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We pro vide new geo chem i cal and geo chron ol ogi cal data on metabasite blocks ex posed in the Osielczyk Stream within the
Pol ish West ern Outer Carpathians. These blocks, the only known oc cur rence of this rock type in the Carpathian flysch, form
part of an olistostrome within the flysch de pos its of the Pasierbiec Sand stone For ma tion of the Magura Nappe. The
metabasites are dark green, me dium-grained, de formed rocks con tain ing porphyroclasts of al bite and Mg-hornblende, with
sec ond ary min er als (phengite and chlorite) de fin ing the fo li a tion. Bulk geo chem i cal anal y ses re veal mod er ate con tents of
Fe2O3, MgO, TiO2, P2O5 and tran si tion el e ments (Cr, Ni, Co and V), along side low con cen tra tions of high field strength el e -
ments (HFSEs: Zr, Hf, Th, U), large ion lithophile el e ments (LILEs: Sr, Ba, K, Rb), and to tal rare earth el e ments (SREE:
95.5–92.3 ppm). Chondrite-nor mal ized ra tios in clude (La/Sm)n = 2.4–2.3 and (Tb/Yb)n = 1.3–1.2, with a slightly neg a tive Eu
anom aly (Eu/Eu* = 0.83–0.91). The chem i cal com po si tion cor re sponds to ba saltic an de site or an de site magma, ex hib it ing
in ter me di ate char ac ter is tics be tween arc tholeiite and calc-al ka line se ries. These metabasites re sem ble high-alu mina bas -
alts (max i mum Al2O3 con tent 18.6 wt.%) and dis play geo chem i cal sig na tures akin to vol ca nic arc bas alts, sug gest ing an or i -
gin within a su pra-subduction zone ophiolite se quence. La ser ab la tion ICP-MS U-Pb zir con dat ing yields a Neoproterozoic
protolith age of 611.7 ±4.7 My, while K-Ar dat ing of phengite in di cates a late Variscan ep i sode (348.1–311.4 Ma), likely re -
flect ing post-meta mor phic cool ing. The olistostrome ma te rial is in ter preted as de rived from the Fore-Magura Ridge.

Key words: Flysch Carpathians, Magura Nappe, olistostrome, Neoproterozoic metabasite, su pra-subduction zone, prasinite, 
ophiolitic se quence.

INTRODUCTION

Wieser (1952) re ported that Ksi¹¿kiewicz had iden ti fied a
metabasite block in the Pasierbiec Sand stone near the vil lage of
Osielec within the Magura Nappe flysch (Fig. 1). He termed it the
“ophiolite from Osielec,” clas si fy ing it as an al bite am phi bo lite or
hornblende prasinite (fol low ing An gel and Scharizer’s clas si fi ca -
tion, fide Turner, 1981). He pro posed that, based on strati graphic 
sim i lar i ties within the Al pine–Carpathian arc, this ophiolite rep re -
sents a pre-orogenic erup tion, po ten tially cor re la tive with ei ther
Lower Cre ta ceous Al pine ophiolites or pre-Car bon if er ous ophio -

lites in the Cen tral Carpathians (Wieser, 1952). An gel and
Scharizer (fide Leardi et al., 1986) po si tioned prasinites be -
tween the am phi bo lite and greenschist fa cies, pos si bly equiv -
a lent to Escola’s (1939) al bite-epidote-am phi bo lite fa cies. The
term “prasinite” typ i cally ap plies to meta mor phosed ophiolites
or their de riv a tives (Leardi et al., 1986).

The pres ence of metabasites in the Outer Carpathians is
enig matic, as some re search ers (e.g., Birkenmajer, 1986;
Oszczypko, 1992; Oszczypko et al., 2015) have hy poth e sized
an oce anic crust be neath the Outer Carpathian bas ins, par tic -
u larly the Magura Ba sin.

De tailed geo log i cal stud ies of the Magura Nappe in Osie -
lec, ex panded by Cieszkowski et al. (2017), along side pet ro -
log i cal, geo chem i cal, and iso to pic in ves ti ga tions (e.g.,
Anczkiewicz et al., 2016, 2018; Gawêda et al., 2019, 2023),
have clar i fied its con text. Ini tial U-Pb zir con dat ing has es tab -
lished a 611.7 My age (Anczkiewicz et al., 2016).
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This study aims to elu ci date the or i gin and geodynamic con -
text of the Osielec metabasite which is the only known oc cur -
rence of this rock type in the Carpathian flysch. Our study of fers
new in sights into its de for ma tion and meta mor phic his tory
within the Magura Ba sin’s base ment evo lu tion. We fo cus on the 
metabasite block’s or i gin and its re la tion ship to the source
rocks of the West ern Outer Carpathians’ flysch units
(Cieszkowski et al., 2017), us ing new geo chem i cal and iso to pic
data from zir cons and micas.

