
 

SUMMARY 

 

 

 

Active tectonics in the Upper Rhine Graben – Integration of paleoseismology, 

geomorphology and geomechanical modeling 

 

In the focus of this thesis is the northern part of the Upper Rhine Graben (URG). 

The aim of the thesis is to study the active tectonics of the area during the Quaternary 

and Present. The URG is characterized by intense human modifications, relatively slow 

tectonic deformation and low intra-plate seismic activity. In addition, during the 

Quaternary surface processes have been at a high rate. Therefore, the records of the 

slow tectonic deformation are relatively poorly preserved and thus difficult to detect. 

Given this setting, several techniques need to be applied in order to study the active 

tectonics. This thesis demonstrates that the integration of four techniques, 

paleoseismological trenching, fluvial terrace mapping, quantitative tectonic 

geomorphology and tectonic modeling, can lead to positive results. Chapter 1 of this 

thesis presents a review of the geodynamic evolution, the structural setting and the 

seismicity of the URG. 

The results of paleoseismological trenching, including shallow geophysical 

measurements, are presented and discussed in Chapter 2. This investigation focuses on 

the Western Border Fault (WBF) in the northern URG. The trenches exposed near-

surface deformation of the border fault in Middle to Late Pleistocene deposits (fluvial 

sands, alluvial loess). Since unambiguous proof for co-seismic deformation is not 

possible for this site two scenarios are proposed: a single Mw 6.5 earthquake or 

aseismic creep at a rate of > 0.04 mm/yr. Using 14C and thermoluminescence dating 

the last faulting episode of the WBF at this site was dated between 8 and 19 ka. Based 

on a reconstruction of the sequence of events, the interplay between tectonic activity of 

the WBF and fluvial and erosional processes at the trench site could be demonstrated. 

At a regional scale, the effects of fault activity on fluvial terraces are 

investigated (Chapter 3). The work includes morphological terrace mapping along the 

WBF segment investigated by trenching. Correlation of these newly mapped terraces 

with previous terrace mapping along the western side of the northern URG permits 
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construction of a longitudinal profile. Based on this profile it is shown that various 

faults have displaced terraces of Early to Middle Pleistocene age. At this stage, the 

correlation and determination of displacements depends mostly on a single dated 

stratigraphic unit (Mosbach Sands). Additional dating of terrace deposits is urgently 

needed. However, keeping these uncertainties in mind, this study uses the available 

data to provide a first order quantification of tectonic movements. The uplift rates in the 

order of 0.01 – 0.08 mm/yr confirm relatively low deformation rates for this part of the 

URG. The terrace study demonstrates also that the uplift was discontinuous. A 

significant pulse of uplift occurred first in the northern URG during the Early 

Pleistocene and subsequently in the Middle Rhine area during the Middle Pleistocene. 

Chapter 4 presents an analysis of the tectonic geomorphology of the northern 

URG. At first, the paleogeomorphic evolution of the study area is reviewed using 

information on the records of fluvial terraces, the drainage system, on sediment 

distributions and fault mapping. On the basis of paleogeomorphic maps, the impact of 

differential uplift of the western margin on the drainage system and the landscape 

evolution of the graben and the shoulder areas during Late Miocene to present times is 

demonstrated. Using an overlay of topographic features, drainage patterns and faults, 

the interaction of both the morphology and drainage pattern with the fault network is 

investigated and several fault scarps and tectonically influenced parts of the drainage 

system are identified. Quantitative measurements of geomorphic indices, calculated for 

stream profiles of tributary catchments of the River Rhine and for the present-day 

topography, point to active segments of the border faults. Integration of all results of 

Chapter 4 supports the significant impact of regional uplift on the morphological 

evolution of northern URG and the dynamics of its drainage system. It is concluded 

that the tectonic morphology now preserved in the northern URG resulted from long-

term, low level tectonic activity and has been preserved owing to a decrease in erosive 

activity during the last 15,000 years. 

The fourth component of this thesis addresses the potential for fault reactivation 

under the present-day stress field (Chapter 5). Using finite element (FE) modeling 

techniques, the 3D stress state of the URG and surrounding areas is simulated and then 

used as input for a 3D slip tendency (ST) analysis of URG faults. Stress field modeling 

and ST analysis predict that the URG system is in a stable state. Present-day stress field 

conditions are characterized by relatively low horizontal stresses and subsequently low 

differential stresses, as well as hydrostatic pore pressure conditions. It is assumed that 
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faults exhibit typical friction coefficients (µ 0.4 – 0.6). Under these conditions, the 

URG faults are not likely to be reactivated. On the basis of ST results, this study tries to 

assess the location of possibly active fault segments in the URG area under present-day 

stress field conditions. Quaternary activity has been documented for several faults from 

trenching (Chapter 2), geomorphology (Chapters 3 and 4) and previous studies. High 

ST values on these faults, mainly striking 170°, support the high potential for 

reactivation. However, seismicity is not documented for faults of this orientation. A 

plausible explanation for the observed displacement on these faults is that they are 

creeping faults. Few damaging earthquakes are recorded for faults with an average 65° 

strike. This orientation is not favorable for slip and thus could lead to accumulation of 

stresses and release by earthquakes rather than continuous creep. 

The final chapter (Chapter 6) presents a summary of results on active tectonics 

of the URG from this thesis. A variety of method has been applied in this thesis in 

order to obtain information on the location of active faults, the faulting history, the 

effects of faulting on the landscape evolution and the fault reactivation potential. The 

results of this thesis support previous studies stating that tectonic deformation during 

the Quaternary has been at a low level. However, its imprint on the landscape is 

preserved because of decreasing erosional activity since Late Pleistocene. Currently, 

the URG, in particular its northern part, is subject to stable stress field conditions, and 

the potential for fault reactivation is low. It is suggested that most of the recent 

deformation in the area takes place as aseismic creep. Integration of all new data results 

in an updated active fault map for the URG that is presented at the end of this thesis. 
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