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Crystal chemistry of the axinite-group minerals: A multi-analytical approach
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ABSTRACT
Sixty axinite samples from 24 localities worldwide were characterized by electron microprobe
analysis (EMPA) to define the limits of compositional variation. Three samples are very close to the
Mn, Fe, and Mg end-members. Ternary (Mn,Fe2+,Mg)-compositions occur mostly in the ferroaxinite
and manganaxinite fields, and are constrained by the relation Mg ≤ Fe. Core-rim chemical zoning
was observed in 20 samples, with systematic enrichment of Fe in the core and Mn in the rim, independent of sample provenance.
The chemical composition (including B, H, and Fe2+/Fe3+) of 17 homogeneous samples was investigated using electron-microprobe analysis, thermo-gravimetry (TG), ion microprobe (SIMS),
crystal-structure refinement (SREF), and Mössbauer spectroscopy (MS). For all samples except
pure manganaxinite, most of the iron is Fe2+. The content of Fe3+ and the Fe3+/ΣFe ratio increase with
Mn content up to 0.31 atoms per formula unit (apfu) and 0.80, respectively. Fe3+ may substitute for
Al or also for divalent cations balanced by the OH deficiency:
Fe3+ + O2– ↔ Fe2+ + OH–, or Fe3+O(Fe2+OH)–1
Boron content ranges from 1.88 to 2.07 apfu (±2.5% relative) and shows an inverse relation with Si
content. Direct measurement of the B-tetrahedron size provides structural confirmation of the Si ↔ B
exchange. Hydroxyl deficiency accompanies this substitution and the following coupled mechanism
is proposed:
Si4+ + O2– ↔ B3+ + OH–, or SiO(BOH)–1
Hydrogen content ranges from 1.7 to 2.1 apfu (±5% relative). The deficiency of OH from the
stoichiometric value of 2.0 per formula unit is related directly to the number of trivalent and tetravalent cations, as OH content plays a crucial role in charge-balance relations.
A revised chemical formula for the axinite-group minerals is proposed:
3+ [4]
[Ca(Ca1–xMnx)(Mn,Fe2+,Mg,Zn,Alu,Fe3+
v )Σ=1(Al2–yFe y )]2 [(B1–zSiz)2Si8]O30(OH1–wOw)2,

[6]

where x ≤ 1, u < 1, v < 1, y < 1, z << 1, and w = (u + v + z).

INTRODUCTION
The axinite-group minerals (Ca,Mn)4(Mn,Fe,Mg)2(Al,Fe)4
B2Si8O30(OH)2 are complex phases typically occurring in lowto medium-grade metamorphic environments (Grew 1996). As
they are in some cases the only borosilicates in regionally metamorphosed rocks, axinites are believed to be the alternative
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phase to tourmaline in Al-poor, Ca-rich parageneses (Pringle
and Kawachi 1980). However, notwithstanding their occurrence
over a wide range of environments and in spite of their high
compositional flexibility and sensitivity to P-T-X-fO2 conditions,
axinites have not been extensively studied.
–
Their crystal structure, with P1 symmetry, may be described
as a sequence of tetrahedrally and octahedrally coordinated
cations (Ito et al. 1969; Takéuchi et al. 1974). Two disilicate
groups [Si2O7] are connected by two BO4 tetrahedra to form a
six-membered ring. Two additional disilicate groups share corners with the BO4 tetrahedra, forming a [B2Si8O30] planar cluster. Slightly distorted octahedra, four filled by Al and two by

