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CHAPTER 6

CONCLUSIONS

The main goal of this thesis-research was to provide a better geochronological
control of the Last Interglacial, or more specifically the Eemian, in north-western Europe
and to add to the palaeoenvironmental dataset of this period (see Introduction). During
the Late Pleistocene, north-western Europe, the region where the Eemian was defined,
was under the strong influence of glaciations which, in turn, had a profound effect on the
presence and absence of hominins in this area. This thesis-research aimed to contribute to
the long running debate on Neandertal (and other pre-modern hominins) environmental
tolerances, focused on the issue of their occupation of Last Interglacial environments in
Europe (e.g. Gamble, 1986; Gamble, 1987; Roebroeks et al., 1992; Roebroeks and Speleers,
2002). For this, detailed palaeomagnetic and environmental studies were carried out at
the “interglacial” sites of Neumark Nord 2 (Germany), Rutten, (the Netherlands) and
Caours (France). Neumark-Nord 2 and Caours (figure 1) were selected because of the
presence of Neandertal archaeology in association with sediments thought to have been
deposited during the Last Interglacial, a key period in the study of Neandertal adaptations,
as explained in the introduction to this thesis (e.g. Gamble, 1986; Gamble, 1987; Roebroeks
etal, 1992).

During the Last Interglacial, we can find a global stratigraphic marker, the Blake
Event, the focus of this study (see Chapter 1). This palaeomagnetic event is recorded in
both marine and terrestrial sediments (e.g. Baltrunas et al.,, 2013; Bourne et al., 2012;
Osete et al,, 2012; Smith and Foster, 1969; Thouveny et al., 2004) and has been found in
settings which allows direct correlation with the MIS curve (Bourne et al., 2012; Channell
etal, 2012; Tucholka etal., 1987). Our palaeomagnetic studies at Neumark Nord 2, Rutten
and Caours have provided a strong indication for the presence of a palaeomagnetic event.

This data, in combination with new or published direct and indirect dating methods for
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Figure 1.
Location map with the sites of Caours (France), Rutten (The Netherlands) and Neumark (Germany).
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the sites at stake has led us to conclude that the palaeomagnetic event identified at the
three sites was indeed the Blake Event (See chapters 2, 4 and 5). Through the combination
of a wide range of methods, including palaeomagnetism and palynology it was possible to
establish better age control and palaeoenvironmental constraints for these sites.

In addition, this study has provided new data of relevance for our understanding
of the relationships between developments recorded in the terrestrial and the marine
records. Finally, our results have contributed to a better knowledge of possible time lags
in the development of the Eemian vegetation in southern versus northern parts of Europe
(see below).

For all the studied sites the inferred Eemian sensu stricto age was confirmed (see
chapters 2 and 4). At Rutten and at Neumark Nord 2 the Eemian age was confirmed via
the identification of the typical pollen sequence for this period (Bakels, 2012; Sier et al.,
in prep; Sier et al, 2011; Strahl et al,, 2010), while at Caours the Eemian was identified
indirectly (see below and chapter 5). At Neumark Nord 2, pollen studies identified the
virtually complete Eemian vegetation succession, (Bakels, 2012; Sier et al., 2011; Strahl

etal, 2010).
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In relation to our research questions, the main conclusions of this thesis are (see

also figure 2):

1. At all three sites a zone with excursional palaeomagnetic directions has been
identified. In combination with the dating evidence obtained at the sites, these

zones have been identified as the Blake Event (see chapters 2, 4 and 5).

2. The Blake Event was directly correlated to the pollenzones of the Eemian sensu
stricto in north-western Europe at Rutten and in central Europe at Neumark
Nord 2 (Chapter 2 and 4).

This correlation was possible because we identified both the Eemian pollenzones
and the palaesomagnetic excursion within the Rutten core and within the Neumark
Nord 2 section. This enabled a direction correlation between the palynological and

palaeomagnetic data.

3. Innorth-western and central Europe, the lower boundary of the Blake Event is

positioned below the first Eemian pollenzone.

In both Rutten and Neumark Nord 2 excursional directions of the Blake Event are
found below the lower boundary of the Eemian (see chapter 2 and 4). This leads to
the simple observation, crucial for our correlation, that the lower boundary of the
Blake Event is older (estimated at a few hundreds of years at NN2) than the lower

boundary of the Eemian in central and north-western Europe.

