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Introduction: A prominent analog aspect of the 

Haughton impact crater, located in the Canadian High 
Arctic, is a 200m-thick deposit of impact fallback 
breccia with intermittent ice layers. The “Drill Hill” 
testing site is at (N75° 25.25’, W89° 45.60’). The 
Haughton Crater analog site (Fig. 1) presents several 
Mars-analog aspects that have been used over the past 
15 years for both science and instrument analogs and 
exploration operations applications [1]. 

On Mars, the search for ancient habitable 
environments, extinct life, and present-day habitable 
environments that could host extant life, will require 
access to the subsurface due to the desiccated and 
irradiated conditions on the surface [2]. Of these 
subsurface areas, permafrost regions are of significant 
interest due to their potential as a habitable 
environment. Currently, however, neither ExoMars nor 
Mars 2020 are capable of drilling into icy substrates. As 
such, the ability to drill into permafrost environments 
and acquire fresh, unweathered subsurface samples is of 
significant importance for future planetary missions.  

Drilling and Sampling Prototypes: Deeper 
planetary exploration drills must be able to penetrate ice 
and ice-consolidated soils, as well as hard rock and dust, 
to gain samples and explore the stratigraphy below.  
Developing and testing the operational methods, 
hardware prototypes, and automated control software 
for planetary drilling and sample acquisition requires 
both chamber testing (viz. under Mars conditions) and 
field testing at analog sites.  The best analog site(s) for 
given drilling tests would be those which resemble the 
intended planetary target environment in multiple 
aspects: textural and particle/clast sizes, presence or 
absence of ices, chemical composition of drilled 
materials, presence/absence of microbes, and surface 
features (boulders, tilt, overburden).   

As an example, recent analog site tests of the 
NASA-Honeybee-Maxar automated 1m drilling and 
sampling system (matured through the ARADS PSTAR 
project [3]) have been carried out in the warm, hyperarid 
Atacama Desert, but its use in the proposed Icebreaker 

mission [4] would greatly benefit from testing at an icy-
subsurface Mars analog site such as at Drill Hill.  

Haughton Site Aspects: The Haughton Crater 
impact structure contains continuous permafrost 
(roughly 600m [5]), developed on a variety of impact-
related outcrops i.e., massive melt breccia deposits, 
intracrater paleolacustrine deposits, and fluvioglacial 
deposits [6], and its location near Resolute is less costly 
to access than many other High Arctic analogs or the 
Dry Valleys.  Mars-polar analog terrains include:  

Permafrost and Ice-wedge polygonal terrain. The 
active layer that overlays the permafrost ranges 50-
70cm in depth during the summer. Haughton-area soils 
are carbonate-rich and exhibit abundant ice-wedge and 
polygonal terrain.  

Massive Fallback Impact Breccia Unit.  Like parts 
of the Dry Valleys in Antarctica, the impact breccia 
layer inside Haughton exhibits three shallow subsurface 
zones [6], and the Haughton glassy impact-melt matrix 
is a good planetary-regolith textural and mechanical 
simulant for drills and scoops.  Haughton Crater’s “Drill 
Hill” is located on a 150m-thick deposit of this impact 
fallback breccia, with evident periglacial structures and 
intermittent clear subsurface ice layers.  

Haughton’s impact and periglacial features, 
accessibility and unit diversity have made it a preferred 
field site for a series of past NASA drill and rover/GPR 
test seasons (DAME drill in 2004 and 2006; CRUX drill 
in 2009, 2010 and 2016; Icebreaker drill in 2011 and 
2012; LITA drill in 2013, and the Icebreaker-3 drill in 
2014)[1]. The substantial baseline of past scientific data, 
subsurface characterization, and engineering test data at 
Haughton’s Drill Hill site is both a design resource and 
a control for future tests.  

Summary: Drill Hill is at a 150m-thick deposit of 
impact fallback breccia with intermittent ice layers, 
inside the Haughton impact structure. Impact and 
periglacial analog characteristics have led to Drill Hill’s 
use as a planetary-prototype drill test site.  As a result, 
there now exists a substantial baseline of past drilling 
data and performance data there, with five different 
space-prototype drills tested over nine field seasons.  
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Fig. 1. Haughton, grey fallback breccia evident.  
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