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Introduction: As part of an ongoing study 
of the shergottites [1-3], we have measured the 
isotopic signature and concentration of xenon in 
mineral separates of Shergotty and EET79001 
Lithology-B.  Similarities between the meteor-
ites include the enhanced concentration of mar-
tian atmospheric xenon in opaque and maske-
lynite minerals relative to pyroxene [2].  The 
interior component appears to be present in all 
minerals but is best defined in pyroxene sepa-
rates.  This component consists of isotopically 
solar xenon with a significant contribution from 
fission xenon and is similar to those observed in 
Chassigny, ALH84001 and Nakhla [4].  The 
proportion of fission xenon in the pyroxene 
separate of EET79001 is lower than that in 
Shergotty.  Pyroxene separates from Shergotty 
also have a well defined 129Xe/132Xe ratio higher 
than solar.   

One explanation for these variations and 
which we were seeking the effects of in this 
study, is that they reflect the degree of incorpo-
ration of ‘crustal’ material into the parent melt 
of the shergottites.  The covariation of oxygen 
fugacity and εNd among the Shergottites has 
been argued to reflect different degrees of as-
similation of crustal material (or other material 
with similar geochemical properties) in the par-
ent melt.  Geochemical, both plutonium (the 
most strongly implicated precursor of fission 
xenon in the martian meteorites) and uranium  
would be expected to be associated with the 
high εNd endmember, and so 136Xe/132Xe might 
be expected to be higher in Shergotty than in 
EET79001, as observed.   

Here we present preliminary results from a 
simple model tracking xenon isotopically 

through differentiation, outgassing and atmos-
pheric loss of Mars.  We require an atmosphere 
with elevated 129Xexs/130Xe and low 
136Xe*/129Xexs; in addition, we attempt to pro-
duce two interior reservoirs, one consisting of 
solar xenon with no radiogenic xenon and one 
with a high ratio of fissiogenic 136Xe*/130Xe and 
a low 129Xexs/136Xe* ratio to account for the 
variable interior component.  

Model of Martian Xenon Reservoir 
Evolution: The model uses a simple rate equa-
tion approach to trace the passage of xenon 
and its parent radiogenic isotopes 129I (t1/2 = 17 
Myr), 244Pu (t1/2 = 82 Myr), and 238U (t1/2 = 
4.468 Gyr) between reservoirs and radioactive 
decay.  Rates of differentiation, degassing and 
atmospheric loss can be varied as free parame-
ters to investigate under what circumstances 
reservoirs are qualitatively similar to those nec-
essary to explain martian meteorite xenon com-
ponents.   Initial concentrations and ratios are 
similar to those of Swindle and Jones [5].  Xe, I 
and Pu are assumed to have behaved as in-
compatible elements during differentiation, with 
the exception that xenon could also be de-
gassed from the crust – xenon appears to have 
behaved as an incompatible element during the 
formation of the nakhlites [6, 7].  
Results and Discussion  As expected, the 
requirement to produce a crust with high 
136Xe/130Xe and low 129Xe/130Xe, and with sig-
nificant concentrations of 136Xe* imposes quite 
stringent constraints on its degassing history.  
Early major loss of 130Xe is required to allow 
the 136Xe/130Xe ratio to evolve upwards subse-
quently.  This loss must have continued on time-
scales long compared to that characteristic of 
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129I decay (>~100Ma) to allow high 
136Xe*/129Xexs ratios.  In order to preserve sig-
nificant concentrations of 136Xe*, this degassing 
rate must have declined drastically on time-
scales short compared to that characteristic of 
244Pu decay (<~800 Ma).  The broad charac-
teristics of the martian atmospheric xenon iso-
topic composition can also be reproduced 
within this model, using the atmospheric loss 
history proposed by Pepin [8, 9]. 

The identification of a pure solar component 
in the Chassigny meteorite argues that, if any-
thing, our model underestimates the initial xenon 
to iodine/plutonium ratio. Since degassing of the 
source region rich in plutonium is thus crucial to 
the model’s success (decay of Pu can only in-
crease 136Xe/130Xe once the original comple-
ment of solar xenon has been effectively re-
moved), should our interpretation withstand 
further tests constraints are imposed on the lo-
cation of this reservoir.  Although labeled 
‘crustal’, its identification with the martian crust 
remains controversial – a mantle reservoir rich 
in incompatible elements is also a candidate 
source region.  However, the requirement for 
the source region to be degassed argues in fa-
vor of a location close to the surface, in effect 
strengthening the case for identification with the 
crust itself. 

Extending the model to the other major ra-
diogenic rare gas component has presented 
some problems.  In our model, the same prop-
erties that lead to elevated 136Xe* in the crust 
lead to elevated 40Ar* excesses.  As yet, no 
interior component enriched in 40Ar from 40K 
decay has been identified.  Notably, K-Ar (to-
tal 40Ar/K) ages of the nakhlites are virtually 
identical to Ar-Ar ages and crystallization ages 
in other systems (1.3 Ga) [10] arguing for com-
plete degassing of argon from the parent melt or 
its source shortly before formation of the mete-
orites.  This is consistent with the proposal that 
they formed in a near-surface flow, but is diffi-

cult to reconcile with the presence of inherited 
136Xe*.  We note in passing that this must cast 
some doubt on models relying on the total re-
tention of xenon during formation of the 
nakhlites [7].  The resolution of this conundrum 
remains unclear.   

Summary:  Although work is at an early 
stage, our model seems capable of qualitatively 
accounting for the evolution of xenon isotopes 
in the martian interior and atmosphere provided 
degassing of the crust is limited to an early pe-
riod of martian history.  It produces 
136Xe*/129Xexs ratios low in the atmosphere and 
high in the crust and a source of gas close to 
solar in the mantle, as required by our present 
understanding of the components.  This can be 
seen as a consequence of the concentration of 
incompatible elements in the crust during differ-
entiation, supporting the argument for crustal 
assimilation.  

We plan further work on the basaltic sher-
gottites to establish whether the variation be-
tween Shergotty and EET79001 Lithology-B 
represents a wider trend, and hope to present 
data from DaG489 at the meeting. 
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