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Loess—palaeosol sequences (LPSs) remain poorly investigated in the southern part of the Upper Rhine
Graben but represent an important element to understand the environmental context controlling sed-
iment dynamics in the area. A multi-method approach applied to the LPS at Kondringen reveals that
its formation occurred during several glacial-interglacial cycles. Field observations, as well as colour,
grain size, magnetic susceptibility, organic carbon, and carbonate content measured in three profiles
at 5 cm resolution, provide detailed stratigraphical information. Only minor parts of the LPS are made
up of loess sediment, whereas the major parts are polygenetic palacosols and pedosediments of vary-
ing development that are partly intersected, testifying to a complex local geomorphic evolution. The
geochronological framework is based on 10 cm resolution infrared-stimulated luminescence (IRSL)
screening combined with 18 multi-elevated-temperature post-IR IRSL ages. The luminescence ages
indicate that two polygenetic, truncated Luvisols formed during marine isotope stages (MISs) 9(=77)
and MIS 5e, whereas unaltered loess units correspond to the last glacial (MISs 5d-2) and MIS 8. The
channel-like structure containing the two truncated Luvisols cuts into > 2m thick pedosediments
apparently deposited during MIS 12. At the bottom of the LPS, a horizon with massive carbonate
concretions (loess dolls) occurs, which may correspond to at least one older interglacial.

Loss-Paldoboden-Sequenzen (LPS) sind im siidlichen Teil des Oberrheingrabens bisher nur unzure-
ichend untersucht, obwohl sie ein wichtiges Element fiir das Verstindnis der Umweltbedingungen
darstellen, welche die Sedimentdynamik in diesem Gebiet gesteuert haben. Die Anwendung eines
Multi-Methoden-Ansatzes auf die LPS in Kondringen enthiillt, dass diese wihrend mehrerer glazial-
interglazialer Zyklen entstanden ist. Die Feldansprache dreier Profile und Laboranalysen in 5cm
Auflosung (Farbe, Korngrofle, magnetische Suszeptibilitit, organischer Kohlenstoff- und Karbonat-
gehalt), geben detaillierte Informationen iiber deren stratigraphischen Aufbau. Nur geringe Teile des
LPS bestehen aus L6B, der teilweise durch Hangabschwemmungen geschichtet ist, wihrend der grofite
Teil aus polygenetischen Paldoboden und Pedosedimenten unterschiedlicher Ausprigung besteht, die
sich teilweise iiberschneiden und von einer komplexen lokalen geomorphologischen Entwicklung zeu-
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gen. Der geochronologische Rahmen basiert auf Screening mittels Infrarot-Stimulierter Lumineszenz
(IRSL) mit einer Auflésung von 10 cm in Kombination mit 18 Altern, die mit dem Multi-Elevated-
Temperature post-IR IRSL Verfahren bestimmt wurden. Die Lumineszenzalter deuten darauf hin, dass
die beiden polygenetischen, gekappten Luvisole wihrend der marinen Isotopenstadien (MIS) 9(=77)
und MIS 5e entstanden sind, wihrend die Losseinheiten dem letzten Glazial (MIS 5d-2) und MIS 8
entsprechen. Die rinnenartige Struktur, welche die beiden gekappten Luvisole enthélt, schneidet in
> 2 m michtige Pedosedimente ein, die offenbar wihrend MIS 12 abgelagert wurden. An der Basis
des LPS findet sich ein Horizont mit groen Karbonatkonkretionen (L6Bkindl), die mindestens einem

ilteren Interglazial entsprechen konnten.

