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1. SEDIMENTOLOGICAL AND STABLE ISOTOPE CHANGESAT THE MESSINIAN/PLIOCENE
BOUNDARY IN THE EASTERN MEDITERRANEAN (HOLES968A, 969A, AND 969B)*

Catherine Pierre,? Jean-Marie Rouchy,® and Marie-Madeleine Blanc-Valleron®

ABSTRACT

The Messinian/Pliocene boundary was continuously cored in the Eastern Mediterranean at Hole 968A on the northern flank
of the Eratosthenes seamount and at Holes 969A and 969B on the Mediterranean Ridge. It is marked by major changes of
lithology, carbonate content, and stable isotope composition of mixed carbonate-siliciclastic sediments, which record a sharp
modification of the hydric balance of the Mediterranean. During the terminal Messinian, after the salinity crisis, huge fresh-
water dilution created brackish conditions of variable level of concentration in the deep shallow-water Mediterranean basins. In
a period that probably lasted ~1000-2000 yr, the entire Mediterranean was refilled by marine waters at the onset of the early
Pliocene so that homogeneous open-sea conditions were established in the different basins.

INTRODUCTION

The Messinian/Pliocene boundary is expressed differently in the
Mediterranean sub-basins. In the marginal areas that are now out-
cropping in Spain, Italy, Cyprus, and North Africa, it is often marked
by a sedimentary unconformity (erosional surface, gap in the sedi-
mentation, paleosoils, change to continental sedimentary deposition
during early Pliocene; Cita et a., 1978; Rouchy, 1982; Pierre and
Rouchy, 1990). In the deepest parts of the Mediterranean, the
Messi nian/Pliocene boundary was drilled during Deep Sea Drilling
Project (DSDP) and Ocean Drilling Program (ODP) cruises at Sites
132, 652, 653, and 654 in the Tyrrhenian Basin, Sites 371 and 372in
the Balearic Basin, Sites 125 and 374 in the lonian Basin, Sites 375
and 376 inthe Levantine Basin, and Site 378 in the Cretan Basin. Ev-
erywhere, a sharp lithologic change characterizes this transition, in-
dicating that major paleoenvironmental modifications occurred inthe
whole Mediterranean.

The Messinian/Pliocene boundary was cored during ODP Leg
160 at Site 968 on the Cypruslower slope and at Site 969 on the Med-
iterranean Ridge (Fig. 1). A high-resolution sampling scheme (sam-
ples taken every 5 cm) was employed to investigate the sedimento-
logical and isotopic records of the major hydrological event in the
Eastern Mediterranean, which ended the hypersaline regime of
Messinian times and preceded the return to open-seaconditions at the
onset of the Pliocene.

At both sites, the sedimentation rates during the early Pliocene are
high (80 m/m.y. at Site 968, 86 m/m.y. at Site 969); the 5-cm interval
thus represents an average time interval of ~600 yr. However, the
sedimentation rate estimations were not possible for the late Messin-
ian, where biostratigraphic markers are lacking (Shipboard Scientific
Party, 1996a, 1996b).

METHODS
The carbonate content of each sample was measured on 100 mg

of powdered sediment using a manocalcimeter. X-ray diffraction
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(XRD) analyseswere performed on bulk samples using a Siemens D-
500 instrument (Cu Ka, Ni filtered, radiation). Calcite and dolomite
weight percentages were estimated using peak heights and manocal-
cimeter values (Tables 1, 2, 3). The mineralogy of the carbonate frac-
tion was systematically determined by XRD to quantify the cal-
cite:dolomite ratio and to characterize the composition of the differ-
ent mineral phases by measuring the precise position of the d,, peak.
Most of the samples were observed with smear slides under the opti-
cal microscope, and some of them were selected for examination by
scanning electron microscope (SEM).

