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Based on geo log i cal field map ping, anal y ses of cores from ex plan a tory bore holes, and foraminiferal age con trol data, we
have dif fer en ti ated four types of mélanges and bro ken for ma tions at the bor der ing zone be tween the Magura and Silesian
nappes (Gorlice area in the Pol ish Outer Carpathians). These mélanges and bro ken for ma tions dif fer in com po si tion and
struc ture due to dif fer ent set tings and pro cesses of their for ma tion. Sev eral lev els of bro ken for ma tions within the up per most
part of the Krosno Beds were formed as mass-trans port de pos its at the south ern slope of the Silesian Ba sin. They may re -
cord tec tonic pulses re lated to ad vanc ing accretionary wedge within Magura area and di rectly pre date the stage of the
larger-scale sed i men tary mélange for ma tion at the front of the wedge. This mélange is com posed mainly of the ma te rial rep -
re sent ing the Magura suc ces sion (Siary Sub unit) and the Krosno type sed i ments of the Silesian suc ces sion. It was emplaced 
within the Silesian Ba sin in the Early Mio cene time. The so-called “Harklowa pen in sula”, whose geo log i cal struc ture has
been the sub ject of dis cus sions and var i ous in ter pre ta tions in the past years, is built of this type of mélange. The other rec og -
nized type of bro ken for ma tion and mélange rep re sents the cha otic bod ies of tec tonic or i gin formed at the base of the Magura 
Nappe.The re sults of our stud ies con trib ute to better un der stand ing of the struc tural evo lu tion of this part of the Outer
Carpathians.
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INTRODUCTION

Cha otic rock bod ies char ac ter ized by dis or ga nized in ter nal
struc ture and named most com monly as mélange or olisto -
strome have been the sub ject of many stud ies. Sev eral other
terms, such as wildflysch (e.g., Bird, 1969; Behr et al., 1982),
megabreccias (e.g., Di Stefano et al., 1996; Bosellini, 1998),
bro ken for ma tion (e.g., Hsü, 1968; Codegone et al., 2011),
argille scagliose (e.g., Ogniben, 1953; De Libero, 1998; Pini et
al., 2004), tectonosomes (Pini, 1999) or mud vol ca noes
(Camerlenghi and Pini, 2009) have been used to des ig nate
cha otic de pos its. These var i ous terms re fer to de pos its that lie
within a con tin uum rang ing from stratigraphically co her ent units 
(for ma tions) to cha otic (frag mented and mixed) masses of
rocks lack ing stra tal con ti nu ity and con tain ing ex otic blocks
(Ray mond, 1984). The fi nal stage of the con tin uum is char ac -

ter ized by the block-in-ma trix fab ric which means that a va ri ety
of blocks of dif fer ent sizes, lithologies, and ages are ran domly
dis trib uted in a muddy-sandy ma trix. The in ter me di ate stage
be tween for ma tion and block-in-ma trix rock is rep re sented by
dis rupted units in which the pri mary strata se quence can be still
rec og nized.

Since the wide spread use of the terms mélange and olisto -
strome (Bailey and McCallien, 1950, 1953; Hsü, 1968, 1974),
their def i ni tion and the or i gin (tec tonic vs sed i men tary) have
been a sub ject of de bate. Over de cades, knowl edge on cha otic
de pos its has been sum ma rized in sev eral pub li ca tions, and
many clas si fi ca tions or def i ni tions have been pro vided (e.g., Sil -
ver and Beutner, 1980; Ray mond, 1984; Cow an, 1985; Sengör, 
2003; Fes ta et al., 2010a, b, 2012; Wakabayashi, 2011). Fes ta
et al. (2010a, b, 2012) pre sented a very broad over view of the
mélange con cept and give a re def i ni tion and new clas si fi ca tion
of mélanges and re lated rock units. In our pa per we fol low the
def i ni tions pre sented by Fes ta et al. (2012). These au thors ar -
gue that the term mélange should be used only in a de scrip tive
mean ing as sug gested by Berkland et al. (1972), Sil ver and
Beutner (1980), Ray mond (1984), Cow an (1985), Waka -
bayashi (2011) or Wakabayashi and Dilek (2011), in stead of ge -
netic def i ni tions such as those of Hsü (1968), Cow an (1974),
Gansser (1974) or Sengör (2003) that re stricted the term only to 
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cha otic rocks orig i nated by tec tonic strain. Méla nge, there fore,
is a body of in ter nally dis rupted and mixed blocks of dif fer ent
rocks em bed ded in a per va sively de formed ma trix, a body that
is mappable at 1:25,000 or smaller scale. Blocks con tained in
mélange have two fold na ture: pri mary when they are de rived
from the same strati graphic units as that of the ma trix or ex otic
when they rep re sent dif fer ent units and/or depositional en vi ron -
ments. The na ture of the blocks is a dis tin guish ing fea ture be -
tween mélange and a bro ken for ma tion (also “type I mélanges”
ac cord ing to Lash, 1987 or “tectono somes” by Pini, 1999). The
lat ter (sensu Hsü, 1968) is de fined as a cha otic rock body in
which the blocks and ma trix are of the same or i gin. Such def i ni -
tions of mélange and bro ken for ma tion do not im ply any pro -
cess of their or i gin, i.e. tec tonic or sed i men tary. 

It is widely ac cepted that one, or a com bi na tion, of the fol -
low ing pro cesses lead to stra tal dis rup tion and to mix ing of orig -
i nally co her ent rock se quences, i.e. tec tonic de for ma tion, sed i -
men tary trans port and de po si tion as well as shale diapirism:

– tec tonic mech a nisms such as fault ing, fold ing, shear ing or 
thrust ing can form mélanges at great depths as well as near the
sur face and the style and de gree of rock de for ma tions are
strongly re lated to the depth (e.g., Fes ta et al., 2012). Brit tle or
semi-brit tle de for ma tion be comes grad u ally re placed down -
ward by duc tile de for ma tions. Gen er ally, tec tonic mélanges dis -
play sev eral struc tures char ac ter is tic of other rocks de vel oped
in fault or shear zones (Needham and Mac ken zie, 1988), e.g. at 
shal low struc tural lev els com monly pinch-and-swell and boudi -
nage struc tures are formed in sand stones and scaly fab ric in
claystone/mudstone lay ers, while mélanges orig i nat ing in shear 
zones con tain mostly loz enge- to sigmoidal-shaped blocks;

– sed i men tary mass trans port pro cesses are con sid ered to
be more ef fi cient for stra tal dis rup tion at shal low struc tural lev -
els than tec ton ics (Fes ta et al., 2012). Mix ing of rocks re sults
from grav ity driven trans port in slumps, slides or de bris flows.
Sed i men tary pro cesses pro duce a broad spec trum of cha otic
rocks, rang ing from folded and boudinaged rock se quences,
which partly re tain the orig i nal suc ces sion, to com pletely dis in -
te grated and mixed masses, i.e. block-in-ma trix rocks (Ogata et 
al., 2012);

– mud or shale diapirism is caused by fluid overpressure
that leads to the ris ing of mostly muddy ma te rial from depth to -
wards the sea-floor. By in trud ing the over ly ing and un der ly ing
rocks the ma te rial forms a diapiric body or mud vol ca noes, of -
ten with char ac ter is tic struc ture, e.g. well-de vel oped scaly fab -
ric at the diapir bound aries and poorly de vel oped fo li a tion in the
cen tre of the diapiric mélange (Bar ber and Brown, 1988; Or -
ange, 1990; Kopf, 2002; Camerlenghi and Pini, 2009).

De pos its clas si fied as slumps, olistostromes or de bris flow
sed i ments have been re corded from the Carpathians by sev -
eral au thors (e.g., Książkiewicz, 1958; Ślączka, 1961; Ślączka
and Wieser, 1962; Cieszkowski et al., 1987; Oszczypko and
Ślączka, 1987; Cieszkowski and Polak, 1998; Słomka, 2001;
Strzeboński, 2005) but they oc curred on a small scale, usu ally
as one or a few lay ers, form ing interbeddings within the “nor -
mal” turbidite suc ces sion. In the six ties and sev en ties a few pa -
pers were pub lished in which rock bod ies of con sid er able sizes, 
ful fill ing the mélange def i ni tion, were de scribed (Jasionowicz
and Szymakowska, 1963; Szymakowska, 1976; Sikora and
Szymakowska, 1977; Połtowicz, 1978). More sys tem atic stud -
ies fo cused on cha otic rocks have been per formed dur ing the
last 15 years (Jankowski, 1997a, 2000, 2007; Cieszkowski et
al., 2009, 2012; Ślączka et al., 2012). 

This pa per con cerns the cha otic de pos its in the Gorlice re -
gion that were pre vi ously rec og nized by Jankowski (1997a,
2000, 2007) and whose or i gin and geo log i cal char ac ter were
var i ously in ter preted (see be low). Due to gen er ally small and

poorly ex posed out crops in the Outer Carpathians, the iden ti fi -
ca tion of cha otic rock bod ies is quite dif fi cult. Dur ing our map -
ping work, which be sides stan dard field study of out crops in -
cluded also drill ing of a se ries of shal low ex plor atory bore holes
within poorly ex posed ar eas, com pre hen sive data were col -
lected. The field ma te rial to gether with very de tailed micro -
palaeontological anal y ses al low for the dif fer en ti a tion of sev eral
types of mélanges and bro ken for ma tions. Rec og ni tion of the
pro cesses of mélange for ma tion and iden ti fi ca tion of their po si -
tion within an accretionary wedge are highly im por tant to in -
crease our un der stand ing of the evo lu tion ary his tory of the
Carpathians. 

REGIONAL SETTING AND HISTORICAL
BACKGROUND

The study area is sit u ated in the cen tral part of the Pol ish
Outer Carpathians that be long to the Carpathian Moun tain sys -
tem, stretch ing in a form of the 1300 km long arc. To gether with
the Alps in the south-west and the Dinarides in the south-east,
the Carpathians form an orogenic belt sur round ing the
Pannonian Ba sin. The Carpathians are di vided into two zones:
the In ner and Outer Carpathians (Książkiewicz, 1977). The lat -
ter de vel oped from the south ern mar gin of the North ern Eu ro -
pean Plate (Sikora, 1976). The dis in te gra tion of the pas sive
mar gin of this plate led to the de vel op ment of the ba sin sys tem
in the Mid dle/Late Ju ras sic (e.g., Oszczypko, 2004, 2006). This
was fol lowed by subduction of the Eu ro pean Plate mar gins be -
low the ad vanc ing In ner Carpathians and as a re sult of tec tonic
off-scrap ing an accretionary wedge was de vel oped from the
sed i ment infill of the Outer Carpathian bas ins. Fold ing of the
Outer Carpathians was ini ti ated at the end of the Paleocene at
their in ner parts and was com pleted dur ing the Early Burdi -
galian (e.g., Nemčok et al., 2006a, b; Oszczypko, 2006). Dur ing 
Early and Mid dle Mio cene the Carpathian Foredeep de vel oped
in front of the ad vanc ing Carpathian orogenic wedge (Oszczy -
pko, 1998; Oszczypko et al., 2006). 

The Outer Carpathian fold-and-thrust belt con sists of sev -
eral nappes (units) sheared off from the base ment. These
nappes are thrust upon each other, and are overthrust to wards
the north onto the Mio cene Foredeep and its pre-Mio cene plat -
form base ment. In the Pol ish Outer Carpathians three main
groups of nappes are tra di tion ally dis tin guished (Książkiewicz,
1977; Oszczypko, 2006). The Magura group in the south (Late
Oligocene/Early Mio cene accretionary wedge) is the in ner most
and larg est tec tonic unit of the West ern Carpathians
(Oszczypko, 1992). It is flatly overthrust onto the mid dle group
(Early/Mid dle Mio cene accretionary wedge) which con sists of
sev eral units: the Fore-Magura–Dukla group, Silesian, Sub-
 Silesian and Skole units. The Mar ginal Group in cludes folded
Mio cene rocks (Fig. 1). It is gen er ally ac cepted that the sed i -
men tary suc ces sion of each tec tonic unit was formed in sep a -
rate sed i men tary bas ins.

