg 40,2005 0.0000  -1.4321  -2.4407  -1.5207 -1.8948 -1.2107 -2.3816
log Ko -0.1972  0.0000  -1.4067 -2.4153  -1.3060 -1.8530 -1.1968  -2.3816
Tremolite ~ 0.0141 07264  0.0059  0.0012  0.0097  0.0201 0219  0.0030
Tr34 Fluid 0.0031  0.1569  0.0184  0.0742  0.0267  0.1405 04852  0.0948
log Keg S0.0101  0.0000  -1.1611  -2.4664  -1.1045  -1.9099 -1.0097 -2.1611
log Koy 20.0029  0.0000 -1.1166  -2.4219  -1.0784  -1.9099  -0.9902 -2.1416
Tremolite  0.0102  0.6805  0.0071  0.0027  0.0060  0.0187 02734  0.0021
Tr35 Fluid 0.0021 01265 00198  0.0831  0.0295  0.1382 04902  0.0971
log Kpp -0.0336  0.0000  -L1761  -2.2199  -1.4255 21456  -0.9842  -2.4044
log Kpn 20.0291  0.0000 -1.1567 -2.1895  -1.4077 -2.1456 -0.9695  -2.189%
Tremolite  0.0179  0.6847  0.0098  0.0015  0.0134  0.0253  0.2448  0.0027
Tr37 Fluid 0.0018  0.0533  0.0254  0.0910  0.0201  0.2099 03398  0.058%
log Kpp 201227  0.00006  -1.5212 -2.4260 -1.2852  -2.0287 -1.4327 -2.4464
tog Kp 201181 0.0000  -1.4800 -2.4260 -1.2616 -1.9609 -1.4327 -2.4194
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Fig. 1. PC-IR diagrams for the hedenbergite - aqueous chloride solution system in the temperature range of 500 to 800°C, 1 kb.
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Fig. 2. PC-IR diagrams for the tremolite - aqueous chloride solution system in the temperature range of 500 to 800°C, 1 kb.
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Experiments on the simultaneous partitioning of divalent metal ions
between phlogopite and 2M aqueous chloride solution
under supercritical conditions

WH P4 (Btsuo Uchpa)
AR /A (Kouhei MaTsumoTo)”

Experiments on the simultaneous partitioning of divalent metal ions were carried out in the System
K;MgeAlLSis0,0(0H), (phlogopite) — KC1 - (Ni**, Mg**,Co® ,Zn** Fe** Mn**,Ca*,Sr*") Cl, - H,O
in the temperature range of 500 to 800 °C at 100 MPa, using the pressure vessel of a cold seal type.

The partition coefficient Kpy (Phl) for the ion exchange reaction between phlogopite (Phl) and
aqueous chloride solution (aq) can be expressed as follows:

Kpy (PhI) =

X 1/6K Mg AlySigO o (OH),

i
KmMngB

X1/6K ,Me (AL, Si504 (OH), } (mMeCIQD ]
Phi 2

where Me designates divalent metal ion, m: molality, and X;: mole fraction of end-member 1 in bio-
tite solid solution. The partition coefficient - ionic radius (PC-IR) curve marks a peak between
Mg?* and Fe?*. Zn®* shows the same negative anomaly in the partition coefficients as observed in
other minerals with 6-fold sites. Co?" also represents such a negative anomaly as was previously
found in tremolite and hedenbergite. Based on the previous and present experimental results, it is
considered that the anomaly of Co* may be related with polymerization of Si tetrahedra.

Keywords: Phlogopite, Aqueous chloride solution, Partition coefficient, Supercritical condition,

PC-IR diagram
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Table 1. Conditions of the experiments on the stability of phiooopite

Run  Duration Temperature  Solid Solution{ u 1)
No. days C mg kel MgCl,™
Phi20 3 800 205 18 2
Phi2s 3 800 22.7 18 2
PHIZ1 3 200 20.5 16 4
Phi26 3 800 18.7 16 4
Phi22 3 800 20.5 14 6
Phi27 3 800 215 14 6
Phi23 3 800 19.7 12 8
Phi2g 3 800 223 12 8
Phi24 3 300 232 10 10
Phi29 3 800 18.6 10 10
"2 moll
"1 moll
Table 2. Chemical composition of synthesized phlogopite by EDS
Run Number of cations =22) KAK+Mg)
No. K Mg Al Si molar ratio
Phiz0 1.99 5.90 1.97 6.03 0.2520
Ph123 2.04 6.05 2.04 592 0.2522
Phi21 2.01 5.90 1.93 6.07 0.2541
Phi26 1.98 6.02 1.96 6.10 0.2478
Phi22 .93 5.95 2.13 5.96 0.2468
Phi27 1.90 5.88 2.09 5.88 0.2442
Fhi23 1.87 5.85 2.19 6.04 0.2426
Phi28 1.89 6.10 2.14 6.12 0.2365
Phi24 1.82 5.94 2.06 6.05 0.2345
Phi29 1.80 5.83 2.03 5.87 0.2359
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'Fig. 1. Relationship of K/(K + Mg) molar ratio between synthesized
phlogopite and the aqueous chloride solution before reaction. The
solid line indicates the K/(K + Mg) molar ratio of ideal phlogopite.
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Fig. 2. Relationship of K/K + Mg) molar ratio between aqueous
chloride solutions before and after reaction. The plots on the solid
line indicate no change in the K/(K + Mg) molar ratio between the
aqueous chloride solution before and after reaction.
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Table 3. Conditions of the experiments on the simultaneous partitioning
of divalent metal ions between phlogopite and aqueous chloride solution

