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Abstract: In Schleswig-Holstein detailed petrographical and palynological studies were undertaken with samples from exposures and core
drillings examined over the last four decades. Analyses of the gravel fraction and ‘indicator rocks’ of glacial deposits were used for
stratigraphical interpretations and correlation. Glaciofluvial sediments were dated by TL and OSL. Combined with the stratigraphi-
cal information from organic deposits, a new climato-stratigraphic table of the Pleistocene for Schleswig-Holstein with a revised
subdivision of the Middle and Late Pleistocene could be established. The pollen sequence of the oldest Pleistocene warm phase
(Warmhorn-Thermomer) is published for the first time. The complete Early Pleistocene and lower Middle Pleistocene stratigraphi-
cal sequence is documented at Lieth and at Gorleben (Lower Saxony) in two continuous successions of organic beds developed
during warm phases alternating with cold phase deposits. The uppermost part of the Lieth succession and the lowermost part of
Gorleben overlap. The combined succession provides a unique reference for correlations through Europe.

No more than three cold stages involving glaciation are demonstrated to exist currently in Schleswig-Holstein, the Elsterian and
the Saalian in the upper Middle Pleistocene, and the Weichselian in the Late Pleistocene. A possible pre-Elsterian glaciation is dis-
cussed. The Holsteinian is correlated with MIS 9e. The Saalian includes a lower part with non-glacial cold phases and warm phases,
the ‘Wacken-Warmzeit’ (=Démnitz) and the ‘Leck-Warmzeit’ correlated with MIS 7e and MIS 7c respectively, and a glacial upper
part. During the Weichselian probably two phases of glaciation existed, the first in the early Middle Weichselian (‘Ellund-Phase’;
late MIS 4 or/and the early MIS 3), the second in the Upper Weichselian (MIS 2). The Weichselian glaciation of Schleswig-Holstein
ends around 15 ka BP when huge stagnant and dead ice masses of the Young Baltic glacier advance (‘Mecklenburg-Phase’) melted.

Klimastratigraphische Gliederung des Pleistozéns in Schleswig-Holstein, Deutschland und angrenzenden Gebieten -
Stand und Probleme

Kurzfassung: In Schleswig-Holstein wurden in den zuriickliegenden vier Jahrzehnten detaillierte Untersuchungen an Probenmaterial aus Auf-

schliissen und Kernbohrungen durchgefiihrt. Analysen der Kiesfraktion und von ,Leitgeschieben® aus glazialen Ablagerungen
wurden fiir die Interpretation und Korrelation genutzt. Glazifluviatile Sedimente wurden TL- und OSL-datiert. Zusammen mit
der stratigraphischen Information aus organischen Ablagerungen konnte eine neue klimatostratigraphische Tabelle des Pleistozans
fiir Schleswig-Holstein mit revidierter Gliederung des Mittel- und Oberpleistozéns erstellt werden. Die Pollensequenz der &ltesten
pleistozdnen Warmzeit (Warmhorn-Thermomer) wird erstmals veroffentlicht. Das Unterpleistozin (Altpleistozén) und das untere
Mittelpleistozan sind bei Lieth und bei Gorleben (Niedersachsen) in zwei kontinuierlichen Schichtfolgen vollstdndig dokumentiert,
abgelagert in einem Wechsel von warmen und kalten Klimaphasen. Der oberste Abschnitt der Abfolge von Lieth und der unterste
der Abfolge von Gorleben iiberlappen. Die kombinierte Abfolge bietet ein einzigartiges Referenzprofil fiir Korrelationen innerhalb
Europas.
Bisher wurden in Schleswig-Holstein nur drei Kaltzeiten mit Vergletscherungen nachgewiesen, Elster- und Saale-Kaltzeit im oberen
Mittelpleistozan und die Weichsel-Kaltzeit im Oberpleistozén. Eine mogliche pré-elsterzeitliche Vergletscherung wird diskutiert.
Die Holstein-Warmzeit wird mit MIS 9e korreliert. Das Saale umfasst einen unteren Abschnitt mit nicht-glaziaren Kaltzeiten
und mit Warmzeiten, der ,Wacken-Warmzeit' (=Démnitz) und der ,Leck-Warmzeit', korreliert mit MIS 7e und MIS 7c, und einen
glazidren oberen Abschnitt. Wahrend des Weichsel gab es wahrscheinlich zwei Phasen mit Vergletscherung, die erste im frithen
Mittelweichsel (,Ellund-Phase’, spates MIS 4 oder/und frithes MIS 3), die zweite im oberen Weichsel (MIS 2). Die weichselzeitliche
Vergletscherung Schleswig-Holsteins endet um 15 ka BP, als grof3flachige stagnierende Eisflachen und Toteismassen des Jungbalti-
schen Gletschervorstofies (‘Mecklenburg-Phase’) schmolzen.

Keywords: Pleistocene, climato-stratigraphic table, correlations, Schleswig-Holstein

Address of author: ~ H-J. Stephan, Kohlstr. 3, 24159 Kiel. E-Mail: hjuergenstephan@t-online.de

1 Introduction nary stratigraphy of the Netherlands and the Lower Rhine
area and has been revised as a consequence of recent OSL
The paper outlines the evidence for the Pleistocene of and *°Th/U dates of deposits from Schleswig-Holstein and
Schleswig-Holstein, Germany. It presents a stratigraph- Lower Saxony. The oldest part of the Pleistocene sequence
ic scheme that is based on a correlation with the Quater- in Schleswig-Holstein is the ‘Lieth-Serie’ Beds (MENKE 1970,
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Fig. 1: Location map. El = Ellund, Go = Gorleben, Ke = Keller, Le = Leck,
Li = Lieth, Ol = Oldenswort, Wa = Wacken.

ADbb. 1: Lagekarte.

1975) (Fig. 2, 3). In the neighbourhood (northeastern Lower
Saxony), according to palynological investigations on cores
from the top of the Gorleben salt dome (Fig.1) by MULLER
(1986, 1992), the upper part of the ‘Lieth-Serie’ (Fig. 3: ‘Dann-
esch-Komplex’) is found again, however, there as the lowest
part of the very long sequence of Gorleben. The ‘Dannesch-
Komplex’ is followed by the pre-Elsterian middle part of
the Gorleben succession, here named ‘Gorleben-Complex’.
Evidence is presented for Elsterian, Saalian and Weichselian
glaciations (cf. BENDA 1995; EHLERs et al. 2004) which ap-
pear to be characterized by a cyclic pattern of ice-flow direc-
tions. It is suggested that ice advanced first from a northerly
or northeasterly direction, to be succeeded by an ice stream
from the east (e.g. WENNBERG 1949; WOLDSTEDT & DUPHORN
1974; EISSMANN & MULLER 1979). Northeast and eastward
sourced ice reached North Germany in all glaciations, but
there is evidence for ice from the north only during the El-
sterian Glaciation. Each glaciation is represented by several
ice advances (Fig. 3, blue arrows at the right), which more or
less differ in source area, flow direction, extent and composi-
tion of their deposits. German terms are given in quotation
marks or — for better understanding — occasionally added
in paraphrases behind the English terms. For cold phases
(German: Kaltzeit) often the neutral term ‘kryomer’ is used
(cf. LUTTIG 1965, MENKE 1980, MULLER 1992: kryomere), for
warm phases the term ‘thermomer’ (German: Warmzeit).
The term ‘interglacial’ is only used in citations, because none
of the described thermomers seem to have separated glacia-
tions.

All important sites mentioned in the text are given in Fig. 1.

