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INTRODUCTION

Numerous workers have noted signiÞ cant differences in 
chemistry between Martian SNC meteorites and terrestrial 
rocks. However, recent Spirit data on Martian basalts (Mc-
Sween et al. 2004) and TES Surface Types I and II (McSween 
et al. 2003) show compositions more terrestrial than the SNC 
meteorites, suggesting that these differences may not hold true 
for all Martian rocks. These observations are consistent with 
the moment of inertia calculations of Bills (1990) and Bills 
and James (1999) as well as melting experiments of Agee and 
Draper (2004) that suggest a less Fe-rich and more terrestrial-
like Martian mantle than the Dreibus and Wänke (1982) model 
Mars. The possibility that some Martian magmas may have more 
terrestrial characteristics demands a revisiting of the often used 
discrimination diagrams to assess whether or not the observed 
differences between Martian and terrestrial rocks are as robust 
as they have long been held to be. 

One commonly used discriminant is the variation in Mg/Si 
with Al/Si ratios. Figure 1 shows the deviation of the Martian me-
teorites and the �Martian crust line� from the Earth�s geochemical 
fractionation line when plotted in this compositional space. The 
�Earth�s crust line� was adopted from the geochemical fraction-
ation line of Jagoutz et al. (1979). The geochemical fractionation 
line was originally developed from carefully selected ultramaÞ c 
peridotite xenoliths from the Earth�s mantle that were globally 
diverse, unaltered, and had high concentrations of Ca and Al, 
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and Sr isotope values that suggest closed systems for more than 
3.6 b.y. (Jagoutz et al. 1979). This line was used to infer the 
Earth�s bulk mantle composition based on its intersection with 
unfractionated meteorites, and continues to be used for terrestrial 
rocks. For example, Drake and Righter (2002) used this diagram 
to constrain the composition of the Earth�s primitive mantle (i.e., 
PUM, the Earth�s mantle immediately after core formation). They 
suggested that magma extraction processes on Earth tend to raise 
the Mg/Si and lower the Al/Si ratio in mantle materials from 
which magma has been extracted because of the compatible 
nature of Mg and incompatible nature of Al, thereby supporting 
the negative slopes of the Earth�s geochemical fractionation line 
(Burbine and O�Brien 2004). If the extracted liquids rise and are 
added to the crust, then the Al-rich region of this trend can be 
considered as reß ective of the Earth�s crust, albeit crust derived 
from primitive mantle. 

Wänke et al. (1984) used the only known samples of the 
Martian surface at the time, that is, the Þ ve Martian (SNC) me-
teorites Chassigny, Zagami, Shergotty, ALHA 77005, and EETA 
79001 lithology A and B, to obtain the Martian fractionation 
line (�Martian crust line�) of Figure 1. For these samples it was 
not possible for Wänke et al. (1984) to apply the same stringent 
criteria used by Jagoutz et al. (1979) in selecting ultramaÞ c xe-
noliths likely representative of the Earth�s undepleted mantle, 
and no direct evidence remains that these meteorites represent 
either samples of the Martian mantle or residual mantle mate-
rial after partial melting. As the population of SNC meteorites 
have grown (McSween 2002) it is now clear that many Martian 
meteorites do not actually fall on this �Martian crust line� (Fig. 


