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Abstract

Recent carried out core drillings in the Ludwigshafen/Speyer area permit an improved stratigrahical differentiation of the Plio-Pleistocene

deposits in the northern Upper Rhine Graben. Lithofacies analysis, pollen analysis, heavy mineral analysis, and palaecomagnetical results, lead to

a subdivision of ‘Kieslager’ (gravel-layers) and ‘Zwischenhorizonte’ (interlayers). In the scope of geological mapping near Mannheim and Speyer,

the genesis and the stratigraphic position of Middle and Late Pleistocene fluvial terraces was re-assessed (‘Frankenthaler Terrasse’). The terrace

has a complex composition, marking two phases of accretion followed by abandonment: a first phase took place in (Elsterian? to) Saalian times,

the second phase during the Weichselian. Tectonism further complicates the sequence, in particular in the area between Ludwigshafen and

Speyer, which is the SW rim of the 'Heidelberger Loch’-structure. In this area ‘terraces’ occur they are the result of faulting rather than fluvial

dissection alone.
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| Introduction

The northern Upper Rhine Graben between Karlsruhe and Mainz
has been studied frequently in the past (Doebl, 1967; Hiittner,
1991; Illies & Fuchs, 1974; Pflug, 1982; Rothe & Sauer, 1967).
Exploration for crude oil and natural gas brought knowledge
of the structure of the deeper basement and the Palaeogene
and Neogene sedimentary sequence (Andres & Schad, 1959;
Schad, 1964). However, the Quaternary and Upper Neogene,
were neglected in these studies and usually not recovered
during coring. Shallower drillings which ended in Pliocene or
Quaternary strata are available from groundwater exploration.
The larger part of them is 100 to 150 m deep but some drillings
are executed to greater depths. Such boreholes are useful for
provisional stratigraphic analysis. The interpretations of these
flush drillings and well logging measurements are used to
construct the hydrogeological framework for numerical ground-
water models. The preliminary stratigraphic investigations
only consider macroscopic description of the grain size, colour
and carbonate content. Above all gamma logs obtained from

wells were used to infer boundaries of geological and strati-
graphic units. Intervals of similar grain size and gamma log
patterns were identified and laterally correlated to other
drillings. Dating methods were not applied systematically but
only some isolated finds of organic material were investigated.
Consequently, the current stratigraphic classification that
represents the basis for the water economy in the northern
Upper Rhine Graben must be considered as preliminary and is
accompanied by uncertainties. Gravel- and sand-bearing
intervals were attributed a glacial time of formation, while
interruptions of silt and clay were attributed to interglacials.
Based on this knowledge the stratigraphic division of the
Pliocene and Quaternary sediments in the northern Upper Rhine
Graben was founded on a lithogenic-petrographic differentiation
(Bartz 1959; Bartz 1982; Karcher, 1987).

Only in recent years, within the scope of production and
exploration for groundwater, an increased number of core
drillings and tube core drillings were made. The larger part of
them recovered undisturbed core material. These drillings were
studied in detail by the Geological Surveys of Rheinland-Pfalz,
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Hessen and Baden-Wiirttemberg, the Leibniz Institute for
Applied Geosciences in Hannover, the University of Cologne,
and University of Hohenheim. This work included well logging,
lithofacies description, pollen analysis, heavy mineral analysis,
and palaeomagnetical measurements and is carried out on
several drillings amongst others that of ‘Schifferstadt’ and
‘Ludwigshafen-Parkinsel. The results endorse a stratigraphic
re-interpretation of 'Kieslager' (gravel layers) and ‘Zwischen-
horizonte’ (intercalated fine-grained beds) and provide a more
detailed stratigraphy which contributes to understanding of
the Plio-Pleistocene depositional history.

