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Abstract:  
 
Sortable silt particle-size data and stable isotope analyses from the Corsica Trough, western 
Mediterranean Sea, provide a continuous palaeoceanographic record of the inflow, ventilation and 
vertical fluctuations of the Levantine Intermediate Water (LIW) in the northern Tyrrhenian Sea for the 
last 130,000 years. The results presented herein reveal that climate changes drive the Mediterranean 
intermediate circulation on Milankovitch to millennial time-scales. Intensified intermediate inflow and 
ventilation in the Corsica Trough occurred throughout the last glacial interval, with a cold/faster – 
warm/slower pattern existing between the Dansgaard-Oeschger climatic oscillations (including 
Heinrich events) and the LIW variability. By contrast, a weak intermediate ventilation characterised the 
Holocene and the Last Interglacial period, especially during insolation maxima and the sapropel 
deposition in the eastern Mediterranean. This variability probably reflects the changes of the eastern 
Mediterranean net evaporation, as well as the propagation to the western Mediterranean of the 
profound hydrographic adjustments of the Levantine Sea and adjacent areas to climate forcing. The 
implications for the formation and ventilation of the Western Mediterranean Deep Water (WMDW) in 
the northwestern Mediterranean basin, as well as for Mediterranean–Atlantic exchange through the 
Strait of Gibraltar are discussed. 

Highlights 

► The LIW dynamics in the Corsica Trough is reconstructed for the last 130,000 years. ► Climate 
changes drive the LIW dynamics on Milankovitch to millennial time-scales. ► A cold/faster – 
warm/slower pattern exists between climate and the LIW variability. ► Role of LIW in deep-water 
formation and Mediterranean-Atlantic exchange is examined. 
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1. Introduction 

 

Palaeoceanographic and modelling studies suggest that the Mediterranean Sea may have 
played role in changing past ocean circulation and North Atlantic climate, through the outflow 
of warm saline intermediate waters (the so-called Mediterranean Outflow Water, MOW) into 
the North Atlantic (Reid, 1979; Rahmstorf, 1998; Béthoux et al., 1999; Bigg and Wadley, 
2001; Candela, 2001; Rogerson et al., 2006; Khélifi et al., 2009). From the Pliocene to the 
Late Pleistocene, evidence is found, on Milankovitch to millennial time-scales, that indicates 
that enhanced MOW could have preconditioned the North Atlantic, by increasing the density 
of the North Atlantic subsurface waters, for abrupt resumption of the Atlantic Meridional 
Overturning Circulation (AMOC) (Rogerson et al., 2006; Voelker et al., 2006; Khélifi et al., 
2009). The latter has been commonly invoked to control climate dynamics (Clark et al., 
2002). Indeed, it has been invoked for the last climatic cycle to promote the significant AMOC 
resumption at the time of Termination I (McManus et al., 2004; Rogerson et al., 2006), as 
well as the moderate AMOC switches from Dansgaard/Oeschger (D/O) stadial to interstadial 
modes throughout Marine Isotope Stage (MIS) 3 (57-29 ka before present according to 
Lisiecki and Raymo, 2005) (Elliot et al., 2002; Voelker et al., 2006). 
 
The Mediterranean outflow dynamics, at the geological time-scale, is controlled by the 
integrated evaporative balance of the Mediterranean Sea (Bryden and Stommel, 1982), itself 
resulting from the complex interplay between climate and sea-level changes (Béthoux, 1979; 
Rohling and Bryden, 1994; Matthiesen and Haines, 2003; Rogerson et al., 2005; Meijer and 
Dijkstra, 2009; Alhammoud et al., 2010; Rogerson et al., 2010). This controls the variability of 
the MOW sources from the eastern and western basins : the Winter Intermediate Water 
(WIW, <200 metres water depth, mwd) and the Western Mediterranean Deep Water 
(WMDW, ca. 600-1000 to 3000 mwd) formed in the Ligurian-Provençal Basin and the Gulf of 
Lion (i.e. northern margin of the western Mediterranean), the Levantine Intermediate Water 
(LIW, ca. 200 to 600-1000 mwd) originating from the eastern Mediterranean and entering the 
western Mediterranean through the Sicilian Channel, and the spatially complex Tyrrhenian 
Dense Water (TDW) that enters between LIW and WMDW (Bryden and Stommel, 1982; 
Millot, 1987, 1999, 2009). Although the MOW (Rogerson et al., 2005; Llave et al., 2006; 
Voelker et al., 2006; Toucanne et al., 2007) and the WMDW variability (Cacho et al., 2000; 
Sierro et al., 2005; Cacho et al., 2006; Frigola et al., 2008) have been intensively studied 
through the last climatic cycle, very little is known about the dynamics of the Mediterranean 
intermediate waters. This is particularly true for the LIW, which constitutes up to 80% of the 
Mediterranean outflow volume (Bryden and Stommel, 1984; Kinder and Parilla, 1987; 
Baringer and Price, 1999). Therefore, the reconstruction of the dynamics of this water mass 
is crucial to the evaluation of the impact of the Mediterranean thermohaline circulation on the 
outflow. It is also fundamental to the deciphering of the contribution of the intermediate water 
mass to the WMDW variability. It is indeed suggested that the modern formation of the 
WMDW in the western Mediterranean strongly depends on the LIW dynamics (Astraldi et al., 
1994; La Violette, 1994; Wu and Haines, 1996; Millot, 1999; Myers and Haines, 2000; Pinardi 
and Massetti, 2000). 
 
Here, the authors present new records from the Corsica Trough, northern Tyrrhenian Sea 
(Fig. 1), in which the LIW flows since the Middle Pliocene (Marani et al., 1993; Roveri, 2002). 
The results presented herein, and discussed in the light of past climate and oceanographic 
reconstructions throughout the Mediterranean Sea, provide the first millennial-scale 
reconstruction of the LIW variability through the last climatic cycle. 
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2. Geologic and oceanographic setting 

 

The Corsica Trough is a narrow (10-30 km at the 200 m isobath) and shallow (430 to ca. 800 
m from the Corsica Channel to the Golo Basin), north-south trending basin, separating the 
Corsica Shelf to the west from the Tuscany-Elba Shelf and Pianosa Ridge to the east (Fig. 
1). The basin includes a complex Pliocene-Quaternary sedimentation pattern dominated by 
gravity-driven depositional processes and bottom-current influenced sedimentation onto the 
western (high sediment input) and eastern (low sediment input) slopes, respectively (Stanley 
et al., 1980; Marani et al., 1993; Bellaiche et al., 1994; Gervais, 2002; Roveri, 2002; Deptuck 
et al., 2008; Calvès et al., submitted). 
 
The Corsica Trough connects the Ligurian and Tyrrhenian Seas from which a similar 
hydrographic structure is described : a surface layer of Modified Atlantic Water (MAW, up to 
200 mwd) essentially composed of North Atlantic Central Water drawn into the 
Mediterranean Sea through the Strait of Gibraltar (surface inflow), and an intermediate layer 
of LIW below (up to 600-1000 mwd) (Millot, 1987; Astraldi and Gasparini, 1992; La Violette, 
1994; Millot, 1999, 2009) (Fig. 2). The LIW (S~38,4-38,7; ~13,1-13,7°C in the western 
Mediterranean; Bryden and Stommel, 1982; Millot, 1999) is mainly formed in the Levantine 
Basin (eastern Mediterranean) in a permanent large-scale cyclonic Rhodes gyre through 
summer evaporation and winter cooling (i.e. buoyancy loss; Robinson, 1992; Lascaratos and 
Nittis, 1998; Lascaratos et al., 1999; Malanotte-Rizzoli et al., 2003). Together with some 
Aegean and Adriatic water contributions, it constitutes the major water mass flowing from 
east to west (Millot, 1987; Wu and Haines, 1996; Stratford and Williams, 1997; Millot, 1999). 
Following a pathway through the Sicilian Channel, the LIW dispersal occurs in the Tyrrhenian 
Sea with a general cyclonic circulation (e.g. Astraldi and Gasparini, 1994; Sparnocchia et al., 
1999) (Fig. 1). In the northern Tyrrhenian Sea, a portion of the LIW flows northwards through 
the Corsica Trough, while the other part flows southwards to the Sardinia Channel, then 
along the western slope of Sardinia and Corsica before its intrusion into the Ligurian Sea 
(Millot, 1987; Astraldi and Gasparini, 1994; Millot, 1999; Vetrano et al., 2010). Once in the 
Gulf of Lion, the LIW contributes to the WMDW production and both water masses contribute 
to ca. 80 and 20% to the MOW, respectively (Bryden and Stommel, 1982; Kinder and Parilla, 
1987; La Violette, 1994; Wu and Haines, 1996; Millot, 1999; Pinardi and Massetti, 2000). 
 
The hydrographic dynamics of the Corsica Trough, mainly dominated by a northward 
component of the MAW and LIW (Fig. 2), has been intensively studied in the recent decades 
(e.g. Astraldi and Gasparini, 1992; Vignudelli et al., 2000). The total transport rate is 
estimated between 0.45 and 1.6 Sv (106 m3 s-1), with a mean contribution of the LIW of ca. 
20%. The water transport shows a strong seasonal oscillation and is concentrated at over 
80% in winter and early spring (Le Floch, 1963; Astraldi and Gasparini, 1992; Vignudelli et 
al., 1999; Vignudelli et al., 2000). This oscillation is widely identifiable through modern LIW 
velocities in the Corsica Channel, which reach 0-10 to 10-40 cm s-1 in summer-autumn and 
winter-spring, respectively (Astraldi and Gasparini, 1992; Vignudelli et al., 2000). This 
seasonal signal in water flux is driven both by enhanced LIW production in the Levantine 
Basin, and export to the western Mediterranean (from the Ligurian-Provencal Basin to the 
Strait of Gibraltar) during wintertime (La Violette, 1994; Wu and Haines, 1996; Millot, 1999; 
Pinardi and Massetti, 2000; Zervakis et al., 2004). This seasonal variability also reflects the 
lowering of the Ligurian-Provençal Basin steric level induced by the winter heat losses and 
evaporation during the periodic intrusions of cold and dry northerly winds in the Gulf of Lion 
(i.e. Mistral, Tramontana; Astraldi and Gasparini, 1992; Astraldi et al., 1994; Herbaut et al., 
1997; Vignudelli et al., 2000). This atmosphere-ocean interaction is of primary importance in 
the formation of WMDW by deep convective overturn in the western Mediterranean 
(MEDOC-Group, 1970; Gascard, 1978; Lacombe et al., 1984; Leaman, 1994; Schott et al., 
1996; Millot, 1999). Finally, Vignudelli et al. (1999) also suggest that the impact of the North 
Atlantic Oscillation (NAO) over the Mediterranean (Tsimplis and Josey, 2001; Zervakis et al., 
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2004) could have forced the interannual to decadal variability of the northward flow along the 
Corsica Trough. 
 
