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Abstract

Paleoclimate records from the western Mediterranean have been used to further understand the role of climatic changes in the

replacement of archaic human populations inhabiting South Iberia. Marine sediments from the Balearic basin (ODP Site 975) was

analysed at high resolution to obtain both geochemical and mineralogical data. These data were compared with climate records from

nearby areas. Baexcces was used to characterize marine productivity and then related to climatic variability. Since variations in

productivity were the consequence of climatic oscillations, climate/productivity events have been established. Sedimentary regime,

primary marine productivity and oxygen conditions at the time of population replacement were reconstructed by means of a multiproxy

approach. Climatic/oceanographic variations correlate well with Homo spatial and occupational patterns in Southern Iberia. It was

found that low ventilation (U/Th), high river supply (Mg/Al), low aridity (Zr/Al) and low values of Baexcess coefficient of variation, may

be linked with Neanderthal hospitable conditions. We attempt to support recent findings which claim that Neanderthals populations

continued to inhabit southern Iberia between 30 and �28 ky cal BP and that this persistence was due to the specific characteristics of

South Iberian climatic refugia. Comparisons of our data with other marine and continental records appear to indicate that conditions in

South Iberia were highly inhospitable at �24 ky cal BP. Thus, it is proposed that the final disappearance of Neanderthals in this region

could be linked with these extreme conditions.

r 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Human origins and the extinction of archaic populations
have been the subject of intense debate in recent decades
(e.g., Stringer and Andrews, 1988; Wolpoff, 1989; Brauer,
1992; Harpending et al., 1993; Lahr and Foley, 1998).
Many hypotheses have been proposed for the extinction of
such populations. Among the latter, research has focussed
primarily on Neanderthals (e.g., Flores, 1998; Finlayson,
e front matter r 2007 Elsevier Ltd. All rights reserved.
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2004; Horan et al., 2005; Finlayson et al., 2006). The
Neanderthal extinction took place mainly during Marine
Isotope Stage 3 (MIS3), a period which has been
considered highly unstable and which is characterized by
conditions not existing in present-day environments
(Stewart, 2005). Recent studies have suggested that climatic
and environmental factors alone may have caused Nean-
derthal extinction, given that climatic stability was of
crucial importance for their distribution (Finlayson and
Giles-Pacheco, 2000; Stewart et al., 2003a; Stewart,
2004a, b). Climatic variability has been determined by
using a number of proxies such as d18O (Stringer et al.,
nderthal extinction in Southern Iberia: insights from a multiproxy marine
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Fig. 1. Figure showing the locations of ODP Site 975 and one other

related core (MD 95-2043).
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2003; Burroughs, 2005). However, the hypothesis based on
climatic and environmental factors alone has not been
widely accepted, despite the fact that it has been discussed
in depth. It is well known that Neanderthal populations
were in fact able to successfully adapt to significant climatic
fluctuations for approximately 300 ky (Finlayson, 2004).
Their adaptability is likely to have involved a profound
knowledge of their environment and the capacity to exploit
different habitats, as well as seasonal mobility strategies,
occupation of rich biotope areas (Finlayson, 2004;
Finlayson et al., 2004), improved tool-making skills and
better lithic resource management (Baena et al., 2005).
Local extinctions and abandonment were, however,
frequent in Neanderthal ecology (Trinkaus, 1995).

Neanderthal extinction is an especially difficult topic
since it requires that relevant existing data from a multi-
tude of disciplines be brought together and correlated with
an appropriate methodological rigour on which consensus
among researchers is highly problematic. The difficulties
include: aspects of climatic influence on archaeological
records, complex relationships between fossils and climatic
conditions, incomplete nearby continental records, biased
interpretations of climatic records, the sources of cultural
features, an overemphasis on artefacts, rudimentary
excavation techniques, dates obtained through a variety
of methods and materials, dating and age models, and the
coexistence of different underlying paradigms. The con-
sequence of such a panorama is a highly fragile epistemo-
logy (Vega Toscano, 2005).

It has been suggested that the late Neanderthal popula-
tions survived in Southern Iberia. In general, Southern
Iberia has been considered a ‘‘cul du sac’’ (Zilhao, 1996;
Finlayson, 1999), playing a passive role in human/
biological evolution. From this traditional point of view,
the presence of relict taxa has been attributed to the
position of the Southern Iberian Peninsula and its isolation
from the major source of Euro-Asiatic faunal/floral input
(Taberlet et al., 1998, Hewitt, 2000). However, the presence
of species in this area could be related to its character as a
climatic refugium (Finlayson, 2006) and to the fact that it is
a biodiversity hotspot (Mota et al., 2002). In the late
Pleistocene, three areas have been identified as major
temperate and/or Mediterranean vegetation refugia during
glacial periods: the Iberian, Italian and Balkan Peninsulas,
(Bennett et al., 1991; Willis, 1996; Carrión et al., 2000;
Tzedakis et al., 2002; Finlayson, 2006). ‘‘Cryptic’’ refugia
have also been described, thus explaining the presence of
Neanderthals in the Belgian Ardennes during the late MIS
3 (Stewart and Lister, 2001, Stewart et al., 2003b). The
populations living in these refugia re-colonized central and
northern Europe several times during the Late Pleistocene.
It should be kept in mind that the capacity of refugia to
continue carrying an ecosystem is a function of their
specific location. The main characteristics of Southern
Iberian refugia are their large scale, relatively low
continentality, relative climatic stability, insolation and
topography. These characteristics can only be recon-
Please cite this article as: Jiménez-Espejo, F.J., et al., Climate forcing and Nea
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structed on the basis of representative local paleoclimatic
records (Finlayson, 2006). In the case of the Southern
Iberian Peninsula, the Algero-Balearic and Alboran basins
provide particularly reliable climatic records (e.g., Cacho
et al., 1999). Research has shown that the climatic
conditions in this region were subjected to significant
variations, mainly as a result of Glacial–Interglacial
oscillations, Heinrich Events (HE), Dansgaard–Oeschner
(D/O) stadials and interstadials (Moreno et al., 2005a).
In order to understand the paleoclimatic evolution in

southern Europe and its relation to the aforementioned
population refugia, a multi-proxy, high-resolution analysis
was carried out in a marine sediment record from the
western Mediterranean sea (WMS) (ODP core 975B-1H)
(Fig. 1). This paper attempts to use Ba and Ba/Al ratios not
only as paleoproductivity proxies, but also as an indicator
of climatic stability. Mineral composition and trace
element ratios have been used as paleo-proxies for
paleoenvironmental reconstructions. K/Al and Mg/Al
ratios, as well as quartz and clay minerals (e.g., illite
and chlorite), were used to characterize river supply.
Aeolian input has been characterized by Zr/Al and Ti/Al
ratios. Trace elements sensitive to redox conditions (e.g.,
Fe, U, Co and Cr) have been used as paleo-redox and
ventilation proxies. The results obtained have also been
compared with other marine and continental climate
records on regional and global scale in order to interpret
the climatic conditions that may have affected Neanderthal
populations.