Run Duration Temperature Solid Solution”
No. days T mg il
Phi53 14 500 16.2 40
Phl54 14 500 153 40
Phis5s 14 500 14.1 40
Phis6 14 500 18.3 40
Phi49 7 600 17.9 40
Phi50 7 600 14.6 40
Phis1 7 600 14.0 40
Phis2 7 600 15.1 40
Phl43 3 700 17.6 30
Phl46 5 700 14.5 30
Phi47 5 700 15.6 30
Phl48 5 700 155 30
Phi3g 3 800 14.0 30
Phi39 3 800 16.6 30
Phl40 3 800 16.0 30
Phl41 3 800 15.7 30

* NiCl, :CoCly:ZnCly:FeCly:MnCly:CaCly:SrCly = 3:1:2:1:2:2:2



Table 4. Experimental results of the simultaneous partitioning for phlogopite at 300 °C, 100 MPa. Mole

WE

B - A AT

fraction of cations in

phlogopite and aqueous chloride solution, and partition coefficients log Kpg (Phl) and log Kpy (Ph)

Run No. Ni Mg Ca Zn Fe Mn Ca Sr

Phi53  Phlogopite 0.0035 0.9833 0.0015 0.0017 0.0054 0.0020 0.0015 0.0011
Fluid 0.0349 0.2732 0.02%90 0.1122 0.0035 0.0348 0.2223 0.2879

log Kpg -1.5585 0 -1.8374 23674 -0.5651 -1.8074 27225 -2.9803

log Kon -1.2036 0 1.0337 1.5874  0.0590  -0.8329 2.7029  -2.9498

Phi54  Phlogopite 0.0041 0.9843 0.0013 0.0019 0.0043 0.0015 0.0017 0.0009
Fluid 0.0314 0.2344 0.0254 0.1501 0.0053 0.0302 0.2362 0.2869

log Kpg -1.5106 0 -1.9191  -2.5139 07161 19271 27620 -3.1475

log Kpn -1.1630 0 11347 -1.7409  -0.0983  -0.9734 27411 -3.1021

Phi55  Phlogopite 0.0042 0.98356 0.0015 0.0010 0.0040 0.0015 0.0013 0.0008
Fluid 0.0221 0.2517 0.0202 0.1082 0.0044 0.0273 0.3191 0.2470

log Kpg -1.3162 0 1.7337  -2.6085  -0.6410 . -1.8636  -2.9319  -3.0638

log Kpn -0.9640 0 -0.9355  -1.8406  -0.0139  -0.8912  -2.8963  -3.0384

Phi56  Phlogopite 0.0042 0.9845 0.0013 0.0010 0.0044 0.0017 0.0019 0.0010
Fluid 0.0179 0.2665 0.0137 0.1471 0.0031 0.0344 0.3212 0.1940

log Kpg -1.1964 0 -1.6049 27141 -0.6336  -1.8790 -2.7979  -2.8343

log Koy -0.8488 0 -0.8077  -1.5515  -0.0128 -0.9154  -2.7708  -2.8311

Table 5. Experimental results of the simultaneous partitioning for phlogopite at 600 °C, 100 MPa. Mole fraction of cations in
phlogopite and aqueous chioride solution, and partition coefficients log Kpp (Phl) and log Kew (Phl)