Continental (Genty et al., 2003; Tzedakis et al., 2004) and deep-sea records (Allen et al., 
1999; Cacho et al., 1999; Cacho et al., 2001; Combourieu-Nebout et al., 2002; Sánchez Goñi 
et al., 2002; Martrat et al., 2004; Fletcher and Sánchez Goñi, 2008) showed that climate 
variability in the Mediterranean region during the last glacial cycle (71-14 ka BP according to 
Lisiecki and Raymo, 2005) was mainly controlled by D/O (stadials and interstadials) 
millennial-scale climate oscillations, initially described from the Greenland ice cores 
(Dansgaard et al., 1984). The most severe climatic conditions were encountered during 
some peculiar D/O stadials, well known as Heinrich events (HEs) (Rohling et al., 1998; 
Cacho et al., 1999; Cacho et al., 2001; Combourieu-Nebout et al., 2002; Sánchez Goñi et al., 
2002), i.e. times of massive iceberg discharges in the North Atlantic (Hemming, 2004). 
Superimposed on the Milankovitch forcing, these rapid cooling (D/O stadials, including HEs) 
and warming events (D/O interstadials) promoted enhancements / reductions of the 
Mediterranean deep circulation, respectively (Cacho et al., 2000; Sierro et al., 2005; Frigola 
et al., 2008). Considering these significant palaeoclimatic and palaeoceanographic changes, 
and due to the present-day sensitivity in the Mediterranean overturning, some large LIW 
fluctuations are expected in the Mediterranean Sea, including the Corsica Trough, 
throughout the last glacial period. 
 

 

3. Material and methods 

 
This study is based on the analysis of the Calypso long piston cores MD01-2434 (42°22.51N 
/ 9°47.04W; 780 mwd; 24.9 meters long) and MD01-2472 (42°36.42N / 9°43.97W; 501 mwd; 
29.1 meters long) collected on the lower continental slope of the east Corsica margin during 
the MD123-Geosciences 1 and MD124-Geosciences 2 cruises of the R/V Marion Dufresne II 
(IPEV) (Fig. 1). The upper part of 24 Kullenberg-type piston cores, collected during the 
Corfan cruises by the R/V Le Suroît and R/V L’Europe (IFREMER), have been also used to 
decipher the Holocene sedimentation along the Corsica Trough. The results from these 
cores are compared to those obtained from cores I-284 (Lake Ioannina; Tzedakis et al., 
2004), MD99-2343 (Menorca Drift; Sierro et al., 2005), MD95-2043 and ODP-977A (Alboran 
Sea; Martrat et al., 2004) and MD99-2341 (Gulf of Cadiz; Toucanne et al., 2007) (Fig. 1a). 
 
All the cores were sampled for grain-size measurements (2.5 to 10 cm intervals, according to 
the sedimentary facies), stable isotopes (10 and 20 cm intervals in core MD01-2472 and 
MD01-2434, respectively) and radiocarbon dates (Figs 3, 4 and 5). 
 
Grain-size analyses were performed using a Coulter LS200 laser microgranulometer with no 
chemical pre-treatment of the bulk sediment, with the exception of core MD01-2472 for which 
a second set of analyses of the carbonate-free (removed using acetic acid) terrigenous 
material fraction was undertaken. Because of the very close results obtained from the bulk 
and the carbonate-free sediment (Fig. 5d), the authors only discuss the bulk grain-size 
hereafter. This allows comparison of grain-size proxies from all cores used in this study with 

the same laboratory procedure. The sortable silt mean size Erreur ! Signet non défini. SS , 
i.e. the mean of the 10–63 µm grain size range of McCave et al. (1995), was used as an 
index of bottom flow speed (cf. McCave and Hall, 2006 for a review). SS% is the percentage 
of the 10-63 µm fraction compared to the total < 63µm fraction. A 5 cm thick sand deposit 
interbedded within a 110 cm thick standard contourite sequence (coarsening-up and fining-
up sub-sequences) reveals potential off-shelf downslope transport at site MD01-2472 during 
the mid-Younger Dryas (ca. 12 ka; Fig. 5d). The grain-size analyses undertaken from this 5 
cm thick turbiditic deposit are therefore not included in this study. 
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Stable isotope (O and C) measurements were performed on samples from cores MD01-2434 
(Gervais, 2002) and MD01-2472 (average time resolution of ca. 500 yr over the records) 
using  3 to 10 specimens of planktic (Globigerina bulloides) and benthic foraminifera 
(Uvigerina peregrina and Uvigerina mediterranea for glacial and interglacial intervals, 
respectively) from the size fraction >150 µm. Isotope analyses were conducted at the 
University of Bordeaux (UMR CNRS 5805 EPOC) using an Optima Micromass mass 
spectrometer. External reproducibility for standards on this mass-spectrometer are ± 0.04 / ± 
0.03 (1σ) per mil for 13C measurements, and ± 0.09 / ± 0.03 (1σ) per mil for 18O 
measurements for core MD01-2434 / MD01-2472, respectively. A correction factor of –0,25 
‰ for 18O and of –1,00 ‰ for 13C was applied to the isotope results from U. mediterranea 
to account for the relatively constant offset (i.e. vital and habitat preferences) which is 
generally recorded between both taxa (e.g. Schmiedl et al., 2004; Fontanier et al., 2006). 
Nevertheless, a significant discrepancy between U. peregrina and U. mediterranea remains 
at ca. 130-125 ka. However, it is shown that this discrepancy ultimately does not preclude 
significant conclusions being drawn from these results. 
 
Radiocarbon ages were performed on shells of planktic foraminifera (mainly Globigerina 
bulloides) picked from the bulk sediment. The age dates were corrected for a marine 
reservoir effect of 400 years, except for those from the period 15-17 ka for which a correction 
of 800 years was applied (cf. Siani et al., 2001). Radiocarbon ages were calibrated to 
calendar years using CALIB 6.0.1 and the IntCal09 calibration curve (Reimer et al., 2009) 
(Table 1). 
 
Bulk sediment semi-quantitative geochemistry of major elements was measured on split 
cores by means of profiling X-ray fluorescence (XRF), using an Avaatech XRF core scanner 
(IFREMER). The measurements were taken at 1 cm intervals and only the data for Ca 
(10kV) are reported here. 
 

4. Chronology 

 

The chronostratigraphical framework of cores MD01-2472 and MD01-2434 is based on 18O 
isotopes, AMS 14C dates (Table 1) and Ca intensities derived from the high-resolution XRF 
scanning (Fig. 3). The age model for core MD01-2472 has been constructed by 
synchronising the benthic isotope record and the XRF Ca intensities to the North-GRIP ice 
core isotopes from Greenland (GICC05 chronology up to 60 ka, NGRIP thereafter; NGRIP-
members, 2004; Rasmussen et al., 2006; Svensson et al., 2008) (Table 2). This 
synchronisation is based on the striking resemblance between all the records, as a result of 
the close linkage of the Mediterranean climate oscillations (e.g. D/O oscillations) with North 
Atlantic climate changes (Cacho et al., 1999; Martrat et al., 2004). This chronology is 
supported by eight radiocarbon dates and reveals that the core bottom extends to the 
penultimate Termination (TII) (Table 1; Figs 3 and 4). Sedimentation rates for core MD01-
2472 range between 8 and 60 cm kyr-1, with an average value of ca. 20 cm kyr-1 (Fig. 4). The 
age model for core MD01-2434 was constructed by tuning the XRF Ca intensities to the 
MD01-2472 XRF record (Fig. 3b,c). The chronology of core MD01-2434 is supported by nine 
radiocarbon dates and demonstrates that the base of the core reaches ca. 65-67 cal ka 
(Table 1; Figs 3 and 4). The chronology here proposed strongly challenges that proposed by 
Gervais (2002) and Gervais et al. (2006) which suggest, based on a single radiocarbon date 
of ca. 42 14C ka at the base of the core (Table 1), that MD01-2434 extends to ca. 45 cal ka. 
Based on the correlation with core MD01-2472, this radiocarbon date has been removed in 
the revised chronological framework presented here (Table 1; Fig. 4). Sedimentation rates 
for core MD01-2434 range between 18 and 55 cm kyr-1, with an average value of ca. 38 cm 
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kyr-1 (Fig. 4). All reference depth levels used to establish the chronology for cores MD01-
2434 and MD01-2472 are given in Table 2. 
 
In order to compare the results obtained from cores MD01-2434 and MD01-2472 to key 
reference data from the Mediterranean and the North Atlantic, the chronological frameworks 
for cores I-284, MD99-2343, MD95-2043 and MD99-2341 (Fig. 1a) have been re-assessed 
by aligning their respective records to the NGRIP-GICC05 time-scale. They were previously 
based on the correlation with the GISP2 ice core sequence (Meese et al., 1997) which has a 
discrepancy with the NGRIP-GICC05 time-scale of up to 2.4 ka in the 40-60 ka interval 
(Svensson et al., 2008). 
 

