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ABSTRACT

Feldspars are a common component in igneous and metamorphic rocks. Most feldspars exhibit
luminescence, and this has proved useful in a number of mineralogical applications. In this paper,
we concentrate on the thermoluminescence (TL) properties of feldspar, or the luminescence pro-
duced when a sample of feldspar is heated. We determined the induced TL properties of four feld-
spars of various compositions in their natural states, and after heating, and we compared the TL data
with structural changes as determined by X-ray diffraction. The major TL peak at 120–240 °C in the
TL glow curve, a plot of light intensity against temperature, varies significantly among feldspar-
bearing samples. Meteorites and lunar samples with slow cooling histories of ∼10 °C/My as deter-
mined by independent methods, have induced TL peak temperatures of ∼120 °C, while samples with
fast cooling histories (∼100 °C/My) have induced TL peak temperatures of ∼220 °C. This variation
in TL peak temperature can be reproduced by heating the present feldspar samples, meteorites and
lunar samples prior to the TL measurement. Most of the present samples in their natural state had TL
peak temperatures of ∼120 °C. Heating below 750 °C in the laboratory caused no change in TL peak
temperatures or the structural disorder of the feldspar, while heating >750 °C caused TL peak tem-
peratures to move to ∼220 °C and disordered the feldspar structure. We suggest that induced TL peak
temperature in feldspar is influenced by the degree of Al-Si ordering in the feldspar. Thus, induced
TL peak temperature can be used as an indicator of cooling rate for igneous and metamorphic rocks.

INTRODUCTION

Feldspar exhibits a wide range of compositions and Al-Si
ordering, which makes the mineral well-suited to recording
evidence of the metamorphic and igneous history of rocks (e.g.,
Schandl et al. 1986). Feldspar is also one of the most-common
mineral groups in terrestrial metamorphic and igneous rocks,
and in lunar samples and the major meteorite groups (e.g., Smith
1974; Papike et al. 1991; Rubin 1997). However, their com-
plexity results in difficulty in interpreting composition, crys-
tallographic order, and macroscopic and microscopic texture
and some features probably reflect metastability rather than
equilibrium conditions (e.g., Grove et al. 1983; Carpenter 1994).

Feldspars commonly show intense luminescence under the
appropriate stimulation. Cathodoluminescence (CL), the emis-
sion of light during exposure to an electron beam, has been
described for feldspar by Marshall (1988) and Mora and
Ramseyer (1992), for instance, whereas the CL of lunar samples
and meteorites has been described by Sippel and Spencer
(1971), DeHart et al. (1992) and Götze et al. (1999). Optically
stimulated luminescence (OSL), that is, the emission of visible
light under stimulation from discrete wavelengths of visible
light, is likewise a common feature of feldspars (e.g., Poolton
et al. 1996; Duller 1997; Krbetschek et al. 1997; Wintle and
Murray 1997). Thermoluminescence (TL) is the emission of

visible light stimulated by heating the samples (Chen and
McKeever 1997). All the common feldspar species exhibit sig-
nificant TL (Prescott and Fox 1993).

Over the past decade, the luminescence properties of feld-
spar have enabled dating of sediments, especially loess depos-
its (e.g., Rendell and Townsend 1988; Berger et al. 1992;
Huntley et al. 1993; Prescott and Robertson 1997). The tech-
nique is based on the removal of previous luminescence by
exposure to sunlight during transport and the subsequent
buildup of “new” luminescence in feldspar due to exposure to
ionizing radiation from radionuclides in the surrounding soil
and cosmic rays. A similar technique is used in archeological
dating where the TL was “initialized” when the pottery was
fired (Aitken 1985; Roberts 1997). We have discussed the ap-
plication of TL properties to the study of the thermal history of
meteorites and lunar samples (e.g., Sears 1988; Benoit and Sears
1993; Batchelor et al. 1997). In the present paper, we report
laboratory and heating studies of the TL properties of feldspars
as a test of TL data as an indicator of state of structural order
and thus thermal history.

EXPERIMENTAL METHODS

Three coarsely crystalline feldspar samples, including a
single crystal of oligoclase from Muskwa Lake, Canada and a
poly-crystalline sample of bytownite from Crystal Bay, Min-
nesota,  (e.g., Miller and Weiblen 1990; Table 1) were obtained
from Wards Scientific, the samples having been characterized
by Ostertag (1983). A sample of pulverized orthoclase perthite
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