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Å. Êîëåâà-Ðåêàëîâà, Ë. Ìåòîäèåâ, Ä. Èâàíîâà — Îïèñàíèå è êîððåëÿöèÿ òðàíñãðåññèâ-
íûõ-ðåãðåññèâíûõ öèêëîâ â òðåõ íèæíå-ñðåäíåþðñêèõ ïîñëåäîâàòåëüíîñòÿõ â Çàïàä-
íîì Áàëêàíå, Áîëãàðèÿ. Òðàíñãðåññèâíî-ðåãðåññèâíûé õàðàêòåð è öèêëè÷åñêèå ïàðàìåòðû
åâðîïåéñêèõ þðñêèõ ïîðîä ÿâëÿþòñÿ ïðåäìåòîì ïðîäîëæèòåëüíîãî èíòåðåñà è îáñóæäå-
íèÿ, íî â áîëãàðñêîé ãåîëîãè÷åñêîé ëèòåðàòóðå ìîæíî íàéòè òîëüêî íåçíà÷èòåëüíîå ÷èñëî
ðàáîò, ïîñâÿùåííûõ ñåêâåíòíîé ñòðàòèãðàôèè è òðàíñãðåññèâíî-ðåãðåññèâíîé öèêëè÷íîñ-
òè þðñêèõ îñàäî÷íûõ ïîðîä. Îñíîâíàÿ öåëü íàñòîùåé ðàáîòû — îòñòðîèòü òðàíñãðåññèâ-
íî-ðåãðåññèâíóþ öèêëè÷åñêóþ ìîäåëü òðåõ íèæíå-ñðåäíåþðñêèõ ðàçðåçîâ, îáíàæåííûõ â
îêðåñòíîñòÿõ ñåë Áåëåäèå õàí è Áðåçå (Çàïàäíûå Áàëêàíû, Áîëãàðèÿ). Ïðîâåäåíû äåòàëü-
íûå ñåäèìåíòîëîãè÷åñêèå èññëåäîâàíèÿ. Âûäåëåíû àììîíèòíûå çîíû è ïîëó÷åíû äàííûå
î ñîäåðæàíèè ôîðàìèíèôåð. Íà îñíîâàíèè ýòîé èíôîðìàöèè ââåðõ ïî þðñêîìó ðàçðåçó
âûÿâëåíî ÷åòûðå òðàíñãåðññèâíî-ðåãðåññèâíûõ öèêëà òðåòüåãî ïîðÿäêà. Óñòàíîâëåíî, ÷òî
äåïîçèöèîííûå öèêëû îñàäêîíàêîïëåíèÿ ÿâëÿþòñÿ ñîñòàâíûìè ÷àñòÿìè ðåãðåññèâíîé ôàçû
òðàíñãðåññèâíî-ðåãðåññèâíîãî öèêëà âòîðîãî ïîðÿäêà. Ýòà ôàçà îïèñàíà êàê ôàçà R6 â ñî-
ãëàñèè ñ îáîçíà÷åíèÿìè, ïðèíÿòûìè äëÿ äðóãèõ åâðîïåéñêèõ áàññåéíîâ. Óñòàíîâëåííûé
öèêëè÷åñêèé õàðàêòåð â èññëåäîâàííûõ ðàçðåçàõ ïîêàçûâàåò, ÷òî îñàäêîíàêîïëåíèå â òîàð-
ñêîå è ðàííå-ñðåäíåààëåíñêîå âðåìÿ ïðîòåêàëî â óñëîâèÿõ ïîñòåïåííîé ðåãðåññèè ìîðñêî-
ãî áàññåéíà.