5. Results and discussion 

 

5.1. Milankovitch- to millenial-scale variability in the isotope records : palaeoclimatic 
and palaeocenographic implications 

 
The18O records from site MD01-2472 show values ranging from –0.82 ‰ to 4.06 ‰ for G. 
bulloides, and from 1.51 ‰ to 4.99 ‰ for Uvigerina spp., these two end-members 
characterising interglacial (MIS 5 and 1, light isotopes values) and glacial (MIS 6 and 4-2, 
heavy values) climate conditions, respectively. The penultimate (TII) and last (TI) 
terminations show a depletion of ca. 3.5 to 4.5 ‰ for planktic oxygen isotopes and of ca. 3.5 
‰ for benthic isotopes records (Figs 3d,e,f and 5f). 
 
For the last glacial, both benthic and planktic oxygen isotope records exhibit pronounced 
millennial-scale changes throughout MIS 3 (57-29 ka BP according to Lisiecki and Raymo, 
2005) and MIS 2 (29-14 ka BP) that have been correlated, for adjacent Mediterranean 
(Cacho et al., 1999; Sierro et al., 2005; Cacho et al., 2006) and Atlantic marine records 
(Shackleton et al., 2000), with the D/O cycles recognised in the Greenland18O ice records. 
The variability recorded at site MD01-2472 both in planktic and benthic foraminifera thus 
suggests, in agreement with the reference archives cited above, that both the surface and 
intermediate waters of the northern Tyrrhenian Sea were strongly sensitive to the glacial 
North Atlantic climate oscillations. 
 
In detail, the 18O record from G. bulloides shows depletions and enrichments of ca. 1 ‰ 
associated with the D/O interstadials and stadials, respectively (Fig. 3d). This variability, first 
described in the Mediterranean Sea by Cacho et al. (1999), mainly reflects significant 
changes in sea-surface temperatures. However, the D/O stadials associated with an HE (e.g. 
HE 5, HE 2 and HE 1), during which the minimal sea-surface temperatures were recorded 
throughout the Mediterranean Sea (Rohling et al., 1998; Cacho et al., 1999; Paterne et al., 
1999; Cacho et al., 2001; Martrat et al., 2004), show an isotopic enrichment which is less 
pronounced than expected. Such moderate isotopic enrichments at time of HEs have been 
previously recognised in the Alboran Sea (Cacho et al., 1999), and are correlated to strong 
depletions (i.e. oxygen isotope minima) north of Menorca (Sierro et al., 2005). These peculiar 
isotope signals are interpreted to result from the entrance of a large volume of freshwater 
derived from melting icebergs in the North Atlantic through the Strait of Gibraltar (Sierro et 
al., 2005). The data presented here imply that the MAW reaching the Tyrrhenian Sea and the 
Corsica Trough during some of the HEs probably contained a significant volume of this 18O-
depleted meltwater. 
 
The benthic18O values at site MD01-2472 show significant changes of up to 0.9 ‰ from 
D/O interstadial to stadial intervals (Figs 3e and 5f), an observation which agrees with the 
isotope records from the deep western Mediterranean (Cacho et al., 2000; Sierro et al., 

 6



2005; Cacho et al., 2006). These shifts strongly exceed the attendant ca. 15 to 30 m sea-
level fall (Fig. 6e; Siddall et al., 2003; Arz et al., 2007; Sierro et al., 2009) related values of ca 
0.1 ‰ to 0.32 ‰ (by assuming that a relative sea-level fall of 130 m corresponds to a global 
mean water isotopic composition enrichment between 0.87 ‰ and 1.4 ‰, cf. Waelbroeck et 
al. (2002) and Cacho et al. (2006) for discussion). As a result, it is assumed that, in addition 
to changes in global ice-sheet volume, the benthic18O record at site MD01-2472 reflects 
significant temperature and / or salinity changes of the LIW in relation to the D/O cycles. The 
cold temperatures / high salinities in the sequence being associated with stadial intervals. 
This hydrographic variability of the LIW, which is corroborated by concomitant changes (e.g. 
1 to 4°C for temperature) in the WMDW conditions and ventilation (Cacho et al., 2000; Sierro 
et al., 2005; Cacho et al., 2006; Frigola et al., 2008), highlights the response of the 
Mediterranean intermediate circulation to the D/O cyclicity. 
 
The benthic 13C record of U. peregrina shows values ranging from –0.63 ‰ to 0.89 ‰ for 
the last glacial period, these two end-members corresponding to moderate- (MIS 5c, 5a, 3) to 
full-glacial (MIS 4, 2) conditions, respectively (Fig. 5c). Superimposed on this Milankovitch-
type variability, a significant D/O-type variability of about 0.7 ‰ is observed from MIS 4 (71-
57 ka BP according to Lisiecki and Raymo, 2005) to MIS 2, with low values (< -0.2 ‰, i.e. 
nutrient-enriched) during D/O interstadials (especially D/O-17, 16, 14, 12 and 8), and heavy  
values (> 0.5 ‰) during D/O stadials and HEs. The 13C record from U. mediterranea, 
extending from TII to MIS 5b, also show a climate-induced variability with increasing values 
from MIS 5e (-1.56 ‰) to MIS 5b (-0.25 ‰), the heaviest / lightest values corresponding to 
MIS 5d - 5b / MIS 5e - 5c, respectively (Fig. 5c). 
 
The benthic 13C record of core MD01-2472 is regulated both by the regional intensity of 
intermediate water formation in the eastern Mediterranean, where the LIW forms, and the 
local flux of organic carbon to the seafloor. Indeed, U. peregrina and U. mediterranea are 
both shallow infaunal benthic foraminifera living in the uppermost 1 cm of sediment (e.g. 
Schmiedl et al., 2004). For this reason, these species record a porewater signal controlled by 
the decomposition rate of sedimentary organic matter, itself largely driven by the flux of 
particulate organic matter to the sea floor, in addition to the 13C of bottom water mass 
(Fontanier et al., 2006; Mackensen, 2008). The interpretation of the benthic 13C record of 
core MD01-2472 regarding palaeoproductivity changes might be supported by 
reconstructions of past ecological and climatological variability in the Mediterranean Sea and 
adjacent areas. By considering that increasing flux of organic carbon to the seafloor led to 
decreasing values of 13C in bottom waters (Pierre, 1999), the present record could indeed 
corroborate some recent results from the Iberian margin (Incarbona et al., 2010), the Alboran 
Sea (Moreno et al., 2004; Penaud et al., 2011) and the eastern Mediterranean (Rohling et 
al., 2004), demonstrating that primary productivity enhanced during D/O interstadials and 
interglacial conditions. Nevertheless, the effects of local productivity of the 13C record of 
benthic foraminifera, including Uvigerina spp., are thought to be light in strongly advective 
environments (e.g. Mackensen et al., 1993; Hall et al., 2001). Moreover, Siani (1999) 
demonstrated that the glacial thermohaline circulation in the Mediterranean can be faithfully 
reconstructed via Uvigerina spp.. This assumption is supported by the positive correlation 
existing between the benthic 13C record of core MD01-2472 and those obtained in well-
ventilated deep Mediterranean basins from the epifaunal benthic foraminifera Cibicidoides 
spp., the latter known to be relevant for reconstructing past ocean circulation (e.g. Cacho et 
al., 2000; Mackensen, 2008). This is especially effective with the isotope records from the 
Menorca Drift / Alboran Sea, by ca. 2391 / 1841 mwd (sites MD99-2343 / MD95-2043) which 
highlight the ventilation of the WMDW for the last 50 ka, respectively (Cacho et al., 2000; 
Sierro et al., 2005) (Fig. 6b,c). Based on this comparison, and considering that high 13C 
values are recorded at times of vigorous deepwater convection (Duplessy et al., 1983; 
Pierre, 1999), the authors’ data could imply that the changes in LIW ventilation occurred in 
phase with climate changes, according to a cold / well-ventilated - warm / poor-ventilated 
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pattern. This pattern appears consistent both with the present-day response of the LIW to 
seasonal oscillations (Astraldi and Gasparini, 1992; Vignudelli et al., 2000), as well as to the 
well-known response in the formation rate of deep-water masses through the course of the 
Milankovitch- to D/O-cycles (Cacho et al., 2000; Sierro et al., 2005; Cacho et al., 2006). 
Nevertheless, the benthic 13C record from core MD01-2472 only, because of the complex 
interpretation of the fossil carbon signature of the infaunal Uvigerina spp., cannot be 
considered as a sufficient proxy for the reconstruction of the past LIW ventilation. Its 
suitability for reconstructing bottom-water circulation is tested thereafter in the light of 

sortable silt data ( SS ), the latter being considered as a direct palaeoflow velocity proxy 
(McCave et al., 1995; McCave and Hall, 2006). 
 

5.2. Sedimentological overview of the Corsica Trough : evidence of bottom-current-
controlled sedimentation 

 

5.2.1. Grain-size records from cores MD01-2434 and MD01-2472 

 

The sedimentological analysis of cores MD01-2434 and MD01-2472 reveal that significant 
grain-size fluctuations coincide with both Milankovitch and millennial time-scale climate 
oscillations (Figs 5d,e and 6d), thus suggesting climate-induced processes on the sediment 

deposition in the Corsica Trough. In detail, SS  shows higher values during glacial than 

during interglacial periods (Fig. 7), with mean Erreur ! Signet non défini. SS / SS% values of 
18.1 µm / 22.2% and 20.8 µm / 35.2% for core MD01-2434, and of 21.3 µm / 29.5% and 23.6 
µm / 37.8% for core MD01-2472 during MIS 1 (0-14 ka) and MIS 2-4 (14-71 ka), respectively. 
These results reveal a positive shift of ca. 3µm between cores MD01-2434 and MD01-2472 
for both MIS 1 (+3.2 µm) and MIS 4-2 (+2.8 µm). This indicates that core MD01-2434 is 
composed of finer sediment than core MD01-2472 whatever the considered time period. 
 

