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Abstract: The Quaternary of the ‘Bodensee’ region comprises Early Pleistocene fluvial gravels (‘Deckenschotter’) and Middle and Late 
Pleistocene glacial and meltwater deposits of the Rhineglacier. They reflect the transformation of the alpine margin from a foot-
hill ramp to the overdeepened amphitheatre (today’s topography). The ‘Deckenschotter’ reflect not only fluvial incision but also, 
according to major differences in petrographical composition, the evolution of their alpine source area (alpine Rhine Valley). The 
eldest glacial till is in contact with the ‘Mindel-Deckenschotter’, displaying no evidence of major overdeepening in this early 
time slice. Most glacial and meltwater deposits are attributed to three major foreland glaciations of the Rhineglacier forming 
three generations of overdeepened basins. The eldest basins are directed northward to the Donau, those of the last glaciation go 
west towards the Rhine. This re-orientation improves the resolution of glacial sediments and landforms. The glacial deposits are 
traditionally described as chronostratigraphical system based upon glacial versus interglacial units. In this paper, an updated 
version of this chronostratigraphy is presented, supplemented by a lithostratigraphical system that primarily focusses on sedi-
ment bodies. Finally, short definitions of major lithostratigraphical units are outlined that are used by the Geological Survey of 
the German State of Baden-Württemberg.

 [das Quartär des südwestdeutschen Alpenvorlandes (bodensee-oberschwaben, baden-Württemberg, südwestdeutschland)]

Kurzfassung: Das Quartär der Bodensee-Region besteht aus Schottern frühpleistozäner alpiner Flusssysteme (Deckenschotter) sowie aus 
glazialen und Schmelzwasser-Ablagerungen der mittel- und spätpleistozänen Eiszeiten. Sie belegen den landschaftlichen Wan-
del von einer Art Rampe aus Vorbergen hin zur heutigen Topographie mit ineinander greifenden, übertieften Becken, sodass 
sich eine Art Amphitheater ergibt. Die Deckenschotter als älteste Ablagerungen dokumentieren einerseits die Eintiefung der 
alpinen Flüsse in diversen Terrassenstufen im Sedimentationsgebiet, andererseits durch deutliche Unterschiede im Geröll-
spektrum die Vergrößerung des Liefergebiets des sich entwickelnden alpinen Rheins. Der älteste Till kommt vor in Kontakt mit 
Mindel-Deckenschottern, es gibt jedoch keine Hinweise auf eine glaziale Übertiefung in dieser Zeit. Die meisten glazialen und 
Schmelzwasser-Ablagerungen werden drei großen Vergletscherungen des Rheingletschers zugeordnet. Diese Vorlandverglet-
scherungen sind mit drei Generationen glazialer Becken verknüpft. Die ältesten Becken sind zur Donau orientiert, die aus der 
letzten Vereisung entwässern zum Rhein. Diese Reorientierung bewirkte die hervorragende räumliche Auflösung der Sedimente 
und Formen. Traditionell wurden die Sedimente in einem chronostratigraphischen System aus glazialen und interglazialen 
Stufen beschrieben. Unsere Ziele in dieser Arbeit sind, eine Aktualisierung des chronostratigraphischen Systems vorzustellen, 
das neue, beim geologischen Dienst von Baden-Württemberg angewandte, lithostratigraphische Schema zu erklären und die 
wichtigsten neuen Einheiten kurz zu beschreiben. 
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1  introduction 

The topography of the southwest German Alpine Foreland 
is the result of erosion (mainly of Tertiary bedrock) and 
deposition in the Quaternary (of mainly fluvial, glacial and 
lacustrine sediments). The major landforms were shaped 
by ice and meltwaters of the Rhineglacier in the Middle 
and Late Pleistocene. Before that, the area hosted several 
great rivers that are reconstructed using remnants of their 
fluvial sediments. Remnants of the eldest ‘Deckenschotter’ 
(‘Donau-Deckenschotter’) are found only in the nearby Ba-
varian and Swiss parts of the Alpine Foreland. 

The area may be subdivided in four parts (Figs. 1, 2, 3):
- A deep “central foreland basin” (the ‘Bodensee-Stam-

mbecken’) forms the core of the amphitheatre like mod-
ern topography. It is the prolongation of the overdeep-
ened alpine Rhine Valley and surrounded by overdeepened 
“branch basins”. All are filled with lacustrine sediments. 
There are highlands between the branch basins covered by 
drumlin moraines. An end moraine wall that represents a 
major readvance of the ice engulfs the branch basins and 
drumlin fields. Concentrically outside this inner moraine 
wall, a till plain with relics of the ice decay extend towards 
an outer end moraine. Principally the same holds for all 

Fig. 1: Major cities and locations of the area between the Bodensee and Donau Valley, including locations referring to the formations and members of the 
new lithostratigraphical terms (ch. 4). – Also included are the major terminal moraine walls of the Rhineglacier; continuous lines: maximum advances of 
the Würmian (W), Rissian (R), and Hosskirchian (H) glaciations; dashed lines: readvances embracing glacially overdeepened basins. Cf. Fiebig 1995, 2003, 
LGRB 2005, Ellwanger 2003.

Abb. 1: Wichtige Städte in der Bodenseeregion und dem Donautal sowie die namengebenden Orte der neuen lithostratigraphischen Einheiten (siehe Kapi-
tel 4). Die Hauptmoränenendwälle des Rheingletschers der Würm-, Riss- und Hosskirch-Eiszeiten sind als durchgezogene Linien dargestellt (W, R und H). 
Die Moränenwälle der Wiedervorstöße (gepunktete Linien) umranden die glazial übertieften Becken. Siehe hierzu auch Fiebig 1995, 2003, LGRB 2005, und 
Ellwanger 2003.
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Fig. 2: Compilation of overdeepened basins of the Rhineglacier (north and west of the Bodensee) and the diachronous most extensive ice margin. 
Cf. Ellwanger et al. 1995, 2011.

Abb. 2: Zusammenstellung aller glazial übertieften Becken des Rheingletschers (nördlich und westlich des Bodensees) und der sich aus mehreren 
Gletschervorstößen ergebenden maximalen Eisbedeckung. Siehe hierzu Ellwanger et al. 1995, 2011.

three large foreland glaciations. The amphitheatre there-
fore results from the backstepping overdeepening towards 
the Alps in each glaciation.

- Northeast of the amphitheatre follows a series of fluvi-
al terraces (‘Iller-Riss-Platte’) representing river and melt-
water systems tributary to the Donau (Danube).

- Northwest of the amphitheatre there are elderly mo-
raines with no or only shallow basins. Here, the alpine ice 
cover extended even beyond the Jurassic of the Swabian Alb.

- To the west, some deeply incised valleys are located 
in continuation of the central foreland basin. Deposits in-
clude moraines and gravels that further extend towards the 
Hochrhein Valley (between Basel and the Bodensee) and 
finally to the Upper Rhine Graben (URG). 

The actual central basin hosts the Bodensee (Lake Con-
stance), the largest lake north of the Alps. In some parts 

the base of Quaternary reaches down below sea level. 
This overdeepened surface has evolved from a pre-glacial, 
ramp-like topography with pre-alpine mountains and foot-
hills and valleys of the alpine ‘Deckenschotter’ rivers. The 
present topography northeast and northwest of the am-
phitheatre still preserves a northern part of the ramp. The 
transformation of this ramp into the overdeepened topog-
raphy is the “golden thread” of the Quaternary story of 
this area.

The transformation goes along with a hydrological reo-
rientation of the area from the Donau system to the Rhine 
system i.e. from the Mediterranean to the North Sea. As 
an effect of the reorientation, each one of the three major 
glaciations has its own pattern of large landforms and sedi-
ment units. This is a “high-resolved” geomorphology that 
is often (not always) helpful to identify the stratigraphy 



309E&G / Vol. 60 / no. 2–3 / 2011 / 306–328 / DOi 10.3285/eg.60.2-3.07 / © authors / Creative Commons attribution license

of relief units (accommodation space) and sediment bod-
ies (infill). This situation is unique, as in many other areas, 
the different ice advances keep following the same valleys.

East and west of the Bodensee amphitheatre, i.e. the Ba-
varian Alpine Foreland and the Swiss Midlands, the fore-
land topography is quite different. In Bavaria, wide fluvial 
gravel fields prevail, all directed towards the Donau. The 
glacial basins are smaller and located close to the alpine 
margin (Doppler et al. 2011). As opposed to this, the Swiss 
midlands were completely covered by ice. A mountain-
ous topography prevails that includes Molasse highlands 
and strongly overdeepened valleys. This area is part of the 
Rhine system (Preusser et al. 2011). 

Key areas for correlation with the Bavarian and Swiss 
Quaternary stratigraphy are the landsystems northeast 
and west of the Bodensee amphitheatre. I.e. the ‘Decken-
schotter’ and meltwater terraces of the ‘Iller-Riss-Platte’ 
serve to correlate with the Bavarian terrace plains, as do 
the glacial basins towards the Hochrhein Valley to corre-
late with the Swiss midlands. An additional control is to 
use independent sedimentary evidence from its major sedi-
ment trap in the southern Upper Rhine Graben. To relate 
the special features of the neighbour regions with the high-
resolved patterns of the Bodensee amphitheatre remains, 
up to now, a major challenge.

The actual chrono- and lithostratigraphy of the ‘Boden-
see-Oberschwaben’ area is primarily based on three data 
sources: (1) the results of a century of geological mapping 
and research, (2) new key observations, (3) time markers. 
All data are evaluated focussing the actual chrono- and 
lithostratigraphical concepts and are summarized in a mor-
phogenetical scenario. 

Use of terms: Chronostratigraphy refers primarily to a 
(relative) time scale, lithostratigraphy to spatial correla-
tion. Glaciation refers to ice advances in intervals of cold 
climate between interglacial periods.

2  the basics: observations and concepts 

2.1  traditional mapping and research

The stratigraphical tradition in the Alpine Foreland goes 
back to the first (and so far only) synopsis of the alpine 
Quaternary: Penck & Brückner‘s (1901/09) “circumalpine 
subdivision of the ice-age” (Die Alpen im Eiszeitalter) came 
out at the beginning of the 20th century. The four units 
‘Günz’, ‘Mindel’, ‘Riss’ and ‘Würm’ were introduced that, 
ever since, were referred to as “alpine” units of the Qua-
ternary. 

Originally, the alpine units represented four terrace 
stages in prealpine valleys, i.e. this is a morphostratigraph-
ical system referring to fluvial landforms: 

- ‘Niederterrasse’ (‘Würm’, Late Pleistocene),
- ‘Hochterrasse’ (‘Riss’, Middle Pleistocene),
- ‘Jüngere Deckenschotter’ (‘Mindel’, Early Pleistocene),
- ‘Ältere Deckenschotter’ (‘Günz’, Early Pleistocene). 