2 Early Pleistocene [Lower Pleistocene)

The evidence for the ‘Lieth-Serie’ is recorded in a former
limestone pit at Lieth in Holstein. The depositional site is a
sinkhole on top of a salt dome and the sediments consist of
a succession of lignite-like organic beds separated by sandy
units. Palynological and stratigraphic investigations were
carried out on the organic units by MENKE (1970, 1975) re-
vealing gyttjas and a boreal Sphagnum-Ericales-peat. MEN-
KE correlated the ‘Lieth-Serie” with the Quaternary sequence
of the Netherlands (ZAGwrN 1960, 1963) and suggested
that it is part of the Early Pleistocene (Fig. 2) and named it
‘Altestquartér’ beginning at c. 2.6 Ma BP. [This age has only
recently been formally fixed as the base of the Pleistocene by
the TUGS (HEAD et al. 2010)]. Later MENKE (cf. STEPHAN &
MENKE 1993) additionally compared it with Early Quaterna-
ry deposits of the Lower Rhine (URBAN 1978) and palynolog-
ical investigations published by Zacw1jN & DE JoNG (1984).
A full description of the stratigraphic members within this
succession is given briefly by BEHRE in LITT et al. (2007).

The lowest part of the ‘Lieth-Serie’ consists of fluvial
sands with some organic material in thin layers or streaks. In
its upper portion organic material is more frequent and silty
muds occur with pollen assemblages providing evidence for
a warm phase, named the ‘Warmhorn-Thermomer’. At Lieth
these deposits are disturbed by salt-tectonic processes and
are incomplete, but in a borehole from Oldenswort in west-
ern Schleswig-Holstein that succession was found well pre-
served, documented as a 40 m thick sequence (STEPHAN &
MENKE 1993). At this site, glacigenic Elsterian deposits cover
the sediments of the ‘Warmhorn-Thermomer’, however, only
their uppermost part has been eroded by the Elsterian gla-
cier. The main elements of the pollen spectra are depicted in
Fig. 4 and it can be seen that the typical Pliocene flora disap-
pears at the base of the Quaternary. The break begins with
the ‘Kaltenhorn-Kaltzeit’ which is the first cold phase (Kryo-
mer) of the Lieth succession and the overlying organic beds
reveal a stepwise decrease of ‘exotic’ pollen (Tertiary relics).
STEPHAN & MENKE (1993) used this vegetational evidence to
derive a temperature curve (Fig. 2). The coldest phase of the
Early Pleistocene seems to have been the ‘Ekholt cold phase’
(‘Ekholt-Kaltzeit’). During this and other cold phases coarse
sandy fluvial sediments were deposited over large areas of
Northwest Germany, presumably in a subarctic environ-
ment. These deposits are exposed on the island of Sylt where
they are known as the upper part of the ‘Kaolinsand’. This
unit contains sand blocks that could only have been trans-
ported in a frozen state and are considered to be indicators
for very cold winters. Likewise very angular quartzite blocks
within the ‘Kaolinsand’ indicate transport without edge
abrasion and therefore are considered to have been trans-
ported by ice floes (EHLERS 1987, vON HacHT 1987). Simi-
larities exist with a probably fluvial lag sediment exposed in
the Rehburger end moraine in Lower Saxony containing up
to boulder-sized Scandinavian erratics that are interpreted
as belonging to the ‘Complex of Hattem’ (EHLERS, MEYER &
STEPHAN 1984). Evidence of a glaciation in North Germany
at that stage has not been found.

The first warm phase of the ‘Gorleben Complex’, the ‘Os-
terholz-Warmzeit’, still belongs to the Early Pleistocene (cf.
LiTT et al. 2007: Beilage 1).
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Sediments of the ‘Gorleben-Complex’ are not yet known
from Schleswig-Holstein. They were preserved in a sinkhole
formed by subrosion, quite similar to the conditions at Lieth.
There, sediments of the ‘Gorleben Complex’ are underlain by
deposits of the ‘Dannesch Complex’ (= Bavelium) comprising
the upper part of the Lieth sequence, including the Uetersen
warm phase, Elmshorn cold phase, Pinneberg warm phase
and Dorst cold phase.

Problems

The age of the ‘Lieth-Serie’ could not be determined by phys-
ical methods. Magnetostratigraphic investigations failed,
because magnetic grains in the sands between the organic
beds are extremely rare. The correlation with the Early Pleis-

tocene stratigraphy of the Netherlands as depicted in Fig. 2
and 3 seems questionable in some parts. In contrast to the
Lieth succession, the Dutch organic layers represent shorter
sequences with the organic beds showing hardly complete
vegetational development, and have not yet been found in
superposition.

In Fig. 3 the transition between the magnetostratigraphic
Matuyama and Brunhes chronozones is used as the bounda-
ry between the Early Pleistocene and the Middle Pleistocene,
as proposed by HEAD, PILLANS & FARQUHAR (2008). In this
case at least the first warm phase (‘Osterholz warm phase’)
and eventually also the second (‘Hunteburg warm phase’) of
the ‘Gorleben Complex’ would be regarded as Early Pleis-
tocene, as both show a reverse magnetization. L1TT et al.
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Fig. 3: Climato-stratigraphical table

of the Pleistocene in Schleswig-Hol-

stein. Last updated September 2010.
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(2007) include the second warm phase in the Middle Pleis-
tocene and suggest correlation with the Lishi-Event with a
reverse magnetization within the Brunhes chronozone, but
discuss an alternative inclusion in the Early Pleistocene.
From a vegetational point of view, the base of the cold phase
succeeding the ‘Osterholz warm phase’ would represent a
convincing boundary. After this cold phase the Tertiary relic
Eucommia did not return (HAHNE et al. 1994).

3 Middle Pleistocene

The Middle Pleistocene is divided into an upper succession
with glaciations and a lower non-glacial succession repre-
sented by the main part of the ‘Gorleben Complex’ (early
Middle Pleistocene) in Fig. 3. The sediments of this complex
were deposited during five major warm phases of intergla-
cial rank and 7 shorter and weaker warm phases of intersta-
dial character, interrupted by phases of cold but non-glacial

Last update : July 2010

climate (MULLER 1992). Two of the warm phases have not
been given names until now. The upper Middle Pleistocene
comprises the deposits of the Elsterian, the Holsteinian and
the Saalian.

Problems

The correlation of the early Middle Pleistocene of the well-
documented ‘Gorleben Complex’ with the units of the so-
called ‘Cromer Complex’ in Western Europe (ZAGWIN,
VAN MONTFRANS & ZANDSTRA 1971; ZAGWIJN 1996) is still
in discussion (e.g. URBAN in STEPHAN et al. 2011). It seems
to be not clear so far how to combine the 12 thermomers
of the ‘Gorleben Complex’, especially the 5 warm phases of
‘interglacial’ rank with the warm events of the ‘Gorleben
Complex’. The number of known Cromerian warm stages
in Western Europe is obviously incomplete yet. The same is
true regarding the early Middle Pleistocene deposits of East
Germany (e.g. EISSMANN 2004).
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Fig. 4: Simplified pollen diagram (selected species) of the ‘Warmhérn warm phase” ("Warmhérn-Warmzeit’) (Lower Pleistocene) above
Pliocene. Oldenswort drilling. Counts and original drawing by MENKE (without year). BP = pollen of trees and shrubs: 1 = Sequoia and
other typical Pliocene species, 2 = other thermophile species, 3 = boreal species, including Myricaceae. NBP = non-arboreal pollen: 4 =
herbs, 5 = Poaceae, Cyperaceae, 6 = Ericales.

