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OXIA PLANUM, MARS: CHARACTERIZING CLAY-RICH REGIONS.  F. Altieri1, M. Rasmussen 1, J. 
Brossier1, A. Frigeri1, J. Trisic Ponce1, M.C. De Sanctis1, E. Bruschini1, S. De Angelis1, M. Ferrari1, M. 
Formisano1, L. Rossi1, E. Ammannito2, 1INAF/IAPS, Via del Fosso del Cavaliere 100, 00133, Rome, Italy 
(francesca.altieri@inaf.it), 2ASI, Via del Politecnico snc, 00133 Rome, Italy. 

Introduction: Oxia Planum (Figure 1) is a re-
gion of Mars located on the margin between the old, 
heavily cratered highlands of Arabia Terra (Noachi-
an-aged) and the younger, smoother lowlands of 
Chryse Planitia (Hesperian-aged). From orbit it 
shows several geomorphological records of past 
widespread waterñrock interactions, including frac-
tured, layered, clay-bearing deposits with high astro-
biological potential [1, 2, 3]. For this reason, Oxia 
Planum has been selected as the landing site for the 
ESA Rosalind Franklin Mission (RFM). The main 
goal of the RFM is to search for past (and/or present) 
traces of life, particularly in the Martian shallow 
subsurface where material of astrobiological interest 
is better preserved. To achieve this, the RFM rover is 
equipped with a drill capable of collecting, for the 
first time for a mission on Mars, samples down to a 
depth of 2 meters, and with a suite of instruments 
designed to discriminate biosignatures in both the 
samples and their environment [4].  

Here we focus on Regions of Interest (ROIs) 
within Oxia Planum that, according to remote sens-
ing data, show the highest ferromagnesian clay con-
tent. Our aim is to systematically investigate correla-
tions with geological units [5], fractures [6], and 
stratigraphy (from DTM, Digital Terrain Model), to 
better understand formation processes at Oxia and to 
contribute to strategies for selecting drilling sites 
once on Mars. 

Figure 1 ñ Oxia Planum with CRISM data coverage. 
The CRISM data used in this study are shown in 
yellow footprints; red data also show clay deposits, 
while black data show no clay detections.  

Dataset and Method: Clays on Oxia have been 
detected and mapped thanks to the OMEGA imaging 
spectrometer on ESA mission MEX (Mars Express), 
global coverage with mean spatial sampling of about 
1 km/pixel, and the imaging spectrometer CRISM on 

board the NASA mission MRO (Mars Reconnais-
sance Orbiter), able to target smaller area with spa-
tial sampling of about 20 m/pixel.  

Geological units [5] have been classified using 
the data from the cameras that from orbit are still 
studying Mars: CTX (spatial sampling of about 5 
m/pixel) and HiRISE (0.25 m/pixel) on MRO, and 
CaSSIS on TGO (Trace Gas Orbiter, ESA mission, 4 
m/pixel).  

In this work we are selecting ROIs from three 
CRISM hyperspectral cubes (Figure 1), based on the 
areas with the strongest spectral features diagnostic 
for ferromagnesian clay detection: 
- northern part, CRISM cube c1: FRT0810D, Oct.
2007, where several clay deposits were detected;
- central part, CRISM cube c2: FRT09A16, Jan.
2008, closer to the landing site ellipse center;
- southern part, CRISM cube c3: ATU380B9, Sept.
2015, closer to the remains of a delta.

Figure 2 shows the ROIs we have targeted in 
CRISM cube c1. 

Figure 2 ñ Location of the three ROIs identified on 
CRISM cube c1 (not projected). ROIs are overlain 
on the map of a CRISM spectral parameter used to 
identify clay.  Modified from [3]. 

