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Abstract.
t he
topological analysis of the composition of the aqueous
phase with respect to valence forms of mercury showed
that liquid mercury in the Hg -H,O system is a solution of
Hg,O in Hyg(lig.). This is determined by the dominance of
the Hg,(OH),? complex in the composition of the
equilibrium aqueous phase. Calculations using the Gibbs
Duhem equation show that the fraction of the Hg ,O minal
in the liquid mercury solution is large, with the minimum of
HgO minal content. A more detailed analysis of the system
for the solubility of valence forms of mercury showed that
at low temperatures and the standard volatility of oxygen
in aqueous solutions, the Hg(OH),? form is dominant in
equilibrium with Hg(lig.), and the mercury (I) complex is
dominated by Hg,(OH),’, and in the liquid aqueous phase
the concentration of mercury is ensured by its solubility.
This explains why the saturation concentration in the
Hg(liq.) phase is two orders of magnitude lower than the
solubility of montrodite (HgO).

Keyword s: mercury; mercury gashydrate;
Skreinemakers's topological analysis; solubility of liquid
mercury; mercury valence forms.

Using the results of numerous experiments on

¢sol ubi |l it yinwater, Bkieipamakars'ane

elemental carbon, CO, GH hydrocarbons. The
concrete problenof stability of the CQL 5D H
clathrate was solved, i.e. carbon dioxide gas hydrate,
which for the first time in world practice made it
possible to show the inevitability of the formation
and stability of this ice phase on the polar caps of
Mars. Thereturn to this approach is caused by loud
publications (Schuster et al., 2018) on the mercury
content in permafrost, in the ice cover of the Earth, in
the absence of good versions about the nature of

thesg, Jnputs, the phase forms of binding
(immobilization and the reality of secondary
emissions.

A new problem is the approach to the problem of
the instability 00,thathise g
the clathrate compound of mercury. At a preliminary
stage, it is difficult to choose between this gas
hydrate andthe HgOL 6CH clathrate at close
enthalpy values of formation by the rules of
supramolecular chemistry (Len, 1998) and small
values of the enthalpy of the decay of clathrates.

For theHg i H,O multi-system, the key task was to
analyze the phase compositsgy as well as the
dominant dissolved complexes, under the univariant
L,L,G equilibrium (Figure), where both liquid phases
change composition with changingO, and
temperature. In water, the main forms are Hg (aq.)
neutral hydroxocomplexadg,(OH),® and Hg(OH),’
with the dominance of the first complexg (). The

The valent states of mercury are known: Hg (Opresence in the aqueous phase of all three valence
Hg (I) and Hg (Il), whose dominance in naturaktates at atmospheric O, = 0.208 and the well

conditions is determined precisely hyxidation

studied tendency of mercury mineral phases to form

reduction conditions. Therefore, the choice of thstructures with the covalent paiHg-Hg-, ard the
volatility of oxygen as determining the intensiveminerals HgO and H- to have a high affinity for
parameter, along with the temperature, in the analysig (liq.), makes L as a dilute solution in Hg (0) of
of phase relationships was inevitable. The revietese minals. We develop this version for the first

includes 6 phases:L- liquid mercury fase, L -
liquid water phase, Ggas, I- ice of water, $- solid
elemental mercury and ;S- Hg (ll) oxide,

time, but the absence of any experimental and
structural data on the composition of the phase
forces both topological analysis and the solution of

montroidite, phase of stoichiometric compositionhe GibbsDuhem equation for the coexistingl,
HgO, stable at unrealistically highO,. The mercury liquid phases with varying oxygen fugacity. The

hemioxide Hg (I) of HgO (S) composition,the

equilibrium ends at a nenvariant point with

nature of its norautonomy, the nature of theparameters very close to the triple point of water (

thermodynamic

instability of the solid phase0.013 and logP = -2.236) forIL,L,G, and the

Hg(OH), is considered. It was not necessary to resatability of the three aqueous phases with liquid
to methods of complete topological analysis whemercury is beyond doubt (Figure 1). The second is
analyzing the stability it is sufficient to use arthe same noinvariant point:SIL G, is an analog of
augmeted base of thermochemical quantities (tablehe triple point for mercury with weknown
and known equilibrium constants of mercury formsabubtedP-T parametersT = -38.8344°C, Ig Pam =
Therefore, the analysis of a medlystem of 6 phases -9.25664) plus ice water. These two invariant points

was similar to a detailed study of the;GHCO,

are interconnected by a completely stable univariant

system (Alekhin, Zakirov 1971, Alekhin et al., 1973)equilibrium where simultaneous sublimation of two

but with one radical difference: in the ,8-CO,
system, the phase equilibria were analyzed>im

solid phases occurs: | +¥ G to thi

up

tenperatures and oxygen fugitives with rapidly

coordinates, reasons to study the shape of tHecreasing vapor pressures over these solid phases.
components &tO, in other valence states, including,
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Figure. Topological scheme for the system H#l,O

Using the data of standard production energies,. 9 riol/l raL.96g g¢/l, the total solubility of
the molality ratio of the three dominant valencehe sum of three valence forms over liquid mercury is
forms is calculated: Hg 45) , J(OH)] and g1.14g g/l), that is, the mercury in the form of a

of gross solubility (1| gredBhnates inlthel afueotis?phdsé! EighH),20 N
the standar_d values of th_e free energy _of formatlognngo (ag.) It is believed that in the atmosphere in
must be arried out according to the reaction: the gaseous state, the former dominates in the form
o o of Hg® vapor, being the main souremdthe transit
2H,0+0; + 2Hg,(OH),’# 4Hg(OH),’, form of the appearance of other mobile and deposited
_ o . forms, which, strictly speaking, has not been proven.
but with considering the volatility of £10.519f O = |t is pelieved that the divalent mercury ion is the

-0.341). In this case, the molar quantities of the formgminant valence form in natural waters, but this is
are equal to lgn (Hg" (aq.)) =-8.01 (Alekhin et al., far from obvious, in particular for the existence of a
2011); Ig m(Hg(OH)’) = -8.351 and |9 zergvalentform emission source, which follows

2m(Hgy(OH),") =-6.518. . ~ from the analysis of the electrochemical reaction of
Al the results of topological analysis redoxdisproportionation:

(Skreinemakers, 1948) are based on the

thermochemical data of particles and phases in a Hg,?  Hg* + Hd(liq.).
consistent system of value¥able) for the state of

standardization from a pure edge phaje Which EmF (0.043B) of this reaction indicates that tg?"
makes it easy to calculate Henry's constants afhs in the presence of an elementary form (for
presence of noautonomous phases (Prigoginejonic dimers:Hg,?*. A small value oft ® for liquid

Defay, 1966). o _ mercury in the Nernst equation:

