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ABSTRACT

Infrared and near-infrared spectra have been taken on 9 perlites (2-6.7wt% H2O) from the Eastern Rhodopes, Bulgaria and 3 obsidians (0.24-0.77wt% H2O) from Sardinia, Island, and Mexico.

Comparing the spectra of the perlites before and after heating at different temperatures (275-1200oC) with the spectra of the obsidians the shoulder at 3430-3490 cm-1 has been attributed to OH stretching vibration of hydroxyl groups connected with the glassy structure whereas the absorption maximum at about 3590-3595 cm-1 and the shoulder near 3220- 3240 cm-1 to OH strretching bands of two types of molecular water. 

The position of the 3600 cm-1 band decreases with increasing “albite” content of the glasses. The OH absorbance at 4545 cm-1 in the NIR spectra shifts to higher frequences after heating and persists even at 1200oC. The position of the absorption bands permits to determine the dominant average bond distance R (O...O) of the hydroxyl groups in the investigated rhyolitic volcanic glasses at about 2.9 (, and those of the two types of molecular water 2.8( (ice type H-bond) and 3.1 (. The distances O-H of all water species are 0.94-0.97 (. 





� Introduction

A huge amount of literature is devoted to the IR spectra of water in model and volcanic glasses. Only a brief review of the most important results concerning the IR (3000-4000 cm-1 range) and the near-infrared, NIR (4300-8300 cm-1 range) of synthetic and volcanic glasses, which are the subject of the present paper, will be given here. Historically, Ellis and Lyon (1936) first suggested that the absorption maximum at about 3600 cm-1 in SiO2 glass is due to the presence of water in the glass. Later this was confirmed by Harrison (1947). Glaze (1955) observed two absorption maxima in binary, ternary, and commercial glasses at about 3600 and 3400 cm-1, which he attributed to molecular water. 

However, Moore and McMillan (1956) and Adams (1961) attributed the peak at 3400 cm-1 to OH groups, connected with the glassy matrix. Ernberger (1977) has published IR spectrum of the Si-Al-B-Na water-bearing glass with asymmetric maximum about 3600 cm-1, that he attributed to the molecular water (eventhough in the text he writes about a strong absorption of  the molecular  water  at  3410 cm-1).

The first authors to investigate volcanic water-containing glasses (perlite with 3.34 wt% H2O) in the 3000-3600 cm-1 range were Keller and Pickett (1954). they assumed the presence of monomeric OH groups and hydrogen bonded molecular water and proposed a structural model of the hydrogen bonds in the glass. Nasedkin (1963) and Nasedkin and Panesh (1967) published a series of IR spectra of obsidians and perlites. According to these authors only OH groups are present in the obsidians, while both OH groups and molecular water occur in the perlites. Epel'baum et al. (1975) on the base of IR spectra of the perlites and obsidians examined the influence of water on the glass structure on the coordination of aluminium in particular. Zibrova (1981) performed IR studies of heat- treated volcanic glasses at different temperatures. On the basis of the temperature behaviour of the different absorption bands in the 3200-3600 cm-1 range she attributed the 3590-3620 cm-1 band to vibrations of OH groups bonded to metal cations, and the absorption bands at about 3400-3500 cm-1 and 3000-3200 cm-1 to molecular water species. The investigation of volcanic glasses in the NIR range begins with the paper of Cohen (1958) in which the spectrum of the Jamez Mt perlite (4 wt% H2O) is published. The fundamental works of Scholze (1959, 1966) confirmed the presence of hydroxyl groups and H2O species in Na-silica glasses on the basis of separation of the corresponding absorption bands (at about 4500 and 5200 cm-1) in the NIR spectrum. Orlova (1962) first investigated hydrous glasses with albite composition, i.e. glasses with composition close to that of volcanic glasses, and established the same absorption bands as Scholze (1959, 1966). In his second paper Scholze (1966) reinterpreted the IR data of Cohen (1958) for the Jemez Mt perlite and showed that both molecular water and small amount of hydroxyl groups coexist in it. A new significant step in understanding the structural role of water in silicate glasses was laid down by the fundamental papers of Bartholomew et al. (1980) and Stolper (1982) for volcanic glasses. In the first study the spectrum of the glass with the low water content (0.021 % H2O) has the absorption maxima only at 3484 and 4505 cm-1 attributed to the OH groups; the spectrum of the glasses with high water content (7.9 % H2O) has a wide asymmetric maximum between 3600 and 3200 cm-1 ( the both glasses are of Al-K-Zn-Na-Si composition with 77% SiO2). Using the absorption bands in the NIR range they determined the quantity of OH and molecular H2O, so the ratio of H2O/OH, which is constant at given temperature in the melt. It was shown that the hydroxyl groups are the dominant H-bearing species below 4.5 wt% total water, molecular water prevails at total water grater than 4.5 wt%. These investigations were continued in the papers of Newman et al. (1986), Stolper (1989) and Silver et al. (1990). In particular, it was demonstrated that the glass composition and the synthesis temperature also have an effect on the speciation of OH bonds in the glasses.

Raman spectra of water-bearing glasses (with 4 and 6.6 wt% H2O) of albite and Ab37O63 (components in mol%) compositions also reproduce the broad and asymmetric absorption band about 3600 cm-1 with a shoulder 3250 cm-1 (McMillan et al., 1983, 1993).

The present IR studies are the continuation of the spectroscopic investigation of water-containing Paleogene glasses with rhyolite composition from Eastern Phodopes (Bulgaria), published by Dimitrov et al. (1984). The aim of the present paper is comparing the IR and NIR spectra of glasses with low-water content (obsidians) and high-water content (perlites) before and after heating:

1) to attribute the different bands in the large maximum between 3000-4000 cm-1 to different H-bonds in volcanic glasses (H2O and/or OH) and thus

2) to determine, on the basis of comprehensive works of Nakamoto et al. (1955) and Novak (1974), the most probable average distances R(O...O) and O-H in different types of H-bonds in the glasses. That is a supplementary point of our X-ray diffraction (Zotov et al., 1989, 1992) and neutron-diffraction (Zotov et al., 1995) studies on the structure of water-bearing rhyolite glasses. 

Experimental

The investigated samples represent perlites (glasses with H2O> 1 wt%) of Late Paleogene age collected by us from the Eastern Rhodopes, Bulgaria and for comparison, the obsidians (glasses with H2O< 1 wt%) of Late Neogene age from Monte Arci, Sardinia (Italy), Western Siera Madre (Mexico) and Quaternary volcano Hraftinuskur (Island). Their chemical composition is present in Table 1 and their normative mineralogical composition (according to CIPW method) in Table 2. The total water contents were determined at loss-on-ignition at 900oC.

�Table 1. Location and composition of the investigated volcanic glasses.



Sym�bols�Sard�Isl�Ort�Tat�Gol�Sil�Dam�Svet�Sar�Loz�Bor��Loca�tion�Sardinia�Iceland�Eastern Rhodopes��Vol�cano �or area�Monte Arci�Hraftin-nuskur volcano�Ustren area�Tatare-vo area�Studen Klade-netz v. �Silen volcano�Damba-lak vo-lcano�Studen Klade-netz v.�Boro-vitza volcano�Lozen vol�cano�Bo�ro-vi�tza cal�de�ra��SiO2�75.83�74.86�73.88�69.88�70.14�73.49�66.94�70.35�70.28�70.02�69.60��Al2O3�13.18�13.67�11.56�14.31�13.49�12.29�14.20�14.30�11.68�12.10�12.17��Fe2O3�1.60�2.93�0.88�2.58�1.65�1.00�1.68�1.93�1.72�0.88�0.96��MgO�0.18�0.22�0.30�0.28�0.23�0.24�0.32�0.20�0.25�0.22�0.20��CaO�0.65�0.21�0.66�1.92�0.60�1.11�0.96�1.52�1.58�0.81�1.95��Na2O�2.42�2.99�2.79�3.26�2.86�2.40�2.43�2.70�2.69�3.09�3.43��K2O�5.06�4.76�4.87�4.87�6.62�4.56�6.61�4.20�3.48�3.78�2.28��H2O+�0.24�0.28�2.08�2.18�3.60�3.72�4.20�4.71�5.21�6.04�6.70��

�Table 2. CIPW norms of the investigated perlites from Eastern Rhodopes.

Glasses�Q�Or�Ab��Ort�41.63�32.07�26.30��Tat�31.87�34.79�33.34��Gol�28.99�43.88�27.14��Sil�45.44�31.10�23.44��Dam�29.02�46.51�24.48��Svet�41.75�30.34�27.92��Sar�46.05�25.61�28.34��Loz�42.33�26.57�31.10��Bor�46.16�17.07�37.77��

The perlites are composed of the glassy matrix with feldspar microlites and a small amount (<10%) of phenocrysts of quartz, sanidine, plagioclase, and biotite, as well as accessory minerals: magnetite, apatite, zircon, and titanite. The petrologic aspects of the Eastern Rhodopes perlites are summarized by Yanev (1987).

The IR spectroscopic measurements carried out in the Laboratoire de Mineralogie & Cristallographie, Universite de Paris 6 et 7 at room temperature are as follows:

a) on powder samples in dry atmosphere using FTIR Nicolet 5DX spectometer and KBr pellets in the 2700-4300 cm-1 range;

b) on powder samples using Carry 2300 spectometer and reflection geometry in the 4300-8300 cm-1 range.

The powder samples are ground in agate mortar after magnetic and electromagnetic separation of the glassy matrix from the phenocrysts and magnetite.

In order to exclude a possible influence of surface absorbed water (Newman et al., 1986) and to obtain more precise values for the position of the absorption maxima (Ziborova, 1981) doubly-polished plates (thickness 30 (n) of the perlite samples were also used. They were mounted with haraldite on glass substrates. The measurements were carried out in transmission geometry using selected areas of pure volcanic glass on the FTIR Nicolet 5DX spectrometer. The spectra were recorded only between 4000 and 3420 cm-1 because at lower frequences the spectrum is masked by the absorption bands of the haraldite. The doubly-polished plates were measured in the NIR range also. The spectra obtained do not differ from the corresponding powder spectra.

Several perlite samples were heated in the muffle furnace in air at 375, 475, 700, 800, 1000, and 1200oC (accuracy +11150oC above 500oC) for 2h. The corresponding temperature in the furnace was reached before placing the samples in the furnace.

 

�

Fig.1. Typical IR spectra of the investigated glasses (obsidians and perlites) in the 3000-4000 cm-1 range. The spectrum of scapolite is given for comparison.

Results

IR spectra (3000-4000 cm-1 range)

Typical FTIR spectra of the investigated obsidian and perlite samples are given in Fig.1. A broad strongly asymmetric absorption band is observed for all the samples which is attributed to the different types of fundamental OH stretching vibrations. It is believed that it is impossible to separate these different types in this range. While Stolper (1982) and Newman et al. (1986) practically do not observe any difference in the shape and asymmetry of the absorption band for glasses with different water content, however the samples, investigated in the present study (but with higher water content) exhibit substantial and symmetric vibrations. They concern the position, the intensity as well as the asymmetry of the absorption band. These variations cannot be attributed to water absorbed on the surface (if any) or the powder form of the samples since they are observed in the spectra of the doubly-polished plates also.

�



Fig.2. IR spectra of perlites before (full lines) and after heating (dashed lines).

��

� Fig.3. Comparison of the IR spectra of perlites as KBr pellets (thin lines) as doubly-polished plates (thick lines).

�Table 3. Absorbtion maxima in the IR (300-400 cm-1) spectra of the investigated glasses.

Glasses�Absorbtion maxima��Sard-1�shoulder�-�3445�-��Isl�shoulder�-�3476�-��Mex�-�-�3490�-��Ort�3610�-�3440�3223��Ort-t375�shoulder�-�3455�-��Tat�3620�-�3438�shoulder��Tat-t375�shoulder�-�3469�-��Gol�3588�-�3450�3233��Sil�3624�-�3448�3223��Sil-D�3589�3511�3440�-��Dam�3575�-�3473�3240��Svet�3583�-�3440�3230��Svet-D�3589�3533�3448�-��Sar�3617�-�3432�-��Sar- t375�3627�-�3445�-��Sar- t500�3618�-�3420�-��Sar-D�3596�3526�3447�-��Loz�3620�-�3440�3230��Loz- t375�3624�-�3454�3233��Loz- t500�-�-�3412�-��Loz- D�3596�-�3440�-��Bor�3610�-�3427�3230��Bor- t375�3628�-�3450�3233��Bor- t500�3628�-�3450�-��

Note: the samples denoted with D are doubly-polished plates and with “t” are heated at corresponding temperature.



The positions of the observed absorption bands are given in Table 3. The maximum in the obsidians is at 3455-3490 cm-1 (Fig.1), while in the perlites the strongest absorbance is at 3600 cm-1 (3590-3595 cm-1 in the spectra of the doubly-polished plates - Fig.2), accompanied by shoulders at 3430-3470 cm-1 and 3220-3240 cm-1. The latter is most pronounced in the spectra of the perlites with high water content (samples Bor and Loz) and probably it provokes the asymmetry of the large absorption band, observed in other authors' spectra (e.g. Stolper, 1982).

The spectra of the perlites change substantially after heating (Fig.3). In the perlites with low water content (samples Ort and Tat) after heating at 374oC the maximum about 3600 cm-1 disappears and this one near 3450 cm-1 becomes principle and more symmetric. In the perlites with high water content that occurs after heating at 500oC (sample Sar), and in some cases (sample Bor) after heating at higher temperature. Similar changes of the IR spectra of a perlite sample heated up to 500oC were observed recently by Semienov and Ziborova (in:Genesis of perlite, 1992).





�NIR spectra (4300-8300 cm-1 range)

Fig.4 shows the NIR spectra for the glass samples examined in this study. As in all the previously published spectra, a strong absorption maximum is observed between 4515 and 4565 cm-1 in all the samples. In the spectra of the perlites the second absorption maximum is observed between 5250 and 5320 cm-1 with additional weak absorption maxima in the 5050-5155 cm-1 range. Both maxima, especially that at 5350-5320 cm-1 are asymmetric.

The absorption band at about 4545 cm-1 is attributed to combination stretching + bending mode of Si-OH and probably Al-OH vibrations (Scholze 1959, 1966), while the maximum at about 5260 cm-1 is produced by the combination mode of O-H stretching and HOH bending vibrations of the molecular water groups.

The behaviour of the two main absorption bands in the NIR range after heating is different (Fig.5). The 4545 cm-1 band decreases in intensity and shifts to a little higher frequency (especially for the perlites with low water content - samples Ort and Tat) with increasing temperature, but it is still observed up to 1200oC (including in the industrially expanded perlite).

The second absorption maximum about 5260 cm-1, as well as the additional weak maxima, decreases systematically in intensity with increasing temperature. In the perlites with low water content (Ort, Tat) it disappears after heating at 500oC, but in the perlites with high water content it is slightly visible even after heating at 800-900oC (samples Loz, Sil, Sar, and Bor). Therefore, increasing temperature of heat treatment results in higher hydroxyl to molecular water ratios as is also observed by Stolper (1989). 

Discussion

Comparing the spectra of the perlites before and after heating it can be seen that in the NIR spectra the maximum at about 5260 cm-1 due to the molecular water decreases, and practically disappears after heating to 800-900oC. The same behaviour has the absorption maximum at about 3600 cm-1. Therefore, it can be assumed that the 3600 cm-1 band is mainly due to OH-stretching vibrations of molecular water species, weakly bounded to the glassy structure. Such an absorption maximum is observrd also in the spectrum of Ernstberger (1977) with 7.1 wt% H2O in the investigated glass and in the Raman spectra of albite glasses with 4.5 and 6.6 wt% H2O (McMillan et al., 1993). According to the diagrams of Bartholomew et al. (1980) and Stolper (1982), the molecular water species should be dominating. Of course, OH-stretching vibrations of hydroxyl groups also contribute to the intensity of this band (Newman et al., 1986).

The weak absorption band between 5050 and 5155cm-1 has the same behaviour and probably it is also due to molecular water species, connected with relatively stronger hydrogen bonds.

�

Using the data for the position of the absorption band of molecular water at about 3600 cm-1 in the investigated rhyolite perlites (composition Q41.8-46 Or25.6-30.3 Ab23.5-31.1 - see Table 2) as well as in albite (McMillan et al., 1983) and quartz-albite (Q63 Ab37 - McMillan et al., 1993) glasses it can be seen that the position of the 3600 cm-1 absorption maximum decreases with increasing "albite" contents of the glasses (Fig.6). Similar conclusion was made by Scholtz (1966) concerning the role of Na as a modifier cation in the silica glasses.



Fig.4. Typical NIR spectra of the investigated glasses (obsidians and perlites).

�
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�



Fig.5. NIR spectra of perlites before (full lines) and after heating (dashed lines). The temperatures of heating are given above each curve.





�



Fig.6. Dependence of the OH-stretching frequency of the molecular water at 3600 cm-1 on the "albite" content of glasses: (1) this study (doubly-polished plates); (2), (3) Raman spectra according to McMillan et al. (1993).

Table 4. Absorbtion maxima in the NIR (4500-5500 cm�1)  spectra of the investigated glasses. 

Glasses�Absorbtion maxima��Sard�-�-�-��4515��Isl�-�-�-��4565��Mex�-�-�-��4565��Ort�5260�5100�-��4525��Ort-t375�5220�-�-��4525��Ort-t800�-�-�-��4565��Ort-t1000�-�-�-��4565��Ort-t1200�-�-�-��4565��Tat�5250�shoulder �4525��Tat-t375�5235�-��5000�4525��Tat-t800�-�-�-��4555��Gol�5260�5155��5025�4535��Sil�5260�5130�5050��4515��Sil-t375�5290�-�-��4565��Sil-t800�5260����4565��Sil-t1000�-�-�-��4565��Sil-t1200�-�-�-��4565��Dam�5250�-�5050��4515��Svet�5320�5130�-��4545��Sar�5250�-�5065��4525��Sar- t500�5275�-�-��4550��Sar- t900�5275�-�-��4545��Loz�5260�shoulder�4525��Loz- t375�5260�5100�-�4990�4525��Loz- t500�5270�-�-��4545��Loz- t700�5275�-�-��4545��Loz- t900�5270�-�-��4545��Bor�5260�-�5075��4525��Bor- t475�5270�shoulder �4545��Bor- t700�5265�-�5075��4545��Bor- t900�5260�-���4545��Note: the samples denoted with “t” are heated at corresponding temperature



In the spectra of the investigated obsidians and perlites heated at high temperature where the most part of water is lost, only the maximum at about 3450 cm-1 is observed and in the NIR spectra only at about 4545 cm-1. Therefore the absorption maximum at about 3450 cm-1 can be attributed to the fundamental OH vibrations of hydroxyl groups bounded to the glassy structure. Moor and McMillan (1956), Adams (1961) and Bartholomew et al. (1980) also make such an assignment while Ziborova (1981) attributes this absorbance to OH vibrations of molecular water, weakly bound to the glassy matrix. In the spectrum of scapolite, one of the rare testosilicates with OH in the structure, the same maximum is observed (Fig.1).

Most difficult is the interpretation of the shoulder at about 3220-3240 cm-1. Taking into account the fact that this shoulder is better resolved in the high water containing perlites (Fig.1 - samples Svet, Loz and Bor) and it disappears after heating, it can be assumed that this maximum is produced by OH vibrations of molecular water species, strongly bound to the glass structure (Ziborova, 1981).

Generally, the strong asymmetric absorption at 3200-3600 cm-1 characterizes, from the chemical point of view, weak hydrogen bonds (Novak, 1974). On the basis of published experimental correlation diagrams between the fundamental OH stretching and the length of the hydrogen bonds in water-containing compounds (Nakamoto et al., 1955; Novak, 1974) it is possible to estimate their average bond lengths in the investigated volcanic glasses although much of the compiled data is not for silicates. using these correlations the H2O molecules with absorption at about 3600 and 3240 cm-1 would have average R(O...O) distance 3.1 and 2.8( (the latter is of ice type H-bond), respectively, i.e. these two types of molecular water are connected with the glass structure in the different way. The absorption maximum at 3450 cm-1 of the hydroxyl groups corresponds to the average R (O...O) distance of 2.9(. NMR data (Eckert et al., 1987, 1988) also indicate that the OH groups and molecular water species participate in hydrogen bonds with similar distances (2.90-2.93( for rhyolite glasses). According to the diagrams of Nakamoto et al., (1955) the average O-H distances for the three H- species are in the range 0.94-0.97(.

Conclusions

The present study confirms that in the obsidians and perlites the different type hydrogen species are present. The following conclusions can be made as the base of our investigations:

1) Analysis of the behaviour of the complex absorption band at 3200-3600 cm-1 in rhyolite glasses with different total water content (obsidians and perlites), as well as comparison of the IR and NIR spectra before and after heating permits a tentative assignment of the observed subbands to be made. The absorption maximum at 3430-3490 cm-1 is attributed to hydroxyl groups while those at 3590-3595 cm-1 and 3220-3240 cm-1 to two types of molecular water species;

2) Additional weak absorption maximum is observed in the NIR range between 5050-5155 cm-1, which most probably is due to combination models of strongly H-bonded molecular water;

3) The absorption maximum of the hydroxyl groups at about 4545 cm-1 appears to shift slightly to higher frequences after heating, which is, probably, related to the relaxation of their H-bonds;

4) The hydroxyl groups persist in the glass structure even after heating at 1200oC, i.e. pumice formation and industrial expanding of the perlites is due only to the liberation of the molecular water because at these temperatures the diffusion of OH is very low (e.g. at 500oC D OH<0.02D H2O - Zhang et al., 1991). It has to be mentioned once again that the "water" content of perlite in the chemical analyses (H2O+), often determined as loss-on-ignition (L.O.I) at 900-1050oC, gives only the amount of molecular water (Bartholomew et al., 1980);

5) The molecular water is totally released on heating in a large temperature interval. As a consequence of this, the perlites with high water content dehydrate at higher temperatures than those with low water content (Dimitrov et al., 1984). It cannot be excluded, however, that at high temperature the molecular water dissociates by means of the reaction H2O + O = 2OH and remains in the glass as hydroxyl groups;

6) The average R(O...O) distance for the hydroxyl groups is about 2.9(, while for the molecular water species it is 2.8( (ice type H-bond) and 3.1(, respectively. The O-H distance of all type of water species are 0.94-0.97(.

7) With increasing the "albite" component in the glasses the absorption maximum at 3600 cm-1 shifts to the lower frequencies and R (O...O) distance decreases respectively.
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�# Khodorevskaya L.I.� TA \l "Khodorevskaya L.I.[1]" \c 8� Experimental study of the amphibolite-lher�zolite interaction and its application to subduction zones.

key words [amphibolite lher�zolite fluid magma]� TC “Institute of Experimental Mineralogy, Russian Academy of Sciences” \f k �

Subduction of the oceanic crust results in rock melting because of dehydration of water-bearing minerals. The rising fluid flows originating from the dehydration of the subducted block can alter the overlying more heated mantle rocks by adding silica and other components.

