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Introduction:  The recognition of the habitability 

and microbial preservation potential of hot springs in 
volcanic hydrothermal systems on Earth sparked inter-
est in such settings in the search for life on Mars 
[e.g.,1]. This interest was motivated in part by the 
identification of microbially mediated stromatolites 
among the hot springs of Yellowstone National Park, 
which also provided insights into the nature of stro-
matolites in the Archean [2]. More recently, evidence 
for hot spring deposits and associated biomediated 
textures and structures have been recognized in rocks 
from the Pilbara Craton of Western Australia dating 
back ~3.5 Ga [3]. Such observations reinforce the im-
portance of hot springs both in origin of life investiga-
tions [e.g., 4] and in the search for life beyond Earth.   

In this context, the discovery of a volcanic hydro-
thermal system by the Spirit Rover in the Columbia 
Hills of Gusev crater, Mars [5] merits additional scru-
tiny, as highlighted herein. A suite of observations 
support the identification of a volcanic hydrothermal 
system active at >3.5 Ga, with multiple manifestations 
including both fumaroles and hot springs that produced 
features recognizable in active hydrothermal systems 
on Earth today [6], including potential biosignatures 
[7].  

The wealth of evidence for the habitability and 
preservation potential of volcanic hydrothermal sys-
tems across time and space contrasts with the more 
limited evidence for these aspects in impact-generated 
hydrothermal systems on Earth. As discussed herein, 
the features that distinguish these two hydrothermal 
systems probably affect the available metabolic strate-
gies and perhaps the preservation potential of any mi-
crobial inhabitants. 

Columbia Hills Hydrothermal System:  The 
Spirit rover encountered sulfur-rich soils and deposits 
of opaline silica (amorphous SiO2!nH2O) in the vicini-
ty of an ~80 m diameter volcanic landform dubbed 
Home Plate that predates the emplacement of Gusev 
plains basaltic lava flows, which have been dated to 
3.65 Ga [8]. Multiple lines of evidence clearly indicate 
that volcanic hydrothermal activity is responsible for 
these materials [e.g., 5]. The S-rich soils likely repre-
sent alteration of basaltic materials by fumarolic acid-
sulfate leaching [e.g., 9] and the silica deposits likely 
are chemical sedimentary rocks (sinter) produced from 
hot springs and/or geysers [10]. Both are readily inter-
preted as manifestations of a single hydrothermal sys-

tem [6], as commonly expressed in hydrothermal sys-
tems on Earth including at Yellowstone. 

The opaline silica deposits occur as monomineralic, 
stratiform, nodular outcrops displaying a sharp contact 
with an underlying altered ash deposit [5; 10], features 
most consistent with hot spring/geyser silica sinter [6]. 
Some of the silica nodules display mm-scale digitate 
structures resembling biomediated hot spring stromato-
lites that are widely recognized on Earth [7]. Nodular 
hot spring silica is common on Earth, including at Yel-
lowstone (Fig. 1), and in some cases is biomediated 
[e.g., 11], so conceivably also the case on Mars. 
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Figure 1. Nodular, digitate opaline silica outcrops on 
Earth and Mars. (A) Porcelain Basin, Yellowstone. (B) 
Columbia Hills, Mars. Both scenes span ~60 cm. 
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Adding to the evidence of hot spring activity in the 
Columbia Hills are new observations related to a fea-
ture known as Pioneer Mound adjacent to Home Plate. 
Previously, the rocks on this small (~12 m diameter) 
mound were recognized as candidate opaline silica 
deposits based on their color and distribution [10]. 
Now infrared spectra from Spirit’s Miniature Thermal 
Emission Spectrometer support this hypothesis, lead-
ing to the interpretation that this landform is an extinct 
hot spring vent mound [6](Fig. 2). 
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Figure 2. (A) Opaline-silica-bearing Pioneer Mound 
adjacent to Home Plate resembles (B) an extinct opal-
ine silica hot spring vent mound in Chile. 

Volcanic vs. Impact Hydrothermal Systems:
The likelihood of impact-generated hydrothermal sys-
tems (IHS) on Earth and Mars has been recognized and 
investigated for decades [e.g.,12], with many studies 
noting the habitability potential of these systems 
[e.g.,13; 14]. Less clear is whether such systems are 
equivalent to volcanic hydrothermal systems (VHS)
with regard to habitability and preservation potential. 
For example, volcanic inputs to VHS contribute to a
rich variety of metabolic strategies like those involving 
S and S-compounds [e.g., 15]. The potential for com-
parable inputs to IHS and resulting microbial diversity 
need to be explored. 

Hot spring/geyser silica sinter deposits are a hall-
mark of VHS, recognizable throughout the geologic 
record on Earth and found on Mars, but apparently yet 
to be observed in IHS. This raises the question of 
whether the known microbial preservation potential of 
VHS attributed to rapid entombment by silica has an 
equivalent potential in IHS. 

 

Conclusions: Hydrothermal systems are desirable 
exploration targets in the search for life on ancient 
Earth and planets beyond, by virtue of their known 
habitability and preservation potential. Manifestations 
of a volcanic hydrothermal system including fumaroles 
and hot springs and/or geysers are clearly recognizable 
on Mars from its first billion years, with tantalizing 
evidence for potential biosignatures. This expands by 
one the number of planets confirmed to host such set-
tings. It remains to be determined whether impact-
generated hydrothermal systems represent an equiva-
lently desirable exploration target. 
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