The area of our stud ies com prises both the mar ginal part of
the Magura Nappe, be long ing to the so-called Siary Sub unit
and the most south ern part of the Silesian Nappe rep re sented
by the Gorlice Fold struc ture. In the area of our stud ies the Siary 
Sub unit in cludes rocks rang ing in age from the Up per Cre ta -
ceous (Ropianka For ma tion) to Lower–Mid dle Eocene (Łabowa 
For ma tion), whereas the Lower Oligocene sand stones of the
Magura Beds oc cur only as blocks within cha otic de pos its (Fig.
2). The Gorlice Fold is built of rocks rep re sent ing the up per part
of the Silesian suc ces sion (Fig. 2) with the Lower Istebna Beds
(Up per Cre ta ceous) ex posed in the hinge of the fold. The south -
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ern limb is built of suc ces sively youn ger for ma tions up to the
Oligocene Krosno Beds, while the north ern limb is com pletely
re duced and the fold is sliced to the north. 

Sev eral dif fer ent opin ions have ap peared on the ge ol ogy of
the stud ied area since 1930-ties. Ac cord ing to one of the most
com mon views (Figs. 1 and 3A) the Magura Nappe forms two
nar row tongues, pro trud ing to the north, tra di tion ally named
“Łużna and Harklowa pen in su las”. More over, on the ex ten sion
of the “Harklowa pen in sula” sev eral so-called out li ers oc cur.
They rep re sent the north ern most rem nants of the Magura
Nappe cover, i.e. tec tonic is lands, which were pre served from
ero sion due to their em place ment within the synclinal zones of
the Silesian Unit. Such an ex pla na tion was pro posed by Pazdro 
(1934) and Świdziński (1934). Ad di tion ally, the first au thor in -
cluded the pen in su las and out li ers into an other dis tin guished
zone (the Harklowa zone) in or der to emphasise their fa cial in di -
vid u al ity from the more south ern Magura zone, i.e. the Siary
Sub unit (Świdziński, 1953, 1958). This con cept was sub se -
quently vi su al ized in the De tailed Geo log i cal Map of Po land, in
1:50,000 scale, ed ited by the Geo log i cal In sti tute (Gorlice sheet 
– Sikora, 1964; Rzepiennik sheet – Koszarski, 1966–1967;
Jasło sheet – Koszarski and Żytko, 1966–1967; Osiek sheet –
Koszarski and Tokarski, 1965–1967) and this view be came
com monly ac cepted in the Carpathian lit er a ture, ap plied in geo -
log i cal maps or gen eral sketches (e.g., Książ kiewicz, 1962;
Żytko et al., 1989; Nescieruk et al., 1995–1996; Oszczypko et
al., 2005; Zuchiewicz and Oszczypko, 2008).

This area had been the sub ject of ear lier stud ies by
Tołwiński (1921) who in cluded it into a new unit so called “Jasło
Nappe”, ly ing on the Silesian Nappe and cov ered by the
Magura suc ces sion. This idea was sub se quently de vel oped by
Koszarski and Koszarski (1985) and Koszarski (1999). Ac cord -
ing to these au thors the Jasło Nappe rep re sents a con tin u ous
flysch suc ces sion of the Paleogene to Lower Mio cene de pos its. 
The lithostratigraphic se quence dis plays some sim i lar i ties to
both the Siary Sub unit (Magura Nappe) as well as to the more

north ern units – the Grybów and Dukla ones. The sim i lar i ties of
the Paleocene and Eocene de pos its to those of the Siary Sub -
unit is ad di tion ally emphasised by the same palaeotransport di -
rec tions (i.e. from the north). This sit u a tion changed in the Early
Oligocene when the Jasło zone was iso lated from the Siary
zone due to de vel op ment of “the Fore-Magura up heaval”
(sensu Koszarski, 1999) and con nected with Fore-Magura fa -
cial zone. Sed i men tary suc ces sion of the Jasło Nappe in cludes
sev eral olistostrome lev els within the Late Eocene–Oligocene
in ter val. Dur ing the orog eny phase the Jasło zone was thrust to -
gether with the Magura Nappe to the north onto the Silesian
Unit. This view was adopted by Oszczypko et al. (2008) and
Żelaźniewicz et al. (2011) in their pro posal of tec tonic regionali -
zation of Po land. 

Jasionowicz and Szymakowska (1963) pre sented con vinc -
ing ev i dence that the out li ers were dis placed into their pres ent
po si tion as a con se quence of grav i ta tional slides of rock
masses de tached at the front of the overthrusting Magura
Nappe. This took place dur ing the fi nal phase of the Krosno fa -
cies sed i men ta tion in the Silesian Ba sin. Transversal de pres -
sion within the Silesian Ba sin en abled the Magura Nappe to en -
ter the ba sin form ing a pen in sula. Sub se quently, the pen in sula
be came a source of ma te rial, from which blocks of the Magura
rocks were de tached, slid along slopes, and came to rest within
the Silesian Ba sin. The ma te rial fi nally was pre served as out li -
ers. The above-men tioned au thors sug gested that the or i gin of
out li ers was sim i lar to the argille scagliose of the Apennine
Moun tains. How ever, Szymakowska (1966) changed her view
and stated that the out li ers both from a lithostratigraphic and
tec tonic point of view be longed to the Fore-Magura Zone, thus
their cur rent char ac ter and po si tion was a re sult of tec ton ics and 
not a sed i men tary pro cess. Then Szymakowska (1976; Sikora
and Szymakowska, 1977) again ad vo cated for the sed i men tary
or i gin of the out li ers de fin ing them as olistostromes formed un -
der ma rine con di tions as a re sult of slid ing of rock masses and
sub se quent trans por ta tion in mud gravel flows. An Early Mio -
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Fig. 1. Tec tonic sketch of the Pol ish Outer Carpathians (af ter Żytko et al., 1989, mod i fied) 
with the stud ied area marked with a blue rect an gle

The sketch shows the most com mon view ac cord ing to which the Łużna and Harklowa pen in su las 
and the out li ers (marked with stripes), ly ing north of them, be long to the Magura Nappe



cene (Hel ve tian) age of the olistostromes was re corded in sev -
eral sam ples (Szymakowska, 1976). De spite the above in ter -
pre ta tions, in the Jasło sheet of the De tailed Geo log i cal Map of
Po land in 1:50,000 scale co-authored by Szymakowska
(Wójcik et al., 1992) the out li ers are pre sented as rem nants of
the Magura Nappe, thus im ply ing their tec tonic or i gin.

More re cently, Jankowski (1997a, b, 2000, 2007) pro posed
an other ex pla na tion. His map ping works within the “Łużna and
Harklowa pen in su las” led him to the con clu sion that they are
built of cha otic com plex of block-in-ma trix type and dis tin -
guished them as a sep a rate for ma tion called the Gorlice Beds
(Janko wski, 1997a, b; Kopciowski et al., 1997a, b). These beds
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Fig. 2. Lithostratigraphic scheme and fa cies of the north ern part 
of the Magura suc ces sion, i.e. Siary Sub unit (left), and the Silesian suc ces sion (right)

Magura suc ces sion: ZB – Zembrzyce Beds/Sub-Magura Beds/Szymbark Shales; Silesian suc ces sion: VSh + CSs – Var -
ie gated Shales and Ciężkowice Sand stones, HrB – Hi ero glyphic Beds, GM – Globigerina Marls, MB + MS – Menilite Beds 
and Magdalena Sand stones; based on field stud ies sup ple mented by biostratigraphical data pre sented by Malata (1981), 
Kopciowski and Garecka (1996), Oszczypko-Clowes (2001), Gedl and Leszczyński (2005)
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Fig. 3. Sim pli fied tec tonic sketches show ing three dif fer ent in ter pre ta tions of ge ol ogy
of the stud ied area

A – Łużna and Harklowa ar eas as tec tonic pen in su las of the Magura Nappe (based on De tailed Geo log i cal
Map of Po land, for ref er ences see the text); B – pen in su las as sep a rate tec tonic unit, i.e. Jasło Nappe (based 
on Koszarski, 2001); C – pen in su las as cha otic com plexes within the Silesian suc ces sion (based on
Jankowski, 2007)



emphasised by plant de tri tus. The thick ness of lay ers ranges
from a few to 30 cm. The sand stones are rep re sented by thin
and very thin beds, usu ally of a thick ness smaller than the ac -
com pa ny ing shales. They are fine-grained, cal car e ous, dis play -
ing light grey or blue-grey colours. The beds usu ally show the
Tcd sub di vi sions, their soles are flat, rarely cov ered with cur rent 
marks or bioturbation struc tures. The sand stone to shale ra tio
is close to 1:9.

Within a few metre in ter val of these beds sev eral lay ers of
the Jasło Lime stones oc cur (Fig. 5B), i.e. beige, yel low ish, mas -
sive or par al lel lam i nated lime stones (com pare to Haczewski,
1989). The thick ness of the lime stone lay ers usu ally does not
ex ceed 5 cm. The Jasło Lime stones are one of the most im por -
tant re gional marker ho ri zons within the Oligocene suc ces sion
of the Silesian Unit (e.g., Koszarski and Żytko, 1961; Jucha,
1969; Haczewski, 1989; Ciurej and Haczewski, 2012). Al most
the en tire suc ces sion of the Krosno Beds lies be low this ho ri -
zon, there fore it can be as sumed that the stud ied Krosno sec -
tion rep re sents only the Oligocene age (Garecka and Olsze -
wska, 1998).

Al most 100 metres above the lime stone ho ri zon in the Siary 
Stream the rhyth mi cally al ter nat ing beds of grey shales pass

into a cha otic rock body that is dis tin guished herein as a type 1
bro ken for ma tion (BrFm1; Figs. 4 and 6A). The top sur face of
the co her ent shaly se quence is flat and dis plays sharp bound -
ary with the bro ken for ma tion, al though the bound ary is not eas -
ily vis i ble in the out crop be cause the bro ken for ma tion is litholo -
gically sim i lar to the sed i ments of the un der ly ing co her ent suc -
ces sion (Fig. 6B). The main fea tures of the BrFm1 are as fol -
lows:

– com po si tion: ma trix con sists of grey muddy sed i ment, cal -
car e ous and abun dant in mus co vite flakes. Blocks in clude
fine-grained sand stones, grey in col our, cal car e ous and rich in
mica, pack ets of thin-bed ded sand stones and shales or only
shales, and a few blocks of grey do lo mite yel low ish on sur face,
com monly de scribed in the Carpathian literature as siderites; 

– prov e nance: all the blocks have na tive (non-ex otic) char -
ac ter with re spect to the ma trix, and both blocks and ma trix are
sim i lar to typ i cal com po nents of the Up per Krosno Beds; 

– styles of blocks: blocks range in size from sev eral centi -
metres to over one metre (Fig. 6C–F). They are an gu lar to
sub-rounded, smaller ones are of ten strongly con torted,
U-shaped and rib bon-like forms also oc cur (Fig. 6D–F). Some
of the sand stone blocks re veal in ter nal dis tor tions. Their orig i nal 
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Fig. 4. Sche matic sketch show ing sec tions out cropped along 
the Siary Stream (ver ti cally not to scale)

A – Up per Krosno Beds with Jasło Lime stones (Fig. 5); B – bound ary be tween co her ent lay ers of
Krosno shales and the first in ter val of BrFm1 (Fig. 6A, B); C – cha otic in ter nal struc ture of BrFm1
(Fig. 6C–F); D – bound ary be tween reg u larly bed ded Krosno shales and the up per in ter val of
BrFm1 (Fig. 6G); E – mélange (Me1) com posed of rocks be long ing to Ropianka and Łabowa for -
ma tions Me1 (Fig. 7A, C)

A

10 cm

B

Fig. 5A – se quence of thin-bed ded shales rarely in ter ca lated by thin lay ers of sand stones, rep re sent ing
the up per most part of Krosno Beds (Siary Stream); B – lay ers of Jasło Lime stones ho ri zon

https://gq.pgi.gov.pl/article/view/7850/pdf_105


are com posed of green, grey to black claystones or clayey
shales that form the ma trix of a cha otic body with blocks of var i -
ous rock types and sizes. The blocks are de liv ered mainly from
the flysch for ma tions of the Magura, Dukla and Silesian suc ces -
sions, more over blocks of lime stone and meta mor phic rocks
are also pres ent. The Gorlice Beds cover the whole area of
pen in su las and out li ers (Fig. 3C), and they are also rec og nized
in other parts of the Carpathians (Jankowski et al., 2004). They
com prise cha otic rock units of dif fer ent or i gin, i.e. olistostromes, 
mélanges and bro ken for ma tions (Jankowski, 2007, uses the
ge netic def i ni tions of these terms), thus part of them rep re sent
tec tonic mélanges as so ci ated mainly with out of se quence
faults, whereas oth ers are of sed i men tary or i gin. They are not
dif fer en ti ated in the maps (Fig. 3; Jankowski et al., 2004;
Jankowski, 2007) how ever, par tic u larly for the pen in su las and
out li ers Jankowski (2007) pro posed slump ing from an ac tive
slope or slump ing from an ac tive fault scar in or der to ex plain
their or i gin. On the ba sis of doc u mented micro fauna from the
ma trix of cha otic de pos its, he im plied an Early Mio cene age of
the pen in su las’ olistostrome. As a re sult the cha otic rock units
form the up per most part of the Silesian suc ces sion. Re cently,
the olistostromal na ture of the pen in su las has been also sug -
gested by Cieszkowski et al. (2009, 2012).