Penck & Brückner argued that the Würmian ‘Nieder-
terrasse’ and the Rissian ‘Hochterrasse’ are correlated with 
adjoining (end-) moraines. They further argued that terrac-
es outgoing from moraines were meltwater terraces. Both, 

moraines and terraces, were regarded as elements of a “gla-
cial complex” (“Glaziale Serie”). Analogue to the Würmian 
and Rissian terraces, the ‘Deckenschotter’ terraces (‘Günz’ 
and ‘Mindel’) were also interpreted as elements of glacial 
complexes (‘Glaziale Serien’). This is the basic considera-
tion how the “tetra-glacial system of the alpine Quaternary 
stratigraphy” had been established.

In the decades to come, many authors have contributed 
to work out the alpine system in more detail. Primarily, ad-
ditional terraces were identified, though on a more or less 
local level and definitely not “circumalpine”. In parts of the 
Bodensee area, the four original units were mapped more 
precisely, some units were subdivided, new units added. 
Some deposits were even classified as ‘Günz’- and ‘Min-
del’ aged moraines. Additional terrace units permanently 
established were the ‘Donau-Deckenschotter’ (Eberl 1930, 
Löscher 1976) and the ‘Biber-Deckenschotter’ (Schaefer 
1965). Following the system of the glacial complexes, they 
were both introduced as pre-‘Günz’-glaciations of the so-
called ‘Ältestpleistozän’ (“most early Pleistocene” or “earli-
est Pleistocene”). 

As correlation between the different gererations of units 
became more and more confusing, a “revision of nomen-
clature” was felt to be necessary. It ended up with a ma-
jor re-interpretation of the ‘Riss/Mindel’, ‘Mindel/Günz’, 
and ‘Günz/Donau’ boundaries (Graul 1962, Schädel & 
Werner 1963).

After revision, more units were added: the ‘Haslach-
Deckenschotter’ (between ‘Günz’ and ‘Mindel’, Schrein-
er & Ebel 1981, GLA 1995), the ‘Jungriss’-Glaciation and 
the ‘Saulgau’-Glaciation (both between Riss and Würm, 
Schreiner 1989, 1997, Frenzel 1991, cf. Habbe 1994, 2003, 
2007). Again, the new units were only identified in few lo-
cations, but this lack of evidence was felt to be a lack of 
exposure or of thorough mapping. In an effort to cover 
possibly still unidentified units in all places, the concept 
of complex-units was introduced. The latest terms include 
‘Würm-Komplex’, ‘Riss-Komplex’, ‘Mindel-Komplex’ (or 
‘Haslach-Mindel-Komplex’), ‘Günz-Komplex’, ‘Biber-Don-
au-Komplex’ etc. 

All this is only a rough summary of the history of the 
morphostratigraphical terms and concepts, to illustrate 
some of the pitfalls to be avoided when using all these 
highly valuable data from elderly sources. This includes the 
use of the geological maps in scale 1:25.000: Its last sheets 
have recently been completed using the latest generation 
or terms, but production of the first sheets had started even 
before Penck & Brückner’s circumalpine nomenclature was 
established. I.e. this dataset includes almost all the above 
add-ons, revisions and subdivisions.

In our actual approach, many results of the morpho-
stratigraphical maps and papers are further used after be-
ing transformed accordingly. This includes terminal mo-
raines, patterns of terrace stratigraphy, but also features 
related to the relief as fossil soil successions or periglacial 
sediment covers (“pedostratigraphy”). Some large relief el-
ements, e.g. glacial basins serving as major sediment traps, 
are now much more focussed upon than before. Other el-
ements of the morphostratigraphical approach had to be 
re-interpreted or even abandoned. This includes the use of 
Penck’s “glacial complex” regarding the ‘Deckenschotter’ 
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Fig. 3: Schematical cross section of the amphitheatre of the Bodensee area, from the alpine front in the south, to the terrace-landscape and Donau Valley 
in the north: – Top, 3rd backdrop: surface of the former foothills in the Early Pleistocene (Gelasian super stage), acting as watershed between the Bavarian 
‘Donau-Deckenschotter’ and the Swiss ‘Höhere Hochrhein-Deckenschotter’ i.e. between the valleys of Donau and Rhine. – Upper middle, 2nd backdrop: 
niveau of an Early Pleistocene ‘Deckenschotter’ valley (Calabrian super stage), representing the evolving valley of the alpine Rhine. – Lower middle, 1st 
backdrop: Bodensee amphitheatre, niveau of the surface of three generations of Middle and Late Pleistocene highs between glacial basins (Hasenweiler-, 
Illmensee-, and Dietmanns-Fm.), covered by drumlins, kames, kame terraces etc. – Front (main section): Bodensee-amphitheatre, niveau of the surface of 
three generations of overdeepened glacial basins (Dietmanns-, Illmensee- and Hasenweiler-Fm.) The actual Bodensee marks the central basin where deposi-
tion is still ongoing. – North of the amphitheatre, the “old surface” of the Early Pleistocene ‘Deckenschotter’ is only modified by fluvial erosion shown by 
fluvial terrace levels towards the Donau Valley.
This landsystem exhibits an overall negative sediment budget. Its thickest and best-resolved sediment successions are hosted within the overdeepened gla-
cial basins. Together with correlative terminal moraines (of the readvances of the Hosskirchian = Hi, Rissian = Ri, and Würmian = Wi stages), the uncon-
formities are used to subdivide the sediment succession into formations. Cf. Fiebig 1995, 2003, LGRB 2005, Ellwanger 2003, Ellwanger et al. 2011.

Abb. 3: Schematischer Schnitt durch das Amphitheater des Bodenseegebiets von den Alpen im Süden (links) bis zur Terrassenlandschaft des Donautals im 
Norden (rechts): – Oben, 3te Kulisse: Ehemalige Vorberge des Unteren Pleistozän (Gelasium). Sie trennten als eine Wasserscheide die Abflüsse Richtung Do-
nau und Rhein und somit die Donau-wärtigen Deckenschotter Bayerns von den „Schweizer“ Höheren Hochrhein-Deckenschottern. – Obere Mitte, 2te Kulisse: 
Niveau des unterpleistozänen Deckenschottertales (Calabrium), des sich entwickelnden Alpenrheins. – Untere Mitte, 1te Kulisse: Bodensee Amphitheater, 
Schnitt durch die Hochgebiete des Mittleren und Oberen Pleistozän (drei Generationen: Hasenweiler-, Illmensee-, und Dietmanns- Formationen) zwischen 
den Glazialbecken; Die Landshaft ist geprägt von Drumlins, Kames und Kamesterrassen etc. – Vorne (Hauptschnitt): Bodensee-Amphitheater, Schnitt durch 
die übertieften Glazialbecken der Dietmanns-, Illmensee- and Hasenweiler- Formationen) Der Bodensee selbst stellt das zentrale Becken der letzten Verglet-
scherung dar, in dem die Ablagerung unvermindert fortdauert. – Nördlich des eigentlichen Amphitheaters wird die „alte“ Oberfläche der frühpleistozänen 
Deckenschotterlandschaft nur durch fluviale Erosion überprägt, was sich in den Flußterrassen Richtung Donautal ausdrückt.
Dieses Landschaftssystem ist durch ein generell negatives Sedimentbudget charakterisiert. Die Glazialbecken enthalten die mächtigsten und hochauflö-
sendsten Sedimentabfolgen. Die basalen Diskontinuitätsflächen und ihre zugehörigen Endmoränen (der Wiedervorstöße der Hosskirch = Hi, Riss = Ri, und 
Würm = Wi Eiszeiten) werden herangezogen um die Abfolgen in Formationen zu gliedern. Siehe auch Fiebig 1995, 2003, LGRB 2005, Ellwanger 2003, 
Ellwanger et al. 2011.

units and the position of some stratigraphical boundaries. 
The first steps towards lithostratigraphy were the obser-

vations of Schädel (1950, 1953) that the ‘Deckenschotter’ 
gravels in the Bodensee area differ not only in position, 
but also in petrographical composition: He found out that 
the higher niveaus are poor in crystalline pebbles (< 5 %) 
but rich in dolomite (highest terrace, e.g. ‘Donau’-aged), 
respectively rich in helvetic limestones (middle level, e.g. 
‘Günz’-aged). Only the ‘Mindel’-aged gravels of the low-
est terrace are rich in crystalline (> 10 %, sometimes up to 
35 %). Obviously, this reflects differences in sediment prov-
enance.

2.2  new key observations and re-interpretations

Improved information on Quaternary sediments became 
available as drilling activities increased. Cores and samples 
come from both, research projects and studies of Applied 
Geology (e.g. Hydrogeology, Raw Materials, Engineering 
Geology). The identification of the geometry of sediment 
bodies and the correlation of sedimentary units were used 
to supplement the traditional morphostratigraphical corre-
lation. To make Quaternary stratigraphy serve as a correla-
tion tool further on, an updated system will have to focus 
more strongly on sediments, i.e. it has to be shifted towards 
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lithostratigraphy. The mere inclusion of drilling results into 
the old concepts is not enough; we strongly believe that 
some conceptual re-adjustments are also inevitable.
The basic considerations are:

- More emphasis than before is given to Penck & 
Brückner’s basic distinction of ‘Deckenschotter’ (Günzian, 
Mindelian) and “terrace gravels” (Rissian, Würmian). Terrace 
gravels are related to large foreland glaciations where termi-
nal moraine walls and other morainic landforms and sedi-
ments are hosted in an amphitheatre topography that also 
includes the overdeepened glacial “branch-“ basins. There is 
no evidence of a likewise overdeepened topography related 
to the ‘Deckenschotter’ units. They are suggested to represent 
an alpine fluvial system (Fig. 2 and Fig. 8) that is preserved in 
buttes, large gravel-filled channels and gravel terraces (Fig. 3 
and Ellwanger 2003).

- A series of deep core drillings into the glacial basin 
of Hosskirch (Fig. 1) revealed sub- and proglacial deposits 
grading up into interglacial deposits of Holsteinian age at 
the bottom of the basin, well below of a butte of ‘Mindel-
Deckenschotter’. Here, a new major alpine glacial unit had 
to be introduced between the ‘Mindel-Deckenschotter’ and 
the Rissian unit (Ellwanger et al. 1995, Ellwanger 2003). 
It has been labelled ’Hosskirch glaciation’. Hosskirchian 
glacial and periglacial sediments were also mapped else-
where: either outside of the Rissian terminal moraines, 
or beneath the Rissian till sheets. Alike to the setting of 
the ‘Hosskirch’ Basin, the stratigraphical identification of 
Hosskirchian sediments is best if a Holsteinian time mark-
er is available. – Including the Hosskirchian unit, there is 
evidence of three major glaciations in the Bodensee area 
(Hosskirchian, Rissian, Würmian).

