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Introduction:  As the international community 

prepares to return humans to the Moon there is a 
growing awareness of the need for field geology 
training at lunar analogue sites, not just for the Artemis 
astronauts, but for the managers, engineers, and other 
personnel who will be involved in mission design and 
operation [1, 2]. The value of such training was 
demonstrated during the Apollo missions, in particular 
the later J-class missions. In advance of the first of the 
three J missions, Apollo 15, the astronauts conducted 
18 geology field trips in the months leading up to the 
mission [3], more than triple the number for Apollo 14. 

The Artemis III Science Definition Team Report 
[1] specifically recommends that “astronaut geology 
field training will evolve for the next cohort of 
astronauts to be specifically tailored to Artemis 
program needs to maximize the value of astronaut 
fieldwork in the unique lunar environment.” The sites 
being considered for Artemis III – the first lunar 
surface mission – and subsequent early missions are in 
the lunar highlands. In addition to the interest and 
search for volatiles, this region of the Moon is a 
complex terrain featuring a myriad of meteorite impact 
craters, superposed by, and intermixed with, ejecta 
from large basin-size impacts. Field geology training 
in impact cratering processes and products will be key 
for the success of these early Artemis missions.  

Impact Crater Field Geology Sites – Apollo:  
During the Apollo missions, 3 meteorite impact craters 
were visited [3]: the 1.2 km diameter Meteor Crater 
(Arizona), visited on several occasions; the ~24 km 
diameter Ries impact structure (Germany) for Apollo 
14; and the ~200 km diameter Sudbury impact 
structure (Canada), for Apollo 16 and 17. All three 
sites are interesting for different reasons: due to its 
young age (~50,000 years), Meteor Crater provides an 
excellent introduction to impact cratering and the 
morphology and deposits of small simple impact 
craters (i.e., craters up to ~4 km diameter on Earth and 
~20 km in diameter on the Moon); the Ries structure 
preserves allows impact ejecta deposits in a complex 
impact structure to be investigated in a series of 
quarries; and Sudbury preserves the best example of a 
large (up to 5 km thick) differentiated impact melt 
sheet with crystalline melt rocks.  

Impact Crater Field Geology Sites – Artemis:  It 
is proposed here that a new suite of meteorite impact 
craters in the Canadian Shield be considered for 
Artemis field geology training. Most notably among 

the 30 confirmed impact craters in Canada 
(www.impactearth.com) is the 28 km-diameter 
Mistastin (Kamestastin) Lake impact structure, 
Labrador. This crater is relatively young, well 
preserved, and offers exceptional outcrops for 
investigation in the tundra environment of Labrador. 

 
Fig. 1. A Google Earth image of the Mistastin Lake 
impact structure. Note the central uplift in the form of 
Horseshoe Island in the middle of the lake. 

The Mistastin Lake Impact Structure: A Unique 
Lunar Analogue Site.  The Mistastin (or Kamestastin 
in the local Innu language) Lake impact structure is a 
well preserved 28 km diameter complex impact 
structure [4] formed at ~38 Ma. Its morphology is 
partly preserved, with a pronounced central uplift, 
which is potentially a remnant central peak (Fig. 1).  

 
Fig. 2. Drone image of the ~80 m high cliffs of impact 
melt rocks of Discovery Hill (see Fig. 1 for location), 
interpreted as impact ejecta deposits. 

Importantly, the target rocks at Mistastin comprise 
a series of igneous rocks of the Mistastin Batholith, 
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which includes large bodies of anorthosite, the 
dominant rock type of the lunar highlands. In addition 
to lunar-relevant target rocks (unlike the 3 impact 
craters visited by the Apollo astronauts), a further 
unique attribute of Mistastin is the excellent 
preservation and exposure of a complete range of 
impactites [4–6] that would be expected to be found 
within and around lunar craters. This includes melt-
free lithic impact breccias, glass-bearing impact 
breccias, and impact melt rocks ranging from clast-free 
to clast-rich, and vesicular to non-vesicular. The 
Discovery Hill locality offers the best example in the 
world of columnar-jointed impact melt rocks (Fig. 2). 

Furthermore, Mistastin offers the best exposure of 
impact ejecta deposits of any complex crater on Earth, 
with two different types of ejecta being preserved [5]: 
impact melt rocks and breccias (Fig. 2), interpreted as 
analogues for impact melt ponds around lunar craters, 
and ballistic ejecta deposits, which in places is 
comprised entirely of anorthosite (Fig. 3). Anorthosite 
in various shock states also exists [7, 8]. 

 
Fig. 3. Field image of ballistic ejecta deposits 
comprised entirely of anorthosite target rocks. Apple 
Pencil for scale. 

Finally, it is important to note that unlike some 
other Canadian impact craters further north, the 
Mistastin structure is relatively accessible (by 
Canadian standards!), being an ~2 hour flight by Twin 
Otter from Goose Bay (a commercial airport). The use 
of a zodiac boat(s) around Mistastin Lake enables any 
outcrop to be visited in a single day. 

Suggestions and Recommendations for Artemis 
Field Geology Training: NASA’s Geoscience 
Training Program for Planetary Exploration, currently 
structured around 3 Phases (Initial Training; 
Intermediate Training; and Intensified Training) [9] 
has been utilizing a series of world-class volcanic and 
sedimentary-relevant analogue sites in the continental 
USA for the Phase 1 Initial Training of US and 
Canadian astronauts over the past decade [2]; many of 

these sites are the same sites visited by Apollo 
astronauts [3]. Meteor Crater has also been used as a 
training location by this program for Phase 1. 

It is proposed here that after taking the Artemis 
astronauts to Meteor Crater during the Phase 1 
Initial Training, field expeditions to the Mistastin 
Lake impact structure be conducted for Phases 2 and 
3. Accompanied by Canadian astronaut J. Kutryk and 
Artemis astronaut M. Dominick, a reconnaissance 
expedition was successfully conducted at Mistastin in 
September 2021 modelled on the Phase 2 Astronaut 
Field Assistant Program demonstrating the feasibility 
of this approach. In addition to the geology training, it 
is noted that the remote Canadian impact sites such as 
Mistastin also provide unique opportunities for 
astronauts to hone their expeditionary skills, and are 
also excellent ways to engage the public in the spirit of 
exploration. 

Other recommended Canadian impact sites for 
Phase 2 include the 56 km-diameter West Clearwater 
Lake and the 100 km-diameter Manicouagan impact 
structures, which possess significant exposures of 
impact melt rocks and breccias. The 200 km diameter 
Sudbury structure is one of only two confirmed peak-
ring impact structures on Earth and the only terrestrial 
impact that possesses a large differentiated impact melt 
sheet (i.e., the types product produced from large lunar 
impact basins), and should also be considered. 
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