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' NEOTECTONIC  AND 'SEISMOTECTONIC CHARACTERISTICS
QE GRABENS IN THE STRUMA FAULT ZONE (SW BULGARIA)

M. Matova® and D. Angelova

ABSTRACT

SW Bulgaria many Neogene-Quaternary grabens are develocped along and
0ss the Struma fault zone. In the region the summary values of nectectonic
tical and horizontal displacements vary mainly from hundreds to thousands
s. The seismic events are remarkable ones (Krupnik earthguake, 4.4.1904,
). The hypocenters of the earthguakes are distributed mainly in four
ogenic layers, situated in the depth 4-18, 20-30, 35-45 and 50-65 km. In
ost cases the epicenters are concentrated in or near the transversal to
Struma fault zone grabens and mainly in the fault and lineament crossings
limited segments of faults and lineaments.

INTRODUCTION

e subject of investigation is the Neogene-Quaternary grabens and graben
5, situated in the Struma fault zone between the towns of Kyustendil and
ich in SW Bulgaria. The regicon is of a high Neogene-Quaternary and Recent
amic activity, including earthguakes with magnitude M>7. The tectonic
lopment is mainly realized in the conditions of collision between the
can and Eurasian plates. But in the region the local extension tendences
also very well manifestated. The processes of the fault generation and re-
ration, of a swell-block and horst-graben disintegration are well pre-
ed. The earthquakes, including the events with magnitude M27 and others
nerated in the upper and lower crust, are characteristics to the region.

t is a region of a dense population and of a significant historic,
omic, cultural and tourist development, of active relations with the
hbouring countries and of a perspective future, where a part of the
motectonic researches is as a result of special practical needs.

2. NEOTECTONIC DATA
2.1. Main morphostructures
cording to the morphostructural interpretations, the investigated grabens
he Struma fault zone are developed on the boundary territory situated
reen the Serbo-Macedonian and the Rhodopian massifs (Vaptzarov, Mishev,
.

he morphostructures are of different characteristics. The well expressed
' lineament zones, swell-block and horst-block uplifts, inter-swell
idence and concentric structures exist (fig.l, 3). The formation and the
lopment of the grabens and the graben systems are related to the evolution
. the swell structures of different scales, the specific development of their
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2.2. Main stages of the graben development
The main stages are six:

1:

-

Morphostructural scheme of part of
Scruma fault zone,

1 - Quaternary graben, 2 - Neogene-
Quaternary graben, 3 Jpper

graben., 4 -
sLap strag-

Oligocene-Lower Miocene
Paleogene graben, 5 -
ture (horst), & - foot of mountain,
7 - depression horst, 8 -
Zemen mountain, 9 Konyavo moun-

inner

tain, 10 - WVerila mountain, 11 -
Lisets mountain, 12 - Osogove moun-
tain, 13 - Piyanets mountain, 14 -
Vvlahina meuntain, 15 - Rila moun-
tain, 18 - Pirin mountain, 17

Maleshevo mountain, 18 Ograzhden
mountain, 19 - Belassitsa mountain,
20 - morphostructural boundary fault.
Supplementary symbols: BlGs -
Blagoevgrad Graben System, BoGS -
Boboshevo GCraben System, GG -
Gyueshevo Graben, KyG - Kyustendil
Graben, RaGs Razlog Graben Sys-
tem, £SaGS - Sandanski Graben Sys-
tem, SiG Simitli Graben, S§StG -

Strumeshnitsa Graben.

Romanian, Quaternary and Becent ones.

-

-
L.

Badenian-Sarmatian stage

-?p

/200-300 m to 400-600 m in
‘fimner

Badeniarn-Sarmatian,

citrai and peripheral paz:
sence of crossing points'
longitudinal, transversal a
obligque faults and lineam
During the Neogene-Quaternary,
vertical displacements vary £re

parts of t
merphostructures and from 80
to 3700 m in its peripheral pé

The Struma fault zone or
Struma lineament is treated
ther as a part of long time
veloped Kraishte-Vardar line
(Boncev, 1965; Zagorcew, 1992)
as a young manifested lineame
in the alpine poliphase coll
structures (Gocev, 1991; Da
,1991). wWe follow the second
ception. Many faults in NNW-=S
(160°) direction are tracet
the region with a length of
km and a width of 0.5-3 km.
ing the MNeogene and the Q
nary the final formation of
structures 1s realized. A
end of the Lower Miocene, i
conditions of NW-SE compre
(Zagorcev, 1992}, some foldsH
SW vergency, overthrusts ir
board of the Bobovdol gr
tem and some inverse fa
overthrusts with inclinatior
257 rto 60-70° are generate
establish the same manifes
in a sector of the NE bord
Simitli graben, in the vi
of the village of Gradeve.
last litholeogical and q
structural investigations
that in the region the thick
sedimentation and the fo
of the Struma rift are as &
of four regional microcycl
beginning from the Bade
(Zagorcev, 1992).

