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Abstract:

This excursion is dedicated to loess—paleosol sequences (LPSs) and the Quaternary research history

in the region around Krems an der Donau (Krems a.d. Donau), Austria. The landscape at the east-
ern exit of the picturesque Wachau valley, carved by the Danube into crystalline basement rocks, is
covered by thick loess and has a more than 100-year-long research history. Local Upper Paleolithic
findings (e.g., Venus of Willendorf, Fanny of Stratzing, Wachtberg infant burials) are world famous.
The outcrops of Paudorf, Gottweig-Furth, and Krems-SchieBstitte were type localities of the Quater-
nary period until the 1970s. Recently, these complex LPSs with discontinuities and polygenetic units
were reinvestigated, with a focus on the Middle to Late Pleistocene (Brunhes) record.

1 Introduction

Loess exposures are among the most instructive Qua-
ternary paleoenvironmental archives. Loess—paleosol se-
quences (LPSs) record phases of morphodynamic activity
and stability, mainly driven by climatic variations (Pécsi
and Richter, 1996; Rohdenburg, 1970). Sedimentological ap-
proaches support paleoenvironmental reconstructions from
loess packages (Antoine et al., 2009; Ujvéri et al., 2016),
whereas paleopedological work is required for paleosols,
which represent distinct paleoecological conditions of a cer-
tain duration (Bronger, 1976; Sprafke, 2016). Hiatuses and
polygenetic units complicate paleoclimatic interpretations
but add insights into geomorphic evolution (Lehmkuhl et al.,
2021, 2016).

The region around Krems an der Donau (Krems a.d.
Donau) (Fig. 1) in Lower Austria, at the eastern end of the

Wachau valley, is widely known for thick LPSs (< 40 m) and
has a long research tradition (Petschko et al., 2022; RiedI et
al., 2022). In the first half of the 20th century, local LPSs
provided a stratigraphic framework for enclosed Paleolithic
findings, foremost the world-famous Venus of Willendorf
(Bayer, 1913, 1909). Important recent discoveries are the
Venus of Galgenberg (Neugebauer-Maresch, 1993) and the
Wachtberg double infant burial (Einwogerer et al., 2006). Fa-
mous loess outcrops in this area are Paudorf, Gottweig, and
Krems, which were type localities of the Quaternary (Bayer,
1913; Fink, 1961, 1956; Goétzinger, 1936; Kovanda et al.,
1995), before the emergence of marine stratigraphy in the
1970s (Emiliani, 1955; Shackleton and Opdyke, 1973).
Local LPSs are mainly located in slope positions; due
to erosional and colluvial processes the LPSs contain dis-
continuities and polygenetic units. Detailed macro- and mi-
cromorphological observations coupled with numerical ages
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Figure 1. Topography, eolian sediments, soils from loess (soil types tentatively adapted to IUSS Working Group WRB, 2022), and LPSs
in northeastern Austria, based on Loishandl and Peticzka (2005), Fink (1958), and Fink and Nagl (1979); hillshade from USGS (2014).
Humid loess landscape located around St. P6lten and further west, transition area to the north along the Bohemian Massif eastern margin,
and dry loess landscape further east (Fink, 1965). LR, LZ: Langenlois Red Outcrop, Langenlois Ziegelei (brickyard) Kammerer; KS, KW,
KH: Krems-SchieBstitte, Krems-Wachtberg, Krems-Hundssteig; F+A: Furth and Aigen.

have helped to unravel the formation processes and their tim-
ing (Sprafke et al., 2014). Colorimetric and granulometric
data from samples taken in high vertical resolution along a
continuous column (Antoine et al., 2009) have proven ex-
ceptionally useful for stratigraphic differentiation (Sprafke,
2016; Sprafke et al., 2020).

This field trip aims to present concepts and data from the
last 15 years of research against the background of more
than 100 years of variegated research history. Unless indi-
cated otherwise, figures relate to Sprafke (2016) with modi-
fications.