The oxygen and carbon isotope compositions were measured on
the bulk carbonate fraction, which contains dolomite as a trace com-
ponent and cannot contribute significantly to the isotopic signal. The
sediment samples were digested in 100% orthophosphoric acid at
25°C (McCrea, 1950), and the resulting &&fas was analyzed using
a VG-SIRA 9 Triple Collector Mass Spectrometer in LODYC. The
isotopic compositions are expressed by the convent®natation
relative to the Peedee belemnite (PDB) reference (Craig, 1957):

5180 sample %o = 1008 (**0/*%0 sample- 80O/0 reference)/
180/150 reference, and

O1C sample %o = 1008 (3C/*C sample- **C/?C reference)/
BBC/2C reference.

The analytical precision is 0.01%o. for bai#$O andd'*C values;
the reproducibility of the carbonate standard run on separate days is
+0.05%0 ford'80 and+0.02%. ford!*C.

SEDIMENTOLOGY

Results
Site 968

Hole 968A was drilled at a water depth of 1961 m, on the Cyprus
lower slope, and penetrated 302.7 m of sediments.

The Miocene/Pliocene boundary is marked at 153.80 m below
seafloor (mbsf; Sample 160-968A-17X4D cm) by a net lithologic
transition from light to dark brown calcareous clays and silty clays
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Braminifers characteristic of the early Pliocene MPL2 zone (Ship-

SURA 1761, Laboratoire de Géologie, Muséum National d’Histoire Naturelle, 43board Scientific Party, 1996a). Below about 190 mbsf the sediments
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contain a typical Lago Mare faunal association @fprideis pan-
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Figure 1. Location map of Sites 968 and 969 in the Eastern
Mediterranean.
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nonica and Ammonia tepida. These deposits including the gypsum-
rich intercalations from 211.0 to 219.7 mbsf (Core 25X), are consid-
ered time equivalentsto the terminal Messinian (Shipboard Scientific

Table 1. Carbonate mineral composition and %0 and &*3C values of the
bulk carbonate fraction of the sedimentsat Hole 968A.

