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Summary: A widespread phyllosilicate-bearing 

layer has been identified in a distinct region in north-
west Noachis Terra [1,2]. Although previously it was 
thought that aluminum smectites comprised the upper 
member of this formation and iron-magnesium smec-
tites the lower member [2], we here show evidence of a 
second Fe/Mg-smectite bearing member or distinct 
layer above the Al-phyllosilicates south of Coprates 
Chasma.   

Area of Interest: Noachis Terra is a highland cra-
tered plain on Mars, extending from 20º to 80ºS lati-
tude and 55ºW to 30ºE longitude. The region we refer 
to as northwest Noachis Terra (Fig. 1) is bound by 
Coprates and Eos Chasma to the north, Thaumasia 
Planum to the west and the Argyre basin to the south.  
Uzboi Vallis, a major Martian valley system, cuts 
through greater Noachis Terra and is the eastern 
boundary of our region of interest. 

Two small valley systems incise NW Noachis Ter-
ra: Her Desher Vallis and Nirgal Vallis. Nirgal Vallis 
is a tributary of Uzboi Vallis, joining the larger system 
to the south of Holden crater. Her Desher Vallis is an 
isolated valley that does not seem to connect to any 
craters or larger valleys.   

 
Figure 1. MOLA topography draped over THEMIS 
imagery of northwest Noachis Terra. Boundary regions 
and both Her Desher and Nirgal Valles are identified. 
 

Observations: Mosaicked CRISM multispectral 
mapping observations (~230 m/pixel) suggest that a 

phyllosilicate-bearing layer outcrops along the length 
of both valley systems and in the interior rims of many 
craters in the region [1]. Further inspection of high 
resolution CRISM hyperspectral targeted observations 
(20-40 m/pixel) of the walls of Her Desher Valles and 
Nirgal Vallis confirm the presence of phyllosilicates. 
Spectral analyses indicate that these phyllosilicates are 
iron-magnesium smectites; the broadness of the bands 
at 2.3 and 2.4 microns is consistent with either a physi-
cal mixture of nontronite (Fe-smectite) and saponite 
(Al-smectite) or perhaps an intermediate phase smec-
tite. The mineralogy of the layer is generally consistent 
along the length of both valleys, a total distance of 
~600 kilometers. This distinct phyllosilicate-bearing 
layer is located only a few meters below the surface 
cap material and is laterally contiguous with a con-
sistent apparent thickness of ~10 meters. HiRISE ob-
servations of these layers show the materials are polyg-
onally fractured, which is morphologically similar to 
other Fe-Mg clays identified on Mars [e.g. 3].  

Several high resolution hyperspectral CRISM ob-
servations of craters near the valley systems also show 
a phyllosilicate-bearing layer of similar composition.  
As in the valleys, these phyllosilicates extend laterally 
and are located a comparable distance below the sur-
face.  HiRISE images indicate that the crater phyllosili-
cates have the same polygonal morphology as those in 
the valleys.   

Phyllosilicates have been identified in multiple oth-
er craters in NW Noachis Terra at considerable dis-
tance from the two valley systems.  Fe/Mg smectites 
have been identified in Ritchey crater, located ~200 km 
southwest of Her Desher Vallis [4].  Multiple craters 
between the valleys and Vallis Marineris also display a 
Fe/Mg smectite-bearing layer in their walls [1].  In 
some few locations we also observe Fe/Mg–smectite 
deposits exposed on the Noachis Terra surface, as op-
posed to in crater or valley walls. 

To the north, multiple layers of phyllosilicate-
bearing layers have been detected in the walls of Cop-
rates Chasma [e.g. 1,2,5]. A Fe/Mg chlorite-bearing 
layer is exposed in the Coprates wall kilometers below 
the surface [5].  Meanwhile, high along the Coprates 
wall, Al-smectites are observed directly above a 
Fe/Mg-smectite bearing layer [1,2,5], either within the 
wall or exposed on the surface near the Coprates rim 
(Fig. 2b). However, a short distance south of Coprates 
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Chasma there is an outcrop in which Al-smectites are 
below, not above, Fe/Mg-smectites (Fig. 2a). 

Discussion: The sequence of Al-smectites over 
Fe/Mg smectites observed at the top of the Coprates 
wall was included by [2] as part of a phyllosilicate-
bearing formation named “Plateau Phyllosilicates”, 
which extends to the north of Valles Marineris. This 
formation was proposed to be formed by pedogenesis, 
a process of weathering volcanic soils by percolating 
waters which usually results in accumulation of Fe/Mg 
smectites in the lower horizons while Al-smectites re-
main in the upper horizons [2]. 

 We present a new possible stratigraphic profile of 
NW Noachis Terra (Fig. 3). We suggest that Her 
Desher and Nirgal Valles and the nearby craters are 
exposing the upper Fe/Mg-smectite layer. Further 
north, erosion of the cap rock exposes the upper 
Fe/Mg–smectite layer on the surface, while closer to 
Valles Marineris similar stripping also exposes the Al-

smectite layer.  Both the lower Fe/Mg–smectite and the 
Al-smectite layers are exposed in the walls of Valles 
Marineris, but at the rim the upper Fe/Mg–smectite 
layer has been completely stripped away.  However, 
close to the rim an erosional remnant displays both the 
upper Fe/Mg–smectite layer and the Al-smectite layer 
below it. Occurences of Fe/Mg smectites above the Al-
smectites are unlikely to be a part of the the proposed 
soil profile of the Plateau Phyllosilicates Formation [2] 
and instead suggests that perhaps that there are two 
separate layers of Fe/Mg smectites bracketing the Al-
smectite layer.   
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Figure 2. a) Mosaic of CRISM FRT16F51 and FRTA514.  Al-smectites are a polygonally-fractured, light-colored 
unit at the base of a small scarp of pinkish-toned Fe/Mg smectites. Dark cap rock is present to SW. b) CRISM 
FRTD23E. Al-smectites exposed above the Coprates rim while Fe/Mg-smectites are detected in the Coprates wall. 
 

 
Figure 3.  Cartoon of possible stratigraphy of north-west Noachis Terra.  Right is to the north (Valles Marineris) and 
left is toward the south (Her Desher and Nirgal Valles, Ritchey crater). 
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