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Abstract

Despite decades of research, no consensus hypotheses for the cause of the Messinian Salinity Crisis has

been reached; efforts are hampered by the Jack of modern analogues for the saline giants . Recent
research has illustrated the importance of pre-evaporite sediments in onderstanding the nature of the
Mediterranean in the prelude to salt precipitation . However, contradictions between various geological
datasets persist. Compilation of a Mediterranean wede Sr isotope dataset permits the temporal and spatial
distribution of normal and anomalous 87Sr186Sr from late Miocene sediments to be displayed . The results
suggest that the development of the typical Mediterranean stratigraphy is associated witti a Sr isotope
record connected to the global ocean until the deposition of the Upper Evaporites . In other areas both the
stratigraphic and Sr isotope records are anoma[ous up to several minion years prior to salt deposition,
Initial interpretation of these results suggests that there is a strong link between major lithological changes
and regional transgression events .

In troduction

The typical Late Miocene stratigraphic sequence in the
Mediterranean represents the transition from marine
carbonates to evaporites to brackish-water Glastics (Fig.
1) . This lithological progression can be recognized in
many parts of the Mediterranean and is thought to reflect
the gradual restriction of the oceanic link between the
Atlantic and the Mediterranean as a result of ongoing
collision of Africa and Eurasia (Hsu et al ., 1977) . Recent
work demonstrated that it is possible to correlate
Messinian marl-limestone cycles and their equivalente in
the evaporites over hundreds of kilomatras withen the
Mediterranean Basen (Krijgsman et al ., 1999). This
cyclicity has been interpreted as a - 20,000 year response
to precession in a basen sufficiently restricted to amplify
the local climatic signal.

The main lithological changes are abrupt . Originally thee
observation led to the assumption that the initiation of
evaporite precipitation could not beattributed to climatic
change . Instead, tectonically induced isolation was
invoked (Hsu et al ., 1977) . Later however, published Sr
isotope data from the evaporites demonstrated that the
Lower Evaporites precipitated from seawater connected
to the Atlantic (Muller and Mueller, 1991) . More
recently 87Sr/$ 6Sr extracted from Late Tortonian and
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Figure 1 . Simplified late Miocene stratigraphy
o€the Mediterranean
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Messinian foraminifera have been interpreted as suggesting that isolation of parts of the Mediterranean
may have occurred several million years before the first salt was deposited (Flecker and Eilam, 1999) .

Clearly, the relationship between lithology, climate, tectonics and connectivity is not simple . This study

aims to combine lithological and geochemical datasets by synthesising the data available both for the

entire Mediterranean -and_ on a basin-by-basin basis . The Sr isotope dataset for Late Miocene

Mediterranean sediments is currently limited both spatially (Fig . 2) and temporally . Data from sediments

beneath the evaporites are particularly sparse and to date, no analyses from sections displaying the marl-

limestone precessional cycles have been published . In this paper we contribute to the geochemical

dataset with analyses of samples pre- 0.0001 Lago Mar 1 Upper Evaporite s
dating salt from two sections, Pissouri

~ .. ~
in Cyprus and Gavdos south of Crete Q
(Fig . 2). These have both been studied 0 °a

and correlated using astronomical ~ ;
cyclicity (Krijgsman et al ., 1995) . The '
new 8 Sr/86Sr are combined with -0 .000 1
published data to provide 6 time-slice
maps illustrating the Sr isotope
evolution of the Mediterranean from -0.002
Tortonian to Pliocene .

Method

The Sr isotope composition of
seawater has changed throughout
geological history and is dependent on
the balante between the various Sr
fluxes . However, at any one time all
the oceans have identical g'Srl86Sr
(DePaolo and Ingram, 1985) . Isolation
of marginal basins results in deviation
away from global oceanic g7Sr/86Sr
towards a composition influenced
strongly by the 87Sr/86Sr of rocks in the
drainage hinterland (Albarede and

Michard, 1987 ; Muller and Mueller,

1991) .
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Figure 3 . Sr isotope data from 4 sections in the Mediterranean
plotted as a function of differente to average toeval ocean values
(Howarth and McArthur, 1997) . Tyrrhenian Sea data derived from
(Muller and Mueller, 1991 ; Muller et al ., 1990) ; Ahmetler data from

(Flecker and Ellam, 1999) . Lithological and stratigraphic
boundaries are taken from (Berggren et al ., 1995; Krijgsman et al .,

1999) .

