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Synsedimentary de for ma tion struc tures have been rec og nized in Tri as sic and Cre ta ceous sed i men tary rocks of the Trutnov
Ba sin, which build a struc tural and mor pho log i cal el e va tion be tween Èervený Kostelec and Upice. Very well pre served sand
in jec tion and col lapse struc tures, strike-slip shear ings and listric faults oc cur in the “U Devìti køížù” Quarry. Their shapes and 
spa tial dis tri bu tion strongly cor re spond to lo cal tec tonic struc tures within the Intrasudetic Shear Zone (ISZ), es pe cially to the
faults which bound the rhomb-shaped de pres sions and el e va tions. All these struc tural sub-units com pose the Intrasudetic
Ba sin Suite (IBS). The soft-sed i ment de for ma tions de vel oped in the shal low subsurface and most likely re sulted from the
dom i nantly extensional and strike-slip ki ne mat ics within the ISZ.
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INTRODUCTION

Tri as sic and Cre ta ceous sed i men tary rocks, de scribed in
this pa per, crop out in the Sudetes Moun tains within a rel a tively
small area. They have been sur veyed and de scribed pri mar ily
on mor pho log i cal or struc tural el e va tions. Ac cord ingly, in the
area of the Intrasudetic Synclinorium (IS) they are known from
the re gion of the so-called £¹czna Anticline (LA), which sep a -
rates two struc tural de pres sions/brachysynclines – the
Krzeszów (KB) and the Adršpach brachysynclines (AB; Cz.
Adršpašska pánev). The strata are also known from the area of
the Teplice El e va tion (TE; vi cin ity of Bohdašín), which sub di -
vides the Adršpach Brachysyncline from the Po lice Brachy -
syncline (PB; Cz. Polická pánev; Fig. 1). The sed i ments are
also known from ex po sures and mine pits in the close vi cin ity of
the Poøíèí-Hronov Fault Zone (PHFZ), which marks the south -
ern bound ary of the Intrasudetic Synclinorium (e.g., Malé
Svatoòovice lo cal ity; Wojewoda, 2007a, b, 2008a, b, 2009a, b,
c). In turn, the best doc u mented Tri as sic sed i ments oc cur on a
mor pho log i cal el e va tion that sub di vides the Nachod and
Trutnov bas ins (NB and TB, re spec tively). This area, lo cated
be tween Èervený Kostelec and Úpice, is tra di tion ally known as

the “U Devìti køížù” area (Fig. 2). Con cur rently, the area rep re -
sents a lo cal struc tural de pres sion – the Èervený Kostelec
Trough (CKT), which to the south-west pro longs into the
Hronov Graben (HB; Fig. 2). The phe nom ena de scribed be low
have been doc u mented in the Krákorka Quarry, where quartz -
-kaolinitic sand stones are ex ploited, dis play ing a dense and
reg u lar part ing joint ing and bed ding-par al lel split sur faces.

The area de scribed be low is tra di tion ally in cluded by Czech
ge ol o gists to the Trutnov Ba sin (cf. Holub, 1972; Ulièný, 2004).
This ba sin, to gether with the Mnichovo-Hradištì Ba sin (Cz.
Mnichovohradiš•ská pánev), com prise a su pe rior re gional
struc tural-palaeo geo graphi cal unit – the Karkonosze Piedmont
Ba sin (KPB; Cz. podkrkonošská pánev; cf. Tásler, 1961; Holub
and Tásler, 1974). The Nachod Ba sin rep re sents a sep a rate
struc tural unit with its own ar chi tec ture and his tory (Wojewoda,
2007d; Burliga et al., 2008).

