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The cause o f the rapid transition liom lush grasslands and woodlands of the Early Glacial interstadiul to
Pleniglacial barrens in Europe is still a mystery. In the loess sections of Bohemia and Austria this transition is
associated with thin layers of fine-grained airborne dust known as 'markers', believed to be deposited by major
contineiital-scale dust storms. Here we present evidence that a similar. sharply delimited layer with a minimum
TL agc of 04.9 6.9 ka separates the autochthonous humus steppe soils from abiogenic sediments o f the
Achenheim 1 pedocomplex i n France. The soil complex has been previously correlated on pedostratigraphic
grounds with marine oxygen isotope stage ( M I S ) 5. Given its age and stratigraphic position, the dust layer
correlates with the PKIl marker in Bohemia. The rccogiiition of a marker in Achenheim suggests that the
development of the Early Glacial steppe soils ended abruptly not only in central Europe, but also in Alsace,
Fr;ince, prior to 6 5 ka, possibly a s ii result of a single continental-scale dust storm.
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The ice cores from Camp Century and Dye 3 in
Greenland (Dansgaard ct (11. 1972, 1982) as well as a
detailed analysis of pollen content in the lake deposits
(Woillard 1978, 1979; Miiller 1974, 1992) indicate the
cxistcnce of abrupt climatic oscillations in the Pleistocene. However, it is only recently that interest in
thcsc past episodes of anomalously rapid climatic
change have come to the forefront of the paleocliniatic agenda.
Traces of recurrent massive iceberg discharges during the last climatic cycle recognized in the North
Atlantic ocean sediments (Heinrich 1988; Bond et uI.
1992; Grousset ct d . 1993; McManus ct (11. 1994;
Bond & Lotti 1995) support the notion of numerous
climate oscillations inferred from the GRIP and
GISP2 ice cores (GRIP, 1993; Grootes et (11. 1993).
These observations point to the ice and the oceans as
key playcrs in the mechanism of past climate changes.
Relatively few studies, however, have been dedicated
to records of rapid changes of environment on the
European continent and to the rolc of the atmospheric
dust in past climates.
Together with lake beds, the loess sequences in
central Europe provide relatively detailed and reasonably continuous records of paleoenvironmental
changes on land. Correlation of loess sequences with
the moraines and terraces of Alpine glaciations and
marine isotope stages, based on biostratigraphic and
cliniatostratigraphic criteria, were proposed earlier
(Kukla 1977; Lozek 1964). In the Achenheim sequence (Alsace, France), the analysis of the mollusk
content resulted in the recognition of five first-order
climatic cycles, and in the estimates of past temperature and precipitation based on transfer functions in

the three youngest cycles (Rousseau I991 ). Correlation with the marine isotope stages (MIS) was proposed based on the mollusks, geomorphology,
sedimentology and T L dating (Lautridou ct a/. 1985;
Rousscau 1987; Rousseau & Puissegur 1990).
Although signs of rapid environmental change were
detected in sediments of the Last Glacial Maximum in
Achenheim (Rousseau & Puissegur 1990), attention
was not focused on the youngest Achenheim 1 pedocomplex, which is correlated with MIS stage 5. Here
we present new evidence showing that rapid changes
in local environment similar to those described in the
PK I1 and PK 111 pedocomplexes of the central European loess belt can be detected in Achcnheim as
well.

Stratigraphy of the Achenheim section
The Upper Pleistocene in Achenheim is represented by
two major lithological units (Somme et id. 1986) (Fig.
1). The Achenheim 1 (ACHI) pedocomplex starts at
the base with an interglacial Bt horizon overlain by a
black steppe soil. This in turn is overlain by brown
loams showing bedding structures (Somme ~ ' t(11.
1986). Overlying the Achenheim 1 unit is the Lower
Younger Loess (LYL), which includes prominent frost
wedges in its upper part, and whose upper boundary
is the Nagelbeek horizon (K) (Haesaerts et 111. 1981:
Juvigne et al. 1996). The latter horizon is found
throughout parts of western Europe (Sommt c't ul.
1986) (Fig. I ) . The youngest Upper Younger Loess
(UY L) overlays this horizon followed by the Holocene
soil at the top (Somme ct al. 1986). The most detailed
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Legend
Last climatic cvcle : UYL: Upper Younger
Loess. K: Nagelbeek horizon, LYL: Lower
Younger L:ESS,ACH 1: Achenheim 1
pec-loc:omplex.

