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Abstract

From 1998 to 2000, we have studied the evidence for large paleoearthquakes at the Rurrand Fault. This fault represents the
eastern border of the Roer Valley Graben, which is the tectonically most active region in the Lower Rhine Embayment. The
purpose of our paleoseismological studies is to enlarge the seismicity data base for this region beyond instrumental records
and historical reports using indications of surface-faulting events from stratigraphic conditions at active faults. Larger time
spans considered 1n the earthquake catalogue will enable a more reliable statistical analysis which 1s required for seismic haz-
ard assessment. Based on analyses of geological data and geomorphologic investigations, detailed geophysical surveying was
carried out along the southern Rurrand Fault segment for the selection of a site appropriate to paleoseismological studies.
Mapping of physical parameter contrasts with seismic reflection, VES, ERT, and GPR measurements along fault-crossing
profiles inferred position and near-surface structure of the fault. At the site promising the best conditions, a trench was exca-
vated across the fault near the city of Julich, Germany. Within a depth of about 4 m, the Rurrand Fault was exposed in an
about 50 m-wide system of faults and fault zones, affecting the stratigraphic sequence with various displacement characteris-
tics and amounts of throw. According to heavy mineral analyses, the deposition time of most the exposed sediment strata was
assigned to Pliocene and Lower Pleistocene time. These geological units are covered by loess layers deposited through so-
hfluction processes during the Weichselian glacial, i.e. some tens of ka B.P., or — with lower probability — during the Saalian
glacial. Several faults which had also affected the loess reflect younger fault activity. However, clear paleoseismic features were
not observed in the trench, thus an unambiguous proof of the occurrence of coseismic fault displacements could not be fur-
nished. Recently, differential subsidence due to drainage takes place in the surroundings of the nearby opencast mining. An
amount of some 0.35 m, concentrated in a very narrow lateral zone, has been observed during the last 40 a at about 1 km dis-
tance from the trench position. To date, the subsidence could not be clearly located in the trench exposure. Results from geo-
detic levelling campaigns will help to determine the offset residuals and to gain better insight into the ruling displacement

processes at the Rurrand Fault.
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Introduction

As part of the western and central European rift sys-
tem, the Lower Rhine Embayment (LRE) represents
4 tectonically active region (e.g. Ziegler, 1994). Ex-
tension of the upper crust in SW-NE direction (e.g.
Ahorner, 1975; Van den Berg, 1994) induces subsi-
dence of the LRE. The most recent phase of activity

started 1n Oligocene time and 1s still ongoing (Herbst,
1958; Wrede & Hilden, 1988; Zijerveld et al., 1992;
Geluk et al., 1994). This process combined with the
uplift of the Rhenish Shield caused the development
of deep-reaching, NW-SE striking fault systems and
fragmentation of the LLRE into several blocks (e.g.
Wrede & Hilden, 1988). The region which has been
affected by the highest amount of subsidence is the
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Roer Valley Graben (or Roer Graben) in the western
part of the LRE (Ahorner, 1962; Van den Berg,
1994). The graben boundaries are formed by the
Sandgewand —Feldbiss — Heerlerheide fault system 1n
the SW and by the Peel-Roer Boundary Faults in the
NE which are among the ‘principle displacement
zones’ of the LRE (Van den Berg, 1994). A tectonic
outline of the southern LRE is displayed in Fig. 1.
From analyses of age-altitude records of DPleis-
tocene terraces in the south-west flank region of the
Roer Valley Graben, van den Berg (1994) inferred
episodically active crustal dynamics with an average
uplift rate of 0.06 mm a~', but also for significant de-
viations from this value. Geological analysis of several
drilling records in terms of tectonic subsidence curves
ascertained the episodic and non-linear behaviour of
the regional crustal activity (Zijerveld et al., 1992;
Geluk et al., 1994). On the basis of data from Geluk et
al. (1994), average subsidence rates were estimated to
be in the order of 0.08 mm a ' during the Quaternary,
and 0.15 to 0.3 mm a ! for the Late Pleistocene and
Holocene (last 50 or 150 ka B.P., respectively; Camel-
beeck & Meghraoui, 1998). In contrast, geodetic mea-
surements show much higher subsidence rates (e.g.
Quitzow & Vahlensieck, 1955; Van den Berg et al.,,
1994; Gorres & Campbell, 1998; Klostermann et al.,
1998; Campbell et al., subm.). However, due to the
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short time interval of observation, they might represent
a movement ‘snapshot’ which is probably not compara-
ble with geologically determined long-term average
rates. Additionally, recent local subsidence movements
from massive mining-induced drainage have to be con-
sidered in the measurements of the last 40 a.

