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Abstract 

The Cenozoic fill of the Lower Rhine Basin is investigated with data from industry wells and open-cast mines on lignite coal. 
The geophysical logs of digitised well data are used to calculate lithofacies logs with a newly developed technique. The lithofa
cies logs allow the interpretation of shallow marine and continental environments in a sequence stratigraphic approach. In ad
dition, base level analysis with both the lithofacies logs and the geophysical logs provide a stratigraphical frame for environ
ment interpretation, modelling, and simulation. 
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Introduction 

Traditional outcrop work and subsurface data from 
industry provide a rich source for stratigraphical, 
structural, and environmental interpretations in sedi
mentary basins. For use under the scope of modern 
data management, analogue data preferably have to be 
transformed to digital data. These then allow the in
troduction to computerized graphical tools, to model
ling, and to time-relevant simulation techniques, 
which form the base for modern basin analysis. This is 
actually being performed in the Cenozoic Lower 
Rhine Basin, where the basin configuration, the sedi
ment input to it, and its sedimentology are considered 
in this study. Stratigraphical, paleoecological, and cli-
matological aspects are worked out by Mors et al. (in 
prep.), Mors (2002), Heuman & Litt (2002) and 
Utescher et al. (2002), sedimentological studies were 
provided by Schafer et al. (1996; 1997), and structural 
models are being developed by Jentzsch & Siehl 
(2002) and Thomsen & Siehl (2002). These - and 

many more in this volume and in previous studies -
contribute to the understanding of rift basins. 

Field of Study 

At the south-eastern end of the Cenozoic Dutch-Ger
man rift structure, the Lower Rhine Basin (Fig. 1) 
forms an asymmetrical graben system - underneath 
the Lower Rhine Embayment extending about 100 
km in length and 50 km in width. It subsided along 
NW-SE oriented faults, which cut into the north
western margin of the Rhenish Massif (Schafer, 1994; 
Schafer et al., 1997). 

Within the Lower Rhine Basin (Fig. 2), from W to 
E, the Feldbiss, Rur, and Erft faults separate individ
ual eastward dipping tectonic blocks, the Rur, Erft, 
and Koln blocks in the S of the basin. In the N, the 
Krefeld and Venlo blocks display the eastern up-
thrown block, whereas the Peel Block in the Nether
lands is the downthrown block. The subsidence of 
those blocks was remarkably heterogeneous; e.g. the 

Netherlands Journal of Geosciences / Geologie en Mijnbouw 81 (2) 2002 167 

https://doi.org/10.1017/S001677460002240X Published online by Cambridge University Press

mailto:michael.klett@cycos.com
mailto:eichhorst@shw.com
mailto:schaefer@uni-bonn.de
https://doi.org/10.1017/S001677460002240X


Fig. 1. The Lower-Rhine Embayment (white) is cut into the north-western margin of the Rhenish Massif (dark grey). The subsurface of the 
embayment is locally exposed by lignite open-cast mines (light grey) and by wells (crosses) of the local lignite mining industry (Rheinbraun 
AG) and the water industry (Erftverband).The lines A-B and C-D indicate sections discussed in Fig. 2. The names of the tectonic blocks and 
the faults are shown; the position of the Peel Block is given in Fig. 3. 

central Erft Block subsided 1300 m and the Peel 
Block in the Netherlands 2000 m (Fig. 3). 

The entire rift structure, from N to S, uncon
formable? rests on Triassic, Permian, Carboniferous, 
and Devonian basement. 

Still unconsolidated Eocene sediments are only 
found in some places outside the basin as e.g. in the 
Graben of Antweiler (in the S of Euskirchen; cf. Fig. 
1); its sediments were deposited under a structural 
regime, which was different from the later rifting peri-
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Fig. 2. Sections running SW-NE (C-D in Fig. 1) and SE-NW (A-B in Fig. 1), with tentative Cenozoic stratigraphy. In the SW-NE section, the 
open-cast mines are marked (the Hambach and Inden mines are projected on the section). 
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Fig. 3. The Lower-Rhine Basin developed at the NW margin of the Schiefergebirge due to subsidence along NW-SE trending deep-reaching 
faults. The base of the Tertiary beds specifies the structural contour of the basin and its tectonic blocks (after: Atlas van Nederland, 1985, 
Deel 13: Geologie, fig. 44; Hager & Priifert, 1988, fig. 12).Three wells are indicated, connecting a profile section, shown in Fig. 8. 
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od of the Lower Rhine Basin. The intense subsidence 
of the basin started with the Oligocene (Fig. 4). 