Penultimate climatic: cvck : UOL: Upper
Older Loess of Saalian age, ACH2:
Achenheim 2 peclocomplex.
Terrace sediments (TS)interpreted as
corresponding to MIS 12- 13 (Ro~isseau
1987).
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F/g. 1. 1,ocation of the Hurst
brickyard i n Achenheim near Strasbourg in Alsacc, France (from
Heim et ( I / . 1982, modified).
Stratigraphy in the three walls or
the brickyard. The main section
with detailed record of the sedimcnts of the last climatic cycle in
the paleodepression, previously
studied and described by Somme ef
ril. (1986) and Rousseau et ul.
(1998), marked by a downward
pointing arrow. Also showing the
position sediments of the penultimate cycle (UOL and the Achenhcim 2 pedocomplex). K indicates
the Nagelbeck level. New section
described i n this paper marked by
an upward arrow. Elevation in meters above sea level.

hiiuttierri

wall

160

150
western wall

In

160

150
riortlirr~iwAl In
160
150

studies of the Achenheim loess were undertaken in the
Hurst brickyard, where the sediments of the last and
penultimate climate cycles are well exposed (Fig. I ) .
The sequence of the last climatic cycle is best represented in the southern exposure, where it fills a paleovalley (Rousseau et d.1994, Fig. 2). The sequence is
exceptionally well subdivided and complex but shows
clear lithologic and pedologic parallels with other
sequences in Northern France and Normandy, believed to be of the same age (Lautridou et al. 1985;
Somme r t NI. 1986). Detailed interregional correlation
is difficult and has not yet been attempted.
In the northern wall of the Hurst brickyard, away
from the paleovalley at a site referred to as a ‘new

New section. this DaDer

section’, a more typical sequence of Achenheim 1
complex was studied, The Upper Older Loess (UOL)
is here overlain by the soil complex about 3 m thick
(Figs. 1 and 2). A brown Bt horizon 55 cm thick with
krotovinas is at the base (Fig. 2). Black, 80-cm-thick
chernozemic steppe soil with abundant signs of reworking by worms follows. On top of this soil is a
layer of light-colored, fine-grained silt, some 10- 15
cm thick. The base of the layer is sharp and has not
been reworked by pedofauna, a typical feature of
markers (Kukla 1961). This silt is overlain by some 90
cm of pellet sands. The lower 30 cm is dark, consisting
of well-bedded, sand-sized pellets of reworked chernozem. The remaining upper layer. is brown, com-
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Fig. 2. General stratigraphy of the Achenheim I pedocomplex in the new section described in this paper. Lithology, thermolumiriescence
dates and the low field magnetic susceptibility (mean in full, range of the 10 measurements dotted). Depth below the surface of the
excavation. Holocene soil was removed

posed mainly of reworked Bt pellets. The layer is
covered by a band of redeposited concretions (some
up to 10 cm in diameter), which were probably
derived from the reworked C-Ca horizon of the
Achenheim 1 complex. The Weichselian Lower
Younger Loess (LYL), follows. The sequence of
black-, then brown- and finally white-spotted pellet
sands, overlying the marker is in the inverse order of
the pedogenic horizons underlying the marker. Obvious signs of a root network of grass or of pedofauna
burrowing, both of which are common in loess, are
absent in the marker.
In order to correlate this sequence with the rest of
the Achenheim exposure and with other Pleistocene
localities in Europe, we measured both the low field
magnetic susceptibility and the thermoluminescence of
the sediments.
Magnetic susceptibility (MS) permits rapid characterization of lithologic differences in eolian deposits
(Beget o r ul. 1990; Heller & Liu 1982; Kukla 1987).
Correlations among individual loess sequences in
China as well as of the loess with deep-sea cores
(Kukla cf ul. 1988, 1990; Ding et ul. 1995; Hovan &
Rea 1991; Xiao et ul. 1995; Kukla & Cilek 1996), and
ice cores (Petit ot ul. 1990) are facilitated by the use of
this parameter. The susceptibility in the soils is generally higher than in the loess layers. This is true in
Europe, China, North America and Western Asia
(Kukla et id. 1988, 1990; An et uf. 1991; Forster &
Heller 1994; Rousseau & Kukla 1994; Shackleton et

u/. 1995), but not in Alaska (Beget et u/. 1990).
We measured the magnetic susceptibility in Achenheim with the portable Bartington MS2 unit at the
frequency of 0.58 Khz. After cleaning the section, 10
readings were obtained and averaged at each level,
spaced at 10 cm intervals.