1 Introduction

While the Late Pleistocene climate and environmental his-
tory of Central Europe is reasonably well understood (e.g.
Preusser, 2004; Heiri et al., 2014; Stephan, 2014; Lehmkuhl
et al., 2016; Stojakowits et al., 2021), the timing and extent
of Middle Pleistocene glaciations, as well as the number of
and the environmental conditions during interglacial and in-
terstadial phases, are controversially discussed (e.g. Klein-
mann et al., 2011; Stebich et al., 2020; Tucci et al., 2021).
This is mainly related to difficulties in establishing inde-
pendent and robust chronological frameworks and applies in
particular to the northern Alpine foreland (van Husen and
Reitner, 2011; Preusser et al., 2011). In fact, Middle Pleis-
tocene pollen records close to the Alps and in the Upper
Rhine Graben (URG), a major sink of Alpine debris during
the Quaternary, are rare and largely fragmentary (Preusser et
al., 2005; Knipping, 2008; Gabriel et al., 2013).
Loess—palaeosol sequences (LPSs) are frequently found
in the area between the realms of the Alpine and Scandi-
navian glaciations, yet most work during the past decades
has focussed on the Late Pleistocene (e.g. Meszner et al.,
2013; Lehmkuhl et al., 2016; Moine et al., 2017; Zens et
al., 2018; Fischer et al., 2021; Rahimzadeh et al., 2021;
Zoller et al., 2022; Schulze et al., 2022) with few sites cov-
ering the Middle Pleistocene (e.g. Terhorst, 2013; Sprafke,
2016). Some Middle Pleistocene sites have been dated using
thermoluminescence (TL; e.g. Zoller et al., 1988; Frechen,
1992); however, this technique does not correspond to the
present state of knowledge, and the reliability of the pub-
lished ages remains uncertain. Relative chronostratigraphy
(pedostratigraphy) is based on a priori assumptions and may
give biased results. An example is the LPS Wels-Aschet,
where Terhorst (2007) suggests a correlation of five fossil
palaeosols with marine isotope stages (MISs) 5, 7, 9, 11,
and 13-15 (cf. Lisiecki and Raymo, 2005), with the under-
lying assumption that Luvisols represent interglacial forest
ecosystems that have occurred every ca. 100000 years in
Central Europe (Bibus, 2002). While this chronological as-
signment was apparently supported by palaeomagnetic ex-
cursions observed in this LPS (Scholger and Terhorst, 2013),
Preusser and Fiebig (2009) discuss a correlation of three of
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the fossil Luvisols with the three pronounced warm peaks of
MIS 7, seemingly supported by infrared-stimulated lumines-
cence (IRSL) dating. This would result in a different corre-
lation with the MIS record as suggested by Terhorst (2007).
However, it is unclear if the IRSL ages could be underesti-
mated due to signal instability and saturation effects.

Buylaert et al. (2009) have introduced an approach that al-
lows the dating range of luminescence to be extended, eras-
ing the unstable IRSL component during a first measure-
ment, followed by collecting a more stable signal during
subsequent stimulation at an elevated temperature (see re-
view by Zhang and Li, 2020). This post-IR IRSL (pIR) ap-
proach was first applied to the LPS from Austria by Thiel et
al. (2011a, b, c) and enabled the dating range to be extended
back to about 300 ka. Other studies report reliable ages of up
to 700 ka (Zander and Hilgers, 2013; Faershtein et al., 2019).
A modified version of the pIR approach was suggested by
Li and Li (2011) in which IRSL is subsequently stimulated
at increasingly higher temperatures with 50 °C increments.
The multi-elevated-temperature (MET) pIR (MET-pIR) ap-
proach allows signals with increasing stability at higher tem-
peratures to be analysed but at the cost of bleachability of
the signal (Kars et al., 2014). Furthermore, higher stimula-
tion temperatures may also induce changes in sensitivity of
the signal that may result in incorrect estimates (e.g. Zhang,
2018).

This article is a contribution towards a broader initiative
that aims at improving the understanding of the factors con-
trolling deposition in the URG geosystem during the Quater-
nary. Besides the effects of local tectonics, changes in climate
had a major impact on deposition (Weidenfeller and Knip-
ping, 2009; Gabriel et al., 2013; Preusser et al., 2021), in
particular linked to the reoccurring glaciations of the Swiss
Alps (Preusser et al., 2011), the Black Forest (Hofmann et
al., 2020), and the Vosges (Mercier and Jeser, 2004). LPSs
reflect changes in past environmental conditions by shifts
between loess deposition, soil formation, and phases of ero-
sion and reworking (Sprafke et al., 2014). In the URG, the
accumulation of loess is assigned to cold periods (Hadrich,
1975), when the Rhine and its tributaries were braided rivers,
with high debris supply due to increased frost weathering and
glacial erosion and high transport potential due to meltwater
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discharge. During periods of a warm and humid climate (as
today), the Rhine had an anastomosing to meandering char-
acter with limited debris transport and practically absent ae-
olian sediment activity due to widespread vegetation cover
(e.g. Andres et al., 2001; Houben, 2003; Erkens et al., 2009;
Kock et al., 2009). These two environmental modes can be
termed glacial and temperate conditions (the latter including
both interglacials and interstadials). Less well understood are
the environmental conditions responsible for the phases of
erosion and reworking that are observed in many Central Eu-
ropean LPSs (Lehmkuhl et al., 2016; Sprafke, 2016; Zoller
et al., 2022). Presumably these are related to the presence of
flowing water (e.g. sheet wash), but deflation may also play
an important role. In both cases, vegetation cover must be
very limited.

