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C. Humumposa - Celicmuueckuii poi (Aszycm 2001)
go3ne copoda Ambona, Leumpanvno-Bocmounoi
bonzapuu. Jlanee NpUBOAUTCA ONMCAHUE UCCIIEI0BAHUA
T0KaJIbHOT'O CEHCMHYECKOT 0 POsi ITPOU30HAAILErO OKONO
SIMGona u cpeast B Teyenue asrycra 2001. OcHoBHOM
cy4dait npoucxogun 13 Asrycra (Bpems no ['punBuvy
Hayasio Bpemenu 14:26:12.05, maruutyna 6onee uem 4.5,
KoopauHaTtel 42.57 N, 26.48 E, npubnuxenHas rayouxa
— oKkos10 15 km, MakcuMyMa HaOJIHOAAIOLIMX MHTEHCHB-
HocTh - VI MSK). D10 mpeniiecTBOBano u CONpPOBOX-
1anoch pa3slU4YHbBIMU (HETPOBBIMU 3EMIIETPACEHUAMH U
MHoOro u3 Hux (6onee uem 100) He mouyBcrBoBaHHBI. OHU
PErMCTPUPOBAHBI TOJbKO JIOKAJIbHOW CEMCMHYECKOM
cranuueit JMB. Paspaborka celicMuueckoro npouecca
obcyxaeHa. [locnenHee cecCMUUECKOe yMEHBIIEHUE
JeATETIBHOCTH O4eHb ObICTPO - He 6oJiee YeM 1BE HEIEIIH,
ABJISIETCS HEOOBIUHBIM MOBEAEHUEM TAKOTO CEICMUYECKO-
ro nnpouecca. CpaBHUTEIIbHBIN aHAJIU3 CBA3H MEXY 9THM
NOCJIEAHUM POEM M POSMH IIPOU3OHISAILIMMHU B TEUEHHE
1909 ropa, moka3biBaeT HEKOTOPOE CXOACTBO H
HEKOTOpBIE pasinuuus, o0cyxacHHble HAa Oymare.
BriepBrle nosHblit KaTanor 3Toro pos onybaukosad. OH
COCTOMT M3 NBYX yacTed. Tabnuua 3 - 3eMieTpsCeHuH,
3aperucTpUpoOBaHHbIe Ha Oojee yeM 3 celicMMUYECKHX
CTaHUUAX (KOTOPBIHA J0OIyCcKaeT TOYHOE OTpeesICeHUe
NapaMeTpoB) H OUeHb ciiabble celiCMU-uecKue COObITHS,
pEerucCTpUpyeMble TOJIBKO JIOKalbHOH cTaHuueir JMB.
1514 3TUX COOBITHI TOJIBKO TOUHOE BpEMs 1 MATHUTYAA-
BO3MOJXHO, KOTOPBIH HOJKEH OBl onmpenensaTbes
(Tabnuua 4).

Abstract. The paper describes the investigations of the
local seismic swarm occurred near Yambol and surround-
ings during August 2001. The main event occurred on 13
August (origin time 14:26:12.05 GMT, magnitude more
than 4.5, coordinates 42.57 N, 26.48 E, approximate
depth — about 15 km., maximum observed intensity — VI
MSK). It was preceded and followed by several felt earth-
quakes and many (more than 100) not felt, registered only
by the local seismic station JMB earthquakes. The devel-
opment of the seismic process is discussed. The recent
seismic activity decrease very fast in time — no more than
two weeks, which is unusual behavior of such seismic
process. The comparative study about the relationships
between this recent swarm and the swarm occurred dur-
ing 1909 shows some similarities and some differences
discussed in the paper.

For the first time the full catalogue of this swarm is
published. It consists of two parts. Table 3 — the earth-
quakes registered on more than 3 seismic stations (which
allows the exact parameters determination) and very weak
seismic events, registered only by the local station JMB.
For these events only the exact time and the magnitude is
possible to be determined (Table 4).
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Introduction

During the time period 9-20" August a very
fast earthquake swarm occurred near Yambol
City — Central East Bulgaria (Fig.1.). The area
is well known with its seismic activity during
the earthquake swarm occurred during 1909
and well documented by (Banos, 1911) and
studied by (I'puroposa, ITanuesa, 1962) dur-
ing 1962. The coincidence of the both swarms
suggests that the activated area has its
seismogenic peculiarities, very different from
the other seismic sources located in the coun-
try and surroundings.

