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The crustal-scale shear-zones of the Bo he mian Mas sif were re cur rently ac tive dur ing the Late Pa leo zoic, as in ferred from
the depositional re cord of nu mer ous penecontemporaneous bas ins dis trib uted along NW–SE faults. This pa per fo cuses on
the cor re la tion of sed i men tary bas ins as so ci ated with Late Paleozoic re ac ti va tion of the NW–SE-trending Elbe Zone Sys tem, 
based on subsurface data from Perm ian out li ers pre served along the Lusatian Fault in north ern Bo he mia. Com par i son of the
lithofacies de vel op ment to gether with re cently pub lished geo chron ol ogi cal data fa cil i tates pos si ble cor re la tion to the Weißig
and Döhlen bas ins, and Bo he mian bas ins, re spec tively. Strati graphic dat ing and mu tual cor re la tion of the Late Pa leo zoic
bas ins within the Elbe Zone al low com par i son of their de vel op ment and sub se quent de mise as a re sult of polyphase tec tonic
evo lu tion of the north ern Bo he mian Mas sif. The Late Mis sis sip pian–Mid dle Penn syl va nian (~330–310/305 Ma) late orogenic 
strike-slip tec tonic move ments were fol lowed by ex ten sion re lated to orogenic col lapse. This pro cess was over taken by
intraplate ex ten sion by ~306/305 Ma at the lat est. It has been sug gested that the NW–SE faults (incl. Elbe Zone Sys tem)
were re ac ti vated in a strike-slipe re gime dur ing the Mid dle Penn syl va nian–early Perm ian (Moscovian–early Asselian;
~310–300/298 Ma), i.e., con cur rently with the intra-plate ex ten sion. Fur ther strike-slip re ac ti va tion of the NW–SE faults oc -
curred dur ing the early Perm ian (late Asselian–early Kungurian; ~297–283 Ma).
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INTRODUCTION

The Elbe Zone and the Lusatian Fault in Sax ony and north -
ern Bo he mia are among the most prom i nent tec tonic fea tures
of the north ern part of the Bo he mian Mas sif. They rep re sent
parts of the wider Elbe Zone Sys tem (sensu Scheck et al.,
2002) which be longs to the group of NW–SE trending shear
zones that trun cated the NE–SW trending Variscan zones
(Fig. 1A; Arthaud and Matte, 1977; Edel and Weber, 1995;
Mazur et al., 2020). These faults formed dur ing the Mis sis sip -
pian and were re ac ti vated dur ing the Penn syl va nian–Perm ian
(e.g., Mattern, 2001; Edel et al., 2018). In di vid ual
NW–SE-trending faults be long ing both to the Elbe Zone Sys -
tem or to a par al lel group of so-called ‘Sudetic’ faults may have
been fur ther re ac ti vated dur ing Me so zoic times (e.g., Solecki,

1994, 2011; Voigt, 2009; Kowalski, 2017, 2020; Nádaskay et
al., 2019b; Käßner et al., 2020; Kowalski and Pacanowski,
2024). De spite the well-doc u mented com plex evo lu tion of
these faults since the lat est Cre ta ceous (e.g., Coubal et al.,
2015; Tietz and Büchner, 2015), the pre-Cre ta ceous tec tonic
his tory of the Elbe Zone Sys tem is rel a tively poorly con strained, 
apart from a few stud ies (e.g., Pitra et al., 1994, 1999; Mattern,
1996; Wenzel et al., 1997; Verner et al., 2009; Vondrovic et al.,
2011; Tomek et al., 2019; Machek et al., 2021). How ever, the
depositional re cord of the Perm ian, Ju ras sic and Up per Cre ta -
ceous dis trib uted along the in di vid ual faults of the Elbe Zone
Sys tem in di cates that at least some of these faults played an
ac tive role in ba sin cre ation and sub se quent in ver sion (e.g.,
Ulièný et al., 2009a, b; Hofmann et al., 2018; Nádaskay et al.,
2019a, b).

The as so ci a tion of Perm ian sed i men tary bas ins with
NW–SE-trending fault zones has been widely stud ied in dif fer -
ent parts of the Bo he mian Mas sif – e.g., Pfahl-Dan ube sys tem
in Ba varia (Schröder, 1988; Schröder et al., 1997) and
Thuringia (e.g., Andreas, 1988), Elbe Fault Zone (Möbus, 1966; 
Absolon, 1979; Reichel, 1985) or Sudetic Fault Sys tem (Holub
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Fig. 1A – over view map of Variscan Eu rope: heavily mod i fied af ter Zagórska et al. (2020) and ref er ences therein; ab bre vi a tions: BV
– Brunovistulian; EZ – Elbe Zone; Lu – Lugian; MGCR – Mid-Ger man Crys tal line Rise; MS – Moravosilesian; TB – Teplá–Barrandian
Unit; TESZ – Trans-Eu ro pean Su ture Zone; USB – Up per Silesia Ba sin; VS – Variscan su ture. B – out line of the broader area of in ter -
est in the north ern Bo he mian Mas sif show ing the Perm ian out li ers stud ied: Db – Doubice; DN – north of Dìèín; K – Kyjov; L – Lesné
(with bore hole 6412_L); Rb – Radebeul; Rd – Rossendorf; Rs – Rosinendörfchen; VH – Vlèí Hora; ab bre vi a tions: ATC –
Altenberg–Teplice Cal dera ÈKB – Èeská Kamenice Ba sin (K – Kravaøe sub-ba sin; SKB – Srbská Kamenice sub-ba sin); D – Döhlen
Ba sin (B – Briesnitz sub-ba sin); W – Weißig Ba sin; ETSG – Elbe schist belt; JCC – Ještìd Crys tal line Com plex; KgH – Königshain
Mas sif; KJCC – Krkonoše–Jizera Crys tal line Com plex; MHB – Mnichovo Hradištì Ba sin; Mr – Markersbach mas sif; NSB – North
Sudetic Ba sin; TWC – Tharandt Wald Cal dera. Ge ol ogy of the Ger man and Pol ish ter ri to ries adapted af ter Brause (1972) and
Kozdrój et al. (2001). C – Late Paleozoic con ti nen tal bas ins in the Czech ter ri tory (Opluštil et al., 2013, amended); abbreviations:
ATC – Altenberg–Teplice Cal dera, BB – Blanice Graben, BoB – Boskovice Graben, ÈKB – Èeská Kamenice Ba sin, ISB –
Intra-Sudetic Ba sin, JB – Jihlava Graben, KRB – Kladno–Rakovník Ba sin, MB – Manìtín Ba sin, MHB – Mnichovo Hradištì Ba sin,
MRB – Mšeno–Roudnice Ba sin, OB – Orlice Ba sin, PB – Pilsen Ba sin, RB – Radnice Ba sin, TNSB – Trutnov-Náchod sub-ba sin, ŽB –
Žihle Ba sin
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and Tásler, 1974; Wojewoda and Mastalerz, 1989; Solecki,
1994; Wojewoda, 2007). Al though these bas ins were likely es -
tab lished as transtensional/pull-apart bas ins (e.g., Lützner,
1988; Benek, 1989; Mastalerz and Wojewoda, 1991; Mattern,
1995a, b; Schröder et al., 1997; Ulièný et al., 2002; Zeh and
Brätz, 2004; Hofmann et al., 2009; Zieger et al., 2019), their for -
ma tion was likely not syn chro nous and was re lated to at least
two phases of strike-slip move ment (cf. Mattern, 2001).

Un like the Penn syl va nian–Perm ian bas ins with well-es tab -
lished stra tig ra phy, the Perm ian out li ers along the Lusatian
Fault and in the Elbe Val ley have been a geo log i cal enigma for
de cades. Be cause of their poor pres er va tion as rel a tively nar -
row, tec toni cally tilted, and heavily de formed units (sensu

Coubal et al., 2014), it has been vir tu ally im pos si ble to de ter -
mine their strati graphic po si tion. How ever, in 2018 an ex plor -
atory bore hole lo cated di rectly at the Lusatian Fault near Lesné
(north ern Bo he mia; Figs. 1 and 2), drilled a ~55 m-thick Perm -
ian suc ces sion, un known un til that time. The bore hole data
(core, well-logs) were in te grated with field geo log i cal and geo -
phys i cal data to ex plore the depositional re cord and stra tig ra -
phy of the Perm ian as well as the na ture of its de for ma tion.

This pa per ex plores the depositional and tec tonic events
that af fected the north ern Bo he mian Mas sif, par tic u larly dur ing
Late Penn syl va nian–Perm ian times. We ad dress this is sue by
com par i son with sur round ing bas ins with well-es tab lished stra -
tig ra phy: the Döhlen Ba sin in Sax ony, the Èeská Kamenice Ba -
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Fig. 2A – de tailed geo log i cal map of the study area de rived from a geo log i cal map of the Resibil pro ject area
by Mrázová et al. (2020). Tec tonic out li ers are high lighted by white el lip ses. Perm ian out li ers: Db – Doubice;
DN – north of Dìèín; K – Kyjov; L – Lesné (with bore hole 6412_L); VH – Vlèí Hora). B – de tailed geo log i cal set -
ting of the vi cin ity of bore hole 6412_L (Lesné). Geo phys i cal sec tion (Fig. 7) in di cated
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sin (ÈKB) in north ern Bo he mia, and the Krkonoše Piedmont
Ba sin (KPB) in east ern Bo he mia. Fi nally, we dis cuss the se -
quence of events re lated to the for ma tion and de for ma tion of
the Perm ian out li ers in north ern Bo he mia within the frame work
of the NE part of the Eu ro pean Variscan belt.

