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Re cent re sults of de tailed geo log i cal map ping and struc tural anal y sis com ple mented by 2D Elec tri cal Re sis tiv ity To mog ra -
phy (ERT) and 2D Seis mic P-wave Re frac tion To mog ra phy (SRT-P) are used to pro pose a new struc tural model for the
polyphase evo lu tion of the Kamionki Graben (NE Bo he mian Mas sif). This in trigu ing tec tonic struc ture is com posed of syn- to
late-orogenic Mis sis sip pian („Culm”) strata, which rep re sent an out lier sur rounded en tirely by the meta mor phic rocks of the
Góry Sowie Mas sif. The Kamionki Car bon if er ous suc ces sion was folded (and, lo cally, also prob a bly thrusted over the
gneissic base ment) into the WNW–ESE to W–E and, less com monly, NW–SE ori ented folds dur ing the late Mis sis sip pian
(early Namurian?) Ep och. The graben de vel op ment only slightly post dated the fold ing of the Car bon if er ous and we cor re late
it with sig nif i cant re gional up lift and ero sion, which was re lated to the late-orogenic grav i ta tional col lapse of the newly formed
Variscan orogen. Hence, the main bound ary faults of the graben may have been ge net i cally linked with a late Car bon if er -
ous–early Perm ian extensional (transtensional?) ep i sode at the NE Bo he mian Mas sif. The struc ture of the graben was later
re shaped dur ing the Late Cre ta ceous–early Paleogene trans-re gional tec tonic short en ing event, which likely led to the re ac -
ti va tion of the main bound ary faults of the graben as well as large-scale, gen tle fold ing of the strata, vis i ble only in map-view,
es pe cially in the north ern parts of the graben. The later, Neo gene (?), NE–SW-ori ented extensional re gime re sulted in the
for ma tion of nor mal faults and it was re spon si ble for the dis tinct compartmentalization of the graben. Our study pro vides the
first de scrip tion of the in ter nal struc ture, fault pat tern and ki ne matic evo lu tion of the Kamionki Graben. Strong lithological
con trasts be tween the sed i men tary infill of the graben and its crys tal line shoul ders and floor makes the seis mic and re sis tiv -
ity geo phys i cal meth ods a valu able tool for in ves ti ga tion of its in ter nal struc ture.
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INTRODUCTION

The el e vated area sit u ated at the NE mar gin of the Bo he -
mian Mas sif (BM), lo cated be tween the Sudetic Mar ginal Fault
in the NE and the Up per Elbe Fault Zone in the SW (Fig. 1), re -
ferred to as the Sudetic Block (e.g., Don and ¯elaŸniewicz,
1990; Aleksandrowski et al., 1999; Kryza et al., 2004; Mazur et
al., 2006), ex poses a mo saic of fault-bounded, re peat edly de -
formed, Variscan crys tal line base ment units over lain by
unmetamorphosed rocks of lower Car bon if er ous (Mis sis sip -

pian) to Up per Cre ta ceous age. In this area, these sed i men -
tary-vol ca nic suc ces sions are pre served within large-scale
synclinorial struc tures as well as in smaller, but still kilo -
metre-scale grabens (Don and ¯elaŸniewicz, 1990; Solecki,
1994; G³uszyñski and Aleksandrowski, 2022). These fea tures
are usu ally down thrown or downfolded into the Variscan crys -
tal line base ment. Apart from the two main synclinorial struc -
tures lo cated in the Sudetes, the Intra-Sudetic and the
North-Sudetic synclinoria (Augustyniak and Grocholski, 1968;
Nemec et al., 1982; Dziedzic and Teisseyre, 1990; Solecki,
1994), the up per Pa leo zoic sed i men tary suc ces sions oc cur lo -
cally on top of the crys tal line Variscan base ment. Rem nants of
once much more wide spread Car bon if er ous sed i men tary suc -
ces sions are pre served on top of the Góry Sowie Mas sif
(GSM), a high- to me dium-grade meta mor phic unit sit u ated in
the Cen tral Sudetes (Grocholski, 1967; ¯elaŸniewicz, 1987;
Cymerman, 1998).
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The Car bon if er ous strata in these rel ics in clude in com plete, 
Viséan to Namurian (?) con ti nen tal and ma rine de pos its tra di -
tion ally re ferred to as the “Culm of the Sowie Moun tains”
(¯akowa and ¯ak, 1962; Oberc, 1972; £apot, 1986, 1988;
Kowalski, 2024). These de pos its are cor re lated across the
GSM area and prob a bly rep re sent ero sional rel ics of an orig i -
nally broader, late-Variscan ba sin sys tem (Narkiewicz, 2007,
2020). These folded de pos its are char ac ter ized by highly re -
duced strati graphic thick ness with re spect to their strati graphic
equiv a lents from the ad ja cent tec tonic units, i.e. the
Intra-Sudetic Synclinorium (Teisseyre, 1975; Dziedzic and
Teisseyre, 1990; Mastalerz, 1995); Œwiebodzice De pres sion
(Nemec et al., 1980; Porêbski, 1981, 1990; Pluta and
Górecka-Nowak, 2018) and Bardo Struc ture (Wajsprych, 1978; 
Haydukiewicz, 1990), and oc cur within iso lated, nar row tec tonic 
grabens or half-grabens (Oberc, 1972).

The main aim of this pa per is to dis cuss the ge om e try and the 
struc tural de vel op ment of the Kamionki Graben (KG), one of the
most prom i nent tec tonic grabens de vel oped on top of the Góry
Sowie Mas sif and filled with Mis sis sip pian strata (Oberc, 1972).
Al though the ge ol ogy of the study area has mapped at 1:25 000
scale and the rem nants of the GSM’s sed i men tary cover have
been de scribed in sev eral re gional stud ies (¯ako wa, 1960, 1963; 
¯akowa and ¯ak, 1962; £apot, 1986, 1988), the struc tural fea -
tures have re ceived lit tle at ten tion. It has been gen er ally ac -
cepted that tec tonic de for ma tion of the Car bon if er ous strata in -
volved re gional fold ing fol lowed by brit tle fault ing (¯a kowa and
¯ak, 1962; Oberc, 1972; £apot, 1986). How ever, their tim ing re -
mains im pre cise. The re sults of the re cent geo log i cal map ping
and struc tural anal y sis out lined in this pa per shed a new light on
the tec tonic evo lu tion of the Car bon if er ous sed i men tary cover of
the NE Bo he mian Mas sif and its re la tion ship to the meta mor phic
base ment. Our in ves ti ga tions were sup ported by the re sults of
shal low geo phys i cal sur veys, in clud ing 2D Elec tri cal Re sis tiv ity
To mog ra phy (ERT) and 2D Seis mic P-wave Re frac tion To mog -
ra phy (SRT-P). These geo phys i cal tech niques have been widely 
and suc cess fully ap plied in re gional tec tonic stud ies, in clud ing
fault char ac ter iza tion and the im ag ing of in di vid ual fault zones
(Suzuki et al., 2000; Caputo et al., 2003; Zhu et al., 2009; Fischer 
et al., 2012; Drahor and Berge, 2017; Mojica et al., 2017;
WoŸniak and Bania, 2019; Müller et al., 2020; Porras et al.,
2022), also in the NE Bo he mian Mas sif re gion (e.g., Štìpan -
èíková et al., 2010, 2011). Our re sults are im por tant in the con -
text of dis cus sions of the de for ma tion style of Cen tral Eu rope
dur ing the Late Cre ta ceous–early Paleogene in ver sion event
which af fected the west ern-cen tral Eu ro pean fore land of the Alps 
and Carpathians and is of key sig nif i cance for un der stand ing the
late(?) to post-Variscan struc tural com po nent of the NE Bo he -
mian Mas sif.

GEOLOGICAL SETTING

The study area is lo cated in the NE pe riph ery of the Bo he -
mian Mas sif (SW Po land, the Sudetic Block) within the Góry
Sowie Mas sif (GSM). The GSM is a fault-bounded unit, tri an gu -
lar in out line (Fig. 1) com posed of migmatitic paragneissess,
with sub or di nate orthogneiss, metabasite and fel sic granulite
bod ies (Grocholski, 1967; ¯elaŸniewicz, 1987, 1990; Gunia,
1999; Jastrzêbski et al., 2021; Tabaud et al., 2021). The
paragneisses of the GSM orig i nated prob a bly from flysch-like
greywackes as well as pelitic de pos its of early to mid dle Cam -
brian age (¯elaŸniewicz, 1987; Gunia, 1999; Tabaud et al.,
2021), whilst the mag matic protolith of the orthogneiss is dated
at late Cam brian to Early Or do vi cian (Kröner and Hegner,
1998; Kryza and Fan ning, 2007). The rock protolith of the

gneiss es was meta mor phosed un der am phi bo lite fa cies con di -
tions at ~380-370 Ma (Van Breemen et al., 1988), whereas the
fel sic granulite and peridotite bod ies had un der gone ear lier (at
~400 Ma; Brueckner et al., 1996; O’Brien et al., 1997), ul tra high 
pres sure–high tem per a ture (UHP–HT) granulite fa cies meta -
mor phism. Meta mor phic pro cesses had ceased in the Late De -
vo nian (¯elaŸniewicz, 1987; Cymerman, 1998; Jastrzêbski et
al., 2021) and were fol lowed by rapid ex hu ma tion of the mas sif
at the end of the De vo nian (¯elaŸniewicz, 1987; Bröcker et al.,
1998). The GSM is cur rently in ter preted as an allochthonous
terrane as signed to the Teplá-Barrandian/Bo he mian micro -
plate, lo cated close to the north ern pe riph er ies of Gond wana
dur ing Cam brian–Or do vi cian (Catalán et al., 2021; Jastrzêbski
et al., 2021; Tabaud et al., 2021; Franke and ¯elaŸniewicz,
2023).

