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A. Yamanos — [Jediopmayuorusie mekcmypwvi Hckoip-
cxou kapboramuou 2pynnsl (mpuac) @ 3anadHeix Eaa-
kanuodax. JJehopMaMOHHBIE TEKCTYphl B moponax Mck-
BIPCKO#M KapOOHATHOW rpynnbl (HHXXKHHH - BEDXHHA TpH-
ac) u3 3anaaHeix bankaHua KOHUEHTPHPOBAHBI [J1aBHBIM
ofpa3oM B Tpex JIHTOCTPAaTHrpadHyeckHx eAHHHIAX
(Morunsckas, Jlrobamkas u BabuHckas CBHTHI), KOTOP-
bleé 00XBAaTBIBAIOT XpPOHOCTpaTHrpadH4yeCKHi HHTEpBAs
cnar-aaauH. TeKCTypbl HaXOAATCHA B OCHOBHOM B H3BECT-
HfKax ¥ B HeOOJIBLIIOH CTEMEHM B MECYaHHKAX.

Cy6napasiensHble TOBEPXHOCTH CKaJIbIBaHHS HabIro-
JalOTCS TOJILKO B CAMbIX HHXXHHX YPOBHSX MOTHIILCKOR
cBATHl (ONeTHEHCKasA NMOACBHTA) H HHTEPIIPETHPYIOTCA
kak oOpa3oBaHHbBIE B NpoLecce NepHONUYECKOH majneo-
CeHCMHUYECKOH mneATeNbHOCTH. PasnuyaroTcs ueTwipe
Mopdonoruyeckne MOATHNA TAKHX MOBEPXHOCTEH (ayro-
BHIHbIE, CHTMOWIaJIbHBIE, 3UT3arOBHIHbIE H CyOBEPTH-
kanbHele). KonBomoTHas namMunanus (Morunsckas CBH-
Ta), BOJIHKCTAs U cMATad CJIOUCTOCTh (BabuHckas cBUTA)
$hopMHpOBaHbI KakK NPAMOE CJIEACTBHE H3 NEPBOHAYAIIb-
HOH HecTaOMJILHOCTH HEroMOTeHHOro ocaaka u3 Gonee
YHCTBIX W 6oJiee IJIHHHCTBIX M3BECTKOBBLIX JIAMHH, HE HC-
KJTIOYas ydyacTHe H BHeIIHHX ¢akTopoB. OnoszHeBas Tekc-
Typa (babuHckas CBHTa) MMeeT 3a MPEeanoChUIKY clabbri
HaKJIOH CpeJHEeTPHacCKOH KapOOHaTHOM paMIIBI H reHepH-
pOBaHa NOCPEACTBOM I'PaBHTAMOHHBIX MaCCOBLIX ABHXe-
HHH B JIaTepaJIbHOM HanpaBJIeHHH. TeKCTypa HarpyskH
(Moruibckasi CBUTa) BbIpaxaeTcsi B IPOHHKHOBEHHH 60-
Jiee KPYITHO3epPHHCTOro kapbOHaTHOro MaTeprasa B MoJ-
CTHJIAFOIIMH THAPONUIACTHYHBIA KapOOHATHBIA Wi BCJIE-
cTBHM neperpysku. ILnamenHas Tekctypa (baburckas CBH-
Ta) HMEET CXOZHOE NMPOHCXOXKIEHHE, HO XapaKkTepH3yeTCs
TIPOHHKHOBEHHEM HEKOHCOJIMIHPAaHHOrOo KapOGOHAaTHOro
AJ1a BBEpX B TIO3XE OTJIOXKEHHbIH KapOOHATHBIH NECOK.
EnuHCTBEHHas TEKCTypa, KOTOpas YCTaHOBJIEHA B Mecya-
HHKaxX 3TO IIapOBHAHO-moaymevHas (JIrobamikas cBuTa).
E€ uATepnperanns CBA3LIBAETCA CO CPAaBHHTENHHO Obl-
CTPBLIM H HEPaBHOMEPHBIM BEPTHKAJILHBIM NOTPYXEHHEM
KJIACTHYECKOTrO MaTepHaJla BHA3 B HEHTHQHIHPOBAHHbIH
KapOOHATHO-TJTHHHCTBIA OCaJOK.

Koppensunsa crpaturpadckux ypoBHeH comepxkainune
cybnapannenbHble MTOBEPXHOCTH CKaJILIBAHUA MOKa3bIBa-
€T caMyio OOJBIIYI0 BEPTHKAJIbHYIO HACHILIEHHOCTb B

Abstract. The deformational structures in the rocks of the
Iskur Carbonate Group (Lower - Upper Triassic) from
the Western Balkanides are concentrated mainly in three
lithostratigraphic units (Mogila Formation, Lyubash For-
mation and Babino Formation) which cover a chronos-
tratigraphic interval from the Spathian to Ladinian age.
The structures occur mostly in limestones and to a lesser
extent in sandstones.

The subparallel shear surfaces are observed only in the
lowermost levels of the Mogila Formation (Opletnya
Member) and are interpreted as formed during a periodi-
cal paleoseismic activity. Four morphological subtypes
are differentiated (arcuate, sigmoidal, serpentine and sub-
vertical). The convolute lamination (Mogila Formation)
and wavy to crumpled bedding (Babino Formation)
emerged as a direct result from the primary instability of
a non-homogeneous system built up of purer carbonate
and marly laminae without excluding the participation of
external factors. The slump structure (Babino Formation)
was predetermined by the small dip of the Middle Trias-
sic carbonate ramp and generated through gravitational
mass movements in lateral direction. The load structure
(Mogila Formation) was formed by means of downward
penetration of coarser carbonate material into underlying
hydroplastic carbonate mud due to overloading. The flame
structure (Babino Formation) is interpreted in a similar way,
but as a result from upward penetration of carbonate mud
into later deposited carbonate sand. The only structure that
is established in sandstones is ball-and-pillow (Lyubash
Formation). Its interpretation is related with a comparative-
ly rapid and irregular collapse of clastic material into un-
lithified carbonate-clayey sediments.

The correlation of the stratigraphic levels with subpar-
allel shear surfaces shows highest vertical density in some
cross sections from the Iskur river valley (between Lacat-
nic railway station and hamlet of Sfrazhen). The sup-
posed major epicentre zone of the ancient earthquakes
was situated in this region. The whole seismic activity in
the study area from the end of the Lower Triassic epoch
resembles the paleoseismic manifestations known from
the German Lower Muschelkalk. As earthquakes must
have been at least partially a controlling factor for some
of the other described structures it is quite probable that
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YacTH M3 pa3pe3oB B VICKBIpCKOM yllebe (Mexny xeses-
HOIOPOXHOH cTaHUMK JlakaTHHK ¥ Maxansl CdpaxeH).
Ilpennonaraercs, 4To B 3TOM paiioHe bbina pacnosoxe-
Ha WM rjaBHas 3MHUEHTPOBas 30HA 3emieTpscenuit. Lle-
JIOCTHas celicMuuyeckas NesTeNbHOCTb Ha MCCIENOBaH-
HOM TUIOLAnH B KOHLIE HHXXHETPHACCKOM 3MOXH SBJISeTCS
MOX0XEH Ha MaJieoceHCMHYECKHE NPOABIICHHS, H3BECTH-
vie B 'epMaHCKOM HHXHEM Myluenbkanke. Tak kak no-
nycKkaeTcs, YTO 3eMJIeTpSCeHHs ObUIM MO KpaiiHeit Mepe
4aCTHYHO KOHTPOJIHPYIOLIHM (aKTOPOM H B OTHOLLEHHH
HEKOTOPBIX U3 OCTAJIbHBIX TEKCTYp BECbMa BEPOSTHO, UTO
CeHCMHUUeCcKas akKTHBHOCTb NMPOLOJIKHIACE H B aHH3KOM
Beke. IIpucyTcTBHE THNIHYHBIX CEHCMHTOB B HHXHETPH-
ACCKHX CeIMMEHTax npeanosaraeT Oyaylune Hecnenosa-
HHA C LeNbio 60Jiee pernoHaNbHON KOPPEJISIHU C H30X-
POHHBIMH MOPOJAAMH.