Geological Setting - hydrogeological division
| of the sequence

The model constructed from geophysical measurements and
drillings shows the greatest thicknesses of Cenozoic and
Mesozoic sediments at the eastern margin of the Upper Rhine
Graben. In the Heidelberg area occur thick sequences of
of which the
interpretation shows differing opinions (cf. Bartz, 1953, 1959;

unconsolidated sediment stratigraphic
Fezer, 1998; Salomon, 1927). The area around Heidelberg is
characterised by the strongest negative gravity anomaly
observed in the Upper Rhine Graben (Gabriel et al., 2004). The
reason for this is an extensive subsiding area known as the
"Heidelberger Loch’ by Bartz (1953). Heavy mineralogy investi-
gations support the idea that the Rhine followed the tectonic
subsidence during long periods of the Pleistocene and shifted
its course to the eastern margin of the Graben. While during
the Pliocene and the onset of the Quaternary its main
depositional area was situated at the western margin of the
Graben (Hagedorn 2004, Hagedorn & Boenigk 2004, 2008).

The Upper Rhine Graben is characterised by a distinct fault
block structure (Derer et al., 2005; Doebl & Teichmiiller, 1979;
Illies & Fuchs, 1974; Schumacher, 2002), which can be proved
for the Quaternary deposits (Bartz, 1967; Giamboni & Schmid,
1999). Recent fluvial seismic research seems to confirm this
(Bertrand et al., 2006; Haimberger et al., 2005). Based on
interpreted drillings, the northern Upper Rhine Graben can be
divided into three tectonic blocks, from W to E (Fig. 1):
marginal block (Randscholle), intermediate block (Zwischen-
scholle), and central Graben block (Zentrale Grabenscholle)
(Kdrcher 1987). Further subdivision into smaller subblocks, as
is done in studies on the deeper situated strata, is beyond the
resolution of core data. Thus far, such a subdivision could not
be identified within the unconsolidated strata. However, the
recently obtained drillings in the Ludwigshafen/Mannheim
area give now an indication for this (this paper).

According to the hydrogeological mapping (HGK, 1999),
the Plio-Pleistocene sediments of the central Graben block can
be divided into aquifers (gravel and gravel-bearing sand layers)
and aquitards (fine-grained deposits in between; interlayers =
"Zwischenhorizonte’) (Table 1). The upper aquifer (Upper
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Fig. 1. Division of the Graben blocks in the northern Upper Rhine Graben,

tectonic faults and position of the recent core drillings (indicated by a ).

Gravels: ‘Oberes Kieslager = OKL') is covered by Holocene strata
of meandering river systems (channel bed and flood plain
deposits) of the Rhine in the eastern part of the study area.
To the West, the upper aquifer consists of in various ways
developed terrace deposits that are only partly resolved by the
present data. The transition from the ‘Heidelberger Loch’ to
the adjacent and southward situated area of Karlsruhe-Speyer
is still problematic.

Results: New data of the Ludwigshafen-
| Parkinsel core (P 34)

A key to the re-interpretation of the sequence of uncon-
solidated sediments is based on the results of the research
carried out on the core of Ludwigshafen-Parkinsel (R 3460666,
H 5481069). A tube core drilling was put down until 300 m
near the banks of the Rhine (Fig 2).

The 'OKL’ consists of arenaceous medium to coarse grained
gravel and reaches a thickness of up to 20 m. A coarse grained
facies only occurs in the upper gravel layer. The underlying
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Table 1. Hydrogeological subdivision of the Plio-Pleistocene sedimentary sequence in the central Graben Block of the northern Upper Rhine Graben.

Hydrogeologische Kartierung des
Rhein-Neckar-Raumes (1987)

Hydrogeologische Kartierung des
Rhein-Neckar-Raumes (1999)

Lithostratigraphische Gliederung

Lithostratigraphische Gliederung

Hydrogeologische Gliederung

Deckschichten

Deckschichten

Deckschichten

Fig. 2. Drilling profile, gamma log and lithofacies of the
core Ludwigshafen-Parkinsel P34 (survey by D. Ellwanger
and E. Hagedorn using the profiling by M. Weidenfeller).

