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1 Introduction terminal moraine formed by an alpine glacier advancing
from the East. PENCK & BRUCKNER (1901-1909) follow
Mohliner Feld is a key area in the Swiss Pleistocene stratig-  this conclusion and describe another, slightly more exte-
raphy of the Northern Alpine Foreland. It is located at the rior, terminal moraine. This ridge is interpreted to result
River Rhine, about 20 km east of the city of Basel, and its from a glacier tongue within the Rhine Valley and is as-
topography sticks out from the Low Terrace surrounding signed to the Rissian glaciation, the penultimate glaciation
on the northern flank (Fig. 1). Already GuTzwILER (1894) in the classical Alpine stratigraphy. The Rissian is usually
describes till outcropping in the still open gravel pit ‘Biint-  correlated to Marine Isotope Stage (MIS) 6, i.e. an age of
en’ and interprets a shallow ridge on Mohliner Feld as a  180-140 ka.
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Fig. 1: Overview map of the study area with location of the drill site. / Abb. 1: Ubersichtskarte des Untersuchungsgebietes mit Lage der Bohrstelle.
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Fig. 2: Cross section through Mohliner Feld with the geological setting elaborated by GRAF (2009).

Abb. 2: Profil durch das Mohliner Feld mit dem geologischen Rahmen wie von GRAF (2009) ausgeabreitet.

A schematic log of the gravel pit ‘Biinten’ by Dick et
al. (1996) shows till containing Alpine material 30 m be-
low surface (not accessible today). This till is overlain by
two glaciofluvial aggradations separated by a palaeosol,
topped by weathered till ca. 5 m below surface and cov-
ered by loess (Fig. 2). This weathered till does not show
any Alpine material, but consists completely of crystalline
components from the Black Forest, north of Méhliner Feld.
This evidence indicates two ice advances reached Mohliner
Feld, the first from the Alps, the second from the Black For-
est, separated by soil development during interglacial or
interstadial conditions. GRAF (2009) compiles borehole data
from the Mohliner Feld, partly directly located on top of
the ridges, but in none of the drillings glacigenic material
was identified (Fig. 2). The ridges rather contain up to 10 m
thick silty material, which is interpreted as loess. The un-
derlying gravel, mainly composed of Black Forest material,
is noticeably weathered in the uppermost 2-3 m, implying
a substantial time-lag between its deposition and accumu-
lation of the loess. The abundant loess cover of Mdhliner
Feld is possibly explained by a special phenomenon in the
area, the ‘Mohlin Jet’. The Mohlin Jet is a wind of southern
direction that develops mainly in winter when cold air in
the Swiss Lowlands overflows the eastern Jura Mountains
and dries while falling down into the Rhine valley. In the
area of Mohliner Feld the wind speed reaches typically 5
to 10 m s and this phenomenon is likely to have occurred
also during Pleistocene glaciations. Together with the geo-
logical evidence this leads to the hypothesis that the ridges
of the Mohliner Feld may rather represent aeolian dunes
than glacial features.

Mohliner Feld is considered as marking the Most Ex-
tensive Glaciation (MEG) of the Swiss Northern Alpine
Foreland. In fact, although the morphology is not glacial,
the lowermost till in the gravel pit Biinten is evidence for
the presence of Alpine glaciers in an area well beyond the
boundaries of the last glacial maximum. The timing of this
MEG, however, remains speculative. SCHLUCHTER (2004)
states that the MEG ice advance stratigraphically post-
dates the Early Pleistocene ‘Deckenschotter’ (gravel sheet)
aggradations and pre-dates the loess cover of the Mohlin-
er Feld. At the Thalgut site close to the Alpine border, till
overlying bedrock and lacustrine sediments are interpreted
based on magnetostratigraphy being located just above the
Brunhes/Matuyama boundary. SCHLUCHTER (2004) there-
fore concludes that the MEG ‘occurred close to, but clearly
after this last magnetostratigraphical reversal’. However, it
is not stated where the magnetostratigraphic reversal has
been identified and how the findings from Thalgut indicate
an extent of the corresponding glaciation at Mohliner Feld.

This report focuses on a drill core penetrating the loess
cover of the glacial deposits on Mohliner Feld, with the aim
to constrain the age of the loess deposition by lumines-
cence dating and by this better establish the minimum age
for the glacial deposits.

2 Methods

A rotary core drilling (diameter = 203 mm) was low-
ered on the ‘crest’ of the inner ridge (Fig. 2, coordinates
47° 34’ 5.00” N, 7° 52’ 53.60” E). It reached a depth of 12.3 m.
The core was placed in core boxes and logged on site simul-

Table 1: Results of high-resolution gamma-spectrometry, resulting dose rates and ages. Weff: effective water content for dose-rate calculation,

DR Q: dose-rate of quartz, DR PM: dose rate of polyminerals.

