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Lunar Planetary Analogues: Geological Characterization Towards the Future Planetary Exploration

Long-term surface operations require the
availability of in situ resources (ISRU)

Terrestrial Analogue Sites Lunar Resources
Sampling campaigns and comprehensive material |dentification of lunar surface locations with
characterization are conducted to assess compositions comparable to the terrestrial
similarities with lunar surface materials. materials tested for ISRU.
ISRU technologies are then tested on analogue Mission architecture planning to assess the actual
materials potential of these locations.
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] L Simulant(s) Geological Source Location
e Real lunar regolith samples are extremely limited and
generally inaccessible, as only about 380 kg of soil and rock
. .. BP-1 Black Point lava flow, Arizona,
were returned to Earth during the Apollo missions. USA
e We decided to assess the potential of Mount Etna as lunar
. . JSC-1A Merriam Crater, Flagstaff, AZ,
simulant development site.
USA
LHS-1, LMS-1 White Mountain Anorthosite, USA
NU-LHT-2M/4M Stillwater anorthosite, Denver,
USA
OB-1/0OB-1A Shawmere anorthosite, Ontario,
Canada
OPR-series Custom terrestrial analogs,
Colorado, USA
LZS-1 Tao Quarry, Lanzarote Island,
Spain
DNA-1A Onano Quarry, Bolsena Lake,
Italy

Modified from Slabic et al. (2024)
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Several samples were collected from: a pyroclastic deposit in the Cisternazza pit crater area and lava tubes located on the slopes of
Etna (Monte Nunziata Cave and Tre Livelli Cave).
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e CL2 and TL5 exhibits chemical similarities to the average composition of Apollo 14 samples (XRF data);
e Mineralogical (XRD) comparison between CL2, TL5 and 14259 (Apollo 14 regolith sample) (Meyer, 2005).
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ISRU test campaign

e Four distinct alkali-activated mixtures were prepared using the Cisternazza CL2 powder as the precursor.

e The CL2 sample was also tested for water production with the solid-gas carbothermal process
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e Lunar pyroclastic deposits are widespread across the Moon's surface;
e They are valuable resources:
o they can be utilized for extracting volatiles such as H,, O,, and H,0;
o their typically high content of amorphous material makes them excellent precursors for geopolymer production.
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e An RGB composite image was produced to enhance the DMD and the spectral signature of some locations in the study area

(M3 hyperspectral data);

A classification scheme (BC at 1 micron vs BC at 2 micron) was used and the DMD falls between glass and cpx regions;

e This indicates that the deposit has a high glass content, making it reactive and suitable for use as a construction material or
for the extraction of volatiles.
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Geological evolution
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Step 1 — Regional basaltic flooding (Imbrium basin)
» ~3.21+£0.09t02.12+0.36 Ga

Step 2 — Sub-volcanic intrusion
> after 2.12 £ 0.36 Ga and before 1.9 + 0.3 Ga

Step 3 — Explosive pyroclastic activity

> after1.9+0.3 Ga

Step 4 — Copernicus impact event

> 800+ 15 Ma
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Terrain characterization
> Hexagonal grid and slope statistics used to map low-hazard
terrains

Landing site selection
> Homogeneous areas identified by low slope variance and

45-14,1

slopes < 10° s e = )

> Landing ellipses placed within compliant regions

Traverse design & analysis
> Multiple traverses generated per landing site
> Quantitative evaluation using elevation and slope profiles

Traverse ranking
> Weighted multi-criteria analysis classification combining
scientific and operational constraints

<= 10°

10°- 15° PRy
a0 ke €.

ré TR




UNIVERSITA

DEGLI STUDI MiSSion Scenal'iO

DI PADOVA

Phase 1: In situ analysis and sampling outside the 500 m contamination zone; three samples processed in the lander by an ISRU
demo plant to assess DMD resource potential

Phase 2: ~15 km traverse with analytical and observational stops; slopes mostly <10° (rover-safe); 23 hopping maneuvers where
slopes >15° (caldera access, mound summit, mound descent)
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= Etna’s pyroclastic deposits represent a reliable analogue for lunar regolith;
= ISRU experiments on this simulant confirm the resource potential of lunar regolith;
= A valuable ISRU site has been identified on the lunar near side, within a DMD deposit in the Imbrium Basin;

= The feasibility of the landing site and surface traverse within the DMD deposit has been demonstrated.
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