The compositions of fluids and quenched glasses simulating the natural melts and minerals were investigated. The experiments present the primitive model of the interaction of hot mantle rocks with subducted colder rocks of the oceanic crust.

The experiments were conducted according to the following scheme: lherzolite sample (olivine, clinopyroxene, orthopyroxene, and chromospinelides) (25 mg) and amphibolite sample (amphibole and plagioclase) (900 mg) were placed in the upper and lower parts of the capsule respectively. The excess of amphibolite over lherzolite provided the buffer capacity of the fluid with respect to dissolved components. Distilled water was added, and the capsule was sealed. The fluid/solid ratio was (1-3) : 1. The lower part of the capsule was heated to 700, 750, 800, and 850oC, and the upper one was heated to 990-1000oC. Temperature was controlled with a Pt/Pt (Rh 10 wt %) thermocouple. The runs were conducted at 8 kbar for 3 days. Oxygen fugacity was not controlled, because the fO2 effect on the melt composition is slight at P = PH2O in the amphibole field, according to Helz (1976).

The main phases formed on the lherzolite were amphibole and melt. Clinopyroxene and olivine in the lherzolite were preserved but their composition changed during the runs. The composition of the quenched glass formed on the lherzolite is determined by the amphibolite solubility at various temperatures and the fluid impact on the lherzolite. The melts obtained are similar in petrogenic component contents to intermediate rocks (Si about 60%, Al 20%, Ca 10%, Fe 1-5%, Mg 1-4%). The forming fluid phase is represented for the most part by Na = 0.2% and Si = 0.1-0.2%.

So, in the continent-ocean transition zones, the rocks of mantle wedge are evidently altered by the fluids of significantly Na and Si composition that originate from the dehydration of the subducted oceanic crust rocks. The melt close to andesite in composition was formed on the lherzolite in our experiments. On the background of partial melting of the ultrabasic rock, the formation of high-magnesian aluminous amphibole is possible with its subsequent melting to yield high-magnesian magma. The presence of Na in the fluid that forms, for example, on decompression can enhance the fluid aggression and cause the extraction of ore components from solid phases by the fluid and their transportation..

Kholodnov V.V.,� TA \l "Kholodnov V.V."\c 8 � Bocharnikova T.D.,� TA \l"Bocharnikova T.D."\c 8 � Chashchukhina V.A.,� TA \l "Chashchukhina V.A. \c 8" � and Kraeva Yu.P.� TA \l "Kraeva Yu.P." \c 8 � Halogen role in fluid-magma interaction in basic mag�matic systems (Magnitogorsk iron ore field).

key words [ chlorine fluorine basic rocks]

The behavior of petrogenic and ore components was studied within the vertical section of the subvolcanic porphyritic intrusion (thickness about 1000 m) at the under side of the Magnitogorsk skarn-magnetite deposit. Two different trends of component distribution were established. The contents of some components vary jumpwise (at SiO2 50-52%) when passing from the pyroxene porphyrites of the intrusion base to the pyroxene-plagioclase and plagioclase porphyrites of the middle part and then to the trachytes (atachites) of the roof. The atachites, representing the upper horizons of the intrusion, are enriched in titanium, phosphorus, and alkalies, while the pyroxene porphyrites of the base are enriched in magnesium and calcium. The pyroxene-plagioclase and plagioclase porphyrites are characterized by intermediate contents of the components. As can be seen from Fig.2, Accumulation of alkalies is accompanied by the separation between sodium and potassium to yield sodium-rich and potassium-rich varieties of atachites, plagioclase porphyrites, etc. Potassium contents correlate with rubidium and some other trace elements (La, Ce, Th, etc.). In turn, the contents of the components vary gently within each of the aforesaid rock types: in pyroxene porphyrites SiO2 44-52% and in the rest two types SiO2 50-60%.

The superposition of these regularities is probably an evidence for complicated evolution of the intrusion. The concurrent gradual decrease of Mg and Ca contents and increase of SiO2, K2O, and Rb contents upward the section obviously is a sequence of the crystallization differentiation. However, the discrete changes of the component contents within the range SiO2 50-52% are likely to result from the differentiation of any other type and call for special investigation.

In this connection, we studied in details the behavior of halogens in the vertical section of the intrusion. It was established that the pyroxene porphyrites of the intrusion base contain the most Cl-rich apatite, while the upper more acidic rocks are depleted in chlorine, but enriched in fluorine. Thus the tendency was revealed that was previously established for a number of classic layered basic-ultrabasic intrusions (Stillwater, Boushveld, etc.).

Three main phases of the halogen evolution were distinguished. The first phase corresponded to the formation of the pyroxene porphyrites of the intrusion base. The crystallization was accompanied by a sharp decrease of chlorine content in apatite from 2-2.8% to the level of Cl/F ratio equal 0.9. The subsequent two phases are manifested in the overlying rocks. The second phase was charaterized by gradual increase of chlorine and fluorine contents in apatite at constant Cl/F ratio upward the section (from the pyroxene porphyrites to the pyroxene-plagioclase and plagioclase porphyrites and atachites). The third phase involved crystallization of these rocks and is accompanied by further chlorine loss and fluorine accumulation.

These data testify that the phorphyritic intrusion under study was alternatively open or closed fluid-magmatic system at different phases of its evolution. The sharp decrease of chlorine and increase of fluorine contents can result from the volatilization of chlorine and water vapor from the melt and respective fluorine accumulation, which are dictated by the constants of partition of Cl, F, and H2O among fluid and melt (40 for chlorine, 0.50 for fluorine, and 0-20 for water). It is usually assumed that the separation of volatiles from melt during crystallization (open systems) is caused by either decrease of the external pressure or increase of the fluid partial pressure. The model involving crystallization and fractionation of the minerals free of volatiles (olivine, pyroxene, plagioclase) charaterizes the general increase of fluid phase content in residual melt. In this case, no significant volatile fractionation takes place, and the Cl/F ratio in apatite is close to constant (closed systems). This model can describe the further accumulation of halogens in the melts forming the roof of the intrusion.

The studies performed revealed the latent layered structure of the intrusion that existed prior to its crystallization. On the background of the layered structure, the lighter fluid enriched in fluorine ascended to the upper horizons of the intrusion, and the heavier fluid was concentrated at the base. Simultaneously, all the elements forming compounds with fluorine (potassium, silicon, aluminum, rubidium, titanium, phosphorus, etc.) migrated upwards as a result of the fluid-magma interaction. The jumpwise zonality of petrogenic and volitile components within the range SiO2 50-52% can be considered as a result of the evolution of originally uniform basalt melt.

The iron distribution in the three rock types is specific. The chlorine volatilization during the magma crystallization makes it possible to consider the porphyritic intrusion as a possible source of iron-bearing ore-forming fluids. This assumption is supported by the pyrite-magnetite mineralization confined to the contact of the atachites with limestones. Thus the problem of polygenic character of the skarn-magnetite mineralization of the Magnitogorsk deposit arises. The formation of the ore field was then continued during the formation of the Magnitogorsk gabbro-granite intrusion and post-intrusive sill-dike gabbro-diabse complex.

# Kravchuk I.F� TA \l "Kravchuk I.F.[2]" \c 8�., Malinin S.D.,� TA \l "Malinin S.D.[2]" \c 8� and Slutskii A.B.� TA \l "Slutskii A.B.[2]" \c 8 � The principle factors of ore element fractionation in the acidic magmatic process: experimental data.
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Studies of the ore deposits associated with hot springs and fumaroles showed the magmatic fluids to be the source of the ores. Definite genetic relations between magmatic objects and hydrothermal deposits were established. However, the widespread hydrothermal activity results in formation of the ore deposits only in rare cases.

Thus, determination of the factors setting off the potential ore-bearing hydrothermal systems is a challenging problem.

The method of studies involves the experimental simulation of element distribution among the phases in the system melt-fluid at the acidic magmatism parameters.

The objects of investigation: natural granite and its simplified artificial counterpart; water-salt fluids (NaCl, KCl, and HCl solutions, their mixtures, and NaF solutions); elements: Zn, Cu, Mo, and W (typical elements of hydrothermal magmatic ore deposits).

The experimental equipment used: 3 types of high-pressure apparatus: high-gas-pressure vessel with internal heater, double-chamber apparatus with external heater, and the apparatus of piston-cylinder type.

Main conclusions:

1. The partition constant Ki=xifluid/ximelt in the system Ab-Or-Qz-1m NaCl-solution (model granite system) decreases in the series

Cu - Zn - W - Mo Ki >>1  >1  >1 >1

at T = 800oC and P = 2 kbar.

2. Copper and zinc form complexes with Cl-; complexation of tungsten with Cl- is very probable; molybdenum is more likely to form complexes with F- and hydroxyl rather than with Cl-.

3. Pressure increase results in decreasing KZn and KCu (to a lesser degree) and increasing KMo. The data on W are to be verified.

4. Temperature increase results in increasing KMo (KW ?) and decreasing KCu and KZn.

5. The molecular ratio Na+K/Al has a significant effect on Ki (i=Cu, Zn): the Ki values increase by a factor of ten when passing from Na+K/Al>1 to Na+K/Al<1.

6. KCu and KZn increase with increasing fluid acidity.

7. Heterogenization of the fluid results in marked enrichment of the salt fluid phase (fl.1) with ore elements compared to the significantly aqueous fluid phase (fl.2). At T = 800oC and P=1 kbar: K'Cu=14, K'Zn> 5, and K'W=10-12, where K'i=xfl.1/xfl.2.

Geochemical application

The fluids of different ore potential are separated out as a result of crystallization of granitic magma, depending on crysallization conditions. For example, pressure decrease enhances fractionation of Cu, Zn, (W ?) in favor of the fluid and results in decreasing KMo. Further concentration of these ore elements in the salt fluid phase occurs as pressure decreases to the value corresponding to the fluid heterogenization. The melt composition, especially Na+K/Al ratio, is responsible for Ki values: ore-bearing fluids (Cu, Zn) are likely to originate from Al-rich granites at shallow depths (P<1-2 kbar). The effect of pressure on the Mo fractionation is opposite to that on Cu and Zn, while as to W, this effect is of no importance. The Mo-W deposits are expected to form at great depths, with the fluid heterogenization appearing as a principle factor responsible for the ore-bearing fluid formation.

The partition constants of the elements yielding complexes with Cl (Cu, Zn, and W) depend on chlorine concentration in the solution and, consequently, on chlorine content in granite. The recent studies of melt inclusions in acidic rocks (Naunov et al., 1994) showed high chlorine contents (up to 0.2-0.3 wt %), which are suffucient for metal transfer, according to Nakano and Urabe's (1989) evaluation (200-1000 ppm Cl).

The water/chlorine ratio is an important factor of fluid evolution. The fluids with high Cl/H2O ratio are most effective as to transfer of ore elements. Equilibrated with the melt containing 0.1 - 0.3 wt % of Cl-, such fluids can contain up to 50 wt % of chlorine in the form of alkali metal chlorides (Kravchuk and Keppler, 1994). The association of molybdenum minerals with fluorite seems to be regular, when considering the high probability of Mo transfer in the form of fluoride complexes and the inverse dependence of KMo on CaO content in the melt established before (Malinin and Kravchuk, 1991). The reactions of crystal-melt type, which can also play a significant part in formation of ore-bearing fluids (Ryabchikov, 1975), are not considered in this study. As a result of such a distribution, tungsten and molybdenum are always accumulated in fluid, and Zn2+ and Cu+ show limited solubility in granite minerals (feldspars, anorthite), which further drops with decreasing temperature.

$$MDurasova N.A� TA \l "Durasova N.A.[2]" \c 8�., Kochnova L.N� TA \l "Kochnova L.N.[2]" \c 8�., Khramov D.A.,� TA \l "Khramov D.A.[2]" \c 8� Slutskii A.B.,� TA \l "Slutskii A.B.[2]" \c 8� and Troneva N.A.� TA \l "Troneva N.A.[2]" \c 8� Antimony in alumosilicate glasses of granite eutectic composition.
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The Sb-bearing alumosilicate systems of granite eutectic composition were experimentally studied at liquidus and subsolidus temperatures and variable redox regime to establish the conditions favorable for extraction from igneous rocks and concentration of antimony and other polyvalent elements. The experiments on interaction of acidic solutions with Sb-bearing glasses were also performed.

Our previous calculations of equilibrium oxygen pressures in the system reduced form - oxidized form for a number of ore elements, including antimony, [1] (figure) showed that antimony in different states of oxidation can exist at fO2 of natural systems. The polyvalence of antimony is responsible for its geochemistry and behavior in magmatic and post-magmatic processes. The glasses of granite eutectic composition were synthesized at 1200oC and fO2 corresponding to wustite stability field by the "inside crucible" method. Corundum and graphite powders were used as lock. The experimental conditions are described in the table. A part of the glass grains was annealed on air at 500oC for 10 days.

�



Figure. Oxygen fugacity in the system Oxide (1) - Oxide (2) as a function of temperature.

The initial and annealed glass grains were let to interact with concentrated HCl. The HCl solutions were chosen, because, if antimony oxides formed on the grain surface, antimony would be lost by the solid phase on heating in air. The antimony concentrations in the solutions were measured by atomic absorption. The antimony contents in the glasses were determined by X-ray spectrometry using a Camebax-Microbeam microanalyzer (operation voltage 15 keV, probe current 30 nA) The limit of Sb detection by the line Sb L P1 is 0.05% at significance level 0.05.

No antimony minerals were found. The results of the measurements are presented in the table. The antimony concentrations in the HCl solutions that were in contact with the pre-annealed phases are several times higher than those interacting with the initial grains.

The observed difference in antimony mobility between the untreated samples synthesized at reducing conditions and the samples subjected to thermal and oxidizing action can be explained from the different redox states of antimony at fO2 of the wustite stability field and air.

Stahlberg and co-authors used the Mosbauer's method for the investigation of Sb+3/Sb+5 equilibria at different fO2 in the glass-forming melts of the composition 70% SiO2, 23% of alkali and alkali-earth metal oxides, and 0.2% of Sb2O3 (Figs. 2, 3). The oxygen fugacity in the melts was controlled by emf method. The redox equilibrium under study was presented as

2Sb+5 + 2O2- = 2Sb+3 + O2

Isomeric shifts were -12.00 mms-1 for Sb3+ and 1.34 mms-1 for Sb5+.

Thus, antimony complexes are evidently absent in silicate glasses, and, therefore, the antimony ions are highly mobile. Previously we studied the character of copper redistribution among the alumosilicate glass grains [1] and found that copper oxides formed on the glass surface when redox conditions changed. Probably, the same migration and concentration mechanism is valid for antimony as well.

�Table. Antimony concetrations in the HCl solutions in contact with the granite eutectic glasses.

Sample no. and synthesis conditions�Glass annealing conditions�Glass weight, mg;�Solution volume, ml;�Sb concentration in the solutions being in contact with glass grains for 40 min*****;�Loss of Sb by the gla�sses after in�ter�action with HCl so�lutions, %;��28-Sb* T-1200oC �t-2h�without annealing�39.9�2�0.018�1��fO2 -FeO�500oC, 11days fO2 (air);�40.4�2�0.096�5��29-Sb** T-1200oC t-2h�without annealing�80.0�2�0.912�1��fO2 -FeO�500oC, 10days fO2 (air);�80.0�2�2.535�3��30-Sb***�T-1200oC t-1h�without annealing�80.0�2�0.260�1��fO2 -FeO�500oC, 10days fO2 (air);�80.0�2�0.820�3����*According to local X-ray spectrometry, the Sb2O3 content in glasses was 0.13 + 0.02%

**	0.3-0.5%

***	1.0-0.5%

****	grain size 0.2-0.5 mm

*****	atomic absorption data (analysts Yu.G. Tatsii and L.N. Bannykh).
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The rare-metal granites and pegmatites enriched in Ta, Nb, Zr, and Hf are the latest products of differentiation of the normal biotite or subalkaline fluorine-bearing granites. We studied the partition of these elements between the alumosilicate and alkali-aluminofluoride (salt or fluid) melts in the system Q-Ab-Or-H2O-F at 800oC and P=1 kbar. The phase relations in this system were previously reported (Geochimiya, 1993). This system represents the composition of the fluorine-bearing magma of the latest phases of granitic massifs, which are charatcreized by various Na, K, and Li contents and Na+K+Li/Al and Si/Al ratios.

It was shown that Ta, Nb, Zr, and Hf are accumulated in the aluminosilicate melt in any part of the system (except Hf and Zr in Li-rich compositions), however, the partition constants Kpsil/salt depend on Na/K and Si/Al ratios and agpaitic coefficient. When passing from pure Na to K-Na and K-rich compositions of the system, the Ta partition constant somewhat increases, and those for Nb and Zr increase as a result of relative increase of the contents of these elements in the salt melt. The experimental studies showed these elements to favor the aluminosilicate melt, which is rich in alkalies and fluorine (up to 3 wt %). The element contents in the aluminosilicate melt can range up to 1-4 wt % depending on the starting element amounts added to the system. These data are consistent with the petrological and geochemical conceptions concerning the accumulation of these elements as a result of the crystallization differentiation, from earlier to later (including pegmatites) phases of the process. The separation of the aluminofluoride liquid enhances this effect. The relationship between the crystallization differentiation and liquation is the subject for a special investigation.

The Nb/Ta ratio decreases in the crystallization, i. e. Ta is accumulated to a greater extent. From our data, the Nb/Ta ratio (defined as a ratio of the partition constants of Nb and Ta between the aluminosilicate and the alkali-aluminofluoride melts) decreases when passing from sodium-rich to potassium-rich �compositions of the system. This fact correlates with the well-known tendency of Nb concentration in Na- and Ta-K-Na-granites.

The character of the element distribution changes markedly when lithium is added to the system: Zr and Hf become favoring the salt melt, and the Ta and Nb contents in the salt melt increase significantly, although their partition constants remain more than unity. The Li-containing part of the system is close to Li-F granites in composition. The role of the fluid melt enriched with Li and F in the accumulation of Nb and Ta is not very significant yet in the magmatic phase; separation of the fluid melt brings the same result as the crystallization does. The Nb/Ta ratio regularly decreases with increasing Li content. This fact is consistent with the natural regularities established for Li-F granites, which are, as a rule, the latest differentiation products of granitic massifs. It is of importance that Zr and especially Hf favors the fluid melt. From this fact an increase in Zr/Hf ratio during the differentiation can be explained: Zr is accumulated in the aluminosilicate melt, and Hf is concentrated in the alkali-aluminofluoride melt.

As the agpaitic coefficient of the system decreases, the Kpsil/salt values for Nb and Hf decrease, and that for Zr approaches unity, while the Ta partition tends favoring the aluminosilicate melt. The opposite behavior of Ta and Nb and less pronounced Zr and Hf has long been known in geochemistry, however, could not be explained by the element fractionation during crystallization.

We established that the immiscibility field extends to the nepheline-normative field. Transition through the feldspar barrier is accompanied by changing the partition constants: increasing for Zr and Nb and decreasing for Ta and Hf. Hence, the values of the geochemical indicators Nb/Ta and Zr/Hf for granites and nepheline syenites differ, and tantalum deposits are associated with granites, and niobium deposits with nepheline syenites.

Conclusions: 

1. The accumulation of the elements under study in the fluid melt is of importance only for Zr and Hf in the Li-rich part of the system. The deposits of these elements are probably of late magmatic origin. The separation of the fluid melts enhances the accumulaton of these elements as a result of crystallization differentiation. The relationship beween two different differentiation mechanisms requires special investigation. 

2. The experimental data obtained offer a simple and reasonable explanation to the well-known empiric regularities: the variations of geochemical indicators in different rocks and the difference in ore potentials between granites and nepheline syenites.
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Equilibrium constants of melting reactions under dry conditions are proposed to calculate the influence of water on silicate mineral-melt equilibrium temperatures. In this case the influence of water is  allowed for through a decrease of the molar fractions of the melt components. The components are taken to be one-cation-base oxides. The equilibrium temperature in aqueous melts may then be derived from the equation:



� EMBED Equation.2  ���	(1)



where A,B and C are constants, P is the pressure (bar), Ko is the equilibrium constant of the crystallization reaction at 1 bar, m is the number of particles forming during mineral melting; Cw is the water concentration in the melt (wt pct), W is the molecular weight of water particles, no is the total number of cations in 100 gr of the dry melt.

For the olivine-melt equilibrium the constants A,B, and C were calculated from the volumetric effect and the equation of melting of forsterite under dry conditions:

(Vfof =0.019cm3/g and T(K)=2163+0.00477P (bar).

It was obtained: A=7132.9, B=-2.3429 and C=0.0157. Analogously, for diopside: A=772.0, B=-2.5903, C=0.060. The quantity m assumes the values of 1.5 and 2 for olivine and pyroxene, respectively. To estimate the effect of dilution of the components by water on the liquidus temperature decrease, and the acceptability of this approach in principle, eq(1) together with the experimental data on water solubility were used for the calculation of melting temperatures of pure forsterite and diopside and, also, natural olivinic tholeiite and peridotite under the water-saturated conditions. The experimental temperatures fall between the theoretical temperatures calculated under the assumption of completely molecular form of the water in the melt (W=18.02) and completely hydroxyl one (W=9.01). Herewith eq(1) fairly reproduces the course of the liquidus curves in P=T and T-H2O coordinates. In order to describe adequately the experimental data the formal value, i.e. the effective water concentration (Ceff wt pct) is proposed to be used instead of Cw in eq(1). Ceff is taken to mean the concentration of water which at the given choice of w in eq(1) will ensure the same number of water particles in the melt as Cw  does, with account taken of the concentrations of hydroxylic (Chydr) and molecular (Cmol) forms. 

With w=9.01 we have 



Cw = Chydr + Cmol 	(2)

Ceff =Chydr + 0.5Cmol 	(3)



For the olivine liquidus in olivinic tholeiite (Yoder, Tilley, 1962)  from eqs (1-3), taking Tcalc=Texp , the calculated Chydr and Cmol on the Cw- Chydr , Cmol  plot reproduce adequately the experimental data (see Holloway, Blank, 1994, fig.8). For the experimental data obtained by Sisson and Groove (1993 a,b) the equilibrium temperatures of olivine-melt pairs were calculated. Different models of water solubility (Burnham, 1975, 1994; Al’meev, Ariskin, in press Silver, Stolper, 1989) were used in the calculations. In the program for the calculation of concentrations of molecular and hydroxylic water using the model of Silver and Stolper (Holloway, Blank, 1994) a mean deviation of the calculated temperatures from the experimental ones in estimating Ceff is 15oC. This makes it possible to employ eq(1)  as an olivine-melt geothermometer.

