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Ab stract: The Up per Ju ras sic–Lower Cre ta ceous car bon ate sed i ments de vel oped in a nar row, Ukrai nian part of
the base ment of the Carpathian Foredeep show high fa cies di ver sity. Based upon thin sec tion stud ies, the au thors
iden ti fied eleven prin ci pal microfacies va ri et ies. Three main stages of de vel op ment of car bon ate plat form were
dis tin guished: (i) Oxfordian–Early Kimmeridgian, (ii) Kimmeridgian–Tithonian, and (iii) Berriasian–Valangi-
nian. The Oxfordian sed i ments are rather thin and rep re sent both the outer and in ner, dis tally steep en ed ramp
fa cies. In the Late Kimmeridgian and, mainly, in the Tithonian, the in ten sive growth of rimmed plat form took
place with dis tinct zones of peritidal, mar gin bar rier and plat form slope, bear ing calciturbidite fa cies. De vel op -
ment of the rimmed plat form was con trolled by synsedimentary tec tonic move ments along faults re ju ve nated
south west of the Holy Cross Mts. Fault Zone. In the Berriasian–Valanginian, the dom i nant pro cess was sed i men -
ta tion onto not-rimmed plat form con trolled by small sea-level changes.

Both the fa cies de vel op ment and lit er a ture data in di cate that the Late Ju ras sic sed i men ta tion in the Ukrai nian
part of the Carpathian Foredeep base ment shows con sid er able dif fer ences in com par i son to that of the Pol ish part.
In the stud ied suc ces sions, large Oxfordian mi cro bial-si li ceous sponge reef com plexes, known from the Pol ish
part of the Carpathian Foredeep base ment and other ar eas in Eu rope, were rare. In the study area car bon ate
build ups were en coun tered mainly in the in ter vals rep re sent ing the Up per Kimmeridgian–Tithonian where small,
mi cro bial-sponge and mi cro bial-coral biostromes or patch-reefs were formed. Their growth was pre sum ably
re stricted to a nar row zone of the up per slope, close to ooidal-bioclastic mar gin plat form fa cies. In the Pol ish part
of the Carpathian Foredeep base ment, the Late Ju ras sic sed i men ta tion took place on a vast, homoclinal ramp while 
in the Ukrai nian part it pro ceeded on a nar row, dis tally steep en ed ramp and rimmed plat form with dis tinct
mar ginal plat form bar rier. Sim i lar plat form fa cies dis tri bu tion in both re gions ap peared mainly in the Early
Cre ta ceous, al though with some strati graphi cal dif fer ences.

The fa cies dis tri bu tion of the Up per Ju ras sic sed i ments was closely con trolled by the block struc ture of the
base ment and by ori en ta tion of the main, trans con ti nen tal Holy Cross Mts. Fault Zone, which sup ports the opin ion
on its ac tiv ity in the Me so zoic era. The Ukrai nian part of the Carpathian Foredeep base ment lo cated over the
Palaeozoic Kokhanivka Block, be tween the Krakovets and Holy Cross fault zones, in cludes pre dom i nantly the
slope, mar ginal and in ner plat form fa cies. Fa cies ob served over the Palaeozoic Rava Ruska Block (south-west ern
part of the East-Eu ro pean Plat form), be tween the Holy Cross and Rava Ruska fault zones, rep re sents mainly the
in ner plat form and the peri-shore de pos its.

Key words: microfacies, Up per Ju ras sic, Lower Cre ta ceous, SW mar gin of the East-Eu ro pean Plat form, Carpa-
thian Foredeep base ment, west ern Ukraine.
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IN TRO DUC TION

The study area is sit u ated in the Carpathian Foredeep,
mostly be tween the Krakovets and Holy Cross Mts. (Horo-
dok in Ukraine) fault zones, in the nar row, so-called Bil-
che–Volytsya Zone (Stryi area; Fig. 1), which cov ers the
south west ern mar gin of the East-Eu ro pean Plat form (EEP).
The Me so zoic sed i ments from that area have been in ves ti -
gated for a long time and with vary ing in ten sity (e.g.,
Utrobin, 1962; Visnakov et al., 1987; Dulub & Zhabina,
1999; Izotova & Popadyuk, 1996; Anikeyeva, 2000, 2004;
Anikeyeva & Zhabina, 2002; Dulub et al., 2003; Gutowski
et al., 2005a; Zhabina & Anikeyeva, 2007; Œwidrowska et
al., 2008). The ear li est stud ies, dated back to the end of the
19th cen tury, were fo cused on sed i ments crop ping out in the 
Dnister River val ley, in the sur round ings of Nyzhniv (e.g.,
Gutowski et al., 2005b). The re search in ten si fied in the mid -
dle of the 20th cen tury, to gether with the drill ing pro jects
and re sulted in rec og ni tion of Me so zoic com plexes, from
the un cer tain Lower Ju ras sic to the Lower Cre ta ceous.
Since then, in the Ukrai nian part of the Carpathian Foredeep 
base ment nu mer ous re gional lithostratigraphic suites and
for ma tions have been dis tin guished (Fig. 2; e.g., Dulub &
Zhabina, 1999; Dulub et al., 2003; Anikeyeva, 2004; Zha-

bina & Anikeyeva, 2007), which were com pared with Up -
per Ju ras sic de pos its of south-east ern Po land (e.g., Niem-
czycka, 1976; Gutowski et al., 2005a, 2006; Œwidrowska et
al., 2008; Olszewska, 2010). Most of these stud ies were
ded i cated to both the Up per Ju ras sic and Lower Cre ta ceous
sed i men tary com plexes. De spite nu mer ous stud ies, the de -
tailed microfacies de vel op ment in this part of the Carpa-
thian Foredeep is not fully re cog nised (e.g., Anikeyeva,
2004; Zhabina & Anikeyeva, 2007). More over, the mi cro-
fa cies data, rarely pub lished and poorly doc u mented, make
the com par a tive re search in this area rather dif fi cult.

This study pres ents the main microfacies types of the
Up per Ju ras sic and Lower Cre ta ceous car bon ate sed i ments,
which al lowed the au thors to iden tify depositional en vi ron -
ments and to gen er ate a gen eral sed i men ta tion model for the 
Me so zoic de pos its in the nar row, Ukrai nian part of the
Carpathian Foredeep base ment be tween the Krakovets and
Holy Cross Mts. (Horodok) fault zones.

GEO LOG I CAL SET TING

The lo ca tion of the study area is pe cu liar: it cov ers the
bor der zone of the Carpathian Foredeep and the Carpa-
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Fig. 1. Lo ca tion map of the study area



thians, the Lower San Horst Struc ture and the south west ern
mar gin of the EEP (e.g., Dadlez et al., 1995; Stephenson et
al., 2003) as well as an ex tended tec tonic zone in the vi cin -
ity of the trans con ti nen tal Holy Cross Mts. Fault Zone
(HCFZ; Gutowski & Wybraniec, 2006; Bu³a & Habryn,
2008, 2010, 2011).

The Me so zoic sed i ments, which fill the stud ied part of
the Carpathian Foredeep base ment (Fig. 1), were laid down
in the south-east ern part of the Mid-Pol ish Trough (MPT) –
the Perm ian–Me so zoic sed i men tary ba sin de vel oped along
the south-west ern bor der of the EEP (Dadlez et al., 1995;
Stephenson et al., 2003). The sed i ments de pos ited at the
northeast ern mar gin of the MPT form the sed i men tary cover 
of the south-west ern bor der of the EEP, which trends north -
west-south east, fol low ing the strike of the HCFZ. The
HCFZ con tin ues into the stud ied part of the Carpathian
Foredeep base ment where it is known as the Horodok Fault
(e.g., Karpenchuk et al., 2006).

