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II. T..fyMa'leHKO, M. J!Heea, E. Ko!leea-PeKa!loea, K. 
Cmoi1Koea, /(. HeaHoea - CmpamuzparfiuR IOpbl e pa3-
pe3e OKO!IO Cmapo ce!lo, flepHuKcKuu oKpyz, !Ozo-Ja
naiJHaR Eo!l2apuR. IOpcKoe oca.lJ;KOHaKorrJieHite B paiioHe 
r . IlepHiua (IOro-3arra)J;Ha.H EomapH.!i) Ha•mJIOCh B KOHI.(e 
6aii:OCCKOfO BeKa OTJIOJKeHHeM nec'laHHifKOB JUiJIHHCKOfO 
'IJieHa (rpa.lJ;e'-\CKa.!l CBHTa). 0HO rrpO.lJ;OJIJKaJIOCh B 6aTC
KOM BeKe OTJIOlKeHHeM 6HOKJiaCTif'leCKifX lf3BeCTH.!IKOB 
IloJiaTeHcKoii CBHThi. 0KoJio c. CTapo ceJio o6HaJKeH 
O)J;HH H3 caMhiX noJIHhiX pa3pe3oB IOphi B IOro-3ana)J;HOii 
EoJirapHH. OH HCCJie.lJ;OBaJic.H c JIHTO<jJauHaJibHOii:, ce)J;H
MeHTOJIOfH'IecKoii:, 6HOCTpaTHrpa<jJH'IeCKOll TO'IKif 3pe
Hif.!l, a TaKJKe C TO'IKH 3peHH.!I CeKBeHTHOll CTpaTHrpa<jJHH. 
B 6aH:oc-6aTCKOM HHTepsaJie Bhi)J;eJi eHo 'leThrpe ceKBeH
UHH 3-ero nop.!I)J;Ka: Bj 5, Bat 0, Bat 1 If Bat 2. IlocJie nepep
hiBa B OCa)J;KOHaKOIIJieHHif (K3JIJIOBeHCKiflllf OKC<jJOp.lJ;CKifll 
.!ipyCbl) OTJIOlKifJIIfCb lf3BeCTH.!!Kif rlfHCKOll CBifTbl (Hif)KHifll 
KlfMMepH.lJ;lKCKHll ITO)J;b.!ipyc) If ):WyraHCKOll CBifThl ( cpe)J;
HHH KHMMepH.lJ;lKCKHii IIO)J;b.Hpyc). B HHX Bhi.!IBJieHhr TPH 
ceKBeHUHH: Kim 2 - Kim 4. B nopo)J;ax HelllKOBCKOH 
CBHThi (sepxHHii KHMMepH.lJ;lKCKHii no)J;b.Hpyc) H B Eo6osc
KOM 'IJieHe KocTeJicKoii CBHThi (s HCCJie)J;osaHHoii o6Jiac
TH OHif OXBaTbiBaiOT CaMblll BepXHifll KlfMMepH.lJ;lKCKifll 
IIO)J;b.!ipyc - sepXHifll TlfTOHCKifH ITO)J;b.!ipyc) Bhi)J;eJieHO 19 
ceKBeH'-\HH3·ero nop.H)J;Ka (Kim 5-Ti 1.1-Ti 1.13, Ti 2, Ti 3.1-
Ti3.2, Ti 4, Ti 5). CeKBeHTHO-CTpaTHrpa<jJH'IeCKHe e)J;H
HH'-\hi BbJ)J;eJieHbl fJiaBHblM o6pa30M Ha OCHOBaHiflf reo
MeTpHH If cynepiT031f'-\Hif Kap60HaTHb!X If TeppHreHHb!X 
TeJI. CeKBeHUHH CTapoceJibCKoro pa3pe3a conocTaBHMhi c 
ceKBeHUH.!IMH 3ana)J;HOeBponeiicKoii cxeMhr Hardenbol et 
al. (1998). B Kap6oHaTHOi1 'laCTH pa3pe3a HX 'IHCJIO coBna
)J;aeT c 'IHCJIOM ceKBeHUHii B 3Toii cxeMe, a B ero Teppn
reHHOii 'laCTif lfX 60Jibllle, 'leM B Hell . 

Abstract. The onset of the Jurassic sedimentation in the 
region of Pernik (southwestern Bulgaria) is at the end of 
Bajocian with deposition of sandstones (Lyalintsi Mem
ber of Gradets Fm.) and continuing during the Bathonian 
with bioclastic limestones (Polaten Fm.). The section 
Staro selo is one of the most complete Jurassic sections 
in Southwest Bulgaria. It is studied from several points of 
view: lithofacial, depositional processes, biostratigraphic 
and sequence stratigraphic. In Bajocian-Bathonian inter
val four 3'd order depositional sequences are individual
ized: Bj 5, Bat 0, Bat 1 and Bat 2. After a break of sedi
mentation (Callovian-Oxfordian), the limestones of 
Gintsi (Lower Kimmeridgian) and Drugan (Middle 
Kimmeridgian) Formation were deposited in which 3 
depositional sequences were recognized (Kim 2-Kim 4). 
Nineteen depositional sequences of 3'd order are indi
vidualized (Kim 5-Ti 1.1-Ti 1.13, Ti 2, Ti 3.1-Ti3.2, Ti 4, Ti 
5) in the sediments of Neshkovtsi Formation (Upper 
Kimmeridgian) and in the Bobovo Member of Kostel 
Formation (Uppermost Kimmeridgian - Upper Titho
nian in the studied area) . The recognition of the deposi
tional sequences is based chiefly on the geometry and the 
superposition of the calcareous and siliciclastic sedi
ments. The divided depositional sequences are compared 
to those of Western European scheme of Hardenbol et 
al. (1998). Within the carbonate part of the succession 
they are of the same number and in the siliciclastic part 
they are more numerous . 
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Introduction 

This paper aims at making an attempt of se
quence stratigraphic interpretation of the best 
exposed Jurassic section in southwestern Bul
garia, located near the village of Staro selo 
(Drugan), Pernik District (Fig. 1 ). The basal 
part of the section is outcropped in the 
Nikolchov Dol valley, north of the church of 
Staro selo. Here the sediments of Gradets 
(Lyalintsi Member), Polaten, Gintsi, Drugan, 
N eshkovtsi and the lower part of the Kastel 
(Bobovo Member) Formation are exposed. The 
higher part of the Bobovo Member of Kastel 
Formation crops out along the road Sofia-Ath
ens. This part of the section is situated to the 
East of the village of Staro selo in the locality 
Izvora and continues along the old road to 
Staro selo. In the village of Staro selo, near the 
ramification, flysch sediments dj;>ping to the 
North are outcropped. The uppermost part of 
the section is poorly exposed and thus is not 
described. 

The term flysch is used in the paper only in 
sense used by Studer. According to Dzulinski 
& Smith (1964) "the term flysch was intro
duced by Studer in 1827 to describe a series of 
shales and muddy sandstones (Upper Creta
ceous) in Siementhal area of Switzerland. Nei
ther stratigraphic nor tectonic implications 
were included into original definition. The 
term was later extended to cover all sediments 
showing the same or similar features in other 
regions". 

We have studied the flysch type rocks from 
several points of view: lithofacial, the deposi
tional processes, biostratigraphic and sequence 
stratigraphic. For this purpose we follow the 
explanations of the lithofacies and the deposi
tional processes according to Shanmugan & 
Moiola (1995), Shanmugan et al. (1995), etc. 
because they are sufficiently simple and easily 
usable. We attempt to combine the lithofacial I 
depositional processes point of view with the 
turbidite point of view (which is traditional for 
Bulgaria - Nachev, 1972, etc.). At the end of 
the paper we suggest a sequence stratigraphic 
interpretation based on the sum up of the re
sults in all different studies. 

The literature on sequence stratigraphy is 
very extensive and will not be reviewed here. 
"The sequence stratigraphy had a major influ
ence on understanding the stacking patterns 
of successive depositional units. The concepts 
are applicable in spite of the fact that artifi
cially forced applications may cause serious 
disagreements regarding their validity" (Bou-
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rna, 2000). We will not discuss here the causes 
for the formation of the different systems 
tracts, but we will try to register the difference 
in the lithology in different parts of the section 
and try to express them in terms of the se
quence stratigraphy. The individual sedimen
tary structures generally are not sufficient di
agnostic criteria, and frequently the entire 
suite of structures in a rock sequence can be 
used to recognize depositional environments, 
together with vertical facial sequences, rock
body geometry, grain size, etc. 

Previous researches 

Nachev (1970) described characteristic fea
tures and sedimentary structures in the 
"flysch" of the Kraishte region, considering 
also the Staro selo (Drugan) section. Nachev 
(1972) described the section Drugan. He de
termined Neshkovtsi Fm. as "pre-flysch" and 
the Bobovo Mb. of the Kastel Fm. as "flysch". 
In the N eshkovtsi Fm. N achev described: 
marls, argillaceous marls, calcareous shales, 
and shales. This publication is without de
scription of the section itself, but represents 
only an analysis of the building components 
of the rocks of the N eshkovtsi and the Kastel 
Fm. 

The age of Gradets Fm. is Aalenian, and 
that of Polaten Fm. - upper Aalenian to lower 
Bathonian (.ll:o.JJ;eKoBa et al., 1984). CarryHoB et 
al. (1985) described the Gintsi Fm. (Lower 
Kimmeridgian), the Neshkovtsi Fm. (Upper 
Kimmeridgian, lower part- Middle Kimmeri
dgian) and the Bobovo Mb. of Kastel Fm. 
(Middle Tithonian, lower part - Upper Kim
meridgian, uppermost parts) in the section of 
Staro selo (Drugan). They determined the sec
tion at the village of Drugan (East of Staro 
selo) as complementary one for the new 
lithostratigraphic unit - Bobovo Member of 
Kastel Fortmation. Tchoumatchenco (2002) 
made an attempt to introduce the sequence
stratigraphic subdivision of the Jurassic in 
western Bulgaria without describing the lithol
ogy of the local sections. He referred the 
Polaten Fm. near Staro selo to the Bathonian 
using sequence stratigraphic arguments. He 
also presented the sequence . stratigraphy of 
Middle Callovian-Berriasian 1st order se
quence in the section Izvorite where the 
Drugan Fm. is not exposed due to the tectonic 
reasons. Later on, qyMatJeHKO et al. (2004) de
scribed the new Drugan Fm. of Middle 
Kimmeridgian age. Its holostratotype is a part 
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of the section described here. The study of this 
new formation corrected the general sequence 
stratigraphic scheme and completed it. 

Methods 

The field study (description and revisions) has 
been carried out by P. Tchoumatchenco, par
tially assisted by E. Koleva-Rekalova, D. 
Ivanova and M. Yaneva. The petrographic 
characteristic of the sediments is accom
plished by E. Koleva-Rekalova (carbonate 
rocks) and M. Yaneva (siliciclastic rocks); the 
calcareous nannofossils are determined by K. 
Stoykova and the foraminifers - by D. 
Ivanova. The sequence stratigraphic interpre
tation is entirely done by P. Tchoumatchenco. 

