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Saisonale seismische Aktivität auf dem Mars 

M. Knapmeyer, S. C. Stähler, I. Daubar, F. Forget, A. Spiga, T. Pierron, M. van Driel, D. 
Banfield, E. Hauber, M. Grott, N. Müller, C. Perrin, A. Jacob, A. Lucas, B.  Knapmeyer-
Endrun, C. Newman, M. P. Panning, R. C. Weber, F. J. Calef, M. Böse,  S. Ceylan, C. 
Charalambous, J. Clinton, D. Giardini, A. Horleston, T. Kawamura, A. Khan, W. T. Pike, J.-
R. Scholz, P. Lognonné, B. Banerdt 
 
Die Aktivität der sog. High Frequency Marsbeben (Ereignisse mit einem Frequenzgehalt 
dominant oberhalb von 2.4 Hz) nahm von Mai bis August 2019 zunächst stark zu, hielt dann 
(während des Nord-Sommers) auf hohem Niveau an und klang im Frühjahr 2020 fast 
vollständig ab. 
Es ist vorgeschlagen worden (Manga et al., 2019, https://doi.org/10.1029/2019GL082892), 
daß die durch den Mond Phobos verursachten Gezeiten den Porendruck des Grundwassers 
ausreichend stark verändern könnten, um seismische Aktivität zu induzieren. Ein Spike Train 
Fourier Spectrum der Ereignisserie zeigt bei den relevanten Perioden (0.31 und 0.43 sols) 
jedoch keine auffälligen Amplituden. Wir schließen daraus, daß die beobachteten Ereignisse 
nicht durch Phobos induziert sind. 
Wir untersuchen darüber hinaus die Zeitverläufe verschiedener möglicher Ursachen 
(jahreszeitliche Schwankung der Sonnenhöhe, jährliche solare Gezeiten aufgrund der 
Bahnelliptizität, jährlicher Zyklus von Verdunstung und Niederschlag von CO2 an den 
Polkappen) darauf, wie gut sie den Verlauf der Ereignisrate beschreiben. Eine Maximum-
Likelihood-Anpassung entsprechender Rate-Funktionen und ein quantitatives Ranking 
basierend auf Akaike-Gewichtung und Evidenzgewichten bevorzugt klar die Schwankung der 
Sonnenhöhe als Ursache, während der CO2-Zyklus als am unwahrscheinlichsten bewertet 
wird. Ein möglicher Mechanismus zur Vermittlung des Sonnenstands in den Untergrund wäre 
ein Grundwasserabfluß in bekanntermaßen saisonal aktiven Erosionsrinnen, dies ist aber noch 
genauer zu untersuchen. 
Da bislang weniger als ein Marsjahr an Registrierungen vorliegt, kann nicht ausgeschlossen 
werden, daß es sich nur um eine einmalige Episode handelte. Wir haben daher die 
verschiedenen Rate-Funktionen in die Zukunft projiziert um abzuschätzen, wann es zu 
erneuter Aktivität kommen müßte, und wie lange die Phase der relativen Inaktivität dauert. 

 



 



 
 
Anwendung des Ausschlusskriteriums Seismische Aktivität bei der Suche und Auswahl 

eines Standortes für ein Endlager für hochradioaktive Abfälle in Deutschland 
 

Diethelm Kaiser & Thomas Spies 
Bundesanstalt für Geowissenschaften und Rohstoffe, Hannover 