# Zharkova E.V.� TA \l "Zharkova E.V.[8]" \c 8�2, Kadik A.A.� TA \l "Kadik A.A.[2]" \c 8�1 Megacrysts from the Shavaryn-Tsaram volcano: experimental de��ter�mination of oxygen fugacity.

key words [oxygen fugacity mantle minerals]� TC “1Vernadsky Institute of Chemistry and Analytical Chemistry; 2Institute of Geology, Mineraloigy, Petrology of Ore Deposits 109017 Moscow Staromonetny, 35”\f k�

The oxygen chemical potential is one of the most important characteristics of the thermodynamic state of the upper mantle responsible for the behaviour of volatile components and variable-valence elements in the process of differentiation of the mantle matter. The determination of fO2 (intrinsic oxygen fugacity) values inherent in deep redox reactions is a problem solvable either by thermodynamic analysis of mineral equilibria or by direct experimental determination of fO2 of minerals using solid-state electrolytic cells. 

In this work we report the determinations of oxygen fugacity of clinopyroxene (Cpx), sanidine (Sa), garnet (Cr) and pyrope (Py)megacrysts from the Shavaryn-Tsaram volcano (Mongolia). The measurements were performed within 800-1100oC at 1 atm on a high-temperature apparatus comprising two solid electrolytes on the base of zirconium oxide stabilized with yttrium oxide. The use of two electrochemical cells enables the determination of the fO2 of minerals having a small buffering capacity with respect to oxygen. The measured values of the oxygen fugacity of megacrysts obey the linear dependence of the type: log fO2 =A-B/T, where T is the temperature in the Kelvin scale.

The results of the experiments are listed in the Table: 

 

Sample�A�B�r�n��Cpx�20.672�41849.1�0.995�10��Sa�17.516�37903.7�0.998�8��Gr�16.491�36482.4�0.997�9��Py�13.897�34403.5�0.994�9��

where n is the correlation coefficient, n is the number of the experimental points. The conducted runs have shown that the oxygen fugacity of Cpx, Sa, and Gr are practically identical and are located 1-1.5 order higher than the buffer equilibrium of WM whereas the oxygen fugacity characteristic of Py megacryst is close to the WM buffer equilibrium. The comparison of the obtained fO2 for the megacrysts with the oxygen fugacity data for spinel lherzolite xenolites from the Shavaryn-Tsaram volcano (Geokhim., 1988, N.6, pp.783-793) suggests that their  formation is characterized by the oxygen fugacity values close to the WM buffer equilibrium. 

# Epel’baum M.B.� TA \l "Epel’baum M.B.[1]" \c 8 � Correlation of water forms in a melt giving the information on the interaction melt-water.

key words [water melt interaction albite]

New data have appeared for more than 10 years and the results are actively discussed on the estimates of water forms in natural and model magmatic melts. The stereotypes of presentation of experimental data have been formed for this time. The present work shows that the data, if considered in other coordinates, may lead to new conclusions and bring corrections to the idea of water-melt interaction

The 'conventional' picture (Stolper, 1982) involves the dependences of contents of molecular water and water in a hydroxyl form , i.e. of water interacted on the summary water dissolved in a melt. Such pictures prompt the conclusion that there exist two regions differeing in the character of dissolution of water in both forms. Herewith, on the second region, OH groups already do not enter the melt and the tangent of the line slope of the molecular water content equals unity. Hence, one can suppose that all the dissolving water enters the melt in the molecular form. In reality it is not so. On the second region the melt goes on depolymerizing with addition of hydroxyl water. This follows from considering the similar dependence in case all the water forms and total water are represented as a number of moles accounted for a mole of the melt. The water-to-melt unit ratio makes it possible to consider in the relation analysis both the water forms and silicate melt. So, such a consideration is more informative. In particular, a continuous growth of a number of hydroxyls, however less intensive, is observed in the second region too. 

New information can be obtained if one instead of the concentration curves of separate water forms considers the value of molecular water- hydroxyl water ratio. We have already come to the conclusion that in all the composition range studied, dissolving H2O enter the melt in both forms. This is to say that water forms are in equilibrium. Many authors calculate the reaction constant to write it in any form. However, the possibility of a rough description of water dissolution as two step-by-step reactions remains attractive: a) dissolution of water in the form of H2O and than b) in the molecular form. When considering the dependence of the molecular water- water in the OH form ratio on the summary water (in wt%) aloows to visually estimate such a possibility. We have considered the data of Silver, Stolper, 1999 for the water bearing albite melt. We have plotted them on the web of hypothetic lines where the first reaction terminates at 1; 1.5; 2; 3; 5 wt%. It occured that the suggestion about the two stage dissolution of water may be used as a very rough approximation. Experimental curve actually has two rectilinear regions with a smooth transition between them. So, widely adopted approach to water dissolution in two forms as an equilibrium of reaction products in the homogeneous phase is virtually more consistent with actual data. It is interesting that the data for different melts presented on the same diagram illustrate their relative chemical interaction with water. These data are possible to be used as an additional criterion of the estimation of water acidity with respect to the melt. 

When analysing the diagrams of H2O(mol): H2O(OH) as a function of H2O(tot)m one can make some assumptions on the character of interaction, quantity, and, perhaps, the type of the particles formed. For this purpose we compared the experemental curves of the dependence of the water forms ratio in an albite melt against its total content (in mole parts) with the calculated isolines at the constant values of the constant of equilibrium reaction. The reactions used are as follows:

NaAlSi3O8 + H2O = NaHSiO3 + AlH(SiO3)2 	(1)

2NaAlSi3O8 + H2O = 2Al(H9SiO3)2 + Na2Si2O5 	(2)

NaAlSi3O8 + H2O = NaAlSi3O7(OH)2	(3)

The most common in literature reaction (O + H2O = 2OH) is omitted here because it is a most general record and neither differentiate the oxygen types in albite nor bears no information on the chemical composition of the particles formed. When it is assumed that in water bearing glasses the equilibrium constant remains stable or at least close to stable, then the comparison of isolines of these constants for the three reactions mentioned with the experimental results may be an argument for the choice of the reaction. It turned out that experimental points are most correspondent to the reaction 2.

The proposed analysis of the H2Omol.-to-H2O hydrat. ratio bears additional information for the elucidation of the mechanism of water interaction with alumosilicate melts.
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# Lebedev E.B.� TA \l "Lebedev E.B.[2]" \c 8� and Kadik A.A.� TA \l "Kadik A.A.[2]" \c 8� Experimental study of anorthosite formation with the high-temperature centrifuge.

key words [anorthosite melt differentiation]� TC "Vernadskii Institute of Geochemistry and Analytical Chemistry, Russ. Acad. Sci.) \fk�"

The mechanisms determining the evolution of the partial melting zones in the earth's crust and mantle are presently of great interest for researchers. These mechanisms can be investigated experimentally using centrifuges. Liquid heterogeneous mixtures are efficiently separated in centrifugal fields, where the 3000-fold strengthening of the earth's gravity field is attained, and the initial melting degree ranges up to 20-60 vol %.

The centrifugal experiments with gabbro and basalt samples at 1180-1190oC showed that the samples undergo differentiation to yield three distinct zones, with the melt accumulating in one of the zones:

1. The lower fraction of the sample represented by the crystalline residue with various degree of phase differentiation.

2. The middle fraction of the sample where the melt accumulates.

3. The upper fraction of the sample represented by emersed plagioclase crystals and some quantity of captured magmatic liquid.

The results of the centrifugal experiments fit the conceptions about the conditions of matter differentiation on the earth and the Moon in the course of large-scale melting. We mean the assumption as to the three main zones formed: (1) the anorthosite layer with some quantity of captured magmatic liquid; (2) the melt layer, and (3) the thick layer composed of residual high-melting ferromagnesian crystals variously differentiated.

This conception of the partial melting zone evolution correlates well with the theoretical calculations and modeling performed by M.Ya. Frenkel'.

In centrifugal field, all the samples exhibited the differentiation that appeared as melt accumulation and floating up plagioclase crystals forming the "anorthosite" layer at 1180-1190oC. Plagioclase and therefore anorthosites have lower density than basalt melt. The phase crystallization order is of minor importance in dry systems, since all the phases crystallize simultaneously for a long time. However, the oxygen fugacity variation may cause the change in phase crystallization order.

The performed experiments showed that the separation of the silicate liquid from crystals is determined by the multiphase matter flow which may cause the layered phase distribution. The melt yields a separate zone above which the anorthosite layer composed of the emersed plagioclase crystals and some quantity of captured magmatic liquid is formed.

# Sushchevskaya N.M.� TA \l “Sushchevskaya N.M.[2]” \c 8� and Tsekhonya T.I. � TA \l “Tsekhonya T.I.[2]” \c 8�. Petr�o�chemical types of ocean-ridge tholeiites and evaluation of their Formation conditions from computer modelling data. 

key words [tholeiite mid-ocean computer modelling] � TC “Vernadskii Institute of Geochemicatry and Analytical Chemistry, Russ. Acad. Sci”\f k�

We studied mid-ocean-ridge (MOR) tholeiites of Central, Equatorial, South Atlantic, Indian Ocean, and East Pacific Rise (EPR) at lat. 23o north to 25o south. Comparison of tholeiitic magmatism of MOR segments differing in geodynamic setting made it possible to distinguish tholeiites with different conditions of the original magma generation in the dry lherzolite mantle beneath the mid-ocean ridges. 

The conditions of tholeiite crystallization were evaluated by comparison of the parameters of the original melt fractionation obtained from the KOMAGMAT model [1] with petrochemical data of natural glasses. The original melt composition is uncertain in some cases, and choosing the composition for the modeling is a serious problem. The compositions of phenocrysts were used for the simulation of the original magma fractionation.

The shallow-depth TOR-2 tholeiites are most abundant among the tholeiite types studied [2]. The original melt composition for TOR-2 was determined from the actual compositions of homogenous inclusions in the most magnesian olivines from the tholeiites [3]. The model fractionation paths obtained for this original melt describe well the position of composition fields of many natural glasses of this type. The estimated crystallization parameters for TOR-2 tholeiites from slow-spreading (Indian-Atlantic Province) and fast-spreading (EPR) ridges differ respectively as: 3-4 bar, 1270-1170oC, maximum fractionation degree 50% and 0.001-2 kbar, 1270-1150oC, maximum fractionation degree 70%.

The Na-tholeiite type, which was distinguished by Klein and Langmuir [4]  on the basis of Na content in glasses reduced to 8% MgO (Na8>3), is characterized by wide dispersion of Si8 (50-53) and Fe8 (7-10). According to the present models, the melts enriched significantly in Na and Si and depleted in Fe could originate as a result of complex polybaric (in the pressure range 15-4 kbar) critical melting of the original mantle, with a part of melt constantly remaining in the mantle matrix (about 1 vol %) [5]. The estimated parameters of Na-melt crystallization for the Romanche Fracture Zone are 4 kbar, 1260-1170oC, and crystallinity no more than 50%.

A specific type of tholeiitic melt enriched in Si and depleted in Ti and Na, established only in the Indian Ocean, is mainly associated with early phases of the ocean formation. Examination of different original melts within different models [5, 6] showed the melts described by Niu and Batiza [6] to yield the best fit. The melts with low Na and Ti contents and high CaO/Al2O3 ratio can be obtained by the modeling of fractionation polybaric (20-4 kbar) melting. According to this model, Si-tholeiites crystallized at low pressures (0-2 kbar) and within the temperature range 1210-1150oC. Formation of siliceous tholeiites probably resulted from profound melting of the depleted mantle. Occurrence of these rocks largely in ancient regions of the ocean indicates the more high-temperature conditions of the early stages.  

The petrochemical parameters of fractionation of the melt that formed at low  degrees of melting (6%) and slight pressure decrease (20-19 kbar) [6] mirror the main characteristics of the alkaline glasses found in the Equatorial Atlantic. From calculated data, crystallization of alkaline melts proceeded at higher pressures (6-8 kbar) in comparison with most of tholeiitic melts. The fractionation degree of such melts was no more than 40%.

Thus, in spite of different formation conditions of the original melts, the conditions of fractionation of tholeiitic melts beneath most recent slow-spreading ridges are similar. These melts crystallize at pressures at least 3-4 kbar, while the melt fractionation in the fast-spreading settings occurs at subsurface conditions, and these melts are more differentiated.
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�Hydrothermal processes, fluid system,�metasomatism� TC "Hydrothermal processes, fluid system, metasomatism" \f C \l "2" �

�# Shmonov V.M.� TA \l “Shmonov V.M.[1]” \c 8�, Lakshtanov D.L.,� TA \l “Lakshtanov D.L.[1]” \c 8� and Bo�ri�sov M.V.� TA “Borisov M.V.[5]” \c 8� Permeability of wallrocks of the hydrothermal vein Pb-Zn ore mineralization.

key words [permeability rock experiment]� TC “1 Institute of Experimental Mineralogy”\f k �� TC “2 Moscow State University ”\f k�

New data on permeability of the wallrock metasomatosed granites holding a polymetallic ore body were obtained (Vertical’naya Vein, Holst Deposit, Sadon Ore Region, North Osetia). Permeability of twelve samples was experimentally determined. The samples represent different detailed sections of the wall rocks (section length 2 m, step 2 cm) at two horizons of the deposit: Horizon VII (1182 m), Section 1 and Horizon III (1405 m), Section 2; five samples were collected at a distance up to 200 m the vein. Permeability was determined by the method of impulse damping with argon flow through a core sample 13.7 mm in diameter and 21 mm long at room temperature and impulse pressure of about 1 MPa [1]. The results of the measurements are given in the Table. 

�
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�Conclusions:

1. The permeability values obtained vary widely: from 5.9 to 860 (Darcy, i.e. within a factor of more than 102. Nevertheless, the least value is 100-1000 times higher than the permeability of unaltered middle-grained granites.

2. The average permeability of rocks of Horizon VII is twice as high as the permeability of Horizon III (273 and 120 (Darcy respectively). However, the rocks of Horizon III far from the ore body are more permeable than the rocks of Horizon VII (135 and 43 (Darcy respectively). Both horizons are characterized by gradual decrease in permeability outward the vein (table). 

3. The highest and lowest permeability values were established within the  wallrock aureole nearest to the vein (0-200 cm): Horizon VII - 5.9 and 860 (Darcy; Horizon III - 14 and 240 (Darcy. Close to the vein the permeability values are widely scattered, especially at Horizon VII. The average permeability of Horizon VII within the 2-meter interval is three times higher than that of Horizon III (354 and 114 (Darcy respectively).

4. Comparison of Zn, Pb, and Cu contents with permeability values of the same samples showed the negative correlation for Section 1 (correlation is insignificant because of small number of samples) and no correlation for  Section 2. 

Distribution of the elements in Sections 1 and 2 differ significantly [2,3]:

Section 1 - high Zn, Pb, and Cu contents in the inner wallrock aureole (maximum Zn up to 0.35%, Pb 0.1%; linear productivity values within the 2-meter interval are 0.08 m% for Zn and 0.04 m% for Pb); exponentially decreasing Zn content within the interval 0-100 cm; the same tendency is less pronounced for Pb; strong metasomatic alteration of wall rocks (quartzisation, sericitization, chloritization).

Section 2 - low metal contents over the whole interval studied (in some cases negative productivity values:  -0.002 m% for Zn and about zero (0.0006 m%) for Pb and Cu. In the inner wallrock aureole, Zn content is lower than the background value (background 4 * 10-3%), although Zn content in the vein exceeds 5%. The maxima of the metal contents are separated in space (Pb 0.016% at 55 cm, Zn 0.08% at 48 cm, Cu 0.007% at 20 cm). The wall rocks are slightly metasomatosed.

From data on distribution of metals in 24 sections of the Holst, Arkhon, and V. Zgid deposits, different mechanisms of formation of Sections 1 and 2 can be  suggested [3]: Section 1 - redeposition aureole formed through the infiltration mass exchange between the ore-bearing and ore-free fluids, which originated at different stages of ore formation, and the wall rocks. As this took place, the fracture solutions partially flew off the ore-controlling tectonic structure. Section 2  - leaching aureole formed through the interaction between the solutions and wall rocks, while the porous fraction of the hydrothermal flow was drawn to the fracture channel.

Comparison of the permeability values obtained with geochemical data allows the following conclusions:

1. At a distance of the vein, the wall rocks of the Horizon III are three times more permeable than the wall rocks of Horizon VII. This fact possibly indicates that the rocks of Horizon III were originally more favorable for fluid filtration towards the fracture channel (formation of the Vertical’naya Vein).

2. Interaction of the outflowing solutions with wall rocks (Section 1) resulted in strong metasomatic alteration of the granites and deposition of ore minerals. This process is manifested as sharp permeability variations  (within more than a factor of 102).

3. When the leaching aureoles formed (Section 2), the solution was relatively equilibrated with the wall rock as for all the components and did not cause significant metasomatic alteration. This is manifested as moderate permeability variations (within a factor of ten) even in the immediate vicinity of the fracture channel.

4. The permeability minima correlate well with maxima of ore deposition. This was evidently due to welding of microcracks during the disseminated ore formation (Section 1, Horizon VII).
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$$HKotel'nikov A.R.� TA \l "Kotel'nikov A.R.[1]" \c 8� and Kotel'nikova Z.A.� TA \l "Kotel'nikova Z.A.[9]" \c 8� Synthesis of fluid inclusions in fluorite and calcite.

key words [fluid inclusion artificial]� TC "Institute of Experimental Minealogy, Russ. Acad. Sci.; Institute of the Lithosphere, Russ. Acad. Sci. " \fk �

Quartz is usually used as a matrix for synthetic fluid inclusions, but sometimes other minerals are preferable. For example, if one deals with fluids with low mole fraction of water, it is very difficult to obtain sufficiently large inclusions because of very low rate of crack welding. The experiments with H2S-bearing fluids, at low temperatures (below 500oC), etc. also are the cases when quartz is discouraged. Fluorite and calcite were chosen for the fluid inclusion synthesis, because these minerals are more soluble, and the crack welding must occur more readily and faster. Fluorite and calcite are transparent and easily available. The samples for the experiements can be obtained by simple cleaving rather than sawing out of a monomineral block. The perfect cleavage of these minerals makes it possible to obtain inclusions confined to the planes parallel to the cleavage directions.

The samples were subjected to thermoshock in alcohol for better subsequent drying the cracks. The temperature of thermoshock was adjusted so that the sample was densely cracked, but did not disintegrate. The optimal thermoshock temperatures were 260 and 390oC for fluorite and calcite, respectively.

The cracks were welded in 1M and 2M NaCl and KCl solutions and water-carbonate fluid in autoclaves for 2-7 days. The inclusions obtained - flat and volumetric, up to 30-40 µm in size - were studied by cryometry. The compositions of the samples corresponded to the run conditions. 

It was shown that fluorite and calcite matrixes can be successfully used in synthesis of fluid inclusions.

Kol’tsov A.B.� TA \l “Kol’tsov A.B.[17]” \c 8� Models for the formation of gold mineralization in fracture zones.

key words [gold fracture zones] � TC “St. Petersburg State University”\f k�

There is no as yet satisfactory physico-chemical description of gold-bearing formations which differ markedly in mineral and chemical composition of metasomatites and veins. Our models for gold transfer and deposition are based on experimental data on hydroxyl, chloride, and hydrosulfide complexes of gold. From combination of the solubility diagram of gold and stability diagram for mineral assemblages, the role of Au(HS)2- is expected to be predominant under the conditions of formation of the main types of metasomatites and ores. Gold solubility is 10-6 to 10-7 M at 300oC and 1 kbar and 10-5 to 10-6 at 450oC and 3 kbar; these data are in agreement with fluid-inclusion studies. When sulfide environment changes to sulfate,  solubility of gold decreases by a factor of 102-103 as a result of hydrolysis of Au(HS)2-. This mechanism is most probable for deposition of native gold in  low-temperature subsurface oxidation and argillization processes (gold-silver formation), but unacceptable for abyssal formations, which are characterized by stable redox conditions. 

Behavior of Au at temperature- and pressure-gradient conditions was considered in open and closed systems. A negative temperature dependence of Au solubility with a maximum at 150-170oC dominates in the open system. Deposition of gold in veins is possible only on further cooling. At higher temperatures, the more effective factor is the positive pressure dependence of Au solubility, which manifests itself at T>300oC in the closed system as well. Deposition of gold is possible on decompression together with quartz and associated quartz-feldspar metasomatites typical of gold-quartz formation. 

The gold-sulfide formation is characterized by concentration of gold in pyrite or arsenopyrite. The experimental study of this process at 200-600oC and varying alkalinity of the solution showed that maximum gold concentrations (up to 0.08%) are attained in the pyrite synthesized at the parameters of H2S=HS- transition, when the gold solubility is maximum. The most Au-rich pyrites were the most fine-grained; this fact indicates significant supersaturation of the solution. These data suggest a sorption mechanism of gold trapping during pyrite crystallization. The conditions favorable for the formation of  supersaturated solutions with pyrite and undersaturated with gold can be attained on decompression in cataclasis zones. In this case gold mineralization is associated with sericite metasomatites enriched in carbonaceous matter and sulfides (gold-sulfide formation).

Korytkova E.N.� TA \l “Korytkova E.N.[15]” \c 8� and Pivovarova L.N.� TA \l “Pivovarova L.N.[15]” \c 8�  Hydrothermal synthesis of F-substituted amphibole asbestos and phlogopite. 

key words [amphibole phlogopite fluorine substitution] � TC “Institute of Silicate Chemistry, Russ. Acad. Sci., St. Petersburg”\f k �

An attempt was made to reveal crystallochemical criteria for anionic isomorphism of amphibole asbestos and micas in order to obtain new formulations of these species. 

This paper presents the results of studies of hydrothermal systems with natural talc and alkali-metal-fluoride solutions at different temperatures and concentrations and pressures up to 100 MPa.  

We found talc to interact with hydrothermal NaF solution (0.5-5 wt %) to yield fibrous amphibole-richterite at 400-500oC and 30-100 MPa. A part of hydroxyls in the anionic sublattice of this compound is substituted for fluorine. The fraction of asbestos in the products of talc transformation and the degree of OH -F substitution in its structure are dictated by the NaF concentration of the hydrothermal solution. Richterite-asbestos was obtained as a monomineral phase when talc was exposed to 2-3%-NaF solution  at 450-500oC and 70-100 MPa. 

Richetrite-asbestos with a half of its hydroxyls substituted for fluorine was first synthesized under hydrothermal conditions. The crystal chemistry formula of the asbestos calculated from its chemical analysis is



Na1.78Mg5.90Fe3+0.20[Si7.78Fe3+0.22O22](OH0.98F1.02).



The optical characteristics of the amphibole-asbestos obtained are ng=1.593-1.598; np=1.579-1.583; ng-np = 0.014-0.015. CNg = 12o. The increase in thermic stability of the richterite was attained thanks to the OH ( F substitution. The temperature of decomposition of  richterite is 850-880oC, while that of hydroxyl-richterite is 780-800oC.

In the system talc-NaF-solution-SiO2, the formation of fibrous F-substituted Na-Mg-triple-chain silicate Na2Mg4Si6O16(OH,F)2 was established in addition to the formation of richterite. This mineral crystallized in NaF solutions with concentration of 0.3-2.5 wt % at 350-500oC and P( 30 MPa. 