Previous seismic activation
of the region

The well-known data are connected with the
last large previous seismic activity — February-
June 1909. This previous swarm (called swarm
I) is extensively studied by (I'puroposa,
I'puropos, 1964) and (I'puroposa, ITanuesa,
1962). It consists of 9 events in the magnitude
range 4.2-5.5 with an exceptional main event
with a macroseismic magnitude 5.7 and obser-

ved intensity VIII MSK. The sequence started
with a foreshock (magnitude 5.0 occurred 11
hours earlier) and lasted four months. (Table
1.) The comparative study and obtained results
could be useful for different tectonic reconstruc-
tions and new interpretations.

The migration of the seismic process is spe-
cific. The process started at the west flank,
than moved to east and after than goes back.

The macroseismic maps have been created
for eight events and show a specific behavior
with an E-W elongation of the isoseismals at
the beginning of the process and followed by
the N-S direction for the next events. The local
observers have reported many earthquake
sounds - like cannonade, blasts and thunder-
storms. After the 1909 swarm, the following seis-
micity of the region is presented at Table 2.

It consists of only five felt seismic events
during the time period 1910-1957 with maxi-
mum observed intensity of VII MSK observed
during the event of 1926.

The epicentral distribution of the previously
known seismicity of this region is presented in
Fig. 2. The total seismic energy emitted dur-
ing the swarm I is greater than 3.2.10*20J.
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Fig. 1. Tectonic map of Bulgaria (after I'eoprues, Ja6oscku, 1997)
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Table 1
Parameters of the seismic swarm during 1909

N | Year | Date T, (hh:mm:ss) ©° A° h (km) Mm .
(ddmm) | GMT (XXXX) (XX.XX) (xxx) (xX) (MSK)

I 1909 15.02 00:28:39 4248 26.52 10 50 VI

2 1909 15.02 11:34:19 42.52 26.48 4 5 VIII

3 1909 15.02 16:07:58 42.52 26.38 19-20 4.5 A\

4 | 1909 15.02 17:16:55 4248 26.52 45 v

5 1909 16.02 01:17:20 4248 26.50 20-30 45 v

6 | 1909 16.02 02:14:28 4262 26.17 45 v

1 1909 01.03 09:01:13 42.62 26.17 12 43 A\

8 | 1909 01.03 09:12:30 42.50 2642 5 4.2 v

9 |[1909 09.06 03:33:16 42.62 26.32 17 4.2 \'%

Table 2

Parameters of the observed earthquakes during the time period 1910-1957

N | Year | Date T, (hh:mm:ss) ©° A° h (km) Mm I
(dd.mm) GMT (xx.xx) (xx.xx) (xxx) (x.x) (MSK)

1 1910 29.01 14:04:50 42.57 26.33 5-8 3.6 A%

2 1910 10.03 19:15:00 42.62 26.33 5 43 VI

3 1912 15.02 19:30:00 42.57 26.37 2 33 VI

4 | 1912 02.05 04:30:00 42.52 26.58 6 3.6 A"

5 | 1926 30.06 01:45:00 42.57 26.25 10 4.6 VII

6 1953 29.12 16:58:11 42.58 2635 2-4 3.0 v

7 1957 29.05 03:41:41 42,62 26.17 6 33 %

The recent swarm -~

The last swarm (9-20"" August 2001) (called 429

swarm II) is characterized by a starting event  ,,

with the magnitude 2.1 (this first one is con-

sidered as a foreshock) followed by 4 events 427 o Sliven

in the magnitude range 3.2-3.5 (see Table 3.)
in the time domain of about 3-4 hours. Most
of them have been felt with maximum inten-
sity III-IV degree MSK. Between them more
than 15 smaller events have been recorded.
The following 3-4 days more than 20 smaller
earthquakes have been registered.

