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Ophiolitic blocks, rep re sented by metagabbro and ser pen tin ite con tain ing rel ict pyroxene, ol iv ine, baddeleyite, zirconolite,
Ni-py rite and pyrrhotite, were found as ex otic blocks in an olistostrome in the Magura Nappe, Outer West ern Carpathians.
The geo chem i cal and iso to pic fea tures of the blocks sug gest they rep re sent man tle-de rived rocks, with within-plate geo -
chem is try sig na tures, mod i fied by subduction, with lithospheric man tle in put. A U-Pb ap a tite cool ing age (614 ±3 Ma) is
within age un cer tainty of a pub lished U-Pb zir con mag matic crys tal li za tion age (~614 Ma) im ply ing rapid post-crys tal li za tion
cool ing. Per va sive al ter ation with re place ment of pri mary min er als by low-tem per a ture as sem blages is ob served in all rock
frag ments and is in ter preted as con tem po ra ne ous with shear ing. The sec ond ary min eral as sem blages and tem per a ture
mod el ling al low the in ter pre ta tion that the per va sive ocean-floor meta mor phism is the al ter ation in these meta-mafic rocks.
These ophiolitic frag ments can be linked to the Neoproterozoic break up of Rodinia/Pannotia.
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INTRODUCTION

Ophiolite com plexes are mainly com posed of al tered
serpentinites, spilite bas alts, gab bros and. rep re sent rem nants
of an cient oce anic crust (Steinmann, 1927). Most of ocean floor
metabasalts typ i cally show ocean-floor or hy dro ther mal meta -
mor phism (see Honnorez, 2003 and ref er ences therein), and
are par tic u larly com mon in slow-spread ing ridges (see dis cus -
sion and ref er ences in Rioux et al., 2015). Dur ing subduction
most of oce anic crust is re cy cled into the man tle. The pres er va -
tion of oce anic crust is pos si ble in places which un der went
obduction, where oce anic crust is thrust over the con ti nen tal
wedge. Such ex humed ophiolite frag ments yield in for ma tion on
the rift ing and drift his tory and are also im por tant mark ers for
man tle-crust in ter ac tion dur ing subduction as well as in ter ac tion 
be tween mag matic and hy dro ther mal pro cesses (Dewey, 1977, 
2005; Sinton and Detrick, 1992).

In this pa per, we pres ent pet ro log i cal data on metabasic
rocks, found as “ex otic” blocks in the Magura Nappe, Outer
West ern Carpathians. These ex otic blocks, clas si fied as

metagabbro-metadiorite and se, reach ing up to one metre in
size, were found within Eocene olistostrome (Wieser, 1952;
Cieszkowski et al., 2017). Some of the blocks con tain abun dant 
mag matic zir con (~614 Ma, with no in her ited com po nent;
Gawêda et al., 2019) and ap a tite. New found va ri et ies of
gabbroic and serpentinized (ultra mafic) ex otic blocks from the
same lo cal ity are here pre sented in ad di tion to a dis cus sion of
the pre vi ously pub lished data. The na ture of the min eral as -
sem blages and the sec ond ary al ter ations of the pri mary mag -
matic min er als re sem ble those of ocean-floor meta mor -
phism/hy dro ther mal meta mor phism. These as sem blages and
their ther mal his tory are char ac ter ised here and new U-Pb in -
duc tively cou pled plasma-mass spec trom e try ICP-MS ap a tite
age data are pre sented. As the stud ied rocks are ex otic with re -
spect to the en clos ing sed i men tary succesion, their sig nif i -
cance is dis cussed in terms of re gional plate tec tonic set ting.

GEOLOGICAL SETTING AND SAMPLING

The Carpathian moun tain belt, lo cated in the cen tral part of
the Al pine chain of Eu rope, stretches across ~1300 km and is
di vided into the West ern, East ern and South ern Carpathians
(Fig. 1A). The West ern Carpathians are sub di vided into the In -
ner Carpathians, the Cen tral Carpathians and the Outer
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Carpathians, with the last sep a rated by the Pieniny Klippen Belt 
(e.g., Winkler and Œl¹czka, 1994; Plašienka et al., 1997;
Œl¹czka et al., 2006; Gawêda and Golonka, 2011; Kováè et al.
2016; Golonka et al., 2021 and ref er ences therein). The Outer
West ern Carpathians (Fig. 1B, C) are com prised of a stack of
nappes and thrust-sheets con tain ing up to six km of Up per Ju -
ras sic–Mio cene flysch se quences, which were thrust over the
Eu ro pean Plat form and autochthonous Mio cene cover of the
Carpathian Foredeep dur ing the Al pine orog eny (Ksi¹¿kiewicz,
1977; Winkler and Œl¹czka, 1994; Schmid et al., 2008;
Oszczypko, 2010; Kováè et al. 2016; Golonka et al., 2019 and
ref er ences therein). The nappe se quences in the Outer West -
ern Carpathians were de tached from their base ment (e.g.,
Ksi¹¿kiewicz, 1977; Unrug, 1968; Golonka et al., 2005; Œl¹czka 

et al., 2006) and con sist, from the top to bot tom of the Magura
Nappe, the Fore-Magura group of nappes and the Silesian,
Subsilesian and Skole nappes (Fig. 1C). The Outer Carpathian
ba sin sed i men tary rocks were thrust over the Eu ro pean Plat -
form dur ing the Al pine col li sion form ing allochthonous nappes
(Ksi¹¿kiewicz, 1977; Schmid et al., 2008; Oszczypko, 2010;
Kováè et al. 2016; Golonka et al., 2019 and ref er ences therein).

The West ern Outer Carpathian bas ins formed dur ing the
Me so zoic and Ce no zoic in the west ern part of the Tethys
Ocean. Their depositional base ment was both the
Protocarpathians, formed in the Neoproterozoic and ex pe ri -
enced prob a ble Variscan re work ing (e.g., Poprawa et al., 2006;
Budzyñ et al., 2011; Burda et al., 2019; Gawêda et al., 2019,
2021; Szczuka et al., 2022) as well as the rem nants of Tethyan
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Fig. 1A – a sim pli fied geo log i cal sketch of the Carpathian Chain (af ter Golonka et al., 2021, mod i fied), B – with gen er al ized
cross-sec tion and C – the geo log i cal map of the Outer West ern Carpathians with the lo ca tions of the sam pling point
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oce anic crust (Stampfli et al., 2002; Szopa et al., 2014). As the
Outer Carpathian nappes are up rooted and de tached from the
orig i nal place of for ma tion, the Protocarpathian base ment is
pres ent as ex otic blocks, which are the pri mary source of in for -
ma tion on the na ture and pre-Al pine his tory of the base ment.
Ju ras sic ex ten sion and Cre ta ceous to Neo gene Al pine events
caused the for ma tion of sub-bas ins sep a rated by base ment
ridges (intra-ba sin highs) as a re sult of ba sin in ver sion (Unrug
1968; Ksi¹¿kiewicz 1977). These ridges were a source of
clastic ma te rial to the Outer Carpathian bas ins, with the larger
clasts (i.e., the ex otic blocks) trans ported to the in ner parts of
the ba sin where they are pres ent within olistostromes, debrites
and flysch se quences (Ksi¹¿kiewicz, 1975; Œl¹czka et al., 2006; 
Cieszkowski et al., 2012). Olistostromes are prod ucts of
mass-wast ing pro cesses that were de pos ited in the sub ma rine
en vi ron ment (Fes ta et al., 2014). They can be ini ti ated and de -
pos ited at var i ous depths, from shal low seas to deep oceans
(Moscardelli and Wood, 2007; Ogata et al., 2012). In the outer
Carpathian bas ins, the olistostromes are as so ci ated with
deep-wa ter flysch de pos its (Ksi¹¿kiewicz, 1975; Œl¹czka et al.
2006; Cieszkowski et al., 2012). The ex otic blocks are mostly
found within the Silesian and Subsilesian nappes (Gawêda et
al., 2019; Golonka et al., 2021). In the Magura Nappe, large

blocks are oc ca sion ally found in the Krynica Zone and in the
Raèa Zone, and in clude sev eral metagabbro- metadiorite as
well as gran ite ex otic blocks (Gawêda et al., 2019, 2021).

The clasts of mafic and ultra mafic rocks (sam ples D4, D5,
D10; Fig. 2) were col lected from the Osielczyk Stream, in the
south east ern part of the Osielec vil lage in the Beskid Makowski
Range (Grid ref er ence: N49°41’09.4”, E19°46’22.0”), sev eral
metres up the steam from the for mer sam pling site (Gawêda et
al., 2019). They were found within Eocene olistostrome of the
Pasierbiec Mem ber of the Beloveža For ma tion in the Magura
Nappe (Wieser, 1952; Golonka and Waœkowska, 2012 and ref -
er ences therein; Cieszkowski et al., 2017). The crys tal line
gabbroic (D4, D5) and ser pen tin ite (D10) clasts range from 0.3
to 2.0 m in size, are poorly rounded and lo cated in side a
sandy-con glom er ate or sandy-mudstone ma trix.

HISTORY OF THE RESEARCH

Blocks of mafic mag matic rocks within the Pasierbiec Sand -
stones of the Magura Nappe of the Outer West ern Carpathians
have been the sub ject of re search for over 70 years. They were
orig i nally found by Mar ian Ksi¹¿kiewicz, dur ing map ping in
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Fig. 2. Geo log i cal map of the study area (af ter Cieszkowski et al., 2017)
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1948. In the same year Ksi¹¿kiewicz in vited pe trog ra pher,
Tadeusz Wieser to col lab o rate. The ma te rial in ves ti gated was a 
large block of gab bro (>2 m across) in Osielczyk Stream. On
the ba sis of pe trog ra phy the rock was clas si fied as a prasinite (a 
meta mor phosed ba salt that is a part of an ophiolite suc ces sion;
Wieser, 1952). Re cently, more mafic blocks were found in
Osielczyk Stream (Cieszkowski et al., 2010; Kysiak, 2010) and
pre lim i nary U-Pb zir con data were pre sented (Anczkiewicz et
al., 2016). Field work con ducted in 2016–2021 was based on
Marek Cieszkowski`s ob ser va tions and ad vice, and re sulted in
the sam pling of three smaller blocks (D4, D5 and D10 sam ples;
Fig. 2), com pared herein with pre vi ously pub lished data  (sam -
ples OSC, D3, D6, D6-2; Gawêda et al., 2019) and pre sented in 
this pa per.

METHODOLOGY

MICROSCOPY

Petrographic anal y ses of thin sec tions were un der taken us -
ing an Olym pus BX-51 mi cro scope to con strain tex tural and
microstructural re la tion ships and to de ter mine the pres ence of
ap a tite. The pet ro graph i cal ob ser va tions were used to se lect
rep re sen ta tive sam ples for sub se quent elec tron probe mi -
cro-anal y sis, whole-rock geo chem i cal and iso to pic anal y ses,
as well as ap a tite grain sep a ra tion and sub se quent U-Pb dat -
ing.

ELECTRON PROBE MICRO-ANALYSES (EPMA)

Microprobe anal y ses of the main rock-form ing and ac ces -
sory min er als were car ried out us ing a CAMECA SX-100 elec -
tron microprobe, at the Inter-In sti tu tional Lab o ra tory of
Microanalyses of Min er als and Syn thetic Sub stances, War saw, 
Po land. The an a lyt i cal con di tions em ployed an ac cel er at ing
volt age of 15 kV, a beam cur rent of 20 nA, count ing times of 4 s
for peak and back ground and a beam di am e ter of 1–5 mm. Ref -
er ence ma te ri als, an a lyt i cal lines, dif fract ing crys tals, mean de -
tec tion lim its (in wt.%) and un cer tain ties were as fol lows: rutile – 
Ti (Ka, PET, 0.03, 0.05), di op side – Mg (Ka, TAP, 0.02, 0.11),
Si – (Ka, TAP, 0.02, 0.21), Ca – (Ka, PET, 0.03, 0.16),
orthoclase – Al (Ka, TAP, 0.02, 0.08), and K (Ka, PET, 0.03,
0.02), al bite – Na (Ka, TAP, 0.01, 0.08), he ma tite – Fe (Ka, LIF, 
0.09, 0.47), rhodo nite – Mn (Ka, LIF, 0.03, 0.10), phlogophite –
F (Ka, TAP, 0.04, 0.32), tugtupite – Cl (Ka, PET, 0.02, 0.04),
Cr2O3 – Cr (Ka, PET, 0.04, 0.01), ZirconED2 – Zr (La, PET,
0.01, 0.01), Nb2O3-MAC – Nb (La, PET, 0.09, 0.01), V2O5 – V
(Ka, LIF, 0.02, 0.01), YPO4 – Y (La, TAP, 0.05, 0.05),
CeP5O14 – Ce (La, LPET, 0.09, 0.02), NdGaO3 – Nd (La, LIF,
0.31, 0.24), ThO2 – Th (Ma, LPET, 0.09, 0.09), UO2 – U (Ma,
LPET, 0.16, 0.13).