Abstract. The transgressive-regressive character and cyclic patterns of the European Jurassic
rocks are topics of long-standing interest and debates. As a contrast, in Bulgarian geological
literature there is a small number of publications concerning sequence stratigraphy and trans-
gressive-regressive cyclicity of the Jurassic sediments. The main objective of the present study is
to document the transgressive-regressive cyclic recurrence of three Lower-Middle Jurassic sec-
tions, exposed near the villages of Beledie Han and Breze (Western Balkan, Bulgaria). Fore third-
order coarsening and shallowing upward transgressive-regressive cycles are recognized on the
base of detailed sedimentlogical investigations and dated by precise ammonite zonation which is
supplemented by foraminiferal data. It is evidenced that these depositional cycles build up the
regressive phase (numbered R6, in accordance with other European basins) of a second order
transgressive-regressive facies cycle. This investigation of cyclic character of the studied sections
shows that sedimentation during the Toarcian and Early-Mid Aalenian time was formed under
conditions of gradual regression of the sea basin.
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ern Balkan Mts, Bulgaria. — Geologica Balc., 36, 3—4; 91—96.

Key words: transgressive-regressive (T-R) cycles, Lower-Middle Jurassic, Western Balkan
Mts, Bulgaria.



92

Introduction

The cyclic pattern of deposition of rocks of the Ju-
rassic basins in Europe is topic of long-standing in-
terest and debates (e.g. Sellwood and Jenkyns, 1975;
Hallam, 1981; Vail et al., 1991; De Graciansky et al.,
1998a, b; Aurell et al., 2003; Quesada et al., 2005).
Most efforts have been made on sections, located in
Western and Central Europe. The results that have
appeared so far provided an essential framework of
major sea-level changes, which are good base for
further and more detailed investigations elsewhere.

Principally, the eustatic sea level variations are
responsible for the formation of transgressive-regres-
sive sedimentary sequences (Colombie and Strasser,
2005). Relative sea-level rise commonly leads to a
transgressive and deepening facies trend. The regres-
sive interval frequently consists of a series of coars-
ening upwards bedsets. The surface of the maximum
of transgression separates the transgressive (retrogra-
dational and aggradational) phase from the regres-
sive (progradational) phase. The cycles are bounded
by surfaces of maximum regression which represent
unconformities of various character and order.
Transgressive-regressive cyclicity occurs on a wide
range of scales. Major cycles (with duration greater
than 50 Ma) are subdivided into second-order trans-
gressive-regressive facies cycles (average duration
from 3 to 50 Ma), third-order depositional cycles
(duration between 0.5 and 3 Ma) and high-frequen-
cy cycles (duration less than 0.5 Ma) (Vail et al., 1991).

A few publications of sequence stratigraphical
purpose, devoted to the transgressive-regressive cy-
clicity of the Jurassic sediments in Bulgaria exist (e.g.
Tchoumatchenco, 2002; Koleva-Rekalova et al.,
2006). They have been focused on successions mainly
from Western Bulgaria. In the present study, an at-
tempt is made to determine the amount and rate of
transgressive-regressive cycles in three Lower-Mid-
dle Jurassic sections, exposed near the villages of
Beledie Han and Breze (Western Balkan Mts, Sofia
District, Bulgaria) (Fig. 1), using available facies ev-
idence. Time-calibration of the cycles is accom-
plished on the base of a high-resolution ammonite
zonal subdivision. Finally, the cycles available are
compared with contemporaneous analogues identi-
fied in other European basins.

Material and methods

More than 50 thin sections were investigated in or-
der to recognize textures, terrigenous and bioclastic
amount and sizes, and mineral composition of the
rocks from the sections studied. The biostratigraph-
ic subdivision was based on numerous bed-by-bed
collected ammonites. In addition, available foramin-
ifers were determined in thin sections. Sedimento-
logical and biostratigraphic data as well as facies
method, complemented by sequence stratigraphic
interpretations, were applied to define the cycles of
different scales. The transgressive-regressive cycles

are determined following the concept of De Gra-
ciansky et al. (1998a), assuming that facies cycles
are of second order and comprise of third order dep-
ositional sequences.