Maecotian, Pontian,

At the beginning of the stage a number of faults and grabens are forme
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{ cqugtion of extension (Zagorcev, 1992). The !hndanski graben appearance

sdag ad-to the development of two local~grgbens. The sedimentation is of
and | proluvial origin) reallzed in' an aridian climate, and presented
'fatﬂntsi f&rmatidn (Nedjalkov &t 417" 1986) in the Eastern part of the
’nski graben with _a thickness,of 400 m and by the Delchevo formation
{ gmqmdgLeva_et gl .l1982) linithe Northern part of the Struma graben, near the
‘ofiKresga, with a thickness of about 600 m, Fhat is the time of the initial
plalq;fbrmatlom The traces of the Sandanski graben basement are situated
e depth 0f 2000 m in the central part 6f thHe structure.

.2.2. Maeotian stage

ne faulting goes on. The Sandanski graben is more subsided. The thickness
he Sandanski formation reaches up to 1580 m {Koyumdgieva et al., 1982). The
entation is localized mainly in the central part of the Sandanski graben
em on the territory of the town of Kresna and of the village of Marikestenovo.
e Simitli, the Blagoevgrad and the Kyustendil grabens appear in that
e. The river nets and the alluvial sedimentation, from one side, and the
nsive proluvial sedimentaticn near Rila, Pirin and Krupnik faults, from
other, are well presented in the cited grabens. The Simitli formation of
vium with a thickness of 500 m and the Chernichevo formaticon of proluwvium
a thickness of 500 m (Koyumdgieva et al., 1984) are developed in the
mitli graben near Krupnik fault. In the Blagocevgrad graben system near the
[la fault the Djerman formation with a thickness up to 500 m (Bakalov, 1977)
in the Sandanski graben system near the Pirin fault the Kalimantsi
ation with a thickness up to B00 m (Koyumdgieva et al., 1982) are presented
Locally, on the territory of the Kyustendil graben, there are a marsh
mentation and formation of a coal basin with thickness up to 500 m.In the
inning of the Maeotian in the Blagoevgrad graben system the general Struma
flow in North direction (Bakalov, 1977) is as a result of a local swell
ation (fig.1l).

‘The processes of a regional planation are developed. They are marked by a
Jﬁ thick weathering crust.

32 2.3. Pontian stage

e faulting is accompanied by the new subsidence of the pre-existing basins
the formaticn of new ones in the conditions of an considerable block
2sintegration. Along the Struma valley the sedimentation is very intensive
d includes coarse sands, gravel and blocks of different size. In the
goevgrad and the Sandanskil graben systems in the vicinity of the Rila and
Pirin faults the proluvium sediments similar to the alluvium ones are well
sented and the Sandanski formation reaches a thickness of about 580 m
mdgieva et al., 1982). The same sediments are developed in a new-formed
al Oshava graben and in the Eastern part of the Simitli graben, where the
.ckness of the Djerman formation is up to 500 m ({(Bakalov, 1977). In the
stendil graben an alluvial sedimentation with a thickness up to 100 m is
blished.

In the Sandanski graben system, where the alluvium and proluvium are well
isented, there is a tendency of not interrupted Pontian-Dacian evolution.
erally the alluvium is reduced, but in the Eastern part of the graben in the
X part of the Kalimantsi formation (Koyumdgieva et al., 1982) the alluvium
(& predominant deposit and it is difficult to be compared with the proluvium.

'2.2.4. Dacian-Romanian Stage
For all of grabens the alluvial sedimentation is reduced, but not
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lnterrupted

in the. Slageevgrad grab-u systemst he=Barakovo formation of thickness
300+m (Bakalow, ! 19%7) and ih other grabens the sediments of thickness up
m Ere AeveToped.

2, Py, Quate_mary stage

The beglnnlng is marked by a“tectcofiic phase, Some significant reverse fal
and cuexthrustsfare [G@nefdted (Mercier, 1978} in compression conditions &
the WeSternand Sothefn Boundaries of the Ealkan Peninsula. At the same
invchevinner partoof thesPeninsulajpinthesregion of Struma river, the
uplift and the block disintegration of the Serbo-Macedonian and the Rho
massifs with their block inclination to the Struma valley are realized

In the Pleistocene the movements are very clearly differentiated. !
subsidence of some blocks and the accumularion of sediments are guite i
larly. The maximal values of the sediment thickness are 100 m in the Kyus
graben, B0 m - in the ODjerman one, 60 m - in the Blagocevgrad one, 120-1
in the Sandanski and in the Strumeshnitsa grabens. The values of the po
movements are also specific. During the Villafranchian they reach 320 m ir
Kyusrendil graben, 460-660 m - in the Djerman one, 440-560 m - in the Sim
cone, 1090 m - in the Sandanski one. Afrer the Villafranchian their m
values are not so representative: 180 m in the Xyustendil graben, 160-220
the Djerman one, 50 m in the Strumeshnitsa one, 100-160 m in the Sandanski
and 90 m in the Simitli one. 1

The Holocene generally positive movements have a specific spatia
intensity characteristics, but the maximal value of the uplift is about |
{in the region of Kresna).

