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Abstract:  Analyses of CRISM hyperspectral im-

ages of Libya Montes have identified olivine in bed-
rock covering the ancient phyllosilicate- and carbon-
ate-bearing outcrops.  More recent pyroxene-rich mate-
rial is dominated by clinopyroxene and overlies the 
olivine-rich unit. Distinct textures are observed in 
HiRISE images for these geologic units. 

Introduction: Libya Montes is situated at the 
southern edge of Isidis Planitia where olivine- and py-
roxene-bearing lithologies have been identified with 
OMEGA [1], and TES/THEMIS [2]. Dense valley 
networks in the Libya Montes rim/terrace complex of 
the Isidis Basin suggest that long-term aqueous proc-
esses prevailed here [3].  Phyllosilicate-rich surface 
units nested with olivine- and pyroxene-bearing mate-
rials were identified using hyperspectral visible/near-
infrared (VNIR) CRISM data [4].  Current analyses of 
this region indicate both phyllosilicate and carbonate 
components in the ancient rocks.  We are employing 
Gaussian modeling [5], DiREX (Dimensionality Re-
duction for Endmember eXtraction) investigations [6] 
and tetracorder analyses [7, 8] in order to uniquely 
identify the mafic and aqueous minerals in this region.  

Recent CRISM analyses of the Isidis region includ-
ing Nili Fossae have identified large outcrops of oli-
vine and pyroxene-bearing materials and a large num-
ber of aqueous phases including many phyllosilicates, 
a zeolite, and Mg-carbonate [9, 10, 11]. Similar com-
ponents detected at Libya Montes suggest that related 
processes occurred in the circum-Isidis regions. 

Methods: Targeted CRISM images collect 544 
wavelengths from 0.36 to 3.9 µm in ~10 km swathes 
[12]. Images are processed for instrumental effects, 
converted to I/F and atmospheric components are 
minimized using a ratio with a CRISM scene of Olym-
pus Mons [12]. Ratios to spectrally unremarkable re-
gions in the same column are used to help resolve 
spectral features. Two images near 3°N and 85°E are 
highlighted here: FRT0000A819 and HRS00047D8. 

Results:  Fig. 1 shows two CRISM images overlain 
on CTX with the olivine, pyroxene and clay/carbonate 
components indicated.  The mafic components were 
mapped in many images using Gaussian modeling that 
produced two olivine types and one pyroxene type [5]. 

 
Fig. 1  High resolution CRISM images FRT0000A819 
and HRS00047D8 (~10 km wide, R 2.5, B 1.5, G 1.1 
µm) superimposed on CTX image P04_002756_1826. 
Olivine-rich bedrock (ol) is shown in red, pyroxene-
bearing caprock (px) in cloudy blue/grey tones, and the 
clay/carbonate-bearing outcrops (cc) in rough textured 
cyan/blue units. 

Spectra representing the forsterite, fayalite and clino-
pyroxene-rich categories are shown in Fig. 2.  These 
mafic components were mapped for image 47D8 in 
Fig. 3 where the olivine-rich region is shown in yel-
low. Weak clinopyroxene signatures were observed for 
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the areas in blue. Orthopyroxene has not been observed 
in the Libya Montes region in CRISM or TES data.  

 
Fig. 2  Example CRISM spectra of forsterite-, fayalite- 
and clinopyroxene-like components identified. 

 
Fig. 3  Map of fayalite (R), forsterite (G) and clinopy-
roxene (B) categories from Gaussian modeling.  

CRISM spectra are shown in Fig. 4 that illustrate 
the spectral signatures observed for the clay and car-
bonate-bearing outcrops. The former are most consis-
tent with Fe/Mg-clays as a band is observed near 2.29-
2.31 µm. Weak bands are sometimes observed near 1.4 
and 1.9 µm. This clay unit could be Fe/Mg-smectite, 
although a stronger band would be expected for smec-
tites at 1.91 µm. Carbonates exhibit a pair of bands 
near 2.3 and 2.5 µm. Fe/Mg-carbonate is most likely 
present; however, the spectral bands do not line up 
uniquely with any one specific carbonate, likely be-
cause the clay band near 2.3 µm is shifting the com-
posite band center. Spectra of serpentines and the zeo-
lite analcime also have a band near 2.5 µm (Fig. 4), but 
these are not consistent with the CRISM spectra.  

An example of the textures of the clay/carbonate 
unit is shown in Fig. 5.  There may be two forms of 
aqueous material present as a polygonaly cracked tex-
ture is observed in some places, but not everywhere.  
This is consistent with clays in some places and clays 
plus carbonate in others. We expect that ongoing 
CRISM-HiRISE analyses will reveal the clay/carbon-
ate/olivine stratigraphy at Libya Montes. 
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Fig. 4  Reflectance spectra of phyllosilicates, carbon-
ates and zeolite compared to ratioed spectra from 
Libya Montes. Note phyllosilicate band near 2.3 µm in 
spectrum #3 and carbonate bands near 2.3 and 2.5 µm 
in spectra #1 and #2.  All spectra are 3X3 pixel spots. 

 
Fig. 5  Clay/carbonate-bearing outcrop in HiRISE im-
age PSP_002822_1830_RED (at green star in Fig. 1). 
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