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Kompetenzen
der Geophysik

Fundament: Mathematik
und Physik

Anwendungen:
Geowissenschaften

Programmieren,
Computing, KI

Mechanik, Elektromagnetik, Gravitation, 
Thermodynamik, Atomphysik

Analysis, Geometrie, Statistik, Numerik, 
Differentialgleichungen

Geologie, Mineralogie, 
Paläontologie, Hydrologie, 

Geodäsie

Programmieren, High 
Performance Computing, 

Datenanalyse

Aufbau, Dynamik, Erdbeben, Vulkane, Plattendynamik, Erdmagnetfeld, Geothermie, 
Grundwasser, Geogefahren, Energiespeicherung,… 

Geophysik
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Was ist Geophysik ?

Erde

Quelle

Sensor

Signal

„Ausbreitungsweg“

Erdmodell 

Ziel: Rekonstruktion des Erdmodells aus gemessenen Signalen

Anwendungsgebiete auf verschiedenen Raum-Zeit-Skalen: Aufbau und Dynamik der Erde, Erdmagnetfeld,
Vulkane, Geo-gefahren, Plattentektonik, Geothermie, KW-Exploration, Endlagererkundung, Grundwasser,

Untertagebau, Baugrund, archäologische Prospektion, zerstörungsfreie Materialprüfung,
Kampfmitteldetektion,...
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Methoden der Geophysik
Magnetik

Geoelektrik

SeismikSeismologie

Georadar

Gravimetrie

Elektromagnetik Bohrlochgeophysik
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Herausforderungen in Forschung&Entwicklung

Numerische Lösung gekoppelter Differentialgleichungen (Simulation)

High Performance Computing: realistische Simulationen in immer höherer Auflösung

Big Data und Auswertung mit KI

Kombination von verschiedenen Methoden

...
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Zusammenfassung: Was ist Geophysik ?
Magnetik GeoelektrikSeismikSeismologie Georadar GravimetrieElektromagnetik

Erkundung der Erde mit den Methoden der Mathematik und Physik

Breites Spektrum an physikalischen Methoden liefern Erdmodelle physikalischer
Parameter mit unterschiedlicher Auflösung und Eindringung

Verifikation und Verfeinerung der geophysikalischen Erdmodelle durch andere
geowissenschaftliche Beobachtungen und insbesondere Bohrungen i.d.R.
sinnvoll/erforderlich
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Prinzip der Seismik

Wellenausbreitungseffekte sind u.a.

Reflexion

Refraktion

Streuung

Ziele der Seismik
1 Abbildung von geologischen

Grenzflächen: ”Migration”
2 Rekonstruktion der

Ausbreitungsgeschwindigkeit:
”Inversion/Tomographie”

inversionforward

Seismogramme
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Anwendungsgebiete der Seismik

Die Seismik ist in der Regel das aufwendigeste geophysikalische Verfahren. Sie hat im
Vergleich zu anderen Methoden eine bessere Auflösung und geringere Mehrdeutigkeit.

Flachseismik: Grundwasser, Altlasten, Baugrund (bis 100 m)
Explorationsseismik: Rohstoffexploration, Endlagerung (bis 5 km)
Tiefenseismik: Untersuchung Kruste/Mante (bis 40 km)

In Deutschland wird zwischen ’Seismik” und ”Seismologie” unterschieden.

Seismologie: Erdbebenwellen (EG II) (Wikipedia)
Seismik: aktive Quellen (EG I) (Wikipedia)
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Raumwellen

Kompressionswelle = ”P-Welle”

P=primär

Longitudinalwelle

Transversalwelle = ”S-Welle”

S=sekundär

Scherwelle=Transversalwelle

Partikelbewegung in der
vertikalen Ebene: SV-Welle

Partikelbewegung in der
horizontalen Ebene: SH-Welle

P-Welle SV-Welle
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Raumwellen

P-Welle

SV-Welle
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Simulation einer Einzelkraft im homogenen Halb-
raum
Click on first frame to play (fc = 30Hz Vp = 1500m/s, Vs = 800m/s, ϱ = 2000kg/m3 , λp = 50m, λs = 23m)

Eine vertikale Einzelkraft im homogenen Halbraum strahl P-Wellen und SV-Wellen ab.
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Rayleighwellen
Entstehen bei Quellen in der Nähe der Erdoberfläche