Rem nants of the Mis sis sip pian sed i men tary suc ces sion
rest ing on top of the GSM are known only from the up lifted
Sowie Mts. Block lo cated to the south west of the Sudetic Mar -
ginal Fault (Fig. 1). This suc ces sion, his tor i cally re ferred to as
the “Culm of the Sowie Moun tains” (¯akowa and ¯ak, 1962;
Oberc, 1972; £apot, 1986, 1988), is  pre served within a num ber
of small, mainly NW–SE trending, fault-bounded grabens and
half-grabens. These tec tonic units in clude the Walim, Glinno,
Kamionki and Sokolec-Jugów grabens (Fig. 1). The Car bon if er -
ous strata pre served within these units in clude mid dle Viséan to 
Namurian(?) con ti nen tal and ma rine de pos its (Fig. 2; ¯akowa,
1960, 1963; ¯akowa and ¯ak, 1962; Muszer et al., 2016a, b).
These de pos its can be con sid ered as strati graphic equiv a lents
of the ad ja cent tec tonic units, i.e. the Intra-Sudetic Synclinorium 
(Teisseyre, 1975; Dziedzic and Teisseyre, 1990; Mastalerz,
1995), the Œwiebodzice De pres sion (Nemec et al., 1980;
Porêbski, 1981, 1990), and the Bardo Struc ture (Wajsprych,
1978; Haydukiewicz, 1990).

The Car bon if er ous of the GSM is 300 metres thick and has
been sub di vided lithologically into three in for mal
lithostratigraphic mem bers (¯akowa and ¯ak, 1962; ¯akowa,
1963; £apot, 1986). The suc ces sion be gins with poorly sorted,
”gneissic” and “gabbroic” con glom er ates and sed i men tary
brec cias (Fig. 3) that over lie the GSM meta mor phic base ment
(£apot, 1986). The name Walim For ma tion has been pro posed
for these de pos its which are ex posed lo cally over the GSM
(Kowalski, 2024). The con glom er ates are in ter preted as de pos -
its of al lu vial fans de vel oped along tec toni cally ac tive, high-re lief 
mar gins of a wider intramontane (?) ba sin (Kowalski, 2024).
They pass up ward (and pos si bly lat er ally) into ma rine sand -
stones and mudstones, up to 100 m thick. Based on
macrofossils, these de pos its were first dated as late Viséan
(¯akowa, 1960; ¯akowa and ¯ak, 1962) whereas Muszer et al.
(2016a) sug gest that they may rep re sent the Namurian. The
ma rine sand stones and mudstones were pre vi ously in for mally
as signed to the Sokolec Beds (¯akowa, 1966) and cur rently are 
re ferred to as the Sokolec For ma tion (Kowalski, 2024). The up -
per most mem ber of the Car bon if er ous suc ces sion in the GSM
con sists of an ~80 m-thick, Namurian(?) polymictic con glom er -
ate, well ex posed in the cen tral and north ern sec tors of the
Kamionki Graben (¯akowa and ¯ak, 1962) and within the
Sokolec-Jugów Graben (not de scribed here). The con glom er -
ate, as signed to the Kamionki For ma tion, is in ter preted as de -
pos ited by fan del tas which en tered the early Car bon if er ous ba -
sin from the north and north-west (Kowalski, 2024).

The tec tonic set ting of the Kamionki Graben is, as yet, not
well un der stood. There are only two bore holes that drilled
through the Car bon if er ous suc ces sion and reached its meta -
mor phic base ment at depths of 110 and 143 m, re spec tively.
More over, these bore holes post dated the de tailed field map -
ping made by Dathe (1902), ¯akowa and ¯ak (1962) and
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Fig. 1. Tec tonic sketch map of the Góry Sowie Mas sif and sur round ing tec tonic units, to gether with their lo ca tion in the
Bo he mian Mas sif and Cen tral Eu rope (in set)

BrM – Braszowice Ophiolite Mas sif, BU – Bardo Unit, GG – Glinno Graben, ISS – Intra-Sudetic Synclinorium, KG – Kamionki Graben, KMB –
Kamieniec Meta mor phic Belt, KMC – Kaczawa Meta mor phic Com plex, KMU – K³odzko Meta mor phic Unit, NRM – Nowa Ruda Ophiolite
Mas sif, NZ – Niemcza Shear Zone, S-JG – Sokolec-Jugów Graben, SM – Szklary Ophiolite Mas sif, SSM – Strzegom-Sobótka Granitoid Mas -
sif, ŒO – Œlê¿a Ophiolite Mas sif, ŒU – Œwiebodzice Unit, WG – Walim Graben. Faults: GF – G³uszyca Fault, MOF – Mid dle Odra Fault, LF –
Lusatian Fault, SMF – Sudetic Mar ginal Fault, SzF – Szczawienko Fault. Geo log i cal map based on Sawicki (1995), mod i fied and sup ple -
mented by au thors



Gawroñski (1962). The bound aries and in ter nal struc ture of the
graben-fill de pos its were dif fer ently in ter preted by these au -
thors. For ex am ple, Dathe (1902) did not in ter pret fault bound -
aries be tween the Car bon if er ous sed i men tary cover and base -
ment in the Kamionki Trough, whilst ¯akowa and ¯ak (1962)
de scribed the graben as a dis tinct, fault-con trolled de pres sion.
Oberc (1972), in turn, claimed that the tri an gu lar-shaped
graben was filled with Lower Car bon if er ous de pos its and bor -
dered by re gional fault zones rooted in the crys tal line base -
ment. He la belled these faults as the “West ern
Kamionki-Micha³kowa Fault” (west ern bound ary fault), the
“East ern Kamionki-Micha³kowa Fault” and the
“Pniaki-Roœciszów Dis lo ca tion” (east ern bound ary faults).

MATERIAL AND METHODS

This pa per is based on a new geo log i cal map ping and
struc tural study, com bined with 2D Elec tri cal Re sis tiv ity To -
mog ra phy (ERT) and 2D Seis mic P-wave Re frac tion To mog ra -
phy (SRT) geo phys i cal sur veys which have been used to re -
con struct the long-term de vel op ment of the Kamionki Graben.

MAPPING SURVEY AND STRUCTURAL FIELD STUDY

The field map ping sur vey cov ered an area of an area of
~10 km2 and was fa cil i tated by the use of LiDAR-based (Light
De tec tion and Rang ing) dig i tal el e va tion mod els (DEMs) with 1
x 1 m res o lu tion. The el e va tion data were ac quired through air -
borne la ser scan ning (ALS), con ducted in Po land in 2011–2014 
as part of the IT Sys tem of the Coun try’s Pro tec tion against Ex -
treme Haz ards (ISOK) programme. The re sults of the scan ning
were made avail able by the Pol ish Cen tre of Geo detic and Car -

to graphic Doc u men ta tion (CODGiK) as XYZ point data, with a
den sity of ~4–6 point/m2 and an av er age el e va tion er ror not ex -
ceed ing 0.3 m (Wê¿yk, 2015). The DEMs proved par tic u larly
use ful in de tect ing lithological bound aries based on the clas sic
three-point method (e.g., Compton, 1962) us ing GIS soft ware:
QGIS Soft ware v. 3.4.15 and Microdem Soft ware v. 2015.8 (de -
vel oped by Pe ter Guth), as well as in in ter pret ing spe cific mor -
pho log i cal fea tures re lated to tec tonic ac tiv ity (i.e. lin ea ments
re lated to sup posed faults). Two hydrogeological bore hole logs
from the east ern part of the Kamionki Graben were used for the
con struc tion of in ter pre tive geo log i cal cross-sec tions
(SPDPSH, 2024).

Field study was fo cused on col lect ing de tailed struc tural
data in nat u ral and ar ti fi cial ex po sures in the area of the graben
and its near est sur round ings. Se lected ex po sures were
grouped into 8 rep re sen ta tive sites (see Fig. 3 for their lo ca tion). 
The struc tural fea tures re corded in cluded bed ding (1), joints (2)
and stri ated fault planes (3). The frac tures were grouped into
sets and shown on cir cu lar fre quency poly gon plots (cf. Da vis
and Sampson, 1986). Struc tural anal y sis of faults in cluded 32
fault planes with rec og niz able slip sense. The slip sense was
de ter mined based on ki ne matic in di ca tors (sur face mark ings;
Pe tit 1987) such as stri ated ridges, hack les, grooves, low- and
high-an gle Riedel shears, en ech e lon cracks and oth ers. Fault
plane ori en ta tions are shown on b and p ste reo grams made on
the lower hemi sphere of equal-area Schmidt-Lam bert nets. The 
ki ne matic fault slip data were used to de ter mine the suc ces sive
pat terns of brit tle strain. Re con struc tions of prin ci pal axes of the 
fi nite strain el lip soid based on the fault pop u la tion were per -
formed us ing FaultKin8 soft ware. The strain pat terns were re -
con structed us ing the graphic anal y sis of fault slip data in cluded 
in the ki ne matic method of “P” (short en ing), “T” (ex ten sion) and
“B” (neu tral) in cre men tal strain axes (PBT method – mo ment
ten sor anal y sis; cf. Angelier, 1984; Marrett and Allmendinger,
1990; Pascal, 2021). The rel a tive ages of the de for ma tion
events were de ter mined from the cross-cut ting re la tion ships
be tween folds and brit tle struc tures (frac tures and faults).

GEOPHYSICAL SURVEY

Two shal low-pen e tra tion geo phys i cal sur vey ing meth ods,
2D Elec tri cal Re sis tiv ity To mog ra phy (ERT) and 2D Seis mic
P-wave Re frac tion To mog ra phy (SRT-P), have been used to
visu al ise subsurface struc ture and to iden tify fault bound aries of 
the Kamionki Graben. Two in te grated ERT and SRT-P pro files,
each of them 1,160 m in length, were mea sured across the KG
(Lasocki et al., 2021). The orig i nal ERT and SRT-P cross-sec -
tions, ob tained dur ing the study, were short ened to 900 m for
better pre sen ta tion of the data ac quired (see Fig. 3). This al -
lowed us to de ter mine the po si tion, lat eral ex tent and main
bound aries of par tic u lar struc tural units within the KG as well as
to char ac ter ise the fault zones in ferred dur ing the de tailed field
map ping.

