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Endolithic microniches support habitability
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Abstract

Particular micro-niches on extreme environments
give us some clues about the habitability potential
under protected environments with important
connotations from an astrobiological point of view
[1]. The salts precipitation patters in extreme
environments can contribute to biomineralization
processes which could be of special interest for
organics but also life preservation on environmental
harsh conditions. These “oasys” for organics and/or
life forms are of special astrobiological interest and
should attract our attention in other planets and we
should be looking for it during rover exploration
missions. Endolithic micro niches in Rio Tinto salts
precipitates determine controlled scenarios where
phototrops develop under controlled conditions. Rio
Tinto, 100 km river located at South West of Spain,
is being taken as a well reported Mars analog due to
the similarities in the mineralogy of the system which
that reported by MER Opportunity Rover missions
which landed in Meridiani Planum where
sedimentary deposits have been identified in different
craters [2]. Interesting multi layered salty deposits
were identified in Rio Tinto source area where
endolithic micro niches were settled [3]. Green layers
appear included in brown stratified salt precipitates.
The crust deposit was between 5 mm and 1 cm width.
The layered structure is deposited over rocks or over
man made structures as dam or mining tunnels walls
but always in places with specific environmental
characteristics. It appears in not direct Sun light
exposed places (shadow side of walls) with thermal
and pH stability.

1. Introduction

The existence of extinct or extant liquid water in
Mars subsurface would increase its habitability
potential. Evidence of extant water on Mars was
reported by the Mars Express mission [4]. OMEGA
near-infrared spectrometer reported the presence of
phyllosilicates on the Mars surface. These water
bearing minerals located on early Mars surfaces are

solid proof of the existence of water in early Mars.
Other authors have recently reported a wider
diversity of phyllosilicate mineralogy using the
Compact Reconnaissance Imaging Spectrometer
(CRISM) on the Mars Reconnaissance Orbiter (MRO)
[5]. Other evidence of a wet past of Mars come from
the Opportunity rover at Meridiani Planum. The
identification of hematite, goethite and sulfate rich
deposits, such as jarosite [6], gave a possible scenario
for a past aqueous acidic environment on Mars. The
study on Extreme Environments on Earth has
contributed tremendously to the understanding of
habitability conditions on other planetary bodies.
Mars surface conditions are harsh conditions for life
to exist. The possibilities for life on such place
increase if we consider the possibility of micro
niches where life could be located and protected
against the adverse conditions [7].

2. Methods and Studies

Samples of the multi layered salt deposits were
studied using different techniques. Biomineralization
processes are being studies using microscopic and
molecular approaches.

2.1 Absorbance records

In acquiring the absorbance records along the diurnal
hours, an Ocean Optics VIS-UV USB4000 fiber
optic spectrometer was used. It covers a wavelength
range from 200 to 850 nm with an optical resolution
of 1.5 nm, providing a binary resolution of 16 bits.

2.2 X-Ray Diffraction (XRD) analysis

XRPD was performed using a PANalytical X’Pert
PRO MPD system (PW3040/60) (PANalytical B.V.,
The Netherlands) with Cu Ko radiation (A = 1.542 A)
and a divergence slit of 1°. Samples were scanned
between 3° (20) and 40° (260) using a step size of
0.008° (20) and a count time of 2 s. Data were
collected using X’Pert Data Collector and viewed



using X’Pert Data Viewer (PANalytical B.V., The
Netherlands). The intact compact samples were
placed directly on a flat aluminum sample holder.
The powdered compact samples were packed into a
standard aluminum sample holder and measured in
the same way as the calibration samples.

2.3 Microscopic observation

Microbial population of the salty crust was followed
by optical microscopy (Axioskop 2, Zeiss). Bio-
mineralization processes over the microbes were
identified and followed through the observation of
different samples from different stations which
showed different level of dehydration. The samples
were fixed using critical point (Critical Point Dryer
Ball-Tec CPD 030) and mounted onto conductive
graphite stubs and sputtered and gold-coated in a
Bio-Rad SC 502 apparatus for electrical conductivity
and to prevent charging under the electron beam.
Samples were examined with a SEM (Electron
Scanning Microscope JEOL JSM-5600 LV) (Figs. 5,
8 and 10) using an acceleration voltage of 20 kV and
a working distance of 20 mm.

2.4 Microbial diversity

Microbial diversity present in the samples was
studied using molecular ecology techniques. Total
DNA present in the sample was extracted and
amplified by PCR wusing universal prokaryotes
primers. The PCR products were directly sequenced.

3. Summary and Conclusions

Different microbial species to those present on the
water column and sediments of the river were found
inside the salty crust. Clear biofilm formations were
identified. Not complex structures were observed as
well as a low number in the species composition of
the microbial population. Five different
morphologies were identified in the SEM micro
graphs. The number of the species was confirmed by
molecular ecology techniques which rendered high
similarities with eukaryotes as Dunaliella sp.,
Cyanidium sp., and others phototrophs. Some
prokaryotes were also identified. The stability in pH
and temperature seems to indicate a microbial
adapted protected ecosystems what was confirmed
when spectral analysis outside and inside the salts
deposits were took.
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