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\‘-: SOME - FAULTS DETECTED BY LINEAMENTS OF CONSECUTIVE
EPICENTERS

B. Mugo”

ABSTRACT
This paper is concerned with the fault detection by mapping the lineaments of
consecutive epicenters of earthquakes for relatively short intervals of time. The
method is very suitable especially when fault traces are hidden by a recent
sedimentary cover. Employing in analysis about 200 microearthquakes from 1982 to
1991, grouped in 17 time histories, 5 fault systems are well-detected which
are the Drini Bay-Kukes, Librazhd-Nderfan, Drini Bay-Elbasan, Vlore-Debar
and Bregu i Detit-Erseke faults.The study has given new evidence for some
segments of above faults. The focal mechanism solutions for the earthguakes
which belong to these fault systems, from 1964 to 1988, are alsoc carried out.

INTRODUCTION

Today it is widely accepted the notion that shallow earthquakes are results
of rupture processes occurring along the active tectonic faults due to
tectonic deformation accumulated in due course.

Being the source of the earthcquake foci, the faults, by the other hand, during
the earthquake processes, can be renewed and their dimensions can be grown.
In spite of geological or geomorphic means, the seismic activity can also
! used for inferring the active faults. Assessment of these faults can
otentially provide basic information about seismic risk. Mapping of epicenters
for Albanian earthquakes had thrown light on many fault systems (Sulstarova et
1.,1980;: Aliaj, 1988). But the complication of Albanian tectonic structure
dissected by many faults as well as the uncertainties in epicentral location,
may probably lead to ambiguities and misinterpretation of fault systems. A
suitable method giving better results is the monitoring of dynamics of
epicenters migration for relatively short intervals of time (Mizoue and
Nakamura, 1976; Mizoue et al.,1978; Muco, 1992).

THE DYNMAMICS OF EPICENTERS MIGRATION

The method consists in monitoring of seismic activity, separating and
identifying the activity of each zone. Firstly, the arrival times of direct
crustal phases Pg and Sg are observed in two nearest seismological stations for
the earthquake which is considered as the first in the sequence. With these two
stations, only by the fluctuations of differences between Pg and Sg time
arrivals, one can judge for the displacement of epicenters. In attempting to
separate the earthquakes into groups which belong to the same fault system, care
must be taken to the record characteristics, coda ferm, first polarities etc.

Basing on the FASTHYPO algorithm (Herrman,l1979), we constructed a new
program for epicenter determination of the earthquakes which we identified as

1 Seismological Center, Tirana, Albania.
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to 40-50 days. The magnitude
range of earthquakes is 2.0
- 5.1. All the data are cata-
logued in Annex. Only the
hypocenters with uncertain-
ties less than 10 km for geo-
graphic coordinates and less
‘than 5 km for depth, are taken
into consideraticn.

From a careful analysis of
the data, 5 fault systems are
revealed. These are:

1) Drini Bay - Kukes (3
time histories)

2) Librazhd - Nderfan (23
time histories)

3) Drini Bay - Elbasan (6
time histories)

4] Vlore - Debar (3 time
histories)

5) Bregu 1 Detit - Erseke
(2 time histories)

The FIG. 1, shows the dis-
cribution of epicenters for
above faults. In the Annex
and FIG.2 , one can see the
consecutive migration of
epicenters (which are noted
P by numbers) for e=ach time
o'}f, f history. The epicentral

% ‘ RN .._“,-J ?’(ﬁ’ depths show that all the con-

o 3 . ." & GQ(’-’ "™ sidered seismic activity be-

% 4;@’ 4. F4 = longs to the crust. Some of

the above faults are detected

Fig. 3: The focal mechanism solutions for from previous studies

the earthquakes with Ms> 4.0, for the (gylstarova et al.,1980;

Yyears 196_4 - 1988, connected with Aliaj,1988) . During the Dibra

detected. Ganlts. earthquake of November 30,

1967, a 10 km long rupture was appeared in the surface. The vertical displacement

amplitude of this rupture reaches up to 50 cm (Sulstarova and Kogiaj, 1980}. Our

analysis gives some new evidences for particular segments of Drini Bay - Kukes
fault, for Librazhd - Nderfan fault and Bregu i Detit - Erseke fault.

