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Introduction: The relative abundances of Na in
meteoroids have been estimated by averaging the
composition of the radiating gas along the fireball path
produced during their atmospheric entry. We used the
method of thermal equilibrium for thirteen fireballs
produced by meteoroids mainly of cometary origin.
The results show greater sodium abundances than
those expected for IDPs and chondritic meteorites, and
interesting differences with the sodium abundance of
1P/Halley comet dust has been found.

Methods: We analyzed fifteen fireball spectra ob-
tained with fixed cameras (focal length 360 mm, focal
ratio 1:4.5) equipped with prism (resolution 130 A
mm’ at 4000 A to 550 A mm™ at 6000 A) or diffrac-
tion grating (resolution 50 A mm™) and registered on
18%24 cm plates (Agfa 100 and Orwo NP27) at the
Ondrejov Observatory, Czech Republic. Data reduc-
tion and relative chemical composition of meteoroids
were obtained using the procedure developed by
Borovicka [1]. Basically, to deduce the relative chemi-
cal composition of meteoroids, we considered the radi-
ating volume as a prism with square base and elon-
gated in the direction of the meteor flight. The prism
length is b and the width is a. The ratio b/a of the me-
teor radiating head could not be determined from
photographic observations due to a low resolution and
to the fact that the meteor spectra moved too quickly
along the plate in the exposure interval. Only an upper
limit for a could be obtained from the width of the
meteor trail on the photograph. Assuming thermal
equilibrium, the brightness of the spectral lines were
computed by adjusting four parameters: temperature
(T), the column density of atoms (N), the damping
constant (I') and the surface area (P) [1]. The surface
area registered by the spectrograph is:

P=a-b-sinf (1)

We assumed the same value of b/a=2 for all spectra.
The procedure consisted of the reconstruction of a
synthetic spectrum that allowed the determination of
these four parameters from the observed brightness of
lines. This was done by the least squares method. As
most lines in the spectrum are of neutral iron, Fe I is
taken as a reference element to adjust the intensity of
lines and temperature. To obtain chemical abundances,
the degree of ionization of different elements have
been considered taking into account the ratio of neu-

tral, singly and doubly ionized atoms given by the
Saha equation explained in [1].

Results and discussion: We have obtained relative
chemical abundances of Na, Mg, Ca, Si, Ti, Cr, Mn,
Fe, Co and Ni [2-4]. We focus here our attention on
the relative chemical abundance of sodium in these
meteoroids. Sodium lines are omnipresent in meteor
spectra. Their low excitation potential (2.1 eV) makes
it possible to observe easily the Na I doublet (multiplet
1) at 5,893 A. The intensity of the lines of the sodium
doublet, in general terms, fully agrees with the com-
puted synthetic spectra showing that the assumed
physical parameters of the model are realistic. How-
ever, to rule out the presence of artificial effects in the
determined relative sodium abundances in meteor
spectra we must consider the influence of two impor-
tant factors. The first is the influence of the assumed
geometrical b/a ratio of the radiating volume, bearing
in mind that this ratio is variable and unknown along
the fireball trajectory. The second factor is related to
the presence of a sodium layer in the region of meteor
ablation in the atmosphere [5].

In order to evaluate the influence of the b/a ratio on
the derived sodium abundance we recomputed in [3]
the Na abundance in the brightest segment of several
spectra with representative geocentric velocities, tak-
ing into account different b/a ratios. The results clearly
show that the differences in Na abundance are smaller
than the relative dispersion errors. We concluded that
the geometry assumed for the radiating volume affects
only slightly the determination of relative chemical
abundances. On the other hand, we may consider if the
relative abundance of Na is related to the presence of
metal layers in the upper atmosphere [5]. We demon-
strated in [3] that the sodium relative abundance in the
meteoric column was more than seven orders of mag-
nitude larger than that deduced from lidar techniques
in the Na mesospheric layer. An important conse-
quence of this result is that the sodium abundance de-
tected in fireballs must be real and not an artifact re-
lated to its presence in the upper terrestrial atmosphere.

The study of the sodium abundance, relative to sili-
con, in cometary meteoroids is particularly valuable
since in recent years important differences have been
reported in the sodium content in comets. For example,
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the sodium abundance measured in the dust of comet
1P/Halley was ca. 5 times larger than the cosmic value
[6]. In contrast to this, the observations of comet Hale-
Bopp’s sodium tail showed that the amount of sodium
causing this tail is less than ca. 0.1% of the cosmic
abundance [7]. From meteor spectroscopy we have
analyzed the sodium content in meteoroids coming
from different comets. The abundance of sodium was
obtained in several segments of each fireball and aver-
aged as explained in [2]. The errors were estimated
from the dispersion of the abundance in all segments
analyzed. In this work we decided to avoid the faintest
segments where the sodium values have larger disper-
sion errors. In Figure 1 we have arranged fireball so-
dium relative abundance as a function of the photomet-
ric mass of the incoming meteoroid determined from
[8]. For the sake of comparison, the cut-off of the x-
axis allows us to show the measured abundance in
IDPs, 1P/Halley dust [6] and CI and CM carbonaceous
chondrites [9]. Clearly the estimated sodium abun-
dances in meteor spectra are larger than the values of
the other samples of interplanetary matter. It is quite
significant that particles coming from periodic comets,
such as 109P/Swift-Tuttle comet (PER1 to PERS) and
55P/Tempel Tuttle (LEO), display sodium abundances
that are twice those of comet 1P/Halley dust measured
from the Giotto spacecraft, although a silicon anomaly
in Halley dust could also contribute to the low abun-
dance ratio of Na/Si taking into account the unusually
high Si/Mg and low Fe/Mg ratios shown by this comet.
Other meteoroids of our sample show similar values
although on some occasions the typical values for in-
terplanetary samples are inside the error bars.

It is interesting to note for the Perseid family of
this study, constituted by five meteoroids (PERI1 to
PERS), a trend between the sodium relative abundance
and the mass of the corresponding meteoroids. The
larger the mass of the incoming meteoroid, the higher
the relative sodium abundance. This may correspond
to an erosion effect in the interplanetary medium. If
this is the case, then the sodium content of the Perseid
parent body, comet 109P/Swift-Tuttle, should proba-
bly be even higher. We also note that the long-lasting
characteristic trains and the differences observed in the
photometric curves of young meteoroid material in
comparison to annual meteoroids of the same shower
[10] could also be associated with the differences in
Na content. As was proposed by Baggaley [11], long-
lived luminosity of meteor trains can involve the store
of recombination energy of free atmospheric oxygen
with sodium atoms continuously catalyzing the trans-
formation of atomic oxygen to molecular oxygen by
NaO formation, so that the dissociation energy of O, is
converted into sodium light with the aid of the atmos-

pheric species O; and O,. Determination of a possible
relationship between exposure times in the interplane-
tary medium for young Leonid meteoroids based on
orbital modeling [12, 13] and the relative sodium
abundances of young members of the stream as well as
those characteristic of annual Leonid members is in
progress.
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Figure 1. Relative sodium abundances for the
spectra as function of the mass of the incoming mete-
oroid. We plot particles less than 250 grams in mass.

Finally, it is remarkable that the GEM meteoroid,
associated with the Phaeton asteroid, has a high Na
content compared to chondritic meteorites (that may be
considered representative of asteroid samples). It sup-
ports the suggested cometary origin of Phaeton as pre-
viously suggested [14, 15].
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