GEOLOGICAL SETTING

The vil lage of Osielec is lo cated in the West ern Carpathians 
(Figs. 1 and 2), on the south ern slopes of the Beskid Makowski
Moun tains along the Skawa River, be tween Jordanów and
Maków Podhalañski. Geo log i cally, the Carpathians are di vided
into the In ner and Outer (Flysch) Carpathians (e.g.,
Ksi¹¿kiewicz, 1977; Œl¹czka et al., 2006; Golonka et al., 2019).
Flysch sed i ments were de pos ited in the deep-sea bas ins of the
Outer Carpathians (e.g., Ksi¹¿kiewicz, 1977; Œl¹czka et al.,
2006; Golonka et al., 2019). The Magura Ba sin, the in ner most
of these bas ins, was bor dered to the north by the Grybów
(Fore-Magura) Ridge (Ksi¹¿kiewicz, 1962; Œl¹czka et al., 2006) 
and to the south-east by the Marmarosh and Magura Ridges
(Teïák, 2022). Late Cre ta ceous to Mio cene de pos its formed an
accretionary prism, which was sub se quently de tached and
folded, re sult ing in a stack of nappes (Fig. 1).

This study fo cuses on the Pol ish sec tor of the Outer
Carpathians, spe cif i cally the Magura Nappe, which is sub di -
vided into four fa cies-tec tonic zones (Koszarski et al., 1974).
Osielec lies within the Raèa and Siary sub units, which rep re -
sent the north ern most zones of the Outer Carpathians (Ciesz -
kowski et al., 2017). Geo log i cal in ves ti ga tions in this area, ini ti -
ated by Ksi¹¿kiewicz (1966) and oth ers (e.g., Wieser, 1966;
Burtan and Szymakowska, 1966; Ksi¹¿kiewicz et al., 1977) and 
con tin ued by Wójcik and R¹czkowski (1994), and Cieszkowski
et al. (2017), with re cent con tri bu tions by Gawêda et al. (2019,
2023), form the foun da tion of this re search.

STRATIGRAPHY

The sed i men tary suc ces sion of the Raèa Sub unit in Osielec 
(Fig. 2) in cludes the Ropianka For ma tion (Campanian–Paleo -
cene), £abowa Shale For ma tion (up per most Paleocene–Mid -
dle Eocene), Pasierbiec Sand stone For ma tion (Mid dle
Eocene), Beloveža For ma tion (Mid dle–Up per Eocene), and
Magura For ma tion (Up per Eocene–Oligocene; Cieszkowski et
al., 2017). The Siary Sub unit is rep re sented solely by the
W¹tkowa Sand stone Mem ber of the Beskid Makowski For ma -
tion (Up per Eocene–Oligocene). Tra di tional lithostratigraphic
names (e.g., Ksi¹¿kiewicz, 1966; Wójcik and R¹czkowski,
1994; Ksi¹¿kiewicz et al., 2017) are noted in pa ren the ses be -
low.

Ropianka For ma tion (Inoceramian beds, Ropianka beds):
Com prises grey, thin- to me dium-bed ded, fine- to me -
dium-grained quartz-mus co vite sand stones with feld spar and
bi o tite, ce mented by si li ceous and car bon ate ma te ri als. These
sand stones, com monly par al lel-, cross- or con vo lute-lam i -
nated, in ter ca late with grey or green ish shales.

£abowa Shale For ma tion (Paleogene var ie gated shales):
Con sists of var ie gated muddy or clayey shales (pre dom i nantly
red, subordinately green) with thin-bed ded, fine-grained green
sand stones.

