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SummarySummary

•• Geodesy helps us to know how Earth deforms ?Geodesy helps us to know how Earth deforms ?

- VLBI, SLR, GPS, InSAR, levellig and gravimetry- VLBI, SLR, GPS, InSAR, levellig and gravimetry

Experience of the Experience of the Central Laboratory of GeodesyCentral Laboratory of Geodesy  –– BAS BAS

- GPS, levellig, gravimetry- GPS, levellig, gravimetry  andand  SLRSLR

•• BulgariaBulgaria

•• East MediterraneanEast Mediterranean

•• Algeria Algeria –– El Asnam seismogenic area El Asnam seismogenic area

•• Chili Chili –– monitoring and modeling of interseismic strain monitoring and modeling of interseismic strain

•• Geodetic monitoring in Bulgaria  -  ExemplesGeodetic monitoring in Bulgaria  -  Exemples

-  Chirpan - Plovdiv region-  Chirpan - Plovdiv region

-  SW  Bulgaria geodynamic network-  SW  Bulgaria geodynamic network

-  Krupnik seismogenic zone-  Krupnik seismogenic zone

-  Sofia region-  Sofia region
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Present days questions using geodesyPresent days questions using geodesy

!! GeometryGeometry

•• Localisation of the deformation around faultsLocalisation of the deformation around faults

•• Faults geometry. Where is the base of the faultsFaults geometry. Where is the base of the faults

!! Kinematics and deformation budgetsKinematics and deformation budgets

•• Contribution of the earthquakesContribution of the earthquakes

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

!! DynamicsDynamics

•• Interaction between faultsInteraction between faults

•• Post-seismic deformationPost-seismic deformation

•• Aseismic transients: conditions of occurrence, existence ofAseismic transients: conditions of occurrence, existence of
general laws ?general laws ?
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Seismicity of Europe (USGS catalog)Seismicity of Europe (USGS catalog)
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Accélérations maximales probables sur une période de 50 années

(projet SESAME map (Jimenez, Giardini and Grünthal, 2003))
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IGS and EUREF permanent GPS stationsIGS and EUREF permanent GPS stations
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Velocites at 64 sites of western EuropeVelocites at 64 sites of western Europe

(Nocquet et al., 2003)(Nocquet et al., 2003)

!! Accuracy <1mm/yearAccuracy <1mm/year

!! Central Europe (rigid atCentral Europe (rigid at

<0.4 mm/yr) = reference<0.4 mm/yr) = reference

frame.frame.
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Vitesse tectoniques connues actuellement dans la région à partir de

campagnes de mesures GPS (McClusky et al., 2003; Vernant, 2004).
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GPS velocities in East Mediterranean with respect toGPS velocities in East Mediterranean with respect to

Eurasia and 95% confidence ellipses (Relliger et al. 2006)Eurasia and 95% confidence ellipses (Relliger et al. 2006)
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GPS constraints on continental deformation in the Africa GPS constraints on continental deformation in the Africa –– Arabia - Arabia -

Eurasia continental collision zone, Reilinger et al. (2006)Eurasia continental collision zone, Reilinger et al. (2006)
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Time series at GPS stations SOFI, BulgariaTime series at GPS stations SOFI, Bulgaria

 and  and GPS velocities GPS velocities ETRSETRS’’8989
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Permanent GPS station Permanent GPS station SOFI, BulgariaSOFI, Bulgaria
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GPS velocities GPS velocities 1996 - 20041996 - 2004  wwith respect to Eurasiaith respect to Eurasia
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Bulgarian National GPS Network  -  main orderBulgarian National GPS Network  -  main order
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        Bulgarian  National  GPS  Network  -  465 points (2005)Bulgarian  National  GPS  Network  -  465 points (2005)
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Permanent GPS and RTK stations in BulgariaPermanent GPS and RTK stations in Bulgaria

IGS permanent st. SOFI
Private RTK network
CERGOP-2 stations
Military Service stations
Proposed stations
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Regional seismicity M^5 and main active faultsRegional seismicity M^5 and main active faults

in East Mediterranean and Bulgariain East Mediterranean and Bulgaria
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April, 14 (M = 6.8)  and April, 18 (M = 7.0) 1928April, 14 (M = 6.8)  and April, 18 (M = 7.0) 1928

Chirpan - PlovdivChirpan - Plovdiv  EarthquakesEarthquakes

-  -  the fractures near Popoviza villagethe fractures near Popoviza village
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The DuvandjaThe Duvandja’’s  co-seismic diplacementss  co-seismic diplacements
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Macroseismic effects and focal mecanismsMacroseismic effects and focal mecanisms
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Geodetic data about co-seismic deformations Geodetic data about co-seismic deformations –– 460 BM 460 BM
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Vertical offset at the intersection between theVertical offset at the intersection between the

levelling lines and the rupture traceslevelling lines and the rupture traces

!! A1 = maximum uplift , A2 = maximum subsidence, R = AA1 = maximum uplift , A2 = maximum subsidence, R = A11 / A / A22

!!