Figure 2 . Location map of all the published Sr data lor Late Miocene-Pliocene
sediments in the Mediterranean .
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Hence, connection or isolation between marginal basins and oceanic circulation can be determined from
Sr isotope data. The major rivers feeding the Mediterranean (e .g. NiEe, Rhone, Ebro, Tiber) carry
significantly lower strontium isotope ratios than either eurrent globaE ocean values or the relatively
narrow range of values that characterised the Late Miocene (Palmer and Edmond, 1989) . If we assume
that the drainage hinterland of these rivers has not changed significantly during the last 5 Ma (Brass,
1976), isolation of the Mediterranean in the Late Miocene, as today, would result in a deviation away
from global ocean valnes towards lower $ 7 Sr/góSr .

Numerous studies have demonstrated that reliable sea-water Sr isotope records can be extracted Erom
foraminifera providing care is taken to exclude foreign material (Hess et al ., 1986; Palmer and Elderfield,
1985) . Foraminiferal samples veere hand-picked from wasbed and sieved whole-rocks and subject to
s tandard cleaning and analytical procedures .

Resul ts

To obtain a Sr isotope record for the sections on Gavdos and Cyprus, fo raminifera veere picked from marl
horizons beneath the [ower evaporites . These sediments span an interval between 5.96 +/- 0 .02 Ma
(Krijgsman et al ., 1999) and around 9 .5 Ma (Krijgsman et al ., 1995). All the Gavdos samples are within
error of the ocean water curve witpin the same magnetost ratigraphic interval (Fig . 3) . Deviation from the
oceanic valnes (the shaded boxes) in the Cyprus data only occurs at the top of the section in the evaporites
and the sediments that underlie them. Here the S$'Sr/86Sr - 1-2 x 10-4 where Sg7Sr/86Sr - 87Sr/86Sr of the
sample - "Sr/S6Sr of contemporaneous sea water .

These results differ Erom the only other two Mediterranean sections where the Sr isotope ratios of pre-
evaporite sediments have been measured (Flecker and Ellam, 1999 ; McKenzie et al., 1988; Muller and
Mueller, 1991 ; Muller et al ., 1990) which have significantly larger Sg'Sr/86Sr from late Tortonian times
(Fig. 3) . Neither of these anomalous sections have yet been tied into the astronomical timescale .
Moreover, they do not show a typical Mediterranean stratigraphy because the marl-limestone cycles are
replace by a much more clastic-rich succession that also contains marl horizons .

These data and the time-slice geochemical maps of available 87Sr/86 Sr suggest that at various times in its
Late Miocene bistory the Mediterranean was behaving as a series of sub-basins only some of which veere
connected to each other and the global oceans . There are also preliminary indications suggesting that the
onset of evaporite precipitation in the Mediterranean is marked by a transgression i .e . a return to oceanic
"Sr/"Sr. While more evidence is required to substantiate this observation, a suddèn influx of seawater is
in good accord with the abrupt lithological transition and the change in ocean chemistry it demands .

Conc lusion s

There is evidente for isolation of at least two Mediterranean sub-basins prior to the deposition of
Messinian evaporites .

Sr isotope records from sections that have been correlated to an astronomical time scale show normai
oceanic valnes up to and including the Lower Evaporites . Anomalous g'Sr/86Sr records have thus far
been derived Erom sections that do not show the typical Mediterranean stratigraphy .
Further work is required to evaluate preliminary observations which suggest initiation of evaporite
precipitation was associated with a marine transgression .
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