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Introduction: Aligned chains of collapses could 

represent the surface expression of lava tubes in the 
subsurface, being formed both during the genesis of 
the pyroduct through overpressure flow, or more 
commonly due to gravitational effects on the ceiling 
when the tube is finally drained. Lava tubes typically 
form sinuous chains of collapses mostly elongated 
along the direction of the tube. Between one collapse 
and the subsequent one the underground tunnel can be 
intact and accessible for exploration, mapping and uti-
lization. Although the morphological similarities of 
sinuous lunar and martian collapse chains with terres-
trial cases has been underlined by several authors[1-3], 
to date, a detailed morphometric comparison among 
them has not yet been performed. Given the direct ge-
netic relationship between the collapse chains and the 
lava tube, morphometry can be used to estimate the 
dimension and general morphology of intact sections 
of the tube along the same pit chain line.  

Data and methods: In this study examples of lava 
tube collapses on Earth were compared with a selected 
number of collapse chains with morphologies poten-
tially related to lava tubes on Martian volcanoes and in 
the Lunar Maria [2, 4, 5]. The terrestrial examples ana-
lysed are Corona (Lanzarote, Spain), among the most 
voluminous tubes known on Earth[6], and Kazumura 

(Hawai’i, USA), the longest terrestrial lava tube[7] (78 
collapses measured,  through Lidar and terrestrial laser 
scanning data, and detailed topographic speleological 
surveys). In addition, in order to extend the dataset, we 
obtained from existing literature [8] additional infor-
mation on the lava tube collapse chains of Undara 
(Northern Queensland, Australia), the longest - lava 
tube supported - lava flow on Earth. On Mars, a total 
of 98 collapses related to four chains along lava tube 
candidates were examined on Arsia, Olympus and Ha-
driaca volcanoes, through high-resolution stereo DTMs 
generated from CTX images. On the Moon a total of 
27 collapses were analysed in three different collapse 
chains in Marius Hills and Gruithuisen through the Se-
lene-Kaguya/LRO LOLA merged DTMs. In both cas-
es, collapse chains have been carefully selected on 
CTX, HiRISE and LROC NAC image mosaics, look-
ing for specific morphological characteristics that dif-
ferentiate them from tectonic pit chains[9] . 

Morphometry: Several morphometric parameters 
have been obtained to compare lava tube chains in the 
three planetary bodies (Table 1, Profiles in Figure 1)). 
The minor axis W of the collapses shows a relevant in-
creasing trend from Earth (maximum few tens of m), 
to Mars (from 200 to 400 m), and to the Moon (500-
900 m) (Table 1). The average linear volume of the 

Table 1. Main morphometric parameters of collapse chains (for Earth, Mars and Moon). Morphometric parameters acronyms 
are: Ctl – Chain total length; Si – Sinuosity index; CS – Chain Slope; Vr – Vertical range; Av. L – Average length of the col-
lapses (major axis); σL - standard deviation of L; Av. W – Average width of the collapses (minor axis); σ W - σ standard devi-
ation of W; Av. D – Average depth of the collapses; σD - standard deviation of D; Av. V – Average volume of the collapses; 
σV - standard deviation of V; Av.Vl – Average linear volume (along 1 meter thick cross section) of the collapses; σV1 - stand-
ard deviation of V1; Av AR – Average asymmetry Ratio. 
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collapses follows the same trend in all three planetary 
bodies, being almost 80 times bigger on Mars than on 
Earth, and with the greatest magnitude on the Moon, 
which presents collapses from 300 to 700 times bigger 
than on Earth. 

Discussion: Lava tube collapse chains on Earth 
share several common characters with those examined 
on Mars and the Moon, among them: a) most of the 
collapse chains here analysed are sinuous and hence 
not related to tectonic lineaments; b) the minor axes W 
and depths D of the collapses are comparable along 
each chain, with W perpendicular to the tube develop-
ment line; c) the deeper depression at the beginning of 
the chain is most probably the feeding source of the 
tube; d) the presence of steeper overhanging and roun-
dish skylights in the Martian chain in Arsia and in 
Marius Hills B on the Moon indicates that between one 
collapse and the other there should be an intact section 
of the pyroduct. All these morphological characters 
suggest that these collapse chains are genetically relat-
ed and clearly different from pit chains formed along 
tectonic dilatational faults, grabens and dike swarms. 

Our morphometric study shows that terrestrial lava 
tube collapse chains present striking morphological 
similarities with those proposed here as candidates on 
Mars and the Moon. However, dimensions and mor-
phometric parameters like width/depth ratio AR have 
peculiar ranges each pertaining a different planetary 
body. Volumes of collapses and related conduits show 
increasing orders of magnitude from Earth, to Mars 
and to the Moon (Table 1). The size estimation indi-

cates that on the Moon, the typical volume (linear tube 
volume=Vlt) and AR of lava tubes are not high enough 
to reach the roof instability threshold and cause col-
lapse [10], as often happens on Earth and Mars. In-
deed, on Mars intact sections of lava tubes surely exist, 
but they have more frequent collapses due to the higher 
width/depth ratio AR. Therefore, the Moon presents the 
highest potential for lava tube development and con-
servation. Most of its tubes are probably intact and sta-
ble along their full length exceeding a total volume of 
some billions of cubic meters each, but with few ac-
cessible entrances from the surface. These impressive 
volumetric values clearly show how future space mis-
sions devoted to the investigation of these voids could 
open a new era of subsurface lunar exploration. 
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Figure 1. Profiles of 
tube collapse pit 
chains (black lines) 
with superposed the 
extrapolated intact 
topography on Earth, 
Mars and the Moon. 
For the Corona terres-
trial lava tube the in-
set shows the rela-
tionship between the 
collapses and the tube 
surveyed with laser 
scanner. 
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