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A b s t r a c t  

Three groups of recurrent events have been identified within the 
2005-2006 Mukacheve series of about forty MSH0.3-1.8 near-surface 
earthquakes. After a cross-correlation analysis of their waveforms and 
subsequent relocation with application of the adjusted arrivals and station 
terms it turned out that they most likely belong to at least two distinct 
crustal layers separated by an interface at about 4 km; the seismic activa-
tion started deeper and progressed upwards. As concerns polarities of 
first arrivals, the same source mechanism was inferred within individual 
groups, indicating a normal faulting along the  Az ≈ 120°   with a slight 
component of right lateral slip; this finding is consistent with data avail-
able on some other local sources, as well as with an ambient field of ex-
tensional stresses in the local crust and a significant horizontal gradient 
of vertical movements across the epicenter area of the Mukacheve series. 

Key words: recurring earthquakes, cross-correlation, relocation, station 
terms, source mechanism. 

1. INTRODUCTION 
In Gnyp (2009) records of the 2005 Mukacheve series of recurrent earth-
quakes were analyzed and a conclusion was drawn that they most likely oc-
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the beginning of 2005 till almost the end of 2006. Likewise in 2005, earth-
quakes of different size have occurred in 2006 but remained smaller than the 
MSH1.8 earthquake of 7 July 2005, the largest one during the entire series. 
Nevertheless, some of the 2006 earthquakes produced the same MSK-64 in-
tensity of 3-4 as the largest earthquakes of 2005 and were still felt by local 
citizens, which served as a first indication of their smaller source depths. In 
2006, the epicenter area, according to macroseismic data, shifted some 
1.5 km to NW as compared to 2005.  

Configuration of the local seismic network (Gnyp 2009) relative to the 
epicenter area of the Mukacheve series had been significantly refined in 
2006 due to adding a temporary station Syniak (SYNU, 48.572°N and 
22.841°E), located some 11 km to the north and operated during the first half 
of 2006 (Fig. 1). However, the quality of records by the other nine local sta-
tions remained variable because of the noisy environs in many of them. As 
in 2005, the 2006 records of the Mukacheve earthquakes were available with 
sampling intervals either of both, 0.02 s and 0.2 s, or just 0.2 s. For the pur-
pose of correlation analysis, the 0.02 s records were pre-filtered with the 
Butterworth filter within a band-pass between 0.5 and 3.5 Hz, and 0.2 s ones 
– between 0.5 Hz and 2.0 Hz. The frequency interval was chosen so that it 
corresponded to a rather narrow flat portion of the response spectrum of the 
local seismic stations, equipped with the Soviet era seismometers of the 
CM3-KB type (Aranovich et al. 1996), and was narrow enough to suppress 
the significant levels of noise at most of the stations.  

The catalogue data on the earthquakes are listed in Table 1. 

3. CORRELATION  ANALYSIS  OF  THE  WAVEFORMS 
In contrast to 2005 when the Mukacheve series consisted of a single group of 
similar earthquakes, the entire series of 2005-2006 apparently broke into the 
several groups after a cross-correlation between the records by each of the 
stations has been evaluated. Although the waveforms varied from group to 
group, they were preserving some signs of resemblance, so the three groups 
were identified (A, B and C in Table 1). It is to be noted that, like in 2005, 
also in 2006 some events remained whose association with any of the above 
groups could not be reliably established.  

A mere evidence of the direct temporal ordering of earthquakes belong-
ing to groups A, B and C during 2005 and the first 4 months of 2006 without 
their mixing up and braking of the order in May 2006 appeared to suggest a 
multi-phase character of seismic process in the vicinity of Mukacheve during 
2005-2006. Indeed, different groups of earthquakes would absolutely natu-
rally be expected to originate from the source zones with at least slightly va-
rying locations;  this notion was also confirmed by macroseismic data  on the 
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Table 1  

The bulletin (Pustovitenko 2007, 2008) and the relocated parameters  
of the 2005-2006 Mukacheve earthquakes 

Date 

BULLETIN  PARAMETERS RELOCATED  PARAMETERS 

G
ro

up
  

Source time 
(GMT) 

 
h   m   s 

Epicenter 
coordinates 

[deg.] 
Depth 
[km]

Magnitude 
I 

Epicenter  
coordinates 

[deg.] 

