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Introduction:  Data from the Mars Odyssey orbit-

ing gamma-ray spectrometer (GRS), Pathfinder and 
MER rover missions, and the growing collection of 
SNC meteorites allow us to test models of the bulk 
composition of Mars. The most robust of these models 
is that of Wänke and Dreibus (W-D) [e.g., 1], which is 
based on the compositions of SNC meteorites. I focus 
here on bulk silicate Mars. Determining planetary bulk 
compositions is crucial to understanding accretion, 
differentiation, and crust-mantle evolution. For exam-
ple, knowing the bulk composition in principle allows 
us to understand the formation of the distinctive source 
regions (e.g., enriched and depleted shergottites) of 
SNC meteorites. These processes, of course, make it 
tricky to extract the bulk composition from geochemi-
cal and geophysical data. 

FeO: It is certain that Mars is richer in oxidized 
iron than is Earth. SNC meteorites contain on average 
19.5 wt% FeO (my compilation of published data); 
GRS data give a global mean of 18.4 wt% [2]; and 
average surface soils at the landing sites is 19.2 wt% 
[3]. GRS data vary regionally, but FeO concentrations 
are everywhere greater than in terrestrial MORB sam-
ples (~10 wt%). A straightforward, though not particu-
larly elegant way to determine FeO in bulk Mars is to 
assume that the mantle contains about the same 
amount of FeO as do magmas derived from it (DFeO for 
major minerals is close to 1), giving bulk composition 
of 18.4 wt% (using the global GRS data). Slightly 
more elegant is to use the ratio of the bulk terrestrial 
FeO of (8 wt%) to the average normal MORBs (10.5 
wt%), to estimate a bulk distribution coefficient; this 
approach gives 15 wt% for bulk Mars. This value is 
consistent with FeO derived from the Martian moment 
of inertia [4] and from experimental data [5]. The W-D 
FeO estimate uses the observation that MnO in SNC 
meteorites is similar to that of CI chondrites, and then 
uses the FeO/MnO ratio in SNC meteorites (39.1; ad-
ditional data gives 40.3) to that in carbonaceous 
chondrites, giving a bulk Mars FeO of 17.9.  

Moderately Volatile Elements:  The best way to 
assess bulk volatile abundances is to examine the ratio 
of an incompatible volatile (e.g., K) to an incompatible 
refractory element (e.g., Th). GRS data indicate a 
global average K/Th of 6000  200 [2, but updated 
with new spectral analysis]; SNC meteorites range in 
K/Th from 3100 to 6800. Wänke and Dreibus used 
K/La in SNC meteorites and assumed chondritic levels 
of refractory elements to determine a bulk Mars K con-

tent of 305 ppm (K/Th of 5450). In spite of the small 
difference in K/Th, there is little reason to change this 
estimate of the K concentration in bulk Mars. Concen-
trations of other elements with similar condensation 
temperatures and geochemical behavior (e.g., Rb, Cs) 
follow from their abundances relative to K. Assuming 
bulk Mars K (305 ppm) and Th (.056 ppm) and that 
the surface composition applies to the entire crust Tay-
lor et al. [2] estimate that about 50% of the K and Th 
in bulk Mars is in the crust. 

Highly Volatile elements and H2O: Taylor et al 
[6] noted that the surface sampled by GRS had on av-
erage chondritic K/Cl and given similar condensation 
temperatures for K and Cl, concluded that bulk Mars 
contains 390 ppm Cl. This is ten times higher than the 
W-D value (38 ppm), which was based on Cl contents 
in SNC meteorites. We [6] suggested that the meteor-
ites, mostly extrusive rocks, lost Cl upon eruption. 
Data suggest that lava can lose 50% to 90% of its Cl, 
but the extent of loss depends on eruption details. Be-
cause Cl and K are both incompatible elements, half of 
the Cl is in the crust. If Cl is only 38 ppm in primitive 
Mars, the high surface concentration implies a substan-
tial concentration of Cl in the uppermost crust. Cl/Br is 
chondritic in SNC meteorites and surface soils [3], so 
Br is between 0.145 ppm in bulk Mars (W-D) and 2.2 
ppm [6]. Using ratios of incompatible elements to K 
and all published data for SNC meteorites, we find that 
other highly volatile elements are similar to the W-D 
values (in ppb): Tl (4), Bi (0.5), and In (12). Br is like-
ly to be similar in abundance to these elements and 
given the chondritic Cl/Br ratio, Cl is probably at the 
W-D value in bulk Mars, implying that the Cl conden-
sation temperature is much lower than calculations 
suggest. Studies of meteorites indicate that mantle H2O 
is 100–300 ppm [e.g., 7]. Since H2O behaves incom-
patibly like K, half of is in the crust. Thus bulk H2O is 
200–600 ppm in Mars. GRS data indicate a surface 
average of about 3.5 wt%, suggesting a strong enrich-
ment of H2O (or OH) near the surface. 
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