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The chemical properties of cesium allow accumula-
tion of this element in the late silicic derivatives of igne-
ous complexes, in particular, in rare-metal granites,
pegmatites, and related metasomatic rocks. However,
the Cs content can be high enough only in pegmatites
to form its own mineral (pollucite), which occasionally
occurs in considerable amounts. In other rocks, Cs con-
centrates largely in micas and feldspars. The possible
maximal level of Cs accumulation in the melt remains
poorly studied. Important new information has been
obtained from the study of volcanic glass and melt
inclusions (MI) in minerals. The rhyolitic glass concen-
trates 220–870 ppm Cs, occasionally up to 3770 ppm
[1]. To date, the highest Cs

 

2

 

O content (1.2–5.5 wt %)
has been detected in MIs captured by quartz from miar-
olitic pegmatite of the Malkhan field of the central
Transbaikal region [2, 3] and the southwestern Pamirs
(Leskhozovskaya and Vezdarinskaya veins). These
inclusions contain products of crystallization of the late
pegmatitic melt [3] and the inferred high-temperature
meltlike gels [4]. While studying ongonite of the Ary-
Bulak Massif, we detected MIs filled with a residual
glass that contains up to 17 wt % Cs. This is reliable
evidence in favor of the existence of natural melts
extremely enriched in Cs. In this communication, we
describe these unusual inclusions and discuss Cs distri-
bution in ongonites.

The Ary-Bulak Massif is a dome-shaped stock
exposed over ~0.8 km

 

2

 

 among the Devonian volca-
nosedimentary rocks [5]. The massif is composed
largely of porphyritic ongonite. A zone of aphyric rock
50–100 m wide occurs only near the southwestern con-
tact zone. Beyond this zone, an ongonite variety with
anomalously high contents of CaO (3.3–21.8 wt %) and
F (2.7–16 wt %) has been found near the same locality.
The high CaO (7.8–18 wt %) and F (7.1–15.5 wt %)

contents are inherent to aphyric rocks as well. Prosopite

 

CaAl

 

2

 

F

 

4

 

(OH)

 

4

 

 has been identified in this rock for the
first time as an abundant mineral (6–26 wt %). It was
established that interstices between minerals of the
groundmass of the Ca- and F-rich rocks are filled with
submicrometric intergrowths of “fluoritic” and “K-feld-
spathic” phases. The “fluoritic” phase is a partly devit-
rified calcium fluoride melt with the following admix-
tures (wt %): O (3–12), Al (0.5–3.3), Si (0.2–1.5), Sr (0.3–
0.5, occasionally up to 1.0–1.3), Na (up to 0.5), and S
(up to 0.3). The “K-feldspathic” phase is commonly
close in composition to sanidine (rims around tabular
albite crystals) but characterized by local enrichment in
Ca (1.5–4.0 wt %). We provided evidence for the joint
crystallization of immiscible aluminosilicate and cal-
cium fluoride melts in the presence of HF-bearing
aqueous fluid during formation of Ca- and F-rich rocks
[6, 7].

The Cs content in rocks from the Ary-Bylak Massif
varies from 48 to 386 ppm. The lowest average Cs con-
tent is characteristic of the porphyritic ongonite with
the “fluoritic” phase (87 ppm, average of 4 samples).
Porphyritic ongonite from the central part of the massif
contains 104 ppm Cs (average of 35 samples [8]). The
aphyric rocks are distinguished by a high dispersion of
Cs contents ranging from 82 to 386 ppm (average
159 ppm, based on 9 samples). The main amount of Cs
is concentrated in feldspars (largely, sanidine). Mica of
the biotite–zinnwaldite series is the only mineral with
high Cs content (0.2–0.5 wt % Cs

 

2

 

O, on average; up to
2–3 wt % in the narrow outer rims of some phenoc-
rysts). However, the percentage of mica phenocrysts
does not exceed fractions of a percent. The elevated Cs
content (up to 250–300 ppm) in the groundmass indi-
cates that this element was gained in the ongonite melt
at the final stage of its crystallization.

