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Introduction: Mercury has one of the best pre-
served impact records in the inner Solar System due to
the absence of an atmosphere, but it has much higher
rates of surface modification than on the Moon [1-3].
The earliest geological mapping of the planet revealed
a variety of important differences from the Moon, re-
garding the impact basin (D > 300 km) and cratering
record, as well as the extensive volcanic plains of
Mercury [1-3]. It has been shown [3] that the bom-
bardment history of the terrestrial planets is lunar-like
and linked in terms of impactor population(s) and im-
pact rates. Recent studies suggest that Mercury and the
Moon had the same early impactor populations based
on the similarity of their crater size-frequency distribu-
tions (CSFD), however the impact rates on Mercury
are higher than on the Moon [4, 5]. Fassett et al. [6]
catalogued and characterized the basin population on
Mercury using early optical data obtained by the
MESSENGER spacecraft and found 46 certain and
probable impact basins, as well as 41 tentative.

Research Goals: Here, we re- examine the popula-
tion, stratigraphy, and sequence of basins on Mercury
as well as their superposed impact crater populations,
as we also did for the Moon [7]. To analyze the super-
posed impact crater populations on the mercurian im-
pact basins (D > 300 km), we use the buffered non-
sparseness correction (BNSC) [7-9] and the buffered
crater counting (BCC) [10-11] techniques. We estab-
lish a new basin catalogue for Mercury, which list will
serve as a useful basis for targeting for the upcoming
BepiColombo mission. Finally, we investigate the
shape of the summed CSFDs of Pre-Tolstojan and Tol-
stojan basins to shed light on the impactor populations.

Data and Methods: The primary data for this
study are optical images mosaicked into a 166 m/pixel
global data set and topography (665 m/pixel) from
MESSENGER’s Mercury Dual Imaging System
(MDIS) and Mercury Laser Altimeter (MLA) (250
m/pixel), respectively. All data products are available
from the Planetary Data System (PDS). The data were
analyzed in ESRI ArcGIS 10.3. The CraterTools ex-
tension in ArcMap [12] was used to map the basins
and their related crater populations (D > 25 km). On
the basis of completeness of their rims, we classified
the basins as either “certain”, “probable” or “tenta-
tive”. We use two different mapping approaches
(Fig.1): (1) measuring craters on basin rims excluding

all areas resurfaced by the smooth plains, and (2) map-
ping all craters inside the basin’s rims, which only
provides a lower limit on the accumulated superposed
crater population due to resurﬁacing within the basins.
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Figure 1: Different mapping approaches for the crater
measurements. a) Craters (red circles) were counted
on basin rim and ejecta deposit remnants (black out-
line), excluding all areas resurfaced by the smooth
plains (e.g. Rembrandt basin). b) All craters were

mapped inside the basin cavity (e.g. b102 basin).
Results: Altogether, we identified and verified 49
certain, 31 probable and 14 tentative basins on the
surface of Mercury (Fig.2). This is 1.7x more certain
and probable basins than in the previous study [6],
which was finished before the topography data used
here was available. The crater frequencies derived by
the BNSC technique provide a correction to the meas-
ured frequencies of the smaller craters (D > 25 km) by
an average of 25% compared to BCC. This difference
is slightly higher on Mercury than on the Moon, where
we measured 24% increase [7].
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Figure 3: Spatial density of (a) large basins (D > 300
km) and (b) craters superposing large basins on Mer-
cury (Pre-Tolstojan, Tolstojan basins and Caloris),and



compared to the Moon (Pre-Nectarian, Nectarian and
Imbrian basins)[7].

In contrast with a previous study [5-6], we find that
Mercury has a slightly higher N(300) crater density (=
spatial density of basins with D> 300 km per 10® km?)
than on the Moon, but similar N(500) basin densities
(Fig.3). The similar N(500) basin density on Mercury
and the Moon has substantial implications for the early
history of both planetary bodies” crust. This result is
likely the consequence of saturation on both surfaces
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Figure 4: Sequence of basin formation on the Moon
(a) and Mercury (b). Crater densities derived with (i)
BNSC and (ii) BCC techniques with two different
mapping techniques on Mercury. Crater densities de-
rived with BNSC commonly show a higher density than
with BCC technique on both planetary surfaces. Note
the number of lunar and mercurian basins is 30 [7]
and 74, respectively. However, we assume that the
Moon has 36 lunar basins (including 6 additional ba-
sins from [14]) larger than 300 km after the lunar
magma ocean solidification, we should observe ~5
times more basins (2.5 times higher crater production
rate above 300 km and a factor of 2 greater surface
area) to form on Mercury than on the Moon. Conse-
o
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quently, we expect to observe ~ 180 basins on Mercu-
ry. Lunar basins are spaced at a 5x interval to com-
pensate for the higher impact rate and larger surface
area on Mercury than the Moon; thus, roughly 5 ba-
sins should form for every lunar basin.

Conclusions: Based on crater densities, we estab-
lished a relative basin sequence, which proved to be
generally in good agreement with relative basin stratig-
raphy. We estimated that roughly half of the expected
basin record is missing, where basins older than Bore-
alis have been concealed by different processes (e.g.,
higher impact melt production, volcanism, subsequent
impacts, and viscoelastic relaxation of basins) (Fig.4)
and this finding is in agreement with [13]. In contrast
to previous studies, which demonstrate a change in the
shape of the CSFDs prior 3.9 Gyr [4, 11, 13], our re-
sults are consistent with [7], that in fact only one im-
pactor population bombarded the surface of Mercury.
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Figure 2: Global distribution of basins on Mercury determined from MESSENGER MDIS 166 m/pix data
and overlaid on MDIS DEM 665 m/pix resolution data. The basins were classified as (1) certain (solid
line), (2) probable (dashed line), and (3) tentative (dotted line). The reference body is a sphere of 2440 km
in radius.