When talc is exposed to KF solutions with concentration of 0.15-0.75 wt % at 300-500oC and P ( 30 MPa, trioctahedral phlogopite with partial substitution OH ( F (0.2-0.3 formula units) forms. Up to now we have failed to obtain K-richterite and Na-phlogopite by hydrothermal processing of  talc in the temperature, pressure, and fluoride concentration ranges studied.

Structural and geometric factors and, especially, alkali-metal cation size are responsible for the preferential formation of band and chain silicates in the system talc-NaF-solution and layered silicates (phlogopite) in the system talc-KF-solution. 

Baranova N.N.� TA \l "Baranova N.N.[2]" \c 8�1, Akinfiev N.N.� TA \l "Akinfiev N.N.[10]" \c 8�2, Ivanova G.F.� TA \l "Ivanova G.F.[2]" \c 8�1, Fa�deev V.V.� TA \l "Fadeev V.V.[2]" \c 8�1 Role of a nitrogen-containing fluid in the formation of Au-Sb-W-mi�ne�ra�li�zation of the Olimpiada deposit.

key words [fluid nitrogen ore mineralization] � TC “Vernadsky Institute of Chemistry and Analytical Chemistry; Moscow State Academy for Geological Survey 117873 Moscow Miklukho-Maklai str. 23” \f k�

A number of recent reports have shown that dissolution of nonpolar gases, such as N2, CO2, CH4 in aqueous solutions leads to a decrease of the dielectric permeability of the mixture and, consequently, to a shift of the equilibria of the association reactions towards association products. Said volatile components are persistently found in the composition of fluid inclusions being relicts of natural mineral-forming solutions. In the review by O.F.Mironova et al on an investigation of nitrogen-containing melt and fluid inclusions in minerals encompassing more than 110 natural objects from different regions of the globe it has been concluded that nitrogen participates actively in natural mineral formation. It has been shown that the amount of nitrogen in fluid inclusions can vary within two orders of magnitude and the molar CO2/N2 ratios can be <1, since nitrogen is often the principal volatile component of natural fluids.

Our studies of fluid inclusions in quartz of ore-bearing associations and scheelite from the Olimpiada Au-(Sb-W) deposit have also shown a substantial concentration of nitrogen in their composition. Therefore, it appeared necessary to carry out calculations of the equilibria in the systems Au(I)-S(II)-Cl-O-H; Sb(III)-S(II)-O-H; Ca-W-O-H with account taken of the proceeding of all possible complex formation reactions in the presence of nonpolar gas W2 in order to elucidate its influence on the formation of Au-Sb-W mineralization. 

Earlier the modelling of the influence of a nonpolar volatile component on the solubility of individual mineral was carried out by F.Gibert (solubility of scheelite in 1M NaCl in the presence of N2) and G.R.Kolonin (solubility of gold in chloride-carbon dioxide fluid) who noted its change as compared  with the system without a volatile component. Our consideration was based on a model of conjugate base and degassing of a high-temperature chloride aqueous nitrogen fluid saturated with respect to gold, antimonite, and scheelite. The calculations were performed under the conditions characteristic of natural ore formation: the temperature range was 150-360oC, the pressure was 1 kbar, the concentration of NaCl 1.7 M, of sulphide sulphur 10-2 M. A modified version of the program of isobaric potential minimization BALANCE designed by N.N.Akinfiev and intended for a study of equilibria ion multisystems was used. 

The calculations show that nitrogen differently affects the mineral solubility (and so the fluid transportability), and that the solubility in a nitrogen-containing fluid differs from that in a nitrogen-free one. So the solubility of antimonite is weakly dependent on the presence of nitrogen in a solution. The solubility of scheelite and gold is decreased for a mixed solvent, however, the magnitude of this effect is much smaller against the one expected from the formation reactions equilibrium of multicharged ions AuCl2- , Au(HS)Cl2-, HWO-4  and WO2-4 . This is because along with a change of the dielectric permeability of a mixed fluid leading to a shift of the equilibrium of the reaction towards the products there takes place a decrease in the concentration of the ligands Cl-, HS-, and H+ due to the association reaction, and a total change of the solubility is moderate.

Our consideration suggests that mixing of a fluid enriched in Au, Sb, with a nitrogen-containing one can lead to a simultaneous precipitation and separation of gold and tungsten from antimony. This is confirmed by an analysis of natural objects. The segregation of antimonite is largely controlled by the temperatural factor.

Although preliminary, our calculations nevertheless show that the allowance for the effect of nonpolar volatile component makes it possible to reveal singularities of transport and ore-generating possibilities of a fluid. 

Pivovarov S.A.,� TA \l "Pivovarov S.A.[1]" \c 8� Alyokhin Yu.V� TA \l "Alyokhin Yu.V.[1]" \c 8�. Calculation of the thermodynamic constants of polymerization for water vapor molecules.

key words [water vapor polymerization constants  ]� TC “Institute of Experimental Mineralogy, RAS 142432 Chernogolovka, Moscow district”\f k �

Based on P-V-T data for water vapor the polymerization con- stants have been calculated for water vapor in the temperature range 25-800oC (T-temperature in Kelvin):





pK[2H2O=(H2O)2]=-726.5/T+3.74 + 1/(exp(1421/T - 0.4076)-1)

pK[3H2O=(H2O)3]=-1393/T+7.047 + 1/(exp(1154/T - 0.6645)-1)

pK[4H2O = (H2O)4]=-2443/T+10.94+ 1/(exp(1363/T - 0.832)-1)



Associates of the water vapor molecules are real particles which could be considered as separate chemical components. Determination of their individual thermodynamic properties may be sometimes useful and simply curious because one would like to understand and make a quantitative description of the processes which lead to the nonideality of real gases. In order to calculate the polymerization constants it will suffice to make the following assumptions whose validity would hardly leave doubt at low density of vapor.

1. Water vapor is an ideal mixture of ideal particles. However, it should be mentiond that: the 'ideality' in this case means that we disregard the size of particles, that the activity and volatility coefficients of all the particles are assumed equal to 1, and the expression PV=nRT is true for all forms of gas mixture. Otherwise, it is suggested that when taking a complete account of water vapor complexation, the nonideality of the given system is completely considered (which, naturally, becomes untrue at high pressures).

2. The following equilibria are realized in water vapor: 2H2O = (H2O)2, 3H2O = (H2O)3, 4H2O = (H2O)4 etc.

3. The real water vapor pressure is a sum pressures of a monomer and all water polymers: P = P(1) + P(2) + P(3) + P(4) +.....

4. An ideal pressure is a pressure attained in a system when all the water polymers anyhow affected are disintegrated: Pid = RT/V = P(1) + 2P(2) + 3P(3) + 4P(4) +....

5. Taking into account the first item, one can conclude that in the given approximation the pressure of a monomer is in a full accord with the determination of the volatility function because it shows the pressure of ideal gas particles, corresponding to to the given formula (H2O) at a given total pressure of water vapor. Therefore, when pressures are not too high, and the size of a particle itself does not effect gas properties, the volatality of a component equals the pressure of a monomer of this component. The dependences of real and ideal pressures on volatility were used to calculate the constants:



P = f + Kiif2 + KIIIf3 + KIYf4 , and 

Pid= RT/V== f + 2KIIf2 + 3KIIIf3 + KIYf4. 



Practically, the range of the P-V-T data used appeared to be limited in pressure up to 150 bar. The principle of calculation is rather simple and can be reproduced graphically.

To determine the constant of dimerization reaction a diagram has been plotted in coordinates y=lg(RT/V-P), x=lg(f). Subtraction of real pressure from the ideal one is undertaken to get rid of the monomer pressure. The difference remained after the pressure drop should approach the ideal square dependence on water volatility, since all this difference is approaching the pressure of dimer. Actually, the dependence given in logarithm coordinates is a line with a slope precisely equal to two at low pressures and increasing to 2.2-2.5 at elevated pressures. The logarithm of the dimerization constant can be determined by extrapolation of this dependence to lg(f)=0.

Similarly, the dependence y=lg(RT/V-P-KIIf2)/2, x=lg(f) is suitable to be used to find the constant of the trimerization reaction. The diagram of this dependence is a line which at low pressures has a slope equal to 3.

The constant of the tetramerization reaction is found in much the same way. To this end, one can use a function y=lg(RT/V - P - KIIf2 - 2KIIIf3)/3), x=lg(f), with a virtually ideal slope of 4. Polymers of higher polymerization degrees are found in the temperature range 300-600oC at elevated pressures. However, the corresponding constants are difficult to be found in the same way because of two factors: the error after using already determined constants becomes more significant and the size of particles has an appreciable effect ( a volume effect of polymerization reaction decreases). By the reasons mentioned, it is rather difficult to identify the associates given.

Below are the constants calculated by the method described:



ToC�pKII�pKIII�pKIV��25�1.31�-�-��50�1.51�-�-��100�1.83�3.4�-��150�2.08�3.9�-��200�2.28�4.3�5.9��250�2.46�4.6�6.6��300�2.61�5.1�6.8��350�2.76�5.2�7.5��400�2.89�5.6�7.6��450�3.00�5.8�8.1��500�3.12�6.0�8.5��600�3.33�6.5�9.1��700�3.53�7.1�9.7��800�3.73�7.7.�10.5��The uncertainty in calculation of the dimerization constants is 0.01, for the trimerization constants -0.1 and for the tetramerization ones - 0.3.

Only the dimerization constants can be calculated with high accuracy because significant volume effects corresponding to the reaction given are observed at extremely low densities of vapor. The volume effects conforming to trimerization and tetramerization are observed at relatively high densities of vapor where the approximation used is less effective. That is why the values cited are only a matter of estimates.

The temperature dependence of polymerization constants is approximated by the function: 



pK = A/T + B + 1/(exp(C/T - D) - 1)



Such a somewhat "strange" dependence is not chosen by merely chance.

The point is that the change in heat capacity in the reactions considered is poorly described by the conventional polynom. A curious phenomenon takes place: at a certain temperature, something like degeneration of energetic states corresponding to various water polymers occurs. The approximation equations obtained are given above.

When analysing heat effects of polymerization reactions one can notice that they approximately relate as 1:2:3. This suggests the idea that water polymers have a linear structure with the energy of hydrogen bond of about 14 kj/mol.

# Malinin S.D.,� TA \l "Malinin S.D.[2]" \c 8� Kurovskaya N.A.� TA \l "Kurovskaya N.A.[2]" \c 8� The system CaF2(k)-NaCl-H2O at 400-600oC and 2 kbar.

key words [fluorite solubility experiment calculation]� TC “Vernadsky Institute of Geochemistry and Analytical Chemistry RAS 117975 Moscow Kosygin str.19” \f k�

A method of weight loss of a single crystal has been used to study the solubility of synthetic fluorite in individual solutions 1m - 34.7 m NaCl (m is mole/kg H2O) at 400, 500 and 600oC, 0.5-5 m CaCl2 at 500 and 600oC, and in mixed solutions NaCl-CaCl2  with mtotCl=10 at 500oC. The solubility isotherms, taken in logarithmic scale, show a linear dependence for all the studied chloride concentration ranges, except the 400oC isotherm. In the mixed solutions the curve of the Cl constant values exhibits a minimum at Na/Na+Ca ratios in the solutions close to 0.95. The solubility in the CaCl2 solutions is more than half an order higher against the NaCl solutions of the same concentrations.

The high solubility values in NaCl and CaCl2 individual solutions are indicative of the formation in the solution of particles of a complex composition, i.e., ionic pairs or associates. This conclusion is confirmed independently by the fact that solubility in chlorides is high, and it is particularly high in CaCl2 solutions even thought CaCl2 solutions have a common ion with the crystalline phase.

The general principles of the experimental data processing (analysis) to identify the particles forming in a solution involve a comparison of theoretically expected solubility isotherms slopes as a function of the chloride concentration for a  number of hypothetic dissolution reactions (Slther) with the experimental slopes (Slexp), and subsequent selection of the reaction in accord with the criterion of the best fit of theoretical and experimental slopes. It is supposed, herewith, that associated neutral particles are predominant in the solution. 

Earlier, based on this method for processing the 600-800oC data, the authors proposed the following particles: NaF(NaClo (Na2FCl)o for NaCl solutions, and CaCl2(CaF2o solutions [1].

In addition to the above forms Ca2Cl3Fo, Na2CaF4o and NaCaCl3o particles were also proposed using an independent method of thermodynamic modelling [2]. For reasons of parallelity of the 600, 700 and 800o  solubility isotherms for NaCl solutions and the 600, 700 and 800oC ones for CaCl2 solutions, the above proposed particle forms can be related to all said temperatures.

For the 500oC isotherm of fluorite solubility in NaCl solutions, for which Slexp=0.8+0.1, the following reactions that accompany the dissolution with the formation of the corresponding particle forms may be regarded as possible.



CaF2(c) + NaClo = CaF2(NaCl = NaCaClF2o,



2CaF2(c)+2NaCl=CaClFo+NaCl(NaFo=�=CaClFo+Na2ClFo,



2CaF2(c)+ 2 NaCl= CaCl2+ CaCl2(2NaFo =�= CaCl2 + Na2CaCl2F2o,



For all the three reactions Slther =1.

For the 500o isotherm of fluorite solubility in CaCl2  solutions with Slexp =1.1+0.1 one reaction and the corresponding particle form may be proposed:



CaF2(c)+ CaCl2o  =  CaF2 CaCl2  =(Ca2Cl2(F2o 



with Sltheor =1 that ought to be related to the 600oC isotherm too.

As earlier discussed in [1] this method for particle identification does gives no unambiguous answer concerning their particular form, however  it allows an understanding of the type of the forming particles as neutral associates of a complex mixed composition. This conclusion is based on the linear character of the dependence of the isotherms in a broad range of the chloride concentrations.
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�Geothermobarometry, metamorphic� processes� TC "Geothermobarometry, metamorphic" \f C \l "2" �

�Gerya T.V.,� TA \l “Gerya T.V.[1]” \c 8� Perchuk L.L.,� TA \l “Perchuk L.L.[1]” \c 8� Podlesskii K.K.,� TA \l “Podlesskii K.K.[1]” \c 8� and Kosyakova N.A.� TA \l “Kosyakova N.A.[1]” \c 8�  Thermodynamic data base for the system: MgO-FeO-CaO-Al2O3-SiO2.

key words [date base thermodynamic constant mineral ] � TC “Institute of Experimental Mineralogy” \f k�

Standard thermodynamic properties of individual substances and mixing functions of solid solutions in the system MgO-FeO-CaO-Al2O3-SiO2 were brought into consistence by the non-linear least-squares method. We used published data on phase equilibria and measurements of physical properties of minerals. Cyclic data treatment was performed with systematic control over the reproducibility of experimental P and T values and compositions of equilibrated phases. Such a procedure made it possible to describe a great body of experimental data (more than 5000 data points) within the limits of experimental errors. 

The algorithm is based on the Gibbs’s free-energy equation, which describes a solid (mineral) as a system of quantum oscillators tied by forces of potential interaction. Each oscillator was assumed to have the infinite number of energy levels, according to the Bose-Einstein statistics. By analogy with the Lennard-Jones potential, the repulsive force between the oscillators was assumed to be proportional to the 12th degree of the average distance between them. The gravitational forces are characterized by average inner pressure, which is opposite in sign to the repulsive force. The optimal form of the equation includes  nine refinable parameters:

�G(cal/mol)=Ho-T(So+K1(RTln[1-exp(-G1/RT)]+K2(RTln[1-exp(-H2/RT)]+A([(P1+P)0.8-(P1+1)0.8],      (1)

�where G1=H1+A1([(P1+P)0.8-(P1+1)0.8], H0 and S0 are, respectively, enthalpy of formation and configuration entropy of a given mineral at T = 0 K and P = 1 bar; K1 and K2  are the numbers of oscillators in the mineral molecule multiplied by the number of degrees of freedom of one oscillator for low- and high-energy transitions, respectively; H1 and H2 are differences in enthalpy of adjacent energy levels for low- and high-energy transitions, respectively; A1 and A2 are respectively average parameter of repulsive potential between the oscillators and the change of this parameter for low-energy transitions; P1 is average inner pressure, which characterizes the gravitation between the oscillators; T is temperature (K); P is pressure (bar); R = 1.987 cal/mol/K - universal gas constant. Equation (1) properly describes physical properties of substances and provides good extrapolation. Table 1 presents calculated values of the constants for Equation (1).

The following models for molar mixing energies of solid solutions were accepted (Gm at the parameters of the modeling W = WH-TWS+(P-1) WV. cal/mol).

�

Orthopyroxene (Opx) in the system En-OK-Fs-Wol

Gm=RT[(1-XCa)ln(1-XCa)+XCaln(XCa)]/2+RT[(1-XAl)ln(1-XAl) + XAlln(XAl)]/2 + RT[(XMgln(XMg) + (1-XMg)ln(1-XMg)]*�*(1-XOK-XWol) + XMg(1-XCa)XCa[W7+W8(1-2XCa)]/2+(1-XMg)(1-XCa)XCa[W11+ W12(1-2XCa)]/2+XMg(1-XAl)XAl[W1+W2(1-2XAl)]/2+ (1-XMg)(1-XAl)XAl[W5+W6(1-2XAl)]/2+(1-XOK-XWol)XMg(1-XMg)[W3 +W4(2XMg-1)] + XWolXOK [W9+W10(XWol - XOK)], 

where XCa=2XWol; XAl=2XOK; XMg=XEn/(XEn+XFs); XEn=Mg/(Ca+Mg+Fe+Al/2); 

XOK=Al/2/(Ca+Mg+Fe+Al/2); XFs=Fe/(Ca+Mg+Fe+Al/2); 

XWol =Ca/(Ca+Mg+Fe+Al/2)

.

Garnet (Grt) in the system Prp-Alm-Grs

Gm=3RT[XPrpln(XPrp)+XAlmln(XAlm)+XGrsln(XGrs)]+3XPrpXAlmW1+3XPrpXGrs[W3+ W4(XPrp-XGrs)]+3XAlmXGrs[W5+W6(XAlm-XGrs)] + 3XPrpXAlmXGrsW7, 

where XPrp=Mg/(Mg+Fe+Ca); XAlm=Fe/(Mg+Fe+Ca); XGrs=Ca/(Mg+Fe+Ca).



Cordierite (Crd) in the system Crm-Crf 

Gm=2RT[XCrmln(XCrm)+XCrfln(XCrf)]+k, where k = W1 in aqueous system and k = 0 in dry system; 

XCrm=Mg/(Mg+Fe); XCrf=Fe/(Mg+Fe).

Spinel (Spl) in the system Spm-Her

Gm=RT[XSpmln(XSpm)+XHerln(XHer)]+XSpmXHer[W1+W2(XSpm-XHre)],where XSpm=Mg/(Mg+fe); XHer=Fe/(Mg+Fe).

Olivine (Ol) in the system Fo-Fa:

 Gm=2RT[XFoln(XFo)+XFaln(XFa)]+XFoXFaW1, where XFo=Mg/(Mg+Fe) è XFa=Fe/(Mg+Fe).

Sapphirine (Spr) in the system SS-SA

Gm=RT[XSSln(XSS)+XSAln(XSA)], where XSS=6Si/(Si+Al/2)-1; XSA=1-XSS.

Clinopyroxene (Cpx) in the system CEn-CK-CFs-CW

Gm=RT[(1-XCa)ln(1-XCa)+XCaln(XCa)]/2+RT[(1-XAl)ln(1-XAl)+XAlln(XAl)]/2+RT[(XMgln(XMg)+(1-XMg)ln(1-XMg)](1-XCK-XCWo)+ X2Mg(1-XCa)XCa[W7+W8(1-2XCa)]/2+(1-X2Mg)(1-XCa)XCa[W11+ W12(1-2XCa)]/2+XMg(1-XAl)XAl[W1+W2(1-2XAl)]/2+ (1-XMg)(1-XAl)XAl[W5+W6(1-2XAl)]/2+(1-XCK-XCWo)XMg(1-XMg)[W3 + W4(2XMg-1)]+XMg(0.5-XCWo)XCK[W9+X10(0.5-XCWo-XCK)]+   (1-XMg)(0.5-XCWo)XCKW16,  

where XCa=2XCWo; XAl=2XCK; XMg=XCEn/(XCEn+XCFs);  XCEn=Mg/(Ca+Mg+Fe+Al/2); 

XCK=Al/2/(Ca+Mg+Fe+Al/2);  XCFs=Fe/(Ca+Mg+Fe+Al/2); 

XCWo=Ca/(Ca+Mg+Fe+Al/2).



�Table 1. Calculated parameters of equation (1) for individual substances



Mine-	Form-	Ho	   So	K1	H1	A	P1	A1	K2	H2�ral	ula

Qzb	SiO2	-218388	4.621	7.922	1318	6.276	166943	0.00000	1.083	4573�Qza	SiO2	-218950	3.979	7.971	1326	5.132	76537	0.01211	1.068	4752�Coe	SiO2	-218302	2.942	7.783	1247	5.641	196840	0.00558	1.546	5251�Crn	Al2O3	-402318	1.992	15.033	1431	8.494	522882	0.01184	1.893	7399�Sil	Al2SiO5	-620994	6.505	22.367	1348	14.098	232909	0.00595	4.094	6245�Ky	Al2SiO5	-622538	4.645	23.329	1431	12.567	242083	0.01267	3.671	7121�An	CaAl2Si2O8	-1017304	16.485	36.454	1262	26.510	163064	0.00755	7.433	6342�En	MgSiO3	-371830	3.704	14.289	1270	8.999	254761	0.01362	2.869	5935�OK	Al2O3	-402034	2.088	14.889	1409	9.285	451279	0.00988	2.026	6673�Fs	FeSiO3	-288328	9.129	14.045	1126	8.911	188678	0.01463	3.193	4986�Wol	CaSiO3	-391749	6.771	14.336	1196	11.252	235679	0.01350	1.956	5591�Prp	Mg3Al2Si3O12	-1510816	17.765	57.009	1291	34.132	322937	0.01088	8.382	5943�Alm	Fe3Al2Si3O12	-1272236	23.941	53.873	1092	34.789	326051	0.00852	11.551	4268�Grs	Ca3Al2Si3O12	-1588936	15.936	57.314	1274	37.782	321977	0.01126	6.306	4910�Crm	Mg2Al4Si5O18	-2202139	34.886	80.464	1313	61.181	160008	0.00260	16.315	6809�Crf	Fe2Al4Si5O18	-2031968	45.503	80.585	1266	62.287	160639	0.00269	16.962	6399�Spm	MgAl2O4	-552396	4.719	20.767	1329	12.539	404570	0.01196	3.671	6894�Her	FeAl2O4	-470485	9.650	20.637	1219	12.722	384405	0.00993	3.962	5444�Fo	Mg2SiO4	-522245	5.556	20.007	1229	12.496	250864	0.01566	4.220	6805�Fa	Fe2SiO4	-357833	15.707	21.461	1150	13.196	245534	0.01307	3.855	6387�SS	Si2Al8Mg4O20	-2650479	22.804	99.672	1328	64.881	477781	0.01197	15.080	5425�SA	SiAl10Mg3O20	-2683496	16.668	97.855	1295	61.235	375237	0.01029	16.883	5133�CEn	MgSiO3	-371568	4.178	14.078	1271	8.833	227445	0.01387	2.961	5662�CK	Al2O3	-396518	3.513	14.498	1352	8.060	221266	0.00612	2.829	5568�CFs	FeSiO3	-288414	8.718	14.398	1135	9.020	194690	0.01418	4.035	5991�CWo	CaSiO3	-395738	6.381	14.222	1195	9.778	230601	0.01712	1.571	4823



�Calculated mixing parameters for the above-listed solid solution models are given in Table 2.