Party, 19963). C ti Depth EOML Celcite Dolomite  &%0*  3%C*
The carbonate content of the sediment changes abruptly at the ”i;ervzlec(c'g; (mek?sf) Cazngo)es (Wtﬁ}o)e &;’%e o) %50
Messinian/Pliocene transition from average values of 22% in the up-
per Messinian to 58% inthelower Pliocene (Table 1; seeFig. 2). This 16107-;9(6fAé5 66 152.85 50 57 ) 150 107
difference results from a sharp increase in the amount of calcite 17X-1 70-71 152.90 62 60 2 1.39 111
above the Messinian/Pliocene boundary (153.775 mbsf), whereasthe 17X-1, 75-76 152.95 59 57 2 1.59 111
dolomite content remains very low (~2%; see Table 1). This calcite s e % - ! 199 bEa
corresponds mainly to nannofossils (Pl. 1, Fig. 4). Two samples |lo- 17X-1, 90-91 153.10 60 59 1 1.02 0.83
it i i 0 17X-1, 95-96 153.15 63 62 1 1.33 1.10
cated above the transition display a dolomite content (3.1% and 17%1 100301 15390 o s 1 19 100
2.6%) similar to that of the underlying Messinian deposits. The dolo- 17X-1, 105-106  153.25 39 33 1 052 057
mite, commonly associated with detrital silicate minerals, probably 17X-1,110-111  153.30 64 63 1 1.37 114
ds to a detrital component (Shipboard Scientific Part 17X-1, 115116 133.35 e > ! .27 1.2l
iggg:gon po p Y, 17X-1,120-121  153.40 49 48 1 0.73 0.66
. 17X-1,125-126  153.45 62 61 1 1.37 0.93
The composition of calcites is relatively homogeneous, athough TRbs0s 1 o & : 1S 0%
the Messinian calcites are low-Mg to near stoichiometry (3.030<d,o, 17X-1,140-141  153.60 63 61 2 1.42 0.97
A<3.034), whereas the Pliocene calcites are closer to stoichiometryl7X-1. 145-146 - 153.65 58 2 ! e s
(3.033<d,, A<3.035). The values of,g of dolomite are also rela- 17X-2, 0-1 153.70 54 53 1 1.25 0.88
tively homogeneous whatever the age of the deposits and are charad-%-g, 26611 1155233% 3% 355 % %%67 (15342
teristic of Ca-rich dolomite compositions (2.8945d<2.902). One 17X.2 1516 153.85 20 17 3 296  -331
sample shows a mixture of stoichiometric and Ca-rich dolomite phas-17x-2, 20-21 153.90 21 18 3 -3.63  -3.69
17X-2, 25-26 153.95 21 18 3 278  -3.32
es. , . _ , 17%-2,30-31 15400 20 19 1 289  -312
The carbonate fraction of the Messinian sediments is usually com-17x-2, 35-36 154.05 21 19 2 —-2.67 -3.3
posed of fine grains ranging in size from 5 to 20 um. At least four g;g jg:ié igﬁg gg 58 g ':g-%g :g-ig
main components occurring in variable proportions can be recog-17x-2’ 50-51 154.20 20 18 2 306 _345
nized: 17X-2, 55-56 154.25 21 19 2 -3.08  -3.35
17X-2, 60-61 154.30 20 18 2 -3.42  -3.45
17X-2, 65-66 154.35 22 19 3 -3.22  -347
1. The biogenic carbonates, mostly calcareous nannoplankton17x-2, 70-71 154.40 20 17 3 -316  -355
represent a few percent to ~25% of the bulk carbonate fraction. 773 5-7¢ 13445 28 22 2 e 2
These components may be reworked and comprise variousi7x-2, 85-86 154.55 25 23 2 -2.83 272
i i i i 17X-2, 90-91 154.60 24 22 2 —2.67 29
species of coqcollths (sometimes groupediln coccospheres),nx_zv 95.96 Toa s 51 %o I s a3
fragmented discoasters, and rare specimensThaira- 17X-2.100-101  154.70 25 23 2 266 282
cosphaera sp. 17X-2,105-106  154.75 23 20 3 -3.08  -347
2. Elongated subhedral calcite grains (netting needle-like) of 6— }Z§§ ﬁgﬂé 1‘?,3;22 52 % 3 :3;23 :2;83

15 um in length are present (PI. 1, Y. In the lower part of

the series, a few white millimeter-thick laminae intercalatedy e « = ppB bulk carbonate.

within the more silty sediment are almost exclusively com-

posed of such crystalline facies (Shipboard Scientific Party,

1996a). The Pliocene sediments are characterized by greater amounts of
3. Euhedral rhombohedral crystals, ascribed to dolomite arbiogenic carbonates, mostly composed of calcareous nannoplankton,

present, with a size ranging from a few micrometers to 20 pnassociated with rare euhedral crystals of dolomite and carbonate frag-

(Pl. 1, Fig. 5). ments. The netting needle-like calcite is not more common in the ear-
4. Various undifferentiated carbonate debris are present. ly Pliocene deposits.



Table 2. Carbonate mineral composition and %0 and &°C values of the
bulk carbonate fraction of the sediments at Hole 969B.
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Table 3. Carbonate mineral composition and 60 and &C values of the
bulk carbonate fraction of the sediments at Hole 969B.