the seismic activity in the area has continued through
Anisian times. The presence of typical seismites in the
Lower Triassic sediments is a prerequisite for further in-
vestigations aiming at a more regional correlation with
isochronic rocks.

A. Chatalov. 2000. Deformational structures in the Iskur Carbonate Group (Lower - Upper Trias-
sic) from the Western Balkanides. — Geologica Balc., 30, 3-4; 43-57

Key words: structures, deformational, limestones, sandstones, paleoseismicity, correlation, Trias-

sic, Western Balkanides

Introduction

Various deformational structures occur in the
sedimentary rocks of the Iskur Carbonate
Group (Lower - Upper Triassic) (TpoHkos,
1981) cropping out in the Western Balkanides.
They are concentrated mainly in three lithos-
tratigraphic units - Lyubash Formation
(Spathian), Mogila Formation (Spathian-Ani-
sian) and Babino Formation (Anisian-Ladin-
ian). The deformed lithotypes are predomi-
nantly limestones and sporadically sandstones.
The present paper deals with both the descrip-
tion and interpretation of the observed defor-
mational structures. Some problems of their
classification and terminology are also dis-
cussed herein. Interpreted paleoseismic signa-
tures are considered in the light of a correlation
with other Triassic rocks from Europe.

Deformational structures like desiccation
cracks, tepees and fenestrae were established
earlier in the Mogila Formation and discussed
in a separate work (Chatalov, 1994). Such
structures were described also in the Svidol
Formation (Spathian) by Tpouxos (1960) and
in the Rusinovdel Formation (Ladinian-Car-
nian) by benatos u Yatanos (2000) and should
have analogous interpretation.

In historical aspect a review of some defor-
mational (crumpled and load) structures in the
Iskur Carbonate Group from the Central Bal-
kanides (Teteven anticlinorium) was made by
Yaranos (1972).

Problems of classification
and terminology

In most genetic classifications of sedimentary
structures one of the major divisions comprises
deformational structures (I'pam3uncku u ap.,
1980; Reineck & Singh, 1980; ITeTTumxoH,
1981; Selley, 1988; Collinson & Thomson,
1989; Boggs, 1995). Their formation is con-
trolled by purely physical processes (often act-
ing in a combined manner) before the complete
lithification of sediments. The deformation
proceeds at the time of or shortly after deposi-
tion so that the resulting structures are some-
times termed penecontemporaneous or soft-de-
formational. Lateral and/or vertical movements
of sedimented material take place causing vari-
able deformation from slightly disturbed layers
to intensive brecciation. A common feature is
that deformation occurs in single beds (or
packages) confined to undeformed ones. Other
terminology to denote these specific structures
like “metasedimentary” (Van Loon & Wiggers,
1976) or “post-depositional” (Selley, 1988) did
not become popular in the sedimentological lit-
erature.

The further subdivision of deformational
structures into varieties is mostly based on their
morphological properties (Potter & Pettijohn,
1977; I'pap3uncku u ap., 1980; Reineck &
Singh, 1980; ITertumxoH, 1981; Collinson &
Thomson, 1989; Chamley, 1990; Demicco &
Hardie, 1994; Boggs, 1995) as genetic criteria



are not commonly used (Selley, 1988). Howev-
er, some discrepancies between the applied
specific terms prevent from creation of a uni-
fied classification causing inconsistency be-
tween the different proposed schemes (Mills,
1983; Van Loon & Brodzikowski, 1987). The
main reason for this are the various interpreta-
tions of the physical processes which control
the penecontemporaneous deformation of sed-
iments. An attempted compilation from differ-
ent sources may result in the following list of
deformational structures: load structure, flame
structure, ball-and-pillow structure, convolute
lamination, dish structure, slumps and slides,
wavy and crumpled bedding, injection struc-
tures, soft-sediment folds, desiccation and sy-
naeresis cracks, fenestral structure. In order to
comply with some modern works, problems of
terminology regarding the concrete structural
types treated in this study, are further discussed
in the text.

Subparallel shear surfaces

Description

Subparallel shear surfaces were recently estab-
lished in the lower part of the Mogila Forma-
tion (Opletnya Member) in its outcrops from
the Iskur river valley (Chatalov, 2000). A later
field investigation showed, however, a wider
geographic distribution of this peculiar struc-
ture. It occurs almost in the whole southern
part of the Western Balkanides (s. s. after
Bonues, 1986) covering an area between the vil-
lages of Gintsi, Tserovo, Ochin dol and Zgori-
grad (Fig. 1). Stratigraphically the subparallel
shear surfaces come at different number of lev-
els in the separate cross sections. A correlation
is possible between some of these cross sections
(see below).

The subparallel shear surfaces are observed
only in lime mudstones which build up volu-
metrically most of the subtidal subfacies units
in meter-scale peritidal shallowing-upward suc-
cessions (Haranos, 1997). These limestones are
predominantly thin (<10 cm) but also medium-
bedded (10-30 cm) (Plate I, 1, 2, 3). The single
beds with subparallel shear surfaces alternate in
the peritidal hemicycles with undeformed
(mostly micritic) limestones as the latter dis-
play massive structure, horizontal lamination,
traces of bioturbation and convolute lamina-
tion. Only in some cases the subparallel shear
surfaces occur in two vertically successive beds.
Locally just a part of the beds is deformed with

the bottom and top boundaries of these hori-
zons being parallel to the bedding surfaces
(Plate I, 2). The undeformed sectors of such beds
have either mud-supported or grain-supported
texture and show various structures. Lateral tran-
sitions are observed with respect to the distinct-
ness of the subparallel shear surfaces in certain
beds, e. g. the structure may be continuous or
gradually become less distinct (Plate I, 3). Else-
where the shear surfaces pass into genuine convo-
lute lamination. In some deformed beds other
coexisting synsedimentary and early diagenetic
structures (horizontal lamination and bioturba-
tion) are clearly recognized.

