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Abstract

Late Quaternary samples collected in the Western Mediterranean Sea at Ocean Drilling Program Leg 161 Sites 974 (Tyrrhe-
nian Sea), 975 (Balearic Basin), and 976 (Alboran Sea) were anayzed for pal eoceanographic and paleoclimatic purposes by
means of quantitative analysis of planktonic foraminifer and rock-magnetic measurements. T he chronostratigraphi ¢ framework
is based on the comparison between the paleoclimatic curve and oxygen-isotope profiles available for Sites 975 and 976. A
poor sedimentary record at Site 974 makes this site unsuitable for the target in the considered time interval. In contrast, ahigh
sedimentation rate allowed a millennial-scale resolution for the last glacial-interglacial cycle (oxygen-isotope stagésel—6) in
Alboran Sea. By combining the organic carbon content, the magnetic properties, and especially the microfaunal assemblage, it
has been possible to identify at Site 976 the presence of intervals corresponding to the deposition of saf®opeleEast-
ern Mediterranean Sea. Magnetic parameters show that reductive diagenesis occurs during several time intervals at this site,
suggesting that suboxic to anoxic conditions characterize the basin. Sulfur/organic carbon relationships appear in agreement
with this observation. In the Balearic Basin (Site 975), the record extends back to oxygen-isotope stage 8. The paleomagnetic
record at Site 975 shows the presence of the Blake event, which occurred between the oxygen-isotope substages 5d-5e, as
observed in eastern Mediterranean cores by Tucholka et al. (1987).

INTRODUCTION

During Leg 161 a transect of six sites was drilled in the western
Mediterranean with the purpose of reconstructing the paleoceano-
graphic and tectonic history of thiskey area of the basin (Fig. 1). The
paleoceanographic target concentrated on the Atlantic-Mediterra-
nean water exchange with a focus on periods of sapropel formation.
Sapropelsaredark, organic-rich (>2% TOC) layerswell knowninthe
eastern Mediterranean (Olausson, 1961; Thundll et al., 1977; Kidd et
al., 1978; Citaand Grignani, 1982). Timing of sapropel deposition re-
sults independently of climatic conditions (glacial or interglacial in-
tervals) and has been related to astronomica parameters (Hilgen,
1991; Rossignol-Strick, 1985; Lourens et al., 1996). Their occur-
rence has been interpreted as a response to oceanographic and bio-
geochemical change: water column stratification leading to bottom
water stagnation and/or enhanced productivity (Vergnaud-Grazzini
et a., 1977; Thundl et al., 1977; Rossignol-Strick, 1983; Calvert,
1983). Recent micropaleontologica (planktonic and benthic assem-
blages) and geochemical (oxygen and carbon-stable isotope) investi-
gations have shown that, at least during the late Quaternary, organic-
rich layerswere deposited in the Western Mediterranean Sea (Muerd-
ter 1984; Thunell et al. 1990; Emeiset al., 1991).

M agnetic parameters are extremely sensitive to the anoxic condi-
tions such asthose existing at thetime of sapropel formation. Several
studies show that under suboxic-anoxic environments the deep-sea
sediments undergo early diagenesis and lose their origina pattern of
rock magnetic parameters. Vigliotti (1997) has shown that sapropel -
like organic-rich layers recovered in the Japan Sea are characterized
by distinctive features such as decrease in concentration of ferrimag-
netic minerals, increase in magnetic grain size and coercivity of the
remanence, and changes in the magnetic mineralogy with authigenic
formation of iron sulfides, such as pyrrothite and/or greigite. There-
fore, theselayersyield distinctive magnetic features that can be easily
identified in magnetic properties profiles.
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Figure 1. Location of ODP sites drilled in the western Mediterranean during

Legs 160 and 161. Circles mark the sites studied in this work.

The aim of this study is to reconstruct the paleoceanographic his-
tory of the western Mediterranean during the late Quaternary by com-
paring the magnetic properties of the sediments with the pal eoclimat-
ic record indicated by microfossil analysis. Particular attention will
be given to the possible occurrence of the sapropel layersin thewest-
ernmost part of the Mediterranean Sea. Rock-magnetic properties
and planktonic foraminifer distribution are effective tools for recon-
structing the paleoenvironmental record of deep-sea sediments and
should be able to test the environmental conditions leading to the
sapropel deposition.

A growing number of studies show that variationsin the magnetic
mineras within deep-sea sediments can be related to paleoceano-
graphic and paleoclimatic changes, such asriver influx, variationsin
carbonate content, the source of the detrital input, sea-level changes,
aeolian dust concentration, and oxic-anoxic conditions (Kent 1982;
Oldfield and Robinson, 1985; Robinson, 1986; Bloemenda et 4.,
1988; Doh et d., 1988; Robinson et a., 1995; Vigliotti, 1997).
Changesin the concentration, mineralogy, and grain size of magnetic
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minera assemblages reflect climaticaly induced variations within
the lithogenic fraction of the sediment.

Planktonic foraminiferal assemblages were analyzed quantita-
tively, used to characterize variations in surface circulation and sea-
surface temperature in the western Mediterranean, and compared

The difference between the two measurements was used to
calculate the frequency dependence of susceptibility (X:q)-
This parameter reflects the presence within the sediment of
very fine (<0.03 um for magnetite) ferrimagnetic grains in the
superparamagnetic state (SP).

with variations in global climate inferred from oxygen isotopes. A 2. Measurements were made of the natural remanent magnetiza-

combination of proxies, such as magnetic parameters and foramin- tion (NRM) before and after stepwise alternating-field (AF)

iferal assemblages, is thus an effective tool for reconstructing the pa- demagnetization with peak fields ranging between 5 and 90

lecenviromenta record of deep-sea sediments. mT. In general, three steps (10, 20, and 30 mT) of AF demag-
netization were applied to the samples and further demagneti-
zations were applied to samples with higher coercivity and/or

ANALYTICAL METHODSAND MATERIALS directions that changed during the cleaning. The remanence

was measured with a Minispin spinner magnetometer.

For this study, we focused our attention on ODP Sites 974, 975, 3. Acquisition of anhysteretic remanent magnetization (ARM)
and 976 (Fig. 1). The cores were sampled by inserting plastic boxes was made by subjecting the samples to an AF field of 100 mT
of about 7 cm? into the split-core sections. At first, we sampled the biased by a 0.1 mT direct field, followed by progressive AF
uppermost 25 m of sediments recovered from each of the three sites. demagnetization in three steps (20, 30, and 40 mT). The ARM
After the preliminary studies, we decided that the existence of a con- is expressed as anhysteretic susceptibility,jKKobtained by
tinuous and expanded sedimentary record at Site 976 required addi- dividing the ARM by the strength of the DC field.
tional samplingsfor Sites 976 and 975. The second sampling focused 4. Acquisition of isothermal remanent magnetization (IRM) was

on obtaining a high resolution in atime interva that included the | ast
full glacial-interglacial cycle (140 ka). In this view, more closey
spaced sampleswere collected in the uppermost 10 m at Site 975 and
down to adepth of 45 m at Site 976. In the Tyrrhenian Sea (Site 974),
thistimeinterval is very poorly preserved; therefore, we did not col-
lect any further samples. We studied atotal of 193 samples: 26 from
Site 974, 63 from Site 975, and 104 from Site 976.