1.1 Physical geography of the excursion area

The excursion area is located in the surroundings of Krems
a.d. Donau in the western part of Lower Austria. The Wachau
region and the “Weinviertel” region further east are known
for the rather continental, “Pannonian” climate (Nagl, 1983).
The considerable climatic gradient between the oceanic
northwest (700-900 mm m.a.p.) and the continental north-
west (500-600 mm m.a.p.) is related to the Bohemian Massif
acting as a barrier for Atlantic moisture brought by the west-
erlies. This highland (~ 500-1000 m a.s.l.) represents the re-
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maining crystalline basement of the Paleozoic Variscan oro-
gen (Matura, 2006). The lowlands (~ 180-500 ma.s.l.) be-
tween the Alps and the Bohemian Massif are mainly filled
with molasse sediments deposited during the Alpine orogeny.
During the late Neogene to the Quaternary the Danube and
its tributaries removed a considerable amount of these sedi-
ments and left fluvial deposits (Wessely and Draxler, 2006),
which are present in terraces of varying altitudes and de-
grees of preservation. Like the Pleistocene fluvial deposits,
the widespread loess cover was deposited during cold stages
(Fig. 1). The connection of terraces and loess stratigraphy has
remained difficult, due to incomplete records and different
tectonic impact (Sprafke, 2021). The present-day soil cover
in the loess area reflects climatic differences. Southwest of
the Bohemian Massif there are (often Stagnic) Luvisols (Ah—
E-Bt-C profile), whereas mainly Chernozems (Ah—C pro-
file) developed on a comparable substrate further east, repre-
senting forest and steppe soils, respectively (Fink et al., 1979;
IUSS Working Group WRB, 2022).

https://doi.org/10.5194/deuquasp-5-41-2024
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Figure 2. The classic pedostratigraphic model of Austrian LPSs
(Fink, 1965) and correlation with the marine oxygen isotope record
(Railsback et al., 2015). The proposed chronostratigraphy of the
transition area (Fink, 1976) is no longer valid.

1.2 Loess landscapes and paleosols in Austria

Based on the obvious differences in soil cover and observa-
tions in the loess record, Fink (1956) postulated a subdivision
of the Austrian lowlands into three loess landscapes (Fig. 2).
The humid loess landscape (Feuchte Losslandschaft) west
of the Bohemian Massif with Holocene Luvisols from loess
also exhibits a Bt horizon representing the last interglacial,
which is superimposed by colluvial layers (“Linz complex”).
The dry loess landscape (Trockene Losslandschaft) east of
the Bohemian Massif, characterized by Chernozems, hosts a
Bw horizon representing the last interglacial, which is super-
imposed by a stack of humic horizons divided by thin loess
layers (“Stillfried complex™). This pedostratigraphic concept
basically remains valid until today, whereas the transition
area (Ubergangsgebiet) in between the humid and dry loess
landscape and its pedostratigraphy were the subject of con-
siderable controversies (Fink, 1979b; Sprafke, 2021).
Paudorf, Gottweig, and Krems were established in the
1960s as key units of Quaternary stratigraphy (Fink, 1961,
1965), as the thick LPSs of the transition area are unique for
central Europe and were thought to be rather complete. The
~ 1-2 m thick paleosol Géttweiger Verlehmungszone (GVZ)
was first thought to represent a warm Aurignacian (early Up-
per Paleolithic) period, followed by loess deposition during
the colder Gravettian (Bayer, 1913); 2 decades later, a ~ 1 m
thick humic, slightly weathered pedocomplex in the upper
part of the Paudorf loam pit (Paudorfer Bodenbildung) was
attributed to a major interstadial of the last glacial, whereas
the 2m thick pedocomplex in the lower part of the profile
was correlated to the GVZ and the last interglacial (Fink,
1956; Gotzinger, 1936). Further, in the outcrop of Krems-
Schiefstitte, a pedocomplex that was thought to represent
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the GVZ was recognized (Fink, 1976: KR4 paleosol). A ~ 3—
4 m thick complex of rather strongly weathered soils below
KR4 (Kremser Komplex; Fink, 1976: KR7-9) was attributed
to a previous long interglacial (Fink, 1961).

However, fundamental revisions had to be accepted in
the 1970s in the context of a Czech—Austrian collaboration.
Mollusks in the Paudorfer Bodenbildung indicated its for-
mation during the last interglacial, and the Gottweiger Ver-
lehmungszone was related to a Middle Pleistocene inter-
glacial (Fink, 1969). As the Matuyama—Brunhes boundary
(MBB) was detected in the upper part of Krems SchieBstitte,
just below KR4, the Kremser Komplex clearly had an Early
Pleistocene age (Fink, 1976; Fink and Kukla, 1977). Ther-
moluminescence ages by Zéller et al. (1994) supported the
main revision of Paudorf and Gottweig. Krems-SchieBstitte
remained well known for its Early Pleistocene record (Kukla
and Cilek, 1996). Noteworthy are works at these type local-
ities in the context of a geological survey in the Weinviertel
region (Kovanda et al., 1995).