Lithostratigraphy 

The examined Jurassic section encompasses 
the following lithostratigraphic units from the 
bottom to the top (fig. 2): Gradets Fm. -
Lyalintsi Member, Polaten Fm., Gintsi Fm., 
Drugan Fm., Neshkovtsi Fm., Kastel Forma
tion - Bobovo Member. 

1. Gradets Formation, Lyalintsi Member 
(1.10 m)(Fig. 3) 

The base of the Lyalintsi Member of Gradets 
Fm. is built of grey to beige medium to fine 
grained sandstones with calcareous matrix and 
allohemes of crinoids and terrigenous compo
nents -quartz and feldspars (spec. 01). At the 
top these rocks turn to calcareous sandstone to 
sandy bioclastic limestones (packstone to 
rudstone) (spec. 02). 

The lower boundary is transgressive - the 
Lyalintsi Mb. lies directly on the Upper Trias
sic reddish marls, intercalated by sandstones . 
Its upper boundary is covered by soil. The age 
is determined as Late Bajocian on the basis of 
the age of the superimposed Polaten Fm. 

2. Polaten Formation (19.0 m)(Fig. 3) 
The Polaten Fm. is built of gray, various bed

ded limestones: (a) sandy intraclastic lime
stones (spec. 03); (b) peloidal limestones with 
oncoids (packstone) (spec. 04, 05, 06, 09, 10); 
(c) oncoid-peloidal limestones (spec. 11, 12); 
(d) cortoid-peloidallimestones (spec. 07). Fre
quently, the limestones contain fragments or 
complete valves of brachiopods andfor 
bivalves. The lower boundary is covered by soil, 
but in unit TI-l the limestones contain many 
Iithoclasts from micritic, bioclastic and of 
sandy limestones which are very characteristic 



for the Polaten Fm. - i.e. they are probably re
deposited from the lower parts of the Polaten 
Fm. transported from another areas. The up
per boundary is connected to a submarine 
break in the sedimentation (hard ground). 
Tchoumatchenco (1983) and ,[(o.n;eKoBa et al. 
(1984) regarded the Polaten Fm. as Aalenian
Middle Bathonian lithostratigraphic unit (as it 
is in the section of Zhablyano); but Tchouma
tchenco (2002, fig. 3, column 2), on the basis of 
the number of the sequences below the upper 
boundary of the Polaten Fm. considered here 
the Polaten Fm. as Lower-Middle Bathonian 
unit. However, the occurrence of Protopenero
plis striata Wyenschenk, Trocholina palasti
niensis Henson and Patellina douvillei Said & 
Barakat in the basal part of the Polaten Fm. 
rather suggests a Bajocian-Bathonian age. 

3. Gintsi Formation (1.50 m)(Fig. 3) 
The Gintsi Fm. is represented by gray lime

stones with calcareous debris (intraclasts), 
built of Bositra-rich wackestone to packstone. 
Peloidal limestones (packstone) (spec. 013) 
represent the base ·of the sequence which 
grades upwards into micrite limestone with 
filaments of Bositra , calcified radiolarians spi
cules and rare dinocyst wackestone (spec. 
014). The Bositra valves are not oriented and 
are most frequently broken. In the section we 
didn't find any determinable fauna, but in the 
nearby section east of Staro selo CarryHOB et al. 
(1985) reported Crussoliceras sp. indet., rang
. g in the Lower Kimmeridgian Crussoliceras 
divisum ammonite Zone. Thus the Gintsi Fm. 

ere is assigned to the Lower Kimmeridgian. 
The lower boundary is marked by hard 

ground surface - the underlying Polaten Fm. 
·- eroded with many "pot holes" filled by 
oarse-grained sandy limestones (spec. 017) or 
ry single pebbles of quartz. This timing of the 

g.ap of sedimentation is between Middle 
Bathonian up to the Early Kimmeridgian. The 
pper boundary (with Drugan Fm.) is sharp, 

t parallel. The sediments of the Gintsi Fm. 
present a debris flow deposits. 
4. Drugan Formation (22.95 m)(Fig. 3) 
The Drugan Fm. (lJyMal.leHKO et al., 2004) is 
ilt of grey to grey-greenish, clayey and 
·critic limestones, with rare marly interbeds. 
· estones beds are 0.1 -0.2 to 2.0 m thick. In 

-· e uppermost parts they contain cherty nod
es. The lower and the upper boundary of the 

ormation are sharp and conformable in the 
died section. The fossil content of the 

Drugan Fm. - planktonic organisms as Radio-
·ans, Globochaetids (?), Bivalvia - Bositra 

. buchi and calcareous nannoplankton 

(Ellipsagellosphaera lucasi, E. britanica, Watz
naueria barnesae, W biporta, Cyclagellospha
era margerelii), clearly suggests a deep-marine 
hemipelagic to pelagic depositional setting -
periplatform ooze. The carbonates of Drugan 
Fm. are built of Bositra's filament rich 
packstone (H2) in the base and of clayey radi
olarian wackestones up section (spec. H4, 5, 6, 
8, 10, 1 Oa). The boundary between the Bositra' s 
and Radiolarian biofacies coincides almost 
completely with the boundary between the 
units 3 and 4. The recovered microfossils ex
hibit a wide stratigraphic range and thus 
couldn't fix precisely the age of the Drugan 
Fm. Its stratigraphic position between the 
Lower Kimmeridgian (Gintsi Fm.) and the 
Upper~Kimmeridgian (Neshkovtsi Fm.) conse
quently suggests a Middle Kimmeridgian age. 
The inferred depositional process is suspen
sion settling. 

5. Neshkovtsi Formation (thickness 20.5 
m)(Fig. 3, 4) 

It is built of calcareous shales to marls, grey 
to dark grey; the matrix consists (98-99%) of 
clay minerals and micro-grained calcite 
(soluble components - 30.75%). Often the 
matrix is strongly stained by Fe-oxihydroxides, 
preserved into the matrix as globules with di
ameter under 0.063 mm. The clastic compo
nents - quartz and feldspars are in insignifi
cant amount - about 1-2%. Their size is less 
than 0.063 mm. There are single muscovite 
flakes. 

The shales to marls are interbedded by 
thinbedded (5-1 0 em) clayey limestones, which 
often show ripple lamination. In the section in 
the locality Izvorite the calcareous shales to 
marls are interbedded by thin beds (5-20 em) 
of fine-grained sandstones with Chondrites 
furcatus. 

Nachev (1972, p. 41) interpreted these sedi
ments as "pre-flysh" and reported the follow
ing taxa: Subplanites cf. contiguus (Catullo), 
Berriasella sp. indet. and Punctaptychus sp. 
indet., assigned to the Lower Thitonian. 
CarryHoB et al. (1985) found Orthosphinctes sp. 
indet. and referred the Neshkovtsi Fm. in the 
studied region to the Middle Kimmeridgian
lowermost parts of the Upper Kimmeridgian. 
11BaHoB (in qyMaqeHKO et al., 2004) reported a 
rich ammonite association at 0.40 em above 
the base of the Neshkovtsi Fm.: Ptychophyllo
ceras ptychoicum (Quenstedt), Tararnelliceras 
(Taramelliceras) franciscanum (Fontannes), T. 
(T.) aff. pugile (Neumayr), Orthosphinctes cf. 
subdolus (Fontannes), 0. vandellii (Choffat), 
Virgataxioceras cf. setatoides (Berckhemer), 
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Hybonoticeras cf. pressulum Neumayr). Cal
careous nannofossils recorded from the same 
level comprise Ellipsagellosphaera lucasi, E. 
britanica, Watznaueria barnesae, W biporta, 
Cyclagellosphaera margerelii. Therefore a Late 
Kimmeridgian age is evidenced for the 
Neshkovtsi Fm. 

6. Bobovo Member of the Kastel Formation 
(Fig. 4-6) 

The Bobovo Mb. of the Kastel Fm. (CarryHoB 
et al., 1985) is developed in flysh facies - "a se
ries of shales and muddy sandstones" (after 
Studer, 1827). Nachev (1972, p. 42-43) charac
terized the sediments of Drugan (Staro selo) 
section as "terrigenous normal flysh built up 
of microconglomerates (0.5%), sandstones 
(31.5%), siltstones (26.4%) and clayey lime
stones (0.3%). The palaeocurrent directions 
are E-NE, frequently 70°". 

The sediments of Bobovo Mb. (319 m thick
ness in the measured section), consist of alter
nation of sandstones and mudstones. The 
sandstones are (1 a) thick bedded sandstones; 
here thick beds of conglomerates or breccia
conglomerate are described also; ( 1 b) thin 
bedded sandstones and ( 1 c) laminated sand
stones; usually alternating with (ld) thin beds 
of mudstones. The lower boundary of the 
Member is traced by the first occurrence of 
thick sandstone bed above the Neshkovtsi Fm. 
In some other localities in SW Bulgaria the 
upper parts of the Bobovo Mb. encompasses 
the Berriasian, but they are in complicated tec
tonic situation and have not a direct continu
ity from the Tithonian beds. 

(1) Sandstones 
(la) Thick-bedded sandstones. The thick

bedded sandstone (e.g. the specimen C-2- unit 
11 -base of the Kastel Fm., spec. C-5 -unit 
23, spec. C-14 - unit 84) are generally me
dium to coarse-grained (0.5-1 .0 mm), with bed 
thickness from 0.5 m up to 1.4-2.0 m. Rarely 
their thickness varies in horizontal direction (e. 
g. unit 23 - from 0.40 up to 1.20 m). In thin 
section they represent calclithite (spec. C2, 
unit 11) up to lithic arenite (spec. C5, unit 23). 
The texture is psamitic to coarse psamitic with 
mineral grains and lithoclasts among matrix. 
Clastic components vary from 55-60% to 95%. 
The mineral grains are represented domi
nantly by monocristaline quartz, feldspars (al
bite-oligoclase), biotite and muscovite, and 
litho clasts (siltstones to fine-grained sand
stones, phyllites, acid magmatic rocks, sili
cites, fragments from different limestones -
micritic, peloidal where the peloids are com
posed of microgranular calcite, recrystallized 
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bioclasts, single bioclasts, etc.). The matrix 
consists of micrograined calcite, often impreg
nated by Fe-oxide and hydroxides (spec. C-2, 
5) or of micrograined calcite and clay miner
als (spec. C-14, unit No 84). 