To characterize the magnetic mineral ogy, detailed magnetic mea-
surements were made to investigate the response of the sediments to
a variety of applied magnetic fields. This response is mainly deter-
mined by the mineralogy, concentration, and grain-size distribution
of the magnetic phases.

The procedure used for the magnetic measurements was as fol-
lows:

made in steps up to a maximum field of 1 T. The acquired IRM
(referred as saturation isothermal remanence [SIRM]) was
subsequently demagnetized in three steps (15, 25, and 35 mT)
and subjected to a backfield of up to —0.3 T. The latter mea-
surements were used to calculate the coercivity of the rema-
nence (B,) and theSratio (IRM_g 5/SIRM). Furthermore, the
difference between the SIRM and the IRM acquired by apply-

ing a backfield of —0.3T was used to calculate the HIRM pa-
rameter expressed as: (IRM+SIRM)/2 (Robinson 1986).
Low-field “soft” IRM (IRM ;o,r) Was used to approximate the
total concentration of remanence-carrying ferrimagnets.

Magnetic remanences are expressed in terms of mass by dividing
the results by the weight of the samples. Considering that one of the

purposes of our study was to investigate the presence of the sapropels
in this part of the Mediterranean, at Sites 975 and 976 we measured
typical geochemical parameters that characterize these layers, such as
total organic carbon (TOC) and sulfur content (S) together with the

1. Measurementsof thelow-field mass-specific magnetic suscep-
tibility (x) at two different frequencies (0.47 and 4.7 KHz)
were made by using a MS2 Bartington susceptibility meter.

Table 1. Total organic carbon, sulfur content, carbon/nitrogen values, and paleoclimatic values used for the paleoclimatic curve at Site 975.

Depth TOC S Paleoclimatic  Depth TOC S Paleoclimatic
(mcd) (%) (%) C/N values (mcd) (%) (%) C/N values
0.16 0.27 0.093 3.57 15.45 7.9 0.13 — 1.92 -52.35
0.37 0.21 0.082 3.15 -11.69 7.95 0.15 — 2.32 -33.83
0.5 0.27 0.105 3.81 7.43 8 0.17 — 2.43 -14.94
0.78 0.3 0.076 4.15 -84.17 8.19 0.12 — 1.95 —-55.68
1 0.18 0.033 2.82 -98.59 8.35 0.17 — 2.66 -67.98
1.24 0.28 0.089 3.69 —86.05 8.63 0.2 — 3.37 —40.37
1.35 0.26 0.064 3.79 —-70.35 8.85 0.14 0.002 2.35 10.37
16 0.3 0.017 4.55 -71.87 9.15 0.14 — 21 7.14
1.8 0.24 0.018 3.91 -76.1 9.42 0.27 — 3.68 -5.9
2 0.23 0.045 3.79 —95.49 9.55 1.23 0.281 7.78 16.03
2.2 0.21 0.014 3.39 -97.27 9.65 0.43 — 4.79 -14.55
24 0.23 0.062 3.64 -96.73 10.13 0.29 — 4.39 -91.11
2.65 0.18 0.009 29 -98.2 10.65 0.31 — 471 —85.64
2.85 0.26 — 4.41 —-89.38 10.95 0.32 — 4.49 -91.64
3.45 0.26 — 4.1 -92.51 11.85 0.24 — 3.92 -93.72
3.85 0.21 0.026 3.29 —69.36 12.45 0.19 — 3.17 -99.63
3.93 0.19 0.051 3 —-88.73 13.91 0.27 0.028 4.15 -67.73
4.08 0.21 — 3.48 —76.59 15.45 0.33 0.035 4.22 —85.65
4.44 0.32 0.017 431 -46.8 15.81 1.02 0.561 8.11 -82.46
4.71 0.18 0.011 2.85 -91.39 16.2 0.26 0.267 3.4 -58.66
4.95 0.2 — 3.23 -94.32 16.37 0.91 0.49 7.37 —75.46
5.17 0.17 — 2.85 -90.96 17.01 0.18 0.022 2.91 -63.25
5.59 0.18 — 2.95 —-86.44 17.84 155 0.356 9.27 10.82
5.85 0.21 0.019 3.36 -83.41 17.96 0.25 0.013 3.44 -26.49
5.99 0.19 0.011 3.1 —47.94 18.89 0.2 0.077 2.69 -56.92
6.19 0.19 — 2.89 -50.37 19.4 0.32 0.025 431 -78.29
6.45 0.16 0.031 2.59 —49.36 20 0.17 — 3.17 -46.68
6.63 0.16 — 2.38 —73.04 20.46 0.76 0.449 6.7 26.65
6.89 0.21 — 3.47 -92.49 20.5 0.27 0.056 3.65 -25.71
7.05 0.22 — 3.64 —66.87 21.5 0.25 0.015 3.45 —64.56
7.35 0.14 — 2.52 -56.61 22.4 0.3 — 4.04 —73.06
7.65 0.14 — 2.72 -52.78

Note: — = no data available.
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Table 2. Total organic carbon, sulfur content, carbon/nitrogen values, and paleoclimatic values used for the paleoclimatic curve at Site 976.