Run No. Ni Mg Co Zn Fe Mn Ca Sc
Phi49 Phlogapite 0.0040 0.9834 0.0015 0.0015 0.0047 0.0021 0.0017 0.0011
Fluid 0.0309 0.2960 0.0286 0.1066 0.0048 0.0336 0.2227 0.2768
log Kpg -1.4054 0 -1.8063 -2.3775 -0.3352 -1.7209 -2.6392 -2.9379
log Ken -0.6913 0 -0.5503 -1 1221 0.5285 -(.284 1 -2.6337 -2.9181
Phis0 Phlogopite 0.0034 0.9834 0.0013 0.0019 0.0034 0.0019 0.0017 0.0009
Fluid 0.0200 0.2549 0.0177 0.1313 0.0043 0.0284 0.2676 0.2756
log Kpg -1.3511 0 -1.7230 -2.4190 -0.6851 -1.7328 -2.7785 -3.0924
log Koy -0.6452 0 -0.4779 -1.1838 0.3655 -0.3239 22,7793 -3.0683
Phis1 Phlogopite 0.0044 (0.9848 0.0015 0.0013 0.0041 0.0013 0.0015 0.0009
Fluid 0.0231 0.2758 0.0197 0.1077 0.0046 0.0265 0.3062 0.2365
log Kpg -1.2767 0 -1.6647 -2.4689 -0.5976 1.7932 -2.8559 -2.9867
log Kpn -0.5663 0 -0.4340 -1.2341 0.4520 -0.3728 -2.8579 -2.9675
Phls2 Phlogopite 0.0044 0.9836 0.0013 0.0013 0.0046 0.0018 0.0022 0.0011
Fluid 0.0182 0.2804 0.0130 0.1433 0.0049 0.0360 0.3065 0.1978
log Kpp -1.1629 0 -1.5398 -2.5824 -0.5711 -1.8579 -2.7366 -2.8017
log Kpy -0.4478 0 -0.3003 -1.3415 0.4885 -0.4096 -2.7254 -2.7949
SEERETTL 0%, KEBFIETRHEOEY TH 5, 2. HEYE
ﬁxEQTZILrI/LFF]T%DK%%}:mTA , BEEOHE
KsMgsAlSi50.,{0OH), - KCI -~ WE L L TEREOKCO, Mg0, ALO;®B X S0, %
(Ni** Mg, Co™ ,Zn* Fe?* Mn®",Ca® 82" Cl, - H,0 % 1:6:1:6 DENVETESL, BEFTTR0COEETIZS
3EEREINEAL, CO 2L L2 ERL 77,
IORTOEER: mmm OFEICEIT 5 2| Ef“(ﬂ&kw SEROEEMREBTINCERESRE
SR ATV OTBEISIRD I ?-"Eiﬁ“ Z k PBTE 20T 2 mol/l KC1 7k ¥ & 1 molll MeClL KEFEE 4.1 @
o {ﬂri BT ‘\(*t:) L//‘\-sz.(‘(‘%/k( ﬁl’f /\ﬁ[ 7. \@W’f ?‘7}
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Table 6. Experimental results of the simultaneous partitioning for phlogopite at 700 “C, 100 MPa. Mole fraction of cations in
phlogopite and aqueous chloride solution, and partition coefficients log Kpg (Phl) and log Kpy (Phl)

Run No. Ni Mg Co Zn Fe Mn Ca Sr

Phi4S  Phlogopite 0.0043 0.9847 0.0015 0.0013 0.0043 0.0017 0.0013 0.0009
Fluid 0.0289 0.3240 0.0258 0.0989 0.0051 0.0315 0.2084 0.2774

log Kpg -1.3094 0 -1.7159 23659  -0.5515  -1.7437  -2.6896  -2.9898

log Ken -0.7507 0 -0.6582  -1.3038  0.3298  -0.5040  -2.686%  -2.9708

Pnl46  Phlogopite 0.0034 0.9858 0.0011 0.0019 0.0034 0.0019 0.0017 0.0006
Fluid 0.0254 0.2767 0.0195 0.1220 0.0045 0.0249 0.2184 0.3087

log Kpp -1.4203 0 -1.8118  -2.33522  -0.6729  -1.6619  -2.6563  -3.2327

log Kpy -0.8616 0 -0.7378  -1.2957  0.2079  -0.4201  -2.6597  -3.2623

Phl47  Phlogopite 0.0043 0.9849 0.0015 0.0013 0.0041 0.0015 0.0015 0.0009
Fluid 0.0231 0.2675 0.0194 0.0936 0.0042 0.0293 0.3055 0.2574

log Kpg -1.2960 0 -1.6757 24269 -0.5795  -1.8549  -2.8734  -3.0421

log Kpn -0.7533 0 -0.6389  -1.3855  0.2821  -0.6329  -2.8740  -3.0214

Phi48  Phlogopite 0.0044 0.9837 0.0013 0.0013 0.0046 0.0017 0.0020 0.0011
Fluid 0.0182 0.2843 0.0139 0.1205 0.0034 0.0306 0.3180 0.2110

log Kpg -1.1599 0 -1.5655  -2.5040  -0.4131 -1.7840  -2.7493  -2.8264

log Kpy -0.6018 0 -0.5111 -1.4544 . 04648  -0.5575  -2.7397  -2.8212

Table 7. Experimental results of the sinmltaneous partitioning for phlogopite at 800 °C, 100 MPa. Mole fraction of cations in

phiogopite and aqueous chleride solution, and partition coefficients log Kpg (Phl) and log Kpy (Ph)

