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Abstract

Loess deposits are widely distributed in the Northern Hemisphere, where they have
recorded not only the glacial-interglacial cycles, but also millennial-timescale changes
resembling those in marine and ice cores. Such abrupt variations are clearly marked
in Western European series, but have not yet been evidenced in the east of the con-5

tinent. Here we present results of the high-resolution investigation of a Weichselian
Upper Pleniglacial loess sequence (∼38–15 ka) from Stayky, Ukraine. The stratigraphy
shows an alternation of loess horizons and embryonic soils, similar to sequences from
Western Europe. Similarities are also found between variations of a grain-size index
(ratio between coarse and fine material fractions) in Stayky and in Western European10

profiles. Based on these similarities, and in agreement with the luminescence dates,
the embryonic soils are associated to the Greenland interstadials (GIS) 7 to 2, and
the Vytachiv paleosol at the base of the sequence, to GIS 8. Pollen analysis indicates
a wetter climate for these interstadials, allowing the development of arboreal vegeta-
tion, than for the stadials, marked by loess formation. The grain-size index reaches15

the highest values for intervals correlated with the Heinrich events 3 and 2. Thus, it
appears that the North Atlantic abrupt climate changes have extended their influence
and modulated the loess sedimentation at least as far as in Eastern Europe. This re-
sult is supported by recent climate modeling experiments, and recommends the Stayky
sequence as a reference for further comparisons between profiles along the Eurasian20

loess belt centered at 50◦ N.

1 Introduction

The European loess deposits have been investigated for many decades, and several
synthetic studies have evidenced common stratigraphic features: specific units, mark-
ers, horizon succession (Kukla, 1977; Lautridou et al., 1983). However, only a few25

studies have focused on the climate signature in these eolian sediments. Reanalyzing
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the main European loess sequences, Kukla (1977) has shown that they have pre-
served a variety of indications of environmental changes associated to the large-scale
climatic variations revealed by the marine δ18O records. A further comparison with
Chinese and North American synthetic loess series (Smiley et al., 1991) has even bet-
ter demonstrated the potential of investigating loess sequences for reconstructing past5

environmental changes.
In Western Europe, most of the loess deposits are located along the particular eo-

lian corridor centered at approximately 50◦ N. Since the beginning of the 90s, several
key West-European loess sequences have been investigated at high resolution along
a latitudinal transect through this corridor. A refined stratigraphy has been established10

for West-European loess-paleosol series, based on data from sites as Achenheim,
(Rousseau et al., 1998a, b), Saint-Pierre-lès-Elbeuf, France (Antoine et al., 1999), and
Nussloch, Germany (Antoine et al., 2001, 2009; Hatté et al., 1998, 2001; Lang et
al., 2003; Rousseau et al., 2002, 2007). The high-resolution record from Nussloch,
particularly detailed for the Weichselian Upper Pleniglacial (∼38–17 ka), became a ref-15

erence for the Western European stratigraphy for this time interval. Close correlations
have been proposed with the rapid environmental changes identified in both North At-
lantic and Greenland cores, showing the intimate link between the climatic variations
in Western Europe and in the North Atlantic area (Rousseau et al., 2002, 2007). While
the influence of the North Atlantic conditions (Fig. 1) over Europe is demonstrated in20

the present climate (Wallén, 1970), our aim is to investigate the eastward extent of
this influence during the Last Glacial interval. We focus on the Weichselian Upper
Pleniglacial interval, which is the main period of dust deposition during the Last Glacial
(Antoine et al., 1999; Frechen et al., 2003; Rousseau et al., 1998b), and compare loess
stratigraphic sequences from Western and Eastern Europe.25

The sequence we use here as a reference for Eastern Europe comes from Stayky,
Ukraine, towards the eastern boundary of the European loess corridor (Fig. 2). The
location was chosen based on information gathered during field trips to various loess
sites in the vicinity of Kyiv (Gerasimenko and Rousseau, 2008). In order to insure
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a meaningful comparison between loess profiles, we have followed an investigation
protocol (Sect. 2) similar to that applied to West-European sequences (Antoine et al.,
2001). Based on the results of a multidisciplinary analysis, we propose a long-distance
correlation with the key West-European loess sequence from Nussloch, and thus, with
the millennial timescale climate variability in the North-Atlantic area (Bond and Lotti,5

1995; Johnsen et al., 2001).

