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Ab stract: In south -east ern Po land and west ern Ukraine, the Outer Carpathian orogen and the Carpathian
Foredeep de vel oped in the fore land of the East-Eu ro pean Plat form (Baltica). The area con sists of a num ber of
tec tonic units in cluded in the Trans-Eu ro pean Su ture Zone (TESZ): the £ysogóry–Radom and Ma³opolska blocks
in the ter ri tory of Po land, and the Rava Rus’ka Zone, Kokhanivka Zone and Le¿ajsk Mas sif in the Ukraine. The
de vel op ment of the TESZ be gan in the (?Mid dle) Late Neoproterozoic and was as so ci ated with rift ing pro cesses
tak ing place along the west ern edge of the East-Eu ro pean Craton (Baltica) dur ing the break-up of the Rodinia/
Pannotia supercontinent. The pas sive mar gin of Baltica evolved into the TESZ dur ing collisional and/or strike-slip 
move ments. In the TESZ (Ma³opolska Block and Le¿ajsk Mas sif), Ediacaran flysch-type siliciclastics were
af fected by weak meta mor phism and fold ing dur ing the Cadomian orog eny. The de vel op ment of Cam brian
de pos its in the East-Eu ro pean Craton, £ysogóry–Radom Block, north east ern part of the Ma³opolska Block (Kielce 
Fold Belt) and in the Rava Rus’ka and Kokhanivka zones was as so ci ated with the post-rift ther mal sub si dence.
Tec tonic move ments (so-called Sandomierz phase), which oc curred prob a bly due to an oblique col li sion of the
Ma³opolska Block (in cluded into the pas sive mar gin of Baltica) and the East-Eu ro pean Craton dur ing late Mid dle
Cam brian to Late Cam brian (pos si bly also Early Or do vi cian) times, re sulted in the fol low ing: (1) de vel op ment of
strati graphical (?ero sional) gaps in the Mid dle and Up per Cam brian sec tions of the Lublin–Podlasie slope of the
East-Eu ro pean Craton and the Kielce Fold Belt in the Ma³opolska Block; (2) in tense tec tonic sub si dence of the
£ysogóry–Radom Block dur ing the de po si tion of Mid dle and Up per Cam brian sed i ments; (3) de vel op ment of
compressional folds in the Lower Cam brian to lower Mid dle Cam brian de pos its of the Kielce Fold Belt on the
Ma³opolska Block. Or do vi cian–Si lu rian se ries were de pos ited in a typ i cal flex ural foredeep ba sin, in which
sub si dence and de po si tion rates ac cel er ated dur ing Late Si lu rian (Lud low–Pridoli) and Early De vo nian (Lochko-
vian) times. It is pos tu lated that the pres ent po si tion of the Ma³opolska Block rel a tive to the £ysogóry–Radom
Block and East-Eu ro pean Craton re sulted from post-Si lu rian dextral move ments be tween the Ma³opolska Block
and the East-Eu ro pean Craton. De vo nian–Car bon if er ous de pos its oc cur only in the Ma³opolska Block lo cated in
the Variscan fore land. The Mid dle-Late De vo nian and Early Car bon if er ous shal low-ma rine car bon ate plat forms
de vel oped un der an extensional re gime. The siliciclastic Up per Visean–Lower Namurian A Culm se ries were
de pos ited in the flex ural Variscan fore land ba sin. Dur ing the Late Namurian A, the Ma³opolska Block was up lifted 
in re sponse to the build-up of compressional fore land stresses. Dur ing post-Car bon if er ous times, the Pre cam brian
and Palaeozoic de pos its were sub ject to ero sion and re struc tur ing dur ing the Al pine orog eny.

Key words: base ment, Carpathians, Carpathian Foredeep, East-Eu ro pean Plat form, Trans-Eu ro pean Su ture Zone, 
south-east ern Po land, west ern Ukraine.
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IN TRO DUC TION

In the flex ural Carpathian fore land ba sin and un der the
Outer Carpathians of south-east ern Po land and west ern
Ukraine, deep bore holes pro vide con trol on the dis tri bu tion
of vari able thick nesses of Palaeozoic sed i ments (Cam brian
to Car bon if er ous) and the Pre cam brian base ment be neath
the Perm ian and Me so zoic se ries (Fig. 1). Palaeozoic de pos -
its are only ex posed in the Holy Cross Mts. area, to the north 
of the Carpathian Foredeep.

The Pre cam brian and Palaeozoic (ex clud ing Perm ian)
se ries of this area form part of the Ma³opolska and £yso-
góry–Radom blocks (ter ranes) of Po land and the Le¿ajsk
Mas sif and Kokhanivka and Rava Rus’ka zones of the
Ukraine. These tectono-sed i men tary units form part of the
Trans-Eu ro pean Su ture Zone (TESZ) that ex tends along the 
south-west ern mar gin of the East-Eu ro pean Craton (Bal-
tica), and which are com monly treated as parts of the Pala-
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eozoic (epi-Variscan) Plat form of cen tral and west ern Eu -
rope, also re ferred to as the West-Eu ro pean Plat form (e.g.,
Kruglov & Tsypko, eds, 1988; Mizerski & Stupka, 2005;
Oszczypko et al., 2006).

Sed i men tary-di a strophic pro cesses, oc cur ring at dif fer -
ent times (from Pre cam brian to Car bon if er ous) and with
dif fer ent in ten sity within each of the above-men tioned tec -
tonic units, which should be treated as sep a rate lithospheric
units, re sulted in the ob served dif fer ences in their geo log i -
cal struc ture. The bound aries be tween these units are
marked by re gional, re peat edly re ac ti vated fault zones, gen -
er ally of a strike-slip na ture.

Lim ited con trol on the strati graphical po si tion and li-
thlogical char ac ter is tics of Pre cam brian and Palaeozoic se -
ries oc cur ring in this area ren der it dif fi cult to de ci pher the
tec tonic de vel op ment of the dif fer ent units, giv ing rise to
quite sig nif i cant dif fer ences in views con cern ing their pala-
eotectonic and palaeogeographical evo lu tion and the age of
their con sol i da tion. Dis crep an cies also con cern the course
of bound aries be tween the in di vid ual tec tonic units.

This pa per at tempts to clar ify some of the con tro ver sies
re gard ing the above-men tioned prob lems on the tec tonic
po si tion and palaeogeographical and tec tonic de vel op ment
of the Pre cam brian and Palaeozoic suc ces sion in the base -
ment of the Carpathian Foredeep and in the mar ginal part of
the Outer Carpathians in SE Po land and west ern Ukraine,
and to de velop a co her ent model of the geo log i cal struc ture
in the area. For this pur pose, pub lished re sults of lith o logic,
strati graphic, tec tonic and map ping were used and sup ple -
mented by the re sults of lithological, sed i men tary, petrogra- 
phic and palynological stud ies on drill cores ac quired from
sev eral bore holes. Of par tic u lar im por tance are the re sults
of palynological stud ies car ried out on rock sam ples pre vi -
ously con sid ered Pre cam brian or Early Palaeozoic in age,
which per mit ted to ver ify their strati graphical po si tion
(Jachowicz-Zdanowska, 2011).

TEC TONIC PO SI TION OF THE PRE-
CAM BRIAN AND PALAEOZOIC ROCKS

In SE Po land, the base ment of the mar ginal part of the
Outer Carpathians and Carpathian Foredeep is rep re sented
by Pre cam brian and Palaeozoic rocks of the south east ern
part of the Ma³opolska Block and the south-west ern part of
the £ysogóry–Radom Block (Fig. 1).

Ma³opolska Block

This unit, which in cludes the Kielce re gion of the Holy
Cross Mts. (Po¿aryski et al., 1992; Po¿aryski & Tomczyk
1993), is flanked to the south west by the Up per Silesian
Block (Brunovistulicum), from which it is sep a rated by the
well-de fined Kraków-Lubliniec Fault Zone (Fig. 1; Bu³a et
al., 1997; ¯aba, 1999; Bu³a & ¯aba, 2005; Bu³a & Habryn,
eds., 2008), prob a bly form ing part of the prom i nent Ham -
burg–Kraków trans con ti nen tal fault zone (Brochwicz-
Lewiñski et al., 1983; Oberc 1993; Bu³a & ¯aba, 2005;
Bu³a et al., 2008). Ac cord ing to Pietsch et al. (2010), this
fault zone con tin ues in the base ment of the Outer Carpa-

thian to the southeast from Kraków in the di rec tion of Smil-
no in Slovakia. The north east ern bound ary of the Ma³opol-
ska Block, at the con tact with the £ysogóry–Radom Block,
is marked by the Holy Cross Fault, which is well de fined in
the Holy Cross Mts. in the area be tween Kielce and Sando-
mierz (Fig. 1).

Var i ous in ter pre ta tions have been ad vanced for the
south-east ward con tin u a tion of the Holy Cross Fault (e.g.,
Tomczyk, 2000; Modliñski & Szymañski, 2005; Poprawa,
2006b; Narkiewicz, 2007; Narkiewicz et al., 2007) into the
area where Palaeozoic rocks oc cur at large depths be neath
the Neo gene cover of the Carpathian Foredeep and where
this area is de lin eated on the ba sis of both geo phys i cal and
geo log i cal in ves ti ga tions. In this pa per we ad here to the
course of the Holy Cross Fault as shown in the geo log i cal and 
struc tural maps of the Pre cam brian and Palaeozoic base ment
of the Outer Carpathians and Carpathian Foredeep (Bu³a &
Habryn, eds, 2008) and with ref er ence to the views of Tom-
czyk (2000) and Modliñski and Szymañski (2005), sug gest -
ing that it runs from Sandomierz to wards Lubaczów, where it 
ap proaches the bor der with the Ukraine (Figs 1, 2).

In that area of the Ma³opolska Block that co in cides with 
the mar ginal part of the Outer Carpathians and Carpathian
Foredeep, Pre cam brian (Ediacaran) rocks and var i ous in
age Palaeozoic de pos its subcrop at the sub-Perm ian–Me so -
zoic or sub-Caino zo ic (Mio cene) un con formity (Fig. 2).
The Palaeozoic sed i ments of this area were re peat edly sub -
ject to tec tonic de for ma tion and ero sion, re sult ing in the de -
vel op ment of a “mo saic” pat tern of horsts up held by Edia-
caran de pos its and older rocks within the De vo nian–Car -
bon if er ous cover se ries (Fig. 2).

There is a clear vari abil ity in the struc tural style of the
Palaeozoic sed i men tary cover of the Ma³opolska Block. In
its north-east ern part ad ja cent to the Holy Cross Fault Zone,
en com pass ing the Kielce re gion of the Holy Cross Mts. and
the area be tween Sandomierz and Lubaczów, the Palaeo-
zoic suc ces sion (rep re sented by the Cam brian, lo cally Or -
do vi cian and Si lu rian de pos its and De vo nian–Car bon if er -
ous rocks of the Kielce re gion – Fig. 2) shows fold or fold-
and-block style of the geo log i cal struc ture. A zone of such
struc tures ob served in this part of the Ma³opolska Block has 
been dis tin guished by Bu³a et al. (2008) as a sep a rate tec -
tonic unit called the Kielce Fold Belt (Fig. 1). In the re main -
ing area of the Ma³opolska Block, grabens, half-grabens,
horsts and half-horsts pre dom i nate, in volv ing Ediacaran
and Palaeozoic (Or do vi cian to Car bon if er ous) rocks. A pro- 
minent struc ture is a vast horst ex tend ing be tween Baranów
Sandomierski and Przemyœl, com posed of Ediacaran rocks,
re ferred to as the Lower San Anticlinorium or Lower San
El e va tion (Figs 1, 2) (Karnkowski & O³tuszyk, 1968;
Po¿aryski & Tomczyk, 1968).