Run No. Ni Mg Co Zn Fe Mn Ca Sr

Phi38  Phlogopite 0.0047 0.9841 0.0017 0.0013 0.0043 0.0019 0.0011 0.0009
Fluid 0.0310 0.3073 0.0260 0.1007 0.0043 0.0352 0.2080 0.2874

tog Kpg -1.3236 0 -1.6862  -2.3993  -0.5090  -1.7660  -2.7933  -3.0307

log Kpy -0.8493 0 -0.7394  -1.4440  0.2693  -0.6399  -2.7817  -3.009

Phi39  Phlogopite 0.0049 0.9858 0.0015 0.0015 0.0028 0.0015 0.0011 0.0009
Fluid 0.0197 0.2544 0.0209 0.1257 0.0035 0.0276 0.2240 0.3242

log Kpg -1.1888 0 -1.7325  -2.5111 -0.6926 -1.8526  -2.9082  -3.1656

log Kpy -0.7116 0 -0.7767  -1.5552  0.0945  -0.7141 = -2.8967  -3.1444

Phi40  Phlogopite 0.0047 0.9862 0.0011 0.0016 0.0029 0.0014 0.0014 0.0007
Fluid 0.0265 0.2721 0.0206 0.1008 0.0036 0.0249 0.2522 0.2993

log Kpg -1.3071 0 -1.8206  -2.3639  -0.6491 -1.8229  -2.8290  -3.2044

log Kpn -0.8531 0 -0.9050  -1.4320  0.1025  -0.7009  -2.8144  -3.1898

Phl41  Phlogopite 0.0036 0.9863 0.0011 0.0011 0.0036 0.0016 0.0023 0.0002
Fluid 0.0207 0.3117 0.0176 0.1008 0.0042 0.0269 0.3139 0.2043

log Kpg -1.2538 0 -1.6884  -2.4468  -0.5566  -1.7266  -2.6389  -3.4523

log Kpn -0.7998 0 -0.7747  -1.5330  0.1947  -0.6152  -2.6349  -3.5091
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Experiments on the simultaneous partitioning of
divalent metal ions between talc or chlorite
and 2M aqueous chloride solution under supercritical conditions

N EPAE (Etsuo UCHIDA)*
FERZ— (Koichi MARUQO)*

(Abstract)

The simultaneous partitioning of the divalent cations of Mg*", Co*", Zn*",
Fe2+, Mn2+ and Ca2* between talc or chlorite (clinochlore) and 2M aqueous
chloride solutions was investigated experimentally in the temperature range
of 500 to 700°C, 1kbar. The PC-IR curves both for talc and chiorite have a
peak near Mgz‘ﬁ Zn2+ shows a negative anomaly as with other minerals with
an octahedral site. Co2* also shows a negative anomaly, and the anomaly
seems to related to polymerization of SiO4 tetrahedra. On the other hand,
Ni2t shows a positive anomaly, and the anomaly seems to decrease with

increasing temperature.

Keywords: Tale, Chlorite, Aqueous chloride solution, Partition coefficient,
Supercritical condition, PC-IR diagram
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Fig. 1. PC - IR diagrams for the system talc — (Ni¥, Co®, Zn*, Fe™, Mn®
Ca®)Cl, - H,0 in the temperature range of 500 to 700°C, 1 kb.

7

Fig. 2. PC - IR diagrams for the system clinochlore — (Ni¥, Co*', Zn*, Fe”,
Mn*, Ca*)Cl, - H,0 in the temperatures of 500 and 600°C, 1 kb.

Fig. 3. Temperature dependence of the partitioning coefficient (log K

of divalent cations between talc and aqueous chloride solution at 1 kb.

Fig. 4. Temperature dependence of the partitioning coefficient (log Ky
of divalent cations between clinochlore and aqueous chloride solution
at 1 kb.

Table 1. Experimental conditions in the system Mg,Si,0,,(0H), (talc) - (Ni¥,
Co™, Zn*, Fe”, Mn*, Ca’)Cl, - H,0

Table 2. Experimental conditions in the system MgA1,51,0,,(0H),
(clinochlore) - (Ni¥, Co*, Zn®™, Fe®, Mn*', Ca”)Cl, ~ H,0

Table 3. Experimental results for the system talc - (Ni¥, Co*, Zn*, Fe”,
Mn*, Ca*)Cl, - H,0 at 500°C, 1 kb. Mole fraction of cations in talc and
aqueous chloride solutions, and partition coefficient log Ky and log
Kew

Table 4. Experimental results for the system talc — (Ni¥, Co®, Zn*, Fe”,
Mn*, Ca*)Cl, - H,0 at 600°C, 1 kb. Mole fraction of cations in talc and
aqueous chloride solutions, and partition coefficient log Ky and log
Ky

Table 5. Experimental results for the system talc — (Ni¥, Co*, Zn*, Fe”,
Mn®, Ca®)Cl, - H,0 at 700°C, 1 kb. Mole fraction of cations in talc and
aqueous chloride solutions, and partition coefficient log K, and log
Kpy



Table 6. Experimental results for the system clinochlore ~ (Ni*, Co®, Zn*,
Fe?, Mn®, Ca*)Cl, - H,0 at 500°C, 1 kb. Mole fraction of cations in talc
and aqueous chloride solutions, and partition coefficient log K and

log Ky

Table 7. Experimental results for the system clinochlore — (Ni¥, Co®, Zn*,
Fe*, Mn*, Ca®*)Cl, - H,0 at 600°C, 1 kb. Mole fraction of cations in talc
and aqueous chloride solutions, and partition coefficient log K, and

log Ky
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Fig. 1. PC - IR diagrams for the system talc - (Ni?*, Co?", Zn?*, Fe?*,
Mn?*, Ca?")Cl, - H,O in the temperature range of 500 to 700°C, 1 kb.
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Fig. 2. PC — IR diagrams for the system clinochlore - (Ni**, Co*", Zn*",
Fe?", Min?*, Ca?")Cl, - H,O in the temperatures of 500 and 600°C, 1 kb.
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Fig. 3. Temperature dependence of the partitioning coefficient

