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Abstract-—The effect of trapping a trace element, i.e., increasing element partitioning to the solid phase due to
interaction of its atoms with crystal lattice defects, is an important phenomenon in trace-element behavior in
geochemical systems. We have experimentally determined the coefficients of Rb and Cs cocrystallization with
K in the K-feldspar-alkaline hydrothermal fluid system at 500°C and 1 kbar using highly sensitive methods
with high-resolution for the analysis of solid phases (ICP-MS and ion microprobe). The fluid was sampled with
a specially designed technique. Numerical modeling of Rb and Cs capture by K-feldspar crystal dislocation
defects was based on real crystal structure data determined from X-ray powder diffraction measurements. The-
oretical and experimental results show that, unlike Rb, Cs is accumulated in dislocation defects, and, at a low
Cs content in K-feldspar, the Cs partition coefficient significantly increases. An inhomogeneous Cs distribution
at a microscopic scale at a generally uniform Rb distribution and some earlier experimental data suggest that a
significant amount of Cs in K-feldspar is confined to dislocations, and the trapping effect is important for this
element at <~10~* mol % CsAlSi;Oyq in K-feldspar. This tendency to increasing co-crystallization coefficients
is also observed at larger CsAlSi;Ogq concentrations of >0.4 mol %. New special experiments are needed to esti-
mate the errors caused by the nonisothermal sampling of fluid or using residual liquids for modeling of the high-
temperature fluid composition. Such experiments should also demonstrate the applicability of the analytical

methods used for studying solid phases with very low trace-element concentrations.

Rare alkalis are considered as ore components in
granitoids and pegmatites and are important petrologi-
cal indicators [1]. Rubidium is generally accumulated
in potassium feldspar (Kfs). This mineral often has ele-
vated Cs contents; however, high concentrations of this
element are more typical of biotite. The systems includ-
ing Kfs and hydrothermal fluid with Rb and Cs were
studied experimentally in numerous papers [2-9].

The distribution of a rare alkali metal M between
different solid phases is usually described by the reac-
tion Kgp, + Mg = Mgy, + Kg. The constant of this reac-
tion is considered as a partition coefficient of rare alka-
= % / &ﬂ (or, more precisely, as a coeffi-

I\K;/:s« Ky
cient of M cocrystatlization with K). The earlier data on
this coefficient for 500°C are summarized in Table 1,
because our study only referred to this temperature.
Chelishchev used natural microcline {7, 8] or feldspar
glass [7] as starting matenials for the ion exchange
experiments. Beswick [6] synthesized sanidines from
gels and then used this starting material in the ion-
exchange experiments with aqueous solutions of
(Rb,K)CL Eugster [2, 3] and Volfinger [9] applied the

L KFt
is Dy, =

725

method of mineral synthesis in the (K,Cs)AlSi;04-H,0
and K,0-Al,04~Si0,—KCI-MCI-H,0 systems, respec-
tively. An analysis of Table 1| shows that the data
obtained for Rb are generally consistent, and D varies
from 0.17 to 0.42. However, there are two discrepant
groups of data for Cs (Volfinger versus Eugster and
Chelishchev). The disagreement is also prominent in
the termperature dependence of the partition coefficient:
it is almost independent of temperature in [9] and sig-
nificantly depends on this parameter in [2, 3, 7, 8]. All
these data correspond to 1 kbar. However, Eugster dem-
onstrated that pressure (1-2 kbar) does not affect the
Dé\f/“ value [3]. These inconsistencies could be par-
tially accounted for by differences in the fluid compo-
sition and the state of the starting material, including
various degrees of Kfs ordering. However, datain [5, §]
allow us to conclude that the specified factors could not
cause such a strong divergence and that some other
effects should be taken into account. Very low Rb and
Cs contents in Kfs (from 10* mol % of corresponding
end-members) were used only by Volfinger, who
applied a radioisotopic method for determining rare
alkalis both in fluid (residual liquid) and solid phases.
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"Table 1. Available data on Rb and Cs distribution between potassium feldspar and fluid phase at 500°C

31 | Sanidine (synt.) + H,O Cs 0.48 2% 10721 Radioisotopic (RI)
[7] Glass + alkaline solution or natural micro- Cs 0.46* <5 Flame photometry
cline + alkaline solution Rb 0.42% <5 (FP)
[8] Sanidine (synt.?) + alkaline solution Cs 0.46%* ? FP
Rb 0.41** ?
Natural microcline + alkaline solution Cs 0.43** 1.2-12
Rb 0.36%* 0.9-7
6] Sanidine (synt.) + (Rb, K)Cl + H,0 Rb | 0.17+£0.04 0.8-7 Fp
[9] K,0 + AL 04 + SiO, + KCl + MCl + H,O Cs  |0.023£0.03 | 1.3 x 1074-0.16***
Rb [0.408+0.10 6.6 x 1074-18.7 RI

* Data are taken from diagrams.

