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Introduction:  The spatial distribution and orientation 
of dykes propagating from a shallow magma chamber 
is a key element in understanding the stress field and 
internal growth of volcanoes on terrestrial planets. The 
observed structures on Ascraeus flanks show strong 
analogies with concentric dykes (cone sheets) and frac-
tures on many terrestrial volcanoes such as Isla Fer-
nandina (Galapagos), Tejeda Complex (Canary Is-
lands) and Cuillins Complex (Isle of Skye, Scotland). 
It presents intersection or substitution of coeval in-
ward-dipping cone sheets and vertical radial dykes, 
hybrid structures showing both a radial and concentric 
behavior.  This structural setting was explained (Bi-
stacchi et al., 2012) developed a finite element model 
analysis, which for the first time include an elasto-
plastic rheology and consider the total stress field de-
riving from gravity, tectonics and magma chamber 
overpressure. Their numerical modeling shows that 
only in the case of a shallow oblate magma chamber 
cone sheets may be predicted for realistic magma 
overpressure values.   

 
Structural Interpretation: The main structures on  
Ascraeus Mons were mapped in detail using HRSC 
nadir level 3 images mosaic (12 m/pixel resolution). 
Concentric pit chains and grabens are the most wide-
spread volcanotectonic feature in particular near the 
foot of the main shield and increase their concentration 
towards the two NE-SW big aprons, especially the 
northern one. Pit craters are organized into single elon-
gated collapse pits or chains (up to 70 km of length) 
formed by small incipient pits, in some cases linked by 
normal faults or coalescent pits. Grabens are usually 
longer than pit chains, and may present collapse pits in 
their inner part.  
Radial structures have a strong resemblance with the 
concentric ones but they are in general less common 
and are generally oncentrated in the NNE and SSW 
aprons. In between a transition zone show interactions 
and intersection between radial and concentric struc-
tures suggesting their coeval activity and a frequent 
permutation between σ2 and σ3. Concentric and radial 
structures were dated using crater counting and NPF 
(Neukum Production Function) on coeval lava flows 
using a mosaic obtained by Context Camera images 
(CTX, Mars Reconnaissance Orbiter, 6 m/pixel). The 
resulting ages range from 60  to 100 Ma. 

  
 
 
FEM Modelling:  According to Bistacchi et al. (2012) 
cone sheets appear to be confined within a distance 
from the central axis of about 1-1.2 diameters of the 
magma chamber, whilst radial dikes dominate beyond 
this critical limit. From our measurements the transi-
tion zone on Ascraeus occurs at 180-200 km (fig.2) 
and thus we estimated a magma chamber radius of 
~150 km. The model geometry was built using MOLA 
(Mars Orbiter Laser Altimeter) topographic data and a 
cylindrical axial symmetry with the axis of symmetry 
centered on the summit caldera. Several magma cham-
ber depths were tested going form a state of deflation 
to a maximum overpressure of 40 MPa with steps of 5 
MPa. The most likely depths, in agreement with the 
observed structures on the volcano flanks, range from 
70 to 90 Km.  
 
 
 
 
 
 
 
 
 

Figure 1: Structural mapping of Ascraeus Mons 
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Self-similar clustering of concentric structures: 
Self-similarity in vent distribution is described by a 
power law distribution with fractal exponent D and 
defined over a range of lengths (l) comprised between 
a lower limit (lower cutoff, Lco) and an upper limit 
(upper cutoff, Uco). From a comparison with other 
independent geophysyc methods it was found (Mazza-
rini and Isola, 2010) that the upper cutoff (Uco) value 
for fractal clustering well matches the crustal thickness 
under all the geodynamic conditions (compressive, 
extensional, back-arc, transtensive, etc.). More in detail 
this computational model verified the strong linear 
relationship existing between the Uco and the magma 
source depth.  
This method was thus applied to the mapped concen-
tric features on Ascraeus Mons and more than 2300 
collapse pits and vents were analysed. Data analyses 
displayed a clustering in the structures distribution, 
showing two distinct populations (fig. 3). 
The obtained Uco values revealed the presence and the 
likely depth of both a deep big magma chamber and a 
small shallower chamber placed below the main calde-
ra.  
 
Discussion and Conclusions: The distribution, inter-
action and orientation of the youngest concentric and 
radial structures of the Ascraeus Mons seem to support 
a renewed inflation of the Ascraeus volcanic edifice 
due to an oblate magma chamber which led to the for-
mation of and dilatant and extensional structures. The 
most compatible stress field was obtained from the 
FEM modeling which consider an oblate magma 
chamber at a depth of ~70-90 km and with a radius of 
~150 km. One remarkable aspect that come from the 
modeling is that the stress field which creates the ten-
sional zone depends only on the depth of the magma 
chamber, its diameter and its oblate shape. The thick-

ness and the curvature at the tip of the chamber do not 
affect sensibly the resulting stress field. Moreover, the 
resulting magma source depths obtained with the frac-
tal clustering method are completely consistent and 
comparable with those obtained by FEM method. 
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Figure 2: Resulting stress field with a magma cham-
ber at 70 km of depth 

Figure 3: The two distinct pit craters populations ob-
tained with the fractal analysis are displayed in blue 
and yellow depending on the fractal exponent. 
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