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Abstract

Background A number of studies have been published in the last few decades
on Pleistocene palaeo-temperature reconstruction based on isotopic studies on
deep sea cores and ice core records from Greenland. Such temporal high-
resolution data represents northern hemispheric circulations and has to be
reconfirmed through the study of terrestrial archives in order to recognise the
character of such fluctuations in different regions. Loess-palaeosol sequences
(LPSs) are suitable to interpret them as palacoenvironmental archives, because
loess is a widely distributed terrestrial deposit and is datable using lumines-
cence techniques.

The Saxon loess region (SLR) is characterised by a loess cover of ca. 8m
thickness, mainly representing deposits of the last glacial cycle. Over the
past 35 years, Saxon loess remains under-researched wherefore a reactivation
with the objective of contributing to the European loess research is impor-
tant. There is a clear need to re-examine Saxon LPSs and close this gap of
knowledge, because in recent years much work has been done on important
and European-wide known loess sections as well as in adjacent loess areas. In
this study, LPSs from Saxony were investigated and a regional palaeoenviron-
mental reconstruction of the last Glacial /Interglacial cycle was developed. The
established stratigraphical scheme has to be advanced by results of optically
stimulated luminescence (OSL) dating. The stratigraphical results should be
compared with previous work from Saxony and with results from adjacent loess
areas, to verify if our results have to be interpreted as singularities or if they
are in accordance with known European conceptions.

Methods Therefore, 8 sections, mostly never investigated before, were de-
scribed and correlated with each other to finally generate an independent

standard stratigraphy for this area. Carbonate content, pH-value, soil organic
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matter, total and pedogenic iron, magnetic susceptibility and classical grain
size analyses were obtained from every section. Furthermore, rare earth ele-
ments concentrations were measured from selected positions in order to prove
if there are variations in the deposit composition during the glaciation. The
OSL datings were processed by KREUTZER (2012).

Results As previously noted, the first step towards a regional palaeoenviron-
mental reconstruction was to establish a standard stratigraphic scheme where
all found units are involved. Based on features regarding grain size distribu-
tion, the found palaeosols and the magnetic susceptibility (BAUMGART et al.
2013), 5 units could be defined. Unit V reflects the pre-Weichselian sediments
modified by the Eemian soil formation. Unit IV contains deposits from the be-
ginning of the Weichselian glaciation. Typically, this unit starts with the first
Weichselian deposit, a bright-greyish Mn- and Fe-precipitates enriched layer
which shows an aggregation of charcoal at its top. This layer is covered by a
greyish, humus-enriched and reworked relict of a Chernozem-like soil. After a
Gelic Gleysol and a reddish-brownish soil sediment, a loess package with an
embedded interstadial Cambisol-like soil is preserved. The top of the unit is
represented by another brownish soil sediment which forms the lower part of
the Gleina complex. Typically, unit IV is characterised by stronger reworked
layers and soil sediments but at the Rottewitz section an older loess package
is preserved.

Unit IIT represents the reactivation of aeolian sedimentation. The base of this
unit is made up of a strong Gelic Gleysol (upper part of the Gleina complex).
The deposits of this unit are mostly pedogenically overprinted and show fea-
tures of at least two Gelic Gleysols. Unit IT is dominated by unweathered loess.
Its lower part (unit IIb) is built of a more stratified loess facies whereas the
upper part (unit ITa) is built of a homogeneous loess facies. They are sepa-
rated by a strong Gelic Gleysol. Unit I represents the upper part of the loess
section, which is modified by the Holocene and Late Pleistocene soil develop-
ment. Within this succession, a huge hiatus is found between unit I and IV of
ca. 35 ka. It is labelled as the Gleina complex according to LIEBEROTH (1963).
Furthermore, we demonstrate how combined analyses of high-resolution grain
size distributions and microscopic analysis can be used to discriminate de-

positional and pedogenetic features of loess-palaeosol profiles from the SLR.



Generally, it was observed that an increase of coarse material is linked with
an increase of the mineralogical components which refers to slope processes.
Rounded shapes of Mn- and Fe-precipitates, mostly found in Early Weichselian
humus layers, indicate strong interstadial soil development modified by sub-
sequent redeposition. Further observations suggest that the class of medium
sand is dominated by secondary precipitates. The varying amount of very fine
sand shows that sequences are cyclically built up of pure loess comparable
to the Nussloch section. Studying coarse grain size fractions by microscopic
analysis, a differentiation between loessic layers formed by periglacial slope
processes and layers overprinted by pedogenetic processes is possible. Further-
more, an increase of fine material and secondary Mn- and Fe-precipitates can
be attributed to soil forming processes (clay formation, redoximorphic pro-
cesses, and illuviation).

