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INTRODUCTION

The axinite-group minerals, with general formula (Ca,Mn)4

(Mn,Fe,Mg)2Al4B2Si8O30(OH)2, are complex borosilicates 
typically occurring in low- to medium-grade metamorphic 
environments (contact metamorphic, metasomatic, regional 
metamorphic) and Mn ore deposits. Axinites from different 
petrogenetic environments show great sensitivity to growth P-
T-X-fO2

 conditions, as evidenced by a remarkable compositional 
fl exibility (Pringle and Kawachi 1980; Ozaki 1972).

The axinite crystal structure, with P1– symmetry, may be 
described as a sequence of alternating layers of tetrahedrally 
and octahedrally coordinated cations (Takéuchi et al. 1974). In 
the tetrahedral layer, two disilicate groups, each made up of 
Si1 and Si2 tetrahedra, are connected by the two B tetrahedra 
to form a six-membered ring. Two additional disilicate groups, 
made up of Si3 and Si4, share a corner with the B tetrahedra, 
forming a [B2Si8O30] planar cluster. Slightly distorted octahedra, 
four occupied by Al (Al1 and Al2) and two fi lled by Mn, Fe, or 

Mg [Fe(Mn)] share edges to form a six-membered fi nite chain: 
Fe(Mn)-Al1-Al2-Al2-Al1-Fe(Mn). These chains are laterally 
connected by highly distorted Ca-octahedra (Ca1 and Ca2) 
thus forming the octahedral layer. For a full description of the 
axinite structure see Andreozzi et al. (2000b).

The general formula and nomenclature now commonly 
accepted were proposed by Sanero and Gottardi (1968). For 
compositions with Ca close to 4 atoms per formula unit (apfu), 
the end-members are manganaxinite, ferroaxinite, and magne-
sioaxinite. The name tinzenite is used for a member of the group 
in which a Ca defi ciency (2 < Ca < 4 apfu) is compensated by 
an excess of Mn, ordered at Ca2, the smaller of the two sites 
(Basso et al. 1973).

Structural refi nements available in the literature (Basso et al. 
1973; Takéuchi et al. 1974; Swinnea et al. 1981; Belokoneva et 
al. 1997; Andreozzi et al. 2000b) are too few to allow for sys-
tematic structural comparisons among the various members of 
the solid solution, so the crystal chemistry of the axinite mineral 
group is incompletely understood. Further diffi culties arise in 
the quantitative measurement of boron and hydrogen (hence, * E-Mail: gianni.andreozzi@uniroma1.it
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ABSTRACT

A set of nine samples of axinite, selected from 60 specimens from worldwide localities, were 
investigated by single-crystal X-ray diffraction, electron and ion microprobe, and 57Fe Mössbauer 
spectroscopy. The selected samples cover the compositional join from almost pure ferroaxinite (80%) to 
pure manganaxinite (95%). A new crystal-chemical formula for the axinite mineral group is proposed: 
VI[X1 X2 Y Z1 Z2]2

IV[T1 T2 T3 T4 T5]2O30(OwOH1–w)2, where VI and IV are coordination numbers; X1 
= Ca and very minor Na; X2 = Ca (in axinites) or Mn (in tinzenite); Y = Mn (in manganaxinite and 
tinzenite), Fe2+ (in ferroaxinite) or Mg (in magnesioaxinite), with minor Al and Fe3+; Z1 = Al and Fe3+; 
Z2 = Al; T1, T2, and T3 = Si; T4 = Si (and presumably very minor B); T5 = B and minor Si. Charge 
unbalance (w), due to heterovalent substitutions, is compensated for by O2– → OH– substitution. 

From ferroaxinite to manganaxinite, cell volume increases linearly from 568.70 to 573.60 Å3. This 
is mainly due to an increase in the <Y-O> mean distance from 2.220 to 2.255 Å, which is directly 
related to the Mn population (up to 1.89 apfu). Fe3+ concentrations, as determined by 57Fe Mössbauer 
spectra at 80 K, sub-regularly increase up to 0.27 apfu, and three cases are evidenced: (1) Fe3+ << 
Fe2+ (or no Fe3+), in ferroaxinite; (2) Fe3+ < Fe2+, in intermediate compositions, and (3) Fe3+ > Fe2+ (or 
only Fe3+), in manganaxinite.

Chemical and structural data were co-processed via a computer minimization program to obtain 
the cation distribution scheme. Adopting the Hard-Sphere Model, empirical cation-oxygen distances 
were refi ned for every cation in the axinite structure. The results revealed that Fe2+ is ordered at 
the octahedral Y site (up to 1.61 apfu), whereas Fe3+ is ordered at the octahedral Z1 site (up to 0.26 
apfu) and is almost absent in the smallest Z2 site, which is fully populated by Al. The observed Fe3+ 
partitioning is in agreement with the structural results, which show that the Z1 octahedron is always 
larger than Z2. Moreover, no Fe3+ is found at the tetrahedral sites, but Si → B substitution occurs at 
T5. The continuous Y dimensional increase from ferroaxinite to manganaxinite involves progressive 
enlargement of the edge-sharing Z1 octahedron. As a consequence, the Z1Fe3+ → Z1Al3+ substitution 
is structurally favored toward manganaxinite and points to a new end-member with the suggested 
name “ferri-manganaxinite.”