All the valence forms distributed in natural
waters differ in contrast by their solubility and agHg™ @Hg’ (i)
migration mobility. Elemental mercury due to low E=F +RTIn§_| 2t
solubility (Alekhin et al., 2011) (the solubility of ¢ ge: g
elemental mercury in the form bfg’ (ag.)at 25AC i s
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and precisely in the presence of liquigrcury, when by the hydroxocomploexes dfig(OH),%, and most
a (Hf) = 1, unambiguously indicates a reaimportantly, Hg(OH),” up to 60 mg/l). First,

possibility of predominance in the waters of any dgflémental mercury itself, by its own chemical
the other two valence formisig,2* andHg?". properties, should be close to noble metals, in which

the solubility is 1.82
orders of magnitude

Table. Values of free energies of formation lower, but its pr(_)ximity
ZGA to hydrogen in the
Phase kkavﬁa%lf A source series  of  stresses
Hg(liq.) 0 demonstrates the
' duality of behavior and
HgO(cr.) hex -13,95 TCV (thermal constant values) causes a relatively high
HgO(r.) red -14,015 on the solubility of phases (36 m) ability to  oxidize.
HgO(cr.) yel. -13,986 on the solubility of phases (<& m) ?econd|¥’ in the high
0 i emperature region,
Hg,O 21,5 Karapetyants, 195§ ' when Hg (0) begins to
ngO -13,002 Chem. encyCIOPEdla. Ed. N.S. Zefirov. \WI1995 predominate over the
Hg (aq) 10,9256 Alekhin et al, 2011 oxidized forms due to
Hg,(OH), -38,488 agreed with (Naumov et al, 1971) their complete thermal

dissociation, the  Ig

Hg(OH), -65,71 agreed with (Naumov et al, 1971) m i 1T dependence
Hg,(OH)x(s) -70,6774 agreed with (Naumov et al, 1971) becomes an extrerye
Hg,?" 36,70 agreed with (Naumov et al, 1971) simple linear function.
Hg™ 39,30 agreed with (Naumov et al, 1971) And the solubility of
HgOH' -12,50 agreed with (Naumov et al, 1971) ,[grenrgg%turgeadroesroonrgt

allow this dependence

The shift of equilibrium in the presence of a zerdo manifest itself in the same form, that is, the
valent form is easily carried out both in the naturgloncentrations are overstated compared to the linear
environment and under technogenic influence. Thigw, which is associated with the appeasaruf
effect is also inevitable for the initial absence of @lready analytically significant amounts of oxidized
zerovalence form in the form Hgagq). Any shift of forms of mercury in comparison with Hg (0).
equilibrium toward the formation of Hg (Il) in the Thirdly, using our data on the solubility of Hm a
presence of Hg (I) leads to the generation of Hg (O)ducing environment and tabulated data on vapor
which either accumulates in the liquid drop ghas pressure over liquid mercury, it is easy to cal®ila
enters the atmosphere as a vapor phase. Also, witle@ Henry constant. According to the formuta=
Hg (Il) is bound to wetknown chloride complexes, 1 lig we have Ig B = 0.7, that is, a value close to the
in the presence of liquid mercury, a correspondingpnstants for gases such as carbon dioxide and
decrease in the concentration of thig,®* ion is hydrogen sulfide, while it should be close to the
required when shifting the disproportionatiorconstants of inert gases. The Henry's constants,
ecpilibrium to the right with the formation of liquid which are close to the constants of strongly
mercury and thédg®" ion. In view of the foregoing, hydratable hydrogen sulfide and carbon dioxide, are
when assessing the geochemical situation, it @€ to overestimation of the mercury concentration
important to determine not so much the grod8 the solution due to the presence in the seemingly
composition as the ratio between the differergimple equilibrium of wateliquid mercury of the
valence forrs of mercury that control the finedominantand better soluble mercury forms of other
mechanisms of geochemical migration. Therefore, iralence states. -
the practice of analytical work, it is necessary to have Analysis of equilibrium valence forms showed
methods that allow calculating the proportions dhat for the composition of fluid phases, the fnon
valence forms, or to determine them. The problem éfitonomy of the oxide film as a phase on the surface
analytical,(preparative) separation of oxidized form®f liquid mercury is key (Prigogine, Defay, 1966)
of mercury from the elementary form is insolublelheir simultaneous participation in geochemical
because of the complete thermodynamic lability girocesses and mercury cycle demonstrates the
all redox and hydration equilibria. A separaténigration and distribution of valence forms of
problem of experimental geochemistry in studyingnercury in the atmosphere, hydrosphere and
the mercury cyclés the question of how much of thelithosphere.
elementary mercury vapor in solution and in the gas This work was supported by a grant from the
phase can be hydrated. According to our datRussian Foundmn for Basic Research No. D5
elemental mercury in the form of Pgaq) is 01055a.
practically insoluble in water. There is reason to
believe that the value of mg/l is somewhat References
overestimated, but under normal oxidative condltlogﬁI ekhin Yu.V. ,5kgasvhydvat

with oxygen fugacity of 0.208 atm, the saturation .
water uypgon Cogtactywith liquid mercury is provided e most probable solid phase of the polar caps of Mars //
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M.V. Institute of natural resources, ecology and cryology where k (i) are the stoichiometric coefficients of the
SB RAS, Chita (yeroleg@yandex.ru) corresponding y *(i} potentials of oxide increments
Abstract. On the basis of experimentally determined i. For example, for the set-\U-O-H and reaction (1):
values of the standard Gibbs energies of formation from
elements for uranovanadates of different metals were 3U0; + V,05 + 4H,0= (Uoz)s(VO4)2MH20 the

calculated the oxide increments by using the methods of
linear programming. The obtained system of increments
was used for estimation the unknown Gibbs energies of

expansion (4hasthe form

uranovanadates minerals. G((UO,)5(VO,),AH,0) = - 5899.000kImole)
Keywords: uranovanadates, Gibbs energy, linear (Nipruketal, 2013) = 1158.32&(UO;)-
programming, oxides increments. 1467.97&(V,0s)- 239.00%(H,0).

5)

Uranovanadates are one of the most widespread
chemical classes of uranium minerals. The minerals
of this class registered to date are give(ilable J.

Table 1.Minerals of uranovanadates class, according to data (Spano et al., 2017; IMA, 2017)

Mineral (formula) Mineral (formula)
Carnotite K(UO,)2(VO,),L 3.8 Mathesiusite K(UO,)4(SOy)4(VOs) L OH
Crichtonite Sr(Mn,Y,U)FgTi,Fe,Cr,V)g(O,0H)g Metatyuyamunite Ca(U§,(VO,),L 3.8
Curienite Pb(UQ)»(VO,).L. 5.6 Metavanuralite Al(UQ)x(VO,)( OH) ,08 H
Davidite-(Ce) Ce(Y,U)FgTi,Fe,Cr,V)gO,0H,Fks Rauvite Ca(UQ),V 1Oz 1 60H
Davidite-(La) La(Y,U)Fe(Ti,Fe,Cr,V)g(O,0H,Fks Sengierite CyUO,),(VO,)(OH),L. 6,8
DessauitgY) Sr(Y,U,Mn)Fe(Ti,Fe,Cr,V)g(O,0H)s Strelkinite Na(U0O,),(VO,),L. 6,8
Finchite Sr(UQ),(V,0g) L $OH Metastrelkinite Ng(UO,),(VO,).L. 2,8
Francevillite Ba(UQ),(VOy),L 5,8 Tyuyamunite Ca(Ug),(VO,),L. BH,O
Fritzscheite MN(UQ),(VO4PQy),L. 4,8 Uvanite(UO,),V¢O,7: 1 50H
Margaritasite CRUO,),(VO,),L. kO Vanuralite Al(UQ),(VO,)( OH) LA 1 H
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Table 2.The values of standard Gibbs energies of formation from the eler@ (kd/mol) of compounds used

in the calculations of equations-4).

