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MESSINNIAN
EVAPORITE EPISODES

Panoramic view of the gypsum exposures of Sorbas
(Almería), at Molinos del Río Aguas.
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It was just 6-7 million years ago when the Mediterranean
Sea underwent a great crisis due to a sudden drop of
sea level, with the subsequent isolation and evaporation of most of the Mediterranean waters. Its origin
was, very likely, a combination of tectonic and glacioeustatic processes.
Nowadays, the loss of water from evaporation of the
Mediterranean sea (1.36-1.54 m/year) is higher than
the input from rain and surface runoff (0.31 and 0.27
m/year). Such a loss is compensated by the positive
balance between the input of surface marine waters
from the Atlantic and the Black Sea, and the output
of deep saline waters through the Strait of Gibraltar. If
this water exchange was interrupted the consequence
would be the massive deposit of evaporites in the
Mediterranean basin.
This is the situation which must have occurred in the
Mediterranean seven million years ago during the
Messinnian (end of the Miocene), when the tectonic
uplift of the Gibraltar area interrupted the deep saline
water flow towards the Atlantic and restricted the flow
of surface oceanic water towards the Mediterranean.
The Messinnian Salinity Crisis (MSC) is described as
one of the most dramatic geological episodes in the
last 20 million years, with regard to the marine conditions of the Mediterranean. Among many other
consequences, this crisis originated the deposit of
thick evaporite series. One of the first explanations
was that these materials were deposited in a deep and
dessicated Mediterranean which was isolated in many
occasions from the Atlantic Ocean influence.
Most of the hypotheses about the Messinnian Salinity
Crisis agree that it was due to the complex combination of tectonic and glacioeustatic phenomena, which
ended up with the separation between the Atlantic
Ocean and the Mediterranean Sea (Hsü et al., 1973;
Wijermars, 1988), and a progressive paleogeographical modification of the exchange between the Atlantic
and the Mediterranean (Butler et al., 1995).
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Figure 1, above left. Location of the Sorbas Basin
within the Iberian Peninsula. On the right, geological
scheme of the basin according to Sánchez-Almazo et
al. (2001, modified from Montenant, 1990).
Figure 2. Tortonian to Pliocene stratigraphy of the
Sorbas basin and location of the sections studied by
Sánchez-Almazo et al. (2001):
1 Hueli.
2 Lucaneina.
3 Cariatriz.
Taken from Martín and Braga (1994).

Very likely, the intramontane depression of Sorbas
(Almería) is the Messinnian Mediterranean basin (late
Miocene) where the stratigraphy, biostratigraphy and
paleoenvironmental conditions of the Salinity Crisis
are better recorded. Presently, the Sorbas Messinnian
sequence, first reefal and later evaporitic, is used as a
world reference for the MSC, and is used as a model
for correlation with other Mediterranean basins.
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Figure 3. Panoramic view of the reef exposure at Hueli. Two reef patches can be seen at different heights,
representing sea level changes during the Messinnian.

The Sorbas basin (Figure 1) is a small elongated intramontane depression with an E-W trend surrounded
by basement reliefs of the Betic Mountain Range
(Sierra Alhamilla and Sierra de los Filabres). The
basin began to be filled during the Middle Miocene
with a strong subsidence from the Tortonian to the
early Messinnian, and a tectonic uplift from the late
Messinnian to the present (Martín and Braga, 1996).
The sedimentary filling of the basin comprises a series
about 700 m thick from the Middle Miocene to the
Quaternary with several intermediate discontinuities
(Martín and Braga, 1994).
For a description of the Sorbas basin evolution, Figure
2 (Martín and Braga, 1994; Sánchez-Almazo et al.,
2001) shows the vertical and horizontal disposition of the main lithostratigraphic units forming the
Messinnian sequence, as well as the relation between
the different facies.
At the end of the Tortonian, shallow sediments (carbonates, reef patches and conglomerates) were deposited in the northern edge, which to the south laterally
change to deep sediments (turbidites and marls). Upon
both sets (shallow and deep) overlies the platform’s
upper Tortonian bioclastic calcarenites (Azagador
Member), formed by briozoan fragments, coral algae,
macroforaminifera and green algae. This carbonate
platform shows a gradation (laterally and upwards)
to marly levels (Lower Abad Member). Towards the
middle of the basin, the unit changes laterally to argillaceous marls with diatomites (Upper Abad Member).
In the boundary between the calcarenites and the
marls is where the Tortonian-Messinnian transition
takes place.
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The first reef unit (Bioherm Unit) lies upon the calcarenites and marls, laterally changing to algae and coral
bioherms towards the basin margins (Braga et al.,
1996). The term bioherm refers to growth structures
with a dome geometry surrounded by other lithologies, while the name biostrome is used for stratified
geometries. According to Ridding et al. (2000), there
is an erosive discontinuity between the end of the
fringing reef unit and the overlying evaporitic levels
(Yesares Member).
The Yesares Member consists of alternating selenitic
levels of shale and gypsum. It is overlain by sand and
shale levels (Sorbas Member) which grade to siliciclastic sands with oolites and stromatolites with some
reef patches (Upper Complex). Finally, there are red
conglomerates, sands, clays and lacustrine limestones
(Zorreras Member) of a latest Messinnian and even
Pliocene age.
The Sorbas depression includes excellent examples of
Messinnian reefs, as reef patch units (bioherms) in the
southern margin (Hueli) and as almost complete reef
edifices in the northern edge (Cariatiz).
In Hueli, it is possible to observe magnificent reef
patches (Figure 3) surrounded by sands and bioclastic
gravels, whose differing positions clearly show different episodes of sea level changes. Three types of bioherms are recognized: Porites reef patches (Figure 4),
Halimeda reefs (Figure 5), and reefs made by bivalves,
briozoans and serpulids.
In the area of Molinos del Río Aguas (Sorbas), it is possible to observe some of the most characteristic evapo159