Additionally, a palaeoenvironmental reconstruction for the Late Pleistocene is
proposed. As palaeo-temperature proxies ice wedges, pure loess sedimentation
or the platy soil structure due to former ice lensing for cold periods and soil
formations or vegetation remnants for warmer periods were used. A recon-
struction of wind speed is directly deduced from the very fine sand content.
The stability /instability of the landscape surface could be indicated by soil
formation (stable) or through an increase of coarse sand (active). The type
of soil development for the reconstruction is of major importance. For exam-
ple, a humus enriched soil indicates warmer and dryer conditions than a Gelic
Gleysol.

Conclusions The results of grain size analyses reveal a similar temporal and
lithogenic pattern of Weichselian aeolian dynamics of the study area and other
records from Europe. Furthermore, grain size results independently confirm
the luminescence chronology of the studied sections. Reworked loess-like sedi-
ments show varying OSL age estimates; aeolian loess shows a systematic change
of OSL ages.

Generally, the findings of this study agree with observations from other loess
areas. In most areas, a similar hiatus between Middle and Upper Weichselians
is documented. Additionally, OSL dating suggests that we found an older
loess package with an age between ca. 60 and 70 ka and a younger loess pack-

age with an age of ca. 15 and 30 ka. These periods of aeolian deposition are in



accordance with MIS 4 and MIS 2 as well as with dust concentrations results
derived from lake sediments and from ice cores.

A major finding of this study is that we uncover the internal differences of
loess-palaeosol sequences regarding their temporal resolution. In periods of
loess sedimentation, a temporally high-resolution record is preserved. In con-
trast, in periods dominated by interstadial soil development or redepostition, a
temporal low-resolution record is preserved and a reconstruction of palaeoen-

vironment is almost impossible.



Zusammenfassung

Einleitung In den vergangenen Jahrzehnten wurden viele Studien iiber die
Rekonstruktion der pleistozidnen Temperaturentwicklung veroffentlicht, wel-
che anhand von Isotopenanalysen aus Tiefsee- und Eisbohrkernen des gron-
landischen Eises abgeleitet werden konnten. In solchen zeitlich hochaufge-
l6sten Daten sind nordhemisphérische Klimaschwankungen repréisentiert und
diese sollten durch Untersuchungen terrestrischer Archive validiert und de-
ren regionale Ausprigung in verschiedenen Rdumen abgeschitzt werden. Loss-
Paldobodensequenzen eignen sich hervorragend als Paldoumweltarchiv, da der
Ld&ss ein weit verbreitetes Sediment und mittels Lumineszenzverfahren datier-
bar ist.

Die Séachsische Lossregion ist durch eine ca. 8 m méachtige Lossdecke charak-
terisiert, welche vornehmlich aus Ablagerungen des letzten glazialen Zyklus
besteht. In den vergangenen 35 Jahren wurde die Lossforschung in diesem
Raum vernachléssigt, sodass eine Wiederbelebung wichtig ist, um einen Bei-
trag zur europiischen Lossforschung zu leisten. Da in den letzten Jahren an
wichtigen européischen Lossprofilen, wie auch in angrenzenden Lossregionen,
intensiv geforscht wurde besteht der dringende Bedarf, die Forschungen an
sichsischen Loss-Paldobodensequenzen wieder aufzunehmen und die entstan-
dene Wissensliicke zu schliefsen.

In dieser Studie werden séichsische Loss-Paldobodensequenzen untersucht und
eine regionale Umweltrekonstruktion fiir den letzten glazialen Zyklus vorge-
stellt. Die Standardstratigraphie wird dabei durch OSL-Alter erweitert. Die
Ergebnisse werden mit dlteren Arbeiten aus diesem Raum verglichen, um ab-
zuschéitzen, ob es sich hierbei um Einzelbefunde handelt oder ob sich die Er-
gebnisse in schon bekannte européische Konzepte einordnen lassen.

