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Summary

e Geodesy helps us to know how Earth deforms ?
- VILBI, SR, GPS, InSAR., levellig and gravimetry

Experience of the Central LLaboratory of Geodesy — BAS
- GPS, levellig, gravimetry and SILR

» Bulgaria

» East Mediterranean

» Algeria — El Asnam seismogenic area

» Chili — monitoring and modeling of interseismic strain




Present days questions using geodesy

v Geometry
o [Localisation of the deformation around faults
 Faults geometry. Where 1s the base of the faults

v Kinematics and deformation budgets
» Contribution of the earthquakes

» Contribution of the non seismic deformation (deformation
in the volume / on the discontinuities, continuous /
sporadic deformation)

v Dynamics
* [nteraction between faults
 Post-seismic deformation

o Aseismic transients: conditions of occurrence, existence of

general laws ?
3




Seismicity of Hurope (USGS catalog)
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Accélérations maximales probables sur une période de S0 années
(projet SESAME map (Jimenez, Giardini and Griinthal, 2003))




IGS and EUREF permanent GPS stations
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Velocites at 64 sites ol western Hurope
(Nocquet et al., 2003)

Accuracy <lmm/year

Central Europe (rigid at
<0.4 mm/yr) = reference
frame.




Vitesse tectoniques connues actuellement dans la région a partir de
campagnes de mesures GPS (McClusky et al., 2003; Vernant, 2004).




GPS velocities in East Mediterranean with respect to
Hurasia and 95% confidence elhpses (Relhger et al. 2006)
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GPS constraints on continental deformation in the Africa — Arabia -
Hurasia continental collision zone, Reilinger’ et al. (2006)




Time series at GPS stations SOFI, Bulgaria
and GPS velocities ETRS”89

Created by A.Kenyeres Version:01/11/06
SOFI_11101M002
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GPS velocities 1996 - 2004 with respect to Eurasia




Bulgarian National GPS Network - main order

CLG, GPI, Gl - BAS, GD-UACEG

Number of points - 112

14 EUREF points and 2 EUVN points
Average distance between points — 30 km
Epoch of measurements — 2004 14
Each point observed in 64 hours long sessions




Bulgarian National GPS Network - 4635 points (2005)
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Permanent GPS and RTK stations in Bulgaria
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Regional seismicity M”S and main active faults
in East Mediterranean and Bulgaria
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April, 14 (M = 6.8) and April, 18 (M =7.0) 1928
Chirpan - Plovdiv Earthquakes

- the fractures near Popoviza village
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Subsidence of the Tsarigrad road 1




The Duvandja’s co-seismic diplacements
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Macroseismic eftects and focal mecanisms
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Geodetic data about co-seismic deformations — 460 BM
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Vertical offset at the intersection between the
levelling lines and the rupture traces

Al = maximum uplift , A2 = maximum subsidence, R = A1 / A2

Village Point Al (m) A2 (m) R=A1/A2 Dip (°)
Popovitza West A 0.53 - 0.97 0.55 70
Belozem B 0.07 - 1.05 0.067 40
Kalekovetz 0.02 - 0.31 0.079 40
Popovitza South 0.45 - 0.97 0.46

Triang. point 0.13 - 0.28 0.46

Tcherna gora 0.09 - 0.40 0.23

Chirpan NE 0.02

Svoboda 0.10




Coincidence of' leveling data and modeled displacements
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Principal faults of April’1928 Earthquakes
by geodetic data and modelling Okada® 1985
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Principal faults of April’1928 Earthquakes and seismicity

displacement

Elevation (km)
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Model of Coulomb’s static variation of the released stress
aiter 14 April 1928 Earthquake (M=6.8)




Model of Coulomb’s static variation of released stress
after 14 and 18 April 1928 Earthquakes




Grayity anomaly Bougeur in the April®1928
Chirpan — Plovdiv Earthquakes area — 112 points
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Magnetic anomaly in the April®1928 Earthquakes area
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Topographic protile with coseismic displasements
and electro-tomographic profile with inversed model

Topographic profile
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Resistivity in ohm.m
Unit Electrode Spacing =40 m

Model resistivity with topography
Vertical exaggeration in model section display = 1.0 Iteration 8 RMS error= 1.7

Mpodunu, npecnyawm cesepHus HYupnaHcku pasnom: a) Tonorpadckm npocgunn ¢ NOBbLPXHOCTHOTO pa3KbCBaHe
©0) enekTpo-Tomorpaccku MHBepceH moaen
Vertical profiles across the north Chirpan fault: a) topographic profile with surface
rupture; b) electrical tomography inversion model




Topographic profile with coseismic displasements

and electro-tomographic profile with inversed model

Topographic profile

Elevation (m)
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Resistivity in ohm.m

Yertical exaggeration in model section display = 1.0 todel resistivity with topography
Unit Electrode Spacing = 5.0 m. lteration 10 RMS error = 1.9




“Cherna Gora™ paleo-seismic trench of Chirpan fault




Why SW Bulgaria ?
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Séismes historiques en Bulgarie (Meyer et al., 2002)

notamment ceux de 1904 a Krupnik (rectangle) et de 1928 Plovdiv

Black Sea
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Séismicite instrumentals 1980 - 2005 en SW de Bulgarie




Hocal mecanisms of earthquakes with M>3.5




GPS velocities 1996 - 2003 in: SW Bulgaria respect to Eurxasia
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GPS measuring in Vihren peak - 2914 m




Stain and stress tensor in SW Bulgaria
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GPS inter - seismic velocities 1996 - 2005
in SW Bulgaria with tectonic block
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Velocities 1996 - 2005 in SW Bulgaria
and regional GPS velocities




The average GPS) velocities 1996 - 2005
in SW Bulgaria with respect to Eurasia

Ar= undarsiudy

o

| Ty deirbuind stilks 3
, "¢ m

Amciclen pletc
ww-umnh-buu Y

and 6E
PLATE .:Mwom i

EY AagrenPeopormiaca pieta |
——————————————————




Krupnik fault of April, 04, 1904 Earthquakes
M =7.3 and 7.8 (Karnik, 1961)




LL.ocal GPS network for monitoring of Krupnik fault




GPS station Krupnik




The vertical movements in SW Bulgaria by I-st i Il-nd

order repeated leveling data 1929 - 1958 - 1986
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Mionitoring of vertical movements with levelling
profile perpendicular of Krupnik fault
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Haille de Vitocha — vie de centre de Sofia (1928)
- S0'em reget vertical sur 3 km du au seisme 1858




InSAR vertical deformasions 1992 — 2003 in the Sofia

Sofiya, Bulgaria fer nent) - Processed by TRE 2004




LL.ocal GPS network for monitoring of Vitocha fault

* Reference Point

Period: 11th December 1992 to
No. Scenes: 45

Master Scene: 5th December 19
Average annual motion rate (mm/yr)

Coordinate System' Universal Transy erse Mercato
m 5 and more ot ;
P A =

Zone: 34 (E 18 to E 24)
Projection: Transverse Mercator
Datum: World Geodetic System 1
Ellipsoid. WGS 1984

Units: meters

Image Copyright: NPA Group
Data Copyright: ESA 1992-2003
Background image: Landsat ETM+ BS 10)
B 5 and more Data processed by TRE 2004




Horizontal velocities 1996 — 2004 of GPS sites
in the region of Sofia relative to Eurasia
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Mereil de votre attention
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