Middle :

210

1 Clay-silt-
sand-gravel i sand-layer
layer 2201 -

+—

200 J—=

250 ey

Lower

interlaygﬁ-

Netherlands Journal of Geosciences — Geologie en Mijnbouw | 87 - 1 | 2008

https://doi.org/10.1017/50016774600024021 Published online by Cambridge University Press

0OKL OGWLo
Oberes Kieslager Oberes Kieslager (OKL) ZH1 Oberer Grundwasserleiter (OGWL)
= uOKL OGWLu
Oberer Zwischenhorizont § Oberer Zwischenhorizont (OZH) Oberer Zwischenhorizont (OZH)
o
o
§ MGWLo MGWLo
Z’;:I;r? Mittlere sandig-kiesige I i MEWLo ZH2
N 9 Abfolge MGWLm
iesige
Abfolge Unterer Zwischenton l ZH3 | MGWLu
A
(Quartar) e T
*‘é Unterer Zwischenhorizont (UZH) Unterer Zwischenhorizont (UZH)
©
Untere sandig- & ; :
schiuffige Abfolge 2 Untere sandig-schluffige Abfolge Unterer Grundwasserleiter (UGWL)
Pliozan (Pliozan)
Miozan Miozan Aquifersohlschicht
F=silt-clay S=sand G=sand-gravel R5 gamma (api)
N0
QQg\EN Fs GO gamma (api) 20 80
150 1. ..
Upper I
10 gravel layer 1 >
(OKL) =~ '8 E= g
E3) —
: £
20 &
=
== Upper 'o
3= interlayer o
(OZH) 8
2
o

Lower
sand-silt ‘
layer s — 5
2002
300 =



https://doi.org/10.1017/S0016774600024021

sediments are distinctly finer-grained (sand and gravel-
bearing in the middle aquifer, and sand to silt in the lower
aquifer). Aquitards (‘Zwischenhorizonte’) occur at 20 - 40 m and
100 - 110 m. They consist of clay to silt deposits that frequently
contain organic intercalations of peat or turfy moulder. Reddish-
brown sandy sediments were encountered in sections at 54 m,
97 m, and 100 m. They are interpreted as fans sourced from the
Pfilzerwald which agrees with the heavy mineral analysis
(Boenigk, 1987; Hagedorn, 2004; Hagedorn & Boenigk, 2008).

Whereas the stratigraphic position of the Pliocene and
Lower Pleistocene sediments is uncertain, the upper gravels
(‘OKL’) are conventionally attributed to a Weichselian age and
described as a Lower Terrace according to the terminology of
terrace subdivision (Bartz 1959, Karcher 1987). However,
palaeontological results suggest, that the deeper part of the
gravel is older. Beds within the upper gravel have shown
Eemian interglacial fauna assemblages (Von Koenigswald &
Beug, 1988). Accordingly, the interpretation of the upper
aquitard (‘Oberer Zwischenhorizont’, 20 - 40 m below surface)
as formed during the Eemian seems doubtful. A conclusion
that is confirmed by the research of Engesser & Miinzing (1991)
and Réhle (2005). Pollen analytic research by Knipping (2002,
2004a, 2004b, 2008) on drillings at Schifferstadt (R 3453707,
H 5474326) and Ludwigshafen-Parkinsel indicates a Middle
Pleistocene interglacial age (most probably Cromerian) for the
0ZH. Such positioning is further supported by palaeomagnetic
measurements (Rolf, 2004a, 2004b; Rolf et al., 2008) indicating
a first reversed magnetism (780 ka, Matuyama-Brunhes
boundary) positioned below the upper aquitard. The base of
the Quaternary (Gauss-Matuyama boundary) at 176 m below
surface in Ludwigshafen-Parkinsel is clearly deeper seated
than in Schifferstadt and Speyer (R 3456312, H 5467569). This
prompted Hagedorn (2004) to assume that the northeastern
part of the central Graben block has been subsided by active
tectonism. Displacement would primarily take place along a
fault west of Ludwigshafen. This fault was mapped before
(HGK, 1987, Rhein-Neckar-Area) and its position can now be
given more precisely by the use of new drilling results (Fig. 3).

| New mapping of the ‘Frankenthaler Terrasse’

The present-day relief in the Upper Rhine Graben shows
striking steps, which separate plateau-like planations.
Geomorphologically the northern part of the Upper Rhine
Graben at the left side of the Rhine can be subdivided into
alluvial fans of the Pfdlzerwald rivers, older terraces, and the
Holocene flood plain of the Rhine (Stédblein, 1968). A revised
geological mapping for the map sheets Mannheim-SW and
Speyer (1 : 25 000) is presented here (LGB 2006a, LGB 2006b).
It is based on a general geological survey, soil mapping, and
borehole data (Weidenfeller & Karcher, 2004). During mapping,
attention was paid to the genesis and (internal) stratigraphy
of the ‘Frankenthaler Terrasse’ between Speyer and Worms

https://doi.org/10.1017/S0016774600024021 Published online by Cambridge University Press