ADbb. 4: Vereinfachtes Pollendiagramm (ausgewdhlte Arten) der “"Warmhérn-Warmzeit™ (Unter-Pleistozdn) iiber Pliozdn. Bohrung Old-
enswort. Zihlung und Originalzeichnung von MENKE (ohne Jahresangabe). BP = Pollen von Bidumen und Strduchern: 1 = Sequoia und
andere typisch pliozine Arten, 2 = andere Wirme liebende Arten, 3 = Boreale Arten, einschlieflich Myricaceae. NBP = Nichtbaumpollen:
4 = Krduter, 5 = Poaceae, Cyperaceae, 6 = Ericales.
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Elsterian (Elster Complex; Elster-Kaltzeit)

Deposits of the Elsterian are found close to the surface in
a relatively narrow fringe in eastern Germany, in other re-
gions in few elevated areas with only a thin cover of young-
er sediments and in some ‘geological windows’, or in dis-
turbed positions where Elsterian beds were thrust upwards
by younger glaciations. In most areas, however, Elsterian
deposits were more or less eroded by younger glaciations.
They are then most likely found in depressions and on the
shoulders of deeply incised tunnel valleys, sometimes com-
pletely filling the valleys. Based on the well-investigated
areas of Saxony, it was believed for a long time that there
were two larger ice advances during the Elsterian (LITT et al.
2007). However, in Schleswig-Holstein evidence was found
recently for three different till sheets, so that now a mini-
mum of three glacier advances is proved (cf. KRONBORG 1986
for Denmark ). During the youngest of these, a ‘Baltic ice
stream’ formed, with a source area in eastern Fennoscan-
dia (STEPHAN 2007: Goldelund-Formation). The Elsterian ‘red
till” described from eastern Lower Saxony (e.g. MEYER 1976)
probably belongs to this advance. Between the youngest gla-
cier advance and the preceding glaciations a short period
of subarctic climate with a regional decay of the ice sheets
seems probable (STEPHAN et al. 2011).

At the end of the Elster cold phase, glaciolacustrine ‘Lau-
enburg Clay’ or equivalent mostly fine-grained deposits are
found widespread in North Germany, especially on top of
the infill of tunnel valleys. Within this late glacial deposit
an early and short ingression of the sea is documented by
an arctic macrofauna in deep tunnel valleys of southwestern
Holstein (HinscH 1993) and in western Mecklenburg by arc-
tic species of foraminifera (MULLER & OBsT 2008). After this
event, probably due to fast isostatic uplift, the marine influ-
ence ceased. A second transgression occurred shortly before
the onset of the Holsteinian warm stage, but still under arctic
or subarctic conditions.

Due to its complex development the Elsterian is now of-
ten referred to as ‘Elster Complex’ (Fig. 3). The Elsterian is
correlated with MIS 10 (L1TT et al. 2007). Its age is indirectly

Fig. 5: The Lower Pleistocene Lieth suc-
cession in the Lieth open cast mine; dark
bands = brown coal-like organic beds,
white bands = sands (cf. EHLERS 1983,
Fig. 243). In front: Helmut Stremme (with
megaphone) and Burchard Menke. Pho-
tograph: H.-J. Stephan 1970.

Abb. 5: Die unterpleistozdine Lieth-Ab-
folge in der Grube Lieth; dunkle Lagen
= braunkohlenartige organische Ab-
lagerungen, weifSe Lagen = Sande (vgl.
EHLERs 1983, Fig. 243). Vorne Helmut
Stremme (mit Megaphon) und Burchard
Menke. Foto: H.-J. Stephan 1970.

determined by dating deposits of the youngest thermomer of
the ‘Gorleben Complex’ (‘Rhume-’ or ‘Bilshausen-Warmzeit’;
MULLER 1992) and of the Holsteinian (see below).

Problems

No older sediments of glacial origin than Elsterian have
been reliably found in North Germany so far. VINx, GRUBE
& GRUBE (1997), however, discuss an older till, found at the
base of the glacial sequence at Lieth. They regard this local
till as a ‘pre-Elster-1 Till’, because they interpret the overly-
ing clayey till as Elsterian-1. However, it has to be kept in
mind that Elsterian tills are extremely variable in composi-
tion, resulting from mostly strong reworking and incorpo-
ration of material from the local to regional subsurface. In
North Germany it is mainly reworked Tertiary material that
makes up the clayey, silty, and sandy till matrix. So, for in-
stance, the existence of an extremely sandy till of the sec-
ond glacier advance in northwestern Lower Saxony (MEYER
1976, 1987) does not exclude a clayey till of the same glacia-
tion phase deposited at Lieth. Both the first and the second
till and also the so-called ‘pre-Elster-1 till’ contain pebbles
and blocks from western Scandinavian source areas with a
distinctive component of rocks from the Oslo region.

It can, however, not be ruled out that North Germany
was reached by a pre-Elsterian glaciation. In Central Jut-
land (Denmark) ANDERSEN (1965) found ‘pre-Harreskovian’
glacial deposits including a clayey till. As the ‘Harreskov-
Thermomer’ — according to URBAN (in STEPHAN et al. 2011) -
correlates with the second thermomer of the ‘Gorleben Com-
plex’ (Hunteburg warm phase) at least north of the Danish/
German borderline an early Middle Pleistocene glaciation
is proved.

Hitherto no evidence for such old glaciation was found
in Schleswig-Holstein. However, erosion by Elsterian gla-
ciers and meltwater was obviously very strong. It seems
possible that deposits of an older glaciation were more or
less completely eroded during that period, perhaps with the
exception of some local remnants in protected depressions.
It is, for instance, not clear how the sediments below the
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organic bed of Surheide that has been correlated with the
Ferdinandovian by BEHRE (2004) must be interpreted. Ac-
cording to URBAN (in STEPHAN et al. 2011) the vegetational
history of the really warm ‘Surheide-Thermomer’ was found
to be similar to the ‘Hunteburg-Thermomer’. If this correla-
tion is correct and if the underlying sediments are glacial,
as believed, one must deduce a pre-Elsterian glaciation ex-
tending at least into northwestern Lower Saxony. It might
have reached North Germany as early as the end of the Early
Pleistocene or the onset of the Middle Pleistocene, i.e. much
earlier than ever thought previously. BEHRE alternatively
discusses the inclusion of the Ferdinandovian into the ‘Elster
Complex’ which would result in a much broader definition
of the term Elsterian.

The solution of this problem depends on a detailed inves-
tigation of the petrographical composition and origin of the
sediments below the organic bed of Surheide.

Hitherto it is not known whether the two Elsterian tills of
East Germany (WANsA in L1TT et al. 2007) can be correlated
with the tills found in Northwest Germany. It is also un-
known, how far the individual ice advances reached. The late
Elsterian ‘Baltic ice’ must have covered at least northwestern
and southern Lower Saxony where LUTTIG (e.g. 1999) and
MEYER (LUTTIG & MEYER 2002) found Elsterian tills with the
majority of erratics from more easterly source areas (‘Elster-
E-tills’) than deduced for other Elsterian tills.

Holsteinian (Holstein warm phase; Holstein-Warmzeit)
The ‘classical’ Holsteinian is well documented in North Ger-
many, and several detailed investigations of marine deposits
and non-marine organic beds have been published. Its name
was introduced by GEIKIE (1894: 441). He called the marine
deposits in southwestern Schleswig-Holstein ‘Holstein bed’.
Its lower and upper boundaries are clearly defined by INQUA
and the Subcommission on European Quaternary Stratigra-
phy (SEQS) (JErz & LINKE 1987). Type region is the Lower
Elbe area. According to *°Th/U-dating (GEYH & MULLER
2005), it is synchronous with Marine Isotope Stage 9 (MIS 9),
which is supported by ages of Infrared-Radiofluorescence
(IR-RF)-dated early Saalian sands (KRBETSCHEK, DEGERING
& ALEXOWSKY 2008; KRBETSCHEK & STEPHAN 2010) with
ages between 141 ka BP and c. 300 ka. IR-RF-dated ‘flaser
sands’ of the Wacken succession in western Holstein lying
between Holsteinian marine beds and sands of the Mehlbek
cold phase yielded an age of 296 + 21 ka (KRBETSCHEK &
STEPHAN 2010).