Pasierbiec Sand stone For ma tion (Pasierbiec sand -
stones): Fea tures thick-bed ded sand stones, con glom er atic
sand stones, con glom er ates, and oc ca sional sed i men tary brec -
cias, with in ter ca la tions of thin shale-sand stone pack ages. Two
sand stone lithotypes co ex ist (Ksi¹¿kiewicz, 1966; Cieszkowski
et al., 2017): the Pasierbiec lithotype (thick- to very thick-bed -
ded, coarse-grained or con glom er atic, with quartz, feld spar,
mus co vite, glauconite, and lithoclasts of lime stone, chert,
radiolarite, mudstone, claystone, granitoids, metabasites,
amphibolitic and micaceous gneiss es, phyllites, and meta mor -
phic schists) and the Osielec lithotype (me dium- to thick-bed -
ded, fine- to me dium-grained grey to grey-green ish sand stones
dom i nated by quartz with feld spar, mus co vite, and glauconite).
Palaeocurrent data in di cate a north ern sed i ment source.
Olistostromes within this for ma tion in clude debrites with shaley
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Fig. 1. Geo log i cal sketch map of the Pol ish sec tor of the Outer Carpathians, show ing lo ca tion of the study area 
(af ter Cieszkowski et al., 2017)
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clasts, peb bles, boul ders, and ex otic blocks, in clud ing
metabasites (0.5–3.5 m across), first de scribed as ophiolites by
Wieser (1952).

Beloveža For ma tion (Beloveža beds, Hi ero glyphic beds):
Dom i nated by grey-green ish, thin-bed ded, fine-grained, par al -
lel-lam i nated sand stones interbedded with grey-green ish
shales, com posed mainly of quartz with mi nor feld spar,
glauconite and mus co vite. Thick-bed ded Pasierbiec-type sand -
stones oc cur in the lower part.

Magura For ma tion (Magura beds): Con sists of thick-bed -
ded, mas sive, grey (blu ish when fresh), me dium- to coarse-
 grained mus co vite sand stones, pre dom i nantly quartz with feld -
spar, mus co vite, chlorite, and lithoclasts of mica schist, ig ne ous 
rocks, and quartz ite, oc ca sion ally interbedded with shales.
Palaeocurrents sug gest der i va tion from the south east and
east-south east.

W¹tkowa Sand stone Mem ber (Magura glauconitic sand -
stones): Sim i lar to the Magura For ma tion but rich in glauconite,
with de tri tal ma te rial sourced from the north and north-east
(Cieszkowski et al., 2017).

TECTONICS

The study area lies within the Raèa and Siary sub units of the 
Magura Nappe. Ksi¹¿kiewicz (1966) iden ti fied the “Osielec
Skiba” tec tonic unit (a com plex thrust sheet), which
Cieszkowski et al. (2017) sub di vided into the south ern Bystra
Thrust Sheet and the north ern Osielczyk Thrust Sheet (Fig. 2).
The Osielczyk Thrust Sheet fea tures the north wards-over -
turned Grzybówka Anticline, host ing the Pasierbiec Sand stone
For ma tion with ophiolitic blocks, and thrust over the W¹tkowa
Sand stone Mem ber. Its south ern limb in cludes the ir reg u lar
Wronków Syncline. North west of G³odkówka ham let, a lo cal
anticline of Pasierbiec Sand stone oc curs. The Bystra Thrust
Sheet over rides the Osielczyk Thrust Sheet from the south, with 
the G³odkówka Anticline (Ropianka and £abowa Shale for ma -
tions in the core, Beloveža For ma tion in the south ern limb)
transitioning south wards into the £ysa Mount Syncline (Magura
For ma tion sand stones). Fold struc tures and thrust sheets are
in ter sected by a trans verse fault sys tem ori ented N–S,
NNW–SSE, NNE–SSW, NW–SE, and NE–SW.

METHODS

Field in ves ti ga tions by Cieszkowski et al. (2010) in volved
col lect ing 7 metabasite sam ples from an olistostrome block (2.5 
´ 2.0 m) in the Osielczyk Stream val ley (Fig. 3). Twenty thin
sec tions were pre pared, cut in the XZ plane of the strain el lip -
soid (par al lel to lineation, per pen dic u lar to fo li a tion) to ob serve
struc tural fea tures and porphyroclasts (Passchier and Trouw,
2005).

Microstructural ob ser va tions and standardless chem i cal
anal y ses were con ducted at the Lab o ra tory of Field Emis sion
Scan ning Elec tron Mi cros copy and Microanalysis, In sti tute of
Geo log i cal Sci ences, Jagiellonian Uni ver sity, us ing a JEOL
5410 mi cro scope with a Voy ager 3100 (NORAN) EDS spec -
trom e ter and a HITACHI S-4700 mi cro scope with a Van tage
(NORAN) EDS spec trom e ter (100 s anal y sis time, 20 kV ac cel -
er a tion volt age, ZAF cor rec tion via Proza Phi-Rho-Z al go rithm).