WHOLE-ROCK CHEMICAL AND ISOTOPE ANALYSES

Whole-rock anal y ses were un der taken us ing X-Ray flu o res -
cence (XRF) for ma jor and trace large ion lithophile el e ments
(LILE), and by fu sion and ICP-MS for trace high field strength
el e ments (HFSE) and rare earth el e ments (REE) at In sti tute of
Earth Sci ences, Uni ver sity of Silesia in Katowice (XRF) and Bu -
reau Veri tas Min er als (Can ada) (ICP-MS), re spec tively. Prep a -
ra tion in volved lith ium bo rate fu sion and di lute di ges tions for
XRF and lith ium bo rate de com po si tion or aqua regia di ges tion
for ICP-MS. Lost on ig ni tion (LOI) val ues were de ter mined at
1000°C. Un cer tain ties for most of ma jor el e ments are 0.01%,

ex cept for SiO2 which is 0.1%. REE were nor mal ized to C1
chondrite (McDonough and Sun, 1995).

The Sm-Nd and Rb-Sr an a lyt i cal re sults were un der taken
by iso tope di lu tion-ther mal ion iza tion mass spec trom e try
(ID-TIMS) at the Uni ver sity of Vi enna. Sam ple di ges tion for
Nd-Sr anal y sis was per formed in Savillex® beak ers us ing an
ultrapure 4:1 mix ture of HF and HNO3 for 10 days at 110°C on a
hot plate. For whole rock pow ders, a min i mum dis so lu tion time
of three weeks was ap plied to en sure max i mum leach ing of the
REEs from re frac tory ma te rial such as zir con. Af ter evap o rat ing 
the ac ids, re peated treat ment of the res i due us ing HNO3 and
6.0 N HCl re sulted in clear so lu tions for all sam ples. The REE
frac tion was ex tracted us ing AG® 50W-X8 (200–400 mesh,
Bio-Rad) resin and 4.0 N HCl. Nd was sep a rated from REE us -
ing tef lon-coated HdEHP, and 0.22 N HCl as the elu tion me dia.
For Sr, el e ment sep a ra tion fol lowed con ven tional tech niques,
us ing AG® 50W-X8 (200–400 mesh, Bio-Rad) resin and 2.5 N
HCl as eluants. Max i mum to tal pro ce dural blanks were <1 ng
for Sr and 50 pg for Nd and were taken as neg li gi ble. Nd and Sr
were run as met als on a Re dou ble fil a ment, us ing a
ThermoFinnigan® Tri ton MC TIMS. A 143Nd/144Nd ra tio of
0.511841 ±0.000005 (n = 5) and a 87Sr/86Sr ra tio
0.710259 ±0.000005 (n = 5) were de ter mined for the La Jolla
(Nd) and the NBS987 (Sr) in ter na tional stan dards, re spec tively, 
dur ing the pe riod of in ves ti ga tion. Within-run mass frac tion ation
for Nd and Sr iso tope com po si tions (IC) was cor rected to
146Nd/144Nd = 0.7219 and 86Sr/88Sr = 0.1194, re spec tively. Un -
cer tain ties on the Nd and Sr iso tope ra tios are quoted typ i cally
as 2sm. TDM2stg were cal cu lated us ing the Liew and Hofmann
(1988) pro ce dure.

X-RAY DIFFRACTION

A sam ple of ser pen tin ite was ground in an ag ate mor tar un til 
one g of pow der be low 20 mi crom e ters was ob tained. XRD an a -
lyzes were per formed us ing a PANalytical X’Pert Pro X-ray
diffractometer (PW3040/60), equipped with a co balt an ode tube 
(40 mA, 40 kV) and an X’Celerator de tec tor. The an a lyzes were
per formed over a wide range of 2Q (from 5 to 90°) to ob tain the
ap pro pri ate num ber of peaks for each phase, with a long count -
ing time con stant (300 s.) and a pre cise step size (0.02°2Q).
The re sults were eval u ated in the HighScore pro gram, ver sion
4.9 (Degen et al., 2014) linked to the ICSD (ver. 2015),
COD(ver. 2021), and ICDD PDF4 + da ta bases (ver. 2019).

MINERAL SEPARATION AND IMAGING

Ap a tite grains were sep a rated from sam ple D5
(metagabbro) us ing stan dard den sity sep a ra tion tech niques
(crush ing, siev ing, wash ing and pan ning). The ap a tite crys tals
were hand-picked un der a bin oc u lar mi cro scope, cast in 25 mm
di am e ter ep oxy resin mounts, and then ground and pol ished to
ex pose the grain in te ri ors. Min eral tex tures were then im aged
us ing back-scat tered elec tron (BSE) and cathodoluminescence 
(CL) de tec tors on a FET Philips 30 scan ning elec tron mi cro -
scope with a 15 kV ac cel er at ing volt age and a beam cur rent of
1 nA.

APATITE U-PB DATING

Ap a tite crys tals were an a lyzed as sep a rates on pol ished ep -
oxy mounts. U-Pb and REE data were ac quired us ing a la ser
ab la tion sys tem (Pho ton Ma chines Analyte Ex cite 193 nm ArF
Excimer) cou pled to an Agilent 7900 Q-ICP MS at the De part -
ment of Ge ol ogy, Trin ity Col lege Dub lin. Twenty-nine iso topes
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(31P, 35Cl, 43Ca, 51V, 55Mn, 88Sr, 89Y, 90Zr, 139La, 140Ce, 141Pr,
146Nd, 147Sm, 153Eu, 157Gd, 159Tb, 163Dy, 165Ho, 166Er, 169Tm,
172Yb, 175Lu, 202Hg, 204Pb, 206Pb, 207Pb, 208Pb, 232Th and 238U
were ac quired us ing a 60 µm la ser spot, a 11 Hz la ser rep e ti tion
rate and a fluence of 2.5 J/cm2. A ~1 cm sized crys tal of Mad a -
gas car ap a tite which has yielded a ID-TIMS con cordia age of
473.5 ±0.7 Ma was used as the pri mary ap a tite ref er ence ma te -
rial in this study (Cochrane et al., 2014). McClure Moun tain
syenite ap a tite (the rock from which the 40Ar/39Ar hornblende
stan dard MMhb is de rived) and Durango ap a tite were used as
sec ond ary stan dards. NIST 612 stan dard glass was used as
the ap a tite trace-el e ment ref er ence ma te rial, and a crushed
aliquot of Durango ap a tite that has been char ac ter ised by so lu -
tion quadrupole-ICP-MS anal y ses (Chew et al., 2016), was
used as the ap a tite trace-el e ment sec ond ary stan dard.

The raw iso tope data were re duced us ing a mod i fied ver -
sion of the “Vizual Age” data re duc tion scheme (Petrus and
Kamber, 2012) of the freeware IOLITE pack age of Paton et al.
(2011). This data re duc tion scheme (“VizualAge_UcomPbine”)
can ac count for vari able com mon Pb in the ap a tite (Chew et al.,
2014). User-de fined time in ter vals are es tab lished for the base -
line cor rec tion pro ce dure to cal cu late ses sion-wide base -
line-cor rected val ues for each iso tope. The time-re solved frac -
tion ation re sponse of in di vid ual stan dard anal y ses is then char -
ac ter ized us ing a user-spec i fied down-hole cor rec tion model
(such as an ex po nen tial curve, a lin ear fit or a smoothed cu bic
spline). The data re duc tion scheme then fits this ap pro pri ate
ses sion-wide “model” U-Th-Pb frac tion ation curve to the
time-re solved stan dard data and the un knowns. Sam ple-stan -
dard brack et ing is ap plied af ter the cor rec tion of down-hole frac -
tion ation to ac count for long-term drift in iso to pic or el e men tal
ra tios by nor mal iz ing all ra tios to those of the U-Pb ref er ence
stan dards. Com mon Pb in the ap a tite stan dards and un knowns
was cor rected us ing a 207Pb-based cor rec tion in
VizualAge_UcomPbine and in cludes the prop a ga tion of the un -
cer tain ties in the age of the ref er ence ma te ri als. McClure Moun -
tain syenite ap a tite (to tal Pb/U isochron age of 525.3 ± 1.7 Ma;
Krestianinov et al., 2021) and Durango ap a tite (lin ear 3-D
isochron age of 32.683 ±0.050 Ma; Paul  et al., 2021) were used 
as sec ond ary stan dards and yielded weighted av er age
207Pb-cor rected ages of 527.3 ±3.1 Ma (MSWD = 1.2) and
31.71 ±0.59 Ma (MSWD = 1.7) re spec tively, us ing a 207Pb/206Pb 
value of 0.874 de rived from an ap a tite ID-TIMS to tal U-Pb
isochron (Krestianinov et al., 2021) and a 207Pb/206Pb value de -
rived from the Stacey and Kramers (1975) ter res trial Pb evo lu -
tion model at 32.68 Ma. Age cal cu la tion was done us ing Isoplot
R soft ware (Vermeesch, 2018). All ap a tite REE con tents were
nor mal ized to C1 chondrite (McDonough and Sun, 1995).

RESULTS

PETROGRAPHY AND MINERAL CHEMISTRY

Three main va ri et ies of rocks can be dis tin guished: (1) mas -
sive, me dium-grained, metagabbro-metadiorite, with abun dant
ac ces sory min er als (D5; Fig. 3A, C–G); (2) ex ten sively al tered
fine-grained banded rock (prasinite; D4; Fig. 3G); (3) black fo li -
ated ser pen tin ite (D10; Fig. 3B, H–J). The first two va ri et ies
were petro graphi cally de scribed by Gawêda et al. (2019) and
are re-ex am ined herein, us ing new sam ples.

Mas sive metagabbro-metadiorite (D5) shows pro nounced
sec ond ary al ter ations (Fig. 3D–F). It is com posed of three va ri -
et ies of am phi boles, plagioclase, epidote+ti tan ite+chlorite±cal -
cite, that form pseudo morphs af ter un known pri mary phases

(pyroxene? Fig. 4A; see Gawêda et al., 2019) and rutile+he ma -
tite+ti tan ite pseudo morphs af ter il men ite (Fig. 4A, B).

Of the am phi bole group min er als, magnesio-hornblende
(Figs. 3C, D and 5), with a TiO2 con tent rang ing from 0.66 wt.%. 
to 1.58 wt.%. (Ta ble 1) rep re sents the late- to post-mag matic
phase of crys tal li za tion, prob a bly crys tal liz ing at the cost of
early stage min er als re act ing with evolved wa ter-rich melt
(Fig. 3C, E; Costa et al., 2002 and ref er ences therein). Am phi -
bole clas si fi ca tion is based on the rec om men da tions of the In -
ter na tional Min er al og i cal As so ci a tion (IMA) sub com mit tee on
am phi boles (Leake et al., 1998). The cal i brated tem per a ture of
crys tal li za tion (based on the cal i bra tion of Ridolfi et al. 2010)
ranges from 797 to 767°C, at a pres sure of 112 to 96 MPa (Ta -
ble 1). Mg-hornblende is lo cally in tex tural equi lib rium with
plagioclase An39-51Ab46-57Or2, rimmed by al bite. Actinolitic
hornblende (TiO2 = 0.85 – 0.22 wt.%) usu ally form rims on
magnesio-hornblende (Fig. 3D, F) while actinolite (TiO2 =
0.31–0.01 wt.%) forms the pseudo morphs or the most ex ter nal
rims (Figs. 3D, G and 4C; Ta ble 1). The cal i brated tem per a -
tures of crys tal li za tion for the late-mag matic low-Ti am phi boles
range from 733 to 629°C and the pres sure from 68 to 30 MPa
(Ta ble 1). In the case of the very low-Ti actinolite the pres sure
and tem per a ture cal cu la tions are not ap pli ca ble. Bi o tite is a
sec ond ary phase, grow ing at the ex pense of opaque min er als,
show ing no late shear ing tex tures. Epidote and ti tan ite (Ta -
ble 2) are usu ally intergrown, form ing – to gether with spi -
nels/rutile, pseudo morphs af ter an un known phase (pyroxene?; 
Figs. 3E and 4A, D). Mn-il men ite is spo rad i cally found, usu ally
re placed by Ti-he ma tite and rutile with Ti, Nb, Zr, V sub sti tu -
tions (Ta ble 3). These two min er als, closely intergrown, form
pseudo morphs, usu ally rimmed by ti tan ite (Fig. 4A, B).
Fluorapatite is lo cally abun dant as idiomorphic crys tals rang ing
from 50 to 300 mm in di am e ter (Fig. 3C, D). Fluorapatite con -
tains in clu sions of am phi bole and plagioclase (Figs. 3C and 4G, 
H), while it is lo cally intergrown with chlorite with al bite on its
rims (Fig. 4H) and rep re sent the post-mag matic crys tal li za tion.
To gether with ti tan ite, ap a tite is the main car rier of REE. Ap a tite 
crys tals are slightly zoned with re spect to Mn (from 323 to
609 ppm) and REE, with SREE rang ing from 1844 ppm (at
rims) to 5864 ppm (in cores; Ap pen dix 1). Their
chondrite(C1)-nor mal ized REE pat terns show slight LREE en -
rich ment (CeN/YbN = 5.94 – 16.6) and strong neg a tive Eu
anom a lies (Eu/Eu* = 0.27–0.54; Ap pen dix 1). Ac ces sory zir con 
forms idiomorphic crys tals up to 200 mm in di am e ter (Gawêda
et al., 2019; Fig. 4D). Pyrrhotite is partly re placed by goethite.
Cal cite is a sec ond ary phase, fill ing fis sures.

