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Introduction:  
Flat-floored craters were first observed by Mariner 

4 in 1965 but the processes responsible for the origin 
of these common features have remained an enigma.  
Various processes to fill martian craters have been 
proposed, including aeolian sedimentation [e.g. 1, 2, 
3], lacustrine sedimentation [e.g. 4, 5] and impact 
processes such as impact melt ponding [e.g. 6, 7, 8]. 
However, these explanations appear inconsistent with 
other observations that show unfilled nearby craters of 
a similar size, and surrounding terrains that are 
typically unmantled. In addition, there is no clear 
evidence for the conditions necessary to form 
widespread aeolian or fluvial deposition. 

Here, we investigate the physical and 
compositional properties of the crater-filling materials 
and propose that a different process – impact 
excavation induced decompression melting of the 
martian mantle – is responsible for the intra-crater 
materials as well as extensive volcanic materials of the 
inter-crater plains. Impact cratering is an indirect, but 
essential element for the production of a significant 
amount of volcanism early in martian history.  
Background/Methods:  

High-thermal inertia surfaces (defined here as 
>1200 J K-1 m-2 s-1/2), interpreted as exposed bedrock, 
have been characterized and mapped globally on Mars 
between 75˚S and 75˚N [9] using Thermal Emission 
Imaging System (THEMIS) nighttime infrared data.  
Three distinct morphologies associated with bedrock 
surfaces, including: 1) valley and crater walls on steep 

slopes, 2) flat crater floor surfaces with adjacent lower 
thermal inertia crater walls, and 3) plains surfaces not 
related to any major topographic feature that typically 
have wind scouring morphologies, such as rough and 
pitted textures [9].  

The focus of this work is the flat crater floor 
morphologic type.  We have identified approximately 
3300 flat-floored, high-thermal inertia craters using the 
THEMIS global mosaics [10] (Figure 1) and address 
several fundamental questions regarding their origin: 
1) What is the geologic origin of the high-thermal 
inertia crater floor material (e.g., sedimentary, 
volcanic, impact melt)? 2) What geologic process or 
processes are responsible for the emplacement of these 
materials? and 3) What does the spatial and temporal 

 
Figure 1. Global distribution of high thermal inertia, flat-floored craters. Red=[9]; Yellow=this work. 
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Figure 2. A density plot of TES mafic index [12] vs. 
THEMIS thermal inertia [9] for all surfaces on Mars (purple-
red tones) and the crater floors (orange). 
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distribution of infilled craters indicate about the 
planetary evolution of Mars?  

In order to thoroughly characterize the geologic 
setting and formation mechanisms of these craters, we 
used a variety of compositional (Thermal Emission 
Spectrometer, TES; THEMIS; Compact 
Reconnaissance Imaging Spectrometer for Mars; 
CRISM), thermophysical  (THEMIS), and 
morphologic datasets (High Resolution Imaging 
Science Experiment, HiRISE; Context Imager, CTX). 
In addition, we dated 113 crater floors using crater size 
frequency modeling.   
Results: 

We have identified several unique properties of 
these crater floors using the previously mentioned 
datasets including: 1) elevated thermal inertia (>500 J 
m-2 K-1 s-1/2) and blocks visible on the crater floor as 
compared to the surrounding terrain, 2) enrichment in 
mafic minerals associated with the rocky material 
(Figure 2), 3) the typical crater morphology lacks a 
central peak and has a relatively flat-floor with a 
fractured fine-scale morphology (Figure 3), and 4) the 
ancient formation ages for the crater floor materials 
(~3.2-4.0 Ga). 
Discussion: 

 Although several processes may infill craters on 
Mars (e.g. deposition of sediments, impact melt 
ponding, etc.), based on the observed properties of flat-
floored, high thermal inertia craters, we find that only 
volcanic infilling can produce features with the 
observed distribution, ages, morphological, 
thermophysical, and compositional characteristics. 

An external source of the magma for this 
hypothesis poses some difficulties as there is no 
evidence for rim-topping lava flows that ponded in the 
crater floor, or regional magma bodies that erupted 
lavas into crater floors.   

However, the impact itself can generate conditions 
in the mantle that allow for the eruption of lavas 

directly into the crater. The magma in this process is 
directly sourced from the decompression melting of the 
martian mantle due to the removal of several 
kilometers of overlying crustal material by the impact 
event (Figure 4).  As the ancient martian 
lithosphere/crust was likely thin [e.g. 11] and the 
geothermal gradient was significantly higher than 
present day, the impact induced decompression 
melting of the mantle is likely to have occurred, unlike 
present day conditions with a thicker crust and lower 
geothermal gradient.  Melt could be generated in 
sufficient quantities to allow for mobilization and 
migration to the surface. 

This is borne out by the ancient ages (~3-4Ga) of 
the crater floors that indicate their formation early in 
martian history prior to the crustal thickening of the 
southern highlands and corresponding reduction of the 
geothermal gradient. This process accounts for the 
unique morphology, age, and distribution of flat- 
floored martian craters. Decompression melting of the 
mantle via impact excavation is a widespread planetary 
process that has gone previously undocumented. 
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Figure 3. THEMIS global mosaic comparing a fresh 
unfilled crater with a highly degraded infilled crater. 
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Figure 4. Pressure/Temperature diagram after [13] with 
estimates of early (red) and present day (blue) martian 
crustal conditions, and a sample impact decompression 
melting melting (green arrow 1) and crystallization path 
(green arrow 2). 
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