4. Theupper boundary of the Blake Event is situated within pollenzone EVI (sensu
Menke and Tynni, 1984), and might extend into the early Weichselian. Future
study of an undisturbed EVI pollenzone and early Weichselian might clarify the

true location of the Blake Event upper boundary.

At Neumark Nord 2 the upper boundary of the Blake Event was positioned within
pollenzone EIV (sensu Menke and Tynni, 1984) on the basis of the quality of the
ChRM directions. However, at Rutten the excursional directions are found up to
the hiatus that caps of the Eemian sediments (see chapter 4). This implies that

the minimum duration of the Blake Event is similar in length as the Eemian up to
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pollenzone EVI, or even the duration of the complete Eemian and possibly into the

Weichselian.

5. The Blake Event has a minimum duration similar to the duration of the Eemian
up to pollen zone EVI in north-western and central Europe. For this region a
minimum duration for the Eemian of ~6000 years (Hahne et al., 1994; Miiller,
1974) has been confirmed, with its total duration estimated at ~11000 years
(Miiller, 1974).

The generally accepted duration estimate of the Eemian in north-western and
central Europe is the one of Miiller (1974). This estimate was partly based on varve
counting and on extrapolation by using an estimated sedimentation rate. Since the
study of Miiller (1974), more varve counting has been done on different pollenzones
by Hahne and colleagues (1994). We used the counted varves of around 6000 as
the minimum duration of the Eemian and the estimation of Miiller (1974) as an

arbitrary upper limit for the duration.

6. The ChRM directions of the Blake Event at all three sites are dominated by
south and down ChRM directions. This means that the orientation of a compass
during the Blake Event would have been pointing towards the south but that
the dip of that same compass was dipping down. This direction of dipping
is normally associated with a northward pointing compass in the northern

hemisphere.

The ChRM directions of the Blake Event at all three sites are dominated by south
and down ChRM directions which are indicative of a non fully dipole field. This
finding contrasts with the results obtained in other regions where fully reversed
directions have been identified (e.g. Bourne et al., 2012; Smith and Foster, 1969),
and becomes an important observation for future studies of the directions of the
earth’s magnetic field during the Eemian. This might also explain why the Blake
Event was not observed in some non orientated cores (e.g. van Leeuwen et al,,

2000), as its identification is more dependent on inclination of the ChRM direction.
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7. The Eemian in north-western and central Europe is now directly correlated to
the MIS record via the Blake Event (see figure 2), and is entirely situated after

the MIS 5e peak of the marine record (Sier et al. 2011).

Figure 2.

Stacked 5'0-LR04 record (Lisiecki and Raymo, 2005) from 140 to 100 ka, using the Ziegler et. al. (2010) time scale,
with the positions of sapropel 5, the duration of the Blake Event at Neumark Nord 2 and Rutten and the (central and
north-western European) Eemian interglacial. The Eemian duration in orange is fading from the minimum duration of
counted varves to the estimate of Miiller (1974).
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The Blake Event was identified in all the studied sites by palaeomagnetic analysis
of their sediments in combination with a wide variety of dating methods. All these
methods, ranging from pollen analysis, bio-stratigraphy and different types of
luminescence, allindicated a Last Interglacial age range. Due to the global registration
of the Blake Event in both marine and terrestrial sediments, it was possible to make
a correlation between the terrestrial and marine interglacial record. Via the Blake
Event we were able to position the north-western and central European Eemian
within the MIS record. Prior to the study presented here, only the Eemian record of
Iberia had been correlated to the marine record in off shore deposits in southern

Europe (Sanchez-Goiii et al., 1999).

8. The onset of the Eemian in north-western and central Europe is delayed by 4 to

5 ka compared to the onset of the Eemian in southern Europe.

