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As so ci ate Ed i tor: £ukasz G¹ga³a

We have com bined tra di tional geo log i cal field map ping, LiDAR-based dig i tal el e va tion model (DEM) anal y sis, and shal low
2D Elec tri cal Re sis tiv ity To mog ra phy (ERT) to in ves ti gate the syn- to late-orogenic Mis sis sip pian (‘Culm’) suc ces sion pre -
served in the Glinno Graben (NE Bo he mian Mas sif, SW Po land), and to pro pose a new model for its mul ti stage tec tonic evo -
lu tion. The Glinno Graben, sit u ated in the Góry Sowie Mas sif (GSM) south west of the Sudetic Bound ary Fault, is ~7.5 km
long, up to 1.5 km wide, and has a mark edly asym met ri cal in ter nal struc ture. Struc tural and geo phys i cal data, sup ported by
re gional ev i dence from the nearby Kamionki Graben, sug gest that the main bound ary faults of the graben orig i nated dur ing a
late Car bon if er ous to early Perm ian extensional or transtensional phase, fol low ing fold ing of the Mis sis sip pian strata, likely
dur ing the Namurian. A sub se quent compressional ep i sode dur ing the Late Cre ta ceous to early Paleogene in ter val re ac ti -
vated pre-ex ist ing faults and pro duced broad, gen tle folds within the Car bon if er ous graben fill. Al though di rect struc tural ev i -
dence is sparse due to lim ited ex po sure, this event is sup ported by re gional tec tonic cor re la tions. The fi nal tec tonic phase,
pos si bly of Neo gene to Qua ter nary age, was marked by NE–SW ex ten sion and re sulted in the de vel op ment of high-an gle
nor mal faults and in ter nal compartmentalization of the graben. This phase also con trolled the de vel op ment of struc tur ally in -
duced land slides and the for ma tion of Ostrzew Hill as a re sis tant ero sional out lier in the south ern part of the graben. De spite
poor bed rock ex po sure, ERT and DEM anal y ses con sis tently de lin eated bound ary faults and in ter nal seg men ta tion of the
graben. This in te grated ap proach pro vides the first de tailed struc tural char ac ter iza tion of the Glinno Graben atop the GSM
and high lights the long-term re ac ti va tion of in her ited base ment dis con ti nu ities.

Key words: Variscan fold ing, Sudety Mts., Mis sis sip pian, Al pine in ver sion, Elec tri cal Re sis tiv ity To mog ra phy (ERT), LiDAR
DEM anal y sis.

INTRODUCTION

The Góry Sowie Mas sif (GSM), a high- to me dium-grade
meta mor phic unit form ing part of the Variscan orogenic belt at
the NE mar gin of the Bo he mian Mas sif (e.g., Mazur et al.,
2006), is lo cally over lain by up to 300 m of unmetamorphosed
lower Car bon if er ous con ti nen tal and ma rine de pos its pre served 
in iso lated grabens and half-grabens (Fig. 1; Oberc, 1949;
¯akowa, 1963; £apot, 1986; Kowalski, 2024; Kowalski and
Pacanowski, 2025). These struc tures are re garded as
tectono-ero sional ves tiges of a for merly more ex ten sive late-
 Variscan ba sin sys tem that once de vel oped in south west ern
Po land (Narkiewicz, 2007, 2020; Kowalski and Pacanowski,

2025). De spite its lim ited geo graphic ex tent, the Car bon if er ous
suc ces sion of the GSM holds sig nif i cant re gional im por tance,
as it pre serves a lo cal ized re cord of late Variscan fold ing dur ing
the late Mis sis sip pian (pos si bly ex tend ing into the Namurian),
fol lowed by the extensional col lapse of the Sudetic seg ment of
the Variscan orogen. This was suc ceeded by a late Car bon if er -
ous to early Perm ian extensional or transtensional tec tonic
phase (Kowalski and Pacanowski, 2025). The NW–SE-ori -
ented grabens pre served atop the GSM also re cord a ma jor re -
or ga ni za tion of re gional stress re gimes, marked by Late Cre ta -
ceous to early Paleogene com pres sion, fol lowed by a re newed
phase of extensional tec ton ics. These pro cesses are con sis -
tent with de for ma tion pat terns ob served in other tec tonic units
across the north east ern Bo he mian Mas sif (Oberc, 1972;
Solecki, 1994, 2011; Don, 2003; Don and Gotowa³a, 2008;
Coubal et al., 2015; Kowalski, 2021a; Sobczyk and Szczygie³,
2021; Voigt et al., 2021; G³uszyñski and Aleksandrowski, 2022;
Kowalski and Pacanowski, 2025).
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Re cent struc tural and geo phys i cal stud ies have pro vided
new in sights into the re la tion ship be tween the mul ti ply de -
formed late Pa leo zoic sed i men tary cover and the meta mor phic
base ment of the GSM, par tic u larly in the area of the Kamionki
Graben and its sur round ings (Kowalski and Pacanowski, 2025;
Kowalski, 2025). The pres ent study con tin ues this line of re -
search by ex tend ing the re gional frame work through a de tailed
struc tural and geo phys i cal anal y sis of its north east ern pro lon -
ga tion, the Glinno Graben (GG), a dis tinct tec tonic trough sit u -
ated ad ja cent to the pre vi ously in ves ti gated area.

This con tri bu tion in cor po rates new geo log i cal map ping and
geo phys i cal data to re as sess the tec tonic frame work orig i nally
pro posed in clas sic stud ies (Dathe and Finckh, 1924; Oberc,
1949, 1972; Teisseyre and Sawicki, 1958; ¯akowa, 1960;
Grocholski, 1962, 1965). The GG has pre vi ously been the sub -
ject of geo log i cal map ping at 1:25,000 scale (Dathe and Finckh, 
1924; Teisseyre and Sawicki, 1958; Grocholski, 1962), along
with biostratigraphic (¯akowa, 1959, 1960) and petrographic in -
ves ti ga tions (£apot, 1986, 1988). More re cently, struc tur -
ally-con trolled land slides have been re ported in the south ern
sec tor of the GG, to gether with a pro posed re in ter pre ta tion of
the geo log i cal struc ture of this part of the graben (Kowalski,
2018). Nev er the less, the in ter nal struc ture of the GG re mains
poorly un der stood.

To ad dress this gap, we in te grated tra di tional geo log i cal
field map ping with high-res o lu tion LiDAR-de rived dig i tal el e va -
tion mod els (DEMs) and shal low two-di men sional Elec tri cal Re -
sis tiv ity To mog ra phy (ERT) sur veys. In the ab sence of bore -
hole data, 2D ERT proved es pe cially ef fec tive in de lin eat ing the 
ge om e try of the Mis sis sip pian graben-fill and the con fig u ra tion
of its bound ing faults. This in te grated struc tural-geo phys i cal ap -
proach re fines our un der stand ing of the tec tonic evo lu tion of the 
GSM and pro vides new in sights into the de for ma tion styles of
the early Car bon if er ous suc ces sion dur ing late- to post-
 Variscan times on the north east ern Bo he mian Mas sif. In ad di -
tion, this study of fers a broader re gional and tem po ral con text
for the de for ma tion phases af fect ing the Mis sis sip pian sed i -
men tary cover of the study area.

GEOLOGICAL SETTING

GEOLOGICAL FRAMEWORK OF THE GÓRY SOWIE MASSIF 
AND ADJACENT UNITS

The GSM, lo cated at the north east ern mar gin of the Bo he -
mian Mas sif, forms a fault-bounded, high- to me dium-grade
meta mor phic com plex with a roughly tri an gu lar sur face out line
(Fig. 1; Grocholski, 1967; ¯elaŸniewicz, 1987, 1990; Cymer -
man, 1998). It marks the north east ern ter mi na tion of the Eu ro -
pean Variscides – a vast orogenic belt formed dur ing the late
Pa leo zoic through the col li sion of Gond wana, the Laurussian
supercontinent, and sev eral in ter ven ing microcontinents (ter -
ranes; e.g., Mazur et al., 2006; Franke et al., 2017; Edel et al.,
2018; Martínez-Catalán et al., 2021; Schulmann et al., 2022;
Franke and ¯elaŸniewicz, 2023). To day, this belt ex tends from
the Ibe rian Pen in sula across Cen tral Eu rope and ul ti mately
plunges be neath the Mio cene Carpathian Fore land Ba sin. The
GSM con sists pre dom i nantly of a mo not o nous se quence of
migmatites, migmatitic paragneisses, and orthogneisses, along 
with sub or di nate lens-shaped bod ies of am phi bo lite, ultrabasic
rock, crys tal line do lo mite, and fel sic granulite (Grocholski,
1967; ¯elaŸniewicz, 1987, 1990; Cymerman, 1988, 1989;
Gunia, 1999; Jastrzêbski et al., 2021, 2025; Tabaud et al.,
2021). The paragneisses are in ter preted as meta mor phosed

flysch-like greywackes and pelitic-psam mit ic de pos its of Neo -
pro terozoic to Cam brian age (¯elaŸniewicz, 1987; Tabaud et
al., 2021) sup ported by the pres ence of microfossils (Gunia,
1999). U-Pb zir con data fur ther sug gests a peri-Gondwanan
prov e nance for these de pos its (Tabaud et al., 2021; Jastrzêbski 
et al., 2025). Protoliths of the metaigneous rocks, now mainly
orthogneisses of crustal or i gin, have been dated to
~500–490 Myr (Kröner and Hegner, 1998; Kryza and Fan ning,
2007). The protoliths of gneiss es and migmatites of the GSM
were meta mor phosed un der am phi bo lite fa cies con di tions dur -
ing the early Late De vo nian (~380–370 Ma; Van Breemen et al., 
1988).  An ear lier ep i sode of high-pres sure, high-tem per a ture
(HP–HT) meta mor phism in granu lites and as so ci ated
metaperidotites took place at ~400–395 Ma and was sub se -
quently over printed by am phi bo lite-fa cies ret ro gres sion (Kryza
and Fan ning, 2007). This meta mor phic evo lu tion was fol lowed
by rapid up lift and ex hu ma tion of the GSM dur ing the Late De -
vo nian (¯elaŸniewicz, 1987; Bröcker et al., 1998), a pro cess re -
corded in the sed i men tary infill of sur round ing bas ins such as
the Œwiebodzice and Bardo units (Wajsprych, 1978; Porêbski,
1981; Haydukiewicz, 1990). To gether with the K³odzko Meta -
mor phic Unit, the GSM is in ter preted as a rel ict of the allo -
chthonous Teplá–Barrandia–Bo he mia terrane, part of the Eo-
 Va riscan do main near Gond wana’s north ern mar gin dur ing the
Cam brian–Or do vi cian (Mazur et al., 2015; Martínez-Catalán et
al., 2021; Jastrzêbski et al., 2021, 2025; Tabaud et al., 2021;
Franke and ¯elaŸniewicz, 2023).

