
 
 
 
 
 

����� �����	
���	��� �� �
������� ����
� � 
�����-	��������	� ������ 


�������� ������� – ���������� 	
������� 
����� �� ���!�"�#�� – ���������
 �
��� 
� ��� 

 
SOME FEATURES OF THE SEISMIC PROCESS IN THE UPPER-

THRACIAN VALLEY 
Elisaveta Marekova – Plovdiv University; eligeo@uni-plovdiv.bg 

Dragomir Gospodinov – Geophysical Institute, BAS; drago_pld@yahoo.com 
 

Abstract 
���� 
� ��� ���� �� �� �� ����� 
���� ���� ������������ 
� �������
�� 
������ � ���
�-���� ���� 
���
� �� ������� � 1750 �� 2001 !. ��������
�� 
����� � �������"�
� � # "
� �$�!���� � ������� %���&��� �������
� ��
� � 
'�
�"�
���� �������
� ��
� ��"�� !������� (����
 � )����. *� �� �� ����� 
�������
��� 
� ��!��
� �� ���������
 �����$��
 �����!, ��� �� ��������
� 
������
� ����
��� � �$�!����, �$���
�� ���
� � ��"��
����
� ��������!��
� 
����
���. ������
���
�� ����������
�� �������, �� �����$�
�� �����
�� �� 
�$��� ������
�, 
� ������ ����
�� ������
� ������� � ��!��
�. 
���
�������
� �� ��� !���
� ����  � �$�����

�� ����������
�� 
� ������
��� 
- ���
 �� ����� 5 km � ���! � 7 �� 20 km. ��� �
����� 
� ����
� �� ���������� �� 
��

�� ��&� ������
� �� 
��  b=1.04 �� �$���� � ��!
��� M≥4.0. 
 

Introduction 
Seismic activity of the Upper-Thracian valley comes second after that of the Struma 

seismic zone in SW Bulgaria. Seismic hazard, however is much higher in the former region 
as it can generate events with magnitude up to M=7.0 and the region is densely populated. 
A number of strong earthquakes have occurred in the area; a shock of M=5.9 near Jambol 
in 1909 and two strong earthquakes with M=6.8 and M=7.0 in 1928 near Chirpan and 
Plovdiv. The latter caused more than 100 casualties and a lot of damages. All this reveals 
the necessity for the seismic process in the region to be examined in more detail and on the 
base of continuously updated information. In this paper we aimed at examining some 
general properties of the seismicity in the region using an updated catalog compiled by us. 
We wanted to check whether earthquake spatial distribution correlates to the active faults 
structure. Another purpose was to analyze catalog completeness and to see events temporal 
behavior. Earthquake recurrence is a major  characteristic of the seismic process and we 
estimated the parameters of the recurrence law for shocks with M≥4.0. At last we also 



analyzed hypocenter depth distribution but the results here are least reliable as the accuracy 
for this parameter is very low, especially for historical earthquakes. 

 
Data 

The first step in our analysis was to compile an updated earthquake catalog. We 
used a number of different sources from Bulgaria, some neighbor countries and also from 
some international seismological centers as ISC, IRIS, CNSS. A major difficulty was to 
obtain a unified magnitude for the new catalog as different sources cite different kinds of 
magnitudes. We decided to present all magnitudes as a MS magnitude using transitional 
formulas (Ambraseys, 1990; B.C. Papazachos, 2002) 
 

                                  96.3755.1 −= bS mM                                         (1) 

733.1333.1 −= LS MM                                        (2)   

WS MM =    ;     0.6≥WM ,  σ =0.23 ; 

                       64.244.1 −= WS MM    ;  6.0 <WM ,  σ =0.30.                    (3) 

Magnitudes of earthquakes registered at NOTSSI up to MD=4.0 are considered to be 
equal to MS. The final catalog contains 1840 earthquakes with M≥0.5. We analyzed catalog 
completeness with time and in general the catalog could be considered to be complete for 
M≥4.0. 

Epicenter coordinates accuracy varies a lot for the different time periods covered by 
the catalog. For most events it is from 20 to 30 km for the historical earthquakes up to 1-2 
km for contemporary events. Low accuracy for earlier shocks leads to some ‘regularity’ in 
the spatial distribution.  

Hypocenter depth is the parameter with the lowest accuracy in the catalog. For a lot of 
shocks no depth is determined at all. We selected the earthquakes with hypocenter depth 
determined to analyze events depth distribution in the region having in mind that the results 
should be regarded with caution.  

 
Results 

The Upper –Thracian valley covers several seismic zones. Among them the one with 
the highest seismicity is the Maritza zone. From a seismotectonic point of view the zone is 
a depression situated between Pazardjik (to the West) and the Monastery Hills (to the East). 
It could be subdivide into Plovdiv subzone and Marbas subzone but they both follow a 
system of faults called ‘Marishki Shev’ (see fig.1). These subzones have generated two 
disastrous earthquakes in 1928.  

