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The or i gin of the olistostromes at the front of the Ukrai nian Carpathian orogen is re lated to Mio cene synsedimentary thrust
move ments of the Carpathian accretionary prism and to ero sion of up lifted ar eas of the Boryslav-Pokuttya Nappe in the front
of the accretionary prism. There are two olistostrome com plexes. The first is the Lower Mio cene Polyanytsia-Vorotyshcha
Olistostrome with clasts of molasse and flysch de pos its formed in a piggy-back ba sin on the in ner part of the
Boryslav-Pokuttya Nappe at the top of the accretionary wedge. This olistostrome is as so ci ated with the Sloboda Con glom er -
ate de rived from the fore-bulge at the fore land of the Boryslav-Pokuttya Nappe. The sec ond one is the Mid dle Mio cene
Lanchyn Olistostrome with olistoliths of strongly de formed molasse de pos its. These olistoliths were slid from the up lifted
front of the Boryslav-Pokuttya Nappe. The Lanchyn Olistostrome was de pos ited at front of this nappe in a foredeep ba sin.
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INTRODUCTION

Olistostromes of ten take part in the struc ture of orogens.
Flores (1959) pro posed us ing the term “olistostrome” to the for -
ma tion con tain ing two bind ing com po nents. The first com po -
nent is a ma trix com posed of typ i cally sandy-clayey de pos its
with cha otic or poorly lay ered sed i men tary tex tures. The sec -
ond com po nent is an olistolith rep re sented by large blocks of
rock em bed ded in a ma trix. It was con sid ered that the olisto -
strome is a suf fi ciently large mappable unit. Com monly, the
olistostrome is very thick and ex tends for tens, in places hun -
dreds of kilo metres (Leonov, 1981). The terms “ma trix” and
“olistolith” are de pend on the scale un der con sid er ation; for ex -
am ple small blocks are re ferred to as olistoliths in ex po sures,
and the same blocks can be de picted as part of the ma trix on
geo log i cal maps. The ma trix is the prod uct of de bris-flows ac -
com pa ny ing sub ma rine land slides. Olistoliths are rep re sented
by rel a tively co her ent trans ported blocks of rocks.

Olistostromes re flect mass-wast ing pro cesses and grav -
ity-in duced em place ment of un sorted sed i ments and may be
as so ci ated with turbidites and mud flow de pos its. Any rock type
avail able in the up lifted source area may con trib ute to the for -
ma tion of an olistostrome in clud ing salt-bear ing rocks (Œl¹czka
and Kolasa, 1997).

Re cently the or i gin of the olistoliths and olistostromes from
the Pol ish Carpathians was dis cussed by Cieszkowski et al.

(2009). In the Ukrai nian Carpathian orogen, most of the thick
(hun dreds of metres) and best-ex pressed olistostromes are
grouped into sev eral zones which are char ac ter ized by a sub-
 Carpathian strike and are con fined to the fron tal parts of the
great nappes (Hnylko, 2011; Fig. 1). They have been de scribed
in the Marmarosh Klippen Zone (Kruglov, 1965), and at the front 
of the Marmarosh (Byzova, 1965), Chornohora (Gruzman and
Smirnov, 1985), Dukla (Glushchenko, 1972; Glushchenko et
al., 1980; Hnylko, 2000) and Silesian (Astakhov, 1989) nappes.
Olistostromes are also known from the Polyanytsia For ma tion
and the Vorotyshcha salt-bear ing For ma tion within the Bory -
slav-Pokuttya Nappe (Unit) (Kulchitskiy, 1977).

As a re sult of field re search a new olistostrome was iden ti -
fied and par tially mapped at the front of the Boryslav-Pokuttya
Nappe among the salt-bear ing de pos its of the Sambir Nappe
(Unit) (Hnylko and Vashchenko, 2003, 2004).

In the Ukrai nian Outer Carpathians, nappe-re lated olisto -
stromes are rep re sented by synorogenic cha otic de pos its with
mainly flysch olistoliths de rived from the up lifted orogenic
flysch - nappe front ad vanc ing to wards the fore land re gion
(Hnylko, 2011).

Olistostromes con tain ing ex otic clasts de rived from the pre-
 flysch and/or plat form base ment up lifted and ex posed to mass -
-wast ing at the ba sin mar gin are also known from the Ukrai nian
Outer Carpathians. These olistostromes of ten form rel a tively thin 
sed i men tary lenses of de bris-flow de pos its with ex otic clasts, or
are part of mixed com plexes con tain ing olistoliths de rived both
from the up lifted flysch nappes and from the el e vated base ment
(Hnylko, 2011). For ex am ple, a thick se quence of the Sloboda
Con glom er ate is as so ci ated with the nappe-re lated olistostrome
em bed ded in the Polyanytsia and Vorotyshcha for ma tions. A
con glom er ate re garded as of al lu vial fan or i gin (with a high con tri -
bu tion of high-den sity grav ity flow de pos its) is fol lowed by a fan
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delta suc ces sion (Oszczypko et al., 2012). Clasts of the Sloboda
Con glom er ate were de rived from the plat form forebulge that was 
formed as a con se quence of thrust move ments of the Carpa -
thian orogen (Hnylko and Vashchenko, 2003, 2004; Hnylko,
2011; Oszczypko et al., 2012).

In the pres ent pa per the geo log i cal po si tion, struc ture and
or i gin of the olistostromes from the Mio cene salt-bear ing de -
pos its of the Boryslav-Pokuttya and Sambir nappes are de -
scribed. Olistostromes were in ves ti gated in ex po sures along
the banks of ma jor rivers dur ing prep a ra tion of the geo log i cal
map of the Boryslav-Pokuttya and Sambir nappes, at the scale
of 1:200,000 (in Vashchenko et al., 2009).