The mode of active tectonics, i.e. the question
whether nonseismic (as stated e.g. by Ahorner, 1975,
1983), coseismic fault movements, or a combination
of both lead to the observed long-term displacement
rates, is recently under discussion (e.g. Meghraoui et
al., 2000; Vanneste & Verbeeck, 2001). Statistical seis-
micity analyses for the LRE may tackle this problem
if earthquake records for sufficiently large time spans
are considered. The first items in the catalogue of his-
torical and instrumentally recorded earthquakes in
the LRE go back only to 800 A.D. (Alexandre, 1994),
based on studies by Sieberg (1940) and Sponheuer
(1952). The strongest known earthquake in the Roer
Valley Graben is the M; = 6.3 Diiren event which oc-
curred in 1756 (Meidow, 1995). In order to enlarge
the event data base into the past, paleoseismology
may improve information in terms of geological
records. Detailed studies at the Feldbiss fault zone re-
sulted in evidence of earthquake-induced detorma-
tion with at least three large paleoearthquakes since
probably 30 000 a (Camelbeeck & Meghraoui, 1996,
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1998; Vanneste et al., 1999; Meghraoui et al., 2000).
The last surface-faulting event, dated between 610
and 880 A.D., was determined with a magnitude of
M, = 6.3. In this paper we report data from first pa-
leoseismological investigations at the Rurrand (or
Roer Boundary) Fault that were obtained during
1998 to 2000, complementing the observations at dif-
ferent faults in the LRE. Our goal was to extend the
knowledge of the potential for the occurrence of large
earthquakes in this region and — in the long term — to
contribute to seismic hazard estimations. Preliminary

results were published by LLehmann et al. (2001).

Methodology

In our paleoseismological studies at the Rurrand Fault
we applied the muludisciplinary approach outlined by
McCalpin (1996), considering geological and geo-
morphologic conditions, geophysical fault mapping
and site investigations, as well as stratigraphic analyses
during trenching. In the course of the PALLEOSIS pro-
ject (Commission of the European Communities,
2000), the methodology could be refined based on the
project members’ specific experiences. The application
of corresponding methods and tools at several investi-
gation sites 1n the Roer Valley Graben (cp. Demanet et
al., 2001; Camelbeeck et al., 2001; Demanet et al.,
2001; Van den Berg et al., 2001) ensured the compa-
rability of investigation procedures.

The general geological conditions and the specific
fault setting were assessed based on regional geological
maps (Geologisches Landesamt Nordrhein-Westfalen,

1990) and available survey reports, borehole sections,
etc. Geomorphologic studies contributed to the identi-
fication and mapping of active fault traces (reported by
Hinzen et al., 2001). The presence of the fault along its
assumed trace was verified through an older seismic
section across the Rurrand Fault and a couple of pro-
files of vertical electrical sounding (VES) and ground
penetrating radar (GPR). The seismic section showed
evidence of the fault down to approximately 1 km
through lateral changes in the subsurface structure.
From VES profiling, the fault position could be in-
ferred from a sudden change along the profiles in the
specific electrical resistivity which can be followed
down to some 100 m, depending on the electrode spac-
ing applied and on ground conditions (e.g. Vanden-
berghe, 1982). Through GPR measurements (reflec-
tion sounding profiling mode) with a 200 MHz anten-
na, the fault structure was inferred with high spatial
resolution down to some 4 m through lateral changes
of the reflection pattern (e.g. Davis & Annan, 1989; Cai
et al., 1996). Fault evidence, position, and structure
were 1nvestigated in more detail at a chosen test area by
application of a set of geophysical near-surface survey
techniques: shallow seismic reflection profiling, electri-
cal resistivity tomography (ERT), and GPR profiling.
In the electrode configuration used here, ERT allowed
to follow the fault down to of approximately 25 m
depth with a lateral resolution of some 2 m in terms of
contrasts of the specific electrical resistivity (e.g. Loke
& Barker, 1996; Demanet et al., 2001a). The ranges of
measurement resolution and penetration depth of the
different methods used are compiled in Tab. 1.

Table 1. Explanatory notes to the geophysical survey methods applied in the investigations.

Survey method Measurement Data processing Approximate Processed Performing team
specifications resolution (m) penetration
(horiz. / vert.) depth (m)
Vertical Schlumberger 1D inversion of 15-50/=10 ~ 120 W. Bogdanski, E.
Electrical array; max. apparent resistivity Schimmelpfennig
Sounding half-spacing: curves (GD NRW,
(VES) profiling 125 m; 62.5 m Krefeld)
Electrical Wenner array 2D inversion of 212 ~ 25 F. Renardy et al.
Resistivity (multi- channel); apparent (Licge University)
Tomography electrode spacing: resistivity
(ERT) 2 m pseudo-sections
Shallow seismic 24 channel, single- standard 1/5-10 =~ 300 Measurements:
reflection profiling ended spread; shot/ seismic data F. Renardy et al.
group interval: 2m processing (Liege University);
Processing:
R.W. Heil et al.
(DMT GmbH, Essen)
Ground 200 MHz antenna; standard data ~0.01 ~ 4 C. Altekoster
Penetrating reflection profiling processing (trace spacing) (Bonn University)
Radar (GPR) mode /=~0.25

