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http://www.seismo.ethz.ch/

Erdbeben - Hauptbeben - Nachbeben
Magnitude
Platten-Kollision
Epizentrum
tektonisch aktiv



USGS

seismotectonics
plate convergence
strike slip
Anatolian Fault
focal mechanism
oblique thrust faulting

http://earthquake.usgs.gov/earthquakes/
recenteqsww/Quakes/usb0006bqc.php#summary



INGV EMSC

seismiscity
magnitude
depth < 40 km
plate boundaries

http://www.ingv.it/primo-piano/
comunicazione/2011/10231522/



KOERI

seismiscity
magnitude
depth < 10 km

http://www.koeri.boun.edu.tr/sismo/default.htm



IRIS http://www.iris.edu/hq/retm



Magnitude 7.2 EASTERN TURKEY
Sunday,  October 23, 2011 at 10:41:21 UTC 

Images courtesy of the US Geological Survey

Earthquake

Local Time 1:41 PM 
Latitude 38.628°N 
Longitude 43.486°E
Depth 20 km

Major earthquake in Eastern Turkey.
Epicenter near Van with population of 
372,000.
Impact
•  138 reported dead
•Dozens of 
buildings 
collapsed
•Frequent 
aftershocks 
hampering
rescue 
efforts



Modified Mercalli Intensity

USGS Estimated 
Shaking Intensity:
The Modified-Mercalli 
Intensity scale is a 
twelve-stage scale, 
numbered from I to XII. 

Image courtesy of the US Geological Survey

Magnitude 7.2 EASTERN TURKEY
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Perceived 
  Shaking
Extreme 
Violent
Severe

Very Strong
Strong

Moderate
Light
Weak

Not Felt



USGS PAGER 
Population Exposed to Earthquake Shaking

Image courtesy of the US Geological Survey

Structures are a mix of 
vulnerable and earthquake 
resistant construction.
Most vulnerable are
•unreinforced brick masonry
•nonductile reinforced concrete 
frame construction
Table below shows populations 
within MMI zones. 

Magnitude 7.2 EASTERN TURKEY
Sunday,  October 23, 2011 at 10:41:21 UTC 



Image courtesy of the US Geological Survey

Turkey is a tectonically active 
with frequent destructive 
earthquakes.

Map shows earthquakes 
recorded from 1990 to present 
with October 23 earthquake 
represented by orange star.
 

Magnitude 7.2 EASTERN TURKEY
Sunday,  October 23, 2011 at 10:41:21 UTC 



Summary tectonic map of eastern Turkey.  The large arrows are the approximate directions of 
motion of Turkey, Arabia, and central Iran relative to Eurasia. NAF=North Anatolian Fault; 
EAF=East Anatolian Fault; DSF=Dead Sea Fault (Sandvol et al.)

The Arabian Plate is colliding with Eurasia, and has built a 
complex mosaic of mountains by thrust and strike-slip faulting. 

This earthquake occured in 
Eastern Turkey on the Bitlis 
Suture, a large thrust fault. Earthquake

Magnitude 7.2 EASTERN TURKEY
Sunday,  October 23, 2011 at 10:41:21 UTC 



USGS WPhase Centroid Moment Tensor Solution

This earthquake was in a broad 
region of convergence east of the 
Anatolian strike-slip faults. 

P-wave 
first-motion 
solution indicates
oblique-thrust 
faulting.

Image courtesy of the US Geological Survey

Reverse (or Thrust) Fault

Magnitude 7.2 EASTERN TURKEY
Sunday,  October 23, 2011 at 10:41:21 UTC 

Earthquake



Back Projections are models of 
the times and amounts of 
displacement on the fault that 
produced the earthquake.
•warmer colors indicate greater 
displacement on the fault.
•graph shows the time 
distribution of rupture during the 
earthquake

Magnitude 7.2 EASTERN TURKEY
Sunday,  October 23, 2011 at 10:41:21 UTC 



Predicted travel times, in minutes, of the first P wave arrival

Magnitude 7.2 EASTERN TURKEY
Sunday,  October 23, 2011 at 10:41:21 UTC 

Image courtesy of the US Geological Survey



USArray Stations. The 400 active transportable array stations 
are shown by red dots.  Permanent stations are shown in blue.  

USArray:  A Continental-Scale Seismic Observatory

Magnitude 7.2 EASTERN TURKEY
Sunday,  October 23, 2011 at 10:41:21 UTC 



Animation of ground motion 
recorded on EarthScope’s 
Transportable Array can 
provide an effective visual of 
relative velocities of the fast 
P, slower S, and slowest 
surface waves sweeping 
across the array.
•  Red, station moving up
•  Blue, station moving down
The seismogram along the 
bottom is from the station at 
the yellow circle. 