Preliminary Discussion: Data analysis on ROI#1 
from c1 confirms that on areas with the highest clay 
content fractured terrains exhibit more tightly spaced 
(1-5m) fractures and low relief relative to surround-
ing areas. We are studying the correlations with geo-
logical units mapped in [5], Figure 3. The back-
ground image in grey scale in Figure 3 is from 
HiRISE (spatial sampling about 25 cm/pixel) and the 
superimposed colored map is the spectral parameter 
ìD2300î [7] from the CRISM dataset (spatial sam-
pling about 18 m/pixel) used to map the presence of 
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THE GEOLOGY OF EAST TEMPE TERRA, MARS Alessandro Frigeri1, Monica Rasmussen1, Francesca Altieri1,
Jeremy Brossier1, Janko Trisic-Ponce1 and Maria Cristina De Sanctis1; 1Istituto di Astro�sica e Planetologia Spaziali
(IAPS), Istituto Nazionale di Astro�sica (INAF), Roma, Italy (alessandro.frigeri@inaf.it)

Introduction Tempe Terra is a region situated on the
northern hemisphere of Mars at the northeast edge of the
Tharsis Rise volcano-tectonic province, considered key for
our understanding of Mars’s geological evolution [1].

East Tempe Terra on Mars sits on the transition be-
tween Mars’s ancient southern highlands and the low north-
ern plains. The Martian dichotomy has always attracted the
interest of science. Looking at the Martian global topog-
raphy, the elevated cratered regions of the southern hemi-
sphere contrast with the relatively smooth terrain north of
the dichotomy. At the global scale, the transition between
the southern highlands and northern lowland plains occurs
on a sinuous boundary where topographic elevations drop
2000 to 4000 meters in a few hundred kilometers, with re-
gional slopes of about 1 degree, two orders of magnitude
larger than the southern and northern hemispheres alone [2].

Here we report our study of the geology of the East of
Tempe Terra region and its relevance as a context for spe-
ci�c studies in spectroscopy. Through geologic mapping
[3], we traced the elements for the description of the evolu-
tion of the area, from morphologic features to the de�nition
of geologic units with their stratigraphic relationships and
absolute ages.

Geographic and Physiographic setting Our 200 by 300
km study area is located between the Syntiskaya crater and
Tempe Fossae (42.5-47.5 °N, 300.0-305.0 °E). The topog-
raphy dips towards the northeast, with a total elevation de-
crease of about 2000 meters. Plateaus constitute the gen-
eral morphology of the area with their �at, slightly dipping
surfaces set at different elevations. A set of parallel elon-
gated valleys oriented NNE-SSW shows mounds, pitted ter-
rain, and fan deltas. The action of erosion is evident in the
lower plateau unit, where we found evidence for inverted
morphologies of old channels and craters, as speci�cally
reported by [4] and what was documented eastward by [5].

The main morpho-tectonic features of the area are wrin-
kle ridges and linear fractures. Linear fractures are oriented
ENE-WSW, similar to the general trend of the Tempe Terra
fault system. Crater �oors and ejecta show a wide range of
deposits, mostly interpreted as the product of impact on a
volatile-rich underground.

Among the others, the area contains a series of 0.5 to
2 km wide fresh craters. One of these craters was studied
by spectral analysis [6], highlighting an anomalously large
abundance of seasonal water ice on the ejecta, providing
new insights into ice variation in the Martian ground. In
our companion work [7], we classi�ed the craters on the
bases of their ejecta morphology and described pattern in
their spatial distribution.
Geology The region preserves a superposition of volcanic
surfaces, compressional structures, Tharsis-related grabens,

�uvial channels, erosional scarps, and ice-related land-
forms. These features provide a traceable record of the in-
terplay between volcanism, tectonism, climate-driven wa-
ter activity, and long-term erosion from the late Noachian
through the Amazonian. The area also contains clear indi-
cators of past ground-ice mobilization and episodes of sur-
face water �ow.

The oldest unit (P1) was laid down as a volcanic surface
with a wrinkle ridges still visible. The surface of P1 unit
was then marked by impacts.

A second major resurfacing event emplaced the P2
plateau, interpreted to be volcanic in nature, burying parts
of P1 and armoring many older features under new material.
The P2 unit shows the action of a �rst generation of erosion
by water, forming valleys cutting P2, in some cases carved
all the way down into P1, creating the �rst generation of
valleys. A massive erosional event removed portions of the
P2 unit, exposing P1 and producing the multi-level plateau

Figure 1: Stratigraphic contact of plateau unit P3 over
P2, MRO/CTX image mosaic data (center is 43.008°N,
57.216°W).
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Figure 2: The draft of the 1:1M geologic map of East Tempe Terra [3]. Main map units P1, P2, P3 described in the taxt are
reported in shades of brown. The geologic cross-section A-A’ on the right refers to the black segment in the main map.

structure. This stripping also re-exposed older channels and
inverted ridges, preserving a snapshot of the different ero-
sion phases. Unit P3 emplaced over P2 (see Figure1) with
a process analogous to the emplacement of P2, and then
the Tempe Terra ENE-trending grabens sliced the southern
sector of the study area. These fractures cut through ear-
lier channels and wrinkle ridges, showing that tectonic pro-
cesses were still active after the surface had already seen
water and erosion.