The GSM is dis sected by the NW–SE-trending Sudetic
Bound ary Fault, which sep a rates the mas sif into two mu tu ally
dis placed seg ments: the moun tain ous, upthrown block to the
SW (Sudetic Block) and the down thrown block to the NE
(Fore-Sudetic Block; Fig. 1; Oberc and Dyjor, 1969; Badura et
al., 2007; Migoñ et al., 2023). Geo phys i cal data in di cate that the 
struc tural lev els ex posed in the Fore-Sudetic Block are ~5 km
deeper than those in the Sudetic part of the mas sif (Oberc,
1972; Cwojdziñski and ¯elaŸniewicz, 1995). The ab sence of
Car bon if er ous (and youn ger) strata in the Fore-Sudetic Block is
likely due to post-Car bon if er ous ero sion (Oberc, 1972), al -
though it can not be ex cluded that this area acted as a top o -
graph i cally el e vated source re gion where sed i ments never ac -
cu mu lated. To the west, the GSM is bor dered by the G³uszyca
Fault, sep a rat ing it from the Intra-Sudetic Ba sin – a synclinorial
unit con tain ing a weakly de formed Mis sis sip pian to Up per Cre -
ta ceous vol cano-sed i men tary suc ces sion (Augustyniak and
Grocholski, 1968; Nemec et al., 1982; Dziedzic and Teisseyre,
1990; Wojewoda, 1997; Kowalski, 2020, 2021b). The north ern
edge of the GSM is tec toni cally bounded by the Œwiebodzice
Unit, a syn-orogenic Up per De vo nian–Mis sis sip pian sed i men -
tary suc ces sion (Porêbski, 1981, 1990), while to the south, De -
vo nian–Mis sis sip pian clastics and car bon ates of the Bardo Unit 
– in clud ing older olistoliths – are ex posed (Wajsprych, 1978;
Haydukiewicz, 1990; Racki et al., 2022). Com plexes of mafic to
ultra mafic rocks, sur round ing the GSM, be long to the dis mem -
bered Cen tral Sudetic Ophiolite (~400 Myr), in clud ing the
Œlê¿a, Szklary, Braszowice, and Nowa Ruda mas sifs
(Dubiñska and Gunia, 1997; Awdankiewicz et al., 2021;
Wojtulek et al., 2022). No ta bly, ophiolites of the Nowa Ruda
Mas sif are over lain by Penn syl va nian clastic de pos its within the
east ern Intra-Sudetic Ba sin (Bossowski and Ihnatowicz, 2006).
To the east, the GSM is flanked by the NNE–SSW-strik ing
Niemcza Shear Zone, a poly gen etic zone of mylonitized gneiss -
es in truded by small gra nitic bod ies (Mazur and Puziewicz,
1995; Pietranik et al., 2013), which sep a rates the mas sif from
the Kamieniec Meta mor phic Belt.
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Fig. 1. Sim pli fied tec tonic map of the Góry Sowie Mas sif and neigh bour ing units, with their lo ca tion in the NE Bo he mian Mas sif
(in set). The map is over laid onto the dig i tal el e va tion model (DEM) de rived from the Shut tle Ra dar To pog ra phy Mis sion (SRTM)

data (NASA, 2001; Farr et al., 2007)

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, SBF – Sudetic Bound ary Fault, SzF – Szczawienko Fault. Geo log i cal map based on Sawicki (1995), mod i fied and sup ple -
mented by the au thors

https://doi.org/10.1029/2005RG000183


THE GLINNO GRABEN AS PART OF THE CARBONIFEROUS
SEDIMENTARY COVER OF THE GÓRY SOWIE MASSIF

Rem nants of a mid dle Viséan to Namurian(?) Mis sis sip pian 
sed i men tary suc ces sion are pre served ex clu sively in the el e -
vated Góry Sowie Moun tains Block, south-west of the Sudetic
Bound ary Fault (Fig. 1). Tra di tion ally known as the “Culm of the
Sowie Moun tains” (¯akowa, 1963; Oberc, 1972; £apot, 1986,
1988), these de pos its are re stricted to sev eral small, NW–SE-
 trending fault-bounded grabens and half-grabens, in clud ing the 
Walim, Glinno, Kamionki, and Sokolec–Jugów grabens (Fig. 1). 
The pre served strata reach up to 300 m in thick ness and are
sub di vided into three dis tinct lithostratigraphic units (Kowalski,
2024).

The low est unit com prises poorly sorted “gneissic” and
“gabbroic” con glom er ates and sed i men tary brec cias (Fig. 2),
clas si fied as the Walim and Jugów for ma tions, which rest un -
con form ably on the meta mor phic GSM base ment (£apot,
1986). The gneissic con glom er ates of the Walim For ma tion oc -
cupy the larg est area within the Glinno Graben and are in ter -
preted as al lu vial fan de pos its formed along tec toni cally ac tive
ba sin mar gins (Kowalski, 2024, 2025). These grade up wards
into lithic (gneissic) sand stones, fol lowed by ma rine sand stones 
and mudstones of the Sokolec For ma tion, up to 100 m in thick -
ness. Gneissic con glom er ates and sand stones in the north ern
GG are in truded by small kersantite sills (¯akowa, 1960;
Awdankiewicz, 2007). Ini tially as signed to the up per Viséan
based on macrofaunal as sem blages (¯akowa, 1959, 1960,
1963, 1966; ¯akowa and ¯ak, 1962), the up per part of the
Sokolec For ma tion may ex tend into the Namurian(?) (Muszer
et al., 2016; Górecka-Nowak et al., 2025). No ta bly, the Sokolec
For ma tion is only pre served as an ero sional out lier on Ostrzew
Hill at the south ern end of the GG, where it is in truded by a tab u -
lar (sheet-like) kersantite body with an es ti mated thick ness of
~35 m (£apot, 1986; Kowalski, 2018). The up per most unit, the
Kamionki For ma tion, con sists of ~80 m of Namurian(?)
polymictic con glom er ates, well ex posed in the Kamionki and
Sokolec–Jugów grabens (¯akowa and ¯ak, 1962; ¯akowa,
1966; Kowalski and Pacanowski, 2025; Kowalski, 2025). These 
de pos its are in ter preted as fan del tas that prograded into the
Car bon if er ous ba sin from the north and north west (Kowalski,
2024, 2025). This for ma tion is ab sent from the GG, likely due to
post-Car bon if er ous ero sion.

The tec tonic set ting of the GG has re mained poorly un der -
stood to date, largely due to the ab sence of bore hole data and
lim ited geo phys i cal im ag ing. The basal Car bon if er ous un con -
formity has been pen e trated by hydrogeological bore holes only
in the ad ja cent Kamionki Graben, at depths of 110 and 143 m
(SPDPSH, 2025; Kowalski and Pacanowski, 2025). Con se -
quently, the mag ni tude of ver ti cal dis place ment along the main
bound ary faults of the  grabens re mains un re solved. Dathe and
Finckh (1924), fol lowed by Teisseyre and Sawicki (1958), orig i -
nally as sumed that the north ern part of the GG was bounded by
rel a tively sim ple, steeply dip ping ver ti cal faults. In con trast,
Oberc (1972) of fered a more com plex in ter pre ta tion, de scrib ing 
the GG as a “sec ond arily dis turbed syncline” com posed of
fault-bounded Car bon if er ous rocks. Within this frame work,
Oberc (1972) iden ti fied three sub or di nate struc tural units – in -
ter preted as sep a rate, mi nor grabens – ar ranged from north to
south: the Przygrodna Graben, the Cerekwica Graben (or “the
sys tem of Cerekwica grabens”), and the Glinno Graben.

MATERIAL AND METHODS

This study is based on new geo log i cal map ping, LiDAR-de -
rived DEM anal y sis, and struc tural in ves ti ga tions, com ple -
mented by two-di men sional Elec tri cal Re sis tiv ity To mog ra phy
(ERT). These meth ods were in te grated to re con struct the ge -
om e try and tec tonic evo lu tion of the GG.

MAPPING SURVEY AND STRUCTURAL FIELD STUDY

The geo log i cal field sur vey cov ered ~8 km2 and was sup -
ported by anal y sis of high-res o lu tion LiDAR-de rived dig i tal el e -
va tion mod els (DEMs) at ~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 be tween 2011 and 2014 un der the ISOK pro -
gram (IT Sys tem for the Coun try’s Pro tec tion against Ex treme
Haz ards). The data, pro vided by the Pol ish Cen tre of Geo detic
and Car to graphic Doc u men ta tion (CODGiK), are openly avail -
able as XYZ point datasets, with a point den sity of
4–6 points/m2 and an av er age ver ti cal ac cu racy of ±0.3 m
(Wê¿yk, 2015). Shaded re lief maps de rived from these DEMs
proved in valu able for iden ti fy ing lithological bound aries and sur -
face fault traces, which were in ter preted us ing GIS soft ware.
The el e va tion mod els also fa cil i tated in ter pre ta tion of tec toni -
cally in flu enced mor pho log i cal fea tures such as lin ea ments
linked to sus pected faults and rec ti lin ear zones mark ing
lithological changes. The sur face ex tent of the Car bon if er ous
de pos its in the GG was cor rob o rated through trench ing and
shal low drill ing con ducted dur ing sur face geo log i cal map ping
(Cymerman et al., 2023). In ad di tion to geo log i cal map ping,
seven ERT cross-sec tions with a to tal length of 5140 m from the 
cen tral and south ern parts of the GG were used to con struct in -
ter pre ta tive geo log i cal pro files across the graben struc ture (Ta -
ble 1).

