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Effect of incongruent dissolution on mineral solubility data derived from
quench experiments
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Abstract: Weight-loss experiments in a double-capsule setup remain, to date, the most reliable source of mineral solubility data
at HP and HT for geologically relevant systems. Recent experimental results (Verlaguet et al., 2006: Geochim. Cosmochim. Acta,
70 (7), 1772-1788) obtained for the Al2O3-SiO2-H2O and K2O-Al2O3-SiO2-H2O systems show that, in contradiction to what
is generally assumed for quench experiments, incongruent dissolution products are likely to crystallize in the outer tube of the
setup where most of the fluid is located. This result suggests that mineral solubility derived using the double-capsule setup are
systematically overestimated. By modelling fluid reaction paths in simulated dissolution experiments (Al2O3-SiO2-H2O system),
it appears that the overestimation of the aqueous species concentration in the high-pressure and high-temperature fluid can reach
50 to 100 % when pure water is used as starting fluid. The effect of changing the composition of the initial fluid on the derived
solubility is discussed.
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Introduction

Data on mineral solubility above 2–2.5 kbar (Walther
& Orville, 1983; Woodland & Walther, 1987) are typi-
cally derived from quench experiments. Measurements af-
ter quenching (e.g., weight loss) have been extensively used
for determining the solubility of simple oxide minerals like
quartz from 0.1 to 2 GPa at 400 to 900 ◦C (Anderson &
Burnham, 1965, 1967; Pascal, 1984; Pascal & Anderson,
1989; Manning, 1994) and corundum from 50 MPa to
1 GPa at 400 to 800 ◦C (Anderson & Burnham, 1967;
Pascal & Anderson, 1989; Azaroual et al., 1996; Newton
& Manning, 2003).

Data derived from quench experiments rely on measure-
ments, mineral weight loss and/or fluid analysis (Gunter &
Eugster, 1980), performed on a run product after it has been
quenched to ambient conditions. Ideally, these experiments
should be designed in such a way that the property which is
measured to derive the solubility data is not affected by the
late quench stage. In particular, the original fluid composi-
tion is barely preserved upon quenching. The solubility of
minerals generally decreases with decreasing pressure and
temperature. Therefore, during the quench event, changes
in fluid composition are often accommodated by the forma-
tion of precipitates (quench products) and/or overgrowths
around the solid phases of the experimental charge. This
late crystallization stage appears as a major source of un-
certainty on solubility data (e.g., Manning, 1994).

An obvious way to overcome quench effects is to char-
acterize aqueous fluids under high-pressure and high-

temperature, e.g., by in-situ synchrotron X-ray absorption
(e.g., Pokrovski et al., 2002a, 2002b, 2003) or Raman spec-
troscopy (Zotov & Keppler, 2000, 2002). In particular, syn-
chrotron X-ray fluorescence has been proven to yield accu-
rate data on mineral solubility (e.g., Schmidt & Rickers,
2003; Sanchez-Valle et al., 2003, 2004). However, because
of the attenuation of low-energy X-rays by the sample en-
vironment, synchrotron X-ray fluorescence is not suitable
for the study of elements with low atomic numbers (e.g.,
Si, Al, P) in diluted solutions, which limits its application
to geologically relevant aqueous fluids. Therefore, there is
still a considerable interest to use (and improve) measure-
ments on quenched run products which should, eventually,
be interpreted in light of in-situ spectroscopy results (e.g.,
Zhang & Frantz, 2000; Newton & Manning, 2002, 2003).

With respect to quench experiments designed at char-
acterizing the chemistry of aqueous fluids under pressure
and temperature, a significant methodological improve-
ment was achieved by Anderson & Burnham (1965) who
developed a “tube-in-tube” setup which allows to separate
quench products (external tube) from starting minerals (in-
ner capsule). In this setup (Fig. 1), starting minerals are
confined in an inner capsule which is perforated in order
to allow only fluid and solute exchange with the external
tube where most of the fluid phase is located. This setup
(Fig. 1a, b) was first used in internally heated pressure ves-
sels (Anderson & Burnham, 1965) and later adapted to pis-
ton cylinder experiments (Manning, 1994).