Results

The section Beledie Han is situated at 26 km to the
north of Sofia (Fig. 1). It is an exposure of the Oziro-
vo Formation which is composed mainly of Fe-ooi-
dal limestones and rare ferruginized marls, having a
total thickness of 3.25 m. A set of 9 ammonite zones
of the Toarcian, from D. (O.) tenuicostatum to P.
aalensis Zone, has been taken (Sapunov et al., 1974;
Metodiev et al., 2005) (Fig. 1). Three third-order coars-
ening and shallowing upward transgressive-regres-
sive cycles (numbered 1, 2 and 3) (Fig. 1) have been
recorded earlier (Koleva-Rekalova et al., 2006). Each
cycle is developed from a marlstone or micrite lime-
stone (wackestone) to an ooidal ironstone facies (pack-
stone and packstone to grainstone). The cycles end
usually with distinct shell-beds (rudstones) where the
fossil concentration is several times higher than in
the rest of the beds composing the succession. An
increase in grain size, ooidal and bioclastic content,
and decrease in terrigenous components occur up-
wards within each cycle (Koleva-Rekalova et al.,
2006). The cycles were determined to be of third-
order, with average duration of about 3 Ma.

The sections Dobravitsa-1 and Dobravitsa-2 are
located near the village of Breze, at 60 km to the
north of Sofia (Fig. 1). They have been previously
described by Metodiev and Koleva-Rekalova (2005a).
Section Dobravitsa-1 is about 7.0 m thick. It repre-
sents an irregular alternation of marls, shales and
thin limestone beds that belong to the Boukorovtsi
Member of the Ozirovo Formation. The top of the
section is composed of shales with siderite nodules
of the Etropole Formation. The ammonites of 14 zonal
associations, from D. (O.) tenuicostatum to H. dis-
cites Zone (Toarcian-Lower Bajocian) have been
collected (Fig. 1). The ammonite succession gave
evidence for stratigraphic condensation affected the
topmost Lower Toarcian and the base of the Upper
Toarcian. The bottom of the section has been proven
by foraminifera and bivalves to be of Late Pliensba-
chian age. Studied interval of section Dobravitsa-2
consist of about 2.0 m thick sediments of the Bouko-
rovtsi Member of Toarcian age (from H. bifrons Zone
to P. fallaciosum Zone) (Fig. 1). It is composed of
marls and shales which are interbedded by micritic
and Fe-ooidal limestones.

The cyclic recurrence of deposition in sections
Dobravitsa-1 and Dobravitsa-2 is less discernible
than in section Beledie Han. It is screened probably
because of homogenization. Later is due to the hemi-
pelagic depositional environment of the sediments.
So, section Beledie Han is used as a reference to de-
fine the cyclic pattern of the sediments in the other
two sections. Supporting evidence for the cyclic pat-
tern of deposition in sections Dobravitsa-1 and Do-



93

Fig. 1. Second and third-order transgressive-regressive (T-R) cycles and relative water depth curve, plotted against lithological
columns and ammonite zonal subdivision of sections Beledie Han, Dobravitsa-1 and Dobravitsa-2. The right lower corner repre-
sents geographical location of the sections
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bravitsa-2 has been received after the approximate
estimation of the amount and the rate of the fossils
preserved into the rocks.