2. Materials and methods

2.1. Site description and sedimentation rate

ODP Site 975 is located in the Northern margin of the
Algerian-Balearic basin (Southeast Majorca island) (381
53.7950 N 41 30.5960 E; 2416m.b.s.l.). Sediments at this
site consist of nannofossils and calcareous clay, nannofos-
sils and calcareous silty clay, and slightly bioturbated
nderthal extinction in Southern Iberia: insights from a multiproxy marine
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nannofossil ooze (Comas et al., 1996). The upper 382 cm of
core 975B 1H were sampled continuously every 2 cm.
Sediment samples were divided into two portions, one
dried and homogenized in agate mortar for mineralogical
and geochemical analyses, the other used to separate
marine planktonic foraminifers.

The age model is based on seven 14C-AMS dates
(accelerator mass spectrometry) using monospecific plank-
tonic foraminifers (Leibniz-Labor for Radiometric Dating
and Isotope Research, Kiel, Germany), stable isotope
stratigraphy and biostratigraphic events were also used for
age determination (Jiménez-Espejo et al., 2006). In order to
compare our data with other paleoclimatic records, all 14C-
AMS ages were calibrated to calendar ages (cal. BP) using
the Calib 5.0 software (Stuivert and Reimer, 1993). The age
model was refined by graphic correlation with isotopic/
geochemical data from well dated sections such as MD95-
2043 (Cacho et al., 1999). This age model covers the last
�41 kyBP, whereas our study focuses on the interval of
20–41 kyBP. Linear sedimentation rates oscillate between 4
and 18 cm/ky. These variations in linear sedimentation
rates at site 975B could be associated with gradual
variations in terrigenous-detrital matter input during the
time covered. Temporal resolution in the analytical series
at this core is �400 to �100 yr, which is sufficient to
distinguish millennial/centennial climatic oscillations,
thereby allowing adequate millennial variance analyses.

2.2. Mineralogical and geochemical analyses

Bulk and clay mineral compositions were obtained by
X-ray diffraction (XRD) following the international
recommendations compiled by Kirsch (1991). X-ray
diffractograms were obtained using a Philips PW 1710
diffractometer with Cu–Ka radiation and automatic slit.
The resulting diffractograms were interpreted using the
Xpowder software (Martı́n, 2004). Estimated semiquanti-
tative analysis error for bulk mineralogy absolute values is
5% and error ranges from 5% to 10% for clay mineral
proportions. FE-SEM analyses were performed to check
barite origin.

Total organic carbon (TOC) and total nitrogen content
were measured in separate portions of air-dried sediment
samples by a CHN analyser (Perkin Elmer 2400 Series 2).
Each powder sample processed for TOC was treated with
HCl (12N) in a silver cup, until mineral carbon was
completely removed. Samples were wrapped after dehydra-
tion on a hot plate for 12 h. Standards and duplicate
analyses were used as controls for the measurements,
indicating an error of under 0.05%.

Major element measurements (Mg, Al, K, Ca, Mn and
Fe) were obtained by atomic absorption spectrometry
(AAS) (Perkin-Elmer 5100 spectrometer) with an analytical
error of 2%. An X-ray Fluorescence scanner (University of
Bremen) was also used to obtain K, Ca, Ti, Mn, Fe, Cu
and Sr count fluctuations. The XRF-core scanner was set
to determine bulk intensities of major elements on split
Please cite this article as: Jiménez-Espejo, F.J., et al., Climate forcing and Nea
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sediment sections (Jansen et al., 1998; Rölh and Abrams,
2000) at intervals of 1 cm with an accuracy in standard
powder samples of more than 0.20% (wt). The AAS and
XRF-scanner data were compared and results indicating a
high correlation between techniques. An average concen-
tration of Ti in the core was obtained from XRF-core
scanner data in order to normalize Ti to Al contents. This
normalized average will be referred to as Timean/Al.
Analyses of trace elements including Ba were carried out
using inductively coupled plasma-mass spectrometry (ICP-
MS, Perkin Elmer Sciex Elan 5000) after HNO3+HF
digestion. Measurements were performed in triplicates
using Re and Rh as internal standards. Variation
coefficients determined by dissolution of 10 replicates of
powdered samples were 3% and 8% for analyte concen-
trations of 50 and 5 ppm, respectively (Bea et al., 1996).
Stable carbon and oxygen isotope ratios of calcareous

foraminifers were analysed to establish the stratigraphic
framework of the samples from core 975B 1-1H. Approxi-
mately 25 specimens of Globigerina bulloides were picked
from the 4125 mm fraction and senescent forms were
avoided. Foraminifers were cleaned in an ultrasonic bath
to remove fine-fraction contamination, rinsed with distilled
water and thoroughly washed in alcohol. Stable isotopes
were measured using a GV Instruments Isoprime mass
spectrometer. Analytical reproducibility of the method is
+0.10% for both d18O and d13C based on repeated
standards.

3. Results

3.1. Paleoproductivity proxies

TOC and Ba content have been used to determine
productivity fluctuations. TOC content oscillates between
0.2 and 0.35. Corg/N ratio values oscillate between 2 and 6,
which suggests a marine provenance (Meyers, 1994).
However, TOC content displays a low correlation with
Ba content, probably indicating poor preservation of the
TOC record, as has also been shown for Holocene
sediments from this same site (Jiménez-Espejo et al.,
2006). In contrast, the Ba record seems to be well
preserved. The FE-SEM analyses corroborated the pre-
sence of barite crystals with morphologies corresponding to
typical marine barite (1–7 mm in size with round and
elliptical crystals). Despite discussion regarding paleopro-
ductivity estimates based on Ba excess (Eagle et al., 2003;
Eagle Gonneea and Paytan, 2006), at this site the Ba
content can still be considered a good indication of
productivity fluctuations, specifically since we established
the presence of authigenic marine barite in the samples.
Within the analysed time interval no substantial changes in
sediment composition are detected suggesting that changes
in Ba bearing phases are negligible and therefore the
fluctuations obtained derive from productivity variations.
Although uncertainties regarding the correction for sili-
cate-associated Ba do not allow one to obtain quantitative
nderthal extinction in Southern Iberia: insights from a multiproxy marine
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export production values, information on productivity
variations is still valid. The latter has been obtained by
subtracting the amount of terrigenous Ba from total Ba
content (e.g., Eagle et al., 2003).