Conventional symbols: Qzb - (-quartz, Qza - (-quartz, Coe - coesite, Crn - corundum, Sil - sillimanite, Ky - kyanite, An - anorthite, En - enstatite, OK - orthopyroxene AlAlO3, Fs - ferrosillite, Wol - CaSiO3 with enstatite structure, Prp - pyrope, Alm - almandine, Grs - grossular, Crm - magnesian cordierite, Crf - ferrous cordierite, Spm - spinel, Her - hercynite, Fo - forsterite, Fa - fayalite, SS - siliceous sapphirine, SA - aluminous sapphirine, CEn - enstatite with diopside structure, CFs - ferrosillite with diopside structure, CWo - wollastonite with Ca-clinopyroxene structure, CK - clinopyroxene AlAlO3.

OK, Wol, CEn, CK, CK, CFs, CWo exist only as conventional end members of pyroxene solid solutions. 

�

Table 2. Calculated mixing parameters for solid solutions



�Mineral 	W	WH	WS	WV	Mineral	W	WH	WS	WV

�Opx	1	12806.1	5.5274	-0.01802	Crd	1	-2414.0	-1.9560	-0.37228�Opx	2	-3122.3	-0.4859	-0.01373	Spl	1	631.8	-0.0647	0.00000�Opx	3	-408.8	-0.4419	0.00000	Spl	2	-171.4	0.0688	0.00000�Opx	4	372.8	0.4406	0.00000	Ol	1	1044.3	0.0699	0.00313�Opx	5	2317.3	0.5468	-0.03479	Cpx	1	914.9	0.0496	-0.03374�Opx	6	3288.7	-0.0583	-0.18560	Cpx	2	1801.1	0.0448	-0.03827�Opx	7	1706.6	0.0123	-0.11117	Cpx	3	-884.2	-0.9489	0.00000�Opx	8	4675.7	0.0087	0.01465	Cpx	4	-234.2	0.0000	0.00000�Opx	9	2551.1	-0.0316	0.00000	Cpx	5	2275.2	0.0000	-0.01890�Opx	10	-6856.0	0.3530	0.00000	Cpx	6	337.7	0.0000	-0.02349�Opx	11	515.5	0.0000	-0.09295	Cpx	7	9538.5	1.6364	0.00560�Opx	12	883.9	0.0000	0.00067	Cpx	8	2124.7	0.8016	0.00000�Grt	1	82.2	0.0125	0.00000	Cpx	9	-830.3	0.0507	0.00000�Grt	3	852.9	-1.0973	0.00826	Cpx	10	-444.6	0.0042	0.00000�Grt	4	661.0	0.0275	-0.00905	Cpx	11	3221.9	-1.1580	0.00000�Grt	5	374.6	0.6993	0.00771	Cpx	12	322.5	0.0001	0.00000�Grt	6	41.6	0.0265	0.00236	Cpx	16	-20328.7	0.2806	0.00000�Grt	7	-90.1	-0.5163	-0.00579



�Chashchukhin I.S., � TA \l “Chashchukhin I.S.[11]” \c 8�Votyakov S.L.,� TA \l “Votyakov S.L.[11]” \c 8� and Uimin S.G. � TA \l “Uimin S.G.[11]” \c 8�Oxithermobarometry of the Ural chro�mite-bearing ultramafites.
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As evidenced by the nuclear gamma-resonance and microprobe data on 25 chrom-spinellid samples from ultramafic rocks of the Urals and various literature data, the deviation from stoichiometric composition is typical of this mineral. The degree of this deviation, characterized by the Me2+/Me3+ ratio, is controlled by the chemical composition of the mineral and the conditions of formation and subsequent alteration of the ultramafites, but does not depend on formational affinity of the rocks. The deviation from stoichiometric composition and the fraction of minor elements incorporated in the mineral structure (especially titanium) have significant effect on the temperature estimates for the olivine-chrom-spinellid equilibrium. In this connection the well-known geothermometers (Jackson-Reder, Fabri, Ono, and O'Neil-Bolhauz) were corrected to bring the calculated temperature values into consistence with geologcal and pyroxene geothermometry data.

The oxidation state of rocks of the largest Ural ultramafic massifs - Kempirsai, Nurali, Yuzhnokrakinsk (South Urals), Voikaro-Syn'inskii (Polar Urals), and Nizhnetagil'skii (Middle Urals) - was studied. Oxygen fugacities were calculated by Nell-Wood and Bolhauz-Berry-Green's oxybarometers. When the true (Mossbauer) oxidation state of iron in chrom-spinellid is taken into account, the difference between the fO2 values offered by these oxybarometers is constant. The secondary standards were used to determine correctly the Fe3+ content in spinellid. A total of 378 samples were analyzed.

The oxygen fugacity was found to vary widely relative to FMQ buffer (from -2.0 to +3.0 log units). This fact can be explained by superposition of two processes: magmatic depletion of the upper mantle at decreasing oxygen fugacity and subsequent metasomatism at increasing oxygen fugacity. From the present studies and literature data, four states of oxidation of the fold-zone ultramafites were distinguished:

(a) asthenosphere (dlogfO2FMQ<-1.0);�(b) oceanic lithosphere (-1.0<dlogfO2FMQ<0);�(c) transition from the oceanic to continental lithosphere (0 <dlogfO2FMQ<+2.0), and �(d) continental lithosphere (flogfO2 > +2.0).

Evidently, the oxygen fugacity in ultramafites is indicative of the preservation of the original asthenospheric oxidation state of the rocks and the degree of subsequent lithospheric transformations rather than the lateral heterogeneity of the mantle. Accretion played a significant part in the formation of Ural ultramafic massifs, as evidenced by the occurrence of the rock blocks characterized by different oxygen fugacities within a massif. The oxygen behavior was shown to differ in the formation of high-chromium and high-alumina chromite ores as a result of changes in tectonic regime. Consequently, the ore-forming fluids also had different compositions: the first low-oxygen fluid flow (below FMQ buffer), with stable graphite and high methane and CO mole fractions, and the second high-oxygen fluid flow (above FMQ buffer), with graphite unstable and high carbon dioxide mole fraction.

Poltavets Yu.A.� TA \l “Poltavets Yu.A.[11]” \c 8�  Thermodynamic analysis of stability of magnetite-series spinelides under conditions of abyssal petrogenesis.

key words [magnetite spinel thermodynamic analysis] � TC “IGG, Ural Division, Russ. Acad. Sci., Ekaterinburg”\f k �

The concept of zonal structure of the earth’s crust and upper mantle is now a common knowledge. Structural and geochemical characteristics of main rock-forming minerals, including oxides, are indicators of depth (pressure). Unfortunately, data on compositions of these minerals are of little practical use because of lack of experimental and thermodynamic studies of these minerals  at high temperatures and pressures. Thus, the problem of thermodynamic stability of magnetite-series spinelides at temperatures and pressures corresponding to the lower horizons of the earth’s crust and upper mantle still remains slightly understood and poorly reported in literature. 

The diagram in figure was drawn on the basis of thermodynamic and statistic analyses of published experimental data on compositions of Fe-oxides and Fe-silicates  and shows the stability fields of the end members of magnetite-series spinellid solid solutions. Compared to the scheme of depth facies for Ti-rich rocks, which is used by some authors (Sobolev et al., 1975), the proposed diagram is more detailed and provides distinguishing the thermodynamic stability fields of Fe-oxides (magnetite-series spinellides) on the basis of their compositions. This diagram also shows the relationship between pyrope and almandine end members in the high-pressure garnets calculated by regression analysis.

From the diagram, a vertical zoning is expected for the magnetite-series spinellides within the depth range corresponding to the lower crust and upper mantle. This zoning manifests itself in decreasing trivalent ions (Fe3+, Al3+, Cr3+) and Mg2+ and increasing titanium content of the Fe-oxides. Statistic data processing confirms this assumption: Ti4+ and Fe2+ show positive correlation with pressure (depth) (0.53 and 0.88 respectively), while Mg2+, Fe3+, and Al3+ show negative correlation (-0.64, -0.59, and -0.32 respectively). Thus, the degree of reduction of Fe-oxides increases with depth of magnetite-series spinellid formation (correlation factor between Fe3+/Fe and pressure is equal to -0.68). The following zonal series is proposed: MgFe2O4-(Mg,Fe)(Al,Cr)2O4-FeAl2O4-(FeCr2O4+Fe2TiO4) - FeTiO3.

The correlation of facies and subfacies after Sobolev et al. (the first two columns) with the terms accepted in this study is given left of the diagram: CA - diamond, CG - graphite, QK - coesite, Q - quartz, Ru - rutile, Il - ilmenite, Usp - ulvospinel, SpTi,Cr,Al,Mg - Fe2TiO4, FeCr2O4, Fe(Mg)Al2O4 respectively, Pl - plagioclase, Gr<1, 1-4,>4 - garnets with pyrope/almandine ratio <1, within 1-4, and >4 respectively, PxFe,Mg-Fe- and Mg-rich pyroxenes respectively, Ol - olivine. 
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Figure. Scheme of depth facies and stability fields of magnetite-series spinellides. 



(1-3) granite layer (o = 2.75 g/cm3), basalt layer (o = 2.85 g/cm3), and mantle (o = 3.3 g/cm3); (4) solidus field for magmas of various composition (from tholeiite to alkaline); (5) oceanic geotherm (Ringwood, 1981); (6) contours of equal contents of pyrope (Pyr) and almandine (Alm) end members in high-pressure garnets; (7) metamorphic facies after V.S. Sobolev et al (Abyssal xenoliths ..., 1975), etc. From the top to the bottom: spinel-pyroxene (ilmenite-spinel), grospidite (ilmenite-rutile-pyrope), and coesite facies. 
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The reactions under study are considered as main reactions of sulphide formation and to govern the oxygen and sulphate contents in the Word ocean at any geological epoch (1-3). Earlier, on the example of pyrite it was demonstrated that the most thermodynamically stable iron sulfides (final phases) cannot be precipitated directly from a solution at low temperatures because of high nucleation barrier. These sulfides more likely are the interactions products of metastable phase-precursors with the initial solutions (4). The aim of this study is to investigate the possible pathways of reactions proceeding namely in the interaction of iron hydroxides with sulphide sulphur at parameters of natural processes.

Solid products of these reactions obtained in laboratory were studied by use of chemical phase analysis (CA), x-ray diffractometry (XRD), Mössbauer spectroscopy (MS), electron spin resonance (ESR)  and proton magnetic resonance (PMR) techniques.

In the interaction of Fe3+ hydroxides with sulphide sulphur the elemental sulphur is formed according to the reaction 2Fe3+ + S2- = 2Fe2+ + S0. As a result, the redox conditions of the case are determined by the buffer pairs F2S2-So. In this conditions at the first step of the reaction the x-ray amorphous iron sulphide is formed. According to CA data its content is close to monosulphide (Fe:S=1:1). On the base of PMR data this phase along with absorbed H2O was found to contain the structure protons presumably localised within OH-  and HS- atomic groups. Thus, the primary sulphide phase was considered a compound of FeOHHS composition (phase precursors-hydrotroilite). We conclude that the following reaction takes place in this case 2Fe(OH)3 + 3H2S =2 FeHSOH +So. In the process of precipitate ageing the equilibrium pyrite formation was ascribed in terms of the following reaction: FeOHHS + So = FeS2 + H2O. 

The synthesized phases, both the phase-precursor and final ones, were studied by MS on 57Fe nuclei and by ESR. Iron was found to exist predominantly in the form of Fe2+. Fe2+  ions in FeOHHS and FeS2 crystalline structures occurred in low spin state. The average values of isomer shift and quadrupole line shift for pyrite and hydrotroilite are in good agreement with corresponding values for the pyrite phase. As a result, we conclude that Fe2+  ions in the structure of the phase-precursor presumably as well as that of final phase should be ascribed as having the pyrite-like nearest surrounding, i.e. the cation sublattice of mineral phases in the process of x-ray amorphous to crystalline state transition is not sufficiently transformed. All the compositional changes of sulphide phases are related to changes in anion sublattice. PMR studies of synthesised phases lead to a conclusion that OH- and HS- atomic groups in sublattice are substituted for S22-. 

In the interaction of  Fe2+ with sulphide sulphur the redox parameters of corresponding reactions are determined by the series of sulphide-hydroxide sulphide buffer pairs being governed by pH and pS values of the initial solutions. In these conditions phase-precursor is more commonly presented by tochilinite [2 FeS1.5Fe(OH)2] subsequently transforming to mackinawite (FeS). According to structural studies performed by N.I.Organova the tochilinite structure is interpreted as mixed layered hydroxide-sulphide compound with regular interlayer brycite type layers of Fe(OH)2 composition with tetrahedral mackinawite like layers of FeS composition. Thus the interaction between Fe2+ with sulphide sulphur could be ascribed as follows: 



1) 3.5 Fe(OH)2 + 1.5H2S = 2Fe(OH)21.5FeS + 3H2O

2) 2 Fe(OH)21.5FeS  + 2H2S = 3.5FeS + 4H2O



The 57Fe Mossbauer spectra tochilinite (phase-precursor) and mackinawite (final-phase) have been taken at room temperature. The first showed no magnetic hyperfine structure whereas the second did. Chemical isomer shifts, quadruple interactions, and magnetic hyperfine fields have been determined from these spectra. The spectrum of tochilinite consists of some quadruple doublets which shows that the Fe2+  -ions states are the low-spin and high-spin states. For tochilinite superparamagnetic effect due to the rapid relaxation of atomic spins is observed. In fine particle synthetic tochilinite, magnetic reversals due to the thermal motion take place in a shorter time than the Mossbauer transition. The Fe2+-ions in this case are in the low-spin state.

Consequently our study is sufficient to allow the following conclusion: the reactions of iron hydroxide with sulphide sulphur have a steplike character. The first step is the hydroxide-sulphide formation, the latter being subsequently transformed to sulfides (pyrite or mackinawite). The phase-precursor is presented by hydrotroilite on the pyrite stability field whereas the tochilinite is formed in more reducing conditions.
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A double electrochemical cell with Y2O3-stabilized ZrO2 as a solid electrolyte with O2--conductivity was used to measure the oxygen partial pressures in the equilibrium



3FeSpo + 6Ag + 2O2 = Fe3O4 + 3Ag2S   	(I)

Equilibrium (I) in turn results from the combination of the pyrrhotite-magnetite equilibrium

3FeS(po) + 5O2 = Fe3O4 + 3SO2

and the auxiliary equilibrium

2Ag + SO2 = Ag2S + O2

which fixes the SO2 partial pressure in the Fe-S-O system (figure). It is noteworthy that the components of the auxiliary system (Ag and Ag2S) do not yield any solid solutions with pyrrhotite and magnetite.

The oxygen partial pressures in Equilibrium (I) were measured relative to Ni-NiO buffer (pO2*) (Pejryd, 1984) in the cell



Pt,pO2,FeS(po),Fe3O4,Ag,Ag2S|YSZ|Ni,NiO,pO2*,Pt    (A)

where YSZ denotes Y2O3-stabilized ZrO2.



Rezults and calculations

The emf (E) of an oxygen electrochemical cell relates to the difference in pO2 between the sample and reference system of the cell as:

E = RT(lnpO2* - lnpO2)/nF 	          (1)

The least-squares treatment of the oxygen partial pressures in equilibrium (I) derived from the emf values of Cell (A) within the temperature range 980 - 1070 K gives the equation



lgO2 = 7.071 - 24257.6/T   (( = +0.006) 	(2)

� EMBED Word.Picture.6  ��� 

Fig. The stability diagram of the Fe-S-O system at 1000 K.

The calculation of K(I) and (G(I) from the pO2 values obtained should take into account the variations of pyrrhotite composition with temperature according to the Ag-Ag2S buffer. From Barton and Toulmin's data (1964), pyrrhotite composition in equilibrium (I) varies from Fe0.949S at 980 K to Fe0.957S at 1070 K. As a result, equilibrium (I) can be rewritten in the general form as:

3Fe1-xSpo + 6Ag + 2(1-x)O2 = (1-x)Fe3O4 + 3Ag2S	   	(II)

The equilibrium constant and (Go values for equilibrium (II) are derived respectively as:

lgK(II) = -2(1-x)lgpO2         	(3)

and (Go = -RTlgK(II)ln10     	(4)

The free energy of pyrrhotite formation can be determined as:



(Gfo(po)=( Gfo(Ag2S) + (1-x)/3( Gfo(Fe3O4) - 1/3*�*( Go(II)	         (5)

The scatter of literature thermodynamic data on Ag2S and Fe3O4 is about 2.5 and 6.5 kJ, respectively, at 1000 K. For the calculation by equation (5), data on magnetite from Spencer and Kubaschewski (1978) were preferred which were also obtained by emf method and are in good agreement with other data (Bjorkman, 1985; O'Neill, 1987; Jacobson, 1985):

(Gfo(Fe3O4)/J/mol =�=-1089500 + 389.850(T/K) -12.548(T/K) ln(T/K).

As for Ag2S, data from Barin (1989) were chosen, which hold a mid-position among all published data on silver sulfide.

Within the T interval 980-1070 K, the temperature dependences of the (Go(II) and (Gfo(po) values obtained are described respectively by the equations:

(Go(II) = -835181.4 + 209.494(T/K), (=+250 J/mol 

(Gof(po) = -128679 + 35.83164(T/K), (=+-80 J/mol

Discussion

The experimental (Gof(po) values obtained are in satisfactory agreement with those calculated from data of Eriksson and Fredriksson (1983) for the same pyrrhotite compositions. Considering the existing uncertainties in  (Gof(Fe3O4) and (Gof(Ag2S), the experimental (Gof(po) values vary within 4.5 kJ and thus overlap the Eriksson and Fredriksson's data (1983).
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Interest in Na-Mg-silicates as plausible mantle minerals was aroused by the discovery of high-pressure reaction between forsterite (Mg2SiO4) and jadeite (NaAlSi2O6) at pressures above 4.5 GPa (Litvin and Gasparik, 1995). Forsterite interacts with jadeite through the reaction:

4Mg2SiO4 + 2NaAlSi2O6 =3MgSiO3+Mg3Al2Si3O12 + �+Na2Mg2Si2O7,

where the Na-Mg-silicate of Na2Mg2Si2O7 composition is formed in addition to enstatite and pyrope. Na2Mg2Si2O7 is a new compound of experimental mineralogy at high pressures, and its existence on the solidus of alkaline olivine-normative mantle as an individual phase is highly probable (Gasparik and Litvin, 1996). 

Na2Mg2Si2O7 and other Na-Mg-silicates (Na2Mg2Si6O15 and Na2MgSiO4) of interest as plausible mantle minerals were experimentally studied by differential thermal analysis (DTA), high-pressure quenching, microprobe, and X-ray diffraction methods. 

Crystalline powders of Na-Mg-silicates, which were obtained by recrystallization of stoichiometric gels at 700oC for 1 day, were used as starting materials for the thermal analysis. All the compounds studied melt congruently at 1 atm. Melting temperatures determined were with accuracy of +5oC. Enthalpies of melting (Ho(melt) of these compounds were found by comparison of the areas of respective endothermal DTA peaks and reflexes of a standard (Na2SO4 was used as the standard). Entropies of melting (So(melt) were also determined. The enthalpies of melting were estimated with in +15% accuracy. The results of  DTA measurements  are given in Table 1.

�Table 1. Data on melting of Na-Mg-silicates at 1 atm.

�T, oC�T, K�(Hmelto kJ/mol�(Smelto entr. units��Na2Mg2Si2O7�970�1243�59.65�11.46��Na2Mg2Si6O15�1010�1283�50.80�9.45��Na2MgSiO4�1320�1593�34.17�5.12��

�Table 2. Melting temperatures (oC) of Na2Mg2Si2O7, Na2MgSiO4, and jadeite (Na2AlSi2O6) in dependence of pressure.

P, GPa�Na2Mg2Si2O7�Na2MgSiO4�NaAlSi2O6��4�1400�-�1650��9�-�1670�2020��10�1750�-�2080��13�-�1790�2260��The dependences of melting points of Na2Mg2Si2O7 and Na2MgSiO4 on pressure in the pressure range up to 20 GPa were experimentally studied with a high-pressure split-sphere multianvil press.  Some results are presented in Table 2  together with data on melting of jadeite (alkaline high-pressure mantle component) (Litvin and Gasparik, 1993).

These data indicate that the melting points of alkaline Na-Mg-silicates are by 250-560 degrees lower than the melting point of jadeite in the pressure range 4-16 GPa. Participation of Na-Mg-silicates in the solidus parageneses of mantle peridotites is responsible for some peculiar properties of the mantle magma formation, including generation of alkaline magmas. 

Some high-pressure experiments were performed with the apparatus “anvil-with-hole” to identify high-pressure polymorphism. X-ray diffraction analysis of quenched Na2Mg2Si2O7, Na2Mg2Si6O15, and Na2MgSiO4 samples after the five-hours runs at 3.7 GPa and 1200oC and 30-min runs at 7.0 GPa and 1300oC indicated polymorthic transition of Na2Mg2Si2O7 as a result of pressure effect. X-ray microanalysis showed that the samples were single-phase and were represented by the stoichiometric compound Na2Mg2Si2O7. The other compounds disproportionate to Na2SiO3 and MgSiO3 or MgO. Therefore, these  substances underwent polymorphic and chemical transitions, and the high-pressure phase Na2Mg2Si2O7 proved to preserve at metastable conditions. 

Kulinich S.A.,� TA \l "Kulinich S.A.[4]" \c 8� Zhukov A.N.,� TA \l "Zhukov A.N.[4]" \c 8� Burdina K.P.,� TA \l "Burdina K.P.[4]" \c 8� and Semenenko K.N. (� TA \l "Semenenko K.N.[4]" \c 8� Polymorphic modifications in the system Mg3N2-BN at high pressures.
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The interaction of magnesium and boron nitrides was repeatedly studied. It was established that the only compound forming in the system Mg3N2-BN at atmospheric pressure is magnesium boronitride Mg3BN3 (L). When heated at pressures of more than 20 kbar, the hexagonal modification of Mg3BN3 (L) was shown to undergo polymorphic transformation into the high-pressure tetragonal phase Mg3BN3 (H).

Several papers describe at least one more compound forming in this system at high pressures. The composition, X-ray characteristics, and stability field of this phase (phases) are hotly debated. To this end, the objective of the present work was to study phase relations in the system Mg3N2-BN at high pressures, primarily in the boron nitride-rich area.