** Data are taken from Table 14 in [8]. Data in Fig. 26 from [8] contradict this table and are probably erroneous.

*%* The points with high Cs contents of 1.7 and 21.8 mol % of the Cs end-member are excluded; 0.142 and 0.5 are respective Dig,

values.

Eugster also used this method, but obtained different
results for the Cs end-member contents ranging from
1072 to 1 mol % (Table 1). This interval was also stud-
ied in [9]. Thus, the observed discrepancy probably is
not caused by differences in analytical methods or the

concentrational dependence Dé‘f"“, which may be

related to the deviation of the solid solution from ide-
ality at >1 mol % Cs end-member [10, 11].

An analysis of the information presented in the pub-
lications cited above reveals some other important fac-
tors that could affect the results. First, all the research-
ers used residual liquids to describe the characteristics
of a high-temperature fluid. This approach would not be
appropriate if unmixing phenomena were assumed in
alkaline silicate solutions [12]. Second, tow Rb and Cs
concentrations in Kfs have not been determined
directly, whereas radioisotopic measurements only give
the bulk concentration of a radioisotope in the experi-
mental solid phases including quench phases or phases
crystallized on cooling of a heterogeneous silicate-rich
heavy liquid. Third, the authors did not analyze the real
structures of the Kfs crystals.

However, the modeling results demonstrate that the
trapping phenomena could be observed in systems with
Cs, i.e., at increasing element partitioning to the solid
phase at very low concentrations of elements dissolved
in Kfs due to the interaction of ions with crystal lattice
defects [13]. The effect of increasing Cs concentrations
in imperfect orthoclase crystals was analyzed within
the model of the symmetrical tilt boundary [14], and the
results were compared with experimental data. Unfor-
tunately, primary experimental information [10] was
not available to the authors of [13, 14], and they used
Mysen’s data [15], which were found later to be incor-
rect. Actually, the original data are identical to those
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obtained by Volfinger [9] and show Dg "™ to increase

at high Cs contents, rather than at low concentrations of
this element. Thus, inconsistency exists between the
data obtained by different researchers, and it is not clear
whether the trapping effect occurs in the system consid-
ered or not. Therefore, the previous papers cannot serve
as an appropriate basis for the solution of this problem.
We performed a new study of Rb and Cs distribution
between Kfs and alkaline fluid. This study differs in that
the fluid composition is determined by direct sampling,
the real structure of Kfs crystals is taken into account,
and Rb and Cs are analyzed with modern analytical
techniques in individual crystals or small monomineral
separates.

EXPERIMENTAL PROCEDURE

The distribution of alkali metals between solid and
fluid phases was studied by synthesizing Kfs from start-
ing mixtures of Al and Si oxides in aqueous KOH solu-
tions with added RbOH and CsCl. Reagents were ana-
Iytically pure Al,O; and SiO,, pure KOH and RbOH,
and ultrapure CsCl. Although the KOH reagent used in
our experiments contained the lowest Rb (<107 wt %)
among the other available potassium reagents, we
failed to reach the very low Rb contents in the system.

The experiments were performed in stainless steel
autoclaves with copper reaction containers (liners) of
about 80 c¢cm? in volume. The containers were sealed
using argon-shielded arc welding. A copper sampler
was fixed to the liner lid with a pin junction. The sam-
pler is designed to collect enough of the high-tempera-
ture fluid for analysis. The analogous reaction container
was used in our previous experiments on Pb distribu-
tion between Kfs and fluid (see figure in [16]). Experi-
Vol. 39

No.8 2001
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ments lasted 40 days at 500°C and 1 kbar (100 MPa).
The autoclaves were quenched in cold water.

ANALYTICAL TECHNIQUE

The solutions were analyzed by flame photometry
(FP) and atomic absorption spectrometry (AAS). Solid
phases were studied optically and by X-ray powder dif-
fraction (XRD). They were analyzed for K, Rb, and Cs
using FP, ICP-MS, and an ion microprobe. The FP mea-
surements were performed using a flame photometer
based on DFS-12. The photometer was calibrated by
standard K, Rb, and Cs solutions. The detection limit
was 3 ppm and the error was +10% for the rare alkali
metals.