Ausbreitung entlang der Oberfläche

Elliptische Partikelbewegung

Geschwindigkeit VR = n · Vs, n = 0.82 − 0.95

Dispersion

Shearer (2009)

John William Strutt, 3. Baron Rayleigh (1842-

1919) war ein englischer Physiker. Er erhielt 1904

den Nobelpreis für Physik. Quelle:Wikipedia
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Rayleighwellen

Animation der Partikelbewegung von Rayleighwellen

Homogener Halbraum: Elliptisch retrograde Partikelbewegung, Umkehrung der
Bewegungsrichtung, Eindringung ca. eine Wellenlänge
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Lovewellen
Entstehen bei Quellen in der Nähe der Erdoberfläche

Ausbreitung entlang der Oberfläche

Partikelbewegung transversal - genauso wie SH-Wellen

Geschwindigkeit VL ≈ Vs

Dispersion

Shearer (2009)

Augustus Edward Hough Love (1863 -1940) war

ein englischer Mathematiker. Quelle:Wikipedia
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Simulation einer Einzelkraft (Erdbeben) an der freien
Oberfäche eines homogenen Halbraums
Click on first frame to play (fc = 30Hz Vp = 1500m/s, Vs = 800m/s, ϱ = 2000kg/m3 , λp = 50m, λs = 23m)

Eine vertikale Einzelkraft an der freien Oberfläche strahlt Raumwellen sowie Rayleighwellen ab.
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Beispiel Seismologie: San Andreas Verwerfung

Pazifische  
Platte

Nord- 
amerika- 

nische  
Platte

Blattverschiebung

1200 km Länge

Mittlere Verschiebung
20-35mm/Jahr

Akkumulierte Spannungen
reichen für Erdbebenmagnitude
M>7
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Erdbeben an der San Andreas Verwerfung
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Globale Ausbreitung von Erdbebenwellen
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Seismic stations farther away from the earthquake record P, S and Surface waves minutes 

after the earthquake occurred.

Because P waves and S waves travel at different speeds, the arrival times 

between the P, S and Surface waves become greater with increasing distance.

Long-term measurements of P waves traveling throught the inner core (PKIKP waves) suggest that the inner core may rotate faster than the Earth’s outer layers.
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Exploring the Earth Using Seismology

Christel B. Hennet, IRIS Consortium;
Lawrence W. Braile, Purdue University

WATCH EARTHQUAKES AS THEY OCCUR

At the IRIS website (www.iris.edu) you can monitor global 

seismicity in near real-time, view records of ground motion, visit 

seismic stations around the world, and learn more about earthquakes.

THE NORTHRIDGE EARTHQUAKE
In the early morning of January 17, 1994, a 

magnitude 6.7 earthquake changed the 

Northridge area east of Los Angeles 

forever. The quake left 51 people dead and 

7,000 injured. It also caused over $20 

billion in damage to buildings, highways 

and bridges. Although moderate in size, the 

Northridge earthquake was one of the 

costliest natural disasters in the United 

States.

The Northridge earthquake destroyed 

man-made structures and took lives, but it 

also helped build mountains. During the 

earthquake crustal material was moved 

3 meters upward along a fault that 

ruptured 18km below the surface. 

On the surface, the Santa Susana 

Mountains north of Los Angeles 

rose by as much as 70 cm and 

moved almost instantaneously 

northwest by as much as 21 cm.

The damage incurred due to
the Northridge earthquake is 
over $20 billion.

HOW ARE EARTHQUAKES RECORDED?

Seismometer 
recording horizontal 
ground motion

Seismometer 
recording vertical 

ground motion

Temporary seismograph installment

Seismometers are installed in a sheltered 
location with good coupling to the ground

An important tool to study the Earth’s interior is 

the seismograph. The seismograph is an 

instrument that records ground motion, or 

seismic waves, generated by earthquakes. 

Seismographs can be installed permanently or 

temporarily. Temporary installments are used to 

answer scientific questions of geological interest 

such as here near the base of the Nangar Parbat 

massif in northeast Pakistan.

            Permanent installments are used to study the overall structure of the Earth’s interior. 