Unit 18 (thickness 0.50 m) is particular by its 
irregular thin bedding of fine- to medium
grained gray hybrid sandstones. In the basal 
part (specimen 018) the litho- and bioclasts 
sized 1-2 mm, rare up to 4x3 mm, and formed 
cc. 80% of the rock volume. The lithoclasts are 
predominantly of 2 types of limestones - deep 
and shallow water. The first group is structured 
by micrite with rare indeterminable bioclasts, 
and the last one - from peloidal limestones 
with many bioclasts from corals, briozoans and 
crinoids. The rock contain also rare ( cc 1%) ter
rigenous component from quartz. Their deter
mination is lithoclastic limestone (packstone or 
calcarenite). The specimen taken from the up
per part of the bed (spec. 019) show allochem 
cc. 65%; they are finer then in the basal part -
between 0,5-1,0 mm (coarse grained psamite) 
(normal upwards gradation of the clasts). The 
lithoclasts are also built by 2 type of limestones 
- deep and shallow water. Quartz, rare potas
sium feldspar and plagioclases, muscovite 
flakes represent the terrigenous grains ( cc. 5% ). 
The rock is determined as litho-bioclastic lime
stone (packstone or calcarenite). 

The thick-bedded or massive sandstones can 
be determined as debrite from lithofacial point 
of view, deposited by sandy debris flow. From 
the turbidite point of view they can be deter
mined as fluxoturbidite. In many cases the 
thick-bedded sandstones . are capped by hori
zontal (parallel) laminated, followed by 
ripple-laminated sandstones. This phenom
enon could be observed repeatedly only in 
sandstones ( 4 times in unit 70, 2 times in unit 
101, etc.). Analogous case is reported by 
Shanmugam & Moiola (1995, p. 688-689) and 
interpreted as "the lower massive sandstone 
units as deposited of sandy debris flow and the 
overlying parallel- or ripple-laminated units 
as deposits of bottom currents". From turbid
ite point of view we can have a fluxoturbidite 
which latter altered into distal turbidite, trun
cated in the base. 

From sequence stratigraphic point of view 
these thick-bedded sandstones build the 
Lowstand Systems Tract developed in the flysh 
facies sediments. 

(la.l) Unit 17 b (0.20 m) represents a special 
case - a matrix supported conglomerate con
taining calcareous clasts. The matrix is sandy 
and the clasts - of grey micritic limestone with 



size 0.5 em to 5-7 em. This conglomerate lies 
between the Transgressive and the Highstand 
Systems Tract. From the lithofacial point of 
view it is interpreted as pebble sandstone and 
from depositional process point of view 
(Shanmugan & Moiola, 1995, p. 685) it is a 
sandy debris flow. From turbidite point of 
view this is a fluxoturbidite, and from se
quence stratigraphic - we interpret it as a 
Maximum flooding surface. 

(1a.2) The unit 96 represents a breccia-con
glomerate (2.00 m thick), matrix supported 
built up by medium to coarse grained sand
stones (with matrix of clay minerals, strongly 
stained by Fe-oxihydroxides), and calcareous 
clasts - from 1 mm up to 1 00 mm, rarely up to 
25 em. The calcareous pieces - pebbles to 
cobbles, are light grey, micritic; but there are 
also clasts of belemnites, ammonites and 
single members of crinoids. There are pebbles 
of sandstones with convolutions (5-15 em) -
(re-deposited from another parts of the Kastel 
Fm.), and intraclastic limestones with diam
eter cc. 5-10 em and clasts in them smaller 
than 1 mm (close to Gintsi Fm. - C17). 
Lithofacies: matrix supported sandy debrite; 
depositional process: sandy debris flow. From 
sequence stratigraphic point of view this brec
cia -conglomeratic unit 1s interpreted as 
Highstand Systems Tract. 

(lb) Thin-bedded sandstones. The thin-bed
ded sandstones are similar to the thick-bedded 
ones, but form bed cc. 20 em thick. They build 
the Ta Bouma structural interval. The turbid
ites of complete Bouma sequences are rela
tively rare in the Staro selo (Drugan) section. 
Complete Bouma sequences exist in units 39, 
42, in the basal part of unit 81 , and in the 
middle part of unit 1 02. More common are the 
sequences with truncated Ta, Tb intervals, 
which are regarded by Shanmugan & Moiola 
(1995) as sandy contourites. From sequence 
stratigraphic point of view they construct the 
Transgressive Systems Tract. 

(lc) Laminated sandstones. The ripple and/ 
or parallel laminated sandstones build the Tb 
and Tc Bouma turbidite structural intervals, 
and usually alternate with relatively thin beds 
of mudstones. (a) Ripple-laminated and/or 
paralellaminated sandstones (spec. C 7, C 10, 
C 12, C 75). They alternated with mudstone 
(marls tojor calcareous argillite). The lami
nated sandstone form beds of 0.05-0.10-0.30 m 
thick, or capped thick-bedded sandstones. 
The laminated rocks are arkose wacke (spec. C 
12) to calcareous arkose wacke (spec. C 7, C 
10, C 75). Their texture is psamoaleuritic to 

aleuropsamitic with subangular grains 
coarse aleurite to fine psamite; the ratio clastic 
component/matrix varies between 65%-80% I 
20%-30%. The microstructure is rippled or 
parallel and the clastic component consists 
predominantly of mineral grains (quartz, feld
spar, biotite and muscovite), and rarely rock 
fragments - micritic limestones. The matrix is 
clayey-calcareous (micro-grained calcite). 

(1d) Mudstones (spec. C 6, C 8, C 13, C 16, S 
8), alternate with the horizontal or rippled lami
nated sandstones are grey to dark-grey thin bed
ded (5-6 to 10-30 em), and represent ferriferous 
calcareous argillites (the soluble components 
are 38-39%). The matrix consists of clay miner
als and micro-grained calcite, strongly stained 
by Fe-oxihydroxides. Rare fine-grained quartz 
grains and muscovite flakes are observed. 

In some cases the mudstones (spec. C 6, C 8, 
C 13) become ferriferous calcareous argillites 
with clear lamination (ripple or horizontal), 
which can be observed only in thin sections. In 
these cases the matrix (clay minerals and mi
cro-grained calcite) is cc. 50%, the clastic 
components (mainly quartz with silt sizes) -
30% and Fe-oxihydroxides - 20%. The lami
nation is outlined by the presence of laminae 
rich in Fe-oxihydroxide globules alternating 
with laminae in which the clastic components 
prevail. In single case the calcareous argillites 
are interbedded by grey to brownish compact 
to fine-grained, ferriferous micritic limestones 
(insoluble components are 16.53% - 13.53 % 
- clay minerals and Fe-oxihydroxides and 
fine-grained quartz grains and muscovite 
flakes - cc. 3%). 

From lithofacial point of view the alterna
tion of mudstones and thin beds of fine grained 
sandstones is (Shanmugan & Moiola, 1995, 
etc.) interpreted as pelagic/hemipelagic set
tling of mud in deep-water environment re
worked by bottom currents, and the sands are 
results of reworked material, deposited in thin 
beds of horizontal or ripple laminated sand
stone. From turbidite point of view this alter
nation of laminated sandstones and mud
stones represents truncated or base cut out 
turbidites. From sequence stratigraphic point 
of view they structure generally the Transgres
sive Systems Tracts of third order depositional 
sequences. 

(2) Thick beds of mudstones. The thick beds 
of mudstones are of two types: (2a) pure mud
stones (without clasts) and (2b) mudstones 
with floating clasts. 

(2a) Pure mudstones represent ferriferous 
marls (spec. S7, C11) to ferriferous calcareous 

45 



argillites (spec. CIS), grey to brown; the matrix 
is composed mainly of micro-grained calcite 
(cc. 55%) and clay minerals. The insoluble 
components are represented by fine muscovite 
flakes and prolonged Fe-oxihydroxide globules, 
situated parallel to the bedding surfaces. In 
some cases grains of quartz (with sizes under 
0,063 mm), and flakes of mica, arranged 
parallely (spec. CIS) take part in the insoluble 
components also and show the presence of con
volutions (not visible without microscope). The 
mudstones build beds thick 4-Il m, some times 
laminated in the basal parts (fig. 5, unit 61). 

(2b) Mudstones with floating clasts (spec. 
C4, S 5, units 17c, 71c). Mudstones represent 
ferriferous marls (the soluble component 
(spec. S5) is up to 62.86% with matrix mainly 
composed of micro-grained calcite and clay 
minerals), grey to dark-grey. They contain 
many floating clasts included in the matrix. 
The clasts are mainly from limestones and 
rarely from debrites redeposited from the 
Kostel Fm. The clasts are cobbles to boulders 
(size- 5-20 em, 20-80 em, 0.60-2.00 m up to 3 
m) angular to subrounded. The limestones are: 
(a) grey to pink nodular (spec. Hl , 025, 026), 
with sections of small ammonites (similar to 
those in the Gintsi Fm.), (b) micritic, radiolar
ian, similar to the Drugan Fm.- (spec. H2, H4, 
H5, H6, H8, HIO, lOa, C3, 023, 024), (c) 
biodetritic, with oncolithes, similar to the 
Polaten Fm. (spec. 02I , 022, 027, 028); (d) as 
clasts came single ammonites, not compressed 
- probably from the destructuted Gintsi Fm, 
prealable solidificate - allochtonous (Plate 
III, fig. 3; Plate IV, fig. 1). In the matrix there 
are also ammonites, but compressed (Plate III, 
fig. 4), interpreted as autochtonous (simulta
neously sedimented as mudstones and diage
netically compressed) - Virgatax ioceras seta
tum (Schneid) - index of the uppermost am
monite subzone of the Upper Kimmeridgian. 

In unit I7 (1 0.50 m) there is the following 
superposition: 

-------- Sharp boundary------------
17d (0.50 m) Fine pebble calcareous con

glomerate (rudstone or calcirudite), grey
greenish, contaning many pebbles of grey, 
micritic limestones, well rounded (0.2-1 mm), 
matrix supported (spec. 015); in the upper part 
there are also fine pebble calcareous conglom
erate (rudstone or calcirudite) (Plate III, fig. 5) 
lithified irregularly and have the aspect of 
blocks (cc. 0.20 m) (spec. 016), probably diage
netically formed. 

-------- Transitional boundary-------
17c (1 0 m) Marls, grey, dark-grey to grey-
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greenish, containing many clasts of limestones 
(Plate III, fig. 2). 

In unit 71 c-d the superposition is: 
71d (3.0 m) marls without clasts 
71c (6.0 m)- marls with clasts (1-3m) pre

dominantly of clastic limestones (closed to the 
Gintsi Fm.) 

From lithofacial point of view the mudstone 
without clasts is (Shanmugan & Moiola, 1995, 
etc.) interpreted as pelagic/hemipelagic set
tling of mud in deep-water environment. The 
mudstone with floating clasts can be inter
preted as mudy debris flow (Shanmugan & 
Moiola, 1995). From sequence stratigraphic 
point of view we report the mudstones without 
clasts and with floating clasts at the Highstand 
Systems Tracts of third order depositional se
quences. 