Depth  TOC Paleoclimatic Depth TOC S Paleoclimatic
(mbsf) (%) S% CIN values (mbsf) (%) (%) CIN values
0.2 0.73 0.04 5.01 -26.87 18.38 0.65 0.5 5.52 -93.26
0.5 0.72 — — —28.69 19.48 0.84 0.34 5.86 —74.75
0.7 0.72 0.14 4.39 -13.48 19.88 1.15 0.48 6.83 -83.17
1.07 0.67 0.13 522 —22.38 20.1 1.14 0.39 6.98 —-78.67
1.32 0.66 0.23 5.1 -22.02 20.99 1.06 0.28 6.41 -86
16 0.65 0.21 6.34 -4.16 21.57 0.68 0.47 5.41 -93.62
2.1 0.61 0.1 5.43 -26.52 21.97 0.61 0.24 5.2 -92.74
25 0.81 0.33 6.09 -56.94 22.7 0.73 0.25 5.6 —74.6
2.82 0.85 0.35 6.46 -56.57 23.1 0.63 0.4 4.88 —67.36
3.07 0.74 0.26 5.55 -71.6 235 0.57 0.19 4.84 -97.77
3.3 0.73 0.39 6.12 -77.1 24 0.49 0.2 4.67 -97.09
3.55 0.73 0.39 573 -79.52 24.3 0.51 0.26 4.9 -89.4
3.8 0.87 0.52 6.71 -94.1 24.6 0.44 0.19 4.48 -81.24
3.97 0.99 0.62 7.26 -94.55 24.9 0.39 0.29 4.02 -90.65
4.37 0.87 0.47 6.46 —72.67 25.14 0.36 0.11 431 —-89.46
4.66 0.85 0.42 6.7 -76.82 255 0.42 0.12 4.79 -90.18
4.9 0.77 0.5 6.23 -79.67 26.06 0.73 0.22 6.03 —-83.65
5.16 0.73 0.39 5.92 —75.37 26.4 0.85 0.31 6.58 -87.94
557 0.63 0.46 5.69 -92.95 26.8 0.68 0.32 6.38 -94.07
5.68 0.64 0.25 5.7 -93.5 27.56 0.79 0.22 5.67 —-70.87
6.11 0.52 0.47 5.9 -96.23 28.1 0.69 0.3 6.03 —69.45
6.5 0.56 0.25 6.05 -87.24 29.09 0.7 0.2 5.97 —62.28
6.72 0.5 0.2 5.42 -90.24 29.42 0.56 0.23 5.34 -50.55
7.02 0.56 0.2 5.68 -91.01 29.71 0.58 0.21 5.43 -51.13
7.3 0.52 0.1 5.76 -94.61 30.34 0.59 0.27 5.45 -61.17
8.13 0.49 0.17 5.1 -91.04 30.86 0.38 0.14 4.32 -85.21
8.47 0.57 0.11 6.11 -97.62 31.17 0.53 0.17 5.55 —-89.81
8.53 0.52 0.12 55 -96.4 31.57 0.69 0.09 6.04 -83.41
8.9 0.48 0.09 4.92 -97.17 32.12 0.79 0.43 6.8 —75.63
9.09 0.45 0.2 4.43 -91.42 32.55 0.75 0.5 6.53 —77.78
9.5 0.57 0.22 4.86 -88.4 33.05 0.72 0.12 6.55 -71.93
9.55 0.49 0.14 4.66 -93.9 33.76 0.71 0.23 6.16 -66.97
10.1 0.51 0.48 4.34 -96.38 34.18 0.66 — 6.28 -67.99
10.6 0.5 — 4.16 -91.67 34.6 0.65 0.28 5.93 -61.39
115 0.74 0.22 5.13 -82.21 34.7 0.49 0.18 4.96 -56.83
11.8 0.65 0.34 4.91 -79.72 355 0.62 0.19 5.32 —68.56
12.1 0.63 0.39 5.12 -93.84 36.1 0.45 0.17 4.57 -81.78
12.88 0.79 0.59 4.95 —85.39 36.88 0.56 0.05 5.15 -76.73
13.39 0.62 0.63 4.47 —76.65 37.75 0.56 0.43 5.4 -62.28
13.63 0.63 0.22 5.23 -96.79 38.32 0.47 0.07 471 -39.44
13.91 0.97 0.63 5.85 —78.94 38.65 0.49 — 4.81 —7.94
14.41 0.94 0.55 6.09 -80.28 39.1 0.47 — 4.72 33.72
14.72 0.78 0.29 5.03 -83.41 39.58 0.51 0.16 4.32 6.46
14.86 0.82 0.4 6.37 -78.82 40.34 0.49 0.22 3.89 -48.37
15.2 0.58 0.28 4.99 -92.1 40.7 0.79 0.47 6.41 —-88.84
15.23 0.46 0 4.19 -97.33 41.14 0.88 0.47 6.84 —85.94
15.6 0.76 0.23 5.74 —83.46 41.74 0.64 0.38 5.74 -94.05
16.26 0.86 0.31 6.15 -84.78 42.13 0.42 0.16 4.64 -97.03
16.57 0.79 0.33 5.61 -72.4 42.64 0.63 0.13 5.93 —66.67
17.1 0.93 0.43 6.07 -82.42 43.36 0.48 0.21 5.2 —77.74
17.63 1.02 0.26 6.36 —68.55 43.69 0.48 — — —73.54
18.02 0.7 0.3 5.15 —60.34 44.18 0.42 0.16 4.98 -92.83
Note: — = no data available.

total nitrogen (N) content. They weremeasured by using aCarlo Erba gomitulus, G. elongatus, Globigerinoides tenellus, G. sacculifer, O.
CHN analyzer. Thevalues, expressed as percentages, aregivenin Ta- univer sa, Hastigerina pelagica, Hastigerina siphonifera, and Globi-
bles 1 and 2, along with the paleoclimatic values. gerina rubescens. Cold-water species are representelopigerina

The samples for the microfauna analyses were dried at 60°C, bulloides, T. quinqueloba, Globorotalia scitula, Neogloboquadrina
washed and sieved through 63- and 125-um sieves to separate tpachyderma (d. and s.)andGlobigerina glutinata.
size fractions: one >125 pm and the other between 63 and 125 pm.

Both these sizes were used for qualitative analyses of the foraminifer

microfauna. Quantitative analyses were conducted on the fraction

above 125 um for the samples collected at Sites 975 and 976, and CHRONOSTRATIGRAPHIC FRAMEWORK

above 63 um at Hole 974B. For each sample, more than 300 plank-

tonic specimens, which were separated with a microsplitter, were A detailed chronological framework for the sediments studied has

identified and counted. Some species, such as sinistral and dextkaen developed by means of micropaleontological analysis, nanno-
coiling of Globorotalia truncatulinoides and Neogloboquadrina plankton data (Comas, Zahn, Klaus, et al., 1996) paleomagnetic data,
pachyderma, were counted separately. We have also differentiatednd oxygen-isotope stratigraphy available from Site 975 (Pierre et al.,
the morphotypes dBlobigerinoides ruber (G. ruber var.rosea and  Chap. 38, this volume) and Site 976 (von Grafenstein et al., Chap 37,
alba), whereasGlobigerinoides tenellus and Globigerina rubescens this volume). The paleomagnetic data show that all the samples be-
were counted all together. long to the Brunhes Chron (0-0.78 Ma).

The paleoclimatic curve was computed as the sum of the percent- As shown by several authors (Cita et al., 1977; Vergnaud-Grazzi-
ages of warm-water indicators (positive values) and the cold-watari et al., 1977; Capotondi et al., 1994) the paleoclimatic curve can ap-
indicators (negative values) following the method proposed by Citproximate in good detail the oxygen-isotope records for the time in-
et al. (1977). Based on distribution patterns of living planktonic forterval considered. A comparison between the shape éffbeurve
aminifers in the Mediterranean sea (Cifelli, 1974; Thunnell, 1978; Davith the fluctuations of the paleoclimatic curve indicates that they
Castro Coppa et al., 1980; Pujol and Vergnaud-Grazzini, 1995) wgeld similar trends. Positive and negative peaks in the planktonic
have considered warm-water species t&hmbigerinoidesruber, G. foraminifer record correspond to interglacial and glacial isotope stag-
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es. Based on these considerations, we have tuned the ages of the sed- Table 3. Biostratigraphic and isotopic points used for the reconstruction
iments to the oxygen-isotope stages of Martinson et . (1987). of the sedimentation rate at Site 975.