Seismographs used in permanent installments are deployed at fixed locations around the 

world. Modern seismographs record and amplify seismic waves electronically, and can detect 

ground motion as small as 0.00000001 cm (distances of the order of atomic spacing.)

            The principle by which a seismometer works can be thought of as a heavy mass freely 

attached to a frame fixed to the Earth. When seismic waves reach the seismometer, the frame 

moves along with the ground. The heavy 

mass inside the frame remains stationary 

because of its inertia. The relative motion 

between the frame and the mass is a measure 

the of ground motion.

P wave

Compressions

Dilatations

Undisturbed medium

S wave

Double amplitudeWave length

Love wave

Rayleigh wave

SEISMIC WAVES

During an earthquake seismic

waves radiate outward in all directions. 

The waves that travel through the interior 

of the Earth are called body waves, while 

those that travel along the surface are 

called surface waves.

            There are two main types of body 

waves: compressional waves (also called P 

waves) and shear waves (also called S 

waves). P waves travel by compressing and 

dilating the material through which they 

propagate. S waves travel by particles  

trying to slide past each

other similar to when one shakes a rope up 

and down or from side to side. P waves 

can travel through solid and fluid 

materials, S waves can only travel through 

solids. P waves travel faster than S waves.

           Surface waves are confined to the 

surface of the Earth. In one kind of surface 

wave (called Rayleigh wave), the particle 

motion is elliptical. In another kind of 

surface wave (called Love wave), the 

particle motion is sideways. Surface waves 

travel slower than P waves and S waves.

Design and illustration: Keaton Drew Design

Introduction

Earthquakes are a constant reminder that we are living on the rigid crust of 

a cooling planet.  By studying rocks near the surface of the Earth, 

geologists can infer the Earth’s interior structure to about 100 km depth.  

But what lies below? By analyzing the ground motion created by large 

earthquakes around the world, seismologists can explore the Earth's 

interior to its very center.

The Earth
The schematic on the left shows the basic structure of Earth's interior.  Energy released by earthquakes creates seismic 
waves which travel through the Earth and are reflected and refracted at boundaries that separate regions of different 
materials. Shown here are the paths for seismic waves from the 1994 Northridge earthquake that were recorded at 
seismic stations around the world. Seismic station locations are marked as triangles and some are labeled with their 
station codes. Seismograms for these seismic stations are shown on the right.

The Seismogram Section
Below, each horizontal trace shows the arrival of seismic waves from the Northridge earthquake.  The traces 
are the actual ground motion recorded at the seismic stations shown on the Earth.  Some traces are labeled 
with the location of the seismic station at which they were recorded.  The direct ray paths for P, S and 
Surface waves are shown in green.  Seismologists compare the arrival times and amplitudes of seismic 
waves from many stations to infer the seismic velocity and hence the structure of Earth’s deep interior.

HOW OFTEN DO EARTHQUAKES OCCUR?

Large earthquakes occur about once a year. Smaller earthquakes such as magnitude 2 earthquakes, 

occur several hundred times a day. To create a mountain system might take several million medium 

size earthquakes over tens of millions of years.

           We describe the size of an earthquake using the extended Richter Magnitude scale, shown on 

the left hand side of the figure. The larger the number, the bigger the earthquake. The scale on the 

right hand side of the figure represents the amount of high explosives required to produce the energy 

released by the earthquake.

           The 1994 earthquake in Northridge, California, for example, was about magnitude 6.7. 

Earthquakes this size occur about 20 times each year worldwide. Although the Northridge 

earthquake is considered moderate in size, it caused over $20 billion in damage. The earthquake 

released energy equivalent to almost 2 billion kilograms of explosives, about 100 times the amount 

of energy that was released by the atomic bomb that destroyed the city of Hiroshima during World 

War II. 2
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severe economic impact
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property damage
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great earthquake
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Chile (1960)

Alaska (1964)

Kobe, Japan (1995)

San Francisco, CA (1906)
New Madrid, MO (1812)

Long Island, NY (1884)

Large Lightning Bolt

Average Tornado

Hiroshima Atomic Bomb

Mount St. Helens Eruption

Loma Prieta, CA (1989)
Charleston, SC (1886)

Oklahoma City Bombing
Moderate Lightning Bolt

Krakatoa Eruption

World’s Largest Nuclear Test (USSR)

E a r t h q u a k e s E n e r g y  E q u i v a l e n t s

Northridge (1994)

San Fernando Valley
Northridge

IRIS is a university research consortium dedicated to monitoring the 
Earth and exploring its interior through the collection and distribution of 
geophysical data.  IRIS programs are conducted in partnership with the 
US Geological Survey, and are supported by the National Science 
Foundation and other federal agencies, universities, and private 
foundations.
    Copies of this poster can be obtained from; the IRIS Consortium, 1200 
New York Ave., NW, Suite 800, Washington, DC 20008 (202) 
682-2220.

