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Introduction: The ~1550 km diameter Caloris ba-
sin is Mercury’s largest, oldest, and best-preserved im-
pact basin [1-3]. Ever since Mariner 10’s first glimpse 
of the massive impact structure, it has been suggested 
that Caloris is a multiring basin [e.g., 4, 5], though 
whether these rings exist remains an open question [2]. 
The subsequent MESSENGER mission resulted in the 
adjustment or refutation of the initial proposed ring lo-
cations, in addition to the identification of several new 
potential ring locations. In total, post-MESSENGER 
analyses [1, 6-8] account for a reported seven potential 
basin-interior rings with radii 315, 350, 450, 500, 540, 
640, and 690 km, and two exterior to the basin rim with 
radii of 850 and 1010 km, all of which are likely buried 
beneath post-Caloris volcanic flows of variable thick-
ness [e.g., 2, 6]. 

Based upon the success of previous models to sim-
ultaneously match the observed crustal thickness distri-
bution and ring locations of lunar multiring basins [9, 
10], we explore the possibility of ring formation during 
the formation of Caloris. Here we present the prelimi-
nary results from a suite of numerical impact simula-
tions, constrained by the observed basin diameter and 
crustal thickness data from MESSENGER [11], that 
highlight regions of localized plastic strain. As with the 
lunar studies, our models utilize calculated regions of 
localized shear to identify possible basin rings [9, 10]. 
If rings were found to form in the models, their pre-
dicted locations were compared against the radii from 
the aforementioned observational studies.  

Methods: The iSALE-2D shock physics code [12-
14] was used to simulate the formation of Caloris basin 
on a Mercury-like target. We considered impactors with 
diameters (Dimp) of 100, 120, and 140 km traveling at 42 
km/s [15], and lithospheric thermal gradients (dT/dz) of 
10, 20, and 30 K/km that became adiabatic upon reach-
ing 1400 K. All models assumed an axisymmetric 
spherical geometry with a central gravity field. Follow-
ing [11], we assume Mercury’s silicate layers consist of 
a 35 km thick basaltic crust and 365 km thick dunite 
mantle [11]. A spatial resolution of 1 km was used 
within a high-resolution zone that encompassed the final 
basin’s radius. Strength and rheological models used by 
[9, 10] were also implemented. Candidate ring locations 
were identified by locating regions of plastic strain ac-
cumulation (ep). 

Preliminary Results: Our best-fitting models, those 
that match the observed crustal thickness distribution, 

assumed impactor diameters of 100 or 120 km, and a 
thermal gradient of 30 K/km (Fig. 1). One of our best-
fit simulations (Dimp = 100 km) shows some correlation 
with the proposed ring 850 km from the basin center [7], 
but it is not the sole basin-exterior normal fault pre-
dicted by the model; at least two other possible faults 
reside at 825 and 915 km (see Fig. 2c). While zones of 
localized deformation occur near the proposed ring lo-
cations, it is not readily apparent that they are indeed 
ring faults as extensional failure alone cannot explain 
the observed deformation.  

Formation mechanisms. The first localized shear 
zones to breach the surface occur between 600-800 km 
from the basin center as the central uplift drags material 
inward from distances far greater than the now extant 
transient crater’s rim (R » 350) causing extensional fail-
ure throughout the entirety of the crust (Fig. 2a). This 
inward flow is owed to the warmer and weaker underly-
ing mantle material which exerts a basal drag force on 
the base of the crust [16]. Outward flowing inner crust 
(< 500 km from center of basin) is overthrust by inward 
flowing outer crust (> 500 km from center of basin) 
causing the crust to fold and thicken under the resultant 
compressive stresses (Fig. 2a). 

Continued collapse of the central uplift further mod-
ifies the extensional zone seen in Figure 2a as another 
compressive episode compacts and uplifts material be-
tween 500-700 km (Fig. 2b). This serves to thicken the 
previously extended crust. Extensional failure, how-
ever, dominates outside of 700 km from the impact site 
which localizes plastic strain at 825, 865, and 915 km 
(Fig. 2b). Three discrete crustal blocks form within the 
innermost 500 km of the basin. Each crustal block is 
~100 km wide and forms as a result of repeated thrusting 

 
Figure 1. Crustal thickness profiles from our current best-fit 
models assuming dT/dz = 30 K/km compared to the azimuth-
ally averaged observed [9] crustal thickness distribution. Er-
ror bars denote one standard deviation from the mean. 
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and extension (Fig. 2b). As dynamic motion (i.e., topo-
graphic undulations > 10 km) ceases, a final period of 
extension occurs within the lithosphere. Localized 
shearing takes place along the boundaries separating the 
crustal blocks (Fig. 2c) evidenced by the local maxima 
of ep.  

Discussion: Our model shown in Figure 2c predicts 
regions of localized plastic strain at basin-radial dis-
tances of 340, 465, 555, 660, 755 km within the present-
day basin rim and 825, 865, and 915 km outside the ba-
sin rim. While the localized deformation zones inside of 
~750 km are not basin rings in the classical sense [e.g., 
16], they do appear to correspond to local minima of 
crustal thickness (Fig. 1) which roughly coincide with 
presumed ring locations. The large crustal blocks pro-
duced by our simulations have also been observed in 
other models of basin forming impacts where similar 
crustal “boudinage” was reported [17]; thus, they are not 
unique to Mercurian-like targets.  

The calculated basin’s rim resides at ~865 km (Fig. 
2c), 90 km larger than the reported value [1], despite its 

ability to match the observed crustal thickness. We also 
note that the other best-fit model (Dimp = 120 km) pro-
vides a better match to the observed crustal thickness 
distribution, especially within 450-750 km of the ba-
sin’s center (Fig. 1). The location of its rim, however, (> 
1000 km) also yields a basin far larger than Caloris’ sug-
gested dimensions [1]. Nonetheless, it is still intriguing 
that our model produces localized strains at the approx-
imate locations of purported rings by simply matching 
the observed crustal thickness distribution. 

According to [6, 8], a buried basin ring with a radius 
of 450 km may exert some control on the transition from 
basin-radial to -circumferential faulting within Caloris’ 
interior volcanic plains; thus, the underlying surface 
morphology of the originally empty basin may play a 
role in the evolution of the stress-state within the super-
posed volcanic fill in a similar manner to smaller vol-
canically buried craters in Mercury’s northern volcanic 
plains [18]. 

Future Work: In the near term, we intend to 
broaden our parameter space by including additional 
impactor diameters and velocities, pre-impact crustal 
thicknesses, and thermal profiles; the latter have shown 
to exert a strong control on the location and relative 
spacing between ring faults [10]. Given the several kil-
ometers of volcanic fill within Caloris, we also plan on 
implementing these results within a finite element 
solver to further investigate the hypothesis that buried 
basin rings exert a control on the location of observed 
faulting at the volcanic surface [6, 8]. 
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Figure 2. Time series of basin formation for best fit model 
with Dimp = 100 km. Materials are colored according to their 
total plastic strain accumulation and separated by thin black 
curves. Inner 200 km of the basin have been omitted for clar-
ity.  
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