The specific outer appearance of the de-
formed limestones is marked by the occurrence
of subparallel “slab joints“ which are best visi-
ble on strongly weathered surface (Plate I, 1).
The density of the shear surfaces varies between
the different beds as the thickness of the slabs
ranges from a few millimeters to a maximum of
3 cm. The thickness of each slab is mostly con-
stant along its length (that is why the shear sur-
faces are termed subparallel) and all slabs in a
certain bed have only slightly variable thick-
ness. Four different subtypes of subparallel
shear surfaces are recognized on the basis of
their geometry (Fig. 2):

a) The arcuate shear surfaces are unilaterally
oriented symmetrical curves (resembling re-
cumbent folds) which have one common axial
plane in each bed, e. g. are parallel to each oth-
er (Plate I, 1). The axial plane itself is constant-
ly parallel to the bedding surfaces. With respect
to the interlimb angle the folds are predomi-
nantly open (>70°). However, in some thin beds
(or intrabed horizons) the curving of the shear
surfaces is less pronounced. Such closed (30-70°)
folds have almost planar limbs and thus resemble
rather a chevron shape (Plate I, 2).

b) The sigmoidal shear surfaces represent
vertical (predominantly symmetric) couples of
one synform and one respective antiform (Plate
I, 3). The height (H) of these “ripples” is com-
monly smaller than their wave length (L) thus
making the “ripple indices” (I = L/H) bigger
than unity.

c¢) The serpentine shear surfaces differ from
the sigmoidal ones only by having more than
one synform/antiform couple. The number of
the respective antiforms and synforms, which
may be either symmetric or asymmetric, is not
proportional to the bed thickness.

d) The subvertical shear surfaces have only
their lower part deviating from perfectly linear
vertical position. The curving of the adjacent
shear surfaces is constantly unidirectional.
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Fig. 2. Schematic drawing of the four morphological subtypes of subparallel shear surfaces. Notes: The arcuate shear
surfaces are open with respect to the interlimb angle; H is the height and L is the length of the “ripples” in the sigmoidal
subtype

An important conclusion from the field ob- Interpretation

servations is that there is no conspicuous de-

pendance between the specific morphology of Numerous terms have been used to designate
the subparallel shear surfaces (e. g. the particu- subparallel shear surfaces since the end of the
lar subtype) and the bed thickness. On the oth- previous century when this peculiar structure
er hand, the arcuate and sigmoidal subtypes has been described in the German Muschel-
show greatest stratigraphic occurrence. kalk: “Querplattung”, “Langsplattung”, “shear
-«

Fig. 1. Outcrops and studied cross sections of the Mogila Formation in the Western Balkanides with occurrence of

subparallel shear surfaces. The concentric circles plotted on the map indicate the probable epicentre zone of
paleoseismic activity during the Lower Triassic epoch
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PLATE 1

1. Medium lime mudstone bed with subparallel arcuate shear surfaces. The latter predetermine the appearance of
numerous “slabs” of almost equal thickness. The common axial plane of the folds, which are open with respect to the
interlimb angle, is parallel to the bedding surfaces (recumbent folds). Mogila Formation (Opletnya Member). Cross
section east of the village of Tserovo.

2. Thin intrabed horizon (shown by arrows) in a lime mudstone bed of medium thickness with arcuate shear surfaces.
As the measured interlimb angle is about 45° (closed folds) and the limbs are almost planar this morphological variety
rather resembles a chevron shape. The lower undeformed part of the bed has also mud-supported texture but displays
only indistinct horizontal lamination. Mogila Formation (Opletnya Member). Cross section north of the hamlet of
Sfrazhen.

3. Sigmoidal shear surfaces in a medium lime mudstone bed with an asymmetric synform/antiform couple. The “ripple
index” (I = L/H) is invariably bigger than unity. The density of the shear surfaces is very high predetermining the
milimeter thickness of the separate “slabs”. Lateral transitions into indistinct manifestation of the structure are well
visible. Mogila Formation (Opletnya Member). Cross section north of the hamlet of Sfrazhen.

4. Convolute lamination in lime mudstone bed of medium thickness characterized by a complex system of folds which
show various morphology. Laminae of different carbonate content are well discerned on the weathered surface both
for their colour and relief variations. The degree of deformation is variable in vertical direction as gradual transition is
traced from the lower undeformed sector of the bed (showing horizontal lamination). Mogila Formation (Opletnya
Member). Cross section north of the hamlet of Sfrazhen.

5. Wavy bedding in a package of limestones with changeable amount of siliciclastic mud admixtures. Both the bed
surfaces and the purer carbonate intrabed horizons are slightly to moderately undulose. Lyubash Formation. Cross
section north of the Chepurlyantsi railway station (Benatos u Yaranos, 2000).

6. Wavy bedding in thick-bedded lime wackestones containing numerous marly intercalations. The latter display
negative relief on weathered surface. The boundaries of the intrabed limestone horizons are slightly undulose. Babino
Formation (suite of the clayey and nodular limestones). Outcrop along the road from the Lacatnic railway station to
the village of Milanovo.

PLATE II

1. Crumpled bedding in a package of thin-bedded clayey limestones which are characterized by an alternation between
wavy horizons of purer carbonate and marly intercalations. Unlike the wavy bedding the purer limestone horizons are
broken into tightly packed fragments. Transitions are well visible in the package from typical wavy bedding as well as
into indistinct nodular structure. Babino Formation (suite of the clayey and nodular limestones). Cross section north
of Lacatnic railway station.

2. Slump structure in a decimetric package of predominating clayey micritic limestones and subordinate allochemic
limestones. This stratigraphic level is laterally continuous throughout a great part of the study area but the observed
degree of deformation is variable. The scale of the available folding is bigger than in the described convolute lamination
affecting not single beds but the stratification. Babino Formation (suite of the clayey and nodular limestones). Cross
section north of the hamlet of Sfrazhen.

3. Manifestations of load structure on the boundary between a lime mudstone layer and an overlying lime grainstone
bed. The latter has partially penetrated downwards (centimeter range) into the non-consolidated carbonate mud
during the early diagenesis resulting in protrusions of different shape but constantly rounded delineations (shown with
black marker). Mogila Formation (Opletnya Member). Outcrop between the village of Opletnya and the hamlet of
Sfrazhen along the mainroad Sofia-Mezdra.

4. Flame structure observed on the boundary between a lime mudstone layer with vertical burrows and an overlying
bioclastic floatstone bed. Predominantly sharp-ended tongues of semi-consolidated carbonate mud (shown by arrows)
have penetrated penecontemporaneously upwards into the coarse-grained sediment. Note the lack of preferential
orientation of the “flames”. Babino Formation (suite of the clayey and nodular limestones). Cross section north of the
hamlet of Sfrazhen.

5. Ball-and-pillow structure displayed by fine-grained sandstones in a marl package. The detached sandstone “pillows”
have flat upper surface but rounded curved bottom with both boundaries indicating the direction of material collapse.
Lyubash Formation. Outcrop north of the village of Tuden.