Oxides -G, kJ/mole Reference Compounds -G, kd/mole Reference
Na,O 375.480 (Yokokawa, NaVUGsL 2,8 2758000 (Karyakin et
1988) al., 2001)
K,O 320.700 ¢ € KVUOg 2289.000 )
Cs0 308.160 ¢ € CsVUG 2317.000 )
CaO 604.048 ¢ € Ca(VUQy),L 5,8 5735.000 (Karyakin et
al., 2003)
SrO 561.89 ¢ € Sr(VUQg),5H,0 5789.M0 )
BaO 525.100 ¢ € Ba(VUOg),4H,0 5570.00 )
MnO 362.920 ¢ € Mn(VUQg),14H,0 5182000 (Chernorukov
et al., 2002)
CuO 129.500 ¢ € Cu(VUQg),L 4,8 4798000 ¢ €
PbO 188.950 ¢ e Pb(VUG;),L: 5,8 5226.000 | (Suleimanowet
al., 2004)
Al,O;3 1582.280 ¢ e Al(PUOg),( OH) LAl 1| 7515.000 (Chernorukov
et al., 2002)
UGQ; 1142.270 ¢ e (UO,)3(VO,)-AH,0 5899.000 (Nipruk et al.,
2013)
V.05 1419602 ¢ €
H,O 231.181 ¢ €
Table 3.The values of oxide incrementg* (kJ / mole) for MeU-V-O-H system.
y*(MeOXx) Y*(V 20s) y* (H.0) y*(UO5») Calibrating compounds
Na,O 460.257 1555.760 270.723 1208.545 NaVUOgl2H,0
K,0 459.117 1583.053 - 1267.915 KVUOg
Cs0O 464.365 1599.293 - 1285.170 CsVUOs
CaO 661.179 1498.260 239.652 1188.649 Ca(VUOQg),L5H,0
SrO 645.406 1534.709 239.641 1205.339 Sr(VUOg),L5H,0
BaO 615.639 1550.348 243.160 1215.685 Ba(VUOg),4H,0
MnO 407.269 1477.702 238.691 1171.132 Mn(VUQg),14H,0
CuO 136.9% 1423.34 238.268 1142.305 Cu(VUOQg),4H,0
PbO 226.676 1464.395 239.28 1169.3Y P(VUCQg),L5H,0
Al,O, 1701.112 - 261.952 | 1142.644 | AI(PUOg),( OH) LA 1

Table 4.Gibbs energiesG (kJ/mole), calculated on the basis of values of oxide increments (Table 3) and

decomposition (5).

Mineral (formula) -G, kd/mole Calibrating compounds
Curienite Pb(UQ),(VO,),L 5,8 5226.000 PV UCQg),L5H,0
Finchite Sr(UQ)»(V,0g) L HOH 5789.000 Sr(VUOg),L5H,0
Francevillite Ba(UQ)(VOy),L 5,8 5813.160 Ba(VUQg),4H,0
Fritzscheite MN(UQ),(VO,4,PQy),l 4,6 5182.000 Mn(VUOQg),14H,0
Metatyuyamunite Ca(Ux(VO,),L 3.8 5255.695 Ca(VUOg),l5H20
Rauvite Ca(UQ),V 100z 1 60H 14364.217 ¢ e
Sengierite Cy(UO,),(VO,4),(OH),L. 6,8 5649.759 Cu(VUGg),l 4.8
Strelkinite Na(UO,),(VO,),L: 6,8 6057.446 NaVvVUGsL 2,8
Metastrelkinite NgUO,),(VO,),L. 2,8 4974.554 ¢ e
Tyuyamunite Ca(UQ,(VO,),L 5.8 5735.000 Ca(/UOg),l5H20
Tyuyamunite Ca(UQ,(VOy,),L 8.8 6453.957 ¢ €
Uvanite(UO,),VOy- 1 50H 10305.719 (UO,)3(VO,) AH,0
Carnotite I5(UO,),(VO,),L 3,8 3022.500 KVUOg+ G(H0€ to. )
Margaritasite C{UO,),(VO,),L KO 2561.500 CsVUOg+ G(H0€ to . )
Vanuralite Al(UQ),(VO4)( OH) LA 1 H 7383.792 (UO,)3(VO,)-,A4H,0+ y*(Al,O3)
Metavanuralite Al(UQ)»(VO,)( OH) ,0 8 H 6666.7® (UOL)3(VO,)-AH,O+ y*(Al,O3)
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For MeU-V-O-H system, the linear expansionggél{lfsian Journal of General Chemisiy 83.” .. 636

(4) are presented ifTable 3).
Using the values of the increments (Table 3) a
the expansion (5), the values of the standard Gib

r,&?_iﬁano T.L., Dzik E.A., Sharifironizi M., Dustin M.K.,

rner M., Burns P.§2017)Thermodynamic
mestigation of uranyl vanadate minerals: Implications for

energies of minerals of the uranovanadate class weteicturdstability. American Mineralogist, Vol102, .

calculated (Table 4).
Theminerals (Table 4), whose Gibbs energies a
represented to an accuracy of .000 (kJ/mol

1149 1153
uleimanov E. V., Chernorukov N. G., Golubev A. V.
%004)Synthesis, Structure, and Physicochemical
roperties of Compounds PB(BOg),AH,0 (B' = P, As,

correspond to the stoichiometric formulas of th#). Radiochemistry, Vol. 46, No. 5, pp. @451. _
synthetic compounds chosen as calibratiookokawa H. (1988) Tables of thermodynamic properties

substances for which the potentials are equal to t
sums of the constite oxide increments, according
to equation (4).For the minerals of carnotite and
margaritasite, the Gibbs energies are estimated us
the following algorithm. From the potential
difference G(NavUQgL. 2,8)-G(NavUOg)=

-27580002269.000=489.000 kJ/mok) it is

ﬁ[%inorganic compounds. Journal of the national chemical
aboratory for industry. Tsukuba Ibaraki 305, Jaf&8).
27-118.

ing
Ivanov M.V., Bushmin S.A. Thermodynamic

model of the system HO-CO,-CaCl, at high
PT parameters

possible to determine the energy of crystal water

G(H.Ocr.)=489.000/2=244.500kJ/mo)). This value
was used in the additive estimation by formula
G(carnotitg=G(KV UOg)+3G(H.Ocr.)=
-2289.000+3*{244.500)=3022.500kJ/mok);
G(margaritasiti= G(CsVUOg)+G(H,Ocr.)=
-2317.000-244.500=2561.500kJ/mo)).

Institute of Precambrian Geology and Geochronology RAS,

sSankt Petersburg (m.v.ivanov@ipgg.ru)

Abstract. The thermodynamic model of the system H,O-
CO,-CacC} for high pressures and temperatures is
developed on the basis of an equation for the Gibbs free
energy. The equation for the concentration dependence of
the excess Gibbs free energy coincides with that suggested

For minerals of vanuralite and metavanuralitg,y aranovich et al (2010). Our parameterization of the PT -

the increments of equation (5are used plus
y*(Al,03)=-1701.112kJmole), obtained by the

dependencies of the coefficients of this equation is based
on the molar volume of water at corresponding PT values.

decomposition (4) for aluminum uranium phosphat@ur model enables obtaining the phase state

(Table 3).