(log Ky ) of divalent cations between talc and aqueous chloride
solution at 1 kb.
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Fig. 4. Temperature dependence of the partitioning coefficient

(log Kpy) of divalent cations between clinochlore and agqueous
chloride solution at 1 kb. |



Table 1. Experimental conditions in the system
Mg;Siz010(0H), (tale) — (Ni** Co™, Zn”", Fe™*, Mn”™",
ca®™ClL, — H,0

Run  Duration Temperature Solid Flaid*
No. Days C mg ul
TC24 5 700 15.0 44.0
TC25 5 700 14.5 44 .4
TC28 5 700 141 33.0
TC29 5 700 15.7 33.5
TC30 5 700 144 46.0
TC31 5 700 12.9 459
TC32 5 700 14.9 52.0
TC33 5 700 134 52.8
TC41 7 600 13.5 42.6
TC42 7 600 133 43.0
TCA43 7 600 13.0 43.5
TC44 7 600 12.7 43.9
TC45 7 600 12.5 443
TC46 7 600 12.2 44.7
TC47 7 600 14.9 47.3
TC48 7 600 15.1 471
TC49 10 500 15.9 61.9
TC50 10 500 15.1 62.5
TCs1 10 500 15.4 60.0
TCS52 10 500 14.9 59.5
TC53 10 500 14.4 59.7
TCs54 10 500 15.7 60.2

*Fluid NiCly: CoCl,: ZnZl,: FeCly, : MnCl, : CaCl,
=3:1:2:1:2:2



Table 2. Experimental conditions in the system

© MegsALSLO o(OH); (clinochlore) — (Ni*", Co”", Zn™,

Fe?', Mn®", Ca"")Cl, — H,0

Run _ Duration 1emperature Solid  Fluid

*

No. Days C mg ul

CLO3 7 600 13.8 573 @
CL04 7 600 146 548 ©
CLOS 7 600 14.1 53.9 @
CLO6 7 600 14.2 553 @
CLO7 7 600 14.3 56.7 @
CLO8 7 600 13.9 63.0 &
CLO9 7 600 15.2 549 @
CL10 7 600 14.8 544 @
CL11 10 500 14.6 550 @
CL12 10 500 12.5 544 @
CL13 10 500 13.6 558 @
CL14 10 500 13.1 551 @

*FTuid (L NiCly: CoCl,: ZnZl, : FeCl, : MnCl, : CaCly
=3:1:2:3:2:2
Fluid @ NiCl,: CoCl,: ZnZl,: FeCl,: MnCl,: CaCl,
=4:1:2:3:2:2
Fluid @ NiCl,: CoCl,: ZnZl,: FeCl,: MnCl,: CaCl,
=3:1:2:2:2:2
Fluid @ NiCl,: CoCl,: ZnZl,: FeCl,: MnCl, : CaCl,
=3:2:2:3:2:2
Fluid ® NiCl,: CoCl,: ZnZl,: FeCl, :MnCl,: CaCly
=3:1:1:3:1:1



Table 3. Experimental results for the system talc - (Ni2+,'C02+, Zn*, Fe’”, Mn“, Ca2+)C13 - H,0 at 500°C, 1 kb.
Mole fraction of cations in talc and aqueous chloride solutions, and partition coefficient log Kpg and log Kpy