Banded prasinite rock (sensu Wiser, 1952; sam ple D4) is
com posed of intergrown chlorite, epidote, ti tan ite with sec ond -
ary quartz bands (Fig. 3C) lo cally with al bite and actinolite
patches, with sec ond ary quartz bands, un der went ex ten sive
shear ing (Gawêda et al., 2019). Chlorite con tain 59–83% of the
clinochlore (Mg5Al)(Si3Al)O10(OH) end-mem ber, 10–38% of the 
chamosite (Fe2+

5Al)(Si3Al)O10(OH) end-mem ber and up to 9%
of the pennite (Mn5Al)(Si3Al)O10(OH) end-mem ber (clas si fi ca -
tion af ter Bailey, 1980; Ta ble 4; anal y ses #1–#5), while epidote
and ti tan ite share the same range of chem i cal com po si tions as
the mas sive gab bro-diorite (Ta ble 2). No mag matic min eral as -
sem blages are pre served, ex cept ac ces sory ap a tite and zir con
(up to 100 mm in di am e ter).

Ser pen tin ite (sam ple D10) is formed mainly by antigorite
(Fig. 6), with small amount of lizardite (~6 vol%), with spo radic
rem nants of Mg-rich ol iv ine (Fo88Fa12; Ta ble 5 and Fig. 3I) and
weakly zoned pyroxene (Al-Cr-di op side to di op side; Ta ble 5
and Fig. 3H). Lo cally, ghost-struc tures of albitic pseudo morphs
af ter pri mary plagioclases are pres ent (Fig. 3J). Chlorite (Ta -
ble 4; anal y ses #6–#10) and cal cite are seen fill ing fis sures.
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Fig. 3. Tex tures and microtextures of ba sic ex otic rocks from Osielec olistostrome

A – field pho to graph of the gab bro (D5); B – pho to graph of the pol ished sur face of ser pen tin ite (D10); C – coarse grained metagabbro (D5)
with rel ics of pri mary min er als (plagioclase and il men ite/mag ne tite) and sec ond ary ones: ap a tite, epidote, bi o tite, quartz; D – sec ond ary al -
ter ations of metagabbro (D5) com po nents, with grad ual re place ment of mag matic hornblende by sec ond ary am phi boles (actinolite) and ap a -
tite  + cal cite + epidote + ti tan ite as sem blage; note the in clu sions of am phi boles and plagioclases in ap a tite in C and D; E –
chlorite-am phi bole pseudomorph (pyroxene ?); F – Actinolite-hornblende and epidote rims on hornblende; G – banded rock (D4; “prasinite”
sensu Wieser, 1952), com posed of in ter leav ing bands of chlorite and epidote + al bite + quartz with lo cal patches of actinolite; H – par tially
serpentinized pyroxene crys tals in ser pen tin ite (D10); I – ol iv ine rem nants in ser pen tin ite (D10); J – ghost-struc tures in ser pen tin ite (D10)
with albitic pseudo morphs af ter de formed plagioclases (C, G, H, I - crossed po lar ized light; D, E, F – plane po lar ized light); Ab – al bite, Act –
actinolite, Amph – am phi bole, Ap – ap a tite, Cc – cal cite, Chl – chlorite, Ep – epidote,Hbl – hornblende,  Ilm – il men ite, Mt – mag ne tite, Ol – ol -
iv ine, Pl – plagioclase, Px – pyroxene, Serp – ser pen tine, Ttn – ti tan ite

Fig. 4. BSE im ages of min eral as sem blages from mafic ex otic blocks

A – pseudo morphs com posed of epidote + ti tan ite and he ma tite + rutile rimmed by ti tan ite; B
– he ma tite+rutile +ti tan ite pseudo morphs en closed in al bite+chlorite ma trix; C – high-Ti
hornblende con sumed by actinolite and bi o tite; note the pyrrhotite crys tal par tially re placed
by goethite; D – ti tan ite+ chlorite+epidote as sem blage en clos ing zir con; E – skel e tal
zirconolite and baddeleyite inter growths in the ser pen tin ite; F – high-Ni py rite crys tal in ser -
pen tin ite; G – in clu sion of hornblende in ap a tite; H – rim of the ap a tite crys tal with co-crys tal -
liz ing ap a tite+al bite+chlorite; Bte – baddeleyite, Hm – he ma tite, Qtz – quartz, Rt – rutile, Zr –
zir con, Zrn – zirconolite, other ex pla na tions as on Fig ure 3



Fe-Cr spinel and mag ne tite are partly re placed by he ma tite.
Grains of millerite and Ni-py rite as so ci ated with baddeleyite and 
zirconolite inter growths are dis persed in side the ser pen tine ma -
trix (Fig. 4E, F).

APATITE U-Pb LA ICP-MS DATING

Ap a tite crys tals from D5 sam ple are clear, trans lu cent and
idiomorphic hex ag o nal prisms, with as pect ra tios rang ing from
2:1 to 6:1 and width rang ing from 60 to 220 mm. One hun dred
and four anal y ses from 48 grains yield an un an chored
Tera-Wasserburg lower in ter cept age of 613.92 ±3.14 Ma with a 
207Pb/206Pb ini tial ra tio of 0.8583 ±0.0087 (MSWD = 2.5; Fig. 7
and Ap pen dix 2).

WHOLE ROCK GEOCHEMISTRY

Two newly ana lysed sam ples of the prasinite and al tered
gab bro (D4 and D5) are sim i lar in chem i cal com po si tion with
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Fig. 5. Clas si fi ca tion of ana lysed am phi bole grains in #mg
ver sus Si [a.p.f.u.] ac cord ing to Leake et al. (1998)

Sam ple LoD
high-Ti am phi boles (D5) in ter me di ate (D5) low-Ti am phi boles

H#1 H#2 H#3 H#4 D5_I#1 D5_I#2 D5#1 D4#2 D4#3

SiO2 0.02 46.98 46.84 46.49 47.38 49.37 50.15 53.35 53.09 55.42

TiO2 0.03 1.22 1.33 1.58 1.11 0.85 0.29 0.02 0.07 0.04

Al2O3 0.01 6.97 6.79 7.01 6.62 6.07 5.11 1.85 2.85 1.13

Cr2O3 0.01 0.04 b.d.l. 0.01 0.02 0.01 b.d.l. 0.02 b.d.l. b.d.l

FeO 0.07 15.83 16.28 16.01 15.92 15.49 15.58 13.38 14.21 13.25

MnO 0.06 0.47 0.52 0.59 0.43 0.45 0.48 0.34 0.41 0.27

MgO 0.02 12.09 12.02 12.05 12.21 11.47 13.34 15.09 14.22 15.66

CaO 0.02 11.62 12.01 11.62 12.10 11.47 12.16 12.29 11.85 12.47

Na2O 0.02 0.93 0.89 0.93 0.77 0.95 0.73 0.40 0.71 0.38

K2O 0.01 0.63 0.64 0.64 0.60 0.54 0.31 0.06 0.12 0.05

Cl 0.02 0.04 0.04 0.06 0.16 0.24 0.02 b.d.l b.d.l b.d.l.

TOTAL

Fe2O3* 4.73 4.18 5.24 3.73 0.64 4.49 2.18 2.47 1.35

FeO* 11.58 12.52 11.30 12.56 14.92 11.54 11.42 12.00 12.03

H2O* 2.02 2.01 2.01 2.02 2.01 2.06 2.06 2.07 2.11

Crys tal-chem i cal for mu lae based on 13-CNK

Si 6.955 6.934 6.882 7.007 7.327 7.267 7.746 7.671 7.878

AlIV 1.045 1.066 1.118 0.993 0.673 0.733 0.254 0.329 0.122

M1, M2, M3-site

AlVI 0.172 0.119 0.106 0.161 0.388 0.140 0.062 0.157 0.067

Ti 0.136 0.149 0.176 0.123 0.095 0.031 0.002 0.007 0.005

Cr3+ 0.004 – 0.001 0.003 0.002 – 0.003 0.000 0.000

Fe3+ 0.527 0.466 0.584 0.415 0.071 0.490 0.239 0.268 0.144

Fe2+ 1.433 1.549 1.399 1.553 1.851 1.398 1.386 1.449 1.430

Mn 0.058 0.065 0.074 0.054 0.057 0.058 0.042 0.050 0.032

Mg 2.669 2.653 2.659 2.691 2.537 2.882 3.266 3.063 3.317

M4-site

Ca 1.843 1.905 1.843 1.917 1.824 1.888 1.912 1.835 1.899

Na 0.157 0.095 0.157 0.083 0.176 0.112 0.088 0.165 0.096

A - site

Na 0.131 0.160 0.111 0.138 0.098 0.094 0.024 0.033 –

K 0.118 0.121 0.120 0.113 0.102 0.058 0.010 0.022 0.008

Cl 0.010 0.011 0.014 0.009 0.012 0.005 – – –

OH 1.990 1.989 1.986 1.991 1.988 1.995 1.998 1.999 2.000

#mg 0.651 0.631 0.655 0.634 0.578 0.673 0.702 0.679 0.699

Fe3+/(Fe3++AlVI) 0.754 0.797 0.846 0.721 0.155 0.777 0.793 0.631 0.683

am phi bole name Mg-Hbl Mg-Hbl Mg-Hbl Mg-Hbl Act-Hbl Act-Hbl Act Act Act

P [MPa] 111 106 112 101 – 67 30 –

T [°C] 787 792 797 782 733 732 652 662 630

LoD – lim its ondetection; #mg – Mg/(Mg+Fe) in mo lec u lar units; * cal cu lated val ues ac cord ing to Ridolfi et al. (2010)
pro ce dure

T a  b l e  1

Chem i cal com po si tion and crys tal-chem i cal for mu lae of am phi boles from the mafic ex otic blocks (D4 and
D5) from Osielec vil lage (Magura Nappe)

https://doi.org/10.1007/s00410-009-0465-7


pre vi ously ana lysed metagabbro and prasinite sam ples, with
SiO2 con tent in the range of 57.6–58.3 wt.%, metaluminous
(ASI = 0.79–1.03), rich in Mg (#mg = 0.64–0.66; Gawêda et al.,
2019: ta bles 6 and 7). Their chondrite (C1)-nor mal ized REE
pat terns show al most no frac tion ation (CeN/YbN = 0.88–0.91;
Eu/Eu* = 0.89–0.92; Ta ble 6 and Fig. 8A; com pare Gawêda et
al., 2019). The serpentinised sam ple (D10) is poor in SiO2 and
rich in Mg (#mg = 0.95), char ac ter ised by flat chondrite-nor mal -
ized REE pat terns (CeN/YbN = 0.94; Eu/Eu* = 0.88; Ta ble 6 and
Fig. 8A). All ana lysed rocks have sta ble Nd/Th ra tio (4.00–4.74; 
Ta ble 6). As sum ing a ~614 Ma age of in tru sion (Gawêda et al.,
2019) the ini tial 143Nd/144Nd ra tio range from 0.512083 to
0.512107 in the case of al tered gab bro and prasinite (D4 and
D5 sam ples re spec tively) and 0.511989 for ser pen tin ite, while
eNd (614 Ma) is pos i tive in all sam ples (4.62 and 5.09 in gab -
bros, 2.79 in ser pen tin ite; Ta ble 7). Ini tial 87Sr/86Sr ra tios (ISr

614)
are 0.704366 and 0.702871 for D4 and D5 sam ples, re spec -
tively, while the serpentinized rock (D10) shows dis tur bance of
the Sr ra dio genic sys tem (Ta ble 7).
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T a  b l e  2

Chem i cal com po si tion and crys tal-chem i cal for mu lae of ti tan ite and epidote from gabbroic ex otic blocks
from Osielec

T a  b l e  3

Chem i cal com po si tion and crys tal-chem i cal for mu lae 
of il men ite and rutile from gabbroic ex otic blocks (D5)

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
https://doi.org/10.1007/s00531-019-01713-x
https://doi.org/10.1007/s00531-019-01713-x
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T a  b l e  4

Rep re sen ta tive EMPA anal y ses of chlorite with their crys tal-chem i cal for mu lae from the D5 
(#1–#5) and D10 (#6–#10) sam ples

   LoD – Lim its on de tec tion; * cal cu lated val ues

Fig . 6. X-ray dif frac tion pat terns and semi-quan ti ta tive anal y sis (in wt.%) of min eral phases, com pos ing D10
sam ple (ser pen tin ite) us ing the Rietveld method
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Sam ple
no. LoD

ol iv ine pyroxene

Ol#1 Ol#2 Ol#3
(Al,Cr) di op side (core) di op side (rim)

Px#1 Px#2 Px#3 Px#4 Px#5 Px#6

SiO2 0.02 41.16 41.17 41.27 51.91 51.92 51.78 55.03 55.26 55.12

TiO2 0.01 0.03 0.05 0.02 0.58 0.58 0.48 0.05 b.d.l. 0.01

Al2O3 0.01 b.d.l. 0.04 b.d.l. 4.98 5.16 4.53 0.02 b.d.l. 0.05

V2O3 0.02 b.d.l. b.d.l. b.d.l. 0.10 0.10 b.d.l. b.d.l. b.d.l. b.d.l.