6. Ball-and-pillow structure with similar size of the sandstone bodies which form a continuous row parallel to
stratification. The inner laminated fabric of the balls testifies to the lack of complete lithification at the time of
deformation. It might be supposed that the vertical range of the “balls” is roughly proportional to the primary
sandstone bed thickness. Lyubash Formation. Outcrop north of the village of Tuden.
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slab joints”, “Sigmoidalkliftung”, “piezoclasi”,
“micro-fault systems”, “rope-ladder structure”,
“sinusoidally deformed veins”, “parallel shear
surfaces, joints and fractures”, etc. Their origin
is still under debate as the proposed genetic
hypotheses have been based on various factors:
general tectonic influences (Engels, 1956;
Damiani, 1973), vertical compression (Schiiller,
1967), Earth rotation and tides (Kurze, 1981),
earthquakes (Schwarz, 1975; Torok, 1993;
Knaust, 1998), tsunamis (Michalik, 1997), ini-
tial crack formation and subsequent vertical
sheet injection (Neuweiler et al., 1999). Al-
though the greatest occurrence of subparallel
shear surfaces has been recorded in Triassic
sediments this structure is also known from
Precambrian, Jurassic and Cretaceous rocks
(Engels, 1956).

The nature of the studied deformed micritic
limestones precludes high-energy conditions as
a controlling factor for the generation of the
subparallel shear surfaces. This is so because
their facies interpretation is related with low-
energy sedimentation in a shelf lagoon of re-
stricted circulation (Yartanos, 1997). Thus the
possible analogy with overturned cross-bedding
in sandstones (termed also recumbent folds or
foresets) caused by strong current activity
(Allen & Banks, 1972) is absent. Alternatively,
the specific trigger mechanism of the deforma-
tion is suggested to have been linked with pale-
oseismic activity (some recumbent folds in clas-
tic rocks are also interpreted as resulting from
earthquakes - Sims, 1973; Guiraud & Plaziat,
1993). Obviously the earthquakes took place
during the early diagenesis of the sediments at
the time when they were not completely consol-
idated (semi-lithified). The deposited material
possessed some instability expressed in water
saturation and the shocks led firstly to its fluid-
ization, and later, to its soft-deformation. In all
four cases (arcuate, sigmoidal, serpentine and
subvertical subtypes) the deformation proceed-
ed in lateral direction without any evidence for
vertical displacement. The plastic/elastic be-
haviour of the soft sediments was predeter-
mined by the high pore water pressure during
the shock event. The internal bed movement
resulted in shear surfaces and their subsequent
deformation in different manner. The men-
tioned variability of observed distinctness be-
tween the different deformed beds (or intrabed
horizons) must have been controlled mostly by
the strength of deformation. In this sense, it is
logical that the same shear strength would re-
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sult in just shear planes in a less lithified sedi-
ment but fractures and joints in a more lithified
one. In particular, the variability of distinctness
in a single bed along meter distances may be
due to mass compensation. Besides, possibly
other factors like grain size, siliciclastic con-
tent, pore water pressure, degree of earlier bio-
turbation, etc., may have influenced the result-
ing soft deformation, too. In some cases it
seems that the observed traces of bioturbation
have been overimposed on the already de-
formed soft sediment. Elsewhere, however,
these traces roughly follow the geometry of the
shear surfaces, i. e. the bioturbation has clearly
preceeded the deformation. The oriented na-
ture of the arcuate surfaces may be due to
stronger shocks which caused unidirectional
translation of the sediments, i. e. without their
elastic return in original position (the same
must be valid for the subvertical variety). On
the contrary, the sigmoidal and serpentine folds
probably were formed through seismic waves of
weaker magnitude, or alternatively, the sedi-
ments were more consolidated thus not allow-
ing large volume displacement. Whatever the
major control was, eventually bidirectional de-
formation took place in these two cases and at
least partly elastic behaviour of the sediment is
highly probable.

Irrespective of the specific parameters in
each particular case the common penecontem-
poraneous sedimentary origin of the resulting
folding is well indicated by its confinement to
single beds between undeformed ones or to de-
formed horizons inside undeformed beds (Plate
I, 1, 2, 3). Another evidence are the observed
local truncations by erosion surfaces with the
latter being overlain by limestones with grain-
supported texture. Apparently, each bed defor-
mation took place before the deposition of the
next layer. The lack of relation between the ob-
served shear surfaces and the locally present
genuine joints or veinlets (i. e. cemented by
sparry carbonate) precludes the late tectonic
origin of the former after the complete consol-
idation of the lime sediments. Furthermore, the
observed late tectonic joints and veinlets are
well traced in the vertically adjacent unde-
formed beds and commonly show random ge-
ometry.

With earthquakes being assumed as the most
probable agent for the generation of the de-
scribed subparallel shear surfaces it is suggest-
ed that the latter should be designated as
seismites (Seilacher, 1969).
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Convolute lamination

Description

Prior to this study convolute lamination was
described in the Mogila Formation by Uaranos
(1997) and was also established by Benatos u
Yatano (2000) in the Lyubash Formation.
This structure occurs stratigraphically on a mi-
nor scale principally in clayey lime mudstones.

The observed convolute lamination is char-
acterized by intrabed deformation of the build-
ing laminae into a complex system of small
folds (Plate I, 4). These are best seen on weath-
ered surfaces as contrasts in colour and relief
are well visible. The folds display various mor-
phology with respect to their axial plane posi-
tion, interlimb angles, hinge pattern, relation
between limbs and axial plane, etc. The chaoti-
cally undulating laminae show either constant
thickness or may pinch out along centimeter
distances. An important regularity is that the
scale of the undulations is roughly proportion-
al to the bed thickness. Very typical is also that
the degree of convolute deformation constant-
ly changes laterally along the respective beds.
Besides, gradual or sharp transitions from un-
deformed sediment (with massive structure or
horizontal lamination) are locally traced in up-
ward direction (Plate I, 4). As mentioned above,
rare transitjons are also available from the sub-
parallel shear surfaces. The total deformation
of the sediments makes sometimes the recogni-
tion of the pre-deformation structures impossi-
ble although traces of bioturbation and hori-
zontal lamination may be locally discerned. An
important characteristic is the absence of fault-
ing in the convoluted beds.

Interpretation

This is one of the most problematical structures
in sedimentary rocks. Descriptions, classifica-
tions and interpretations on the basis of investi-
gation of terrigenous rocks are more frequent in
the literature probably on account of its wider
occurrence in clastic sequences. On the other
hand, convolute lamination is relatively rare in
shallow marine carbonates unlike in deep ma-
rine environments.

With respect to carbonate rocks important
experimental work was accomplished by Bo-
gacz et al. (1968) who studied the specific me-
chanism of deformation. According to these
authors the origin of convolute lamination may
be explained by the so called “intrastratal flow”
and vertical deformation conditioned mainly by
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“density stratification”. A basic prerequisite is
the liquefaction of clayey-carbonate (marly)
laminae associated with purer carbonate ones.
If ductile deformational behaviour of the layers
in such a multilayered unstable system predom-
inates the original continuity of the layers is not
lost and the deformation of the beds takes the
form of convolute lamination. As a result from
their different composition and rate of lithifica-
tion, and therefore from the common instabili-
ty of the primary unconsolidated sediment, a
trigering-off of the latter takes place. The sud-
den fluidization may be triggered by seismic
shocks, turbulent currents or rapid sediment
loading (Allen, 1984; Collinson, 1994).