ðBaexcessÞ ¼ ðtotal� BaÞ �AlðBa=AlÞc,
4

Fig. 2. Insolation curve, wood pollen, hemipelagic sedimentation rates on the

Baexcess, Baexcess variability per 1.0 ky, Baexcess variability per 2.0 ky and G. bul

values are plotted with reversal Y-axis. References: (a) Berger, 1978 (b) Martr
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where total�Ba and Al are concentrations and (Ba/Al)c is
the crustal ratio for these elements. For this site we have
used (Ba/Al)c ¼ 0.002, as estimated by Weldeab et al.
(2003) for the Balearic Sea on the basis of surface
sediments and current oligotrophic conditions. It is
assumed that the (Ba/Al)c ratio of the terrigenous matter
Balearic abyssal plain, mean annual SST (Uk
0

alkenones), Ba/Al (� 104),

loides isotopic stratigraphy (d18O and d13C, in %) according to age. d18O
at et al., 2004 (c) Hoogakker et al., 2004.

nderthal extinction in Southern Iberia: insights from a multiproxy marine

013

dx.doi.org/10.1016/j.quascirev.2006.12.013


ARTICLE IN PRESS
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remains constant over the period considered. Changes in
catchment areas could affect the (Ba/Al)c ratio of the
terrigenous matter, but the (Ba/Al)c ratio shows no
significant changes during the last glacial period. The lack
of correlation between Ba peaks and detrital elements also
suggests a mainly authigenic origin for Ba enrichments.
Maximum Baexcess content is observed at �23.3 kyBP
(Fig. 2) along with other peaks (e.g., �34, �29.2, �24.7
and �20.5 ky cal BP). Baexcess and TOC do not follow
similar trends. Maximum TOC content during the last
glacial period was reached at �25.8 and �20.3 ky cal BP
with occasional, sharp low/high TOC values.

3.2. Sea surface conditions obtained through stable isotopes

The oxygen stratigraphic framework for the time interval
analysed at site 975 can be correlated with episodes of
changing temperature, resembling the global variation of the
SPECMAC isotope curve (Martinson et al., 1987). The
maximum amplitude between 20 and 41ky calBP of d18O
G. bulloides in core 975B-1H lies between 2.67% and 3.76%,
with a total oscillation of 1.09 %. The d18O G. bulloides

develops a cyclical pattern with sudden oscillations that
could be associated with abrupt warmings (�21.3,�28.8 and
�33.6 ky cal BP) or coolings (�21.8, �22.8, �25.5 and
�27.4 ky cal BP) (Fig. 2). Such variations could be related to
the climate cycles defined by Moreno et al. (2005a) in the
Fig. 3. TOC content (%), U/Th and other redox-sensitive trace elements/Al (

Heinrich events. Grey areas indicate BA events (for definitions of such events
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WMS. Values of d13C G. bulloides were found to be highly
variable. Maximum amplitude of d13C G. bulloides is between
�0.24% and �1.32 %, with a total oscillation of 1.08%.
d13C G. bulloides undergoes sudden increase/decrease shifts
which may be correlated with variations in Atlantic inflow
fertilization and/or gyre activities (Bárcena et al., 2001;
Rogerson et al., 2004; Voelker et al., 2006).

3.3. Detrital and redox proxies

The terrigenous sediment fraction includes clay minerals
(20–50%), quartz (15–30%), and minor amounts of
feldspar (o5%), dolomite (o5%), and accessory minerals.
Clay mineral assemblages consist of illite (55–80%),
smectite (o5–15%) and kaolinite+chlorite (20–40%).
These terrigenous sediments also included accessory
minerals, such as zircon, rutile, apatite and biotite, while
the authigenic minerals identified were anhydrite-gypsum,
pyrite, Mn and Fe oxi-hydroxides. Fig. 3 shows the
distribution of selected profiles of major and trace element
ratios related with terrigenous input. Elemental concentra-
tions have been normalized to Al. This normalization
assumes that Al in these sediments is contributed only by
terrigenous alumino-silicates (Calvert, 1990).
Ti and Zr are related with heavy minerals (e.g., zircon,

rutile, anatase, titanite, ilmenite) and have been used by
different authors as aeolian input proxies (e.g., Calvert et al.,
� 104) according to age. Vertical dotted lines indicate the time intervals of

, see Section 4.3).

nderthal extinction in Southern Iberia: insights from a multiproxy marine
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1996; Haug et al., 2003). Both elements are well correlated
over almost the entire period studied. In contrast, they have
a low correlation with other detrital elements (Al, K and
Mg), suggesting a different origin and ruling out the
presence of turbidites, which usually produce quartz and
heavy mineral enrichment (Wehausen and Brumsack, 1999).

The ratios of specific elements to Al have been
considered as redox sensitive proxies (e.g., Fe/Al, Mn/Al,
U/Th, Co/Al, Cr/Al) (e.g., Mangini et al., 2001; Marin and
Giresse, 2001) for oxygen conditions and digenetic
remobilization. Regarding oxygenation, two major enrich-
ment periods in redox sensitive elements have been detected
from 33.2 to 30 ky cal BP and from 22.7 to 20.4 ky cal BP
(see U/Th ratio on Fig. 4). Postdepositional alteration
resulted in re-oxidation fronts promoting element mobili-
zation along the sediment column (Fe and Mn), which
provides information on reventilation processes.

4. Discussion

4.1. Continental and marine environments in the WMS

during MIS 3

Different proxies have shown that MIS 3, like other
interglacials, is characterized by a saw-tooth temporal
Fig. 4. Relative quartz and clay mineral average concentrations (%), and ele

Timean is an average value obtained by using an XRF-scanner. Vertical dotted

events (for definitions of such events, see Section 4.3).
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temperature pattern. However some features unique to this
period exist, specifically, the main difference between this
period and the other MIS stages (1–7) is that it represents a
time for which ‘‘non-analogue’’ conditions exist. This is
evident in the mammalian fauna record (Stewart et al.,
2003a; Stewart, 2005) and have also been observed in wind
dust from marine sediment in the Algero-Balearic basin
(Weldeab et al., 2003) and for the vegetation and fauna of
Gibraltar (Finlayson, 2006). For example, 87Sr/86Sr and
143Nd/144Nd ratios indicate that during MIS 3 the main
dust source for the WMS was probably located between the
Northwestern Sahara (Morocco/NW Algeria) and the
Sahara and Sahelian regions; another unknown source
could also be involved (Weldeab et al., 2003). These source
areas are substantially different from those of other MIS
stages (1–7). The response to this even in terrestrial flora is
however not clear. Marine pollen records have been
established in WMS cores corresponding to MIS 3.
However, interpretations of pollen sources have not led
to unequivocal conclusions. For example, D’Errico
and Sánchez-Goñi (2003) have considered them to be
Iberian, whereas Magri and Parra (2002) and Carrión
(2004) disagree. On land, a rapid vegetational response to
climatic changes has been observed (Sánchez-Goñi et al.,
2005; González-Sampériz et al., 2006). At present,
BA2

mental/Al (� 104) ratios according to age, plotted as lithogenic proxies.

lines indicate the time intervals of Heinrich events. Grey areas indicate BA

nderthal extinction in Southern Iberia: insights from a multiproxy marine

013

dx.doi.org/10.1016/j.quascirev.2006.12.013


ARTICLE IN PRESS
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however, the resolution of age models does not allow for
the identification of abrupt variations, such as those which
took place during the D/O cycles as recorded in the marine
record.