rite sequences of the Mediterranean Messinnian, and
12 to 14 cycles of gypsum deposits are differentiated
in them (Yesares Member, Figure 6).
The sequence of the Yesares Member begins with
diatomites (with abundant fish remains) and massive
gypsum with strata up to 20 m thick towards the
base, separated by interstratified marls which progressively become thicker towards the top. It is possible
to observe remarkable structures with presence of
palisade gypsum (Figure 7), nucleation cones (supercones), large twins, etc.
Another important aspect of the Yesares Member is
its functioning as multilayered karstic aquifer, with a
peculiar speleogenetic evolution and with the biggest development of gypsum cavities in Spain.
The Sorbas Member (Figure 8) lies on the Yesares
Member evaporites in the middle of the basin and
on the reef facies in the marginal areas. The YesaresSorbas transition shows a progressive shallowing with
the setting of coastal environments in most of the
Sorbas basin.

Figure 4, above left. Coral structures (Porites) in the
Hueli reefs.
Figure 5, above right. Detail of the Halimeda
fragments (leaves) forming most of Hueli reefs.
Figure 6, below. Thick massive gypsum strata at the
base of the Yesares Member (Los Molinos).
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Broadly speaking, it displays a shallowing-upward
sequence of beach facies with a transition to lagoon
and continental environments, typical of the end of
the Mediterranean Messinnian. The different facies
changes (in time and space) are very clearly exposed
and visible, as well as the sedimentary structures
which formed during the Mediterranean sea level
drop and subsequent isolation of the Sorbas basin.
Among these structures, the following stand out for
their splendid preservation: wave ripples (Figure 9),
bioturbation (tracks and galleries of organic activity,
Figure 10), bird-footprint impressions, and rain-drop
impressions on the sediments (Figure 11).
Over the Sorbas Member there are reddish silts and
yellow sandy marls of the Zorreras Member, with several nodule levels of caliches (carbonate soil crusts)
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Figure 7, above left. Gypsum bed displaying palisade
structures (towards the base) and nucleation cones or
supercones (towards the top) in the exposure of Río
Aguas bridge.

proving the continental origin of the deposit. For
some authors, the Zorreras Member is the equivalent
to the end-Messinnian deposits, whereas for others it
is already Pliocene.

Figure 8, below. Outcrop of the Sorbas Member with
light-coloured sediments at the base of beach-lagoon
facies.
Figure 9, above right. Cross-beds, chevron structures
and wave-ripples in the sandstones of the Sorbas
Member.
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Figure 10. Intense bioturbation at the top of the
beach facies sandstones.

REFERENCES
BETHOUX, J.P. and GENTILI, B. (1999).
Functioning of the Mediterranean Sea:
past and present changes related to
freshwater input and climate changes:
Journal of Marine Systems, 20, 33-47.
BRAGA, J.C., MARTÍN, J.M. and RIDING, R.
(1996). Internal Structure of Segment
Reefs - Halimeda Algal Mounds in the
Mediterranean Miocene: Geology,
24, 35-38.
BUTLER, R.W.H., LICKORISH, W.H.,
GRASSO, M., PEDLEY, H.M. and
RAMBERTI, L. (1995). Tectonics and
Sequence Stratigraphy in Messinian
Basins, Sicily - Constraints on the
Initiation and Termination of the
Mediterranean Salinity Crisis: Geol.Soc.
Amer.Bull., 107, 4, 425-439.
CALAFORRA, J.M. (2006). Episodios
evaporíticos messinienses (Crisis de
salinidad mediterránea). Informe final para
el "Proyecto Global Geosites", IGME.
DABRIO, C.J., MARTÍN, J.M. and MEGÍAS,
A.G. (1985). The tectosedimentary
evolution of Mio-Pliocene reefs in the
province of Almería. 6th European
Regional Meeting of Sedimentologists.
In: Mila, M.D. y Rosell, J. (Ed.), Excursion
Guidebook, 104-107. Lleida.
DABRIO, C.J. and POLO, M.D. (1995).
Oscilaciones eustáticas de alta
frecuencia en el Neógeno superior de
Sorbas (Almería, Sureste de España):
Geogaceta, 18, 75-78.
DRONKERT, H. (1976). Late Miocene
evaporites in the Sorbas Basin and
adjoining areas: Mem. Soc. Geol. Ital.,
16, 341-361.
16 2