The Erreur ! Signet non défini. SS  record of core MD01-2434 is positively correlated with the 
isotope record, with high / low grain-size values corresponding to heavy / light isotope values 
at both Milankovitch and millennial time-scales (Figs 5e and 6d). The Erreur ! Signet non 

défini. SS  record of core MD01-2472 shows a similar pattern during the interglacial intervals 

(MIS 5 and 1, Fig. 5d). This contrasts with the glacial trend of SS  at the 20-40 kyr period, on 
which some D/O oscillations are superimposed. The latter show a negative correlation with 
the isotope record (i.e. high / low grain-size values with light / heavy isotope values). Indeed, 

the SS  trend from core MD01-2472 shows, at Milankovitch time-scale, an inverse pattern 
when compared to those of core MD01-2434 for the glacial interval. Although the Erreur ! 

Signet non défini. SS  is considered as a direct palaeoflow velocity proxy (McCave et al., 

1995; McCave and Hall, 2006), the opposite trend of SS  variability observed during the last 
glacial for neighbouring cores MD01-2434 and MD01-2472 (ca. 25 km) located at close 
water depths (difference of ca. 280 m) questions a potential source-related signature (e.g. 
McCave and Hall, 2006). This assumption, as well as the relevance of the grain-size record 
for palaeoceanographic reconstruction in the Corsica Trough, is discussed below. 
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5.2.2. Testing the sortable silt proxy for reconstructing palaeoccurent intensity in the Corsica 
Trough 

 

A straight-line relationship between Erreur ! Signet non défini. SS  and SS% is normally found 
in a well-sorted sediment population (McCave and Hall, 2006; McCave et al., 2008). The 

Erreur ! Signet non défini. SS —SS% plots from cores MD01-2434 and MD01-2472 show a 
straight-line relationship with a slope around 0.14-0.3 µm / % and an intercept at 0 % of 12-
18 µm (Fig. 7). This indicates that the current flow dynamics control the sediment sorting at 
both sites MD01-2434 and MD01-2472. The presence of standard contourite facies showing 
coarsening-up to fining-up sub-sequences in cores MD01-2434 and MD01-2472 (up to 110 
cm thick in core MD01-2472, ca. 12 ka ago, Fig. 5d) supports this interpretation. 
 
In order to interpret thoroughly the downcore grain-size variability in cores MD01-2434 and 

MD01-2472, and to explain the significant difference of the mean SS  in these cores (ca. 3µm 
over the last 70 ka), grain-size analyses were carried out on the Holocene sediments from 24 
cores located in the Corsica Trough (below 300 mwd) (Fig. 1b). These deposits correspond 
to the hemipelagic drape deposited after the shutdown of the Golo turbidite system at ca. 12 

ka (Gervais et al., 2006; Calvès et al., submitted). These sediments show a significant SS  
variability (up to 4 µm amplitude) superimposed on a large gradual decrease (up to 6 µm) 
towards the top (Fig. 8a). This is also observed in the carbonate-free record of core MD01-
2472 suggesting that this trend is mainly carried by the terrigenous fraction (Fig. 5d). A 

thorough analysis of the mean SS  for each of these records reveals a latitudinal trend, with a 
northwards coarsening of the Holocene sediments with regard to the shallowing (800-300 
mwd) and narrowing (-7 km² considering the latitudinal cross-sectional area) of the Corsica 
Trough between 42°20’N and 42°40’N (~35 km) (Fig. 8b). Considering the low terrigenous 
input throughout the last 12 ka (Gervais et al., 2006; Calvès et al., submitted), and the 
modern hydrographic structure along the Corsica Trough, this latitudinal trend probably 
reflects grain-selected deposition and / or winnowing of the mud fraction by increasing 
bottom-currents (LIW). This occurred in response to the northwards reduction of the cross-
sectional area (i.e. Venturi effect; Whitehead, 1998). The mean difference of ca. 3 µm of the 
grain-size records between cores MD01-2434 and MD01-2472 is assumed to be the direct 

consequence of this process. Therefore, it is thought that the global decrease of the SS  
through the Holocene (Fig. 8a) reflects the decrease of the LIW velocity in the Corsica 
Trough in response to the decreasing trend of intermediate and deep-water overturning in 
the western and central Mediterranean (Frigola et al., 2007; Frigola et al., 2008). It also 
possibly reflects the gradual reduction of the Venturi effect through the ca. 50 m sea-level 
rise through the last 10 kyr (Siddall et al., 2003; Lambeck et al., 2004). No conclusion can be 

drawn concerning the SS  high amplitude variability superimposed on the trend because no 
detailed chronostratigraphical framework has been determined for these deposits. However, 
they probably correspond to the impact of the centennial- to millennial-scale Holocene 
climate shifts recognised throughout the Northern Hemisphere (Bond et al., 1997; Mayewski 
et al., 2004) on the Mediterranean overturning (Frigola et al., 2007). 
 
Based on the evidence of bottom-current-controlled sedimentation in the Corsica Trough 
during the Holocene, grain-size results of cores MD01-2434 and MD01-2472 (Figs 5 and 6) 
have been used to estimate the relative intensity and the vertical migration of the bottom-
water mass in the Corsica Trough throughout the last climatic cycle. 
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5.3. Palaeoceanographic reconstruction of the Levantine Intermediate Water over the 
last climatic cycle : dynamics, forcing factors and regional implications 

 

The detailed analysis of cores MD01-2434 and MD01-2472 reveals, through significant 
isotopic and grain-size fluctuations which occurred on both Milankovitch and millennial time-
scales, that climate changes control the competence of the bottom-current in the Corsica 
Trough through the last 150 ka (Figs 3, 5, 6 and 7). Considering the present-day (i.e. 
interglacial) hydrographic structures in the Corsica Trough (Astraldi and Gasparini, 1992) 
(Fig. 2), and the increasing density (i.e. deepening) of the intermediate and deep-water 
masses in the Mediterranean Sea during glacial intervals (Cacho et al., 2006; Frigola et al., 
2008), the origin of the bottom-water mass flowing at sites MD01-2472 and MD01-2434 is 
though to remain unchanged throughout the period studied. Therefore, it is assumed that 
cores MD01-2472 and MD01-2434 record the variability of the LIW through the last 150 ka. 
 

5.3.1. Glacial/interglacial variability 

 

For the last climate cycle, the large decreases observed in the Erreur ! Signet non défini. SS  
during the intervals from TII to MIS 5e (ca. 130 to 120 ka; core MD01-2472) and from TI to 
the late Holocene (ca. 15 to 0 ka; cores MD01-2472 and MD01-2434) suggest a slowdown of 
the LIW velocity at glacial-interglacial transitions, and weak activity during interglacial periods 
(Fig. 5d,e). Conversely, a stronger intensity of LIW is suggested during glacial intervals. 

Indeed, both MIS 6 and MIS 4-2 are characterised by higher Erreur ! Signet non défini. SS  
values in comparison (+2.3 µm in core MD01-2472). The cold / heavy – warm / light pattern 
existing between global temperatures (i.e. glacial / interglacial, cf. Tzedakis et al., 1997 for 
the Mediterranean region) and carbon isotopes at site MD01-2472 probably corroborates this 

assumption (Fig. 5c). The relatively high Erreur ! Signet non défini. SS  values during glacial 
periods are associated with heavy 13C values, suggesting well-ventilated bottom waters. 
This pattern agrees with the conclusion of Sierro et al. (2005) for enhanced Mediterranean 
deep thermohaline circulation during glacial intervals. As a result, it is assumed that the 
results presented herein provide, for the first time, evidence for a similar dynamics of both 
intermediate and deep thermohaline circulation in the Mediterranean on the 100-kyr glacial / 
interglacial time-scale. 
 

5.3.2. The last interglacial (MIS 5 s.l.) 

 
Detailed examination of MIS 5 (ca. 130 to 71 ka) have demonstrated that both benthic 13C 

and Erreur ! Signet non défini. SS  records in core MD01-2472 show a significant variability 
paced by the 20-kyr precessional forcing known to also impacts on both the Mediterranean 
climate and sea-level changes (e.g. Sánchez Goñi et al., 1999; Kallel et al., 2000; Martrat et 
al., 2004; Sprovieri et al., 2006; Braeur et al., 2007) (Fig. 5). As seen in the pattern discussed 

at the glacial / interglacial time-scale, low Erreur ! Signet non défini. SS  values are 
associated with light values of benthic 13C during MIS 5e and 5c. These observations reveal 
a weak LIW intensity in the Corsica Trough in concert with reduced LIW ventilation at a time 
of sea-level and atmospheric temperature maxima. This corroborates recent results obtained 
from the Sicily Channel in which reduced rates of intermediate water inflow characterised 
MIS 5e (Incarbona et al., 2011). This result is also strongly supported by the concomitant 
environmental changes in the eastern Mediterranean, in which LIW forms, that led to 
sapropel formation at 124-119 ka (sapropel S5) and 108-100 ka (sapropel S4; Cita et al., 
1977; Rossignol-Strick, 1985; Bar-Matthews et al., 2000; Kallel et al., 2000; Rohling et al., 
2002; Rohling et al., 2006). Indeed, the insolation maxima at these times enhanced African 
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Renewed vertical mixing and ventilation in the eastern Mediterranean (Nolet and Corliss, 
1990; Rohling et al., 2006) probably explains the renewed LIW ventilation in the Corsica 
Trough at the MIS 5e / 5d and MIS 5c / 5b transitions, as suggested by the increases of both 

benthic 13C and Erreur ! Signet non défini. SS  values. This probably results from the 
attendant orbitally-induced diminution of moonsonal rainfall leading to a significant increase 
in eastern Mediterranean net evaporation (Rossignol-Strick, 1983, 1985; Bar-Matthews et al., 
2000) (Fig. 5a,b). The data presented here suggest that the profound hydrographic 
adjustments of the Levantine Sea and adjacent areas to climate forcing quickly propagated 
over the western Mediterranean during the last interglacial. This is consistent with present-
day oceanographic observations reporting that the intermediate waters formed in the 
Levantine region take less than 10 years to reach the Sicily Channel (Roether et al., 1998). 
 

13MIS 5a shows a different pattern, with a significant increase of both benthic  C and Erreur ! 

