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In te grated tec tonic in ter pre ta tion of seis mic data and core sam ples from bore holes in the vi cin ity of the Kock Fault Zone
(KFZ) al lowed us to iden tify sev eral tec tonic de for ma tion events that were re spon si ble for cre at ing its com plex struc ture. The
KFZ is an ex am ple of a me chan i cally weak re gional-scale tec tonic struc ture that ac cu mu lated de for ma tion over hun dreds of
mil lions of years and there fore is a good in di ca tor of stress re gime changes in a broader area. The KFZ is here re garded as a
com bi na tion and su per po si tion of two ge net i cally and tem po rally dif fer ent faults: the older Kock Fault, which is an in verted
nor mal fault, and the youn ger, low-an gle Kock Thrust. The first, Si lu rian stage of KFZ evo lu tion oc curred in a ten sional stress
re gime that gave rise to the ac ti va tion of a deeply rooted nor mal-slip pre cur sor to the Kock Fault. Sub se quently, this fault un -
der went in ver sion dur ing the Late Famennian com pres sive/transpressive event. In the Early Car bon if er ous, the tec tonic
stress re gime changed into ten sion/transtension, lead ing to ex tru sion of ba salt magma and abun dant mineralisation in the vi -
cin ity of the in verted Kock Fault, fol lowed by tec toni cally re laxed sed i men ta tion of Car bon if er ous strata. The de po si tion was
ter mi nated by a compressional event at the end of the Westphalian. Con trac tion re sulted in the for ma tion of the low-an gle
Kock Thrust de coup led in Si lu rian shale that cut across the up per part of the Kock Fault and dis placed it to wards the NE, over 
the East Eu ro pean Craton fore land.
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INTRODUCTION

The Kock Fault Zone (KFZ) is an im por tant tec tonic bound -
ary within the Lublin Ba sin, lo cated at the edge of the East Eu ro -
pean Craton (EEC). Dur ing Early Pa leo zoic times, the study area 
was a mar ginal por tion of the Baltica plate oc cu pied by the prox i -
mal part of the fore land ba sin in volved in the Cal edo nian col li sion 
with Avalonia (Poprawa, 2006). Dur ing the Variscan Orog eny,
the sub si dence of the Lublin Ba sin de vel oped in re sponse to the
multiphase col li sion oc cur ring in the in ner part of the Variscan
belt. In our opin ion, the pres ent state of knowl edge al lows pre -
sent ing a re gional plate-tec tonic back ground to the tec tonic set -
ting of the KFZ, as the orig i nal po si tion of the Variscan col li sion
zone with re spect to the Lublin Ba sin is still un known and prob a -
bly far from the pres ent-day ar range ment. Sep a ra tion of col li sion
and fore land re gions by the Teisseyre- Torn quist Zone (TTZ),
which is a ma jor lithospheric shear zone prone to strike-slip mo -
tions both in Cal edo nian (Brochwicz- Lewiñski et al., 1981) and
Variscan times (Lewandowski, 1992), would make this re con -
struc tion dif fi cult and still un re li able. The mech a nism of Variscan
sub si dence at the edge of Baltica and within the Lublin Ba sin and 
the role of main faults bound ing and transecting the Lublin Ba sin

are still a mat ter of dis cus sion (Narkiewicz et al., 1998). We are
still at the stage of gath er ing struc tural data and ki ne matic in ter -
pre ta tions to bring the el e ments of the re cent struc tural patch -
work to their orig i nal po si tion in the Cal edo nian and Variscan
plate ac cre tion sce nario. The KFZ, which con trolled the sub si -
dence pat tern in the sed i men tary ba sin and the shape of the fi nite 
tec tonic struc ture of the area, seems to be an im por tant part of
such a re con struc tion.

The NW–SE trending, 160 km long KFZ ex tends along the
mar ginal part of the EEC in cen tral-east ern Po land (Fig. 1)
within the Late Pa leo zoic Lublin Ba sin (Fig. 2). Ac cord ing to the
most re cent in ter pre ta tions re gard ing the po si tion of the front of
the Variscan Orogen in Po land (Aleksandrowski and Bu³a,
2017; Krzywiec et al., 2017) the KFZ rep re sents a lo cal bound -
ary be tween the folded and thrusted and undeformed parts of
the Variscan fore land (Fig. 1). The KFZ de fines also the bound -
ary be tween the two struc tural el e ments of the Lublin Ba sin:
Lublin Synclinorium and Hrubieszów High (Figs. 1 and 2),
(¯elichowski, 1972; Narkiewicz and Dadlez, 2008). We re gard
this zone to be a com bi na tion and su per po si tion of two ge net i -
cally and tem po rally dif fer ent faults: the older Kock Fault, which
is an in verted nor mal fault, and the over printed, youn ger,
low-an gle Kock Thrust. The KFZ has a char ac ter of sus tained
crustal-scale weak ness zone, highly sen si tive to stress re gime
changes. Ac tive un til the Ce no zoic, this zone bears a re cord of
nu mer ous tec tonic events. We as sumed that fo cus ing our re -
search on a sin gle, multiphase tec tonic struc ture might give
even a better res o lu tion of tec tonic evo lu tion than a more re -
gion ally ex ten sive, ba sin-scale study. The main dis ad van tage
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aris ing from such an ap proach is the cu mu lat ing of de for ma -
tions and the over print of a great num ber of tec tonic de for ma -
tions in a nar row tec tonic zone, which oblit er ate the re cord of
the ear lier phases.

Al though the KFZ has at tracted at ten tion of ge ol o gists for a
cou ple of de cades, there is still lack of con sen sus re gard ing a
ge net i cally and ki ne mat i cally con sis tent model of its evo lu tion.
Over the last 50 years, sev eral tec tonic mod els have been de -
vel oped con cern ing the evo lu tion of the whole Lublin Ba sin. In
our opin ion, pre vi ously pub lished con cepts of the KFZ do not
ad dress the long and com plex struc tural evo lu tion of its tec tonic 
struc ture suf fi ciently. This ar ti cle aims to fill this gap by ge net i -
cally co her ent tec tonic in ter pre ta tion of a large num ber of seis -
mic pro files and core sam ples. Due to sig nif i cant im prove ment
in the qual ity of seis mic im ag ing and pro cess ing, which has
taken place in the past sev eral years, and the con cen tra tion of
geo log i cal sur veys in the vi cin ity of KFZ, the re con struc tion of
multi-phase tec tonic evo lu tion of this zone be came pos si ble.
This also sheds the light on tec tonic his tory of the Lublin Ba sin.
Since the Lublin Ba sin is an area of con ven tional and un con -
ven tional hy dro car bons ex plo ra tion, such a syn the sis is also im -
por tant from the oil in dus try point of view. The ge om e try of tec -
tonic de for ma tion con trol ling the frac ture net work pat tern, to -
gether with the con cept of struc tural evo lu tion, is an im por tant
el e ment of both res er voir qual ity as sess ment and de sign of di -
rec tional and hor i zon tal bore holes for stim u la tion of pro duc tion.

GEOLOGICAL SETTING

For the first time, the KFZ was de scribed by ¯elichowski
(1972) as the North-east Fault (Czersk–¯elechów–Kock–Wa -
sylów), sep a rat ing the Lublin Synclinorium from the el e vated
part of the East Eu ro pean Craton, the so-called Hrubieszów
High. The KFZ ter mi nates in the NW di rec tion as far as the
transversal Grójec Fault (¯elichowski, 1972; ¯elichowski and

Koz³owski, 1983; Po¿aryski and Dembowski, 1983; Fig. 2). In
its SE seg ment, the KFZ grad u ally ex pires and ter mi nates on
ap proach ing the Œwiêcica Fault. On the sub-Car bon if er ous
geo log i cal maps, this zone rep re sents a sharp bound ary be -
tween the late De vo nian com plex of the Lublin Synclinorium
and the Si lu rian and De vo nian of the Hrubieszów High (Fig. 3).
In turn, on the sub-Permo-Me so zoic geo log i cal maps, the KFZ
is marked as a nar row strip of De vo nian and Si lu rian rocks ex -
posed at the Car bon if er ous subcrop (¯elichowski, 1972;
¯elichowski and Koz³owski, 1983; Po¿aryski and Dembowski,
1983; Fig. 2). The max i mum width of this De vo nian and Si lu rian 
strip is 6 km in the cen tral seg ment of the KFZ, and it de creases
grad u ally in both di rec tions.

Ini tially, the KFZ was con sid ered to rep re sent a horst lim ited
by steep nor mal faults (¯elichowski, 1972; ¯elichowski and
Koz³owski, 1983; Dembowski and Porzycki, 1988; Po¿aryski and 
Tomczyk, 1993; Fig. 4A). Pelc (1999) in ter preted this zone as a
re sult of the diapiric de for ma tion of in com pe tent Si lu rian shale
above deep-rooted re verse faults (Fig. 4B). A dif fer ent con cept
by Antonowicz et al. (2003) ex plained the KFZ struc ture as a
stack of thrust units cre at ing a du plex within a tri an gle zone
(Fig. 4C). Sub se quently, Antonowicz and Iwanowska (2004) re -
duced this du plex to a sin gle NE-verg ing thrust that dis placed the 
Up per Pa leo zoic de pos its of the Lublin Synclinorium onto the
Hrubieszów High block. Krzywiec (2007, 2009, 2011) linked the
ge om e try of KFZ with the pres ence of contractional de for ma tion
(thrusts) de vel oped above the re verse fault with si mul ta neous
quasi-diapiric duc tile de for ma tion of Si lu rian shale (Fig. 4D). A
new tec tonic model pre sented by Kufrasa and Krzywiec (2015)
and Krzywiec et al. (2017) adopted the idea of duc tile du plexes
(Thomas, 2001) de vel oped for the Ap pa la chians, for the Si lu rian
com plex over the Kock Fault.

