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A b s t r a c t : The paper presents expe r imen ta l da ta on tin valence in 
magmat i c phases and pos tmagmat ic fluids at var ied oxygen fugacities, 
as wel l as on t in behaviour dur ing format ion of immiscible l iquids, f rac­
t ional crystal l izat ion and m a g m a t i c dist i l lat ion. E x p e r i m e n t a l da ta pe rmi t 
to describe t in behaviour t h roughou t the deve lopment of m a g m a t i c and 
pos tmagmat ic processes. 
Tin occurr ing in typical m a g m a t i c set t ings is shows to be in two differing 
valence states, namely , Sn+2 and Sn-/l. Also descr ibed is the effect of redox 
conditions on the ra t io of t in valence species in m a g m a t i c systems. 
Oxygen potent ia l bu i ldup is identified as a factor account ing for an in­
crease in the combined t in d i s t r ibu t ion coefficient in t he course of c rys ta l ­
lization differentiat ion and a drop in t in concent ra t ion observed in the 
resul t ing mel t port ions. When dist i l lat ion is unde r w a y the increasing 
par t i a l p ressure of oxygen favours t in mobil izat ion in the fluid phase 
in as much as the ra t io Sn+/ '/Bn4- in mel ts is notably h igher as compared 
to tha t in fluids of acidic composit ion given the conditions a r e s imi lar 
w i th respect to fo2. 
It is ascer ta ined in the paper tha t unde r supercr i t ica l conditions it is the 
concentra t ion of associated HC1, r a t h e r t h a n free chlor ide ions, tha t 
controls t in concentra t ion in the fluid, whi le the enhanc ing acid molal i ty 
leads to* genera t ing Sn(II) chlor ide complexes a t lower values of oxygen 
fugacity. It is thus concluded tha t the t in t ransfe r by supercr i t ica l fluids 
a t pos tmagmat ic s tage is largely due to neu t r a l chlor ine hydroxy and 
chlor ine complexes of b iva lent tin, w i th the contr ibut ion of f luorine com­
plexes being r a t h e r l imited. 
Dis t r ibut ion pa t t e rn of tin valence species in m a g m a t i c phases and post ­
magmat i c fluids is to a great ex ten t responsible for migra t ion pa ths and 
deposition of t in minera l s . 

P e 3 K) M e: B paôOTC npcflCTaBneHhi pc3yjibTaTH 3i<cnepnivieHTajibHbix MCCJIC-
AOBaHMíi, HanpaEjieHHMx Ha BMacneHMe BajieHTHoro COCTOHHMSI ojioBa B Mar-
MaTHiecKi-ix cpa3ax n nocTMariviaTK<íecKMx cbntoMflax rrpi-i pa3JiMHHi>ix jieTy-
lecTSx KHCJiopo^a Ha H3yHCHwe paBHOBeoiM npw jiHKBau,iiM, KpncTaJiJiM3aqM-
OHHOM flMcbcbepeHUHauKK pacnjiaBOB M flMCTHJiJisruMM cbjnon/ion. TIojiyHeHHasi 
cbH3MK0-XHMHHCCKaíI MHCbopMai(MJI n03BOJIMJia OXapaKTepH30BaTI> nOBCfleHMC 
ojioBa B xofle pa3BMTHH MarMaTMMecKMx H nocTMarMaTiiMCCKiix upoueccoB. 
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nOKa3aHa B03M0>KH0CTb npHCyTCTBHíI OJiOBa B pCaJTbHbIX MarMaTMHeCKMX yano-
BHÍIX B JJByX BaJICHTHMX COCTOHHHHX Sn 2 + M Sn' + . OxapaKTepM30B3HO BJIIIHHIIC 
OKIICJIHTCJlbHO-BOCCTaHOBMTeJIbHblX yCJIOBHH Ha COOTHOLUCHIie BajICHTHbIX 
cpopM oJiOBa B MarMaTMHecKMX cwcTeMax. 
YcTaHOBJíeno, mo B xo^e KpncTajuin3auMOHHoň /.(McpcpepeHUMaqwi pacnjiaBOB 
yBeni-meHne noTeHU,HaJia Kuciiopofla oSycjiOBJíMBaeT POCT KOMÔitHiipoBaHHoro 
K03cl3cpnnMeHTa pacnpeflCJieHHsi OJiOBa M cniDKCHiie ero KOHqeHTpauiin B KO-
HenHMx nopqwHx pacnjiaBa. noBbímeHne napnwajibHoro flaBJíeniia Kiicjiopo/ja 
cnocoĎCTBycT MO'5njin3au,nn OJiOBa BO cpjnoi-iAHyio cpa3y npii ,in-iCTMjiji;in,iiii 
B CHJiy Ďojiec BbicoKMx COOTHOLUCHMH Sn' , + Sn' i 4 B pacnjiaBax no OTHOiue-
HMIO K CpJIKJI-IflaM KHCJIOrO COCTaBa B 6JII13KI1X no fo2 ycjIOBIIJIM. 
noKa3aH0, HTO MMeHHO KOHijeHTpaqMsi accoqiiHpoBaHHOň HC1, a He CBO-
Ďo^Horo xjiop-Hona, onpcflejisieT KOHneHTpaqiiro OJiOBa BO (frmonne B HaflKpn-
TMHeCKHX VCJIOBMJIX, H yBCJIMMeHMe KOHL(eHTpaL(MM KKCJIOTbl CnOCOSCTByCT 05-
pa30Baiiino xJiopKOMnJicKCOB Sn (II) řípu Menbiiinx Beni-WHHax jieTyqecTn BO«O-
pofla. QneJiaH BbiBO,n, o TOM, HTO nepcHoc OJiOBa HaflKpn™<-iecKnrvin cpjnon-
íjaMM Ha nocTMarMaTMMecKOM 3Tane ocymecTBJííieTCíi npeMMymccTBCHHo Heň-
TpaJibHbíMM rH/jpoKCoxJiop- H xjiopKOivinjieKcaMH /jByxBajienTHoro OJiOBa npn 
orpaHMHeHHoŕi pojin cpTopKorvinjieKCOB. 
OCOSCHHOCTM pacnpeflejieHMH pa3HOBaneHTHoro OJIOBB B MarMaTHnecKiix cpa-
3ax n nocTMarrviaTMHecKHX cpjiioiiflax BO MHoroM oSycjiaBJíiiBaioT nyní Miir-
paqi-IH M 0TJIO>KCHM5I OJiOBa. 

