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Introduction: Since the first observation of gullies
in the martian mid- to high-latitudes by the Mars
Global Surveyor (MGS) Mars Orbiter Camera (MOC)
in 1997 [1] and the discovery of multiple sites of gully
activity occurring within the last decade by MOC and
the Mars Reconnaissance Orbiter (MRO) [2,3,4],
whether they formed—and are still forming—via proc-
esses requiring liquid (i.e. debris flows initiated by
groundwater release [i.e. 1] or melting of
snow/frost/near-surface ground ice [i.e. 5, 6]) or en-
tirely dry mechanisms (dry granular flow [i.e. 7]) has
been a matter of great debate. Determining how the
gullies formed is an important question geologically as
hundreds of thousands of individual gullies are present
on Mars, as well as astrobiologically if their formation
did (and still does) indeed involve liquid water.

Figure 1: CTX B07 012351 1389 XN 41S159W of
Avire Crater with proposed landing ellipse marked.
The ellipse is centered at 41.25°S, 159.86°W at an
elevation of -0.77 km with respect to the MDIM 2.1
ellipsoid in MOLA planetographic coordinates. The
prime science targets are gullies, dunes, and “fill” ma-
terial within the crater. North is up.

Avire Crater (41.15°S, 159.85°W) (Fig. 1), a small
(6.6 km in diameter) gullied crater within Newton Cra-
ter, provides many aspects ideal to a future rover mis-
sion. It has been previously hypothesized to be the
location of a former paleolake with multiple episodes

of ponding and deposition [8]. Gullies occur almost
continuously on the southwest wall clockwise to the
northeastern wall. Dark-toned dunes are present in the
northern portion of the crater, in some places obscuring
gullies while cut by gullies in others (Fig. 2). No
changes in the extent or appearance of the dunes have
been observed since they were first imaged by MOC in
January of 2000. The dunes lack superimposed craters,
indicating that the gullies that cut through them are
geologically very youthful. Layered lobate features are
present at the base of the gullies on the northern wall
(Fig. 3), seen in many other craters on Mars (not al-
ways in association with gullies), which have been
suggested to have formed as terminal moraines of ice-
rich flows [9,10,11]; in Avire, these features have also
been suggested to be paleolake deposits [8]. The crater
floor is obscured by mid-latitude “fill” material, hy-
pothesized to be partially comprised of ice based on
morphologic evidence that the material has been par-
tially removed [12-16]. As gullies, dunes, and “fill”
material occur in many places on Mars, a single rover
mission to a site containing these features would pro-
vide valuable information applicable to thousands of
other locations across the planet.

Figure 2: Subset of HiRISE ESP 012206 1390 show-
ing gullies on the northeastern wall of Avire Crater
cutting through dunes. Note the lack of craters on the
dunes, indicating that they, and subsequently the gul-
lies cutting through them, are geologically young.
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Figure 3: Subset of HiRISE ESP_012272 1390 with
light-toned layers exposed within one of the lobate

features off the northern wall of Avire Crater indicated
by the arrow.

Mission Description: A rover sent to the crater
would require instrumentation to determine the com-
position and grain size of the various units it would
encounter within the crater. To avoid driving up the
crater walls or through the dunes to examine the gul-
lies, a camera with adequate zoom capability would be
well suited in order to image the various portions of
the gully channels. Avire also lies close to the Sirenum
Fossae region where a large number of light-toned
gully flows (including 2 that formed within the last
decade) are present relative to the rest of the planet [3].
This region has been subjected to multiple episodes of
tectonic activity in the past [17], and if tectonic activity
plays a role in the concentration of gullies in this re-
gion, an instrument capable of detecting seismic activ-
ity would prove useful. If for some reason the rover
lands and it is determined that it cannot drive into
Avire, a number of adjacent craters also contain gul-
lies, mid-latitude “fill” material, and mantling material
on the crater walls that would be of scientific interest
(Fig. 4) and could provide viable alternatives.

