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Introduction: There are two primary objectives 

that a sample return mission to another planet should 
accomplish: 1) return samples that will allow us to 
answer key questions about a planet’s geological 
history, and 2) return a set of samples that can be 
considered “characteristic” of a planet’s surface in 
order to understand the planet’s current geological 
state.  In the case of Mars, there are a few out-
standing questions that will greatly benefit from a 
sample return mission. 

One aspect that is of particular interest to under-
standing the geological history of Mars is constrain-
ing the time period and style in which aqueous altera-
tion occurred.  The identification of phyllosilicates 
by the OMEGA team [e.g., 1, 2] and recent observa-
tions by the Compact Reconnaisance Imaging Spec-
trometer for Mars (CRISM) of the Noachian high-
lands on Mars provide strong support to the idea that 
there was a period of significant aqueous alteration 
on Mars, and that the strata associated with this time 
period have been since overlain by unaltered materi-
als such as lava flows and airfall dust and/or ash.  
Determininig the age and alteration style of the strata 
associated to the alteration period, as well as the age 
of the contact between the altered and unaltered ma-
terials will provide definitive measurements that will 
allow us to address the question of the duration and 
chronology of aqueous alteration on Mars. 

Phyllosilicate exposures on Mars: The two 
largest exposures of phyllosilicates observed on Mars 
are located on the plains around Mawrth Vallis [1,3] 
and in the region around Nili Fossae [4,5].  Smaller 
exposures have also been identified scattered 
throughout the highlands of Terra Tyrrhena [6], some 
portions of Arabia Terra [7], Eridania Basin [8], and 
Meridiani Planum [9].  Although numerous hypothe-
sis have been suggested regarding the formation of 
these phyllosilicates-bearing units, there is one thread 
of observation that appears to be common to all these 
units: they all appear to have been exhumed or exca-
vated from under a layer or layers of unaltered 
(sometimes mafic) material.  This observation, cou-
pled to the global distribution of the observed phyl-
losilicates, suggests that aqueous alteration was a 
globally-active process early in Martian history.  
However, we still do not know long this period 

lasted, whether it was a continous or cyclic event, or 
what was the geologic cotext in which the aleration 
too place.  In this work, we focus on the phyllosili-
cates observed in the Mawrth Vallis and Arabia Terra 
Region because they present mineralogies and land-
forms that may allow us to address at least some of 
these unknowns. 

Mawrth Vallis: The largest exposure of phyl-
losilicates on Mars occurs on the plains surrounding 
Mawrth Vallis, where phyllosilicates are detected 
over a continous area of roughly 200 x 300 km [e.g., 
1,3,10].  The phyllosilicate units are observed to un-
derlie a ~100 m thick layer of competent (i.e., cliff 
forming), boulder-shedding dark material which 
drapes unconformably over the clay-bearing units 
[11] and forms a cap rock.  This material is spectrally 
featuresless and contrasts starkly with lighter-toned 
underlying material, which presents absorptions di-
agnostic of hydrated silicates.  At least three different 
types of phyllosilicates have been found in this re-
gion (Fe/Mg-smectites, Al-smectites, and Kaolinite-
group phyllosilicates) [12,13,14].  These minerals 
appear spatially distinct at CRISM resolutions (~20 
m/pixel), and are typically associated with either 
light-toned, finely layered units or massive layered 
units that show a variety of distinct surface textures.  
Fe/Mg smectites (identified by absorptions around 
1.4, 1.9, and ~2.3 mm) are typically found at the bot-
tom of the stratigraphic sequence, and appear to be 
spatially the most abundant (14).  Sandwiched be-
tween the Fe/Mg smectites-bearing units and the 
overlying dark unit is a unit that displays spectral 
absorptions at 1.4, 1.9, and ~2.2 μm.  The specific 
band-center and shape of the 2.2-μm band can be 
used to discern between Al smectites and hydrated 
glasses, such as Opal-A.  Comparisons of CRISM 
and OMEGA spectra of these units to laboratory 
spectra of phyllosilicates and hydrated glasses pre-
sent in volcanic ashes suggest that this unit contains 
both of these mineralogical candidates.  The exact 
spatial distribution of these minerals is still being 
studied. 

Arabia Terra:  Ongoing spectral studies  of 
western Arabia Terra have also identified the pres-
ence of hydrated minerals in small (~10 km) local-
ized areas [7].   Mineralogically and stratigraphically, 
these hydrates are very similar to those observed in 
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the Mawrth Vallis region, up to 500 km away:  Light-
toned and layered Fe/Mg smectite-bearing units are 
overlayed by a unit which interpreted contain hy-
drated glass, which is in turn overlayed by a dark, 
spectrally featureless unit (Figure 1).  Each of these 
untis is morphologically similar to those observed 
around Mawrth Vallis, suggesting that the alteration 
process that formed the hydrated minerals in the 
Mawrth Vallis region were not constrained only that 
region, and that it may have been part of the same 
processes that produced the altered minerals that 
have been identified in the Nilli Fossae and Terra 
Tyrrhena region.  
 Relevance to a sample return mission:  At 
least some of the samples collected by a sample re-
turn mission should be expected to be characteristic 
of the planet as a whole, and should allow us to ob-
tain general information about its geological history.   
Data being returned by OMEGA and CRISM 
strongly suggest that aqueous alteration was a global 
process at some point in Martian history, and that 
after this process ended, additional unaltered materi-
als were deposited on top of the altered units.  It 
would therefore seem necessary that samples repre-
sentative of both the alteration period (or periods) 
non-alteration period(s) be returned.  As such, it is 
important to identify locales where a boundary be-
tween these two periods is well defined. 

In the Arabia Terra/Mawrth Vallis region, the 
stratigraphic transition from an upper layer of unal-
tered material, to a middle layer that appears to con-
tain hydrated glass, to a lower layer that contains 
Fe/Mg bearing smectites strongly suggests that the 
middle layer is an alteration front, and that it defines 
a boundary between a period of aqueous alteration 
and a subsequent period of no alteration.  Adition-
ally, the smectites-bearing units in this region are in 
many cases layered down to the limit of resolution 
(~50 cm in HiRISE data).  Return of both altered and 
unaltered samples from such a region would allow us 
to constrain the age at which aqueous alteration proc-
esses became less significant, as well as constrain the 
degree of aqueous activity at different time periods, 
based on samples return from the different layers that 
could be sampled. 
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Figure 1:  (B) Color composite of parameters 

maps for FRT8838, where R: D2300 (2.3 �m feature 
[7]), G: OLINDEX (ferrous index), B: BD2210 (2.21 
μm feature).  In this figure, Fe/Mg smectites appear 
as red/yellow, hydrated glass and/or Al phyllosili-
cates appear as blue, and featuresless units appear as 
black. 

 

 
Figure 2: HiRISE view of layered light-toned 

outcrops overlayed by a darker cratered unit in the 
Mawrth Vallis region.  North is up and sun is from 
the lower left. 
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