Forms of occurrence, mobilization and t ransport of ore elements varying in 
valence, t in included, in n a t u r a l settings are mainly conditioned by the redox 
potential. 

A series of runs has been carried out with the aim of evaluating the effect 
of oxygen fugacity on tin valence in melts and individual minerals, tin activity 
hi melts, minerals and fluids as well as the effect of oxygen potential on mi­
neral l iquidus fields in basaltic and granitic systems. The experimental tech­
nique was described in published papers ( R y a b c h i k o v et at.. 1978: B a r-
s u k o v et al.. 1983: D u r a s o v a et al.. 1984 (1), 1984 (2)). It should be no­
ted t h a t t h e tests b a t h in " d r y " systems and in those with volatile components 
were run under appropriate redox conditions. In t h e course of experiments tar-
getted at determination of t in valence by Môssbauer spectroscopy technique 
the tin compounds entered ifnito initial charges were of 80 % enrichment with 
respect to ' l ! l Sn isotope. Môssbauer spectra were gained on spectrometer of NZ 
type made in Hungary. Conditions of determinat ion are given in the paper 
B a r s u k o v — D u r a s o v a et al., 1983. 

In this paper the results of exper imental studies are considered with the 
at tent ion focused on t h e data referring to t h e t in vailence identification in. the 
basaltic melt at different oxygen potentials. Plotted in Fig. 1 is the relation 
of S n 4 2 Sn(total) and oxygen fugacity defined by the MC technique for the range 
of study. The information obtained testifies to a possible contribution of stan­
nous species along with stannic ones in magmartic systems. 

Experimental data on FegO^—SnOo system are of part icular interest from 
the geochemical point of view, owing it to t h e fact that magnet i te crystallizing 
under a wide range of thermodynamic conditions is one of the most abundant 
accessory minerals in magmatic rocks and in m a n y cases one of the minerals 
acting as tin concentrators. These studies provide ground for defining SnOo 
solubility in magnetite and t h e effect of oxygen potential and tempera ture on 
the attained equilibrium. Fig. 2 shows an increase in the solubility in 
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magnet i te related to increasing tempera ture and decreasing oxygen potential . 
It has been determined by Mossbauer spectroscopy technique tha t within the 
given range of in., the tin admitted into magnet i te s t ructure is te t ravalent and 
replaces iron in octahedral positions. The obtained data clarify that magnetites 
of magmatic provenance with a tin content hard ly amount ing to several hund­
redths of a percent ( L y a c h o v i c h , 1973) are far from being tin saturated, 
it is most probable the state of tin existing in the mineral is isomorphous. 