The south-west ern mar gin of the EEP is de fined by the
Trans-Eu ro pean Su ture Zone (TESZ), the north-east ern part 
of which is known as the Teisseyre–Tornquist Zone. The
TESZ marks the con tact be tween Pre cam brian and Palaeo-
zoic do mains of crustal con sol i da tion, run ning from the
North Sea to the Black Sea (Pha raoh, 1999). The pos si ble
ex ten sion of the MPT along the TESZ to the south east, un -
der the Carpathians, as well as its or i gin and con nec tions
with the Tethys Ocean have been dis cussed in some pub li -
ca tions (e.g., Po¿aryski & Brochwicz-Lewiñski, 1979;
Kutek, 1994; Gutowski et al., 2006; Œwidrowska et al.,
2008; Matyja, 2009), but the prob lem is still not fully un der -
stood. The com pre hen sive re view of this ques tion was pre -
sented by Œwidrowska et al. (2008) who ana lysed the de vel -
op ment of a num ber of sed i men tary bas ins along the TESZ.
The two out er most bas ins: the MPT and the Pre-Dobrogea
De pres sion ev i dence their ge netic in de pend ence and the
lack of di rect con nec tions along the TTZ un til the end of the 
Ju ras sic. De vel op ment of these bas ins in the Perm ian–Me -
so zoic was char ac ter ized by al ter nat ing pe ri ods of in ten sive
de po si tion and up lift ac com pa nied by ero sion – the far ech -
oes of plate tec tonic events driven by geotectonic evo lu tion
of the Tethys. The Ju ras sic sed i men tary ba sin in the west ern 
Ukraine was dis tin guished by Œwidrowska et al. (2008) as
the Stryi De pres sion (“Striyskii yurskii basein” af ter Dulub
et al., 2003).

The Mid-Pol ish Trough was sub ject to fi nal in ver sion
and up lift in the Late Cre ta ceous–Palaeogene when the
Mid-Pol ish Anticlinorium (MPA) was formed (e.g., Po¿a-
ryski & Brochwicz-Lewiñski, 1979; Dadlez et al., 1995;
Krzywiec, 2000). In the south-east ern part of the MPA, ex -
tend ing from the Holy Cross Mts. (HCM) to the west ern
Ukraine, both the up lift and ero sion were most in ten sive,
the lat ter reach ing lo cally down to the Palaeozoic–Pre cam -
brian base ment (e.g., in the Lower San Horst Struc ture).
Me so zoic rocks were pre served in the south-east ern part of
the MPA and EEP, along the south west ern and north east ern 
mar gins of these tec tonic highs, re spec tively. In the Mio -
cene, the Me so zoic strata were cov ered with sed i ments fill -
ing the Carpathian Foredeep. Re cently, the Mio cene strata
cover the Me so zoic de pos its over gross part of study area,
be tween the HCD (north-east ern bor der of study area) and

the Krakovets Fault (south-west ern bor der), partly plung ing 
be neath the Carpathian Overthrust to the south and south-
east in the vi cin ity of Stryi.

The base ment of Ju ras sic sed i ments in the study area
con sists of Palaeozoic rocks, which build the south-west ern
mar gin of the EEP. De pres sions in the top sur face of
Palaeozoic base ment are filled with Lower and Mid dle Ju -
ras sic clastics di vided into the fol low ing units: Komarniv,
Bortiatyn, Podil’tsi, Medenychi, Kokhanivka and Yavoriv
(e.g., Dulub et al., 2003). It is wor thy to note that strati -
graphi cal and lithological stud ies con ducted si mul ta neously 
for the Palaeozoic and Lower-Mid dle Ju ras sic clastics re -
vealed sig nif i cant (up to sev eral hun dreds of metres) dif fer -
ences in po si tion ing of the Palaeozoic/Me so zoic bound ary
in the older lit er a ture and in some new pub li ca tions (cf.
Jachowicz-Zdanowska, 2011; Bu³a & Habryn, 2011).
Hence, the Palaeozoic/Ju ras sic bound ary in the study area
is, in many cases, con tro ver sial and re quires fur ther de tailed 
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Fig. 2. Cor re la tion of in for mal lithostratigraphic sub di vi sions
of Up per Ju ras sic–Lower Cre ta ceous strata in the Ukrai nian part
of the Carpathian Foredeep base ment (A) with char ac ter is tic mi -
crofossils (B), which were ob served in the de scribed wells (af ter
Olszewska, un pub lished data)



stud ies. The thick ness of Lower and Mid dle Ju ras sic sed i -
ments was in suf fi cient to level the sur face left af ter the Va-
riscan and Eo-Cim mer ian move ments. The Oxfordian sed i -
ments, which rest upon the Mid dle Ju ras sic strata (south-
west ern part of study area) or di rectly upon the Palaeozoic
rocks (north-east ern part of study area) were di vided into
three in for mal for ma tions (from south west to north east): the 
Boniv, Rudky and Sokal ones (Fig. 2; Dulub & Zhabina,
1999; Dulub et al., 2003). The Kimmeridgian sed i ments are
rep re sented by the Moryantsi and Rava Ruska for ma tions
(Zhabina & Anikeyeva, 2007). The Tithonian and Berria-
sian strata, which were di vided into the Karolina, Opary and 
Nyzhniv (in some tran scrip tions Opory and Korolyn; T.
Peryt, pers. comm., 2010) for ma tions. These three units mu -
tu ally in ter change both lat er ally and ver ti cally, and, ac cord -
ing to some au thors, de po si tion of both the Nyzhniv and the
Opary for ma tions has started as early as in the Kimmerid-
gian (Zhabina & Anikeyeva, 2007) whereas the end of this
de po si tion is de fined by the Stavchany For ma tion (Berria-
sian–Valanginian; Zhabina & Anikeyeva, 2007). Re cent
stud ies al lowed some au thors to dis tin guish ba sic fa cies of
the Up per Ju ras sic de pos its cor re spond ing to the Wil son
model (Anikeyeva, 2004; Zhabina & Anikeyeva, 2007).
Hence, the Boniv Fm. and part of the Moryantsi and Karo-
lina for ma tions rep re sent forereef fa cies, whereas the
Rudky Fm. and part of the Moryantsi and Opary, as well as
Sokal and Nyzhniv for ma tions rep re sent reef and backreef
fa cies (Dulub & Zhabina, 1999; Anikeyeva & Zhabina,
2002; Anikeyeva, 2004).

A cor re la tion of the above pre sented Up per Ju ras -
sic–Lower Cre ta ceous for ma tions with lithostratigraphic
units of south-east ern Po land (Niemczycka, 1976) has re -
cently been pro posed by Gutowski et al. (2005a) and
Olszewska (2010). The sub di vi sion of Up per Ju ras sic–Lo-
wer Cre ta ceous strata known from ad ja cent ar eas of south-
east ern Po land into megasequences was ac com plished by
Kutek (1994), who pro posed three such megasequences:
Callovian–Oxfordian–Kimmeridgian, Lower–Up per Kim-
meridgian and Kimmeridgian–Volgian–Berriasian. The ap -
pli ca bil ity of this sub di vi sion (with mi nor mod i fi ca tions) to
the area of west ern Ukraine was proved by Gutowski et al.
(2005a), who dis tin guished megasequences I to III, and by
Œwidrowska et al. (2008).

