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The Klonów Anticline is lo cated in the west ern out skirts of the Łysogóry Re gion of the Holy Cross Moun tains. A fresh look
onto the car to graphic ev i dence sug gests that this struc ture shows the key char ac ter is tics of a pro gres sive un con formity. This 
be comes ev i dent when com pared to the clas si cal ex am ple of the Sant Llorenç de Morunys Anticline (east ern Pyr e nees,
Spain). The ge om e try of the un con formity re quires a phase of thrust ing or re verse fault ing along the Holy Cross Fault in the
lat est Si lu rian–ear li est De vo nian (Late Cal edo nian de for ma tion) fol lowed by Variscan thin-skinned thrust ing. Thick- and
thin-skinned ki ne matic sce nar ios for the lat est Si lu rian-ear li est De vo nian de for ma tion of the Łysogóry Re gion are ex plored.

Key words: Cal edo nian and Variscan tec ton ics, tec ton ics-sed i men ta tion in ter play, tri an gle zone, cross-sec tion res to ra tion.

INTRODUCTION

The Łysogóry and Małopolska blocks are sit u ated out board
of the south west ern mar gin of the East Eu ro pean Craton (EEC;
Fig. 1). These be long to an as sem blage of Neo protero zoic-Pa -
leo zoic tec tonic units, which stretches along the south west ern
mar gin of the Archean to Mid-Pro tero zoic EEC, and which is of -
ten named the Trans-Eu ro pean Su ture Zone (TESZ) (e.g.,
Berthelsen, 1993; Pha raoh, 1999). Their lo cal (Bal tic) or ex otic
(Pan-Af ri can) prov e nance is still a mat ter of de bate (e.g.,
Nawrocki et al., 2007; Krawczyk et al., 2008; Kro ner et al.,
2008; Narkiewicz et al., 2015). The Łysogóry and Małopolska
blocks have passed through a pro longed Neo protorezoic-
 Paleogene depositional and tec tonic his tory that em braced for -
ma tion of suc ces sive sed i men tary bas ins punc tu ated by
phases of tec tonic short en ing and wrench ing. As sug gested by
the re cent deep re flec tion seis mic sur vey POLCRUST-01
(Mali nowski et al., 2013), the Łysogóry Block and at least the
north ern part of the Małopolska Block are floored by the crust of
the EEC (Fig. 1B).

The Łysogóry and Małopolska blocks are largely con cealed
be neath Permo-Me so zoic sed i ments of the Pol ish Ba sin and
Mio cene sed i ments of the Carpathian Foredeep. Their pre-

 Perm ian base ment crops out only in the Holy Cross Mts. (HCM) 
(Fig. 1A). This Pa leo zoic inlier ex poses a con tact be tween the
Łysogóry and Małopolska blocks, which is de fined by the Holy
Cross Fault (HCF). The HCM is the only win dow into the struc -
ture of the Pol ish seg ment of the TESZ and has there fore been
the sub ject of nu mer ous stud ies (e.g., Lewandowski, 1993;
Mizerski, 1995; Żelaźniewicz, 1998; Lamarche et al., 1999,
2003; Nawrocki, 2000; Porębska, 2002; Belka et al., 2002;
Konon, 2006, 2007; Nawrocki and Poprawa, 2006; Poprawa,
2006a, b; Schätz et al., 2006; Nawrocki et al., 2007; Żylińska
and Masiak, 2007; Kozłowski, 2008; Kozłowski et al., 2014). 

The Pa leo zoic ex po sures of the HCM are di vided by the
HCF into the Łysogóry Re gion in the north and the Kielce Re -
gion in the south (Czarnocki, 1936; Fig. 2, in set map). These
rep re sent the only out crop ping frag ments of the Łysogóry and
Małopolska blocks. The Łysogóry and Kielce re gions dis play
strati graphic and struc tural dif fer ences that have trig gered a de -
bate as to whether the Łysogóry and Małopolska blocks shared
a com mon pre-De vo nian tec tonic evo lu tion or evolved in de -
pend ently and were jux ta posed along the HCF dur ing Early Pa -
leo zoic wrench ing (Brochwicz-Lewiński et al., 1984; Poża ryski,
1990; Lewandowski, 1993, 1994; Tomczykowa and Tom czyk,
2000; Nawrocki and Poprawa, 2006; Poprawa, 2006b;
Nawrocki et al., 2007; Kozłowski, 2008; Kozłowski et al., 2014).
One of the lines of rea son ing that sup ports a de coup led struc -
tural evo lu tion of these two tec tonic units is a con trast be tween
a nearly con tin u ous Late Si lu rian-Early De vo nian sed i men tary
suc ces sion in the Łysogóry Re gion and a deeply in cised base-
 Emsian (Cal edo nian) un con formity in the Kielce Re gion (e.g.,
Kozłowski et al., 2014). 
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Al though there are sev eral pa pers that pro vide ar gu men ta -
tion for a Cal edo nian un con formity in the Łysogóry Re gion of
the HCM or at least pre mises on its ex is tence (Tokarski, 1958;
Mariańczyk, 1973; Kowaczewski et al., 1976, 1989, 1998; Da -
dlez et al., 1994; Znosko et al., 1996; Malec, 2006), this con cept 
is not widely ac cepted. Most pub li ca tions stress a con form able
sed i men tary con tact be tween the Late Si lu rian and Early De vo -
nian sed i ments (e.g., Czarnocki, 1936, 1950; Mizerski, 1979;
Narkiewicz et al., 2006; Kozłowski, 2008; Kozłowski et al.,
2014). It af fects palaeotectonic and palaeogeographic mod els. 

In this pa per, the oc cur rence of a Cal edo nian un con formity
in the west ern part of the Łysogóry Re gion is fur ther sup ported.
Pre sented ideas arise from a com par i son of the ob served map
pat tern to the clas si cal ex am ple of the Sant Llorenç de Morunys 
Anticline (east ern Pyr e nees, Spain). Four lo cal cross-sec tions
are pre sented that con strain the ge om e try of this un con formity
and ex plain why it is de tect able only in the west ern pe riph ery of
the Łysogóry Re gion. A seis mic an a logue from the Chindwin
Ba sin (on shore Myanmar) is pre sented to sup port the pro posed 

model. Thin- and thick-skinned ki ne matic sce nar ios are de vel -
oped and their con se quences for the pre-De vo nian tec tonic
evo lu tion of the Łysogóry Region of the HCM are explored. 