S B

gle
ADRIATIC

FOCAL MECHANISM SOLUTIONS

From a study for focal mechanism solutions of Albanian earthquakes from 1964
to 1988, with magnitude more than 4.0 (Mugo, 1992, Mugo, 1994), are considered
only these focal scolutions whose earthquakes are thought as connected with
some of above fault systems detected. For focal mechanism solutions we used a
computer program compiled by Maki (1984) with some modifications for near
epicenter-station distances (Mugo,1992). The long period seismograms of WWSSN
were read in for the earthquakes with magnitude more than 5.0.

From these focal mechanism sclutions (FIG.3 and Table 1), one can see:

*} for Librazhd - Nderfan fault : The fault is of thrust type. Mean
direction of compression vector has the azimuth of 240° and plunge 16°,

*) for Drini Bay - Elbasan fault : The focal mechanism sclutions obtained
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are more complicated. There are presence of both thrust and normal type of
fault. It is possible that some of the earthquakes whose focal mechanism are
included here, are not generated by the mentioned fault.

*} for Vliora - Debar fault : The solutions reveal a ncermal fault with the
azimuth of mean tensional stress direction 318° and plunge 8°. This general
solution is in agreement with previous studies carried out for the strongest
seismic event of this fault system: that of earthgquake of November 30, 1967
{(McKenzie, 1972 ; Anderson and Jackson, 1987).

*) for Bregu i Detit - Erseke fault : &A1l the solution show a normal fault.
The azimuth of mean tensional axis is 336° and plunge 12°,

