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Abstract

In the southern End of the Rhine Graben near
Basel (Switzerland), an up to 3 m thick stratigraphy
of loess deposits and palacosols was investigated in
a construction pit. Field studies in combination with
sedimentology, micromorphology and OSL-dating
provided insights on the processes of loess deposi-
tion, formation of cambisols (brown earth) and pe-
riglacial phenomena around 45 (£5.7) ka. A
succession of tundra soils on loess preserving locally
foliated organic material can be attributed to the
time period between 30.8 (+£3.7) ka and 29.4 (+3.4)
ka. Furthermore the basal deposit of weathered
loess yielded an OSL age which dates back to the
Eemian interglacial or the very begining of the last
glaciation.

The outcrop of Basel-Schaublinstrasse provided
further information to the ongoing studies on loess
deposits, regional landscape evolution and environ-
mental conditions during the late Pleistocene in the
southern part of the Upper Rhine Plain.

Introduction

The here described stratigraphy is situated in
Basel, north-western Switzerland, belonging to the
southern End of the Rhine Graben (Fig. 1). South

of Basel the hills on the left bank of the Rhine, in-
cluding the Bruderholz, consist of Tertiary sedi-
ments that are overlain by a succession of
Pleistocene fluvial terraces (Rentzel ez al. 2009). The
higher terraces, correlated with the cover gravels
“Deckenschotter” and the “Hochterrasse” (after the
Penck & Briickner scheme, 1901-09), are generally
topped by loess deposits up to more than 10 m of
thickness (Zollinger 1991). In the past isolated Mid-
dle and Upper Palaeolithic artefacts and palacon-
tological finds were repeatedly observed in the loess
deposits of the hills south of Basel (Sedlmeier 2008;
Pimpin & Rentzel 2015). Therefore construction
sites today are systematically supervised and docu-
mented by the archaeological service of the city. The
outcrop at Basel-Schaublinstrasse was discovered
during such supervision of the excavations for a
construction site (Fig. 2). For a short time, the pro-
files were accessible and could be documented and
sampled. The outcrop had a height of 3 m and re-
vealed a loess sequence with several buried soils. The
base of the stratigraphy was defined by the depth of
the construction pit and is not to be correlated with
a specific stratigraphical change in the profile. In the
following, we present the first results of palaeope-
dological and Optically Stimulated Luminescence
(OSL) investigations on two selected profiles from
Basel-Schaublinstrasse.

Map of the loess deposits (L, yellow signature) of Basel-Schéublinstrasse situated on the Hochterrasse (green signature).
(Source: www.map.geo.admin.ch)
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Figure 2: General view of the outcrop, with the E-Profile (person on the ladder) and on the right site the S-Profile.

Materials and Methods

During fieldworks in 2014, the outcrop at Basel-
Schaublinstrasse was documented by photographing
and logging three profiles - i.e. the northern, eastern
and southern profile (Fig. 2). The eastern profile,
being the reference section, was complemented with
information from the southern profile (Fig. 3), as this
section reached deeper stratigraphical layers. Sam-
pling of the sections was done directly after cleaning
the profiles with respect to the stratigraphy, sedimen-
tology, periglacial features and pedological horizons
(Van Vliet-Lanoé 1987; Sponagel 2005; WRB 2007).

Four micromorphological samples were taken
from the eastern as well as two from the southern
profile. For OSL-dating the eastern profile provided
three and the southern one two samples. For sedi-
mentological and geochemical analyses 15 samples
were taken from the eastern profile (Fig. 3).

The description of the eight different units the
stratigraphy can be divided into is based on observa-
tions in the field and was completed by sedimento-
logical as well as geochemical data. The sediments
of Units 3, 4, 6 and 7 are present in the micromor-
phological samples and therefore could be microsco-
pically analysed.

