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Tectonic geomorphology of the Upper Rhine Graben

G. Peter?

! Geophysical Institute, University of Karlsruhe, Hertzstrasse 16, 76183ritze, Germany,
2Faculty of Earth and Life Sciences, Vrije Universiteit Amsterdam, DeleB@an 1085, NL-
1081 HV Amsterdam, The Netherlands

This presentation aims to give an overview of previous andteeetonic geomorphology studies of
the Upper Rhine Graben (URG). Tectonic geomorphology is the stutig afterplay between tectonic
and surface processes that shape the landscape in regiony@fdabtbrmation. The impact of crustal
deformation on a landscape is expressed in the form of vaeahsrés: escarpments, discontinuities
along river courses, changes in drainage patterns, channel tgoesplfain morphology, deformation
of river terraces and the morphology of active graben bordersfalifte intensity of the interplay
between tectonic and surface processes is strongly conttpfletie climatic conditions. Tectonic
geomorphology is a highly integrative field and utilizes technicared data derived from studies of
geomorphology, seismology, geochronology, structural geology, geodesy, abefrn@na climate
change.

In the URG area, the level of tectonic activity during @eaternary was at a relatively low level.
Subsidence rates reached a maximum of 0.2 mm/yr in the Heidsllherch. Values for uplift rates of

the shoulders are in the order of 0.1 mm/yr (e.g. uplift Rhenisksivgiace 800 ka). The URG area
experienced multiple Pleistocene climate changes and recent hotifications. Given this setting,
the effects of Quaternary crustal deformation on the landscgpealty generated by faulting, tilting,

folding or relative uplift, are therefore rather subtle.

The focus of geomorphology studies of the URG in the 60s and 7®snamly on the effects of
climatic conditions on the Quaternary landscape evolution anstrggraphical record of the graben.
Soil scientists and geomorphologists, who used the distribution ofalflterrace deposits and
stratigraphical correlations of sediments to derive indicatfongecent tectonic activity, generally
performed these studies. Recent investigations are ta kes®mts based on fieldwork. These studies
use digital elevation data of the region to analyze the draimetyeork, to detect knickpoints of river
profiles and to perform calculations of geomorphic indices inromlénfer indications for tectonic
activity. The techniques will be introduced and an overview of the keynfisdvill be presented.
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The Hanau-Seligenstadt Basin: tectonic history andontrol on sedimentary
evolution

S. Lang

TU Darmstadt, Germany, Institut fir Angewandte Geowissenschaften
lang@geo.tu-darmstadt.de

The Hanau-Seligenstadt Basin is a low-subsidence subbasin obttieeid Upper Rhine Graben, from
which it is separated by Sprendlingen Horst and Frankfurt Horst. tQid®&en synrift sediments within
the Hanau Basin are of Oligocene (Rupelian) age. Oligocenblibocene mixed carbonate and
siliciclastic sediments are dicontinuously overlain by fluvial sedit® of Pliocene to Pleistocene age.

The sedimentary and structural architecture was investigaéased on more than 2000 well records,
geological maps, a compilation of previous regional geologic suiduding unpublished exploration
data, and own outcrop and core analysis. The model was interpretecksyiect to tectonic stages and
cyclic stratigraphy.

Sedimentary thickness proportions show three stages of tectmmiements. Within the Oligocene
relative vertical movements between tectonic sub-blocksptase (stage 1). In the late Chattian these
relative movements ceased and the basin subsided as one(difgk 2). Between Aquitanian and
Lower Pleistocene the relative uplift of Frankfurt Horst dregstage 3). The exact time of initiation
cannot be determined due to an erosional unconformity.

In the Pliocene and Pleistocene fluvial deposits three maftimentary cycles could be identified from
sequence analysis and 3D architectural elements. From timéiigtthe cycles can be linked to the
following controlling factors. From the Langhian onwards a deeréa subsidence in the Upper Rhine
Graben and its peripheries reduced accommodation space. Probaligcene time uplift of the
Frankfurt Horst again led to a rise in accommodation space. IreaHg Pleistocene a change in
catchment size of River Main caused growing supply rated.oler to Middle Pleistocene time
advanced uplift of the Rhenish Massif increased accommodation. siace the Middle Pleistocene
regional uplift or reduced subsidence led to incision of the dyain@etwork. Simultaneously,
climatically controlled changes in supply resulted in alternatiogive® and accumulative stages.
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Geomorphic constraints on Quaternary tectonic actiity in the Basel area

M. Fraefel', S.M. Schmid & A.L. Densmorée

! Institute of Geology and Paleontology, University of Basel
2 Geological Institute, ETH Ziirich

The border region of Switzerland, France and Germany in thatyiohBasel is characterized by the
adjoining tectonic units of the Upper Rhine Graben (URG)Jthra fold-and-thrust belt and the Black
Forest massif. While the evolution of these partly overlappihtyiaterfering structures is quite well
understood on a large timescale (e.g., Dézes et al. 2004), unatisyuestions remain concerning the
youngest (Quaternary) development of the region. Seismologitzahdd geodetic measurements show
that tectonic deformation has not stopped (Muller et al. 2002)inldA hetween these short-term
indications and the longer-term tectonic development is provided by the worarob@hi et al. (2004),
which demonstrates recent compressional deformation in the Aggion, at the border between the
Jura and the URG. Whether this compression is limited toAjbie, or whether it also affects the
easternmost part of the Jura, could not be determined dtsfaacreased earthquake activity makes
south-eastern corner of the URG a promising place to looktier @vidence of tectonic deformation.
Moreover, a better understanding of the recent tectonic tgdsvessential to assess the seismic risk in
this densely populated area. Competing hypotheses about the stylerafatifn (thin-skinned / thick-
skinned; Niviére et al. 2006) further motivate the search for additonatraints on recent movements.

To track down Quaternary tectonic activity in the eastera thauntains, we study the characteristics of
the regional river network. Since rivers are very sensitive to tieatqiift or tilting (as demonstrated by
studies in areas where tectonic deformation rates are knognKé&by & Whipple 2001), gradient
changes along rivers can be used to infer tectonically astiuetures. The relation between river-
terrace surfaces and the active channel is analysed to gain addiitiorrahtion on river evolution. One
important advantage of this approach is that it allows forctetpany kind of vertical movement, be it
seismic or aseismic, and occurring on faults (with or without surfacerejats well as on folds.

First results show that many rivers in the study area lgaadient irregularities which cannot be

explained by varying erodibility of the underlying lithologiessAsning that a climatic influence on the

profiles can be neglected (compare Carretier et al. 2006)atkesuggested to be the result of tectonic
processes or of regional base-level fall, respectivetys interpretation is supported by an observed
along-channel increase in altitude difference between the paesgmiver bed and different terrace

levels. A comparison of the river profiles to a number of tabes to the Rhine with catchments inside
the Rhine Graben (Sundgau area) allows to distinguish betweefieitis ef Rhine graben subsidence

and down-cutting of the Rhine.

References:

Dezes, P., Schmid. S.M., Ziegler, P.A. (2004): Evolution of the European CenozoigdRinS
interaction of the Alpine and Pyrenean orogens with their foreldmaksfihere. Tectonophysics 389.

Muller, W.H., Naef, H., Graf, H.R. (2002): Geologische Entwicklung der NordschiNeizektonik
und Langzeitszenarien Zurcher Weinland. Nagra Technischer Bericht 99-08.

Giamboni, M., Ustaszewski, K., Schmid, S.M., Schumacher, M.E., Wetzel, A. (2004R|&iktecene
transpressional reactivation of Paleozoic and Paleogene struntthiesRhine-Bresse transform zone
(northern Switzerland and eastern France). Int. J. Earth Sci. 93.

Niviere, B., Giamboni, M., Innocent, C., Winter, T. (2006): Kinematic evolutionte€@nic wedge
above a flat-lying décollement: The Alpine foreland at the intettf@teeen the Jura Mountains
(Northern Alps) and the Upper Rhine graben. Geology Vol. 34, No. 6.
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Kirby, E., Whipple, K. (2001): Quantifying differential rock-uplift ratdga stream profile analysis.
Geology Vol. 29, No 5.

Carretier, S., Niviére, B., Giamboni, M., Winter, T. (2006): Do river prsficord along-stream
variations of low uplift rate? J. Geoph. Res. Vol. 111.
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-Poster-

Cretaceous to Paleogene temperature and exhumatidwmstory of the
Odenwald revealed by apatite fission-track and (U-f)/He data

Ch. Dreyer!, U. A.Glasmachel? F. Bauer', D. Stockli?, U. Weber® & G. A. Wagner®

! Geologisch-Palédontologisches Institut, Ruprecht-Karls-Universiitetberg, Heidelberg,
Germany

2 Department of Geology, University of Kansas, Lawrence, USA

% Max-Planck-Institut fir Kernphysik, Heidelberg, Germany

Uplift and denudation of the Odenwald forms a most striking morphm@bgontrast to the subsiding,
sedimentary Rheingraben. This prominent feature probably datds tbathe beginning of the

subsidence of the Rheingraben some 50 Ma ago. Previous studieshbawvethat in more recent times
the strongest uplift/denudation takes place in the Heidelberg region [1, 2].