OUTLINE OF GEOLOGY

PRINCIPAL STRUCTURAL CHARACTERISTICS 
OF THE ŁYSOGÓRY REGION

The struc tural nu cleus of the HCM is formed by the Pa leo -
zoic core that ex poses strongly de formed pre-Perm ian rocks
over an area of ~90 by ~40 km in ex tent (Fig. 2, in set map). The
Pa leo zoic core is sur rounded from the north, west and
south-west by the Me so zoic mar gin that com prises less de -
formed Perm ian-Me so zoic sed i men tary rocks. The Pa leo zoic
core of the HCM was ex humed dur ing the Late Cre ta -
ceous-Paleocene in ver sion of the Ger man-Pol ish Ba sin (e.g.,
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Fig. 1. Ar chi tec ture of the pre-Perm ian base ment in the Pol ish sec tor 
of the Trans-Eu ro pean Su ture Zone

A – tec tonic sketch; note the po si tion of the Holy Cross Moun tains astride the con tact
of the Łysogóry and Małopolska blocks; B – POLCRUST-01 deep re flec tion seis mic

(Malinowski et al., 2013); re in ter preted; HCF – Holy Cross Fault
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Kutek and Głazek, 1972; Lamarche et al., 2002, 2003). In the
Mio cene, the Pa leo zoic core and the Me so zoic mar gin were
cov ered by transgressive sed i ments of the Carpathian fore land
ba sin that com pleted the en cir cle ment of the Pa leo zoic core
from the south (Fig. 2). 

The pre-Perm ian rocks of the HCM were de formed dur ing
con sec u tive phases of tec tonic in ver sion: in the Late Cam brian
(lo cal Sandomirian phase, which is a time-equiv a lent of the
Late Timanian orog eny at the north east ern mar gin of the EEC),
Late Si lu rian–Early De vo nian (Cal edo nian), ?Late Car bon if er -
ous (Variscan), and the Late Cre ta ceous–Paleocene.

The Łysogóry Re gion com prises two prin ci pal map-scale
tec tonic units: the Łysogóry Thrust Sheet (TS) in the south
(e.g., Czarnocki, 1919, 1950; Czarnocki and Kuźniar, 1922;
Stupnicka, 1988) and the Bronkowice Anticline in the north.
They are sep a rated by the Bodzentyn Syncline (Fig. 2). The
Łysogóry TS, which is the main ob ject of this study, is a tec tonic
slice that dips to the north-north east at 35–60° (in the west,
how ever, up to subvertical; Mizerski, 1979). The Łysogóry TS is 
largely lack ing map-scale fold de for ma tion, which is ex pressed
in a con tin u ous suc ces sion of strati graphic units: from the Mid -
dle Cam brian ad ja cent to the HCF in the south to the
Famennian in the core of the Bodzentyn Syncline in the north
(Fig. 2). Mid dle-Late Cam brian strata close to the base of the
Łysogóry TS are sheared and folded (Salwa, 2006). Youn ger
strati graphic units, in par tic u lar Si lu rian, are ei ther in ferred to be 
folded (e.g., Czarnocki, 1950) or their homoclinal ge om e try is
pos tu lated (e.g., Mizerski, 1979; Kozłowski, 2008). The Łyso -
góry TS is com part men tal ised by trans verse faults (Fig. 2).

An enig matic duo of struc tures called the “Klonów Anticline”
and the “Barcza Syncline” oc curs at the west ern pe riph ery of
the Łysogóry TS, close to the ero sional bound ary of the trans -
gressive Perm ian-Tri as sic strata (Fig. 2). The Klonów Anticline
has been por trayed in cross-sec tions only twice: 

– Lamarche et al. (2003) have in ter preted it as a slightly
asym met ric, S-vergent anticline that fea tures a con stant, 
con cen tric thick ness pat tern of De vo nian strata. In ter nal
ge om e try of pre-De vo nian strati graphic units in the core
of the anticline has not been il lus trated. 

– An ear lier, more de tailed cross-sec tion by Filonowicz
(1973b), al though mostly based on subcrop in ter pre ta -
tion, has in di cated very low am pli tude of the Klonów
Anticline at the De vo nian level and re vealed thick ness
prob lems within Si lu rian strata. The lat ter ob ser va tion is
in line with the rea son ing pre sented in this pa per. 

STRATIGRAPHY OF THE ŁYSOGÓRY REGION

A ~7 km thick, near-con tin u ous suc ces sion of Mid-Cam -
brian-Late De vo nian sed i ments is ex posed in the Łysogóry Re -
gion (Fig. 3). The base of the suc ces sion is de fined by the HCF,
which is fol lowed along-strike for ~70 km by the old est ex posed
unit: the Mid dle Cam brian Góry Pieprzowe For ma tion (Figs. 2
and 3). The top is ero sional with the youn gest Famennian strata 
pre served only lo cally. The suc ces sion con tains an al leged hi a -
tus within the Pragian (Malec, 2001, 2006; Narkiewicz et al.,
2006; Kozłowski, 2008; Fig. 3). 
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Fig. 2. Ge ol ogy of the Holy Cross Moun tains

In set map: prin ci pal tec tonic sub di vi sion (HCF – Holy Cross Fault); 
main map – gen eral geo log i cal map of the Pa leo zoic core
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The stra tig ra phy of the Late Si lu rian-ear li est De vo nian sed i -
ments in the Łysogóry Re gion is in suf fi ciently de fined, as sum -
ma rized e.g., by Narkiewicz et al. (2006). This is the case with
the for ma tion names and ages, as well as with ver ti cal and lat -
eral geo met ric re la tion ships be tween par tic u lar strati graphic
units. The lat est lithostratigraphic schemes dif fer from one an -
other and are not in com mon use yet (Malec, 2006; Kozłowski,
2008). To avoid this con fu sion, the Late Si lu rian-ear li est De vo -
nian suc ces sion is here tra di tion ally sub di vided into the
Wydryszów, Rzepin and Klonów/Bostów se ries from bot tom to
top (Czarnocki, 1950; Fig. 3). Al though an over sim pli fi ca tion,
this sub di vi sion is con sis tent with the cur rent geo log i cal maps
and en ables con struc tion of se rial cross-sec tions.

