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Introduction: In a globally comprehensive composi-
tional, thermophysical and morphological survey, Ed-
wards et al. [1] identified ~2800 flat-floored craters 
with high thermal inertia, olivine- and pyroxene-
bearing materials, interpreted to be crystalline igneous 
rocks are likely exposed in the floor directly adjacent 
to the lower thermal inertia crater walls (Fig. 1). Ed-
wards et al. [1] characterized the geologic setting of 
these crater floors using a variety of compositional 
(Thermal Emission Spectrometer, TES; Thermal Emis-
sion Imaging System, THEMIS; Compact Reconnais-
sance Imaging Spectrometer for Mars; CRISM), ther-
mophysical  (THEMIS), and morphological datasets 
(High Resolution Imaging Science Experiment, 
HiRISE; Context Imager, CTX) along with crater size 
frequency model ages from over 110 crater floors (re-
sulting in formation ages of ~3.5-4Ga). Various pro-
cesses to fill Martian craters have been previously pro-
posed – including aeolian sedimentation [e.g. 2, 3, 4], 
lacustrine sedimentation [e.g. 5, 6] and impact pro-
cesses such as impact melt ponding [e.g. 7, 8, 9] – but 
none of these explanations compellingly explains all 
the evidence concerning infilled craters [9].  

The geologic characteristics of these crater floor 
deposits (rocky, enriched in olivine/pyroxene, lobate 
margins and wrinkle ridges) recently resulted in an 
interpretation that the infilling material was likely vol-
canic in origin [1]. However, the source for the infil-
ling material is enigmatic, as no vents are observed and 
these deposits do not occur in association with any 
specific volcanic or geographic provinces. Edwards et 
al. [1] proposed that a different process – impact exca-
vation-induced decompression melting of a primitive 

mantle source – is responsible for the intra-crater mate-
rials.  

In this work, we present the quantitative modeling 
of this process through coupling of the pMELTS [10, 
11] thermodynamic model for silicate magmas (Figs. 
2, 3) to a shock physics CTH impact model with realis-
tic rock rheology [12, 13] (Fig 4). A petrologic treat-
ment following [14], coupling a shape model for a 
crater with the same pMELTS model has also been 
undertaken.  In this case in situ decompression melting 
that occurs immediately following excavation is cap-
tured. 

Model Inputs: The initial conditions for each model 
are established from the literature for early and modern 
Mars mantle potential temperatures [15], paleo- to 
modern-surface heat flux estimates [15-19] and an 
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Fig. 1: Example ancient high thermal inertia, flat crater 
floor (a) adjacent to a fresh-crater unfilled crater (b) [1] 

Fig. 2: Initial (pre-impact) thermal profile for early Mars 
conditions, with a surface heat flux of 60 mW/m2, a mantle 
potential temperature of 1350˚C, a paleo-crustal heat pro-
duction value of 5.0x10-11 W/kg and the crustal/mantle 
compositions and thermophysical properties from the text. 

Fig. 3: Melt fraction lookup table for Dreibus and Wanke 
Mantle composition generated using pMELTS [10, 11] 
. 
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estimate of radiogenic crustal heat production (1x10-10 
to 1.0x10-12 W/kg encompassing ancient and modern 
Mars). These parameters were used in combination 
with the density and thermal conductivity of basalt 
(2.89 W m-1 K-1, 2950 kg/m3) and peridotite (3.5 W m-1 

K-1, 3500 kg/m3) to calculate a variety of geotherms for 
Mars with a stagnant conductive lid with radiogenic 
heat production for the crustal component (Fig. 2, Ta-
ble 1). The mantle temperature profile was calculated 
using pMELTS with a Dreibus and Wanke [20] mantle 
composition. Lithospheric thickness is determined by 
the intercept of the lithosphere and mantle geotherms 
and over this range of conditions resulted in thickness-
es from ~40-50 km (consistent with reported literature  
values [15-19]). 

Early Results and Expected Significance: The exact 
conditions under which impact-induced decompression 
melting occurs, if at all [21], are not well-constrained. 
Some models [14], including our own petrologic 
treatment, have found that instantaneous decompres-
sion melting is possible for large impacts in litho-
spheres of various thicknesses and mantle potential 
temperatures and for progressively smaller impacts in 
thinner lithospheres. However, due to the lack of crus-
tal flexure and strength in this type of model, it likely 
overestimates the fraction of melt generated, especially 
when examining craters significantly smaller than the 

lithospheric flexure wavelength. 
Early results from coupling the CTH simulations 

and pMELTS petrology models with initial conditions 
shown in Fig 2 (~80km lithosphere, 1350˚C mantle 
potential temperature), result in ~5-7% excess melt 
generated at the lithosphere-asthenosphere boundary 
for large craters (e.g. 180 km). These impact events 
also create zones of high shear strain or interpreted 
fracture systems that propagate through the entire brit-
tle lithosphere (Fig. 4).  

Given the uncertainty in early (ca. 4 Ga) planetary 
conditions, a wide range of parameters (Table 1) must 
be examined to fully constrain if and when impact in-
duced decompression melting will occur. In general 
the thinner lithosphere and higher mantle potential 
temperature conditions present on early planetary bod-
ies should produce more melt at a given crater size 
than the model conditions presented here. These “hot” 
conditions should allow for the translation of this pro-
cess to smaller crater sizes, which may be more con-
sistent with observations of crater floors on Mars [1]. 

 With strong evidence in the Martian geologic rec-
ord for craters infilled with olivine/pyroxene-rich vol-
canic material early in its history but not later [1], pre-
vious work has identified an important geologic pro-
cess that has gone largely unexplored. While impact-
induced decompression melting may not be solely re-
sponsible for the infilling of all the craters in [1], ex-
amining this process through modern numerical mod-
eling techniques provides the potential to constrain 
early planetary evolutionary models and an early plan-
etary processes that has may not have occurred in the 
past ~3.5 Ga. 
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Table 1: Parameter ranges under consideration 
Crater   

Diameter 
(km) 

Surface Heat Flux  
(mW/m2) 

Mantle Potential 
Temperature    

(˚C) 
20 20 1250 
50 40 1350 

100 60 1450 
200 80 1550 

Fig. 3: CTH shock-physics simulations for 4 projectiles 
sizes where the colors represent total effective plastic shear 
strain and indicate locations where faults and fractures are 
likely to form in the brittle lithosphere [12, 13]. 
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