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        Introduction. Earlier we have found that the 

release of the planetary noble gases associated 

with the Q carrier is well correlated with the 

release of an isotopically light nitrogen with 

15N≤-150‰ during stepped combustion of bulk 

CR [1], CO and some CM chondrites [2]. In most 

cases the meteoritic nanodiamonds can be 

excluded as a source of the light nitrogen based 

on consideration of the 36Ar/14N and 36Ar/C ratios. 

This, thus, leaves the conclusion that the 

isotopically light N is a part of Q as the only 

possibility.  

        In the present study, we analysed bulk as 

well as C-rich fractions of the Saratov meteorites 

obtained by physical and chemical methods of 

separation. It is known that the nanodiamonds 

cannot survive a strong thermal metamorphism in 

the meteorite parent bodies. In particular, in 

meteorites of petrological type higher that 3.8 the 

nanodiamonds are almost absent [3]. Thus, 

Saratov, being identified as a meteorite of 

petrological type 4, should not contain any 

nanodiamonds. Indeed, the noble gas isotope data 

for the HF/HCl residue from this meteorite, 

treated with oxidising acids, do not contain any 

indication of the nanodiamonds Xe isotope 

signature [4] 

.  
Fig. 1. Schematic of the Saratov meteorite separation. The 

collected fractions are shown in red. The numbers next 

to them are the yields of the fractions calculated for the 

mass of the starting material (32.7 g) used. 

        Experimental. At the first stage of the bulk 

Saratov sample separation, chondrules and metal 

phases were mechanically removed. The residual 

material (mostly silicates) has then been sieved 

into two fractions: ≤100 µm and ≥100 µm. The 

fine grain size fraction has been used for 

separation by density (schematic of the separation 

is shown in [5]) and the coarse one – for treatment 

with HF/HCl (Fig. 1).  

        The C, N and noble gases abundances and 

isotopic compositions have been analysed 

simultaneously in all the fractions by stepped 

combustion using our Finesse instrument [6]. 

        Results and discussion. The carbon 

concentration in the fractions obtained 

significantly increased (by a factor of 65) 

compared to the starting bulk sample. The same is 

observed for N (up to 150 times higher) and noble 

gases (36Ar up to 240 times higher). This indicates 

a high efficiency of the separation methods used 

to concentrate Q.  

        The results for the fractions separated by 

physical methods have been reported previously 

[5] and for noble gases and C in the HF/HCl 

residues -  in the separate abstract at this 

conference [7]. Here we focus mostly on the 

noble gases and nitrogen data and in particular on 

the correlation between release of the isotopically 

light N and 36Ar. 
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Figure 2. Release patterns of N and 36Ar and 15N variations 

during stepped combustion of the fractions enriched with Q 

separated from the Saratov meteorite 
         The bulk Saratov sample stepped 

combustion data do not show any indication of an 

isotopically light N signature. However, an 

isotopically light N is observed almost in all the 

fractions obtained. The lowest 15N is observed in 

the fractions with relatively low N/C ratio 

(examples are shown in Fig. 2). In the Fr. 6 (Fig. 

2a) the isotopically light N comes out at a high 
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temperature (~1000oC) where most of the 

sample’s nitrogen is already oxidised. This is 

similar to what has been observed in the bulk CR 

meteorites of petrological type 2 [1], where the 

release of an isotopically light nitrogen together 

with the Q noble gases at such a high temperature 

suggests shielding of Q from oxidation during 

stepped combustion. However, in contrast to the 

CR meteorites most of Q-36Ar in the Fr. 6 is 

released at lower temperature (Fig. 2a).  
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Figure 3. Correlation between 36Ar/14N and 15N during 

stepped combustion of the Q-enriched fractions separated 

from the Saratov meteorite by physical (a) and chemical (b) 

methods. Note semi-logarithmic scale of the plots. The 

corresponding solar and meteoritic nanodiamonds 

compositions are also shown. 

       For the acid residue sample C(D) both 36Ar 

and the isotopically light N are released at a low 

temperature (Fig. 2b) that is usually observed for 

such residues. However, in most HF/HCl residues 

from carbonaceous chondrites the isotopically 

light N cannot be seen at low temperature because 

of domination of the macromolecular isotopically 

heavy N over the Q nitrogen. For Saratov 

situation is different, since during strong thermal 

metamorphism in its parent body, most of the 

macromolecular nitrogen seems to has gone 

preferentially compared to the Q nitrogen. As can 

be seen (Fig. 2b), the peak of 36Ar release does 

not exactly coincide with minimum of 15N in 

contrast to what has been observed for the CR2 

meteorites [1].  

       In order to find out whether 36Ar and the 

isotopically light nitrogen are related to each 

other, we consider the data on the 36Ar/14N-15N 

three-isotope diagram. Linear correlation between 

these parameters is a strong indication of mixing 

between two components, one of which is a 

carrier of 36Ar and the isotopically light nitrogen. 

Indeed, for the samples discussed above such 

correlation is observed (Fig. 3). The lines fitted 

the experimental points represent mixing lines of 

two end-members: one of them contains an 

isotopically heavy nitrogen and does not contain 
36Ar, the other one is enriched with both 36Ar and 

an isotopically light nitrogen and, as we believe, 

represents Q, which 15N is lower than -100‰ 

and can possibly be as low as solar [1, 2]. The 

scatter of the experimental points around the 

fitting lines (Fig. 3), as well as the absence of 

correlation between 36Ar/14N and 15N for ARF 

discussed in [7] can be explained by the presence 

of the macromolecular heavy nitrogen with 

variable isotopic compositions. 

       Conclusion. Thus, the results for the 

fractions enriched with Q, isolated from the 

Saratov meteorite using physical and chemical 

methods of separation, indicate that Q nitrogen is 

isotopically light. This confirms our earlier 

suggestion, based on the analyses of bulk 

meteorites by stepped combustion [1, 2] and the 

results of NanoSIMS analyses of the Xe enriched 

fraction separated from the Saratov meteorite, in 

which hot spots with almost solar nitrogen isotope 

composition were identified [8].  

       This conclusion is in an agreement with the 

general idea about the origin of the nitrogen 

components in the solar system. According to it, 

the primordial solar system nitrogen is 

isotopically light (15N ~-400‰ [9]). The 

isotopically heavy nitrogen seems to have been 

formed in the early solar system from the 

primordial one by photolysis [10] before 

formation of the first organic compounds, but 

after formation of Q-phase. The latter contains He 

with the isotopic composition corresponding to 

the pre-deuterium burning stage of the Sun 

evolution i.e. Q has been formed very early. 

Therefore, most of the macromolecular organic 

compounds contain the isotopically heavy 

nitrogen, while Q seems to preserve the 

primordial isotopically light nitrogen. 
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