Ac cord ing to our in ter pre ta tion, the KFZ struc ture changes
in the ver ti cal pro file due to su per po si tion of sev eral faults. The
NE bound ary of the KFZ is marked by the Kock Thrust that
emplaced older rocks on top of the Car bon if er ous com plex. The 

Fig. 1. Location of the Kock Fault Zone on the Variscan structure map of Poland 
(after Aleksandrowski and Bu³a, 2017, simplified)
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Fig. 2. Geological map of the Lublin Basin without the Cenozoic and Permo-Mesozoic cover 
(after ¯elichowski and Koz³owski, 1983, simplified and modified) 

Blue lines indicate position of schematic cross-sections through the KFZ, presented in Figure 4

Fig. 3. Sub-Carboniferous geological map of the Kock Fault Zone area 
(after ¯elichowski and Koz³owski, 1983, simplified and modified)

pC – Precambrian, Cm – Cambrian, O – Ordovician, S – Silurian, D – Devonian
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SW bound ary is formed by a homocline dip ping to the SSW to -
wards the Lublin Synclinorium, and by a set of SSW-verg ing
thrusts. As the hor i zon tal range of the KFZ at the up per level is
de fined by a wide belt of thin-skinned tec tonic fea tures, at the
deeper struc tural lev els this zone nar rows to sin gle lead ing fault
zone. The depth to the crys tal line base ment var ies across the
KFZ due to both re gional SW dip ping of the base ment and a

crustal dis con ti nu ity as so ci ated with this zone. At the
Hrubieszów High near the KFZ the depth to the crys tal line
base ment is <5.5 km, whereas on the other side of this zone,
be low the Lublin Synclinorium, the top of the base ment oc curs
0.5 to 2 km deeper. A step-like depth change is vis i ble in both
seis mic pro files and the Bouguer grav ity map (Królikowski and
Petecki, 1995). In the Lublin Synclinorium, filled with a thick
sed i men tary cover, the most re li able data on the top of the
base ment are pro vided by seimic sur veys due to the lack of
bore holes reach ing the crys tal line base ment.

The old est sed i men tary rocks in the vi cin ity of KFZ are
coarse-grained clastics de pos ited in the Ediacaran rift. They
are over lain with the Up per and Mid dle Cam brian clastic suc -
ces sion (Paczeœna, 2006). While on the Hrubieszów High
those Ediacaran–Cam brian de pos its have been reached by
bore holes (Paczeœna, 2006, 2010), their pres ence in the Lublin
Synclinorium is in ter preted only from seis mic pro files. Be tween
the Cam brian and Or do vi cian, an ero sional gap is ob served,
which spans the Late Cam brian and lo cally the ear li est Or do vi -
cian (Tremadocian). Late Or do vi cian to Late De vo nian de po si -
tion was con tin u ous (Narkiewicz et al., 2007). The thick ness of
the Or do vi cian, rep re sented mostly by car bon ates, does not ex -
ceed 100 m. The thick nesses of Si lu rian siltstones/mudstones
are dif fer ent on both sides of the KFZ (Fig. 5). In some parts of
the Hrubieszów High, the thick ness of the Si lu rian is more than
twice that in the Lublin Synclinorium. The Lower De vo nian com -
prises ~1000 m of shales and clastic de pos its (Fig. 5). The Mid -
dle De vo nian with a thick ness of <200 m is rep re sented by car -
bon ates and clastics (Fig. 5). The Up per De vo nian is rep re -
sented by ma rine car bon ates and marls (Fig. 5). In the most up -
per part of pro file, they pass into shal low ma rine and ter res trial
clastics (Narkiewicz, 2011). This change in sed i men ta tion can
be linked with syndepositional ac tiv ity of the Kock Fault.
South-east of the KFZ, the thick ness of the Up per De vo nian
com plex is <2000 m and de creases to wards the NW. Due to the 
Late De vo nian/Early Car bon if er ous up lift of the Hrubieszów
High the De vo nian is com pletely re moved by ero sion, ex cept in
the downdropped W³odawa De pres sion (part of the Hrubieszów 
High) where the Up per De vo nian suc ces sion has been pre -
served (Fig. 4). In the case of the most in tense up lift, part of the
Si lu rian com plex has also been eroded.

The Car bon if er ous sed i men ta tion was pre ceded by ba saltic 
vol ca nism ac com pa nied by de po si tion of pyroclastic rocks
which were found in bore holes drilled within and north-east of
the KFZ. In the vi cin ity of this zone, the youn gest Car bon if er ous
de pos its are of Mid dle Visean (Fig. 5; ¯elichowski, 1972, 1984;
Narkiewicz et al., 2007) or Westphalian (Bashkirian) age
(¯elichowski, 1972; ¯elichowski and Koz³owski, 1983). The
Car bon if er ous sed i men tary com plex con sists of claystones,
mudstones, siltstones and coal seams, with the com bined orig i -
nal thick ness es ti mated at 1500–2000 m close to the KFZ
(Fig. 5). The ero sional top of this com plex is cov ered by Perm -
ian or Permo-Me so zoic rocks in the NW seg ment, or di rectly by
the Me so zoic in the rest of KFZ. The Me so zoic cover starts ei -
ther with the Mid dle Ju ras sic in the SE seg ment of the KFZ or
with the Tri as sic in the cen tral and NW seg ments, and ter mi -
nates with the Up per Cre ta ceous. Ce no zoic de pos its are com -
pletely eroded in the east ern seg ment and partly in the cen tral
seg ment of KFZ. The com bined thick ness of the Perm ian, Me -
so zoic and Ce no zoic de pos its var ies be tween 800 and 1000 m
in the east ern and cen tral seg ments and reaches 3000 m in the
west ern seg ment of KFZ.

Fig. 4. Pre vi ous in ter pre ta tions of the Kock Fault Zone on sim -
pli fied cross-sec tions by: A – ¯elichowski and Koz³owski,
(1983); B – Pelc (1999); C – Antonowicz et al. (2003); D –
Krzywiec (2009), graph i cally uni fied

CB – crystaline base ment, Cm – Cam brian, O – Or do vi cian, E –
Ediacaran , S – Si lu rian, D1 – Lower De vo nian, D2 – Mid dle De vo -
nian, D – Up per De vo nian, C – Car bon if er ous, J – Ju ras sic, Cr –
Cre ta ceous, M+K – Me so zoic + Ce no zoic; lo ca tion of cross-sec -
tions is shown in Fig ure 2



GEOLOGICAL AND GEOPHYSICAL DATA

Our anal y sis cov ered more than 150 seis mic pro files from
the KFZ area. About 80 pro files are of best qual ity, but only 7 of
them are pre sented in this pa per (Figs. 6–8). In ter pre ta tion of
these 7 pro files in terms of ge om e try and ki ne mat ics of tec tonic
de for ma tion is con sis tent with the rest of ana lysed pro files.
While ad ja cent to the KFZ, ge om e try of the sed i men tary com -
plex is well vis i ble in the seis mic im age, the in ter nal struc ture of
this zone is typ i cally char ac ter ized by a ho mo ge neous re cord
which does not al low for more de tailed in ter pre ta tion. Most of
the seis mic sec tions were avail able in a depth do main, which
helps in con trol ling the tec tonic struc ture ge om e try. In ad di tion,

we used some de tailed grav ity maps (Ostrowski and
Musiatewicz, 1996; Wójcicki et al., 1998) for fault cor re la tion be -
tween seis mic pro files, es pe cially in ar eas where seis mic data
cov er age is poor.

A struc tural study of well-pre served drill cores was per -
formed for 5 bore holes drilled within and ad ja cent to the KFZ.
These his tor i cal bore holes from the 1960s and 1990s lack mod -
ern geo phys i cal well logs, there fore geo phys ics would not sup -
port core ori en ta tion or other as pects of tec tonic in ter pre ta tion.
Be cause of this, we have used the method of in di rect core ori -
en ta tion rel a tive to dip of bed ding, which we as sume to match
the dip re vealed by seis mic pro files. Al though such an ap proach 
may help in gen eral rec og ni tion of struc tural trends, one should
bear in mind that the ori en ta tion is hy po thet i cal and prone to sig -
nif i cant er ror. There fore, in the de scrip tion of a strike or trend of
tec tonic struc tures we pre fer to use gen eral terms like “lon gi tu -
di nal”, “transversal” or “oblique” to the strike of the host ing
strata, in stead of try ing to guess the ex act az i muth an gle.
Scanty cor ing is an other im por tant lim i ta tion in our anal y sis and
the rea son why the re sults of struc tural in ter pre ta tions are
hardly com pa ra ble among boreholes, at least in their quan ti ta -
tive as pects. In his tor i cal bore holes, core in ter vals taken in a
sin gle run of the 9 m long drill string are of ten sep a rated from
each other by sev eral tens of metres. In the case of in ves ti gated 
bore holes, the cored sec tions cover from sev eral to 90% of the
analysed in ter val.

STRUCTURAL INTERPRETATION 
OF SEISMIC DATA

For the en tire study area, we have at tempted to in ter pret six
ho ri zons in the Pa leo zoic com plex. Two of them rep re sent ing
Late Pa leo zoic un con formi ties are well vis i ble in each seis mic
pro file: (1) base-Perm ian un con formity, (2) base-Visean un con -
formity, (3) Mid dle De vo nian marker, (4) near top-Si lu rian
marker, (5) top-Or do vi cian–Cam brian, and (6) top of the crys -
tal line base ment.

Based on seis mic in ter pre ta tion, two main struc tural fea -
tures have been dis tin guished in the KFZ: the Kock Fault,
deep-rooted in the crys tal line base ment, and the Kock Thrust
be ing a pri mary low-an gle, north-verg ing fault among a set of
sec ond ary contractional thin-skinned de for ma tions. These
thin-skinned struc tures cut across and dis placed the older Kock
Fault and as so ci ated struc tures.

THE STRUCTURE OF THE KOCK FAULT

In seis mic sec tions, the Kock Fault is rec og nized in the east -
ern and cen tral parts of the KFZ, while in the west ern seg ment it
is not re corded due to low qual ity of seis mic data. The Kock
Fault is in ter preted as a sin gle struc tural dis con ti nu ity dip ping
50–60° to wards the NE (Figs. 6–8A). Due to a com plex re ac ti -
va tion there are some sec ond ary faults branch ing off the Kock
Fault (Figs. 7 and 8). Look ing at the pres ent-day ge om e try of
the fault, one should con sider that the sense of its off set
changed dur ing the fault’s evo lu tion. At the deep est level, this
fault is vis i ble as a dis lo ca tion throws down the top of the crys -
tal line base ment sev eral hun dred metres to wards the SW
(Figs. 6 and 7).