Be fore the geo phys i cal sur vey, pre cise geo detic po si tion ing 
was made by mark ing the mea sure ment points and as sign ing
PL-1992 co or di nates to each point. The points were marked out 
with an ac cu racy of 0.3 m by means of dif fer en tial phase GNSS
sat el lite meth ods. The qual ity of the GNSS read ings al lowed us
to ap ply the sat el lite ge od esy method to all the mea sure ment
points. In or der to de ter mine the el e va tion co or di nates of all the
doc u men ta tion points, the sat el lite lev el ling method was used
with im ple men ta tion of the RTN ki ne matic method. The co or di -
nates were reg is tered in the PL-EVRF2007-NH height ref er -
ence frame.
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Fig. 2. Syn thetic scheme show ing the stra tig ra phy, li thol ogy,
ex tent and thick ness of the Car bon if er ous suc ces sion pre -
served in the tec tonic grabens de vel oped on top of the Góry
Sowie Mas sif
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2D ELECTRICAL RESISTIVITY TOMOGRAPHY

The main as sump tions of the ERT method have been
widely de scribed in the lit er a ture (e.g., Keller and Frischknecht,
1966; Ward, 1987; Loke and Barker, 1996; Dahlin and Zhou,
2004; Loke et al., 2007; Loke, 2012). This geo phys i cal tech -
nique is based on mea sur ing ar ti fi cially in duced elec tric field pa -
ram e ters in a spe cific rock mass, as well as de tect ing nat u ral
cur rents and elec tri cal fields caused by nat u ral pro cesses oc -
cur ring in the Earth’s crust. The ba sic pa ram e ter is the re sis tiv ity 

of the rock/soil. The unit of spe cific (ac tual) re sis tance is
ohm-metres [Wm]. This pa ram e ter var ies from 1 Wm in salt-wa -
ter sat u rated strata to tens of thou sands of Wm in ig ne ous and
crys tal line rocks such as gran ites and gneiss es (Ward, 1987).
In com par i son to other geo phys i cal meth ods, the ERT method
is sen si tive to phys i cal and chem i cal fea tures such as tem per a -
ture, den sity, po ros ity and wa ter con tent, as well as the chem i -
cal and min eral com po si tion (i.e. the pres ence of clay min er als)
of the rock.
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Fig. 3. Geo log i cal map of the Kamionki Graben (for lo ca tion see Fig. 1)

Lo ca tions of geo log i cal cross-sec tions shown in Fig ure 4 (AA’, BB’, CC’ and DD’) and of the ERT- and SRT-P
geo phys i cal pro files from Fig ures 5 and 6 (CC’) are in di cated. Note the lo ca tion of the main ex po sures re ferred 
to in the text and of two bore holes. Base ment ge ol ogy sim pli fied from Gawroñski (1961), ge ol ogy of sed i men -
tary rocks based on our own geo log i cal map ping. Ab bre vi a tions: KG – Kamionki Graben, EF – East ern
Kamionki Fault, PF – Pniaki Fault, WF – West ern Kamionki Fault

http://refhub.elsevier.com/S0926-9851(18)31023-1/rf0365
https://doi.org/10.1111/j.1365-2478.1996.tb00142.x
https://doi.org/10.1071/ASEG2007ab002
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Fig. 4. Geo log i cal cross-sec tions across the Kamionki Graben based on map ping field tra verses, bore hole data and geo phys i cal 
pro files shown in Figures 5 and 6 (C-C’)

See in set map in the up per right cor ner and Figure 2 for lo ca tion of each of the cross-sec tions
Ex pla na tions of ab bre vi a tions (faults) as in Figure 3
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Fig. 5. 2D Elec tri cal Re sis tiv ity To mog ra phy (ERT) cross-sec tion, show ing in ter preted re sis tiv ity val ues, and its geo log i cal
in ter pre ta tion

A – raw and geo log i cally in ter preted ERT cross-sec tion; B – in ter preted geo log i cal cross-sec tion 
See in set map in the up per right cor ner and Figure 2 for lo ca tion of the CC’ cross-sec tion



The ERT method in volves plac ing an ap pro pri ate num ber of 
mea sure ment elec trodes along a mea sure ment pro file at reg u -
lar in ter vals. The elec trodes are con nected to a multi-core ca ble 
linked to a cen tral unit that con sists of a com puter-con trolled
elec trode se lec tor and a geoelectrical me ter that en ables dig i tal 
re cord ing of the mea sure ments. The elec trode se lec tor al lows
for the se lec tion of any com bi na tion of four elec trodes from the
en tire set con nected to the multi-core ca ble to mea sure ap par -
ent re sis tiv ity. Af ter each mea sure ment, the next set of elec -
trodes is se lected ac cord ing to a pre-pro grammed se quence in
the con trol com puter. This al lows the use of any mea sure ment
ar ray, in clud ing the most pop u lar con fig u ra tions, such as gra di -
ent, Wenner, Wenner-Schlumberger, di pole-di pole, etc. The
ERT is a com mon geo phys i cal tech nique which has been
widely used for shal low-depth de tec tion and char ac ter iza tion of
faults across the globe (e.g., Suzuki et al., 2000; Zhu et al.,
2009; Štìpanèíková et al., 2011; Drahor and Berge, 2017;
Mojica et al., 2017; Porras et al., 2022).

In this study, the ERT mea sure ments were car ried out with
the use of a 12-chan nel Terrameter LS ap pa ra tus man u fac -
tured by the  Swed ish com pany ABEM (now Guide line Geo)
(ABEM, 2012). The mea sure ments were based on a gra di ent
ar ray (man u fac turer’s mea sure ment pro to col termed the
4x21_gra di ent; ABEM, 2012). The ac tive mea sure ment setup
con sisted of 4 ca bles (each ca ble al low ing the con nec tion of 20
elec trodes), pro vid ing a to tal of 80 ac tive elec trodes, with a
mea sure ment line 400 m long. The elec trode spac ing dur ing
the pro fil ing was es tab lished at 5 m. The ac tive pro file con sisted 
of 4 sec tions (100 m long each, which re sulted in a 400 m to tal
length of the ac tive mea sur ing sys tem). Field mea sure ments
were con ducted us ing the roll-along method, which in volves
mov ing suc ces sive ca bles to the front of the pro file. The lim i ta -
tions of this method have been re cently widely dis cussed by
Pacanowski et al. (2022). Shift ing the ca ble from the start ing
po si tion to the last al lows for a lon ger, con tin u ous mea sure ment 
pro file. Such elec trode spac ing al lowed in sights into the rock
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Fig. 6. 2D seis mic P-wave Re frac tion To mog ra phy (SRT-P) cross-sec tion with in ter pre ta tion

See in set map in the up per right cor ner and Figure 2 for lo ca tion of the CC’ cross-sec tion

https://wwwguidelinegeoc.cdn.triggerfish.cloud/uploads/2016/03/User-Guide-Terrameter-LS-2012-10-25.pdf
https://wwwguidelinegeoc.cdn.triggerfish.cloud/uploads/2016/03/User-Guide-Terrameter-LS-2012-10-25.pdf
https://doi.org/10.1016/j.jappgeo.2016.10.021
https://doi.org/10.1016/j.jappgeo.2017.01.010


mas sif to a depth of ~70 m. The re sults of the re sis tiv ity mea -
sure ments were sub ject to pro ce dures of geo phys i cal in ver sion
with the use of Res2Dinv soft ware (Loke, 2000), ver sion x64
4.02.35. The in ver sion was per formed ac cord ing to the L1-norm 
pro ce dure (ro bust, blocky).

2D SEISMIC P-WAVE REFRACTION TOMOGRAPHY (SRT-P)

The Seis mic Re frac tion To mog ra phy (SRT) method uses
sur face-gen er ated elas tic waves pro duced by con trolled
sources (the con trol in cludes both the lo ca tion of the com po -
nents of the mea sure ment sys tem – geo phones and in duc tion
points – and the time of in duc tion and of the sig nal re corded by
the re ceiv ers; e.g., Reynolds, 2011). Due to the mul ti ple reg is -
tra tion of seis mic waves in duced at suc ces sive in duc tion points, 
the mea sure ment zone is cov ered with nu mer ous seis mic rays.
For each in duc tion point, the seis mic wave ve loc ity reach ing
each geo phone is ana lysed. The in te gra tion of the re sults from
all in duc tion points in cludes com pu ta tional, it er a tive fit ting of the 
ve loc ity model with the small est to tal er ror (Watanabe et al.,
1999). A high den sity of shot points, to gether with the use of ap -
pro pri ate cal cu la tion al go rithms, al lows de ter mi na tion of seis -
mic wave ve loc ity in the ver ti cal sec tion un der the mea sure ment 
line (Sheehan et al., 2005). This tech nique pro vides a ver ti cal
seis mic wave ve loc ity cross-sec tion along the sur vey line, which 
al lows de tec tion of ve loc ity anom a lies, that even tu ally may in di -
cate zones of weath er ing or pos si ble fault zones in the rock
mas sif (e.g., Imposa et al., 2015; Drahor and Berge, 2017; el
Hameedy et al., 2023). The fi nal re sult is a con tin u ous
cross-sec tion of P- or S-wave ve loc ity within the in ves ti gated
rock mas sif.