The AAS measurements were performed using a
Perkin—Elmer 503 unit with Rb and Cs detection limits
of | ppb and errors within +5%. A PQ-2 VG Instru-
ments Quadrupole mass-spectrometer at the Institute of
Limnology, Siberian Division, Russian Academy of
Sciences, was used for ICP-MS determination. The
analysis of small concentrations was performed in a
counting mode, while high concentrations were ana-
lyzed in an analog mode. Determination errors were
within £5%. BHVO-1, BCR-1, and AGV-1 were used
as standards.

The solid phases were analyzed also by a Cameca
IMS-3fion microprobe at the Mineralogical Institute of
Heidelberg University. Polished samples were coated
with a gold film, and secondary ions were generated by
bombardment of the sample with a 20-nA '°O- primary
beam. A primary acceleration voltage of 12.5 kV was
applied, the beam diameter was 50 pm, the image field
was 25 i, the high deflecting voltage was —60V, and
the energy window was 30 eV. Preparatory to analyses,
the primary beam was equilibrated for 10 min. #*Rb and
3Cs were measured for 2 and 3 s, respectively, and
normalized to *Si (1 s). Data were collected from
15 blocks of 3 cycles cach, with the total analysis time
of 13 min. Depending of the size of crystals, 1 to 3 anal-
yses were obtained from each, with 2-3 crystals from
each experiment used. The measured intensities were
recalculated to element concentrations using a NIST
SRM 612 standard {17].

The average effective dimensions of crystallites
(i.e., the thickness of coherent scattering domains or
blocks) and values of lattice strain of the Kfs crystal
structure were caiculated from the line profiles of

(201), (060), and (204) reflections in the X-ray diffrac-
tion powder pattern. A natural microcline was used as a
standard to account for the instrumental broadening of
line widths. This microcline sample showed the small-
est broadening of diftraction line widths among many
samples studied. Measurements were performed with a
powder diffractometer DRON-3 using CuK, radiation.
Calculations were made with the harmonic analysis of
the reflection profile [18). The dimensions obtained for
crystal domains (D) and mean square values of relative
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microdistortions (/ (8)2) were used for revealing the
characteristics of a dislocation ensemble (dislocation
densities, p, and dislocation spacing, d) within the
model developed by Krivoglaz [19].

EXPERIMENTAL RESULTS

Potassium feldspar and kalsilite in various propor-
tions were synthesized in the experiments. The Kfs
crystals were up to 1-2 mm long. Their habits {20] were
different from kalsilite crystals and were sufficiently
separated for analysis. Kfs had an Al/Si ordering
parameter 2t, of about 0.6, which corresponds to sani-
dine crystallization under conditions of forced equilib-
rium [21, 22]. The following values characterizing the
Kfs crystal structure were determined: D = 28-39 nm,

N <8>2 =4.5-8.0x% 10"3, p= 3.7 % 10—10 Cm"?',

In contrast to Al/Si ordering, the equilibrium of
alkali metals ion exchange with Kfs is usually rapidly
achieved in experiments. We believe that, in the synthe-
sis method applied, the isothermal growth of crystals
provides the equilibrium distribution of microcompo-
nents; i.e., their atoms can easily occupy physical fields
of growth dislocations and dislocation pile-ups,
because of high rates of alkali element exchange at the
crystal/fluid boundary. Kalsilite (K/s) formation can
change the composition of the fluid from which Kfs
crystallized. However, we believe that it cannot affect
the coefficient of M cocrystallization with K in KJs for
the following reasons: (1) Kfs is dominant in most
experiments (Table 2), and (2) the equality of chemical
potentials of M and K in Kis, Kfs, and fluid is met

. . Kfs gl S s
simultaneously; i.e., e’ = pn, P& = pg and

He® = Wy, e = pg . The kalsilite crystallization

can only change the element concentration and M/K
ratio in fluid. This may result in a new M/K ratio in Kfs
to meet the exchange reaction constant.