Total Total
Core, section, Depth carbonates Calcite Dolomite  &'80* o Core, section, ~ Depth Carbonates Calcite Dolomite  §%0*  &1C*
interval (cm) (mbsf) (Wt%) (Wt%) (Wt%) (%) (%o) interval (cm) (mbsf) (Wt%) (Wt%) (Wt%) (%) (%o)
160-968A- 160-969B-
17X-1, 65-66 152.85 59 57 2 1.50 1.07 11H-6, 25-26 96.15 65 62 3 1.33 0.97
17X-1, 70-71 152.90 62 60 2 1.39 1.11 11H-6, 30-31 96.20 62 60 3 1.20 0.94
17X-1, 75-76 152.95 59 57 2 1.59 1.11 11H-6, 35-36 96.25 66 63 3 1.25 0.99
17X-1, 80-81 153.00 59 58 1 1.40 1.12 11H-6, 40-41 96.30 66 63 3 1.47 1.14
17X-1, 85-86 153.05 49 48 1 1.28 0.82 11H-6, 45-46 96.35 74 72 2 1.34 1.07
17X-1, 90-91 153.10 60 59 1 1.02 0.83 11H-6, 50-51 96.40 74 72 2 1.12 0.95
17X-1, 95-96 153.15 63 62 1 1.33 1.10 11H-6, 55-56 96.45 80 79 1 0.80 0.45
17X-1,100-101  153.20 59 58 1 1.46 1.00 11H-6, 60-61 96.50 76 75 1 0.67 0.52
17X-1,105-106  153.25 39 38 1 0.52 0.57 11H-6, 65-66 96.55 69 67 2 0.19 0.37
17X-1,110-111  153.30 64 63 1 1.37 1.14 11H-6, 70-71 96.60 67 65 2 0.64 0.53
17X-1,115-116  153.35 56 55 1 1.27 121 11H-6, 75-76 96.65 78 76 2 1.13 1.22
17X-1,120-121  153.40 49 48 1 0.73 0.66 11H-6, 80-81 96.70 74 72 2 1.21 1.28
17X-1,125-126  153.45 62 61 1 1.37 0.93 11H-6, 85-86 96.75 70 67 3 1.08 1.01
17X-1,130-131  153.50 64 63 1 1.53 0.93 11H-6, 90-91 96.80 66 63 4 1.05 0.81
17X-1,135-136  153.55 63 61 2 1.47 1.00 11H-6, 95-96 96.85 63 60 3 0.91 0.80
17X-1,140-141  153.60 63 61 2 1.42 0.97 11H-6,100-101  96.90 63 60 3 1.13 0.81
17X-1,145-146  153.65 58 57 1 1.17 0.78 11H-6, 105-106  96.95 64 61 3 0.74 0.46
17X-1,149-150  153.69 59 58 1 1.40 1.00 11H-6,110-111  97.00 75 72 4 0.93 0.51
17X-2, 0-1 153.70 54 53 1 1.25 0.88 11H-6,115-116  97.05 71 68 3 0.71 0.11
17X-2,5-6 153.75 68 65 3 0.96 0.54 11H-6,120-121  97.10 69 67 3 025  -0.17
17X-2, 10-11 153.80 48 45 3 -1.37  -1.34 11H-6,125-126  97.15 20 14 5 036  -0.47
17X-2, 15-16 153.85 20 17 3 296  -3.31 11H-6,130-131  97.20 13 9 4 017  -0.86
17X-2, 20-21 153.90 21 18 3 -363  -3.69 11H-6,135-136  97.25 14 8 6 054  -0.96
17X-2, 25-26 153.95 21 18 3 278 332 11H-6, 140-141  97.30 14 9 5 021  -1.03
17X-2, 30-31 154.00 20 19 1 289 312 11H-6, 145-146  97.35 13 8 5 020  -1.05
17X-2, 35-36 154.05 21 19 2 267 33 11H-6, 149-150  97.39 14 9 5 014  -112
17X-2, 40-41 154.10 23 20 3 -3.10 -3.35 11H-7, 0-1 97.40 13 8 5 033  -1.02
17X-2, 45-46 154.15 23 20 3 325  -3.42 11H-7, 5-6 97.45 13 8 5 021  -1.07
17X-2, 50-51 154.20 20 18 2 -3.06  -3.45 11H-7, 10-11 97.50 15 9 5 018  -1.06
17X-2, 55-56 154.25 21 19 2 -3.08  -3.35 11H-7, 15-16 97.55 15 10 5 015  -1.09
17X-2, 60-61 154.30 20 18 2 342 345
17X-2, 65-66 154.35 22 19 3 322 347
17X-2, 70-71 154.40 20 17 3 -3.16  -3.55 -
17X-2,75-76 15445 24 22 2 529 _pgp MNote:"=PDBbulkcarbonate.
17X-2, 80-81 154.50 19 17 2 -337  -358
17X-2, 85-86 154.55 25 23 2 -2.83 -2.72 % calcite
17X-2, 90-91 154.60 24 22 2 267 -29
17X-2, 95-96 154.65 21 20 1 225  -253 0 20 40 60 80
17X-2,100-101  154.70 25 23 2 —2.66  —2.82 1
17X-2,105-106  154.75 23 20 3 -3.08  -3.47 [ ]
17X-2,110-111  154.80 23 21 2 295 372 L 1
17X-2,115-116  154.85 25 23 2 269  -3.09 3 :
05 B
Note: * = PDB bulk carbonate. » [ ]
E [ 4
Site 969 % 0F .
[}
g [ ]
Holes 969A and 969B were drilled on the Mediterranean Ridge, e [ ]
about 100 km south of theisland of Crete, in water depths of ~ 2200 £ 051 B
and 2202 m, and recovered respectively 111.4 and 100.2 m of sedi- ‘D@ L il
ments. [ ]
The Miocene/Pliocene boundary was recognized at 102.8 mbsf 1k -
(Sample 160-969A-12H-1, 10 cm) and 97.10 mbsf (Sample 160- [ ]
969B-11H-6, 120 cm). It corresponds to the sharp transition from 3 .
structureless calcareous clays containing reworked calcareous nan- A5l . N ]

