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New geo log i cal, geo chem i cal and U-Pb SHRIMP zir con age data brought more in for ma tion about base ment units in subsurface of South -
ern Po land and SE Ro ma nia, which al lows to re vise and re fine some ear lier mod els in the frame work of the break-up of the
Rodinia/Pannotia supercontinent. In the Brno Block, Moravia, and in the Up per Silesia Block, three dif fer ent ter ranes formed the com -
pos ite Brunovistulia Terrane. The Thaya Terrane (low eNd(T)) of Gond wana (Amazonia) de scent col lided obliquely at 640–620 Ma with
the Slavkov Terrane (mod er ate eNd(T)) com posed of am phi bo lite fa cies meta sedi ments and arc-re lated, mostly unfoliated granitoids
which in truded at 580–560 Ma. At that time, back-arc rift ing sep a rated the cou ple Thaya–Slavkov (in her ited zir cons: 1.01–1.2, 1.4–1.5,
1.65–1.8 Ga) that drifted away from Gond wana un til col li sion around 560–550 Ma with the Rzeszotary Terrane, the Palaeoproterozoic
(2.7–2.0 Ga) crustal sliver de rived from Amazonia or West Af rica. At least these three units com posed Brunovistulia, which oc curred at
low lat i tudes in prox im ity to Baltica as shown by palaeomagnetic and palaeobiogeographic data. Then Brunovistulia was accreted to the
thinned pas sive mar gin of Baltica around its Ma³opolska prom on tory/prox i mal terrane. A com plex fore land flysch ba sin de vel oped in
front of the Slavkov–Rzeszotary su ture and across the Rzeszotary–Baltica/Ma³opolska bor der. The fur ther from the su ture the less
amount of the 640–550 Ma de tri tal zir cons ex tracted from the Thaya–Slavkov hin ter land and the smaller eNd(T) val ues. In West
Ma³opolska, the flysch con tains mainly Neoproterozoic zir cons (720–550 Ma), whereas in East Ma³opolska 1.8–2.1 Ga and 2.5 Ga zir -
cons dom i nate, which re sem bles nearby Baltica. The ba sin infill was multiphase folded and sheared; in Up per Silesia prior to de po si tion
of the pre-Holmia Cam brian over step. In Ma³opolska, the folded flysch se ries formed a large-scale antiformal stack with ther mal
anticline in its core marked by low-grade meta mor phic over print. In Cen tral Dobrogea, Moesia, Ediacaran flysch also con tains mainly
700–575 Ma de tri tal zir cons which link the source area, likely in South Dobrogea with ca. 560 Ma granitoids, rather close with Gond -
wana. How ever, fauna in Lower Cam brian over step strata shows Baltican af fin ity. Such fea tures re sem ble Up per Silesia, thus Brunovis -
tulia might have ex tended be neath the Carpathians down to Moesia. The other part of South Dobrogea with Palaeoproterozoic iron stones
re sem bles Ukrai nian banded iron for ma tion. If true, the Baltican sliver would be in cor po rated in Moesia. Such a pos si bil ity con curs with
the prov e nance data from Ediacaran flysch of Cen tral Dobrogea, which points to up lifted con ti nen tal block as a source of de tri tal ma te -
rial. Our study sup ports an ear lier prop o si tion that at the end of the Neoproterozoic a group of small ter ranes that in cluded Brunovis tulia,
Moesia and Ma³opolska formed the Teisseyre-Tornquist Terrane As sem blage (TTA). In our model, a char ac ter is tic fea ture of the TTA
was a mix ture of crustal el e ments that were de rived from both Gond wana and Baltica, which gave rise to mu tual col li sions of the el e -
ments prior to and con cur rent with the dock ing to Baltica in lat est Ediacaran times. The pres ence of ex ten sive youn ger cov ers and com -
plex Phanerozoic evo lu tion of in di vid ual mem bers of the TTA im pede the rec og ni tion of their Neoproterozoic his tory.
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INTRODUCTION

Re cent stud ies and re in ter pre ta tions of tec tonic units which
in ter vene be tween the East Eu ro pean Craton (EEC = Baltica)
and the Variscan orogen stress sim i lar i ties shown by the re -
gions spread be tween South ern Po land and north west ern Tur -

key, and pos si bly even fur ther east (Pha raoh et al., 1997; Unrug 
et al., 1999; Kalvoda et al., 2002, 2003; Nawrocki et al., 2004a, 
b; Nawrocki and Poprawa, 2006). Cor re la tions are how ever
ham pered as most of these re gions are con cealed be neath
Permo-Me so zoic strata and tec toni cally over lain by the
Carpathian Orogen. Thus provenence and palaeo ge ogra phy of
these units as well as time and mech a nisms of their dock ing to



Baltica are still de bated (Po¿aryski and Kotañski, 1979; Dudek, 
1980; Brochwicz-Lewiñski et al., 1986; Po¿aryski, 1991;
Lewandowski, 1993, 1994; Haydutov and Yanev, 1995;
¯elaŸniewicz, 1998; Unrug et al., 1999; Belka et al., 2000;
Nawrocki et al., 2004a, b; Murphy et al., 2000, 2004; Nance et
al., 2008). They are sup posed to orig i nate as crustal blocks de -
tached from Gond wana and Baltica, how ever de tails of their
der i va tion are more a mat ter of spec u la tions rather than es tab -
lished facts. Iso to pic ages (re view in Fin ger et al., 2000a, b;
Dudek and Melkova, 1975; Dudek, 1995; Friedl et al., 2000)
and microfossil data (Kräutner et al., 1988; Bu³a et al., 1997;
Seghedi, 1998; Moryc and Jachowicz, 2000; Jachowicz et al.,
2002) in di cate that in South ern Po land (Up per Silesia,
Ma³opolska), the East ern Czech Re pub lic (Brno re gion in
South Moravia), and south east ern Ro ma nia (Cen tral
Dobrogea), Neoprotero zoic rocks are ex ten sively pres ent
(Fig. 1). They all seem to have been once in volved in the
Avalonian–Cadomian belt (sensu Nance and Murphy, 1994;

Murphy et al., 2004). In this study, the fo cus is on new data on
Pre cam brian siliciclastic se ries and mag matic rocks from bore -
holes in South ern Po land, com pleted with the first SHRIMP II
U-Pb ages for de tri tal and ig ne ous zir cons from Up per Silesia,
Ma³opolska and Dobrogea. Com bined with data on the prov e -
nance of de tri tal ma te rial and the ages of the youn gest
tectonothermal event in the source re gion(s), they al low for fur -
ther re fine ment of Pre cam brian evo lu tion of these re gions and
pro vide some new ma te rial for the on go ing dis cus sions of late
Neoproterozoic palaeo ge ogra phy and geodynamics. 

GEOLOGICAL DATA

There are nu mer ous re ports on late Neoproterozoic
(Vendian = Ediacaran) sed i men tary, mag matic, meta mor phic
and deformational events from Moravia (NE Czech Re pub lic),
Up per Silesia and Ma³opolska (S Po land), and Dobrogea (E
Ro ma nia; Karnkowski et al., 1977; Kowalski, 1983; Kräutner
et al., 1988; Kowalczewski, 1990; Dudek, 1995; Dallmeyer
and Ur ban, 1998;  Fin ger et al., 2000a, b; Mikuláš et al., 2008).
South ern Po land and Dobrogea lie close to the
Teisseyre-Tornquist (SW) mar gin of Baltica (Fig. 1). In this
study, South ern Po land re fers to a tri an gu lar re gion be tween the 
Variscan Bo he mian Mas sif to the west, the Pre cam brian East
Eu ro pean Craton to the east and the Al pine su ture (Pieniny
Klippen Belt) to the south (Figs. 1 and 2). It con sists of the Up -
per Silesia Block in its west ern part and the Ma³opolska Block
in its east ern part; the two units are sep a rated by the
NW-trending Kraków–Lubliniec Fault Zone (Bu³a et al., 1997; 
¯aba, 1999). The Neoproterozoic and older base ment of both
blocks is con cealed by Palaeozoic through Ce no zoic cover,
thus only known from un evenly dis trib uted bore holes mainly
drilled by the oil-in dus try (Fig. 2). G³owacki and Karnkowski
(1963), Karnkowski (1977) and Kräutner et al. (1988) ob -
served that the Pre cam brian (meta)sed i men tary suc ces sion
with Vendian acritarchs (Moryc and Jachowicz, 2000;
Jachowicz et al., 2002) in Ma³opolska is lithologically sim i lar
to the Histria Fm., Cen tral Dobrogea (Fig. 1), which is well ex -
posed, doc u mented and in ter preted as Vendian flysch (Seghedi
and Oaie, 1994, 1999; Oaie, 1998, 1999) de pos ited in a
Cadomian fore land ba sin (Seghedi et al., 2000a, b, 2001;
Seghedi and Oaie, 2004). 

THE UPPER SILESIA BLOCK

The Up per Silesia Block (US), re ferred to as Vistulicum by
Stille (1951), con tacts across the Haná Fault Zone with the
Brno Block (Fig. 2) fur ther to the south-west and the two form
Brunovistulicum (Dudek, 1980) which in the lit er a ture is also
re ferred to as the Brunovistulian Block/Terrane, Brunovistulia,
or Brunnia. The Brno Block, partly out cropped as the Brno
Mas sif in Moravia, Czech Re pub lic, is mainly com posed of
granodiorites to tonalites, quartz diorites and metabasites; the
protolith of the lat ter was dated at 725 ±15 Ma (Pb-Pb sin gle
zir con; Fin ger et al., 2000a, b). The meta sedi ments, which are
more abun dant to wards Up per Silesia, are ~640 to 610 Ma old
and were in truded by unfoliated, post-tec tonic, I-type (VAG)
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Fig. 1. Tec tonic sketch show ing the lo ca tion of the Up per Silesia,

Ma³opolska and Cen tral Dobrogea blocks rel a tive to the

Teisseyre-Tornquist mar gin of the East Eu ro pean Craton (Baltica)

and orogenic belts in Cen tral Eu rope. Main lithotectonic units and

their ages in Fennoscandian and Sarmatian parts of Baltica af ter

Bogdanova et al. (2001). In Dobrogea, sam pling sites for zir cons are in -

di cated with sam ple names

Or na mented and gray shaded ar eas out side the EEC — base ment units with 
re cords of Neoproterozoic orogenic events; dots — Cam brian de pos its:
plat form cover in the EEC, over step in Brunovistulia and Ma³opolska;
dashed out line — ex tent of the Volhyn bas alts and as so ci ated pyroclastic
rocks (Bia³owolska et al., 2002); AF — Al pine Front; B — Brno Block;
BUS — Brunovistulia; CD — Cen tral Dobrogea; HF — Haná Fault; KLF
— Kraków–Lubliniec Fault Zone; M — Ma³opolska Block; MA —
Moesia; MTZ — Moldanubian Thrust Zone; ND — North Dobrogea;
O–MB — Osnitsk–Mikashevichi Belt; P–LB — Podlasie–Lublin Ba sin;
PS — Pieniny (Klippen Belt) Su ture; SD — South Dobrogea; US — Up per
Silesia Block; VF — Variscan Front; in set frame ex panded to Fig ure 2



granitoids, gab bros and diorites at 596–550 Ma (for a re view
see Dudek and Melková, 1975; Dudek, 1980; Fin ger et al.,
1989, 2000a, b). In Po land, Neoproterozoic rocks of the Up per
Silesia Block are known only from bore holes (Fig. 2). 

The south west ern part of the Up per Silesia Block is com -
posed of mica schists, paragneisses and migmatites (Heflik and
Konior, 1974; Œl¹czka, 1976; Moryc and Heflik, 1998) dated
(K-Ar on biotites; no iso to pic con trol) at ca. 700–400 Ma
(Borucki and Sa³adan, 1965). The meta mor phic grade of this
metasediment ary-volcanogenic se ries ranges from mid dle to
up per am phi bo lite fa cies. These rocks were in truded by sev eral 
granitoid, diorite and gab bro bod ies of var i ous di men sions
(Fig. 2). Our study shows that the granitoids are peraluminous,
low-K to me dium-K, calcic granodiorite to tonalite, which plot
in the VAG or IAG/CAG fields, in the syn- to post-collisional
set ting (Ta ble 1, Fig. 3). They dis play fea tures of S/I-type
(A/CNK ra tio >1.1, SiO2 >65%, but high-Na) granitoids which
could have been de rived from a lower(?) crustal source (low Th 
and U, K/Rb = 240–580) in a su pra-subduction set ting (neg a -
tive Nb and Ti anom a lies, pos i tive Sr anom aly) of arc

magmatism. With one ex cep tion, the Up per Silesian granitoids
are unfoliated, which tes ti fies to their in ferred sta tus of mainly
late/post-tec tonic in tru sions. 

In the US, fur ther to the north and east, only low-grade meta -
mor phosed to unmetamorphosed sed i ments were found in the
drill cores and thus we dis tin guish two dif fer ent lith o -
logic/lithotectonic(?) do mains re ferred in this pa per as A and B,
re spec tively (Fig. 2). The A (SW) do main is com posed of the
men tioned ig ne ous and meta mor phic rocks, whereas the B (NE)
do main is com posed of (meta)mudstones, sand stones and oc ca -
sional con glom er ates. The lat ter, weakly meta mor phosed
(Cebulak and Kotas, 1982) and unmetamorphosed (Œl¹czka,
1976, 1982), con tain a va ri ety of peb bles, in clud ing some of
crys tal line rocks akin to those of the for mer unit and thus likely
de rived from it (Fig. 4). This suc ces sion is as signed mainly or
wholly to the Neoproterozoic be cause of the pres ence of a dis -
cor dant, ex ten sive cover of Lower Cam brian Holmia and
sub-Holmia de pos its (Bu³a and Jachowicz, 1996; Bu³a et al.,
1997; Moczyd³owska, 1997; Bu³a, 2000). Ear lier in ter pre ta tions
which as sume its youn ger age (Kowalczewski, 1990) are un sup -
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 Fig. 2. Geo log i cal sketch of Pre cam brian base ment rocks in South ern Po land and north east ern Czech Re pub lic

Based on Dudek (1995), Fin ger et al. (2000a), Bu³a and ¯aba (2005), Bu³a and Habryn (2008): mod i fied; mar gin of the East Eu ro pean Plat form af ter
Znosko (1998); dot ted con tour — out line of out crops of Palaeozoic rocks of the Holy Cross Moun tains; HCF — Holy Cross Moun tains Fault; RW —
Ryszkowa Wola Fault. Bore holes: 1 — Gocza³kowice, 2 — Piotrowice, 3 — Wysoka, 4 — Œlemieñ, 5 — Lachowice, 6 — Roztropice (Rozt-2), 7 — Kêty
(Kety-8), 8 — Roczyny (Rocz-3), 9 — £ody gowice (Lody-1), 10 — Rzeszotary, 11 — ̄ arki Z-143, 12 — BN 58, 13 — Kostki Ma³e, 14 — Zgórsko, 15 —
Zalasowa, 16 — Tulig³owy, 17 — Grzêska, 18 — Palikówka, 19 — Cha³upki Dêbniañskie, 20 — Terebiñ, 21 — Bia³opole (Bial-3)
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Sam ple Lody-1 Rozt-2 Kety-8 Rocz-3

Depth 1777 m 2120.5 m 1456 m 1802 m

Rock Granodiorite Granodiorite Granodiorite Granodiorite

SiO2 71.52 65.38 70.21 69.62

Al2O3 16.17 19.80 17.15 16.66

Fe2O3   1.79   1.51   0.98   0.73

MnO   0.04     0.040     0.020     0.022

MgO   0.73   1.16   0.89   0.46

CaO   2.22   3.74   2.57   2.43

Na2O   4.94   6.02   6.23   6.08

K2O   1.54   1.44    0.78   1.19

TiO2    0.212     0.242     0.166     0.071

P2O5   0.09   0.11   0.08   0.08

LOI   0.91   0.93   1.10   1.17

To tal 100.17 100.38  100.19  98.50

Ba 406 207 121 124

Co 85 52 79 35

Cr –5 –20 –20 5

Cs 3 3.0 0.9 3.0

Ga 17 17 15 16

Hf 3 2.8 1.9 2.0

Nb 4 2.4 1.7 7.0

Pb 4 –5 –5 –5.0  

Rb 52 44 11 24

Sc   2.4 3 3 1

Sr 437 712 503 314

Ta 0   0.15   0.13   0.10

Th 4   4.45   0.53   1.18

U 1   1.43   0.40   0.36

V 11 20 13 7

Zr 118 124 74 55

La 14   8.93   2.85   4.34

Ce 27 21.3   6.15   9.28

Pr 3   2.25   0.65   1.12

Nd 11    8.92   2.57   4.66

Sm 2   1.75   0.63   0.98

Eu 1     0.634     0.365     0.356

Gd 2   1.67   0.68   0.74

Tb 0   0.19   0.10   0.10

Dy 1   0.95   0.51   0.43

Ho 0   0.17   0.09   0.07

Er 1   0.48   0.27   0.21

Tm 0     0.063     0.036     0.030

Yb 1   0.46   0.24   0.20

Lu 0     0.077     0.037     0.028

T a  b l e  1

Geo chem is try of  Neoproterozoic granitoids 
from the Up per Silesia Block

Fig. 3. Geo chem is try of Neoproterozoic granitoids 

in the Up per Silesia Block

Geotectonic en vi ron ment: A — Rb/Y+Nb plot (Pearce et al., 1984), B —
R1–R2 multicationic plot (Bat che lor and Bowden, 1985); trace el e ments:
C — nor mal ized to chondrites (Nakamura, 1974), D — nor mal ized to up -
per crust (Tay lor and McLennan, 1985); leg end of plot sym bols as in C



ported. Al though di rect ev i dence is still scarce, the suc ces sion is
(wholly?) un der lain by a high-grade base ment sim i lar to that el e -
vated and sam pled in the Rzeszotary horst (Fig. 2). The protolith
age of the meta mor phosed (B’) to unmetamorphosed (B”) B do -
main sed i ments is brack eted by the granitoid in tru sions of the
do main A and the Lower Cam brian cover of al lu vial/delta fans
and shal low-ma rine de pos its (Paczeœna, 2005) with tri lo bite
fauna of Baltican af fin ity at the ge nus level (Or³owski, 1975;
¯yliñska, 2002; Nawrocki et al., 2004b; Nawrocki et al., 2007).