Whole-rock anal y ses of 4 sam ples were per formed at Bu -
reau Veri tas Com mod i ties Can ada Ltd. Min eral Lab o ra to ries.
Ma jor ox ides and trace el e ments were an a lyzed by ICP-emis -
sion spec trom e try af ter lith ium metaborate/tetraborate fu sion
and di lute ni tric acid di ges tion. Loss on ig ni tion (LOI) was de ter -

mined by weight dif fer ence af ter ig ni tion at 1000°C for >2 hours. 
Rare earth el e ments (REEs) were an a lyzed by ICP-MS fol low -
ing the same fu sion and di ges tion pro cess. Pre cious and base
met als were di gested in aqua regia and ana lysed by ICP-MS.

La ser ab la tion ICP-MS U-Pb zir con dat ing was con ducted
at the In sti tute of Geo log i cal Sci ences, Pol ish Acad emy of Sci -
ences, Kraków Re search Cen tre, fol low ing Anczkiewicz and
Anczkiewicz (2016). Zir cons were sep a rated via crush ing, siev -
ing, heavy liq uid, and mag netic sep a ra tion, with fi nal pu ri fi ca tion 
by hand-pick ing un der a stereomicroscope. Zir cons were
mounted in ep oxy, pol ished, and im aged via cathodo -
luminescence (CL) us ing SEM at AGH Uni ver sity of Kraków.
Data re duc tion used Iolite v. 3 (Paton et al., 2010, 2011), with
con cordia di a grams and age cal cu la tions per formed in Isoplot
v. 4.15 (Lud wig, 2008). Zir con Z91500 (Wiedenbeck et al.,
1995) served as the pri mary stan dard, with GJ-1 (Jack son et
al., 2004) and Plešovice (Sláma et al., 2008) as sec ond ary
stan dards (ac cu rate within < 0.6% pre ci sion).

K-Ar dat ing of phengite from S-C struc tures (Figs. 4 and 5B) 
was con ducted on 3 sam ples at the ClayLab, In sti tute of Geo -
log i cal Sci ences, Pol ish Acad emy of Sci ences. Two por tions
per sam ple were ana lysed for po tas sium us ing a Sher wood
Model 420 flame pho tom e ter, and a third for ar gon us ing a Nu
In stru ments No blesse multicollector no ble-gas spec trom e ter
(NG039). Sam ples were melted with a 972 nm in fra red la ser,
evac u ated to ~10–10 mbar, and cleaned via ti ta nium sub li ma tion 
and get ter pumps (Z-100, SAES Get ters). The 38Ar spike was
cal i brated with the GL-O stan dard (Odin, 1982), mea sured
thrice per batch of 5 sam ples. Daily air sam ple aliquots were
cor rected 40Ar/36Ar and 40Ar/38Ar ra tios for mass frac tion ation
and de tec tor ef fi cien cies (Lee et al., 2006). Age er rors in cor po -
rated un cer tain ties from spec trom e try, weigh ing, po tas sium
mea sure ments, spike nor mal iza tion, and air aliquot ra tios.

RESULTS

PETROGRAPHIC DESCRIPTION

The metabasites are mas sive, vari ably col oured (pale to
dark green) rocks (Figs. 3, 4 and 5A). They are strongly de -
formed, with dis tinct color-zoned do mains cut by veinlets
(Fig. 4). Dark green zones are mas sive, while pale green zones
show fo li a tion.

Plagioclase (al bite) and am phi bole (Mg-hornblende) are the 
main meta mor phic min er als, likely formed un der am phi bo lite
fa cies con di tions, oc cur ring as porphyroclasts (augens) de -
formed by later duc tile and brit tle pro cesses. The re sult of duc -
tile de for ma tion is clearly vis i ble as fo li a tion. The rock was also
de formed in brit tle con di tions, as shown by nu mer ous frac tures
and frag men ta tion of plagioclases. Quartz shows spe cific op ti -
cal prop er ties such as undulose ex tinc tion, re lated to brit -
tle-duc tile de for ma tion (Cieszkowski et al., 2010; Anczkiewicz
et al., 2016). Al bite (Ab99–91, Ta ble 1) porphyroclasts in fo li ated
zones dis play al bite-law twinning and saussuritic ag gre gates
(zoisite/epidote) in their cores, com monly frac tured and dis -
placed, sur rounded by flakes of sec ond ary phengite form ing fo -
li a tion planes (Fig. 5B). Phengite clas si fi ca tion (Si/AlIV > 3, Ta -
ble 2) fol lows Deer et al. (1962). Am phi boles (Ta ble 3), clas si -
fied per Leake et al. (1997) as calcic (CaA ³ 1.50; (Na+K)? <
0.50), in clude Mg-hornblende (mg# = 0.55–0.65) with strong
pleochroism (yel low green to ol ive-green) in mas sive zones,
par tially re placed by actinolite (mg# = 0.66–0.69), epidote,
sphene, chlorite, Mg-cal cite and opaque min er als (Fig. 5C).
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Fig. 2. Lo ca tion of metabasite blocks in the Osielec area (af ter Cieszkowski et al., 2017, sig nif i cantly mod i fied)

