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Introduction: Thermally and optically stimulated luminescence (TL/OSL) spectroscopy is a well-proven exper-

imental method for studying the spectral characteristics and kinetic mechanisms of radiation-stimulated processes in 

irradiated materials. In practice, various techniques, involving TL/OSL, are applied in archaeological and geological 

dating, commercial systems for dose monitoring and to solve specific problems of solid-state dosimetry of ionizing 

radiation. Besides, TL/OSL researches provide powerful tools for characterizing thermal history, possible impact 

events, metamorphic processes and dominant type of silicates in extraterrestrial matter [1]. One of the challenges in 

the study of spectral properties of meteorites is the low intensity of natural TL/OSL. In this case, as a rule, integral 

luminescent response is detected over a wide wavelength range. Such method is not always effective for meteorites 

characterized by simultaneous emissions in different bands [2, 3]. Consequently, natural and laboratory TL/OSL 

spectral features cannot be analyzed at the required spectral resolution. Recently, we have developed a high-

temperature accessory module for commercial fluorescence spectrometers and tested its performance in the room 

temperature (RT) – 773 K range [4, 5]. In the present work we demonstrate the capabilities of our original TL/OSL 

module by measuring spectrally resolved features of stimulated luminescence in stony meteorites. 

Experimental: Several fragments of Tsarev L5 and Chelyabinsk LL5 chondrites have been studied. The core of 

the meteorites was separated from the fusion crust and crushed into micropowder, which was treated in hydrochloric 

acid to remove metal particles. Luminescence measurements of the samples were carried out in phosphorescence 

regime using a LS55 Perkin Elmer spectrometer with original heating accessory module [4]. The glow curves of the 

natural and laboratory TL were registered in the 440 ± 20 nm band within the range of RT – 873 K with r = 2 K/s. 

To excite laboratory TL response the samples were irradiated at UELR-10-15S linear accelerator with 10 MeV elec-

trons. The radiation dose was 9.1 kGy. The TL/OSL spectra were measured using registration channel based on a 

LS55 Perkin Elmer spectrometer tract in 300 – 700 nm range with scanning speed 800 nm/min and linear heating 

rate of r = 0.5 K/s. The OSL stimulation channel included laser LEDs (660 nm, 200 mW; 532 nm, 150 mW) with 

collimator, NI PXI-6259 driver board and data collection unit. The LEDs were mounted inside mesauring chamber 

of LS55 spectrometer. The virtual instruments were developed using LabView graphical programming platform. 

Laser LED brightness control was realized within 0 – 50 mW/cm2 range by width-pulse modulation technique. 

Results and Discussion: The TL spectra for meteorites under investigation show a wide band in the visible 

range, which is approximated by superposition of two Gaussians with maximum energies of 2.83 ± 0.05 and 2.45 ± 

0.05 eV, half-widths of 0.73 ± 0.05 and 0.40 ± 0.05, respectively. For shown temperatures the 2.83 eV band domi-

nates the TL emission with 4 - 6 times higher intensity than the 2.45 eV component. The natural TL response in 

Chelyabinsk LL5 chondrite is characterized by a peak in the 400 – 520 K range with a high-temperature shoulder at 

520-750 K. These parameters are similar to the main TL peak in Dhajala meteorite [2]. The intensity varies by a 

factor of 2 –10 and the peak maximum shifts from 427 to 487 K for different samples. This can be due to inhomoge-

neous mineral phases or mineral compositions, or differences in irradi-ation doses in space [1]. We found that the 

natural TL response of Tsarev L5 chondrite exhibits a low intensity peak with a maximum temperature Tmax = 490 K 

and half-width T = 60 K. In addition, we observed that, depending on the storage time, the laboratory TL maximum 

shifted to lower temperatures from 408 ± 5 to 394 ± 5 K and the half-width narrowed from 86 ± 5 to 62 ± 5 К. The 

observed TL faded 45% within 3 days of storage. This study demonstrated that thermoluminescence in Tsarev L5 

and Chelyabinsk LL5 chondrites with dark-colored lithology [6] was characterized by similar spectral properties. 

Natural OSL response had very low intensity, so the analysis was performed for decreasing of TL signal in the 

chondrites in result of bleaching under red light stimulation. Laboratory OSL was examined for a dose of > 10 kGy. 

Conclusion: Research capabilities of the original module to study the parameters of optically and thermally 

stimulated luminescence in extraterrestrial matter with high spectral resolution are presented. The developed device 

is a compact and automated, can easily be integrated in a commercially available spectrometer. The TL/OSL module 

allows to obtain new information about spectral characteristics and radiation history of different types meteorites. 
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