
THE INFLUENCE OF SURFACE AND SUBSURFACE VOLATILES IN THE EVOLUTION OF ARABIA 
TERRA, MARS.  Nadine G. Barlow, Christine M. Atkins, Margaret E. Landis, and Michael S. Talbot, Dept. Phys-
ics and Astronomy, Northern Arizona University, Flagstaff, AZ 86011-6010  Nadine.Barlow@nau.edu. 

 
 
Introduction: Arabia Terra is the largest expanse 

of ancient heavily cratered terrain north of the Martian 
equator. It displays a number of unique characteristics, 
including one of the lowest expanses of ancient crust 
on the planet [1], a uniform free-air gravity signal 
compared to the rest of the highlands [2], and lower 
thermal inertia than its surroundings [3]. Channels, 
impact crater morphologies, layered and lineated de-
posits, fretted terrain, and elemental and mineralogic 
indicators of H2O, Cl, phyllosilicates, and hydrated 
sulfates all indicate that H2O has played a major role in 
the long-term geologic evolution of this region [4-8]. 
This study is investigating the influence of surface and 
subsurface volatiles on impact craters ≥1-km-diameter 
in Arabia Terra. 

Impact Craters in Arabia Terra: Crater size-
frequency distribution analysis indicates that Arabia 
Terra is composed primarily of Noachian-aged materi-
als [9-10], indicating that impact craters have existed 
in this region throughout much of Martian history. 
Newly formed craters display specific morphologic 
and morphometric characteristics [11] which are al-
tered by gradational processes. Therefore by compar-
ing the current morphology and morphometry of im-
pact craters in Arabia Terra to their pristine character-
istics we can put constraints on the amount of degrada-
tion which has affected this region. Impact craters also 
serve as catchment basins for geologic materials, such 
as layered and lineated terrain which have been pro-
posed to form by lacustrine and glacial processes, re-
spectively. 

 
This investigation is studying the morphologies and 

morphometries of impact craters in the Arabia Terra 
region from the equator north to the dichotomy bound-
ary (Fig. 1). The Catalog of Large Martian Impact 
Craters [12] lists 4833 craters ≥5-km-diameter (D) in 
this region, to which we have added information on 
30,682 craters in the 1 to 5-km-D range (Fig. 2). The 
interior and ejecta morphologies of each crater are then 
classified using THEMIS VIS (18 m/px) and CTX (6 
m/px) imagery. Interior morphologies include central 

pit, central peak, lineated floor deposits, layered floor 
deposits, sand dunes, unclassifiable floor deposits, 
chaotic textures, nested crater, and terrain softening. 
Ejecta classifications include single layer ejecta (SLE), 
double layer ejecta (DLE), multiple layer ejecta 
(MLE), and radial (Rd) morphologies [13]. 

 

 
Crater depth is obtained by two techniques. Topo-

graphic profiles for craters ≥3-km-D are obtained using 
MOLA data and the depth to the base of the floor rela-
tive to the surroundings is calculated from the profile. 
Depths for craters ≤5-km-D are obtained from shadow-
length techniques [14]. The overlap in the techniques 
within the 3 to 5 km diameter range allow us to com-
pare the depth results and investigate reasons for any 
discrepancies. 

Preliminary Results: Some crater morphologies 
are associated with subsurface volatiles. These include 
layered ejecta morphologies, nested crater (also called 
“inverted sombrero”), central peak, central pit, and 
terrain softening. Other morphologies reflect post-
crater-formation modification processes and include 
the presence of floor deposits (lineated, layered, and 
sand dunes), inverted craters, and craters with scal-
loped/serrated rims. Here we discuss the preliminary 
results of a few of these crater morphologies and their 
implications for volatiles. 