Recently, Verlaguet et al. (2006) used this type of ex-
perimental setup (Fig. 1a) to characterize mineral-fluid
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Fig. 1. Sketch of a tube-in-tube setup, designed for (a-) an internally-
heated pressure vessel (setup used by Verlaguet et al., 2006) and (b-)
a piston-cylinder apparatus; the latter is derived from photos and
setup description found in Newton & Manning (2003) and Manning
(1994); the external tube has an arbitrarily length; very soluble ma-
terial (e.g., fine-grained) can be added to water in the external tube
(Newton & Manning, 2002).

equilibration in the Al2O3-SiO2-H2O and K2O-Al2O3-
SiO2-H2O systems (ASH and KASH, respectively) for
which incongruent dissolution is expected to occur (e.g.,
Anderson & Burnham, 1983; Pokrovskii & Helgeson,
1991). They showed that incongruent dissolution is accom-
panied by the crystallization of secondary phases (unre-
lated to quench products) in the external tube. The crystal-
lization of these secondary phases in the external tube of a
tube-in-tube setup will invariably contribute to the weight
loss of the material contained in the inner capsule. Simi-
larly, any post-experiment analysis of both solid products
collected in the external tube and fluid (Anderson & Burn-
ham, 1983; Pascal, 1984; Anderson et al., 1987; Pascal &
Anderson, 1989; Manning & Boettcher, 1994) will include
the contribution of these secondary phases. Consequently,
if the results by Verlaguet et al. (2006) are generalized to
solubility data derived using the tube-in-tube setup, it ap-
pears that the apparent mineral solubility measured by ei-
ther the weight-loss technique or the quench-fluid analysis
can be overestimated when incongruent dissolution leads
to the crystallization of secondary phases in the external
tube of the setup. This overestimate can be quantified if the
amount of secondary phases crystallizing in the external
tube is known.

On the basis of fluid reaction path modelling (Helgeson,
1968, 1979; Helgeson et al., 1970), we will examine here
how ignoring this type of secondary crystallizations or mis-
interpreting them as quench products can lead to overesti-
mated solubility data.

Overestimation of solubility data derived from
quench experiments, due to incongruent
dissolution

Quantification of the amount of secondary phases
related to incongruent dissolution

We will simulate here the derivation of the solubility of
the assemblage kyanite + quartz in pure water (ASH sys-
tem), for two different quartz/kyanite molar proportions
(10/1 and 1/1) and two P-T conditions (0.5 GPa – 550 ◦C
and 1.2 GPa – 800 ◦C). The amount of secondary phases
produced by incongruent dissolution is calculated by mod-
elling the fluid reaction path, i.e., the evolution of the fluid
composition during fluid-mineral equilibration.

The basic equations are the mass balance among mineral
phases and aqueous species (1), the mass action law (2),
and the electroneutrality (3):

Δmi = Σ
N
j=1(nj/WH2O) · αi, j (1)

where Δmi represents the change in the molality of the
aqueous species containing chemical element i, during
fluid-mineral equilibration, αi, j the mole ratio of element
i in mineral j/aqueous species, n j the number of moles of
dissolved (+) or crystallized (–) mineral j and WH2O the
mass of water (kg).

K = Πaαi
i (2)

where K is the equilibrium constant of the incogruent dis-
solution reaction, ai is the activity of each aqueous or solid
species, and αi is the stoichiometric coefficient of the aque-
ous or solid species i in the reaction.

