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The Moon’s airless surface is constantly 

bombarded by micrometeoroids, cosmic 

rays, and extreme temperature swings. These 

harsh conditions gradually break down rocks 

and create the fine-grained lunar soil known 

as regolith. Dr Markus Patzek and Dr Ottaviano 

Rüsch at the University of Münster are leading 

a team of researchers (known as the Precious 

Space Team) who are uncovering new 

details about how different types of lunar 

rocks respond to thermal stress and how dust 

behaves on boulder surfaces. Their work sheds 

light on the complex processes that shape 

airless planetary bodies over time. 

A Landscape Sculpted by Extremes

From a distance, the Moon appears unchanging. But zoom in 
close, and you’ll find a dynamic landscape shaped by constant 
bombardment. Tiny meteoroids pelt the surface, creating 
miniature craters and chipping away at exposed rocks. Cosmic 
rays and solar wind particles alter the chemical structure of 
surface materials. And as the Moon rotates, its surface experiences 
extreme temperature swings - from a scorching 130°C during the 
two-week lunar day to a frigid -170°C at night.

This harsh environment gradually breaks down rocks and creates 
the layer of fine dust and rock fragments known as regolith that 
covers most of the lunar surface. Understanding exactly how these 
processes work is crucial for interpreting the Moon’s geological 
history and for future exploration efforts. Researchers at the 
University of Münster in Germany, led by Dr Markus Patzek and Dr 
Ottaviano Rüsch, have been conducting innovative experiments 
and analyses to uncover new details about how lunar rocks 
respond to thermal cycling and how dust behaves on boulder 
surfaces.

Simulating Lunar Day and Night 

One of the key processes affecting rocks on airless bodies like 
the Moon is thermal fatigue - the gradual weakening of materials 
due to repeated heating and cooling cycles. As rocks heat up 
during the lunar day, they expand slightly. Then, as night falls and 
temperatures plummet, the rocks contract. Over time, these cycles 
can cause rocks to crack and break apart.

To study this process in detail, the team set up an experiment 
to simulate lunar temperature swings under realistic vacuum 
conditions. They used small cubes of lunar meteorites as stand-ins 

for actual Moon rocks. One sample was an anorthosite breccia, 
representing the lighter-coloured lunar highlands. The other was a 
basaltic meteorite similar to the darker volcanic rocks found in the 
lunar maria, or seas.

Previous thermal cycling experiments had been done in a nitrogen 
atmosphere, which doesn’t accurately represent conditions on the 
Moon. The researchers wanted to see how rocks would respond in 
a high vacuum environment with temperature swings similar to 
what they would experience on the lunar surface.

A Tale of Two Rock Types

The samples were cycled between 200 K and 375 K (-73°C to 102°C) 
hundreds of times while the researchers carefully monitored crack 
formation and growth. Interestingly, the two rock types responded 
quite differently to these changes in temperature. The anorthosite 
tended to shed tiny flakes from its surface but showed limited 
internal cracking. The basalt, on the other hand, developed more 
extensive internal fractures over time. This tells us that the type of 
rock exposed on the surface can influence how quickly it breaks 
down. Areas with mature, reworked rocks, like the lunar highlands, 
may produce finer-grained soil more quickly, while regions with 
fresher basaltic rocks might initially form coarser, blockier regolith.

The overall rates of crack formation were lower than in previous 
experiments done with nitrogen gas. This suggests that past 
studies may have overestimated how quickly thermal fatigue 
affects lunar rocks. Even so, the process gradually weakens rocks 
over time, making them more susceptible to breakage from 
meteoroid impacts. 
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Dark Patches and Dusty Mysteries 

The team has also investigated another aspect of the lunar 
surface—the behaviour of dust on and around boulders. They 
discovered some puzzling features on boulders near the Reiner 
Gamma magnetic anomaly using high-resolution images from 
NASA’s Lunar Reconnaissance Orbiter. They noticed that some 
boulders had very dark patches on their surfaces when viewed 
at low sun angles. Under high sun, however, these areas looked 
similar to typical dust-covered boulders. 

It was a unique photometric signature – one the team had 
not seen described before. They dubbed these features 
‘photometrically anomalous dusty boulders’ or PADBs. They appear 
to be localised to the area around a small impact crater called 
Reiner K, located about 70 kilometres from the centre of the Reiner 
Gamma swirl. The swirl is a high-albedo marking on the lunar 
surface associated with a strong magnetic anomaly (‘albedo’ 
refers to the fraction of light that a surface or body reflects).

Unravelling the Light Puzzle

To understand what might be causing this unusual appearance, 
the team conducted detailed photometric modelling of the 
boulder surfaces. They found that the dark patches had a much 
weaker opposition effect (the sudden increase in brightness 
seen when illumination comes from directly behind the observer) 
compared to typical lunar soil. Although the single-scattering 
albedo did not differ significantly from the surrounding regolith, 
the opposition effect was greatly reduced. This suggests that there 
is something unusual about the physical structure of the dust on 
these boulder surfaces.

The team considered several possible explanations for the 
anomalous dust deposits. One possible theory is that the boulders 
themselves have unique properties—perhaps related to the 
Reiner Gamma magnetic anomaly—that influence how dust 
accumulates on their surfaces. The team hypothesises that the 
magnetic field might indirectly affect dust motion by altering local 
electric fields.

