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Introduction. Carrier of planetary noble gases in 

chondrites - the Q-phase – remains presently unidenti-

fied. This work is a continuation of our studies of acid-

resistant fractions (ARF) of Saratov (L4) chondrite [1, 

2]. We present here results of correlation analysis of 

He/Xe and Ar/Xe ratios as functions of Xe content in 

twelve ARFs, obtained using different procedures of 

separation of HCl, HF+HCl residue. 

Experimental. Isolation of ARFs of Saratov (L4) 

chondrite and results of their investigation employing 

mass-spectrometric analyses of C, N and noble gases 

released by step oxidation, as well as Raman spectros-

copy and Transmission Electron Microscopy (TEM) 

studies are given in [1, 2]. Here we note follow. 

1. HCl, HF-HCl residue of the chondrite was 

obtained using prolonged ultrasonication, which yield-

ed residues with negligible silicate content. Separations 

into different fractions were performed by centrifuga-

tion at various regimes in iso-propanol solution with 

added NaOH or NH4OH 2. Sedimentation of the frac-

tions dispersed in the solutions was performed after 

acidification by HCl, which promoted neutralization 

and agglomeration of charged grains. 3. Concentra-

tions and isotopic composition of С, N, He, Ar and Xe 

in the fractions were measured simultaneously at each 

temperature step during oxidation from 300 to 1400 
о
С 

using Finesse spectrometric complex [2]. Sample 

weight varied from 0.04 to 1.95 mg. Uncertainty in C 

content were less than 1%; for He, Ar and Xe – ~10%. 

Results and discussion. Carbon content of the 

ARF does not exceed 37% (Table 1). According to 

Raman spectroscopy and TEM the principal mineral 

phase in ARF is, most likely, chromite. Ratios of 

Ar/Хе and He/Хе for the fractions span ranges 50-130 

and 165-2215, respectively. For bulk sample of Sara-

tov ARF these values are 32 and 245 [3]. The minimal 

values of Ar/Хе and He/Хе for the fractions obtained 

by us are similar to those reported in [4] for the bulk 

ARFs of Chainpur (LL3.4) (58 and 200) and Dimmit 

(H3.7) (55 and 154), which are petrological similar 

with Saratov (L4). These values correspond to Q-

gases, modified by diffusion loss of light gases during 

thermal metamorphism [4, 5]. 

The elevated Ar/Хе and He/Хе values in some 

Variations of the Ar/Хе ratios with C-normalised Xe 

Saratov' fractions may reflect preferential loss of Xe in 

comparison with Ar and He. This assumption 

 

Table 1. Content of C, He. Ar & Xe in ARF of Sara-

tov. С - mg/g, He & Аr – in 10
-5 

cc/g, Хе – in 10
-8

 cc/g 
Fractions C 4He 36Ar 132Xe 

SU-B 47.8 4.87 1.85 14.41 

SU-BA 64.3 6.93 2.310 29.24 

SU-BB 14.5 5.59 0.058 0.18 

SU-D 23.6 11.25 0.568 5.41 

SU-2A 167.6 13.3 7.12 55.8 

SU-2A-1 184.0 27.6 8.34 79.1 

SU-2B 10.8 1.48 0,326 5.22 

SU-2AB 355.3 68.9  298.0 

SU-2AB-1 371.0 353.0 14.9 278.0 

SU-2AA 208.6 239.0 13.9 292.0 

SU-2ACp 111.0 175.0 6.83 79.0 

SU-2AC 170.3 36.4  221.0 

 

is based on the fact that Ar/Хе and He/Хе ratios of 

the fraction SU-BB, obtained by Н2О2 oxidation of the 

SU-BA fraction, are much higher than those in SU-BA 

(Fig. 1).  

 
Figure 1. The dependences of Ar(He)/Xe ratios on Xe 

content for Saratov fractions. 

 

Variations of the Аr/Хе ratios with C-normalised Xe 

for all the fractions can be fitted by an exponent (Fig. 

1а). According to this curve, the Ar/Xe ratio increases 

with Xe decrease. For He/Хе ratios no common de-

pendence with Xe content is observed (Fig. 1b). How-

ever, as shown above, Не(Ar)/Хе are markedly higher 

in the SU-BB fraction relative to fraction SU-BA (Fig. 

