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1 Historical context

Julius Fink did not discover a new continent, he did not de-
velop a new research technique, he made no important arche-
ological find, and he did not describe an unknown mineral
or species. Fink created a holistic framework linking geol-
ogy, physical geography, and soil science close to his home-
town of Vienna. He collected detailed field evidence from
numerous loam pits and other outcrops, thereby managing
to solve a number of complications in a region that seemed
well-studied but, looking in detail, was full of contradictory
evidence. Fink had large shoes to fill when presenting his re-
sults on a five-day excursion following the DEUQUA meet-
ing in Laufen near Salzburg (Austria) in 1955. His follow-up
paper treated here established key concepts of loess and ter-

race stratigraphy and their geographical differences, largely
valid today (Sprafke, 2016; Terhorst et al., 2015).

A major footprint before Fink was the seminal work of
Penck and Brückner (1909) which established that at least
four major glaciations occurred in the eastern Alps. These
were (from oldest to latest): Günz, Mindel, Riss (i.e., penulti-
mate glacial), and Würm (i.e., last glacial). Key pieces of ev-
idence were glacial moraines linked to fluvioglacial terraces
in the Alpine foreland, whereas the widespread loess cover
played a minor role in this concept. As terraces were linked to
moraines and thus to glacial periods, their loamy covers (ab-
sent on the lowermost, last glacial terrace) were attributed to
interglacials. This misconception was soon invalidated: loess
represents glacial periods, and intercalated paleosols repre-
sent interglacials or interstadials (Soergel, 1919).

Many footprints were left by generations of archeologists
that made important discoveries in the Austrian loess land-
scapes, especially in the Krems–Wachau region. The Venus
of Willendorf discovered in 1908 remains until now a symbol
for the European Paleolithic. The nearby remarkable loess
outcrops at Krems, Göttweig, and Paudorf, with their well-
developed paleosols, played an important role in fierce dis-
cussions between Quaternary geologists and archeologists on
how to subdivide the ice age and related Paleolithic cultures.

Probably the most immediate footprint for Fink was left
by Götzinger (1936). On a field trip through the Alpine fore-
lands in the context of the INQUA conference in Vienna,
Götzinger internationally established the Krems, Göttweig,
and Paudorf loess–paleosol sequences (LPSs) as type lo-
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calities of Quaternary stratigraphy. The Krems, Göttweig,
and Paudorf paleosols were thought to represent the “long”
Mindel–Riss interglacial (∼marine oxygen isotope stages
(MISs) 11/9-7), the “last” Riss–Würm interglacial (∼MIS
5e), and the single marked Würm interstadial (∼MIS 3), re-
spectively.

2 Loess and terrace stratigraphy

Today we know from continuous marine and ice core oxygen
isotope records that over 50 glacial–interglacial cycles and
numerous suborbital climatic oscillations occurred during
the Quaternary. At the same time each landscape and archive
has its distinct response to these paleoclimatic changes, ham-
pering unified stratigraphies, especially when absolute dating
techniques are not available. Until the 1950s, Quaternary re-
search was essentially a field science, and the small national
and international communities did field trips to personally
observe and discuss stratigraphic evidence brought forward
by colleagues.

Götzinger (1936) realized the potential of LPS in the
Krems region to refine Quaternary stratigraphy and presented
impressive outcrops at Paudorf, Göttweig, and Krems as type
localities. Fink expressed his strong skepticism with this
choice 20 years later as these localities had no clear con-
nection to stratigraphically robust terraces. It was in the re-
gion between Salzburg and Linz (NW Austria), studied in de-
tail by Penck and Brückner (1909), where Fink realized that
the connection of fluvioglacial terraces (previously linked to
glacial moraines) and loess was too obvious to be ignored:
the lowermost terrace (in German: Niederterrasse) repre-
sents the last glacial period and is therefore free of loess,
and the next higher terrace (in German: Hochterrasse) rep-
resents the penultimate glacial, contains the last interglacial
paleosol, and is superimposed by a last glacial LPS. A thick
LPS on higher terrace levels (different Deckenschotter units)
can record several glacial–interglacial cycles.

In NW Austria, close to the former piedmont glaciers, Fink
managed to convincingly complement the Penck and Brück-
ner (1909) scheme with loess stratigraphy. The latter pro-
vided details of glacial paleoenvironments not visible from
moraines and terraces (Terhorst et al., 2015). In NE Aus-
tria (N of Vienna), far from the piedmont paleoglaciers, Fink
identified an overall similar stratigraphic pattern compared
to the one of NW Austria, however with markedly different
expressions of paleosols and sediments. He suggested a re-
gional terrace stratigraphy for NE Austria based on the in-
sights from geomorphology and loess stratigraphy, although
he was less confident with this connection due to the influ-
ence of neotectonics in the Vienna Basin. The Krems region
with its complex pattern of terraces and impressive LPS of
highly variable ages was largely avoided in the stratigraphic
schemes of Fink.