The struc tural field study fo cused on de tailed mea sure -
ments from both nat u ral and ar ti fi cial ex po sures within the
graben. Ob ser va tions were con ducted in nine avail able ex po -
sures. Struc tural fea tures re corded in cluded bed ding planes,
joints, stri ated fault planes and folds. Frac ture data were clas si -
fied into sets and vi su al ized us ing cir cu lar fre quency poly gon
plots fol low ing Da vis and Sampson (1986). Sur face fea tures
ob served on fault planes in clude stri ated ridges, hack les,
grooves, Riedel shears (both low- and high-an gle), and en ech -
e lon ten sion cracks, fol low ing the clas si fi ca tion and ter mi nol ogy
es tab lished by Pe tit (1987). Struc tural mea sure ments were
plot ted on b and p ste reo grams us ing the lower hemi sphere
equal-area Schmidt–Lam bert net. 

GEOPHYSICAL SURVEY

Two-di men sional Elec tri cal Re sis tiv ity To mog ra phy (ERT)
was em ployed to vi su al ize the subsurface struc ture and de lin -
eate the main bound ary faults of the GG. A to tal of seven ERT
pro files, with a to tal length of 5140 m, were ac quired across the
study area (Ostrowski et al., 2022; Ta ble 1). The geo phys i cal
pro files were es tab lished roughly per pen dic u lar to the
map-view elon ga tion of the GG and its fault bound aries, lim ited
by tech ni cal fea si bil ity and field con di tions. The meth od ol ogy
ap plied en abled the iden ti fi ca tion of the po si tion and lat eral ex -
tent of the graben infill, ma jor lithological bound aries within the
GG, and the char ac ter iza tion of sus pected faults and fault
zones – fea tures that had also been rec og nized through de -
tailed field map ping and LiDAR-based DEM anal y sis.

For each lithological unit iden ti fied along the ERT pro files,
sta tis ti cal pa ram e ters de scrib ing the dis tri bu tion of re sis tiv ity
val ues were cal cu lated to char ac ter ize the geoelectrical prop er -
ties of the lithologies dis tin guished. The anal y sis in cluded the
min i mum and max i mum re sis tiv ity val ues, as well as the geo -
met ric mean and me dian, ex pressed both in Wm and as
base-10 log a rithms (log10 [Wm]; Ta ble 1). These pa ram e ters
were ex tracted from dis crete zones de lin eated within the two-di -
men sional in ver sion mod els, rep re sent ing rel a tively ho mo ge -
neous re sis tiv ity in ter vals as so ci ated with spe cific lithological
units. The geo met ric mean was used to de scribe the cen tral
ten dency of re sis tiv ity val ues, as such data in multiscale po rous
me dia typ i cally fol low a log-nor mal dis tri bu tion (Kurochkina et
al., 2008; Binley and Slat er, 2020). Lithological clas si fi ca tion
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Fig. 2. Geo log i cal map of the Glinno (GG) and Walim (WG) grabens (for lo ca tion see Fig. 1), in clud ing a syn thetic
lithostratigraphic scheme of the Car bon if er ous suc ces sion pre served in the Glinno Graben

The lo ca tions of geo log i cal cross-sec tions shown in Fig ure 6 and ERT pro files from Fig ures. 8 and 9 are marked. The main ex po sures re -
ferred to in the text are also in di cated. The ex tent of un con sol i dated Qua ter nary de pos its is shown cour tesy of Joanna Brytan (PGI-NRI).
Base ment ge ol ogy sim pli fied af ter Teisseyre and Sawicki (1958) and Grocholski (1967); ge ol ogy of the Mis sis sip pian graben fill based on the 
au thor’s own geo log i cal map ping con ducted as part of this study. Ab bre vi a tions: GG – Glinno Graben, EF – East ern Glinno Fault, KF –
Kurasz Fault, NF – North ern Glinno Fault, WG – Walim Graben, WF – West ern Glinno Fault. Red rect an gles in di cate the ex tent of the de -
tailed geo log i cal maps shown in Fig ure 4



within the ERT sec tions was per formed based on as sumed re -
sis tiv ity in ter vals, a stan dard ap proach in geo phys i cal in ter pre -
ta tion grounded in pre vi ous stud ies and ref er ence datasets
(Reynolds, 2011). This ap proach en abled quan ti ta tive com par i -
son across dif fer ent lithologies and pro vided ad di tional con -
straints for geo log i cal in ter pre ta tion and cor re la tion.

Prior to the geo phys i cal sur vey, each sur vey point was ac -
cu rately geolocated us ing dif fer en tial-phase GNSS meth ods,
achiev ing a hor i zon tal po si tion ing pre ci sion of ~0.3 m. Co or di -
nates were as signed within the PL-1992 spa tial ref er ence sys -
tem. The qual ity of the sat el lite data al lowed full use of
GNSS-based ge od esy across the en tire pro file net work. El e va -
tion val ues for the doc u men ta tion points were es tab lished
through RTN (Real-Time Ki ne matic) sat el lite lev el ling and ref -
er enced to the na tional ver ti cal da tum PL-EVRF2007-NH.

2D ELECTRICAL RESISTIVITY TOMOGRAPHY

Elec tri cal re sis tiv ity meth ods rely on mea sur ing an ar ti fi -
cially in duced elec tric field within the geo log i cal me dium or, less 
com monly, on de tect ing nat u ral elec tric cur rents and fields gen -
er ated by geodynamic or geo chem i cal pro cesses in the Earth’s
crust. The key phys i cal pa ram e ter ob tained through these
meth ods is elec tri cal re sis tiv ity, which quan ti fies a ma te rial’s ca -
pac ity to re sist the flow of elec tric cur rent (Reynolds, 2011). Re -
sis tiv ity val ues can vary by sev eral or ders of mag ni tude, from a
few Wm in or ganic-rich de pos its or sa line ground wa ter, to sev -
eral mil lion Wm in dry crys tal line bed rock. Un like prop er ties
such as den sity or mag netic sus cep ti bil ity, elec tri cal re sis tiv ity is 
not a fixed ma te rial con stant, but rather a func tion of mul ti ple in -
ter re lated fac tors. These in clude li thol ogy, po ros ity, de gree of
wa ter sat u ra tion, tem per a ture, pore wa ter chem is try, and the
pres ence of or ganic mat ter or gas. As a re sult, even within a
sin gle lithological unit, re sis tiv ity may ex hibit sub stan tial in ter nal 
vari a tion.

Elec tri cal Re sis tiv ity To mog ra phy (ERT) is a near-sur face
geo phys i cal tech nique that mea sures the ap par ent re sis tiv ity of
subsurface ma te ri als by in ject ing di rect cur rent be tween elec -
trode pairs and re cord ing the re sult ing volt age drop. The the o -
ret i cal ba sis of the ERT method has been well es tab lished in
foun da tional works (Keller and Frischknecht, 1966; Loke and
Barker, 1996; Dahlin and Zhou, 2004; Loke, 2000, 2012). The
method in volves de ploy ing elec trodes along a lin ear pro file, in -
ject ing cur rent through a trans mit ter elec trode pair, and mea -
sur ing the volt age drop be tween a sep a rate pair of po ten tial
elec trodes. The re sult ing ap par ent re sis tiv ity is an av er aged
value de pend ent on the ge om e try of the elec trode ar ray and re -
flects the prop er ties of the subsurface vol ume tra versed by the

cur rent. The depth of in ves ti ga tion pri mar ily de pends on the
elec trode spac ing, the re sis tiv ity dis tri bu tion and, to a lesser ex -
tent, lo cal to pog ra phy.

Mod ern ERT sys tems use com puter-con trolled multi-chan -
nel switch ing and dig i tal ac qui si tion units. These al low for au to -
mated con fig u ra tion of elec trode ar rays (e.g., Wenner, Schlum -
berger, di pole–di pole, gra di ent), se quenc ing of mea sure ments,
and real-time di ag nos tics of ground ing re sis tance and data
qual ity. In ver sion al go rithms are used to gen er ate two-di men -
sional re sis tiv ity mod els from ap par ent re sis tiv ity datasets,
com monly cor rected for to pog ra phy. ERT en ables the de tec tion 
of both ver ti cal and lat eral re sis tiv ity vari a tions, mak ing it par tic -
u larly suit able for struc tur ally com plex set tings such as glacio -
tectonic zones (Loke et al., 2007). How ever, in ver sion re sults
are in her ently non-unique, mean ing that mul ti ple subsurface
mod els can ex plain the same data equally well (Bania et al.,
2024).

In this study, data were ac quired us ing an ABEM Terra -
meter LS 2 sys tem equipped with a multi-chan nel mod ule and
an au to matic elec trode se lec tor (ABEM, 2012; Ostrowski et al.,
2022). Elec trodes were spaced at 5 m in ter vals and con nected
via 21-take out multicore ca bles (Fig. 3). Sur vey lines ranged
from 300 to 1550 m in length. A gra di ent ar ray was used to en -
able mul ti ple si mul ta neous mea sure ments, im prov ing data ac -
qui si tion ef fi ciency and en sur ing that depth pen e tra tion ex -
ceeded 50 m. The Roll-Along tech nique was ap plied in the field, 
whereby the first ca ble sec tion was re lo cated to the front of the
ar ray, al low ing con tin u ous pro fil ing with out full sys tem re con fig -
u ra tion. Sur vey con di tions were lo cally con strained by in fra -
struc ture, in clud ing an as phalt road that in ter sected one of the
pro files (Pacanowski et al., 2022). Re sis tiv ity mea sure ment
data were pro cessed us ing geo phys i cal in ver sion tech niques
im ple mented in Res2Dinv soft ware (Loke, 2000), ver sion x64
4.02.35. The in ver sion em ployed the L1-norm (ro bust) method,
op ti mized for re solv ing blocky subsurface struc tures.