GEOLOGICAL SETTING

The study area is lo cated in the NW part of the Bo he mian
Mas sif, at the junc tion of the Lugian, Saxothuringian and
Teplá–Barrandian tec tonic do mains (Fig. 1A), all of which are
over lain to some ex tent by Late Paleozoic to Ce no zoic suc ces -
sions (e.g., Kozdrój et al., 2001; Cháb et al., 2007; Mlèoch and
Konopásek, 2010). The Lugian unit is formed of Up per
Neoproterozoic greywackes in truded by Late Neopro -
terozoic–Cam brian granitoids (~540–504 Ma; Kozdrój et al.,
2001; Kemnitz, 2007; Bia³ek et al., 2014; Zieger et al., 2018).
The Variscan in tru sions (Fig. 1B; the most re cent ages as well
as a sum mary of older dat ing in Käßner et al., 2021) are rep re -
sented by the Meißen Mas sif and Königshain and Stolpen
plutons in trud ing the Lusatian Mas sif, and the Markersbach
Mas sif (~327 Ma; Hofmann et al., 2009) emplaced at the
bound ary of the Lusatian Mas sif and Elbtalschiefergebirge
(‘Elbe schist belt’, ETSG; Fig. 1B). The ETSG is a NW–SE-ori -
ented synclinorium formed of weakly meta mor phosed sed i -
men tary rocks (Late Pro tero zoic–Early Paleozoic) ex posed in
the Elbe Val ley in Sax ony and north ern Bo he mia (e.g.,
Pietzsch, 1917; Ebert, 1934; Hoth et al., 1995). In the west, it is
sep a rated from the neigh bour ing Erzgebirge Crys tal line Com -
plex by the Mid-Saxon Fault (Fig. 1B) and, to wards the east, it
con tin ues along the West Lusatian Fault be neath the Up per
Paleozoic and the Up per Cre ta ceous and even tu ally joins in -
tensely de formed low-grade meta mor phic com plexes in the
outer rim of the Krkonoše–Jizera Mas sif (e.g., Ebert, 1934;
Chaloupský, 1970, 1973; Kozdrój et al., 2001). The sed i men -
tary cover within the study area (Figs. 1B and 2) is rep re sented
by the Up per Paleozoic, Ju ras sic, and Up per Cre ta ceous
(Fig. 3). El e ments of the Up per Paleozoic are as fol lows:

(1) The Èeská Kamenice Ba sin (ÈKB), com pletely con -
cealed be neath youn ger de pos its. A hand ful of deep bore holes
that reached the pre-Penn syl va nian base ment sug gest that the
ba sin com prises three sub-bas ins sep a rated by base ment
highs (Pešek, 2001). The most com plete suc ces sion was
drilled by bore hole Vf-1 (Holub et al., 1984; for lo ca tion see
Fig. 1B) that re corded an up to ~620-m-thick suc ces sion of al -
ter nat ing mudstones, sand stones and con glom er ates with in -
ter ca la tions of ba sic to in ter me di ate vol ca nic and volcaniclastic
rocks, Gzhelian–Asselian in age (Kuèera and Pešek, 1982;
Vejlupek et al., 1986). The ba sin fill com prises three grey and/or 
vari col oured ho ri zons of shales and mudstones, the up per most
of which is cor re lated to the Rudník Mem ber as de fined (e.g.,
Pešek, 2001) in the Mnichovo Hradištì (MHB) and Krkonoše
Piedmont (KPB) bas ins. The lat ter two bas ins form parts of the
Pilsen–Trutnov Ba sin Com plex (PTBC; sensu Cháb et al.,
2010; Fig. 1C), an ex ten sive com plex of non-ma rine, so-called
intermontane bas ins.

(2) The Perm ian out li ers along the Lusatian Fault (Fig. 2A)
com prise al ter na tions of sand stones and con glom er ates with
in ter ca la tions of vol ca nic and volcaniclastic rocks (Fig. 3; e.g.,
Fediuk et al., 1958). Com pared to the infill of the ÈKB, they are
only sev eral tens of metres thick with a re duced strati graphic
range due to in tense de for ma tion. It was as sumed that they
once formed a sin gle depositional space with the ÈKB un der ly -
ing the Up per Cre ta ceous (Fig. 4; cf. Malkovský, 1987, af ter un -
pub lished sketch of J. Dvoøák, 1962; Klein, 1971).

The Mid dle–Up per Ju ras sic (e.g., Eliáš, 1981) rocks are ex -
posed in sev eral de formed and tilted ‘tec tonic slices’ (up to a
few tens of metres long) along the Lusatian Fault. Sand stones
(quartzose and dolomitic) at the base of Ju ras sic are over lain by 
lime stones and dolostones (Fig. 3). The orig i nal depositional
and tec tonic set ting of the Ju ras sic de pos its has been con sid -
ered to be re lated to ac tiv ity along the NW–SE faults (e.g., Eliáš, 
1981; Malkovský, 1987; Voigt, 2009; Valeèka, 2019).

The Up per Cre ta ceous in the vi cin ity of the Lusatian Fault is
rep re sented by mid dle Turonian–Coniacian for ma tions (Fig. 3).
The lat ter dom i nate in terms of both ex tent and thick ness – over 

4 Roland Nádaskay et al. / Geo log i cal Quar terly, 68, 42

Fig. 3. Sche matic jux ta po si tion of ba sin fills within the study
area with re spect to their strati graphic age and tec tonic

re la tion ships
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230 m (Valeèka, 2001, 2006), and com prises mainly quartzose
sand stones with sub or di nate ar gil la ceous or cal car e ous sand -
stones and dm–m thick in ter ca la tions of mudstones and
siltstones.

TECTONIC SETTING

The study area rep re sents a tec toni cally com plex re gion sit -
u ated at the in ter sec tion of ma jor, crustal-scale tec tonic zones:
(1) The Elbe Zone Sys tem (sensu Scheck et al., 2002), com -
pris ing NW–SE trending faults within a wide zone of in tense
duc tile and brit tle de for ma tion (Fig. 1A); (2) The WSW–ENE,
and E–W trending faults of the Eger Graben formed dur ing the
Oligocene–Mio cene open ing of the Eger Rift (e.g., Rajchl et al.,
2009; Cajz and Valeèka, 2010) and, thus post-dat ing the tec -
tonic pro cesses dis cussed herein. In ad di tion to them there is a
sub or di nate group rep re sented by NNE–SSW faults pur port -
edly (Brandmayr et al., 1995) rep re sent ing oblique faults to the
con trol ling Late Paleozoic NW–SE fault zones. The Elbe Zone
(EZ; Fig. 1B) is rep re sented by a se ries of NW–SE trending
faults sur round ing the Elbe Val ley. It forms a part of the
crustal-scale Elbe Zone Sys tem sensu Scheck et al. (2002), ex -
tend ing from the North Sea to the SE mar gin of the Bo he mian
Mas sif and ac tive since Car bon if er ous times (e.g., Edel and
Weber, 1995). The EZ com prises a num ber of par al lel faults de -
fined within the the ETSG and ad ja cent units in Sax ony, such as 
the Mid-Saxon Fault and the West Lusatian Fault (Fig. 1B; as
de fined by Kossmat, 1927). The Mid-Saxon Fault is in ter preted
as a SE-vergent thrust fault (e.g., Pietzsch, 1963), pos si bly re -
ac ti vated as strike-slip shear zone (Mattern, 1996). The EZ is
bounded to the NE by the Lusatian Fault, the most prom i nent
fault within the NE Bo he mian mas sif (e.g., Malkovský, 1987;
Sedlák et al., 2007; Coubal et al., 2014). This fault was de fined
pri mar ily as a bound ary sep a rat ing crys tal line units of the

Lusatian Mas sif and the Krkonoše–Jizera Crys tal line Com plex
from post-Variscan sed i men tary for ma tions on the un der ly ing
Saxothuringian base ment (Fig. 1B; Malkovský, 1977, 1987;
Cháb et al., 2007). It also rep re sents a dis tinct bound ary be -
tween the crys tal line base ment and sed i men tary for ma tions of
the Bo he mian Cre ta ceous Ba sin (BCB) with most likely a
syndepositional role (e.g., Ulièný et al., 2009a, b). The Lusatian
Fault formed dur ing the Variscan Orog eny (cf. Brandmayr et al., 
1995; Tomek et al., 2019). The neigh bour ing ‘Sudetic’ faults,
e.g., Machnín, Intra-Sudetic and Vratislavice faults (Fig. 1B),
have their evo lu tion re corded by syntectonic Penn syl va nian to
Perm ian mag matic bod ies (Klomínský et al., 2005; Žák et al.,
2013; Awdankiewicz, 2022). In con trast to that, the pre-Ce no -
zoic (cf. Coubal et al., 2015) evo lu tion of the Lusatian Fault is
only in ferred from the depositional re cord (Voigt, 1994, 2009)
and the prov e nance of clastic ma te rial de pos ited within the sur -
round ing bas ins (e.g., Hofmann et al., 2018; Niebuhr, 2018;
Nádaskay et al., 2019b). Since the lat est Cre ta ceous, a com -
plex evo lu tion of the NW–SE faults was doc u mented from nor -
mal to re verse/thrust fault ing with in ter mit tent phases of
strike-slip move ments and re lated em place ment of vol ca nic
bod ies (Müller and Wächter, 1970; Adamoviè and Coubal,
1999; Coubal et al., 2014, 2015; Tietz and Büchner, 2015). In
the case of the Lusatian Fault, this re sulted in the pres ent-day
stepped anat omy of in di vid ual fault seg ments, in volv ing re leas -
ing, re strain ing bands and splays (Coubal et al., 2014, 2015;
Krentz and Stanek, 2015). In the study area, the fault seg ments
are char ac ter ized by a gen tle (~16°) dip of the main fault sur -
face to wards the NE, a nar row (<150 m) dam age zone, and tec -
tonic-drag ef fects re stricted to dis mem bered blocks of Perm ian
and Ju ras sic rocks ad join ing the main fault (Coubal et al.,
2014). These seg ments are in ter preted to have been ex posed
to al ter nat ing phases of thrust ing, transtension, and ex ten sion
from the lat est Cre ta ceous on wards (Coubal et al., 2015).

THE PERMIAN IN NORTHERN BOHEMIA –
OUTLINE OF PREVIOUS RESEARCH

The Perm ian de pos its in north ern Bo he mia were first re -
ported by Herrmann and Beck (1897) from Vlèí Hora
(Wolfsberg; la beled ‘VH’ in Fig. 2A). At this lo cal ity, they de -
scribed dark-red fine- to coarse-grained sand stones with abun -
dant kaolinized feld spars, quartz peb bles in places, and rare
peb bles of ‘quartz por phyry’ al leg edly “rich in feld spars and dark 
mica”. Apart from sand stones, Herrmann and Beck (1897)
noted tec toni cally frac tured dark-red brec cia with frag ments of
“felsitic quartz por phyry, partly with fluidal bands”. The Perm ian
de pos its at Vlèí Hora were men tioned by Pietzsch (1963) to -
gether with the Döhlen and Weißig bas ins (Fig. 1B), to be in di -
rect as so ci a tion with the NW–SE faults. In Sax ony, less ex ten -
sive Perm ian out li ers are pres ent as so ci ated with the Lusatian
Fault near Radebeul, Rossendorf and Rosinendörfchen (e.g.,
Huhle and Lange, 2010; Fig. 1B).

In 1957, the ore ex plo ra tion bore hole VH-1 (lo cated within
the Vlèí Hora out lier; Fig. 2A) drilled a subcrop sec tion of the
Lusatian Fault for the first time. Be neath granitoids, it re corded
a ~5-m-thick fault dam age zone dip ping to wards the NE, rep re -
sented by tec tonic gouge with clay and quartz frag ments. The
dam age zone was un der lain by ~25-m-thick red-to-brown
‘quartz por phyry’ (Chrt, 1957). The re main ing Perm ian out li ers
crop ping out along the Lusatian Fault – Doubice and Kyjov (‘D‘
and ‘K’ in Fig. 2A) – were mapped by Fediuk et al. (1958) whose 
de pic tion of all the out li ers was largely fol lowed by later map -
ping ge ol o gists (Klein et al., 1971; Opletal et al., 2001; Valeèka,
2006). In ad di tion, the out lier near Kyjov was ex plored in more
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Fig . 4. Sim pli fied geo log i cal sec tion at the bound ary be tween
the Bo he mian Cre ta ceous ba sin and the Lusatian Mas sif

(amended af ter Klein and Opletal, 1971)

The sec tion is lo cated be tween the Doubice and Krásná Lípa mu nic -
i pal i ties in north ern Bo he mia (for ap prox i mate lo ca tion see Fig. 5)
Dis tance be tween A and A’ is ~3.5 km. De tails of bore holes J-2 and
J-3 in Eliáš (1981)
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de tail by two bore holes (KV-H-1, KV-H-2) that drilled Perm ian
sand stones and mudstones up to 7 m be low the sur face,
thrusted over the Up per Cre ta ceous. The Perm ian out lier at
Lesné (‘L’ in Fig. 2) was nei ther dis played on these maps nor
cor rob o rated by bore holes. How ever, its ex is tence was in ferred 
by Kolaøíková (2002) who dis cov ered frag ments of red dish
rocks of al leg edly Perm ian age scat tered on slopes near Lesné.

