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Introduction: The Cachari meteorite, found in 1916 in Ar-

gentina, is a monomictic eucrite that belongs to the basaltic 
achondrites. It is composed mainly of low-Ca pyroxene and pla-
gioclase [1, 2]. Mössbauer spectroscopy indicates that the only 
Fe-containing mineral present in the Cachari eucrite is pyroxene 
[3]. The study of intracrystalline distribution of Fe2+ and Mg2+ 
between the nonequivalent octahedral sites M1 and M2 in pyrox-
enes is useful in tracing the thermal history of a rock. In un-
shocked and slowly cooled pyroxenes, Fe2+ orders at the M2 site 
whereas Mg2+ occurs predominately at the M1 site [4]. 

Here we study the partitioning of Fe2+ and Mg2+ between the 
M1 and M2 sites in orthopyroxene from the Cachari eucrite by 
Mössbauer spectroscopy in the temperature range (300 K – 80 K) 
and electron microprobe analysis. 

Results: The average chemical composition of the Cachari 
pyroxene determined by electron microprobe analysis is 
(Fe2+

1.16Mg0.75Ca0.04Mn0.04Al0.01) Si2.00 O6. 
The room temperature (300 K) Mössbauer spectrum of bulk 

Cachari is composed of two overlapping doublets due to Fe2+ at 
the M1 and M2 sites in pyroxene, and very small amounts of Fe3+ 

and an impurity component. The resolution of the M1 and M2 
doublets increases with decreasing temperature as a result of the 
differential dependence of the quadrupole splittings on tempera-
ture. Using the normalized Mössbauer relative areas of the dou-
blets at 80 K, the Fe2+ fractions at the M1 and M2 sites are found 
to be 0.36 and 0.64, respectively. The site occupancies XFe

2+
(M1) 

and XFe
2+

(M2) are obtained by multiplying the above Fe2+ fractions 
by the total amount of Fe2+ given by electron microprobe analy-
sis. This gives XFe

2+
(M1) = 0.42 and XFe

2+
(M2) = 0.74. Assuming 

complete order of Ca and Mn at the M2 site, and Al at the M1 
site, Mg2+ is then distributed over the M1 and M2 sites as: 
XMg

2+
(M1) = 0.57 and XMg

2+
(M2) = 0.18. The Fe2+ and Mg2+ site 

populations can be related to the disordering parameter, p, de-
fined by p = (XFe

2+
(M1).XMg

2+
(M2))/(XFe

2+
(M2).XMg

2+
(M1)), and we 

obtain a disordering parameter p = 0.18 for the Cachari pyroxene.  
In light of the work done on heated orthopyroxenes [4, 5], the 

disordering parameter (0.18) obtained for the Cachari pyroxene 
corresponds to an equilibrium temperature of ~ 800 ºC. This 
temperature is consistent with the reported equilibration tempera-
tures for eucrites (800 ºC – 900 ºC) estimated using the coexist-
ing ortho- and clinopyroxes geothermometer [6].  
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