The obtained values of the standard Gibbﬁ

potentials are included
for use in geochemical calculations.
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2004). These experimental data cover the range of
temperatures and pressures 500-8 0 0 An@ 1-9 kb
correspondingly. The natural parameterization of the PT-
dependencies introduced in our model allows us to assume
the model to be valid beyond the boundaries of the
experimentally studied area.

Keywords : high temperature, high pressure, fluid, phase
decomposition, CO,, CaCl;

Calcium chloride,along with the most common
NacCl, is the most important salt of natural wegalt
fluids. Fluids rich in CaG|] including those
containing carbon dioxide, play an important role in
the deep processes of metorphism and
metasomatism, thransportof deep ore matter into
the upper layers of the Earth's crust. At present, the
H,O-CO,-NaCl system has thermodynamic models
that allow describing its phase state and obtain a
number of important thermodynamic chetexistics
at high temperatures and pressures. This, in
particular, is the model by Aranovich et al. (2010).
At the same time, such models are not available for
the HO-CQO,-CaCl, system.

In this paper we present a thermodynamic model
of the HO-CO,-CaCl, system for high pressures and
temperatures, developed on the basis of an equation
for the excess free Gibbs energy. The form of the
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dependence of the excess Gibbs free energy on the The forms of thedependences on temperature
concentration of the components coincides with thahd pressure used by us for the other variables in (1)
proposed for the teamy H,O-CO,-NaCl system differ significantly from those used by Aranovich et
(Aranovich et al., 2010). In the same paper, tha. (2010) and are based on a natural parameter for
corresponding formulas for calculating the activitiethe system under consideration, i.e. the molar volume
of the components of the ternary system are given. &fi water, for vhich there is an empirical description
our case, for the temperatufgK] , pressureP , and IAPWS-9 5 (Wagner, PrucC,

mole fractions of the components=x, . x, =x. reproducing numerous experimental results.

] 2 ©: The degree of dissociation of the CaCl
X, =X, (NE EXCess Gibbs free energy has the formygecyles should depend on the density of water:
when the water density approaches zero,dibgree
of dissociation should also tend to zero. For a strong
- XRTIn[L+ax [(x + ;)] + x{(1+a)RTIn(l+a) +aRTn[x [(x + )| electrolyte CaGlat a high water density, it is natural
- (1+a)RTIn[L+ax,/(x + )]} to expect the dissociation degree close to the
+ XX (P,T) 7 (%, %) maximum. Since the exact form of the dependence of
FXXW(PT) + )XW (P.T) + X W, (P.T)(x, + %) + xxx W (PT)  the degree of dissociation is unknowre used the

1) formula,

G™ =RT(x In X, +%,In X, +x,Inx,)

The term in the first line of the formula a= . ag = (3)
represents theontribution of the entropy of mixing ~ 1*&14/0- Vo)* + +V;- V]
the three components of the system to the Gibbs free This formula correspondgo the qualitative

energy. The second and third lines represent thggigerationspresented abovaand appears to be
contribution of the additional entropy arising due tQ ticjent for describing the available experimental
the dissociation of Cagmolecules.a is the degree 15 pependence of the degree of dissociation on the

of dissociation (the average additional number Qf51e \olume of water with the valuesf parameters

g? rtlglne; ﬂ?;éppﬁgliiu?:)a _:_ehséult \(/) ;H:f oalls§ozuat|%n, V,, and q, obtained from the experimental data
. 0=

corresponds to the complete dissociation. The terh shown in Fig. 1. This dependence qualitatively
corresponds to the dependence of the degree of

with the coefficientW, describes the interaction of jissociation on the mole volume of water. obvious
water molecules and GOThis term coincides with from a priori considerations. On the other hand, this
that of (Aranovich et al., 2010). dependence based on a rather limited experimental
_ w3 material and within the framework of a specific
W =202048)C@nm/mol thermodynamic model for the ternary,CO,-
r(%,%) = (3% + %) [(ViX, +V;X,) (2)  cach sysem should not be considered as an

Vi and V, are the molar volumes of pure water anddependent quantitative description of the degree of

carbon dioxide at the given temperature and pressuféssociation of CaGl molecules in an aqueous

respectively. solution. o _
20 The coefficienta,,..,\Ws, in the formula for the

Gibbs free energy are responsible for the interaction
of CaCl with H,O and CQ. In particular, in the
composition diagram, the values of these coefficients
determine the position of the boundary, separating
the region of the homogeneous fluid from the region
of the two coexisting fluid phases. This boundary is
represented by a solid line in the F@, which
demonstrates the relationship between the
experimental results and the results of our
thermodynamic model. Below and to the left of this
boundary is the region of a homogeneous fluid,
above and to the right isdhregion of two coexisting

0.5

20 30 40 50 60 70 phases. The experimental points corresponding to a
3 homogeneous fluid are represented by filled circles,
Vi,0 [em’/mol] the experimental pointsorresponding to a twphase
fluid are shown by open circles.

0.0\\|\\\\\I|\

Fig.1. The degree of dissociation of Ca@kpendent on
the molar volume of water at variable temperatures and
pressures.
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0.2 phase fluid, which does not contradict the
’ (a) 500C 3kb experimental data. Sinchd experimental points are
o - sufficiently far from each other and do not form
Lc@ 01k continuous fields, this definition of the values
g . W,,..,. W5, is not unique and serves only as a tool for
: s = b revealing theirPT dependenciesAnalysis of the

= data, obtained in this way, showed that it is sufficient
0.2 (b) 500C 1kb to assume a linear dependenceVéf...\\Ws, on the
5 L mole volume of water to describe the available set of
O experimental data
g 0.1 - W(P,T)=u, +uMN(P,T), i=2..,5 (4)

e\0 O [o) .
7 O b 9 | Table 1.Numerical values of parameters of our models

(C)I 600C I3kb when using units J, kbar, énmol, K.

=] a 8.94694554M1
G 0.1 Vo 3.88162078+01
i L/ e s . q 3.89103466E+00
0Ooo o
Uz 2.49162269E+03
(d) 700C 3kb Upg 3.33471967E+01
o T Uso -1.86735799E+05
E 0.1 Usz 1.54381283E+04
< Uso -1.79267486E+05
. e LB 0O B § Uz 1.54210444E+04
0.2 — (€) 700C 1kb Uso -8.92808790E+04
- Us; 4.45755021E+02