A – geo log i cal map of Osielec; B – lithostratigraphic log of the sed i men tary suc ces sion of the Magura Nappe in Osielec; 
C – geo log i cal cross-sec tion

https://doi.org/10.14241/asgp.2017.009
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Fig. 3. Metabasite

A – block of metabasite ex posed in Osielczyk Stream with Prof. M. Cieszkowski; B – block of metabasite ex posed in Osielczyk Stream

Fig. 4. Hand spec i men chipped from the metabasite block with two zones

DZ – dark mas sive zone, LZ – light fo li ated zone. Sec tion in the XZ plane of the strain el lip soid (per pen dic u lar to the fo li a tion, par al lel to
the lineation)



The rocks are cross cut by cal cite and quartz veinlets.
Phengite (pale green zones) and chlorite (dark green zones)
de fine the fab ric of the rock (Fig. 5). Ac ces sory min er als in clude 
ap a tite, il men ite and rare zir con.

GEOCHEMICAL FEATURES

Whole-rock anal y ses (Ta ble 4) in di cate mod er ate SiO2

(55.1–57.8 wt.%), Fe2O3 (up to 7.91 wt.%), and TiO2 (up to
1.03 wt.%) con tents, with en rich ments in Al2O3 (up to
18.56 wt.%) and Na2O (up to 5.44 wt.%). LOI (3.2–5.5 wt.%) re -
flects hy drous min er als (am phi boles, chlorites, micas). The Mg
num ber (37–39%) is low. Com pat i ble el e ments (Cr, Ni, Co, V)
show low to mod er ate en rich ment, while HFSEs (Zr, Hf, Th, U)
and LILEs (Sr, Ba, K, Rb) are de pleted. To tal REE (ÓREE =
92.3–95.5 ppm) is low.

Chondrite-nor mal ized trace el e ment pat terns (Fig. 6A) re -
veal de ple tions in LILEs (Ba, Sr) and HFSEs (Ta, Nb, P, Ti) and
pos i tive anom a lies in LILEs (Rb, K) and HFSEs (U, Hf, Zr, La,
Ce, Nd). REE pat terns (Fig. 6B) show a slightly neg a tive Eu
anom aly (Eu/Eu* = 0.83–0.91) and flat LREE/HREE frac tion -
ation ((La/Yb)n = 5.9–5.6), typ i cal of mixed ba saltic se ries
(Miyashiro and Shido, 1975). Mod er ate frac tion ation oc curs in
LREE vs. HREE ((La/Sm)n = 2.4–2.3) and MREE vs. HREE
((Tb/Yb)n = 1.3–1.2). N-MORB-nor mal ized pat terns con firm
pos i tive Rb, Ba, K, La, Hf, Zr anom a lies and neg a tive Ta, Nb,
Sr, P, Ti anom a lies.

The geo chem i cal sig na ture (low SiO2, high FeOt, MgO,
tran si tion el e ments, TiO2, P2O5) sug gests a mafic or i gin, with
high Al2O3 in di cat ing af fin ity to high-alu mina bas alts (HAB) from 
is land arcs (Til ley, 1950; Kuno, 1960; Koszowska et al., 2007).

The phengite com po si tion al lowed cal cu la tion of the pres -
sure peak ac cord ing to the for mula given by Kamzolkin et al.
(2016). Based on the pres ence of al bite, zoisite and actinolite,
as well as the dy namic recrystallization of quartz, a tem per a ture 
of 300°C was in ferred. This al lows es ti ma tion of pres sure at
12.5 kbar for the OGK-1 sam ple and 12.3 kbar for the OGK-2
sam ple.