reflection profiling
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At that location where the preceding studies
showed fault evidence within a feasible excavation
depth, trenching was carried out on a fault-crossing
profile. Detailed stratigraphic studies at the exposure
and sample analyses — heavy mineral, pollen, optically
stimulated luminescence (OSL; e.g. Forman et al.,
1997) — of the corresponding geological units were
used to interpret the fault’s activity and to bracket
ages of deformation. For this purpose, the trench wall
was geologically mapped on a scale of 1:20. A wall
segment was independently logged by Vanneste &
Verbeeck (2001). Further documentation was carried
out through images corrected in perspective applying
a recently developed digital imaging technique by
Bonino (2001), through conventional photographs
and, at selected parts, through lacquer peels. Trench
data were extended to greater depths by GPR profil-
ing on the trench floor.

Site selection

General conditions

In the selection of a suitable trench site, the target
area had to be restricted beforehand due to.several
reasons: (1) Cities, villages, and roads spread over the
target area, (2) numerous excavation and landfill
sites, and (3) high ground water table in the alluvial
terraces of the Rur river. Additionally, the plough
zone 1n almost the entire region 1s reworked due to
extensive agriculture.

Fault setting

The Rurrand Fault trends as the prolongation of the
RoOvenich Fault from SE of Diiren up to the river
Maas valley SE of Roermond, where it turns into the
Peel Boundary Fault (s. Fig. 1; Geologisches Lan-
desamt Nordrhein-Westfalen, 1990). It 1s expressed
at the surface as a system of discontinuous fault seg-
ments, partly with en echelon character and branch
zones (Ahorner, 1962; Klostermann, 1990). From
fault plane solution of the M; = 5.9 Roermond earth-
quake, which occurred on the Peel Boundary Fault in
1992, a SW-dipping normal fault type was inferred
(e.g. Pelzing, 1994). The main shock at a hypocentral
depth of approximately 18 km triggered a number of
aftershocks on the Rurrand Fault indicating connect-
ed fault segments.

Differential tectonic movements along the Rurrand
Fault were investigated by Ahorner (1962) based on
stratigraphic offsets: The throw of the Tertiary base
along the Rurrand Fault increases from SE (some
100 m near Diiren) towards the NW (some 600 m SE

of Julich, and more than 1000 m S of the Wassenberg
Horst; Klostermann, 1990). Regarding the Younger
Main Terrace base, a throw of 40 to 50 m was deter-
mined. With detailed stratigraphic analyses of Quater-
nary sediments, Ahorner (1962) inferred a displace-
ment rate of about 0.1 mm a' and several phases
with rates of roughly 1 mm a™!. Digital elevation mod-
el analysis by Hinzen et al. (2001) showed a clear geo-
morphologic expression of the Rurrand Fault with
height differences of some 8 to 12 m in the fault seg-
ment between Jiilich and Diiren. These studies ensure
Quaternary fault activity, which i1s one of the essential
preconditions for paleoseismological investigations.

Accelerated subsidence at the Rurrand Fault due to
extensive drainage in the surroundings of the lignite
opencast mining (E of the Rurrand Fault, near Jilich;
s. Fig. 1) is evident since the 1960s. Geodetic mea-
surements on fault-crossing profiles document differ-
ential rates up to some 1 cm a! between Jiilich and
Julich-Stetternich in the time intervals 1997-1998
and 1998-1999 (Forschungszentrum Julich GmbH,
1999), and up to approximately 2 cm a! during
1999-2000 (Forschungszentrum Jualich GmbH,
2000). Considering data of older levelling campaigns,
a 40 a — average rate of the same order can be de-
duced. The subsidence i1s expressed 1in a distinct
scarplet on non-reworked grassland near the village of
Stetternich, verified by geodetic levelling profiles with
high point density (Rheinische Braunkohlenwerke
AQG, 2000) and observations of the field owner. Addi-
tionally, the development of fissures in the surface of
nearby fault-crossing roads has been noticed.

Geophysical investigations
Considering the different aspects of site selection dis-
cussed above, we focused on the section of the Rur-
rand Fault between Julich and Diiren which 1s 13 km
long. Geophysical surveying was applied to fault-per-
pendicular profiles at several sites along this fault sec-
tion (Fig. 2; s. Fig. 1): (1) Jilich-Stetternich / Gut
Wolfshoven; (2) Julich-Stallbusch; (3) Niederzier-
Hambach; (4) Niederzier; (5) Merzenich (from NW
to SE). A reflection seismic section — available from
archive material — crossing the assumed trace at site
(3) evidences the Rurrand Fault down to some 1000
m depth by a SW-dipping discontinuity. VES profiling
was carried out at sites (2), (4), and (5). Power lines,
water pipes etc. in the immediate surroundings of the
profile traces at sites (4) and (5) partly disturbed the
measurement results. However, a clear lateral contrast
in the specific resistivity was inferred at site (2), indi-
cating the fault down to the depth of some 120 m.