The 2D Seis mic P-wave Re frac tion To mog ra phy (SRT-P)
mea sure ments in this study were car ried out us ing 48-chan nel
Terraloc Pro seis mic equip ment man u fac tured by the Swed ish
com pany ABEM (now Guide line Geo; ABEM, 2011). Geo -
phones with a ver ti cal com po nent, with a nat u ral fre quency of
40 Hz, and 5 m inter-geo phone spac ing were used in this study
(meth od ol ogy in Ostrowski et al., 2023). A 10 kg sledge ham mer 
acted as an en ergy source dur ing data ac qui si tion. Field data
were pro cessed us ing RayfractTM soft ware, and first ar rival
times were man u ally de ter mined. For re cord ings af fected by
sig nif i cant noise, a fre quency fil ter ing pro ce dure was ap plied,
en abling clear iden ti fi ca tion of the first ar riv als.

RESULTS

GEOLOGICAL MAPPING

In map view, the Kamionki Graben (KG) con sti tutes a nar -
row, tri an gu lar, fault-bounded tec tonic struc ture, ~4 km long
and up to 500 m wide, which trends SE to NW to the west of the
Kamionka stream val ley (Fig. 3). The graben struc ture co in -
cides with a mor pho log i cal de pres sion in the Góry Sowie Moun -
tains.

The graben is formed on crys tal line base ment of Góry
Sowie (partly migmatic paragneisses with mi nor ser pen tin ite
and am phi bo lite bod ies: Gawroñski, 1961; Grocholski, 1967;
Fig. 3). The bound ary fault zones of the graben, re ferred to here 
as the West ern and East ern Kamionki and Pniaki faults (the
WF, EF and PF re spec tively; Fig. 3), sep a rate the sed i men tary
infill of the graben from its crys tal line-rock shoul ders. All these
fault zones are man i fested by dis tinct rec ti lin ear es carp ments,
spring lines and peat bogs. The fault zones ex tend lat er ally into
the meta mor phic base ment of the GSM (Figs. 1 and 3). The
ver ti cal and pos si bly hor i zon tal dis place ment com po nents re -

lated to par tic u lar  faults can not be un am big u ously de ter mined
from the map ping data. The po si tion of the basal Car bon if er ous 
un con formity, in ter sected by hydrogeological bore holes at 110
and 143 m be low the sur face (Fig. 4), does not al low for an un -
equiv o cal de ter mi na tion of the ver ti cal dis place ment com po -
nent of the graben’s floor on the bound ary faults.

The geo log i cal map and cross-sec tions of the Kamionki
Graben (Figs. 3 and 4) show the NW–SE trending faults which
di vide the graben’s fill into sev eral blocks. The north-wes tern -
most part of the KG rep re sents a sin gle nar row NW–SE
trending block (the M³yñsko Graben of Oberc, 1972) filled with
Car bon if er ous sand stones and con glom er ates and sep a rated
from the main graben body by a base ment horst occuring be -
tween the WSW–ENE strik ing bound ary faults of the graben.
The north ern part of the graben is char ac ter ised by the oc cur -
rence of Namurian(?) polymict con glom er ates ex posed along
the East ern Kamionki Fault and dip ping at 15–25° to wards the
S and SW (Figs. 3 and 4). The struc ture of this part of the KG is
well con strained due to ex po sure of the con glom er ates as
small-scale tors. To wards the east, the strike of the bed ding
within the con glom er ates changes from E–W to nearly N–S. In
this por tion of the graben, the Pniaki Fault is ori ented ap prox i -
mately N–S and is bur ied un der the Kamionka stream-val ley al -
lu vial de pos its (Fig. 3). The west ern part of the graben ex poses
NW-SE trending mappable folds with sand stones ex pos ing
anticline hinges (Figs. 3 and 4).

In gen eral, the limbs of these nearly sym met ri cal folds dip
mod er ately at ~25–40° to wards the NE and SW with their axes
plung ing gently to the NW and SE (Fig. 4). The map-scale folds, 
ori ented par al lel to the struc tural trend of the graben, are cut by
faults trending par al lel or sub-par al lel to the fold axes. The low -
er most fill mem ber of the KG, the gneissic con glom er ate of the
Walim For ma tion (Fig. 2), is no where ex posed at the sur face in
the KG and has not been in ter sected by the hydrogeological
bore holes made in the cen tral part of the graben. How ever, the
gneissic con glom er ates most prob a bly oc cur at the bot tom of
the downfaulted, north ern most part of the graben (Fig. 4, A–A’
and B–B’ cross sec tions). How ever, these con glom er ates are
well ex posed within the Glinno Graben, lo cated ~2 km to wards
the NW of the KG (Fig. 1; ¯akowa, 1960; Oberc, 1972;
Kowalski, 2024). The mid dle seg ment of the KG is dis mem -
bered by the NW-SE trending Mid dle Kamionki Fault (MF). This 
fault shows up to 50 m of throw, grad u ally de creas ing to wards
the NW, and it di vides the over all graben struc ture into two
smaller do mains, a south ern one of al most rhomboidal shape
and a north ern tri an gu lar one. Geo log i cal map ping re vealed the 
ex is tence of dis tinct cataclasite zones up to 50 m wide, aligned
along the south ern and north ern sec tors of the fault zone (Figs.
3 and 4), be tween sed i men tary rocks and their meta mor phic
base ment. These zones con sist of fault gouges and brec cias of
an gu lar frag ments of gneiss. To the NE of the Mid dle Kamionki
Fault, the graben is cut by two, rel a tively mi nor, NW–SE
trending dis con ti nu ities (Fig. 3). To wards the SE the KG nar -
rows to ~50 m in width and ex poses Viséan sand stones, which
are folded and prob a bly thrusted over the crys tal line base ment
(Fig. 4, cross-sec tion DD’). At the south ern most end of the
graben, the West ern Kamionki and the Pniaki faults con verge
to form a sin gle, NNW-SSE strik ing fault.

GEOPHYSICAL SURVEY

The re sults of our geo phys i cal sur vey are shown on two
types of sec tion: (1) a geoelectrical sec tion, show ing the cal cu -
lated and  geo log i cally in ter preted ap par ent elec tri cal re sis tiv ity
field (ERT; Fig. 5) and (2) a re frac tion seis mic sec tion, show ing
the cal cu lated P-wave ve loc ity field and its geo log i cal in ter pre -

Aleksander Kowalski and Grzegorz Pacanowski / Geo log i cal Quar terly, 2025, 69, 6 9

https://wwwguidelinegeoc.cdn.triggerfish.cloud/uploads/2016/03/Terraloc-Pro-Instruction-Manual.pdf
https://doi.org/10.1016/j.jappgeo.2016.10.021
https://doi.org/10.31577/congeo.2023.53.2.2
https://doi.org/10.1016/j.jappgeo.2015.10.008
https://doi.org/10.7306/CETEG2024-2


ta tion (SRT-P; Fig. 6). Af ter com pi la tion of these geo phys i cal
sec tions, the cross-sec tion so gen er ated al lowed us to con -
strain the subsurface geo log i cal in ter pre ta tion of the graben ge -
om e try and fault ar range ment, as well as to in ter pret the char -
ac ter of re la tion ships be tween the graben infill and its crys tal line 
base ment (Fig. 5A, B). The geo phys i cal pro file ex e cuted was
ori ented roughly per pen dic u lar to the map-view elon ga tion of
the KG and its fault bound aries (Fig. 3).

The part of the ERT sec tion ana lysed, 900 m long, shows a
high vari abil ity and com plex pat tern of ap par ent elec tri cal
resistivities rang ing from sev eral hun dred to sev eral thou sand
Wm (Fig. 5A). The cross-sec tion shows dis tinct changes, both
ver ti cal and lat eral, in the re sis tiv ity im age ob tained. These
changes are re lated to dif fer ent types of li thol ogy in ter preted
here as the crys tal line bed rock (mostly gneissic) and the
graben infill. The re sis tiv ity im age shows a con cave-up pat tern
of re sis tiv ity con tour lines, whose ar range ment we in ter pret as
show ing mappable, large-scale NW–SE-trending fold struc -
tures within the the KG sed i men tary infill (Fig. 5A). The high est
re sis tiv ity val ues (300 to 3000 Wm; most com monly
500–1000 Wm), re corded from the SW end of the pro file for
about 100 metres lat er ally, cor re spond to the gneissic li thol ogy
of the south-west ern shoul der of the KG and of its base ment,
and, prob a bly, also of strongly ce mented and brecciated sand -
stones with low wa ter con tent (Fig. 5A, B). Rel a tively low re sis -
tiv ity val ues were re corded in the Car bon if er ous sand stones
and mudstones ex posed at the cur rent top o graphic sur face.
How ever, sig nif i cant vari abil ity in re sis tiv ity val ues was also ob -
served within this lithological unit. The in ter vals be tween the
dis tance ranges from 100 to 200 m and from 250 to 600 m from
the be gin ning of the sec tion, while the re sis tiv ity val ues within
sand stones range from 150 to 500 Wm and from ~300 to 800
Wm, re spec tively. The over ly ing con glom er ates are char ac ter -
ized by low to me dium re sis tiv ity val ues of from 300 to 3000
Wm. Near the end of the pro file, be tween 850 and 900 m from
its start ing point, the sec tion re veals sig nif i cantly lower elec tri cal 
re sis tiv ity val ues (around 200 Wm). These val ues cor re spond to 
strongly frac tured serpentinites, gneiss es, and Qua ter nary de -
pos its that oc cur in the subsurface zone near the Kamionka
River val ley.

The struc tural in ter pre ta tion was de vel oped based on hor i -
zon tal vari a tions in the re sis tiv ity im age and their cor re la tion
with the re sults of our geo log i cal map ping (Fig. 5B). Four nar -
row zones of sig nif i cantly low elec tri cal re sis tiv ity val ues, char -
ac ter ized by nearly ver ti cal, sharp in den ta tions, were iden ti fied.
We in ter pret these fea tures as fault zones (FZ-1 at a dis tance of 
100 m from the start ing point of the pro file, FZ-2 at 250 m, FZ-3
at 420 m, and FZ-4 at 630 m; all of them marked by solid lines in 
Fig. 5A, B). The low re sis tiv ity val ues are re garded as cor re -
spond ing to con duc tive, wa ter-sat u rated fault zones. In ad di -
tion, two nar row zones with lower re sis tiv ity val ues, lo cated at
dis tances of 710 m and 850 m on the cross-sec tion, are in ter -
preted as cor re spond ing to fault brec cia and cataclasite zones
within the Car bon if er ous sed i men tary rocks, as well as within
the gneissic and serpentinitic bed rock iden ti fied at the sur face.