Netherlands Journal of Geosciences

e
/\/ Fauits | | 5505

,"./ Faults (older Tertiary)

7] Frankenthaler
Terrasse

Digital Rellef
(In M above
Sea Level)
<85
86-102
[ 102-108
[ 108-113
B 113122
122132
[ 132-141
141-151
[]151-161
161-170

170-180
[] 180-189
[]189-199

199-208

208-218
[_]218-227
[]227-237
[[]237-246
[ 246-256
[]>256

i

i e; * Hochgestade
7 ) A

S |2

Fig. 3.

Karlsruhe and Worms.

Digital relief map and fault inventory for the area between

(Fig. 3). The ‘Frankenthaler Terrasse’ is morphologically well-
expressed as an intermediate terrace level and shows a
considerable width. To the west it is bounded by the next
higher level expressed by a relative small step of up to 5 m.
The eastern boundary is formed by a distinct step in the
landscape which is known as the 'Hochgestade’ (Fig. 6). This
step separates the terrace plateau from the Late Pleistocene-
Holocene flood plain of the Rhine (the modern valley). In the
southern part near Speyer the elevation difference between
the modern flood plain and the terrace plateau (‘Frankenthale
Terrasse’) reaches nearly 20 m. North of Speyer the elevation
difference is distinctly smaller (5 to 10 m).

The ‘Frankenthaler Terrasse’ consists of a 5 to 10 m thick
accumulation of gravel and sand, that was deposited by the
Rhine and tributaries from the Pfalzerwald. The eastern part
of the terrace consists of gravel belonging to the 'OKL. The
facies of the western part of the terrace is different. Here, the
gravel is more fine-grained with incorporated sandy beds
(‘Altere Rheinterrasse’, Fig. 5). The ‘Frankenthaler Terrasse’

has a thin cover (0.5 1.0 m) of flood plain deposits and is
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Fig. 4. Distribution of the ‘Oberes Kieslager’ and the ‘Altere Rheinterrasse’
in the Ludwigshafen/Speyer area. Younger deposits are revealed (location
of mapped area is indicated on Fig. 1).

underlain by fine sediments of the “upper aquitard’ (OZH, Fig. 6).
South of Speyer the Hochgestade margin and the western
boundary of the ‘Oberes Kieslager’ generally coincide. These
morphological and stratigraphical boundaries diverge in the
area of the ‘Frankenthaler Terrasse’ North of Speyer. Here,
Rhine gravel of the ‘OKL" can be traced up to 2.5 km west of

MITMSL Erankenthaler

10—  Terrasse” Flood Plain

ot Hochgestade

the "Hochgestade’ scarp. There is striking resemblance between
the most western occurrence of Holocene Rhine meanders and
this boundary (Fig. 4). It shows that the upper gravels occurred
over a wider zone than the initial Holocene flood plain.
Furthermore it shows that the deposition of the ‘OKL" in the
Frankenthaler Terrasse area took place before the initiation of
the ‘Hochgestade’ scarp. This means that (at least) two phases
of gravel accumulation and terrace formation occurred after
accumulation of the upper aquitard (OZH). The first phase
must postdate the Cromerian (upper aquitard deposition) and
the deposition of the ‘Altere Rheinterrasse’, Most probably it is
formed during the Saalian (Table 2). The second phase is
thought to be of Weichselian age. In the east, gravel of the
‘0KL' accumulated up to the level of the ‘Altere Rheinterrasse”
In the western part the Rhine re-flooded the surface of the
‘Altere Rheinterrasse’ leaving finer-grained flood plain deposits.
In a Lateglacial erosional phase the Rhine incised again as a
meandering river and created the prominent step of the
'Hochgestade’ (Fig.5). North of Speyer, the ‘Hochgestade” (5 -
10 m) dates from Lateglacial and Holocene times. In the South
where the ‘Hochgestade’ is up to 20 m its age can varies
between the end of Saalian and the beginning of the Holocene.