Perm ian rocks at subcrop were re vealed by shal low bore -
holes in the Elbe Val ley north of Dìèín (Absolon, 1979; la belled
‘DN’ in Fig. 2A). Red dish de pos its un der ly ing the Up per Cre ta -
ceous in Bo he mian Swit zer land north of the ÈKB were dis cov -
ered by drill ing (dis played in e.g., Nádaskay et al., 2024), al -
though they are con sid ered to rep re sent pre-Late Cre ta ceous
weath er ing pro files rather than Perm ian de pos its.

Based on com par i son with the tec tonic set ting of the Perm -
ian near Hodkovice nad Mohelkou (~35 km SE out side the
study area; e.g., Prouza et al., 1997), Coubal et al. (2014), in -
spired by pre vi ous au thors (Fig. 4; e.g., Klein et al., 1971;
Malkovský, 1987, af ter J. Dvoøák, 1962, pers. comm.), sug -
gested that the Perm ian out li ers may have formed a part of the
ÈKB prior to their Meso-Ce no zoic de for ma tion.

METHODS

LITHOFACIES

Lithofacies were stud ied pri mar ily in core from bore hole
6412_L while ex po sures of Perm ian de pos its at the Lusatian
fault (e.g., Vlèí hora) brought some ad di tional in for ma tion. Both
lithofacies found in out crop and in core are sum ma rized in Ta -

ble 1. Lithofacies de scrip tion fol lows the widely ap plied scheme
of Miall (1977) and con sid ers li thol ogy, grain size, tex ture, style
of bed ding, sed i men tary struc tures, sort ing and clast round -
ness. Ge om e tries and spa tial re la tion ships were not stud ied
due to the scar city of ex po sures and their lim ited di men sions.

TECTONIC AND GEOPHYSICAL INVESTIGATIONS

Jux ta po si tion of the Perm ian and the Up per Cre ta ceous
(Fig. 3) and their tec tonic de for ma tion was stud ied in the core
from bore hole 6412_L (lo ca tion in Fig. 2B). Phys i cal ob ser va -
tions were fur ther sup ple mented by a range of well-logs in clud -
ing acous tic and cal i per logs in or der to: (1) ver ify the pos si ble
shift be tween core de scrip tion and the ac tual depth of in di vid ual
beds as re corded by well-logs; (2) ex plore the orig i nal dip di rec -
tion of in di vid ual tec tonic fea tures as ob served in core.

Field in ves ti ga tion al lowed for in ter pre ta tion of the geo log i -
cal set ting of the drill ing site and its vi cin ity in close de tail, i.e., at
scale 1:10,000 (Fig. 2B), com pared to pre vi ous map ping at
1:50,000 (Valeèka et al., 2001) and 1:25,000 (Valeèka, 2006)
scales. In ad di tion, a geo phys i cal sur vey was con ducted as a
se ries of case stud ies on this seg ment of the Lusatian Fault.
Elec tri cal pro fil ing (di pole con fig u ra tion A20B40M20N) and ver ti -
cal elec tri cal sound ing (VES; 50 m in cre ment), elec tri cal to mog -
ra phy (MEM/ERT), and gravimetry were em ployed to de ter -
mine the ex tent of the Perm ian rocks in or der to se lect the most
suit able lo ca tion for bore hole 6412_L. The geo phys i cal sur vey
was per formed on four, ~N–S-ori ented sec tions, each of them
~700 m long. In this pa per, we il lus trate one VES sec tion that in -
ter sects the lo ca tion of bore hole 6412_L (lo ca tion in Fig. 2).
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Lithofacies Li thol ogy De scrip tion In ter pre ta tion of the depositional 
en vi ron ment

Ccs Con glom er ate

Clast-sup ported, polymictic, red-to-brown (sec ond ary whit ish)
col oured (Fig. 6A). Clasts are mostly semi-an gu lar with sub stan -
tial por tion of rounded peb bles (Fig. 6B) rep re sented by car bon -

ates – dolomitic lime stones (Ta ble 2).

De pos ited by a high-en ergy flu vial
stream, pos si bly on a braided fan;

trans port of coarse-grained ma te rial
over a rel a tively short dis tance.

Gl Greywackes 

Lithic. Coarse-grained, ma trix-sup ported, poorly sorted. Grey -
ish-col oured. Frame work dom i nated by float ing, coarse-sand (up 

to 2 mm) lithic clasts (fine-grained metasedimentary rocks or
shales). Sub or di nate quartz grains (~5 %) are rep re sented by

coarse silt to coarse sand. Clay in ma trix up to 20%. No mac ro -
scopic clasts of con tem po rary vol ca nic rocks. Con tain chiefly

Cadomian zir cons and no youn ger.

Short dis tance-trans port (from lo cal
source) by den sity flow (de bris flow)
ei ther in flu vial chan nels or in mar -
ginal lac us trine to deltaic set ting.

Sm, Scb Sand stones

Fine- to me dium-grained (Fig. 6F), subordinately coarse-grained
or with an ad mix ture of coarse sand and gran ules, all with a sub -

stan tial ad mix ture of silt and clay. They form sin gle or less fre -
quently amal gam ated ~15 cm to sev eral dm thick beds,

some times fin ing up wards. Bases of in di vid ual beds may be
sharp or ero sive. Mas sive (Sm) or lo cally with pri mary cross-bed -

ding (Scb; Fig. 6E).

De pos ited as flu vial chan nel fills.
Cross-bed ding, pres ent in places, in -
di cates the trans port of sand as a flu -

vial bedload.

M
Mudrocks

(claystones to
siltstones)

Pre dom i nantly mudstones to siltstones, lo cally with fine-sand ad -
mix ture. Bed ding com monly de formed (with slick en sides); de for -

ma tion some times with min eral (?py rite) im preg na tions.
Red-to-brown or brown-col oured (Fig. 6G). Basal pale grey

mudstone (Fig. 6E) but did not yield any microfossils. Sieved ma -
te rial con tained an gu lar to subangular quartz and sub or di nate

opaque grains, some times idiomorphic (Fig. 6F). Lower Si/Al ra tio, 
low CaCO3 val ues and higher val ues of Mn, Ni and V (Ta ble 3).

De pos ited on the al lu vial plain from
mud-dom i nated sus pen sion trans -
ported by overbank flow com mon

dur ing riverine floods. Grey
mudstone is Perm ian in age and

prob a bly con tains ju ve nile,
volcaniclastic ma te rial.

L Car bon ates 

Rep re sented by (Fig. 5): (1) lime stone bed, ~30 cm thick, over ly -
ing the sand stone; (2) strongly cal ci fied sand stone to lo cally

sandy lime stone, ~1.5 m thick; (3) peb bles (rounded and
subrounded, up to 3 cm across) of dolomitic lime stone (Ta ble 3)
within lithofacies Ccs (Fig. 6A, B). Both orig i nally micrite-dom i -

nated, al though micrite was pro gres sively re placed by
microsparite (Fig. 6C, K, L). Both may con tain ac ces sory (>1%)
coarse-silt, rarely to fine-sand (up to 0.01 mm in di am e ter) as

well as feld spar grains. No macro- or mi cro scopic fos sil re mains
or trace fos sils pre served, com pared to lime stones in the Döhlen 

Ba sin. In ad di tion, sev eral sand stone beds (such as that at
~20 m; Fig. 6) are capped by heavily cal ci fied sand stones (up to

5 cm) with rather grad ual lower bound aries.

In ter preted as de pos its of flu vial
chan nels; may have been formed as
non-pedogenic cal crete that de vel -

oped in as so ci a tion with a fluc tu at ing 
wa ter ta ble (val ley cal crete or chan -

nel cal crete).

T a  b l e  1

The over view of lithofacies re corded by bore hole 6412_L (Lesné) and found in out crop (lithofacies ‘Gl’; Nádaskay et al., 2019b)
and in ter pre ta tion of their depositional set ting
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RESULTS

LITHOLOGY AND FACIES OF THE PERMIAN OUTLIERS ASSOCIATED
WITH THE LUSATIAN FAULT

The sec tion stud ied, bore hole 6412_L (Fig. 5) is dom i nated
by cy clic al ter na tions of sand stones and mudstones with in ter -
ca la tions of car bon ates and con glom er ate. Lithofacies are
listed by de creas ing en ergy of the depositional en vi ron ment,
and are sum ma rized in Ta ble 1.

Lithofacies Ccs re fers to a sin gle con glom er ate bed, ~1.2 m 
thick, found in the core. The bed is formed by clast-sup ported,
polymictic peb ble con glom er ate (Fig. 6A, B). Orig i nally
red-to-brown, the con glom er ate is whit ish in places due to
bleach ing that may be at trib uted to a spec trum of pro cesses at
dif fer ent phases of diagenesis (cf. Aehnelt et al., 2021). Clasts
are mostly semi-an gu lar, al though a sub stan tial por tion of
well-rounded peb bles is also pres ent. Rounded clasts are rep -
re sented by fine-grained car bon ates (Fig. 6B) – dolomitic lime -
stones by chem i cal com po si tion (Ta ble 2). This lithofacies is in -
ter preted to be de pos ited by high-en ergy streams, pos si bly on a 
braided fan, that fa cil i tated trans port of coarse-grained ma te rial
over a rel a tively short dis tance.

Lithofacies Gl rep re sents lithic greywackes that were not
pres ent in the core, but were found in an out crop near Vlèí Hora
(Fig. 2A) and de scribed by Nádaskay et al. (2019b). Its thick -
ness is un cer tain be cause of the lim ited ex po sure. The
greywackes have been ex posed to in tense re cent/sub-re cent
sur face weath er ing. They are grey ish, coarse-grained, ma -
trix-sup ported and poorly sorted. The frame work is ma trix-sup -
ported, dom i nated by “float ing”, coarse sand-sized (up to 2 mm) 
lithic clasts, ex clu sively of fine-grained metasedimentary rocks
(phyllites, slates). Sub or di nate quartz (~5%) is rep re sented by
coarse silt to coarse sand grains. The muddy ma trix con sti tutes
up to 20%. The greywackes do not con tain mac ro scopic clasts
of con tem po ra ne ous vol ca nic rocks. Lithofacies Gl rep re sents
rel a tively poorly sorted, im ma ture ma te rial trans ported over a
short dis tance (a lo cal source in the Lusatian Mas sif as shown
by Nádaskay et al., 2019b) and prob a bly de pos ited from de bris
flows, stream flows, or sheet floods as so ci ated with
hyperconcentrated flows (Miall 1977, 1996; Collinson et al.
1996).

