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Introduction: Q, for quintessence, comprises
a very small portion of primitive meteorites, and
carries most of the heavy noble gases in the mete-
orites [1]. Isotopic and elemental compositions of
Q-gases have been extensively studied [2-5] and
it has been known that the Q-gases have been
widely seen in different kinds of meteorites [2, 3,
6-9] and even in graphite nodules in the Canyon
Diablo iron meteorite [10].

In contrast, the exact nature of Q remains elu-
sive since the discovery [1]. Q is readily de-
stroyed by oxidants [1] and is most likely a car-
bonaceous phase [11, 12].

In continuing effort to identify Q, we analyzed
the HF-HCI residue, AC, and the oxidized resi-
due, AD (Fig. 1), from the Saratov meteorite (L4)
using noble gas mass spectrometry and Raman
spectroscopy. Since Q would be lost by oxidation,
the difference in characteristics between AC and
AD might give us insight into the nature of Q.
The noble gas data of AC has already been re-
ported by Matsuda et al. [5].

Experimental: The sample was processed at
Washington University in St. Louis, USA. A
fragment of Saratov, which weighed 7.1655g, was
alternately treated with HF-HCI and HCI to re-
move silicates. Elemental sulfur was removed
with CS,, yielding the HF-HCI residue AC. It
comprises 0.76 wt.% of the bulk meteorite. A por-
tion of AC was taken and was oxidized with 0.5N
Na,Cr,0; — 2N H,SO, at 77°C for 10 hours to
destroy Q. The oxidized residue AD comprised
0.61 wt. % relative to the bulk meteorite (Fig. 1).

Noble gases of these samples were analyzed
using the VG5400 at Osaka University, Japan.
The details of the procedure can be found in [5].
The temperature steps are 600, 800, 1000, 1200,
1400, and 1600°C for AA and AC [5], and 600,
1000, 1200 and 1600°C for AD [13]. The gas
concentrations in the procedural hot blanks at
1600°C are: “He = 8.5 x 107°, 2Ne = 6.2 x 107",
“Ar=1.1x 10", %Kr = 1.1 x 107" and '*Xe =

9.9 x 10" cm’STP in the case of the AD meas-
urement [13].

The Raman spectroscopic study was per-
formed at The Tokyo Medical and Dental Univer-
sity. Detailed descriptions of experiments and
band fitting are given by Matsuda et al. [4, 14]. In
this study, the Raman spectrum was obtained us-
ing 10 accumulations of 30-second analysis by
using an excitation wavelength of 532 nm (YAG
laser, laser power of 1.5-2.4 mW, Kaiser Optical
Systems, Inc.). The excitation laser spot size was
approximately 2 um in diameter. It is shown that
the higher laser power changes the sample to mo-
re amorphous state for carbon material of the car-
bonaceous chondrite like Allende [14, 15] but
1.5-2.4 mW does not have a large effect on the
carbon material in ordinary chondrites.
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Fig. 1. Separation diagram of Saratov A.

Results and Discussion: The heavy noble
gases, Ar, Kr and Xe, in AD are two orders of
magnitude lower than AC after the oxidation
("*Xe: 12 x 107" cm*STP/g in AD and 1100 x 10~
' ¢m’STP/g in AC), indicating that Q was de-
stroyed by the oxidation. On the other hand, the
“He and **Ne concentrations in AA, AC and AD
are in the same range (‘He: 2.0 — 2.6 x 107
cm’STP/g, *Ne: 6.1 — 10 x 10 cm’STP/g). The
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*He/*He ratio of AD (total) is (1.54 + 0.06) x 107
and the *Ne/*Ne and *'Ne/*Ne ratios of AD (to-
tal) are 0.969 + 0.035 and 0.845 + 0.010, respec-
tively, confirming the dominance of the cosmo-
genic component. The He and Ne isotopic ratios
in AC and AA also indicate that the cosmogenic
He and Ne components are dominant in AA and
also even in AC [5]. In AA, silicates are major
minerals that contain target elements. Silicates are
removed in AC and AD, thus oxides, instead of
silicates, must be the carrier of the cosmogenic
noble gases.

Carbonaceous material is characterized by
properties of G and D bands in Raman spectros-
copy. The G band is associated with the aromatic
plane of graphite. The crystallized graphite shows
the G band at 1580 cm™. The D band is observed
for carbon that does not have perfect crystal struc-
ture and usually appears at around 1300 cm™. If
carbonaceous matter is a mix of carbons with dif-
ferent degree of crystallization, these parameters
are expected to vary.

The positions of the G band [wg (cm™)] and
the D band [wp, (cm™)] of AC range from 1580 to
1588, and 1337 to 1355, respectively [4]. Those
of the G band and D band of AD range from 1580
to 1598, and 1352 to 1375, respectively. After the
oxidation, these peak positions shifted toward
higher values and the spreads of the peak posi-
tions became larger. It indicates that the oxidation
might remove a specific kind of carbon, but also
changed the crystal structures of carbonaceous
matter.

In the context of the nature of Q, it can be in-
terpreted either Q is a very small discrete carrier
that is not detected in Raman spectroscopy, or Q-
gases are released by structural changes of carbo-
naceous matter during oxidation [13].
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