The basal part of the Late Si lu rian-Early De vo nian suc ces -
sion in the Łysogóry Re gion is com prised of a mo not o nous

flysch unit of the Wydryszów Se ries that is mid-Late Ludlowian
in age. The Wydryszów Se ries is in ter preted as a Cal edo nian
fore land ba sin de posit (Kozłowski et al., 2004, 2014; Malec,
2006; Nawrocki and Poprawa, 2006; Poprawa, 2006b; Nawro -
cki et al., 2007; Kozłowski, 2008). The Wydry szów Se ries has a
con stant thick ness, slightly in ex cess of 1000 m. The over ly ing
Rzepin Se ries con sists of up to ~1200 m of var ie gated clastic
de pos its of Late Ludlowian–Pridolian age. The sedimentology
and fauna doc u mented from the Rzepin Se ries is con sis tent
with a shal low ma rine depo sitional en vi ron ment (Czarnocki,
1919, 1950; Kozłowski, 2003, 2008). The Rzepin Se ries was
de pos ited in an over-filled Cal edo nian fore land ba sin dur ing ter -
mi nal stages of its evo lu tion (Kozłowski, 2003, 2008). The
siliciclastic Klonów/Bostów Se ries over lies the Rzepin Se ries
and is Late Pridolian–Lochkovian in age (Kowal czewski et al.,
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Fig. 3. Stra tig ra phy of the Łysogóry Re gion

The Up per Si lu rian-Lower De vo nian units are based on Kozłowski (2008), Kozłowski et al. (2014) and Malec (2001, 2006); thick nesses
were re trieved from geo log i cal maps, scale 1:50,000; note a dis par ity be tween the large thick ness of the Wydryszów and Rzepin se ries
and their short time of de po si tion; ab bre vi ated names of ad di tional lithostratigraphic units re ferred to in the text: BF – Bronkowice Fm., GPF 
– Góry Pieprzowe Fm., GS – graptolite shales, MGC – Miedziana Góra Con glom er ate, RF – Rachtanka Fm., WF – Wiśniówka Fm., WoF –
Wojciechowice Fm.; time scale cre ated us ing TSC Cre ator v. 6.3 (2015) 
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1998; Malec, 2006; Kozłowski, 2008). The Klonów/Bostów Se -
ries is around 300 m thick and in cludes ma rine and con ti nen tal
units (Kowalczewski et al., 1998; Kozłowski, 2008). 

The Late Si lu rian-ear li est De vo nian strati graphic sec tion of
the Łysogóry Re gion is capped by a short-term hi a tus that com -
prises the Early and Mid dle Pragian (Czarnocki, 1936; Malec,
2001, 2006; Narkiewicz et al., 2006; Kozłowski, 2008). The gap
is suc ceeded by ?Late Pragian-Emsian siliciclastics that be long 
to the Barcza and Zagórze for ma tions (Fig. 3). The basal
Barcza Fm. is a transgressive unit that fea tures an estuarine fa -
cies as so ci a tion. These two for ma tions at tain a com bined thick -
ness of ~650–900 m.

In con trast to the Łysogóry Re gion, the Up per Si lu rian -low -
est De vo nian sec tion in the Kielce Re gion is thin and less com -
plete and it is of ten miss ing over large ar eas. Transgressive
Emsian sed i ments in the Kielce Re gion, which are cor re lat able
with the Barcza Fm. of the Łysogóry Re gion, com monly rest on
top of Lower Cam brian units. How ever, in the north west ern part
of the Kielce Re gion, which is ad ja cent to the seg ment of the
Łyso góry Re gion ana lysed in this pa per, the dif fer ence is less
dis tinc tive. Here, the Late Si lu rian-ear li est De vo nian suc ces -
sion re sem bles that of the Łysogóry Re gion in terms of fa cies,
al beit thin ner and less com plete (Czarnocki, 1919, 1936, 1950;
Malec, 2001, 2006; Fig. 3). The con spic u ous Miedziana Góra
Con glom er ate has been iden ti fied in the up per most part of the
Up per Si lu rian sec tion of the north west ern Kielce Re gion
(Czarnocki, 1919). Ac cord ing to the orig i nal re cord, later cor -
rob o rated by Malec (2001, 2006), the con glom er ate con sists of
boul der-size blocks of Up per Cam brian quart zites iden ti cal to
those of the Wiśniówka Fm. in the Łysogóry Re gion (Fig. 3).
The ad di tion of peb bles de rived from the Cam brian and Or do vi -
cian of the Kielce Re gion is, how ever, used as ev i dence against 
a Łysogóry Re gion prov e nance for the Miedziana Góra Con -
glom er ate (Kozłowski, 2008; Kozłowski et al., 2014). This strati -
graphic unit plays an im por tant role in geo met ric and ki ne matic
res to ra tions pre sented be low.

DATA AND METHODS

CARTOGRAPHIC EVIDENCE

The west ern part of the Łysogóry Re gion was mapped in
the scale 1:50,000 by the Pol ish Geo log i cal In sti tute (Filono -
wicz, 1970, 1973b; Fig. 4). The maps in clude the Qua ter nary
cover (Fig. 4A) but are as so ci ated with subcrop sketches that
in ter po late the cov ered strati graphic con tacts be tween the
avail able wells (Fig. 4B). The subcrop sketches are to some ex -
tent in flu enced by the tec tonic con cepts of their au thors. Nev er -
the less, they were used as an in put to the car to graphic anal y sis
in or der to as sure that the con clu sions are built on com monly
avail able ma te ri als and are there fore ver i fi able. The key area of
the Klonów Anticline has been ac cu rately mapped by Kowal -
czewski et al. (1989) (Fig. 4). This map re lies on sur face data
and shal low geoelectric sound ing that al lowed for trac ing Pa -
leo zoic lithological com plexes un der the Qua ter nary cover. 

The maps by Filonowicz (1970, 1973b) and by Kowal czewski 
et al. (1989) are not al ways mu tu ally con sis tent which be comes
ev i dent af ter ac cu rate georeferencing. The out crop in for ma tion
in cluded in the maps by Filonowicz (1970, 1973b) has been used 
as the de ci sive cri te rion in case of am bi gu ity. When the out crop
in for ma tion was miss ing, the pri or ity has been given to the more
re cent map by Kowalczewski et al. (1989). 

CROSS-SECTION CONSTRUCTION 
AND UNFOLDING

The sub surface struc tural model has been con structed us -
ing the kink (bi sec tor) method (e.g., Suppe, 1983). This ba sic
tech nique of cross-sec tion con struc tion per mits in-depth ex -
trap o la tion of ex posed strati graphic con tacts in ac cor dance with 
dip data. The re sul tant ge om e tries con sist of dip do mains con -
tain ing beds with a con stant dip an gle sep a rated by ax ial planes 
of suc ces sive kinks. Re li abil ity of this method de pends on the
struc tural con text: it gives best re sults for de tach ment folds but
it is of a lim ited use, e.g. for roll over anticlines. Thin-skinned
thrust sheets may be re con structed re li ably; how ever, the
higher in cli na tion of a thrust sheet the shal lower is an an gle at
which the dip in for ma tion is pro jected. This sim ple geo met ric
lim i ta tion in flu ences the depth of cred i ble ex trap o la tion of sur -
face data. There fore, the subsurface struc tural in ter pre ta tion of
the Łysogóry TS is not only tied to the data di rectly pro jected
onto the cross-sec tion plane, but it also hon ours along-strike
geo met ric re la tion ships. A rep re sen ta tive cross-sec tion was un -
folded to the base-Barcza Fm. us ing a flex ural slip al go rithm.
This res to ra tion method pre serves lengths of lines (strati -
graphic bound aries) pro vided they are par al lel to the marker ho -
ri zon. The cross-sec tion area and thick nesses of beds are pre -
served as well. Pin lines for the res to ra tion were placed in the
area of a pre sumed min i mum layer-par al lel slip. Mid land Val ley
Move® pack age was used for the data in te gra tion, cross-sec -
tion con struc tion and un fold ing. 