 
Im Standortauswahlgesetz § 22 „Ausschlusskriterien“ (2) 4. „Seismische Aktivität“ wird ausgeführt, 
dass ein Gebiet nicht als Endlagerstandort geeignet ist, wenn die örtliche seismische Gefährdung 
größer als in Erdbebenzone 1 nach DIN EN 1998-1/NA:2011-01 (DN_2011) ist. Diese Norm wird in 
Kürze durch eine Aktualisierung ersetzt, die dem Stand von Wissenschaft und Technik entspricht. Der 
Entwurf hierzu, E DIN EN 1998-1/NA:2018-10 (DN_2018), enthält keine Zuordnungen in 
Erdbebenzonen mehr, sondern weist die seismische Gefährdung räumlich kontinuierlich aus. Dabei 
beruhen sowohl die Karte der Erdbebenzonen in DN_2011 als auch die Karte der seismischen 
Gefährdung in DN_2018 auf probabilistischen seismischen Gefährdungsanalysen.  
Die Bundesanstalt für Geowissenschaften und Rohstoffe (BGR) hat im Auftrag der 
Bundesgesellschaft für Endlagerung mbH einen Vorschlag zur Anwendung dieses 
Ausschlusskriteriums unter Verwendung von DN_2018 erarbeitet. Für die Wahl einer Vorgehensweise 
werden objektive Kriterien aufgestellt und angewendet. Im Ergebnis schlägt BGR vor, als Grenzwert 
zur Anwendung des Ausschlusskriteriums den Wert im Plateaubereich der spektralen 
Antwortbeschleunigung von 1,8 ms-2 in DN_2018 zu verwenden. Dieser Wert entspricht der 
makroseismischen Intensität 7, für den die seismische Gefährdung größer als in Erdbebenzone 1 nach 
DN_2011 ist. Für solche Gebiete, in denen dieser Wert überschritten wird, gilt das 
Ausschlusskriterium somit als erfüllt.  
Davon unabhängig weisen wir auf ungeklärten Fragen zur Relevanz des Ausschlusskriteriums 
Seismische Aktivität für die Ermittlung der Erdbebengefährdung eines Endlagers für hochradioaktiver 
Abfälle hin. 
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Folgen des Grubenwasseranstiegs im östlichen Ruhrgebiet  
– ein neues Messnetz zur Überwachung der induzierten Mikroseismizität 
 
Martina Rische, Kasper Fischer, Wolfgang Friederich (Ruhr Universität Bochum) 
 
Im Rahmen des Floodrisk -Projektes (BMBF) werden die Auswirkungen der Anhebung des 
Grubenwasserspielgels in stillgelegten Bergwerksregionen untersucht.  
Aus früheren Studien ist bekannt, dass die Flutung von geschlossenen Bergwerken zum 
erneuten Anstieg der induzierten Mikroseismizität in diesen Regionen führen kann.  
In einem Teilbereich des Projektes soll der Zusammenhang zwischen Grubenwasseranstieg, 
fluidbedingten Spannungsveränderungen und der induzierten Seismizität im 
Wasserhaltungsgebiet “Haus Aden” im östlichen Ruhrgebiet näher untersucht werden.  
Das seismologische Observatorium der Ruhr Universität baut zu diesem Zweck ein 
Messnetzwerk bestehend aus ca. 50 seismischen Stationen auf, um die Mikroseismizität 
flächendeckend überwachen zu können. Bereits im Mai und Juni konnten an 19 Standorten 
kurzperiodische Seismometer S13 und Mark L4- 3d in Kombination mit EarthData Digitizern 
installiert werden. Für die Mikroseismizität im Raum Hamm – Bergkamen liegen daher schon 
erste Ergebnisse vor.  
Für die restlichen Standorte sollen Raspberry Shake Sensoren eingesetzt werden, die zur Zeit 
im Labor konfiguriert und getestet werden.  
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The Slab Puzzle in the Alpine-Mediterranean Region: Insights from a new, 

High-Resolution, Shear-Wave Velocity Model of the Upper Mantle 

A. El-Sharkawy1,2, T. Meier1, S. Lebedev3, J. Behrmann4, M. Hamada2, L. Cristiano5, C. 
Weidle1, D. Köhn1 

1 Institute of Geosciences, Christian-Albrechts-Universität, Kiel, Germany 
2 National Research Institute of Astronomy and Geophysics (NRIAG), 11421, Helwan, Cairo, Egypt 
3 School of Cosmic Physics, Geophysics Section, Dublin Institute for Advanced Studies, Dublin, Ireland 
4 Geomar Helmholtz Centre for Ocean Research, Kiel, Germany 
5 Deutsches GeoForschungsZentrum (GFZ), Telegrafenberg 14473, Potsdam, Germany 

The fascinating complexity of the Mediterranean caused by small, strongly-curved retreating 
subduction zones and associated back-arc basins as well as continental collision along the 
northern and eastern margins of the Adriatic microplate is driven by strongly fragmented 
subducting slab segments. It remains however a challenge to resolve their geometry in the 
Mediterranean upper mantle. We present a new shear-wave velocity model of the 
Mediterranean upper mantle (MeRE2020) down to 300 km depth, constrained by a very large 
set of over 200,000 broadband (8 - 350 s), inter-station, Rayleigh wave, phase velocity curves, 
that illuminates the complex structure and the highly fragmented nature of the subducting slabs 
in the Mediterranean upper mantle. Phase-velocity maps computed using these measurements 
were inverted for depth-dependent, shear-wave velocities using a new implementation of the 
stochastic particle-swarm-optimization algorithm (PSO). The resulting 3-D model makes 
possible an inventory of slab segments across the Mediterranean. Fourteen slab segments of 
~200 - ~800 km length along-strike are identified. The location of slab segments are consistent 
with and validated by the intermediate-depth seismicity, where it is present. We distinguish 
attached slab segments reaching down to the bottom of the model from shallow slabs that 
terminate at shallower depths and from detached ones that are not connected to the lithosphere 
in the foreland. The new high-resolution tomography demonstrates the intricate relationships 
between slab fragmentation and the evolution of the relatively small and highly curved 
subduction zones and collisional orogens characteristic of the Mediterranean realm but also the 
need for further imaging of the detailed 3D geometry of the slab segments.  
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Imaging Seismic Wave-Fields with AlpArray and Neighboring European Networks 
 