Samples from Hole 974B represent the longest record with poor
time constraints. On-board data of cal careous nannoplankton record Depth
the first occurrence (FO) of E. huxleyi (NN21A; 0.26 Ma) at the bot- (med) — Age (ky.) Remarks
tom of the first core (161-9748-1H-CC; 6.5 mbsf) and the last ap- 05 85 Planktonic microfaunal assemblage
pearance datum (LAD) of P. lacunosa (NN20; 0.46 Ma) at about 132 180  LastGlacial Maximum evidenced by
11.61 mbsf. A somewhat speculative interpretation of the stratigraph- 205 2411 3oomeneonamd assemblge
ic framework, which is based on a comparison with ODP Site 652, in 457 5896 4.0 oxygen-isotope stage
the Tyrrhenian Sea (Vergnaud-Grazzini et al., 1990), suggests that o 10329 55330§§>ég1e'_‘i'§éggzjﬂél;f;gge
our last sample belongs to oxygen-isotope stage 15 (0.565-0.62 Ma; 8 12256  5eloxygen-isotope substage
according to Imbrie et al., 1984). g-gg 5282 % g;yggjgmg ig;tag:

The age of the sediments studied from Site 975 appear well con- 089 1298 G_OOX;’ggen_ismg’gestageag
strained by the first occurrence (FO) of thenuxleyi (0.26 Ma) that 1742 1896  7.00oxygen-isotope stage

has been recognized at a depth of about 21.67 m (Comas, Zahn, 210 24418 B.Ooxygen-isotope stage

Klaus, et al., 1996), which means very close to our last sample (22.4 o . ) ,
te: The planktonic microfaunal assemblage is correlated with Capotondi et al. (1987).

med). Further ConSt.ramtS in the age. of the .uppermOSt SIX |sotope_ Sta%g Agefor the isotope stages and substages are derived from the chronostratigraphy of
es have been obtained by comparison with the data of a previously martinson et al. (1987).

studied core (Bal84-2) recovered in the same area (Table 3; Capoton-

dietal., 1987). Table 4. Bi . hicand i S ed for th .
At this site, the paleomagnetic data exhibit a short interval of reJ@0le 4. Biostratigraphic and isotopic points sed for the reconstruction

versed polarity between 7.77 and 8.35 med. As discussed in the paf§ e sedimentation rateat Site 976.

graph about the NRM of the sediments, the stratigraphic position of Depth

this interval suggests that it represents the Blake Event, which has (mbsf)  Age (k) Remarks

been observed at several sites around the world and has been dated in

;i 1.32 4.0 BO biological event
the Mediterranean Sea between 117 and 123 ka (Tucholka et 250 a3 P biological avent
al.,1987). 3.30 90  Qlbiological event
A closely spaced sampling of up to 4 samples per meter was per- 3.80 10.7 P2 biological event
: " - ; 5.16 130 B1 biological event
formed at Site 976. Théig_o profll_e exhibits a gc_)od agreement with 557 145 pgbilaggilcd 3:,‘;
the record observed at Site 659 in the Equatorial Atlantic and suggest 6.1 150 Q2 biological event
that our sampling represents oxygen-isotope stages 1-6 (von Grafen- 672 180 mabidogcd event e by
stein et al. Chap. 37, this volume). The paleoclimatic curve obtained planktonic microfaunal assemblage
for this site is in agreement with this interpretation, so the sampling 1.50 2r 3.1 oxygen-isotope substage
.. R . . 23.30 58.96 4.0 oxygen-isotope stage
spans about 150 k.y. For the last glacial time interval, a detailed time 2716 7391 5.0 oxygen-isotope stage
control was obtained on the basis of the ecozones method described 3117 90.95  5b oxygen-isotope Subgtage
by Pujol and Vergnaud-Grazzini (1989). The identified peaks in fre- ;Z’j;% 18%% % 3§§g$:£832 ;ﬁgi
quency ofN. pachyderma (P1, P2, P3, P4%. quinqueloba (Q1, Q2), 3610 11079  5d oxygen-isotope sulgstage
: ; 39.10 123.8 5e oxygen-isotope substage
andG. bulloides (B1, BO) have been correlated with the events dated 1070 1298 6.0 oxygen-isotope stage

by these authors, and they represent eight well-defined time-control

points (see Table 4) for the Last Glacial Maximum (LGM)_H0|OceneNote: Biological events ages are according Pujol and Vergnaud-Grazzini (1989). Ages

interval. for the isotope stages and substages are derived from the chronostratigraphy of Mar-
tinson et al. (1987).

RESULTS

Natural Remanent Magnetization (NRM) 8

SITE 974

The NRM of all the samples was studied by stepwise (AF) demac <
<

SITE

netization of variable peak field, according to the coercivity of the
sediments. The intensity of magnetization is different from site to sit
with the highest value observed at Site 974 and lowest value me
sured at Site 976. This reflects the different source of the magnet
minerals between the sites. As shown in Figure 2, the magnetic incl
nations are almost exclusively positive, which indicates that all th
samples belong to the Brunhes Chron. A couple of exceptions hay
been observed, showing negative inclinations: a small interval be
tween 7.9 and 8.4 mcd at Site 975, and a couple of samples at ~14
depth at Site 976. The former is clear after the AF cleaning. This ot
servation gives credit to the event as representative of a primary ma
netization. The stratigraphic position, in particular, strongly support:

a correlation with the Blake Event. This event is documented by full o
reverse field directions at several sites around the world. By correl %.
tion with the oxygen-isotope stratigraphy the event has been dated 25 T e AR éo 1 ‘ ;
the Mediterranean between 117 and 123 ka by Tucholka et al. (198" nclination ncliretion 0030 0 % 0%
This age is well in agreement with the Chinese loess record thi

shows the Blake Event just above the Eemian interglacial (Fang et aFigure 2. Inclination values recorded at Sites 974, 975, and 976. Open sym-
1997). The stratigraphic position of the observed reverse interval ibols indicate NRM values; solid symbols show the inclinations after AF
coincident with the beginning of the reversal at about 123 ka whilicleaning.
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the length appears alittle bit shorter. On the basis of the sedimenta-
tion rate, the event appears to have ended at about 119 ka. It occurs
in the Core 161-975B-2H, just one meter above the sapropel S,
which is known to have been deposited during the Eemian at about
124 ka (astronomical age; Lourens et al., 1996). Moreover, the de-
tailed oxygen-isotope stratigraphy available for this interval (Pierre
et a., Chap. 38, thisvolume), assigns this event midway between the
substages 5d and 5e, exactly in the same position recognized by Tu-
cholkaet a. (1987) in eastern Mediterranean cores.

In spite of the high sedimentation rate, this event has not been ob-
served at Site 976. Heavy remagnetization induced by the drilling
was documented for the sediments recovered during Leg 161 (Co-
mas, Zahn, Klaus, et al., 1996), so it is possible that the strong over-
print masks the event. The down-core plot of the magnetic inclina-
tions shows, after cleaning, two samples with negativeinclinations at
about 14 m of depth (Fig. 2). At this stage they cannot be considered
unequivocally representative of a geomagnetic reversal; however, if
they do represent a true event, the stratigraphic position within oxy-
gen-isotope stage 3 may be compatible with the Laschamp excursion
that has been reported in literature with ages scattered between 32
and 50 ka (Nowaczyk et a., 1994).