METH ODS

The ba sic re search method was the anal y sis of drill
cores taken from wells drilled in the Carpathian Foredeep
base ment (Fig. 1). Re cently, most of the drill cores are
stored in Stryi. The de tailed anal y sis was car ried out on for
the fol low ing, se lected wells: Kokhanivka 26 and 30, Mory- 
antsi 1, Yuryiv 1, Chornokuntsi 1, Bortiatyn 1, Karolina 6,
Nyklovychi 26, Makuniv 1, Susoliv 5, Podil’tsi 1, Voloscha 
1, Pivnichne Hirs’ke 1, Verbizh 11 and 33, Pohlynaiucha 1,
Pyatnychany 1, Lanivka 1, Verchany 1, and Didushychi 1
and 2 (Fig. 1). Due to vary ing core re cov ery in par tic u lar
wells, some poor-qual ity geo phys i cal well-logs were used
as a sup port for the stud ies. The most im por tant and com -
plete well logs are pre sented in Fig. 3. In ad di tion, the ana-

lysis of fa cies types in the Carpathian Foredeep took ad van -
tage of abun dant pub lished data (e.g., Dulub & Zhabina,
1999; Anikeyeva, 2000, 2004; Dulub et al., 2003; Karpen-
chuk et al., 2006; Zhabina & Anikeyeva, 2007).

Field stud ies en abled the au thors to col lect a set of 350
rep re sen ta tive sam ples, from which ori ented thin and pol -
ished sec tions were cut for microfacies and microfossil ex -
am i na tions. The re sults of ob ser va tions were used for prep -
a ra tion of lithological col umns, from which only the ones
most char ac ter is tic for the de scribed se quences were in -
cluded into this pa per (Fig. 3). The stra tig ra phy was based
upon microfossil ob ser va tions in thin sec tions (Fig. 2) sup -
ported by lit er a ture (Zhabina & Anikeyeva, 2007; Olszew-
ska, 2010).

MICROFACIES DE SCRIP TION
AND IN TER PRE TA TION

MF-1 Spicules-Saccocoma wackestones-mudstones
(Fig. 4A–D)

This microfacies was ob served only in a rel a tively
small zone, in the south-west ern part of the study area, in
the vi cin ity of the Krakovets Fault. It is rep re sented, among
oth ers, in the Karolina 6 (2,616–3,100 m depth in ter val),
Moryantsi 1 (2,600–3,100 m depth in ter val), Susoliv 5 and
Nyklovychi 26 wells (Figs 1, 3). These sed i ments, rest ing
on the Mid dle Ju ras sic clastics, are de vel oped as marly
lime stones and dark-grey, partly dolomitized, bi tu mi nous
lime stones, in which dark-grey mudstones (Fig. 4B, C) and
bioclastic wackestones (Fig. 4A, D) with abun dant spicules, 
Saccocoma, radio lar ians and thin-shelled bi valve frag ments 
were iden ti fied. More over, echinoderms, nu mer ous small
bioclasts and plank tonic foraminifers were ob served.

In ter pre ta tion. This microfacies is typ i cal of basinal,
deep-wa ter en vi ron ment as well as of deeper shelf and outer 
ramp set tings (e.g., Flügel, 2004, p. 682). In the south-west -
ern, Ukrai nian part of the Carpathian Foredeep, it can be re -
lated to the deep-wa ter, outer plat form fa cies. Strati graphi -
cal ob ser va tions dem on strated that this fa cies rep re sents
mostly the Up per Oxfordian and Kimmeridgian (ex clud ing
the Lower Kimmeridgian), and cor re sponds to the Boniv
and Moryantsi for ma tions known from the lit er a ture (e.g.,
Zhabina & Anikeyeva, 2007; Olszewska, 2010).

MF-2 Intraclastic-bioclastic grainstones-rudstones
(Fig. 5)

This microfacies was ob served in a nar row belt lo cated
in the south-west ern part of the study area, in the vi cin ity of
the Karolina 6 (2,100–2,600 m depth in ter val), Moryantsi 1
(2,050–2,600 m depth in ter val) and Podil’tsi 1 (2,400–
3,000 m depth in ter val) wells (Figs 1, 3). The typ i cal fea ture 
of this sed i ment is more or less-vis i ble lam i na tion formed
by de tri tal and pelitic laminae. De tri tal sed i ments (grain-
stones-rudstones) show dis tinct nor mal grad ing (Fig. 5B).
Among grains ooids, al gae, cal car e ous sponges and cop ro -
lites were ob served, rep re sent ing shal low-wa ter en vi ron -
ments (Fig. 5C, E). De tri tal sed i ments grade up ward into
car bon ate mudstones-wackestones whereas the up per sur -
face of mudstones is sharp (Fig. 5B). Oc ca sion ally, de tri tal
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sed i ments are sta bi lized by mi cro bial crusts (Fig. 5A). Such
a suc ces sion was ob served many times at var i ous depths,
but up the se quences the share of de tri tal sed i ments in -
creases. Organodetrital sed i ments com posed of re de pos ited
frag ments of mi cro bial-sponge and mi cro bial-coral bound-
stones (Fig. 5A, D), as well as ooidal grainstones (Fig. 5F)
de rived from ero sion of ad ja cent, bar rier fa cies are com mon 
in the stud ied sec tions.

In ter pre ta tion. This microfacies was found in the
south-west ern part of the stud ied frag ment of the Carpathian 
Foredeep, along the Krakovets Fault. It rep re sents plat form
slope sed i ments com posed of nu mer ous, fine, calciturbiditic 
se quences built up of allochthonous de tri tal ma te rial de -
rived from ero sion of the nearby, shal low-wa ter plat form
mar ginal fa cies. Microfossil stud ies re vealed that this plat -
form slope fa cies be longs to the Up per Kimmeridgian and
the Tithonian, and cor re sponds mainly to the Karolina For -
ma tion (Fig. 2; e.g., Zhabina & Anikeyeva, 2007; Olszew-
ska, 2010).

MF-3 Coral-sponge-mi cro bial boundstones and MF-4
bioclastic grainstones-float stones (Fig. 6)

In the ana lysed drill cores, these microfacies ap pear rel -
a tively rarely, in the form of car bon ate build ups. Bound-
stones en coun tered in these wells, and in oth ers re ported in
the lit er a ture (e.g., Dulub & Zhabina, 1999; Anikeyeva &
Machalsky, 2001; Anikeyeva, 2000; Dulub et al., 2003;
Zhabina & Anikeyeva, 2007), oc cur in a nar row, north -
west–south east-trending zone ex tend ing from the Pol ish-
Ukrai nian state bor der to the Stryi area (Fig. 1). Their lo ca -
tion cor re sponds to the range of the so-called Opary Reef
fa cies (e.g., Karpenchuk et al., 2006; Zhabina & Anike-
yeva, 2007). How ever, in stud ied wells, boundstones and
ac com pa ny ing de tri tal sed i ments of car bon ate buildup fa -
cies were ob served in a few ho ri zons only (for ex am ple, in
the Bortiatyn 1 well, at a depth of 1,950 m, and in the
Podil’tsi 1 well, at depths 2,300, 2,150–2,200 and 2,100 m).

