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Abstract: The loess/palacosol sequence from the section at Schatthausen in North Baden-Wiirttemberg gives
evidence for a younger Bt horizon superimposing the last interglacial palacosol. This result requires a more
careful investigation of polygenetic superimposed palacosols to avoid misinterpretation of the chronostrati-
graphic positions. The humic horizon and the underlying Bt horizon were most likely formed during two
soil forming periods, as evidenced by means of palacopedology, phytoliths and luminescence dating. The
lowermost Bt horizon (Bt1) was most likely formed during the Eemian interglacial, marine isotope substage
(MIS) 5e. The sediment of the uppermost Bt horizon (Bt2) was deposited about 71.5+7.4 ka ago and sub-
sequently superimposed by soil formation most likely during early MIS 3. The Ah horizon covering the Bt
gave infrared optically stimulated luminescence (IRSL) age estimates between 52.5+5.5 ka and 45.444.7 ka
confirming soil formation during MIS 3. Periods of increased dust accumulation rates can be distinguished
for the loess/palacosol sequence by IRSL age estimates. These are from the youngest to the oldest: the Late
glacial loess (MIS 2) with a weighted mean age of 15.2+0.6 ka (n=7), the Middle Pleniglacial sediments
(MIS 3) with a weighted mean age of 48.9+2.5 ka (n=4) and the Lower Pleniglacial/Early Glacial sediments
(MIS 4/MIS 5) with a deposition age of 71.5+7.4 ka and older loess deposits.The IRSL age estimates are in
excellent agreement with the geological estimates and correlate well with the dust peaks of the Greenland
Icecore record (GRIP). The loess record from Schatthausen complements the loess/palacosol sequence from
the nearby NuBloch section with the late glacial loess and its intercalated Cryic Gleysols.

[Die oberpleistozine Loss-/Paldiobodenabfolge von Schatthausen im nérdlichen Baden-Wiirttemberg]

Zusammenfassung: In der Loss-/Paldobodenabfolge des Profils Schatthausen aus dem nordlichen Baden-
Wiirttemberg ist den Lossen ein Bt-Horizont oberhalb eines letztinterglazialen Paliobodens zwischenge-
schaltet. Diese Befunde fordern eine genauere Untersuchung von polygenetisch iiberpragten Paldaobdden, um
eine mogliche chronostratigraphische Fehlinterpretation zu vermeiden. Der Humushorizont und der darunter
liegende Bt-Horizont entstanden wéhrend zweier Bodenbildungsphasen. Diese Annahme wird durch paldo-
pedologische Befunde, Phytolithe und Lumineszenz-Datierungen unterstiitzt. Der untere Bt-Horizont (Bt1)
wurde vermutlich wihrend des Eem gebildet. Die Sedimente des obersten Bt-Horizontes (Bt2) wurden um
71.54+7.4 ka abgelagert und durch eine Bodenbildung, vermutlich wéhrend des Mittelwiirm, tiberpragt. Die
Sedimente des Ah-Horizontes des Bt2-Horizonts ergaben Infrarot Optisch Stimulierte Lumineszenz (IRSL)
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-Datierungen zwischen 52.5+5.5 ka und 45.4+4.7 ka und bestitigen eine Bodenbildung wéhrend des Mittel-
wiirm. Perioden unterschiedlicher Staubakkumulation konnen durch IRSL-Datierungen im Profil quantitativ
unterschieden werden: der spatglaziale Lss mit einem gewichteten Alter von 15.2+0.6 ka (n=7), die mittel-
wiirmzeitlichen Sedimente und einem gewichteten Alter von 48.9+2.5 ka (n=4) und die frithwiirmzeitlichen
Sedimente mit einem Ablagerungsalter von 71.5+7.4 ka sowie nicht physikalisch datierte dltere Losse.

Die IRSL-Alter sind in guter Ubereinstimmung mit den geologisch erwarteten Ergebnissen und korrelieren
sehr gut mit den letztglazialen Perioden maximaler Staubakkumulationsraten aus Grénland (GRIP-Eis-
bohrkern). Die Lossabfolge von Schatthausen erginzt die gut gegliederte letztinterglaziale/letztglaziale
Loss-Sequenz des benachbarten Nuflloch-Profils um den spitglazialen Loss und seine zwischengeschalteten

Nassboden.

1 Introduction

In Germany, the term “L6B” (loess) was first re-
ported by Carl Caesar von LEoNHARD (1823/24)
who described yellowish brown, silty deposits
from a section near Heidelberg. LyeLL (1834)
brought the term into widespread usage by vis-
iting the Rhine and Mississippi Valleys observ-
ing the similarity of loess and loess derivatives
in both areas. The aeolian origin of loess has
been accepted since the work of Virlet d” Aoust
(1857) and RicHTHOFEN'S (1878) observation
and interpretation of loess from China. Loess
deposits and the intercalated palaeosols display
a wide variety of climate proxies, and supply
some clues about terrestrial climate and en-
vironmental changes during the Middle and
Upper Pleistocene. The last glacial loess record
has become of major interest because chrono-
logical methods like thermoluminescence (TL)
and optically stimulated luminescence (OSL)
have recently been improved significantly
enabling the direct dating of the deposition
age of aeolian sediments. High-resolution lu-
minescence dating studies with a large number
of samples were successfully applied to Up-
per Pleistocene loess and loess derivatives in
Germany and elsewhere (FRECHEN 1994, 1999;
FrecHEN et al. 1997, 1999, 2001; LANG et al.
2003; ZOLLER et al. 1994).