Discussion

Recently, it was found that the third-order transgres-
sive-regressive depositional cycles determined in sec-
tion Beledie Han were superimposed on a large trend
of the regressive part (numbered R6 by De Gracian-
sky et al., 1998a), of a second-order T-R facies cycle
(Koleva-Rekalova et al., 2006). The marls at the base
of the first third-order cycle represent offshore shelf
deposits which are similar to some marls from sec-
tion Dobravitsa-1. They were formed during the glo-
bal early Toarcian transgression that was recorded
in many sites in Europe (Jenkyns et al., 2002). In
fact, the maximum peak of transgression was locat-
ed in these marls (Metodiev and Koleva-Rekalova,
2005b). It was registered in sections Beledie Han and
Dobravitsa-1 by isotopic data (δ13C and δ18O) ob-
tained from belemnite rostra, close to the Pliensba-
chian-Toarcian boundary — the base of D. (O.) tenui-
costatum Zone. This peak represents maximum flood-
ing surface of the second-order transgressive-regres-
sive facies cycle (Fig. 1). Jenkyns et al. (2002) as-
sumed that for the most European Jurassic basins
this transgressive peak happened during the time span
of the Lower Toarcian H. falciferum Zone. Aurell et
al. (2003) considered the time of the Lower Toarcian
H. bifrons Zone as maximum of transgression in
Northeast Iberia. The same authors discussed that
the different age of the maximum of transgression
from one basin to another could be explained by dif-
ferent subsidence evolution caused by tectonic events
of local or regional scale. It is noteworthy that the
maximum peak of transgression both in section
Beledie Han and section Dobravitsa-1 coincides with
the first appearance in abundance of ammonites. That
concurrence is enhanced by the rapid increase of
the fossil contents of the rocks, the presence of real
belemnite battlefields, as well as by the circumstance
that only single ammonites have been found below
and the fossil record of the Upper Pliensbachian is
exclusively represented by scattered benthic fossils
such as bivalves and foraminifers.

Even more unclear, the threefold cyclic model of
sedimentary development has been found working
for the Toarcian part of section Dobravitsa-1 as well
(Fig. 1). In general, each cycle starts from marls and
ends with a limestone bed. The first cycle is framed
by the ammonite-bearing marls of the Lower Toar-
cian which are preceded by a shell-bed containing
bivalves and abundant foraminifers. The maximum
of the sea-level rise agrees on a peak of fossil abun-
dance at the base of D. (O.) tenuicostatum Zone.
The condensed section, spanning from upper part
of the Lower Toarcian H. bifrons Zone to lower part
of the Upper Toarcian P. fallaciosum Zone which
follows upwards, entirely falls into the second cycle.

This interval is coeval to section Dobravitsa-2 which
has a normal pattern of sedimentation (Fig. 1). The
third cycle is defined from the marls of the top of P.
fallaciosum Zone to the Fe-ooidal limestones with
ammonites that indicate the Upper Toarcian P. dis-
pansum, D. pseudoradiosa and P. aalensis Zones. It
terminates with a bed of micrite limestone (wacke-
stone) whose lower surface the boundary between the
Toarcian and the Aalenian has been traced on. Ad-
ditionally, another third-order T-R cycle (4) which
is lengthened from the lowermost part of L. opali-
num Zone to the middle part of B. bradfordensis
Zone seems to be manifested upwards into the Aale-
nian. Its character is the same as the rest of three
cycles. This cycle ends with bioclastic limestone (rud-
stone), situated just below the limit between B. brad-
fordensis and G. concavum Zones. It is likely that
this bed was formed under condition of a global
maximum regression. The upper surface of this bed
appears to be a correlative to the mid-Cimmerian
unconformity distinguished by De Graciansky et al.
(1998b).

The above described third-order T-R cycles dis-
play an asymmetric pattern. The asymmetry of a
transgressive-regressive sequence is obvious in sedi-
mentary columns where the relative water depth can
be inferred using sedimentological and palaeonto-
logical data (Einsele and Bayer, 1991). As a result
water-depth curves are drawn (Fig. 1). They show
that second, third and forth cycles are asymmetric,
reflecting a relatively rapid rise and an apparently
slow fall of the sea level. The transgressive surfaces
of third-order are defined by the deepest and finest
sediments (marls and wackestones of section Beledie
Han, as well as shales and marls of sections Dobrav-
itsa-1 and Dobravitsa-2). Conversely, the regressive
peaks associate with the most shallow-water and the
coarsest deposits (mainly rudstones).