The hypothesis cited above finds support in
the present case study as clearly purer carbon-
ate laminae (light coloured) and marly ones
(darker) can be discerned in the deformed beds.
The fact that the observed convolute lamina-
tion shows transitions from horizontal lamina-
tion indicates that most probably the original
(primary) laminae have undergone subsequent
deformation. Thus the coexistence between de-
formed and undeformed bed sectors is a major
evidence for the penecontemporaneous nature
of convolute lamination. On the other hand,
the constantly small thickness of the convolut-
ed beds as well as their parallel surfaces testify
against gravitational (slump) origin of this
structure. The common lack of preferential ori-
entation of the fold axes also precludes such
slump origin and does not allow to predict any
predominant direction of external pressure.
Yet, unlike the subparallel shear surfaces dis-
cussed above, mostly vertical displacement
must have taken place during the formation of
the convolute lamination.

Wavy and crumpled bedding

Description

The presence of “wave-like folded clayey lime-
stones” in the Babino Formation was men-
tioned by Tporkos (1968). Actually wavy bed-
ding occurs predominantly in the lower part of
this lithostratigraphic unit (suite of the clayey
and nodular limestones - after Tpouxos, 1995)
and is established in all outcrops from the
Western Balkanides. It is also very typical of
the lower part of the Lyubash Formation. Irre-
spective of the particular lithostratigraphic unit
this structure is observed regularly in lime mud-
stones to wackestones having elevated clayey
content.



With respect to the stratification pattern
wavy bedding is marked by slightly to moder-
ately undulose surfaces at the top and bottom
of beds (Plate I, 5, 6). Meanwhile thin “layers”
inside the beds, which are built up of purer car-
bonate, follow these surfaces or multiply come
into contact with each other because of wedg-
ing out. Dark grey marly material is present as
intercalations among the purer calcareous lay-
ers showing higher degree of weathering (and
hence more negative relief) (Plate I, 6). Com-
monly typical wavy bedding grades into so
called crumpled bedding which is characterized
by the presence of the same wavy horizons
composed of purer carbonate but this time bro-
ken into tightly packed irregular fragments
(Plate II, 1). This transition is traced principal-
ly in vertical direction - sometimes in a repeat-
ed manner. Another structural transition was
established between wavy bedding and convo-
lute lamination. In its turn, the crumpled vari-
ety locally shows gradual transitions into indis-
tinct nodular structure.

Interpretation

Similarly to convolute lamination in carbonate
rocks the formation of wavy to crumpled bed-
ding was explained by Bogacz et al. (1968) in
terms of intrastratal flow and vertical deforma-
tion triggered off in multilayered unconsolidat-
ed system which is characterized by instability
of density stratification. The purer calcareous
layers are more competent and the marly ones
are prone to liquefaction. However, unlike the
ductile behaviour of layers which generates
convolute lamination, more brittle properties
of the layers of high density account for minor
downward collapse deformation. These brittle
properties preclude the other extreme deforma-
tion manner, e. g. real brecciation, so that wavy
to crumpled bedding appears as an intermedi-
ate type of deformation between the two end-
members - convolute lamination and intrafor-
mational breccia (in this sense the observed
transition from convolute lamination to wavy
bedding is a solid evidence). A critical differ-
ence from the formation of convolute lamina-
tion is the conspicuous absence of any indica-
tion for lateral displacement.

On the other hand, it is suggested that the
deformation might take place without any sub-
stantial external pressure or loading. This was
demonstrated by the experimental work accom-
plished by Bogacz et al. (1968) who proved that
the nature of the trigger forces is of minor im-
portance for the onset of deformation since the
latter proceeds almost entirely on account of

the potential energy stored in the sediments
during deposition. Yet, a few trigger mecha-
nisms have been proposed to launch the defor-
mation process itself (wave and current action,
critical loading due to intensive sedimentation,
earthquakes, etc.) but neither of them can be
considered as dominating in natural conditions
(Bogacz et al.,, 1968). Whether typical wavy
bedding or the crumpled variety is produced
depends mainly on the relative thickness of the
more clayey intercalations. The thinner they are
the bigger is the chance to produce wavy bed-
ding and not crumpled structure.

Slump structure

Description

Slump structure was established sporadically
only in the lower part of the Babino Formation
(suite of the clayey and nodular limestones)
whereupon it occurs in one laterally continuous
stratigraphic level. The slumps have always af-
fected sediment packages in the decimetric
range. The lithologic composition is character-
ized mainly by clayey micritic limestones but
subordinately represented are pure limestone
beds (some of them with grain-supported tex-
tures). The degree of deformation varies even in
one single outcrop from isolated fragmented
blocks to intensively deformed zones exhibiting
chaotical folding of sediments (Plate II, 2). The
boundaries of the slump level are locally
changeable but preferentially are parallel to
stratification. Faulting is a common feature,
and along with the bigger scale of the folds and
the distorted stratification, represent the major
evidence to differentiate slumps from the ob-
served convolute lamination.

Interpretation

Slumps are generated by gravity mass move-
ments whereupon principally lateral movement
takes place. This appears as a substantial differ-
ence with respect to the formation of convolute
lamination. On the other hand, the supposed
dip of the Middle Triassic ramp where the stud-
ied sediments were deposited, must have been
only in the range of few degrees (on the analogy
of modern examples - Schlager, 1997). It has
been assumed that such values are sufficient to
initiate a slope failure (Knaust, 1998). The spe-
cific trigger mechanism of slumps may be at-
tributed to seismic shocks but other factors can
be also strong currents and waves, high sedi-
mentation rates, methane inclusions and sea
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level changes (Martinsen, 1994). As an impor-
tant prerequisite in this study case should be
pointed out the predominant lithological com-
position of the deformed sediments (clayey
limestones) making them highly succeptible to
subaquatic slumping.

Load and flame structures

Description

Load structure shows massive occurrence in
the Mogila Formation in many cases where a
grain-supported limestone bed overlies a mud-
supported one. The coarser material of the
former penetrates locally and to different ex-
tent into the mud-supported layer showing
downward protrusions of bulging, subspherical,
elongated or simply irregular shapes (Plate II,
3). Rounded outlines are typical of the col-
lapsed material. The dimensions of the protru-
sions reach up to several centimeters and their
orientation varies from vertical to oblique.
Load casts are locally observed on the lower
surface of the grain-supported layers.

Flame structure (the term was introduced by
Walton, 1956) occurs in the Babino Formation
(suite of the clayey and nodular limestones) at
the boundary between an underlying lime mud-
stone layer (with predominantly vertical bur-
rows) and an overlying bioclastic floatstone
bed. Sharp-ended tongues of carbonate mud
(flame-shaped), ranging from a few millimeters
to several centimeters, penetrate upwards into
the coarser material (Plate II, 4). Irrespective of
the various shapes the mud protrusions locally
display certain sideward bending but without
any preferential orientation.