Cr2O3 0.01 0.01 0.02 0.02 0.66 0.63 0.62 0.12 0.02 0.14

FeO 0.08 10.43 10.28 10.35 2.77 2.93 2.91 2.43 1.28 2.54

MnO 0.05 0.71 0.66 0.65 0.09 0.11 0.15 0.13 0.13 0.09

NiO 0.06 0.21 0.25 0.25 0.11 b.d.l. b.d.l. 0.06 b.d.l. b.d.l.

MgO 0.02 48.02 47.75 48.13 15.13 15.20 16.15 17.05 17.81 17.23

CaO 0.04 b.d.l. b.d.l. b.d.l. 22.99 22.83 22.14 25.40 25.89 25.38

Na2O 0.03 b.d.l. b.d.l. b.d.l. 0.93 0.82 0.59 b.d.l. b.d.l. 0.05

To tal 100.57 100.32 100.69 100.25 100.28 99.35 100.29 100.29 100.61

for mula unit per 4 O2– for mula unit per 6 O2–

Si 1.007 1.010 1.008 1.888 1.885 1.894 1.999 2.002 1.996

Ti 0.001 0.001 0.000 0.016 0.016 0.013 0.001 – –

Al – 0.001 0.000 0.213 0.221 0.195 0.001 – 0.002

V – – – 0.003 0.003 – – – –

Cr – 0.000 0.000 0.019 0.018 0.018 0.004 0.001 0.004

Fe2+ 0.213 0.211 0.211 0.084 0.089 0.089 0.074 0.038 0.077

Mn 0.015 0.014 0.013 0.003 0.003 0.005 0.004 0.004 0.003

Ni 0.004 0.005 0.005 0.003 – – – – –

Mg 1.751 1.746 1.753 0.82 0.822 0.88 0.923 0.955 0.928

Ca – – – 0.896 0.888 0.868 0.989 0.998 0.987

Na – – – 0.066 0.058 0.042 – – 0.003

T a  b l e  5

Rep re sen ta tive mi cro-chem i cal anal y ses of ol iv ine (Ol) and pyroxene (Px) and their crys tal-chem i cal for mu lae (D10)

Fig . 7. U-Pb con cordia plot of the ap a tite from Osielec gabbroic rock
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Sam ple no. D4 D5 D10

ma jor el e ments

SiO2 58.31 57.82 39.62

TiO2 0.83 0.95 0.10

Al2O3 16.19 17.19 2.80

Fe2O3T 6.98 7.48 7.63

MnO 0.12 0.13 0.12

MgO 3.17 3.62 37.8

CaO 7.03 4.99 0.21

Na2O 4.57 3.91 0.03

K2O 0.47 1.58 0.01

P2O5 0.20 0.24 0.00

LOI 2.74 2.77 11.72

To tal 100.61 100.68 100.04

trace el e ments [ppm]

Sr 493.0 325.1 1.7

Ba 128.0 367.0 4.0

Rb 13.3 46.3 0.1

Th 3.9 4.6 0.1

U 1.2 1.3 0.1

Ga 17.8 19.1 1.6

Ni 23.7 21.7 1234.4

Cr 68.40 63.60 3079.12

Zr 180.60 162.90 4.60

Hf 4.50 4.50 0.10

Y 19.20 18.60 1.80

Nb 5.40 6.80 0.50

Ta 0.50 0.50 0.10

La 15.10 15.50 0.40

Ce 32.40 32.90 0.70

Pr 4.42 4.47 0.60

Nd 18.50 18.80 0.40

eNd 3.99 4.23 0.15

Eu 1.13 1.21 0.05

Gd 3.76 3.81 0.12

Tb 0.57 0.59 0.04

Dy 3.24 3.48 0.28

Ho 0.67 0.70 0.07

Er 1.96 2.05 0.02

Tm 0.30 0.29 0.03

Yb 1.92 1.95 0.20

Lu 0.27 0.28 0.03

Nd/Th 4.74 4.09 4.00

SREE 88.23 90.26 2.81

Eu/Eu* 0.89 0.92 0.88

lowCeN/YbN 4.55 4.55 0.94

Nb/La 0.36 0.44 1.25

Eu/Eu* = Eu/Ö(Sm · Gd)

T a  b l e  6

Chem i cal com po si tion and se lected pet ro -
log i cal in di ces of the whole-rock sam ples 

of crys tal line ex otic blocks
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DISCUSSION

PETROGENETIC CHARACTER OF THE EXOTIC BLOCKS

Mafic mag matic rocks are con sid ered as re li able mark ers
for con strain ing tec tonic set ting. How ever, many fac tors (frac -
tion ation, con tam i na tion, fluid in flux) can mod ify the pri mary
geo chem i cal and iso to pic com po si tion, and could caused com -
plex in ter pre ta tion (Pearce, 2008; Xia and Li, 2019 and ref er -
ences therein).

Due to the in ten sive geo chem i cal al ter ation (in clud ing dis -
tur bance of their Sr iso to pic sig na tures) ob served in the ser pen -
tin ite frag ments (Fig. 8B and Ta ble 7), only gabbroic rocks were
used to in ter pret the tec tonic set ting. Crustal con tam i na tion is
shown by neg a tive Nb, Ta, P and es pe cially Ti anom a lies on
N-MORB–nor mal ised multielement di a gram (Fig. 8B) and the
low Nb/La ra tios (Xia and Li, 2019) in the range of 0.30–0.44
(Ta ble 6). This sug gests ei ther an arc set ting (Fig. 9A, B) or
crustal con tam i na tion of within plate (con ti nen tal) bas alts
(Fig. 9C, D).

The source magma may be of de pleted char ac ter (Fig. 9E),
and was likely mod i fied by subduction, with lithospheric man tle
in put (SZLM; Fig. 9A) and un der went sub se quent frac tion ation
with sig nif i cant re sid ual gar net (Pearce et al., 2021). As all sam -
ples plot in low-TiO2/Yb and rel a tively high Th/Nb SZLM ar ray
(Pearce et al., 2021), we can in fer plume-crust in ter ac tion or
plume-in ter ac tion with subduction.

Tak ing into ac count the U-Pb zir con crys tal li za tion age of
the mafic rocks (613.3 ±2.6 Ma for mas sive gab bro-diorite and
614.6 ±2.5 Ma for lay ered “prasinite”; Gawêda et al., 2019),
which al most iden ti cal with U-Pb ap a tite age (613.92 ±1.57 Ma;
Ap pen dix 2 and Fig. 7), Neoproterozoic rift ing in the back-arc
re gime can be as sumed (Fig. 11).

NATURE OF THE METAMORPHISM

The min eral as sem blages in the gabbroic rocks doc u ment
the his tory of cool ing and al ter ation. All am phi bole group min er -
als rep re sent a low-pres sure as sem blage and re veal the wide
spec trum of crys tal li za tion tem per a tures: from high-Ti
Mg-hornblende (797 to 767°C, 112–95 MPa; Ta ble 1) through
in ter me di ate Mg-hornblendes (738 to 652°C at 68–30 MPa; Ta -
ble 1) to low-Ti am phi boles (actinolitic hornblende to actinolite),
typ i cal of ocean floor/hy dro ther mal meta mor phism, crys tal liz ing 
in the tem per a ture range of 664–630°C and less, at very low
pres sures (Ta ble 1 and Fig. 10; Silantyev et al., 2008). Rock
tex tures and min eral as sem blages sug gest that ap a tite co-crys -
tal lize with actinolite and cal cite, but af ter hornblende and
plagioclase (Figs. 3D and 4G, H), while ap a tite trace el e ment
chem is try dem on strate the pri mary mag matic char ac ter
(Fig. 8A). The avail able ev i dence im plies rapid cool ing and ap a -
tite re-crys tal li za tion in the sta bil ity field of actinolite + al bite +
epidote + ti tan ite + chlorite + cal cite, as a re sult of cal cium re dis -
tri bu tion and al ter ation by hy dro ther mal flu ids and re place ment
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Fig. 8A – trace el e ments plot chondrite-nor mal ised (C1) REE pat terns of
mafic rock va ri et ies from the Osielec olistostrome (D4, D5, D10 and for -
merly ana lysed OSC, D3, D6, D6-2) and ap a tite from gab broid rock (D5); B –
N-MORB nor mal ized multi-el e ment pat terns of mafic rocks va ri et ies from
Osielec (in clud ing for merly pub lished anal y ses from Gawêda et al., 2019)
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Fig. 9. Clas si fi ca tion di a grams of mafic rocks from the Osielec olistostrome

A – plot in the LIP (Larg Ig ne ous Prov inces) print ing di a gram (af ter Pearce et al., 2021); B – Th/Yb ver sus Ta/Yb di a gram (af ter Pearce,
1982), Zr/Ti–Nb/Y di a gram from Winchester and Floyd (1977); C – Zr ver sus Zr/Y tec tonic dis crim i na tion di a gram (af ter Pearce and Norry,
1979); D – La/10–Y/15–Nb /8 af ter Cabanis and Lecolle (1989); E – Nb/Y ver sus Zr/Y with man tle ar ray sep a rat ing en riched from de pleted
sources (af ter Fitton, 2007); other ex pla na tions as in  Fig ure 7
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of the pri mary Ca-bear ing min er als by low tem per a ture as sem -
blage (Schwarzenbach and Steele-Maclnnis, 2020). We can
as sume that the U-Pb ap a tite age doc u ments an age of
post-mag matic recrystallization con nected with per va sive Ca
mo bil ity. The ap a tite U-Pb age (613.9 ±1.6 Ma; Ap pen dix 2 and
Fig. 7), iden ti cal with zir con U-Pb age (Gawêda et al., 2019), im -
plies a rapid cool ing of the magma.

Some parts of the sam ples (banded rocks/prasinite sensu
Wieser, 1952) show in ten sive shear ing with the shear-bands
de fined by the chlorite and chlorite-epidote-ti tan ite-quartz
bands (Fig. 3G). Con se quently, we can as sume that some por -
tions of the mafic com plex un der went shear ing.

The ser pen tin ite with relic ol iv ine, pyroxene and typ i cal ac -
ces sory min er als (baddeleyite, zirconolite, Ni-py rite, pyrrhotite)
doc u ments the per va sive al ter ation of the ultra mafic por tion of
an ophiolite se quence, likely por tions of hy drated man tle, as so -
ci ated with slow spread ing ridges (Cannat, 1993). As doc u -
mented by Mével (2003) serpentinization of man tle-de rived
ultra mafic rocks starts in rel a tively high tem per a tures
(500–300°C) and sea-wa ter is the main fluid, caus ing hydration
and ox i da tion (e.g. for ma tion of mag ne tite). Antigorite, which is
the main com po nent of the ser pen tin ite in ves ti gated herein, is
sta ble at high tem per a tures (up to 500°C; Ev ans et al., 1976),
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Fig. 10. Pres sure-tem per a ture cool ing path for mafic rocks
from Osielec olistostrome

Fig. 11. Plate tec tonic map of Pannotia at ~600 Ma (ste reo graphic pro jec tion) with the sim pli fied graphs, show ing pos si ble
sce nar ios be fore ~615 Ma and at ~615 Ma for the Osielec mafic rocks, mod i fied from Golonka and Gawêda (2012) and Gawêda

et al. (2017)
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while lizardite, form ing at low tem per a tures is sub or di nate and
can be as sumed as sec ond ary phase, which to gether with
chlorite and cal cite are likely a re sult of low tem per a ture in ter ac -
tion of the sea wa ter with rocks (Gibbson et al., 1996). The tem -
per a ture of chlorite crys tal li za tion was cal cu lated by us ing three
var i ous em pir i cal chlorite geothermometers pro posed by
Cathelineau and Nieva (1985), Kranidiotis and MacLean
(1987), and Jowett (1991; Ta ble 4). The tem per a tures range of
230–360°C (Fig. 10) is in agree ment with pub lished data on the
tem per a ture con di tions of the serpentinization at mid-ocean
ridges (Mével, 2003 and ref er ences therein).

IMPLICATION FOR NEOPROTEROZOIC PALAEOGEOGRAPHY

The ex otic rocks frag ments, dated at ~614 Ma, rep re sent
prob a bly the rem nants of a man tle plume (within plate mag -
mas), char ac ter ised by very strong lithospheric con tam i na tion
(ex pressed by low Nb/La ra tios; Xia and Li, 2019; Fig. 9A, C–E
and Ta ble 6). Such an in ter pre ta tion re quires an as sump tion of
the ini tial ocean floor for ma tion. That is doc u mented by al most
iden ti cal (within the un cer tainty) U-Pb crys tal li za tion age of zir -
con and cool ing age of ap a tite (Fig. 5 and Ap pen dix 2; Gawêda
et al., 2019), and doc u mented hy dro ther mal meta mor phism.

