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Introduction: The identification of water on other 

terrestrial planets is significant in the context of explo-
ration for extra-terrestrial life. The former presence of 
water is generally inferred from particular sedimentary 
structures using an Earth analogy. We present the ex-
tra-terrestrial implications of a recently discovered 
type of geological structures: Hydrothermal vent com-
plexes (HVC’s) are identified in major sedimentary 
basins in Europe and Africa, directly linked to the 
presence of water in the subsurface. 

Background: HVC’s represent important vertical 
piercement structures in sedimentary basins. They 
comprise up to 7 km deep pipe structures filled with 
brecciated sedimentary rocks (Fig. 1). Some also con-
tain volcanic rocks, and the HVC can generally be de-
fined as phreatic structures. Currently, they have been 
mapped and identified in the Karoo Basin in South 
Africa and in sedimentary basins offshore Norway [1, 
2, 3]. Their formation is linked to magmatic intrusive 
events and the development of large igneous provinces 
(LIP’s). When magmatic sill intrusions are emplaced 
in sedimentary strata, the water bearing sediments are 
heated and overpressure is generated. The driving 
force for HVC formation is rapid pressure generation, 
often induced by either boiling of water or rapid matu-
ration of organic matter and metamorphic reactions 
[1,2]. The HVC’s thus signify rapid pressure release in 
geological systems containing liquid and gaseous wa-
ter plus additional gas compounds (e.g CO2, CH4, 
H2S).  

Results: On a planetary scale, the formation of 
HVC’s has several implications, in particular for the 
impact in palaeo-climate changes that represent a novel 
approach to explain mass-extinction events on Earth. 
We suggest that if HVC’s can be identified on other 
planets, they could be important signifiers of former 
water-saturated strata. The search for HCV’s can be 
based on the following key facts 

1. HVC’s are associated with sill intrusions in 
sedimentary basins. The sills are resistant to 
weathering and are easily recognized from 
satellite images (Karoo Basin) as ridges and 
as saucer-shaped features up to 60 km in di-
ameter (Fig. 2).  

2. HVC’s represent erosional anomalies due to 
their fill, and form both depressions and 
mounds in the terrain (Fig. 3). Offshore 
Norway, they are identified as up to 10 km 
wide circular craters. South African HVC’s 

develop in arid climate as positive features 
that can represent either prominent isolated 
tooth-like features in the landscape (sand-
stone dominated) or smooth dome-like 
structures sourrounded by metamorphic and 
bleached halos (breccia dominated) [4].  

3. The upper parts of the HVC conduit repres-
sent mixtures of lithologies from the deeper 
strata, thus displaying a mineralogy different 
from the surrounding host rocks. 

4. Surrounding sedimentary strata commonly 
dip inward on the edges of the conduit due 
to gradual collapse of the weakly consoli-
dated sediments during the eruption events.  

 
To summarize, HVC’s form during water-rock in-

teractions in sedimentary basins. In contast to volcanic 
pipes or conduits, HVC’s require an external source of 
water or organic material to form, and thus represent 
unique features in the search of extra-terrestrial water.  

Discussion: Fieldwork observations and geochemi-
cal data show that the high porosity present in the pipe 
structures also represents a preferential pathway for 
further fluid migration. If these gas and water seepage 
sites remain sustained for a significant amount of time, 
the precipitation of authigenic minerals may occur. 
The mineral precipitation is often mediated by micro-
bial processes, forming ecological niches, sometimes 
preserved in fluid inclusions  [5].  

With respect to Mars in particular, the lower at-
mospheric pressure may render the formation of these 
structures even more probable than on earth, since the 
conditions for phase transitions are different. It may 
therefore be that some of the structures currently iden-
tified as impact craters on Mars might represent HVC 
eruptive craters. We propose to test the presence of 
HVC’s on Mars by first comparing Martian images 
with Earth equivalents, and secondly by experimenting 
with additional numerical and analogue modeling of 
HVC’s formations in a Martian environment. We will 
present both the resembling structures on Mars and 
Earth and the simulations of hypothetical HVC forma-
tion in a low-pressure CO2 atmosphere. 
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Figure 1: Schematic cross section of a hydrothermal 
vent complex. The driving force for the formation is 
water-rock interactions in the contact aureole and in 
the conduit zone. The sill has a temperature of about 
1100 ºC during emplacement in the sedimentary strata. 
Modified from [4]. 

 
 
 
 
 
 
 
 
 

 
 

Figure 2: The presence of magmatic sill intrusions in 
the Karoo Basin in South Africa, displaying both pla-
nar and saucer morphologies. Image from 
http://visibleearth.nasa.gov/. 
 
 

 
 
Figure 3: Aerial photo of the Witkop III hydrothermal 
vent complex in South Africa. Note the positive topog-
raphy of the core of the complex (with breccias) and 
the surrounding dipping strata.  
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