nofossils, non-age-diagnostic assemblages of late Miocene/early
Pliocene, and bioturbated pale brown-gray nannofossil ooze with for-
aminifers characteristic of the early Pliocene MPL 1 zone (Shipboard
Scientific Party, 1996b). Thefirst sapropel intercalation occurs from
100.32 to 100.12 mbsf at Hole 969A (i.e. ~1.5 m above the Miocene/
Pliocene boundary), whereas at Hole 969B it is composite with two
intervals, the lower one beginning just at the onset of Pliocene from
97.10to 97.00 mbsf and the upper one from 96.60 to 96.40 mbsf. De-
spite the lack of biostratigraphic markers, the conformable nature of
the sediments underlying the early Pliocene deposits suggest they be-
long to the uppermost M essinian; detailed correlation of the sequenc-
esfrom Holes 969A and 969B has proved difficult because of drilling
disturbance and possible faulting in this region of intense deforma-
tion (Shipboard Scientific Party, 1996b).

Inthetwo holes, the transition from Messinian to Plioceneis char-
acterized by a sharp increase in the carbonate content of the sedi-

Figure 2. Variation with depth of the weight percent calcite content in the sed-
iments above and below the Messinian/Pliocene boundary at Sites 968 and
969. The vertical scale corresponds to the relative distance in meters relative
to this limit, which was located at 153.775 mbsf at Hole 968A, at 102.825
mbsf at Hole 969A, and at 97.125 mbsf at Hole 969B, according to the
change of the weight percent calcite content.

ments (see Fig. 2; Tables 2, 3). At Hole 969A, the average carbonate
contents change abruptly from 18% in the Messinian to 62% in Sam-
ple 160-969A-12H-1, 10 cm, which represents the lowermost
Pliocene. This difference is caused by the increased calcite content
from 12% to 58%, whereas the dolomite fraction remains constant
throughout the limit. The same distribution is observed in Hole 969B
where the Messinian sediments display low carbonate contents
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(~14%), except for the uppermost sample, which shows.aslight in- 9'%0°%. PDB
crease up to 20%, whereas the mean value reaches 70% in the early
Pliocene. This difference also results from the increase of the calcite
content from less than 10% in the Messinian to ~67% in the early O AR AR AR AR RN AN
Pliocene. The dolomite content decreases slightly from 5% in the

Messinian to 2.5% in the Pliocene. Asin Hole 968A, dolomite (PI. 1,

Fig. 3) is considered as a detrital component. 0.5

The composition of the carbonate mineralsis relatively homoge-
neous throughout the studied interval whatever their age; calcitesare
near stoichiometry (3.033<d,,, A<3.035), whereas dolomites are cal-
cium rich (2.898<g,, A<2.903).