2 Materials and methods

The investigated loess profile Stayky (50◦05.65′ N, 30◦53.92′ E, 194 m a.s.l.) is situated
ca. 50 km south of Kyiv, on a cliff overhanging the Dnieper River floodplain (Fig. 2).
The present climate is temperate-continental. Mean annual precipitation is 550 mm,10

with monthly means between 1.1 and 2.8 mm/day. The number of days with precipita-
tion is at least 10 per month, but most of the annual precipitation amount falls during
summer. Monthly mean temperatures vary between approximately −6 ◦C in January
(with a minimum of −35 ◦C), and 20 ◦C in July (with a maximum of 39 ◦C) (cf. University
of East Anglia – 0.5×0.5◦ 1961–1990 Monthly Climatology). Negative temperatures15

are only registered between December to March. Local vegetation is represented by
forest-steppe: broad-leaved forest on grey forest soils and mesophytic steppe on cher-
nozems.

A 4 m wide vertical section of the loess profile was cleaned by removing the dry
weathered sediment. A parallel sampling was performed on a depth of 8 m, which is20

the thickness of the sediments corresponding to the Upper Pleniglacial.
The grain-size investigation of the sequence was conducted in continuous sampling

column with a resolution of 5 cm between 1.5 and 7 m depth, whereas in the upper
strata, where evidence of bioturbation was present, individual samples were taken with
a resolution of 10 cm. The sediment samples were analyzed using a laser coulter.25

Parallel to the grain-size sampling, the low field magnetic susceptibility (MS) was mea-
sured every 10 cm depth in loess units and every 5 cm in paleosols, using a portable
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Bartington MS2 meter. Following the methodology already used for other loess se-
quences (e.g., Achenheim, St. Pierre les Elbeuf, Nussloch, Surduk), each measure-
ment was obtained by averaging 10 individual readings. These measurements were
not conducted for determining the paleomagnetic properties of the sediment, but only to
provide support in identifying the different stratigraphical units, as paleosols are gener-5

ally characterized by higher values than the eolian layers (Kukla et al., 1988). To estab-
lish a chronostratigraphy for the Stayky loess profile, based on the loess – pedocomplex
alternations, the sequence was correlated to the general Ukrainian Quaternary loess
stratigraphy (Gerasimenko, 2006; Veklitch et al., 1984a, b). In order to obtain additional
chronostratigraphic information, 4 sediment samples were taken for numerical dating,10

using infrared stimulated luminescence (IRSL) dating techniques. The samples were
taken in opaque copper cylinders, and the fine grain (4–11 µm) polymineral fraction
was extracted to determine the equivalent dose (De), applying a multiple aliquot ad-
ditive (MAAD) and regenerative (MAR) dose protocol (Mauz et al., 2002). Dose rates
were calculated using U, Th and K concentrations obtained by high-resolution low level15

γ-spectrometry, taking into account a water content (ratio of wet to dry sample weight)
of 1.15±0.05 and a minor depth-dependent contribution of cosmic radiation. Alpha
efficiency values (a-values) were determined for the samples BT 31 and BT 33, ob-
taining an a-value of 0.08±0.01 for both of the samples. This a-value was also used
for the remaining samples. To account for short-term anomalous fading, the aliquots20

were stored after laboratory irradiation for a minimum of 4 weeks at room temperature
or a minimum of 1 week at 70 ◦C (Berger, 1987).

The multiple aliquot additive dose (MAAD) protocol is a well established protocol in
the field of loess dating, as it prevents the risk of sensitivity change (Wintle, 1997). Its
disadvantage is, however, relatively large De error bars due to the aliquot-to-aliquot25

scatter and the extrapolation of the growth curve. De error bars obtained from the
regeneration method (MAR) are normally much smaller, but are only acceptable if no
significant sensitivity change can be seen from the additive and regenerated growth
curves. In this study, when the MAAD and MAR ages differed significantly, the more
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reliable MAAD ages were used. In cases where the obtained ages from both of the
protocols were the same within errors, the MAR ages were used due to their smaller
errors (Table 1).

Pollen samples were taken at the same levels as for the grain size investigation,
and 22 selected samples have been analyzed (Sect. 3.5). Pollen processing included5

10 min boiling in HCl, Na4P2O7, HCl and KOH (with the consequent decanting), treat-
ment with cold HF and centrifuging in heavy liquid (CdI2+KI) of specific gravity 2.0 and
2.2.

3 The Stayky Last Glacial sequence

The Weichselian Upper Pleniglacial stratigraphy has been intensively studied in central10

Ukraine, since the basic investigations by Veklitch and co-workers (Gerasimenko, 2006;
Veklitch et al., 1984a, b). Therefore, the different stratigraphic units are well defined.
In the previously studied Stayky loess section, which represents the standard profile
of the Ukrainian loess stratigraphy (Gerasimenko and Rousseau, 2008; Veklitch et al.,
1984a, b), the Upper Pleniglacial (Bug) loess is about 3 m thick, and has been related15

to one homogenous palynological complex. At the new site, located 6 km further north,
the Bug loess is twice as thick, which allows a much more detailed investigation of the
loess sequence.