Despite regional differences of the LPSs, Fink created a
robust stratigraphic framework for the Austrian loess land-
scapes in connection to terraces and based on this to glacial
moraines. While he was skeptical about Götzinger’s choice
of type localities in the Krems region, he agreed to his notion
that the last glacial period had only one clear interstadial.
While Götzinger (1936) had used the Paudorf soil, Fink se-
lected the Stillfried B paleosol of NE Austria and a marked
tundra gley in NW Austria as stratigraphic markers for this
single interstadial of the last glacial. This twofold last glacial
period contrasted to the widely shared view of a tripartite
subdivision of the last glacial period (Soergel, 1919; Woldst-
edt, 1956).

3 Paleoenvironments

From today’s perspective, the pedostratigraphic advances by
Fink seem of little relevance as we have modern techniques
to date organic matter up to 50 ka and far older phases of
sedimentation, using, e.g., optically stimulated luminescence
dating (Thiel et al., 2011). With these tools we are able to
detect local changes in sedimentation rates and pathways of
pedogenesis, which we can link to regional paleoenviron-
ments and even paleoclimatic evolution (Sprafke, 2016). Al-
ready Fink realized during his stratigraphic work that there
are marked differences in LPS between NW Austria and NE
Austria which correspond to different present-day climatic
and ecological conditions. His German colleague, Brun-
nacker (1956), followed the same approach for Bavaria, dif-
ferentiating loess facies regions according to (paleo-)climatic
differences in N Bavaria (Franconia) and S Bavaria. In Aus-
tria the gradient between the “humid” and the “dry” loess
landscape is stronger as the Bohemian Massif between these
areas acts as a topographic barrier for moisture brought by
the westerlies.

While Fink is internationally well-known for loess re-
search, it should be highlighted that he contributed to nu-
merous soil maps and considerably advanced soil geogra-
phy in Austria and beyond. In his concept of loess land-
scapes, he virtuously linked geology, physical geography,
and soil science. The humid loess landscape in NW Aus-
tria receives 600–800 mm mean annual precipitation, and
present-day soils from loess are Luvisols that typically de-
velop in deciduous forest ecosystems. To the east of the Bo-
hemian Massif precipitation is only around 500 mm per year,
and present-day soils largely correspond to Chernozems that
form potentially in steppe ecosystems. Different morpholo-
gies of LPS E and W of the Bohemian Massif can be ex-
plained by overall similar paleoclimatic gradients (Sprafke,
2016).

Fink realized that similar to the present-day soil, inter-
glacial paleosols of the humid loess landscape (developed in
loess or terrace sediments) correspond to well-developed Lu-
visols, partly with strong redoximorphic features. The inter-
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glacial Luvisol remnants and polygenetic pedosediments on
top are termed “Linzer Komplex”. Superimposed are brown,
decalcified loess sediments, at least one major tundra gley
and calcareous loess. Unlike the present-day Chernozems,
the last interglacial paleosol in the dry loess landscape corre-
sponds to a Cambisol, thus indicating advanced weathering
compared to the present-day soil but still more weakly devel-
oped in comparison to the last interglacial soil of the humid
loess landscape. At the type locality Stillfried A, the “Still-
frieder Komplex”, correlative to the “Linzer Komplex”, con-
sists of the last interglacial Cambisol and three Chernozems
separated by loess layers. Stillfried B is a topographically
higher profile with a weak paleosol, which is correlated to
the major Würm interstadial (cf. Terhorst et al., 2015).

Although the localities of the Krems–Wachau region (e.g.,
Paudorf, Göttweig, Krems, Willendorf) were widely known
to archeologists and Quaternary researchers, Fink avoids de-
tailed discussions on loess profiles of what he calls a “transi-
tion region”; this area is defined as the Wachau Valley and the
E margin of the Bohemian Massif. Fink gives an overview of
the main stratigraphic features in this region and suggested
that the local paleosols are comparable to those of the dry
loess landscape, but early last glacial reworking is compara-
ble to the humid loess landscape. Fink admits that the terrace
stratigraphy is complicated in the transition region and that it
is not possible to provide reliable links to the terrace scheme
in NW Austria, close to the paleoglaciers, where we are in
Fink’s words “forced to accept” Penck’s nomenclature. Fink
regrets the lack of studies linking the NW Austrian terrace
stratigraphies to those of the Krems region and the Vienna
Basin – a problem that persists until today (Sprafke, 2016).