A brief definition and description of the Holsteinian is
given by L1TT (in LITT et al. 2007).

Problems

The age of the Holsteinian is increasingly debated. Sever-
al scientists, especially from western Europe, believe this
strong thermomer belongs to MIS 11 (cf. TURNER 1996, En-
LERS 2010). The question arises whether both, the ‘Holstein-
ian’ from western Europe and the Holsteinian from North
Germany, in fact describe different warm phases.

At Schoningen (brown coal mine) in Lower Saxony or-
ganic deposits overlying late Elsterian sediments were paly-
nologically investigated by URBAN (e.g. 1995, 2007; URBAN
et al. 2010). Beside clear Holsteinian sequences URBAN de-
scribed profiles with different palynological successions,

one of them displaying a distinct ‘interglacial’ character. She
named it the ‘Reinsdorf Interglacial’ and interpreted it as a
thermomer younger than the Holstein warm phase. Contra-
ry to her several scientists correlate this organic bed with the
Holsteinian (e.g. MEYER 2012), an interpretation that seems
to be no longer completely rejected by URBAN (URBAN & SI-
ERRALTA 2012). However, during an excursion of the Sub-
kommission Quartdr of the Deutsche Stratigraphische Kom-
mission (DSK) in 2011 to the Schoningen mine Urban pre-
sented a carefully prepared section with the Holsteinian bed
at the base and the Reinsdorf horizon several metres above.
The age of this warm phase is strongly debated. #**Th/U da-
ta (e.g. SIERRALTA et al. 2012) seem to fix this thermomer ap-
proximately in the range of MIS 9 thus intensifying the debate
about the age of the ‘classic Holsteinian’. Regarding the weak-
ness of the climatic optima of MIS 9a or 9c in the 8D record of
ice cores (e.g. JouzEL et al. 2007), a connection of the Reinsdorf
as a clearly warm thermomer with them seems to be unlikely.
Hitherto deposits of the Reinsdorf thermomer and suc-
ceeding interstadials are unknown in Schleswig-Holstein.

Saalian (Saale Complex)

The Saalian can be roughly divided into a non-glacial lower
and a glacial upper part, the ‘Saale cold phase s.s’ (STEPHAN
2005: ‘Glaziare Saale-Subgruppe’). However, at closer in-
spection the Saalian comprises a complex succession of cold
and warm phases as depicted in Fig. 3. The ‘Wacken warm
phase’ and the ‘Leck warm phase’ are recently recognized as
members of the Saalian. In the Wacken clay pit a continuous
stratigraphical sequence was exposed, reaching from late
Elsterian glaciolacustrine Lauenburg Clay via marine Hol-
steinian clay, fine grained sands with ripple marks (‘flaser
sands’), several metres thick deposits of the Mehlbek kryo-
mer (so-called ‘white sands’ coarsening upwards and includ-
ing a thick kerkoboloid-layer in its upper part), to peat and
gyttja of the Wacken warm phase (Fig. 6, 7) (MENKE 1968;
DUCKER 1969). The organic bed is overlain by fine-grained
white sands very similar to the underlying periglacial sands,
probably deposited in a succeeding cold phase, named
‘Bokelrehm cold phase’ in Fig. 3. (This new name was de-
rived from the village of Bokelrehm located c. 2 km NW of
the Wacken clay pit). Upwards they rapidly become coarser
and are discordantly cut by meltwater(?) sands.

According to IR-RF dating by KRBETSCHEK, the Wacken
warm phase seems to correlate with MIS 7e (KRBETSCHEK &
STEPHAN 2010).

The Leck succession was described by STEPHAN (2006b),
results of different studies were published by STEPHAN et
al. (2011). In the drillings north of Leck (North Frisia) a c. 9
m thick fluvial sand was found containing streaks or layers
with organic sand or silt and a thicker bed with a sandy-
silty mud of the ‘Leck-Warmzeit’ s.s.. The vegetational de-
velopment of the Leck warm phase is different from that of
the Eemian, Holsteinian, the Wacken and also the Reinsdorf
succession as described by UrBAN (e.g. 1995, 2007); URBAN,
SIERRALTA & FRECHEN (2011). It is believed to correlate with
MIS 7c (STEPHAN et al. 2011). An organic bed in the clay
pit Nachtigall near Hoxter, Northrhine-Westfalia, with very
similar pollen assemblages (cf. also KLEINMANN et al. 2011)
show #Th/U ages ranging from 227 +9/-8 ka to 201 +15/-13
ka (Waas, KLEINMANN & LEPPER 2011).
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The two Saalian glaciation phases found in Saxony can
probably both be correlated with the first Saalian glacial
phase of North Germany, the Drenthe Stadium (L1TT et al.
2007). Between the Drenthe Stadium and the succeeding
Warthe Stadium an ice-free phase occurred in North Germa-
ny, either due to a weak amelioration of climate, or to a de-
crease of snowfalls in the southern Scandinavian highlands.
It is not known where the active ice margin was located dur-
ing the ‘interphase’. At least in the westernmost areas of NW
Germany, for instance in Dithmarsia, the ice sheet melted
down and the landscape became partly ice-free. The land
surface was altered by periglacial processes, and features
typical for an arctic environment formed. The climate ob-
viously never reached interstadial conditions. Neither soils
nor organic beds have been found anywhere (cf. STEPHAN
1980; MEYER 1987, 2005; MULLER 2004). The bleached loam
in the Saalian Drenthe till of the ‘Rotes KIiff” (red cliff) sec-
tion on the island of Sylt was originally interpreted as an
‘interglacial’ and later as an interstadial soil (FELIX-HEN-

Fig. 6: Wacken clay pit. Periglacial
deposits of the ‘Mehlbek cold phase’
(‘Mehlbek-Kaltzeit’) displaying a hori-
zon with strong involutions (kerkobo-
loids), at the right overlain by the or-
ganic bed of the ‘Wacken warm phase’
(‘Wacken-Warmzeit’). Photograph: H.-J.
Stephan 1978.

Abb. 6: Tongrube Wacken. Periglaziale
Ablagerungen der ,Mehlbek-Kaltzeit*
mit einem Horizont mit starker Verbro-
delung (Kerkoboloide). Rechts Uberlage-
rung durch die organischen Ablagerun-
gen der Wacken-Warmzeit. Photo: H.-7.
Stephan 1978.

Fig. 7: Wacken clay pit. The organic

bed of the ‘Wacken warm phase’ (peat
beneath gyttja) below sands of the
‘Bokelrehm cold phase’ (new term) over-
lying sands of the ‘Mehlbek cold phase’.
Photograph: H.-J. Stephan 1978.

Abb. 7: Tongrube Wacken. Die organi-
schen Ablagerungen der Wacken-Warm-
zeit (Torf unter Gyttja) unter Sanden
der Bokelrehm-Kaltzeit (neuer Begriff)
und Sande der Mehlbek-Kaltzeit iiberla-
gernd. Foto: H.-J. Stephan 1978.

NINGSEN & URBAN 1982; FELIX-HENNINGSEN 1983), covered
by a Warthian till. STEPHAN & MENKE (1993) questioned this
interpretation. Most likely the older Saalian (Drenthian) till
was bleached during the Eemian and the Early Weichselian
interstadials and then, during the cold phases of MIS 4 and
MIS 3 (see chapter Weichselian), covered by a fresher sheet
of periglacially reworked (not bleached) till material from
nearby. Both, the Drenthian till and its periglacial cover then
underwent further weathering during the Middle and Late
Weichselian interstadials and the Holocene.