Lithofacies Sm and Scb re fer to pre dom i nantly fine- to me -
dium-grained sand stones, subordinately coarse-grained or with 
ad mix ture of coarse sand and gran ules (Fig. 6F). The sand -
stones are ar gil la ceous or con tain sub stan tial ad mix tures of silt
and clay. These sand stones form sin gle or less fre quently
amal gam ated beds ~15 cm to sev eral dm thick, some fin ing up -
wards. Bases of in di vid ual beds may be sharp or ero sive, but
are fre quently not pre served due to tec tonic de for ma tion. Most
com monly, the sand stones ap pear mas sive (Sm; Fig. 6A, E);
pri mary cross-bed ding is pre served only in a few cases (Scb;
Fig. 6E). Lithofacies Sm and Scb are in ter preted to be de pos -
ited as flu vial chan nel-fills. Cross-bed ding, pres ent in places, in -
di cates trans port of sand as flu vial bedload.

Lithofacies M com prises a va ri ety of fine-grained rocks re -
ferred to as ‘mudstones’. This lithofacies is rep re sented pre -
dom i nantly by var i ously silt-rich mudstones to siltstones, in
beds from sev eral cm up metre-scale thick. A fine sand ad mix -
ture may also be pres ent. These rocks are usu ally red-to-brown 
or brown (Fig. 6G) with grey ish re duc tion spots or bleached
grey ish ar eas; in one case (at the bound ary with the Up per Cre -
ta ceous sand stones), the en tire mudstone bed is pale grey
(Fig. 6H). Lo cally, pri mary hor i zon tal bed ding is pre served,
though it is com monly de formed. The de for ma tion is fre quently
ac com pa nied by slick en sides (Fig. 6G), in places also with min -
eral (pos si bly py rite) im preg na tions. The pale grey mudstone at
the top of the Perm ian (Fig. 6H) was orig i nally con fused with the 
Up per Cre ta ceous – sim i lar grey mudstones are fre quently
found within the Coniacian of the Lusatian/Zittau Mts. and their
vi cin ity (e.g., Valeèka, 2006; Nádaskay et al., 2019b). How ever, 
washed and sieved (us ing 0–15 mm sieve) sam ples taken from
that mudstone did not yield any microfossils (e.g., foraminifers)
di ag nos tic for the Late Cre ta ceous. The sieved ma te rial only
con tained quartz and sub or di nate opaque min eral grains
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Fig . 5. A sedimentological sec tion of the bore hole 6412_L
Lesné

Lithofacies (as sum ma rized in Table 1) in di cated in the right
col umn
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Fig. 6. Pho to graphic plate of the main lithofacies of the Perm ian out li ers. All fig ures are from bore hole 6412_L (Lesné out lier)
 if not stated oth er wise

A – sec tion of core il lus trat ing the tran si tion from lithofacies Ccs (clast-sup ported con glom er ate, de tail in Fig. 10B) through Sm (mas sive
sand stone) to M (mudstone); B – de tail of lithofacies Ccs (clast-sup ported con glom er ate) de pos ited by de bris flow (debrite), depth
27.5–27.6 m; note abun dant rounded to subangular clasts of car bon ate rocks; one of the high lighted clasts is shown in Fig ure 10C; C – pho -
to mi cro graph of one of the car bon ate clasts from Fig ure 10B; the rock is tex tur ally dom i nated by microsparite with rare “float ing” silt-sized
quartz grains; D – coarse-grained lithic greywacke with ar gil la ceous ma trix from the Vlèí Hora out lier (for lo ca tion see Figs. 1 and 3); Lc –
lithic clast, cross-po lar ized light; E – sec tion of core il lus trat ing the mac ro scopic ap pear ance of sand stone lithofacies Sm (mas sive) and Scb
(cross-bed ded), note bleach ing of sand stone in the up per left side of the fig ure; parts of the sand stone bed dis played as white in strati graphic
sec tion were most likely also bleached (ex cept those with a kaolinite ma trix); F – poorly sorted sand stone with abun dant brit tle frac tur ing of
quartz grains, depth 47.00 m, cross-po lar ized light; G – sec tion of core il lus trat ing the mac ro scopic ap pear ance of lithofacies M (mudstones
and siltstones), the slick en sides are most likely tec tonic in or i gin; H – close-up of tec tonic con tact be tween Perm ian mudstone and Up per
Cre ta ceous sand stone; I, J – sieved ma te rial from a sam ple of grey mudstone in Fig ure 10H, quartz grains are no ta bly an gu lar, some even
idiomorphic (e.g., in di cated by cir cles); K, L – pho to mi cro graphs of sparitic lime stone (lithofacies L) from depth 46.00 m, note the quartz grain 
with a rim of coarser ori ented sparry cal cite grains in Fig ure 10l, cross-po lar ized light



(Fig. 6I, J), mostly an gu lar to subangular. Some grains show
idiomorphic crys tals (Fig. 6I, J) that may in di cate an in put of ju -
ve nile, volcaniclastic ma te rial. An Up per Cre ta ceous age of this
mudstone is ex cluded by ma jor el e ment con cen tra tions and ra -
tios (Ta ble 3). The Up per Cre ta ceous mudstones from neigh -
bour ing bore hole 4650_X (Svor; Fig. 2A) show a higher Si/Al ra -
tio, el e vated CaCO3 val ues (at least ~14%) and very low (be low
de tec tion thresh old) val ues of Mn, Ni and V. Lithofacies M was
likely de pos ited on an al lu vial plain from a mud-dom i nated sus -
pen sion trans ported by overbank flow com mon dur ing riverine
floods.

Lithofacies L is rep re sented by car bon ate rocks. A strongly
cal ci fied sand stone to lo cally sandy lime stone be tween
~19.00–21.50 m (Fig. 5) and a com pact lime stone bed, ~30 cm
thick at depth of 45.70–46.00 m, over lie the mas sive sand stone
(fa cies Sm). These two car bon ate beds are also well-de fined by 
max ima in well-logs (Fig. 5): re sis tiv ity (RES) and neu tron log
(NL). The car bon ate rocks are also rep re sented by abun dant
peb bles (rounded and subrounded, up to 3 cm in di am e ter)
within lithofacies Ccs (Fig. 6A, B). It is ev i dent from their
microstructure and chem i cal com po si tion (Ta ble 2) that the car -
bon ates are partly dolomitic, par tic u larly the peb bles. As in di -
cated by microstructure (Fig. 6C, K, L), the car bon ates were
orig i nally micrite-dom i nated, al though most of the micrite has
been pro gres sively re placed by microsparite; in places, sparite

crys tals up to 1 mm are vis i ble. Within the car bon ate ma trix, ac -
ces sory (<1%) coarse-silt, rarely to fine sand (up to 0.01 mm in
di am e ter) quartz as well as feld spar grains are pres ent. No
macro- or mi cro scopic fos sil re mains or trace fos sils were
found, com pared to lime stones re ported from the Döhlen Ba sin
(Gebhardt and Schnei der, 1993; Schnei der, 1994). In ad di tion,
sev eral sand stone beds (such as that at ~20 m; Fig. 5) are
capped with heavily cal ci fied sand stones, up to 5 cm thick, with
gen er ally grad ual lower bound aries. No struc tures were found
that would in di cate dessication or dis so lu tion.

The depositional en vi ron ment of the car bon ates (lime -
stones, dolomitic lime stones) is im pos si ble to in ter pret due to
the high de gree of recrystallization. No fos sils or struc tures
were found that would in di cate de po si tion in a lac us trine en vi -
ron ment (cf. Gebhardt and Schnei der, 1993). Sim i larly, no
pedogenic fea tures (such as rhizoconcretions) were found,
sug gest ing that these car bon ates did not form in soils (cf.
Gebhardt, 2024). The ver ti cal as so ci a tion of the car bon ates
with sand stones, in ter preted as de pos its of flu vial chan nels,
sug gests that they may have been formed as non-pedogenic
cal crete that de vel oped in as so ci a tion with a fluc tu at ing wa ter
ta ble (val ley cal crete or chan nel cal crete; e.g., Carlisle, 1983;
Machette, 1985; Khadkikar et al., 1998).
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Sam ple/depth (m) Li thol ogy
Fe2O3 FeO MgO MnO CaO CO2 CaCO3 MgCO3

wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.%

27.60 dolomitic lime stone 2.10 0.19 16.61 0.239 21.48 33.71 38.43 34.75

46.00 lime stone 0.59 0.20 1.74 0.186 39.26 33.71 70.08 3.64

T a  b l e  2

Bulk-rock ma jor-el e ment com po si tion of car bon ate rocks in bore hole 6412_L

Sam ple Li thol ogy Si/Al Ti/Al Zr/Al
Mg Fe Ti Mn Ni V Sr CaCO3

% % ppm ppm ppm ppm ppm %

Perm ian (bore hole 6412_L)

14.80 siltstone
(sandy) 2.88 0.037 0.004 0.80 1.20 2450 92 11 51 47 0.83

33.40 mudstone 2.59 0.050 0.004 1.27 3.80 3987 231 21 71 59 2.19

49.95 claystone 2.38 0.071 0.004 1.33 4.30 4491 216 16 77 44 1.08

50.98 claystone 2.17 0.056 0.003 1.80 2.48 5459 188 33 73 162 1.69

55.50 mudstone
(?tufitic) 2.06 0.034 0.002 1.93 2.22 4748 69 50 79 63 0.24

Up per Cre ta ceous (bore hole 4650_X)

78.12 siltstone
(sandy) 8.89 0.173 0.005 0.91 1.12 5900 nd nd nd 105 22.50

90.14
siltstone

(cal car e ous)
4.55 0.070 0.003 0.65 1.75 3200 nd nd nd 203 21.82

116.71
mudstone

(cal car e ous)
4.60 0.064 0.004 0.84 1.65 3500 nd nd nd 145 16.26

175.84 mudstone 3.52 0.060 0.003 1.01 2.03 4800 nd nd nd 65 14.51

El e ment con cen tra tions be low the de tec tion limit are la belled as ‘nd’

T a  b l e  3

Se lected el e ment prox ies for fine-grained rocks at dif fer ent lev els of the Perm ian and Up per Cre ta ceous
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https://doi.org/10.1130/SPE203-p1
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TECTONIC DEFORMATION OF THE SECTION STUDIED

Geo phys i cal mea sure ments in di cated that the planned
bore hole 6412_L could reach the pre sumed base of the Perm -
ian ~70 m be low the sur face. At this depth, high-re sis tiv ity rocks 
of un known com po si tion were re vealed, pre sum ably vol ca nic
rocks of Paleozoic age or granitoids (Fig. 7). The base of the
Perm ian tec tonic sliver was drilled 55.5 m be low the sur face. It
over lies Up per Cre ta ceous sand stones of a high re sis tiv ity ex -
plained by the ab sence of pore wa ter, even though these
well-sorted, po rous sand stones act as ground wa ter aqui fers in
the vi cin ity of the bore hole. The bound ary be tween the Perm ian 
and the Up per Cre ta ceous is tec tonic and is rep re sented by a
fault plane at the base of a grey siltstone (Fig. 6H); there is no
ac com pa ny ing de for ma tion pen e trat ing the im me di ate vi cin ity
of the fault plane.

