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Hydrothermalism (Jaroso) and Evaporite
(Salinity crisis) in SE Spain: Implications
for Mars exploration
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u a I Nsarfaceshowsmany geomorphologicabnd mineralogicalfeatureswhich are indicative of a
wetter past, with the presenceof surface and sub-surface water, as well as an ancient higher
dgeologicabitalitye.

U Thelikely dominanceof a volcaniclithosphereon Mars suggestshat hydrothermalfluids and their
associatedorimary and secondarymineral parageneseshouldbe enrichedin Fe,Mg, Siand Ca,with
surficialdepositsbeing dominated by lower temperature, mixed iron oxy-hydroxide,opal, claysand
sulfate(andcarbonate)mineralogies
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Mars lost its energy and alsuiffered
a major climatechange

HISTORY OF \tl,VATER ON MARS
y.a.
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Jarosite AThe SEMediterranean margin of the Iberian

Jaroso Hydrothermal System Peninsulais an extremely interesting area of
. _ synchronousinteraction of tectonic, volcanic,
AN “ A & 8 evaporitic and mineralizing hydrothermal
M S g processesluringthe UpperMiocene
; : |err;1 Almiagrera

SIERRA DE LAS ESTANCIAS SIERRA DE ALMAGR
Jarosp 0 SIERRA  ALMAGRERA

Hydrothefmal w éﬁ-‘jﬁa % % o

N
SySte m : \‘\\\‘\ NN VERA- GARRUCHA

BASIN
N
\\\\

Chamhes 9 Sotet
\ O - \ S/erra de Ios F/Iabres P

MEOITERRANEAN SEA T

, , s (main anea) LAS HERRERIAS BASW /]

" Sierra Nevada '_ 5 A’V ' 37°N BT ; \ gl A
%2%]/’2 I:I Neogenevolcanics | LT SRR \ %

D Malaguide -

[_] Apuiarrice z . . . ]
L sokm ABORANSEA [ novsto i AThe JHSis genetically linked with the late
= episodesof the UpperMiocenevolcanismof the

area

AAIl mineral deposits originated make up a metallogenetic belt of
hydrothermal mineralizationswhich extends roughly 50 km SWNE
6 a I NICWyRalz2004).

AThe JHSincludes oxy-hydroxides, gold and silver, Hg-Sb, and base
metal sulfidesand different types of sulfosalts(mainly rich in Ag and
Sh)

AHydrothermal processesand weathering of the ores has generated
huge amountsof oxide and sulfate minerals(jarosite, barite, gypsum)
of which jarosite is the most abundant (in particular in the Sierra
Almagrerarange A Jarosoravine A World Type Locality) and clay
minerals(mainly at the Cabode gataarea)




TheMessinianSalinityCrisis(MSC)alsoreferred to asthe Messinian
Desiccationor MessinianEvent and in its latest stage as the Lago
Mare event, wasa geologicalevent during which the Mediterranean
Seawent into a cycleof nearly completedesiccationthroughout the
latter part of the Messinianage of the Mioceneepoch,from 5.96 to

5.33Ma (million yearsago)

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

o . Spainhasbeenproposedto be
‘ a world parastratotypefor the

MessinianStage
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Jarosite is a hydrated sulfate of iron and potassium
(KFg (SQ),(OH)), which was identified, in 2004, at
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& Squyres et al (2004) Science 306, 1709



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

Almeria), a significant characteristic « Rexearch News e, 56, fviii, 2004

tempm-a] relationship with Fe-Mn, Hg: The .Cueva.s del A].manzora.(CA). geological section (Vera b
mineralization. The stratabound-type m tetmina Miocene events. Likewise, the C4 area hosts a vo
e e e L0 by the largest exhalite deposit in Spain (altemnating beds of
Of. sea-floor, hydl Othel.mal_ Wj&ﬂm found cutting the volcanic rocks.
(pipes and crusts), barite, jasper, and nal

Gypeum ecours in some Martion meteortes (e. Jovemad T'h o yolcanism-related multistage hydrothermal system of El Jaroso (SE Spain ):

existed it crater-hasing during Mare' eatly (Noachdan) epoc
upon evaporation, if the initial 3043--Cal+ ratio is high anc
geological and even biological processes that could event
as a habitat for primitive life.
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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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Since2004, numerous geologicaland 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)The RLSwill be hostedin a rover whichwill analyzethe
Martian minerals,rocksandgeologicabutcrops




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

other sulfates

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




Recently 6 a I NICMWyR fal. 2015 we
have found tiny jarosite crystals (around
200 mm). They are extremely scarce,and
show a hexagonaloutline, resulting from

tabular, forming hexagonalthick platelets
Rarely, the crystals may develop a
pseudooctahedrahabit.
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Spectrum 1




ANinejarositerich outcropshavebeen 100
found and characterizedby different
mineralogical(XRD,SEMEDX,Raman)

and geochemicaUCPM S)techniques * PerkinElmerELAN9000quadrupoldCP-MS spectromete(PerkinElmer

Instruments, Spain), with a Ryton™ crossflow nebulizer, scott spray
chamberlndCetacASX-510autosampler



534S% values of jarosites and other sulphates from Jaroso
Hydrothermal System in comparison with other minerals, area
and geological settings.
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