The fit of parametersu,,u,,a,V,,q on the

Yoo o experimental data for all availabRET combinations
' ' . led to their numerical valuegiven in Tabl. For
(f) 800C 9kb somePT points the experimental data and our model
boundaries (calculated with parameters of Tab.
dividing the region of the homogeneous fluid and the
region of two coexisting fluid phases are presented in
Fig. 2. In addition to the works (Zhang, Frantz, 1989,
Shmulovich, Graham, 2004), experimental data on
0.0 0.1 0.2 0.3 0.4 the system we considered were published by
XCo, Shmulovich and Plyasunova (1993). Later, these data
were critically reviewed by Shmulovich and Graham
(2004). According to the explanations given in the
last paperthe results by Shmulovich and Plyasunova
two-phase fluid, full circles correspond to the(1993) _conta_ln a S|gr_1|f|cant systematic error,
homogeneous fluid, curves are boundaries of the region %gcreasmg W'th Increasing temperature. T'hus, the
the homogeneous fluid according our model. ExperimentE¢sults of this work fofT = 773.15K are unsuitable

data: (ay(e)i Zhang, Frantz (1989); (f) Shmulovich, for use.Our fit was generally based on experimental
Graham (2004). data byZhang and Frantz (1989) and Shmulovich

and Graham (2004). However, in view of the extreme

For finding the pressure and temperaturshortage in the available experimental data for
dependence of the coefficients W,,.,.Ws, pressures above Kb, we used in our fit alsthe
corresponding to the experimental data, we carrigdsults by Shmulovich and Plyasunova (1993) for
out a numerical fit ofW,,..,Ws, values for eaclPT P =5kb andT =973.15K, attributing them a much
combhnation present in the work&hang, Frantz, smaller statistical weight.
1989, Shmulovich, Graham, 2004he Gibbs free
energy with these values oM\,,..Ws, gives the
boundary between the homogeneous fluid and two

Fig.2. Experimental and our model tdaon the phase state
of the system BD-CO,-CaCh. Open circles stay for the
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0.4 - of the experimental material resulted in the
[ Pty impossibility of application a more advanced faoim
i . the Gibbs free energy (lvanov et al., 2018) to the
L 03 o pritd A watersalt part of our sysm. The appearance of new
Ei : w Ol TR BAC experimental data should improve the accuracy of the
8 i i thermodynamic description of fluids with a high
= 02 F CaCl, concentration.
' i Our thermodynamic model includes a complete
2’ : ar,0=0.534 description of the Gibbs free energy. Thus, the
01 [ 11,0=0-498 knowledge of theaumerical parameters of the model
T a1.6=0.547 makes it possible to calculate the activities of the
i a,0=0.574 components of the system. In particular, it is possible
T A N to determine the activity of water at theterface
O'Oo_() 0.1 0.2 0.3 0.4 0.5 boundarybetween the regions of homogeneous and

XCo heterophaséuid, as well as the determination of the
2 compositions of coexisting fluid phases in the
Fig. 3. Boundaries of the heterophase region and the heterophase region. The maximal value of the water

maximum possible values of the water activity in this activity in the heterophase region is an important

region for fluids HO-CO,-NaCl and HO-CO,-CaCh, reference point when analyzing the phase state of the
fluid, both on the basis of data on the composition of

fluid inclusions and on the results of calculating the
activity of water in terms of mineral equilibrium.

The values of these limiting water activities differ
significantly for HO-CO,-NaCl and HO-CO,-CaCl,
sydgems. Compmrison of the position of the
boundaries of the heterophase region and the
maximum possible values of the water activity in this
region for HO-CO,-NaCl and HO-CGO,-CaCl in the
PT conditions of the granulite facies is shown in
Fig. 3. Data for HO-CO,-NaCl were obtained from
the model by Aranovich et al. (2010), data faOH
CO,-CaCl from our model. At the same temperature
| | | | and pressure, the taghase fluid of the FD-CO»-

0.00 mtt+—+—+H—+—t———t CaCl system can coexist with mineral associations
0.0 0.1 0.2 0.3 0.4 0.5 corresponding to a higher water activity than that is
XCo, the case for KD-CO,-NaCl (Bushmin et al., 2017).
Fig.4 shows an example of calculated conodes,
Fig. 4. Conodes, reflecting compositions of coexisting  reflecting compositions of coexisting fluid phases at
fluid phases of BD-CO,-CaCl. PT paameters of formation of HP granulites and
syngranulitic infiltration metasomatites of the

The thermodynamic model (@4) with | apjand granulite belt of the Fennoscandian shield
parameters of Tald reproduces the ava”ableE)Bushmin etal., 2017).

experimental data in the temperature range-50

800AC and i n t heQkbpOue ssur e range 1

parameterization of thePT dependences of the This research was carried out within the
coefficients in the Gibbs free energy (1) is based O mework of the IPGG RAS research project 6153
natural for this problem and wethown value of the 54150004

molar volume of water at correspondifgand T.

This makes it possible to apply our model beyond the References

experimental range OT the PT parameters. On t %anovich L.Ya., Zakirov I.V., Sretenskaya N.G., Gerya
other hand, the question of the completeness of the, Ternery system b0-CO,-NaCl at hightT-P

available experimental data is critically important. lharameters: An empirical mixing model. // Geochem. Int.
can be seen in Fi@. that all available experimental2010. v.48, P. 44&55.
points refer to sufficiently low concentratiorsf Bushmin S.A., Vapnik E.A., Ivanov M.V., Lebedeva

CaCh, Xc,c, <0.05 as a rule. This limits the Y.M., Savva E.V. Fluids of highressure granulites:
ach Lapland granulite belt (Fennoscandian shield) // In:

accuracy of our thermodynamic analysis at higgeodynamic conditions and thermodynamic conditions of
concentrations of Cag&lwhich are important from regional metamorphism in Precambrian and Phanerozoic.
the geological point of view. The same insufficiency
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IPGG, Russian Academy of Sciences. St. Pbtegs Abstract. Based on the literature thermodynamic data for
2017. P. 443. binary and ternary phases and the own data for the

Ivanov M.V., Bushmin S.A., Aranovich L.Y. // An empiric AgAux solid solution, the isothermal sections of the Ag-
model of the Gibbs free energy for solutions of NaCl and Au-S phase diagram were modeled. Modeling was

CaCl}, of arbitrary concentration at temperatures performed using the program [TernAPI] (laboratory
423.15K i 623.15K under vapor saturation pressure. ~ chemical thermodynamics chemical faculty MSU. MSU). For
Doklady Earth Scieres 2018. V. 479, Part 2, P. 4894, two triple Associations (paragenesises) AgpS-AgsAuS,-AgAu

Shmulovich K.I., Graham C.M. An experimental study of 2" Ag3’,A,”SZ'A?'tA‘”SAgAt“ a"ogzgil‘ée” 3‘%?2”%
phase equilibria in the system®CO-Na Cl at 8 W@pﬂs¢°ns at temperatures an - 1ne
and 9kbar. // Contrib Mineral Petrol. 1999. V.136. P, 247 cmperalure dependence of the alloy composition in both
257 ' ' o U associations practically the same and is about 2 at% Ag
) 100d .
Shmulovich K.I., Graham C.M. An experimentaldy of egrees i ]
phase equilibria in the systems®CO,-CaCl, and HOi Keywords : .system Ag-Au-S, solid solution, alloy,
CO;i NaCl at high pressures and temperaturesi(500 thermodynamics
8 0 0 A C0.9GPa):Feological and geophysical

applications. // Contrib Mineral Petr@004. \V.146. P. Introduction. Sulphides of gold and silver are
450462. present in many gold ore deposits, and the study of
Shmulovich K.I., Plyasunova N.\Phase equilibria in their thermodynamic properties is an important study
ternary systems formed by,@& and CQ with CaC}, or for understanding geochemistry, transport processes
NaCl at highT andP. // Geochem. Int. 1993, V. 30, P.-53 and formation of gold deposits.