GEOLOGICAL SETTING

The Boryslav-Pokuttya and Sambir nappes ex tend along
the front of the Ukrai nian Outer Carpathians. The Outer Carpa -
thians in volve sev eral stacked nappes (also re ferred to as
“units”) and are con sid ered as the Cre ta ceous-Neo gene accre -
tionary prism formed as a re sult of subduction of the base ment

of the Carpathian sed i men tary flysch ba sin be neath the
ALCAPA and Tisza-Dacia ter ranes, which now are lo cated in
the in ner part of the Carpathian moun tain arc (Kovaè et al.,
1998; Csontos and Vörös, 2004; Oszczypko, 2006; Hnylko,
2012; Fig. 1). The Outer Carpathian nappes are thrust over the
Neo gene molasse-fill of the Carpathian Foredeep.

The Ukrai nian Carpathian Foredeep is filled with syno -
rogenic Mio cene molasse. This molasse is folded and de tached 
from its sed i men tary sub strate in the In ner Zone of the Carpa -
thian Foredeep. The Outer Zone of the Carpathian Foredeep
(named the Bilche-Volytsia Zone) is not folded and rests di rectly 
on the plat form base ment. The main part of the In ner Zone dips
south ward un der the Outer Carpathian nappes.

In Ukraine the Mio cene salt-bear ing folded molasse de pos -
its with olistostromes are de vel oped along the front of the Outer
Carpathians. These de pos its be long to the Boryslav-Pokuttya
and Sambir nappes (Figs. 1 and 2). The Boryslav-Pokuttya Unit
forms the fron tal nappe of the Outer Carpathians (Glushko et
al., 1982; Hnylko, 2012). The Sambir Nappe is de rived from the
In ner Zone of the Neo gene Carpathian Foredeep. Some au -
thors (Kruglov, 1986) re gard the Boryslav-Pokuttya Nappe as a
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Fig. 1A – main tec tonic units of the Ukrai nian Carpathians (Hnylko, 2012); B – tec tonic set ting of the Ukrai nian Carpathians, 
po si tion of the ter ranes and main geo log i cal bound aries af ter Kovaè et al. (1998); Csontos and Vörös (2004);

Schmid et al. (2008); sim pli fied, partly mod i fied



tec tonic unit de rived from the In ner Zone of the Carpathian
Foredeep.

Mio cene de pos its are rep re sented by the up per part of the
Menilite For ma tion and a num ber of molasse for ma tions, ac -
cord ing to the new re gional strati graphic scheme of the Neo -
gene de pos its of the Outer Carpathians and Carpathian Fore -

deep (Andreyeva-Grigorovich et al., 2011; Fig. 2). This scheme
dif fers from other more “tra di tional” schemes (Andre yeva -
-Grigorovich et al., 1997; Smirnov, 2003; Oszczypko et al.,
2006; Jankowski et al., 2012) by the steeply in clined up to
sub-ver ti cal (strongly diachronous) bound aries of the for ma -
tions. It should be em pha sized that the bound aries are oblique
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Fig. 2. Re gional strati graphic scheme of the Neo gene de pos its of the Outer Carpathians and Carpathian Foredeep
(Andreyeva-Grigorovich et al., 2011, sim pli fied and partly mod i fied) and olistostromes and con glom er ates



and not ver ti cal (with the ex cep tion of the Skyba suc ces sions
which are sep a rated one from an other and where the Mio cene
parts of the Menilite and Krosno formations are not di rectly in
con tact with each other). A new re gional strati graphic scheme
of the Neo gene was built both on the grounds of geo log i cal ob -
ser va tions of re la tion ships of the lithostratigraphic units dur ing
geo log i cal map ping of the re gion, and, on the ba sis of new
biostratigraphic data. In 1999–2001 and 2006–2008 we se -
lected sam ples from the Mio cene de pos its along the banks of
ma jor rivers cross ing the Sambir and Boryslav-Pokuttya
nappes in Ukraine for the anal y sis of micro fauna and nanno -
plankton. Un for tu nately very few of them yielded use ful micro -
fossils, and it was not al ways pos si ble to pre cisely date the
bound aries of for ma tions biostratigraphically. Nev er the less
some new dat ing by foraminifera and nannoplankton sug gest
diachronous bor ders (ap prox i mately co eval fau nas were found
in the Menilite and Polyanytsia for ma tions; in the Polyanytsia
and Vorotyshcha for ma tions; in the Vorotyshcha and Stebnyk
for ma tions and in the Stebnyk and Balych for ma tions). These
biostratigraphic data are in the re port (Vashchenko et al., 2009)
and par tially pub lished (Vashchenko and Hnylko, 2003a, b;
Hnylko and Vashchenko, 2003, 2004; Andreyeva-Grigorovich
et al., 2008b, 2011; Kulyanda and Hnylko, 2012). The most im -
por tant biostratigraphic re sults are shown in Figure 2.

The Boryslav-Pokuttya Nappe is partly cov ered by the
Skyba Nappe (Outer Carpathians) and thrust over the Sambir
Nappe (see Fig. 1; Kruglov, 1986). The Boryslav-Pokuttya
Nappe is sub di vided into the in ner Boryslav Subnappe in the
south-west and the outer Runhur Subnappe in the north-east
that dif fer in lithostratigraphic com po si tion of the Mio cene de -
pos its (Vialov, 1965; Hnylko and Vashchenko, 2003, 2004; Fig.
2). The Boryslav-Pokuttya Unit is com posed of dis lo cated Cre -
ta ceous-Lower Mio cene flysch (mainly turbidites) and Mio cene
molasse. Flysch-molasse de pos its are de tached from their
sed i men tary sub strate. Molasse cov ers the flysch con form ably, 
in places with lo cal ero sion.

