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Introduction:  Distributed volcanism on Mars has 

emplaced over 1000 vents in the Tharsis Volcanic Prov-
ince over the past 3 Ga [1]. This style of volcanism is 
common on terrestrial planets and occurs by creating in-
dividual volcanic edifices quickly (hours to decades) 
with long repose intervals between eruptions (centuries 
to millions of years) [2, 3]. Understanding the formation 
of vents on Earth can provide constraints on models of 
volcanic processes through time on Mars, including 
how long-lived individual eruptions were.  The 2014–
2015 Holuhraun fissure eruption in Iceland provides a 
terrestrial analog to fissure vents on Mars [4]. 

Methods: Tharsis-wide Vent Cataloging. Volcanic 
vents were cataloged across the entire Tharsis rise [1], a 
region roughly centering on Ascraeus Mons with an 
area of 13.6 million km2, one-quarter of the Martian sur-
face. Small volcanic vents were identified with a mor-
phologic definition of a topographic depression at the 
apex of a larger topographic feature, such as a low shield 
volcano or a cinder cone. The height of each volcanic 
landform associated with a volcanic vent was measured 
using the landform’s topographic prominence, the ver-
tical relief between a peak and its highest col. Promi-
nence measurements used the Mars Orbiter Laser Al-
timeter (MOLA) gridded dataset. Vent elongation was 
calculated by measuring the ratio of the major axis 
length of each vent to its minor axis length (Fig 1).  

Vent Morphology Investigations. Five vents across 
Tharsis have been identified which exhibit multiple 
channels and/or constructional ramparts and also have 
stereo images available from the High Resolution Imag-
ing Science Experiment (HiRISE) camera [5]. HiRISE 
stereo images, corresponding Context Camera (CTX) 
[6] images, and MOLA [7] Precision Experiment Data 
Records (PEDR) have been input into Ames Stereo 
Pipeline [8] to create high resolution Digital Elevation 
Models (DEMs) following methodologies outlined in 
[9,10]. The DEMs are used to measure the sizes and 
shapes of volcanic deposits including vent ramparts and 
channels. Channels’ lengths, widths, and depths have 
been cataloged at each local vent study area. To model 
channel formation, we use morphometric and rheologi-
cal parameters expected of martian basalts [11] as inputs 
into the PyFLOWGO software [12]. 

Baugur Terrestrial Analog:  The fissure vent sys-
tem of the Holuhraun lava flow in northern Iceland has 
an analogous morphology to the fissure vents in Tharsis. 

The main phase of the Holuhraun eruption began on Au-
gust 31, 2014 and extruded ~1.4 km3 of lava over 6 
months [4,13]. The largest source vent constructed a 
500-m long, 50-m deep crater named Baugur (Fig 2a). 
Baugur was constructed during the first half of the erup-
tion, where fire fountaining emplaced spatter that agglu-
tinated, building up a 500 m long, 50 m wide spatter 
rampart [14]. Volcanic materials deposited in and 
around Baugur were described by our team during field 
expeditions to the region from 2015 to 2019 [15,16]. 
During these campaigns we performed lidar and aerial 
surveys to create high resolution DEMs of Baugur 
[17,18]. Lava channels developed during rampart con-
struction with the two largest emanating from the north 
and south of the vent (Fig 2a). While the southern chan-
nel was the main lava channel for the initial month of 
eruption, it became buried by spatter. By mid-October, 
only the northern channel remained active, continuing 
to feed the lava flow field until the eruption ceased at 
the end of February, 2015.  

Results: Morphometric parameters in the vent cata-
log are plotted in Fig. 1 along with the Baugur analog 
vent.  A primary morphological result from the Tharsis 
vent catalog [1] is that highly elongate vents are found 
on edifices with low prominence, while tall volcanic ed-
ifices have more circular vents (Fig 1). Most volcanic 

Figure 1. The distribution of aspect ratios and promi-
nences of volcanic vents within Tharsis. Most vents have 
low elongation and low prominence. The Baugur terres-
trial analog has a typical elongation and height, despite 
having a smaller planform area. Modified from [1]. 
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vents are <100 m in height and <10 times as long as they 
are wide. 

Vent Ramparts. Visible rampart deposits at Tharsis 
vents are uncommon but are preserved at some vents, 
including the example in Fig. 2b. These ramparts have 
low slopes that do not approach the angle of repose, as 
seen at the Baugur vent (Fig 2c). 

Channels. While it is possible that some channels 
associated with small volcanic vents in Tharsis could 
have been formed or modified by aqueous processes, the 
morphologies of the majority of these channels is gen-
erally consistent with constructional lava channel for-
mation [11]. Initial modeling with PyFlowGo indicates 
that for lava channels on martian low shield volcanoes 
(e.g. Fig. 2b), their large width (>50 m in most cases) 
and shallow preserved depths (<10 m) should lead to 
rapid cooling and sub-kilometer channel lengths. As all 
channels mapped are several kilometers in length, the 
disagreement between models and observation suggests 
that channels were likely thermally insulated and pre-
served channels are collapsed lava tubes. 
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Figure 2 (Opposite panel). Basaltic volcanic vents on 
Earth and Mars effuse lava through channels and can 
form vent-proximal deposits through fire fountaining. (A) 
Aerial orthomosaic of the Baugur vent, northern Iceland. 
(B) HiRISE Orthoimage of  an example vent within Thar-
sis. (C) Topographic profiles of the Baugur and Tharsis 
volcanic vents. No vertical exaggeration. (D) Topo-
graphic profiles of channels in A and B. Vertical exag-
geration is 5.5x. 
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