Two main va ri et ies of boundstones were dis tin guished:
(i) mi cro bial-sponge and (ii) mi cro bial-coral. The mi cro -
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Fig. 4. Microfacies from deep-wa ter/deep shelf and slope en vi ron ments (Up per Oxfordian–Kimmeridgian–Tithonian) in the Ukrai nian 
part of the Carpathian Foredeep base ment. A – spiculite wackestone with nu mer ous recrystallized radio lar ians and sponge spicules (MF-1, 
Susoliv 5 well, depth in ter val 2,999–3,005 m), B – bur rowed mudstone and wackestone with sponge spicules and pe lagic foraminifers
(MF-1, Karolina 6 well, 2,870 m depth), C – wackestone with pe lagic thin-shelled bi valves (fil a ments) (MF-1, Karolina 6 well, 2,970 m
depth), D – wackestone with Saccocoma (ar rows) (MF-1, Karolina 6 well, 2,755 m depth)
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Fig. 5. Kimmeridgian–Tithonian microfacies rep re sent ing allochthonous and autochthonous plat form slope de pos its in the Ukrai nian
part of the Carpathian Foredeep base ment. A – lower part: lam i nated mudstone sta bi lized by leiolites (ar rows), left up per cor ner:
wackestone-packstone with ir reg u lar clasts de rived from ero sion of car bon ate plat form mar gin build ups, nu clei of clasts con sist of skel e tal 
grains (MF-1, 2, Podil’tsi 1 well, depth in ter val 2,405–2,410 m), B – lam i nated mudstone/packstone-grainstone rep re sent ing calciturbidite 
se quences. The se quence starts with bioclastic packstone-grainstone (G) with par al lel ar ranged shells. The sed i ment con sists of bioclasts
and peloids with grad ing re flected by up ward-de creas ing grain size. In the cen tral part, packstone grades into micritic mudstone (M)
(MF-1, 2, Karolina 6 well, 2,520 m depth), C – packstone-grainstone, close-up of turbidite sed i ments with nu mer ous ooids and bioclasts
re de pos ited from the shal low-wa ter zone (MF-2, Karolina 6 well, 2,597 m depth), D – bioclastic-lithoclastic grainstone-rudstone with
peri-reefal com po nents, on the left: bioclastic packestone-grainstone, frag ments of macrofauna with bor ings (MF-2, Bortiatyn 1 well,
2,490 m depth), E – microbreccia, bioclastic-lithoclastic grainstone-rudstone with nu mer ous Dasycladacean al gae (ar rows), bioclast and
intraclasts im ported from shal low wa ter plat form (MF-2, Bortiatyn 1 well, 2,240 m depth), F – wackestone, up per part: frag ment of a large 
intraclast of ooidal grainstone, lower part: wackestone with sponge spicules and small echinoderms (ar row, MF-2, Bortiatyn 1 well,
2,290 m depth)
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Fig. 6. Microfacies from plat form mar gin reefs (Tithonian) in the Ukrai nian part of the Carpathian Foredeep base ment. A – coral-
sponge-mi cro bial boundstone with botryoid ce ment (ar row) (MF-3, Podil’tsi 1 well, depth in ter val 2,099–2,110 m), B – coral-sponge
boundstone with recrystallized macrofauna and poorly struc tured thrombolites (T) (MF-3, Podil’tsi 1 well, depth in ter val 2,300–2,310 m),
C – thrombolitic (T)-sponge (Sp) boundstone with growth cavites (ar rows) (MF-3, Bortiatyn 1 well, 1,930 m depth), D – coral boundstone 
with bor ings (MF-3, Bortiatyn 1 well, 1,945 m depth), E – bioclastic-ooidal grainstone sta bi lized by mi cro bial crusts (ar rows) (MF-4,
Bortiatyn 1 well, 2,270 m depth), F – bioclastic peri-reefal grainstone, grains in clude bioclasts, bi valves, Crescientiella, peloids and
intraclasts (MF-4, Podil’tsi 1 well, depth in ter val 2,255–2,260 m)



bial-sponge boundstones are com posed mostly of lay ered
and ag glu ti nated thrombolites, peloidal stromatolites (cf.
Schmid, 1996) and sponges (Fig. 6C). Fine growth cav i ties
with geopetal in fill ings and bor ings are com mon, which
doc u ments the ex is tence of rigid frame work. In some core
in ter vals, only the microbialites were ob served be ing rep re -
sented by lay ered leiolites, which sta bi lize the de tri tal ma te -
rial com posed mainly of peloids and small bioclasts (Fig.
6E). Sim i larly to mi cro bial-sponge, the mi cro bial-coral
boundstones char ac ter ized by rigid frame work were found
in a few ho ri zons only. Due to oblit er ated in ter nal struc ture,
most of coral spec i mens are dif fi cult to iden tify (Fig. 6A,
B), but among the iden ti fied cor als most com mon were
Microsolenidae (Fig. 6D). Some coral skeletons reveal
common borings.

In the in ter vals, in which the boundstones were ob -
served, grainstone and float stone sed i ments are fre quent,
built up of crum bled bioclasts: mainly bi valves, gas tro pods,
Crescientiella morronensis (for mer “Tubiphytes” morro-
nensis; Senowbari-Daryan et al., 2008), sponges and cor als
(Fig. 6F). Sed i ments of this microfacies most of ten ap pear
in the same ho ri zons as the reefs and prod ucts of their de -
struc tion. The ooids en coun tered in this fa cies point out that
the build ups de vel oped in the vi cin ity of ooidal barriers.

In ter pre ta tion. These microfacies, rep re sent ing the
boundstones form ing the car bon ate reefs or biostromes and
peri-reefal de pos its, were ob served only in the cen tral part
of the study area. The reef fa cies oc curs in a nar row zone,
par al lel to the ooidal-bioclastic fa cies. Anal y sis of data from 
wells and from lit er a ture did not con firm the pres ence of
thick reef com plexes with well de vel oped, rigid frame work. 
In stead, small build ups are pres ent and, in the up per parts of 
the suc ces sions, mo not o nous and poorly tax o nom i cally di -
ver si fied, mi cro bial-sponge and mi cro bial-coral biostromes
or patch-reefs oc cur. Their de vel op ment, to gether with the
pres ence of re de pos ited ooids and the frag ments of bound-
stones within the slope sed i ments, al low us to con clude that
these are de pos its of the up per slope, be tween the ooidal-
bioclastic, mar ginal plat form bar rier and the plat form slope
where sub ma rine slides were en coun tered. The re sults of
microfossil stud ies sug gest the Late Kimmeridgian and
Tithonian ages (Zhabina & Anikeyeva, 2007; Olszewska,
unpublished data).

MF-5 Ooid-bioclastic grainstones (Fig. 7A–D)
Ini tially, this microfacies va ri ety was ob served in wells

lo cated in a nar row (pre sum ably less than a few kilo metres
wide), north west-south east-trending zone be tween Luba-
czów and Stryi (Zhabina & Anikeyeva, 2007). In the lower
part of the sec tions, the ooidal-bioclastic fa cies was ob -
served in the Up per Oxfordian–Lower Kimmeridgian suc -
ces sion from the Bortiatyn 1 well (Figs 3, 6C) where mixed, 
siliciclastic/car bon ate de pos its were found. Up wards, in
wells from the north-east ern part of study area, this mi cro-
fa cies was more com mon. Its pres ence was doc u mented
also from other wells lo cated in this zone, that is Bortiatyn 1 
(1,800–2,300 and 2,500–2,550 m depth in ter vals) and
Podil’tsi 1 (1,950–2,350 m depth in ter val) (Fig. 3; e.g.,
Karpenchuk et al., 2006; Zhabina & Anikeyeva, 2007). The
ooidal-bioclastic microfacies is com posed of small ooids,

with di am e ters rarely ex ceed ing 0.5 mm, and of bioclasts,
which are mostly frag ments of bi valves, gas tro pods and
echinoderms (Fig. 7A, B, D).