On 13" August a new event with a magni-
tude greater than 4.5 generated the maximal
1isoseismal of VI MSK with some effects of
fallen chimneys, cracked walls, disconnected
electric lines and population panic. Most of
the strongest events have been accompanied
by earthquake sounds reported by local ob-
servers. The main event (M>4.5 — according
NEIS web page, Mb - 4.6 and (Glavcheva,
1990) — macroseismic magnitude - 4.8-4.9) has
been followed by a sharply decayed after-
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Fig. 2. Epicentral distributions of earthquakes for 1909-
1957

97



Table 3
Parameters of the registered seismic events during the swarm II

Date
(dd-mm-yyyy) T, (hh:mm:ss.s) | @° Err. | A° Err. | h Err. Md | Err.|[Gap |1
GMT (xxxx) (km) | (xxx) (km) | (km) (xx)| (km) | (xx) | (SD)|(deg) | (MSK)
09.08.2001 00:56:14.80 4256 1.04 | 2647 | 091 | 15 1.0 2.1 0.31 90
09.08.2001 00:58:16.04 4255 1.18 | 2651 | 1.00 | 18 12 38 0491114 |1V
09.08.2001 01:17:40.02 4257 1.53 2645 | 111 | 15 1.3 12 043|107
09.08.2001 01:44:02.18 4249 167 | 2655|137 | 17 14 35 050175 | OI-IV
09.08.2001 04:00:04.00 4256 1.59 | 2656 | 143 | 13 1.6 32 0.65 [ M4 111
10.08.2001 21:56:47.21 4236 241 26.56 | 6.28 | 20 44 1.1 0.74 | 241
11.08.2001 03:27:41.10 4254 139 | 2642 | 213 | 12 2.6 25 090 | 147
13.08.2001 14:26:12.05 4257 0.86 | 2648 | 0.73 | 15 0.9 44 03798 VI
13.08.2001 14:32:30.57 4252 254 | 2643 | 268 | 20 4.0 22 0.85]110
13.08.2001 14:34:11.41 4253 256 | 2645 | 1.86 | 12 6.0 1.7 0.71 | 98
13.08.2001 19:16:45.05 4257 040 | 2639 | 040 | 12 15 14 01793
15.08.2001 06:18:52.30 4256 132 | 2649|101 | 20 10.6 3.0 054|166 | III
17.08.2001 09:00:42.41 4247 211 | 2657 | 562 | 19 20 1.5 041 | 260
17.08.2001 09:03:53.90 4253 353 | 2648 | 497 | 17 6.3 09 0.541199
Table 4
Parameters of all seismic events registered during the time period — August 9-20", 2001
N | dd.mm.yyyy| hhomm:ss | M 42 | 13.08.2001 | 14:46:14 0.9
43 | 13.08.2001 14:51:11 -0.1

