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ORIGIN, DISTRIBUTION AND ECONOMIC IMPORTANCE 
OF THE MESSINIAN GYPSUM 

IN THE MEDITERRANEAN
by

A. H errmann

Gypsum (CaSo4 • 2H20) was probably the first material to be used as mortar: its 
use was first reported in connection with the erection of the towers of Jericho about 
7000 BC. It can be assumed that the art of calcining gypsum to plaster has been known 
to man for about 10,000 years. This is certainly due to the low temperature of 120 to 
180° C required for driving off the cristallisation water to produce the semi-hydrate 
CaS04 • V2H20.

It was evidently not Messinian gypsum that was used for the world premier of 
gypsum calcination. Most probably, however, it was Neogene gypsum from the Medi
terranean region. We know that beginning in the Eocene, through the Oligocene and 
especially during the early and middle Miocene, gypsum deposits were formed in an 
area which was considerably larger than the Messinian evaporite basin which itself 
was not much more extended than the present Mediterranean. As shown in probably 
the best current general representation by Rouchy (1982, Fig. 1), the major sedimen
tation areas of Late Miocene gypsum are beneath the present Mediterranean. Only 
at the margins do they “rise” to the mainland, where some of these deposits can be 
profitably worked.

The structure of sulfate rocks differs depending on the depth of the sea in which 
they were formed. That has been known for decades and made clear by G. R ichter- 
Bernburg (1955), using the example of the Central European Zechstein: the lithofacies 
in the deeper parts of the basin is thinbedded and of small thickness, that on the flanks 
of the swells or near the margins of a basin is thick and massive. These findings, how
ever, cannot necessarily be applied to the conditions in the Mediterranean area of the 
late Miocene because partly completely different types of sulfate sediments occur in 
the Messinian, particularly the cristalline gypsum, i.e. the selenite. In contrast to 
numerous older evaporite formations, special conditions prevailed in the Messinian. 
This is clear from the “dynamic model for a shallow basin setting at world ocean sea 
level” by F abricius, H eimann and Braune (1978). R ouchy (1981, 1982) modifies 
this model by imagening that the main basin was subdivided into several secondary 
basins which are situated one behind the other. Shallow water deposits and even 
distinct sebkha formations were of relatively great importance in the Messinian at 
least in the areas accessible to “land-locked people”, as D rooger (1973) put it. But 
even there, non-selenitic, normal, i.e. compact to fine-crystalline gypsum or anhydrite 
rocks are found locally, e.g. in the core of the rapidly subsiding Chelid Trough in 
Algeria or of the Caltanisetta Trough in Sicily (R ichter-Bernburg, 1973; G ersonde,
1980). Their occurrence indicates a bit deeper water environment.

There is no doubt, however, that there are large areas—mainly below sea level — 
with sulfate deposits for which the “deep-basin model” of the minority of authors 
whom D rooger (1973) calls “sea-borne people” does not necessarily apply. Typical



552 A. H e r m a n n

Th
e 

M
es

sin
ia

n 
ba

sin
 i

n 
th

e 
M

ed
ite

rr
an

ea
n 

(a
da

pt
ed

 f
ro

m
 R

o
u

c
h

y
, 

19
81

/8
2)

 s
ho

w
in

g 
di

st
rib

ut
io

n,
 q

ua
lit

y 
an

d 
qu

an
tit

y 
of

 
gy

ps
um

 a
s 

we
ll 

as
 i

m
po

rta
nt

 e
xp

lo
ita

tio
n 

ar
ea

s 
an

d 
en

te
rp

ris
es



Origin, distribution and economic importance. .. 553

sediment structures are found in the sulfate rocks in the few drilling samples collected 
during the Glomar Challenger campaigns: in addition to layered structures, there are 
especially so-called “chickenwire” gypsum or anhydrite (in German “Hühnerdraht- 
Anhydrit”, in French “l’anhydrite grillage ä poulet”) with a cloudy structure. There 
are also various types of redeposited rocks, e.g. gypsum turbidites. Most probably 
they are the result of submarine landslides of varying size from the margin to the basin 
(H ermann and R ichter-Bernburg, 1955).