Sys tem atic anal y sis of the (meta)sed i men tary rocks in the
north east ern unit has been ham pered by poor cor ing. A few
petrographic de scrip tions have been pub lished (Moryc and
Heflik, 1998). Our ex am i na tion of the drillcores that are still
avail able shows that the more coarse-grained fa cies, which are
rep re sented by rel a tively shal low-wa ter prox i mal con glom er -
ates and sand stones oc cur closer to the do main A whereas more 
deep-wa ter, more dis tal and more fine-grained sand -
stone-to-mudstone fa cies with turbiditic fea tures oc cur fur ther
away (Fig. 2). The mode of dis tri bu tion and greywacke com po -
si tion of the sand stones, poor sort ing, well-de fined bases of the
in di vid ual beds/lay ers, and ev i dence of graded and rythmical
bed ding are all sug ges tive of a flysch-type or i gin of the ex am -
ined suc ces sion. The frame work com po nents of the greywacke 
sand stones on the Qm-F-Lt di a gram (Dickinson and Suczek,
1979; Dickinson et al., 1983) and sim i lar di a grams plot mostly
in the re cy cled orogen field (Fig. 5). 

In the US, the sed i men tary rocks oc cur ring in a 15–20 km
wide belt (B’) next to the crys tal line core (Fig. 2) un der went
low-grade meta mor phism, in tense fold ing and zonal shear ing
par al lel to the ax ial planes of asym met ric F1 folds in bed ding,
ac com pa nied by a steeply to mod er ately dip ping (70–40°)
cleav age (Fig. 6A, B). Its in ter sec tion with the bed ding pro -
duces a subhorizontal in ter sec tion lineation. Up to three sets of

thin quartz veinlets are ob served. The old est set is oblique to the 
bed ding (at an an gle of 40–70°) and in volved in the crenulation
folds F2, while the other set, closely lo cally spaced, is par al lel to 
the crenulation cleav age S1 (Fig. 6B, C). These S2 par al lel
quartz veins are of ten ac com pa nied by con cen tra tions of
opaque con stit u ents, which tes ti fies to a pres sure-so lu tion com -
po nent and ac tive meta mor phic flu ids. Low-grade, greenschist
fa cies meta mor phism, lo cally up to the bi o tite zone, was pre-
and syntectonic with re spect to the F2 de for ma tion. Green -
ish-brown bi o tite neoblasts were as so ci ated with the pre-fold
quartz set and grew par al lel to the S2 planes to gether with
chlorite (Fig. 7). How ever, the meta mor phic recrystallization
was mainly lim ited to mi metic trans for ma tions of layer-sil i -
cates to new blasts of micas, while de tri tal quartz and feld spar
grains were left in tact rather and along with some lithic clasts
only dis play a more or less ad vanced sericitization. The
sub-Holmia Cam brian cover pro vides an up per age limit for the 
F2 event which must have been older and as sign able to a
Neoproterozoic orogen. In the metagraywackes, su per im posed
open folds F3 oc cur. Their shal lowly dip ping ax ial planes are
of ten par al lelled by the third set of quartz veins (Fig. 6B). This
is an ev i dence of the re peated in flux of flu ids, but tim ing of the
youn ger fold ing is un cer tain. A subvertical max i mum load is
re quired for such fold ing. This might have been achieved in a
late-orogenic col lapse re gime which ter mi nated the
Neoproterozoic orog eny. The third set of quartz veinlets would
be then syndeformational, or de vel oped still later, un der the
bur den of the over ly ing Palaeozoic cover in which quartz vein -
ing is a com mon fea ture. 

Gen er ally in the do main B (B’ + B”), Neoproterozoic meta -
mor phism ac com pa ny ing the F1–F2 de for ma tion faded away
fur ther from the crys tal line do main A, and at a dis tance of
10–20 km the flysch-type sed i ments re mained unmeta -
morphosed (Fig. 2). This ob ser va tion in di cates a dis tinct po lar -
iza tion typ i cal for an orogenic belt, with de for ma tion and meta -
mor phism dy ing out wards in a man ner re sem bling fold-and-
 thrust belt, char ac ter is tic for orogenic fore lands. Thus the A
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Fig. 4. Con glom er ate from basal part of Ediacaran flysch suc ces sion

in north ern do main of the Up per Silesia Block, bore hole

Gocza³kowice IG 1, depth of 3270 m

Fig. 5. Qm-F-Lt di a gram (Dickinson et al., 1983) for frame work

modes of  sand stones and greywackes from Ediacaran flysch 

de pos its in the dis cussed re gions



and B do mains rec og nized in the US are in ter preted as frag -
ments of the in ner (hin ter land) and outer (fore land) parts of a
Neoproterozoic orogen, re spec tively. 

A deeper base ment of the orogenic fore land in the US is rep -
re sented by the Rzeszotary horst S of Kraków (Fig. 2) which ex -
posed high-grade migmatized orthoamphibolites along with mi -
nor meta sedi ments (I. Nowak et al., unpubl. data in prep.) at the
Cam brian and Ju ras sic palaeosurfaces. Sin gle grain U-Pb con -
ven tional dat ing of the abraded and non-abraded zir cons from
the am phi bo lites of the horst yielded the up per in ter cept age of
2732 +23/–21Ma (Bylina et al., 2000) in ter preted as a protolith
age, whereas the zir cons from neosomes an a lyzed with
SHRIMP pointed to meta mor phism and migmatization at
~2.0 Ga, with no youn ger over print (¯elaŸniewicz et al., 2001,
unpubl. data in prep.; Jachowicz et al., 2002). 

THE MA£OPOLSKA BLOCK

The US and the Ma³opolska Block (MB) have a pro nounced
crustal bound ary known as the Kraków–Lubliniec Fault Zone
(Figs. 1 and 2). Seis mic re frac tion data shows that the Vp wave
ve loc ity struc ture of the crust in Ma³opolska is prac ti cally the
same like in the re gions fur ther NE, with the crustal lay ers sim i -
lar to those of the EEC but mark edly thinned south-west ward as
a pas sive mar gin (Malinowski et al., 2005). This sug gests that
they all be long to a sin gle crustal block which has formed a
prom on tory of the Baltica con ti nent (= East Eu ro pean Craton)
within such mar gin. Some dif fer ences in li thol ogy and stra tig ra -
phy are re stricted only to the 1–5 km thick up per most layer of the 
crust, which al lows the dis tinc tion of such up per crustal units as
the Holy Cross Mts. Fold Belt, or the Radom–Kraœnik Horst. In
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 Fig. 7. Mi cro pho to graphs of  lam i nated turbidites with S1 crenulation cleav age (yel low dashes) well de vel oped 

in mica-rich lay ers, Up per Silesia

A — bore hole Lachowice 7, depth of 3109 m, scale bar 1.5 mm long; B —  bore hole Œlemieñ, depth of 3300 m, scale bar 2.0 mm long

Fig. 6. S1 crenulation cleav age and youn ger struc tures in low-grade metagreywackes in Up per Silesia

Up per Silesia: A — tight to iso cli nal folds in bed ding with S1 ax ial pla nar cleav age cut by later quartz veinlets, bore hole
Gocza³kowice IG 1, depth 3187 m; B — multiphase fold ing: S0 — bed ding, S1 — ax ial pla nar fo li a tion to F1 folds, F3 —
open folds with shal lowly dip ping ax ial planes par al leled by quartz veins (Q),  Œlemieñ IG 1, depth 3299.5 m; C — sketch
from a pho to graph to show re la tion of struc tures, F2 folds with S2 ax ial pla nar cleav age, note shear ing along S1 and S2

planes, 1— quartz, 2 — metagreywacke, bore hole Lachowice 3a, depth of 3923.5 m



view of this, the NE bound ary of the MB taken as an in de pend -
ent crustal block is dif fi cult to lo cate. At the Permo-Me so zoic
sur face, it can be par al leled with the Kazimierz–Ursynów Fault,
which de fines the SW bor der of the Mazovia–Lublin Graben,
and iden ti fied with the marked down-thrown step in the EEC
base ment and its plat form cover (Fig. 2). Such an op tion, con sis -
tent with the seis mic re frac tion data (Malinowski et al., 2005),
has been adopted in this pa per and the MB in cludes herein the
Kielce, £ysogóry and Radom–Kraœnik units which share the
same type of Pre cam brian base ment. Ac cord ingly, the MB is
con sid ered a promonontory of the EEC/Baltica. Whether deeper
seg ments of the Kazimierz–Ursynów Fault can ac tu ally rep re -
sent a Neopro terozoic or youn ger terrane bound ary re mains a
guess with no ma te rial data be hind. Nev er the less, strike-slip dis -
place ments on this fault are well fea si ble at those times and thus
the MB may also be con sid ered a prox i mal terrane.

A lithostratigraphic col umn for the pre-Or do vi cian base -
ment in west ern Ma³opolska is still un cer tain (re views in
Kowalski, 1983; Kowalczewski, 1990; Bu³a, 2000). Acritarchs 
re trieved re cently in 10 bore holes from the unmetamorphosed
mudstones in the SW Ma³opolska Block (Moryc and
Jachowicz, 2000; Jachowicz et al., 2002) doc u ment Ediacaran
age for the suc ces sion, con sis tent with the U-Pb age of
549 ±3 Ma yielded by zir cons from a tuff layer of in ter me di ate
com po si tion (Compston et al., 1995) drilled in one of the bore -
holes (Ksi¹¿ Wielki), and con sis tent with the ear lier as sign -
ments of the top of the pre-Or do vi cian rocks in SW
Ma³opolska (Fig. 2) to the Vendian (Jurkiewicz, 1975). 

The Neoproterozoic suc ces sion of SW Ma³opolska, the
top most por tion of which was pen e trated by bore holes, is
mainly rep re sented by siltstones and mudstones, with sub or di -
nate sand stone and less fre quent con glom er ate interbeds. The
rhyth mic sed i men ta tion of sandy to silty ma te rial, poorly sorted 
sand stone and con glom er ate beds with pla nar bases and grad -
ual, in dis tinct tops, the mul ti ple frac tional grad ing within
coarse-grained beds and con vo lute bed ding in fine-grained
ones, and com mon lithic clasts are all in dic a tive of turbiditic
de pos its which al to gether seem to form an up ward-fin ing suc -
ces sion. Tur bid ity cur rents of var i ous de grees of con cen tra tion
and co he sive flows car ried ma te rial de rived from a crys tal line

source or sources com posed of granitoids, gab bros, and
low-grade meta mor phosed acid, in ter me di ate and ba sic
volcanogenic rocks, and from re de pos ited sed i ments, rep re -
sented by abun dant arenite peb bles ac com pa nied by intraclasts
of greywackes and tuffites; this is con sis tent with ear lier ob ser -
va tions of Moryc and £ydka (2000). Re gional con sid er ations
point to a south erly lo ca tion for an un iden ti fied source area,
pos si bly con cealed un der the Carpathians. All these fea tures re -
sem ble the Neoproterozoic (meta)sed i ments in Up per Silesia,
thus the Ma³opolska suc ces sion is also taken as syntectonic
flysch-type sed i ments de pos ited in a fore land ba sin. This fore -
land was consituted by the thinned Baltica mar gin in which
Ma³opolska pre sum ably formed a dis tinct prom on tory. 

The siliciclastic suc ces sion in Ma³opolska was partly af -
fected by very low to low-grade meta mor phism which, ac cord -
ing to our study, gave rise to the WNW-trending, ca. 50 km
wide belt flanked on ei ther side by unmetamorphosed rocks
(Fig. 2) with Vendian acritarchs (Moryc and Jachowicz, 2000;
Jachowicz et al., 2002). Within the belt, up to the chlorite grade
con di tions were at tained, with a max i mum tem per a ture of ca.
300°C shown by illite crystallinity stud ies (IC <0.42)
(Kowalska, 2001). Mi nor folds ac com pa nied by subvertical to
subhorizontal ax ial pla nar cleav age, of ten of pres sure so lu tion
type, are also con fined to the belt and cease out wards (Fig. 8).
The belt ap pears as an im por tant ther mal and tec tonic zone of
contractional de for ma tion, pos si bly with large-scale listric
thrust ing as sug gested by small-scale struc tures found in the
drillcores (Fig. 8B). Un for tu nately, ki ne mat ics through out the
zone is un cer tain be cause the drillcores were not ori ented. The
asym met ric folds and steep to subvertical crenulation and pres -
sure so lu tion cleav age re sem ble sim i lar (F1S1– F2/S2) fea tures
in Up per Silesia. In the MB, the folded and sheared flysch suc -
ces sion was prob a bly de tached from the un der ly ing
Neoproterozoic base ment and dis placed by thrust ing to ward
the EEC craton, how ever this sup po si tion can not be proved as
none of the drillholes nu mer ous in the re gion pierced the flysch
sed i ments. K-Ar ages of de tri tal micas (Belka et al., 2000;
Nawrocki et al., 2007) from Cam brian rocks of the Holy Cross
Mts. sug gest that the dis cussed fore land de for ma tion oc curred
at lat est Ediacaran times.
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Fig. 8. Steep S1 crenulation cleav age in very low-grade meta mor phosed turbidite in Ma³opolska

A —  bed ding and meta mor phic fab ric seen as the ax ial pla nar fo li a tion to small folds F1, later re ju ve nated in the nor mal re gime, bore hole Grzêska 1, depth
of 1522 m, scale bar 1.5 mm long;  B — sketch from pho to graph  to show re la tion of struc tures, bore hole Palikówka 6, depth of 2282.3 m; other ex pla na -
tions as in Fig ure 6



It is im por tant for re gional con sid er ations that in the MB,
the folded, low-grade meta mor phosed and cleaved siliciclastic
suc ces sion is over lain by patchily pre served over step Or do vi -
cian (Arenigian) and Si lu rian de pos its and con cealed un der the
Carpathian accretionary wedge to the south (Kowalski, 1983;
Kowalczewski, 1990; Bu³a, 2000). The pres ence of the lower
(Holmia) Cam brian sug gested by Po¿aryski et al. (1981) and
Kowalczewski (1990) has not been con firmed there (Bu³a,
2000; Bu³a and ̄ aba, 2005). A con glom er ate-dom i nated se ries 
from south-wes tern most Ma³opolska (£apczyca Fm.) is not
Cam brian but Late Si lu rian in age, oc cur ring be tween the
palaeontologically doc u mented Ludlovian and the Lower De -
vo nian (Bu³a et al., 1997; Bu³a, 2000). In NE/E Ma³opolska,
how ever, Cam brian rocks ap pear at the sur face in the Holy
Cross Mts. and they are known from subsurface in the
Krzeszów–Lubaczów Zone to the SE but no where the Cam -
brian base has been ob served. In the lat ter area, the low-grade
meta mor phosed (chlorite zone) Ediacaran rocks are in a tec -
tonic con tact with unmeta morphosed Lower Cam brian rocks
along the SW bor der fault of the Ryszkowa Wola horst (Fig. 2;
Bu³a and Habryn, 2008). 

CENTRAL AND SOUTH DOBROGEA, ROMANIA 

To the SE of Up per Silesia and Ma³opolska, Pre cam brian
rocks are largely con cealed un der the Carpathians and ap pear
in the Moesian Block, east ern Ro ma nia (Fig. 1). In Cen tral
Dobrogea (CD), close to the Black Sea coast, there is ex posed a 
ca. 5000 m thick, green ish, turbiditic flysch se quence dis tin -
guished as the Histria For ma tion. De spite some very low-grade 
meta mor phism, it con tains relicts of an Ediacaran-type fauna,
and palynologic ev i dence for its Vendian–Early Cam brian age
(Seghedi and Oaie, 1994; Oaie, 1998). The Histria Fm. is sub -
di vided into 3 mem bers: lower and up per sand stone-dom i nated 
mem bers of channelized midfan turbidites sep a rated by a mid -
dle mem ber of fine-grained, dis tal turbidites. In con trast to
Ma³opolska with its likely fin ing up wards suc ces sion, an over -
all up ward-coars en ing fa cies as so ci a tion sug gested a north -
ward progradation of the south erly lo cated source area of

clastic ma te rial com posed of ig ne ous and meta mor phic rocks
in clud ing char ac ter is tic banded iron stones (Jipa, 1970; Seghedi 
and Oaie, 1999; Oaie, 1999). The Histria Fm. was de pos ited in
a fore land ba sin that was floored by con ti nen tal crust and
formed in front of the thrust wedge pre served subsurface in
South Dobrogea (Kräutner et al., 1988; Seghedi et al.,
2000a, b). Then, it un der went very low-grade meta mor phism
and de for ma tion around 570 Ma (K-Ar WR data; Seghedi et
al., 2001, 2005) which gave rise to N-vergent, up right to in -
clined folds with the slightly fanned subvertical ax ial pla nar
slaty cleav age (Fig. 9) due to con tin ued short en ing and steady
push from the south. To the west of the out crop area, the Histria 
Fm. con tin ues subsurface un der a flat-ly ing plat form of Or do -
vi cian and youn ger strata (Mirãuþã, 1969; Iordan, 1981). Al -
though such fea tures gen er ally re sem ble Ma³opolska
(Karnkowski, 1977), the di rect link age of the MB and CD
(Kräutner et al., 1988) can not be tested be cause of the over ly -
ing Carpathians.

In Ma³opolska, the Vendian suc ces sion is un der lain by un -
known low-ve loc ity rocks in ter preted as meta sedi ments of
Neoproterozoic age, orig i nally as rift and pas sive mar gin suc -
ces sion later in cluded in the Trans-Eu ro pean Su ture Zone
(Malinowski et al., 2005). In Cen tral Dobrogea, the Histria Fm. 
prob a bly over lies am phi bo lite fa cies meta sedi ments and
metatholeiites, lo cally ex posed at the fault bound ary with North 
Dobrogea (Fig. 1), with K-Ar mica ages of 696–643 Ma
(Giuºcã et al., 1967; Krautner et al., 1988). The tholeiitic
protoliths with arc sig na ture must have been older. Mag netic
anom a lies which are pro duced by this base ment may sup port
such in ter pre ta tion. How ever, the Pro tero zoic banded iron for -
ma tion can not be ex cluded as the cause of these anom a lies. 