Methoden Es werden 8, meist noch nie bearbeitete Profile beschrieben und
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miteinander korreliert, um schlieklich eine unabhéngige Standardstratigraphie
fiir diesen Raum zu erarbeiten. Von jedem Profil wurde der Kalkgehalt, der
pH-Wert, der Anteil der organischen Substanz, das pedogene und Gesamtei-
sen, die magnetische Suszeptibilitit und die Korngrokenverteilung (klassisch)
bestimmt. Zudem wurde die Konzentration der Seltene Erden Elemente an
ausgewahlten Positionen bestimmt, um zu priifen, ob es Verschiebungen in der
mineralogischen Zusammensetzungen iiber das letzte Glazial hinweg gab. Die
OSL-Datierungen wurden dabei von KREUTZER (2012) realisiert.
Ergebnisse Wie schon erlautert wurde, bestand der erste Arbeitsschritt darin,
eine Standardstratigraphie zu erarbeiten, worin alle Befunde integriert werden
konnen. Auf Grundlage der Korngrofenverteilung, der gefundenen Paldobo-
den und der magnetischen Suszeptibilitdt (BAUMGART et al. 2013) konnten 5
Einheiten ausgewiesen werden. Die Einheit V stellt die pra-weichselzeitlichen
Sedimente dar, welche von der eemzeitlichen Bodenbildung iiberpragt wurden.
Einheit IV beinhaltet die Sedimente vom Beginn der Weichselkaltzeit. Typi-
scherweise befindet sich an der Basis dieser Einheit eine hellgraue, an Mn-
und Fe-Konkretionen angereicherte Schicht, welche eine Haufung von Holz-
kohlebruchstiicken im oberen Bereich zeigt. Diese Schicht ist wiederum von
einem Rest einer schwarzerdedhnlichen Bodenbildung iiberlagert und zeigt ei-
ne Anreicherung an organischer Substanz. Uber einem Nassboden und einem
rotbraunen Bodensediment ist ein Losspaket, mit einem zwischengelagerten in-
terstadialen braunerdeartigen Boden, erhalten. Der obere Bereich der Einheit
IV ist durch ein weiteres rétlichbraunes Bodensediment gepragt, welches dem
unteren Teil des Gleinaer Komplexes entspricht. Normalerweise ist die Einheit
IV in Sachsen durch stark umgelagerte Schichten charakterisiert, jedoch ist im
Profil Rottewitz in dieser Einheit ein dlteres Losspaket erhalten.

Die Einheit III reprisentiert eine Reaktivierung der &olischen Sedimentation.
Thre Basis bildet ein kréftiger Nassboden (oberer Teil des Gleinaer Komplex).
Die Sedimente dieser Einheit sind meist pedogen iiberpragt und es kénnen min-
destens zwei separate Nasshoden ausgewiesen werden. Die Einheit IT besteht
vornehmlich aus unverwittertem kalkhaltigen Loss. Thr unterer Abschnitt (Ein-
heit ITb) wird durch eine streifige Loss-Fazies gebildet, wohingegen der obere
Teil von einer homogenen Loss-Fazies dominiert wird. Diese sind durch einen

kraftigen Nassboden voneinander getrennt. Die Einheit I bildet den oberen Teil



des Lossprofiles und ist durch die pedogene Uberprigung der spitpleistozinen
und holozdnen Bodenentwicklung geprigt. In dieser Abfolge ist ein Alterss-
prung von ca. 35ka zwischen der Einheit IV und III nachgewiesen. Dieser
Hiatus befindet sich im durch LIEBEROTH (1963) definierten Gleinaer Kom-
plex.

Weiterhin konnte gezeigt werden, dass mit Hilfe einer kombinierten Unter-
suchung aus Korngrofenanalyse und Mikroskopieren es mdoglich ist, eine durch
Bodenbildung bedingte und eine durch Umlagerung hervorgerufenen Uberfor-
mung von Losssedimenten voneinander zu unterscheiden. Generell wurde fest-
gestellt, dass ein Anstieg der groben Kornfraktionen oft mit einer Erhéhung der
mineralischen Komponente einhergeht und dies auf laterale Umlagerungspro-
zesse hindeutet. Abgerundete Mn- und Fe-Konkretionen aus humosen friih-
weichselzeitlichen Schichten lassen eine kriftige interstadiale Bodenentwick-
lung mit anschliekender Umlagerung vermuten. Es wurde zudem festgestellt,
dass die Mittelsandfraktion durch sekundire Fe- und Mn-Konkretionen domi-
niert wird. Der variierende Feinstsandanteil zeigt, dass die Sequenzen in ver-
schiedenen Zyklen aus unverwittertem Loss aufgebaut wurden, wie es auch aus
dem Profil Nussloch beschrieben wird. Bodenbildungsprozesse bedingen dem-
gegeniiber ein Anstieg der Feinkomponenten und der Mn- und Fe-Konkretionen
in den Sandfraktionen.

