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Introduction:  The most scientifically profound
result of searching for life on Mars would be the de-
tection and study of living organisms. Because the cur-
rent conditions on the Martian surface are hostile to
growth of life as we understand it, and harsh ultraviolet
light and oxidants in the soil probably destroy a record
of past life at the surface, missions that search for life
are unlikely to succeed unless they can access the sub-
surface. There are three possible environments where
the search for life may plausibly succeed, listed in or-
der of increasing difficulty and therefore decreasing
probability of success. (1) Near surface present
life—liquid water may occur in modern times when
solar insolation increases due to variations of Mars
orbital parameters such as the obliquity and longitude
of parahelion.  Temperatures high enough to melt near
surface ground ice occur in the Northern Plains during
periods of high solar insolation [1,2]. (2) Deep subsur-
face present life--liquid water may occur on Mars at
depths sufficient that geothermal heating melts ground
ice[3,4], although access to this environment will re-
quire drilling to depths ranging from hundreds of me-
ters to kilometers. Such deep drilling may be feasible
with human-tended equipment deployed on a future
human mission to Mars, but robotic drilling to reach
such depths is not presently feasible.  (3) Past life--
evidence of past life may be found in ancient sedi-
mentary deposits laid down in an aqueous environ-
ment. However, an unambiguous identification of past
life is likely to be difficult and almost certainly will
require samples to be  returned to Earth where sophis-
ticated laboratory procedures can be applied.

As was true with rover missions, the decision to
conduct a mission to search for life in the subsurface
and involving drilling requires confidence that the
technological maturity of the required systems is suffi-
cient to ensure mission success. To that end, the Mars
Analog Research and Technology Experiment
(MARTE) conducted a high fidelity simulation of a
drilling mission to Mars to search for life.  This paper
describes the technical approach and results of that
experiment.

Subsurface Life Search – MARTE astrobiologi-
cal drilling experiment:  MARTE was a combined
science and technology development/demonstration
project funded through the NASA ASTEP program
that explored a subsurface biosphere at Rio Tinto,
Spain as an analog to drilling for life on Mars. The
MARTE project first explored the hypothesis that a
subsurface biosphere might occur where groundwater
interacts with volcanically hosted massive sulfide de-

posits that source the acidic Rio Tinto river in South-
western Spain. The Rio Tinto site is a noted geochemi-
cal analog to hematite and sulfate-rich deposits on
Mars at Meridiani  Planum [5].  At Rio Tinto, mineral
assemblages including hematite, goethite, and iron
sulfates such as jarosite are weathering products of a
volcanically hosted massive sulfide (VHMS).
MARTE investigated the hypothesis that reduced iron
and sulfur minerals provide sources of energy for a
chemoautotrophic biosphere inhabiting the subsurface
at Rio Tinto.  To test the hypothesis, commercial
drilling up to 160 m deep perforated the levels where
ground water intersected the VHMS. Aseptic core
samples were obtained within and down-gradient from
the VHMS, formation water was sampled within the
boreholes, and springs were sampled up-gradient and
down-gradient from the VHMS. Microorganisms were
detected in uncontaminated samples by culture-
dependent and culture-independent laboratory methods
[6].  Organisms detected include aerobic iron- and sul-
fide- oxidizing bacteria, denitrifying thiosulfate-
oxidizing bacteria, and methanogenic archaea. Meta-
bolic energy sources found in the system include oxi-
dation of reduced iron, reduced sulfur, or hydrogen gas
coupled to reduction of transient oxygen, nitrite, sul-
fate, or inorganic carbon.  The results suggest that a
chemoautotrophic ecosystem exists independently
from the surface and that multiple energy sources are
available from sulfide-mineral weathering to support
microbial metabolism in the absence of atmospheric
oxygen. Since the weathering products of the VHMS
are analogs to the minerals seen on Mars, the Rio Tinto
system is proposed as an analog subsurface ecosystem
to one that may be found on Mars in the subsurface
where liquid water occurs.

Simulation of Robotic Mission to Search for Life
on Mars:  The MARTE Astrobiological drilling ex-
periment (describe above) was used to guide the design
and development of an automated drilling system used
in the second phase of the MARTE project, exploring
for life using a fully robotic approach.  We developed
an automated drilling system on a simulated Mars
lander platform including drilling, sample handling,
core analysis and down-hole instruments relevant to
searching for life in the Martian subsurface[7].  Figure
1 shows the drilling system. The drill is a highly auto-
mated fluidless 10 axis coring drill and core handoff
system that returns 2.5 cm diameter core segments up
to 25 cm long, while creating a 4.8 cm diameter bore-
hole. The drilling mechanism utilizes dry rotary cutting
techniques including both carbide drag cutters and
mono-crystal diamonds. An auger-type chip removal
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system moves the cuttings away from the drill bit and
into a chip reservoir located inside the lead drill tube,
which is emptied upon removal from the borehole. A
core hand-off sub-system removes the acquired core
from the lead drill tube and delivers it to a core clamp
for sample preparation and delivery to scientific in-
struments for analysis. The system is designed to oper-
ate with an average power of 150 W during nominal
drilling operations.  Highly integrated sensor feedback
controls on all drilling axes allow for autonomous op-
eration. A total drilling depth of up to 10 m can be
achieved via a 1.5 m lead drill string followed by 10
identical 1 m drill segments. Segments are added into
the borehole when the drill head reaches the lower
limit of the z axis. Upon retrieval, each drill segment is
stored in the index cache as it comes to the surface
using an autonomous procedure.