Results
The low field magnetic susceptibility shows values
varying between 7 and 42 x l o p 8 m3 kg-' (Fig. 3).
The highest values are in the Bt horizon. In the
Saalian loess (UOL), the susceptibility (MS) values are
relatively stable, at around 7 units. Above the loess, in
decalcified soil, the MS values increase progressively,
reaching 42 x l o p 8 m3 kg
at the top of the Bt
horizon. Within the chernozemic soil, MS decreases to
around 27 x lo-' m' k g ' . The fine-grained silt of the
marker is characterized by low MS with a minimum
of 22 x 10Wx m' kg-'. At the boundary between the
silt and the pellet sands, the MS values climb again to
around 28 x 10 m' kg - I , remaining relatively stable
within the dark-brown pellet sands. The average value
here is almost the same as that in the top of the
chernozemic soil, pointing to the common source of
both materials. In the brown and reddish-brown pellet
sands, the MS values increase and reach 35. Finally,
the susceptibility gradually decreases in the upper part
of the pellet sands and in the Lower Younger Loess
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Fig. 3. Synthetic stratigraphy of the last glacial cycle in
the loess sequenccs in the Czech Republic. Litho-pedostratigraphy, paleomagnetic (PMG) and I4C determinations. Dated levels indicated by arrows. Stratigraphic
position of markers I and I I . Past environment reconstructed from snail assemblages and pedology (modified
from Kukla 1977). AI-C: Cycles, PKO-PKIII: Pedocomplexes.
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(LYL). A similar mirror-like pattern centered at the
marker was also detected in the main section of the
fossil gully. in the southern wall of the brickyard.
There the MS values of the pellet sands are similar to
those measured in the underlying Bt and the black soil
horizons (Rousseau rt ul. 1998).
The loess underlying the pedocomplex (Fig. 1)
yielded thermoluminescence (TL) ages of 120 f 15 ka,
139 f 1 1 ka and 133 f 13 ka, in agreement with the
Saalian age of the Upper Older Loess (Zoller rt id.
1998). The first determination was obtained by the
regeneration method, the other two by the additive
dose method. Samples for T L dating were collected in
light-proof steel cylinders hammered into the carefully
cleaned faces. The environmental (7) dose rate was
measured using a portable gamma spectrometer. In
the case of the marker in the new section, on-site
measurements were taken in order to avoid non-representative data. The samples were processed in the
laboratory under subdued red light. Polymineral fine
grains (4 1 1 pm), obtained by sieving and elutriation
and settled on aluminum discs using acetone, were
used for TL measurements. The thermoluminescence

Marker
pellet sands

hillwash loam
brown leached soil
partly decalcified
parabrownearth

biogenic soil
rich in humus
biogenic soil
low humus

signal was recorded at a ramp of 5 K s c ' by an EM1
9635Q photomultiplier with blue-transmittent Corning
5- 58 and heat-absorbing Chance Pilkington HA3
glass filters. The equivalent radiation dose absorbed
since the deposition of the sediments (EDp) was estimated using regeneration or additive dose-longest
plateau (add) techniques. In the first method the regenerated TL intensity versus laboratory dose plots
was fitted to a third-order polynomial curve, whereas
the natural plus laboratory dose intensity versus laboratdry dose plots was fitted and extrapolated using a
saturating exponential curve (after Berger rt uf. 1987).
Radioactivity analyses of the samples were based on
thick source alpha counting, beta counting and high
resolution gamma spectrometry in the laboratory. For
a more detailed description of these procedures, see
Zoller (1994) and Zoller et al. (1998) (Fig. 4).
The marker section gave an age of 52.4 ? 4.9 ka.
This is a minimum age owing to the apparent secular
disequilibrium in the 238-uranium decay chain. Another T L date of 64.9 f 6.9 ka was obtained in the
grey, fine-grained silt in the main section in paleovalley (Fig. 5), which corresponds to the marker which is
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Fig. 4. Correlation between the Achenheiin sequence and central European loess stratigraphy. Left: I4C chronology and lithology in central
Europe (see Fig. 3 ) Right: lithology, TL dates and magnetic susceptibility in Achenheim. Proposed correlations shown by arrows.
(Otherwise same as in Figs. 2 and 3 ) .

here partially reworked and para-autochthonous
(Rousseau et ul. 1998; Zoller ct uf. 1998). These two
datcs and the similar lithologic succession of the
marker in Achenheim and the PKII marker in Bohemia (Kukla 1977) lead us to believe that the two
may be of the same age, approximately coeval with
the 5/4 boundary. Given this interpretation, the onset of the loess sedimentation in Achenheim may
have occurred at the time of strong dust peaks observed in the GRIP ice-core at a level dated to the c.
72 ka assessed by GRIP members (1 993).