Mio cene de pos its are rep re sented by the up per part of the
Menilite For ma tion and the Polyanytsia, Vorotyshcha (in clud ing 
the Vorotyshcha Fm. sensu stricto con sist ing of mainly salt-
 bear ing clays, the Sloboda Con glom er ate Mem ber and the
Dobrotiv Mem ber) and Stebnyk for ma tions (Andreyeva- Grigo -
rovich et al., 2011; Fig. 2).

The Menilite For ma tion is com posed mainly of black shales
with interbedded chert and sand stone lenses (Kosa kowski,
2013 with ref er ences therein). The thick ness of the Menilite
For ma tion in the Boryslav-Pokuttya Unit gen er ally de creases
from ~1000 m to a few hun dreds and even few tens of metres in 
a north-east di rec tion. In the same di rec tion the Menilite For ma -
tion lacks its mid dle and up per mem bers due to their fa cies re -
place ment by the Polyanytsia For ma tion (Fig. 2).

The Polyanytsia For ma tion (thick ness up to 1000 m) is rep re -
sented by al ter nat ing grey clays, silts, claystones, siltstones and
sand stone. It con tains lenses of con glom er ate, sed i men tary
brec cia and de bris-flow de posit, which in crease in thick ness and
quan tity to the north-east. The Vorotyshcha For ma tion (thick -
ness up to 1200 m) in the in ner part of the Bory slav-Pokuttya
Nappe (Boryslav Subnappe) is rep re sented by salt-bear ing
gypsiferous semi-lithified grey clays with in ter ca la tions of grey
sand stone and lay ers of sed i men tary brec cia, con glom er ate and
de bris-flow de posit. In the Boryslav Sub nappe the Vorotyshcha
For ma tion rep re sents the youn gest lithostra tigraphic unit of the
strati graphic suc ces sion (Andre yeva-Grigo rovich et al., 2011).

In the Runhur Subnappe, salt-bear ing shales and clays of
the Vorotyshcha For ma tion are grad u ally re placed by the
Dobrotiv Mem ber (bed ded sand stones with in ter ca la tions of

grey shale) and Sloboda Con glom er ate Mem ber, which are
over lain by the Stebnyk For ma tion (var ie gated shales, marls
and sand stones, thick ness up to 1200 m).

The Sambir Nappe is cov ered by the Boryslav-Pokuttya
Nappe and thrust over the Outer (Bilche-Volytsia) Zone of the
Carpathian Foredeep. It is com posed of dis lo cated Mio cene
molasse (Vorotyshcha, Stebnyk, Balych and Berezhnytsia for -
ma tions) com pletely up rooted from their sed i men tary base ment 
(Andreyeva-Grigorovich et al., 2011). Kruglov (1986) con sid -
ered the Sambir Unit as a joint zone lo cated be tween the plat -
form and flysch ba sin. Some re search ers be lieve that the
Sambir Ba sin (as well as the Boryslav-Pokuttya Ba sin) was sit u -
ated on the top of the Carpathian accretionary wedge (in a
piggy-back ba sin; Oszczypko et al., 2012) but flysch de pos its
were not found in the Sambir Unit. The sed i men tary base ment
of the Mio cene Sambir molasse ba sin seems to be rep re sented
by the plat form dropped in front of the Carpathian orogen
(foredeep ba sin) (Hnylko and Vashchenko, 2004; Andreyeva-
 Grigorovich et al., 2011; Hnylko, 2012).

The Vorotyshcha For ma tion (thick ness up to 1000 m) within 
the Sambir Unit is rep re sented by grey clays, silts, sands and
sand stones. The lower sur face of the Vorotyshcha For ma tion is 
cut off by faults. This phe nom e non can be ob served, for ex am -
ple, in out crops along the Prut River.

The Stebnyk For ma tion (thick ness up to 1000 m) is com -
posed of pre dom i nantly var ie gated clays, marls, shales with
interbedded siltstones and sand stones. Near the bor der with
Po land the Stebnyk For ma tion con tains thick lenses of the
Nyzhankovychi Con glom er ate (Burov et al., 1976).

The Balych For ma tion (thick ness up to 750 m) gen er ally is
rep re sented by green ish-grey thin-lam i nated, mainly cal car e -
ous clays with interbedded siltstones and sand stones. Olisto -
strome is pre sented lo cally and forms a thick lens among the
bed ded de pos its at the front of the Boryslav-Pokuttya Nappe
(Hnylko and Vashchenko, 2003, 2004). The up per part of the
Balych For ma tion in some ar eas (e.g., Holynya, Kalush, Velykyi 
Belin) con tains the Up per Badenian evaporite “Kalush Beds”.
The evaporite de pos its of the Kalush area are cor re lated with
the Up per Badenian salt of the Wieliczka and Bochnia re gion
(Andreyeva-Grigorovich et al., 2003; see also dis cus sion in
Wójtowicz et al., 2003; Peryt, 2006).

The Kalush Evaporite Beds are over lain by up per Mid -
dle–lower Up per Mio cene sandy-clayey ma rine de pos its (thick -
ness up to 1200 m), which re cently has been named as the
Berezhnytsia For ma tion (Andreyeva-Grigorovich et al., 2011)
(see Fig. 2). Pre vi ously most re search ers (Andreyeva-Grigoro -
vich et al., 1997) at trib uted those su pra-evaporite strata (Bere -
zhnytsia For ma tion) to the Kosiv and Dashava for ma tions.