GEOCHRONOLOGY

De spite zir con’s rar ity in metabasites, 38 crys tals were ana -
lysed via LA-ICP-MS U-Pb dat ing (Fig. 7 and Ta ble 5). CL im -
ag ing shows sim ple os cil la tory zon ing with out post-crys tal li za -
tion mod i fi ca tion (Fig. 7B). Anal y ses yield a con cor dant age of
611.7 ±4.7 Ma (Fig. 7A), in ter preted as the protolith’s mag matic
crys tal li za tion age.

K-Ar dat ing of phengite from S-C struc tures (Ta ble 6) spans
from 348.1 ±9.5 to 311.4 ±9.8 Ma, re flect ing meta mor phism and 
cool ing dur ing the mid dle to late Variscan orog eny, fol lowed by
shear ing and de for ma tion.
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Fig. 5. Mi cro pho to graphs

A – gen eral over view of a OGK4 sam ple thin sec tion with crossed polars: DZ – dark mas sive zone, LZ – light fo li ated zone; B – al bite
porphyroclasts (augens) sur rounded by fo li a tion marked by the ori en ta tion of white mica flakes (sam ple no. OGK 8-1). Crossed polars; C – an 
asym met ri cal Mg-hornblende porphyroclast sur rounded by chlorite flakes (sam ple no. OGK 5). Crossed polars. Min eral ab bre vi a tions: Ab –
al bite, Act – actinolite, Chl – chlorite, Ep – epidote, Hbl – hornblende, Phg – phengite

https://doi.org/10.1134/S1075701516080092
https://doi.org/10.1016/j.jseaes.2005.12.003
https://doi.org/10.1093/petrology/1.1.121
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T a  b l e  1

Ex am ples of chem i cal anal y ses (EDS method) of al bite

* – all Fe are cal cu lated as Fe3+ as pro posed by Deer et al. (2001);
endmembers (Ab, An and Or) are cal cu lated:  
Ab = 100(Na/Na+Ca+K), An = 100(Ca/Na+Ca+K) and
 Or=100(K/Na+Ca+K) (ac cord ing to Deer et al., 2001)

T a  b l e  2

Ex am ples of chem i cal anal y ses (EDS method) of white micas

* – all Fe are cal cu lated as Fe3+ as pro posed by Hol land and Blundy
(1994); ** – af ter Rob in son et al., (1982) the cat ions num ber are cal -
cu lated on 22 ox y gen at oms be cause did not de ter mine the wa ter
con tent in the micas

  
 

 
 

  
   
   
   
   
   
   
   
   
   

   
   

   
  

   
   

   
   

   
   
   
   
   

   
   
   

   
   

    
   

   
   

T a  b l e  3

Ex am ples of chem i cal anal y ses (EDS method) of am phi boles (Mg-hornblende and 
sec ond ary actinolite)

* – all Fe are cal cu lated as Fe2+ as pro posed by Hol land and Blundy (1994); ** – af ter Rob in son
et al., (1982) the cat ions num ber are cal cu lated on the ba sis 23 ox y gen at oms be cause we did
not de ter mine the wa ter con tent in the am phi bole stud ied
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Fig. 6. El e ment nor mal iza tion pat terns for the metabasite stud ied

A – spi der di a grams of trace el e ments to chondrite nor mal iza tion; B – spi der di a grams of REEs to chondrite nor mal iza tion; C – spi der di a -
grams of trace el e ments to N-MORB nor mal iza tion; D – spi der di a grams of REEs to N-MORB nor mal iza tion. Chondrite normalizations af ter
Tay lor and McLennan (1985), N-MORB normalizations af ter Sun and McDonough (1989)

Fig. 7. La ser ab la tion ICP-MS U-Pb zir con dat ing re sults

A – Con cordia plot; B, C – (CL) im ages of se lected zir con crys tals dem on strat ing sim ple os cil la tory zon ing.
Ap par ent age in di cated in the ana lysed spot is 206Pb-238U (C)