In the marls of unit 17c we found Virga
taxioceras setatum (Schneid) (Plate III, fig. 4) -
index of the uppermost ammonite subzone of 
the Upper Kimmeridgian which confirms the 
late Kimmeridgian age of the lower parts of the 
Bobovo Mb. proved by CanyHoB et al. (1985). 

Calcareous nannofossil study of the Bobovo 
Mb. revealed the presence of Lower, Middle 
and possibly (?)Upper Tithonian. The Kimme
ridgian f Tithonian boundary is traced by the 
first occurrence (FO) of Conusphaera mexi
cana mexicana and Faviconus cf. multicolum
natus registered in the spec. C 05. The Lower 
Tithonian nannofossils associations are char
acterized by abundant representatives of the 
genera Cyclagelosphaera, Ellipsagellosphaera, 
Watznaueria and Conusphaera. The lower part 
of Middle Tithonian is evidenced by the FO of 
Polycostella senaria (spec. C 12), whereas the 
upper part of Middle Tithonian is undoubt
edly proved by the FO of the zonal index-spe
cies Umbria granulosa minor in the spec. C 15 
(Bralower et al., 1989). The presence of the 
Upper Tithonian in the uppermost part of the 
flysch succession is supposed, but not yet 
proved definitely. This assumption is based on 
the occurrence of Nannoconus wintereri and 
Nannoconus sp. indet. in the spec. C 20. Thus, 
calcareous nannofossils offer a relatively good 
stratigraphic resolution for subdivision and 
correlation of the Upper Kimeridgian-Titho
nian flysch sediments. 

Sequence stratigraphic 
interpretation 

The sequence stratigraphic analysis ts mtro
duced by Sloss (1963), but has been developed 



by the research of EXXON group. The hierar
chy of the sequences is . according to their or
der - I-st, n-nct, IIJ-'ct, IV-th, etc. For the nomina
tion of the I-st order sequences the names of 
North American Indian tribes as Absaroka, 
Zuni, etc. are used. Their further subdivision 
includes the terms "Lower" and "Upper", for 
example Upper Absaroka, etc. followed by 
number- 1, 1.3, etc. (Haq et al., 1988). By this 
way the hierarchy of the order of sequences is 
clear. Hardenbol et al. (1998) used another 
system - they gave to the sequence the index 
of the stage, where the lower sequence bound
ary is situated - Toa 1, Toa 2, etc. for the 
Toarcian sequences. Unfortunately, these au
thors didn't designate the sequences of highest 
order - l't, 2"d etc. order. 

We accept the designation of the lower or
der sequences used by Hardenbol et al. (1998) 
for correlation of the Bulgarian sequences 
with the West European ones. Different vol
ume of years for the definition of the order of 
one sequence are proposed in the literature -
e.g. for the sequences of III'ct order - Vail et 
al. (1977) used 1-10 Ma, Vail et al. (1991)-
0.5-3 Ma, Mitchum, Van Wagoner (1991) -
1-2 Ma. We use another criterion for the de
termination of the order of the sequences -
lowermost sequences enter in the framework 
of the higher order sequences. For example -
the IYth order sequences are part of the In-rct 
order sequences, which are individualized on 
the background of the n-nd order sequences, 
and these of n-nct order - are part of the I-st 
order sequence. 

The Bulgarian Lower and Middle Jurassic 
fauna, especially ammonites (Sapunov, 1976a, 
b, 1977 a, b), etc. possesses the links to the 
Northwestern European (BorealjSubboreal) 
bioprovince and the Upper Jurassic- with the 
Southwestern European (TethyanjSubmedi
terranean) bioprovince. Thus we correlate the 
two parts of the Bulgarian Jurassic sequence 
stratigraphic scheme with the corresponding 
Western European sequence stratigraphic 
standards of Hardenbol et al. (1998). 

The Jurassic sediments of Western Bulgaria 
are divided by Tchoumatchenco, Lakova 
(1994) into two 1st order sequences. The lower 
one is Hettangian-Lower Callovian (Tchou
matchenco, 2002) and the upper one -
Middle Callovian-Berriasian. The Hettangian
Lower Callovian Sequence is subdivided into 
two 2"ct order sequences - Hettangian-Lower 
Toarcian and Upper Toarcian-Lower Callo
vian. The Middle Callovian-Berriasian se
quence is subdivided as well into two 2"ct order 

sequences: Middle Callovian-Oxfordian and 
Lower Kimmeridgian-Berriasian. 

In the studied section of the 1st order Hetta
ngian-Lower Callovian sequence only part of 
the upper 2"ct order - Upper Toarcian -
Lower Callovian sequence is present; Middle 
Callovian-Berriasian sequence is represented 
also by parts of the upper 2"ct order sequence. 
In both cases the two lower 2"ct order sequences 
are not deposited. 

Usually, as noted Jan du Chene et al. (1993) 
"besides facies type, it is to a large part the geom
etry of the carbonates and the marlstones beds as 
well as the vertical changes in their relative 
thicknesses that allow the proposal sequential 
subdivision of the studied section". In our prac
tice we used this criterion for the delimitation of 
the depositional sequences between them. 

We have divided the systems tracts in the 
carbonate rocks following the criterion: the 
Lowstand Systems Tract is characterized by 
the predominance of thick bedded limestones; 
the Transgressive Systems Tract is individual
ized on the base of dominance of thin-bedded 
limestones in alternation with marls or marly 
limestones; in the Highstand Systems Tract the 
clayey limestones dominated in relatively 
thick, but not well individualized, beds. 

The criterion followed for the individualiza
tion of the system tracts in one depositional se
quence in the flysch sediments is: the Lowstand 
Systems Tract is individualized by the predomi
nance of the thick beds of sandstones; the 
Transgressive Systems Tract is individualized 
according to the predominance of alternation 
of marls and thin beds of sandstones; the 
Highstand Systems Tract is individualized ac
cording to the dominance of marls/calcareous 
argillites. 

We use the following manner of the number
ing of the 3rd order depositional sequences: 
Index StS (Staro selo ), followed by the respec
tive number (No 1-27), and in the brackets -
index of the relevant West European sequence 
(Hardenbol et al., 1998). 

Description 
of the depositional 
sequences 

Hettangian-Lower Callovian pt order deposi
tiomil sequence 

Hettangian-Lower Toarcian 2"ct order depo
sitional sequence - not deposited in the stud
ied area. 
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PLATE I 

1. Gradets Fm., Unit II-0, Nikolchov Dol Valley, Staro selo Village, StS 1 (Bj 5) 
2. Unit II-1 - Polaten Fm.; Nikolchov Dol Valley, Staro selo Village; tick bedded limestones, LST of StS 2 (Bat 0) 
3. Polaten Fm., Unit II-2, relatively thin bedded limestones - TST of StS 2( Bat 0) 
4. Polaten Fm., Unit II-3, HST of StS 2 (Bat 0) 
5. Polaten Fm., Unit II-3, HST of StS 2 (Bat 0) - detail with the brachiopods Druganirhynchia nevelinae 
6. Polaten Fm., Unit II-3, detail with oolithic limestones, HST, StS 2 (Bat 0) 
7. Unit II-4, relatively thick bedded limestones; LST of StS 3 (Bat 1) 
8. Polaten Fm., Unit II-5- thin bedded limestones, TST of StS 3 (Bat 1) and clayey limestones. Unit "II-6" - HST 

of StS 3 (Bat 1) 

PLATE II 

1. Polaten Fm., Unit II-7 -relatively thick bedded limestones, with pot holes and LST of StS 4 (Bat 2), and the 
boundary (with the unrolled meter) with the Gintsi Fm. (Unit 1), Lower Kimmeridgian, LST of StS 5 (Kim 2) 

2. Upper surface of the Polaten Fm., with pot holes with boulder of quartz in them and ichnofossils igen. & sp. indet. 
- SB of StS 5 (Kim 2) 

3. Gintsi Fm., LST of StS 5 (Kim 2) 
4. Gintsi Fm. (Unit 1, LST of StS 5 and the boundary with Unit 2- Drugan Fm.- TS and TST of StS 5 (Kim 2) 
5. Unit 4, Drugan Fm., LST of StS 6 (Kim 3) 
6. Unit II, Drugan Fm., TST of StS 7 (Kim 4) 
7. Unit 13, Drugan Fm., MFS of StS 7 (Kim 4) and the boundary with Unit 14, Neshkovtsi Fm. 
8. Unit 16, Bobovo Mb. of Kostel Fm.- thick bedded sandstones, LST of StS 8 (Kim 5) 

PLATE III 

1. Unit 17a, Bobovo Mb. of Kostel Fm., thin bedded sandstones and mudstones, TST of StS 8 (Kim 5) 
2. Unit 17c, Bobovo Mb. of Kastel Fm., thick bedded mudstones with floating boulders, HST of StS 8 (Kim 5) 
3. Allochthonous boulder of the Late Oxfordian ammonite Sowerbyceras cf. tortisulcatum (d'Orbigny) in Unit 17c 
4. Virgataxioceras setatum (Schneid), Upper Kimmeridgian, Virgataxioceras setatum Subzone, Hybonoticeras becken 

Zone, Upper Kimmeridgian, Unit l7c, autochthonous 
5. Unit 17d (sample 015), Bobovo Mb. of Kostel Fm., with out cement- HST of StS 8 (Kim 5) 
6. Unit 17d (sample 016), Bobovo Mb. of Kastel Fm. - with rich cement- HST of StS 8 (Kim 5) 
7. Unit 19, Bobovo Mb. of Kastel Fm. - alternation of thin bedded laminated and rippled sandstones and mud

stones, Nikolchov Dol Valley, TST of StS 9 (Til.l) 
8. Unit 19, Bobovo Mb. of Kastel Fm.- detail of fig. 7, showing rippled laminated sandstones and mudstones 

PLATE IV 

1. Allochthonous boulder of Taramelliceras (Taramelliceras) pugile (Neumayr), Middle and Upper Kimmeridgian in 
Unitl7c . 

2. Unit 26, Bobovo Mb. of Kastel Fm., laminated mudstones, lower part of TST of StS 11 (Ti 1. 3) 
3. Unit 38, Bobovo Mb. of Kostel Fm., thick bedded sandstones- LST and Unit 39- thin bedded sandstones and 

mudstones - TST of StS 12 (Ti 1.4) 
4. Unit 33, Bobovo Mb. of Kostel Fm. - thin bedded sandstones and mudstones - StS 11 (Ti 1.3) and Units 34 and 

35 -dominantly thick bedded sandstones - LST of StS 12 (Ti 1.4)· 
5. Unit 33, Bobovo Mb. of Kostel Fm. - rippled laminated sandstones, TST of StS 11 (Ti 1.3) 
6. Units 39, 40, 41, 42, Bobovo Mb. of Kostel Fm.- relatively thin bedded sandstones and mudstones- TST of StS 

12 (Ti 1. 4) 
7. Unit 48, Bobovo Mb. ofKostel Fm.- relatively thick bedded sandstones and mudstones- LST ofStS 13 (Ti 1. 5) 
8. Units 50, 51, 52a, b, Bobovo Mb. of Kastel Fm. -dominantly relatively thick bedded sandstones, interbedded by 

thin beds of mudstones and/or thin beds of sandstones- TST of StS 13 (Ti 1.5) 
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Upper Toarcian-Lower Callovian 2nd order 
depositional sequence. 