ERT tech niques have been widely ap plied in geo log i cal,
geomorphological, hydrogeological, geotechnical and en vi ron -
men tal in ves ti ga tions (e.g., Zhou et al., 2001, 2002; Kemna et
al., 2002; Cham bers et al., 2006; Krautblatter and Hauck, 2007;
Ostrowski et al., 2010; Šilhán and Pánek, 2010; Putiška et al.,
2012; Perrone et al., 2014; Kowalczyk et al., 2015; Topolewska
et al., 2016; WoŸniak et al., 2018; Ducut et al., 2022). 2D ERT
has been also widely ap plied for fault char ac ter iza tion and im -
ag ing of in di vid ual fault zones (e.g., Suzuki et al., 2000; Caputo
et al., 2003; Zhu et al., 2009; Štìpanèíková et al., 2010, 2011,
2025; Fischer et al., 2012; Imposa et al., 2015; Drahor and
Berge, 2017; Mojica et al., 2017; Müller et al., 2020; Porras et
al., 2022).
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Pro file Length [m] Ori en ta tion (course) Num ber of mea sured points Mean RMS er ror [%]

ERT-1 1550 SW-NE 7867 2.17

ERT-2 600 SW-NE 1613 2.80

ERT-3 600 SW-NE 1678 4.12

ERT-4 500 SW-NE 1258 2.50

ERT-5 800 NW-SE 2357 3.20

ERT-6 300 SW-NE 597 2.94

ERT-7 790 SW-NE 2388 4.74

The ta ble in cludes ba sic pa ram e ters of each Elec tri cal Re sis tiv ity To mog ra phy (ERT) pro file: name, to tal length
[m], lo ca tion and ori en ta tion, num ber of mea sured points, and av er age root mean square (RMS) er ror [%] from
the in ver sion pro cess

T a  b l e  1

Sum mary of ERT pro files ac quired in the Glinno Graben area

https://wwwguidelinegeoc.cdn.triggerfish.cloud/uploads/2016/03/Terraloc-Pro-Instruction-Manual.pdf
https://doi.org/10.7306/gq.1750
https://doi.org/10.1016/S0264-3707(03)00036-X
https://doi.org/10.1016/S0264-3707(03)00036-X
https://doi.org/10.1190/1.2360184
https://doi.org/10.1111/j.1365-2478.2004.00423.x
https://doi.org/10.1016/j.jappgeo.2016.10.021
https://doi.org/10.1016/j.jappgeo.2016.10.021
https://doi.org/10.1016/j.displa.2022.102208
https://doi.org/10.1016/j.jappgeo.2015.10.008
https://doi.org/10.1016/S0022-1694(02)00145-2
https://doi.org/10.1016/S0022-1694(02)00145-2
https://doi.org/10.7306/gq.1172
https://doi.org/10.1029/2006JF00054
https://doi.org/10.1071/ASEG2007ab002
https://refhub.elsevier.com/S0926-9851(18)31023-1/rf0365
https://doi.org/10.1111/j.1365-2478.1996.tb00142.x
https://doi.org/10.1111/j.1365-2478.1996.tb00142.x


RESULTS

GEOLOGICAL MAPPING

On the map, the GG ap pears as an ~7.5 km- long and up to
1.5 km-wide, asym met ri cal fault-bounded tec tonic de pres sion
(Figs. 2 and 4). It com prises at least three dis tinct tec tonic sub -
units, each de lin eated by the main bound ary faults of the
graben and by sub or di nate fault zones (Fig. 4). The graben is
de vel oped atop the crys tal line base ment of the GSM, pri mar ily
com posed of migmatitic and bi o tite paragneisses with mi nor
am phi bo lite bod ies (Teisseyre and Sawicki, 1958; Grocholski,
1962). The main bound ary faults of the graben – here re ferred
to as the West ern, East ern, North ern Glinno, and Kurasz faults
(Fig. 4) – sep a rate the Mis sis sip pian graben fill from the sur -
round ing meta mor phic base ment (Fig. 4). How ever, the ver ti cal 
and pos si ble hor i zon tal dis place ments along these faults re -
main un con strained due to lim i ta tions in sur face ex po sure and
the ab sence of bore hole data. More over, none of the 2D ERT
pro files con ducted in this study reached the meta mor phic base -
ment be neath the graben, fur ther lim it ing our abil ity to de ter -
mine the to tal thick ness of the sed i men tary infill and the dis -
place ment val ues along the fault zones.

The north ern most sec tor of the GG (the Przygrodna Graben 
of Oberc, 1972) dis plays a WNW–ESE-strik ing half-graben
struc ture, pre dom i nantly filled with gneissic con glom er ates and
sand stones of the Walim For ma tion (Figs. 4A and 5). The con -
glom er ates are clast- to ma trix-sup ported and are pre dom i -
nantly very poorly sorted (Fig. 5A–C). Large clasts and boul ders 
found at the sur face, par tic u larly in the north ern part of the GG,
are de rived from the weath er ing of con glom er ates (Fig. 5D, E).
The clasts, which show vari able de gree of round ing, in clude
migmatitic gneiss es, bi o tite-oligoclase paragneisses, fi brous
gneiss es, granu lites, orthogneisses, frag ments of other meta -
mor phic rocks, and vein quartz (£apot, 1986, 1988; Fig. 5F).
The gneissic clasts within the con glom er ate are fre quently frac -
tured, dis play ing both macro- and microfractures, with frac ture
sur faces com monly coated with he ma tite. The grain frame work
is filled by a sand stone ma trix com posed of clastic ma te rial de -
rived from the dis in te gra tion of gneissic rock frag ments. These
strata gen er ally dip gently at 15–20° to the south-west and are
in ter sected by nar row, WNW–ESE-trending lam pro phyre dykes 
(Figs. 4A and 6). In the north ern part of the GG, the gneissic

con glom er ates lo cally rest hor i zon tally, which may sug gest the
pres ence of a flex ure (Fig. 4A and 6). Ad di tion ally, this part of
the graben is dis sected by sev eral NNE–SSW-ori ented trans -
verse faults, which lo cally off set the Mis sis sip pian suc ces sion
and its base ment – par tic u larly on the north ern slopes of Kurasz 
Hill – and con trib ute to its struc tural compartmentalization.
Some of these dis lo ca tions are clearly ex pressed in the land -
scape as dis tinct scarps and lin ea ments (Fig. 4A). No ta bly, in
the east ern most part of this part of the GG, the gneissic con -
glom er ates rest nearly hor i zon tally on the meta mor phic base -
ment, with no clear ev i dence of bound ing faults.

To the south, the half-graben merges with a NNE–SSW-ori -
ented fault-bounded gneissic block (the Cerekwica Graben of
Oberc, 1972), over lain by a thin car pet of gneissic con glom er -
ates near Cerekwica Hill (Figs. 4A and 6). This block is sep a -
rated from the north ern part of the graben by the
WNW–ESE-trending Kurasz Fault. The cen tral por tion of the
GG forms a dis tinct top o graphic de pres sion (the main body of
the GG), aligned with the M³ynówka stream val ley and ex tend -
ing be tween the vil lages of Micha³kowa and Glinno (Figs. 4B, C
and 6). It is bounded by two nearly par al lel, NW–SE-trending
bound ary faults (the West ern and East ern Glinno faults), with
to tal trace lengths of ~6.5 km and 4 km, re spec tively. This sec -
tor ex poses only gneissic con glom er ates of the Walim For ma -
tion (Figs. 4A, 5C and 6). To the south of Boreczna Hill, the GG
is sep a rated from the neigh bour ing Walim Graben by a nar row
NW–SE-trending base ment horst (Figs. 2 and 4B). Geo log i cal
map ping re vealed a prom i nent cataclasite zone up to 70 m
wide, aligned along the West ern Glinno Fault (Fig. 4C). This
zone con sists of fault gouges and brec cias, with an gu lar frag -
ments of gneiss at the con tact be tween the gneissic con glom er -
ates and crys tal line base ment.

In the south ern most part of the GG, a mor pho log i cal high
known as Ostrzew Hill (713.4 m a.s.l.) rises ~150 m above the
graben floor (Figs. 4C, 6 and 7). This ero sional out lier ex poses
sand stones and mudstones of the Sokolec For ma tion, in truded
in its up per part by a tab u lar kersantite body, while gneissic con -
glom er ates of the Walim For ma tion crop out on the lower
slopes (Figs. 4C, 6 and 7). The struc ture of this sec tor is well
con strained based on sur face ex po sures and ar chi val trench ing 
data, in clud ing stud ies by ¯akowa (1959, 1960). Sand stones
and mudstones of the Sokolec For ma tion, form a broad,
NW–SE-ori ented syncline, with its ax ial trace aligned with the
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Fig. 3. Graph i cal rep re sen ta tion of the au to mated data ac qui si tion pro ce dure per formed by the in stru ment (source:
https://www.guidelinegeo.com)

A, B – cur rent elec trodes; M, N –  po ten tial elec trodes; a=1, a=2, a=3 – suc ces sive prospection depths
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Fig. 4. De tailed geo log i cal maps show ing the north ern (A), cen tral (B), and south ern (C) sec tors of the Glinno Graben, along with
cor re spond ing hillshaded LiDAR-de rived dig i tal el e va tion mod els (shown to the left of each map panel). Note the pres ence of dis tinct 

lin ea ments (marked fault traces) through the graben area and struc tur ally con trolled land slides in its south ern most sec tor (C)
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Fig. 5. Main lithological and struc tural fea tures of the Walim For ma tion in the study area and its sur round ings

