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Abstract
The Nussloch loess sequences were sampled at close intervals (10 cm) and documented in respect of their stratigraphy, palaeopedology, sedimentology, palynology, malacology and geochemistry, and were dated using radiocarbon and OSL methods. For each
stratigraphic unit, the results of both the "eld studies and the analytical and geochronological data obtained cast light upon the
response of the loessic environment to global climatic variations during the last cycle. The basal soil complex underwent
a pedosedimentary evolution similar to those of the bordering area (complex Luvisol/Greyzem/`steppe soila) which re#ects the classic
progression towards increased continentality of the environment between the end of the Eemian (5d) and the beginning of the full
glacial stage (Pleniglacial). The Lower Pleniglacial corresponds to an initially very arid phase dominated by the accumulation of loess,
followed by the deposition of strati"ed niveo-eolian sands. The Middle Pleniglacial complex (ca. 55}30) is clearly characterised by the
inhibited loessic sedimentation. It is primarily marked by two phases of stabilisation recorded in the form of weathered horizons
(Cambisols) which are separated by a rather thin layer corresponding to loessic sedimentation with tundra gleys. This intermediate
phase brings together organic silt deposits which record an interstadial dated at 32}33 ka C BP. The thick loessic accumulations of
the Upper Pleniglacial ('10 m), which clearly began to accumulate before the oxygen isotope stage (OIS) 3/2 boundary, show
evidence of vulnerability to considerable #uctuations in response to variations in wind dynamics and the intensity of de#ation in the
Rhine valley. Finally, a proposed correlation of loess}palaeosol stratigraphies from Germany, Belgium and France, spanning the
entire last interglacial}glacial cycle, is presented.  2001 Elsevier Science Ltd and INQUA. All rights reserved.

1. Introduction
The Nussloch sections are in a Triassic limestone
quarry on the east bank of the Rhine river a few km to the
south of Heidelberg and the con#uence with the Neckar
(Fig. 1). The multidisciplinary "eld study of the pro"les
has been under way since 1995 in the framework of the
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European Project BIMACEL (Biological and Magnetic
Records and Dating of Climatic Changes in Western
European Loess series), and centred on the high-resolution study of the loessic record of the last climatic cycle.
The Nussloch sections, previously described by Sabelberg and LoK scher (1978), Bente and LoK scher (1987), Bente
and Schweizer (1988), and dated by ZoK ller et al. (1988),
ZoK ller and Wagner (1990) and ZoK ller (1995), were selected
because of the exceptional development of the Weichselian loess deposits at this site (18 m thick). In this part of
the upper valley of the Rhine river (Upper Rhine
Graben), the geomorphological context of the east bank
includes a very broad alluvial plain (ca. 30 km wide),
separated from the Odenwald hill country by an abrupt
slope exposed to the West-North-West (Fig. 2). During
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Fig. 1. Location of Nussloch and of some other Upper Pleistocene pro"les in the European loess belt.

the Weichselian, this particular morphology favoured the
accumulation of thick loess deposits at the junction between the Odenwald and the east-bank slope of the
Rhine graben (foK hn e!ect). This phenomenon produced
a very particular landscape in which a succession of
elongated `dunesa of loess, 15}20 m thick and 2}4 km
long and trending NNW to SSE were separated by small
dry valleys (Fig. 2). This very speci"c morphology corresponds to that of the `gredasa observed in Bulgaria and
more generally in central Europe (LeH ger, 1990). As proposed by LeH ger, these types of structure could lie parallel
to the direction of the winds that were responsible for the
de#ation and the formation of loess deposits.
At Nussloch, this accumulation is mainly related to the
presence, during the Weichselian (Pleniglacial), of a very
broad alluvial plain traversed by a system of braided
channels (Bibus, 1980). These provided an abundant
source of sand and silt that was then subjected to de#ation as described in present day environments in Alaska
and Canada by, for example, PeH weH (1955) and Pissart
et al. (1977). Lastly, because of its geomorphological
situation, the Nussloch loess succession re#ects those
sedimentary processes dominated by wind dynamics and
contains few deposits reworked by runo! and/or colluviation. This is in contrast to other pro"les in the Rhine
valley located at the base of its western #ank such as
Achenheim (SommeH et al., 1986; Rousseau et al., 1994,
1998a, b), Koblenz-Metternich (Boenigk et al., 1994;
Frechen, 1994; Frechen et al., 1995), Mainz-Weisenau
(Semmel, 1983, 1995; Frechen and Preusser, 1996) or in
old volcanic craters such as ToK nchesberg (Bogaard and
Schminke, 1990; ZoK ller et al., 1991; Frechen, 1994, 1999;

Fig. 2. Geomorphological context of pro"les P1}P3 at Nussloch.

Frechen et al., 1995) (Fig. 1). These characteristics
make Nussloch succession one of the best pro"les for
studying the Weichselian loess deposits of north-western
Europe, and more particularly the Upper Pleniglacial which is represented here by a 10}12 m thick
accumulation.
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2. Sampling and methods
Three loess sequences located in two neighbouring
`dunesa (gredas) were studied in the Nussloch quarry
between 1995 and 1997 (P1}P3, Figs. 2 and 3). Pro"les
P2 and P3 are very close to each other (25 m) and located
in the thickest part of the `loess ridgea. Pro"le P1, on the
other hand, lies approximately 300 m to the NNW of
pro"les P2 and P3 in a sector where the Upper Pleniglacial loess is thinner. A detailed sketch (5 cm"1 m), in
which all sample locations are indicated, was drawn up
for each pro"le (Fig. 3). Each pro"le was sampled using
the same methodology and sampling interval (1 sample
every 10 cm), and the following analyses were undertaken:
E Magnetic susceptibility: measurements in the "eld with
a portable Bartington susceptibility meter, and collection of cubic samples (2 cm) for measurement in the
laboratory (D.D. Rousseau).
E Sedimentology (corer, H 4 cm): six grain-size
fractions, without decarbonation, by sieving and pipetting ((l, 1}2, 2}20, 20}50, 50}200 and 200}
2000 m), and calcimetry (P. Antoine, N. Cunat and
CNRS-Caen).
E ¹otal iron (total dissolution with HF and #ame atomic
absorption) (INRA-CNRS Caen).
E Organic carbon and 13C of the organic matter: elemental analysis and isotope mass spectrometry (C. HatteH ).
E Malacology: sampling in continuous column. Ten to
15 kg per sample (D.D. Rousseau).
E Palynology: the organic sediments of pro"le P1
(Fig. 4), were taken in a continuous column (4;30 cm)
by A.V. Munaut for the palynological study, and some
test-samples were extracted from the loess from pro"le
P2.
E Micromorphology: a series of undisturbed blocks of
sediment and soil for thin sections were taken in pro"les P1 and P3 (P. Antoine, Figs. 3 and 4).
E 14C dating: radiocarbon dating was carried out on the
wood and bone remains in pro"le P1, the mollusc
shells in P2 and the organic matter in the loess of P2
(M. Fontugne and C. HatteH ). The detailed protocol is
presented by HatteH et al. (1999), and is summarised
thus: sampling of 2 g of sediment along the upper part
of the sequence, drying under 503C, at most 2 days
after collecting, discarding evident root remains by
hand,(200 m sieving and homogenisation of the
"ne fraction. The humic fraction is extracted using "rst
digestion in hydrochloric acid, followed by the reaction of the acid-insoluble residue with Na P O and,
  
"nally, the hydrolysis of the solid residue with HCl.
Dry solid residues are homogenised and preserved in
a nitrogen atmosphere. Samples were combusted to
evolve CO for reduction and graphite target prepara
tion for AMS analysis.
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E TL/IR-OSL dating (L. Zo( ller and A. Lang): the TL determinations were carried out in pro"les P1 and P2 (20
samples), and dosimetry was performed on site in
auger borings. The results are supplemented by the TL
dates already published (ZoK ller et al., 1988; ZoK ller and
Wagner, 1990; ZoK ller, 1995), the detailed protocol being available in ZoK ller et al. (1988).
The Synthetic Nussloch pro"le was built up on the
basis of the correlation of successions P1 and P2 by
means of a large number of marker horizons visible in
every wall of the quarry (e.g. units 2, 13 and 20 in Fig. 3).

