CHRONOLOGY:
Planetary surface ages were inferred through the Model Production Function (MPF) model (Marchi et
al., 2009). MPF chronology uses dynamical models of both the Main Belt Asteroids (MBAs) and Near
Earth Objects (NEOs) (Bottke et al., 2000, 2002, 2005a, 2005b) to derive the impactor flux, which is
then converted via scaling law into the MPF, in turn calibrated using the lunar rocks radiometric ages.
Strength points of this model are the implementation of dynamical models, when they are available, to
describe the impactors flux on a given planet, the possibility to simulate a non–constant impact flux
through time and the geological interpretation of the upper crustal layering of the studied region.

iSALE
Numerical modelling is carried out by means of shock codes or hydrocodes, which handle the
propagation of shock waves and the behaviour of geologic materials over a broad range of stress states
and deformation rates. They are based on the equations describing the conservation of mass,
momentum, and energy (Navier-Stokes equations), whereas the material response is outlined by the
constitutive equations, which are formulated as an EoS and a strength model, governing the material
response in bulk and to deviatoric deformations, respectively.
We use iSALE shock code (e.g., Amsden et al., 1980), which is a multi-rheology, multi-material
extension of the SALE hydrocode, that relies on an elasto-plastic constitutive model, fragmentation
models, various equations of state (EoS), multiple materials, the ε-α porosity compaction model (Collins
et al., 2004, 2011; Ivanov et al., 1997; Melosh et al., 1992; Wünnemann et al., 2006). The code is well
tested against laboratory experiments at low and high strain-rates (Wünnemann et al., 2006) and other
hydrocodes (Pierazzo et al., 2008).

Raditladi and Rachmaninoff basins on Mercury
We analysized through crater statistics two peak-ring basins on Mercury, Raditladi (D=257 km) and
Rachmaninoff (D=290 km) to derive information about formation and evolution of these impact
structures. We found a very young age for both the studied basins (Fig. 1a, b). This result was a
challenge in the understanding of the impactor sources, because this should be a NEO-like population,
but it has only few objects eligible for the formation of basins with so large dimensions. In addition, in
the case of Rachmaninoff, the interior plains were further modified by volcanism up to more recent
time. This implied a revision to the current knowledge on the thermal state of the planet.

Fig. 1a. Raditladi is a 260-km Hermean peak ring basin (27.3°N, 119.1°E). Age determination was performed in three
areas (yellow: Inner Plains; green: Annular Plains; red: Ejecta). The application of MPF chronology [6] to crates
statistics leads to a similar age for all the terrains. The best-fit model age is of 1.1-1.3 Ga.

Fig. 1b. Rachmaninoff is a 290-km Hermean peak ring basin (27.6°N, 57.6°E). Age determination was performed in
three areas (yellow: Inner Plains; green: Annular Plains; red: Ejecta). Annular Plains and Ejecta reflect the timing of
the impact event (3.6 Ga ago). The application of the MPF chronology (Marchi et al., 2009) to Inner Plains craters
statistics pointed to a very young age, due to a subsequent emplacement of lava (0.7 or 1.1 Ga ago, depending if lava
hardened or not the upper crust).

We are simulating the two basins with iSale in order to get more insights on the crusts layering the
impactor size. The projectile strikes the surface at 30 km/s (typical velocity on Mercury’s orbit
accounting for the 45° impact angle). The target assumed is made up by a 40-km basaltic layer,
overlying a dunitic 70-km thick mantle, and it is described by a transient weakening mechanism
(acoustic fluidization) that facilitates the gravitational collapse responsible for the development of
central peaks and terraced walls (Wünnemann et al., 2006). We have carried out a series of simulations
over a broad parameters range with the goal to fit the DTM profiles obtained from the data acquired
during the MESSENGER flybys (Preusker et al., 2010).
Pit craters on mercury
High-resolution images obtained by the MESSENGER spacecraft since it went into orbit around
Mercury in 2011 reveal cone-like features in two different craters located at -136° E, -6° N (Fig.2a).
We are analyzing the origin of this unusual feature presented in both craters, a steep-sided cone
sorrounded by a trough, in order to establish if this cone corresponds to the central peak of the crater
and if this unusual morphology is due to pyroclastic volcanism, or if this structure is caused by
constructive volcanic processes.
Fig. 2a Left: image of the two craters
studied in this work. Right: crater
profiles from stereo-derived DEM (It is
shown the 40 km crater at the top and
the 70 km crater at the bottom).