A – rep re sen ta tive ex po sure of gneissic con glom er ate in the ad ja cent Walim Graben; B – ex po sure of gneissic con glom er ate (loc. 2) in the
north ern part of the GG; C – ex po sure of gneissic con glom er ate (loc. 3) in the cen tral part of the GG; D – well-rounded boul der de rived from
the weath er ing of gneissic con glom er ate (north ern sec tor of the GG); E – clast of folded and migmatized lay ered gneiss from the gneissic
con glom er ate (north ern sec tor of the GG); F – petrographic com po si tion of clasts in the con glom er ates of the Walim For ma tion at
Micha³kowa (cen tral part of the graben) and Lubachów (north ern part), af ter £apot (1986); G – joint sys tem in gneissic sand stone in the north -
ern part of the GG (loc. 1). Ori en ta tion of joints is shown as a rose di a gram (cir cu lar fre quency poly gon plot);  H – small-scale, S- to
SW-vergent  folds in a lim ited ex po sure of Walim For ma tion sand stones (loc. 1). The folds are in ter preted as a soft-sed i ment de for ma tion
struc ture (SSDS)
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Fig. 7. Main lithological and struc tural fea tures of the Sokolec For ma tion in the Glinno Graben

A – view from the south west (loc. 9) to wards the Ostrzew Hill out lier lo cated in the ax ial part of the Glinno Graben. The red dish weath er ing
cover of gneissic con glom er ates of the Walim For ma tion is vis i ble; B – ex po sure of fine-grained sand stones and mudstones of the Sokolec
For ma tion (loc. 7) in the south ern part of the GG (south west ern slopes of Ostrzew Hill); C – ex po sure of sand stones (loc. 6) within a land slide
block on the south ern slope of Ostrzew Hill. Con tact with a kersantite in tru sion is vis i ble. Strike-slip fault of un de ter mined slip sense form ing a 
neg a tive flower struc ture, and as so ci ated E–W-trending nor mal faults are ob served; D – in tru sive con tact be tween sand stones of the
Sokolec For ma tion and kersantite at loc. 6 (land slide body in south ern Ostrzew Hill); E – two dom i nant joint sets (J1 and J2) cut ting sand -
stones (loc. 4) and kersantites (loc. 5) in the south ern part of the GG. Ori en ta tion of joints is shown as rose di a grams (cir cu lar fre quency poly -
gon plots) and as stereoplots (the lower hemi sphere, equal area pro jec tions on the Schmidt-Lam bert net)



graben’s gen eral trend (Figs. 4C and 6). This part of the GG
also in cludes two struc tur ally con trolled land slides de vel oped
on the north west ern and south ern slopes of Ostrzew Hill
(Kowalski, 2018). The West ern and East ern Glinno fault zones
ex tend southeastwards into the meta mor phic base ment of the
GSM (Figs. 2 and 4C). Some parts of these fault zones are
man i fested by dis tinct straight es carp ments (lin ea ments), along 
with ar rays of wa ter springs and peat bogs (Fig. 4C). Im por -
tantly, the up per most mem ber of the Car bon if er ous suc ces sion
pre served in grabens within the GSM – the Kamionki For ma tion 
con glom er ate – is not ex posed any where in the GG, likely due
to post-Car bon if er ous ero sion.

GEOPHYSICAL SURVEY

Seven geoelectrical pro files, shown as cal cu lated re sis tiv ity
mod els (ERT; Figs. 8 and 9), form the pri mary dataset of the
geo phys i cal sur vey con ducted in the GG and serve as the ba sis 
for sub se quent geo log i cal in ter pre ta tion (Fig. 6). Geo log i cal
cross-sec tions, de vel oped by in te grat ing sur face map ping with
ERT data, con strain the in ter nal ge om e try and fault ar chi tec ture 
of the graben, and clar ify the spa tial re la tion ship be tween the
Mis sis sip pian sed i men tary infill and the un der ly ing crys tal line
base ment (Fig. 6). The ERT cross-sec tions re veal pro nounced
ver ti cal and lat eral vari a tions in re sis tiv ity, cor re spond ing to
con trast ing lithologies: crys tal line base ment rocks ex posed in
the graben shoul ders and sed i men tary fill. These units are
clearly sep a rated by well-de fined faults or fault zones.

Av er age re sis tiv ity val ues de rived from pro files 1 to 7 of fer
di ag nos tic in sights into the lithological dif fer en ti a tion of the
study area. Based on the sta tis ti cal anal y sis of ERT data, Mis -
sis sip pian rocks in the GG – pri mar ily gneissic con glom er ates
of the Walim For ma tion – show geo met ric mean re sis tiv ity val -
ues rang ing from 212.9 to 431.4 Wm and me dian val ues be -
tween 205.4 and 441.9 Wm (pro files ERT-1–ERT-6; Figs. 8 and 
9). In con trast, pro file ERT-7, which in cludes both con glom er -
ates and interbedded sand stones of the Sokolec For ma tion, is
char ac ter ized by lower re sis tiv ity val ues, with a geo met ric mean 
of 140.5 Wm and a me dian of 148.8 Wm (Ta ble 2). The shal low
re sis tiv ity inhomogeneities vis i ble in pro files 1–6 (Figs. 8 and 9)
cor re sponds to a weath ered near-sur face ho ri zon of gneissic
con glom er ates. This pat tern likely re flects in ter nal het er o ge ne -
ity, with high re sis tiv ity val ues linked to large gneiss clasts form -
ing a grain-sup ported frame work, while lower val ues re flect the
finer-grained sand stone ma trix (cf. Fig. 5A–D). Kersantite, iden -
ti fied in pro file ERT-7 on Ostrzew Hill, has a geo met ric mean re -
sis tiv ity of 937.3 Wm and a me dian value of 1002.0 Wm. These
el e vated re sis tiv ity val ues are con sis tent with the mafic com po -
si tion and typ i cally low po ros ity of un al tered kersantite (Fig. 9).
Sand stones and mudstones of the Sokolec For ma tion in truded
by this kersantite sill at the same lo cal ity also have rel a tively
high re sis tiv ity val ues, likely due to ther mal al ter ation re lated to
in tru sion em place ment (Fig. 9D).

Weath ered gneiss has mod er ately high re sis tiv ity val ues,
with geo met ric means rang ing from ~187.1 Wm (ERT-7) to
764.0 Wm (ERT-5) and me dian val ues be tween 183.0 Wm
(ERT-7) and 778.0 Wm (ERT-5), sug gest ing a par tially al tered
struc ture of gneissic bed rock. In con trast, unweathered, mas -
sive gneiss es con sis tently show higher re sis tiv ity, with geo met -
ric means rang ing from 574.9 Wm (ERT-1) to 1750.8 Wm
(ERT-3) and me dian val ues span ning from 594.3 Wm (ERT-1)
to 1745.4 Wm (ERT-3), with sev eral units ex ceed ing 1000 Wm
(e.g., 1433.3 Wm in ERT-1 pro file and 1157.0 Wm in ERT-6 pro -
file), re flect ing a more com pact, less po rous li thol ogy (Ta ble 2;
Figs. 8 and 9).

Un con sol i dated Qua ter nary de pos its (Q) dis play the low est
re sis tiv ity val ues among all lithological units, with geo met ric
means rang ing from 78.2 Wm (ERT-5) to 83.3 Wm (ERT-7) and
me dian val ues from 73.5 Wm (ERT-7) to 77.9 Wm (ERT-5).
These val ues are con sis tent with the geo phys i cal re sponse of
fine-grained, un con sol i dated, and wa ter-sat u rated ma te ri als,
pri mar ily slope ta lus and deluvial tills. Such de pos its are most
no ta bly de vel oped in the M³ynówka River val ley near Glinno
and, to a lesser ex tent, within the mor pho log i cal de pres sion
sep a rat ing Ostrzew Hill and Kokot Hill in the south ern GG (as
re corded in pro file ERT-7; Fig. 9B, D).

Sev eral nar row zones of an oma lously low re sis tiv ity,
marked by near-ver ti cal in den ta tions in the ERT pro files, were
in ter preted as fault zones (see Figs. 8 and 9). These in clude the 
West ern Glinno Fault (FZ-1) and East ern Glinno Fault (FZ-2),
as well as two sub sid iary fault zones – FZ-3 and FZ-4 – iden ti -
fied within the ce mented sand stones and mudstones of the
Sokolec For ma tion on Ostrzew Hill (pro file ERT-7; Fig. 9D),
which dis play steep lat eral re sis tiv ity gra di ents. These anom a -
lies are in ter preted to rep re sent wa ter-sat u rated fault cores and
zones of brecciation.

Sta tis ti cal anal y sis shows that mean re sis tiv ity val ues in
fault zones gen er ally range from 114.1 to 452.8 Wm, with the
ma jor ity of val ues fall ing be tween 257.7 Wm (ERT-5) and
293.3 Wm (ERT-1). Ex cep tions in clude mark edly el e vated re -
sis tiv ity re corded in cataclasites of FZ-1 in pro file ERT-4 (geo -
met ric mean = 1106.2 Wm), likely re flect ing mas sive and well-
 ce mented fault-re lated rock, and low val ues in pro file ERT-7
(FZ-3, 52.5 Wm) as so ci ated with a finer-grained, prob a bly
clayey, fault core. The re sis tiv ity con trast across fault zones
also var ies with li thol ogy. In pro files ERT-4, ERT-5, and ERT-7,
where fault zones in ter sect crys tal line base ment (i.e. gneiss es), 
re sis tiv ity re mains mod er ately el e vated due to the in her ently re -
sis tive na ture of frac tured meta mor phic rocks. In con trast, in
sed i men tary suc ces sions in ter sected by FZ-1 in pro files ERT-1
and ERT-2, re sis tiv ity is mark edly lower, con sis tent with the  in -
creased po ros ity, mois ture re ten tion, and finer grain size of fault 
zone (Fig. 8A, B).

STRUCTURAL ANALYSIS AND ARCHIVAL DATA

MESOSCALE FOLDS

Dur ing geo log i cal map ping of the GG, no meso-scale folds
were ob served in sur face ex po sures. Only in the north ern part
of the graben (loc. 1; Fig. 4A), within a very lim ited ex po sure of
Walim For ma tion sand stones dip ping ~15° to the SW,
small-scale folds were iden ti fied. These folds show prob a ble
south- or south-west vergence and are con fined to a sin gle bed
~40 cm thick, while the strata above and be low re main
undeformed (Fig. 5H). This lo cal ized de for ma tion likely rep re -
sents a case of soft-sed i ment de for ma tion struc ture rather than
tec tonic fold ing.