Site 974

Site 974 is located in the central Tyrrhenian Sea on the western
side of the De Marchi Seamount at 3668 m water depth, ~300 m from
ODP Site 652. Twenty-six samples were studied from the uppermost
25 m of sediments, which consist of hemipelagic deposits, mainly
nannofossil-rich clay. Volcanoclastic layers occur throughout the

MAGNETIC AND MICROFAUNAL SEDIMENT CHARACTERIZATION

Comas, Zahn, Klaus, et al., 1996) and a possible hiatus in the interval
studied, accounts for the poor resolution obtained at this site. Never-
theless, a comparison between the paleoclimatic trend and the oxy-
gen-isotope record obtained at Hole 653A, also in the Tyrrhenian Sea
(Vergnaud-Grazzini et al., 1990), allows us to attribute our last sam-

ple (161-974B-3H-7, 10-12 cm; 25.12 mbsf) to isotope stage 15

(about 0.65 Ma). The warm-water microfaunal assemblage found at

1 mbsf is a record of the oxygen-isotope substage 5e. The sapropel
layer recognized in Sample 161-974B-3H-3, 19-21 cm, could be re-

lated to the oxygen-isotope stage 13 (0.478-0.524 Ma, according to
Imbrie et al., 1984) and probably corresponds to the saprepet S

Sia:

Rock magnetic parameters measured on the 26 samples collected
from Hole 974B do not show any particular trend as can be observed
in the susceptibility profile shown in Figure 3. Two peaks in concen-
tration parameterg, K., and SIRM occur at 6.5 and 14.5 mbsf and
represent volcanoclastic layers. Interparametric ratios exhibit a nar-
row range of values, which indicates only minor changes in magnetic
grain-size (Fig. 3). Th&ratio is above 0.9 in all the samples (Fig. 3)
and the coercivity of the remanenceg(Bis in the range 30—40 mT,
indicating that ferrimagnetic minerals (magnetite-type) dominate the
magnetic properties.

Site 975

Site 975 was drilled in the Balearic Basin in 2415 m water depth.
The interval studied (uppermost 22 m) consists of nannofossil ooze
with five well-identified organic-rich layers that correspond to the
sapropel §-S,. The total organic carbon content ranges from 0.1% to

cores and several samples exhibit a size fraction of only <40-63 prh,5% (Table 1), but, in general, is quite low, especially in the upper-
attesting that fine-grained turbidites are frequent in these sedimemsost 9 m, which is below 0.3%, the common value for typical deep-
(Fig. 3). The presence of fine-grained turbidites, together with a lovgea sediments (Mclver, 1975). Only in some of the well-identified
sedimentation rate (about 5.5 cm/k.y. for the Pleistocene—Holocensapropel layers do the TOC values exceed 1% (Fig. 4).

N° foraminifer/gram of sediment S0.3T
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Figure 3. Comparison of planktonic foraminifer abun-
dance vs. magnetic susceptibility and down-core varia-
tions of magnetic parameters K ,/xx and S-ratio at Site
974.
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The paleoclimatic trend recognized at Site 975 identifies into Muerdter et al., 1984). A rapid shift occurs at the transition from the
eight intervals, which correspond to oxygen-isotope stages 1-8 (Lakast Glacial Maximum (1.32 m) to the Holocene.
260 ka, according to Martinson et al., 1987). The age of stage and The magnetic parameters measured on the 63 samples collected
substage boundaries is listed in Table 3 and shown in Figure 5. from the cores recovered in the Menorca Rise yield well-defined
The bottom of the paleoclimatic curve shows low values associatrends that fit very well with the paleoclimatic record observed at Site

ed with a cold assemblage (dominancezofguinqueloba, G. bul- 975 (Fig. 6). A very good correlation exists between thg,kprofile
loides, G. glutinata, N. pachyderma, andG. scitula), which is related  and the paleoclimatic curve, which suggests that stable single domain
to oxygen-isotope stage 8. (SSD) grains are somehow related to climate (Fig. 7). Glacial stages

Between 21 and 17.42 mcd, the ameliorating climatic conditiongre also characterized by larger grain size as well as by higher coer-
are attested to by abundant frequencie&.imuber andG. inflata. civity and lowerS-ratio (Fig. 6). The contribution of superparamag-
This interval corresponds to oxygen-isotope stage 7. Positive flucturetic (SP) grains, expressed by fagparameter, is higher during the
ations in the paleoclimatic curve are documented at 20.46 and 17.8#terglacials 1, 5, and 7 and reaches the maximum value in the upper-
m and are characterized by the presence of a warm planktonic formost three samples, which belong to the Holocene (Fig. 6). Magnetic
miniferal assemblage similar to the microfauna recognized in thenineralogy is dominated by ferrimagnetic minerals; however, as
sapropels $and S found in the Eastern Mediterranean Sea (Cita eshown by the HIRM profile, the contribution of antiferromagnetic
al., 1982). The negative interval around 19.4 m contains a higher paminerals (hematite-type) increases during the glacial stages and
centage oN. dutertrei and corresponds to the stagnant phase relatedeems quite significant during isotope stage 2 (Fig. 6).
to the deposition of sapropel.S Three organic-rich layers well identified in the lithology (9.55,

Following this interval, the paleoclimatic values vary between —60L5.81, and 17.84 mcd) and corresponding to sapropess, &nd §,
and —100 in correspondence to oxygen-isotope stage 6. At 15.81 aexhibit a significant decrease in magnetic concentration, whereas
16.37 m, a peak in the frequenciedNofiutertrei andG. bulloides al- Sample 161-975C-3H-5, 56-58 cm (20.46 mcd), corresponding to
low us to recognize the two phases that characterize sapgopel S  sapropel § yields a significant content of magnetite. However, the

The rapid transition between cold and warm conditions at 9.89 rmample is characterized by an increasing magnetic hardness, as sug-
corresponds to the beginning of the isotope stage 5. A significant anggbsted by higher value of,B
rapid cooling is documented by three samples between 8.63 and 8.19

m. This event abruptly breaks the gradual decrease of temperature be- Site 976
tween substage 5el (8 m) and substage 5d (7.05 m). This interpreta-
tion is supported by the Blake Event recorded at 8.19 m (Fig. 2). Site 976 is located in 1107 m water depth in the Alboran Sea about

Above 6 m of depth, a drastic decrease in the paleoclimatic value& km south of the Spanish coast and only 110 km west of the Gibral-
suggests a rapid transition to oxygen-isotope stage 4. A positive pe&dr Strait. From an oceanographic point of view, it is very sensitive to
observed at 4.44 m contains a sapropel faunal assemblage that wetlme Atlantic-Mediterranean water-mass exchange. The sedimentation
terpret as time-equivalent to the&position in the eastern Mediter- rate is high, ranging between 30 and 50 cm/k.y. (Comas, Zahn, Klaus,
ranean, if this sapropel existed (Vergnaud-Grazzini et al., 197%tal., 1996). The 45 m of sediment studied at Hole 976C is represent-
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Figure 5. Comparison between the paeoclimatic curve obtained from the
planktonic foraminifer assemblage (see text for details) and the oxygen-iso-
tope data (Pierre et a., Chap. 38, this volume) from Site 975. Dotted lines =
oxygen-isotope boundaries; dashed line = a hiatus recognized between the
oxygen-isotope stages 4 and 5c. Small discrepanci es between the foraminifer
and oxygen-isotope records are related to the different holes used for the two
proxies.