RMS 
epicenter

error 
[km] 

Depth 
[km]

RMS 
depth 
error  
[km] 

Total 
number of 
arrivals/ 
stations 

used 

Number  
of 0.02 s 
arrivals/ 
stations 

used ϕ λ MSH MD ϕ λ Δϕ Δλ 

2005 
25 Mar 11 38 23.0 48.47 22.76 7.6 1.3 2.4 3-5 48.483 22.769 1.50 1.01 5.8 0.7 14/7 14/7 A 
25 Apr 22 31 46.8 48.46 22.77 6.8 1.2 2.4  48.472 22.777 0.57 0.49 14.6 2.0 10/5 6/3 A 
06 Jun 09 45 41.6 48.46 22.77 3.1 1.0 1.8  48.472 22.783 1.30 0.94 5.2 1.4 15/8 6/3 A 
22 Jun 15 32 17.0 48.50 22.81 2.3  2.5  48.484 22.758 0.86 0.66 8.8 2.1 17/9 10/5 A 
22 Jun 23 26 01.2 48.49 22.67 2.0  1.7  48.482 22.748 0.61 0.41 10.1 1.0 13/7 2/1 A 
07 Jul 19 56 17.9 48.46 22.75 6.5 1.8 2.8 3 48.473 22.779 0.18 0.14 4.8 0.2 16/8 10/5 A 
07 Jul 20 31 50.0 48.44 22.76 3.0  1.9  48.470 22.786 0.34 0.26 4.4 0.3 16/8 6/3 A 
04 Aug 01 33 13.7 48.46 22.63 6.0  1.9          ? 
09 Sep 12 50 39.8 48.59 22.86 2.0  2.2          ? 
31 Oct 19 33 08.9 48.44 22.73 6.7  2.1  48.477 22.776 0.25 0.21 5.0 0.3 17/9 8/4 A 
31 Oct 21 09 37.5 48.47 22.77 4.8  2.0  48.476 22.774 0.21 0.17 5.2 0.2 17/9 8/4 A 
31 Oct 21 10 51.4 48.40 22.74 1.3  1.6  48.472 22.774 0.44 0.30 7.0 1.0 11/6 8/4 A 
25 Nov 09 26 50.5 48.63 22.64 4.0  1.4          ? 
2006 
06 Feb 03 31 09.7 48.45 22.72 5.5 0.9 1.9 4 48.497 22.749 0.39 0.27 3.5 0.2 10/6 8/4 B 
06 Feb 03 44 02.9 48.44 22.71 4.8 0.8 1.9 3 48.497 22.750 0.34 0.23 3.4 0.2 10/6 10/5 B 
28 Feb 21 34 55.2 48.49 22.72 6.0 0.7 1.6  48.498 22.742 0.20 0.19 3.1 0.3 11/7 8/4 B 
04 Mar 00 48 52.9 48.51 22.71 3.0  1.2  48.496 22.749 0.12 0.12 2.3 0.2 10/6 4/2 B 
25 Mar 14 51 44.6 48.49 22.74 2.0 0.6 1.5  48.502 22.740 0.24 0.25 3.5 0.4 12/7 10/5 B 
26 Mar 15 08 28.0 48.55 22.75 1.0 0.6 1.6 3 48.507 22.730 0.14 0.14 4.3 0.1 16/10 12/6 B 
26 Mar 15 19 56.2 48.53 22.75 2.0 0.7 1.5 3 48.507 22.730 0.11 0.11 4.4 0.1 17/10 12/6 B 
31 Mar 04 53 53.1 48.49 22.73 4.9 1.5 2.1  48.500 22.740 0.14 0.14 3.3 0.2 19/10 16/8 B 
31 Mar 06 29 16.2 48.47 22.75 2.0  0.6  48.494 22.743 0.23 0.43 3.2 1.1 6/3 0/0 B 
31 Mar 13 28 41.2 48.51 22.72 2.0  1.5  48.498 22.738 0.13 0.12 4.1 0.2 9/5 8/4 B 
31 Mar 13 31 04.3 48.48 22.66 2.0  1.6  48.495 22.745 0.73 0.70 2.9 1.2 12/8 4/2 B 
31 Mar 22 10 59.7 48.55 22.60 2.0  0.9  48.498 22.733 0.02 0.03 3.1 0.1 5/3 0/0 B 