3.1 Stratigraphy

The base of the Stayky Last Glacial series (Fig. 3) overlies a fluviolacustrine calcareous20

silt and a hydromorphic soil allocated to the Saalian-Eemian interval, i.e. equivalent to
marine isotope stages (MIS) 6 and 5e. The Last Glacial starts with the Pryluky soil
complex, consisting of a thick dark grey-brown mollisol horizon (Chernozem) overlain
by a truncated brownish cambisol horizon. Both horizons are dissected by deep root
tracks and some frost wedges filled with grey silt. The boundary between them is very25
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irregular. A first loess layer, about 20 cm thick, marks the beginning of the Pleniglacial.
It is allocated to MIS 4, and, according to the Ukrainian stratigraphical nomenclature,
to the Uday loess unit. The brown soil horizon overlying the Uday loess is allocated
in the Ukrainian nomenclature to the Vytachiv unit. This unit is only 20 to 70 cm thick
at Stayky, but much thicker (up to 2.5 m) in other Ukrainian sections (Gerasimenko5

and Rousseau, 2008). For exemple, at Vyazivok (Rousseau et al., 2001), it is repre-
sented by a soil complex composed by at least two distinct soil horizons, and is mainly
allocated to the 55–30 ka interval (roughly, the MIS 3).

The 6.5 m thick sediments on top of the Vytachiv layer show typical calcareous loess
deposits. They are allocated to the Bug loess, the thickest loess unit of the Ukrainian10

Upper Pleistocene stratigraphy, as observed in other neighboring sequences. The Bug
loess can be divided in two parts. The lower part, 4 m thick, consists of calcareous
loess units alternating with weakly developed pedological horizons (embryonic, or in-
cipient soils), identified by a more brownish color and fine root track networks. Two of
the pedological horizons, the unit between horizons 5 and 6a, and the lower part of the15

unit 6c, are characterized by iron oxide patches and tracks within a grayish matrix. They
correspond to weakly developed tundra gley layers, indicating short periods of water
logging. All the other pedological horizons are only incipient soils. This stratigraphical
succession is similar to the gley-loess doublets identified in the upper (thickest) part of
the Nussloch sequence, in the Rhine Valley (Antoine et al., 2001, 2009). The upper20

part of the Bug loess, 2.5 m thick, consists of rather homogenous calcareous loess.
Bioturbations are visible in the upper 1 m, related to the formation of the topsoil (unit
0) which is a chernozem horizon partly eroded at the top, corresponding to the Late
Holocene (Gerasimenko, unpublished data).

3.2 IRSL Ages25

The additive and regenerative ages (MAAD and MAR protocol, respectively) yielded by
the 4 samples analyzed for dating are consistent within error bars (Table 1). The vali-
dated ages are marked in bold. In the case of BT 31 and BT 33 we use the regenerative
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ages because of smaller errors. In case of BT 32 we use the additive age because of
a possible sensitivity change.

The validated IRSL ages support the main features of the defined stratigraphy
(Fig. 3). The sediment age obtained for the Vytachiv soil complex indicates that this
has formed during MIS 3, supporting the previously proposed stratigraphic correlation5

with Central European sequences (Rousseau et al., 2001). This soil can also be corre-
lated with the arctic brown soil named Lohner Boden (Schirmer, 2000) and described
at Nussloch as a gelic cambisol (Antoine et al., 2001). Furthermore, the three IRSL
ages obtained for the Bug loess place it as contemporaneous of the thick loess unit
observed in West-European deposits, as already suggested by a comparison with the10

Dolnı́ Vestonice loess sequence in the Czech Republic (Rousseau et al., 2001).

3.3 Magnetic susceptibility

The magnetic susceptibility (Fig. 3) shows high values in the Vytachiv soil, and in the
chernozem at the top of the sequence. This is a common feature of European loess
sequences, due to weathering and biological activity in soil horizons. In contrast, the15

values are low in the Uday loess, and exhibit no particular variation, considering the
measurement error. The 5 to 20 cm thick incipient horizons present no specific varia-
tions of the magnetic susceptibility as well. They are only marked by slight increases
in the organic carbon values (Fig. 3). This suggests that they represent relatively short
intervals, probably of just a few hundred years, of decrease or even a stop of the eo-20

lian deposition. These intervals were also characterized by enhanced humidity, as
indicated by loess weathering (which requires increased moisture to initiate), and by
a development of arboreal vegetation shown by the pollen analysis (Sect. 3.5).

3.4 Grain size analysis

With respect to the grain size, the Upper Pleniglacial section of the Stayky loess profile25

can be divided into four consecutive classes: clays (<4.6 µm), fine silt (4.6–20.7 µm),
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coarse silt (20.7–63.4 µm) and fine sand (63.4–153.8 µm), their relative contribution
varying with depth (i.e., through time) (Fig. 4). As no evidence of water transport has
been noticed in the field, these variations can be entirely attributed to changes in the
eolian dust cycle (emission, transport, deposition).

