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Introduction: The largest exposure of phyllosili-

cates on Mars occurs in the highland plains around 

Mawrth Vallis in western Arabia Terra.  This exposure 

is known to extend discontinuously for about 300 km 

southward from the edge of the dichotomy boundary, 

covering an area greater than 200 x 300 km over an 

elevation range of ~2000 m (e.g. [1-5]).  At least three 

different hydrated phyllosilicates, as well as examples 

of hydrated silica (e.g., opal-A, hydrated glass), have 

been identified in OMEGA and CRISM data based on 

absorption bands near 2.3 and 2.2 µm (e.g., 

[1],[5],[6]).  Detailed studies of the light-toned layered 

units present evidence for a mineralogical stratigraphy: 

the Fe/Mg phyllosilicate-bearing units are overlayed by 

the Al-phyllosilicate and hydrated silica (Al/Si-OH)-

bearing units, which are in turn overlain by a dark-

toned, spectrally unremarkable capping unit 

(e.g.,[5],[6],[7]).  Formation theories for these layered 

units include pyroclastic, sedimentary, and impact 

processes.  Hypotheses addressing the formation of the 

phyllosilicates include direct precipitation, diagenesis 

[3,5,7,9].   

Regional analysis of CRISM multi-spectral and tar-

geted (FRT, 20 m/pixel) observations reveal hydrated 

minerals with absorptions at ~2.2 or 2.3 µm in loca-

tions up to 700 km away from the borders of the previ-

ously identified extent of clay-bearing units [8, 9], sug-

gesting that the processes that formed the hydrated 

minerals at Mawrth Vallis may have been more ubiqui-

tous and therefore more representative of the geologic 

state of ancient Mars than previously realized.   

In this work, we are seek to constrain: 1) the extent 

of the clay-bearing units observed around Mawrth Val-

lis, 2) the geologic origin of the dark overlying mantle, 

and 3) the genesis of the hydrated minerals that are 

observed in association with the light-toned layered 

units.  We have analyzed a selected set of FRTs cover-

ing western Arabia Terra (Fig. 1) and compared the 

mineralogy, morphology, and stratigraphy of the ter-

rains that present spectral evidence for hydrated miner-

als. 

Results:   

Morphology and stratigraphy:  Hydrated minerals 

have been identified in FRTs throughout western Ara-

bia Terra (Fig. 1).  Direct comparison between the ob-

servations of the hydrated units in the Mawrth Vallis 

region and hydrated units throughtout western Arabia 

show astounding mineralogical, morphological, and 

stratigraphic similarities among units scattered over an 

area greater than 1000x1000 km.  We distinguish four 

different types of units based on morphology and tex-

ture at HiRISE resolution (25 cm/pixel), and diagnostic 

spectral features in CRISM data (Fig. 2):  

 
Figure 1: Footprints of FRTs used in this study.  Yellow 

indicates locations where phyllosilicates were identified. 

 

1) a dark, spectrally featureless, heavily cratered, 

capping unit, which appears to have been draped onto 

the underlying topography (Fig 2, upper unit).  It sheds 

boulders and is massive in appearance at HiRISE reso-

lution.  Where possible, its thickness is measured from 

HiRISE stereo to be only a few meters in thickness.  

This unit is characterized by its resistance to erosion, 

which results in the erosional inversion of preexisting 

topography such as craters and valleys.   

2) a light-toned, cliff-forming layered unit that 

presents spectra consistent with montmorillonite, kao-

linite-group minerals, and hydrated silica (Fig 2., mid-

dle unit).  This unit is ~20-50 m thick and it underlies 

the cap unit.  This unit is not cratered, it does not shed 

boulders, and it is very finely layered at HiRISE reso-

lutions.  Incised in several locations of the unit are nar-

row meandering valleys which continue from broader 

ridges when the contact between this unit and the cap-

ping unit is crossed.   

