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üaŀǊǎΩsurfaceshowsmanygeomorphologicaland mineralogicalfeatureswhich are indicativeof a
wetter past, with the presenceof surface and sub-surface water, as well as an ancient higher
άgeologicalvitalityέ.

üThelikelydominanceof a volcaniclithosphereon Marssuggeststhat hydrothermalfluidsandtheir
associatedprimaryandsecondarymineralparagenesesshouldbe enrichedin Fe,Mg, SiandCa,with
surficialdepositsbeingdominatedby lower temperature,mixed iron oxy-hydroxide,opal, claysand
sulfate(andcarbonate)mineralogies.

http://astrogeology.usgs.gov/

http://astrogeology.usgs.gov/

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 climatechange
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ÁAll mineral deposits originated make up a metallogenetic belt of
hydrothermal mineralizationswhich extends roughly 50 km SW-NE
όaŀǊǘƝƴŜȊ-CǊƝŀǎet al. 2004).

ÁThe JHSincludesoxy-hydroxides, gold and silver, Hg-Sb, and base-
metal sulfidesand different types of sulfosalts(mainly rich in Ag and
Sb).

ÁHydrothermalprocessesand weatheringof the ores has generated
hugeamountsof oxide and sulfate minerals(jarosite,barite, gypsum)
of which jarosite is the most abundant (in particular in the Sierra
Almagrera rangeĄ JarosoravineĄ World Type Locality) and clay
minerals(mainlyat the Cabode gataarea).

ÁThe SEMediterraneanmargin of the Iberian
Peninsulais an extremely interesting area of
synchronousinteraction of tectonic, volcanic,
evaporitic and mineralizing hydrothermal
processesduringthe UpperMiocene.
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ÁThe JHSis genetically linked with the late
episodesof the UpperMiocenevolcanismof the
area.
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TheMessinianSalinityCrisis(MSC),alsoreferred to asthe Messinian
Desiccationor MessinianEvent, and in its latest stageas the Lago
Mare event,wasa geologicalevent during which the Mediterranean
Seawent into a cycleof nearlycompletedesiccationthroughout the
latter part of the Messinianageof the Mioceneepoch,from 5.96 to
5.33Ma (millionyearsago).

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,hasbeenproposedto be
a world parastratotypefor the
MessinianStage.



WŀǊƻǎƛǘŜκaŀǊǎκ9ƭ /ŀǇƛǘłƴ

Squyres et al (2004) Science 306, 1709

. Jarosite is a hydrated sulfate of iron and potassium 
(KFe3 (SO4)2(OH)6), which was identified, in 2004, at 
aŀǊǎΩ aŜǊƛŘƛŀƴƛ tƭŀƴǳƳ ōȅ ǘƘŜ hǇǇƻǊǘǳƴƛǘȅ ǊƻǾŜǊ
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Jaroso Hydrothermal System
Three types of fluid inclusions

1) Two-phase (L+V) inclusions, with CO2, in which the vapor
phase occupies 50-70% of the total volume (TH = 330-
360°C);

2) Aqueous, two-phase (L+V) inclusions, without CO2, in which
the vapor phase occupies 25-40% of the total volume (with
the additional presence of trapped solids (KCl and
haematite) (TH = 270-350°C)), and

3) Aqueous, two-phase (L+V) or three-phase (S+L+V)
inclusions (TH = 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



Some extinct undersea hydrothermal vent
structures, which are associated with the
mineralizing process of the JHS, are still
preservedΨΨƛƴǎƛǘǳέand allowed to carry out a
detailed isotopic analysis complementing the
fluid inclusion studies όaŀǊǘƝƴŜȊ-CǊƝŀǎet al.,
2007).



Since2004, numerousgeologicaland multi-analytical (Raman,XRD,LIPS,
FTIR)campaignswere carried out at the Jaroso. Most of them were
organizedin the framework of the future ExoMarsmission(2016-2018) in
which we are participating with the development of a Raman Laser
Spectrometer(RLS). TheRLSwill be hostedin a rover whichwill analyzethe
Martianminerals,rocksandgeologicaloutcrops.

ÉESA

EXOMARS ROVER



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 όaŀǊǘƝƴŜȊ-CǊƝŀǎet al. 2015) we
have found tiny jarosite crystals (around
200 mm). They are extremely scarce,and
show a hexagonaloutline, resulting from
combinationsof rhombohedra; occasionally
tabular, forming hexagonalthick platelets.
Rarely, the crystals may develop a
pseudooctahedralhabit.

200 m



ÁNinejarosite-rich outcropshavebeen
found and characterizedby different
mineralogical(XRD,SEM-EDX,Raman)
and geochemical(ICP-MS)techniques.
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* PerkinElmerELAN9000quadrupoleICP-MS spectrometer(PerkinElmer

Instruments,Spain), with a RytonTM cross-flow nebulizer, scott spray

chamberandCetacASX-510autosampler.
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34S%0 values of jarosites and other sulphates from Jaroso 
Hydrothermal System in comparison with other minerals, areas 

and geological settings.



Massivegypsumlayers
Sorbas area



Gypsumoutcrop
Sorbas area