Ac cord ing to rel e vant well-logs (Figs. 8 and 9), the most ob -
vi ous de for ma tion of the core is found in the top most part of the
sec tion (0–10 m) as a re sult of in tense near-sur face weath er ing
and grav ity ef fects, since the bore hole was lo cated at the brink
of a steep top o graphic slope. Tec tonic de for ma tion of the sec -
tion (mosty frac ture zones, with slick en sides in places) was fur -
ther ob served at depths of ca. 20, 23, 27, 31–35, 45 and 58 m
(Figs. 8 and 9). Within the en tire sec tion (incl. the Up per Cre ta -
ceous), only a few in ter vals with mod er ate tec tonic de for ma tion
are pres ent. In the core, mac ro scop i cally con spic u ous frac ture
zones with di ag nos tic fea tures such as slick en sides with striae
are mostly found within the Perm ian de pos its, no ta bly
fine-grained rocks (mudstones, siltstones). How ever, the
fine-grained rocks were heavily dis in te grated, so mea sur ing
these tec tonic fea tures was not pos si ble. Mea sur able, steep
slick en sides (rang ing from 45 to 85°) were vis i ble in the sand -
stones. Steep dis lo ca tions with subhorizontal grooves
(striations) were also found in one case, and an other case with
less pro nounced grooves around 20° was re corded in the in ter -
val of ~20 m depth. Crack dis lo ca tions in sand stones show a

wide dis per sion of plunge from ~30 to ~90°. Some of the cracks
are cov ered by a thin ve neer, up to a few mm thick, prob a bly of
clay min er als, in places ac com pa nied by sec ond ary py rite and
cal cite min er al iza tion. How ever, the ve neers of sec ond ary min -
er als do not ex hibit any striae. As for the pri mary struc tures, i.e.,
depositional, un re lated to the tec tonic de for ma tion, it was dif fi -
cult to clearly dis tin guish sharp ero sional bases from the strat i fi -
ca tion. Un doubted pri mary strat i fi ca tion was found in a hand ful
of cases: hor i zon tal (0°) at 15.5 m, subhorizontal (up to 5°) at
19.25 m, 39.5 m and 51.7 m, 20° at 50.8 m, 40° at 52.2 m. Pri -
mary bed ding was found at 16–16.5 m (20–30°) and at 18.5 m
(~ 30°). Cor ru gated (undulose) or de formed (con vo lute) strat i fi -
ca tion was found in the in ter val 16.5–16.7 m, and wavy lam i na -
tion be tween 31.3 and 31.7 m. In the Cre ta ceous part of the
sec tion stud ied, mostly in sig nif i cant inhomogenities are in ter -
preted from the cal i per log, while the Perm ian part of the sec tion 
lo cally shows mod er ate to strong inhomogeneities (Fig. 8;
close-up of de formed in ter val in Fig. 9). How ever, the ef fects of
tec tonic de for ma tion in the core are not as pro nounced as ex -
pected. As ev i dent from well-logs, par tic u larly the acous tic
televiewer log (Fig. 9), the drillcore was short ened by tec tonic
de for ma tion and re lated core loss by ~1 m within the Perm ian
in ter val.

DISCUSSION

DEPOSITIONAL ENVIRONMENT

The depositional en vi ron ment of the sec tion stud ied is in ter -
preted as an al lu vial sys tem, from the al ter na tion of flu vial
sandbodies (lithofacies Sm and Scs) and al lu vial-plain
mudstones (lithofacies M). The pres ence of lithofacies Ccs, in -
ter preted as de pos ited from hyperconcentrated- or de -
bris-flows, as well as from poor sort ing and the pres ence of im -
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Fig . 7. Geo phys i cal (VES) sec tion show ing elec tric re sis tiv ity of subsurface rocks in the vi cin ity of bore hole 6412_L (Lesné out lier)



ma ture ma te rial within both lithofacies Ccs and Gl, im ply trans -
port over a short dis tance and lo cal sources of clastic ma te rial,
pre sum ably the Lusatian Mas sif and its cover. Thus, the al lu vial
sys tem may have been lo cated near to the ba sin mar gin, likely
bor dered by a high-to pog ra phy, up lifted area.

In ter pre ta tion of the depositional en vi ron ment of the car bon -
ates (lithofacies L) in the sec tion stud ied is im pos si ble due to
high de gree of recrystallization ob scur ing the di ag nos tic fea -
tures of the car bon ate microfacies. Due to their ver ti cal as so ci a -
tion with chan nel-fill sand stones, these car bon ates may rep re -
sent val ley or chan nel calcretes sim i lar to those doc u mented
from the Trutnov Fm. (Martínek, 2008). As a re sult of grad ual
aridification since the lat est Penn syl va nian (e.g., Roscher and
Schnei der, 2006), car bon ate de pos its (lime stones to
dolostones), or even evaporite beds, can be fre quently found
within Perm ian suc ces sions in the post-Variscan bas ins of cen -
tral Eu rope.

In the Bo he mian bas ins, sed i men tary fea tures as so ci ated
with aridification (calcretes, aridisols with Ca-rhizoconcretions,
evaporites and ae olian de pos its) are most com monly found
within the Trutnov Fm. (‘Saxonian’, up per Rotliegend; Fig. 10)
and youn ger, up per Perm ian–Tri as sic for ma tions (cf. Holub and 
Tásler, 1978; Ulièný, 2002). Al though early diagenetic car bon -

ate ce men ta tion of chan nel-fill flu vial sand stones is al ready
pres ent in the basal Perm ian Vrchlabí Fm. (e.g., Štolfová, 2004; 
Schöpfer et al., 2022), con tem po ra ne ous car bon ates are more
fre quent within lac us trine suc ces sions (e.g., Blecha et al., 1999; 
Martínek et al., 2006; Stárková and Èáp, 2017). Early Perm ian
lac us trine suc ces sions with car bon ates are pres ent within the
Vrchlabí, Proseèné, and Chotìvice for ma tions of the Krkonoše
Piedmont Ba sin (KPB; Fig. 5) and are in ter preted as de pos its of 
more or less pe ren nial lakes with vari a tions in their hy dro log i cal
re gime, ox y gen a tion and pre vail ing na ture of de pos its (shales
vs. car bon ates; e.g., Martínek et al., 2006). In the Döhlen Ba sin, 
lime stones are pres ent within the Niederhäslich Fm. (Fig. 6)
and are in ter preted as playa lake de pos its (Gebhardt und
Schnei der, 1993; Schnei der, 1994). Such lakes may have ex -
panded across the ba sin as a re sult of wet ter in ter vals within a
long-term aridification trend (cf. Roscher and Schnei der, 2006).

Com par i son of lithofacies de vel op ment of the sec tion stud -
ied with suc ces sions in Bo he mia and Sax ony (Fig. 10) sug gests 
that the Lesné out lier is re lated nei ther to the Èeská Kamenice
and Krkonoše Piedmont bas ins nor to the Döhlen Ba sin,
namely the lower part of its fill. Based on this com par i son, the
Lesné out lier is likely youn ger Perm ian, com pa ra ble to youn ger
Perm ian (‘Saxonian’, up per Rotliegend) bas ins in the east ern

Roland Nádaskay et al. / Geo log i cal Quar terly, 68, 42 11

Fig . 8. Cal i per log mea sured in bore hole 6412_L with in ter preted dip di rec tion of Perm ian and Up per Cre ta ceous de pos its
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Bo he mia – Trutnov–Náchod sub-ba sin (of the KPB) and Orlice
Ba sin. By con trast, the Perm ian de pos its at Vlèí hora bear more 
lithological sim i lar ity to the basal part of the Döhlen Ba sin and
the Weißig Ba sin, par tic u larly due to their as so ci a tion with vol -
ca nic rocks.

AGE OF THE SUCCESSION STUDIED AND ITS CORRELATION 
TO NEIGHBOURING BASINS

The ab sence of strati graphic mark ers in clud ing fos sils
within bore hole 6412_L (Fig. 5) did not al low for pre cise dat ing
of the sec tion; a rel a tive strati graphic dat ing was only pos si ble
by cor re la tion of lithological mark ers in the core with the sed i -
men tary re cord of neigh bour ing bas ins of Perm ian age
(Fig. 10). The most rel e vant for this dis cus sion are the Döhlen
and the Weißig bas ins in Sax ony, and the ad ja cent Èeská
Kamenice (ÈKB), Mnichovo Hradištì (MHB) and Krkonoše
Piedmont (KPB) bas ins in the Czech part of the Bo he mian Mas -
sif. The KPB is some dis tance away, but its fill is ex posed over a 
large area and has a well-ex plored stra tig ra phy.

The Perm ian sec tion re corded by bore hole 6412_L is rel a -
tively coarse-grained com pared to the lower Perm ian de pos its
of the ÈKB re corded by bore hole Vf-1 Volfartice (cf. Vejlupek et
al., 1986) where the Penn syl va nian–Perm ian sec tion is dom i -
nated by mudrocks. The depositional re cord of the ÈKB is cor -
re lated with that of the MHB and the KPB (Pešek, 2001) and the 
pres ence of lac us trine ho ri zons within both bas ins in di cates a
rel a tively more hu mid en vi ron ment de spite the over all

aridification trend ex pected for this part of Pangaea from the
Late Penn syl va nian on wards (e.g., Roscher and Schnei der,
2006).