In Schleswig-Holstein, south of Kiel, meltwater deposits
overlain by a Saalian basal till yielded OSL ages between 164
+ 27 ka and 199 + 19 ka (PREUSSER 1999) and TL ages between
c. 127 + 19 ka and 131.4 + 19.7 ka BP (MARKS et al. 1995). Ac-
cording to recent IF-RF-dating by KRBETSCHEK, DEGERING &
ALEXOWSKY (2008), sandy sediments of the glacial upper part
of the Saalian in Central and East Germany are no older than
150 ka BP and no younger than 130 ka BP, thus having been
deposited within a period of only 20 ka.
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Problems

The subdivision of the glacial Saalian is not at all clear. Ac-
cording to WOLDSTEDT (1926, 1954) glaciers reached North
Germany during two different large stadials, the ‘Drenthe-
Stadium’ and the ‘Warthe-Stadium’. However, in Northwest
Germany three different widespread Saalian till sheets exist
and even more till facies are to be found. For many dec-
ades glacial geologists tried to find out methods for asso-
ciating Saalian deposits with either the first or the second
stadium. Petrographical analyses of tills, especially gravel
analyses and counts of Scandinavian ‘indicator rocks’ (‘Leit-
geschiebe’) were used. Deposits of the Drenthe Stadium
were supposed to be characterized by a ‘Swedish-dominated’
drift, deposits of the Warthe Stadium by a stronger ‘Baltic’
influence (rocks from East Fennoscandia and the base of the
eastern Baltic Sea), due to (climate-induced?) fundamental
changes in the main source areas and stream directions of
the ice sheet. Consequently, all Saalian deposits not charac-
terized by a ‘Baltic’ composition, were associated with the
Drenthe Stadium (LUTTIG 1957, 1991, 1999; LUTTIG & MEY-
ER 2002; MEYER 1976, 2005). However, STEPHAN (1980, 1998)
pointed out that both stadia showed a cyclic development
with an earlier drift characterized by mainly Swedish rocks
and a later drift characterized by relatively frequent Baltic-
or East Baltic components. A ‘Baltic to East Baltic facies’
is revealed by the so-called ‘red Drenthe till’ in Northwest
Germany overlying a succession with a Swedish-dominated
composition and also by the typical Warthian drift (in SE-
Holstein and NE-Lower Saxony often again with a ‘red till’;
EHLERS 1992) overlying Swedish-dominated deposits. Using
this model STEPHAN (1980) attributes all tills younger than
the ‘red Drenthe till’ to the Warthian, including the so-called
‘Kreidemorine’, rich in flint and often also in chalk, which
corresponds to the description of WOLDSTEDT (1954) but not
of WoLDSTEDT (1926). MEYER (2005) disregards those results
and refers to that till as ‘Drenthe-2 Till” or the ‘younger Dren-
the Till’, in agreement with LUTTIG (e.g. 1991, 1999).

To avoid confusion and in agreement with the strati-
graphical rules in Schleswig-Holstein (STEPHAN 1995) and
partly in Hamburg (GRUBE 1981) regional terms are applied.
In publications focussing on larger national or international
correlation, often the neutral terms Saalian ‘older’, ‘middle’
and ‘younger advance’ (or till) have been used (e.g. KABEL
1982, STEPHAN 1982, 1987, 1998, EHLERS 1990) (see LithoLex
at www.bgr.bund.de/litholex).

The ‘Kreidemoréne’ is often regarded as the typical facies
of the middle Saalian ice advance in NW-Germany depos-
ited by a ‘Northeast Ice’ that had derived abundant Creta-
ceous material from the southern Danish islands. It is nor-
mally used as the stratigraphically defining horizon. How-
ever, lately this facies has also been found in older Saalian
(for instance in Dithmarsia) and - in northern Schleswig-
Holstein and in neighbouring Denmark — in younger Saalian
deposits. There till rich or extremely rich in chalk was de-
posited by an ‘East Ice’. Furthermore, it became evident that
middle Saalian tills in southwestern Schleswig-Holstein and
northwestern Lower Saxony accumulated much chalk and
flint from glacial erosion on the tops of salt domes in south-
western and central Holstein. At least, a ‘Kreidemorane’ of
Weichselian age has lately been detected at the outermost
Weichselian margin in southern Holstein (hills of ‘Kisdorfer

Wohld’) (STEPHAN 2011). Much fresh chalk and unweathered
flint without abrasion (observed in the fine gravel fraction)
prove the till as a ‘local till’ that had incorporated Cretaceous
material from the top of a salt dome nearby. These hills, in-
terpreted as a Saalian endmoraine previously, now can be
understood as a Weichselian push moraine. Similarities exist
with chalk-rich deposits of the oldest Weichselian glacier ad-
vance in Mecklenburg during the Warnow stadial (RUHBERG
et al. 1995, MULLER 2004).

Thus incorporation of abundant chalk and flint in tills is
not restricted to one stratigraphical horizon in large parts
of Northwest Germany and can no longer be used there
for stratigraphical correlations. The only exception might
be East Holstein situated east of the belt of high-lying salt
domes.

In Mecklenburg only two widespread Saalian till horizons
are known, and none of them is a ‘Kreidemorane’ (MULLER
2004). In Brandenburg tills rich in chalk and flint have been
associated with the ‘younger stadium of the Saalian’ by Lipp-
STREU, BROSE & MARCINEK (1995). However, until now no
overlying Eemian deposits have been found, and this till
facies might eventually be determined to be of Weichselian
age.

It is still controversially discussed how far the youngest
Saalian ice sheet reached in Schleswig-Holstein. Due to finds
of ‘East Ice’ material in fine gravel samples from northwest-
ern Schleswig-Holstein, STEPHAN (1998) drew the ice margin
through the island of Sylt towards the northwest, following
RicHTER (1937). This line seems to correspond with the ex-
tent of the “‘Warthian’ in Jutland (HOUMARK-NIELSEN 2007).
However, this concept is rejected by LUTTIG (2009). Relying
on counts of indicator rocks in northernmost Schleswig-
Holstein, he interprets all deposits in the northwest as older
Saalian (Drenthian facies or his lately defined North Frisian
facies).

Also in southern Schleswig-Holstein the outermost limit
of the younger Saalian ice advance is still unknown.

During the early decay of the Saalian ice shield, tempo-
rary re-advances in Schleswig-Holstein terminated increas-
ingly in the east. Their deposits are progressively ‘Baltic-
dominated’ probably due to increased ice supply via the
recent Baltic Sea Basin. Extremely Baltic to East Baltic ice
advanced through this depression presumably caused by a
faster melting of West Swedish ice that had blocked west-
ward drainage of the eastern ice masses previously (cf. the
Weichselian “Young Baltic Advance’; STEPHAN 2001). Bal-
tic and finally East Baltic ice reached Mecklenburg, north-
eastern Lower Saxony, and Schleswig-Holstein. Baltic ice
even reached Jutland, time-transgressive from southeast to-
wards northwest and north. The northernmost ‘red tills’ of
East Baltic origin are found southwest of Kiel. Further to the
north reddish tills of Baltic origin occur, characterized by
abundant reddish-violet sandstones and quartzites derived
from the sedimentary rocks covering the crystalline base-
ment of East Fennoscandia (Jotnian and Eocambrian sand-
stones). Both facies overlap in Central Holstein.

However, it must be emphasized that the younger Saalian
ice also deposited tills with a facies similar to Drenthian tills
besides Baltic and East Baltic facies (c.f. KABEL 1982). One
reason is the fact that the ice sheet eroded and incorporated
much older glacial material resulting in ‘mixed facies’. They
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are difficult to interpret by counts of erratics or by gravel
analyses. The degree of mixing probably increased the fur-
ther to the west or south the ice sheet advanced.