OBSERVATIONS

MAP PATTERN IN THE VICINITY 
OF THE KLONÓW ANTICLINE

In the area of the Klonów Anticline, the out crop ex tent of the
Barcza and Zagórze for ma tions broad ens to the south, as op -
posed to the reg u lar homoclinal belt that they form fur ther to the
east (Fig. 4B). In con trast, the out crop ex tent of the un der ly ing
Klonów/Bostów Se ries and par tic u larly the Rzepin Se ries de -
creases to the west (Fig. 4B). The ex po sure width of the
Klonów/Bostów Se ries drops from ~1170 m in the east to
~515 m in the west. The width of the Rzepin Se ries reaches
~2150 m in the east and drops to ~500 m in the west. The base
of the Rzepin Se ries is also off set to the south and re sults in a
re duc tion of the out crop ex tent of the un der ly ing Wydryszów
Se ries from ~1600 m in the east to ~520 m in the west (Fig. 4B). 

These off sets of strati graphic bound aries cre ate a pe cu liar
map pat tern of the Klonów Anticline and the Barcza Syncline.
The Klonów Anticline has limbs of the Barcza and Zagórze for -
ma tions, which en cir cle the core of the Klonów/Bostów Se ries
(Fig. 4B). The Barcza Syncline is out lined by a mildly folded
lobe of the Barcza and Zagórze for ma tions. It has an ir reg u lar
out line which is to pog ra phy-con trolled to a sig nif i cant ex tent. It
em pha sizes an open, flat-bot tom ge om e try of the Barcza Syn -
cline. The Barcza and Zagórze for ma tions merge to wards the
east into a sin gle homoclinal belt par al lel to the un der ly ing and
over ly ing strati graphic units. The east ern ex ten sion of the
Klonów Anticline and the Barcza Syncline is cov ered by trans -
gressive Perm ian-Tri as sic strata with a sin gle inlier of Pa leo zoic 
rocks that ex poses the Eifelian Wojciechowice Fm. (Fig. 4B). 

The dip pat tern of the Up per Si lu rian-Lower De vo nian strata 
around the Klonów Anticline in di cates some geo met ric com pli -
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Fig. 4. Geo log i cal map ping data on the west ern part of the Łysogóry Re gion

A – a mo saic of geo log i cal maps show ing the Qua ter nary cover (Filonowicz, 1970, 1973b; Kowalczewski et al., 1989);
B – a mo saic of “un cov ered” geo log i cal maps with subcrop in ter pre ta tion (Filonowicz, 1969, 1973a; Kowalczewski et al., 1989);

key strati graphic mark ers are high lighted



ca tions. To the east of the Anticline the en tire Pa leo zoic sec tion
is roughly homoclinal. The dip mea sure ments plot ted in the
geo log i cal map by Filonowicz (1973b) clus ter be tween 30 and
40°. This, how ever, does not com ply with the ex po sure width of
the Klonów/Bostów Se ries that may ex ceed 1100 m (map by
Kowalczewski et al., 1989) de spite the unit’s thick ness of only
~300 m (Kozłowski, 2008). A sim ple geo met ric cal cu la tion
would im ply the mean dip an gle of ~16° in stead of the re gional
30–40°. It sug gests that the Klonów/Bostów Se ries may be not
coplanar with the un der ly ing se quence. The oc cur rence of the
Rzepin Se ries with fauna, mapped by Filonowicz (1970) in the
area oc cu pied by the Klonów/Bostów Se ries (Kowalczewski et
al., 1989), is in line with this sim ple ob ser va tion (Fig. 4B). This
inlier may rep re sent an ero sional win dow through which the
mod er ately dip ping Rzepin Se ries emerges from be neath the
flat-ly ing Klonów/Bostów Se ries. In the area of the Klonów
Anticline, the sim ple dip pat tern is pre served only within the
Cam brian-Up per Si lu rian part of the sec tion, al though the Cam -
brian is dip ping steeper, up to subvertical. Nev er the less, the
struc ture of the pre-De vo nian sec tion is con sid ered gen er ally
coplanar as the bed ding strike re mains con stant. The sit u a tion

changes up per in the sec tion. The Klonów/Bostów Se ries to -
gether with the over ly ing Barcza and Zagórze for ma tions de fine 
the Barcza Syncline and the Klonów Anticline, which are
superposed onto the homoclinal Rzepin Se ries dip ping to the
north-north east. Hence, the struc ture is three-dimensionally
non coplanar.

GEOMETRIC INTERPRETATION

PREFERRED SOLUTION: PROGRESSIVE 
UNCONFORMITY

This model re sults from com par i son of the ob served map
pat tern to that of the Sant Llorenç de Morunys Anticline in the
east ern Pyr e nees (Spain). This well-stud ied anticline hosts
clas si cal ex am ples of growth strata de pos ited in a fore land set -
ting (e.g., Suppe et al., 1997; Ford et al., 1997; Wil liam et al.,
1998; Fig. 5). A de tailed anat omy of the folded pack age re sults
from mi gra tion of the synclinal axis through undeformed beds
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Fig. 5. North ern flank of the Sant Llorenç de Morunys Anticline (Ford et al., 1997; Suppe et al., 1997) as the an a logue
 to the west ern part of the Łysogóry Thrust Sheet

The map im age of the Sant Llorenç de Morunys Anticline re sults from an in ter sec tion of a pro gres sive un con formity at suc ces sively shal -
lower struc tural lev els from east to west; given the sim i lar ity of the sur face pat terns, the same so lu tion may be readily ap plied to the
subsurface of the Klonów Anticline; the map of the Sant Llorenç de Morunys Anticline flipped and ro tated colours as signed ar bi trarily to fa cil -
i tate com par i son 



co eval with a syn-ki ne matic ero sion and/or de po si tion, de pend -
ing on the lo cal sed i men ta tion/up lift rates. The syn-ki ne matic
strata that were de pos ited in the fore land po si tion with re spect
to the mi grat ing synclinal axis re main coplanar with the un der ly -
ing pre-ki ne matic strata. On the con trary, those de pos ited di -
rectly be hind the mi grat ing kink dis play growth ge om e tries that
pass to an an gu lar un con formity on top of the pre vi ously tilted
beds. This spe cial case of un con formity is termed “pro gres sive” 
as it passes down-dip and basinwards into a con tin u ous strati -
graphic se quence (e.g., Riba, 1976; Rafini and Mercier, 2002).
In con se quence, it is the level at which the struc ture is ob -
served, de cid ing whether the sec tion ap pears con form able or it
is split by an an gu lar un con formity (Fig. 5). 