Marine records from the Iberian margin are especially
suitable for paleoclimate research (Bard et al., 2004).
Various multiproxy studies have been carried out (e.g.,
isotopic ratios, alkenones, pollen and geochemistry), which
revealed significant climatic oscillations (e.g., Martrat
et al., 2004). However, when looking into the effect of
these changes on the terrestrial ecosystem, it should be
noted that some of these variations can be assimilated by
an ecosystem without major disturbances. Indeed, vegetal
distribution is affected mainly by minimum temperatures,
growth season and precipitation (Woodward, 1987), rather
than mean sea surface temperatures (SST), sea level, or
water chemistry. Thus, the use of marine records to
measure variance in a continental ecosystem may be some
times difficult (Robinson et al., 2006). However, several
chemical elements in marine records are of mainly
continental origin, for example, Mg/Al and K/Al ratios
have been associated with fluvial input (precipitation), and
Ti/Al and Zr/Al with aeolian input (wind). Thus, these
ratios provide information on continental areas, although
they are highly influenced by multiple physical/chemical
phenomena (e.g., wind intensity/direction, erosion rate, soil
alteration, pluvial regime, marine currents and catchment
areas, etc.) which complicate their use for variance
analyses.

4.2. Baexcess as a climatic stability proxy

The use of Ba enrichments as a proxy for productivity
has been intensely discussed since the early 1980s. This
proxy is based on the strong correlation between the fluxes
of excess Ba and organic matter in sinking particulates.
It is also supported by the observations that Ba-rich
sediments usually underlie high biologically productive
(e.g., Dehairs et al., 1987; Dymond et al., 1992) areas
and surface sediment barite accumulation rates correlate
with upper water column productivity (Paytan et al., 1993,
1996). The use of this proxy assumes that the excess of
Ba is related to barite crystals that originate in the water
column. Only in such cases can Ba excess thus be used as a
reliable proxy, assuming that Ba excess (total Ba normal-
ized to Al) correspond to the Ba fraction that is not
associated with terrigenous components. Data from
different settings has shown that this proxy should be used
with caution in diagenetic environments where reducing
conditions may have compromised barite preservation
(McManus et al., 1998). In addition, recent research
(Eagle Gonneea and Paytan, 2006) has shown that Ba
content in different phases depends not only on primary
productivity, but also on sediment provenance, sedimenta-
tion rates and Ba cycling within sediments. Corrections
for detrital Ba may be highly variable and Ba excess
algorithms should therefore be used with extreme care
Please cite this article as: Jiménez-Espejo, F.J., et al., Climate forcing and Nea
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when calculating export production (Eagle Gonneea and
Paytan, 2006).
However, many studies have shown that Ba is an

accurate indicator of past productivity in the Mediterra-
nean Sea (e.g., De Lange et al., 1999; Emeis et al., 2000;
Martı́nez-Ruiz et al., 2000). Paleoproductivity reconstruc-
tions using this proxy in marine Pliocene and Pleistocene
sediments have confirmed that widespread deposition of
sapropels resulted from enhanced export production fluxes.
Increasing productivity was a consequence of changes in
climatic conditions leading to higher nutrient supply.
Sulfur isotope composition of marine barite from Medi-
terranean sapropels revealed that barite is an authigenic
phase originating in the upper water column and is thus a
reliable proxy for productivity at the time of sapropel
deposition (Paytan et al., 2004). The high accumulation
and good preservation of biogenic barite also indicate that
bottom-water and pore water sulphate concentrations in
Mediterranean basins were plentiful. The Baexcess proxy is
also of exceptional importance in Mediterranean basins
because at some locations the organic matter in the original
sapropels has been oxidized and erased from the sediment
record. Although estimates of past productivity using
Baexcess may be inaccurate due to detrital Ba corrections or
variable preservation, it is clear that Ba enrichments in
Mediterranean sapropels indicate enhanced export pro-
ductivity. In the deep areas of the Alboran and Algero-
Balearic basins, productivity has been related to: (i) surface
water fertilization, provoked by different water mass
mixing and/or gyre activity (Bárcena et al., 2001);
(ii) increases in nutrient supply due to high river
runoff associated with wetter climates and/or melt water
(Martı́nez-Ruiz et al., 2003; Moreno et al., 2004); (iii)
pycnocline depth changes (Rohling et al., 1995; Flores
et al., 1997) and, finally, (iv) highly fertilized Atlantic jet
inflow (Rogerson et al., 2004). A change in productivity
caused by pycnocline deepening has most likely only
occurred once in the last 50 ky (at �8 kyBP) (Flores
et al., 1997). All other productivity fluctuations in this
region are associated directly or indirectly with atmospheric
conditions. Thus, abrupt variations in marine productivity
mostly reflected major variations in atmospheric/oceano-
graphic (climatic) conditions. Continental environments
should therefore also be affected by such climatic variations.
When statistical analyses are considered, the variance may
indicate the disruptive potential of climate fluctuations.
Especially within the time interval studied, statistical analyses
have provided valuable information regarding climate
stability. Fig. 2 represents the millennial and bi-millennial
Baexcess coefficient of variation (Baexcess var.). High Baexcess
var. values may indicate periods characterized by highly
unstable conditions in marine ecosystems. High values in
Baexcess var. coincide with major changes in planktonic
foraminifera bioevents (see Table 1), (Perez-Folgado et al.,
2003). This further supports the validity of Baexcess var. as a
tool for understanding the climatic/biological variability in
the WMS area.
nderthal extinction in Southern Iberia: insights from a multiproxy marine
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Table 1

BA events (see Section 4.3) and their relationship with planktonic foraminifera events defined in Perez-Folgado et al., 2003

High Baexcess var. events Bioevents

N. pachyderma (r.c.) N. pachyderma (l.c.) T. quinqueloba G. scitula G. inflata G. bulloides

BA1 Pm2 Ps2 Q3 Sc2 B2

BA2 Q5 Bot. Sc4 Bot. I4 Max.

