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Context :

Past variations in Mediterranean thermohaline circulation were highly sensitive to climate changes at both high
and low latitudes of the Northern Hemisphere and have been associated with the deposition of organic-rich
layers (ORLs) in the Western Mediterranean Sea (WMS) and of sapropels in the Eastern Mediterranean Sea (EMS).
Paleo-hydrological processes and associated ventilation dynamics related to sapropel depositions are still
debated because conventional water-mass proxies, such as 8*3C analysed on benthic foraminifera, cannot be used
systematically due to the lack of benthic foraminifera in EMS sediments during time intervals when bottom
waters were characterized by anoxic conditions.

Objectives / scientific questions :

The PALMEDS project objective was to better constrain the mechanisms behind the hydrological modifications
during the rapid climatic events of the last glacial period and their possible impacts on the deposition of organic
matter-rich deposits (i.e. ORL, sapropel). We have investigated the *C age difference between the deep,
intermediate and surface water masses to determine the changes in ventilation of the intermediate and deep-
water masses. The Nd isotopic composition (eNd) of planktonic foraminifera of sapropels of the last climatic cycle
(S1 to S5) have been also investigated to constrain the origin of the water masses and constrain the hydrology
behind anoxic events under environmental conditions (sea level, freshwater inflow from the African continent
and hydrological connection at the Strait of Gibraltar different from the environmental conditions during the
deposition of sapropel S1).

Main results

We have firstly analysed eNd and Rare Earth Elements (REE) concentrations of 24 depth profiles covering all
Mediterranean sub-basins, which significantly increases the available dataset in the Mediterranean Sea (double
the number of available eNd) and permit to better characterize the relationship between the dissolved &Nd
distributions and major water masses in the Mediterranean Sea and to investigate the impact and relative
importance of local non-conservative modifications, which include input of riverine particles and waters (e.g. Nile
River), aeolian-derived material and exchange with the sediments at continental margins (Montagna et al., 2022).
We have then analysed the Nd isotopic compositions of mixed planktonic foraminifera from several sediment
cores collected in the Nile deep-sea fan and in the central Mediterranean Sea (Tyrrhenian Sea, lonian Sea, Adriatic
Sea) in order to (i) to reconstruct past eNd of the Eastern Mediterranean Deep Water (EMDW) and to assess the
relative contributions of Nile discharge and Modified Atlantic Water (MAW) inflow to the EMS hydrology, as well
as their potential control on anoxic events over the last climatic cycle (Duhamel et al., 2020) ; (ii) to constrain
water mass exchange between the EMS and WMS during the last climatic cycle (Colin et al., 2021).

Foraminiferal eNd records obtained on the Nile deep-sea fan display an increase in eNd values during the African
Humid Periods (Duhamel et al., 2020). Superimposed on this precession forced variability, the record of variations
in foraminiferal eNd indicates a 2-unit decrease in eNd during the interglacial Marine Isotope Stages (MIS) 5 and 1
compared to glacial MIS6, 4, 3 and 2. The eNd results suggest that decreases in eéNd during MIS5 and MIS1
indicate an increase in the contribution of unradiogenic MAW to the EMS related to high sea-level stands and
greater seawater exchange between the North Atlantic and Mediterranean basins. In addition, radiogenic
seawater eNd values observed during African Humid Periods (and sapropel events) are associated with an
intensification of Nile discharge and an increase in residence time of deep-water masses in the EMS, which
induces an increase in the interaction between deep-water masses and radiogenic sediments along the margin of
the EMS. Results confirm that an intensification of the hydrological exchanges between the western and eastern
Mediterranean basins during high sea-level stand and the subsequent higher proportion of Atlantic Water in the
Levantine Basin may have preconditioned the EMS to sapropel depositions during the last climatic cycle.

