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Wiederholung
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first motion
toward focus

first motion
away from focus

- dilatation
+ compression

Wavetype: P-waves (+ and - first motion)

On nodal planes sign reversal         no displacement

P-wave motion equal for 2 conjugate faults (fault plane 
and auxiliary plane)

Source deformation
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Influence of shear on an 
infinitesimal volume

A B

C D

Volume 
element

A´
B´

C´
D´

Shear 
parallel to 
sides BD, 
AC

A'D' is extended
B'C' is compressed

Equal value of relative change in length 
but different signs

P
T
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Radiation from Double couple
horizontal or vertical shear source

Double Couple P
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Radiation from Double couple
horizontal or vertical shear source
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Symmetric radiation from source: cannot 
distuingish fault plane and auxiliary plane
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Fault-Plane solutions
P- and T-axes
=  directions of 
maximal compres-
sion/extension in 
radiation pattern

Generally  P, T NOT 
equal tectonic stress 
axes, only under 45° 
- hypothesis

e.g. San-Andreas 
fault: max. principal 
stress ┴ fault
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Point source - shear dislocation
Definition of strike, dip, slip
(Streichen, Fallen, Neigung)

Strike

Dip Rake

Rupture surface A0

0 Φ 360 °<≤
0 δ 90 °≤    ≤

180° λ 180 °≤<–
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σ11

σ12
σ13

σ21

σ22
σ23

σ31

σ32

σ33

x1

x2

x3

Meaning of    :σij
σij= force in j direction on 

an area whose normal 
points to i direction

=> Stress vector on each area with 
normal i:

T
i( )

T1
i( ) T2

i( ) T3
i( ), ,( ) σi1 σi2 σi3, ,( )= =
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Shear stress τ on arbitray plane?

1σ

3σ

Shear Stress τ 
on this plane?
Angle θ of rupture?

θ
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Rupture plane and Mohr circle

nσ

τ

1σ3σ ( )1 3 / 2σ σ+

0crit nτ τ µ σ= +θµ

2θ

Real materials do not rupture under 45° to σ1!
θ depends on μ, normally θ≈30°
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NF: Normal faulting 

NS: Predominately normal with 
strike-slip component 

TF: Thrust faulting 

TS: Predominately thrust with 
strike-slip component 

SS: Strike-slip faulting (includes minor 
normal or thrust component) 

Fault types & 
stress regimes

If Coulomb criterium applies: first estimate stress field from 
fault-plane solution dependent on coefficient of internal friction.
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B World Stress Map Projekt

Compilation of the global stress field, SHmax directions

http://www-wsm.physik.uni-karlsruhe.de

30 groups, > 18 countries, 54% FPS, 28% borehole, breakouts, 
4.5% hydrofracs, 3.4% overcoring, 4.1% volcano alignment
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Global results, first order effects

• In brittle crust almost everywhere consistent 
stress field

• Intraplate areas: horizontal σ1 => strike slip, 
thrust

•Extension often in areas of high topography

•Stress provinces with consistent σ1, σ3
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Generalized stress map

thrust

normal 
fault

strike 
slip
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Forces acting on a plate

Mantle 
drag FDF

Extra mantle 
drag beneath 
continents, 
FDF + FCD

Continental plate Oceanic plate

Ridge 
push FRP

Transform 
fault 

resistance FTF

Slab 
pull FSP

Slab 
resistance FSR

Colliding 
resistance 

FCR

Suctional 
force FSU

Bild: Fowler S. 368 (Fig. 8.20)
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First order 
global 
stress 
patterns



 18

First order 
global 
stress 
patterns (2)
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Interpretation of first order stress 
patterns

1. Compression within plates due to 
compressive forces acting on plate margins 
(ridge push, continental collision)

2. Buoyancy in regions of high elevation 
(Tibet) can locally compensate intra plate 
compression

3. Basal drag difficult to estimate
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Higher order stress patterns

Variety of effects:

•Deflection due to load (ice, sediments, sea 
mounts), at subduction zones (outer arc 
bulge)

•Lateral density contrasts (intrusions, 
isostatically uncompensated orogens)

•Lithosphere thinning (East African Rift) => 
intra plate extension

•Lithosphere thickening (Colorado Plateau, 
Western Alps) => rotation of σ1
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Tectonics at active plate margins:
3 types: constructive, destructive, conservative

Normal faults

Reverse faults

Strike Slip faults



 22

Source depth < 
100 km

Source depth from 
100 to 700 km

Global earthquake 
distribution 
1995 – 2006
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Active plate margins:

I. Spreading centers:
● Constructive & conservative faults
● Seismicity bound to narrow, 

flat (< 10 km) regions
● Active ridges: new oceanic crust 

generated, consequence: extension
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Fault plane solutions at an ocean 
ridge – transform fault system