3. Litho- and pedo-stratigraphy
A total of 43 units were recognised on the basis of
lithological and pedological characteristics, as well as
location within the studied sequences (see Table 1).
The study of pro"les P1}P3 reveals a complex succession within which about 40 sedimentary units and
pedological horizons are distinguishable in the "eld (Fig.
3). The terminology in italics corresponds to that employed by German authors for the regional succession of
the upper Pleistocene (SchoK nhals et al., 1964; Semmel,
1983, 1995; Bente and LoK scher, 1987; Bibus et al., 1989,
1992; ZoK ller, 1995, Figs. 6 and 7). On the basis of the
variations in sedimentological and pedological characteristics, as well as the major discontinuities (erosional
surfaces/hiatuses), it is possible to recognise "ve main
lithostratigraphic and/or pedostratigraphic sequences
within the Nussloch succession, each separated by erosional contacts or changes in facies and geometry (Fig. 3,
sequences I}V).
3.1. Sequence I * basal soil complex
At its base, this sequence includes a complex Btg
horizon (units 2a/2b * Erbacher Boden) developed on
a calcareous loess (unit 1). This horizon is truncated and
covered by clayey colluvium containing reworked soil
nodules on which a Bth horizon is developed (unit 3).
The upper part of the sequence corresponds to the
establishment of the loessic loam of unit 4 and then the
formation of a humus-bearing horizon (unit 5 *
Mosbacher Humuszone). The upper limit of this complex
is marked by the disappearance of the humus-bearing
soil facies, an erosion surface and then signi"cant development of loessic sedimentation.
3.2. Sequence II * greyish calcareous loess and blown
sands
This unit is characterised by the presence of bedded
sandy}loamy hillwashed facies (unit 6a in P3), corresponding to an erosive phase, followed by reworking of
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Fig. 3. Detailed pedosedimentary sequences and correlation between pro"les P1, P2 and P3, location of OSL and TL samples (description of units
in text).
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Fig. 4. Detailed sketch of pro"le P1 and sample locations (description of units in text).

the underlying soils complex, and then by deposition of
the greyish calcareous loess (units 9, 10, and 12 of Pl)
including bedded sandy}loamy layers (unit 8) and Gelic
Gleysols or tundra gleys (unit 7 * Nussloch Soil, and unit
11). Above a very marked erosion surface that can be
traced across the whole quarry at the contact between
units 12 and 13, the topmost part of sequence II is
composed of aeolian sands and loams (unit 13). Some
20 m to the south of P1, these deposits form a dune 5}6 m
in thickness (Fig. 3).
3.3. Sequence III * Cambisols, organic deposits and loess
with tundra-gleys
Sequence III di!ers clearly from both the underlying
and overlying sequences in the increased importance of
the weathering facies and the relatively weak development of loess (2}4 m maximum thickness). The sequence
is as follows.
E Cambisol horizon (unit 14 * Gra( selberger Boden),
developed on the sandy deposits at the top of unit II.
E Erosion, then deposition in P1 of bedded loamy
deposits with organic beds and vegetal remains in the
depression (unit 15).
E Tundra-gley with oxidised bands, disturbed by
soli#uction (unit 16).
E Homogeneous calcareous loess (unit 17).

E Tundra-gley disturbed by soli#uction, with orange
oxidised bands (unit 18).
E Homogeneous calcareous loess (unit 19).
E Upper Gelic Cambisol (unit 20 Lohner Boden) with
summit gley disturbed by geli#uction (unit 21).
3.4. Sequence IV * calcareous loess and tundra-gleys
The top of the uppermost Cambisol 20 marks a signi"cant break in the stratigraphy followed by the massive
development of calcareous loess. This sequence (units
22}38) consists of the following.
E Homogeneous calcareous loess (unit 22).
E Finely laminated calcareous loess with cryo-desiccation microcrack networks (units 24, 27, 29, 31, 32 and
34) and tundra gleys more or less disturbed by cryoturbation or soli#uction (units 23, 25}26, 28, 30, 33 and
35, Erbenheimer Nassboden El}E4).
E Homogeneous calcareous loess (units 36 and 38) with
little-deformed tundra-gley (units 37, E5?).
3.5. Sequence V * surface soil
Units 39 and 40 correspond to the truncated Bt
horizon of the surface Luvisol and its reworked humic
horizon, respectively.
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Table 1
Description of the units, interpretation of the pedological horizons and periglacial features (Soils: according to FA0-UNESCO, 1974, 1997;
cryostructures: according to Huijzer, 1993 and Van Vliet-LanoeK , 1987)
Description

Interpretation (soils/periglacial features)

S * Bedded reddish yellow clayey sands with numerous iron hydroxides nodules
1 * Light yellowish brown (2.5 Y 6/4) laminated sandy calcareous loess
2a * Strong brown (7.5 YR 5/6}4/6), clayey sandy loam with brown red clay
coatings, FeMn nodules, oxidised patches and light prismatic structure
2b * Compact brown (10 YR 5/6}4/6), clayey loam with blocky angular
structure (changing to granular at the top), brown red clay coatings
(ferriargilans), FeMn coatings and oxidised patches and root tracks
2 (P1) * Olive (2.5 Y 5/4) clayey loam with numerous FeMn nodules and
oxidised root tracks
3 * Compact, dark yellowish brown (10 YR 4/4) clayey loam with dark brown
clay coatings, blocky angular structure with silt coatings, and numerous
FeMn nodules
4 * Homogeneous, non calcareous lightly humic yellowish brown loam
(10 YR 5/3), with little charcoals
5 * Dark yellowish brown (10 YR 3/3) calcareous clayey humic loam
(COT: 0.4%), lightly calcareous in the upper part (CaCo : $5%), with a

weak platy structure and some little charcoals and reworked FeMn nodules
6a (P3) * Horizontally bedded clayey sands (brown-red) and loams (grey)