02 Apr 00 32 51.2 48.47 22.72 3.0  1.2  48.496 22.739 0.09 0.08 1.7 0.2 7/4 0/0 B 
02 Apr 12 49 38.0 48.50 22.64 1.0  0.8  48.496 22.734 0.07 0.07 2.9 0.1 8/5 2/1 B 
02 Apr 21 51 22.0 48.53 22.68 2.0  1.4  48.507 22.732 0.19 0.18 4.0 0.3 11/7 4/2 B 
03 Apr 02 38 15.3 48.50 22.73 1.0  0.7  48.507 22.730 0.18 0.17 4.5 0.3 10/6 0/0 B 
04 Apr 02 35 27.3 48.53 22.76 1.0  0.9  48.492 22.742 0.31 0.45 1.8 0.7 7/4 0/0 C 
04 Apr 08 240 3.6 48.45 22.76 5.1  1.0  48.489 22.745 0.12 0.12 1.0 0.2 7/4 3/2 C 
16 Apr 17 56 47.0 48.46 22.73 5.5  1.0  48.495 22.732 0.33 0.31 3.2 0.6 9/5 2/1 C 
16 Apr 20 39 43.3 48.51 22.70 2.0  0.8  48.498 22.729 0.10 0.14 2.7 0.2 8/4 1/1 C 
16 Apr 20 45 39.1 48.48 22.77 1.0  0.9  48.491 22.747 0.06 0.06 1.0 0.1 7/4 0/0 C 
16 Apr 20 54 38.5 48.48 22.74 2.0  0.9  48.490 22.746 0.22 0.22 0.9 0.5 7/4 0/0 C 
14 May 05 08 39.2 48.47 22.77 6.8 1.1 1.8  48.481 22.755 0.84 0.76 6.0 0.7 20/10 18/9 A 
18 May 20 09 49.8 48.47 22.75 5.3  0.9  48.474 22.769 0.25 0.21 6.5 0.7 19/10 9/5 A 
24 Jun 21 42 50.0 48.44 22.72 6.7 0.3 1.0          ? 
10 Aug 050 0 54.5 48.45 22.81 4.6 1.6 1.5  48.503 22.797 1.03 0.94 4.3 1.2 13/7 4/2 A 
12 Aug 19 14 39.7 48.46 22.78 6.8 0.4 1.2  48.487 22.761 1.60 1.19 7.1 4.0 13/7 4/2 A 
12 Oct 21 30 44.1 48.46 22.64 4.8  2.1          ? 
13 Oct 12 07 15.2 48.35 22.68 5.5  1.4          ? 

Note: MSH is the magnitude from the amplitude of horizontal component of shear 
waves, MD is the magnitude from the duration of coda (Pustovitenko et al. 1983),  
I is the intensity calculated in MSK-64. 
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groups A and B. Further evidence for this came from a visual analysis of 
first P- and S-wave arrivals. They appeared much sharper and distinctive in 
group A than in B in most of the stations, which again would be indicative of 
the deeper sources of the former (Fig. 2). Taking into account almost the 
same macroseismic effect produced by the two groups, the first one consist-
ing of the larger earthquakes than the second, it became conclusively clear 
that it is the depth that played a crucial role in the entire seismic process, 
which had to start deeper and continue shallower.  