METHODS AND MATERIALS

This pa per is based on the data gath ered dur ing geo log i cal
map ping of the 70 km2 area east ward of Gorlice town. The field
work and up date of the geo logic map have been car ried out by
a team of Geokrak Com pany in frame work of a pro ject for RWE
Dea. A clas sic sur face geo log i cal map ping in 1:10,000 scale,
in clud ing stan dard mac ro scopic de scrip tion of out crops and
strati graphic-struc tural ob ser va tions, with the use of mod ern
tech niques (GPS, GIS soft ware), has been con ducted. More -
over, log ging of well-ex posed suc ces sions, along three streams 
has been per formed (Fig. 3) and out crops of cha otic de pos its
have been stud ied in de tail.

Al most fifty shal low bore holes have been drilled in the area
stud ied. They were sit u ated in the south west ern part and east -
ward of the “Harklowa pen in sula” (Fig. 3). The drill ing work has
aimed at de ter mi na tion of the char ac ter of rocks and their
lithostratigraphy and has been a sup ple men tary method to field
map ping as the num ber of nat u ral out crops in the area de -
scribed are very lim ited due the con sid er able cover of the Qua -
ter nary de pos its. The ex plo ra tion bore holes were drilled and
cored us ing a Geotool RHB GTR 780 me chan i cal ro tary de vice. 
In the near sur face zone, the bore holes were drilled with a
90 mm flight au ger bit. In a cored in ter val a dou ble core bar rel
with an outer di am e ter of 66 mm was used. Wa ter-based mud
has been used for core in ter vals. Ba sic mac ro scopic de scrip -
tion was con ducted in the field, and then fol lowed by de tailed
stud ies of cores and cut ting sam ples in the Geokrak Ltd lab o ra -
tory, i.e. de scrip tion of li thol ogy and sed i men tary struc tures and
micropalaeontological anal y ses.

Of 44 sam ples ex am ined for foraminiferal con tent, 20 were
col lected from cores, 19 from drill cut tings re cov ered from 13
bore holes, lo cated in the SW part of the “Harklowa pen in sula”
and from a bore hole lo cated in the Silesian Nappe (Fig. 3). An
ad di tional five sam ples were col lected from two out crop sec -
tions along Siary and Libuszanka streams (Fig. 3). 

Sam ples were dis in te grated by a re peated freeze-thaw
method, us ing a sat u rated so lu tion of so dium sul phate
[Na2SO4×10H2O] and then washed over a 63 mm screen and
dried out. Res i dues were sieved into a few frac tions

(>0.063 mm) and each frac tion was picked sep a rately in con -
ven tional man ner. The sam ples were not quan ti ta tively ana -
lysed, how ever, in those poor in foraminifera the whole res i due
was checked, while in the oth ers a suf fi cient num ber of fora -
minifera was picked to de ter mine their biostratigraphy. 

SEM im ages of the most char ac ter is tic or im por tant for age
de ter mi na tion foraminifera were made us ing the Hitachi S-4700 
Scan ning Mi cro scope at the In sti tute of Geo log i cal Sci ences of
the Jagiellonian Uni ver sity and two spe cies were pho to graphed
us ing a Sony (A330) dig i tal cam era mounted on a Nikon
SMZ1500 stereomicroscope.

RESULTS

FIELD OBSERVATIONS

De pos its of cha otic struc ture are ex posed in the tran si tion
zone be tween the Silesian and Magura units. Rel a tively good
out crops can be ob served along three streams, i.e. the Siary,
Sękówka and Libuszanka streams (Fig. 3). Along the Sękówka
Stream, be tween Gorlice town and Sękowa vil lage, the up per
part of the Silesian suc ces sion is ex posed, start ing from the Hi -
ero glyphic Beds, through the Menilite Beds with the Magdalena
Sand stones, to the Krosno Beds which are sub di vided into
three parts: the Lower Krosno Beds com posed of thick bed ded
sand stones, a mid dle part with thin to me dium sand stone –
shale lay ers, and the up per part dom i nated by thin beds of
shales (Fig. 2). This Eocene-Oligocene suc ces sion forms the
south ern limb of the Gorlice Fold. The strata dip nor mally to the
south at rel a tively steep an gle be tween 50 to 65°. Ex po sures
along the Siary Stream, which is a trib u tary of the Sękówka
Stream, em brace the mid dle and up per part of the Krosno
Beds. Fur ther south, along both streams, de pos its of the
Ropianka For ma tion are ex posed. At the ini tial zone they are
strongly de formed, whereas to the south they pass into the “nor -
mal” sand stone-shale suc ces sion dip ping to the south. The
Ropianka For ma tion forms the mar ginal part of the Magura
Nappe in the stud ied area. Ac cord ing to the bore hole data (the
“Gorlice 12” bore hole) the Magura cover is rel a tively thin within
its bor der zone which im plies a rather flat thrust onto the
Silesian Krosno Beds (Konarski, 1980, 1986; Jankowski, 2000).

The sit u a tion in the east ern part of the area in ques tion is
slightly dif fer ent. Along the Libuszanka Stream the Hi ero -
glyphic, Menilite and Krosno beds, are ex posed, al though only
the lower and mid dle part of the lat ter unit is rep re sented. The
Krosno-type strata gen er ally dip to the south-east and are cut
by nu mer ous faults, usu ally char ac ter ized by mi nor dis place -
ment (up to 4 m). The Mid dle Krosno Beds are fol lowed by de -
pos its of un doubt edly Magura prov e nance, de fined herein as
mélange, whereas pre vi ously these were var i ously in ter preted,
i.e. as the var ie gated shales of the Magura Nappe (Koszarski
and Tokarski, 1965–1967), part of the sep a rate Jasło Nappe
suc ces sion (Koszarski, 2001) or a cha otic rock body of the
Gorlice Beds within the Silesian Unit (Jankowski, 2007).

Siary and Sękówka streams. In the tran si tion zone be -
tween the Magura and Silesian units the streams flow al most
par al lel, about 3 km apart. Their di rec tions are ap prox i mately
per pen dic u lar to the strike of both the Magura and Silesian
strata.

Start ing from the up per most part of the Krosno Beds, marly
shales/mudstones in ter ca lated by thin sand stones can be ob -
served in banks of both streams (Figs. 4 and 5). Shales are
mainly steel-grey and green ish-grey, cal car e ous and rich in
mica min er als. Silty shales are of ten par al lel lam i nated,
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sed i men tary struc tures are oblit er ated prob a bly be cause of liq -
ue fac tion, sug gest ing that the de for ma tion mostly oc curred in
wet, non- or partly con sol i dated rocks (Fig. 6E). Blocks of thin
sand stones and shales, in which the co her ent strati graphic
bed ding is still par tially pre served, form steeply in clined tight
folds of slightly curv ing axis plane (Fig. 6C). The fold axes as

well as the lon gest axes of the larger sand stone blocks are al -
most par al lel to the bed ding sur face of the un der ly ing shales;

– fab ric of ma trix: ma trix has a brecciated tex ture that is
char ac ter ized by the pres ence of milli metre to sub-milli metre
 size clasts of claystone and sand stone within muddy bulk;
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Fig. 6. Ex am ples of the bro ken for ma tion within the Krosno Beds suc ces sion

A – bound ary be tween reg u larly bed ded shales and the base of cha otic body (BrFm1), 20 cm scale at the bot tom of out crop; B –
close-up of A; C – view of BrFm1 two folded pack ets of thin lay ers sep a rated by muddy ma trix, iso lated block of sand stone (white
ar row) and sid er ite (yel low ar rows); D–F – de tails of BrFm1 show ing strongly con torted, rib bon-like frag ments of thin sand stone
lay ers, in ter nally de formed, con vo luted sand stone clast and U-shaped sid er ite frag ment, re spec tively, that are em bed ded in iso -
tro pic muddy ma trix; G – con tact of sev eral metres thick co her ent shale packet with the sec ond in ter val of BrFm1 (out crop at the
bot tom of the stream)



– ma trix: block ra tio and re la tion ship – ma trix forms the
main bulk of the bro ken for ma tion, al though dis tinc tion be tween 
shale blocks and ma trix is, to some ex tent, dif fi cult – shale bor -
ders are in dis tinct and they smoothly pass into ma trix. Blocks
are ran domly dis trib uted within matrix.

The thick ness of the bro ken for ma tion body is 37 m. It lies
con cor dantly on the co her ent shaly suc ces sion and is cov ered
by a six metre thick packet of grey shales, which dis plays the
same char ac ter as the suc ces sion (Figs. 4 and 6G). The shale
beds in the packet are aligned par al lel to bed ding in the un der ly -
ing co her ent sed i men tary lay ers. The packet is, in turn, over lain
by an other in ter nally folded and dis rupted body of grey cal car e -
ous shales that rep re sents the same type of bro ken for ma tion
(Figs. 4 and 6G). The up per in ter val of the bro ken for ma tion is
at least 17 m thick, fol lowed by a sub se quent packet of reg u larly 
bed ded shale lay ers, al though the bound ary be tween them is
not ex posed. Fur ther to the south along the stream, a few,
about 0.5 to 2 m thick sec tions of the Krosno type shales, co -
her ent or dis rupted, oc cur, thus the real na ture of the up per -
most part of the Krosno suc ces sion is dif fi cult to de fine. It
seems that at least one ad di tional in ter val of bro ken for ma tion
(BrFm1) is pres ent within the suc ces sion, in ad di tion to two
ones de scribed above (Fig. 4).

Along the Sękówka Stream only one out crop of BrFm1 oc -
curs about 70 m above the Jasło Lime stones ho ri zon. The out -
crop is quite small (about 2 m long in the west ern stream bank),
more over nei ther the lower nor the up per con tact of this cha otic
body is ex posed, there fore it does not pro vide a good ma te rial
for de tailed study. Nev er the less, it can be as sumed that the out -
crop is a con tin u a tion of the one oc cur ring in the Siary Stream,
due to its sim i lar struc ture and li thol ogy. The BrFm1 forms a
cha otic rock body or rather a few bod ies sep a rated by pack ets
of rhyth mi cally bed ded shales that stretch lat i tu di nally in ac cor -
dance with the strike of the turbidite strata of the Krosno Bed
succession.