ed by open-marine hemipelagic facies of nannofossil-rich clay with-
out any significant color change. The TOC measured on the samples
studied is relatively high with values ranging between 0.35%-1.15%yery similar to the present-day assemblage.
averaging around 0.6% (Fig. 4; Table 2).
The agreement between the paleoclimatic curve and oxygen-isconcentrationy, SIRM, HIRM), shows the highest value in the up-
tope record (Fig. 8) indicates that our record spans the last six isotopermost 3.5 m of sediments that belong to the Holocene (Fig. 9). This
stages. The depth and age of stage and substage boundaries are listetval is also characterized by peak values (6%—-9%) in the frequen-
in Table 4 and shown in Figure 8.
The lower part of the section investigated shows low values in theation together with increasing grain size, peak values in coercivity
paleoclimatic curve, which are related to the oxygen-isotope stage 6f the remanence, and minimumSatio (S 57) distinguish thein-

as indicated by the dominance of cold species sudl. gachyder-

ma, G. quingueloba, andG. bulloides. The warming indicated by the

occurrence ofs. ex gr.ruber, O. universa, and presence @. inflata
(a low percentage) characterizes the glacial/interglacial transitionetic parameters drop to very low values, with the greatest reduction
equivalent to the oxygen-isotope stage 6/5 boundary.
Between 40.70 m and 27.16 m the paleoclimatic values are chaiens coincides with similar trends in the concentration-independent

MAGNETIC AND MICROFAUNAL SEDIMENT CHARACTERIZATION

The transition between oxygen-isotope stages 5/4 is not straight-
forward. The paleoclimatic record exhibits an oscillation that cannot
be unequivocally associated to the warm or cold stage (Fig. 8). Upon
consideration of the sedimentation rate, we regard this swing as a
warm oscillation at the base of isotope stage 4. In a speculative way,
we can correlate this interval to the interstadial 20 in the GRIP ice
core, (Dansgaard, 1993), which corresponds also to the Ognon I
warm event at the Gran Pile peat bog in France (Woillard, 1978). Ox-
ygen-isotope stage 4 is characterized by high frequencies of polar
specie<G. quinqueloba (peak values 50%—-70%) and the dominance
of cold indicators such &3. bulloides, N. pachyderma, andG. gluti-
nata.

The time interval attributed to oxygen-isotope stage 3 shows high
frequency climate fluctuations. This time interval is characterized by
the presence db. inflata and by marked fluctuations M. dutertrei
distribution. An interval with warm species between 20.99 and 20.10
mbsf yields a “sapropel planktonic fauna” that corresponds to an in-
solation maximum (von Grafenstein et al., Chap. 37, this volume)
that would be coeval with the sapropglisthe Eastern Mediterra-
nean, if this sapropel existed. It shows also the highest peak in the
TOC profile (Fig. 4). The transition between oxygen-isotope stages
3/2 corresponds to a rapid decreas®.offlata and a general cooling
trend. The Last Glacial Maximum (18 ka) is identified at 7.5 mbsf
and is characterized by the exclusive presence of cold spécies
pachyderma (left and right coiling)G. quinqueloba, G. bulloides, G.
glutinata, andG. scitula. The high sampling resolution in the upper
part of the core allows us to recognize several well-defined climatic
steps discussed in Pujol and Vergnaud-Grazzini (1989) in the same
area.

The gradual warming during the deglaciation is characterized by
different climatic phases related to the changing hydrological setting,
as suggested by diachronous peaks in frequen@ biiloides, N.
pachyderma, andG. quinqueloba. The cold, short interval between
4.3-3.8 mbsf corresponds to the Younger Dryas event. This correla-
tion is supported by pollen data (Combourieu Nebout et al., Chap. 36,
this volume) and also by the finding ofMalletia shell in Sample
161-976C-1H-3 80-82 cm (3.8 mbsf). This bivalve protobranch is
typical of cold waters and lives today in arctic regions (M. Taviani,
pers. comm.).

The warm climatic variation at 2.50-2.82 mbsf shows a sapropel
planktonic assemblage, which correlates to sapropdli&® plank-
tonic microfaunal association recognized in the uppermost samples is

Each of the parameters that reflects variations in the magnetic

cy dependent susceptibility. A drastic decrease in magnetic concen-

terval 3.5-5 mbsf (Fig. 9), which includes the Younger Dryas. Simi-
lar trends in the magnetic properties are observed throughout the se-
quence studied. In fact, we have some intervals in which rock-mag-

observed in the case of thedf, parameter (Fig. 7). These fluctua-

acterized by a predominance of warm assemblages with high-ampfparameters (K./x; SIRM/, and ARM/SIRM) and in thé&-ratio

tude variations. The major positive climatic cycles are related to oxydig. 9). The data indicate that intervals corresponding to low-mag-
gen-isotope substages 5e, 5c¢, and 5a. During these oxygen-isotapatic content are also characterized by a coarsening of the grain size
substages at 39.1-38.65 m, 34.18-33.05 m and 29.42 m, we have rand an increase in the ratio of the goethite/hematite to magnetite. The
ognized three “sapropel-layer assemblages,” corresponding respdongest interval showing the above-mentioned characteristics spans
tively to the time deposition in the Eastern Mediterranean Sea ahost of the oxygen-isotope stage 3, while a primary contribution of
sapropels § S,, and S (Cita et al., 1977; Vergnaud-Grazzini et al. ferrimagnetic minerals occurs in samples deposited during oxygen-
1977). A decrease in the percentage of warm-water species allow isbtope stage 5 (Fig. 7).

to identify oxygen-isotope cold substages 5d at 36.10 mbsf and 5b at These characteristics are typical of sediments that have undergone
31.17 mbsf. a significant diagenetic loss of magnetite. Selective dissolution of
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K (10 Gk magnetite has been recognized in several suboxic/anoxic environ-
ments all around theworld (e.g., Karlin and Levi, 1983; Canfield and
. Berner, 1987; Karlin, 1990; Tarduno and Wilkison, 1996) and seems
L to have been active also in the Alboran Sea. The organic-matter con-
[ tent of these sediments is higher than in deep-sea sediments and py-
-5 rite has been observed in several samples, which impliesthat sulfate
reduction is an active process. Organic-carbon-rich sediments can be
obtained by either an increasing organic productivity or an increased
preservation of the organic matter under oxygen-deficient deep-water
conditions (Stein, 1990). In order to decide which of these mecha-
nisms is responsible for the organic matter accumulation, the rela-
tionship between the organic carbon and the sulfur content may be
r helpful (Leventhal, 1983; Berner, 1984). According to these authors,
SITE 976 20 o in normal-marine, fine-grained, detrital sediments, the mean C/S ra-
L tio is 2.8. A plot of the TOC vs. total S (Fig. 10) shows that anoxic
conditions prevailed during the deposition of several samples. In
comparison, Site 975 exhibits anoxic conditions only during the dep-
osition of sapropel layers.
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DISCUSSION

% A good paleoclimatic record has been obtained from the plankton-

r ic foraminiferal assemblage of both Sites 975 and 976 in the Western

40 Mediterranean. The close correspondence between paleoclimatic
L trends and the oxygen-isotope record suggests a strong control of the
1 r temperature in faunal planktonic distributions. Also, rock magnetic

N I L S L L L L L L R B parameters show a correlation with the paleoclimatic record, indicat-
O s B e e s 0 ing that climate exerts a major role on the magnetic properties of
eoclimatic curve Paleoclimatic curve .
these sediments.
Figure 7. Downcore variations of magnetic parameter K,g, along with the By using the ages of well-identified points (bioevents, oxygen-
paleoclimatic curves obtained at Sites 975 and 976. isotope stage boundaries, and climatic events, Blake Event), it has
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been possible to reconstruct a detailed sedimentation rate for these
sites (Fig. 11). A significant difference exists between the Balearic
Basin and the Alboran Sea, which reflects the different amount in the
supply of terrigenous material between the two sites. In the Balearic
Basin we have a quite constant sedimentation rate of about 7 cm/k.y.
from the Hol ocene back to oxygen-isotope stage 4. Corresponding to
the beginning of oxygen-isotope stage 5, there is an apparent de-
creasein the sedimentation rate that isaresult of agap recognized be-
tween the end of the oxygen-isotope stage 4 and substage 5c (Fig. 5).