An important aspect of Fink’s work is the correlations of
his loess stratigraphies to those of other regions in the loess
belt between Belgium and (former) Yugoslavia. Note that
Fink expands his text to where he is able to report from his
own field observations. It appears he trusts his own eyes more
than what is said or even written in publications given his ten-
dency to reinterpret findings from colleagues. This focus on
one’s own field observations appears unusual from a modern
perspective, in which findings require independent support
by quantitative data. Summarizing his discussion on profiles
from other regions, Fink was able to connect his own find-
ings to those of other loess landscapes as there are in gen-
eral comparable patterns in loess–paleosol successions – a
remarkable achievement without absolute chronology. Possi-
bly the unified stratigraphy from (paleo-)climatically distinct
regions allowed him to understand profiles in the oceanic and
continental parts across the European loess belt.

4 Further development

In 1956, Fink realized that field evidence was insufficient to
discuss the transition region in detail. Radiocarbon ages from
so-called Paudorf soils and Göttweig soils of different arche-

ological sites became available five years later, and Fink ac-
cepted an age of ca. 30 ka for the Paudorf interstadial, which
he correlated to Stillfried B. Following Götzinger (1936),
Fink (1961) proposed that the Göttweig soil correlates to the
last interglacial and thus the lower parts of the “Stillfrieder
Komplex” and “Linzer Komplex”. At this time, the Qua-
ternary research community agreed to abandon the tripartite
subdivision of last glacial period, and Fink finally succeeded
in integrating the transitional region with its famous loess
sections into Austrian loess stratigraphy.

Also in 1961, at the loess symposium of the INQUA con-
ference in Warsaw (Poland), Fink and colleagues established
the INQUA subcommission of loess stratigraphy. The notion
that the first well-developed brown loess paleosol (usually
a truncated Luvisol) below the surface represented the last
interglacial found wide acceptance as a “stratigraphic rule”.
On the first annual subcommission field trips in Central Eu-
rope, this rule worked well, but in the late 1960s after field
trips to Hungary and Serbia, there were increasing doubts
that the stratigraphic rule is universally applicable and that
the type localities of the transition region in Austria were
adequate. The loess subcommission reached full commis-
sion status during the INQUA congress in Paris 1969, but
at the same time Fink had to announce unfortunate news.
According to malacological and paleomagnetic results ob-
tained by Czech colleagues from Krems, Göttweig, and Pau-
dorf paleosols (e.g., Vojen Ložek, Jiří Kukla), the respective
units were considerably older, i.e., Early Pleistocene, Mid-
dle Pleistocene, Last Interglacial, respectively (see Sprafke,
2016).

During the 1970s until his death, Fink worked with Jiri
(George) Kukla on Pleistocene land–sea correlations, provid-
ing results from the Old Pleistocene loess records of Krems
and Stranzendorf. With the emerging marine stratigraphy,
loess lost its key role to subdivide the Quaternary – at least
for European LPS because complete loess sections at the
Chinese loess plateau attracted an increasing number of re-
searchers. The classical tetraglacial scheme of Penck and
Brückner (1909) remains useful in the forelands of the east-
ern Alps, but internationally it is only of historical relevance.

In the 1990s the establishment of luminescence dating led
to some revival of loess research in Central Europe and some
key sites like those in Lower Austria finally had absolute age
information (Zöller et al., 1994). In the last decade, the grow-
ing interest in regional paleoclimate records and the paleoen-
vironmental contexts of Paleolithic humans have resulted in
intensified research on loess (Lomax et al., 2014; Sprafke,
2016; Terhorst et al., 2015). It should not be forgotten that a
key observation of Fink was the significance of LPS to un-
derstand past climate and landscape evolution, which appears
largely blurred by the stratigraphic confusion during the fol-
lowing decades. The concept of loess landscapes highlights
the imprint of (paleo-)climate on paleosol properties, which
can be used to reconstruct regional effects of past climatic
changes (Sprafke, 2016; Terhorst et al., 2015).
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Nowadays, loam pits are rare, and field observations are
often limited to sampling time. With the emergence of big
data geoscience, the paper of Fink may to many just appear as
historical science. However, key concepts developed in these
times are still valid, and key challenges remain until today.
Some details need revision; for example, the last glacial tun-
dra gley of the humid loess landscape is most likely Upper
Würm, as the Middle Würm is represented by brown soils,
including the equivalent to the Lohne soil and Stillfried B
(Terhorst et al., 2015). Despite modern geochronology tech-
niques (e.g., advanced luminescence dating protocols, cos-
mogenic nuclide dating, and refined paleomagnetics) and ad-
vances in quantitative modeling, there remain many more
open questions on loess and terrace stratigraphy in the Alpine
foreland. Certainly, detailed and careful field observations
complemented by appropriate modern analytical techniques
and based on a holistic understanding of the complex inter-
play of natural processes are of great importance to resolve
these questions and pedosedimentary and landscape evolu-
tion in general – a lesson we also learn from Fink.
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