In order to resolve the fault’s position with higher
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Fig. 2. Topographic map of a part of the investigation area, about 4 km E of Jiilich, including sites (1) and (2) (based on a topographic map
1:5000 with the Gauss-Kriiger system used as grid reference; after Landesvermessungsamt Nordrhein-Westfalen, 1972). The trend of the
Rurrand Fault (black dashed line) was roughly esumated from sites of known subsidence effects and can be correlated with an elevation gra-
dient which 1s evident from the contour lines with 0.5 m resolution. The results of the geophysical survey profiles (black solid lines) are pre-
sented 1n Figs. 3, 4, and 5. The trench was excavated at site (2) along Profile 1 (arrow).

accuracy, additional surveying was acquired along
two profiles at site (2) (Profile 1: NW, Profile 2: SE),
which are 400 m apart (s. Fig. 2). On both profiles,
ERT sections were derived from Wenner array mea-
surements (Figs. 3a and 4a). Two laterally aligned
sectors are relevant in both sections differing in two
orders of resistivity. They were correlated to sandy
(NE) and silty (SW) material, respectively. Within a
spatial resolution of 2 m, the corresponding transition
zone 1s restricted to a quite sharp, steeply SW-dipping
zone which 1s evident down to the observation depth,
1.e. approximately 25 m. This lateral contrast can be
followed almost up to the surface at Profile 1, whereas
it seems to be buried by a high-resistivity zone of a few
metres thickness in the uppermost section of Profile 2.

A shallow seismic section along Profile 2 shows lat-
eral changes in the reflector characteristics (Fig. 4b).
The related SW-dipping discontinuities, evident with-
in a lateral zone of at least 80 m, can be interpreted as
tault traces. The most prominent structure in the SW
part corresponds to the position of the resistivity con-

trast obtained by the ERT measurements. According
to these results and considering the small distance be-
tween the Profiles 1 and 2, it is plausible to assign the
electrical discontinuity at Profile 1 to the Rurrand
Fault.

Highly resolved images of the shallow (i.e. down to
a few meters) ground structure were revealed through
GPR reflection profiling at the sites (1), (2), and (5).
The Rurrand Fault 1s evident at each profile in a cou-
ple of discontinuities suggesting fault branching in
the near-surface ground. The GPR sections of both
profiles at site (2) clearly confirmed the fault trace,
which was determined by electrical and seismic mea-
surements. Several additional discontinuities were
imaged within a zone of some 10 m towards the NE
(Fig. 5b, c). As a result of geophysical surveying, ap-
pearance and characteristics of the Rurrand Fault
were clearly improved at the site Julich-Stallbusch
(2). Within the range of a feasible trench depth, i.e.
some 4 m, the fault was reliably identified and located
at Protile 1.
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Site (2), Profile 1
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Fig. 3. Survey results at site (2), Profile 1: a) Section of the specific electrical resistivity from ERT measurements (for details on the geophysi-
cal surveying, see Tab. 1); b) Simplified lithological profile from boring records. The correlation between resistivity ranges and lithological

units reflects a general trend.

On the fault segment investigated, clear indications
of recently active differential subsidence are observed
at site (1), approximately 1 km NW of site (2), and at
a fault-crossing road, situated some 15 m NW of site
(2), Profile 1, through fissures in the asphalt which
are aligned with the fault’s strike. Because the road
was built on a man-made dam and founded on large
concrete plates, the position of the fissures does not
obviously indicate the fault. We compared the GPR
sections obtained at the sites (1) and (2) (Fig. 5) 1n
order to localise the activated fault. Within the zone of
cracks detected at site (1), the fault trace which 1s af-
fected by ongoing subsidence processes probably fits
with the westernmost discontinuity. However, a
preservation of the small-scale structure over a dis-
tance of approximately 1 km cannot be assumed with
certainty. As a consequence, a direct correlation of
the fault traces in both sections 1s vague. Thus, the
position of subsidence at site (2) can not be deter-
mined on these measurements alone.

Geological investigations

Several fault-crossing geological sections obtained
from drilling profiles were available, reaching down
to Miocene sediments (Rheinische Braunkohlen-
werke AG, 1987). At a section crossing the Rurrand

Fault about 160 m NW of Profile 1 at site (2), the
fault is evident with a throw of some 50 m at the base
of the Younger Main Terrace. For the reconnaissance
of the local fault expression at site (2), two parallel
profiles of borings (10 m apart) were drilled along
Profile 1, each with 10 m spacing. The corresponding
lithology fits with the interpreted resistivity section

(s. Fig. 3).