Weiterhin wird eine Paldoumweltrekonstruktion fiir das Spatpleistozin vorge-
schlagen. Hierbei werden verschiedenste Indikatoren als Paldotemperaturzeiger
herangezogen. Fiir kalte Phasen stehen zum Beispiel Eiskeilpseudomorphosen,
Pakete aus unverwittertem Ldss oder plattige Strukturen infolge von Schicht-
eisbildung. Fiir warmere Phasen sprechen Paldobdden oder Pflanzenreste. Eine
Rekonstruktion der Paldowindgeschwindigkeiten wird direkt iiber die Feinst-
sandanteile abgeleitet. Die Stabilitdt einer Landschaftoberfliche wird durch
Bodenbildungen (stabil) oder einem Anstieg der groben Sandkomponenten
(aktiv) reprisentiert. Den Paldobdden kommt bei einer solchen Rekonstrukti-
on eine Schliisselstellung zugute. Zum Beispiel signalisiert ein Steppenboden
warmere und trockenere Bedingungen im Vergleich mit einem Nassboden.

Fazit Die Ergebnisse der Korngrofenuntersuchungen zeigen, dass hinsichtlich
ihres Aufbaues und ihrer chronologischen Einordnung die &olisch dominierten

Phasen der sdchsischen Lossprofile bekannten Mustern aus anderen Archiven



in Europa folgen. Zudem zeigt sich, dass die Ergebnisse der Korngrofenvertei-
lung die mittels OSL bestimmten Alter untermauern. Umgelagerte Sedimente
zeigen grofere Altersschwankungen, wohingegen dolische Sedimente eine kon-
tinuierliche Altersentwicklung haben.

Die Ergebnisse dieser Untersuchungen stimmen mit Beobachtungen aus ande-
ren Lossgebieten iiberein. In den meisten Regionen wird ein dhnlicher Hiatus
zwischen der mittleren und oberen Weichselkaltzeit beschrieben. Zudem deu-
ten die OSL-Ergebnisse an, dass in Sachsen ein dlteres Lisspaket mit einem
Alter von ca. 60 bis 70ka und ein jlingeres Losspaket mit einem Alter von
ca. 15 bis 30 ka existiert. Die beiden &olischen Phasen korrelieren mit der ma-
rinen Isotopenstufe 4 (MIS) bezichungsweise der MIS 2, sowie mit Ergebnissen
pleistozdner Staubkonzentration der Atmosphire, abgeleitet aus Seesedimen-
ten oder Eisbohrkernen.

Fine wichtige Erkenntnis dieser Untersuchungen ist, dass wir innerhalb eines
Lossprofiles Pakete unterschiedlicher zeitlicher Auflésung identifizieren konn-
ten. Aus Phasen kraftiger Losssedimentation sind zeitlich hoch aufgelste Se-
quenzen erhalten. Demgegeniiber ist aus Phasen, dominiert durch Bodenbil-
dungen oder Umlagerungen, ein zeitlich nur sehr schlecht aufgelostes Archiv
erhalten, weshalb anhand dieser Abschnitte eine Paldoumweltrekonstruktion

nur bedingt moglich ist.
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Chapter 1

Introduction

1.1 Relevance of Quaternary palaeoclimate re-

search

The presented dissertation is based on investigations and results developed
during the research project “Environmental reconstruction of the Late Pleis-
tocene in Saxony (Germany) based on loess-palaeosol sequences”. The project
was founded by the German Research Foundation (DFG) between September
2008 and February 2012. This thesis summarizes information derived from
Saxon loess-palaeosol sequences (LPSs). On the basis of these results, a land-
scape evolution model of Late Pleistocene for this region is proposed. The
time frame for this reconstruction is given by the deposit itself, because most
studied LPSs from the investigation area dates back to the last glacial cy-
cle (Weichselian glaciation). In well preserved geomorphological positions the
sequences start at the base with the last interglacial soil (Eemian soil). The
investigation of the palaeoclimate and palaeoenvironment is an important field
of geoscientific research because many answers are directly connected to our
human history (e.g. Collaborative Research Centre 806 “Our Way to Europe”).
Pioneers of climate history research (e.g. EMILIANI 1966) did isotopic analysis
on foraminiferal species of deep-sea cores and show that global seawater tem-
peratures varied considerably during the Pleistocene. The results underline the
ancient idea of an alternating Quaternary climate, which were developed on