2.2.6. Recent stage

The periodic geodetic leveling show different values of the annual ve
movements in the region. The general tendency is of uplifting. The registi
values are as following: 0.6 mm/a in the region of the town of Kyustendil,
mm/a - in that of the town of Dupnitsa, 2.2 mm/a - in that of wvillagi
Djerman, 2.6 mm/a - in that of the town of Blagoevgrad, 2.4 mm/a - in
the town of Simitli, 3.8 mm/a - in that of village of Krupnik and 3.2
in that of the town of Petrich. In some small blocks the values are bi

The horizontal displacements are observed only in some localities and
reach a value of 1.8 mm/a.

3. SEISMOTECTONIC NOTES

3.1. Seismologic and tectonic basement of investigations

A lot of seismologic data for the region under investigation are avai
(Grigorova, Grigorov, 1964; Grigorova, Rizhikova, 1966; Shebalin et al.
Matova, Rizhikowva, 1980; Solakov, Simeonova, 1993). The region is ch
istics by high seismic activity in time, space and energy domain
earthquakes are of M27). We follow the conception, that the earthquakes
part of the tectonic movement of the Earth masses (Riznichenko, 1965)
us the seismic events indicate the presence of recent mobile structur
one side, and the development of some recent Cectonic processes, fror
one. Now we explain the earthquake distribution in space on the
tectonic conditions of the study region and we try to receive som
structural information from the seismalogic analysis. '

The main tectcnic data about the region are taken from publica
Gocev, Matova (1977, 1989), Dachev (1988), Katzkov et al. (1985), Gocev (X
Dabovski (1991}, Bokev et al.(1993), where the problems of the impel
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: Ental"ﬂ‘l‘%ﬂa‘c%ﬁéﬁtroflthé'slructures and é:h: inner disintegration are
eted in _the,light of the plate tectonic conceptions.

Depth digtribution of seismic events with M=4 and its tectonic inter-

*On the pas@§ of the rdph about ~the magnitude-depth disrribution of the
='b£ehtr?s of earthquakes with M=4 Yshebalin &t al., 1974) four seismogenic

/érs.are establlisied ipfregion (fig.2). THis method of research is used by

(A980¥F¥ "bet for a larger Lﬁrxl ory without application of some
IstructuralvprinciplesonInueour seismotectonic investiga-
tions we apply this methed in tectonic defined spaces,
mainly in a tectonic unit (Matova, 1986). In the study
region the seismogenic layers are situated in following
deep levels and the earthguakes in them reached the follow-
ing Mmax:

first seismogenic layer - 4-18 km, Mmax = 7.8

second ssismogenic layer - 20-30 km, Mmax = 7.5

I third seismogenic layer - 35-45 km, Mmax = 7

fourth seismogenic layer - 50-65 km., Mmax = 5.7,

The seismic activity of the first and the second layers
are considerable. In the third and fourth layers the seismic
mobility is limited. The highest M value M=7.8 is reached in
the first seismogenic layer, which proves to be a serious
seismic danger in the region. That is important te indicate
that in the second and the third seismogenic layers the

Scheme pymocenters of the earthquakes with M equal or more of 7 are
of :seismage- . jg, registrated.

nic lavyers ] g

ia R Ba- The presence of four seismogenic layers, the freguent
sis of rhe activity of two of them, the ccnsiderable seismic energy
graph of (high M values) of three of them, all these characteristics
magnitude- show that in the region the crust and the upper part of the
deEth @15‘ upper mantle participate in intensive recent tectonic move-
Z;_iﬁ;‘iéii? ments. The first and the second layers, where the hypocentres
- evengs are concentrated on the layer’'s boundaries, may be corre-
with M24. spond to recent developing horizontally moving structures.
3.3. Structural localisation of the considerable seismic events

In many cases the spatial concentration of the epicenters of earthguakes
lg. 3) with M=5 -5.9 show some relations with the Simitli, the Blagcevgrad,
Kyustendil, the Sandanski grabens of the Struma fault zone, where the
stectonic subsidence is considerable. But the same is also established under
Rila and the Pirin horst-blocks, the most uplifted structures, situated on
East of the Struma river. Some more the indicated epicenters are frenquently
tributed in a vicinity of fault and lineament crossing points. The epicenters
e seismic events of M=6 -7.8 are located mainly in the grabens or near the
daries of the grabens and the horsts and they are generally related to
versal and obligue te the Struma fault zone faults and lineaments and its
)ssing peints with longitudinal faults and lineaments.