This is con sis tent with the depositional re cord of the Döhlen
Ba sin that com prises a se ries of rel a tively thick, eco nomic coal
seams (from ~1 to 9 m thick; Reichel and Schnei der, 2012)
within the Döhlen Fm. in the lower part of the ba sin fill. The pres -
ence of these coal seams and the fos sil re cord led to con sid er -
ing the lower part of ba sin fill, com pris ing the basal Unkersdorf
Fm. as well as the Döhlen Fm., as be ing Late Penn syl va nian in
age (e.g., Schnei der, 1994; Schnei der and Hoffmann, 2001,
Reichel and Schnei der, 2012; Schnei der et al., 2020). Both the
palaeoflora and the fauna from the Döhlen Ba sin clearly in di -
cate Late Pennyslvanian to early Perm ian age of the ba sin fill.
The palaeoflora of the Döhlen Fm. was sum ma rized by
(Barthel, 1976, 2016) who com pared it with that of the
Manebach Fm. of the Thuringian For est Ba sin and Netzkater
Fm. of the Ilfeld Ba sin, to which he as signed early Asselian (ear -
li est Perm ian) age. Al though Barthel (2016) sug gested an early
Perm ian age of the Döhlen Fm. based on its com par i son with
the Manebach Fm., he also ad mit ted that the Döhlen Fm. con -
tains stratigraphically an older Car bon if er ous flora. Eval u a tion
of the spe cies listed by Barthel (2016) clearly shows that nearly
all have their first oc cur rence in the Late Penn syl va nian, some
even in its lower part. Only Scolecopteris oreopteridia and
Lobatopteris geinitzii have their first oc cur rence in the mid dle
Autunian, which Wag ner and Álvarez Vázquez (2010) as signed 
to the lat est Gzhelian. A late Gzhelian age is fur ther sup ported
by com mon pres ence of Pecopteris integra, the last oc cur rence 
of which is in the Stephanian C, while the rar ity of co ni fer re -
mains typ i cal of Asselian age is sur pris ing (Wag ner, 1984;
Wag ner and Álvarez Vázquez, 2010). Late Penn syl va nian age
is fur ther sup ported also by a fos sil fauna most no ta bly rep re -
sented by blattids, of the blattid zone Sysciophlebia
ilfeldensis-Spiloblattina weissigensis. Iden ti fi ca tion of this zone
also in di cates the age of the for ma tion around the
Pennyslvanian-Perm ian bound ary (e.g., Reichel and Schnei -
der, 2012; Gebhardt et al., 2018; Schnei der et al., 2020). This is
in agree ment with the most re cent high-pre ci sion U–Pb
CA–ID–TIMS dat ing of the Manebach Fm. (Käßner et al., 2024) 
which at 299.1 ±0.2–0.4 Ma clearly in di cates its late Gzhelian
(lat est Penn syl va nian) age. High-pre ci sion dat ing by Käßner et
al. (2024) also con strained the age of the Döhlen Fm. to be -
tween 299.5 ±0.2–0.4 Ma (age of the Wilsdruff-Potschappel
Porfyr in the un der ly ing Unkersdorf Fm.) and 299.0
±0.1–0.4 Ma (age of the Zauckerode Tuff in the lower part of the 
over ly ing Niederhäslich Fm.). Both the sim i lar palaeoflora as
well as the nu mer i cal ages al low cor re la tion of the Döhlen Fm.
to the Ploužnice Ho ri zon in the KPB (Fig. 10), to the Klobuky
Ho ri zon in cen tral Bo he mia, and the coal-bear ing Rosice– Osla -
vany Fm. in the Boskovice Ba sin (Fig. 1C; Opluštil et al., 2013,
2016a, b, 2017). The age of vol ca nic rocks in the basal part of
the Weißig Ba sin (299.1 ±0.4; Käßner et al., 2021) sug gests
that the grey de pos its within the Hutberg Fm. may be a coun ter -
part of the Döhlen Fm. coals, and of the Bo he mian Ploužnice
and Klobuky ho ri zons.

The age of the Zauckerode Tuff (299.0 ±0.1–0.4 Ma;
Käßner et al., 2024) in di cates that the Penn syl va nian-Perm ian
bound ary lies within the Niederhäslich Fm., the up per part of
which con tains lac us trine lime stones and thin coal interbeds (cf. 
Gebhardt and Schnei der, 1993). As in di cated by li thol ogy,
these lac us trine de pos its may be co eval with the lac us trine
Rudník Mem ber, or pos si bly the youn ger Kalná Ho ri zon of the
KPB (Opluštil et al. 2013, 2016b). Even Käßner et al. (2024) ad -
mits that the age of the Niederhäslich Fm. is in con flict with the
age that has been de rived from biostratigraphic cor re la tions
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Fig . 9. Acous tic log of  a se lected sec tion of bore hole 6412_L
(~34–38 m) to il lus trate the style of tec tonic de for ma tion of

the Perm ian sed i men tary rocks

Ex pla na tion of tec tonic sym bols in Fig ure 8
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based on am phib ian as sem blage zones that sug gest a youn ger 
age by from 1.6 to 2.1 MY, corresponging to the Broumov Fm.
in the Intra-Sudetic Ba sin (Fig. 1C), i.e., the up per part of the
Vrchlabí to Proseèné Fm. in the KPB (Opluštil et al., 2016b).
Thus, the un con formity be tween the Niederhäslich Fm. and the
over ly ing Bannewitz Fm. may be the equiv a lent of the un con -
formity be tween the Proseèné and Chotìvice for ma tions. How -
ever, the age of the Wachtelberg Tuff in the Bannewitz Fm., at
298.5 ±0.1–0.4 Ma (Käßner et al., 2024), is no ta bly older than
than the volcaniclastic/vol ca nic rocks dated from the Proseèné
(297.16 ±0.17; Opluštil et al. 2016a) and Chotìvice (296.49
±0.08 Ma and 296.81 ±0.05; Opluštil et al., 2016b) for ma tions.

The age of the Bannewitz Fm. as de scribed by Käßner et al.
(2024) falls within the Rudník Mem ber in the basal Perm ian
(298.72 Ma; S. Opluštil, un pub lished).

The ap par ently older ages of both Niederhäslich and
Bannewitz for ma tions were ex plained by Käßner et al. (2024) to 
be caused by pro tracted zir con crys tal li za tion – i.e., the ac tual
erup tion ages would be youn ger, and more in ac cord with the
lithofacies de vel op ment (Fig. 10) and bi otic (plant and ar thro -
pod fos sils) re cord (e.g., Barthel et al., 2001; Schnei der and
Romer, 2010; Schnei der et al., 2020). With re spect to the
lithofacies de vel op ment and over all con text, we in ter pret the
Lesné out lier stud ied as cor re spond ing to rel a tively youn ger
Rotliegend de pos its of the Chotìvice or even Trutnov for ma -
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Fig. 10. Cor re la tion of the Perm ian along the Lusatian Fault as re corded by bore hole 6412_L (near Varnsdorf, N Bo he mia) with
the Elbe Val ley (north of Dìèín) and other rel e vant Penn syl va nian–Perm ian bas ins on the NE Bo he mian Mas sif

Ide al ized lithological sec tion and thick ness of in di vid ual for ma tions of the Döhlen Ba sin in Sax ony af ter Reichel and Schnei der (2012, and
ref er ences therein) and Zieger et al. (2019); for the Weißig Ba sin af ter Schnei der and Reichel (1989) and Reichel (2012); for the Èeská
Kamenice Ba sin af ter Pešek (2001); for the Krkonoše Piedmont Ba sin af ter Opluštil et al. (2016b); for the Trutnov–Náchod sub-ba sin and
Orlice Ba sin af ter Pešek (2001). The Pennyslvanian-Perm ian bound ary ac cord ing to [1] Ramezani et al. (2007). Da tums for the Döhlen Ba sin 
af ter [2] Hofmann et al. (2009), [3] Hoffmann et al. (2013), [4] Zieger et al. (2019), [5] Käßner et al. (2024); for the Weißig Ba sin af ter [6]
Käßner et al. (2021). Cor re la tion be tween the ÈKB, KPB and Kladno–Rakovník bas ins based on data of [7] Opluštil et al. (2016a), [8] Opluštil
et al. (2016b) and [9] S. Opluštil (un pub lished). Red da tums rep re sent the most re cent nu mer i cal ages, in grey are nu mer i cal ages by pre vi -
ous au thors and ages in black de note the stage bound ary ages. Well-logs: GR – gamma-ray log, RES – re sis tiv ity log, NL – neu tron log
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tions, and the Bannewitz Fm. The Vlèí Hora out lier is prob a bly
older, cor re spond ing to the fill of the Weißig Ba sin and of the
lower part of the Döhlen Ba sin.

TECTONIC SETTING OF THE PERMIAN

Al though bore hole 6412_L pro vided new and unique data
on the tec tonic de for ma tion of the rock for ma tions ex posed ad -
ja cent to the Lusatian Fault, these data alone are in suf fi cient for

un am big u ous in ter pre ta tion of the tec tonic his tory of the area,
par tic u larly dur ing the pre-lat est Cre ta ceous in ter val (cf. Coubal 
et al., 2015). Well-logs as well as bore hole cores show that the
Perm ian rocks are mark edly more de formed than the Up per
Cre ta ceous. Striae and steep slick en sides found sparsely in the 
core im ply a hor i zon tal s1 stress dur ing thrust ing of the Perm ian
over the Up per Cre ta ceous.

Coubal et al. (2014, 2015) fo cused on in ter pret ing field tec -
tonic data col lected from the Up per Cre ta ceous sand stones
along the Lusatian Fault. These data are, how ever, re lated to
the lat est phases of de vel op ment of the Lusatian Fault, such as
the thrust ing of the crys tal line base ment over the Up per Cre ta -
ceous. Fur ther more, some au thors (e.g., Klein et al., 1971;
Malkovský, 1987) in ter preted the orig i nal po si tion of the Perm -
ian and the Ju ras sic as un der ly ing the infill of the BCB, from
where these rocks were dragged by thrust fault ing (Fig. 4). The
Perm ian is, how ever, not pres ent be neath the Up per Cre ta -
ceous within ~6 km of the vi cin ity of the Lusatian Fault. This may 
be a re sult of for ma tion of the Penn syl va nian–Perm ian out li ers
as part of a larger ba sin or bas ins, to gether with the Weißig and
Döhlen bas ins whose for ma tion has been as so ci ated di rectly
with strike-slip faults (Hofmann et al., 2009; Zieger et al., 2019;
Käßner et al., 2021, 2024). Like wise, the Ju ras sic has not been
re corded in the subcrop of the en tire NW part of the BCB so far,
de spite rel a tively dense bore hole cov er age in this ter ri tory. As
con ceived by Voigt (2009), the ab sence of in-situ Perm ian and
Ju ras sic for ma tions from which the out li ers along the Lusatian
Fault could have been de rived, re sulted from in ver sion of tec -
tonic blocks sep a rated by the fault and sub se quent ero sion of
these for ma tions prior to the Late Cre ta ceous (Fig. 10). This no -
tion is sup ported by sed i men tary prov e nance stud ies (Hofmann 
et al., 2018; Nádaskay et al., 2019b) as well as thermo chrono -
logy data (Käßner et al., 2020).
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Fig . 11. Ide al ized 2D model of Late Paleozoic and sub se quent
Meso-Ce no zoic tec tonic evo lu tion of the Lusatian Fault and

ad ja cent geo log i cal units

Not to scale. The over view maps for the Late Paleozoic show the jux -
ta po si tion of bas ins formed dur ing dif fer ent tectonosedimentary
phases. The strain el lip ses in di cate the dom i nant stress re gime dur -
ing the strike-slip phases. Ex pla na tion to geo log i cal units: BV, MS –
Brunovistulian, Moravosilesian; ETSG – Elbtalschiefergebirge
(‘Elbe schist belt’); EZ – Elbe Zone; Lu – Lusatian Block; MD –
Moldanubian; SX – Saxothuringian; TB – Teplá–Barrandian;  PDZ =
Prin ci pal dis place ment zone
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FORMATION AND DEMISE OF THE PERMIAN BASINS IN A WIDER
GEODYNAMIC CONTEXT

Com par i son of the depositional set ting as well as the strati -
graphic cor re la tion of the Penn syl va nian–Perm ian out li ers in
north ern Bo he mia with co eval bas ins in the NE Bo he mian Mas -
sif re vealed a re la tion to the Weißig and Döhlen bas ins lo cated
within the Elbe Zone, sev eral tens of km to the NW (Fig. 1B).