£ysogóry–Radom Block

This unit is flanked to the SW by the Ma³opolska Block
and to the NE by the East-Eu ro pean Craton. On the mar gin
of the lat ter the De vo nian–Car bon if er ous Lublin Ba sin de -
vel oped that ex tends into the ter ri tory of Ukraine as the
L’viv Trough (Fig. 1). The south-west ern bound ary of the
Lublin Ba sin, of which the Lublin Trough forms the ax ial
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part, is usu ally iden ti fied in Po land with the Ursynów-Kazi-
mierz and Izbica–Zamoœæ faults (e.g., Jaworowski & Si-
korska, 2006; ¯elaŸniewicz et al., 2009). Narkiewicz et al.
(2007) sug gest, how ever, that the Nowe Miasto–Radom
Fault Zone forms the bound ary be tween the £ysogóry–
Radom Block and Lublin Ba sin. Ac cord ing to Narkiewicz
et al. (2007), the trend of this fault zone was con strained by
”the ex is tence of a crustal dis con ti nu ity in the base ment –
the Teysseire–Tornquist Zone (TTZ), equiv a lent to the edge 
of the East Eu ro pean Plat form”.

On the £ysogóry–Radom Block, bore holes pro vided in -
for ma tion on Cam brian (mainly Up per and Mid dle), Or do -
vi cian, Si lu rian and De vo nian de pos its, which show a char -
ac ter is tic zonal pat tern (Fig. 2). At the top of the Palaeozoic
un con formity (sub-Ju ras sic and sub-Ter tiary sur face), Cam -
brian de pos its subcrop only in the south-west ern part of this
tec tonic unit, ad ja cent to the Holy Cross Fault. Far ther to the 
north and northeast, Or do vi cian, Si lu rian and De vo nian se -
ries subcrop. Drill ing data pro vided no clear ev i dence for
the tim ing and na ture of tec tonic de for ma tion of these se -
ries. A sig nif i cant role of Cal edo nian move ments and strong 
fold ing of the Cam brian de pos its in the £ysogóry–Radom
Block were pos tu lated by Dadlez et al. (1994). Al ter na -
tively, Mizerski (2000) pos tu lates that these de for ma tions
in volved ex clu sively block fault ing, and that only dur ing
the Variscan orog eny, Palaeozoic (Cam brian to De vo nian)
de pos its were prob a bly folded as a whole.

In the base ment of the Ukrai nian mar ginal part of the
Outer Carpathians, the Carpathian Foredeep and in the fore -
land area three tec tonic units com posed of Pre cam brian and
mainly Lower Palaeozoic rocks were iden ti fied. These are,
from the south west to the north east, the Le¿ajsk Mas sif,
Kokhanivka Zone and Rava Rus’ka Zone (Fig. 1; Kruglov
& Tsypko, eds, 1988; Stupka, 1991, 1993; Mizerski &
Stupka, 2005 and ref er ences cited therein).

Le¿ajsk Mas sif

The Le¿ajsk Mas sif forms the south-east ern con tin u a -
tion of the Lower San Horst, mapped in Po land as part of the 
Ma³opolska Block (Figs 1, 2; Bu³a & Habryn, eds, 2008).
Al though both of them con sist of sim i lar Pre cam brian silici- 
clastic rocks, there are dif fer ent views on their age. The re -
sults of palynological and ra dio met ric in ves ti ga tions of Pre -
cam brian rocks from the Ma³opolska Block sug gest that
they are Ediacaran in age (¯elaŸniewicz, et al., 2009 and
ref er ences therein). On the other hand, Pre cam brian rocks
of the Le¿ajsk Mas sif were pre vi ously re garded as Riphean
in age, cor re spond ing to the Polesie Se ries de vel oped in the
mar ginal zone of the East-Eu ro pean Craton; there fore, the
Le¿ajsk Mas sif was con sid ered as hav ing been con sol i dated 
dur ing the Baikalian tectonogenesis (Kruglov & Tsypko,
eds, 1988; Stupka, 1993; Mizerski & Stupka, 2005).

Kokhanivka Zone

This tec tonic unit, which is sep a rated from the Le¿ajsk
Mas sif by the Krakovets Fault Zone (thrust?) (Fig. 1), con -
sists of de formed Cam brian mudstone-sand stones (Fig. 2)
of pos si bly lat est Neoproterozoic age, as sug gested by Kru-

glov and Tsypko, eds, (1988) and Stupka (1991) (cf. Mizer-
ski & Stupka, 2005). Lo cally – in the Verchany–Derzhiv re -
gion – Or do vi cian and Si lu rian clastic de pos its oc cur (Fig.
2; Kruglov & Tsypko, eds, 1988), which, ac cord ing to
Stupka (1991, 2002), are folded and in volved in thrust and
re verse faults.

Rava Rus’ka Zone

Within this tec tonic unit, Si lu rian cal car e ous mudstones 
and sand stones and Lower De vo nian sand stone-shale de -
pos its subcrop at the base-Ju ras sic un con formity (Figs 1, 2;
Stupka, 1991, 2002; Mizerski & Stupka, 2005). These rocks 
are strongly tectonized, steeply dip ping, and in volved in
folds as sug gested by Cam brian se ries oc cur ring in the core
of anticlines out lined by Si lu rian strata (Kruglov & Tsypko,
eds,, 1988; Stupka, 1991, 2002). Mizerski and Stupka
(2005) did not clearly ex press their views on the bound ary
be tween the Kokhanivka and Rava-Rus’ka zones. Dif fer ent
ages of the Palaeozoic de pos its in these units sug gest that a
fault sep a rates them, as shown in the geo log i cal map (Fig.
2). To the north east, the Rava Rus’ka Zone bor ders the
L’viv Foredeep (Figs 1, 2) along the re gional Rava Rus’ka
Fault Zone (thrust?). This tec tonic zone is com monly con -
sid ered to rep re sent both the south-west ern limit of the
L’viv Foredeep and the south-west ern edge of the East-Eu -
ro pean Plat form (cf. Mizerski & Stupka, 2005).

The frame work of the geo log i cal struc ture of Pre cam -
brian and Palaeozoic suc ces sion from the Po land/Ukraine
bor der land, il lus trated in Fig ure 2 and de vel oped based on
the lat est geo log i cal and partly geo phys i cal data, shows that
the Palaeozoic struc tures of the Kielce Fold Belt (in the
north-east ern part of the Ma³opolska Block) and the £yso-
góry–Radom Block in the ter ri tory of Po land are equiv a -
lents of the Ukrai nian Kokhanivka and Rava Rus’ka zones,
re spec tively (Figs 1 and 2).

STRA TIG RA PHY AND LI THOL OGY
OF THE PRE CAM BRIAN AND

PALAEOZOIC DE POS ITS

The Pre cam brian

Pre cam brian rocks of the Ma³opolska Block, com pos -
ing the base ment of the mar ginal part of the Carpathians and 
Carpathian Foredeep in south-east ern Po land, were en coun -
tered in sev eral hun dred wells drilled in the area lo cated
west of the Tarnobrzeg–Le¿ajsk–Jaros³aw–Przemyœl line
(Bu³a & Habryn, eds, 2008). Only short Pre cam brian sec -
tions of dif fer ent lengths (up to 750 m in the Zalasowa 2
bore hole) were ex am ined by drill ing. These rocks oc cur be -
neath Palaeozoic (Or do vi cian to Perm ian), Me so zoic (Tri -
as sic and Ju ras sic) and Mio cene se ries and are rep re sented
by weakly meta mor phosed (anchimetamorphic) siliciclas-
tics (e.g., Samsonowicz, 1955; G³owacki & Karnkowski,
1963; Po¿aryski & Tomczyk, 1968; Jawor, 1970; Karn-
kowski, 1977; Moryc & £ydka, 2000; Bu³a & Habryn, eds,
2008; ¯elaŸniewicz et al., 2009), con sist ing of mudstones,
sand stones, sandy gravelstones and polymictic con glom er -
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ates, var i ously col oured, mostly cherry-brown ish, grey-
green, ol ive-green or grey, oc ca sion ally ac com pa nied by
tuffite interbeds. These de pos its are char ac ter ized by rhyth -
mic sed i men ta tion and graded bed ding, in di cat ing that they
were de pos ited by den sity cur rents and thus are flysch-type
sed i ments. They of ten ex hibit signs of chloritization and
sericitization, and lo cally of phyllitization. The rocks are
char ac ter ized by a very strong de gree of tec tonic de for ma -
tion, com monly dip at 45–90° and in clude cataclastic rocks
and tec tonic brec cias.

These rocks used to be con sid ered to be Pre cam brian
(Riphean, Vendian) or Early Cam brian in age (Samsono-
wicz, 1955; G³owacki & Karnkowski, 1963; Po¿aryski &
Tomczyk, 1968; Jurkiewicz, 1975; Karnkowski, 1977;
Kowalski, 1983; Kowalczewski, 1990; Bu³a, 2000; Moryc
& £ydka, 2000). Their Neoproterozoic–Ediacaran (Ven-
dian) age was proved in the Ma³opolska Block, based on
palynological stud ies (acritarchs) from the fol low ing bore -
holes (Fig. 2): Radlna 2, Stawiska 1, Zalasowa 1 (Tarnów
re gion); Lipnica 7, 10, 16, 17 and Tryñcza 2 (Le¿ajsk re -
gion) (Moryc & Jachowicz, 2000; Jachowicz et al., 2002;
Jachowicz, 2008). The Late Pro tero zoic–Ediacaran age of
the sub-Or do vi cian siliciclastics found in the Ksi¹¿ Wielki
IG1 bore hole (Miechów re gion) was proved by the iso to pic
anal y sis of zir cons (U-Pb method) from tuffite interbeds in
these rocks (age 549 ± 3 Ma) (Compston et al., 1995). The
re sults of iso to pic stud ies (U-Pb SHRIMP II method) of sin -
gle zir con grains from fos sil-dated or pre sumed Ediacaran
rocks from the Zalasowa 1, Tulig³owy 38, Cha³upki Dêb-
niañskie 1 (Fig. 2), ¯ 141 and BN 58 bore holes show a sig -
nif i cant pro por tion of zir con grains, which grew in par ent
rocks as whole crys tals (or their rims) be tween 720 and 550
Ma (¯elaŸniewicz et al., 2009). These data clearly con firm
the Late Ediacaran age of the Ma³opolska Block flysch de -
pos its.

Rocks of un de fined age, form ing the Le¿ajsk Mas sif in
west ern Ukraine, which are sim i lar to those above de scribed 
from the Ma³opolska Block, were to date con sid ered to be
Riphean in age (Fig. 1; Kruglov & Tsypko, eds, 1988;
Stupka, 1993; Mizerski & Stupka, 2005). They show fea -
tures of siliciclastic flysch that ei ther un der went weak epi-
zonal meta mor phism or was sub jected to strong epidiage-
netic meta mor phic pro cesses. In west ern Ukraine, they were 
en coun tered – ac cord ing to Stupka (1993) – in about 20
boreholes, in clud ing sev eral wells lo cated in the Chyzhky
and Mostys’ka re gions near the Ukrainian-Polish border.

Palynological stud ies on drill cores of pre sumed Rip-
hean age in the Chyzhky 1 and 2 bore holes (Jachowicz-
Zdanowska, 2011), yielded the fol low ing re sults:

– the Chyzhky 1 sec tion rep re sents rocks youn ger than
Palaeozoic;

– the Chyzhky 2 sec tion con sists down to 3,600 m of
rocks youn ger than Palaeozoic, be low – (in ter val 3885–
3940 m), grey and green ish mudstones with faint lam i na tion 
dip ping at 40° were re cov ered in four cored in ter vals of low
core yield.

These rocks, which are weakly chloritized and sericiti-
zed con tain no de ter mi na ble mi cro- and macrofossils and
are prob a bly Pre cam brian in age. It should be noted that the
geo log i cal lit er a ture pro vides no de tailed data from in di vid -

ual bore holes that reached Riphean flysch rocks in this part
of the Ukraine. Hence, we do not know the cri te ria for dis -
tin guish ing the rocks in those boreholes.