The North Sea transgressed onto the lowlands of 
Belgium, the Netherlands, and Germany (Vinken et 
al., 1988; Zagwijn, 1989) and reworked the siliciclas-
tic fluvial fill of the basin, provided from the heights 
of the Rhenish Massif in the South. During the 
Miocene, rich lignite seams of a total thickness of up 
to 100 m developed in the south-eastern part of the 
rift basin (Hager, 1986). They have been intensely 
mined for decades by the local lignite coal industry in 
open-cast mines. 

The ingression of the Oligocene sea is well docu
mented by subtidal to supratidal coastal marine de
posits (Hilger, 1991; Petzelberger, 1994; Schafer et 
al., 1996). The depositional pattern of the marine en
vironments is characterized by a high-energy barrier 
beach and strand plain system. The coastal sands con
tain a rich variety of Ophiomorpha- and Scolithos-
type trace fossils (Petzelberger, 1994). Mollusc tests 
mostly are lost today as they were dissolved by humic 
acids from the lignite coal seams. The environmental 
interpretation focussed on the coastal deposits, as 
they are exposed in the open-cast mines. For this, 
measured columnar sections were taken (Hilger, 
1991; Petzelberger, 1994). Farther towards land and 
only verified in wells, back-barrier muddy tidal envi
ronments developed; towards the sea, shelf deposits 
are displayed. 

The North Sea regressed from Early Miocene on
ward (Boersma, 1991). As a consequence, a coastal 
plain spread out, covered by marshes, swamps, mires, 
and forests - the future lignite coal (Teichmiiller, 
1958 a, b, 1974, 1991; Mosbrugger et al., 1994; 
Figueiral et al., 1999). During the build-up of exten
sive swamps and bushlands in the Ville Formation, 

the coastal plain was frequently recovered by the sea, 
so that marginal marine sands repeatedly are interca
lated with the peat (Petzelberger, 1994). 

Due to the compaction of the accumulated organic 
masses and due to the structural subsidence of the rift 
basin from Pliocene onward, fluvial environments 
overran the swamps, mires, and bushlands (Hager et 
al., 1981; Hager, 1986; Hager & Priifert, 1988). Me
andering and later on braided fluvial systems followed 
the stepwise regression of the sea (Boersma et al., 
1981; Abraham, 1994; Valdivia-Manchego, 1994, 
1996). The early river systems of the Meuse, Rhine, 
Sieg and Wupper frequently cut across the subsiding 
basin (Boenigk, 1981). At the end of Late Miocene 
and during the Pliocene, a gradual drop in tempera
ture commenced that was documented by changes in 
the composition of plant communities (Mosbrugger 
& Utescher, 1997; Utescher et al., 1997). 

In the Middle Pleistocene, the Rhenish Massif was 
lifted to its present elevation (Fuchs et al., 1983; 
Meyer & Stets, 1998). As a result, the Rhine River 
shed a thick gravel outwash-fan towards the North 
and formed the Main Terrace system (Boenigk, 1978, 
1990, 1995 a, b; Schirmer, 1994). 

Lithofacies 

In addition to the sedimentological studies in open
cast mines, the interpretation of depositional environ
ments in lithological and geophysical well logs, con
tributed by the industry, was essential (Fig. 5). 

The analogue well logs were all digitised to facili
tate the visualisation and interpretation of deposition
al environments by modern data processing methods. 
Besides using classical log investigation methods, the 
sedimentological analysis was based on a multivariate 

