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CRYSTAL STRUCTURE OF NATURAL STANFIELDITE FROM THE IMILAC 
PALLASITE; Ian M. Steele and Edward Olsen, Department of Geophysical Sciences, 
5734 S. Ellis Ave., Chicago, IL 60637. 

Stanfieldite, ideally Ca4Mg5P6024, was first recognized by Fuchs (1) and has 
since been described from some 15 pallasites (1 $2) and at least one mesosiderite 
(1). It is one of several phosphates including farringtonite, brianite and panethite 
which have not been recognized in terrestrial samples. Stanfieldite commonly 
coexists with whitlockite (Ca3(P04)2), but in two pallasites, Springwater and 
Rawlinna, farringtonite (Mg3(P04)2) is present in addition to whitlockite. According to 
the phase diagram determined by Ando (3) the three phosphates should not occur 
but rather only farringtonite-stanfieldite or whitlockite-stanfieldite. This is especially 
true as the pallasites have cooled very slowly and equilibrium should be expected. 

Fuchs (1) described the space group of stanfieldite from the Estherville 
mesosiderite as either Pcor PUcwhile Dickens and Brown (4) gave the space group 
of synthetic Ca7Mg9(Ca,Mg)2(P04),2 as C2/c and determined the structure within 
this space group. To resolve the apparent discrepancy in space group and to verify 
that natural stanfieldite has the same structure as the synthetic material, we selected 
a single crystal of stanfieldite from the lmilac pallasite and determined both the space 
group and structure from single crystal intensity data. Particular attention is given to 
the possibility of ordering of Mg, Fe and Mn with a possible effect on the space group. 

S ~ a c e  aroup: 
A single crystal study using precession techniques showed systematic - absences of hkl diffractions with h+k = odd and h01 diffractions with h = odd and I = 

odd. Within point group 2/m, the space group of the natural stanfieldite from lmilac is 
thus uniquely determined as CUc. The corresponding cell dimensions are a, = 

22.81, b, = 9.993, c, = 17.09A and = 99.96O. These dimensions as well as the 
space group match those determined for synthetic stanfieldite by Dickens and Brown 
(4). The space group given by Fuchs (1) is primitive but the cell dimensions are a 
simple permutation .of those determined here. Two possibilities are: 1) Fuchs was 
incorrect in his space group determination as possibly indicated by a personal 
communication quoted by Dickens and Brown (4), or 2) the Fe-rich composition from 
the Estherville mesosiderite, Ca4.02(Mg2 glFel 74Mn0,18) (P04)6, may show 
ordering of Fe-Mg-Ca among the ten metal sites in the structure to give a subgroup of 
C 2 k  Only reexamination of Estherville stanfieldite will allow a definitive resolution of 
these possibilities. 

Refinement; 
Single crystal intensity data were collected from the lmilac stanfieldite and 

positional and anisotropic thermal parameters refined to an R, of 0.07. The 
composition of this crystal as determined by electron microprobe was 
Ca4.05Mg4.55Fe0.32Mn0.05P6024 and site occupancy and thermal parameter 
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refinement for Fe-Mg-Ca within metal sites showing unusual thermal parameters was 
carried out to verify the possibility of ordering and possible effect on the space group. 
The final R,was 0.041 and final thermal parameters were nearly equal in all sites. 

Structural details: 
Dickens and Brown (4) provide a detailed description of the structure. There 

are 10 cation sites excluding the 6 tetrahedral P sites. Of these 10, four (Cal-4) are 
fully occupied by Ca, coordinated to either 7 or 8 oxygens, and have average Ca-0 
distances between 2.44 and 2.57A (Table 1). A fifth nominally Ca site (Ca5) is 
partially occupied by Mg,Fe, shows 6-fold coordination, and a short M - 0  distance. 
The remaining 5 sites (Mgl-5) are either six or seven coordinated and are occupied 
only by Mg and Fe (Table 2). The distribution of Mg, Fe is shown in Table 2 and only 
the Ca5 site shows a distinctly different value for mg compared to the other sites 
containing both Mg and Fe. Although this structure contains relatively low Fe 
compared to Estherville stanfieldite, the distribution data given in Table 2 do not 
show strong ordering of Mg,Fe and it is considered unlikely that ordering is a cause 
of the space group observations; rather an error is suspected. 

Table 1. Coordination #, average M-0. 

Cal 
Ca2 
Ca3 
Ca4 
Ca5 
Mgl  
Mg2 
Mg3 
Mg4 
Mg5 

Table 2. Site occupancies. 

Ca Mg Fe,Mn mg 
Ca5 0.55 0.353(3) 0.097(3) 0.78 
Mgl 0.0 0.464(2) 0.036(2) 0.93 
Mg2 0.0 0.942(3) 0.058(3) 0.94 
Mg3 0.0 0.969(3) 0.031(3) 0.97 
Mg4 0.0 0.980(3) 0.020(3) 0.98 
Mg5 0.0 0.903(3) 0.097(3) 0.90 
mg= atomic MS/(Mg + (Fe,Mn)) 
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