10 l is 

FeO-Feäa, Fe-FeO -Lg f0. 

Fig. 1. Tin valence in hawaiite at different oxygen fugacities. 
Note: Published oxygen fugacities for the given buffers correspond to 1227 "C, for 
details see D u r a s o v a et al., 1984. 
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Fig. 2. Tin solubility in magmatite related to the oxygen potential and temperature. 

While studying tin distribution in the course of basaltic melt crystallization 
at different values of oxygen fugacity we formulated a certain relationship 
which is largely due to alterations of phase composition following changes 
in redox conditions. Under reduction conditions, provided the fo., values are clo­
se to or under those of Ni-NiO buffer, plagioclase containing low concentra­
tions of tin crystallizes thus enriching the melt with this element (Tah. 1). As 



726 BARSUKOV - DURASOVA - KOVALENKO - RAYBCHIKOV - RYZHENKO 

T a b l e 1 

Content and distribution coefficient of tin in different phases of hawaiite 

phase 

glass 

plagioclase 

magne t i t e 

t i t an ic iron 
oxides 

• 'SnOv', wt . 

0.70 
(0.55-0.80) 

0.04 
(0.01-0.07) 

0.72 
(0.67-0.78) 

3.30 
(2.10-4.50) 

-Ig f°: 

% 

= 2 . 2 -

J^phase 

0.05 + 
0.04 

1.00 + 
0.40 

4.70 + 
3.30 

3.5 

glass* 

- I g f., 

"SnOr, wt. 

1.02 
(0.92-1.13) 

0 .04-
< 0.01 

= 6 . 0 - 11.8 

" n KP' l a se , glass 

< 0.04 

*) KPhase glass — coefficient of tin distribution in phases (plagioclase. magnetite and 
titanic iron oxides) and glass. 

it has been said earlier, in this process tin is predominantly bivalent: Sn'- . 
If the conditions are defined by elevated oxygen fugacities, along with pla­
gioclase precipitated in the melt are magnet i te and titanic iron oxides. The 
tin content in the minerals is ra ther high and the tin concentration in resulting 
melts lowers but insignifioantly (Tab. 1). The cited data on Sn valence in the 
hawaii te melt and magnet i te at given values of fn-, provide a sound basis for 
concluding that the preferential species of tin is tetravalent one. 

A series of runs on studying the effect of oxygen fugacity within the fields 
of tin and iron mineral 's crystallization in the system granite-Sn-Fe-O-H has 
yielded information tha t allows to conclude that at relatively oxidation con­
ditions which are close to or over £>•> of Ni-NiO buffer, the tin solubility in 
silicate liquid drops two times as compared wi th the one typical of lower oxy­
gen potentials (wusti te-magneti te buffer) ( R y a b c h i k o v et al.. 1978). 

It is inferred from these data that at equal total t in concentrations in grani­
tic magma an increase in oxygen fugacity facilitates the a t ta inment of sa tura­
ted conditions with respect to cassiterite. 

We shall now consider t h e results gained in tin distribution studies for l iqua­
tion in the system of KoO-AliO^-SiOo-FeO at controlled oxygen potentials 
(B a r s u k o v et al.. 1983). Tab. 2 shows tin activity values in aluminosilicate 
melts contrasting with respect to FeO and SiCX distribution coefficient 
j£acid/basej) j s calculated equal to 0.4. Both tin and iron appear in the bivalent 
form (Sn"1 and Fe'-). 

D Kacid,base corresponds to Kmatrix7;sIobule5. 
-I Kcsn — the combined coefficients for the partition of tin. 
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T a b l e 2 

Composit ion of phases unde r l iquat ion 

phases wt. " „ 

globules 

m a t r i x 

S i 0 2 

46.1 

70.0 

FeO 

44.2 

13.5 

K , 0 

2.9 

4.0 

A1,0 :1 

5.9 

6.3 

" S n 0 2 " 

0.9 

0.4 

**) NBO*> 
T 

1.33 

0.54 

*' Rat io of non-br idging oxvgens and t e t r ahedron cations. 
Er ror of de te rmina t ion : SiO, - 1 0 % , FeO - 1 0 " ' , , , K.O - 30 " „, Al .O, - 15 " „. 
S n O 2 - 3 0 " „ . 

