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Abstract: Access to Martian volatiles, the hydro-

sphere, and signs of past and extant life will probably 
require deeper drilling in the 100m-2km range. Deep 
drilling to km depths is not easy on Earth, and oil and 
gas exploration companies use humans to teleoperate 
remote drill rigs in real-time. With a human crew in the 
vicinity of Mars, real-time teleoperation of a deep Mar-
tian drill rig becomes possible.  

Summary: Deep drilling on Mars will be required  
for eventual access to the Martian hydrosphere, direct 
evidence of past or present microbial life (the Martian 
hydrosphere is clearly a COSPAR Special Region), 
and characterization of the volatile content of the rego-
lith and cryosphere (including organic molecules and 
ice densities).   

Drilling to depths on Earth is complex, dynamic, 
and human teleoperation has been used for exploration 
and drilling on deep sea floors and other inaccessible 
areas  [1].  Going back at least two decades [2], teleop-
erated geology and surface science operations have 
been proposed using human crew in Mars orbit, to 
overcome the lightspeed time lag that prevents real-
time teleoperation from Earth [3]. While shallow drill-
ing to a few meters is feasible in a purely-automated 
mode [4,5], the higher risks, energy consumption, and 
greater uncertainties of deeper drilling make deep drill-
ing on Mars infeasible without human-controlled or 
real-time supervised operations.  

Combining the approaches of terrestrial teleoper-
ated deep drilling with human operations in Mars orbit 
gives us a means to perform deep drilling into the Mar-
tian subsurface.   Crew in Mars orbit would have  real-
time communications with surface instruments, similar 
to oil industry control rooms for deepsea drilling.  

Large amounts of water are widely thought to have 
existed on Mars in the past [6], and it is expected that 
substantial quantities remain in the subsurface 
cryosphere and hydrosphere.  In addition to the science 
enabled by deep subsurface access, hydrogen and oxy-
gen are very expensive to carry to Mars.  Several 
groups have looked at ways of generating in-situ re-
sources from melting Mars surface soils or extracting 
atmospheric gases.  These have been incremental and 
evolutional technologies developed over the past dec-
ade.  But they consume relatively large amounts of 
energy for the small quantities of water and/or methane 
produced, and are complex, multi-stage processes. 
Direct access to liquid water from Mars depths, if real-
ized by teleoperated drilling, offers obvious  in-situ 

resource advantages that then make subsequent human 
operations much cheaper down in the Mars gravity 
well (surface).   

Concept:  An initial teleoperated deep drilling op-
eration on Mars (see Figure 1 for notional starting-
point concepts) would probably aim at acquiring sam-
ples from a depth of one to two hundred meters where, 
unless a region of near-surface water can be located 
from orbital sensing, the temperatures will be consis-
tent with ground ice only. Final landing site selection 
should be made on the basis of geophysical mapping 
from orbit, offering the best eventual opportunity to 
reach liquid water at depth, and may require a lander 
having precision landing and terminal hazard avoid-
ance capability. The best landing sites for drilling to 

find liquid water are believed to be at the catchment 
area of Martian gullies, all of which are located at lati-
tudes poleward of 30 degrees [8].  Martian gully 
catchments may represent locations of subsurface wa-
ter reserviours at depths as shallow as 100m [6, 8]. 
Once landed, a teleoperated deep drill would be limited 
in mass to ~200-400 kg and (assuming solar power) to 
a power consumption of  about 1 kW-hour per sol. 
Under these circumstances it would be necessary to 
minimize the energy expended in rock comminution 
and therefore necessary to extract segments of con-
tinuous core, perhaps at a rate of about 1 meter per 
day. Mission length on Mars would typically be about 
200 sols if the lander were solar powered. With RTG 
power, the rate of drilling could increase and longer-
duration operations would be possible, up to kilometer-

  
Figure 1. Deep drilling concept [7], and 

MARTE multi-string automated Mars pro-
totype [9]. 
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depth operations over a nominal 500-day human Mars-
orbital mission. The technology developed for this 
initial deep drilling sortie would best be one that could 
be scaled up to penetrate to >kilometer depths, pre-
sumably as an element of a later human surface explo-
ration mission when more robust power systems (solar 
dynamic, nuclear) would be available.  Deeper drilling 
on Mars is enabled by heavier surface payload capabil-
ity, as with the 1 ton-capable Red Dragon concept.  

Capabilities:   Existing low mass, low power 
Mars-prototype drills in the 5-10m class have been 
demonstrated at TRL 6 in test chambers and analog 
field sites [4, 9].  Figure 2 shows the recent Icebreaker 
3m drill, a candidate for penetrating ground ice layers 
in a robotic follow-on mission to Phoenix. Other sub-
mitted abstracts [Glass, Zacny] discuss the Icebreaker 
drill, its automation and testing,  and its concept of 
operations.  Terrestrial deep-sea oil and gas explora-
tion has demonstrated human teleoperation of ocean-
floor drill rigs from 100+ km-distant human operators 
in onshore control rooms.  

 

Potential Impact: Access to the Martian hydro-
sphere would answer otherwise-unaddressable Mars 
science questions. It could also greatly reduce the cost 
and increase the habitability of the future human ex-
ploration presence on Mars, through access to the hy-
drosphere.  

Initial Steps: (a) Investigate adaptive controls, sys-
tem health management, and robotic maintenance and 
manipulation requirements for human-teleoperated 
deep drilling from Mars orbit. (b) Identify what is 
needed in the mechanics of rock comminution, cuttings 
transport and hole stabilization under simulated Mars 
conditions of temperature and pressure. (c) Investigate 
bit designs, cuttings removal approaches and aspects of 
hole stabilization.  

(d) Meet with SMD and HEOMD and the Mars sci-
ence community to define deep-drilling mission objec-
tives and likely constraints (mass, power etc.).  (e) 
Define initial drill sorties and landing site targets, and 
specify the subsurface sampling requirements against 
which prototype deep subsurface drilling and sampling 
technologies would be developed. 

(f) Where component (hardware and software) 
technologies already exist, test these in Mars cham-
ber(s) under simulated Mars conditions.  Identify the 
shortfalls and technology gaps as compared to a cur-
rent COTS km-deep teleoperated terrestrial drilling 
system.  

(g) Assess the performance of available Mars drill 
architectures (rotary drag vs. rotary-percussive) for 
very deep targets, with a combination of modeling and 
chamber tests.   

And (h) estimate the development costs, mission 
cost and schedule for an initial and subsequent Mars 
deep drilling sortie in conjunction with human mis-
sions to the vicinity of Mars. The next step after these 
conceptual studies and initial tests would be to select 
subsystems of the most-critical technologies (from 
several sources) for design, fabrication and testing 
(Mars chamber and analog sites). 
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Figure 2. Icebreaker Mars-prototype 3m-class rotary-
percussive drill, in July 2011 Arctic analog field testing 

trials at Haughton Crater, Nunavut, Canada. 
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