1 | 09.08.2001 01:16:24.7 1.1 44 | 13.08.2001 15:06:40 0.0

2 | 09.08.2001 01:18:134 | 14 45 | 13.08.2001 15:07:18.25 | 0.9

3 | 09.08.2001 01:18:51 0.9 46 | 13.08.2001 15:24:26.5 | -0.1

4 | 09.08.2001 04:27:04 0.6 47 | 13.08.2001 15:24:428 0.3

5 | 09.08.2001 05:01:38.8 | 0.6 48 | 13.08.2001 15:36:43 0.9

6 | 09.08.2001 06:11:53.3 | 03 49 | 13.08.2001 15:39:57.75 | -0.2

7 | 09.08.2001 07:23:44 14 50 | 13.08.2001 15:47:5145 | 14

8 | 09.08.2001 07:30:02.7 | 0.9 51 13.08.2001 16:21:28.7 | 0.6

9 | 09.08.2001 15:14:50.5 1.1 52 | 13.08.2001 16:24:58.75 | 1.1
10 | 09.08.2001 22:24:42.75 | 0.6 53 | 13.08.2001 17:04:27 0.3
11 | 09.08.2001 22:49:38.75 | -0.1 54 | 13.08.2001 17:09:01.2 | 0.6
12 | 09.08.2001 23:07:05.25 | -0.1 55 | 13.08.2001 17:13:285 | 09
13 | 09.08.2001 | 23:07:13.5 | 06 56 | 13.08.2001 17:58:43.2 | -0.1
14 | 09.08.2001 23:20:30.2 | -0.1 57 | 13.08.2001 18:11:41.5 | 09
15 | 10.08.2001 11:35:49 0.3 58 | 13.08.2001 18:17:08.7 | -0.1
16 | 10.08.2001 13:32:04 0.3 59 | 13.08.2001 19:08:03.25 | 0.9
17 10.08.2001 13:34:54.75 | 0.6 60 | 13.08.2001 19:12:24 0.0
18 | 10.08.2001 17:37:39.25 | -0.1 61 13.08.2001 19:13:05.5 | -0.1
19 10.08.2001 20:59:03.25 | 0.3 62 | 13.08.2001 19:16:43.75 | 1.1
20 | 11.08.2001 03:38:56 1.4 63 | 13.08.2001 | 20:36:36.75 | -0.1
21 11.08.2001 05:45:18.05 | 0.0 64 | 13.08.2001 20:39:41 0.0
22 11.08.2001 05:46:34.7 -0.1 65 | 13.08.2001 20:41:36.7 | -0.1
23 11.08.2001 06:09:17 0.6 66 | 13.08.2001 20:46:45.25 | 1.1
24 | 11.08.2001 08:38:46.3 14 67 | 13.08.2001 23:38:50.75 | 1.1
25 | 11.08.2001 09:45:14.75 | 0.0 68 | 14.08.2001 01:51:022 | -0.1
26 | 11.08.2001 16:38:02.25 | 0.6 69 | 14.08.2001 02:14:08 0.6
27 | 11.08.2001 16:50:59.75 | 0.3 70 | 14.08.2001 03:26:14.3 | -0.1
28 | 11.08.2001 17:33:04.45 | -0.1 71 14.08.2001 05:52:10.7 | 03
29 | 12.08.2001 | 05:25:52 0.9 72 | 14.08.2001 07:11:29.3 | -0.1
30 | 12.08.2001 05:31:13.75 | 0.0 73 | 14.08.2001 07:34:48 0.0
31 12.08.2001 17:05:56.5 | -0.1 74 | 14.08.2001 08:03:56.7 | -0.1
32 12.08.2001 17:08:28 0.6 75 | 14.08.2001 08:41:34.75 | -0.1
33 | 12.08.2001 18:38:31 1.1 76 | 14.08.2001 14:35:56.25 | 0.0
34 | 12.08.2001 19:00:21.2 0.0 77 | 15.08.2001 04:59:003 | -0.1
35 12.08.2001 19:07:30.7 0.6 78 | 15.08.2001 17:07:47.3 | -0.1
36 | 13.08.2001 03:04:46.2 1.1 79 | 15.08.2001 17:31:33 -0.1
37 13.08.2001 05:43:46.3 0.6 80 | 15.08.2001 17:52:27 -0.1
38 | 13.08.2001 14:36:25.75 | 0.6 81 15.08.2001 18:31:325 | 0.0
39 | 13.08.2001 14:36:54.95 | 0.3 82 | 15.08.2001 18:44:52.75 | 0.3
40 | 13.08.2001 | 14:39:04.2 | 0.3 83 | 15.08.2001 | 20:30:53.7 | 1.1
41 13.08.2001 14:45:11 1.1 84 | 16.08.2001 16:17:02.7 | -0.2




€5 16.082001 | I8:.00:13.25 T 03
86| 16.08.2001 | 18:32:10.7 | 0.9
87| 17.08.2001 | 09:51:19 0.6
88| 17.08.2001 | 17:13:25.5 | -0.1
89| 17.08.2001 | 17:27:37.75 | 0.0
90| 18.08.2001 | 07:00:29.7 | 0.6
91| 18.08.2001 | 16:54:25.5 | -0.1
92| 18.08.2001 | 17:00:12.75 | -0.2
93| 18.08.2001 | 22:06:53 1.1
94| 19.08.2001 | 01:55:03.5 | -0.1
95| 19.08.2001 | 02:09:01 0.0
96| 19.08.2001 | 02:42:31.75 | -0.2
97| 19.08.2001 | 02:43:23 -0.1
98| 19.08.2001 | 02:55:36.45 | 0.3
99| 19.08.2001 | 04:17:55.95 | 1.1
100 | 19.08.2001 | 07:43:09.7 |14
101 | 19.08.2001 | 09:40:07 -0.1
102 | 19.08.2001 | 14:22:05.8 | -0.1
103 | 19.08.2001 | 16:03:56.75 | -0.1
104 | 19.08.2001 19:11:19 0.3
105 | 19.08.2001 | 19:28:56.2 | 0.9
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Fig. 3. Epicentral distributions of earthquakes for 09-

shock sequence lasted less than 10 days and
composed of about 70-80 events within mag-
nitude range -0.2 - 2.2 (Table 4.).