**] Tin concentrat ions a re given in recalculat ion to "SnOj" in wt. " „. According 
to MS data, tin is present in the mel t in form of S n - \ 

T a b l e 3 

Coefficients of tin dis t r ibut ion be tween the fluid and mel t 

K1) 

0.02 

0.005 

0.0004 

0.0001 

0.2 

0.02 

T° , C P f o, 

850 100 Mpa 10"13 (Ni -NiO) 

- " - - - - 10-17 (FeO-Fe ; lO,,) 

1300 - ' • - 10-"' (Ni -NiO) 

- " - - • • - 10"*" (FeO-Fe ; lO„) 

750 150 Mpa N i - N i O 

1055 100 Mpa N i - N i O 

composit ion of composit ion of 
mel t fluid 

grani te (Na) H , 0 

basalt - " -

grani te 
(eutectic) 

basal t 

1 no rma l by CI 
p H - 3 

was not 
de te rmined 

*** Data from (9). dura t ion is not indica ted: ** da ta obtained by the authors , 
test period is 12 days ( R y a b c h i k o v — D u r a s o v a — B a r s u k o v, 1984): * d i t a 
yielded by the analyses of the Eldl'ell e rup t ion products ( D u r a s o v a — B a r s u -
k o v — V a k i n et al.. 1982). 

11 Coefficient K correspond to Kfluid "R,|,s:i. 

Before passing to the corns i der at i on of oxygen potential effect on tin transfer 
from melt into fluid phase (in the process of distillation and the analysis of 
experimental results (N e k r a s o v, 1984; R y a b c h i k o v et al., 1984) it should 
be noted tha t the processes in question a r e ra ther complicated in kinetics. The 
values of tin distribution coefficients for fluid-melt systems cited in Tab. 3 are 
to be regarded as approximate and optimal. Nevertheless there are sufficient 
data to deduce that the oxygen potential build up is a factor intensifying tin 
release into magmatic fluid phase. 
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Earlier reports on tin distribution between magnet i te and aluminosilicate 
melt of K 2 0 - A l 2 O r S i 0 2 - F e O composition are ra ther convincing as regards the 
possibility of using the distribution coefficient values inferred from the ex­
periments when analysing na tura l magmatic systems (D u r a s o v a et al.. 1985). 

Now we shall discuss tin behaviour in the evolution process of na tura l mag­
mas making use of the data obtained in investigations and analyses of tin 
content in phenocrysts and the groundmass of effusives of varied compositions 
is applied to the range of typical oxidation-reduction conditions in natura l 

magmas. The problem we are interested in is the effect of fi>., on the value of 
bulk K distribution coefficient of tin when the basaltic magma crystallization 
is under way. It is confirmed experimental ly that at relatively low fi>2 (^ foi 
Ni-NiO) the tin concentration, wi th bivalent tin being predominant , increases 
but slightly in the melt and tends to drop at elevated fo2 (> fo2 Ni-NiO). From 
the evaluation of K^.,- ' which is equal to 0.6 for na tura l hawaii te lavas erupted 
by the Eldfell volcano and has been calculated on the basis of determined Sn 
contents in olivines, plagioclases, groundmass and quanti ta t ive mineral ratio 
(G e r a s i m o v s k y et al., 1978 ; J a k o b s s o n. 1975) at oxygen potentials 
corresponding to Ni-NiO. Fe2SiO / l-Fe : ?0/ |-Si02 buffers ( B a r s u k o v et al.. 
1986), it follows that residual melts of acid omoposition should tu rn out some­
what enriched in tin. This is exactly w h a t is observed in acid rocks of differen­
tiated series in Iceland (G e r a s i m o v s k y et al., 1978). 

In case of the formation of immiscible liquids in acid rocks at low fn2 which 
is possible in nature and was actually observed during the study of Earth 's 
and Moon's samples (R o e d d e r — W e i b l e n P. W.. 1970: D e . 1974). the 
late stage of basic magma differentiation may involve generation of acid mag­
ma which is according to the experimental data about two times impoverished 
in tin as compared to coexisting more basic melts and distr ibution coefficient of 
Sn (fluid melt) must be higher in acid systems, which confirms to the above 
said. 