In view of the re sults of palynological and ra dio met ric
stud ies of the Pre cam brian flysch in the Ma³opolska Block,
in di cat ing its Ediacaran age (Compston et al., 1995; Moryc
& Jachowicz, 2000; Jachowicz et al., 2002; Jachowicz,
2008; ̄ elaŸniewicz et al., 2009), it can be as sumed that sim -
i lar Pre cam brian rocks of the Le¿ajsk Mas sif in the Ukraine
(which forms an in te gral part of the Ma³opolska Block) and
pri mar ily those of its prom i nent Lower San Horst (Figs
1, 2), are also Ediacaran in age, rather than Riphean as pre-
viously assumed.

¯elaŸniewicz et al. (2009) pos tu lated that the Ediacaran 
flysch suc ces sion of the Ma³opolska Block was folded and
un der went weak and vari able meta mor phism dur ing the
Cadomian tec tonic move ments at the end of the Ediacaran,
as sug gested by the re sults of ra dio met ric age de ter mi na -
tions of de tri tal zir cons (U-Pb) from the Ediacaran flysch of
the Ma³opolska Block and of de tri tal mica (K-Ar) from
Cam brian rocks of the Holy Cross Mts. (Be³ka et al., 2000;
Nawrocki et al., 2007).

The Palaeozoic

Cam brian
In south-east ern Po land, Cam brian clastic rocks oc cur

on the north-east ern flank of the Lower San Horst where
they subcrop at the sub-Mio cene or sub-Ju ras sic un con -
formity along a belt ex tend ing from the Holy Cross Mts.
through Stalowa Wola to wards Lubaczów and the bor der
with the Ukraine (Figs 2, 3). Far ther to the north east, Cam -
brian rocks are grad u ally onlapped by Or do vi cian and Si lu -
rian rocks (Janów Lubelski–Bi³goraj–Narol re gion; Figs 2,
3). In this area, Cam brian rocks were en coun tered in more
than 300 bore holes. In some of them their strati graphic po si -
tion was de ter mined based pri mar ily on palynological stud -
ies (Dziadzio & Jachowicz, 1996; Kowalska et al., 2000;
Jaworowski & Sikorska, 2006; Jachowicz-Zdanowska,
2011). Re sults pre sented in these pa pers in di cate that only
frag ments of the Lower, Mid dle and Up per Cam brian sec -
tions vary ing in length from a few metres to sev eral hun dred 
metres (over 650 m in Narol IG2) have been identified in
individual boreholes.

Drill ing data also in di cate a clear zon ing of the lat eral
dis tri bu tion of these de pos its (Kowalska et al., 2000). For
in stance, the old est, Lower Cam brian rocks oc cur in the
south-west ern zone of the out crop belt di rectly ad ja cent to
the Lower San Horst, while far ther to the north east, Mid dle
to Up per Cam brian de pos its subcrop at the sub-Mio cene,
sub-Ju ras sic and sub-Or do vi cian un con formi ties. The Cam -
brian se ries are rep re sented by black, grey or grey-green
claystones and mudstones, usu ally sandy, and light grey,
fine-grained (rarely me dium-grained) quartz sand stones,
com monly interbeded or lam i nated with mudstones and
claystones (heteroliths), oc cur ring in dif fer ent pro por tions.
There are also rare thin con glom er ate lay ers. These rocks
con tain a va ri ety of sed i men tary struc tures and nu mer ous
trace fos sils. Ac cord ing to Dziadzio and Probulski (1997)
and Jaworowski and Sikorska (2006), Cam brian de pos its of
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this area developed on an extensive shelf, dominated by
tides and storms.

Stra tal dips re corded in the Cam brian sec tions are
highly vari able, from low-an gle to steep and even ver ti cal.
Steep dips pre vail in the Lower and Mid dle Cam brian sec -
tions, whereas the Up per Cam brian strata of ten lie in a hor i -
zon tal po si tion (Kowalska et al., 2000; Jaworowski &
Sikorska, 2006). Frag men tary data avail able on the Cam -
brian de pos its and their vari able stra tal dips make it im pos -
si ble to de ter mine their to tal thick ness (Fig. 4), which prob -
a bly exceeds 1,000 m in this region.

Cam brian rocks of the study area oc cur within two tec -
tonic units dis tin guished in the sub-Perm ian–Me so zoic
base ment of south-east ern Po land, i.e. the Kielce Fold Belt
cov er ing the north-east ern part of the Ma³opolska Block and 
the £ysogóry–Radom Block. These tec tonic units ex tend to
the bor der with the Ukraine in the south east (Figs 1, 2).

Drygant (2000) pro posed a lithostratigraphic scheme
for the Palaeozoic rocks oc cur ring be neath the mar ginal
parts of the Outer Carpathians and Carpathian Foredeep in
the west ern Ukraine based mainly on lithological cri te ria
and the re sults of well log anal y ses in sev eral bore holes, in -
clud ing: Dobromyl’ Stril’bychi 33, Dubliany 1, Bortiatyn 1, 
Chornokuntsi 1, Podilsti 1, and Rudky 300 (Fig. 2), sug -
gest ing the pres ence of Or do vi cian and Cam brian rocks. It
should be stressed that these rocks con tain no fos sils in most 
bore holes, and their strati graphic po si tion has been proved
on the ba sis of sin gle fau nal ev i dence or acritarchs found
only in some of them.

Drygant (2000) dis tin guished Cam brian rocks mostly
un der fos sil-free Or do vi cian clastic de pos its. The Cam brian
suc ces sion is rep re sented by mudstones-claystones and
quartz sand stones (quartzites) that are interbeded in dif fer ent
pro por tions. These rocks lo cally con tain trace fos sils. Dry-
gant (2000) sub di vided the Cam brian sec tion into three litho-
strati graphic units, namely: the Lower Cam brian Bal tic Se -
ries at tain ing the thick ness of 132 m; the Lower Cam brian
Berezhtsi Se ries at tain ing the thick ness of 306 m, and the
Mid dle to Up per Cam brian Stryvigor Se ries, which does not
ex ceed 98 m in thick ness. These se ries were pri mar ily sub di -
vided into 14 sec ond ary lithostratigraphic units ranked as
beds.

The oc cur rence of the com plete Cam brian sec tion and
the lithostratigraphic scheme, as pro posed by Drygant
(2000) for the Ukrai nian Carpathian Foredeep is, how ever,
ques tioned for sev eral rea sons. In most bore holes, Cam -
brian and Or do vi cian sec tions are ex clu sively dis tin guished
on the ba sis of lithological cri te ria, and there are clastic
rocks that are Palaeozoic and even Ju ras sic in age of sim i lar
lith o logic char ac ter is tics in the in ves ti gated bore holes
(Dulub et al., 2003). Dis tin guish ing be tween the dif fer ently
aged and lithologically sim i lar de pos its based ex clu sively
on lithological cri te ria can lead to se ri ous er rors in the as -
sess ment of their strati graphic po si tion. Based on palae on -
tol ogic stud ies, Dulub et al. (2003) in di cate that in deed part
of the sec tion pen e trated by the Chornokuntsi 1 and
Podil’tsi 1 bore holes is prob a bly Ju ras sic in age rather than
Palaeozoic (Cam brian and Or do vi cian), as en vis aged by
Drygant (2000). The re sults of palynological stud ies car ried 
out by Jachowicz-Zdanowska (2011) on rock sam ples from

the lower por tions of the Dobromyl’–Stril’bychi 33 and
Dubliany 1 sec tions also ne gate their Cam brian or Or do vi -
cian age. Sam ples taken from these rocks con tain palyno-
morphs, which are char ac ter is tic of rocks youn ger than the
Palaeozoic. Early Cam brian acritarch as sem blages have
been iden ti fied by Jachowicz-Zdanowska (2011) in the fol -
low ing bore holes: Korolyn 2 (depth 4,423.0–4,565.0 m),
Bortiatyn 1 (depth 3,986.0–4,297.0 m) and Rudky 300
(depth 3,176.0–4,501.9 m).

It should be noted that the Lower Cam brian rocks, con -
tain ing acritarchs found in the Bortiatyn 1 bore hole, were
in cluded by Drygant (2000) into the lower part of the Bal tic
Se ries (ten ta tively in ter preted as Lower Cam brian) and into
the Pre cam brian–Vendian, whereas in the Rudky 300 bore -
hole – into the Ju ras sic, Or do vi cian, Cam brian and Ven-
dian. In the Verchany 1 bore hole (Figs 2, 5), Jachowicz-
Zdanowska (2011) found Late Cam brian acritarch as sem -
blages in rock sam ples from depths be tween 1,996.0 and
2,056.8 m, whilst the over ly ing rocks (1,967.0–1,975.4 m)
con tain char ac ter is tic Or do vi cian acritarch as sem blages. By 
con trast, Drygant (2000) as signed in the same bore hole de -
pos its of the depth in ter val of 1,961.0–2,104.0 m entirety to
the Ordovician.

This casts se ri ous doubts on the va lid ity of the Palaeo-
zoic lithostratigraphic scheme of fered by Drygant (2000)
for this part of the Ukraine. More over, it is ques tion able that 
most of the bore holes listed by this au thor pen e trated com -
plete Cam brian sec tions of al most equal thick nesses, cov -
ered with a con tin u ous Or do vi cian cover, also of nearly
con stant thick ness. Such an as sump tion is con tra dicted by,
among oth ers, strong vari a tion of the stra tal dip an gle ob -
served in both the Palaeozoic and Ju ras sic rocks, as pointed
out by Kruglov and Tsypko, eds, (1988), Stupka (1991) and
Dulub et al. (2003). It is, there fore, ex pected that co eval
Palaeozoic rocks iden ti fied in the in di vid ual bore holes vary
in thick nesses. The above-men tioned bore holes and oth ers
de scribed by Drygant (2000), where Cam brian rocks were
iden ti fied, are lo cated in the Kokhanivka Zone, which is an
ex ten sion of the Kielce Fold Belt in Po land (Figs 1–4).
Thus, it should be as sumed that Cam brian de pos its of these
tec tonic units developed under similar sed i men tary-di a -
strophic conditions.

Or do vi cian
In the Pol ish part of the study area, Or do vi cian rocks

oc cur in both the Ma³opolska Block and the £ysogóry–
Radom Block (Figs 1–5). Or do vi cian rocks of the Ma³o-
polska Block do not form a con tin u ous cover, but were pre -
served in sev eral re gions (Figs 3, 5) in tec tonic struc tures,
such as fold, fold-and-block or block struc tures (Bu³a &
Habryn, eds, 2008). Or do vi cian strata un con form ably over -
lie Ediacaran or Cam brian se ries and are in turn over lain by
Si lu rian sed i ments and lo cally by De vo nian, Car bon if er ous, 
Mesozoic or even Miocene deposits.

In the base ment of the Carpathian Foredeep and the
mar ginal part of the Outer Carpathians, Or do vi cian de pos its 
of the Ma³opolska Block were pen e trated by 20 wells loca-
ted in the fol low ing re gions: Busko-Zdrój–D¹browa Tar-
nowska (bore holes: Stro¿yska 5, Niwki 3, Lubasz 2, Zalesie 
1 and Zgórsko 2); Pilzno–Rzeszów (bore holes: Pilzno 40,
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Nosówka 1, 2, 5, 6, 7, 8, 9, 12, Podgórze 1, Zagorzyce 1,
Bêdziemyœl 3 and Hermanowa 1); Tarnogród–Lubaczów
(bore holes: Wola Obszañska 8, 9, 10, Uszkowce 1, 4 and
Lubaczów 14) (Fig. 5) (Tomczyk, 1963; Kwiatkowski et
al., 1966; Bednarczyk et al., 1968; Moryc, 1974, 1992,
1996, 2006; Moryc & Nehring-Lefeld, 1997; Kowalska et
al., 2000; Maksym et al., 2003; Bu³a & Habryn, eds, 2008).

