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INTRODUCTION

The crystal structure of rhodonite [ideally (Mn >> 
Ca,Fe,Mg)SiO3, C1 pyroxenoid, Z = 20] contains single tetra-
hedral chains with a 5-tetrahedron repeat and Þ ve independent 
cation sites (Liebau 1959; Peacor and Niizeki 1963; Pertlik and 
Zahiri 1999). The structure is illustrated and described in detail 
in Nelson and Griffen (2005). The nontetrahedral cation sites 
are designated M1 through M5 (Fig. 1). M1, M2, and M3 are 
octahedra with differing degrees of distortion; M4 is a quite 
distorted octahedron with the cation displaced sufÞ ciently from 
the centroid that several workers have considered it to be 5-
coordinated (e.g., Ohashi and Finger 1975; Peacor and Niizeki 
1963; Peacor et al. 1978; Pinckney and Burnham 1988); and M5 
is usually considered an irregular 7-coordinated site.

Nelson and Griffen (2005) reÞ ned the structures of several 
specimens of both �normal� (Zn-poor) rhodonite from various 
localities and Zn-rich rhodonite (variety name �fowlerite�) from 
Franklin, New Jersey, its only known locality. They found that 
the structural differences between �normal� rhodonite (referred 
to hereafter simply as rhodonite) and Zn-rich rhodonite (fowlerite 
hereafter) occur mainly at the M4 and M5 sites. With increasing 
Zn concentration, M4, which selectively accommodates Zn, 
becomes more distorted and tends distinctly toward tetrahedral 
coordination. Concomitantly, M5 becomes more Ca-rich and 
less distorted in terms of bond lengths (angular distortion being 

difÞ cult to quantify for sevenfold coordination). Nelson and 
Griffen (2005) used site electronegativity values, based on cation 
distributions constrained by microprobe analyses and electron 
populations from X-ray site reÞ nements, to conclude that the 
increase in Zn and Ca in fowlerite, relative to rhodonite, leads 
to more covalent character for M4 and more ionic character for 
M5. Their preliminary Mössbauer spectra suggested that Fe is 
present in all M sites in both rhodonite and fowlerite, although 
not necessarily equally distributed among those sites.

The only Mössbauer spectra of rhodonite published heretofore 
are those of Dickson (1975). He resolved the spectra of four 
specimens into Þ ve pure Lorentzian doublets, indicating the 
presence of Fe in all M sites. Dickson interpreted his results to 
indicate that Fe distribution in rhodonite is essentially indepen-
dent of bulk Fe concentration. 

Nelson and Griffen (2005) showed that rhodonite and fowler-
ite exhibit distinct crystal-chemical trends. The present study was 
undertaken to ascertain whether such differences are reß ected in 
the Mössbauer spectra. 

METHODS AND RESULTS
Mössbauer spectra were obtained for specimens listed in Table 2 of Nelson 

and Griffen (2005). Localities and microprobe analyses are given in Table 1 of 
Nelson and Griffen (2005). Material selected for Mössbauer work was ground under 
acetone and mounted between disks of cellophane tape. Specimen thickness for 
each sample was ~100 mg/cm2, corresponding to the ideal Mössbauer thickness 
(Long et al. 1983). 

Data were collected between +4 and �4 mm/s at room temperature in constant 
acceleration mode using a Mössbauer System I spectrometer manufactured by WEB 
Research Company. Data were collected to approximately 2 million counts/channel 
for all spectra. A nominally 25 mCi 57Co/Rh source was used, and calibration spectra 
were collected from Fe metal foil. Data reduction, thickness corrections (Rancourt 
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ABSTRACT

Room-temperature Mössbauer spectra of Þ ve specimens of typical, Zn-poor rhodonite and Þ ve of 
Zn-rich rhodonite (�fowlerite�) have been obtained to determine whether the spectra reß ect structural 
differences between the two varieties. All Fe is divalent and in the high spin state, and the spectra support 
the interpretation that Fe is present in all Þ ve M sites. Assignment of Mössbauer doublets to speciÞ c 
sites is made principally on the basis of isomer shift values and relationships between quadrupole 
splitting and polyhedral distortion parameters determined from previously reported crystal-structure 
reÞ nements. Trends in Mössbauer parameters show correlations with trends in steric details of the 
sites, both among individual M sites within Zn-rich and Zn-poor varieties and between correspond-
ing M sites of rhodonite and fowlerite. In particular, the Mössbauer parameters for the geometrically 
similar M1 and M2 sites are similar, and those of M4 and M5 reß ect the tendency of the former 
toward more tetrahedral character and the latter toward less distortion in fowlerite. Iron occupancy 
is largely a function of polyhedral volume, although there is a secondary preference for octahedral 
coordination. Structural differences previously determined between rhodonite and fowlerite, which 
are driven principally by high concentrations of Zn in M4 and Ca in M5, are structurally pervasive 
and are maintained even when Fe substitutes for Zn or Ca.
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