2nd order Highstand Systems Tract (Low
stand and the Transgressive Systems Tracts are 
not deposited). 

3rd order depositional sequences 
Gradets Formation 
Depositional sequence StS 1 ( = Bj 5) 
The SB represents the transgressive contact 

of the Gradets Fm. over the Upper Triassic 
sediments. 

LST (1.0 m)(I1-0- fig. 3)(Plate I, fig. 1) 
Represented by a bed (1 m) of medium to 

fine-grained sandstone (spec.01) in the base, 
which grade to sandy bioclastic limestone 
(packstone to rudstone) in the upper part 
(spec.02). These sediments represent a calcar
eous sandy debrite. The upper boundary of the 
bed is not exposed. 

The TST and HST are eroded(?). 
Polaten Formation 
Depositional sequence StS 2 (=Bat 0) 
SB 
The SB is not exposed. We deduce the pres

ence of SB by the presence of lithoclasts in the 
beds of the LST. 

LST (2.0 m)(11 -1 - fig. 3) (Plate I, fig. 2) 
It is built of relatively thick bedded (0.70-

0.80 em) gray, sandy intraclastic limestones 
(grainstones) (spec.03) (SMF 18), thick cc. 2.00 
m. They contain well rounded allochems ( cc. 
2.0 mm), predominantly composed of intra
clasts, built of: (a) micritic limestones with 
grains of quartz andjor small gastropods -
probably the micrite is with bacterial-algal 
genesis; (b) peloidal limestones with rare 
oncoids with nucleus of grains of quartz or 
bioclast and concentric laminae; (c) rare 
bioclasts of corals and Tubiphytes. The terri
geneous component is of rounded or sub 
rounded quartz- 1.0-2.0 mm- coarse psarnite. 
Here Protopeneroplis striata Wyenschenk is 
found (range Bajocian-Tithonian). 

We interpret the lithoclasts as coming from 
eroded parts of the Polaten Fm. 

TS 
The Transgressive Surface is expressed by the 

change of the character of the sediments. 
TST (2.20 m)(11-2 - Plate I, fig. 3) 
Built of discontinous-bedded (channeli

zed?) grey limestones (packstones ), and thin
bedded limestones with small biodetritus. 

MFS 
It is expressed by the change of the sedi

ments. 
HST (2.50 m)(l1-3- fig. 3)(Plate I, figs. 4, 5, 6) 
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Limestones, grey, thick-bedded, biodetritic -
from bivalves and brachiopods. The biodetritus 
construct irregular forms. In the basal parts 
(spec.03) the limestones are peloidal with rare 
oncoids (packstones) and in the central parts 
(spec.OS) peloidal-oncoidal limestones (pack
stone to rudstone) (SMF 16). Druganirhynchia 
nevelinae Tchoumatchenco and Trocholina 
palastiniensis Henson (range Bathonian) were 
found there. 

Depositional sequence StS 3 (=Bat 1) 
SB 
It is expressed by the change of the sedi

ments and the presence of intraclasts in the 
sediments of the LST. 

LST (2.0 m)( 11-4- fig. 3)( Plate I, fig. 7) 
Limestones, peloidal (packstones) grey, 

thick-bedded. At the base (spec.06) they are 
peloidal with rare bioclasts and oncoids, and 
intraclasts with bioclasts (redeposited bio
clastic limestones (SMF 18). In the upper parts 
(spec.07) they become cortoid-peloidal lime
stones (SMF 18). In spec. 06 - Patellina douvi
llei Said & Barakat (range Bathonian). 

TS 
It is expressed by the change in the sedi

ments. 
TST (4.0 m)(l1-5 -fig. 3) (Plate I, fig. 8) 
Built of an alternation between marly (to 

marls) peloid-oncoidal dark gray limestones 
(packstone to rudstone) (spec. 09) and micrite 
limestones with peloids and rare bioclasts and 
oncoids (wackstones) (spec. 08); they are dis
continuous - bedded (channelized?).(SMF 
18). 

MFS 
It is expressed by the change of the sedi

ments. 
HST (5.0 m) (115 - fig. 3) (Plate I, fig. 8) 
The systems tract is built of unclear thick

bedded oncoid-peloidal limestones with bio
clasts and oncoids (packstones) (spec. 01 0) 
(SMF 18) 

Depositional sequence StS 4 (=Bat 2) 
LST (1.5 m)(l1-7 - fig. 3) (Plate II, figs. 1, 2) 
Peloidal limestone with rare bioclasts and 

oncoids (packstone) (spec. 011), and some 
intraclasts from brown micrite, some times con
taining small and undistinct bioclasts (SMF 18). 

TST and HST - eroded 
The upper boundary of the Polaten Fm. rep

resents a hardground with many ichnofossils 
and erosional pots with pebbles of quartz ( 4x6 
em) in them and fulfilled with coarse-grained 
sandy limestones - packstone to grainestone 
(spec.017)(fig. 3)(Plate II, fig. 2). 



Middle Callovian-Berriasian pt order depo
sitional sequence 

Middle Callovian-Oxfordian 2nd order depo
sitional sequence - not deposited in the stud
ied section 

3rd order depositional sequences 
Gintsi Formation 
Depositional sequence StS 5 (=Kim 2) 
SB 
It is represented by the surface of hard 

ground and the submarine break in the sedi
mentation between the Polaten Fm. (Middle 
Bathonian) and the Gintsi Fm. (Lower Kim
meridgian) 

LST (0.80 m) (n° 1, fig. 3) (Plate II, figs. 3, 4) 
Grey to pinkish nodular limestone to calcar

eous conglomerate built of lithoclasts and/or 
bioclasts - ammonites, belemnites. The litho
clasts represent filament-rich wackstones to 
packstones - micritic matrix - 40-50% and 
allochemes - 50-60% predominantly by fila
ments of Bositra and rare spicules of calcified 
radiolarians (spec.Ol3, 014). Foraminifers: Cor
nuspira orbicular, Ophthalmidium sp. indet., 
Lenticulina sp. indet., Lingulina sp. indet., Epi
stomina sp. indet. 

TS (Plate II, fig. 4) 
It is expressed by the change in the sedi

ments. 

Drugan Formation 
TST (5.20 m)(n° 2a,b, 3 - fig. 3), (Plate II, fig. 4) 
In the base - limestones enriched in filaments 
of Bositra (packstone), grey, thin-bedded (cc. 
--6 em) in alternation with calcareous marls 
(cc. 2-4 em) (spec. H 2), and in the upper part 
- thin bedded micritic limestones (filament 
rich packstone). Nannofossils: Ellipsagello
sphaera lucasi, E. britanica, Watznaueria barne
sae, W biporta, Cyclagellosphaera margerelli, C. 
deflandre f. 
:\1FS and HST - are not preserved 
Depositional sequence StS 6 (=Kim 3) 
SB. It is expressed by the change of the lime
stones' thickness. 
LST (2.3 m) (n° 4 - fig. 3) (Plate II, fig. 5) 
Grey clayey limestones with calcified radiolar
. ns (clayey radiolarian wackestones) in beds 
of 30-40 em (spec. H 4). 
TS 

is expressed by the change of the sediments. 
TST (2.3 m) (n° 5, 6, fig. 3). 
Limestones, fine-grained, 0.4 - 0.5 m thick at 
- e base, interbedded by thin beds (3-4 em) of 

arls, and in the upper part- thick 20-30 em 
· terbedded also by thin beds (2-5 em) of marls 
mudstone and wackstone). They are rich in 

nnofossils. Nannofossils: C. dejlandrei, W 

biporta, W barnesae, E. britanica, E. lucasi. 
MFS 
It is expressed by slight change in the sedi
ments. 
HST (2.20 m) (n° 7 and 8a) 
Limestones, clayey, grey, thin-bedded (10-15 
em) with calcified radiolarians (clayey radi
olarian wackstone - spec. H 5, 6). Nannofo
ssils: C. dejlandrei, C. margerelii, W barnease, 
E. britanica. , 
Depositional sequence StS 7 (=Kim 4) 
LST (1. 70 m) (n° 8b, c, 9a, fig. 3) 
Limestones, grey, relatively thick-bedded (n° 
8b and 9a) intercalated by relatively thinner 
beds (no 8c). Nannofossils: C. deflandrei, W 
biporta, W. barnease, E. britanica, E. lucasi. 
TST (5.60 m) (n° 9b, 10, 11, 12) (Plate II, fig. 6, 
bed 11) 
Alternation of thin-bedded (5-1 0 em) grey clayey 
limestones, containing many calcified radiolar
ians (clayey radiolarian wackstones) and cal
careous marls (2-3 em) (beds 9b, 10, 11) (spec. 
H 8); and in the upper part (bed 12) they be
come thin bedded (1 0 em) clayey limestones
with chert concretions (3-4 x 2 em): C. marge
relii, C. dejlandrei, E. britanica, E. lucasi. 
MFS (0.25-0,30 m) (n° 13) (Plate II, fig. 7) 
Bed 13 is interpreted as MFS the (0.25-0.30 m) 
- clayey limestones (clayey radiolarian wacks
tone) (spec. H 10). Its lower boundary is irregu
lar; and upwards limestone turns into cross
bedded laminated limestone. The bed 13 con
tains interrupted lenses of grey-blackish chert 
- 20-30 em long and 2-3 em thick. The upper 
boundary of bed 13 is horizontal and concor
dant (Plate II, fig. 7). 
N eshkovtsi Formation 
HST (12.8 m) (n° 14) 
Marls grey-greenish, irregularly thin-bedded, 
with rare thin beds (2-3 em) of calcareous 
marls, some with cross stratification (deposi
tional process - suspension settling reworked 
by bottom currents or by distal turbidites. At 
0.40 m above the lower boundary of bed 14 
crops out a bed rich in ammonites (11BaHOB in 
qyMaqeHKO et al., 2004): Ptychophylloceras 
ptychoicum (Quenstedt), Taramelliceras (Tara
melliceras) franciscanum (Fontannes), Tara
melliceras (T) aff. pugile (Neumayr), Ortho
sphinctes cf. subdolus (Fontannes), 0. vandellii 
(Choffat), Virgataxioceras cf. setatoides (Berek
herner), Hybonoticeras cf. pressulum (Neu
mayr), as well as rich nannofossil association: 
Ellipsagellosphaera lucasi, E. britanica, Watz
naueria barnesae, W biporta, W manivitae, 
Cyclagellosphaera margerelli, C. defiandrei, 
Cyclagelosphaera sp. 
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In the Izvorite section, east from the village of 
Staro selo, the intercalations are of fine
grained sandstone. 
Kostel Formation, Bobovo Member 
Depositional sequence StS 8 (=Kim 5) 
SB 
Sharp boundary between the marls of the 
Neshkovtsi Fm. and the first sandstone bed of 
the Bobovo Mb. 
LST (7.60 m) (n° 15a-e, 16; fig. 4) (Plate II, fig. 
8- bed 16) 
Sandstones, thick-bedded (n° 15a, 15c, d, 16) 
and thin-bedded (n° 15b) or rippled (n° 15e ). 
The LST begins by a bed of calclithite with very 
fine to fine-grained (psamitic) texture (spec. C 
2). The rock is composed of 40-45% matrix -
micro-grained calcite and 55-60% clastic 
component - mineral grains (monocrystalline 
quartz, feldspars (predominantly albite), bi
otite and muscovite, etc) and rock fragmens 
(micritic limestones): Orthosphinctes sp. indet.; 
W barnesae, W biporta, Cyclagelosphaera sp. 
1, Cy. dejlandrei, Ell. britannica. 
TST (2.0 m) (n° 17a)( Plate III, fig. 1) 
Marls to calcareous argillites intercalated by 
thin bedded very fine-grained sandstones with 
horizontal or rippled lamination. 
MFS (0.60 m) (n° 17b) 
As MFS are individualized sandstone, which 
in the upper part becomes matrix supported 
sandy debrite with rounded calcareous clasts 
(pebbles) 