/1. Using the data available in the literature

Wagner _ W.The_IAPNVS f.prmAIation 1995 for the [Osadchii, Rappo, 2004; Robie, Hemingway, 1995;
thermodynamic properties of ordinary water substance fokorepanov et al., 2013] on the mary AgAU-S
generalnd scientific usef/ J. PhysChem. Ref. Data. system it was possible to calculate the phase diagram

2002. V.31. P.38B35. .
Zhang Y:G., Frantz J.DExperimental determination of using the [TERNAPI] program.

the compositional limits of immiscibility in the system To calculate the phase diagram, temperature
CaCl-H,0O-CO, at high temperatures and pressures usingdepeﬂd?nces of Glbb_s energy (Table 1) were used for
synthetic fluid inclusion/ Chem. Geol. 1989. V.74. P.  all existing phases (minerals) in the-Ag-S system.

289 308.

Korepanov®  Ya.l., Osadchii E.GL
Thermodinamical model of phase diagram

Ag-Au-S in atmosperic pressue UDC
550.4.02

!Institute of Experimental Mineralogy RAS,
Chernogolovka, Moscow district yakoff@iem.ac.ru
(euo@iem.ac.ru).

Fig.1. The phase diagram of Agu-S, at a
temperature of 423 K

Table 1. Temperature (298.15K50K) dependences of the Gibbs energy of the phases of thel&gsystem.

Initial data for modeling
Composition Mineral equation reference
AgAuS Petrovskite 248197 9.3979 (J/mol) [Osadchij Rappo, 2004
AgsAUS, Uytenbogaardtite 572877 40.89 (J/mol)
Au,S Metastable phase 13697 0.98% (J/mol)
Ag,S Acanthite -32000i 25,85 (J/mol) [Robie, Hemingway 1995]
AgyAU1y Native gold -10°® 6 4 8 590K A3B0X +200 + [Korepanov et. al., 2013]
0. 1 8)G6Ms-»)\(J/mol)
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Korepanov  Ya.ll,  Osadchii E.G!

Determination of thermodinamical properties

of alloy AgxAuix in temperature range of 323
I 673 K and atmospheric pressure by EMF
method using Ag b -alumina as a solid state
electrolite UDC 550.4.02

Ag)S-AgiAuS:-AgAu

0.24 4

1-x

Xin Ag Au
o
bt
\

! Institute of Experimental Mineralogy RAS,
Chernogolovka, Moscow district yakoff@iem.ac.ru
euo@iem.ac.ru

AgiAuS;-AgAuS-AgAu

Abstract During the study, the temperature dependence
activity of silver in alloy (Ag yAu,.,) for 6 compounds was
- N determined by the EMF method in the range of 323 - 623 K
298 323 348 373 398 423 and atmospheric pressure of argon with high
T/K reproducibility of the results (3% of the absolute value). As
a solid electrolyte, Ag- + condu
alumina, lonotec LTD England) was used. Experimentally,
high stability and repeatability of data in electrochemical
cells using silver-conducting ceramics were shown.

Fig.2. Dependence of the composition of the alloy on
temperature in the equilibrium A8Ag:AuS,-Ag, Au and

AgsAUS,-AgAUS-Ag, Au.
To describe the results array of data, an equation of the

Table 2. Exploredparageneses form:

Triple phase associations In(a,)=-n-F-(4-x*+B-x+ C(T))(L-2)*/R-T) (1)

AG,S-AGAUS,- Ad-AUS,- Approximation of the data by equation (1) with accurately
Temperature 92 Aggku = AgA%BSASgZ Au describes the experimental data and allows us to calculate
,AIIo composition : the activity of the second component (Au) using the Gibbs-

29815K AGoaA y P AGoiA Diugem equation.
u u
Go. 078 Go1stlos Keywords: Ag-Au, alloy, thermodynamics, metals and
42315K Ado2AUg 77 Ado.1:AUg & alloys, solid solution, EMF, gold, silver, thermodynamics,
activity.

The composition of the alloy in the ternary phase Introduction At the moment thereare an
associations AG-AgsAuS,-Ag, Au (Fig. 2) and impressive amount of woskrelated to the study of
Ag:AUS,-AgAuUS-Ag, Au depends on thethe properties of the AgAu alloy [Okamoto,
temperature. This fact can be used to determine th@ssalski 1983; Barker et al., 1983; Fischbach 1980;
thermodynamic equilibrium of the corresponding?sadchii et al., 2016; White et al. 1957; Stanley,
parageneses and as a geothermometer, provided thiaggins 1971] with thereferencesOne of the most
the gold composition is accurately deterndirst the important aspects of the studydetermination of the
contact with the double and / or tripartite sulphides. thermodynamic parameters of allgys a rule thisis

a direct determination oéctivity of silver by the

Supported by program DES RAS ExperimentdEMF method with further description and calculation
study of mineral equilibria and isotopic ratios of the thermodynamic parameters [Okamoto,
Massalski 1983; Barker et al.1983; Fischbach
1980; Osadchiiteal., 2016].Lastworks in this field
Osadchii E.G., Rappo O.A. (2004) Determination of were made in the early 1980s using sHgenducting
standard thermodynamic propertiessaffides in the Ag ceramics as an electrolyte [Barker et al., 1983;
Aui S system by means of a se#ithte galvanic cell. Am  Fischbach1980], but the data presented in them are
Miner 89:14051410. doi:10.2138/ar@0041007 presented in such a way thfatrther use in detailed
Korepanov Ya.l., Osadchii V.O., Osadchii E.G. New datacg|cuylations is not rational. The most interesting and
on the thermodynamics of /&?@““ solid S°||“t'°” inthe reliaple work on the thermodynamics of gelsilver
temperature range 323 // Experimenta alloy, both from the point of view of the data and in

geochemistry= 2013.- T. 1, No. 5.- C. 1-4.(in Russian) f lizati dd it ilable at
Robie, R.A. and Hemingway, B.S. (1995) ThermodynamiI:erms of generalizations and descriptions avaliable a

properties of mineralsand related substances at 298.15 K€ time in theiterature, is the article White with €0
and 1 Bar (105 Pascals) pressure and at high temperatur@§.th0r5_pUb“Shed in 193White et al, 19'_571
U.S.Geological Survey Bulletin 2131. Available dataon the thermodynamics of AgAu

The TernAPI program is designed to calculate the phasealloy have not particular value for simation of

diagrams of ternary systems by the convex hull method. ternary phase diagramsuch as AgAu-Chalcogen,

http://td.chem.msu.ru/develop/ternapi/ since the choice of one or another source gives a
significant difference in the construction of the phase

References
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diagram. On the basis of these facts, it was decidedcmmposition was homogenized in the evacuated

study the thermodynamics of the #Ag alloy in ampoule in the flame of the gas burner, then the

detail and obtain arexperimental technique thatnecessary shape was given in the mold, followed by

makes it possible to obtain repeatable resultsnealing the tablets in an evacuated ampoule at a

regardless of the external conditions. temperature of 873 K for 10 days, followed by a
The main problem of electrochemistry is th&moothcontrolled by cooling for 10 days.