Quartz phenocrysts in porphyritic ongonite contain
numerous MIs. Anomalously high Cs contents were
detected in some melt inclusions filled with a residual
glass. Such unusual melt inclusions have been found in
every fourth thoroughly studied rock samples taken
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from the central part of the massif (ARB-28) and in its
southwestern contact zone (ARB-22, ARB-23, and
ARB-24). Samples ARB-28, ARB-22, and ARB-23 are
composed of ordinary porphyritic ongonite, while sam-
ple ARB-24 is composed of Ca- and F-rich porphyritic
rocks containing ~13 wt % of “fluoritic” phase (Table 1).
Large (1–5 mm) phenocrysts of sanidine, albite with
sanidine rims, well-developed smoky quartz, and spo-
radic colorless topaz occupy up to 20 vol %. The mica
sheets are extremely rare. The phenocrysts are incor-
porated into the groundmass that consists of small
(20–80 

 

µ

 

m) grains of minerals scattered as phenoc-
rysts. Aggregates of fine-acicular topaz crystals are
observed in microporous domains of the rock. Numer-
ous inclusions of acicular topaz (<1 

 

×

 

 3–15 

 

µ

 

m) are con-
tained in quartz microlites. In the Ca- and F-rich rock
(sample ARB-24), interstices are filled with submicromet-
ric intergrowths of fluoritic and “K-feldspathic” phases
probably formed as quenching of products of calcium flu-
oride and aluminosilicate melt microemulsions [6, 7].

A few hundred quartz grains and a few topaz grains
have been examined in each sample. Some of the large
quartz phenocrysts are broken by rounded fractures that

do not extend beyond quartz. We suppose that the frac-
turing was a result of 

 

β → α

 

 quartz transition in the pro-
cess of phenocryst growth. Many quartz and topaz
grains contain MIs varying from 2–5 to 100–150 

 

µ

 

m
(occasionally up to 300 

 

µ

 

m) in size. Most melt inclu-
sions make up clusters and chains in growth zones at
margins of quartz phenocrysts. Melt inclusions in cen-
tral and transitional zones are rare. In many grains, melt
inclusions occur together with gas-rich fluid inclusions
(FI) consisting of a large bubble and a thin outer rim of
solution. The rare secondary FIs were observed along
the sealed fractures in only a few grains. Most MIs are
filled with brownish, occasionally translucent residual
glass and a deformed shrink bubble. Many MIs contain
one or several crystalline phases (brown mica, potas-
sium feldspar, and albite).

Upon heating to 360–380

 

°

 

C, the smoky quartz
grains become colorless in 10–15 min. The residual
glass in MI begins to melt at 450–500

 

°

 

C. Further step-
wise heating was performed in a micromuffle with
quenching at every stage. The complete melting of the
residual glass was achieved at 700–750

 

°

 

C during 1–2 h.
Many small (3–5 

 

µ

 

m) inclusions became completely
homogeneous thereby. At this stage, one can see that
proportions of the volumes occupied by the gas bubble,
crystalline phases, and melt are appreciably different
even in the closely spaced MI within one group or in the
same growth zone. The heating to 760–810

 

°

 

C over 12–
30 h resulted in dissolution of mica and partial melting
of feldspars. In many MIs, a titanomagnetite rash
appears on the spot of mica. The complete melting of
crystalline phases was reached in 30–35 h at 850–
950

 

°

 

C. Some MIs 10–40 

 

µ

 

m in size contained only a
homogeneous melt after heating to 900–950

 

°

 

C. Most
inclusions, especially large ones (>40 

 

µ

 

m), did not
achieve complete homogenization even at 1000–1050

 

°

 

C
during 1–2 h, and a large gas bubble remained in glass
after its quenching.

The composition of melt inclusions was determined
on a LEO-1430VP SEM equipped with an INCAEn-
ergy 300 analyzer. The residual and quenched glasses
in most MIs have aluminosilicate composition with
wide variations in Si, Al, Na, K, and F contents. MIs
with anomalously Cs-rich glasses (0.5–17.5 wt %)
were found in every sample (Table 2). In total, 11 such
inclusions were detected in 9 quartz phenocrysts. These
inclusions are isolated or occur together with ordinary
MIs and FIs in both the inner and outer zones of quartz
grains. In contrast to the ordinary MIs, the Cs-rich
inclusions are usually filled with translucent or trans-
parent residual glass. They contain one or several (up to
six) large shrink cavities. Some melt inclusions contain
crystalline phases.