These subsurface geo met ric re la tion ships give rise to a di -
ag nos tic map im age (Fig. 5). De pend ing on the level of ero sion, 
the map pat tern may be ei ther homoclinal or the older homo -

clinal units may be man tled by the youn ger transgressive strata. 
Both cases are ob served in the geo log i cal maps of the Sant
Llorenç de Morunys Anticline and the west ern part of the
Łysogóry TS (Fig. 5). Al though in de tails this anal ogy is not per -
fect, in par tic u lar no growth strata in the Late Si lu rian/Early De -
vo nian se quence of the Łysogóry TS have been iden ti fied so far 
and the de for ma tion his tory is dif fer ent, but the con cept of a pro -
gres sive un con formity is ap pli ca ble to both cases. There fore,
the subsurface struc ture of the Sant Llorenç de Morunys
Anticline is used as the in ter pre ta tional clue that helps to in ter -
pret the Klonów Anticline as a gently folded pro gres sive un con -
formity pre served due to less ero sion in the west ern part of the
Łysogóry TS than in the cen tre of this unit.   

This in ferred pro gres sive un con formity in the west ern pe riph -
ery of the Łysogóry TS is com pos ite. It con sists of three in di vid ual 
dis cor dance sur faces of: at the base of the Rzepin Se ries, at the
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Fig. 6. Klonów Anticline as a folded, pro gres sive Cal edo nian un con formity: geo log i cal map

The map is based on Filonowicz (1970, 1973b) and Kowalczewski et al. (1989); Kielce Re gion has been faded 
in or der to em pha size the struc tural pat tern of the Łysogóry Re gion; lithological ab bre vi a tions: cgl – con glom er ate,

lmst – lime stone, mdst – mudstone, mrl – marl, sdst – sand stone, sh – shale

https://gq.pgi.gov.pl/article/view/8159/pdf_251


base of the Klonów/Bostów Se ries, and at the base of the Barcza 
Fm. The prin ci pal pro gres sive un con formity is the one at the
base of the Klonów/Bostów Se ries, the two oth ers are mi nor.
This is il lus trated with an up dated geo log i cal map and four se rial
cross-sec tions (Figs. 6 and 7). The map re tains all of the field and 
bore hole ev i dence in cluded in the orig i nal maps (Filonowicz,
1970, 1973b; Kowalczewski et al., 1989; Fig. 4). The new map
and the cross-sec tions form a geo met ri cally con sis tent “2.5D”
frame work that per mits along-strike trac ing of ge om e tries. 

The low er most of the three un con formi ties is in ferred to oc -
cur at the base of the Rzepin Se ries. As ev i dent from the po si -
tion of strati graphic con tacts, this un con formity in cises ~150 m

into the un der ly ing Wydryszów Se ries in the area of cross-sec -
tion B. Fur ther to the east it di min ishes but it is still dis cern ible in
the area of cross-sec tion C. Along cross-sec tion D, the con tact
be tween the Wydryszów Se ries and the Rzepin Se ries is con -
form able (Fig. 7). Ac cord ing to Kozłowski (2008), the Rzepin
Se ries in this area be gins with con ti nen tal red beds of the
Rachtanka Fm., which pass up ward into mar ginal ma rine de -
pos its of the Bronkowice Fm. This ev i dence for a trans gressio -
nal suc ces sion over ly ing in cised con ti nen tal units sup ports the
con cept of an un con formity at the base of the Rzepin Se ries.

The main un con formity un der lies the Klonów/Bostów Se -
ries. This cuts up to ~900 m into the un der ly ing Rzepin Beds
and is re spon si ble for most of the car to graphic com pli ca tions
de scribed pre vi ously. The an gu lar dis cor dance at the base of
the Klonów/Bostów Se ries reaches ~15° along the best-con -
strained cross-sec tion C. The an gle may be higher (pos si bly up
to 30°) for the neigh bour ing cross-sec tions B. How ever, this es -
ti mate re quires fur ther con fir ma tion. The un con formity at the
base of the Klonów/Bostów Se ries is ex posed at in creas ingly
deeper lev els to the east. As a re sult, a suc ces sively more com -
plete se quence crops out in this di rec tion. Only the deep est
rem nant of this dis cor dance is still in ferred in cross-sec tion D,
while fur ther east, the un con formity remains entirely above the
present erosion level. 

The con tact be tween the Klonów/Bostów Se ries and the
over ly ing Barcza Fm. is largely con cor dant. How ever, there is a
pos si bil ity for a slight S-ward thin ning of the for mer. In cross-
 sec tion B, the low est thick ness of the Klonów/Bostów Se ries
con strained by the car to graphic im age and dip data is ~180 m,
while in cross-sec tion D, the low est thick ness that as sures con -
sis tency with the sur face data is ~370 m. It can be ei ther due to
a low-an gle un con formity at the base of the Barcza Fm. (Kowal -
czewski et al., 1989, 1998) or due to a depositional thin ning of
the Klonów/Bostów Se ries. 

ALTERNATIVE SOLUTION: STAIRCASE THRUST

This sce nario takes into ac count an un cer tainty con cern ing
the in ter nal struc ture of the Si lu rian se ries. It was al ready
Czarnocki (1950) who noted that the thick ness of the Si lu rian
pro file might be tec toni cally mul ti plied. More re cent works
stress a homoclinal struc ture of this se ries (e.g., Kozłowski,
2008). Al though the map im age seems to sup port the lat ter
view, poor out crop con di tions im pede a univocal val i da tion of ei -
ther of these two pos si bil i ties.  

The al ter na tive model (visu al ised as a re built ver sion of
cross-sec tion C) ex plains the ob served map pat tern (Fig. 8A) by 
a stair case thrust (Fig. 8B). The basal de tach ment is placed in
the Lower Si lu rian graptolite shales. This guess is rea son able
con cern ing the me chan i cal stra tig ra phy and the re gional con -
text: the graptolite shales act as a de tach ment in the north ern
part of the Kielce Re gion (Gągała, 2014). In or der to ex plain the
geo met ric pat tern along cross-sec tion C, an in ter me di ate de -
tach ment must be as sumed near the con tact of the Rzepin and
Klonów/Bostów se ries. This is also not un likely given rather in -
com pe tent lithologies of the Rzepin Se ries. The basal and in ter -
me di ate de tach ments are con nected by a ramp that cuts
through the Wydryszów and Rzepin se ries. With this sim ple
thrust ge om e try, the dip-slip dis place ment is ~1800 m.