An other type of a cha otic rock body can be ob served more
to the south, in the area as signed ei ther to the Ropianka For ma -
tion (for merly known as the Inoceramian Beds) of the Magura
Nappe (Sikora, 1970; Koszarski, 2001) or the cha otic com plex
of the Gorlice Beds (Jankowski, 1997a, 2007; Kopciowski et al., 
1997b). Sev eral out crops along both streams, pro vide in for ma -
tion about the char ac ter of these rocks, how ever, the di rect con -
tact be tween the Ropianka type rocks and the Krosno suc ces -
sion is no where ex posed. Two kinds of cha otic rocks are dif fer -
en ti ated herein, named as type 1 mélange (Me1) and type 2
bro ken for ma tion (BrFm2), which are closely re lated to one an -
other. The first one oc curs in the north ern, rel a tively nar row
zone, about 30–50 m in width. Fea tures of Me1 are as fol lows: 

– com po si tion: ma trix in cludes mainly green-grey or blu -
ish-grey shales, and sub or di nate brown ones, oc cur ring in both
cal car e ous and non-cal car e ous va ri et ies. Red and green clays, 
clearly dis tin guish able from the gen er ally grey back ground, can 
be also re cog nized. They are usu ally in cluded in the ma trix, sel -
dom oc cur ring as clasts reach ing up to a few centi metres in di -
am e ter. Sand stones that form blocks are fine and me dium
grained, blu ish-grey, mostly cal car e ous, and of ten with pre -
served sed i men tary struc tures such as par al lel, cross, or con -
vo lute bed ding. Subordinately, fine-grained, light grey sand -
stones, strongly cal car e ous can be en coun tered, usu ally char -
ac ter ized by parallel lamination, emphasised by black plant
detritus; 

– prov e nance: most of the vol ume of the Me1 body con sists
of the Ropianka type rocks, both in the ma trix as well as the
clasts and blocks. Red clays may be de rived from the var ie -
gated shales form ing a few metre thick in ter val within the

Ropianka For ma tion or from the var ie gated shales of the
Eocene Łabowa For ma tion. The light grey sand stones re sem -
ble rocks of the Krosno Beds;

– styles of blocks: sand stones oc cur in a form of mod er -
ately- to highly-stretched lay ers. The sizes of blocks are highly
vari able, from milli metres to metres that is strongly re lated to the 
ini tial thick ness of sand stone lay ers, the lon ger blocks are
formed by the thick est sand stones (Figs. 7A and 8A–C).
Strong, layer-par al lel ex ten sion re sulted in the de vel op ment of
pinch-and-swell struc tures and neck ing of the lay ers (Figs. 7B,
C and 8F), and brit tle and/or duc tile boudinage caus ing part or
com plete sep a ra tion of lay ers (Fig. 7D). This de for ma tion pro -
duced an align ment of the blocks and the shaly lay ers (i.e., the
ma trix) in a pseudo-bed ding fash ion;

– fab ric of ma trix: a per va sive scaly fab ric is de vel oped in
the en tire ma trix (Figs. 7C and 8B, C), i.e. the clayey ma trix is
de formed by anastomosing cleav age planes, which split the
ma trix in a milli metre to centi metre lens-shaped scales (Delli -
santi, 2008). The blocks are com monly in truded by the muddy
ma trix (Figs. 7C and 8D). The in truded ma trix and the dis tri bu -
tion of well-pre served sed i men tary struc tures within the blocks
in di cate that the muddy ma te rial was more fluid than the sandy
one dur ing mélange for ma tion (Yamamoto et al., 2012); 

– ma trix – block ra tio and re la tion ship: strongly dis rupted
strata of blocks in a ma trix fab ric (Figs. 7A and 8A–C), i.e. frag -
ments of sand stone lay ers em bed ded within a shaly ma trix. 

The mélange of block in ma trix struc ture pass ing to the
south takes on a form which, ac cord ing to the pre sented above
def i ni tions (Fes ta et al., 2012), should be clas si fied as bro ken
for ma tion (BrFm2): 

– com po si tion: green-grey or blu ish-grey shales and blu -
ish-grey sand stones the same as de scribed above;

– prov e nance: no ex otic blocks are in cor po rated, only
rocks of the Ropianka For ma tion; 

– styles of blocks: slightly or not de formed decimetre to
metre thick sand stone lay ers are dis junc tive (Fig. 7B) or
con tin u ous at the scale of out crop (Fig. 8E), in both
cases they are usu ally frac tured, some of them re veal
pinch-and-swell struc tures (Fig. 8F); 

– fab ric of ma trix and re la tion ship with blocks: sand stones
al ter nate with mod er ately to strongly de formed shaly
interlayers of the sim i lar thick ness, that dis play scaly fab -
ric and in clude an gu lar or len tic u lar-shaped blocks of
sand stone (Fig. 8E, F). 

BrFm2 partly re tains their orig i nal strati graphic co her ence
and ev ery thicker layer is in clined to the south. BrFm2 shows a
grad ual tran si tion to nor mal bed ded suc ces sion of the
Ropianka For ma tion. It stretches for a dis tance of about 250 m
along the Siary Stream and less than 200 m along the Sękówka
Stream.

Libuszanka Stream. Along the Libuszanka Stream only
the lower and mid dle part of the Krosno Beds is ex posed,
whereas the up per one may be ei ther miss ing or cov ered by the
cha otic de pos its de fined herein as type 2 mélange (Me2). The
in ter nal struc ture of Me2 is a typ i cal block-in-ma trix: 

– com po si tion: ma trix is a mix ture of red, non-cal car e ous
clays and blu ish-grey, subordinately green clays, in some parts
cal car e ous, in oth ers non-cal car e ous (Fig. 9). The most com -
mon lithological type of blocks is a blu ish-grey, fine to me dium
grained sand stone, usu ally with pre served sed i men tary struc -
tures (con vo lute or par al lel lam i na tion), slightly cal car e ous, con -
sist ing of quartz, a large quan ti ties of mica and some glauconite
(Fig. 9A). An other type is ol ive-green, fine-grained sand stone,
non-cal car e ous, rich in mica and black or ganic mat ter that is
aligned along laminae (Fig. 9B). Pack ets of thin bed ded sand -
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stones and shales also form the big ger blocks (Fig. 9C). More -
over, dif fer ent kinds of shales can oc cur as blocks, how ever, on
a smaller scale. 

– prov e nance: most of the sand stone blocks dis play re sem -
blance to rocks of the Ropianka For ma tion, oth ers can be as -
signed to the Krosno Beds, clays form ing ma trix may be de rived 
from both the Ropianka and Łabowa for ma tions; 

– styles of blocks: an gu lar to subrounded hard blocks vary
from a centi metre to over one metre. They usu ally have sharp
out lines and vari able shapes but of ten al most iso met ric and
elon gated. Sand stone-shale pack ets usu ally are strongly dis -
torted and form tight folds that ad di tion ally are in ter nally de -
formed (Fig. 9C), e.g. more com pe tent sand stone lay ers are
boudi naged and defragmented, whereas in shales the orig i nal
lay er ing is in dis tinct;

– fab ric of ma trix: muddy ma trix is brecciated – the micro -
clasts are milli metre to centi metre in size and in clude mainly
dark to light grey, red and green mudstones. They have ei ther
rounded or an gu lar shapes;

– ma trix-block ra tio and re la tion ship: rel a tive vol ume of ma -
trix frac tion is about 70% or more, blocks are floated, with a ran -
dom dis tri bu tion, in a muddy ma trix.  

SHALLOW BOREHOLE DATA

Twenty one shal low bore holes were drilled within or close to 
the area of the “Harklowa pen in sula” (Fig. 10). Lithological de -
scrip tion of these cores is en closed in Ta ble 1. In most cases

the rocks drilled in the pen in sula area rep re sent brec cias or
con glom er ates of highly dis or ga nized struc tures (Figs. 11–13).
Gen er ally, the brec cias con sist of an gu lar to subangular, ran -
domly ori ented rock frag ments (clasts), mostly mudsto -
nes/shales and sand stones. Mudstone clasts usu ally have
better round ness than the sand stone ones, and if only they are
pres ent brec cia passes into con glom er ate. Both rock types are
very poorly sorted and the size of clasts ranges from sev eral
milli metres to four centi metres. Clasts dis play var i ous shapes
and those of sand stones are very of ten al most iso meric (Fig.
13B). In a few cores, mudstone and sand stone clasts re veal
duc tile de for ma tion, they are strongly elon gated and dis torted,
and their mar gins/bor ders are blurred. In such cases, the dif fer -
en ti a tion be tween clasts and ma trix is to some ex tent ar bi trary,
es pe cially frag ments of mudstone tend to pass grad u ally into
ma trix (Fig. 12A). Plas tic de for ma tion and strong elon ga tion of
some clasts emphasise fluidal struc ture of some brec cias.
Clasts are scat tered in structureless ma trix with out any pre -
ferred ori en ta tion. Ma trix-sup ported brec cias pre vail, al though
clast-sup ported ones also oc cur or some times in a sin gle core
change from one type into an other is vis i ble. The ma trix con -
sists of muddy ma te rial, light or dark grey and green-grey in col -
our, less of ten red and ol ive-green colours are dom i nant. 

Based on the na ture of the ma trix and clasts, the brec cias
can be clas si fied into two types (groups):

– brec cia in which clasts are di ver si fied in shape, size,
round ness and es pe cially in li thol ogy, which is dif fer ent from the 
li thol ogy of the ma trix (Figs. 11A, B, 12A and 13A, B). This is the 
more com mon vari ant of the brec cias, oc cur ring in bore holes
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Fig. 7. Ex am ples of mélange and bro ken for ma tion within Ropianka For ma tion (Siary Stream)

A – mélange (Me1) char ac ter ized by block-in-ma trix fab ric – centi metre to decimetre an gu lar sand stone clasts
ran domly in cluded in green ish-grey shaly ma trix (left side) en clos ing a huge block of frac tured sand stone (right
side), black col our due to crude oil stain ing; B – pro gres sive stra tal dis rup tion of well-bed ded unit of Ropianka
For ma tion form ing bro ken for ma tion (BrFm2); C – de tail of Me1 show ing Ropianka type sand stone blocks within
grey shaly ma trix, blocks ex hibit pinch-and-swell struc tures (dot ted lines) or ini tial frac tur ing filled by ma trix (white
ar rows), in the cen tral part fluidal fea ture de form ing scaly fab ric of ma trix re lated prob a bly to mi gra tion of
overpressured flu ids (yel low ar rows); D – boudinaged sand stone layer wrapped by shaly ma trix



no. W3–W10, W17, W19 and W21. Clasts in clude var i ous
types of sand stones and mudstones that show sig nif i cant dif fer -
ences in col our, which is mainly dark grey (al most black) to light
grey, green-grey, ol ive-green and red, and both cal car e ous or
non-cal car e ous va ri et ies are pres ent. This type of brec cia cor -
re sponds to the de fined herein mÀlange Me2. 

– brec cia in which clasts and ma trix have sim i lar lithological
char ac ter, thus only na tive clasts are pres ent (Figs. 12B and
13D), con sist ing of frag ments of grey, fine-grained sand stones
and cal car e ous light grey mudstones that are mixed in grey,
clayey-silty ma trix. Usu ally, the ma trix is brighter than the
clasts. This type of brec cia was drilled in bore holes no. W1, W2, 
W18 and W20. It can be re ferred to the bro ken for ma tion
(BrFm1) from the up per Krosno suc ces sion oc cur ring along the
Siary Stream.

In a few bore holes (W11–W16), none of the brecciated
rocks were drilled and only sand stones were en coun tered.
They are usu ally rep re sented by fine-grained sand stones, yel -
low-green, non-cal car e ous, rich in glauconite and mus co vite,
with subordinately oc cur ring green-brown cal car e ous mud -
stone. These bore holes are con cen trated in the mid dle, el e -
vated part of the “Harklowa pen in sula”, and are sur rounded by
bore holes with brec cias (Fig. 10). 

MICROPALAEONTOLOGICAL ANALYSES

Among the forty four sam ples stud ied, four were bar ren of
any microfossils and one con tained only pyritised di a toms. All
fora miniferal taxa iden ti fied in other sam ples are listed in Ap -
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Fig. 8. Ex am ples of mélange and bro ken for ma tion within Ropianka For ma tion (Sękówka Stream)

A – an gu lar and elon gated blocks of frac tured sand stones em bed ded in shaly ma trix; B, C – de tails of A, some of the
sand stone clasts are elon gated par al lel or subparallel to the scaly fab ric of ma trix form ing a pseudo-bed ding, oth ers are
ro tated slightly oblique; D – shale in jec tions into sand stone blocks (on the left), con tained in scaly ma trix; E – con tin u ous
sand stone lay ers, frac tured and interbedded by in ter vals of ma trix dis play ing scaly fab ric that in cludes smaller sand -
stone clasts (BrFm2); F – pinch-and-swell struc tures within BrFm2
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pen dixes 1–3*. En tirely ag glu ti nated as sem blages were found
in ten sam ples from cha otic de pos its and in fif teen ag glu ti nated
forms are the dom i nant group in the as sem blages, which are
gen er ally rich in foraminifera. An other nine sam ples from the
cha otic de pos its yielded much less abun dant as sem blages, but 
cal car e ous ben thic or plank tonic spec i mens are their main
com po nent. There are no marked dif fer ences in the fora mini -
feral con tent be tween cut ting and core sam ples from sim i lar de -
pos its of in di vid ual bore holes.