| Discussion

So far, unanswered has remained the question why south of
Speyer the western margin of the ‘OKL" and the ‘Hochgestade’
escarpment coincide, and why in contrast northwards an
independent terrace (‘Frankenthaler Terrasse’) occurs where
the western margin of the ‘OKL for a wide area does not
coincide with the ‘Hochgestade’ From literature it is known
that such effects can be the result of preferential preservation
and tectonic control (Blum & Térngvist, 2000; Holbruck &
Schumm, 1999; Peters et al., 2005; Schumm et al., 2002).
Several parallel NW-SE faults occur between Speyer and
Ludwigshafen (Fig. 4) and are known to have been active
during the Paleogene and Neogene (HGK, 1999; LGB, 2003).
The preservation of the ‘Frankenthaler Terrasse’ as well as the
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thickening of the Quaternary sequence towards Heidelberg
suggest that these faults were active during the Quaternary.
The scarps of the ‘Frankenthaler Terrasse’ and the direction of
the western margin of the ‘OKL' NW of Speyer coincides with
faults mapped for the deeper basement (Fig. 6). In the area of
Speyer these faults are cutting through older SSW-NNE fault
structures. Probable this is a result of the subsidence of the
Heidelberg Basin. The ‘Frankenthaler Terrasse’ is part of a
smaller block at the western margin of this basin which ends
in the area of Speyer. This implies that the 'Frankenthaler
Terrasse’ has a different tectonic uplift/subsidence rate as
compared to the northeastern and southern situated terrace
levels. This differential subsidence has affected the fluvial
morphodynamics of the Rhine. South of Speyer there are no
faults related to the young subsidence of the Heidelberg basin.
That is the reason why south of Speyer no terrace of the same
age and morphology like the ‘Frankenthaler Terrasse’ occurs.

\ Conclusions

With the here presented model the morphological differences
south and north of Speyer, and the formation and preservation
of terraces can be explained.

Considerable thicknesses of Quaternary deposits occur east
and northeast of the fault system towards Mannheim and
Heidelberg.

The system of faults limiting the ‘Frankenthaler Terrasse’
towards the South and Southwest thus forms the SW boundary
of the structural depression of the ‘Heidelberger Loch’,
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Table 2.
‘Frankenthaler Terrasse’ (central Graben Block).

Post-Cromerian fluvial morphodynamics in the area of the

Holocene Accumulation of flood plain deposits,
formation of the ‘Older’ and ‘Younger
Meandering Systems’

Upper Weichselian Third Incision of the meandering Rhine into
the ‘OKL, development of the ‘Hochgestade’

scarp

(Lateglacial)
Weichselian Second accumulation phase:
Accumulation of the ‘Oberes Kieslager’ (OKL),
(reworking of Eemian and Pre-Eemian
sediments?), accumulation of flood plain
deposits (on the ‘Frankenthaler Terrasse’
as well)
Eemian (?) Second Incision of the Rhine into the ‘Altere
Rheinterrasse’ to the upper section of the
0ZH, (accumulation of Eemian sediments?)
Saalian (?) First Incision of the Rhine into alluvial fan
deposits of Pfilzerwald and the ‘Altere
Rheinterrasse’, development of the western
scarp of the ‘Frankenthaler Terrasse’
(Elsterian? to) Saalian First accumulation phase:
Accumulation of gravel and sand of the
‘Altere Rheinterrasse’, interfingering of Rhine
sediments and alluvial fan sediments of
Pfalzerwald
Cromerian complex Accumulation of the ‘Oberer Zwischen-

horizont’ (0ZH)

Netherlands Journal of Geosciences — Geologie en Mijnbouw | 87 - 1 | 2008


https://doi.org/10.1017/S0016774600024021

N
¢y

It can be concluded that the ‘Frankenthaler Terrasse’ is
formed as the result of more than one ‘cycle’. Such multiple
cycles form the main reason why the terrace morphology is
not directly related to the internal stratigraphy of the deposits.
A main cause for that can be sought in fault-tectonics and
differences in subsidence.
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