All the struc tural units and bas ins men tioned above oc cur
within the Intrasudetic Shear Zone which rep re sents one of the
most im por tant tec tonic struc tures in the post-Variscan evo lu -
tion of the Sudetes (Wojewoda, 2007c; Fig. 3). The north ern
bound ary of the zone is the Poøíèí-Hronov Fault Zone, a very
dis tinct re gional tec tonic zone that bounds the Intrasudetic
Synclinorium from the south (Wojewoda, 2008b, 2009b). The
KPB and NB con sti tute to gether the Intrasudetic Ba sin Suite – a 
set of rhomb-shaped re gional struc tural units. Both the sed i -
men tary ar chi tec ture of the bas ins and the struc ture of their
bound aries and mi nor re gional units oc cur ring within them in di -
cate that they mostly rep re sent strike-slip and prin ci pally
extensional phe nom ena typ i cal of pull-apart bas ins (Wojewoda, 
2007b, c, 2009a).
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SANDSTONES FROM THE U DEVÌTI KØÍŽÙ
LOCALITY

Perm ian, Tri as sic and Cre ta ceous for ma tions are ex posed
in a rel a tively small area in the close vi cin ity and within a quarry,
tra di tion ally known as the Krákorka Quarry (Fig. 4). In the lower
part of the quarry, be neath the min ing level, oc cur the youn gest
con ti nen tal sed i ments of the Perm ian suc ces sion in the
Sudetes. They rep re sent the Bohuslavice For ma tion and are
clas si fied as Thuringian in age (Holub, 1972). The Bohuslavice
For ma tion con sists of heterolithic, pre dom i nantly con glom er -
atic, lac us trine and flu vial sed i ments (e.g., Wojewoda and
Mastalerz, 1989; Wojewoda, 2007c).

Tri as sic sed i ments, in cluded in the Bohdašín For ma tion,
dis cor dantly or nearly con cor dantly, de pend ing on the lo cal ity,
over lie the Perm ian sed i ments. The Krákorka Quarry was es -
tab lished in the top most part of the Bohdašín For ma tion. The
lower and mid dle parts of the for ma tion con tain me dium -
-grained, pink ish arkosic sand stones, which are in ter preted as
typ i cal flu vial sed i ments (Prouza et al., 1985; Mroczkowski and
Mader, 1985). Their thick ness is up to 60 m. The up per part of
the Bohdašín For ma tion con sists of quartz-kaolinite sand -

stones with dis tinct and reg u lar platy part ing (Fig. 5A, B and G).
Their oc cur rence is lim ited ex clu sively to the bor der zone be -
tween the Trutnov and Nachod bas ins (cf. Fig. 1). Be cause of
the sig nif i cantly dif fer ent li thol ogy of the lower and me dium
parts of the Bohdašín For ma tion, they were dis tin guished as a
sep a rate sub unit – the Barchoviny Mem ber (ac cord ing to
Holub, 1972). How ever, the in for mal name of these sed i ments
– the Devìt køížù sand stone (Holub, 1966) – is usu ally ac cepted 
and widely used in the lit er a ture. Worth men tion ing is the fact
that the bound ary zone be tween the top of the Bohdašín For -
ma tion and the Devìt køížù sand stone is not sharp and in cludes 
highly kaolinized coarse-grained sed i ments of un de fined age
(cf. Fig. 5B).

The up per most part of the sed i men tary suc ces sion of the
Krákorka Quarry con sti tutes Up per Cre ta ceous ma rine clastic
sed i ments as signed to the Peruc-Koryèany For ma tion and
rep re sent ing the Lower and Up per Cenomanian. Above them,
in ad ja cent ar eas, e.g. in the Hronov Graben, oc cur fine -
-grained si li ceous and cal car e ous de pos its (mudstones) of the 
Bílá Hora For ma tion, which are in cluded in the Lower Turonian 
(Tásler, 1966).