In the �nal stages of modi�cation, melting ground ice
created small collapses, scalloped scarps, seep-like alcoves,
and occasional viscous-�ow deposits. These ice-related
features overprint the older tectonic and �uvial landscape,
with the distinctive etched and highly reworked appearance
we see today. The geologic map we are developing and re-
ported Figure 2, synthesize the evolution and current setting
of the area.

Conclusions and Future Work Our study describes the
geologic history of the area from the emplacement of the
units to their modi�cation by cratering, �uvial, and ice-
related processes. We are �nalizing the geologic mapping,

speci�cally the extraction of absolute unit ages from crater
size frequency-distribution. East Tempe Terra is an archive
of Mars’s structural, climatic, and erosional history, with di-
rect implications for understanding planetary evolution and
planning future exploration. Our study is serving as con-
text for spectroscopic [6] and geomorphologic studies [7]
which in turn, will improve our knowledge on the geologic
evolution of the area.
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PREPARATION FOR MIRS INVESTIGATION ON PHOBOS AND DEIMOS IN THE FRAMEWORK 
OF THE MMX SAMPLE RETURN MISSION.  G. Poggiali1, J. R. Brucato1, A. Alberini1, M. Pajola2, J. 
Beccarelli3,2, L. Ruiz Lozano4, A. Wargnier5,6, K. Yumoto5, S. Fornasier5, M. A. Barucci5 1 INAF-Astrophysical 
Observatory of Arcetri, l.go E. Fermi n.5, 50125 Firenze, Italy (giovanni.poggiali@inaf.it); 2 INAF-Astronomical 
Observatory of Padova, Padova, Italy;3 Centro di Ateneo di Studi e Attività Spaziali - "Giuseppe Colombo (CISAS/UniPD), 
Padova, Italy; 4 Royal Observatory of Belgium (ROB), Brussels, Belgium; 5 LIRA, Observatoire de Paris, Universités 
PSL, Sorbonne, Paris Cité, CY Cergy Paris, CNRS, Meudon, France; 6 ISAS JAXA, Sagamihara, Japan 

Introduction:  Martian Moon eXploration 
(MMX) mission [1], set to be launched in autumn
2026, will reach the Martian system to start a de-
tailed investigation of the two moons of the Red
Planet, Phobos and Deimos, and bring back a sample
from Phobos, the biggest moon, in 2031. The pri-
marly mission objective is to shed a light on the puz-
zling origin of the two moons of Mars to clarify if
they formed after a giant impact on Mars [2] as sug-
gested by the modeled orbital parameters, or if they
are two captured primitive dark asteroids [3], as in-
ferred by remote sensing observation. Among all the
payload instruments, the MMX InfraRed Spectrome-
ter (MIRS) [4] will be critical to characterize the
surface of the Martian moons  (Figure 1). This in-
strument will be pivotal to investigate the mineralog-
ical composition of the surface and the possible pres-
ence of volatiles and organics.

In the growing interest of the scientific communi-
ty around Phobos and Mars in preparation of MMX 
mission, it is essential to increase the laboratory 
work using analog samples, exploiting all the data we 
possess to prepare and support the future explora-
tion. The ESA Mars Express (MEx) mission hosting 
OMEGA and PSF spectrometers as well as the 
HRSC multifilter camera represents the most suitable 
tool to built an essential dataset for the study of the 
two martian moons.  

In parallel, laboratory is the main tool to interpret 
the effect of physical properties such as grain size, 
composition, porosity and space weathering on the 
remote sensing data using simulant, and analog mate-
rials (either minerals or meteorites).  

Figure 1. MIRS flight model at LIRA laboratory before 
shipping to MELCO for integration on MMX spacecraft 
(credit: LIRA/MIRS team/S. Cnudde) 

The synergy between remote sensing and labora-
tory approaches can open the door to more complex 
and meaningful interpretation of the remote sensing 
observations and Phobos investigation by MMX rep-
resent one of the best opportunity. 