The first stage of the Kock Fault dis place ment, which is vis i -
ble on seis mic pro files, is rep re sented by sig nif i cant dif fer ences
in the Si lu rian thick ness on both sides of the Kock Fault in the
cen tral part of KFZ (Figs. 6A, B and 7). Al though the Si lu rian
com plex of the Hrubieszów High (NE of the Kock Fault) un der -
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Fig. 5. Schematic lithostratigraphic profiles of the study area,
showing sedimentary changes across the Kock Fault Zone
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Fig. 6. Interpretation of seismic profiles across the Kock Fault Zone, KFZ (for location see Fig. 9)

A – seis mic pro file T0010479 from the cen tral seg ment of KFZ; ar row points to the Frasnian thick ness de crease to wards the KFZ;
B – seis mic pro file T020405 from the cen tral seg ment of KFZ; ar row points to the fault drag of De vo nian strata in the footwall of the
Kock Fault; C – seis mic pro file T010205 from the cen tral seg ment of KFZ; ar row shows in ter preted 1 km dis place ment of the Kock
Fault by the youn ger Kock Thrust; HH – Hrubieszów High, KF – Kock Fault, KFZ – Kock Fault Zone, KT – Kock Thrust, LS – Lublin
Synclinorium, RBH – Radzyñ–Bogdanka–Che³m; pC – Pre cam brian, O+C+E – Or do vi cian + Cam brian + Ediacaran, S – Si lu rian,
D1 – Lower De vo nian, D2 – Mid dle De vo nian, Dfr – Up per De vo nian (Frasnian), Dfa – Up per De vo nian (Famennian), C – Car bon if -
er ous, M – mostly Me so zoic (youn ger than Car bon if er ous)



went par tial ero sion in Late Famennian–Mid dle Visean times
(¯elichowski, 1972; ̄ elichowski and Koz³owski, 1983), its thick -
ness here is more than twice of that in the Lublin Synclinorium.
This thick ness in creases to wards the Kock Fault and reaches
its max i mum im me di ately next to the fault, in di cat ing its
syndepositional ac tiv ity in the Si lu rian. Both the re la tion be -
tween the fault dip di rec tion and the trend of thick ness growth
and the pinch-out of seis mic re flec tors prove nor mal fault ki ne -
mat ics of the Kock Fault in the Si lu rian. Growth strata vis i ble in
the intra-Si lu rian seis mic re flec tion pat tern (marked with red ar -
rows in Fig. 7A) con firm an extensional roll-over ki ne mat ics of
the Kock Fault’s hang ing wall. An orig i nal dis place ment in the
Late Si lu rian (ob served in the cen tral seg ment of this fault)
reached as much as 2000 m. In the mar ginal seg ment, SE of
the Hanna Fault (strik ing per pen dic u lar to the Kock Fault
(Fig. 2), the thick ness of the Si lu rian sec tion changes sig nif i -
cantly across the Kock Fault (Fig. 6C), in di cat ing dy ing out of
this fault dur ing the Si lu rian.

In the Late Famennian, the Kock Fault un der went in ver sion
that re sulted in the up lift and ero sion of its NE hang ing wall – the 
Hrubieszów High. Close to the Kock Fault, the max i mum ero -
sion in ter preted from the miss ing De vo nian–Tournaisian sec -
tion is up to 2500 m (Fig. 7A). Other au thors es ti mate the range
of ero sion at 1500 m (Narkiewicz, 2007) or 2000 m
(¯elichowski, 1972). The De vo nian and par tially Si lu rian de pos -
its were eroded over the Hrubieszów High, ex cept in the
W³odawa De pres sion, lo cated be tween the Hanna and
Œwiêcica faults (¯elichowski and Koz³owski, 1983; Figs. 2 and
6C), where only the Up per De vo nian com plex is re duced close

to the Kock Fault. At some iso lated places of the Hrubieszów
High, e.g. the Tarkawica-1 bore hole, or prob a bly west of the
Pasmug-2 bore hole, the Lower De vo nian sec tion has been
partly pre served, al though sig nif i cantly re duced as well.

The in ver sion of the Kock Fault and the re lated ero sion of
the Hrubieszów High trig gered a change in the Late Famennian
sed i men ta tion pat tern in the NE flank of the Lublin
Synclinorium, also re ported by other au thors (Mi³aczewski and
¯elichowski, 1968; ¯elichowski, 1972), where shelf car bon ates
were re placed by shal low-ma rine siliciclastic de pos its. In the
latemost Famennian, ter res trial sed i men ta tion also took place
in the di rect vi cin ity of the Kock Fault (Narkiewicz, 2011). At the
Hrubieszów High, a mi nor an gu lar un con formity be tween the
Si lu rian and the over ly ing Car bon if er ous com plex is vis i ble in
the cen tral seg ment of the KFZ (Figs. 6 and 7), in di cat ing a rigid
be hav iour of this block dur ing the Late Famennian–Mid dle
Visean tec tonic phase. The in creased thick ness of Famennian
de pos its in the Pasmug-1 bore hole is re lated to a high dip of
strata (up to 40°), which is also ob served in the seis mic pro file
where tilted re flec tors re lated to the Famennian com plex trun -
cate at the an gu lar un con formity (marked with ar rows in
Fig. 7B). In our opin ion, this lo cal homoclinal in cli na tion of Late
De vo nian strata is a re sult of the Kock Fault prop a ga tion up -
wards dur ing Late Famennian in ver sion. Struc tural in ter pre ta -
tion of the core data from the Kock IG 1 bore hole lo cated within
the Kock Fault (de scribed in the next sec tion) sug gests that the
Si lu rian and Lower De vo nian strata had al ready been in clined
be fore they were cut by the low-an gle thrust. The tilt ing of the
strata might have re sulted from the Late Famennian in ver sion
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Fig. 7. Interpretation of seismic profiles across the Kock Fault Zone, KFZ (for location see Fig. 9)

A – seismic profile T0060494 from the central segment of KFZ, arrows point to syndepositional unconformities in the Silurian complex; B
– composite seismic profile T0110485, T020491, T0210494 and K050198 from the central segment of KFZ; arrow points to unconformity

between folded, steeply-dipping (up to 40°) Devonian and overlaying gently-tilted Carboniferous strata; explanations as in Figure 6

https://gq.pgi.gov.pl/article/view/7453
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of the Kock Fault, while the low-an gle thrust ing was re lated to a
youn ger–Late Car bon if er ous tec tonic com pres sion.

Re con struc tion of pre-Car bon if er ous ge om e try of the Kock
Fault is lo cally prob lem atic be cause of high de for ma tion level in
the up per part of the Kock Fault, caused by the over print by the
Late Car bon if er ous thrust ing and ear lier ero sion (de scribed in
the next sec tion). Only in the SE flank of the KFZ, which is not
af fected by the Late Car bon if er ous thrust ing, the re con struc tion
of the orig i nal pre-Car bon if er ous ge om e try of the Kock Fault is
pos si ble (Fig. 8A). Here, the Kock Fault is in ter preted as a sin -
gle steeply dip ping in verted fault, in the lower part down to the
crys tal line base ment, which, in the up per part, branches into a
set of sec ond ary faults, re sem bling pos i tive flower-struc ture ge -
om e try (Mitra, 1993; Miller and Mitra, 2011). This com plex Kock 
Fault struc ture re cords nor mal fault off set at the end of the Pre -
cam brian and Early Pa leo zoic, rather than its in ver sion with a
con tri bu tion of a transpressive com po nent. In the Pasmug bore -
holes area (Fig. 7B) the in verted fault pre serves its orig i nal ge -
om e try. The range of re verse dis place ment at the Kock Fault
ex ceeded the pre vi ous nor mal fault off set, which has led to its
pres ent-day re verse fault ge om e try with pre served steep dips of 
60–70° char ac ter is tic for nor mal faults.

THE STRUCTURE OF THE KOCK THRUST

Along al most the whole span of the KFZ, ex clud ing its SE
end, contractional struc tures are ob served (Figs. 6 and 7). The

most con spic u ous of these struc tures is a ma jor low-an gle
north-verg ing thrust fault called the Kock Thrust (Fig. 9). In the
Lublin Synclinorium, the thrust be comes flat and is most prob a -
bly de tached within Si lu rian shales (Figs. 6 and 7). In the cen tral
seg ment of the KFZ, ad di tional thrusts branch off the Kock
Thrust’s main sole thrust at its fron tal part (Figs. 6A and 7). The
thrust de for ma tion zone in the Pasmug bore holes area reaches
7 km in width as mea sured at the bot tom of the Zechstein
(Fig. 7B). Along the whole KFZ, in the hang ing wall of the Kock
Thrust, at its fron tal part, an asym met ric fault-prop a ga tion
anticline was formed. The de tails of the in ter nal ge om e try of this
anticline are not well vis i ble in the seis mic sec tions due to high in -
ten sity of tec tonic de for ma tion in its core part. Dur ing the Late
Car bon if er ous, the top part of the thrust-re lated anticline was
eroded, thus in con se quence, De vo nian strata of var i ous ages or 
Si lu rian ones be came ex posed in the core of the anticline
(Figs. 6, 7 and 9). In our in ter pre ta tion (Fig. 9), the nar row Si lu rian 
belt is the up per part of the Kock Fault be ing cut by the Kock
Thrust and dis placed northeastwards. The in tense tec tonic de -
for ma tion within the anticline is caused pri mar ily by a su per po si -
tion of two tec tonic compressional events, re sult ing in the Late
Famennian in ver sion of the Kock Fault and the Late Car bon if er -
ous thin-skinned thrust ing on the Kock Thrust. This can be no -
ticed in the cen tral part of the KFZ, in the Pasmug bore holes
area, where Up per De vo nian strata, dip ping steeply due to the
Late Famennian in ver sion of the Kock Fault, were sub se quently
in volved in the Late Car bon if er ous thrust ing (Fig. 7B). Here, the
max i mum dis place ment along the Kock Thrust is achieved and

Fig. 8. Interpretation of seismic profiles across the Kock Fault Zone, KFZ (for location see Fig. 9)

A – part of re gional seis mic pro file 7 from the east ern seg ment of KFZ, here, the Kock Fault is not over printed by
Kock Thrust de for ma tions, thus no thick ness changes of the Car bon if er ous com plex across the Kock Fault are vis i -
ble; B – seis mic pro file T0670197 from the Hrubieszów High, show ing in ter pre ta tion of the Siedliska Fault as a pos -
i tive flower struc ture, note: seis mic sec tion 8B is in time do main; ex pla na tions as in Fig ure 6
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can be es ti mated at 3500 m (Fig. 7A). From there, the dis place -
ment mag ni tude grad u ally de creases along the strike to wards
the pe riph eral parts of the thrust. As con firmed by core ob ser va -
tions (fol low ing sec tion), contractional struc tures oc ca sion ally oc -
cur over a dis tance of a few kilo metres from the main Kock
Thrust fault, within its up to 6 km thick hang ing wall, mostly in the
shal lower depth in ter vals, which are pos si bly re lated to lower-or -
der, sub-seis mic thrusts. Seis mic sec tions from the NE limb of
the Lublin Synclinorium show no ev i dence for deformational
struc tures along the flat part of the Kock Thrust. This sug gests
that, pro vided our in ter pre ta tion is cor rect, the thrust’s flat seg -
ment is par al lel to the lay er ing and a low-fric tion décollement in
shales pro duces a nar row shear zone. The footwall of the Kock
Thrust, be low and in front of the thrust, also acts as a SW limb of
the Radzyñ–Bogdanka–Che³m Syncline (Dembowski and
Porzycki, 1988), which, as fol lows from the seis mic sec tions
(Figs. 6 and 7), was formed by gen tle buck ling in the course of
the same thin-skinned de for ma tion event. The contractional
struc tures do not com pletely die out at the front of the Kock
Thrust, but they con tinue to wards the NE, pre dom i nantly in the
Car bon if er ous com plex, al though also in the Lower Pa leo zoic
sec tion (Figs. 6B and 7B). This is also con firmed by struc tural
anal y sis of core data from the Tarkawica-3 bore hole (Fig. 10).

