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Hydrothermalism (Jaroso) and Evaporites
(Salinity crisis) in SE Spain: Implications
for Mars exploration

J. Martinez-Frias*
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» Mars’ surface shows many geomorphological and mineralogical features which are indicative of a
wetter past, with the presence of surface and sub-surface water, as well as an ancient higher

“geological vitality”.

» The likely dominance of a volcanic lithosphere on Mars suggests that hydrothermal fluids and their
associated primary and secondary mineral parageneses should be enriched in Fe, Mg, Si and Ca, with
surficial deposits being dominated by lower temperature, mixed iron oxy-hydroxide, opal, clays and
sulfate (and carbonate) mineralogies.


http://www.nasa.gov/
http://www.arizona.edu/styleguide/seal.php
http://www.nasa.gov/
http://www.arizona.edu/styleguide/seal.php

Mars lost its energy and also suffered
a major climate change

HISTORY OF \tl,VATER ON MARS
y.a.




Jaroso and
Sorbas
areas,

SE Spain
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» Volcanism,
Hydrotermalism,
Mineralization, Extremely
interesting mineral
paragéenesis

Jarosite World type locality

» Evaporites
(Messinian Desiccation/
Salinity Crisis)




Scientific context
Mars Analogs
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Scientific context Bujaraloz, Monegros
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Mars analogs, Spain
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. Jaroso-Sorbas-Cabo de Gata
Tenerife, Lanzarote...

(Almeria)




Jarosite

Jaroso Hydrothermal System
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» The SE Mediterranean margin of the lberian
Peninsula is an extremely interesting area of
synchronous interaction of tectonic, volcanic,
evaporitic and mineralizing hydrothermal
processes during the Upper Miocene.

SIERFA DE LAS ESTANCIAS SIERRA DE ALMAGRO SIERRA ALMAGRERA

S SE
VERA-GARRUCHA BASIN

LAS HERRERIAS BASIN

=" The JHS is genetically linked with the late
episodes of the Upper Miocene volcanism of the
area.

=All mineral deposits originated make up a metallogenetic belt of
hydrothermal mineralizations which extends roughly 50 km SW-NE
(Martinez-Frias et al. 2004).

=The JHS includes oxy-hydroxides, gold and silver, Hg-Sb, and base-
metal sulfides and different types of sulfosalts (mainly rich in Ag and

= Hydrothermal processes and weathering of the ores has generated
huge amounts of oxide and sulfate minerals (jarosite, barite, gypsum)
of which jarosite is the most abundant (in particular in the Sierra
Almagrera range - Jaroso ravine = World Type Locality) and clay
minerals (mainly at the Cabo de gata area).



The Messinian Salinity Crisis (MSC), also referred to as the Messinian
Desiccation or Messinian Event, and in its latest stage as the Lago
Mare event, was a geological event during which the Mediterranean
Sea went into a cycle of nearly complete desiccation throughout the
latter part of the Messinian age of the Miocene epoch, from 5.96 to
5.33 Ma (million years ago).

This event, the Messinian
Salinity  Crisis  (MSC), is
recorded in a sequence
comprising thick gypsum and
halite evaporites. Cyclic
evaporite deposition is almost
entirely related to circum-
Mediterranean climate
changes.

The section in this area of SE
Spain, has been proposed to be
a world parastratotype for the
Messinian Stage.



Jarosite/Mars/El Capitan

Jarosite is a hydrated sulfate of iron and potassium
(KFe; (SO,),(OH),), which was identified, in 2004, at
Mars’ Meridiani Planum by the Opportunity rover
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Mossbauer Spectrum of El gapitan: Meridiani Planum
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:
T w
s
) K

@ Fe*tuarosite

® Fe**phase

\ @ Fe?'silicate

- 7 X Magnetic phases
velo(“ty ﬁ s L .

NEENSitY ey

o
e

Squyres et al (2004) Science 306, 1709



HYDROTHERMAL MINERALIZATION IN SE SPAIN A
VOLCANICS-RELATED METALLOGENETIC MODEL FOR THE EARLY MARS

J. Martinez-Frias®, R. Lunar® & J. A. Rodriguez Losada®

(M Centro de Astrobiclogia, (CSIC/INTA) Instituto Nacional de Técnica Aeroespacial. Ctra de Torrejon a
Ajalvir, km 4 28850 Torrejon de Ardoz, Madrid (Esparia) e-mail: martinezfrias @mncn.csic.es

M Facultad de Ciencias Geolégicas, Univ. Complutense de Madrid, 28040 Madrid (Espafia) e-mail:
lunar@eucmax.sim.ucm.es

%) Unidad de Geologia, Facultad de Ciencias, Univ. La Laguna, Avenida Astrofisico Francisco

Jarosite
Jaroso Hydrothermal
System
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amounts of hot water move through iros
in solution.

