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Abstract

Mercury hosts the largest population of peak-ring
basins among all the rocky planets and satellites of
the Solar System. Among the database of such
structures, we take into analysis two recently imaged
peak-ring basins, Raditladi and Rachmaninoff, both
located in the northern hemisphere and about 300 km
in diameter.

In this work, we present the numerical simulations
carried out through the iSALE shock code, along
with the comparison with observations, in order to
shed light on the primary impactor source of these
basins.

1. Introduction

Raditladi and Rachmaninoff are two Hermean basins
observed for the first time by the MESSENGER
(MErcury Surface, Space ENvironment,
GEochemistry, and Ranging) spacecraft of the NASA
Discovery Program.

The two basins appeared very interesting beacuse
they appeared remarkably young, notwithstanding
the quite large dimensions ([5]). Their presumed
young age together with its large sizes poses
challenging questions on the impactor population
responsible for their formation, since very few
asteroids are presently known to have sizes large
enough to originate such basins.

1.1 Rachmaninoff

Rachmaninoff is a 290 km-diameter peak-ring basin,
located at 27.6° N, 57.6° E. It shows a rim crest crisp
and well preserved, while most of the basin walls are
modified into terraces. Its interior is characterized by
a 136-km-—diameter peak-ring structure, extended
smooth plains filling its floor, and several
discontinuous and concentric graben, possibly due to
the uplift and extension of the basin floor ([9]).

1.2 Raditladi

Raditladi is a 257 km-diameter peak-ring basin,
located at 27.0° N, 119.0° E west of the Caloris basin.
Raditladi contains an interior peak—ring structure that
is slightly offset and ~125 km in diameter, and its
floor is partially filled with smooth, bright plains
material that embays the rim and the central peak
ring, inside which troughs are arranged in a partially
concentric pattern ([3]). The basin walls appear to be
degraded, with terraces more pronounced within the
north and west sides of the rim ([8]). The hummocky
continuous ejecta blanket with no visible system of
rays surrounds the basin and extends up to 225 km
from the basin rim.

2. Numerical Modelling

Numerical modelling was performed through iSALE
shock physics code (e.g., [1], [2], [11]), that is well
tested against laboratory experiments at low and high
strain-rates ([11]) and other hydrocodes ([6]).

For both the basins, we considered a similar setup.
We hypothesize a rock projectile, strikes the surface
at 30 km/s (typical velocity on Mercury’s orbit
accounting for the 45° impact angle) ([4]). The target
is made up by a 40-km basaltic layer, overlying a
dunite 70-km thick mantle. The thermodynamic
behavior of each material is described by tables
generated using the Analytic equation of state
(ANEOS). In addition, a constitutive model is
necessary to account for changes in material shear
strength resulting from changes in pressure,
temperature and both shear and tensile damage ([2]).
However, in the case of large impact crater formation,
this must be supplemented by a transient target
weakening model, called acoustic fluidization model,
that facilitates the gravitational collapse responsible
for the development of central peaks and terraced
walls ([10]). This one is implemented in iISALE using
the “block-model”, which is mainly controlled by the
viscosity and the decay time.



We had 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 ([7]).

4. Summary and Conclusions

In this work, we have investigated via numerical
modelling the impact process of two interesting peak-
ring basins on Mercury, Rachmaninoff and Raditladi,
which were found to originate long after the Late
Heavy Bombardment, at a time when the primary
source of impactors was a NEO-like population.

The projectiles responsible for Rachmaninoff and
Raditladi formation resulted to be in the range of 13-
15 km, in quite well agreement with [5], who gave
instead their esteem on projectiles dimensions on the
basis of scaling laws considerations.

My best—fit model reproduces both the rim and peak-
ring diameters derived from DTM profiles, whereas
the depth of the final crater is overestimated,
suggesting to take into account other acting
mechanisms, like dilatancy or melt production.

Acknowledgements

We gratefully acknowledge the developers of iSALE,
including Gareth Collins, Kai Wunnemann, Boris
Ivanov, Jay H. Melosh, and Dirk Elbeshausen (see
www.iSALE-code.de).

References

[1] Amsden, A.A., Ruppel, H.M., and Hirt, CW.: SALE: A
simplified ALE Computer Program for Fluid Flows at all
speeds. Los Alamos National Laboratories, Report LA-
8095, 1980.

[2] Collins, G.S., G.S., Melosh, H.J., and Ivanov, B.A.:
Modeling damage and deformation in impact simulations,
Meteoritics and Planetary Science, Vol. 39, pp. 217-231,
2004.

[3] Head, J.W., Murchie, S.L., Prockter, L.M., Solomon,
S.C., Strom, R.G., Chapman, C.R., Watters, T.R., Blewett,
D.T., Gillis-Davis, J.J., Fassett, C.1., Dickson, J.L., Hurwitz,
D.M., and Ostrach, L.R.: Evidence for intrusive activity on
Mercury from the first MESSENGER flyby, Earth Planet.
Sci. Lett., Vol. 285, pp. 251-262, 2009.

[4] Marchi, S., Morbidelli, A., and Cremonese, G.: Flux of
meteoroid impacts on Mercury, Astron. Astrophys., Vol.
431, pp. 1123, 2005.

[5] Marchi, S., Massironi, M., Cremonese, G., Martellato,
E., Giacomini, L., and Prockter, L.: The effects of the

target material properties and layering on the crater
chronology: the case of Raditladi and Rachmaninoff basins
on Mercury. Planet. Space Sci., Vol. 59, pp. 1968-1980,
2011.

[6] Pierazzo, E., Artemieva, N.A., Asphaug, E., Baldwin,
E.C., Cazamias, J., Coker, R., Collins, G.S., Crawford,
D.A., Davison, T., Elbeshausen, D., Holsapple, K.A.,
Housen., K.R., Korycansky, D.G., and Winnemann, K.:
Validation of numerical codes for impact and explosion
cratering: Impacts on strengthless and metal targets,
Meteoritics and Planetary Science, Vol. 43, pp. 1917-1938,
2008.

[7] Preusker, F., Oberst, J., Phillips, J., Watters, T.R.,
Head, J.W., Zuber, M.T., Turner, F.S., and Solomon, S.C.:
Digital Terrain Models of Mercury from MESSENGER
Stereo Images, LPSC 41% 1-5 March 2010, The
Woodlands, Texas, USA, 2010.

[8] Prockter, L.M., Watters, T.R., Chapman, C.R., Denevi,
B.W., Head, JW., Solomon, S.C., Murchie, S.L.,
Barnouin-Jha, O.S., Robinson, M.S., Blewett, D.T., and
Gillis-Davis, J.: The Curious Case of Raditladi Basin.
LPSC 40" 23-27 March 2009, The Woodlands, Texas,
USA, 2009.

[9] Prockter, L.M., Ernst, C.M., Denevi, B.W., Chapman,
C.R., Head, J.W., Fassett, C.l., Merline, W.J., Solomon,
S.C., Watters, T.R., Strom, R.G., Cremonese, G., Marchi,
S., and Massironi, M.: Evidence for young volcanism on
Mercury from the third MESSENGER flyby, Science, Vol.
329, pp. 668-671, 2010.

[10] Winnemann, K., and Ivanov, B.A.: Numerical
modelling of the impact crater depth-diameter dependence
in an acoustically fluidized target, PSS, Vol. 51, pp. 831-
845, 2003.

[11] Wiinnemann, K., Collins, G.S., and Melosh, H.J.: A
strain-based porosity model for use in hydrocode
simulations of impacts and implications for transient crater
growth in porous targets, Icarus, Vol. 180, pp. 514-527,
2006.