Table 2 shows the Kfs compositions determined by
various methods. The element contents measured by
ICP-MS and ion microprobe normally differ by not
more than £20%, and this deviation is more significant
only at very low Cs contents (<~10™ wt %). The ion
microprobe data were preferred in the latter case,
because by using this technique we could control the
phase and chemical homogeneity of Kfs crystals. A
crystal synthesized in run 5 (Table 2) was analyzed by
ion microprobe. The Cs concentrations determined in
successive cycles of ion microprobe measurements dif-
fer by about one order of magnitude. Rubidium was
rather homogeneously distributed in this crystal. Unfor-
tunately, we could not study conceutrations of the Rb
end-member below 7 x 1073 mol % in K5, because the
initial KOH contained about ~10~* wt % Rb. Cesium
has not been detected by ICP-MS in the initial KOH.
However, the data obtained in run 8 (Table 2) may indi-
cate the collective influence of various sources (inciud-

2001
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Table 2. Experimental results on Rb and Cs distribution between Kfs and alkaline hydrothermal fluid at 500°C and 1 kbar

Conlpluositiop ofigitial Synthe- Composition of solution in sampler Composition of Kfs crystals DKfc/ﬂ

solution in wt % J sized ppm at. ratio ppm at. ratio
hases

5 KOH| RbOH | CsCl | © K | Rb Cs |Rb/K|Cs/K| Rb Cs Rb/K | Cs/K | Rb | Cs

I [11.60]0.89 1.10 [Kfs > Kis |10740{ 709 | 262 3.0x | 7.2x{10600[12490 37x|28x (12139
102 107 102 | 1072

2 {11.60]0.89 1.10 [Kis > Kfs |[15730(177 | 65 5.0x|1.2x]| 1540] 1900 50x|40x|1.0(33
1073 | 1073 1073 | 1073

3 113.8010.13 0.14 | Kfs > Kis | 6390[110 9.0 [79%x{4.1x]| 1300 540 42x111x1(05(2.7
107 | 107 1073 | 107

4 113.00{0.03 0.02 |Kfs>Kls| 8600| 102) 22 |S4x]|7.5x| 225/ 28 73%x59x|1.4]038
104 | 1073 104 | 10°%

5 113.00{0.03 0.02 |Kis > Kfs | 9800{ 2.0/ 0.1 |93x]|3.0x 30 2.8 98x|59%x {1120
105 | 10°° 10° 1 10°®

6 [15.25/0.0003%| 10* |Kfs > Kis 124600 6.0 001 [1.1x|12x 32 0.4 1.OX [ 84x% (0970
1074 1 107 10% ] 107

7 115.25{0.0002%{ 107> |Kfs =KIs |20400] 29| 001 |65%x|14x 28 0.3 9.1% | 63x (14|45
107 | 107 105 | 107

8 |15.25]0.01 - |Kfs>KiIs 16800 4.2] 0.002| 1.1x|3.5x% 41 0.05** 1.3x | 1.6x | 1.2 4.6
104 | 1078 104§ 107

9 {15.25(0.0002%| 0.01 |Kfs > Kis |13140 2.0 0.03 | 70x|6.7x% 22 0.7 72%x115%x({1.0]22
1075 | 1077 1075 | 10°®

* Including about 0.0002% Rb from the KOH reagent containing ~ 1073% Rb.

** Supposedly from initial reagents and material of copper container.

The K proportion was calcnlated from stoichiometric (K, Rb, Cs)AlSi;Og. The Si0,/Al,03 mol ratio was preset at 10.2 in all runs
except for runs 2 and 5, where the Si0,/Al,04 ratio equaled 11.1. Methods of Kfs analysis: runs 2 and 9-—ion microprobe: 4, 6--8 (Cs)—
ICP-MS; 1, 5,8 (Rb)ﬁlon microprobe and ICP-MS (averaged data); 3-——AAS. Abbreviations: Kfs—potassium feldspar, Kls~kalsxhte,

M=Rbor(Cs.

ing the copper container), each of which has Cs concen-
trations below the detection limit. Dependences of par-
tition coeflicients on crystal compositions (in mol %

MAISi;0y) are shown in Fig. 1. DKf " is almost con-

stant within the interval studied of the crystal composi-
tions and 1s equal to about one. Cesium distribution is
more complex. The coefficient of its cocrystallization
with K increases both at low (<10* mol %) and high
(>107" mol %) CsAlSi;Oq4 contents in Kfs.