Signet non défini. SS  values at site MD01-2472 from ca. 85 to 80 ka (Fig. 5c,d), while new 
sapropel deposition (S3) occurred in the eastern Mediterranean (Rossignol-Strick, 1985; Bar-
Matthews et al., 2000; Kallel et al., 2000). This suggests that an unexpected reinforcement of 
the LIW potentially occurred in the Corsica Trough while the environmental changes over the 
eastern Mediterranean tend to inhibit regional vertical mixing and intermediate / deep-water 
ventilation. A local reinforcement of the LIW from enhancement of the Venturi effect cannot 
be invoked because of the attendant ca. 30 to 50 m sea-level rise (Waelbroeck et al., 2002; 
Siddall et al., 2003). Considering that the intermediate water ventilation in the eastern 
Mediterranean was not as weak as that during MIS 5e (S5) and MIS 5c (S4), because of 
cooler air temperature in comparison (i.e. increased net evaporation, buoyancy loss) 
(Rossignol-Strick, 1985; Bar-Matthews et al., 2000), it is thought that the increasing Erreur ! 

Signet non défini. SS  from ca. 85 to 80 ka at site MD01-2472 could mainly results from a 
significant vertical fluctuation in position of the LIW axis (i.e. depth of maximum flow speed). 
Indeed, with changing climate comes changing density of water masses (McCave and Hall, 
2006) leading to climate-driven changes of the depth of maximum grain size (maximum 
bottom-current speed) onto the continental slopes (e.g. Ledbetter and Balsam, 1985). The 
impact of this process, recently reviewed by McCave and Hall (2006), has been previously 
highlighted along the North American margin (e.g. Ledbetter and Balsam, 1985; Yokokawa 
and Franz, 2002). 
 

5.3.3. The last glacial period (MIS 4-2) and termination l 

.3.3.1 Reconstruction of the glacial LIW at Milankovitch time-scale 

he vertical migration of the LIW axis in response to sea-level and climate changes (i.e. 

 

5

 

T
vertical translation and density changes, respectively) appears to be of primary importance in 

the interpretation of the SS  in core MD01-2472, especially during the last glacial period. The 
climate degradation (gla l inception) occurring from ca. 80 ka to 65 ka (e.g. Martrat et al., 
2004), during which an increase of intermediate water formation over the eastern 
Mediterranean is expected as a consequence of increasing aridity and net evaporation (Allen 

cia
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et al., 1999; Bar-Matthews et al., 2000; Braeur et al., 2007; Andreucci et al., 2010; Fletcher et 
al., 2010), is characterized by increasing (ca. 80 to 75 ka) then decreasing (ca. 75 to 65 ka) 

SS  values at site MD01-2472 (Fig. 5d). At the same time, the benthic 13C record shows a 

eral increasing trend, and relative high gen Erreur ! Signet non défini. SS  values are observed 
around 65 ka at the deeper site MD01-2434 (Fig. 5c,e). Both sites are fluenced by the LIW, 
and the benthic 13C record suggests an increasing ventilation of this water mass over the 

80-65 ka interval. As a result, we assume that the opposite time trend in flow speed (

 in

SS ) 
described between cores MD01-2434 and MD01-2472 in the first part of MIS 4 results from 
the gradual deepening of the LIW axis in the Corsica Trough. This emphasises the 

interpretation of the benthic 13C (at site MD01-2472) and SS  (at sites MD01-2434 and 
MD01-2472) at the regional (Tyrrhenian Sea) and local scales (Corsica Trough), 

respectively. The trend reversal of Erreur ! Signet non défini. SS  at the shallow site MD01-
2472 suggests that the impact of the deepening of the LIW axis gradually overpasses the 
enhanced LIW velocity, especially from ca. 75 ka when the sea level dropped significantly 
(Waelbroeck et al., 2002; Siddall et al., 2003). 
 
The impact of the density on the vertical migration of the LIW is difficult to quantify. It is 
thought that the density was probably increasing in response to the considerable increase of 
the salinity of the Mediterranean Sea during glacial intervals (Rohling and Bryden, 1994; 
Cacho et al., 2006). By considering the ca. 30-40 m sea-level fall which precedes the rapid 

decrease of the Erreur ! Signet non défini. SS  at site MD01-2472 (501 mwd) (Waelbroeck et 
al., 2002; Siddall et al., 2003), it is thought that the LIW axis in the Corsica Trough was 
positioned above 460-470 mwd during the last interglacial (i.e. the depth of core MD01-2472 
minus the sea-level fall described above). This assumption is consistent with the modern 
depth of the LIW axis, estimated between 350 and 550 mwd in the Tyrrhenian Sea according 

Wu and Haines (1996). In the same way, the relative low SS  values at site MD01-2472 and 

relative high Erreur ! Signet non défini. SS  values at site MD01-2334 at 65 ka suggest that 
the LIW axis was positioned below 500 mwd (depth of core MD01-2472) during MIS 4. The 

opposite trend for Erreur ! Signet non défini. SS  between cores MD01-2472 and MD01-2434 
through the last glacial period highlights a co inuous fluctuation in position of the LIW axis. 
We infer a shoaling followed by deepening of the LIW axis from MIS 4 to MIS 3 (decrease / 

increase of 

nt

SS  at sites MD01-2434 / MD01-2472), and from MIS 3 to MIS 2 (increase / 

decrease of SS  at sites MD01-2434 / MD01-2472), respectively (Fig. 5d,e). This pattern 
demonstrates that the LIW axis fluctuated in-phase with both climate and sea-level changes. 
Indeed, the deepening / shoaling of the intermediate water was associated with sea-level fall 
/ rise (i.e. vertical translation) and climate degradation / amelioration (i.e. density changes), 
respectively. 
 

SSThrough the consistency between both the isotope and  records and the environmental 
changes in the eastern Mediterranean during MIS 5 (cf. paragraph 5.3.2), it is thought that 
the decrease-then-increase trend of the oscillating benthic 13C record from MIS 4 to MIS 3 
and from MIS 3 to MIS 2, respectively, suggests a weak LIW ventilation during MIS 3 in 
comparison to MIS 4 and 2 (Figs 5 and 6). This result is supported by increased Nile 
discharges and increased rainfall in the eastern Mediterranean during MIS 3, especially 
during the ca. 60-50 ka interval (Bar-Matthews et al., 1999; Bar-Matthews et al., 2000; Kallel 
et al., 2000; Almogi-Labin et al., 2009; Revel et al., 2010). This could have partially inhibited 
vertical mixing and intermediate ventilation in this area through the rapid freshwater-induced 
increase of density stratification (Cita et al., 1977). This hydrographic adjustment then 
propagates to the western Mediterranean, as suggested by the very light benthic 13C values 

in the Corsica Trough between ca. 60 and 50 ka. Based on the SS  evolution at sites MD01-
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2472 and MD01-2434, it is interpreted that the LIW axis flowed at ca. 500m (the depth of 
core MD01-2472) during this period. Conversely, the subsequent enhanced aridity 
culminating at ca. 30 to 20 ka (MIS 2) in the eastern Mediterranean (Bar-Matthews et al., 
1999; Tzedakis et al., 2004; Almogi-Labin et al., 2009; Fletcher et al., 2010; Revel et al., 
2010) led to an increased Levantine Basin salinity (Rohling, 1999; Rohling and De Rijk, 
1999). This probably favoured a gradual increase of the LIW ventilation throughout the 
Mediterranean from MIS 3 to MIS 2. During this period, it is suggested that the LIW axis 
flowed between ca. 500 and 780 mwd (the depth of MD01-2472 and MD01-2434, 
respectively), its maximum depth being reached between 30 and 20 ka. 
 

ome important implications arise from the results presented here, espS ecially regarding the 

.3.3.2 Reconstruction of the glacial LIW at a millennial time-scale 

etailed examination of the cores from MIS 3 to TI reveals that both benthic carbon isotopes 

deep-water formation in the Ligurian-Provencal Basin. Indeed, the salty intermediate water in 
the western Mediterranean is known to precondition the formation of the WMDW in the Gulf 
of Lion (Astraldi and Gasparini, 1992; Astraldi et al., 1994; La Violette, 1994; Wu and Haines, 
1996; Millot, 1999; Myers and Haines, 2000; Pinardi and Massetti, 2000). Although the LIW, 
flowing in the Corsica Trough, partially replaces the volume of surface and intermediate 
waters involved in the WMDW formation (i.e. passive mode) (Astraldi and Gasparini, 1992; 
Astraldi et al., 1994), it is speculated that the LIW variability observed in the Corsica Trough 
at Milankovitch time-scale, upstream to the Gulf of Lion, may well have contributed to the 
changes in both WMDW formation and ventilation in the western Mediterranean (i.e. active 
mode) (Cacho et al., 2000; Sierro et al., 2005; Cacho et al., 2006; Frigola et al., 2008). 
Indeed, the results presented herein reveal, through a correlation with the benthic carbon 
isotopes of deep-sea cores from the Menorca Drift (MD99-2343; Sierro et al., 2005; Frigola 
et al., 2008) and the Alboran Sea (MD95-2043; Cacho et al., 2000) (Fig. 1a), that both 
intermediate and deep overturning increased from MIS 3 to MIS 2 with a maximum  between 
30 and 20 ka (Figs 5c and 6b,c). Wu and Haines (1996) explain that three factors determine 
the volume and properties of the deep water formed in the Gulf of Lion : the weak 
stratification provided by the wind-driven, large-scale cyclonic gyre, the entrainment of 
salinity from below supplied by LIW, and the buoyancy loss at the surface arising from winter 
cooling. By considering that the atmospheric-climatic conditions in the Gulf of Lion during the 
30-20 ka period significantly weakened the water mass stratification and enhanced the net 
evaporation (Rohling et al., 1998; Hayes et al., 2005; Kuhlemann et al., 2008), it is thought 
that the intensified LIW inflow during these period brought the necessary salt to the deep-
water formation site. Considering that the LIW and WMDW form the main component of the 
Mediterranean outflow to the Atlantic (e.g. Kinder and Parilla, 1987), the results here detailed 
also have important implications regarding the Mediterranean-Atlantic exchange. The 
increasing trend in ventilation described during the last glacial both in the Corsica Trough 
and in the Gulf of Cadiz (Voelker et al., 2006), very similar to that described in the deep 
western Mediterranean (Sierro et al., 2005; Frigola et al., 2008), emphasises the primary 
importance of the LIW in the past Mediterranean outflow dynamics. This assumption is 
detailed below in the discussion based on results obtained at the millennial time-scale. 
 