STRUCTURAL ANALYSIS OF DRILL CORES

Struc tural in ves ti ga tions of drill cores were per formed in the
Garwolin-1, Kock IG 2 and Tarkawica-3 bore holes drilled close
to the KFZ, and in the Tarkawica-2 and Kock IG 1 bore holes
within the KFZ (Fig. 9). The aim of this study was to check if the
model con structed based on seis mic data con forms to the
meso-struc tural re cord in the rock sam ples. In par tic u lar, we
have in ves ti gated the ki ne mat ics of fault off set, the suc ces sion
of tec tonic de for ma tions, and the stress re gime changes near
the KFZ. A brief over view of tec tonic ob ser va tions in bore holes
is pre sented be low, start ing from bore holes lo cated south of the 
KFZ, through those drilled within this zone, and fin ish ing with
that drilled north of the KFZ.

The Garwolin-1 bore hole is lo cated SW of the KFZ in its
WNW seg ment (Fig. 9). The cored in ter vals cover <20% of the
1000 m thick Lower De vo nian through Car bon if er ous sec tion
(Fig. 10). In spite of the lim ited cor ing, a rel a tively large num ber
of slick en sides and mi nor faults were ob served in this bore hole.
At a depth in ter val of 2831–2877 m, the Lower De vo nian sec -
tion is prob a bly re duced by a nor mal fault. Be tween the De vo -
nian and Car bon if er ous sec tions, a mi nor an gu lar un con formity
dip ping at 5–10° was no ticed. Contractional struc tures of the
thrust fault stress re gime reach the bore hole bot tom at a depth
of 2915 m, which may in di cate oc cur rence of a larger-scale
thrust be low the bore hole’s ter mi nal depth. Sparse steep cal cite 
veins point to an ex ten sion of the Frasnian com plex, ap prox i -
mately in the W–E di rec tion, as sum ing the re gional NW–SE di -
rec tion strike of bed ding planes. A sin gle transtensional, left-lat -
eral slickenside of un known ori en ta tion was ob served in the
Car bon if er ous sec tion.

The Kock IG 2 bore hole is lo cated close to the KFZ, in the
south of its cen tral seg ment (Fig. 9). Struc tural pro fil ing was per -
formed in the strati graphic in ter val from Givetian to
Westphalian, >2400 m long. In the up per part of this in ter val,
down to a depth of 2150 m, cor ing cov ered 25% of the bore hole
sec tion, while be low this depth ~50% (Fig. 11). An al most hor i -
zon tal bed ding po si tion sug gests lit tle or no tec tonic de for ma -
tion. In deed, the up per part of the bore hole sec tion re veals only
a few small-scale thrust fault slick en sides that al low hy poth e siz -
ing the ex is tence of a thrust fault some where at a depth of
1723–1740 m, in the Famennian com plex. In the footwall of this

thrust, only nor mal fault ing slick en sides were found, point ing to
an extensional ep i sode and lack of com pres sive stress re gime.
The ab nor mal ge om e try of the gently dip ping nor mal fault slick -
en sides can im ply that the ex ten sion have taken place in a
slightly com pacted sed i ment, e.g. soon af ter the Famennian
sed i men ta tion. Of the same age can be a set of ver ti cal veins in
the bot tom bore hole in ter val, point ing to an ex ten sion in a di rec -
tion transversal to the bed ding strike. In spite of the better core
cov er age in this bore hole in com par i son to the Garwolin-1, the
core in spec tion re vealed much less thrust fault slick en sides,
which may re sult from a lon ger dis tance of this bore hole from
the KFZ.

The Tarkawica-2 bore hole is lo cated in the cen tral seg ment
of the KFZ (Fig. 9) and ac cord ing to the seis mic in ter pre ta tion
pierces the Kock Thrust (Fig. 6B). Struc tural in ves ti ga tions em -
braced all the cored in ter vals that cov ered al to gether <10% of
the 3000 m long sec tion of the Pa leo zoic com plex, rang ing from 
the Cam brian to the Famennian (Fig. 11). In the De vo nian com -
plex, at a depth <1870 m, there are only thrust fault stress re -
gime struc tures, rep re sented mainly by small-scale slick en -
sides. The most in tense thrust fault de for ma tion with tilted bed -
ding was ob served at a depth >1500 m. Be low a depth of
1880–2000 m, com pres sive de for ma tions van ish al most com -
pletely, thus a thrust is ex pected be low Lower De vo nian marls.
Due to long dis tances be tween the cored in ter vals, reach ing
150 m, the ex act po si tion of in tense thrust de for ma tions is not
doc u mented. Be neath a depth of 2650 m, there are only
extensional tec tonic fea tures, with nor mal fault slick en sides in
Si lu rian shales. In each case, a nar row zone of fault-re lated
drag of strata sug gests in sig nif i cant nor mal fault dis place ment.
At the bore hole bot tom, be low a depth of 3295 m, tec tonic de -
for ma tions are lack ing, ex cept for soft sed i ment dis tur bances
that may point to seis mic or tec tonic in sta bil ity dur ing Cam brian
de po si tion. Based on seis mic in ter pre ta tion, the Kock Thrust is
lo cated at the top of the com plex with extensional slick en sides
(Figs. 6B and 11).

The Kock IG 1 bore hole is lo cated in the cen tral seg ment of
the KFZ (Fig. 9). The struc tural pro fil ing was per formed on a
con tin u ous 200 m long core in ter val of Si lu rian and Lower De -
vo nian marls and shales (Fig. 10). The en tire ana lysed pro file is
in tensely tec toni cally de formed. The bed ding is steep, dip ping
at 60–90°, in clud ing over turned po si tion of strata, with the com -
mon thrust fault type of striation on pol ished bed sur faces (fold -
ing-re lated slip). Steep fault/shear zones cut the strata rep re -
sented by a dense net work of slick en sides or cataclastic zones, 
tens of centi metres thick, which ap pear ev ery sev eral metres in
the core pro file. The faults show a strike-slip com po nent with in -
con sis tent sense of slip, and they are fre quently ac com pa nied
by steep frac ture cleav age. These faults fre quently de fine an
anastomosing pat tern strik ing gen er ally par al lel to the steeply
in clined bed ding. Faults strik ing transversal to the bed ding
planes are sub or di nate. In te gra tion of struc tural data from this
well al lows in fer ring the fol low ing se quence of tec tonic events:

– Early stage of ex ten sion, in di cated by cal cite veins older
than the frac ture cleav age, may point to elon ga tion in
the di rec tion trans verse to the strike of bed ding, which
took place when the strata were in a hor i zon tal or slightly 
tilted po si tion.

– A stage of con trac tion, which led to steep en ing of beds,
with top and base sur faces bear ing dip-par al lel striations 
(or slightly oblique). Gently dip ping cal cite veins, post -
dat ing the cleav age, might have been cre ated at that
time.

– A youn ger stage of se lec tive strike-slip re ac ti va tion of
the pre vi ous thrust fault slick en sides mainly on steeply
dip ping bed ding planes, with striations and fi brous min -
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Fig. 10. Tectonic profiles of boreholes, showing results of structural study of drill core from the Kock IG 2 
and Garwolin-1 boreholes

Analysed core intervals marked by black stripes at the left-hand side of structural profile; other explanations as in Figure 6
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Fig. 11. Tectonic profiles of boreholes, showing results of structural study of drill core from the Tarkawica-2, Tarkawica-3 
and Kock IG 1 boreholes

Explanations as in Figure 10



er als in di cat ing the right-lat eral sense of shear ing along
the KFZ. This event might have taken place af ter the
main com pres sive phase.

– Prob a bly the youn gest stage of de for ma tion, rep re -
sented by W–E-trending steep slick en sides oblique to
the strike of beds. The striation and min er al isa tion in di -
cate the left-lat eral sense of mo tion. The di ag o nal and
transversal steep veins filled with pink cal cite are as so ci -
ated with slick en sides.

The Tarkawica-3 bore hole is lo cated N of the cen tral seg -
ment of the KFZ (Fig. 9). The struc tural pro fil ing was per formed
on core sam ples that cover 10% of the 2300 m long bore hole
sec tion, span ning the Eocambrian through Car bon if er ous
(Fig. 10). In this bore hole, bed ding planes dip at 5–20° with the
high est val ues con trolled by early de for ma tions of soft sed i ment
or by fault drag in the hang ing wall of the thrust fault, e.g. at a
depth of 1790 m. In gen eral, two struc tural in ter vals can be dis tin -
guished in this bore hole. In the up per one, down to a depth of
2088 m, thrust fault slick en sides pre vail; how ever, steep cal cite
veins, transversal to the strike of beds, are also pres ent. In the
lower struc tural in ter val, be low a depth of 2102 m, contractional
slick en sides have not been found. In stead, a few nor -
mal-to-strata cal cite veins in di cate ex ten sion in a di rec tion
transversal to the strike of bed ding planes. In this case, the bot -
tom of the in ter val of contractional fea tures at a depth close to
2150 m might not point to the thrust plain. How ever, it in di cates a
zone of thin-skinned con trac tion on the north ern side of the KFZ.