During the last glacial period, North Baden-
Wiirttemberg experienced periglacial condi-
tions, which were characteristic in Central
Europe for the time being. Thick deposits of
calcareous loess subdivided by palacosols are
widespread. The main source of the silt-rich
dust is situated in the floodplain of the Rhine
valley (FrecheN et al. 2003), which is located

about 20 km to the west of the section under
study.

A general pedostratigraphical scheme was set
up for the last interglacial/glacial loess record
by Bisus (1989), ScHONHALS et al. (1964) and
SemmEL (1967, 1968, 1996, 1999), and for
the penultimate interglacial/glacial record by
BiBus (1974, 1995) and BiBus et al. (1996).
Several studies have been more recently pub-
lished about loess stratigraphy in the Middle
Neckar area and the Rhine-Main area (cp.
Bisus 1989; Bisus et al. 1996; FRECHEN 1999;
ZOLLER & LOscHER 1999; ANTOINE et al. 2001).
ROHDENBURG & MEYER (1966) and ROSNER
(1990) described the formation of brown forest
soils during the last interglacial but also dur-
ing interstadials of the early last glacial (Early
Wiirmian). TERHORST et al. (2001) investigated
the section at Schatthausen by means of pa-
lacopedology and rock magnetic properties.
This loess/palacosol sequence includes strati-
graphically part of the last interglacial/glacial
record with the Eemian interglacial soil and last
glacial interstadial soils. In general, magnetic
susceptibility measurements show that mag-
netic minerals are sensitive in respect to weak
soil forming processes, different horizons in
soil profiles and hydromorphic features in soils
and sediments.

The aim of this study is to set up a more reli-
able chronological framework for the climatic
variations recorded in loess-palacosol sequenc-
es during the last interglacial/glacial period. In
particular, the study focuses on the pedogenetic
complexes on top of the Eemian palaeosol and
their stratigraphical meaning.
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Fig. 1: Map showing the locality of the sections at
Schatthausen and Nussloch in the Upper Neckar
valley.

2 The Loess Record

The profile under study is located in the aban-
doned loess pit “Sandritter” near Schatthausen
situated between the villages Maisbach and
NuBloch to the southeast of Heidelberg (Fig.
1). The altitude is 220 m above sea level and
the coordinates of the section of interest are
R3492000 and H5452750 following the Gauss-
Kriiger coordinates of German topographic
maps (scale 1:25.000). A succession of NNW
to SSE clongated gredas with a thickness of
15-20 m and a length of 2-4 km are separated
by small dry valleys (ANTOINE et al. 2001). The
profile under study, Schatthausen B, is located
within a palaeovalley, which is not visible in
the present relief, close to the famous Nussloch
loess site studied recently by ANTOINE et al.
(2001).

The lower part of the sequence consists of
laminated sediments superimposed by a red-
dish brown interglacial Bt horizon (WRB
1998), which correlates most likely with the
Eemian interglacial, marine isotope substage
(MIS) S5e (Fig. 2, SH 17). This Bt horizon
formed on top of the penultimate glacial Cryic
Gleysols (“Bruchkobeler Nassboden” sensu
BiBus 1974). The upper part of the Bt horizon
is truncated, as described for many other loess/
palacosol sequences in the study area (BENTE
& LoscHer 1987). Sediments of the last glacial
period reach a thickness of about 6.50 m and
cover the truncated Eemian Luvisol and older
loess deposits. The transition from interglacial
to glacial climatic conditions is recorded by an

erosional discontinuity and the subsequently
deposited pedosediments including rounded
charcoal pieces of Larix, Picea and Betula
(Fig. 2; SH16), as determined by W. Schoch
(Adliswill, Switzerland). These charcoal pieces
are most likely the remains of boreal forest
fires. Similar horizons enriched with charcoal
have been described from equivalent strati-
graphic positions in many loess profiles (cp.
ROHDENBURG 1968; ScHONHALS et al. 1964;
RickeN 1983; RoOsNER 1990; FRECHEN et al.
1999).