Inthe Mediterranean region, the Upper Miocene was a time of convergence and interaction of different geological processes including tectonism, volcanic activity,

hydrothermalism and desiccation of the Mediterranean Sea. The Messinian salinity crisis probably was the most outstanding geological event of the late Cenozoic. The
giant evaporitic (anhydrite/ gypeum) sequence is well represented in the stratigraphic record and consists of several ctises that fit the context of catastrophic modeling of a

Besides the well known iron deposit:Mediterranean "saline giant"
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Implications for the exploration of Mars
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The SE Mediterranean margin of Spain is an extremely interesting area of synchronous interaction of tectonic,
volcanic, evaporitic and mineralizing hydrothermal processes. This works tackles the multiple relations among
these processes by the study of a specific and representative case: the ‘Jaroso Hydrothermal System’. The hy-
drothermal fluids were genetically linked with the late episodes of the Upper Miocene calc-alkaline and shoshonitic
volcanism of the area. The ascent of the fluids was mainly controlled by the Palomares fault in Sierra Almagrera. In
the shallow-marine basin of Las Herrerias, the movement of the acid solutions was controlled by both NNE-S5W
and N150E nomal faults and WNW-ESE wrench reverse faults. At least three mineralising stages were identified,
although the particular formation of jarosite could be associated with both hypogenic and supergenic processes.
We suggest that the multistage hydrothermal system of El Jaroso (Sierra Almagrera, Almeria province, SE Spain),
which is responsible for both the Jaroso ores (especially rich in jarosite) and the Las Herrerias sulfate-rich, shallow-
marine laminites, could be exploited as a potential model with mportant implications for the exploration of Mars.
Key words: Jarosite, hydrothermal, shallow-marine, analog, Mars.




Jaroso Hydrothermal System

Three types of fluid inclusions

1) Two-phase (L+V) inclusions, with CO,, in which the vapor
phase occupies 50-70% of the total volume (T,, = 330-
360°C);

2) Aqueous, two-phase (L+V) inclusions, without CO,, in which
the vapor phase occupies 25-40% of the total volume (with
the additional presence of trapped solids (KClI and
haematite) (T,, = 270-350°C)), and

3) Aqueous, two-phase (L+V) or three-phase (S+L+V)
inclusions (T,, = 160-260°C). In broad terms, an increase of
salinity linked to a loss of vapor is the general tendency in
relation with the descent of temperature.



Jaroso Hydrothermal System
Volcanic outcrops and mineralization
hydrothermal veins
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Since 2004, numerous geological and multi-analytical (Raman, XRD, LIPS,
FTIR) campaigns were carried out at the Jaroso. Most of them were
organized in the framework of the future ExoMars mission (2016-2018) in
which we are participating with the development of a Raman Laser
Spectrometer (RLS). The RLS will be hosted in a rover which will analyze the
Martian minerals, rocks and geological outcrops.




Jarosite usually occurs as
efflorescences, earthy masses
and films or crusts, associated to
other sulfates

Typical mineral associations at the Jaroso
ravine (JHS), Sierra Almagrera
representing various paragenetic stages.
Yellow crust and patches:
jarosite. Brown areas: Ca-Mg-Fe
carbonates. White areas: barite.




Recently (Martinez-Frias et al. 2015) we
have found tiny jarosite crystals (around
200 mm). They are extremely scarce, and
show a hexagonal outline, resulting from
combinations of rhombohedra; occasionally
tabular, forming hexagonal thick platelets.
Rarely, the crystals may develop a

Spectrum 1




= Nine jarosite-rich outcrops have been 100

found and characterized by different
mineralogical (XRD, SEM-EDX, Raman)
and geochemical (ICP-MS) techniques.

* PerkinElmer ELAN9000 quadrupole ICP-MS spectrometer (Perkin Elmer
Instruments, Spain), with a Ryton™ cross-flow nebulizer, scott spray
chamber and Cetac ASX-510 autosampler.



034S%o0 values of jarosites and other sulphates from Jaroso
Hydrothermal System in comparison with other minerals, areas
and geological settings.
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Massive gypsum layers

Sorbas area
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Jarosite and gypsum are two extremely important sulfate minerals for
Mars, which occur in the Jaroso Hydrothermal System as part of
subaerial and subterraneous settings
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Giant crystals of gypsum, Pulpi giant geode,
Almeria (Jaroso Hydrothermal System)



Jarosite has also been detected by the
rover Curiosity (MSL) in varios areas in
the interior of the crater Gale. Gray
cuttings from Curiosity's drilling into a
target called "Mohave 2" are visible
surrounding the sample-collection
hole in this Jan. 31, 2015 image from
the rover's MAHLI camera. This site in
the "Pahrump Hills" outcrop provided
the mission's second drilled sample of
Mars' Mount Sharp.

Credit: NASA/JPL-Caltech/MSSS
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Spanish Planetology and

Astrobiology Network (REDESPA)
http://www.icog.es/redespa/

rCsIC .
Science Centers and

Institutes (e.g. CAB, IACT,
IGME, IQFR, ICM)

Astronomical Observatories,
societies (e.g. National Astronomic
Observatory)

Science Culture and
Outreach Units

Universities
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Science Museums, Planetaria and Parks
(e.g. Madrid Planetarium)

Science Communication
(Selected Space related blogs)
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Source areas of the fabrication of Mars simulants:
Mineralogy, geochemistry, astrobiology

NASA/MSL

Educational activities about Astrobiology
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Astrobiology in Missions

New Astrobiology Online Course in
Spanish
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PLANETOLOGIA

RORIOI C

s Nssns o

The Spanish MNetwork of Planetology and Astrobiology (REDES PA) has just

opened registration for a new online course in Spanish called Planetology and
Astrobiology.

This multidisciplinary course will cover the diversity of astrobiological subjects
from different disciplines {geology, chemistry, physics, astrophysics, biology
and science communication/networks). At this first stage, the course will be
given in Spanish and It covers around 100 teaching hours, comprising three
modules and 18 Thematic Units.
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Hydrothermalism (Jaroso) and Evaporites (Salinity crisis)
in SE Spain: Implications for Mars exploration. '
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