Con cern ing the 2D ge om e try along cross-sec tion C, this
model shows a rea son ably good fit to the lo cal sur face data and
of fers an un con tro ver sial subsurface so lu tion (Fig. 8B). In com -
par i son to the “un con formity” so lu tion, this model im plies a thin -
ner Up per Si lu rian-low est De vo nian sec tion: ~2500 m vs
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Fig. 7. Klonów Anticline as a folded, pro gres sive Cal edo nian
un con formity: se rial cross-sec tions

Cross-sec tion C is more com plete than the oth ers be cause
it is used for res to ra tion and to dis cuss ki ne matic sce nar ios;

col our code as in Fig ure 6 



~1950 m. Both these fig ures fall within the ac cept -
able range (Kozłowski, 2008). How ever, this model
cre ates prob lems if ana lysed in 3D. 

The east ern ex ten sion of the in ferred thrust
would have to re sult in a strati graphic rep e ti tion of
the Rzepin Se ries (Fig. 8A). Nei ther such a rep e ti -
tion nor the thrust it self have been mapped so far,
al though poor out crops do not rule it out de fin i tively.
To the west, the in ferred thrust must be placed pro -
gres sively deeper in the footwall stra tig ra phy, to
com ply with the nar row ing belt of the Rzepin Se ries,
which may re sult from a lat eral ramp that dis places
the in ter me di ate de tach ment deeper into the foot -
wall. How ever, such a ge om e try of the basal thrust -
would have to find its ex pres sion in a more com plete 
hang ing-wall stra tig ra phy, which is not the case. An -
other pos si bil ity is an out-of-se quence thrust cut ting
down-sec tion. Al though pos si ble from the geo met ric 
point of view, an out-of-se quence thrust is not likely
in a non-orogenic set ting that has ex pe ri enced only
lim ited short en ing. 

Al though this al ter na tive so lu tion can not be
com pletely ruled out, the in her ent 3D prob lems
make it in fe rior to the pro gres sive un con formity hy -
poth e sis. There fore it will not be further developed.

CROSS-SECTION RESTORATION

RESTORED EARLY DEVONIAN GEOMETRY

The well- con strained ge om e try of the pro gres -
sive un con formity per mits the res to ra tion of the lat -
est Si lu rian-ear li est De vo nian de for ma tion pat tern
in the west ern part of the Łysogóry TS. Cross-sec -
tion C has been un folded to the base of the Barcza Fm. (Fig.
9). Cam brian-Si lu rian strata in the re stored cross-sec tion dip
by ~20° to the north. The beds turn to hor i zon tal down-dip
across a well-de fined kink plane. The base of the Barcza Fm.
can be used as an un fold ing tem plate only in the north ern part

of the re stored cross-sec tion. In the south ern part, it re mains
above the pres ent ero sion level. Here, a con tin u a tion of the
tilted flank is in di cated by the Miedziana Góra Con glom er ate in 
the footwall of the HCF (Fig. 9). These strata con tain boul ders
of quartz ite sand stones com ing from the Up per Cam brian
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Fig. 8. Klonów Anticline as a hang ing-wall anticline of a thrust sheet dis placed along a stair case thrust:
A – al ter na tive map-view and B – subsurface in ter pre ta tions

The map is based on Filonowicz (1970, 1973b) and Kowalczewski et al. (1989); col our code as in Fig ure 6

Fig. 9. Re stored Early De vo nian ge om e try along cross-sec tion C

Col our code and sym bols as in Fig ure 6



Wiśniówka Fm. Hence, the Miedziana Góra Con glom er ate is
a re cord of the ex hu ma tion of al most the en tire sed i men tary
suc ces sion of the Łysogóry TS dur ing the lat est Si lu rian-ear li -
est De vo nian short en ing. More over, Kowalczewski et al.
(1998) pro vided ev i dence on re worked Or do vi cian acritarchs
in the Klo nów/Bostów Se ries, which fur ther sup ports an ex hu -
ma tion and ero sion of the lead ing edge of the Łysogóry TS.
The south ern part of cross-sec tion C has been re stored ac -
cord ingly, al though the ge o m e try (par tic u larly the dip an gles)
is di a gra m matic. 

SEISMIC ANALOGUE

In or der to sup port the pro posed in ter pre ta tion, a seis mic
an a logue from the Chindwin Ba sin, on shore Myanmar, is
presented (Fig. 10; a line draw ing of an un pub lished seis mic
line from au thor’s col lec tion of seis mic ex am ples com piled from
var i ous pub lic do main sources). The seis mic line re veals a
thin-skinned thrust sheet that car ries a folded an gu lar un con -
formity with an an gu lar dis cor dance of be tween 5° to 12°. The
same un con formity can be traced in the footwall. The stra tig ra -
phy be low the un con formity be comes in creas ingly more com -
plete down-dip. On the ex treme right of the seis mic line, the un -
con formity be comes sub-par al lel to the re flec tors. These fea -
tures are in dic a tive of a pro gres sive un con formity, anal o gous to 
that from the Łysogóry TS. The un con formity in the seis mic line
from the Chindwin Ba sin was gen er ated by the gen eral tilt of the 

sed i men tary suc ces sion and the base ment. Sub se quent short -
en ing led to the ro ta tion of the un con formity in the hang ing wall
of a thin-skinned thrust. The Chindwin Ba sin ex pe ri enced much
less ero sion than the Łyso góry Re gion of the HCM. How ever, if
the ero sion level is ar bi trarily placed at a level com pa ra ble to
that in the Łysogóry TS, the re sul tant “dip” and “strati graphic”
pat terns are rea son ably sim i lar (Fig. 10).

DISCUSSION

LATERAL EXTENT OF THE PROGRESSIVE 
UNCONFORMITY

The pro gres sive Cal edo nian un con formity is ob served at in -
creas ingly deeper struc tural lev els from west to east. It per mits
a re li able re con struc tion of the subsurface ge om e try (cross-
 sec tions B–D in Fig. 7). To the east of the Klonów Anticline, the
un con formity re mains above the pres ent ero sion level and
there fore it is not trace able over most of the Łysogóry TS (Fig.
11). It may be due to the gen eral west ward tilt of the Pa leo zoic
core or due to the in crease in the amount of Variscan slip along
the HCF. 

