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Introduction: Here we conduct an inves-
tigation of stratigraphic relationships between 
compositional units of highlands material at 
mid latitudes on Mars using multispectral 
mapping data from the Compact Reconnais-
sance Imaging Spectrometer for Mars 
(CRISM). Results reported here are from two 
study areas: a quadrant bounded by 320 to 
310°E by -23 to -32.5°N, and a quadrant 60 to 
80°E by -12.5 to -27.5°N. 

We utilized browse product color compo-
sites comprised of summary parameters [1] 
and custom image analysis interface and 
ArcGIS interfaces to examine and identify 
mineral diversity within CRISM multispectral 
mapping data (72 wavelengths, 200 m/pixel).  

We grouped phases identified into two 
broad categories, primary mafic mineral 
phases and secondary (alteration) phases. 
Within the primary group, low-Ca pyroxene 
(LCP), high-Ca pyroxene (HCP) and olivine 
(OLV) were mapped. A large suite of second-
ary/alteration phases were individually 
mapped, however, for the purposes of this 
report all have been grouped into “secondary 
phases” (2ND) . 

Results: 320-310°E (Fig. 1, left)  
Primary phases: In this region only mid-

dle and late Noachian terrains are exposed 
(early Noachian terrains are buried). We ob-
serve a dominance of LCP in the middle Noa-
chian terrains, with an increase in OLV abun-
dance higher in the geologic section. These 
units are observed in crater walls, central 
peaks, and more rarely, in massifs and crater 
ejecta.  Frequency, abundance, and strength 
of the LCP spectral signatures decrease into 
the late Noachian terrain, though LCP is still 
the dominant phase in that age unit. Mid No-
achian terrains at more southern latitudes in 
this area have measurably lower concentra-
tion of LCP-rich units. This is likely due to 

dust cover of that area, rather than a change in 
mid Noachian mineralogy. This hypothesis is 
supported by an increase in the TES dust cov-
er index to the south in this area [2]. Hesperi-
an and younger terrains are characterized by 
HCP and or HCP+OLV flows, typically fill-
ing crater floors or as plains units. 

Secondary phases: Alteration materials 
largely correlate with the signature of LCP – 
secondary phases appear to be more abundant 
in the LCP-rich mid Noachian unit while 
more sparse in the late Noachian. The most 
common alteration phase is Fe/Mg phyllosili-
cate, comprising approximately 90% of the 
surface area identified as alteration materials.  
Such phases are observed primarily in the 
walls of channels that incise Noachian units 
(i.e. Nirgal Vallis, or as previously identified 
[3]) or delta deposits within Holden crater. 

Results: 60-80°E (Fig. 1, right)  
Primary phases: Early-, middle- and late-

Noachian units are all exposed in this area.  
OLV is the dominant primary phase in the 
lower early Noachian unit, transitioning to 
more LCP-rich plus OLV in upper early Noa-
chian. Finally, in the middle Noachian, LCP 
is the primary ultramafic phase. OLV-
dominant early Noachian units are primarily 
exposed as basin ejecta and massifs associat-
ed with Hellas. As units become more LCP-
rich with time into the middle Noachian, there 
is a greater tendency for it to be exposed ex-
clusively within crater material. The observed 
transition from more olivine to more LCP 
dominant composition in the early- to mid-
Noachian is generally consistent with the No-
achian stratigraphic progression described by 
[4,5]. As in the 320-310°E quad, Hesperian 
and younger terrains are characterized by 
HCP and or HCP+OLV volcanic flows, typi-
cally filling crater floors or as plains units. 
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Secondary phases: As with the 320-310°E 
quad, here we observe few alteration products 
within middle to late Noachian units. Howev-
er, within this quad, early Noachian expo-
sures contain a much higher frequency of al-
teration products. As with the previous quad, 
the dominant alteration product is Fe/Mg 
phyllosilicate.    

Interpretation: The OLV-rich lower ear-
ly Noachian unit in the 60-80°E quad is di-
rectly to the north, and within 250 km of, 
Hellas Basin. It is likely that this OLV-rich 
material was excavated from depth and de-
posited via the Hellas basin-forming impact. 
Therefore, though the surface unit is mapped 
as “early Noachian” the OLV comprising that 
unit may have in fact crystallized prior to the 
Hellas basin-forming impact (i.e. its crystalli-
zation would be pre-Noachian).  

In this same unit we observe a much 
higher frequency of secondary (alteration) 
phases than in upper early- or mid Noachian 
units.  As the primary alteration phase is 
Fe/Mg phyllosilicate, we propose that the 
higher frequency of alteration materials in the 
lower early Noachian unit is due to the higher 
abundance of easily weathered silicate (OLV) 
in that lithostratigraphic unit. 

Concerning the timing of alteration in that 
unit, we infer that alteration of the lower early 
Noachian OLV-rich unit took place in situ 

after the Hellas Basin-forming impact, which 
likely deposited the OLV-rich material on the 
surface (see above). This is evidenced by 
topographic relationships where alteration 
phases are observed within gullies and other 
low relief areas within the lower early Noa-
chian unit. 

Though a small sample set was observed, 
lithostratigraphies between the two quads 
(which are ~5000 km apart) are generally 
consistent – mid Noachian LCP-rich grades 
into a later Noachian LCP-rich composition.  
Similarly, alteration phases occur more fre-
quently in the mid Noachian unit between 
both quads, with higher frequency only ob-
served in the Early Noachian unit, which is 
only observed in one of the mapping areas.  
In this continuing effort, further quadrangle 
mapping will determine if these observations 
remain consistent across Noachian terrains in 
the mid latitudes. 
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Figure 1.  Mineralogical maps overlain on THEMIS daytime IR.  (Left) quadrangle = 320-
310°E by -23 to -32.5°N and (right) quadrangle = 60 to 80°E by -12.5 to -27.5°N 
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