A considerable volume in MI 22/2-2 is occupied by
segregation of brown mica. After the heating to
1050

 

°

 

C, grains (1–5 

 

µ

 

m) of newly formed titanomag-
netite arose on the spot of mica. The dissolution of mica
stimulated the saturation of the melt with Fe (up to

 

Table 1. 

 

 Chemical composition of porphyritic rocks from
the Ary-Bulak Massif, wt %

Compo-
nent

1 2

ARB-28 ARB-22 ARB-23 ARB-24

SiO

 

2

 

72.79 71.25 71.48 62.60

TiO

 

2

 

0.02 0.11 <0.02 <0.02

Al

 

2

 

O

 

3

 

15.69 15.66 15.53 14.20

Fe

 

2

 

O

 

3

 

0.61 0.51 0.65 <0.10

FeO 0.09 0.52 0.27 0.68

MnO 0.05 0.04 0.05 0.04

MgO 0.03 0.44 0.31 0.09

CaO 0.19 0.29 0.75 9.26

Na

 

2

 

O 3.79 3.76 3.85 3.15

K

 

2

 

O 4.62 4.86 4.74 4.04

Li

 

2

 

O 0.11 0.10 0.11 0.08

Rb

 

2

 

O 0.22 0.23 0.23 0.16

Cs

 

2

 

O 0.007 0.020 0.020 0.013

P

 

2

 

O

 

5

 

0.03 0.03 0.02 0.05

F 1.22 2.20 2.00 6.80

H

 

2

 

O

 

±

 

1.05 0.94 0.86 1.46

CO

 

2

 

0.22

Total 100.01 100.03 100.03 99.98

A/NK 1.39 1.31 1.35 1.49

 

Note: (1) Porphyritic ongonite, (2) porphyritic ongonite with “fluor-
itic” phase. The total is given with correction for the F content.
(

 

−

 

) Not analyzed. A/NK = Al

 

2

 

O

 

3

 

/(Na

 

2

 

O + K

 

2

 

O + Cs

 

2

 

O +
Rb

 

2

 

O), molar ratio. Analyses were performed at the Institute of
Geochemistry, Irkutsk (G.A. Pogudina, analyst).
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5.8 wt % FeO, see Table 2). A crystal of Na-sanidine
5 

 

×

 

 7 

 

µ

 

m in size was opened in the residual (unheated)
glass (MI 23/4). Its composition is as follows (wt %):
67.45 SiO

 

2

 

, 18.93 Al

 

2

 

O

 

3

 

, 6.93 K

 

2

 

O, and 6.90 Na

 

2

 

O
(total 100.21). The unheated glass from MI 24/8 with
6.6 wt % Cs

 

2

 

O and 3.5 wt % Rb

 

2

 

O contains an Rb- and
Cs-rich mica crystal with the following composition
(wt %): 45.86 SiO

 

2

 

, 22.62 Al

 

2

 

O

 

3

 

, 6.98 FeO, 0.65 MnO,
8.69 K

 

2

 

O, 0.54 Na

 

2

 

O, 2.84 Rb

 

2

 

O, 0.36 Cs

 

2

 

O, and 8.21 F.
The sum total (–F = O

 

2

 

) is 93.25. The inner wall of the
opened gas bubble in this inclusion contains a phase
(4 

 

×

 

 4 

 

µ

 

m in size) with correlation of components like
that in Mg-amphibole with a Zn admixture. Its compo-
sition is as follows (wt %): 41.03 SiO

 

2

 

, 0.26 TiO

 

2

 

, 12.01
Al

 

2

 

O

 

3

 

, FeO 19.99, 6.39 MgO, 2.54 ZnO, 10.64 CaO,
0.27 K

 

2

 

O, and 2.06 Na

 

2

 

O (total 95.18). The Cs-rich
(4.3 wt % Cs

 

2

 

O) glass in MI 28/6-1a contains sheets
(7 

 

×

 

 50 

 

µ

 

m) of dark mica with the following composi-
tion (wt %): 42.79 SiO

 

2

 

, 0.35 TiO

 

2

 

, 20.15 Al

 

2

 

O

 

3

 

, 15.48
FeO, 0.78 MnO, 9.86 K

 

2

 

O, 0.59 Na

 

2

 

O, and 7.49 F. The
sum total (–F = O

 

2

 

) is 94.33.