In order to understand the tectonically driven exhumation and morphoitymaotesses of the
Odenwald, fission-track and (U-Th)/He analysis are carried out on apatikested from the crystalline
basement as well as from the covering Buntsandstein. In partinelr Heidelberg a vertical profile of
nearly 500 m across the pre-Permian landsurface was sampleldwHemperature thermochronology
based on the apatite fission-track data allows detailed reaotigh of uplift and denudation as well as
morphology as a function of time over the last 100 Ma.

Of particular importance in this regard is an extraordinagh lgeothermal gradient of ca. 70°C/km
during the Upper Cretaceous as a precursor of the Rheingralien [3ft The new data will provide
new information at the timing and intensity of this gradient.

[1] Wagner, G. A. (1968): Fission track dating of apatites. Earth Planet.esci4, 411-415.

[2] Wagner, G. A. (1969): Spuren der spontanen Kernspaltung des Uran-23&eallgi Datierung
von Apatiten und ein Beitrag zur Geochronologie des Odenwaldes. Jb. Miner. Abh. 10, 252-286.
[3] Wagner, G. A. & Storzer, D. (1975): Spaltspuren und ihre Bedeutung fiir diegbhkenGGeschichte
des Odenwaldes. Aufschluss 27, 79-85.
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Neotectonic movements and new OSL and U/Th ages fnathe
“Niederterrasse” in the Hochrhein area (SW Germany N Switzerland)

S. Kock, F. Preusser, J. Kramers & A. Wetzel

Geologisch- Paldontologisches Institut der Universitat BasehdBé#istr. 32, CH-4056 Basel

The area between Schaffhausen and Basel (Hochrhein) isd@tatee boundary between three central
European geological features: the Black-Forest, the Jura Mosiratiad the Upper Rhine Graben, all of
these subjected to ongoing tectonics.

Deposition and incision processes, as well as geomorphologiegbrigtation, can provide important
constraints to the quantifications of tectonic movement. In thiw,vé®me terraces and caves were
dated, and some longitudinal profiles from the Rhine River and its trigsitaere investigated.

The first results suggest that 1) the deposition of the édiedasse is not a single event, and is not
easily interpreted in terms of base level changes, asfamgasthe same level range from 10'000 to
30’000 BP; 2) young uplift and tilting are evidenced by river profifemn the Black-Forest.
Cosmogenic nuclides dating will provide further data on the incision histdhe Black-Forest.

12
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Earthquake Microzonation Map Ldorrach and Weil am Rhein, Southern
Upper Rhine Graben

C. Pohl}, St. Stangé, W. Bristle!, J. H. BehrmanA& B. Stribrny?

! Landesamt fiir Geologie, Rohstoffe und Bergbau im Regierungsprasidium §ré&eumany
2 IFM-GEOMAR Kiel, Germany
% Bundesanstalt fiir Geowissenschaften und Rohstoffe, Germany

During the last two years an earthquake microzonation study bkeas carried out by the
Landeserdbebendienst Baden-Wiurttemberg in a program of G&wias-French cooperation, co-
financed as a cross-border-project by the European Community InitisinNeRREG Il1.

The area of interest on the German side is situated around Lorrach and Waikianmxt to the Swiss
and French borders in the southern part of the Upper Rhine Graben.(OR&area is one prominent
region of earthquake hazard in Middle Europe. Since in the evantnajor earthquake, seismic ground
motion strongly depends on local geology and tectonic features, thquesde microzonation map has
been compiled to describe the amplification effects of seismic wavies study area.

The geological situation is dominated by the eastern masté¢rofatle URG which is developed as a
flexure zone in this region. The flexure zone mediates betweerettiary sediment fill of the URG to
the west, and the mid-upper Triassic (Muschelkalk, Keuper) roicse Dinkelberg block to the east.
Within the flexure zone the sedimentary layers are steependrbuoglg to dips of about 45° to 70 °. In
the area of Lorrach, these layers form a fault mosaic dfJmiassic units. To the west of the flexure
zone, the asymmetric syncline of St. Jakob-Tullingen follows.tr@onto this complex region, the
westernmost part of the study area shows a more homogenous structmgal setti

In order to directly examine the site-effects above diffegemiogical units, seven temporary and two
permanent seismic stations were installed along an eastprafile. In a time span of slightly over a
year eleven medium-size earthquakes could be recorded goatynaf the stations. A rather clear

impression of the actual site dependent amplifications and plidiaations emerged from the data

compilation. Most surprising was the strong amplification witthia flexure zone in contrast to the
relative deamplification in the gravel-covered Wiesental, only ahigndred meters apart.

In order to spread the point discrete geophysical information thvemnwhole area, ambient noise
measurements (H/V or horizontal over vertical spectrab raiso called Nakamura’'s method) were
used. Distributed over the area of interest, 1107 measuremertperéormed. 87 % of the data could
be successfully processed and interpreted. From the H/V spaclrdoeation was assigned a dominant
frequency. Regions with rather homogeneous frequency distributian magoped and separated from
those areas with discernible frequency trends or quite inhomogeméstributions. This interpretation
was merged with the geological model to actually define zoheapposedly uniform amplification in
the case of an earthquake. These zones then formed the baseafatien mapping, while the actual
amplification level within each zone was qualitatively dedivfrom the earthquake recordings
mentioned above.

In a fairly simple geological setting the H/V-method can #lsaised as a suitable tool for mapping of
geological layers. Finally, the microzonation map is being puddisas additional seismic subsoil
information for civil engineering and public authorities.

13
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Seismic noise measurements in the south of Upper Rl Graben

V. Calbini
Institut de Physique du Globe de Strasbourg, 5 rue René Descartes, 67084 Strasbmeg, Fr

The studied area is located close to the border between F&amitzerland and Germany, in the South
of the Upper Rhine Graben (URG). This graben is full dfalsr sediments and its basement is situated
between 1200m and 3500m. It is now well known that this kind of gealogied geometrical
configuration can lead to the existence of site effects. Inratmeestimate them, we used the
Nakamura’s method which consist in evaluate the H/V speettial of ambient noise recordings. 250
measurements were made on a 100m x 100m grid size across all ¢hartaag This method constitutes
a effective way to determine the resonant frequency ofea Bhe measurements coupled with local
geological and geotechnical soil informations lead to aagm@ration map. The first conclusion is that
the fundamental frequency is quasi constant (between 0.8Hz and lZirRHizg whole area. It
corresponds to an impedance contrast at about 100m depth probably caasé@risjtion between
sandstones and marls.

14
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A new crustal model as input for the European stregth map

M. Tesaurd, M.K. Kaban® & S. Cloetingh'

! Netherlands Research Centre for Integrated Solid Earth science, Fddtdtyh and Life
Science, Vrije Universiteit
2 GeoForschungsZentrum Potsdam (GFZ)

Tectonic studies made in intraplate Europe have shown thaarddsis more active than would be
expected from its location far away from plate boundaries. giasttex Europe is characterized by
horizontal and vertical motions with deformation rates of thdewof 1-2 mm/yr and by diffuse
seismicity, with earthquake magnitudes rarely exceeding 4.0, dhdbe attributed to the existence of
old zones of weakness, which are reactivated under the cumesg feld. The first strength map has
lead to a significant understanding of the dynamics of intnadjptheric deformation processes. The
results showed that the European lithosphere is characterizathjoy spatial mechanical strength
variations, with a pronounced contrast between the strong lithosphéine East-European Platform
(EEP) east of the Tesseyre-Tornquist Zone (TTZ) and thdéivedlaweak lithosphere of Western
Europe.

In order to improve the results previously obtained and to extemdstrength calculations to the
southern and western plate boundaries of Eurasia, we propose austal/ rmiodel to use as a part of a
compositional model comprehensive of crust and lithospheric maiitenew crustal model consists
for continental realms, of two or three crustal layers and arlying sedimentary cover layer, whereas
for oceanic areas one crustal layer is used. The topography istrected using GTOPO30 data, while
the thickness of the sedimentary layer is calculated usirghble data. Deep seismic reflection and
refraction and/or receiver function studies are used to dieatepth of the different interfaces inside
the crystalline crust and the-wave velocities distribution. The base of the crust is nsitocted
merging the most recent compiled Moho map available for thepgean regions. To each layer of the
model we associate a density value and a corresponding lithology.

The first results, relative to our model, show tiet upper crustal structure of the Paleozoic Platform of
western Europe (Variscan crust) and EEP (Baltica crustifferent, and these units are divided by a
transition zone, represented by the TTZ, which is a large anu sleecture filled with sedimentary,
metamorphic and/or volcanic rocks. The crustal thickness of Tizein Central Poland is intermediate
between that of the EEP to the east (42—-44 km) and that in fdeoPaic Platform (PP) to the south-
west (30—35 km). The three-layer crystalline crust of Batireales laterally into the two-layer Variscan
crust, due to the disappearance of the high velocity lowest (&e7.1 km/s).Further differences
between these units are observed inRiveave velocities distribution at the Moho depth: relatively high
velocity characterize the TTZ (Vp>8.3 km/s) compared to e &p~8.1 km/s) and the PR/|p~7.8-

7.9 km/s).

