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Abstract

The Pliocene and Quaternary unconsolidated sediments of the Upper Rhine Graben (URG) were petrographically analysed in numerous high
quality drill cores. The heavy mineral composition of the Graben sediments was compared to those from the Graben margins. In addition, the
sedimentary lithofacies were investigated. The chronological classification of the sedimentary successions was established by the interpretation
of sporadic palaeontological and palaeomagnetic data.

Within the Pliocene sediments, two distinguishable heavy mineral assemblages indicate different source areas of the Graben fill. At first, a heavy
mineral assemblage of stable minerals (turmaline, zircon and anatase) indicates a contribution of debris supplied from Buntsandstein areas at
the Graben margins. Secondly, a mixed association of stable minerals in combination with unstable (garnet, hornblende, less epidote) and distinct
rare minerals (e.g. monazite, xenotime) can be traced back to debris derived from the crystalline rocks of the southern Graben margins (Black
Forest, Vosges). The distribution of sediments with this mixed heavy mineral assemblage proves the fluvial sediment transport from south to
north and therefore the course of the Pliocene proto-Rhine along the Graben.

The correlation between the Quaternary sediment successions in the south and the north of the Graben is problematic due to their variable
thicknesses as well as their changing lithofacies.

In the southern URG, the Quaternary strata could be subdivided into the older Breisgau Formation and the younger Neuenburg Formation based
on characteristic lithofacies. Within this succession, the lower part of the Breisgau Formation (lower Breisgau beds) can be distinguished by
noticeable lower contents of hornblende, which probably reflects the effects of weathering and solution of these unstable minerals due to
repeated discontinuities during the sediment accumulation. The sediments of the upper part of the Breisgau Formation (upper Breisgau beds)
and of the Neuenburg Formation contain a heavy mineral assemblage of garnet, epidote and hornblende, which is typical for Rhine deposits with
Alpine contribution. This probably unaffected composition indicates a more unvaried and rapid accumulation of predominantly Alpine debris.
In the northern URG, the Quaternary strata are subdivided into three aquifers and intercalated fine-grained horizons. Here, the Quaternary
sediments can be petrographically classified into Rhine deposits (garnet, epidote and hornblende) and local accumulations contributed from the
Graben margins (turmaline, zircon and anatase) without contemporaneous influence of the Rhine. The analytical results obtained from several

drill cores in the northern URG provide evidence for the spatial and temporal variability of the course of the Rhine during the Quaternary.
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&troduction of Late Miocene, Pliocene and Quaternary age indicate a
fluvial to lacustrine depositional environment.

The URG has been an area of subsidence since the Eocene. This The traditional lithostratigraphy of the Late Tertiary and

basin was subsequently filled with thick sedimentary succes- Quaternary sediments within the URG was established by Bartz

sions. After various episodes of marine ingressions, the strata (1959, 1976, 1982; Fig. 1). On the basis of numerous drilling
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profiles - mainly in the middle and northern part of the
Graben - Bartz subdivided the Pliocene sediment succession
("Jungtertidr II') into three fluvial to lacustrine sequences (PI,
PII, PIII). The boundary between Pliocene and Quaternary
strata was defined by the first occurrence of Alpine input into
the Graben indicated by the carbonate content within the
sediments as well as by their changing heavy mineral distri-
bution. Among the Quaternary sediments, Bartz distinguished
the ‘Altquartdr' (Early Quaternary), mostly sands and clays,
and the ‘Jungquartdr’ (Late Quaternary) consisting of three
coarse-grained layers (‘Kieslager’) separated by two finer
grained horizons ‘Zwischenhorizonte’, 0ZH, UZH).

Bartz correlated the formation of the coarse gravel layers
with the last three glacial periods, the development of the
fine-grained horizons with the interglacial periods Eemian and
Holsteinian (Fig. 1). Sporadic pollen analyses led to the
classification of ‘Altquartdr’ and Pliocene (Bartz, 1976, 1982).
However, the described lithostratigraphy can only be applied
to the northern part of the URG, where the two fine-grained
horizons are continuous, while further to the south they are
partly or entirely absent.

Next, the simplified definition of the Pliocene/Pleistocene-
boundary has to be reconsidered as new data available
through heavy mineral analyses and palaeontological findings
indicate a Late Pliocene age of the first Alpine sediment input
into the Graben (Geissert, 1972; Miinzing, 1981; Boenigk,
1987). More discrepancies resulted from the investigated
mollusc assemblage within the ‘Oberer Zwischenhorizont’
(OZH, upper fine-grained horizon), which indicate an age from
Cromerian to Rissian (Saalian) for this unit (Engesser &