The pedosediment was affected by interstadial
soil forming processes, which can be recog-
nized along the whole profile wall (Fig. 2;
SH16 — SH13). The uppermost horizon of the
pedocomplex consists of a degraded and decal-
cified humic-rich horizon with crotovinas. The
pedocomplex can be distinguished into a dark
brown Ah horizon (SH13) and a dark yellowish
brown AhE horizon (SH14). An AhBt horizon
(SH15) and a weakly lessivated Bt horizon
(SH16) are exposed below. It is important to
note that the weakly developed Bt horizon (SH
16) is superimposed on the strongly developed
interglacial palaeosol (SH 17) and, thus post-
dates the Eemian. The described pedocomplex
(SH 16 — SH 13) including a relatively thick Ah
and AhE horizon is similar to that of grey forest
soils, respectively Phacozems (WRB 1998), as
described in the Russian literature (e.g. GERA-
siMova et al. 1996). This soil type is designated
to correlate with a polygenetic soil formation
because the upper humic-rich horizon was
formed in a second period of soil formation
after the lessivation (cp. PEcst & RicHTER 1996;
GEerASIMOVA et al. 1996). The study of autoch-
thonous opal phytoliths sampled from horizons
SH13 — SH 15 yielded two different spectra.
The first spectrum gave 36% phytoliths indi-
cating a typical forest steppe environment of
conifers and 9% phytoliths of forest grass and
herbs. The second spectrum, which is present
in the humic zone of SH13, gave 17% of phy-
toliths of grass steppe environment, as deter-
mined by A. Golyeva (Geographical Institute,
Moscow). The palacobotanical studies confirm
a polygenetic and multiphase soil forming
process for the lower part of the sequence. The
upper humic-rich horizon is covered by a light
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IRSL ages TL ages
sample (ka) ® m;g ¢ ages
SH1 12.5¢1.2 12.7£1.2 10.146-10.139 *1
(cal; UtC10624)
SH2 17.0£1.8
SH3 13.6+14 19.5423 10.220-10.183 *1
(cal; UtC10625)
SH4 13.9 &1.7)
SH5 203+22 232428
SH6 14.642.3
SH7 13.5+1.8
SHS 16.0£1.7
23.990+160
(UtC10626) *2
SH9 17.4£1.8 16.32.1 24.510£190
(UtC10628) *3
SH10 16.4+1.7 17.0+1.8
SH11 38.544.0
xxx SHI2 51.6+5.2
siiza @ .
' SHI3 45.444.7
' SH14 525455
o SH15 47.6+4.9
o
g i SHI6 715 (£7.4)
E & SH17
g
o
£
g’ s
8
SH18 *1 = secondary root carbonates;
-E *2 = ghell fragments;
2 *3 = earth worm calcite
(9,10 m)

Fig. 2: Lithological results, luminescence age estimates including IRSL and TL and radiocarbon ages from
the loess/paleosol sequence at Schatthausen.
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olive-brown coloured Bw horizon (SH12) in-
tercalated between the early Middle Wiirmian
and the early Upper Wiirmian Cryic Gleysols.
This weakly developed palacosol does not
have the characteristics of the “Lohner Boden
(Lohne soil)” sensu ROHDENBURG & SEMMEL
(1971) and SEmMEL (1968), which is supposed
to correlate with the Denekamp interstadial at
the end of MIS 3 or at the beginning of MIS 2.
The Bw horizon probably correlates with the
“Bockinger Boden” following BiBus (1989)
and formed prior to the Denekamp interstadial
(“Lohner Boden”). The IRSL age estimates
range from 51.6+5.2 to 38.5+4.0 ka and con-
firm a deposition of the sediment prior to the
Denekamp interstadial. Furthermore, this in-
terstadial soil (Bw horizon) is superimposed
by a light greyish Cryic Gleysol (SHI11, 2.5Y
7/2) showing pushed cryoturbation features
with cone-shaped and tongue-like structures
inserted into the underlying palacosol. These
properties indicate a cold period during the
Middle Wiirmian (MIS 3). The Middle Pleni-
glacial record is poorly preserved and covered
by Upper Pleniglacial calcareous loess about 5
m thick (SH 10 — SH 1) and intercalated by at
least three Cryic Gleysols. These Gleysols do
not show the characteristic features of the Up-
per Wiirmian Gleysols, as described by SEMMEL
(1968).

The lowermost Cryic Gleysol is covered by a
weak brown BC horizon (SH 7, 6). The loess
deposits above the brownish horizon are sub-
divided by two weak Cryic Gleysols. Stratigra-
pically, this part of the sequence may correlate
with the E4 and ES “Erbenheimer Boden” sen-
su SEMMEL (1968). The Eltville tephra, defined
as stratigraphical marker horizon for the Upper
Pleniglacial, has not been found.

However, three Cryic Gleysols and one weak
brownish BC horizon are intercalated in the
Upper Wiirmian loess. A correlation with the
“Erbenheimer Bdden” according to SEMMEL
(1967, 1968) is suggested but remains uncer-
tain. The problems of Upper Wiirmian loess
stratigraphy in the area under study is under
discussion (cp. SEMMEL 1967; ANTOINE et al.
2001). According to ANTOINE et al. (2001), the
Upper Wiirmian loess record, which correlates
to MIS 2, gives evidence for more weak cli-

matic fluctuations than previously thought (cp.
SEMMEL 1967), similar to those described in the
Greenland ice core record (NORTHGRIP 2004).

3 Malacozoology

Malacozoological studies were carried out to
study the palacoenvironmental conditions of
the loess sequence under study in more detail.
Five samples were taken containing numerous
shells and shell fragments: two originating
from the BC horizon (SH12a and SH12b), one
from the Cryic Gleysol (SH11) immediately
above the BC horizon and two were taken from
the next younger Cryic Gleysol (SH9 and SHS,
Table 1, Fig. 2).

The mollusk assemblages from the Middle
Wiirmian Bw horizon (SH12a, SHI2b and
SH11) are similar and reflect interstadial condi-
tions, as evidenced by high dominance values
of Vallonia costata and the occurrence of some
climatically more demanding species like Val-
lonia pulchella and Vertigo pygmaea. A corre-
lation with the Middle Wiirmian is very likely.
Towards the overlying Cryic Gleysol (SH9),
which is closely linked with the BC horizon,
an increase of moisture demanding snails (Suc-
cinella oblonga, Vitrea crystallina, slugs) and
a decrease of more thermophilous species like
Vallonia were detected. Snails, which might
indicate a severe cooling, have not been found.
It is likely that these faunal changes are linked
to climatic changes at the beginning of the
following stadial. The described faunas are of
open landscape type, suggesting the existence
of grassland or herb-rich steppe. Snails associ-
ated with more abundantly covered vegetation
were not detected.