Four main zones can be distinguished (Fig. 4), which can be interpreted as corre-5

sponding to different climate regimes.

1. Above the Priluky paleosol and up to 5.6 m depth the clay content regularly de-
creases, from ca. 45% to ca. 15%, while the coarse silt percentage doubles (from
ca. 20% to 40%). The fine silt content first increases to ca. 37% toward the top of
the Vytachiv soil, then returns to values of ca. 25%, similar to those at the base of10

this part of the sequence. The sand fraction remains low and does not show any
particular variations. Considering all the material as windblown, the increasing
fraction of coarser material upwards might be interpreted as reflecting a gradual
intensification of the wind dynamics, with a possible increase in the frequency of
strong wind episodes.15

2. Between 5.6 and 2.2 m depth, the fine silt and clay fractions generally remain at
low values, and show two stable states: the first between 5.6 and 3.6 m (at ca.
27% and ca. 20%, respectively), and the second between 3.6 and 2.2 m (at ca.
15% and ca. 23%, respectively). The coarse silt content shows a cyclic pattern
on in increasing trend. The sand fraction reproduces this pattern inversely, but at20

much lower values. This increase in coarse silt may be, once more, interpreted as
being related to a strengthening in the wind regime, but with a more cyclic pattern
than in the previous zone.

3. From 2.2 m up to 1 m depth, the proportions of the different grain size classes
remain relatively stable, with the coarse and fine silts predominating, while the25

clays and the sands only are at about 15% and 5%, respectively.

4. In the top 1 m, the sand fraction increases at the expense of the fine and coarse
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silts. This might correspond to a change in the main source of material, which
becomes probably more local, from the Dnieper valley.

With respect to the four analyzed size fractions, the embryonic soils identified in the
stratigraphy are characterized by a decrease in coarse silt and sand, and an increase
in the fine silt components (Fig. 4). They are also associated with an increase in the5

organic carbon (Fig. 3).
The coarse material (coarse silts and sand) comes from sources relatively close to

the site, while the fine material (clays and fine silts) has probably been brought also
from more distant areas, via the high-altitude atmospheric transport (Duce, 1995; Pye,
1995). Geochemical analyses of eolian deposits in Southern Ukraine, correlated with10

the presence of sand units south of Stayky (Buggle et al., 2009), have been interpreted
as indicating a predominant northern wind direction. One hypothesis, first suggested
by Tutkovsky (1910), is that dust has been brought by katabatic winds blowing down the
Fennoscandian ice sheet, which margin, at the maximum extent, was at about 400 km
north of Stayky (Svendsen et al., 2004). This hypothesis is questionable, because kata-15

batic winds observed over the Antarctic ice sheet only reach between 20 and 100 km
offshore (Adolphs and Wendler, 1995), and this ice sheet is considerably larger than
was the Fennoscandian, according to reconstructions by Svendsen et al. (2004).

Recent experiments with an atmospheric general circulation model (Sima et al.,
2009), have addressed the changes in dust emission induced in Western Europe dur-20

ing the Upper Pleniglacial by the North Atlantic millennial timescale variability. They in-
dicate predominantly western winds over the entire Europe in all three simulated types
of glacial climate state: Greenland stadial, interstadial and Heinrich event (Fig. 8). In
addition, while the main local source of sand for Stayky is the braided plain of the
Dnieper river, located east of the site, the low sand content in the main part of the25

sequence seems to indicate that easterly winds were not the main winds responsible
for the transport of eolian material in the area.

The numerical simulations by Sima et al. (2009) also suggest a correlation be-
tween West- and East-European sequences, reflecting the impact of the North Atlantic
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millennial timescale climate changes over the continent. Such a correlation is investi-
gated in the following, by comparing into detail the Stayky sequence to the most de-
tailed loess sequence of Western Europe, Nussloch, which is correlated to the North
Atlantic records (Rousseau et al., 2007).

The variations with time (depth) of the loess grain-size composition are mainly re-5

lated to a combination of changes in the wind and precipitation regimes, from local to
much larger spatial scales (Duce, 1995). These changes affect the dust cycle directly
through their effect on the efficiency of dust entrainment, dust transport and deposition,
and indirectly by changing the distribution and characteristics of the dust source areas,
including variations of the vegetation cover in the source areas. A simple way to char-10

acterize the combined effect of all these environmental changes on the loess sedimen-
tation is to define a grain-size index (GSI), as the ratio between the coarse and the fine
material fractions (Antoine et al., 2001). Such an index, calculated as the ratio (52.6–
26 µm)/<26 µm (Fig. 4), has been used along with high-resolution stratigraphy and
magnetic susceptibility measurements, to correlate West-European sequences and to15

compare them with North Atlantic marine and Greenland ice core records (Antoine et
al., 2001, 2009; Rousseau et al., 2002, 2007) (Fig. 6). For the Upper Pleniglacial,
high GSI values characterize loess units deposited at high accumulation rates, in cold,
dry and windy conditions, corresponding in Western Europe to the North Atlantic cold
phases: Greenland stadials and H events. Low GSI values are associated with soil20

horizons or tundra gley layers developed in a relatively warmer and moister climate,
corresponding to Greenland interstadials.