=0 (Engesser & Miinzing, 1991) (Bludau, 1995)
fo
- 0 - | Oberes Kieslager OKL | Weichselian
O o . . . . .
—— Oberer Zwischenhorizont |OZH | Eemian Cromerian to Rissian (Saalian) Cromerian to Late Wiirmian (Weichselian)
o)
J [ © | Mittleres Kieslager MKL | Saalian
“Jungquartar’/® o e i i i
~— — | Unterer Zwischenhorizont |UZH | Holsteinian Three dlff(_erent interglacials
& O (Early Pleistocene)
st
O * o | Unteres Kieslager UKL | Elsterian
o)
(o} (o}
Altquartar 2 |AQ2 | Cromerian Pliocene
T o) =
‘Altquantar ees ‘
Altquartar 1 AQ1 | Tighan
NEG)
Pliozan Il Plll
= eesceromeosiesas -- e Reuverian
Pliozan Il iP!I
Jungtertiar Il | |
2 L et ~------=-t------4 Brunssumian
[
§ ||
[ftiiczanil 'P' ‘ Fig. 1. Traditional lithostratigraphy of the unconsolidated sediment
| | | i . . . e
o] ] Stsieran record in the Upper Rhine Graben (table modified after Bartz, 1959,
B I 1976, 1982) versus biostratigraphical evidence (Engesser & Miinzing,
= | grap
Jungtertian[ij=hE= 1 Moz=n

1991; Bludau, 1995).

Miinzing, 1991), whereas Bartz correlated this horizon to the
Eemian interglacial period. The classification of the "Altquartdr’,
also seems questionable as Pliocene species of fauna and flora
dominate this section (Miinzing, 1981; Engesser & Miinzing,
1991; Geissert, 1996).

Pollen analyses (Bludau, 1995) allowed the biostratigraphical
distinction of three different interglacial pollen facies of Early
Pleistocene age within the sediments of the ‘Unterer
Zwischenhorizont’ (lower fine-grained horizon, UZH), while
the ‘Oberer Zwischenhorizont’ (0ZH) contains flora of the
period Cromerian to Late Wiirmian (Weichselian).

The inconsistencies between the lithostratigraphy established
by Bartz and new chronological evidences as outlined above
instigated this research project, which is mainly concerned
with the reconstruction of the sedimentary history of the
Pliocene and Quaternary sediments in the URG (stratigraphy
after STD, 2002, Southwest-Germany).

[ Methods

As part of a doctoral research project (Hagedorn, 2004),
numerous (56) new high-quality deep drilling cores in the area
of the URG have been studied in cooperation with the
Geological Surveys of Baden-Wiirttemberg, Rheinland-Pfalz,
Hessen and Elsass. This study focussed on the lithofacies and
heavy mineral analyses. Biostratigraphic and magnetostrati-
graphic analyses were carried out by other researchers (Rolf et
al., 2008).

First, the drill cores have been recorded according to
techniques of sequence and event stratigraphy (Ellwanger et
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al., 2001, 2002, 2003). Subsequently, the cores and several
sediment outcrops at the Graben margins were sampled for
petrographical analyses (Fig. 2). The heavy mineral analysis
gives evidence to the regional provenance, transport of the
sediments and post-sedimentary processes.

A total of 1340 heavy mineral samples were analysed
according to methods described by Boenigk (1983). The data
obtained during this project have been evaluated in
combination with published and unpublished data of previous
studies (e. g. Van Andel, 1950; Maus in Bartz, 1982; Boenigk,
1987 and unpublished Geological Survey reports). While the
described methods allow the identification and correlation of
lithostratigraphic units within the URG, their age and
therefore their position within the Pliocene and Quaternary
stratigraphic record is still uncertain, as chronological data for
these sediments are still very limited. Biostratigraphic markers
like pollen, molluscs etc., which occur in the fine-grained
sediments of the northern URG, are the only information
about the chronological classification of the sequences. The
combined evaluation of the new data from this interdisci-
plinary approach contributed interpretations with respect to
the development and the stratigraphic organisation of the
Pliocene and Quaternary sediments of the URG.
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| Results and discussion

Pliocene Sediments

The Pliocene sediments in the Graben area are predominantly
fine-grained. Sandy clays alternate with sands of fine to
medium grain size and some peat layers. Gravel layers only
occur sporadically. Deposits of Pliocene age are thickest in the
northern part of the URG with 200 to over 500 m (maximum:
640 m in drilling Heidelberger Radium-Sol-Therme, Bartz, 1953).
In the middle part of the URG, the Pliocene sediments are
restricted to a belt, where they occur with thicknesses of 60
to 100 m (Fig. 3).

While previous studies (Bartz, 1974) reported that Pliocene
sediments in the southern part of the URG are absent due to
erosion, Pliocene deposits were identified in some new drillings
south of the Kaiserstuhl by means of their heavy mineral
assemblage (Fig. 3). They have probably been preserved in this
area in protected local depressions.

Heavy mineral assemblages obtained by Pliocene sediments
have previously been described as associations of predominantly
stable minerals. In contrast, the new data revealed that in fact
two heavy mineral assemblages can be distinguished (Fig. 4).
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® Location of drillings and outcrops

Fig. 2. Location of drillings and outcrops within the URG; location of drill
cores Hartheim and Ludwigshafen-Parkinsel (map modified after Walter,
1992).
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several new drillings.