The stra tig ra phy of the Or do vi cian, rep re sented in these 
ar eas by clastic (claystones and siltstones, and rare sand -
stones and con glom er ates) and car bon ate (lime stone and
do lo mite) rocks, was es tab lished on the ba sis of graptolite,
cono donts and acritarch de ter mi na tions. In in di vid ual bore -
holes, ev i dence for the strati graphical po si tion of pen e trated 
Or do vi cian se ries is, how ever, vari able and es sen tially de -
pends on the quan tity of avail able drill core ma te rial. In
some bore holes, Or do vi cian sed i ments were iden ti fied ex -
clu sively on the ba sis of well log ging anal y sis. The ex ist ing
data in di cate the pres ence of strati graphic gaps span ning
dif fer ent parts and even the en tire Or do vi cian (Fig. 4).
These data also es tab lish the oc cur rence of lat eral litholo-
gical changes, such as the replacement of carbonates by
clastics.

A char ac ter is tic fea ture of the Or do vi cian suc ces sion in
the Ma³opolska Block is the pres ence of a dis tinct, prob a bly
syn chro nous (?Up per Tremadoc–Lower Arenig) glauco-
nitic sand stone of vary ing thick ness (from sev eral metres to
70 m), which oc curs at its base. Up in the Or do vi cian sec -
tions (Up per Arenig through the Ashgill), there is a re mark -
able lithological and fa cies vari abil ity. Car bon ates (sandy
and nod u lar bioclastic lime stones, bioclastic and crys tal line
dolomites) are the prev a lent or sig nif i cant lithological com -
po nents in the west ern parts of the Busko- Zdrój–D¹browa
Tarnowska, Pilzno–Rzeszów and Tarnogród–Lubaczów re -
gions. Clastic rocks (claystones, marly claystones and mud-
stones with graptolites) pre dom i nate in the Or do vi cian sec -
tions of the east ern parts of the Busko-Zdrój–D¹browa Tar-
nowska and Pilzno–Rzeszów regions.

Or do vi cian rocks of the Ma³opolska Block are charac-
terized by a small, but vari able thick ness, mostly below
100 m. The great est thick ness is ob served in the south of the 
Pilzno–Rzeszów re gion in the Hermanowa 1 bore hole –
336 m. The only par tially pen e trated Or do vi cian sec tion of
the Pilzno 40 bore hole is 140 m thick. The dips of the Or do -
vi cian strata in the above-men tioned three re gions of the
Ma³opolska Block usu ally do not ex ceed 20°, and are only
lo cally steeper in tec tonic de for ma tion zones.

Palaeontologically dated (graptolites, cono donts) Or do -
vi cian rocks of the £ysogóry–Radom Block have been
found in the fol low ing bore holes of the Bi³goraj–Narol re -
gion (Figs 4, 5): Narol IG1 and IG2, Dyle IG1, Kozaki 1,
Osuchy 1, and Doliny 1 (Modliñski & Szymañski, 2005;
Drygant et al., 2006). The Or do vi cian suc ces sion is un der -
lain in this area by Up per Cam brian de pos its, and over lain
by Si lu rian, Ju ras sic or Miocene rocks.

The Or do vi cian sec tion starts with Lower Tremadoc
quartz sand stones, claystones and mudstones (vary ing in
thick ness from 63 m to about 93 m), in cluded by Modliñski
and Szymañski (2005) into the Bi³goraj Sand stones and
Claystones For ma tion. This for ma tion is sub di vided into the 
Frampol Sand stones Mem ber (lower) and Goraj Claystones

and Mudstones Mem ber (up per). The Bi³goraj For ma tion is
over lain by two lat er ally equiv a lent lithostratigraphic units:
the Tanew Claystones For ma tion and the Susiec Lime stones 
For ma tion, which is sub di vided into the Psary Lime stone
Mem ber (lower) and Rebizanty Lime stone Mem ber (up -
per). The Tanew Claystones For ma tion is rep re sented in its
basal part by a glauconite layer (0.1–3.0 m) or a claystone
layer with abun dant glauconite, and in its up per part by a
com plex of claystones and mudstones (up to about 85 m in
thickness).

The Susiec Lime stones For ma tion is com posed of
marly lime stones with abun dant bioclasts, and marls, lo -
cally dolomitic, up to 3 m in thick ness. Ac cord ing to
Modliñski and Szymañski (2005), the Tanew Claystones
For ma tion was de pos ited dur ing the Early to Late Arenig.
The Susiec Lime stones For ma tion, in turn, was de pos ited
dur ing the Late Arenig and Early Llanvirn. These for ma -
tions are sep a rated from the Lower Tremadoc Bi³goraj For -
ma tion by a strati graphic gap span ning the Up per Tre-
madoc. In the north west of the re gion, the Susiec For ma tion
also spans the lower Lower Arenig, whereas in the south-
east, it rep re sents the Lower and Middle Arenig.

In this re gion, the up per por tion of the Or do vi cian se -
quence is rep re sented by 130–180 m thick cal car e ous
claystones, lo cally with ben ton ite interbeds, and lenses of
marly lime stones and lime stones, re ferred to the Cieszanów
Lime stones and Claystones For ma tion by Modliñski and
Szymañski (2005). Its lower part con sists of up to 6 m thick
marly and organodetritic lime stones, which were dis tin -
guished as the Osuchy Lime stone Mem ber. The stratigra-
phical range of this for ma tion cov ers the Up per Llanwirn
and the en tire Caradoc. It rests with a sed i men tary dis con ti -
nu ity sur face on the Tanew Claystones For ma tion or the
Susiec Lime stone For ma tion de pos its. This strati graphic
gap spans the Lower and Mid dle Llanvirn in the north west
of the region, and the Middle Llanvirn in the southeast.

In the Bi³goraj–Narol area, Or do vi cian sed i men ta tion
ends with cal car e ous claystones and mudstones in cluded by
Modliñski and Szymañski (2005) into the 19–25 m thick
Narol Cal car e ous Claystones For ma tion of Ashgill age.

The thickness of the Or do vi cian de pos its in the Bi³-
goraj–Narol area ranges from 184.6 m (Doliny 1 bore hole)
to 380.1 m (Dyle IG1 bore hole), and stra tal dips vary be -
tween 5 and 45°. Pre sent ing the char ac ter is tics of the Or do -
vi cian de pos its iden ti fied in the Bi³goraj–Narol area, Mo-
dliñski and Szymañski (2005) (vide Drygant et al., 2006)
sug gest that they show a close palaeogeographical re la tion -
ship and far-reach ing anal o gies of the geo log i cal events
with Or do vi cian de pos its from the £ysogóry re gion of the
Holy Cross Mts. For this rea son, the Bi³goraj–Narol area is
included in the Radom–£ysogóry Block.

In the mar ginal part of the Outer Carpathians and the
Carpathian Foredeep in west ern Ukraine, palaeontologi-
cally dated Or do vi cian rocks were en coun tered in only two
bore holes: Dobromyl’–Stril’bychi 33 and Verchany 1 (Fig.
5; Drygant, 2000, Jachowicz-Zdanowska, 2011).

In the Dobromyl’–Stril’bychi 33 bore hole, Or do vi cian
rocks were pen e trated at a depth of 5,001–5,132 m and con -
sist of grap to lit ic claystones and mudstones, lo cally
interbedded and lam i nated by fine-grained quartz sand -
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stones (Drygant, 2000). Based on graptolites, these rocks
were in cluded into the Lower, Mid dle and lower Up per Or -
do vi cian (from the Tremadoc through lower Caradoc). For
this sec tion, Drygant (2000) (vide Drygant et al., 2006) es -
tab lished the Stril’bychi Se ries, sub di vided (from the bot -
tom) into the Verchany, Vyrva, Nahuievychi and Skelivka
beds.

The Or do vi cian sec tion of the Dobromyl’–Stril’bychi 33 
bore hole was de fined by Drygant (2000) as the stratotype for
west ern Ukraine. Palaeontologically bar ren Or do vi cian rocks 
from other bore holes, men tioned in the chap ter on the Cam -
brian rocks, were dis tin guished by Drygant (2000) in re la tion 
to this stratotype sec tion. How ever, it should be noted that
Or do vi cian rocks of the Dobromyl’– Stril’bychi 33 bore hole
were treated, ac cord ing to ear lier views (Drygant, 2000 and
ref er ences therein), as a de tached block within the Outer Car- 
pathian flysch units. Drygant (2000), as sum ing their auto-
chthonous (“root”) po si tion in this bore hole and sug gest ing a
Cam brian age for the un der ly ing rocks, did not pro vide cred i -
ble ev i dence for his hy poth e sis.

Re sults of palynological stud ies car ried out by Jacho-
wicz-Zdanowska (2011) on sam ples of sub-Or do vi cian
base ment rocks from the Dobromyl’–Stril’bychi 33 bore -
hole in di cate that they are youn ger than the Palaeozoic. This 
shows – as pre vi ously as sumed – an allochthonous po si tion
of the Or do vi cian rocks in this bore hole. There fore, the sec -
tion can not be a stratotype for the Or do vi cian rocks that oc -
cupy an autochthonous po si tion in the Palaeozoic sec tions
through out west ern Ukraine. In the light of the fore go ing
con sid er ations, the lithostratigraphic scheme of Or do vi cian
rocks in this area, as pro posed by Drygant (2000), re quires a 
re vi sion based on more com plete palaeontological ev i -
dence. Pres ently, it is dif fi cult to jus tify the au thor’s view
that, in the base ment of the mar ginal part of the Outer
Carpathians and the Carpathian Foredeep of the Ukraine,
there is a mas sive (con tin u ous) cover of Or do vi cian clastic
rocks rang ing in thick ness be tween 30 and 130 m, which
rests con form ably on Cam brian de pos its and is unconfor-
mably overlain by Jurassic deposits, as shown in Fig. 5.

Or do vi cian (and pos si bly Si lu rian) rocks, which were
orig i nally de pos ited in the Kokhanivka Zone in the Ukraine, 
were prob a bly eroded – as it is the case in the Ma³opolska
Block of Po land – prob a bly prior to the Ju ras sic trans gres -
sion. In the Kokhanivka Zone ero sional pro cesses reached
the Cam brian. The Verchany 1 bore hole (Fig. 2; Drygant,
2000; Jachowicz-Zdanowska, 2011), which pen e trated
about 30 m of Or do vi cian mudstones and sand stones
interbedded with fine-grained quartz sand stones (over ly ing
the Up per Cam brian and un der ly ing the Ju ras sic), proves
that Or do vi cian de pos its were lo cally pre served in this tec -
tonic unit. In the Rava Rus’ka Zone, palaeontologically bar -
ren Or do vi cian claystone-mudstone de pos its were found in
the Ivano-Frankivs’k 1 bore hole be low Si lu rian at a depth
of 3,592–3,693 m (after Drygant, 2000).

Si lu rian
Sim i lar to Or do vi cian strata, Si lu rian se ries are only lo -

cally de vel oped in the base ment of the Outer Carpathians
and Carpathian Foredeep and on the Ma³opolska and £yso-
góry–Radom Blocks of Po land (Figs 2–5).

In the Ma³opolska Block, the ex tent of Or do vi cian sed i -
ments par tially over laps the ex tent of Si lu rian de pos its (Figs 
3, 5). Palaeontologically dated (by graptolites and acrit-
archs) Si lu rian rocks were found be neath De vo nian, Carbo-
niferous, Tri as sic, Ju ras sic and Mio cene for ma tions in sev -
eral wells lo cated in the fol low ing re gions: Busko Zdrój–
D¹browa Tarnowska (Stro¿yska 5, Niwki 3, Mêdrzechów 1
and Lubasz 2 bore holes); Pilzno–Rzeszów (Zawada 8K,
Czarna Pilzno 3, ¯ukowice 38, Pilzno 40, Zagorzyce 1 and
6, Nawsie 1 and Hermanowa 1 bore holes); and Tarnogród–
Lubaczów (Uszkowice 1, Wola Obszañska 6, 8 and 10)
(Fig. 5) (Tomczyk, 1963; Bednarczyk et al., 1968; Moryc,
1974, 1992, 1996, 2006; Moryc & Nehring-Lefeld, 1997;
Kowalska et al., 2000; Maksym et al., 2003; Bu³a &
Habryn, eds, 2008).