Cesium is distributed uniformly in residual and
quenched glasses (within the error limits). No signifi-
cant correlation was established between Cs and major
elements (Si, Al, Na, K, F) in the Cs-rich glasses
(<7.3 wt % Cs

 

2

 

O). The Al

 

2

 

O

 

3

 

/(Na

 

2

 

O + K

 

2

 

O + Cs

 

2

 

O +
Rb

 

2

 

O) molar ratio mostly is close to 1 (Table 2) and
thus corresponds to the feldspathic proportions of Al
and alkali metals in the melts anomalously enriched in
Cs. In MI from sample ARB-28, glass with a maximum
Cs

 

2

 

O content (17.5 wt %) is enriched in Na and charac-
terized by specific features of pollucite–analcime
(Table 2, analysis 28/6-1).

Spherical segregations (1–5 

 

µ

 

m) enriched in Cs and
Cl relative to the adjacent glass were detected in MIs
from sample ARB-24 (Table 2, analyses 24/1 and 24/1a).
A Cu admixture (0.6–1.2 wt % CuO) was revealed in
glasses (including the Cs-rich variety) of some MIs
from sample ARB-23. The Cu content in the MI-hosted
glass varies insignificantly. Some MIs contain small
phases (<1 

 

µ

 

m) with high proportions of Cu and Cl as

 

Table 2. 

 

 Chemical composition of cesium aluminosilicate glasses from melt inclusions in quartz phenocrysts, wt %

Compo-
nent

1 2 3 4

22/2-2 23/1-1 23/1-1a 23/1-5 23/2-3 23/4 24/1 24/1a 24/8 24/10-4 28/3-1 28/6-1 28/6-1a

SiO

 

2

 

68.16 69.15 63.02 75.43 68.70 70.39 58.55 54.20 59.03 58.73 60.56 53.35 58.23

Al

 

2

 

O

 

3

 

12.93 12.79 16.15 10.93 14.92 14.76 18.80 17.86 18.24 19.87 21.70 16.83 21.02

FeO 5.80 0.19 0.41 0.69  0.89 0.86

MnO 0.59    1.95 0.60

Na

 

2

 

O 3.73 3.73 4.49 3.24 4.58 5.21 5.68 5.78 5.49 4.32 4.62 4.43 4.85

K

 

2

 

O 4.70 3.04 3.38 3.03 5.44 4.74 4.76 4.08 3.93 5.79 4.19 0.52 4.79

Cs

 

2

 

O 0.53 7.33 7.18 3.03 0.63 1.41 4.10 7.17 6.55 0.96 1.48 17.51 4.29

Rb

 

2

 

O  0.55 0.50  1.91 3.47

Li

 

2

 

O  0.13 0.17  0.19

B

 

2

 

O

 

3

 

 0.31 0.46  0.25

Cl  0.16 0.24 0.23  0.60 5.71 0.32 1.26

F 4.02 3.75 5.15 4.20 2.87 4.77 5.78 6.02 6.70 7.63 4.92 14.13 7.67

H

 

2

 

O  0.64 0.62  0.61

CuO  0.59 1.07 0.65  

Total 98.77 100.61 100.55 98.29 97.44 99.26 98.67 99.84 100.84 95.07 96.85 100.80 97.63

 

N

 

2 7 14 1 6 3 4 2 3 1 3 3 6

A/NK 1.13 1.03 1.16 1.13 1.09 1.04 1.10 1.08 1.04 1.45 1.71 1.19 1.43

 

T

 

, 

 