The two samples originating from the upper
Cryic Gleysol (SH9a and SH9b) show a simi-
lar composition (Table 1). Both represent the
Columella-fauna sensu Lozex (1964). Next to
relative high numbers of Columella columella,
index species of glacial conditions occur in-
cluding catholic (Succinella oblonga, Trichia
hispida, Clausilia rugosa parvula and others)
and open-landscape species (predominantly
Pupilla muscorum). Thermophile species have
not been found. Vallonia costata indicates
a cold and humid climate but is very rare in
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Table 1: Mollusk assemblages from the Wiirmian loess/palacosol sequence of Schatthausen.The abundance
of species per sample is expressed by dominance rates in %.

SH12  Middle Wiirmian Bw horizon (“Béckinger Boden™), a lower part, b middle part

SH11 Middle Wiirmian Cryic Gleysol on top of Bw horizon

SH9 Upper Wiirmian Cryic Gleysol, a lower part, b upper part

SHI12a  SHI12b SH11 SH9a  SH9b
Index species of glacials
Columella columella - - - 24.0 11.6

Common climatic indifferent loess species

Pupilla muscorum 50.8 21.6 22.7 34.0 26.4
Succinella oblonga 5.7 11.0 20.1 14.7 333
Trichia hispida 15.0 24.4 20.1 12.6 11.2

Accidental climatic indifferent loess species

Agriolimacidae/Limacidae 2.0 1.9 7.6 0.5 4.7
Arianta arbustorum 0.1 0.8 0.8 0.1 0.4
Clausilia dubia - - - 0.1 -
Clausilia rugosa parvula 0.2 - - 13.4 11.6
Cochlicopa lubrica 0.5 1.7 34 - -
Eucobresia spec. - 0.2 - - -
Punctum pygmaeum 0.3 - 2.8 0.1 -
Trichia spec. - - - 0.1 -
Vallonia costata 20.3 30.3 11.6 0.3 0.8
Vitrea crystallina 0.5 3.0 10.1 0.1 -

Species correlating mainly to warm phases but also to warmer periods of glacials

Vallonia pulchella 4.5 3.8 - - -

Vertigo pygmaea 0.1 1.3 0.8 - -
Number of species 12 11 10 12 8
Number of individuals (= 100 %) 665 472 966 818 258

samples SH9a and SH9b. A correlation of this 4 Luminescence dating/Experimental details
Cryic Gleysol with the Upper Wiirmian is very

likely. The basic principle of luminescence dating is
There is a remarkable coincidence concerning  solid state dosimetry of ionising radiation (Arr-
composition and dominance structure between ken 1998, BOTTER-JENSEN et al. 2003, WINTLE
the fauna from the Cryic Gleysol (SH9a and  1997). Luminescence is the light emitted from
SH9b) and a fauna described by MoINE et al.  crystals such as quartz, feldspar or zircon when
(2002) from “zone 4” of the P3 sequence at they are stimulated with heat or light after re-
NuBloch. ceiving a natural or artificial radiation dose. As
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Table 2: Dosimetric results of the samples from the section at Schatthausen, as measured by gamma spectro-
metry. Moisture and alpha efficiency were estimated to 20+5% and 0.08+0.02 for all samples, respectively.

Sample Depth Uranium Thorium Potassium  Cosm. Dose rate
[m] [ppm] [ppm] [%] [nGy/ka] [Gy/ka]
SH1 0.30 3.09+0.04 8.89+0.08 1.28+0.03 190+19 3.31+£0.32
SH2 0.50 3.20+0.06 9.00+0.10 0.79+0.02 190+19 2.96+0.31
SH3 1.10  3.07+0.03 9.34+0.06 1.16+0.02 190+19 3.25+0.32
SH4 1.40  2.94+0.03 8.63+0.09 1.16+0.02 190+19 3.71+£0.35
SHS 240 3.41+0.03 10.04+0.05  1.27+0.02 170+17 3.52+0.35
SH6 2.65 3.53+0.07 10.79£0.11  1.23+0.03 160+16 3.60+0.37
SH7 2.65 3.07+0.06 9.72+0.11 1.23+0.03 160+16 3.32+0.33
SHS 3.10 3.19+0.05 9.56+0.09 1.23+0.03 150+15 3.33+0.33
SH9 3.80 3.33+0.03 9.62+0.06 1.19+0.02 140+14 3.35+£0.34
SH10 3.90 3.33+0.03 9.724+0.06 1.09+0.01 130+13 3.86+0.38
SH11 4.60 3.44+0.07 11.51+0.12  1.52+0.04 140+14 3.24+0.33
SH12 4.65 3.52+0.06 11.21£0.12  1.53+0.03 130+13 3.85+0.38
SH13 590 3.94+0.04 12.86+0.10  1.50+0.02 120+12 4.154+0.42
SH14 6.10 3.97+0.05 12.96+£0.12  1.40+0.03 120+12 4.09+0.42
SH15 6.20 3.90+0.05 12.61£0.12  1.40+0.03 120+12 4.03+0.42
SH16 6.70 3.81+0.04 12.41+£0.10  1.44+0.02 110£11 3.99+0.41

Table 3: Equivalent dose values in Gray (Gy) and IRSL and TL age estimates in 1.000 years.