BA3 Ps4 Bot. I5 Top B4 Bot.
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4.3. Conditions during intervals of high Baexcess variability

As is the case for SST in the WMS (Cacho et al., 1999),
the Ba signal is affected by D/O cycles (Moreno et al.,
2005a). Three high Baexcess variability periods can be
recognized between 41 and 20 kyBP (we have established
them as BA3, BA2 and BA1 events). Correlations of
significant interest are obtained when such periods are
compared with other paleoclimatic records:
(a)
Ple

rec
The BA3 event (aprox. 39–40 kyBP) can be correlated
with the HE 4, which took place aprox. 38–39.5 kyBP
(Bond et al., 1999; Hemming, 2004; Llave et al., 2006).
Rapid changes in Atlantic deepwater currents and heat
piracy between the Northern and Southern Hemi-
spheres have been described for this period (Maslin
et al., 2001; Seidov et al., 2001). HE 4 seems to be
distinct from other HEs (Cortijo et al., 1997; Elliot
et al., 2002; Cortijo et al., 2005). There was probably a
cold current flowing from the Norwegian Sea along the
European coast (Cortijo et al., 1997), with polar water
reaching the WMS (Voelker et al., 2006). Recent
studies indicate that ice-rafted debris were deposited
in the Gulf of Cadiz (Llave et al., 2006), but apparently
most of the melting took place in northern areas
between 451N and 551N (Roche and Paillard, 2005).
An increase in N. pachyderma recorded at core MD95-
2043 (approx. 25%) confirms that cold waters arrived
at the WMS. Temperature estimates from Uk0 alke-
nones indicate a mean annual SST of around 10 1C
(Martrat et al., 2004). On the continent, a high degree
of seasonality has been reported with large temperature
fluctuations (Summer approx. 15–20 1C, Winter ap-
prox. �5 1C to 0 1C) (The Stage Three Project
database). A major decline in Pinus and Quercus, and
an increase in Ericaceae are observed (Roucoux et al.,
2005). For this period results from ODP 975B indicate
a relative increase in Zr/Al and a major decrease in
K/Al (Fig. 3). This suggests that conditions were more
arid and that wind velocities were stronger. Our results
would seem to indicate a scenario in which the Iberian
Peninsula was subjected to abrupt changes including an
extreme, continental climate. Insolation variation was,
however, very limited during this event despite the large
climatic changes suggesting the influence of other
causes and feedbacks (Cortijo et al., 1997).
ase cite this article as: Jiménez-Espejo, F.J., et al., Climate forcing and Nea
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(b)
nder

013
The BA2 event (approx. 33.5–34.5 kyBP) could be the
culmination of progressive climate deterioration, which
is characterized by short D/O (6 and 7 stadials–inter-
stadials). D/O cycles in the WMS were apparently less
severe than in the Atlantic (Hoogakker et al., 2004).
Nevertheless, they imply major changes in high-latitude
circulation and monsoonal weakness (D/O stadial)
(Moreno et al., 2002) (Rohling et al., 2003). No ice-
rafted debris have been observed in cores from the
Atlantic Iberian margins during that time (Llave et al.,
2006). However, cold waters penetrated the WMS
during D/O stadial. SST ranged from aprox. 15 1C D/O
interstadial to 11 1C D/O stadial for this period (The
Stage Three Project database), which indicates more
hospitable conditions than during HE 4. The afore-
mentioned observations would together suggest a
sudden change in temperature, and especially in
humidity/rainfall in the Mediterranean area (Voelker
and workshop participants, 2002). An input of cold
water into the WMS could have promoted a reduction
in evaporation and less precipitation throughout the
Mediterranean area, with more significant effects in the
Levant (Bartov et al., 2003; Begin et al., 2004).
Fluctuations in the abundance of certain foraminifers
species (e.g., Turborotalia quinqueloba) (Perez-Folgado
et al., 2003) could reveal an unstable cold water input.
This could have led to highly erratic rainfall in the
Mediterranean area. In fact, the formation of talus
flatiron, which requires alternation of aggradation and
incision periods, has been detected on the Iberian
Peninsula (Gutierrez et al., 2006). Pollen records
indicate that Quercus almost disappeared in the
Monticchio record (Allen et al., 2000) and that
Ericaceae and Pinus shrunk in the Northwestern
Iberian regions (Roucoux et al., 2005). The latter are
less affected, which could be associated with the
passing of tolerance limits for deciduous Quercus.
However, Mediterranean forest continued to exist in
coastal areas of SW, SE Spain and North Africa
throughout MIS 3 (Carrión et al., 1995; Carrión, 2004;
Finlayson, 2006). Results from Site ODP 975 indicate
major changes in Zr/Al and Timean/Al that could be
related to high variations in aeolian input into the
basin. Moreover, K/Al and Mg/Al, which are related to
fluvial sediment input, did not undergo significant
changes. Redox sensitive ratios present an inflexion
thal extinction in Southern Iberia: insights from a multiproxy marine
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Ple

rec
point following the end of the BA2 event, with
increases in U/Th, Cr/Al and Co/Al that point to less
ventilated bottom waters. In the Gulf of Cadiz a more
intense Mediterranean outflow water has been de-
scribed during cold phases (Llave et al., 2006). This
intensification resulted from colder, drier Mediterra-
nean conditions. The expansion of the polar vortex
generated masses of cold air, responsible for Western
Mediterranean Deep Water (WMDW), which, in turn,
ventilated the Balearic basin (Cacho et al., 2000;
Rohling et al., 2003; Jiménez-Espejo et al., 2006).
These low ventilation conditions came to an end
around 30 kyBP, with the onset of the HE 3
(30.5 kyBP). Cold conditions have been described in
Iberian lacustrine records (e.g., El Portalet, González-
Sampériz et al., 2006). No significant changes appear in
Baexcees var. during HE 3. This could be related to the
gradual, rather than abrupt HE 3 pattern (Gwiazda
et al., 1996) and to its particular features (Elliot et al.,
2002), which differ from other HE’s. No evidence of
ice-rafted debris has been found in Southern Iberian
latitudes (Llave et al., 2006).
(c)
 The BA1 event (approx. 22.5–25.5 ky cal BP) can be
related to the transition from MIS 3 to MIS 2 and to
the HE 2. A bi-phase signal has been described for HE
2 in the Iberian region, one centred at 25 ky (HE 2b)
and the other at 23.5 (HE 2a) (Sánchez-Goñi et al.,
2000; Turon et al., 2003). Within this period, the most
inhospitable conditions of the previous 250 ky were
reached in the WMS (Martrat et al., 2004). During HE
2, an armada icebergs reached the Portugal margin
(Abreu et al., 2003). No ice-rafted debris have been
detected in the Gulf of Cadiz, although a high
percentage of coarser fraction (463m) suggests a very
strong Mediterranean outflow water current (Llave
et al., 2006). Despite a reduced supply of icebergs, the
lowest temperatures of the last 250 ky were reached,
with an annual mean SST of around 8 1C (Uk0 index)
(Martrat et al., 2004). These low temperatures can be
associated with strong thermohaline circulation and/or
with the minimum daily total solar radiation, the latter
resulting from orbital geometry (Berger, 1978). A
minimum in seasonality was reached at 24 kyBP,
(Berger, 1978) and probably affected marine currents.
Indeed, previous summer insolation minima
(40–45 kyBP) have been linked with high variations
in sedimentation rates in nearby areas (Voelker et al.,
2006). On land, pollen analysis results indicate extreme
conditions in Iberia during HE 2. A minimum of
arboreal pollen correlates with a maximum in Artemi-

