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Introduction: Lobate scarps, the expression of
surface-breaking thrust faults, are widely distributed on
the surface of Mercury. They are thought to result from
compressional stresses due to interior cooling and
global radial contraction that produced a net decrease
in Mercury’s surface area [1-7]. Stratigraphic relation-
ships observed in Mariner 10 images and images from
the first flyby of the MErcury Surface, Space ENvi-
ronment, GEochemistry, and Ranging (MESSENGER)
spacecraft indicate that the thrust faulting that formed
the lobate scarps began some time before
the end of Calorian smooth plains emplacement and
continued after the emplacement of the youngest major
smooth plains deposits [1-7]. However, how long lo-
bate scarp formation and development continued after
the emplacement of the youngest major smooth plains
deposits is not clear.

We use data from the Mercury Dual Imaging Sys-
tem (MDIS) on MESSENGER to further analyze
stratigraphic relationships between lobate scarps and
young impact craters (Mansurian in age or younger). A
better understanding of the timing and duration of lo-
bate scarp formation on Mercury has important impli-
cations for the interior thermal evolution and the his-
tory of planetary contraction [5-6]. A better under-
standing of the age of lobate scarps will allow the
thermal and mechanical structure of the lithosphere to
be constrained through modeling of the associated
thrust faults [8-10], and will provide insight into the
interplay between tectonics and volcanism [11].

Data and Methods: MESSENGER MDIS tar-
geted monochrome images with a pixel scale of up to
20-50 m/pixel and monochrome (250 m/pixel) and
color (500 m/pixel) global mosaics were used to ana-
lyze stratigraphic relationships between lobate scarps
and young impact craters. Young craters, also known
as morphological Class 1 craters, are characterized by
crisp morphologies with sharp rims, well-developed
secondary craters, and continuous ejecta with radial
lineaments [3, 12-13]. They formed after the Late
Heavy Bombardment and are estimated to be Man-
surian in age or younger [3]. The freshest Class 1 cra-
ters have bright ray systems. They have been conserva-
tively estimated to have ages less than 1 Ga [3], but

model ages obtained with new crater production and
chronology functions suggest that they may be younger
than 200 Ma [14-16]. We have analyzed over 500
rayed craters and more than 1000 Class 1 craters with-
out detectable rays thus far.

Preliminary Results: Several examples of lobate
scarps transecting Class 1 craters lacking rays have
been identified in MDIS images and mosaics (Fig. 1).
This finding suggests that at least some scarps contin-
ued to develop into the Mansurian System. No exam-
ples of lobate scarps transecting rayed craters or ray
material has yet been confirmed with available MDIS
images. However in ~10 locations found thus far,
scarps appear to be superposed by secondaries from
rayed craters (Fig. 2).

Figure 1. Example of a lobate scarp (white arrow) crosscut-
ting a Class 1 crater (~50 km in diameter) without a ray sys-
tem (MDIS image: EW0213416030G).

Lobate scarps are also observed possibly transecting
very small-scale impact craters, only a few kilometers
or less in diameter (Fig. 3). From the study of fresh
craters on the Moon, lunar craters that are <3 km in
diameter are estimated to be Copernican in age (<1 Ga)
[17-18]. Small-scale lobate scarps, only a few tens of
kilometers or less in length and with a relatively crisp
morphology, have also been observed in MDIS images
(Fig. 4). These scarps are comparable in scale to Co-
pernican-age lobate scarps observed on the Moon [19-
20]. Degradation rates on Mercury are estimated to be
higher than those on the Moon due to the higher flux
and impact velocities of bombarding micrometeoroids
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[21]. Thus, small-scale and relatively-fresh lobate
scarps and impact craters on Mercury are expected to
be Kuiperian in age and may be even younger than
comparable-scale features on the Moon.

Figure 2. Lobate scarp superposed by secondaries (white
arrows) that may have originated from the rayed crater (bot-
tom right corner) (MDIS mosaic).

Figure 3. Newly detected ~75-km-long lobate scarp poten-
tially transecting two craters ~3 km in diameter. The rims of
these small craters have bright material that is obscured by
the scarp (MDIS
EW0215590606G).

wide-angle  camera  image

Implications for the Duration of Lobate Scarp
Formation: New results confirm that contraction and
scarp formation continued well past the end of the Late
Heavy Bombardment and more recently than the for-
mation of at least some Class 1 craters (Mansurian in
age or younger). No conclusive evidence that lobate
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scarps are younger than rayed craters (potentially
<200 Ma) has yet been identified. Several possible
examples of lobate scarps transecting small craters
(only a few kilometers or less in diameter) and rela-
tively-fresh small-scale lobate scarps (tens of kilome-
ters or less in length) suggest that scarp formation and
development continued into the Kuiperian System. If
these findings are confirmed with future MDIS images,
they indicate continued slip on faults on Mercury
within the last ~1 billion years.

Figure 4. Potential small-scale scarp segment ~30 km in
length (large white arrow) with an even smaller potential
scarp segment, ~10 km in length, to the east (small white
arrow). The rims of two ~4-km-diameter craters (black ar-
rows) may be transected by the larger scarp segment, but this
suggestion cannot be confirmed at this image resolution (200
m/pixel, MDIS image: EN0212367766M).
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