To achieve this goal we are numerical
modelling the two impact craters, that are 40 and 70 km in diameter, using a spherical basalt projectile

with an impact velocity of 30 km/s (typical velocity on Mercury’s orbit accounting for the 45° impact
angle) and an impact angle of 90°. We have modeled the Hermean surface as a double layer made up
of a brecciated 4-5 km basalt layer overlying an intact basalt layer. We fixed the diameter projectiles
equal to 2.4 km and 4.5 km for the 40 km and 70 km craters respectively. These values are estimated
by the comparison between the profiles obtained by the numerical modeling and by the DTM profile.
The hydrocode modelling supports the
hypothesis that the cone is the central peak
of an impact crater, and its unusual
morphology is due to the formation of a
moat-like pit around it caused by pyroclastic
volcanism (Lucchetti et al., 2014, Thomas et
al., 2014). This would be consistent with the
hypothesis (Gillis-Davis e al., 2009) that
faults and fractures associated with impact
craters play a controlling role on the location
of pyroclastic vents on Mercury.

Fig 2b DTM profile (black line) and iSALE (blue line) profiles of the pit crater
The DTM has been generated by our team.

Absolute calibration of micrometeoroids on Earth
We derived a scaling law via shock code to revise the absolute calibration of the micrometeoroid flux
arriving on Earth, using the crater distribution on the Long Duration Exposure Facility satellite (LDEF).
In our model we have considered micrometeoroids in the mass range between 10-9 and 10-4 g, from two
different sources Main Belt Asteroids, having a impact velocity of 18.6 km/s, and from Jupiter Family
Comets, having an impact velocity of 29 km/s.
We estimated a mass flux of (4.2  0.5) x 106 kg/yr for comets and (7.4  1.0) x 106 kg/yr for asteroids.
The mass flux (Fig. 3) was lower than (Love and Brownlee, 1993) but in agreement, within
uncertainties, with ocean sediment samples estimate (Cremonese et al., 2012a).

Fig. 3. Mass accretion rate of micrometeoroids on Earth according to Cremonese et al. (2012a) and Love and Brownlee
(1993).

Lunar holes
We studied the formation of two lunar holes (Marius Hills (D=53 m) and Mare Tranquillitatis (D=93
m) on supposed subsurface caves or lava tubes (Martellato et al., 2013). The generation of these holes
can occur from a random meteoroids impact after the collapse of the crater floor, which is due to the
cumulative effects of the back spallation on the rear surface of a slab-like target. In addition, we derived
via modelling the ballistic limit for hole formation at planetary scales (Fig. 4), finding a target thicknessto-crater diameter ratio higher than previous literature (0.87 (Martellato et al., 2013) vs. 0.5 (Hörz et
al., 1985)). This result can be relevant in the context of future human use of subsurface caves, since
their floor is more stable under meteoroid bombardment than previously thought.

Fig. 4. This picture shows the maximum impact craters that could form without causing any subsequent collapse, in a
target as thick as the estimated roof at MHh (a) and MTh (b). The right panel of each plot represents the amount of
damage on a grey scale, where white corresponds to the maximum level of damage. The left panel depicts the
distribution, for the same cross section, of the total plastic strain (TPS) that was accumulated during the passage of the
shock wave and subsequent crater formation (red: high TPS; blue: low TPS).

Linne’ crater on the Moon
We are investigating the formation of Linné crater (D=2.22 km), which is located near the western edge
of Mare Serenitatis, and it stands as one of the most meaningful example of fresh simple craters
(Martellato et al., in prep). Long considered to be bowl-shaped, the recent images obtained from LROC
pointed instead to an inverted truncated cone shape for this crater. This analysis therefore aims to
unravel the canonical shape of simple craters.

Firsoff crater on Mars
We are simulating the impact that originated Firsoff complex crater (90 km in diameter), located in the
equatorial southern highlands of Arabia Terra at 2.6° N – 350.8° and characterized by a big central
bulge located where the central peak should be and displaying a layered sequence (Fig. 1a). In addition,
Firsoff displays many small pitted cones on its floor (Fig. 1b) and we found a fractal correlation in their
spatial distribution, that is the surface expression of a percolating network linked to a deep fluid
reservoir in the first km of the crust (Pozzobon et al., 2013).