The GSI in the Stayky sequence varies over a broad range of values, from ca. 0.2
in the Vytachiv paleosol at the base to a maximum of ca. 2 in the upper Bug loess
(Fig. 4). The ratio of these extreme values, about 10, is considerably higher than25

the ratios determined for the European sequences: between 3 and 6 for the three
Nussloch (Germany) profiles, 6 for the Renancourt (Northern France) profile (Antoine
et al., 2009). This difference is due to the considerably smaller minimum value at
Stayky, which can be attributed to a much higher clay content in the Vitachiv paleosol

1970

http://www.clim-past-discuss.net
http://www.clim-past-discuss.net/6/1959/2010/cpd-6-1959-2010-print.pdf
http://www.clim-past-discuss.net/6/1959/2010/cpd-6-1959-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


CPD
6, 1959–1990, 2010

Abrupt climate
changes in Stayky

loess series

D.-D. Rousseau et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

(ca. 35% from the total) compared to its stratigraphic equivalent in Nussloch, the Lohner
Boden (ca. 19%). The median of the grain-size distribution is also lower in Stayky than
in Nussloch, reflecting a finer grain composition.

This last observation might indicate that the particles forming the Stayky Upper
Pleniglacial loess have been brought over a long distance, by high altitude transport.5

A source area might have been the outwash plains of the Fennoscandian ice sheet,
lying some hundreds of kilometers northwest of Stayky. Such a situation is similar to
that of the eolian deposits from Northwestern Europe, where a decrease of the grain-
size median from NNW to SSE was demonstrated (Lautridou, 1985; Lautridou et al.,
1983, 1986). This grain-size gradient is related to the relative position of the corre-10

sponding dust sources: the English Channel and Southern North Sea basins, exposed
to deflation due to sea level lowering in glacial times.

3.5 Pollen analysis

Pollen of broad-leaved trees is practically absent in the studied Upper Pleniglacial se-
quence. The climate indices we use here are the arboreal and non-arboreal pollen15

percentages (AP and NAP), the pollen sums of cryophytes, herbal xerophytes and
mesophytes. All these indices exhibit cyclic variations superposed on a general trend
(Fig. 5). The climate was generally cold, as shown by the pollen of Betula sect. Nanae
et Fruticosae, Alnaster, Botrychium boreale and a few Selaginella selaginoides: pollen
of shrub Betula appears in all samples, and Alnaster is always present above the20

3.90 m level.
Concerning the humidity, a first important change can be observed at 2.30 m depth

and divides the Bug loess in two parts. The lower part, Bug loess sub-unit bg1, between
6.35 and 2.30 m, is characterized by rather high counts of AP (13–40%), of spores and
pollen of sedges. In the upper part, the bg2 sub-unit (2.30–0.70 m), the AP counts25

decrease and their composition becomes much poorer than in the bg1 deposits (Betula
sect. Nanae et Fruticosae, Alnaster, Pinus and rarely arboreal Betula). In the NAP,
pollen counts of xerophytes (Chenopodiaceae, Artemisia and few Ephedra) become
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considerable (15–34%), in parallel with grasses, whereas the percentages of sedges
pollen and of spores are very low. This indicates a significantly wetter climate during
the early Bug interval, bg1, than during bg2.

A second important change, also concerning humidity, occurs within the bg1 sub-
unit, at 3.90 m depth. The pollen counts of grasses are considerably lower between5

6.35 and 3.90 m than above (4–28% compared to 17–42%). On the contrary, the AP
and the pollen counts of mesophytic herbs are higher, and the AP diversity is larger in
the 6.35–3.90 m interval. Pollen grains of bushes (Malaceae, Caprifoliaceae and even
Corylus and Rhamnaceae) are present here (1–2%), and pollen grains of Picea, Alnus
and arboreal Betula are more frequent than in the layers above. The typical steppe10

(grassland) appears above the 3.90 m level. All these indicate wet conditions in the
first part of the bg1 loess formation, and an increase of aridity in the second part of this
period.