sia and Chenopodiaceae (e.g., Turon et al., 2003;
Roucoux et al., 2005), thus indicating a dominance of
steppic group taxa that was not reached during the
previous 65 ky. Low seasonality can be expected for
this period, with cooler summers and warmer winters
than during previous BA events. Indeed, relatively
warm winters are necessary to explain the presence of
ase cite this article as: Jiménez-Espejo, F.J., et al., Climate forcing and Neander
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traces of Quercus (deciduous) pollen in Padul (SE
Spain) (Allen and Huntley, 2000). Detrital proxies at
Site 975 indicate a minimum Mg/Al ratio at 24 kyBP,
which could points to a pronounced decrease in
riverine input. K/Al ratio oscillations could be related
to a highly unstable river discharge from the Rhône, or
with mineralogical changes. Rapid oscillations have
also been detected in other global records (e.g., 4–6 1C
warming in less than 50 years at �22 ky cal BP (Taylor
et al., 2004). Aeolian input, as indicated by the Zr/Al
ratio, shows low values at 24 ky and reaches a relative
maximum at 23 ky. These variations could be linked
with abrupt changes in atmospheric conditions. An
inflexion point in our age model also reveals a change
in the linear sedimentation rates during this period.
Other cores from the Algero-Balearic basin also reveal
abnormal accumulation rates at 24 ky, up to three times
higher than any other value during at least the last
130 ky (Hoogakker et al., 2004). These oscillations have
been interpreted as being due to higher aeolian input,
the latter being a consequence of increasing aridity and/
or higher wind speeds (Hoogakker et al., 2004).
Furthermore, an unusually high thermohaline circula-
tion, transporting material from an unknown source
to the Algero-Balearic basin, cannot be ruled out.
In any case, major changes can be observed in the
WMS borderlands, which may not have undergone
such extreme conditions in previous periods. Redox
sensitive ratios indicate well-oxygenated conditions
between 25.5 and 22.5 kyBP, an interval during
which a few of the ratios reach their lowest values
(e.g., Cr/Al). Afterwards, a period of less ventilated
conditions began, promoting an increase in redox
sensitive ratios (e.g., U/Th and Co/Al). These ventila-
tion conditions are once again correlated with Medi-
terranean outflow water activity in the Gulf of Cadiz
(Llave et al., 2006).
4.4. The role of climatic variability for archaic populations

Fig. 5 indicates frequency distribution of Solutrean,
Gravettian, Aurignacian and Mousterian dated sites per
millennium in the Southern Iberia Peninsula (modified
from Finlayson et al., 2006 and unpublished database)
(CalPal 2005 SFCP). Cross calibration is fundamental for
the comparison of marine and continental data. Moreover,
uncertainties associated with calibration methods, contin-
uous updates and different calibration curves/programs,
lead to a certain degree of confusion among researchers
(Housley et al., 2001; Turney et al., 2006). In the case of
Calpal, regularly updated internationally standardized
calibration curves are available (Reimer et al., 2006). The
use of millennial scale and average values attempt to avoid
such uncertainties. This information can be considered
highly representative, although it is incomplete, as is
otherwise to be expected from the nature of the fossil
record itself, as well as the fact that the Southern Iberian
thal extinction in Southern Iberia: insights from a multiproxy marine
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Fig. 5. Frequency distributions of Solutrean, Gravettian, Aurignacian and Mousterian calibrated dated sites per millennium in South Iberia. These

distributions are compared with Baexcess var., U/Th, Zr/Al and Mg/Al according to age. Such proxies are interpreted as climatic stability, deep-water

ventilation, aeolian input and fluvial input, respectively. Environmental conditions have been interpreted on the basis of combinations of these factors.

Uncalibrated data base distribution follows a similar ‘‘peak and valleys’’ pattern, and relationship between industrial replacements do not change.
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Peninsula has yet to be studied more exhaustively. The
database has been compared with Baexcess var., deep-water
ventilation, and aeolian and fluvial input characterized by
the U/Th, Zr/Al and Mg/Al, respectively. Two main
observations can be made: (i) archaeological outcrops are
more abundant during conditions of low Baexcess var. and
low ventilation and (ii) the number of outcrops is clearly
affected by BA3, BA2 and BA1 events. During BA3 a low
number of Mousterian sites has been registered. This
appears to coincide with a weak early presence of the
Aurignacian in the Iberian Peninsula associated with the
most extreme climatic conditions (cold and dry). Between
BA3 and BA2, a progressive increase in Mousterian sites
occurred with the disappearance of Aurignacian sites.
During this period (40–35 ky) the number of Mousterian
sites reached a maximum and probably dominated south-
ern Iberia. During BA2 there was a dramatic decrease in
Mousterian sites, with a reappearance of Aurignacian ones.
The most hospitable conditions occurred between 30.5
and 34 ky cal BP and Mousterian population reached a
new maximum. Moreover, a progressive increase in
Gravettian sites is synchronous with decrease in Mouster-
ian sites. Therefore, relict Mousterian sites prevailed during
the relatively hostile 30–25 ky period (Fig. 5). During
the prolegomena of the BA1 event, Solutrean industries
Please cite this article as: Jiménez-Espejo, F.J., et al., Climate forcing and Nea
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were dominant and Gravettian and Mousterian industries
probably disappeared. During the latter part of the
BA1 event, Solutrean sites also underwent a decrease in
number. Apparently major technological replacements
took place during unstable periods. This could indicate
that the proliferation of these industries was impacted by
climate and a selection of cultural styles occurred. Indeed,
in the second half of MIS 3 a number of ‘‘transitional
industries’’ (e.g., Uluzzian, Bohunician and Szeletian)
could represent cultural diversification as a response to
new challenges (Finlayson and Giles-Pacheco, 2000;
Finlayson, 2004).
The present study does not attempt to address the issue

of whether the main Modern expansion in Europe took
place during the H4 event or whether it occurred during
improved conditions associated with the Hengelo inter-
stadial (mainly 41–42 ky cal BP) (Mellars, 2006). The idea
of a new species displacing an earlier (more primitive) one
to a peripheral area has been shown repeatedly to be
inadequate (e.g., Coope, 1979). It is almost impossible to
demonstrate inter- or intra-specific competition on the
basis of the fossil record (Finlayson, 2004). Neanderthals
and Moderns probably coexisted for a prolonged period of
time. Such coexistence started at least during MIS 5 in
western Asia (Bar-Yosef, 1998) and could be the origin of a
nderthal extinction in Southern Iberia: insights from a multiproxy marine
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gradient in the ‘‘Neanderthalization’’ of industries (Moncel
and Voisin, 2006). Nevertheless, it is unlikely that climatic
changes and synchronous human events were a fortuitous
coincidence.