DESCRIPTION OF THE OLISTOSTROMES

Olistostrome in the Boryslav-Pokuttya Nappe was brie -
fly de scribed by Kulchitskiy (1977), who noted that the bore hole
deep sam ples and ob ser va tions at out crop fix the thick ho ri zons 
with in clu sions (olistostromes) to the bot tom of the Poly anytsia
For ma tion. The olistostromes are rep re sented by a clay mass
packed with frag ments of an cient meta mor phic rock, Ju ras sic
lime stone, with the in clu sion of Eocene-Oligocene flysch rocks.
This re searcher also noted olistoliths of the Menilite For ma tion
among the Zahora (Truskavets) con glom er ates of the Voro -
tyshcha For ma tion. On the map pre pared by Jankowski et al.,
(2007, 2012) the Vorotyshcha For ma tion is com pared with the
Slon Beds (olistostromes de vel oped in Ro ma nia), but this com -
par i son needs further test ing.
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Ac cord ing to our map ping, olistostromes in the Boryslav -
-Pokuttya Nappe are de vel oped as a num ber of lenses (sev eral 
metres, tens or up to hun dreds of metres thick) of de bris-flow
de pos its (Fig. 3) within the lay ered strata of the Polyanytsia and
Vorotyshcha for ma tions (Polyanytsia- Vorotyshcha Olisto stro -
me). In the olistostrome be tween the lenses of de bris-flow de -
pos its can be found the thin lay ers of the back ground lam i nated
clayey strata. The olistostrome tends to oc cur in the lower part
of these for ma tions, but in places (for ex am ple in the core of the
Akreshory Syncline, see Fig. 4) through out the greater part of
the Vorotyshcha For ma tion. The ma trix of the olisto strome con -
sists of semi-lithified, of ten gypsiferous, grey and blu ish clays
with small clasts of re de pos ited molasse and lo cally flysch (usu -
ally Menilite Fm.) rocks. The ma trix is char ac ter ized by poorly
lay ered and cha otic sed i men tary tex tures (Fig. 3A, B).

Olistoliths in the olistostrome from the in ner (south-west)
part of the Boryslav-Pokuttya Nappe (Boryslav Subnappe) are
com posed of Mio cene grey mudstones, siltstones and sand -
stones of the Polyanytsia and Vorotyshcha for ma tions; the
Oligocene-Mio cene dark bi tu mi nous shales of the Menilite For -

ma tion; and, less of ten, Eocene muddy flysch. The pre-Mio -
cene flysch rocks within the olistoliths are strongly de formed:
crum pled into small folds, lo cally trans formed into tec tonic brec -
cia. The olistostrome in places con tains small lenses of coarse
sand and gravel with ex otic de bris (greenschist frag ments) (Fig. 
3C). The thick ness of the lens in creases to the north-east,
where the coarse sand and gravel are trans formed into the
Sloboda Con glom er ates.

The olistostrome in the outer (north-east) part of the
Boryslav -Pokuttya Nape (Runhur Subnappe) is grad u ally re -
placed by a olistostrome-con glom er ate successin (the Sloboda
Con glom er ate Mem ber and their an a logues – Truskavets,
Rushor, Krasnoilsk con glom er ates) (Fig. 3D–F). It is a suc ces -
sion up to 600-m-thick of con glom er ates, brec cias, sand stones
with clay in ter ca la tions. Clasts are rep re sented by green and
red schists, quartz, lime stones and other ex otic rocks (Fedu -
shchak, 1962; Oszczypko et al., 2012) as well as black shales
of the Menilite For ma tion. The con glom er ate is as so ci ated in
places with the olistostrome, with the olistoliths com posed of
Oligocene-Mio cene bi tu mi nous shales (Menilite Fm.) and
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Fig. 3. Olistostromes and con glom er ates of the Boryslav-Pokuttya Unit

A – ma trix of the olistostrome of the Vorotyshcha Fm., sed i men tary lay er ing is poorly ex pressed
(Luchka River ba sin); B – ma trix of the olistostrome of the Vorotyshcha Fm. – de bris-flow de pos -
its with clasts of re de pos ited Vorotyshcha clays and sand stones (Luchka River ba sin); C – lens
of gravel with ex otic clasts within the Vorotyshcha clays (Luchka River ba sin); D – olistostrome
with clasts of both ex otic rocks and Menilite Shales (Polyanytsia For ma tion, Rybnytsia River near 
Kosiv); E – de bris-flow lens in the Polyanytsia For ma tion (Rybnytsia River near Kosiv); F – un -
sorted Sloboda Con glom er ate (Luchka River near Yabluniv); G – nor mal con tact be tween

Menilite Shales and Vyzhen (» Sloboda) Con glom er ate (Vyzhenka River, Cheremosh River ba -
sin near Vyzhnytsa)



Eocene flysch (Fig. 3D). The con glom er ate is of ten char ac ter -
ized by cha otic ma trix-sup ported tex tures and is a de bris-flow
de posit (Fig. 3E, G).

Con glom er ates at the bot tom of the molasse in the Bory -
slav-Pokuttya Nappe lie con form ably on the Menilite For ma tion
(Fig. 3G), with lo cal ero sion but prob a bly with out a sig nif i cant
strati graphic break. Fur ther more, thin lay ers of gravel and fine
con glom er ates with ex otic clasts oc cur within the Menilite For -
ma tion, in di cat ing con ti nu ity of sed i men ta tion from flysch to
molasse.

The olistostrome and olistostrome-con glom er ate suc ces -
sions (de bris-flow de pos its, some with large land slides- olisto -
liths) form sed i men tary lenses at dif fer ent lev els of the Polya -
nytsia and Vorotyshcha for ma tions and were prob a bly de pos -
ited dur ing ac cu mu la tion of the Polyanytsia-Vorotyshcha strata

– from the ear li est Mio cene to the bound ary of the Early–Middle
Mio cene (Andreeva-Grigorovich et al., 2011; Kulyan da and
Hnylko, 2012).

Early Mio cene, prob a bly Eggerian, foraminifers were found
in molasse strata con tain ing a de bris-flow lense (Fig. 3D)
(Runhur Subnappe, Polyanytsia For ma tion along the Rybnytsia 
River near the Kosiv city). Ac cord ing to Trofymovych (in Vash -
chenko et al., 2009) these foraminifers com prise Globigerina
ciperoensis ciperoensis Bolli, G. praebulloides aff. leroy Blow,
G.  praebulloides praebulloides Blow,  Spiroloculina aff. lampo -
sa Hussey, Cibicides amphisilensis (Andreae), Hanzawaia
boueana (d’Orbigny), Ammodiscus cf. miocenicus Karrer, A.
aff. tenuissimas Grzybowski and Reophax  sp.