NUMERICAL MODELING RESULTS

The modeling is based on the formalism developed
by Abramovich ef al. [23, 24] and is considered in
detail in [14]. The model adopted suggests the dominat-
ing role of inhomogeneous elastic fields of dislocation
pile-ups forming the subgrain boundaries in the distri-
bution of impurities in Kf& crystals. In contrast to the
classical trapping eftect [25] caused by the interaction
of impurities with thermal defects, whose concentra-
tions increase with increasing temperature, the effect
considered can occur at medium and low temperatures
and decreases with increasing temperature. Our calcu-
lation 1s based on the model of the symmetrical tilt
boundary. All the necessary calculation parameters
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were taken from the publication used in [14]. The cal-
culations were performed for D =40 nm and d = 10 nm
corresponding to dislocation densities and block
dimensions observed in the synthesized Kfs crystals.

The numerical modeling results are shown in Fig. 2.
Rubidium is not accumulated by dislocation defects,
generally due to the small volume effect of Rb for K
substitution. By contrast, Cs is significantly accumu-
lated and its bulk concentration in the imperfect crys-
tals (x,,,) can exceed the equilibrium concentration
within the undistorted domains (x;) by more than one
order of magnitude. If the amount of element in the sys-

tem is high enough ( m& > mg, , in our case), the coef-
ficient of Cs distribution between Kfs and fluid also
increases proportionally. Different Cs behavior at vari-
ous element contents in Fig. 2 is related to specific fea-
tures of the adopted model. At very low concentrations
(<~107 mol %) both the distorted crystal layers next to
the dislocation boundaries and the undistorted layers
can be considered as diluted solid solutions. In this
case, according to the main equation of the effect [14,
23, 24], the xy,,/x, ratio depends only on the linear (rel-
ative to In x) terms and has a constant value determined
only by the strain induced by the corresponding structural
Vol. 39
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Fig. 1. Coefficients of Cs and Rb partitioning between Kfs
and alkaline fluid versus concentration of elements in the
synthesized crystals (S00°C, 1 kbar).

imperfection. At x, between ~10~ and ~10* mol %
(Fig. 2), the x,,/x, ratio increases, because the xp,,
value within this interval is contributed not only by lin-
ear (relative to Inx) terms, but also by higher power
terms. Such behavior is typical of impurities that can be
effectively entrapped by structural defects in a crystal.
Finally, at x;, > 10~ mol %, the constraint on the local
concentration takes an important value: this concentra-
tion should not exceed the value corresponding to the
chemical spinodal (the model suggests that states
between the binodal and spinodal can exist as metasta-
ble and only the states below the chemical spinodal are
absolutely unstable [14]). As a result, the x,,,,/x, ratio
does not increase further and a maximum occurs at
107 mol % (Fig. 2), because the distorted layers in the
crystal structure are saturated with impurity atoms and
the xy,y becomes constant, while x, continues to grow.
The xu/xe ratio consequently decreases and
approaches unity at xo — X, (X, cOTresponds to the
composition of chemical spinodal at a given tempera-
ture).

DISCUSSION

The following two aspects are emphasized in the
discussion: (1) a comparison of the obtained distribu-
tion coeflicients with experimental data (Table 1), and
(2) an estimation of the probability for the effect of
alkali metals trapping by dislocation defects in the Kfs
crystals. As we mentioned in the introduction, there are
significant inconsistencies in the results of previous
studies of Cs behavior. Our data show larger partition
coefficients for both alkali metals, particularly for Cs
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Fig. 2. Numerical modeling results for the effect of Rb and
Cs accumulation in the imperfect orthoclase crystals. Model
of symmetrical tilt boundary. Dislocation spacing is 10 nm,
domain size is 40 nm (4 dislocations in each dislocation
wall). x, is the bulk concentration of impurity in an
imperfect crystal, x; is the equilibrium concentration in
undistorted crystal slices (mol % of corresponding end-
member).

(Table 2, Fig. 1). Let us recall, however, that all the
researchers analyzed the residual liquids and significant
errors could have been introduced, particularly in the
case of fluid immiscibility [12]. Moreover, the very
small Rb and Cs concentrations have not been mea-
sured directly in the investigations cited. This may
result in errors related to an underestimation of quench
phases and sorbed element forms, even if the liquid
immiscibility did not occur in experiments. However,
our data also cannot be preferred, because the method
of nonisothermal sampling allows errors due to possi-
ble unequal conditions of autoclave cooling and
changes in fluid composition on cooling from the run
temperature (500°C) to the critical temperature of a
solution with a given composition (~380°C). Difficul-
ties of isothermal and isobaric sampling in the silicate
systems are well known. We would recommend using
our sampling technique under conditions close to the
critical temperature. In this case, more reliable cocrys-
tallization coefficients can-be obtained, and possible
errors related to the nonisothermal sampling and analy-
sis of residual liquids can be estimated.