In the cha otic de pos its about 45 gen era and 70 spe cies of
ag glu ti nated foraminifera have been re corded. They rep re sent
the autochthonous fauna of mainly Maastrichtian–Paleocene or 
Paleocene and Mid dle Eocene re de pos ited flysch de pos its.
Ben thic cal car e ous taxa be long to 29 gen era with 24 iden ti fied
spe cies. Some of them rep re sent most so lu tion-re sis tant taxa
of Eocene age. The oth ers are com mon el e ments of the Oligo -
cene as sem blages, and very few are known from the Mio cene.
Plank tonic foraminifera be long to five Cre ta ceous gen era with
three rec og nized spe cies. The other iden ti fied 25 spe cies are
mainly Eocene and Oligocene forms, and a few are Mio cene

taxa. Pho tos of the most char ac ter is tic taxa are pre sented on
Fig ures 14–16.

Foraminiferal as sem blages and age con trol. The bio -
stra tigraphy of iden ti fied foraminiferal taxa are mainly based on
their known oc cur rences in the Outer Carpathians de scribed by
Geroch and Nowak (1984), Odrzywolska-Bieńkowa and Olsze -
wska (1996), Olszewska et al. (1996), and Olszewska (1997).
Other pa pers such as Olszewska and Szymakowska (1984),
Garecka and Olszewska (1998), Bąk (2005), Kaminski and
Gradstein (2005), Pearson et al. (2006) and Peryt (2013) were
also used in foraminiferal de ter mi na tions and anal y ses. The
sam ples re ferred be low are de scribed by the bore hole num ber
and depth of their re cov ery. 

Microfaunal as sem blage from a core sam ple W1 (2.0 m),
con sists of rare cal car e ous ben thic and plank tonic foraminifera,
found in the small est frac tion (<0.063 mm; Ap pen dix 1). The
plank tonic spe cies Tenuitella munda in di cates an Early Oligo -
cene age.

The core sam ple W2 (5.0 m) con sists of a poor and badly
pre served mixed as sem blage with tu bu lar forms of ag glu ti nated 
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Fig. 9. Ex am ples of mélange ex posed along Libuszanka Stream

A – red and blu ish-grey clayey ma trix in clud ing blocks of Ropianka type sand stones; B – blocks of sand stone
in ma trix char ac ter ized by brecciated tex ture – ma trix is made up of clays sup port ing milli metre scale clasts;

C – folded and partly dis rupted sand stone lay ers within clayey ma trix

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1273

https://gq.pgi.gov.pl/article/view/8217/pdf_491
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foraminifera and rare cal car e ous ben thic and plank tonic fora -
minifera. Turborotalia ampliapertura points to an age within its
strati graphic range, which is the lat est Eocene–Early Oligo -
cene. The pres ence of Virgulinella chalkophila and Tenuitella
munda doc u ments an Early Oligocene age of the sec ond core
sam ple W2 (6.5 m). 

Rich and well-pre served ag glu ti nated foraminifers were re -
cov ered from two cut ting sam ples of bore hole W3 (Ap pen dix 1). 
They rep re sent typ i cal deep-wa ter ag glu ti nated as sem blage of
the flysch type DWAF (deep-wa ter ag glu ti nated foraminifera;
Kaminski and Gradstein, 2005) with Annectina grzybowskii,
Rzehakina fissistomata and Spiro plectammina spectabilis in di -
cat ing a Paleocene age. One core sam ple (8.0 m) con tained a
less nu mer ous as sem blage of a Maastrichtian/Paleocene age
with Remesella varians, Dorothia crassa and poorly pre served
cal car e ous ben thic Nodosaria sp. and Eponides sp. 

The cut tings sam ple W4 (2.9 m) con tained a rel a tively
abun dant as sem blage with dom i nant ag glu ti nated taxa. Some
sparse and poorly pre served plank tonic forms were found as
well (Ap pen dix 1). Two strati graphic groups of foraminifera can
be dis tin guished. The Paleocene is based on the pres ence of
Rzehakina fissistomata, and plank tonic Subbotina cf. pata -
gonica and S. velascoensis, and the Mid dle Eocene is in di cated 
by Reticulophragmium amplectens and sin gle spec i men of
plank tonic Acarinina bullbrooki. The next cut tings sam ple
(5.0 m) con tained a less nu mer ous and mixed as sem blage with 
Saccamminoides carpathicus, the in dex spe cies of the Early
Eocene zone of ag glu ti nated foraminifera. A few var ied in col -
our spec i mens of ben thic and plank tonic forms were found as
well. They prob a bly rep re sent a youn ger el e ment, how ever,
their pre cise tax o nomic iden ti fi ca tion was not pos si ble due to
the very poor pres er va tion.

The core sam ple W4 (10.0 m) yielded a rich and di ver si fied
as sem blage. It con sists of ag glu ti nated, cal car e ous ben thic and 
plank tonic foraminifera, some fish teeth, di a toms and Echino -

idea spines. With re spect to the age a few groups of fora -
minifera can be dis tin guished. The ag glu ti nated taxa with Reti -
culophragmium amplectens, sin gle spec i mens of Acarinina bul -
brooki and Cibicidoides grimsdalei rep re sent a Mid dle Eocene
as sem blage. Cal car e ous ben thic Falsoplanulina ammophila,
Asterigerina rotula, and Pararotalia lithothamnica are spe cies
known from shal low wa ter set tings and along with the plank -
tonic spe cies Subbotina corpulenta in di cate Late Eocene. The
plank tonic spe cies Paragloborotalia nana, Turborotalia amplia -
pertura, T. increbescens, Globigerina ouachitaensis ap pear in
the Late Eocene and com monly oc cur in the Late Eocene/Early
Oligocene as sem blages of marly de pos its, how ever, some of
these spe cies dis play lon ger strati graphic ranges. Tenuitellinata
ciperoensis, G. angulisuturalis, G. anguliofficinalis rep re sent
the Oligocene. Siphonina reticulata, Globigerina concinna,
Globigerinoides cf. primordius, G. trilobus in di cate Mio cene
(Early–?Mid dle) (Cicha et al., 1998).

A core sam ple re cov ered from W5 (9.5 m) con tained an as -
sem blage dom i nated by ag glu ti nated taxa with a few spec i -
mens of cal car e ous ben thic and plank tonic foraminifera. The
pres ence of Reticulophragmium amplectens and Saccammi -
noides carpathicus sug gests that the ag glu ti nated as sem blage
is not youn ger than Mid dle Eocene. A sin gle spec i men of plank -
tonic spe cies Globigerina praebulloides dis plays a dif fer ent
state of pres er va tion and most prob a bly is the youn gest com po -
nent of this micro fauna. In the Outer Carpathians this spe cies
oc curs from the Up per Eocene through the Lower Mio cene. 

Core sam ple W17 (5.7 m) yielded an al most en tirely cal car -
e ous as sem blage dom i nated by plank tonic foraminifera with
only a sin gle spec i men of an ag glu ti nated form. The taxa dis -
play var ied strati graphic ranges and are sim i lar in tax o nomic
com po si tion to the sam ple from bore hole W4 (10.0 m).
Subbotina corpulenta is a com mon com po nent of the Late
Eocene as sem blages; Turborotalia ampliapertura, Tenuitella
liverovskae, Tenuitellinata angustiumbilicata, Subbotina cf.
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Fig. 10. Lo ca tion of shal low bore holes 

Shaded re lief im age as a back ground, ge ol ogy ac cord ing to the in ter pre ta tion pre sented in the Fig ure 3A
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T a  b l e  1

Li thol ogy of rocks drilled in the area of the “Harklowa pen in sula”

No. 
bore hole

Depth
[m]

Cor ing 
in ter val

[m]

Core 
re cov ery

[m]
Lithological de scrip tion

W1 4.3 1.8–4.3 0.44 Brec cia con sist ing of dark grey, an gu lar clasts of shales in light grey, clayey ma trix, strongly 
cal car e ous

W2 6.9 3.5–6.9 1.15

Up per part of core (32 cm): beige to grey, fine-grained sand stone dis play ing cross lam i na tion 
un der lined by dark min er als, with mus co vite, me dium hard, cal car e ous

Lower part of core (83 cm): ma trix-sup ported brec cia con sist ing of clasts of fine-grained 
sand stones within dark green-grey to black silty ma trix, cal car e ous

W3 9.0 6.5–9.0 0.70

Up per part of core (25 cm): ma trix-sup ported brec cia con sist ing of clasts  of yel low, fine-grained
sand stone, with cal cite veins, cal car e ous, mixed in dark green-grey, clayey-silty cal car e ous ma trix

Lower part of core (45 cm): clast-sup ported brec cia con sist ing of clasts of light grey sand stones,
cal car e ous, lam i nated, with lots of mus co vite and non-cal car e ous red shales, mixed in dark grey,
clayey-silty cal car e ous ma trix

W4 10.0 7.5–10.0 0.72 Ma trix-sup ported brec cia/con glom er ate con sist ing of grey sand stone and dark green-grey mudstone
clasts, an gu lar to subrounded, mixed in green-grey, clayey-silty ma trix, slightly cal car e ous

W5 9.6 9.0–9.6 0.56 Ma trix-sup ported brec cia con sist ing of ol ive, red and rus set muddy ma trix, non-cal car e ous, 
and clasts of light and dark grey fine-grained sand stones and dark grey shales

W6 9.45 6.0–9.45 2.13
Ma trix-sup ported brec cia in clud ing an gu lar clasts of green-grey fine-grained sand stones, 
lam i nated, slightly cal car e ous and dark green-grey shales, mixed in ol ive-green, red and rus set
clayey ma trix, non-cal car e ous

W7 10.0 7.5–10.0 2.1 
Ma trix-sup ported brec cia in clud ing an gu lar clasts of grey-green fine-grained sand stones, 
lam i nated, non-cal car e ous and ol ive-green shales, mixed in ol ive-green, red and rus set 
clayey ma trix, non-cal car e ous 

W8 9.5 5.3–9.5 0.5 
Ma trix-sup ported brec cia/con glom er ate, very brit tle, con sist ing of milli metre to 1 cm clasts of dark
grey to black sandy mudstone, with lots of de tri tus and mus co vite, ma trix is light grey in col our,
with lots of mus co vite

W9 2.8 0.9–2.8 cut tings Clasts of fine-grained sand stones, yel low-grey, hard, with glauconite, non-cal car e ous, 
clasts up to 30 cm

W10 8.5 6.0–8.5 0.7 

Ma trix-sup ported brec cia con sist ing of an gu lar to subrounded clasts of grey, very fine-grained
sand stones and dark grey mudstones, up to 3 cm, both types are non-cal car e ous, some of them
dis play duc tile de for ma tion, they are mixed in ol ive-green and dark grey, clayey-silty ma trix,
non-cal car e ous

W11 7.6 4.3–7.6 0.1 Me dium-grained sand stone, blue-grey, rusty and red on weath ered sur face, with glauconite, 
cut by sev eral cal cite veins, very hard, cal car e ous

W12 8.0 5.3–8.0 0.7 

Up per part of core (26 cm): fine-grained sand stone, light grey, rusty yel low and red on weath ered 
sur face, cross lam i nated, with mus co vite and glauconite, very hard, cut by sev eral cal cite veins,
cal car e ous 

Lower part of core (39 cm): light grey, marly mudstone, rusty on weath ered sur face, very hard

W13 5.6 2.8–5.6 1.5 Green-brown mudstone, very hard, with mus co vite, dark brown on weath ered sur face, cal car e ous