!! Village               PointVillage               Point A1 (m)A1 (m)   A2 (m)    A2 (m)  A1+A2 (m)A1+A2 (m)  R = A  R = A11/A/A22    Dip (°)    Dip (°)

!! Popovitza West   Popovitza West    A A 0.530.53      - 0.97     - 0.97       1.501.50 0.550.55 7070

!! BelozemBelozem  B B 0.070.07      - 1.05     - 1.05       1.121.12 0.0670.067 4040

!! KalekovetzKalekovetz  C C 0.020.02      - 0.31     - 0.31       0.330.33 0.0790.079 4040

!! Popovitza South Popovitza South  D D 0.450.45      - 0.97     - 0.97       1.421.42 0.460.46 60 60 –– 80 80

!! Triang. pointTriang. point  E E 0.130.13      - 0.28     - 0.28       0.410.41 0.460.46 60 60 –– 80 80

!! Tcherna goraTcherna gora  F F 0.090.09      - 0.40     - 0.40       0.490.49 0.230.23 40 40 –– 60 60

!! Chirpan NEChirpan NE  G G 0.020.02      - 0.14     - 0.14       0.160.16 0.140.14 35 35 –– 55 55

!! Svoboda Svoboda  H H 0.100.10       -----      -----    -----   ----- ---------- ----------
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Coincidence of leveling data and modeled displacementsCoincidence of leveling data and modeled displacements
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Principal faults of AprilPrincipal faults of April’’1928 Earthquakes1928 Earthquakes

by geodetic data and modellingby geodetic data and modelling Okada Okada’’19851985
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Principal faults of AprilPrincipal faults of April’’1928 Earthquakes and seismicity1928 Earthquakes and seismicity
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Model of CoulombModel of Coulomb’’s  static variation of the released stresss  static variation of the released stress

 after 14 April 1928  after 14 April 1928 Earthquake (M=6.8)Earthquake (M=6.8)
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Model of CoulombModel of Coulomb’’s  static variation of released stresss  static variation of released stress

 after 14 and 18 April 1928  after 14 and 18 April 1928 EarthquakesEarthquakes
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Gravity anomaly Bougeur in the AprilGravity anomaly Bougeur in the April’’19281928

 Chirpan  Chirpan –– Plovdiv Earthquakes area  Plovdiv Earthquakes area –– 112 points 112 points
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Magnetic anomaly in the AprilMagnetic anomaly in the April’’1928  Earthquakes area1928  Earthquakes area
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Topographic profile with coseismic displasementsTopographic profile with coseismic displasements

and electro-tomographic profile with inversed modeland electro-tomographic profile with inversed model
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Topographic profile with coseismic displasementsTopographic profile with coseismic displasements

and electro-tomographic profile with inversed modeland electro-tomographic profile with inversed model
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““Cherna GoraCherna Gora””  paleo-seismic paleo-seismic trenchtrench of Chirpan fault of Chirpan fault
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Why SW BulgariaWhy SW Bulgaria ? ?
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Séismes historiques en Bulgarie (Meyer et al., 2002)

 notamment ceux de 1904 à Krupnik (rectangle) et de 1928  Plovdiv
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Séismicite instrumentals 1980 - 2005 en SW de Bulgarie
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Focal mecanisms of earthquakes with Focal mecanisms of earthquakes with !!>>3.53.5
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GPS velocities GPS velocities 1996 - 20031996 - 2003 i in SW Bulgaria n SW Bulgaria respect to Eurasiarespect to Eurasia
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  GPS measuring in Vihren peak  - 2914 mGPS measuring in Vihren peak  - 2914 m
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Stain and stress tensor in SW BulgariaStain and stress tensor in SW Bulgaria



4040

GPS GPS inter - seismic inter - seismic velocities velocities 1996 - 20051996 - 2005

in SW Bulgaria win SW Bulgaria with tectonic blockith tectonic block
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Velocities Velocities 1996 - 20051996 - 2005    in SW Bulgariain SW Bulgaria

and regional GPS vand regional GPS velocitieselocities
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The average GPS velocities The average GPS velocities 1996 - 20051996 - 2005

in SW Bulgaria win SW Bulgaria with respect to Eurasiaith respect to Eurasia
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Krupnik fault of April, 04, 1904 EarthquakesKrupnik fault of April, 04, 1904 Earthquakes

M = 7.3 and 7.8M = 7.3 and 7.8  (Karnik, 1961)(Karnik, 1961)
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Local GPS network for monitoring of Krupnik faultLocal GPS network for monitoring of Krupnik fault
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GPS  station  KrupnikGPS  station  Krupnik
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The vertical movements in SW Bulgaria by I-st The vertical movements in SW Bulgaria by I-st "" II-nd II-nd

order repeated leveling data 1929 - 1958 - 1986order repeated leveling data 1929 - 1958 - 1986
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!#!#nitoring of vertical movements with levellingnitoring of vertical movements with levelling

profile perpendicular of Krupnik faultprofile perpendicular of Krupnik fault
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Faille de Vitocha Faille de Vitocha ––  vie de centre de Sofia (vie de centre de Sofia (19281928))

- 50 cm reget vertical sur 3 km du au seisme 1858- 50 cm reget vertical sur 3 km du au seisme 1858
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InSAR InSAR vertical deformasions 1992 vertical deformasions 1992 –– 2003 in the Sofia 2003 in the Sofia
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Local GPS network for monitoring of Vitocha faultLocal GPS network for monitoring of Vitocha fault
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Horizontal velocities 1996 Horizontal velocities 1996 –– 2004 of GPS sites 2004 of GPS sites
in the region of Sofia relative to Eurasiain the region of Sofia relative to Eurasia
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    Merci de votre attentionMerci de votre attention
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