Despite the prominent loess cover, LPSs from the south-
ern part of the URG (Fig. 1) have seen very limited atten-
tion so far, with the most recent systematic studies reach-
ing back to the 1980s (Bronger, 1969, 1970; Guenther,
1961, 1987; Hidrich, 1980; Hadrich and Lamparski, 1984;
Zoller et al., 1988). Parallel to the present study, Schulze et
al. (2022) investigated the Late Pleistocene site of Bahlingen-
Schonenberg using a similar approach as applied here. The
site investigated here is situated in the village of Kondringen
at the foothills of the Black Forest (Fig. 1) and comprises
a complicated succession of discontinuous units, including
partly layered loess sediments (sensu Sprafke and Obreht,
2016), palacosols, and pedosediments, as well as horizons of
large carbonate concretions. These features indicate that sev-
eral glacial-interglacial cycles are recorded in this outcrop
but with a major contribution of slope processes leading to
erosion and reworking. As a first step to unravel the complex
Middle to Late Pleistocene history of the LPS at Kondrin-
gen, we focus on refining tools to derive robust stratigraphies
and reliable chronologies in a easily accessible part of the
outcrop.

Our multi-method approach combines a qualitative field
description of the outcrop with high-resolution (5 cm) sedi-
ment and soil analyses (grain size, colour, magnetic suscep-
tibility, organic matter, and carbonate content). A particular
focus is on establishing a chronological framework by ap-
plying the MET-pIR dating approach. In addition, the po-
tential of high-resolution (10 cm) IRSL screening is tested
(e.g. Roberts et al., 2009; May et al., 2018), as this simplified
procedure with regard to preparation and measurement may
provide quick and low-cost semi-quantitative age informa-
tion. Based on a discussion of the pedosedimentary evolution
within the chronological framework, comparisons are drawn
to Central European loess records of the Middle Pleistocene,
and persistent gaps of knowledge and possible solutions are
identified.

https://doi.org/10.5194/egqgsj-72-1-2023

2 Study area

Loess deposits in the southern part of the URG are
mainly found in hilly landscapes, mostly superimposing pre-
Pleistocene layers with varying thickness (KeBler and Laiber,
1991). The LPS of Kondringen (48.13915° N, 7.813025° E;
220 m above sea level, a.s.l.) is located in the Black Forest
foothills (Emmendinger Vorbergzone), which represent fault
blocks along the eastern fault system of the URG (Fig. 1).
The investigated site is situated next to a small triangular hill
(Ottenberg), almost 1 km north-east of the river Elz and about
16 km E of the river Rhine. To the west of the main fault, sev-
eral minor faults divide the foothills into two parts, the east-
ern “loess hill zone” mainly underlain by limestone and the
western part where sandstone also is present; both regions
are covered by loess sediment of varying thickness with up
to 10-15m (Héadrich, 1965; Hadrich and Stahr, 2001). Ac-
cording to heavy mineral analyses the source of the loess
must have been the floodplain of the Upper Rhine (KeBler
and Laiber, 1991), with the thickest accumulation of loess
occurring on the adjacent foothills of the Black Forest and
on the nearby Kaiserstuhl (hills of volcanic origin in the cen-
tre of the URG).

A comprehensive review of LPS in the study region was
provided by Guenther (1987), including a schematic sketch
showing the stratigraphic subdivision of key sites that all in-
clude several interstadial and interglacial palaeosols. Accord-
ing to this study, the most complex LPSs of the region are lo-
cated in the wider surroundings of Kondringen and comprise
up to seven loess units and six well-developed palaeosols.
Unfortunately, the majority of outcrops are not easily acces-
sible anymore. The only study including geochronological
methods in the region until recently (Zoller et al., 1988) ap-
plied TL dating to eight samples taken from the LPS Riegel
(Fig. 1b). While TL dating was at an early stage of devel-
opment at that time, ages of 153 4+ 14 and 183 + 17 ka for
loess from below what was interpreted as the Last Inter-
glacial soil (MIS 5e; 115-130ka; Lisiecki and Raymo, 2005)
agree with the expected time frame. Middle Pleistocene ages
of the four older palacosols at Riegel are confirmed by TL
ages of 259 426, 254 424, 273 £ 23, and > 390 ka for lower
parts of the sequence. These findings indicate that regional
LPSs cover more than four glacial-interglacial cycles, moti-
vating an approach with state-of-the-art methods to the easily
accessible but as yet unstudied LPS Kondringen.