In South Dobrogea (SD, Fig. 1), base ment sim i lar to that of
CD con tains the BIF rocks (the Palazu Mare Group) which are
com pared with the Krivoy Rog se ries of the ad ja cent East Eu ro -
pean Craton (Visarion et al., 1979; Dimitriu, 2001). To gether
with un der ly ing gneiss es, the BIF rocks were thrust onto
low-grade slates (Bãltãgeºti Fm.) which rep re sent the top of the
flysch-type Ediacaran suc ces sion (“Greenschist Fm.”) in
Dobrogea (Kräutner et al., 1988). Thrust ing and con trac tion was
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Fig. 9A — cross-sec tion show ing folds with fanned cleav age in metagreywackes of the Histria Fm. Cen tral Dobrogea; 

B — field ex am ple of bed ding/cleav age re la tion, Sibioara; C — field ex am ple of bed ding/cleav age re la tion, west of Galibiari



likely co eval with de for ma tion of the footwall slates. In turn, the
Palazu Mare Group is un con form ably over lain by the Cocoºu
Group com posed of Neoproterozoic mafic volcanogenic se ries
pass ing up wards into clastic se ries (con glom er a tes, sand stones
and siltstones) in ten sively folded and very gently meta mor -
phosed at 547 Ma K-Ar, (Giuºcã et al., 1967; Mirãuþã, 1969;
Kräutner et al., 1988). In the West Moesia base ment, there are
ca. 565 Ma granitoids that jointly with coun try paragneisses
have been un con form ably over lain by Cam brian cover with
fauna of Baltican af fin ity (Seghedi et al., 2005).

PETROGRAPHIC AND GEOCHEMICAL DATA 
ON EDIACARAN (META)SEDIMENTARY ROCKS

To as sess prov e nance ma jor compositional frame work of
sand stones, greywackes and sandy mudstones was stud ied by
stan dard point count ing and re sults shown on the
Dickinson-type plot (Dickinson and Suczek, 1979; Dickinson
et al., 1983). This study was ac com pa nied by heavy min eral
anal y ses and com pleted with pre lim i nary eNd data ob tained via 
TIMS and ICP-MS anal y ses per formed in ActLabs, Van cou -
ver, Can ada. 

PROVENANCE

The clasts in turbiditic rocks from the three re gions fall into
three groups, with the pro por tions vary ing: (1) plutonic and
vol ca nic rocks among which acid rocks over whelm in ter me di -
ate and mafic rocks (the lat ter be ing the least fre quent, but it
should be re mem bered that their pres er va tion po ten tial is
lower); (2) meta mor phic rocks (paragneisses, mica schists,
quartzites and mylonites); and (3) diagenesed and low-grade
meta mor phosed siltstones, mudstones and sand stones. The
heavy min eral as sem blages vary in sam pled sand stones, con -
tain ing in vary ing pro por tions: zir con, gar net, micas, opaque
min er als, ap a tite, ti tan ite, rutile, tour ma line, and some am phi -
bole and chlorite (J. Biernacka, unpubl. data). No sys tem atic
dif fer ences be tween the three re gions oc cur, though mafic min -
er als are a bit more abun dant in Ma³opolska and Dobrogea. 

On the Fm-Q-Lt di a gram for the unmetamorphosed and
meta mor phosed sand stones (frame work grain modes) from the 
three re gions (Fig. 5), the Vendian clastic rocks of Ma³opolska
and Up per Silesia plot mostly in the re cy cled orogen field with
mi nor mixed prov e nance. In con trast, the turbidites of the
Histria Fm. in Cen tral Dobrogea (some what richer in mafic
con stit u ents than those in South ern Po land) plot in the con ti -
nen tal block prov e nance field and in the re cy cled orogen field.

Char ac ter is ti cally, there is a very lit tle over lap to a mag matic
arc prov e nance in all three re gions. 

Our reconaissance anal y ses (Ta ble 2) show that eNd val ues
in Ediacaran sed i ments var ies be tween the rel a tively high est for 
the Up per Silesia (–1.0), low for the E Ma³opolska (–8.5), and
the low est for East Eu ro pean Plat form (–10.7). Sour cing of
greywackes in Up per Silesia from rocks with much higher ju -
ve nile/man tle in put and shorter crustal his tory than those in
Ma³opolska and es pe cially EEP is a cor ol lary, al though fur ther
con fir ma tion of this no tion by more sys tem atic data is re quired. 

GEOCHEMISTRY

Ma jor el e ment ra tio di a grams show that siliciclastic rocks
from the three re gions plot rel a tively close to one an other,
form ing elon gate ar eas which dis tinctly over lap, and that the
Ma³opolska sam ples are the most scat tered (Ta ble 3; Figs. 2
and 10). For these rea son, the lat ter are sub di vided into two
more co her ent groups of which one em braces sam ples from the
west ern part of Ma³opolska and the other from its east ern part,
fur ther re ferred to as the west ern and east ern suc ces sion, re -
spec tively. For com par i son, silicilastic rocks from Ediacaran
plat form cover of the East Eu ro pean Craton have also been
taken into ac count and they all were com pared to
Neproterozoic rocks from Cen tral Ibe ria (Fig. 10). Chem i cal
clas si fi ca tion of rocks from the US, MB and CD in di cated that
they are mostly im ma ture (greywackes and pelitic greywackes
(SiO2/Al2O3–K2O/Na2O di a gram from Wimmenauer, 1984) of
acid to in ter me di ate com po si tion ((Hf/Yb) ´ 10 vs. La/Th and
Ni vs. TiO2 plots), with in ter me di ate quartz con tents. They dis -
play strongly vari able K2O/Na2O ra tios be tween 0.05 and
30.00, Al2O3/SiO2 ra tios be tween 0.12 and 0.33, and Fe2O3(=
to tal Fe) + MgO con tents be tween 2.18 to 12.58. The ter nary
Na2O–K2O–Fe2O3 + MgO di a gram (Blatt et al., 1980) clas si -
fies the stud ied rocks of the three re gions as greywackes, lithic
sand stones and ar kos es. 

On the SiO2 vs. K2O/Na2O di a gram, all sam ples from the
CD, most sam ples from the MB and a half of sam ples from the
US plot in the ac tive con ti nen tal mar gin field, while the re main -
der in the pas sive mar gin field. In Up per Silesia, the K/Rb ra tios 
are uni formly around 210 which sug gests that the meta sedi -
ments de rived from acid and in ter me di ate mag matic pre cur -
sors. In the MB and CD, the ra tios are slightly higher
(220–350), which may pos si bly be taken as an in di ca tion of
some in put from more mafic sources. The low La/Th and
Eu/Eu* ra tios in di cate that the con ti nen tal source was mostly
com posed of in ter me di ate to acid (meta)ig ne ous rocks with mi -
nor ba sic/ultra basic lithologies. The rel a tively low Al2O3/(CaO
+ Na2O) ra tios (Ta ble 3) are in dic a tive of synsedimentary vol -
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Sam ple Sm [ppm] Nd [ppm] 147Sm/144Nd 143Nd/144Nd 2s Age [Ma] eNd(T)

Bia³opole 5.34 35.0 0.0923 0.511693 5 580 –10.7

Kañczuga 5.36 27.5 0.1177 0.511903 10 580   –8.5

Potrójna 3.79  18.71 0.1225 0.512306 8 580   –1.0

T a  b l e  2

Sm-Nd iso to pic com po si tion of Ediacaran siliciclastic rocks from plat form cover on the EEC (Bia³opole, 2870 m), 
East Ma³opolska (Kañczuga, 7501 m), Up per Silesia (Potrójna, 3480 m)
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Exp./b-hole D 1.8 D 1.10 D 3.2 D 5.1 D 6.1 D 6.2 D 8.1 D 14.3 D 15.1 Lach3 Lach4 Slem1 

Depth [m] 0 0 0 0 0 0 0 0 0 3906 4015 3299

Rock
U.Mb./sd
Sibioara

U.Mb./md 
Sibioara

L.Mb./sd
Palazu

L.Mb./md 
Cheia

L.Mb./sd
Cheia

L.Mb./md 
Cheia

M.Mb/md 
Raminicu

L.Mb./sd
Istria

M.Mb./md
Galibiori

US
sand.

US
grey.

US
sand.

SiO2 [%] 70.98 57.87 70.06 66.85 64.46 64.34 63.19 65.74 65.38 76.41 69.33 71.47

Al2O3 12.91 17.43 12.49 15.46 16.22 16.45 16.47 14.96 15.58 9.38 14.85 13.99

Fe2O3 4.38 7.99 5.02 5.32 6.05 6.40 7.16 5.59 6.88 3.72 4.53 2.99

MnO 0.079 0.124 0.072 0.116 0.109 0.126 0.141 0.116 0.105 0.049 0.09 0.064

MgO 1.81 3.21 1.87 1.51 2.14 2.07 2.06 1.43 2.05 1.00 1.66 1.00

CaO 0.89 0.82 1.16 1.48 0.49 0.98 0.75 2.08 0.27 1.58 2.13 1.65

Na2O 4.31 3.04 2.76 3.42 1.63 3.80 3.04 3.59 2.54 1.68 4.20 4.12

K2O 2.01 3.52 1.95 2.80 4.04 2.57 2.73 2.49 2.59 2.55 2.53 2.56

TiO2 0.670 0.824 0.779 0.681 0.642 0.781 0.781 0.838 0.646 0.359 0.56 0.404

P2O5 0.11 0.16 0.12 0.40 0.09 0.14 0.12 0.12 0.09 0.10 0.12 0.11

LOI 1.63 3.34 2.72 2.22 3.11 2.62 2.85 2.62 2.91 3.32 2.5 1.61

To tal 99.78 98.33 99.00 100.25 98.99 100.28 99.31 99.56 99.04 100.15 99.96 99.97

Ba [ppm] 522 462 392 637 790 551 496 551 407 366 559 510

Co 37 23 54 26 22 29 20 26 14 27 7.9 67

Cr 64 71 61 42 49 54 51 54 50 38 – 20

Cs 1.4 7.5 2.7 5.4 8.5 5.4 5.0 4.5 3.8 4.4 5.4 4.9

Ga 14 23 15 20 22 20 21 19 21 12 16.9 15

Hf 5.4 5.8 5.7 7.0 4.8 6.0 5.9 6.4 4.9 3.2 5.1 4.7

Nb 12.0 14.0 11.5 12.0 11.7 11.4 12.2 10.9 10.7 4.5 8.4 7.0

Pb – – – – – – – – – – 5.1 –

Rb 49 156 72 100 141 91 98 89 96 100 95.8 100

Sc 11 21 13 14 16 16 18 15 16 6 8 8

Sr 162 79 104 184 39 135 96 228 47 96 169.4 186

Ta 1.24 1.34 1.16 1.09 1.02 0.93 1.11 0.92 0.98 0.72 0.7 1.06

Th 9.20 10.9 8.66 9.80 9.57 9.55 10.1 9.06 9.00 7.20 9.9 11.9

U 1.40 2.51 1.61 2.65 2.27 2.36 2.17 2.23 1.88 1.74 2.9 3.82

V 80 126 86 68 88 93 99 104 91 51 62 44

Y 21 34 24 36 30 36 32 30 24 15 22.1 23

Zr 226 192 230 246 168 225 192 237 164 123 165.3 164

La 30.6 35.5 32.9 30.1 30.1 32.9 24.7 28.8 17.6 16.5 20.1 26.7

Ce 58.6 73.2 64.0 62.8 62.6 62.7 52.5 58.0 36.2 42.8 40.3 52.2

Pr 6.77 8.86 7.44 7.81 7.57 7.83 6.77 7.06 4.48 3.97 5.03 5.92

Nd 25.1 34.8 29.0 31.8 29.0 28.5 27.4 27.5 17.8 15.5 19.0 23.3

Sm 4.59 7.23 5.50 6.74 5.74 6.09 6.28 5.88 3.90 3.02 3.8 4.55

Eu 1.02 1.56 1.19 1.49 1.14 1.53 1.39 1.44 0.853 0.615 0.85 0.883

Gd 3.91 6.47 4.86 6.14 5.20 5.65 5.63 5.33 3.72 2.56 3.25 3.91

Tb 0.69 1.18 0.84 1.13 0.94 1.05 1.10 0.97 0.73 0.46 0.56 0.71

Dy 3.76 6.73 4.52 6.37 5.27 6.21 6.18 5.53 4.28 2.64 3.61 4.00

Ho 0.76 1.34 0.90 1.29 1.09 1.29 1.24 1.14 0.92 0.54 0.75 0.79

Er 2.41 4.28 2.89 4.28 3.51 3.85 3.99 3.56 3.05 1.75 1.99 2.62

Tm 0.345 0.632 0.403 0.635 0.509 0.563 0.596 0.531 0.450 0.258 0.41 0.403

Yb 2.25 3.98 2.51 4.01 3.33 3.50 3.74 3.38 2.97 1.68 2.10 2.54

Lu 0.359 0.624 0.394 0.624 0.505 0.510 0.563 0.508 0.486 0.263 0.37 0.404

EEC — East Eu ro pean Craton; MB — Ma³opolska Block; M.Mb. — Mid dle Mem ber of the Histria Fm. (HF); L.Mb. — Lower Mem ber of HF;

Geo chem is try of Ediacaran siliciclastic rocks from ex po sures in Cen tral 
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Stry2k Piot1 Potr1 Rozt3 Zag1 Zalas1 Wary5 KuŸ1 Kañc1 Herm1 Cha 1 Tul38 Zgór 2 Kury6 Tere5 Bia³1

3321 3005 3490 2068 3921 4257 1929 7506 1656 5084 1346 2272 1991 946 8758 8847

US 
grey.

US 
silt.

US
mud.

US
sand.

MB
mud.

MB
mud.

MB
mud.

MB
mud.

MB
sand.

MB
mud.

MB
sand.

MB
sand.

MB
mud.

MB
mud.

EEC
sand.

EEC
mud.

70.86 70.95 59.46 73.73 67.25 74.73 62.76 63.04 82.77 61.63 64.39 82.70 53.50 70.34 84.05 74.66

15.42 14.48 18.39 13.22 18.29 11.53 17.83 17.60 8.29 20.06 20.09 8.75 28.79 16.13 8.57 14.70

3.97 4.46 9.13 4.42 5.04 3.53 8.28 9.09 3.37 8.16 4.58 1.80 5.76 6.17 3.28 4.51

0.06 0.06 0.11 0.06 0.06 0.045 0.11 0.23 0.05 0.13 0.017 0.014 0.10 0.02 0.03 0.02

1.88 1.74 4.74 1.91 2.16 1.32 3.05 3.49 0.96 2.58 0.83 0.38 2.59 1.66 0.76 1.17

1.63 1.03 0.51 0.39 0.38 0.38 0.59 0.91 0.45 0.57 0.10 0.31 0.33 0.13 0.60 0.25

0.24 4.11 0.17 4.03 0.63 3.21 2.75 2.30 3.04 2.21 0.40 4.14 1.48 0.49 0.61 0.92

5.35 2.44 6.17 1.60 5.58 2.62 3.63 2.40 0.56 3.72 3.85 0.36 6.32 4.11 1.53 2.88

0.46 0.63 1.05 0.52 0.51 0.559 0.88 0.83 0.36 0.84 0.989 0.597 0.99 0.92 0.54 0.85

0.12 0.09 0.27 0.12 0.08 0.11 0.13 0.12 0.15 0.09 0.03 0.21 0.14 0.04 0.02 0.04

6.2 1.8 5.8 2.0 4.5 1.71 4.7 4.3 2.1 4.0 5.17 1.02 5.8 5.1 2.2 4.0

99.85 99.98 99.86 99.81 99.86 99.73 99.82 99.82 99.84 99.98 100.47 100.27 99.82 99.81 99.83 99.86

469 495 272 294 628 503 310 666 74 574 611 57 1153 477 125 256

8.7 11.4 24.8 14.4 9.4 34 18.7 27.2 9.0 18.6 12 28 13.6 18.9 10.3 12.7

– – – – – 52 – – – – 123 45 – – – _

18.1 2.4 11.2 1.1 9.8 1.3 5.4 4.8 1.9 4.5 11.9 0.6 7.0 7.0 2.0 4.7

16.3 15.0 27.0 16.4 26.4 13 25.1 24.5 8.0 27.8 24 7 38.5 23.5 8.5 19.3

5.6 5.3 5.4 4.6 4.6 3.8 5.3 5.1 4.3 5.5 7.1 7.0 9.9 6.8 7.9 7.5

10.6 6.1 10.3 10.2 11.3 5.4 11.6 15.4 7.5 18.1 16.8 7.1 19.4 17.6 11.2 17.5

7.0 9.2 8.6 81.5 2.7 – 5.5 6.5 17.2 4.3 – – 3.2 4.5 5.5 8.4

169.7 55.2 128.5 56.6 149.0 58 107.1 100.7 23.3 128.4 146 10 212.1 163.4 56.1 107.0

7 10 19 11 13 10 19 16 4 17 23 6 26 15 8 11

195.6 237.9 76.5 169.0 23.2 115 87.0 122.0 188.0 68.5 39 109 108.7 140.8 29.7 46.3

1.0 0.4 0.7 0.9 0.5 0.70 0.3 1.1 0.5 1.4 1.53 0.90 0.6 1.3 1.5 1.2

13.4 4.9 7.2 9.3 10.8 7.04 9.5 10.3 5.8 12.3 14.1 12.1 17.0 14.0 9.7 14.3

1.8 1.3 1.4 3.3 3.6 1.32 1.9 2.6 1.1 3.5 2.84 1.87 5.1 1.9 2.8 3.4

48 69 100 112 68 71 111 122 28 113 122 32 73 96 36 79

19.5 19.6 33.1 20.0 36.2 16 32.4 36.4 30.3 36.7 27 27 65.2 34.0 28.4 36.1

146.2 169.2 159.5 151.5 159.8 156 172.8 169.1 141.5 182.7 255 314 327.0 231.3 298.8 246.9

25.3 25.5 20.7 25.5 30.9 20.7 28.8 57.6 51.1 19.0 18.0 37.5 18.8 47.3 28.1 42.3

48.4 48.2 38.1 54.4 62.6 41.9 60.4 107.8 104.2 37.2 64.5 79.3 42.2 96.5 59.9 84.3

5.74 5.65 4.71 6.21 6.89 4.64 7.26 12.92 11.25 4.43 5.66 8.85 5.09 10.77 7.11 10.00

22.6 23.0 18.6 24.6 28.3 17.9 28.5 51.5 42.9 18.5 23.6 34.1 22.6 43.1 31.2 39.6

4.5 4.3 4.6 5.4 6.0 3.33 5.7 9.3 8.4 3.9 5.03 6.72 5.9 8.4 6.1 7.2

0.68 0.95 1.29 0.82 1.03 0.747 1.33 2.12 2.19 0.82 1.07 1.47 1.07 1.55 1.00 1.38

3.78 3.67 5.40 5.01 4.86 2.76 4.58 6.87 6.96 4.75 3.90 5.80 5.96 6.52 4.04 5.08

0.43 0.47 0.97 0.65 0.75 0.50 0.83 0.85 0.70 0.84 0.80 0.90 1.32 0.77 0.67 0.92

3.08 2.92 5.74 3.77 5.67 2.85 5.64 6.34 4.69 5.22 4.93 4.75 9.04 5.52 4.90 4.64

0.68 0.69 1.28 0.72 1.12 0.60 0.99 1.25 0.97 1.23 1.03 0.95 2.15 1.34 0.89 1.25

1.89 1.44 3.33 1.98 3.41 1.94 2.96 3.33 1.71 3.26 3.50 2.97 7.04 3.24 2.49 2.92

0.35 0.32 0.48 0.29 0.53 0.302 0.48 0.57 0.31 0.61 0.528 0.396 1.02 0.59 0.37 0.58

