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The composition of an atmosphere is the product of 

the processes which acted on it throughout its history. 

The Martian atmosphere today has a distinct noble gas 

isotopic fingerprint, mainly characterized by a high 
129Xe/132Xe ratio of 2.6; the corresponding 84Kr/132Xe 

elemental ratio is 20.5 [1]. This was found by Viking 

[2] and confirmed by SAM on Curiosity [3]. Most im-

portantly, the corresponding elemental and isotopic 

ratios have been measured in impact glasses in sher-

gottite Martian meteorites [4,5]. In contrast, nakhlites 

and the unique ALH84001 Martian meteorite have 

lower 84Kr/132Xe ratios, which have presumably been 

caused by a range of processes from water-rock inter-

action to the existence of an ancient atmosphere.   

Meteorite evidence:  The relationships between 

the endmembers of Martian atmosphere, elementally 

fractionated Martian atmosphere, Martian interior and 

terrestrial air on the one hand, and the nakhlite and 

ALH84001 meteorites, on the other, in the 136Xe/132Xe 

vs. 84Kr/132Xe and 129Xe/132Xe vs. 84Kr/132Xe systems 

are illustrated in Fig. 1.  

The plots show that both, the nakhlites and ALH84001 

have a component of fractionated Martian atmosphere, 

which is clearly distinguishable from potential terres-

trial contamination and – if extrapolated to a 
129Xe/132Xe ratio of 2.6 – would have a 84Kr/132Xe ratio 

of about 8. Of course, the ancient Xe-isotope ratio 

could be lower, it has been estimated to be as low as 

~2, e.g., in which case the corrensponding elemental 

ratio would be even lower about 5. 

Terrestrial evidence:  Terrestrial evidence for 

fractionation of noble gases is plentiful. Here we focus 

on observations of environments meteorites are found 

in most commonly: hot and cold deserts. Mohapatra et 

al. [21] investigated the effect of adsorbed terrestrial 

air contamination on the ability to measure the Mars 

interior component in hot desert finds, and concluded 

that elementally fractionated air (EFA) dominates the 

gas released at low temperatures.  

Investigating a series of terrestrial samples from hot 

and cold deserts reveals that EFA is a ubiquituous oc-

currence (Fig. 2). Thus, a similar process could be ex-

pected to have acted on Mars, especially during a warm 

and wet period. 

 

Fig. 1 a (top). 136Xe/132Xe vs. 84Kr/132Xe ratios, and 

1 b (bottom) 129Xe/132Xe vs. 84Kr/132Xe ratios. Endmem-

bersin both panels:  MA = Martian atmosphere [1], 

MI = Martian Interior [9], EFM = Elementally frac-

tionated Martian atmosphere [5], Air = terrestrial 

atmosphere [1], and ‘crush’ = gases released upon 

crusing instead of heating [13]. Data corrected for 

terrestrial atmosphere, see [5]. 
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Fig. 2. Plot of four different samples of Antarctic 

dolerite samples: ‘fresh’ (green and blue symbols) 

denominates subsamples from a large boulder with 

fresh appearance (see [22]), weathered 1 and 2 (red 

symbols) are oxidized rim subsamples from small 

boulders from the same dolerite and the pink symbols 

indicate samples from a moraine, freeze-thaw envi-

ronement. All numbers are degassing T-steps, the yel-

low box outlines the 84Kr/132Xe variation found in sam-

ples from terrestrial hot deserts. Noble gas data from 

[23,24]. Endmembers shown on Fig. 1. 
 

Experimental evidence:  It has long been recog-

nized through experiments done on Apollo samples 

[25,26] that sample preparation, especially grinding, 

introduces heavy noble gases. More recently, similar 

observations have been made on Martian meteorites 

[27]. Thus, ‘mechanical stress’, but also exposing fresh 

surfaces to air [27], is well known to introduce heavy 

noble gases with a signature elementally fractionated in 

favour of the heavier element against the gas reservoir 

composition.  Similarly, dissolution of air in water is 

known to result in elemental fractionation of Ar/Kr/Xe 

favouring the heavier element in solution [28]. Conse-

quently, exposure of minerals to fluids and the result-

ing alteration, introduces a noble gas signature frac-

tionated against the original gas reservoir. 

We are currently undertaking experiments [29,30] to 

expose Mars relevant minerals (olivine, pyroxene, plagio-

clase, olivine glass, nakhlite composition glass, and mix-

tures thereof) to a simulated Mars atmosphere. Initial 

results point towards fractionation of the noble gas 

signature within the altered mineral surfaces. Ongoing 

measurements and modeling of the process is expected 

to give insights into the two step process of dissolution 

and incorporation of noble gases from a fluid phase, as 

well as potential changes to incorporation of noble 

gases due to differences in the chemistry of the altera-

tion process (e.g., clay formation vs. oxide formation).  

Concluding remarks:  While it is well known that 

alteration of the mineral surface by mechanical stress 

or alteration processes can introduce elementally frac-

tionated noble gases into minerals, details are yet to be 

explored. However, it is those details which will allow 

us to decide, which of the various processes brought 

forward in the literature (references see Fig. 1) can 

explain the incorporation of elementally fractionated 

Martian atmosphere into the nakhlites and ALH84001, 

and thus is the cause for the observed signatures. For 

the topic of this conference, ALH84001 is especially 

interesting, because it has been stated that the signature 

could be ancient Martian atmosphere [31] – or caused 

by water-rock interaction. 
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