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Introduction:  Phyllosilicates are common com-

ponents of Noachian and Early Hesperian age (>3.5 
Ga) terrains on Mars, providing evidence of a larger 
water inventory earlier in the planet’s history [1]. The 
end of phyllosilicate formation appears to coincide 
with planetary aridification, also signaled by an in-
creasing abundance of sulfate and Fe-oxide minerals 
[2]. This mineralogical motif has been identified by 
orbital spectrometery in stratified deposits of Aeolis 
Mons (Mount Sharp), a 5 km tall mountain in the cen-
ter of Gale crater, with distinct clay-bearing strata 
overlain by sulfate-bearing units [3]. The Mars Science 
Laboratory (MSL) Rover, Curiosity, was sent to study 
these units and examine the possibility that they record 
a global change in environmental conditions [4].  

 
Fig. 1:  Crystallographic structures of clay miner-

als documented during MSL’s traverse. The presence 
of smectites supports other evidence that ancient Gale 
lakes were habitable [7,8,12]. 

Clay minerals in Gale crater:  Since landing in 
2012, MSL has documented almost 400 m of vertical 
stratigraphy consisting of fluvial-lacustrine sediments 
of the Bradbury and Mount Sharp Groups, deposited 
~3.7 Ga [5,6]. Many of the drill samples collected by 
MSL, and analyzed by the CheMin x-ray diffraction 
(XRD) instrument and SAM evolved gas analysis mass 
spectrometry (EGA-MS), contain clay minerals com-
prising up to ~25 wt. % of the bulk rock [7-10]. Smec-
tite clay minerals are dominant in all the clay-bearing 
samples analyzed so far. The smectites show variable 
chemistry indicating a variety of aqueous alteration 
conditions [10]. Detrital sources for the clays have 
been proposed [11], but coincidental changes in clay 

mineral chemistry with sedimentological, mineralogi-
cal and geochemical indicators of changing lacustrine 
conditions and processes support formation close to the 
time of deposition [8,10]. The clay minerals docu-
mented by MSL are important indicators of clement 
lake water chemistry and a key indicator that ancient 
Gale lakes were habitable environments [7,8,12]. 

The clay-bearing unit:  At the time of writing, 
MSL is about to embark on a campaign to investigate 
the clay-bearing unit [13], originally identified from 
orbit [3]. An important part of this campaign will be to 
document the nature, abundance and origin of clay 
minerals in this unit, and determine if and how they are 
related to the clay-bearing lacustrine mudstones previ-
ously documented in the Murray formation of the 
Mount Sharp group. This will help constrain strati-
graphic models of sedimentary deposits at Gale, im-
prove our understanding of how environmental condi-
tions changed in Gale crater, and allow ancient habita-
bility and organic preservation potential to be assessed 
[13]. Combined with in situ examination of the terrain, 
mineralogical data will provide important ground-truth 
for orbital data and new information on the factors that 
influence the detectability of clay minerals from orbit. 
An important part of the characterization activities will 
be obtaining drill samples of the clay-bearing unit for 
analysis by MSL’s onboard laboratory instruments. In 
this contribution, initial mineralogical findings, based 
on CheMin XRD analyses and SAM EGA-MS anal-
yses, of clay-bearing unit drill samples obtained by the 
rover will be discussed. 
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