Geochemistry, sedimentology and micro-
morphology

All 15 samples for geochemical and sedimentolo-
gical studies were analysed and their results were in-
cluded in the discussion of the stratigraphy. For
micromorphological studies, three samples taken
from the eastern profile and the two lowermost ones
from the southern profile were impregnated in epoxy
resin. A total of 11 thin sections were produced to
be examined under a polarising microscope (for fur-
ther details on the procedure of sample preparation
see Rentzel et al. 2009). The production of the thin
sections was done by the Geoprep laboratory at the
University of Basel, Switzerland.

il

Luminescence dating

Sample preparation and equipment

OSL samples were taken with 25 cm long opaque
cylinders in daylight. The outer layers that may have
been exposed to daylight were removed and all fur-
ther work was carried out under subdued orange
light in the laboratory. All grains were treated with
32% hydrochloric acid to remove carbonates, 30%
hydrogen peroxide to remove any organic compo-
nent, and sodium oxalate to prevent aggregation of
the grains. To isolate the polymineral fine-grained
fraction (4-11 um) samples were settled in Atterberg
cylinders using Stokes’ law, and a quartz fraction
was obtained by immersing a portion of this in 31%
hydrofluorosilicic acid for ten days, followed by rin-
sing with 32% hydrochloric acid to remove fluorides.
Grains were settled on stainless discs using acetone.

Measurements were made on automated Riso
TL/OSL DA-20 readers, fitted with an EMI
9235QA photomultiplier tube. Stimulation was per-
formed at 90% power, using blue (IR) LEDs for
quartz (polymineral), with the signal detected
through 7.5 mm of Hoya U-340 transmission filter
(410 nm interference filter and one Schott BG-39).

Dose rate determination

400 - 500 g of material was taken from the sur-
rounding sediment for dose rate calculations, and
the specific activities of U, Th and K were determi-
ned using high-resolution gamma spectrometry (cf.
Preusser & Kasper 2001). Concentrations were
converted to infinite matrix dose using the conver-
sion factors of Adamiec & Aitken (1998). Cosmic
dose was calculated using present day sample burial
depth (Prescott & Hutton 1994). An average 40K-
content for feldspars of 12.5% was assumed (Hun-
tley & Baril 1997), a-value of 0.07 = 0.02 for fine
grain polymineral samples, and 0.03 £ 0.02 for fine
grain quartz (Mejdahl 1987). Present day water
content was considered to be representative of the
burial period and was used to calculate dose rates.
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Unit | Colour CaCo3 Summarised macroscopic & microscopic features Interpretation
U1 Dark yellowish 0% Slightly clayey silt, compact, prismatic structure. Fe precipitations, | Truncated Bt-horizon,
brown (10 YR 4/4) modern bioturbation. The horizon is artificially truncated. Holocene luvisol.
U2 Light yellowish 33% Homogeneous silt. White calcium carbonate precipitations, modern ez
brown (10Y 5/3) roots. )
Vallowishibrown Compact silt (layered at the bottom), oxidised bands. Contains calcium
U3 (10Y 5/3-6) 20-30% | carbonate precipitations, FeMn precipitations, some fragments of | Weathered loess.
mollusc shells.
Light greyish Homogeneous, calcareous silt, slightly decalcified. Well-developed Slightly weathered
U | olivelbrown 20% platy microstructure with some channels/chambers. Porosity: 15%. Mn loess
Q25Y5/4) 4 impregnations, carbonate hypocoatings, mollusc shells, earthworm e 'rinte d by Frost
i biospheroids. P Y }
Geliflucted, calcareous silt with reddish-brown oxidised bands. Platy
Light greyish microstructure. Horizontally bedded organic material, foliated organic i
s + 4 Oxidised loess
us brown 32-35% components, FeMn impregnations, carbonate hypocoatings, mollusc tindia alevs
(2.5Y5/2-6) shells, earthworm biospheroids as well as reworked soil nodules (Bt geyss
horizon). Porosity: 5-10%. Isolated fragment of charcoal.
. 3 Compact silt, subhorizontally layered in the upper part. Alternation
Light greyish -
between light brown and grey, undulated band. Fragments of mollusc 1 _—
ueé brown 31-35% . . 4 Slightly oxidised loess.
shells, FeMn impregnations. In the lower part calcium carbonate
(25Y5/4) il
precipitations.
Slightly clayey silt, decalcified. Channel & chamber structure, locally
platy microstructure. The lower part of the unit shows freeze-thaw
microfabric. FeMn impregnations and reworked FeMn nodules, Cambisols:
8 geliflucted calcite grains with silty cappings, mollusc shells, earthworm s
Light brown 5 z : : weathered, bioturbated
uz 19-23% biospheroids and calcified root cells as well as carbonate hypocoatings s
(2.5Y5/6) 9 5 s i loess overprinted by
in the upper part of the unit. The middle part contains some rounded S
. . frost and gelifluction.
soil-aggregates. Lower part with traces of frost-cracks as well as
laminated bands of illuviated silt and clay. Porosity: 5-10% (top half) -
15% (bottom half).
Grevish brown Homogeneous, unstratified, slightly clayey silt. Weakly decalcified.
us (zsyy 5/2) 26% Slightly humiferous (0.025-0.05 u.c). Weathered loess.