In the next future, tomography data will be used to get compositiomalies of the mantle lithosphere
and calculate the temperature distribution. These resullyjoiith the new crustal model, will allow
us to refine the previous strength map. Furthermore, the greffégt of our crustal model will be
calculated and removed from the observed gravity field in oodgettresidual mantle anomalies. These
anomalies distribution will be compared with the new strength results
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The Alpine integrated CGPS network EU Project : theAlsace network at the
northwestern margin of the Alps

J. van der Woerd G. Ferhat?, M. Ferry!, M. Meghraout, J. Hindererl" , partners of the
“Alps-GPSQuakenet” project

! Ecole et Observatoire des Sciences de la Terre, UMR 7516 ULP/CNRS, 5, Ragd3es
67000 Strasbourg, France (jeromev@eost.u-strasbg.fr)

2 Institut National des Sciences Appliquées, 24, Boulevard de la Victoire, 6700808ttas
France

% Website : http://www.alps-gps.units.it/

Among the 35 continuous GPS receivers (CGPS) of the GeodetiwAhgegrated Network (GAIN) of
the project funded by EU Interreg Alpine Space IlI-B ProgranBreations will be installed northwest
of the Alps along the western Rhine Graben (Vosges Ma3sifjether with the stations installed
throughout the Alps, and a number of campaign sub-networks, GAINaiidllv to quantify crustal
deformation within and across the Alps. Known seismogenic faulthe Alpine domain will be
targeted as test areas to constrain transient deformation.

The Rhine Graben characterized by moderate seismicity and ldnetion of sinsitral strike-slip and
extension is a major active structure within the “stablefaBian plate. How the strain observed in the
Rhine Graben is linked to deformation to the south in the Alpst@stortening in the Jura, remains
debated. To better constrain present day strain, we aim ataioimg} the strain rates across the graben,
but also to determine the vertical and horizontal movements #iengnargins of the graben. A dense
network of permanent CGPS will allow to quantify rates obdwehtion in the mm/yr range across the
graben shoulders but also to replace the deformation within the frameregibeal plate kinematics.

Together with geodetic surveys, the project will also dargnow seismogenic faults to perform
paleoseismological and geormopholotical investigations to detetorigeterm millennial strain rates,
magnitude of past events, as well as average recurieme®ft earthquakes. These data combined with
the geodetic strain rates will contribute to the knowledge of natuzalds
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The Black Forest Observatory - signals from the irgrior of the earth

M. Westerhau's Th. Forbriget, R. Widmer-Schnidrigy W. Ziirrf & B. Heck

! Geodetic Institute, University Karlsruhe, Englerstr. 7, 76128 Karlsruhe
Black Forest Observatory, Heubach 206, 77709 Wolfach

The Black Forest Observatory (BFO) is an interdiscipjinastitution, jointly operated by the geodetic
and geophysical institutes of the Universities of KarlsrutteStuttgart. Various continuously recording
geophysical instruments are installed inside an old silver mé@e Schiltach in the Black Forest.
Observation and analysis of deformations of the “solid” earttwels as monitoring of temporal
variations of the earth’s gravity and magnetic fields an®ray the main tasks of the BFO. Seismic
signals with amplitudes down to 0.01 nanometer are unambiguously obsevadcorded with the
BFO instruments. The extraordinary data quality makes the BFofottee best sites of the global
seismic network (GSN). Both the low noise environment anchitje sensitivity of the instruments
facilitated unique observations and the discovery of new phenomendelped to improve the
knowledge of System Earth.

The most important observables at BFO are seismic waveseenddcillations of the whole earth that
are excited by strong earthquakes. These signals contain detailedaitidor about the internal structure
and the density distribution within the earth. Among the essegtalts of the last years are (i) the first
observation of the torsional mod&, in strainmeter- and tilt data, (ii) observation and analysis of
coupling between torsional and spheroidal modes, and (iii) discovergiesdiption of a special free
oscillation that is excited by paroxysmal volcanic eruptions.

A second research line at BFO is the quantitative anabfsisnvironmental noise that limits the
resolution of the sensors. In a recent research project,cahysodels for the air pressure influence in
horizontal components (i.e. broad band seismometers, strain- aretdiltinhave been established and
methods to correct these effects have been proposed.

These models have now to be tested in the very low frequencyfdantbnic signals are searched for
in the long term tilt- and strain data at BFO. Very promisimthis respect are the data from a 120 m
long fluid tilt meter. Between 1996 and 2001, the long term lidaftrof this sensor does not exceed 5
nrad/year (a tilt of 1 nrad corresponds to a deflection ®0@0 km long pendulum by 1 mm), thus,
signals connected to the relative motions of the Rhine Gralieriomand -shoulders might be
observable. However, problems to be solved are possible temparajes of the calibration factor and
the removal of time varying air pressure- and temperature effattsud-nrad precision.
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GEOTHERMAL ENERGY WITHIN THE UNSATURATED ZONE
OF THE SPA DISTRICT IN WIESBADEN (GERMANY)

A. Hoppe?, J. Janickd, Ch. Lerch® & J. Briibact

! Institut fir Angew. Geowiss. TU Darmstadt, Germaaiyoppe @geo.tu-darmstadi.de
2 Energie- und Kraftwerkstechnik TU Darmstadt, Germany
¥ MVV Energie AG - Geo-Informations-Service, Mannheim, Germany

The spa district of Wiesbaden has a potential of geothermalyewkigh is actually untapped. While
the hot thermal water is already used (it reaches 66°C at the “Kochbrunnke’cientre of the city), all
other activities which may disturb the hydraulic regime are Hotvad. Therefore, the geothermal
potential of the unsaturated zone — although being usually more cfokator than a good heat
conductor — was mapped. Mapping with an infrared thermograph with a FLIR PM 595 camei@nea
at night in order to avoid disturbing effects of daylight witholation heating the surface and shallow
subsurface. It showed marked heat anomalies indicating a hestetrdrom the subsurface. These
temperatures were compared to the air temperatures whiehcavetinuously determined during the pe-
riod of infrared measurements in a nearby climate station e8ldéiden Sud” of the Hessian
Environmental Agency, HLUG). The differences between air sundace (soil-) temperature was
printed as T on a map and contour lines fofr>2 and >3,5 K were constructed with kriging method
and geological knowledge.

The area with geothermal potential may be used in the figapecially when roads under repair allow
an economic installation of heat transfer units. A modelling obiptes heat gains considered two

scenarios: a direct heating as well as the operation ohtapuenp. The latter one seems to be the
preferable scenario indicating that a heat capacity yield of about 1003Atnbe reached.
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NEW INSIGHTS INTO THE GEOLOGY OF THE NORTHERN VOSGES
P. Elsass & J.-P. von Eller

Service Géologique Régional Alsace, BRGM, 15 rue du Tanin, Parc-Club udiesriEs, Lingolsheim

In the framework of the revision of the geological map of thiest#t Quadrangle, the Geological
Survey of Alsace with the help of retired geologist Jean-PawlEller (one of the authors of the 1972
edition) has been remapping the Northern Vosges basement moelssif( du Champ du Feu,
Hochfeldzug, including detailed mapping (at 1:10 000 scale), petrography (thtiorsestudies and
geochemical analyses), and literature review.

The chronology of events of Variscan tectonics, volcanism, amdsiahs has been reviewed and
sampling has been carried out for zircon dating of the majoormptuphases. Main pending questions
are the age of the Saint-Nabor volcanic series, which apfeeaepresent a former island arc, and the
age of the successive syn- to postcollisional intrusives hifhien present data appear to have occurred
within a very short time period of less than 10 Ma (Altletral, 2000).

The structural history of the terrane is difficult to redamnst due to obliteration by intrusives and to
successive pervasive contact metamorphic events: contactgiaiyorphism is the rule rather than the
exception. A number of previously unrecognized stratigraphic an@niectontacts have been

identified, and working hypotheses on their significance are mebeRelative to previous mapping,
several important North-trending faults have been identified. @agr feature is the High Bruche

graben structure of which only the western border (the Saales faultyevasusly mapped.
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Miocene transpression along the boundary between ¢hvVosges Mountains
and the Upper Rhine Graben: observations and role.

Y. Rotstein & M. Schaming

Ecole et Observatoire des Sciences de la Terre, Universite LouisrPasisei Rene Descartes,
Strasbourg, 67084 France.