MOR segments connected by transform 
faults

Apparent 
sinistral 
offset of ridge

Dextral sense 
of motion at 
transform fault

Drift oblique 
to ridge
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Fault plane 
solutions along 
the Mid-Atlantic 
Ridge
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Fault plane solutions for earthquakes on 
the St. Paul, Romanche, Chain transform 
faults, central Atlantic Ocean
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I. Destructive plate boundaries

a) Subduction zone 1

FPS for shallow earthquakes along Mexico´s west coast

Fault plane roughly parallel to plate margin
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Different kinematics in depth:

•Near surface: normal faults

•Moderate depth: stress by direct 
contact causing low angle thrust

•Deeper: plates decoupled, slab pull 
dominates causing normal fault

•Very deep: down dip compression
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I. Destructive plate boundaries

a) Subduction zone 2

•Fault plane 
roughly parallel 
to plate margin

•Strike-Slip faults 
due to slip 
partitioning
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Sunda subduction zone

A

B

C

D

A B

C D

outer 
rise

Wadati-
Benjoff 
zone

deep 
events

shallow events 
near accretion 
and volcanoes
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Chiloe (S  Chile), subduction
• subduction of Pacific plate 

underneath S-America

• (1) outer rise earthquakes

• (2) aseismic zone

• (3), (4) Wadati Benioff 
Zone, thrust events

• (5) strike-slip events near 
volcanoes 

• Strike-Slip faults due to 
slip partitioning

Dietich Lange, 2008, 
Dissertation, Uni Potsdam
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Honshu, Japan
• subduction of Pacific 

plate underneath Japan

• (1) thrust + reverse 
faulting - slab push

• (2) normal faulting - 
slab pull

• (3) Wadati zone as 
double-seismic zone 
marks top and bottom 
of slab

(1)

(2)

(3)
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Deep earthquakes

• above 300 km: exponential decrease of earthquakes 
with depth

• below 300 km: increased seismicity down to 700 km 
(subduction) contradicts rheology
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Normal 
faulting

(Low-angle) 
thrust faults

b) Continent-continent collision: Himalaya
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Intraplate seismicity
and stress field

Europe / Germany
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European 
stress map
SHmax

• No direct 
correlation 
between SHmax and 
topography

• Apennin, W-Alps: 
NF-regime 
correlates with 
topography, 
extension normal 
to mountain range
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European 
stress map

W- and NW Europe:
• Mainly Strike-Slip 

Regime (SS)
NW-NNW compression
NE-ENE extension

Extensional areas (NF):
• Aegean sea
• Western Anatolia
• Lower Rhine
• Graben
• W-Apennin
- Parts of France
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The Northern European stress province

• > 55° N
• Lithosphere thickness 
110 – 170 km

• Heat flow < 50 mW/m²
• Isostatic uplift - 
postglacial rebound

• Large scatter of stress 
orientation

SHmax orientations & 
uplift rates
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The Northern European stress province

• M4.9 (GEOFON) 
on 16.12.2008

• strike-slip with 
reverse component

• result of post-
glacial rebound?
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Horizontal 
components 
of maximum 
compression 
axes

Mainly strike slip with max. principal 
stress perpendicular to the Alps´s strike

The Alps
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– Swabian Jura 
– Rhinegraben
– Vogtland
– Alps
– Franconian 

Jura
– Saxonia (Gera- 

Jachimov)

Erdbeben 1000-1994

Seismically active regions in D
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Swabian Jura earthquakes

• 16.11.1911 Ms ~ 5.6 MWA ~ 6.1 z 10 [km]
• 28.05.1943 Ms ~ 5.5 MWA ~ 5.5 z 8 [km]
• 03.09.1978 Ms ~ 5.1 MWA ~ 5.7 z 6.5 [km]
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Fault mechanisms
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Aftershock distribution
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Composite focal mechanism
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Lower and upper 
Rhine Graben



 48

Depth distribution
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Lower Rhine Embayment and Roermond 
earthquake (13.04.1992 M ~ 6.0)
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Seismotectonics - Saxony
from: Erdbebenbeobachtung in Sachsen, Dreijahresbericht 2004-2006, Landesamt f. Umwelt und Geologie
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Magnitudes and hypocentres:: T. Fischer, WEBNET

August – December 2000:

> 10000 Earthquakes
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August – December 2000: Fault-plane solutions
(Roessler, 2006)

NKC

 Normal Comp. 
(Phases 1-7)

 Reverse Comp 
(Phases 1-4)

Strike-Slip plus 
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August – December 2000: P-, B-, T-axes
(Roessler, 2006)

P-Axes:

   depth      strike  plunge 

< 8,4 km     130°      50°

- 9,4 km      120°      39°

> 9,4 km     126°      26°

T-Axes:

 depth      strike  plunge 

< 8,4 km     226°       8°

- 9,4 km      228°      21°

> 9,4 km     228°      23°
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Summary

• Stress field in Germany is dominated by 
NNW-SSE direction of maxmimum 
compression

• stress field due to Alpine orogenesis
• extension (Lower Rhine Graben) along pre-

existing faults 