M. Tesch, J. Stampa, T. Meier 
 
The modern-day coverage and availability of broad-band stations in the greater Alpine area 
offered by AlpArray, Swath-D and the European seismological networks allows for imaging 
seismic wave-fields at yet unprecedented resolution. In the AlpArray area and in Italy, the 
distance of any point to the nearest station is less than 30km, resulting in an average inter-
station distance of about 45km. With a much denser deployment in a smaller region of the 
Alps (320km in length and 140km wide), the Swath-D network possesses an average inter-
station distance of about 15km. 
We show single event seismogram sections, time slices of teleseismic and regional wave-
fields, and wave-field animations to reveal both the resolution capabilities of this dense 
station distribution as well as the enormous spatio-temporal complexity of seismic wave 
propagation. The time slices and wave-field animations demonstrate the need for dense 
regional arrays of broad-band stations, such as provided by AlpArray and neighboring 
networks, to resolve properties of teleseismic wave-fields. Here we present the images of 
coherent arrivals of direct body and surface waves, multiple body wave reflections, and multi-
orbit phases for teleseismic events. 
Spatial observations of the wave-fields illustrate e.g. the decrease in horizontal wavelength 
from P to S to surface waves and the way in which they considerably deviate from plane 
waves, due to heterogeneous earth structures along the path from the source to the array and 
beneath the regional array itself. Tomographic imaging techniques for the deep structure 
beneath the regional array have to take this spatio-temporal variability into account and 
correct for it. 
The lateral resolution of the regional broad-band array is however dependent on station 
density, in this case limited to about 100km. Only even denser station distributions like those 
provided by Swath-D suffice to recover wave-fields of short period body and surface waves. 
 

Focal mechanisms for small to intermediate earthquakes in the 
northern part of the Alps and estimations of the regional crustal 
stress field 

Thomas Plenefisch1, Laura Barth1, Mathias Hoffmann1, Christian Brandes2 and the AlpArray 
working group*  

 1Federal Institute for Geosciences and Natural Resources, B4.3, Hannover, Germany 
(thomas.plenefisch@bgr.de) 

 2Leibniz Universität Hannover, Institut für Geologie, Hannover, Germany 

In the multinational AlpArray project over 600 seismic broadband stations have been installed 
and operated in the broader Alpine region over the last years. Supplemented by the existing 
permanent stations in the area it is one of the most densely spaced seismic networks worldwide. 
The huge amount of stations offers an excellent opportunity to study crustal seismicity and to 
calculate focal mechanisms even for small magnitude earthquakes with high accuracy. 

In our study we focus on small to intermediate earthquakes that occurred in the area of the 
Northern Alpine chain. The events are roughly clustered in four distinct sub-regions. From West 



to East these are (1) the Lake Constance area (2) the Arlberg region (3) the area of Garmisch-
Partenkirchen and (4) the broader region of Innsbruck. We calculated the focal mechanisms 
using the FOCMEC program (Snoke, 2003) and used polarities of P waves as well as amplitude 
ratios of SH to P as input parameters in the inversions. 

Altogether, we calculated focal mechanisms for 20 earthquakes in the magnitude range between 
2.5 and 3.5 from the time period 2016 to 2020. The focal mechanisms are of diverse faulting 
type. They preferably show reverse or strike-slip faulting, normal faulting events are rather the 
exception. We analyse the mechanisms with respect to lateral changes along the Northern 
Alpine chain and compare them to moment tensors of events of slightly larger magnitudes 
(Petersen et al., 2019). Furthermore, we compare our mechanisms to the orientations of faults 
and use the focal mechanisms as input to invert for the stress field. 

