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INTRODUCTION

The luminescence of synthetic materials has been widely 
investigated for applications in cathode ray tubes, laser materi-
als, and radiation dosimetry. In addition, a smaller but signiÞ cant 
body of literature has grown around the luminescence of geo-
logical materials, including apatite, calcite, feldspars, and zircon 
(see e.g., Roeder et al. 1987; Habermann et al. 1998; Götze et al. 
1999; Gaft et al. 2001, 2002, 2005; Krbetschek et al. 2002). A 
common difference between the luminescence of synthetic and 
geological systems is that the number of competing luminescence 
centers in synthetic systems is usually constrained whereas for 
Earth materials, composition and states of order are extremely 
variable, and thus the number of potentially active luminescence 
centers can be very high. Understanding luminescence in min-
erals requires an understanding of the mechanisms controlling 
energy transfer between centers. In the context of minerals, this 
includes energy cascades within single ions, energy transfer 
between ions of the same species on different sites, or energy 
transfer between competing luminescence centers of different 
types. In the present study, we investigate the luminescence and 
electron spin resonance (ESR) of the mineral leucophanite (ide-
ally NaCaBeSi2O6F) as a function of temperature, composition, 
and defect concentration to understand more about how energy 

deposited during excitation is dissipated to generate light. At least 
nine competing luminescence centers have been identiÞ ed result-
ing in emission bands between 311 and 1060 nm. Leucophanite 
has a wide range of chemical exchanges from its ideal formula, 
notably exchange of rare earth elements (REE = lanthanides + 
Y) for Ca that, like defects on the SiO4 and BeO4 tetrahedra, give 
rise to light emission. The competition between these families 
of centers is of widespread interest since it is common to many 
mineral groups including apatite, feldspar, zircon, and allanite. 
However, leucophanite beneÞ ts from a very high luminescence 
efÞ ciency, higher stability during excitation, and fewer non-
equivalent crystallographic sites. It is therefore an ideal mate-
rial to investigate energy transfer in a multi-doped material and 
provides key insights into mineral luminescence that are widely 
applicable to other important mineral systems.

MATERIALS AND METHODS

Leucophanite is structurally closely related to the melilite group and crystal-
lizes in the orthorhombic space group P212121. The crystal structure of the samples 
analyzed here was solved using single-crystal X-ray diffraction (XRD) by Friis 
(2004), who found no evidence for symmetry lower than orthorhombic. There-
fore all Ca sites are equivalent and the coordination of an ion substituting for it 
is well-constrained. We chose three samples for further detailed analysis. Before 
selecting these samples, we examined visually the luminescence properties of a 
wide range of leucophanites with electron beam excitation (cathodoluminescence, 
CL, using a Technocyn 8200 Mk 3 Cathodoluminoscope operating to generate a 
power density of <100 kW/m2) and UV excitation (photoluminescence, PL, using 
a MINERALIGHT Multiband Ultra-Violet Lamp type MSL-48 with both long 
wave and short wave). * E-mail: geofriis@yahoo.com 
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ABSTRACT

The luminescence of three natural samples of leucophanite (ideally, NaCaBeSi2O6F) has been 
investigated with ion-beam excitation and by electron spin resonance (ESR). A blue luminescence, 
ascribed to a defect associated with SiO4 or BeO4 tetrahedra, and an orange luminescence, ascribed to 
an Mn2+ center, dominates the emission. Further luminescence centers in the investigated wavelength 
range (200�1100 nm) include those related to Gd3+, Dy3+, Tb3+, Sm3+, Eu3+, Tm3+, and Nd3+. In spite 
of a sheet-like structure, leucophanite is relatively resilient to the ion implantation and β-irradiation, 
compared with other minerals, but loss of luminescence intensity as a function of implantation show 
that some permanent defects are formed. No centers change their emission energy as a function of 
temperature in the investigated interval (40�300 K), but due to crystal-Þ eld interaction, a broadening of 
the Mn2+ emission band is observed with increasing temperature, and with low activator concentration. 
The variation in activator concentration is clearly seen from a pronounced concentration quenching. 
ESR data (9.7 and 188 GHz) show that Mn is only present in one crystallographic site and that the 
REE-richest sample has an additional signal with g ~ 2.003. No new defects could be seen with ESR 
in a β-irradiated sample.
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