https://doi.org/10.1144/GSL.SP.1989.042.01.19


DISCUSSION

PETROLOGICAL AND GEOCHEMICAL IMPLICATIONS

Pri mary min er als in clude al bite porphyroclasts (with
saussuritic zoisite/epidote cores) and Mg-hornblende por -
phyro clasts, par tially re placed by actinolite, epidote, sphene,
chlorite, Mg-cal cite and op aques. Fo li a tion, marked by phengite 
and chlorite, in di cates shear ing and meta mor phism (Passchier
and Trouw, 2005; Smulikowski et al., 2011). Gawêda et al.
(2019) iden ti fied two as sem blages in sim i lar Osielec mafic
clasts: (1) actinolitic hornblende–actinolite–epidote–bi o tite–ti -
tan ite–al bite-oligoclase–chlorite–rutile, and (2) chlo rite– quartz–  
e pi dote–seri cite tied to fo li a tion. Both quartz and plagioclases
show ev i dence of de for ma tion; how ever, due to dif fer ent rhe o -
log i cal prop er ties, this de for ma tion is brit tle in plagioclases,
whilst quartz un der went dy namic recrystallization (Fig. 5A).

Geochemically, the metabasites ex hibit mod er ate Fe2O3

and TiO2, low to mod er ate tran si tion met als, and de pleted
HFSEs and LILEs, with pos i tive Zr and Hf anom a lies linked to
zir con pres ence. Niggli’s (1948) pa ram e ters (Fig. 8) cor rob o -
rate a mag matic protolith. Im mo bile el e ment ra tios (Zr/Ti vs.
Nb/Y; Fig. 9) clas sify the protolith as ba saltic an de site or an de -
site, with mixed arc calc-al ka line/tholeiitic sig na tures (V vs.
FeOt/MgO; Fig. 10). Di a grams (Figs. 11–13) place the
metabasites in arc ba salt fields, sug gest ing a subduction set -
ting. Pos i tive Rb, Ba, K anom a lies may re flect sed i ment con -
tam i na tion, while abun dant zir con (Zr, Hf anom a lies) in di cates a 
hy brid magma dis tinct from typ i cal ophiolites. Gawêda et al.
(2019) sug gest the protholith had a mid-ocean ridge (MOR)
char ac ter. In our opin ion, the geo chem i cal sig na ture shows a
rather mixed calc-al ka line/tholeiitic provenence. In their 2023
pa per, Gawêda et al. (2019) pro posed an arc set ting with
crustal con tam i na tion for the protholith, which is more con sis -
tent with our re sults.
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T a  b l e  4

Chem i cal com po si tion of the rocks stud ied

To tal iron as Fe2O3; LOI – loss on ig ni tion

Fig. 8. The po si tion of the metabasite stud ied on di a gram
af ter Leake (1964)

Sym bols as for Figure 6

https://doi.org/10.1007/s00531-019-01713-x
https://doi.org/10.1007/s00531-019-01713-x
https://doi.org/10.1007/s00531-019-01713-x
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Fig. 9. The plot of the metabasites stud ied on a Zr/Ti vs Nb/Y
di a gram based on im mo bile el e ments (af ter Floyd and

Winchester, 1975 and mod i fied by Pearce, 1996)

Sym bols as for Figura 6

Fig. 10. The po si tion of the metabasite stud ied on a
V–FeOt/MgO di a gram (af ter Miyashiro and Shido, 1975)

Sym bols as for Figure 6

Fig. 11. The po si tion of the metabasites stud ied on a
Zr/Nb–Nb/Th di a gram (af ter Condie, 2005)

Sym bols as for Figure 6

Fig. 12. The po si tion of the metabasite stud ied 
on a Th/Yb–Nb/Yb di a gram (af ter Pearce, 1983; N-MORB 

and E-MORB val ues from Sun and McDonough, 1989) 

Sym bols as for Figure 6; the ar rows mark the hy brid iza tion
pro cess of the orig i nal magma

¦

¦

^
?

Fig. 13. The po si tion of the metabasite stud ied on a
Th/Nb–Ti/V di a gram (af ter Shervais, 2021)

Sym bols as for Figure 6

https://doi.org/10.1016/j.lithos.2004.09.014
https://doi.org/10.1016/0012-821X(75)90031-X
https://doi.org/10.1016/0012-821X(75)90031-X
https://doi.org/10.1029/2000GC000080
https://doi.org/10.1144/GSL.SP.1989.042.01.19
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T a  b l e  5

Sum mary of la ser ab la tion ICP-MS U-Pb zir con dat ing



GEOCHRONOLOGICAL AND PALAEOGEOGRAPHICAL IMPLICATIONS

The Outer Carpathians’ flysch de pos its sourced ma te rial
from sur round ing ridges which sep a rated sed i men tary bas ins
of the Outer Carpathians (Œl¹czka et al., 2006; Golonka et al.,
2019). Ophiolite-de rived de tri tus (e.g., chro mium spi nels) in the
Magura Unit (Oszczypko and Salata, 2005; Bónová et al.,
2017) sug gests that the ma te rial was de rived from the
Marmarosh Mas sif, which was bor der ing the Magura Ba sin
from the SE (Œl¹czka et al., 2006; Teïák, 2022). On the other
hand, Osielec olistoliths oc cur within the Pasierbiec Sand stone
For ma tion, the clastic ma te rial of which was trans ported from
the Fore-Magura Ridge lo cated to the north (Cieszkowski et al.,
2017; Waœkowska et al., 2025).