Seismic reflection data from the Upper Rhine Graben is tasstlidy the effect that Miocene change of
the regional stress regime had on the normal faults dinait the boundary of this Late Eocene graben
with the Vosges Mountains. We find three types of responsdgesé faults to the Miocene strike-slip
environment. Where the boundary faults are trending N-S, in tb@icped direction of strike-slip
displacement in the new stress regime, no new deformation isvetis&Vhere the boundary fault
trends to the NNE, predictable transpression is evident by aplifterosion of the boundary zone. In
these areas, the fault lost its listric shape and appeabecome steeper, but its original dip-slip
character is still apparent. The fault zone itself becomdewakilometers wide zone of intense
deformation, and a syncline or a monocline develops in the graketoribe boundary fault. When the
angle between the fault and the preferred displacement diregtmms further, the deformation
intensifies and the boundary fault appears to turn into aseveult. This process seems to culminate in
the boundary between the Vosges Mountains and the Dannemarie \Bhsie, the new principal
compressive stressq) is perpendicular to the boundary, but the information there is sketeclyplift

of the boundary area relative to the graben is estimateel o fess than 1000-1500 m in the center of
this boundary, and possibly, significantly more along the southern rboftiese estimates, and
kinematic considerations, support the hypothesis that the Vosges Mausta transpressional feature,
quite similar to mountain ranges that develop along restraining bendseoétekg-slip faults.
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Interference of thin- and thick-skinned tectonics &the northwestern Jura
front during Neogene to recent transpressive reaatation of the Rhine-
Bresse transfer zone

H. Madritsch, S.M. Schmid & O. Fabbri

Geologisch-Palaontologisches Institut, Universitat Basel, Bernou8at CH-4056 Basel

At its northwestern front the Late Miocene to Early Pliocene dldagind-thrust belt intersects with the
Rhine-Bresse Transfer zone. The latter is part of the Eundpeaozoic Rift System and formed during
the Eo- to Oligocene, reactivating Paleozoic basement stesctaind linking the opening of the Rhine
and Bresse graben in a sinistral transtensive manner (Lacetnatbe1993). Current results of detailed
field and subsurface investigations show that parts of thiacimtinental transfer zone have been
reactivated by dextral transpression during Neogene to recent times.

The formation of normal faults during Paleogene rifting in Rigine Bresse Transfer zone, as
observable in the Mesozoic cover, was widely controlled by thetstal inheritance of Paleozoic
basement structures. The most distinctive of those is theeltr@ &orst that features the confined
outcrops of crystalline basement of the La Serre massif.Wdhenin normal fault sets observed in the
Mesozoic cover strike NNE-SSW and ENE-WSW, directly raabiiag the boundary faults of the
Paleozoic horst. The intersection of these two normal fatdtresulted in a patchwork of basement
blocks throughout the transfer zone.

From Late Miocene to Early Pliocene this block geometry peatially overridden by the thin-skinned

Jura fold and thrust belt. However, the dissection of the @suefit horizon (evaporites within the
Keuper formation) at the various basement block boundaries dddable propagation of the thrust
belt at its northwestern most part (“Avant-Monts zone” Somn#erl@P9). Typical field structures

associated with the thin-skinned tectonics of the thrustasel gently dipping thrust faults and folds
showing steeply inclined limbs. Paleostress analysis yields divergedtials of sigma 1 depending on
the direction of thrusting. The overall distribution is farelikith sigmal striking N-S in the east and
almost E-W in the western part of the study area.

The examination of industry-type seismic reflection data dfaswvn that in contrast to the eastern
Avant-Monts zone, where thrust related folds are found, no thrusptmglagation took place in the
western Avant-Monts zone bordering the La Serre massif. tHerebserved gentle folding is caused
by a thick-skinned positive flower structure inverting Paleoamid Paleogene structures. Subvertical
strike-slip faults that reactivated pre-existing Paleogeorenal faults are the predominant structures
found in the field. Paleostresses from that area yield sigstaking consistently WNW-ESE. These
observations are interpreted as a partial dextral trangprassactivation of the Rhine Bresse transfer
zone.

Within the city of Besancon, large scale structures éofrnby thin- and thick-skinned tectonics,

respectively, interfere with each other. This enabled usstablish a relative chronology. The main
frontal Jura thrust fault, gently dipping south, is dissectestdésp northward dipping reverse faults that
reactivated former Paleogene normal faults. Therefore-#kitined deformation post-dates the thin-
skinned Jura formation and was active until at least Lated?le times. Indeed, as deformation of
Quaternary geomorphic marker horizons is observed in the Avant-Montsl@s\vethe Besancon area

thick-skinned tectonics appear to be active until recent timbs hypothesis is strengthened by
observations from neighboring areas (Giamboni et al. 2004) and latestlegiical data (earthquake of

Rigney, Baer et al. 2005)
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Upper Malm

Figure 1: Interference of thin- and thick-skinned structures:

a) gently to the south dipping NNW vergent thrust faults timggJpper Dogger above Upper Malm b)
steeply northward deeping reverse faults that offset theygdigping thrust fault and move the
footwall of the original thrust (Upper Malm) next/above its hanging (iédisssic).
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Sedimentation and flank uplift in the southern URG:the role of isostatic
flexural rebound

S. Hinsken', A. Wetzel* & St. M. Schmalhol?

! Geological Institute, Uni Basel
2 Geological Institute, ETH Ziirich

The URG was strongly affected by isostatic flexural rebourttiefithosphere in response to unevenly
distributed effects of loading and unloading. Loading effects ebudically from filling of the basin
with water and sediments and regionally from the approachingeafpiogen. Unloading effects were
due to rifting and related basin geometry, as well as erosion of rifsfeamik basin fill.

In several cross-sections a constant rift volume (about 130ldsharea) was found. Therefore, the
rifting in the URG is inferred to have been a rather uniform gsec Extension was about 5km
perpendicular to the rift axis. Crustal thinning was almost cetelyl accommodated by rift basin
formation that led to regional isostatic compensation.

In contrast to uniform rifting, syn-rift sedimentation as wasl rift flank uplift and erosion, varied
strongly in time because of differential subsidence, flatotg base-level, and changing sediment

supply.

Thermo-mechanical modeling of rifting and fission-track datagssig only minor thermal effects
leading to appreciable rift flank uplift. Uplift of the rifbeulders strongly corresponds to geometry and
fill-mode of the rift basin: Flank uplift increases with desiag graben-width and/or decreasing
sedimentary fill. Filling of the northern URG, having contraltdess uplifted flanks has been almost
continuous and the sediments occupy about 70% of the graben volutost(area). In the southern
URG, with its high uplifted flanks, the graben is only filledatmout 40%. For the southern URG three
episodes of completely different fill history can be distinguished:

1)) During Late Eocene to Early Oligocene an intermediate Ibaskin the graben resulted in an
under-filled basin mode; material eroded from the rift shoaldeas deposited within the basin.
Alluvial fans formed at the graben margins and continentgbaritas precipitated within the basin.
Strong uplift and erosion of the rift shoulders is documented bpehble petrography of alluvial fan
conglomerates. The uplifted rift flanks bordered an isolated basirhindered external sedimentary
supply. This scenario is compatible with regional isostatic cosgi®n of rifting, while erosion of the
flanks and sedimentation in the graben were balanced.

2) During the Middle Oligocene a marine transgression floodedtire € RG as well as parts of
the rift flanks and the area of the northern Jura and a sea-way formed betweemt/ke “overfilled”
Molasse Basin. Thus alpine material was transported int&JB@ and the basin was filled rapidly
leading to an overfilled basin, whereas erosion on the rift-shoulgessirastically reduced. Although
base-level was falling towards the end of the Oligocene,itiimdjiin the URG was proceeding, there is
no evidence for flank uplift during this time span. The obsetmatsition from underfilled to overfilled
basin-mode coincides in time with decreasing height of the rifildacs. The decreasing height of rift
shoulders observed during the overfilled period reflects the igpstsponse to loading of the basin
with sediments, while erosional unloading of the graben flanks was neglible.

3) During Neogene the southern URG was significantly uplifted,t mposbably due to the
northward progradation of the Alpine forebulge. Although rifting targd, the basin was raised above
the base-level and sedimentation stopped. The flanks of the soutiseldRG (Vosges, Black Forest)
were strongly uplifted, because ongoing crustal thinning, was no laoggpensated for by sediment
infilling. In turnerosional unloading of the rift flanks increasedstically and induced further isostatic
rebound. Because of ongoing crustal thinning, because stretchingnovémger compensated by
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sediment filling and erosional unloading of the rift flanks iasexl drastically. This process was
strongest in the vicinity of the relatively high stretdh@otash Basin. The strong isostatic response
below the Potash basin induced by tectonic and erosional unloading mayekaited in local Moho
uplift to 24 km below this “non-filled” basin. Furthermore the am#jnt southernmost graben
compartment was tilted to the south and erosional truncations formed.