In ter pre ta tion. In both the Kimmeridgian and Titho-
nian, the ooidal-bioclastic microfacies sim i lar to MF-4 oc -
curs mainly in a nar row zone, south west of the Horodok
Dis lo ca tion. Microfacies anal y sis and data from other wells
drilled in the zone (e.g., Karpenchuk et al., 2006; Zhabina & 
Anikeyeva, 2007) in di cate that this is a high-en ergy, mar -
ginal plat form, ooid-bioclastic and reef fa cies. In the lit er a -
ture, these sed i ments were as signed to the Opary For ma tion
(mainly the Up per Kimmeridgian–Tithonian; e.g., Zhabina
& Anikeyeva, 2007; Olszewska, 2010). Far ther to the
south west it grades lat er ally into the plat form slope fa cies
(Karolina For ma tion). In both the Up per Tithonian and Ber- 
riasian, this fa cies va ri ety was found also to wards the EEP,
in the Nyzhniv For ma tion (Fig. 3; cf. Dulub & Zhabina,
1999; Gutowski et al., 2005b), which rep re sents the in ner,
open-plat form, ooidal-bioclastic shoals. More over, the
ooidal-bioclastic fa cies ob served in the lower parts of the
suc ces sions to gether with siliciclastic sed i ments cor re -
sponds to the so-called Var ie gated Ho ri zon (Lower Kimme- 
ridgian; e.g., Gutowski et al., 2005a).

MF-6 Fenestral mudstones-wackestones, MF-7 mi cro bial 
bindstones and MF-8 peloid-cyanobacteria packstones-
wackestones (Fig. 8)

These de pos its in clude nu mer ous microfacies va ri et ies
with fenestral struc tures. An al most com plete Up per
Tithonian suc ces sion was ob served in the Kokhanivka 26
well, which is re mark able be cause of full cor ing (Fig. 3).
The microfacies va ri et ies form nu mer ous, al ter nat ing ho ri -
zons, from a dozen or so to sev eral doz ens of centi metres
thick. The most com mon are mudstones with abun dant, ir -
reg u lar fenestral voids usu ally geopetally filled with vadose
silt (Fig. 8B). An other com mon va ri ety is the fenestral
wackestone (Fig. 8A). This microfacies is char ac ter ized by
the ap pear ance of nu mer ous cop ro lites Favreina sp. Com -
mon ap pear ance of re de pos ited ooids in di cates de po si tion
in the vi cin ity of ooidal-bioclastic shoals. Peloidal pack-
stones-grainstones (Fig. 8C) are fre quent, grad ing up the se -
quence into peloid-cyanobacteria packstones (Fig. 8E, F).
Reg u lar fenestral struc tures are com monly ob served as hor i -
zon tal, mi cro bial ‘ze bra-like’ forms built up of a set of mi-
crite laminae with sparite-filled spaces or of ir reg u lar cav -
erns (Fig. 8D).

In ter pre ta tion. These microfacies va ri et ies are com mon 
in the up per parts of the stud ied suc ces sions (Fig. 3). They
were found north east of the ooidal-bioclastic bar rier de -
scribed above. Sev eral microfacies types rep re sent the in ner 
plat form en vi ron ment and cor re spond to mi nor fluc tu a tions
of sea level within the intertidal flat. Microfossil stud ies en -
abled the au thors to as sign these sed i ments to the Up per
Tithonian (Olszewska, 2010; Olszewska, un pub lished data)
and perhaps, to the ?Lower Berriasian.

 MF-9 Charophyta-gas tro pod wackestones
(Fig. 9A, C, D)

In both the Kokhanivka 26 and Lanivka 1 wells, in a
few ho ri zons within the la goonal fa cies (Up per Tithonian–
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Fig. 7. Microfacies from plat form mar gin bar ri ers and shal low-wa ter in ner plat form en vi ron ments (Tithonian–Valanginian) in the
Ukrai nian part of the Carpathian Foredeep base ment. A – ooidal grainstone (MF-5, Kokhanivka 26 well, depth in ter val 1,134–1,140.8 m),
B – ooidal-bioclastic grainstone, most of ooids are micritized (MF-5, Susoliv 5 well, depth in ter val 2,999–3,005 m), C – bioclastic
packstone-grainstone with rare micritized ooids, (MF-5, Bortiatyn 1 well, 2,480 m depth), D – grainstone-rudstone with nu mer ous bi valve 
shells, intraclasts, lithoclasts, gas tro pods and con cen tric ooids (MF-5, Kokhanivka 26 well, depth in ter val 1,105.5–1,112.5 m), E, F – cri -
noid-bryo zoan grainstone with nu mer ous echinoderms, cor als, bi valves and sponges (MF-10, Didushytsi 1 well, depth in ter vals 1,803–
1,925 m)
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Fig. 8. Microfacies from the in ner plat form de pos its (Tithonian–?Lower Berriasian) in the Ukrai nian part of the Carpathian Foredeep
base ment. A – fenestral wackestone with cop ro lites (ar row) and ooids (MF-6, Kokhanivka 26 well, depth in ter val 1,112.5–1,119.7 m), B – 
peritidal fenestral mudstone with nu mer ous geopetally infilled cav i ties (MF-6, Kokhanivka 26 well, depth in ter val 1,127–1,134 m), C –
non-lam i nated, fine-grained peloidal grainstone (Kokhanivka 26 well, depth in ter val 1,193–1,201 m), D – reg u larly lam i nated, mi cro bial
fenestral bindstone (MF-7, Kokhanivka 26 well, depth in ter val 1,208–1,310 m), E – coated rudstone with cyanobacteria and mudstone
(up per part) (Didushychi 1 well, depth in ter val 2,009–2,019 m), F – coated, bioclastic and intraclastic- bioclastic packstone-grainstone
with Dasycladacea, gas tro pods and small oncoids (Didushychi 2 well, depth in ter val 2,166–2,171 m)



FA CIES OF THE UP PER JU RAS SIC–LOWER CRE TA CEOUS SED I MENTS, UKRAINE 301

Fig. 9. Microfacies from the in ner plat form and peri-shore de pos its (Tithonian–Berriasian) in the Ukrai nian part of the Carpathian
Foredeep base ment. A – brack ish, re stricted la goon/lake wackestone with frag ments of Charophyta (ar row) and thin-shelled ostracods
(MF-9, Kokhanivka 26 well, depth in ter val 1,178.6–1,185.6 m), B – rudstone, transgressive basal brec cia, lithoclasts re flect ero sion of
shal low-wa ter plat form de pos its (Didushychi 2 well, depth in ter val 1,975–1,983 m), C – brack ish, re stricted la goon/lake gas tro pod
wackestone (MF-9, Didushychi 1 well, depth in ter val 2,124–2,132 m), D – non-lam i nated, bioclastic wackestone with gas tro pods (MF-9,
Didushychi 2 well, depth in ter val 2,054–2,061 m), E – float stone, back-plat form sabkha, in the lower part tidal intraclasts, coarse float -
stone lithoclasts rep re sented by unfossiliferous micrite clasts, in the up per part lam i nated, evaporatic, cal car e ous mudstone; ir reg u larly
dis trib uted voids re sult from the re place ment of evap o rates (E), (MF-11, Verbizh 11 well, depth in ter val 866–870 m), F – polimictic brec -
cia with car bon ates and quartz grains (MF-11, Verbizh 11 well, depth in ter val 1,080 –1,084 m)



?Lower Berriasian), the peloidal wackestones were ob -
served, with abun dant frag ments of Charophyta (Fig. 9A),
gas tro pods and bi valves (Fig. 9C, D).