3 Materials and methods

3.1 Profile description and sampling

The three investigated profiles are located at the north-eastern
end of a 400 m long outcrop along Landecker Weg in Kon-
dringen, where a complex succession of partly layered loess
sediments of varying thickness intercalated by partly dis-
continuous pedocomplexes and loess doll horizons are ex-
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Figure 1. (a) Position of the study area in the Central European loess belt with the location of the mainly Middle Pleistocene LPS men-
tioned in the text: Grace Autoroute (Antoine et al., 2021), Harmignies (Haesaerts et al., 2019), Ariendorf (Haesaerts et al., 2019), Kérlich
(Boenigk and Frechen, 1998), Koblenz-Metternich (Boenigk and Frechen, 2001), Bad Soden (Semmel and Fromm, 1976), Kirchheim (Ros-
ner, 1990), Achenheim (Junkmanns, 1995), Hagelstadt (Strunk, 1990), Wels-Aschet (Terhorst, 2007; Preusser and Fiebig, 2009; Scholger
and Terhorst, 2013), Krems shooting range (Sprafke, 2016), Cerven}’/ kopec (Kukla, 1977), and Paks (Thiel et al., 2014). (b) The inves-
tigated profile is situated in the foothills of the Black Forest in the village of Kondringen (yellow star). The digital elevation model data
were provided by EEA (2016) and processed with QGIS 3.26. Distribution of aeolian sediments after Lehmkuhl et al. (2021), ice extent
after Ehlers et al. (2011), river system from http://naturalearthdata.com (last access: 24 October 2022), and country boundary lines from

http://landkartenindex.de (last access: 24 October 2022).

posed. The term loess sediments includes both loess and
loess-like sediments (Sprafke and Obreht, 2016). Large parts
of the outcrop are covered by a patina, vegetation, or de-
bris, and the site remains protected from spring to autumn
due to bird colonies nesting in the cliffs. To capture the
main elements of stratigraphy in the most accessible part of
the outcrop and to keep disturbance to the minimum, three
profiles (KON-A, KON-B, KON-C; Fig. 2) of about 70 cm
width were prepared by removing ca. 20 cm of surficial ma-
terial with spades and scratchers. Colour, structural differ-
ences, and specific features were documented qualitatively
for a general profile description as the basis for the interpre-
tation of the multi-method dataset. From each profile, sam-
ples for determining organic matter and carbonate content,
magnetic susceptibility, grain size analysis, and colour mea-
surements were taken at 5 cm resolution as a continuous col-
umn (Antoine et al., 2009). Pedological horizon designations
based on the qualitative field description and laboratory data
(mainly colour data) follow FAO (2006) in the way suggested
by Sprafke (2016). Samples for IRSL screening were taken
every 10 cm using opaque plastic tubes with a length of 5cm
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and a diameter of ~ 3 cm, hammered into the freshly cleaned
exposure. For luminescence dating, 18 samples were col-
lected in metal tubes with a length of 10—15 cm, hammered
into the cleaned profile.

3.2 Colour measurements

Colour measurements were done with a ColorLite sph850
spectrophotometer at the University of Bern that, which al-
lows wavelengths from 400-700 nm to be measured with a
spectral resolution of 3.5 nm (Sprafke, 2016). Samples were
air-dried and sieved to fine earth (< 2 mm) and measured in a
circular field with a diameter of 3.5 mm. The observer angle
was 10°, and the light source (six LEDs) corresponds to D65
light. The measuring head was pushed into the loose sample
material until it was completely sealed from daylight. Mea-
surements were done at three different sample positions and
the results averaged. After stirring the sample, this procedure
was repeated, leading to duplicate results. The spectropho-
tometer was calibrated using a white standard disc after every
10th measurement. The acquired data (various colour vari-
ables, remission spectra) were analysed using Microsoft Ex-
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