- All three major glaciations (Würmian, Rissian, 
Hosskirchian) turn out to be twincycles (Figs. 1 & 4) that 
include two major ice advances (Fiebig 1995, 2003, STD 
2002). Each advance is represented by (Fig. 3) a till se-
quence, sometimes associated with other sediments of ad-
vancing and/or downmelting ice. The overdeepened basins 
usually contain a succession of glaciolacustrine, lacustrine 
and peri- to postglacial deposits; they clearly indicate the 
final downmelting of the ice (there is no subglacial till). 
There are three types of assemblages: (a) bold terminal mo-
raines (often push moraines) associated with a till sequence 
that is dominated by sands and gravels of downmelting 
stagnant ice (kames and eskers), (b) terminal moraines as-
sociated with drumlinized till (drumlin fields) featuring ad-
vancing ice, and (c) terminal moraines more or less closely 
engulfing the overdeepened basins (their infill again fea-
turing downmelting). The terminal moraines in (b) and (c) 
represent the same ice advances. 

- The major erosion is a matter of huge sediment dis-
charge from inside and outside of the alpine margin. The 
mass deficit has to be complemented with a mass surplus 
elsewhere. The Upper Rhinegraben (URG) serves as the 
first major sediment basin of the Rhine system between 
the Alps and the North Sea. At its southern end is a huge 
fan of alpine debris. Here, numerous drillings reveal a 
sediment succession that includes in its upper part two 
impressive horizons with coarse components in a poorly 
sorted matrix. They are suggested to be correlative with 
the basin erosion unconformities of the glacial basins at 

the alpine margin, reflecting the high sediment transport 
dynamics of the erosion events (erosion-accumulation-sys-
tems, Ellwanger 2003). This scenario is directly applied 
for the last and penultimate glaciation. Regarding the pre-
penultimate generation of glacial basin (Hosskirchian), the 
correlative sediment patterns in the Upper Rhine Graben 
(URG) become more complicated. There was probably less 
sediment input from the Rhine Glacier (that was still more 
directed towards the Donau valley), and increased subsid-
ence (in the URG) and uplift (at the margin) have to be con-
sidered (e.g. Gabriel et al. 2008). 

-  The correlation of basin erosion events with the coarse 
horizons in the URG implies huge sediment volumes to be 
transferred through the Hochrhein Valley in a short time. 
In this process, the valley suffered strong morphogenesis. 
Large terrace levels were created mainly by erosion. Only 
in some wide parts of the valley, accumulation sporadically 
continued, e.g. the massive coarse horizon in Wyhlen (cf. 
Geotop Wyhlen 2007). There are two main terrace levels 
(‘Hochterrasse’, ‘Niederterrasse’). Their gravel bodies are 
often composed by multiple gravel cycles that may even 
comprise quite elderly accumulation periods, e.g. of older 
glacial cycles. If at all, only the terrace surfaces may be con-
sidered as element of a “glacial series”, not the gravel body. 

Combining the above with the “traditional” approach 
to Quaternary forms and sediments, the distinction be-
tween glacial and non-glacial sedimentary environments 
(i.e. fluvial, lacustrine) becomes more specific. Not only the 
‘Deckenschotter’ gravels, but also parts of the Middle and 
Late Pleistocene terrace gravels are now considered to be 
of fluvial i.e. non-glacial origin. This is a major difference to 
the classical concept still using the “glacial series”. We now 
interpret fluvial sediments as fluvial sediments, and not as 
an indirect proof of a glacial source; this is less hypotheti-
cal than the classical approach. In consequence, a glacial 
setting now has to be primarily identified by subglacial de-
posits (e.g. till).

The above results may be combined with time markers 
to set up a chronostratigraphical system updating the tra-
ditional morphostratigraphy, or they may be used to estab-
lish a lithostratigraphy of unconformity-bounded sediment 
units. The latter would be basically a sequence stratigraphic 
approach that also includes the potential to predict certain 
features, as sediment successions or the range of future ice 
advances. Both systems are “state-of-the-art”; it depends 
on the issue to be solved, which is more appropriate.

2.3  time markers

The incorporation of time markers is inevitable in chrono-
stratigraphy and quite helpful to control correlation in 
lithostratigraphy. The time markers used here come from 
biostratigraphy and palaeomagnetism; they comprise the 
“European Neogene Mammal Zone 17” (MN17), the pollen 
assemblages of the north-west-European warm periods of 
the Bavelian, the Holsteinian and the Eemian, and the Ma-
tuyama Epoch of the palaeomagnetic record.

For various reasons, physical age estimates, e.g. lumi-
nescence datings (OSL), are not included. That is because, 
up to now, there are too few “state of the art” studies de-
livering reliable physical ages of the Rhineglacier area, to 
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be competitive with the biostratigraphical markers. Still we 
quote some actual studies of different units as examples:

- Würmian: luminescence datings by Kock et al. (2009) 
and Frechen et al. (2010) deliver inconsistent ages although 
identical samples were taken (‘Niederterrassenschotter’, 
Hochrhein-valley). 

- Rissian: luminescence dating by Dehnert et al. (2010), 
Swiss midlands, discussed by Preusser et al. (2011). 

- Holsteinian: luminescence dating by Klasen (2008) and 
the palynological interpretation by Müller (2001) may or 
may not be consistent, depending on the “absolute” age of 
the Holsteinian” (cf. discrepancy of STD 2002 and Cohen 
& Gibbard 2010). 

- ‘Deckenschotter’: burial age dating by Häuselmann et 
al. (2007). This study refers to ‘Deckenschotter’ in Bavaria, 
further discussed by Doppler et al. (2011). 

The “absolute” ages will be needed to estimate sedimen-
tation rates or transport volumes. Presently we use the 
STD (2002) to transform biostratigraphical markers and 
sediment units into a geochronological frame (e.g. Neeb et 
al. 2004). In this way some preliminary estimates of sedi-
mentation rates can be achieved already today. Any more 
detailed quantitative scenario will need a more accurate 
time frame. 

The stratigraphical markers used here are listed in the 
context of their sediment succession and interpreted with 
regard to the chronostratigraphy of the sediments (loca-
tions cf. Fig. 1).

2.3.1  neogene mammal Zone mn 17

The MN 17 marker is known from a series of overbank fine 
sediments overlying some of the eldest ‘Deckenschotter’ 
remnants east and west of the Bodensee area in the Bavarian 
and Swiss Alpine Foreland: In Bavaria the ‘Uhlenberg-Deck-
enschotter’ (‘Biber-Donau-Deckenschotter’, cf. Schädel 
1950, Ellwanger, Fejfar & von Koenigswald 1994, Dop-
pler & Jerz 1995, Doppler 2003), in Switzerland the ‘Irchel 
Deckenschotter’ (‘Höhere Deckenschotter’, cf. Verderber 
1992, 2003, Graf 1993, 2009, Bolliger et al. 1996). Accord-
ingly the ‘Donau’-aged ‘Deckenschotter’ represents the Gela-
sian super-stage of the Early Pleistocene (STD 2002, Cohen 
& Gibbard 2010).

2.3.2  Pollen assemblages

2.3.2.1  the Early Pleistocene pollen sequence of   
 unterpfauzenwald  

The peat of Unterpfauzenwald (“Iller-Riss-Platte” near Leut-
kirch) is associated with an isolated till unit. The sediment 
succession begins with a gravel-unit of crystalline-poor ‘Äl-
tere Deckenschotter’ with a weathered palaeosol-surface. 
Next follows a lower till sequence grading into fines and a 
peat containing the pollen flora. One or two till sequences of 
an upper till unit and strongly weathered periglacial sedi-
ments cover the peat. Both till-units contain > 10 % of crys-
talline pebbles i.e. they postdate the crystalline-poor ‘Ältere 
Deckenschotter’.

(4) Periglacial fine sediments, strongly weathered;
(3) Upper till unit;

(2) Lower till unit grading into peat, pollen assemblage;
(1) Gravel of ‘Ältere Deckenschotter’, palaeosol.

The pollen assemblage includes Tsuga, Pterocarya and 
Ostrya that allows for correlation with the Early Pleis-
tocene Bavelian stage (Hahne et al. 2010). An earlier inter-
pretation by Göttlich (1974) suggested a Holsteinian age 
that is not compatible with Tsuga and Ostrya. W. Bludau 
suggested an age “Cromerian or older” (Bibus et al.1996).

Accepting the correlation with the Bavelian, the lower 
till unit represents an Early Pleistocene ice advance, either 
as cold period within the Bavelian or as an equivalent of 
the northwest European Menapian cold stage. 

2.3.2.2  Holsteinian Pollen assemblages  

Pollen assemblages that are attributed to the Holsteinian 
interglacial period were identified in various deep basins of 
the first generation, but also in some shallow basins and, in 
one case, within a gravel succession formerly attributed to 
the penultimate glaciation. The pollen assemblages include 
Abies almost continuously in various values, and in many 
cases (not always) Fagus & Pterocarya in the upper part of 
the succession (Hahne 2010). 

In the deep basins, the succession usually begins with 
diamicton grading up into glaciolacustrine fine sediments 
with few pebbles (dropstones) and further up into lami-
nated and massive lacustrine fines. This is where the pol-
len faunas usually occur. Depending on the position of the 
basin, the fines may be covered by glacial sediments or by 
meltwater sediments of the next younger glaciation. 

(4)  Sediments of the penultimate glaciation (Rissian),  
 e.g. till or meltwater sediments;

(3)  Lacustrine fine sediments, Holsteinian pollen 
 assemblage;
(2)  Glaciolacustrine sediments of the prepenultimate  

 glaciation (Hosskirchian);
(1)  Diamicton.

This kind of sediment succession including reliable Hol-
steinian pollen assemblages was identified in the gla-
cial basins of Tannwald and Hosskirch (det. Bludau, 
Ellwanger et al. 1995, cf. Hahne 2010). In the Singen Ba-
sin (det. Bludau, Hahne 2010) the pollen-rich sediments 
were more sand-dominated and are probably less reliable 
(see Fig. 7). Also in the Waldburg basin Holsteinian pollen 
assemblages were found, but, in this case, not in a succes-
sion proper (Fiebig 1995).

Another reliable Holsteinian pollen flora is described 
from the “shallow basin” at Bittelschiess (Bludau in 
Schirmer 1995, Bibus & Kösel, 1996, Müller 2001, out-
crop evolution cf. Ellwanger et al. 2011). It occurs within 
the finegrained bottom sets of an otherwise gravely delta 
unit. Another Holsteinian datum comes from fluvial grav-
els at Schmiecher See (det. Grüger 1995, cf. Hahne in 
Ellwanger, Simon & Ufrecht 2009). 