The SRT-P seis mic pro file (Fig. 6) does not show sig nif i cant 
changes in P-wave ve loc ity, ei ther near the lithological bound -
aries pre vi ously in ter preted from map ping or at the fault zones
in ferred along the geoelectrical cross-sec tion.The P wave ve -
loc ity gen er ally in creases grad u ally with depth, with out in ter vals 
of higher gra di ents. The cross-sec tion shows high to very high
P-wave ve loc ity val ues (Vp), rang ing from 3000 m/s at shal low
depths to 4500–5000 m/s in the deeper parts of the pro file.
These val ues cor re spond to the gneiss of the base ment and the 
south west ern shoul der of the KG. Only the near-sur face Vp val -
ues (up to 10–15 m in depth) are lower than 3000 m/s, which

ap pear to rep re sent a weath ered zone. Our seis mic sur vey re -
vealed a rel a tively ho mo ge neous dis tri bu tion of Vp val ues near
the top o graphic sur face, while greater vari abil ity was ob served
in the deeper parts of the pro file. Be tween 50 and 200 m from
the start ing point of the sec tion, much lower P-wave ve loc ity val -
ues were re corded, likely as so ci ated with a re verse fault (?) and
re lated brecciation. The small dif fer ences in Vp dis tri bu tion cor -
re late with the FZ1–FZ4 fault zones iden ti fied on the ERT
cross-sec tion.

STRUCTURAL ANALYSIS

MESOSCALE FOLDS

The out crop-scale folds are rel a tively com mon deformatio -
nal struc tures in the ex po sures of the Car bon if er ous sand -
stones and mudstones in the south ern part of the KG. In its
south ern most part (lo cal ity 7), in ex po sures sit u ated along the
Kamionka stream val ley, a group of mesoscopic folds dis plays
very gen tle, open ge om e try (interlimb an gles of 70–110°). Far -
ther north, asym met ri cal, N-vergent fault-prop a ga tion folds
have de vel oped, likely in the hang ing wall of a thrust fault
(Fig. 7A). Hor i zon tal up right folds, tight with an gu lar and sharp
hinges, com monly with chev ron-like pro files (Fig. 7B) are also
pres ent. These folds have nearly ver ti cal ax ial planes, hor i zon -
tal hinge lines, and in volve heterolithic pack ages of thinly
interbedded sand stone-mudstone lay ers. Their wave lengths
range from 1 to 3 m. Ad di tion ally, asym met ri cal to mod er ately
in clined N-vergent folds, with limbs dip ping nearly 80° to the S
and N, are also pres ent (Fig. 7C).

The fold axes in the Kamionki Graben pre dom i nantly trend
E–W to ENE–WSW, in di cat ing a N–S to NNE–SSW di rec tion of 
tec tonic short en ing (Fig. 7D). The hinge zones of the anticlines
oc ca sion ally dis play nearly ver ti cal, pla nar ax ial cleav age. In the 
north ern limbs of the asym met ri cal folds, re verse mesofaults
dip ping at up to ~60° to ward the NE have de vel oped (Fig. 7D).
Some mi nor faults were also ob served. No mesoscopic folds
have been iden ti fied in the sand stones ex posed in the
north-west ern part of the graben (loc. 3). In this area, a se ries of
NW–SE-trending map-scale folds is pres ent (cf. Figs. 3 and 4).

JOINTS AND FAULTS

The Car bon if er ous sed i men tary rocks of the KG are af -
fected by two (con glom er ates) or three (sand stones and
mudstones), con ju gate sets of joints des ig nated in this pa per as 
J1 to J3 (Fig. 8A). The or thogo nal or nearly or thogo nal sys tem of
bed-con fined joints with reg u lar spac ing, strik ing NW–SE (J1)
and NE-SW (J2) is char ac ter is tic of the con glom er ates ex posed
in the north ern and cen tral parts of the graben (loc.1 and 2). The 
sur faces of these joints are mor pho log i cally sim i lar; they are
usu ally pla nar, smooth and re veal ap er tures reach ing a few
milli metres (Fig. 8B). Clock wise ro ta tion of these joints was ob -
served in the con glom er ates near the Mid dle Kamionki Fault
(Fig. 8A, loc. 4). The com bined ef fect of bed ding and joint ro ta -
tion is in ter preted as the re sult of tec tonic ro ta tion of a
fault-bounded block near the Mid dle Kamionki Fault, ac com pa -
nied by gen tle buck ling. The sand stones ex posed in the west -
ern part of the graben (loc. 3) are in ter sected by three sets of
joints (Fig. 8A, C). Apart from the pre vi ously de scribed joints of
sets J1 and J2, there oc cur per va sive, well-de fined joints as -
signed here to set J3, strik ing subparallel (nearly NNW–SSE or
N–S) to the graben bound aries (Fig. 8A, C). In the wes tern most
part of the KG, frac tures show ev i dence of shear ing in a dextral
strike-slip re gime (Fig. 8D). Tilted and ro tated, NW–SE and
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Fig. 7. Ex po sure-scale folds in Car bon if er ous sand stones in the south ern most part of the Kamionki Graben (loc. 7)

The bed ding at ti tudes (shown as yel low dashed lines) are de scribed with dip di rec tion/dip an gle. In set stereoplots are lower
hemi sphere, equal area pro jec tions on a Schmidt-Lam bert net show ing bed ding ori en ta tion (bed). A – an asym met ri cal,
N-vergent anticline (fault-prop a ga tion fold) de vel oped in the hang ing wall of a thrust fault. Sand stone beds show ev i dence of
drag ging above the fault (lo cated mostly be low the ex po sure bot tom); B – up right, tight, nearly sym met ri cal anticline with chev ron 
pro file, ver ti cal ax ial plane and hor i zon tal hinge line; C – in clined, asym met ri cal folds with ax ial plane dip ping nearly 60° to the S
(red great cir cle) af fect ing sand stone beds; D – open to tight, E–W to WNW–ESE-trending folds, cut by two mi nor re verse faults
in the NNE part of the stream val ley pro file



NE–SW trending, sets of frac tures were also ob served within
folded sand stones and mudstones in the south ern most por tion
of the graben (loc.7).

Four ge net i cally dif fer ent sets of faults with a con strained
slip sense, re ferred to here as pop u la tions num bered I–IV, have 
been rec og nized and mea sured within the KG and within its
meta mor phic base ment (Figs. 8D and 9). Pop u la tions I–IV
were sep a rated into ho mog e neous sets based on ki ne matic cri -
te ria and cross-cut ting re la tion ships.

Pop u la tion I con sists of steep strike-slip dextral faults with
non-pla nar/curved sur faces, which are dis sect ing sand stones
ex posed along the West ern Kamionki Fault (loc. 3). They are
ori ented subparallel to the trough elon ga tion and re veal dips
greater than ~70°. Most of these faults rep re sent re ac ti vated
(pre dom i nantly in a dextral strike-slip re gime) pla nar non-stri -
ated joint sur faces trending N-S to NNW-SSE, both as signed to
the J2 joint set (Fig. 8D). A few dextral faults were also ob served
within nearly ver ti cally-dip ping sand stones near the West ern
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Fig. 8. Joints, faults and re lated struc tures in the Car bon if er ous suc ces sion of the Kamionki Graben. Num bers of
ex po sures are in di cated in yel low cir cles (see Fig. 2 for the lo ca tions)

Ori en ta tion of joints is shown as rose di a grams (cir cu lar fre quency poly gon plots) and as stereoplots (lower hemi sphere, equal area
pro jec tions on a Schmidt-Lam bert net). A – joint sys tems in Car bon if er ous con glom er ates (loc. 1, 2 and 4) and sand stones (loc. 3);  B –
two sets of joints cut ting con glom er ates in a tor near the east ern mar gin of the graben (loc. 6). Pla nar sur face of re verse fault of pop u la -
tion III re lated to J1 joint is marked; C – three sets of pla nar, ver ti cal to subvertical bed-con fined frac tures cut ting nearly hor i zon tal sand -
stones ex posed in an aban doned quarry near the west ern mar gin of the graben on the footwall of the West ern Kamionki Fault (loc. 3); D
– sur face of J2 joint in sand stone, show ing ev i dence of shear ing in a dextral strike-slip re gime (loc. 3); plane of a pop u la tion I dextral
fault



Kamionki Fault. The ori en ta tion of com pres sion (P) cal cu lated
for the faults of pop u la tion I vary be tween ~15.2–195.2 and
~44.2–224.2° (mean: 35.0°; Ta ble 1).

Pop u la tion II in cludes the steeply in clined, NNW-SSE to
NNE–SSW-strik ing, sinistral faults re corded in the Car bon if er -
ous con glom er ates (loc. 4; Fig. 9A) and in gneiss es ex posed
along the West ern Bound ary Fault, near the south ern cor ner of
the graben (loc. 8). At loc. 4, NNW–SSE to NNE–SSW-trending 
sinistral faults oc cur with well-de vel oped hor i zon tal or
subhorizontal slick en sides, asym met ri cal ridges, and steps
(Fig. 9A). They are sub-par al lel to the strike of the Pniaki Fault
(Fig. 2). The re con structed short en ing (P) axes cal cu lated from
fault-slip data of this pop u la tion vary be tween ~109.9–289.9°
and 155.2–335.2° (WNW–ESE to NW–SE-ori ented, nearly hor -
i zon tal com pres sion and ENE–WSW to NE–SW-ori ented ex -
ten sion) in the Car bon if er ous con glom er ates to ~105.2–285.2
and 134.9–314.9 in the gneiss es (NW–SE- and WNW–ESE ori -
ented nearly hor i zon tal com pres sion) and im ply a sinistral com -
po nent of mo tion (Ta ble 1).