The struc tural dis tinc tion and unique ness of the sed i men -
tary rocks that crop out in the vi cin ity of Èervený Kostelec and
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Fig. 1. Lo ca tion of the Krákorka Quarry (K) with re gard to the re gional struc tural units
and the ex tent of Trassic rocks in the area

AB – Adršpach Brachysyncline, IS – Intrasudetic Synclinorium, KB – Krzeszów Brachysyncline,
KPB – Karkonosze Piedmont Ba sin, LA – £¹czna Anticline, NB – Nachod Ba sin, PB – Po lice
Brachysyncline, PHFZ – Poøíèí-Hronov Fault Zone,  TB – Trutnov Ba sin, TE – Teplice El e va tion,
axes of struc tural el e va tions based on: Jerzykiewicz (1971); Grocholski (1973); Don et al.
(1981); Prouza et al. (1985), mod i fied



Havlovice have al ready been no ticed by Petrascheck (1933).
He de scribed them as “slab sand stones” (Ger. Platten -
sandsteine), oc cur ring only in a nar row, for ested strip known as
the “nine crosses area” (Ger. Neunkreuzener), and in cluded
them to the Tri as sic. Petrascheck con nected their oc cur rence
in that par tic u lar lo cal ity with the mar gin of the Intrasudetic
Synclinorium. Ac cord ing to him, rocks with a sim i lar li thol ogy,
also kaolinized and as signed to the Lower Tri as sic var ie -
gated/multi-col oured sed i ments of the Buntsandstein, are ex -
posed in the Che³msko Œl¹skie and Kochanów ar eas in the
cen tral-west ern part of the Intrasudetic Synclinorium. In pa pers
and maps pub lished ear lier (e.g., Beyrich, 1854; Flegel, 1905),
Tri as sic rocks have not been dis tin guished south of the
Karkonosze Moun tains, whereas the sed i ments de scribed
above were in cluded in the Up per Perm ian (Müller, 1930). De -
spite that, Tri as sic Buntsandstein sed i ments were marked as a
sep a rate lithostratigraphic unit by Dathe et al. (1910) and Berg
(1909) on the geo log i cal maps of the cen tral part of the
Intrasudetic Synclinorium.

In later pub li ca tions, the strati graphic po si tion of the lower
and mid dle part of the Bohdašín For ma tion did not change sig -

nif i cantly (cf. Tásler, 1966; Holub, 1966; Prouza and Tásler,
1985) and by anal ogy to ad ja cent ar eas was in ter preted as a
sed i men tary as so ci a tion typ i cal of braided river and al lu vial
plain en vi ron ments (Mroczkowski and Mader, 1985; Prouza
and Tásler, 1985; Prouza et al., 1985).

Both the age and or i gin of the sand stones from the Krákorka
Quarry re mains con tro ver sial (see chro no log i cal re view be low).
Valín (1964) in ter preted the kaolinitic sand stones as lac us trine
de pos its. Holub (1972) ex pressed an opin ion that they might rep -
re sent shal low-ma rine, beach sed i ments. This view point, how -
ever, was not sup ported in his later pub li ca tions. Based on the
change of col our, ori en ta tion of joints and oc cur rence of
glauconite in the top most parts of the quarry, Vejlupek (1983)
sug gested a Cre ta ceous age for the Devìt køížù sand stones.
Prouza et al. (1985) pos tu lated shal low lake and/or al lu vial plain
sed i men tary en vi ron ments for the ac cu mu la tion of these sed i -
ments. At the same time, he stated that the pres ent po si tion and
dis tri bu tion of the kaolinitic sand stones in re la tion to the lat eral
range of the en tire Bohdašín For ma tion re sulted from the mi gra -
tion of depocentres in the past. Based on find ings of mud scrolls
within the Devìt køížù sed i ments, Mikuláš et al. (1991) sug gested 
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Fig. 2. Geo log i cal map of Èervený Kostelec area

CKT – Èervený Kostelec Trough, HG – Hronov Graben; faults based on Prouza (1988); 
for other ex pla na tions see Fig ure 1 



the pos si bil ity of dry cli mate, and even ae olian con di tions of their
for ma tion. The find ing of a teropod foot print al lowed Zajíc (1998)
to pro pose a youn ger age for the en tire Bohdašín For ma tion, es -
pe cially for its top most part. Struc tural and fa cies anal y sis of the
sed i ments ex posed in the Krákorka Quarry was con ducted by
Ulièný (2004). By mea sur ing the ori en ta tion of large-scale bed -
ding and other sed i men tary struc tures ac com pa ny ing them, he
con firmed that the Devìti køížù de pos its were formed in an ae -
olian en vi ron ment and re cord the Early Tri as sic cli mate changes
in Cen tral Eu rope.