Trenching
Trench construction

Integrating all data from geological, geomorphic, and
geophysical observations, site (2) Julich-Stallbusch
was chosen for trench operation (s. Fig. 2). The
trench was excavated across the Rurrand Fault along
Profile 1 with a length of about 60 m and a maximum
depth of 4.3 m. Due to shallow groundwater table,
the observation depth was restricted to some 3 m 1n
the deepest trench section. The SE wall was con-
structed with a benched, the NW wall with an about
60° laid-back shape (Fig. 6), which provides optimum
logging conditions. Additionally, shoring of the wall
for stability and safety reasons was not required with
this construction.
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Fig. 4. Geophysical survey results at site (2), Profile 2: a) resistivity section from ERT analysis (after F. Renardy, LGIH, Liége University); b)
seismic retflection section (after R.W. Heil et al., Deutsche Montan-Technologie GmbH, Essen). Positions of inferred faults are denoted by
arrows. T'he shaded bars at the right mark comparable depths in both sections.

Stratigraphic sequence

The stratigraphy exposed in the trench is structured
by several tectonic fault lines (Fig. 7): a system of four
faults (F1 — F4) in the western part and, probably, a
major fault (FO) in the eastern part of the trench. Ad-
ditionally, a complex fault zone (FZ5) was observed
in the westernmost part of the trench. The existence
of fault 6 which is furthest to the W could not be re-
liably verified. The continuation of F2 into greater
depths was followed by GPR profiling on the trench
floor (s. Fig. 5b). All stratigraphic classifications given
in the following section are based on heavy mineral
analyses and on the interpretation of specific features
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evident in the sediments. According to these results
most the stratigraphic units in the trench were as-
signed to Pliocene and Lower Pleistocene time
(Fig. 8). Dating of loess samples through pollen
analysis was not successful. OSL dating of the loess
units failed with most samples. From three samples
sedimentation ages were determined within large
ranges of uncertainties: (67.3 £ 13.4) ka B.P. (lower
portion of the loess unit W of F0), (43.4 * 12.6) ka
B.P. (loess unit between F3 and F4), (4.7 * 1.0) ka
B.P. (colluvium in the upper portion of the trench, at
EFZ5). These results are in agreement with the strati-
graphic interpretation.
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Fig. 5. Geophysical survey results from 200 MHz GPR measurements at several sites across the Rurrand Fault with inferred faults: a) Site
(1) Stetternich / Gut Wolfshoven; b) Site (2) Julich-Stallbusch, Profile 1; ¢) Site (2), Profile 2 (after C. Altekoster, Geological Institute, Bonn

University). Positions of inferred faults are denoted by arrows.

Querview

In the eastern part of the trench, reddish-yellow fine
sand is exposed, covered by interbeddings of silt and
sand. These strata are intensively reworked by so-
lifluction. The sequence is intersected probably by an
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ice wedge pseudomorphism in the easternmost part.
On account of heavy mineral analyses, the entire se-
quence has to be assigned to Pliocene time. The so-

lifluction processes should have been active during
the Saalian and/or Weichselian glacial.
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Fig. 6. Construction of the Jilich-
Stallbusch trench (cross-section).
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Towards the W follows a section exposed on a
length of 13 m, which in the lower trench part consists
of a 2 m-thick gravel unit, probably belonging to the
gravel (‘Schotter’) d. It is covered by reworked loess
sediments with a thickness of 2 to 2.8 m. Further to-
wards the W and up to fault F2, the lower unit of the
stratigraphic sequence consists of yellow coloured
fine-sandy medium sand right at the bottom, which 1s
related to the Kieseloolith layers (siliceous oolite type
sediments). Above it, a stratigraphic unit consisting of
intensive interbedding of gravel, sand, and silt 1s ex-
posed which is characterised by sand and silt lenses
and by chaotic structure. These strata are correlated to
gravel d sediments. They are covered again by gravel
which probably also belongs to the gravel d unit, and
by the overlying reworked loess.

Between faults F2 and F4, the stratigraphic se-
quence comprises the Lower Hosel Terrace overlain
by gravel d sediments. A unit of reworked loess on top
of these terrace bodies exposes an ice wedge pseudo-
morphism reaching down to the gravel d. W of F4, the
fault zone FZ5 intersects the sequence. Due to the
complex structure which is present in these layers, re-
cently active intensive landslide processes are evident.

Pliocene (not classified)

Petrography and genesis: Pliocene deposits are ex-
posed in the easternmost trench section. They consist
“in the lower part of reddish-yellow medium-sandy
fine sand with gravelly intercalations. This 1.2 m thick
section of the stratigraphic sequence is characterised
in numerous parts by climbing ripple marks (Fig. 9).
They indicate fluviatile run-off channels with con-
stant flow velocity. Additionally, oblique lamination
with a thickness of up to 10 cm ensure the fluviatile
character of the sediments. In the hangingwall, an 1n-

SIS SLe

= |

tensive interstratification of yellowish-red and grey-
ish-brown fine sand, silt, and clay shows oblique lami-
nation and horizontal bedding of millimetre thick-
ness. The extraordinary small grain sizes and the fine
stratification indicate shallow water-depth and slow
current. The existence of pudding balls at approxi-
mately 1.8 m above the trench bottom indicates cli-
matic conditions of cold periods. At least, we suppose
that temperature variations are evident in this strati-
graphic record. The highly reworked layer structure
shows that the deposits were affected by intensive so-
lifluction processes, probably during the Saalian
and/or Weichselian glacial. Strain induced during cold
periods is also substantiated by an ice wedge pseudo-
morphism.