Calculating a relative shift of the maximum correlation between a pair of 
similar records windowed around a time of first arrival of P or S wave we 
were able to adjust the time in one of the records relative to the other (tech-
nical aspects of the analysis have been extensively discussed by Shearer 
(1997) and Gnyp (2009)). Such an adjusting was especially useful when in 
one of the noisy records it was difficult to pick the arrival reliably. Further it 
is also shown how the identification of P-wave first arrival can be improved 
in a pair in which even both records are noisy.  

In Figure 2, traces of vertical component of the MUKU velocity records 
are shown windowed around the arrival times of Pg adjusted relative to the 
time in the reference earthquakes of 07.07.2005-1 and 31.03.2006-1, the two 
largest ones in groups A and B,  respectively.  For estimation  of the adjusted
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Fig. 2. Vertical components of the 0.02 s MUKU velocity records windowed around 
the Pg arrival times adjusted relative to the times in the reference earthquakes of 
07.07.2005-1 and 31.03.2006-1. Note a gradual ‘compression’ of successive traces 
in group B. The time interval between the circles in the right panel is 0.1 s. Records 
are shown normalized relative to their largest amplitudes within a window.  

      component Z of the group A earthquakes              component Z of the groups B and C earthquakes 
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arrivals, a narrower window than that actually shown in the figure was taken, 
not containing the Sg arrival. Within the narrower window, the cross-
correlation function peaked at a zero shift in all pairs of the traces around the 
adjusted Pg arrival times. When a cross-correlation was calculated within a 
longer window, yet around the same Pg times, a shift became apparent (Ta-
ble 2), indicating a ‘compression’ of the successive traces B shown in the 
figure with the inclined dashed line indicating the Sg arrival and with the cir-
cles on the uppermost trace and next to the two lowermost traces. The short-
ening of the Sg-Pg interval was confirmed when the adjusted Sg arrival 
times were estimated independently of the Pg from horizontal components 
of the group B records. The shortening of phase intervals at the MUKU 
would indicate a gradual approach of the sources to the station located 
∼6 km from macroseismic epicenters or, alternatively, a faster velocity struc-
ture, the former being more likely when accounting for the above inference 
on the decreasing source depths. The earthquakes of 02-03.04.2006 from the 
‘tail’ of group B as well as all the subsequent earthquakes from group C 
seemed to be still shallower, their waveforms remarkably smoother. 

With earthquakes successively weaker, it became problematic in some 
stations to pick the arrivals even in the reference earthquakes. In the right 
panel of Fig. 3, refining of the absolute arrival time of P wave in vertical 
component of the 0.02 s velocity record of the reference earthquake of 
31.03.2006-1 by the station Koroleve (KORU) is shown. After adjusting the 
arrival times of the group B earthquakes relative to the arrival time in the 
31.03.2006-1 earthquake, picked based on a visual analysis of the trace (a 
broken line labeled Pg in the figure, 04h54m1.73s), and much earlier than the 
time (Pg(B), 04h54m2.8s) indicated in the bulletin (Pustovitenko 2007, 2008), 
it turned out that traces of the 06.02.2006-1 and 06.02.2006-2 earthquakes 
correlated with the trace of 31.03.2006-1 even during the earlier times. Their 
shapes during almost a second prior to 04h54m1.73s looked suggestive of si-
milarity between them of not an incidental character. So, a P-wave arrival 
time in 31.03.2006-1 (a broken line labeled ?Pg, the improved arrival) would 
be shifted still earlier, to 04h54m1.11s. 