4.5. The southern Iberian Neanderthal habitat

During the MIS 3 Neanderthals successfully occupied
transitional areas, such as the edges of limestone massifs
adjacent to lowland plains (Davies et al., 2003) in the
Overlap Province defined by Stewart et al. (2003a).
However, persistent Neanderthal populations inhabited
the Southern part of Iberia (Finlayson, 2004, 2005). Thus,
the characteristics that distinguish the Southern Iberian
from the Northern European Neanderthal habitats must be
adequately taken into account. Neanderthal populations
living in Southern Iberian probably took advantage of the
following factors: (i) Mediterranean forest, rich in fatty
fruits, and mainly controlled by climatic change and a
heterogeneous topography (Cowling et al., 1996); (ii) a rich
biotope area promoted by a complex topographical pattern
which produced many environments and microclimatic
conditions (e.g., Finlayson et al., 2001; Mota et al., 2002);
(iii) a more diversified nutritional pattern, partially
composed of Pine nuts, bivalves, shellfish (Finlayson
et al., 2001) and marine mammals (Antunes, 2000); this
diet may have generated a lower maternal foetus–infant
mortality rate and higher life expectancy (Hockett and
Haws, 2005); a highly diversified geological bedrock (e.g.,
ultramafic, volcanic acid and sedimentary rocks) may also
have helped to provide essential nutrients via plants and/or
herbivores; (iv) a ‘‘buffered climate’’ promoted by the
WMS, which has its own thermohaline circulation system
(Brankart and Brasseur, 1998); climate changes are slower
and more moderate in the Alboran Sea, as compared to the
Gulf of Cadiz or the Tyrrhenian Sea (Cacho et al., 2002);
and finally, (v) one of the highest insolation coefficients in
Europe, which must have guarantied hospitable diurnal
temperatures, even during cold periods.

The complexity of such factors makes it necessary to
analyse local climate records in order to reconstruct the
paleoclimatic conditions. To date, paleoclimatic models
have not taken topography into account and are based
mainly on the Padul record (Huntley et al., 2003; Ortiz
et al., 2004). However, since the latter is an intramountain
basin, the temperatures for Southern Iberian may seem
cooler in climatic reconstructions based on this location
than they actually were.

4.6. The end of the southern Iberian Neanderthals

Glacial Maxima were critical periods during which
extinction rates were exceptionally high. For example, tens
of megafaunal species disappeared during the Last
Penultimal Glacial Maxima (e.g., Wroe et al., 2006).
Southern European refugia were also affected by such
crises (O’Regan et al., 2002). For this reason, the number
Please cite this article as: Jiménez-Espejo, F.J., et al., Climate forcing and Nea
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of warm species in present-day Iberian fauna is compara-
tively low (Blondel and Aronson, 1999). It is thought by
some workers that Neanderthals were highly skilled in
adapting to climatic changes and that their adaptive
capacities were similar to those of Moderns (Boëda et al.,
1996; d’Errico et al., 2001). Neanderthals may even have
been able to survive during stable conditions of extreme
cold. However, high climatic variability provokes general-
ized effects in ecosystems. Continuous variations in
seasonal moisture or temperature tend to produce stressed
environments. It has been shown that in current environ-
ments, which display a slight warming trend, imbalances
can be observed in insect populations (Harrison et al.,
2006), certain illnesses have widened their spread (e.g.,
Flahault et al., 2004), and there have been synchronous
multi-biotope crises (Moreno et al., 2005b), as well
as alterations in migrational-altitudinal patterns (e.g.,
Peñuelas and Filella, 2001; Peñuelas and Boada, 2003).
Variations in vegetation type, plant digestibility, consump-
tion rates and growth/mortality in herbivores, can be
expected under such conditions (e.g., Lawler et al., 1997).
Deficiencies in soil moisture caused by cold marine waters
could lead to shorter growth seasons and an increase in
days of snow cover, thus affecting herbivorous mammals
and their occurrence ratios (Markova, 1992; Musil, 2003,
Hernández Fernández and Vrba1, 2005). Any one of these
factors could have provoked periods of poor nutritional
quality or famine, leading to the extinction of highly
regional populations. The last Neanderthals in southern
Iberia were probably subjected to such isolated conditions
from the BA2 event onwards. The disappearance of other
reduced European populations around 30 kyBP may have
been due to the aforementioned or other causes, such as
genetic swamp and increasing continentality (Finlayson,
2004). It is also possible, however, that the extinction of the
last southern Iberian Neanderthal populations occurred
during the BA1 event, especially during a hypothetical
extreme thermohaline activity event. Fig. 6c) represents
this event mainly on the basis of our and other marine
data (e.g., Sánchez-Goñi et al., 2000; Moreno et al., 2002)
and models (Finlayson, 2006). The Neanderthal archae-
ological proxies found in southern Iberia and dated at
between 25 and 30 kyBP could be accounted for by
situating Neanderthal extinction during BA1. On the
other hand, it is thought that the last Neanderthals were
located in various European climatic refugia, such as
the Iberian, Italian and Balkan peninsulas. However, the
more favourable conditions characterizing the Iberian
refugia (see Section 4.5) may have allowed them to survive
longer (Finlayson and Giles-Pacheco, 2000; Stewart et al.,
2003b; Finlayson, 2004). In any case, recent studies
appear to indicate that, despite their greater adaptability
to open environments (e.g., the North Plains) (Finlayson,
2004), Moderns were also subjected to conditions of
isolation during the subsequent Last Glacial Maximum in
southern European refugia (Hewitt and Ibrahim, 2001;
Jobling et al., 2004).
nderthal extinction in Southern Iberia: insights from a multiproxy marine
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ñ
i
et

a
l.
,
2
0
0
0
a
n
d
M
o
re
n
o
et

a
l.
,
2
0
0
2
)
b
et
w
ee
n
4
0
a
n
d

2
0
k
y
B
P
.
(a
)
F
a
v
o
u
ra
b
le
p
er
io
d
s:
D
/O

in
te
rs
ta
d
ia
ls
.
(b
)
N
o
n
-f
a
v
o
u
ra
b
le
p
er
io
d
s:
D
/O

st
a
d
ia
ls
a
n
d
H
ei
n
ri
ch

ev
en
ts
.
(c
)
E
x
tr
em

e
co
n
d
it
io
n
s
d
u
ri
n
g
th
e
B
A
3
ev
en
t
p
ro
b
a
b
ly

b
et
w
ee
n
2
5
a
n
d
2
4
k
y
ca
lB

P
.
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4.7. To what extent were climatic conditions really

influential?