The carbonate fraction of the Messinian sediments contains tt
same four main types of carbonate grains identified at Site 968. Tl
euhedral calcite crystals constitute the dominant phase, but the ni
ting needle-like calcite and the coccoliths are still present in variabl
proportions (PI. 1, Figs. 1-2).

Smear slides and SEM examinations indicate that the increase
calcite content in the Pliocene sediments results from the great
abundance of biogenic carbonates, especially the calcareous nan
plankton that is the main component of the sediment.
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. ) Figure 3. Variation with depth of the 880 values of the bulk carbonate in the
Discussion sediments above and below the M essinian/Pliocene boundary at Sites 968 and
969. The vertical scale corresponds to the relative distance in meters relative
The Messinian/Pliocene boundary is well recorded at ODP Sitds this limit, which was located at 153.775 mbsf at Hole 968A, at 102.825
968 and 969 by an abrupt variation in lithology, total carbonate cormbsf at Hole 969A, and at 97.125 mbsf at Hole 969B, according to the
tent, and carbonate mineralogy. Unfortunately, estimations of prashange of the weight percent calcite content.
ductivity fluxes, using the carbonate content as a possible proxy,
seem rather difficult to establish because the sedimentation rate is 1~ 9°C%. PDB
known in the late Messinian. The low carbonate content of th °°
Messinian sediments might result from the dilution by terrigenou -4 -3 -2 -1 0 1 2
components. 1 e T
The dark-colored carbonate-poor nannofossil clays with brackis |
fauna characteristic of Messinian deposits are overlain by the eal
Pliocene light-colored carbonate-rich nannofossil clays with diversi
fied assemblages of foraminifers. This sedimentological chanc
records the major environmental change that occurred in the Medite
ranean when the huge Paratethys fresh-water discharge stopped,
the marine waters reinvaded the whole basin.

05

OXYGEN AND CARBON ISOTOPIC COMPOSITIONS 05

OF THE CARBONATES

Distance (meters) / Miocene-Pliocene boundary

The Messinian/Pliocene boundary appears similarly expressed
the two sites by significad®O andd®C shifts from low to high val-
ues, but the amplitudes of the deviations are larger at Site 968 thar -15
Site 969 (Figs. 3, 4).
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Figure 4. Variation with depth of the 8'3C values of the bulk carbonate in the

sediments above and below the M essinian/Pliocene boundary at Sites 968 and

THE OXYGEN ISOTOPIC SIGNAL 969. The vertical scale corresponds to the relative distance in meters relative
Results to this limit, which was located at 153.775 mbsf at Hole 968A, at 102.825

mbsf at Hole 969A, and at 97.125 mbsf at Hole 969B, according to the

On the Eratosthenes Seamount (Hole 968A), the Messiniaﬁ?angem the weight percent calcite content.

Pliocene boundary is marked by a shift of ~4.5%. ofd#® values;
it corresponds to the transition fr@O values averaging —3%o, typ-

ical of brackish conditions at the end of Messiniand¥@® values Discussion
close to 1.5%o, characteristic of normal marine conditions at the onset
of early Pliocene (Pierre and Rouchy, 1990). The Messinian/Pliocene transition looks very rapid, because it

On the Mediterranean Ridge, tR880 change crossing the takes place within a 10-cm interval in both sites. In spite of the un-
Messinian/Pliocene boundary appears relatively moderate (2%. &hown sedimentation rate during the late Messinian, if it is assumed
Hole 969A and 1%. at Hole 969B) and progressive, because theat it was at least equivalent (but more probably higher) to that of the
Messiniand®0 values are higher(.8%. to 0.2%o), indicating a less early Pliocene, the duration for refilling the Mediterranean may be
important dilution by fresh waters than in the easternmost part of thestimated to be comprised between 1000 and 2000 yr. Furthermore,
Mediterranean. this drastic environmental change at the onset of Pliocene appears