Moreover, the community's interest in Phobos 
and Deimos science was confirmed by the decision 
of ESA to allow a fly-by of the moon Deimos with 
ESA's Hera spacecraft during its journey to the bina-
ry asteroid Didymos-Dimorphos. The probe acquired 
several images of the moon and Mars with its in-
struments, including the Hyperscout spectrophotome-
ter and the TIRI thermal camera. 

Methods: In this study we will show the im-
portance of a close synergy between complex labora-
tory analysis and the interpretation of remote sensing 
data. The presentation will go through the reanalysis 
and interpretation of archive data from the ESA 
Planetary Science Archives in particular of the MEx 
mission. We will show data from OMEGA [5]  and 
cameras, to fully exploit the potential derived from 
decades-long observations of moons and the planet 
Mars. These instruments, along with PFS and TES 
thermal spectrometer (the latter on board Mars Glob-
al Surveyor), offer a unique point of view on the 
Martian moons allowing to investigate the miner-
alogical nature of the surface (Figure 2). Morevoer, 
new data from TGO-NOMAD [6] on the 2.7 micron 
region will be showed and analyzed using laboratory 
analogs (Figure 3).  

Figure 2. The current knowledge of the infrared spectrum 
of Phobos red and blue units, the two main geological 
units on the surface, joining OMEGA and TES observa-
tions. The position of important infrared features linked 
with major components to be search in Mars moons are 
highlighted with black arrows. 

On the other side, the effect of grain size and 
composition will be showed in combination to identi-
fy a key factor in understanding the physical pro-
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cesses and characteristics of the Phobos and Deimos 
surfaces. In detail, we will show how selected range 
of grain size (i.e. < 100 µm or 100-200 µm) affects 
some of the main features of the infrared spectrum 
(slope, 2.7 µm band and Christiansen features, 
Reststrahlen bands and Transparency features in the 
mid-infrared range). Moreover, we will prove how a 
realistic grain size distribution derived from boulder 
and regolith size frequency can change the final out-
come of the spectrum. These physical properties will 
also be studied through their link with composition 
mixing two or more components (Figure 4). Special 
attention will be given to identify which variable 
most influences the resulting spectrum and whether 
different environmental conditions (vacuum, temper-
ature, irradiance...) can affect the final result.  

Figure 3. Mixture of hydrated phyllosilicate (serpentine) 
in several dark albedo materials (anthracite, iron oxide and 
basaltic rock) with increasing percentages to identify a 
limit of detection for the 2.7 micron band in Phobos and 
Deimos surfaces. 

Figure 4. IR spectra of several mixture samples between 
dark and bright albedo components with different grain 
size (x axis) and different percentage of dark compenent (y 
axis). Spectra are shown at the same scale for reflectance.  

Results and conclusion: Results of laboratory 
analysis in support of remote sensing interpretation 
will be showed, focusing on albedo, NIR slope and 
on the 2.7 µm absorption band, originated from 
stretching of the OH hydroxil group. Moreover, these 
laboratory data will be used for the interpretation of 
recently published observations from various mis-
sions such as Mex/OMEGA [5] and TGO/NOMAD 
[6]. Moreover, additional MEx mission data from the 
ESA PSA [7] archive will be shown and compared 
with previous observations and laboratory data fo-
cusing on unpublished data from recent years.  

The goal of this work is to show the deep link 
that exists between remote sensing interpretation and 
laboratory measurements and how new advances can 
be achieved through the reanalysis of archival data. 
In the renewed interest in Martian moons we believe 
that a step forward on laboratory analogs can be 
made, leading to a more confident comparison with 
real surfaces. Therefore, only if the remote sensing 
data are combined with laboratory experiments on 
minerals and meteorites we can aim to obtain a basic 
knowledge for any future analysis aiming to interpret 
the nature of these enigmatic and elusive objects.  
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(2017). AJ, 153, 155 [3] Hyodo R. et al. (2018). 
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A&A, 697, A56  [6] Ruiz Lozano L. et al. (2025). 
JGR Planets (submitted) [7] Besse S. et al. 2018. 
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