Santa
Susana

Mountains

SanFernando
Fault

SantaSusanaFault

SanGabriel
Fault

Hinge
Spring

The Global Seimographic Network is an international scientific program to monitor the 

Earth and explore it’s interior. Data from the network are used for scholarly research, 

education, earthquake hazard mitigation, and to verify compliance with the 

Comprehensive Test Ban Treaty.

GLOBAL SEISMOGRAPHIC NETWORK WHERE DO EARTHQUAKES HAPPEN?

Earth’s outer surface, the Earth’s crust, is broken into what geologists call tectonic 

plates. These plates move under, over, or slide past each other. The plates are driven by 

hot mantle materials that convect. The relative motion of plates is associated with 

earthquakes. Most earthquakes occur along the edges of large plates. The arrows on the 

map above indicate how fast the plates are moving in millimeters per year.
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Needles, California (NEE) 

Tucson, Arizona (TUC)

Corvallis, Oregon (COR)

Cathedral Cave, Missouri (CCM)

College Outpost, Alaska (COL)

Harvard, Massachusetts (HRV)

Adak, Alaska (ADK)

San Juan, Puerto Rico (SJG)

Chiang Mai, Thailand (CHTO)

Wright Valley, Antarctica (VNDA)

Narrogin, Australia (NWAO)

Lobatse, Bot swana, Africa (LBTB)

Taipei, Taiwan (TATO)

Enshi, China (ENH)

Tibet, China (LSA)

Beijing, China (BJI)

Nana, Peru (NNA)

Albuquerque, New Mexico (ANMO)

La Paz, Bolivia (LPAZ)

Rarotonga, Cook Islands (RAR)

Yuzhno Sakahlinsk, Russia (YSS)

Kongsberg, Norway (KONO)

Matsushiro, Japan (MAJO)

Taburiente, Canary Island, Spain (TBT)

San Pablo, Spain (PAB)

Obninsk, Russia (OBN)

Charters Towers, Australia (CTAO)

Palmer Station, Antarctica (PMSA)
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Seismic stations close to the earthquake record strong P, S and Surface waves in quick succession just after the earthquake occurred.

The sharply decreasing P and S wave amplitudes seen at 

stations beyond about 100 (1,100 km) from the earthquake 

indicate the existence of the Earth’s outer core.

Although P waves tra
vel through the outer core (PKP waves), S

 waves do not. Because liquids 

cannot support sh
ear motion, the absence of S waves tra

veling through the outer core 

indicates that the outer core is fl
uid.

INNER
CORE
composed mostly
of solid iron,
P wave velocities
around 11 km/s,
S wave velocities
around 3.5 km/s

OUTER
CORE
composed mostly of
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Zusammenfassung

Die Geophysik beschreibt die Erde mit physikalischen Methoden. Die Fragestellungen benötigen oft
Kenntnisse aus den Geowissenschaften, der Mathematik und Informatik.

Die Seismik beschäftigt sich mit der Abbildung von Strukturen im Erdinneren mit Hilfe von seismischen
Wellen.

In der Seismik werden Raumwellen (P- und S-Wellen) sowie Oberflächenwellen (Rayleigh- und
Lovewellen) verwendet. Die Wellen unterscheiden sich bezüglich ihres Wellenweges (Raum, Oberfläche),
der Partikelbewegung (longitudinal, transversal, elliptisch) sowie der Ausbreitungsgeschwindigkeit
(Vp > Vs > VR).

Die Ausbreitungsgeschwindigkeit enthält wichtige Informationen über die Gesteinseigenschaften, z.B.
Fluidgehalt, Mineralzusammensetzung.
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