2.3.2.3  Eemian Pollen assemblages 

Only few Pollen assemblages that are attributed to the Eemi-
an interglacial have yet been detected in the second gen-
eration of deep glacial basins. Best in the area of the Rhine-
glacier is the succession in the deep glacial basins of Bad 
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Wurzach (Wurzach Basin, Grüger & Schreiner 1993) that 
includes, beside of the Eemian, a succession of interstadi-
als of the early and middle Würmian. Two Eemian deposits 
are reported from the Hosskirch Basin (det. Bludau, Ell-
wanger et al. 1995, Hahne 2010), and from the Singen Basin 
(det. Bludau, Szenkler, Bertleff, & Ellwanger 1997, and 
Szenkler & Bock 1999). 

Most Eemian deposits are from shallow intramoraine 
basins on the till plains of the penultimate glaciation. They 
are usually not covered by till, though some controversies 
still remain open. Examples are the shallow basins from 
Krumbach (Frenzel & Bludau 1987), Füramoos (Müller 
2001) and Jammertal (Müller, 2000)

2.3.2.4  Holocene Pollen assemblages  

The infill of the last generation of glacial basins ends up with 
fine sediments that are commonly believed to represent the 
Holocene. This is usually not controlled but has exemplarily 
been verified in the Hasenweiler Basin (det. Knipping).

2.3.3  the palaeomagnetic records of Lichtenegg and  
 Altheiligenberg  

2.3.3.1  Lichtenegg 

The succession of till and lacustrine sediments at Lich-
tenegg and at Schienerberg are the only two sites in the 
Rheinglacier area where glacial deposits follow after, and 
are overlain by gravels of the ‘Deckenschotter’ (for the 
‘Jüngere Deckenschotter’ at Schiener Berg cf. Schreiner 
2003 and Graf 2009).

There are several descriptions of the unique sedi-
ment succession of Lichtenegg that include a discussion 
of the palaeomagnetical results (Ellwanger et al. 1995, 
Ellwanger, Fiebig, & Heinz 1999, Bibus & Kösel 2003). 
A detailed description of the lithofacies is provided by 
Menzies & Ellwanger 2010. The succession starts with 
about 5 m of grey and brown gravels, sand and fines (in-
cluding up to 10 % of crystalline pebbles). It is followed 
by several sequences of almost steel-grey subglacial and 
glaciolacustrine till (30–40 m), grading into lacustrine sedi-
ments (20 m). With an unconformity a brown sand-domi-
nated succession with a palaeosol follows and is overlain 
by still another till sequence (15 m). Another unconform-
ity follows as basis of quite coarse gravels (8 m). They are 
finally overlain by a package of > 20 m of massive gravels, 
very coarse and quite proximal (‘Jüngere’ = ‘Mindel-De-
ckenschotter’). 

Analyses of the magnetic orientation of some fine-
grained layers come to the result that several reliable sam-
ples are inversely magnetised (Fromm 1989, Rolf 1992). Al-
though some questions regarding subglacial and diagenetic 
deformation are still in discussion, the sediment succession 
should be deposited in a period of inverse magnetic polar-
ity, probably the Matuyama epoch.

2.3.3.2  Altheiligenberg 

The deposits at Altheiligenberg represent the upper part of 
the crystalline-poor ‘Heiligenberg Schotter’ that is clearly 

appertained to as ‘Älterer Deckenschotter’ (Schädel 1950, 
Ellwanger et al. 1995). At Altheiligenberg, the gravels al-
ternate with some sand- and silt-dominated horizons. Their 
magnetic orientation was again analysed by Fromm (1989) 
and Rolf (1992). The samples from the silt-horizon showed 
clearly an inverse magnetisation and probably also repre-
sent the Matuyama Epoch.

2.3.3.3  summary of the time markers

The presently available time markers, as relevant of the 
Bodensee area, are subsumed in Tab. 1: They represent the 
Gelasian and Calabrian stages of the Early Pleistocene, 
the Holsteinian of the Middle Pleistocene, the Eemian of 
the Late Pleistocene and the Holocene. No evidence of the 
Cromerian stage of the early Middle Pleistocene has yet 
been recorded.

3  Chronostratigraphy of the Quaternary of the   
 rhineglacier area

Following Litt (2007, et al. 2005) and STD (2002), the defini-
tion of chronostratigraphical units (stages) of the Quater-
nary can be based upon the glacial-interglacial patterns, 
terrace stratigraphical levels (morphostratigraphy) and 
time markers. In the Bodensee area this leads to a succes-
sion as shown in Tab. 1 (right column). The basic division 
again subsumes two elements: an elderly system of Early 
Pleistocene alpine river gravels (‘Deckenschotter’), and a 
younger system of foreland glaciations of the later Mid-
dle and Late Pleistocene. There is a gap in the early Middle 
Pleistocene as no evidence of sediments of this time slice 
has yet been identified in the Bodensee area (Tab. 2). This 
pattern follows the classical scheme of Penck & Brückner 
(1901/09), who describe a “great interglacial” (Grosses 
Interglazial) in the position of the gap.

Going into more detail, the ‘Deckenschotter’ and the 
“great glaciations” are further differentiated relying on 
morphostratigraphy: In case of ‘Deckenschotter’ supple-
mented by sediment petrography, in case of the glacial de-
posits by typical lithofacies successions. In both cases, the 
classification is controlled by time markers (Tabs 1 & 2).

3.1  Early Pleistocene ‘deckenschotter’  
 (alpine river system) 

There are three ‘Deckenschotter’ units: The ‘Donau-Deck-
enschotter’ (‘Biber-Donau’), the ‘Günz-Deckenschotter’, 
and the ‘Mindel-Deckenschotter’ (Tab. 1). As outlined 
above, their identification refers to morphostratigraphy 
and petrographical composition. The yet available ‘Deck-
enschotter’ time markers refer to the record of the Neogene 
Mammal Zones, the palaeomagnetic record, and the paly-
nostratigraphical record.

The Bavarian ‘Donau-Deckenschotter’ (‘Ältestpleis-
tozän’, ‘Eopleistozän’, earliest Pleistocene), and the Swiss 
‘Irchel Deckenschotter’, host the Mammal Zone MN 17 that 
represents the Gelasian stage, formerly late Pliocene, now 
Early Pleistocene (STD 2002, Cohen & Gibbard 2010). 

The inverse magnetic inclination from Altheiligenberg 
and Lichtenegg suggests that the ‘Günz’ stage and the 
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Tab. 1: Time markers (2.3) and local chronostratigraphical stages (3) of the Bodensee area (in brackets ‘()’: not recorded).

Tab. 1: Zeitmarken (2.3) und lokale chronostratigraphische Stufen (3) der Bodenseeregion (in Klammern ‘()’: nicht überliefert).

Tab. 2: Comparison of chronostratigraphical terms used in Switzerland, Bavaria and Baden-Württemberg; formerly used terms in brackets ‘()’.

Tab. 2: Vergleich der chronostratigraphischen Begriffe der Schweiz, Bayerns und Baden-Württembergs; früher verwendete Begriffe stehen in Klammern ‘()’.
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‘Mindel’ stage are part of the Matuyama epoch (Fromm 
1989, Rolf 1992). They postdate the ‘Donau-Deckenschot-
ter’ representing younger intervals of the Early Pleisto-
cene. This is supported by the identification of the Bavelian 
warm period in the peat of Unterpfauzenwald. The peat 
overlies an isolated deposit of crystalline-rich till (‘Min-
del’ stage, Tab. 1). This view corresponds well with the 
stratigraphical classification by Graf (2009) of “upper and 
lower” ‘Deckenschotter’ of Switzerland, but is opposed to 

the interpretation of the ‘Deckenschotter’ of the Bavar-
ian Alpine Foreland according to which the ‘Mindel’ stage 
and part of the ‘Günz’ stage are already part of the Middle 
Pleistocene (Doppler 2003). 

The chronostratigraphy of the ‘Deckenschotter’ interval 
as suggested here (Tabs. 1 & 2) seems conclusive, also re-
garding available time markers. It covers the Early Pleis-
tocene in poor resolution, but this is not surprising in a 
terrace stratigraphical setting that is primarily controlled 
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by tectonics. A far better resolution of this time slice has 
been identified in the nearby Heidelberg Basin of the Up-
per Rhine Graben (Gabriel et al. 2008).

3.2  middle and Late Pleistocene ice advances of the  
 rhineglacier

The chronostratigraphical record of the Middle and Late 
Pleistocene glaciations of the Rhineglacier comprises the 
three “glacial” stages Hosskirchian, Rissian and Würmian, 
and the “interglacial” stages Holsteinian and Eemian (their 
palynological records also serving as time markers). In geo-
logical mapping the sediment surfaces are also differentiat-

ed by the thickness of their cover of weathered and perigla-
cial sediments (Schreiner & Haag 1982, Bibus & Kösel 
1996). The cover averages about 1 m overlying Würmian 
sediment surfaces, about 2–3 m including the “Eem” fossil 
soil in the Rissian and about 3–4 m or more including sev-
eral fossil soils in pre-Rissian surfaces. 

All three glacial units are composed of sediments of two 
major ice-advances. Their extend is marked by an outer and 
an inner wall of terminal moraines (twin-cycle, cf. Fiebig, 
1995, 2003, STD 2002). Each of the ice margins engulfs a 
glacial landsystem of different subglacial to proglacial sedi-
ments and landforms (Fig. 4): within the margin of the first 
ice advance (usually the outer = “maximum” margin), ele-

Fig. 4: Endmoränen und Glazialbecken der Würm-Eiszeit als ein Beispiel für glaziale Doppelzyklen: Das übertiefte Bodenseebecken im Zentrum und davon 
radial ausgehende langgestreckte Zweigbecken, die vom Endmoränenwall des Würm-Wiedervorstoßes umrahmt werden. Die tiefeingreifende Beckenerosion 
entsteht beim Wiedervorstoß. Dagegen bedeckt der Gletscher des ersten Vorstoßes zur Äußeren Würmendmoräne (Wa) eine wesentlich größere Fläche. Siehe 
hierzu auch Fiebig 1995, 2003, Ellwanger et al. 2011.

Abb. 4: Terminal moraines and glacial basins of the Würmian stage, as an example of a twincycle glaciation: The overdeepened Bodensee Basin in the 
centre, radially embraced by elongated branch basins that are encircled by the terminal moraine wall of the Würmian readvance. Deep basin erosion cor-
responds to this readvance. Whereas the first Würmian ice advance to the outer Würmian moraine (Wa) covered a much wider area. Cf. Fiebig 1995, 2003, 
Ellwanger et al. 2011.
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ments of downmelting ice prevail at the land surface, as 
eskers, kames and kames terraces. They are best preserved 
in the Würmian = last glacial maximum, LGM. Within the 
margin of the readvance there are two different systems of 
sediments and landforms: one is primarily related to active 
ice (frequently drumlins), the other subsumes the deeply 
incised glacial basins and their sediment infill (Fig. 3).