Sample Depth K Th u w,, DRQ DR PM 0SL (ka) IR50 (ka)
(m) (%) (ppm) (ppm) (%) (Gyka™) (Gyka™)
Méh1 13 159:003  11.71:0.22  3.38:0.08  25:5  3.08:0.26 3.34=0.27 19.5¢1.8 19.1x16
Méh2 30 125002  9.860.32  3.00:0.06 24:5  258:0.23 2.81:0.23 34.6+3.1 31.3:2.7
Moh3 38 123002 993257 296004 22+5 258023 2.82+0.23 332:3.2 32,3231
Moh4 5.0 124:002  10.38:0.29  3.02:0.04 21:5 265033 2.89:0.24 33.5:4.3 34,123.2
Méh5 57 153003  12.79:0.30  3.56+0.09 21:5  3.20:0.28 3.48+0.29 31.0+3.4 43.0+3.6
Moh6 6.8 135:003  10.54:0.30  2.80+0.03  17:5  2.78+0.24 3.02:0.25 68.1:6.9 58.1+5.9
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Fig. 3: Drilling profile with carbon content as well as OSL (open symbol)
and IRSL ages (closed symbols).

ADbb. 3: Bohrprofil mit Kohlenstoffgehalt sowie OSL- (offene Symbole) und
IRSL-Altern (ausgefiillte Symbole).

taneously to the drilling progress. Seven samples were tak-
en for luminescence dating, concentrated on the upper part
of the core (Fig. 3, Table 1). It was assured that the sam-
ples were taken as compact cylinders of ca. 20 cm length
in order to have enough non bleached material for lumi-
nescence dating. Additionally, along the whole core every

20 cm ca. 400 g of material were taken for other labora-
tory tests, i.e. granulometry using a Malvern Hydro 2000S
Mastersizer, and total carbon (C,,,) measurements using a
Bruker G4 Icarus CS TF element analyser.

All luminescence sample preparation was performed
under subdued red light and the light-exposed outer rim
was amply removed with a knife, and only the innermost
part (ca. 5x5x5 cm) was used for dating. Water content was
assessed by drying the samples in an oven at 50° C until
constant mass was reached. Samples were decarbonatised
using HCI (32%) and subsequently organic components
were removed with H,0, (30%). Samples Moéh 1, 2, 3, 4 and
5 showed mediocre, M6h 6 and 7 a strong exothermal reac-
tion to H,0, The latter two beakers were placed in water to
discharge heat. However, sample Moh 7 developed such a
high temperature that is was decided to discard this sample,
because an effect on the luminescence signal could not be
excluded. The remaining samples were washed with deion-
ised water and stored in a C,Na,O,-solution to prevent co-
agulation of particles. The grain size fraction 4-11 pm was
separated using the Atterberg settling technique following
Stoke’s law (cf. FRECHEN et al. 1996). Half of the fraction
4-11 pm was left in H,SiF, (34%) for ten days in order to
dissolve feldspar grains and obtain a purified quartz sep-
arate. Subsequently, the quartz fraction was treated with
HCI (32%) and washed with deionised water. Aliquots for
luminescence measurements were prepared by settling ca.
2 mg of sample material dispersed in 1 ml of acetone onto
stainless steel discs until all acetone evaporated.

The outer part of the sediment cylinders was used for
determination of the external dose rate. It was dried, dis-
aggregated in a mortar and bulk samples of ca. 450 g were
filled into Marinelli beakers. After a storage time of mini-
mum 30 days to allow for Rn-equilibrium to establish, the
dose-rate relevant elements (U, K, Th) were measured us-
ing high-resolution y-spectrometry (Table 1). There is no
indication for a disequilibrium in the Uranium decay chain
when comparing the activities of **U and **Ra (PREUSSER
& DEGERING 2007). Potassium content of the polymineral
samples was set to 12.5 + 1.0% following the estimates of
HUNTLEY & BARIL (1997). An a-value (efficiency of alpha
particles in causing radiation damage) of 0.05 + 0.01 was
used for the polymineral fraction (PREUSSER 1999) and
0.03 + 0.01 for the quartz fraction (MAUZ et al. 2006). Dose
rates, including the cosmogenic contribution, were calcu-

Table 2: Luminescence protocols used for the dating of loess samples. OSL was applied to quartz, IR50 was applied to polyminerals. OSL: stimulation with
blue LEDs, IRSL: stimulation with IR LEDs. 1: Omitted in 1st cycle to measure Ln, 2: only applied in last cycle.