exclusion of processes not related to the research. In Ceramics ofA g -duinaprovided by lonotec

the case of EMF measurements in a sslde | Tp Epgland in the form of a disc of 45 mm in
galvanic cell, this problem is reduced to the choice of

an inert atmosphere (argon current) and electrol (ieall_mdeter(sand 1_.5dmm thick was _given Ehe _shape |Of a
with high conductivity of the ions participating in the ylinder 6 mm in diameter using inert abrasive too's.
reaction and minimal electronic conductivity. To_ )

substantiate the applicability of thelisoelectrolytes Solid state galvanic ell for EMF measurements

used, a number of experiments and literature analysis An electrochemical cell for determination EMF is
have been carried out which showed that the iedina column consisting of a reference electrode (Ag), an
containing electrolytes (Agl, RbAb) used for EMF investigated alloy (AgAu) and an electrolyte between
measurements react with the alloy, which leads to thgem, with current leads and the corresponding
impossibility of interpretig the results obtained. constryction. The design dhe installation and the
Thus, 10 study the properties of the alloy, only AgGl,coqure for conducting the experiment are

and Ag -dutmina are applicable. A detailed . . . : N
comparison of the characteristics of silverdescribed in detail in the article [Osadchii, Rappo

conducting solid electrolytes and evidence ot 004]. . .
applicability, as well as a description ahe Elements of the cell (Fig.1.) Are placed in the

advantages oA g -aufning is given in the article form of a column cell holder (6.5 mm inside
[Stanley, Huggins 1971]. diameter) and are pressed by a gprifor the

reliability of electrical contacts. The cell holder is
placed in a quartz glass container with gas inlet and

Experiment and Results Samples - -
. ! outlet connections. The measurements are carried out
Gold and silver foil (99.95%) were used to make, 5 dry argon flow (flow rate 0:5 cn? / min).

the samples. The samples were manufactured in two
stages: first, the alloy of the given weighnd

Pt-wire i
\‘ thermocouple Pt-wire
rubber ceramic stopper
stopper \ Fﬂ_‘_,d-r"' PR
argon input-outpu H—1 spring
5____:_:._;‘# pring
. ™ =
resistance . . ‘ !_d,,f cell holder
furnace ‘\‘n : : ; ;
L L] : : quatz tube
lectric heat . = 11 =
electric heater I -
: : : inert Pt electrode
_h. i
: : Sample [Aghu)
quartz tube . .
. w * Solid electrolyte
: : comparison system Ag
L - ceramic stopper i @ Jinert Pt electrode

Fig.1. Scheme of electrochemical cell

Achieving the equilibrium EMF value took from  The temperature dependences of H#MF are
1 hour to 10 days for different temperatures andetermined in a reversible galvanic circuit
compositions. The equilibrium was considered (—) pt|c(graphite)|Ag|AgCl or
achieved when the EMF values remained unchanged ag— p'alumina |Ag, Au, _|C(graphite)|Pt (+)

within N 2. 5% of the absol g p-Yidnindd Age bs a $olii@lectoME.

value during the day.
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carbonatite massifs of the Karelian-Kola province, in the
5L _'“,----X= 0.05 circumpolar part of North Karelia, to the south of the city
1] of Kandalaksha. The literature data indicate estimates of
i S L i the age of the massif in the interval 1.8 -1.9 billion years,
L T L L which sharply differs from the other alkaline -carbonatite
200 - _.----"" complexes of the Karelian-Kola province, whose age is
estimated as the Middle Paleozoic A detailed study of the
150 4 . mEm EEEREE EEREEXE 07 rocks of the massif showed that most rocks are subject to
T T B R xin AgAu, postmagmatic changes with increasing potassium content
100 - x=05 in the rock - potassium minerals - richterite, feldspar, etc.
sus % EEEEEEEEREEESEEEEESZEEE appear. Previous experimental studies have shown that the
50 4 x=03 Tiksheozero massif underwent significant postmagmatic
RSssmmm § @ B W S48 RAR AEER A 085 changes In order to simulate the conditions of
0{sssssus =ss = siusssssss T'""."".V postmagmatic changes, experiments were conducted on
323 373 423 473 523 573 623 673 723 the interaction of the rock (ground gabbro) with the fluid.
T/K As the fluid, 1M KF solution was taken in the ratio by

weight to the sample in the ratio 1:10. The synthesis was
Fig.2. EMF dependence for the test compositiarsa carried out in two stages: in platinum ampoules heating to
function of temperature. 1100 A C and pressure 3 kbar ar

parameters for 5 hours. Then isobaric cooling to 850°C.

E/mV

Supported by program DES RAS Experimenteﬂhe duration of the experiment was 10 days. As a result of

study of mineral equilibria and isotopic ratios the experiments, amphiboles were obtained, convergence
and composition with amphiboles from the nominal gabbro

References massif.

Keywords: carbonatite  massifs,  amphibolization,

OkamotoH. and T. B. Massalski, The A§ju (Silver postmagmatic changes, fluid, clinopyroxenes.

Gold) System, Bull. Alloy Phase Diagrams, 1983, 4, 30
38.
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liquid electrolyte, Instruments and Experimental belongs to the earliest Proterozoic subplatform

Techniques. 2026304 .v.30G238
Osadchii E.G., Rappo O.A. (2004) Determination of
standard thermodynamic properties of sulfides in thie Ag
AU S system by means of a selithte galvanic cell. Am

compex on the territory of the Fennoscandian
Shield. The literature data indicate estimates of the
age of the massif in the interval 118 billion years,

Miner 89:14051410. doi:10.2138/af20041007 which sharply differs from the other alkaline
White J. L., Orr R. L., Hultgne R (1957) The carbonatite complexes of the Karelignla province,
thermodynamic properties of silvgold alloys, Acta whose age is estimated as the Middle Paleozoic
Mater 5: 747760. (Metallogeny ..., 2001).

StanleyM. Whittingham, Robert A. Huggins., Transport The carried out analysis of the literary material
Properties of Silver Beta Alumina, J. Electrochem. Soc.: showed that, in the petrological sense, the array has
ELECTROCHEMICAL SCIENCE January 1971. been poorly studied; its study was mainly connected

doi:10.1149/1.2407944 with the search for mineral degits and was carried

out in 19801990. The Tikshozero massif is a round
Kovalskaya T.N., Varlamov D. A. elliptical body with a diameter of the order of 20 km,

ShapovalovY.B., Kalinin G.M., Kotelnikov and is composed of olivinites, gabbro, pyroxenites

A.R. Experimental study of postmagmatic (sometimes with nepheline), ijolites, carbonatites,
T P! . y nag amphibolecalcitecancrinte rocks. Carbonatites of
processesin Tiksheozerskiy massif UDC

i the mass form stoelike bodies tens of meters in
552.11;552.3 size, eruptive breccishaped structures, veins and
Korzhinsky Institute of Experimental Mineralogy RAS, veins. The largest body of carbonatites of the
Chernogolovka, tatiana76@iem.ac.ru tatiana76@iem.ac.ry  Tiksheozersky massif was traced to the depth of 450

dima@iem.ac.rushap@iem.ac.rugarik@iem.ac.ry m. Apatite calcite ores of ¢hcomplex type were
kotelnik@iem.ac.ru found in the carbonatites of the massif
Abstract. The Tiksheozero massifbelongs to the (Metallogeniya ..., 2001).

