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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 evapora-
tion of most of the Mediterranean waters. Its origin 
was, very likely, a combination of tectonic and glacioeu-
static 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 con-
ditions 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 combina-
tion 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 paleogeographi-
cal modification of the exchange between the Atlantic 
and the Mediterranean (Butler et al., 1995).

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.

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).
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The Sorbas basin (Figure 1) is a small elongated intra-
montane 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 disposi-
tion 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 (car-
bonates, reef patches and conglomerates) were depos-
ited 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 argil-
laceous marls with diatomites (Upper Abad Member). 
In the boundary between the calcarenites and the 
marls is where the Tortonian-Messinnian transition 
takes place.

The first reef unit (Bioherm Unit) lies upon the calcar-
enites 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 litholo-
gies, 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 siliciclas-
tic 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 differ-
ent episodes of sea level changes. Three types of bio-
herms 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 pos-
sible to observe some of the most characteristic evapo-

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.



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 progres-
sively become thicker towards the top. It is possible 
to observe remarkable structures with presence of 
palisade gypsum (Figure 7), nucleation cones (super-
cones), 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 big-
gest 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 Yesares-
Sorbas transition shows a progressive shallowing with 
the setting of coastal environments in most of the 
Sorbas basin.

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 sev-
eral nodule levels of caliches (carbonate soil crusts) 
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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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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.

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.

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.
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Figure 10. Intense bioturbation at the top of the 
beach facies sandstones.

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