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Abstract

The River Rhine and its tributaries represent one of the largest drainage systems in Europe. Its prominence among other fluvial systems is due
to the location of its headwaters within the central Swiss Alps, which were repeatedly glaciated during the Quaternary, and the concurrence of
major parts of the River Rhine course with the European Cenozoic Rift System. Sediments of the Rhine have thus recorded both changes in
climate and tectonic activity as well as sea level change in the lower part of the river course.

The River Rhine is composed of different subdivisions characterised by distinct geographical and geological settings. Vorder- and Hinterrhein in
the headwaters are inner-alpine rivers frequently influenced in their course by tectonic lines and the blockage of valley floors by the deposits
of mass movements. The Alpenrhein is located in a main Alpine valley that drains into a large foreland basin, the Bodensee (Lake Constance).
The Hochrhein flows out of the lake following the Jura Mountains in a western direction. All these areas display a series of geological features
such as moraine ridges and outwash plains, which directly reflect Quaternary glaciations of the Alps. The Oberrhein (Upper Rhine) Valley, as a
graben structure, is part of the rifting system that started to develop during the middle Tertiary. The northern end of the graben is represented
by the triple junction of the Mainz Basin, which is mainly characterised by the remains of marine transgressions that occurred during the initial
rifting phase. The Rhine continues following the western branch of the tectonic system by passing through the Rhenish Massif. Uplift in this so-
called Mittelrhein (Middle Rhine) area is well documented by a flight of late Tertiary to Quaternary river terraces. This region is also characterised
by young volcanic activity as found, for example, in the Eifel volcanic field. The Niederheinische Bucht (Lower Rhine Embayment), especially the
Roer Valley Rift System, represents the northern continuation of the rifting system. This area is characterised by differential uplift in the
southern and subsidence in the northern part of the basin, which continues into the Netherlands. Here, the main stream of the River Rhine is
separated into different branches developing an active delta at the coast of the North Sea. When the North Sea Basin was covered by ice during
the Elsterian, Saalian and probably also the Weichselian glaciation and global sea level was low, the Rhine continued its course through the
English Channel and flowed into the North Atlantic off Brittany.
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g Introduction

(Fig. 2), and the location of its main headwaters within the
central part of the western Alps. The latter were repeatedly

The River Rhine (German: Rhein, French: Rhin, Dutch: Rijn)
together with its tributaries represents one of the largest
drainage systems of Europe. It drains most of the northern and
central Swiss Alps, large areas of southern and western Germany,
parts of eastern France and Belgium, and a large portion of the
Netherlands (Fig. 1). It is unique among many other river
systems due to its specific setting along one of the most active
tectonic lines of Europe, the European Cenozoic Rift System

glaciated during the Quaternary as a result of naturally
occurring climate change. Consequently, deposits of the River
Rhine have recorded both tectonic developments and climate-
induced changes in river dynamics. Furthermore, the River
Rhine system is an important sediment source for the southern
North Sea Basin and changes in fluvial dynamics will hence
have an impact on deposition in the basin (Rijsdijk et al., 2005).
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Fig. 1. Map showing the general setting along the River Rhine system including the location of relevant sites mentioned in the text (numbers follow

the appearance in the text): 1 - Kaiserstuhl (volcano); 2 — Neuwied Basin; 3 — Siebengebierge; 4 — Oberalppass; 5 - Flims rockslide; 6 — Silvretta group;

7 — Tamins, Kunkel and Domat/Ems mass movements; 8 — Walensee passage; 9

Rhine Falls; 10 - Irchel; 11 - Forst site; 12: Heidelberg Basin;

13 - Rothaargebirge; 14 — Laacher See (volcano); 15 — IJsselmeer; 16 — The elevation model used in this figure refers to land surface in relation to

mean sea level. Due to this, mainland below sea level, mainly caused by human activity especially in the Netherlands, appears to be ‘underwater:

The following gives an overview of the different sections of
the Rhine system, all of which show a distinct character due to
their specific geographical and geological setting. First, a brief
introduction is given to the general tectonic and geological
situation. Furthermore, the late Tertiary and Quaternary
evolution of the Rhine is briefly summarised. In this context,
it is necessary to refer to the recently rather controversial
discussion about the definition of the Quaternary and especially
its lower boundary (Gibbard, 2004; Gibbard et al., 2005; Clague
2006). Although the presently ‘official’ age of the Pliocene/
Pleistocene boundary is set to 1.8 Ma (Aguirre & Passini, 1985;
Partridge, 1997; Remane et al., 2002), which refers to the Vricca
section in Italy, referred here to is the in the present context
more reasonable age for the boundary of 2.6 Ma. ‘Tertiary’,

3XEOLVKHG RQOLQH E\ &DPEULGJH 8QLYHUVLW\ 3UHVV

which is not an ‘official’ stratigraphic term at the moment, is
used when referring to both the Palaeogene and Neogene.

| General tectonic and geological setting

The Alpine orogeny results from the convergence of the
European and African plates with major faulting and rising of
the Alps during the Tertiary. The outer part of the western
Alps is built up by mainly intensively folded late Palaeozoic
and Mesozoic sediments. The interior of the Swiss Alps is
characterised by crystalline rocks, such as the intrusions of
the Aare and Gotthard Massif.

The molasse basin, representing debris of Alpine erosion of
Tertiary age deposited in shallow marine and fluvial environ-
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Fig. 2. Schematic map of the general tectonic setting along the Cenozoic rift system of Central Europe and assumed drainage pattern in the English
Channel region during Middle and Late Pleistocene glaciations (after Gibbard, 1988; Laubscher, 2001; Michon et al., 2003; Schirmer, 2003; Sissingh,

2001, 2003). See Fig. 1 for legend and comment on elevation model.

ments, is located around the margin of the Alps (cf. Sissingh,
1997). In the western part of the Alpine Foreland, the Jura
Mountains, situated north of the molasse basin, represent a
range of Mesozoic sediments folded in the late part of the
Alpine orogeny, probably during the Late Miocene (Laubscher,
2001). Further north follows a tectonic block built up by
Permian to Cretaceous, weakly folded sediments consisting
mainly of sandstone and limestone (from west to east: Lorraine
Tableland, Schwabische Alb, Frankische Alb). Tectonic stress
cohering with the faulting of the Alps initiated rifting within
this block that started during the Middle Eocene (Illies, 1977).
The rifting has formed the present Oberrhein (Upper Rhine)
Graben that is part of the European Cenozoic Rift System (e.g.

Ziegler, 1994; Sissingh, 1998; Laubscher, 2001) (Fig. 2).
Connected with the rifting is volcanic activity in the southern
part of the graben, which is dated to ca. 61 Ma on the western
flank (Keller et al., 2002) and to 18 - 16 Ma in the central
Kaiserstuhl area (Lippolt et al., 1963). Midlands along the
graben structure are the Schwarzwald (Black Forest), the
Vosges, the Odenwald, the Pfalzerwald/Haard and the Saar-Nahe
Depression built up by plutonic intrusions and late Palaeozoic
to Mesozoic sediments, respectively. The rifting structure runs
SSW to NNE and culminates in the Rhenish Triple Junction of
the Mainz Basin (cf. Sissingh, 2003), an area that is partially
covered by the remains of Tertiary marine transgressions. The
older, now inactive branch of the rifting system continues via
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