HST (11.1 m) (n° 17c, d; fig. 4) (Plate III, figs. 2, 
3, 4, 5, 6) 
HST-1 (10.30 m) (n 17c; fig. 4) (Plate III, figs. 2, 
3, 4; Plate IV, fig. 1) 
Marls, grey to dark-grey. They contain many 
blocks of limestones with dimensions - 5 x 20 
em, 20 x 80 em, 0,60 x 2,00 m; some of them 
are nodular (spec. H-1, 025, 026), with sections 
of small ammonites (similar to those from the 
Gintsi Fm.), other are micritic radiolarian (simi
lar to those from Drugan Fm.- (spec. H-2, 4, 5, 
6 8, 10, 1 Oa, C- 3, 023, 024), or biodetritic with 

oncolithes (similar to those from Polaten Fm. 
(spec. 021, 022, 027, 028). As small blocks 
came single ammonites, redeposited probably 
from the Gintsi Fm (allohtonous): Sowerbi
ceras cf. tortisulcatum ( d'Orbigny)(Plate III, 
fig. 3), Taramelliceras (Taramelliceras) pugile 
(Neumayr)(Plate IV, fig. 1) etc. These blocks 
are clearly included in the matrix, which con
sists of ferriferous marls (soluble components 
are up to 63%) (spec. C 4). In the marls there are 
also ammonites, compressed (simultaneous 
with the sedimentation - autochthonous) -
Virgataxioceras setatum (Schneid) (Plate III, fig. 
4). Nannofossils: Cy. margerellii, W barnesae, 
W biporta (many), Ell. britannica, Cyclage
llosphaera dejlandrei (many) (spec. C 4). 
HST-2 (0.80 m)(n° 17d; fig. 4) (Plate III, figs. 5, 6) 
Fine pebble calcareous conglomerate (rudsto
ne or calcirudite), grey-greenish, containing 
many pebbles of grey, micritic limestones, well 
rounded (0.2-1mm), matrix supported (spec. 
015). In the upper part they are also fine 
pebble calcareous conglomerate (rudstone or 
calcirudite) solidificated irregularly and with 
blocky aspect (cc. 0,20m) (spec. 016), probably 
diagenetically formed. 
Depositional sequence StS 9 (=Ti 1.1) 
SB-sharp, irregular boundary. 
LST (0.80 m)(n° 18, fig. 4) 
Lithoclastic limestone (packstone or calca
renite - the particle size is 1-2 mm but single 
are up to 4 mm), grey-greenish, rich in musco
vite, containing also . calcareous pebbles (spec. 
018). In the upper part they are litho-bio
clastic limestones (packstone or calcarenite) 
- the clasts are between 0.5-1.0 mm, in rare 
cases up to 1 ,5mm (spec. 019). The rock is nor
mal grading upwards. 
TS - sharp boundary. 
TST (12,65 m) 
TST-1 (1.60 m)(n° 19, fig. 4) (Plate III, figs. 7, 8) 
Marls, grey to dark grey, laminated, interca
lated by thin beds of very fine-grained sand
stone with rippled lamination. 

Fig. 4. Sedimentological log of the Jurassic exposed in Staro selo village, along the escarp of the road Sofia-Dupnitsa 
A .. Formation (Member) and thickness; B. Depositional Sequences; C. Systems Tracts: LST - Lowstand Systems Tract; 
TST - Transgressive Systems Tract; HST - High Stand Systems Tract; MFS - Maximum Flooding Surface; D - Units 
~umber; E & F - Lithology, and location of Samples: C I -C II , S I - S 8, 20 - 29; G: Lithofacies: HP - pelagite/ 

emipelagite, SD - sandy debrite, MSD - matrix supported sandy debrite (with calcareous clasts), MD - -muddy debrite, 
~fSMD - matrix supported muddy debrite (with floating dominantly calcareous clasts), ST-siliciclastic turbidite, SC -
sandy contourite; H. I. sandy debris flow, 2. muddy debris flow, 3. suspension settling reworked by bottom currents, 4. 
9liciclastic turbidity flow, 5. suspension settling; I. Turbidite Structural Interval: FL - fluxoturbidite, Ta-c - complete 
Bouma turbidite, Tb - horizontal laminated Bouma interval, Tc - rippled laminated Bouma interval, Th-e - horizontal 

d rippled Bouma intervals, P/HP - pelagitefhernipelagite, P{Ib - pelagitefhemipelagitefcrossed by Tb turbidite interval, 
P c - pelagitefhemipelagite, crossed by Tc turbidite interval, PfTh-c - pelagitefhemipelagite, crossed by Th-e turbidite in
retVals, WF - wild flysch (mudstone fpelagite, with floating clasts) 
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Explanations - as for fig. 4 
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TST - 2 (3.20 m)(n° 20, fig. 4) 
Three Bouma siliciclastic sequences. 
TST- 3 (2.40 m)(n° 21,fig. 4) 
Argillites to marls (0,80-1 ,0 m), laminated and 
intercalated by thin beds (3-4 to 10 em) of very 
fine-grained, horizontal or rippled laminated 
( cc. 6 mm) sandstones 
TST- 4 (5.45 m) (n° 22, fig. 4) 
Alternations of silty argillites, slightly calcare
ous, and very fine to medium-grained sand
stones, often with horizontal or rippled lami
nation. 
HST - not represented. 

Depositional sequence StS 10 ( =Ti 1.2) 
SB- sharp boundary. 
LST - (1.20 m)(n° 23, fig. 4) 
Sandstones, limy, (spec. C5) coarse to very 
coarse-grained, consisting of quartz (the pre
dominant component), feldspars and fernie 
minerals and rock fragments from siliciclastic 
rocks, peloid limestones and bioclasts prob
ably of recrystalized crinoids and Tubiphytes. 
The matrix is clayey, in insignificant amount 
( cc. 20% ). The thickness changes in horizon
tal direction. The recovered nannofossils are 
Conusphaera mexicana mexicana, Conuspha
era mexicana minor, Cy. margerelli, Cy. 
dejlandrei, Watznaueria barnesae, W biporta, · 
Ell. britannica, Faviconus cf. multicolumnatus 
(spec. C 5). 

TS-sharp boundary. 
TST (4.0 m) (n° 24, fig. 4) 
.-\lternation between argillites (50-60 em) and 

e-grained sandstones (3-4 em), often with 
"ppled lamination. 

HST - not represented. 

Depositional sequence StS 11 (= Ti 1.3) 
SB - sharp lithological boundary. 

T (2.00 m)(n° 25, fig. 4) 
Sandstones, coarse-grained (0.5-1 mm), mono-
.th (thickness 0.40-0.80 m). 

TST - (11 m)(n° 26-33, fig. 4) 
TST - 1 (2.40 m) (n° 26, fig. 4)(Plate IV, fig. 2) 
Argillite, dark-grey, thin laminated, ferrifer

, limy, with rare fine-grained quartz grains 
d muscovite flakes (spec. C 6), intercalated 
' thin beds of rippled laminated fine-grained 

sandstones: Cyclagellosphaera margerelli, Cy. 
dejlandrei, W barnesae, W biporta, Ell. bri
, ica. 

T-2 (8.60 m) (n° 27-33, fig. 4) 
- ternation between calcareous marls (spec. C 

and sandstones, fine-grained, often with 
·. pled lamination (thickness 5-25 em) (spec. 

C 7)~ some of the sandstone beds are thick up 
,.. 0.45 m. 

HST - not represented. 
Depositional sequence StS 12 (=Ti 1.4) 
LST - 1 (1.40 m)(n° 34, fig. 4) 
Sandstones, fine to medium-grained, mono
lithic. 
LST-2 (0.75 m)(n° 35, fig. 4) 
Alternation between fine-grained, horizontally 
and rippled laminated sandstones (0.04-0.11 
m) and blackish marls. 
LST-3 (0.80 m) (n° 36, fig. 4) 
Sandstones: (a) 0.55 m- fine-grained, massive; 
(b) 0.15 m- horizontally laminated (c) 0.10 m 
- rippled laminated. 
LST-4 (0.80 m)(n° 37, fig. 4) 
Marls, to limy argillites, grey-blackish, thin 
laminated. 
LST-5 (1.35 m)(n° 38, fig. 4) (Plate IV, fig. 3) 
Sandstones, 3 beds fine-grained (0.25 m, 0.50 m, 
0.40 m), with flute casts on the soles, separated 
by marls (8-1 0 em) grey-blackish, laminated. 
TST (8.20 m)(n° 39-45, fig. 4) (Plate IV, fig. 3) 
TST- 1(1.40 m) (n° 39, fig. 4)( Plate IV, fig. 6) 
Marls, laminated, grey-blackish (0.05-0.20 m) 
intercalated by sandstone, very fine-grained, 
with horizontal and/or rippled lamination 
(0.06-0.40 m) 
TST-2 (0.55 m) (n° 40, fig. 4) (Plate IV, fig. 6) 