Magnitude 7.2 EASTERN TURKEY
Sunday,  October 23, 2011 at 10:41:21 UTC 



Seismic Wave Propagation

Magnitude 7.2 EASTERN TURKEY
Sunday,  October 23, 2011 at 10:41:21 UTC 

Quick Time 
Required

Animation of the 
generalized paths 
of seismic waves 
traveling from 
Turkey to three 
stations at varied 
distances around 
the globe.



Einteilung
• Einleitung, Geschichte der Plattentektonik! IRIS

• Platten, Plattengrenzen und tektonische Prozesse
! Google Earth

• Erdbeben:  vom ersten Vorbeben bis zum Tsunami     
! Google Earth

• Erdbeben:  Konflikt an Plattengrenzen

• Erdbeben:  Aufzeichnen, messen, erforschen        
! SAFOD, Nojima

• Historische Erdbeben an Transformgrenzen und 
Subduktionszonen! IRIS



Stichworte
Platten 
Plattengrenzen
Subduktion
Vor- Haupt- Nachbeben
Lithosphäre
Kruste-Mantel
Überschiebung Abschiebung
StrikeSlip 
....

Tremor
Vor- Haupt- Nachbeben
Seismische Wellen
Seismograf
Magnitude 
Richter- Mercalliskala
Tsunami
Gefährdung
seismic networks
....



Geschichte der 
Plattentektonik



Hypothese (1912):
Superkontinent Pangäa bricht 
auseinander - vor 200 Ma

Kontinentaldrift

Alfred Wegener
(1880 - 1930)



Evidenz für die Existenz von Pangäa

Anpassung entlang 
Kontinental sockel 
(900 m)



Evidenz für die Existenz von Pangäa

Appalachen 
(USA)
   =
Kaledoniden 
(UK, NO)

Gebirge (~300 Ma) 
gebildet bei der 
Kollision ⇒ Pangäa



Evidenz für die Existenz von Pangäa

Fossile Überreste von Mesosaurus (~Paläozoikum)



Weiterer Hinweis
Vereisung 300 Ma

Heutige Position 
der Kontinente

Kontinente in 
ursprünglicher 
Position

Fliessrichtung 
des Eises  ! 

Äquator



"Our wandering Continents"  (1937)
Pangäa " Laurasia* +  Gondwana

Unterstützung für Kontinentaldrift

Alexander Logie du Toit
(1878 - 1948)

* Nordamerika Grönland Europa Asien



"Principles of Physical Geology"
(1944)
mit Kapitel über Kontinentaldrift

Modell für Kontinentaldrift

Arthur Holmes
(1890 - 1965)



Scheinbare Polwanderung

aus heutiger Sicht

Kontinente zurückrotiert



Kartierung des Ozeanbodens

Bruce Heezen
(1924 - 1977)

Harry Hammond Hess 
(1906 - 1969)

Marie Tharpe
(1920 - 2006)

postuliert:  Erdkruste 
entsteht an Ozenrücken



grossartige Karten !



noch immer kein Mechanismus

Expandierende Erde ?



der Druchbruch !

Frederick Vine
(* 1939)

Drummond Hoyle 
Matthews (1931 - 1997)



magnetische Lineationen

normale Polarität

inverse Polarität



Sea Floor Spreading !



1. 
Neues Material an 
konstruktiven Plattengrenzen 
(sea floor spreading)
2. 
Erdoberfläche = konstant: 
Subduktion an destruktiven 
Plattengrenzen
3. 
Platten sind steif, können 
Spannungen übertragen

Theorie der Plattentektonik

John Tuzo Wilson
(1908 - 1993)



"Plattentektonik" !

John Tuzo Wilson
(1908 - 1993)Wilson Zyklus = 500 Ma

Pangäa " Kontinente " Pangäa



Wilson Cycle
- 225 Ma

- 135 Ma

- 65 Ma

heute



Wilson Zyklus zu Ende geführt ...

+50 Ma+150 Ma+250 Ma



Google Earth: Plate boundaries
• Learn_about_Plate_Tectonics.kmz

• USGS Real-time Earthquakes.kmz ARIA Envisat 
InSAR.kmz

• ARIA_TohokuEQ_Envisat_InSAR.kmz

• Global_Topography V14.kmz

• Historic Earthquakes.kmz

• Largest Earthquakes in the World Since 1900.kmz

• ShakeMap b0006bqc.kmz