Science Merit Related to Mission Objectives:
Assessing whether the gullies formed via a process
requiring liquid (with the most likely candidate being
water, including brines) and whether the crater once
hosted a lake will aid in evaluating the paleoenviron-
ment of the area and determining whether or not that
environment might have been conducive to sustaining
life. Examining the layers of the lobate features on the
northern wall may help to answer the question of

whether these features are terminal moraines or lake
sediments, which is important in understanding Mars’
climatic history. Determining the composition and
grain size of the dunes within the crater would provide
insight into the suspension and saltation capability of
the past and present martian atmosphere. Establishing
the grain size of the debris fans of the gullies will help
answer the wet vs. dry debate of gully formation; long-
runout entirely dry flows on Earth only occur with
larger grain sizes [18] (coarse gravel-sized grains and
larger (>16 mm [19]), with mobility increasing with
volume [20]) and therefore if the gully fans are pre-
dominantly comprised of finer-grained material then it
would support formation mechanisms requiring liquid.

ter. White dots indicate gullied craters.

Engineering Constraints: The low elevation of
the ellipse and crater floor (-0.75-1.5 km) are favorable
for existing landing systems; however, the latitude of
the site would require an orbital relay with an appro-
priate orbit for communications and a launch window
allowing for direct-to-Earth communications during
EDL. The small size and rugged floor of Avire would
require landing outside of the crater and then driving
into it, making it a go-to site. Despite the shallowest-
sloping wall of the crater being the northern wall, the
landing ellipse has been chosen south of the crater in
order to avoid driving through the dunes. The southern
wall of the crater has a slope of ~22°, which may be
within the range of accessibility of a MAX-C-type
rover as there is no evidence of significant mass
movement along the crater’s southern wall at HiRISE
scale (30 cm/pixel). Due to the presence of gullies and



their possible water-involved origin, Avire is a “special
region” and would be subject to planetary protection
issues, which would need to be addressed during rover
construction and mission planning.

Information Required for Potential New Land-

ing Sites: Complete MRO Context Camera (CTX)
stereo coverage of Avire and the surrounding terrain
has already been acquired. HiRISE has acquired stereo
coverage of the eastern half of the crater, but only one
image of the western half, which was taken under
somewhat shadowed conditions. Therefore, HiRISE
stereo coverage of the western wall under better illu-
mination conditions would be required in order to gen-
erate a DEM of the crater in its entirety. Additional
HiRISE coverage of the terrain to the south of the cra-
ter within the landing ellipse is also necessary. No
CRISM data is currently available of Avire and there-
fore should be acquired; the crater and landing ellipse
can easily be covered by 1-2 CRISM full-resolution
targeted observations.
Landing Ellipse: The proposed landing ellipse lies to
the south of the crater, centered at 41.25°S, 159.86°W.
Fig 5 shows a representative sample of the terrain
within the ejecta blanket at HiRISE scale, as no
HiRISE data is currently available of the center of the
landing ellipse. Table 1 summarizes the characteristics
of the landing ellipse and science target sites.

Summary: Avire Crater hosts a diverse collection
of geologic features in a relatively small area. The fea-
tures of interest within the crater are present in many
other locations on Mars, and therefore rather than only
learning about the specific landing site, a single rover
mission to Avire would provide data applicable to
thousands of other locations on the planet.

Table 1: Landing site characteristics.

through dunes on NE wall
Lobate features, “fill”
material, and dunes — 6.6
kmto N

Site Name Avire

Science Target Center | 41.15°S, 159.85°W
Coordinates
Landing Ellipse Center | 41.25°S, 159.86°W
Coordinates

Elevation -0.77 km in landing el-
lipse; as low as -1.5 km in

crater floor

Ellipse Size 4.0 km

Gullies, mid-latitude fill
material, layered lobate
features, dunes

Prime Science Targets

Gullies — 5.0 km to NW
on west wall; 6.9 km to
NW on north wall; 7.1 km
to NE to gullies cutting

Distance of Science Tar-
gets from Ellipse Center

s s €00 o A 4

Figure 5: Subset of HiRISE ESP 012206 1390 show-
ing a representative sample of the terrain within the
landing ellipse. No HiRISE coverage of the center of
the ellipse has been acquired at the time of writing.
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