Reworked tertiary sediments

6b * Light olive brown (2.5 Y 5/4) calcareous sandy loess with molluscs and
numerous Fe}Mn nodules
7 * Grayish brown (2.5 Y 5/2) calcareous loess with "ne iron-hydroxide lines
and numerous molluscs
8 * Light olive brown (2.5 Y 5/6) calcareous laminated sandy loess with
minor cryoturbations
9 * Brownish yellow (10 YR 6/6}5/6) sandy calcareous loess with "ne platy
microstructure, biopores with carbonate coatings
10 * Olive yellow (2.5 Y 6/4) calcareous loess with pseudomycelium and
molluscs at the top
11 * Light brownish grey (2.5 Y 6/2) calcareous loam with scattered iron
hydroxide patches
12 * Pale olive (5 Y 6/3) calcareous sandy loess with "ne sand beds
13 * Light olive brown (2.5 Y 5/4) laminated coarse sands disturbed by a
network of small normal faults
14 * Clayey yellowish brown sands (10 YR 5/6}5/8), with platy microstructure
(2}5 mm), numerous biopores, Fe}Mn nodules, and large molluscs at the top
15 * Grey (5Y5/1) to dark greyish brown (2.5 Y 3/2) (locally bluish) strati"ed
organic and sandy loams with peat layers, charcoals, wood remains and
numerous molluscs
16 * Calcareous bedded grey-brown loess with molluscs and iron
hydroxide patches
17 * Light brownish grey (2.5 Y 6/2) calcareous loess
18 * Light brownish grey (2.5 Y 6/2) calcareous loess with iron hydroxide
lines and molluscs
19 * Homogeneous light yellowish brown (10 YR 6/4) calcareous loess
20 * Brownish yellow (10 YR 6/6) massive and slightly calcareous loam,
with gradual smooth lower boundary, numerous "ne root pores (H 1 mm)
with FeMn and iron hydroxide coatings, calcite biospheroids (H 0.4}1 mm),
small calcareous nodules at the base (H 1}2 cm), granular structure at the top
then foliated to platy (2}3 mm with iron hydroxide coatings) in the lower part
21, 23, 26, 28 * Greenish grey hydromorphic horizons with undulated "ne
orange bands, low porosity, undulated lower boundary, undulated iron
hydroxide bands and thin platy structure (1 mm), general undulations and
injections at the top, locally CaCO nodules (1}2 cm) at the base

25 * Massive light pale yellow brown calcareous loess with gradual smooth
lower boundary, pseudomycelium and iron hydroxide rings
22 * Massive yellow-grey calcareous loess with "ne iron hydroxide bands
and "ne platy microstructure (1 mm)

Btg horizon of Gleyic Luvisol
Truncated and partly geli#ucted Btg horizon of Gleyic Luvisol

Lateral hydromorphic facies of 2a/2b
Bth horizon of Greyzem developed on colluvium

Clayey colluvium
Ah horizon of isohumic `steppe soila (Chernozem-like soil)

Hillwashed deposits reworking Bt horizon 2a/2b and Tertiary
beds

BCr horizon of Gelic Gleysol

BCr horizon of Gelic Gleysol

Bw horizon of Cambisol

Soli#ucted BCr horizon of Gelic Gleysol

BCr horizon of Gelic Gleysol

Bw horizon of Cambisol, with freeze-thaw structure in the lower
and middle parts, then geli#uxion at the top

Soli#ucted and cryoturbated BCr horizons of Gelic Gleysols
with "ne freeze-thaw fabric

Undisturbed part of BCr horizon of Gelic Gleysol 26
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Table 1. Continued.
Description

Interpretation (soils/periglacial features)

24, 27, 29, 31, 32, 34 * Light yellow grey, "nely laminated calcareous loess
with "ne sand beds (1}3 mm), small polygonal network (5}10 cm
depth/20}30 cm large) of cracks with downturning lamination,
locally very "ne undulating platy microstructure ((1 mm). A thin black
layer of volcanic minerals (1}3 mm in (thickness) is observed in all the pro"les
in the upper part of unit 34 (E.T. Eltviller Tu!)
30, 33, 37 * Greyish yellow massive calcareous loess with scattered iron
hydroxide patches, gradual smooth lower boundary, iron hydroxide coatings
on biopores, pseudomycelium
35 * Massive greyish-brown horizon with carbonates and Fe}Mn nodules,
carbonate coatings on biopores and involutions at the base
36, 38 * Massive light grey brown calcareous loess with numerous calcareous
tubes and root tracks with thick carbonate coatings. A lightly brown horizon
(Maisbacher Boden) has been observed within unit 38 in a lateral pro"le,
where the upper loess are thicker than in P1}P2 (ZoK ller, 1995)
39 * Massive brown orange and non calcareous clayey loam with smooth
prismatic structure, clayey coatings on aggregates and biopores, big root tracks
40 * Brown grey loam with granular structure

Laminated loess with small syngenetic cryo-desiccation cracks
network

4. Pedosedimentary evolution and paleoenvironmental
interpretation
4.1. Sequence I: basal soils complex (Fig. 3)
The basal part of the soil complex of Nussloch is
represented by a Bt horizon of a Gleyic Luvisol (units
2a/2b, Figs. 3 and 4). The lower unit 2b, is a brown}red
poorly illuviated decalci"ed loam, characterised by clay
((2 m) contents of 15}20% and a total iron content
(2}2.5%) that remain relatively low. In thin section, it
shows the facies of a deep Bt horizon containing thinly
laminated brown}yellow illuvial clay coatings a!ected by
strong ferric impregnation (hydromorphic conditions),
and a weakly lamellar structure corresponding to the
trace of a phase of deep seasonal frost (Van Vliet-LanoeK ,
1987). The values of magnetic susceptibility are apparently higher than in the underlying or overlying levels,
possibly in connection with the accumulation of iron
hydroxide which characterises this unit in pro"le P1.
This phenomenon is purely local (hydromorphic conditions related to poor drainage), and does not appear in
the other pro"les of this soil to be seen in the quarry or in
the neighbourhood. Unit 2b thus corresponds to the
lower part of an interglacial Bt horizon of a Luvisol
a!ected by strong, site-related hydromorphic conditions
(Btg) and then by a phase of seasonal frost.
In contrast, unit 2a shows a typical Btg horizon facies
characterised by high contents of clay and total iron
((2 m maximum 30%; total iron: 2.5}3%). The values
of magnetic susceptibility, although fairly low in absolute
terms (12 SI units), are much higher than in 2b (Fig. 5). In
thin section, this horizon is characterised by a more

Undisturbed BCr horizons of Gelic Gleysols

Soli#ucted BCr horizon of Gelic Gleysol (`tongue horizona),
with deformed frost-cracks