. The geophysical (Dachev, 1988; Dobrev, Ryazkov, 1986) and the tectonic
{Gocev, 1991; Dabovski, 1991) indicate the presence of considerable
mulation of horizontally displaced structures in the region. The nectecteonic
ches show as well the significant block disintegration of the struc-
s and the
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| »" 3,4. seismotectonic researches about regio
" p'In, this territory of significant human,

§

Fig.

240

3: Scheme of the main morphostructures
of the epicentres of the most
sentative seismic manifestations
region.

1 - Neogene-Quaternary graben, 2

in

and

repre-

the

Paleogene graben, 3 - morphostructural
boundary fault, 4 - other fault with
Neogene-Quaternary movements, 5-6 - con-
centric morphostructures (Katzkowv et al.,
author*s interpretationsi: 5 - local, 6
-regional cnes, 7-9 epicentres of earth-
guakes with M=5 ({7 - M=5-5.9, 8- M=6-6.9,

9= 7-7.RB)

intensive vertical and horizontal
displacements, concentrated on the bounda-
ries of rhe main structures. So in the

region the generation of numerous

strong earthguakes is related mainly w
the processes of the block displaceme
on the peripheries of the structure uni

and

ith
nts
ts,

as the Rila and the Pirin horsts, the
Sandanski, the Simitli and Kyustendil
grabens.
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L echnological,
L tourist spofential there are some lotal ‘and regional seismologic
.seismotectonit investigations. Among them the most important ones are
L beismiw microregionalizaction of the largest pglitical and economic cen
lin’ the ‘regionys johe town,of Blagoevgrad, of the most significant cultural

practical needs
cultural

and tourist center in
region - the Rila monaste:
of the dam of Logodash, sit
ated in the west near
the town of Blagoevgrat
Perhaps in the future s
similar researches must
organized in the regions
the towns of Sandans
Petrich and Melnik in
Southern part of the reg_.
and in the towns
Kyustendil, Dupnitsa - &
the Northern part.

4. CONCLUSIONS 1
In the region some of ti
structures, grabens, gr'
systems, lineaments ar
faults, are of Paleog
Quaternary and others
of only Neogene-Quate
age. That is as result of
regional nectectonic ew
tion and of a local in
ited alpine development
the study region the
mic activity is the hi
under the grabens
With Paleogene-Quate
development and with an i
portant neotectonic ac¢
tion as the Simitli
(Krupnik earthgual
4.4.1904, M=7.8).
The investigated grab
sediments are of speci
characteristics about |
lithology and the thic
Some more in the stud
gion a lot of the ;
and of the presented
is strongly fragmenti
faults and lineaments.
geophysical information
dicates abcut the pre
of small sizes gravi
magnetic fields of var
intensities and of



.acgerdance.with the block mosaic desintengration of the
nit'g basement and the litholpgical Heterogeneity of the sedi-
i8rs (Bovanov =t alil ,=wldB3) swSomewof the strengly block disinte-
phgabens and horsts as the Blagoevgrad graben and the Rila horst are
erable |sEismitity’ _ |
nain neotectenic movements in the region are characterized by vertical
ghents with @xtéff ufijto 10 km and byghorizontal displacements with
P to 3.5-4 “Rm' iA whe Struma faulf [zone. The epicentres of the
5L € guakesswitheMzivarenlocalizedsineterritories of some consider-
ut not always with the most expressive bklock displacements. The
1 earthguake of May 1641 with M=7.2 is developed in a region of
block displacements.
some segments of the faults and the lineaments are neotectonic,
g seismic active. The sedimentation and the displacements reach
alues in and near the crossings (knots) of submeridional and subequa-
faults and lineaments. In a part of them the seismicity increases,
ple in the crossing points of the Krupnik fault and the Struma
t the seismic events reach the maximal wvalue of M=7.8.
the study region the presence of four seismogenic layers indicates a
ignificant and deep recent activation of the crust and the upper part
1e upper mantle. We think that this specific characteristic of the
7c movements in the region could be interpreted as a result of pre-
tonic and nectectonic horizontal and vertical desintegration of the
crust and the upper mantle, from one side, and of recent going
ion and deformation of some structures with seismic active bounda-
The concentration of the hypocentres of the first and the second
genic layers mainly along the layer's boundaries indicates the big-
importance cof the horizontal moving structures in the depth up to 30
, than in the other layers.
the structural characteristics of the region are of a great importance
e development of the seismic processes. The research of the seismic
yifestations could given some information about the tectonic evclution of
investigated territory.
e seismotectonic research proposes some direct and indirect answers of
practical needs of the region.

'é,‘l
B
85 with' , NW-sgE and E-w'directions. '1&& above mentioned charac-
3 FL =
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