The Late Paleozoic tec tonic ac tiv ity within the Bo he mian
Mas sif, ac com pa nied by lo cal ized ba sin for ma tion, was re lated
to deeply rooted base ment faults. The tim ing of this tec tonic ac -
tiv ity in di cates the pos si bil ity of polyphase Late Paleozoic
strike-slip tec tonic events (cf. Arthaud and Matte 1977; Edel et
al. 2018; Elter et al. 2020).

The pres ent-day north ern Bo he mian Mas sif, in clud ing the
study area, was sig nif i cantly af fected by late-Variscan to early
post-orogenic tec tonic pro cesses be tween ~330–310/305 Ma,
i.e., dur ing the Late Mis sis sip pian to Mid dle Penn syl va nian (cf.
Žák et al., 2013, 2018; Opluštil et al., 2016b; Edel et al. 2018;
Tomek et al., 2021). At that time, WNW–ESE ex ten sion re lated
to orogenic col lapse within the Variscan belt (e.g., Zulauf, 1994;
Henk, 1997; Žák et al., 2012, 2018) led to dextral move ment
along crustal-scale NW–SE shear zones (e.g., Arthaud and
Matte, 1977; Edel et al. 2018). Dur ing this phase, NW–SE faults 
ac com mo dated the rel a tive west ward oblique con ver gence of
Gond wana and Laurussia (e.g., Arthaud and Matte, 1977;
Martínez Catalán, 2012) and caused the marked right-lat eral
off set of the Lusatian Mas sif and the Erzgebirge (Fig. 1A, B;
Mattern, 1996). Ad di tion ally, this pro cess may have driven for -
ma tion of the NNE–SSW-ori ented shear zones within the Bo he -
mian Mas sif rep re sent ing Riedel joints to the NW–SE dextral
faults (cf. Arthaud and Matte, 1977; Matte, 1986; Matte et al.,
1990) at ~329–327 Ma (Zachariáš and Trubaè, 2014).

The tran si tion from post-orogenic to intraplate tec tonic pro -
cesses oc curred around 306/305 Ma (cf. Opluštil et al., 2016b;
Žák et al., 2018). It was marked by ac cu mu la tion of Late Penn -
syl va nian (through early Perm ian) strata that were de pos ited af -
ter a sig nif i cant change in palaeo ge ogra phy (cf. Opluštil and
Pešek, 1998), par tic u larly the Línì–Semily–Vrchlabí for ma -
tions. These for ma tions were de pos ited within the
Pilsen–Trutnov Ba sin Com plex (PTBC; Fig. 1C), formed by
NNE–SSW ex ten sion, of which ÈKB was part. In ad di tion, re -
cent high-pre ci sion dat ing (Käßner et al., 2021) in di cates that fill 
of the Weißig Ba sin, as well as that of the lower part of the
Döhlen Ba sin, is co eval to the de pos its of the ÈKB and the KPB.

The extensional tec ton ics that af fected the Bo he mian Mas -
sif may have in ter fered in its north ern part with a phase of
strike-slip re ac ti va tion of the NW–SE faults (cf. Mattern, 2001).
This phase pur port edly oc curred be tween ~310 Ma and ap -
prox i mately the Penn syl va nian-Perm ian bound ary
(~300/298 Ma; Mattern, 2001; Edel et al., 2018; Bárta et al.,
2021) and in volved sinistral strike-slip move ments on the
NW–SE-ori ented faults driven by NE–SW com pres sion
(Aleksandrowski et al., 1997; Mattern, 2001; Edel et al., 2018;
Fig. 11A). Within the Elbe Zone, this de for ma tion was iden ti fied
by Mattern (1996) as duc tile sinistral strike-slip de for ma tion of
the SE mar gin of the Meißen Mas sif. The po ten tial heat source
fa cil i tat ing this duc tile de for ma tion may be found in the Stolpen
Mas sif, emplaced around 298.4–298.3 Ma (Käßner et al.,
2021): its age roughly sets the up per bound ary for this tec tonic
phase. These sinistral strike-slipe move ments are also in di -
cated by the for ma tion of transtensional bas ins at the west ern
mar gin of the Bo he mian Mas sif (Mattern, 1995a, b). Ad di tion -
ally, dur ing this phase, ap prox i mately around or af ter ~305 Ma
(cf. Zachariáš and Trubaè, 2014) the NNE–SSW-ori ented
shear zones noted above (Riedel joints to the NW–SE faults;

Brandmayr et al., 1995) may have been re ac ti vated as sinistral
strike-slip faults to form NNE–SSW-ori ented grabens
(Fig. 11A). The ge om e try of these grabens, i.e., the Blanice,
Jihlava and Boskovice bas ins (Fig. 1C), is strik ingly oblique to
the axis of the extensional Pilsen–Trutnov Ba sin Com plex. The
ex pla na tion for the sinistral strike-slip re ac ti va tion of the
NW–SE fault zones (and re lated NNE–SSW-ori ented shear
zones) can be found in the far-field stress trans fer from the
Urali an Orog eny be tween ~310–270 (e.g., Mattern, 2001). This 
likely ini ti ated the Late Penn syl va nian–early Perm ian sinistral
wrench move ments along the Trans-Eu ro pean Shear Zone
(TESZ; Fig. 1A) that caused dis rup tion and ero sional trun ca tion 
of the Variscan Fore land Ba sin (Fig. 1A) and the ex ter nal
Variscan fold-and-thrust belt (Kiersnowski and Buniak, 2006).

With re spect to these in ter pre ta tions, we as sume that some
of the Perm ian out li ers at the Lusatian Fault in north ern Bo he -
mia may rep re sent rem nants of a ba sin or bas ins formed dur ing 
this tec tonic phase. The most likely can di date is the Vlèí Hora
out lier (Fig. 11A) whose lithological de vel op ment with grey ish
sed i men tary rocks (greywackes) and fel sic vol ca nic rocks re -
sem bles the fill of the Weißig Ba sin (Fig. 5). The prov e nance of
the Vlèí Hora out lier points to a lo cal source in the ad ja cent
Lusatian Mas sif and sug gest no re cy cling of in verted fill of the
ÈKB (Nádaskay et al., 2019b) whose prov e nance is ex pected
to be more var ied, sim i larly to that of the Krkonoše Piedmont
Ba sin (Martínek and Štolfová, 2009). The in volve ment of
NW–SE faults re ac ti vated dur ing the late Penn syl va nian to
early Perm ian in the for ma tion of the Weißig and Döhlen bas ins
was also sug gested by Käßner et al. (2024).

The most pro nounced strike-slip re ac ti va tion of the NW–SE 
faults oc curred dur ing the late early Perm ian, i.e., the late
‘Autunian’ (late Asselian–early Sakmarian, ~296.8–291 Ma)
through ‘Saxonian’ (whose base is in for mally placed be tween
the late Sakmarian and the early Kungurian; ~291–283 Ma).
The re ac ti va tion of the NW–SE faults may have been con trolled 
dur ing this phase by re ac ti va tion of ma jor fault zones of cen tral
Eu rope of gen er ally NW–SE trend, e.g., the Elbe Zone and the
TESZ, that gen er ated wide spread sub si dence in the South ern
Perm ian (Rotliegend) Ba sin (e.g., McCann, 1998). This phase
sub stan tially over laps with the Asturian and Saalian
(~300–290 Ma) tec tonic phases of the Variscan Orog eny that
have been in ter preted to be as so ci ated with fi nal con sol i da tion
of the Variscan ter ranes with Baltica, décollement fold ing of the
Variscan foredeep and for ma tion of the South ern Perm ian
(Rotliegend) Ba sin in its place (Ziegler, 1975; Praeg, 2004).
This ba sin was shaped pre dom i nantly by transtensional
strike-slip move ments dur ing the early Perm ian (Gast and
Gundlach, 2006). Their tim ing is in ter preted at ~300–290 Ma
(Gzhelian–Sakmarian), al though Hoffmann (1990) in ter preted
a con tin u a tion of (wan ing) strike-slip tec tonic ac tiv ity un til
~283 Ma (Artinskian/Kungurian). This is in ac cord with the du ra -
tion of the man tle-plume magmatism that af fected north ern Eu -
rope be tween ~300–240 Ma (Neumann et al., 2004;
Heeremans et al., 2004). The post-Variscan tec tonic re or ga ni -
za tion of cen tral Eu rope led to ther mal re lax ation of the litho -
sphere as the dom i nant sub si dence mech a nism in the South -
ern Perm ian (Rotliegend) Ba sin (van Wees et al., 2000;
Kiersnowski and Buniak, 2006) neigh bour ing the N/NE Bo he -
mian Mas sif.

Dur ing this phase, the Döhlen Ba sin was formed as a
‘strike-slip ba sin’ ac cord ing to Zieger et al. (2019), based on
prov e nance, i.e., in ter preted shift of source ar eas as well as
U–Pb LA–ICP–MS dat ing of the Wachtelberg Tuff of the
Bannewitz Fm. (286 ±4 Ma). Al though re cently dated by
Käßner et al. (2024) as older (298.5 ±0.1–0.4) than ex pected by 
Zieger et al. (2019), the Bannewitz Fm. is likely youn ger due to
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pos si ble pro tracted zir con crys tal li za tion which Käßner et al.
(2024) ad mits as likely due to other fac tors (li thol ogy, bi otic re -
cord, over all cli ma tic and tectonostratigraphic frame work) that
point to a youn ger age of the for ma tion in re al ity.

