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Introduction: At 1550 km in diameter, Mercury’s 

~4 billion-year-old Caloris basin is its largest and best-
preserved impact basin [1-3]. The basin’s size and crus-
tal thickness variations are a product of the impactor en-
ergy and primordial characteristics of Mercury, such as 
its thermal gradient and pre-impact crustal thickness 
[e.g., 4,5]. Previous work on the Caloris impact sug-
gested that crust is completely excavated and ejected 
during impact, leaving a melt pool exposed at the sur-
face [4,5]. This process would require the currently in-
ferred crust to have formed due to differentiation of the 
melt pool. In contrast, impact simulations on the for-
mation of lunar and Martian basins suggest that crust at 
the center of large impact basins can flow back to the 
center during transient crater collapse [6-8]. Thus, we 
seek to determine whether this process can operate on 
large basins on Mercury.  

Two previous numerical studies have been con-
ducted to characterize the Caloris impact event. The first 
study produced a basin that was too large relative to the 
present basin diameter leaving ~1600 km of impact 
melted mantle material at its center [6]. The second sug-
gested that a 100 km diameter projectile impacting at 42 
km/s produced a basin of similar size to Caloris, and im-
plied that 15-50 km of crustal formation within the basin 
resulted exclusively from a differentiating melt pool [7]. 
While both studies have attempted to explain impactor 
and planetary characteristics necessary to explain the di-
ameter of Caloris basin [6, 7], they did not show that the 
currently inferred variation of crustal thickness with dis-
tance from the basin center could form through the in-
ward flow of weakened crust during transient crater col-
lapse.  

Here, we reevaluate the parameters that controlled 
the formation of Caloris basin in light of revised crustal 
thickness constraints that allude to a thinner and denser 
Mercurian crust (Figure 1b) [9-12], and explore their ef-
fect on the origin of crust at the center of the basin. 

Modeling Approach: The shock physics hydrocode 
iSALE-2D was used to simulate the basin forming pro-
cess [13-15]. All models accounted for planetary curva-
ture, the gravity field, and contained a spatial resolution 
of 2.5 km within a high-resolution zone which spanned 
1500 km in the horizontal and 900 km in the vertical 
directions. Cells outside this region gradually increased 
in size until they reached a maximum value of 10 km. 
ANEOS equations of state for basalt, dunite, and iron 
were used to simulate the thermodynamic properties of 
Mercury’s crust, mantle, and core, respectively [16]. 

Consistent with previous studies, we invoked a rock-
like strength model for crustal and mantle material [14], 
a strength model for core material that better represents 

the ductile nature of metals [17], and a thermal weaken-
ing rheology [18]. Several improvements to previous 
simulations were made by incorporating dilatancy for 
crustal and mantle material [19], a visco-elastic-plastic 
rheology for mantle material [20], and a damage rheol-
ogy that depends exponentially on plastic strain [7,14]. 

Our parameter space consisted of varying the geo-
thermal gradient (5-20 K/km), pre-impact crustal thick-
ness (20-50 km), impactor diameter (80-140 km), im-
pact velocity (30-60 km/s), and melt viscosity (0-1010 

 
Figure 1. Comparison between observed and iSALE de-
rived (a) elevation and (b) crustal thickness. Both models 
used a pre-impact crustal thickness of 35 km, a melt viscos-
ity of 109 Pa s, and were formed by a 120 km diameter pro-
jectile impacting at 35 km/s. Colored lines denote models 
with geothermal gradients of 10 and 20 K/km. The solid 
black line signifies the azimuthally averaged crustal thick-
ness and topography within and surrounding Caloris with er-
ror bars at one standard deviation from the mean. Observed 
crustal thickness (b) derived from inversions of the Bouguer 
gravity anomaly [8]. Basin rim is not discernable in (a) due 
to azimuthally averaging the data. iSALE data has been fil-
tered using a moving average with 25 km wide bins. 
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Pa s); the latter of which has been shown to exhibit a 
strong influence on the ability of crustal material to flow 
inward to the basin’s center [21,22] . 

Preliminary Results: Figure 1 shows the calculated 
topography (Figure 1a) and crustal thickness (Figure 1b) 
compared against the observed values for each. A model 
with a 120-km-diameter impactor traveling at 35 km/s, 
a 35 km thick pre-impact crust with a geotherm of 10 
K/km provide a basin slightly larger than Caloris. The 
same parameters with a 20 K/km geotherm leads to a 
flat floored basin that provides a much better fit to the 
observed topography, although it might be too shallow 
once 3-4 km of volcanic fill [23] is considered. 

Figure 2 depicts the effect of the geothermal gradi-
ent, combined with a lower melt viscosity, on inward 
flow of crustal material. Using a melt-viscosity of 109 
Pa s facilitates the inward flow of crustal material for 
models using thermal gradients of 20 K/km (Figure 2). 
The cooler thermal gradient (10 K/km) results in melt 
pool exposed at the surface, from which crust would 
have to form due to differentiation regardless of using a 
melt viscosity an order of magnitude less than [7]. 

The implementation of a warmer thermal gradient 
(20 K/km) enables crustal material to flow back to the 
basin center and reduces the crustal thickness toward the 
basin rim, putting it more in line with observations (Fig-
ure 1b). This might suggest an even higher thermal gra-
dient would lead to a better match to the observed crus-
tal thickness variations. While we have not found a 
model that fits both the observed basin diameter and the 
inferred crustal thickness, we have shown that, as with 
large basins on the Moon and Mars, the crust at the cen-
ter of Caloris may have formed due to differentiation, 
transient crater collapse, or a combination of both. 

Future studies: Future models must consider a 
broader range of parameters to match both basin size 
and crustal thickness constraints. This will include a 
smaller diameter impactor, which will reduce basin size,  
and higher geotherms, which should increase the flow 
of crust toward the basin center. We will also consider 
alternate strength models that might enable shocked 
crust to more easily flow. Additionally, we will use new 
capabilities to simulate the development of normal 
faults via plastic deformation [21] to study the origin of 
apparent rings that suggest Caloris is a multi-ring basin 
[2]. And we will explore the potential that the Caloris 
impact disturbed antipodal terrains [24], and the impli-
cation this has on best-fitting model parameters. 
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Figure 2. Time series of basin formation for Caloris. Both 
models used a pre-impact crustal thickness of 35 km, a melt 
viscosity of 109 Pa s, and were formed by a 120 km diameter 
projectile impacting at 35 km/s. Identical target parameters 
were utilized for both models with the exception of geother-
mal gradient. Using a cooler geothermal gradient prohibits 
the inward flow of crustal material regardless of the melt 
viscosity. Material boundaries are signified by curved black 
lines.  
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