Another seismic zone in the Upper-Thracian valley is Tundza seismic zone. It is 
situated in SE Bulgaria between the towns of Sliven and Jambol. The zone covers an area 
among the Western part of the Central Strandza structural unit, the Kotel tectonic unit, the 
Monastery Hills and the St. Ilia Hills. There are active depression movements of the 



investigated tectonic area. The strongest known event generated in this zone is in 1909. It 
has a magnitude of M=5.9 and has caused some damage and a lot of panic. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Epicentral map of the earthquakes with  M≥2.6 for the Upper-Thracian valley for the  
period 1750-2001;                    main faults,                  supposed faults; 
 
  -              - earthquake epicenters for magnitudes from M=2.6 to M=7.4                                      
 
 
 Fig.1 reveals the epicenter spatial distribution in the region. The analyzed area can 
be defined by the following vertices:  

24.0E, 41.7N     27.2E, 41.7N 
27.2E, 42.8N     24.0E, 42.8N 

It can be seen from the figure that epicenters are quite scattered. The strongest event with 
M=7.4 has occurred very near to the town of Plovdiv. The two strong shocks in 1928 have 
occurred to the East of Plovdiv and the strong earthquake in 1909 is to the West of Jambol. 
The highest seismicity is exhibited by the Plovdiv seismic zone (mainly to the West of 
Plovdiv. There is also a cluster of weak events to the NW of Plovdiv but we have some 
doubts that some of them could be explosions and they need careful consideration. 
Although the epicenters are scattered they are somewhat grouped (especially for the 
Plovdiv zone) along the fault system going East-West. For the 1909 event near Jambol with 
M=5.9 its epicenter is close to the NS fault known as the ‘Tundza’ fault. 
 On Fig.2 we have plotted the hypocenter depth distribution. It can be seen that two 
major seismically active layers could be identified – one surface layer up to 5 km  and 
another one from 6km to 24 km. We have to point out again that depth data is very 
uncertain and these results should be considered as quite general. 

41.3

41.8

42.3

42.8

23.9 24.4 24.9 25.4 25.9 26.4 26.9



 The temporal behavior of the seismic process in the region is presented graphically 
by the cumulative number curve on Fig.3. Following the curve from the beginning of the 
analyzed period two sudden increases in the seismic intensity can be identified. They are 
connected with the aftershock sequence of the 1909 earthquake near Jambol (M=5.9) and 
the 1928 aftershock sequences after the events near Chirpan and Plovdiv (M=6.8, M=7.0).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2 Hypocenter depth distribution for all earthquakes considered in the catalog 
 

The temporal behavior revealed by the curve seems typical for both aftershock sequences. 
After that there is a period of about 50 years with nearly constant seismic intensity. At 1978 
a very abrupt jump in the seismic activity is observed until 1982. This effect is due to the 
work of a group of seismologists who processed a lot of additional earthquake records and 
identified numerous weak events. After that, a new period of increased seismic activity is to 
be seen, which again is connected to the quality of monitoring – a new seismic network 
(NOTSSI) began operating in Bulgaria.  
 A major characteristic of the seismic regime in a region is the recurrence law which 
relates earthquake occurrences to their magnitude. It is usually presented in the form of the 
Gutenberg-Richter formula (Gutenberg & Richter, 1954) 
 
                                                             bMaN −=log                                                       (4) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Cumulative number curve in time for the earthquakes in the Upper-Thracian valley 
for the period 1900-2001 
 

 
    Fig.4 Cumulative number of earthquakes versus their magnitudes 



The b-value in this formula is considered to be related to some properties of the geotectonic 
structure of a region. To properly estimate the recurrence law parameters one has to identify 
the magnitude threshold above which the catalog could be regarded as complete for the 
whole period of investigation. We applied the ZMAP software (Wiemer) 
to assess the recurrence law parameters following the maximum-likelihood procedure. A 
lower cut-off limit of M=4.5 was chosen and the estimates we obtained are as follows 
 
                                                             MN 04.164.6log −=                                              (5) 
 
Usually the b-value varies from 0.6 to 1.5 but it is also worth estimating these parameters 
for a sequence of only main shocks (with aftershocks removed). 
 The last manifestations of the seismic activity of the seismic activity of the Upper-
Thracian valley are two moderate earthquakes which have occurred in 2001 and in 2002. 
The former is with magnitude M=4.4 near the town of Jambol and the latter has a 
magnitude of M=4.3 and has occurred near Plovdiv.  
 

Conclusions 
 The general properties of the seismic process have been analyzed for the seismic 
zones in the Upper-Thracian valley. The results revealed that Plovdiv seismic zone has the 
highest seismicity and has generated three most strong events in the region; M=7.4 in 1750, 
M=6.8 and M=7.0 in 1928. The temporal behavior reflects the aftershock sequences 
following the strong earthquakes and also the changes in the seismic monitoring quality. 
Two main depth layers have been identified; one up to 5 km and another one from 6 km to 
24 km. The recurrence law parameters have been estimated using the maximum-likelihood 
procedure and a b-value estimate of b=1.04 has been obtained. We regard it reasonable to 
make a similar study for a sequence of main shocks only (with aftershock removed). 
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