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Introduction:  Xanthe Terra, Mars (~10N-17S, 

300-345E) is an ideal region for examining the geo-
logic, stratigraphic, and structural relationships be-
tween emplaced rocks and their alteration products.  
The area has a mixture of Noachian and Hesperian age 
terrains; further, Capri Chasma cuts the region from 
southwest to northeast, providing a window into the 
upper crust in the form of exposed wall rock and inte-
rior layered deposits (ILDs).  Previous work with 
OMEGA data shows the presence of hydrated sulfates 
in the ILDs [1] whereas analyses of THEMIS and TES 
data show olivine-rich deposits on the edges of chas-
mata floors [2] and gray crystalline hematite in Aram 
Chaos [3].  Our work with CRISM multispectral and 
targeted observations reveals phyllosilicate, hydrated 
sulfate [4 and this abstract], and olivine- and pyrox-
ene-rich occurrences within Xanthe Terra.  Placing 
these mineral identifications within their stratigraphic, 
structural, and geologic contexts can shed light on the 
timing and processes by which the deposits formed. 

Data Sets:  Data from the CRISM visible/near-
infrared hyperspectral imager on the Mars Reconnais-
sance Orbiter are acquired in two modes: a nadir-
pointing, multispectral mode (72 bands, 100-200 
m/pixel) and a targeted hyperspectral mode (544 
bands, up to 18 m/pixel) [5].  Whereas the multispec-
tral mode provides consistent, global coverage at a 
lower resolution, the targeted mode is used to probe 
the mineralogy of small areas in detail.  This work 
takes advantage of both of the CRISM data sets.  Data 
from THEMIS, Mars Orbiter Camera (MOC), Context 
Imager (CTX), and the High Resolution Imaging Sci-
ence Experiment (HiRISE) are used to provide struc-
tural and stratigraphic context for the mineral identifi-
cations. 

Results:  CRISM mapping strips covering ap-
proximately 30% of the study area were examined.  
From these, parameter maps for pyroxene, olivine 
(0.86 µm band depth), and sulfates (based on absorp-
tions at 1.9, 2.1, and 2.4 μm) were created, along with 
band depths at 1.9 µm and 2.3 µm to evaluate the pres-
ence of phyllosilicates.  From mineral locations identi-
fied in the parameter maps, a subset of the 43 FRT, 42 
HRL, and 11 HRS targeted observations currently cov-
ering Xanthe were inspected.  Relatively high parame-
ter values generally coincide with mineral locations 

previously identified with OMEGA, THEMIS, and 
TES data, but the 2.3 µm band depth map shows a 
number of previously unidentified candidate phyl-
losilicate locations that need to be validated with hy-
perspectral targeted observations.   

Analyses of OMEGA data show mono- and poly-
hydrated sulfates [1] and TES/THEMIS detected 
hematite within Aram Chaos [3].  These detections are 
confirmed by both CRISM targeted observations 
(polyhydrated sulfates, Figure 1) and multispectral 
mapping strips (hematite).  The polyhydrated sulfates 
are located in the green unit in Figure 1, while the dark 
surface of the cap unit is explained by the presence of 
dunes atop the white wall-rock unit.  The monohy-
drated sulfates were identified in a HRL targeted ob-
servation located nearby; more work is required to 
place the mono- and poly-hydrated sulfates in strati-
graphic relation to each other. 
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Figure 1: (a) CRISM false color RGB (2.53, 1.51, 1.08 μm; 
FRT 7FA4) of Aram Chaos draped over MOLA topography 
(1.5x vertical exaggeration) (~3N, 339.5E). Image is ~10km 
across. (b) Comparison of CRISM spectrum from 1a with 
laboratory spectrum of a polyhydrated sulfate. The CRISM 
spectrum (bottom) is from the green areas in Figure 1, ra-
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tioed to a spectrally featureless area within the observation.  
Ferric oxides may also be present in the CRISM spectrum, 
consistent with observations by Bibring et al. [6] 
 

FRT 8236 (Figure 2) shows that phyllosilicate sig-
natures consistent with nontronite or saponite are asso-
ciated with a Noachian-age crater (~8.5S, 305E).  At 
this stage, identifications of phyllosilicates in the Xan-
the area are confined to Noachian-age terrain, consis-
tent with the hypothesis set forth by Bibring et al. [7]  

 

 
Figure 2: (a) CRISM false color RGB (2.53, 1.51, 1.08 μm) 
of a Noachian-age crater (~8.5S, 305E) draped over MOLA 
topography (1.5x vertical exaggeration). Image is ~10km 
across. (b) Comparison of CRISM spectrum from 2a with a 
laboratory spectrum of a phyllosilicate, nontronite.  The 
CRISM spectrum (top) is from the green areas in 2a, ratioed 
to a spectrally featureless surface. 
 

The sulfate multispectral parameter map shows hy-
drated sulfates within ILDs in Capri Chasma and with-
in wall rocks of Ganges Chasma.  Both of these are 
consistent with OMEGA detections [1,8].  Analysis of 
targeted observations and HiRISE data of ILDs in 
Valles Marineris [9] shows layering of mono- and 
poly-hydrated sulfates. The detections in Capri and 
Ganges Chasmata will be validated with targeted ob-
servations as they become available in order to probe 
potential layering and distinguish between mono- and 
poly-hydrated states. 

Consistent with previous THEMIS, TES, and 
OMEGA identifications of olivine-rich material [2,10], 

CRISM detections of olivine within Xanthe Terra are 
primarily located in high thermal inertia areas on the 
chasma floors.  An example detection is shown in Fig-
ure 3.  Examination of FRT 586D over Noachian age 
plains in Xanthe Terra shows negative spectral slopes 
between 1 and 2.65 μm and absorptions indicative of 
pyroxene (consistent with dust over basaltic material 
[11]), while examination of FRT 4A9A over Hesperian 
age plains shows only a highly dusty surface. 
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Figure 3: Locations of olivine-rich material (~3S, 326E) 
identified from CRISM multispectral data using the 0.86 μm 
band depth map overlain on THEMIS daytime IR. 
 

Implications:  Recent work on groundwater mod-
eling [12,13] shows that low areas in the north-east 
portion of Xanthe Terra, including Aram and Iani 
Chaos would have had high hydrostatic heads and 
therefore could have experienced high evaporation 
rates during periods of groundwater recharge.  These 
areas show strong hydrated sulfate signatures, suggest-
ing that the minerals in these areas were likely formed 
by accumulation of evaporites and groundwater altera-
tion of previously extant rocks. 
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