Sample Palaeodose in [Gy] Age in 1,000 years
TL IRSL TL IRSL

SH1 41.9£3.0 41.4+0.6 12.7£1.5 12.541.2
SH2 50.4+1.5 17.0+1.8
SH3 63.314.1 44.3+1.1 19.542.3 13.6+1.4
SH4 51.4+3.8 13.9£1.7
SHS5 81.7+5.6 71.3£3.2 23.242.8 20.342.2
SH6 52.5+6.3 14.6+2.3
SH7 44.843.8 13.541.8
SH8 53.242.3 16.0£1.7
SH9 54.6+4.6 58.1£1.2 16.3+2.1 17.4+1.8
SH10 55.1£1.3 53.2+0.9 17.0+1.8 16.4£1.7
SH11 148.3+3.8 38.5+4.0
SHI12 198.9+3.9 51.6+5.2
SH13 188.1+4.1 45.444.7
SH14 214.643.3 52.545.5
SH15 191.642.3 47.6+4.9
SH16 285.6+3.7 71.5+7.4
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a result of natural radiation in sediments, the
number of electrons lodged at traps caused by
crystal lattice defects, increases with time and
dose until all traps are filled and saturation is
reached. The equivalent dose is a measure of
the past radiation energy absorbed in natural
dosimeters like quartz and feldspar minerals
and, in combination with the dose rate, which
is the rate of radiation absorbed per unit time,
yields the time elapsed since the last exposure
to sunlight. In this study, the equivalent dose
is determined in the laboratory by the Multiple
Aliquot Additive Dose protocol (MAAD)

An important assumption of luminescence dat-
ing techniques is that the mineral grains were
sufficiently long exposed to daylight/sunlight
prior to deposition. About 3-5 minutes and 4-
6 hours are required to reset the IRSL signal
and the TL signal to zero or to the unbleach-
able residual, respectively. A further important
dating assumption requires no charge loss, ¢.g.
anomalous fading (WINTLE 1973), within the
period to be dated.

In this study, IRSL and TL measurements were
carried out on sixteen samples. Polymineral
fine-grained material (4-11pum) was prepared
for the determination of equivalent dose, as de-
scribed by FrecHEN et al. (1996). The samples
were either gamma irradiated by a “°Co source
or beta irradiated by a **Sr beta source in at
least seven dose steps with five discs each and
a maximum radiation dose of 750 Gray (Gy).
All discs were stored at room temperature for
at least four to six weeks after irradiation. The
irradiated samples were preheated for 1 minute
at 230°C before infrared and thermal stimula-
tion. Equivalent dose values were determined
using IRSL and TL. A Schott BG39/Corning
7-59 filter combination was placed between
photomultiplier and aliquots for both IRSL and
TL measurements. A 10s IR exposure was fol-
lowed by heating up the discs to 450°C with a
heating rate of 5°C/s to obtain their IRSL and
TL signals. Five discs of each sample were
exposed to an unfiltered solar simulator lamp
(dr honle 2) for three hours to determine the
residual TL signal. The equivalent dose was
obtained by integrating the 1-10s region of the
IRSL decay curves. The equivalent dose values
of the TL signal were obtained by integrating

a 100°C temperature region between 280 and
420°C of the glow curves using an exponential
fit. Alpha efficiency was estimated to a mean
value of 0.0840.02 for all samples (cp. LANG et
al. 2003). Dose rates for all samples were cal-
culated from potassium, uranium and thorium
contents, as measured by gamma spectrometry
(N-type high purity Germanium (HPGe) detec-
tor with 25% relative efficiency) in the labora-
tory, assuming radioactive equilibrium for the
decay chains. Cosmic dose rate was corrected
for the altitude and sediment thickness, as
described by AITKEN (1985) and Prescott &
HutToN (1994). The natural moisture content
of the sediment was estimated to 20+5% for all
samples. Potential problems encountered to an
underestimation of the moisture owing to per-
mafrost conditions during the geological past
were described by FRecHEN et al. (2001).

Dating results

Uranium, thorium and potassium contents
range from 2.9 to 4.0 ppm, 8.6 to 12.9 ppm
and from 0.8 to 1.5 %, respectively, resulting
in a dose rate between 2.96 and 4.15 Gy/ka.
The mean dose rate is 3.60 Gy/ka and is typi-
cal for Central European loess (cp. FRECHEN et
al. 1999, 2001). Pedosediments and palaeosols
from the lower part of the profile have a higher
dose rate, most likely owing to the higher clay
content. These dosimetric results are in excel-
lent agreement with those of a previous study
on loess from the nearby NuBloch section
(LanG et al. 2003).

The IRSL equivalent dose values increase with
depth from 41 to 286 Gray (Gy). Both, IRSL
and TL equivalent dose values were deter-
mined for five samples and are in agreement
within the 1-sigma standard deviation for three
samples. Sample SH5 was taken from a Cryic
Gleysol and shows a significantly higher TL
equivalent dose value, if compared to IRSL, in-
dicating most likely a short-distance transport
and insufficient bleaching prior to deposition
for TL in any case, but also for IRSL.

