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Introduction:  The Mars Exploration Rover, Op-
portunity, landed in a 22 m wide by 3 m deep crater in
Meridiani Planum on January 25, 2004 (UTC) [1] (Fig
1).  The landing site is located within the plains that
show significant quantities of hematite based on min-
eral retrievals from MGS TES data [2]. Further, analy-
sis of MOC and MOLA data that show the hematite-
bearing plains are the top stratum of a 200 to 300 m
section of layered rocks that are draped disconforma-
bly onto the dissected Noachian cratered terrain [3].  In
this abstract we discuss initial observations and find-
ings from Opportunity and formulate tests of hypothe-
ses that focus on the origin and evolution of the plains
materials and implications for the role of water.

Initial Observations: While on the lander Oppor-
tunity acquired Pancam mission success panoramas [4]
and a number of Mini-TES observations of the sur-
rounding terrain [5]. Most of the coverage focused on
the floor, walls, and rim of the crater, although in sev-
eral places the surrounding plains were observed above
the crater rim.  Opportunity egressed from the lander
on Sol 8 as part of a 3 m drive.  The instrument de-
ployment device was unstowed and Microscopic
Imager, Moessbauer Spectrometer, and Alpha Particle
X-Ray Spectrometer observations were acquired for
soils in front of the rover.  Pancam was used to map
spectrally the deployment area in detail, both before
and after the in-situ measurements were acquired.
Pancam and Mini-TES data were also acquired of
nearby targets.  On Sols 12 and 13 Opportunity con-
ducted a traverse toward rock outcrops on the wall of
the crater and plans were generated to map the outcrop
(Fig. 2) in detail during traverses parallel to these de-
posits, make in-situ measurements on the outcrop sur-
faces (pre and post us eof the Rock Abrasion Tool),
and to excavate a trench and characterize the exposed
materials in soil-like materials on the crater floor. The
long-term plan is to egress from the crater and explore
the plains.

Initial Findings and Implications for Science
Operations: Mini-TES-based mapping of the crater
floor, rim, and portions of the surrounding plains show
that hematite is concentrated on the plains surrounding
the crater. Thus, we expect to concentrate on investi-
gating the morphology, topography, textures, mineral-
ogy, and chemistry of the plains once we finish ex-
ploring the crater and egress onto the plains. These
observations will be used to test among at least two
hypotheses: a. the deposits formed in a highly oxygen-

ated aqueous environment at low temperatures (e.g.,
shallow sea), perhaps with goethite as a precursor min-
eral  for hematite [6] and b. the deposits formed in a
volcaniclastic environment, perhaps with alteration due
to circulating hydrothermal fluids.  Additional tests
will be made to tell if the deposits are in place (e.g.,
platy outcrops of hematite) or if the materials have
been concentrated as an aeolian lag (hematite is dense
and would not be as mobile as some other expected
minerals).  A search will also be made for landforms
(e.g., eroded volcanic vents, regressional shoreline
features), textures (e.g., imbricated pebbles, cross bed-
ding, grain sizes and shapes), mineral assemblages,
and soil/rock elemental compositions diagnostic of the
nature and environments of deposition and subsequent
modification.

As noted, Opportunity has focused thus far on de-
tailed exploration of the crater interior. The crater wall
exhibits an extensive areal exposure of bright red out-
crops of indurated materials, with layering and vertical
textural variations indicative of differences in grain
sizes and/or primary sedimentary features (e.g.,  lam-
nations, cross bedding).  These outcrops are a critical
set of features and deposits to explore.  They may rep-
resent exposures of the bright etched deposits mapped
from orbit and shown to underlie the hematite-bearing
plains [3].  The textural, mineralogical, and chemical
data to be acquired for these deposits may provide
critical information needed to evaluate hypotheses for
formation and modification of the thick sequence of
layered deposits that drape disconformably onto the
ancient cratered terrain.

Soil-like deposits on the floor of the crater include
bright red materials that underlie a cover of very dark,
well sorted sand-sized materials.  The sand is covered
in part by a mix of bright and dark particles up to a few
millimeters across. The bright red soil-like materials
are exposed in airbag bounce zones, either by pushing
the sand and granules into the subsurface during the
bounces, or carrying the material on the bags as they
moved from the bounce mark. Moessbauer spectra
acquired on undisturbed soil-like deposits show the
presence of olivine, magnetic phases, and ferric-
bearing phases [7].  APXS measurements are consis-
tent with a mafic chemisty [8]. Textural analyses of
Pancam and Microscopic Imager data show that bright
and dark cobbles both sit on and are embedded in the
sand cover.  The cobbles range in form from smooth
and circular, smooth and elongate, to irregular with
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depressions similar in form to vesicles. Among the
hypotheses discussed for their origins are lapilli gener-
ated during volcanic eruptions, pisolites formed as
chemical precipitates in aqueous environments, and
tektite-like materials formed during impacts. The plan
is to find concentrations of bright and dark granules, if
possible, for detailed remote sensing and in-situ obser-
vations, along with searching for the source rocks from
which these curious materials were derived.

Summary: Opportunity was fortunate indeed to
have landed in a shallow crater that exposes outcrop.
The exposure of soils on the crater floor that appear to
be different than the material that dominates the plains
is also a bonus.  The rover will be able to characterize
the materials and landforms in the crater and then
egress to explore and characterize the landforms and
deposits that are exposed on the plains of Meridiani.  It
will take a number of sols to make the traverses and
associated measurements needed to understand the
environment of deposition of the layered deposits
draped onto the ancient cratered terrain and the upper,
hematite-bearing stratum. We are confident that the
ensemble of features and deposits that we have en-
countered thus far and expect to encounter will provide
the data needed to address the origin and evolution of
the deposits, including the role of water.  The rover-
based observations (and thus the ability to address key
science questions) will also be enhanced by the
planned joint experiments between Opportunity, Mars
Global Surveyor MOC and TES, Odyssey THEMIS,
and Mars Express OMEGA, HRSC, and PFS instru-
ments.
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Figure 1 – Portion of Navcam image showing lander ,
together with Opportunity’s wheel tracks generated
during egress. Bright circles to left of lander are airbag
bounce marks. Rim of crater is evident near top of im-
age, along with plains beyond the crater.

Figure 2 – Portion of Navcam image showing outcrop on
wall of crater.  Top rocks are approximately 10 cm in height.
Outcrop located approximately 180 degrees in azimuth from
the center of the image shown in Figure 1. Spherules are
weathering out of the outcrop, based on Pancam data.
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