Numerical modeling reproduces the flexural structures obdénvihe URG very well. Our prelimnary
results indicate, that present day deformation observed irotlibesn URG might be best explained
with continuous rifting as well as uplift above the base-lelgd to interference with the Alpine
forebulge. It furthermore shows that the uplift of the rift stetd appears to be majorly controlled by
isostatic flexural rebound dependent of the state of fill, and tygadi the crust. The model suggests

autocyclic control mechanisms on rift basin sedimentation, whightnie similary observed in many
other extensional basins.
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Contemporary kinematics of the Upper Rhine Graben:
a 3D finite element approach

G. Peters¢? & T.J. Buchmann?

! Geophysical Institute, University of Karlsruhe, Hertzstrasse 16, 7618tita, Germany,
2 Faculty of Earth and Life Sciences, Vrije Universiteit AmsterdamB&elelaan 1085, NL-
1081 HV Amsterdam, The Netherlands

This presentation focuses on the results of an ongoing sénpesjects investigating the contemporary
tectonic behavior of the Upper Rhine Graben (URG) and identifyiagmost active structures. The
URG is presently characterized by relative low deformatadasr and seismicity but has a significant
amount of ongoing subsidence (0.1 to 0.2 mm/yr geological and 1 rgeddetical rates) in two recent
depocenters. This recent kinematic behavior of the URG has beefethodang multi-scale 3D Finite
Element analyses. An initial regional scale model was nmist to accurately simulate the far field
boundary conditions (e.g. stress field) affecting the URG system. The regiodel was calibrated to a
range of borehole, geological and geophysical datasets. In tordgrmpare the modeling results to
independent data (benchmarking), information from geology, geomorph@eggiesy, seismicity and
paleoseismicity on relative fault and block motions and on fanknkatics was used. The best-fit
results of the regional model were then used to drive twoletaiodels of the northern and central
URG. Ongoing interpretation of the detailed models aims to idgmifgntially hazardous faults and to
evaluate the role of"2order structures (i.e. intra-graben faults) to URG kinematics.
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The Heidelberg Basin Project —
Status Report Fall 2006

G. Gabriet, M. Weidenfellef, Ch. Hoselmarnh& D. Ellwangef

Leibnitz Institute of Applied Geosciences, Hannover/Germany,
LGB-RLP, Mainz/Germany,

HLUG, Wiesbaden/Germany,

Regierungsprasidium Freiburg Abt. 9 (LGRB), Freiburg/Germany.

A W DN R

1. The potential of the Heidelberg basin as
an exceptionally complete mid-continental sediment archive of theasat mid-Quaternary,
an ideal “half way between” locality to correlate alpine Almdth European glacial-interglacial
patterns,
a sedimentary measuring device of the neo-tectonical evolution Ndtia 8ips,
has been outlined in various occasions, including earlier FRIMOBGENT annual workshops. In this
status report in Fall 2006, some aspects which we presented and discussedeasliatiad (hopefully
from an advanced point of view), but also some encouraging new resultssamt @re

2. The key question, “Why is the Heidelberg succession more etartpln successions elsewhere?”,
will be recalled from three points of view, regarding

the major accommodation areas along the Geosystem Rhine,

the aspect of continuous sediment supply, and finally

the aspect of sediment preservation.

3. Of the four drillings envisaged, three are complete, oneensling. Unfortunately, the central
drilling (Heidelberg Uni-Nord, projected in the subsidence censradhe pending one. It had to be
interrupted in 190 m, long before it reached its projected depth of 5Cfften failing to produce

sufficient sediment cores. This concerns mainly the proximal lithegaof Neckar deposits which occur
only in the Uni-Nord location. Of the three others cores, invegtiggm of one are almost complete
(Ludwigshafen Parkinsel P 34). The others (Ludwigshafen Parkin88l & Viernheim, but also the

incomplete cores of Heidelberg Uni-Nord) are presently samplatde Smpressions of the activities
will be presented, including the projected investigation architeetnd possible delays.

4. Preliminary results reaffirm the positive identificatiof the subsidence centre at the Heidelberg
Uni-Nord location. These results are achieved by seismic andeatldiata, by new heavy mineral data,
and, most striking, by the lithofacies-log of the Uni-Nord conespite of the proximal position in the
Neckar fan, a considerable part of the additional thickisedse to fines. I. e. there is a good potential
for palynology to produce a long continental succession, but alsolé@mgpaagnetics, clay mineralogy
and other techniques. We hope that the differences with the faimierg contractor will be solved
soon and coring at Uni-Nord can continue without too much delay.
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Progress in Luminescence Dating of Fluvial Sedimestn the Rhine System

M. Frechen

! Leibniz Institute for Applied Geosciences (GGA-Institut), Section S3 Genolugy and
Isotope Hydrology, Stilleweg 2, 30655 Hannover, Germany
M.Frechen@gga-hannover.de

Luminescence dating techniques are applied to date the tinmeélamce the last exposure of quartz
and feldspar minerals to sunlight. These methods are thereforactdynused to date the deposition
age of aeolian and fluvial sediments enabling to set up momblelchronological frames for the
formation and alteration of sedimentary landforms. The datnge has proved to be successful for
sediments as young as a few years and as old as severacwhdhousands years. A case study
funded by the Deutsche Forschungsgemeinschaft (DFG) has been carriedlovialasediments in the
southern Upper Rhine Graben.

During the Pleistocene, the Rhine glacier system actedraga south — north erosion and transport
medium from the Swiss Alps into the Upper Rhine Graben, whisthban the main sediment sink of
the area under study forming low angle debris fan. Only somededgna resulted in the formation of
fluvial terraces. Luminescence and radiocarbon dating have beendafipléet up a more reliable
chronological frame of Upper Pleistocene and Holocene fluditiity in the Hochrhein and in the
southern part of the Upper Rhine Graben. In this study, the equidalemtDe) was determined by the
Multiple Aliquot Additive Dose protocol (MAAD) for feldspaand by the single aliquot regenerative
(SAR) protocol for both feldspar and quartz including dose regdests and preheat tests. The results
do not indicate any clear evidence for anomalous fading, neithéhebgomparison of De values
determined by the SAR and MAAD protocols nor by comparison of quamtzfeldspar OSL and
independent age control for the youngest samples. Furthermore,ldih@sescence results do not
indicate significant age underestimation, previously describedluvial sediments from the Lower
Rhine area and elsewhere. Four aggradation periods were det@rivy the luminescence dating
approach ranging from 55.2+4.0 to 41.3+3.0 ka, from 32.4+2.3 to 30.2+2.7 ka, from 10.36%0.63 to
7.05£0.45 ka and from 0.59+0.10 to 0.50£0.10 ka. The OSL age estimates xaelleneagreement
with the stratigraphical concept of sedimentary dynamicthé Upper Rhine Graben. However, the
results contradict the cold climate origin of fluvial (are) sediments in the southern Upper Rhine
Graben and the detailed methodological approach indicates that btahsipm-rich feldspars and
quartz minerals provide a reliable chronological frame.
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Interpretation of new OSL data in the frame of
Upper Rhinegraben Sediment Erosion-Deposition Scenas

l. Neeld, M. Frecheh & D. Ellwangef

! Institut fir Materialwissenschaft, TU Darmstadt/Germany.
2 Leibnitz Institute of Applied Geosciences, Hannover/Germany.
% Regierungsprasidium Freiburg, Abt. 9 (LGRB), Freiburg/Germany.

1. New OSL data were derived from fluvial sediments ef “tiederterrasse” of the Hochrhein and
Southern Upper Rhinegraben (URG). We sampled sand intercaldtimms gravel successions.
Formerly, in terms of the classical geomorphology and glaciaigiatgial morphostratigraphy, the
Niederterrasse gravel body represented the last glaalihmam at ~20 ka b. p. None of the samples
produced that age.

2. In the frame of sequence and event stratigraphy patterdghthformations are defined as intervals
between the maximum peaks of climate geodynamics at the-lgteglacial transition of major
glaciations, i.e. intervals after the last event, betwherlast and the penultimate event (20 and 130 ka
b. p.) etc.

The maximum peaks of climate geodynamics are represented
by three generations of (sub)glacial basins at the alpine margin,
by major terrace levels within the main meltwater valley (Hoehr), and
by coarse event horizons in the main sediment accommodation area = thnddRGe

The main mass of sediments representing the intervals betiveeevents is deposited in the glacial
basins and in the southern URG. In the Hochrhein valley the sptiiraf the terrace body produce ages
before the event, and sediments incised in the terrace level praghscafter the event.

3. The ages derived from the samples support the intervalrigcddawever several effects related to
changing sedimentary environments are to be considered:

- Age inversions. Samples from lower sequences produced 40 ka, buppghemost sample,
supposed to represent the 20 ka event, produced 70 ka (reduced exposurgltb dumlto
sedimentation from suspension).

The eolian record. Here the 20 ka is found as maximum in theda®L (suspension means
maximum supply of fines).

The 70 ka often occurs in samples deposited in environments where little expaaumbght is
likely (e.g. subglacial deposits). This age cluster represantsenultimate sedimentation
maximum which may be related to the fill up of a penultimate Lake Constance.

To interpret the new OSL data from the Hochrhein valleythadgouthern URG, these and other effects
and aspects of sedimentation will be considered and discussed.
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Burial Age Datierungen

A. Dehnert, M. Fiebid, Ph. HauselmannF. Preussé& Ch. Schliichtér

! Geologisches Institut, Universitat Bern, Baltzerstr. 1-3, Ch-3012 Bern
2 Institut fur Angewandte Geologie, Universitat fir Bodenkultur, Peter Jordan Str. TIDG\-
Wien

Numerische Datierungsmethoden leisten wichtige Beitrdégedbe Bearbeitung pal&oklimatischer
Fragestellungen. Burial Age Datierungen an Quarzen konnen unter ggiinstymstanden
Sedimentationsalter von mehreren 100 000 Jahren bis wenigen Milliafeen liefern (z. B. Granger
& Hauselmann 2004).