From four cases with focal mechanism solution, the transversal faults
result of normal type and longitudinal ones of thrust type.
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: a conclusive, we are confident
that a denser seismological network and the improvement of our computer
facilities could lead to more better results.
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9 1 26.].01 [1989 0312 2% 7 | 41.47 [20.10 [ 23 | 2.8
10 | 27 | o1 | 1989 15 07 24.2 | 41.50 | z20.21 | 28 | 2.2
11 |27 | o1 | 1989 16 08 21.1 | 41.47 |20.08 | 16 | 2.7
12 |28 | 01 [ 1989 15 28 38.7 | 41.96 | 20.16 | 16 | 3.6
13 | 28 | o1 | 1989 16 12 s54.8 | 41.97 |20.15 | 17 | 3.4
14 |28 | 01 | 1989 17 40 29.7 | 41.51 |20.11 | 31 | 2.0
15 |29 (01 [ 1989 0z 24 27.2 | 41.96 {20.22 | 16 | 2.2
16 29 01 1989 06 47 21.6 41.16 20.29 10 2.3
17 30 01 1989 17 i1 02.0 41.36 20.29 21 D02
1| 11| 06 | 1984 12 46 51.3 | 4a1.11 | 20.13 | 11 | 2.9
2 | 18| 06 | 1984 19 16 26.1 | 41.29 | 19.96 | 19 | 3.2
3 | 23| 06 | 1984 20 04 58.8 | 41.00 | 20.18 | 12 | 2.5
a4 | 24| 06 | 1984 07 32 15.4 | 41.58 | 19.71 2 | 2.2
5 | 29| 06 | 1984 23 18 34.1 | 41.17 | 19.83 | 34 | 3.7
1 6| 09 | 1984 03 15 22.3 | 41.19 | 19.92 | 12 | 3.0
2 | 10| 09 | 1984 13 41 26.7 | 41.04 | 20.15 | 22 | 2.4
3 111 09 ] 1984 19 47 06.6 | 41.16 | 20.06 9 | 2.5
4 | 13| 09 | 1984 10 26 03.8 | 41.21 | 20.05 3| 2.3
5 | 21| 09 | 1984 15 54 o06.8 | 4a1.16 | 20.07 | 10 | 2.5
[ 25 09 1984 02 27 59.7 41 .11 20.02 17 3.2
7 | 25| 09 | 1984 06 04 16.8 | 41.13 | 19.97 6 | 2.3
g8 | 27| 09 | 1984 18 40 10.0 | 41.48 | 19.68 | 18 | 3.0
9 | 28| 09 | 1984 02 05 12.9 | 41.44 | 19.88 | 29 | 3.0
1 | 13| 01| 1986 13 48 05.3 | 41.30 | 19.77 | 25 | 4.0
2 | 13| o1 | 1986 13 51 231.3 | 41.21 | 19.89 | 22 | 2.8
3 [ 13| 01| 1986 19 59 24.0 | 41.01 | 20.03 | 14 | 3.2
4 | 14| 01 | 1986 06 13 27.6 | 41.32 | 19.87 | 22 | 2.4
s | 18 | 01 | 1986 07 30 59.7 | 41.77 | 19.45 | 10 | 3.2
6 | 18| 01 | 1936 07 52 45.9 | 41.75 | 19.52 7| 2.3
7 | 18] 01 | 1986 09 35 29.4 | 41.64 | 19.56 | 16 | 2.4
g | 18| 01 | 1986 13 49 55.5 | 41.61 | 19.60 | 10 | 2.3
9 | 20| o1 [ 1986 04 21 53.2 | 41.68 [ 19.45 | 21 | 2.7
10 | 20| 01 | 1986 14 35 06.9 | 41.36 | 19.82 | 15 | 2.4
11 | 21| o1 | 1986 14 08 48.4 | 41.65 | 19.60 | 13 | 2.5
12 | 27 | o1 | 1986 09 40 21.3 [ 41.28 | 19.86 | 18 | 3.1
13 | 27| o1 | 1986 16 05 47.8 | 41.10 | 19.98 | 11 | 2.4
14 | 28 | 01 | 1986 05 56 35.5 | 41.09 |20.13 | 10 | 2.4
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11 | 26| 06 | 1986 20 06 28.4 |41.24 | 19.78 | 27 | 4.
12 | 26| 06 | 1986 20 49 18.6 |41.24 |19.90 | 14 | 2.
1 2| 03 | 1989 05 04 17.5 | 41.1a | 19.90 | 23 | 2
2 2] 03 | 1989 12 42 17.7 | 41.06 | 20.18 | 15 | 2
3 2| 03 | 1989 14 03 10.3 |41.08 | z0.20 | 11 |3
4 6| 03 | 1989 03 05 37.4 | 41.06 | 20.25 | 14 | 2
5 6| 03 | 1989 04 53 33.8 |41.08 | 20.25 | 11 | 2
6 | 10| 03 | 1989 17 43 30.9 | 41.08 | 20.25 | 25 | 2
7 |17 03 [ 1989 00 S0 51.6 | 41.22 | 20.01 | 23 | 4
g | 17| 03 | 1989 02 52 36.4 |41.24 | 20.02 | 17 | 2
9 | 17| 03 | 1989 03 01 26.2 |41.24 | 20.06 | 13 |2
10 | 17 ] 03 | 1989 04 43 16.6 | 4a1.22 | 20.00 | 23 |2
11 | 17| 03 | 1989 07 37 55.8 | 41.23 | 20.14 9 |2
12 | 17| 03 | 1989 07 56 32.0 | 41.24 | 20.00 ] 10 |2
13 [ 17| 03 | 1989 22 39 2.1 [ 4ar.22z | 20,01 | 10 | 2.
14 | 18| 03 | 1989 08 40 52.2 |a41.62 | 19.67 | 14 | 3
15 | 19| 03 | 1989 19 30 2.8 | 41.27 [ 2001 | 10 | 2
1 51 03 [ 1991 20 58 25.2 41.42 | 19.94 14 | 2.5
2 |16 03 | 1991 05 51 18.3 | 41.50 | 19.61 | 30 | 3.4
3 |16 03 | 1991 06 36 37.9 | 41.49 | 19.80 6 | 2.8
4 | 16| 03 | 1991 06 41 05.3 | 41.47 | 19.60 | 12 | 2.8
5 | 16| 03 | 1991 06 44 51.3 | 41.44 [ 19.56 | 15 | 2.7
6 | 16| 03 | 1991 07 50 34.3 | 41.47 | 19.83 | 12 | 2.2
7 [ 18] 03 | 1991 00 23 09.9 | 41.48 | 19.7 7 | 2.4
g |20 03 | 1991 00 02 58.7 | 41.48 | 19.80 5 | 2.3
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12 | 23| 03 | 1991 17 42 08.4 | 41.16 | 19.98 | 14 | 2.7
4 1| 11] o7 | 1982 03 33 10.7 | 41.25 | 20.42 | 16 | 2.
2 | 11| o7 | 1982 03 43 26.8 | 41.22 | z0.37 | 10 | 2.
3 | 16| 07 | 1982 12 40 36.1 | 40.80 | 19.77 | 16 | 2.
4 | 18] 07 | 1982 11 40 02.2 | 41.24 | 20.33 7 | 2.
s [ 27| 07 | 1982 16 52 25.2 | 40.97 | 19.99 | 17 | 3
& | 30l 07 | 1982 02 310 28.5 |40.75 | 12.81 | 12 |3
7 |20 07 | 1982 05 19 15.8 | 40.74 | 19.78 s |2