The con tact be tween the Klonów/Bostów and Rzepin se ries 
re mains con form able up to the east ern limit of the re li ably
mapped part of the Łysogóry TS. Fur ther east, the ev i dence
con sists of a few scat tered out crops and wells. The con form -
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Fig. 10. Seis mic an a logue (line draw ing) from the Chindwin Ba sin, on shore Myanmar, 
which shows a pro gres sive un con formity de formed by sub se quent thrust ing

A – in ter preted seis mic sec tion, orig i nal and re stored to the un con formity; 
B – cross-sec tion C, orig i nal and re stored to the base-Barcza Fm.



able Si lu rian-De vo nian se quence seems to ex tend fur ther east
up to the iso lated ex po sure of the Barcza Fm. in Ptkanów (Fig.
11). How ever, in the area of Pobroszyn sit u ated only ~8 km
from Ptkanów, the Lower and Mid dle De vo nian strata are prox i -
mal to the trace of the HCF and the Si lu rian belt is al most ab -
sent (Samsonowicz, 1932; Fig. 11). This pat tern is a mir ror re -
flec tion of that from the area of the Klonów Anticline, and may
re sult from a re-ap pear ance of the Cal edo nian un con formity in
that area due to the shal lower struc tural level ex posed at the
pres ent ero sional sur face. This is con sis tent with one of the
cross-sec tions pub lished by Kowalczewski et al. (1976), which
shows a con spic u ous base-De vo nian dis cor dance in this area.
Fur ther east, the trace of the in ferred un con formity shall be in -
ter po lated be tween the Łopata and Łukawa bore holes on one
side, and the Daromin IG 1 and Kichary IG 1 bore holes on the
other (Fig. 11). 

The ex tent of the Cal edo nian un con formity west of the Pa -
leo zoic core is even more spec u la tive. There ex ist two Pa leo -
zoic inliers that ex pose the Klonów/Bostów Se ries and the
Barcza For ma tion (Fig. 11). Both of them are sit u ated in the
hang ing wall of the Oblęgorek Fault which is the most prob a ble
west ern ex ten sion of the HCF. Ac cord ingly, it may be ex pected
that the Lower De vo nian strata un con form ably man tle the en -
tire Cam brian-Si lu rian suc ces sion of the Łysogóry TS in that
area. How ever, given the Late Cre ta ceous/Paleocene in ver -
sion of the Oblęgorek Fault (Lamarche et al., 2003), it is pos si -
ble that these two out crops oc cur in a footwall short-cut po si -
tion. In such a case, the two Pa leo zoic inliers would rep re sent
sliv ers of the footwall rather than the hang ing wall of the
Variscan HCF. Hence, this ev i dence is not fully con clu sive. The
Stachura-1 bore hole that hit Cam brian rocks di rectly be low the
Tri as sic fur ther in creases the un cer tainty. 

AGE OF THE PROGRESSIVE UNCONFORMITY 
AND TIMING OF DEFORMATION

The main pro gres sive un con formity sup ported by the map
pat tern, and redeposition of Cam brian-Or do vi cian ma te rial is in -
ferred at the base of the Klonów/Bostów Se ries. It con strains
the tim ing of ro ta tion and up lift of the south ern part of the
Łysogóry Re gion as Pridolian. More pre cise age as sig na tion
de pends on prog ress in dat ing of the Klonów/Bostów Se ries,
which is not straight for ward (e.g., Kowalczewski et al., 1998;
Malec, 2006; Kozłowski, 2008).

The pos tu lated Pridolian de for ma tion oc curs ~10 Myr prior
to the be gin ning of the Early-Mid dle Pragian hi a tus pro posed
e.g., by Malec (2001, 2006) and Kozłowski (2008) (Fig. 3). This
hi a tus is in ferred to oc cur on the top of the Klonów/Bostów Se -
ries and not at the base of this unit. A mi nor un con formity in a
cor re spond ing strati graphic po si tion has been pro posed by
Kowalczewski et al. (1989, 1998), and it is sus tained in this pa -
per (Figs. 6 and 7). This may be ex plained in two ways: 

– Af ter the main phase of de for ma tion in the Pridolian, ro -
ta tion of the Łysogóry tilted flank re sumed af ter ~10 Myr
with sim i lar ki ne mat ics.

– The Pragian hi a tus re cords a more re gional tec tonic
event re lated e.g., to the ces sa tion of the Late Si lu -
rian-ear li est De vo nian flex ural sub si dence (Poprawa,
2006b).  

CONSEQUENCES FOR THE KINEMATICS 
OF THE HOLY CROSS FAULT

The pres ence of the Cal edo nian pro gres sive un con formity
in the Łysogóry TS has con se quences for the Cal edo nian and
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Fig. 11. The along-strike ex tent of the pro gres sive Cal edo nian un con formity (in ter pre ta tive)

The un con formity is ex posed in the west ern part of the Łysogóry Thrust Sheet; over the cen tral part, it re mains above the pres -
ent ero sion level; nar row ing of the Si lu rian belt in di cates that the un con formity may re turn be low the pres ent ero sion level in
the east; to the west of the Pa leo zoic core, the ev i dence is am big u ous; bore holes: Da-1 – Daromin IG 1, Ki-1 – Kichary IG 1, Ło 
– Łopata, Łu – Łukawa, St-1 – Stachura-1; struc ture and stra tig ra phy of the Kielce Re gion are not il lus trated for the sake of
clar ity



Variscan ki ne mat ics of the HCF and hence also for the palaeo -
geographic re la tion ships be tween the Łysogóry and Mało -
polska blocks. Thin- and thick-skinned in ter pre ta tive tec tonic
sce nar ios are pre sented (Fig. 12). It is pro posed that these are
end-mem bers of a wide range of po ten tial tec tonic so lu tions.