SUCCESSION OF DEFORMATIONS FROM BOREHOLE DATA

Synsedimentary tec tonic ac tiv ity. The land slides and
duc tile folds that ap par ently de vel oped in poorly con sol i dated
sed i ments of the Up per De vo nian se quence of the Tarkawica-2  
borehole point to sig nif i cant mor pho log i cal gra di ents at the floor 
of the sed i men tary ba sin. In case of marly fa cies, rep re sen ta -
tive of a low-en ergy sed i men tary en vi ron ment, a tec tonic fac tor
trig ger ing these per tur ba tions is likely, and, there fore, re ac ti va -
tion of the nearby KFZ in the Late De vo nian can be hy poth e -
sized.

Trans verse and lon gi tu di nal ex ten sion. Extensional de -
for ma tion took place in brit tle, well-lithified rocks. Two sets of
veins and small-scale faults can be iden ti fied to in di cate two,
mu tu ally roughly per pen dic u lar ex ten sion di rec tions with re -
spect to the strike of strata: transversal and lon gi tu di nal. Based
on seis mic in ter pre ta tion, it is as sumed that transversal struc -
tures strike ~NNE–SSW, while the lon gi tu di nal ones in the
WNW–ESE di rec tion. The trans verse ex ten sion is ex pressed
by small-scale nor mal or nor mal oblique-slip faults trending par -
al lel to the strike of bed ding, which were ob served in the De vo -
nian and Si lu rian com plexes of the Kock IG 2 and Tarkawica-2
bore holes. Trans verse ex ten sion is also doc u mented by the
steep veins filled with cal cite or with a quartz ad mix ture, that
were ob served in the Kock IG 3, Tarkawica-2 and Tarkawica-3
bore holes. Lon gi tu di nal ex ten sion-pro duced steeply dip ping or
ver ti cal veins, trending trans verse to the strike of bed ding, are
com mon in the Kock IG 2, and sub or di nate in the Garwolin-1
bore hole. Some cal cite veins ob served in the Up per De vo nian
com plex are open with authigenic crys tals at their walls that in -
di cate low nor mal stress and prob a bly shal low burial dur ing
mineralisation. Such con di tions pre vailed, e.g., dur ing the Early
Car bon if er ous ero sional event. Nor mal faults have not been
iden ti fied in the Car bon if er ous com plex, ex cept for a few ones
in the Garwolin-1 bore hole, not ac com pa nied by mineralisation.

Com pres sive stress re gime re lated to the main ep i sode 
of thin-skinned thrust ing. The grad ual change from ex ten -

sion to com pres sion is re flected by wide spread oc cur rence of a
con ju gate sys tem of shear-or i gin joints per pen dic u lar to bed -
ding planes, which points to the pure shear mode of strain in a
strike-slip stress re gime that pre ceded the main thrust ing
phase. In the ini tial phase of thrust ing, faults and slick en sides
de vel oped in hor i zon tal lay ers at low an gles to bed ding planes.
A prog ress of con trac tion led lo cally to tilt ing of beds and for ma -
tion of slick en sides on the bed ding sur faces. These first-or der
tec tonic fea tures are ac com pa nied by small-scale folds and tec -
tonic sty lo lites with rod lineation hor i zon tal or gently dip ping. In
most cases, the striation is par al lel or slightly oblique to the dip
di rec tion of slick en sides, sug gest ing the pri mary fail ure in
thrust ing mode and a rel a tively sta ble stress di rec tion while con -
trac tion. Thrust-re lated struc tures are pres ent in the up per parts 
of bore hole sec tions, which sug gest the thin-skinned mode of
thrust ing.

Post-thrust ing strike-slip re gime. The thrust fault stress
re gime prob a bly evolved grad u ally into the strike-slip one. This
is ev i denced by (steeply) dip ping faults and slick en sides with
oblique or near-hor i zon tal striation on their sur faces. Youn ger
di ag o nal and con ju gate slick en sides with abun dant
mineralisation were ob served in the Tarkawica-2, Kock IG 1,
Tarkawica-1 and Tarkawica-3 bore holes. In turn, the right-lat -
eral sense of shear, par al lel to the strike of beds, was en coun -
tered in the Kock IG 1 and Tarkawica-1 bore holes. In
Tarkawica-2, to gether with these youn ger stages of de for ma -
tion the recrystallisation of do lo mite, cre ation of voids and veins
with oil shows was as so ci ated.

Among the in ves ti gated bore holes, the Kock IG 1 bore hole
lo cated within the KFZ is spe cific. A steep, 200 m long zone of in -
tense de for ma tion shows sev eral stages of thrust ing to
multi-stage strike-slip de for ma tions. In the bore holes lo cated
south of the KFZ (Tarkawica-2 and Kock IG 2), be low the com -
plex with con trac tion-re lated struc tures, the only extensional
struc tures are pres ent within the Si lu rian and Famennian strata.
This sug gests that, be fore the thin-skinned con trac tion, the vi cin -
ity of the Kock Fault was dom i nated by nor mal fault ing. Be cause
these nor mal fault stress re gime struc tures have not been no -
ticed in the Car bon if er ous com plex (ex cept for a few in the
Garwolin-1 bore hole) the nor mal fault de for ma tion might have
taken place be fore de po si tion of the Car bon if er ous de pos its.

In the Tarkawica-2 bore hole, it was pos si ble to com pare the
depth of seis mi cally de rived place ment of the Kock Thrust with
the struc tural pro file, which co in cides with the top of extensional
do main, sug gest ing a very weak thrust plane. For the rest of the
bore holes lo cated on the south ern side of KFZ, the seis mi cally
de fined Kock Thrust passes be low the bore hole range.
Thin-skinned con trac tion is not com pletely com pen sated within
the KFZ, but ex tends fur ther NE as far as the Tarkawica-1 and
Tarkawica-3 bore holes, where the up per level of contractional
fea tures is also ob served.

STRUCTURAL EVOLUTION OF THE KOCK FAULT
ZONE BASED ON SEISMIC AND CORE DATA

The in ter preted data con strain three ma jor stages of the Pa -
leo zoic evo lu tion of the KFZ (Fig. 13): (1) the old est stage, re -
lated to the evo lu tion of the Baltica mar gin in the Si lu rian (late
Cal edo nian event); (2) the early Variscan stage at the turn of the 
De vo nian and Car bon if er ous, re lated to the de vel op ment of the
Lublin Ba sin, and (3) the late Variscan stage in the Late Car -
bon if er ous, re lated to the fi nal ba sin in ver sion. This tec tonic de -
for ma tion se quence was most prob a bly pre ceded by the ini ti a -
tion of the Kock Fault at the turn of the Pro tero zoic and Pa leo -
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zoic, which might be in ferred from lit er a ture (Poprawa and
Paczeœna, 2002) re port ing ma jor tec tonic ac ti va tion of this re -
gion due to rift ing and open ing of the Tornquist Ocean. How -
ever, this old est stage, which is not doc u mented by the avail -
able seis mic or bore hole data, is rather hy po thet i cal. The KFZ
was also tec toni cally re ac ti vated to a mi nor ex tent in both Me so -
zoic and most prob a bly Ce no zoic times. We men tion it only
briefly here, as these de for ma tions have not ex erted con sid er -
able im pact on the Pa leo zoic com plex struc ture.

LATE CALEDONIAN STAGE

Based on the in crease of the thick ness of Si lu rian strata in
the NE hang ing wall of the Kock Fault, it can be in ferred that
syndepositional ac tiv ity of this fault be gan in the Lud low
(Fig. 7B). The extensional, nor mal fault ki ne mat ics of the Kock
Fault might be re lated to the for ma tion of the Cal edo nian
foredeep on the sub sid ing mar gin of the East Eu ro pean Plat -
form (Poprawa and Paczeœna, 2002; Poprawa, 2006), which is
typ i cally gov erned by a slab pull mech a nism of flex ural plate
bend ing. The high est thick ness growth of the Si lu rian de pos its,
and there fore the max i mum dis place ment at this fault, es ti -
mated at 2000 m, can be no ticed along the cen tral part of the
KFZ (Figs. 6, 7 and 12A).

EARLY VARISCAN STAGE

We have found no ev i dence of the Kock Fault ac tiv ity in the
Early and Mid dle De vo nian. How ever, it can not be def i nitely
ruled out, as de pos its of this age are al most com pletely eroded
over the Hrubieszów High area in con trary to the Lublin
Synclinorium where the Lower–Mid dle De vo nian rocks are pre -
served (Fig. 9B, C). In some seis mic sec tions from the NE limb
of the Lublin Synclinorium, mi nor thick ness changes are vis i ble
in the Frasnian in the close vi cin ity of the KFZ (Fig. 6A). This ob -
ser va tion, re ported also by other au thors (Pelc, 1999; Krzywiec, 
2009), is in ter preted by us as the on set of syndepositional in ver -
sion of the KFZ. In the Late Famennian, the Kock Fault un der -
went in ver sion, ini tially in a com pres sive stress re gime that sub -
se quently turned into transpression. This idea is sup ported by
the pres ence of a pos i tive flower struc ture in the most SE seg -
ment of KFZ, where the orig i nal ge om e try of the Kock Fault, re -
veal ing an ar ray of lower-or der en ech e lon re verse faults in the
Hrubieszów High, sur vived the over print by youn ger de for ma -
tions. Transpression along the Kock Fault can be in ferred from
space re la tion of the oblique fault ar ray to the trend of the KFZ
(Fig. 9). The most prom i nent sec ond ary fault in the study area,
the lat i tu di nal Siedliska fault zone, lo cated ap prox i mately 4 km
N of the Pasmug-1 bore hole (Figs. 7B and 8B), is also of pos i -
tive flower struc ture ge om e try.

The on set of the Car bon if er ous sed i men ta tion was as so ci -
ated with ba saltic vol ca nism (¯elichowski, 1972, 1984;
Depciuch, 1974; ¯elichowski and Koz³owski, 1983; Grocholski
and Ryka, 1995; Pañczyk and Nawrocki, 2015). Ba salt caps
and sills ap pear se lec tively in the vi cin ity of deep-rooted fault
zones, of the Kock Fault in par tic u lar (¯elichowski and
Koz³owski, 1983; ¯elichowski, 1984). The age of the ba saltic
vol ca nism in di cates that re lax ation of the compressional
(transpressional?) stress re gime was re placed by ten sion
(transtension?) af ter the Famennian. Abun dant min er ali sa tion
de scribed from cores from the Mid dle De vo nian in ter val may be
cor re lated with a mas sive mi gra tion of flu ids, as so ci ated with
this stage of in tru sion (Fig. 12D).

