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Introduction: Mid-infrared spectra from the
Mars Global Surveyor Thermal Emission Spectrometer
(TES) instrument indicated two distinct mineralogical
units concentrated respectively in northern and south-
ern low albedo regions of Mars [1]. Material compris-
ing “surface type 1” (ST1), found primarily in the
southern hemisphere, has been interpreted to be domi-
nated by minimally weathered basalt [2, 3]. However,
spectral comparisons with terrestrial mineral mixtures
have not yielded a unique composition for the material
concentrated within northern low albedo regions, col-
lectively named “‘surface type 2” (ST2). We attempt to
establish additional constraints on candidate models for
ST2 using data from the Gamma Subsystem (GS) of
the Mars Odyssey Gamma Ray Spectrometer (GRS).

Data Processing: [4] and [5] describe the proc-
essing steps applied to GS data in detail. In order to
avoid complications due to large amounts of ice, re-
gions corresponding to the polar H,O ice regime were
identified and excluded from both hemispheres using a
“H-mask” [4]. For the study performed here, we have
summed spectra that were acquired from June 2002
until April 2005 within the H-masked regions.

We processed GS data in two distinct ways to
perform our study. First, we determined the mean ele-
ment concentrations in regions dominated by ST1 and
ST2, both smoothed with a 10° circular median filter to
remove noise, enabling a direct compositional com-
parison between the two units. These H-masked re-
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Figure 1. RT1 (left) and RT2 (right) highlighted in yel-

low
gions for ST1 and ST2 are “region type 1” (RT1: 17%
threshold) and “region type 2” (RT2: 36% threshold),
respectively (Fig 1). At present, GS data have deter-
mined surface concentrations of H (represented as wt%
of H,0), Cl, Fe, K, Si, and Th with sufficiently small
uncertainties. We computed RT2/RT1 ratios of mean
concentrations of these elements using cumulative y
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spectra that originated from within region boundaries
(Fig 2).

In the second form of data processing, we created
global maps of element concentrations and correspond-
ing o values [4]. We determined unique correlations
among concentrations of various elements, areal con-
centrations of ST1 and ST2, and other parameters of
interest. Our correlation coefficient algorithm was
based on distinct linear multivariate regression meth-
ods: least squares with heteroscedastic weighting (het-
eroscedastic least squares, HLS) [6] and spatial auto-
correlation (SA) [7]. We also implemented hierarchical
modeling to eliminate redundant independent parame-
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would correlate significantly with each dependent pa-
rameter. All parameter values were binned at 5°x5° to
establish spatially corresponding points across the
datasets.

Results and Interpretation: An important result
of our analysis is that RT2 is enriched in K and Th by
more than 30% relative to RT1 (Fig 2). Among the
most striking of our multivariate analyses results is that
the spatial distribution of K correlates (at 95% and
greater confidence) with only Th concentration (unique
correlation, r: 0.5), ST2 areal abundance (r: 0.2), and
ST1 areal abundance (r: -0.2). Similarly, the statisti-
cally most significant parameters for the spatial distri-
bution of Th are K (r: 0.5), ST2 (r: 0.2), and ST1 (1: -
0.1).
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One factor that must be considered when inter-
preting any observed spatial variability in element con-
centrations on Mars is that the Martian surface is a mix
of rock and non-rock of differing compositions. Physi-
cal processes like impact gardening and wind transport
that vary the non-rock/rock ratio could then account for
variations in bulk elemental composition. Our regres-
sion analyses test this idea by the use of albedo, ther-
mal inertia, and rock abundance as independent pa-
rameters. All of these physical parameters might rea-
sonably be expected to vary with non-rock/rock ratio
over the depth range relevant to the GS. However,
most of the elements, including K, do not show statisti-
cally significant (at 95% and greater confidence) varia-
tion with these parameters. We conclude therefore, that
a suitable model for ST2 must explain K and Th en-
richment relative to the basalts of ST1 (Fig 2) on the
basis of rock composition rather than variations in non-
rock/rock ratio.

Among the models for ST2, the leading candidates
are basalts altered by aqueous processes [3] and unal-
tered basaltic andesite [1]. We discuss each possibility
below. We do not include H and Cl in our interpreta-
tion, since the former is affected by the presence of
subsurface ice and an unknown amount of bound water,
while the latter may be influenced by the mobile com-
ponent of the regolith [8].

Alteration by Water. Terrestrial analogs of subae-
rial aqueous alteration [9] and subaqueous alteration
[10] suggest that K would fractionate from Th under
either scenario. Furthermore, analyses of MER data
suggest low-pH alteration at Gusev and Meridiani [11],
which may fractionate the two elements more effec-
tively than neutral conditions [12]. However, we do not
observe significant fractionation of K from Th, as evi-
dent in the clear coupling of K and Th distributions
with each other and ST2 and the similarity of K/Th
ratios between the two regions (Fig 2). Other weather-
ing models such as silica-coated basalt and oxidized
basalt [13, 14] do not account in any simple way for
the enrichment of K and Th in RT2.

Igneous Processes. One igneous mechanism that
could enrich K in ST?2 is fractional crystallization of
basaltic magma [15]. However, this is primarily rele-
vant in the evolution of an andesitic magma (55 wt%
Si0,). Evidence for Si enrichment in RT?2 is highly
inconclusive within 1o error bars (Fig 2). Therefore, in
spite of the similarity of K and Th content in RT1 to
the global averages [16], we cannot utilize a RT1 com-
position as proxy to the parent magma of ST2. Without
a presumed source composition, it is unfeasible to test

the possibility of fractional crystallization with our
data.

An alternative model, subduction zone magma-
tism, fractionates the trace elements, so K/Th would be
high [17]. But the K/Th ratio for RT2, with a value of
(4.6240.27)x10?, is typical for the Martian surface [16].
Therefore, decisive evidence for widespread formation
of calc-alkaline andesite is lacking within ST2. Should
ST?2 material contain calc-alkaline andesites, it would
probably be at spatial scales less than the GS’s ~450
km diameter footprint [4].

An alternative to both localized fractional crystalli-
zation and plate subduction mechanisms is initial bulk
differentiation processes on Mars producing composi-
tionally distinct magma source regions in the mantle. If
that were true, and present crustal dichotomy generally
follows the source regions, northern and southern ba-
saltic provinces of distinct trace element compositions,
including K and Th, could be produced. Even though
current simulations also predict differences in Si con-
tent [18], the difference in K and Th content between
RT2 and RTI is generally consistent with whole-
mantle magma ocean models. This may further rein-
force the possibility that in general, ST1 and ST2 are
derived from compositionally distinct mantle sources.
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