An automated core handing stage called the Core
Sample Handling System (CSHS, Fig. 2) receives
cores from the drill and passes them under a suite of
instruments. The CSHS is responsible for holding,
moving, storing and ejecting cores, as well as for ob-
taining subsamples, crushing them to powder, and pro-
viding powdered samples into the life detection in-
strument. This subsystem consists of several robotic
devices including core clamps, a linear rail and cart,
core storage system, facing saw, subsampling system,
crushing system, and sample transfer system.  Cores

are passed from the core ejection stage into a core
clamp with flexible fingers capable of holding any-
thing from a solid rock cylendar to loose rubble or soil.
The clamp is shuttled along a linear rail and first
passes under a facing saw that cuts the top surface off
the core, exposing a clean and smooth face to be
viewed by remote inspection instruments. The core is
then passed under a suite of remote sensing instru-
ments including a color panoramic camera (full core
imaged at 120 micron/pixel), color microscopic imager
(4 small subsections of core imaged at 6 mi-
crons/pixel), visible-near infrared point spectrometer
co-registered with microscopic images, and visi-
ble/near infrared imaging spectrometer acquireing full
core images in 130 monochromatic wavelengths at a
spatial resolution of 50 microns/pixel.   Cores are then
stored in their clamps in a storage comb that forms a
semicircular ring around the periphery of the lander
pending analysis of the remote sensing data to select
core locations for life detection analysis.  Once sub-
sample locations are requested, the core is retrieved
from storage and placed under a subsampling saw con-
sisting of two parallel saw blades that cut out a small
slice; this is lifted by squeezing the blades together and
then transferred into a rock crusher where it is ground
to powder.  Powdered samples are then transferred into
the inlet port of a life detection instrument, Signs of
Life Detector (SOLID)[8] that identifies biological
signatures based on protein microarrays printed with
antibodies able to recognize and specifically bind to
them.  When the drill is withdrawn from the borehole,
as is required to retrieve core, a borehole inspection

Figure 1.  MARTE robotic drill  and simulated lander.

Figure 2. CSHS and remote inspection instruments.
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system acquires panoramic images of the borehole
walls and Raman spectra with boresighted microscopic
images.

Results: The robotic drilling system was used to
perform a simulation of a Mars drilling mission in-
cluding interpretation of the mission results by a sci-
ence team in a blind test that took place at Rio Tinto,
Spain for 30 days in September 2005[7]. The robotic
drilling took place near the previous Astrobiology
drilling, and sampled the near-surface gossanized ma-
terial resulting from the alteration of the massive sul-
fide deposit.  The Gossan forms a cap of oxidized iron
minerals over the sulfides, the result of water and
chemical oxidation converting the sulfide into altera-
tion products including sulfate, hematite and goethite.
Two science teams, one located in Madrid, Spain and
the other located in Mountain View California com-
manded the daily operations of the drilling and instru-
mentation and analyzed data obtained for two weeks
each. A total drilling depth of 6 m was reached under
science team direction, achieved in 43 hours of actual
drilling time. Average core recovery was relatively
poor (32% overall) due to the largely unconsolidated
nature of the deposit drilled, however minor modifica-
tions to the design of the core capture mechanism
could improve this aspect. The science team inter-
preted data from all of the instrumentation to under-
stand the geology, and to select core locations to con-
duct life detection analyses.  Images of the cores were
analyzed to identify locations where aqueous alteration
of the host rock may have occurred. From the data
analysis, the science team was able to correctly recog-
nize the nature of the deposit as a volcanoclastic host
rock including the gossanized remains of massive sul-
fide.  The signatures of liquid water alteration of the
rock were correctly identified, as well as vugs and
boxworks left by the dissolution of pyrite crystals.
Visible-NIR spectra correctly diagnosed the presence
of the minerals Goethite and Hematite, as compared
with a ground truth analysis using XRD.  Microscopic
and context imaging of the cores revealed a volcani-
clastic texture, and evidence of lithic fragments and/or
pyrite clasts.  Color microscopic imaging allowed the
preliminary (but correct) interpretation of the mineral-
ogy. Using the remote inspection instruments, 18 loca-
tions were selected on cores for subsampling and life
detection.  Positive life signatures were identified in 12
of these samples by the SOLID instrument[8]. The
down hole instruments of the Borehole Inspection
System (BHIS) were used to obtain a more complete
record of the drilled deposit than would have been pos-
sible with core analysis alone due to the high core loss.
Raman spectra of the borehole walls revealed evidence
of organic carbon.

Results of the rebotic drilling experiment prove that
drilling on Mars for the purpose of detecting life is
both technologically feasible and scientifically re-
warding.  Drilling to search for life should be consid-
ered in the next phase of Mars exploration.
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