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Introduction:  Lava tubes and volcanic caves are a 

potential habitat for Martian life and a target for astro-
biological studies[1].  Evidence for the existence of 
Martian caves such as long lava channels and lines of 
pits have been identified from orbiting space craft [2] 
and epithermal neutron maps indicate the presence of 
water a few metres below the surface [3] which would 
be accessible to cave life.  Inside the caves, any life 
will have access to water and would be sheltered from 
the harsh surface conditions of UV radiation and low 
humidity as well as from the prevailing weather condi-
tions. 

The caves in the Teide national park of Tenerife are 
an ideal terrestrial analogue of Martian caves.  They 
are situated at an altitude of 2500 m in an area of low 
humidity.  Additionally, contamination is reduced as 
access to the area is limited for conservation reasons.  
In June 2010, permission was granted by the Parque 
Nacional del Teide for rock samples to be collected 
from two caves, Cuevas Negras and Sima de Vicky and 
the surrounding areas. The aim of this work was to 
conduct a preliminary study to characterise the micro-
bial (Bacteria and Archaea) communities that live in 
volcanic caves and draw parallels with the type of life 
that may exist on Mars.   

Cuevas Negras:  Cuevas Negras are a series of 6 
short horizontal lava tubes close to the surface, typical 
of volcanic caves. Of particular interest is that one of 
these caves has a natural rock arch similar to distinctive 
Martian volcanic features observed from space (see 
figures in [1] and [2]). This type of cave would be 
more accessible by robotic (and human) explorers and 
could provide a habitat for early colonists.  One of the 
caves which faced westwards had ferns growing inside, 
evidence that the cave environment provides a shelter 
from the harsh dry surface conditions. 

Sima de Vicky:  Located on Montaña Rajada, Sima 
de Vicky is a predominately vertical system, 71 m 
deep, formed by fractures in the rock as magma has 
risen and caused the overlying rock to dome [4], [5].  
This type of volcanic cave allows access to depths 
greater than that readily achievable by robotic drilling. 

Whilst visiting this cave at a depth of -35m to -50m 
it was noticed that the walls were covered with a deli-
cate white formation on the walls with a solid “icing” 
on the floor (figure1).  The presence of this delicate 
white formation indicated that the cave had been rarely 
visited.  Below -50m the air became distinctly cooler 

and the walls were damp.  The bottom of the cave was 
filled with boulders blocking any further progress, al-
though the cold damp draught indicated that the cave 
was probably a lot deeper.   

Figure 1.  White formation in Sima de Vicky.  Field of 
view~30cm. 

 
Study Progress:  Two of the samples from Cuevas 

Negras were crushed and viewed by optical micros-
copy to confirm the presence of bacteria.  DNA was 
extracted from these two samples using PowerMax Soil 
DNA Isolation kit using a technique specifically devel-
oped for volcanic rocks[6].  The concentration of DNA 
was determined by spectrophotometry to verify that the 
DNA can be extracted from these particular volcanic 
rocks using this technique.  Further work would require 
sending the DNA for genetic sequencing of the Bacte-
ria and Archaea probably by 545 pyrosequencing. 

The white formation growing on the walls of Sima 
de Vicky is very unusual and its presence was unex-
pected.  Optical microscopy showed a very low con-
centration of bacteria; however, the sample that was 
collected was of the more crystalline material lying on 
the floor rather than the delicate powdery material on 
the cave walls, so it is possible that it could have a bac-
terial origin.   A sample has been sent for lipid extrac-
tion which will provide further information.  A Scan-
ning Electron Microscope (SEM) image showed an 
unusual texture (figure 2), a smooth surface with holes 
surrounded by a polygon structure.  The SEM analysis 
indicated that the only elements detected were sodium 
and oxygen.  Analysis by X-Ray Diffraction (XRD) at 
the British Museum (Natural History) has identified it 
as thermonitrite (Na2CO3.H2O), which is often formed 
as an evaporate deposit. 
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Figure 2.  An SEM image of the white mineral, field of 
view ~500µm. 
 

An understanding on the formation of the white 
mineral could provide further information about the 
caves of Montaña Rajada.  The circulation of cold 
moist air indicates that the cave system is much deeper 
and probably connected to many of the other caves in 
the area. Further insights could be gained by a detailed 
survey of the caves.  Connections between caves, too 
small for speleologists could be mapped by monitoring 
the air circulation e.g. temperature, humidity and car-
bon dioxide concentration.  Thus providing remote 
access to even greater depths.  

References: [1] Levéillé R.J. and Datta S. (2010) 
Planetary and Space Science 58, pp592-598.  [2] 
Keszthelyi L., et al. (2008)  J. Geophys. Res., 113, 
Issue E4, CiteID E04005. [3] Feldman W.C., et al. 
(2004) J. Geophys. Res., 109, E09006. [4] Lainez A. 
and Rigo F.P. (1990) V Congreso Español de Espe-
leología (Santander) pp93-94. [5] Lainez A. and Rigo 
F.P. (1990) V Congreso Español de Espeleología 
(Santander) pp101-105. [6] Herrera A. and Cockell 
C.S. (2007) J. of Microbiological Methods 70, pp1-12. 

Acknowledgements:  I would like to acknowledge 
the help, support and enthusiasm of many people and 
organisations during this project.  Permission to visit 
the caves was granted by the Parque Nacional del 
Teide.  Logistical support to visit the caves and collect 
samples was provided by Les Williams, Ian Timney 
and John Thomas of the Wessex Cave Club.  Charles 
Cockell and Laura Kelley of the microbiology labora-
tory at the Open University provided materials for the 
sample collection, storage and preliminary analysis as 
well as their expertise in microbiology.  SEM analysis 
was done by Diane Johnson at the Planetary and Space 
Sciences Research Institute (PSSRI).  Alison Blyth 
(PSSRI) for arranging for the lipid extraction and 

analysis of the white mineral.  Cavers of Grupo de 
Espeleología de Tenerife Benisahare for providing 
information about the caves.   

 

8004.pdfFirst International Planetary Cave Research Workshop (2011)