5

 

D

(core MD01-2472) and Erreur ! Signet non défini. SS  (core MD01-2434 especially) show a 
millennial-scale variability related to the D/O cyclicity (Figs 5c,d,e and 6c,d). High / low 

Erreur ! Signet non défini. SS  values associated with heavy / light benthic 13C during D/O 
stadials / interstadials highlight a cold / faster (and well-ventilated) – warm / slower (and 
poorly ventilated) pattern existing between climate and glacial LIW ventilation. It is assumed 
that this pattern reflects the hydrographic reorganisation of the Mediterranean in response to 
North Atlantic climate fluctuations. First, the enhanced LIW ventilation described during D/O 
stadials and HEs could reflect the concomitant enhanced North Atlantic freshening, through 
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ian flow in the Corsica Trough 
uring cold intervals might also have partially replaced the increasing volume of surface and d

intermediate waters involved in the deep-water formation in the Ligurian-Provencal Basin, as 
proposed for the modern situation by Astraldi and Gasparini (1992). Indeed, it is well known 
that the atmospheric-climatic conditions that prevailed during D/O stadials and HEs 
enhanced WMDW formation in the Gulf of Lion (Rohling et al., 1998; Cacho et al., 2000; 
Sierro et al., 2005; Cacho et al., 2006; Frigola et al., 2008; Bassetti et al., 2010). This allowed 
the vigorous renewing of the deep western Mediterranean to a water depth of 2391 m at 
least (site MD99-2343; Sierro et al., 2005; Frigola et al., 2008). However, although the sea-
surface heat loss in winter is solely important enough to trigger the convection in the upper 
layer, it is admitted that the entrainment of LIW in the Gulf of Lion is crucial to allow the 
convection to reach significant depths (e.g. Wu and Haines, 1996). Present-day observations 
demonstrate that the newly formed dense waters do not always reach the deep western 
Mediterranean and thus form intermediate waters that lie at depths shallower than 1500 m 
(MEDOC-Group, 1970; Gascard, 1978; Sparnocchia et al., 1995; Schott et al., 1996; Millot, 
1999). As a result, the enhanced LIW inflow described in the Corsica Trough during periods 
of vigorous renewing of the deep western Mediterranean down to 2391 mwd likely 
demonstrates the active role of the LIW in the WMDW formation. 
 

The positive correlation existing between the SS  records from the Corsica Trough and the 
ulf of Cadiz at the millennial time-scale (Voelker et al., 2006; Toucanne et al., 2007) (Fig. 

the

dense water formed in the western Mediterranean, as well as for a minor volume of the 

G
6a,d) also demonstrates the importance of  LIW in the past Mediterranean-Atlantic 
exchange. This direct relationship between the LIW inflow in the western Mediterranean and 
the MOW velocity in the Gulf of Cadiz could imply a dominant role of the eastern 
Mediterranean, in addition to that of the North Atlantic (e.g. Béthoux, 1979; Tsimplis and 
Josey, 2001; Rogerson et al., 2010), in the Mediterranean outflow dynamics. This 
assumption is supported by the roughly similar flux estimations (~0.6-1 Sv, with a strong 
seasonal variability) between the westwards flow (i.e. mainly LIW) in the Sardinia Channel 
(e.g. Manzella, 1994) and the outflow in the Strait of Gibraltar (e.g. Rohling and Bryden, 
1994; Baringer and Price, 1999; Millot, 1999). This accounts for a rather small amount of 
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WMDW in the Mediterranean outflow (Bryden and Stommel, 1982; Millot, 1999; Millot et al., 
2006). The latter is corroborated by the physiographic context at the Strait of Gibraltar. 
Indeed, WMDW is only exported to the Atlantic as a consequence of the Bernoulli aspiration 
process (i.e. suction) derived from the westward movement of the intermediate water (Kinder 
and Parilla, 1987; Rogerson et al., 2008), the interface of LIW and WMDW in the Alboran 
Sea lying at greater depth than the Camarinal Sill (maximum depth of 284 m). 
 

5.3.3.3 Reconstruction of the LIW dynamics during Termination I  and Holocene 

 

Following the period of maximum ventilation and velocity of the LIW during MIS 2, a 
ignificant hydrographic change occurred in the Corsica Trough. From the onset of the last 
lacial-interglacial transition to the late Holocene, the general large decrease in both the 

s
g

benthic 13C record and the Erreur ! Signet non défini. SS  records suggests a drastic 
reduction of the ventilation and velocity of the LIW over TI (Figs 5c,d,e and 6c,d). In detail, 
the main hydrographic change from glacial to interglacial mode of LIW dynamics in the 
Corsica Trough occurred at about 15 ka, at the same time as significant climate amelioration 
in the Northern Hemisphere and in the Mediterrenean (i.e. Bølling-Allerød warm period; 
Combourieu-Nebout et al., 1998; Asioli et al., 2001; Cacho et al., 2001; Kotthoff et al., 2008; 
Combourieu-Nebout et al., 2009), and the large eustatic sea-level rise (i.e. Meltwater Pulse 
1A; Waelbroeck et al., 2002; Siddall et al., 2003; Bard et al., 2010). As discussed for the last 
interglacial, the onset of the African humid period at ca. 15-14 ka (Rossignol-Strick, 1985; 
deMenocal et al., 2000; Revel et al., 2010) probably impacts on the eastern Mediterranean 
hydrographic structure through a partial inhibition of the vertical mixing (Kuhnt et al., 2007; 
Schmiedl et al., 2010). This forcing, added to the sea-level rise and the increasing water 
exchange through the Strait of Gibraltar, could explain the drastic reduction of the ventilation 
and velocity of the LIW as well as the decreasing density of the Mediterranean intermediate 
water during TI (Rohling and Bryden, 1994; Matthiesen and Haines, 2003; Cacho et al., 
2006; Rogerson et al., 2008). The latter is highlighted by the shoaling of the LIW axis as 
shown, from ca. 20 to 12 ka especially, by the decrease / increase of Erreur ! Signet non 

défini. SS  at site MD01-2434 / MD01-2472, respectively (Fig. 5d,e). The maximum intensity 
of the African humid period between ca. 9 and 6 ka (deMenocal et al., 2000), corresponding 
to enhanced rainfall over the central and eastern Mediterranean as well as over the Nile 
headwaters (i.e. Holocene monsoon maximum; Rossignol-Strick, 1985; Bar-Matthews et al., 
1999; Zanchetta et al., 2007; Revel et al., 2010), strongly affected the hydrographic structure 
around the Levantine Basin (Rohling, 1994; Ariztegui et al., 2000; Kuhnt et al., 2007; 
Schmiedl et al., 2010). This lead to the deposition of sapropel S1 in the eastern 
Mediterranean (Rossignol-Strick, 1985; Bar-Matthews et al., 2000). The significant decrease 

of both 13C and SS  in the Corsica Trough during this interval matches the occurrence of 
these events (Fig. 5c,d). The absence of an organic-rich layer (ORL, cf. 2008) in the deep 
Corsica Trough during the 14.5-8.5 ka interval also shows that despite the significant 
shoaling of the interface between the intermediate and deep water in the western 
Mediterranean (Rogerson et al., 2008), the bottom-current flowing along the east Corsica 
margin remains of Levantine origin. Finally, despite a slight renewing of the LIW ventilation at 

ca. 6 ka, suggested by the moderate increase of the 13C and SS  at site MD01-2472, our 
dataset demonstrates that the LIW ventilation remains weak during the Holocene in 
comparison to the last glacial period (Figs 5c,d,e and 6c,d). 
 
Based on the data presented, the last significant increase of the LIW inflow and ventilation in 
the Corsica Trough occurred during the Younger Dryas episode ca. 12 ka ago, especially at 
ite MD01-2472 (Fig. 5c,d,e). It is assumed, by comparison to periods characterised by s

equivalent relative sea level (ca. -60 m) at ca. 75 ka and 60-50 ka (Waelbroeck et al., 2002; 
Siddall et al., 2003; Lambeck et al., 2004), that the LIW axis was positioned at around 500 m 
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during this interval. The concomitant deposition of a uniform layer of coarser-grained 
sediment, including erosion at the seismic-scale, by ca. 400-500 mwd onto the contourite 
drifts located south of the Corsica Channel strongly support these assumptions (Roveri, 
2002). On the basis of the evidence for the D/O stadials and HEs, it is assumed that the brief 
reversal to cold and arid climatic conditions over the Mediterranean during the Younger 
Dryas interval (Kotthoff et al., 2008; Combourieu-Nebout et al., 2009) favoured the LIW 
ventilation. It probably occurred through enhanced net evaporation and LIW production in the 
eastern Mediterranean, as well as through the increase of the sea surface slope of steric 
origin between the Tyrrhenian Sea and the Ligurian-Provencal Basin. This assumption is 
supported by foraminiferal and palynological evidence from the central Mediterranean 
(Combourieu-Nebout et al., 1998; Asioli et al., 2001). Radiocarbon ages of deep-sea corals 
from the eastern Mediterranean (403 to 762 mwd) and the Tyrrhenian Sea (274 mwd) show 
that the intermediate waters at both sites had Δ14C compositions similar to surface waters. It 
also indicates that the LIW was extremely well ventilated during the Younger Dryas 
(McCulloch et al., 2010). It is interesting to note that a concomitant episode of intense 
bottom-current flow and erosion occurred along the MOW pathway (Faugères et al., 1986; 
Vergnaud-Grazzini et al., 1989; Schönfeld and Zahn, 2000; Mulder et al., 2002; Voelker et 
al., 2006; Toucanne et al., 2007). This event occurred while the Mediterranean outflow plume 
was shoaling in response to a significant change in density (Rogerson et al., 2005). The 
attendant density changes of the LIW as well as of  the WMDW in the western Mediterranean 
(Cacho et al., 2006), besides to the enhanced bottom-current flow observed from the Corsica 
Trough to the Gulf of Cadiz at ca. 12 ka, once again emphasises the LIW imprint on both the 
WMDW properties and the Mediterranean outflow. Besides, the pattern described in the 
Corsica Trough for the last glacial / interglacial transition appears remarkably similar to that 
observed during the previous Termination (TII), with a weak LIW ventilation at time of full 
interglacial conditions (MIS 5e) preceded by a short event of intensified intermediate currents 
and ventilation during the rapid climatic transition (Fig. 5). Similarly to the last Termination, 
this later event probably occurred during a deglacial pause, i.e. a Younger Dryas-like cooling 
event (e.g. Sánchez Goñi et al., 1999), potentially episode AS-1’ according to Martrat et al. 
(2004). 
 

