Table 1. Seismological parameters of the Plovdiv earthquakes of April 1928:
April 14, 09:00:46 TU :
No
( (o)
   ( (o)

h (km)
M
Io
determination

references
A1  42.2 oN
25.33 oE
15-20
  -
X
macros

Kirov and Grigorova,1961

A2  42.21 oN
25.36 oE
10
6.8
 -
instrum
Christoskov and Gr.,1968

A3  42.2 oN
25.3 oE

7
6.8
X
macros

Karnik,1969

A4  42.2 oN
25.3 oE+/-0.3
9
6.8
IX
macros

UNESCO,1974
A5  42.13 oN
25.28 oE
-
  -
X
macros

Christoskov and Gr,1968

A6  41.7 oN
26.3 oE

n
6.8
 -
instrum ISS
Karnik,1969
April 18, 19:24:04 TU :
B1  42.17oN
25.05oE
20-25
  -
XI
macros

Kirov and Grigorova,1961

B2  42.2oN
25.05oE+/-0.3
16 
7.0
IX-X
macros

UNESCO,1974
B3  42.13oN
25.02oE
-
  -
XI
macros

Christoskov and Gr.,1968

B4  42.12oN
25.07oE
7
7.1
 -
instrum
Christoskov and Gr.,1968

B5  42.1oN
25.0oE

10
7.0
XI
macros

Karnik,1969

B6  41.8oN
25.0oE

n
6.3/4
X
instrum ISS
Karnik,1969
Table 2. The focal mechanisms of the Plovdiv earthquakes of April 1928:

No
determination from

strike (o)
dip (o)

rake (o)

note

April 18,1928 determination:
(a) Glavcheva,1984


270o

40o

-90o
       (fig. in paper)

(b) Jackson & McKenzie,1988
125o

45o

-90o

Ms=6.9
(c) Dimitrov & Ruegg,1994

305o

67o

----
       (fig. in paper)
(d) Van Eck and Stoyanov (1996) - (*) rake not mentioned and recalculated by us.
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plane  A : (( /(/rake)

180o  /  40o /   -37o
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plane  B : (( /(/rake)
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April 14,1928 determination:
(a) Jackson & McKenzie,1988
105o

45o

  -90o

Ms=6.9

Table 3. Vertical offset at the intersection between the levelling lines and the rupture traces, A1 = maximum uplift , A2 = maximum subsidence, R = A1 / A2

Village
         Point of fig.4a
A1 (m)
      A2 (m)
A1+A2 (m)
R = A1 / A2
Dip (°)
Popovitza West    A

0.53
     - 0.97
   1.50

0.55

70

Belozem
      B

0.07
     - 1.05
   1.12

0.067

40

Kalekovetz
      C

0.02
     - 0.31
   0.33

0.079

40

Popovitza South   D

0.45
     - 0.97
   1.42

0.46

60 - 80

Triang. point
      E

0.13
     - 0.28
   0.41

0.46

60 - 80

Tcherna gora
      F

0.09
     - 0.40
   0.49

0.23

40 - 60

Chirpan NE
      G

0.02
     - 0.14
   0.16

0.14

35 - 55

Svoboda 
      H

0.10
      -----
   -----

-----

-----

Table 4. Coordinates of the 1926-1993 network and horizontal displacement vectors dX and dY (in m) of the old triangulation points (1926) relatively to the 1993 positions. The principal components a, b (in m) and Az (degrees) of the error ellipse (1 sigma). 

No
     X (m)           Y (m)           H (m)     dX(m)     dY(m)      a(m)       b(m)    Az (deg)

109   345284.199   4662722.372    296.31     -0.277     -0.782      0.201     0.167       78.3

  38   319565.341   4676718.372    220.67     -0.356     -0.167      0.256     0.158       68.8

104   365216.821   4704839.868    885.31      0.000       0.000      0.001     0.001       77.0

105  382720.301   4699121.878     668.89      0.000       0.000      0.010     0.010       86.9

107   379503.994  4683928.061     321.43      0.062       0.404      0.205     0.084       24.2

108   365657.567  4675789.136     350.65     -0.457     -0.138      0.192     0.123       86.7

110   335763.563  4677104.647     255.89     -0.388     -0.253      0.156     0.106       58.6

111   339360.078  4692028.964     399.69     -0.000     -0.000      0.010     0.010       60.1

112   326975.103  4658053.328     252.11     -0.614     -0.530      0.294     0.223       63.8

136    368082.907 4659399.426     327.40     -0.088     -0.433      0.293     0.180       84.1

158   383469.244  4663395.470     236.71     -0.123      0.179      0.278     0.201       79.2