Run No. Ni Mg Co 7n Fe Mn Ca
Talc - 0.0951 0.8908 0.0115 0.0006 0.0011 0.0008 0.0001
TC24 Fluid 0.0187 0.1964 0.0728 0.2079 0.0375 0.2210 0.2455
log Kpg 0.0487 0.0000 -1.4589 -3.1697 -2.1711 -3.1170 -4.2419
log Kpn 0.0260 0.0000 -1.4420 -3.1528 -2.1733 -3.0715 -4.1603
Talc 0.1001 0.8865 0.0111 0.0010 0.0009 0.0003 0.0001
TC25 Fluid 0.0222 - 0.2100 0.0737 0.2482 0.0192 0.2079 0.2188
- 1og Kpg 0.0278 0.0000 -1.4472 -3.0111 -1.9568 -3.4392 -3.8594
log Ky 0.0038 0.0000 -1.4334 -2.9993 -1.9623 -3.4013 -3.7780
Talc 0.0674 0.9226 0.0074 . 0.0011 0.0009 0.0003 0.0003
TC28 Fluid 0.0189 0.2389 0.0757 0.2203  0.0169 0.2028 0.2264
log Kps -0.0349 0.0000 -1.5941 -2.9031 -1.8723 -3.3986 -3.4465
logK px -0.0558 0.0000 -1.5766 -2.8856 -1.8733 -3.3533 -3.3693
Tale 0.0760 0.9120 0.0094 0.0004 0.0015 0.0006 0.0001
TC29 Fluid 0.0153 0.2025 0.0698 0.2206 0.0399 0.2213 0.2307
log Kpg 0.0425 0.0000 -1.5260 -3.4153 -2.0700 -3.1947 -4.2127
log Ko 0.0187  0.0000  -1.5124  -3.4016  -2.0744  -3.1538  -4.1305
Talc 0.0980 0.8888 0.0103 0.0011 0.0006 0.0011 0.0002
TC30 Fluid 0.0259 0.2150 0.0735 0.2155 0.0190 0.2310 0.2202
log Kpp -0.0378 0.0000 ~1.4703 -2.9191 -2.1402 -2.9494 -3.6818
log Kpn -0.0620 0.0000 -1.4580 -2.9068 -2.1455 -2.9107 -3.5998
Talc 0.1011 0.8865 0.0095 0.0010 0.0006 0.0012 0.0001
TC31 Fluid 0.0228 0.2029 0.0740 0.2318 0.0192 0.2234 0.2259
log Kpp 0.0060 0.0000 -1.5330 -3.0261 -2.1211 -2.9074 -3.8900
log Kpy -0.0185 0.0000 -1.5207 -3.0138 -2.1265 -2.8684 -3.8071
Talc 0.1043 0.8825 0.0108 0.0003 0.0013 0.0007 0.0002
TC32 Fluid 0.0289 0.2151 0.0827 0.2419 0.0213 0.1626 0.2476
log Kpg -0.0552 0.0000 -1.4972 -3.5946 -1.8411 -2.9827 -3.7295
log Kpn -0.0738 0.0000 -1.4755 -3.5729 -1.8388 -2.9319 -3.6554
Talc 0.0993 0.8869 0.0099 0.0006 0.0016 0.0012 0.0005
TC33 Fluid 0.0247 0.2192 0.0799 0.2504 0.0171 0.1647 0.2440
log Kpp -0.0019 0.0000 -1.5159 -3.2106 -1.6469 27277 -3.2964
log Kpy ~0.0209 0.0000 -1.4949 -3.1896 -1.6452 -2.6778 -3.2217




Table 4. Experimental results for the system talc - (Ni2+, C02+, and'", F ez+, Mn2+, Ca2+)C12 - H,0 at 600°C, 1 kb.
Mole fraction of cations in talc and aqueous chloride solutions, and partition coefficient log Kpg and log Kpy

Run No. N1 Mg Co Zn Fe Mn Ca
Talc 0.0979 0.8928 0.0069 0.0004 0.0012 0.0005 0.0004
TC41 Fluid 0.0157 0.3040 0.0824 0.1796 0.0239 0.1940 0.2005
log Kpg 0.3275 0.0000 -1.5469 -3.1563 -1.7571 -3.0648 -3.2041
log Kpn 0.2736 0.0000 -1.5215 -3.1309 -1.7690 -2.9861 -3.0921
Talc 0.1214 0.8677 0.0093 0.0004 0.0007 0.0002 0.0004
TC42 Fluid 0.0148 0.3014 0.0817 0.1906 0.0220 0.1943 0.1951
log Kpg 0.4545 0.0000 -1.4044 -3.0917 -1.9569 -3.4680 -3.1688
Jlog Kpy 0.3982 0.0000 -1.3832 -3.0705 -1.9722 -3.3946 -3.0549
Talc 0.0828 0.9082 0.0054 0.0005 0.0009 0.0013 0.0008
TCA3 Fluid 0.0124 0.3235 0.0795 0.1839 0.0225 0.1825 0.1957
log Kpg 0.3764 0.0000 -1.6164 -2.9912 -1.8361 -2.5900 -2.8423
fog Kpn 0.3260 0.0000 -1.5860 -2.9609 -1.8437 -2.5056 ~2.7333
Talc 0.0988 0.8913 0.0064 0.0006 0.0002 0.0018 0.0008
TC44 Fluid 0.0182 0.2991 0.0855 0.1822 0.0217 0.1949 0.1983
log Kpg 0.2597 0.0000 -1.6008 -2.9424 -2.4164 -2.5094 -2.8653
log Kpn 0.2041 0.0000 -1.5783 -2.9198 -2.4306 -2.4343 -2.7521
Talc 0.0985 0.8916 0.0072 0.0012 0.0007 0.0007 0.0001
TC45 Fluid 0.0169 0.2936 0.0852 0.1885 0.0223 0.1906 0.2029
log Kpp 0.2833 0.0000 -1.5532 -2.6873 -1.9605 ~2.9294 -3.6969
log Kpn 0.2280 0.0000 -1.5299 -2.6641 -1.9742 -2.8534 -3.5837
Talc 0.1027 0.8875 0.0073 0.0007 0.0012 0.0004 0.0002
TC46 Fluid 0.0158 0.3006 0.0846 0.1803 0.0232 0.1955 0.2000
log Kpg 0.3432 0.0000 -1.5341 -2.8968 ~1.7468 ~3.1953 -3.3813
log Koy 0.2883 0.0000 -1.5104 -2.8731 -1.7600 -3.1187 -3.2684
Talc 0.1210 0.8680 0.0089 0.0008 0.0006 0.0005 0.0002
TC47 Fluid 0.0150 0.2977 0.0840 0.1776 0.0232 0.1968 0.2057
) log Kpg 0.4410 0.0000 -1.4388 -2.8339 -2.0290 -3.0546 -3.4997
log Kpy 0.3869 0.0000 -1.4131 -2.8083 -2.0409 -2.9755 -3.3872
Talc 0.0898 0.9016 0.0067 0.0003 0.0006 0.0008 0.0001
TC48 Fluid 0.0122 0.3195 0.0798 0.1814 0.0219 0.1908 0.1944
log Kpp 0.4156 0.0000 -1.5266 -3.2056 -1.9857 -2.8126 -3.6337
log Kpy 0.3632 0.0000 -1.4991 -3.1782 -1.9958 -2.7316 -3.5231