The late Neoproterozoic is a time of Rodinia/Pannotia
break-up and for ma tion of the Iapetus and Tornquist oceans
(e.g., Weber et al., 2020 and ref er ences therein; Murphy et al.,
2021 and ref er ences therein; Rob ert et al., 2021). The first
phase of rift ing, which lasted from 750 to 700 Ma led to the
West ern Iapetus/Puncoviscana Ocean for ma tion (Rob ert et al., 
2021). For ma tion of the Cen tral Iapetus Mag matic Prov ince
(CIMP; so-called East ern Iapetus), as a sec ond phase, took
place in a time span of 635–550 Ma, in two stages. The first
stage, from 620 to 600 Ma (Gumsley et al., 2020), was char ac -
ter ised by con ti nen tal tholeiitic magmatism, of sub con ti nen tal
lithospheric man tle der i va tion and ad mix ture of man tle plume
(Youbi et al., 2020 and ref er ences therein). The sec ond stage
(590–550 Ma) was char ac ter ised by al kali-rich, OIB-like
magmatism (Gumsley et al., 2020). The Tornquist Ocean had
not yet opened, de vel op ing at ~550 Ma from a trans form fault
(Rob ert et al., 2021). At the same time, on the other side of
Baltica (or the Balkatach con ti nent; Zuza and Yin, 2017) the
Paleoasian Ocean was form ing (Gladkohub et al., 2013;
Fig. 11). The rem nants of this ocean are pre served as nu mer -
ous ophiolites in Asia. The Palaeoasian Ocean that ex tended
be tween Gond wana, Si be ria and Baltica orig i nated in
Neoproterozoic (Zonenshain et al., 1990; Dobretsov et al.,
2003; Kheraskova et al., 2010; Xu et al., 2013; Sengör et al.,
2018).

The link to CIMP, which started to de velop at ~615 Ma,
seems to be the sim plest ex pla na tion, how ever im pos si ble, with 
the in ven tory of the co-ex ist ing ex otic blocks and heavy min er -
als ages in the Magura Nappe, Outer Carpathians, show ing the
Variscan or i gin with in her i tance of Cadomian base ment
(Bónová et al., 2018; Gawêda et al., 2019, 2021 and ref er ences 
therein). The doc u mented ro ta tion of the Outer Carpathians
nappes dur ing fold ing at ~60°C (Marton, 2020; Marton et al.,
2015) could sug gest a south-east or i gin of the ex otic blocks.
More over, the mafic Osielec suite show geo chem i cal, iso to pic
and age sim i lar ity to suite I (the most wide spread) of the West -
ern Tatra am phi bo lites (see Gawêda et al., 2000 and Gawêda
et al., 2017 for de tails; Figs. 8B). These am phi bo lites show also
sim i lar protolith age of ~600 Ma, sim i lar Nd res i den tial age
(TDM) at ~0.86–1.0 Ga and are in ter preted in terms of East ern
Tornquist – Palaeoasian Ocean open ing (Gawêda et al., 2017). 

The open ing of the Palaeoasian Ocean at ~615 Ma on the
south east-east flank of Baltica/Balkatach was al most si mul ta -
neous with the for ma tion of the Iapetus Ocean (Xu et al., 2013).

On the other hand, the geo chem i cal fea tures typ i cal of
subduction and con ti nen tal arc for ma tion (Figs. 9A, B) can not
be ne glected. We in ter pret ex ten sion at the north ern Gond wana 
mar gin ini ti ated in a back-arc ba sin re gime and con se quently
linked to the al ready opened Palaeoasian Ocean, break ing the
con ti nu ity of the subduction zone (Fig. 11), what was ob served
in many other lo cal i ties in the Neoproterozoic and in ter preted as 
Neoproterozoic superplume ac tiv ity (see Weber et al., 2020 for
dis cus sion). The Scythia microplate was fur ther docked to
Baltica (Kheraskova et al., 2015) and the orig i nal back-arc ba -
sin de vel oped into the west ern part of Palaeoasian Ocean. The
rem nants of the Palaeoasian Ocean floor were prob a bly
obducted dur ing late stages of Cadomian orog eny (e.g.,
Gawêda et al., 2019). They were in cor po rated in the
Protocarpathian base ment dur ing Pa leo zoic times and el e -
vated dur ing Cre ta ceous–Paleogene, in the fi nal stages of the
Al pine oro gen esis. The up lifted por tions formed ridges di vid ing
the West ern Outer Carpathian bas ins (Golonka et al., 2019,
2021), un der went in ten sive ero sion and were trans ported to the 
bas ins by grav ity flows (Cieszkowski et al., 2017; Bónová et al.,
2018; Gawêda et al., 2019 and ref er ences therein).

CONCLUSIONS

The mafic ex otic blocks from the Osielec olistostrome rep -
re sent the ini tial stage of Rodinia/Pannotia break-up and new
ocean for ma tion, with strong crustal con tam i na tion.

Ap a tite is a sec ond ary phase, form ing as a re sult of al ter -
ation and Ca mo bi li za tion. The U-Pb ap a tite cool ing age of
613.92 ±1.57 Ma is al most iden ti cal (within age un cer tainty) with 
pre vi ously pub lished zir con U-Pb age, which im plies fast cool -
ing and si mul ta neous per va sive al ter ation with re place ment of
pri mary min er als by the new low-tem per a ture as sem blages and 
lo cal shear ing. The sec ond ary min eral as sem blage and tem -
per a ture mod el ling al low to sup pose the per va sive ocean-floor
meta mor phism.

The ~614 Ma man tle-re lated rocks can rep re sent the
Rodinia/Pannotia break-up event. Doc u mented anticlockwise
ro ta tion of the Outer Carpathians and geo chem i cal, iso to pic
and age sim i lar ity of the Osielec olistostrome frag ments to
some of the West ern Tatra am phi bo lites sug gest their east ern
prov e nance and link to the Palaeoasian Ocean open ing event.
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                                                                                                                            APPENDIX 1    
                             Trace elements concentrations and selected petrological indices for the apatite from metagabbro from Osielec olistostrome

Mn_m55Sr_m88 Y_m89 La_m139Ce_m140Pr_m141Nd_m146Sm_m147Eu_m153Gd_m157Tb_m159Dy_m163Ho_m165Er_m166Tm_m169Yb_m172Lu_m175REETOT CeN/YbN Eu/Eu* U Th Th/U

DB5_Ap_1 489 268.7 341.7 540 1344 152.2 655 116.6 14.3 99.4 11.65 66.1 12.72 33.83 4.38 26.6 3.851 3080.63 13.27 0.40 43.3 47.3 1.09

DB5_Ap_2 322.8 214.5 373.7 326.3 1115 148.6 693 132.9 15.59 113.6 13.38 75.4 14 37 4.75 28.18 4.177 2721.88 10.39 0.39 37.6 50.5 1.34

DB5_Ap_3 340.5 219 420.9 383.7 1296 167 772 146.1 17.49 125.7 14.77 84.1 15.59 40.5 5.31 31.5 4.7 3104.46 10.81 0.39 55.3 49.4 0.89

DB5_Ap_4 483.9 263.7 404.2 642 1626 187.8 817 138.8 17.18 117.2 14.06 78.7 15.05 41 5.12 31.23 4.506 3735.65 13.67 0.41 45.04 49.82 1.11

DB5_Ap_5 547.5 274.3 364.6 393 1174 145.7 661 123.7 14.71 104 12.56 72.2 13.68 36.19 4.74 27.65 4.05 2787.18 11.15 0.40 33.5 38.7 1.16

DB5_Ap_6 544.2 274.2 377.5 402.3 1272 159.7 707 129.2 15.15 108.5 13.18 73.9 14.13 37.62 4.79 27.86 4.137 2969.47 11.99 0.39 34.7 48 1.38

DB5_Ap_7 461.5 259.4 412.5 502 1507 179 788 143.3 16.77 120.6 14.49 82.1 15.52 40.78 5.31 32.02 4.65 3451.54 12.36 0.39 14.21 20.7 1.46

DB5_Ap_8 452.4 257.2 493 640 1585 179.6 791 150.7 16.43 133.1 16.44 94 18.48 48.8 6.33 37.78 5.55 3723.21 11.02 0.35 46.4 53.3 1.15

DB5_Ap_9 514.1 268.8 400.3 686 1626 185 831 154.5 14.57 140.6 15.58 84.8 15.34 38.06 4.56 26.88 3.912 3826.8 15.89 0.30 33.2 28.86 0.87

DB5_Ap_10 472.2 258.9 421 633 1583 186 851 165.7 14.11 149.4 16.88 92.3 16.84 41 4.88 27.97 3.98 3786.06 14.86 0.27 25.6 32.91 1.29

DB5_Ap_11 476.3 271.1 415 662 1618 186.4 854 163.7 13.95 152.9 17.12 92.5 16.66 41.06 4.84 28.1 3.99 3855.22 15.12 0.27 16.8 26.6 1.58

DB5_Ap_12 463.4 260.4 420.8 619.9 1584 185.3 853 162.7 14.72 150.7 17.19 92.6 16.73 41.5 4.78 27.87 3.96 3774.95 14.93 0.29 27.6 42.8 1.55

DB5_Ap_13 424.7 256.2 342.6 355.2 1123 141.4 661 115.1 15.46 97.6 11.59 66.7 12.62 33.8 4.46 26.21 3.905 2668.05 11.25 0.44 25.1 33.8 1.35

DB5_Ap_14 364.7 228.4 375 456.6 1331 157.9 690 124.2 17.23 107.8 12.78 73.7 14.06 37.9 4.91 30.12 4.51 3062.71 11.61 0.45 28.46 35.5 1.25

DB5_Ap_15 413 238.9 436 558 1605 190.8 826 146.4 18.32 120.6 14.73 83.8 16.09 44 5.93 36.6 5.42 3671.69 11.52 0.42 30.9 49.4 1.60

DB5_Ap_16 520.8 282.1 418 729 1702 184 786 139.1 17.53 120.7 14.13 81.6 15.27 41.3 5.36 32.8 4.81 3873.6 13.63 0.41 21.2 28.1 1.33

DB5_Ap_17 490.3 255.9 376.7 531.1 1370 158.9 698 130.3 14.6 112.3 13.54 76.5 14.76 38.06 4.79 27.58 4.179 3194.61 13.05 0.37 47.2 51.3 1.09

DB5_Ap_18 358 222.9 423.9 211.3 813 118.3 602.7 121.5 14.82 109.4 13.35 77.3 14.91 41.58 5.7 35.9 5.72 2185.48 5.95 0.39 48.3 26.3 0.54

DB5_Ap_19 548.5 272.2 382.6 772 1777 193.2 807 134.5 17.44 110.9 13.04 74.2 14.16 38.17 4.99 30.56 4.377 3991.54 15.27 0.44 22.8 38.9 1.71

DB5_Ap_20 504.1 267.2 362.4 687 1617 177.8 731 125.2 15.43 103.9 12.27 70.7 13.21 35.56 4.491 27.45 4.074 3625.09 15.47 0.41 23.9 32.6 1.36

DB5_Ap_21 431.5 235.6 466 368 1162 152.5 711 138.8 16.67 124.6 15.35 90 17.16 46.1 6.1 36.7 5.26 2890.24 8.32 0.39 29.2 39.2 1.34

DB5_Ap_22 521 254.4 399.2 403 1213 153.6 721 135.2 15.06 121.5 14.21 79.9 15.22 38.6 4.86 27.63 4.015 2946.8 11.53 0.36 32.6 41.8 1.28

DB5_Ap_23 383.8 244.9 469 440.1 1389 174.4 791 148.9 19.97 126.6 15.19 88.7 17.31 46.9 6.07 37.6 5.66 3307.4 9.70 0.44 46.5 61.6 1.32

DB5_Ap_24 327.1 226.1 331.8 227.6 769 100.7 475 94.6 13.55 84.6 10.58 62.7 12.03 33.52 4.41 27.39 4.149 1919.83 7.37 0.46 30.1 37 1.23

DB5_Ap_25 343 228.9 415 365 1163 149.1 696 135.4 16.19 117.5 14.26 82.3 15.44 41.8 5.45 32.3 4.85 2838.59 9.46 0.39 18.6 29.2 1.57

DB5_Ap_26 512.6 282 507 887 2059 228.6 954 167.3 21.33 140.1 17.08 98.6 18.38 50.8 6.6 41.88 6.03 4696.7 12.91 0.42 41.2 69.1 1.68

DB5_Ap_27 515.8 282 529.2 910 2139 240.1 1019 176.7 24.05 147.4 17.81 103.3 19.41 52.5 6.82 42.47 6.26 4904.82 13.23 0.45 59.6 81.1 1.36

DB5_Ap_28 358.1 243.5 322.4 342.4 933 114.7 558 107.9 12.59 98.6 11.4 65.6 12.29 32.6 4 24.01 3.79 2320.88 10.21 0.37 49.8 22.69 0.46

DB5_Ap_29 491 258.8 424.4 511 1393 167.5 759 145 17.56 128.6 15.13 85.4 15.88 42.1 5.52 33.5 4.99 3324.18 10.92 0.39 49.6 47.8 0.96

DB5_Ap_30 462.8 264.6 404.4 546 1413 163.8 724 130.4 16.45 111.3 13.6 79 14.96 40.04 5.31 32.17 4.73 3294.76 11.54 0.42 22 28.7 1.30



DB5_Ap_31 552 276.4 462.2 807 1920 213.9 895 157 20.32 131.3 15.57 91.1 17.15 46.78 6.06 36.23 5.32 4362.73 13.92 0.43 19.1 30.8 1.61