Figure 3: The southern and eastern profile. In red the samples taken for micromorphological and in blue the samples for OSL analyses.

The stratigraphy can be divided into eight units with dates ranging from 119.1 + 8.9 ka (OSL5) t029.4 * 3.4 ka (OSL 1).
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Fig. 4c

Figure 4: a) Preheat (top) and dose recovery (bottom) tests applied to the quartz fraction of OSLA4. For the preheat test the dashed line re-
presents the preheat plateau from which a temperature of 240 °C was chosen. For the lower plot, dashed lines represent 10 % errors. b) Dose
response curve for the quartz signal of OSLS5 together with the decay curve of a natural signal (inset). Empty circle indicates the recycle dose
point. OSL dose response curves were well represented by a single saturating exponential (SSE) function, and the luminescence signal showed
a rapid decay, confirming that it was dominated by the fast component. This behaviour is representative of all samples. ¢) Dosimetry infor-
mation, water content, D. values and calculated ages. For dosimetry, concentrations were converted to infinite matrix dose using the standard
conversion factors of Adamiec and Aitken (1998 ). Cosmic radiation contribution was calculated using present day sample burial depth fol-
lowing Prescott and Hutton (1994 ), and attenuation factors were taken from Mejdahl (1987). Water content was as measured. D = Dose
rate. OSL = quartz measurements. IRSL = polymineral measurements. Errors on OSL ages represent one standard error. Corr Age (IRSL)
= IRSL D. values correcting for fading using the approach of Huntley & Lamothe (2001 ), and g-values determined for each sample.

OSL and IRSL characteristics first 10 s of the IRSL decay curve, with background
subtraction calculated using the last 200 s. IRSL
dose response curves were represented by a SSE
function. Rejection criteria were similar to that for
quartz. Fading of the IRSLso signal was determined
on three aliquots each of samples OSL-1, 2,4 and 5
that were sensitised following measurement of D..
Fading rates were uniform between aliquots and
samples, with an average g-value of ~ 1.89 + 0.47 %,
and very similar to previous studies from Switzer-
land (Gaar & Preusser, 2012; Lowick et al. 2010;
2015). De values were correcting for fading using the
approach of Huntley & Lamothe (2001) and the g-
value determined for individual samples.

All De measurements on both quartz and poly-
minerals were made using modified versions of the
SAR protocol (Murray & Wintle 2000, 2003; Wal-
linga et al. 2000; Blair et al. 2005). Following pre-
heat and dose recovery tests (Fig. 4a), a preheat of
240°C for 10 s was chosen for all quartz measure-
ments. De values were calculated using the first 0.4s,
with the subtraction of a late background calculated
using 20-60 s. Aliquots were rejected when the signal
was less than three times the background, test dose
uncertainty was > 20%, D. uncertainty was > 30%,
recycling ratios were outside > 20% of Unity, and
where recuperation values were > 10%. Aliquots
that displayed an IR-depletion ratio (Duller 2003) Observations

) :
of >20% were rejected. D. values and ages are reported in Fig. 4c, toge-

For IRSLso measurements, a preheat at 250°C for ther with the dosimetric data. For both the quartz
60 s was used. D. values were determined using the OSL and the polymineral IRSL, De values were all
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below ~ 300 Gy, and well below the saturation level
of the dose response curves (Wintle and Murray,
2006). While some regions report underestimation
of quartz ages above De values of ~ 200 Gy (Lai,
2010; Lowick et al. 2010; Timar et al. 2010), such
problems have not been reported for Swiss samples
with similar sized De values (Dehnert et al. 2012;
Lowick et al. 2015). An example of the OSL dose
response curve, and the luminescence decay are
shown in Fig. 4b. Quartz OSL and the fading-cor-
rected polymineral IRSL ages are in good agree-
ment and confirm that luminescence signals were
fully zeroed prior to burial, as would be expected
with wind-blow sediment that has undergone a long
transport and exposure to light. The agreement also
confirms that the fading correction for the polymi-
neral fraction was successful.