LATE VARISCAN STAGE

In post-Visean times dur ing Car bon if er ous sed i men ta tion,
the Kock Fault was most prob a bly not ac tive. Our anal y sis con -
firms this opin ion, as we have not found any changes in sed i -
ment thick ness and seis mic re flec tors dis con ti nu ity, or any
other man i fes ta tion of Late Car bon if er ous de for ma tions above
the Kock Fault (e.g., Fig. 8A), point ing to re laxed tec tonic
stresses. The ces sa tion of Car bon if er ous de po si tion and ini tial
late Variscan in ver sion of the Lublin Ba sin are dated to the
Westphalian C or D (Narkiewicz et al., 2007; Narkiewicz, 2007).

Ini tially, in ver sion re lated to the SW–NE com pres sion
(Narkiewicz et al., 2007; Krzywiec, 2009) caused mi nor re ac ti va -
tion of the Kock Fault. It can be ob served in the SE seg ment of
the KFZ, where a small anticline de vel oped just above the Kock
Fault (Fig. 8A). In the other seg ments of the KFZ, this sub tle Late
Car bon if er ous in ver sion of the Kock Fault is not vis i ble in the
seis mic sec tions, prob a bly due to an over print by youn ger de for -
ma tions. How ever, it can be ob served within the Car bon if er ous
com plex above the Siedliska Fault in an area not dis turbed by
the youn ger stage of thrust ing (Fig. 7B), which is also men tioned

Fig. 12. Phases and geometry of tectonic deformations 
in the Kock Fault Zone based on palinspastic 

reconstruction of seismic profile T0060494
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by Krzywiec (2009). The ini tial stage of in ver sion of the Kock
Fault may have been re lated to a thick-skinned con trac tion.

A fur ther evo lu tion of the col li sion zone caused a switch of
de for ma tion style to a thin-skinned thrust ing that re sulted in the
de vel op ment of the Kock Thrust. The lo ca tion and ori en ta tion of 
this thrust were con trolled by the scarp of the ear lier Kock Fault,
across which in com pe tent Si lu rian de pos its of the Lublin
Synclinorium were in con tact with com pe tent Cam brian rocks of 
the Hrubieszów High. Along the KFZ, the front of the Kock
Thrust is lo cated ei ther next to the Kock Fault or cuts it through
and moves its up per most por tion northeastwards. The thrust
fault stress re gime, re lated to the thin-skinned tec tonic de for -
ma tion, most likely turned into transpression at the fi nal stage of 
con trac tion. This can be ev i denced by the Kock IG 1 bore hole
core data, where low-an gle thrusts in ter fere with youn ger
high-an gle strike-slip faults (Fig. 12E).

DISCUSSION OVER TECTONIC CONCEPTS 
OF THE KOCK FAULT ZONE

Our data and in ter pre ta tion do not ad dress the pre-Si lu rian
evo lu tion of KFZ due to the lack of bore hole data and in suf fi -
cient range of seis mic re cord from the study area. The char ac -
ter of the deeply rooted fault sug gests that it could de velop in
the very early stage of Ediacarian rift ing, ac com pa nied with vol -
ca nism in the Orsha–Volyn rift (Poprawa and Paczeœna, 2002).
A trend of this zone, which is par al lel to the EEC, sug gests that
it can rep re sent a set of faults as so ci ated with the for ma tion of a
tri ple junc tion de vel oped at the edge of Baltica due to rift ing of
the Tornquist Ocean (Nawrocki and Poprawa, 2006). The pos i -
tive seis mic ve loc ity anom aly in the lower and mid dle crust, in -
ter preted from the Deep Seis mic Sound ing ex per i ment
(Guterch and Grad, 2006), can be re lated to the old mag matic
ac tiv ity in a rift trending close to the KFZ. The later Early Pa leo -
zoic evo lu tion can be in ter preted in terms of col li sion of East ern
Avalonia with the pas sive mar gin of Baltica. We pos tu late that
nor mal fault ing in the KFZ dur ing the Si lu rian was con trolled by
a slab pull mech a nism in front of the East Avalonia col li sion
zone. The same mech a nism can be re spon si ble for the sub si -
dence pat tern in the area of the for mer Lublin Ba sin, which is
typ i cal of foredeep bas ins (Poprawa, 2006). The slab-pull is typ -
i cally ac com pa nied by ex ten sion, whose in ten sity de pends on
both the cur va ture of plate bend ing and the depth to the neu tral
sur face within the plate. The Kock Fault ap pears to be an old
tec tonic zone that was extensionally re ac ti vated in the pre-col li -
sion stage. In the prox im ity of the KFZ, no sign of Cal edo nian
com pres sion has been re ported in this seg ment of the EEC.
This in di cates that ei ther the KFZ was lo cated away from the
Cal edo nian col li sion zone or the zone was weak and de tached
in the Lublin Ba sin seg ment of Baltica.

Our ob ser va tions do not con firm the de for ma tion mech a -
nism of the Si lu rian com plex pro posed by Pelc (1999) and
Krzywiec (2007, 2009), who con sider the ge om e try and com -
plex in ter nal struc ture of the KFZ to be a prod uct of ei ther a duc -
tile flow of shale, cre at ing a kind of shale diapir, or a duc tile de -
for ma tion driven by thin-skinned tec ton ics, called mushwad
(Thomas, 2001), as pro posed by Kufrasa and Krzywiec (2015)
and Krzywiec et al. (2017). The drill core from the Kock IG 1
bore hole pro vides ev i dence that the shale com plex is cut by a
dense net work of slick en sides that in di cate a fric tion-con trolled
de for ma tion. There fore, from the me chan i cal point of view, it is
not an un con sol i dated soft rock duc tile de for ma tion, but a pen e -
tra tive (even on a core scale) brit tle de for ma tion of well-con sol i -
dated shale. How ever, the mac ro scopic ef fect of both mech a -

nisms of de for ma tion could be sim i lar on a seis mic scale. The
pres ent-day ge om e try of the Si lu rian se quence can be ex -
plained by su per po si tion of sev eral tec tonic ep i sodes de scribed 
in our pa per. Lo cal thick ness re duc tion of the Up per De vo nian
se quence in the SW part of the KFZ, de scribed by Krzywiec
(2007) as an in di ca tion of an early phase of growth of
quasi-diapric struc tures, is re lated in our in ter pre ta tion to the
de vel op ment of an anticline above the Kock Fault due to its in -
ver sion. The first in di ca tion of thick ness dif fer ence in the up per
De vo nian co mes from the Frasnian sec tion. The in ter pre ta tion
of Si lu rian shale diapirs on seis mic sec tions pub lished by Pelc
(1999) and Krzywiec (2007, 2009) may arise from lower qual ity
of seis mic data in com par i son to these avail able to us.

Un til now, the Late De vo nian sub si dence of the Lublin Ba sin 
was ex plained by a transtensional mech a nism, in which the
KFZ played a role of an ac tive strike-slip fault (Narkiewicz et al.,
1998, 2007; Narkiewicz, 2007). This stands in con tra dic tion with 
our con cept, ac cord ing to which the in ver sion of the Kock Fault
in the Late De vo nian oc curred in a com pres sive stress re gime.
It im plies that the Lublin Ba sin sub si dence should have had the
same compressional or i gin at that time. A more pre cise de scrip -
tion of this phe nom e non is out of the scope of this pa per.

In our in ter pre ta tion, the Late De vo nian/Early Car bon if er ous 
fault pat tern in the Hrubieszów High (Fig. 3) dif fers sig nif i cantly
from that on pre vi ously pub lished geo log i cal maps
(¯elichowski, 1972; ¯elichowski and Koz³owski, 1983;
Po¿aryski and Dembowski, 1983). On these maps the ma jor
faults are ori ented SW–NE, whereas our seis mic data in di cate

Fig. 13. Sequence of Paleozoic tectonic events in the Kock
Fault Zone, associated stress regime, and the style 

of deformation changes inferred from this study
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dom i nant E–W fault trends. In the Hrubieszów High area cor re -
spond ing to the cen tral seg ment of KFZ, the lat i tu di nal faults
can be clearly in ferred from seis mic data, while in the rest of the
block, our in ter pre ta tion is not so un equiv o cal. The ori en ta tion
of these faults is im por tant for un der stand ing the re mote, con ti -
nen tal-scale tec tonic con trols on the struc tural style of Late De -
vo nian/Early Car bon if er ous de for ma tion.

Pre vi ous pub li ca tions re gard ing the Late De vo nian/Early
Car bon if er ous de for ma tions in the KFZ sug gested a
large-scale dis place ment along ver ti cal faults (¯elichowski,
1972; ¯elichowski and Koz³owski, 1983), which did not ex plain
the ac tual ki ne mat ics and stress re gime con trol on the de for ma -
tions. In our opin ion, the on set of Late De vo nian de for ma tions is 
re lated to a com pres sive stress re gime with a dextral
transpression com po nent, which is re spon si ble for in ver sion of
the Kock Fault and up lift of tec tonic blocks on the Hrubieszów
High. The com pres sion started prob a bly in the Late Frasnian
and con tin ued un til ear li est Car bon if er ous times. Sub se quently, 
dur ing the Visean, the com pres sive stress re laxed and gave
way to erup tion of ba saltic ig ne ous rocks, in dic a tive of a ten -
sional stress re gime. There fore, we pos tu late that the stress re -
gime changed from com pres sion to ten sion in the ear li est Car -
bon if er ous, be fore the end of the Visean. The ex ten sion might
have been en hanced by a hot spot re spon si ble, ac cord ing to
Narkiewicz (2007), for the mag matic ac tiv ity in the Lublin Ba sin
at that time, as well as for the ear lier mag matic event in the
Pripyat graben.

There is still an open ques tion con cern ing the tec tonic re ac -
ti va tion of the KFZ dur ing de po si tion of the Car bon if er ous ba sin
fill. A pull-apart transtensional sub si dence mech a nism was sug -
gested for the Lublin Ba sin (Narkiewicz et al., 1998; Krzywiec
and Narkiewicz, 2003; Narkiewicz, 2007) that led to a
synsedimentary re ac ti va tion of the KFZ (Narkiewicz, 2003,
2007). The role of the KFZ dur ing the Car bon if er ous sed i men ta -
tion is oblit er ated by the Late Car bon if er ous thin-skinned tec -
tonic over print. Nev er the less, based on in ter pre ta tion of the ex -
haus tive set of seis mic data, it can be con cluded that there is no 
ev i dence for the synsedimentary KFZ dis place ment at that
time. Even in the ar eas that un der went mi nor over print by the
Kock Thrust, the thick ness dif fer ence in the Car bon if er ous
com plex across the Kock Fault is un no tice able (Fig. 8A). Some
au thors (Krzywiec and Narkiewicz, 2003) ex plained the ab -
sence of fault dis place ment by in ver sion that might have com -
pen sated an ini tial off set. In our opin ion, such a sce nario is un -
likely, tak ing into ac count both the length of the Kock Fault and
the fact that there is no thick ness con trast in the Car bon if er ous
de pos its all across the fault.