Our first correlation between the MIS record and the Eemian was done on the
basis of new data from Neumark Nord 2 and work published by many others (for
details see chapter 2). We identified a large time-lag between our correlation and
the Iberian correlation made by Sanchez-Gofii and colleagues (1999). In their
study, Sanchez-Goiii et al. (1999) situated the beginning of the Eemian at 5000
to 6000 years after the onset of MIS 5e (Sanchez-Goiii et al.,, 1999; Shackleton et
al,, 2002; Shackleton et al,, 2003). Our study of the Neumark Nord 2 dataset, in
combination with a review of published data, suggests that the onset of the Eemian
in north-western and central Europe, dates to around 5000 years after the onset of
the Eemian in southern Europe (Sier et al., 2011). This hypothesis has been tested
at the site of Rutten, situated in the region of the type locality of the Eemian. Both
the Neumark data and the Rutten evidence, as presented in this thesis, indicate a
significant time lag, of about 10.000 years, between the beginning of MIS 5e and
the beginning of the Eemian. We came to this conclusion by matching the Eemian
pollen signal of the Neumark Nord 2 site with the MIS curve via the Blake Event.
Many identified Blake Event records have been matched to the global MIS curves
(e.g. Channell et al.,, 2012; Tric et al,, 1991) with nearly all situating the Blake Event
on the declining side of the MIS 5e to MIS 5d curve. However, in the Mediterranean
record published by Tric and colleagues (1991), the Blake Event, well-positioned
on the MIS curve, was identified just above the sapropel S5 (Tric et al.,, 1991). This
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sapropel has been well dated from 121.4 to 129.5 ka (Ziegler et al., 2010). Using
the sapropel ages we were able to estimate the lower boundary of the Blake Event
ataround 121 * 0.5 ka (Sier et al,, in prep; Sier et al,, 2011). The main results of the

Rutten and Neumark Nord 2 studies presented in this thesis are visualized in figure 2.

It is important to note that the position of the onset of Eemian after the MIS 5e peak
is age-model independent. The beginning of the Blake Event has been recorded
above the sapropel S5 and the onset of the Eemian is situated in Neumark Nord 2

above the onset of the Blake Event.

9. Provided that stratigraphy can constrain the position of deposits between late
Saalian and Weichselian, the Blake Event can serve as coarse scale chronostra-
tigraphic (~10.000 years) and palaeoenvironmental marker for the Eemian

sensu stricto.

10. Using the Neumark Nord 2 and Rutten data, we have obtained an indirect
confirmation of the inferred Eemian sensu stricto age of the Caours site (France)

through the recording of the Blake Event (Chapter 5).

At the archaeological site of Caours we were not able to contribute to the dataset
of marine terrestrial correlation of the Eemian, as no well-preserved pollen
assemblages have been identified there. However, our study did contribute to a better
age control of the archaeological levels. The site of Caours was already identified
as Last Interglacial of age (e.g. Antoine et al., 2006; Bahain et al., 2010). Through
our identification of the Blake Event, we were able to restrict the age of Caours to
the Eemian sensu stricto, due to the establishment of the close relationship of the
Eemian as defined by Zagwijn (1961) and the Blake Event at Rutten and Neumark
Nord 2 (Sier et al,, in prep; Sier et al., 2011).

11. Our data suggests that at the studied sites delayed acquisition of the

palaesomagnetic signal did not occur.
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For our correlation to be valid, it is not only important to have high quality data
regarding the position of the Blake Event with respect to the deep sea record, but we
firstly needed to exclude the possibility of delayed acquisition of the palaeomagnetic
signal. Delayed acquisition in the Mediterranean record used in our studies would
signify an even larger time gap, as this would increase the gap between the MIS 5e
peak and the Blake Event (SI Sier et. al, 2011). Furthermore, the position of the
Blake Event in the MIS record is well established, as discussed in chapter 4 of this
thesis. Delayed acquisition at both Rutten and the Neumark Nord 2 site could have
serious consequences for our main conclusions, as visualized in figure 2. The delayed
acquisition could, in theory, be responsible for the observed north-south lag-time of
the Eemian. Our study indicated that for both the Rutten as for the Neumark Nord
2 delayed acquisition of the Blake Event can be excluded (for details see chapters
2, 3 and 4). As seen in chapter 3, the rock-magnetic study of the Neumark Nord 2
sediments is very comparable to the local pollen signal, which constitutes a good

indication for an in situ palaeomagnetic signal.

12. Fully interglacial human occupation in central Europe (Roebroeks et al., 1992)
is confirmed by the position of the Neumark Nord 2 main find horizon within

the Eemian pollen zonation.

The main find horizon of the Neumark Nord 2 site is situated in pollen zone Va2
(sensu Menke and Tynni, 1984) indicating a fully interglacial environment. This
position in the Eemian pollen zonation re-affirms the presence of Neandertals in
fully interglacial central Europe as already indicated by Roebroeks and colleagues
(1992). However, a study by Bakels (2012) indicated that the surrounding of the
Neumark Nord 2 basin was relatively open (see also SI Sier et.al,, 2011 and chapter
3).Itis true that due to taphonomic reasons, site preservation is higher in lacustrine
or fluviatile settings but it cannot be excluded that Neandertals avoided the “dense
forest” parts of interglacial environments. This means that more than 20 years after
the Gamble and Roebroeks (Gamble, 1986; Gamble, 1987; Roebroeks et al., 1992)
Eemian occupation of northern Europe debate (see introduction of this thesis) the
character of Neandertal presence in northern Europe in an interglacial context is

still not completely understood.
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13. At the time of Neandertal Last interglacial presence at Caours, and also at
Neumark Nord 2, access to England was blocked by high sea-levels in the English
Channel. This can be concluded by the position of the Caours occupation on the

global MIS curve.