2.21 2.11 3.20 1.69 3.34 1.94 3.80 2.91 1.87 3.02 3.45 2.58 7.08 3.29 3.00 3.67

0.29 0.30 0.58 0.27 0.54 0.301 0.53 0.49 0.28 0.49 0.541 0.391 1.14 0.51 0.50 0.55

U.Mb — Up per Mem ber of HF; US — Up per Silesia Block; grey. — greywackes; sd, sand. — sand stones; md, mud. — mudstones; silt. — siltstones

T a  b l e  3

Dobrogea and from bore holes in Up per Silesia and Ma³opolska
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Fig. 10. Geo chem is try of Ediacaran siliciclastic rocks from the stud ied re gions

1 — East Ma³opolska; 2 — West Ma³opolska; 3 — Cen tral Dobrogea; 4 — Up per Silesia; 5 — EEC plat form cover; 6 — av er ages from 4 units
 in the Cen tral Ibe rian Zone for com par i son (Valladares et al., 2000)



ca nic ac tiv ity (cf., Kukal, 1971). The rel a tively high de gree of
LREE/HREE frac tion ation is con sis tent with the rather low
con tri bu tion of mafic/ultra mafic ma te rial. The low amount of
the lat ter in the source is also con firmed by the Hf vs. La/Th di -
a gram (from Floyd and Leveridge, 1987), where most of the
data points plot in the acidic arc source, with a few trending to -
wards the pas sive mar gin field and to the mixed fel sic/mafic
source. This trend is re con firmed on the Th/Sc vs. La/Sc plot
(Floyd et al., 1990, 1991). How ever, the low Th/Sc, La/Sc and
Hf/Sc (higher Cr/Th) ra tios are less in dic a tive of a granitoidic
source, and might sug gest a higher in put from a mafic source,
or at least re flect com plex lithologies at the source. The sum of
Fe2O3 + MgO rang ing be tween 4 and 11 also sug gests the pres -
ence of some mafic rocks in the source area. On the multi-el e -
ment di a gram (Floyd et al., 1991), nor mal ized to up per con ti -
nen tal crust (af ter Tay lor and McLennan, 1985), anom a lies >1
of abun dances of V, Cr, Ni, Ti and Sc sug gest mafic in put, too.
This is con sis tent with the CAAM set ting de ter mined for most
of the sam ples as in di cated by other di a grams (Th/Sc vs. La/Sc,
etc.), whereas sam ples with pas sive mar gin af fin ity are rather
sparse. On the other hand, most of the sam ples are char ac ter -
ized by strong neg a tive Sr and Ba anom a lies (Fig. 10), usu ally
taken as an in di ca tion of a pas sive mar gin set ting. Such in di ca -
tion is, how ever, inconsitent with the above data.

In con sis ten cies of these types and the pres ence of sam ples
that fall out side the iden ti fy ing fields in di cate that cau tion is
needed when mak ing im me di ate geotectonic dis crim i na tions
based only on geo chem i cal data. This prob lem has re peat edly
been ad dressed in the lit er a ture (e.g., Rollinson, 1993; Mader
and Neubauer, 2004), and ex plained via a va ri ety of rea sons,
such as a high mica con tent, a low feld spar con tent, ma trix
com po si tions dif fer ent from those in the ref er ence sam ples
(Bhatia,1983; Bhatia and Crook,1986), heavy min eral frac tion -
ation, or dif fer ent sources. Lithological dif fer ences in the
source(s) may also play a role. Two mudstones from the
Vendian plat form of the EEC were used in this study for com -
par a tive pur poses; they were de pos ited in ap par ently sim i lar fa -
cies con di tions, yet dif fer sig nif i cantly in their con tents and el e -
men tal ra tios. Thus, they of ten plot far from each other on var i -
ous di a grams, de spite con sis tently fall ing in the pas sive mar gin
field on ma jor el e ment plots (Fig. 10). Al though some dif fer -
ences may be dif fi cult to ex plain, we be lieve that mudstones
may rep re sent a more re gion ally av er aged prov e nance than
sand stones.

Based on the low Al2O3/(CaO + Na2O) ra tios, we as sume
that the com po si tion of the stud ied siliciclastic rocks was not
siginficantly in flu enced by weath er ing in the source ar eas,
which al lows us to com pare the three re gions un der study. De -
spite gen eral sim i lar i ties, they are char ac ter ized by sig nif i cant
dif fer ences, and each of the re gions has its own geo chem i cal
iden tity. Plots of the Dobrogea sam ples show the best clus ter,
while the Ma³opolska sam ples are rel a tively the most scat tered
(Fig. 10). This con curs with our dis tinc tion of two at least
geochemically dif fer ent suc ces sions (W/SW Ma³opolska and
E/NE Ma³opolska). Their bound ary is dif fi cult to lo cate in
bore holes, yet is ob vi ously obliquely in volved in the cen tral
belt of folded, cleaved and meta mor phosed rocks (Fig. 2). The
west ern suc ces sion ap pears rather con sis tent with Ediacaran
rocks from Up per Silesia and Dobrogea, while sam ples of the

east ern suc ces sion gen er ally plot closer to the quartz-rich rocks
of a pas sive mar gin (or fall out side the dis crim i na t ing fields)
and show some af fin ity to Ediacaran plat form siliciclastics of
the East Eu ro pean Craton (Figs. 1 and 2), also re flected by sim -
i lar low eNd(T) val ues (Ta ble 2). Most of the sam ples from the
three stud ied re gions oc cupy the same fields as Up per
Neoproterozoic rocks from Cen tral Ibe ria which came from a
re cy cled orogen lo cated on the N Gond wana mar gin and were
de pos ited in slope and sim i lar con clu sion base-of-slope en vi -
ron ment (Ugidos et al., 1997; Valladares et al., 2000). Like -
wise, our data show that flysch-type rocks in Up per Silesia and
Ma³opolska (es pe cially the west ern suc ces sion) were sourced
from re cy cled orogens, whereas those in Cen tral Dobrogea
were mainly con nected with base ment up lift of more deeply
eroded con ti nen tal crust (Fig. 5).

RESULTS

Hav ing in te grated re gional, sedimentological, geo chem i cal
and struc tural data we con clude that the Neoproterozoic
flysch-type se ries were de rived from the re cy cled mag matic
pre cur sors, mainly acid and in ter me di ate, and scarcely mafic in
com po si tion. Low amount of volcanogenic ad mix tures and
lack of ig ne ous (lava flows, veins) com po nent sug gests that ac -
tual con tri bu tion to these se ries from magmatically ac tive
sources was in sig nif i cant and sed i men tary bas ins had a con ti -
nen tal floor. The flysch-type se ries were multiphase de formed
in contractional  re gime, at least partly low-grade meta mor -
phosed and eroded be fore the pre-Holmia Cam brian (US) or
the Arenigian (MB) over step cov ers were de pos ited. The data
pre sented above rather pre clude close or di rect con nec tions
with ac tive arc or back-arc rift set tings. In con se quence, ei ther a 
retro-arc (con ti nen tally floored) or a fore land (pro-)bas ins can
be as sumed for the Neoproterozoic suc ces sions in the stud ied
re gions, and we find the sec ond op tion more con sis tent with the 
col lected data. Sim i lar geo chem i cal re sults were also ob tained
by Nawrocki et al. (2007) who more over stressed the dif fer -
ences be tween the non-ma ture Ediacaran sed i ments and the
ma tured Lower Cam brian sed i ments in East Ma³opolska. Such
dif fer ences sup port the sce nario pro posed herein.

The Up per Silesia Block is the east ern part of the com pos ite 
Brunovistulian Terrane, dis tin guished by Fin ger et al. (2000a)
as the Slavkov Terrane en com pass ing Neoproterozoic ig ne ous
rocks dated at 725–580 Ma. They have eNd(T) val ues rang ing
from –1 to +3 (Fin ger et al., 2000a), which are sim i lar to the
eNd(T) value of –1 ob tained for the Up per Silesia turbidites
(which was the high est value among the sam ples an a lyzed in
our study). In hope that eNd(T) val ues rep re sent the av er age of
sources or lithologies in a source area, the Up per Silesia Fore -
land Ba sin, as in ferred from the pre sented re gional and
sedimentological data, was most likely alimented from the SW
part of the Up per Silesia Block (Slavkov Terrane) of the com -
pos ite Brunovistulia Terrane. The fore land bas ins in West
Ma³opolska and Dobrogea may have also been sourced from
this terrane or an other terrane(s) that dis played sim i lar prop er -
ties. The geo chem i cal af fin ity (low eNd(T) val ues in par tic u lar)
of the east ern Ma³opolska suc ces sion to the Ediacaran plat form
cover of the East Eu ro pean Craton (EEC) im plies that the two
re gions re ceived de tri tus from the craton. The im plied prox im -
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ity con curs with the con clu sion about the thinned, Baltica-type
crust in Ma³opolska, which was ob tained from the anal y sis of
the seis mic re frac tion data (Malinowski et al., 2005), and is in
line with the re sults of sedimentological stud ies of the Cam -
brian siliciclastic as so ci a tion from the EEC mar gin and the ad -
ja cent Holy Cross Mts., which in di cates that Ma³opolska Block 
(in clud ing £ysogóry Unit) was not de tached from Baltica
(Jaworowski and Sikorska, 2006).  How ever, sig nif i cantly dif -
fer ent age spec tra of de tri tal zir cons in plat form rocks from the
EEC mar gin (bore hole Bial-3 = Bia³opole; Figs. 2 and 11) and
from East Ma³opolska (bore holes Tuli = Tulig³owy and Chal =
Cha³upki Dêbniañskie; Figs. 2 and 11) in di cate sup ply from
dif fer ent sources on the craton (in Bia³opole, mainly from the
1.5 Ga A-type gran ite mas sifs; Fig. 1).

The Neoproterozoic turbiditic suc ces sions in Up per Silesia, 
West Ma³opolska and Cen tral Dobrogea were de pos ited in ma -
rine bas ins which were largely fed from a for mer ac tive con ti -
nen tal mar gin of the re cy cled collisional orogen and its hin ter -
land up to the con ti nen tal in te rior, with the sig nif i cant dom i -
nance of fel sic over mafic rocks. A con sid er able amount of ma -
te rial was re de pos ited, which is at trib uted to a slope and
base-of-slope en vi ron ment. The rel a tively low volcanogenic
in put rather ex cludes an arc-trench slope set ting (Belka et al.,
2000) and sug gests in stead a sce nario with fore land bas ins
filled with flysch-type suc ces sions. This con clu sion is fur ther
sup ported by the po lar ized de for ma tion of the ba sin infill in a
fold-and-thrust belt style, partly assosciated with very low
grade to low grade meta mor phism (chlorite zone, lo cally up to
bi o tite zone). The de for ma tion and meta mor phism must have
oc curred be fore the pre-Holmia Cam brian in the US (con cur -
rently with the youn gest magmatism in the hin ter land: see be -
low), and be fore the Or do vi cian (Tremadocian to Arenigian) in 
the MB. Sup pos edly, the two suc ces sions en vis aged in the MB
prob a bly merged in a way sim i lar to that ob served in the
Variscan fore land suc ces sion in Po land (Jaworowski, 2002).
The east ern suc ces sion was dom i nated by craton-re lated sed i -
ments, whereas the west ern one mostly com prised orogen-re -
lated sed i ments. Both suc ces sions were later in volved in the
WNW-trending cen tral belt of in tense de for ma tion and meta -
mor phism which was de vel oped and el e vated in an over all
short en ing re gime. It likely formed an antiformal stack that col -
lapsed and be came zon ally dis sected in a nor mal re gime which
also al lowed the re ju ve na tion of the for mer contractional cleav -
age as ob served in drill cores (Fig. 8A). Based on the in te grated 
data and rea sons men tioned above, we pro pose that the do main
B in the Up per Silesia Block is a frag ment of the fore land and
the do main A is a frag ment of the hin ter land (crys tal line core)
of a Neoproterozoic collisional orogen.

ISOTOPIC AGE DATA

To learn more about the source re gions and to con strain the
tim ing of the last zir con-form ing event in the rocks prior to
their up lift and de nu da tion, a pre lim i nary, re con nais sance se -
ries of iso to pic datations was un der taken. The fo cus was on the
rims and out growths on zir con grains. U-Pb SHRIMP anal y ses
of se lected de tri tal and mag matic zir con sam ples were done us -

ing SHRIMP II fa cil i ties at the Re search School of Earth Sci -
ences, the Aus tra lian Na tional Uni ver sity, Can berra, and by
Ac ti va tion Lab o ra to ries Ltd., Ancaster, Can ada, us ing
SHRIMP II at the Geo log i cal Sur vey of Can ada, Ot tawa. 

Zir con grains were hand-se lected from the heavy min eral
con cen trates and mounted in ep oxy resin to gether with chips of
the FC1 (Du luth Gab bro) and SL13 (Sri Lan kan gem) ref er -
ence zir cons. The grains were sec tioned ap prox i mately in half
and pol ished. Re flected and trans mit ted light pho to mi cro -
graphs and cathodoluminescence (CL) SEM im ages were pre -
pared for all of the zir cons. The CL im ages were used to de ci -
pher the in ter nal struc tures of the sec tioned grains and to tar get
spe cific ar eas within the zir cons.

The data was re duced in a man ner sim i lar to that de scribed
by Wil liams (1998, and ref er ences therein), us ing the SQUID
Ex cel Macro of Lud wig (2000). The Pb/U ra tios were nor mal -
ised rel a tive to a value of 0.1859 for the 206Pb/238U ra tio of the
FC1 ref er ence zir cons, equiv a lent to an age of 1099 Ma (Paces
and Miller, 1993). The uncertainities given for individial anal y -
ses (ra tios and ages) are at the one sigma level un less in di cated
oth er wise. The Tera and Wasserburg (1972) con cordia plots
were pre pared us ing ISOPLOT/EX (Lud wig, 1999).

SAMPLES

In Cen tral Dobrogea, three mem bers of the Histria Fm.
(Dob1, Dob7, Dob14) were sam pled (Fig. 1; Ta ble 4). For the
Ma³opolska Block, sam ples were taken from the meta mor phic
belt close to the Kraków–Lubliniec Fault Zone (BN-58, Z143)
and from bore holes lo cated to the south-west (Zalas) and north -
east (Chal, Tuli) of this belt. In the Up per Silesia Block, sand -
stones of the do main B were sam pled in 2 bore holes (Slem,
Lach4), and granitoids from the do main A (Kety-8, Rozt-2,
Rocz-3, Lody-1) were sam pled in 4 bore holes (Fig. 2; Ta ble 5).
Sand stones of the Ediacaran plat form of the EEC mar gin was
sam pled in 1 bore hole (Bial-3; Fig. 2; Ta ble 4).

DETRITAL ZIRCON SAMPLES

Dobrogea. The ma jor ity of the zir cons from Dobrogea
from the Histria Fm. (Ta ble 4) are rel a tively clear subround to
round elon gate grains with py ram i dal ter mi na tions. The CL im -
ages re veal ig ne ous zon ing and ap par ently older cen tral com -
po nents over grown by later-formed zir con rims. Some are
elon gate euhedral crys tals. Par tial overgrowths with dif fer ent
con tents of U and com mon Pb, ho mo ge neous or sim ple zoned
tips (some euhedral and darker), were ana lysed (Ta ble 4). The
Th/U ra tios are com monly >0.2 sug gest ing a mag matic or i gin
for most of the grains. Meta mor phic grains or overgrowths are
mi nor.

Ma³opolska. The zir cons from Ma³opolska are more di ver -
si fied be tween sam ples (Ta ble 4). In East Ma³opolska, they are
mostly short, subround and round (Tuli), round equant to elon -
gate grains (Chal) of which most show ig ne ous zon ing un der
CL. In sam ples from West Ma³opolska, clear elon gate to
stubby euhedral grains with py ram i dal ter mi na tions and
rounded elon gate to equant brown grains with pit ted sur faces
dom i nate. Their shapes sug gest rather short pe riod of sur face
trans port. Many are sim ple zoned mag matic grains. Struc tured
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Sam ple U Th/U Pb* 204Pb/206Pb f206c
206Pb/238U ± 6/38 206Pb/207Pb ± 6/7   206Pb/238U

207Pb/206Pb

Spot [ppm]  [ppm]       Age [Ma] ± Age [Ma] ±

Dob1

1.1 504 0.2900 274 0.00006 0.00102 0.4944 0.0086 4.9021 0.1136 2589.9 37.4 2858.4 38.2

3.1 277 0.0452 26 0.00011 0.00191 0.1013 0.0008 16.3996 0.2608 622.0 4.5 638.4 34.6

5.1 92 0.7131 26 0.00001 0.00017 0.2786 0.0032 7.5399 0.1284 1584.4 15.9 2133.1 30.1

6.1 630 0.4702 175 0.00000 0.00006 0.2615 0.0017 10.6763 0.0477 1497.7 8.6 1501.4 8.5

7.1 589 1.1043 70 0.00004 0.00065 0.0982 0.0008 16.5136 0.1164 603.8 4.8 623.5 15.3

8.1 60 0.1548 6 0.00016 0.00272 0.0992 0.0012 16.0666 0.7328 609.4 7.2 682.4 100.5

9.1 63 0.7299 8 0.00001 0.00017 0.1061 0.0008 16.0185 0.2685 650.2 4.4 688.8 36.2

10.1 360 0.0488 37 0.00004 0.00062 0.1099 0.0008 16.3565 0.1763 672.3 4.6 644.1 23.3

Dob7

1.1 113 0.3811 20 0.00004 0.00061 0.1768 0.0020 13.4834 0.1566 1049.6 10.9 1046.0 23.6

2.1 13 0.3295 1 0.00001 0.00017 0.1058 0.0020 14.7871 0.3166 648.5 11.8 857.1 45.1

4.1 515 0.1583 49 0.00000 0.00002 0.0992 0.0010 16.7025 0.0997 609.8 6.1 598.9 13.0

4.2 110 0.8228 12 0.00003 0.00044 0.0940 0.0012 16.7501 0.3290 579.0 7.0 592.8 43.2

Dob14

2.1 178 0.54 17 0.000349  0.0061 0.1127 0.0017 688.0   10.