Another possibility is that thermal cycling of the boulders creates 
dust with a different structure than typical lunar regolith. The 
team are also considering whether impact processes during 
the formation of the Reiner K crater might have played a role. 
One such process is the excavation and exposure of rocks 
with preexisting anomalous properties. Another process is the 
modification of the outer surfaces of rocks, like their roughness, 
during their excavation.

At this point, the team does not have a definitive explanation, 
but the fact that these features seem to be localised to this 
particular area near Reiner Gamma is intriguing. This suggests that 
this phenomenon may have some connection to the magnetic 
anomaly. 

Beyond the Moon: Airless Worlds Across the Solar 
System

While focused on the Moon, the work of Dr Patzek and Dr Rüsch 
has implications for understanding surface processes on other 
airless bodies throughout the solar system. It appears likely that 
thermal cycling and dust dynamics play essential roles in shaping 
the regolith on bodies like Mercury and asteroids. We are starting 
to appreciate how complex and dynamic these airless surfaces 
are. There appear to be a whole range of processes at work, often 
interacting in subtle ways. 

As rocks heat up during the lunar 
day, they expand slightly. Then, 
as night falls and temperatures 
plummet, the rocks contract. Over 
time, these cycles can cause rocks 
to crack and break apart.
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As we prepare for renewed lunar exploration, it is crucial that we 
understand these surface modification processes in detail. They 
have the potential to affect everything from spacecraft landing 
sites to potential resource extraction.  

The Next Frontier: Pushing Boundaries in Lunar 
Science

The work of Dr Patzek, Dr Rüsch, and their colleagues reminds 
us that even seemingly static planetary surfaces are dynamic 
environments shaped by complex physical processes. From the 
steady cracking of rocks under thermal stress to the strange 
behaviour of dust in magnetic fields, airless worlds like the 
Moon still hold many mysteries waiting to be unravelled. Both 
researchers are continuing to refine their experimental and 
analytical techniques. They hope to test a wider range of rock 
types and investigate how factors like initial rock porosity influence 
thermal fatigue effects. They are also keen to obtain higher-
resolution images and spectral data of the anomalous boulders to 
further constrain their properties.

By delving into the intricate processes of rock breakdown on 
the Moon, the team are paving the way for new discoveries 
in planetary science. Their work highlights the importance of 
mineralogy in understanding the evolution of planetary surfaces 
and the preservation of critical materials. The implications of 
these findings extend beyond theoretical knowledge, potentially 
informing practical applications in space exploration and 
planetary science. 

As we continue to explore our solar system, the insights gained 
from studies like this will be invaluable in unravelling the 
mysteries of planetary surfaces and their evolution. As humans 
prepare to return to the Moon and venture out to other airless 
worlds, the insights gained from this research will be invaluable. 
Understanding how rocks break down and how dust behaves 
in these alien environments is crucial for designing spacecraft, 
planning surface operations, and interpreting the geological 
record we find there.

The Moon, with its harsh environment and dynamic surface, 
offers a natural laboratory for studying the processes that shape 
airless bodies. This research is pushing the boundaries of our 
understanding of these processes. Their research not only sheds 
light on the geological history of the Moon but also provides 
critical insights for future exploration missions. As we stand on the 
brink of a new era of lunar and space exploration, the knowledge 
gained from these studies will be instrumental in ensuring the 
success of these missions and expanding our understanding of 
the solar system.

While focused on the Moon, 
the work of Dr Patzek and Dr Rüsch 
has implications for understanding 
surface processes on other 
airless bodies throughout the 
solar system.
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MEET THE RESEARCHER

Dr Ottaviano Rüsch, Institut für Planetologie, University of Münster, Münster, Germany

Dr Ottaviano Rüsch leads the Precious Space team at the Institut 
für Planetologie, University of Münster. His research focuses on 
understanding the nature and evolution of planetary regolith using 
remote sensing, numerical modelling, and laboratory experiments. 
Dr Rüsch has held postdoctoral positions at ESA and NASA, bringing 
extensive experience in orbital imagery analysis to his current role. 
He now directs a team investigating various aspects of space 
weathering and regolith formation, including the properties of rock 
surficial layers, boulder characterisation using machine learning, 
and the effects of diurnal temperature variations on lunar rocks 
and meteorites. Under Dr Rüsch’s leadership, the Precious Space 
team is advancing our understanding of how exposure to the 
space environment breaks down rocks to form planetary soil, 
contributing valuable insights to the field of planetary science.
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TEAM MEMBERS

 PhD candidate Rachael Marshal obtained her 
MSc degree at the University of Twente, the 
Netherlands. She now focuses on the properties of 
rock surficial layers. 

 Student Ben Aussel obtained his MSc Degree at 
the University of Münster and currently employs 
machine learning to characterise boulders in 
remote sensing data. 

 Researcher Dr Markus Patzek obtained his PhD at 
the University of Münster, where he researched 
carbonaceous chondrites’ aqueous alteration. 
He currently investigates the effects of diurnal 
temperature variations on lunar rocks and 
meteorites.

 Professor Dr Christian Wöhler is a professor at 
the Technical University Dortmund and leads 
the Image Analysis Group. In the last decades, 
he has made major contributions to optical and 
infrared remote sensing, planetary science, and 
astronomy. 

 Researcher Dr Marcel Hess obtained his PhD at 
the Image Analysis Group of the TU Dortmund 
University. He is now a researcher at the Korea 
Institute of Geoscience and Mineral Resources in 
Daejeon, South Korea.
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