Stratigraphy: The heavy mineral spectrum of the
sample Profile I does not reveal an exact stratigraphic
classification. Stable heavy minerals clearly dominate
without any incidence of volcanic constituents. These
results indicate probably that the stratigraphic se-
quence has to be assigned to Pliocene time. The fine
granulation of the sediments might additionally infer
deposition at the beginning of Pliocene time, caused
by climatic melioration and concomitant sea level rise
which resulted in a decrease of gravel accretions. On
the other hand, the existence of pudding balls does
not fit to this hypothesis. Because the frequency of
climate and sea-level variations increases towards
Quaternary time, a correlation of the layers in this
section to the Late Pliocene 1s more probabile.

Kieseloolith sequence
Petrography and genesis: Kieseloolith layers are ex-

posed right E of fault F2 consisting of yellow fine-
sandy medium sand, often thinly bedded in the mil-
limetre-range. They show erosional channels with
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depths of a few centimetres, clay-filled at the base sediments. The relatively low percentage of epidotite

(Fig. 10). In most cases, the grain size decreases to- points to an assignment before the Reuverian C. As a

wards the top with the uppermost part containing consequence, these sediments might belong to the

clay. These sediment structures reflect a shallow, Kieseloolith layers 1n the wider sense.

slowly tflowing fluvial system. A drop stone constisting

of flint was found 1n the upper part of the Kieseloolith Lower Hosel sequence

layers (Fig. 11). This observation may indicate either Petrography and genesis: The LLower Hosel layers ap-

that 1ce tloes drifted on the fluvial system existing at pear right W of fault F2 at the trench floor. The lower

that time or that the flint was transported in the roots part consists of russet and grey, clearly horizontally

of a tree trunk. layered medium and fine gravel, whereas the upper
Stratigraphy: The fact that volcanic heavy minerals portion is formed by yellow and russet medium sand.

were not detected implies that these strata are older Both layering and grain size indicate a braided fluvial

than the Younger Main Terrace deposits. Because gar- system typical for cold periods.

net is rarely found whereas turmaline and zircon are Stratigraphy: The heavy mineral spectrum 1s domi-

dominating, the unit may be correlated with Pliocene nated by zircon, turmaline, and staurolite. The lack of
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volcanic heavy minerals and the low percentage of merous sand lenses and pudding balls. The entire
arnet indicate a high age of the sediments. Due to stratigraphic sequence shows a chaotic structure, ob-

the cold period fluvial regime, they have to be viously representing fluviatile deposits correlated with

~ chronologically close to the base of the Quaternary. cold periods. Chaotic structure, pudding balls, etc.
. The Lower Hosel layers meet all those conditions are clear cold climate indicators which appear to this
. most likely. extent for the first time 1n gravel d (Boenigk et al.,
1972). W of fault F2, the gravel d in the true sense 1s

Schotter d ‘: followed by another gravel unit which probably is also
Petrography and genesis: The gravel (‘Schotter’) d correlated with the deposition time of gravel d. These
units overlays the Kieseloolith deposits E of fault F2, greyish-brown to dark-brown coloured sediments
and the Lower Hosel layers W of the fault. The gravel contain medium to fine gravel with alternating sand

d consists of sandy gravel which 1s in parts cross-bed- content. The entire unit 1s intersected by several, of-

o

? ded. Furthermore to the E, it is interspersed by nu- ten cross-bedded, sand lenses and bands. Again, the

Netherlands Journal of Geosciences / Geologie en Mijnbouw 80(3-4) 2001

Lhttps://doLorgM 0.1017/50016774600023805 Published online by Cambridge University Press