According to the semi-empirical model of Blundy
and Wood [26] that is based on the differences between
ionic radii, the cesium partition coefficient should be
onie—two orders of magnitude lower than that of rubid-

ium (see also [27]). The fact that Dgfdﬂ 1S approxi-

mately of the same order of magnitude as D ,ff/ﬂ (Table 1)
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or even larger (according to our data) could indicate the
occurrence of the trapping effect. As we mentioned
above, the ion microprobe detects inhomogeneities in
Cs distribution in Kfs crystals at concentrations of sev-
eral ppm and lower. This may reflect the inhomoge-
neous distribution of dislocation defects during the
crystal growth and the occurrence of both isomorphic
cesium and cesium confined to dislocations. Note that
the inhomogeneous Cs distribution is probably not
related to the chemical instability of crystal growth,
because rubidium, the other impurity element, is homo-
geneously distributed, and the AY/Si ordering parameter
of the synthesized crystals corresponds to stationary
growth and to conditions of forced equilibrium [14, 22].

The higher dispersion of Cs in comparison to Rb in
alkali feldspars of various origins is also revealed in
some other studies. This phenomenon could be related
to the conditions of the growth or postgrowth transfor-
mation of crystals and to the active entrapment of
incompatible (in terms of ionic radii) elements by
defects [28]. Although no direct and definite evidence
for the occurrence of a dislocation-confined form of Cs
in Kfs has yet been obtained, the factors discussed
above and the numerical simulation results (Fig. 2)
prove the influence of this effect on the Cs partition
coefficient. Moreover, Akimov and Parkhomenko [29]
used thermal atomic absorption to identify Cs forms in
mechanically activated Kfs and concluded that a new
Cs form with a lower release temperature (than the iso-
motphic impurity) appears in Kfs. This form is proba-
bly related to the interaction of Cs atoms with structural
defects (particularly, with dislocation defects). Actu-
ally, the numerical estimates (Fig. 2) indicate signifi-
cant Cs accumulation in imperfect orthoclase crystals
with <1073 mol % CsAlSi;Oy. A distinct increase of
Dé{ "™ is detected in our experiments at <10~ mol %
CsAlS1;0y, and this effect is notably less than could be
expected from the theory. The discrepancy could be
related to the inadequacy of the dislocation structure
model of Kfs crystals (a more precise study of this
structure requires the employment of electron micros-
copy) and to errors in the parameter values used (elastic

. . . Kfs/fl
moduli and interaction parameters). However, [)C{T

also tends to increase at higher Cs contents >0.4 mol %
(Fig. 1). This increase was explained by the nonideality
of K and Cs mixing in the solid solution [10, 11]. How-
ever, we also cannot exclude the influence of the Cs
state in solution and the experimental errors mentioned
above. In general, the concentrational dependence of
partition coefficients at high impurity contents is not
unusual during crystallization [30]. One of the possibie
reasons of this phenomenon is the formation of a fine
dissemination of Cs microphases (for example, pollu-
cite CsAlSi1,0), which have not yet been detected dur-
ing phase analysis. These phases were not found by the
ion microprobe, but its resolution could be insufficient
to recognize the ultrafine phases. The occurrence of
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such phases could also increase the D, value in

comparison to the value related to the isomorphic
mpurity.

CONCLUSION

A series of experimental data, i.e., the increase of
Déf " at low Cs contents, the inhomogeneous distribu-
tion of this element, and the occurrence of a new Cs
form in crystals with high disiocation densities {29], as
well as theoretical analysis, indicate the important role
of the trapping effect in Cs distribution between Kfs and
hydrothermal fluid. However, some details are not clear
yet and require additional studies including electron
microscopy. The experimental data also demonstrate
that the trapping effect does not occur for Rb, which is
generally consistent with the theoretically predicted
behavior of this element [13, 14].

Note that in addition to the structural defects dis-
cussed in this paper, the impurities can be also
entrapped by twin planes. For example, defect clusters,
impurity accumulation, and changes in the ordering of
cation distribution between tetrahedral and octahedral
sites in synthetic gem spinel are confined to twin planes
[31, 32]. Pentinghaus [33] discussed similar phenom-
ena in Kfs and suggested that the Carlsbad B twin plane
could be responsible for nonstoichiometric defects. The
influence of such defects on the entrapment of impurity
elements is an interesting topic for further study.
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