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Introduction. A difference in elemental and
isotopic compositions of noble gases in grain-size
fractions of meteorite nanodiamond can be used for
identification of a noble gas components and their
origins [1]. Here are given results of the He and Ne
analysis in BD2 - BD6 fractions of the Boriskino
CM2 nanodiamond [2]. The average size of grains in
fractions decreases in the order BD2 ~ BD3 < BD4 ~
BD5 < BD6. The relations of 20Ne/132Xe vs.
4He/132Xe and 20Ne/22Ne vs. 136Xe/132Xe, as well as
the Ne isotopic composition in the fractions are
shown in Figs. 1-3. The obtained data were analyzed
within the frameworks of the following two variants.

He and Ne in nanodiamond are caused by
mixing of P3 and HL components. In this variant the
dependencies in the Figs. 1-3 may be explained at
performance of the following conditions: (a) P3 and
HL components had the same ratio 20Ne/4He; (b) the
distributions of Ne-A2 and Ne-P3 in fractions are
opposite to those for Xe-HL and Xe-P3, and (c) at
implantation in diamond grains of different sizes the
isotopic fractionation of Ne was not occurred. The
condition (b) could be realized if the energy of Ne-A2
ions was higher, than for Xe-HL, while the energy of
Ne-P3 ions was less than for Xe-P3. Such distinction
could be due to different a processes of acceleration
of ions of P3 and HL components (Verchovsky, priv.
com). The assumption (c) conflicts with results of
calculations in [3], according to which the ratio
20Ne/22Ne at implantation depends on the grain sizes
of nanodiamond. Therefore in this variant the isotopic
composition of Ne, at least for P3 component, should
differ from given in [4]. It’s necessary to note, that
higher values of 20Ne/132Xe and 4He/132Xe for BD2
and BD3 fractions than, e.g., for HL component, could
be due to different efficiency of capture by diamond
grains of easy and heavy ions with equal energy [3].

He and Ne in nanodiamond are caused by one
of noble gas components. In Fig. 1 on the data for
fractions one can draw the regression line in such a
manner that it will pass through a beginning of
coordinates. The correlation coefficient for this line
is equal to 0.99. As a result of this, the ratio 20Ne/4He,
equal to factor b in the equation of a straight line
y=bx, will be constant for all fractions. Therefore it’s
possible to accept, that He and Ne in fractions of
nanodiamond are caused by implantation of one noble
gas component. This assumption is based on results of
modeling of the He and Ne implantation to a diamond

target carried out on the program TRIM [5], according
to which the ratio He/Ne does not change essentially
at change of target thickness.

The changes of Ne isotopic composition in
nanodiamond fractions (Fig. 3) in this variant also are
impossible to explain if isotopic composition of Ne
for P3 or HL component will be used from [4]. Taking
into account possible changes of Ne isotopic
composition during implantation in the nanodiamond
grains of different sizes [3], as well as contribution of
cosmogenic Ne, we have received the following
optimal isotopic composition of Ne for P3 or HL
component: 20Ne/22Ne = 8.6±0.1; 21Ne/22Ne = 0.029±
0.001. The changes of this composition at
implantation in fine-grained nanodiamond (BD2 and
BD3 fractions (Fig. 3)) are connected, basically, with
the greater efficiency of capture by fine-grained
diamond of 20Ne ions, than 22Ne ions [3]. For coarse-
grained fractions the changes are caused, mainly, by
cosmogenic Ne. It's necessary to note, the minimal
release of He-P3 and Ne-P3 at low temperatures of
pyrolysis of nanodiamond can not be used as testing
against P3 component. It’s connected that the low-
temperature He-P3 and Ne-P3, i.e. with low energy of
activation, could be lost by nanodiamond in result of
diffusion directly at implantation or during the
subsequent stages of its evolution.

In this variant, it is impossible to exclude also
assumption the He and Ne in nanodiamond are not
connected with P3 or HL component, i.e. these
elements were implanted in nanodiamond irrespective
of P3 and HL components. It’s possible, e.g., the He
and Ne in nanodiamond are caused, basically, by
implantation of fractionated solar gas. Some indirect
confirmation of this can be that fact that the ratio
20Ne/4He in Boriskino nanodiamond differs from
those for solar gas no more than in 1.6 times. For the
Orgueil nanodiamond this distinction is even less.

The dependence of 21Nec vs. 21Nemet (Fig. 4) was
used for determination of a nature cosmogenic Ne in
nanodiamond for given variant. The 21Nec content in
nanodiamond are calculated on the data in [2, 4] as
C×[(21Ne/22Ne)diam – (21Ne/22Ne)t r] / [(21Ne/22Ne)c –
(21Ne/22Ne)t r], where C is the 22Ne contents in
diamond; (21Ne/22Ne)t r is ratio for trapped component of
neon and equal to 0.029; (21Ne/22Ne)c = 0.888. The
21Nemet is equal to the average contents of
cosmogenic Ne in meteorite according to data in [6].
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The correlation coefficient for the regression line in
Fig. 4 is equal to 0.90±0.06. It’s possible to see, in a
point of intersection of regression line with an axis of
ordinates (21Nemet=0), the content of 21Nec essentially
differs from zero. Therefore cosmogenic Ne in
nanodiamond of meteorites, possible, presents as a
mix of two components. The contents of one of them
is constant for nanodiamond of all meteorites and it
can be accepted equal about 8E-8 cm3/g. This
component could be formed, e.g., in protoplanetic
nebula at the irradiation of fine-grained matter and/or
atoms at solar flares or by shock waves accelerated
particles, and implanted in dispersed grains of the
nanodiamond. The contents another cosmogenic
component of Ne, formed directly in meteorite,
depends on its exposure age and production rate of Ne
in a sample, from which was isolated the
nanodiamond.

Conclusion. The results of analysis of He and
Ne in grain-size fractions of the Boriskino CM2
nanodiamond allow us to assume either (a) processes
of acceleration of ions of P3 and HL components
were various or (b) the He and Ne contents in
nanodiamond are caused by one of a noble gas

component, e.g., P3 or HL, or some other component,
and a major fraction of cosmogenic Ne in
nanodiamond of meteorites was formed in
protoplanetic nebula and implanted in nanodiamond
grains in a precompaction era. In both cases, the
isotopic composition of Ne-P3 is, the most likely,
equal to 20Ne/22Ne = 8.6±0.1, and 21Ne/22Ne =
0.029±0.001.
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Designations on Fig. 4: All – Allende CV3, ALH –
ALHA 77214 L3, Bor – Boriskino CM2, Kai –
Kainsaz CO3, Leo – Leoville CV3, MM – Mezo
Madaras L3, Org – Orgueil CI, Rag – Ragland LL3,
Qin – Qingzhen EH3, Tie – Tieschitz H3. The contents
of 21Nec and 21Nemet are given in 10-8 cm3/g.
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