The shales with siderite nodules of the Etropole
Formation cover the forth cycle form the transgres-
sive part (numbered T7) of the following second-or-
der T-R cycle (Fig. 1). In the same way, the shales,
marls and limestones from the Upper Pliensbachian
of sections Beledie Han and Dobravitsa-1 represent
a part of the transgressive interval (numbered T6) of
studied second-order T-R cycle. They are arranged
in a deepening upward manner. In a general view
this second-order facies cycle belongs to the first-
order Ligurian cycle as defined in other European
basins (De Graciansky et al., 1998b). It extends from
the Late Triassic to the end-Aalenian time, being
bounded by the early Cimmerian (latest Norian) and
mid-Cimmerian (end-Aalenian) unconformities (De
Graciansky et al., 1998b).

Conclusion

The present study documents the cyclic pattern of
sedimentation of three Lower-Middle Jurassic suc-
cessions, located in the Western Balkan Mountains
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(Bulgaria). Four third-order coarsening and shallow-
ing upwards T-R cycles are recognized in the sedi-
ments of the Toarcian and Aalenian. It is evidenced
that these depositional cycles build up the regressive
phase of a second order transgressive-regressive fa-
cies cycle that belongs to the Ligurian major trans-
gressive-regressive cycle. Lithological record of the
sections studied talks about deposition under condi-
tions of a gradual regression of the sea basin during
the Toarcian and the early Aalenian time.
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Ðåçþìå. Å. Êîëåâà-Ðåêàëîâà, Ë. Ìåòîäèåâ, Ä. Èâàíîâà — Îïèñàíèå è êîðåëàöèÿ íà òðàíñãðå-
ñèâíî-ðåãðåñèâíèòå öèêëè â òðè äîëíî-ñðåäíîþðñêè ðàçðåçà îò Çàïàäíèÿ Áàëêàí, Áúëãàðèÿ.
Òðàíñãðåñèâíî-ðåãðåñèâíèÿò öèêëè÷åí õàðàêòåð íà ñåäèìåíòàöèÿòà â þðñêèòå áàñåéíè â
Çàïàäíà è Öåíòðàëíà Åâðîïà å îáåêò íà óñèëåíî èçñëåäâàíå è äèñêóñèè ïðåç ïîñëåäíèòå
30—40 ãîäèíè. Â Áúëãàðèÿ òîçè âèä ïðîó÷âàíèÿ ñà âñå îùå ñïîðàäè÷íè è òâúðäå íåäîñòà-
òú÷íè. Öåëòà íà íàñòîÿùàòà ðàáîòà å äîêóìåíòèðàíåòî íà òðàíñãðåñèâíî-ðåãðåñèâíèòå
öèêëè îò ðàçëè÷åí ïîðÿäúê â äîëíî-ñðåäíîþðñêè ñêàëè, êîèòî èçãðàæäàò òðè ðàçðåçà, ðàç-
