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Prerequisites for this investigation are facts of existence of natural fluorine-saturated quartz - and 

nepheline-normative melts (or magmas). The evidences of these facts are existence of cryolite, elpa-
solite, villiaumite and some other fluorides as an accessory minerals and crystalline inclusions in re-
spective rocks, and dataset about fluorine concentration up to 8.9% wt in melt inclusion in the quartz 
and topaz from granite and granite pegmatite [1]. 

The fluorine solubility in aluminosilicate melt and phase relations in the system Si-Al-Na-O-F at 
750 and 800оC and water pressure equal to 0.1GP was investigated in our experiment. The most part 
of the experiments were preformed in cold-seal pressure vessel in the laboratory of Experimental Pe-
trology of the MSU Geological Department, some part - at rapid-quench cold-seal pressure vessels in 
the IEM RAS (cooling to solidus temperature less than in 10 second). Duration of the experiments was 
about 7 days (160-170 hours). Precision of pressure measurement was ±50 bars, precision of tempera-
ture was ±5oC. Starting mixes were produced from dry stoichiometric gels and were placed in am-
poules prepared from seamless platinum tubing, and then ampoules were squeezed and welded. Water 
content was 7% wt. According  to [2], [3], there are only evaluation data about water solubility in syn-
thetic aluminousilicate melts with fluorine, from 4-6% wt in quartz-bearing area to 12.5% wt in 
strongly peraluminous melts. Taking in consideration that considerable parts of run products are wa-
ter-free silicate phases and fluorides, and wet surface of the most part of our samples after extraction 
from the ampoules, it is possible to estimate that during the experiments. There were water-saturated 
conditions  

Each sample was divided into 2 parts. First part of the sample was  placed into epoxy block and 
analyzed by the electron microprobe CAMSCAN MV 2300 (IEM RAS) and by the device on basis of 
electron microscope «Jeol ISM-6480LV» and EPMA «INCA-Energy 350» at the MSU Petrology 
Chair. Second part of the sample was pulverized in agate mortar for the X-ray powder diffraction in-
vestigation by DRON device at the chair of Crystallography, MSU. 

In cooperation with V.O. Yapaskurt (Laboratory of Electron Microprobe Analyses, chair of Petrol-
ogy, MSU) we perform some methodical work for the optimization analyzable element’s profiles. For 
the minimization of the statistical errors we applied the calibration with standard natural silicates and 
fluorides - chiolite (Na5Al3Si14), cryolite (Na3AlF6), cryolithionite (Na3Al2Li3F12), MgF2, feldspars. 
Absolute accuracy (analytical uncertainty) of measurement fluorine by this program ais adout ±1% rel, 
relative accuracy ±1.5% rel. 

Obtained data are presented at the fig. 1. It is an isothermal section of our system at 750оС in the 
coordinates Si/(Si+Al+Na) - lg(Na/Al). The main rule is increasing fluorine solubility from 1% wt in 
quartz-normative area to 30% wt in the equilibrium with fluorosodalite, under conditions decreasing of 
bulk SiO2 in the system. Hence, fluorine and silica content have inverse correlation. The main rule is 
complicated by local maximum fluorine solubility in the area of albite composition (10% wt in the 
melt). 

Comparison of our data with forerunners’ data [4] shows the considerable decrease of the melt area 
with temperature decrease from 800 to 750оC (fig. 2). Small expanding melt area 750оC relatively to 
800оC at the equilibrium with quartz and fluorosodalite is the result of inaccurately draw of border 
owing to absence of experiments in these areas. Fluorine solubility increases with decreasing silica in 
melt at both temperatures, however, the regularity of distribution of local maxima is changing dra-
matically. There are 3 local maxima: in the area of quartz-albite, albite-nepheline eutectics, and the 
third, apparently, is a consequence of changing liquid phase (evidence of saturation of melt by fluo-
rine) from cryolite to villiaumite and corresponding structural rebuilding of the melt. The latter maxi-
mum certainly present at T=750oC. New experiments will confirm that idea. 

The albite is unstable in the fluorine-bearing system It is confirmed by existence of fluorine-
bearing (F=10% wt) melt, having albite composition, and by the absence of albite’s peak at the X-ray 
diagrams. The series of experiments were realized that made it clear that albite is stable in the equilib-
rium with quartz and glass with fluorine content up to 2.5% wt (bulk 2% wt fluorine in the system). It 

mailto:eszubkov@gmail.com


 2

is remarkable that feldspar in K-bearing system is stable in the equilibrium with fluorine-saturated 
melt. 

 

 

  
 
Fig.1. Border of stability of fluorine-bearing alu-
minousilicate melt at T=750оC. Numbers near 
points is fluorine solubility in aluminousilicate 
melt 

 
Fig.2. Border of stability fluorine-bearing alumi-
nousilicate melt at T=800оC. Rhombuses - com-
positions of melt inclusions. Numbers near points 
is fluorine solubility in aluminousilicate melt  

The obtained regularity disproves thermodynamic calculation [5] that suggests the increasing of 
fluorine solubility with the increasing of silica content in the system. There is a good accordance be-
tween experimental dataset and results of study of melt inclusions both in main petrologic components 
and in levels of fluorine solubility in melts (fig. 2). Composition areas of melt inclusions from quartz 
and topaz coincide with experimentally determined area of their crystallization. Fluorine concentration 
in the melt increases in general with joint crystallization of albite and quartz, but at 750oC this value 
don’t reach saturation point. System saturation takes place at more low, near eutectic temperatures, 
when quartz, albite and cryolite are crystallize in general. That pattern can explain presence of acces-
sory cryolite in granites. There are no data available about study of melt inclusions from nepheline, as 
well as data about evidence of existence of fluorine-saturated melts, except strongly peralkaline area 
of the system. 

 

 
Fig.3. Albite stability with fluorine-unsaturated melt 
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