Early Mio cene, prob a bly Ottnangian-Karpatian foramini fers
were found in molasse strata of the Polyanytsia For ma tion un -
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Fig. 4. Geo logic map of the Boryslav-Pokuttya and Sambir units at the Luchka River ba sin 
and po si tion of the olistostromes

For lo ca tion see Fig ure 1 



der ly ing the olistostrome of the Vorotyshcha For ma tion (Bory -
slav Subnappe, Pokuttya folds, Akra and Pistynka rivers). Ac -
cord ing to Chernukha (in Vashchenko et al., 2001) these fora -
minifers com prise Globigerinoides trilobus (Reuss), Globoro -
talia mayeri (Cushman et Ellis), Globoquadrina langiana Cita et
Gelata, G. dehiscens (Chap man et al.) and Globigerina bolli
Cita et Premoli Silva and oth ers.

The youn gest micro fauna among the olistostroms of the
Boryslav-Pokuttya Unit was es tab lished in the Vorotyshcha
For ma tion at the north west ern part of the Ukrai nian Carpa -
thians near the bor der with Po land near the city of Dobromyl
(the Ternavka Stream) as well near the city of Boryslav. At
these lo ca tions the back ground clays em bed ded in the cha otic
olisto strome de pos its con tain foraminifers (M. Kulyanda in
Kulyanda and Hnylko, 2012) in di cat ing an age close to the
Early-Mid dle Mio cene bound ary: Globigerina bollii Cita et
Premoli Silva; G. bulloides (d’Orbigny), Globigerinoides trilobus 
(Reuss), Globo quadrina dehiscens (Chap man et al.), Globige -
rinella obesa (Bolli), Globorotalia scitula (Brady), Paraglo -
borotalia mayeri (Cushman et Ellis) (Andreyeva-Grigorovich et
al., 2011; Kulyanda and Hnylko, 2012).

Well-de vel oped sec tions of the Boryslav-Pokuttya and Sam -
bir nappes out crop along the banks of the Akra and Lu chka rivers 
and their in flows (Fig. 4), where olistostromes are dis trib uted
among salt-bear ing mo lasse. The struc ture of the Boryslav Sub -
nappe, rep re sented by the Pokuttya folds (To³wiñski, 1950), out -
crops there in the up per Akra River. One of the Pokuttya folds –
the Akreshory Syncline – con tains in its core an olistostrome (of
thick ness 100–150 m) at trib uted to the Vorotyshcha For ma tion
(see Fig. 4). 

The Akreshory Sec tion (Boryslav Subnappe) is sit u ated
along the Akra River and con tains the youn gest de pos its in the
core of the Akreshory Syncline (see Fig. 4).

Be low the vil lage of Akreshory on the banks of the Akra
River, there are outcropps of rocks be long ing to the Polyanytsia 
For ma tion which are rep re sented by the grey marly shales with
in ter ca la tions of thin-bed ded sand stone. There are sev eral
beds of mas sive sand stone (with thick nesses of 1–2 m) and
lenses (up to 5-m-thick) of de bris-flow de pos its with clasts of the 
grey marly shale, of sand stone of the Polyanytsia For ma tion
and of lam i nated si li ceous lime stone of the Menilite For ma tion.
The thick ness of the Polyanytsia For ma tion is about 150 m.
Down stream along the Akra River there is a grad ual tran si tion
of the Polyanytsia For ma tion into the Menilite For ma tion com -
posed of the dark grey bi tu mi nous mudstones. Up stream along
the Akra River the Polyanytsia For ma tion grad u ally passes into
Vorotyshcha For ma tion that is rep re sented by an olistostrome
com posed of semi-lithified gypsiferous grey and blu ish clays
with clasts and blocks (up to metre in di am e ter) of the better-
 lithified sand stones and shales of the Polyanytsia For ma tion.
There, olistoliths of the Menilite For ma tion and more an cient
flysch for ma tions were not found. At the bot tom of the Voro -
tyshcha Olistostrome there are sev eral lay ers (5–15-cm- thick)
of lam i nated silts and clays. The olistostrome com pletes the
strati graphic suc ces sion of the Boryslav Subnappe and fills the
core of the Akreshory synclinal fold. The olistoliths in this
olistostrome may have been de rived from the limbs of the
Akreshory Syncline (which are com posed of the Polyanytsia
For ma tion, see Fig. 4) dur ing synsedimentary fold ing.

An other syncline, com pris ing the olistostrome of the Voro -
tyshcha Fm. in the core, is lo cated near the Pokuttya Fault di -
vid ing the Boryslav and Runhur subnappes in the area (see Fig. 
4). The olistostrome (100–200-m-thick) con tains rock frag -
ments of the Polyanytsia For ma tion and in ad di tion olistoliths of
the Menilite For ma tion. The Polyanytsia and Menilite for ma -

tions form the syncline limbs which may be the source area for
the Vorotyshcha Olistostrome.

The struc ture of the Runhur Subnappe of the Boryslav-
 Pokuttya Nappe is ex posed along the Akra-Luchka River sec -
tion (Fig. 4). 

The Akra-Luchka Sec tion (Runhur Subnappe) is sit u -
ated along the Akra and Luchka rivers and con tains the de pos -
its fill ing the Sloboda Anticline (see Fig. 4).

