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Introduction:  Martian impact craters exhibit a va-

riety of ejecta morphologies, often with distinctive 

ejecta deposit boundaries and appear fluidized after 

time of emplacement. Ejecta morphologies allow clas-

sification of types of ejecta (single, double, and multi-

layer) and thus give rise to possible factors influencing 

ejecta morphology, such as: (1) presence of volatiles 

[1], (2) surface-atmosphere interactions [2], (3) granu-

larity [3], (4) impact into surface or subsurface ice lay-

er [4], as well as many others.  

Quantifying the ejecta blanket mobility (EM; ratio 

of ejecta boundary from the rim/crater radius) and lo-

bateness (ejecta blanket sinuosity) can provide insight 

into the conditions under which the impact occurred 

and the localized fluidization mechanism [5-6]. Varia-

tions in lobateness and mobility with respect to lati-

tude, crater size, and local thermal inertia can reveal 

information about localized volatile content. Similarly, 

lack of variation in lobateness and mobility can also 

constrain volatility levels in an area.  

Our study specifically compares ejecta mobility and 

lobateness of impact craters emplaced on volcanic lava 

flows and compare the same quantities as surrounding 

craters not within the defined boundaries of the lava 

flow (Figure 1). Comparing these impact craters on and 

off volcanic flows may prove useful in researching 

volatility composition within the volcanic field (lava 

blanket) versus the surrounding environment, and the 

overall impact of ejecta blanket morphology.  

 

 
Figure 1: Example of a lava field boundary in our 

study. Shown is Uranius Mons in MOLA coloration. 

Black line outlines the lava field boundary. Arrow 

points north. Scale bar at 100 km.  

 

 

 

Methodology:  This study utilized image data 

(namely THEMIS) collected using the Java Mission-

planning and Analysis for Remote Sensing (JMARS) 

software of 46 craters at 5 different volcanic areas 

around Mars, as follows: Apollinaris Mons; Tyrrhenus 

Mons; Uranius Mons; Syria Mons; Elysium Mons. 

From the images obtained, we measured the outer pe-

rimeter (P) and area (A) of each ejecta deposit. Those 

variables are then used to calculate the lobateness (Γ) 

[5] using: 

 
A Γ = 1 indicates a circular, uniform ejecta plat-

form while Γ > 1 values indicate increasing sinuosity.  

The ejecta mobility (EM) ratio, where Rc is crater 

radius and Re is average radius of the ejecta deposit 

from 

 
Can then be used in 

 

 
 

Our values were then archived in Excel and used to 

compare Γ and EM values from ejecta morphologies 

found on and off (near-surrounding) volcanic lava flow 

plains.  

 

Results:  We analyzed variations in both Γ and EM 

for crater morphologies with respect to their respective 

location on or surrounding a volcanic lava field. For 

the Uranius, Apollinaris, and Elysium Mons volcanoes, 

the lobateness is relatively higher with craters on the 

lava fields. The ejecta mobility values, however, are 

higher at the craters surrounding the lava plains. Figure 

2 shows Uranius Mons as an example of these value 

differences on and off lava fields. Tyrrhenus and Syria 

Mons volcanoes have lobateness being relatively simi-

lar (no obvious discrepancy) on craters on and off the 

lava fields, with also ejecta mobility ratios being higher 

at the craters surrounding the lava plains. It should be 

noted that the on-field mobilities were higher on Syria 

than they were on the other volcano sites, while the off-

field ejecta had mobilities comparable to those near the 

other volcanoes.  
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Figure 2: Uranius Mons lobateness (top) and ejecta 

mobility (bottom). Each graph shows craters on the 

lava field (“in”; left) and surrounding the lava field 

(“out”; right). S designates a single ejecta blanket mor-

phology. D designates a double-ejecta blanket mor-

phology.  

 

Thermal inertial values were also used to correlate 

on/off lava plains with grain size estimates [7-8]. For 

the purpose of our studies, relatively higher values of 

thermal inertia related to relatively finer grains. At the 

Uranius (Figure 3) and Apollinaris Mons, the higher 

thermal inertial values were found on the lava plains. 

Elysium Mons and Syria Mons had higher thermal in-

ertia values surrounding the lava blankets. Tyrrhenus 

Mons was the only site to show no difference in ther-

mal inertia values on and off the lava plain.  

 
Figure 3: Uranius Mons thermal inertia comparison of 

crater ejectas on and off the lava field.  

 

Discussion: The volcanic sites can be grouped by 

locality on Mars: Hesperia Planum (Tyrrhenus Mons); 

Elysium Planitia (Elysium and Apollinaris Mons); and 

Tharsis Region (Uranius and Syria Mons). Apollinaris 

Mons is considered to be the oldest of the 5 sites [9], 

followed by Uranius, Syria, Elysium, and Tyrrhenus 

Mons being relatively young [10]. The thermal inertia 

values for the on-field ejecta at Tyrrhenus Mons were 

significantly elevated compared to volcanoes in the 

other regions, generally > 200 (being relatively finer 

grains). The volcanoes in the Elysium Planitia region 

both had broadly lower thermal inertia measurements 

and higher ejecta mobilities than Tyrrhenus. The low-

est thermal inertia measurements were found in the 

Thrasis region volcanoes: Syria Mons and Uranius 

Mons. The differences in thermal inertia on and off the 

volcanic plains are of interest. Apollinaris and Uranius 

Mons (the relatively older volcanoes) show higher 

thermal inertia values (finer grains) on the lava plains 

compared to the surrounding surface. The next relative-

ly younger volcanoes (Syria and Elysium Mons) have 

higher thermal inertia values off their respective lava 

fields. Tyrrhenus Mons does not show observable dis-

crepancies on/off the lava field with the thermal inertia 

values. This difference in grain sizes can relate to the 

ages and thus volatility concentrations. That is, young-

er volcanoes have uniform (or lack of) volatile concen-

trations and grain sizes, whereas the older volcanic 

regions have finer grains on the lava fields from more 

weathering time of the minerals.  

Conclusions: This study finds that categorizing 

craters by their emplacement on lava fields can reveal 

meaningful information about ejecta blanket formation 

and localized volatile concentrations, especially on and 

surrounding the lava flow plains. We conclude that 

there are comparable volatile concentrations at Urani-

us, Apollinaris, and Elysium by the similar differences 

in lobateness and ejecta mobility. Tyrrhenus and Syria 

do not show differences in crater morphology in terms 

of lobateness and ejecta mobility. Our results support 

the research that layered ejecta blankets are likely flu-

idized by subsurface water-ice interactions, along with 

localized concentrations of volatiles at lava flow plains 

to have more lobateness in crater ejecta blankets.  
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