MAGNETIC AND MICROFAUNAL SEDIMENT CHARACTERIZATION

The TOC profile exhibits a trend that appears correlated with the
climatic variations. High/low organic carbon content corresponds to
warm/cold periods (Fig. 4). Nevertheless a couple of intervals show
a different feature. In fact, the Termination | and Il are both charac-
terized by peaks in the TOC values, whereas the Eemian substage
yields quite low values. The observed oscillations cannot be related
to changes in the sedimentation rate, which would enhance the pres-
ervation of the organic matter (Stein, 1991). Therefore, the variations
in the organic matter content correspond to changes in the primary
productivity. A parallelism between the TOC values and\thdu-
tertrei distribution supports this observation (Fig. 12). The high
abundance of this species reflects the presence of a Deep Chlorophyll
Maximum (DCM; Thunell, 1979; Fairbanks et al., 1982; Rohling and
Gieskes, 1989; Pujol and Vergnaud-Grazzini, 1995).

It is noteworthy that both Termination I (including the Younger
Dryas) and Il are characterized by peak values in the C/N ratio with
values that suggest a possible increasing contribution of terrestrial or-
ganic matter during these periods (Fig. 4).

Possible Sour ces of the M agnetic Minerals

The fluctuations in magnetic concentration and grain size reflect
changes in the types of magnetic minerals supplied to the sediments,
as well as the nature of depositional paleoenvironments. In general,
the magnetic concentration is low in biogenic sediments and high in
terrigenous materials. Exceptions to this feature often occur in ma-
rine sediments because (1) dilution by other sedimentary compo-
nents; (2) increasing distance from sources of magnetic minerals; (3)
diagenetic processes; and (4) authigenic formation of bacterial mag-
netite.

The magnetic properties measured in the samples from Site 974,
975, and 976 exhibit differences that are related to either different
sources of the magnetic minerals or to different environmental con-
ditions of the basins. At all the sites the dominant magnetic mineral
is magnetiteS-ratio values suggest that a relative importance of an-
tiferromagnetic minerals occurs only during the glacial stages at Site
975 and in the intervals of reductive diagenesis observed at Site 976.
In the former site, the antiferromagnetic minerals present within the
sediments are probably related to an increasing contribution of the ae-
olian fraction (Saharan dust) during these cold stages. The highest
concentration of magnetic minerals occurs in the Tyrrhenian Sea and
the possible source of the relatively coarse-grained magnetite in this
area can be identified with the volcanic provinces of central and
southern Italy (McCoy and Cornell, 1990). In the Balearic Basin (Site
975), the K ry profile exhibits a correlation with glacial and intergla-
cial stages (Fig. 7), which would suggest that bacterial magnetite is
the most likely source for these sediments. In the Alboran Sea, the
ferrimagnetic minerals within the sediments are likely supplied by

In particular, the presence of a “sapropel-like” planktonic foramin-terrigenous material. Site 976 is located in shallow water with respect
iferal assemblage corresponding to the end of this hiatus suggests thathe other sites, where very probably the source area for the mag-
the missing record spans the time interval beginning at the end of tlnietic materials lies in the southern Spanish coast. These observations
oxygen-isotope stage 4 (about 73.9 k.y.; Martinson et al., 1987) arate supported by the plot of ARM/SIRM vs. IRMSIRM shown in

the sapropel 102 k.y.; Lourens et al., 1996).

Figure 13. This plot reflects the contribution of SSD (high ARM/

It is noteworthy that a significant increase in the sedimentatior8IRM values) with respect to the ferrimagnetic:antiferromagnetic ra-
rate occurs during the Eemian (substage 5e). At Site 975 the sedie (increasing values of IRMYSIRM). The samples from Site 975
ments also exhibit a low organic carbon content (Fig. 4) that abovexhibit the highest ARM/SIRM value within a range that includes the
9.5 m of depth is almost constantly below the values recorded in noralues obtained for deep-sea sediments considered to have magnetic

mal open-marine environments (0.3%; Stein 1991).

properties dominated by bacterial magnetosomes (Oldfield, 1994).

At Site 976, the sedimentation rate ranges between 34 and 50 cAwh unequivocal interpretation of these data would require micro-
k.y. Higher sedimentation rates occur for the last two oxygen-isotopscope observations of the typical structure of bacterial magnetite and
stages. The total organic carbon measured at this site exceeded ti# be the subject of a future investigation.
values of 0.5% in most of the samples (Fig. 4), which is distinctly At Site 976 concentratiorx( SIRM, ARM), grain-size (K./X,
higher than those observed in open-marine environments. The cé{RM/Y, ARM/SIRM) and coercivity $ratio, B,,) parameters show
bon/nitrogen ratio (C/N) is quite constant with values ranging bea similar trend, implying that they are controlled by a unique factor.
tween 4 and 11, indicating the predominance of marine organic mathis factor is a process of reductive diagenesis related to bacterial
ter in the Alboran Sea (Fig. 4). Furthermore, the organic-carbon/sutiegradation of organic matter. The organic-carbon/sulfur relation-
fur ratio indicates that several intervals were deposited during anoxghip clearly shows the difference between this site and the site drilled

conditions.

in the Balearic Basin (Fig. 10).
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correlated to Quaternary normal marine, fine-grained detrital sediments

(Berner, 1984).
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angles = Site 976.
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Figure 12. Down-core variations of TOC values and dis-
tribution of planktonic foraminifers considered to be
sapropel indicators at Site 975 and 976.

Paleoclimatic Record

The quantitative planktonic distribution allows one to reconstruct
a detailed paleoclimatic trend for the western Mediterranean during
the late Quaternary. The microfaunal assemblage at both Sites 975
and 976 document the presence of the Holocene in the uppermost in-
terval. At Site 976, which is characterized by a quite high sedimenta-
tion rate, the abundance at the top of the core of G. bulloides and G.
inflata suggests that it represents the present-day assemblages. In
fact, at present, the Alboran Seais characterized by the dominance of
G. inflata during winter time (Deveaux, 1985) and by G. bulloides
during summer season (Cifelli, 1974).

The reconstructed climatic trend is characterized by cold-temper-
ate conditionswith high val ues during the Hol ocene time and Eemian
interva (oxygen-isotope substage 5€). The two oxygen-isotope
boundaries 6/5 and 2/1 corresponding respectively to Termination 11
and |, are characterized by the same pattern: the passage between two
extreme climatic conditions (cold and warm) is rapid and very well
documented. At Site 975, a higher sedimentation rate during the Ee-
mian substage (45cm/k.y.) documents a detailed paleoclimatic
record. Significant fluctuations appear recorded during thistime in-
terval suggesting that it is divided into three substages, as aso ob-
served in North Atlantic cores by Fronval and Jansen (1996).