6. Conclusions 

 

Sedimentological and geochemical profiles from western Mediterranean deep-sea sediment 
ores MD01-2434 and MD01-2472 provide a continuous high-resolution climatic and 
aleoceanographic record in the Corsica Trough, northern Tyrrhenian Sea, for the last 

c
p
130,000 years. The inflow, ventilation and vertical fluctuations of the LIW has been 
reconstructed using sortable silt particle-size data and stable isotope analyses. The results 
reveal that climate changes drove the Mediterranean intermediate circulation on Milankovitch 
to millennial time-scales according to a cold / faster (and well-ventilated) – warm / slower 
(and poorly ventilated) pattern consistent with the present-day response of the LIW to 
seasonal oscillations. These changes are accompanied at the Milankovitch time-scale by 
large density-driven fluctuations of the LIW axis, with deepening / shoaling of the LIW axis 
occurring at time of climate degradation / amelioration, respectively. It is assumed that this 
variability both in ventilation and position reflects the changes of the eastern Mediterranean 
net evaporation, as well as the propagation to the western Mediterranean of the profound 
hydrographic adjustments of the Levantine Sea to climate forcing. Significant attendant 
hydrographic adjustments in the deep Ligurian-Provencal Basin and in the Gulf of Cadiz, 
downstream of the Corsica Trough by considering the genetic relationship existing between 
the LIW, the WMDW and the MOW, emphasise the LIW imprint on both the WMDW 
properties and the Mediterranean-Atlantic exchange. The assumptions here detailed require 
testing, by examination of faunal assemblages (e.g. Cortina et al., 2011) and radiogenic 
isotope tracers (e.g. Tachikawa et al., 2004) for instance. However, this first 
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palaeoceanographic reconstruction of the intermediate water inflow and ventilation in the 
western Mediterranean almost certainly provides an additional constraint on the role of the 
eastern Mediterranean hydrographic changes to the whole Mediterranean thermohaline 
circulation, as well as for the AMOC and past climate changes. 
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Table captions 

 
Table 1 : Radiocarbon ages of cores MD01-2434 and MD01-2472. The age dates were 
corrected for a marine reservoir effect of 400 years, except for those from the period 15-17 
ka (marked by an asterisk) for which a correction of 800 years was applied (cf. Siani et al., 
2001). Radiocarbon ages were calibrated to calendar years using CALIB 6.0.1 and the 
IntCal09 calibration curve (Reimer et al., 2009). 
 

Table 2 : Chronological framework for cores MD01-2472 and MD01-2434. The ages of 
isotope events from the North-GRIP ice core (GICC05 and NGRIP chronology for the 0-60 ka 
and the 60-123 ka intervals, respectively; NGRIP-members, 2004; Rasmussen et al., 2006; 
Svensson et al., 2008) and the LR04 benthic isotope stack (for the 80–150 ka interval; 
Lisiecki and Raymo, 2005) were used to calibrate isotope events in the cores. GI is 
Greenland Interstadial; MIS is Marine Isotope Stage; T is Termination. The age of TII is 
based on Lisiecki and Raymo (2005) and Cheng et al. (2009). 

 27



Figure captions 

 

Figure 1 : Location of the study area. (A) Mediterranean Sea showing the present-day 
pattern of Levantine Intermediate Water (LIW) circulation (from ca. 200 to 600-1000 metres 
water depth, mwd; black arrows), and the main regions of intermediate and deep water mass 
formation (shadow areas). The grey intervals in the arrows indicate the contourite-drifts 
location along the LIW p athways (Faugères et al., 1984; Marani et al., 1993; Roveri, 2002; 
Amelio and Martorelli, 2008; Verdicchio and Trincardi, 2008). The black stars indicate, from 
west to east, the sites of cores MD99-2341 (Gulf of Cadiz, Faro-Cadiz sheeted Drift, 582 
mwd), MD95-2043 (1841 mwd) and ODP-977A (1984 mwd) (Alboran Sea), MD99-2343 
(Menorca Drift, 2391 mwd) and of the I-284 pollen record (Lake Ioannina, western Greece). 
Note that cores MD95-2043, ODP-977A and MD99-2343, and core MD99-2341 are 
influenced by the Western Mediterranean Deep Water (WMDW) and the Mediterranean 
Outflow Water (MOW), respectively (see text for references); (B) Bathymetry and 
physiography of the Corsica Trough (Gervais, 2002). The black arrows represent the 
alongslope LIW pathways. The red and black open circles indicate the sites of the Calypso- 
and Kullenberg-cores, respectively. The blue open circles (A,B,C and D from north to south) 
indicates the location of the hydrographic profiles  detailed in Figure 2. The contourites-drifts 
localities on the eastern flank of the Corsica Trough are based on Marani et al. (1993) and 
Roveri (2002) (northern drifts), and Calvès et al. (submitted) (southern drift). The dashed 
black line on the Tuscany-Elba Shelf and the Pianosa Ridge represents the glacial shoreline 
ca. 30-20 ka ago. Note the northwards shallowing and narrowing (i.e. reduction of the basinal 
cross-section) of the Corsica Trough. 
 

Figure 2 : Hydrographic (CTD, Conductivity, Temperature, Density) profiles of salinity and 
potential temperatures (in continuous and discontinuous lines, respectively) from the Corsica 
Trough (acquired in June 1989, site A [42.52N-9.45E], B [42.40N-9.44E], C [42.31N-9.48E], 
D [41.59N-9.51E] from north to south, with corresponding bathymetry; see detailed location 
in Figure 1) showing features of the main water masses including Modified Atlantic Water 
(MAW) and Levantine Intermediate Water (LIW) (source Sismer / IFREMER, 
http://www.ifremer.fr/sismer/). 
 

Figure 3 : Correlation of cores MD01-2434 (blue lines; C, F) and MD01-2472 (red lines; B, D, 
E) to global-scale reference records (grey lines; A, G, H). (A) NGRIP 18O (GICC05 
chronology to 60 ka, NGRIP thereafter; NGRIP-members, 2004; Rasmussen et al., 2006; 
Svensson et al., 2008). GI- (GI-1 to 25) refer to Greenland Interstadials; (B) Ca XRF record 
of core MD01-2472. Note that the important decrease in Ca at ca. 12 ka highlights the 5 cm 
thick sandy deposit, interpreted as a turbidite deposit, described within a 110 cm thick 
standard contourite sequence. Turbidite materials, presumably sourced from shallower 
water, are poorer in Ca than pelagic and fine coutourite beds. This could also reflects 
measurement artefacts, related to porosity (Rothwell et al., 2006); (C) Ca XRF record of core 
MD01-2434 (values were divided by 2 for clearness); (D) Planktic (Globigerina bulloides) 
oxygen isotope record of core MD01-2472; (E and F) Benthic oxygen isotope record of core 
MD01-2472 and MD01-2434, respectively. The filled circles and squares indicate 
monospecific samples of Uvigerina peregrina and Uvigerina mediterranea, respectively. A 
correction factor of –0.25 ‰ was applied to the oxygen isotope results of U. mediterranea to 
account for vital and habitat preferences (Fontanier et al., 2006). Note that isotope values of 
core MD01-2434 were depleted by 1.5 ‰ for clearness; (G) LR04 benthic isotope stack 
(Lisiecki and Raymo, 2005); (H) SST in ODP-977A (Martrat et al., 2004). Horizontal arrows in 
the lower part of the figure show boundaries of the Marine Isotope Stages (MIS). The filled 
triangles in the upper part of the figure indicate the positions of the tie points (isotope events, 
see Table 2 for details) for cores MD01-2434 and MD01-2472. The red open triangles 
indicate those used for core MD01-2472 only. The blue and red crosses indicate the 
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radiocarbon dates of core MD01-2434 and MD01-2472, respectively (Table 1). Radiocarbon 
dates < 11.7 ka only were used as tie points. HE : Heinrich event. 
 

Figure 4 : Age models for cores MD01-2434 (blue line) and MD01-2472 (red line). 
Chronological tie points from the North-GRIP ice core (GICC05 and NGRIP chronology for 
the 0-60 ka and the 60-123 ka intervals, respectively; NGRIP-members, 2004; Rasmussen et 
al., 2006; Svensson et al., 2008) and the LR04 benthic isotope stack (for the 80–150 ka 
interval; Lisiecki and Raymo, 2005). Radiocarbon dates (filled squares) < 11.7 ka only were 
used as tie points. Blue and red lines at the bottom are sedimentation rates for cores MD01-
2434 and MD01-2472, respectively. 
 