W14 6.2 3.0–6.2 1.6 

Up per part of core (81 cm): fine-grained sand stone, yel low-green, lam i nated (con vo lute 
lam i na tion?), very hard, with lots of glauconite and mus co vite, non-cal car e ous

Mid dle part of core (44 cm): me dium grained sand stone, yel low-green, cross lam i nated, wa ter
es cape struc tures, very hard, with a lot of glauconite, non-cal car e ous

Lower part of core (39 cm): coarse grained sand stone (at the up per part of the core) 
and me dium grained (at the bot tom), yel low-green, rusty yel low on weath ered sur face, very hard,
with a lot of glauconite and mus co vite, non-cal car e ous

W15 4.1 2.2–4.1 1.2 Grey mudstone, green-brown on weath ered sur face, very hard, mas sive, with mus co vite, 
non-cal car e ous

W16 3.8 2.0–2.8 0.2 

Fine-grained sand stone, light grey, rusty yel low and red on weath ered sur face, par al lel 
and con vo lute lam i nated with dark laminae, very hard, with mus co vite, glauconite, cut by cal cite
veins, cal car e ous

Rusty-green mudstone, brit tle, HCl-

W17 5.7 4.5–5.7 0.9 
Ma trix-sup ported and partly clast-sup ported brec cia, clasts are up to 3 cm, an gu lar to subangular
and con sist of light to dark grey mudstones and very fine-grained, lam i nated sand stones, 
cal car e ous, ma trix is light to dark grey, cal car e ous

W18 6.0 3.7–6.0 1.06

Up per part of core (26 cm): very fine-grained sand stone, grey-blue in col our, light yel low-brown
when weath ered, cal car e ous, very hard, frac tured, with cal cite veins

Mid dle part of core (32 cm): clast-sup ported brec cia con sist ing of an gu lar rock frag ments of grey
fine-grained sand stones and cal car e ous light grey shales, mixed in grey, clayey-silty ma trix

Lower part of core (48 cm): grey-green mudstone, with silty ir reg u lar laminae, very hard, cal car e ous

W19 13.4 10.5–13.4 2.00
Ma trix-sup ported brec cia con sist ing of clasts of vari col oured mudstones (red, ol ive-green, light
grey), non-cal car e ous and light grey, fine-grained sand stones, hard, slightly cal car e ous 
or non-cal car e ous, which are mixed in a dark, clayey-silty ma trix

W20 7.0 4.3–7.0 1.44
Ma trix-sup ported brec cia con sist ing of an gu lar to subangular clasts of light and dark grey 
cal car e ous mudstones and fine-grained cal car e ous sand stone, par al lel lam i nated, with
deformational struc tures, which are mixed in light grey, muddy cal car e ous ma trix

W21 10.2 7.4–10.2 2.20
Ma trix-sup ported brec cia con sist ing of an gu lar clasts of vari col oured mudstones (red, ol ive-green,
light grey), non-cal car e ous and light grey, fine-grained sand stones, hard, slightly cal car e ous or
non-cal car e ous, which are mixed in a dark, clayey-silty ma trix



angiporoides, Globigerina officinalis, G. ouachitensis in the Pol -
ish Outer Carpathians are found in Late Eocene–Early Oligo -
cene as sem blages. Tenuitellinata ciperoensis and Virgulinella
chalkophila are the Oligocene spe cies; Globigerina concinna,
Globigerinoides quadrilobatus, Globoturborotalia cf. woodi and
the ben thic form Siphonina reticulata in di cate Mio cene
(Early–?Mid dle). 

Microfossils re cov ered from bore hole W18 are very sparse.
Cal car e ous foraminifera dis play a poor state of pres er va tion
and plank tonic forms are small in size. The cut ting sam ple con -
sists of a few ag glu ti nated foraminifera (Ap pen dix 2) and some
sin gle spec i mens of cal car e ous ben thic and plank tonic fora -
minifera. Ag glu ti nated taxa, the cal car e ous ben thic Oridorsalis
umbonatus and plank tonic Globigerinatheka sp. are re worked
from the marly Eocene de pos its. A sin gle spec i men of a ju ve -
nile cal car e ous ben thic de ter mined as Anomalinoides sp. (Fig.
15E) as well as plank tonic Tenuitellinata angusti umbilicata,
Tenuitella sp. cf. pseudoedita most prob a bly rep re sent a youn -
ger el e ment, at least Oligocene. Two core sam ples (Ap pen dix
2) yielded poor as sem blages with rare spec i mens of cal car e -
ous ben thic taxa and sin gle spec i mens of the plank tonic ge nus
Tenuitella. Foraminifera from bore hole W20 dis play a sim i lar
char ac ter but they are even more im pov er ished. In core sam ple 

(4.5 m) Tenuitella munda and Paragloborotalia nana were pres -
ent among other rare spec i mens of plank tonic fora minifera. The 
char ac ter of as sem blages from the W18 and W20 bore holes,
de scribed above, and their tax o nomic com po si tion sug gest at
least an Oligocene age. 

The foraminiferal as sem blages re cov ered from two bore -
holes W19 and W21 dis play a sim i lar char ac ter (Ap pen dix 2).
The foraminifera are abun dant and rep re sent mixed as sem -
blages with re spect to the tax o nomic com po si tion, age and col -
our of the shells. The ag glu ti nated taxa con sid er ably out num ber 
the cal car e ous ben thic and plank tonic forms. The state of pres -
er va tion of the lat ter group is poor. Most of the cal car e ous spec -
i mens are ei ther cor roded or diagenetically al tered. The group
of ag glu ti nated foraminifera, com monly re corded from the
Paleo cene or Maastrichtian/Paleocene flysch de pos its, with
char ac ter is tic spe cies Annectina grzybowskii, Rzehakina
fissisto mata and Spiroplectammina spectabilis dom i nates the
as sem blages. The sec ond nu mer ous group with Reticulo phra -
gmium amplectens, rep re sents Mid dle Eocene. Apart from the
ag glu ti nated com po nents, in the cut tings sam ple at 5.5–6.0 m
from bore hole W19 the fol low ing plank tonic fora minifera were
also found: Late Campanian–Maastrichtian Globotruncanella
havanensis, Paleocene and Paleocene/Early Eocene spe cies
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Fig. 11. Ex am ples of lithological logs and core pho tos of in ves ti ga tory bore holes (W21 – left and W4 – right)

A – bore hole in which eluvial de pos its con sist of red, ol ive-green and blue-grey clays with shale frag ments, cored in ter val in cludes
va ri ety of shale and sand stone clasts within dark grey ma trix; B – bore hole with sim i lar to A eluvial part but slightly dif fer ent cored
rock (lack of red shale clasts, lighter, green-grey ma trix); for ex pla na tions see Fig ure 12; colours in the logs cor re spond to the col -
our of eluvium/cored rock
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Subbotina triloculinoides and Morozovella cf. marginodentata,
and com monly oc cur ring in the Mid dle Eocene Acarinina bul -
brooki and Subbotina hagni. Cal car e ous ben thic foraminifera
are very rare and not sig nif i cant due to their poor pres er va tion.
In the sam ples from bore hole W19 very small and sin gle spec i -
mens of an other cal car e ous form have been also no ticed, how -
ever, their tax o nomic iden ti fi ca tion is un cer tain. These are
Cibicides cf. lopjanicus, Tenuitella cf. denseconnexa (sam ple
5.5–6.0 m), Cibicides sp. (aff. borislavensis) (sam ple 10.9 m)
and Caucasina cf. coprolithoides (sam ple 12.4 m). Their strati -
graphic oc cur rences may in di cate at least Oligocene. In the
core sam ple re cov ered from 8.0 m depth in bore hole W21 a sin -
gle spec i men of the Late Albian/Cenomanian ge nus Rotalipora
was found along with Globotruncanita stuartiformis, known from 
the Late Santonian through Maastrichtian (Premoli-Silva and
Sliter, 2002). Their co-oc cur rence in the same sam ple in di cates 
prob a bly dou ble re work ing of the old est form (see Bąk and
Oszczypko, 2000). 

Two sam ples col lected from the cha otic de pos its ex posed
in the Libuszanka Stream sec tion con sist of en tirely ag glu ti -
nated foraminifera (Ap pen dix 3). Some el e ments of the Paleo -
cene DWAF as sem blage were found in sam ple S1 while the
sam ple S2 yielded less nu mer ous and rather long rang ing taxa
com monly oc cur ring in the Late Cre ta ceous through Eocene.
An other three sam ples from the Siary Stream sec tion were bar -
ren of foraminifera.

In or der to com pare the data of cha otic and co her ent rocks,
sam ples from bore hole W22, which pen e trated the un dis turbed
Hi ero glyphic Beds of the Silesian Nappe (Fig. 10), are pre -
sented herein. All the sam ples yielded rich, en tirely ag glu ti nated 
foraminiferal as sem blages (Ap pen dix 3). The ma jor ity of taxa
are com mon but rather long rang ing el e ments of the Paleo -
cene–Eocene deep-wa ter ag glu ti nated foraminifera. The char -
ac ter is tic fea ture of these as sem blages is the abun dant pres -
ence of Haplophragmoides walteri, Spiroplectammina specta -
bilis and Karrerulina coniformis along with, rarely re ported from

184 Krzysztof Starzec, Ewa Malata, Aneta Wronka and Luiza Malina 

Fig. 12. Ex am ples of lithological logs and core pho tos of in ves ti ga tory bore holes (W7 – left and W20 – right)

A – bore hole in which green shales pre vail in eluvium, whereas cored in ter val in cludes ductilely de formed clasts and ma trix,
subordinately an gu lar sand stone clasts; B – bore hole char ac ter ized by the same lithological type ma trix and clasts, the lat ter

con sist of grey cal car e ous shales and sand stones, ma trix is slightly lighter but also grey and cal car e ous
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the Outer Carpathian flysch de pos its, Psammino pelta
gradsteini, Eratidus gerochi and Popovia beckmanni. The
strati graphic ranges of these lat ter spe cies in di cate a Mid dle
Eocene age (Kaminski and Gradstein, 2005). 

DISCUSSION AND SUMMARY

Our field ob ser va tions and the re sults of micropalaeontolo -
gical and lithological anal y ses of cores in di cate the oc cur rence
of de pos its con sist ing of an ar gil la ceous ma trix with poorly
sorted, an gu lar to sub-an gu lar blocks of shales and sand stones 
in the Gorlice re gion, rep re sent ing mélanges or bro ken for ma -
tions. The lithological logs of bore holes and the cored rocks
within the “Harklowa pen in sula” clearly show the mixed char ac -
ter of the de pos its build ing the pen in sula, which is also re flected 
by the char ac ter of the microfossils. These de pos its in clude
ma te rial de rived from dif fer ent lithostratigraphic units and
different facies zones. 

The micropalaeontological anal y ses re vealed that the rocks 
form ing the cha otic de pos its rep re sent the lat est Cre ta ceous to
Early Mio cene time in ter val. The char ac ter and tax o nom i cal
com po si tion of the lat est Cre ta ceous–Paleocene mainly ag glu -
ti nated as sem blages are typ i cal of the Ropianka For ma tion.
The Early–Mid dle Eocene ag glu ti nated foraminifera are com -
mon in the Łabowa Shale For ma tion. Both of these as sem -
blages rep re sent a char ac ter is tic flysch-type, deep-wa ter fauna
point ing to the de po si tion at con sid er able depth be low the lo cal
CCD. The Mid dle–Late Eocene and lat est Eocene/Early Oligo -
cene cal car e ous ben thic and plank tonic foraminifera might
have de rived from marly, pe lagic sed i ments that ac cu mu lated

on the slopes above the lo cal CCD. How ever, Late Eocene cal -
car e ous foraminiferal taxa are also pres ent in smaller amounts
in the flysch de pos its of the Magura Nappe such as the Sub-
 Magura Beds (Malata, 2002). The Oligocene foraminifera,
though con sid er ably im pov er ished, con sist of taxa com monly
oc cur ring in the Menilite-Krosno suc ces sion of the mid dle group 
of units in the Outer Carpathians (Olszewska, 1982; Garecka
and Olszewska, 1998). The iden ti fied Mio cene taxa, apart from
Globigerinoides quadrilobatus, are also known from the up per
part of the Krosno Beds as well as from the Gorlice Beds
(Olszewska in: Jankowski, 2000). 

