ANALYSIS OF NATURAL THERMOLUMINESCENCE IN TYPE 4 CHONDRITES. S. Bretzius, D. W. G. Sears, A. Naranjo, Arkansas Center for Space and Planetary Sciences, University of Arkansas, Fayetteville, AR 72701
Introduction: The measuring of the natural thermoluminescence (TL) of a chondrite is one method of determining certain aspects of such a chondrite's past. Depending upon the amount of natural TL present, one can determine certain things about the chondrite. Such things include terrestrial age and thermal history. A relationship exists between high natural TL and a low terrestrial age, while another relationship exists between low natural TL and either a high terrestrial age or a recent reheating [1]. Such relationships exist within our findings.
Experimentation: A total of 15 samples from 11 different meteorites were used for this study (Table 1). Samples were prepared as sand-like textured powders, and all metals were removed from the powders. Approximately four milligrams of sample were put into three small copper pans and placed in the TL apparatus. The natural TL was then determined three times for each sample ran, once per pan (with an exception of Dhofar 658, due to lack of sample). The linear relationship displayed in Fig. 1 shows that our experimental methods were internally consistent.
Table 1. List of samples used for this study with TL data

	Sample Name
	Natural TL (krad)
	Equivalent Dose (krad)
	Comment

	
	
	
	

	Cali,1
	31.01
	21.95
	Observed fall in Santiago de Cali, Colombia

	Cali,2
	33.18
	19.65
	

	Julesburg
	9.51
	5.38
	Found in 1983 in the U.S.

	Bovedy,1
	0.47
	1.66
	Observed fall in Northern Ireland

	Bovedy,2
	0.13
	0.58
	

	NWA752
	0.03
	0.06
	Found in 2000 in Northwest Africa

	Dhofar658
	0.08
	0.14
	Found in 2001 in Oman

	GRO 95541, 7
	1.34
	1.94
	Found in 1995 in the Grosvenor Mountains in Antarctica

	GRO 95541, 8
	1.54
	2.17
	

	WIS 91618, 16
	41.52
	27.35
	Found in 1991 in the Wisconsin Range in Antarctica 

	WIS 91618, 17
	34.37
	28.32
	

	NWA1974
	0.03
	0.16
	Found in 2003 in Northwest Africa

	Albareto
	18.61
	11.3
	Observed fall in Italy

	Bo Xian
	94.48
	48.83
	Observed fall in China

	GRA 95215
	0.03
	18.21
	Found in 1995 in Graves Nunataks  in Antarctica
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Fig. 1. Natural TL versus Equivalent Dose at 250ºC for all 15 samples.
Results: For each natural curve, the height of the curve at two particular temperatures (250ºC and 400ºC) was determined. A value for natural TL was found using the ratio of such heights (ratio = height at 250ºC/height at 400ºC) within the following equation: 

Nat TL = EXP[2.303*(1.2903*LOG(ratio)+1.089)]
Equivalent dose at 250ºC (in krad) was found by taking the ratio of natural and induced peak heights at a temperature of 250ºC and then multiplying by a factor of 0.75 (the test-dose).
Discussion: After determining the values of natural TL, it is apparent that there is a relatively wide spread within the data, from values of approximately 0.05 to 95 krad (Fig. 2). This is due to the samples consisting of observed falls, Antarctic meteorites, and non-Antarctic meteorites. 
[image: image2.emf]All Samples

0

1

2

3

4

0.01 0.05 0.1 0.5 1 1.5 2 10 20 30 35 40 45 95

Natural TL (krad)

Number of Cases


Fig. 2. Histogram of Natural TL levels for all 15 samples ran in this study.
Observed falls are expected to have higher values of natural TL due to their low terrestrial ages, while Antarctic meteorites should have lower values of natural TL due to their high terrestrial ages. Observed falls (Fig. 3) are more prevalent within the range of 20 to 95 krad (with an exception of two samples at 0.5 krad), and Antarctic samples (Fig. 4) are mostly within the range of 0.05 to 2 krad (with an exception of one sample at 35 krad and another at 45 krad). Therefore, observed falls display higher values of natural TL than do those meteorites found in Antarctica.
[image: image3.emf]Observed Falls

0

1

2

3

4

0.1 0.5 10 20 30 35 90 95

Natural TL (krad)

Number of Cases


Fig. 3. Histogram of Natural TL levels for observed falls only (a total of 6 samples).
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Fig. 4. Histogram of Natural TL levels for Antarctic samples only (a total of 5 samples).
As shown in Sears and Hasan [1], observed falls typically have higher levels of natural TL than Antarctic meteorites. It follows that our data is consistent with the idea that higher levels of natural TL are related to a low terrestrial age (being as observed falls are known to have low terrestrial ages) while low levels of natural TL are related to a high terrestrial age (Antarctic meteorites are typically known to have large terrestrial ages) [1].
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Fig. 5. Histogram of data as reported in Benoit and Sears [3].
Our data also appears to be consistent with data from Benoit and Sears [3] and Hasan et al [2]. The data in Fig. 5 represents natural TL values from an Antarctic meteorite believed to have been a recent fall with an atypical orbital history, which is why the values are within a range of approximately 125 to 250 krad. The data in Fig. 6 represents only Antarctic meteorites, which is why the concentration in number of cases occurs approximately between 1 and 25 krad. The results from our study fall roughly within the middle of the range of the results from Figures 5 and 6. As expected, the Antarctic samples in Fig. 4 correspond more with the lower range of natural TL values in Fig. 6, while the observed falls in Fig. 3 are slightly closer in value to the natural TL values in Fig. 5. Therefore, the ideas that Antarctic samples should exhibit lower levels of natural TL and observed (or recent) falls should exhibit higher levels of natural TL is further confirmed by this comparison with Figures 5 and 6.
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Fig. 6. Histogram of data as reported in Hasan et al [2].
Conclusions: Our results appear to confirm the relationships believed to exist between terrestrial age and natural TL intensity. As the figures show, observed falls exhibit high levels of natural TL (as would be expected since they have a low terrestrial age), while non-observed falls (like Antarctic meteorites) exhibit low levels of natural TL (as would be expected for meteorites with large terrestrial ages). Among our data, a few Antarctic samples show a relatively high intensity of natural TL, while the sample Bovedy (an observed fall) shows a very low natural TL. Both anomalies can be explained by something within that particular meteorite’s past, either from its travels throughout space or from having in some way been recently reheated.
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