The pres ent-day struc ture of KFZ has been shaped to a ma -
jor ex tent by the Late Car bon if er ous thin-skinned overthrusting.
The older struc tures were in verted or cross-cut and dis placed
by thrust faults. From our in ter pre ta tion, the max i mum dip-slip
off set on the Kock Thrust is es ti mated at 3.5 km in the cen tral
seg ment of KFZ. It im plies a sim i lar or greater off set along the
con tin u a tion of this thrust be neath the Lublin Synclinorium.
Look ing for the pref er en tial de tach ment ho ri zon, we point to the
Si lu rian shale se quence as a me chan i cally weaker suit able
can di date for a re gional de tach ment.

Thrust ing-re lated struc tures were ob served on core sam -
ples from all the analysed bore holes. The contractional struc -
tures oc cur sys tem at i cally in the up per most parts of the Pa leo -
zoic pro files, while in the lower sec tions, which, ac cord ing to
seis mic in ter pre ta tion, are still placed within the hang ing wall of
the Kock Thrust, only extensional struc tures are ob served.
Hence, it seems that pen e tra tive contractional de for ma tions af -
fected only some of the up per lev els of the thrusted com plex,
while the re main ing part was hid den in the com pres sion

shadow. Due to the scar city or ab sence of contractional struc -
tures over long bore hole in ter vals of the thrusted com plex, we
ex pect the Si lu rian de tach ment sur face to be me chan i cally very 
weak, and the thin-skinned thrust ing can be dis trib uted on sev -
eral mi nor thrusts of the scale be low seis mic res o lu tion. There
is also pos si bil ity that dis place ment on the Kock Thrust is lower
than sug gested by palinspastic re con struc tion in this study. The 
cal cu lated thrust ing dis tance could orig i nate from in te gra tion of
thin-skinned thrust ing with deep-rooted, youn ger, transpressive 
de for ma tions, whose in flu ence can not be taken into ac count in
our in ter pre ta tion. The qual ity of avail able data and the lim ited
range of the study area do not al low pro vid ing a def i nite an swer
to the prob lem of the re gional de tach ment level and its dis -
place ment. Hereby, we only high light the prob lem that should
be ad dressed in a broader con text.

A thin-skinned thrust ing in the Lublin Ba sin in Car bon if er ous 
times was pre vi ously pro posed by Antonowicz et al. (2003) and
Antonowicz and Iwanowska (2004), by anal ogy to the con text of 
the Ap pa la chian foredeep ba sin (Mitra, 1988; Keller and
Hatcher, 1999). These au thors sug gested that the KFZ rep re -
sents an ac com mo da tion zone of a thin-skinned thrust sheet,
which de coup les the Lublin Ba sin fill from its base ment. In this
con cept, the Up per Pa leo zoic com plex forms a pas sive
syncline over one or two flat decollement lev els, one in the
Lower Pa leo zoic and the sec ond in the Lower De vo nian se -
quence. Antonowicz et al. (2003) and Antonowicz and
Iwanowska (2004) as sumed a sig nif i cant thrust dis place ment
within the KFZ. De pend ing on the pub li ca tion, they pro pose ei -
ther >10 km dis place ment com pen sated by a du plex struc ture
within the KFZ (Antonowicz et al., 2003) or ~5 km dis place ment
on a sin gle thrust (Antonowicz and Iwanowska, 2004). Our in -
ter pre ta tion con forms to the gen eral con cept of thin-skinned
thrust ing of the Up per Pa leo zoic infill of the Lublin Synclinorium; 
how ever, the scale of tec tonic trans port, pro posed by us, is sig -
nif i cantly lower and the du plex ge om e try of the KFZ is not con -
firmed. We also em pha size a multiphase, pro tracted evo lu tion
of the KFZ in vary ing tec tonic stress re gimes that led to its com -
plex pres ent-day struc ture.

In both the seis mic pro files and bore hole core sam ples, we
have ob served de for ma tions of com pres sive or i gin ex tend ing
far ther north ward from the KFZ, shaped as mi nor buck ling folds
on the seis mic scale, and small-scale thrust fault slick en sides
vis i ble in the drill core. Their mi nor scale, thin-skinned char ac -
ter, and north ward-de creas ing trend sug gest that the KFZ is the 
front of sig nif i cant Variscan contractional de for ma tions. As it is
lo cated sev eral hun dred kilo metres from the di rect col li sion
zone be tween tec tonic plates, which is proven in the Sudetes,
we can ex pect that the late Car bon if er ous col li sion phase had a
cou pled char ac ter and the thin-skinned thrust faults pen e trate
far to the fore land plate be yond the range of flysch sed i ments.

SUMMARY

We have de scribed the re sults of tec tonic in ter pre ta tion of a
num ber of seis mic sec tions and core sam ples from the vi cin ity
of the Kock Fault Zone (KFZ), which is a ma jor dis con ti nu ity in
the Lublin Ba sin. It sep a rated the Late Pa leo zoic depocentre lo -
cated in the Lublin Synclinorium from the NE mar ginal part of
the ba sin called the Hrubieszów High. Al though this fault zone
has drawn at ten tion of sev eral gen er a tions of ge ol o gists, there
is still lack of a ge net i cally and ki ne mat i cally con sis tent con cept
of its evo lu tion. De ci pher ing the tec tonic evo lu tion of this zone
brings us closer to un der stand ing the evo lu tion of the whole
Lublin Ba sin.
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The first struc tural re cord in the KFZ co mes from the Late
Si lu rian, when the older pre cur sor of this zone, namely the nor -
mal Kock Fault, dif fer en ti ated the thick ness of Si lu rian de pos its
up to 2000 m in the cen tral part of the KFZ. We link this
extensional phase with the for ma tion of the Cal edo nian
foredeep at the mar gin of the East Eu ro pean Craton. In the Late 
Famennian, the Kock Fault un der went in ver sion, prob a bly in a
transpressive stress re gime, which re sulted in ero sion of more
than 2000 m of De vo nian and partly Si lu rian de pos its on the
Hrubieszów High. At the be gin ning of the Car bon if er ous, the
ma jor ba saltic in tru sion stage along the Kock Fault points to ac -
ti va tion of deeply rooted source of magma in a ten sional (or
transtensional) stress re gime. We in fer from the above that the
stress field evolved from an ini tial com pres sion to the fi nal ten -
sion dur ing the Late De vo nian–Early Car bon if er ous tec tonic
phase. Dur ing the Car bon if er ous stage of the Lublin Ba sin sub -
si dence, the Kock Fault was prob a bly in ac tive.

The ini tial stage of the Late Car bon if er ous (Westphalian)
con trac tion on the Kock Fault might have been re lated to a
deeply rooted com pres sion that led to its mi nor in ver sion. Later
on, the com pres sion turned from deep-rooted to thin-skinned,
re sult ing in the for ma tion of the Kock Thrust. The lo ca tion and

ori en ta tion of this thrust was con trolled by the Kock Fault step
across which in com pe tent Si lu rian de pos its of the Lublin
Synclinorium con tact with com pe tent el e vated Cam brian rocks
of the Hrubieszów High that cre ate kind of but tress. The Kock
Thrust breached the steeply dip ping Kock Fault and dis placed
its up per part northeastwards, caus ing also mi nor fold ing of the
shal low sed i men tary cover in the Hrubieszów High. Palinspas -
tic re con struc tion in di cates the thin-skinned thrust fault dis -
place ment in a range ex ceed ing 3 km. A suc ces sive mi nor
transpressive event, fol lowed by re lax ation and ex ten sion of
frac ture net work com bined with min er al iza tion, ended the Pa -
leo zoic his tory of the KFZ.

Ac knowl edge ments. The au thors would like to thank the
Pol ish Oil and Gas Co., which is the owner of part of seis mic
and drillcore data pre sented in the pa per, for their ap proval to
pub lish them. We also ap pre ci ate the par tial fi nan cial sup port
granted by the Pol ish Geo log i cal In sti tute – NRI from the funds
of the Min is try of Sci ence and High Ed u ca tion. We are in debted
to three re view ers: P. Aleksandrowski, A. Konon and £. G¹ga³a, 
whose valu able com ments and text cor rec tion were grate fully
used in or der to im prove the fi nal ver sion of this pa per.

REFERENCES

Aleksandrowski, P., Bu³a, Z., 2017. Late Paleoozoic struc tures
(Variscan) (in Pol ish). In: Geologiczny At las Polski (eds.
J. Nawrocki and A. Becker). Pañstwowy Instytut Geologiczny –
PIB, Warszawa.

Antonowicz, L., Iwanowska, E., 2004. Thin-skin na ture of the
Variscan tec ton ics in the Lublin area, Po land (in Pol ish with Eng -
lish sum mary). Przegl¹d Geologiczny, 52: 128–130.

Antonowicz, L., Hooper, R., Iwanowska, E., 2003. Lublin Syncline 
as a re sult of thin-skinned Variscan de for ma tion (SE Po land) (in
Pol ish with Eng lish sum mary). Przegl¹d Geologiczny, 51:
344–350.

Brochwicz-Lewiñski, W., Po¿aryski, W., Tomczyk, H., 1981.
Large-scale strike-slip move ments along SW mar gin of the
East-Eu ro pean plat form in the early Pa leo zoic (in Pol ish with
Eng lish sum mary). Przegl¹d Geologiczny, 29: 385–397.

Dembowski, Z., Porzycki, J., eds., 1988. Car bon if er ous of the
Lublin Coal Ba sin (in Pol ish with Eng lish sum mary). Prace
Instytutu Geologicznego, 122.

Depciuch, T., 1974. Geo chron ol ogi cal in ves ti ga tions of the mag -
matic rocks (in Pol ish with Eng lish sum mary). Prace Instytutu
Geologicznego, 74: 81–83.

Grocholski, A., Ryka, W., 1995. Car bon if er ous magmatism of Po -
land. Prace Pañstwowego Instytutu Geologicznego, 148:
181–189.