Ex po sure-scale folds within the GG are oth er wise known
only from ar chi val de scrip tions of re search trenches ex ca vated
by ̄ akowa (1959, 1960). On the south west ern slope of Ostrzew 
Hill, within trench no. II, ~50 m long and 2–3 m deep, ¯akowa
(1960, p. 356) doc u mented heterolithic pack ages of sand -
stones, mudstones, lime stones and claystones of the Sokolec
For ma tion, dip ping pre dom i nantly ~20° to the NE (Fig. 10). In
the north east ern part of the trench, ¯akowa (1960) de scribed
mesoscopic folds form ing a syncline–anticline pair, char ac ter -
ized by gen tle, open ge om e try and nearly ver ti cal ax ial planes.
The fold limbs dip ~20° to the SW and NE, and the fold axes are
subparallel to the gen eral ori en ta tion of the GG, in di cat ing
nearly NE–SW-di rected tec tonic short en ing.
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No sim i lar mesoscopic folds have been ob served in sand -
stone ex po sures else where on Ostrzew Hill. How ever, based
on bed ding at ti tude, a map-scale, fault-con trolled syncline may
be in ferred in the southeasternmost part of the graben (Fig. 6).
In con trast to the lim ited fold ing ob served in the GG, ex po -
sure-scale folds are rel a tively com mon within the Mis sis sip pian
ma rine Sokolec For ma tion in the ad ja cent Kamionki Graben
(¯akowa and ¯ak, 1962; Kowalski and Pacanowski, 2025).

JOINTS AND FAULTS

The gneissic sand stones of the Walim For ma tion, oc cur ring 
in sev eral iso lated ex po sures in the north ern part of the GG
(loc. 1; Figs. 4A and 5G), are af fected by two con ju gate joint
sets, strik ing NW–SE and NE–SW, and re ferred to here as J1

and J2, re spec tively. A joint sys tem with sim i lar ori en ta tion is ob -
served in the ma rine sand stones and mudstones of the Sokolec 
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Fig. 10. Pro file of re search trench on the south west ern slope of Ostrzew Hill, orig i nally ex ca vated by H. ¯akowa in the late
1950s (re drawn from ¯akowa, 1960, mod i fied)

The trench was orig i nally di vided into four de scrip tive sec tions. Ex po sure-scale folds trending NW–SE are clearly vis i ble in sec tion C of
the trench

https://doi.org/10.7306/gq.1779


For ma tion on Ostrzew Hill (loc. 4; Fig. 7E), as well as in the in -
ter sect ing kersantite in tru sions (loc. 5; Fig. 7E). These joints are 
gen er ally ori ented ap prox i mately per pen dic u lar to bed ding (or
to the mag matic fo li a tion in the kersantites) and dis play con sis -
tent strikes. The J1 set strikes nearly NW–SE, par al lel to the
graben bound aries, while the J2 set is ori ented ap prox i mately
NE–SW.

In ex po sures of the Sokolec For ma tion within the land slide
body on the south ern slopes of Ostrzew Hill (loc. 6), joint sets
strik ing ap prox i mately N–S and W–E are ob served. In ad di tion,

strike-slip faults strik ing E–W have de vel oped along frac tures of 
the same ori en ta tion (Fig. 7C). Lo cally, these faults form
well-de fined, small-scale neg a tive flower struc tures. Struc tural
anal y sis of the joint sur faces sug gests that these faults are lo -
cal ized along planes as signed to the J2 set (orig i nally strik ing
NE–SW), which have been ro tated clock wise. This ro ta tion is
in ter preted as the re sult of downslope dis place ment of land slide 
blocks and their sub se quent ro ta tion around a ver ti cal axis
(Kowalski, 2018). These faults may rep re sent high-an gle Riedel 
shears (R-shears) as so ci ated with sinistral strike-slip move -
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T a  b l e  2

Sta tis ti cal pa ram e ters of re sis tiv ity for se lected lithological units iden ti fied along ERT pro files in the Glinno Graben

The ta ble pro vides min i mum and max i mum re sis tiv ity val ues, as well as geo met ric mean and me dian re sis tiv ity (in Wm) for each lithological
unit in ter preted on the ba sis of 2D in ver sion mod els. Pro file num bers and lithological unit names cor re spond to la bels used in Fig ures 8 and 9
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ment along NW–SE-ori ented mas ter faults. Ac cord ing to
Kowalski (2018), frac tures of the J1 set within the sand stones
and mudstones of the Sokolec For ma tion on the south west ern
slope of Ostrzew Hill show clear ev i dence of sinistral strike-slip
shear ing. How ever, these ex po sures are cur rently in ac ces si ble.

In the same land slide block ex po sure (loc. 6) on the south -
east ern slopes of Ostrzew Hill, nor mal faults strik ing nearly
E–W and dip ping south wards at an gles of up to 80° have also
been doc u mented. These faults are most likely the re sult of
grav i ta tional pro cesses; how ever, a tec tonic or i gin can not be
en tirely ex cluded. If of tec tonic or i gin, these struc tures – sim i lar
to the sinistral strike-slip faults – may have orig i nally been ori -
ented nearly NE–SW, with their cur rent ge om e try re sult ing from 
clock wise ro ta tion dur ing land slide dis place ment. Fur ther more,
in the south ern part of the Ostrzew Hill mas sif, a de pres sion
trending NE–SW has been iden ti fied (Kowalski, 2018). This
fea ture is in ter preted as an extensional frac ture, in di cat ing seg -
men ta tion of the mas sif along prob a ble nor mal faults of sim i lar
ori en ta tion.

INTERPRETATION AND DISCUSSION

Given the scar city of di rect struc tural and strati graphic ev i -
dence from the GG, its tec tonic evo lu tion is in ter preted – based
on the data pre sented in this study – within the broader con text
of re gional de for ma tion pat terns es tab lished for ad ja cent,
better-doc u mented sec tors of the NE Bo he mian Mas sif. These
sur round ing re gions are sim i larly par tially over lain by syn- to
post-Variscan sed i men tary suc ces sions.

Draw ing on the re sults of geo log i cal map ping, struc tural
anal y sis, and shal low geo phys i cal sur veys, the model pro posed 
here out lines a four-stage tec tonic evo lu tion of the GG (Fig. 11). 
This evo lu tion closely mir rors the re cently de vel oped struc tural
model for the ad ja cent Kamionki Graben (Kowalski and
Pacanowski, 2025). The for ma tion and de vel op ment of the GG
are in ter preted to have ini ti ated dur ing the Car bon if er ous and
pro gressed through mul ti ple re ac ti va tion phases of in her ited
base ment faults, ep i sodic up lift, and ero sional re moval of the
sed i men tary cover of the GSM, con tin u ing into the late Ce no -
zoic.

NW–SE-trending meso-scale folds, iden ti fied within the
Mis sis sip pian suc ces sion of the GG – par tic u larly on the slopes
of Ostrzew Hill – are in ter preted as the re sult of end-Variscan
compressional de for ma tion. Sim i lar fold styles are well doc u -
mented in Car bon if er ous de pos its pre served in both fore land
and intramontane bas ins along the north east ern and east ern
mar gins of the Bo he mian Mas sif (Oberc, 1972; Hartley and
Otava, 2001; Bábek et al., 2004, 2006; Mazur et al., 2006,
2010; Narkiewicz, 2007, 2020; Tomek et al., 2019). Mesoscale
folds have also been de scribed from the Pa leo zoic sed i men tary 
suc ces sions form ing the Variscan ex ter nal fold-and-thrust belt
in west ern and cen tral Po land. Seis mic re flec tion pro files and
bore hole data re veal that these suc ces sions are dom i nated by
im bri cate thrust stacks and mod er ately to steeply in clined folds
trending WNW–ESE to NW–SE, which re flect north east-di -
rected short en ing and the pro gres sive prop a ga tion of the Vari -
scan de for ma tion front dur ing the late Car bon if er ous (Mazur et
al., 2010, 2020; Krzywiec et al., 2017; Tomaszczyk and
Jarosiñski, 2017; Mazur and Schulmann, 2025). This struc tural
ge om e try is con sis tent with the re gional end-Variscan stress
field re con structed across the north east ern ter mi na tion of the
belt, sug gest ing that the GG area re cords a com pa ra ble style of
fold ing re lated to this compressional phase.

At the re gional scale, the fold tec ton ics af fect ing the Mis sis -
sip pian strata over ly ing the GSM cor re spond to the de for ma tion 
style ob served in the ad ja cent Bardo Unit (Oberc, 1972). Ac -
cord ing to Oberc, the Bardo suc ces sion ex pe ri enced an ini tial
phase of fold ing at the tran si tion from the early to late Car bon if -
er ous, form ing E–W- to NW–SE-trending struc tures. These
were later over printed by late Car bon if er ous refolding, which
pro duced NE–SW to N–S-ori ented folds su per im posed on the
ear lier fab ric (Oberc, 1972). The E–W- to NW–SE-trending ini -
tial folds are at trib uted to de for ma tion as so ci ated with the
late-Variscan (“Sudetic”) phase of E-W to NE–SW com pres -
sion. The ge om e try of meso-scale folds doc u mented in the GG
– par tic u larly within the Sokolec For ma tion at Ostrzew Hill –
closely mir rors that ob served in the south ern sec tor of the
Kamionki Graben, where WNW–ESE to W–E, and less com -
monly NW–SE-trending, ex po sure-scale folds and as so ci ated
re verse faults have been re ported (Kowalski and Pacanowski,
2025). The con sis tent struc tural pat terns be tween the two
grabens sug gest that both un der went com pa ra ble phases of
de for ma tion, likely transpressional in char ac ter, con trolled by
the re ac ti va tion of in her ited base ment faults within the GSM
(Kowalski and Pacanowski, 2025). Late Pa leo zoic dextral
move ments along ma jor crustal shear zones in the north east -
ern Bo he mian Mas sif, ac tive dur ing the fi nal stages of the
Variscan orog eny, have been widely doc u mented (Aleksan -
drowski, 1995; Aleksandrowski et al., 1997; Žák et al., 2018;
Tomek et al., 2019). These dis place ments most likely oc curred
on a broader scale as a con se quence of oblique con ver gence
be tween Gond wana-de rived microcontinents and Laurussia
(Mazur et al., 2006; Hofmann et al., 2009; Franke et al., 2017;
Edel et al., 2018; Žák et al., 2018; Tomek et al., 2019;
Martínez-Catalán et al., 2021).

