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Introduction:  Martian meteorites, typical Sher-

gottites-Nakhlites-Chassignites and several unique 
meteorites, are valuable and possibly sole direct sam-
ples from Mars until future sample-return. Trapped 
noble gases in these meteorites have similar composi-
tions to Martian atmosphere, which provides a strong 
evidence of their Martian origin [1][2]. Accurate and 
precise information of the trapped gases may also 
complement the previous observation and exploration 
data of Mars. Hence, elucidation of noble gas records 
in the Martian meteorites is helpful to understand the 
evolutional history of Martian surface system. Howev-
er, noble gases in the meteorites are known to be com-
plicated mixtures of several sources, such as Martian 
surface (or atmosphere), Martian interior (or mantle), 
radiogenic products, cosmogenic products, and terres-
trial air (e.g.[3]–[9]). Moreover, meteorites found in 
hot deserts also contain elementally fractionated terres-
trial air (EFA), which was incorporated by desert 
weathering [7]. Previous studies of heating analyses 
and crushing analyses of some shergottites revealed 
different elemental/isotopic signatures between the 
different analytical methods [6][7], suggesting that 
distinct components are retained in distinct site in the 
same meteorites. 

In order to retrieve the exact Martian atmospheric 
records from the meteorites, one needs to know the 
trapping mechanism and sites of the noble gases. As 
the first step, we have conducted combined stepped 
heating and vacuum crushing of several shergottites.  

Samples:  Tissint and SaU 008 are olivine-phyric 
shergottites. Tissint, fell in Morocco in 2011, is charac-
terized by its numerous shock-melted glasses with 
small bubbles (<10µm – ca. 100µm), which might con-
tain Martian atmospheric components [10]. A previous 
heating analysis of the Tissint glass reported its signif-
icant concentration of the Martian atmospheric noble 
gases [8]. Meanwhile, heating analyses of pairs of 
SaU008 showed the incorporation of EFA[7][9]. Simi-
lar EFA effects were also observed in NWA 7397, a 
slightly weathered poikilitic shergottite [11][8]. NWA 
10441 is a recently found highly shocked and moder-
ately weathered shergottite. It is composed of ca. 15% 
of shock-melted glasses with a lot of vesicles [12]. 

Analytical Methods:  The noble gas analyses (He, 
Ne, Ar, Kr, and Xe) were conducted with a VG3600 at 
the University of Tokyo. A ca. 100–200 mg chip of the 

each sample was separated into two groups; one for the 
stepped heating and the other for the vacuum crushing. 
The former fraction was heated in steps of 400°C, 
600°C, 800°C, 1000°C, 1300°C, and 1800°C. The latter 
fraction was crushed with 2–10 MPa hydraulic ram to 
extract noble gases presumably from bubbles and/or 
fluid inclusions. The crushed samples were then 
picked-up and also stepped heated for the comparison. 
Tissint crushing fraction was divided into fusion crust-
enriched (FC) and the other sample (Bulk). All sam-
ples and vacuum lines were baked at ca. 200°C in vac-
uum for overnight before the analyses. 

Results & Discussion:  Neon: Both pre-crushing 
and post crushing, most stepped heating data plotted 
lower-right in the 20Ne/22Ne–21Ne/22Ne diagram (Fig. 
1), which means ≥ 90% of cosmogenic Ne. Although 
some high-temperature steps of NWA 7397 plot close 
to the terrestrial air composition, it is not clear whether 
they are Martian origin or terrestrial contamination. On 
the other hand, all vacuum crushing data are shown in 
the upper-left side in Fig. 1, suggesting cosmogenic Ne 
can be effectively cut off by crushing method. The 
upper-left endmember might be either Martian atmos-
pheric Ne or terrestrial air. However, it is difficult to 
distinguish the two because we do not know the exact 
20Ne/22Ne ratio of Martian atmosphere currently, while 
some estimated values were proposed from meteorite 
analyses [9]. Furthermore, our crushed data are indis-
tinguishable from a mixing line between terrestrial air 
and cosmogenic Ne (fig. 1). For determination of the 
upper-left endmember, further investigation is required.  

Argon: Middle to high temperature steps of the 
heating analyses showed higher 40Ar/36Ar ratios up to 
ca. 1600 (Fig. 2). The high 38Ar/36Ar ratios indicate 
significant effects of cosmogenic Ar components. Af-
ter cosmogenic 36Ar and radiogenic 40Ar corrections, 
trapped 40Ar/36Ar ratios became ~500–800, suggesting 
mixing of Martian atmospheric Ar of 40Ar/36Ar ~2400 
[1] and terrestrial air. At the same time, all crushing 
data were identical to terrestrial value (40Ar/36Ar 
~300[13]; Fig. 2). This might be because either (i) the 
expected bubbles in glassy phases of the meteorites did 
not contain Martian atmospheric Ar, which would have 
been extracted by the crushing or (ii) the crushing was 
not enough to break the bubbles.  

Krypton and Xenon: Figure 3 shows the relation-
ship between 129Xe/132Xe ratios and trapped Kr/Xe 
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elementally ratios (84Kr/132Xetrapped) after cosmogenic 
and fission effects corrections. All crushed data plotted 
almost on the mixing line between terrestrial air and 
EFA or Martian interior (Chassigny-like) components. 
High temperature steps in the heating analyses showed 
some enrichments in 129Xe, indicating mixing of Mar-
tian atmospheric Xe (129Xe/129Xe ≥2.4 [1][14]) and 
terrestrial air. No significant difference was observed 
between pre-crush and post-crush samples. It is note-
worthy that both Tissint and the desert meteorites 
showed the similar mixing patterns in Fig. 3. Low 
temperature steps in the heating plotted in the lower-
left side, close to EFA or Chassigny-like endmember. 
Since Tissint is fall, it is unlikely that Tissint contains 
EFA by weathering on the Earth. The lower-left 
endmember might be either the Martian Chassigny-like 
component or the terrestrial fractionated air that was 
incorporated by other rapid processes during the fall.  
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Figure 1. Neon three-isotope plot (21Ne/22Ne vs. 20Ne/22Ne) 
of the stepped heating and the vacuum crushing of the 
shergottites. The data were not corrected for cosmogenic 
effects. Tissint was divided into fusion-crust-rich (FC) and 

the other sample (Blk). Endmembers are: terrestrial air [13]; 
cosmogenic Ne [8]; possble Martian atmosphere [7][9]. 
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Figure 2. Argon three-isotope plot (38Ar/36Ar vs. 40Ar/36Ar) 
of the stepped heating and the vacuum crushing of the 
shergottites. The data were not corrected for cosmogenic or 
radiogenic effects. Endmembers are: terrestrial air [13]; 
Martian atmosphere [1].  
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Figure 3. Relationship between 84Kr/132Xe elementally ratios 
and 129Xe/132Xe of the stepped heating and the vacuum 
crushing of the shergottites. The trapped 84Kr/132Xe ratios 
were obtained by cosmogenic and fision effects corrections. 
Endmembers are: Martian atmosphere [1][14]; Martian 
interior (Chassigny) [3]; elementally fractionated air (EFA) 
[7]; terrestrial air [13]  
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