Recent investigations of still-accessible outcrops in the
Krems region started over 15 years ago. Fundamental ad-
vances in luminescence dating have allowed for more pre-
cise interpretations and correlations for about the last 300 kyr
(Terhorst et al., 2011; Thiel et al., 2011a, b, ¢). Paleoenvi-
ronmental reconstruction from the polygenetic LPSs of the
transition area have focused on the Brunhes record (Sprafke,
2016; Sprafke et al., 2013, 2014). In recent years, the last
glacial LPSs have received increasing attention, often re-
lated to Upper Paleolithic sites (Groza et al., 2019; Hambach,
2010; Héandel et al., 2021; Lomax et al., 2014; Meyer-Heintze
et al., 2018; Nigst et al., 2014; Reiss et al., 2022; Sprafke et
al., 2020; Terhorst et al., 2015; Zeeden et al., 2015; Zoller et
al., 2014).

2 Krems-Wachtberg: last glacial loess,
paleoclimate, and archeology (Stop 1)

The spur between the Krems and Danube rivers in the north
of the picturesque city of Krems a.d. Donau is covered by
an LPS of up to 37 m thickness, reaching back into the Early
Pleistocene, partly exposed at Krems-SchieBstitte (Stop 2;
Fink, 1976). At the southeast-exposed slope, up to 10 m thick
Late Pleistocene loess contains several Upper Paleolithic
occupation layers, which have been the subject of excava-
tions for > 100 years (Einwogerer et al., 2009; Neugebauer-
Maresch, 2008). From 2005 to 2015, excavations at the site
of Krems-Wachtberg (48°2453.95” N, 15°35'58.39” E; no
more profiles accessible due to house construction) (Héndel
etal., 2014) largely focused on archeological horizon (AH) 4,
at ~5.5m depth, dated to ~31.2ka (Simon et al., 2014),
where buried infants were discovered in 2005 (Einwogerer et
al., 2006). The adjacent ca. 8 m thick LPS has no major dis-
continuities and spans a time range from ~ 20—40 ka (Lomax
et al., 2014; Sprafke et al., 2020). Magnetic proxy variations
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Figure 3. Krems-SchieBstitte. (a) Panoramic photo and (b) hillshade with outcrop sectors. (¢) Mittlere Wand (Fink, 1979a).

and field stratigraphic units (incipient paleosols, tundra gley
soils, reworked units, loess) have been tentatively correlated
to the Greenland ice core record (Hambach et al., 2010; Heiri
et al., 2014; Terhorst et al., 2014). High-resolution color and
grain size analyses and available age information were re-
cently integrated into a unified chronostratigraphic frame-
work, revealing that, contrary to the western central Euro-
pean reference LPS Nussloch, Heinrich events did not result
in thick dust accumulation but rather in reworking within a
polar desert ecosystem (Sprafke et al., 2020).

3 Krems-SchieBstatte: thickest loess of Austria;
magnetic reversals (Stop 2)

Krems-SchieBstitte (48°25'0.99” N, 15°35'48.25"E) is a
large outcrop (Fig. 3) that was repeatedly the subject of in-
vestigations during the last century. Noteworthy are the joint
Czech—Austrian investigations in the late 1960s and early
1970s, taken up in the 1990s (Kovanda et al., 1995). Most
work has focused on the Mittlere Wand, where the major-
ity of the paleosols is exposed and the Matuyama—Brunhes
boundary (MBB) and older magnetic field reversals were
traced (Fink, 1976). The investigations in the late 1960s to
1970s revealed the presence of 16 soil horizons that were
labeled from top to bottom in ascending order. KR1 is the
recent soil, and KR2 and KR3 are only weakly developed
and could not be unambiguously traced in our detailed study
of sector GN1. Therefore, KR4 is the only significant pedo-
complex above the MBB (Fink and Kukla, 1977). Following
these authors, Krems-Schief3stitte may complement the Brno
Red Hill LPS, which is seen as rather complete record of the
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Figure 4. Prominent paleosols in Krems-SchieBstitte with KR la-
bels (Fink, 1976; Fink and Kukla, 1977). (a) Sector MW5 with the
(invisible) reported MBB between KR4 and KRS, below a major
hiatus of KR8 and KR9 (see Fig. 3d). (b) Sector NW2 with the KR4
profile sampled in high resolution and stratigraphic designations by
Sprafke (2016).