In spite of their highly resolvable erosion and sedimenta-
tion patterns, the two advances of the twin-cycles are sub-
sumed in only one substage in the chronostratigraphical 
record (e.g. late Würmian, ‘Oberwürm’). This substage marks 
the culmination of a series of earlier cold-warm variations 
that have far less effects regarding erosion and sedimenta-
tion (e.g. the substages of the early and middle Würmian, 
Grüger & Schreiner 1993). Most of the cold phases of the 
record are considered to represent periglacial cold climate, 
but some were also suggested to possibly represent addi-
tional ice advances (cf. Frenzel 1991, LGRB 1995, 2002, STD 
2002; “single cycles” sensu Fiebig 1995, 2003). 

This “state-of-the-art” chronostratigraphical scheme 
goes well beyond the classical glacial/interglacial scheme 
as introduced by Penck & Brückner (1901/09), in spite of 
the continuous use of the terms ‘Riss’ and ‘Würm’ that were 
originally more closely focussed upon sediments and land-
forms (morphostratigraphy). However, the refocus of the 
morphostratigraphical approach towards chronostratigra-
phy was also initiated by Penck & Brückner introducing 
an early ‘Würm’ oscillation called ‘Laufenschwankung’. 

3.3  Chronostratigraphical summary

The stratigraphical succession of the Early, Middle and Late 
Pleistocene begins with the Early Pleistocene ‘Decken-
schotter’. They are interpreted in terms of an alpine fluvial 
system. Its terrace patterns and lithology are suggested to 
reflect the changing local palaeotopography, not climate, 
and it contains huge hiatuses. The oldest yet known till de-
posits of an early Rhineglacier are related to the “youngest” 
‘Deckenschotter’ subunit (‘Mindel’).

The Middle and Late Pleistocene comprise three glacial 
units in post-’Deckenschotter’ position, Hosskirch, Riss und 
Würm. Each unit shows good evidence of two ice advances 
of the Rhineglacier. The interglacial record comprises the 
Holsteinian, the Eemian and the Holocene (Tab. 1).

The Quaternary chronostratigraphy of the Rhineglacier 
area as presented here is in parts quite different from sys-
tems used in neighbouring areas. The main differences con-
cern the early Middle Pleistocene time interval. Here, a hia-
tus is suggested in the Rhineglacier area, which is correlated 
with various stratigraphical units in the schemes of Bavaria 
and Switzerland (Tab. 2): 

- In the Bavarian scheme, the early Middle Pleistocene is 
represented by the ‘Günz’-, ‘Haslach’- and ‘Mindel-Deck-
enschotter’ (Doppler 2003). The transition from ‘Decken-
schotter’ units to the Rissian stage (elderly moraines and 
high terraces, “Hochterrasse”) is marked by the Holsteinian 
interglacial stage (Samerberg II, Grüger 1983).

- In the Swiss scheme, the early Middle Pleistocene is rep-
resented by the “most extensive” and the “extensive” glacia-
tion. Here, the transition from ‘Deckenschotter’ to the gla-
ciations is marked by a “morphotectonic event”, probably 

still in the Early Pleistocene (Preusser 2009, Graf 2009).
Obviously, the schemes of Bavaria and Switzerland re-

flect extreme positions that will be difficult to correlate 
with each other. The Rhineglacier chronostratigraphical 
scheme comes almost as a compromise between the ex-
tremes, but it is primarily an attempt to meet the different 
evidences of the Bodensee area. 

To resolve the highly differentiated sediments and land-
forms of the three twincycle ice advances, the twincycle 
substages are often subdivided into a couple of lithofacies 
units (e.g. the late Würmian = ‘Oberwürm’ substage in the 
geological map 1:25.000 sheet 8225 Kisslegg). Here, an ap-
proach might be more consistent that is based on a litho-
stratigraphical scheme.

4  Lithostratigraphy and lithostratigraphical definitions  
 of the Quaternary of the rhineglacier area

The lithostratigraphical division of the Quaternary of this 
area is designed to define and correlate geological units 
primarily based upon sedimentary features. With regard 
to the negative sediment budget of the Alpine Foreland, 
the sediment units are unconformity-bounded. Their first 
order unconformities are the major erosion surfaces that 
cause the deepening of the landsystems at the alpine mar-
gin, their second order unconformities are related to ice 
advances or large fluvial terrace-systems. 

Following the recommendations of Steininger & 
Piller (1999) and LGRB (2005), the “formation” (Fm.) serves 
as the central unit in the lithostratigraphical scheme. Units 
of higher order are supergroup, group and subgroup; the 
formation will be subdivided in member, key horizon resp. 
lithofacies unit and finally bed or layer. The elements “key 
horizon”- resp. “facies unit” are here informally used (ad-
vised by E. Nitsch, Freiburg, pers. comm.), e.g. to cover 
correlative continuities of erosion events (following the 
concept of “dual lithostratigraphy” by Lutz et al. 2005). 
Lithostratigraphical symbols follow the SEP 3 standards 
(Denino-Thiessen et al. 2002, LGRB 2011, E. Nitsch, pers. 
comm.). The formations refer to the four areas outlined 
above, i.e. to the various sedimentary environments and to 
sediment preservation.

- Central part of the Rhineglacier area, between Boden-
see and Donau Valley: This is a primarily glacial environ-
ment, covered by three formations that also include fluvial 
and lacustrine deposits. Three major unconformities gen-
erate the boundaries of the formations, they refer to the 
three generations of overdeepened basins and, basically, 
the Bodensee amphitheatre as outlined above (Hasenweil-
er-Fm., Illmensee-Fm., Dietmanns-Fm.). 

- Each formation is subdivided into members represent-
ing different combinations of glacial, fluvial and lacustrine 
sediments. Regarding different till assemblages, there are 
“glacial” members labelling different parts of till sequences:

- Succession with active ice sediments lying below sands 
and gravels of downmelting stagnant ice;

- drumlinized till featuring advancing ice, and its
- correlative downmelting sediments deposited as infill 

of glacial basins.
- Terminal moraine sediments marking the turning point 

from active to downmelting ice sediments are addressed as 
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key horizons. Finally, there are fluvial sediments represent-
ing both, meltwater and non-glacial systems. They are of-
ten unspecific with regard to the glacial cyclicity and from 
there subsumed as “fluvial” member.

- Isolated glacial deposits: this formation comprises de-
posits that predate the Dietmanns-Fm. and further isolated 
deposits along the Hochrhein Valley. 

- The pre-Dietmanns deposits are subsumed as members 
of the Steinental-Fm. Their common feature is that they are 
all embedded in or covering the landsurface of the ‘Deck-
enschotter’ landsystem, with no evidence of subglacial 
overdeepening. 

- The glacial deposits along the Hochrhein Valley are 
subsumed as Haseltal-Fm. They are attributed to Middle 
Pleistocene ice advances of the Rhone Glacier (Valais Gla-
cier) into the Hochrhein Valley. 

- The nonglacial or periglacial fluvial environment is 
covered by three formations: the Oberschwaben-Decken-
schotter-Fm., the Hochrhein-Deckenschotter-Fm., and the 
Rheingletscher-Terrassenschotter-Fm. 

- The Oberschwaben-Deckenschotter-Fm. is subdivided 
in different members according to differing petrographical 
composition of the gravels. The ‘Hochrhein-Deckenschotter’ 
and the ‘Rheingletscher-Terrassenschotter’ are subdivided in-
to members by means of terrace levels (‘Höhere Hochrhein-
Deckenschotter’, ‘Tiefere Hochrhein-Deckenschotter’, ‘Rhein-
gletscher-Hochterrassenschotter’, ‘Rheingletscher-Niederter-
rassenschotter’). This goes along with different amounts of 
surface weathering (e.g. ‘Hochterrasse’ ~2 m, ‘Niederterrasse’ 
~1 m). 

- The southern URG acts as the “final” sediment trap for 
coarse alpine debris between Rhine and Rhone. Its succession 
has been subdivided in Neuenburg-Fm. and Breisgau-Fm. 

- The Neuenburg-Fm. is reflected in the huge sediment 
fan located between the mouth of the Hochrhein Valley 
and the Kaiserstuhl volcanoe. The succession consists of 
two cycles of fluvial gravels, each including a coarse basal 
event horizon (key horizon) that is suggested to represent a 
correlative continuity of the erosion unconformities of the 
Bodensee area. This deposit is suggested to be input- i.e. 
climate-controlled.

- The composition of the gravel beds of the underlying 
Breisgau-Fm. ranges between well and poorly sorted. The 
diamictic beds include altered, weathered or even decom-
posed pebbles, often bearing evidence of palaeosol proc-
esses. With regard to the sediment thickness of up to 200 m, 
their preservation will primarily depend on subsidence. 

To follow, some short definitions of the formations are 
introduced that are suggested to constitute a lithostrati-
graphy of the Quaternary of the southwest German Alpine 
Foreland, including sub-units as members, facies units (in-
formally introduced) and key horizons. The full definitions 

will be published in the internet-based “Litholex” of the 
German Stratigraphic Commission (DSK 2011 ff.).

4.1  Hasenweiler-Formation

Hasenweiler-Fm. (qHW, Tab. 3, Fig. 5): unconformity-bound-
ed lithostratigraphical unit, comprising all glacial, fluvial 
and lacustrine sediments deposited above the “Hasenweiler 
unconformity” (D1-unconformity). The sediments represent 
only one ice advance. Its active-ice- and downmelting sedi-
ments are deposited in two different locations (~ members, 
qHWT, qHWb). The outward boundary of the Hasenweiler-
Fm. is marked by the terminal moraines of the ‘Innere Jun-
gendmoräne’ (IJE, key horizon) that reflect the maximum of 
the ice advance. 

- Sediment infill of overdeepened basins of the Hasen-
weiler-Fm. (‘Hasenweiler Beckensedimente’, qHWb-Mb). 
Lower boundary: D1-unconformity. The typical succes-
sion reflects downmelting ice, beginning with (1) coarse-
grained diamicton, grading up into (2) matrix-rich diamic-
ton (waterlain till) and ending up with (3) laminated and 
massive fines. The succession terminates with (4) postgla-
cial clay-rich or organic fines. The succession may be dis-
rupted by intervals of diamicton (slumps) or substituted by 
deltaic gravels, but there is no subglacial till (cf. qHWT). 
Sedimentation may still be ongoing, e.g. in the actual Bod-
ensee Basin. Sediment thickness: average 50 m, maximum 
> 100 m.

- The Tettnang-Mb. (qHWT) refers to the till cover of 
the areas between the basins of the Hasenweiler-Fm. This 
is primarily a deformation till featuring active ice, its sur-
face shows frequently (though not always) a drumlin relief. 
The till consists largely of cycles of diamicton that may be 
substituted by gravel-dominated sediment packages, often 
at the ice-up side of drumlin-landforms. Resulting from a 
“deformable bed”, the unit displays the D1-unconformity. 
It is the most widespread glacial unit of the Rhineglacier 
area, reaching from the Bodensee to the IJE terminal mo-
raine. Sediment thickness: average 10 m, maximum 30 m. 