Truncated Bt2 horizon of the surface Luvisol
Reworked humic horizon (Ap) of the surface Luvisol

intense illuviation, comprising a second generation of
laminated, more or less loamy greyish brown}yellow
argillans, in which it is di$cult to recognise any speci"c
individual character (frost mulching). The di!use contact
with 2b is marked out by root tracks underlined by iron
hydroxide precipitation.
The upper part of this horizon has a more pronounced
lamellar fabric (platy structure: 3}5 mm), a late generation of dark brown laminated clayey- to loamy-humic
argillans having developed on the pores and the frost
cracks. The unit was "nally a!ected by a phase of waterlogging, and shows a strong lamellar structure with skeletans due to major seasonal freezing grading upwards
into a geli#ucted facies in the topmost 10 cm. Units 2a/2b
thus correspond to a complex truncated Btg horizon of
a Gleyic Luvisol followed by some loamy- to clayeyhumic illuvial accumulations related to the subsequent
development of a Greyzem in the overlying level (unit 3).
This "rst part of the sequence is then overlain by
brown, compact clayey colluvium (unit 3), with many
papules and soil nodules, reworked ferro-manganese
concretions and scattered charcoal (coniferous?). These
colluvial deposits have been a!ected by a phase of clayeyto silty-humic illuviation and by strong bioturbation
(earth worm galleries and chambers), corresponding to
the development of a humic soil of the Greyzem (FAO
1974, 1997) or grey forest-soil type (Van Vliet-LanoeK ,
1990; Driessen and Dudal, 1991, Gerasimova et al., 1996;
Shugalei, 1997). The climatic deterioration marked by the
erosion of the top of the Greyzem (unit 3) and the
penetration of freezing to a depth of about 1.5 m corresponds to a major boundary within the soil complex.
It indicates the "nal disappearance of forest soil facies
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Fig. 5. Grain-size, TOC (Total organic carbon), magnetic susceptibility and TL/OSL data in pro"le P1 (description of units in text).

and the transition to an increasingly open and arid
environment.
At Nussloch, the second part of the basal soil complex
corresponds to units 4 and 5 (colluvium, followed by
loess and humus-bearing soil) and displays very little
dilation. The humic horizon of unit 5 (Ah horizon) is
characterised by a peak in the curve of total organic
carbon (0.4%: Fig. 5), a lack of clay illuviation, and a very
homogeneous pattern resulting from intense bioturbation of the whole horizon (organic micro-aggregates).
This humic horizon, which is very di$cult to classify
according to the FAO-UNESCO Soil taxonomy
(`Chernozem-like soila), will be described as a `steppe
soila in this paper. Its upper part developed on a
calcareous loessic loam, indicating input of exotic loesslike material that contrasted strongly with the preceding
colluvial facies.
4.2. Sequence II: loess and aeolian sands (Fig. 3)
Sequence II is represented by a succession of loessic
and sandy deposits (units 6}12; Figs. 3 and 4). The lowermost loess of unit 6 exhibits a slightly hydromorphic
facies (Fe}Mn concretions; iron hydroxide precipitation),
and is a!ected by a thin plate-like structure (thickness,
1}2 mm) of the deep seasonal frost type, with silty caps
showing a lamellar sorted pattern (Van Vliet-Lanoe,
1987),

The malacological contents correspond to a very open
environment but one that was still relatively humid. The
existence of humid conditions at the beginning of sequence II is also revealed by the relatively negative values
of  C (HatteH et al., 1998). This unit is capped by a
tundra-gley with many molluscs. It was subjected to
soli#uction, and probably developed on permafrost (unit
7, Nussloch Soil, ZoK ller, 1995). Indeed, numerous
ice-wedges from this layer down to sequence I have been
observed, indicating a clear association with cryoturbation. The remainder of sequence II is characterised by
a progressive decrease in the clay fraction (15% in unit 6,
5% in unit 12: Fig. 5), and an increase in the coarse silt
fraction (20}50 m), typical of loess (48}62%). However,
this sequence (units 4}12) is always relatively rich in sand
(50}200 m 10 to 20%). The values of C (HatteH et al.,
1998) indicate an increasingly marked aridity which culminates in the sandy loess unit 12, where the clay fraction
is very low (5}6%). Fragments of the long bones of
Mammuthus primigenius (determined by P. Auguste,
CNRS, Lille), were discovered in P3 at the top of this
deposit, thus con"rming the open character of the
environment.
Within this sequence, horizon 9 is distinguished in the
"eld by a slightly orange colour, a more marked structure
(biopores) and the presence of calcite granules of heterogeneous shape ranging in size from 200 to 500 m. These
granules have an internal crystal structure corresponding
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to that described in the internal shells of slugs (Arionids)
rather than those of earthworms (Becze-Deak et al., 1997;
Canti, 1998). This horizon corresponds to a signi"cant
interruption of loess-like sedimentation with the development of a rooting horizon in arctic conditions (arctic
brown soil?).
The end of Sequence II is marked at Nussloch by the
occurrence of a particular unit of coarse calcareous
blown sands (200}2000 m * 70% CaCO * 5}10%).
This is separated from the underlying loess by a very
marked erosional contact, visible in all the pro"les, that
has served as a basis for the correlation of the di!erent
sequences. Between pro"les P1 and P2 ($20 m SE of
P1), these sands pass laterally into a true dune body
5}6 m thick (Fig. 3). It consists of a great number of
superimposed, "ning-up sequences with thicknesses of
2}5 cm (coarse sands at the base, "ne sands shifting to
loess at the top). The unit is strongly fractured by a network of normal faults delimiting micro-grabens (Fig. 6).
The structure of these deposits and the network of decimetric syn-sedimentary faults are typical of niveo-aeolian

Fig. 6. Sedimentary structure of the niveo-eolian sands (dune facies) of
unit 13 (diameter of the coin: 2 cm).
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processes (derivation, Schwan, 1986; Dijkmans, 1990).
On the other hand, the more signi"cant faults may be
related to the widespread consolidation phenomena that
appeared during the degradation of permafrost on this
type of material (Mol et al., 1993).
The sedimentary structures, the grain-size of the sands
and the presence of gravels from the Rhine valley (H
* 3}5 mm) in the coarsest beds testify to particularly
violent and contrasting wind dynamics during this cold
and arid phase. In the upper part of unit 13, on the other
hand, the facies once again becomes more typically
loess-like.
4.3. Sequence III: Cambisols, organic deposits and loess
(Fig. 3)
This sequence is relatively well documented by the
series of units 14}20 which makes up a thickness of 3 m in
pro"les P2 and P3 (Fig. 3). Unit 15 intercalated between
the two Cambisols is, on the other hand, visible only in
P1 owing to a depression having been incised into the
previous deposits from the top of soil layer 14 (Fig. 4).
The "rst climatic improvement is marked by the development of a Cambisol at the top of the sandy loams in
unit 13 (unit 14 * Gra( selberger Boden, Fig. 3). This
non-illuviated horizon, developed over a thickness of
60 cm, is characterised by decalci"cation, as well as an
increased content of clay (15}17%), iron (3%) and organic carbon compared to the loess (cf. Fig. 9). The
increase in edaphic humidity is underlined here by
a more negative C (HatteH et al., 1998) and by the
redistribution of iron and manganese (as concretions).
The climatic improvement, indicated by weathering of
the underlying calcareous sands and by the development
of a slightly denser vegetation, also clearly resulted in the
reappearance of relatively signi"cant amounts of molluscan semi-forest species, in particular including Arianta
arbustorum.
The second part of the complex is represented by
a sequence of bedded loams with organic levels preserved
only in P1 (Figs. 3 and 4, unit 15), overlain by rather thin
calcareous loess with geli#ucted tundra-gley/Gelic
Gleysols (Fig. 3, units 16}19). In pro"le P1, unit 15 is
preserved owing to a depression with irregular meltingrelated structures that cut down into the former deposits
and, in particular, into the Cambisol 14 and the soil
complex of sequence I. It consists of a set of strati"ed
calcareous loessic loams, hydromorphic and grey-bluish
in colour, containing organic levels with wood remains
and peaty layers (Fig. 7). Its basal part is composed of
sandy beds rich in wood remains (determination in progress) and molluscs, incorporating many frost-a!ected
loamy blocks 5}10 cm in size. The strong erosion, with
lateral undercutting features (Fig. 4:#4 m) and the sedimentary structures visible in the lower part of the "lling,
provide evidence for a linear incision (small valley). This
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Fig. 7. General view of unit 15 in pro"le P1 (1997).