DB5_Ap_32 538.9 301.5 467.7 710 1692 190.3 817 145.1 17.79 125.4 15.43 89 17.3 46.41 6.22 37.5 5.51 3914.96 11.85 0.40 6.31 11.44 1.81

DB5_Ap_33 435 255.5 371 421 1143 136.6 615 118.2 17.3 101.2 12.25 70.3 13.46 37.1 4.87 29.2 4.51 2723.99 10.28 0.48 64.9 49.9 0.77

DB5_Ap_34 419.2 242 437 388.1 1213 157.9 737 142.4 17.8 122 14.88 84 16.52 44.62 5.71 34.51 5.22 2983.66 9.23 0.41 59.8 59.6 1.00

DB5_Ap_35 438.8 243.3 432 427.8 1241 156 712 138.2 15.69 121.8 14.76 85.7 16.16 43.9 5.67 32.8 4.81 3016.29 9.94 0.37 54.9 66.9 1.22

DB5_Ap_36 472.3 256.5 438.6 628 1617 185.9 807 144.2 19.4 124.5 15.12 86.6 16.35 44.82 5.86 35.88 5.2 3735.83 11.84 0.44 61.9 73.7 1.19

DB5_Ap_37 450.8 264.6 352.9 502.1 1277 147.5 645 116.2 15.83 97.1 11.92 69.1 12.89 34.86 4.59 28.39 4.2 2966.68 11.81 0.45 46.7 50.6 1.08

DB5_Ap_38 579.7 285.2 381.1 753 1717 184.4 778 134.6 16.93 111.5 13.52 76 14.28 38.24 4.86 29.35 4.198 3875.88 15.36 0.42 31.6 47.7 1.51

DB5_Ap_39 463 260.9 472.3 531 1613 197 896 159.4 18.42 138 16.3 92.9 17.32 46.96 6.06 36.95 5.35 3774.66 11.47 0.38 49.6 56.5 1.14

DB5_Ap_40 495 258.1 440.3 570 1540 184 804 146.9 17.68 126.3 14.96 86 16.44 43.89 5.68 35.43 5.36 3596.64 11.42 0.40 43.8 62.7 1.43

DB5_Ap_41 527.9 281.3 439.5 786 1862 204.9 874 150.2 18.65 125 15.06 85.9 16.29 44.36 5.96 35.9 5.31 4229.53 13.62 0.41 18.43 23.9 1.30

DB5_Ap_42 486.8 265.4 420.4 659 1617 186.7 803 142 18.53 119.9 14.56 84.1 15.83 42.8 5.56 34.75 5.09 3748.82 12.22 0.43 38.6 54 1.40

DB5_Ap_43 446.2 244.9 437.2 624 1609 188.8 826 148.4 19.98 123.1 15.07 86.1 16.18 43.28 5.64 34.38 5.32 3745.25 12.29 0.45 71.8 68.9 0.96

DB5_Ap_44 384.8 234.3 327.1 236.1 695 92.7 462.5 97.8 15.14 88.9 10.83 63.8 12.12 33.64 4.216 26.62 4.343 1843.71 6.86 0.49 65.8 21.95 0.33

DB5_Ap_45 529.2 256 341.6 433.8 1209 143.5 641.2 114.6 14.94 95.1 11.51 65.1 12.73 33.85 4.233 25.18 3.72 2808.46 12.61 0.44 58.9 35 0.59

DB5_Ap_46 579.8 283.8 483 852 2012 223.2 951 167 20.54 144.8 17.27 99.7 18.7 49.5 6.32 37.49 5.5 4605.02 14.10 0.40 27.25 41.89 1.54

DB5_Ap_47 464.4 251 408 475 1281 157.1 702 130.6 16.36 110.5 13.39 78.9 14.95 40.24 5.25 31.02 4.77 3061.08 10.85 0.42 63.4 40.04 0.63

DB5_Ap_48 522.1 281.3 426 863 1976 214.7 908 157.9 17.75 133.7 15.12 85.1 15.92 41.7 5.42 33.33 4.76 4472.4 15.57 0.37 22.8 28.9 1.27

DB5_Ap_49 420.6 260.8 384.3 580.9 1495 174.4 758 133.6 15.87 114.2 13.64 76.8 14.37 38.9 4.95 30.13 4.376 3455.14 13.03 0.39 14.14 22.2 1.57

DB5_Ap_50 441.5 249.4 479.8 572.6 1547 183.8 820 151.1 18.47 130 16.01 93 17.44 47.49 6.28 38.84 5.8 3647.83 10.46 0.40 33.26 46.4 1.40

DB5_Ap_51 434.8 230 382 355 1125 143.2 658 125 13.96 111.6 13.31 76.3 14.37 38.2 4.91 29.1 4.296 2712.25 10.15 0.36 21.6 33.7 1.56

DB5_Ap_52 500.4 285.9 431.7 804 1869 207.9 868 150.3 19.87 121.1 14.68 84.7 15.96 42.46 5.66 34.17 4.99 4242.79 14.37 0.45 28.3 44.3 1.57

DB5_Ap_53 332.1 222.6 503.5 264.6 952 131.8 655 133.3 19.69 117.2 15.1 90.8 17.9 51.39 7.26 47.85 7.69 2511.58 5.23 0.48 74.7 35 0.47

DB5_Ap_54 308.2 237.2 287.6 421 1224 144.1 613.4 105.7 11.68 86 10.39 58.4 10.86 29.47 3.686 21.86 3.326 2743.87 14.71 0.37 18.11 39 2.15

DB5_Ap_55 498.8 282.9 475.5 556.4 1579 199.2 926 176.8 15.22 151.9 17.48 97.6 18.16 46.28 5.63 32.23 4.568 3826.47 12.87 0.28 12.73 18.87 1.48

DB5_Ap_56 484.7 280.2 363.8 686 1650 179.7 741 125.4 16.41 104.3 12.34 71.7 13.66 37.09 4.9 29.88 4.381 3676.76 14.50 0.44 31.65 49.5 1.56

DB5_Ap_59 338.2 226.4 354.7 304 1000 129.1 608 116.8 13.51 101.8 12.4 70.2 13.35 35.22 4.64 27.35 3.967 2440.34 9.60 0.38 16.21 26.6 1.64

DB5_Ap_60 397.1 240.7 439.7 532 1532 181.2 792 141.2 18.91 121.3 14.8 87 16.09 44.68 5.89 36.11 5.41 3528.59 11.14 0.44 37.9 51.7 1.36

DB5_Ap_61 609 319.9 474 1240 2650 280 1116 184 23.2 145.8 17.08 96.1 17.58 46.2 6.19 36.61 5.39 5864.15 19.01 0.43 18 32.1 1.78

DB5_Ap_62 551.8 284 437 892 2013 216.1 886 153.3 18.85 127.5 15.41 88.5 16.66 43.7 5.62 34 4.98 4515.62 15.55 0.41 36 47.3 1.31

DB5_Ap_63 567.2 287.1 423 893 1973 211.1 859 148.9 17.79 124.4 14.94 85.3 15.8 42.6 5.48 33.6 4.88 4429.79 15.42 0.40 22 31.3 1.42

DB5_Ap_64 392.1 233 390.2 395.4 1310 164.9 746 131.5 14.13 108.3 13.1 74.7 14.17 38.46 4.8 28.82 4.194 3048.47 11.94 0.36 38.6 58.9 1.53

DB5_Ap_65 434.6 251.5 319.9 396 1116 135.9 608 113.9 15.88 97.4 11.57 64.1 12.08 31.53 3.93 22.55 3.39 2632.23 13.00 0.46 53.2 23.9 0.45



DB5_Ap_66 515.1 279 332.6 659 1558 169.3 709 122.9 16.1 101 11.93 67.6 12.71 32.4 4.218 24.75 3.58 3492.49 16.53 0.44 48.5 48.4 1.00

DB5_Ap_67 495.9 253.7 478 580 1561 185.6 819 150.7 16.77 129.3 16.18 92.8 17.64 47.5 5.96 36.9 5.21 3664.56 11.11 0.37 43.9 58.9 1.34

DB5_Ap_68 470.6 267.1 404.2 756 1757 194.3 811 136.6 20.04 114.4 13.56 78.8 14.65 40.35 5.31 34.02 5.19 3981.22 13.56 0.49 49.3 62.5 1.27

DB5_Ap_69 477.8 257.9 378.6 564.6 1500 168.7 708 122.1 17.72 102.9 12.26 72.4 13.81 37.97 5.101 31.34 4.707 3361.61 12.57 0.48 32.2 42.8 1.33

DB5_Ap_70 461.7 252.9 377.5 558 1493 172.4 744 130.8 16.84 108.5 12.84 72.75 13.89 37.71 4.936 30.02 4.49 3400.18 13.06 0.43 67.6 48.02 0.71

DB5_Ap_71 539.2 296.4 496.6 806 1882 209.4 933 178.1 15.94 169 19.35 108.1 19.7 48.54 5.729 32.73 4.615 4432.2 15.10 0.28 16.65 22.5 1.35

DB5_Ap_72 370 238.1 418.7 365.9 1244 159.7 740 140.4 15.11 122.7 14.53 84.3 15.83 42.07 5.36 31.39 4.37 2985.66 10.41 0.35 6.36 9.64 1.52

DB5_Ap_73 504 263.8 407 760 1802 196 831 146.7 17.17 124.3 14.48 83.4 15.62 41 5.28 31.5 4.64 4073.09 15.02 0.39 43.3 56.2 1.30

DB5_Ap_74 482.6 268.9 351.7 519 1388 159.6 716 122.6 16.06 102 12.08 68.55 12.98 34.7 4.459 27.07 3.938 3187.04 13.47 0.44 43.8 37.9 0.87

DB5_Ap_75 367.6 228.4 387.3 389 1223 151.9 705 131.8 14.91 115.5 13.59 78.2 14.59 38.47 4.86 28.25 4.225 2913.3 11.37 0.37 35.5 50.7 1.43

DB5_Ap_76 417.8 252.6 315.1 442.6 1240 146.5 639.9 114.8 13.76 95.3 11.38 63.5 11.73 31.31 3.995 22.7 3.468 2840.94 14.35 0.40 51.3 39.3 0.77

DB5_Ap_77 425.5 249.6 326.7 377 1086 129.9 579 107.5 14.5 91.2 10.91 62.8 12.03 32.31 4.3 25.52 3.846 2536.82 11.18 0.45 24.1 35.3 1.46

DB5_Ap_78 568.4 268.2 516.5 771 1944 221.5 951 170.8 21.94 143.3 17.87 102.2 19.07 51.75 6.69 40.1 5.82 4467.04 12.73 0.43 55 67 1.22

DB5_Ap_79 473.4 260.3 325.8 547.6 1367 153.4 663 116.9 14.79 100.1 11.86 67.6 12.61 33.2 4.16 24.51 3.63 3120.36 14.65 0.42 28.2 39.9 1.41

DB5_Ap_80 555.3 282.8 408.8 792 1814 196.1 807 140.2 18.59 115.1 13.76 78.1 14.74 40.7 5.314 32.15 4.72 4072.47 14.82 0.45 36.4 43.7 1.20

DB5_Ap_81 524.2 273 393.3 725 1726 184.7 787 135.5 17.61 111.8 13.33 76.1 14.54 39.59 5.13 31.8 4.626 3872.73 14.26 0.44 27.9 40 1.43

DB5_Ap_82 395.5 232.7 397 336 1025 128.7 607 118.8 17 105.5 13.02 74.9 14.47 40.2 5.21 32.4 5.13 2523.33 8.31 0.46 79 41.4 0.52

DB5_Ap_83 369.9 232.1 429.9 299.6 952 125 603 119.9 15.61 110.3 13.66 82 15.67 42.69 5.58 35.52 5.75 2426.28 7.04 0.41 72.3 30.6 0.42

DB5_Ap_84 474.8 252.6 401 418 1184 142.6 631 119.3 17.89 101 12.77 74.9 14.13 39.7 5.3 33.7 5.12 2799.41 9.23 0.50 40.1 55.6 1.39

DB5_Ap_85 371.3 219.8 499.7 420.8 1305 164.1 755 148.3 19.53 129.6 16.18 94 18.16 50.31 6.59 41.8 6.23 3175.6 8.20 0.43 84.6 51.2 0.61

DB5_Ap_86 538.9 259.6 421 556 1468 171.5 747 137.2 19.81 117.1 14.23 81.4 15.31 41 5.32 32.1 4.79 3410.76 12.01 0.48 70.9 61.5 0.87

DB5_Ap_87 530.7 259.2 511.7 798 1938 217.5 926 164.3 23.15 136.8 16.72 96.9 18.74 51 6.79 42.4 6.37 4442.67 12.00 0.47 64.8 78.6 1.21

DB5_Ap_88 471.1 249.1 405.7 562 1488 172.6 765 137 17.94 119.5 14.2 82.2 15.56 42.03 5.46 32.31 4.66 3458.46 12.10 0.43 60.8 52.1 0.86

DB5_Ap_89 369.7 216.9 456 200.3 766 109.3 558 122.6 21.15 114.6 14.77 87.2 16.98 47.3 5.97 36.9 5.38 2106.45 5.45 0.54 15.45 17.5 1.13