the basis of investigations of terrestrial archives. Further research was done,



for example, by SHACKLETON (1967). He assumed that changes in oxygen
isotope composition are connected with a huge extraction of seawater during
the growth of ice sheets at the beginning of and during the glaciations and
are of limited suitability to serve as a palaeothermometer only. IMBRIE et al.
(1984) confirm the idea of the astronomical theory for the Pleistocene ice age
from Milankovitch and applied the chronology for the deep-sea isotopic vari-
ations. Furthermore, major advances have been made with radio-metrically
dated volcanic flows which carry normal or reverse remanent magnetisations.
Referring to this, Cox et al. (1963) suggested a table of Pleistocene geomag-
netic epochs. Since that time, a valid model for Pleistocene global ice volume
changes has been established. This model is still up to date; of course there
are many advantages. For example, today the variance in benthic §'%0 could
be reconstructed for the last 5.3 Ma with a much higher resolution and quality
(L1siECKI & RAYMO 2005). Additionally, various events mostly inconsistent
with Milankovitch’s astronomical theory extend this model (e.g. HEINRICH
1988; BOND et al. 1992; DANSGAARD et al. 1993). A further result of the Qua-
ternary climate research during the 20th century (summarized by PAILLARD
2015) is a precise notion of palaeotemperature of the northern hemisphere
derived from Greenland ice cores (e.g. ANDERSEN et al. 2004). Therefore,
however, palacooceanography and isotopic research provide critical advances
for Quaternary climate history, but the work and interpretation of terrestrial
archives are also very important. For example, the initial impulse for palaeo-
climatical research comes from the investigation of terrestrial archives. The
fact that outcrops, whether of glacial, fluvial or aeolian origin, show an internal
subdivision with some strange looking faunal and floral remains embedded in
them finally initiated the assumption of an alternating climate during former
geological eras. Rather, on the basis of terrestrial archives, it is possible to re-
confirm results derived from deep-sea or ice core drilling and draw a picture of
regional climatic characteristics. Furthermore, terrestrial archives rarely con-
tain direct information about climatic parameters as temperature, moisture
or wind direction. In fact, they carry predominantly proxy data about the
behaviour of a landscape, their forcing geomorphological dynamics and the
environmental conditions (for example vegetation) of a specific region. The

results derived from terrestrial archives as presented in this thesis are needed



to downscale the global knowledge about the climate history to a more regional
order. First studies which prove the palaeoenvironmental information derived
from continental archives with isotopic-based palaeoclimatic data were carried
out by KUKLA (1975) and KUKLA (1977). DING et al. (2002) introduced a
stacked 2.6 million years (Ma) grain size record from the Chinese Loess Plateau
correlated with deep-sea 6'80 record. Loess as an aeolian deposit is quite a

favourable material for such palaeoenvironmental studies.

1.2 Loess as an object of palaeoenvironmental

research

Loess is a widely distributed terrestrial deposit (Fig. 1.1) and covers more
than 10 % of the subaerial surface (PEcsI & G. RICHTER 1996). The deposit

Figure 1.1: Global distribution of loess and loess-like sediments after PECSI &
G. RICHTER (1996)

1 - loess; 2 - loess-like sediments
itself can be subdivided in many different ways. Grain size distribution of the

deposit is mostly used as a criteria for subdivision. Complex summaries ac-

cording to the properties, the methods of classification and terms of loess and



loess-like sediments were made by PYE (1984), PEcsI (1990) or PEcsI & G.
RICHTER (1996). There is also differentiation based on the climatic conditions,
respectively the dominating environmental conditions during deposition. PYE
(1995) coins the terms peridesert loess (deposited at desert margin), periglacial
loess (in Central Europe and North America), and perimontane loess (around
huge mountain areas, for example Tibet). In this context ZOLLER & FAUST
(2009) mentioned that after a long debate, but since the end of the 20th cen-
tury, the term desert-margin loess (for warm, peridesert, desert (TSOAR &
PYE 1987), lower latitude loess, and many other equivalent terms) has been
widely accepted. Because of its widespread distribution, loess is most suitable
for palaeoenvironmental studies. Loess could be found in numerous regions
with different climatic conditions. Therefore, it is possible to compare and
correlate results along climatic or orographic transects over long distances.
Partially, as for example in Eurasia, loess builds a continuous nearly closed
cover. In Central Europe loess also shows a dense distribution, but deposits
with a thickness greater than 3 m have a more patchwork-like distribution (see
D. HAASE et al. 2007). Another important advance is that loess, due to its
aeolian origin and its high amount of quartz and feldspar, is datable using
thermoluminescence (TL) and OSL techniques. Especially for deposits from
the last glaciation, in most cases a precise chronological model on the basis
of luminescence dating results could be developed (ANTOINE et al. 2009b;
FRECHEN et al. 2001; FucHS et al. 2012; FUCHS et al. 2008; TERHORST et al.
2011; ZOLLER et al. 1988). Furthermore, this is due to the combination of
palaeosols with embedded packages of unweathered sediment LPSs carrying
various information about the palaeoenvironment. A compilation of possible
investigations is given in Figure 1.2. In this Figure there is a differentiation be-
tween the “deposit” itself without any relocation and the pedologically modified
“embedded soil”. The soils give information about the environmental condi-
tions during the time of soil formation on the basis of the soil type, intensity
of soil formation, and preservation after covering by younger deposits. The
deposit below or above carries information about the process of aeolian depo-
sition and its secondary relocation. For example, ROUSSEAU et al. (2014) and
J. SUN (2002) demonstrate that analyses of the mineralogical composition in

