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Introduction:  We present the first results of numeri-
cal modeling performed with the iSALE code on an 
impact structure formed in basaltic rocks: the Vista 
Alegre (VA) structure, Brazil. Vista Alegre was 
formed in volcanic rocks of the Serra Geral Formation 
that overlie sedimentary rocks (sandstones) of the Pi-
rambóia/Botucatu formations. The best-fit model was 
obtained with an iron projectile of 800 m diameter by 
using 2 layers: a basaltic one with 900 m thickness 
covered by a quartzite layer. Differently from impact 
craters of similar size formed in sedimentary rocks, 
VA does not feature a prominent topographic central 
peak, which is likely related to the physical properties 
of basalt. As VA has suffered relatively little erosion, 
as suggested by the presence of lithic impact breccia 
interpreted as fallback material, it should currently 
show interior relief - if there ever was a prominent 
central uplift. The outcomes of the numerical modeling 
are roughly in agreement with gravity data available 
for the structure, in particular with respect to the  pres-
ence of the uplifted sedimentary strata of the central 
parts, which results in a low gravity signature around 
the center. 

Methodology: We have carried out numerical simula-
tions of the formation of the Vista Alegre crater  struc-
ture using the iSALE shock physics hydrocode [1, 2], 
which is based on the Simplified Arbitrary Lagrangian-
Eulerian code [3]. Geological constraints proposed by 
[4,5] were used to calibrate the model with information 
such as topography, diameter, outcropping strata and 
thickness of layers. The model was calculated by using 
a projectile with iron composition and two geological 
layers, according to the local stratigraphy. The first 
layer was defined as a 900 m thick basalt layer, where-
as the second comprises sandstone with a porosity 
model based on [2,6].  The thermodynamic behavior of 
the target rocks was modeled by the analytic equation 
of state ANEOS [7] for basalt [8] and quartzite [9] and 
a porosity compaction model [2,6]. Temporary weak-
ening of target rocks during crater formation was in-
troduced by using the acoustic fluidization model [10-
12]. The rheology of acoustically fluidized rock is de-
fined by the viscosity η and the decay time Tdec that 
describe how long the viscous state of the material 
lasts until seismic shaking has attenuated. Acoustic 
fluidization can only act when material has experi-

enced brittle fracturing and has reached its maximum 
degree of damage. 

Results and Discussion: The best-fit model for VA 
suggests an iron projectile of 800 m impacting the sur-
face vertically at a velocity of 12 km/s. The transient 
crater was attained at 18 seconds after impact, with a 
maximum (DT) of  ~5 km and ~3 km depth (HT) (Fig. 
1a). After 50 seconds after impact, the sedimentary 
strata underneath the basaltic layer start to rise, form-
ing the central uplift (Fig. 1b) that reaches its maxi-
mum topographic peak and subsequently collapses at 
~80 seconds. The crater attains gravitational stability 
after 115 seconds (Fig. 1c). The final crater is ~10 km 
wide.  At the center a ~700 meters in diameter region 
of uplifted sedimentary rocks are exposed inside the 
crater , which is in agreement with observations. The 
panels on the left-hand side of the snapshot series 
shown in Figs. 1a–c depict the the degree of defor-
mation in terms of the accumulated total plastic strain. 
The extend and degree of damage is in agreement with 
the assumption based on field observations that rocks 
in this area have undergone intensive deformation [4]. 
The panels on the right-hand side of the snapshot series 
shown in Figs. 1a–c  depict the temperature distribu-
tion of rocks ranging from 600 to 1400 K at ~2.5 km 
from the center and ~4 km depth, decaying to 400 K 
over 2.5 km from the center. Figure 2 shows the last 
model snapshot of crater formation after 115 seconds 
when the crater has attained gravitational stability. It 
shows the distribution of peak shock pressures repre-
senting the highest shock pressures that materials expe-
rienced during crater formation. According to our 
model rocks have been shocked to 20 GPa at the center 
of the crater. This is in agreement with the Planar De-
formation Feature (PDF) evidence found in quartz 
grains of polymict breccia [4]. The peak pressure esti-
mated from the presence of single PDF sets is ~8.8 
GPa [13]. VA does not present a typically elevated 
central uplift. Considering the relatively reduced level 
of erosion estimated for this structure [4], the occur-
rence of such elevation would be expected. The model 
shows that the sedimentary rocks (Botucatu/Pirambóia 
sandstones) underneath the basaltic layer were raised 
by ~700 m, which is consistent with the estimation 
derived by [14] from a 3D gravity model, as well as 
theoretical estimation [15]. Such uplift and later ero-
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sion (as mentioned above) resulted in the exposure of 
sedimentary rocks at the center.  Furthermore, the VA 
structure shows a central negative gravity anomaly 
[14], which is presumably the combined result of  of 
two processes: (i) fractured/brecciated basalts; (ii) the 
presence of the uplifted sedimentary layer. 

Figure 1- Results from numerical modeling. Left - degree of defor-
mation. On the right, the deformation of the strata (straight lines) is 
shown, increasing from the rim toward the central uplift. Right side 
scale shows peak temperature (in K). DT = maximum diameter of 
transient crater, HT = maximum depth of transient crater.  

 

Figure 2- Right half of the best-fit model for the Vista Alegre impact 
crater showing the distribution of pressure in GPa after crater stabili-
zation.   

Conclusions: Our numerical models suggest that the  
~10 km final crater diameter for Vista Alegre was 
formed by the impact of a 800 m diameter iron projec-

tile at 12 km/s. This implies erosion of ~ 320 m after 
crater formation until present day. This erosion would 
also explain the exposure of the quartzose rocks near 
the center of the structure, representing the uppermost 
sandstone strata belonging to the Botucatu/Pirambóia 
formations. The impactor parameters correspond to a  
kinetic energy of ~5.1x1019 J. A stony impactor with a 
diameter of 1250 m diameters, which corresponds to 
the same kinetic energy forms a similar crater, but 
lower peak shock pressures and temperature in the 
central part. The rheological behavior of basalts at 
Vista Alegre is different from sedimentary rocks, 
which may explain why VA does not show a promi-
nent central peak as usually observed at similar-sized 
structures formed in pure sedimentary targets such as 
Serra da Cangalha [16] and Sierra Madera [17]. How-
ever, the absence of a prominent central peak in Vista 
Alegre is not fully understood and further models for 
basaltic structures must be calculated for better com-
prehension. 
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