Table 5. Experimental results for the system talc - (Niy, Co™, Zn”™", Fe™, Mn%, CaZ+)Clg - H,0 at 700°C, 1 kb.
Mole fraction of cations in talc and aqueous chloride solutions, and partition coefficient log Ky and log Kpy

Run No. N1 Mg Co Zn Fe Mn Ca
Tale 0.1741 0.8091 0.0132 0.0013 0.0008 0.0006 0.0008
TC49 Fluid 0.0092 0.3486 0.0746 0.1780 0.0196 0.1850 0.1851
log Kpg 0.9118 0.0000 -1.1162 -2.5131 -1.7413 -2.8309 -2.7172
log Kpy 0.8063 0.0000 -1.1205 2.5173 -1.7925 -2.7699 -2.6176
Talc 0.1609 0.8262 0.0106 0.0006 0.0010 0.0005 0.0003
TC50 Fluid 0.0102 0.3510 0.0777 0.1703 0.0204 0.1892 0.1812
log Kpg 0.8281 0.0000 -1.2385 -2.8023 -1.6765 -2.9447 -3.2271
log Ky 0.7217 0.0000 -1.2442 -2.8081 -1.7290 -2.8855 -3.1272
~Talc 0.1219 0.8598 0.0134 0.0012 "0.0015 0.0010 0.0013
TCs1 Fluid 0.0056 0.3614 0.0708 0.1763 0.0193 0.1850 0.1818
log Kpg 0.9650 0.0000 -1.0995 -2.5373 -1.4928 -2.6608 -2.5283
log Kpy 0.8621 0.0000 -1.0998 -2.5376 -1.5406 -2.5950 -2.4298
Talc 0.1601 0.8249 0.0105 0.0018 0.0009 0.0008 0.0009
TCS2 Fluid 0.0065 0.3792 0.0763 0.1410 0.0220 0.1888 0.1861
o fog Kpg 1.0509 0.0000 -1.1993 -2.2285 -1.7075 -2.7040 -2.6655
log Kpn 0.9562 0.0000 -1.1869 -2.2161 -1.7446 -2.6231 -2.5702
Talc 0.1232 0.8601 0.0131 0.0011 0.0013 0.0009 0.0003
TCS3 Fluid 0.0055 0.3856 0.0700 0.1433 0.0216 0.1891 0.1849
log Kpg 0.9981 0.0000 -1.0760 -2.4687 -1.5756 -2.6734 -3.1108
log Kpn 0.9049 0.0000 -1.0613 -2.4540 -1.6107 -2.5898 -3.0161
Talc 0.1362 0.8458 0.0142 0.0006 0.0019 0.0008 0.0005
TC54 Fluid 0.0052 0.3659 0.0680 0.1807 0.0184 0.1854 0.1764
log Kpg 1.0501 0.0000 -1.0434 -2.8277 -1.3578 -2.7248 29141
log Kpn 0.9463 0.0000 -1.0451 -2.8294 -1.4068 -2.6607 -2.8152



Table 6. Experimental results for the system clinochlore - (Ni**, Co®’, Zn*", Fe*, Mn", Ca*")Cl, - H,0 at 500°C,
1 kb. Mole fraction of cations in clinochlore and aqueous chloride solutions. and partition coefficient log Kpp