These processes indicate considerable differences in the seafloor level in the whole 
area of deposition (Schreiber, 1985): At the same time as the sulfate was deposited 
on the slopes the deeper parts of the basin were more or less rapidly filled with rock 
salt once the necessary salt concentration had been reached; later on only rock salt 
was formed in the whole basin.

It can be seen in the only area of Messinian deposition of thick rock salt, or even 
potash, that has become land (in Sicily) that also during the Messinian the thickest 
sulfate layers were deposited in more shallow water. Both towards the depth and in 
the direction of the basin margins, the thickness and purity of the gypsum decrease 
(R ichter-Bernburg, 1973). Additionally, the gypsum content, which is so important 
for its processing, is reduced even more due to the occurrence of anhydrite, i.e. calcium 
sulfate without crystal water, in both the deep and extremely shallow environments. 
The gypsum is purest in areas with thick sulfate beds, which in the Messinian are 
characterized by the “selenite” facies in its various forms: from large crystals measur
ing several meters across to microscopic size. In the selenite facies, even in areas 
where it attains a thickness of more than 150 m, no anhydrite has been found up to 
now, whereas its occurrence is characteristic of the core of sulfate layers in older 
formations.

The stratigraphic position of the crystalline gypsum occurrences in the late 
Tertiary is responsible for further positive characteristics: the mostly rather unlithified 
cover, i.e. overburden, is easily erodible and the diagenetically only slightly altered 
crystalline rock is very resistant to leaching, i.e. karstification.

These stratigraphic conditions result, at least in the crystalline gypsum facies, 
in sufficiently thick and pure gypsum occurrences without an anhydrite core. These 
occurrences have only a thin cover over wide areas. Illuviation of foreign rock material 
due to solution is a minimum. All in all, the crystal facies of the Messinian gypsum is 
an especially high quality mono-mineralic rock that is available in large quantities in 
various regions. Because preference is given, for a wide variety of reasons, to other 
priorities, perhaps only half of the indicated reserves of 8 —10 thousands of millions 
of tons can be exploited, but even these quantities will probably be sufficient to meet 
demand for more than a thousand years. As far as I know, such immense reserves of 
gypsum are available nowhere else in the world.

It is interesting that the economic importance of Messinian gypsum varies so 
widely in the different parts of the Mediterranean region. Let’s begin with Spain, which 
is among the countries with the highest gypsum reserves in the world, distributed 
throughout the country in extensive deposits in several geological stages. The Messi
nian gypsum deposits are situated on the southeast coast. This gypsum, in crushed 
form, has been shipped to the American east coast and to Scandinavia for many years. 
After a power plant fired only with coal imported from the US was erected on the 
coast near the deposits of gypsum, sales abruptly increased due to the more favourable 
freight costs to and from the US.

The situation in Algeria is quite different: Algeria is an oil and gas-producing 
country with a rapidly growing population. This country is forced to develop a building
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materials industry, especially for housing. Several modern gypsum plants have been 
erected in rapid succession at sites with Messinian gypsum.

In Italy, especially in the north, there are numerous plaster plants of varying 
capacity, but no plasterboard factory. The coarse-spathic crystalline gypsum is also 
used for wall paneling and table tops; the latter are sold as “lava del mare”. The largest 
accumulations of Messinian gypsum are found in Sicily. Their extent can hardly be 
imagined, but they are exploited only on a comparatively small scale.

In contrast to the western Mediterranean, the exploitation of Messinian gypsum 
in the eastern part, chiefly on the Greek islands, is rather underdeveloped, although 
this type of gypsum occurs quite frequently there. The only plasterboard factory in 
the entire Mediterranean region was in Cyprus until the 1973 Arab—Israeli war 
closed its markets in the Near East.