°C 1050 950 950 950 – – – 730 850 730

Note: (1) Melt inclusions from sample ARB-22; (2) four melt inclusions in three quartz phenocrysts from sample ARB-23; analyses 23/1-1
and 23/1-1a characterize different areas of the same inclusion; (3) three melt inclusions in different quartz phenocrysts from sample
ARB-24; analysis 24/1a characterizes an area in glass with a phase (5 µm) enriched in Cs and Cl; (4) three melt inclusions in two
quartz phenocrysts from sample ARB-28. The total is given with correction for the F and Cl contents. (N) Number of analyses;
(T, °C) the maximum temperature of heating; (–), without heating. A/NK = Al2O3/(Na2O + K2O + Cs2O + Rb2O), molar ratio. Gaps
in the table correspond to the contents below the detection limit (Li2O, B2O3, and H2O were not determined). CaO < 0.2 wt % in all
analyses. Li2O, Rb2O, B2O3, and H2O were determined with SIMS; Rb2O in analysis 24/8 was determined with SEM EDS (mea-
surement conditions for all elements: beam diameter 1–10 µm, accelerating voltage 20 kV, and current 0.3–0.5 nA, spectra setting
time 50 s) at the Geological Institute, Ulan-Ude (N.S. Karmanov, analyst).
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in CuCl2. A Cl admixture (0.2–0.5 wt %) is characteris-
tic of glasses from most MIs in all samples.

Concentrations of H2O and some trace elements
were determined with secondary-ion mass spectros-
copy (SIMS) in glasses of 16 MIs, including two MIs
filled with Cs-rich glass (Tables 2, 3, analyses 23/1-1
and 24/1). Glasses of all MIs are enriched in Cs, B, Be,
Li, Nb, and Ta and depleted in Ba and Sr. Trace element
concentrations show a wide dispersion (ppm): 122–
1942 B, 16–179 Be, 73–1233 Li, 630–2705 Rb, 70–180
Nb, 11–46 Ta, 15–61 Zr, 2–7 Hf, 0.1–18 Ba, 0.3–8.0 Sr,
0.1–54 Y, 3–45 Th, 7–162 U, 1–34 La, 5–96 Ce, 1–38
Nd, and 0.01–12 Sm. Glasses of ordinary MIs contain
113–565 ppm Cs.

None of the inclusions with an anomalous Cs concen-
tration homogenize during stepwise heating. The behavior
of inclusion 23/3-1 from quartz in sample ARB-23 was
studied in detail. This large (103 × 133 µm) inclusion
(Fig. 1) is located in the inner zone of the quartz phe-
nocryst together with a group of ordinary inclusions.
Before the heating, this inclusion was filled with trans-
lucent glass with six gas bubbles of different diameters.
A segregation of dark mica was observed in the mar-
ginal zone of inclusion. Near this inclusion, we
observed tens of MIs of various sizes and filled with
brown or colorless glass, one shrink bubble, and vari-
able proportions of crystalline phases (dark mica, feld-
spars, and probably other minerals). After the heating to
770–800°C, only four gas bubbles were left in the glass.
Glasses from other MIs became transparent, crystalline
parts were partly dissolved, and a few small inclusions
(2–15 µm) became completely homogeneous. At 950°C
and different positions of quartz plate, a gas bubble in
ordinary MIs moved freely in the vacuole and shrank.
In the inclusion with an anomalously high Cs content,
the bubbles remained immobile and did not shrink
appreciably (Fig. 1). We also did not record complete
mixing of melts in different parts of these inclusions
(Tables  2, 3, analyses 23/1-1 and 23/1-1a). Near the
aggregate of partially dissolved mica, the glass is
depleted in SiO2 and enriched in Al, Fe, F, and trace ele-
ments (B, Li, Nb, U, Cu, Cl. Y, and REE). The inclu-
sions of Cs-rich glass are depleted in H2O (~0.6 wt %)
relative to the ordinary inclusions (1.5–7.0 wt % H2O).
The low water content in the Cs-rich glasses is indi-
rectly suggested by the sum total (close to 100%) in
most analyses (Table 2). The thermometric data and MI
composition indicate that the viscosity of the alumino-
silicate melt increases in the case of low H2O concen-
trations and an anomalous Cs concentration.

