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Introduction and Background: Observations of 
impact craters on planetary bodies are primarily con-
ducted using surficial analysis [1-4]. Interpretation of 
the subsurface beneath craters is thus commonly limited 
to what can be indirectly inferred from data about their 
surface structure, for example, from altimetry data [5-
7]. On Mars, a population of craters on the edge of Val-
les Marineris has been exposed in cross-section due to 
erosion and tectonic activity. These “cut craters” pro-
vide an opportunity to examine the subsurface of the im-
pact craters and the surrounding target material directly. 

Cut craters (Figures 1, 2) previously identified for 
this study by Bradley Thomson and James Huntington 
are exposed via lateral erosion and backwasting, expos-
ing layers in the subsurface that can be mapped to deter-
mine characteristics of both the impact crater and the 
target material [8]. Layers (where present) are exposed 
on the canyon walls, allowing for a more complete un-
derstanding of the subsurface both inside and outside 
the cut craters in a manner similar to classic small-scale 
impact experiments into layered sand [9].  

Methods: Stereo pair images from the HiRISE in-
strument on the Mars Reconnaissance Orbiter (MRO) 
[10] were used to construct digital elevation models 
(DEMs) of previously identified cut crater locations [8] 
using the Ames Stereo Pipeline [11, 12]. The DEMs of 
each cut crater were imported into ArcGIS, and then 
subsurface layers were mapped by visual identification 
[8] (Figure 3). Each layer mapped was regionally 
named by the location around the crater where it is ob-
served, then converted to discrete points. Elevations 
were acquired for each point in each mapped layer of a 
cut crater location, then coupled with the x and y coor-
dinate values, before importing into MATLAB [8]. A 
surface-fitting routine was then used to identify the best-
fit plane to each set of points, allowing each layer to be 
isolated and observed. 

Observations and Conclusions: The mapped lay-
ers show primary characteristics of the subsurface lay-
ers of the cut crater. In the crater VM007 (Figs. 2 and 
3), the layer in MATLAB illustrates the angle of the 
subsurface layer, from which layer thickness, rim uplift, 
and ejecta properties can be determined. The mathemat-
ically produced layers also provide insight into the over-
all nature of the geometry of the VM007 layers. 

The rim to rim diameter of VM007 is 2.36 km while 
the observable crater rim edge extends farther into Val-
les Marineris. The mapped layers exist beneath the 
crater are exposed and have a greater strength than the 
surrounding rock that has been eroded down forming 
Valles Marineris. The upper edge of Valles Marineris 
has a similar shape to both lower layers, which implies 

 
Figure 1. Valles Marineris with all of the locations identified as cut craters labeled in red. Preliminary studies have 
been done of VM001, VM003, VM006, VM007, VM014, VM017, VM019, and VM027. This study focuses primarily 
on VM007. 
 
 

 
Figure 2. White rectangle enlarged from Figure 1. 
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that the target material of the crater has a similar 
strength to the lower layers that resisted the erosion. 
Particularly when observing the subsurface layer 
"east_3", evidence for a more rigid layer is shown, re-
sisting the erosion. Layer "edge_south_2" occurs 
closely beneath the rim of the crater, has been affected 
by the older, lower layers. While the crater is signifi-
cantly younger than the lower mapped layers, the 
stronger rock structures observed must be taken into ac-
count when analyzing layers for thickness and structural 
geometry when examining the effect of the impactor.  

Future Work: This study establishes the founda-
tional workflow needed to analyze cut crater locations. 
The example presented illustrates how the mapped lay-
ers can provide valuable insight into the primary char-
acteristics of the cut craters and subsurface layers [13].  

The work can also deepen the overall understanding 
into the stratigraphy of the rock layers after an impact 
and the effects of degradation on both the ejecta and tar-
get material [14]. This study presents an early state of 
research that can be used to understand the population 
of impact craters that exhibit a cross section exposed, 
including but not limited to the already identified cut 
crater locations in this research [8, 11]. This crater pop-
ulation can be used to gain a deeper insight into the tar-
get rock and how the existing layers of rock reacted to 
the impact can be seen from the observed layers [13, 
14]. The study of impact cratering can also be used to 
understand the morphology of planetary surfaces by ex-
amining the exposed subsurface layers of cut craters and 
more can be learned about erosional properties of mar-
tian impact craters.  
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Figure 3. HiRISE stereo pair ESP_018940_1680 and 
ESP_025599_1680. DTM and Digital Raster Graphic 
(DRG) created for cut crater location VM007 with 
mapped layers. Visible dots on the lines indicate the 
points overlain onto the layers. Black lines indicate 
stronger rock formations under surface layer of target 
material. 

2723.pdf49th Lunar and Planetary Science Conference 2018 (LPI Contrib. No. 2083)