ΣN
i=1mi · βi = 0 (3)

where βi is the charge of the aqueous species i.
The assumptions made to perform the calculation are:

1- The first stage of the fluid-mineral equilibration is con-
trolled by the proportion and the respective dissolution ki-
netics of the two starting minerals. We will assume similar
dissolution kinetics for both quartz and kyanite (see Ver-
laguet et al., 2006 for the details on the relevant kinetic
data); this implies that the starting minerals dissolve ac-
cording to their respective molar proportions.
2 The real shape of the fluid reaction path depends on the
relative kinetics of starting mineral dissolution versus sec-
ondary phase crystallization; here we will model a “partial
equilibrium reaction path” for which a mineral precipitates
at equilibrium when the fluid becomes saturated with re-
spect to this phase. We also assume that the fluid composi-
tion is homogeneous in the setup (i.e., all the fluid follows
the same reaction path, whatever its location in the setup).
3 Following Verlaguet et al. (2006), it will be assumed that
the dissolution reaction at 0.5 GPa – 550 ◦C produces two
dominant aqueous species, Al(OH)−4 and H4SiO0

4, whose
activity coefficients (γ) are considered to be 1. Water ac-
tivity (aH2O) is taken to be 1; both quartz and kyanite are
pure endmembers, so their activities are also 1.
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Fig. 2. Activity diagram, log ([a Al(OH)−4 ] / [a OH−]) vs. log [a
H4SiO0

4], representing the fluid saturation curves with respect to
corundum (Cor), kyanite (Ky) and quartz (Qtz) at 550 ◦C – 0.5 GPa.
The data for mineral solubility were computed with SUPCRT92 and
its updated database (Shock et al., 1997). These curves limit the
field of fluid undersaturation with respect to all considered miner-
als (shaded area). The bold lines with black arrows underline the
partial equilibrium reaction path of the fluid (initially pure water)
while it equilibrates with the starting minerals quartz + kyanite in-
troduced in molar proportions 10:1. Due to incongruent dissolution
of the assemblage kyanite + quartz, the fluid will successively satu-
rate with respect to corundum (Point 1) and kyanite (Point 2) before
reaching its equilibrium concentration (Point 3); both solid phases
are expected to crystallize.

The solubility data at 0.5 GPa – 550 ◦C are derived using
the program SUPCRT92 (Johnson et al., 1992) and its up-
dated database (Shock et al., 1997) to calculate equilibrium
constants (log K) for fluid-mineral reactions. At 1.2 GPa –
800 ◦C, solubility data for corundum, corundum + kyanite
and quartz were taken from experimental data by Newton
& Manning (2003). The solubility of kyanite + quartz was
also inferred from these data, considering that mineral dis-
solution releases one dominant aqueous species for each
Al and Si, i.e., ignoring any possible Al-Si complex. At
1.2 GPa – 800 ◦C, the amount of secondary phases could
be quantified without determining the fluid speciation, be-
cause we used directly molality data.

Results – The modelled fluid reaction path is depicted
on the activity-activity diagram (Fig. 2). The dissolution
of the starting minerals in initially pure water is congru-
ent as long as the fluid is undersaturated with respect to all
mineral phases in the system (i.e., on the path to Point 1,
Fig. 2). In a fluid in equilibrium with quartz + kyanite at
both 0.5 GPa – 550 ◦C and 1.2 GPa – 800 ◦C, the aqueous-
Al molality is 2 to 4 orders of magnitude lower than the
aqueous-Si molality. Thus the fluid composition will first
reach saturation with respect to an Al-phase, namely corun-
dum (Point 1, Fig. 2). At point 1, the fluid is still undersat-
urated with respect to both starting minerals, whose dis-
solution should continue. However, on the path between
Point 1 and Point 3 (Fig. 2), the dissolution of kyanite +
quartz proceeds incongruently, i.e., corundum (secondary
phase) must crystallize in order to store any Al released by
further kyanite dissolution. Simultaneously, the concentra-

tion of aqueous-Si increases in the fluid. Accordingly, the
fluid composition is expected to evolve along the corun-
dum saturation curve until the fluid reaches saturation with
respect to kyanite (path between Points 1 and 2, Fig. 2). At
Point 2, however, the fluid is still undersaturated with re-
spect to quartz. Secondary kyanite is expected to crystallize
(path between Points 2 and 3, Fig. 2) while quartz from the
starting mixture is still dissolving. The fluid reaction path
is achieved when saturation with respect to the stable min-
eral assemblage (i.e., kyanite + quartz) is attained (Point 3,
Fig. 2).