Knowing the bulk Cs content in rocks and melt
inclusions, one can estimate various versions of Cs
fractionation during crystallization of the ongonite
melt. Let us use an equation of crystal fractionation
(distillation) for the case when the fluid phase is
released in the course of melt crystallization and simul-
taneously removed from the sphere of equilibrium
establishment [9]:

 = (1 – F)D(c + fl)/melt – 1, where F is the con-
tent of crystals in the system (degree of melt crystallin-

ity),  and  are the initial Cs concentration in

melt and that at a given F, respectively;  is the
coefficient of Cs partition between crystals, fluid, and
melt.

 = xc  + xfl , where  is
the combined coefficient of Cs partition between the

crystals and the melt and  is the coefficient of Cs
partition between the fluid and the melt. The xc and xfl

values are mass fractions of the crystalline phases and
the fluid released from the melt, respectively (xc + xfl = 1).

Let us determine the boundary conditions for ,

, xc, and xfl acceptable for Cs microadmixture in
the process of ongonite melt crystallization. At 700–
750°ë and 1 kbar, such a melt can dissolve up to

Cmelt
Cs C0

Cs

C0
Cs Cmelt

Cs

D(c + fl)/melt
Cs

D(c + fl)/melt
Cs Dc/melt

Cs Dfl/melt
Cs Dc/melt

Cs

Dfl/melt
Cs

Dc/melt
Cs

Dfl/melt
Cs

Table 3.  Trace element and boron contents, ppm in Cs-rich
glasses from melt inclusions

Element 23/1-1 23/1-1a 24/1

Cs 75292 67596 28779

B 965 1420 785

Be 90 97 24

Li 600 803 886

Rb 5010 4575 17434

Nb 116 143 84

Ta 11 26 34

Zr 28 28 36

Hf 3 4.8 5.3

Ba 18 1.9 3.1

Sr 7.7 1.4 3.3

Y 2.2 16 1.5

Th 15 32 10.4

U 106 162 13

La 7.4 23 2.4

Ce 22 54 13.8

Nd 4.5 20 2.7

Sm 1.1 6.3 0.9

Eu 0.01 0.01 0.05

Gd 1.0 6.2 1.7

Dy 1.5 8.3 1.1

Er 0.8 6.1 0.7

Yb 1.4 8.5 1.4

Note: SIMS results obtained on a CAMECA IMS-4f ion microprobe
at the Institute of Microelectronics, Yaroslavl (S.G. Simakin,
analyst).
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10 wt % H2O [10]. Judging from the experimental data

[11], the combined partition coefficient  for acid
quartz–feldspar rocks does not exceed 0.03, while the

partition coefficient  increases from 0.1 to 7.1 in
response to the increase in temperature and fluid salin-
ity. The average combined coefficient of Cs partition
between minerals of phenocrysts and the groundmass
of ongonites from Mongolia and one ongonite sample
from Ary-Bulak Massif is 0.55 [12]. Taking the data
listed above into account, the models of Cs fraction-
ation have been calculated for an ongonite melt that

contains 10 wt % H2O at  = 8 and  = 0.03
and 0.6 (without fluid release and rapid or gradual fluid

release). The initial  = 189 ppm in the melt is taken
from the Cs contents in samples ARB-22 and ARB-23
(Table 1).

As follows from the calculation (Table 2), the melt
inclusions with an anomalously high Cs content could
have been captured by minerals only after the almost
complete crystallization of the melt (>99.99%). This
assumption contradicts the data on the degree of melt
crystallization in the Ary-Bulak Massif [5], which did
not exceed 40% during the growth of quartz phenoc-
rysts before solidification of the groundmass. Crystalli-
zation of phenocrysts predated the crystallization of the
groundmass. This is confirmed by Na distribution in
sanidine. Sanidine phenocrysts contain less Na2O (2.6–
3.2 wt %, on average) than the rims around albite grains
in the groundmass (2.8–4.6 wt %, on average; up to
6 wt % in some cases).