Another type of climate variations, more rapid and cyclic, is related to the embryonic
soils (ES) observed in the bg1 sub-unit. The alternation of loess units and embryonic15

soils reflects variations of humidity, but also of temperature. The soils differ from the
loess layers by higher counts in AP and in mesophytic herbs, by the presence of Poly-
podiaceae spores and by lower counts (or even absence) of cryophytic plant pollen.
They represent phases of incipient pedogenesis, in a wetter – and, for some of them,
also warmer – climate than during the loess accumulation. In the following, they are20

analyzed in detail.
The climate conditions corresponding to ES7 and ES5 (particularly to the 4.65–

4.60 m depth interval) were warmer than for the other embryonic soils, as indicated by
a richer AP composition and the absence of pollen of cryophytes. The herbal cover was
mesophytic (herbs and grasses), and there was no excessive moisture in the ground at25

this time, as indicated by the low pollen counts of sedges. Between 5.70 and 5.00 m,
spores are over-represented. The loess layers have high spore counts of Botrychium
boreale and high pollen counts of sedges and of Betula sect. Nanae et Fruticosae.
This indicates a cold and wet tundra and tundra-steppe environment (with a few trees).
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The embryonic soils ES6a and ES6c include spores of Bryales, Polypodiaceae and
Lycopodiaceae; ES6c also includes spores of arcto-boreal species (Botrychium bore-
ale and a few Selaginella selaginoides). They have been also formed under excessive
ground moisture, in a cold climate. Still, it was less cold than during loess accumula-
tion periods, allowing boreal forest to develop. Water-logged environments were also5

typical for the ES4b and ES3, as indicated by the pollen counts of sedges.
To summarize, the evolution of the vegetation cover in the studied sequence was as

follows: during the formation of the first part of bg1 sub-unit (up to the 3.90 m level,
including ES4b), boreal and arcto-boreal forest-steppe alternated with forest-tundra,
whereas during the second part, arcto-boreal forest-steppe alternated with periglacial10

steppe. During the bg2 times, only periglacial steppe existed. In terms of climate,
the Bug loess formation began in wet conditions, and has continued on an increasing
aridity trend. It was generally cold, with short slightly warmer episodes associated with
some of the embryonic soils.

4 Correlation between the Stayky and Nussloch loess sequences15

The Nussloch Upper Pleniglacial sequence consists in an alternation of gleys or ox-
idized horizons and loess units, described as gley-loess doublets (Rousseau et al.,
2002). These doublets are linked to the abrupt climate changes identified in the North
Atlantic and Greenland cores: the tundra gleys or oxidized horizons (labeled G and IG
on Fig. 6) are associated to Greenland interstadials, and the loess units correspond to20

Greenland stadials or to Heinrich events (Rousseau et al., 2002, 2007). The Lohner
Boden (LB) (Fig. 6), at the base of this high resolution series, was initially interpreted
as corresponding to GIS 8 (Antoine et al., 2001; Rousseau et al., 2002, 2007). Its
stratigraphic and age allocation was recently questioned (Antoine et al., 2009) as being
possibly younger, associated to GIS 7. LB was described as a Bw horizon of a cambisol25

(Antoine et al., 2001), resulting from a hypothesized pedogenesis yielding different soil
horizons. If the GRIP/NGRIP ice-core records are taken as a time reference for the
general atmospheric dynamics associated with the Dansgaard-Oeschger (DO) event
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succession, one can address this key point of the LB time allocation by analyzing the
time intervals during which the dust concentration was very low in Greenland. Such
periods of low dust concentration in Greenland ice, implying a reduced atmospheric
activity in terms of dust cycle (reduced dust emission, transport and deposition) cor-
respond to the maximum of the DO warming and the beginning of the cooling toward5

stadial conditions, as indicated by the corresponding δ18O records. Figure 7 shows
the variations of the δ18O and dust concentration in the Greenland ice-cores for GIS
8 and 7. They are plotted by considering the start of the δ18O enrichment as time
zero of the DO event (cf. Ganopolski and Rahmstorf, 2001). δ18O and dust show sim-
ilar patterns in GIS 8 and 7, except for the duration of the event itself. The change10

from interstadial to stadial conditions, steep in the dust record, and more gradual in
the δ18O one, occurs after about 500 years in GIS 7, and after about 1500 years in
GIS 8. Describing the different factors of soil formation, Jenny (1994) estimates that
the dust deposited by a violent dust storm would need about 1000 years of appropriate
conditions to develop into soils. He considers that, while not being totally mature, such15

a deposit would acquire profile characteristics recognizable in the field. Therefore, GIS
8 appears as the best candidate to correlate with the Lohner Boden, supporting our
previous interpretation (Rousseau et al., 2002, 2007). In the Stayky sequence, G8 will
correspond to the stratigraphic equivalent of LB, the Vitachev pedocomplex.