eNd records collected at intermediate depth (500 to 1375 m water depth) from the WMS and EMS suggests an
efficient connection between the EMS and WMS and the transfer of radiogenic waters to the Tyrrhenian Sea via
the Levantine Intermediate Water (LIW) during interglacial MIS (figure 1) (Colin et al., 2021). Conversely, during
glacial MIS, eNd of the intermediate depth of the Tyrrhenian Sea are less radiogenic than the EMS, implying




limited hydrological connection between sub-basins during low sea-level stands (figure 1). Superimposed on
these glacial-interglacial variations, increased eNd occurred during Heinrich Stadial events (Colin et al., 2021). This
suggests a reduction in the formation of unradiogenic WIW in the Gulf of Lions due to the input of relatively fresh
surface Atlantic water to the WMS and/or the inflow of radiogenic glacial LIW and upper EMDW to the Tyrrhenian
Sea as a result of an active EMS convection related to saltier and colder conditions. Such potential millennial-
scale pulses of LIW intrusion into the Tyrrhenian Sea may have led to an enhanced Mediterranean Outflow Water
intensity in the Gibraltar Strait.

Finally, we use water-column radiocarbon reconstructions to assess the structure and age of the intermediate and
deep-water masses in the central and eastern Mediterranean Sea since the last deglaciation. Today, the vertical
mixing and thus the mixing time of the water masses occurs very quickly at the scale of the Mediterranean basin
resulting in a minimal surface-to-deep gradient in *C with a ventilation age of ~100 years. Here, we reconstruct
the first deglacial radiocarbon-based ventilation ages of intermediate and deeper water masses by measuring the
14C age difference of pairs of planktonic and benthic foraminifera taken from marine cores bathed by
intermediate and deep water masses collected in the Sicily Strait and Levantine basin, respectively. Our results
show extremely *C depleted water masses between 11 kyr to 9 kyr associated to a reduction in Mediterranean
convection and inducing significant water column stratification between ~700-1200 m water depth. This phase
was followed by a break-up of the stratification at 700 m in the Levantine basin at 6.3 kyr, while re-ventilation at
1200 m occurred only since 4.5 kyr as indicated by the Sicily Strait record. The extremely reduced ventilation *C
ages for the intermediate and deeper water masses between 11 kyr to 9 kyr is synchronous to a slow-down of the
deep-water convection in the Adriatic Sea. These findings could call into question the long prelude of deep-water
stagnation assessed by ocean-biogeochemical model and at the same time suggests for an alternative
intermediate/deep-water source in the Aegean Sea characterized by radiocarbon-depleted waters.

‘Age (cal kyr BP) Deglaciation
H » “© w0 w 10 iy o Holocene Y.0. |u.-v\‘ HET | Late Glaclal I
mist 1 Ws2 ) Ws4 MSS iwss Sapropel ST
| ¢ o |

Ventitations

Summer
insolation

(Wim?)

813 Cpachydermus (%o vs. PDB)

o) 1V 2udydsowny

g = A
E 500 4
2 s
€Nd (£ 20) = 1
|+ MDo1-2472 g 1o ooom |
é 1000 e A
o LY [ =
- 7o0m
g 0 2 T 3 oo % +$ *
of 4 g Ny *ﬂ {
Ls t
r T T T T T T 1
o » © « 0 100 12 o o i A & s w0 1 1A e B o
Age (cal kyr BP) Age (cal ka BP)
Figure 1 Figure 2

Figure 1 : Comparison of eNd records obtained from cores MD90-964 located in the Levantine Basin at 1375 m water depth
(Duhamel et al., 2020) and MD01-2472 located in the Corsica Trough at 500 m water depth (Colin et al., 2021).

Figure 2 : Comparison between 313C of the benthic foraminifera C. pachydermus from the south Adriatic Sea (deep-water
source of eastern Mediterranean deep-water) and 1*C age difference between paired benthic and planktic foraminifera and
oceanic *C activity (AC) of intermediate and deep-water in the Sicily Strait (Siani et al., in preparation).

Future of the project :
This project continuous with the PhD program of Gao Guohui where a set of eNd results have been produced by
PALMEDS project.
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