Based on the re sults of the micropalaeontological anal y ses, 
age de ter mi na tion and the char ac ter of clasts (see Ta ble 1) the
po ten tial lithostratigraphic units of the source ma te rial as well as 
the type of cha otic rock body, rec og nized in the core ma te rial
are in di cated in Ta ble 2. There is a good cor re la tion be tween
the type of cha otic de pos its and the microfaunal con tent re sult -
ing from the char ac ter of de pos its in cluded.

The bro ken for ma tion (i.e. type BrFm1), drilled in the west -
ern and cen tral part of the pen in sula (Fig. 10) and ex posed in
the Siary Stream sec tion, is ex clu sively com posed of Krosno
type ma te rial from the up per part of the Silesian suc ces sion.
BrFm2 in cludes rocks be long ing only to the Ropianka For ma -
tion of the Magura suc ces sion. Such rocks are also the main
com po nent of the Me1, which subordinately con tains the var ie -
gated shales of the Łabowa For ma tion and pos si bly some
sand stone frag ments from the Krosno Beds. Mélange of the
Me2-type, found within the “Harklowa pen in sula”, both in the
field (Libuszanka Stream) and in the bore holes, dis plays the
most com plex com po si tion. Rock frag ments and ar gil la ceous
ma te rial of the Ropianka and Łabowa for ma tions con sti tute its
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Fig. 13. Ex am ples of rocks cored within the �Harklowa pen in sula”

A – most com mon type of brec cia – vari col oured shales and var i ous sand stone clasts em bed ded in grey ma trix; B – light grey, cal -
car e ous sand stone clasts within dark grey ma trix; C – brec cia built of the Krosno type sed i ments: grey, fine-grained sand stones and 
cal car e ous light grey mudstones mixed in grey, clayey-silty ma trix; D – ex am ple of a glauconitic sand stone drilled in the cen tral part
of the pen in sula

https://gq.pgi.gov.pl/article/view/8764/pdf_797


186 Krzysztof Starzec, Ewa Malata, Aneta Wronka and Luiza Malina 

Fig. 14. SEM im ages of se lected ben thic foraminifera from cha otic de pos its of the Gorlice area (scale bars 200 mm)

A – Ammodiscus latus Grzybowski, sam ple W19, 12.4 m; B – Annectina grzybowskii (Jurkiewicz), sam ple W21, 8.0 m; C –
Rzehakina epigona (Rzehak), sam ple W21, 8.0 m; D – Rzehakina fissistomata (Grzybowski), sam ple W3, 6.0 m; E – Rzehakina min -
ima Cushman and Renz, sam ple W21, 8.0 m; F – Caudammina excelsa (Dylążanka), sam ple W21, 7.2 m; G – Caudammina gigantea 
(Geroch), sam ple W19, 5.5–6.0 m; H – Caudammina ovula (Grzybowski), sam ple W21, 8.0 m; I – Reophax pilulifer Brady, sam ple
W19, 12.4 m; J – Spiroplectammina dentata (Alth), sam ple W3, 0.5 m; K – Spiroplectammina spectabilis (Grzybowski), sam ple W3,
0.5 m; L – Reticulophragmium amplectens (Grzybowski), sam ple W19, 12.4 m; M – Remesella varians (Glaessner), sam ple W3,
8.0 m; N – Bolivina cf. scalprata Schwager, sam ple W18, 5.5 m; O – Hofkeruva sp., sam ple W4, 10.0 m; P – Uvigerina longistriata
Perconig, sam ple W4, 10.0 m
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Fig. 15. SEM im ages and light pho to mi cro graphs of se lected ben thic and plank tonic foraminifera

from cha otic de pos its of the Gorlice area (scale bars 200 mm)

A – Angulogerina cf. angulosa (Wil liam son), sam ple W18, 4.15–4.5 m; B, C –  Siphonina reticulata (Czjzek), sam ple W4, 10.0 m; D –
Pullenia bulloides (d’Orbigny), sam ple W4, 10.0 m; E – Anomalinoides sp., sam ple W19, 12.4 m; F – Pararotalia lithothamnica (Uhlig),
sam ple W4, 10.0 m; G – Globotruncanita stuartiformis (Dalbiez), sam ple W21, 8.0 m; H – Rotalipora sp., sam ple W21, 8.0 m; I –
Subbotina velascoensis (Cushman), sam ple W4, 2.9 m; J – Subbotina cf. patagonica (Todd and Kniker), sam ple W4, 2.9 m; K –
Subbotina cf. patagonica (Todd and Kniker), sam ple W17, 5.7 m; L – Turborotalia ampliapertura (Bolli), sam ple W17, 5.7 m; M –
Acarinina bullbrooki (Bolli), sam ple W4, 10.0 m; N – Subbotina corpulenta (Subbotina), sam ple W4, 10.0 m; O – Subbotina cf.
angiporoides (Hornibrook), sam ple W17, 5.7 m; P – Tenuitella liverovskae (Bykova), sam ple W17, 5.7 m



main com po nents. Fa cially, these com po nents cor re spond to
the mar ginal part of the Magura Unit. The other ma te rial that
can be at trib uted to the Magura suc ces sion, is rep re sented by
clasts of glauconitic sand stones. Most prob a bly they are de -
rived from the Wątkowa Sand stones of the Magura Beds.
Within such ma te rial some el e ments of the Silesian suc ces sion
and/or Fore-Magura fa cies zone are also in cor po rated. The lat -

ter case seems to be more prob a ble as sev eral work ers empha -
sised the sim i lar ity of the rocks build ing both, the “Harklowa
pen in sula” and out li ers sit u ated north of it, to those of the
Fore-Magura group (Szymakowska, 1966, 1976; Koszarski and 
Koszarski, 1985; Jankowski, 2007). These el e ments are rep re -
sented by the Oligocene sand stones and shales of the Krosno
type. There are also Eocene de pos its that re sem ble the Hi ero -
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Fig. 16. SEM im ages and light pho to mi cro graphs of se lected plank tonic foraminifera from cha otic de pos its 

of the Gorlice area (scale bars 200 mm)

A – Globigerina ouachitaensis Howe and Wallace, sam ple W4, 10.0 m; B – Globigerina praebulloides Blow, sam ple W5, 9.5 m; C –
Tenuitellinata ciperoensis (Bolli), sam ple W4, 10.0 m; D – Tenuitellinata ciperoensis (Bolli), sam ple W17, 5.7 m; E – Tenuitella sp., sam -
ple W20, 4.5 m; F – Tenuitellinata sp., sam ple W17, 5.7 m; G – Globigerina bulloides d’Orbigny, sam ple W17, 5.7 m; H – Globigerinoides
cf. primordius Blow and Ban ner, sam ple W4, 10.0 m; I – Globoturborotalia cf. woodi (Jenkins), sam ple W4, 10.0 m; J–L – Globigerinoides
quadrilobatus (d’Orbigny), sam ple W17, 5.7 m



glyphic Beds, but their or i gin is un clear. An as sump -
tion of the Fore-Magura or i gin of this ma te rial is
sup ported by the oc cur rence of marly ma trix and
cal car e ous foraminifera in some of the bore hole
sam ples. As men tioned be fore, such ma te rial could 
have been de pos ited and orig i nally formed in shal -
lower zones, such as that of the sup posed Fore-
 Magura sed i men ta tion zone (Cieszkowski, 2002).
The pres ence of a dark grey to black ma trix (Fig.
13B) may also be an in di rect in di ca tor of the Fore-
 Magura prov e nance of the mélange de pos its. 

The re sults of drillings pre sented herein con trib -
ute new in for ma tion about the geo log i cal char ac ter
of the “Harklowa pen in sula”, whose de pos its are ex -
posed only in frag ments, there fore var i ous in ter pre -
ta tions have been pro posed. Block in ma trix struc -
ture and con sid er able mix ing of the drilled de pos its, in terms of
both their li thol ogy and age, sup port the opin ion that the pen in -
sula is built of cha otic rock body (Jankowski, 1997a, 2007).  

Ac cord ing to Jankowski (2007), cha otic rocks of var i ous or i -
gins (tec tonic and sed i men tary) are quite com mon in the
Gorlice re gion. They are pre sented on the maps as one, non-
 dif fer en ti ated unit of the Gorlice Beds (Kopciowski et al., 1997a, 
b; Jankowski et al., 2004). Our stud ies al lowed us to dis tin guish
four types of cha otic de pos its ac cord ing to the li thol ogy of their
com po nents and de for ma tion style. As a re sult it en ables the
rec og ni tion of the pro cesses that led to stra tal dis rup tion and
em place ment of the de pos its:

– BrFm1 ex posed in the Siary Stream sec tion is, in our opin -
ion, an ef fect of sub ma rine slump ing/slid ing of poorly-lithified
sed i ments, thus it can be re garded as an olistostrome. Such or -
i gin is in di cated by the in ter nal struc ture of the BrFm1 body, i.e.
the oc cur rence of slump folds and their align ment par al lel to the
bed ding sur face, com pletely ran dom ori en ta tion of smaller
blocks and lack of scaly fab ric in the ma trix, to gether with con -
form able con tacts of the body with the un der ly ing co her ent
strata and interbedding with pack ets of turbidite lay ers (e.g.,
Hsü, 1968; Jacobi, 1984; Lash, 1987; Fes ta et al., 2010a;
Ogata et al., 2012). 

– Me1 and BrFm2 form a ge net i cally re lated con tin uum of
dis rupted rocks. The in ten sity of de for ma tion di min ishes grad u -
ally from the north to the south, start ing from typ i cal
block-in-ma trix de pos its through units with orig i nal bed ding
partly pre served to co her ent sed i men tary lay ers. The or i gin of
Me1 and BrFm2 as a re sult of tec tonic de for ma tion is man i -
fested by their struc ture, es pe cially a struc tur ally or dered
block- in-ma trix fab ric, which is thought to be a de fin ing char ac -
ter is tic of tec tonic mélanges (e.g., Onishi and Kimura, 1995;
Osozawa et al., 2009). More over, boudinaged sand stones or
pinch-and-swell struc tures, oc cur ring mainly within BrFm2, and
strong align ment of the elon gated clasts of Me1 par al lel to the
re gional thrust, can be re garded as the di ag nos tic fea tures of
tec tonic strain (e.g., Bettelli and Vannucch, 2003; Codegone et
al., 2012a; Fes ta et al., 2012, 2013). 

– Struc tur ally the Me2 is very sim i lar to BrFm1, ex hib it ing a
blocks in ma trix fab ric with very di ver si fied block sizes, slump
folds, and a brecciated tex ture of the ma trix, there fore we in ter -
pret it as a re sult of grav i ta tional dis place ment of sed i ments. As
sug gested by Jankowski (2007), slump ing or de bris flow mech a -
nisms are pro posed to ex plain the or i gin of Me2. 

For ma tion of all de fined herein types of mélange and bro ken
for ma tion could have been con nected with the de vel op ment of
an accretionary wedge within the Magura area. Their em place -
ment is re lated to dif fer ent struc tural po si tions within the wedge.
Fes ta et al. (2010a, b) pro posed a clas si fi ca tion of mélanges and 
pre sented mod els of their tec tonic set ting. In our sim pli fied

model, which re fers to one of the mod els in cluded in the above-
 men tioned pa pers, the tec tonic po si tion of de fined types of cha -
otic rocks is de picted (Fig. 17).