Burial Age Datierungen werden an kosmogenen Isotopen durchgedighitn obersten Bereich der

Erdkruste durch kosmische Strahlung entstehen. Wenn die Menga N&néral gebildeten Isotope in

Bezug zur korrekten jahrlichen Produktions- und Erosionsrateztjesetden kann, ergibt sich daraus
die Dauer der Oberflachenexposition (z. B. lvy-Ochs et al. 2004).

Die Produktionsrate hangt von einigen Faktoren, wie z. B. Bre#ddnd.dngengrad, Hohe Uber
Meeresspiegel, Magnetfeldstarke, Schnee- und Pflanzenbedeckuregnavdler Expositionszeit ab. Im
Mineral Quarz bleibt das Verhéltnis bestimmter Isotdp&l iInd *°Be) von diesen Einflussfaktoren auf
die Produktionsraten praktisch unberthrt. Es liegt bei Oberfiéstpesitionen Uber mehrere 10.000
Jahren konstant bei etwa 6 zu*®l und °Be zerfallen allerdings radioaktiv mit Halbwertszeitem v
t1,°°Al = 0.716 Ma und4,'%Be = 1.6 Ma (Werte nach Heisinger & Nolte 2000, Diskussion iniEgetr
et al. 2003). Dadurch reduziert sich bei Expositionen tiber mehrere 100.000 Jahre dkisiy/edn 6:1
auf etwa 3:1. Unterschiedliche Erosionsraten modifizieren dieskaltnisse noch in einem gewissen
Ausmall.

Wenn sich in Quarzkérnern durch Oberflachenexpositiair und °Be-Isotope gebildet haben, sich
aber durch spatere Abschirmung vor kosmischer Strahlung keinereveisotope mehr bilden, dann
zerfallen die bereits vorhandenen Isotope ungestort entspreittiendialbwertszeiten. Da die beiden
radioaktiven Zerfalle mit unterschiedlichen Geschwinditgteablaufen, ist unter gewissen Umstanden
einen Rickschluss auf den Zeitraum seit Beginn des ungestdrtenszeidglich.

Sedimente aus bayerischen Deckenschottervorkommen wurden inawisdbégreich mit diesem
Verfahren untersucht und datiert (Hauselmann et al., subm.). Untengiech an Proben aus dem
Niederrheingebiet stehen kurz vor dem Abschluss (Dehnert &0@6). Auch die Sedimente des
Heidelberger Lochs sind grundséatzlich fiir dieses Datierunigéwen geeignet. Durch Burial age
Datierungen kénnten wesentliche Fortschritte bei der Altesedung des alteren Teil der quartaren
Beckenfillung erreicht werden.

Zitate:

Dehnert, A., Akcar, N., Kemna, H.A., Kubik, P., Preusser, F. & Schltjoftg2006): Burial dating of
fluvial sediments from the Lower Rhine Embayment, Germnay. -aTéostra 2006/2: 87. Fiebig, M.,
Hauselmann, P. (2005): A first attempt to date "Deckenschotttir'casmogenic nuclides. In: Dehnert,
A., Preusser, F.: INQUA-SEQS, 4.-9.9.2005, Bern; Book of Abstractd21Bern.Hauselmann, P.,
Fiebig, M., Kubik, P. & Adrian, H. (subm.): A first attempt to d#te original "Deckenschotter” of
Penck & Brtckner with cosmogenic nuclides. — Quaternary Infenat Granger, D. & Hauselmann,
P. (2004): Using cosmogenic AL-26 und Be-10 decay to date 4 million gegtacial valley lowering
in Switzerland. — Abstract, 32. IGC Florence: S. 921, Session 196-4n¢stmisB. & Nolte, E. (2000):
Cosmogenic in situ production of radionuclides: Exposure ages andrerates. — Nuclear Instruments
and Methods in Physics Research B 172: 790-795. Ivy-Ochs, S. éd():(Ziming of deglaciation on
the northern Alpine foreland (Switzerland). — Eclogae geol. H&lv.47-55. Partrigde, T.C. et al.
(2003): Lower Pliocene Hominid Remains from Sterkfontein. — Science, 300: 607-612.
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Rock and palaeomagnetic evidence for the Plio/Plétscene palaeoclimatic
change recorded in Upper Rhine Graben sediments (mdrilling
Ludwigshafen-Parkinsel)

Ch. Rolf, U. Hambach E.-M. Hagedory M. Weidenfellet& D. Ellwanger

! GGA-Institute Hannover Geographisches Institut Univ. BayreutiGeologisches Institut
Univ. Cologne;* Landesamt fiir Geologie und Bergbau MafRegierungsprasidium
Freiburg Abt. 9 (LGRB)

The cores of a well drilling from Ludwigshafen Parkinsel edras a pilot study for stratigraphical
investigations of continental successions of the Plio-Pleistdcamstion. We combined

Sedimentology,

Sediment-Petrography,

Pedology,

Magnetic polarity,

Rock Magnetics including Magneto Mineralogy,

with the result that in all methods, the major changes coincide at a ddgth m.

We suggest that the change of magneto-mineralogy at 177 mserag as a proxy for major
environmental i.e. climatic changes at the Plio-/Pleistocensiti@n.
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Sediment petrographic characterization and magnetic susceptiliy of the Plio-
cene-Pleistocene transition in the Parkinsel drill core P34 / er Rhine Graben

A. Kontny" & P. Schulté

! Geologisch-Paldontologisches Institut, Ruprecht-Karls Universtitdtberg, Im Neuenheimer Feld
234, 69120 Heidelberg, agnes.kontny@urz.uni-heidelberg.de
Z Institut fir Geologie und Mineralogie, Univ. Erlangen-Nirnberg, Selimsen 5, 91054 Erlangen

The Pliocene-Pleistocene transition in the Rhine system déxiatsd with climatic cooling, onset of
glaciation events and the extension of the drainage areahmtdlps. The timing and magnitude of
environmental changes during this period in the northern Alpine fataka still poorly constrained.

Investigations of the sediment petrology from the 300 m deekiridel P34 borehole, Ludwigshafen,
revealed a major shift in the heavy-mineral spectrum fréables (zircon-tourmaline) to unstable
(garnet, epidote, hornblende) minerals at a depth of about 177 radbtag 2004). This shift in heavy
minerals in Rhine sediments is indicative for an increasddxirdf Alpine source rocks during the
Pleistocene and therefore is interpreted generally tok ntiae Plio-/Pleistocene boundary. This
interpretation is also confirmed by paleomagnetic data, which showsititva from normal to reversed
polarity at that depth (Rolf et al. 2005).

We measured magnetic susceptibility between 140 and 220 m in 5 cm intervals, using a hand-held
susceptometer on the Parkinsel drill core. In gererahges between —100 and 250 ¥ 8. However,
different magnetic susceptibility patterns occur above and below 177 m.

Within the Pliocene (between 205 and 177 m) we observed a good tionrefec with the gamma ray
log (data kindly provided by M. Weidenfeller) and clay minecahtent. This correlation clearly
indicates that is related to the abundance of paramagnetic clay mineralscially illite. The sand
layers in this interval show very low, mostly diamagneti@lues, suggesting a relative mature, quartz-
dominated sediment composition. Backscatter imaging confirmddaa @ominance of quartz grains
with K-feldspar and minor mica and accessory ilmenite, mok#yeal into rutile. Below 205 m a fairly
good correlation exists betweerand gamma ray and clay mineral content. Here, a distinct scattering of
the ¢ values within single lithologic units indicates the ocenoe of inhomogeneous distributed
ferrimagnetic detritus. Temperature-dependent magnetic susiigptmeasurementsc(T curves)
suggest that the sand and clay layers below 177 m are chiaexttey the absence of magnetite. SEM
and X-ray diffraction studies did not show any carbonates, butrtlagrals are present as well as some
pyrite, cellular Fe-hydroxide, and Fe-Mn oxide.

During the Pleistocene (from 177 to 140 m), magnetite was fidehtdy the Verwey transition at
-152 °C and the Curie temperature at 590 °C fesicurves. Calcite and dolomite are dominant clasts
besides quartz, while the clay content significantly decseasgkerite occurs as rims around dolomite
cores and explains the magnetic transition at about 400 °C @y Theurves from the upper part. SEM
observations further revealed garnet, epidot, hornblende andoihematite grains as accessory
phases.

In conclusion our data suggest Variscan granites and orthognie@sethe Rhine Graben shoulders as

source regions of the Pliocene deposits and a metamorphic basemeararbonates (Jurassic?) as area
of truncation for the Pleistocene interval. The Pliocezténsents show a distinctly stronger weathering

than the Pleistocene deposits.

References

Hagedorn, E.-M., 2004, Sedimentpetrographie untiofizies der Jungtertiaren und Quartéren Sedimiemte
Oberrheingebiet. PhD Thesis, Universitat Kéln, K@kermany, 310 pp.