Furthermore, a primary mixing could already have oc-
curred when ‘tributary ice streams’ flowing down the Swed-
ish mainland towards southeast (cf. drawing by STEPHAN in
EHLERS, MEYER & STEPHAN 1984: Fig.11) added their drift to
the ‘Baltic ice stream’ flowing through the Baltic Basin. As
a result the northwestern ice band of the Baltic ice stream
transported material with a composition similar to older
Saalian tills. South of Sweden it turned towards west and
even northwest (now as the northern band). Till deposited
by this stream band would erroneously not be interpreted as
deposit of the younger Saalian ice (“Warthe-Till’) by count-
ing indicator rocks.

4 Late Pleistocene [Upper Pleistocene)

Eemian (Eem warm phase, Eem-Warmzeit)

Eemian deposits were found and investigated in numerous
sites in Schleswig-Holstein and other parts of North Germa-
ny and Europe. The Eemian vegetational and climatic devel-
opment seems well known. The correlation with MIS 5e is
nowhere called in question. For a short description see LiTT
et al. (2007).

In North Germany the marine transgression flooded all
river valleys along the coasts of the Baltic Sea and the North
Sea (cf. HOFLE, MERKT & MULLER 1985). Remarkably, Eemi-
an deposits lie deeper than one would expect considering
that a warm thermomer with higher than recent tempera-
tures should be accompanied by a higher sea level. South
of Liibeck a typical Eemian beach sediment was found in
a drilling at c. -28 m below the recent sea level (NN). This
means a subsidence of that region by c. 0.25 mm p.a. on aver-
age since 120 ka, which agrees with the epirogenetic sinking
of the Lower Elbe region in geological time.

In land areas not affected by the transgression, Eemian
peats or gyttjas developed in many depressions, later cov-

Fig. 8: Eemian and Early Weichselian
soils in the sand pit of Hof Keller, type
section of the Keller Interstadial. From
bottom to top: Distinct Eemian podsol
(Keller I), Brorup podsol (Keller II), relic
of the Odderade podsol (Keller III), and
a thin and weak podsol of the Keller
Interstadial (Keller IV), in the right half
bipartited. Photograph: H.-J. Stephan
1976.

Abb. 8: Eem- und friih-weichselzeitliche
Béden in der Sandgrube Hof Keller, Typ-
profil des Keller-Interstadials. Von unten
nach oben: Ausgeprdgter Podsol des
Eem (Keller I), Podsol des Brorup (Keller
II), Erosionsrest des Odderade-Podsols
(Keller I1I) und ein diinner, schwach
entwickelter Podsol des Keller-Intersta-
dials (Keller 1V), in der rechten Hilfte
zweigeteilt. Foto: H.-J. Stephan 1976.

ered either by periglacial sediments or - in the ‘young mo-
rainic landscape’ — by glacial Weichselian deposits. Eemian
soils are frequently found (cf. Figs. 8, 9), providing a good
base for the stratigraphical separation of Middle and Late
Pleistocene deposits.

Weichselian (Weichsel Complex, Weichsel-Kaltzeit)

The Weichselian is subdivided into the Lower (or Early)
Weichselian, usually correlated with MIS 5d to 5a, the Mid-
dle Weichselian, correlated to MIS 4 and 3, and the Upper
(or Late) Weichselian (MIS 2). The lower part is character-
ized by cold phases (stadials) alternating with interstadials.
In contrast to conventional stratigraphic tables (DSK 2002,
Lrtt et al. 2007), the Eemian in Fig. 3 is followed at least
by three Lower Weichselian interstadial horizons (cf. Fig. 8,
9, 10). Short descriptions of the first 2 interstadials (Brorup,
Odderade) were given by BEHRE (in LITT et al. 2007). For
more detailed descriptions see e.g. MENKE (1975) and AVER-
DIECK (1967). The third interstadial (Keller) was described
by MENKE (1980). In exposures in Schleswig-Holstein frost
cracks, thin convoluted layers, and horizons with ventifacts
prove that the Lower Weichselian cold phases saw at least
temporary subarctic to arctic conditions. In an exposure in
the northernmost Schleswig-Holstein (Osterbylund) in the
stadial sediment separating the interstadial Brorup- and
Odderade-soils, a mass flow deposit (‘FlieBerde’) with stones
and even blocks derived from a thrust Saalian till body has
recently been observed (cf. Fig 9), proving a temporary moist
arctic climate.

The lower Weichselian interstadials precede a very cold
arctic phase between c. 72 and 60 ka BP (JouzkeL et al. 2007,
Wolff et al. 2010). Its base is thought to mark the beginning
of the Middle Weichselian (MIS 4) (see below). In 1994 in
northern Schleswig-Holstein first hints were found for a gla-
ciation probably taking place during this phase. TL dating of
meltwater deposits yielded ages between 59.4 + 8.9 ka and
52.5 £ 7.9 ka (MARKs et al. 1995). Later PREUSSER (1999) pub-
lished OSL-dates between 92 + 24 ka and 61 + 16 ka. The con-
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sistency of ages pointing to the lower Weichselian or early
Middle Weichselian is the main reason for the assumption of
such an early glaciation. The cold phase was named ‘Ellund-
Phase’ by STEPHAN (2003) (cf. STEPHAN 2006: Ellund-Forma-
tion). It is in rough agreement with the postulated age of
the so-called ‘Old Baltic ice advance’ in Denmark (PETERSEN
& KRONBORG 1991) or the synonymous ‘Ristinge Glaciation’
(HouMARK-NIELSEN 2007). This glaciation was probably in-
duced by the arctic ‘Ellund-Phase’. HOuMARK-NIELSEN (2010)
using OSL dates of meltwater deposits believes that glacia-
tion to have taken place not earlier than 54 ka ago in the
north-western Baltic region, that means during the early
phase of the succeeding weak warming.

Recently a Lower Weichselian glaciation has also been
deduced by MULLER (2004: ‘Warnow-Stadial’, 2007: “War-
now-Formation’), based on core samples from northwest
Mecklenburg. There, marine deposits or an organic horizon
(‘SaBnitz-Interstadial’) overlay the glacial deposits. Accord-
ing to Miller (2004, 2007) it was the strongest of all Weichse-
lian glaciations terminating in most cases south of the LGM-
line drawn by EHLERS et al. (2004). Its till (qwo-till) is often
rich in flint and chalk (RUHBERG et al. 1995) and is thought to
have been commonly mistaken as the ‘Saale III till” in older
publications (e.g. CEPEK et al. 1975).

After the ‘Ellund-Phase’ the Middle Weichselian contin-
ued as a mainly cold period with several slightly milder in-
terruptions. It lasted c. 30 ka.

The upper Weichselian comprises the pleniglacial with
glacier advances during the ‘Brandenburg-Phase’, ‘Frank-
furt-Phase’, ‘Pommern-Phase’ and ‘Mecklenburg-Phase’
(LrrT et al. 2007; cf. LithoLex data bank) and the phase of
late Weichselian interstadials. It ends at 11.7 ka BP, based
on correlation with the NGRIP ice core (RASMUSSEN et al.
2006; WALKER et al. 2009). During the ‘Mecklenburg-Phase’,
which is synonymous with the ‘Young Baltic advance’ in
Schleswig-Holstein and Denmark (STEPHAN 2001), again a
‘Baltic ice stream’ originated, called the ‘Young Baltic ice ad-

Fig. 9: Osterbylund sand pit WNW of
Ellund (Fig.1). At the base (right) Saal-
ian till transformed to an Eemian gley
(Ee), overlain by Early Weichselian
sediments with a thick podsol of the
Brorup Interstadial (Br), a podsol of the
Odderade (Od), and a very weak podsol
of the Keller Interstadial (Ke) at the

top. Between the Brorup podsol and the
Odderade podsol a mass flow deposit of
the Rederstall Stadial is visible in the
centre and further left. Photograph: H.-J.
Stephan 2012.