In this area, the Si lu rian is rep re sented by mudstones
and claystones, of ten marly, with graptolites, that lo cally
con tain in ter ca la tions of fine-grained quartz sand stones, oc -
ca sional lime stone lenses and interlayers of radiolarites and
tuffogenic rocks. Biostratigraphic stud ies in di cate the oc -
cur rence of strati graphic gaps in the top and basal parts of
the Si lu rian sec tions (Fig. 4). Si lu rian rocks rep re sent ing the 
up per Llandovery oc cur only to the south of the Pilzno–
Rzeszów re gion (Hermanowa 1 and Nawsie 1 bore holes). In 
its north ern part and in the Busko Zdrój–D¹browa Tar-
nowska and Tarnogród–Lubaczów re gions, Si lu rian sed i -
men ta tion started in Wen lock or only in Early Lud low times 
(e.g., Niwki Stro¿yska 5 and 3 boreholes).

In the Ma³opolska Block, no Pridoli de pos its have been
proved so far, pre sum ably due to end-Si lu rian and Early De -
vo nian ero sion. As a re sult, Si lu rian rocks of vari able thick -
nesses are pre served only lo cally as sum ma rized in the fol -
low ing re gions: Busko Zdrój–D¹browa Tarnowska – 36–
264.3 m; Pilzno–Rzeszów – 28–206 m; and Tarnogród–
Lubaczów – 7.5–165 m. Stra tal dips of Si lu rian de pos its
com monly range from a few to be tween ten and twenty de -
grees, rarely exceeding 30°.

In the £ysogóry–Radom Block, Si lu rian se ries subcrop
the basal Ju ras sic and Ter tiary un con formi ties in a belt ex -
tend ing from the Janów Lubelski re gion, through Narol to -
wards the bor der with the Ukraine (Figs 2, 5 ) where the
were pen e trated in sev eral bore holes, in clud ing Narol IG1
and IG2 and Dyle IG1. A par tial sec tion of the Si lu rian suc -
ces sion was drilled, among oth ers, in the Potok IG1 bore -
hole (Figs 3, 4; Modliñski et al., 1993; Tomczyk, 2000;
Bu³a & Habryn, eds, 2008). The low est part of the Si lu rian
sec tion is rep re sented here by about 50 m thick black bi tu -
mi nous claystones with nu mer ous graptolites prov ing their
Llandovery age. The Wen lock is rep re sented by 50–70 m
thick dark claystones with graptolites, lo cally con tain ing
lime stone lenses. The lower part of the Lud low sec tion is
com posed mainly of grap to lit ic claystones, con tain ing lime -
stone lenses or interbeds of marly lime stones, tuffites and
bentonites. Its up per part is dom i nated by mudstones, sandy
mudstones and fine-grained sand stones, which be come
more im por tant up sec tion. The Lud low suc ces sion is 580–
620 m thick. The lower part of the Pridoli suc ces sion is
com posed of claystones and mudstones, whereas its up per
part is dom i nated by claystones with lime stone lenses, con -
tain ing graptolites. The Pridoli de pos its, pre served un der
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Ju ras sic rocks, at tain a thick ness of over 400 m (Narol IG1
and Potok IG1 bore holes); in the Narol IG2 bore hole it is
112 m. The stratigraphically most com plete Si lu rian sec tion
of the great est thick ness (1,094.5 m) was en coun tered in the 
Narol IG1 bore hole. The Potok IG1 bore hole en coun tered
an 832.5 m thick Si lu rian sec tion while the Dyle IG1 bore -
hole pen e trated 200 m of Si lu rian sed i ments. In these bore-
holes the stratal dip of the Silurian deposits varies between a 
few and about 40°.

Be neath the Carpathian Foredeep of the west ern Ukra-
ine, Si lu rian sed i ments were found un der Ju ras sic or Lower
De vo nian de pos its in the Rava Rus’ka Zone (Figs 2, 4, 5;
Kruglov & Tsypko, eds, 1988; Stupka, 1991, 2002; Dry-
gant, 2000). Si lu rian sec tions, poorly dated by fos sils, were
among oth ers en coun tered in the Rava Rus’ka 1 and Ivano-
Frankivs’k 1 bore holes (Fig. 5). In the lat ter, Si lu rian strata
oc cur be tween Lower De vo nian and Or do vi cian sed i ments
at a depth of 3,148–3,592 m (Drygant, 2000) and con sist of
marly claystones interbedded with marly or clayey lime -
stones, rarely with mudstones and fine-grained sand stones,
at trib uted by Drygant (2000) to the up per Llandovery, Wen -
lock, Lud low and Pridoli. There are no data on the thick ness 
dis tri bu tion of Si lu rian rocks in the Rava Rus’ka Zone.
Strong tec tonic de for ma tion of the Palaeozoic suc ces sion in
this tec tonic unit (dip an gles from 70 to 90°) is sug gested by 
Kruglov and Tsypko, eds, (1988) and Stupka (1991, 2002)
(vide Mizerski & Stupka, 2005).

De vo nian
De vo nian se ries, oc cur ring in the base ment of the mar -

ginal part of the Carpathians and Carpathian Foredeep of
south-east ern Po land, were ex am ined by wells in the west -
ern part of the Ma³opolska Block (Figs 2, 3). Lower De vo -
nian sed i ments subcropping Ju ras sic se ries oc cur in the
north ern part of the Carpathian Foredeep on the £ysogóry–
Radom Block (north of Sandomierz) and at the edge of the
East-Eu ro pean Plat form in the Kraœnik re gion (Fig. 2). Sim -
i larly, Lower De vo nian se ries subcropping Ju ras sic sed i -
ments, oc cur be neath the Ukrai nian Carpathian Foredeep in
the Rava Rus’ka Zone and at the edge of the East-Eu ro pean
Plat form in the Ivano-Frankivs’k region (Fig. 2).

In the west ern part of the Ma³opolska Block, west of the 
Lower San horst struc ture (Figs 2, 3), De vo nian se ries were
en coun tered in over 40 bore holes in the mar ginal part of the
Carpathians and Carpathian Foredeep (Jawor, 1970;
Jurkiewicz & ¯akowa, 1972; Kicu³a & ¯akowa, 1972;
Zaj¹c, 1981, 1984; Moryc, 1987, 1992, 1996, 2006; Bu³a &
Habryn, eds, 2008) where they oc cur be neath Car bon if er -
ous, Me so zoic and Ter tiary de pos its and rest un con form -
ably on Ediacaran, Or do vi cian and Silurian rocks.

The lower part of the De vo nian sec tions is rep re sented
by Emsian clastic rocks (Old Red fa cies). These are usu ally
mot tled quartz sand stones (quartzites), mudstones and clay- 
stones. The pro por tion of these rock types var ies in the in di -
vid ual Lower De vo nian sec tions, the thick ness of which
ranges be tween 15 m and 150 m.

The Mid dle and Up per De vo nian suc ces sion is rep re -
sented by car bon ates. Dolomites, ac com pa nied by dolomitic 
lime stones, and lo cally marls and lime stones dom i nate in
the Eifelian. The oc cur rence of anhydrite and gyp sum tes ti -

fies to lo cally re stricted ma rine con di tions. The Givetian
sec tion con sists of dolomites and lime stones, pre dom i nantly 
stromatoporoidal ones. The Famennian is rep re sented by
de tri tal and nod u lar, bi tu mi nous and marly lime stones.
Rhyth mic de po si tion of clayey-marly or cal car e ous-de tri tal
sed i ments dom i nated in the Famennian. The thick ness of
the Mid dle and Up per De vo nian car bon ates, pre served in
this part of the Ma³opolska Block un der the Car bon if er ous
succession, varies greatly from 87 m to over 1,000 m.

No De vo nian de pos its are en coun tered in the Dêbica re -
gion and far ther north wards as far as D¹browa Tarnowska,
where the Car bon if er ous (Visean) rests un con form ably on
Si lu rian, Or do vi cian or Ediacaran rocks.

This sug gests that this re gion formed a high dur ing the
De vo nian and pos si bly Early Car bon if er ous times, re ferred
to as the “Dêbica Pen in sula” (Zaj¹c, 1987) or the “Mêdrze-
chów–Brzozów Land” (Narkiewicz et al., 1998b).

In the £ysogóry–Radom Block and along the mar gin of
the East-Eu ro pean Plat form, the Lower De vo nian sed i ments 
were pen e trated be low the Ju ras sic se ries be tween Sando-
mierz and Kraœnik by the fol low ing bore holes: Rachów 1,
Stró¿a IG1, and Zakrzew IG2 and IG3 (Fig. 2; Mi³aczewski, 
1981; Po¿aryski & Tomczyk, 1993; Tomczyk, 2000). Their
thick nesses vary be tween 170 m to over 1,400 m. In the
bound ary area be tween the Radom–£ysogóry Block and the 
East-Eu ro pean Plat form (at the edge of which the De vo -
nian–Car bon if er ous Lublin Ba sin de vel oped), the fol low ing 
three Lower De vo nian lithostratigraphic units are rec og -
nized (Mi³aczewski, 1981; Narkiewicz et al., 1998a, 2007):

– Sycyna For ma tion – dark-grey claystones and mud-
stones with rare lime stone interbeds, in ter preted as deeper
shelf de pos its of the lower Lower Lochkovian age;

– Czarnolas For ma tion – dark-grey claystones, mudsto- 
nes and fine-grained quartz sand stones, de pos ited in a shal -
low-ma rine near-shore zone, at trib uted to the up per Lower
Lochkovian;

– Zwoleñ For ma tion – fine-grained sand stones and
mostly mot tled claystones and mudstones, rarely ac com pa -
nied by con glom er ate lay ers with quartz peb bles. These are
al lu vial de pos its (Old Red fa cies) of the Late Lochkovian to
end-Emsian age.

Sim i lar Lower De vo nian rocks, in terms of li thol ogy
and fa cies types, oc cur in the Rava Rus’ka Zone and along
the south-west ern edge of the East-Eu ro pean Plat form in the 
Ukraine. They are as signed to two lithostratigraphic units,
namely the Tyver Se ries (Lochkovian–low er most Pragian)
and the Dnister Se ries (up per Pragian–?Lower Eifelian)
(Drygant, 2000). Equiv a lent lithostratigraphic units were
en coun tered be low the Ju ras sic suc ces sion in the Rava
Rus’ka Zone in the Rava Rus’ka 1 (depth 1,225–2,587 m)
and Ivano-Frankivs’k 1 (depth 880–3,148 m) bore holes
(after Drygant, 2000).

The Lower De vo nian se ries of the East-Eu ro pean Plat -
form, Radom–£ysogóry Block and Rava Rus’ka Zone over -
lie Si lu rian de pos its con form ably and in depositional con ti -
nu ity.