Layered Ejecta Morphologies:  Fresh craters in 
Arabia Terra, like elsewhere on the planet, primarily 
display SLE, DLE, or MLE morphologies. SLE craters 
comprise 72% of all craters with ejecta blankets in the 
study region while 26% display an MLE morphology 
(Fig. 3). There is no apparent geographic distinction 
between the distribution of SLE and MLE craters with-
in the study area. DLE craters constitute only 2% of 
the ejecta craters in this region and are primarily found 

Figure 1: Arabia 
Terra study area is 
outlined by the box 
in this MOLA to-
pography map of 
Mars. 

Figure 2: The Catalog of Large 
Martian Impact Craters contains 
information on craters ≥5-km-D. 
We have supplemented this by 
cataloging all craters between 1 
and 5 km diameter in the Arabita 
Terra study area. This has resulted 
in a 7-fold increase in crater data, 
as demonstrated by the distribu-
tion of 1-5-km-D craters in the top 
image versus those ≥5-km-D in 
the bottom image within the 0°-
20°N 0°-30°E region. 
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along the dichotomy boundary along the northern edge 
of the study area. 

 
Central Pit Craters: Craters with central depres-

sions are subdived into floor pits, where the pit lies 
directly on the crater floor, and summit pits, where the 
pit lies atop a central peak [15]. Central pits are 
thought to form from melting of subsurface ice during 
crater formation and subsequent drainage of the melt 
through subsurface fractures, leaving behind the pit 
[16]. Central pit craters comprise 5% of all the craters 
in the study area. Floor pits and summit pits are seen 
throughout the study area with no geographic concen-
trations observed (Fig. 4). 

 
Nested Craters: Nested craters (also called “invert-

ed sombrero” craters) appear as a “crater within a 
crater” and are proposed to form by excavation 
through an weak layer into stronger underlying bed-
rock. Similar morphologies are seen in terrestrial ma-
rine impacts as the crater excavates through the overly-
ing sediments and therefore the nested morphology has 
been proposed to be one indicator of craters formed in 
Martian marine environments [17]. If the marine im-
pact hypothesis is true, nested craters should be more 
common in lower elevations near the dichotomy 
boundary, which is not observed in our preliminary 
results for Arabia Terra (Fig. 5). 

 
 
Depth Measurements: Depth measurements for 

all craters cataloged within the study region have been 
determined either by using MOLA topographic pro-
files (for craters ≥3-km-D) or shadow-length tech-
niques (for craters ≤5-km-D) [14]. Initial results sug-
gest that fresh small craters (< 3-km-D) in the southern 
portion of the study area are deeper than expected, 
which might be related to the thick regolith covering 
this region. However, there is some disagreement in 

depths calculated by the two methods (Fig. 6) and we 
are investigating possible causes of this discrepancy, 
such as the effect of rim height on the depth measure-
ments and the locations of the MOLA laser pulses. 

 
Discussion: This analysis is ongoing and not all of 

the craters in the Arabia Terra study area have yet been 
classified. However, we are seeing evidence that cra-
ters in Arabia Terra have a long history of interaction 
with subsurface and surficial volatiles. Floor deposits, 
mainly layered and lineated, are seen in most of the 
craters, indicating long-term interaction with liquid 
water and ice. The common distribution of layered 
ejecta morphologies and central pits suggests that sub-
surface volatiles have influenced crater formation for 
most if not all of the history of Arabia Terra. However, 
the topographic distribution of nested craters is not 
consistent with their formation as marine impacts and 
indicates that other mechanisms for producing weak-
over-strong layering are responsible. Terrain softening 
is common throughout the region, particularly in the 
northern portions of the study area, suggesting that 
subsurface ice is present. Therefore our preliminary 
results confirm that surficial and subsurface volatiles 
have influenced the long-term geologic history of the 
Arabia Terra region. 
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Figure 3: Distribu-
tion of SLE (red), 
DLE (green), and 
MLE (yellow) mor-
phologies. 

Figure 6: Crater depths 
determined by the shad-
ow-length technique are 
consistently larger than 
depths obtained from 
MOLA. 

Figure 4: Distribution 
of floor pit (red) and 
summit pit (blue) 
craters. 

Figure 5: Distribution 
of nested craters super-
posed on colored 
MOLA topography map.
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