The standard high-pressure cell of toroid type was used. Boron nitride and magnesium nitride or boronitride mixtures were heated up to 1600oC at 15-60 kbar for several hours (with an intermediate grinding). The resulting powders were analyzed by X-ray diffraction. The sample densities were determined by hydrostatic weighing in CCl4.

Formation of a new phase previously unknown was fixed within the pressure range 15-40 kbar (new phase 1). Sufficient purity of this compound was only attained at 15 kbar and the charge composition close to Mg3B2N4. The substance thus obtained was almost free from Mg3BN3 admixture, but contained some quantities of unreacted boron nitride and magnesium nitride, judging from X-ray diffraction data. The attempts to obtain the samples of better purity by increasing the run time and varying the initial charge composition or synthesis conditions were unsuccessful.

When the X-ray pattern of Mg3B2N4 (new phase 1) was indexed, the hexagonal syngony with the unit cell parameters a = 5.397(2)Å, c=10.585(5)Å, and v = 267.0 (3 Å were assumed. The experimental density determination gives (exp = 2.67(5) g/cm3 which is in agreement with the roentgenographic density of the sample ((theor=81 g/cm3). The lower experimental density value is probably due to the initial boron nitride ((-BN) impurity in the analyzed sample. The density of this compound is significantly lower. The De-Wolf parameter M(20) is 15.3 which suggests that the X-ray indexing is correct. Obtained magnesium boronitride (Mg3B2N4 - new phase 1) appears as a brick-red substance gradually hydrolyzed on air. When heated in nitrogen atmosphere up to 600oC, it remains unchanged, but at 900oC decomposes to yield Mg3BN3 (L) and boron nitride:

Mg3B2N4 ( Mg3BN3 (L) + (-BN

Another phase (new phase 2) of assumed composition Mg3B2N4 was established in the reaction products within the pressure interval 40 - 60 kbar. The attempts to extract this phase in the pure state were not successful. Its composition, properties, and structural features will be discussed in later publications. The X-ray diffraction data on the two new magnesium boronitrides of the assumed composition Mg3B2N4 (new phase 1 and new phase 2) compared to the previous data on known boronitrides Mg3BN3 (atmospheric and high pressures) are presented in Table 1. Both new phases and the known Mg3BN3 (H) are likely to play a major part in catalytic transition of the hexagonal graphite-like (-BN into the cubic diamond-like ( - BN that occurs in the Mg3N2-BN system at elevated tempartures and pressures.

�Table 1. Comparison of X-ray diffraction data on two new high-pressure magnesium boronitrides with previous data



Mg3N3B(L)�Mg3N3B(H)�Mg3B2N4 (new phase-1)�Mg3B2N4 (new phase-2)��d,Ao�I/Io, %�d,Ao�I/Io, %�d,Ao�I/Io, %�d,Ao�I/Io, %��8.04�23����������7.79�9����������5.304�3�6.732�1������4.679�22�4.754�6��4.01�5�3.86�8���3.923�3������3.511�43����������3.306�22��3.07�30�����3.264�17��3.02�100�����2.976�50��������2.805�11��2.66�38���2.700�18��������2.646�21�2.638�2������2.616�28������2.572�32���2.555�31��������2.513�11��2.434�38�2.424�72�2.409�14�2.434�100������2.336�21��������2.305�12����2.215�7�2.199�100���2.220�14������2.145�100�2.140�17��2.013�18�����2.097�12��2.000�21����������1.924�21���1.930�12����1.911�16�1.890�32�1.881�6��1.833�20�����1.828�5��1.771�66���1.764�13�1.770�21���Zhukov A.N.,� TA \l "Zhukov A.N.[4]" \c 8� Burdina K.P.,� TA \l "Burdina K.P.[4]" \c 8� Semenenko K.N.� TA \l "Semenenko K.N.[4]" \c 8� Novel compounds in the system BN-AlN-Mg3N2 at normal and elevated pressures.
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Urgency. Magnesium and aluminium nitrides are good catalysts for the  (-(  transformation in boron nitride, however, the phase diagrams of the systems metal nitride-boron nitride did not attract much attention with researchers until the last decade. Some data are available for the systems AlN-BN and Mg3N2-BN [1,2], and no data exist on the interaction in the system Bn-AlN-Mg3N2.

Goal. The goal of this work is an X-ray study in the system BN-AlN-Mg3N2 at normal and elevated pressure.

Technique. A mixture of the starting nitrides in preset molar ratios was heated under normal and elevated (30-75 kbar) pressures  in hermetically sealed refractory steel capsules at 1200oC for 50-100 h and at 1600oC for 15-60 min, respectively. All the preparatory work with the samples was performed in a “dry” box.

AlN and Mg3N2 synthesized under laboratory conditions were used as the starting ones. The samples were subjected to X-ray (DRON-2) and microcrystalline optic examination. 

The density was determined by a method of hydrostatic weighing.

Results. 37 mixtures of various compositions have been studied. It has been found that in the binary subsystem AlN-Mg3N2 under normal pressure there form five compounds having the wurtzite-type crystalline structure and belonging to the homologic series Mg3AlnNn+2, where n assumes the values from 1 to 4 at normal pressure, and from 2 to 5 at elevated one. The layering of these compounds is (n+3)Z, where Z is the number of the formula units per cell. The individual compound Mg3AlBN4 forms in the system BN-AlN-Mg3N2 at normal pressure. At pressures in excess of 50 kbar Mg3AlBN4 becomes unstable, at temperatures above 1200oC it decomposes by the reaction:

	P,t

Mg3AlBN4    ( Mg3Al3N5 + Mg3B2N4 + Mg3BN3.



�Table. Some characteristics of the compounds in the system BN-Al-Mg3N

Characteristic�Mg3AlN3�Mg3Al2N4�Mg3Al3N5�Mg3Al4N6�Mg3Al5N7�Mg3AlBN2��a, Å�3.368(1)�3.287(2)�3.257(1)�3.239(1)�3.231(2)�3.439(1)��c, Å�25.05(2)�10.75(1)�26.36(1)�15.60(1)�36.22(4)�31.43(1)��Packing layering�12 R�5H�12H�7H�16H���V, A3�250.5(4)�100.6(2)�242.2(3)�141.7(2)�327/3(8)�322.0(3)��Z�3�1�2�1�2�3��M20�29.6�29/4�16.5�22.1�6.9�22.4��Dexp, g/cm3�2.80�3.05�3.05�3.10�3.10�2.53��DX-ray, g/cm3�2.82�3.02�3.07�3.10�3.10�2.58��(V, %�+1.1�-2.8�-2.7�-2.5�-1.6�+6.6��

�The volumetric effect of this reaction is 9.4 %. Isothermal joins of the system have been plotted at normal (1 atm) and elevated (50 kbar) pressures.
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�Zakirov I.V.,� TA \l "Zakirov I.V.[1]" \c 8� Sretenskaya N.G.� TA \l "Sretenskaya N.G.[1]" \c 8� Experimental apparatus for hydrothermal investigations.
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Experiment in the hydrothermal region field contributes to the solution of a number of problems in the nowadays geochemistry. These problems are: mineral equilibrium with water participation, solubility of substances and minerals in water, water vapor and fluid of simple and complex composition as well as kinetics of the reactions investigated. Naturally, the investigators strive for receiving maximum information in the course of experiments and avoid errors produced by the specific of apparatuses and techniques. Based on the experience of many years, we have designed and built in the Institute of Experimental Mineralogy simple and rather universal apparatus for hydrothermal research in the PT region up to 500oC and 1000 bar. A common scheme of the apparatus is given in Fig.1. It is a reactorI made of titanium alloy BT-8, passivated in nitric acid with the inner volume of about 120 cm3 .

Two types of seal-free valves designed in IEM are used. Fig.1 shows the titanium valve obturation with the washer of the alloy with a higher coefficient of thermal expansion 17. Capsule 2 of BT-8 with the inner volume from1 to 20 cm3 depending on the task posed, is placed inside the autoclave.

The capsule can be locked up at any parameters in the course of experiment with the so called "hot" valve disigned by us. The construction of this valve is shown in Fig.2 in combination with another method of obturation proposed by N.V.Kapustin. The valve sealing is provided by the washer of graphlex 8, adjusted to the valve needle 7 by the sleeve 5 with the nut 9.

The lock needle 4 of the valve is square in cross-section and is connected with the valve needle 7 by means of thread. Thus, the lock needle only moves at the rotation of needle 7 which provides the constant inner volume of the reactor. 

�

��



� EMBED Word.Picture.6  ���





�

� EMBED Word.Picture.6  ����Fig.1. Apparatus scheme.

1-reactor, 2-capsule, 3-lock needle, 4-graphite gland, 5-valve gate, 6 - 2 furnaces, 7-microvalve, 8-control ther�mo�couples, 9-regulating thermocouples, 10-interface, 11-computer, 12-block of thiristors, 13-piston separator, 14- press, 15-pressure transduser, 16- pressure gauge, 17-washer, 18-capillary 



�Fig.2. “Hot” valve.

1- reactor body, 2-co�up�ling nut, 3- seal ring, 4- lock needle, 5- sleeve, 6-obturator, 7-valve needle, 8- washer, 9- nut 

�Fig.3. Titanium capsule. 

1-capsule body, 2- valve needle, 3-rubber ring, 4-nut.



��Obturation of the reactor is provided with the complex-shaped ring 3, made of the same material as the reactor. It should be noted that such a valve needs no effort at closing and openning of the reactor. A titanium capillary 18 provided with microvalve 7 is welded in the obturator to measure pressure. The capillary allows to supply the reactor with the gas amounts given (for example, CO2, H2) and to make sampling in the course of experiment. For this purpose, a titanium capsule shown in Fig.3 is used. The capsule is connected with the capillary by means of the nut 4 and has itsown microvalve 2. The necessary quantity of gas can be, thus, introduced in the equipped reactor by locking the valve 7 and connecting the capsule. The amount of gas is determined by the weight method with the accuracy of analytical balance. Moreover, the preliminary evacuated capsule can be used in the course of the run for sampling gas phase. Measuring pressure in the reactor is carried out with the pressure gauge 16 and pressure transducer 15 D-100, through the piston separator 13.

The press supports the separator piston providing the minimum useless volume of the pressure measuring system of 0.05 cm3. Control, measuring, and record of temperature and pressure is realized with the specially designed interface connected with the PC II, block of thiristors 12, pressure transducer, and thermocouples. A special software allows to give run parameters, read and record temperature and pressure during the run with the time interval given.

Technique possibilities. 

The construction proposed allows to eliminate the inevitable errors which appear when introducing the regime and quenching the reactor. For example, at the study of salts solubility in water vapor a solid phase is placed in the capsule 2 and locked by the valve 3. After reaching the run conditions, the valve opens up and the salt comes in contact with gas phase. Before the quenching the valve locks up again. Obviously, the solid phase with water can be, if necessary, placed on the reactor bottom and gas phase can be locked in the capsule 2 at any stage of the run. An outer capsule shown in Fig. 3 permits to organize the fluid of complex composition, for example, H2O-CO2-H2S. A possibility of measuring and recording pressure enables the study of the kineticts of the processes which take place with changing volume. The apparatus described was used for determining KCl solubility in water vapor, AgCl in H2O-CO2 and and for studying phases in the system Al-H2O. 
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�Polyakov V.B.� TA \l "Polyakov V.B.[2]" \c 8� Equilibrium iron isotope fractionation: estimate from Mossbauer spectroscopy data.

key words [iron isotope fractionation] � TC “Vernadsky Institute of Geochemistry and Analytical Chemistry“\f k �

Owing to the progress in mass-spectrometry engineering, isotope ratios for some elements like silicon [1,2], potassium [3,4] calcium[5], iron[6,7] nickel [8] and some others, have come in use in geochemical studies in the last few years. Among isotopes of such elements, the iron isotopes seem  to be potentially the most important for geochemistry in view of the high abundance of iron and of its involvement in many processes taking part in the Earth crust. Nevertheless, there exist doubts that the equilibrium fractionation of the iron isotopes is significant, since notable isotopic fractionation has been observed for elements forming ionic chemical bonds [2].

To estimate the scale of the equilibrium iron isotope fractionation, a new method for evaluation of equilibrium fractionation factors is suggested. The method is valid for elements having at least one Mossbauer-sensitive element. The method is based on the previously derived equation connecting the (-factor with the kinetic energy of the isotopic substituted atom [9-11]:



� EMBED Equation.2  ���	(1)



where ln( is the logarithm of the (-factor; K is the kinetic energy of the isotope substituted atom; m is the mass of atom; k is the Bolzmann constant; T is the temperature; superscript * marks the values referring to the isotopic form; (m=m*-m.

The second-order Doppler shift in the free-recoil resonant Mössbauer frequency can be also expressed in terms of the kinetic energy [12,13]



� EMBED Equation.2  ���	(2)



where s is the second-order Doppler shift (SOD) if the free-recoil resonant Mossbauer frequency expressed in terms of the relative velocity between emitter and receiver; K is the kinetic energy of the Mossbauer-sensitive isotope nucleus; m is its mass; c is the light velocity.

A comparison of eqs(2) and (3) gives the relation between the SOD in the free-recoil resonant Mössbauer frequency and the (-factor.



� EMBED Equation.2  ���	(3)



In eq(3) m is the mass of the Mossbauer-sensitive isotope (for example 57Fe).

The extent of the equilibrium iron isotope fractionation is estimated from the data on the SOD in Mössbauer spectra. The results are presented on the figure. Experimental data on SOD for 57Fe isotope are taken from [14-19]. The measurements of the SOD in [14,19] did not aim at the estimation of the equilibrium isotope constants. As can be seen from figure the equilibrium fractionation of iron isotope exceeds the uncertainties of mass-spectrometric measurements (that is 1o/(( [6,7] including the sample preparation procedures) up to 1000K. This opens new potentialities for using the iron isotopes in a variety of geochemical investigations.
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Devirts A.L.,� TA \l "Devirts A.L.[2]" \c 8� Ukhanov A.V. � TA \l "Ukhanov A.V.[2]" \c 8� Isotopic composition of H2 in hyperbasite-water interaction runs: to the problem of “hydrogen breath” of mineral resources.

key words [hydrogen isotopy water dunite fractionation] � TC “Vernadsky Institute of Chemistry and Analytical Chemistry“\f k �

Emission of hydrogen gas has been observed in various geological circumstances. With the exception of H2 manifestations related to gas deposits and organic gases, most reports for the last two decades have been concerned with hydrogen degassing in active zones of tectonic faults [1,2] and in hyperbasites [3,4,5]. Most recognised alternatives for V.I. Vernadsky’s hypothesis of “hydrogen breath” of the planet interior are liberation of H2 from (OH) -groups of minerals at their self-oxidation and decomposition of water on fresh cleavages of crystals, which are experimentally confirmed [6].

The goal of this experimental; series was to obtain hydrogen under the conditions approximated to its emission in the Kempirsai  chromite deposit localized in hyperbasites of the Kempersai massif in the South Urals [4]. The determination of the isotopic composition of H2, forming in experiment, was the criterion of correlation between experimental and natural process. The experimental technique involved grinding and prolong intermixing of hyperbasite materials with water at relativly low temperatures (22 and 80oC) for which  evacuated glass reactors with controllable electric heating and magnetic rotating grinders were employed. The duration of the runs was 50 to 100 h. Preliminary degassed water, taken for the runs, had (D=-80(/((.(SMOW). The runs were  conducted in two versions: 1) with the substance preliminary ground to powder (200 mesh), denoted by asterisk in the table; 2) with 0.25-2 mm grains ground in the course of the run. The starting material was olivine ((9% fayalite): partly serpentized dunite from the Molodezhnaya mine end face wherein hydrogen was emitting , massive chromite ore from the same end face, and quartz (for the determination of the experimental background). The main results are listed in the table. 

The obtained amounts of H2  exceeded appreciably the background and were dependent both on the experimental conditions (temperature, duration) and mineral composition of the taken material and its grinding extent. H2 forms most intensively in the case of chromite (which, apparently, explains the confinement of hydrogen gas release to ore chromite deposits). The ability of chromite to generate H2 is by a factor of 1.5 higher than that of dunite and olivine. this suggests that for the formation of H2 at oxidation and self-oxidation reactions the total ferruginosity of minerals is not a determining factor. The concurrent runs with ground and unground charges of the same mineral show that the supposed mechanism of H2 formation on fresh cleavages of minerals is no less effective than oxidation. The documented isotopic composition of the experimentally obtained hydrogen reflects the ratio of the rates of its formation from water and of the isotopic exchange of H2 with water. Lower experimental temperatures decrease the rate of the H2 formation. This isotopic composition of hydrogen, emitting in the Kempirsai chromite deposit ((D=-766(/(( [4]  has been reproduced in the runs with chromite and dunite at 22-23oC.

�Table.



NN�Mineral or rock�ToC�Duration, h�Volume, H2, cm3�(DH2,(/((�((H2-H2O) (/((��1�Quartz�80�100�0.01�-113�-33��2�Olivine�80�76�0.12�-476�-396��3�Dunite�80�52�0.54�-545�-465��4�Dunite�80�46�0.15�-205�-125��5�Dunite�80�63�0.47�-209�-129��6�Dunite�22�56�0.30�-777�-697��7�Chromite�23�83�4.20�-731�-651��
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�Kronrod V.A.� TA \l "Kronrod V.A.[2]" \c 8� and Kuskov O.L.� TA \l "Kuskov O.L.[2]" \c 8� Composition of the lunar mantle and size of  lunar core.
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A method for solution of the inverse geophysical problem was developed on the basis of thermodynamic modeling of phase relations and physical properties of multicomponent mineral systems. The problem is to restore the total chemical composition and thermal regime of the lunar mantle [1] and the size of the lunar core from geophysical data. The seismic velocity and density values necessary for the calculations were determined using the THERMOSEISM software complex [2] which allows the estimation of the composition of a multicomponent system and its physical properties (three-dimensional wave velocities, density, and other characteristics).

Two modeling versions were adopted: (1) the core radius is known and (2) the core radius is determined by optimization. For geophysical reasons, the core radius is tolerated to range from O (core is absent) to 670 km (of which 440 km correspond to (-Fe core). The model of the Moon without core was obtained at high FeO contents (16-17 wt %) in the lower mantle. From the calculations at a fixed core radius, the lunar mantle model was derived that described the chemical composition of the lunar mantle without density inversion for all tolerable core radius values and fitted all the geophysical limitations. The most probable values of the lunar core radius obtained at minimum limitations range within 500-590 km for the FeS core and 330-390 km for the (-Fe core.

The estimates of chemical composition and temperature in various mantle zones are presented in Table 1. The upper lunar mantle is evident to be enriched in silica and depleted in ferrous oxide relative to the middle mantle, whereas the middle mantle is enriched in silica and iron relative to the lower mantle. Al2O3 and CaO contents in the upper lunar mantle are equal to or lower than those in the middle mantle and half as high as lower than those in the lower mantle [3]. The nature of the middle lunar mantle (zone of lower wave velocities) [4] is explained by more ferrous composition compared to the outer and inner lunar shells. This fact conforms with the conclusion that the lunar mantle is stratified by chemical composition and testifies that the pyroxenites of the upper and middle lunar mantle differ in chemical composition from the peridotites of the upper earth's mantle. The total composition of the silicate portion of the Moon (crust + mantle) is as follows (wt %): 26<MgO<31, 11<FeO<12, 5<Al2O3<7, 3.6<CaO<5.0, and 48.5<SiO2<51.

�Table 1. The FeS-core size, thermal regime, and model chemical composition (wy %) of the lunar mantle

Parameter�Upper mantle

100 km�Middle mantle 

400 km�Lower mantle

1000 km�Upper mantle

100 km�Middle mantle 

400 km�Lower mantle

1000 km��(cr   , g/cm3�3.24�3.34��MgO�32.1�23.3�27.0�33.0�24.4�40.4��FeO�6.9�14.7�12.5�12.8�15.2�9.1��Al2O3�2.8�3.8�7.8�1.2�2.4�5.2��CaO�2.2�3.0�6.2�1.0�1.9�4.1��SiO2�56.0�55.2�46.5�52.0�56.2�41.2��(cr, g/cm3�3.241�3.345�3.486�3.340�3.342�3.350��toC�500�740�1040�400�820�1050��R, km�500�520��Note: The lunar core radius was calculated at two density values at the lower boundary crust-mantle ((cr-m); Hcr = 58 km; (cr= 3.0 g/cm3.
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Could planetesimals form at the earliest stage of the solar and protoplanet disk evolution? If they could, what was their composition and what was their influence on the composition of future planets?

To clarify this, we compared the typical duration of such important processes as radial transportation of the matter within the protoplanet disk,  accretion of the dust to bodies, pressure and temperature variations. Some estimates were taken from the literature [1, 2]. To estimate the rates of temperature and pressure changes, a numerical model was developed [3], with parameters chosen on the basis of recent astrophysical data on young low-mass stars with disks. Some results are presented in figure. Each curve shows the radial distribution of temperature in the equatorial plain of the disk for four instants of time. The maximum values correspond to the end of the collapse, when the disk had radius of about 20 a.u. and mass close to 20% of the present-day solar mass.



�

Fig. Midplane temperature distributions during early planetsimals accretion stage.



From the comparison of these temperatures with temperatures of condensation from the solar gas of iron and magnesian silicates, plagioclase and pyrite formation, and aqueous ice condensation, the conclusion was made that during the disk formation the dust did not contain alkalies, sulfur, nor especially water at radii of 3 a.u.

The vertical structure of the disk at r = 2.5 - 3 a.u. was an important feature. There was a zone near the equatorial plain, where temperature was maintained equal to the condensation temperature of iron and magnesian silicates and depended only on pressure. This zone was as much as a half of the disk in thickness but concentrated the major mass of the disk. Dust evaporation and condensation were in equilibrium in this zone, so that fine particles disappeared while coarse particles grew. The physical conditions of this zone favored the collapse of the dust in the equatorial plain of the disk and formation of dense dust layer. The silicate dust content and, therefore, oxygen partial pressure in this layer exceeded significantly those in surrounding gas of solar composition. In addition to rising condensation temperatures of magnesian silicates, this was responsible for condensation of not only metallic iron but also several percent of iron oxide. 

Planetesimals 1-10 km in diameter formed from the dust layer as a result of gravitational instability or by growth when smaller bodies collided. Planetesimals of this size were not carried out of this zone for the characteristic time of 105 years and could constitute terrestrial planets as a result of subsequent accretion. The accretion was followed by differentiation, whereby  the cores depleted of sulfur but containing FeO formed. 

Moreover, the particles to 0.01 cm in size chemically isolated from gas also formed. These particles together with the gas can be carried out of this zone to the radius of 5-6 a.u. for the characteristic time of 105 years. In further evolution, they can constitute the planetesimals forming at these radii or return to be involved in planet growth. 