Analysis of the group C earthquakes was hindered by almost complete 
absence of their 0.02 s records; due to their weakness, most of them were 
recorded by stations of the Carpathian network only with a continuous-mode 
sampling interval of 0.2 s. (The 0.2 s records are produced in the stations of 
the Carpathian network by central averaging between the 0.02 s readings.) 
Although the similarity of group C to group B, admitted earlier, appeared 
sometimes elusive, as lasting during only some portions of traces, it was still 
utilized while adjusting their arrival times (S in the major part) to the group 
B’s reference earthquake of 31.03.2006-1.  
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Fig. 3. Adjustment of relative and improvement of absolute P-wave arrival times in 
the noisy records by the station Koroleve (KORU). Displayed are vertical compo-
nents of the 0.02 s velocity records windowed around the P-wave arrival times ad-
justed relative to the times in the reference earthquakes. In a label to the left panel a 
time of the P-wave onset is indicated in the reference earthquake of 07.07.2005-1, in 
the right panel three versions of the P-wave arrival time in the reference earthquake 
of 31.03.2006-1 are indicated: ?Pg – improved time, Pg – reference time, Pg(B) – 
the bulletin (Pustovitenko 2008) time. Records are shown splined and resampled 
with the interval of 0.01 s and normalized relative to their largest amplitudes within 
a window. 

As a result of cross-correlation analysis, the adjusted P- and S-wave ar-
rival times of the 2005-2006 Mukacheve earthquakes at the stations of the 
Carpathian network were estimated. In most earthquakes, the arrival times 
were adjusted relative to the reference earthquakes of group A or B, 
07.07.2005-1 and 31.03.2006-1, respectively. Sometimes, when the wave-
forms of group C appeared not similar to those of group B, or the similarity 
remained doubtful, the arrival times were adjusted relative to the reference 
event from within group C, with arrivals most reliably identifiable at a sta-
tion. 

4. RELOCATION  OF  THE  EARTHQUAKES 
While the 2005 Mukacheve earthquakes were relocated in (Gnyp 2009), 
their source depths were fixed at 3.7 km, inferred from macroseismic data, as 

-2 0 2 4 6 8 s

12.08.2006
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too loosely constrained with the available number of arrivals. Subsequently, 
when the depth emerged as a key player in the entire 2005-2006 series, it 
could not be left unchangeable anymore. Also, adding the station SYNU in 
2006 significantly improved the situation with constraining the depths even 
for the 2005-2006 earthquakes of group A. So, all the 2005-2006 Mukacheve 
earthquakes were relocated again with the depths free. In relocation, the 
same program was employed as by Gnyp (2009), minimizing the misfits be-
tween the observed P- and S-wave arrival times and the times interpolated 
from the empirical travel time tables for several source depths. The travel 
time tables of Kutas et al. (1999) were also used. 

Again, as in Gnyp (2009), after application of arrival times adjusted dur-
ing the correlation analysis a relocation of the earthquakes continued with 
estimation of station terms which would account for variations of velocity 
structure in individual stations (and for possible erroneous picking of arrivals 
in some of the reference events). The terms for the travel times of P and S 
waves were estimated for the sources of groups A and B separately, as located 
 

 

Fig. 4. The bulletin (Pustovitenko 2007, 2008) and the relocated epicenters of the 
2005-2006 Mukacheve earthquakes: gray squares – the bulletin epicenters of group 
A, diamonds – of B+C; hollow squares – the relocated epicenters of group A, di-
amonds – of B+C; larger squares and diamonds correspond to the reference earth-
quakes of 07.07.2005-1 and of 31.03.2006-1, respectively (Table 1). In the 
background: hollow up triangle – seismic station Mukacheve (MUKU); thick dashed 
lines – the faults of a pre-neogenic basement, line labeled M – the Mukacheve fault, 
V – the Vyznytsya fault; thick patterned lines (in the bottom left and in the top right) 
– the major tectonic faults; thick round dot lines – the southern and the northern con-
tours of the Vyhorlat-Huta volcanic range overlying a pre-neogenic basement; thick 
patterned line labeled P (in the top right) – the Pieniny Klippen Belt, a surface ma-
nifestation of the major tectonic fault. Elements of the local tectonics are according 
to Khomenko (1971, 1987), the Vyznytsya fault is according to Glushko and Krug-
lov (1986). In the right panel, the enlarged area is shown contoured in the upper one 
with a square (without the bulletin epicenters).  
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presumably at different depths. Iterations in both groups converged fast to 
stable values of the terms, varying within a range from –1.5 s, and –2.0 s (in 
the stations BRIU and RAK) to +0.6 s, and +0.9 s (in TRSU and NSLU), 
i.e., were often much larger than the corrections to arrival times estimated 
during the correlation analysis. Of note would be also that the terms, al-
though differing between the two groups, preserved a great deal of similarity 
at the same time, at least as concerns their signs in the stations with their 
largest absolute values. Relocation of the group C earthquakes began with 
application of the station terms estimated for group B. Subsequently, the 
analysis was continued with estimation of the terms specific only to group C. 
The parameters of relocated sources are listed in Table 1. The relocated and 
the bulletin (Pustovitenko 2007, 2008) epicenters of the 2005-2006 Mu-
kacheve earthquakes are plotted in Fig. 4. The relocated source depths of 
groups A and B+C are plotted in Fig. 5. 