 
 



Large temporal and short spatial scales – two microseism observations in the North and 
Baltic Seas 

Becker, D.1, May, T.2, Dethof, F.1,3, Meier, T.2 
1Universität Hamburg, Institut für Geophysik, Hamburg 

2Christian-Albrechts-Universität Kiel, Institut für Geowissenschaften, Kiel 
3now at: Helmut-Schmidt-Universität Hamburg, Hamburg 

 
When studying ocean microseism, two of the most interesting questions are: a) How does the 
generation of ocean microseism change with long term changes of weather patterns and is it 
possible to use the recordings of ocean microseism as proxy data for long term climate changes? 
b) Where exactly is (local) ocean microseism generated? We present some observations from 
the North and Baltic Seas that compare the local microseism (with frequencies > 0.2Hz) with 
the index of the North Atlantic Oscillation (NAO) which governs the characteristics of storm 
systems in the North Atlantic and adjacent marginal seas. While it is difficult to identify 
correlations on short time scales of days or weeks, low pass filtered time series of microseism 
energy profiles and the NAO index exhibit a positive correlation. 
While most of the local microseism energy generation is governed by wind generated ocean 
waves, an influence of the tidal dynamics on the generation of local microseism was found for 
the area around Helgoland in former studies. Here, we present results from beamforming 
analysis for a small aperture array (HelgA array) installed on the island of Helgoland to gain 
insight into the source regions of this tide-influenced microseism. We observe indications for 
different source regions during rising and falling. These different regions might be linked to the 
strengths of tidal currents during the progression of the tidal signal along the German Bight. 
 
 

Microseismicity indicates a current transition from rifting to spreading at the southern 
Fonualei Rift and Spreading Center in the Lau Basin 

Florian Schmid, Max Cremanns, Nico Augustin, Dietrich Lange, Florian Petersen, Heidrun 
Kopp  

GEOMAR Helmholtz Zentrum für Ozeanforschung Kiel 

Young extension centers in the proximity of back-rolling subduction zones constitute an ideal 
natural laboratory to investigate the early evolutional stages of back-arc basins. We present a 
catalog of 711 microearthquakes recorded during a 32-days deployment of ocean bottom 
seismometers at the southern part of the Fonualei Rift and Spreading Center in the Lau Basin. 
The majority of epicenters are concentrated along the central region of the axial valley and 
about 450 events are associated with an earthquake swarm that is likely linked to magmatic 
diking in the crust. The earthquake swarm location coincides with several volcanic mounds on 
the seafloor, covered by fresh lava flows. The spatial distribution of microearthquakes and the 
maximum depth of brittle faulting is more similar to oceanic spreading centers than to 
continental rift zones. We interpret our results in conjunction with refraction seismic data and 
magnetic anomaly data from the same region. In combing all findings, we conclude that the 
southern Fonualei Rift and Spreading Center is currently in transition from a rifting 
dominated mode of extension to a seafloor spreading dominated mode of extension. This 
transition may be associated with fundamental changes in the underlying mechanisms of melt 
generation leading to a diminishing influence of hydrous flux melting and the growing 
influence of decompression melting at this back-arc extension zone. 



 



 



 

 

 
 
 
 
 
 
 
 
 



Mittwoch - AG Seismologie 
 
Borns, J., U. Wegler 
Friedrich-Schiller Universität Jena 
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Seismic imaging of magmatic systems: from rock to mantle. 
 
Luca de Siena 
 
Johannes Gutenberg University Mainz  
 
Modelling structure and dynamics of magmatic systems requires an integration of 
interdisciplinary techniques, which are applied when either unrest at a monitored volcano 
starts or there are signals of volcano reawakening. What these techniques heavily rely on for 
their interpretation are seismic tomography models that are increasingly based on the use of 
full waveform information. To date, despite the availability of massive active seismic 
datasets, we still lack a proper full-waveform tomography model analogue to those available 
in exploration seismology. The main reason is the intrinsic heterogeneity of volcanic media, 
especially that of their shallowest layers and geomorphology, generating signals corrupting 



any standard seismic imaging technique. Here, I will discuss research focused on including 
recent advances in modelling of amplitude and phases in highly-heterogeneous structures into 
a proper tomographic framework, with in mind the needs of the community modelling 
volcano dynamics. This research tackles seismic imaging from the rock up a wider range of 
field scales. While it is today acknowledged that stochastic information can be used to better 
image volcanic structure, we can do more:  (1)  linking continental-scale seismic imaging with 
local volcano tomography models; (2) modelling which petro-mineralogical parameters 
control seismic phases and amplitudes in volcanic rock samples; (3) recognising the 
importance of setting anisotropic and viscous matrices in the forward modelling of seismic 
wave propagation. These efforts will eventually build better, quantitative foundations to the 
bridge connecting seismic imaging with volcanology. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