The present paper does not touch upon chemical aspects of granitic melts ' 
effect on Sn behaviour in the course of differentiation. These data have been 
reported earlier ( R y a b c h i k o v et al.. 1984). The only observation to 
be made is that from the point of view of intensive t in accumulation in melts 
undergoing the process of crystallization differentiation, most promising are 
low-calcium anatectic granites as well as low iron concentrations and low 
values of oxygen fugacity throughout the crystallization, which is supported 
by experimental data. Increasing oxygen fugacity extends crystallization fields 
of iron bearing minerals, magnetite, etc.. which is ra ther significant in con­
trolling tin behaviour in acid magmas. This lat ter fact is explained on the 
basis of the obtained and reported data (D u r a s o v a et al.. 1984 (2): L y a-
c h o v á c h , 1973) indicating that these phases in most cases tu rn out to be main 
tin concentrators in granitoids. Thus, iron concentration in granites, crystal­
lization time of iron bearig minerals and tin valence (primarily controlled by fo2) 
are to condition the final melt 's enr ichment or impoverishment in tin and the 
possibility of cassiterite formation at the magmat ic stage. 

The calculated from experimental data distribution coefficient of Sn between 
the fluid and melt indicates tha t the increase in oxygen potential is a factor 
favouring tin mobilization into fluid phace. Along wit th fo2 KFI/L

Sn increaces 
both in granit ic and basaltic systems, remaining lower for the lat ter ones. 
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Given in Tab. 3 is the value of K S n = 0.02 calculated from the data on me­
tal bearing capacity of products erupted by t h e volcano Eld fell (gaseous and 
solid components) at fo2 values corresponding to those of nickel-buneenite and 
quar !tz-fayalite-magnet.ite buffers ( B a r s u k o v et al.. 1986; D u r a s o v a 
et ah, 1982). This value is an order of magnitude lower than the experimental ly 
defined one in the system fluid meit of acid composition at fo2 corresponding 
to the Ni-NiO buffer. 

With the aim of describing part icu­
l a r features of tin behaviour in super­
critical fluids under differing oxida­
tion-reduction conditions, cassiterite 
has been studied through experiments 
as to its solubility in aqueous solu­
tions of HC1 and H F at T° = 500° and 
P = 100 MPa, with oxygen fugacity 
values being controlled (Ni NiO and 
MnO, M n 2 0 : i buffer) ( K o v a l e n k o 
et al., 1986], K o v a l e n k o et al.. 
19862). Tin content in aqueous soluti­
ons was determined by atomic absorp­
tion technique. Measurements of the 
ratio Sn(II) and Sn(IV) in the analy­
sed solutions employed the elaborated 
technique of division and semi-quan­
titative determinat ion of Sn(II) and 
Sn (IV) in a thin layer of sorbent (K i-
t a y e v a et al., 1985). The experi­
ments have clarified that cassiterite 
solubility and tin valence in aqueous 
fluid are mainly conditioned by the 
medium's oxidation-reduction poten­
tial. Under reduction conditions with 

Ni-NiO as a buffer (Ig fH2 = 0.24) at a value of oxygen fugacity close to the 
one descriptive of most igneous rocks and hydrothermal deposits (after 
R y a b c h i k o v (1975). it ranges from lg f(l, = -24 ( Í H , = 6.31) to lg fo2 = -20 
(fn2 = 0.06)). in fluids equil ibrated with cassiterite tin is preferential ly biva­
lent, while u n d e r oxidation conditions with MnO> Mn: 2 0 : ! buffer it is mainly 
tetravalent. 

Analysed thcrmodynamical ly the experimental data show (Fig. 3) t h a t with 
Ni'NiO buffer and within a range of HC1 molality of 0.001 m to 0.01 m /the 
cassiterite solubility is defined by 

3 2 ' -LgmHCr 
-IgmHF 0 

Fig. 3. Solubility of cassiterite vs. HCF 
(1) and HF° (2) molality for the case of 
Ni-NiO buffer, (3) — cassiterite solubility 

in water. 

(1) 
Sn0 2 (cryst.) + H2(gas) + H C ľ = SnOHCľ -:- H 2 0 

whereas for HC1 molality in the domain of 0.01 m to 0.5 m the predominant 
equilibrium is described as 
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(2) 
Sn02(cryst .) + H2(gas) + 2HC1° = SnCl2° + 2H 2 0 

In HF solutions ranging in molality from 0.05 m to 0.75 m. the fluid is do­
minated by SnF2° complex: 

(3) 
SnO,(cryst.) + H,(gas) + 2HF° = SnF2° + 2H 2 0 

HC1 and HF molecules part icipate in S n 0 2 solving reactions in acidic chloride 
and fluoride solutions which is consistent with the concept of predominating, 
under the given experiment parameters , non-dlissociated HC1 and HF molecules 
in conformity with dissociation constants of these acids. 