2.2 151 0.82 13 0.000535  0.0095 0.0975 0.0013 600.0     8.0

3.1 606 1.23 285 0.000010  0.0001 0.5468 0.0060 5.1282 0.0005 2812.0   25.0    2 785.0      4.0

3.2 606 1.24 285 0.000017  0.0002 0.5470 0.0046 5.1308 0.0005 2812.0   19.0    2 784.0      4.0

4.1 449 0.39 65 0.000071  0.0012 0.1669 0.0019 13.8696 0.0008 995.0   11.0       988.0    24.0

4.2 297 0.36 43 0.000028  0.0005 0.1695 0.0019 13.6799 0.0007 1009.0   10.0    1 017.0    19.0

6.1 155 0.42 13 0.000196  0.0035 0.1009 0.0012 620.0     7.0

7.1 46 1.09 4 0.000430  0.0077 0.0941 0.0017 579.0   10.0

8.1 40 1.00 3 –  <0.0001 0.0932 0.0017 574.0   10.0

9.1 67 0.37 6 0.000423  0.0076 0.1013 0.0016 622.0     9.0

10.1 136 1.00 12 –  <0.0001 0.1059 0.0013 649.0     7.0

Tuli

1.1 484 0.1500 234 0.00000 0.00006 0.4665 0.0060 5.8952 0.1033 2468.0 26.3 2554.0 29.7

2.1 80 0.4128 31 0.00012 0.00205 0.3625 0.0042 7.5586 0.0529 1994.1 19.7 2128.7 12.3

3.1 112 0.6124 12 0.00015 0.00255 0.0992 0.0012 17.0581 0.3009 609.6 7.1 553.1 39.0

4.1 199 0.4002 107 0.00001 0.00009 0.4856 0.0102 5.5902 0.2449 2551.8 44.3 2642.6 74.6

5.1 511 0.2158 203 0.00003 0.00060 0.3915 0.0048 6.5399 0.0735 2129.8 22.3 2378.7 19.3

6.1 38 0.8677 17 0.00005 0.00079 0.3913 0.0044 7.7374 0.0762 2128.8 20.4 2087.7 17.4

7.1 385 0.0714 185 0.00001 0.00016 0.4710 0.0065 5.7963 0.0061 2488.0 28.4 2582.3 1.7

8.1 451 0.0122 145 0.00005 0.00085 0.3323 0.0064 7.8784 0.1115 1849.7 31.0 2055.9 25.2

9.1 409 0.1988 178 0.00003 0.00053 0.4200 0.0094 6.1812 0.2272 2260.5 42.8 2474.4 63.4

11.1 143 0.4840 57 0.00001 0.00012 0.3671 0.0039 7.8641 0.0249 2015.8 18.5 2059.1 5.6

Chal

1.1 869 0.1151 296 0.00011 0.00191 0.34697 0.0131 7.9232 0.1296 1920.1 63.0 2045.9 29.2

2.1 67 0.6514 7 0.00001 0.00017 0.09782 0.0021 16.1185 0.5079 601.6 12.1 675.5 68.8

3.1 53 0.6077 5 0.00001 0.00017 0.09373 0.0010 16.6863 0.5524 577.5 6.0 601.0 73.3

4.1 148 0.2646 29 0.00004 0.00066 0.19928 0.0019 12.5786 0.1154 1171.5 10.3 1184.6 18.2

5.1 646 0.1869 276 0.00002 0.00036 0.41291 0.0037 6.6862 0.0123 2228.2 16.9 2340.9 3.2

7.1 740 0.0985 248 0.00010 0.00181 0.33875 0.0022 7.8972 0.0206 1880.6 10.7 2051.7 4.6

8.1 471 0.1477 240 0.00002 0.00035 0.48757 0.0035 5.7180 0.1518 2560.2 15.4 2605.0 44.9

9.1 487 0.5395 128 0.00046 0.00797 0.25274 0.0134 8.4952 0.0411 1452.6 69.4 1921.8 8.7

10.1 720 0.7132 64 0.00002 0.00034 0.08101 0.0012 17.2342 0.1654 502.1 7.0 530.7 21.2

T a  b l e  4

U-Th-Pb iso to pic data for the an a lyzed zir con sam ples from siliclastic rocks of Cen tral Dobrogea, Ma³opolska, Up per Silesia 
and mar ginal part of the East Eu ro pean Craton
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Sam ple U Th/U Pb* 204Pb/206Pb f206c
206Pb/238U ± 6/38 206Pb/207Pb ± 6/7   206Pb/238U

207Pb/206Pb

Spot  [ppm]  [ppm]       Age [Ma] ± Age [Ma] ±

BN-58

3.1 39 0.7770 12 0.00102 0.00063 0.36536 0.0200 7.9176 0.0666 2000.0 35.4 1996.5 23.1

4.1 22 0.7014 7 0.00147 0.00042 0.37481 0.0164 7.4962 0.0476 2034.0 44.5 2034.6 33.8

4.2 75 0.6055 23 0.00030 0.00220 0.35261 0.0233 8.1103 0.0909 1939.3 25.7 1945.1 27.3

5.1 75 0.6422 7 0.00083 0.00130 0.10503 0.0061 14.8588 0.0666 639.1 10.8

6.1 43 1.2113 4 0.00319 0.00033 0.11253 0.0050 11.5875 0.0385 668.0 15.0

6.2 245 2.1638 25 0.00049 0.00130 0.11961 0.0093 14.3061 0.1250 723.0 9.1

7.1 83 0.7842 9 0.00051 0.00280 0.12213 0.0075 14.9254 0.0769 740.3 11.7

7.2 217 0.3273 22 0.00044 0.53095 8.462 0.1203 0.0676 0.0010 716.4 9.9

8.1 124 0.6789 35 0.00022 0.32713 3.087 0.0457 0.1260 0.0050 1803.7 23.3 2002.2 73.8

8.2 177 0.6242 55 0.00004 0.06298 2.786 0.0359 0.1213 0.0008 1975.9 21.9 1966.8 12.0

9.1 54 0.5682 5 0.00083 0.00333 0.10235 0.0054 15.8479 0.0588 626.4 11.7

10.1 50 0.4318 5 0.00156 0.00164 0.10750 0.0047 15.0376 0.0555 654.2 14.5

10.2 91 0.5942 7 0.00144 0.00098 0.09220 0.0059 14.8809 0.0714 563.0 8.9

11.2 229 0.2624 23 0.00041 0.00094 0.11811 0.0079 13.9276 0.0769 712.5 10.4

13.1 80 0.7482 26 0.00037 0.00179 0.37439 0.0256 8.1169 0.0909 2047.2 28.5 1985.3 15.5

14.1 56 0.6450 5 0.00130 0.00083 0.10739 0.0059 14.0449 0.0500 650.0 11.6

15.1 226 0.7090 45 0.00044 0.00143 0.23191 0.0170 9.1491 0.0555 1328.0 18.7 1591.4 43.6

15.2 182 0.2308 33 0.00025 0.00250 0.21168 0.0154 10.3627 0.1000 1219.7 16.1 1271.3 45.2

16.1 52 0.7282 5 0.00228 0.00078 0.10538 0.0049 14.0056 0.4545 638.1 13.5

17.1 109 0.5399 9 0.00073 0.00213 0.10170 0.0068 15.5522 0.0909 621.7 9.1

17.2 85 0.6042 7 0.00151 0.00084 0.09879 0.0062 14.4509 0.0666 600.8 9.5

18.1 119 1.4837 12 0.00085 0.00149 0.11917 0.0082 14.5138 0.0909 721.2 10.2

19.1 88 0.8677 9 0.00071 0.00131 0.12201 0.0079 14.2653 0.0833 736.8 11.1

19.2 192 0.3372 19 0.00041 0.00138 0.11716 0.0083 14.5138 0.1250 709.4 9.8

20.1 228 0.5289 68 0.00009 0.00714 0.12140 0.0286 8.1967 0.1666 1924.8 20.3 1966.5 11.9

21.1 87 1.2539 8 0.00107 0.00277 0.10328 0.0059 15.6250 0.1000 631.5 10.8

Zalas

1.1 226 1.1890 79 0.00018 0.00305 0.28534 0.0034 8.0149 0.0350 1618.2 17.0 2025.5 7.8

3.1 97 0.6349 58 0.00005 0.00082 0.50709 0.0042 5.4225 0.0277 2644.2 18.0 2693.0 8.5

4.1 215 0.3024 125 0.00001 0.00014 0.53170 0.0037 5.2257 0.1145 2748.6 15.6 2753.9 36.4

4.1 215 0.3024 125 0.00001 0.00014 0.53170 0.0037 5.2257 0.1145 2748.6 15.6 2753.9 36.4

5.1 375 0.1268 128 0.00001 0.00024 0.34281 0.0022 8.2421 0.0212 1900.2 10.5 1975.8 4.6

6.1 66 0.5109 26 0.00010 0.00166 0.37270 0.0181 8.3918 0.4427 2042.1 85.8 1943.7 97.5

7.1 56 0.8940 6 0.00011 0.00195 0.09070 0.0010 17.7372 0.8851 559.7 5.9 467.3 114.5

Z143

1.1 74 0.35 47 – <0.0001 0.1179 0.0017 718.0 10.0

2.1 280 0.68 22 0.000014 0.0003 0.0920 0.0009 567.0 5.0

2.2 216 0.66 16 0.000103 0.0018 0.0887 0.0011 548.0 6.0

3.1 275 0.37 22 0.000058 0.0010 0.0924 0.0009 570.0 5.0

4.1 306 0.45 146 0.000004 0.0001 0.5534 0.0049 5.0813 0.0010 2839.0 20.0 2799.0 8.0

5.1 218 0.58 81 0.000012 0.0002 0.4317 0.0055 5.4795 0.0008 2313.0 25.0 2675.0 8.0

6.1 145 0.41 14 0.000058 0.0010 0.1084 0.0013 664.0 7.0

6.2 30 0.77 3 – <0.0001 0.1088 0.0022 666.0 13.0

7.1 543 0.54 261 0.000014 0.0002 0.5603 0.0049 4.7303 0.0005 2868.0 20.0 2916.0 4.0
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Sam ple U Th/U Pb* 204Pb/206Pb f206c
206Pb/238U ± 6/38 206Pb/207Pb ± 6/7   206Pb/238U

207Pb/206Pb

Spot [ppm]  [ppm]       Age [Ma] ± Age [Ma] ±

Bial-3

1.1 56 0.00 12.6  – <0.01 0.2606 0.0012 10.1522 0.0260 1500.9 29.2 1690.0 91.8

2.1 174 0.00 42.0  – <0.01 0.2806 0.0019 10.8342 0.0769 1602.3 24.2 1566.0 26.6

3.1 368 0.00 85.1 0.000144 0.23 0.2689 0.0021 9.4697 0.0100 1532.2 17.8 1689.6 27.2

4.1 58 0.00 15.3  – <0.01 0.3086 0.0015 9.3111 0.0417 1735.4 31.6 1772.2 40.5

5.1 477 0.00 106.4 0.000119 0.19 0.2597 0.0021 8.9206 0.1111 1485.7 16.3 1806.5 17.0

6.1 104 0.00 23.5  – <0.01 0.2626 0.0015 10.7991 0.0555 1505.3 23.9 1511.2 44.8

7.1 739 0.00 89.1 0.000425 0.69 0.1404 0.0012 10.5708 0.1111 841.6 9.7 1398.0 40.3

8.1 38 0.00 9.4 0.000435 0.70 0.2876 0.0010 10.0100 0.0278 1629.4 48.4 1622.7 67.6

8.2 109 0.00 25.3 0.000035 0.06 0.2704 0.0016 10.4712 0.0555 1546.9 26.2 1583.4 33.8

9.1 120 0.00 27.7  – <0.01 0.2689 0.0015 10.5485 0.0666 1538.4 23.9 1559.7 43.9

10.1 713 0.00 176.3 0.000058 0.09 0.2876 0.0024 9.0253 0.1250 1628.0 17.6 1799.3 17.0

11.1 83 0.00 18.1  – <0.01 0.2533 0.0013 10.5708 0.0435 1455.5 26.2 1519.8 45.0

12.1 49 0.00 10.9 0.000193 0.31 0.2592 0.0011 10.4058 0.0370 1481.7 31.7 1496.4 62.6

13.1 220 0.00 47.1  – <0.01 0.2492 0.0016 10.7875 0.0714 1435.7 19.4 1495.2 27.6

14.1 146 0.00 39.6 0.000113 0.18 0.3172 0.0017 8.7873 0.0588 1773.2 28.4 1836.9 35.1

15.1 75 0.00 17.1  – <0.01 0.2649 0.0013 10.6157 0.0454 1526.8 28.3 1657.3 107.0

16.1 554 0.00 92.8 0.000216 0.34 0.1950 0.0016 9.4073 0.1111 1144.5 13.0 1685.3 26.1

17.1 183 0.00 40.9 0.000006 0.01 0.2602 0.0016 10.7411 0.0769 1490.7 21.4 1487.8 27.2

18.1 41 0.00 9.6  – <0.01 0.2686 0.0010 10.1833 0.0370 1539.1 35.7 1654.7 50.5

19.1 69 0.00 15.6 0.000152 0.25 0.2627 0.0013 10.3413 0.0476 1500.4 26.4 1520.0 51.7

19.2 222 0.00 50.7 0.000091 0.15 0.2666 0.0019 10.5820 0.0909 1523.9 21.6 1568.6 22.4

20.1 84 0.00 19.1  – <0.01 0.2642 0.0015 10.6044 0.0555 1511.7 24.0 1516.0 35.6

21.1 101 0.00 20.1  – <0.01 0.2309 0.0012 10.2354 0.0476 1341.5 24.4 1612.4 45.5

22.1 75 0.00 16.8 0.000290 0.47 0.2600 0.0013 10.3627 0.0454 1490.1 32.0 1559.1 42.5

23.1 74 0.00 17.3 0.000087 0.14 0.2734 0.0014 11.3895 0.0454 1572.7 32.8 1559.0 47.1

24.1 147 0.00 80.1 0.000065 0.08 0.6325 0.0044 4.1719 0.0588 3157.4 36.0 3113.4 12.1

25.1 54 0.00 12.6  – <0.01 0.2712 0.1260 10.3199 0.0303 1553.4 30.2 1643.5 85.4

26.1 351 0.00 86.1 0.000204 0.32 0.2856 0.0022 8.6281 0.0769 1614.9 18.3 1850.1 28.4

27.1 173 0.00 39.8 0.000153 0.25 0.2675 0.0185 10.4712 0.0769 1534.7 23.5 1614.9 25.8

28.1 304 0.00 72.6 0.000077 0.12 0.2784 0.0020 10.7066 0.1000 1603.6 25.6 1716.9 30.2

Slem

1.1 819 0.3834 78 0.00024 0.00419 0.09383 0.00059 16.4564 0.1407 578.1 3.5 631.0 18.5

1.2 204 0.8000 23 0.00001 0.00017 0.10095 0.00079 16.7816 0.1151 620.0 4.6 588.7 15.0

2.1 685 0.1260 95 0.00045 0.00778 0.14601 0.00108 12.2493 0.1055 878.6 6.1 1236.8 17.0

2.2 235 0.6412 91 0.00001 0.00022 0.34583 0.00269 8.3300 0.0695 1914.7 12.9 1956.9 15.0

3.1 366 0.2508 39 0.00001 0.00021 0.10996 0.00082 16.0744 0.1219 672.5 4.8 681.4 16.3

3.2 506 0.3535 57 0.00003 0.00050 0.11232 0.00073 16.0162 0.1355 686.2 4.2 689.1 18.2

5.1 210 1.1422 25 0.00001 0.00017 0.09867 0.00088 16.7170 0.2176 606.6 5.1 597.0 28.5

6.1 122 0.9781 14 0.00008 0.00144 0.09746 0.00084 15.5972 0.5916 599.5 5.0 745.4 82.3

7.1 99 0.7726 11 0.00001 0.00017 0.09508 0.00219 16.4937 0.4179 585.5 12.9 626.1 55.6

8.1 237 0.6327 25 0.00000 0.00007 0.09962 0.00073 16.6488 0.2999 612.2 4.3 605.9 39.4
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grains with var i ous rim-core re la tion ships are less com mon.
Weakly zoned or ho mo ge neous out growths are meta mor phic,
while weakly zoned euhedral out growths are of mag matic or i -
gin. The ex te ri ors dif fer in their U and Pb con tents. The Th/U
ra tios (Ta ble 4) in di cate dom i nance of mag matic grains. 

Up per Silesia. The zir cons are all nearly equant grains
which are ei ther clear, stubby prisms with py ram i dal ter mi na -
tions and os cil la tory ig ne ous zon ing, or round frag ments of
once larger grains pre serv ing frag ments of mag matic zon ing.
Far fewer grains are rounded, which gen er ally points to a rel a -
tively short pe riod of sur face trans port of the de tri tal ma te rial of 
both of the sam ples. The Th/U ra tios (Ta ble 4) in di cate a mag -
matic or i gin for the zir cons.

