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Future in situ Exploration:
From the Moon to Mars

Artemis Plan 2020



Future in situ explorations:
Next Moon

Global Exploration Roadmap 2022



Global Exploration Roadmap 2022

ESA strategy for sience at the Moon



“No substitute exists for 
working in the field to learn 
the principle of geologic field 
observation and sampling” 



Lunar in situ Exploration

HLS: Human Landing System

FSH: Fixed Surface Habitat

Global Exploration Roadmap 2022

Gateway



PANGAEA - WHY

• Human missions to the Moon and Mars will require astronauts required to 
function as field scientists exploring unknown planetary surface environments

NASA ARTEMIS III Science Definition 

Team Report:

6.1.4-1 Astronauts should participate 

in an Apollo-style course in geology 

and planetary science. 

6.1.4-2 Astronauts should be trained 

and equipped to collect a variety of 

surface and sub-surface samples.



PANGAEA - Planetary Analogue Geological & 
Astrobiological Exercise for Astronauts

Field science training in real planetary analogue geological environments

Provides the knowledge and skills required for effective mission/site specific training



PANGAEA Topics of Learning

• Fundamentals of geologic processes 
on Earth, Moon, Mars and asteroids

• Observational skills to: 
• identify prominent geological features on field
• identify most plausible geologic environments 

that could host life
• conduct efficient sampling 
• to report correctly to the “ground” (scientists)

• Operational constrains, strategies and analytical tools 
assisting planetary explorations



WHERE– Planetary Analogues

Dolomites: 

Panetary Geology

Sedimentary environment

Earth and Mars

Ries Crater:

Impact cratering

Lunar Geology

Meteorites-Small Bodies



WHERE– Planetary Analogues

Lanzarote: 

Volcanism on

Mars and Moon

Geomicrobiology

Lofoten:

Intrusive suites

Lunar Highlands



PANGAEA Activities 

Classroom

Exercises Field Work



Observational Skills



Rock recognition



Description



Use of analytical tools



Sampling



Documentation and communication



SciCom/Science Backroom

Eurocom/IV Team

EV Team

SUPPORT CENTRES

FIELD SEGMENT

360˚

The EFB Toolsuite



REFERENCE & GUIDED 

CLASSIFICATION PROCESSES

SPECIFIC SPECTROMETERS INTEGRATION

QUICK INSIGHT FROM 

MINERALOGICAL DATABASE

WIRELESS ANALYTICAL 

DATA ACQUISITION

MACHINE LEARNING 

MINERAL CLASSIFICATION

MICROSCOPE 

INTEGRATION

The EFB Toolsuite



Traverse planning



VR Traverse Briefing – Tinguaton

Slide 
26



Field Training: Self-guided Traverses

• Team must balance:
• Safety
• Timeline limits
• Exploration goals
• Scientific goals
• Communication with “Ground”

• Team is self led – flexible execution
• Teamwork is essential for success



Addie Model



WHO: International Astronauts 7 ESA, 
2 NASA, 1 Roscosmos in 5 editions

Luca 

Parmitano 

(IT)

Matthias 

Maurer 

(GE)

Pedro 

Duque

(ES)

2017

Samantha 

Cristoforetti

(IT) 

2018

Thomas 

Reiter

(GE)

Sergey Kud-

Sverchkov

(URSS)

2021-2022

Andreas 

Mogensen

(NL)

Kate 

Rubins

(USA)

2022

Alexander 

Gerst

(GE)

Stephanie 

Wilson

(USA)

2016



PANGAEA Video
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