Rolf, C., Hambach, U., Hagedorn, E.-M., Weidenfell®., Ellwanger, D., 2005, Rock and palaeomagnetic
evidence for the Plio/Pleistocene palaeoclimati@nge recorded in Upper Rhine Graben sediments (Bghr
Ludwigshafen-Parkinsel). DGG, (Poster).
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Seismic surveys and downhole logging experiments
within the Heidelberg Drilling Project — some prelminary results

G. Gabiriel, H. Buness & Th. Wonik

Institut fur Geowissenschaftliche Gemeinschaftsaufgaben, Stillewe@@656 Hannover

The potential of the Heidelberg area as the central arcbfvthe geosystem Rhine has been in
discussion for some years. The alpine and the lower Rhine / Neastldeositional patterns interfinger
in the Northern Upper Rhine Graben (URG). A long and - in tdr of varying subsidence - fairly
continuous succession is expected which may be of considerable teatlietect Plio-Pleistocene
climate cyclicity and transition in a continental environmé@nscientific core drilling of the Quaternary
and youngest Tertiary succession of the Heidelberg basin was desiredsbigthiéic community.

In early 2006 two new scientific core drillings were sdrtwith financial support of the Leibniz
Institute for Applied Geosciences (GGA-Institute), the GeokdgSurveys of Hessen ari8aden-
Wirttembergand the Oberrheinische Geologische Verein. Whereas the 356prddiing close to
the town of Viernheim in the central part of the basin wasessfully finished recently, the drilling in
Heidelberg (aimed depth 500 m) had to be stopped temporarily at T@ptm due to some technical
problems. A third 300 m deep core drilling also contributes tgthgct, representing the western
margin of the basin (city of Ludwigshafen). All three core itigk combined, improved insights are
expected into

sedimentary development and geochronology,

control of the system by neotectonics and past climatic changes,

and aspects of applied geology (hydrogeology, geothermal enecgyotextonics, and
seismicity etc.)

of the Quaternary and late Pliocene of the Heidelberg basmirtended to apply for research funds
from the Deutsche Forschungsgemeinschaft.

In advance to these drillings geophysical surveys were peethr Especially some high resolution
reflection seismic lines around the “Radium Sol Therme” borefrolm 1922 in the old town of
Heidelberg and north of Viernheim were surveyed in order to irbage Quaternary and Pliocene.
They amend the existing net of seismic profiles from the hydsocaexploration outside the city of
Heidelberg. A S-N running profile within the city of Heidelbeegeals an additional subsidence of the
Heidelberg Basin in this area of 400 to 500 meters. Furthermoreedetaiivnhole logging experiments
were performed in the non-cased drillings yielding deeper insight into ttoplpgsical properties of the
Quaternary sediments. Vertical seismic profiles (VSP)ewmcorded in order to improve the
interpretation of the reflection seismic lines.

With the new VSP as link between the drilled lithology and thisnsic reflection patterns this
contribution summarizes the results of the seismic exploratimm fir the drilling activity. Some
preliminary results of the downhole experiments will be discussed wijtbeet the drilled lithologies.
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Characterizations of river interaction, uplift, denudation, and stress
distribution in the transition from southern Odenwald and northern Upper
Rhine graben.

B. Eitel}, U. A. Glasmachef & R. Greiling?

! Institute of Geography, University of HeidelbeB9120 Heidelberg
? Institute of Geology and Palaeontology, University of Heidelt&3820 Heidelberg

Four drill holes, located across the Upper Rhine graben in the wicisity of Heidelberg, penetrated
the Quaternary and partly the Upper Neogene sedimentary reabid &ssigned to the Rhine river and
its tributaries. The drill cores are important archiveswaluate the interaction between the Rhine river
and its tributaries. For example, the Heidelberger Loch anchMéén drill core will allow studying the
interaction between the Rhine and the Neckar river. Along th&aXeatser, Quaternary sedimentary
deposits (e.g. Mauer) will be used to characterize the spétgftkar sedimentary record. Furthermore,
the project is assigned to quantify the Cenozoic uplift and denudasitonyhof the eroded part of the
source areas by using the sedimentary record of the Nkgkas. These data will be combined and
compared with old and recently defined thermochronological datatfrer@denwald area. In part, the
aim will be achieved by 2-D and 3-D thermokinematadelling, integrating surface processes.

Techniques to be used are the characterization of lithology and piehdliegy, as well as the fission-
track and (U-Th)/He thermochronological dating technique apptiethé heavy mineral apatite. In
addition, the evolution of the palaeo-secondary stress distributibrbe calculated by using the
quantified uplift and denudation history. The recent secondars stigtsibution will be determined by
applying the stress induced electromagnetic radiation (EMRhigee. The EMR will be measured in
the frequency range between 5 to 50 kHz. In combination with literdata it is expected to generate a
Cenozoic secondary stress distribution map of the southern Odenwald area.
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The Heidelberg Basin Project —
Preliminary Palynological Results

J. Hahné & D. Ellwangef

! Tiefenthal, Dassel/Germany,
2 Regierungsprasidium Freiburg Abt. 9 (LGRB), Freiburg/Germany

1. Palynological case studies and pilot studies were done fleyedif authors on core samples from
locations of the Heidelberg basin (Northern Upper Rhine Graben). prejuced marker in the
stratigraphical range from Middle Pleistocene, Early Rieene and Pliocene. The Pleistocene markers
are derived from pollen successions (Oecostratigraphy) libeeRe depends on characteristical pollen
types (Biostratigraphy).

2. The longest succession is expected from the subsidence ckttiee Heidelberg basin which is
located just north of the city of Heidelberg. Here the verst fthough preliminary data will be
presented. The research core drilling “Heidelberg Uni-Nord” lehseached only 190 of 500 m depth
and is presently pending.

Some good results come from Kronau at the Southern end of tHellbtey basin. Here the only yet
identified Holsteinian of the Upper Rhine Graben has beattifidel (det. Litt & Bludau), and also a
Waalian (det. Hahne) early Pleistocene marker.

Another interesting set of data has been found in the Mannheim-gisidayen area at the West margin
of the Heidelberg basin. Several Cromer cycles were itehtify different authors (det. Knipping,
Bludau, Minzing, Rahle).

The deepest drillings presently available come from the nartbad of the Heidelberg basin at
Weinheim (ca. 1000 m). Unfortunately all samples from Weinheim were morssdrde of pollen. We
hope that this lack will be filled when the new researchimyilat Viernheim will be investigated in the
near future.

3. The results achieved so far will be discussed on thegytzackd of new developments on both the
alpine and the North European Quaternary stratigraphy.
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On the potential of satellite radar interferometry for observing neotectonic
deformation

R.F. Hanssen

Delft University of Technology, Kluyverweg 1, 2629HS, Delft, The Netherlands
phone/fax:+31152783 662/711, r.f.hanssen@tudelft.nl

Satellite radar interferometry (INSAR), in particular comtineith advanced time-series processing
techniques, is able to produce extremely high precision a@stnud surface deformation. Results for
subsidence analyses indicate that formal precisions betterlthmm/year are possible. This suggests
that decimeter-scale deformations retrieved on geological sicaées (1810° years) may become
feasible to observe in contemporary geodetic data as wellertieless, current applications for
detecting and monitoring neotectonic motion using radar interfergraed still limited to creep-events
at strike-slip faults. Here we will present the main cpteeand potential of advanced processing
methods for neotectonic deformation. The background of the resaatth field at Delft University of
Technology and first results of the methodology will be discussed.
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Improved GPS-Modelling — Antarctic Peninsula

M. Mayer

Geodetic Institute, University of Karlsruhe (TH), Germany

In these days global navigation satellite systems areassadstate-of-the-art tool when point positions
have to be determined. Especially the primarily for myitapplications developed Global Positioning

System GPS has widely affected the geodetic point positideaimiques during the past two decades.
This is valid for real time applications as well as for post-pingsapplications. Compared to real time
applications, which aim at a fast determination of point posifitime main focus of post-processing
applications concentrates on an optimum modelling, which guarantessepresults. The presented

work focuses on post-processing applications and develops a GRS atassing strategy for the area
of the Antarctic Peninsula.

Actually, within the framework of the International GNSS Servit®e than 350 GPS sites exist world-

wide and collect GPS data permanently. Evaluating these datas¢iries and movement rates of GPS
sites, situated on the Earth’s surface, could easily be dettmiith a high temporal resolution. These

rates are very useful for the estimation of plate tectoradels. In regions, which are covering a large
number of IGS sites, the precision as well as the accuraagures of these models are very satisfying;
in polar regions, in contrast, highly precise point positioningus to logistic and data processing

aspects still challenging.