The faults of pop u la tion III were ob served to oc cur within the 
polymictic con glom er ates ex posed lo cally near the north ern
mar gin of the Kamionki Graben (loc. 4; Fig. 9B). The con glom -
er ates host steep, NW–SE-strik ing mi nor faults, par al lel and
sub-par al lel to the map-scale fold axes and the graben’s bound -

ary faults. The fault sur faces dis play well-de vel oped slick en -
sides, asym met ri cal ridges and steps in di cat ing the re verse
sense of dis place ments (Fig. 9B). At loc. 4, faults of this pop u la -
tion are rep re sented by steep, stri ated sur faces with dip an gles
rang ing ~75–80° to wards the NE and strike lines ori ented
obliquely to the Pniaki Fault.  These faults cut older, pop u la tion
II sinistral faults. A con ju gate sys tem of re verse faults with dips
at ~60–75°, both to wards the NNE and SSW, is ex posed also at 
loc. 6. The fault lines are ori ented par al lel and sub-par al lel to
the Mid dle Kamionki Fault. The re verse faults of pop u la tion I re -
veal WSW–ENE to NE–SW subhorizontal com pres sion (P) di -
rec tion of ~11.7–191.7 and ~73.3–253.3° (mean: 66.9°) and
WNW–ESE to NW–SE steeply in clined ex ten sion (T) axes (Ta -
ble 1 and Fig. 10).

The faults of pop u la tion IV were ob served in sand stones ex -
posed along the West ern Kamionki Fault (loc. 3; Fig. 9C). They
are ori ented subparallel to the graben elon ga tion and re veal
dips greater than ~70°. These faults rep re sent pla nar or curved
dis con ti nu ities trending NW–SE, with lit tle ev i dence of dis place -
ments (Fig. 9C). The ori en ta tion of ex ten sion (T) di rec tion cal -
cu lated for the faults of pop u la tion IV vary be tween ~24.0–35.0
and ~230.0° (mean: 34.2°) with a nearly subvertical, NE–SW
di rected mean com pres sion (P) di rec tion of ~214.1/65.6 (Ta -
ble 1 and Fig. 10).
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Fig. 9. Ex am ples of faults of pop u la tions II–IV in the Car bon if er ous suc ces sion of the Kamionki Graben

Num bers of ex po sures are in di cated in yel low cir cles (see Fig. 2 for the lo ca tions). A – pol ished and stri ated plane of a pop u la tion II
sinistral fault ac com pa nied by R frac tures; B – pol ished and stri ated sur face of a pop u la tion III re verse fault; the fault is ori ented
sub-par al lel to the East ern Kamionki Fault; C – non-pla nar faults of pop u la tion IV (nor mal) faults ex posed near the West ern Kamionki
Fault



INTERPRETATION AND DISCUSSION:
STRUCTURAL EVOLUTION OF THE KAMIONKI

GRABEN

Due to the very lim ited num ber of ex po sures, sparse
fault-slip data and the lack of a clear Meso-Ce no zoic geo log i cal
re cord in the up lifted area of the Góry Sowie Block, a pre cise re -
con struc tion of its struc tural evo lu tion faces con sid er able dif fi -
cul ties. Nev er the less, the evo lu tion of the KG de vel oped on top
of the GSM can be roughly re con structed, us ing the cri te ria of
the su per po si tion and re la tion ships be tween the duc tile and
brit tle tec tonic de for ma tion struc tures. Palaeostress data from
ad ja cent geo log i cal units, ex pos ing youn ger, slightly de formed
lower Perm ian to Up per Cre ta ceous strata, may also be use ful
in this task. Based on the re sults of geo log i cal map ping, struc -
tural anal y sis and geo phys i cal sur vey, the in ter pre ta tion pro -
posed here as sumes a rel a tively com plex, polyphase (at least
four-stage) de vel op ment of the Kamionki Graben area, that be -
gan in the Car bon if er ous and lasted un til the late Ce no zoic
(Fig. 11).

The Car bon if er ous suc ces sion of the Góry Sowie Mas sif
was folded (and, lo cally, also prob a bly thrusted over the
gneissic base ment) into the ESE–WNW to E–W and, less fre -
quently, NW–SE ori ented folds at the end of the Mis sis sip pian
(Namurian ?) ep och (Fig. 11). The fold axes mea sured are
nearly per pen dic u lar to the di rec tion of the in ter preted
NNE-SSW to N-S hor i zon tal com pres sion at the NE fore land of
the Bo he mian Mas sif dur ing the end-Variscan orog eny (Edel et
al., 2018; Mazur et al., 2020). Fold struc tures of sim i lar ge om e -
try are wide spread in the Car bon if er ous strata de pos ited in the
sys tem of late-orogenic, col li sion-re lated, fore land- and
intra-montane bas ins that de vel oped at the NE and E mar gins
of the Bo he mian Mas sif (e.g., Hartley and Otava, 2001; Bábek
et al., 2004; Narkiewicz, 2007; Mazur et al., 2010; Narkiewicz,
2020). Late Pa leo zoic, dextral move ments along the main
crustal shear zone faults of the NE Bo he mian Mas sif that acted
dur ing the fi nal pulses of the Variscan orog eny have been pos -
tu lated and doc u mented by many au thors (e.g., Aleksan -
drowski et al., 1997; Edel et al., 2018; Žák et al., 2018; Mazur et
al., 2020).  The dextral dis place ments were prob a bly re lated to
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Id.
S.

no.
Lit. Sl. Fault pop.

Fault plane Striae P axis T axis B axis

strike dip trend plunge trend plunge trend plunge trend plunge

1 2 St R I 180 80 359 5 44.2 10.5 134.9 3.6 243.6 78.9

2 2 St R I 360 90 180 0 45.0 0.0 135.0 0.0 90.0 90.0

3 2 St R I 185 85 185 0 49.9 3.2 140.1 3.8 280.0 85.0

4 2 St R I 330 65 333 6 193.7 13.3 289.1 21.5 74.2 64.3

5 2 St R I 330 85 330 5 195.2 0.0 285.2 7.1 105.0 82.9

6 2 St N IV 310 72 40 72 220.0 63.0 24.0 40.0 310.0 0.0

7 2 St N IV 305 60 35 60 215.0 75.0 35.0 15.0 305.0 0.0

8 2 St N IV 305 75 35 75 215.0 60.0 35.0 30.0 305.0 0.0

9 2 St N IV 140 50 230 50 50.0   85.0 230.0 05.0 320.0 0.0

10 4 Cg T III 330 80 60 80 60.0 35.0 240.0 55.0 330.0 0.0

11 4 Cg T III 345 75 67 75 73.3 30.0 258.0 59.9 164.4 2.1

12 4 Cg T III 340 80 65 80 69.3 35.0 251.1 55.0 159.8 0.9

13 4 Cg T III 335 80 60 80 64.3 35.0 246.1 55.0 154.8 0.9

14 4 Cg L II 340 90 160 6 114.9 4.0 205.1 4.0 340.0 84.3

15 4 Cg L II 335 90 155 5 109.9 3.8 200.1 3.8 335.0 84.7

16 4 Cg L II 200 85 201 9 155.2 9.8 245.6 2.7 350.7 79.9

17 4 Cg L II 185 70 189 10 143.3 21.7 50.7 6.5 304.8 67.2

18 4 Cg L II 160 85 161 15 114.8 14.1 206.5 6.9 321.9 74.3

19 4 Cg L II 345 90 165 6 119.8 4.2 210.2 4.2 345.0 84.0

20 4 Cg L II 180 70 184 10 138.3 21.7 45.7 6.5 299.8 67.2

21 4 Cg L II 165 80 167 11 120.9 14.6 211.0 0.4 302.5 75.4

22 6 Cg T III 110 60 200 60 200.0 15.0 20.0 75.0 290.0 0.0

23 6 Cg T III 290 60 47 57 30.5 13.8 166.8 71.2 297.4 12.5

24 6 Cg T III 306 60 36 60 36.0 15.0 216.0 75.0 306.0 0.0

25 6 Cg T III 280 70 16 70 11.7 25.0 186.5 64.9 280.7 2.0

26 6 Cg T III 110 75 200 75 200.0 30.0 20.0 60.0 290.0 0.0

27 8 Gn L II 180 80 359 5 134.9 3.6 44.2 10.5 243.6 78.9

28 8 Gn L II 360 90 0 0 135.0 0.0 45.0 0.0 90.0 90.0

29 8 Gn L II 185 85 185 0 140.1 3.8 49.9 3.2 280.0 85.0

31 8 Gn L II 330 65 333 6 289.1 21.5 193.7 13.3 74.2 64.3

32 8 Gn L II 330 85 330 5 285.2 7.1 195.2 0.0 105.0 82.9

S – mea sure ment site; Lit – li thol ogy: St – sand stone, Cg – con glom er ate, Gn – gneiss; Sl – sense of slip: R – dextral, L – sinistral, N – nor mal, 
T – thrust/re verse fault; Fault pop. – fault pop u la tion dis tin guished