IGNEOUS ZIRCON SAMPLES

The zir cons in sam ple Kety-8 are clear, with py ram i dal ter -
mi na tions and as pect ra tios ~1:3. Many grains are mul ti ply os -
cil la tory zoned, and some grains have ig ne ous zoned out -
growths on sim ple struc tured cores. The Th/U ra tios vary from
0.08 to 0.59. By con trast, the zir cons in sam ple Rozt-2 are short
and stubby, most with com plex struc tured cores, occassionally
embayed, with ei ther sim ple ig ne ous zoned or un zoned out -
growths. The Th/U ra tios vary from 0.17 to 2.21. Al most all the 
zir cons in sam ple Rocz-3 (Fig. 2; Ta ble 5) are clear, stubby to
long pris matic euhedral grains with os cil la tory ig ne ous zon ing.
The Th/U ra tios (Ta ble 5) vary be tween 0.03 and 0.9. The grain 
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Sam ple U Th/U Pb* 204Pb/206Pb f206c
206Pb/238U ± 6/38 206Pb/207Pb ± 6/7   206Pb/238U

207Pb/206Pb

Spot  [ppm]  [ppm]       Age [Ma] ± Age [Ma] ±

Lach 4

1.1 166 0.0013 15  – <0.00001 0.10308 0.00130 1491.6 17.5

2.1 144 0.0034 32  – <0.00001 0.26034 0.00341 729.1 9.7

3.1 302 0.0012 27 0.000039 0.06930 0.10272 0.00120 630.3 7.0

4.1 116 0.0014 10  – <0.00001 0.09955 0.00137 668.4 8.7

5.1 136 0.0013 12  – <0.00001 0.10098 0.00134 662.3 8.7

6.1 163 0.0015 15 0.000033 0.00060 0.10925 0.00149 650.6 7.2

7.1 214 0.0013 19  – <0.00001 0.10237 0.00133 650.5 12.5

8.1 404 0.0012 37 0.000042 0.00070 0.10619 0.00124 645.8 7.7

9.1 568 0.0012 49  – <0.0001 0.10020 0.00118 644.5 7.7

10.1 295 0.0011 24 0.000025 0.00040 0.09299 0.00108 639.3 8.8

11.1 341 0.0011 26 0.000014 0.00030 0.08903 0.00109 638.2 7.6

12.1 351 0.0013 32 0.000018 0.00030 0.10515 0.00131 632.4 7.6

13.1 106 0.0017 11 0.000007 0.00010 0.11974 0.00169 628.3 7.8

14.1 27 0.0020 2  – <0.00001 0.07857 0.00201 627.7 8.3

15.1 105 0.0012 8  – 0.00010 0.08385 0.00122 621.8 11.6

16.1 243 0.0011 18  – <0.00001 0.08683 0.00109 620.1 7.9

17.1 178 0.0012 14  – <0.00001 0.09052 0.00120 615.6 6.9

18.1 122 0.0014 10  – <0.00001 0.09417 0.00136 611.8 8.0

19.1 86 0.0022 8 0.000116 0.00210 0.10617 0.00215 604.1 6.7

20.1 68 0.0020 6  – <0.00001 0.10126 0.00198 580.1 8.0

21.1 261 0.0013 24 0.000048 0.08585 0.10537 0.00132 573.2 6.4

22.1 273 0.0013 24 0.000013 0.02392 0.10406 0.00130 565.4 8.2

23.1 129 0.0014 10  – 0.00001 0.09166 0.00139 561.7 6.6

24.1 322 0.0011 27  – <0.00001 0.09824 0.00114 558.6 7.1

25.1 163 0.0015 15  – <0.00001 0.10821 0.00150 549.8 6.5

26.1 215 0.0014 19 0.000108 0.19093 0.10227 0.00142 536.7 6.4

26.1 215 0.0014 19 0.000108 0.19093 0.10227 0.00142 536.7 6.4

Un cer tain ties re ported at 1s and are cal cu lated by nu mer i cal prop a ga tion of all known sources of er ror,  and data cor rected ac cord ing to pro ce dures out -
lined in Stern (1997); * — ra dio genic Pb;  f206c — frac tional 206Pb con tri bu tion from com mon Pb
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Sam ple             To tal    Ra dio genic  Age [Ma]

Grain. U Th Th/U 206Pb* 204Pb/206Pb f206
238U/206Pb ± 207Pb/206Pb ± 206Pb/238U ± 206Pb/238U ±

Spot [ppm] [ppm] [ppm] [%]

Kety-8

1.1 213 57 0.27 16.6 0.000210 0.04 10.997 0.106 0.0592 0.0008 0.0909 0.0009 560.8 5.3

2.1 537 226 0.42 44.4 0.002370 4.04 10.399 0.087 0.0920 0.0022 0.0923 0.0010 569.0 5.7

3.1 304 69 0.23 24.3 0.000049 <0.01 10.772 0.097 0.0578 0.0006 0.0930 0.0009 573.2 5.0

4.1 261 40 0.15 21.1 0.000064 0.02 10.624 0.097 0.0595 0.0007 0.0941 0.0009 579.8 5.2

5.1 162 73 0.45 14.1 0.000167 0.14 9.865 0.137 0.0616 0.0008 0.1012 0.0014 621.6 8.5

6.1 544 190 0.35 44.4 0.000012 <0.01 10.527 0.104 0.0583 0.0004 0.0951 0.0010 585.8 5.7

7.1 291 54 0.19 23.8  – <0.01 10.509 0.095 0.0591 0.0007 0.0952 0.0009 586.2 5.2

8.1 148 17 0.11 12.8 0.000183 <0.01 9.977 0.108 0.0590 0.0009 0.1004 0.0011 616.8 6.5

8.2 312 55 0.18 25.2 0.000059 <0.01 10.628 0.097 0.0574 0.0006 0.0943 0.0009 581.1 5.2

9.1 241 41 0.17 19.3 0.000079 0.17 10.749 0.100 0.0605 0.0007 0.0929 0.0009 572.5 5.2

10.1 224 54 0.24 18.0 0.000072 <0.01 10.717 0.102 0.0585 0.0007 0.0934 0.0009 575.6 5.4

11.1 253 20 0.08 20.1  – 0.10 10.806 0.100 0.0599 0.0007 0.0925 0.0009 570.0 5.2

12.1 122 23 0.19 9.9 0.000183 0.29 10.561 0.120 0.0618 0.0010 0.0944 0.0011 581.6 6.5

13.1 273 76 0.28 21.4 0.000003 0.17 10.951 0.104 0.0603 0.0007 0.0912 0.0009 562.4 5.2

13.2 221 36 0.16 17.8 0.000076 <0.01 10.684 0.102 0.0575 0.0007 0.0938 0.0009 578.0 5.4

14.1 623 366 0.59 99.4 0.000003 <0.01 5.385 0.047 0.0757 0.0004 0.1858 0.0017 1098.5 9.3

15.1 183 20 0.11 14.9 0.000060 <0.01 10.556 0.104 0.0582 0.0008 0.0949 0.0010 584.3 5.6

15.2 115 22 0.20 9.3  – <0.01 10.546 0.117 0.0585 0.0010 0.0949 0.0011 584.6 6.3

16.1 631 226 0.36 51.5 0.000061 <0.01 10.522 0.100 0.0593 0.0004 0.0951 0.0009 585.4 5.4

17.1 136 27 0.20 10.5 0.000346 0.11 11.148 0.118 0.0595 0.0010 0.0896 0.0010 553.2 5.7

18.1 463 121 0.26 37.3 0.000057 <0.01 10.664 0.094 0.0590 0.0005 0.0938 0.0008 578.0 5.0

19.1 158 25 0.16 12.7  – <0.01 10.695 0.108 0.0574 0.0008 0.0937 0.0010 577.5 5.7

20.1 135 17 0.12 10.8 0.000166 0.01 10.733 0.120 0.0593 0.0011 0.0932 0.0011 574.2 6.3

Rozt–2

1.1 474 637 1.34 40.1 0.000104 0.19 10.146 0.102 0.0604 0.0005 0.0984 0.0010 604.9 5.8

2.1 222 93 0.42 18.5 0.003128 5.62 10.280 0.096 0.1019 0.0035 0.0918 0.0010 566.2 6.0

3.1 607 151 0.25 48.9  – <0.01 10.657 0.091 0.0593 0.0008 0.0939 0.0008 578.4 4.7

4.1 26 14 0.52 2.7 0.000520 0.93 8.433 0.147 0.0648 0.0019 0.1185 0.0021 722.0 13.2

5.1 975 521 0.53 78.6  – <0.01 10.649 0.085 0.0596 0.0003 0.0939 0.0008 578.7 4.4

6.1 130 74 0.57 11.5 0.000003 0.01 9.699 0.102 0.0602 0.0009 0.1031 0.0011 632.5 6.3

7.1 313 111 0.36 26.1 0.000185 0.33 10.320 0.093 0.0643 0.0006 0.0966 0.0009 594.4 5.1

8.1 121 87 0.72 10.9 0.000004 0.01 9.513 0.101 0.0601 0.0009 0.1055 0.0011 646.6 7.5

9.1 894 156 0.17 66.3 0.000520 0.92 11.597 0.094 0.0674 0.0004 0.0854 0.0007 528.4 4.2

10.1 278 221 0.80 24.5 0.000016 0.03 9.746 0.090 0.0589 0.0008 0.1026 0.0009 629.5 5.6

11.1 67 148 2.21 14.7  – <0.01 3.932 0.046 0.0927 0.0010 0.2545 0.0030 1461.0 15

11.2 429 269 0.63 88.7 0.000088 0.14 4.154 0.039 0.0912 0.0004 0.2404 0.0023 1388.7 12

12.1 151 133 0.88 13.4 0.000065 0.12 9.703 0.100 0.0599 0.0009 0.1029 0.0011 631.6 6.2

12.1 1678 622 0.37 113.1 0.000115 0.21 12.743 0.102 0.0587 0.0003 0.0783 0.0006 486.1 3.8

13.1 392 198 0.50 33.8 0.000093 0.17 9.970 0.095 0.0617 0.0005 0.1001 0.0010 615.2 5.6

14.1 1053 560 0.53 78.2 0.000137 0.24 11.571 0.094 0.0606 0.0004 0.0862 0.0007 533.1 4.2

15.1 51 68 1.32 12.1 0.000108 0.17 3.645 0.059 0.0934 0.0013 0.2744 0.0045 1563 28

14.2 258 370 1.44 23.1 0.000043 0.08 9.606 0.116 0.0604 0.0009 0.1040 0.0013 638.0 7.4

16.1 560 267 0.48 46.7 0.000033 0.06 10.313 0.086 0.0608 0.0004 0.0969 0.0008 596.3 4.7

17.1 714 317 0.44 58.0 0.000079 0.14 10.562 0.087 0.0604 0.0006 0.0946 0.0008 582.7 4.9

T a  b l e  5

Re sults of SHRIMP U-Pb anal y ses of zir cons from granitoids of the Up per Silesia Block



ex te ri ors are usu ally richer in U. The zir con grains in sam ple
Lody-1 (Fig. 2; Ta ble 5) are subhedral to euhedral with py ram i -
dal ter mi na tions. They are clearly struc tured, com pris ing in her -
ited cen tres over grown by ig ne ous rims with euhedral out lines.
The oth ers are sim ply-zoned mag matic zir cons. The high Th/U
ra tios con firm an ig ne ous or i gin.

RESULTS

The ob tained ages rep re sent the first zir con U-Pb SHRIMP II 
geo chron ol ogi cal data for Neoproterozoic rocks in South ern Po -
land and Dobrogea (Ta bles 4 and 5). Be cause of the re con nais -
sance char ac ter of our iso to pic stud ies and the pre dom i nance of
zir cons youn ger than 1.0 Ga, the re sults for de tri tal grains are
com pared on his to grams show ing the 206Pb/238U ages (Fig. 11). 

DETRITAL ZIRCON SAMPLES

In Dobrogea, a dis tinct age group be tween ~690 Ma and
~580 Ma is the most ob vi ous, and an other oc curs at
~1–1.05 Ga, with in di ca tions of an other two groups at
~1.4–1.5 Ga and at ~2.6–2.8 Ga (Fig. 11). Both the euhedral
ho mog e nous and trun cat ing overgrowths of the 690–580 Ma
group sug gest that ig ne ous and meta mor phic events oc curred
in the source re gion in that time in ter val. In East Ma³opolska,
most of the grain ex te ri ors have ages be tween 2.56–1.8 Ga.

How ever, an age group be tween ~610 Ma and ~575 Ma re -
vealed by both ig ne ous and meta mor phic out growths is also
sig nif i cant (Fig. 11). By con trast, in West Ma³opolska, an age
group of 670–570 Ma clearly dom i nates, with the re main der of
the zir cons spread be tween 1.2 and 2.9 Ga. In Up per Silesia,
90% of the ana lysed grains fall in a group of 680–550 Ma. The
re main ing sin gle grains hint to mi nor ~1.5 and ~1.9 Ga com po -
nents at the source. The EEC plat form mar gin is dom i nated by
~1.6–1.5 Ga zir cons with sin gle Archean grain (3.1 Ga).

IGNEOUS ZIRCON SAMPLES

In Kety-8 sam ple, 20 anal y ses of 17 grains yielded a mean
age of 579 ±2.7 Ma. Two grains have older cores of ~620 Ma,
and there is one grain with core of ~1.1 Ga. The unfoliated
granitoid in truded at ~580 Ma (Fig. 12). 

In Rozt-2 sam ple, two sub sets of anal y ses were dis cerned.
A dis tinct sub set of 6 anal y ses on 6 grains yielded the
206Pb/238U age do main of 582.7 Ma. The other sub set of 7 anal -
y ses on 7 grains yielded an age do main of 628.3 Ma. The two
age do mains are con sis tent with the Kety-8 sam ple and are
taken as a re cord of in tru sion at ~580 Ma. One grain has an age
of 722 ±13 Ma, and the three other grains have ages of
~1.4–1.5 Ga; they all re veal in her i tance (Fig. 12).

In Rocz-3 sam ple, the anal y ses for the zoned core and for
the weakly zoned trun cat ing man tle of one grain gave ages of
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Sam ple             To tal    Ra dio genic  Age [Ma]

Grain. U Th Th/U 206Pb* 204Pb/206Pb f206
238U/206Pb ± 207Pb/206Pb ± 206Pb/238U ± 206Pb/238U ±

Spot [ppm] [ppm] [ppm] [%]

Rocz-3

1.1 697 63 0.09 58 0.000039 0.07 11.3404 0.11110 0.0598 0.0011 0.0880 0.0090 544.8 5.3

2.1 612 31 0.05 50 0.000485 0.84 11.4012 0.09700 0.0595 0.0063 0.0876 0.0010 542.0 6.1

4.1 200 36 0.19 17 0.000010 0.02 11.0473 0.08840 0.0583 0.0044 0.0906 0.0011 558.6 6.7

5.1 186 30 0.17 16 0.000035 0.06 11.1794 0.10410 0.0591 0.0039 0.0894 0.0010 552.3 5.7

6.1 160 32 0.21 14 0.000045 0.08 11.3779 0.10300 0.0613 0.0038 0.8758 0.0010 543.0 5.8

6.2 95 69 0.75 11 0.000010 0.02 9.5584 0.05550 0.0603 0.0043 0.1047 0.0018 641.4 10.5

7.1 583 17 0.03 48 0.000010 0.02 11.1024 0.15870 0.0586 0.0066 0.0901 0.0006 556.0 3.7

8.1 429 14 0.03 35 0.000032 0.06 11.2145 0.16390 0.0604 0.0032 0.0890 0.0006 550.6 3.6

9.1 204 162 0.82 22 0.000077 0.13 10.3423 0.12650 0.0620 0.0050 0.0964 0.0008 595.0 4.7

10.1 690 2 0.00 57 0.000010 0.02 10.9853 0.16120 0.0593 0.0065 0.0910 0.0006 561.6 3.7

Lody-1

1.1 361 87 0.24 30.4 0.003092 10.95 10.1920 0.0960 0.1475 0.0062 0.0874 0.0011 540.0 6.7

2.1 44 26 0.60 4.0 0.000189 0.87 9.4760 0.1670 0.0682 0.0035 0.1046 0.0019 641.4 11.3

2.2 2018 170 0.08 126 0.000902 4.50 13.7330 0.1140 0.0919 0.0020 0.0695 0.0006 433.4 3.7

3.1 383 48 0.12 31.2 0.000439 0.52 10.5400 0.0990 0.0636 0.0008 0.0944 0.0009 581.4 5.3

3.2 373 293 0.79 34.0 0.000052 0.03 9.4240 0.0880 0.0615 0.0006 0.1061 0.001 650.0 5.9

4.1 197 131 0.67 19.2 0.000291 0.41 8.7890 0.0920 0.0659 0.0008 0.1133 0.0012 691.9 7.1

5.1 185 228 1.23 15.8 – <0.01 10.0380 0.1090 0.0599 0.0009 0.0997 0.0011 612.4 6.5

Notes: (1) Un cer tain ties given at the ones level. (2) Er ror in FC1 ref er ence zir con cal i bra tion was 0.34% for the an a lyt i cal ses sion  (not in cluded in above
but re quired when com par ing data from dif fer ent mounts). (3) f206 % de notes the per cent age of 206Pb that is com mon Pb. (4) Cor rec tion for com mon Pb
made us ing the mea sured 238U/206Pb and 207Pb/206Pb ra tios fol low ing Tera and Wasserburg (1972) as out lined in Wil liams (1998)

Tab. 5 cont.



~642 and ~541 Ma, re spec tively. The man tles which trun cate
zoned cores in the re main ing grains yielded 206Pb/238U ages be -
tween ~559 and ~541 Ma. Dis card ing two mark edly older
anal y ses, four con cor dant anal y ses yield an age of 558±4 Ma
which is in ter preted as the age of the (late syntectonic) in tru -
sion, whereas the age of ~642 Ma rep re sents in her i tance
(Fig. 12). 

The anal y ses of zir cons from the Lody-1 sam ple are poor
and thus hard for in ter pre ta tion. How ever, in view of the re sults 
yielded for the other three sam ples, the data may be taken to
sug gest that some of the zir con grains from the £odygowice
tonalite vein crys tal lized be tween ~690 and ~580 Ma, with the
older age rep re sent ing pos si bly in her i tance and the youn ger
prob a bly re fer ring to an in tru sion time sim i lar to that en vis aged 
for other granitoids in Up per Silesia (Fig. 12). 

DISCUSSION AND CONCLUSIONS

In re cent palaeogeographic re con struc tions which take into
ac count Brunovistulia, this terrane is usu ally treated as a part of
Avalonia (Nance and Murphy, 1994; Murphy et al., 2004;
Linnemann et al., 2007). Ma³opolska or Dobrogea (Moesia)
are con sid ered less of ten and mostly re garded as parts of
Baltica that were rifted off in the Neoproterozoic, then
re-accreted to this con ti nent still in Ediacaran or in Palaeozoic
times, and Brunovistulia was to unite with Ma³opolska be fore
the De vo nian (Nawrocki et al., 2004a; Nawrocki and Poprawa, 
2006; Oczlon et al., 2007). Some re con struc tions as sume that
Dobrogea can be linked with the East Africa–Arabia sec tor of
Gond wana and the Pan-Af ri can Orogen (Liégeois et al., 1996;
Linnemann, et al., 2004). Winchester et al. (2002) en vis aged
the Bruno silesia–Moesia Terrane which in cluded Dobrogea
and acted as a bridge be tween peri-Gondwanan ter ranes and
Baltica and al ready in the Neproterozoic was po si tioned next to 
this con ti nent. The re con struc tions are based on zir con ages,
biogeographic and palaeomagnetic ev i dence. How ever, such
data ap pear am big u ous and pay rel a tively lit tle at ten tion to in -
ter nal geo logic fea tures of the ter ranes in ques tion. Dif fi cul ties
are en hanced by dif fer ences in the Ediacaran-Early Cam brian
sec tions of the APW paths pro posed for Baltica and its po si tion
with re gard to other con ti nents (Torsvik and Rehnström, 2001;
Hartz and Torsvik, 2002; Popov et al., 2002; Lewandowski and 
Abrahamsen, 2003; Nawrocki et al., 2004a). In this study, we
pre fer to uti lize the model of Baltica and Brunovistulia pro -
posed by Nawrocki et al. (2004a, b), es pe cially that this con -
forms to the palaeobiogeographic data. The Early Cam brian
trilobites (Or³owski, 1975; Nawrocki et al., 2004b) and
acritarchs (Bu³a et al., 1997; Vavrdová, 2004; Mikuláš et al.,
2008) from Bruno vistulia show close sim i lar i ties to NW and
SW Baltica. In the fol low ing sec tion, we dis cuss both our and
ear lier data in hope of ar riv ing at a more com plete model of the
evo lu tion of the stud ied ter ranes.

