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ABSTRACT
The radioluminescence and thermoluminescence spectra of synthetic zircon crystals doped with
individual trivalent rare earth element (REE) ions (Pr, Sm, Eu, Gd, Dy, Ho Er, and Yb) and P are
reported in the temperature range 25 to 673 K. Although there is some intrinsic UV/blue emission
from the host lattice, the dominant signals are from the rare-earth sites, with signals characteristic of
the REE3+ states. The shapes of the glow curves are different for each dopant, and there are distinct
differences between glow peak temperatures for different rare-earth lines of the same element. Within
the overall set of signals there are indications of linear trends in which some glow peak temperatures
vary as a function of the ionic size of the rare earth ions. The temperature shifts of the peaks are
considerable, up to 200°, and much larger than those cited in other rare-earth-doped crystals of LaF3
and Bi4Ge3O12. The data clearly suggest that the rare-earth ions are active both in the trapping and
luminescence steps, and hence the TL occurs within localized defect complexes that include REE3+
ions.

INTRODUCTION
Zircon is a commonly occurring accessory mineral with a
crystal chemistry that strongly favors the incorporation of trivalent rare earth element (REE) ions as impurities. Natural zircon crystals commonly contain trace amounts of REE and P,
although some zircon crystals contain several weight percent
of these elements (Speer 1982, and references therein), and are
enriched in heavy rare earth elements (HREE) over light
(LREE) and middle rare earth elements (MREE).
As is widely observed in many synthetic materials, REE
dopants are effective sensitizers of thermoluminescence (TL)
and define the emission spectra (McKeever et al. 1995). However, the different descriptions of the sensitization mechanisms,
and the structure of the trapping and recombination sites, are
highly speculative (Iacconi and Caruba 1980, 1984; Templer
1986; Shinno 1986, 1987; Kirsh and Townsend 1987; Chee et
al. 1988), although the attempts to unravel the emission processes occurring in natural zircon crystals include spectral
*Present address: Department of Earth and Environmental Sciences, The George Washington University, Washington, D.C.
20052; E-mail: jhanch@gwu.edu
0003-004X/00/0506–668$05.00

668

analyses of the TL. These studies showed that zircon crystals
doped with individual REE (e.g., Sm3+, Eu3+, Tb3+, Gd3+, and
Dy3+) are activators for TL. Similarly, the cathodoluminescence
of synthetic zircon crystals doped with some trivalent REE ions
was reported (Cesbron et al. 1993; Yang et al. 1992) in which
the emissions consist of sharp narrow lines characteristic of
the REE dopants. Overall a limited literature exists on the TL
and radioluminescence (RL) spectra of zircon, and there is
uncertainty about the fundamental role of the REE ions in the
TL and RL processes. In part this uncertainty results from the
use of natural minerals that have a multiplicity of REE and
other trace elements.
More recently, detailed studies of the TL spectra from REE
dopants in insulators show that the maxima in the luminescence intensity during heating of irradiated material (i.e. the
glow peak temperatures) differ as a result of the ion size, and
that the emission is typical of trivalent REE rather than the
divalent REE ions, which would be the appropriate emission
sites on many of the TL models. Clear examples of these features have been reported for Bi4Ge3O12 (Raymond et al. 1994;
Raymond and Townsend 2000), LaF3 (Yang et al. 1998), and
CaSO4 and MgB4O7 (Karali et al. 1998a, 1998b), but different
mechanisms appear to be dominant in the various host lattices.