In ter pre ta tion. The sed i ments are dom i nated by gas tro -
pods and Charophyta rep re sent ing the en vi ron ment of
peri-shore, brack ish lakes (iso lated la goons) dis trib uted
along the shore and sep a rat ing the la goon from the land.
Sim i lar microfacies was de scribed from the Pol ish part of
the Carpathian Foredeep base ment (Zdanowski et al., 2001;
Krajewski et al., 2011) where it represents the Berriasian.

MF-10 Bioclastic-bryo zoan grainstones (Fig. 7E, F)
The oc cur rence of this microfacies is lim ited to the

north-east ern part of the study area. Up the Up per Ju ras sic–
Lower Cre ta ceous suc ces sion, this microfacies be comes
more com mon and dom i nated by grainstones com pris ing
abun dant bryo zoans and echinoderms, whereas the num ber
of ooids de creases, al though it is still high (Fig. 7E, F). Its
pres ence was doc u mented from the Didushychi 1 well
(1,803–1,925 m depth interval).

In ter pre ta tion. This microfacies rep re sents the Lower
Cre ta ceous (Berriasian–Valanginian; cf. Zhabina & Anike-
yeva, 2007) open plat form, shal low-wa ter fa cies. Its pres -
ence was also de scribed from the Lower Cre ta ceous (Valan- 
ginian) strata in the Pol ish part of the Carpathian Foredeep
base ment (Zdanowski et al., 2001; Urbaniec et al., 2010;
Krajewski et al., 2011) in di cat ing a wide re gional ex tent of
the microfacies. In the Ukrai nian part, this microfacies can
be cor re lated with the Nizhniv For ma tion (cf. Dulub et al.,
2003; Gutowski et al., 2005a).

MF-11 Lithoclastic float stones (Fig. 9B, E, F)
In the Didushychi 1, 2 and the Verbizh 11 wells, in nu -

mer ous Tithonian ho ri zons, the lithoclasts of float stones
were ob served (Fig. 9B) be ing char ac ter ized by micritic
clasts with lam i nated, evaporatic cal car e ous mudstones
(Fig. 9E). More over, in some ho ri zons the polimictic brec -
cias were no ticed, com posed of car bon ate and quartz grains
(Fig. 9F). This microfacies was ob served in the north-east -
ern part of the study area and rep re sents peri-shore de pos its.

FA CIES DE VEL OP MENT OF UP PER
JU RAS SIC–LOWER CRE TA CEOUS

CAR BON ATE DE POS ITS IN THE
WEST ERN PART OF THE UKRAI NIAN
CARPATHIAN FOREDEEP BASE MENT

The re sults of microfacies stud ies com bined with lit er a -
ture data (e.g., Dulub & Zhabina, 1999; Anikeyeva, 2000,
2004; Dulub et al., 2003; Karpenchuk et al., 2006; Zhabina
& Anikeyeva, 2007) re vealed high lithological di ver sity of
Up per Ju ras sic–Lower Cre ta ceous de pos its in a nar row,
strongly tec toni cally dis turbed Ukrai nian part of the Carpa-
thian Foredeep base ment (Fig. 10). Par tic u lar sed i ment
types, in dic a tive of sed i men tary en vi ron ments, show vari -
abil ity from the south west to the north east (Fig. 10). In the
study area lo cated be tween the Krakovets and Horodok
fault zones, the strati graphi cal data based on microfossil ob -
ser va tions en abled the au thors to iden tify Oxfordian, Kim-

meridgian, Tithonian, Berriasian and per haps ?Valanginian
sed i ments (Fig. 3; e.g., Dulub & Zhabina, 1999; Zhabina &
Anikeyeva, 2007; Olszewska, 2010; Olszewska, un pub -
lished data). The re sults of re cent strati graphi cal in ves ti ga -
tions led to cor re la tions of sev eral in for mal for ma tions or
suites dis tin guished in both the Pol ish (south east ern Po land) 
and the Ukrai nian parts of the Carpathian Foredeep base -
ment and far ther, to wards the east, over the EEP (Niem-
czycka, 1976; Gutowski et al., 2005b; Olszewska, 2010).

In the south-west ern part of the study area, close to the
Pol ish-Ukrai nian state bor der, the Up per Ju ras sic car bon -
ates rest upon the Mid dle Ju ras sic siliciclastic sed i ments
(Karolina 6 and Podil’tsi 1 wells; Figs 3, 10). Here, the Up -
per Ju ras sic strata reach the max i mum thick ness, per haps
1,000 m (Fig. 3), but to the north east the thick ness of these
sed i ments de creases to about 500 m, as seen in the Bortiatyn 
1 wells. To wards the EEP, the Up per Ju ras sic car bon ate de -
pos its rest di rectly upon the Palaeozoic rocks or upon the
Oxfordian clastics of the Sokal Suite (Dulub & Zhabina,
1999). Com monly, the Up per Ju ras sic suc ces sions are in -
com plete due to post-Me so zoic tec tonic ac tiv ity. The bio-
strati graphi cal and fa cies ob ser va tions en abled the au thors
to dis tin guish three main stages of sed i men ta tion (cf. Kutek, 
1994; Gutowski et al., 2005a; Œwidrowska et al., 2008): (i)
the Oxfordian–Early Kimmeridgian stage rep re sent ing the
dis tally steep en ing ramp, (ii) the Kimmeridgian–Tithonian
stage rep re sent ing the rimmed plat form, and (iii) the Berria- 
sian–Valanginian stage of not-rimmed, open plat form (Fig.
11). Due to ero sion, the last stage was re cog nised only in the 
north-east ern part of study area, in the Didushychi 1, 2 and
the Verbizh 11, 33 wells.

The Up per Ju ras sic suc ces sion com mences with the
Oxfordian sed i ments transgressively over lay ing the Mid dle
Ju ras sic strata (Fig. 3). To the north east, to wards the EEP,
the Oxfordian car bon ates grade into siliciclastics (Dulub &
Zhabina, 1999). In the stud ied drill cores (e.g., Moryantsi 1,
Karolina 6 and Podil’tsi 1 wells) the Lower and Mid dle
Oxfordian car bon ate sed i ments are poorly biostratigraphi-
cally doc u mented (Olszewska, un pub lished data) and their
po si tion and ex tent are rather doubt ful, de spite sev eral pub -
li ca tions (cf. Dulub et al., 2003; Zhabina & Anikeyeva,
2007). The same phe nom ena are ob served far ther to the
south east, in the west ern part of the Cri mean Up per Ju ras -
sic–Lower Cre ta ceous plat form de pos its (Krajewski &
Olszewska, 2007; Krajewski, 2010). The re sults of this
study sug gest that these are mostly Up per Oxfordian strata
(Fig. 3). In the ana lysed wells, the Oxfordian car bon ate sed -
i ments show in sig nif i cant thick nesses: from about 50 m in
the Bortiatyn 1 well to about 150 m in the Moryantsi 1 well
(Figs 1, 3). The re sults of microfacies anal y sis sug gest that
in the south-west ern part of the study area the Oxfordian
sed i ments are deep-wa ter marly lime stones and lime stones
(as in the Moryantsi 1, Karolina 6 and Podil’tsi 1 wells),
rep re sented mostly by wackestones with nu mer ous spicules
and bioclasts (Fig. 4). The mi cro bial-si li ceous sponge fa cies 
are rare in com par i son with the Pol ish part of the Carpathian 
Foredeep base ment and their ex tent is con sid er ably smaller
(cf. Morycowa & Moryc, 1976; Golonka, 1978; Gutowski
et al., 2007; Krajewski et al., 2011). Al though the pres ence
of mi cro bial-sponge build ups can not be ex cluded in other