This for ma tion rep re sents Mid dle Eocene sub ma rine fans
and sub ma rine mass-trans port sys tems in the Magura Ba sin’s
Raèa subbasin (Cieszkowski et al., 2017; Teïák, 2022).
Palaeocurrents in di cate der i va tion from the north, from the
Grybów (Fore-Magura) Ridge, ac ti vated tec toni cally dur ing this
pe riod un like ad ja cent bas ins (Ksi¹¿kiewicz, 1962; Œl¹czka et
al., 2006).

The Outer Carpathian base ment com prises the
Brunovistulicum and Ma³opolska Mas sif, be tween the Variscan
Bo he mian Mas sif and Pre cam brian East Eu ro pean Craton
(Dudek, 1980; ¯elaŸniewicz et al., 2009, 2011). Gawêda et al.
(2019, 2023) sug gested an oce anic floor or i gin from the
Paleo-Asian Ocean, while the lack of zir con overgrowths (Fin -
ger et al., 1999) and strati graphic con text tie the olistoliths to the 
Fore-Magura Ridge, pos si bly linked to Brunovistulicum. The
611.7 ±4.7 Ma U-Pb age aligns with U-Pb ap a tite cool ing ages
(614 ±3 Ma; Gawêda et al., 2023), in di cat ing a Neoproterozoic
age for the mafic protolith of the metabasites. Variscan K-Ar
ages (348.1–311.4 Ma) re flect cataclasis and mica
recrystallization, with phengite com po si tion (Ta ble 2) sug gest -
ing pres sures of ~12.5 kbar. Such a pres sure is not unique in
the meta mor phic ex otic rocks from the Outer Carpathians
Ridges. Af ter re cal cu la tion of our ear lier data (Kania and
Wolska, 2009) for the gneissic exotics from the Cisna Beds in
the Dukla Unit, ac cord ing to the for mula by Kamzolkin et al.
(2016), we ob tained pres sures be tween 9.9–14.5 kbar (as sum -
ing 500°C tem per a ture). The tectonized Fore-Magura Ridge
likely sup plied these blocks to the Magura Ba sin olistostrome.

Dur ing the sed i men ta tion of the Pasierbiec Sand stone in the
mid dle Eocene, the Fore-Magura Ridge was partly emer gent
from the ba sin and eroded. On the south ern slopes of the
Fore-Magura Ridge, mass move ments oc curred, fa cil i tat ing the 
trans port of ma te rial into the ba sin. Large-scale mass move -
ments led to the for ma tion of olistostromes (e.g., Cieszkowski et 
al., 2009, 2012; Œl¹czka et al., 2012) within the Pasierbiec For -
ma tion. One of these olistostromes con tains the olistolith in ves -
ti gated (Cieszkowski et al., 2017).

CONCLUSIONS

The metabasite olistoliths in Osielec, within the Pasierbiec
Sand stone For ma tion, are unique for the Pol ish Outer West ern
Carpathians. They rep re sent frag ments of a su pra-subduction
zone ophiolite se quence, char ac ter ized by high Fe2O3, TiO2,
Al2O3, Cr, Ni, Co, V, and dis play a mixed calc-al ka line/tholeiitic
sig na ture due to hy bridi sa tion of magma dif fer ent from that of
typ i cal ophiolites. U-Pb zir con dat ing es tab lishes a Neopro -
terozoic protolith age (611.7 ±4.7 Ma), while Variscan meta mor -
phism and de for ma tion (348.1–311.4 Ma) are doc u mented by
K-Ar phengite ages. Phengite geobarometry re vealed pres -
sures ³12 kbar. The metabasite of the olistoliths was prob a bly
de rived from the Fore-Magura Ridge.

This work is ded i cated to Prof. Tadeusz Wieser
(1922–2005), a dis tin guished Pol ish min er al o gist and pe trol o -
gist (¯abiñski, 2005).
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