Thus as a result of incongruent dissolution, corundum and
kyanite should successively form in the system. However,
in a ternary system as ASH, at the PT conditions of the ex-
periments, no more than two solid phases can coexist with
the fluid (e.g., Point 2, Fig. 2). Therefore, under equilib-
rium conditions, the fluid composition cannot evolve (from
Point 2 to 3, Fig. 2) unless the first solid phase (i.e., corun-
dum) has completely disappeared. Finally, only secondary
kyanite should remain when the fluid has equilibrated with
the initial minerals (Point 3, Fig. 2).

The number of moles of secondary kyanite (n+Ky) pro-
duced by incongruent dissolution is obviously proportional
to the fluid volume (Vfluid). Therefore, amounts of sec-
ondary phases are expressed in Table 1 as volumetric per-
centages (i.e., normalized to the total fluid volume, Vfluid). It
can be seen in Fig. 2 that the molality of H4SiO0

4 at Point 1
depends on the proportion of Al and Si released by the
starting solid-phases into the fluid. In the case of the equi-
libration of kyanite + quartz with pure water at 550 ◦C –
0.5 GPa, secondary phases represent 0.25 % and 0.05 %
of the fluid volume for a starting quartz/kyanite propor-
tion of 1/1 and 10/1, respectively. Similarly, at 800 ◦C –
1.2 GPa, the amount of secondary phases varies from 2.2 %
to 0.4 % of the fluid volume when the quartz/kyanite pro-
portion varies from 1/1 to 10/1, respectively (Table 1). For
a similar quartz/kyanite ratio, secondary phases are cal-
culated to be much more abundant at 800 ◦C – 1.2 GPa,
because the difference between aqueous-Al and -Si molal-
ity in equilibrium with kyanite + quartz is higher (mSi /
mAl ≈ 103 to 104) than at 550 ◦C – 0.5 GPa (mSi /mAl ≈ 102

to 103).

Solubility overestimation in the quartz-kyanite
mineral system

Weight-loss technique – In a tube-in-tube setup, the effect
of these secondary phases on solubility data will strongly
depend on their location in the setup. Ideally, the measured
weight loss (g) in the inner capsule (IC), ΔWIC, can be ex-
pressed as follows, assuming that secondary kyanite crys-
tallization occurs exclusively in the IC:

ΔWIC = nQtz · MQtz + nKy · MKy (4)

where nQtz and nKy are the number of moles of quartz and
kyanite respectively, either dissolved (+) or crystallized
(–) during fluid-mineral equilibration. MQtz and Mky are
the molar masses of these two minerals (g/mole). Assum-
ing that the initial fluid is free of both silica and alumina,
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Table 1. Calculated amount of secondary phases and consecutive error on apparent solubility considering the incongruent dissolution of the
assemblage kyanite + quartz in pure water.

P-T conditions quartz : kyanite secondary phases Fluid + quench Fluid + quench Weight-loss
(molar ratio) (% of Vfluid) a mAl overest. b,d mSi overest. b,d mSi overest. c,d

550 ◦C – 0.5 GPa 10:1 0.05 % × 600 5 % 15 %
550 ◦C – 0.5 GPa 1:1 0.25 % × 3300 30 % 80 %
800 ◦C – 1.2 GPa 10:1 0.4 % × 80 5 % 20 %
800 ◦C – 1.2 GPa 1:1 2.2 % × 430 35 % 95 %

a Amount of secondary phases calculated for a partial equilibrium fluid reaction path, and expressed in percentage of the fluid volume. Data
for mineral solubility computed from SUPCRT92 and its updated database (Shock et al., 1997) at 550 ◦C – 0.5 GPa, and taken from Newton
& Manning (2003) at 800 ◦C – 1.2 GPa.
b Overestimation of aqueous-Al (mAl) and aqueous-Si (mSi) molality derived from fluid plus quench product analysis.
c Overestimation of aqueous-Si molality (mSi) derived by the weight-loss technique in a tube-in-tube setup.
d Maximum overestimation on the apparent molality (mAl and mSi), calculated considering that all the secondary phases crystallized in the
external tube of the tube-in-tube setup.