GRANITOIDS

In the south ern part of the Up per Silesia Block, unfoliated
gran ites in truded metasedimentary rocks at ca. 580 Ma. Lo -
cally gra nitic magma was emplaced as late as ca. 560 Ma, prob -
a bly into lo cal ized tec tonic zone, be cause the 558 Ma old
Roczyny granodiorite (Rocz-3) ac quired fab ric dur ing in tru -
sion. Rounded elon gate feld spar augen set in a ma trix of
recrystallized quartz and bi o tite tes tify to a microstructural con -
tin uum of mag matic de for ma tion to solid-state de for ma tion at
de creas ing tem per a tures. This de for ma tion shows that duc tile
strain lo cally op er ated in the base ment of the block at the end of 
the Neoproterozoic, which is in ter preted by us as a re cord of the 
Slavkov-Rzeszotary col li sion.

All the Up per Silesia granitoids de vel oped at the ex pense of
the older crust that un der went a tectono thermal event at ca.
640–620 Ma and in cluded yet older, in her ited com po nents dated
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Fig. 11. His to grams show ing U-Pb ages of de tri tal zir cons 

from the EEC, Ma³opolska, Up per Silesia and Dobrogea



at ~720 Ma, 1.1 Ga and 1.4–1.5 Ga. De for ma tion and meta mor -
phism of the coun try rocks must have gen er ally oc curred be fore
gra nitic in tru sions, prob a bly dur ing the ca. 640–620 Ma event.
As the 558 Ma Roczyny granodiorite was disconformably cov -
ered with Lower Cam brian (pre-Holmia) shal low-wa ter sand -
stones (Bu³a, 2000), a rapid orogenic-type up lift of the south ern
part of the Up per Silesia Block (do main A) in lat est
Neoproterozoic to ear li est Cam brian times is a cor ol lary. 

In the Brno Block, in tru sions of the ~590–580 Ma
unfoliated gran ites ev i dently post-dated the col li sion be tween
Thaya and Slavkov ter ranes (Fig. 13; Fin ger et al., 2000a, b).
To gether with our new zir con data (~640–560 Ma and older
age groups in the Up per Silesia granitoids: 1.0–1.2, ~1.5,
1.9–2.1 and 2.8–2.9 Ga), the iso to pic ages sup port the no tion
that most of the Brunovistulian (Thaya and Slavkov ter ranes)
crust is of Gondwanan de scent and may have come from the
Am a zo nian Craton.
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Fig. 12. U-Pb Tera-Wasserburg con cordia plots for zir cons from granitoids of the Up per Silesia Block

Fig. 13. Sche matic model of the Neoproterozoic crustal struc ture in South ern Po land

Ba — Baltica con ti nent; Rz — Rzeszotary Terrane; Sl — Slavkov Terrane; Th — Thaya Terrane; units marked with dif fer ent shades of yel low —
plat form and over step Palaeozoic de pos its



In the Slavkov Terrane, sin gle in her ited zir cons of ~1.1 Ga
and ~1.5–1.4 Ga (2–4% dis cor dant) age were found in
granitoids that in truded into paragneisses and mica schists. Al -
though scarce, they might in di cate that the rocks evolved from
the re worked Grenvillian orogen rather, than from a ju ve nile
intraoceanic Avalonian crust (1.3–1.0 Ga age, Murphy et al.,
2004). The granitoids in the east ern Slavkov (Up per Silesia)
show af fin ity to I/S-type gran ites be ing prob a bly de rived from
a lower crustal source in a su pra-subduction set ting of con ti -
nen tal arc magmatism. This agrees with I-type sig na ture re -
ported by Fin ger et al. (2000a) from the west ern Slavkov
Terrane. In the Thaya Terrane, gneiss es also con tain Meso- to
Neoproterozoic zir cons (1.6–0.9 Ma; Kröner et al., 2000) and
are far better iso to pi cally evolved (eNd(T) = –3 to –11) than the
Slavkov ones (eNd(T) = –1 to +2), which jus ti fies the dis tinc tion 
of the two ter ranes sep a rated by a metabasite (ophiolite?) su -
ture (Fin ger et al., 2000a, b). The Nd iso to pic sig na ture and in -
her ited zir cons of 1.2, 1.5 and 1.65–1.8 Ga (Friedl et al., 2000)
also are rather in con sis tent with the prov e nance from a ju ve nile 
Avalonian arc. The Thaya granitoids de vel oped via the re cy -
cling of an older con ti nen tal crust and the pro cess most likely
oc curred at the Am a zo nian sec tor of an ac tive Gondwanan
mar gin of the supercontinent Rodinia/Pannotia. The Slavkov
Terrane was lo cated more ex ter nally than Thaya and for the
time be ing it faced a subducting oce anic crust. In its fur ther his -
tory, the Slavkov Terrane got obliquely into con tact with the
Rzeszotary Terrane hav ing Palaeoproterozoic base ment (Fig.
13). This trig gered (1) turbiditic, flysch-type sed i men ta tion
swal low ing up the eroded prod ucts of the ca. 590–580 Ma
magmatism as the de tri tal zir cons of that age al ready oc curred
in the flysch, and (2) multiphase de for ma tion and low-grade
meta mor phism of the flysch se ries. In this model, the
Thaya–Slavkov cou ple rep re sented the hin ter land. K-Ar ages
of de tri tal micas (Belka et al., 2000) from Lower Cam brian
over step rocks con strain the fore land de for ma tion to lat est
Ediacaran times.

METASEDIMENTS

The age group of ca. 640–550 Ma, which char ac ter izes the
Up per Silesian/Brunovistulian granitoids, is re mark ably con -
sis tent with the most dis tinct age groups iden ti fied in all the de -
tri tal zir con sam ples from the Neopro terozoic flysch-type suc -
ces sions in the Up per Silesia, Ma³opolska and Dobrogea re -
gions. They were all fed from sources which in that time in ter -
val un der went tectonothermal events (arc mag matic, orogenic). 
In the pres ent-day map view, there is a sig ni f i cant pos i tive cor -
re la tion be tween the per cent age of zir cons dated at
640–550 Ma in the Neoproterozoic clastic rocks and the dis -
tance to the south ern, crys tal line part of the Up per Silesia Block 
in ter preted as the hin ter land (Figs. 2 and 13). Zir cons of this
age group are most abun dant in the prox i mal flysch de pos ited
on this block, less fre quent in the West Ma³o polska suc ces sion,
still less in the dis tal flysch of the East Ma³opolska suc ces sion,
and ab sent from the mar gin of the East Eu ro pean Plat form
(Fig. 11). The eNd(T) val ues for the flysch sed i ments also
steadily de crease from the US do main B (eNd(T)  = –1), where
they are sim i lar to those of the meta sedi ments and ig ne ous
rocks in the east ern Slavkov Terrane and via the west ern to the

east ern Ma³opolska suc ces sion (eNd(T) = –8 to –11) where they
be come iden ti cal to those of the Ediacaran plat form cov er ing
the East Eu ro pean Craton. The closer to the craton the more zir -
cons of the age groups known from the craton (1.5, 1.8, 2.0,
2.3–2.5 Ga; Figs. 1, 2 and 11) ap pear in late Neoproterozoic
sed i ments (bore holes Tulig³owy and Cha³upki). Such char ac -
ter is tics, com bined with the sedimentolo gical data which in di -
cate the de creas ing prox im ity of the flysch sed i ments away
from the Slavkov Terrane (crys tal line part of the US hin ter -
land), sug gest that prob a bly also by lat est Neoproterozoic–ear -
li est Cam brian times, all these re gions were al ready dis posed
close to one an other and ad ja cent to the Teisseyre-Tornquist
(T–T) mar gin of Baltica (Fig. 13) cov ered with Cam brian, ma -
tured, shal low-wa ter de pos its (Fig. 1), which is in line with
palaeomagnetic (Nawrocki et al., 2004a, b) and bio geogra -
phical data (Or³owski, 1975; Bu³a et al., 1997; Vavrdová,
2004; Nawrocki et al., 2007; Mikuláš et al., 2008). Of par tic u -
lar im por tance is the find ing by ̄ yliñska (2002) that some tri lo -
bite spe cies (e.g. Schmidtiellus panowi or Kjerulfia orcina),
were en demic to US and MB only and that at the ge nus level the 
two re gions shared the holmiid fauna with the con ti nent of
Baltica. More over, the ma tured Lower Cam brian sand stones in
US, MB and the EEC mar gin all con tain micas with
Neoproterozoic (K-Ar >540 Ma) cool ing ages (Belka et al.,
2000; Nawrocki et al., 2007), which di rectly in di cates that the
de tri tal con tents of these rocks must have been sup plied from a
nearby Neoproterozoic orogen whose ther mal ac tiv ity ter mi -
nated shortly be fore the Cam brian. Palaeozoic evo lu tion of the
dis cussed re gions is, how ever, be yond the scope of this pa per
and in terms of the prov e nance data will be fea tured sep a rately. 

Metasediments and unfoliated granitoids of the Slavkov
Terrane have iso to pic sig na tures (eNd(T) =  –1 to +2) which in di -
cate a rel a tively prim i tive crust. Such crust was a source for the
flysch-type clastic rocks (eNd(T) = –1) de pos ited in the Rzeszotary
fore land, des ig nated in this study as the US do main B. All these
fea tures sug gest that the US ac tu ally em braces frag ments of the
two men tioned ter ranes. In the Slavkov Terrane, mag ma tic
avtivity con tin ued till lat est Neoprotero zoic times as doc u mented
by the in tru sion of the ca. 550 Ma Jablunkov gab bro (Fin ger et al.,
1989) and the 558 Ma Roczyny granodiorite. The ~560–550 Ma
magmatism and lo cal ized shear ing de for ma tion seem to be a dis -
tinc t ive char ac ter is tic of the east ern part of this terrane which pre -
sum ably de vel oped dur ing its oblique col li sion with the
Rzeszotary Terrane (Archaean/Palaeoproterozoic base ment with -
out later over print).

PALAEOGEOGRAPHIC AND TECTONIC EVOLUTION

Ac cept ing the model of Fin ger et al. (2000a) for
Brunovistulia, we sug gest that the Thaya–Slavkov col li sion co -
in cided with the ca. 640(650)–620 Ma tectonothermal event re -
corded by our zir con data, which was fol lowed by granitoid in -
tru sions at ca. 590–580 Ma in suprasubduc tion set ting. Then the
terrane cou ple obliquely col lided with the Rzeszotary Terrane at
~560–550 Ma (prior to the pre-Holmia Cam brian) as sug gested
by lo cal ized de for ma tion and shear-zone magmatism, and the
three have since formed what is known as the com pos ite terrane
of Bruno vistulia (Fig. 13). Con cur rently, ei ther Brunovistulia or
an other sim i lar con cealed frag ments of Gond wana docked to the

More evidence on Neoproterozoic terranes in Southern Poland and southeastern Romania 115



Ma³opolska sec tor of Baltica, which rep re sented a part (prom on -
tory or prox i mal terrane) of the thinned, ex tended mar gin of the
East Eu ro pean Craton (Figs. 13 and 14). This re sulted in the for -
ma tion of the fore land ba sin on the MB, the one in which the de -
tri tus from the 640–550 Ma ter ranes was merged east ward, in the 
MB east ern suc ces sion, with the de tri tal in put from the Baltica
con ti nent (EEC). All the dis cussed ter ranes might have been
parts of the Teisseyre Terrane As sem blage, pro posed by
Nawrocki and Poprawa (2006) and re named to the
Teisseyre-Tornquist Terrane As sem blage by Nawrocki et al.
(2007), which oc curred close to the pres ent T–T mar gin of
Baltica. Tim ing sim i lar to that men tioned above is char ac ter is tic
for events in the Avalonian–Cadomian belt (Murphy et al.,
2004; Nance et al., 2008). The ques tion is whether other fea tures 
of these ter ranes, ap par ent con nec tions to Baltica in par tic u lar,
al low to in clude this as sem blage into the belt and to what ex tent. 

In gen eral, the Avalonian–Cadomian belt is viewed as a pe -
riph eral orogen at the edge of Gond wana that de vel oped in set -
tings sim i lar to those known from the East and West Pa cific. It
con sists of two types of crustal el e ments. The Avalonian ter ranes 
orig i nated from 1.3–1.0 Ga ju ve nile arc crust that accreted to
Gond wana and un der went high-grade meta mor phism at
~650 Ma, which was fol lowed by ca. 640–570 Ma arc-re lated
magmatism, then ca. 570–540 Ma wrench-re lated bi modal vol -
ca nism and sed i men ta tion, and fi nally by Early Cam brian
platformal suc ces sion (Murphy et al., 2000, 2004). The
Cadomian ter ranes orig i nated above the ~3.0–2.0 Ga crust along
the mar gin of the West Af ri can craton sub jected diachron ously
to arc-type re cy cling dur ing the late Neoproterozoic, with pe riod
of de for ma tion and meta mor phism at ca. 650–615 Ma that sep a -
rated two phases of arc magmatism. The main, youn ger phase
ter mi nated at ca. 615–570 Ma and was fol lowed by strike-slip
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Fig. 14. Pre ferred palaeo ge ogra phy based on Nawrocki et al. (2004a) 

and mod i fied af ter Keppie et al. (2001), Torsvik and Rehnström (2001), 

Nance et al. (2002, 2008), Murphy et al. (2004)

Ver ti cal rul ing — Palaeoproterozoic unit in West Af rica and South Amer ica; hor i zon tal dashed rul ing —
frag ments of the Grenville Belt; hor i zon tal rul ing — thinned, ex tended mar gin of Baltica (EEC); shaded
units — ter ranes de rived from West Gond wana. Am — Amazonia; ATA — Armori can Terrane As sem -
blage; C — Chortis; E Av — East Avalonia; F + Y — Florida and Yucatan; Ox — Oaxaquia; TTA —
Teisseyre-Tornquist Terrane As sem blage; WAf — West Af rica; In set (2) sche mat i cally shows the mem bers
of the TTA af ter their col li sions at the end of Neoproterozoic and un sta ble ac cre tion to ro tat ing Baltica. Sin -
u ous dashed line — dif fused bor der be tween the West and East Ma³opolska suc ces sions; hor i zon tal rul ing
— dom i nance of the Brunovistulia (Gond wana) de rived de tri tus; Ba — Baltica; KLF — fu ture strike-slip of
Kraków–Lubliniec Fault Zone; M — Ma³opolska; Rz — Rzeszotary; Sl — Slavkov; Th — Thaya; T–T —
Teisseyre-Tornquist mar gin of Baltica



tec ton ics till ~540 Ma (Nance and Murphy, 1994; Nance et al.,
2002, 2008). In Early Palaeozoic times, the Avalonian and
Cadomian ter ranes were sep a rated by the Rheic Ocean
(Linnemann et al., 2004, 2007).

As noted above, the Thaya Terrane pre sum ably was a part
of the Am a zo nian Craton once in volved in the Grenvillian
Orogen, then cou pled with the Slavkov Terrane at
640–620 Ma, which pro duced an ac tive Gondwanan mar gin
and mag matic arc with the 580–550 Ma suprasubduction gran -
ites. An un spec i fied back-arc rift ing, likely con nected with the
Pannotian stage of the Rodinia break-up (Dalziel, 1997), lib er -
ated from Gond wana the Thaya–Slavkov cou ple that
(obliquely?) col lided with the Rzeszotary Terrane around
560 Ma. The com pos ite terrane of Brunovistulia was formed in
that way by the col li sions within Pannotia. The 2.7–2.0 Ga old
Rzeszotary base ment in di cates link age ei ther with the West Af -
ri can Craton, tectonothermally in ac tive be tween 2.0 and
0.58 Ga (Murphy et al., 2004), or pos si bly with the
Maroni–Itacaiúnas Belt of  the Am a zo nian Craton that also has
sim i lar age char ac ter is tics (Tassinari et al., 1999). Baltican or i -
gin of the Rzeszotary Terrane seems rather im prob a ble as the
seis mic ve loc ity struc ture of its crust is quite dif fer ent from that
of Baltica (Malinowski et al., 2005). This terrane car ries mag -
netic anom a lies (Bu³a and ¯aba, 2008) which may be caused
by ba sic rocks sim i lar to those ex posed in the Rzeszotary horst.
How ever, the source of the anom a lies can not be ver i fied by
grav ity stud ies be cause of the mask ing ef fect from wide spread
min er al iza tion in car bon ate rocks of De vo nian cover, and the
basites them selves are too old to rep re sent an ophiolitic su ture
be tween the Slavkov and Rzeszotary ter ranes. Con clud ing, we
sup pose that Brunovistulia is clearly of Gondwanan de scent,
pos si bly de rived from the sec tor where the Am a zo nian and
West Af ri can Cratons were not far from each other. On the
other hand, the palaeomagnetic and palaeobiostratigraphic data 
sug gest that Brunovistulia must have been fi nally as sem bled in
the prox im ity to Baltica. 

In Ro ma nia, the South Dobrogea base ment con tains Pro -
tero zoic iron stones (BIF) sim i lar to the Krivoy Rog se ries of
the ad ja cent East Eu ro pean Craton (Visarion et al., 1979;
Dimitriu, 2001). This crustal el e ment might have been a con ti -
nen tal rib bon sep a rated from Baltica by Neoproterozoic rift ing
which was prob a bly re corded by the Cocoºu Group.  The Cen -
tral Dobrogea (CD) base ment in cludes some arc/back arc
metatholeiites with protoliths around 700 Ma or older.
Metabasites of that age oc cur in the su ture now weld ing the
Thaya and Slavkov ter ranes in Brunovistulia, but it is un known 
whether these frag ments of sup pos edly oce anic crust are di -
rectly re lated. How ever, the de tri tal zir cons re trieved from the
Histria Fm. show that the Neoproterozoic flysch of CD was fed
from the source with sin gle grains of 1.5 and 1.0 Ga age, and
dom i nated by grains dated at ~690–580 Ma  (Fig. 11). Such age 
spec trum sug gests the pres ence of the Gond wana-type crust
con cealed in the south ern part of South Dobrogea. On the other
hand, the con ti nen tal block prov e nance of de tri tal ma te rial
(Fig. 5) may in di cate a source in the faulted cratonic crust. Ac -
cord ingly the crustal frag ments that con trib uted to the Moesian
Block might have been de rived from both Gond wana
(Amazonia?, East Af rica?) and Baltica.