SEDIMENTOLOGICAL AND STABLE ISOTOPE CHANGES

synchronous and has the same duration at both Sites 968 and 969 of now lying at similar depths (i.e., ~2000—-2200 m). This indicates that
the Eastern Mediterranean, meaning that it is controlled by the abrupt these deep parts of the basin were only partly connected, because they
entrance of Atlantic marinewatersinto the Mediterranean. The estab- were probably separated by a complex system of sills and straits. Fur-
lishment of a large Atlantic/Mediterranean connection at thistime  thermore, as in other deep parts of the Mediterranean during the ter-
was caused by amajor extensional tectonic event in the Alboran Sea. minal Messinian, the water depth had to be relatively shallow to ex-
The dilution factor may be estimated by simple mass-balance cal- plain the large and rapid changes of the hydric balance (Cita and Ry-
culations, taking that the oxygen isotope composition of the fresh- an, 1973; Pierre, 1982; Pierre and Fontes, 1978; Pierre and Rouchy,
water component was similar to the present-day average value (380 1990).
= -5%0) of the Mediterranean precipitations (Yurtsever, 1975) and By contrast, the early Pliocene sediments correspond to bioturbat-
that the oxygen isotope composition of the marine-water componeed nannofossil-rich clays, with high carbonate content. The positive
was similar to the present-day Eastern Mediterranean surface watéf8O andd*C values of the carbonate fraction indicate that marine
(8180 = +2%0). This gives estimations of 65%, 30%, and 15% for thavell-ventilated conditions were established in the entire Eastern
fraction of fresh waters mixed with marine waters at Holes 986AMediterranean Basin at this time.

969A, and 969B respectively, if it is assumed thadtb@ variations This major hydrological change occurred very rapidly, so that the
of carbonates are only related to the wat&d changes, thus neglect- entire Mediterranean Sea was completely infilled by marine waters
ing a temperature change during this period. probably in ~1000-2000 yr.

The early Pliocene sapropel layers at Hole 969B are marked by
the drop of thé'®O values to 0.2%., which indicates significant sur-
face dilution by fresh waters. The duration of the stagnation events ACKNOWLEDGMENTS
during which these sapropels were deposited may be estimated be-
tween 1200 and 2500 yr, using the thickness of the layers (10-20 cm) This study received the financial support of the Institut National

and the average sedimentation rates. des Sciences de I'Univers of CNRS (INSU grant no. 96 39 05 “Géo-
sciences Marines”).
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Plate 1. 1. Messinian sediments: SEM view of a coccosphere isolated within a sediment mostly composed of terrigenous elements and scarce subhedral carbon-
ate grains. Sample 160-969B-11H-7, 10-11 cm. 2. Messinian sediments: SEM view of afragment of Thoracospharea sp. within aterrigenous material. Sample
160-969B-11H-7, 10-11 cm. 3. Messinian sediments: SEM view of small dolomite (?) euhedral crystals (black arrows) associated with terrigenous components;
acoccolithisvisiblein theright low corner. Sample 160-969B-11H-7, 10-11 cm. 4. Pliocene sediments: SEM view of sediment mostly composed of calcareous
nannoplankton, associated with subhedral grains and various detrital fragments. Sample 160-968A-17X-1, 130-131 cm. 5. Messinian sediments: SEM view of
euhedral grain of dolomite, associated with a coccolith. Sample 160-968A-17X-2, 20-21 cm. 6. Messinian sediments: SEM view of a sediment containing a
great proportion of netting neddle-like grains of calcite (arrows) in a matrix made of terrigenous components. Sample 160-968A-17X-2, 20-21 cm.
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