In the south west ern limb of the Sloboda Anticline, near the
con flu ence of the Akra and Luchka rivers green mud stones of
the Bystrytsa For ma tion (Eocene) are ex posed. 50 m higher
along the Akra River there are the ex po sures of the Voro -
tyshcha For ma tion com posed of grey lay ered semi-lithified
clays and sand stones, and sed i men tary brec cias from the
same clays and sand stones be long ing to Vorotyshcha For ma -
tion. The con tact be tween the Bystrytsia For ma tion and the
Vorotyshcha For ma tion is not ex posed, though the bound ary
be tween the two for ma tions is prob a bly ero sive. Up stream
along the Akra River there are ex po sures of green ish-grey lam i -
nated and mas sive, in places salt-bear ing clays and sand -
stones of the Vorotyshcha For ma tion. The beds are gently dip -
ping to sub-hor i zon tal. The clays lo cally pass into brec cia, rich
in small frag ments of siltstone and sand stone em bed ded in a
pelitic ma trix. Stratigraphically higher on the left bank of the
Akra River is the Sloboda Con glom er ate Mem ber. The con -
glom er ates are also ex posed along the Akra River
(~400–750 m above its mouth) where it can be traced for
300–350 m along the banks of the Akra. They are com posed of
frag ments of var i ous sizes (up to a few decimetres or even
metres across) of the schist, quartz, sand stone and black, in
part var ie gated Eocene -Oligocene mudstone.

In the north-east limb of the Sloboda Anticline, 500 metres
from the church in the vil lage of Lucha, down stream along the
Luchka River there are ex po sures of the Menilite For ma tion –
black mudstones, sand stones, flint-bear ing lev els and lime -
stones. The Sloboda Con glom er ate Mem ber (Vorotyshcha For -
ma tion) can also be seen, ly ing on the eroded sur face of the
Menilite For ma tion. This ma trix-sup ported con glom er ate com -
prises de bris-flow de pos its with peb bles and blocks (up to sev -
eral metre across) of green schist, quartz, sand stone and black
mudstone of the Menilite For ma tion. Black mudstones reach
olistolith, size up to 10 m across. A palaeochannel eroded by
de bris-flows oc curs within the Menilite For ma tion, un der the
con glom er ate.

Con glom er ates ex tend down stream along the Luchka River 
a few tens of metres. Be neath, there are ex posed strat i fied
clays of the Vorotyshcha For ma tion which ex tend 500 m down -
wards along the Luchka River to the mouth of the Rushor
Stream. Prob a bly, these clays be long to the core of the lo cal
anticline (see Fig. 4). In left bank trib u tar ies of the Luchka River, 
the strat i fied clays are re placed by olistostrome with a clayey
ma trix and olistoliths (up to tens of metres across) of black
shales and sand stones of the Menilite For ma tion.

Near the mouth of the Rushor Stream, Dobrotiv-like grey
clays interbedded with sand stones are ob served. The Dobro -
tiv-like beds ex tend ing 150 m down wards along the Luchka
River are over lain by the Sloboda Con glom er ate Mem ber. This
mem ber is com posed of boul ders and peb bles (Fig. 3E, F) of
green, rarely var ie gated schists, quartz ite-like Pa leo zoic(?)
sand stone, quartz, lime stone and do lo mite, and other ex otic
clasts; they also con tain a thick lens of de bris-flow de pos its with
frag ments (olistoliths) of the Menilite For ma tion and of Eocene
flysch strata.

The Sloboda Con glom er ate is traced down 250 m along the
Luchka River and grad u ally passes into the Dobrotiv Mem ber
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(Vorotyshcha Fm.) stratigraphically up wards. Un der the bridge
across the Luchka River (the road to the vil lage of Kosmach)
the Dobrotiv Mem ber is ex posed as thin rhyth mic al ter na tions of 
clays (20–30 cm) and siltstones (5–10 cm). These de pos its can 
be traced downriver for 700 m.

750–800 m be low the bridge on the Luchka, the first lay ers
of pink clay ap pear, within grey clays. Stratigraphically above,
var ie gated marls, sand stones and siltstones of the Stebnyk
For ma tion are de vel oped. They com plete the strati graphic suc -
ces sion of the Runhur Subnappe.

Be neath of the Runhur thrust, al ready within the Sambir
Unit, out crops of the gypsiferous un struc tured grey clays can be 
ob served, which con tain olistoliths of the Stebnyk For ma tion
(the Lanchyn Olistostrome, see be low).

Our ob ser va tions at other lo ca tions show that many
olistolits in the Polyanytsia-Vorotyshcha Olistostrome of the
Boryslav-Pokuttya Unit are gen er ally sim i lar to the de pos its sit -
u ated stratigraphically di rectly be low of the olistostrome strata.
This fea ture al lows us to sug gest that the Polyanytsia- Voro -
tyshcha Olistostrome was formed in the Boryslav-Pokuttya sed -
i men tary ba sin “in situ” due to the ero sion of its up lifted floor.
Up lifted ar eas may have been formed dur ing the growth of the
an ti cli nal and/or thrust-an ti cli nal up lifts which sup plied the ma -
te rial for olistoliths. Synsedimentary tec ton ics prob a bly took
place dur ing the gen eral el e va tion of the Boryslav-Pokuttya Unit 
due to its thrust ing on the to plat form.

The struc tural po si tion and com po si tion of the olistostrome
in the Vorotyshcha and Polyanytsia for ma tions sug gests that it
was formed due to ero sion of the up lifted parts of the Boryslav-
 Pokuttya Nappe and de pos ited, in stead of in the nappe front, in
the in ner part of the mov ing nappe. This sup ports the idea that

olistostrome sed i men ta tion took place on the top of the Carpa -
thian accretionary flysch wedge (in a piggy-back ba sin).

The quan tity and size of the clasts of the ex otic non-flysch
rocks of the Sloboda Con glom er ate grad u ally in creases from
the in ner to the outer part of the Boryslav-Pokuttya Unit. Such
dis tri bu tion of de tri tal ma te rial shows that the ex otic clasts were
sup plied from the plat form fore-bulge, which is com pared with
the pre vi ously known (Kruglov, 1986) Le¿ajsk Mas sif up lifted in
the Early Mio cene.

