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Introduction:  Floor-Fractured Craters (FFCs) are 

a specific impact crater type [1,2]. These craters are 
characterized by the distinct appearance of their floors, 
which exhibit fractures and knobs. They show a diverse 
set of surface features and occur in different Martian 
environments. Several processes, such as volcanism, 
tectonics, water, and ice are responsible for the devel-
opment of fractures [2].  

We established FFC distributions [2,3] and classi-
fied the reason for fracturing.We defined key parame-
ters and rules for each origin process. The FFC classi-
fication with regard to the involved fracturing process 
is based on these rules [4].    

The research about FFCs will help to gain a better 
understanding of the spatial distribution of craters on 
Mars and the involved processes in FFC formation and 
evolution. Finding these craters on Mars and identify-
ing different formation processes will improve our 
knowledge of geologic processes within the Martian 
history. 

Origin Models for FFCs:  The origin of FFCs is 
still under debate. Various origin models for the frac-
turing of the crater floors have been discussed [2].  

Tectonics. Large scale tectonic systems dissect 
FFCs and could trigger further fracturing of the crater 
floor [2]. 

Intrusive Volcanism. Craters that are located close 
to volcanic areas on Mars could have an origin due to 
intrusive volcanism. Impacts lead to a reduction of 
crustal thickness and a zone of weakness beneath the 
crater. Magma could easily rise through this zone, 
which would explain the preferentially fractured crater 
floors rather than fractured surrounding units [5]. 

Water and Ice. Several origin models include water 
and ice related processes. Rayleigh convection [6] and 
deep-water fault systems [7] develop large scale poly-
gons in water-ice saturared soils. The polygons could 
trigger the development of large scale fractures within 
the crater floor. Subsurface ice layers can also cause 
fracturing by melting of the ice and collapse of the 
overlaying deposits [8]. Groundwater migration leads 
to erosion and transport of soil particles, resulting in 
the formation of subsurface drainage and potential 
floor-fracturing [9]. 

Automated Statistical Analysis: The information 
stored in a FFC database is analyzed to distinguish 
between the processes involved in floor fracturing 
(Fig.1). The morphology within the FFCs differs mark-
edly depending on the involved geological processes. 

We developed automated and statistical analysis tools 
[3,4]. They operate on the FFC database and defined 
key parameters for each origin process. The tools ob-
tain results, which rely on defined geostatistical tech-
niques (measurements, calculations, classifications). 
Based on these tools the craters are classified regarding 
to the most potential origin process [4].  

 
Figure 1: Example FFC (CTX images & HRSC DTM). 
Spatial information (located close to volcanic region, 
boundary region), context features (channels, ejecta), and 
crater interior features (depressions, uplift), are stored in 
the FFC database. 
 

Classification of FFCs: 433 FFCs were observed 
on Mars. This crater type was not found in the northern 
lowlands, on volcanic lava sheets, or close to the poles. 
All FFCs were found within a latitude of 45°N and 
60°S. They are located along the dichotomy boundary, 
close to chaotic terrains, tectonic systems, and volcanic 
regions within the Martian highlands [2].  

For FFCs on Mars, three origin types were identi-
fied (Fig.2&3).  Each type represents different geologic 
processes, environments, and locations on Mars. 

The main process to develop floor fracturing is the 
combination of water and ice activity [2]. 43% (187) of 
the FFCs on Mars involve glacial and fluvial processes 
in the fracturing. The FFCs are located mainly along 
the dichotomy boundary of Mars and the outflow chan-
nels. Surprisingly, several craters were found within the 
Martian highlands. Erosion due to fluvial and glacial 
activity modifies craters and also erases surface fea-
tures indicating different geologic processes. Within 
the Martian highlands, it is unknown if the fluvial and 
glacial processes lead to the fracturing event itself, or 
modified the crater morphology after it was already 
fractured through other processes.  

20% (86) of the FFCs are fractured by tectonic ac-
tivity. Large tectonic systems damage the crater rim 
and intersect the crater. This initiates the fracturing 
process and caused further fracturing throughout the 
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crater floor. This fracturing type was found at large 
scale scarbs in the Martian highlands, along the chaotic 
terrains and outflow channels, and at the dichotomy 
boundary.  

The origin type of intrusive volcanism includes 
15% (64) of the FFCs. These FFCs were found in vi-
cinity to volcanic regions, mainly Daedalia Planum, 
Syria Planum, Syrtis Major, and Hesperia Planum in 
the Martian highlands and nearby the chaotic terrains. 

 
Figure 2: FFC formation on Mars is divided into three 
different types: water and ice, volcanic, and tectonic re-
lated processes. Some craters are not classifiable (NA) 
with the developed, automated tools. 
 

For more than 75% (337) of the FFCs, an origin 
type was identified (Fig.2&3). 25% (96) FFCs, mainly 
located in the Martian highlands and along the dichot-
omy boundary, could not be classified to one of the 
fracturing models. This can be explained in several 
ways. A mixture of origin models, resulting in no clear 

classification, could develop the fracturing of the crater 
floor. Another option would be the fractures formed by 
only one origin model, but the important key parame-
ters are not observable any more, due to erosion or 
superposition. The last possibility is that fracturing 
could occur from a so far unknown fracturing model. 

Summary: The FFC database stores spatial data, 
environmental context information, and data about the 
crater interior of 433 FFCs. This information is used to 
classify the FFCs regarding to the process that leads to 
floor fracturing. Analysis tools are developed to classi-
fy the craters based on definitions and keyparamters. 
These automated analysis tools provide reliable, com-
parable, and consistently high quality results. Three 
fracturing processes and their distribution are identified 
for FFCs on Mars. Water and ice related processes, 
volcanism, and tectonic activity are comprehensible 
fracturing processes for Martian craters.  
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Figure 3: Global map of FFC distribution on Mars regarding the classified formation processes. 
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