Eqs. (1) and (4) can be combined to relate molality and
weight loss:

ΔWIC/WH2O = mSi · MQtz + 1/2 mAl · (Mky − MQtz) (5)

Since the concentration of aqueous-Al is negligible com-
pared to that of aqueous-Si (mSi / mAl ≈ 102 to 104),
Newton & Manning (2003) have stated that the weight-loss
technique actually measures the silica concentration in the
fluid. Therefore:

ΔWIC/WH2O ≈ mSi · MSiO2 (6)

However, Eqs. (4) and (5) are valid only if all the sec-
ondary phases crystallized in the inner capsule, i.e., if they
are taken into account in the measured weight loss (ΔWIC).
If x percent of kyanite crystallized in the external tube, then
the apparent Si molality (map

Si ) is:

map
Si = mSi + x · n+Ky(MKy/MSiO2 )/WH2O (7)

which is an overestimation of the true Si molality (mSi);
n+Ky is the total number of moles of secondary kyanite. In
the worst case, i.e., if all the secondary phases would crys-
tallize in the external tube (i.e., x = 1 in Eq. (7)), the use
of the weight-loss technique will lead to an aqueous silica
molality overestimate by 80 % for a 1/1 molar ratio and
by 15 % for a 10/1 ratio (550 ◦C – 0.5 GPa). At 800 ◦C –
1.2 GPa, aqueous silica molality will be overestimated by
95 % for a 1/1 molar ratio and by 20 % for a 10/1 molar
ratio (Table 1).

Fluid plus quench products analysis – The alternative
technique, which involves analysing both the fluid and the
external tube products, allows one to determine both silica
and alumina contents of the fluid at high pressure and high
temperature (HP-HT fluid). However, if secondary phases
partly form in the external tube (x percent), the measured
Si and Al molalities (map

Si and map
Al respectively) will corre-

spond to overestimations of the true molalities:

map
Si = mSi + x · n+Ky/WH2O (8)

map
Al = mAl + x · 2n+Ky/WH2O (9)

Again, assuming the case where all secondary kyanite
would be restricted to the external tube (x = 1), the sil-
ica content of the HP-HT fluid will be slightly overesti-
mated (by 5 % for a 10/1 ratio and by 30–35 % for a
1/1 ratio) whereas the alumina content will be greatly over-
estimated (Table 1). At 550 ◦C – 0.5 GPa and 800 ◦C –
1.2 GPa respectively, the mAl will be overestimated by 3300
and 430 times for a mineral ratio of 1/1, and by 600 and
80 times for a mineral ratio 10/1 (Table 1).

Discussion: how to improve solubility
measurements?