combination with results of grain size analyses can help to indicate the source



area of the dust. Interpreting a LPS means connecting all extractable informa-
tion and creating a general idea about the past environment. However, LPS
carry multiple, geomorphological and pedological information, mostly over-
laying each other and are of great interest for palaeoenvironmental studies.
Additionally, several “remnants” of plants or animals help us to interpret the
LPS. Analyses of molluscs extracted from loess sequence are well established
in Quaternary research (BIBUS et al. 2007, 2002; LoZEK 1990; LOZEK 2001;
MOINE 2008; MOINE et al. 2002). On the basis of known ecological living
conditions of a mollusc’s assemblages, environmental information about the
time the mollusc lived could be derived. But there are also several “limits” and
challenges for loess research which have to be taken into consideration. Most
studies on LPS (e.g. SHI et al. 2003) were done at one site or on one borehole
so that a comparison with a neighbouring section in a different geomorpho-
logical position often causes difficulties. But an evaluation of results from one
profile is only possible through a comparison with other sites. Particularly,
when investigating mollusc assemblages, the former geomorphological position
(habitat) is of essential meaning regarding the species composition and the
resulting palaeoenvironmental interpretation. To sum up, LPSs are datable
using OSL, have a widespread distribution, and carry numerous palaecoenvi-
ronmental proxy data (see Fig. 1.2). Therefore, LPSs are suitable for regional
palaeoenvironmental research. For that reason, loess is actually a well studied
deposit (since 2006 nine Special Issues of the journal “Quaternary Interna-
tional” with the topic loess (152/153, 196, 198, 234, 240, 296, 319, 334/335,
351); since 2011 two issues of the journal “Quaternary Science Journal” (Vol.
60/1, 62/1) but showing a long history of research too (a summary for Central
Europe is given by ZOLLER & SEMMEL 2001).
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1.2.1 Retrospect, research objectives, and motivation

The SLR, as it will be mentioned in chapter 2.1.1, 3.2, and 4.2, is located
at the northern branch of the European loess belt and represents a part of
the northern loess boundary. It takes a central position between the more
isolated patches of loess in western Europe and the more closed distributed
loess cover in eastern Europe (Fig. 1.1). The investigation of LPSs in Saxony
began with studies by PIETZSCH (1922) and GALLWITZ (1937). In the 1960s,
intensive stratigraphical and palaeoenvironmental research on LPSs in Saxony
reached its first heyday. During this time in particular LIEBEROTH (1963) es-
tablished a solid stratigraphy for this area. On the basis of his results, Saxon
loess sequences were comparable with neighbouring loess areas in other coun-
tries (proposed correlation: FINK 1964; LIEBEROTH 1962a; LIEBEROTH & G.
HAASE 1964; RICKEN 1983; SEMMEL 1968). A summary of Saxon research
history on loess and most of the results from the period between 1960 and 1970
are presented in a special issue published by G. HAASE et al. (1970). Addi-
tionally, in other loess regions in both parts of Germany, Quaternary research
has been focused on loess since approximately 1960 and has lasted for decades
(ZOLLER & SEMMEL 2001 gave an overview). Figure 1.3 shows two important
loess standard profiles of this time from Germany. Outlines of the Hessian
standard loess profile (Fig. 1.3: left column) had already been introduced by
SCHONHALS et al. (1964) and SEMMEL (1968). Still today, it represents an im-
portant overview showing all major (palaeo-) pedological variations separated
by several known and unknown hiatuses recorded or rather missed in LPSs
from Germany. The chronostratigraphy is based on TL dating and advanced
the scheme in the late 1980s and 1990s. In the decades following 1960, loess be-
came a focus of research also in other European countries. DEMEK & KUKLA
(1969) summarized results of loess research of the former Czechoslovakia in
a comparable special issue to G. HAASE et al. (1970). Important Czechoslo-
vakian loess researchers of that time include KUKLA et al. (1962) and LOZEK
(1964, 1965, 1968). In Poland, JERSAK (1969, 1973) and MARUSZCZAK (1980)
(after JARY 2007) established schemes of loess stratigraphy for Silesia and east-
ern Polish loess areas. JERSAK (1969, Fig. 16) proposed with the “Stratigraphy
of losses” a scheme for Polish LPSs which was still largely consistent with find-