- Throughout the Hasenweiler-Fm., deposits of fluvial 
sands and gravels are subsumed as ‘Hasenweiler Schot-
ter’ (qHWg). They are mainly in contact with the IJE, but 
there are also some locally scattered downmelting gravels 
in large interdrumlin depressions (Tettnang-Mb.), and the 
quite continuous gravel-infill along larger valleys that are 
usually eroded below the D1-unconformity (e.g. Argen, 
Wolfegger Ach).
Important sub-units of the members of the Hasenweiler-
Fm. are: 

- IJE terminal moraine (key horizon of the qHWT) mark- 
 ing the outward boundary of the qHW-Fm. i.e. the  
 turning point from ice advance to downmelting. They  

Tab. 3:  Lithofacies units of the Hasenweiler-Formation.

Tab. 3: Lithostratigraphische Einheiten der Hasenweiler-Formation.

Chronostratigraphy Formation member Key horizons

Holocene
Hasenweiler-Fm.

qHW
Hasenweiler-Beckensediment

qHWb
innenwall-Würm

tettnang-till
qHWt

iJE
D1-unconformity
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Fig. 5: Glacial basins and terminal moraines of the Hasenweiler-Formation. Although the branch basins are still radially orientated, this system is almost 
completely focussed towards the Rhine Valley i.e. to the west. This is also indicated by the NW elongation of the central Bodensee Basin (‘Bodensee-Stam-
mbecken’). – The highs between the branch basins are largely covered by drumlins (Tettnang-Mb.). Cf. Ellwanger et al. 2011.

Abb. 5: Glazialbecken und Endmoränen der Hasenweiler-Formation. Obwohl die Zweigbecken nach wie vor radial orientiert sind, ist Ihre Hauptausrichtung 
zum Rhein gerichtet, also nach Westen. Auch die Längserstreckung des zentralen Bodenseebeckens (Bodensee-Stammbecken) weist nach NW. – Die Hochge-
biete zwischen den Zweigbecken sind weiträumig von Drumlins bedeckt (Tettnang-Subformation).

 are inconspicuous landforms consisting of diamictons,  
 gravels and sands from downmelting ice. Only few  
 push moraines are yet known. 

- Bodensee-Sediment (local “facies unit” of the qHWb).
- Eskers and related hills consisting of gravels deposited 

  in ice-dammed channels, reflecting conspicuous land- 
 forms and sediment bodies (local “facies unit” of the  
 qHWb).

4.2  illmensee-Formation

Illmensee-Fm. (qIL, Tab. 4, Fig 6): unconformity-bounded 
lithostratigraphical unit, comprising all glacial, fluvial and 
lacustrine sediments deposited between “Illmensee uncon-

formity” (D2-unconformity) and “Hasenweiler unconform-
ity” (D1-unconformity). Its sediments comprise evidence of 
two ice advances. Regarding the first advance, active-ice- 
and downmelting sediments are again deposited in two 
different locations (~ members, qILD, qILb); the sediments 
of the last advance lie in stratigraphical succession (~ one 
member, qILK). There are two terminal moraine walls (key 
horizons): the ‘Altmoränen-Innenwall’ (last ice advance of 
the penultimate glaciation) marking the outward boundary 
of qIL, and the ‘Äussere Jungendmoräne’ (ÄJE), marking 
approximately the so-called “last glacial maximum” (LGM). 

- Sediment infill of overdeepened basins of the Illmen-
see-Fm. (qILb-Mb., ‘Illmensee Beckensedimente’). Lower 
boundary: D2-unconformity. The typical succession re-
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flects downmelting ice. It begins with (1) coarse-grained 
diamicton, grading up into (2) matrix-rich diamicton (wa-
terlain till) and ends up with (3) laminated and massive 
fines. Again, coarser diamictic slumps or deltaic gravels 
may be included. Next unit to follow are sand to gravel 
with clay-rich or organic-rich fines (4) that may contain 
pollen reflecting the Eemian or early Würmian warm cli-
mate. Further up, proglacial fines (5) continuing qILb, or 
gravels (qIlg) or diamicton of the Kissleg-Mb. (qILK) may 
follow. Push moraines of the ‘Äussere Jungendmoräne’ 
(ÄJE), displaying the most conspicuous terminal moraine 

wall of the Alpine Foreland (key horizon), are frequently 
lobbing across the basins.

- The Dürmentingen-Mb. (qILD) refers to the sediment 
cover of elevated areas adjoining the basins of the Illmen-
see-Fm. outside of the ÄJE terminal moraine. Largely, this 
unit features again active ice, showing a moderately drum-
linized surface, with cycles of deformed diamicton. Close 
to the margin of the correlative qILb basins, very coarse 
diamicton with large boulder-blocks (correlative to the D2-
unconformity) may substitute the till. With increasing dis-
tance to the basins, downmelting sediments may become 

Fig. 6: Glacial basins and terminal moraines of the Illmensee-Formation. There are two central basins, one at the outlet of the overdeepened alpine Rhine 
Valley, the other in the westernmost part of the Bodensee area, leading over to the topography of the adjoining Swiss Midlands. The two central basins were 
probably parted by a Molasse high (its remnants are still present at the actual shore of the Bodensee). – Many of the branch basins of the Illmensee-Fm. are 
related to the valleys that go out from the LGM terminal moraine wall and where the ‘Rheingletscher-Niederterrassenschotter’ were deposited. 

Abb. 6: Glazialbecken und Endmoränen der Illmensee-Formation. Es entstanden zwei Stammbecken, eines an der Talmündung des übertieften alpinen 
Rheintals, das andere im westlichen Bodenseegebiet, das zur Topographie des angrenzenden Schweizer Mittellandes überleitet. Die beiden Zentralbecken 
(Stammbecken) waren höchstwahrscheinlich durch ein Molasse-Hochgebiet voneinander getrennt, dessen Reste am Ufer des Bodensees noch heute vorhan-
den sind. – Viele Zweigbecken der Illmensee-Formation stehen in Verbindung mit den Tälern, die von der Äußeren Jungendmoräne ausgehen und in denen 
Niederterrassenschotter abegelagert wurden. 
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more frequent. They include sands and gravels and, within 
small interdrumlin basins, downmelting successions with 
fines and postglacial organic-rich sediments. 

- The Kisslegg-Mb. (qILK) refers to the till sequence and 
correlative deposits that cover completely the area between 
IJE and ÄJE. Depending on the local topography it contin-
ues within the IJE underlying sediments of the Tettnang-
Mb. Immediately outside of the ÄJE, it intercalates with 
qILg gravels. The succession begins with  deformed and 
sheared diamicton (active-ice deposit) and continues with 
diamicton, sand, gravels and fines (downmelting depos-
its). Depending on the underlying relief, the land surface 
may be structured in a “kame and kettle” topography or in 
kames terraces.  

- Throughout the Illmensee-Fm., deposits of fluvial sands 
and gravels are subsumed as qILg-Mb. They are most fre-
quently outgoing from the ÄJE within the qILb-basins (cor-
relative to the qRTN outside of the basins), but also locally 
consist of scattered downmelting deposits (large kames ter-
races, channel fill etc.). 
Important sub-units of the members of the Illmensee-Fm. 
are: 

-  ‘Altmoränen-Innenwall’, the terminal moraine of  
 the qILD ice advance (key horizon, qILDe), consist- 
 ing of diamictons, gravels and sands, occasionally  
 push moraines.

-  ‘Äußere Jungendmoräne’ (ÄJE), the most conspicuous  
 terminal moraine wall of the Alpine Foreland (key 

 horizon, qILKe), frequently push moraines. 
-  Eskers and related hills consisting of gravels deposited  

 in ice-dammed channels, reflecting conspicuous land 
 forms and sediment bodies (local “facies unit” of the  
 qILK).

Tab. 4: Lithofacies units of the Illmensee-Formation.

Tab. 4: Lithostratigraphische Einheiten der Illmensee-Formation.

Tab. 5: Lithostratigraphische Einheiten der Dietmanns-Formation.

Tab. 5: Lithofacies units of the Dietmanns-Formation.

Chrono stratigraphy Formation member Key horizons

aussenwall-Würm

illmensee-Fm.
qil

illmensee-
schotter

qilg

Kisslegg-Mb.
qilK

ÄJE

Mittelwürm

illmensee-Beckensediment
qilb

Frühwürm

Eemian
Dürmentingen-Mb.

qilDinnenwall-riss
altmoränen-

innenwallD2-unconformity

Chrono stratigraphy Formation member Key horizons

aussenwall-riss

Dietmanns-Fm.
qDM

Dietmanns-
schotter

qDMg

scholterhaus-Mb.
qDMs

altmoränen-außenwall

early rissian
Dietmanns-Beckensediment

qDMb
Holsteinian

Vilsingen-Mb.
qDMVinnenwall-Hosskirch pflummern-till

D3-unconformity

4.3  dietmanns-Formation

The Dietmanns-Fm. (qDM, Tab. 5, Fig. 7) is an unconformity-
bounded lithostratigraphical unit, comprising all glacial, flu-
vial and lacustrine sediments deposited between the “Diet-
manns unconformity” (D3-unconformity) and the “Illmensee 
unconformity” (D2-unconformity). Its sediments again show 
evidence of two ice advances. The first advance again com-
prises a till sequence (qDMV) and the infill of glacial basins 
(qDMb), the second just a till sequence (qDMS). There are 
two ice margins, both with terminal moraines that include 
push moraines (Fig. 7) 

- Sediment infill of overdeepened basins of the Diet-
manns-Fm. (qDMb-Mb., Dietmanns Beckensedimente). 
Lower boundary: D3-unconformaty. They represent the 
eldest of the yet known three generations of glacial ba-
sins. Some basins are quite deep, e.g. the Tannwald Basin 
at Schneidermartin almost 200 m. The typical succession 
reflects downmelting ice. It begins with coarse-grained 
diamicton, grading up into matrix-rich diamicton (water-
lain till) and ends up with laminated and massive fines. 
Again, coarser diamictic slumps or deltaic gravels may be 
included. Next unit to follow are sand to gravel with clay-
rich or organic-rich fines that may contain pollen reflecting 
the Holsteinian warm climate. The sediments to follow are 
mostly attributed to other members, e.g. till sequences be-
ginning with the qDMS-Mb. On several occasions the relief 
of this generation of glacial basins was reversed by the over-
lying sediments (e.g. Waldburg-Basin). 

- The Vilsingen-Mb. (qDMV) refers to the till cover of 
the elevated areas between the Dietmans basins and out-
side of the ‘Altmoränen-Aussenwall’. The Vilsingen depos-
its are diamicton cycles that are often covered by several 
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meters of weathered periglacial sediments. They are rarely 
exposed. 

- The Scholterhaus-Mb. (qDMS) refers to the till sequence 
and correlative deposits inside of the ‘Altmoränen-Aussen-
wall’. The Biberach-Scholterhaus gravel pit is the classical 
exposure of this till in a succession of qDMg-gravels. The 
till sequence consists of deformed and sheared diamicton as 

active-ice deposit and diamicton, sand, gravels and fines as 
downmelting deposits. 