Some final remarks on the controversy between the adherents of the “deep-basin 
model” and the supporters of a “shallow-basin model” that has been discussed, 
sometimes vehemently, at numerous congresses held exclusively on this subject oyer 
the 15 years since the first cruise of “Glomar Challenger” in 1970. This discussion 
can be regarded as more or less settled on the basis of a modified shallow-basin model 
of R ouchy (1981). It can be traced, however, in a textbook, edited by Stanley and 
Wezel. As to the formation of evaporites during the Messinian, Mrs. Schreiber 
(p. 31) comes to the conclusion that various sedimentation environments, due mainly 
to differing water depths, can exist within any one basin. The palaeontological findings 
have been generally interpreted to determine that the water depth in the Messinian 
basins did not exceed 500 m (M eulenkamp, 1977, verbal commentary from L. Benda). 
And R ouchy (1981, 1982) has developed the reasonable concept that the deposition 
of evaporite sequences did not necessarily take place at the same time throughout the 
whole Mediterranean region.

Evidence for this that can be recognized by everyone is provided by an exaniple 
of the Paratethys in the Balkans: A “salinity crisis” occurred in the early to middle 
Miocene similar to that of the Messinian. R ouchy (1982, Fig. 9) shows that corres
ponding conditions apply also to the individual subbasins of the Messinian, disregard
ing the fact that only part of the sedimentation of the carbonate, sulfate, and chloride 
evaporites took place contemporaneously. The primary formation of anhydrite can 
also be easily included in this concept: on the one hand, because of the high tempera
tures prevailing in supratidal areas and, on the other hand, because of the hypersalinity 
of the descending, highly concentrated brines in the deeper parts of the basins.

Finally, using a “shallow-basin model” extended to a certain depth as presented 
by Fabricius, H eimann and Braune (1978), it is much easier to explain the numerous, 
sometimes more than twenty sequences of evaporite deposition, in some places con
taining repeated illuviations from the surrounding land. In any case, it is considerably 
more difficult to explain using the “deep-basin model” (Hsü, 1973; Hsü et al., 1973; 
1978; G virtzman and Buchbinder, 1977; Ryan and C ita, 1974), which assumes 
repeated, more or less complete desiccation of the entire basin of the Messinian. 
Eustatic fluctuations of the sea level of the ocean, hypothesized on the basis of other 
evidences, are more likely, but only to explain the cycles during the Messinian.

As quite correctly remarked by Schlager and Bolz (1977, p. 601: “We are 
aware that the extrapolations are made from very limited data.”) the details of the 
saline sequences in the present-day deep parts of the Mediterranean are still almost 
unknown. If total desiccation repeatedly took place, it should be possible to furnish 
evidence for a quantitative relationship between the evaporable water column and 
the thickness resp. thickness ratios of the various evaporites, especially of gypsum 
and rock salt.
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Van Couvering (1976) also supports this view, with his opinion that a complete 
evaporation of the Mediterranean according to Hsü’s theory (et al., 1973; 1978) 
cannot have taken place because the evaporites in the deep areas are too thick. In his 
conception the evaporites could have attained such a thickness only through the 
evaporation of brines following the first desiccation.

The large, more or less uninterrupted thickness of gypsum, e.g. up to 300 m in 
the Gessoso Solfifera Formation in Sicily (G ersonde 1980, p. 23), cannot, in any 
case, plausibly the explained using the “deep-basin model”. Rather, a gradual increase 
in the salt content in a continuous lateral brine current in the sense of R ichter- 
Bernburg (1955) or R ouchy (1981) must be hypothesized.

Neither should the fact be ignored that the boundary between the African and 
the European plates runs through the Mediterranean area: sediments of the same 
lithofacies can be observed in altitudes which differ in level by up to 2000 m. And then 
large areas are supposed to have existed unaltered as a structural low since the Middle 
Miocene? (see also Leenhardt, 1973).

Summarizing, I come to the conclusion that the “Messinian event”, the often 
cited “salinity crisis”, was not so unique as made out to be by a number of authors. 
Instead, it took place in a saline basin under the usual conditions that prevailde 
several times before in the history of earth, although with typically Mediterranean, 
i.e. “Messinian” aspects.
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