In Figure 6, the relocated A and B+C foci are presented in a 3D perspec-
tive along with their best fitting surface. Although a correlation gridding me-
thod (Davis 1986) produces a 3D varying surface as a rule, depending 
however on the parameters applied and a character of 3D scattering of the 
fitted set of points, it turned out to be almost flat for the relocated foci and 
very suggestive, therefore, of a single rupture plane they belonged to, slop-
ing steeply down in the direction of station MUKU. 

01.03.2005 29.07.2005 26.12.2005 25.05.2006

10
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31.03.2006-1, 3.3km

07.07.2005-1, 4.8km
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pt

h,
 k

m

 
Fig. 5. The depths of the relocated A and B+C foci – squares and diamonds, respec-
tively (Table 1, without the source of 25.04.2005). Hollow circles – depths of the 
reference earthquakes of 07.07.2005-1 (group A) and 31.03.2006-1 (group B). Ver-
tical bars indicate estimations of 1-sigma errors. Dashed lines – median depths.  
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Fig. 6. A 3D scatter of relocated foci of groups A and B+C – black squares and di-
amonds, respectively (Table 1, without the foci of 25.04.2005, 22.06.2005-2 and 
10.08.2006). Hollow triangle – seismic station MUKU; gray squares and diamonds – 
projections of the foci onto the horizontal plane and the vertical planes SN and EW. 
Vertical scale – depth in km, horizontal scale – the northern latitude and the eastern 
longitude in degrees. In the right panel, the foci are shown best fitted with a surface 
using a correlation gridding method (Davis 1986). 

5. ESTIMATION  OF  THE  FAULT  PLANE  SOLUTION 
Due to the insufficient number of reliable polarities of first P-wave motions 
at the stations of the Carpathian network it appeared practically impossible 
to draw any sustainable version of the fault plane solution (FPS) for the 2005 
Mukacheve sources (Gnyp 2009). In 2006, the situation significantly im-
proved with the station SYNU filling a crucial blind sector of first arrivals. 
The station had recorded two earthquakes belonging to group A – 
14.05.2006 and 18.05.2006-2 – with the reliable Pg polarities ‘up’. Although 
a number of reliable polarities available for each of the earthquakes might 
still appear insufficient to uniquely constrain the solution, it was very natural 
to expect them to be the same in all the earthquakes from within a respective 
group. Indeed, there was no a case of the polarities different at any of the sta-
tions within the same group (and even more, the polarities in groups A and B 
appeared the same). 