Abb. 9: Sandgrube Osterbylund WNW
von Ellund (s. Abb. 1). Rechts unten
saalezeitlicher Till, zu einem eemzeitli-
chen Gley (Ee) verwittert, iiberlagert von
frith-weichselzeitlichen Sedimenten mit
einem mdchtigen Podsol des Brorup (Br),
einem Podsol des Odderade (Od) und
einem sehr schwachen Podsol des Keller-
Interstadials (Ke) (z. T. verwaschen).
Zwischen Brorup- und Odderade-Podsol
kann man in der Bildmitte und links
davon eine FliefSerde erkennen.

Foto: H.-J. Stephan 2012

vance’ (STEPHAN 2001), similar to the end phases of Elsterian
and Saalian glaciations (cf. last paragraph of chapter Saal-
ian). Ice masses, especially from an ice dome in the northeast
of Scandinavia and from tributary ice streams from Central
Sweden, flowed along the recent Baltic Sea Basin turning
west and then northwest towards the Kattegat and Skagerak,
very likely due to the melting of former blocking ice in the
west. This was probably augmented by a simultaneous iso-
static uplift of the southern areas of Pomerania and North
Germany in response to deglaciation. Baltic ice covered the
northern Mecklenburg and the east of Schleswig-Holstein.
In tills of this phase layers or streaks of ‘red till” occur, char-
acterized by many clasts of reddish or violet sandstones
or quartzites (most are Jotnian sandstones) and Palaeozoic
limestones. ‘Baltic crystalline’ (e.g. Aland rocks or Baltic
porphyries) is rather rare in deposits of the Young Baltic ice
advance in Schleswig-Holstein. Probably a northwestern to
northern band of the Baltic ice stream reached its coastal
regions (cf. EHLERS, STEPHAN & MEYER 1984: Fig. 11) pre-
dominantly depositing a ‘Svecobaltic facies’ (STEPHAN 2003)
that was mainly derived from eastern Sweden, the adjacent
subground of the recent Baltic Sea and the islands of Oland
and Gotland.

In the western Baltic area, the Young Baltic ice advance
probably ended at about 15 ka BP, when kame sediments TL-
and OSL-dated by PREUSSER (1999) were deposited between
stagnant and melting ice masses, approximately contem-
poraneous with the end of the last pleniglacial cold phase
that was followed by rapid warming (STUIVER, GROOTES &
BRAZIUNAS 1995).

Problems

Dating of the Weichselian deposits in Schleswig-Holstein
is still uncertain. It is, for instance, debatable whether TL
dates and OSL dates for the assumed early Middle Weichse-
lian glaciation are reliable or not. It cannot be ruled out that
measured grains were not completely bleached by sunlight
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Fig. 10: Stratigraphical table of the Lower Weichselian of Schleswig-Hol-
stein correlated with the "0 record (simplified curve) of NGRIP ice core.
MW / LW: Transition Lower Weichselian - Middle Weichselian? The period
Odderade — Keller corresponds with stage MIS 5a (cf. BOND et al. 1993).

Abb. 10: Stratigraphische Tabelle des Unterweichsels von Schleswig-Hol-
stein, korreliert mit der vereinfachten 6 O-Kurve des NGRIP Eiskerns. MW
/ LW: Ubergang Unterweichsel — Mittelweichsel? Der Abschnitt Odderade
— Keller entspricht dem marinen Isotopen-Stadium 5a (MIS 5a) (vgl. BOND
et al. 1993).

before deposition, resulting in an overestimation of their age.

The position of the ‘Keller-Interstadial’ could be debated.
MENKE (1980) proposed to include the Keller into the Lower
Weichselian. He assumed that it correlates with the ‘Oerel-
Interstadial’ of Lower Saxony that was found above a Low-
er Weichselian sequence including peats of the Brérup and
Odderade. The Oerel peat was “C-dated (BEHRE & VAN DER
PLicHT 1992) revealing an age between 53.5 and 57.7 ka. BE-
HRE (in L1TT et al. 2007) associated the Oerel to the Middle
Weichselian. This discrepancy could have several reasons:

1. Correlation of the Keller interstadial and the Oerel in-
terstadial is wrong. However, the continuous sequences with
Lower Weichselian interstadial soils (or sometimes organic
layers) above clear organic Eemian in Schleswig-Holstein
and the continuous sequence with organic horizons above
organic Eemian at Oerel in Lower Saxony (BEHRE & LADE
1986) plead for synchronism of these successions.

2. The inclusion of the Keller interstadial in the Lower
Weichselian could be wrong. However, in the four known
depressions in Schleswig-Holstein where the complete suc-
cession Eemian — Brorup — Odderade — Keller separated by
stadials was found (cf. Fig. 8, 9) continuous deposition of
periglacial niveofluviatile to eolian sediments was observed

in the stadial beds. Intensive cryoturbations as indications
for a strong change of climatic conditions which must be
expected during a glacial event as the succeeding cold El-
lund phase and glaciation occur first above the Keller hori-
zon. Therefore, the association of the Keller interstadial to
the Lower Weichselian seems to be plausible.

3. The inclusion of the Oerel interstadial in the Middle
Weichselian could be wrong. This connection was supported
by the “C-dating of the peat of the Oerel bed. The question
arises whether conventional radiocarbon dates of more than
50 ka published by BEHRE & VAN DER PLICHT (1992) are reli-
able or not. Important arguments for the assumption that
the radiocarbon dates yield too young ages are the climatic
records observed in the ice cores of Greenland and Antarcti-
ca (STUIVER & GROOTES 2000, GROOTES et al. 2001, JOUZEL et
al. 2007, WOLFF et al. 2010). In the NGRIP ice core of Green-
land the uppermost part of the Odderade thermomer has an
age around 80 ka BP (cf. Fig. 10), quite different to the “C-age
of c. 60.8 ka BP of the analogous part of the Odderade peat
from the Oerel drilling (BEHRE & VAN DER PLICHT 1992).

In Schleswig-Holstein, in three depressions with the Low-
er Weichselian sequence one soil of the ‘Keller-Interstadial’
was observed hitherto above the Odderade soil, succeeding
the ‘Schalkholz-Stadial’ (cf. Fig. 10). In 8"O records of Weich-
selian successions the attributive thermomer is marked as
Dansgaard-Oeschger Event 20 and part of the Lower Weich-
selian (cf. WoLFF et al. 2010). Special problems arise, how-
ever, because Menke at the type locality of Hof Keller used
the name ‘Keller-Interstadial’ for a short complex of two
separated thin and weak soil horizons. It is the only site
where two post-Odderade soils have been found. Probably
they document weathering during the weak thermomers of
the Dansgaard-Oeschger Events 19 and 20. Unfortunately
WoLFF et al. (2010) and others place the transition Lower/
Middle Weichselian between these events. As a conse-
quence the older soil would be part of the Lower Weichse-
lian (MIS 5), the younger soil part of the Middle Weichselian
(MIS 4). Dansgaard-Oeschger Events 19 and 20 are interrupt-
ed by a short but very cold phase (perhaps caused or at least
strongly influenced by the Lake Toba ‘Mega-eruption’?). On
the one hand this sharp interruption could be well used for
the establishment of a boundary. On the other hand, how-
ever, in marine environments climatic records are less de-
tailed. There the strong drop of temperature and the tran-
sition to a long-lasting cold period (Ellund cold phase) are
commonly found at c. 70 ka BP (e.g. JouzkL et al. 2007). The
same is true for the §"0 record of Taylor Dome in Antarc-
tica (GROOTES et al. 2001). The onset of the Ellund cold phase
after the Dansgaard-Oeschger Event 19 therefore seems to
fit better with the beginning of the Middle Weichselian and
MIS 4 (cf. BoND et al. 1993).