The silt of the upper part of the Bt horizon
yielded an IRSL age estimate of 71.5+7.4 ka.
Samples from the humic-rich horizon and the
Bw horizon gave IRSL age estimates ranging



220

MANFRED FRECHEN, BIRGIT TERHORST & WOLFGANG RAHLE

from 52.5£5.5 to 47.6+4.9 ka. The weighted
mean age of these samples yielded 48.94+2.5 ka
(n=4) for this part of the sequence. In order to
test the reliability of the weighted mean ages,
the chi square test was applied. This statistical
approach allows to check, whether the single
data points (n) belong to the same cumulative
distribution. The chi square test gave 1.3 (n=4),
which is acceptable. The Cryic Gleysol (SH11)
above the Bw horizon was also sampled and
gave an IRSL age estimate of 38.5+4.0 ka.

The upper 5 m of the loess sequence correlates
most likely with the Late Glacial of the Upper
Wiirmian (MIS 2). Ten IRSL age estimates are
available and range from 17.4£1.8 to 13.5+1.8
ka. The TL age estimates are in agreement with
those from IRSL and range from 15.8+1.2
to 12.74£1.2 ka excluding samples SH3 and
SHS. The weighted mean IRSL age estimate
is 15.2+0.8 ka (n=8) and the chi square test
gave 6.1 (n=8), which is acceptable. Two
samples were excluded from the interpretation
in order to fulfil the chi square test. The first
sample excluded was taken from a solifluction
layer (SH5) and most likely was insufficiently
bleached prior to deposition. The second sam-
ple was most likely contaminated with younger
material by bioturbation processes close to the
present surface (SHI1).

Discussion

At the Schatthausen section, the oldest studied
loess sediments are at least of penultimate
glacial deposition age (TERHORST et al. 2001).
A well-developed Bt horizon (SH 17) of a
Luvisol superimposes the penultimate glacial
loess (SH18). The truncated Bt horizon cor-
relates most likely with the last interglacial, the
Eemian interglacial and MIS Se.

The overlying weak Bt horizon yielded an
IRSL age estimate of 71.5+7.4 ka BP (SH 16).
In the Neckar area, the sections at Bockingen
and at Bonnigheim located about 65 km to the
south-cast of Schatthausen were investigated
by a luminescence dating approach (FRECHEN
1999; ZOLLER & WAGNER, 1990).The sediments
from below and above a chernozem, correlat-
ing to the “Mosbacher Humuszonen” sensu
SEMMEL (1968), gave IRSL age estimates rang-

ing from 68.748.2 ka to 55.7+4.8 ka at the
Bockingen section, respectively. These results
are in agreement with those determined for the
loess/palacosol sequence at the Bonnigheim
section. In general, the uppermost chernozem
in the Neckar area correlates most likely with
the uppermost “Mosbacher Humuszone” sensu
SEmMMEL (1968), whereas the older humic-rich
horizons (Middle and Lower “Mosbacher
Humuszone” semsu SEMMEL, 1968) are not
recorded. At the Mainz-Weisenau section situ-
ated in the Mainz basin, the loess from below
the uppermost chernozem gave an IRSL age
estimate of 72.4+12.3 ka (FRECHEN & PREUSSER
1996; FreEcHEN 1999). These luminescence
results indicate that soil formation did occur
during the Lower Wiirmian or during the early
Middle Wiirmian.

In the Middle Rhine area, the sediments sand-
wiching the Lower Wiirmian BtAh horizon at
the Tonchesberg section and the Upper Pedo-
complex at the Koblenz-Metternich section
gave IRSL age estimates ranging from 75 to 64
ka and from 77 to 67 ka, respectively (BOENIGK
& FrecHeN 2001). It is very likely that the BtAh
from Tonchesberg and the Upper Pedocomplex
from Koblenz-Metternich correlate with MIS
5a. At both sections, Ah horizons postdating
MIS 5a are intercalated in the loess record.

At the NuBloch section, LANG et al. (2003) de-
termined an IRSL age estimate of 122+18 ka
for the penultimate glacial loess from below the
Bt horizon (cp. TL age estimates determined by
ZoLLER et al. 1988). A sample taken from the
lower part of the Bt horizon yielded an IRSL
age estimate of 62+10 ka, which was interpret-
ed as considerably underestimated by ANTOINE
et al. (2001). Three distinct horizons of humic-
rich material were described from the section
at NuBloch (ANTOINE et al. 2001), however not
exposed at the section under study.

At the section at Schatthausen, the palaeope-
dological investigations show clearly, that two
different Bt horizons can be distinguished.
The upper pedocomplex (SH16 — SH13) gives
evidence for a later soil forming period, which
took place after the Eemian pedogenesis and
postdates the erosional phase at the beginning
of the last glacial period. The palacopedologi-
cal results coincide well with the IRSL-dating
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Fig. 3: Chronological interpretation and comparison of the two loess/paleosol sequences from the sections at
Nussloch and Schatthausen. The lithological sequence of the Nuflloch section is modified after ANTOINE et al.
(2001), the weighted mean ages were calculated from the results of this study and LaNG et al. (2003).