T a  b l e  1

 Se lected pa ram e ters, mea sured ori en ta tions and prin ci pal axes of the fi nite strain el lip soid of in di vid ual faults in the Kamionki
Graben area
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https://doi.org/10.1016/j.earscirev.2017.12.007
https://doi.org/10.1016/j.earscirev.2017.12.007
https://doi.org/10.1144/jgs.158.1.137
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the mo tion (oblique con ver gence) be tween Gond wana-de rived
microcontinents and the con ti nent of Laurussia (Hofmann et al., 
2009; Martínez Catalán, 2012, 2021; Franke et al., 2017; Edel
et al., 2018; Žák et al., 2018; Tomek et al., 2019). The meso-
sca le folds at trib uted to this re gional short en ing event are the
most com mon struc tures in the south ern most por tion of the
Kamionki Graben be tween its bound ary faults. The av er age

short en ing (P) axis ori en ta tion ob tained from the dextral faults
(re ferred to as fault pop u la tion I; Fig. 10) in the Kamionki
Graben re flects a sim i lar, over all NNE–SSW to NE–SW com -
pres sion di rec tion (Fig. 10). There fore, it can not not be ex -
cluded that the transpression gen er ated by the strike-slip
dextral dis place ments may have played an ac tive role in the
fold ing pro cess.
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Fig. 10. Ki ne matic data col lected on mi nor faults and in ter pre ta tion of the prin ci pal axes of fi nite strain el lip soids cal cu lated
us ing the PBT method – mo ment ten sor anal y sis (Angelier 1984; Marrett and Allmendinger 1990; Pascal 2021) for the four

ho mog e nous fault sys tems  (pop u la tions) I–IV dis tin guished in the Kamionki Graben

The fault plane ori en ta tions col lected are shown on the great cir cle di a grams with marked poles. Striae on fault planes are shown as dots 
with ar rows in di cat ing the sense of dis place ment of the hang ing wall block. The in set “beachball plots” ob tained from mo ment ten sor

anal y sis show short en ing (P) and ex ten sion (T) quad rants. Num bers of ex po sures are in di cated in yel low cir cles

https://doi.org/10.1029/JB089iB07p05835
https://doi.org/10.1016/j.earscirev.2017.12.007
https://doi.org/10.1016/j.earscirev.2017.12.007
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https://doi.org/10.1144/SP327.10
https://doi.org/10.1144/SP327.10
https://doi.org/10.1016/0191-8141(90)90093-E
https://doi.org/10.1007/s00531-011-0715-6
https://doi.org/10.1016/j.earscirev.2021.103700
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Fig. 11. Sche matic model show ing evo lu tion of the Kamionki Graben

For fur ther ex pla na tions see the text



The for ma tion of the Kamionki Graben as a tec tonic de pres -
sion in cluded dis place ments along NNW–SSE to NW–SE strik -
ing high-an gle faults (Fig. 11). These oc curred over a long pe -
riod be tween the Namurian (late Mis sis sip pian) and Neo gene,
start ing some time be tween the late Car bon if er ous and early
Perm ian. The de vel op ment of the graben must have oc curred
only slightly af ter the fold ing of the Car bon if er ous suc ces sion
and is cor re lated by the au thors with a sig nif i cant, late Car bon if -
er ous to early Perm ian re gional up lift and ero sion, as so ci ated
with the grav i ta tional col lapse of the newly formed Variscan
orogen (e.g., Mazur et al., 2006; Žák et al., 2018). Var i ous parts
of the GSM were then pro gres sively ex humed and sup plied
gneissic de tri tus to the nearby Intra-Sudetic Ba sin (Mastalerz,
1996). How ever, Aramowicz et al. (2006), pos tu lated, on the
ba sis of ap a tite fis sion-track dat ing (AFT), that the shoul ders of
the Kamionki Graben, to gether with the en tire Góry Sowie
Block, were prob a bly partly cov ered by Car bon if er ous and
Perm ian sed i ments dur ing late Car bon if er ous and Perm ian
times. These re sults sug gest a sig nif i cant ep i sode of burial un -
der a thick cover of Pa leo zoic clastic de pos its.

Based on the above, we in ter pret the NNW–SSE to
NNE–SSW strik ing, strike-slip (mainly sinistral) faults of pop u la -
tion II (Fig. 10) as the re sult of NE–SW to WNW–ESE re gional
ex ten sion (transtension) in late Car bon if er ous to early Perm ian
times (Fig. 11). These faults must have been re ac ti vated dur ing
the lat est, suc ces sive tec tonic events af fect ing the Car bon if er -
ous suc ces sion pre served on top of the Góry Sowie Mas sif
(Fig. 11). Sinistral move ment along the nearby Intra-Sudetic
(G³uszyca) Fault, strik ing par al lel to the Kamionki Graben, be -
tween the late Car bon if er ous and early Perm ian, has been pos -
tu lated by Aleksandrowski et al. (1997). The in ferred late Car -
bon if er ous–early Perm ian extensional stage co in cides with the
wide spread sub si dence event as so ci ated with the ini tial stages
of the Pol ish Ba sin’s de vel op ment (Krzywiec et al., 2022). The
for ma tion of kersantite and rhy o lite dykes, which pre dom i nantly
trend NW–SE to NNW–SSE and are ex posed in the Góry
Sowie Mas sif area (Grocholski, 1967; Awdankiewicz, 2007), as
well as the em place ment of vol ca nic and sub-vol ca nic bod ies in
the ad ja cent Intra-Sudetic Ba sin (Awdankiewicz, 1999, 2022),
ap pear to be ge net i cally linked to this evo lu tion ary stage.

Re con struct ing the struc tural evo lu tion of the Góry Sowie
Mas sif and in ter pret ing the tec tonic events span ning from the
Early Tri as sic to the Late Cre ta ceous is ex ceed ingly chal leng -
ing. A sed i men tary cover of Early Tri as sic and pos si bly even Ju -
ras sic age may have once ex isted in the study area, al though its 
ex tent re mains un de ter mined. Lower Tri as sic de pos its are pre -
served in the nearby Intra-Sudetic and North-Sudetic bas ins
(e.g., Mroczkowski and Mader, 1985). Petrographic anal y ses of 
these de pos its, how ever, sug gest that the Góry Sowie Mas sif
may have served as a source area for these bas ins dur ing the
Tri as sic (Mroczkowski, 1969; Mroczkowski and Mader, 1985;
Kowalski, 2020). More over, pres ent-day out crops of shal -
low-ma rine Ju ras sic de pos its in the NE Bo he mian Mas sif are
con fined to the Elbe Fault Zone (see Fig. 1A for lo ca tion)
(Valeèka, 2019; Nádaskay et al., 2024). The orig i nal ex tent of
these strata to the NE of this zone re mains un de ter mined and
con tin ues to be a sub ject of on go ing dis cus sion in the lit er a ture 
(Voigt, 2009; Hofmann et al., 2018; Nádaskay et al., 2019,
2024; Valeèka, 2019). Nadaskay et al. (2019), us ing heavy min -
eral as sem blages and U-Pb de tri tal zir con geo chron ol ogy, in -
ter preted sub stan tial extensional re ac ti va tion of ma jor Variscan
faults in the NE Bo he mian Mas sif dur ing the Mid dle–Late Ju ras -
sic as well as in the Early Cre ta ceous. These pos tu lated
extensional phases co in cide with pulses of ex ten sion-re lated
sub si dence in the Pol ish Ba sin dur ing the Late Ju ras sic and
early Cenomanian (Dadlez et al., 1995; Stephenson et al.,

2003). The pos si ble re ac ti va tion of NW–SE-trending faults in
the NE Bo he mian Mas sif is thought to have led to en hanced
sub si dence north east of the Elbe Fault Zone and an in crease in
sed i ment sup ply to the area of the pres ent-day Lusatian Mas sif
dur ing the Mid dle Ju ras sic to Early Cre ta ceous. How ever, in
their palaeogeographic re con struc tions, Nádaskay et al. (2019) 
de picted the Góry Sowie Block as lack ing Ju ras sic and Cre ta -
ceous cover dur ing this pe riod. Thus, the ex tent of the Ju ras sic
de pos its – and whether they cov ered the Sudetes re gion – re -
mains un re solved. It is widely ac cepted that, dur ing the Late
Cre ta ceous, the Góry Sowie Mas sif acted as a source area for
the Intra-Sudetic and North-Sudetic bas ins, rep re sent ing an
emerged seg ment of the East ern Sudetic Is land that sup plied
clastic sed i ment to these bas ins (e.g., Voigt, 2009; Biernacka,
2012; Leszczyñski and Nemec, 2020; Kowalski, 2021a, b).

The Late Cre ta ceous–early Paleogene up lift of the Góry
Sowie Mas sif along the Sudetic Mar ginal and G³uszyca faults to 
the NE and SW, re spec tively, must have re sulted in sub se -
quent ero sion of the moun tain ous part of the mas sif (Fig. 11).
The up lift was due to Late Cre ta ceous–early Paleogene, re -
gional, NE–SW-ori ented tec tonic com pres sion and con com i -
tant in ver sion, which af fected the west ern and cen tral Eu ro pean 
Al pine fore land (Rosenbaum et al., 2002; Mazur et al., 2005;
Kley and Voigt, 2008; Voigt et al., 2021; G³uszyñski and
Aleksandrowski, 2022). An av er age ori en ta tion of short en ing
(P) axis cal cu lated from fault pop u la tion III (Fig. 10) cor re -
sponds to the re gion ally re ported palaeostress and re -
gional-tec tonic data doc u ment ing this Late Cre ta ceous–early
Ce no zoic de for ma tion of the NE fringe of the Bo he mian Mas sif
(Pešková et al., 2010; Coubal et al., 2015; Novakova, 2015;
Kowalski, 2021a, b; Sobczyk and Szczygie³, 2021; G³uszyñski
and Aleksandrowski, 2022). A rel a tively uni form, NE–SW to
ENE-WSW ori ented compressional stress re gime is in ter preted 
as a re sult of far-field ef fects of the Eu rope-Ibe ria-Af rica plate
con ver gence at ~86–70 Ma (Rosenbaum et al., 2002; Kley and
Voigt, 2008). A broad range of sim i larly ori ented, in ver sion
struc tures (both brit tle and duc tile) re lated to this de for ma tion
event is com monly ob served through out Cen tral Eu rope in the
fore land of the Al pine-Carpathian de for ma tion front (Kozdrój
and Cymerman, 2003; Mazur et al., 2005; Kley and Voigt, 2008; 
Krzywiec et al., 2018, 2022; Voigt et al., 2021; G³uszyñski and
Aleksandrowski, 2022). These struc tures in clude low- to
high-an gle re verse and nor mal faults, thrusts de lim it ing base -
ment highs, in verted bas ins and grabens, as well as mar ginal
troughs (Voigt et al., 2021). The to tal amount of de nu da tion of
the Góry Sowie Mas sif linked with this tec tonic event is es ti -
mated at 4–8 km (Aramowicz et al., 2006) and at least 4 km for
the ad ja cent Intra-Sudetic Ba sin (Botor et al., 2019). Based on
the ap a tite fis sion track (AFT) data and ther mal mod el ling re -
sults, Danišik et al. (2012) ar gued that the re verse faults and
low-an gle thrusts were ac tive in the Sudetic re gion be tween
85–70 Ma.