ïîëîæåíè â Çàïàäíà Ñòàðà ïëàíèíà. Íàïðàâåí å è îïèò çà êîðåëèðàíå íà îòäåëåíèòå öèêëè
ñ åäíîâúçðàñòîâè àíàëîçè, îïèñàíè â ÷óæäåñòðàííàòà ãåîëîæêà ëèòåðàòóðà. Öèêëè÷íîñòòà
íà ñåäèìåíòèòå å óñòàíîâåíà âúç îñíîâà íà äåòàéëíè ìàêðî- è ìèêðîñêîïñêè ñåäèìåíòî-
ëîæêè èçñëåäâàíèÿ, ñúïúòñòâàíè ñ ïðåöèçíà àìîíèòíà çîíàëíà ïîäÿëáà è ôîðàìèíèôåðíè
îïðåäåëåíèÿ. Ïîðÿäúêúò è ïðîäúëæèòåëíîñòòà íà îòäåëåíèòå òðàíñãðåñèâíî-ðåãðåñèâíè
öèêëè ñà ñúîáðàçåíè ñúñ ñêàëàòà íà Vail et al. (1991). Çà îïðåäåëÿíå è èëþñòðèðàíå õàðàêòå-
ðà íà öèêëèòå å èçïîëçâàíà êîíöåïöèÿòà íà De Graciansky et al. (1998a).
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Ïúðâèÿò îò èçñëåäâàíèòå ðàçðåçè ñå ðàçêðèâà â îêîëíîñòèòå íà ñ. Áåëåäèå õàí (Ñîôèéñêî),
íà 26 km ñåâåðíî îò ãð. Ñîôèÿ. Òîé å èçãðàäåí îò âàðîâèöè, ñúäúðæàùè â ðàçëè÷íî êîëè÷å-
ñòâî Fe-îîèäè, êîèòî ïðèíàäëåæàò íà òîàðñêèÿ åòàæ. Â îñíîâàòà ìó ïðèñúñòâàò è ìåðãåëè.
Êàòî ïîäëîæêà ñå ðàçêðèâàò ñåäèìåíòè îò íàé-ãîðíàòà ÷àñò íà ãîðíèÿ ïëèéíñáàõñêè ïîäå-
òàæ. Â åäíî ïðåäõîäíî èçñëåäâàíå íà ðàçðåçà áÿõà óñòàíîâåíè òðè òðàíñãðåñèâíî-ðåãðåñèâ-
íè öèêúëà îò òðåòè ïîðÿäúê ïðåç òîàðñêèÿ âåê, ñúñ ñðåäíà ïðîäúëæèòåëíîñò îêîëî 3 Ma.
Âñåêè öèêúë çàïî÷âà ñ ïî-äúëáîêîâîäíè è ïî-ôèíîçúðíåñòè ñåäèìåíòè, êîèòî íàãîðå ñòà-
âàò ïî-ïëèòêîâîäíè è ïî-åäðîðàçìåðíè. Â äîïúëíåíèå êúì òîçè ïðîôèë ñà èçñëåäâàíè îùå
äâà ðàçðåçà, êîèòî ñå ðàçêðèâàò â ðàéîíà íà ñ. Áðåçå (Ñîôèéñêî), íà 60 km ñåâåðíî îò
ãð. Ñîôèÿ: Äîáðàâèöà-1 (ãîðåí ïëèéíñáàõñêè ïîäåòàæ-äîëåí áàéîñêè ïîäåòàæ) è Äîáðàâè-
öà-2 (äîëåí òîàðñêè ïîäåòàæ, ãîðíà ÷àñò-ãîðåí òîàðñêè ïîäåòàæ, äîëíà ÷àñò). Òå ñà ïðåä-
ñòàâåíè îò íåçàêîíîìåðíà àëòåðíàöèÿ íà àðãèëèòè, ìåðãåëè è âàðîâèöè. Â ðàçðåç Äîáðàâè-
öà-1 ñúùî ñà ðàçãðàíè÷åíè òðè òðàíñãðåñèâíî-ðåãðåñèâíè öèêúëà îò òðåòè ïîðÿäúê ïðåç
òîàðñêèÿ âåê è åäèí öèêúë îò òîçè ïîðÿäúê ïðåç ààëåíñêèÿ âåê. Îòäåëåíèòå ÷åòèðè öèêúëà
ñúñòàâÿò ðåãðåñèâíàòà ôàçà íà åäèí òðàíñãðåñèâíî-ðåãðåñèâåí öèêúë îò âòîðè ïîðÿäúê,
îïèñàí îò De Graciansky et al. (1998a), êîåòî å äîêàçàòåëñòâî çà ñåäèìåíòàöèÿ â óñëîâèÿòà
íà ïîñòúïàòåëíà ðåãðåñèÿ íà ìîðñêèÿ áàñåéí ïðåç òîàðñêèÿ âåê è ïî-ãîëÿìàòà ÷àñò îò
ààëåíñêèÿ âåê, â ðàéîíà íà èçñëåäâàíèòå ïðîôèëè.