It is important to note that the Cs contents in the MI-
hosted glass may be either higher or markedly lower
than in the bulk composition of host rocks. The high
concentration of Cs (up to 243–595 ppm) in the MI-
hosted glass from samples ARB-24 and Arb-22 relative
to the average contents (125 and 189 ppm, respectively)
in the bulk rocks is attained when the melt crystallizes
without release of fluid or with its insignificant loss
(Fig. 2). The MI-hosted glass from sample ARB-23

Dc/melt
Cs

Dfl/melt
Cs

Dfl/melt
Cs Dc/melt

Cs

C0
Cs

contains 1.5–3.0 times less Cs (68–118 ppm) than the
bulk rock (189 ppm). Such a decrease in the Cs concen-
tration relative to its initial content in the melt may be

provided only at  > 1. These conditions may

be achieved in a model with  = 0.6 in the case of
release of a Cs-rich fluid phase and crystallization of
approximately 93–97% of the melt (Fig. 2). This sce-
nario also contradicts the available data on the degree of
crystallinity during the growth of quartz phenocrysts.
The presence of Cs-rich MI and the significant decrease
in the Cs concentration in the MI-hosted glass (relative
to the average Cs content in bulk rock) cannot be
related to crystal fractionation of a homogeneous ongo-
nite melt even under conditions of its crystallization

with maximal fluid release at  = 8.

This contradiction may be resolved if we suggest
appreciable Cs inhomogeneity of the melt or a great

amount of excess fluid phase with  > 1. The com-
positional data on MIs (particularly, within one group
or growth zone) allow us to infer a high degree of het-
erogeneity of the ongonite melt in terms of both major
and rare elements. The effect of immiscibility of alumi-
nosilicate and calcium fluoride melts revealed in Ca-
and F-rich rocks of the Ary-Bulak Massif [6, 7] is also
attributed to heterogenization of the ongonite melt. The
presence of gas-rich inclusions (syngenetic to MIs)
indicates the presence of a low-density fluid phase dur-
ing crystallization of the melt. However, we cannot esti-
mate its amount.

Thus, the data on melt inclusions show that the F-
and H2O-rich aluminosilicate ongonite melt was
enriched in Cs (up to 565 ppm), as well as B, Be, Li,
Rb, Nb, and Ta, at different stages of its evolution. Spo-
radic segregations (droplets) of the anomalous cesium
melt, which was more viscous and “dry” than the ordi-
nary ongonite magma, existed during crystallization.
Some amount of Cs could have been removed from the
melt along with the fluid phase.

D(c + fl)/melt
Cs

Dc/melt
Cs

Dfl/melt
Cs

Dfl/melt
Cs

mic gl

(a) (b) (c)

Fig. 1. Melt inclusion 23/3-1 with 7.18–7.33 wt % Cs2O in the quenched glass after stepwise heating: (a) 7.5 h, 750°C, (b) 17 h,
750–770°C, (c) 12 h, 770–780°C and 24 h, 790–806°C. Arrows point to the ordinary melt inclusions, including homogenous glass;
(mic) mica; (gl) quenched glass. Scale bar 50 µm.
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The Cs distribution versus , , and mas-
sif crystallization pattern observed in rocks and glasses
is inconsistent with the model of fractional crystalliza-
tion of homogeneous ongonite melts that may be under-
saturated or saturated with fluid. This fact should stim-
ulate in the future the development of other models, for
example, crystallization of heterogeneous ongonite
magma in the case of fluid flow filtration through the
melt.

The mechanism of the formation of drops of alumi-
nosilicate melt with an anomalous Cs concentration
remains ambiguous. The appearance of such drops may
be related to insufficient study of processes of mag-
matic and fluid-magmatic heterogenization of rare-
metal silicic melts enriched in fluorine and fluid. The
occurrence of Cs-rich melt inclusions in all studied
samples indicates that this phenomenon is characteris-
tic of the Ary-Bulak ongonite massif. The presence of
similar inclusions is highly probable in minerals of not
only pegmatites and ongonites, but also other Cs-rich
intrusive and volcanic rocks (e.g., rare-metal granites
and silicic volcanics).

Dc/melt
Cs Dfl/melt
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