Nor mal faults of pop u la tion IV (Figs. 9C and 10), ori ented
nearly par al lel to the graben elon ga tion, are likely as so ci ated
with the most re cent stage of the brit tle de for ma tion linked to the 
NE–SW-ori ented extensional re gime. These faults are par al lel
to the strike lines of the NW–SE ori ented faults that dis place
sed i men tary rocks within the KG. This stress ori en ta tion can be
cor re lated with the youn gest brit tle de for ma tion struc tures re -
vealed by fault-slip data and re corded in the vi cin ity of the
Sudetic Mar ginal Fault (Krzyszkowski and Pijet, 1993;
Krzyszkowski and Olejnik, 1998; Ró¿ycka et al., 2021; Migoñ et 
al., 2023). Sub-re cent neotectonic trans for ma tion of the pre-ex -
ist ing faults can not be ex cluded in the study area. Neotectonic,
extensional fault re ac ti va tion may have in flu enced the for ma -

Aleksander Kowalski and Grzegorz Pacanowski / Geo log i cal Quar terly, 2025, 69, 6 17

https://doi.org/10.1017/S0016756897007590
https://doi.org/10.1127/0077-7757/2006/0046
https://doi.org/10.1127/0077-7757/2006/0046
https://doi.org/10.1007/s00531-022-02232-y
https://doi.org/10.7306/gq.1024
https://doi.org/10.7306/gq.1024
https://doi.org/10.1007/s00531-019-01777-9
https://doi.org/10.1016/j.jog.2015.02.006
https://doi.org/10.1016/0040-1951(95)00104-2
https://doi.org/10.1029/2011TC003012
https://doi.org/10.5194/se-13-1219-2022
https://doi.org/10.5194/se-13-1219-2022
https://doi.org/10.5194/se-13-1219-2022
https://doi.org/10.5194/se-13-1219-2022
https://doi.org/10.5194/se-13-1219-2022
https://doi.org/10.5194/se-13-1219-2022
https://doi.org/10.1007/s00531-017-1552-z
https://doi.org/10.1130/G24930A.1
https://doi.org/10.1130/G24930A.1
https://doi.org/10.1130/G24930A.1
https://doi.org/10.1130/G24930A.1
https://doi.org/10.14241/asgp.2020.09
https://doi.org/10.14241/asgp.2021.05
https://doi.org/10.14241/asgp.2021.05
https://doi.org/10.14241/asgp.2020.21
https://doi.org/10.14241/asgp.2020.21
https://doi.org/10.5194/se-13-639-2022
https://doi.org/10.5194/se-13-639-2022
https://doi.org/10.1144/SP469.14
https://doi.org/10.1002/dep2.92
https://gq.pgi.gov.pl/article/view/7400
https://doi.org/10.1007/s00531-005-0016-z
https://doi.org/10.1007/s00531-005-0016-z
https://doi.org/10.7163/GPol.0248
https://doi.org/10.7163/GPol.0248
https://doi.org/10.1007/s00531-019-01781-z
https://doi.org/10.1007/s00531-019-01781-z
https://doi.org/10.1007/s00531-019-01781-z
https://doi.org/10.7306/gq.1770
https://doi.org/10.7306/gq.1770
https://doi.org/10.1007/s11629-014-3297-5


tion of the pres ent-day val ley net work, es pe cially of the
Kamionka river val ley. The rec ti lin ear course of this val ley may
be ex plained by such fault ac tiv ity.

An other im por tant is sue is the or i gin of the sys tem atic joints
in the sed i men tary rocks stud ied. The WNW–ESE to NW–SE
and NE–SW trending joint sets, sim i lar to those in the grabens
on top of the GSM, were also ob served within the Permo-Me so -
zoic rocks ex posed in the nearby Intra-Sudetic and North-
Sudetic synclinoria (Jerzykiewicz, 1968; Solecki, 1994). Al -
though these lat ter joint sets are in ter preted as Late Cre ta -
ceous–early Paleogene in age (Jerzykiewicz, 1968; Solecki,
2011; G³uszyñski and Aleksandrowski, 2022), it can not be ex -
cluded that in the study area the ini ti a tion and de vel op ment of
the joint pat tern was linked with a stress field that was pres ent
dur ing the wan ing stages of the Variscan orog eny. Such late
Variscan joints were even tu ally ro tated dur ing suc ces sive
phases of brit tle and duc tile de for ma tion. Due to the lim ited
num ber of ex po sures in the Kamionki Graben area this is sue
re quires sys tem atic re search in the fu ture, also in the ar eas of
ad ja cent tec tonic units com posed mainly of strongly folded Car -
bon if er ous sed i men tary strata (i.e. the Œwiebodzice De pres sion 
and the Bardo Struc ture; cf. Oberc 1972; Wajsprych, 1978;
Porêbski, 1990).

SUMMARY AND CONCLUSION

The Kamionki Graben con sti tutes a dis tinct, fault-bounded
tec tonic fea ture su per im posed on the crys tal line base ment of
the meta mor phic Góry Sowie Mas sif and filled with de formed,
syn- to late-orogenic Mis sis sip pian (“Culm”) sed i men tary rocks. 
The re sults of our geo log i cal map ping, struc tural anal y sis and
geo phys i cal sur vey, in te grated with avail able re gional
palaeostress data, point to an at least four-stage evo lu tion of
the Kamionki Graben area in Car bon if er ous to Ce no zoic times.
This study shows that the Car bon if er ous suc ces sion on top of
the Góry Sowie Mas sif was folded (and pos si bly thrusted over
the gneissic base ment) prob a bly at the end of the Namurian.
The trends of the dom i nant NW–SE- and mi nor E–W-ori ented
folds are nearly per pen dic u lar to the di rec tion of the pro -
nounced NE–SW to N–S di rec tion of hor i zon tal com pres sion
at trib uted to the end of the Variscan orog eny. The av er age
short en ing axis ori en ta tion ob tained from dextral faults of fault
pop u la tion I in the Kamionki Graben re flects a sim i lar, over all
NNE–SSW to NE–SW com pres sion di rec tion. Hence, it can not
not be ex cluded that the transpression gen er ated by the
strike-slip dextral dis place ments may have played an ac tive
role in the fold ing pro cess of the Car bon if er ous strata.

The brit tle de for ma tion struc tures in the Mis sis sip pian strata 
of the Kamionki Graben are pre dom i nantly late- to post-Car -
bon if er ous (early Perm ian?) and are in ter preted here as youn -
ger than the folds. The au thors in ter pret the mar ginal faults of
the graben as ge net i cally linked to a late Car bon if er ous–early
Perm ian ex ten sion (transtension) phase, which con trib uted to
the de vel op ment of the graben and its bound ary faults. Prob a -
ble Early Tri as sic–Early Cre ta ceous (?) ex ten sion fur ther ac -

cen tu ated this pro cess, pre serv ing the Car bon if er ous de pos its
within the graben un til later de nu da tion. The ev i dence for these
tec tonic events must have been par tially over printed dur ing the
youn ger stages of the graben de vel op ment. The true amount of
ver ti cal and hor i zon tal dis place ments along the mar ginal faults
of the graben can not be re li ably as sessed; it may reach a few
hun dred or even thou sands of metres.

The mar ginal and in ter nal faults of the graben have re -
corded re verse dis place ments as well as the youn gest – nor mal 
– dis place ments.The re verse faults are in ter preted as re sult ing
from the NE–SW-ori ented dom i nant com pres sion re lated to the 
wide spread Late Cre ta ceous–early Paleogene in ver sion event
which af fected the west ern-cen tral Eu ro pean fore land. The
NE–SW-ori ented re gional com pres sion was linked to far-field
ef fects of the Eu rope-Ibe ria-Af rica plate con ver gence at
~86–70 Ma. The NW–SE-strik ing re verse faults that formed
dur ing this tec tonic event may rep re sent older, re ju ve nated dis -
con ti nu ities, pri mar ily orig i nated dur ing the Variscan orog eny.
The still youn ger gen er a tions of nor mal faults pro vide ev i dence
for extensional move ments. A con tem po ra ne ous (neotectonic), 
pos si bly extensional, trans for ma tion of the pre-ex ist ing faults in
the Kamionki Graben can not be ruled out.

Our study pro vides the first de tailed doc u men ta tion of the
struc ture and in ter preted ki ne mat ics of the Kamionki Graben.
Strong lithological con trasts be tween the sed i men tary infill of
the graben and its crys tal line shoul ders and floor, makes seis -
mic and re sis tiv ity geo phys i cal meth ods a valu able tool for in -
ves ti ga tion of the graben in ter nal struc ture. The re sults pre -
sented in this pa per can be use ful in the con text of dis cus sions
on the de for ma tion style and stress field recostructions at the
front of the Variscan and Al pine orogens in Cen tral Eu rope dur -
ing the Car bon if er ous and Late Cre ta ceous–early Paleogene.
Our in ter pre ta tions con trib ute to un der stand ing of the
post-Variscan evo lu tion of the NE Bo he mian Mas sif.
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