Thus, planetesimals depleted of volatiles and moderately volatile components (component A in models by [4, 5]) but containing FeO as an admixture could originate in the protoplanet disk at radii of no more than 3 a.u. The dust of the same composition was carried out to radii of up to 5 a.u. and was partially captured by parental meteorite and planet bodies. This mechanism is a possible explanation to the deficit of alkalies and volatiles of the terrestrial planets and meteorites. 
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�Kuznetsov V.N.� TA \l "Kuznetsov V.N.[12]" \c 8� and Kozlov V.K.� TA \l "Kozlov V.K.[12]" \c 8� The temperature dependence of paratelluride heat capacity expressed as superposition of Lorentz distribution.
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The equation proposed by the authors in 1988 describes the experimental data on temperature dependences of heat capacities of crystalline substances on the basis of Lorentz distribution within the T interval from 10-30 K to phase transition point as:

	Tmelt

Cp = AL[1-1/(1+CLT2)] + BLT.(	(1)

	Tmin

This equation asymptotically tends to:

	Tmelt

Cp = AK  +BKT + CK.T-2(

	Tmin

that is Kelly equation, where Tmin,K>>Tmin,L(Tmax within the area Cp = f(T3); �AL = AK, BL = BK (CV ( Cp), CL = Tn-2 = 1/CK2.

Equation (1) possesses a number of properties:

 (1) lim L = 0;

T(0

(2) in the limit: AL = AK = 3Rn;

(3) the equation has a point of inflection; 

(4) B coefficient corrects the heat capacity value on transition from CV to Cp.

The curves Cp versus T for crystalline Te approximated by Lorentz (solid line) and Kelly (dashed line) equations are shown in Fig.1 (D is the Debye area, L is the area of Lorentz description, and L==K is the area of equivalent Lorentz and Kelly descriptions). 

Intricate character of the temperature dependence of heat capacity of paratelluride (Fig. 2) results from the imperfect conception about crystalline state of matter. In this case, the superposition of the following three equations is required to describe properly the available experimental data:



Cp = 72.84. + 8.733(10.T- 1.1(10T-2.(300-1006 K), 

Kelly approximation (error is 1.5%);



Cp =. 63.21 + 2.417(10-3(T- 63.21/(1 + 7.83(10-5(T2)

(80-1006 K),  Tn = 114.6 K, 

Lorentz approximation of all available data using the least-squares method (error is 0.6%);

Cp =. 3.3(10-3 T  +  L1. (Tn,l=(78.1K; A1 = 38.5)  +  L2. (Tn,2 =( 169K;  A2 = 6.0)    + L3   (Tn,3=(253K;  A3 = 34.1)  (30-1006 K), 



the superposition of Lorentz equations (error is 0.3%).

The given example demonstrates the applicability of Lorentz equation for description of crystalline state of substances.

�Figure 1.



�Figure 2.

# Kotel’nikov A.R.� TA \l "Kotel'nikov A.R.[1]" \c 8�, Bychkov A.M.,� TA \l "Bychkov A.M.[2]" \c 8� and Ko�val'�skii A.M.� TA \l "Koval'skii A.M.[2]" \c 8� Synthesis and refinement of the unit-cell parameters of (K,Rb)-feldspar solid solutions.

key words [feldspar init-cell parameters]� TC "(Institute of Experimental Minealogy, Russ. Acad. Sci.; Vernadskiii Institute of Geochemistry and Analytical Chemistry, Russ. Acad. Sci.; Geology Faculty, Moscow State University" \fk �) 

�Potassium-rubidium feldspar solid solutions were synthesized from gel mixtures at hydrothermal conditions (T = 650-700oC, P = 1-5 kbar). The mixtures of (K,Rb)-feldspars and leucites are formed at X(Rb) > 0.5, T = 700oC, and P = 1 kbar. The stability of the feldspars increased relative to leucite with decreasing temperature to 670oC and increasing pressure to 5 kbar. According to microprobe studies, there was a good agreement between the real and theoretical feldspar compositions.

The (K,Rb)-feldspars obtained were analyzed by X-ray diffraction using a DRON-1.5 diffractometer at radiation Co-K(1 ((=1.78892Å). Silicon of spectral purity was used as an internal standard. The unit-cell parameters were verified relying on 45 - 57 reflexes in the 2( range 15 - 85o.

The unit-cell parameters depend linearly on the solid solution composition. The following equations were derived for the concentration dependences of the unit-cell parameters:



a = 8.6041 + 0.237 * X (+/- 0.0008) Å

b = 13.0293 + 0.0094 * X (+/- 0.001) Å

c = 7.1791 + 0.0143 * X (+/- 0.0006) Å

( = 116.026 + 0.251 * X (+/- 0.008) o 

V = 723.19 + 20.33 * X (+/- 0.10) Å3



From tentative evaluation, the (K,Rb)-feldspars obtained are assigned to the series sanidine - Rb-sanidine and characterized by zero excess mixing volume, which is the evidence for their ideality.

$$CLaricheva O.O.^1� TA \l "Laricheva O.O.[2]" \c 8�, Kalinichenko A.M.� TA \l "Kalinichenko A.M.[16]" \c 8�, and Kozerenko S.V.� TA \l "Kozerenko S.V.[2]" \c 8� Proton magnetic resonance in synthetic molybdenites.

key words [molybdenite proton magnetic resonance]� TC "(1 Vernadskiii Institute of Geochemistry and Analytical Chemistry, Russ. Acad. Sci.; 2 Institute of Geochemistry, Mineralogy, and Ore Formation, National Academy of Sciences of Ukraine) " \f k �

The proton magnetic resonance (PMR) in natural sulfides (pyrite, marcasite, arsenopyrite) was first observed by G.B. Bokii and A.M. Bondar' [1]. This PMR signal was attributed to the presence of hydrogen in the anionic sublattice of the sulfides. 

�

Figure. PMR spectra.�1 - OH-, wt %; 2 - loose H2O, wt%

�Table 1.



Run no�Run dura�tion, days�ToC�P, 108 Pa�pH initial�pH final�S-2,mg final �Mo, g/l�S, mg�OH,wt%;�loose H2O wt %;��V12�14�360�0.5�9-10�10�no�5�200�1.1�1.2��V11�29�360�0.5�10-11�10.7�-220(V�5�200�1.2�0.6��V8�61�360�0.5�10�9.8-10�-620(V�5�200�1.1�0.6��V10�90�360�0.5�11�11.2�-50(V�5�200�no�0.6��V9�185�360�0.5�10�9.5�-700(V �5�200�1.1�0.6��C7�15�360�0.5�11-12�9.8-10�-620(V�50�200�0.18�1.36��C1�35�360�0.5�10�10.8�no�50�200�0.20�0.19��C2�80�360�0.5�9�10.8�no�50�200�0.40�0.50��C4�162�360�0.5�10-11�10-11�no�50�200�0.06�0.94��C5�233�360�0.5�10-11�10.7�no�50�200�0.15�0.70��C6�368�360�0.5�10-11�11.4�no�50�200�2.0�no��

�They also suggested that the structural hydrogen in sulfides is responsible for their non-stoichiometry frequently observed. Later, Kalinichenko and co-authors [2] studied a great collection of natural pyrites by PMR. It was shown that the PMR signal intensity of pyrite correlates with its oxygen content. From these results, the assumption was made that the most of structural hydrogen in pyrite is present in the form of OH- groups.

Molybdenite is an appropriate object for PMR studies of sulfides because its natural counterpart often shows significantly nonstoichiometric composition.

Molybdenite crystals were synthesized under hydrothermal conditions at T=350+10oC and P=108 - 0.5108 Pa. The run duration ranged from 14 to 368 days.

The starting solutions were prepared from NH4Mo7O24(H2O with Mo concentration 5-50 mg/l. Sulfur hydrogen was bubbled through the solution for 0.5-1.5 h until the formation of thiomolybdate, the orange-red-brown color of the solution was due to MoS42- ions. pH was maintained at 9-11 by adding concentrated ammonia. Saturation of the starting solution with sulfur hydrogen at a given pH value was a necessary condition of the experiment. A silver/silver sulfide electrode was used to control over the H2S concentration. Crystalline sulfur (200-800 mg) was added to the thiomolybdate solution. 

The purity of the molybdenites obtained was verified by X-ray analyses. PMR spectra for all molybdenite samples were recorded with a RYa 2031 continuous oscillation spectrometer (vo = 16 MHz) at room temperature. The spectrum consists of two components. The minor component (figure, dashed line) ((H2 Gs) is provided by tightly bound protons.

The approximate proton contents derived from the spectra were recalculated for the equivalent OH--groups. Ca(OH)2 was used as a standard. The molybdenites with different OH- content (from 0 to 2 wt % of OH-) were obtained, i. e. the continuous series from pure molydenite to that with S2- partially substituted for OH-. In synthetic molybdenites the PMR signal ranges within wide limits because of significant amounts of structurally bound hydrogen (from 0 to 2 wt %), which is most likely to occur in the form of OH--groups.

The experimental data obtained suggest that the non-stoichiometry of natural and synthetic molybdenites may result from the substitution of S2- for OH- in the anionic sublattice of the mineral.
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Pollucite is a structural analog of analcime. Substitution of sodium for cesium in the analcime structure results in loss of water. Analcime and Cs-pollucite are the end members of the solid solution series Cs1-xNaxAlSi2O6 xH2O (0<x<1).

Natural pollucite from East Siberia of the composition Cs0.83Na0.17Si2O6(0.17H2O was used for thermochemical studies.

Bennington and co-authors [1] measured the enthalpy of formation of the natural pollucite of the composition

Cs0.65Na0.185Rb0.028(AlSi2)[O5.863(OH)0.137](0.19H2O

by the HF-acid-dissolution calorimetry. Later, Semenov and co-authors [2] determined the enthalpy of formation of synthetic anhydrous Cs-pollucite (CsAlSi2O6) by high-temperature dissolution calorimetry. Correlation between these data is difficult because of great difference in composition of the pollucite samples used.

The enthalpy of pollucite dehydration was determined by the method of "repeated drop". The water loss was estimated by weighing a sample before and after the run (accuracy +2(10-3 mg). The enthalpy of formation of pollucite was obtained by high-temperature dissolution calorimetry at 973 K using the melt solvent of 2PbO(B2O3 composition. Corundum and platinum samples were used as calibration standards in dehydration and dissolution experiments, respectively.

The enthalpy of pollucite dehydration was 14.1+ 4.7 kJ/mol. The ethalpy of formation was regarded as a sum of the enthalpy of dehydration and the enthalpy of formation of dehydrtated natural pollucite. The latter was calculated on the basis of two thermochemical cycles: the reaction of pollucite formation from the appropriate oxides and the exchange reaction involving the dehydrated analcime and cesium and sodium chlorides. The enthalpies of formation of dehydrated pollucite from elements are -3050.0 +14.2 and -3050.8+13.3 kJ/mol, respectively, and are almost coinsident. The enthalpies of formation of hydrous pollucite also are in good agreement: -3112.7+15.0 and -3113.5 + 14/2 kJ/mol, respectively. These results are consistent with Bennington's data [1] obtained for the natural pollucite with similar water content (-3098.5 +3.6 kJ/mol). To adjust our data to the composition of Cs-pollucite, a correction was made for the heat of dissolution of unhydrous analcime (determined previously). The obtained enthalpy of formation of Cs-pollucite (CsAlSi2O6) is -3068.7+13.3 kJ/mol and is in good agreement with Semenov's data [2] obtained for synthetic pollucite of the same composition (-3083.4 + 5.0 kJ/mol).
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The proposed in the review Parker and Khodakovsky [1] standard values of the free energy and entropy of Fe3+  ion in an aqueous solution, (fGo =-16.23+1.1 kJ/mol, So =-278.4+7.7 J/mol(K, are based on the adopted values of the Fe2+  thermodynamic properties in aqueous solution and potential Eo Fe2+ /Fe3+ . In the present work, an attempt has been undertaken to obtain a standard entropy of the Fe3+  ion in aqueous solution using the measurement results of hematite solubility in aqueous solutions of acids [2-4].   

1/2(-Fe2O3(k) + 3H+(sol-sol) = Fe3+ (sol-sol) +3/2H2O

The calculation of the free formation energy (Gibbs’ energy) of an ion Fe3+ in an aqueous solution has been performed from the data of three experimental hematite solubility studies in the range of temperatures and pH of solutions: 358K in 0.12 M HCl (Berner [2]); 373, 393, 413, and 433K, 0-0.2 M HCl (Melent’ev et al [3]) and 473K, 0.01-0.32 M HClO4 [1].

The experimental results were processed as follows: 

1) the equilibrium composition of the aqueous phase in the experimental systems was calculated using Mironenko’s program [4] (using a method of free Gibbs energy minimization), therewith free formation energies for simple ions were assumed to be 0 [5]. It was supposed in the calculations that the following particles: H2O, H+, O2(sol), Cl-, Fe3+, FeCl2+, FeOH2+, OH- are present in the aqueous solutions.

2) the stability constants of the chloride complex FeCl2+, required for the calculation, were derived from the equation:

lgK=0.006T + 1167.136/T +3.481,  	(2)

obtained by us from the experimental measurements by Tagirov and Zotov in the temperature range of 25-90oC [6], and the hydrolysis constants of an ion FeOH2+  from the results of the measurements by Kotova and Zotov at 25-200oC[7]. 

3) the calculations for this system by Shvarov’s program (GIBBS) [8] agreed satisfactorily with the results obtained by Mironenko’s program.

�4) the activities of Fe3+, H+ in aqueous hydrochloric solutions were calculated for each HCl concentration examined in [2] and [3], and on the base of the obtained data the equilibrium constants of the reaction (1)  at I=0 (table 1) and within 358-433K were obtained.

The  equilibrium constant value of the reaction (2) at 473.15K and I=0 (lgK=-4.54+ 0.36) obtained in our work [1] agrees well with the results of [2,3].

�Table 1. Equilibrium constants of the reaction (1) at I=0 (our calculation)



T K�HCl, M�lg Ko�Reference�T K�HCl, M�lg Ko�Reference��358.15�0.12�-2.00�[2]�393.15�0.10�-3.02�[3]��373.15�0.20�-3.39�[3]�413.15�0.20�-3.32�-”-��373.15�0.20�-3.33�-”-�413.15�0.10�-3.15�-”-��373.15�0.20�-2.84�-”-�433.15�0.20�-4.18�-”-��393.15�0.20�-3.26�-”-�433.15�0.10�-4.14�-”-��



�Using the equations of the temperature dependence of Cp for H2O (liq.), Fe3+ (sol), Fe2O3 (c) from [9,10,11], respectively, we obtained the equation for  (Cp of the reaction (1) in the temperature interval from 298 to 473 K. 

(Cp=38.867 +0.30971T10-3 - 3.012105-T 2- 21937/(T-190)	�	(3)

We have for (rS(298.15T) of the reaction (1):

(rS(298.15T) = ((rH(298.15) - (rG(T) + ((CopdT)/T -�-( ((Cop/T)dT	(4)

Having calculated the enthalpy of the reaction (1) from the data of the works [11,12,13], one can calculate for each experimental values of lg K the corresponding value of (rS(298.15) (table 2).

Table 2.  Change of the entropy in the reaction (1).

(rS(298.15), J/mol K�Reference��-210.3+6�Berner [2]��-213.8+12�Ivanenko et al [3]��-216.0+8�this work��

Using the weighted mean of (rSo(298.15)=-212.8+8 J/mol K,  we obtained for Fe3+ (sol): So(298.15) =-275.0+ 8.0 J/mol K.

Inasmuch as from the data of the work [1] (fH(298.15)Fe3+ (sol) =- 49.0 + 1.5 kJ/mole, then 

(fG(298.15)Fe3+ (sol) =- 16.5 + 3.4 kJ/mole.

Knowing (H298.15) and (S298.15) for the reaction (1) one can obtain lgK (298.15) = 0.2+0.4.
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key words [anharmonic parameter microscope model]� TC  “Vernadsky Institute RaS Moscow”\f k �

Taking into account anharmonic effects is needed for thermodynamic calculations at high temperatures and pressures (for example, to describe exceeding Dulong and Petit limit of heat capacity). Two types of spectroscopic parameters are commonly used for mode anharmonisity:

Gruneisen parameter    � EMBED Equation.2  ��� 	(1)

and anharmonic parameter � EMBED Equation.2  ���	(2)

There are theoretical estimation (Sherman, 1980, 1982) and lattice dynamic calculation results (Reynard et al., 1992) for Gruneisen parameters (i , but any theoretical estimation of parameters ai have been as yet lacking. The empirical approach suggested and developed by Gillet et al. (1989-1995) consists in inserting experimental pure-temperature dependence of frequencies wi(T) into thermodynamic calculations. The approach gives qualitative results but is not well justified.

In this paper a simple microscope model for describing anharmonic thermodynamic and spectroscopic properties is suggested. The model is based on considering a crystal as a giant macromolecule and applying the methods of calculations developed for polyatomic molecules. If the third- and fourth-order terms are included into potential energy expansion along with the second-order terms then the energy level of a polyatomic molecule can be written as (Hezberg, 1949):

� EMBED Equation.2  ���	(3)

where vi is an integer quantum number of i-th mode, wiqh  are zero frequencies, xii is due to own normal mode anharmonicity and xij is due to coupling between modes I. and j. The transition frequency of i-th mode is:



� EMBED Equation.2  ���	(4)



The number of modes in a solid is of the order of 1023,  so one can not observe the fine structure of energy levels as in molecules. Let us suppose that in a crystal the visible frequency peak wiv corresponds to the average transition frequency in thermodynamic sense. Averaging wi and differentiating with respect to temperature one can obtain



� EMBED Equation.2  ���,	(5)



Here Cvk -heat capacity corresponding to k-th mode, xij=2xii was taken for convenience. Thus one can calculate all vibrational thermodynamic properties (free energy, vibrational energy, heat capacity, entropy) and spectroscopic anharmonic parameters ai on the base of a set of vibrational frequencies wiqh and mode interaction coefficients xik.

Application of the model is shown by the examples of: 1) some polyatomic molecules (CO2, NF3, SO3) considered as microcrystals, for which spectroscopic constants wi and xik are known, 2) several minerals (forsterite, coesite, stishovite) using model vibrational spectra and spectroscopic values of the mean ai and assuming xik/(wi wk)=const. The results for CO2 and forsterite are shown in Fig.1, where mode anharmonic parameters ai and heat capacity are presented as a function of temperature.



Conclusions:

1. The most of calculated anharmonic parameters ai are negative and have values of the order of 10-5 K-1 for molecules as well as for minerals, what is consistent with experimental spectroscopic results (Gilett et al, 1989-1995).

2. The temperature dependence of anharmonic parameters ai is evaluated.

3. Strictly speaking, the use of the dependence wi(T) overestimates anharmonic corrections to the heat capacity Cv, allowing estimation of the upper limit of the effect (see Fig.1). Anharmonic corrections for mineral heat capacity calculated by the presented method are somewhat lower than those obtained by Gilet et al (1991, 1992) and correspond well to experimental data. 

���

Fig.1.  Anharmonic parameters ai and heat capacity for CO2 and forsterite.



�#Shapkin A.I.� TA \l "Shapkin A.I.[2]" \c 8� and Sidorov Yu.I.� TA \l "Sidorov Yu.I.[2]" \c 8� Ma�the�matical analysis of microrhythmic che�mical zoning of olivine grains from the Divnoe me�teorite.

key words [olivine meteorite zoning] � TC "Vernadskii Institute of Geochemistry and Analytical Chemistry, Russ. Acad. Sci.

The variation of fayalite content in olivine grains of the Divnoe meteorite was previously studied by microprobe analysis [1]. The microphotographs of a thin section of one olivine grain and the diagram of spatial variation of fayalite content presented in this work testify that the clear rhythmic variation of fayalite content within the range 22-25 mol % occurs over a length of 60 (. The noted rhythmic chemical zoning has a period of the order of a few micrometers and is explained by the authors [1] as a result of decomposition of olivine solid solution.

Within the present study, determination of other frequencies of the chemical rhythm by harmonic analysis methods was attempted on the basis of data [1].

As a result of reduction of the analytical data to the spatial forsterite distribution (Fig. 1), the systematic component of the function of Mg/Fe distribution in the grain bulk was derived using the linear regression method. The linear approximation of the function component gives 76.618 - 0.0122L, where L is the distance from the grain surface (in micrometers). Thus, the slope of the forsterite concentration trend is 0.0122 mol % (, that is the average Mg/Fe ratio decreases towards the grain core (3.27 at the surface and 3.15 at a depth of 60 ().

After subtraction of the obtained linear trend from the distribution function (Fig. 2), the following algorithm was employed to determine the main frequencies of the distribution.

1. The high-frequency component of the distribution function was filtered off by the moving-average method. The period of the component proved to be equal 3 (, which correlates well with [1] data. The post-filtration distribution is shown in Fig. 3 (dashed line).

2. A number of harmonic characteristics of the distribution function, such as i (harmonic number), (i (harmonic frequency), ai and bi (amplitude coefficients), and li (harmonic period in (), were derived using the method of determination of unknown periodic components of a f(xi) function assigned at N equidistant points [2]. This method is based on solution of an equation of the type

cos m( - (I    cos (m-1)( - ... - 0.5((m=0,

where m is the number of harmonics determined and (i are the coefficients fitting the linear equation system

m-1

((fi+k-1+f2m+i-k-1)(k+fm+i-1(m - fi-1 - f2m+i-1=0, i=1..N-2m

k=0

F(x) = ((I  cos ((i(x-11)) + bi  sin((i(x-11))



The plot of F(x) function is shown in Fig.3.

In summary, there are reasons to conclude that the function of Mg/Fe distribution in olivine grains has the three more periods and the systematic linear trend in addition to the period noted by the authors [1]. The obtained results can not be interpreted on the basis of solid solution decomposition mechanism.

�



�� EMBED Word.Picture.6  ���

��

�� EMBED Word.Picture.6  ����Figure 	1.

�Figure 	2.

�Figure 	3.�



i�(�ai�bi�li, (��1�.1352�.3616�-�46.5��2�.4184�-.1451�-.1840�15.��3�.6524�-.1638�-�9.7����References :

Petaev and J. Brearley. (1994) Exsolution in ferromagnesian olivine in the Divnoe meteorite. // Science, V.266, pp.1545-1547. 

Korn and T. Korn. (1977) Handbook on Mathematics // Moscow: Nauka, p. 693.

�Glass and ceramics properties, �applied mineralogy� TC "Glass and ceramics properties," \f C \l "2" �



�Kulinich  S.A.� TA \l "Kulinich  S.A.[4]" \c 8�., Sevast'yanova L.G.,� TA \l "Sevast'yanova L.G.[4]" \c 8� Burdina K. P.� TA \l "Burdina K.P.[4]" \c 8� and Semenenko K. N.� TA \l "Semenenko K.N.[4]" \c 8� A new lithium-magnesium boronitride: synthesis and properties.

key words [boronitride synthesis]� TC “Chemistry Dept., Moscow State University, Vorob'evy Gory, GSP-3, Moscow, 119899, Russia ”\f k�

The data on synthesis and properties of complex ternary nitride compounds of alkaline-alkaline-earth elements and boron are scantily presented in literature. Only lithium-calcium and lithium-barium boronitrides (LiCaBN2 and LiBaBN2, respectively) [1, 2] and LiCa4(BN2)3 obtained by us [3] are presently known.

