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Introduction:  Impact craters are the dominant sur-
face features of solid bodies in the Solar System and 
the understanding of impact process has been recently 
improved through advancements in numerical model-
ling. In particular, the surface of Mercury shows a 
wide variety of impact structures corresponding to 
different modification processes that they have experi-
enced since their formation. 

In this work we present an analysis of an unusual 
feature: a steep-sided cone within an impact crater, 
surrounded by a trough. The aim of this work is to es-
tablish if this cone corresponds to the central peak of 
the crater and if this unusual morphology is due to py-
roclastic volcanism, or if this structure is caused by 
constructive volcanic processes. To achieve this goal 
we have studied this 40 km diameter crater through 
numerical modelling. 

Geological context:  High-resolution images ob-
tained by the MESSENGER spacecraft since it went 
into orbit around Mercury in 2011 reveal a cone-like 
feature at -136° E, -6° N (Fig. 1). This cone has a basal 
radius of ~6 km and steep sides (up to 23.5°). It lies at 
the centre of an extensive area of relatively bright, 
relatively red material with diffuse outer edges. Such 
deposits have been suggested to be pyroclastic in 
origin [1], so their presence at this location may sug-
gest that this cone has a volcanic genesis. If this hy-
pothesis is correct, it represents the only example of a 
steep-sided volcanic edifice recognized thus far on 
Mercury.   

 

Fig. 1 A steep-sided cone with proposed volcanic or 
pyroclastic genesis (-136.7° E, -3.5° N) a. Colour 
composite showing surrounding relatively bright and 
‘red’ deposits (MDIS images EW0262430050I, 
EW0262430054F and EW0262430070G); b. inset area 

in a. showing monochrome image of the cone (MDIS 
image EN0212282968M) (Credit: NASA/JHUAPL/ 
Carnegie Washington) 

However, the cone lacks a summit caldera or lava 
flows, which would be characteristic of volcanic con-
structs on other planets. It is located at the centre of an 
impact crater, where a central peak might be expected, 
but it is wider than a typical central peak. In addition, it 
is surrounded by a trough that extends to lower eleva-
tions than might be expected for the crater floor (up to 
2.6 km deep). We have observed that putative pyro-
clastic pits in other impact craters are often located 
circumferential to central structures. This observation 
leads us to suggest that the cone is in fact 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. If this hypothesis is 
correct, it supports the suggestion that faults and frac-
tures associated with impact craters play a controlling 
role on the location of pyroclastic vents on Mercury 
[2].  

In order to distinguish between these two hypothe-
ses, it is necessary to determine the original morpholo-
gy of the host impact crater. We therefore used numer-
ical modelling to investigate the mode of formation of 
this crater and how its expected initial structure differs 
from its present morphology, shown in the profile be-
low (Fig. 2). 

 

 
Fig. 2 Crater profile from a stereo-derived DEM (im-
ages EN0257648861M and EN0227259475M) [3] 

 
Method: We use the iSALE shock physics code 

([4], [5], [6], [7], [8]) to model the formation of the 40 
km diameter impact structure discussed above. We 
have based our simulation on a spherical basalt projec-
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tile with an impact velocity of 30 km/s [9] and an im-
pact angle of 90°. The ordinary constitutive model 
accounting for changes in material shear strength [5] 
must be supplemented by a transient target weakening 
mechanism, called acoustic fluidization model, to al-
low the development of central peaks and terraced 
walls, characteristic of the gravitational collapse of 
large impact craters [10]. This is implemented in 
iSALE using the “block-model”, which is controlled 
mainly by the viscosity and the decay time. 

We have modeled the Hermean surface as a double 
layer made up of a brecciated 4-5 km basalt layer over-
lying an intact basalt layer.  

We have used a density for the target equal to 2900 
kg/m3, ignoring the porosity of the target; while we 
have fixed a projectile porosity at 10%. The thermody-
namic behavior of both the projectile and the target 
materials is described by tables generated using the 
ANalytic Equation Of State (ANEOS) adopting differ-
ent values of the material strength for the two different 
layers forming the target, shown in the table below 
(Tab. 1).  

 
Strength model parameters 

Variable Description Brecciated 
basalt 

Intact 
basalt 

Y0 Cohesion for intact material 
(MPa) 

10 10 

Yd Cohesion for damaged  mate-
rial (MPa) 

1 0 

Ym von Mises plastic limit (GPa) 3.5 3.5 
µi Coefficient of internal fric-

tion 
1.2 1.2 

µd Coefficient of friction (dam-
aged material) 

0.6 0.6 

Tm Melt temperature (K) 1500 1500 
 
Tab. 1 Strength model parameters. 
 

Results and Discussion:  The preliminary results 
obtained from the simulations show that the projectile 
responsible for a crater of this size should be in the 
range of 1.2-1.5 km in diameter. Additional simula-
tions will be necessary to reproduce the predicted 
depth of the crater that could be from 1 km to 2 km; 
these values are obtained using the general depth-to-
diameter ratio of complex craters of 0.034 ± 0.010 
[11]. Therefore, we have to carry out a series of simu-
lations over a broad range of parameters with the goal 
of understanding and improving the knowledge of the 
morphology of this crater, in particular its cone-like 
structure. In fact, combining the results from simula-
tions with the morphological considerations of [11] we 

will be able to obtain further information about the 
pyroclastic event that affected this crater after the im-
pact process. 
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