Distribution of secondary phases between inner
capsule and external tube

The weight-loss technique and the analysis of fluid plus
quench products in a double-capsule setup remain un-
doubtedly the most reliable techniques to date for quan-
tifying mineral solubility at high pressure and tempera-
ture. Unfortunately, the accuracy of these solubility data
can be altered by secondary mineral crystallization when
incongruent dissolution occurs, as in most naturally rel-
evant systems. Furthermore, it is difficult to subtract the
contribution of these secondary phases, especially because
their exact distribution within the setup cannot be ascer-
tained. For example, Verlaguet et al. (2006) showed that
at 550 ◦C – 0.5 GPa, these secondary phases display
characteristic morphologies and can therefore be easily
distinguished from the amorphous-like quench products.
However, at higher pressure and temperature or in systems
involving more soluble species, the identification of sec-
ondary phases may be more difficult because the propor-
tion of quench products is higher, and for phases with high
surface-solution exchange rates (e.g., calcite), their euhe-
dral morphology can be achieved upon quenching. Indeed,
as shown by Verlaguet et al. (2006), secondary phases in
the external tube of a tube-in-tube setup may be partly
or completely covered by quench products. Moreover, the
exact distribution of secondary products between external
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tube and inner capsule could not be determined by Ver-
laguet et al. (2006), because these phases could not be
distinguished in the inner capsule due to the persistence
of abundant starting minerals. However, the proportion of
these secondary phases observed in the external tube was
not even marginal because their volume, estimated by eye,
was of the same order of magnitude as the total secondary
phase volume retrieved from modelling of the fluid reaction
path in these experiments. One could consider that the pro-
portion of secondary phases between inner capsule and ex-
ternal tube would reflect their relative fluid volumes. Then,
similarly to the quench products, secondary minerals would
mainly occur in the external tube. However, in the particu-
lar case where secondary phases and starting minerals are
the same, the latter may act as seeds in the inner capsule
and will favour in-situ re-crystallization. Furthermore, ac-
curate modelling of the fluid reaction path requires disso-
lution kinetic data as well as aqueous diffusion data at high
pressure and high temperature, which are not available. It
is therefore hazardous to correct solubility data for the con-
tribution of secondary phase crystallization in the external
tube: only a maximum error can be safely inferred, by con-
sidering the case where all the secondary phases are located
in the external tube (Table 1).

Addition of silica in the starting fluid: a way to improve
the accuracy of solubility data

One can try to minimize the effect of incongruent dissolu-
tion by changing the starting composition of the aqueous
fluid. As shown in Fig. 2 for the ASH system, Al-bearing
secondary phases crystallize as long as silica saturation is
not achieved. As already mentioned, this is due to the rela-
tively high solubility of aqueous silica, ASH being one of
the chemical systems for which the solubility contrast be-
tween the two components (i.e., between Al2O3 and SiO2)
is the more pronounced.

Figure 3 displays a series of fluid reaction paths, consid-
ering starting fluids with various silica contents. The com-
position of the starting fluid is expressed in percentage of
the equilibrium molality of aqueous-Si (mH4SiO0

4
). Equilib-

rium with the mineral assemblage kyanite + corundum can
be attained from an initial fluid which is undersaturated or
supersaturated in silica with respect to kyanite + corundum
(i.e., containing respectively less than 100 % and more than
100 % of the equilibrium value of mH4SiO0

4
). It is important

to note that in both cases, the initial fluid is undersaturated
in aqueous-Al with respect to kyanite + corundum. Table 2
shows that the solubility overestimation can be drastically
lowered if an appropriate amount of silica is already dis-
solved in the starting fluid (Fig. 3). Experimentally, this can
be achieved by introducing a definite amount of quartz in
the external tube. Newton & Manning (2002) were the first
to add quartz in the external tube of their setup with the aim
of approaching equilibrium from silica-supersaturated con-
ditions, with respect to the mineral assemblage enstatite +
forsterite. Furthermore, they observed that the addition of
quartz in the external tube reduces the dispersion of appar-
ent solubility values obtained by the weight-loss technique,

Fig. 3. Molality diagram, log ([m Al(OH)−4 ] / [m OH−]) vs. log
[m H4SiO0

4], showing the fluid saturation curves with respect to
corundum (Cor), kyanite (Ky) and quartz (Qtz) at 800 ◦C – 1.2 GPa.
These curves limit the field of fluid undersaturation with respect
to all minerals considered (shaded area). The bold lines with black
arrows underline the partial equilibrium reaction paths of the fluid
while it equilibrates with the starting minerals kyanite + corundum
(molar ratio of 1/1). The initial minerals are considered to produce
two dominant aqueous species: Al(OH)−4 and H4SiO0

4. Solubility
data were taken from Newton & Manning (2003). Each arrow rep-
resents a different composition of the initial fluid, determined by
the amount of quartz placed in the external tube and expressed as a
percentage of the equilibrium aqueous-Si molality. The dashed line
represents the equilibrium molality of aqueous-Si (mSi) i.e., 100%
On both sides of this line, the apperent mSi derived from weight-loss
measurements in a tube-in-tube setup, increases as a function of the
initial fluid composition. The maximum overestimation of mSi (i.e.,
considering all the secondary phases in the external tube) for each
of these initial fluid compositions is reported in Table 2.

even when it leads to a fluid which is undersaturated in sil-
ica with respect to that mineral assemblage at HT and HP.
This experimental fact can be understood in the frame of
fluid reaction paths. The presence of dissolved silica in the
starting fluid limits secondary phase crystallization along
the fluid reaction path (Fig. 3). In turn, the derived solubil-
ity data are better constrained (Table 2).