Table 2
Dating of the organic remains collected in unit 15 and at its basal contact
Sample

Location

Material

Age C BP

Age BP cal (min-max)

Ref. Lab.

NUP1-95
NUP1-97-1
NUP1-97-2
NUP1-97-4
NUP1-97-3

Upper unit 15
Lower unit 15
Lower unit 15
Lower unit 15
Basal contact of unit 15

Wood
Wood
Wood
Wood
Bone (horse)

31,800$400
32,270$500
32,800$510
32,180$470
35,800$1200

32,025}35,575
35,475}39,325
35,475}39,325
35,525}39,275
34,700}40,500

GIF/LSM10442 (HatteH et al., 1998)
GifA 97291
GifA 97294
GifA 97292
GifA 97328

Corrected following Kitagawa and van der Plicht (1998).

can be related to a regressive thermokarst (Pissart, 1987;
Van Vliet-LanoeK , 1987), rather than to a closed structure
of thermokarst lake type. Recently (1998}1999), Dr. J.
Kind (Stuttgart) excavated a Palaeolithic site in this
depression but the results are yet to be published.
The preliminary results of the palynological study of
these deposits undertaken by Munaut (for location of the
samples, see Fig. 4) clearly show the development of an
interstadial dominated by Pinus (70% maximum)
starting from the base of unit 15. The malacological
assemblage, which does not include aquatic species, also
indicates a relatively wooded and humid environment
characterised by the presence of Cochlicopa lubrica, Vitrea crystallina, Orcula dollum, etc. Radiocarbon dating
was carried out on wood remains included in the organic
beds, and on a fragment of the long bone of a horse
(determined by P. Auguste, Univ. Lille), collected at the
contact with the underlying bed. These samples yielded
the results summarised in Table 2.

At the top of unit 15, the accumulation of calcareous
loess (units 17 and 19) interstrati"ed with tundra gleys
thus re#ects the return of severe conditions in an environment that remained always relatively humid (i.e. generally waterlogged conditions).
The upper part of sequence III is marked by the
development of a second Cambisol with a marked platy
microstructure, which can be classi"ed as a Gelic
Cambisol (FAO, 1974, 1997) or as an arctic brown soil
(Tedrow, 1977) (Fig. 3, Lohner Boden, unit 20). It results in
clear decalci"cation, enrichment in iron and organic
matter, numerous biopores and a marked redistribution
of iron and manganese (as concretions). The presence of
many secondary traces of carbonate in relation to
rooting activity (hypocoatings, Becze-Deak et al., 1997),
with a higher organic matter content and numerous
calcareous ellipsoidal biospheroids attributed to earthworms (Canti, 1998), underlines the relative development
of biological activity in this horizon. This soil represents
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a fundamental stratigraphic reference mark coeval with
the last interstadial and so antedating the massive development of loess sedimentation.
4.4. Sequence IV: calcareous loess and tundra gleys
(Fig. 3)
Sequence IV shows a remarkable development
of typical calcareous loesses, beginning at the top
of the last Cambisol horizon 20, which is also observed
in the majority of the other loess sequences in the
Rhine valley (ZoK ller et al., 1988; Semmel, 1997; Frechen,
1999).
In the Nussloch pro"les, these loess deposits are exceptionally well developed and reach a thickness of 10}12 m.
(Fig. 3). The uninterrupted nature of the sections in the
quarry shows that this phase of loess sedimentation is
responsible for the typical loess-ridge morphology of this
area. The loess sequence is made up of a series of typical
calcareous loess deposits, without the slightest trace of
weathering. They vary in thickness from 0.5 to 2 m (units;
22, 24, 27, 29, 32, 34, 36 and 38) and are interrupted by
tundra gleys (Gelic Gleysols), more or less cryoturbated
or subject to soli#uction (units: 23, 25, 26, 28, 30, 33, 35
and 37). The average grain-size values over a 10 m section
(P2, 100 samples collected from #9 to #19 m) obtained
at Nussloch are as follows: total clay 9.2%; "ne loam
(2}20 m) 23.5%; coarse loam (20}50 m) 58.7%; "ne
sand (50}200 m) 7.9%; coarse sand (200}2000 m)
0.67%; CaCO 23.8%. A comparison between these
values and those of loesses from the Upper Pleniglacial of
other north-west European regions (Lautridou, 1985;
(SommeH et al., 1986) shows that the loesses of the Upper
Pleniglacial in Nussloch can be distinguished by their
high percentage of carbonates and "ne sands and their
low clay contents.
This sequence shows three main facies from the base to
the top, as follows:
A basal unit of homogeneous calcareous loess (unit 22).
A median member of "nely laminated calcareous loess
with cryo-desiccation microcracks (Huijzer, 1993) (units
24}34) and cryoturbated tundra gleys in the lower part.
These laminated loesses are made up of super-imposed
"ning-upward micro-sequences a few millimetres thick
(3}8 mm), intercalated with levels of "ne cryo-desiccation
microcracks (sandy bed at the base, followed by loess and
a new sandy bed on top, etc.). These deposits show characteristics typical of niveo-eolian loess (SommeH et al., 1980).
This part of the sequence contains a volcanic ash layer
(Fig. 3: E.T.), which is systematically observed within the
uppermost laminated loess unit (34) where it is deformed
by small cryo-desiccation cracks (ca. 5}10 cm in depth).
A topmost member of homogeneous loess (units 36}38)
including a small undisturbed gley, separated from the
bedded loesses by a greyish gley horizon with deformed
cracks (unit 35).
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The tundra gleys that punctuate this sequence, especially in its median part (Erbenheimer Nassboden E1 to
E4/E5 of German authors), result from hydromorphic
conditions, showing slight decalci"cation with redistribution of carbonates at the base of the pro"le (little loess
dolls), reduction and redistribution of iron (oxidised
patches and bands), as well as a slight enrichment in
organic carbon (more intense rooting and biological
activity, especially in the older ones (23 and 25/26)). The
same characteristics have been described in the tundra
gleys of Harmignies (Belgium) by Haesaerts and Van
Vliet-LanoeK (1974) and Van Vliet-LanoeK (1987). Malacological faunas, although more abundant than in the
pure loesses, are mainly represented by species typical of
open environments such as Pupilla muscorum, Trichia
hispida, Succinea oblonga and Columella columella. These
tundra gleys result from short periods of strong reduction
or cessation of loess sedimentation. They re#ect a very
cold and (locally) relatively more humid environment
with the development of permafrost (cryo-injections) and
local cracks with ice-wedges, as in other European loess
sequences (Haesaerts and Van Vliet-LanoeK , 1981; Van
Vliet-LanoeK , 1987; Vandenberghe et al., 1998). Otherwise,
it is notable that, in the underlying sequence III, similar
gleys develop systematically at the top of the interstadial
Cambisols (units 14 and 20), where each time they indicate a climatic deterioration preceding the arrival of
loess.
Therefore, contrary to certain interpretations (Gullentops et al., 1981; Vandenberghe et al., 1998), the formation of tundra gleys does not correspond to any climatic
improvement and should not to be interpreted as indicating interstadial conditions, as already proposed by
Haesaerts and Van Vliet-LanoeK (1974), and Van VlietLanoeK (1987). However, their appearance in the same
stratigraphic position in the majority of the pro"les of
NW Europe shows that they are not related to local
conditions but rather to a more global climatic control.
They represent very short periods (41 ka), and are di$cult to calibrate compared with the marine or highresolution glacial records (Dansgaard et al., 1993; Bond
and Lotti, 1995).
The detailed study of the loesses of the Upper Pleniglacial of Nussloch reveals a succession of two very arid
phases characterised by homogeneous loess (units 22 and
36}38) bracketing a slightly wetter phase with thinly
laminated loess when the extent of snow cover was
greater (units 23}33).
Finally, the record of grain size and of magnetic susceptibility variations within uninterrupted pro"les of the
Upper Pleniglacial loess clearly reveals a succession of
sequences from 1.5 to 2.5 m in thickness. These initially
show an increase and then a decrease in average grain
size, more particularly for the fraction 20}50 m (coarse
loam). These sequences can be interpreted as the result of
variations in the average wind velocities responsible for
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transporting silty particles. In addition, these periods of
increased frequency and importance of dust storms were
contemporary with the peak magnetic susceptibility
values resulting from enhanced incorporation of detrital
magnetic minerals in loess deposits. The details of these
results will be published in a subsequent paper.