ings by LIEBEROTH (1963) and SEMMEL (1968) or with findings from the



Sequani (France) loess area (ANTOINE et al. 2003a, pp. 315, Fig.2). But also
other European countries went through a period of booming loess research. A
list of involved researchers is given by D. HAASE et al. (2007) (see “Acknowl-
edgement” section). An ambitious project of this active time of loess research
was to build up a high-resolution Furopean Loess Map. At a meeting in for-
mer Yugoslavia in 1966, the Commission on Loess of International Union for
Quaternary Research (INQUA) decided to implement the mapping project (D.
HAASE et al. 2007). From the author’s point of view, this project embodied
the spirit of an active international loess community marvellously, and with a

high level of scientific exchange.
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with TL ages after ZOLLER (1995) and ZOLLER et al. (2004); b) Loess stratigraphy of Saxony
according to LIEBEROTH (1963)
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The right column of Figure 1.3 shows the standard profile of the SLR accord-
ing to LIEBEROTH (1963). It shows some differences in detail, but the main
units could be correlated with findings from the Hessian loess area (SEMMEL
1969). At the base the Saxon standard profile starts with a strong Luvisol or
Albeluvisol soil type which showed a hydromorphic and podsolic overprinting
(Ryr). Together with a brownish soil sediment above, representing the Older
Weichselian deposits (W) according to LIEBEROTH (1963), this sequence is
labelled as “Lommatzscher Bodenkomplex”. The Middle Weichselian (W) is
composed of slightly reworked loess with a brownish soil at its top. This soil
is often characterized by greyish bleached material at the upper boundary and
is labelled “Gleinaer Bodenkomplex”. The Younger Weichselian loess (W, 17)
is subdivided by some Tundra Gley soils (Gelic Gleysol) in the upper part and
shows features of stronger re-deposition in the lower parts (W,1’). The upper-
most part of the sequence is composed of a weak soil (W,1"’), an overlaying
lenticular horizon, another Gelic Gleysol (W,2’), and the Holocene Albeluvisol
(W,2”). Compared with SEMMEL (1969), the main differences are obviously
in the Older Weichselian, where SEMMEL differentiated three Chernozem-like
soils (“Humuszonen”) and in the uppermost part underneath the recent sur-
face, where LIEBEROTH subdivided several soil formations. The Gleina soil
complex is potentially comparable to the Lohne soil (“Lohner Boden”).

The important differences between both profiles are not obvious and are not
within the stratigraphical sequences, however, but there is no chronostrati-
graphical control for profiles of the SLR. Since 1970, LPSs from Saxony have
been poorly researched and the knowledge remains static at the level of 1970.
A resulting problem is that most pits and outcrops described by LIEBEROTH
(1963) and G. HAASE et al. (1970) were filled and re-cultivated. So there is
no open sequence which could serve to compare published profile descriptions
with recent field observations. It has to be underlined that, since 1982, at-
tempts have been made to carry out luminescence dating of loess in Germany
(WINTLE & BRUNNACKER 1982; ZOLLER et al. 1988), but until now there
has been no attempt to derive numerical dating from Saxon LPS. A second
problem is that SEMMELs and LIEBEROTHs stratigraphical sequences reflect
meanwhile an aged schemata of Central Germany. Recent studies (ANTOINE
et al. 2013, 2009b; FRECHEN et al. 2007; HAESAERTS et al. 1999) have led

10



to an increase of resolution of loess stratigraphy so that a refined stratigraphy
based on weak soil formations is necessary (also recommended by ZOLLER &
SEMMEL 2001). The central thrust of this thesis is to revive the past due
loess research in this area. A fundamental step for this work is to build up a
solid standard stratigraphy and advance it by a chronology based on numerical

dating. The following tasks and questions will serve as a focus:

1. Establishing an independent and refined standard scheme comparable to

ANTOINE et al. (2001) or HAESAERTS et al. (1999)

e Work in the field: describing profiles in terms of their pedological,

sedimentological, and geomorphological characteristics

e Work in the lab: pedo-chemical investigations and grain size anal-

yses (see 2.2)

e (lassifying palaeosols based on fieldwork results supplemented by
data measured in the laboratory. A further important target is
to differentiate whether the palaeosol is an in situ soil or a soil

sediment.

e Verify, if a differentiation between younger and older loess units
related to their sedimentological or geochemical composition is pos-

sible?