Brunhes chron (see Sect. 6, Conclusions). A few years later,
the Stranzendorf LPS, which is interpreted to reach back to
the Pliocene, was used to complement the Red Hill-Krems
succession to a whole central European record of glacial—
interglacial cycles comparable to the long records of the Chi-
nese Loess Plateau (Kukla and Cilek, 1996). A comprehen-
sive review of these studies is given in Kovanda et al. (1995).

Recent investigations focused on the Brunhes record of
Krems-SchieBstitte (including KR4), with additional data
from KRS and KR7, both below the MBB. High-resolution

https://doi.org/10.5194/deuquasp-5-41-2024
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Figure 5. Stratigraphy, granulometry, and carbonate contents of NW2 and AK1; loess colors at AK1 (details in Sect. 3.2); and preliminary

luminescence ages against the marine oxygen isotope record (Railsback et al., 2015), adapted from Sprafke (2016).
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Figure 6. Stratigraphy and color data (details in Sect. 3.2) of KR4 at MW2, adapted from Spratke (2016).
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Figure 9. Overview of Gottweig-Furth and Gottweig-Aigen from Fink (1976).

color measurements and mesomorphological studies in rep-
resentative sections of the wall facilitated the stratigraphic
subdivision of the laterally variable outcrop walls. Distinct
horizons were investigated in more detail using, e.g., micro-
morphology, and for distinct loess packages luminescence
ages were determined.

3.1 Sector NW2

Entering the brickyard from the gate at SchieB3stattgasse,
well-differentiated loess sediment above the characteristic
KR4 pedocomplex is exposed at the outcrop wall on the right
side (Fig. 4). Luminescence ages reveal marked discontinu-
ities in the loess above KR4 (Fig. 5). While the topmost last
glacial loess is rather uniform, the penultimate glacial loess
consists of brownish loess enriched in coarser material next
to pale horizons dominated by silt. The characteristic Unit VI
can be traced along the entire outcrop. Below another consid-
erable hiatus KR4 has a rather sharp lower boundary between
a Bt and basal Ck horizon. The middle part shows advanced
weathering but no signs of clay illuviation. A detailed study
of KR4 will be presented in the profile of sector MW2. On
the way along the North Wall into the Alter Kugelfang the pe-
docomplex stays at a comparable altitude, whereas loess be-
tween Unit VI and the KR4 pedocomplex strongly increases
in thickness.

https://doi.org/10.5194/deuquasp-5-41-2024

3.2 Sector AK1

Contrary to the neighboring AK2 and AK3 the profile at AK1
(Fig. 5) does not reach up to Unit VI but through the com-
plete KR4, which is extraordinarily thick here, due to local
deposition of soil sediments. Preliminary luminescence data
indicate a minimum age of MIS 8 (marine isotope stage) for
the succession of partly brownish and bleached loess sed-
iments. The presence of a significant component of coarse
material can be interpreted with the polygenetic development
in the interplay of eolian sedimentation and in situ and collu-
vial processes, which is typical of most of the loess sediments
of the Krems region. The closely spaced profiles of AK1-3
were compared based on field and sample observations and
color data. The latter are measured by a spectrophotometer
and allow for a robust subdivision of loess sediments and pe-
docomplexes. We use the warm—cold value (WCV) as a ratio
of warm to cold colors (Sprafke et al. 2013), with L* indi-
cating luminance, a* for red (> 0) vs. green (< 0), and b* for
yellow (> 0) vs. blue (< 0); the background shows RGB. 00,
representing RGB colors with enhanced contrast. A limited
profile depth of the outcrop walls below private gardens had
an influence on color measurements, rendering a profile cor-
relation based on color data alone challenging for this weakly
differentiated material (Sprafke, 2016).