Sandstones: (a) 0.30 m - medium grained, 
massive; (b) 0.08 m- laminated; (c) 0.07 m
rippled laminated. 
TST-3 (3.20 m)(n° 41, 42, fig. 4) 
Five Bouma siciclastic sequences - alterna
tion between sandstones and marls 
0.10 m- marls 
0.15 m - rippled laminated 
0.05 m - horizontally laminated 
0.25 m - monolithic. 
TST-4 (0.80 m) (n° 43, fig. 4) 
Marls intercalated by thin beds of fine-grained 
sandstones with rippled lamination. 
TST-5 (0.60 m) (n° 44a, fig. 4) 
0.30 m - middle grained sandstone, capped 
by 0.30 m horizontally and rippled laminated 
very fine grained sandstones. 
TST-6 (1.50 m)(n° 44b, 45, fig. 4) 
Marls intercalated by thin beds of very fine
grained sandstones with rippled lamination 
(spec. C 10) 
MFS (0.50 m)(n° 46, fig. 4) 
Sandstones, fine to medium grained, with ir
regular lower surface 
0.04 m - fine horizontally and rippled lami
nated. 
0.46 m - massive. 
HST (2.50 m) (no 47, fig. 4) 
Marls, intercalated by thin rippled laminated 
sandstones (0.05 m). 
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Depositional sequence StS 13 ( =Ti 1. 5) 
SB-sharp change in the sedimentation. 
LST (3.45 m) (no 48, fig. 4)( Plate IV, fig. 7) 
Five beds of massive, medium-grained sand
stones (0.50-0.60m), covered by fine laminated 
- horizontal and rippled sandstones (0.05 m) 
and marls (0.07-0.30 m). 
TST (4.43 m)(n° 49a,b,c, fig. 4) 
TST-1(0.70 m)(n° 49a, fig. 4) 
Marls, intercalated by thin beds (2-1 0 em) of 
fine-grained sandstones with convolutions. 
TST-2 (0.80 m) (n° 49b, fig. 4) 
Two beds of sandstones, medium-grained (0.35 
m), intercalated by grey marls (0.1 0 m) 
TST-3 (3.20 m) (n° 49c, fig. 4) 
Marls (in beds 0.60-0.70 m) intercalated by few 
beds of fine-grained sandstones (2-5 - 20 em) 
TST-4 (3.90 m)(n° 50-52, fig. 4) (Plate IV, fig. 8 
-unit 51) 
Marls, intercalated by 4 beds of thicker (0,40-
0,70 m) medium-grained sandstones, covered 
by thin beds (0,05-0,20 m) of horizontal and 
rippled laminated fine sandstones, and few 
thin (0,05-0,15 m) beds of laminated sand
stones. 
HST (2.90 m)(n° 53, fig. 4) 
3.00 m - marls, with 5 intercalations of fine
grained sandstones (cc. 0.20 m) with horizon
tal and rippled lamination. In the upper part 
- intercalated by a limestone bed (5-7 em), 
compact, fine-grained to micritic, grey to 
brown, ferriferous with irregular upper surface 
(spec. S-06) 

Depositional sequence StS 14 (=Ti 1.6) 
SB - expressed by a sharp change in the sedi
mentation. 
LST (2.60 m)(n° 54-55, fig. 4) 
3 beds of thick (0.60-0.90 m) limy sandstones 
covered by 0,20-0,30 m fine-grained and lami
nated (horizontal and rippled) sandstone and 
marls (0,15-0,20 m) 
TST (3.25 m) (no 56, fig. 4) 
Marls with intercalations of fine-grained lami
nated (horizontally and/or rippled) sand
stones (cc. 7-8 em). 
HST - not presented. 

Depositional sequence StS 15 ( =Ti 1. 7) 
LST (24,20 m)(n° 57-61d, fig. 4, 5) 
13 beds of thick (0.70-3.00 m) fine-to medium
grained sandstones, which in the upper part 
become laminated - horizontally or rippled, 
separated by marls to limy argillites (up to 0.80 
m), interbedded by fine-grained laminated 
(predominantly rippled) sandstones (5-20 em). 
TST - not presented(?) 
HST (17.0 m) (no 61e, fig. 5) 
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Marls, ferriferous, dark-grey, in the bas~l part 
-laminated (S7), intercalated by rare and thin 
beds of laminated, fine-grained sandstone. 
Depositional sequence StS 16 ( =Ti 1.8) 
SB - expressed by a sharp change in the sedi
mentation. 
LST (19.7 m) (n° 62-65a, fig. 5) 
LST 1(6.50 m) (n° 62a-g, fig. 5) 
Sandstones, thick bedded (0.60 -1.80 m), me
dium-grained, in the upper part covered by 
fine-grained sandstones with horizontal bed
ding, followed - by rippled lamination (0.05 
m), interbedded by marls (0.40-1.00 m) with 
thin beds of laminated sandstones with rippled 
lamination. 
LST 2 (3.00 m) (n° 63a, fig. 5) 
Marls, interbedded by sandstones (0.3-0.5 m) 
LST 3 (1.05 m) (n° 63b, fig. 5) 
Sandstones, fine-grained (0.50 m), covered by 
horizontal (0.30 m) and rippled (0.20 m) fine
grained sandstones, and marls (0.30 m). 
LST 4 (n° 63d-65a, fig. 5) 
6 beds of massive sandstones, in the upper part 
- with horizontal and rippled lamination. 
TS-expressed by the change of sedimentation. 
TST (8.20 m) (n° 65b-66, fig. 5) 
TST 1(4.10 m) (65b) 
Marls with thin intercalations of fine-grained 
sandstones with convolutions (4-6 em); in the up
per part the sandstones predominate (spec. S8). 
TST 2 (2.50 m) (n° 66, fig. 5) 
4 beds of sandstones (0.20-0.80 m thick), massive 
in the lower part and laminated - in the upper 
part, separated by marl beds (0.1 0-0.40 m) 
HST (1.60 m)(n° 67a, fig. 5) 
Marls with rare intercalations of thin lami
nated fine sandstone. 
Depositional sequence StS 17 ( =Ti 1.9) 
SB - expressed by sharp change in the sedi
mentation. 
LST (12. 70 m)(n° 67b, 68, fig. 5) 
LST-1 (4.0 m) (n° 67b, fig. 5) 
2 beds of massive sandstones (1.70 m) in the 
upper part - fine laminated. 
LST-2 (5.00 m) 
No exposure. 
LST-3 (3 .20 m)(n° 68, fig. 5) 
5 beds of medium-grained, thick-bedded 
(0,30-0,50 m) sandstones covered by thin-bed
ded laminated (horizontally and rippled) 
sandstones, followed by marls (0, 10-0,15 m). 
TST (3.50 m)(n° 69a,b, fig. 5) 
Marls, intercalated by thin beds of sandstones, 
often with rippled lamination. 
Depositional sequence StS 18 ( =Ti 1.1 0) 
SB - expressed by sharp change in the sedi
mentation. 
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Fig. 6. Sedimentological log showing upper part (245.7-304,0 m) of Staro selo section - Bobovo Mb. 
(Kostel Formation, Lower-MiddleTithonian) in the road cutting along the road Sofia-Dupnitsa 
Explanations - as for fig. 4 
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LST ( 4.10 m)(n° 70, fig. 5) 
4 beds of thick (1.00-1.50 m) sandstones, pre
dominantly fine-grained, in the upper parts 
with fine parallel and rippled lamination. 
TST (4.10 m)(n° 71a, fig. 5) 
Marls, grey to dark grey, interbedded by rare 
beds of fine grained and ripple laminated 
sandstones. 
MFS (1.20 m)( n° 71b, fig. 5) 
Thick-bedded sandstone. 
HST (9.10 m) (n° 71c, d, fig. 5) 
Marls to calcareous argillites with pebbles of 
limestones (S 09) - (1.5-20 em), floating in the 
mudstone (matrix). Along these clasts sandy 
fragments exist too. Upwards - marls with 
boulders with zonal structure (thickness 5.0 m) 
and above - marls (thick 1 m) containing well 
rounded pebbly and cobbly clasts (predomi
nantly bright grey) of fine-grained sandstones 
(probably resedimented from the turbidites). In 
the central part - marls with blocks of litho
clastic limestones (the clasts are angular to 
slightly rounded), predominantly bright-grey, 
micritic and fine-grained sandstones (probably 
residimented from the flysch). The dimensions 
of the boulders are 1-3 m. The lithoclastic lime
stones are similar to those of the Polaten Forma
tion, but also differ from them (something un
known in the Jurassic of Bulgaria). The elonga
tion of the block is more or less parallel to the 
bedding of the flysch of Kostel Formation. 

Depositional sequence StS 19 ( =Ti 1.11) 
SB - expressed by sharp change in the sedi
mentation. 
LST (0.60 m)(n° 72, fig. 5) 
Sandstone, massive, grey-greenish, fine-
grained, with mica. 
TST (14.20 m)(n° 73-76, fig. 5)(photograph VI/ 
6- unit 75 c) 
Marls intercalated by fine-grained sandstones 
predominantly with rippled lamination (5 to 
12 em). The intercalations are irregularly dis
tributed in the units (dense in no 75c, 76 and 
rare in n° 73-75a). Normal gradation is ob
served upward (spec. C 75 in unit 75). 
HST - is not presents. 

Depositional sequence StS 20 ( =Ti 1.12) 
SB - expressed by sharp change in the sedi
mentation. 
LST (6.00 m)(n° 77, fig. 5) 
Sandstones, thick-bedded (cc.l.50 m), very 
fine-grained, with fine lamination - alterna
tion between more fine-grained and coarser 
grained laminae (up to 1-3 mm), sometimes 
with rippled lamination. Lower boundary 
sharp, upper boundary - transitional. 
TST - is not present. 
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HST (11.90 m)(n° 78-79a-d, fig. 5) 
HST-1 (8.1 0 m)(n° 78, fig. 5) 
Marls to limy shales, ferriferous, thick-bedded 
- cc. 2 m, dark grey to brown, in the base show
ing fine lamination - in 5 em there are cc. 25 
couplets (with 30% of globules of Fe
oxihydroxides) and massive in the upper part (C 
11 ): Conusphaera mexicana minor, Watznaueria 
barnesae, Watznaueria sp. (many small-sized 
specimens), Cy. dejlandrei, Cy. margerelli, 
Cyclagelosphaera sp. 1, Ellipsagellosphaera bri
tannica. 
HST-2 (3.80 m)(n° 79a-d, fig. 5) 
Marls with intercalations of very fine-grained 
sandstones with rippled lamination; some of 
the intercalations (units 79a, 79,c) represent 
fine-grained sandstones (0.50 m) covered by 
horizontal (0.20 m) and rippled lamination 
(0.10 m). 