DB5_Ap_90 499.3 279.4 397.2 723 1841 209.5 887 146.8 16.94 115.2 13.85 78.1 14.41 39.93 5.06 31.11 4.489 4126.39 15.54 0.40 29.26 46.5 1.59

DB5_Ap_91 508 275.4 358.5 614 1447 158.7 676 113.6 15.67 96.8 11.81 68.4 12.93 35.2 4.5 28.27 4.08 3286.96 13.44 0.46 38.3 47.6 1.24

DB5_Ap_92 527.2 291.7 399.4 797 1826 195.3 819 140.6 17.03 115.2 13.77 78.4 14.88 40.35 5.34 32.12 4.739 4099.73 14.93 0.41 22.6 27.2 1.20

DB5_Ap_93 508.9 280.7 417.9 820 1874 204 850 143.9 17.92 124.1 14.13 81.9 15.26 41.47 5.3 32.65 4.8 4229.43 15.07 0.41 33.56 40.2 1.20

DB5_Ap_94 404.2 238.1 436.4 410.8 1221 150.5 700 136.3 18.67 120 14.83 85.2 16.48 43.54 5.64 34.7 5.31 2962.97 9.24 0.44 83 53.6 0.65

DB5_Ap_95 464 270.5 359.9 638 1576 175.7 736 129.6 15.17 107.8 13.14 74.2 13.71 36.03 4.54 26.64 3.806 3550.34 15.54 0.39 46.1 46 1.00

DB5_Ap_96 361.6 250.5 481 529.2 1577 188 837 157.8 19.16 133.2 16.12 93.6 17.5 48.31 6.2 38.68 5.63 3667.4 10.71 0.40 7.61 21.3 2.80

DB5_Ap_97 527.3 257.4 361.3 569 1425 158.7 681 118.5 15.62 101.2 12.11 69.9 13.38 37.03 4.79 30.09 4.91 3241.23 12.44 0.43 55.9 42.7 0.76

DB5_Ap_98 410.5 235.8 393 504 1443 169.6 756 133.6 17.19 112 13.43 77.4 14.59 39.3 5.12 30.7 4.57 3320.5 12.35 0.43 59.8 59.6 1.00



DB5_Ap_99 529.1 281.5 376.8 748 1753 190.8 798 132.6 17.66 108.3 12.93 74.7 13.86 37.89 4.83 30.19 4.34 3927.1 15.25 0.45 35.3 50.6 1.43

DB5_Ap_100 431.6 242.9 320.7 365 1116 136.2 623 113.2 14.36 97.8 11.36 65.9 12.22 32.23 4.08 24.94 3.55 2619.84 11.75 0.42 52.1 38.3 0.74

DB5_Ap_101 520.4 284 515 977 2235 237.6 980 172 20.52 142.6 17.57 100.2 19.07 51.3 6.94 42.55 6.16 5008.51 13.80 0.40 27.4 37.6 1.37

DB5_Ap_102 433.6 257.1 394.7 588 1554 177.8 776 137.1 15.38 115.3 13.99 79.6 14.9 40.28 5.078 29.7 4.47 3551.6 13.74 0.37 22.1 27.3 1.24

DB5_Ap_103 497.4 277.9 446.2 846 2063 226.6 966 166.5 17.12 137.5 15.91 88.2 16.48 43.18 5.46 32.84 4.71 4629.5 16.50 0.34 31.8 43.5 1.37

DB5_Ap_104 507.1 274.7 417.6 872.8 2034 218.4 896 149.5 18.61 124 14.79 84.8 15.8 41.93 5.34 32.25 4.699 4512.92 16.56 0.42 23.2 47.8 2.06



                                                                                                                                APPENDIX 2
            LA-ICP-MS U-Pb isotopic data of apatites from the Osielec gabbro (D5 sample), Osielec olistostrome, Outer Western Carpathians, Poland
sample No

207Pb/235U 2s
206Pb/238U 2s r

238U/206Pb 2s
207Pb/206Pb 2s r

206Pb/238U age 2s
207Pb/235U age 2s

207Pb/206Pb age 2s
207Pb corr 2s

DB5_Ap_1 2.67 0.091 0.12 0.003 0.3385 8.6580 0.22 0.1690 0.0043 0.2369 704.6 18.3 1320.7 45.0 2547.8 64.8 615.3 16.0

DB5_Ap_2 2.72 0.085 0.11 0.003 0.2907 8.8339 0.22 0.1763 0.0041 0.2194 691.3 17.1 1332.6 41.7 2618.4 60.9 597.2 14.8

DB5_Ap_3 2.09 0.078 0.11 0.003 0.2089 9.0827 0.24 0.1373 0.0043 0.2003 673.3 17.7 1145.9 42.7 2193.4 68.7 612.8 16.1

DB5_Ap_4 2.58 0.11 0.11 0.003 0.4222 8.8889 0.23 0.1656 0.0056 -0.0002 687.3 17.7 1293.8 55.2 2513.7 85.0 602.4 15.8

DB5_Ap_5 3.32 0.1 0.12 0.003 0.3373 8.4890 0.25 0.1996 0.0053 0.3918 717.9 20.7 1485.5 44.8 2822.9 75.0 600.7 17.5

DB5_Ap_6 3.12 0.1 0.12 0.003 0.2247 8.6806 0.23 0.1959 0.0051 0.3367 702.9 18.3 1438.1 46.1 2792.3 72.7 590.8 15.6

DB5_Ap_7 5.68 0.22 0.14 0.004 0.5144 7.0872 0.22 0.2918 0.0081 0.2093 850.9 26.5 1928.3 74.7 3427.2 95.1 621.5 20.8

DB5_Ap_8 2.56 0.16 0.11 0.003 0.6838 8.8028 0.26 0.1632 0.0076 -0.4408 693.6 20.8 1289.3 80.6 2489.1 115.9 610.2 18.9

DB5_Ap_9 3.56 0.13 0.12 0.003 0.1878 8.0257 0.21 0.2081 0.0065 0.3290 757.0 20.0 1540.7 56.3 2890.8 90.3 627.0 17.3

DB5_Ap_10 4.27 0.17 0.13 0.003 0.6190 7.7340 0.20 0.2390 0.0065 -0.1544 783.9 20.0 1687.6 67.2 3113.3 84.7 620.8 16.7

DB5_Ap_11 6.48 0.44 0.15 0.005 0.8071 6.8074 0.24 0.3120 0.013 -0.4925 883.6 31.3 2043.2 138.7 3530.8 147.1 624.8 25.8

DB5_Ap_12 3.94 0.11 0.13 0.003 0.3707 7.9302 0.21 0.2270 0.0042 0.4020 765.6 20.0 1621.1 45.3 3031.0 56.1 616.8 16.3

DB5_Ap_13 4.15 0.15 0.13 0.003 0.2238 7.9365 0.21 0.2399 0.007 0.4187 765.0 20.0 1664.2 60.2 3119.3 91.0 604.3 16.8

DB5_Ap_14 3.27 0.13 0.12 0.003 0.4062 8.4602 0.24 0.1987 0.006 0.0701 720.2 20.7 1473.9 58.6 2815.5 85.0 603.5 17.7

DB5_Ap_15 3.14 0.15 0.12 0.003 0.5700 8.4459 0.23 0.1939 0.0066 -0.2053 721.3 19.5 1442.6 68.9 2775.5 94.5 608.7 17.1

DB5_Ap_16 5.57 0.19 0.14 0.004 0.4726 7.0175 0.20 0.2849 0.0079 0.1486 858.8 24.1 1911.5 65.2 3390.0 94.0 635.0 19.3

DB5_Ap_17 2.62 0.091 0.12 0.003 0.3873 8.6059 0.21 0.1661 0.0041 0.1247 708.7 17.7 1307.1 45.3 2518.7 62.2 621.5 15.5

DB5_Ap_18 2.04 0.069 0.11 0.003 0.5648 9.2851 0.22 0.1376 0.0033 -0.1442 659.4 15.9 1130.0 38.2 2197.2 52.7 599.5 14.3

DB5_Ap_19 5.15 0.19 0.14 0.003 0.2799 7.3529 0.18 0.2738 0.0084 0.1248 822.0 20.6 1844.4 68.0 3327.9 102.1 617.5 17.3

DB5_Ap_20 4.71 0.22 0.13 0.004 0.4269 7.5415 0.20 0.2540 0.0088 -0.0077 802.7 21.8 1769.0 82.6 3209.9 111.2 621.7 18.6

DB5_Ap_21 3.77 0.21 0.12 0.003 0.5019 8.0841 0.22 0.2182 0.0089 -0.1341 751.8 20.7 1586.4 88.4 2967.5 121.0 613.3 18.3

DB5_Ap_22 3.05 0.11 0.12 0.003 0.5216 8.6730 0.24 0.1939 0.0057 -0.0264 703.5 19.5 1419.0 51.3 2775.5 81.6 593.0 16.8

DB5_Ap_23 2.41 0.14 0.11 0.003 0.6046 8.8106 0.23 0.1549 0.0073 -0.3396 693.0 17.7 1245.6 72.4 2400.7 113.1 616.7 16.5

DB5_Ap_24 3.02 0.12 0.12 0.003 0.3833 8.4317 0.22 0.1860 0.0052 0.2210 722.5 18.9 1413.2 56.1 2707.1 75.7 616.7 16.4

DB5_Ap_25 4.09 0.17 0.13 0.004 0.4301 7.9051 0.22 0.2335 0.0073 0.0758 767.9 21.2 1652.3 68.7 3076.2 96.2 612.7 17.9

DB5_Ap_26 3.05 0.15 0.12 0.003 0.6582 8.0972 0.22 0.1764 0.0054 -0.3322 750.7 20.7 1420.2 69.8 2619.3 80.2 650.4 18.1

DB5_Ap_27 2.72 0.27 0.12 0.004 0.9677 8.6281 0.30 0.1631 0.0098 -0.8227 706.9 24.4 1333.9 132.4 2488.1 149.5 622.4 22.5

DB5_Ap_28 2.35 0.073 0.11 0.003 0.1239 8.8496 0.22 0.1500 0.004 0.4769 690.1 17.1 1227.6 38.1 2345.9 62.6 618.1 15.3

DB5_Ap_29 2.39 0.075 0.12 0.003 0.3515 8.5397 0.22 0.1489 0.0035 0.2543 713.9 18.3 1238.1 38.9 2333.3 54.8 641.0 16.3

DB5_Ap_30 4.27 0.26 0.13 0.004 0.6570 7.6687 0.25 0.2360 0.01 -0.3405 790.1 26.1 1687.6 102.8 3093.2 131.1 628.9 22.4



DB5_Ap_31 5.06 0.28 0.14 0.005 0.6619 7.2411 0.24 0.2680 0.011 -0.3575 833.9 27.2 1829.4 101.2 3294.4 135.2 632.9 23.0

DB5_Ap_32 14.03 0.6 0.21 0.008 0.6204 4.7870 0.18 0.4920 0.02 0.2648 1223.0 45.1 2751.7 117.7 4217.4 171.4 605.8 38.2

DB5_Ap_33 2.07 0.072 0.11 0.003 0.3082 8.8183 0.23 0.1333 0.0039 0.2950 692.5 17.7 1139.9 39.6 2141.9 62.7 634.1 16.1

DB5_Ap_34 1.96 0.064 0.11 0.003 0.0097 9.3633 0.22 0.1344 0.0038 0.3936 654.1 15.3 1101.5 36.0 2156.2 61.0 597.1 13.9

DB5_Ap_35 2.46 0.1 0.11 0.003 0.4176 8.7108 0.21 0.1544 0.0047 -0.0734 700.6 17.1 1261.2 51.2 2395.2 72.9 624.0 15.3

DB5_Ap_36 2.43 0.14 0.12 0.003 0.8207 8.5837 0.25 0.1513 0.0068 -0.6020 710.4 20.7 1251.5 72.1 2360.7 106.1 635.7 19.0

DB5_Ap_37 2.55 0.11 0.11 0.003 0.3895 8.7184 0.23 0.1621 0.0053 0.0951 700.0 18.3 1287.3 55.5 2477.7 81.0 617.0 16.3

DB5_Ap_38 3.84 0.14 0.12 0.003 0.3722 8.0064 0.21 0.2222 0.0061 0.2086 758.7 19.4 1601.2 58.4 2996.7 82.3 615.5 16.4

DB5_Ap_39 1.92 0.065 0.10 0.003 0.4043 9.5694 0.23 0.1346 0.0035 0.0921 640.7 15.3 1087.7 36.8 2158.8 56.1 584.4 13.9

DB5_Ap_40 2.43 0.075 0.11 0.003 0.4648 8.9445 0.23 0.1584 0.004 0.1648 683.2 17.7 1252.7 38.6 2438.7 61.6 604.7 15.6

DB5_Ap_41 5.33 0.19 0.14 0.004 0.0658 7.1942 0.18 0.2791 0.0092 0.4170 839.0 21.1 1873.7 66.8 3357.9 110.7 625.5 18.1

DB5_Ap_42 2.97 0.094 0.12 0.003 0.4712 8.5543 0.22 0.1820 0.004 0.2185 712.7 18.3 1399.7 44.3 2671.2 58.7 611.4 15.7