Figure 11. Bird footprints and raindrop imprints on
the lagoon silty facies, above the beach facies.

GARCÍA-CORTÉS, A., RÁBANO, I.,
LOCUTURA, J., BELLIDO, F., FERNÁNDEZGIANOTTI, J., MARTÍN-SERRANO, A.,
QUESADA, C., BARNOLAS, A. and
DURÁN, J. J. (2000). Contextos
geológicos españoles de relevancia
internacional: establecimiento,
decripción y justificación según la
metodología del proyecto Global
Geosites de la IUGS. Boletín Geológico y
Minero. 111-6, 5-38. Madrid.
GARCÍA-CORTÉS, A., RÁBANO, I.,
LOCUTURA, J., BELLIDO, F., FERNÁNDEZGIANOTTI, J., MARTÍN-SERRANO, A.,
QUESADA, C., BARNOLAS, A.
and DURÁN, J. J. (2001). First Spanish
contribution to the Geosites Project: list
of the geological frameworks established
by consensus. Episodes, 24. 79-92
GAUTIER, F., CLAUZON, G., SUC, J.P.,
CRAVATTE, J. y VIOLANTI, D. (1994).
Age and Duration of the Messinian
Salinity Crisis: C.R.Acad.Sci.Ser.Ii,
318, 8, 1.103-1.109.
GONZÁLEZ-DONOSO, J.M. and SERRANO, F.
(1977). Bio y cronoestratigrafia de los
materiales pre-evaporiticos de Sorbas
(provincia de Almería). Messinian
Seminar 3, Excursion 2 (Sorbas), 69-76.
HSÜ, K.J., RYAN, W.B.F. and CITA, M.B.
(1973). Late Miocene dissecation of the
Mediterranean: Nature, 240-244.
KRIJGSMAN, W., FORTUIN, A.R., HILGEN, F.J.
and SIERRO, F.J. (2001). Astrochronology
for the Messinian Sorbas Basin (Se Spain)
and Orbital (Precessional) Forcing for
Evaporite Cyclicity: Sedimentary Geology,
140, 43-60.
MARTÍN, J.M. and BRAGA, J.C. (1990).
Arrecifes messinienses de Almería.
Tipologías de crecimiento, posición
estratigráfica y relación con las
evaporitas: Geogaceta, 66-68.

MARTÍN, J.M. and BRAGA, J.C. (1994).
Messinian Events in the Sorbas Basin in
Southeastern Spain and Their
Implications in the Recent History of the
Mediterranean: Sedimentary Geology,
90, 257-268.
MARTÍN, J.M. and BRAGA, J.C. (1996).
Tectonic signals in the Messinian
stratigraphy of the Sorbas Basin
(Almería, SE Spain): Cambridge
University Press, 387-391.
MARTÍN, J.M., BRAGA, J.C. and SÁNCHEZALMAZO, I.M. (1999). The Messinian
record of the outcropping marginal
Alboran Basin deposits: significance and
implications: Proc. Ocean Drill. Progr.
Sci. Res. 161, 543-551.
MONTENAT, C. (1990). Les Bassins
Néogènes du domaine Bétique Oriental
(Espagne) Paris.
RIDING, R., BRAGA, J.C. and MARTÍN, J.M.
(2000). Late Miocene Mediterranean
desiccation: topography and significance
of the 'Salinity Crisis' erosion surface
on-land in southeast Spain: Reply:
Sedimentary Geology, 133,
175-184.
SÁNCHEZ-ALMAZO, I.M., SPIRO, B.,
BRAGA, J.C. and MARTÍN, J.M. (2001).
Constraints of stable isotope signatures
on the depositional palaeoenvironments
of upper Miocene reef and temperate
carbonates in the Sorbas Basin, SE Spain:
Palaeogeography, Palaeoclimatology,
Palaeoecology, 175, 153-172.
WEIJERMARS, R. (1988). Neogene tectonics
in the western Mediterranean may have
caused the Messinian salinity crisis and
an associated glacial event:
Tectonophysics, 211-219.

Calaforra, J.M.