Car bon if er ous
Car bon if er ous rocks, oc cur ring be neath the mar ginal

part of the Outer Carpathians and Carpathian Foredeep,
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were en coun tered in the Ma³opolska Block only (Figs 2–4).
Like the De vo nian rocks, they oc cur in the west ern part of
this tec tonic unit (west of the Lower San Horst). In the
Outer Carpathians and Carpathian Foredeep, Car bon if er ous 
rocks have been re ported from over 60 bore holes un der the
Perm ian, Me so zoic and Ter tiary for ma tions. They com -
monly over lie De vo nian rocks, whereas in the D¹browa
Tarnowska–Dêbica–Rzeszów re gion they rest di rectly upon 
Si lu rian, Or do vi cian or Ediacaran rocks. The fol low ing
three Car bon if er ous lithostratigraphic units have been iden -
ti fied by Moryc (1987, 1992, 1996, 2006) and Jawor and
Baran (2004):

– Car bon ate-Clastic Com plex ”A“ , at trib uted to the
Up per Tournaisian, com posed of red and grey-green, var i -
ously grained sand stones, lo cally con glom er atic, and var ie -
gated claystones and mudstones, con tain ing interbeds of
car bon ates , mainly pelitic dolomites, marly claystones and
pelitic lime stones. De pos its of this com plex oc cur only in a
nar row strip along the west ern, north ern and east ern mar gin
of the so-called ”Dêbica Pen in sula“ (Zaj¹c, 1981) or the
”Mêdrzechów–Brzozów Land“ (Narkiewicz et al., 1998b),
where pre-De vo nian se ries are di rectly over lain by Visean
de pos its. The thick ness of the complex attains 76 m;

– Car bon ate Com plex ”B“, also re ferred to as the ”Car -
bon if er ous Lime stone“, is early Visean in age and over lies
com plex “A” in depositional con ti nu ity. It is rep re sented by
crys tal line, cryptocrystalline and micritic lime stones and
dolomites. The lime stones con tain thin in ter ca la tions of var -
ie gated claystones or mudstones. These de pos its are much
more wide spread than those of com plex ”A“. They were re -
moved by ero sion over a large area. In places where they are 
over lain by youn ger Car bon if er ous clastics (be low de -
scribed com plex ”C“), they range in thicknesses between
80 m and 590 m;

– Clastic (terrigenous) Com plex ”C”, which spans the
?Mid dle Visean through Lower Namurian (lower Namurian 
A), is com posed of claystones, grey mudstones and fine-to
me dium-grained sand stones (Culm fa cies). These clastics
at tain in this part of the Ma³opolska Block thick nesses of up
to 500 m.

PALAEO GE OGRA PHY AND TEC TONIC
EVO LU TION OF THE PRE CAM BRIAN

AND PALAEOZOIC

In south-east ern Po land and west ern Ukraine, the Outer 
Carpathians and Carpathian Foredeep de vel oped on the
mar gin of the East-Eu ro pean Plat form (Baltica) and the ad -
ja cent £ysogóry–Radom and Ma³opolska blocks in Po land
and the Rava Rus’ka Zone, Kokhanivka Zone and Le¿ajsk
Mas sif in the Ukraine (Figs 1, 2). These units, to gether with
the Brunovistulicum that ad joins the Ma³opolska Block in
the south west (Fig. 1), form parts of the Trans-Eu ro pean
Su ture Zone (TESZ). The evo lu tion of this zone dur ing Pro -
tero zoic and Palaeozoic times is in many re spects still not
fully re solved, ow ing to lim ited con trol on its Palaeozoic suc -
ces sions and the lack of data on the base ment struc ture of the
in di vid ual tec tonic units (Fig. 4; Dadlez, 2006; Nawrocki &
Poprawa, 2006; Jaworowski & Sikorska, 2006).

Pres ent in for ma tion on the geo log i cal struc ture of the
Pre cam brian and Palaeozoic suc ces sion in this area of the
TESZ and the mar gin of the East-Eu ro pean Plat form does
not per mit to es tab lish dis crete bound aries be tween the dif -
fer ent tec tonic units that are pre sum ably bounded by re -
gional or super-re gional fault zones. Their course has been
de lin eated with vary ing ac cu racy (Fig. 1) in the geo log i cal
map (Fig. 2), de pend ing on the avail abil ity of geo phys i cal
and geo log i cal con trol on the Pre cam brian and Palaeozoic
structure of different parts of the study area.

The prob lems of palaeo ge ogra phy and tec tonic pro -
cesses af fect ing the de vel op ment of the south-west ern edge
of the East-Eu ro pean Craton and tec tonic blocks (ter ranes)
in volved in the for ma tion of the TESZ dur ing Neoprotero-
zoic and Early Palaeozoic times (es pe cially Ma³opolska
Block and Brunovistulicum) have been sum ma rized by Ma- 
linowski et al. (2005), Jaworowski and Sikorska (2006),
Nawrocki and Poprawa (2006), Poprawa (2006a, b), Nar-
kiewicz (2007), Nawrocki et al. (2007) and ¯elaŸniewicz et
al. (2009). These au thors ex pressed in gen eral a con sis tent
opin ion that the de vel op ment of the TESZ be gan in (?Mid -
dle) Late Neoproterozoic times and was as so ci ated with rift -
ing pro cesses tak ing place along the west ern edge of the
East-Eu ro pean Craton dur ing the breakup of the Pre cam -
brian Rodinia/Pannotia supercontinent (vide Golonka 2009, 
Golonka et al. 2009). Ac cord ing to Poprawa (2006a), the
rift ing pro cess led to ”the de vel op ment of Baltica pas sive
mar gin, which evolved into the TESZ dur ing Palaeozoic
collisions and/or strike-slip movements”.

De po si tion of siliciclastic rocks of the Polesie For ma -
tion, over ly ing the Palaeo- or Mesoproterozoic crys tal line
base ment, is re lated to an early rift ing phase on the south-
west ern slope of the East-Eu ro pean Craton. These rocks
were de pos ited about 770–700 Ma ago (?Early-Mid dle
Neopro tero zoic) (Poprawa, 2006a). The main rift ing event
in this part of the East-Eu ro pean Craton is proved by the de -
vel op ment of wide spread ba saltic traps, in clud ing those
known from south-east ern Po land and west ern Ukraine
(Nikishin et al., 1996). The re lated S³awatycze For ma tion
(rep re sented in its bot tom por tion by coarse-clastic al lu vial
de pos its, con glom er ates and coarse-grained sand stones, and 
in its up per por tion by volcanogenic rocks – bas alts inter-
bed ded with tuffs and ag glom er ates) is the re cord of this
event in the Lublin–Podlasie re gion (Poprawa & Paczeœna,
2002; Paczeœna & Poprawa, 2005). Based on ra dio met ric
data, the age of these rocks was es ti mated at about 650–550
Ma (Nawrocki & Poprawa, 2006; Poprawa, 2006a).

The ba salt lavas and volcaniclastic rocks of the S³awa-
tycze For ma tion and Ediacaran clastic de pos its of the Bia³o- 
pole and Siematycze for ma tions, whose depocentres de vel -
oped prob a bly un der an extensional re gime, are con sid ered
by Poprawa and Paczeœna (2002) and Poprawa (2006a) as
Late Pro tero zoic synrift de pos its of the Lublin–Podlasie Ba -
sin. How ever, the up per most Ediacaran rocks of the Lublin
and the W³odawa for ma tions in the Lublin–Podlasie Ba sin
re cord, ac cord ing to Poprawa and Paczeœna (2002), rep re -
sent the tran si tion from the syn-rift to the post-rift phase.

The Ediacaran se ries, rep re sented by weakly meta mor -
phosed (anchimetamorphic) and strongly tec toni cally de -
formed flysch-like siliciclastics, oc cur in the TESZ in the
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Ma³opolska Block (¯elaŸniewicz et al., 2009). Litholo-
gically sim i lar rocks of the Le¿ajsk Mas sif lo cated in the
Ukraine, which forms un doubt edly an in te gral part of the
Ma³opolska Block (Figs 1, 2), should be con sid ered to be of
the same age. Ac cord ing to ̄ elaŸniewicz et al. (2009), these 
rocks were folded and un der went weak meta mor phism at
the Ediacaran/Cam brian tran si tion dur ing the Cadomian
orog eny and rep re sent the outer part of the Cadomian
orogenic belt.

Re frac tion seis mic data pre sented by Malinowski et al.
(2005) from the pro file CEL 02 point out the fol low ing:

– wave prop a ga tion ve loc ity Vp within the crust of the
Ma³opolska and £ysogóry blocks is al most iden ti cal to that
within the crust of the south-west ern edge of the East-Eu ro -
pean Plat form in the Lublin–Podlasie region;

– Ediacaran flysch de pos its of the Ma³opolska Block
are un der lain by rocks char ac ter ized by low wave prop a ga -
tion ve loc ity, which are in ter preted as Neoproterozoic meta -
sedi ments rep re sent ing a rift suc ces sion of a pas sive mar gin
sub se quently in cor po rated into the TESZ.

Based on these data, Malinowski et al. (2005) and ¯ela- 
Ÿniewicz et al. (2009) con sider the £ysogóry–Radom and
Ma³opolska blocks as the most south-west erly parts of the
East-Eu ro pean Craton (Baltica), which, since the Late Edia- 
caran, oc cu pied a sim i lar po si tion as to day. How ever, they
do not ex clude strike-slip move ments dur ing the Phanero-
zoic along the faults that bounded the in di vid ual tec tonic
units of the TESZ.

An al ter na tive view on the po si tion of the Ma³opolska
Block rel a tive to Baltica dur ing the Ediacaran was ad vanced 
by Nawrocki and Poprawa (2006) and Poprawa (2006a),
who as sumed that its pres ent po si tion with re spect to the
East-Eu ro pean Craton was not rep re sen ta tive for Neoprote-
rozoic times. The ra tio nale for this hy poth e sis was the great
con trast be tween the lith o logic-fa cies de vel op ment of Neo-
pro tero zoic (Ediacaran) rocks in the Ma³opolska Block and
those ob served along the mar gin of the East-Eu ro pean
Craton in the Lublin–Podlasie Ba sin. In ad di tion, the Ma³o-
polska Block rocks are in tensely tec toni cally de formed and
weakly meta mor phosed due to Cadomian orogenic pro -
cesses, whilst co eval rocks of the Lublin–Podlasie Ba sin
show no signs of meta mor phism and compressional de for -
ma tion. There fore, these au thors as sumed that the Ma³o-
polska Block was docked to the East-Eu ro pean Craton dur -
ing the Cam brian in re sponse to convergence processes and
strike-slip movements.

The Cam brian rocks oc cur on the south-west ern slope
of the East-Eu ro pean Plat form, in the £ysogóry–Radom
Block, in the north-east ern part of the Ma³opolska Block
(Kielce Fold Belt), and in the Rava Rus’ka and Kokhanivka
zones (Figs 1, 2). Ac cord ing to our in ter pre ta tion, the lack
of Cam brian de pos its in the west ern part of the Ma³opolska
Block (west and south of the Kielce Fold Belt) and in the
Le¿ajsk Mas sif (Figs 2–4) is due to the up lift dur ing Cado-
mian tec tonic move ments. As a re sult, this part of the Ma³o-
polska Block and the Le¿ajsk Mas sif prob a bly formed
emer gent ar eas dur ing the Cam brian. This hy poth e sis is
sup ported by the fact that in the west ern part of the Ma³o-
polska Block (west and south of the Lower San Horst struc -
ture) Or do vi cian and youn ger se ries di rectly over lie Edia-

caran rocks (Fig. 4). It is very un likely that Cam brian sedi-
ments were de pos ited in this area and were com pletely ero-
ded dur ing a rel a tively short time prior to the Ordovician.

Ac cord ing to Jaworowski and Sikorska (2006), the
Mid dle and Up per Cam brian rocks of the £ysogóry–Radom 
tec tonic unit and the Lower and Mid dle Cam brian de pos its
on the west ern mar gin of the East-Eu ro pean Plat form form
part of a siliciclastic pas sive mar gin prism that de vel oped on 
a broad shelf dom i nated by tides and storms. These au thors
as sumed that the £ysogóry–Radom unit formed the prox i -
mal part of the Cam brian pas sive mar gin of the East-Eu ro -
pean Craton, while the Kielce Zone (Kielce Fold Belt) in -
cluded in the Ma³opolska Block was sit u ated in its dis tal
part. Jaworowski and Sikorska (2006) claimed that a char -
ac ter is tic fea ture in the Cam brian palaeogeographical re -
cord of the Holy Cross Mts. is the pres ence of nar row zones
of sand de po si tion, which are sep a rated by ar eas dom i nated
by sand stone-mudstone heteroliths, mudstones and clay-
stones. Ac cord ing to these au thors, the zones of sand de po -
si tion cor re spond to shal lows lo cated on the el e vated edges
of tilted blocks con trolled by large-scale nor mal listric
faults. These faults were es pe cially ac tive dur ing the Edia-
caran breakup of the Rodinia supercontinent. As a re sult of
re lated ten sional fault ing in the £ysogóry–Radom unit and
the Ma³opolska Block, the mar gin of the East-Eu ro pean
Craton sub sided (Jaworowski & Sikorska, 2006). The £yso- 
góry–Radom and Ma³opolska blocks were, how ever, not
sep a rated from Baltica dur ing the breakup of the Rodinia
supercon ti nent, but were an in te gral part of its pas sive mar -
gin. Thus, de for ma tion of Cam brian sed i ments oc cur ring
dur ing the Mid dle Cam brian and at the Late Cam brian/Or -
do vi cian tran si tion may be re lated to the re ac ti va tion of ro -
ta tional move ments on pre-ex ist ing nor mal listric faults in
response to strike-slip movements (Jaworowski & Sikorska, 
2006; Nawrocki & Poprawa, 2006).