302  M. KRAJEWSKI ET AL. 



wells (cf. Zhabina & Anikeyeva, 2007), these struc tures
have not been well-doc u mented in the pub lished pa pers.
The bioherms and biostromes were de scribed as mass oc -
cur rence of sponges with marl and clay interlayers (e.g.,
Dulub & Zhabina, 1999; cf. Trammer, 1982; Olóriz et al.,

2003). It seems likely that such build ups do not rep re sent
larger reef com plexes of mas sive lime stone with well-de -
vel oped rigid frame work, which are seen in the Pol ish part
of the foredeep base ment as well as in other set tings in Eu -
rope (e.g., Keupp et al., 1990; Leinfelder et al., 1994, 1996;
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Fig. 10. A – Up per Ju ras sic (Kimmeridgian–Tithonian) fa cies de vel op ment ver sus main Palaeozoic fault zones in the Ukrai nian part of
the Carpathian Foredeep base ment (af ter Bu³a & Habryn, 2010, 2011; mod i fied). Gen er ally, fa cies dis tri bu tion is par al lel to the strikes of
main fault zones. B – Ide al ized model of Kimmeridgian–Tithonian sed i men ta tion and fa cies dis tri bu tion in the rimmed plat form from the
Ukrai nian part of the Carpathian Foredeep base ment ver sus main tec tonic units of the Palaeozoic base ment (not to scale)



Matyszkiewicz, 1997; Krajewski, 2000; Matyszkiewicz et
al., 2006a, b; Gutowski et al., 2007) where the Oxfordian
strata are thicker and form ex tended, mi cro bial-sponge reef
com plexes. In stead, this is rather a bed ded fa cies lo cally en -
riched in sponges. In the north-east ern part of the study
area, in a nar row zone, the mi cro bial-sponge de pos its grade
into the shal low-wa ter fa cies with abun dant cor als, bioclasts 
and ooids (e.g., in the Bortiatyn 1 well, Fig. 3). These re sults 
in di cate that the tran si tion from shal low- to deep-wa ter en -
vi ron ment might have pro ceeded over a nar row, homoclinal 
ramp or, what is more prob a ble, over a dis tally steepened
ramp con trolled by the relief of the pre-Upper Jurassic base- 
ment. This may explain the narrow zone of deep-to-shallow
facies transition without the distinct barrier.

The Lower Kimmeridgian suc ces sion (e.g., in the Bo-
rtiatyn 1 and Podil’tsi 1 wells; Fig. 3) en com passes the fa -
cies, in which nu mer ous bioclasts and micritized ooids are
ac com pa nied by mixed, siliciclastic-car bon ate de pos its: clay- 
stones, cal car e ous sand stones and con glom er ates known
from the lit er a ture as the “Var ie gated Ho ri zon” (Fig. 6F;
Dulub & Zhabina, 1999; Gutowski et al., 2005a; Olszewska,
2010). Data from most of the stud ied drill cores taken in the

south-west ern part of the area, sup ported by geo log i cal data
from many other wells, al low the au thors to con clude that this 
ho ri zon oc curs in the bot tom parts of the Low er most Kimme- 
ridgian suc ces sions (Fig. 3; Gutowski et al., 2005a; Ol-
szewska, 2010).

The Lower Kimmeridgian “Var ie gated Ho ri zon” is
cov ered by a thick com plex of highly di ver si fied lime stones
and marly lime stones (Fig. 3). The Kimmeridgian suc ces -
sion is lo cally up to 500 m thick (Podil’tsi 1 well) but usu -
ally its thick ness is about 400 m (Fig. 3). Ini tially, in the
south-west ern part of the study area the dom i nat ing sed i -
men tary en vi ron ment was sim i lar to that ob served in the
Up per Oxfordian strata, in which spicules, Saccocoma, ra -
diolarian wackestones and mudstones were abun dant. The
re sult ing lime stones and marly lime stones rep re sent deep-
wa ter, outer plat form fa cies (e.g., Flügel, 2004, p. 722). To -
wards the plat form cen tre, these de pos its grade into bio-
clastic lime stones, partly dolomitized and con tain ing
anhydrite; these are the in ner plat form fa cies types (e.g.,
Didushychi 1, 2 and Verchany 1 wells; Dulub & Zhabina,
1999; Zhabina & Anikeyeva, 2007). In the study area, car -
bon ate de po si tion at tained full de vel op ment in the Late
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Fig. 11. Model pre sent ing main stages of the evo lu tion of the Late Ju ras sic–Early Cre ta ceous car bon ate plat form in the Ukrai nian part of 
the Carpathian Foredeep base ment with most com mon microfacies. (I) dis tally steep ened ramp stage mainly cor re sponded to the pre-Late
Ju ras sic mor phol ogy of the base ment, (II) rimmed plat form stage was con nected with synsedimentary tec ton ics in the SW bor der of the
East-Eu ro pean Plat form, (III) open plat form evo lu tion stage was mainly con nected with small sea level changes



Kimmeridgian. In its south-west ern part (e.g., Moryantsi 1,
Karolina 1, Bortiatyn 1 and Podil’tsi 1 wells, Fig. 3) the im -
por tance of the plat form slope sed i ments in creases up the
se quence. These are sev eral lay ers of calciturbidites com -
posed of allochthonous, de tri tal ma te rial, that is grains typ i -
cal of mar ginal, shal low-wa ter plat form fa cies and auto-
chthonous wackestones-mudstones. To the north east, the
plat form slope sed i ments grade into plat form mar gin fa cies,
as ob served in the Podil’tsi 1 and Lanivka 1 wells (Fig. 3),
and in oth ers. These de pos its are com posed of ooidal-
bioclastic fa cies, rarely of fa cies with abun dant cor als and
sponges. Data from nu mer ous wells in di cate that the bar rier
zone ex tended north west–south east. In the lit er a ture, this
zone is called “the Opary Reef” (Dulub & Zhabina, 1999;
Gutowski et al., 2005a; Karpenchuk et al., 2006; Zhabina & 
Anikeyeva, 2007). Fa cies of the plat form mar gin grade to -
wards the north east, into the in ner plat form fa cies (Fig. 10)
rep re sented by peritidal, peloid-bioclastic wackestones-
mudstones with cop ro lites, gas tro pods, bi valves, oncoids
and evap o rates. Tak ing into ac count the re sults of stud ies
and col lected data, the au thors con clude that the Up per
Kimmeridgian–Tithonian suc ces sion ini tially re flected the
con tin u a tion of Oxfordian de po si tion in an en vi ron ment of
dis tally steepened ramp, which then evolved into the rim-
med plat form of the Late Kimmeridgian. The Tithonian sed -
i ments reach a thick ness of about 600 m in the south-west -
ern part of the study area (Fig. 3). Gen er ally, the Tithonian
suc ces sion is a con tin u a tion of the rimmed plat form de po si -
tion, which pro gresses to the south west. In the south-west -
ern part of the study area the calciturbidites are ob served,
which (like the Up per Kimmeridgian car bon ates) con tain
de tri tal sed i ments re de pos ited from the plat form mar gin, as
no ticed for in stance in the cores from the Karolina 6 and the
Moryantsi 1 wells (Fig. 3). Some lime stones show a nod u lar 
struc ture, typ i cal of de bris flow sed i ments laid down onto
the plat form slope. Among re de pos ited clasts, frag ments of
biolithites and oolitic fa cies are com mon, pro duced by ero -
sion of mar ginal-plat form, coral-mi cro bial-sponge reefs
and ooidal-bioclastic bar ri ers. To wards the north east, the
plat form mar gin fa cies grades into the in ner plat form peri-
tidal and brack ish ones (Kokhanivka 26 well). It is worth to
note that these de pos its cor re spond to the Lower Berriasian
fa cies known from the Pol ish part of the Carpathian fore-
deep base ment (cf. Zagorzyce 7 well; Zdanowski et al.,
2001; Krajewski et al., 2011), which, in turn, are very simi-
lar to the Lower Berriasian Purbeckian facies known from
many settings in Europe (e.g., Strasser, 1988; Flügel, 2004,
p. 766).