Another interesting conclusion resulting from this thesis is related to the timing of
the occupation of the site of Caours in regard to former sea levels. As discussed in
chapter 1 and chapter 4, a puzzling issue in the debate on Neandertal occupation
of northern Europe during the Eemian is the absence of Neandertal sites of last
interglacial age in Great Britain. In this study, we were able to correlate the Eemian
to the global MIS curve and situated both Neumark Nord 2 and Caours well after
the MIS 5e global high sea level stand. This implies that during these occupations,
easy access to the British Isles was blocked by the fully developed English Channel.
We cannot reject the hypothesis that Great Britain lacked the preferred habitat of
Neandertals, as suggested by Ashton (2002) as one of the two possible hypotheses
to explain the absence of Neandertal occupation in Great Britain during that period.
However, the timing of occupation at Caours (as well as at Neumark Nord 2) as
known so far, suggests that high sea levels played an important role, making the
missed “window of opportunity” for the crossing into Great-Britain a more likely

explanation for their absence (Ashton, 2002).
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Implications outside the scope of this thesis
and directions for future research

The hypotheses developed in this thesis research regarding position and timing of
the Eemian have consequences for various models of palaeoclimate reconstructions (e.g.
Sanchez Goiii et al., 2012) and isostatic modelling of the earth crust after deglaciation
of northern Europe (e.g. Lambeck et al.,, 2006; Sanchez Gofii et al., 2012). These models
assume a much smaller lag-time between the Eemian interglacial in southern and
northern Europe than the one suggested here. It could be interesting to make a systematic
assessment of the consequences of the lag-time proposed in this thesis for these models.

Another aspect worth investigating is the development of the Eemian lag-time in
a larger geographical context. For example, how does the lag develop over a north to
south transect? Do we have a linear development of the lag, which would suggest a steady
pace migration of the Eemian vegetation from south to north? Or can we observe a fast
migration of the Eemian to one or more spatial thresholds that first need to be overcome
before further migration of the vegetation can occur? If thresholds indeed exist, are these
climatic, geographic or of other type? Needless to say, one or the other outcome would
have different implications for our thinking about past vegetation and climate change and
hence, on the climatic models now in use to predict future changes.

As mentioned in the introduction of this thesis, the Amsterdam borehole section
has been proposed as the type section for the Middle to Late Pleistocene boundary
(Gibbard, 2003; Gibbard et al., 2008). The conclusions of this research underlines that
this boundary is a diachronous one; hence, it would be better to use the lower boundary
of the Blake Event as the boundary of the Middle to Late Pleistocene: this boundary
corresponds (more or less) with the lower boundary of the Eemian in the Netherlands
and when properly identified, it is not diachronous and it is retraceable in both marine
and terrestrial sequences.

Finally, once a proper framework of the development of the Eemian in the whole
of Europe has been established, we can start to systematically evaluate the patterns of
Neandertal presence and absence in this area, which will contribute to our understanding

of hominin behavior on a large European scale.



221 CONCLUSIONS



CHAPTER 6 222

References

Antoine, P, Limondin-Lozouet, N., Auguste, P, Locht, ]. L., Galheb, B., Reyss, |, Escudé, E.,
Carbonel, P, Mercier, N., Bahain, . ]., Falguéres, C., and Voinchet, P. (2006). Le tuf de
Caours (Somme, France) : mise en évidence d’'une séquence eemienne et d'un site
paléolithique associé. Quaternaire 17, 281-320.

Ashton, N. (2002). Absence of human in britain during the last interglacial (oxygen isotope
stage 5e). In “Publications du CERP” (A. Tuffreau, and W. Roebroeks, Eds.), pp.
93-103. Université des sciences et technologies de Lille, Villeneuve-d’Ascq, France.