Interpretation

The observed load structure was formed
through overloading by the coarser deposited
material against the underlying unconsolidated
carbonate mud. The vertical sinking took place
at irregular length intervals. It might be suggest-
ed that the deformation was related to periods
of rapid mud sedimentation which were fol-
lowed by also rapid carbonate sand accumula-
tion. Thus the described load structure greatly
resembles the same phenomenon frequently
observed on the boundary between an overlying
sand layer and an underlying mud layer in si-
liciclastic sequences, whereupon analogous lig-
uefaction of layers takes place in a gravitation-
ally unstable system and a denser material
overlies a lighter one.
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The genetic explanation of the observed
flame structure is very similar. The interpreta-
tion may be related to a deformational process
which is due to unequal loading and liquefac-
tion. These brought about the upward penetra-
tion of the semi-consolidated carbonate mud
into denser coarse-grained carbonate sediment.
The lack of preferential orientation of the
“flames” testifies to the penecontemporaneous
origin of this structure, e. g. unrelated to the
bottom current direction during the deposition
of the sandy layer. Yet the observed bendings
might be indication for a slight horizontal
movement of the sediments during their defor-
mation.

Ball-and-pillow structure

Description

This structure was observed only sporadically
in sandstone beds from the lower part of the
Lyubash Formation. Subspherical and oval
bodies of fine-grained sandstones (sized from
15 cm to 35 cm) occur in marl packages. They
are either closely packed or detached in centi-
meter to decimeter intervals but constantly
form continuous rows (Plate 11, 5, 6). Locally,
some of the balls and pillows are positioned at
some vertical (centimeter) distance below the
basic sandstone layer. Very characteristic is the
constantly rounded bottom of the bodies op-
posed to their flat upper surface as well as their
laminated inner fabric. The laminations con-
form to the boundaries of the balls and pillows.

Interpretation

Ball-and-pillow structure (Potter & Pettijohn,
1977), which is sometimes termed “pseudonod-
ules”, belongs to these deformational structures
where vertical displacement of the deposited
material takes place. The specific inner fabric
of the balls and pillows indicates that the pri-
mary sand has not reached complete lithifica-
tion before deformation. The sinking or col-
lapse took place at irregular intervals along the
sand layer thus forming spatially discontinuous
bodies of sand inside the soft mud. The partic-
ular shape of the bodies might have been de-
pendent on the relative time of deformation
whereas the size of the balls and pillows might
be considered as an approximate indicator for
the sand bed thickness. In this study case it is
suggested that some vibration or shock caused
the rapid sinking or collapse of the sand mate-
rial into the underlying muddy one (this phe-



nomenon was experimentally demonstrated by
Kuenen, 1958). The origin of the controlling
stress could have been related with earthquakes
or other catastrophic events. Alternatively and
analogously to load and flame structures, ball-
and-pillow structure may testify to rapid sedi-
mentation, and therefore, be caused at least
partially by overloading, e. g. without the influ-
ence of any external factor.

Signatures of palaeoseismic activity

Correlation over the study area

The most convincing signatures of paleoseismic
activity in the studied sediments are represent-
ed by the deformed beds with subparallel shear
surfaces. The latter are well correlated between
some of the Lower Triassic cross sections along
the Iskur river valley although they occur, as
mentioned above, over a broader geographic
area. The biggest number (eleven) of such de-
formed horizons is established in the type sec-
tion of the Mogila Formation (near the hamlet
of Sfrazhen) and the cross section north of the
Lacatnic railway station. The correlation be-
tween both cross sections is facilitated by the
almost perfect correlation between the peritid-
al hemicycles in them (Fig. 3). The number of
beds with distinct occurrence of this structure is
sharply reduced in northeastward, westward
and southward direction. For example, only
five levels are convincingly established in the
cross section near the village of Zgorigrad, and
respectively three and one in the cross sections
around the villages of Tserovo and Gintsi. Con-
sequently, it is assumed that main epicentre
zone of the ancient earthquakes must have been
situated in the area around the present Lacat-
nic railway station and hamlet of Sfrazhen (Fig.
1). On the other hand, some of the seismic
shocks were probably of higher magnitude so
that signatures from them are available in more
remote areas. This conjecture is also supported
by the presence of several beds with indistinct
subparallel shear surfaces in the mentioned
more peripheral cross sections.

The precise lateral correlation of the de-
formed horizons with seismites is difficult for
some reasons. A major obstacle represents the
spatial and time facies variability and different
rates of sedimentation throughout the peritidal
complex. These have caused changeable bed
thickness and vertical range of the subfacies
units in the shallowing-upward successions
from the different cross sections. On the other
hand, the occurrence of subparallel shear sur-

faces may have been texturally controlled. For
example, if a grain-supported lime sediment
has been deposited before the onset of a seismic
shock, the imprint on the this packstone/grain-
stone bed will be negligible as proved by other
workers (Knaust, 1998). Other obstacles for the
precise correlation are the observed lateral
transitions of the shear surfaces into various de-
formational structures (for example, convolute
lamination), indistinctness of the structure it-
self (less intensive deformation, overimposed
bioturbation, clastic admixtures), and finally,
the nature of the outcrops (the structure is not
observed in cross sections which are oriented
parallel to the shear surfaces, i. e. perpendicu-
lar to the direction of deformation).

Correlation with Triassic rocks from Europe

On a more regional scale subparallel shear sur-
faces are widespread and stratigraphically con-
tinuous in the Lower Muschelkalk of the epi-
continental Germanic Basin (Szulc, 1993;
Torok, 1993; Riiffer, 1996; Knaust, 1998; Neu-
wiler et al., 1999). However, an isochronic cor-
relation with these occurrences is not possible
as the age of the sediments is Anisian. Also of
Middle Triassic age are the subparallel shear
surfaces described from the island of Sardegna
by Damiani (1973). To the knowledge of the
present author the only known isochronic oc-
currence of subparallel shear surfaces in Eu-
rope is from the Szinpetri Formaton of the
Hungarian Aggtelek Karst (Michalik, 1997).

It should be mentioned, however, that earth-
quakes may have played a leading role in gen-
erating also the other described deformational
structures. Besides, some of these structures are
not commonly recorded from shallow-water
platform carbonates and thus might be indica-
tors for exceptional events like earthquakes
(Demicco & Hardie, 1994). Therefore, the fre-
quence of seismic shocks having affected the
studied sediments may have been greater in
time, e. g. including the Anisian age. Theoreti-
cally, as a barrier for the imprint of such signals
in the carbonate rocks may be considered their
texture and lithological composition. For ex-
ample, in the Mogila Formation big vertical in-
tervals are occupied by grain-supported lime-
stones and coarse crystalline late diagenetic
dolostones. The same might be assumed to
some extent for the Babino Formation where
tempestite layers occur on a large scale, e. g. the
storm-influenced sedimentation presumably
may have obliterated any structures related
with earlier seismites. Anyhow, the question for
the durability and intensity of the seismic activ-
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ity remains open as other factors may have con-
trolled the formation of the mentioned struc-
tures as well.