With M n O , Mn 20 : . buffer (fH = 8 . 10'1-) the prevailing equilibrium in the 

Sn0 2 -H 2 0-HCl system is of the form 

(4) 
Sn02(cryst.) + 3HC1° = SnOHCl:!° + H , 0 

(5) 
Sn02(cryst.) + 4HC1° = SnCl,; + 2H 2 0 

whereas in the SnO.,-H20-HF system wiithin the range of considered HF mola­
lities and at the given exper iment parameters . Sn(IV) does not form any con­
siderable amount of fluoride complexes and the cassiterite solubility does not 
exceed its solubility in pure water. 

On the whole cassiterite solubility under reduction conditions (Sn II) is 1.5—2 
orders higher than the one shown under oxidizing conditions (Sn IV) in acid 
solutions wi th equal pH. while the solving power of hydrochloric acid solutions 
with respect to tin is appreciably higher than tha t of fluorine bearing solutions 
(Tab. 4). Fig. 4 shows that HC1 molality and oxygen fugaoity init iating the for­
mation of Sn complex Sn(II) are related in inverse proportion. 

Now we shall proceed to analysing the supposed pat tern of tin behaviour as 
an element of varying valence in na tura l postmagmatic processes making use 
of the data obtained. The analysis of bulk distribution coefficients of tin between 
the crystallizing minerals and coexisting mel t (in ongonites. as well as the equa­
tion from ( R y a b c h i k o v et al., 1978) and mean coefficients of tin distribution 
between the fluid and melt provided a basis for predicting (A n t i p in. — K o ­
v á 1 e n k o. 1981) the tin possible t ransfer into the fluid in considerable amounts 
which may occur at the end of crystallization process of acidd t in-bearing melts. 
Tin concentration in such a fluid is estimated at 0.05 wt ° o (about 500 ppm) 
which conforms to the experimental evaluation given earlier. From the experi­
menta l daita offered in Tab. 4 such a high tin concentration in fluids is 
at tained through the effect of 0.05-m HC1 solutions which is not the 
case with the studied range of HF molalities. Considering Fig. 4 it should be 
noted tha t the increasing acid molality favours the formation of fluoride com­
plexes Sn(II) in fluids at lower values of oxygen fugacity. While at the 
level of oxygen fugacity created by Ni NiO buffer the Sn(II) complexes 
are predominant through the whole range of HC1 molalities, the oxygen fugacity 
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T a b l e 4 

Exper imen ta l data on SnOo solubil i ty in H F and HC1 solutions at 500 °C, 1000 atm, 
Ni/NiO buffer 

m HF, HC1 

H-.O 
0.01 
0.03 
0.05 
0.1 
0.3 
0.5 
0.75 

tin concentra t 

in H F solutions 

0.43 
0.42 
0.51 
0.94 
1.66 
1.42 

45.1 
102.08 

ion ppm 

in HC1 solutions 

0.43 
20 

154 
380 

1780 
7003 

12345 
— 

The cited values are means from 2—4 tests. 

close to m a g n e t i t e / h e m a t i t e b u f f e r (lg fHi = —2.25) p r e s u p p o s e s t h e e x i s t e n c e 