Run No. Ni Mg Co /Zn Fe Mn Ca

Clinochlore 0.1509 0.8321 0.0112 0.0030 0.0012 0.0013 0.0003

CLO3 Fluid 0.0165 0.3730 0.0792 0.1781 0.0206 0.1641 0.1684
log Kpg 0.6128 0.0000 -1.1969 -2.1228 -1.5849 -2.4505 -3.0316
tog Kpn 0.6128 0.0000 -1.1969 -2.1228 -1.5849 -2.4505 -3.0316
Clinochlore 0.1537 0.8303 0.0098 0.0023 0.0020 0.0018 0.0002
CLO4 Fluid 0.0139 0.4205 0.0718 0.1558 0.0350 0.1481 0.1549
log Kpp 0.7490 0.0000 -1.1597 -2.1257 ~1.5490 -2.2102 -3.1839
log Kpy 0.7490 0.0000 -1.1597 -2.1257 -1.5490 -2.2102 -3.1839
Clinochlore 0.1246 0.8611 0.0101 0.0020 0.0016 0.0005 0.0003
CLOS Flu_id 0.0236 0.4534 0.0647 0.1427 0.0488 0.1280 0.1388
log Kpg 0.4448 0.0000 -1.0860 -2.1286 -1.7737 -2.7293 -3.0198
logKpn 0.4448 0.0000 -1.0860 -2.1286 -1.7737 -2.7293 -3.0198
Clinochlore 0.1407 0.8326 0.0203 0.0030 0.0017 0.0010 0.0007
CLOG ’ Fluid 0.0171 0.3784 0.0781 0.1734 0.0212 0.1654 0.1664
log Kpg 0.5737 0.0000 -0.9281 -2.0999 -1.4271 -2.5493 -2.7389
log Kpn 0.5737 0.0000 -0.9281 -2.0999 -1.4271 -2.5493 -2.7389
Clinochlore 0.1339 0.8490 0.0118 0.0031 0.0014 0.0002 0.0007
CLOT Fluid 0.0188 0.4050 0.1219 0.1403 0.0477 0.1356 0.1305
log Kpp 0.5313 0.0000 -1.3350 -1.9772 -1.8694 -3.1519 -2.6235
log Kpy 0.5313 0.0000 -1.3350 -1.9772 -1.8694 -3.1519 -2.6235
Clinochlore 0.1613 0.8303 0.0044 0.0011 .0.0016 0.0007 0.0007
CLO3 Fluid 0.0533 0.5624 0.0769 0.0811 0.0722 0.0708 0.0833
log Kpg- 0.3119 0.0000 -1.4154 -2.0304 -1.8171 -2.2000 -2.2701
log Kpn 03119 0.0000 -1.4154 -2.0304 -1.8171 -2.2000 -2.2701
Clinochlore 0.0805 0.9066 0.0067 0.0009 0.0011 0.0006 0.0037
CLO9 Fluid 0.0188 0.3586 0.0709 0.1808 0.0465 0.1622 0.1623
log Kpg 0.2295 0.0000 -1.4304 -2.7168 -2.0354 -2.8209 -2.0491
log Kpy 0.2295 0.0000 -1.4304 -2.7168 -2.0354 -2.8209 -2.0491]
Clinochlore 0.0867 0.9020 0.0065 0.0019 0.0009 0.0010 0.0010
CL10 Fluid 0.0195 0.3546 0.0733 0.1821 0.0469 0.1681 0.1555
log Kpg 0.2421 0.0000 -1.4587 -2.3913 -2.1029 -2.6119 -2.6002

log Kpy 0.2421 0.0000 - -1.4587 -2.3913 -2.1029 -2.6119 -2.6002




Table 7. Experimental results for the system clinochlore - (Ni*", Co™*, Zn*, Fe**, Mn>", Ca’")Cl, - H,0 at 600°C,
1 kb: Mole fraction of cations in clinochlore and aqueous chloride solutions, and partition coefficient log Kpg

Run No. Ni Mg Co n Fe Mn Ca

Clinochlore 0.0826 0.8919 0.0155 0.0031 0.0048 0.0018 0.0004

CL11 Fluid 0.0042 0.4141 0.0563 0.1566 0.0318 0.1690 0.1680
log Kpg 0.9567 0.0000 -0.8947 -2.0434 -1.1509 -2.2984 -3.0071

log Kpy 0.8684 0.0000 -0.8734 -2.0221 -1.1802 -2.2073 -2.9145
Clinochlore 0.0755 0.9082 0.0099 0.0021 0.0025 0.0015 0.0004

CL12 Fluid 0.0054 0.4006 0.0594 0.1669 0.0326 0.1699 0.1652
log Kpp 0.7928 0.0000 -1.1327 -2.2652 -1.4771 -2.4127 -3.0177

log Kpy 0.6987 0.0000 -1.1205 -2.2529 -1.5140 = -2.3324 -2.9229
Clinochlore 0.0665 0.9228 0.0067 0.0009 0.0014 0.0008 0.0008

CL13 Fluid 0.0075 0.4077 0.0591 0.1507 0.0311 0.1699 0.1740
log Kpg 0.5932 0.0000 -1.3001 -2.5582 -1.7129 -2.6616 -2.6720

log Kpy 0.5055 0.0000 -1.2777 -2.5358 -1.7413 -2.5692 -2.5797
Clinochlore 0.0648 0.9189 0.0090 0.0014 0.0034 0.0016 0.0010

CL14 Fluid 0.0060 0.4168 0.0593 0.1517 0.0309 0.1657 0.1696
log Kpp 0.6876 0.0000 -1.1636 -2.3680 -1.3026 -2.3606 -2.5927

log Kpn 0.6013 0.0000 -1.1392 -2.3435 -1.3292 -2.2658 -2.5010
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Figure 14: Schematic diagram of Run Position.
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Figure 15: Schematic Diagram of Recovering an experiment using the Extraction Ram
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