Poprawa and Paczeœna (2002), Paczeœna and Poprawa
(2005), and Poprawa (2006a) sug gested that the Cam brian
and Early Or do vi cian sed i men ta tion on the Baltica pas sive
mar gin in the area of the Lublin–Podlasie, £ysogóry–Ra-
dom and Ma³opolska blocks (Kielce Fold Belt) was con -
trolled by post-rift ther mal sub si dence, typ i cal of both pas -
sive mar gins and rift bas ins. The up per Mid dle-Up per Cam -
brian and Lower Or do vi cian sec tions of the Lublin–
Podlasie slope and the Kielce Fold Belt of the Ma³opolska
Block con tain strati graphic gaps. Nawrocki and Poprawa
(2006) and Poprawa (2006a) sug gested that these gaps de -
vel oped dur ing the dock ing of the Ma³opolska Block
(treated as a prox i mal terrane) to Baltica. Ac cre tion of tec -
tonic units at the end of the Mid dle Cam brian and dur ing the 
Late Cam brian is thought to in volve their oblique con ver -
gence that might have been re lated to the sinistral ro ta tion of 
Baltica. Poprawa (2006a, b) sug gested that, in the lat est
Cam brian, the Ma³opolska Block was lo cated far ther to the
southeast with respect to its present location.

A model of oblique col li sion of the Ma³opolska Block
with Baltica dur ing the pe riod of late Mid dle Cam brian
through Late Cam brian (and pos si bly Early Or do vi cian),
pos tu lated by Nawrocki and Poprawa (2006) and Poprawa
(2006a, b), per mits to ex plain the de vel op ment of compre-
ssional fold struc tures in the Lower and lower Mid dle Cam -
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brian de pos its of the Kielce Fold Belt in the Ma³opolska
Block. De for ma tion of these rocks and strati graphical gaps
ob served in this area in the up per Mid dle-Up per Cam brian
suc ces sion were as so ci ated with the so-called Sandomierz
tec tonic phase (e.g., Kowalczewski et al., 2006).

Strong tec tonic sub si dence dur ing de po si tion of the Mid -
dle-Up per Cam brian and Lower Or do vi cian (Lower Trema-
docian) se ries of the £ysogóry–Radom Block is – ac cord ing
to Poprawa (2006a) – the re sult of flex ural bend ing of the
crust in this block in re sponse to its tec tonic load ing by the
Ma³opolska Block dur ing its Mid dle and Late Cam brian
dock ing to Baltica. How ever, Poprawa (2006a) did not ex -
clude a pos si bil ity that the £ysogóry–Radom Block was at
that time not yet firmly welded to Baltica as ev i denced by
“zones ac ti vated in the late his tory of this part of the TESZ”.

As there is no tec tonic un con formity be tween the Or do -
vi cian and Si lu rian se quences in the Ma³opolska Block,
£ysogóry–Radom Block and on the south ern slope of Bal-
tica (Lublin–Podlasie re gion), they are in cluded in a sin gle
tectono-strati graphic unit. Or do vi cian se ries are char ac ter -
ized by a great lithological and fa cies vari abil ity, which is
par tic u larly ev i dent in the Ma³opolska Block, where car -
bon ate plat form fa cies are re placed lat er ally by grap to lit ic
shale fa cies (basinal fa cies) (Trela, 2006; Bu³a & Habryn,
eds, 2008).

Strati graphical gaps ev i dent in the Lower and lower
Mid dle Or do vi cian (Tremadoc–Arenig) sec tions of the area
un der con sid er ation re flect tec tonic move ments that started
in the Mid dle and Late Cam brian and con tin ued even in the
Early Or do vi cian. These Late Cam brian–Or do vi cian tec -
tonic move ments led to the up lift and ero sion of older rocks
in the Ma³opolska Block and the con ti nen tal slope of Bal-
tica. Strati graphical gaps ob served at the Or do vi cian/Si lu -
rian bound ary prob a bly re late to a global eustatic sea-level
drop (Poprawa, 2006b; Trela, 2006). The Si lu rian clastic
suc ces sion is clearly dom i nated by grap to lit ic shales. Char -
ac ter is tic for these bas ins is the Ludlow episode of large-
scale coarse-grained clastic supply.

In the Ma³opolska Block, Si lu rian sed i men ta tion came
to its end prob a bly dur ing the Ludlow (e.g., Narkiewicz,
2002; Malec, 2006; Poprawa, 2006b; Bu³a & Habryn, eds,
2008; Koz³owski, 2008). The Ludlow or older de pos its are
over lain in this area by ei ther Lower De vo nian (Emsian,
Old Red fa cies) clastics or Mid dle De vo nian car bon ates and 
lo cally by post-De vo nian rocks. The an gu lar un con formity
be tween the De vo nian and Si lu rian (amount ing 10–15 de -
grees) in di cate the Cal edo nian de for ma tions on the Ma³o-
polska Block (¯aba, 1999). The dis con tin u ous, patchy dis -
tri bu tion of Or do vi cian and Si lu rian de pos its in this block
(Fig. 5) shows that they were sub jected, even be fore the
Emsian or Mid dle De vo nian, to in tense ero sion that in
places reached the older rocks (Bu³a & Habryn, eds, 2008).

In the Bi³goraj–Narol re gion of the £ysogóry–Radom
Block, vari ably thick Si lu rian sec tions, in clud ing Pridoli
and Lud low rocks, oc cur be neath the Ju ras sic cover. Their
thick nesses are many times greater than those of the older
Si lu rian stages (Narol IG1 and Ruda Lubycka 1 bore holes;
Modliñski et al., 1993; Tomczyk, 2000).

In the £ysogóry re gion of the Holy Cross Mts., Pridoli
ma rine de pos its pass with out a sed i men tary break into

Lochkovian ma rine de pos its (Malec, 2006, Koz³owski,
2008). They are sep a rated from the un con form ably over ly -
ing Emsian rocks by a strati graphical gap span ning the Pra-
gian (and maybe also the up per Lochkovian). In both the
Bi³goraj–Narol re gion and the £ysogóry re gion, the thick -
ness of the Lud low and Pridoli de pos its is sev eral times
greater than that of the older Silurian rocks.

Sub si dence anal y ses of the Si lu rian–Or do vi cian sec tion 
in the Lublin–Podlasie Ba sin (Poprawa, 2006b) in di cate
from the ?Mid dle-Late Or do vi cian on ward a grad ual in -
crease in sub si dence and de po si tion rate cul mi nat ing in the
Lud low and Pridoli. Like in the £ysogóry Radom Block,
there is depositional con ti nu ity be tween the Si lu rian and
Lower De vo nian (Lochkovian) se ries. The Si lu rian/De vo -
nian tran si tion de pos its of the L’viv Foredeep and Rava
Rus’ka Zone show sim i lar fea tures to those ob served in the
Lublin–Podlasie Ba sin and the £ysogóry–Radom Block
(Kruglov & Tsypko, eds, 1988; Drygant, 2000).

Pro cesses con trol ling the Mid dle Or do vi cian to Late Si -
lu rian/Early De vo nian sub si dence and sed i men ta tion on the
south-west ern mar gin of Baltica and on the Ma³opolska and
£ysogóry–Radom blocks were as so ci ated with the de vel op -
ment of the Cal edo nian orogen (Poprawa, 2006b). This
orogen ex tends from the Arc tic-North At lan tic do main, the
Scandian col li sion zone be tween Laurentia-Green land and
Baltica, through north ern Ger many into Po land where it
marks the col li sion zone be tween the Gond wana-de rived
East-Avalonia terrane and the south-west ern mar gin of
Baltica (Ziegler & DÀzes, 2006; Pha raoh et al., 2006;
Golonka, 2009). De vel op ment of the North Ger man-Pol ish
Caledonides was as so ci ated with the sub si dence of a broad
flex ural fore land ba sin on the west ern mar gin of Baltica,
com menc ing in Si lu rian times (Nawrocki & Poprawa, 2006, 
Šliaupa et al., 2006).

Poprawa et al. (1997), Narkiewicz (2002) and Poprawa
(2006b) sug gest that the Or do vi cian and Si lu rian tec tonic
sub si dence of the Ma³opolska and £ysogóry–Radom blocks 
(de fined for the Holy Cross Mts. area only) was sim i lar to
the Or do vi cian–Si lu rian ba sin de vel oped along the west ern
mar gin of Baltica, es pe cially the Lublin–Podlasie Ba sin,
and it was driven by load-in duced flex ural de flec tion of the
litho sphere. The Or do vi cian–Si lu rian sub si dence curves,
de ter mined for these bas ins (Narkiewicz, 2002; Poprawa,
2006b), show the char ac ter is tic ”knee“ shape that is at trib -
uted to the deflexion of a fore land plate un der the weight of
an en croach ing orogenic wedge, as seen, for in stance, in the
Carpathian Foredeep (Oszczypko, 2006).

In the area un der con sid er ation, the Up per Si lu rian
(Lud low–Pridoli) and Lower De vo nian (Lochkovian) se ries 
re flect a sub stan tial in crease in the tec tonic sub si dence and
de po si tion rate. No Up per Si lu rian (Pridoli) and Lower De -
vo nian (Lochkovian–Pragian) sed i ments have been found
on the Ma³opolska Block. It sug gests that this block oc cu -
pied at that time a dif fer ent palaeogeographic po si tion with
re spect to the £ysogóry–Radom Block and the Baltica mar -
gin than it pres ently does. The post-Si lu rian dextral dis -
place ment of the Ma³opolska Block (or the Ma³opolska and
£ysogóry–Radom blocks) rel a tive to the East-Eu ro pean
Craton is pos tu lated by, e.g., Lewandowski (1993), Dadlez
et al. (1994), Narkiewicz (2002) and Poprawa (2006b). The

234  Z. BU£A & R. HABRYN 



lat ter – re fer ring to the con clu sions of Nawrocki (2000) who 
pointed out the lack of palaeomagnetic ev i dence for the
post-Si lu rian dis place ment of the Ma³opolska Block with
re spect to the East-Eu ro pean Craton – sug gested small-scale 
dis place ments, which were within the limits of methodical
error and the palaeomagnetic resolution.

The role of the Cal edo nian di as tro phism in shap ing the
struc ture of the Or do vi cian–Si lu rian suc ces sion in this area
is un clear (vide Mizerski & Stupka, 2005). The post-Lud -
low up lift of the Ma³opolska Block re sulted in in tense ero -
sion of the Or do vi cian–Si lu rian rocks. These rocks, oc cur -
ring lo cally in the south west of the block (Fig. 5), form a
pat tern of block-faulted struc tures. How ever, in the Kielce
Fold Belt that forms part of the Ma³opolska Block, they oc -
cur within fold or fold-and-fault block struc tures. The res o -
lu tion of the Or do vi cian and Si lu rian suc ces sion in the
£ysogóry–Radom Block (in the Bi³goraj–Narol re gion) and
Rava Rus’ka Zone is, how ever, too poor to re li ably de fine
their struc tural style. Folded style of the suc ces sion in the
Rava Rus’ka Zone is at trib uted by Kruglov and Tsypko, eds
(1988) to Cal edo nian move ments. It is, how ever, un known
to what ex tend this area was overprinted by Variscan defor-
mations (Fig. 1).