Figure 5 : (A) Relative sea-level (RSL) curve (black line, with associated confidence interval, 
i.e. grey shaded area) (Waelbroeck et al., 2002) and 18O record of speleothems (orange 
line), from Soreq Cave, Israel (Bar-Matthews et al., 2000). The low 18O events (i.e. 
enhanced rainfall), marked as events #I, #II, #III, #IV and #V, coincide with the formation of 
sapropels (S1 to S5) in the eastern Mediterranean; (B) Mean summer (June-September) 
insolation at 40°N (Laskar et al., 2004) ; (C) Benthic carbon isotope record of core MD01-
2472. The filled circles and squares indicate monospecific samples of Uvigerina peregrina 
and Uvigerina mediterranea, respectively. A correction factor of –1‰ was applied to the 
carbon isotope results of U. mediterranea to account for vital and habitat preferences 
(Fontanier et al., 2006); (D and E) Sortable silt mean grain size (Erreur ! Signet non 

défini. SS ) of core MD01-2472 and MD01-2434, respectively. Carbonate-free grain-size in 
core MD01-2472 in purple. The consistency of the results obtained from the bulk and the 
carbonate-free sediments in core MD01-2472 demonstrates that the grain-size evolution is 
carried by the terrigenous fraction. The slight difference (ca. 1 µm) observed for the last 10 
ka highlights a higher abundance of (large) foraminifera during interglacial (MIS 1) than 
during glacial intervals (MIS 2-4); (F) Benthic oxygen isotope record of core MD01-2472. 
Filled circles and squares indicates monospecific samples of Uvigerina peregrina and 
Uvigerina mediterranea, respectively. GI- (GI-1, 2, 8, 12, 14, 16, 17) refer to Greenland 
Interstadials discussed in the text. The dashed lines (C, D and E; equivalent to ten-point 

moving average curves) are shown to highlight the relationship between the SS  and benthic 
carbon isotope records. The green and red arrows show intervals with positive (i.e. shallow 
position of the LIW axis) and negative correlations (i.e. deep position of the LIW axis, see the 

text for details) between the Erreur ! Signet non défini. SS  and benthic carbon isotope record 
at site MD01-2472. The horizontal arrows in the lower part of the figure show boundaries of 
the Marine Isotope Stages (MIS). Wide grey bands indicate full interglacial conditions, while 
the narrow grey bands in the last glacial highlight Heinrich events (HE). The blue bands 
indicate Terminations (T) centered around deglacial pauses (YD: Younger Dryas; YDL: 
Younger Dryas-Like events; see the text for details).  
 

Figure 6: (A) Downcore grain-size record (sortable silt, Erreur ! Signet non défini. SS ) of core 
MD99-2341 (Gulf of Cadiz) (Toucanne et al., 2007); (B) Benthic carbon isotope records of 
cores MD95-2043 (Alboran Sea, black line) (Cacho et al., 2000; Cacho et al., 2006) and 
MD99-2343 (Menorca Drift, dashed grey line) (Sierro et al., 2005); (C) Benthic carbon 
isotope record of core MD01-2472. The filled circles and squares indicates monospecific 
samples of Uvigerina peregrina and Uvigerina mediterranea, respectively; (D) Downcore 

grain-size record (Erreur ! Signet non défini. SS ) of core MD01-2434; (E) Relative sea-level 
(RSL) curves from the central (core GEOTUE-KL11, continuous black line; Siddall et al., 
2003) and the northern Red Sea (core GeoB-5844-2, dashed grey line; Arz et al., 2007). 
Chronology from Sierro et al. (2009); (F) SST in core MD95-2043 (Alboran Sea, black line) 
(Cacho et al., 1999); (G) The pollen percentages of arboral pollen of core I-284 (purple line) 
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Figure 7 : Dispersion plots of sortable silt (10-63µm silt fraction) mean size (Erreur ! Signet 

non défini. SS ) vs percentage of sortable silt (SS%) (left panels); Dispersion plots of Erreur ! 

Signet non défini. SS  (grey circles and associated continuous line) and medium grain size 
(D50, open circles and associated dashed line) vs  benthic 18O values from cores MD01-
2434, MD01-2472 (Corsica Trough; this study), and vs planktic 18O values from core MD99-
2341 (Gulf of Cadiz; Toucanne et al., 2007) (right panels). As discussed by McCave and Hall 
(2006) and McCave et al. (2008), the straight-line relationship between Erreur ! Signet non 

défini. SS  and SS% (well-sorted population, slope of ca. 0.14-0.29 µm/%, intercept at 0% of 
12-18 µm) indicates a sorting process controlled by current flow dynamics. A positive 

correlation between the sediment grain size (Erreur ! Signet non défini. SS  and D50) and the 

18O isotopes is shown through the wider range of Erreur ! Signet non défini. SS  and D50 
with increasing 18O values. This indicates that the bottom flow reached higher velocities 
(increased selective deposition and / or winnowing) during the last glacial period (heavy 
isotope values) than during interglacial conditions (light isotope values) both at the Faro-
Cadiz sheeted Drift (Toucanne et al., 2007) and along the Corsica Trough. 
 

Figure 8 : (A) Downcore grain-size records (sortable silt, Erreur ! Signet non défini. SS ) of 
Holocene-dated sediments (i.e. above the upper boundary of the Younger Dryas-dated 
sediment) from the Corsica Trough, showing a significant grain-size variability (up to 3-4 µm) 

superimposed on a large global decrease (up to 6 µm) of the SS  to the top of the cores. The 
lack of chronostratigraphical tie points precludes their synchronisation; (B) Relationship 

between the mean SS  of Holocene-dated sediments from 24 Kullenberg cores from the 
Corsica Trough (Fig. 1b) and the geomorphological characteristics of the basin. Each 
Holocene sample is compared to the water depth (grey circles and associated dashed grey 
line), as well as to the latitudinal cross-sectional area (A, black circles and associated dashed 
black line) of the Corsica Trough at the study site. This demonstrates a northwards 
coarsening of the sediment, with regard to a significant decrease of the bathymetry as well 
as of the latitudinal cross-sectional area of the basin. The semi-enclosed circles (and 
associated continuous lines) represent core sites located in the central north-south axis of 
the Corsica Trough (considering the adjacent shelf-breaks), i.e. far from potential Holocene 
terrigenous inputs. Considering the low terrigenous inputs during the Holocene and the 
hydrographic structure along the Corsica Trough (Fig. 2), it is assumed that the northwards 
coarsening of the sediment strongly reflects an increased selected deposition and / or 
winnowing of the mud fraction by increasing bottom-currents (LIW). This occurred in 
response to the northwards shallowing and narrowing of the Corsica Trough (Venturi effect). 
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 Core number Depth Material  Lab code Corrected 
14

C Cal BP age Cal BP age Data origin  

   (cm)   age (yr BP) ranges (2) median probability   

 MD01-2434 0 bulk planktic Poz-32034 470 ± 30 443-536 493 this study  

 MD01-2434 48 bulk planktic Poz-32035 2,760 ± 35 2,836-3,072 2,949 this study  

 MD01-2434 151 bulk planktic LLNL-87510 6,545 ± 40 7,382-7,546 7,453 Gervais, 2002  

 MD01-2434 329 bulk planktic Poz-32037 12,180 ± 80 13,787-14,251 14,030 this study  

 MD01-2434 429* bulk planktic Poz-32038 13,300 ± 90* 15,565-16,797 16,321* this study  

 MD01-2434 639 bulk planktic Poz-32039 17,900 ± 130 20,576-20,676 21,363 this study  

 MD01-2434 849 bulk planktic Poz-32041 21,290 ± 180 24,956-25,990 25,443 this study  

 MD01-2434 1058 bulk planktic Poz-32042 25,900 ± 400 29,733-30,071 30,644 this study  

 MD01-2434 1552 bulk planktic LLNL-88144 34,640 ± 220 38,898-40,419 39,657 Gervais, 2002  

 MD01-2434 2489 bulk planktic LLNL-87511 41,600 ± 500 44,362-45,855 45,095 Gervais, 2002  

 MD01-2472 5 bulk planktic SacA19752 910 ± 30 760-916 842 this study  

 MD01-2472 70 bulk planktic SacA19754 3645 ± 30 3,875-4,009 3,960 this study  

 MD01-2472 180 bulk planktic SacA19756 9100 ± 35 10,196-10,298 10,244 this study  

 MD01-2472 220 bulk planktic SacA19757 12,240 ± 40 11,812-12,121 11,990 this study  

 MD01-2472 290 bulk planktic SacA19753 11,790 ± 50 13,453-13,786 13,641 this study  

 MD01-2472 380* bulk planktic SacA19758 13,720 ± 45* 16,692-17,018 16,850* this study  

 MD01-2472 520 bulk planktic SacA19759 11,920 ± 50 13,614-13,934 13,780 this study  

 MD01-2472 580 bulk planktic SacA19755 21230 ± 140 24,962-25,867 25,367 this study  

 MD01-2472 600 bulk planktic SacA19760 22380 ± 100 26,558-27,716 27,063 this study  

          

 

Table1



    

 Isotope Event North-GRIP Age (ka BP) MD01-2472 - depth (cm) MD01-2434 - depth (cm)  

 YD / Holocene transition 11.70 215 225  

 Onset GI-1 / TI 14.70 320 330  

 GI-2 peak 23.38 530 753  

 Onset GI-3 27.82 630 980  

 Onset GI-4 28.92 665 1045  

 Onset GI-5 32.54 725 1205  

 Onset GI-6 33.82 745 1260  

 Onset GI-7 35.52 785 1343  

 Onset GI-8 38.26 860 1465  

 Onset GI-9 40.16 895 1570  

 Onset GI-10 41.50 935 1605  

 Onset GI-11 43.40 985 1680  

 Onset GI-12 46.90 1060 1780  

 Onset GI-13 49.50 1140 1880  

 Onset GI-14 54.24 1215 2000  

 Onset GI-15 55.82 1245 2055  

 Onset GI-16 58.32 1315 -  

 Onset GI-17 59.48 1385 2275  

 Peak GI-18 64.75 1445 -  

 Peak preGI-19 70.25 1570 -  

 Onset GI-19 73.10 1625 -  

 Onset GI-20 77.20 1695 -  

 MIS 5.1 peak 82.00 1800 -  

 Onset GI-21 / MIS 5.1 85.70 1850 -  

 MIS 5.2 peak 87.00 1900 -  

 MIS 5.3 peak 96.00 2060 -  

 MIS 5.4 peak 109.0 2160 -  

 MIS 5.5 / 5.4 transition 116.0 2220 -  

 MIS 5.5 peak 123.0 2360 -  

 Onset MIS 5.5 / TII 130.0 2500 -  

 Core bottom ~150.0 2900 -  
      

 

Table2
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