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Introduction: Isotopic data are a powerful tool 

for the study of planetary evolution. Assuming that 
the SNC meteorites are rocks from Mars their Sm-
Nd-, Rb-Sr- and Pb-Pb-isotope systematics reveal 
the time scale for the chemical evolution of the 
Martian mantle. In addition, an observed correla-
tion of Sr-isotopes with Pb-isotopes in SNC’s 
permits to estimate the Pb abundance for the Mar-
tian mantle. 

Isotopic constraints for the crust mantle evo-
lution: From the Rb-Sr isotopic systematic of 6 
SNC meteorites Jagoutz [1] postulated the exis-
tence of 3 isotopically distinct reservoirs on Mars, 
which remained isolated for a period of 4.3 ± 0.2 
Ga. In the interim, the number of discovered SNC 
meteorites increased to 20 because of finds in hot 
and dry deserts. New isotope data from these re-
cently recovered SNC’s confirm the three isotopi-
cally distinct reservoirs on their parent body. 

Firstly, the basaltic shergottites Shergotty, Za-
gami and Los Angeles have relatively high radio-
genic Sr, which might come from a planetary 
crust. A second group, characterized by non ra-
diogenic Sr, consists of the two mafic cumulates 
Nakhla and Chassigny, the lherzolitic shergottites 
DaG 476, SaU 005 and Dhofar 019, and the ba-
saltic QUE 94201, which may represent the de-
pleted mantle. The two groups are chemically 
complementary, suggesting that crust formation 
has caused the mantle depletion. The depletion of 
this reservoir must have taken place during a very 
early process. This can be derived from the primi-
tive Sr isotopes and the existence of Nd-142, the 
daughter product of the extinct Sm-146, found in 
Chassigny, the Nakhlites, SaU 005, and DaG476. 
The Sr isotopes of all SNC’s plot close to a 4.5 Ga 
isochron. 

A third group, with intermediate Sr isotopic 
composition, represented by the olivine gabbroic 
LEW 88516, ALHA77005, and Yamato-793605, 
could be derived from a primitive, unfractionated 
mantle postulated as asthenosphere by [1]. The 
requirement to keep three isotopically distinct res-
ervoirs isolated for a period of about 4.5 Ga places 

severe constraints on the tectonic activity of the 
planet. Recently, Borg et al. [2] suggested a mix-
ing process of crust and depleted mantle for the 
origin of the lherzolitic shergottites. However, 
Borg et al [2] discussed intensively the problem-
atic of their assimilation fractional crystallization 
models for the formation of the lherzolitic shergot-
tites from mixing of a depleted mantle with the 
crust. This assimilated crust may be required to 
contain phases enriched in Rb, Sr, and Nd, which 
is characterized by high Rb/Sr and low Sr/Nd ra-
tios. It is very difficult to generate the required low 
Sr/Nd and high Rb/Sr ratios of the assimilant by 
an igneous process on Mars. Only hydrous altera-
tion of the early Martian crust near 4.5 Ga ago 
could potentially have fractionated Sr from Rb and 
Nd as discussed by [2].  

Lead abundance in the Martian mantle:The 
Pb isotopes of all measured SNC’s, discussed by 
Jagoutz et al. [3], show a similar pattern as Sr 
isotopes. The initial Pb data of Los Angeles, Sher-
gotty, and Zagami from the enriched crustal reser-
voir and of Nakhla and SaU 005 from the depleted 
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mantle reservoir plot close to the 4.5 Ga Pb-Pb 
isochron. The conformity of the U-Pb and Rb-Sr 
isotopic systematic on Mars is illustrated in the 
Fig.1.  

In this figure we plotted the isotopically related 
Rb/Sr ratio versus the µ value (238U/204Pb) of all 
our measured Martian meteorites. During the early 
magmatic evolution of Mars Rb and U fraction-
ated together. We used this correlation to estimate 
the µ value for the Martian mantle. The good cor-
relation of the moderately volatile element Rb with 
the refractory lithophile element La yields a Rb/La 
ratio of 2.97 in all shergottites, which corresponds 
to a Rb content in the Martian mantle of 1.4 ppm. 
Therefore, the Rb/Sr ratio of the Martian mantle is 
0.084 and corresponds to a µ value of 3.1. This 
corresponds to 366 ppb Pb, which is derived from 
our evolution line in the 2 isotope system plot 
(Fig.1). 

Compared to the Earth with a µ = 8.8 [4], Pb is 
enriched on Mars by at least a factor of 2.5, as 
was found for all other moderately volatile and 
volatile elements (Fig.2). Contrary to the Earth, 
the Martian core is sulfur-rich and all chalcophile 
elements are depleted in the Martian mantle ac-
cording to their sulfur/silicate partition coeffi-
cients; this is illustrated for Cu and Ni in figure 2. 
In chondrites Lead shows little tendency to concen-
trate in the troilite phase. This contrasts with iron 
meteorites, where Göbel et al. [5] determined, by 
isotope dilution in the metal phase, a Pb abun-
dance between 20 and 92 ppb; Tatsumoto [6] 
measured between 4215 and 6860 ppb Pb in the 
troilite phase.  

In experiments on element partitioning between 
solid Fe-Ni metal, a sulfur-bearing metallic liquid 

and a basaltic silicate liquid Jones and Drake [7] 
found for Pb an Dsilicate/”sulfide” of 0.15, confirming 
the chalcophile behavior of Pb.  

The more than 2 fold enrichment of Pb in the 
silicate phase of Mars compared to that of Earth 
might exclude its chalcophile behavior (Fig. 2). 
Lead, with a condensation temperature from a so-
lar gas lower than 600oK belongs to the group of 
volatile elements. Obviously, during planetary 
formation and evolution Pb behaves like a volatile 
and not like a chalcophile element. 
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