of 71.5£7.4 ka for the sedimentation of the
parent material of the younger soil. The sharp
and clear boundary between the Eemian Bt
horizon (SH17) and the overlying interstadial
Bt horizon (SH16) implies the formation by an
erosional process. The fact that rounded char-
coals have been redeposited in combination
with rounded clay fragments in thin sections
(forthcoming study) proves that in this posi-
tion pre-weathered material was accumulated
on top of the Eemian soil. There is no evidence
of similar features inside the well-developed
interglacial soil. Furthermore, variations in

clay content and in the intensity of clay cutans
vary strongly between SH17 and the overlying
pedocomplex. After TERHORST et al. (2001), the
Eemian soil contains 32.7% clay, whereas the
clay content of the superimposed Bt horizon is
reduced to 20% and even further to 18% in the
AhE horizon of SH15. Soil forming processes
inside the pedocomplex are additionally re-
flected in the record of magnetic susceptibility
showing a decrease inside the leached upper
parts of the pedocomplex (SH13, SH14) and an
increase in the weakly developed interstadial
Bt horizon (SH16, TerHORST et al. 2001). The
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above discussion and the results of the IRSL
dating study underline the interpretation of
different soil forming phases, which differ in
chronology and in intensity of pedogenesis,
one reflecting interglacial conditions the other
interstadial ones. Additionally, the polygenetic
and interstadial origin of the pedocomplex
SH16 — SH13 is yielded by the composition
of phytoliths in this profile section. ZOLLER
et al. (2004) also discussed a Bt horizon bur-
ied under last glacial loess, which might be
younger than the last interglacial period. The
fact of superimposing palacosols, weathering
intensity and pedogenesis in pre-weathered soil
sediments (cf. STEPHAN 2000) should be taken
more seriously into account when interpreting
polygenetic palaeosols.

The Middle Pleniglacial (Middle Wiirmian)
sediments yielded IRSL age estimates ranging
from 71.547.4 to 38.444.0 ka at the Schatt-
hausen section. At NuBlloch, the Lower Pleni-
glacial deposits consist of sandy and loessic
sediments subdivided by a Cryic Gleysol and a
Gelic Cambisol. There, loessic samples yielded
IRSL age estimates ranging from 61+10 ka
to 56£13 ka (LANG et al. 2003). The Middle
Pleniglacial deposits of NuBloch consist of
loess subdivided by at least one Cambisol and
one Cryic Gleysol, which formed between 55
— 40 ka (LaNG et al. 2003). These results are in
excellent agreement with those of the Middle
Pleniglacial record at the Schatthausen section.
At NuBloch, the IRSL age estimates from the
loess sandwiching the uppermost palacosol
gave IRSL age estimates ranging from 34+3
ka to 30+4 ka. It is very likely that this palaco-
sol correlates with the Denekamp Interstadial
(“Lohner Boden” sensu SEMMEL 1967). The Bw
horizon from the section at Schatthausen very
likely correlates with the oldest Middle Wiirm-
ian palaeosol from NuBloch, as evidenced by
an IRSL age estimate of 50.5+3.8 ka for the
sediments of the BC horizon and an IRSL age
estimate of 38.5+4.0 ka for the Cryic Gleysol
covering the Bw horizon (Figs. 2 and 3). At the
Bockingen and Bonnigheim sections, the lower
Bw horizon, which correlates with the Middle
Wiirmian, gave IRSL estimates ranging from
43.5+6.0 to 28.7+2.9 ka and from 44.44+6.3
to 29.6+5.0 ka, respectively (FRECHEN 1999).

In Upper Austria, loess from below a contem-
poraneous Bw horizon yielded an IRSL age
estimate of 46.5+3.4 ka at the Trindorf section
(TerHORST et al. 2002, 2003).