https://doi.org/10.1017/S0016774600023805

- - E Northwest Germany Lower Rhine Embayment Southern Lower Rhine Embayment | Bergisches Land
it D »n : BREDDIN 1928
A g - The Netherlands (BOENIGK et al. 1974, ( )
g o Northwestern Southern VON DER BRELIE 1981,
= x o (ZAGWIIN 1985) Part Part BRUNNACKER et al. 1978,
- > & BRUNNACKER et al. 1980,
o < O Brunssum Meinweg (KLOSTERMANN 1983, 1992) HAGER & PRUFERT 1988)
790 _
Cromerian Complex Main Terrace 3 Main Terrace 3
< Bavelian Complex
- G
. . © Main Terrace 2 Main Terrace 2
i Menapian Glacial @
(O
=
il (@)
330 Waalian Interglacial = | |
— > Main Terrace 1 Main Terrace 1
Eburonian Glacial
1610
Olduval CIayD 113 Clay D/ Frechen Interglacial Il
T . bGraveid Gravel d/Frechen Glacial Ill
1750 Tiglian Complex Clay Il . , :
\/ | | (Tiglan) Clay C Clay C/ Frechen Interglacial |l Driifel Terrace
Tiglian Layers Gravel c Gravel c/Frechen Glacial Il
B2 Clay B2/ Frechen Interglacial |
1950 — 2 Clav V Clay v B2/ Frechen Interglac
1980 !
Gravel b2 Gravel b2/Frechen Glacial Ib | L'Qwe_r Hosel Terrace
Older GlaC|a|S Older Malﬂ - 4% ¥ E I T4 4 ¢ T 53 3T F Y %3 I.T F'I £ -4
e in 10 — and Clay B Clay B1/Fortuna Oscillation
eunion 1 - . Terraces i Wl d ke e
2130 Interglacials
Gravel b1 Gravel b1/Frechen Glacial la
23l o Upper Hosel Terrace
2430 /r||||1.rrr e % : C D T G
[ /| Reuverian C| | Clay || , AR EREL Ll -3 Clay A2
o TP Boisheim Layers 2 H+H
@ /( neuverian B | Clay Ib Belfeld | Reuverian B vay Al
o || [Rewerian A| | Clayla | | | |ERSERENE———_ ° ° ° c ° ° ° ° °°~°7°7°°
@ \ brkeebddedrktetft @8 8@ & & 6 6 O 8 8] O O 0 O O O O O O O O O O O
> g g e e ] : By : VRN .
A — ¢ _fﬁ*_-' - 2 B 8 s 9 ﬂ "3 ‘3 9 ¢y ° o 0-6n o O. o. o | o- o ©
et e M \L .. ee oo o806 0elo, oo 0o o T T Homberg Terrace
ot Schinveld . s 8 e L ¢ f 4 8o _o000 0 0 o0 o5
Sand © - ¢ P . ¢ ¢ . . W . . . . . | - Ra=ini A
Y _+ 6 5 0 00 o0 060 0 48 o0
o aine: o N\\ C' ﬂ o .ﬁ:_a._..ﬂ_ (‘E:I {; {} 5 o Gﬁ o i R e e W ?‘P
) = # I ;{J*f o .51-.-9-:'5{:::-.: 6 6™ 6 8 Gﬁan Al L R R T e e o/:/
- l J LT L
— ] . b |_|u.|_.5|_ T_
= == ey _:::__ﬂ____ ; o) o. @) o o‘ . ; | - : B" : o=
— Y ' o o 0 0 B © 2 "_"rﬂ/ _
FAD ) i (]l ||"" ||HH Rotton Series
@) O @) O O O | T TN
W f ™ — : . p—
— =2 4000 ey g _ -:::':: O . ; O o SR WUER @] O 0 Q ﬂ. 5 i a' o. g' 0O O O o->?
E o T E o o o© o< L o [ 3
o an A O O O : O O o O : O O O Qo O Q & 0O O " R O e >
i R RO R e o'o'o'o'o'DT Mettmann Terrace
o &6 B e & ¥ 0 o B Bl @ TR
&) — " . . ab) . . : . (o b)
4500 c 0 o o ODDDDD‘D oooooo'oooooc
qu) o o0 o e, o8 R o B A o) o 880 D el N G S
ey . . . (4 b) . . (ab) "
" © o o g BN 8 9 Oy g O e N S S O S s e N
S -O.O_D.DOOODo_ooo'ooooooocc
B2 Ay .O¥D'DDODOozooo'ooooooooc
5000 - e g .
N o O O o 0O O O O @) O O O O O O O O 8] C
0'0.0.0'o‘oio'oto'a'oro‘o.o.o.o.o.c

Fig. 8. Geological time chart of the Pliocene and Lower Pleistocene in the Lower Rhine Embayment area (Klostermann, 1992, 1995).

sediment structures point to a braided run-off system
typical for cold periods.

Stratigraphy: There were no volcanic heavy miner-
als found in the spectrum, garnet is lacking complete-
ly, and the percentage of staurolite amounts up to
7%. An unambiguous classification of the strata can
not be given based on the heavy mineral spectrum
alone. However, the great number of cold climate 1n-
dicators suggests a correlation to the gravel d (accord-
ing to Boenigk et al., 1972).

~Saalian | Weichselian glacial

Petrography and genesis: The complete gravelly-
sandy stratigraphic sequence exposed in the trench 1is
overlain by yellowish-brown coloured silt. It 1s subdi-
vided by thin clay and fine sand layers in almost all
parts. This unit is formed by loess deposits which are
reworked by intensive solifluction processes.
Stratigraphy: The loess was blown 1in probably dur-
ing the Weichselian glacial. An assignment of the low-
er part to the Saalian glacial i1s regarded to be less
probable. In any case, the mass transport by solifluc-
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Fig. 9. Climbing ripple marks in the Pho-
cene layers.

ig. 10. Stratigraphic sequence 1n the
leseloolith layers.

Fig. 11. Drop-stone in the upper part of the

Kieseloolith layers.
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tion should have begun during the period of deposi-
tion.