For about 8 hours during 15, 17 and 18®
August the nearest seismic station JMB was
out of operation and probably missed several
of the weak shocks. Due to the lack of local
recording network the rest part of the seismic
events were not able to be processed and to
establish all their parameters. Only the time
was available, taken from the local station
JMB records. All epicenters of the well-lo-
cated events are presented in Fig.3.

The magnitude frequency distribution (Fig.
4) shows also specific behavior. There is a high
number of low energetic earthquakes (mag-
nitude less than 1.5) and a flat behavior for
the rest part of events up to the higher magni-
tudes (1.6-4.5).

The depth distribution shows a seismogenic
layer between 12 and 20 km. (Fig. 6).

The outline of this layer is based only on
the data of the stronger events — well regis-
tered and located by the National seismic
network. All other weaker events may have
different depths and probably are located at
the shallower depths.

The development of the rupturing process
started in E-W direction and than changed
in N-S finishing in the central part of the
source, which is very similar with the behav-
ior during the swarm I. Visually looks that only
SE part of the source has been activated by
the swarm II. (See Fig. 2 and Fig. 3)

The maximum number of events has oc-
curred during the 9* and 13" August is in a
very small time domain — only several hours.

The time-frequency distribution (Fig.5.)
shows that and during the rest time only small,
low energetic events occurred with lower in-
tensity. The total energy emitted does not ex-

19.08.2001 ceed 5.10*%18J.
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Fig. 4. Magnitude-frequency distribution of the swarm II
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Fig.6. Depth distribution of the swarm II

Discussion

According the Knopof’s relationship (Kno-
poff, 1974) the magnitude 5.7 event in aver-
age needs more than 350 days (about 1 year)
aftershock sequence and more than 50 km
rupture length.

The magnitude 4.5 event in average respe-
cted more than 80 days aftershock sequence
and the rupture length about 40 km. The both
swarms are outside this rule. They show
smaller rupture lengths (established by the
earthquakes location) and much smaller time
duration. This means that they are typical seis-
mic swarms — concentrated in space and time
domain.

The similarity between the both swarms is
visibly clear. Both swarms started with a fore-
shock smaller than the main shock. In the case
of 1909 the difference between the first and
the main shock is about 0.7 magnitude units
and for the last case — August 2001 — 2.5. But

100

this change is at the different magnitude level.
Both swarms started in E-W direction and
than lasted to N-S.

The location of the activated sources is ap-
proximately at the same space domain, which
means that belongs to the same seismogenic
source. Both sequences have been accompa-
nied by the seismic acoustic sounds.

The differences — for the swarm I, is no data
about the low energy earthquakes. For the sec-
ond one (swarm II) — particular swarm of sev-
eral felt events preceded the main shock. A lot
of very weak earthquakes have been registered
with a fast speed of decay in numbers.

There are two possible explanations of these
specific behaviors:

The first one — unusually fast aftershock
sequences for both swarms are generated by
the local source conditions. The second — may
be the observed swarm II is a foreshock ac-
tivity of the expected stronger event. This fact
needs time to be improved.



Conclusions

The comparative study of the earthquake
swarms (February — June, 1909 and 9-20*
August, 2001) occurred near Yambol City
have been investigated.

The obtained results show close similarity
about the space and time behavior of the seis-
mic processes during both swarms.

On the other hand - the first swarm emit-
ted more seismic energy (because of the larger
events included) that the second one and las-
ted longer time, which is physically acceptable
due to the stronger events, involved. The sec-
ond swarm finished in a very short time and
emitted much less seismic energy. The possible
extension of the process is expected.
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