Bahain, . ]., Falguéres, C., Dolo, ]. M., Antoine, P, Auguste, P, Limondin-Lozouet, N., Locht,
J. L., Tuffreau, A., Tissoux, H., and Farkh, S. (2010). ESR/U-series dating of teeth
recovered from well-stratigraphically age-controlled sequences from Northern
France. Quaternary Geochronology 5, 371-375.

Bakels, C. (2012). Non-pollen palynomorphs from the Eemian pool Neumark-Nord 2:
Determining water quality and the source of high pollen-percentages of herbaceous
taxa. Review of Palaeobotany and Palynology 186, 58-61.

Baltrunas, V., Seiriene, V., Molodkov, A., Zinkute, R., Katinas, V., Karmaza, B., Kisieliene,
D., Petrosius, R., Taraskevcius, R., Piliciauskas, G., Schmolcke, U, and Heinrich,
D. (2013). Depositional environment and climate changes during the late
Pleistocene as recorded by the Netiesos section in southern Lithuania. Quaternary
International 292, 136-149.

Bourne, M., Mac Niocaill, C.,, Thomas, A. L., Knudsen, M. F, and Henderson, G. M. (2012).
Rapid directional changes associated with a 6.5 kyr-long Blake geomagnetic
excursion at the Blake-Bahama Outer Ridge. Earth and Planetary Science Letters
333-334, 21-34.

Channell, J. E. T, Hodell, D. A, and Curtis, J. H. (2012). ODP Site 1063 (Bermuda Rise)
revisited: oxygen isotopes, excursions and paleointensity in the Brunhes Chron.
Geochemistry Geophysics Geosystems 13, Q02001.

Gamble, C. (1986). “The Palaeolithic settlement of Europe.” Cambridge University Press,
Cambridge.

Gamble, C. S. (1987). Man the shoveler: Alternative models for Middle Pleistocene
colonization and occupation in Northern latitudes. In “The Pleistocene old world.

Regional perspectives.” (O. Soffer, Ed.), pp. 81-98. Plenum Press, New York.



223 CONCLUSIONS

Gibbard, P. L. (2003). Definition of the Middle-Upper Pleistocene boundary. Global and
Planetary Change 36, 201-208.

Gibbard, P.L., Cohen, K. M., and Ogg, ]. G. (2008). Quaternary Period. In “The concise Geologic
Time Scale.” (J. G. Ogg, G. Ogg, and F. M. Gradstein, Eds.), pp. 178, Cambridge.

Hahne, J., Kemle, S., Merkt, J., and Meyer, K.-D. (1994). Eem-, weichsel- und saalezeitliche
Ablagerungen der Bohrung "Quakenbriick GE2. Geologisches Jahrbuch A 134,
9-69.

Lambeck, K., Purcell, A., Funder, S., Kjaer, K., Larsen, E., and Méller, P. (2006). Constraints
on the Late Saalian to early Middle Weichselian ice sheet of Eurasia from field data
and rebound modelling. Boreas 35, 539-575.

Lisiecki, L. E., and Raymo, M. E. (2005). A Pliocene-Pleistocene stack of 57 globally
distributed benthic d180 records. Paleoceanography 20, PA1003.

Menke, B., and Tynni, R. (1984). Das Eeminterglazial und das Weichselfriihglazial von
Rederstall/Dittmarschen und ihre Bedeutung fiir die mitteleuropdische Jungpleis-
tozéngliederung. Geologisches Jahrbuch A76, 3-120.

Miiller, H. (1974). Pollenanalytische Untersuchungen und Jahresschitenzdhlungen an
der eem-zeitlichen Kieselgur von Bispingen/Luhe. Geologisches Jahrbuch A21,
149-169.

Osete, M.-L., Martin-Chivelet, ., Rossi, C., Edwards, R. L., Egli, R., Mufioz-Garcia, M. B., Wang,
X., Pavén-Carrasco, F. ., and Heller, F. (2012). The Blake geomagnetic excursion
recorded in a radiometrically dated speleothem. Earth and Planetary Science
Letters 353-354, 173-181.

Roebroeks, W, Conard, N. J., and van Kolfschoten, T. (1992). Dense Forests, Cold Steppes, and
the Palaeolithic Settlement of Northern Europe. Current Anthropology 33, 551-586.

Roebroeks, W, and Speleers, B. (2002). Last interglacial (Eemian) occupation of the North
European plain and adjacent areas. In “Publications du CERP” (A. Tuffreau, and
W. Roebroeks, Eds.), pp. 31-39. Université des sciences et technologies de Lille,
Villeneuve-d’Ascq, France.