In the Berriasian and per haps also in the Valanginian,
sed i men ta tion in the whole of the study area was dom i nated
by ooidal-bioclastic-bryo zoan fa cies, sim i lar to that ob -
served in the Pol ish part of the Carpathian Foredeep base -
ment (Zdanowski et al., 2001; Urbaniec et al., 2010; Kra-
jewski et al., 2011). Re cently, both the Berriasian and Va-
langinian sed i ments have been found mainly in the north-
east ern part of the study area, for in stance in the Didushychi 
1, 2 and the Verchany 1 wells, whereas in the south-west ern
part of the study area these strata were re moved by ero sion
con trolled by tec tonic events. Rel a tively uni form de vel op -
ment of Lower Cre ta ceous sed i ments points out that they

were de pos ited mainly in the not-rimmed, open plat form en -
vi ron ment where synsedimentary tectonic episodes were
absent.

Bas ing on sed i ment fa cies pat tern com pared to the Pala- 
eozoic base ment struc ture, the au thors sug gest that sed i -
men ta tion of Me so zoic se quences was closely re lated to the
block struc ture of the base ment and to synsedimentary tec -
ton ics (Fig. 10; Gutowski & Wybraniec, 2006). In the
Ukrai nian part of the Carpathian Foredeep, nu mer ous north -
west-south east-strik ing faults were indentified. Cer tainly,
these faults of Palaeozoic prov e nance (Bu³a & Habryn,
2010, 2011) were ac tive also in the Me so zoic, as in di cated
by close cor re spon dence of the Up per Ju ras sic fa cies to the
strikes of faults. This is par tic u larly well-vis i ble in the zone
be tween the Krakovets and the Holy-Cross (Horodok) fault
zones (Fig. 10) where a swarm of faults is de vel oped (e.g.,
Sudova-Vishnia Fault; Karpenchuk et al., 2006; Bu³a & Ha- 
bryn, 2011). Fa cies di ver sity ob served in the Up per Kimme- 
ridgian–Tithonian sed i ments of the plat form slope sug gests
that the ma rine plat form and the in ner plat form were in flu -
enced by tec tonic his tory of the Palaeozoic Kokhanivka
Block be tween the Krakovets and the Holy Cross fault
zones (Fig. 10). Pos si ble con nec tions of Ju ras sic sed i men ta -
tion with both the palaeorelief and synsedimentary tec ton ics 
were pointed out also by some Pol ish and Ukrai nian au thors 
(e.g., Gutowski et al., 2006; Gutowski & Wybraniec, 2006;
Karpenchuk et al., 2006). The im por tance of synsedimen-
tary tec ton ics for the de vel op ment of rimmed plat form is
par tic u larly ev i dent in the Up per Kimmeridgian–Tithonian
suc ces sion. To wards the EEP, the in ner and peri-shore fa -
cies were ob served over the Rava Ruska Palaeozoic Block,
located between the Holy Cross and Rava Ruska fault zones 
(Fig. 10).

CON CLU SIONS

The re sults of stud ies en abled the au thors to dis tin guish
eleven ba sic Up per Ju ras sic–Lower Cre ta ceous microfacies
va ri et ies in the stud ied part of the Carpathian Foredeep
basement. In a nar row zone of the study area, three main
stages of plat form de vel op ment are ev i dent: (i) dis tally stee- 
pened ramps, (ii) rimmed plat form, and (iii) not-rimmed
plat form. The first stage is rep re sented by deep-wa ter, outer
ramp and shal low-wa ter, car bon ate and siliciclastic in ner
ramp sed i ments, mostly of the Late Oxfordian age. This
stage ceased with the de po si tion of the Lower Kimmerid-
gian, mixed siliciclastic/car bon ate strata. The sec ond stage
in cludes Kimmeridgian and Tithonian sed i ments laid down
in the rimmed plat form en vi ron ment. Fa cies di ver sity
clearly in di cates the plat form slope sed i ments with nu mer -
ous calciturbidites as well as ooidal-bioclastic, mar ginal
plat form bar ri ers and, rarely, coral-sponge patch-reefs, and
in ner-plat form peritidal de pos its. The third stage in cludes
Berriasian and, prob a bly, Valanginian, mostly detrital
sediments of shallow-water, open platform.

Microfacies stud ies com bined with lit er a ture data in di -
cate that li thol ogy and de vel op ment of the Up per Ju ras sic
de pos its in both the Ukrai nian and Pol ish Carpathian
Foredeep base ment show con sid er able dif fer ences. In the
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Pol ish part, vast mi cro bial-sponge fa cies with well-de vel -
oped, large reef com plexes can be ob served in the Oxfor-
dian, rarely in the Kimmeridgian and in the Tithonian strata
known from out crops and wells, while in the Ukrai nian part
this fa cies is lim ited to a nar row zone only. In the Ukrai nian
part of the Carpathian Foredeep base ment, in the Kimmerid- 
gian and es pe cially in the Tithonian, a dis tinct, nar row mar -
ginal plat form bar rier ex isted close to the EEP, while in the
Pol ish part, in the Tithonian, sed i men ta tion pro ceeded in
vast homoclinal mid-ramp en vi ron ments. How ever, sim i lar
sed i men tary con di tions rep re sent ing the in ner plat form fa -
cies ap peared in the Lower Cre ta ceous in the Pol ish part,
and in the up per most Jurassic–Lower Cre ta ceous in the
Ukrainian part of the foredeep basement.

The stud ies re vealed close re la tion ships be tween the
Up per Kimmeridgian–Tithonian fa cies dis tri bu tion and the
main tec tonic units in the re gion, con trolled by block struc -
ture of the Palaeozoic base ment. In the area sit u ated over
the Palaeozoic Kokhanivka Block, be tween the Krakovets
and Holy Cross fault zones, the slope-mar ginal and in ner
plat form fa cies pre dom i nate. On the other hand, only in ner
plat form and peri-shore fa cies do oc cur over the Rava
Ruska Block, placed be tween the Horodok and Rava Ruska
fault zones. The oolite-bioclastic bar rier fa cies (rarely
reefs), sep a rat ing the plat form slope from the in ner plat form 
set tings, ex tends along a fault sys tem dis cov ered south west
of the Holy Cross Fault Zone. This sug gests that the main
fault zones were ac tive also in the Me so zoic and closely
con trolled Ju ras sic sedimentation in the Carpathian Fore-
deep basement.
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