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Introduction: Analyses of Ne trapped in “pods”
of impact melt in the Elephant Moraine 79001 (EET
79001) Martian meteorite led [1] to suggest
(®Ne/??Ne) ~10 in the Martian atmosphere (MA). In
contrast, [2] obtained trapped (**Ne/?>Ne) ~7 from an
impact melt vein in Yamato 793605 (Y-793605) and
concluded that the isotopic composition of Martian Ne
remained poorly defined. A “pyroxene-rich” separate
from Dhofar 378 (Dho 378) analyzed by [3] gave a
comparatively high trapped Ne concentration and
(*®*Ne/??Ne) = 7.3£0.2 in agreement with the Y-793605
value. We explore the hypothesis that Martian Ne was
trapped in the Dho 378 meteorite in a manner similar to
entrapment of terrestrial Ne in tektites [4] strengthen-
ing the “Martian atmosphere” interpretation. We also
report new data for Northwest Africa 7034 (NWA
7034) that are consistent with the Ne data for Dho 378.

Min-Pet Background for Dho 378 Samples: Pla-
gioclase is mostly recrystallized; a hand-picked sample
is called “Light” here. Petrographic observations and
EPMA of “pyroxene-rich” portions of a polished thin
section of Dho 378 show them to consist of a mixture
of dark minerals and Dark, Impact-Melted Material
(DIMM). Samples described by [3] as “pyroxene-rich”
are called “Dark” here to include both DIMM and
black-colored clinopyroxene.
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Figure 1. 2Ne/?Ne vs. ?Ne/?Ne for NWA 7034 and
stepped-temperature extractions of Dho 378. NWA 7034
data are for single heating steps. Step temperatures in 100°C.

Ne isotopic data: Data for Dho 378 [3] are shown
in Fig. 1 with new data for NWA 7034 as well as step-
heating data for Ksar Ghilane 002 (KG 002) [5]. The
NWA 7034 data are for plagioclase and pyroxene

companion samples to those for ¥Ar/*°Ar analyses [6].
Ne in NWA 7034 pyroxene (64 pg) is cosmogenic. Ne
in NWA 7034 plagioclase has high analytical uncer-
tainty because of the small sample size (22 ug), but
plots on a trend line (red) in Fig. 1 through the 600°C,
800°C, and 1000°C extractions of Dho 378 Dark to
give (**Ne/2Ne)r, = 7.3+0.2 for (*Ne/?>Ne)+, = 0.029.

Terrestrial Components in Ar, Kr, Xe: Data for
400°C and 1750°C plot above the red (**Ne/?Ne)r,
trend line (Fig. 1) suggesting the presence of terrestrial
Ne. At the lower end of this trend line several analyses
show variation in the composition of cosmogenic Ne
dependent on whether the phases analyzed were rela-
tively Al-rich (feldspathic) or Al-poor (mafic), or af-
fected by interactions with solar cosmic rays. We have
explored these latter possibilities [7], but omit their
discussion here. Possible roles of trapped terrestrial
noble gases are of greater interest to interpreting
(®*Ne/??Ne)t, and are revealed by examining isotopic
mixing relationships for Ar, Kr, and Xe (Fig. 2).

The compositions of some end member compo-
nents are shown in Fig. 2. Both EA and EFA derive
from terrestrial gas. Previously defined Martian com-
ponents are not clearly visible in the Dho 378 data,
which appear instead to define a new Mars-Interior
component here called MI3 to distinguish it from pre-
viously defined Chass-S and Chass-E.
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Figure 2. Isotopic mixing relationships among Ar, Kr, and
Xe end member components. EA = Earth Air, EFA = Ele-
mentally Fractionated Air, MA = Mars Atmosphere, Chass-S
and Chass-E = putative martian interior components, MI3 =
apparent third Martian Interior component. Symbols for new
data as in Figure 1. Step-heating temperatures in 100°C.


mailto:laurence.e.nyquist@nasa.gov

Arrhenius Diagrams for Noble Gas Release:
Cursory examination of Figs. 1 and 2 seems to lead to
contradictory conclusions: Fig. 1 shows that the 600-
1000°C extractions of Dho 378 Dark are key to the
interpretation that the (*°Ne/??Ne)r trend line repre-
sents Martian atmosphere, whereas Fig. 2 suggests that
the heavy noble gases in these extractions are a mixture
of gases of terrestrial origins. We use Arrhenius dia-
grams (Fig. 3) to clarify the situation.
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Figure 3. Arrhenius diagrams for the stepped-temperature
release of noble gases from Dho 378 Dark. Total *6Ar release
is shown by the smaller red diamonds.
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Figure 4. Release of 2°Nerr and %6Arr; as a function of extrac-
tion temperature for Dho 378 Dark. Data shown as 36Arwmars
(est.) are corrected for a component of terrestrial 3¢Ar.

Trapped Ne and Ar Release Profiles: Arrhenius
diagrams (Fig. 3), like more conventional gas release
diagrams (Fig. 4), show the noble gases to have been
released from Dho 378 Dark in two stages following
the presumed desorption of the most loosely bound
terrestrial components during pre-heat. At the interme-
diate, 600-1000°C extractions, Ar, 8Kr, and 32Xe
exhibit Arrhenius profiles characteristic of reservoir
exhaustion. For these gases, the rate of release decreas-
es with increasing temperature until a second, higher
temperature reservoir begins releasing at ~1000°C.

Fig. 4 shows the release of trapped (*Ne)r after
correction for cosmogenic Ne. (**Ne)rr decreases stead-
ily from its maximum at T=600°C. The plot for trapped
3Ar (like those for Kr and Xe; not shown) has two
peaks. We attribute the high-temperature (T) peak to
the release of Martian interior gas from minerals that
melt at high T. The low-T plot (400-1000 °C) parallels
that for 2°Ner,. We therefore attribute most but not all
of the low-T Ar peak to EFA-Ar that accompanies the
low-T EFA-Kr and EFA-Xe. (See Fig. 2).

If we assume equal activation energies (8 kcal/mol;
Fig. 3) for *Arr, and ®Ne and that all of the 6Ar
(5.46x1071° cm3STP/g) at 1000°C is Martian, we obtain
T 2an ()= 1.23x10° cm3STP/g compared to summed
Nerr = 7.29 x 10° cm3STP/g over the same tempera-
ture range, and an ~30-fold enhancement in
(®Ne/*Ar)r, compared to the Martian atmospheric
(®*Ne*8Ar)ma ~0.2 [7], less than, but similar to the
>100-fold enrichments of Ne/Ar in tektites [4]. We
attribute Ne enrichment to the influence of the smaller
atomic radius of Ne compared to Ar, Kr, and Xe on
their respective Henry’s Law constants. (See [8]).

Implications: Our observations reinforce the sug-
gestion that (**Ne/??Ne)ma = 7.3%0.2, a value important
in modeling the Ne isotopic evolution of the Martian
atmosphere. Fig.5 shows that (*°Ne/?Ne)ma ~7.3 could
evolve from an initial, Mars juvenile (**Ne/?’Ne) like
that of Ne-Q, which could explain some prior meas-
urements of “Martian” 2°Ne/??Ne ~10.
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Figure 5. Some possible evolution scenarios for
(®°Ne/?2Ne)ma using the model of [9].
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