The sinistral strike-slip faults ob served in the Sokolec For -
ma tion at Ostrzew Hill are in ter preted as the prod uct of a sec -
ond de for ma tion phase as so ci ated with the ini tial tec tonic de -
vel op ment of the GG. The for ma tion of the graben likely fol -
lowed shortly af ter the fold ing of the Car bon if er ous strata and is
at trib uted to a pe riod of re gional up lift and ero sion dur ing the
late Car bon if er ous to early Perm ian. The strike-slip faults ob -
served within the land slide-dis placed blocks af fected clock -
wise-ro tated sur faces of the J2 joint set, orig i nally ori ented
NE–SW and par al lel to the graben bound aries, and may rep re -
sent high-an gle Riedel (R) shears. Sinistral shear ing along
NW-SE-ori ented J1 joints on the south west ern slopes of
Ostrzew Hill was pre vi ously doc u mented by Kowalski (2018),
sug gest ing that this de for ma tion pat tern is part of a broader, re -
gion ally sig nif i cant trend. Fur ther sup port co mes from the ad ja -
cent Kamionki Graben, where NNW–SSE to NNE–SSW-strik -
ing strike-slip faults (fault pop u la tion II of Kowalski and
Pacanowski, 2025) show com pa ra ble ge om e try and are at trib -
uted to a late Car bon if er ous–early Perm ian transtensional re -
gime, char ac ter ized by NE–SW to WNW–ESE-ori ented ex ten -
sion. No ta bly, this pro posed ki ne matic phase aligns with in ter -
preted late Car bon if er ous–early Perm ian sinistral dis place ment 
along the G³uszyca Fault – a seg ment of the Intra-Sudetic Fault
Sys tem – which runs par al lel to both grabens and forms the
south west ern bound ary of the GSM (Aleksandrowski, 1995;
Aleksandrowski et al., 1997). Ad di tion ally, the em place ment of
NW–SE to NNW–SSE-ori ented kersantite and rhy o lite dykes
within the GSM (Grocholski, 1967; Awdankiewicz, 2007), along
with co eval vol ca nic and subvolcanic bod ies in the ad ja cent
Intra-Sudetic Ba sin (Awdankiewicz, 1999, 2022), ap pears ge -
net i cally linked to this re gional extensional tec tonic re gime. Ac -
cord ing to Nádaskay et al. (2024), dur ing the mid dle Penn syl va -
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Fig. 11. Sche matic model il lus trat ing the de for ma tion of the Mis sis sip pian suc ces sion in the Glinno Graben

The di a gram de picts the in ferred late Namurian fold ing phase af ter Kowalski and Pacanowski (2025). 
For de tailed dis cus sion and ad di tional con text, re fer to the main text

https://doi.org/10.7306/gq.1779


nian to early Perm ian (Moscovian–early Asselian; ~310–300/
298 Myr), sinistral strike-slip de for ma tion along NW–SE-ori -
ented fault zones in the north east ern Bo he mian Mas sif was
likely trig gered as a far-field ef fect of the Urali an orog eny.

Re con struct ing the tectono-sed i men tary evo lu tion of the
GSM from the Perm ian to Early Cre ta ceous re mains highly
chal leng ing due to the ab sence of pre served sed i men tary cover 
and lim ited struc tural ev i dence. While Lower Tri as sic de pos its
are well doc u mented in the ad ja cent Intra-Sudetic Ba sin, the
GSM likely acted as a sed i ment source dur ing that time
(Mroczkowski and Mader, 1985; Kowalski, 2020). How ever, it
re mains un clear whether any sed i men tary suc ces sion cov ered
the moun tain ous por tion of the mas sif or its con tin u a tion within
the Fore-Sudetic Block. Geo phys i cal data in di cate that struc -
tural lev els ex posed in the fore land are ~5 km deeper than
those in the Sudetic part, rais ing the pos si bil ity that sed i men tary 
rocks never ac cu mu lated there, or were en tirely re moved by
post-Car bon if er ous ero sion (Oberc, 1972). Based on ap a tite
fis sion-track data, Aramowicz et al. (2006) pro posed that the
GSM may once have been bur ied be neath a sig nif i cant thick -
ness of up per Car bon if er ous–Perm ian, or youn ger (?) de pos its, 
sug gest ing a no ta ble post-Variscan burial event prior to its fi nal
ex hu ma tion.

The pres ence of Ju ras sic and Early Cre ta ceous strata over
the GSM re mains un cer tain, and if such cover ex isted, it has
since been eroded. Out crops of these rocks are lim ited to ar eas
west of the Elbe Fault Zone (Valeèka, 2019, Nádaskay et al.,
2024), rais ing doubts as to whether the GSM was ever cov ered
dur ing this time. Al though extensional re ac ti va tion of Variscan
strike-slip faults and lo cal ized sub si dence dur ing the Mid dle Ju -
ras sic–Early Cre ta ceous has been pro posed in the NE Bo he -
mian Mas sif (Nádaskay et al., 2019), palaeogeographic re con -
struc tions gen er ally ex clude the GSM from these depositional
ar eas. Dur ing the Late Cre ta ceous, the GSM clearly emerged
as part of the East ern Sudetic Is land, sup ply ing clastic ma te rial
to ad ja cent bas ins (Wojewoda, 1997; Biernacka, 2012;
Kowalski, 2021b).

Dur ing the Late Cre ta ceous to early Paleogene, the el e -
vated part of the GSM un der went sig nif i cant tec tonic up lift along 
two ma jor base ment faults: the Sudetic Bound ary Fault (NE)
and the G³uszyca Fault (SW). This up lift is at trib uted to
NE–SW-ori ented compressional stress re sult ing from the con -
ver gence of the Af ri can, Ibe rian, and Eu ro pean plates, trans mit -
ted as far-field ef fects across con sid er able dis tances from the
ac tive orogenic fronts (Rosenbaum et al., 2002; Mazur et al.,
2005; Kley and Voigt, 2008). The re sult was re gional-scale in -
ver sion of Permo-Me so zoic and older bas ins, form ing a wide
NW–SE trending belt of base ment up lifts and as so ci ated de -
pres sions bounded by re ac ti vated high-an gle faults in Cen tral
Eu rope. Prom i nent struc tural highs within this belt in clude the
in verted Lower Sax ony Ba sin, Harz Moun tains, Flechtingen
High, Thuringian For est and its Ba var ian pro lon ga tions, and the 
Lusatian–Sudetic High (Voigt, 2009; Kley and Voigt, 2008).
While Voigt et al. (2021) sug gested that tec tonic in ver sion in
Cen tral Eu rope be gan as early as ~95 Ma (Cenomanian), in the 
Intra-Sudetic Ba sin the youn gest pre served Cre ta ceous strata
are of Lower Coniacian age (~89–87 Ma; Wojewoda, 1997;
Kowalski, 2021b). This im plies that tec tonic up lift of the GSM
and its sur round ings may have ini ti ated some what later, likely
dur ing the late Coniacian to Santonian (~87–84 Ma), fol low ing
the ter mi na tion of sed i men ta tion in the ba sin – pro vided that
youn ger de pos its were not sub se quently eroded, which re -
mains a pos si bil ity. This in ter pre ta tion aligns with the
thermochronological find ings of Danišík et al. (2012), who ar -
gued that re verse faults and low-an gle thrusts were ac tive
across the Sudetic re gion dur ing the ~85–70 Myr in ter val, in di -

cat ing a re gional compressional phase con sis tent with the Late
Cre ta ceous to early Paleogene de for ma tion event. Palaeo -
stress in di ca tors from re verse faults in the nearby Kamionki
Graben sug gest NW–SE-di rected com pres sion, con sis tent
with data doc u ment ing this de for ma tion phase in the north east -
ern Bo he mian Mas sif and the Sudetes re gion (Pešková et al.,
2010; Coubal et al., 2015; Nováková, 2015; Sobczyk et al.,
2015, 2019; Kowalski, 2021; G³uszyñski and Aleksandrowski,
2022; Kowalski and Pacanowski, 2025). Thermochronological
con straints in di cate re moval of ~4–8 km of over bur den from the 
GSM dur ing this ep i sode, with ~4 km of de nu da tion also re -
corded in the Intra-Sudetic Ba sin (Aramowicz et al., 2006; Botor 
et al., 2019). Sobczyk et al. (2015) fur ther pos tu lated that burial
depths within the ax ial part of the Intra-Sudetic Ba sin reached
up to 5.5–6 km, im ply ing a com pa ra ble mag ni tude of sub se -
quent ex hu ma tion dur ing post-Cre ta ceous up lift and ba sin in -
ver sion. Al though ex po sure ev i dence in the GG is lim ited,
map-scale folds within the Mis sis sip pian suc ces sion, par tic u -
larly the NW–SE trending syncline in the south ern most part of
the graben, likely re flect the same compressional phase. The
large-scale folds ob served in other parts of the GG most likely
also formed dur ing this compressional event. How ever, the
bed ding is poorly ex pressed in the gneissic con glom er ates,
where its iden ti fi ca tion is par tic u larly chal leng ing due to the
mas sive struc ture and weath er ing, a dif fi culty com pounded by
the near-to tal ab sence of fresh ex po sures.