- Throughout the Dietmanns-Fm., deposits of fluvial 
sands and gravels are subsumed as Dietmanns-Schotter (qD-
Mg-Mb.). In the adjoining periglacial area they are corre-
lated with the Rheingletscher-Hochterrassenschotter. In the 
central Rhineglacier area, several gravel-cycles are in strati-

Fig. 7: Glacial basins and terminal moraines of the Dietmanns-Formation. It is suggested that this time slice marks the onset of overdeepening in the area. 
There are radial branch basins in the eastern part of the Rhineglacier area but no central basin alike to the present Bodensee Basin can be recognized. 
There are also no deep basins in the northwest, where the character of the “old” surface of a prealpine ramp still prevails. – The major branch basins 
are: 1 the Isny Basin (HGK 2010), 2 the Waldburg-Wurzach Basin (Fiebig 1995, 2003, Ellwanger 2003), 3 the Tannwald Basin (Ellwanger et al. 1995, 
Ellwanger 2003, Hahne 2010), and 4 the Hosskirch Basin (Ellwanger et al. 1995, Hahne 2010). 5, several shallow basins in the northwest follow the ice 
margin, including 5a delta deposits of the Holsteinian interglacial, serving as evidence for the up-river absence of deep basins (Bludau 1995, Müller 2001, 
Ellwanger, Fiebig & Heinz 1999, Ellwanger et al. 2011). 6 the Singen Basin (Szenkler & Bock 1999). 

Abb. 7: Glazialbecken und Endmoränen der Dietmanns-Formation. In diesem Zeitabschnitt setzte die Übertiefung in der Region ein. Es gibt radial aus-
gerichtete Zweigbecken im östlichen Rheingletschergebiet, aber keine Hinweise auf ein zentrales Stammbecken, vergleichbar mit dem heutigen Bodensee-
becken. Es gibt auch keine tiefen Becken im Nordwesten, dort blieb der Charakter der „alten“ Rampen-artigen Landschaft mit außeralpinen Vorbergen 
erhalten. – Die großen Zweigbecken sind: 1 das Isny Becken (HGK 2010), 2 das Waldburg-Wurzach Becken (Fiebig 1995, 2003, Ellwanger 2003), 3 das 
Tannwald Becken (Ellwanger et al. 1995, Ellwanger 2003, Hahne 2010), und 4 das Hosskirch Becken (Ellwanger et al. 1995, Hahne 2010). 5, mehrere 
flache Becken entlang des Eisrands im Nordwesten. Darin enthalten sind Delta-Schüttungen (5a), in denen das Holstein Interglazial pollenstatigraphisch 
nachgewiesen ist. Diese Sedimente sind der Nachweis für das Fehlen von tiefen Becken weiter proximal (Bludau 1995, Müller 2001, Ellwanger et al. 
1999, 2011).  6 das Singen Becken (Szenkler & Bock 1999). 



322 E&G / Vol. 60 / no. 2–3 / 2011 / 306–328 / DOi 10.3285/eg.60.2-3.07 / © authors / Creative Commons attribution license

graphical succession. In the east and west Rhineglacier area 
these cycles correlate with two or more terrace levels (Iller 
Valley, Klettgau Valley). 

Important sub-units of the members of the Dietmanns-
Fm. are: 

-  ‘Altmoränen-Aussenwall’, the terminal moraine of  
 the qDMS ice advance (key horizon, qDMSe), consist- 
 ing of diamictons, gravels and sands, quite often as  
 push moraines.

-  Pflummern Till (qDMP), an isolated deposit of diamic- 
 ton, sand and gravel located north of Riedlingen. It is  
 suggested that it represents a sub-unit of the qDMV-Mb. 

4.4  isolated glacial deposits

Various isolated glacial deposits of the Rhineglacier area 
(Fig 8) and along the Hochrhein Valley are subsumed as 
Steinental-Fm. (Tab. 6) and Haseltal-Fm. (Tab. 7). The Stei-
nental-Fm. subsumes pre-Dietmanns deposits of the Rhine-
glacier area, the Haseltal-Fm. refers to alpine deposits of the 
Rhone Glacier (Valais Glacier) along the Hochrhein Valley.

Steinental-Fm. (qST): lithostratigraphical unit comprising 
four isolated glacial deposits. There is no evidence that any 
of these deposits may be related to glacial overdeepening, so 
they are suggested to be part of the “fluvial” landsystem of 
the ‘Deckenschotter’. 

-  The Steinhausen-Till (qSTH) refers to a diamicton that 
is suggested to represent the uppermost unit of glacial till in 
a small stripe outside the till of the Vilsingen-Mb. between 
Biberach and Aitrach (‘Mindel’ moraines sensu Schreiner 
& Ebel 1981). It is covered by several meters of weathered 
periglacial sediments and only poorly exposed. It has also 
been identified in several wells beneath the qDMV deposits 
(e.g. Schreiner 1982).

- The Unterpfauzenwald-Till (qSTU) refers to a gla-
cial diamicton near Steinental (‘Haslach’ moraines sensu 
Schreiner & Ebel 1981). It represents the only yet known 
Early Pleistocene till sequence at the landsurface of the 
Rhineglacier area. (cf 2.3.2.1)

- The Lichtenegg-Till (qSTL) refers to a succession of 
diamicton, sand and gravel within ‘Mindel-Deckenschot-
ter’ in the central part of the Rhineglacier area. A detailed 
description has been provided by Menzies & Ellwanger 
(2010). (cf 2.3.3.1)

- The Schrotzburg-Till (qSTS) refers to a succession of 
diamicton, sand and gravel that within the ‘Tiefere Hoch-
rhein-Deckenschotter’ in the western part of the Rhine-
glacier area. A detailed description has been provided by 
Graf (2009).

The Haseltal-Fm. (qHS) is a lithostratigraphical unit 
comprising alpine glacial and lacustrine sediments along 
the Hochrhein Valley. It includes glacio-lacustrine and gla-
cial sediments (qHSb, qHSB) related to different lobes of 
the Rhone Glacier (Valais Glacier) that overflew the Swiss 
Jura mountains towards the Black Forest. 

- The unit Haseltal-Beckensediment (qHSb) refers to gla-
ciolacustrine and gravitative deposits in overdeepened ba-
sins and ice dammed lakes of the Rhone Glacier. 

- The Haseltal Basin is one of several glacial basins that 
are carved into crystalline and Permian rocks of the Black 
Forest. Lower boundary: D3-unconformity. The succession 
begins with diamicton reflecting downmelting ice, grading 
up into red and grey laminated and massive fines, and ter-
minates with organic-rich fines that include pollen spectra 
of the Holsteinian (Hahne 2010). It includes packages of 
local debris (mainly Permian red sandstone).

- In the Klettgau Valley is another deposit of fine sedi-
ments of an ice-dammed lake overlying the gravels of the 
‘Rheingletscher-Hochterrassenschotter’ (Verderber 1992, 
2003).

- The Birndorf-Mb. (qHSB) subsumes deposits of alpine 
debris (diamicton, gravel, sand and fines) at the southern 
slopes of the Black Forest. They consist of isolated kames ter-
races, small ice-dammed lake deposits, but also till or debris 
covering parts of the slopes. Their preservation depends on 
the local topography.

4.5  the pre- and periglacial fluvial environment

The Quaternary of the fluvial environment of large val-
leys in the southwest German Alpine Foreland (Tab. 8) 
is referred to in three formations: The ‘Oberschwaben-
Deckenschotter’ (qpDO) covering the ‘Deckenschotter’ 
remnants in the area between Bodensee and Donau Val-
ley, the ‘Hochrhein-Deckenschotter’ (qpHD) covering the 
western Bodensee and Hochrhein areas, and the ‘Rhein-
gletscher-Terrassenschotter’ (qRT) covering gravels of the 
‘Hoch’- and ‘Niederterrasse’ in both areas. They all consist 
of coarse fluvial gravels. 

Tab. 6: Lithofacies units of the Steinental-Formation.

Tab. 6: Lithostratigraphische Einheiten der Steinental-Formation.

Chrono stratigraphy Formation member

Middle pleistocene (Ois12?)
steinental-Fm.

qst

steinhausen-till
qstH

Early pleistocene (Calabrian)
unterpfauzenwald-till

qstu
lichtenegg-till

qstl
schrotzburg-till

qsts

Tab. 7: Lithofacies units of the Haseltal-Formation.

Tabelle 7: Lithostratigraphische Einheiten der Haseltal-Formation.

Chrono stratigraphy Formation member

Middle pleistocene 
Haseltal-Fm.

qHt

Haseltal-Becken-
sediment

qHtb

Birndorf-Mb.
qHtB
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The ‘Oberschwaben-Deckenschotter’ (qpDO) Formation 
consists of three members featuring different petrographi-
cal composition: 
-  ‘Donau-Deckenschotter’ (qpODD), poor in crystalline 
  (< 5 %) but rich in Dolomite, probably reflecting a  
 source area still east of the actual valley of the alpine  
 Rhine. 
-  ‘Günz-Deckenschotter’ (qpODG), poor in crystalline but  
 rich in limestone from nappes that are located close to  
 the alpine margin. This composition is suggested to  
 reflect the beginning of the incision of the alpine Rhine  
 Valley.
-  ’Mindel-Deckenschotter’ (qpODM), rich in crystalline  
 (10–30 %). The composition of the gravels now reflects  
 the modern course of the alpine Rhine, but before the  
 valley became glacially overdeepened. The inner-alpine  

 catchment area of the Rhine is now sufficiently large to  
 enable ice advances even into the Alpine Foreland (e.g.  
 members of the qST-Fm.). 
‘Hochrhein-Deckenschotter’ (qpHD): This unit is two-
parted by means of terrace stratigraphy. Both subunits, 
the ‘Höhere-Hochrhein-Deckenschotter’ (qpHDh) and the 
‘Tiefere-Hochrhein-Deckenschotter’ (qpHDt), consist of 
up to three accumulation cycles in stratigraphical succes-
sion (Verderber 1992, 2003, Graf 1993, 2009). There are 
again differences in petrographical composition, but they 
refer primarily to the different Swiss alpine valleys (Lim-
mat, Reuss, Aare, Rhone). – Although the thickness of the 
‘Deckenschotter’ along the Hochrhein Valley amounts up 
to several tens of meters, a much larger sediment volume 
has been transported through the valley into the southern 
URG (Breisgau-Fm.). I.e. the valley erosion and ‘Decken-

Fig. 8: ‘Deckenschotter’, till and terminal moraines of the Steinental-Formation. No indication for glacial overdeepening is known. The till deposits are 
believed to be the remnants of valley-glaciers. 

