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The consideration of stability of osbornite,TiN,carlsber- 
gite, CrN,sinoite, Si2N2 0 and daubreelite ,PeCr,S4 ,in the Pe-Cr-Ti- 
Si-0-N-S syste~n is of great interest in solvlng of many problems 
on meteorite origin.Despite these minerals are rare3.y occured in 
meteorites the former are considered as the indicators of meteo- 
ritic origin parameters such as temperature,pressure and oxygen, 
nitrogen and sulfur fugacity. 

On the base of mineralogical data review it was shotfi~n[l] 
that the sinoite and osbornite are typonorphic niinerals or ensta- 
tite chondrites.So sinoite is found only in the type I1 chondri- 
tes(in 6 frorn 9 known .meteorites) ,osbor.nite - in the type I1 
chondri tes and aubrites. The type1 chondrites with high silicon 
content in metal hase don't contain nitrides except the sole oc- 
curence in Abee ['27 .The carlsbergite has been identified in more 
than 70 meteorites,rnootly mernbers of Ga-Ge group IIIA,bui it is 
also found in groups I and IIA[~] .The daubreeliLe is an ordinary 
accessory mineral both in the enstatitc and in iron meteorites, 
but it was not found on the liartll.Str~ctu~a.1  elations between 
daubreelite and other minerals are of great inteilest.It is usual- 
ly found in assemblage with the troilite as la~nellae parallel 
(001) of troilit-e.3andohrM supposed that these structul3es are 
to be considered as the evidence of daubreelite formation under 
exsolution in the PeS-FeCreS4 system.The euhedral daubreelite 
crystals are described only in meteorites where the troilite is 
absent.It is noted [2] that the transformation PeCrp S4 into FeCr?Oq 
is not observed,but in Pestyanoe aubrite the daubreelite substl- 
tutes for chromite.In the enstatite chondrites Ramdohr obaerved 
also the daubreelite assemblage with hexagonal or pseudohexago- 
nal chromium sulfide with Cr/S ratio about 2:3.In this assembla- 
ge the daubreelite has a behavior similar to the hexagonal modi- 
fication.'!/e note that the daubreeli~e is transformed into hexa- 
gonal FeCrp S4 with NiAa type str.ucturb at ~13351: b,  51 .Such struc- 
tural relat~ons of daubreelite with other minerals are conside- 
red as the probable result of the alteration processes of the 
primordial me~eoritic mutter after the  condenuation. 

The interpretation of the mineral assemblages in question 
is carried out in terms of thermodynamica.It is necessary not 
only to evaluate the possibility of osbornitc,sinoite,carlsber- 
gite and daubreelite formation during the nebula condensation, 
but to characterize the probable alteration px20cesses during the 
primordial meteoritic matter evolution. 

Unfortunately the necessary thermodynamical data on certain 
coinpounds involved in the considered systern is either unavailab- 
le or contradictory.Elsewhere[1~ vie reviewed all available expe- 
riraental data and recommended the iJiost reliable values of ther- 
modynamical properties of Ti,Cr and Si nit;rideu.In addition we 
measured the specific heat of daubreelite in t he  58 - 300K tem- 
perature range.These data along with the data on specific heat 
in the 1 - 301<[6] and 173 - 6 7 3 ~ 1 7 1  teriiperature ranges permitted 
to obtain the standard entropy and the temperature dependence of 
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heat capacity(Tab1e 1).The value of nH:(298.15 K,PeCreS4) = 
-107.8 2 1.9 kcal/mol was calculated from the data of enthalpy 
oxidation reaction measurement of PeCre S4 by air at 975K 

= O . ~ ~ ( - F ~ ~ O ~ ( S ) + C ~ ~ O ~ ( S ) + ~  .804 SO2 (g)+2.116 S03(g) (1 
provided & H e x p  = -536.16 + 1.7 kcal/mol and thermodynamic pro- 
perties of other compoundE from [9] .Tretyakov et al, PO] estima- 
ted the Hj'(298.15K,Cr2S,) value as -81.5 e 1.5 kcal/mol.The 
temperature dependence of heat capacity was obtained from the 
high- t emperature enthalp measurements of Cro in the 400 - 
1700K temperature ran e $11 .The entropy was estimated by Lati- 
mer'a method (Table 1 f . 

