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Summary: A new plasma drilling technology is 

under development that will enable deep subsurface 
access, exploration, and sampling for science and 
ISRU on the Moon, asteroids, Mars, and its moons. 

Introduction: Future steps in the exploration of the 
Moon, asteroids, Mars, and its two satellites, Phobos 
and Deimos, will require access to the subsurface for 
in-situ science investigations, exploration, sampling, 
and in-situ resource utilization (ISRU). The emplace-
ment of subsurface devices (instruments, anchors, ex-
plosive charges, etc.) might also be needed. 

Traditional drilling techniques used on Earth are 
difficult to apply in space, generally because of their 
prohibitive requirements in equipment mass, volume, 
and power, and their common reliance on gravity and 
on the continuous circulation of a liquid H2O-based 
drilling fluids. While dry shallow drilling (down to 
depths of a few meters) can be contemplated in the 
context of robotic missions [1], traditional deep drill-
ing appears prohibitively expensive, even in the con-
text of human missions. 

We present here a new plasma drilling technology 
and approach developed by the Zaptec, Inc. company 
to achieve practical, affordable, and reliable deep-
drilling on the Moon, asteroids, Mars, and its moons. 
The drilling system comprises a freely advancing drill 
head or mole tethered by a power cable to a power 
source topside. The drill advances by generating a 
high-energy density plasma at the drill head which 
breaks down and pulverizes the target rock. A key 
enabling technology is the system’s ability to deliver 
high energy plasma discharges via low mass, low vol-
ume power transformers located in the drill head sec-
tion. Powder cuttings may be removed by circulating 
compressed CO2. On asteroids and on the moons of 
Mars, the system will reach 50 to 100 m depths with 
less than 250 kg of gear topside and 1 kW of peak 
power [Fig.1]. On Mars, the system will allow a depth 
of 2 km to be reached with less than 1 metric ton of 
surface payload housed in a SpaceX Dragon-sized cap-
sule and peak power requirements of less than 2 kW. 

Applications: Accessing the subsurface of plane-
tary bodies is an important capability for planetary 
exploration and eventual resource utilization, because 
the interior of planetary bodies presents us with envi-
ronments that have been less, or not at all, exposed to 
surface alteration and its dynamic processes. 

On the Moon, the subsurface in the polar re-
gions may be a repository of volatiles of value to sci-
ence and as a potential resource for future human ex-
ploration. 

On asteroids, the subsurface may yield pris-
tine asteroidal materials and potential resources for 
human exploration as well. The moons of Mars, Pho-
bos and Deimos, are expected to present similar 
opportunities. 

 

 
Figure 1: Zaptec plasma drill exploring an asteroid or 
one of the moons of Mars. (Zaptec Inc.) 
 

On Mars, the subsurface might hold records of po-
tential past life on Mars that might be better preserved 
than at the surface of Mars itself. Also, the H2O ice-
rich subsurface on Mars likely transitions to liquid 
H2O-rich aquifers at greater depth, which might offer 
habitats for potential extant life on Mars. The depth to 
liquid aquifers on Mars is estimated to range from a 
few tens of meters (if briny solutions are involved 
and/or in potentially active volcanic areas presenting 
elevated geothermal gradients) to a few kilometers. 
Hoftun et al. (2014) summarize deep drilling rationales 
and challenges on Mars, and suggest that liquid aqui-
fers might be reached at depths of less than 1 to 2 km 
beneath the floor of Valles Marineris and in recently 
active volcanic provinces [2]. Reaching deep liquid 
H2O on Mars and searching for life in this subsurface 
environment may be considered a “holy grail” objec-
tive for astrobiology. 
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