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Introduction: Nature of the phase Q is one of the most important problems of cosmochemistry. This phase con-

tains the main fraction of primary heavy noble gazes (Ar, Kr and Xe) in meteorites. Numerous studies established 

that the phase Q makes less than 1 mass% and is resistant to HF+HCl treatment, but is almost completely destroyed 

during oxidizing treatment (e.g., HNO3). The latter may indicate that the phase Q is a carbonaceous substance. In-

vestigation of noble gazes in various fractions of meteoritic material combined with study of associated carbon 

phases is one of the most promising approaches. We report results of complementary study of bulk material of Sara-

tov L4 chondrite and of its individual chondrules treated according to different protocols. 

Experiments and modeling: Noble gazes in bulk sample of Saratov meteorite were measured using multi-

element isotope analyser “Finesse” in combination with stepped combustion. Separation of drop-like chondrules was 

performed by gentle step crushing of the meteorite down to sizes of less than 1.2 mm. Some chondrules were treated 

with K2Cr2O7 for 8 h at 80 °С; some were chemically treated and oxidized at 600 °С. Individual chondrules of mar-

kedly different sizes (> 2 mm and <1 mm in diameter) were studied using Raman microprobe in order to examine 

carbon-related features and its relationships with mineralogy of silicate matrix. Since on microscopic scale the 

chondrules are heterogeneous, many spectra were collected for each sample. The laser power was kept at low values 

(≤2 mW) to prevent sample damage [1, 2]. This value was selected based on test experiments on the same chon-

drules which showed negligible differences between spectra recorded at 0.2 and 2 mW. In most cases fluorescence 

was weak and was neglected. After subtraction of linear background the “graphitic” range was analysed using com-

ponents with Lorentzian shapes. In most cases in addition to two well-known G and D bands a band centered around 

1550 cm
-1

 was required to achieve good fit of experimental spectra. Despite clear presence of this band in many 

spectra, its origin remains debatable. Most likely it corresponds to G-band of (semi)amorphous carbon. 

Results: Mass-spectrometry of the bulk sample shows that the main fractions of carbon and of noble gazes are 

released independently from each other. Most likely, oxidation of the phase Q results in peak of Ar release at 600°C 

with high 
132

Хе/
36

Ar ratio. Similarly high ratio observed at 900°C may indicate that the phase Q resides in two dif-

ferent carriers. Note that high 
40

Ar/
36

Ar ratio at 1200°C is due to radiogenic Ar from silicate matrix. Mass-

spectrometry of noble gazes released from small (<0.28 mm) chondrules are given in [4]. 

Position of the G-band (1600-1608 cm
-1

) suggests that carbon on surfaces of chondrules is mostly present as na-

nocrystalline graphite both in pristine and in acid-treated chondrules. In the same time, certain fraction of amorph-

ous carbon is also present as indicated by clear contribution of broad “amorphous” band with position of maximum 

around 1540 cm
-1

, i.e. close to G-band position of a-C.  

Marked changes occur in position of the D-band on acid treatment: its position shifts to higher wavenumbers 

(from 1340 to 1350-1360 cm
-1

) and FWHM increases, indicating growth of concentration of point defects. The in-

tensity ratio I(D)/I(G), being a complex function of crystallite size, decreases on acid treatment. A correlation be-

tween local mineralogy of the chondrules (olivine and pyroxene are the main minerals) and carbon-related Raman 

features is likely present and partly explains observed scatter in position of the G-band and I(D)/I(G) ratio between 

analysis spots on individual chondrules, but firm conclusions require more representative statistics. 

Conclusions: The results of this preliminary study show that (а) the main fraction of gazes of the phase Q from 

the Saratov meteorite bulk is released on oxidation of carbonaceous material at temperatures <700°C; (b) carbona-

ceous material on surfaces of small and large chondrules from Saratov L4 is largely similar, though considerable 

spot-to-spot variability is observed. The acid treatment leaves nanographite crystallites relatively unaffected, but 

significantly decrease amount of disordered carbon. This behavior appears to support hypothesis that the Q-phase 

reside in the defectous (e.g. ion implanted) graphite [1], which, presumably, should be readily oxidized. However, 

mass-spectrometry data show that the Q-phase is released at relatively high temperatures. Possible explanation of 

this discrepancy lies in the fact that the Q-phase carrier comprises only minor fraction of the total carbon (e.g., [3]) 

whereas Raman microspectroscopy addresses all carbonaceous phases. Detailed results for chondrules of various 

sizes subjected to different treatment protocols will be presented. 
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