Strong topography of the mid-mantle reflector beneath the Northern Atlantic 

Morvarid Saki a, Christine Thomas a, Rafael Abreu a 

a Institute of Geophysics, University of Münster, Münster, Germany 
 
We investigate the seismic structure of the mid-mantle beneath the North Atlantic using PP 
and SS underside reflections off a potential mid-mantle reflector. We analyzed over 2600 
seismograms from earthquakes with MW ≥5.8 using array seismic methods to improve the 
visibility of the reflected signals. The measured time lag between PP/SS arrivals and their 
corresponding precursors on robust stacks are used to estimate the depth of the reflector. Our 
results reveal the presence of mid-mantle reflectors beneath the North Atlantic within the 
depth range of ~700 to 1300 km which are consistent for both P and S wave observations. The 
reflectors’ depths show a variation of shallower shallower than 1000 km beneath the southern 
part of the investigation area to deeper values towards the northern part of the North Atlantic. 
Measuring the polarity and amplitudes of mid-mantle reflected waves with respect to the main 
phase indicates a velocity increase over the reflector for most cases. The area where the 
reflector changes depth generates variations in the waveforms, which we confirm by 3D 
waveform modelling. 
 
A new look at Polarities of D" reflections - implications for mineralogy 

 
Christine Thomasa, Laura J. Cobdenb, Art R.T. Jonkersa 

 
a Institute of Geophysics, University of Münster, Münster, Germany 
b University Utrecht, The Netherlands 
 
Polarities of seismic reflection of P and S-waves at the discontinuity at the top of  D" are 
usually assumed to indicate the sign of the velocity contrast across the D" reflector. For 
reflections in paleo-subduction regions the S-wave reflections off D" (SdS) are the same as 
ScS and S, indicating a positive velocity contrast at the reflector. In recent years, an opposite 
polarity of PdP waves (P-reflection at the D" discontinuity) has been observed in some 
regions, partly dependent on travel direction, partly dependent on distance. This would 
indicate a velocity reduction in P-waves where a velocity increase is detected in S-waves. 
This phenomenon can be explained with the presence of post-perovskite below the top of D", 
but azimuthal dependence of PdP polarities can be better explained with anisotropy. Here we 
re-analyse PdP and SdS wave polarities and, when modelling the polarities and amplitudes 
using Zoeppritz equations, we find that a ratio of dVs/dVp= R of larger than 3 reverses 
polarities of P-waves in the absence of anisotropy, i.e. we find a polarity of PdP that might be 
interpreted as a velocity decrease but could actually represent a velocity increase. The S-
polarity stays the same as S and ScS and does not change even with large R. Observed values 
of R above 4 have been reported recently, so these cases do exist in the lower mantle. Using a 
set of 1 million models with varying minerals and processes across the boundary, we carry out 
a statistical analysis (Linear Discriminant Analysis) and find that there is a marked difference 
in mantle mineralogy to explain R values larger and smaller than 3, respectively. The regime 
of cases with R-value larger than 3 for both velocity increases is mostly due to an increase in 
MgO/FeO and post-perovskite across the discontinuity. In regions where both velocities are 
negative, a decrease of FeO and MgO can explain the R values. In regions where high R is 
observed, alternate explanations of lowermost mantle composition versus anisotropy can then 
be tested by measuring polarities in different azimuths. 
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3D numerical modelling of windturbine noise: methods of lowering noise levels 
Rafael Abreu, C Thomas 
Westfälische Wilhelms-Universität Münster 
 
We numerically test the effect of wind-turbine (WT) locations on the seismic noise generated. 
By considering different arrangements and number of installed WTs, we find a a correlation 
between location, the number of the WTs and the seismic noise recorded in the vicinity. 
Surprisingly different arrangements show anti-correlation between the number of WT and 
noise generated. This suggests that certain arrangement of WT can be used to avoid the 
seismic noise generated. We measure the predicted wave attenuation with respect to the 
distance to the WT. This help us to numerically determine the minimum distance that a 
seismic station need to be located when certain number of WTs are installed. Our numerical 
simulations allow us to better understand the physics of the wave propagation of wind-turbine 
noise.  We also propose future investigations to design seismic metamaterials filled with 
volcanic materials to produce enough seismic attenuation in order to avoid the seismic noise 
in the vicinity of WTs. 