00 b N1 NN O oy =] b

Gl OV s B9 L1 00 Bo Oy U1 B Ov = -1 Oy
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_Ng D M s Origin time F 2% H ML
1 711y 982 16 /16 45.3 || 41.29 | 20.43 | 12 | 2.7
z 12 11 1982 23 01 56.9 [} 41.12 }20.16 | 10 | 3.2
3=t 13 ) a2 | 1982 pa 15 00.8 || 41.03 [19.89 | 28 | 2.5
4 W16 114{*19%8%" 23" %41 19.7 1 40.79 | 19.70 ] 21 | 5.1
5 |16 13| 1982 23 47 0048 | 40.76 | 19.65 | 18 | 3.4
6 | 17dnl1l (a1982 00 18 39/ | 40.76 [19.50 | 12 | 3.2
7 |17 [ 11 | 1982 00l Odeta | 40.77 | 19.54 | 23 | 3.0
g8 [17] 11 [ 1982 00 38 00.9 |40.77 [19.68 | 12 | 4.2
9 |17 11 | 1982 00 54 37.6 |40.78 |19.59 | 12 | 3.4
10 | 17| 11 | 1982 03 36 16.4 |40.72 [19.60 | 13 | 4.0
11 | 17| 11 | 1982 17 50 36.9 |40.78 | 19.48 | 13 [ 3.0
12 | 18] 11 | 1982 00 31 00.4 |40.79 [19.70 | 14 | 3.2
13 | 19| 11 | 1982 04 39 13.1 |40.80 | 19.63 | 19 [ 3.3
14 | 21] 11 | 1982 00 58 00.7 |40.74 |19.60 | 12 | 3.1
15 | 22| 11 ] 1982 13 55 05.7 |41.29 Jz20.29 | 10 | 2.8
16 | 23| 11 | 1982 20 46 15.7 | 41.15 | 20.05 | 12 | 2.5
17 4 2 ]1982 04 12 20.1 | 41.13 |20.03 | 22 | 2.7
18 7112 J1982 | 22 25 26.8 |40.65 | 19.48 | 12 | 3.0
19 71 12 | 1982 23 00 17.2 ) 40.61 [19.36 | 11 ] 3.0
1| 13] o1 1985 20 35 59.2 | 41.02 | 20.00) 12 | 2.5
2 |13 o1 | 1985 23 44 58.4 | 40.98 | 20.00f 11 | 2.3
3 (16| o1 [ 1985 23 35 58.2 [40.61 | 12.37{ 37 | 4.8
4 |16 01 [ 1985 2 49 36.6 | 40.65 | 19.32 | 16 [ 3.5
5 [ 16| o1 [ 1985 23 51 49.7 [ 40.58 | 19.35 | 13 | 3.2
6 | 17| o1 | 1985 00 22 53.7 | 40.69 | 19.2 12 | 3.1
7 | 17| o1 | 1985 10 50 08.0 |40.79 [19.71 | 12 | 2.5
8 | 17] o1 | 1985 12 06 37.2 | 40.92 | 20.00 g8 [ 2.2
9 | 20| 01 | 1985 og 17 06.5 | 40.68 | 19.67 | 20 | 2.3
1 4| 01 | 1986 21 05 07.4 | 40.25 | 20.38 6 | z.2
2 4] 01 | 1986 22 21 54.3 | 40.23 | 20.42 | 12 | 2.2
3 61 01 | 1986 7 27 49,3 | 40.32 | 20.82 ] 10 | 2.5
4 9| o1 | 1986 05 32 08.3 | 40.24 | 2D.46 B | 2.2
5 | 15| o1 | 1986 16 51 45.7 | 40.15 | 19.78 ] 12 | 2.5
6 | 15| o1 [ 1988 17 04 03.1 | 40.17 | 19.86 | 16 | 2.2
7 | 15| o1 | 1986 21 27 38.3 | 40.04 {19.74 ] 10 | 3.5
g [ 15| o1 [ 1986 21 33 33.1 [ 40.20 | 19.81 g8 | 2.2
9 | 15| o1 | 1986 21 41 o08.1 | 40.24 | 19.98 | 18 | 2.4
10 | 16| o1 | 1986 02 10 18.8 | 40.12 | 19.a7 6 | 2.3
11 | 16| 01 | 1986 0z 10 38.0 | 40.11 | 19.84 | 12 | 3.4
12 | 18| 01 | 1986 13 27 16.3 | 40.30 | 20.50 g | 2.2
1 | 18| 12 | 1986 12 01 52.1 | 40.11 | 19.86 B | 2.7
2 | 18] 12 | 1986 18 51 26.5 | 40.24 | z0.40 | 16 | 2.2
3 |23 12 | 1986 05 35 06.6 | 40.42 | 20.69 | 14 | 3.6
4 | 23] 12 | 1986 09 12 59.7 | 40.40 | 20.59 | 12 | 2.6
5 | 23] 12 | 1986 15 56 49.9 | 40.43 | zo0.66 | 13 | 2.7
6 | 23] 12 | 1986 16 07 10.8 | 40.45 | 20.60 | 12 | 2.6
7 127 12 | 1986 22 40 29.3 | 40.48 | 20.80 | 10 | 2.8