The De vo nian–Car bon if er ous car bon ate and clastic
rocks, rep re sent ing the Variscan tectono-strati graphic unit,
oc cur in the west ern part of the Ma³opolska Block only
(Figs 2–4). Narkiewicz (2007) as sumed a much greater
orig i nal ex tent of the De vo nian (from Mid dle De vo nian)
and Car bon if er ous (up to Up per Namurian A) se quences
and pos tu lated that they oc curred al most through out the en -
tire Ma³opolska Block, ex cept in its south ern part that
formed land in De vo nian times (Mêdrzechów–Brzozów
land; Narkiewicz et al., 1998b). The pres ent lack of these
De vo nian and Car bon if er ous sed i ments in the north-east ern
part of the Ma³opolska Block is at trib uted by Narkiewicz
(2007) to Permo-Car bon if er ous(?) ero sion. It should be also 
noted that he as sumed a dif fer ent course of the Holy Cross
Fault, mark ing the bound ary be tween the Ma³opolska and
£ysogóry–Radom blocks, from that adopted in the present
work.

Ac cord ing to Narkiewicz (2007), this fault merges in
the area north of Lubaczów with the Nowe Miasto–Radom
Fault Zone that con tin ues from the north east and rep re sents
the south-west ern bor der of the East-Eu ro pean Craton. In
this con text, the Ma³opolska Block is bor dered to the north
by the £ysogóry–Radom Block, and to the north east – di -
rectly by the East-Eu ro pean Craton. Narkiewicz (2007) pro -
vides no jus ti fi ca tion for the adopted ver sion of the Holy
Cross Fault trend. At pres ent, it is dif fi cult to de ter mine and
to jus tify the de vel op ment of the De vo nian–Car bon if er ous
suc ces sion in south-east ern Po land and west ern Ukraine, in
the area sit u ated southwest of the East-European Craton.

Narkiewicz (2007) in cludes the Ma³opolska Block into
a mo saic of crustal blocks lo cated in the Variscan fore land.
These blocks, sep a rated by deep-rooted and re peat edly re -
ac ti vated fault zones, re acted dif fer ently to chang ing litho-
spheric stress pat tern in De vo nian and Car bon if er ous times.
In ac cor dance with the Narkiewicz’s (2007) view, De vo -
nian and Car bon if er ous de pos its (up to Namurian A) of the
Ma³opolska Block ac cu mu lated un der the stress field sim i -

lar to that of the Variscan externides, i.e. in the Rhenohercy- 
nian Zone and the Moravo-Silesian fold-and-thrust belt.
The Mid dle-Up per De vo nian shal low-ma rine car bon ate
plat form de pos its of the Ma³opolska Block were de pos ited
un der an extensional re gime, lo cally in con ti nu ity with
lithologically sim i lar Lower Car bon if er ous fa cies. A re -
mark able change in sed i men ta tion, in ter preted by Narkie-
wicz (2007) as re sult ing from orogenic com pres sion and
ero sion of the Variscan orogenic wedge, pro vided the Late
Visean and Early Namurian A de po si tion of the siliciclastic
Culm fa cies on the Ma³opolska Block. In the Late Namurian 
A, the Ma³opolska Block was uplifted, probably as a result
of south-to-north directed orogenic stress.

In post-Car bon if er ous times, the Pre cam brian and
Palaeozoic rocks oc cur ring pres ently in the base ment of the
Outer Carpathians and Carpathian Foredeep were sub jected
re peat edly to ero sion dur ing Late Car bon if er ous–Perm ian,
Me so zoic and Caino zo ic times. The geo log i cal struc ture of
these rocks changed as a re sult of the de vel op ment and in -
ver sion of the Me so zoic ba sin and Al pine tec tonic move -
ments lead ing to the for ma tion of the Outer Carpathian
orogen and the Carpathian Foredeep (Golonka et al., 2000,
2006; Oszczypko et al., 2006; Kuœmierek, 2010). This re -
struc tur ing was as so ci ated pri mar ily with ei ther re ac ti va tion 
of older (Variscan and pre-Variscan) fault zones or the for -
ma tion of new (post-Variscan) faults, dis plac ing Pre cam -
brian and Palaeozoic rocks in the study area (e.g., Bu³a &
Habryn, eds, 2008).

CON CLU SIONS

In south-east ern Po land and west ern Ukraine, the Outer 
Carpathian orogen and its foredeep de vel oped on the mar -
gin of the East-Eu ro pean Plat form (Baltica). The area con -
sists of a num ber of tec tonic units, in clud ing the £ysogóry–
Radom Block and Ma³opolska Block in Po land, and the
Rava Rus’ka Zone, Kokhanivka Zone and Le¿ajsk Mas sif
in the Ukraine (Fig. 1). These tec tonic units, lo cated within
the Trans-Eu ro pean Su ture Zone (TESZ), are com posed of
the Pre cam brian and Palaeozoic (Cam brian to Car bon if er -
ous) rocks and are sep a rated by re gional fault zones (Fig. 2).

In the study area, frag men tary con trol on Palaeozoic
sec tions and the lack of data on the struc ture of the Pre cam -
brian base ment in some of these tec tonic units (Fig. 4) in -
hib its a com pre hen sive and un am big u ous as sess ment of the
Late Pre cam brian and Palaeozoic evo lu tion of the TESZ.

De vel op ment of the TESZ be gan in the Late Pro tero -
zoic rift ing pro cesses along the pres ent-day west ern mar gin
of the East-Eu ro pean Craton (Baltica) dur ing the breakup of 
the Rodinia/Pannotia supercontinent (e.g., Poprawa & Pa-
czeœna, 2002, Malinowski et al., 2005; Nawrocki & Po-
prawa, 2006; Poprawa, 2006a; Golonka, 2009; Golonka et
al., 2009; ¯elaŸniewicz et al., 2009). The rift ing cul mi nated
in the ear li est Cam brian de vel op ment of the Baltica pas sive
mar gin, which in cludes the £ysogóry–Radom and Ma³o-
polska blocks, where the Earth’s crust is char ac ter ized by
sim i lar geo phys i cal fea tures as the crust in the south-west -
ern edge of the East-Eu ro pean Craton in the Lublin–
Podlasie seg ment (Malinowski et al., 2005; ¯elaŸniewicz et
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al., 2009). The com plete re cord of the rift ing phases and
post-rift Neoproterozoic and Early Palaeozoic (Cam brian
and Early Or do vi cian) ther mal sub si dence of the ba sin was
re cog nised only in the geo log i cally well-ex plored Lublin–
Podlasie slope of the East-Eu ro pean Platform (Poprawa &
Paczeœna, 2002; Poprawa, 2006a).

In the Ma³opolska Block and its in te gral part, the
Le¿ajsk Mas sif (Figs 1, 2), there oc cur Ediacaran flysch-
like siliciclastics that un der went weak meta mor phism and
fold de for ma tion at the Ediacaran/Cam brian tran si tion as a
re sult of Cadomian tec tonic move ments. They rep re sent the
outer part of the Cadomian orogenic belt (¯elaŸniewicz et
al., 2009). In terms of lithological and fa cies de vel op ment,
meta mor phic trans for ma tions and the na ture of tec tonic de -
for ma tion, they dif fer from the co eval plat form de pos its ob -
served in the south-west ern edge of the East-European
Platform.

Sig nif i cant dif fer ences in the palaeogeographical and
tec tonic de vel op ment of the Ediacaran rocks be tween the
Ma³opolska Block and the East-Eu ro pean Craton show that
the po si tion they pres ently oc cupy rel a tive to each other is
not rep re sen ta tive of Neoproterozoic times (Nawrocki &
Poprawa, 2006; Poprawa, 2006a).

The de vel op ment of Cam brian de pos its in the East-Eu -
ro pean Craton, the £ysogóry–Radom Block, the north-east -
ern part of the Ma³opolska Block (Poprawa, 2006a) and in
the Rava Rus’ka and Kokhanivka zones is as so ci ated with
the post-rift ther mal subsidence.

Strati graphical (?ero sional) gaps ob served in the Mid -
dle and Up per Cam brian sec tions in the Lublin–Podlasie
slope of the East-Eu ro pean Craton and in the Kielce Fold
Belt (Ma³opolska Block) as well as compressional fold
struc tures found in the Lower Cam brian and lower Mid dle
Cam brian de pos its of the Kielce Fold Belt formed as a re sult 
of tec tonic move ments (so-called Sandomierz tec tonic
phase), prob a bly caused by an oblique col li sion of the
Ma³opolska Block and the East-Eu ro pean Craton dur ing the 
pe riod span ning the late Mid dle to Late Cam brian (maybe
also the Early Or do vi cian) (Nawrocki & Poprawa, 2006;
Poprawa, 2006a). The likely re sults of this col li sion were
also flex ural bend ing of the Earth’s crust in the £ysogóry–
Radom Block and in tense tec tonic sub si dence dur ing the
Mid dle-Late Cam brian and Early Or do vi cian (Early Trema- 
doc) de po si tion (Poprawa, 2006a).

Tec tonic con straints on the Mid dle Or do vi cian to Late
Si lu rian/Early De vo nian de po si tion in this part of the TESZ
(Figs 3, 4) can be as so ci ated with the then-form ing col li sion 
zone along the south-west ern mar gin of Baltica, re ferred to
as the ”North-Ger man-Pol ish zone of the Baltica-Avalonia
col li sion“ (Poprawa, 2006b).

The Or do vi cian–Si lu rian de pos its of this area show the
char ac ter is tics of foredeep bas ins de vel op ing as a re sult of
flex ural bend ing of lithospheric plates (Narkiewicz, 2002;
Poprawa, 2006b). It par tic u larly re fers to the Or do vi cian–
Si lu rian de pos its oc cur ring on the slope of the East-Eu ro -
pean Craton: in the £ysogóry–Radom Block and Rava
Rus’ka Zone. A char ac ter is tic fea ture of the Si lu rian de pos -
its is a clear in crease in tec tonic sub si dence and de po si tion
rates dur ing the Late Si lu rian (Lud low–Pridoli) and Early
De vo nian (Lochkovian). In the Ma³opolska Block, there are 

no Up per Si lu rian (Pridoli) and Lower De vo nian (Loch-
kovian) rocks. This sug gests that the block oc cu pied a dif -
fer ent palaeogeographic po si tion at that time in re la tion to
the East-Eu ro pean Craton: to the £ysogóry–Radom Block
and Rava Rus’ka Zone. There fore, its post-Si lu rian dextral
move ment rel a tive to the East-Eu ro pean Craton is in ferred
(Lewandowski, 1993; Dadlez et al., 1994; Narkiewicz,
2002; Poprawa, 2006b).

The De vo nian–Car bon if er ous car bon ate and clastic
rocks of the Variscan struc tural com plex oc cur in the west -
ern part of the Ma³opolska Block only (Fig. 2). The po si tion
of the Ma³opolska Block within the Variscan fore land area
sug gests that the De vo nian–Car bon if er ous de po si tion oc -
curred un der the in flu ence of a stress field that was sim i lar
to that ob served in the Variscan externides, i.e. in the Rhe-
nohercynian Zone and Moravo-Silesian fold-and-thrust belt 
(Narkiewicz, 2007). The Mid dle-Up per De vo nian and
Lower Car bon if er ous shal low-ma rine car bon ate plat form
de pos its de vel oped in an extensional re gime, while the de -
po si tion of the Culm siliciclastic rocks (Late Visean–Early
Namurian A) oc curred un der orogenic com pres sion. In the
Late Namurian A, the Ma³opolska Block was uplifted as a
result of orogenic stresses.

Dur ing post-Car bon if er ous times, Pre cam brian and
Palaeozoic de pos its of the base ment of the Outer Carpa-
thians and Carpathian Foredeep were sub ject in this area to
ero sional pro cesses and re struc tur ing dur ing Al pine oro-
genic move ments (Golonka et al., 2000, 2006; Oszczypko
et al., 2006; Kuœmierek, 2010).
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