Based on field ob ser va tions con ducted in the GG, a sub se -
quent ep i sode of extensional de for ma tion is pro posed, marked
by the de vel op ment of nor mal faults that likely rep re sent the
youn gest tec tonic dis lo ca tions af fect ing the graben struc ture.
These faults are ori ented ei ther par al lel or per pen dic u lar to the
nearby NW–SE-trending Sudetic Bound ary Fault (Oberc and
Dyjor, 1969; Krzyszkowski and Pijet, 1993; Krzyszkowski et al.,
1995; Badura et al., 2007; Ró¿ycka et al., 2021; Migoñ et al.,
2023), sug gest ing that a late-stage extensional re gime has
been su per im posed on pre-ex ist ing struc tural dis con ti nu ities.
On the south ern slopes of Ostrzew Hill (loc. 6), both nor mal
faults and extensional frac tures – clearly ex pressed in pres -
ent-day ter rain mor phol ogy – have been doc u mented. Ad di tion -
ally, two land slides have been iden ti fied in this area, whose de -
vel op ment ap pears closely linked to the fault-con trolled bed -
rock ar chi tec ture. These faults, along with other dis lo ca tions
that have con trib uted to the in ter nal compartmentalization of
the GG – such as NE–SW-ori ented faults dis sect ing both the
Kurasz Fault and the North ern Glinno Fault – are most likely as -
so ci ated with Neo gene to Qua ter nary fault ac tiv ity pre vi ously
re ported along the Sudetic Bound ary Fault (Krzyszkowski et al., 
1995; Krzyszkowski and Bow man, 1997; Migoñ and £ach,
1998; Badura et al., 2007; Štìpanèíková et al., 2010, 2011;
Ró¿ycka et al., 2021; Migoñ et al., 2023) and sub or di nate fault
sys tems within the GSM. This late-stage fault ing ap pears to
have ex erted a sub stan tial in flu ence on the lo cal drain age net -
work. The course of the M³ynówka River val ley in the cen tral
and south ern sec tors of the graben, as well as the head wa ter
zone of the Bojanicka Woda stream in its north ern part, closely
fol lows mor pho log i cal de pres sions that co in cide with mapped
fault zones. This spa tial cor re spon dence sug gests that neotec -
tonic move ments along nor mal faults may have played a key
role in con trol ling flu vial in ci sion and val ley align ment in the GG
area. More over, the iso lated po si tion of Ostrzew Hill sit u ated in
the ax ial zone of the graben likely re flects a com bi na tion of
struc tural pres er va tion and dif fer en tial ero sion, con trolled prob -
a bly by late-stage nor mal fault ing. Hence, Ostrzew Hill may rep -
re sent an ero sional rem nant bounded by NE–SW-ori ented
faults that seg mented the graben floor dur ing Neo gene to Qua -
ter nary extensional de for ma tion.

Aleksander Kowalski and Grzegorz Pacanowski / Geo log i cal Quar terly, 2025, 69, 48 19

https://doi.org/10.1127/0077-7757/2006/0046
https://doi.org/10.1127/0077-7757/2006/0046
https://doi.org/10.7306/gq.1024
https://doi.org/10.1007/s00531-019-01777-9
https://doi.org/10.1007/s00531-019-01777-9
https://doi.org/10.1016/j.jog.2015.02.006
https://doi.org/10.1029/2011TC003012
https://doi.org/10.5194/se-13-1219-2022
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.2020.21
https://doi.org/10.14241/asgp.2020.21
https://doi.org/10.7306/gq.1779


An other im por tant is sue that must be ad dressed in the con -
text of the Neo gene to Qua ter nary evo lu tion of the GG con -
cerns the na ture and ki ne mat ics of the Sudetic Bound ary Fault,
par tic u larly with re spect to the ear lier, pos si ble  strike-slip dis -
place ments along this struc ture. Ac cord ing to Cwojdziñski and
¯elaŸniewicz (1995), the ab sence of a pro nounced off set in the
mapped bound aries of the GSM along the fault sug gests that
pre vi ously pro posed strike-slip dis place ments along this struc -
ture were likely mi nor or of lim ited geo log i cal sig nif i cance. Fur -
ther more, Cwojdziñski et al. (1995) and ¯elaŸniewicz et al.
(1997), based on in ter pre ta tions of the GB-2A seis mic re flec -
tion pro file, pro posed that both the Sudetic Bound ary Fault and
the Intra-Sudetic Fault func tioned as mul ti ply re ac ti vated listric
faults. Im por tantly, the crys tal line base ment of the GSM ex -
tends south wards be neath the De vo nian strata of the north ern
Bardo Unit (Chorowska et al., 1992) and likely also un der lies
parts of the Œwiebodzice Unit (Porêbski, 1981, 1990), be yond
the cur rently mapped ex tent of the moun tain ous mas sif. This
struc tural con fig u ra tion im plies that the ap par ent con ti nu ity of
GSM bound aries may be mis lead ing and po ten tially ob scured
by ver ti cal (dip-slip) fault re ac ti va tion dur ing the Neo gene to
Qua ter nary tec tonic phase. Con se quently, the ab sence of a
vis i ble lat eral off set in plan view does not pre clude the oc cur -
rence of strike-slip dis place ments dur ing ear lier stages of the
tec tonic evo lu tion of the Sudetic Bound ary Fault. Such dis -
place ments likely oc curred pri mar ily along the Intra-Sudetic
Fault, which has been widely rec og nized as a ma jor zone of late 
Pa leo zoic strike-slip de for ma tion.

SUMMARY AND CONCLUSION

The Glinno Graben is a well-de fined, fault-con trolled tec -
tonic fea ture de vel oped atop the crys tal line base ment of the
meta mor phic Góry Sowie Mas sif, com pris ing folded syn- to
late-orogenic Mis sis sip pian strata. Its struc tural evo lu tion re -
flects the com plex, late- to post-Variscan tectonosedimentary
his tory of the north east ern Bo he mian Mas sif.

This study pro vides an in te grated struc tural, geomorpho -
logical, and geo phys i cal anal y sis of the graben, based on de -
tailed geo log i cal map ping, LiDAR-based ter rain anal y sis, and
two-di men sional Elec tri cal Re sis tiv ity To mog ra phy (ERT). The
pre served Car bon if er ous suc ces sion – com pris ing gneissic
con glom er ates and sand stones of the Walim For ma tion and
ma rine de pos its of the Sokolec For ma tion – is lo cally in truded
by NW–SE- to NNW–SSE-trending kersantite dykes and sills,
in di cat ing late-Variscan mag matic ac tiv ity. The Glinno Graben
con sists of at least three fault-bounded tec tonic sub units, de lin -
eated by ma jor dis lo ca tions in clud ing the West ern, East ern,
Kurasz, and North ern Glinno faults. ERT im ag ing re veals a pro -
nounced con trast be tween the re sis tive crys tal line base ment
and the more con duc tive sed i men tary infill, al low ing for
high-res o lu tion map ping of fault zones and pre cise char ac ter -
iza tion of the over all graben ge om e try.

Struc tural data and re gional cor re la tions sup port a
four-stage de for ma tion model of the graben. The first phase –
rep re sented by NW–SE-trending meso-scale folds in the Mis -
sis sip pian suc ces sion – is at trib uted to end-Variscan
NNE–SSW to NE–SW short en ing. The meso-scale folds likely
formed un der compressional or transpressional (dextral?) re -
gimes. The sec ond phase in volved sinistral strike-slip fault ing
dur ing late Car bon if er ous to early Perm ian transtension. This
event is re flected in fault planes dis sect ing the Sokolec For ma -

tion and aligns ki ne mat i cally with sinistral de for ma tion in the
Kamionki Graben and along the nearby Intra-Sudetic Fault. It
also cor re sponds with the em place ment of kersantite dykes and 
as so ci ated ig ne ous ac tiv ity in the GSM and Intra-Sudetic Ba sin.

A third, re gion ally sig nif i cant tec tonic phase oc curred dur ing 
the Late Cre ta ceous to early Paleogene, when NW–SE-di -
rected far-field compressional stress – gen er ated by the con -
ver gence of the Af ri can, Ibe rian, and Eu ro pean plates – re ac ti -
vated in her ited high-an gle base ment faults and trig gered the in -
ver sion of Permo-Me so zoic bas ins and older tec tonic struc tures 
in Cen tral Eu rope. This stress re gime in duced crustal short en -
ing within the north east ern Bo he mian Mas sif and led to the up -
lift of the moun tain ous part of the GSM, par tic u larly along the
Sudetic Bound ary Fault and the G³uszyca Fault. It also caused
ex ten sive ero sion of the mas sif and its sed i men tary cover. Re -
verse faults and large-scale folds ob served within the Mis sis sip -
pian suc ces sion of the GG – al though only lo cally ex posed – are 
likely at trib ut able to this compressional phase and are con sis -
tent with palaeostress re con struc tions from the ad ja cent
Kamionki Graben.

The fi nal phase of de for ma tion is char ac ter ized by Neo gene 
to Qua ter nary NW-SE-ori ented ex ten sion, man i fested as
high-an gle nor mal faults and extensional frac tures – par tic u larly 
in the south ern sec tor of the graben in Ostrzew Hill. These
struc tures, lo cally ro tated within land slide bod ies, show ori en ta -
tions ei ther par al lel or per pen dic u lar to the Sudetic Bound ary
Fault, sug gest ing a late-stage extensional re gime su per im -
posed on older faults. In ad di tion to con trol ling the de vel op ment
of slope in sta bil i ties, these graben-par al lel faults ap pear to have 
in flu enced the align ment and in ci sion of the lo cal drain age net -
work. The M³ynówka River val ley and Bojanicka Woda head wa -
ters both co in cide with fault-con trolled de pres sions, in di cat ing a
pos si ble neotectonic im print on mod ern to pog ra phy.

Im por tantly, the pro posed struc tural evo lu tion of the Glinno
Graben, in volv ing re peated ep i sodes of fault re ac ti va tion from
the Car bon if er ous to Qua ter nary, is con sis tent with the de for -
ma tion his tory re con structed for the ad ja cent Kamionki Graben. 
These find ings em pha size the per sis tent re gional role of in her -
ited base ment faults and their long-term tec tonic re ac ti va tion in
in flu enc ing the struc tural frame work of the north east ern Bo he -
mian Mas sif.
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