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Introduction: The Mars Surveyor Program
2001 mission to Mars marks the start of a new era of
Mars exploration at the beginning of a new millen-
ium. MSP’01 completes the objectives lost with
Mars Observer with the gamma ray spectrometer
mapping. Some specific orbital observations by fu-
ture missions will still be needed to locate subsurface
water and local characterization of mineralogy or
morphology. However, this mission will largely
complete the global characterization phase of Mars
exploration and mark the beginning of focused sur-
face exploration leading to the return of the first
samples and the search for evidence of past martian
life. MSP’01 is the first mission in the combined
Mars exploration strategy of the Human Exploration
and Development of Space (HEDS) and Space Sci-
ence Enterprises of NASA. The 2001 mission, and
those to follow, will demonstrate technologies and
collect environmental data that will provide the basis
for a decision to send humans to Mars. The NASA
exploration strategy for Mars includes orbiters,
landers and rovers launched in 2001 and 2003 and a
sample return mission to be launched in 2005, re-
turning a sample by 2008. The purpose of the rovers
is to explore and characterize sites on Mars and se-
lect rocks, soil and atmosphere for return to Earth.
Potential sites for the MSP’01 lander include ancient
subsurface hydrothermal environments excavated by
recent impacts, and ancient channels and lakes.
Science Objectives of MSP’01:   
• Map the elemental composition of the martian

surface, and determine the abundance of hydro-
gen in the shallow subsurface

• Acquire high spatial and spectral resolution maps
of surface  mineralogy.

• Acquire high spatial resolution images of surface
morphology.

• Provide “nested” high spatial resolution descent
imaging of the landing site.

• Determine the nature of local surface geologic
processes from surface morphology.

• Determine the spatial distribution and composi-
tion of surface minerals, rocks, and soils sur-
rounding the landing site.  Extend this knowledge
to the surrounding region by correlating orbital
with lander and rover data.

• Characterize the martian surface radiation envi-
ronment as related to radiation-induced risk to
human explorers;  characterize specific aspects of
the Mars near-space radiation environment that
will complement measurements made on the
martian surface.

• Characterize the martian soil and dust, including

physical properties, oxidation properties, and
chemical and mineralogical properties.

• Assess, through in situ  experimentation, the fea-
sibility of producing useable propellants from the
indigenous martian atmosphere.

Orbiter science payload:
Gamma Ray Spectrometer (GRS) - William

Boynton, University of Arizona, (Team Leader). This
experiment will conduct full planet mapping of ele-
mental abundances with an accuracy of 10% or better
and a spatial resolution of about 300 km, by remote
gamma-ray spectroscopy, and full planet mapping of
hydrogen (using the neutron spectrometer) and CO2
abundances (by neutron spectroscopy).  Along with
the Gamma Sensor Head and the Neutron Spectrome-
ter (NS) (provided by Wm. Feldman, (LANL)) the
GRS Experiment includes a high energy neutron de-
tector (HEND). The HEND - Igor Mitrofonov, IKI,
(PI)  will provide complementary measurement verifi-
cation to the Neutron Spectrometer (NS), determine
the Mars leakage spectrum, provide data for cross-
calibration between the HEND and the NS, and, with
the NS, map hydrogen on Mars, and contribute to the
overall investigation for more accurate determination
of the surface composition.

Thermal Emission Imaging System (THEMIS) -
Philip Christensen, Arizona State University, (PI).
THEMIS will determine the mineralogical composi-
tion of the surface for minerals whose abundance is
approximately 10% or greater and at spatial scales of
approximately 100 m and provide information on the
morphology with the visible imager at a resolution of
20 m.

Mars Radiation Environment Experiment
(Marie) - Gautam Badhwar, Johnson Space Center,
(PI). Marie will characterize specific aspects of the
near-space  radiation environment, characterize the
surface radiation environment as related to radiation-
induced risk to human exploration, and determine and
model effects of  the atmosphere in an attempt to pre-
dict anticipated doses and assess its radiobiological
effectiveness.
Lander science payload:
Lander objectives are to safely land, deploy the rover
and conduct scientific observations, returning data to
Earth through the orbiter link.

Mars Descent Imager (MARDI) - Michael Ma-
lin, Malin Space Science Systems. (Team Leader).
MARDI will be used to characterize the geology of the
landing site and provide geologic context for collected
samples.  The ‘01 investigators will determine the
nature of local surface geologic processes from surface
morphology, provide a link between local and regional
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geologic processes, and provide images (>20)  for
nearby Rover traverses.