DB5_Ap_43 1.90 0.061 0.11 0.003 0.4406 9.3371 0.24 0.1282 0.003 0.0544 655.9 16.5 1080.4 34.7 2073.4 48.5 603.6 15.0

DB5_Ap_44 2.02 0.072 0.11 0.003 0.3122 8.9847 0.23 0.1304 0.0039 0.1960 680.3 17.1 1120.9 40.0 2103.4 62.9 625.0 15.6

DB5_Ap_45 2.29 0.074 0.11 0.003 0.1157 8.8810 0.21 0.1497 0.0039 0.3868 687.8 16.5 1210.1 39.1 2342.5 61.0 616.2 14.8

DB5_Ap_46 4.13 0.13 0.13 0.003 0.1037 7.8989 0.21 0.2399 0.0067 0.4429 768.4 20.0 1659.9 52.3 3119.3 87.1 607.1 16.7

DB5_Ap_47 2.20 0.067 0.12 0.003 0.1279 8.6881 0.21 0.1392 0.0035 0.3896 702.3 17.1 1180.4 36.0 2217.3 55.8 638.4 15.4

DB5_Ap_48 4.85 0.17 0.13 0.004 0.4300 7.5131 0.21 0.2634 0.0071 0.2223 805.5 22.4 1793.6 62.9 3267.2 88.1 614.7 18.1

DB5_Ap_49 5.61 0.21 0.14 0.004 0.6251 7.2780 0.22 0.2949 0.0089 -0.0748 829.9 25.4 1917.6 71.8 3443.6 103.9 602.1 20.2

DB5_Ap_50 3.04 0.12 0.12 0.003 0.4930 8.6430 0.22 0.1877 0.0062 0.0186 705.8 18.3 1417.7 56.0 2722.1 89.9 600.4 16.1

DB5_Ap_51 4.14 0.17 0.13 0.004 0.5756 7.5472 0.20 0.2274 0.0069 -0.0316 802.1 21.2 1662.2 68.3 3033.8 92.1 647.3 18.0

DB5_Ap_52 3.73 0.15 0.12 0.003 0.5675 8.1433 0.23 0.2238 0.0065 -0.0206 746.7 20.7 1577.8 63.5 3008.2 87.4 603.8 17.4

DB5_Ap_53 1.71 0.058 0.11 0.003 0.2456 9.3023 0.23 0.1129 0.0031 0.2807 658.2 16.5 1011.5 34.3 1846.6 50.7 617.9 15.3

DB5_Ap_54 3.76 0.15 0.12 0.004 0.0569 8.0064 0.22 0.2197 0.0081 0.4000 758.7 21.3 1584.2 63.2 2978.5 109.8 617.8 18.5

DB5_Ap_55 7.27 0.29 0.15 0.004 0.6278 6.5062 0.19 0.3420 0.011 -0.0100 921.7 26.4 2145.1 85.6 3671.7 118.1 619.1 21.5

DB5_Ap_56 3.31 0.11 0.12 0.003 0.1342 8.1235 0.21 0.1958 0.0052 0.4789 748.4 19.5 1483.2 49.3 2791.5 74.1 630.8 16.7

DB5_Ap_57 4.71 0.18 0.13 0.004 0.2796 7.7700 0.21 0.2620 0.0082 0.2788 780.4 21.2 1769.0 67.6 3258.8 102.0 595.9 17.7

DB5_Ap_58 2.72 0.16 0.12 0.003 0.3972 8.5763 0.23 0.1704 0.0085 -0.0758 711.0 18.9 1333.9 78.5 2561.6 127.8 619.9 17.6

DB5_Ap_59 7.38 0.3 0.16 0.005 0.5024 6.3980 0.19 0.3388 0.0095 0.0189 936.2 27.6 2158.5 87.7 3657.4 102.6 633.4 21.4

DB5_Ap_60 3.56 0.12 0.12 0.003 0.2833 8.0386 0.20 0.2080 0.0057 0.2769 755.8 18.8 1541.3 51.9 2890.0 79.2 626.1 16.1

DB5_Ap_61 5.76 0.36 0.14 0.004 0.6433 6.9979 0.22 0.2920 0.014 -0.3055 861.0 26.5 1940.4 121.3 3428.3 164.4 629.2 24.0

DB5_Ap_62 2.53 0.077 0.11 0.003 0.3646 8.8496 0.23 0.1623 0.0036 0.3575 690.1 17.7 1279.5 39.0 2479.8 55.0 607.8 15.5

DB5_Ap_63 2.32 0.076 0.11 0.003 0.1542 8.9847 0.23 0.1496 0.0042 0.3391 680.3 17.7 1218.1 39.9 2341.4 65.7 609.3 15.8



DB5_Ap_64 2.80 0.13 0.12 0.003 0.6744 8.5985 0.21 0.1746 0.0058 -0.3608 709.2 17.7 1355.5 62.9 2602.2 86.4 614.7 15.7

DB5_Ap_65 2.75 0.13 0.12 0.003 0.3772 8.5251 0.22 0.1704 0.0067 0.0328 715.0 18.3 1342.1 63.4 2561.6 100.7 623.5 16.6

DB5_Ap_66 2.63 0.096 0.12 0.003 0.3736 8.5911 0.22 0.1639 0.0045 0.2118 709.8 18.3 1309.6 47.8 2496.3 68.5 624.4 16.1

DB5_Ap_67 3.83 0.15 0.12 0.003 0.4433 8.0192 0.21 0.2224 0.0068 -0.0081 757.6 19.4 1599.1 62.6 2998.1 91.7 614.3 16.6

DB5_Ap_68 2.15 0.066 0.11 0.003 0.4296 9.0009 0.22 0.1398 0.0029 0.1477 679.1 16.5 1163.8 35.8 2224.7 46.1 616.2 14.8

DB5_Ap_69 6.09 0.25 0.15 0.005 0.4371 6.6845 0.21 0.2963 0.0091 0.2104 898.7 27.6 1988.8 81.6 3451.0 106.0 653.8 22.1

DB5_Ap_70 11.20 0.46 0.19 0.006 0.0001 5.2966 0.16 0.4290 0.018 0.5729 1114.9 34.2 2539.9 104.3 4014.0 168.4 637.6 31.7

DB5_Ap_71 2.96 0.092 0.12 0.003 0.4747 8.2781 0.23 0.1777 0.0038 0.3839 735.2 20.7 1398.4 43.4 2631.5 56.3 635.3 17.7

DB5_Ap_72 2.78 0.096 0.11 0.003 0.4911 8.7489 0.21 0.1757 0.0043 -0.0178 697.7 17.1 1349.9 46.6 2612.7 63.9 603.4 14.9

DB5_Ap_73 2.78 0.099 0.12 0.003 0.3982 8.6957 0.22 0.1751 0.0047 0.1247 701.7 17.7 1351.3 48.1 2607.0 70.0 607.5 15.5

DB5_Ap_74 2.30 0.087 0.11 0.003 0.2662 8.7413 0.22 0.1460 0.0044 0.2929 698.3 17.7 1213.2 45.8 2299.6 69.3 628.9 16.0

DB5_Ap_75 4.06 0.13 0.12 0.003 0.1956 8.0321 0.21 0.2328 0.0061 0.3365 756.4 19.4 1646.3 52.7 3071.4 80.5 603.7 16.2

DB5_Ap_76 2.64 0.094 0.12 0.003 0.4021 8.4104 0.23 0.1610 0.0041 0.2068 724.2 19.5 1312.1 46.7 2466.2 62.8 640.1 17.1

DB5_Ap_77 3.74 0.16 0.12 0.003 0.3287 8.0257 0.20 0.2171 0.0084 0.1623 757.0 18.8 1580.0 67.6 2959.3 114.5 618.7 16.9

DB5_Ap_78 3.74 0.13 0.13 0.003 0.4399 7.8740 0.21 0.2125 0.0058 0.1364 770.7 20.6 1580.0 54.9 2924.7 79.8 634.8 17.4

DB5_Ap_79 3.99 0.13 0.13 0.003 0.5292 7.8125 0.19 0.2252 0.0046 -0.0284 776.4 18.8 1631.6 53.2 3018.2 61.7 627.7 15.5

DB5_Ap_80 1.92 0.081 0.11 0.003 0.5855 8.9366 0.22 0.1241 0.0036 -0.3009 683.8 17.1 1087.7 45.9 2016.0 58.5 633.5 15.7

DB5_Ap_81 1.81 0.055 0.11 0.003 0.0001 9.4073 0.23 0.1241 0.0033 0.5580 651.2 15.9 1048.7 31.9 2016.0 53.6 602.4 14.6

DB5_Ap_82 2.87 0.12 0.12 0.003 0.3402 8.4317 0.22 0.1745 0.0057 0.1716 722.5 18.9 1374.1 57.5 2601.3 85.0 626.7 16.7

DB5_Ap_83 1.49 0.047 0.10 0.003 0.2100 9.6339 0.23 0.1054 0.0022 0.2169 636.6 15.3 927.9 29.2 1721.3 35.9 602.9 14.2

DB5_Ap_84 2.22 0.077 0.11 0.003 0.4128 8.8731 0.20 0.1414 0.0032 -0.0277 688.4 15.9 1188.6 41.2 2244.4 50.8 623.6 14.3

DB5_Ap_85 2.24 0.083 0.11 0.003 0.5452 8.7796 0.23 0.1420 0.0034 -0.0099 695.4 18.3 1193.3 44.2 2251.7 53.9 629.6 16.4

DB5_Ap_86 2.28 0.078 0.11 0.003 0.1730 8.8810 0.22 0.1463 0.004 0.2764 687.8 17.1 1206.4 41.3 2303.1 63.0 619.0 15.4

DB5_Ap_87 4.98 0.21 0.14 0.004 0.2989 7.3529 0.19 0.2641 0.0088 0.1385 822.0 21.2 1815.9 76.6 3271.3 109.0 627.3 18.1

DB5_Ap_88 3.73 0.1 0.12 0.003 0.1249 8.0710 0.20 0.2213 0.0049 0.4772 753.0 18.8 1578.7 42.3 2990.2 66.2 611.4 15.6

DB5_Ap_89 3.31 0.16 0.12 0.004 0.4762 8.1433 0.26 0.1964 0.0079 -0.0942 746.7 23.7 1483.4 71.7 2796.5 112.5 628.7 20.7

DB5_Ap_90 5.12 0.25 0.13 0.004 0.7773 7.5019 0.23 0.2826 0.0086 -0.3865 806.7 24.2 1839.4 89.8 3377.4 102.8 596.5 19.5

DB5_Ap_91 3.36 0.14 0.12 0.003 0.4210 8.3822 0.22 0.2047 0.0062 0.0103 726.5 19.5 1495.1 62.3 2864.0 86.7 603.7 16.7

DB5_Ap_92 1.76 0.069 0.11 0.003 0.4669 9.1241 0.23 0.1151 0.0034 -0.0278 670.4 17.1 1031.6 40.4 1881.5 55.6 628.0 15.8

DB5_Ap_93 2.67 0.088 0.11 0.003 0.3675 8.8810 0.22 0.1704 0.0039 0.1513 687.8 17.1 1321.3 43.5 2561.6 58.6 599.0 14.9

DB5_Ap_94 8.86 0.59 0.16 0.007 0.6248 6.1387 0.27 0.3830 0.021 -0.1759 972.9 42.4 2323.7 154.7 3843.6 210.7 605.9 36.1

DB5_Ap_95 2.30 0.078 0.12 0.003 0.0440 8.6430 0.23 0.1446 0.0043 0.4132 705.8 18.9 1211.7 41.1 2283.0 67.9 637.1 17.0

DB5_Ap_96 2.14 0.1 0.11 0.003 0.4890 8.9206 0.23 0.1380 0.0049 -0.1674 684.9 17.7 1162.5 54.3 2202.3 78.2 623.1 16.2



DB5_Ap_97 3.62 0.11 0.13 0.003 0.3737 7.9239 0.21 0.2084 0.0043 0.2420 766.2 20.0 1554.8 47.2 2893.1 59.7 634.7 16.7

DB5_Ap_98 2.35 0.082 0.11 0.003 0.5059 9.0909 0.23 0.1559 0.0039 -0.0221 672.7 17.1 1226.6 42.9 2411.7 60.3 597.2 15.2

DB5_Ap_99 4.66 0.23 0.13 0.004 0.7690 7.5075 0.23 0.2513 0.0075 -0.3484 806.1 24.8 1760.1 86.9 3193.0 95.3 627.1 20.2

DB5_Ap_100 4.75 0.19 0.13 0.004 0.5654 7.5586 0.21 0.2599 0.007 0.0017 801.0 22.4 1776.1 71.0 3246.1 87.4 614.5 18.2

DB5_Ap_101 3.53 0.15 0.12 0.003 0.1609 8.1766 0.19 0.2094 0.0078 0.1147 743.8 17.6 1534.0 65.2 2900.9 108.1 614.4 15.9

DB5_Ap_102 4.98 0.2 0.14 0.004 0.5411 7.3475 0.19 0.2648 0.0076 -0.1028 822.6 21.8 1815.9 72.9 3275.5 94.0 627.0 17.9