Fig. 1a On the left Shaded relief MEGDR MOLA 128px/deg DTM; on the right DTM crater profile.
Fig. 1b Distribution of mounds in Firsoff crater
We are numerical modelling Firsoff crater
comparing two different sounding targets,
depending on the rheological structure and
fracturing of the crust, in order to understand
which type of target layering (a fractured/intact
basalt layering vs a fractured basalt/intact
anorthosite layering) is more likely (Lucchetti et
al.,
2014).
A
boundary
between
fractured/unfractured crust has been placed
according to the depth discovered with the fractal
analysis.

Fresh crater on Mars
We are investigating this 25 m diameter fresh crater, located at 3.7° N, 53.4° E on Mars. The image
(Fig 3a) was taken by the High Resolution Imaging Science Experiment (HiRISE) camera on NASA's
Mars Reconnaissance Orbiter on Nov. 19, 2013. Because the terrain where the crater formed is dusty,
the fresh crater appears blue in the enhanced color of the image, due to removal of the reddish dust in
that area.
We numerical modelling this fresh crater considering different target compositions as limestone and
basalt rock. We based our simulations on a basalt projectile that hits the Martian surface with a velocity
of 7 km/s (typical velocity on Mercury’s orbit accounting for the 45° impact angle) Results simulation
will be useful to improve the analysis of the ejectas that reached a distance of more than 15 km.

Fig. 3 Left: ESP_034285_1835 Hirise image.

Right: DTM profile.

The DTM has been generated by our team

Lutetia
We modelled the largest crater (D=55 km), called Massilia, on the asteroid (21) Lutetia to derive some
information on its collisional history and its internal structure (Fig. 2). The projectile assumed diameter
is 7.5 km. Then we have simulated a smaller crater (NPCC-d) having a diameter of 24 km, in this case
the projectile assumed has a diameter of 3.8 km.
We have assumed an impact velocity of 4.3 km/s.
The results supported the proposed hypothesis that Lutetia is likely an intact planetesimal and dated
back to the Late Heavy Bombardment period (Cremonese et al., 2012b).

Fig. 2. Massilia crater: (left) contours of damage and plastic strain, respectively, of the model of the impact structure
(damage: white is the maximum level of damage; plastic strain: red is the maximum deformation, whereas blue means
no deformation); (right) comparison between the crater model (green) and its DTM profile (black dotted), which was
derived from stereo-photogrammetric processing of OSIRIS NAC images.

Stickney crater on Phobos
We are modelling the Stickney crater on Phobos (Fig. 5) to give additional informations about this
Martian moon in order to better understand its origin.
Stickney is the largest crater on Phobos (dimensions of 27x22x18 km) with a diameter of 9 km. We are
performing a series of simulation to fix the right projectile diameter. Our simulations are based on a
two-body collision, where the preojectile (asteroid or comet-like object), with a velocity of 7 km/s (the
same impact velocty on Mars), hits the ellipsoidal object representing Phobos. We consider a basalt
target body with a porosity of 35% in order to achieve the real density of the Martian moon.

Fig. 5 Stickney crater

Impact structures on comets
Image of cometary nuclei reveales complex topographies, with smooth and rugged areas, evidence of
granular flows and regions of different compositions. Cometary nuclei do not always display obvious
impact craters because it is not clear whether these features result from traditional impact events or if
they are due to the activity. To better understand the comet nucleus we are numerical modelling possible
impact craters detected on comets, in particular we are simulating the Left Foot Crater (Fig. 4), a flat
floor crater on 81P/Wild 2 (750m diameter, 150 m depht), using the ice Tillotson EoS representing the
comet composition. We perform a series of simulation with different values of temperature to
understand how this parameter affect the morphology of the crater.

Fig. 4 Left: Stereo image of comet 81P/Wild2 (Credit:NASA/JPL) Right: DTM crater profile
Furthermore, in the context of the ROSETTA/OSIRIS experiment, we are currently focusing in
simulating the possible impact structures on the 67P/Churyumunov-Gerasimenko comet, using from
the NAC/OSIRIS images.
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