It is likely to correlate this Bw horizon (“Bock-
inger Boden” sensu BiBus 1989) with the Mo-
ershoofd or Hengelo interstadial (cp. BEHRE
1989) or both. An equivalent of the Denekamp
interstadial (MIS 3) is not exposed at the
Schatthausen section but very likely exposed at
the NuBloch section (cp. LANG et al. 2003).
During the Upper Pleniglacial, loess accumu-
lated more than 10 m thick at NuBloch. There,
single loess layers vary in thickness from 0.5
to 2.0 m (AnToINE et al. 2001). The loess is
subdivided by numerous Cryic Gleysols (Gelic
Gleysols), which are more or less cryoturbated
and/or were subject to solifluction. The Gley-
sols correlate with slightly more humid periods
when dust accumulation decreased. This loess
record indicates considerable fluctuations in re-
sponse to variations in wind dynamics and the
intensity of deflation in the Rhine valley near
NuBloch (AnTOINE et al. 2001). The loess re-
cord at NuBloch gives evidence for at least two
major pulses of loess accumulation between
27-25 ka and between 22-19 ka (LaNG et al.
2003), which are contemporary with the main
Upper Pleniglacial dust peaks recorded in the
Greenland ice core (NORTHGRIP MEMBERS 2004).
LanG et al. (2003) and HatTE et al. (2001)
provided IRSL and “C dating results for the
loess/paleosol sequence from NuBloch, which
are in excellent agreement for the time period
of the past 30,000 years. This Upper Wiirmian
(Upper Pleniglacial) loess/palacosol sequence
gives a more or less continuous record about
11.30 m thick. The radiocarbon ages and the
IRSL age estimates range from 26.0+4.0 ka
to 18.2+£3.7 ka for the Upper Wiirmian part
of the sequence. The IRSL age estimates from
NuBloch do not indicate any age increase with
depth and, thus suggest a fast accumulation of
dust most likely during two Pleniglacial peri-
ods, as confirmed by the two weighted mean
ages of 20.6+£0.6 ka (n=14) and 24.3+0.7 ka
(n=4), respectively (Fig. 3). The chi-square test
gave 7.3 (n=14) and 0.4 (n=4), which is accept-
able. At the Schatthausen section, this part of
the Upper Wiirmian loess record is not exposed
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in the profile under study. The younger Middle
Wiirmian/Middle Pleniglacial sediments are
eroded. The Late Glacial loess is subdivided
by three Cryic Gleysols and a weak brownish
BC horizon. The sediment was accumulated
between 17.4+1.8 and 13.541.8 ka. A weighted
mean age of 15.2+0.6 ka was determined for
this loess, which most likely correlates to a
Late Glacial pulse of dust sedimentation, as
described in the Greenland ice core (NORTHGRIP
MEeMBERS 2004). The IRSL results do not show
age increase with depth indicating a large mass
accumulation rate during the late glacial, most
likely > 1.5 m/ka. The duration of the increased
dust accumulation period cannot be determined
precisely owing to the analytical error of lu-
minescence dating technique and its resulting
1-sigma standard deviation. It can be assumed
that the upper 5 m of the loess record at Schat-
thausen correlates with the Late Glacial and
postdates the eruption of the Eltviller tephra.
A weighted mean age for the loess sandwich-
ing the Eltville Tephra at the Ockenfels section
in the Middle Rhine area (PreUSSER & FRE-
CHEN 1999) and at the Mainz-Weisenau section
(FRECHEN & PREUSSER 1996) gave 19.8+0.7
ka (n=10). A similar weighted mean age of
19.5 -19.0 ka was calculated for the Eltville
Tephra from NuBloch by LanG et al. (2003).
The chronostratigraphic position of the brown
BC horizon (SH 6 and 7) correlates most likely
with the one from above the Eltviller tephra in
the loess/palacosol sequence at the Ockenfels
section in the Middle Rhine area, as evidenced
by IRSL age estimates and loess stratigraphy
(BiBus 1989; PREUSSER & FRECHEN 1999).

Four radiocarbon ages are available for the up-
per part of the sequence (SH9 — SH1), those are
24,510+190 BP (UtC10628) and 23.990+160
BP (UtC10626) for sample SH9 and calibrated
14C ages of 10,220-10,183 cal BP (UtC 10625)
and 10,146-10,139 cal BP (UtC 10524) for
samples SH1 and SH3. The latter radiocar-
bon dates are not consistent with the IRSL
age estimates. The uncalibrated radiocarbon
ages of 24,510 BP and 23,390 BP are within
the 1-sigma standard deviation in agreement
with the IRSL age estimates. The samples of
calcified root cells of SH1 and SH3 belong
to the beginning of the Holocene period and

mark first carbonate leaching processes. Post-
segregational recrystallization can result in C
ages of pedogenic carbonate that are too young
(Pustovoytov & TERHORST 2004, AMUNDSON
et al. 1994). Furthermore, HATTE et al. (1999,
2001) underlined that *C ages have to be taken
cautiously owing to carbonate recrystallisation
in snails from the loess.

5 Conclusion

The loess/palacosol sequence from the section
at Schatthausen gives evidence for a younger
Bt horizon superimposing the last interglacial
palacosol. This result requires a more careful
investigation of polygenetic superimposed
palaeosols in order to avoid misinterpretation
of the chronostratigraphic position (cp. TEr-
HORST & OTTNER 2003; ZOLLER et al. 2004). The
humic horizon and the underlying Bt horizon
form a pedocomplex designated to have been
developed during at least two Lower or Middle
Pleniglacial periods, as suggested by pal-
aeopedology, phytoliths and chronology. The
sediment of the lower and upper part of this
pedocomplex was deposited around 70 ka and
between 50 and 45 ka, respectively. The lower
part of the sequence shows discontinuities in
sedimentation and pedogenesis.

The youngest Middle Wiirmian interstadial,
the Denckamp interstadial, is not recorded in
Schatthausen. However, there is evidence for
an older MiddleWirmian palaeosol, which
is supposed to correlate with the “Bo6ckinger
Boden” sensu BiBus (1989) by means of pe-
dological properties and IRSL dating results.
The sediment gave an IRSL age estimate of
51.6+5.2 ka, which is in agreement with IRSL
age estimates from other loess sequences in the
Neckar-Main area (cp. FRECHEN 1999).

Three luminescence age clusters can be distin-
guished for the loess/palacosol sequence at the
section at Schatthausen. These are from the
youngest to the oldest: the Late glacial loess
(MIS 2) with a weighted mean IRSL age estimate
of 15.240.6 ka, the Middle Pleniglacial (MIS 3)
with a weighted mean age of 48.942.5 ka and a
Lower Wiirmian record (MIS 4/MIS 5) with a
deposition age of > 70 ka BP. The chronological
investigations are in agreement with those from
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the nearby NuBloch section and complement the
idealized sequence with the Late Glacial loess
and its intercalated tundra gleys. Furthermore,
this loess record shows an excellent agreement
with the GRIP dust record for the late Glacial
period The brownish BC horizon formed during
the Late Glacial was also described in similar
stratigraphic position at the Ockenfels section in
the Middle Rhine area (Bisus 1980).
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