Because it is only in archaeological outcrops that direct
interaction between humans and environment can be
recorded, it is highly probable that the underlying causes
of Neanderthal extinction will be found in such sites (Vega
Toscano, 2005). However, due to the extremely complex
sedimentation of archaeological deposits, their use in the
reconstruction of climatic conditions is cumbersome. These
complexities may be better handled by multidisciplinary
studies which closely examine depositional systems and
taphonomical features, thus enabling more coherent
interpretations. Indeed, climatic factors could be linked
to occupational patterns in coastal outcrops by geochem-
ical research using non-destructive techniques, such as
XRF core scanner (Jiménez-Espejo et al., 2006) and stable
isotope analysis (Delgado-Huertas, pers. com.), in combi-
nation with other disciplines, (e.g., Yll et al., 2006).

If climate did play an important role in the extinction of
the Neanderthals and the expansion of the Moderns, some
of the hypotheses regarding this process are likely to be
corroborated. Climatic variability during cold periods
probably acted as a ‘‘territory cleanser’’, thus favouring a
subsequent colonization by Moderns. Stable ‘‘frontiers’’
could be expected when hospitable conditions prevailed. It
is likely that the most important episodes of replacement
took place over relatively short periods, coinciding with
adverse climatic conditions. For as yet unknown reasons,
these areas were apparently more successfully recolonized
by Moderns during subsequent periods of hospitable
conditions. Therefore, the temporal–spatial location of
the outcrops may play a major role in confirming climatic
influence. North Africa also deserves particular attention,
since chronological patterns could have been similar and
disappearances may have been simultaneous.

5. Conclusions

Geochemical and mineralogical proxies show evidence of
significant paleoenviromental changes in the WMS at time
of Neanderthal extinction. Comparisons of different
records suggest that from 250 ky down to 24 kyBP, the
most extreme conditions in WMS were reached between 24
and 25 ky cal BP. Climatic changes apparently affected the
number and distribution of Modern and Neanderthal sites
in southern Iberia. Especially high values in millennial
Baexcess var. (BA events) are well correlated with some of
the changes in the number of sites and in replacements of
industries. Cold, arid and highly variable conditions could
be associated with the penetration and presence of Modern
industries. This suggests that climatic variability during
cold periods in the non-analogue MIS 3 could have
affected Neanderthal populations, thus promoting weak-
ness, isolation or extinction. Indeed, the definitive disap-
pearance of Neanderthals could be linked with the
unfavourable conditions during BA1 (22.5–25.5 ky cal BP).
Please cite this article as: Jiménez-Espejo, F.J., et al., Climate forcing and Nea
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However, in order to further clarify the causes of this
disappearance, more in-depth studies should be carried out
on outcrops in southern Iberia and North Africa.
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historia de la vegetación cuaternaria en España a través del análisis

polı́nico: viejas falacias y nuevos paradigmas. Complutum 11,

115–142.
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Jiménez-Espejo, F.J., Martı́nez-Ruiz, F., Sakamoto, T., Iijima, K.,

Harada, N., 2006. Paleoenvironmental changes in the Baleraric basin

since the last glacial: linking western and eastern climate responses in

the Mediterranean. Palaeogeography, Palaeoclimatology, Palaeoeco-

logy, doi:10.1016/j.palaeo.2006.10.005.

Jobling, M.A., Hurles, M.E., Tyler-Smith, C., 2004. Human Evolutionary

Genetics: Origins, Peoples & Disease. Garland Science, New York.

Kirsch, H.J., 1991. Illite crystallinity: recommendations on sample

preparation, X-ray diffraction settings, and interlaboratory samples.

Journal of Metamorphic Geology 9, 665–670.

Lahr, M.M., Foley, R., 1998. Towards a theory of modern human origins:

geography, demography, and diversity in recent human evolution.

Yearbook of Physical Anthropology 41, 137–176.

Lawler, I.R., Foley, W.J., Woodrow, I.E., Cork, S.J., 1997. The effects of

elevated CO2 atmospheres on the nutritional quality of Eucalyptus

foliage and its interaction with soil nutrient and light availability.

Oecologia 109, 59–68.

Llave, E., Schönfeld, J., Hernández-Molina, F.J., Mulder, T., Somoza, L.,

Diaz del Rio V. Sánchez-Almazo, I., 2006. High-resolution strati-

graphy of the Mediterranean outflow contourite system in the Gulf of

Cadiz during the late Pleistocene: the impact of Heinrich events.

Marine Geology 227, 241–262.

Magri, D., Parra, I., 2002. Late Quaternary western Mediterranean pollen

records and African winds. Earth and Planetary Science Letters 200,

401–408.

Mangini, A., Jung, M., Laukenmann, S., 2001. What do we learn from

peaks of uranium and of manganese in deep sea sediments? Marine

Geology 177, 63–78.

Marin, B., Giresse, P., 2001. Particulate manganese and iron in recent

sediments of the Gulf of Lions continental margin (north-western

Mediterranean Sea): deposition and diagenetic process. Marine

Geology 172, 147–165.

Markova, A.K., 1992. Influence of paleoclimatic changes in the middle

and Late Pleistocene on the composition of small mammal faunas:

data from Eastern Europe mammalian migration and dispersal. Events

in the European Quaternary. Courier Forschung-Institut Senckenberg

153, 93–100.

Martı́n, J.D., 2004. Qualitative and quantitative powder X-ray diffraction

analysis. URL:http://www.xpowder.com ISBN: 84-609-1497-6.

Martı́nez-Ruiz, F., Kastner, M., Paytan, A., Ortega-Huertas, M.,

Bernasconi, S.M., 2000. Geochemical evidence for enhanced produc-

tivity during S1 sapropel deposition in the eastern Mediterranean.

Paleoceanography 15, 200–209.

Martı́nez-Ruiz, F., Paytan, A., Kastner, M., González-Donoso, J.M.,
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