Oligocene 

Fig. 4. Idealized section through the entire Lower Rhine Basin in the SE and the Rur Valley Graben in the NW.This section is a modified ver
sion from the one in the Atlas van Nederland (Deel 13: Geologie, fig. 45). It is completed with respect to the Pliocene and the Pleistocene by 
means of the wells Asten 1 and Straeten 1, and the position of the boundary Oligocene/Miocene in the Lower Rhine Basin is changed accord
ing to Schafer et al. (in prep.). 
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Fig. 5. The core of well SNQ 1 is described by its litholo
gy log and by two geophysical logs (GR gamma ray, SN 
short normal resistivity). Both geophysical logs form the 
base for the calculation of the lithofacies log (Klett & 
Schafer, 1997; Klett, 2000) that permits the interpreta
tion of the depositional environments. Base level cycles 
are symbolized by triangles, whereas 'base level fall' is in 
black and 'base level rise' in white notation. 
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Fig. 6. Two lithofacies logs of sedimentary sequences of a fluvial and a shallow marine series are shown (cf. Fig 5), together with the facies 
guide (centre) to address the depositional environments and sub-environments of the fluvial and shallow marine series. They are calculated 
from the geophysical well-logs (Klett & Schafer, 1997; Klett, 2000). For traditional well-log interpretation, gamma ray logs are also given.The 
triangle-diagrams depict base level cycles as they are used for facies interpretation sensu Cross & Lessenger (1997, 1998) and Ramon & 
Cross (1997). 
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classification approach (Klett & Schafer, 1997). First, 
sedimentologically interpreted cores and outcrop sec
tions were used to generate a database of characteris
tic log patterns. Second, the patterns of the geophysi
cal well logs specified the 'electrofacies' (Serra, 1986), 
that are characteristic of the individual siliciclastic 
lithologies of the Lower Rhine Basin fill (Fig. 6). 
Each 'electrofacies' of the geophysical logs was calcu
lated with the distance concept of Mahalanobis 
(Klett, 2000) to specify the lithofacies of depositional 
environments ranging from shelf to alluvial environ
ments. This method was optimised so that even 
subenvironments of the marginal marine and fluvial 
strata could be interpreted. Stratigraphic units could 
be defined and their correlation provided a lithostrati-
graphical framework for the entire basin. 

A synthesis of the individual sedimentary architec
ture and the basin-fill episodes was elaborated. The 
biostratigraphic dating of the Cenozoic basin fill is 
still sparse up to now and only limited to areas close 
to the active open-cast mines (Utescher et al., 1997; 
Ashraf et al., 1995; 1997a, b; Huhn et al., 1997). 
Hence, the calculation of the lithofacies from electri
cal logs became a valuable stratigraphic tool to identi

fy and correlate the depositional environments in the 
Lower Rhine Basin (Fig. 7). 

Base Levels 

In the scope of sequence stratigraphy (Abraham, 
1994; Petzelberger, 1994; Schafer et al., 1997; in 
prep.), a stratigraphic correlation of selected deposi
tional sequences in the Lower Rhine Basin is being 
developed (Eichhorst, in prep.). This is done using 
the base level cyclicity concept of Cross & Lessenger 
(1997, 1998) (cf. Figs 5 and 6). A base level forms an 
idealized surface, fixed at the level of the storm-wave 
base of the coastal clinoform, down to and landward 
of which erosion and deposition may take place. Base 
level cycles specify the depositional tendency of the 
environment to deepen upward (base level rise) or to 
shallow upward (base level fall) in measured sections. 
In addition, base level cycles precise the balance of 
the ratio of the accommodation space of a sedimenta
ry basin versus the sediment supply to it. They high
light its structural development and the depositional 
history of its sediments. Turn-around points from 
base level fall to base level rise or vice versa mark the 

SE 

profile section E-E' 

Fig. 7. A profile section, of 63 km in length, running NW-SE along the Erft Block from the south-eastern part of the Lower Rhine Basin to 
the south-eastern part of theVenlo Block (Klett, 2000).The section is compiled with calculated lithofacies logs and gamma-ray logs, respec
tively. Its stratigraphic extent is from the Oligocene Grafenberg Formation to the Rotton Formation. The datum line is formed by the base of 
the Hauptkies Formation. The section runs parallel to the western margin of the lignite main seam, where its subdivision by marine intercala
tions is evident. 
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Fig. 8. A Stratigraphical Standard of the central Lower-Rhine Basin (to be localized in the centre of the Erft Block; cf. Fig. 3) is compiled 
from the wells Efferen on the southern Koln Block and SNQ 1 on the western Erft Block. The main lignite seam developed undisturbed only 
in the eastern part of the Erft Block. In other areas, it shows splitting into the seams Morken, Frimmersdorf, and Garzweiler, due to repeated 
marine ingressions (gravels = white, sands = light grey, mud = dark grey, lignite = black). Regional formation names are given, also the num
bering of the lithostratigraphical code of Schneider &Thiele (1965). The stratigraphical standard of the basin fill is combined with the base 
level cyclicity (base level fall = black, base level rise = white triangles) as is defined by environmental interpretations at measured sections in 
the open-cast mines and well profiles following Cross & Lessenger (1997, 1998) and Ramon & Cross (1997). 

position of time lines and serve as a basis for correla
tion within the sediment fill of the basin. The base 
level concept serves as a good small-scaled working 
tool for field study, and well profile analysis can be set 

in individual profiles (Fig. 8).The turn-around points 
fix transgressive surfaces resp. sequence boundaries 
as they are used in the sequence stratigraphy concept, 
even in sequences of a fifth to sixth order. 
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Depositional model of the Lower Rhine Basin 

The Lower-Rhine Basin was open towards the Ter
tiary North Sea, which reworked its sediments deliv
ered from the Rhenish Massif (Fig. 9). 