Discussion

Probably the entire tectonic system exposed in the
trench is part of the Rurrand Fault implying that the
eastern border of the Roer Valley Graben 1is, at least
locally, expressed by a fault zone with a minimum
width of 50 m. The throw of the Main Terrace base
(some 50 m) may be interpreted as the sum of offsets
at different fault traces. The highest amounts of throw
are exposed at the fault zones FZ5 and at FO, which
separate different geological units. This fact may indi-
cate FO as the footwall and FZ5 as the hanging wall
enclosing the Rurrand fault zone. The minor faults 1n
between may be not geometrically persistent along
the fault line.

Because gravel d sediments overlie different geolog-
ical units E and W of the fault F2, an episodic tecton-
ic activity can be inferred for the Lower Pleistocene
time. Because the entire gravelly-sandy stratigraphic
sequence is supposed to be considerably older than
about 1 Ma, the related offsets probably do not reflect
the recent tectonic conditions and thus do not reveal
relevant information for paleoseismological studies.
The youngest fault activity is documented at the fault
traces F2 (1), F4 (2), and FZ5 (3). (1) F2 reaches up
to the exposed trench surface and offsets the fine
sand and clay layers within the loess unit by 0.42 m.
These layers can be followed completely on both
sides of F2 without any indication of unconformaity.
Therefore, the solifluction process atfecting the entire
loess stratum probably was limited in time. Consider-
ing the OSL dating results we assume that the mass
transport occurred during the Weichselian glacial.
Thus, the offset can be related to the last tens of ka.
(2) F4 is bent towards the W indicating that the major
part of the offset was produced before solifluction oc-
curred. A younger reactivation of this fault trace 1s
documented by a small offset of some 10 cm in the
upper loess unit, approximately aligned to the prolon-
gation of the initial fault dip. Related cracks were evi-
dent at the ground surface. (3) The complex system
of small step-like offsets evident at FZ5 is only partly
exposed and thus does not allow a detailed quantiti-
cation of the amount of displacement. In the entire
exposure, clear indications of coseismic fault move-
ments, e.g. colluvial wedges, sand blows, were not ex-
posed. Other paleoseismic features in the stratigraph-
ic conditions and fault characteristics could not be re-
liably determined.

Conclusions

Based on geomorphologic analysis (s. Hinzen et al.,
2001) and geological data, the target area for paleo-
seismological studies along the Rurrand fault was re-
stricted to the segment reaching from Julich to
Diiren. On this 13 km-long section, detailed geophys-
ical surveying was carried out in order to determine a
site suitable for trench operation. Applying different
geophysical survey techniques — (shallow) seismic re-
flections surveys, VES profiling, ERT and GPR sec-
tions — at five selected sites, the ground structure on
fault-crossing profiles was imaged in terms of physical
parameter contrasts. With seismic and VES measure-
ments we found evidence of the Rurrand fault down
to some 500 m and 100 m, respectively, and could
roughly determine the fault position and structure.
Highly-resolved images of the near-surface ground,
i. e. down to about 25 and 4 m, respectively, were ob-
tained from ERT and GPR profiles. It turned out that
the best results in characterisation of the given local
geological fault conditions were provided by the com-
bination of ERT and GPR measurements. According
to the survey results we observed small-scale changes
(in the order of 1 to 10 m) of the fault structure over
lateral distances of 400 and 1000 m, respectively. It
was clearly evident that the fault could be exposed by
trenching at the Jilich-Stallbusch site.

The tectonic structure exposed in the fault-cross-
ing trench at this site was expressed by a complex sys-
tem of faults and fault zones. The observed geological
units classified according to heavy mineral analyses
and OSL dating results were assigned to certain sedi-
ment ages. Offsets correlated to the deposition time
of the gravel layer or to earlier periods reflect non-
continuous fault activity of older periods. Those fault
traces continuing into the — probably Weichselian —
loess, e.g. at faults F2, F4, and FZ5,Mindicate fault ac-
tivity since Middle or Upper Pleistocene time. This
younger activity, which is supposed to be more repre-
sentative for the actual tectonic regime, shows higher
relevance for paleoseismological studies regarding
seismic hazard assessment. However, clear indications
of coseismic faulting have not been verified in the ex-
posure. Considering the fault geometry, we suppose
F2 (42 cm offset), and F4 (10 cm), to be most
promising for future investigations.

The observed amount of subsidence (35 ¢m at site
(1) about 1 km NW of the trench position) i1s stmilar
to that of F2. Thus, shape and offset of fault F2 might
indicate a correlation to the subsidence process.
However, before the fault displacements can be dis-
cussed in terms of paleoearthquakes, further investi-
gations are needed to determine the residuals of local

152 Netherlands Journal of Geosciences / Geologie en Mijnbouw 80(3-4) 2001

https://doi.org/10.1017/50016774600023805 Published online by Cambridge University Press


https://doi.org/10.1017/S0016774600023805

subsidence. Final results on that problem will be ob-
tained through geodetic levelling campaigns which
are recently carried out by the Rheinische Braun-
kohlenwerke AG.
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