5. Chronostratigraphy and correlations
The Nussloch sequence is interpreted in this section on
the basis of the pedosedimentary evolution described
above and on the available geochronological data (C
and TL/OSL). Correlations with other sequences in NW
Europe (Fig. 8) and global climatic records (Fig. 9) are
proposed.

6. Eemian and Weichselian Early-Glacial soil complex
At the base of sequence 1, the calcareous loess (unit 1)
dated 162$15 ka (TL, ZoK ller et al., 1988) and more
recently at 122$17.8 ka by IR-OSL (minimum age)
(Fig. 4) is attributed to the Saalian. Aminostratigraphic
analysis con"rms a penultimate glacial age (OIS 6)
(Gnieser, 1997).
According to its pedological development and its
stratigraphical position, the truncated Gleyic Luvisol
(units 2a/2b), located in the lower part of the basal soil
complex, is mainly attributable to the Eemian Interglacial (OIS substage 5e), and can be correlated with the
Rocourt Soil (Gullentops, 1954). The OSL age of
61.9$9.9 ka obtained from the base of this soil in unit 2b
is probably considerably underestimated, as is often the
case in this type of soil complex (Richardson et al., 1997;
Rousseau et al., 1998a). Indeed, an age of 110$10 ka
(ZoK ller et al., 1988) was previously obtained from the
upper part of the overlying unit in a nearby pro"le (unit
2a, Fig. 5). The last two phases of illuviation overprinted
in the upper part of this complex truncated Luvisol Bt
horizon (1: loamy-grey}brown and 2: dark clayey-humic
coatings), are likely to represent the pedological budget
of the main interstadials of the Weichselian Early Glacial
(MIS 5c and 5a). On the other hand, the last forested
interstadial of the Early Glacial (Odderade-5a) is recorded as an individual unit (Greyzem, unit 3) at the top
of the colluvium that reworked the upper part of the Bt
2a. This type of soil, which is here recognised for the "rst
time in a German loess sequence, indicates a forested
continental environment with deep seasonal frost
(Shugalei, 1997).
In addition, and despite its limited thickness, the
sequence represented by units 2a/2b/3 re#ects a pedosedimentary evolution similar to that described in other
western European sequences and attributed to the series
of isotopic sub-stages from 5e to 5a (Van Vliet-LanoeK ,

1987, 1990; Antoine et al., 1999). The Greyzem unit,
which was strongly eroded and then reworked as brown
clayey colluvium at the base of unit 4 is, however, much
less well recorded than in sequences farther west as in
Northern France (Fig. 8). There it can reach a thickness
of 1.2 m (Antoine et al., 1994, 1998b).
The boundary between units 3 and 4, identi"ed in
a great number of soil-complexes in neighbouring regions, especially in the North of France, is currently
placed at the end of stage 5a (towards 75 ka: Haesaerts
and Van Vliet-LanoeK , 1974, 1981; Antoine et al., 1998a, b,
1999. Fig. 8). It has also been dated at ca. 75 ka by TL at
Wallertheim (Preusser et al., 1996). The upper part of the
soil complex is represented by `steppe soila 5, partly
developed on aeolian deposits indicative of drier and
more continental conditions.
Taking into account the TL age obtained from the
directly overlying loess (66$9 ka, ZoK ller et al., 1988),
and the TL and IRSL ages obtained recently on pro"les
including Achenheim, Saint-Sau#ieu and Bettencourt,
that can be correlated with Nussloch (Engelmann and
Frechen, 1998; Rousseau et al., 1998a, b; ZoK ller et al.,
1998; Engelmann et al., 1999), this type of soil corresponds to a very short period during transition between
stages 5a and 4 and during onset of stage 4 at around
75/70 ka (Figs. 8 and 9).
The Early-Glacial soil complex thus show a forested
phase (Greyzem 3) followed by a steppe phase (isohumic
steppe soil 5) separated by an erosion event at around
75 ka. As in north-western France, this pedosedimentary
budget indicates a progressively more continental environment occurring in two main steps, between the end of
MIS 5e and the beginning of MIS 4 at around 68/70 ka
(Antoine et al., 1999). The beginning of the Lower Pleniglacial is then marked by the general imposition of loess
deposition (Marker loess, Rousseau et al., 1998a).
According to the sequences in NW France and
Belgium (Fig. 8), the `steppe soilsa are often repeated and
intercalated with a "rst generation of local loess. In
a more general way, they are interpreted as the response,
in a continental environment, to the rapid climatic oscillations described from the ice cores at around 72 and
68 ka (interstadials 19 and 20 of GRIP, Dansgaard et al.,
1993, cf. Antoine et al., 1998b, 1999). Their upper boundary marks the end of the Weichselian Early Glacial
(Antoine et al., 1994, 1998a, b, 1999). Nevertheless, certain authors place these soils in the Lower Pleniglacial
(Haesaerts, 1985; Van Vliet-LanoeK , 1987).