It cannot be ruled out that the two thin and weak soil ho-
rizons of Keller in fact correlate with both the Oerel and the
Glinde interstadial of Lower Saxony. The thin organic bed of
the ‘Glinde-Interstadial’ would then represent the last weak
thermomer of the Lower Weichselian.

The age of the first upper Weichselian glacier advances
cannot be finally determined in North Germany. It might
be younger than 24 ka BP (cf. STEPHAN in LITT et al. 2007).
That suggests a delay between the strong cooling around 26
ka BP (STUIVER & GROOTES 2000), the climatic onset of the

14 E&G / Vol. 63 / No.1 /2014 /3-18 / DOI 10.3285/eg.63.1.01 / © Authars / Creative Commons Attribution License



Klimastratigraphische Gliederung des Pleistozéns in Schleswig-Holstein

(Zeitachse nicht maBstéblich)

ZN?:: NW-Europa Schleswig-Holstein EisvorstoBe
0.0117 HOLOZAN
Weichselium 3 § |Weichsel- —>
Ober- 5 g |Kaltzeiti.eS. —
pleistozan |Komplex) 29
0.115 7 Eemium Eem - Warmzeit
5 [Sadle - Kaltzeiti.e.S. —
[}
Saalium £ |Leck- Warmzeit
0,22 O [Bokelrehm - Kaltzelt
(Komplex) % Wacken - Warmzeit
Mittol. 8 |Mehloek- Kalfzeit
033 | Pleistozén Holsteinium Holstein - Warmzeit
Elsterium el )
2 ¢ [Elster - Kalizeit —————
(Komplex) o
Cromerium Gorleben - Komplex
Brunhes (Komplex) mit 5 gréBeren Warmzeiten
0,78
Matuyama 6 « |Dorst - Kaltzeit
Bavelium 8 3 |Pinneberg - Warmzeit
(Komplex) S § Elmshorn - Kalizeit
O~ [Uetersen - Warmzeit
Untfer-(Alt-) |Menapium Pinnau - Kaltzeit
pleistozdn 5 L |
Waalium (Komplex) g E Tornesch - Warmzeit =
2
Eburonium B |Lieth - Kaltzeit
1.8 &
% Ellerhoop - Warmzeit
e [Tiglium (Komplex) ©  [Krickau - Kalfzeit
2 Nordende - Warmzeit
O < :
X0 . ‘ Ekholt - Kaltzeit
o |Praetiglium %o o .
O] (Komplex) g g Warmhorn - Warmzeit Appendix Fig. 11: Original German
P < 2 [kaltenhdm - Kaltzeit version of the climato-stratigraphical
26 Reuver table OfFlg 3.
Pliozdn Brunssum Anhang Abb. 11: Die originale deut-
Suster sche Version der klimastratigraphi-
Garding schen Tafel von Abb. 3.

Entwurf: H.-J. Stephan Juli 2003

Digitale Bearbeitung: M. Jagusch / C. Verdieck

Upper Weichselian (or even around 30 ka BP, cf. WoOLFF et
al. 2010), and the advance of the ice sheet. LUTHGENS et al.
(2010), however, according to new OSL dates of fluvioglacial
sediments in north-eastern Germany suggest a first ice ad-
vance already during early MIS 2.

The Brandenburg and the Frankfurt Advances were origi-
nally morphostratigraphically defined by WoLDSTEDT (1926,
1928). It is unclear whether they are independent advances or
whether the latter was just a readvance of the former without
deposition of an individual till sheet. The complicated petro-
graphical and stratigraphical situation was briefly discussed
by STEPHAN, MULLER & vON BtiLow (2008). LUTHGENS, BOSE
& KRBETSCHEK (2009) found evidence for a complex origin of
the so-called Frankfurt end moraine. They question its origin
as the terminal ridge of the ‘Frankfurt(Oder) Phase’. A simi-
lar debate concerns the glacier advances during the ‘Pom-
mern-Phase’ and the ‘Mecklenburg- Phase’. Some scientists
are of the opinion that both advances belong to the same gla-
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ciation phase (e.g. ScHULZ 2003; LUTTIG 2005). Theoretically
all glacier advances of the Weichselian Pleniglacial might be
combined into only two larger glacial events separated by a
phase of gradual melting (‘interphase’).

The extent of the Weichselian ice advances in W-Meck-
lenburg and Schleswig-Holstein is not yet clear. The mor-
phological connection of end moraines from Pomerania and
Brandenburg to the west is partly debatable. In northern East
Holstein the end moraine-lines are interrupted by a land-
scape dominated by Saalian uplands and strong Weichselian
erosion. Stratigraphical correlations using counts of indica-
tor rocks (TGZ-method) by LoTTIG (e.g. 2005) provide no
solution. LUTTIG concludes that the Brandenburg Advance
did not reach western Mecklenburg and Schleswig-Holstein
and that the Pomeranian Advance ended in East Holstein,
and that no evidence for the Mecklenburg Advance exists.
So in eastern Central Holstein, in the Schleswig district, and
further to the north, all Weichselian deposits should belong
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to the ‘Frankfurt(Oder) Phase’. However, at least the distri-
bution of two ‘Young Baltic’ tills in Denmark (HOUMARK-
NIELSEN 2007) and their continuation southwards (STEPHAN
2001) contradict this view.

The dating of Weichselian end moraines or deposits re-
sults in different ages, depending on the methods used. The
youngest controversy arose regarding the age of the Po-
meranian end moraine. “Be exposure dates of erratic blocks
by RINTERKNECHT et al. (e.g. 2006) yielded an average age
of 14.6 + 0.3 ka BP. This seems to be much too young (cf.
MULLER, STEPHAN & vON BiLow 2009/2011). The postulated
age lies in the time of the Late Weichselian strong warm-
ing (STUIVER, GROOTES & BRAZIUNAS 1995; RASMUSSEN et al.
2006). The main reason might be that the investigated blocks
did not reach their final position at the time of the forma-
tion of the end moraine due to long-lasting melt of stag-
nant and buried ice and continuing periglacial movements
(MULLER, STEPHAN & VON BUrLow 2009/2011; STEPHAN &
MULLER 2007/2011; cf. HOUMARK-NIELSEN et al. 2012). LOTH-
GENS, BOSE & KRBETSCHEK (2009) found an OSL age about 20
ka BP for Pomeranian outwash sediments in north-eastern
Brandenburg, an age that seems to be much more convinc-
ing.

The first Late Weichselian climatic amelioration is often
correlated with the Bolling Interstadial. However, USINGER
(1995) made it clear that the Bélling is synonymous to the
lower part of the Alleréd and not identical with the first Late
Weichselian interstadial that occurred earlier (Hippophae
maximum). The latter was defined by MENKE in Bock et al.
(1985) and named ‘Meiendorf-Interstadial’. Calibrated *C
dates suggest an age of more than 14 ka BP. This corresponds
to the first intensive Late Weichselian warming between 14.7
ka and 14.2 ka BP (STUIVER, GROOTES & BRAZIUNAS 1995;
RASMUSSEN et al. 2006).

5 Conclusions

By evaluating all information about the stratigraphic posi-
tion of Pleistocene deposits in Schleswig-Holstein and ad-
joining areas including detailed petrographical studies of
the sediments, palynological investigations, and dating by
physical methods it has been possible to establish a reliable
stratigraphical table, based on the regional climatic develop-
ment. This table is valid not only for Schleswig-Holstein but
for North Germany in general and can provide an update
for the Pleistocene in the stratigraphical table for Germany
(STD), (LrrT et al. 2005, 2007: Beilage 1). It can be used as
an actual base for chronostratigraphical correlations of Pleis-
tocene successions throughout Europe.
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