formation of ultrabasic alkaline massifs with carbonatites,
but it is located to the south of the main cluster of
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In order to determine the features ofize is about 0.5 mm. The interstitium between the
mineralogens of alkaline rocks of the Tiksheozerelinopyroxene and phlogopite grains is filled with
massif and their difference from the rocks of othgntergrowths of iimeni¢ and calcite. The ilmenite
alkalinecarbonatite complexeof the KareliarKola  grains are xenomorphic, their size ranges from 0.05
province, we conducted a study of the chemicgl o 5 mm, calcite in interstitiums is aggregates of

compositions of rockorming and accessory . . .
: ) . xenomorphic grains, up to several tenths of a mm in
minerals in the rocks samples of the TiksheozerQ ) . : .
e. Sometimes in the intervals between calcite and

massif and carried out a paragenetic analysis. In tH&S: :
course of the work, samples of the comaterial Imenite there aresmall (up to 0.1 mm) grains of
stored in the village were analyzed. Chupa and in tRéthite, amphibole, apatitost of the samples of
Geological Institute of KarRC RA@Petrozavodsk), pyroxenites studied have been greatly altered
as well as samples of rocks selected durintprbonates (calcite with a mole fraction of
expedition work of three field seasons directly on thetrontianite up to 1% and dolomite to 1%) are present
massif. The samples of olivinites, carbtms, in the rocks in large quities, as well as low
pyroxenites, gabbros, syenites (including nephelingdmperature minerals such as natrolite, sodalite and
and_ylollteurntes of the Tiksheozero massif Al ancrinite.Gabbro have a massive texture and a-fine
studied. . ,
grained structure. The gabbro structure as a whole is

The rocks of the Tiksheozero MassifOlivinites ¥, . . .
- . . similar to the structure of clinopyroxenite. They are
within the Tikshozero massif occupy no more tha

10% of the total volume of rocks, howeyéhey are Pc;ldgd | by A S(E:_)Ilnopyrﬁ_ebnel r(]?eglrlqagglte), i
usually considered to be the earliest phase of tﬁeagloc ase (An55), amphibole, phlogopite is presen

. . . . {in some samples.
introduction during the formation of the massi As an accessory mineral, ilmenite and apatite are
(Kukharenko et al. 1969). The olivinite body is y ' P

located in the central part of the massif. These arr)éesent. In gabbro, as well as in pyroxenites, there

rocks with mediungrained cumulative struatel and are strong secondary changesarbonatization, the

, d of olivi i appearace of lowtemperature minerals zeolites.
massive texture, composed of olivine, cmopyroxen(ﬁ_,he amphibolization of clinopyroxenes is the most

amphibole, serpentine, chlorite, chromite, =~ . : .
. , . : Rctlve in the gabbre all grains have rims of the
titanomagnetite, copper, iron, nickel and coba . : .

alkaline  amphibole, corresponding to the

sulfides as accessory minerals. With microscoplcc mposition of pargasite: sometimes amphibole
observation, it was established that the grains © pos pargasite, - s S P S

olivine are subidiomorphic in shape, their sizar_nOSt completely reptz the seeds of clinopyroxene
. ; : Figure 1).
reaches 3 mm; grains of clinopyroxene are al
subidiomorphic, their size reaches 1.5 mm. In the
interstices between the clinopyroxene and olivine
grains, there are grains of sulphides, titanomagnetite
chromite and amphibole. Most of them have a
xenomorphic appearance, the size does not excee
0.3 mm, although in some cases "phenocrysts" off
subordiomorphic  chromite grains have been
encountered in serpentine mass. In the interstices
serpentine is also found, iorme cases it replaces up
to 90% of the primary olivine.
Pyroxenites are rocks of massive texture and
small and mediunmgrained structures. They are
composed mainly clinopyroxenes (diopside
hedenbergite and aegiriaeigite), phlogopite,
amphiboles, sphene, carbonate (calcite). As
accessory minerals, apatite and ilmenite are presen
in some samples orthite is observed. ClinOpyroxenesem 2000k view fieid: 577.2 m

. . .. . SEM MAG: 551 x Dot: BSE detector lmum n
is observed in the form of subidiomorphic tabular Gseme 2418 Vadamov oA S —

grains, up to 41.5 mm in size, often these grains ar%ig. 1. Clinopyroxene with an amphibole rim. Gabbro.
resorbed or partiallyreplaced by aggregates oftiksheozero massif.

secondary minerals. The phlogopite in the samples

studied is represented by subidiomorphic grains; their
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Fig. 2Products of gabbro amphibolization experiments

Fig. 3. Amphiboles of Tiksheozersky massif

found in sae samplesThe size of individual grains
is up to 35 cm. When microscopic examination of
the samples, it is established that nepheline
accumulations are observed between the grains of
clinopyroxene and phlogopite. As accessory minerals
in iiolite-urtites apatite, sphene, ilmenite are present.
The amphiboles of the Tiksheozero massif are
extremely diverse in composition, but they all refer
to alkaline amphiboles. They are observed in
olivinites, pyroxenites, gabbro, and yolitetites, and
as secondary merals in carbonatites. The amphibole
compositions of the Tiksheozero massif are shown in
Table 2. As shown ifrig. 3, amphiboles of different
compositions occur within the same rock, which is a
consequence of a change in the physicochemical
conditions ofrock formation and the potential of
alkaline components. In earlier
parageneses, more calcium amphiboles
were encountered, and in the subsequent
paragenesealkaline amphiboles appeared,
which in composition corresponded to the
Richterite and the cataptite (Figure 3),
which is a consequence of the
accumulation of alkalis in the melt and a
decrease in the crystallization temperature
of the melt (Seredkin et al., 2002). With an
increase in the aegirine component in
clinopyroxenes, the calcium content
deceases (the proportion of sodium
increases) in amphiboles. This also
indicates an increase in alkalinity during
the general evolution in the formation of
the massif (Perchuk, Ryabchikov, 1976).
Experiment on modeling of gabbro
amphibolization. In order to recreate the
conditions for the formation of
postmagmatic changes in the gabbro, experiments
were carried out to simulate gabbro amphibolization,
since amphibole fringes around clinopyroxenesewv

Alkaline rocks in the Tikshozero massif ardound in gabbro samples from the Tiksheozero
represented by iiolitertites, syenites, and nephelinénassif (Fig. 1). As the initial components in the

syenites. lioliteurtites are mediungrained rocks

composed mainly of clinopyroxene, phlogopite

nepheline, and potassium feldspar. Muscovite

u a b | he dabbro composition of Lucculaisvaara
massif.

SiOo, 49.27
TiO, 1.03
Al O3 13.43
Cr,0O3 0,13
FeO*. 14.94
Lucculaisvaara MnO 0.14
MgO 5.21
CaO 6.24
Na,O 4.35
K,0O 1.81
Total 99.56

experiments, we took: a ground gabbro from the
array ofLucculaisvaargTable 1), KF 1M and 2 M
solutions in a ratio of 1:10 to the weight of the
Sample. Theduration of the experiments was 10
days. First, the reaction mixture was heated to
11004 andf = 3 kbar, kept at these parameters for 1
hour, then wasobaric cooling to 858, t = 3kbar
followed by holding for 10 days at these parameters.
For the experimnt we used platinum ampoules with
a diameter of 5 mm. The experiments were carried
out on a high pressure gas installation. The products
of the experiments were a figgained mass of
greenishgray color (Figure 2). A study using a
microprobe CamScan MV280 showed that
amphiboles formed in the experiments from the
grinded gabbro massif of Luqqulaisvaara were
similar in composition to the amphiboles of the
Tiksheozero massif of the pargasite group (Fig. 3,
Table 2).
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