Athena Precursor Experiment (APEX) -  Steven
Squyres, Cornell University, (PI). APEX comprises
elements of the Athena Payload originally selected for
a more capable 2001 rover. Athena is expected to be
carried on the 2003 rover. Elements on the 2001
lander are Pancam/Mini-TES and the Mössbauer
Spectrometer. The rover carries the Alpha/Proton/X-
ray Spectrometer (APXS). The overall objectives are
to assess the geologic history, climatic history, and
biological potential of the landing site,  provide high-
resolution color stereo images of the scene around the
lander, determine the mineralogy of rocks and soils
around the lander,  and determine the mineralogy of
the magnetic portion of martian dust. The  Pancam
will obtain frequent radiometric calibration images,
obtain a complete three-color stereo panorama of the
scene around the lander, with sufficient angular reso-
lution to characterize the morphology of the landing
site in detail, provide necessary support imaging for
the rover, Mössbauer, APXS, and MECA mission-
success operations, and support PIO activities. Pan-
cam provides coverage at many wavelengths to search
for fine-scale spatial variability of rock and soil min-
eralogy, obtain images at multiple times of day to
characterize surface photometric properties, and im-
age the martian sky and Sun to obtain information
about atmospheric aerosols. Mini-TES will obtain a
complete panorama of the scene around the lander,
with sufficient angular resolution and spectral resolu-
tion to characterize the mineralogy of rocks and soils
and to support further target selection for APXS,
Mössbauer Spectrometer, and MECA. The Mössbauer
Spectrometer will be calibrated after landing. It will
observe surface soil to determine the mineralogy of
Fe-bearing species in soil and subsurface soil, to as-
sess the vertical gradient of Fe2+/Fe3+, and airborne dust
that has adhered to magnets, and to determine the
mineralogy of the magnetic component of dust. Part of
the APEX payload is also carried by the rover. The
Rover science payload consists of APXS. The APXS
will be carefully calibrated on Earth under Mars con-
ditions, and again after landing on Mars. The rover
will be maneuvered to obtain APXS measurements on
surface soil, to determine its elemental chemistry at
the landing site and on rocks typical of those at the
landing site, and to determine their elemental chem-
istry. If there is time, the investigators will obtain
APXS measurements on multiple surface soils to as-
sess the soil’s chemical diversity, sample subsurface
soils from depths up to 50 cm to assess vertical varia-
tions in elemental chemistry, and sample multiple
rocks to assess diversity of rock chemistry at the
landing site.

The rover will be used to conduct integrated sci-
ence investigations between APXS, TES, MECA and

imaging, and enhance the Physical Properties Ex-
periments of Sojourner (Wheel spin, electrostatic ex-
periment, etc.). The rover will also contribute to edu-
cation and public outreach via the Planetary society /
science team cooperation which will involve students
in the mission.

The lander Mars Radiation Environment Ex-
periment (MARIE) - Gautam Badhwar (PI), is de-
scribed above as part of the orbiter Marie.

Mars Environmental Compatibility Assessment
(MECA) - Tom Meloy, University of West Virginia,
(PI). MECA will characterize dust and soil (size,
shape, adhesion, and abrasion), identify undesirable
and harmful interactions with human explorers and
associated hardware systems, and support the design
of extravehicular activities and habitation systems.
MECA’s Wet Chemistry Lab will evaluate samples of
martian soil in water to determine the total  dissolved
solids, redox potential, and pH, and  to detect poten-
tially dangerous heavy metal  ions, emitted hazardous
gases, and the soil's corrosive potential. The Micros-
copy Station will provide high  fidelity images of ac-
tive soil experiments. It  combines an optical micro-
scope, an atomic  force microscope, and an abrasion
tool to  study particles from millimeters to  nanome-
ters in size. The material patch plates, strategically
placed  in view of the Lander Robotic Arm Camera,
will  measure properties such as soil particle wear,
hardness, and adhesion. An electrometer on the robot
arm scoop will measure triboelectric charging and
atmospheric ionization due to radiation.

Mars ISPP (In-situ Propellant Production)
Precursor (MIP) - David Kaplan, Johnson Space
Center, (PI). The MIP will demonstrate operation of
critical in-situ propellant production (ISPP) subsys-
tems and process in the Mars environment and char-
acterize aspects of the Mars surface environment that
will impact ISPP operations.

A Robotic Arm derived from the 1998 Polar
Lander will deploy the Mars ‘01 rover onto the surface
of Mars. In addition, the arm will support MECA sci-
ence investigations by excavating trenches in martian
soil and delivering soil to MECA chambers. The arm
will support Mössbauer investigations by placing the
MB instrument on a calibration target and mag-
nets.and by placing the MB instrument, located on the
forearm, on soil or rocks.

The Robotic Arm Camera (Max Planck Institute
and UAZ) will support MECA by imaging trenches
dug by the robotic arm scoop, providing close-up im-
ages of soil surface for MECA sample selection, im-
aging soil in the robotic arm scoop, verifying that soil
was correctly delivered to MECA drawers, and by
imaging the MECA abrasion and adhesion patch
plates. The RAC will support MIP by imaging various
surface areas atop the MIP enclosure.
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