The GSI evolution in the Nussloch and Stayky sequences, separated by some20

1800 km, is very similar (Fig. 6). At Stayky, GSI shows an increasing trend, with low
values in the Vytachiv soil complex, at the base of the profile, and higher values in the
upper part of the Bug loess. A maximum value is reached at about 1.5 m below the
top of the Bug unit. A succession of four cycles can be seen, each cycle characterized
by an abrupt increase of GSI, followed by a slow decrease. Due to differences in sed-25

imentation rates, only one cycle is visible at the base of the Stayky sequence, instead
of two at Nussloch. The loess-gley/pedogenic horizon alternation and the associated
grain size index variations are probably mainly the result of changes in the conditions
at the source areas and in the strength of the eolian activity.
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Another characteristic shared by the two sequences are the increased moisture con-
ditions during the soil formation. At Stayky this is proved by the development of arboreal
vegetation, indicated by pollen analysis. No pollen has been preserved in the Nuss-
loch sediments, but increased moisture during gley horizon formation is revealed by
the presence of specific terrestrial mollusks, especially on top of these units (Moine et5

al., 2008). Gleys and pseudogleys form where water is held temporarily above a slowly
permeable or impervious horizon. At Nussloch, the presence of a barrier to drainage,
probably a permafrost, hampered water percolation, so that perched water remained
within the sediment, giving to the sediment the characteristic color.

Taking into account the available dates and the stratigraphic similarities, a correlation10

between the two sequences can be proposed. Thus, we propose that the weakly de-
veloped soil horizons evidenced in Stayky are the stratigraphic equivalent of the west-
ern tundra gleys and characterize the eastern expression of the Greenland interstadi-
als, while the loess units correspond, as those from Nussloch, to Greenland stadials.
North Atlantic events extending their impact as far as the east of Europe is supported15

by general circulation model simulations of the impact of North Atlantic abrupt climate
changes in Europe (Fig. 8), showing predominant western winds over the entire conti-
nent for three types of glacial climate conditions; a Greenland interstadial, a Greenland
stadials and a Heinrich event.

Concerning the Heinrich events at Stayky, the GSI shows a first strong increase at20

a time corresponding to H3, and reaches its maximum value at a stratigraphic level
synchronous with H2. Thus, both loess sequences appear to record the climate effect
of H3 and H2 in the same way, as peaks of the GSI. There is also a remarkable differ-
ence: eolian laminations are observed in the corresponding units at Nussloch, but not
at Stayky. One of the conditions required for laminations to form is availability of sand25

in the main efficient wind direction (Antoine et al., 2009; and references therein). While
sand is largely available east of Stayky, little is found at the loess site, which means
that the main efficient winds are not eastern (but rather western or northwestern, as
explained above (Fig. 8)). This explains the lack of laminations, as well as the high
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clay content. Modeling studies on the North Atlantic millennial timescale variations
(Claussen et al., 2003; Hostetler et al., 1999), show increased temperatures and pre-
cipitation during the Greenland interstadials compared to stadials over most of the
Eurasia, especially north of 45◦ N. This is in agreement with the interpretation of the
stratigraphy, grain-size and pollen analyses at Stayky, and with the correlation with5

Western Europe sequences that we propose, supporting the previous interpretation of
Haesaerts et al. (2003), based on soil stratigraphies.

5 Conclusions

The new sequence investigated at the Stayky loess site, in Ukraine, shows a record
of rapid climatic changes in Eastern Europe during the last glacial period. As in all10

the other analyzed European sequences, this record is particularly detailed for the Up-
per Pleniglacial (ca. 38–17 ka), characterized by particularly high sedimentation rates.
Similar to the Western European deposits, the stratigraphy shows an alternation of
loess units and incipient soil horizons, expression of the climate changes induced by
the North Atlantic stadial-interstadial variations. We propose a fine correlation between15

the loess profile from Stayky and that from Nussloch (Germany), which is a reference
for the Western European sequences. This correlation is established by associating the
observed embryonic soils to Western European tundra gleys, taking into account the
available dates. Same as at Nussloch, two maxima of the grains size index, computed
as the ratio between coarse and fine grain-size fractions, appear to be contempora-20

neous with Heinrich events 3 and 2. Thus, we show that the climate impact of the
North Atlantic abrupt changes during the Last Glacial has extended at least to Stayky,
and that Eastern European loess deposits have recorded these changes in a generally
similar way as the western ones, with differences mainly due to a more continental
climate.25
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Future investigations at other European loess sites should provide insight into the
specific ways of recording the North Atlantic variability in different parts of the conti-
nent, as a result of the combination of the large-scale climate influences with regional
environmental conditions. Also, the Stayky profile could be used as a reference for
further comparison between European and Asian sequences.5
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cycle in loess-paleosol successions of North-western France, Boreas, 28, 551–563, 1999.
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Table 1. IRSL dating results. Note: Water content (ratio of moist vs. dry weight) was taken as
1.15± 0.05 for all samples. The a-value was measured for sample BT 32 and BT 33 as 0.08±
0.01, and this value was used in calculations for the other two samples as well. U-, Th- and
K-concentrations are based on low-level γ-spectrometry.