7. Lower Pleniglacial
Lower Pleniglacial sedimentation is expressed by the
massive development of exotically derived calcareous
loess during stage 4 at around 65/60 ka (ZoK ller, 1995;
Rousseau et al., 1998a, b; Antoine et al., 1999), in parallel

Fig. 8. Correlation between the Nussloch sequence and type sequences from north-western France, Belgium and Germany. *According to Antoine et al., 1999 and Engelmann & Frechen 1998;
**According to Haesaerts, 1980, 1985 and Haesaerts et al., 1996, 1998; ***According to SommeH et al., 1986, Buraczynski & Butrym, 1984, Rousseau et al., 1998a, b, and personal observations (1994);
***According to Semmel (1997); **** According to Frechen (1994) and Frechen et al. (1999). 1 * Truncated Bt hz. of Luvisol, 2 * Bth hz. of Greyzem on colluvium, 3 * Ah or Bth hz. of Chernozem
(German authors), 4 * Undi!erentiated Ah horizon (`steppe soilsa?), 5 * Ah hz./`Steppe Soila, 6 * Local non calcareous loess, 7 * Bedded colluvial (locally humic) deposits/Pellet sands, 8 * Bw hz.
of Cambisol, 9 * Humic layer/`arctic meadow soila, 10 * Sands, 11 * Gelic Gleysol/Tundra gley, 12 * Calcareous loess, 13 * Weathered loess (`brown loessa), 14 * Finely laminated calcareous
loess with cryo-desiccation microcracks, 15 * Bt/Ah hz of the surface Luvisol, 16 * Organic, silts, 17 * Main erosion, 18 * Ice wedge, 19 * Cryoturbation, 20 * Frost cracks, 21 * soli#uxion
(tongue hz). Abbreviations: SaVa * Saint-Acheul/Villiers-Adam Soil complex, SS-1 to SS-3 * Saint-Sau#ieu Early-Glacial Soil complex, BSOs * Bettencourt Saint-Ouen soil, Rs * Rocourt soil, Nth
* Nagelbeek tongue horizon, Vs * Vaux soil, MPs * Malplaquet soil, VSGs * Villers-St.-Ghislain soil, ML * Marker loess, ET * Eltviller tu!, G1}G8 * Upper Pleniglacial Tundra gleys, E1}E4
* Erbenheimer Nassboden, Lb * Lohner Boden, Gbb * GraK selberger Boden, MHZ * Mosbacher Humuszone, Eb * Erbacher Boden.
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Fig. 9. Synthetic sequence showing variation of TOC, iron, clay and magnetic susceptibility, and attempt to correlate with the GRIP dust record (after Dansgaard et al., 1993 and De Angelis et al., 1997)
(description of units in text).
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with the "rst signi"cant dust peaks in the GRIP record
(Dansgaard et al., 1993).
The Nussloch loess sequence is interrupted by
a weathering horizon (unit 9) that represents a brief
cessation in loess deposition (arctic brown soil?). According to its position in the sequence and the dates from the
layers that bracket it, this horizon could correspond to
lnterstadial 18 of GRIP dated at 61}60 ka, known to
have been of very short duration (1 ka: Fig. 9).
The upper part of the Lower Pleniglacial is then characterised by the deposition of aeolian sands (dune in unit
13), the outcome of a very cold and arid environment.
Considering the IR-OSL dates of the loess directly underlying it (55.7$12 ka, Fig. 5) and the nature of the
overlying Cambisol ("rst climatic improvement of the
Middle Pleniglacial), this episode constitutes a `markera
in the Nussloch succession and is attributed to the end of
the Lower Pleniglacial (towards 55}60 ka). It is likely an
equivalent of the Lower Pleniglacial Cover Sands of the
Netherlands (Paepe and Zagwijn, 1972; Vandenberghe
and Krook, 1985). The sedimentary structure of this
deposit (succession of centimetric sequences expressing
single events) shows that it probably provides a record of
one very short period (1}2 ka?), which is thus di$cult to
"x precisely by IR-OSL dating.

8. Middle Pleniglacial
The Middle Pleniglacial or Interpleniglacial is generally characterised by a decrease in, or a cessation of loess
sedimentation and soil formation occurring between the
two principal periods of loess sedimentation assigned to
the Lower and Upper Pleniglacials (Gullentops, 1954;
Haesaerts and Van Vliet-LanoeK , 1981; Haesaerts, 1985;
Haesaerts et al., 1996a, b; Antoine et al., 1998a, 1999;
Frechen, 1999).
At Nussloch the "rst phase of climatic improvement of
the Middle Pleniglacial is indicated by the development
of a Cambisol (unit 14) at the top of the aeolian sandy
loams (13). According to its stratigraphic position and in
the light of the dates obtained in the overlying units
(Fig. 9), this soil can be compared to the soils of the
upper PKII of central Europe, (Kukla, 1977; PeH csi, 1990;
Frechen et al., 1999a, b), with the lower part of the soil
complex of Remagen/Schwalbenberg (Schirmer, 1995),
and with the lower soil of the soil complex of SaintAcheul-Villiers-Adam in the north of France (Antoine
et al., 1998a, b, 1999) (Fig. 8).
Following a strongly erosional episode (thermokarst),
a second climatic improvement is recorded by the
palynology of the organic silts in unit 15. According to
C dates, the interstadial recognised at Nussloch in unit
15 has an average age of about 32 ka BP (uncal.), and
represents the only record of this event found in German
loess sequences. Similar ages have been obtained from
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the Willendorf sequence in Austria (climatic oscillation
Schwallenbach II: 32,000 C BP, Haesaerts et al., 1996b)
and for the Hoboken soil in The Netherlands: 32,490$
440 C BP (Paepe and Zagwijn, 1972). The C date
obtained on bone at the base of the in"lling
(35,800$1200 BP) gives an idea of the minimal hiatus
that separates the emplacement of this deposit from
Cambisol 14. In addition, this erosional structure is certainly more recent than those described by Kasse et al.
(1995) for the Hengelo interstadial dated at 37.8 and 38.7
C ka BP. Finally, the last interstadial of the Middle
Pleniglacial is represented at Nussloch by the upper
Gelic Cambisol (unit 20). This soil can be correlated with
the upper part of Remagen (Schirmer, 1995), the PK I of
central Europe (Kukla, 1977; ZoK ller et al., 1994) and the
Schwallenbach III oscillation (Haesaerts et al., 1996b).
Thus, the Middle Pleniglacial sequence at Nussloch
reveals a minimum of three interstadials during the
period from about 50 to 32/34 ka, corresponding to the
major part of isotopic stage 3 (Martinson et al., 1987). On
the basis of the observed sequence of climatic events and
the geochronological data, we propose a "rst-estimation
correlation between the principal interstadials of the
middle Weichselian and the palaeoenvironmental record
in the glacial domain (Fig. 9), as follows.
The lower Cambisol, which re#ects the "rst period of
notable climatic improvement during the Middle Pleniglacial, probably corresponds to a record of the complex
oscillations of Moershoofd/Upton Warren and Hengelo
that are correlated with interstadials 12 and 14 of GRIP,
occurring between 51 and 41 ka (or 52}43 ka GISP II,
Grootes et al., 1993). This horizon, dated at around
42,100 C BP (uncal.) at its top, probably remained at
the surface for a long time as is apparently indicated by
the dating of the reworked bony remains which mark its
upper contact in P1 (35,800$1200 C BP). Thus, the
section shows a major hiatus between about 42 and 35 ka
C BP and did not record the Hasselo stage preceding
the Hengelo between 42 and 39 ka C BP (Ran and Van
Huissteden, 1990).
The interstadial detected in organic unit 15 `Nussloch
Interstadiala re#ects a rapid climatic improvement in the
median part of the Interpleniglacial. Moreover, the date
of the reworked bone at its base (35 ka C BP) shows
that it is clearly unrelated to the Hengelo (39}37 ka
C BP), whereas the ages obtained for the overlying
Cambisol (Lohner Boden 20), show that this interstadial
antedates the last major climatic improvement in the
Middle Pleniglacial correlated with the Denekamp at
around 30 ka. Finally, it is possible that the interstadial
observed in unit 15 corresponds to one of the short
interstadials 11}9 described at around 38}36 ka in the
GRIP sequence (42}40 ka in GISP II), the expression of
which in the continental domain has until now been
poorly documented (Huneborg I and II: Van der
Hammen, 1995).
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The upper Cambisol, horizon (Lohner-Boden) appears
to be coeval with the last major interstadial of GRIP (8)
and possibly also the series of peaks 8, 7 and 6 between 34
and 32 ka (or 37}32 ka in GISP II) that have been correlated with the Denekamp (32}29 ka C BP: Paepe and
Zagwijn, 1972) or the Denekamp Complex (32}26 ka
C BP, Huijzer and Vandenberghe, 1998).