DEUQUA Spec. Pub., 5, 41-54, 2024



48 T. Sprafke et al.: Brunhes to burials — loess region of Krems, Lower Austria

Grain size distribution
(% of fine earth)

Gravel content
(% of bulk sample)

Carbonate content
(W% of fine earth)

20 4|0 6|0 BIO 10010 10 20 30 40
RN RRRE RRRE RN RN
I I
L ||
| | 1
777777777 I _._Pau -
IJ \: T HII R - -.TVC (P3c)
I I I Pau |-
I 1 T y
I NN RN RN ©
B — I ®V/a (P4a)
i,L,I,I,,,L,JTJ, L] \[\,,L,,I,,L,,L,,L,, R
I‘ ‘! | \ \ \ | I‘ \ \ I | | | | _._Ve (P4c)
I N R
[T |
N BRSNS BRARER
\‘ |I 1 [‘ — |‘ 0
L : L Vl-a'(_P4e)
‘”\;V‘IV \Vlﬁ\r\ [ R ]
I WJ : | - [
e e e Viig {P6a)
[ [ [ |
I NN DR A Vllic (P6c1)
'JTT"l('1"'\"'\"T'I'!T"\"I\'"l"\"T"\ """ i iy g
1 I I 0 Unczan ™0 -3
[T BRI BRI
— [ - [ — [
T S— — 4
(I 5
Xg (P7
o3 (P7f)
[N 1 i i
[ Xla (P8-1)
XI I L ‘AI : J‘ ll
R T o - v ‘2\0' T ‘2\5' T -
40 “wev —eoXlb P82
-, sampling 2000 630 200 63| 20 6]3 2 iim Age (ka)
position ~ o= [ms MEENI m!" < German e e e e e s s B
Sieving < Sedigraph texture [ \ \ \ [ |
classes 0 100 200 300 400 500

Figure 10. Paudorf LPS (Sprafke, 2016), with grain size, carbonate, and color data from Sprafke et al. (2013). Grain size data from Spratke
et al. (2013). Luminescence ages are shown in the framework of the marine oxygen isotope record (Railsback et al., 2015; Spratke et al.,

2014).

3.3 Sector MW2

The KR4 pedocomplex is best differentiated in MW2, also
shown in the standard sequence by Fink (1978). Here, KR4
has a Bt horizon in the bottom and is considerably weath-
ered in the middle part; however, in the upper middle and in
the topmost part weathered humic horizons are found. Color
data, as presented in the sections before, also support the
classification of well-developed soil horizons; oscillations
are due to inhomogeneous, aggregated clay-rich material and
secondary carbonate (Fig. 6). Semi-quantitative micromor-
phological analyses of different features following the termi-
nology of Stoops (2003) (Fig. 7) are complemented by the
qualitative assessment of feature constellations. Microstruc-
ture, primary carbonates, and clay coatings are key to clas-
sifying paleosols (Bronger, 2003, 1999) and to reconstruct-
ing polygenesis (Sprafke et al., 2014). Phases of pedogenesis
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and reworking are linked to paleoenvironmental variations;
it is suggested that KR4 formed during up to three glacial
interglacial cycles of the early Middle Pleistocene (Fig. 8).

3.4 Sectors MW3-GN1

Sectors MW3-5 provide some insights into the Matuyama
record of Krems-Schief3stitte Mittlere Wand (Fink, 1976;
Fink and Kukla, 1977). At MW3, a strong inclination of pa-
leosols KR4 and KR5 and a colluvium in the basal part are
observed. At MW4, the Kremser Komplex (Fink, 1961) is
exposed, consisting of KR9, KR8, and KR7, from bottom
to top. KR7 is known as Krems soil (Brandtner, 1956) and
the most weathered paleosol currently exposed at Krems-
SchieBstitte; it has a marked petrocalcic horizon at the base.
A comparison of the color and micromorphology of KR7,
the GVZ, and the basal Bw horizon of the Stillfried complex
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Figure 11. Micromorphology of samples from Paudorf locus typicus. (a) Calcified root cell, partly disturbed by bioturbation (IIld). (b) Bw
fragment (IIlc). (¢) Granular structure (cryo- vs. bioturbation?) (VIIIa). (d) Rolled clay coatings in weathered groundmass (Xd). (e) Frag-

ments of clay coatings (Xf1). (f) Clay coatings partly in situ (Xg).
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Figure 12. Formation model of the upper pedocomplex (Unit III) at Paudorf during MIS 5, with main processes, tentative chronology in
comparison to the MIS 5 pedocomplex at Stillfried, and related paleoenvironments.

(Eemian) indicates overall moderate interglacial weathering
intensities in the study area. Finally, at the southern corner
of MW5 to GN1 (the Pfeiler), the oldest exposed parts of the
whole outcrop are found (Fig. 4).

