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Introduction:  Central pit craters are a complex im-

pact crater with a pit either on the crater floor (floor pits) 

or atop a central peak (summit pits) [1]. They encom-

pass only 5% of the total crater population on Mars [2]. 

Formation models of central pit formation typically in-

voke the presence of target volatiles, with some models 

proposing collapse of the central region to form the pit 

while others involve uplift followed by collapse 

[3,4,5,6,7,8]. The goal of this project is to provide in-

sights into the formation mechanism of central pit cra-

ters on Mars. We are conducting a detailed investigation 

of several representative central pit craters from differ-

ent regions of Mars to determine common characteris-

tics of the pits. The detailed investigation includes map-

ping the morphology and structure of the central pit re-

gion with great precision. The first crater we have cho-

sen has recently been named Esira (Fig. 1), which is 

16.3 km in diameter and located within the Lunae 

Planum quadrangle just south of Hypanis Valles (cen-

tered at 8.9N, 313.4E), a region being considered as a 

landing site for ESA’s ExoMars 2018 rover [9]. 

 
Figure 1: Esira Crater. Box within crater shows the lateral extent of 

the morphologic and structural maps. (PSP_009393_1890_Red, 
B01_010105_1892_XN_09N046W)  

Background:  Impact events are known to form a 

series of fractures and faults underneath the crater floor 

[10]. Although these faults are rarely seen, expressions 

of these faults might penetrate to the surface. Central pit 

craters may be one of the few cases where the faults cre-

ate a unique and uplifted and observable placement of 

material within the crater floor. 

One of the distinguishing features of floor pit craters 

is the presence or absence of a pit rim, which ranges 

from no rim at all to having a partial rim to a complete 

rim [11]. We have classified Esira is a partially-rimmed 

type. Pit rims are similar to crater rims where they are a 

topographic high and are distinguished by a sharp slope 

into the pit. 

Methods:  Esira Crater was selected for this study 

because it is a well-preserved floor pit crater with good 

data coverage. The main datasets that we used for map-

ping included the MRO Context Camera (CTX) and the 

MRO High Resolution Imaging Science Experiment 

(HiRISE). The CTX image, the CTX DTM [12, 13], the 

HiRISE image, and the HiRISE anaglyph were all used 

to ensure the best coverage and different perspectives of 

Esira. We utilized the CTX DTM rather than the 

HiRISE DTM because the latter only covered about ¾ 

of the central pit.  

The lateral extent of the maps was chosen to allow 

us to focus on the pit itself as well as about half of the 

crater floor and can be seen in Fig. 1. The remainder of 

the crater floor did not provide any insights into the pit 

characteristics and thus was not included in the maps. 

The Morphological Map. We have identified four 

units on our morphologic map of Esira (Fig. 2). The rim 

of the pit is characterized by the sharp ridge unit, which  

can be recognized by its sharp ridges that appear to be 

bedrock layers and un-pitted surfaces. The pitted mate-

rial unit lies within the crater floor and the central pit. It 

appears darker than most of the other material within the 

crater floor. It is distinguished by its oblong, sometimes 

connected pits, forming a polygonal type pattern. The 

aeolian bedforms unit is expressed as a massive dune 

field. Each dune was chosen because it was at least 100 

meters long and completely obscured the layer beneath 

it. The logic behind taking such care in outlining the 

dunes was in order to see how ubiquitous the pitted ma-

terial was that lays beneath the dunes. The last unit is 

varying tones or unidentified tones of colluvium. We 

found that the colluvium obscured whatever unit it was 

emplaced upon, within the central pit and just outside of 

the central pit’s rim. It is either dusty or unconsolidated 

blocky material.   

 
Figure 2: The outline of the morphologic map nearing it’s final stage 

of completion. The final map will have every unit color coded.  

The Structural Maps. The first structural map (Fig. 

3) contains the central pit rim, the most defined pitted 

materials’ crests, the crests of the ridge-building mate-

rial, and the largest of the visible craters within the 
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crater and the central pit. The pit rim was traced around 

the CTX DTM contour that appeared to define the pit 

most appropriately.  

The reason for including craters in this map was to 

show the difference between the pitted material and cra-

ters. Although pitted material and the fresher, clearly 

defined craters both exhibit a rim/topographically-ele-

vated crest, craters are much more circular and do not 

connect in most cases. 

 
Figure 3: First structural map. Orange is pit rim. Pink is sharp ridges. 

Purple is pitted material. Blue is craters. 

 

Figure 4: Inferred faults map. Blue lines encircle fault blocks. 

The second structural map (Fig. 4) is exclusively for 

the “inferred faults” within the central pit/crater system. 

We are calling all of the faults inferred because, even 

with HiRISE, the amount of dust and other materials 

eliminate any chance of seeing offset or actual fault ex-

posures. We know the faults must exist because many 

faults are produced during the impact event, in addition 

to undeniable uplift in the western section of the pit rim. 

Observations:  The pit is deepest on the North-East 

side whereas the crater is deepest in the Northern por-

tion of the floor. The rim of the pit is the highest on the 

western side. The crater is located on angled topogra-

phy. The lower elevation is towards the North and 

Hypanis Valles. 

Several types of deposits are observed within the 

crater and the pit itself: pitted material, dunes, and col-

luvial debris. The pitted material has been shown to be 

an impact melt deposit, based on previous studies [14], 

most likely forming in the late stage of the crater modi-

fication. Pitted materials are found most commonly in 

the most pristine craters, suggesting that these pits are 

easily destroyed by erosion and/or infilling. These pits 

are likely impactites or impact melt deposits and formed 

of volatile rich mineral and lithic fragments [14].  

The other unit seen in the morphologic map consists 

of megablocks formed of bedrock. This bedrock is im-

possible to further characterize, since it is covered with 

a fine layer of dust when it is not covered by colluvial 

debris.  

Stratigraphically, the units from bottom to top are 

the sharp ridge unit, the pitted material, the aeolian de-

posit and then the colluvial material. 

Discussion:  Pitted material located on the crater 

floor in addition to the central pit places a significant 

constraint on the timing of the pit formation relative to 

crater formation. The pitted materials appears to coat 

and to “flow” into the pit, indicating that the pit formed 

before the impact melt completely solidified. The pitted 

material showed densly situated and smaller scaled pits 

on the North-West side of the crater floor than anywhere 

else within the crater.  

Additional unit asymmetry was found with other 

morphologic units. The sharp ridged unit is most pro-

nounced on the west side of the central pit rim. The col-

luvium is an artifact of the steep gradient of the sharp 

ridges and so naturally is found to be concentrated on 

the western side of the central pit. The dunes were 

mostly concentrated on the western side of the crater 

floor as well. The location of the dunes is an indicator 

of wind direction, which can help identify preferential 

erosion in some areas.  

The fault blocks within the fault map appear to have 

been uplifted to have created the pit rim. The faults are 

radially situated and it is possible, although it can not be 

proven that the blocks have been rotated. Major brecci-

ation and uplift have been associated with the formation 

of the central pit.  

Conclusions and Future Work:  The morphologic 

map of Esira indicate that pit formation occurs contem-

poraneously with crater formation, prior to solidifica-

tion of impact melt on the crater floor. The structural 

maps indicate that Esira’s partial pit rim was formed by 

uplift. This is inconsistent with pit formation models 

where only collapse occurs. Detailed morphologic and 

structural mapping of additional floor and summit pit 

craters will allow us to better constrain the formation 

mechanism(s) involved in central pit formation on 

Mars. 
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