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Introduction: Thermoluminescence is the thermally stimulated emission of photons from a material. In our study, we worked with samples of ordinary chondrites. The metallic part was removed, since TL is only visible in insulators and semi-conductors. Induced TL properties relate to the abundance and nature of the major luminescence agent, which in ordinary chondrites is feldspar. This, in turn, depends mainly on the metamorphic history and thus the petrographic type of the meteorite, since metamorphism generates feldspar through the devitrification of glass.  The range in TL sensitivity reflects the amount of the phosphor present.

Experimentation: Natural and induced thermoluminescence properties for eleven ordinary chondrites (some of them came as two separate samples) were obtained through the method of TL extraction using the rig in the Arkansas Center for Space and Planetary Sciences. The samples were first prepared for analysis (the magnetic part was removed), and then each of them was heated once for natural TL and three times for induced TL. In order to obtain a reading for induced TL, we had to irradiate the sample with a Si-84 beta source for three minutes before running it. 

The resulting glow curves were analyzed by measuring different parameters for natural and induced TL. For the induced analysis, the determining parameter is the height of the peak at maximum emission, which is referred to as TL sensitivity and is normalized to that of the Dhajala meteorite. Our results can be seen in Table 1.

	Sample name
	TL sensitivity (average)

	Cali
	1.38 ±0.08

	Julesburg
	0.18 ±0.01

	Bovedy #1
	0.034 ±0.003

	NWA 752
	2.05 ±0.08

	NWA 1974
	0.62 ±0.03

	WIS 91618
	1.11 ±0.12

	GRO 95541
	0.64 ±0.06

	Dhofar 658
	0.40 ±0.01

	Albareto
	1.25 ±0.14

	Bo Xian
	1.55 ±0.12

	GRA 95215,8
	0.27 ±0.02


Table 1: TL sensitivity for eleven meteorites (in the order they were ran). The values fall within a relatively narrow range.

Results: Our measurements were made by hand since our glow curves were produced by an analog chart recorder. The variable in the x-axis of the glow curves is temperature (in ºC) and the variable on the y-axis is counts per second. 

We found a relationship between the mineralogical data, in the form of PMD (percent mean deviation), which is a measure of scatter, and the TL sensitivity, as plotted in Figures 1 & 2.
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Figure 1: Graph of TL sens. against Olivine PMD. No particular trend is visible.
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Figure 2: Graph of TL sens. against Pyroxene PMD. The beginnings of a trend are apparent.

Discussion: The band model provides a reasonable concept for understanding TL. Any ionizing radiation promotes electrons from the valence band to the normally unoccupied conduction band, where they pass freely through the lattice. Located through most crystals are intrinsic and impurity produced defects (called crystal lattice defects), which provide sites (T and L) that are able to trap the excited electron at various energies. The trap depth constitutes an activation barrier to the decay of excited electrons, which can be overcome by heating the sample to the appropriate temperature (from room temperature to 500ºC in our case). Once they are released from the traps, the electrons may become retained at the same or other defects, or fall back to the valence band by a number of pathways. The “falls” involving radiative transitions at visible wavelengths are responsible for the TL phenomenon. Sears et al. (1980) first showed that petrographic types 3, 4, 5, and 6 had TL sensitivity ranges of 0.002 to 1.0, 1.8 to 6.0, 6.0 to 14, and 6.0 to 25, respectively. This puts the chondrites studied in either a high type 3 or low type 4 class. The 1.0 to 1.8 gap represents the little attention that has been given to the low type fours. In fact, four of our meteorites (Cali, WIS 91618, Albarto, and Bo Xian) fall right within that gap. The comparison between TL and PMD for both olivine and pyroxene, although difficult to analyze, does show some information about metamorphism. Pyroxene PMD seems to go down as TL sensitivity goes up, which is consistent with both picking up differences in metamorphism. However, the olivine graph is more scattered and does not show any kind of trend. This could be an effect of olivine having a faster diffusion than pyroxene.

Conclusions: Our results put all of our samples in a narrow range of metamorphism, between high type 3’s and low type 4’s. These samples form only about a third of what the Space Center will be receiving in the next few months, so the study must be continued, in order to be able to further define the limits of metamorphic types in ordinary chondrites (for example, fill out the 1.0 to 1.8 gap with some kind of nomenclature). Comparing TL sensitivity to PMD did show a consistency in both picking up differences in metamorphism.
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