Since the narrow-band filtered records often do not preserve a true polar-
ity of the first P-wave motion, the polarities were estimated from the records 
unfiltered or filtered within a much wider band-pass. Then, a combined set 
of P-wave polarities of the group A earthquakes was used to produce a crude 
estimate of FPS beach-ball diagram manually (Kasahara 1981). The relation 
between the epicenter distances and the take-off angles of the rays as they 
emerge  from  the source  was  calculated  for  the relocated  source depth  of 
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time tables of Kutas et al. (1999) averaged over the entire study region could 
not approximate velocity variations in its different parts equally accurately. 
As pointed out by Kutas et al. (1999) seismic rays often traverse several 
crustal blocks with contrasting velocity structure and geometry of seismic in-
terfaces on their way between the source and the station located in different 
parts of the region. The composition of first arrivals at the stations change 
qualitatively upon transition between the blocks, however, with residuals be-
tween the observed and the table times amounting to ∼1 s (Kutas et al. 
1999). In any case, relation between station terms estimated here for the ta-
bles of Kutas et al. (1999) and velocity variations in different parts of the 
study region deserve special consideration, which may be done in frames of 
a separate article. 

Constrained only with a minimum number of arrivals, and the 0.02 s  
arrivals in particular (Table 1), the location results for some of the B and C 
sources might be regarded as of a limited confidence only. However, remov-
ing the sources from the data set used in estimation of a best fitting surface 
in Fig. 6 did not affect either the shape or the position of the surface. The 
progressively shallower depths for the B and C sources were also corrobo-
rated by their respectively smoother waveforms at most of the stations and 
fitted well in the emerging general picture of the upward developing seismic 
process at the same time. This is why the sources were not withdrawn from 
referring here, since the Mukacheve series as a hole would be represented 
incompletely without them. 

Returning to an analysis of Fig. 5 it is to be admitted that the depths of 
sources of groups A and B+C, although display a great deal of scattering, 
remained constraint to two distinct intervals, with separation at approximate-
ly 4 km at the same time. Although the constraining could arise from a vir-
tual bias introduced by application of adjusted arrivals as well as the station 
terms, the existence of seismic interface at 4 km looked sustained by a strik-
ing difference between the respective waveforms. So, the sources of groups 
A and B+C are most likely to belong to different crustal layers. Thus, it also 
may be concluded that seismic process in the vicinity of Mukacheve began 
with normal faulting in the layer below 4 km, which lasted during the entire 
2005 and recurred, although later, in May 2006, triggering normal faulting in 
the layer above at the beginning of 2006, which lasted almost until the end of 
April 2006. Within these frames it may also be hypothesized on why the 
deeper sources of group A did not mix up with the shallower ones of B and 
C temporally, pausing instead for almost half a year, until the latter had 
faded completely. Indeed, after having had started in the lower layer, the 
normal faulting would induce a rebound deflection in the still unbroken layer 
above, counteracting the faulting below and drawing it eventually to a halt. 
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The stresses had been building up in the upper layer instead, and after it had 
broken too, adjusting to the layer below, the faulting in the lower layer could 
resume until the forces behind the whole process had been compensated 
completely.  

The rupture plane striking approximately along the  Az ≈ 120°  and dip-
ping steeply in the direction of the station MUKU, emerging from the fault 
plane solution and a character of 3D scattering of relocated sources A, B, 
and C, did not look as correlating well with the present day concept of the 
local fault pattern, the Khomenko’s (1971, 1987) version of which is drawn 
in the background to Figs. 1 and 4. Although the scatter areas of the A and 
B+C epicenters focused along and around the Mukacheve and the Vyznytsya 
pre-neogenic faults (the latter one proposed by Glushko and Kruglov 
(1986)), running SW–NE and S–N, respectively, the direction of the inferred 
rupture plane has occurred almost perpendicular to both of them.  

On the other hand, Pustovitenko and Kapitanova (1996), after estimation 
of the azimuthal travel time curves for 17 earthquakes from the eastern part 
of the Transcarpathian region (approximately between 24–25°E and 47.8–
48.5°Ν) had arrived at a conclusion that a system of ruptures of SW and SE 
orientation was prevailing in most of the sources, consistent with elongation 
of their isoseismals and the fault plane solutions estimated for some of them. 
They also concluded that the system of local faults, those established or sug-
gested, of SW and SE orientation, appeared to be most active presently 
(most mobile). The ruptures, as judged from velocities of slip on them, de-
veloped the easiest in the SW (Az = 235±15°) and the SE (Az = 120±15°) di-
rections; this notion is supported also by larger rupture lengths in the related 
earthquakes, as compared to the other local sources of similar magnitude.  

