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Summary

• Cause and consequences of Plate Tectonics
• The early days (80’s): NASA Crustal Dynamics 

Project and WEGENER
• How stress changes in the crust affect 

coordinates of sites/instruments on the surface
• Examples of integration of GNSS geodetic data, 

DInSAR, seismologic, geologic, historical 
earthquakes: how EPOS would work in practice!

• Conclusions



Causes and  consequences of plate 
tectonics

Alfred Wegener
Berlin, 1.11.1889
Greenland 3.11.1930Convective motions of fluids in the 

mantle are a possible engine driving 
plate tectonics



Early evidence of Plate 
Tectonics comes from 

seafloor spreading
Early evidence of Plate 
Tectonics came from the 
symmetry of paleomagnetic 
lineations across oceanic 
ridges (average over Myrs)

Early measurements 
(1980’s) of present days 
plate motion were done by 
VLBI, the ancestor of GNSS



Analysis of LAGEOS data in the 80’s



Plate motion measured today with different techniques 
is linked to the concept of Reference Frame

The major tectonic units move relative to each other
Geodetic networks across tectonic units are deformed/strained
Geodetic networks within a tectonic unit (eg  Eurasia) may be considered 
as undeformed/rigid
However it turns out that small deformations (departures from rigidity) are 
measured within a tectonic unit
Epochwise realizations of a regional reference frame are not exactly 
connected by rigid body transformations



Stress in the crust can be measured:
• By Fault Plane Solutions of 

moderate to large 
earthquakes

• By geologic indicators on 
exposed faults

• By boreholes

Stress can be:

• permanently stored in the rocks
• released by creep, seismicity, 
heat
• transferred to nearby faults 
elastically or by diffusion of fluids
 



Simple mechanical 
model of an 
earthquake

Reaction force

F

K

Gravitational load

Spring (approximates
 elastic rock deformation at 
the contact surface)

•Recurrence time for 
M=6-6.5 on the same 
fault: 400 – 800 years

Phase of the first 
arrival helps 
constraining  the 
polarity of the 
earthquake
Coseismic 
deformation up to 
tens of Hz
Amplitude of 
acceleration up to 1 g

Friction at the contact surface



Understanding surface displacement of GNSS 
stations in terms of dislocation at depth
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Elastic half space (Hooke law: stress 
is linearly related to strain)

Rectangular  fault12 x 8 km, at a 
mean depth of 8 km 

A displacement of 70-80 cm at 
depth induces coordinate changes 
of some cm at the surface
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Three study cases (could be examples 
of EPOS related science)

Modena 2012
Reverse fault

Aquila 2009
Normal fault

Kefalonia 2014
Transform fault



54910 54920 54930 54940

-0.08

-0.04

0

0.04

0.08

A
Q

R
A

-0.08

-0.04

0

0.04

0.08

A
Q

U
I

-0.08

-0.04

0

0.04

0.08

C
A

D
O

-0.08

-0.04

0

0.04

0.08

C
D

R
A

-0.08

-0.04

0

0.04

0.08

R
O

IO

-0.08

-0.04

0

0.04

0.08

IN
G

P

-0.08

-0.04

0

0.04

0.08

P
A

G
A

54910 54920 54930 54940

modified julian date
54910 54920 54930 54940

16 cm

Caporali et al.,(2009)

Nord Est Vertic.
L’Aquila, 6 April 2009, Mw=6.25
Normal fault (extensional stress)



Modena 2012 6.1 – 5.8 events
compressional stress

LEGN  (Legnago)

SGIP (San Giovanni 
Persiceto)MODE  (Modena)



•Time series show two successive jumps, 
particularly in the N/E  of VLSM
•Measured displacements can be compared with 
those predicted by a dextral shear displacement 
along a strike of 10-20 deg from seismologic data



Investigating the steady state strain 
near the KTZ



Maximum expected magnitudo from steady state shear 
strain, statistical seismicity and stress drop

Based on the 
available data, Mmax 
in the KTZ area can 
significantly exceed 
the historical 
maximum of 7.4 for a 
modest increase of 
the stress drop.
Consequently it is 
not unlikely that 
events of Mw>7.4 
can take place in the 
KTZ



Conclusions
• From the 80’s to date: Dramatic increase in time and 

spatial resolution of coordinates, velocities and 
reference frame.  Standards. GNSS as a key 
technological step forward, relative to SLR/VLBI

• From WEGENER to EPOS = From SLR to integrated 
GNSS, DInSAR, geologic, gravity and seismological data.

• Standardization of geodetic products (velocities) 
require compliance with guidelines

• A service for the near future: prompt reaction to 
seismic events in terms of measurement of coordinate 
jumps, postseismic relaxation

• Focus on seismicity, but GIA important too.