The thin-skinned sce nario as sumes that thin-skinned Cal -
edo nian thrust ing along the HCF was fol lowed by Variscan re -
ac ti va tion with sim i lar ki ne mat ics (Fig. 12A). The first phase of
thrust ing cre ated the pro gres sive un con formity, and the sec ond 
phase folded it. The di rec tion of fault slip of fers two al ter na tive
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Fig. 12. Ki ne matic in ter pre ta tion of the Łysogóry Thrust Sheet based on the pres ent and re stored ge om e tries

Thin-skinned sce nario that at trib utes the Cal edo nian and Variscan de for ma tion to re pet i tive ac ti va tion of the HCF in ter preted
as a fully thin-skinned struc ture that soles down to the Mid dle Cam brian Góry Pieprzowe Fm. The “short cut” model re quires
the pres ence of a deep-rooted fault be neath the Łysogóry Thrust Sheet. The “tri an gle zone” model makes it un nec es sary.
Thick-skinned sce nario that as sumes a par ti tion ing of the Cal edo nian and Variscan de for ma tion be tween two in de pend ent
struc tures. The Cal edo nian tilt is at trib uted to re verse slip along a thick-skinned pre de ces sor of the HCF. The en su ing
Variscan short en ing ac ti vated the thin-skinned HCF that trun cated the hang ing wall of the pre-ex ist ing deeply rooted fault



mod els for the thin-skinned sce nario. In the “short-cut” model,
the short en ing co mes from the north-north east. In the “tri an gle
zone” model, the short en ing co mes from the south-south west. 
The “short-cut” model re quires the pres er va tion of a footwall
short cut at depth, which may be ex plained by the pres ence of
an in her ited step in the base ment, pos si bly a pre-ex ist ing
deep-rooted fault. The “tri an gle zone” model re quires only an
in den ta tion of the lead ing edge of the Małopolska Block into the
Mid dle Cam brian de tach ment of the Łysogóry Block. 

The thick-skinned sce nario as sumes the in ter ac tion of two
faults: a thick-skinned pre de ces sor of the HCF, and the ac tual
thin-skinned Variscan HCF. The Cal edo nian tilt is linked to re -
verse slip along a deeply rooted and steeply dip ping fault, not
ex posed at pres ent (Fig. 12B). Sub se quent Variscan thrust ing
trun cated the hang ing wall of this fault along the thin-skinned
HCF, re sult ing in the pres ent struc tural pat tern (Fig. 12B). 

As shown by all ki ne matic sce nar ios, Variscan thrust ing
along the HCF is in ev i ta ble. If there was Variscan strike-slip dis -
place ment as pos tu lated e.g., by Lamarche et al. (1999, 2003)
and Konon (2007), it must not have been strong enough to
over print the sim ple ge om e try of the Łysogóry TS.

Both the “short-cut” model of the thin-skinned sce nario
and the thick-skinned sce nario re quire a ma jor base ment-
 rooted fault un der ly ing the Łysogóry TS to make pre-De vo nian 
strike -slip dis place ments be tween the Małopolska and
Łysogóry blocks pos si ble. The “short-cut” model of the thin-
 skinned sce nario would fa vour pre-Or do vi cian strike-slip
move ment. The thick-skinned sce nario en ables both pre-Or -
do vi cian and Late Si lu rian wrench dis place ments. There fore,
these two ki ne matic so lu tions may be eas ily in te grated into the 
ex ist ing tec tonic mod els (e.g., Nawrocki and Poprawa, 2006;
Poprawa, 2006b; Nawrocki et al., 2007; Kozłowski, 2008;
Kozłowski et al., 2014; Narkiewicz et al., 2015). They suf fer
how ever, from two lim i ta tions. First, they do not obey the
Ockham’s ra zor prin ci ple. As shown by the “tri an gle zone”
model of the thin-skinned sce nario, a deeply rooted fault is not
nec es sary to ex plain the struc tural evo lu tion. Sec ond, there is
a lack of any ma jor thick- skinned faults that could dis place the
top-EEC base ment in the deep seis mic pro file POLCRUST-01 
(Malinowski et al., 2013). In ad di tion, the zone of Cal edo nian
tilt in the thick- skinned sce nario is nar row, as shown by the re -
stored cross-sec tion C (Fig. 9). Typ i cally, the width of the up -
lifted hang ing wall is pos i tively re lated to the depth at which a
fault soles down to a de tach ment ho ri zon. If the in ferred Cal -
edo nian thick-skinned pre de ces sor of the HCF had deep foun -
da tions, it would have re sulted in wider up lift of the south ern
edge of the Łysogóry Block than is sug gested by the ge om e try 
of the Cal edo nian un con formity. 

The “tri an gle zone” model of the thin-skinned sce nario elim -
i nates the need for crustal-scale foun da tions of the HCF in -
voked by e.g., Brochwicz-Lewiński et al. (1984), Lewandowski
(1993, 1994), Tomczykowa and Tomczyk (2000), Guterch and
Grad (2006), Narkiewicz et al. (2015). Con se quently, there is

no way to ac com mo date large-scale wrench ing be tween the
Małopolska and Łysogóry blocks. This so lu tion re solves the
struc tural evo lu tion of the Łysogóry TS with the min i mum num -
ber of struc tures in volved. More over, it may be eas ily in te grated
with the new seis mic data that re veal the con tin u ous top of the
EEC base ment that reaches at least up to the Małopolska Block 
(Malinowski et al., 2013). There are two me chan i cal prob lems
in her ent in the “tri an gle zone” model:

– It re quires the pres er va tion of a Cal edo nian thrust dur ing 
Mid-Late De vo nian ex ten sion such that it could re-ac ti -
vate dur ing Variscan short en ing. 

– It is dif fi cult to imag ine an iso lated, yet as much as
>85 km long, thin-skinned thrust with out a strong base -
ment con trol. 

More over, the sim plic ity of the “tri an gle zone” model does not 
al low for Late Si lu rian strike-slip move ment along the HCF (e.g.,
Nawrocki and Poprawa, 2006; Poprawa, 2006b; Nawrocki et al.,
2007; Kozłowski, 2008; Kozłowski et al., 2014; Narkiewicz et al.,
2015). The “tri an gle zone” model would there fore re quire a re in -
ter pre ta tion of the pre-De vo nian tec tonic evo lu tion of the HCM. 

FINAL REMARKS

Al though the con cept of the Cal edo nian un con formity in the
Łysogóry Re gion of the Holy Cross Mts. has been re peat edly
re turn ing in sev eral pa pers pub lished over the past 40 years, it
has never been com monly ac cepted. This idea has been
deemed in con sis tent with a nearly con tin u ous and con form able
Si lu rian-De vo nian sec tion in the Bodzentyn Syncline. This pa -
per dem on strates that it is only an ap par ent dis crep ancy. The
ex am ple of the Klonów Anticline shows that the Cal edo nian un -
con formity de vel oped over the Łysogóry Thrust Sheet is pro -
gres sive. Hence, it is the struc tural level at which the struc ture is 
dis sected by ero sion that de cides whether the De vo nian/Si lu -
rian contact appears conformable or unconformable. 

The con se quences of the pro posed geo met ric model for the 
lat est Si lu rian-ear li est De vo nian ki ne mat ics of the Holy Cross
area are yet to be stud ied. It is be lieved that the thin- and
thick-skinned ki ne matic sce nar ios are the end-mem bers that
em brace a wide range of po ten tial so lu tions. These have im pli -
ca tions for the deep crustal foun da tions of the Holy Cross Fault. 
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