There fore, both the ex otic frag ments de rived from the plat -
form forebulge and flysch clasts de rived from nappe-re lated
thrust-an ti cli nal el e va tions within the Boryslav-Pokuttya sed i -
men tary ba sin were de liv ered by de bris-flows into the piggy- back
olistostrome-con glom er ate Boryslav-Pokuttya molasse ba sin.

Olistostrome in the Sambir Nappe was dis cov ered re -
cently (Hnylko and Vashchenko, 2003). It ex tends as a strip
hun dreds of metres to a few kilo metres in width ahead front of
the Boryslav- Pokuttya Nappe only, and can be traced from the
Seretel River ba sin (Fig. 5) near the Ukrai nian-Ro ma nian bor -
der up to the Kalush area (see Fig. 1).

This cha otic stra tum, that  out crops along the Prut River
near Lanchyn, was in ter preted by Vialov (1965) as the
“Lanchyn Blue Fa cies” of the Stebnyk For ma tion. We pro pose
to call this stra tum the “Lanchyn Olistostrome”.

The in ter pre ta tion of the struc ture of the Lanchyn Olisto -
strome is con tro ver sial. Some au thors (Andreyeva- Grigorovich
et al., 2008a) con clude that the ma trix of the Lanchyn Olisto -
strome ex posed along the Prut River is rep re sented by the
Stebnyk For ma tion and olistoliths are ex pressed by the grey cha -
otic gypsiferous clayey de pos its de rived from the Voro tyshcha
For ma tion. Hnylko and Vashchhenko (2003) sug gested that
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Fig. 5. Geo logic map and cross-sec tion of the Boryslav-Pokuttya and Sambir units along the Seretel River 
and po si tion of the olistostromes

For lo ca tion see Fig ure 1 



these grey cha otic clayey de pos its with gyp sum veins are more
sim i lar to the ma trix olistostrome they are the typ i cal de bris-flow
de pos its with clasts of red shale and marl of the Stebnyk For ma -
tion and other frag ments of re de pos ited molasse (Fig. 6A–D).
The grey ma trix is con sid ered as an in te gral el e ment of the
Balych For ma tion that con tains the olisto liths (Fig. 6E; sizes from 
a few up to hun dreds of metre across) of the Stebnyk For ma tion
and rarely of the Vorotyshcha For ma tion.

The well-ex posed sec tion of the Lanchyn Olistostrome is lo -
cated along the Seretel River near the Ukrai nian-Ro ma nian
bor der (Fig. 5).

In the Seretel Sec tion, be neath the thrusts of the Boryslav-
 Pokuttya Nappe, the Lanchyn Olistostrome co mes to the sur -
face. The olistostrome can be traced over 800 m down stream
along the Seretel River. Here the vis i ble thick ness of the olisto -
strome is 500–800 m. How ever, the true thick ness may be con -
sid er ably lower be cause the olistostrome has un der gone in -
tense tec tonic de for ma tion and pos si bly is di vided into sev eral
tec tonic slabs. The ma trix of the Lanchyn Olistostrome is semi -

lithified, of ten in tensely gypsiferous, grey-blue clay with cha otic,
poorly lay ered sed i men tary tex tures (Fig. 6A, D). Olistoliths are
of more strongly lithified red-brown and grey shale, marl and
sand stone of the Stebnyk For ma tion. Small clasts are com -
posed also of sand stone, grey and red shale and marl of the
Stebnyk For ma tion.

Rocks in the olistoliths are of ten strongly folded, sheared, in
places trans formed into tec tonic brec cia up to melange (Fig.
7A) and are very sim i lar to the tec toni cally de formed de pos its of
the Stebnyk For ma tion de vel oped in front of the Boryslav-
 Pokuttya Nappe (Fig. 7B). These in ter nally de formed olistoliths
were prob a bly de rived from the up lifted front of Boryslav-
 Pokuttya Nappe.

Nannoplankton of the NN5 zone and the lower Mid dle Mio -
cene foraminifers: Globoquadrina altispira (Cushman et Jarvis), 
Globigerinoides trilobus  (Reuss), Gl. aff. bisphaericus Todd,
Globigerina bulloides (d’Orbigny), G. foliata Bolli, Turborotalita
quinqueloba (Natland), Globigerinella obesa (Bolli), Bulimina
elongata d’Orbigny, B. striata striata d’Orbigny, Praeglobo -
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Fig. 6. Lanchyn Olistostrome of the Balych For ma tion 
ahead the front of Boryslav-Pokuttya Nappe

A, B – ma trix of the olistostrome – de bris-flow de pos its with clasts of the Stebnyk Marls (Prut River 
near Lanchyn); C, D – ma trix of the olistostrome (Seretel River near Krasnoilsk); E – olistolith of
the Stebnyk For ma tion (Seretel River near Krasnoilsk); F – lay ered de pos its of the Balych For ma -
tion that stratigraphically over lie the Lanchyn Olistostrome (Seretel River near Krasnoilsk)



bulimina pupoides (d’Orbigny) and Am mo nia beccarii (Linne),
were found in the Lanchyn Olistostrome (Andreyeva- Grigo -
rovich et al., 2008b; Vashchenko et al., 2009). These find ings
con firm the as sump tion that the Lanchyn Olistostrome is a
com po nent of the Balych For ma tion.

Down stream along the Seretel River the grey cha otic clayey 
ma trix of the Lanchyn Olistostrome grad u ally built up the lam i -
nated clayey shales with sand stone in ter ca la tions (Fig. 6F)
which be long to the Balych and Berezhnytsia for ma tions con -
tain ing nannoplankton of the NN5–NN8 zones (Andreyeva-
 Grigorovich et al., 2008b; see Fig. 2).