Coastal onlap caused the shoreline to retreat to
ward inland during the transgressive phase of the 
basin. With the maximum flooding of the sea - sus
pected to be little below the main lignite seam - the 
peat grew up during the highstand of the sea-level 
within a time span of 7.5 Ma (Schafer et al., in prep.). 
The consecutive phase of regression allowed rivers to 
follow, commencing with the Inden Formation in a 
high-sinuosity sandy meandering pattern (Abraham, 
1994; Miall, 1996), with small amounts of pebbles 
enriched as channel lags, with little crevasse splay, but 
rich in oxbow lakes and plant remains. 

Due to the rapid basin subsidence, the cross-bed 
sets of the Hauptkies Formation were fully developed 
(Abraham, 1994; Valdivia-Manchego, 1996). With a 
widely differing coarse to medium grain-size, its flu
vial patterns resemble much a mixture of a deep grav
el-bed braided and a gravel-sand meandering style 
(Miall, 1996). The Hauptkies characteristic sediment 
freight was almost monolithic consisting of mostly 
vein quartz, with little chert admixed. 

Later on, during deposition of the Rotton Forma
tion, the fluvial cross-bed sets reduced their height 

and became rich in erosion surfaces and organic re
mains such as fruits, seeds, and wood fragments, 
when the basin subsidence ceased and the uniform 
sand supply passed-by toward the North Sea. These 
sandy braided river deposits show a mixture of peren
nial deep and shallow braided patterns (Miall, 1996). 
Intermittent lake deposits in the Rotton Formation 
and in the overlying Reuverian section demonstrate 
that the subsidence of the Lower Rhine Basin slowly 
ceased, tending to a minimum. The braided rivers still 
kept the style of distal braid plains, rich in water dis
charge. 

The Pleistocene uplift of the Rhenish Massif re
newed the increase of subsidence of the Lower Rhine 
Basin. The rapid fall of the base level in the glacial pe
riods and the rich water-shed in the interglacial peri
ods formed fluvial braid plains of the early Rhine Riv
er. A coarse-grained outwash fan was provided show
ing a heterolithic and a diversely grained bed-load 
transport, with frequent discordances, and a fluvial 
pattern in a deep gravel-bed braided to gravel-sand 
meandering style (Miall, 1996), containing only little 
plant debris and wood fragments. 

As was shown, the depositional patterns of espe
cially the braided rivers reveal that they were consid
erably different from each other. Moreover, the 
lengths of their base level cycles exemplify a critical 
balance between the accommodation space of the 

NW 
Straeten! 

SE 

Fig. 9. Longitudinal section NW - SE parallel through the Lower Rhine Basin, combining well Straeten 1 in the distal and well 117 in the 
proximal reach of the basin. Straeten 1 shows a lithofacies log, which is calculated from its geophysical logs; the well 117 combines lithologi-
cal and geophysical logs plus the calculated lithofacies log. Half way of the longitudinal section, the stratigraphical standard (cf. Fig. 8) is in
serted. The long-distance correlation clarifies the development of the basal retrogradational (transgressive) shallow marine series, followed by 
an aggradational series forming the lignite, and terminated by a final progradational fluvial series. The base level cycles are used for the corre
lation of the well profiles (base level fall = black, base level rise = white triangles). 
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basin versus its sediment supply (Ramon & Cross, 
1997). All rivers were perennial systems with a contin
uous water discharge all over the year. Their different 
fluvial patterns were preferably formed by the structur
al subsidence of the basin and the input of sediments 
from rich sources continuously uplifted in the Rhenish 
Massif and in more remote areas in the S and the SW. 
However, the meandering systems of the Inden Forma
tion may have been modified by the compaction of the 
peats of the Ville Formation below, allowing channel 
abandonment and the formation of oxbow lakes. 
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