In Ma³opolska, no base ment un der ly ing the Neoproterozoic 
flysch-type se ries is known from geo log i cal ob ser va tions. Seis -
mic re frac tion pro fil ing re vealed low ve loc ity rocks down to
15–18 km that are in ter preted as a thick suc ces sion of rift-re -
lated and pas sive mar gin meta sedi ments de pos ited on the
thinned Baltica mar gin (Malinowski et al., 2005) in which
Ma³opolska formed a dis tinct prom on tory. The folded and
sheared flysch suc ces sion was prob a bly de tached from the un -
der ly ing Neoproterozoic base ment and dis placed by thrust ing
land ward over the Baltica mar gin, but the avail able drillholes
were to shal low to prove or dis card such a pos si bil ity. U-Pb
ages of de tri tal zir cons from Ediacaran rocks in Ma³opolska
(this study) and K-Ar ages of de tri tal micas (Belka et al., 2000;
Nawrocki et al., 2007) from Cam brian rocks of the Holy Cross
Mts. sug gest that the flysch suc ces sion was de formed at the end 
of the Ediacaran.

In West Ma³opolska, an age group of 670–570 Ma dom i -
nates among de tri tal zir cons in the flysch se ries.This age group
is less sig ni f i cant in East Ma³opolska and vir tu ally ab sent from
the EEC mar gin (Fig. 11). In Up per Silesia (do main B), most
ana lysed zir con grains fall in a group of 650–550 Ma and di -
rectly re flect the com po si tion of the ad ja cent crys tal line source
area (do main A). The two came into con tact af ter the
Thaya–Slavkov and Rzeszotary ter ranes obliquely col lided. 

The re vealed pat tern of the de tri tal zir con dis tri bu tion is
con sis tent with our re sults of re gional, sediment ological, geo -
chem i cal and struc tural ob ser va tions which all sup port the no -
tion that the ex ten sive Neoprotero zoic flysch-type de pos its in
Brunovistulia, Ma³opolska and Cen tral Dobrogea de vel oped in
a fore land sys tem which ac cu mu lated clastic sed i ments de rived 
by ero sion from the crys tal line hin ter land that evolved be tween
~690 and 550 Ma. The US do main B was near est to this hin ter -
land. The West Ma³opolska suc ces sion might have also oc cu -
pied rather prox i mal po si tion to Brunovistulia or to an other
terrane with sim i lar evo lu tion and prop er ties (e.g. alike zir con
ages, Fig. 11) as sug gested by the high con tents of the 680–550
Ma de tri tal zir con grains that un der went rel a tively short sur face 
trans port. Such in ter pre ta tion con curs with the pres ence of the
2.7–2.0 Ga old zir cons in bore hole Zalasowa (Zalas; Fig. 2),
sim i lar in age to the Rzeszotary base ment nearby. On the other
hand, the East Ma³opolska and Cen tral Dobrogea clastic se ries
which con tain more zir cons of other age groups were ev i dently
more dis tant and/or fed from an other por tion of the hin ter land,
now un known (hid den be low the Carpathians), and from the
near est craton, i.e. from Baltica. Char ac ter is ti cally, the
Ediacaran plat form sand stones (Bia³opole, Figs. 2 and 11) from 
the EEC mar gin do not con tain Neoproterozoic zir cons al -
though such zir cons al ready oc cur in over ly ing Lower Cam -
brian and youn ger sand stones of this mar gin
(Valverde-Vaquero et al., 2000; Jachowicz et al., 2002), which
tes ti fies to the ap pear ance of Brunovistulia and re lated ter ranes
at the Pre cam brian/Cam brian bound ary. For Ma³opolska and
Baltica, the pro posed in ter pre ta tion is con sis tent with the U-Pb
zir con age spec tra, prov e nance char ac ter is tics, sim i lar low
eNd(T) val ues, sim i lar with seis mic ve loc ity struc ture of the
crust (Malinowski et al., 2005) and sedimentological data from
the Cam brian siliclastic rocks of the EEC mar gin and ad ja cent
units (Jaworowski and Sikorska, 2006). Ac cord ingly, the
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Neoproterozoic fore land ba sin of Ma³opolska was floored by
the Baltican crust.

The multiphase fold ing and lo cal ized meta mor phism of the
fore land ba sin infill, dy ing out to ward the craton, is fully con -
sis tent with such sce nario. How ever, the obliq uity of the
Ma³opolska struc tural grain to the EEC mar gin sug gests
transpressional re gime and dextral strike-slip move ment ef fec -
tive on crustal faults in the base ment to the Trans-Eu ro pean Su -
ture Zone (TESZ). The fold ing and shear ing as in ter preted
from the ob ser va tions in drill cores led likely to a large-scale
antiformal stack with meta mor phosed belt in the core. It may
have re sulted in a pos i tive top o graphic re lief which prob a bly
pre vented the re gion from be ing cov ered with Cam brian over -
step de pos its. In Ma³opolska, a plat form cover started to ac cu -
mu late in the Arenigian with lime stones in its west ern part and
sand stones to mudstones in more cen tral part. In its east ern
part, mostly shales and sands of Arenigian age were laid over
shal low-wa ter Cam brian clastics (Jaworowski and Sikorska,
2006; Fig. 1).

In Dobrogea, the Ediacaran flysch of the Histria Fm. and
Bãltãgeºti Fm. also un der went very low-grade meta mor phism
and N-vergent fold ing around 570 Ma (Kräutner et al., 1988;
Seghedi et al., 2001), as so ci ated with stack ing and thrust ing of
the Pro tero zoic base ment over the flysch, with up lift dated at
~547 Ma. The de for ma tion could only be due to the con tin ued
short en ing and push ing of the Dobrogean units from the south
onto the ad ja cent mar gin and the East Eu ro pean Craton was ap -
par ently the only can di date (Seghedi and Oaie, 2004). A pas -
sive role of the south ern mar gin of this craton, the Scythian
Plat form, pos tu lated in older Rus sian lit er a ture was re cently re -
called by Saintot et al. (2006). Chen et al. (2002) dated at
590–560 Ma (meta)granitoids from the Is tan bul Zone and
found that to gether with the coun try rocks they were cooled
and up lifted at 548–545 Ma, with no later over print. Al though
now dis placed to the south due to the Black Sea open ing in the
Late Cre ta ceous, in lat est Neproterozoic times, the Is tan bul
Zone was likely at tached to the Scythian mar gin of Baltica and
may be re garded as one of the Gond wana-de rived ter ranes
which be came accreted to Baltica in the Ediacaran.
Transpressional ac cre tion of ter ranes at that time was also en -
vis aged along the south ern Baltica mar gin by Oczlon et al.
(2007). These events are still poorly constrainted be cause of
ex ten sive Phanerozoic over prints.

The cru cial is sue for ex plain ing the geodynamic sit u a tion
of the stud ied ter ranes in Neoproterozoic times is the com -
monly ac cepted neigh bour hood of Baltica and West Gond -
wana in Rodinia. Af ter the break-up of this supercontinent,
they still were close to one an other form ing the tran sient
supercontinent Pannotia, a pur ported short-lived suc ces sor to
Rodinia which evolved at 580–540 Ma from the col li sions be -
tween parts of frag mented Rodinia (Dalziel, 1997). Baltica,
Laurentia, Si be ria, Gond wana were ac com pa nied by
microcontinents lib er ated dur ing this re con sti tu tion. Re lo ca -
tions gave rise to var i ous col li sions be tween those large and
small crustal pieces. It was the very pro cess that al lowed
Brunovistulia to as sem ble and then to dock transpressionally
with Baltica along its S/SW (Ma³opolska, T–T) pas sive mar -
gin. Palaeomagnetic data show that Baltica ex pe ri enced ro ta -
tion and fast trans fer to the equa to rial po si tion in late Ediacaran

times  (Popow et al., 2002; Lewandowski and Abrahamsen,
2003; Nawrocki et al., 2004a, b; Nawrocki and Poprawa,
2006). Brunovistulia was in the equa to rial po si tion at ca.
540 Ma (Nawrocki et al., 2004a, b) and re mained close to this
con ti nent through the whole Phanerozoic, which does not pre -
clude its later ro ta tion and strike-slip move ments on the
Kraków–Lubliniec Fault Zone (¯aba, 1999). Such later events
are be yond the scope of this pa per.

A mech a nism which de tached con ti nen tal frag ments from
Gond wana was an over all rift ing cou pled with some back-arc
ex ten sion dur ing Rodinia break-up which started around
750–700 Ma and es pe cially dur ing the sub se quent Pannotian
re or ga ni za tion of the supercontinent caused by the ac tiv ity of a
man tle plume. Baltica and Gond wana disparted leav ing be hind
some con ti nen tal rib bons which with time be came trans formed
into microcontinents/ter ranes. Baltica re mained rimmed by
pas sive mar gins whereas an oce anic subduction be low West
Gond wana made its mar gin ac tive. Con ver gent re gime brought
about the ac cre tion of some ter ranes and led lo cally to back-arc
rift ing which even tu ally sep a rated sev eral con ti nen tal frag -
ments from the Gond wana main land al ready in the Neoprotero -
zoic. The oce anic ridge spread ing pro moted their out ward drift -
ing. Some of them might col lide with still nearby con ti nents
and/or microcontinents.

The ter ranes fea tured in this study could be parts of the
above sce nario (Fig. 14). Ophiolite rel ics of the Cen tral Ba sic
Belt be tween the Thaya and Slavkov ter ranes (Fig. 13), dated at 
ca. 725 Ma rep re sent frag ments of an ocean (Iapetus) opened
be tween Laurentia, Gond wana and Baltica when Rodinia
started to break-up. Thaya was part of Amazonia when it was
cou pled with Slavkov at ca. 640–620 Ma. The cou pling was as -
so ci ated and fol lowed by de for ma tion and am phi bo lite fa cies
meta mor phism (pre-580 Ma) in the newly formed mag matic
arc. Con tin ued subduction led to the back-arc open ing and ef -
fec tive drift ing of the Thaya–Slavkov cou ple be tween 620 and
580 Ma, pos si bly dur ing the Pannotian re or ga ni za tion. Prob a -
bly, the Rzeszotary Terrane was de tached from West Af rica or
Amazonia (Maroni–Itacaiúnas) roughly co evally. Hav ing
drifted an un known dis tance, the two col lided at ca. 560 Ma
and formed Brunovistulia. This oc curred at low lat i tudes and in
the prox im ity to Baltica with which it started soon to share
fauna and microflora. A sig nif i cant part of the Baltican thinned
pas sive mar gin (Figs. 2 and 13) was the Ma³opolska prom on -
tory that be came trans formed into the fore land in front of the
hin ter land com posed largely of Gond wana de rived ter ranes.
The two were transpressionally jux ta posed.

Brunovistulia ei ther also em braced the Carpathian base -
ment frag ments (Zemplin mas sif in Slovakia, Apuseni Mts.
and South Danubia in Ro ma nia) and the West Moesia
(Seghedi et al., 2005), or these units formed an other terrane(s) 
in prox im ity to Baltica too. The other parts of Moesia
(South/Cen tral Dobrogea) were likely of Baltican de scent.
The west ern and east ern parts of Moesia might have as sem -
bled, like the Slavkov and Rzeszotary ter ranes, at the time of
gran ite in tru sions (565 Ma) and then the Moesian Block
re-accreted to S/SW Baltica ap par ently at 570–547 Ma.
Baltica drifted away and ro tated anticlockwise (Fig. 14).
While ro tat ing, Baltica could also in ter cept other crustal frag -
ments which had ear lier been de tached from Gond wana or
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Baltica it self. The ro ta tion might have also al lowed for dextral 
strike-slip move ments of these frag ments rel a tive to the con ti -
nent and be tween one an other. Their fur ther re dis tri bu tion at
the Baltica mar gin, though in var i ous ways and at var i ous dis -
tances, oc curred dur ing the Phanerozoic. This topic is, how -
ever, be yond the scope of this pa per. 

No ta bly, our study sup ports the ex is tence of the
Teisseyre-Tornquist Terrane As sem blage (TTA, Nawrocki and
Poprawa, 2006; Nawrocki et al., 2007) which in Neoproterozoic 
times com prised a group of small con ti nen tal ter ranes in clud ing
Brunovistulia, Moesia, and Ma³opolska. The lat ter formed a
prom on tory of Baltica that may have been dis placed and thus
may have also acted as a prox i mal terrane. In our model, a char -
ac ter is tic fea ture of the TTA was a mix ture of crustal el e ments
that were de rived from both Gond wana and Baltica, which led to 
mu tual (Pannotian) col li sions of the el e ments prior to and con -
cur rent with the dock ing to Baltica in lat est Ediacaran times. The
pres ence of ex ten sive youn ger cov ers and com plex Phanerozoic
evo lu tion of in di vid ual mem bers of the TTA im pede the rec og -
ni tion of their Neoproterozoic his tory.

The on set of sep a ra tion of Baltica from Gond wana within
Rodinia is poorly con strained. Dy namic stra tig ra phy of the
crust at the T–T Baltica mar gin and palaeogeographic re con -
struc tions sug gest that ef fec tive thin ning and rift ing must have
oc curred in pre-Ediacaran and Ediacaran times and can not be
as signed to the Cam brian (Malinowski et al., 2005; Li et al.,
2008; Johansson, 2008). Ba saltic vol ca nism of the LIP-type
Volhyn Flood Ba salt Prov ince (con ti nen tal al ka line bas alts to
quartz tholeiites) might be a part of this event but it was lim ited
to one area only and miss ing in ev i dence at the T–T craton mar -
gin along strike (Fig. 1). Up to ca. 500 m thick traps and
pyroclastic de pos its (625–550 Ma, K-Ar and U-Pb ages), al -
though at the sur face spread par al lel to the Teisseyre-Tornquist
mar gin of the EEC (Fig. 1; Emetz et al., 2004; Elming et al.,
2007), were ac tu ally fed from the NE–SW ori ented crustal
frac tures that co in cided with the Fennoscandia–Sarmatia
bound ary which was per pen dic u lar to the T–T mar gin
(Bia³owolska et al., 2002). Sub si dence curves for Palaeozoic
de pos its in the lo cal Podlasie–Lublin Ba sin (Fig. 1; Poprawa
and Paczeœna, 2002; Paczeœna and Poprawa, 2005) lo cated at
the south west ern tip of the 1.3–1.0 Ga Volhyn–Orsha
aulacogen cov er ing this bound ary, in their Cam brian seg ments
re flect both the fault tec ton ics and ther mal sub si dence con -
nected with the cool ing of the crust that fol lowed when the trap
con struc tion halted. Such mech a nism seems to ex plain the con -
tin ued ac cu mu la tion of sed i ments in this ba sin in post-rift
times, es pe cially that the trap vol ca nism did not in flu ence Cam -
brian sed i men ta tion along the T–T un sta ble mar gin. K-Ar ages
of micas re ported by Nawrocki et al. (2007) from Cam brian
sand stones in the Holy Cross Mts. (E Ma³o pol ska) yield a clus -
ter at 740–720 Ma which prob a bly re flects the on set of rift ing

within Rodinia and is co eval with the ca. 725 Ma metabasite
belt trapped be tween the Thaya and Slavkov ter ranes in Bruno -
vistulia. In the ma tured Cam brian siliciclastics of East
Ma³opolska, the micas with K-Ar ages older than ca. 640 Ma
up to ca. 1 Ga likely rep re sent re worked com po nents de rived
from ear lier rift-re lated and sub se quent pas sive mar gin sed i -
ments once de pos ited on the thinned Baltica mar gin.

The Ediacaran/Cam brian con fig u ra tion was not fi nal, how -
ever and some sec tors of the SW/S mar gin of Baltica and ad ja -
cent ter ranes were later sub jected to rift ing and fur ther re or ga -
ni za tion dur ing the Palae ozoic and Me so zoic. This was
achieved by strike-slip tec ton ics. One of the ex am ples is the
KLZ along which Brunovistulia was sinistrally trans ported
with re spect to Ma³opolska for un known dis tance in the late Si -
lu rian and dextrally in the lat est Car bon if er ous (¯aba, 1999), in
the lat ter case af fect ing the De vo nian plat form cover which
spread across the terrane bound ary (Bu³a, 2000). An other ex -
am ple is North Dobrogea, in ter ven ing be tween Baltica and
Cen tral Dobrogea, with the re cord of Palaeozoic rift ing and de -
po si tion and sub se quent Cim mer ian orogenic over print
(Sãndulescu, 1984), and like wise the Scythian and Is tan -
bul-Zonguldak ter ranes fur ther east. Ow ing to such events,
other Gond wana de rived ter ranes are now found dis persed
along the SW/S mar gin of the East Eu ro pean Craton be tween
Po land and Kazakhstan.

Com par ing our data with the afore men tioned char ac ter is -
tics of the Avalonian–Cadomian belt, sim i lar i ties in the tim ing
of events are ev i dent. In Brunovistulia, these are: (1)
~640–620 Ma —  terrane col li sion with de for ma tion, meta mor -
phism and plutonism, (2) ~590–580 Ma — arc-type granitoid
in tru sions, (3) ~560–550 Ma — late bi modal magmatism and
strike-slip de for ma tion, fol lowed by an over step lower Cam -
brian plat form. Such clear se quence of events strongly sup ports 
the con nec tion of Brunovistulia with the Avalonian–Cadomian
belt in Neoproterozoic times. How ever, its fur ther his tory was
largely in de pend ent of the belt from which the terrane had al -
ready been de tached in the Ediacaran and docked with Baltica
and Baltica-de rived sliv ers around the Pre cam brian/Cam brian
bound ary. Ac tu ally, it her alded there the Avalonian–Cadomian 
belt that in a sim i lar way ap proached first Baltica and then
Laurussia in con sec u tive steps be tween Late Or do vi cian and
Late Car bon if er ous times. Fur ther stud ies are nec es sary to test
the pro posed in ter pre ta tions. 
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