Depositional sequence StS 21 ( =Ti 1.13) 
SB - expressed by sharp change in the sedi
mentation. 
LST (8.20 m) (n°79e-80a, fig. 5, 81a-81e, fig. 6) 
LST-1 (1.50 m)(n° 79e, fig. 5) 
Sandstones, massive (1.40 m) covered by 0.10 
m horizontal and rippled laminated very fine
grained sandstone. 
LST-2(2.0 m)(n° 79f, fig. 5) 
Marls interbedded by 2 beds horizontal and 
ripple laminated very fine-grained sandstones 
horizontal and rippled. 
LST-3 (1.20 m)(n° 79g, 80, fig. 5, n 8la-e, fig. 6)) 
5 beds of massive sandstones in the upper part 
horizontal and rippled laminated, intercala
ted by thin beds of marls and thin beds of very 
fine-grained sandstones - horizontally and/or 
rippled laminated. 
TST (4.90 m) (n° 82, 83a-d, fig. 6) 
Marls with many intercalations of thin -bedded 
sandstones, predominantly rippled (C 12): 
Polycostella beckmanni, Conusphaera mexi
cana minor, Conusphaera mexicana mex icana, 
W barnesae, Cy. dejlandrei, Cy. margerelli, 
Ellipsagellosphaera britannica and rarely hori
zontally laminated (2 of the intercalations are 
thicker - 0.40-0.50 m (n 83a, 83c ), and are 
covered by laminated sandstones). In the up
permost part of the packet 1 bed of micritic 
carbonate, conchoidal, grey-brown - siderite 
crops out (C 13): Cyclagelosphaera dejlandrei, 
Cy. margerelii, Watznaueria barnesae, Poly
castella senaria, Ellipsagellosphaera britannica, 
Conusphaera mexicana mexicana, Conuspha
era mexicana minor. 

Depositional sequence StS 22 ( =Ti 2) 
SB - expressed by sharp change in the sedi
mentation. 



LST (1.20 m)(n° 84, fig. 6) 
Sandstones, limy, fine-to medium-grained (1.00 
m; and 0.20m fine-grained and horizontal) 
TST (1 0.30 m)(n° 85, 86 a, b, 87, fig. 6) 
Couplets of marls and fine grained sandstones 
(4-6 em) and marls (2-10 em.), crowned by 
sandstone, fine-grained (25 em) and lami
nated - horizontally and rippled ( 10 em) 
(N.B. The turbidite, with which ends the sys
tems tract may be assigned to MFS?) 
HST (3.20 m) (n° 88a, fig. 6) 
HST-1 (2.00 m) 
Marls - fine laminated in the base and 
undistinctly laminated upward, with 1 inter
calation of fine-grained sandstones with 
rippled lamination. 
HST-2 (1.20 m) 
Argillites ferriferous and limy with convolute 
lamination (C 15) with 2 interbeds of fine
grained sandstones (0.05 and 0.10 m): Umbria 
granulosa minor, Cyclagelosphaera margerelli, 
Cy. dejlandrei, Conusphaera mexicana mexi
cana, Ellipsagellosphaera britannica. 

Depositional sequence StS 23 (=Ti 3.1) 
SB - expressed by sharp change in the sedi
mentation. 
LST (1.60 m) (n° 88b, 89, fig. 6) 
(a) At the base - fine-grained sandstones with 
pebbles of sandstones - 1-3 em, rarely more, 
subrounded (0.50 m). (b) Sandstones, medium
grained, normal graded up ward (1 ,10 m) 
TST (14.10 m)(n° 90-92a, fig. 6) 
Couplets of fine-grained and fine laminated 
sandstones (0.1 0-0.15 m) and marls (0.1 0-0.70 m). 
HST (1.20 m) (n° 92b, fig. 6) 
Marls with two intercalations of fine-grained 
sandstones with horizontal and rippled lami-

ation. 

Depositional sequence StS 24 (=Ti 3.2) 
SB - expressed by sharp change in the sedi
mentation. 
LST (1 .20 m)(n° 93, fig. 6) 
Sandstones, thick bedded (1.00 m), in the up

er part - laminated (0.20 m). 
TST (7.80 m)(n° 94, 95a,b, fig. 6) 
_-\rgillites, limy to marls, ferriferous, dark 
rown (2.00 m) (C 16) intercalated by beds of 

fine-grained horizontally and rippled lami
nated sandstones (1 0-15 em). At 5 m above the 
' ase of unit 94 the marls are interbedded by 
0.55 m of sandstones (a) medium-grained (0.35 
:n), (b) 0.05 m - thin-bedded, laminated, (c) 
0.10 m - rippled bedded (unit 95a): Conus-
haera mexicana mexicana, Watznaueria bi

porta, W barnesae, Ellipsagellosphaera brita
nnica, Cyclagelosphaera margerelli. 

HST (2.00 m)(n° 96, fig. 6) 
Breccio-conglomerate, matrix supported, built 
of medium to coarse grained sandstones (with 
matrix of clay minerals, strongly stained by Fe
oxihydroxides ), and calcareous clasts - cc. 
lmm up to 100 mm, rarely up to 25 em. 
Nannofossils: Polycostella beckmanni, Ellipsa
gellosphaera britannica, Parhadolithus ember
geri, Cy. margerelli, Watznaueria barnesae, W 
biporta. The calcareous pieces - pebbles to 
cobbles, are bright grey, micritic; there are also 
as clasts fragments of belemnites, ammonites 
and single members of crinoids. There are also 
pebbles of sandstones with ripple lamination 
( 5-15 em) - from the Kostel Fm., and intra
clastics I.i.mestones with diameter cc. 5-1 0 em 
and clasts in them below 1 mm (Gintsi Fm) 
(spec. C 17). 

Depositional sequence StS 25 (=Ti 3.3) 
SB - expressed by sharp change in the sedi
mentation. 
LST (1.60 m)(n° 97, fig. 6) 
Sandstones, thick-bedded, very fine-grained. 
TST (8.0 m)(n° 98, fig. 6) 
Marls (poorly exposed) with rare thin beds of 
very fine-grained sandstones. In the base of the 
packet (C 18) rich calcareous nannofossils as
sociation is recorded, comprising Polycostella 
senaria, Conusphaera mexicana mexicana, C. 
mexicana minor, Watznaueria barnesae, W bi
porta, Cyclagellosphaera margerelii, C. dejlan
drei, Ellipsagellosphaera britannica. The same 
association, complemented by Faviconus mul
ticolumnatus, is documented 5 meters higher 
(C 19). 
HST - n_ot presented. 

Depositional sequence StS 26 (=Ti 4) 
SB - expressed by sharp change in the sedi
mentation. 
LST (3.90 m)(n° 99, fig. 6) 
Sandstones: 3.60 m- beds of medium-grained, 
thick-bedded sandstones (0.50-1.0 m) covered 
by 0.20 m sandstones with horizontal lamina
tion and 0.10 m - with rippled lamination. 
TST ( 4.90 m)(n° 100, fig. 6) 
Marls to calcareous argillites with rare inter
calations of horizontal and/or rippled lami
nated sandstones (0.05-0.20 m). The nanno
fossil association includes (C 20): Nannoconus 
wintereri, Nannoconus spp., (indicating Upper 
Tithonian), Polycostella senaria, Conusphaera 
mexicana minor, Watznaueria barnesae, W 
biporta, Cyclagellosphaera margerelii. The 
samples, collected at 1.5 m (C 21) and at 3.50 
m (C 22) above the spec. C 20, contained 
Cyclagellosphaera margerelii, Conusphaera 
mexicana mexicana, Watznaueria barnesae, W 
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biporta, Ellipsagellosphaera britannica, Cycla
gelosphaera sp. -1, C. dejlandrei. 
HST - not presented. 

Depositional sequence StS 27 ( =Ti 5) 
SB - expressed by sharp change in the sedi
mentation. 
LST (2.20 m)(n° 101, fig. 6) 
2 beds of massive sandstones (0.75 and 0.25 m) 
covered by laminated - horizontal (0.05-0.15 
m) and rippled (0.1 0-0.15 m) fine-grained 
sandstones. 
TST (5.20 m)(n° 102a-g, fig. 6) 
Marls to calcareous argillites, intercalated by 
3 tick beds (0,60-0,90 m) of sandstones, com
posed by Bouma turbidite (no 1 02d) or by a 
thick bed, covered by horizontal and rippled 
laminated very fine-grained sandstones (n° 
1 02b, f), or by thin beds of laminated sand
stones. 
HST is not presented. 
N.B. 
The upper part of the section is poorly exposed 
and is impossible to be measured. 

Conclusions 

The following principal results are obtained 
during the present study: 

1. Jurassic sedimentation in the region star
ted at the end of Bajocian and continued 
during the Early and Middle Bathonian. 
This conclusion is revealed by the study of 
foraminifers. It confirms the suggestion of 
Tchoumatchenco (2002, fig. 3), obtained 
by the analysis of the depositional se
quences, and disproves the preexisting 
notions of Tchoumatchenco (1983) and 
Sapunov et al. (1985) that the sedimenta
tion started in the Aalenian. 

2. The Middle Jurassic rocks in the section 
are separated into 4 sequences - StS 1-4, 
corresponding to the western European 
ones (Hardenbol et al., 1998) - Bj 5, Bat 0 
-Bat 2. 

3. Four depositional sequences are separa
ted in the Kimmeridgian (after a break of 
sedimentation between the Middle 
Bathonian and the Lower Kimmeridgian). 
The sequences StS 5-7 (Kim 2-Kim 4) are 
individualized in the carbonate succes
sion of the Gintsi and Drugan Fm. and in 
the mudstone of Neshkovtsi Fm. The last 
sequence StS 8 (Kim 5) is divided in the 
alternation of sandstones and marls of the 
Kostel Fm. (Bobovo Member). 

4. In the Tithonian, 19 depositional se-
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quences are recognized (StS 9-27). They 
comprise 13 sequences in the Lower 
Tithonian (StS 9-21 ), 4 sequences in the 
Middle Tithonian (StS 22-25 = Ti2, Ti 3.1, 
3.2, 3.3), and 2 sequences (StS 26-27 = Ti 
4 and Ti 5) in the Upper Tithonian. The 
sequences StS 12, 13, 18, 22, 24 are com
plete - composed of LST, TST and HST. 
In the sequences StS 9, 10, 11, 14, 16, 17, 
19, 21, 23, 25, 26, 27 only the LST and 
TST are presented, whereas in StS 15, 20 
only the LST and HST are divided. 

5. The sequences in the carbonate rocks 
(Polaten Fm., Gintsi Fm., Drugan Fm., 
and Neshkovtsi Fm.) are based princi
pally on the geometry and the superposi
tion of the calcareous beds - the LST is 
structured by thick beds of limestones, the 
TST - by alternation of thinner beds of 
limestons and clayey limestones to marls, 
and the HST - by thick beds of clayey 
limestones. 

6. The subdivision of the sequences in the 
flysh type of rocks (Bobovo Mb. of Kostel 
Fm.) is based on the lithology and the ge
ometry of the rocks - predominance of 
thick-bedded sandstones - LST, alterna
tion of mudstones and thin-bedded sand
stones - TST and of the predominance of 
mudstones - HST. 

7. Each unit from the Bobovo Mb. of Kostel 
Fm. (fig. 4, 5, 6) was referred to a specific 
depositional process and lithofacial type 
considering Bouma (2000) and Shanmu
gam et al. (1995). 
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