2. complete the refined standard profile with a new chronostratigraphy, es-
tablished by high-resolution OSL dating

3. Summarize all pedological, sedimentological, and geomorphological data
for a comprehensive environmental reconstitution of the Late Pleistocene

for this area

4. Comparing the refined and independent results with findings from neigh-

bouring loess areas

1.3 Thesis format

This thesis is a cumulative work and includes three first-author studies (Chap-
ter 2, 3 & 4) published (accepted and printed) in three international peer-

reviewed journals. The formatting of all studies is adapted to this thesis so
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that the reference lists are not formatted as they are in the printed versions.
Due to their origin as articles, every chapter has its own independent list of
references. At the end of the thesis a global list with all cited references is
presented.

The included studies refer to different questions on loess research but also show
some overlapping with regard to their content. This is due to the fact that
some assumptions changed during the course of the project. The first study
(Chapter 2) was published in 2011 and provides an overview of most studied
sections, showing their pedo-physical and geochemical characteristics. It in-
troduces a first concept of a standard profile based on the correlation of all
studied sections. The next study (Chapter 3) focuses on grain size results and
introduces a regional concept to interpret grain size data from Saxon LPSs.
In chapter 4 a revised standard profile combined with OSL ages is proposed.
Additionally, a revised palaeoenvironmental reconstruction for the SLR is dis-
cussed. Chapter 1 and 5 give the conceptional frame for this thesis and serve

as an extended summary.

Further related studies

During processing time of the project between 2008 and 2012, several studies
were done by students supervised by the author and in cooperation with other
specialized research. In this context the cooperation with Dr. Ulrich Hambach
(University of Bayreuth) has to be mentioned. Together with former student
and now colleague Philipp Baumgart, we published the following study which
focuses on the environmental magnetic of Saxon LPSs. These studies are not

included in this thesis but were developed in close cooperation with the author:

BAuMGART, P., U. HAMBACH, S. MESZNER & D. FAusT (2013). "An
environmental magnetic fingerprint of periglacial loess: Records of Late Pleis-
tocene loess-palaeosol sequences from Eastern Germany". In: Quaternary
International 296, pp. 82-93.

DOI: 10.1016/j.quaint.2012.12.021.
This work serves as an important contribution to the project, because it
illustrates that the magnetic properties of several Saxon LPSs follow simi-

lar patterns with depth. Additionally, magnetic properties retrace the unit-
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subdivision which were derived from fieldwork observations. Therefore, mag-
netic investigations obtained on LPSs served as a stratigraphical control. Fur-
thermore, two types of magnetic susceptibility enrichment are described in
Saxon LPSs. The uppermost parts of the profiles show a magnetic enrichment
known from the Chinese loess plateau. In contrast, the middle and lower parts
show magnetic behaviour described from Alaskan and Siberian loess sequences
(wind vigour model).

In a further cooperation with Dr. Michael Zech we focused n-alkane biomark-
ers in loess sequences from Saxony. n-alkane biomarkers were measured from
two LPSs in order to contribute to the reconstruction of the Late Quaternary
vegetation history of the SLR.

ZecH, M., T. KRAUSE, S. MESZNER & D. FAUST (2013). "Incorrect when
uncorrected: Reconstructing vegetation history using n-alkane biomarkers in
loess-paleosol sequences - A case study from the Saxonian loess region, Ger-
many". In: Quaternary International 296, pp. 108-116.

DOI: 10.1016/j.quaint.2012.01.023.

ZeECH, M., S. KREUTZER, T. GOSLAR, S. MESZNER, T. KRAUSE, D.
FAausT & M. FucHs (2012). "Technical Note: n-Alkane lipid biomarkers in
loess: post-sedimentary or syn-sedimentary?". In: Biogeosciences Discuss 9,
pp- 9875-9896.

DOI: 10.5194/bgd-9-9875-2012.

Such collaborative studies contribute vastly to our understanding of the

driving processes of the SLR and show that a solid stratigraphy with an as-

signed chronostratigraphy is of great interest to adjacent research fields.
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