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Introduction:  The deep subsurface of other plane-

tary bodies is of special interest for robotic and human 

exploration. The subsurface provides access to plane-

tary interior processes, thus yielding insights into plan-

etary formation and evolution. On Mars, the subsurface 

might harbor the most habitable conditions. In the con-

text of human exploration, the subsurface can provide 

refugia for habitation from extreme surface conditions. 

We describe the eight-year analog project (MINAR) at 

1 km depth in the Boulby Mine, UK to carry out sci-

ence in extreme subsurface environments and test in-

struments and methods for the robotic and human ex-

ploration of deep environments on the Moon and Mars 

[1,2]. The geological context in Permian (250 Myr old) 

evaporites provides an analog to briny high-ion envi-

ronments on planetary bodies such as Mars. MINAR 

occurs in an active mine, which is used to mine poly-

halite for fertilizer, allowing for cross-fertilization be-

tween planetary sciences and sustainable mining on 

Earth and beyond. For example, during MINAR, ro-

botic technologies for gas detection and structural 

mapping have been proven that have application to 

mine safety and subsurface extraterrestrial exploration.  

Scientific work: Work in Boulby has involved the 

study of the phylogeny and metabolic capabilities of 

organisms inhabiting deep subsurface evaporites and 

the limits for life. For example, work demonstrated for 

the first time an ionic limit to life in the deep subsur-

face [3]. Work has included the investigation of an-

cient biomarkers of life in evaporitic materials. 

Technology development: A wide range of sam-

ple acquisition instruments (NASA drills, Small Plane-

tary Impulse Tool (SPLIT) robotic hammer, universal 

sampling bags), analytical instruments (Raman spec-

troscopy, Close-Up Imager, Minion DNA sequencing 

technology, methane stable isotope analysis, biomole-

cule and metabolic life detection instruments) and en-

vironmental monitoring equipment (passive air particle 

sampler, particle detectors and environmental monitor-

ing equipment) have been tested in MINAR.  

In collaboration with Lulea University of Technol-

ogy and University of Aberdeen, the KOmpact Rover 

for Exploration (KORE) rover has been developed and 

tested in MINAR, which is a testbed rover for min-

ing/planetary exploration [4].  

Outreach: The science and technology work at 

Boulby has been used to advance education and out-

reach. For example, links to schools and colleges 

across India was undertaken with the Dr A. P. J. Abdul 

Kalam Technical University through the Kalam Centre 

in New Delhi, demonstrating the value of real-time 

education from a deep subsurface science laboratory. 

The reach of live interviews has been up to 38,000 

students across India at any one time. 
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Figure 1. The Boulby Underground Lab is home to 

MINAR (Mine Analog Research). 
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