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Introduction: The Tharsis and Elysium regions 

of Mars are dominated by volcanic landforms 
exhibiting a range of morphologies that have varied 
over time. Primary minerals that dominate visible to 
near-infrared (VNIR) spectra of relatively dust-free 
regions on Mars are pyroxene and olivine. Pyroxene 
is a dominant component of the igneous Martian 
crust [1, 2] and displays broad diagnostic absorptions 
near 1 and 2 µm in the VNIR that result from crystal 
field transitions of iron. In low-calcium pyroxene 
(LCP) these bands are centered at 0.9 and 1.8 µm, 
while in high-calcium pyroxene (HCP) they are 
centered at 1.1 and 2.3 µm.  Olivine (Ol) has a broad 
absorption centered near 1 µm that strengthens in 
depth and broadens with increasing iron content and 
is also highly dependent on grain size [3]. Global 
analysis of VNIR compositional data suggests that 
the ratio of LCP to HCP in volcanic flows has 
decreased from the Noachian to Hesperian, indicating 
a change in crustal composition over time [4,5].  A 
similar VNIR analysis of mineralogic trends in the 
primary mineralogy over the Hesperian-Amazonian 
boundary has, thus far, not been possible due to the 
fact that Amazonian terrain on Mars is heavily dust 
covered. Thus we studied dust-free surfaces in order 
to answer these fundamental questions: As volcanism 
became progressively more restricted in the Tharsis 
and Elysium regions, did the composition of the 
volcanics also change? Did is vary spatially within 
the Amazonian period? 

Methods: To assess the compositional diversity 
of Tharsis and Elysium, exposures of relatively dust-
free volcanic materials in over 300 CRISM 
observations within Amazonian terrain (as mapped 
by [6]) from ~110-302° E longitude (roughly 
corresponding to the Elysium and Tharsis regions, 
see Fig. 1) were analyzed for the presence of mafic 
phases (pyroxene, olivine, mafic glasses).  Locations 
of spectral variability were initially identified using a 
combination of summary parameters and browse 
products [7] to identify the presence of mineralogic 
variability within the scene. Spectra were extracted 
from each observation (typically from fresh crater 
“blast zones” where we are assuming dust has been 
removed, although it may only have been disturbed 
[8]; or dust-free scarps) and ratioed to an in-column 
denominator over dusty material, common to the 
region and globally spectrally uniform [9]. Some 
observations revealed only underlying relatively 

darker, compacted dust (Fig. 1, black dots).  
Individual extracted spectra with non-dusty features 
were fit using a linear continuum removal for the 1-
µm band position and shape using methods 
comparable to Horgan et al. [10].  These methods 
allow for classification of ferrous mineral mixtures, 
using a combination of 1-µm band center and 1-µm 
band asymmetry, into six subgroups: LCP, 
intermediate/mixed pyroxene (LCP-HCP), HCP, 
glass, olivine or pyroxene+glass (Ol or Pyx+glass), 
and LCP+Ol or LCP+glass [10].  

Results: The results of the 1-µm band 
classification [10] applied to CRISM spectra from 
Amazonian terrain are shown in Figure 1.  Spectra 
classified as pyroxene (LCP, LCP-HCP, and HCP) 
are plotted as circles, and those classified as glass or 
Ol-mixtures (glass, Ol or Pyx+glass, and LCP+Ol or 
LCP+glass) are plotted as triangles.  A breakdown of 
the ‘count’ of each classification type is provided in 
the pie charts comparing the Elysium region vs. the 
Tharsis region (they do not include those in the pink 
IAv unit, since it spans both regions). Similar plots 
are provided for each classification type for unit ages 
in Figure 2. Although sampling of CRISM targeted 
observations is not random and more dust-free 
regions in Elysium were targeted, comparing the two 
regions (Fig. 1) reveals that pyroxene-dominated 
(glass-free) compositions are more common in the 
Tharsis region.  Between different unit ages, there 
appear to be comparable materials present (Fig. 2).  

Discussion and conclusions: The results of the 1-
µm classification for Amazonian terrains suggest that 
there is spatial variability within Amazonian-aged 
volcanic units.  Broadly, the Elysium region and the 
Tharsis region appear to exhibit differing amounts of 
pyroxene vs. glass/olivine-bearing spectra (Fig. 1, pie 
charts).  This may imply that Elysium volcanism 
exhibited thinner, glass-rich flows in comparison to 
Tharsis volcanism.  Interestingly, the pyroxene 
composition as derived by the classification scheme 
appears more LCP-rich than late Noachian to 
Hesperian units which are typically HCP-dominated 
[4,5]. Although this difference may reflect actual 
surface composition (particularly in the Tharsis 
region), it may be a byproduct of applying the 1-µm 
classification scheme to CRISM spectra.  Known 
artifacts at 1 micron (including a detector boundary) 
may shift the 1-µm band minimum position to shorter 
wavelengths, which would then classify LCP-HCP 
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mixtures as LCP.  Further testing of the 1-µm 
classification scheme on spectra of older volcanics, 
and comparison with MGM modeling [11] adapted 
for CRISM, is necessary to assess artifacts.  

Spatially, there may also be trends in ferrous 
mineral diversity at smaller scales.  For example, the 
southernmost part of the AHv unit (red) in the 
Tharsis Region appears to have a concentration of 
LCP-Ol or LCP-Glass material, compared to more 
pyroxene-rich materials throughout the rest of the 
unit.  This may imply quenching along the boundary 
of flows, or compositionally distinct flows within the 
AHv unit. Temporally, classification of the mafics 
reveals little variability over the Amazonian period 
(Fig. 2).  This would suggest significant stability of 
the source composition for the volcanic units from 
the early to late Amazonian and has implications for 
the evolution of the martian crust.  
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Figure 1.  Mafic mineralogy identified from CRISM spectra in the Tharsis and Elysium regions.  MOLA 
shaded relief is overlain by geologic units [6]: Red unit (AHv), Purple unit (Ave), Pink unit (lAv), Orange 
unit (Av); where A=Amazonian, lA=late Amazonian, H=Hesperian, v=volcanic, e=edifice. Inset includes key 
for mineral symbols as determined via the classification scheme discussed in the methods section.  Pie charts 
suggest the Tharsis and Elysium regions may have significantly different rock types (locations with glass-
free pyroxene-dominated spectra in outlined black wedge). 
 

Figure 2.  Breakdown of classified mineralogy 
with time (AH=Amazonian/Hesperian, 
A=Amazonian, lA=late Amazonian). 
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