Markers
Markers are thin bands of fine-grained silt which
separate black humus-rich, biogenic, steppe soils
from overlying detritic, basically sterile, pellet sands.
They were originally described from Bohemia and
Moravia (Kukla 1961). They document a sharp
switch from a rich ecosystem of dense grasslands
with abundant pedofauna to lifeless badlands. Although markers are generally finer than the normal
loess, no significant differences were found in the
mineralogic composition of bulk samples of markers
as compared to the loess.
In Sedlec near Prague, the Czech Republic, the

following granulometry of the PK I1 marker was
reported by Hmdilova (1994): <0.01 mm: 50.07‘%1;
0.01-0.05 mm: 44.23%); 0.05-0.125 mm: 4.60‘%; and
> 0.125 mm: 1.10‘%,.Kaolinite, smectite, illite, chlorite, quartz and K-feldspar made up the fine fraction
below 63 pm. In the finest fraction under 20 pm, the
smectite was almost absent. Gypsum was detected in
the finest fraction ( t 2 mm) pointing to a dry source
area of marker material (Hradilova & Stastny 1994).
The material composing the markers could not
have originated close to the point of deposition since
the surrounding ground was covered by black,
mostly decalcified and degraded chernozems covered
with a dense mat of grass cover. Local rivers carried
mostly decalcified detritus from the surrounding
woodlands. The grain composition of the markcr
points to its eolian origin. Micromorphological and
mineralogic studies detected local components in the
coarse fractions (Hradiva & Stastny 1994), but the
composition of the fine fraction implies transport by
dust storms of considerable magnitude, probably on
a continental scale.
Up until now, the markers have only been described from the Lower Middle Rhine valley, near
Koblenz, and in the Czech Republic, Austria and
Slovakia. In the classical loess stratigraphy of central
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Europe, three major pedocomplexes have been described during the last climatic cycle. Among them
Kukla & Lozek (1961) noted the occurrence of two
markers in pedocomplexes PKIII and PKII. The first
is believed to have occurred at around 110 ka, while
the second dates to about the time of the MIS 5/4
boundary, i.e., to around 72 ka. Within the range of
dating accuracy, this is also the probable level of the
marker in Achenheim. The proposed land equivalent
of the MIS 514 boundary is marked by a sharp
degradation of the environment. In the loess sequences, the sharpest deterioration of the landscape
occurred at the PKll marker level and coincides
with the onset of the last pleniglacial largely abiotic
environments in the loess belt. Pollen data indicate
that this boundary coincides with the establishment

of full-glacial steppes and tundras in western Europe
(Kukla et al. 1997; Woillard 1978, 1979).
The profile from the new section of Achenheim
reflects a succession from a harsh continental steppe
in UOL to a forest (Bt horizon), and then to a
temperate steppe (autochthonous chernozem). The
Last Interglacial forest which led to the development
of the Bt horizon was probably replaced by the
chernozem steppe in the Early Glacial. Fine-grained
silt of the marker was deposited over the autochthonous blackish chernozem unit relatively suddenly followed by the hillwash deposit of pellet
sands, which reflect the action of rain downpours
hitting parched dry soil. These heavy rains first removed the chernozemic and later the exposed Bt
horizons. Finally, a prolonged episode of eolian
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sedimentation followed, represented by the loess unit
LYL. This lithologic succession is, in essence, identical with others described from the central European
loess belt (Kukla 1961, 1977). The 'new section'
however, is the first one where the typical marker is
identified in France.

Conclusions
A marker of fine-grained dust separating rich biogenic soils from overlying barren ones, lithologically
similar to that found in central Europe, is identified
in a newly studied section of the Achenheim 1 pedocomplex in France. The abrupt transition to the
Pleniglacial bare landscape in northeastern France at
or prior to 65 ka based on TL dating and correlation with marine isotope stage 5 may have been the
result of a continental-scale dust storm. Marker I1
equivalents elsewhere in France together with additional physical datings (TL and I4C) in Achenheim,
should allow us to further constrain the chronology
of this loess sequence.
The fact that a marker occurs in the Upper Pleistocene sequence in Achenheim is of particular interest. The layer, well known from central Europe, is
almost unknown west of the Rhine. The question
therefore remains whether a single hypothesized
large-scale, early Weichselian dust storm affected
western and central Europe at the same time or
whether the Achenheim marker is the product of a
separate regional west European drought episode.
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