In BrFm1 the com po si tion of blocks is monomictic, sug gest -
ing only lo cal and intra-formational downslope remobilization of
sed i ments. The BrFm1 was formed at the south ern slopes of
the Silesian Ba sin, be fore the accretionary wedge en tered the
ba sin. An oc cur rence of sev eral lay ers or lenses of BrFm1
within the up per most part of the Krosno Beds may be a re -
sponse to the re spec tive phases of wedge evo lu tion within the
Magura area. Large earth quakes and/or ini tial fault ing of the
south ern slopes of the Silesian Ba sin, re lated to the ad vanc ing
accretionary wedge, seems to be the most prob a ble trig ger ing
mech a nisms caus ing slope in sta bil ity and mass trans port
move ments (Fes ta et al., 2010a). BrFm1 rep re sents the olisto -
strome, which di rectly pre dates the time when the accretionary
wedge reached the mar gins of the Silesian Ba sin. Codegone et
al. (2012b) de scribed a sim i lar type of bro ken for ma tion in the
fine-grained turbidite suc ces sion from the Cen tral Ap pa la chians 
that was in duced by early tec tonic pulses re lated to the ad vanc -
ing accretionary wedge. Al though, the age is not sup ported by
microfossil anal y ses as three sam ples from BrFm1 (Fig. 4) did
not yield any data, on the ba sis of ages ob tained from Me2 de -
pos its and other data (e.g., Oszczypko, 2006), it can be con -
cluded that BrFm1 was formed dur ing the Late Oligocene near
the Oligocene/Mio cene bound ary. 

Me2 in the “Harklowa pen in sula” area also rep re sents an
olistostrome but its com po si tion and the age of ma trix sug gest
that it was formed af ter the Magura Nappe reached the south ern
parts of the Silesian Ba sin. Ac cord ing to ob tained micro palaeo -
ntological data this could have hap pened at the Aqui -
tanian/Burdigalian bound ary, which is con sis tent with the data
pre sented by Oszczypko (2006). Me2 rep re sents a mass- wast -
ing body, emplaced at the front of an ad vanc ing accretio nary
wedge, there fore it is com posed mainly of ma te rial be long ing to
dif fer ent for ma tions of the Magura Nappe, which in the Early Mio -
cene formed the north ern mar gins of the wedge. Me2 cor re -
sponds to the pre cur sory olistostrome in Fes ta et al. (2010a, b)
clas si fi ca tion, which in turn is a type of sub-nappe mélanges.
Among fac tors con trol ling the for ma tion of such types of méla -
nges, Fes ta et al. (2010a) sin gled out earth quakes on ac tive
mar gins, oversteeping slope an gles, thrust ing, and du plexing.
Jankowski (2007) pro posed a hy poth e sis of slump ing from an
ac tive slope or from an ac tive fault scar in or der to ex plain the
em place ment of the “Harklowa pen in sula” de pos its. Ac cord ing to 
Fes ta et al. (2013) both the fault ac tiv ity and the slope over -
steeping re lated to mi gra tion of the wedge front, could rep re sent
po ten tial trig ger ing mech a nisms for slope in sta bil ity. These
mech a nisms are very likely to in duce the sed i ment fail ure that
formed Me2.
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Fig. 17. Con cep tual model show ing em place ment within accretionary
com plex and spa tial re la tion ships of de fined herein mélanges 

and bro ken for ma tions (not to scale)

https://gq.pgi.gov.pl/article/view/7404/6054
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T a  b l e  2

Com pi la tion of data and in ter pre ta tion

Bore hole
Depth

of core sam ple

(cut ting sam ple)
Ages (based on foraminifera) Lithostratigraphic com po si tion 

of re cov ered de pos its
Type of cha otic 

rock-body

W1 2.0 m at least Oligocene Krosno Beds BrFm1

W2
5.0 m latest Eocene–Early Oligocene

Krosno Beds

BrFm1
6.5 m Early Oligocene

W3

0.5 m Paleocene
Ropianka Fm. + Łabowa Fm.

6.0 m Paleocene

8.0 m Maastrichtian/Paleocene Ropianka Fm.

Me2

W4

2.9 m Paleocene + Mid dle Eocene Ropianka Fm. + Łabowa Fm. 

5.0 m Early Eocene + youn ger el e ments Łabowa Fm. + ?

10.0 m
Mid dle Eocene + Late Eocene/Early
Oligocene + Oligocene + Mio cene

(Early–? Mid dle)

Sub-Magura Beds*+ Krosno Beds 
+ ma trix of Me2 Me2

W5 9.5 m not youn ger than Mid dle Eocene Łabowa Fm. Me2

W6 8.0 m lat est Cre ta ceous/Paleocene Ropianka Fm. and var ie gated shales
within for ma tion or Łabowa Fm. Me2

W7 9.5 m lat est Cre ta ceous/Paleocene 
+ Mid dle Eocene Ropianka Fm. + Łabowa  Fm. Me2

W10 6.5 m Early–?Mid dle Eocene ?Hi ero glyphic Beds Me2

W17 5.7 m
Late Eocene + Late Eocene–

Early Oligocene + Oligocene + Mio cene
(Early–?Mid dle)

Sub-Magura Beds* + Krosno Beds 
+ ma trix of Me2 Me2

W18

3.5 m Eocene + at least Oligocene
Sub-Magura Beds*+ Krosno Beds

Krosno Beds

Me2
BrFm1
BrFm1

4.15–4.5 m at least Oligocene

5.5 m at least Oligocene

W19

3.0 m Late Cre ta ceous + Paleocene + 
Mid dle Eocene

Ropianka Fm. + Łabowa For ma tion + 
Krosno Beds

4.5 m Late Cre ta ceous + Paleocene + Eocene

5.5–6.0 m
Late Campanian–Maastrichtian +

Paleocene/Early Eocene + Mid dle Eocene
+ at least Oligocene

9.0 m Paleocene + Early/Mid dle Eocene

10.9 m Paleocene + Mid dle Eocene
 + at least Oligocene Me2

12.4 m Paleocene + Mid dle/Late Eocene 
+ at least Oligocene Me2

W20

2.6 m at least Oligocene

Krosno Beds
3.0 m at least Oligocene

4.5 m at least Oligocene BrFm1

BrFm16.5 m at least Oligocene

W21

2.5 m Paleocene + Mid dle Eocene

Ropianka Fm. + Łabowa Fm.

4.4 m ?Maastrichtian/Paleocene 

6.0 m Paleocene + Early Eocene

7.2 m Paleocene + Mid dle Eocene

8.0 m
Albian/Cenomanian + Later

Santonian–Maastrichtian + Paleocene
 + Mid dle Eocene

Me2
Me2

10.0 m Paleocene + Mid dle Eocene

W22

2.5 m Mid dle Eocene 

Hi ero glyphic Beds (un dis turbed 
de pos its of the Silesian Nappe)

4.0 m Mid dle Eocene 

5.5 m Mid dle Eocene 

8.0 m Mid dle Eocene 

9.0 m Mid dle Eocene 

S1 out crop sam ple Paleocene Ropianka Fm. Me2

S2 out crop sam ple Late Cre ta ceous–Eocene Ropianka Fm. + Łabowa Fm. Me2

*Sub-Magura Beds – de pos its of the Siary Sub unit which oc cur be tween the Łabowa Shale Fm. and Wątkowa Sand stone mem ber of the
Magura Fm.



The de pos its within the pen in sula are mostly the re sult of
col lapse of the Magura wedge front and em place ment of ex otic
ma te rial into the Silesian Ba sin, but they also in clude intra -
basinal Silesian sed i ments that are in di cated by the oc cur rence
of Krosno-type cha otic rocks (BrFm1, Fig. 10). The as so ci a tion
of ex otic and intrabasinal blocks in a pre cur sory olisto strome is
de scribed by Lucente and Pini (2003, 2008) and Codegone et
al. (2012a). Al though, it can not be ex cluded that the two bore -
holes with the Krosno type brec cia, sit u ated west of the pen in -
sula (Fig. 10), may rep re sent rather a tec tonic brec cia than a
part of the pen in sula mélange. This brec cia would have been
con nected with a fault sys tem con fin ing the pen in sula to the
west that was in ferred from our map ping work. A sim i lar fault is
also de picted in the maps of Jankowski et al. (2004) and
Jankowski (2007). Small brec cias at fault zones within the
Krosno Beds can also be ob served in the out crops along
Libuszanka Stream. Sand stones, drilled in the cen tral part of
the pen in sula, may in turn rep re sent the slipped blocks or sin gle 
block of Magura prov e nance (the Wątkowa type sand stones),
thus they form a huge olistolith em bed ded in the brecciated ma -
trix of Me2. For ma tion of the Me2 took place in the Early Mio -
cene as in di cated by our micropalaeontological data and the
ones pre sented in the lit er a ture (Olszewska and Szyma -
kowska, 1984; Jankowski, 2000).

The struc tural fea tures char ac ter iz ing Me1 and BrFm2 and
their ac tual em place ment al lows us to clas sify them as tec tonic
ones formed at the base of the Magura thrust. Thus, they cor re -
spond to tec tonic mélanges at the base of a nappe in the sub di vi -
sion of Festa et al. (2010a, b). Thrust ing was the main mech a -
nism in duc ing the stra tal dis rup tion. Me1 and BrFm2 were pro -
duced through layer-par al lel ex ten sion/con trac tion at the wedge
front of the accretionary com plex (cf. Codegone et al., 2012a).

CONCLUSIONS

We pre sented new data ob tained from geo log i cal map ping,
drill ing of shal low bore holes and de tailed micropalaeontological 
anal y ses that en abled better un der stand ing of geo log i cal his -
tory of the bor der ing zone be tween the Magura and Silesian
nappes, east from Gorlice in the Pol ish Carpathians. The ge ol -
ogy of this zone, in clud ing the so-called “Harklowa pen in sula”,
was var i ously in ter preted, i.e. as a part of the Magura Nappe, or 
as rem nants of sep a rate Jasło Nappe, or as a cha otic rock body 
of sed i men tary and/or tec tonic or i gin. Our data sup port the last
in ter pre ta tion, i.e. oc cur rence of dis rupted body of rocks at the
front of the Magura Nappe. 

De tailed stud ies re vealed pres ence of dif fer ent types of
mélange and bro ken for ma tion in the area in ques tion. Rec og -
ni tion of their geo log i cal char ac ter, the pro cesses in volved in
their or i gin and spa tial-tem po ral re la tion ships be tween them, al -
lowed for in ter pre ta tion of the last evo lu tion ary stages of both
the Magura accretionary complex and the Silesian Basin:

– small-scale bro ken for ma tion (BrFm1), that forms thick
in ter vals within the up per most part of turbidite Krosno suc ces -
sion, may be in di rectly re lated to ad vanc ing accretionary
wedge from the south. BrFm1 was prob a bly formed in re -
sponse to tec tonic move ments within the Magura area and
pre dated the time Magu ra wedge reached the south ern mar -
gins of the Silesian Ba sin. This bro ken for ma tion is thought to
de vel oped at the Late Oligo cene, al though no micro palaeon -
tological data were ob tained; 

– mélange build ing the “Harklowa pen in sula” (de fined here -
in as Me2) is in turn di rectly re lated to de vel op ment of the accre -
tionary wedge. It re cords the time when folded and up lifted de -
pos its of the Magura suc ces sion formed the south ern, ac tive
slope of the Silesian Ba sin. Along the slope slump ing oc curred
and as a re sult sed i ments of cha otic struc ture were de pos ited
within the ba sin, cov er ing the Krosno Beds. This mélange rep -
re sents the fi nal stage of the Silesian Ba sin evo lu tion that ac -
cord ing to micropalaeontological data dates back to the Early
Mio cene; 

– con tin uum of the Inoceramian type rocks start ing from
bed ded suc ces sion through a grad ual tran si tion to bro ken for -
ma tion (BrFm2), and fi nally to strongly de formed block-in-ma -
trix ar range ment (Me1) rep re sents a tec tonic dis rupted body
that was formed at the base of the Magura Nappe.  

As re gards the as pect of our study, it re vealed that in a
poorly out cropped area cov ered by veg e ta tion, like the stud ied 
one, shal low ex plo ra tion bore holes and micropalaeontological 
anal y ses can be a pow er ful tool in mélanges and bro ken for -
ma tion rec og ni tion and in ter pre ta tion of their or i gin. The bore -
holes drilled within the “Harklowa pen in sula” showed first of all
that it con sists of mélange, sec ondly an in ter nal struc ture of
the mélange, i.e. oc cur rence of sand stone olistolith em bed ded 
in block-in-ma trix ma te rial. Micropalaeontological study be -
sides age data, can pro vide with im por tant in for ma tion help ful
in dif fer en ti a tion be tween mélange and bro ken for ma tion, es -
pe cially when in mélange ex otic blocks lithologically re sem ble
its ma trix.
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