Results
The stratigraphy

Based on the field observations combined with
micromorphological, sedimentological and geoche-
mical data, the stratigraphy at Basel-Schaublinstrasse
can be divided into eight units (U1-US Fig. 3). In the
following a short description is presented from base
to top:

Unit 8 - Weathered loess ( Reworked older loess
deposits?)

The sediment of Unit 8, a weathered loessic de-
posit, resembles macroscopically the overlying loess
of Unit 7. However, the difference in colour of the
sediments is supporting the hypothesis of a signifi-
cantly different deposit than the following Unit 7.
Unit 8, which is not present in the micromorpholo-
gical samples, has a much greyer colour than the
subsequent sediment of Unit 7 and is slightly less
decalcified.

Unit 7 - Weathered loes | Cambisol

Unit 8 is topped by a 50 cm thick partially decal-
cified silt. Macroscopically homogenous on the
whole, it can be subdivided by micromorphological
observations. At the base of the unit, the silt appears
slightly less weathered than in the upper part of
Unit 7. Above the base level, the sediment shows
frost cracks as well as laminated bands of illuviated
silt and clay: clear signs of frost and potentially ge-
lifluction (Van Vliet Lanoé et al. 2004b). Also nota-
ble are the already mentioned increasing signs of
weathering, as shown by the corrosion on calcite
grains, mollusc shells and earthworm granules (bios-
pheroids Fig. 5a-c). Therefore Unit 7 can be classi-
fied as a cambisol on loess overprinted by frost and
bioturbation.

Fig.5d

Figure 5: Microphotographs taken in plain polarised light (left)
and with crossed polarizers (right). a) Unit 7. Bioturbated loess
comprising fragments of weathered mollusc shells. Cambisol with
freeze-thaw microfabric. Frame length: 4.5 mm. b) Unit 7.
Cambisol comprising corroded biospheroids with silty cappings.
Frame length: 2.3 mm. c¢) Unit 7. Cambisol with weathered
biospheroids. Frame length: 2.3 mm. d) Unit 6. Oxidised loess
with noticeably less weathered calcitic biospheroids and calcite
grains. Frame length: 6.8 mm. e) Unit 5. Oxidised loess with
horizontally bedded, foliated organic components. Frame length:
6.8 mm.

Unit 6 - Oxidised, banded loess

The 70 cm strong Unit 6 is made up of a deposit
of unweathered, slightly oxidised loess with high
content of calcium carbonate (31-35%). At the base
of Unit 6 discrete signs of soil formation and bio-
turbation appear. Freeze-thaw microfabric, spora-
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dical silty cappings on coarser components show
that the sediment was overprinted by frost in a peri-
glacial environment (Fig. 5d).

Unit 5 - Oxidised loess | Tundra gleys

The approximately 55 cm thick loess deposit of
Unit 5 is composed of geliflucted, calcareous silt
showing a reddish-brown oxidised banding as well
as horizontally bedded and degraded organic mate-
rial. Rarely some foliated, dark organic components
(Fig. 5e) are present, indicating the existence of for-
mer arctic meadows (Van Vliet Lanoé et al. 2004a).

Unit 4 - Slightly weathered loess | Tundra soils

The 20 cm thick silty Unit 4 comprises reddish-
brown oxidised bandings and foliated organic com-
ponents as well as very rare fragments of charcoal.
In comparison to the oxidised loess (tundra gley) of
Unit 5, the sediment of Unit 4 is slightly decalcified.
It is composed of a succession of light-brown res-
pectively grey bands, which were macroscopically
well visible, as well as periglacial effects in form of
gelifluction. Like the tundra gleys of Unit 5, the
slightly weathered loess of Unit 4 again indicates an
environment of tundra soils overprinted by deep
seasonal frost.

Unit 3 - Weathered loess

Unit 3 consists of an about 60 cm thick, homo-
genous silt. As with the preceding Unit 4, this loess,
although calcareous, shows slight decalcification in
the lower primarily calcareous 30 cm of the deposit.
The upper half however is considerably less decal-
cified. The sediment sporadically contains reddish-
brown bandings of iron impregnations.

Unit 2 - Unweathered loess

The deposit of loess is 15 cm thick and is com-
posed of a homogenous, calcareous windblown silt.