The on set of de po si tion in the Döhlen Ba sin may have been
roughly co eval with de po si tion of the Chotìvice Fm. in the KPB
(Fig. 10). This for ma tion un con form ably over lies the older early
Perm ian for ma tions, and com prises flu vial strata mark edly
coarser than those of the un der ly ing Proseèné Fm. (cf. Pešek,
2001) while its lac us trine de pos its oc cupy a dif fer ent part of the
KPB, sug gest ing depocentre shift. Ar gu ably, the de po si tion of
the Chotìvice Fm. may have oc curred as a re sult of in cip i ent
tec tonic re ar range ment of the KPB when the NW–SE faults
grad u ally took over the E–W faults that dom i nated the ear lier,
extensional ba sin ge om e try (Schöpfer et al., 2022). It is even
more sig nif i cant that, dur ing this phase, the infill of the KPB was
in verted and this was ac com pa nied by per va sive brit tle de for -
ma tion and co eval for ma tion of the Trutnov–Náchod sub-ba sin
(TNSB; Fig. 1C). The lat ter rep re sents a struc tur ally dis tinct tec -
tonic el e ment that is su per im posed on the older strata in the
KPB and is in ter preted (Ulièný et al., 2002; Wojewoda, 2007;
Martínek, 2008) to have formed by dextral mo tion on NW–SE
trending strike-slip faults. The Trutnov Fm. (Fig. 10), which rep -
re sents the old est and the thick est part of the infill of the TNSB,
is cor re lated with the Radków Fm. of the Intra-Sudetic Ba sin
(Fig. 1C), dated as youn ger than 293 ±4 Ma (Awdankiewicz,
2022). In both cases, the ba sin-floor sub si dence was ac com pa -
nied by gen er a tion of a high-gra di ent to pog ra phy within sur -
round ing crys tal line com plexes. Danišík et al. (2010) pro posed
that suc ces sive unroofing and ero sion of the Krkonoše–Jizera
Plutonic Com plex took place dur ing the late early Perm ian
(‘Saxonian’), based on the pres ence of large vol umes of coarse
clastic ma te rial within bas ins south, east, and north of the
Krkonoše Mts. Within the TNSB, this is in di cated by the pres -
ence of al lu vial-fan con glom er atic fa cies in the NE flank of the
ba sin (Horní Mìsto Con glom er ate; Fig. 10). Tec tonic up lift of
the Lusatian Block is sug gested by a pre dom i nant in put of
Cadomian zir cons into the Niederhäslich Fm. of the Döhlen Ba -
sin (Zieger et al., 2019). It is also pos si ble that the NW–SE ge -
om e try of the Orlice Ba sin (Fig. 1C), lo cated ~130 km far ther
SE from the study area, is a re sult of transtensionally-gen er ated 
sub si dence dur ing this phase, over print ing the ba sin’s ear lier
extensional ge om e try – as sug gested by the basal part of the
ba sin fill, cor re la tive to the KPB (cf. Pešek 2001; Fig. 10).

Data from the Lesné out lier to gether with a re port of Perm -
ian de pos its in the Elbe Val ley near Dìèín that re sem ble those
of the Döhlen Ba sin (Absolon, 1979) in di cate that ei ther the lat -
ter spanned far ther SW (to pres ent-day Dìcín; Fig. 1B) or was
neigh boured to the SW by a ba sin of sim i lar or i gin (Fig. 11B).
This ba sin was de formed and al most com pletely eroded fol low -
ing the Late Pa leo zoic (Fig. 11C–F; cf. Coubal et al., 2015). In
the early Perm ian, the neigh bour ing ÈKB was likely lo cated
more to the south, in the prox im ity of the MHB and KPB, as sug -
gested by their sim i lar lithofacies de vel op ment (e.g., Pešek,
2001). The Döhlen Ba sin may have ex isted for up to 17 Myr
some time be tween ~300–282 Ma (Fig. 10), with the fi nal de vel -
op ment phase be tween the mid dle Artinskian and early
Kungurian (cf. Zieger et al., 2019; Käßner et al., 2024). This is in 
ac cord with the ap prox i mate dat ing of ac tiv ity of transcurrent
faults af fect ing the Sudetes at ~288–281 Ma (Edel et al., 2018).

IMPLICATIONS FOR EVOLUTION OF THE LUSATIAN FAULT IN RELATION 
TO ADJACENT GEOLOGICAL UNITS

The in ter preted geo log i cal struc ture of the pre-Cre ta ceous
base ment (Mrázová et al., 2020) dem on strates that granitoids
of the Lusatian Mas sif north of the Lusatian Fault were lat er ally
shifted ~6 km to the SE com pared to the same granitoids south
of the fault. In the west ern part of the Lusatian Mas sif in Sax ony, 
the Up per Penn syl va nian–lower Perm ian rocks have been pre -
served di rectly along side the Lusatian Fault as the Weißig Ba -
sin (Fig. 1B) as well as sev eral out li ers (Fig. 1B; Huhle and
Lange, 2010). Fol low ing the Late Paleozoic strike-slip tec tonic
move ments and re lated ba sin for ma tion, the up lifted base ment
of the Lusatian and Krkonoše–Jizera blocks was grad u ally
eroded and the en tire area peneplained (e.g., Danišík et al.,
2010) and sur rounded by a con ti nen tal to mar ginal ma rine
depositional en vi ron ment dur ing the late Perm ian and Tri as sic
(cf. Doornenbal and Stevenson, 2010). Dur ing the Ju ras sic, the
area north of the Lusatian Fault prob a bly sub sided and was
flooded by an epicontinental sea. The Ju ras sic was de pos ited
within a ba sin likely cov er ing the en tire Lusatian Block
(Fig. 11C; Hofmann et al., 2018; Nádaskay et al., 2019b) and
prob a bly a vast area of pre-Me so zoic base ment be tween the
Lusatian Fault and Prague (Valeèka, 2019). This con tra dicts
the en trenched con cept that the Ju ras sic un der lies the Up per
Cre ta ceous (e.g., Malkovský, 1987) and that rem nants of the
Ju ras sic as well as the Perm ian were dragged from be neath the 
base of the Up per Cre ta ceous (Fig. 4). Ero sion of the Ju ras sic
de pos its must have taken place prior to the Late Cre ta ceous
trans gres sion (Fig. 11D), and only sub tle rem nants of these Ju -
ras sic rocks have been pre served in the vi cin ity of the Lusatian
Fault. There is no un am big u ous di rect ev i dence on whether the
blocks north of the Lusatian Fault had been up lifted and its sed i -
men tary cover eroded, or whether they sub sided dur ing the
Early Cre ta ceous. The Late Cre ta ceous trans gres sion is in ter -
preted to be gov erned by in ter play of eustatic sea-level rise and
tec tonic in ver sion of the blocks ad ja cent to the Lusatian Fault
with sub si dence of the block south of the fault (e.g., Ulièný et al., 
2009b; Voigt et al., 2021). As a re sult of the wide-scale tec tonic
pro cesses (con ver gence of Af rica, Ibe ria, and Eu rope and Al -
pine Orog eny; Kley and Voigt, 2008; Voigt et al., 2021), the
stress field within the Bo he mian Mas sif was re ori ented (Coubal
et al., 2014, 2015). Un like the case of the Ju ras sic, the subcrop
of Perm ian rocks be neath the Up per Cre ta ceous has been doc -
u mented by bore holes far ther south of the Lusatian Fault (e.g.,
in the ÈKB; Fig. 1B). This led sev eral pre vi ous au thors (e.g.
Malkovský, 1987) to in fer that the Perm ian out li ers along the
Lusatian Fault are re lated to the Perm ian subcrop of the ÈKB.
Ac cord ing to Coubal et al. (2014), the Perm ian rocks along the
Lusatian Fault in the vi cin ity of Varnsdorf were de formed in the
same fash ion as the Perm ian rocks at the NW tip of the KPB,
i.e., pulled from the subcrop and dis lo cated dur ing the thrust
phase of the Lusatian Fault. This is con tra dicted by our cur rent
in ter pre ta tion. The pres ent-day struc tural po si tion of the Late
Paleozoic, as well as the Ju ras sic de pos its as so ci ated with
NW–SE faults, in di cates that rem nants of the Up per Paleozoic
and Ju ras sic on the Lusatian Block that sur vived un til the fi nal
in ver sion of the BCB, were thrusted over the Up per Cre ta ceous
of the BCB as a re sult of the lat est Cre ta ceous–Ce no zoic tec -
tonic ac tiv ity on the Lusatian Fault, and sub se quently eroded.
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CONCLUSIONS

1. Based on their lithofacies de vel op ment, the Perm ian out -
li ers along the Lusatian Fault are in ter preted to have been de -
pos ited in an al lu vial sys tem lo cated close to the ba sin mar gin
with a steeper to pog ra phy. The suc ces sion of the Lesné out lier
stud ied con tains car bon ate rocks (some re de pos ited) whose
pres ence is in ac cord with the gen eral trend of grad ual
aridification with its on set in the late Penn syl va nian and con tin u -
ing through out the Perm ian.

2. The Pennyslvanian–Perm ian out li ers along the Lusatian
Fault are un re lated to the subcrop Èeská Kamenice Ba sin
(formed as part of the extensional Pilsen–Trutnov Ba sin Com -
plex) and rep re sent rem nants of bas ins as so ci ated with
NW–SE faults of the Elbe Zone Sys tem. Com par i son of their
depositional recod with ba sins in Sax ony and within the “Bo he -
mian” Pilsen–Trutnov Ba sin Com plex as well as pub lished ab -
so lute ages from both Sax ony and Bo he mia al low for
lithostratigraphic cor re la tion of the dated ba sin fills as so ci ated
with the NW–SE faults. Con se quently, the Vlèí Hora out lier is
cor re lated with the Weißig Ba sin (Hutberg Fm.; ~299 Ma) while
the Lesné out lier is cor re lated with the up per part of the Döhlen
Ba sin (Bannewitz Fm.; <296 Ma). Thus, the Lesné out lier could
be late Assellian to ?early Kungurian in age and pos si bly cor re -
lates with the ‘Saxonian’ (lower–up per Rotliegend) de pos its of
bas ins of the Trutnov–Náchod sub-ba sin and the Intra-Sudetic
Ba sin.

3. Dur ing the Late Pa leo zoic, the Bo he mian Mas sif ex pe ri -
enced polyphase evo lu tion in volv ing late orogenic to
post-Variscan extensional as well as transtensional/strike-slip
tec tonic pro cesses. The Late Mis sis sip pian–Mid dle Penn syl va -
nian (~330–310/305 Ma) phase (1) of late orogenic strike-slip
tec tonic move ments was fol lowed by for ma tion of the
extensional bas ins re lated to orogenic col lapse. This pro cess
was over taken by intraplate ex ten sion by ~306/305 Ma at the
lat est. It has been con sid ered that the NW–SE faults (Elbe
Zone Sys tem) were re ac ti vated in a strike-slipe re gime
(phase 2) dur ing the Mid dle Penn syl va nian–early Perm ian
(Moscovian–early Asselian; ~310–300/298 Ma), i.e., con cur -
rently with the intra-plate ex ten sion. An other phase (3) of
strike-slipe re ac ti va tion of the NW–SE faults oc curred dur ing

the early Perm ian (late Asselian–early Kungurian;
~297–283 Ma). The tim ing of large-scale tec tonic pro cesses
(in clud ing ac tiv ity of strike-slip and wrench faults) within the
Variscan Orog eny (cf. Edel et al., 2018; Elter et al., 2020) sup -
ports this in ferred his tory.

4. The or i gin of the Late Paleozoic tec tonic move ments that
af fected the NE Bo he mian Mas sif can be found in large-scale,
or even global, geodynamic pro cesses (cf. Mattern, 2001; Edel
et al., 2018; Elter et al., 2020). Phase (1) was driven by dextral
move ment along the NW–SE shear zones that ac com mo dated
con ver gence of Gond wana and Laurussia. Phase (2) in volv ing
sinistral strike-slip re ac ti va tion of NW–SE faults as well as re -
lated NNE–SSW shear zones, is thought to have been caused
by far-field stress trans fer from the Urali an Orog eny. Phase (3)
is de fined by dextral strike-slip tec tonic move ments of the faults
of the TESZ and Elbe Zone Sys tem that were likely re ac ti vated
as a re sult of em place ment of mag matic bod ies re lated to man -
tle-plume magmatism in the area of the na scent South ern
Perm ian Ba sin.
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