Lab. Field sample/ U Th K Dose Equivalent Age
sample Depth (ppm) (ppm) (%) rate dose De (ka±1 s)

(Gy/ka) (Gy±1 s) a=additive
r=regen

BT 32 TL-2 150 cm 2.43 8.38 1.63 3.35 58.9±5.7 a 17.6±2.0
50.1±2.1 r 15.0±1.1

BT 33 TL-3 270 cm 2.23 8.00 1.76 3.30 50.6±5.1 a 15.3±1.8
54.0±2.7 r 16.4±1.2

BT 34 TL-4 450 cm 2.43 8.63 1.92 3.60 99.1±4.2 a 27.6±2.0
BT 31 TL-1 650 cm 2.45 10.07 1.79 3.62 106±18 a 29.3±5.3

109±5.2 r 30.1±2.3
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Fig. 1. Impact of Atlantic climate conditions over Europe. Monthly average wind speed, in
m/s, at 850 hPa pressure level for March, June, September and December over Europe. Wind
vectors plotted over shading and contours at 3 m/s interval. Nussloch and Stayky are two
localities cited in the text. Data source: NCEP reanalysis monthly wind components on a
2.5×2.5◦ long/lat grid for the interval 1971–2000.
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Fig. 2. Location of the Stayky studied loess sequence. (A) Map of the CLIMAP Last glacial
maximum (18 K BP) topography and bathymetry showing the estimated shoreline (bold line),
the emerged lands, the continental ice-sheets (represented by the 1000 m high line). Location
of the loess series and Greenland ice-cores discussed in the text. Data from World Data Center
for Paleoclimatology at 2×2◦ resolution. (B) Map of Central Ukraine indicating the location of
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Fig. 4. Grain size variations in Stayky loess sequence. Plots of the four identified size fractions
(clay, fine silt, coarse silt, sand) and of the grain size index (GSI), defined as the ratio between
coarse and fine material fractions.

1986

http://www.clim-past-discuss.net
http://www.clim-past-discuss.net/6/1959/2010/cpd-6-1959-2010-print.pdf
http://www.clim-past-discuss.net/6/1959/2010/cpd-6-1959-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


CPD
6, 1959–1990, 2010

Abrupt climate
changes in Stayky

loess series

D.-D. Rousseau et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Fig. 5. Synthetic pollen diagram for the Stayky sequence.
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Fig. 6. Comparison between the grain size index (GSI) records in Nussloch (P3 and P4 se-
quences) (after Rousseau et al., 2007) and in Stayky (this study). Identification of similar cycles
(marked by the green arrows), and proposed correlation between the two continental records,
supported by IRSL dates, and pollen characteristics (arboreal pollen – AP-percentages) of the
embryonic soils. Correlation between the Greenland GRIP dust record (Johnsen et al., 2001)
and the Nussloch record according Rousseau et al. (2007), with GIS 8 correlated with the Nus-
sloch Lohner Boden (LB) following Fig. 7. H3 and H2 correspond to marine Heinrich events
3 and 2 in the Greenland and European records. G1–7 and IG5–9 are the identified gleys or
oxidized horizons in Nussloch.
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Fig. 7. Temporal evolution of the Dansgaard-Oeschger (DO) events 8 and 7 as expressed in
GRIP ice-core data: δ18O (%, top) and calcium (Ca, representing dust) concentration (µM,
bottom) (Johnsen et al., 2001) (from (Rousseau et al., 2007 modified). The start of an event
(time=0 kyr) is given by the beginning of δ18O enrichment in the ice core records (vertical black
line) (cf. Ganopolski and Rahmstorf, 2001). TIF: Time interval favorable for soil development in
Europe. We note that the correct denomination of DO interstadials (DOI) is Greenland Intersta-
dials GIS (Rousseau et al., 2006).

1989

http://www.clim-past-discuss.net
http://www.clim-past-discuss.net/6/1959/2010/cpd-6-1959-2010-print.pdf
http://www.clim-past-discuss.net/6/1959/2010/cpd-6-1959-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


CPD
6, 1959–1990, 2010

Abrupt climate
changes in Stayky

loess series

D.-D. Rousseau et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

(a) Greenland Interstadial

-6 0 6 12 18 24 30 36

42

45

48

51

54

(b) Greenland Stadial

-6 0 6 12 18 24 30 36

42

45

48

51

54

2 4 6 8 10 m/s

(c) Heinrich event

-6 0 6 12 18 24 30 36

42

45

48

51

54

Stayky

Stayky

Stayky

Fig. 8. Average wind field at 850 hPa in Europe at temperate latitudes for three simulated
climate states associated to (a) a Greenland Interstadial, (b) a Greenland Stadial and a Heinrich
event (c) (after Sima et al., 2009). Stayky location is marked.
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