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Geologic Units 

HERACLES Mission Concept Basin Wall 

The traverse route (in gold) from the peak ring to 
the southern basin wall. This is shown on a Wide 
Angle Camera mosaic of the Schrödinger basin 
overlain with a geological map from [4].  
A total of 10 kg of samples will be collected for 
return to Earth from each of the three areas 
between landing sites (the first route being a loop 
back to landing site 1), totaling 30 kg overall. 

This traverse study has been planned alongside the ESA-led HERACLES 3-year mission 
concept. Three landing sites have been chosen for a reusable lander/ascent vehicle 
to transport material collected by the rover from the lunar surface to an evolvable 
Deep Space Habitat. The habitat will be orbiting the Earth-Moon L2 Lagrange point, 
where NASA’s Orion crew vehicle will dock, collect the samples, and return them to 
Earth. The first landing site will deploy the rover, and the ascent vehicle will await the 
return of the rover and transfer of samples prior to launch. 
 
Integrating the HERACLES mission concept with a traverse to Schrödinger’s basin wall 
will allow for at least 21 of  
the top priority science goals  
identified by the lunar  
science community [11] to be  
targeted (orange), including  
at least 6 of the most  
important goals (underlined). 
(Cross-hatch orange denotes 
goals that may be targeted 
along this traverse route). 

Schrödinger is a ~320 km diameter peak ring basin situated on the farside of the Moon. 
It is the second youngest basin on the Moon and is located within the oldest and 
largest basin: the South Pole-Aitken (SPA) basin. Due to its varied geology and in situ 
resource utilization potential, it is a prime target for future lunar surface missions [1-5]. 

Presently there is no viable infrastructure for human  

exploration of the lunar surface. Therefore, two  

human-assisted robotic mission concepts have been  

designed for a rover to: 

- traverse the Schrödinger basin,  

- collect samples to be returned to Earth,  

- perform analyses on the surface and subsurface  

 geology. 
 

Peak Ring: Formed of uplifted crustal material from depths of up 
to 30 km, samples from the peak ring could be of lower crustal or 
upper mantle origin [6]. M3 data indicates the main lithologies 
are olivine-bearing, pyroxene-bearing, and anorthositic [4]. 
Collection of samples in this location will be the first in-context 
crustal rocks to be returned from the lunar surface. 

Melt Sheet: Approximately 2 km thick and represents average 
pre-impact crustal material [7]. Samples can be used to 
determine the extent of differentiation of the melt sheet, and 
to estimate the age of the Schrödinger impact event. 

Mare basalts: The result of melting of Fe- and Mg-rich silicates 
that formed during crystallization of the lunar magma ocean [8,9].  
Analysis of such samples can provide information about the 
stratification of the mantle, and the thermal and magmatic 
evolution of the Moon. 

Pyroclastic deposit: Inferred to be composed of volatile-rich, 
mafic glass beads similar to deposits found at the Apollo 15 and 
17 landing sites. This lithology is younger and samples different 
stratigraphic horizons than the mare deposit. It is also 
important for In situ resource utilization (ISRU) potential. 

Secondary craters: Thought to have been formed from ejected 
material from the Antoniadi and Orientale impact events. Up to 
15% of original ejected material is thought to be preserved in the 
nearby regolith, allowing an opportunity to sample extra-basin 
material [10]. 

Landing site 1: 9 stations, 6 of which are sample 
collection sites. These stations were previously 
identified by [12], though the position of the landing site 
has been changed (in order to avoid obscuring nearby 
stations). 10 kg of samples from 4 lithologies will be 
collected at these stations and returned to Earth.  

Top: 3D image of the peak 
ring. Large, well exposed 
outcrop at the top of the 
slope, but it is too steep for 
the rover to traverse.  

Left: Boulder track (white 
line) indicates the boulder at 
the base of the slope 
originated from the 
anorthosite outcrop. 

Pyroclastic Vent: Based on a cohesivity study of the 
pyroclastic deposit [13], the rover should be able to 
travel up to the rim of the vent. As such, samples 
and analytical data can be collected from a range of 
distances from the vent, allowing for in situ resource 
potential of the deposit to be spatially mapped. 

Fresh deposits on the wall of the vent are not 
accessible due to the steepness of the slope. 
However, as the rover can reach the rim of the 
vent, HD images of these deposits can be 
obtained. A detachable instrument could be 
lowered into the vent to collect additional data. 

The south-east regions of the Schrödinger basin 
contain between 7 wt% and 10 wt% FeO, 
indicating that deposits in this area contain SPA 
material. As such, collection of samples from the 
southern basin wall may include SPA material and 
allow for the age of SPA to be found.   

In an attempt to collect basin wall material of 
different stratigraphic horizons, the traverse 
route snakes up the southern basin wall to 
outcrops at three different levels. Samples will 
be collected at each of these stations, with the 
lower horizons being composed of 
orthopyroxene-bearing lithologies (possibly 
norites) and the upper horizons being 
composed of pyroxene-bearing anorthosites [4]. 

A 3D view of the basin wall, 
looking south. The route of the 
rover can be seen climbing up the 
basin wall to each of the stations. 
The rover will follow the same 
route back to the base of the 
basin wall before heading north 
toward the final landing site. 

Traverse length:  ~291 km  
Encounters 6 geologic units, with: 
 

       3 landing sites 
 

       66 stations selected for in situ analysis 
 

       16 of the 66 stations are sampling sites 
 

Notional instrument payload: 
 

- Alpha Particle Xray Spectrometer 
- Neutron Spectrometer 
- Hand Lens Imager (e.g. MAHLI) 
- Ground Penetrating Radar 
- HD and panoramic cameras 

Secondary craters: Many of the 
craters within the southern 
region of the basin have fresh 
ejecta for sampling of 
subsurface material. Sampling a 
range of crater sizes will allow 
for analysis of different depths 
of the subsurface.  
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