Unit 1 - Holocene luvisol

Partially covered by a modern dump of reworked
loamy loess, the 20 cm thick Unit 1 contains the ar-
tificially truncated Bt-horizon of the Late Glacial
and Holocene luvisol.

Chronology

The sediments of Units 2-5, 7 and § were sampled
for OSL-dating and yielded important results for
the comprehension of late quaternary environmental
conditions in the Upper Rhine Graben, particularly
as they are correlated with sedimentological and
micromorphological observations.

The OSL date of Unit 8 gave an unexpectedly
old age of 119 (+8.9) ka (Fig. 4¢) placing this layer

at the end of the Eemian interglacial or at the be-
ginning of the last glaciation. In any case, the loess
deposit of Unit § seems to be part of a heavily
condensed or even incomplete stratigraphy at the
bottom of the outcrop. Unit 8 might be a pedosedi-
ment in the form of a colluvium since the strongly
developed Eemian luvisol, which is usually present
as a regional marker (Zolliger, G., 1991; Jagher et
al. 2003) is missing in this profile.

The weathered loess of Unit 7 dates to about 45
(£5.7) ka and both the chronological setting as well
as the results of the geological analyses hint at a pe-
riod of periglacial conditions with loess deposition,
interrupted by the formation of cambisols during
MIS 3. The profile of Basel-Schdublinstrasse
contains a succession of well developed soils, al-
though not as clearly pronounced as in the strati-
graphies of Datthausen (Sauer er al 2016) or
Schwalbenberg in Germany (Profe et al. 2016). Fur-
ther comparable Bw-horizons of cambisols, which
date to the same period, can be found at Achenheim
near Strasbourg in France (Antoine et al. 2001, 223)
and in Basel-Riehen (Jagher ef al. 2003).

The tundra soils of Units 5 and 4 as well as the
loess deposits of Units 3 and 2 fall in the period bet-
ween 30.8 (£3.7) ka and 29.4 (£3.4) ka (Fig. 4¢), pla-
cing this more than 100 cm and up to 150 cm thick
upper part of the stratigraphy at the end of the Mid-
dle-Pleniglacial. The paleosols of Units 5 and 4 can
be compared to the sequence of Nussloch (Ger-
many) dating around 34 (+ 5.7) ka t0 29.5 (£ 3.7) ka
(Antoine et al. 2001). At Nussloch, as at Basel-
Schaublinstrasse, a Bw-horizon of a cambisol, is fol-
lowed by several tundra gleys and subsequently by a
deposit of calcareous loess. Therefore the strongly
developed tundra gleys of Basel-Schiublinstrasse
Unit 5 and 4 are likely comparable to the G1 and G2
soils at Nussloch (Antoine et al. 2001, 223).

Unit 2 of Basel-Schaublinstrasse marks the be-
ginning of loess accumulation at the very end of
MIS 3 and the change to more rigorous conditions.
However, the Upper-Pleniglacial loess deposits of
MIS 2 which are present at other outcrops such as
Sierentz (Rentzel et al. 2009) and Allschwil (Zollin-
ger 1991) are barely observed at Basel-Schaublins-
trasse. They appear here as a rather thin layer,
deeply overprinted by the luvisol which developed
during the Late Glacial and Holocene (Bronnimann
et al. 2015).

Conclusion

The outcrop at Basel-Schiaublinstrasse provides
an insight into the Middle-Pleniglacial sedimenta-
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tion and soil formation processes, providing impor-
tant information on environmental changes during
the late Pleistocene. The results obtained through
these loess profiles on the terraces of the Bruderholz
hill allow a comparison with other stratigraphies in
the region. In addition, the Basel-Schaublinstrasse
outcrop may also help to complement missing data
from other loess profiles which are only partially
dated, for example the stratigraphy of Allschwil
(Zollinger 1991).

In comparison to the loess stratigraphies of Dat-
thausen (Sauer et al. 2016), Schwalbenberg II (Profe
et al. 2016), Nussloch (Antoine et al. 2001) or All-
schwil (Zollinger 1991) the outcrop of Basel-Schiu-

blinstrasse comprises only a relatively short se-
quence of the complex Quaternary deposits along
the Rhine. Nevertheless, the available results permit
a better understanding of pedo-sedimentary events
during MIS 3 at the southern end of the Rhine Gra-
ben during the time-period between 45 and 29 ka,
just before the onset of the Last Glacial Maximum.
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