— 7 K @edppuoTog = Tufipa FewioyiogAf-O:
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g Feult beS ENo b Dt MY Origin time F L H | ML
} 847 ov | 2987 F| oot 89 28.6 [ 40.47 | 20.71 | 10 | 4.6
b . 9 7| 01 | 1987 00 44 52.5 | 40.48 | 20.69 | 10 | 3.6
™ 20 | 8101 | 1987 |05 05 55.3 | 40.48 | 20.75 [ 12 | 3.1
114 “~8 | 011989 099 02 43.3 | 40.39 [ 20.75 g8 | 2.7

. 12 |21 |01 |987 21 53 57.7 | 40.27 | 19.97 6 | 2.5
. 13 |25 01s L1987 03 02 #1036 | 40.10 | 19.85 | 10 | 3.0

14 |.26.|.01 | 1987 1634 44.2 | 40.14 | 19.72 6 | 2.7

15 | 30 ] 01 | 1987 07 20 06.7 | 40.22 |20.06 | 10 | 2.2

16 2] 02 | 1987 23 45 29.8 | 40.17 | 20.03 g8 | 2.3

17 | 13| 02 | 1987 13 58 06.2 | 40.21 | 20.04 9 | 4.6

18 | 13| 02 [ 1987 14 05 55.6 | 40.21 | 20.05 8 | 2.3

19 | 13| 02 | 1987 14 20 07.5 | 40.24 | 20.05 | 10 | 2.4

Note: The time-histories of each fault are separated by space.

S - is the symbecl used in FIG.1
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