9. Upper Pleniglacial
According to their unweathered character and to the
new IR-OSL and C dates (Lang et al., in preparation,
HatteH et al., 2000), the very thick calcareous loess deposits of sequence IV represent the Upper Pleniglacial
budget, and show three pulses of loess sedimentation at
27}25, 22}19 and 16}15 ka. The latest of these, not well
recorded in P1}P2, has been observed above the Maisbacher Boden in a pro"le located about 100 m to the
north of P2 (sampling by ZoK ller, 1995).
Within this sequence, the middle part, characterised by
"nely laminated loess with cryo-desiccation cracks interrupted by tundra gley (units 24}34) correlates with the
bedded Loamy Formations of northern France (SommeH
et al., 1980) and the Hesbayen loesses of Belgium
(Haesaerts, 1985). Furthermore, the thin layer of volcanic
material found in the middle part of unit 34 can be
correlated with the Eltviller tu! (Semmel, 1967; JuvigneH
and Semmel, 1981), dated at ca. 20}22 ka according to
the TL dates that bracket it (ZoK ller et al., 1988) or,
alternatively, ca. 19}19.5 ka according to new IR-OSL
results (Fig. 9). However, these ages appear signi"cantly
older than those published by JuvigneH and Wintle (1988)
for this tephra layer (mean age of about 16.2 ka).
In addition, the soli#ucted Gelic Gleysol located at the
top of laminated loess 34 and dated at about 21}20 ka by
IR-OSL, is likely to represent a local signature of the
Nagelbeek Tongue horizon (Haesaerts et al., 1981).
The period during which the major part of the loess
was deposited (7 m between units 24 and 34), is thus
contemporary with the main dust peaks recorded in the
ice at GRIP (Fig. 9) (cf. hypothesis proposed by Rousseau
et al., 1998b). The enormous increase in the loess sedimentation rate ('1 m/ka) during the late Upper Pleniglacial, and more particularly in the interval 25}20 ka,
corresponds to a widespread phenomenon in the European sequences (Damblon et al., 1996; Haesaerts et al.,
1996a, b; Antoine et al., 1999; Frechen, 1999).
The more humid character of this period, already
invoked by several authors (Haesaerts and Van
Vliet-LanoeK , 1981; Rousseau, 1987; Huijzer and
Vandenberghe, 1998), is in phase with the maximum
period of development of the Scandinavian ice sheet
(Elverh+i et al., 1995). On the other hand, the maximum
aridity of the loesses at the end of the Upper Pleniglacial
is highlighted by a less negative  C (HatteH et al., 1998),

with a maximum at the age of the Eltviller tu! (ca.
20}19 ka), close to the Last Glacial Maximum (LGM).
In addition, according to the stratigraphical and geochronological data derived from the Nussloch studies
and other European sequences, the boundary between
the Middle and Upper Pleniglacial, itself marked in the
"eld by the massive appearance of loesses and the "nal
disappearance of Cambisols, is located at around
32/30 ka. Clearly, this result does not correspond to the
boundary at 25 ka derived from the OIS 3/OIS 2 boundary, traditionally used in continental stratigraphy
(Huijzer and Vandenberghe, 1998), being much closer to
the one used, for example, by Haesaerts and Van VlietLanoeK (1974) and, Haesaerts (1985).

10. Conclusion
The detailed stratigraphical and sedimentological
study of the loess sequences at Nussloch, combined with
a systematic IR-OSL and C dating programme, lead to
the following conclusions:
(1) The soil complex in the lower part of the section
shows evidence of a pedosedimentary evolution similar to that in the neighbouring areas. After the
truncation of the interglacial Bt horizon during stage
5d, the Early Glacial is divided into two phases of
very unequal duration:
E a Greyzem/grey forest soil phase, which itself comes to
an end with a major phase of erosion contemporary
with the end of stage 5a at around 75 ka, and
E a younger phase with `steppe soilsa in a drier and
increasingly open environment in which the "rst
aeolian deposits appeared at around 70/68 ka.
(2) The laying down of bedded niveo-aeolian sands at
the end of the Lower Pleniglacial, with a detritus
supplied mostly from local sources (Rhine valley),
makes it possible to identify a very arid episode
characterised by some violent winds.
(3) The Middle Pleniglacial or Interpleniglacial complex
(about 55 to 32/30 ka) shows a marked reduction in
loess sedimentation. Two phases of Cambisol formation are evident, assigned to the intervals 55}40 ka
(the lower one) and approximately 35}32 ka in the
case of the upper one. These two major stabilisation
phases were separated by a period of rather weak
loess sedimentation in a relatively humid context
(tundra-gley) which brought together a set of organic
silt deposits trapped in a thermokarstic structure.
These levels were emplaced during a short phase of
climatic improvement towards 33}32 ka C BP. The
name `Nussloch lnterstadiala is proposed for this
phase because of the unique character of the record,
and an age older than that of the Denekamp com-
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plex. It should be noted, however, that during the
Middle Pleniglacial, the presence of signi"cant hiatuses and chronological uncertainties related to the
calibration of C makes comparisons with the
high-resolution glacial records very di$cult.
(4) During Upper Pleniglacial times, the very high rate
of sedimentation led to the accumulation of a thick
loess sequence ('10 m) interspersed by slightly
more humid phases when sedimentation ceased and
tundra gleys developed. An analysis of the variations
in the grain-size parameters and magnetic susceptibility values shows that this accumulation was subject to signi"cant #uctuations linked to variations in
wind dynamics demonstrating the importance of
local de#ation in the Rhine valley.
In general, the results of this study underline the
extremely complex and discontinuous character of the
western European loess record. In this context, the
variations in the rates of sedimentation are very signi"cant and show a maximum during the Upper Pleniglacial
('1 or 2 m/ka). It provides con"rmation that the
phase of maximum acceleration in loess sedimentation
between 28/25 and 20 ka occurred at the same time as
the major dust peaks accumulated in the GRIP ice core.
It is also con"rmed that the Upper Pleniglacial clearly
began at least 4}5 ka before the OIS 3/OIS 2
transition.
These extremely high rates of sedimentation lead us
to stress the potential of this type of environment
for the detailed reconstruction of variations in wind
dynamics and climate between about 15 and 30 ka.
Finally, this work also provides new bases for correlation of the loess}palaeosol stratigraphy of the last
interglacial}glacial cycle in Germany, Belgium and
France.
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