1b). Similarity in behavior of Аr and Не suggests that 

He/Хе ratio and Хе content in the studied fractions 

may follow similar trends as for Ar. The deviations of 

the He/Xe ratio from exponential function observed for 

some of the fractions (Fig. 1b) are, presumably, due to 

1957.pdf51st Lunar and Planetary Science Conference (2020)

mailto:anat@chgnet.ru
mailto:sasha.verchovsky@open.ac.uk
mailto:a_shiryaev@mail.ru


presence of He excess. This excess may, for example, 

be of radiogenic origin. Sites of the excess He atoms 

and of the Q-gases in crystalline lattice of carbona-

ceous phase(s) likely differ. This difference is well 

manifested, for example, in comparison of He-Ar re-

lease kinetics for the SU-D fraction with high He and 

SU-BA fractions containing the Q-gases only (Fig. 2).  

 

 
Figure 2. Release kinetics of Ar and He from fractions. 

 

Note that range of Не/Хе ratio is 165-350 for the frac-

tions without the excess He.  

Therefore, the ARFs obtained at different condi-

tions of separation differ considerably in relative con-

tents of He, Ar and Хе. Minimal Xe-normalised con-

tents of He and Ar in some fractions are due to their 

loss during thermal metamorphism of the chondrite. 

Besides the He excess, origin of which is not discussed 

further, increase of He and Ar relative to Xe could be 

explained within the framework of the following hy-

potheses. 

1. The Q-phase is a low-abundant, in compari-

son with other carbonaceous phases, population of 

submicron carbonaceous grains with high concentra-

tion of the Q-gases [2, 6, 7].In this case, the correla-

tions between Xe content and Ar(He)/Xe ratios can be 

explained as a result of  ion implantation of noble gas-

es into Q-phase grains of different sizes [8]. We note 

that in framework of the implantation hypothesis varia-

tions of the Аr/Хе should not necessarily be correlate 

with Хе/С variations, since these ratios are determined 

by different processes: the former by sizes of Q-phase 

grains and the latter – by degree of enrichment of the 

fraction in the Q-phase. Higher ratios of implanted Ar 

and He relative to Xe in the SU-BA fraction after H2O2 

oxidation is explained by differences in implantation 

depth of these ions at given energies and grain sizes. 

Consequently, removal of Xe-rich near-surface volume 

of the grains by Н2О2 oxidation lead to increase of 

relative amounts of He and Ar in the residue. 

2. The Q-phase mostly consists of curved bi- and 

few layers thick graphene stacks, abundant in ARF [1, 

9]. The main feature of this hypothesis is that the inter-

layer spacing in graphene bi-layers is 3.4-3.5 Å, i.е. 

somewhat less than atom size of Ar and Xe [1]. There-

fore, the graphene layers in sites of these ions will 

form a bulge. And so it is suggested that retention of 

Ar and Xe in graphene stacks depends not only on 

thermal-oxidative properties of carbons, but also on 

defects’ density in vicinity of the bulge. The size of a 

bulge and number of corresponding defects will be 

higher for Xe than for other ions of the Q-gases. This 

factor is likely responsible for increased Ar(He)/Xe in 

the SU-BA fraction after its H2O2 oxidation and, pos-

sibly, in graphene stacks partly oxidized with silicates 

during Saratov’s thermal metamorphism. Variations in 

C-C bond strength in Ar and Xe related bulges may 

also explain differences in their retention efficiency. 

Defects’ density of the graphene stacks and their sizes 

are the principal factors influencing efficiency of sepa-

ration of the ARFs with different compositions of the 

Q-gases. Therefore, according to this hypothesis the 

variations of Ar(He)/Xe ratios are explained by differ-

ences in retention efficiency of initial  Q-gases during 

thermal metamorphism of Saratov chondrite due to a) 

graphene stacks oxidation in reactions with silicates 

that affects  more the sites distorted by Xe atoms and 

also in a result of the thermal destruction of the some 

bulges with Xe atoms (in this case, Xe is lost predomi-

nantly than  Ar and He), and b) diffusion gas losses (in 

this case, He and Ar leave faster than Xe). Relative 

efficiency of these processes depends on conditions of 

the reactions with silicates and graphenes defects’ 

state. 

Conclusions. Acid-resistant fractions of Saratov 

chondrite separated at different conditions are enriched 

in bi- and few-layers graphene stacks. The Ar/Xe and 

Не/Хе ratios variations in Q-phase of these fractions 

are between 48-130 and 165-350, respectively. Ob-

served trends of increasing Ar(He)/Xe with decrease of 

Xe/C could be explained by: (а) implantation of the Q-

gases in grains of as yet unknown phase with broad 

size distribution, or (b) alteration of initial Q-gases 

composition in the graphene stacks during the 

chondrite thermal metamorphism. In both cases the 

key factor influencing separation of fractions with dif-

ferent content and composition of the Q-gases is the 

charge state of grains’ surface.  
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