Guterch, A., Grad, M., 2006. Lithospheric struc ture of the TESZ in
Po land based on mod ern seis mic ex per i ments. Geo log i cal
Quar terly, 50 (1): 22–32.

Keller, G.R., Hatcher, Jr.R.D., 1999. Some com par i son of struc ture 
and evo lu tion of the South ern Ap pa la chian-Ouachita orog eny
and por tions of the trans-Eu ro pean Su ture Zone re gion.
Tectonophysics, 314: 43–68.

Królikowski, C., Petecki, Z., 1995. Gravimetric At las of Po land.
Pol ish Geo log i cal In sti tute, Warszawa.

Krzywiec, P., 2007. Tec ton ics of the Lublin area (SE Po land) – new
views based on re sult of seis mic data in ter pre ta tion (in Pol ish
with Eng lish sum mary). Biuletyn Pañstwowego Instytutu
Geologicznego, 422: 1–18.

Krzywiec, P., 2009. De vo nian-Cre ta ceous sub si dence and up lift
along the Teisseyre-Tornquist zone in SE Po land – in sight from
seis mic data in ter pre ta tion. Tectonophysics, 475: 142–159.

Krzywiec, P., 2011. Interpretacja tektoniczna profilu sejsmicznego
T0690481 w rejonie otworu wiertniczego Parczew IG-10 (in Pol -
ish). Pro file G³êbokich Otworów Wiertniczych Pañstwowego
Instytutu Geologicznego, 130: 145–146.

Krzywiec, P., Narkiewicz, M., 2003. O stylu strukturalnym
kompleksu dewoñsko-karboñskiego Lubelszczyzny w oparciu o
wyniki interpretacji danych sejsmicznych. Przegl¹d
Geologiczny, 51: 795–797.

Krzywiec, P., Mazur, S., G¹ga³a, £., Kufrasa, M., Lewandowski,
M., Malinowski, M., Buffenmyer, V., 2017. Late Car bon if er ous
thin-skinned compressional de for ma tion above the SW edge of
the East Eu ro pean Craton as re vealed by re flec tion seis mic and
po ten tial fields data – cor re la tions with the Variscides and the
Ap pa la chians. GSA Mem oir, 213, DOI: 10.1130/2017.2013(14).

Kufrasa, M., Krzywiec, P., 2015. New struc tural model of the Kock
Fault Zone (Lublin Ba sin, SE Po land). CETEG-Kadañ, con fer -
ence ab stract. Uni ver sity of Praque.

Lewandowski, M., 1992. Palaeomagnetic con straints for Variscan
mobilism of the Up per Silesian and Malopolska Mas sifs, south -
ern Po land. Geo log i cal Quar terly, 38 (2): 211– 230.

Miller, J.F., Mitra, S., 2011. De for ma tion and sec ond ary fault ing as -
so ci ated with base ment-in volved compressional and
extensional struc tures. AAPG Bul le tin, 95: 675–689.

Mi³aczewski, L., ¯elichowski, A.M., 1968. Niektóre zagadnienia
stratygrafii i tektoniki dewonu oraz karbonu na LubelszczyŸnie
(in Pol ish). Kwartalnik Geologiczny, 12 (2): 423–424.

Mitra, S., 1988. Three-di men sional ge om e try and ki ne matic evo lu -
tion of the Pine Moun tain thrust sys tem, south ern Ap pa la chians. 
GSA Bul le tin, 100: 72–95.

Mitra, S., 1993. Ge om e try and ki ne matic evo lu tion of in ver sion
struc tures. AAPG Bul le tin, 77: 1159–1191.

Narkiewicz, M., 2003. Tec tonic con trols of the Lublin Graben (Late
De vo nian – Car bon if er ous) (in Pol ish with Eng lish sum mary).
Przegl¹d Geologiczny, 51: 771–776.

924 Maciej Tomaszczyk and Marek Jarosiñski



Narkiewicz, M., 2007. De vel op ment and in ver sion of De vo nian and
Car bon if er ous bas ins in the east ern part of the Variscan fore -
land (Po land). Geo log i cal Quar terly, 51 (3): 231–256.

Narkiewicz, M., 2011. Lithostratigraphy, depositional sys tems and
transgressive-re gres sive cy cles in the De vo nian of the Lublin
Ba sin (south-east ern Po land) (in Pol ish with Eng lish sum mary).
Prace Pañstwowego Instytutu Geologicznego, 196: 53–101.

Narkiewicz, M., Dadlez, R., 2008. Geo log i cal re gional sub di vi sion
of Po land: gen eral guide lines and pro posed schemes of
sub-Ce no zoic and sub-Perm ian units (in Pol ish with Eng lish
sum mary). Przegl¹d Geologiczny, 56: 391–397.

Narkiewicz, M., Poprawa, P., Lipiec, M., Matyja, H., Mi³aczewski,
L., 1998. Paleogeographic and tec tonic set tings and the Car -
bon if er ous sub si dence de vel op ment of the Pomerania and
Radom-Lublin ar eas (TESZ, Po land) (in Pol ish with Eng lish
sum mary). Prace Pañstwowego Instytutu Geologicznego, 165:
31–49.

Narkiewicz, M., Jarosiñski, P., Krzywiec, P., Waksmundzka, M.,
2007. Re gional con trols on the Lublin Ba sin de vel op ment and
in ver sion in the De vo nian and Car bon if er ous (in Pol ish with
Eng lish sum mary). Biuletyn Pañstwowego Instytutu Geologicz -
nego, 422: 19–34.

Narkiewicz, M., Maksym, A., Malinowski, M., Grad, M., Guterch,
A., Petecki, Z., Probulski, J., Janik, T., Majdañski, M., Œroda,
P., Czuba, W., Gaczyñski, E., Jankowski, L., 2015.
Transcurrent na ture of the Teisseyre-tornquist Zone in Cen tral
Eu rope: re sult of the POLCRUST-01 deep reflection seis mic
pro file. International Jour nal of Earth Sci ences, 104: 775–796.

Nawrocki, J., Poprawa, P., 2006. De vel op ment of Trans-Eu ro pean
Su ture Zone in Po land: from Ediacaran rift ing to Early Pa leo zoic
ac cre tion. Geo log i cal Quar terly, 50 (1): 59–76.

Ostrowski, C., Musiatewicz, M., 1996. Dokumentacja z interpre -
tacji pomiarów grawimetrycznych, temat: Rów Mazo wiecko- Lu -
belski, rejon: Maciejowice-Abramów (in Pol ish). Opr/G/1910,
PGNiG Geo log i cal Da ta base.

Paczeœna, J., 2006. Evo lu tion of the late Neoproterozoic-Early
Cam brian rift depocentres and fa cies in the Lublin-Podlasie sed -
i men tary ba sin (in Pol ish with Eng lish sum mary). Prace
Pañstwowego Instytutu Geologicznego, 186: 9–37.

Paczeœna, J., 2010. Lithofacies-paleothicknesess maps of Cam -
brian In: Paleogeological At las of the sub-Perm ian Pa leo zoic of
the East-Eu ro pean Craton in Po land and Neigh bor ing Ar eas
(ed. Z. Modliñski). Pañstwowy Instytut Geologiczny, Warszawa.

Pañczyk, M., Nawrocki, J., 2015. Tournaisian 40Ar/39Ar age for al -
ka line bas alts from the Lublin Ba sin (SE Po land). Geo log i cal
Quar terly, 59 (3): 473–478.

Pelc, T., 1999. Dewoñsko-karboñski diapiryzm sylurskich osadów
ilastych basenu lubelskiego (in Pol ish). V Konferencja Nauko -
wo- Techniczna “Geofizyka w geologii, górnictwie i ochronie
œrodowiska”. Kraków, 137–142.

Poprawa, P., 2006. De vel op ment of the Cal edo nian col li sion zone
along the west ern mar gin of Baltica and its re la tion to the fore -
land ba sin (in Pol ish with Eng lish sum mary). Prace
Pañstwowego Instytutu Geologicznego, 186: 189–213.

Poprawa, P., Paczeœna, J., 2002. Late Neoproterozoic to Early Pa -
leo zoic de vel op ment of a rift at the Lublin-Podlasie slope of the
East Eu ro pean Craton – anal y sis of sub si dence and fa cies re -
cord (in Pol ish with Eng lish sum mary). Przegl¹d Geologiczny,
50: 49–61.

Po¿aryski, W., Dembowski, Z., eds., 1983. Mapa geologiczna
Polski i krajów oœciennych bez utworów kenozoicznych,
mezozoicznych i permskich. 1:1 000 000. Instytut Geologiczny,
Warszawa.

Po¿aryski, W., Tomczyk, H., 1993. Geo log i cal cross-sec tion
through SE Po land (in Pol ish with Eng lish sum mary). Przegl¹d
Geologiczny, 48: 65–76.

Thomas, W.A., 2001. Mushwad: duc tile du plex in the Ap pa la chian
thrust belt in Al a bama. AAPG Bul le tin, 85: 1847–1869.

Wójcicki, A., Kleszcz, T., Lisowski, K., 1998. Dokumentacja z
interpretacji pomiarów grawimetrycznych w rejonie synkli -
norium lubelskiego z uwzglêdnieniem wyników prac wykona -
nych w 1997 r. na temacie £uków-Kock (pó³szcze gó³owe zdjêcie 
grawi metryczne Radom-Lublin 1997), rejon: £uków-Kock-
 Be³¿yce (in Pol ish). Opr/G/476, PGNiG Geo log i cal Da ta base.

¯elichowski, A.M., 1972. Evo lu tion of the geo log i cal struc ture of the
area be tween the Holy Cross moun tains and the river Bug (in Pol -
ish with Eng lish sum mary). Biuletyn Instytutu Geologicznego,
263: 7–97.

¯elichowski, A.M., 1984. Tektonika lubelskiego zag³êbia
wêglowego (in Pol ish). In: Przewodnik LVI zjazdu PTG Lublin
(ed. M. Harasimiuk). Wyd. Geol., Warszawa.

¯elichowski, A.M., Koz³owski, S., eds., 1983. At las geologiczno-
 surowcowy obszaru lubelskiego. Wyd. Geol., Warszawa.

The Kock Fault Zone as an indicator of tectonic stress regime changes at the margin of the East European Craton (Poland) 925


	Zdzis³aw PETECKI and Olga ROSOWIECKA – A new magnetic anomaly map of Poland and its contribution to the recognition of crystalline basement rocks 934