The first heavy mineral assemblage is dominated by the stable
minerals zircon, turmaline and anatase, and is comparable to
the previously reported assemblage. The other type of heavy
mineral distribution contains higher percentages of unstable
minerals (garnet and hornblende, less epidote) and a few
distinctive rare minerals (monazite, xenotime, brookite, sphene)
in addition to the stable minerals. Sediments with this mixed
heavy mineral assemblage occur in several drill cores in the
centre of the Graben (Fig. 4).

Pliocene sediments with mixed heavy mineral assemblages
result from the contribution of debris derived from the
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crystalline rocks of the Black Forest and the Vosges into the
Graben (cf. analyses from Maus in Bartz, 1982), which were
further transported to the north by a Pliocene proto-Rhine.
This interpretation is supported by comparison with recent
fluvial sediments of these Graben margins, which show strong
similarities in their mineral composition to those observed in
the Pliocene sediments with mixed heavy mineral assemblage.
Another important implication of this observation is, that the
distribution of this sediment type (here also referred to as
‘fluvial Rhine-facies’) indicates the paleo-course of the Rhine
during the Pliocene, which can be traced along the URG
through the drilling profiles (Fig. 4).

In contrast, the heavy mineral spectrum dominated by
stable minerals suggests sources in the Buntsandstein areas at
the Graben margins, but may also be due to a higher degree of
weathering of the source material (‘Weisses Pliozan’). However,
as Pliocene sediments of this type mainly occur close to the
Graben margins, a Buntsandstein source appears to be a more
likely explanation.

Sediments with a mixed (stable and instable) heavy mineral
assemblage have previously been classified as Miocene deposits
in analogy to the Late Miocene ‘Dinotheriensande’ in the
‘Mainzer Becken’ (Fig. 2), which show a similar mineral
association (Boenigk, 1987). The Miocene deposits in the
‘Mainzer Becken’ contain also gravel derived from the northern
part of the Black Forest and the Vosges (Bartz, 1950), which
provides evidence for the existence of a proto-Rhine and its
course along the Graben from this time on. A Pliocene uplift
in the area of the ‘Mainzer Becken’ caused a relocation of the
proto-Rhine to the east, while further upstream the Pliocene
river course remained very similar to that in the Late Miocene
(Fig. 4). Because of their petrographic similarity Miocene and
Pliocene proto-Rhine-deposits can only be distinguished by
biostratigraphical findings.

The question of the existence of a water divide in the area
of the Kaiserstuhl separating a southern and a northern
drainage system (Fig. 4) - postulated by Bartz (1961) and Illies
(1965) - has not been answered so far. The source areas of the
Pliocene Graben sediments north and south of the Kaiserstuhl
were similar in their petrographical characteristics and
therefore no difference in the heavy mineral assemblage has
been found.

Quaternary Sediments

Within the URG, the greatest thicknesses of Quaternary sedi-
ments occur in the southern and northern part of the Graben
(Bartz, 1974). Both areas are separated by a threshold in the
area of Karlsruhe (‘Karlsruher Schwelle’), where only reduced
Quaternary successions have been preserved.

There are two areas of maximal thickness of Quaternary
sediments (Fig. 5): in the basin of Geiswasser in the southern
Graben with up to 270 m, and the so called ‘Heidelberger Loch’
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(Heidelberg basin) where a former drilling (Heidelberger
Radium-Sol-Therme) revealed a maximal thickness of 382 m
(Bartz, 1953). In contrast, the Quaternary successions in the
area of the 'Karlsruher Schwelle’ amount to only 30 to 60 m in
thickness (Bartz, 1974).
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Fig. 5. Thickness of Quaternary sediments in the URG (modified after
Bartz, 1974).

The correlation between the Quaternary successions in the
south and the north Graben is problematic due to the variable
thicknesses of the Quaternary sediments as well as their
changing lithofacies. In the southernmost part of the Graben,

——J» Pliocene proto-Rhine

Pliocene drainage system coarse Alpine debris was deposited. Towards the north, the

in the southern Graben character of the Graben sediments changes as a result of sorting
proto-Rhine during Late Miocene /
Early Pliocene in the northern Graben

W OtoimencelofiPliocenelsedimentsiwith material derived from the Graben margins. In the northern
a stable heavy mineral assemblage URG, sediments are generally finer grained, and the increased

B Occurrence of Pliocene sediments
with a mixed heavy mineral assemblage

Dinotheriensands, Late Miocene, tation than further to the south.
mixed ey iineraliasSciolaos Correlations are further restricted due to the limited number

Fig. 4. Late Miocene and Pliocene course of the proto-Rhine (partly after of deep drillings in the northern Graben which encompass the

processes during fluvial transport and admixture with local

input of local material results in a far more extensive sedimen-

()

Illies, 1965). entire Quaternary sequence.
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