The paleoclimatic record shows a cyclicity that is also well re-
corded by magnetic parameters. This trend is similar to the rapid ox-
ygen-isotope oscillations observed in the GRIP ice-core (Dansgaard
et al., 1984). Several abrupt colder episodes are characterized by the
dominance of cold species with a peak in frequency of N. pachyder-
ma (left-coiling) and/or G. quinqueloba. This association, together
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with the minimum in the number of planktonic foraminifersis exact- Table 5. Position, TOC value, and estimated and expected astronomical
ly the same biological record observed in the Heinrich events docu- ages of the identified sapropé layersat Site 975.
mented in the North Atlantic sediments (Bond et al., 1993; Maslin et :
al., 1995). Some of these events can also beidentified in the magnetic Depth TOC  Averageage  Astronomical age
parameter profiles. All this evidence suggests that the oceanographic (med) — Sepropel (%) (ky) (ky)
setting of Site 976 isstrongly influenced by the water-mass exchange 05 S, 0.27 85 8
i i 4.44 0.32 56 55
across the Gibraltar sill. el gi o 10 o
9.42 S5 0.27 124 124
i i 955 122
Occurrence of Sapropelsin the Western M editerranean 25 S%Ba 122 4 7
N ) ) 16.37 St 0.91 178
Sapropel layerswere identified at both sites. At Site 975 the con- 17.84 S 1.55 194 195
sidered timeinterval includes sapropels S,—-S, in the Eastern Mediter- 194 S 0.32 218 217

. - o L 20.46 0.76 240 240
ranean Basin, and some of them have been identified within the S

cores. Most of these Iayerss,(Sﬁ S7 So; Fig' 4) correspond to well- Note: Total organic carbon = wt% of whole sample. Ages are based on Lourens et a.
identified dark intervals with rock magnetic properties typical of an-  (199¢).
oxic environments. As discussed in the “Results” section, this chap-
ter, the sapropels;&nd § belong to an interval that is missing in the
sequence (Fig. 5).

At Site 976 the sapropel identification is not straightforward. Nei-
ther color nor organic-carbon content can be used as discriminant fac-

Table 6. Position, TOC value, and estimated and expected astronomical
ages of the identified saprope layersat Site 976.

tors. No main changes occur in the sediment color and the organic- &e&q Sapropd T(E/Z;: Av?g,iage Aﬁror}igﬁ)cal e
carbon profile exhibits several peaks scattered along the core. The
site was anoxic during most of the time interval studied, and this %-gg gll g-gé 85 8
makes it difficult to recognize the sapropels by using “anoxic fea- 2010 S, 114 53 55
tures.” The planktonic microfossil record has been the first and dis- 20.99 S 1.06

7 e ; o 29.42 S, 0.55 82 81
criminant criteria for sapropel identification. 3305 s, 072 102 102

Several studies have shown that an unusual planktonic foramin- 33.76 Sy 0.71

iferal fauna characterizes the sapropel with peaks in frequendes of %:gg g 8:28 123 124
ruber, G. bulloides, O. universa, and, in many levels, &i. dutertrei 39.10 S 0.46

(Cita et al., 1977; Vergnaud-Grazzini et al., 1977; Thunell and Loh-
mann, 1979; Muerdter and Kenneth, 1983/84). In most of these layote: Total organic carbon = wt% of whole sample. Ages are based on Lourens et al.

ers, the planktonic assemblage (abundands. alutertrei) and the (1996).
oxygen-isotope depletion suggest that the surface-water salinity was
relatively low (Cita et al., 1977; Vergnaud-Grazzini et al., 1977; Wil-  Finding sapropel layers in the western Mediterranean agrees with

liams and Thunell, 1979; Muerdter, 1984; Tang and Stott, 1993). Wthe oceanographic setting of the basin as shown by the presence of the

have noted that it is possible to discriminate the sapropels on the bakisvantine Intermediate Water in the Gibraltar Sill (Loubere, 1987).

of the quantitative and qualitative variations in planktonic foramini-

fer assemblage, either in warm or cold intervals. The sapropel layers

deposited during warm intervals are characterized by peaks in fre- CONCLUSIONS

quencies ofG. ruber and occurrence db. ruber var. rosea, while

abundance dfl. dutertrei characterizes the sapropel layers deposited Planktonic foraminifers distribution and magnetic parameters in-

in cold intervals. This feature is also typical of the sediments from theegrated with geochemical analysis on sediments collected in the

western Mediterranean as shown in Figure 12. Both these species iVestern Mediterranean Sea document a paleoclimatic record that can

habit surface waters and are well documented in the literature to e correlated with the trend recognized on a global scale for the last

related to low salinity (Bé and Tolderlund, 1971; Cita et al., 1977140 k.y. The coherent pattern of different proxies suggests that they

Fairbanks et al., 1982; Rohling and Gieskes, 1989; Tang and Sto#tte dominated by the same factor—the climate.

1993). Qualitative evidence shows the presence of several species The following conclusions can be drawn from our data:

with very thin tests and large pores, which can be easily detected even

by optical microscope (see fig. 9 in Borsetti et al., 1995). Together 1. The biological record corresponding to sapropel layers can be

with the presence of organic matter, which adheres to the test (as re- identified near the Gibraltar Strait, implying that the mecha-

ported in fig. 7 of Cita et al., 1996) or pyritization processes, there are nism responsible for their deposition is not restricted to the

characteristic features of planktonic assemblages observed within eastern Mediterranean.

sapropel layers found in the eastern Mediterranean Sea. 2. The sapropel layers yield a peculiar planktonic foraminiferal
The high microfaunal commonality with the assemblage docu- assemblage with high percentag&ofuber andN. dutertrei.

mented during the sapropel layer deposition in the Eastern Mediter- 3. High-resolution data show short-term climatic oscillations

ranean Sea, combined with increasing organic-carbon content, mag-  characterized by rapid cooling that can be correlated with the

netic measurements, and the stratigraphic position, support our inter-  occurrence of Heinrich layers in the North Atlantic.

pretation. 4. The Blake event has been identified in the Balearic Basin and
The stratigraphic position of the recognized sapropel layers at appears constrained between about 119 and 123 ka.

Sites 975 and 976, together with the associated total organic carbon 5. Rock magnetic parameters show that different sources charac-

content, is listed in Tables 5 and 6. The estimated age for the recog-  terize the ferrimagnetic minerals from the Tyrrhenian sea, the

nized sapropel layers at both the sites 975 and 976 (reported in Tables  Balearic Basin, and the Alboran Sea. The first exhibits the

5 and 6) is in agreement with the age obtained by astronomical cali- higher magnetic content, which is related to a possible volca-
bration for the same sapropels in the eastern Mediterranean (Lourens  nic source, whereas a bacterial and detrital source can be rec-
et al., 1996). ognized at Sites 975 and 976.
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6. Oscillations in the organic carbon content at Site 976 reflect
variationsin the primary productivity.

7. The high sedimentation rate observed at Site 976 provides a
potential for high-resolution paleoclimatic investigations that
can be compared with ice cores.
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