Be low, along the Seretel River, the autochthonous molasse
– lay ered sand stones and clays of the Outer Zone of the
Carpathian Foredeep, are ex posed (see Fig. 5).

Thus, the struc tural po si tion of the Lanchyn Olistostrome
(ahead front of the Boryslav-Pokuttya Nappe) and its com po si -
tion (the pres ence of olistoliths of strongly de formed rocks anal -
o gous to the rocks in the fron tal part of the Boryslav-Pokuttya
Nappe) sug gest that the olistostrome was ac cu mu lated due to
de nu da tion of the up lifted front of the mov ing Boryslav-Pokuttya 
Nappe in its fore land.

DISCUSSION

Around of the Paleogene and Neo gene bound ary, the
Boryslav-Pokyttya Unit to gether with the Skyba, Sub-Silesian
and Silesian units formed the rem nant Outer Carpathian flysch
ba sin on the struc tures of the Eur asian pas sive mar gin. The re -
sid ual Outer Carpathian flysch ba sin was lim ited along the
south-west side by the accretionary prism com posed of the In -
ner Flysch Nappes (Chornohora, Svydovets, Dukla and oth ers,
see Fig. 1). The growth of the prism took place in front of the
mov ing ALCAPA and Tisza-Dacia ter ranes due to subduction
of the sub strate of the Outer Carpathian sed i men tary ba sin be -
neath these ter ranes. Mio cene molasse, in clud ing the olisto -
stromes de scribed, were formed due to fold-thrust move ments
of the accretionary prism dur ing the tran si tion from the rem nant
flysch to a pe riph eral fore land ba sin (Csontos and Vörös, 2004;
Oszczypko, 2006; Hnylko, 2012).

In the Oligocene and Early Mio cene, deep-wa ter flysch sed -
i men ta tion in the Boryslav-Pokuttya Ba sin grad u ally changed to 
shal low molasse (in clud ing evaporite) de po si tion, prob a bly due
to a gen eral synsedimentary up lift of the ba sin. This up lift may

have been an ex pres sion of the ver ti cal com po nent of thrust ing
of the Boryslav-Pokuttya Nappe on the edge of Eur asia (plat -
form) (Fig. 8). Synsedimentary move ments led to the growth of
an ti cli nal and/or thrust-an ti cli nal walls from which olistoliths of
the flysch and molasse rocks were slid to the ad ja cent synclinal
de pres sions (for ex am ple, the Akreshory synclinal trough, see
Fig. 4). This pro cess led to the for ma tion of the Polyanytsia-
 Vorotyshcha olistostrome into the in ner part (piggy-back ba sin)
of the mov ing Boryslav-Pokuttya Nappe (Fig. 8).

In the Early Mio cene the fore-bulge was formed at the fore -
land of the Boryslav-Pokuttya Nappe (which was trans formed at 
this time into the for ward mov ing nappe of the Carpathian
accretionary prism). The forebulge sup plied the ex otic ma te rial
for the Sloboda Con glom er ate and its an a logues. Most thick
and prox i mal se quences of the Sloboda Con glom er ate are lo -
cated along the bor der be tween the Boryslav-Pokuttya Unit and 
the Sambir Unit, which can be ob served in ex po sures along the
southeast ern part of the Ukrai nian Carpathians be tween the
Bystrytsia Nadvirnyanska and Seretel rivers. This po si tion
clearly in di cates the now bur ied an cient source area, which sup -
plied ex otic clasts into the con glom er ate. Ob vi ously the source
of sup ply of the ex otic plat form-de rived de bris (the flex ural
forebulge known us “Zuber Ridge”, see Fig. 2) was placed (at
least in the SE part of the re gion) be tween the Boryslav-
 Pokuttya and Sambir palaeobasins (Fig. 8). This sit u a tion sug -
gests that the Sambir sed i men tary ba sin was lo cated north-east 
of the plat form forebulge (the hy po thet i cal source area) and
thus was sit u ated on the plat form base ment.

In the Middle Mio cene the Boryslav-Pokuttya Nappe grad u -
ally tec toni cally cov ered the fore-bulge and be gan to cover the
Sambir foredeep ba sin. Olistoliths from the up lifted front of the
Boryslav-Pokuttya Nappe were trans ported into the foredeep
ba sin, where the Lanchyn Olistostrome was formed (Fig. 8).

CONCLUSIONS

The or i gin of two olistostrome com plexes at the front of the
Ukrai nian Carpathian orogen is re lated to synsedimentary Mio -
cene thrust move ments of the Carpathian accretionary wedge
and to ero sion of the up lifted ar eas of the Boryslav-Pokuttya
Nappe (the for ward nappe of the wedge).

The first com plex is the Lower Mio cene Polyanytsia-
 Vorotyshcha Olistostrome with clasts of molasse and flysch de -
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Fig. 7A – folded and sheared rocks (red marls, shales, sand stones of the Stebnyk For ma -
tion) within the olistolith of the Lanchyn Olistostrome (Seretel River near Krasnoilsk); B –
folded and sheared rocks of the Stebnyk For ma tion in the front of Boryslav-Pokuttya Nappe 
(Seretel River near Krasnoilsk)

The ham mer length 0.8 m



pos its. It was formed in the in ner part of the Boryslav-Pokuttya
Nappe on top of the accretionary wedge (in a piggy-back ba sin). 
This olistostrome is as so ci ated with the Sloboda Con glom er ate
de rived from the plat form fore-bulge lo cated at the fore land of
the Boryslav-Pokuttya Nappe.

The sec ond is the Mid dle Mio cene Lanchyn Olistostrome
with olistoliths of strongly de formed molasse rocks, mainly of
the Stebnyk For ma tion. These olistoliths were de rived from
the up lifted front of the Boryslav-Pokuttya Nappe. The Lan -

chyn Olistostrome was de pos ited ahead of this front in the
foredeep ba sin.
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