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Introduction: A variety of aqueous alteration ma-
terials as well as unaltered mafic rocks have been iden-
tified by investigations across the region between
Isidis and Hellas Planitias [e.g., 1-6]. Exposed views of
ancient crustal rocks, lava flows from Syrtis Major,
alteration from the large Isidis and Hellas impacts, and
multiple stream beds and deltas make this region
unique on Mars [e.g., 7-10]. Previous studies of mor-
phologic and spectroscopic features using coordinated
CRISM-HRSC and CRISM-HIiRISE-CTX imagery
observed distinct stratigraphic units containing phyllo-
silicates, carbonate, olivine and pyroxene in isolated
regions [e.g., 11, 12]. We extend this work across a
broader area of Libya Montes and south across Tyr-
rhena Terra in order to 1) characterize the types and
occurrences of phyllosilicates, opal, zeolites, and car-
bonates; 2) assess relationships between these aqueous
outcrops and surface features such as craters, aqueous
channels, and deltas; 3) investigate whether the surface
rocks were altered by the Syrtis flows or Isidis impact;
4) determine relationships between smaller craters
(e.g., Dulovo, Hashir, Bradbury, Lipany, Auki, and
Lopez) and the surface rocks; 5) evaluate the surface
mineralogy across the study region in relation to ther-
mal inertia and elemental abundances; and 6) deter-
mine the effects of impact alteration in formation or
transformation of the mineralogy.

Methods: We are conducting analyses on multiple
data sets acquired at Mars, especially from the Mars Re-
connaissance Orbiter (MRO), Mars Express (MEX), Mars
Global Surveyor (MGS) and Mars Odyssey spacecraft.
We are using coordinated analyses to maximize the data
generated by these individual instruments. We are map-
ping rock compositions using Mars Odyssey THermal
EMiission Imaging System (THEMIS) data and modeling
MGS Thermal Emission Spectrometer (TES) data across
the region to document variations in mafic and silicate
components on a regional scale and analyze physical
properties of the surface determined from thermal inertia
[e.g., 13, 4]. Furthermore, we are using Compact Recon-
naissance Imaging Spectrometer for Mars (CRISM) [14]
multispectral mapping data for analyzing the overall miner-
alogical composition of the study area and for selecting spe-
cific regions of interest. We are investigating targeted
CRISM images across the Libya Montes and Tyrrhena Terra

region and projecting those with mineral signatures over
Context Camera (CTX) [15] and Mars Express High Reso-
lution Stereo Camera (HRSC) [16, 17] nadir images and
mosaics in order to view occurrences of olivine, pyroxene,
phyllosilicates, carbonates and other minerals in a geologic
perspective. We are analyzing the outcrops with mineral
signatures using HRSC Digital Terrain Models (DTMs) in
order to gain an understanding of the stratigraphy and re-
gional geology. We are creating maps of surface morpholo-
gy and geology across Libya Montes and Tyrrhena Terra
based on maps prepared recently in sections of Libya Mon-
tes [11, 12, 18, 19 ] using crater counting and morphologic
mapping techniques in ArcGIS. The mineral signatures
from CRISM and TES/THEMIS will be analyzed in
concert with the geologic features and elemental abun-
dances from the Gamma Ray Spectrometer (GRS) on
Mars Odyssey in order to understand and illustrate the
stratigraphy and geologic history of the surface. We are
also analyzing High Resolution Imaging Science Ex-
periment (HiRISE) [20] images and several DTMs of
these aqueous outcrops in order to characterize the
morphology and stratigraphic relationships of the min-
eralogically distinct spectral units and determine how
the altered materials are related to the mafic rocks.

Current Status: We conducted a geological map-
ping on HRSC nadir image data with the aid of corre-
sponding HRSC DTMs (Fig. 1). This map is intended to
provide a geological and geomorphological overview of
the wider study region. Hence, the mapping scale was
selected to be 1:500,000 and the HRSC data were
down-sampled to a ground pixel size of 50 m/px for
image data and 100 m/px for the DTMs, respectively.
Coverage gaps were filled with Viking Orbiter image
data (231 m/px) and the blended MOLA-HRSC DTM
mosaic available from the USGS (200 m/px).

Noachian massif (Nm) is the oldest geological unit,
which comprises ancient highland rocks featuring a
high relief, rugged slopes and sharp crests [cf., 7]. Noa-
chian/Hesperian heavily eroded materials (NHhe) are
mapping units that involve dissected and degraded
surfaces, stratigraphically younger than the Nm unit.
They are further discriminated by the degree and type of
erosion: NHhel are primarily fluvially dissected surfac-
es and NHhe2 are somewhat less degraded and show
fewer channel features. Hesperian/Amazonian ridged
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and smooth plains (HArsp) involve relatively flat sur-
faces, that may comprise wrinkle ridges, and thus are
often related to volcanic deposits but are not limited to
that origin. Since one scope of this study is to analyze
the effects of water-related processes in the study re-
gion, fluvial channels (fc) is one of the most important
mapping units. The majority of the mapped channels are
dendritic in pattern, however, linear channels occur
randomly as well. In places, the fluvial channels are
interbedded in wider valleys, representing interior
channels in that case. The sediments covering these
broader valleys were mapped as Noachian/Hesperian/
Amazonian valley deposits (NHAvd) that can be of
various ages. The relative ages of all mapping units was
estimated by means of crater-size-frequency-
distributions derived from CTX image data. Most fluvi-
al channels are incised into Noachian- and Hesperian-
aged surfaces. Also the crater ejecta (ej) are of various
ages and are typically found around impact craters of
different sizes. The last mapping unit comprises depos-
its left or caused by mass movements and is thus called
mass movement deposits (mmd). To this latter unit be-
long landslides (often along inner crater walls) as well
as (alluvial) fan-shaped deposits, both found wide
spread across the study site.

Fig. 1: Geologic mapping of the entire study region reaching
from the southern Isidis Planitia region, bordered by the Lib-
ya Montes, across Tyrrhena Terra, down to the northern Hel-
las Planitia rim region. Compare Figure 2 for labels of re-
gions and major crater names. Mapping base: HRSC nadir
and DTM data. Image Background: Viking Orbiter data.

CRISM mineral maps are currently being evaluated in
order to select individual regions of interest for detailed
spectral analyses. We are concentrating on locations
that exhibit altered mineral signatures and that are cov-
ered by targeted CRISM images and HiRISE data. In

these mineral maps, olivine outcrops are mapped in
bright green, pyroxene outcrops in dark blue, and
Fe/Mg-phyllosilicates in orange/red (Fig. 2). Our study
site includes several large phyllosilicate-rich regions
that we will evaluate with TES/THEMIS in order to
gain information about the abundance of the alteration
products, olivine and pyroxene.

What’s next? HiRISE DTM data processing is
currently in progress. We are furthermore working on
detailed geological mappings of particular regions of
interest, e.g., two alluvial fans in Harris crater. We
seek to coordinate the mineralogy, surface morpholo-
gy, age and aqueous features to constrain the types of
formation processes at these sites.
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Fig. 2: RGB composite of a CRISM multispectral survey
dataset related to Fe/Mg-bearing phyllosilicates, as well as

olivine and pyroxene (R:D2300, G:BD1300, B:LCPINDEX).
This figure covers the same region as Figure 1.
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