 42    357578.962  4687479.924     662.11      0.000     -0.008      0.131     0.071       62.2

U.T.M., WGS84, 35 T
Table 5. Parameters of the dislocation final model

X, Y, h are UTM coordinates of the centre of the upper side of the fault (in km);  are the Azimuth and dipping angle of the fault element - in [(]; W and  L - the width and length of each element in [km]; U  is the normal slip - in [m]; Mo - the seismic moment in 1019 [N.m].
  and  
                    X            Y
           h                    W          L        U       Mo         


       (km)            (km)            (km)             (()            (()          (km)           (km)         (m)    x1019 [N.m]

April 14, 1928 - one normal fault :


   368.99    4675.59      0.0       94.5     11.55     36.0    0.7     0.96    60


Total moment:  Mo = 0.96 x 10 19    [N.m];       
Mw = 6.7

April 18, 1928 - one listric complex fault composed by 10 following subfaults:
 subfault  1.         343.23     4664.24    0.0     298.58     6.57      6.2     1.5     0.201   75

     2.         337.78     4667.21    0.0     298.58     6.57      6.2     2.6     0.349   75

     3.         332.34     4670.18    0.0     298.58     6.57      6.2     1.8     0.242   75

     4.         326.89     4673.14    0.0     298.58     6.57      6.2     0.8     0.107   75

     5.         321.44     4676.11    0.0     298.58     6.57      6.2     0.3     0.040   75
   
     6.         344.05     4665.73    6.3     298.58   10.83      6.2     2.0     0.443   45

     7.         338.59     4668.70    6.3     298.58   10.83      6.2     2.5     0.554   45

     8.         333.15     4671.67    6.3     298.58   10.82      6.2     2.5     0.554   45

     9.         327.70     4674.64    6.3     298.58     8.00      6.2     1.0     0.163   45

   10.         322.25     4677.60    6.3     298.58     5.17      6.2     0.8     0.106   45


Total moment:   Mo = 2.77 x 10 19   [N.m];     

Mw = 6.96

Figure captions :

Figure 1: Seismo-tectonics of the Noth-East of the Mediterranee. Seismicity (1964-1999) from the ISC catalogue and DEM from GTOPO 30. Star indicates location of the 1904 Struma earthquake. N.A.F. relate to the North Anatolian Fault system termination in the Aegean. Active faults compiled from bathymetry, geological studies and satellite imagery by Armijo et al. (1996, 1999) ; Meyer et al., 2002). Box outlines the Plovdiv area enlarged in the next figures.

Figure 2: Effects of the 1928 Plovdiv sequence compiled from literature, and original documents (see text for details). Black symbols (respectively white symbols) relate to April 14 (respectively April 18) shock. Thin lines correspond to areas that have been destroyed by the 1928 sequence (Intensity > X). Stars indicate epicenter estimation of each shock from instrumental an macro-seismicity (see text and Table 1 for details). Thick segments relate to clearly identified ruptures of each event and dashed line to secondary effects observed along the Mariza river. First motions arrivals are plotted on a lower hemisphere for each event allowing to determine the focal mechanism of the 2nd shock.

Figure :  Location of the geodetic data used in this study. Displacements of leveling benchmarks are plotted following their elevation changes. Open circles correspond to small elevation changes (< 5cm), white triangles to uplift > 5cm and reverse black triangles to subsidence > 5cm. Capital letters (A to H) correspond to intersections of leveling lines with the fault breaks, where direct measurements of vertical offsets have been done  (values in Table 3, see text for details). Segments a-a’ to f-f’ refer to cross sections presented in figure 4. Open squares relate to triangulation pilars measured in 1926 and re-measured by GPS in 1993 (Dimitrov and Ruegg, 1994).  

Figure 4 : Cross sections a-a’ to f-f’ (see location in figure 3) of the elevation changes measured by performed leveling (crosses)  and modeled (continuous lines). Slip distribution and geometry are presented in figure 5.

Figure 5 : Final model of 1928 Plovdiv sequence. Dislocations (black rectangles) with corresponding slip in meters (in white) produce the vertical displacement field presented in color with contour lines (every 0.25 m). The horizontal “co-seismic” vector observations are plotted in black arrows and vectors predicted by the model in red arrows.
Figure 6 :  (a) Fault model with slip amount (in m) and instrumental seismicity 1980-2002 (Ml>2.5) located from Bulgarian National Telemetric Seismic Network. Dashed line refers to cross-section presented in (b).  (b) Cross-section of the seismicity, fault model and topography projected from SW to NE. Note scale exaggeration for topography (x5 to the right). Top, surface vertical displacement predicted by model presented in figure 5 (scale to the left). 
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