For the oxygen and nitrogen fugacity estimation in equili- 
briurn with the minerals of enstatite and iron meteorites the 
stabilities of the osbornite,sinoite,carlsbergite and daubreeli- 
te in respective systems at 800°C were evaluated.This temperatu- 
re corresponds to equilibrium Fe,Si and Ca partition between mi- 
nerals of enstatite chondrites [I 27. In our calculations the acti- 
vities of solids are assumed .to be unit except Si.The activity 
of Si determined by equation: asi=&&i) .The value of lgam= -5.1 

-1gf corresponds to the lg Xs = -3.5 + 0.5b2] 
O2 and the average Si content in the me- 

I tal phase of type I1 enstatite chond- 
32  * 

TiO, ruzile rites is found to be ca 2.6 mol%. 
The results obtained are presen- 

ted at the Fig.1-3,Sinoite,Si2Nz0, 
unlike osbornite,TiN,is stable 

within narrow interval of oxygen and 
nitrogen fugacity values providing its 
occurence in the type I1 chondrites 

Ti(s) only. 
i - L .  . , The carlsbergite is stable in the 

19 17 15 -lgfTT Cr-N-0 system(Fig.3) at relatively 
Fig.l.Phase relations 2 high nitrogen fugacity.This fact im- 
in the Ti-N-0 syotem plies that the iron meteorites con- 
at 800°C. taining carlsbergi te , C r N ,  as well as 

enstatite chondrites were presumably 
-lgfO2 formed at similar physieo-chemical 

conditions. 
At the Fig.4 the stability diag- 

28 rarn of daubreelite in the Pe-Cr-S-0 
system is plotted.The sulfur fugaci- 
ty is calculated from Fe-PeS buffer 

30 reaction 
Pe(s) + 0,5 S2(&) = PeS(s). (2) 

32 The thermodynamical properties of 
Fe(s),PeS(a) and S2 ( g )  are taken 

5 3 1 -lgfN2 As shown at Pig.4 the daubreeli- 
from [9]. 

Fig.2.Phase relations te will dissociate at T = 5 9 ~ 5 2 5 ~  
in the Cr-N-0 system according to the reaction 14 0 
;it 800°C. 
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* Estimated value 

- le;fo, 

Compound 

TiN 
osbornite 

Pig.3.Phase relations 
in the Pe-Cr-N-0 sys- 
tem at 800°C, 

-hH0(298) 
kca'l/rnol 

80.7+0.3 - - 

Pig. 4. Phase relations 
in the E'e-Cr-S-0 system. 

20' 

PeCr,Sq (s)=PeS(s) + Cr2sS(s). (3) 

dhereas under experimental conditions 
4,5 FeCr,S4 did not dissociate at much 
ig er temperatures.The reason of this b 1 
descrepancy might be explained by the 
slow rate of' daubreelite dissociation. 
The mineralogical data[2] support the 
assumption of the reality of the reac- 
tion (3) during the meteoritic matter 
evolu~ion. 

Thus we suggest two alternative 
conclusions:(a)the metastable daubree- 
lite being the high-te::iperature conden- 
sate(hexagona1 at T>1335K) was dissoci- 
ated in the conditions of very slow co- 
oling;(b)the early formed daubreelite 
was slowly heated ug LO the temperature 
higher than 595::::~. 
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So (298) 
cal/mol. K 

7.25~0004 

CrpN(s) 131.5+0.6 /15.3+0.4 

PeCr2 O4 
chrornite 
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298-1400 

298 - 1800 
298 - 1132 
298 - 1132 
298 - 1335 
298-1700 

8.820.4 

15.7920.15 

10.84+0.11 

39.220.6 

36.0" 

CrlJ 
carlsbergite 

Si3N4 (s) 
Si,N+O 
sinolte 
FeCrg S4 

daubreelite 

Cr,S3(s) 

Temperature 
range(K) 

298 - 1738 
- 
- 
1-58 

0.79 

15 
- 

- 3 5 -2  ~"p=a;-b-l~ T-c.10 T 

15.056058 

11.10 

19.55 

13.91 

54.04 
29.11 

28.220.4 

188.3+0.6 - 
210.3+3.7 - 
107.8+1.9 - 
81.5+1.5* 

1.58 

19.80 

11.22 

-47.07 

5.72 

c 

2.96 

' a 

11.91 

b r  

0.94 


