
American Mineralogist, Volume 92, pages 1225�1231, 2007

0003-004X/07/0007�1225$05.00/DOI: 10.2138/am.2007.2481     1225 

INTRODUCTION

Manganese, like iron, is a geochemically important element 
occurring as divalent, trivalent, and tetravalent cations at differ-
ently coordinated sites in common silicate and oxide minerals. 
Methods to distinguish the valence state and coordination of 
transition elements in mineral structures are essential for many 
branches of the earth sciences. Optical absorption spectroscopy 
is one of several methods that have the capability to extract such 
information at high spatial resolution. 

The optical-absorption spectra of Fe2+ and Fe3+ in four-, 
Þ ve-, and sixfold coordination in minerals have been explored 
extensively (e.g., Rossman and Taran 2001; Taran and Langer 
2001; Waychunas and Rossman 1983), but comparable data 
for manganese show some omissions. Many optical spectra of 
Mn2+- and Mn3+-bearing minerals have been published during 
the last four decades, but complete optical spectra of manganese 
at tetrahedral sites in oxygen-based mineral structures have 
not been reported. In addition to this, the vast majority of the 
published spectra deals with mineral structures in which Mn2+ 
is distributed at high concentrations over several sites that show 

different mean Mn-O bond lengths and variable distortion from 
octahedral symmetry. In fact, presence of several non-equivalent 
Mn-centered sites is characteristic for all the silicate minerals 
containing MnO6-clusters, which are included in the compre-
hensive list of spectroscopic data on Mn2+-bearing minerals 
presented by Burns (1993). This structural complexity makes 
spectral band assignments difÞ cult. Consequently, published 
parameters (e.g., crystal Þ eld splitting and Racah) on Mn2+ at 
octahedral sites in minerals derived from optical absorption 
spectra must be regarded with some caution. 

For these reasons we present in this paper optical absorption 
spectra of Mn2+ in tetrahedral oxygen coordination in spinel 
(galaxite) and phenacite (willemite) group minerals. To relate 
the spectra of divalent manganese at tetrahedral sites with those 
of MnO6

10�-cluster we have recorded spectra of three structurally 
simple minerals; Mn-rich forsterite, tephroite, and rhodochrosite 
at relatively high spectral resolution.

SAMPLES AND METHODS

Synthetic galaxite
Single crystals of end-member galaxite, MnAl2O4, were syn-
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ABSTRACT

Chemical analyses, crystal structure reÞ nement, cation order determination, and single-crystal 
optical absorption spectrum of synthetic galaxite are presented. New optical absorption spectra of 
natural Mn-bearing willemite, rhodochrosite, Mn-rich forsterite, and tephroite are reported for com-
parative purposes.

The structure of a synthetic galaxite end-member is characterized by a relatively large unit-cell 
edge, a0 = 8.2104(3) Å, a u-parameter equal to 0.26588(7), a T-O distance of 2.0034(6) Å, and an 
M-O distance of 1.9310(5) Å. Mn2+ is strongly ordered at the tetrahedral T-site as demonstrated by 
the reÞ ned structural formula T(Mn2+

0.90Al0.10)M(Mn2+
0.10Al1.90)O4.

The optical absorption spectrum of galaxite in the range 300�800 nm shows a set of Þ ve relatively 
sharp bands at 20 300, 22 250, 23 390, 25 970, and 27 780 cm�1 marking spin-forbidden transitions 
in Mn2+ at the tetrahedral site. The molar absorption coefÞ cient of the Þ eld-independent 6A1(S) → 
4Eg

4A1g(G) absorption band at 23 390 cm�1 equals 1.90 L/(mol·cm), which is approximately an order 
of magnitude higher than for corresponding bands in spectra of compounds that contain isolated 
Mn2+-centered octahedra. 

The calculated crystal Þ eld splitting, 10Dq, for Mn2+ at the T-site in galaxite equals 5290 cm�1. This 
compares well with derived 10Dq-values of 5860 and 5510 cm�1 for Mn2+ at the tetrahedral T1- and 
T2-site in Mn-bearing willemite. In agreement with theory, the 10Dq for Mn2+ in MnO4 tetrahedra 
is ca. 30% smaller than corresponding values in MnO6 octahedra. The lower Racah B-parameters of 
the spectroscopic data indicate that the degree of covalency of Mn2+-O bonds is higher in tetrahedra 
than in octahedra.
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