Sanchez-Goii, M. F, Eynaud, F, Turon, J. L., and Shackleton, N. J. (1999). High resolution
palynological record off the Iberian margin: direct land-sea correlation for the Last
Interglacial complex. Earth and Planetary Science Letters 171, 123-137.

Sanchez Goni, M. F, Bakker, P, Desprat, S., Carlson, A. E,, Van Meerbeeck, C. ]., Peyron, O, Naughton, E,
Fletcher; W. ], Eynaud, F, Rossignol, L., and Renssen, H. (2012). European climate optimum
and enhanced Greenland melt during the Last Interglacial. Geology 40, 627-630.



CHAPTER 6 224

Shackleton, N. J., Chapman, M., Sdnchez-Gofii, M. F, Pailler, D., and Lancelot, Y. (2002). The
Classic Marine Isotope Substage 5e. Quaternary Research 58, 14-16.

Shackleton, N. J., Sdnchez-Goiii, M. F, Pailler, D., and Lancelot, Y. (2003). Marine Isotope
Substage 5e and the Eemian Interglacial. Global and Planetary Change 36,151-155.

Sier, M. ], Peeters, ]., Dekkers, M. ], Chang, L., Busschers, F. S,, Wallinga, ]., Parés, J. M., and
Roebroeks, W. (in prep). The Blake Event recorded near the Eemian Type locality,
revised timing of the onset of the Eemian in north western Europe.

Sier, M. J., Roebroeks, W., Bakels, C. C., Dekkers, M. ]., Briihl, E., De Loecker, D., Gaudzins-
ki-Windheuser, S., Hesse, N., Jagich, A, Kindler, L., Kuijper, W. ]., Laurat, T., Miicher,
H. ], Penkman, K. E. H,, Richter, D., and van Hinsbergen, D. ]. ]. (2011). Direct
terrestrial-marine correlation demonstrates surprisingly late onset of the last
interglacial in central Europe. Quaternary Research 75, 213-218.

Smith, J. D., and Foster, J. H. (1969). Geomagnetic Reversal in Brunhes Normal Polarity
Epoch. Science 163, 565-567.

Strahl, J., Krbetschek, M. R, Luckert, J., Machalett, B.,, Meng, S., Oches, E. A, Rappsilber, I.,
Wansa, S., and Zéller, L. (2010). Geologie, Paldontologie und Geochronologie des
Eem-Beckens Neumark-Nord 2 und Vergleich mit dem Becken Neumark-Nord 1
(Geiseltal, Sachsen-Anhalt). Quaternary Science Journal 59, 120-167.

Thouveny, N., Carcaillet, ]J., Moreno, E. Leduc, G., and Nérini, D. (2004). Geomagnetic
moment variation and paleomagnetic excursions since 400 kyr BP: a stacked
record from sedimentary sequences of the Portuguese margin. Earth and Planetary
Science Letters 219, 377-396.

Tric, E.,, Laj, C., Valet, J., Tucholka, P, Paterne, M., and Guichard, F. (1991). The Blake
geomagnetic event: transition geometry, dynamical characteristics and
geomagnetic significance. Earth and Planetary Science Letters 102, 1-13.

Tucholka, P, Fontugne, M., Guichard, F, and Paterne, M. (1987). The Blake magnetic
polarity episode in cores from the Mediterranean Sea. Earth and Planetary Science
Letters 86, 320-326.

van Leeuwen, R. ]. W, Beets, D. ], Bosch, ]. H. A, Burger, A. W,, Cleveringa, P, van Harten,
D., Waldemar Herngreen, G. F, Kruk, R. W, Langereis, C. G., Meijer, T., Pouwer, R,,
and de Wolf, H. (2000). Stratigraphy and integrated facies analysis of the Saalian
and Eemian sediments in the Amsterdam-Terminal borehole, the Netherlands.
Netherlands Journal of Geosciences 79, 161-196.



225 CONCLUSIONS

Zagwijn, W. H. (1961). Vegetation, climate and radiocarbon datings in the late Pleistocene
of the Netherlands: I. Eemian and Early Weichselian, Nieuwe Serie. Mededelingen
van de Geologische Stichting 14, 15-45.

Ziegler, M., Tuenter, E., and Lourens, L. J. (2010). The precession phase of the boreal
summer monsoon as viewed from the eastern Mediterranean (ODP Site 968).

Quaternary Science Reviews 29, 1481-1490.