Conclusions

Although deformational structures comprise
small parts from the sections of the Iskur Car-
bonate Group in the Western Balkanides they
are of specific interest mainly in the light of the
interpreted paleoseismic signatures. Therefore
a future task should be the field investigation
for subparallel shear surfaces and other con-
vincing seismites firstly in isochronic rocks
from the nearest outcrops (Western Srednogo-
rie, Central Balkanides, Kraishte) and bore-
holes in order to outline a larger area that has
been influenced by the paleoseismic activity.
Although a bed-by-bed correlation over great
distances is actually not possible eventual oc-
currences of seismites may be a more reliable
indicator for the epicentres and magnitudes of
the interpreted earthquakes as additional data
may be processed applying suitable techniques
(Allen, 1986). The obtained data allow to com-
pose at least a local picture of the paleoseismic
activity on the territory of present northwestern
Bulgaria at the end of the Lower Triassic epoch.
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(PezwoMme)

HebopMauHOHHUTE TEKCTYPH B CKajJMTe Ha
HckbpckaTa kapbonaTHa rpyna (DoJeH - rOpeH
TpHac) oT 3anagHuTe BankaHuAu ca KOHLEHT-
PHPaHH OCHOBHO B TPH JIMTOCTpPaTHrpagCcku
enuHunu (Moruncka, JIro6amka u Babuncka
CBHTa), KONTO 0OXBalIaT XPOHOCTPATUrpadcKu
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MHTEPBAJI CaT-JanuH. TEeKCTYpUTE Ce yCTaHOBSI-
BAT I'JIABHO BHB BAPOBUIM M B CHBCEM MaJlKa CTe-
ned B macpuHMUM. KaTo ofia TsaxHa guarsHoc-
THYHA XapaKTEpPUCTHKA CE SABABA HAJIMYUETO Ha
Jne(OPMHpaHH CJIOEBE WJIM MAYKd OrpaHHYEHH
BEPTHUKAJHO OT HenehOpMHUpPaHH CEIMMEHTH.

CybnapanenHuTe NOBbPXHUHU Ha CpA3BaHE
ce HaOmogaBaT caMO B Hal-IOJIHUTE HMBA Ha
Morunckata csuta (OnJIeTHEHCKM UJIeH) B
MOYTH LAJIaTa KOXKHA 4acT Ha 3ananuurte ban-
xkaHuau. Te ca NpUBBbP3aHU JIMTOJIOKKH KBM
BAapOBUTH MAJICTOYHH, KOUTO y4yacTBaT B M3r-
pPaxXOaHETO Ha NEPHTAWIBIHH XEMULHUKIIH.
Mop¢onoXKu ce pa3nu4yaBaT YETHPU NOATHUIIA
TaKKBa MOBBPXHHHH (ObrOBUAHM, CHTMOMAJI-
HH, 3Ur3arOBUIHHU ¥ CyOBEPTHKAIHK) KaTO MbP-
BUTE [Ba MOATHIIA MOKA3BAT HaK-roJIAMO CTpa-
TUrpadcko pasnpocrpasenue. IIpousxonsT Ha
Ta3u TEKCTypa € JAMCKYCHOHEH, HO B JaJEHHS
ciyuyail ce mpuema, uye TH € Bb3HMKHAJIA KaTo
MPSKO CJENCTBUE OT NEPUOAMYHA MNaJIEOCEH3-
MHYHa JEHHOCT MO BpEME Ha paHHaTa AMarcHe3a
Ha ceaumeHnTHuTe. [edopManudaTa € NpoTeKsia B
JIaTepajiHO HaNpaBJICHHE KaTO pasjiMyHaTa OT-
YETJIMBOCT Ha TMOHACTOsIEM HabJIoNaBaHUTE
NOBBPXHHHHU Ha CpA3BaHe € Ouia noBiIHAHA, Ha-
PER CbC CHJIATAa Ha CEM3MHUYHHUTE TPYCOBE, H OT
pEenuLa YHCTO JIKTONOXKH (hakTopH. U3xoxaai-
KM OT Mop¢osorusTa Ha OTAETHUTE MOATHNIOBE
ce onycka NpOTHYAaHETO KAaKTO Ha IUIaCTHYHa,
TakKa ¥ Ha eJlaCTH4YHa nepopmauus.

KoHBoIOTHAaTa TaMHHALUsA Ce YCTAHOBSBA B
TJIMHECTH MHUKPHUTHHM BapOBHLIM OT Morucka-
Ta CBHTa M MMa OTHOCHTENHO cjabo pa3mpocT-
paHeHue. T4 ce XapakTepH3Mpa C BBTPELUIHOC-
JIoliHa neopMauus Ha M3rpaxJalluTe cKaJa-
Ta JIJAMHHH B CJIOXKHa CHCTEMa OT MAJIKH U
Mop¢oNIoKKH pazHoobpa3Hu rbHKH. CTeneHTa
Ha HarbBaHe € H3MEHYHMBA B PAMKHUTE Ha JaJileH
CJIOH M MOoKa3Ba Ipexoau B HeneGoOpMHpaH Ce-
OUMEHT WM CbBCEM pAAKO B cybnapaneyHu
NOBBPXHUHHU HA cpsA3BaHe. OCHOBHA Mpeanoc-
TaBKa 3a TO3M BHA Jedopmauus nNpeacTaBisiBa
HecTaOuMNIHKMSA XapaKTep Ha yTaeyHaTa CHCTEMaA
H3rpaZieHa OT MO-YUCTH M MO-TJHHECTH Bapo-
BuTH Jamuuu. CamaTta nedpopmaliis € OpoTeK-
Jla MpeJHMHO BLB BEPTHKAJIHO HampaBJIeHUE
BCJIEJICTBHE HA T. Hap. IUTbTHOCTHA CTpaTH(HU-
KalMs ¥ MOCPENCTBOM IUIACTHYHOTO MOBEle-
HHE Ha NbPBUYHUTE JIAMUHH.

BbiHKCcTaTa U CMaykaHa CJIOMCTOCT Ca Xa-
PaKTEPHHU 3a AOJIHMTE YacTH Ha babuHCckaTa u
JlrobamkaTta CBHTa M OTHOBO Ca NpPHUBBP3aHH
KBbM TJIHAHECTH BaPOBHTH MaACTOYHH. BbiIHHC-
TaTa CJIOMCTOCT C€ OTJIM4YaBa C OHAYJHpALIH
cybnapanenHd BBTPELIHOCIOWHH y4acTbUHM
JI0OKaTO NPH CMayKaHATa CJIOMCTOCT CBLLIMTE



y4acTblUH ca parMeHTHPAaHU B pa3fiMyHa CTe-
neH. [Tonqo6HO Ha KOHBOJIIOTHATA JIAMUHALUS H
[BaTa TUNA CJIOMCTOCT MMAT 3a NMPEANnOCTaBKa
NbpBOHA4YaJlHaTa HECTAOMJIHOCT Ha yTahkaTa
M3rpajieHa OT JIJAMHMHU C pa3jiM4yHa IUIBTHOCT
6e3 ma ce M3K/IKOYBA y4aCTHETO M Ha BBHLUHH
dakTopu. Pasznukara cnpsMo Hes ce cBexaa 10
MO-KPEXKHTE CBOWCTBAa HAa CHCTEMAaTa MO BPEME
Ha JnedopmanusaTa, a KOHKPETHOTO (opMHpaHe
Ha e[JHaTa OT JABETe TEKCTYPHU 3aBUCH OT OTHOCH-
TenHaTa aebesiMHa Ha MEPreJIHUTE MPOCIOHKH.

