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Introduction:
Ne-E(L) is a 22Ne-rich component found in

primitive meteorites. When Black and Pepin [1]
measured Ne in the Orgueil meteorite by stepwise
heating, they found that in a Ne three-isotope plot Ne
isotopic ratios in the high (>800°C) temperature
fractions fell below the triangle, where Ne-A, Ne-B
and Ne-S, the Ne components commonly observed in
meteorites, were apices. Obviously there was a new
22Ne-rich component yet to be found in meteorites.
Subsequent studies revealed that the 22Ne-rich
component named Ne-E could be classified into two
kinds: One kind, Ne-E(H) was released at h igh
temperatures (1100-1500°C) and the carrier phase
was concentrated in high-density fractions (2.5-
3.1g/cm3). The other kind, Ne-E(L) was released at
low temperatures (500-800°C) and the carrier was
concentrated in low-density fractions (2.2-2.5g/cm3)
[2]. The carrier of Ne-E(H) is SiC that contains 22Ne
in the He-shell of asymptotic giant branch (AGB)
stars [3, 4].  The carrier of Ne-E(L) is graphite [5]
and the 22Ne has been attributed to mostly 22Na
produced in novae. In this paper, noble gas analyses
on graphite as well as their results and implication
will be discussed.

Krypton and Ne in bulk samples:
Essentially all data on graphite have been

obtained from four graphite-rich fractions extracted
from the Murchison meteorite, with a density range
from 1.6 to 2.2g/cm3: KE1 (1.6-2.05g/cm3) and its
daughter fraction KE3 (1.65-1.72g/cm3), KFA1
(2.05-2.10g/cm3), KFB1 (2.10-2.15g/cm3), and
KFC1 (2.15-2.20g/cm3) [6].

Krypton: Amari et al. [7] analyzed noble gases
in bulk (=aggregate) samples of KE1, KFA1, KFB1
and KFC1 by stepwise heating. In a 86Kr/82Kr-
83Kr/82Kr plot, the 86Kr/82Kr ratios of KFC1 plot quite
differently from those of the rest of the graphite
fractions (Fig. 1). The 82Kr enrichment in all
fractions indicates that they contain s-process Kr. In
the figure, there are two lines: one defined by KFC1
and the other by all the other fractions.  The lines can
be interpreted as mixing between s-process Kr and
close-to-normal Kr. The two lines indicate that two
kinds of s-process Kr are present in graphite and that
KFC1, the highest density fraction, contains s-
process Kr that is totally different from that of the
lower-density fractions. The s-process 86Kr/82Kr
[(86Kr/82Kr)s] ratios can be obtained by extrapolating
the lines to the pure s-process 83Kr/82Kr ratio of 0.375
because this ratio is nearly independent of the mean
neutron exposure. In the same matter, the s-process
80Kr/82Kr [(80Kr/82Kr)s] ratios can be obtained.

(86Kr/82Kr)s for KFC1 is 4.43±0.46 and that for the
other fractions is 0.10±0.25, whereas (80Kr/82Kr)s for
KFC1 is 0.030±0.047 and that for the other fractions
is 0.080±0.042, respectively. The high (86Kr/82Kr)s
for KFC1 can be best explained by low-metallicity
AGB stars (Z<0.006, solar:Z=0.02). The (86Kr/82Kr)s
for the other fractions can be attributed to close-to-
solar metallicity AGB stars.

Neon:  The presence of s-process Kr indicates
that at least part of the 22Ne of Ne-E(L) must have
come from AGB stars. Assuming that the Ne in the
samples was a mixture of three components, 22Ne
from 22Na, 22Ne from the He-shell in AGB stars and
close-to-solar Ne, Amari et al. [7] resolved the Ne in
the samples into the three components. Neon in the
samples is predominantly 22Ne from 22Na (80 to 95%
in KE1, KFA1, and KFC1; 50 to 75% in KFB1) as
first suggested by Clayton [8].

Neon in singles grains:
Nichols et al. [9] measured He and Ne in single

graphite grains from KE3, KFB1 and KFC1 that had
been analyzed for their isotopic ratios of elements
such as C, N and Si prior to noble gas analysis.
They found that only a portion of the grains (7 to
43% of the analyzed grains) have 22Ne above the
detection limit of the noble gas mass spectrometer.
Of special interest are the two 22Ne-rich grains, KE3-
573 and KFB1-161, for which the upper limit of
20Ne/22Ne is determined to be 0.01. It is lower than
20Ne/22Ne ratios predicted from the He-shell (>0.02)
[10], indicating that the two grains contain 22Ne from
the decay of 22Na.

The 12C/13C ratio of KFB1-161 is 3.8±0.1 (solar:
89), which is indicative of a nova origin because
nova ejecta are expected to be enriched in 13C,
15N and 26Al [11-13]. The 12C/13C ratio of KE3-573 is
27±1, which is too high to be explained by a nova
grain. It has been believed that many graphite grains
in KE3 formed in supernovae [14] and 28Si excesses
are characteristic of grains from supernovae. KE3-
573 shows 28Si excess, with δ29Si/28Si and δ30Si/28Si
values being –235±97‰ and –327±128‰,
respectively. In supernovae theoretical calculations
[15] predict that 22Na is produced in the O/Ne zone
where carbon burning takes place. Therefore, there
may be more than one stellar source of 22Na, namely
novae and supernovae.

Future work:
So far only two grains enriched in 22Ne from the

decay of 22Na have been identified from the two
graphite-rich fractions out of four. Obviously more
studies are necessary to better understand the origin
of Ne-E(L). It is essential to obtain correlated
isotopic ratios of single grains by both secondary ion



mass spectrometry and noble gas mass spectrometry
so that grain data can be compared with theoretical
predictions of possible stellar sources.
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Fig. 1. Krypton isotopic ratios of the graphite
fractions KE1, KFA1, KFB1 and KFC1 from the
Murchison meteorite [7]. The data obtained on size-

separated SiC from the Murchison meteorite [4] are
also plotted. Kr-N indicates a close-to-normal
component derived from the SiC data, while Kenna
Kr indicates a typical planetary Kr from the Kenna
ureilite.