of Sn(I I ) c o m p l e x e s on ly in 0.05-m s o l u t i o n s of H O a n d t h e a n a l y s i s b y a t h i n -
- l a y e r c h r o m a t o g r a p h y t e c h n i q u e i n d i c a t e s t h a t b o t h Sn(I I ) a n d Sn( IV) spec ies 
a r e p r e s e n t . O x y g e n f u g a c i t y c o r r e s p o n d i n g to^ t h e b u f f e r a s soc i a t i on m a g n e ­
t i t e h e m a t i t e s e e m s to b e t h e b o u n d a r y v a l u e wbi'ich if e x c e e d e d m e a n s t h a t t h e 
s o l u t i o n is a b u n d a n t in t e t r a v a l e m t t i n ; c o n s e q u e n t l y , SnO> s o l u b i l i t y i n t h e 
f luid d r o p s in v a l u e a n d t h e e m e r g i n g condti t ions l e a d t o t h e f o r m a t i o n of a s e ­
p a r a t e c a s s i t e r i t e p h a s e . It i s n o t a c c i d e n t a l t h a t , f o r e x a m p l e , a t I n d u s t r i á l n y 
D e p o s i t ( N a u m o v — S o k o l o v , 1981) t h e ea r l i e s t w i t h i n t h e d e p o s i t o r e -
- b a r r e n zones of t o u r m a l i n i z a t i o n w i t h q u a r t z , f l u o r i d e a n d m a g n e t i t e a r e r e p l a ­
ced by ore zones of c h l o r i d e - s e r i q i t e w i t h c a s s i t e r i t e a n d h e m a t i t e . O n d e p o s i t s 
of q u a r t z - c a s s i t e r i t e (gre isen) a n d s i l i oa t e - ca s s i t e r i t e o r e f o r m a t i o n s t h e r e l a t i o n ­
s h i p b e t w e e n o r e m i n e r a l i z a t i o n a n d g r a n i t o i d m a g m a t i s m is we l l p r o n o u n c e d : 

_B—^O.OSmHCl 

01m HC1 

M n 2 0 3 / M n 0 2 Fe304/Fe20b Ni/NiO Sn/Sn02 Fe/Fe304 

Fig. 4. Tin concentra t ion vs. oxygen fugacity. 
Exvlanations: tests wi th HjO, 2 - tests wi th 0.01-m HC1, 3 - tests wi th 0.05-m HC1. 
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recognized as widely occurring are areál processes of metasomatic transf ormation 
of ore-bearing rocks subjected to the effect of acid fluids with a contributing 
action of chlorine, fluorine and boron, t h e rat io of these la t ter determining the 
type of ore mineralization. Emphasis should be made on the fact that tin con­
centration in a fluid is determined by HC1 molality and n o t by free chloride tons. 
The H CI molality is controlled by enter ing basic metal chlorides initio t h e system. 
The introduction of basic metal chlorides into the hydrochloric acid so­
lution in quanti t ies compatible with those determined in inclusions of mi­
neral forming media (up to 4-m NaCl or KC1 solutions) ( K o v a l e n k o 
et al., 1986|) enhances pH of exper imental solutions to approximately 4.5—5 
which is ra ther close to the values measured in n a t u r a l hydrothermal solutions 
( B a r s u k o v , 1974). 

I. D. R y a b c h i k o v (1975) restricts the pH- : ' = c value of solutions in the 
grani te contact zone at T° = 720—770 °C and P = 100 MPa to a range of 0 — 1 
and further points out that in case of a pressure drop (as is observed in volcanic 
gas. for example) chlorine is not transported by metal chlorides but preferably 
by HC1. We cannot rule out the possibility that at hypabyssal conditions typical 
of hydrothermal formatiion of most tin deposits, t h e fluids contain hydrochloric 
čicid which seems to be difficult to identify in t h e inclusions of mineral-forming 
media because of its low molality. This explaines. to a certain extent, wide 
variations (from 8 to 60 mass % of equiv. NaCl) at chloride concentrations in 
fluids of ore deposits ( K o v a l e n k o — N a u m o v — B o g a t i k o v. 1984) as 
they do not control the tin-ore load of fluids. Thus, in high temperature aqueous 
fluids u n d e r the conditions similar to those simulated in the experiment, tin is 
likely to be t ransported in t h e form of chlorine hydroxide and chloride com­
plexes of bivalent tin. ra ther t h a n in SnF-/ complexes. 

The obtained data prompt the conclusion that under magmatic conditions 
tin may occur in the form of two species of different valences and describe 
thoroughly the effect of oxidation-reduction conditions on the ratio of tin species 
as well as the tin behaviour in the course of melt crystallization and fluid distil­
lation. The increasing oxygen potential leads to an increase in the distribution 
coefficient of tin and a drop in its concentration in the final portions of the 
melt, but at the same t ime it contributes to t in mobilization into the fluid phase 
when distillation is in process. This regulari ty m a y be accounted for by the fact 
that the ratio Sn J / | S i r - in melts is appreciably higher than in fluids of acid com­
position. f(l conditions beiing much the same. The form of tin occurrence and 

concentration in magmatic phases and postmagmatic fluids is largely respon­
sible for further paths of its compounds' migrat ion and deposition. 
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