CenayuuiHaTa TEKCTypa C€ YCTaHOBSBa B
PaMKHTE Ha €IHO M3IbpPXaHO HUBO OT JOJIHHU-
Te yacTH Ha babuHckaTa cBHTa kaTo obxBawia
nayka c geuuMmerpoBa aecOenvHa H3rpaacHa
npeobnagaBallo OT IJIMHECTH BapoBuuu. Ha-
I'bHAaTHTE 30HU Ca OTPaHHYEHH OT cybnapanen-
HM Ha cTpaTH(UKALUATA MOBBLPXHOCTH U B TAX
ce mpocljiefsBa BBbTPELIHOCBJIAYUIIHO Pa3JIo-
MsBaHe. OCHOBHATa NMPeANOCTaBKa 32 Bb3HHK-
BAaHETO Ha Ta3W TEKCTypa € Ouy crnabuaT Hak-
JIOH Ha cpenHOTpUackaTa kapboHaTHa pamia,
a KOHKPETHHMAT MEXaHU3bM CE € U3pa3sfBall Mo
¢opMaTa Ha rpaBUTALlMOHHH MAacOBH [BHXe-
HMA B JlaTepaJiHO HamnpasieHue. CrnyCbUHHAT
dakTop Ha nedopmauusTa MOXe nga € Oun
CBbp3aH KaKTO CbC 3€METPECEHHs, Taka U C
JIpYyry sSIBJIEHUS] KaTO BBJIHEHMS, TEUYEHHUS, €BC-
TaTHYHHU KosiebaHHus M mp.

Texctypata Ha HatoBapBaHe (Moruicka
CBMTa) M IUaMbyHaTa TekcTtypa (babuHcka
CBHMTAa) UMAT cxoAeH npousxon. ObpasyBaHeTo
Ha nbpBaTa € MPOTEKJIO 4Ype3 HEpaBHOMEPHO
NPOHHMKBAHE Ha MO-€APO3bPHECT H MO-TUILTEH
kapboHaTeH MaTepuajn B NOACTHJAILATa IO
XHpOMmJacTHYHa kapOOHaTHAa THHS BCJIEACT-
BHe Ha npetoBapBaHe. [TonyyeHuTe BHEApSBa-
HHS Ce XapaKTepu3upaT C pa3jiM4yHa ¢opma, HO
NOCTOSIHHO 3200J1eHH ouepTaHus. [InamMmbyHaTa
TEKCTypa € Bb3HHUKHaJla BCJIEACTBHE Ha MpO-
HHKBAaHE Ha HEKOHCONMOMpaHa kapbOoHaTHa
THHSI Harope B 10-KbCHO OTJIOXKEH kKapOoHaTeH
nsacbk. O6pasyBaHuTe ,,IUIaMbyeTa* CE Xapak-
TEpU3UPAT CbC 3a0CTPEHH KpaHWlla U HE3aKo-
HOMEDHO OI'bBaHE B TOPHUTE CH YaCTH.

EnuHcTBeHaTa TeKCTypa, KOATO Ceé yCTaHO-
BSIBAa B MACHYHHUIIK(] € KBJIOOBHAHO-Bb3IJIABHH-
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yecraTta. Ts ce mpocnenssa B AOJIHUTE YaCTH
Ha JlrobauikaTa cBuTa OT pa3pesa npu c. Tynex
(obnacrra 3a6Bpae). Mopdonoxku e npeacra-
BEHa OT MoJycHEepHYHH MJIM OBAJIHH MACHYHM-
KOBH TeJjla C IELIMMETPOBH pa3MepH, BHEIPEHH
B Meprenu. JJonHUTEe YacTH Ha TenaTta ca moc-
TOSIHHO 3a00JIEHM 32 pa3/iiKa OT IJIOCKaTa UM
ropHa noBbpxHocT. MHTepnperauusTa Ha Ta3u
TEKCTypa Ce CBBbP3Ba ChC CPABHUTENHO GBp30-
TO U HEPAaBHOMEPHO BEPTHKAJIHO MOTHBaHE HA
KJJaCTHYEH MaTepHaj Hagoyly B HEJUTHPULIM-
paHa kapOoHaTHO-rJIMHecTa yTaika. Jlonycka
C€ KOHTPOJIMPAILLIOTO BB3AEHCTBHE HA IIOK UJIH
BMOpalMK, MPUYHHEHH OT 3€METPECEHMS WIIH
OpYTrH KaTacTpOpHYHH CHOUTHSA.

Bbnpeku HAKOM TPYAHOCTH, CBbP3aHHM C JIH-
TOJIOXKO-(auuasHaTa U3SMEHYHUBOCT HA CElM-
MEHTHTE, KaKTO U MPUPOJATa Ha CAMUTE pa3K-
pHUTHSA, MpOBeNeHAaTa KOpeJalus Ha CTpaTHur-
padckuTe HUBA ChC CyOnapasieslHi MOBbPXHH-
HM Ha CpsA3BaHE MOKa3Ba HaW-rojisMa BEpPTH-
KaJIHa HAaCUTEHOCT B 4acT OT pa3pe3uTe B Mc-
KbPCKHs MposioM (Mexay rapa JlakaTHUK ¥ Ma-
xana Cppaxen). [Ipeanonara ce, ye B TO3H pa-
OH € OMJ1a pa3noJiokKeHa U OCHOBHATA EMULIEH-
TpOBa 30Ha Ha JpEBHHUTE 3eMeTpeceHud. Lla-
JIOCTHAaTa CEeM3MH4YHA NEWHOCT BBPXY H3Cel-
BaHaTa IUIOLL OT Kpas Ha JOJIHOTpHackaTa
enoxa HanoaoOsBa MajeoCeu3sMHYHUTE NpPOs-
BH, U3BECTHH OT ['epMaHCKHus OONEH Mylles-
KaJK c aHu3ka Bb3pacT. OT HanpaBeHUs JIUTE-
paTypeH nperJies Oelle yCTaHOBEH CaMO €IMH
M30XPOHEH aHAJIOr Ha CEM3MHUTH B YHrapus.

Tvi KaTO ce momycka, uye 3eMEeTpEeceHHs ca
6uJIM MOHE YaCTHYHO KOHTpoJsiMpall GakTop H
10 OTHOLLIEHHE HAa HAKOM OT OCTAHAJIUTE OMNMU-
CaHU TEKCTYPH, TBbPJAE BEPOSTHO € CEeM3MHU-
HAaTa aKTHUBHOCT B paliOHA Jja e NPOAbJIXKUIIA U
npe3 aHu3Kkus BeK. EnHa Bb3MOXHA mpeyka 3a
3arneyaTBaHETO Ha MO-U300MJIHM maneoceus-
MHYHH CUTHAJIM € TOJIAMOTO BEPTHKAJIHO pa3i-
POCTPAHEHHE Ha HEMOAXOMAIIM 32 TOBA CEIM-
MEHTH, KaTO HallpUMep, BAPOBULH CHC 3bPHO-
BO-MOAABPXaHA CTPYKTypa M KbCHOOHAreHe-
THYHH AonoMuTH (Moruscka cBHTa) MM Nf-
cpuHulM (JIrobalka cBUTA), KAKTO M HaJIHYHe-
TO Ha LWOPMOBH oTJioXeHus (babuHcka cBUTa).
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