The two directions, almost along the local extension of the East Carpa-
thians arc, along with normal faulting as a source mechanism in the majority 
of local earthquakes seem to occur in accord with data on a continuing crus-
tal uplift in the area of the Folded Carpathians, towards NE of the source 
area, and a subsidence in the Pannonian depression, towards SW (Hofstein et 
al. 1971, Joó 1985, Somov 1984, 1990) (Figs. 1 and 4). Such a character of 
the present day vertical dynamics is also supported by gravimetry (Khomen-
ko 1971, Kuznetsova and Yevseeva 2005) and seismic sounding (Sollogub et 
al. 1980, Chekunov 1994) data indicating an isostatic mass deficit combined 
with a deep (up to 50 km) mantle in the region of the Folded Carpathians and 
a mass excess combined with a shallow mantle (about 24 km) in the Panno-
nian depression. The crustal uplift in the Carpathians combined with the sub-
sidence in the Pannonia would inevitably generate a significant horizontal 
gradient of vertical movements across the area separating them (Hofstein et 
al. 1971, Joó 1985, Somov 1984, 1990), just where the Mukacheve sources 
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are located, as well as an ambient field of extensional stresses in the local 
crust (Somov 1984, 1990, Tretyak and Smirnova 1998, Ostrovsky et al. 
2005), the largest gradient and the extension approximately perpendicular to 
the strike of the Carpathian arc and to the strike of ∼120° inferred for the 
fault plane of the 2005-2006 Mukacheve earthquakes, and parallel to the 
Mukacheve fault (Figs. 1, 4, and 7).  

7. CONCLUSIONS 
The present paper on the 2005-2006 Mukacheve series of recurrent earth-
quakes may obviously be considered as a natural continuation of (Gnyp 
2009) where only the earthquakes of 2005 had been analyzed. With a larger 
amount and a better quality of data it became possible, however, to apply a 
more complex and wider approach which enabled to draw inferences on the 
mechanism and tectonic origins of the series, obviously lacking in (Gnyp 
2009). The entire series of 2005-2006 apparently split into the three groups 
of recurrent earthquakes after a cross-correlation between the records had 
been evaluated, with the earthquakes of 2005 belonging to the first group 
only. Application of phase arrivals adjusted during the correlation analysis of 
recurrent waveforms combined with estimation of station terms resulted in a 
significantly improved accuracy of relocated sources. The sources from dif-
ferent groups appeared confined to different depth intervals – below and 
above the interface at approximately 4 km depth. The depth separation of the 
groups, suggestive of their belonging to the separate crustal layers, was also 
supported by data on macroseismic effect and variations in the smoothness 
of the waveforms. From fitting the 3D scatter of relocated sources, an almost 
flat near-vertical surface emerged, suggestive of a single rupture plane they 
had occurred on. Because of the small size of earthquakes, the number of po-
larities of first P waves at the stations available for each of the earthquakes 
appeared insufficient in order to uniquely constrain the fault plane. However, 
the similarity of waveforms, implying concurrent polarities within a single 
group, enabled estimation of the fault plane using the polarities of several 
earthquakes. The source mechanism drawn out for the first group of earth-
quakes indicated a normal faulting with a slight component of right lateral 
slip. The fault plane (with strike of ∼120°, dip of ∼80° and rake of ∼ −100°) 
appeared approximately coinciding with the surface estimated by best-fitting 
a 3D scatter of relocated sources. The inferred source mechanism turned out 
to be consistent also with data on some other local sources, as well as with 
an ambient field of extensional stresses in the local crust and a significant 
horizontal gradient of vertical movements across the epicenter area of the 
Mukacheve series. 
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