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Introduction: Inflated lava flows are a class of flows 

found on both Earth and Mars that form when an initial 

lava emplacement event cools, but does not completely 

solidify and retains a fluid interior. As the fluid interior 

gradually cools and shrinks, internal resistance to hori-

zontal flow eventually becomes so great that lava pref-

erentially rises vertically to inflate the rigid outer crust 

as opposed to advancing the flow front forward [1], 

leading to deformation and breakouts through the rigid 

outer crust and thereby forming distinctive, positive 

topographic surface features called tumuli that are ~10 

m in width. More specifically, tumuli form as these 

magmatic pressures cause breaks in the rigid outer 

crust, which then tilts upwards and outwards on oppo-

site sides of an axial cleft [2-4]. Such surface features 

may thus record information about the structure of the 

original fluid interior [5-6].  

This study aims to show how tumuli can be used as 

records of flow interiors through remote surveys, 

which would be extremely useful given the difficulty 

scientists face when observing lava tubes or other re-

lated flow interior structures in the field—let alone 

remotely with high-resolution imagery of relict fields. 

Some studies have analyzed tumuli and related their 

shape [7] and distribution [2-3,7] to the interior flow 

structure. However, little published research has inves-

tigated general relationships between tumuli popula-

tion morphometrics and larger-scale lava flow em-

placement structure (e.g., general flow directions, 

transverse flow directions, placement of flow bounda-

ries, scale of the flow) that may allow for a better un-

derstanding of a given flow’s history, possibly even on 

eroded or obscured flows. Additionally, only a few 

studies have focused on the identification and meas-

urement of tumuli on Mars [8-9], or the  comparison of 

tumuli on the Earth and Mars [9].  

 

Methodology: The tumuli measurements made in all 

of our study fields include tumuli sizes [Fig. 1], shape, 

orientations, cleft widths, and locations within the field 

in respect to flow boundaries, accompanied by general 

descriptions and notes where appropriate (i.e. unusual 

characteristics of a particular tumulus). 

Since this study is built on remote surveys of ter-

restrial and Martian lava flows, access to high resolu-

tion datasets is essential such that tumuli of ~10 m 

widths may be discerned and flow characteristics—

namely regional slope—may be characterized. The 

Shuttle Radar Topography Mission (SRTM)) dataset  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Inset shows an elliptical tumulus found within a 

chain of tumuli within the Amboy Crater Lava Field, CA, 

USA. The axes are recorded in our database as an approxi-

mate for tumulus size. 

was used for terrestrial flow slope analyses with an 

absolute vertical accuracy of ≤30 meters and an abso-

lute horizontal accuracy of ≤50 meters, while the Mars 

Orbiter Laser Altimeter (MOLA) dataset was used for 

Martian flow slope analyses with an absolute vertical 

precision of ≤10 meters and an absolute horizontal 

accuracy of ≤100 meters. 

Also, a sound set of criteria for identifying tumuli 

on both terrestrial and Martian fields is needed in order 

to ensure that other inflation features are not uninten-

tionally included within the survey [10]. 

 Furthermore, fieldwork is necessary to ground 

truth remote measurements and validate remote survey 

methods. Thus, we conducted field work within the 

Amboy Crater lava field in southern California, where 

we had previously measured 96 tumuli via satellite 

imagery. After first verifying that several features orig-

inally identified in the satellite images were in fact 

tumuli, we recorded the coordinates of each end of the 

long and wide axis for each tumulus in order to calcu-

late the lengths, orientations, and sizes of the features. 

We also measured 15 tumuli not already in the original 

survey dataset before comparing these field measure-

ments with subsequent remote measurements of these 

new features. Length measurements between ground 

and remote data varied on average by ~12% while ori-

entation values varied on average by ~9
o
 [Fig. 2], 

which seems reasonable given the resolution of the 

images. The overall consistency between the field and 

remotely collected data lends credence to this method 

of data collection and analyses. 
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Figure 3. Tumuli elongation versus width plot (far left) from all terrestrial and Martian fields—tumuli illustrations of representa-

tive dimensions made for reference. Mean tumuli elongation separated out for terrestrial (middle) and Martian fields (right).  
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Figure 2. Ground (purple) and remote (orange) measure-

ment comparisons for tumuli length (top) and tumuli orienta-

tion (bottom).  

 

Observations:  Google Earth and ASTER (Advanced 

Spaceborne Thermal Emission and Reflection Radi-

ometer) imagery with resolutions of ≤~1 meters/pixel 

were used for the survey of terrestrial inflated lava 

flows. Over 1300 tumuli measurements from several 

geospatially diverse terrestrial inflated lava flows have 

been collected to date.  

High Resolution Imaging Science Experiment 

(HiRISE) images with high resolutions (~25-50 centi-

meters/pixel), high signal-to-noise ratio, and good cov-

erage of the major volcanic regions on Mars were used 

for the survey of Martian inflated lava flows. Over 

2400 tumuli measurements from seven lava fields have 

been collected, all within the greater Elysium Plantia 

region [11].  

 

Results & Discussion: With regards to our larger aim of 

justifying and investigating the use of tumuli as rec-

ords of subsurface lava flow structure, we have ob-

served(1) the similarity in tumuli morphometrics be-

tween Earth and Mars [presented here], (2) consistent 

trends in tumuli  

 

 

 

 

 

 

 

 

 

 

morphometrics through the length of lava flows [11], 

and (3) tumuli orientations may be good indicators of 

general flow direction [12]. 

 

We find that tumuli shapes and sizes are similar be-

tween all fields, on both Earth and Mars. In particular, 

their shapes are very similar, with mean overall elon-

gation (length/width ratio) values of 1.70 and 1.62 m 

for Earth and Mars, respectively [Fig. 3]. Furthermore, 

the minor deviations in mean tumuli elongation found 

between the planets are comparable to the variations 

found within the fields on each planet, suggesting that 

the fields within a planet are no more similar to each 

other than they are to fields on the other planet (with 

respect to their tumuli). The observation that aggregate 

tumuli shapes and sizes appear to be consistent across 

most of the study fields, despite field-by-field differ-

ences (e.g. magma composition and viscosity upon 

emplacement) and planetary differences, suggests that 

the prerequisite lava flow conditions for tumuli for-

mation, and by extension tumuli formation mechanics, 

are similar between Earth and Mars. However our re-

search on developing ways to actually use tumuli as 

records of structure in order to project emplacement 

conditions and pre-erosional flow extent is still in its 

nascent stages. 
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