4 Furth-Zellergraben: Gottweiger Verlehmungszone
(Stop 3)

The Gottweiger Verlehmungszone (GVZ; 48°22'30.83” N,
15°36'13.49" E) exposed in the Zellergraben near Furth
bei Gottweig crosses several terraces and loess sediments
(Fig. 9). The GVZ was described over 100 years ago by
archeologists, was suggested to represent a warm period of
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the Aurignacian (Bayer, 1913), and was later thought to rep-
resent an earlier interstadial of the last glacial period (Brandt-
ner, 1956; Gross, 1960, 1956). Fink (1961) established the
view that it was the last interglacial paleosol (Fink, 1960,
1956; Gotzinger, 1936). The GVZ could not be bracketed
by luminescence ages because the sample above already in-
dicates an age older than the possible dating range, i.e.,
> 350ka (Thiel et al., 2011b). A formation during MIS 11
and/or older interglacials is likely (Kovanda et al., 1995;
Sprafke, 2016). In the upper part of the sequence, a few hun-
dred meters to the south (Aigen), a paleosol comparable to
the MIS 5 complex in Paudorf is exposed (Thiel et al., 2011b;
Zoller et al., 1994).
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Figure 13. Compilation of paleopedological records in a transect from central to southeastern Europe based on various sources (Antoine
et al., 2013; Bibus, 2002; Boenigk and Frechen, 1998; Bronger, 2003; Lisiecki and Raymo, 2005; European Soils Bureau Network, 2005;
Markovi¢ et al., 2009, 2011; Pécsi and Richter, 1996; Schmidt et al., 2011; Scholger and Terhorst, 2013; Semmel and Fromm, 1976; Terhorst,
2013; Terhorst et al., 2002; Zoller et al., 1988).

1936; Terhorst et al., 2011; Zoller et al.,, 1994), is lo-
cated at ~260ma.s.]. at the footslope of the Waxenberg
(~500ma.s.l.). Two prominent paleosols are visible in the

5 Paudorf: polygenetic paleosols and related
paleoenvironments (Stop 4)

The loam pit in the northwest of Paudorf (48°21'22.93” N,
15°36/30.00” E), also known as Paudorf locus typicus
(Brandtner, 1956; Fink, 1976, 1954, 1965; Gotzinger,
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up to 11 m thick LPS (Fig. 10). These were studied in detail
by Sprafke et al. (2014); slight modifications in the stratig-
raphy and pedocomplex evolution by Sprafke (2016) are due
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to insights from the Stiefern LPS and Krems-SchieBstitte.
The penultimate glacial loess of these sites shows interesting
similarities, i.e., brownish horizons enriched in coarse mate-
rial and bleached horizons with dominating silt. Next to eo-
lian deposition and in situ alteration, the influence of slope
processes is evident in the evolution of the local loess sedi-
ments, provoking questions on the loess definition (Sprafke,
2022; Sprafke and Obreht, 2016). The complex evolution of
enclosed pedocomplexes requires thin-section studies and ro-
bust age control (Sprafke et al., 2014) (Figs. 11 and 12).

Based on the semi-quantitative analyses combined with a
qualitative investigation, several stages of development were
reconstructed for the pedocomplexes. The correlation of dif-
ferent stages for the MIS 5 is based on comparisons with
nearby pedocomplexes with similar pedogenic intensities but
higher temporal resolution, e.g., the Stillfried complex (Fink,
1954, 1979b; Zoller et al., 1994). For the MIS 9 pedocomplex
(not shown), there are no nearby records for comparison;
therefore the correlations with the marine isotope substages
and reconstructed paleoenvironments are tentative (Sprafke,
2016).

6 Conclusions

The studied Middle to Late Pleistocene LPSs are polygenetic
and discontinuous, and age control is limited (luminescence
ages to about 300ka; MBB is ca. 780ka). However, some
general conclusions can be drawn from the presented results
if the paleopedological record is considered and combined
with the concept of climate-phytomorphic soils (Bronger,
2003, 1976). Absence of significant clay illuviation indicates
that during the last 1 Myr interglacial climates in Lower Aus-
tria were different than those in western central Europe but
more similar to the Pannonian Basin (with minor deviations;
Fig. 13). In turn, glacial periods had a central European char-
acter, indicated by the presence of tundra gleys. Yet, loess of
the last glacial has revealed characteristic differences in land-
scape response to millennial-scale paleoclimatic fluctuations
compared to western central Europe.
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