Using the GPS data of the densification network of the AntaR#iginsula the importance of an
optimum data processing strategy is shown. The area of thechmtBeninsula is tectonically highly
active and therefore of great geoscientific interest. piopagation of the GPS signals through the
Earth’s atmosphere (ionosphere, neutrosphere) as well aspsi#ic effects (e.g. receiver antenna,
multipath effects) are discussed. To overcome the incorsectfahe stochastic model of standard data
processing strategies site-specific and observation campaaged weighting functions based on the
signal strength of the GPS data are developed. In contrasiridastl processing approaches, these
weighting functions consider the azimuthal signal directiowels as elevation angles. To guarantee a
correct and extensive GPS model for the neutral atmosphera #ithdata processing the parameters,
which are affecting the models of the neutral atmosphere, are gatesti

Handling all above mentioned parameters carefully the deteioninaf relative movement models of
the Antarctic Peninsula is feasible. The horizontal movermntlels do not differ significantly
compared with known plate-tectonic models. Due to the almost tan g@vering time span of
collecting GPS data in the area of the Antarctic Peninglédive vertical movement rates, e.g. yearly
rates in the range of 4 mm in the area of the Bransfield Strait, amenitedble for the first time.
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Data acquisition and preparation for
gravity field studies in SW Germany and the URG regin

K. Seitz, B. Heck

Geodetic Institute, University of Karlsruhe, Germany

Geodynamic processes are often accompanied by mass flow aratelisehts, leaving signatures in
the gravity field of the Earth. High resolution and precise gralatg thus can be used — in combination
with other geophysical information — to detect discontinuitieb @her structures in the Earth crust and
to construct or check density models. These gravity field stuthee to be based on high resolution
gravity anomalies, derived from gravity surveys and digital terraidets (DTM).

For the area of the Upper Rhine Graben (URG) and neighboured registiagesiets of gravity
observations have been collected from several source® Biegeodetic reference is not uniform, in
general, transformations into a unique reference frame aesssy. Similar problems exist for DTMs,
available for different grid sizes from Surveying Authoritiesronf the Shuttle mission (SRTM).

Before precise gravity anomaly maps can be compiled, the dathaset to be homogenized. The paper
describes the processing of this data and presents free-air and Baovaquealies for the URG region.
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Investigation of levelling data to evaluate the veical neotectonics of the
Southern Black Forest, the Northern Switzerland andhe Lake Constance
area

K. Zippelt & O. Dierks

Universitat Karlsruhe, Geodatisches Institut, Englerstr. 7, D-76128 Karlsruhe

Levelling data are most appropriate to investigate surfadeal deformations caused by neotectonics
and other influencing factors. On the one hand, these data al@bkvaiver a long time — in some
regions up to 80 years — and, on the other hand, they have beeredotiaafully with a precision
better than 1 mm2#km. Since precise levelling is a time-comguobservation method, the data are
scattered in time and require special analysis procedures to prelédider estimates of height changes.

The recent investigation combines levelling data’béid 2° order from different countries, Germany
(Baden-Wiirttemberg and Bavaria), Austria and Switzerland. Thenalated data form a network
consisting of more than 4000 levelling points and about 9600 obssrvalihe locality of the points in
Switzerland and a numerous points in the southern Black Foresharichke Constance region are
classified by geological evaluation in view of their relidpjlrespectively their stability. The levelling
data are converted to a common height system and analysed usingptiénenodelling in the
adjustment. The reference point is located in a very sGligtis-area near Laufenburg/Baden-
Wirttemberg.

Along the evaluated levelling lines the results show a ddtgiltern of movement rates which is
widespread in a range between -0.4 mm/a and +0.4 mm/a. Rising ahisidange, the estimated
movement becomes statistically significant. Especiallyhie area of the eastern borderfault south of
Freiburg and the border region between Basel and Waldshwibisalences increase up to -0.6 mm/a,
against remarkable uplift up to 0.6 mm/a in the Titisee and Ndtustgion. Uplift is the dominant
movement in the area between Radolfszell and Constancellassvedong the Swiss coastline of the
Lake of Constance. The points north of the Lake of Constance shi®spread subsiding up to -0.6
mm/a, interrupted by regional uplift up to 0.6 mm/a in the areasnd Pfullendorf and east of
Ravensburg not corresponding with any tectonic pattern. The mouth ofRifiee River to Lake
Constance near Bregenz is dominated by subsidences up to -1 mneth lmadke sediments found in
this region.

The data and the results of this investigation are manage®@bggraphical Information System (ESRI
ArcGIS 9.0). Visiting www.qik.uni-karlsruhe.de/zippelt.htnbdne can find detailed results and
figures.
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Analysing the Possibilities of
Geothermal Energy Production in the Rhine Graben Aea

Th. Kohl
GEOWATT AG, Dohlenweg 28, CH-8050 Zurich

Due to a general increase of energy costs renewable enbggiesie more attractive also from an
investor point of view. The growing interest is demanding techimdbgprogress and more
sophisticated analyses to the available resources. Fornmhegmal evaluation methods have
traditionally used data interpretation based on a one-dimensionadayedium. Recent computational
progress, especially in the field of petroleum industry, allowplieation of three-dimensional
numerical models, for visualization and calculations. AAsGEOWATT AG has integrated available
geothermal data into GOACAD models covering areas of appraaiyna0x30 km. These models
focus on well-known aquifer systems like Upper Marine Molassmed Malm, Upper Muschelkalk
and Crystalline Basement. In order to extrapolate the tenyperadm individual boreholes to arbitrary
subsurface points an extensive numerical procedure was chbisen3-D geological model was
transformed into a finite element mesh. By discretizing theswrface into tetrahedra the geological
structures were exactly reproduced. After calibrating theemigad model with measured temperature
data, the temperature of individual aquifers can be reproduced. allbivs a classification into
formations that are promising for pure heat utilization (T<1®@)for for combined heat and electricity
production (T>100A°C). Higher temperatures yield higher effcies Current statistical analyses
indicate the significance of low enthalpy utilization. Theseesystare widespread already now. The
future utilization of high enthalpy systems depends on the idatiifn of appropriate formations. The
recent experience from existing geothermal projects in the Rhine Gratdtz(&andau) highlights the
importance of naturally fractured systems for the successathgrmal systems. An important concern
is therefore the identification and characterization ofsatface permeability. Here, the geothermal
mapping allows one to identify these systems by evaluatingibmsadvective signatures in the
temperature field. Well-permeable systems are often evidemta convective fluid pattern that have
an important impact on the thermal energy distribution in stdxseir Various examples of circulation
systems will be shown. The swiss resource geothermal resatlasehat is currently under elaboration
indicates a possible annually extractable energy of 13 PJ gethltmwould covers a broad range of
Swiss energy needs.
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Integrated Numerical modelling of re-use of deep E& boreholes for
geothermal energy: Sensitivity to production, engesering design and
tectonic and sedimentary framework

J. Zoethout J.D. van Weé<, A. Lokhorst

YvVrije Universiteit, Amsterdam, The Netherlands
°TNO, Geo-Energy and Geo-Information, Utrecht, The Netherlands

This study focuses on a numerical and an analytical anddysike ‘long-term’ temperature evolution
in a Deep Borehole Heat Exchanger (DBHE) for re-using Exptoratnd Production wells drilled by
the Oil and Gas industry. A DBHE is based on the principleflfih migrating through a coaxial pipe
in the subsurface, heated gradually by migrating downwards in tbe gipe, whereas the inner pipe
acts as the return path for the heated fluid. The inner tubeléédd for the total length of the DBHE, in
order to prevent the producing water from cooling down. The upper fidue mjection tube is isolated
from the surrounding rock up till the depth at which the geotlezyuals the temperature of the injected
fluid.

The energy performance of the DBHE is proportional to the teatyrer difference between injected
and produced water multiplied by the injection rate (m3/h). In thidyswe focus on the effects of
various natural uncertainties in the subsurface geology (heat flow, sediomeluctivity), preceding use
of the well (e.g. production heating the surrounding of the well) ardifgpdesign parameters for
geothermal energy production. From the model results it is clesr uncertainties in sediment
conductivity can have a considerable effect on the performainaewell. Conductivity may to some
degree be determined during exploration and production. Preceding ppadcati have a significant
effect at the heating of the surrounding of a well, resultingubstantial increase in geothermal energy,
especially when production has taken place over a long periadefRurthermore, we have performed
a detailed analytical study on the sensitivity of energy to émyineering parameters using a monte
carlo decision support method. This method builds from earbek wn optimising decisions for the Oll
and Gas Industry.
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MICROSEISMICITY AND STIMULATION STRATEGY: THE CASE OF
SOULTZ-SOUS-FORETS, FRANCE

J. Charléty, L. Dorbath, C. Dorbath & H. Haessler

Ecole et Observatoire des Sciences de la Terre, 5 Rue Descartes, 67000 §irasoee

Since 2000, four stimulations have been carried out at the geathsit® of Soultz-sous-Foréts
(France). Each stimulation has induced a microseismic aciiwigse maximum magnitude is 2.9. We
propose to analyse this seismicity. Since different stegegfi injection have been used, the behaviour
of the seismicity can be detailed and some hypothesis aboutltt®n between seismicity and
stimulation may be addressed. This discussion will involve gpaphic results, faulting mechanisms
and spatio-temporal distribution of the seismicity.
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