However, controlling the saturation state of the initial
fluid in the external tube is not straightforward. It requires
that the quartz dissolution is much faster than the dissolu-
tion of the mineral assemblage in the inner capsule. This
may be achieved by using very fine-grained quartz pow-
der in the external tube and large single crystal(s) of start-
ing mineral (or mineral assemblage) in the inner capsule.
Amorphous silica may also be a good candidate for “in-
stantaneous dissolution”, when determining the solubility
of mineral assemblages free of quartz.

It is important to note that, whatever the silica content
of the starting fluid (i.e., undersaturation or supersaturation
in silica with respect to the mineral assemblage of in-
terest), secondary phases are expected to form as the re-
sult of incongruent dissolution or recrystallization, respec-
tively. These secondary phases may partly crystallize in the
external tube, leading in both cases to an overestimation
of the aqueous-Si molality measured by the quench tech-
niques. Thus, approaching the solubility by both under- and
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Table 2. Maximum overestimate of the apparent aqueous-Si molality (mSi) in equilibrium with the assemblage corundum + kyanite (molar
ratio 1/1) using the weight-loss technique, for various silica content of the initial fluid, at 800 ◦C – 1.2 GPa.

Initial fluid composition (% mSi) a 0 % 80 % 90 % 95 % 110 % 120 %

Maximum overestimation of mSi
b 170 % 34 % 17 % 9 % 27 % 54 %

a Determined from the amount of quartz placed in the external tube (assuming its instantaneous dissolution) and expressed in percentage of
the equilibrium aqueous-Si molality.
b Calculated considering that all the secondary phases, due to incongruent dissolution of kyanite + corundum, occurred in the external tube
of the tube-in-tube setup. Calculations assume a partial equilibrium fluid reaction path. Solubility data are taken from Newton & Manning
(2003).

super-saturation sides actually does not bracket the mineral
solubility. However, the true solubility of the mineral as-
semblage at a given P and T can be approached by suc-
cessive experiments in which the amount of quartz in the
external tube (i.e., the silica molality of the initial fluid)
is each time increased. For the case of corundum + kyan-
ite at 800 ◦C – 1.2 GPa (data from Newton & Manning,
2003), Fig. 3 depicts a series of partial equilibrium fluid re-
action paths resulting from different amounts of quartz in
the external tube (assuming its instantaneous dissolution).
Assumptions and equations are similar to those considered
above. For each of these reaction paths, Table 2 gives the
maximum overestimation (i.e., considering all secondary
phases in the external tube) of the apparent aqueous-Si mo-
lality derived from weight-loss measurements in a tube-
in-tube setup. As the starting composition of the fluid ap-
proaches the equilibrium H4SiO0

4 concentration at 800 ◦C –
1.2 GPa, the apparent solubility of the mineral assemblage
decreases towards its true solubility value (Table 2, Fig. 3).
Subsequent addition of quartz in the initial fluid will cause
silica supersaturation with respect to the mineral assem-
blage, and will thus result in an increase of the apparent
solubility. Therefore, the true solubility of the mineral as-
semblage cannot be bracketed but only approached with
this experimental procedure. The derived solubility will be
overestimated in most cases or, at best, correct.

Potentially, the addition of silica to the external tube is
a way to better constrain the solubility measurement us-
ing the tube-in-tube setup. The derived solubility data pro-
vides an upper bound to the true solubility of the considered
solid(s). This true solubility can be attained if the optimal
silica concentration in the external tube is found. However,
this iterative approach is time-consuming and requires a
constant setup geometry to be reproducible.
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