3) a light-toned, slope-forming layered unit that 

presents spectra consistent with Fe/Mg smectites plus a 

ferrous phase (Fig 2, lower unit).  It underlies the 

Al/Si-OH unit.  This unit does not to shed boulders, is 

not cratered, and apperas layered at HiRISE resolution. 
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4) a second dark, hummock-forming unit which 

embays units 1-3.  This unit typically appears in the 

lowest-lying areas.  Careful spectral, and morphologi-

cal observations show that: a)the areas where the unit is 

thinner have the same polygonal fracturing as unit (3) 

at HiRISE scale, b) this unit embays unit (3) and some-

times unit (2); and c) the spectrum of this unit can be 

explained by a linear mixture of the spectra of units (1) 

and (3).  These observations suggest that this unit is a 

spectrally neutral, unit which was deposited after the 

formation (and subsequent erosion) of units 1-3. 

The morphology, stratigraphy, and surface texture 

of each of these units is similar to that of spectrally 

similar units throughout the region. 

Mineralogical constraints:  Analysis of the FRTs 

shows that the light-toned units have a 1.9 µm band, 

whereas the dark cap unit does not.  FRT spectra of the 

dark cap unit have a negative slope in the 1-2.6 µm 

region, and are otherwise featureless.  Spectra where a 

~1.9 µm band is identified also show absorptions near 

2.2 or 2.3 µm.  The CRISM spectra with a band at 

2.28-2.31 are consistent with the presence of Fe/Mg-

bearing smectites.  Spectra exhibiting a band near 2.21 

µm are consistent with either montmorillonites (Al-

OH), or with hydrated silica/glass or opal (Si-OH) in 

altered ash.  Montmorillonites tend to have a band cen-

ter at 2.21 µm, whereas hydrated silica and hydrated 

glass have a broader band in the range 2.18-2.26 µm 

[10,11].  Most of the spectra we observe here have 

band centers shortwards of 2.21 and widths similar to 

that of hydrated silica/glass.  This component has also 

been observed in CRISM spectra from other regions 

[12,13,14].  A doublet near 2.17 and 2.20 µm, consis-

tent with kaolinite, was identified in the spectra of sev-

eral regions.   

Discussion:   

Distribution and geologic setting of hydrate-

bearing outcrops:  Units bearing absorptions 1.4, 1.9, 

and 2.x-µm, and which are therefore interpreted as 

hydrated, have been identified over a broad 

(>1000x1000 km) spatial extent in the western Arabia 

Terra Region.  With no exception, these units are found 

in erosional windows.  They are typically capped by a 

darker-toned unit which does not present a 1.4, 1.9, or 

2.x-µm features, and is therefore interpreted not to be 

as hydrated as the underlying units.  The erosional 

windows in which these hydrate-bearing unit are found 

often occur in association with wind streaks.  In addi-

tion to exposing hydrate-bearing layered units, erosion 

of the dark-toned upper unit has resulted in the inver-

sion of topographic features that are normally found in 

negative relief.  These include features interpreted to 

be inverted craters and channels.  Observations of 

channels cut into the phyllosilicate-bearing bedrock 

suggest that the region experienced an aqueous history 

where there was enough water to erode, and therefore 

transport and subsequently deposit sediments. 

Origin of the dark-toned capping unit:  The dark 

toned-capping unit appears to be pervasive throughout 

the region, and its removal via erosion results in strati-

graphic windows in which the hydrate-bearing minerals 

are exposed.  Perhaps the most striking characteristics 

of this unit are that it is indurated and that it mantles 

pre-existing topography, suggesting that rather than 

having been emplaced via flow processes, it was em-

placed either as an air fall deposit or via subaqueous 

deposition.  Possible methods for induration include 

cementation by evaporites, sintering or welding of mol-

ten rock from volcanic or impact processes, or cemen-

tation by burial. 

Origin of hydrated minerals:  Hypotheses for the 

formation of the Fe/Mg smectites and A/Si-OH bearing 

minerals are discussed in an accompanying abstract by 

Bishop et al.  Here, we include (1) direct deposition of 

units in a lacustrine system, (2) diagenesis of primary 

minerals, (3) pedogenesis, and (4) hydrothermal altera-

tion.  Each of these hypotheses has its merits and will 

be further discussed at the workshop. 

 
Figure 3:  (B) Color composite of parameters maps for 

FRT8838, where R: D2300 (2.3 µm feature [7]), G: 

OLINDEX (ferrous index), B: BD2210 (2.21 µm feature). 
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