Observed osL IR50
Dose Dose
Preheat at 230 °C for 10 s Preheat at 250 °C for 60 s
8|RSL at 50°C for 60 s
Ln/Lx OSL at 125°C for60's IRSL at 50°C for 300 s
Test dose Test dose
Preheat at 230 °C for 10 s Preheat at 250 °C for 60 s
Tn/Tx 0SL at 125°C for 100 s IRSL at 50°C for 300 s
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lated using the ADELE software. Water content was set
stable over time to the measured value with an uncertainty
of 5% of dry mass.

Luminescence measurements were made on automated
Risg TL/OSL DA-20 readers equipped with 9235QA photo-
multiplier tubes. Palaeodoses were determined using modi-
fied single-aliquot regenerative-dose (SAR) protocols (Ta-
ble 2). Feldspar contamination of the quartz fraction was
monitored using the IR-depletion ratio but no contamina-
tion was detected in any of the samples. Dose response
curves were fitted using a single saturating exponential
function for both quartz and feldspar, none of which was
close to saturation. A measurement error of 1.5% was in-
cluded in the D, determination and the error on curve fit-
ting is included. For age calculation the Central Age Model
(CAM) was used.

Feldspar is known to lose some of its signal with time,
referred to as ‘anomalous fading’ that can be estimated in
the laboratory and a correction has been suggested (HuNT-
LEY & LAMOTHE 2001). However, the correction is only
valid for doses within the linear part of the dose response
curve, whereas the samples of this study are beyond that
range. Furthermore fading tests have been questioned, as
they apparently show laboratory artefacts rather than the
fading observed in nature (Lowick et al. 2012). Neverthe-
less, fading tests were performed on two samples revealing
fading rates of g = 1.9 + 0.2% (Moh 2) and 3.1 + 0.5% per dec-
ade (Moh 6). Considering the above-mentioned limitations
of the fading tests and correction, however, no correction
for fading was carried out.

3 Results

Dating results are given in Table 1. The age of sample Moh
1 (OSL: 19.5 + 1.8 ka, IR50: 19.1 + 1.6 ka) is distinctively
younger than samples Moh 2, 3, and 4, which have indis-
tinguishable OSL and IR50 ages of ca. 33 + 3 ka. The con-
sistency of OSL and IRSL ages implies that fading does not
significantly affect these samples. Sample M&h 5 is more
difficult to interpret, as the IR50 age is significantly older
than the OSL age, which again is indistinguishable from
the samples overlying M6h 5. Sample Méh 6 is significantly
older than the other samples, with an age difference be-
tween OSL (68.1 £ 6.9 ka) and IR50 (58.1 + 5.9 ka). The fact
that IR50 yields a younger age than OSL could indicate sig-
nal loss (fading) in the polymineral fraction, but it is inex-
plicable why this is not observed for any of the other sam-
ples. In this case favour should be given to the OSL. There
is a substantial time lag between the samples Moh 2-5 and
Moh 6 indicating a stop in loess accumulation. The decalci-
fied layer between 5.9 and 6.2 m lies just between the two
samples Moh 5 and Moh 6 (Fig. 3). Decalcification probably
happened accordingly in the time window missing in the
loess accumulation record.

4 Discussion and conclusions

The drill core penetrating the ‘Rissian Moraine’ of Méhliner
Feld did not reveal glacigenic material. While the origin of
the morphology of these shallow ridges is not completely
solved, interpreting theses as aeolian dunes appears likely
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(cf. PYE 1995). First loess accumulation occurred during MIS
4, a period when glaciers likely advanced into the Western
and Central Swiss Alpine Foreland (PREUSSER et al. 2007).
A hiatus after ca. 60 ka is identified by luminescence dating
and supported by a decalcified layer in the core. The stop in
loess accumulation is interpreted to be caused by warmer
climate, when vegetation cover stabilised dust in the source
area. Decalcification likely represents initial soil formation.
Interstadial conditions at the time of the hiatus at Méhliner
Feld are also identified at other sites in Switzerland and in
loess records of Central Europe (cf. PREUSSER 2004). Main
loess accumulation at Mohliner Feld took place around
33 ka in latest MIS 3. This seems to slightly antedate the end
of soil formation in the interstadial complexes found in the
Swiss Lowlands and in loess records. The uppermost age
estimate of ca. 19 ka indicates loess deposition also shortly
after the last glacier advance into the foreland.

Considering the age of the MEG, the luminescence ages
presented here clearly show that the loess cover was de-
posited during the Late Pleistocene. This implies a mini-
mum age of MIS 6 for the underlying till originating from
the Black Forest (i.e. the Wehra Glacier). In contrast to the
assumptions of SCHREINER (1995), ice from the Black Forest
may have crossed the Rhine Valley during the Rissian. The
lower, alpine till at Biinten (MEG), separated by a palaeosol
from the upper till (Fig. 2), hence likely pre-dates MIS 6, but
there appears no evidence to support an early Middle Pleis-
tocene age, as suggested by SCHLUCHTER (2004).
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