The objective of this study was to obtain and describe properties of the complex two-metal boronitride in the system Li3N-Mg3N2-BN.

A new complex boronitride of composition Li3Mg3B2N5 (Li3BN2(Mg3BN3) was obtained by sintering in inert gas atmosphere.

The initial reagents were sintered at 950-1000oC for 2-4 hours. The synthesis product was a grey powder relatively stable in air. The sinter obtained was grinded in dry chamber and then repeatedly treated to provide the most complete reaction. The composition of the compound was established by varying the initial component proportions.

If the composition of the sintered mixture is close to LiMgBN2 [1], the reaction proceeds according to

Li3N + Mg3N2 + 2(-BN = Li3Mg3B2N5  	 (1)

with an excess of (-BN remaining.

The new compound was obtained according to the following reactions:

Li3N + Mg3N2 + 2( -BN = Li3Mg3B2N5	     (1)

Li3BN2 + Mg3BN2 = Li3Mg3B2N5	              (2)

Li3BN2 + Mg3N2 + ( -BN = Li3Mg3B2N5 	  (3)

Li3BN2 + 3Mg + ( -BN + N2 = Li3Mg3B2N5 	 (4)

As soon as the composition of the boronitride obtained was determined, a search for optimal synthesis technique was initiated. The method of sintering of the two-metal nitride LiMgN obtained according to [4] with hexagonal boron nitride was tested:

3LiMgN + 2(-BN - Li3Mg3B2N5              	 (5)

The lithium-magnesium boronitride obtained from reaction (5) was identical to the products of reactions (1)-(4), judging by X-ray diffractometry data. This fact offered another verification of correctness of determination of the compound composition.

At present, the work on deciphering structure of the newly obtained boronitride is underway. Its behavior at high temperatures and pressures is also being investigated.
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The immobilization of iodine by  Cu-zeolites and sorption of iodine on Ag-zeolites were studied. The possibility of zeolite ceramization was verified. Cu-zeolite was selected for examination, since it is not so expensive as Ag-zeolite, while stability of CuI is comparable with stability of AgI. Industrially produced granulated Cu-zeolite (IONEX, USA) was used in the experiments.

The initial zeolite was annealed at 300oC for 24 h. for dehydration to attain constant weight. The dehydrated zeolite samples together with the excess of crystalline iodine were held in evacuated glass capsules at 130oC for 12-24 h. for iodine saturation. After the runs the zeolite grains were washed in ethanol and chloroform in tandem to remove the excess of iodine. CuI reflexes were not found at the X-ray patterns of the samples.

Another method of introduction of iodine into zeolite consisted in synthesis of ceramics from the dehydrated initial Cu-zeolite in the presence of excess of iodine and water (1 wt %) in hermetically sealed platinum capsules at 500oC and 1000 atm. Quenched samples appeared as dense cylinders 30-40 mm long and 3-5 mm in diameter. The X-ray patterns of the samples included CuI reflexes and reflexes probably corresponding to aluminosilicates, such as andalusite, mullite, etc. The atomic ratio of iodine to copper ranged from 0.05 to 0.84, i. e. only a part of the copper atoms proved to be capable of combining with iodine. The ceramics samples obtained in these runs had density of 2.5 - 2.7 g/cm3 and open porosity 0 - 0.53%.

The third experimental series involved introduction of iodine into the zeolite samples.  Copper in zeolites was preliminarily reduced as follows. Spectral pure graphite was placed to the bottom of a quartz capsule, and the dehydrated zeolite grains were placed in the middle of the capsule on the detachable screen made of perforated nickel.  The capsules were heated in cylindrical resistance furnaces that provided vertical temperature gradient from 750 -780oC at the bottom to 280-500oC at the screen. The copper reduction (copper became gray-rose) occurred through the interaction with CO, which forms when graphite is heated above 700oC. 

Saturation of the samples with iodine was carried out as described above. The X-ray diffraction patterns of the samples showed clear reflexes of CuI and the starting zeolite. 

Iodine-saturated zeolites were dried for two days at 100oC and then subjected to ceramization in sealed platinum capsules under conditions of hot isostatic pressing at 800oC and 1000 atm. Ceramics samples (cylinders) had density of 2.3 - 2.5 g/cm3 and porosity  13 - 22%. The Cu/I ratio exceeding unity indicated that iodine was completely bound by copper. The ceramics quality was evaluated from leachability of elements from the samples in distilled water at 90oC. The results of the leaching experiments are presented in figure. 

From the results obtained, we made the following conclusions:

1. Cu-zeolite does not bind iodine, when these components are mixed in hermetically sealed vessel at 130oC for 24 h.

2. Cu-zeolite binds iodine as a result of ceramization of zeolite-iodine mixtures under hydrothermal conditions.  The leach rate reaches its maximum for the first eight days for all the samples. For this period, 4% of iodine of the sample passes to the leaching solution; after that the leach rate averages 0.93 g/m2(day, and the concentrations of leached iodine, silica, and copper are 1-2, 0.1, and >0.1%, respectively. After 36 days the average leach rate for SiO2 is 0.04 g/m2(day, and for copper - 0.06 g/m2(day.

3. Iodine is well bound by Cu-zeolite, providing the copper of the zeolite was preliminarily reduced by ceramization in gasostat. The ceramics density is close to that of the hydrothermal samples, however, the porosity is very high. Nevertheless, the average iodine leach rate decreases to 0.7 by the 22nd day (lgV = -0.17) g/m2(day. Unreduced zeolite shows similar value for iodine, but higher values for silica and copper (0.13 and 1.3 respectively). Ceramization of granulated zeolite evidently yields very porous samples. They readily disintegrate and lose their main components, such as copper, which binds  iodine. Thus, the iodine leach rate did not decrease, as was expected from high values of the I/Cu ratio. 

Leaching experiments with iodine-bearing ceramics, based on Cu-zeolite, showed their high stability. After 36 days the average iodine leach rate was 0.9 g/m2(day, which is 4-5 times lower than the rate of iodine leaching from sodalite (Shidlovsky et al.) [1] and comparable with leach rates of alkaline and alkali-earth elements from borosilicate glasses [2].
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Figure. Kinetics of iodine leaching from ceramics samples based on Cu-zeolite.

Thus,  there are several benefits of such a method of iodine immobilization. The material obtained is rather stable and provides low-volume matrix capable of absorbing radioactive iodine directly from the gaseous jets produced by nuclear plants. The marked tendency of decrease of leach rate (by a factor of 20-50 for 36 days)  and leaching percentage (by a factor of 4-5 for a week) suggests that the percentage of iodine leaching from these samples will not subsequently exceed 0.5 and become negligible in long-term storage.
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Combining iodine by NaX-zeolite was studied to verify the feasibility of synthesis of zeolite ceramics saturated with iodine. The industrially prepared NaX-zeolite (GOZ VNIIP) of

 Na2O*Al2O3*2.5SiO3*6H2O composition

was chosen for the studies for its high (63%) sorption capacity relative to iodine [1] and capability of yielding ceramics with stable sodalite structure.

The initial zeolite was preliminarily dried at 110oC and annealed at 300oC during 24 h for dehydration to attain constant weight. The dehydrated zeolite samples together with the excess of crystalline iodine were held in evacuated glass capsules at 130-400oC during 12-24 h. for iodine saturation. After the runs the zeolite grains were washed in ethanol and chloroform in tandem to remove the excess of iodine. NaI reflexes were not found at the X-ray patterns of the samples.

Another method of introduction of iodine into zeolite consisted in synthesis of ceramics from the dehydrated initial zeolite in the presence of iodine excess and water (1 wt %) in hermetically sealed platinum capsules at 500oC and 1000 atm. Quenched samples appeared as dense cylinders 30-40 mm long and 3-5 mm in diameter. The X-ray patterns of the samples comprised relatively weak reflexes of NaI, reflexes of the phase similar to iodine-free zeolite ceramics, and the new phase of composition corresponding to stoichiometric iodosodalite synthesized at 700^oC and 1 atm [2]. The maximum atomic ratio of iodine to sodium was 0.3, that is only a part of sodium atoms proved to be capable of combining with iodine. The ceramic samples obtained in these runs had density of 2.4 g/cm3 and open porosity 1.4 - 3.3%. The ceramics quality was evaluated by the leaching elements from the samples in distilled water at 90 C (test MAGATE MCC-1). The results of the studies are presented in table (Runs 10, 23, and 24).

The third experimental series involved introduction of iodine into the samples by ceramization of the starting NaX-zeolite with dry copper iodide (20 wt %) at 500 C and 1000 atm in platinum capsules using vessels with cold lock or at 1000oC and 1000 atm in gasostats. The run products had density of 2.4 - 2.6 g/cm3 and porosity  0 - 1.1%. The X-ray patterns of the samples included reflexes of CuI, ceramic matrix, and a new phase which was similar in reflection parameters to copper NaX-zeolite. The absence of NaI reflexes and low (< 0.1) I/Na ratios suggest that no active interaction between sodium and iodine occurred. The Cu/I ratio equal 1 - 1.9 indicates that iodine was completely bounded by copper (table, Samples 19 and 21).

From the results obtained, we made the following conclusions:

1. The NaX-zeolite does not binds iodine on heating in hermetically sealed vessel within the temperature range 130- - 400oC during 24 h.

2. The NaX-zeolite combines iodine as a result of ceramization of zeolite-iodine mixtures at 500oC and 1000 atm. The leach rate reaches its maximum for the first eight days for all the samples. For this period, 3 - 5% of iodine of the sample passes to the leaching solution. After eight days, the leach rate averages 2 g/m2*day, and the concentrations of leached iodine, silica, and sodium are 2 - 4, 0.13, and 1 - 2%, respectively. High leach rates for SiO2 (0.1 g/m2*day) and Na (1 g/m2*day) after 36 days point to the low stability of this ceramics (including the blank ceramics, Run 8).

3. Iodine is loosely bound by the NaX-zeolite mixed with dry CuI and subjected to hot isostatic pressing at 1000oC. The iodine leach rate remains equal 2 - 4 (lgV = 0.3 - 0.6) g/m2 * day by the twenty second day; those for silica and sodium are relatively high: 0.13 (lgV = -1) and 1 (lgV = 0.1), respectively. The leached element concentrations are also high. Evidently, iodine is not retained by the ceramic matrix because of low NaX-zeolite stability which is unaffected even by the copper iodide admixture.
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Fig. Leach rate of iodine from ceramic samples based on zeolite NaX; in legend indicated numbers of runs.



�Table.  Leach rates V (g/m2 * day) of elements from the samples obtained by ceramization of the mixtures of NaX-zeolite with iodine and CuI

Sample no�Element�Conc. wt %.�d,g/cm3�%�Run duration, day�������0-1�1-7�7-14�7-28��8�SiO2�50.05�2.34��������Na�9.92��8.2�3.1�2.2�0.124�-��10�I�14.00�-��83.3�2.5�1.30�-���SiO2�41.50��-�43.7�4.2�1.83�-���I�9.10�2.42��4.0�2.2�0.71�-��23�SiO2�43.40��3.3�54.9�7.6�-�2.20���Na�12.10���4.2�0.5�-�0.09���I�8.56�2.45��13.9�3.1�-�0.76��24�SiO2�43.70��1.4�30.7�5.8�-�2.62���Na�9.64���2.9�0.8�-�0.09��19�I�1.51�2.48��22.9�4.4�-�1.37���SiO2�51.58��0.0�26.9�1.7�-�2.30��21�I�2.64�2.62��1.0�0.1�-�0.04���SiO2�47.63��1.1�193.0�11.2�4.70�-���Na�10.24���0.2�0.1�0.12�-���Cu�0.93���24.4�6.1�1.35�-�������0.5�0.1�0.06�-��



�The experiments with iodine-bearing ceramics based on NaX-zeolite showed that for 36 days the iodine leach rate averages 2.2 (lgV = 0.35) g/m2*day, half as high as than that for the sodalite-like material [3] and comparable with the leach rates of alkaline and alkali-earth elements from borosilicate glasses [4]. Therefore, we can expect the long retention of iodine in these matrixes. 

�References:



Orlova E.K. Purification of Waste Gases in Reprocessing of Irradiated Fuel // in Binding Iodine, AINF 493, Moscow: TsNIIatominform, 1979.

Tomisaka Y. and Eugster D.L. // Mineral. J. Japan, 1968, V.S, pp. 249-245.

A Method for Binding Radioactive Iodine. // USA Patent no. 4229317, in Inventions in the USSR and Abroad, 1981, Iss.3, N.6, p. 23.

Strachan D.M.. // Results from Long-Term Use of the MCC-1 Static Leach Test Method, Nucl. Chem. Waste Manage, 1983, V.4, p.177.

�



�Authors index� TC "Authors index" \f C \l "1" �



For number in square brackets see      Addresses of Institutes





�� TOA \h \c "8" \f �Akhmedzhanova G.M.[1]	49, 51

Akinfiev N.N.[10]	21

Alyokhin Yu.V.[1]	22

Baranova N.N.[2]	21

Belitskii I.A.[13]	43

Bocharnikova T.D.	10

Burdina K.P.[4]	32, 34, 48

Bychkov A.M.[2]	42

Chashchukhin I.S.[11]	27

Chichagov A.V.[1]	31

Devina O.A.[2]	44

Devirts A.L.[2]	37

Dorofeyeva V.A.[2]	40

Durasova N.A.[2]	12

Epel’baum M.B.[1]	16

Evstigneev A.V.[2]	44

Fadeev V.V.[2]	21, 29

Fedkin M.V.[1]	30

Fursenko B.A.[13]	43

Gasparik T.[17]	31

Gerya T.V.[1]	25

Gramenitskii E.N.[5]	14

Ivanova G.F.[2]	21

Kadik A.A.[2]	15, 17

Kalinichenko A.M.[16]	29, 42

Kharlashina N.N.[2]	46

Khodakovsky I.L.[5]	44

Khodorevskaya L.I.[1]	10, 18

Kholodnov V.V.	10

Khramov D.A.[2]	12

Kiseleva I.A.[5]	43

Kochnova L.N.[2]	12

Kol’tsov A.B.[17]	20

Kolpakova N.N.[2]	29

Kopneva L.A.[2]	29

Korytkova E.N.[15]	21

Kosyakova N.A.[1]	25

Kotel'nikov A.R.[1]	20, 42, 49, 51

Kotel'nikova Z.A.[9]	20

Koval'skii A.M.[2]	42

Kozerenko S.V.[2]	29, 42

Kozlov V.K.[12]	41

Kraeva Yu.P.	10

Kravchuk I.F.[2]	11

Kronrod V.A.[2]	39

Kulinich S.A.[4]	32, 48

Kurovskaya N.A.[2]	24

Kuskov O.L.[2]	39

Kuznetsov V.N.[12]	41

Lakshtanov D.L.[1]	18

Laricheva O.O.[2]	42

Lebedev E.B.[2]	17

Litvin Yu.A.[1]	31

Makalkin A.V.[6]	40

Malinin S.D.[2]	11, 24

Maximov A.P.[7]	15

Mel'chakova L.V.[5]	43

Ogorodova L.P.[5]	43

Osadchii E.G.[1]	30

Perchuk L.L.[1]	25

Pivovarov S.A.[1]	22

Pivovarova L.N.[15]	21

Podlesskii K.K.[1]	25

Poltavets Yu.A.[11]	28

Polyakov V.B.[2]	36

Romanenko I.M.[1]	14

Rusakov V.S.[3]	29

Semenenko K.N.[4]	32, 34, 48

Sergeeva E.I.[2]	44

Sevast'yanova L.G.[4]	48

Shapkin A.I.[2]	47

Shchekina T.I.[5]	14

Shmonov V.M.[1]	18

Sidorov Yu.I.[2]	47

Slutskii A.B.[2]	11, 12

Sretenskaya N.G.[1]	34

Sushchevskaya N.M.[2]	17

Suvorova V.A.[1]	49, 51

Sval'nova V.I.[5]	14

Tikhomirova V.I.[1]	31, 51

Troneva N.A.[2]	12

Tsekhonya T.I.[2]	17

Uimin S.G.[11]	27

Ukhanov A.V.[2]	37

Votyakov S.L.[11]	27

Zakirov I.V.[1]	34

Zharkova E.V.[8]	15

Zhukov A.N.[4]	32, 34

Zyryanov V.N.[1]	49, 51

���Addresses of Institutes� TC "Addresses of Institutes" \f C \l "1" �� TC "Addresses of Institutes" \f C \l "1" �

�� TOC \f k\n \* MERGEFORMAT �Institute of  Experimental Mineralogy�Russian Academy of  Sciences�142432 Chernogolovka �Moscow District�Russia

Vernadskii Institute of Geochemistry and Analytical Chemistry�Russian Academy of  Sciences �Kosygin Str. 19�117975 Moscow �Russia

M.V.Lomonosov Moscow State University �Physics Department�Vorobjovy Hills�110899 Moscow�Russia

M.V.Lomonosov Moscow State University �Chemistry Department�Vorobjovy Hills�119899 Moscow �Russia

M.V.Lomonosov Moscow State University �Geology Department �Vorobjovy Hills�119899 Moscow �Russia

Schmidt Institute of  Physics of  the Earth�Russian Academy of Sciences�B.Cruzinskaya 10�123810 Moscow�Russia

Institute of Volcanic Geology and Geochemistry�Far-East Division of �Russian Academy of Sciences�Bul’var Piypa 9�683006 Petropavlovsk-Kamchatsky�Russia

Institute of Geology, Mineralogy, Petrology of Ore Deposits�Russian Academy of Sciences �Staromonetny 35 �109017 Moscow�Russia

Institute of  the Lithosphere�Russian Academy of Sciences �Staromonetny Per. 22�109180 Moscow �Russia

Moscow State Academy for Geological Survey �Miklukho-Maklai Str. 23�117873 Moscow�Russia

Zavaritsky Institute of  Geology and Geochemistry�Ural Division�Russian Academy of Sciences�Pochtovy Per. 7�620219 Ekaterinburg�Russia

North-East Interdisciplinary Institute�Far East Division�Russian Academy of Sciences�Portovaya Str. 16�685000 Magadan�Russia

Institute of  Mineralogy and Petrography�Siberian Division�Russian Academy of Sciences�Universitetsky Prosp. 3�630090 Novosibirsk�Russia

St.-Petersburg State University�Universitetskaya nab., 7/9�199034 St. -Petersburg�Russia

Institute of  Silicate Chemistry�Russian Acadamy of Sciences�Ul. Odoevskogo 24 Korp.2�199155 St. Petersburg�Russia

Insitute of  Geochemistry, Mineralogy  and Ore Formation�National Academy of  Sciences of Ukraine�Palladin Prosp. 34�252142 Kiev�Ukraine

Center for High Pressure Research�Department of  Earth And Space Sciences�State University of New York�Stony Brook �Ny 11794 USA

�*****

�# The paper have been prepared under the project N 528 of the National Science Fund of Ministry of Education, Science, and Technology (Bulgaria).



#  This study was supported by the Russian Foundation for Basic Research, project no. 96-05-64871

#  This study was supported by the Russian Foundation for Basic Reasearch, projects nos. 94-05-17443 and 95-05-15068.

# This study was supported by the Russian Foundation for Basic Research. 

# The work has been supported by the Russian Basic Research Foundation (grant N 96-05-64954).

#  The work was supported by the Russian Basic Research Foundation (grant N 95-05-14572)



# The present study employed the original equipment patented at. no 95105802/02 (Russian Fe�de�ration) and was supported by the Russian Basic Research Foundation, project no. 95-05-15292.

# This study was supported by the Russian Basic Research Foundation, projects no. 96-05-65569.



# This study was supported by the Russian Basic Research Foundation,  projects 96-05-64887 and 95-05-15354/a.

#   This work has been supported by the Russian Basic Research Foundation (project 94-05-17433) and international Science Foundation (project NGF 000)

# This study was supported by the Russian Basic Research Foundation, project N 96-05-64872

# This study was supported in part by the Russian Foundation for Basic Research, project no. 96-05-64786.

#   This study was supported by the Russian Basic Reseacrh Foundation, project no. 95-05-14900.



#  This study was supported by Russian Basic Research Foundation (95-05-14945)

#The authors thank M.I. Petaev for remarks and discussion of this work. The present study was supported in part by the Russian Basic Research Foundation, project no. 94-05-16405.







�PAGE  �2�

















�PAGE  �3�





Infrared spectra of water in volcanic glasses



Experiment in GeoSciences (1996) Volume 5 Number 2	�PAGE  �25�



Infrared spectra of water in volcanic glasses



Y. Yanev, N. Zotov



� PAGE �10�	Institute of Experimental Mineralogy



ABSTRACTS		KHITARIADA-96



Magmatic systems, fluid magmatic interaction, melts properties 



Magmatic systems, fluid magmatic interaction, melts properties 



� PAGE �14�	Institute of Experimental Mineralogy



ABSTRACTS	KHITARIADA-96



Magmatic systems, fluid magmatic interaction, melts properties 



� PAGE �24�	Institute of Experimental Mineralogy



Hydrothermal processes, fluid system, metasomatism



Hydrothermal processes, fluid system, metasomatism



ABSTRACTS	KHITARIADA-96 



Geothermobarometry, metamorphic processes



� PAGE �36�	Institute of Experimental Mineralogy



Experiment in GeoSciences (1996) Volume 5 Number 2	� PAGE �35�



Geothermobarometry, metamorphic processes



Geothermobarometry, metamorphic processes



Mineral equilibria in silicate and ore systems



Mineral equilibria in silicate and ore systems 



Phase equilibria (transformations) under high P-T parameters



Phase equilibria (transformations) under high P-T parameters



Phase equilibria (transformations) under high P-T parameters





 



 



�PAGE  �38�

 



�PAGE  �35�

 



 



Methods and experimental techniques� TC "Methods and experimental techniques" \f C \l "2" �



 





� PAGE �40�	Institute of Experimental Mineralogy

 



Experiment in GeoSciences (1996) Volume 5 Number 2	� PAGE �37�



ABSTRACTS 	KHITARIADA-96



Isotopy 



Experiment in GeoSciences (1996) Volume 5 Number 2	� PAGE �41�



Isotopy 



ABSTRACTS	KHITARIADA-96 

 



Physics of Earth 



� PAGE �42�	Institute of Experimental Mineralogy





Experiment in GeoSciences (1996) Volume 5 Number 2	� PAGE �43�



Physics of Earth 



� PAGE �58�	Institute of Experimental Mineralogy



Experiment in GeoSciences (1996) Volume 5 Number 2	� PAGE �45�



Crystal growth, structure and physical properties of crystals



Experiment in GeoSciences (1996) Volume 5 Number 2	� PAGE �51�



Glass and ceramics properties, applied mineralogy

 



Glass and ceramics properties, applied mineralogy 



Experiment in GeoSciences (1996) Volume 5 Number 2	� PAGE �59�



Radioactive wastes



Authors index 



Addresses of Institutes

 



Addresses of Institutes





# - Shidlovsky et al., 1981



#- Shidlovsky et al., 1981