Fig. 8: Deckenschotter, Till und Endmoränen der Steinental-Formation. Sie sind die ältesten eiszeitlichen Relikte und deuten auf eine nur geringe glaziale 
Umformung der voreiszeitlichen Landschaft hin.
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schotter’ deposition depend largely on base level variations 
in the URG that are probably primarily controlled by tec-
tonics (Ellwanger 2003).

‘Rheingletscher-Terrassenschotter’ (qRT): This unit sub-
sumes two members: the ‘Rheingletscher-Hochterrassen-
schotter’ (qRTH) and the ‘Rheingletscher-Niederterrassen-
schotter’ (qRTN). Again, both subunits locally consist of 
two or more accumulation cycles in stratigraphical succes-
sion that may, elsewhere, correspond with different terrace 
levels. – The ‘Terrassenschotter’ are traditionally suggested 
to be meltwater deposits, correlative with sub- and progla-
cial gravels (Dietmanns- and Illmensee-gravels) and with 
no direct connection to the alpine sediment source area be-
cause the lake basins at the alpine margin lie in between. In 
this scenario, the sediment input terminates abruptly when 
the ice melts down, and only eventually restarts after the 

basins are again filled up with sediments. Preliminary re-
sults from luminescence dating indicate that this sediment 
input could have restarted at about 70 ka (“maximum” ages 
taken from Frechen et al. 2010 but doubted by Kock et al. 
2009. Both papers also suggest different geological inter-
pretations). – Again a much larger sediment volume has 
been transported through the valley into the URG (Neuen-
burg-Fm.). 

4.6  the upper rhine Graben, southern part.

All alpine sediments that are deposited in the URG (Tab. 9) 
were beforehand transported through the Hochrhein Val-
ley. In the southern URG, coarse gravels, pebbles and even 
blocks are deposited that are often coarser than gravels of 
the valley terraces. The coarse event layers were suggested 

Tab. 9: Lithofacies units of the southern Upper Rhine Graben.

Tab. 9: Lithostratigraphische Einheiten des südlichen Oberrheingrabens.

Chrono-stratigraphy Formation member Key horizons

late pleistocene

neuenburg-Fm. qnE

Hartheim-Mb. qnEo

Zarten-Mb. qnEZ

Eventlayer

Middle pleistocene nambsheim-Mb. qnEu Eventlayer

Middle pleistocene

Breisgau-Fm. qBr

Balgau-Mb. qBro

Wasser-Mb. qBrW

riegel-Horizont qBrr

pliocene to Early pleistocene
Weinstetten-Mb. qBru Hergheim-schichten qBrH

                                                                                   iffezheim-Fm. qiF   

Tab. 8: Lithofacies units of the pre- and periglacial fluvial environment in the southwest German Alpine Foreland. 

Tab. 8: Lithostratigraphische Einheiten der Prä- und Periglazial-Gebiete des Südwestdeutschen Alpenvorlands.

Chrono stratigraphy Formation member Key horizon (e.g.)

Holocene

rheingletscher-terrassenschotter
qrt

rheingletscher-niederterrassenschotter
qrtn

talauenschotter

late pleistocene niederterrassenschotter

Middle pleistocene

Äpfingen schotter

rheingletscher-Hochterrassenschotter
qrtH

Baltringen Hochterrasse

Ältere Hochterrasse

early Middle pleistocene

Early pleistocene (Calabrian)
Oberschwaben-Deckenschotter

qpOD

Mindel-Deckenschotter
qpODM

Günz-Deckenschotter
qpODG

Early pleistocene (Gelasian)
Donau-Deckenschotter

qpODD

Early pleistocene (Calabrian)
Hochrhein-Deckenschotter

qpHD

tiefere Hochrhein-Deckenschotter
qpHDt

Early pleistocene (Gelasian)
Höhere Hochrhein-Deckenschotter

qpHDh
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Fig. 9: Cartoon illustrating four 
steps of Pleistocene surface 
evolution of the Bodensee area, 
from a kind of ramp-topography 
to the present amphitheatre. Cf. 
Ellwanger et al. 2011.

Fig. 9: Schrittweise Entwicklung 
der Landschaft im Pleistozän 
von einer Art Rampe hin zum 
heutigen Amphitheater (vgl. 
Ellwanger et al. 2011).

Amphitheatre
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to be correlative to morphogenetic reshaping of the valley 
and to the subglacial basin erosion at the alpine margin 
(Ellwanger 2003). The alpine input in the southern URG 
is referred to in two formations, the Breisgau-Fm. (qBR) 
and the Neuenburg-Fm. (qNE); they are further subdivid-
ed into members. The underlying Iffezheim-Fm. (qIF) is of 
local, non-alpine provenance. The boundary between qIF 
and qBR is diachronic, that is why both units begin in the 
Pliocene and go far up into the Pleistocene, in spite of their 
stratigraphical superposition.

The Breisgau-Fm. largely consists of graded alpine and 
local gravels. Esp. the local gravels are often altered, weath-
ered or even completely disintegrated, indicating low sedi-
mentation rates and possibly gravitative redeposition. Its 
thickness varies strongly, depending on the varying depth 
of the lower boundary that is primarily a matter of tec-
tonical subsidence, supported by compaction of underly-
ing fines. – This unit is suggested to be correlative to the 
‘Deckenschotter’. 

The Neuenburg-Fm. (qNE) is reflected by the huge sedi-
ment fan located between the mouth of the Hochrhein Val-
ley and the Kaiserstuhl volcanoe. The succession consists of 
two cycles of coarse fluvial gravels (Hartheim-Mb., qNEo, 
and Nambsheim-Mb., qNEu), each including a coarse ba-
sal event horizon (diamictic with pebbles and blocks). The 
sediment is usually unweathered. Its thickness averages be-
tween 30 m and 50 m; a large part of this is owed to the fan 
surface, some to compaction. – This unit is suggested to rep-
resent a correlative continuity of the erosion unconformi-
ties of the Bodensee area; it is input- i.e. climate-controlled.

According to sediment petrographical composition and 
heavy minerals, the sediment source of the lower and mid-
dle part of the Breisgau-Fm. are the Swiss Alps, that of the 
uppermost Breisgau-Fm. and the Neuenburg-Fm. is the 
Rhineglacier area (Hagedorn 2004). 

5  summary of relief evolution & discussion

Both, the chronostratigraphy and the lithostratigraphy 
of the Bodensee area that are presented here are suitable 
tools to describe the evolution of landforms and sediments 
during the Quaternary. However, the transformation of 
the topography from pre-alpine highlands into the actual 
amphitheatre landsystem with its overdeepened lake basins 
is better matched using the lithostratigraphical approach. 

We distinguish seven steps (Figs. 3, 5, 6, 7, 8, cartoon 
Fig. 9):

1. The earliest Quaternary landsurface represents foot-
hills and prealpine highlands acting as watershed between 
the ‘Donau-Deckenschotter’ of the Donau system in the east 
(Schädel 1950, Doppler 2003), and the eldest ‘Hochrhein-
Deckenschotter’ of the Rhine system in the west (Schrei-
ner 1992, Verderber 1992, 2003, Graf 1993, 2009). – Chron-
ostratigraphy: According to Ellwanger, Fejfar & von 
Koenigswald, 1994 and Bolliger et al. 1996, both deposits 
represent the Gelasian stage. 

2. The first ‘Deckenschotter’ remnants related to the ac-
tual Rhine Valley at the alpine margin are known as ‘Günz-
Deckenschotter’. They are incised below the level of the 
‘Donau-Deckenschotter’. Their petrographical composition 
reflects Helvetic and Ultrahelvetic nappes i.e. indicates the 

onset of erosion of the alpine Rhine Valley. This catchment 
area would be too small to enable an ice advance into the 
Alpine Foreland. – Chronostratigraphy: Early Pleistocene, 
according to Fromm (1989) and Rolf (1992). 

3. The ‘Mindel-Deckenschotter’ are often (not always) 
incised below the ‘Günz’ level. Their petrographical spec-
tra include crystalline pebbles from the central Alps, al-
ready reflecting the actual alpine Rhine Valley. This catch-
ment area is large enough to enable ice advances into the 
Alpine Foreland. – Chronostratigraphy: Early Pleistocene, 
according to Fromm (1989) and Rolf (1992). 

4. The eldest till deposits of the Rhineglacier area (sub-
sumed in the Steinental-Fm.) show no evidence for glacial 
overdeepening. They are the Lichtenegg-Till, the Schrotz-
burg-Till, the Unterpfauzenwald-Till and the Steinhausen-
Till (first advance of the Hosskirchian glacial stage. – 
Chronostratigraphy: Lichtenegg-Till, Early Pleistocene 
(Fromm 1989, Rolf 1992); Unterpfauzenwald-Till, grad-
ing into Bavelian peat (Hahne 2010); Steinhausen-Till, 
Hosskirchian stage (Hahne 2010).  

5. The first deep basin erosion is related to the 
Dietmanns-Fm. There are radial branch basins in the east-
ern part of the Rhineglacier area but no central basin can 
be recognized. In the northwest, the character of the “old” 
surface of a prealpine ramp still prevails. Ice advance and 
meltwater discharge are still largely directed to the Donau 
Valley. – Chronostratigraphy: Hosskirchian to Rissian 
stage.

6. The deep basin erosion continues in the Illmensee-
Formation. Now there are two central basins, one at the 
outlet of the overdeepened alpine Rhine Valley, the other in 
the westernmost part of the Bodensee area. Ice advance and 
meltwater discharge are now partly directed to the Donau 
Valley, partly to the Hochrhein Valley. – Chronostratigraphy: 
Rissian to Würmian stage.

7. The deep basin erosion of the Hasenweiler-Formation 
results in the NW elongated central Bodensee Basin (‘Bod-
ensee-Stammbecken’). Its branch basins are still radially ori-
entated, but the system is now almost completely focussed 
towards the Rhine Valley i.e. to the west. – Chronostratigra-
phy: Würmian stage to Holocene. 
The amount of Quaternary erosion since the ‘Donau-De-
ckenschotter’ seems larger in the Bodensee area than in 
both neighbouring areas, both downward and laterally 
(1 km resp. 70 km). This may be related to the reorientation 
of the system from the Donau to the Rhine, a setting that 
is unique in the Alpine Foreland. The erosion/sedimenta-
tion pattern of an eventual future ice advance is of course 
a matter of speculation, but most likely it will be the first 
Rhineglacier advance to be focussed towards the Hoch-
rhein Valley alone. In this case, a new “most extensive” ice 
margin may result.

Lithostratigraphy proved to be very useful to understand 
and describe the morphodynamics of the Rhineglacier and 
to correlate with the close-by depocentres for resediments. 
This is due to the high spatial resolution in the Bodensee 
area. However, at least up to now, it does not match the dif-
ficulties of a supra-regional correlation, partly because of 
the insufficient knowledge on the sequence stratigraphical 
conditions in other glacial areas. To meet this obstacle, the 
chronostratigraphic approach seems more suitable.
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