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Introduction: Thousands of clay mineral-bearing deposits
have been detected on Mars using near infared remote sensing [1-
2]. Many clay deposits have been exhumed from the subsurface
[3]. Here we compare the updated geochemical perspective on
global clay detections to known compositions of meteorites -
which represent proxy protoliths - and to clays within Martian
meteorites, which provide a detailed view of clay mineralogy.

The remote sensing perspective: Based on IR remote
sensing, the largest fraction of clay mineral-bearing deposits on
Mars correspond to Fe/Mg-rich smectites [2-3]. Recent work
placing strong crystal-chemical constraints on these smectitic
clays, show that most (=70%) of the detections correspond to
clays with high FeO/MgO ratios [4]. These ancient (Noachian)
clays are mostly dioctahedral Fe-rich clays with some Mg-
substitution, but might also include complex di-trioctahedral
mixed-layer clays [e.g. 5].

Comparison to Martian Meteorite compositions: The
protoliths of the remotely sensed clays on Mars are not known,
but Martian meteorite compositions [e.g. 6] represent a
reasonable proxy for Martian materials altered to produce the
clay deposits. For example, shergottites, which are relatively Fe-
rich among the groups of Martian meteorites, have FeO/MgO
ratios ranging from ~0.8-6 [7]. By contrast, most smectitic
deposits detected remotely on Mars have FeO/MgO ratios of ~10-
30 [5]. Therefore, clay formation on ancient Mars likely involved
significant segregation of Fe from Mg. While the shergottites
represent post-Noachian volcanic compositions, the global
average FeO content measured by GRS (~18.4%, recast from Fe
to FeO) is nearly identical to the average FeO content of
shergottites (~18.7) [6] and therefore, we consider them a
reasonable proxy protolith.

Clay minerals detected within Martian meteorites include a
range of 7-, 10-, and 14-A phases, most of which occur in the
nakhlites (which have bulk FeO/MgO ratios of ~1-2) [e.g. 7-10].
The clays are genrally more Fe-rich than the meteorites in which
they occur, and have FeO/MgO ratios of ~5-6 [5].

Conclusions: “Fe/Mg-rich” clay minerals detected by remote
sensing are in fact quite Fe-rich. Most of them have much higher
FeO/MgO ratios than all of the known Martian meteorites and
they have higher FeO/MgO ratios than clays identified in Martian
meteorites. Therefore, it is likely that clays detected by remote
sensing, most of which seemingly represent Noachian deposits,
formed in conditions that allowed for segregation of Fe from Mg.
This likely implies higher water/rich ratios and relatively
oxidizing conditions, compared to the conditions under which
Amazonian clay minerals formed in Martian meteorites.

References: [1] Poulet, F. et al. 2005. Nature 438. 623-627.
[2] Carter, J. et al. 2013. JGR 118. 831-858. [3] Ehlmann B. L. et
al. 2011. Nature 479. 53-60; [4] Michalski, J. R. et al. in rev.
EPSL. [5] Cuadros, J. et al. 2013. Chem Geol. 360-361. 142-158.
[6] Meyer, C. 2012. NASA JSC Martian Meteor. Comp.:
http://curator.jsc.nasa.gov/antmet/mmec/ [7] Gooding, J.L. et al.
1991. MAPS. 26 (2). 135-143. [8] Hicks, L.J. et al. 2014 GCA4
136. 194-210. [9] Changela, H. G. and J. C. Bridges 2011. MAPS
45 (12). 1847-1867. [10] Lee, M. R. et al. 2013. MAPS 48 224-
240.