In the Krákorka Quarry, the up per bound ary of the sand -
stones of the Bohdašín For ma tion does not cor re spond to the
base of the “transgressive glauconitic con glom er ates” oc cur ring
in the up per part of the quarry. A sub tle change in the de gree of
com pac tion, changes of col our from white to yel low-green ish of
the sand stones ex ploited in the quarry, and the pres ence of
glauconite, sug gest the ex is tence of dis cor dance sur faces ap -
prox i mately 2 m be low the con glom er ate (tra di tion ally called the
“basal con glom er ate”; Fig. 5A, B). This is also ev i denced by
biogenic struc tures, in clud ing trace fos sils such as Thalassino -
ides and Arenicolites, and root casts, which in di cate a shal -
low-ma rine, nearshore en vi ron ment (cf. Mikuláš and Prouza,
1999; Ulièný et al., 2009). These struc tures oc cur in the sand -
stones be low a thin, up to 0.3 m thick con glom er ate bed (Fig.
5B). Worth em pha siz ing is the fact that the time gap be tween the
Devìt køížù sand stones and the over ly ing Up per Cre ta ceous de -
pos its is about 142 Ma.

The thick ness of the kaolinitic sand stones oc cur ring in the
top most part of the Bohdašín For ma tion reaches ap prox i mately 
15 m. The sand stones mined in the Krákorka Quarry in the U
Devìti køížù area re veal dis tinct reg u lar, bed ding-par al lel split -
ting sur faces (platy part ing), and vary from 7.5 to 9.5 m in thick -
ness (see Ulièný, 2004).

SYNSEDIMENTARY DEFORMATION
STRUCTURES

Nu mer ous phe nom ena, whose for ma tion is most prob a bly
re lated to the tec tonic and seis mic ac tiv ity dur ing the sed i men -
ta tion of Tri as sic and Cre ta ceous rocks, have been ob served in
the Krákorka Quarry and its im me di ate sur round ings. The most
spec tac u lar phe nom ena are cir cu lar zones of sand liq ue fac tion
(Fig. 6). Ear lier, such struc tures were de scribed as sand vol ca -
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Fig. 3. Scheme of the Intrasudetic Ba sin Suite – a suc ces sion of struc tural de pres sions 
and el e va tions within the Intrasudetic Shear Zone (not to scale)

Fig. 4. Krákorka Quarry – spa tial dis tri bu tion of
synsedimentary de for ma tion struc tures and tec tonic faults

A–H – lo ca tions of phe nom ena pre sented in Fig ure 5



noes (Ulièný, 2004). A closer ex am i na tion in di cates an in jec tion 
or i gin of some struc tures, al though they are not typ i cal sand
vol ca noes.

In jec tion cir cu lar struc tures oc cur on bed ding planes, are ir -
reg u lar or cir cu lar, with a di am e ter from sev eral centi metres to
over 0.5 m and a thick ness from 1 to 6 cm. Their ar chi tec ture re -
sem bles lac co lites (Fig. 5C). The struc tures oc cur in fine- or me -

dium-grained, very well sorted and lam i nated sand. Within the
struc tures the sed i ment is mas sive and ho mo ge neous. The
sandy in jec tion cir cu lar struc tures oc cur as iso lated forms or as
lin early dis trib uted clus ters, usu ally along zones in ter preted as
synsedimentary fis sures (faults?) (Fig. 5C). The ori en ta tion of
such clus ters is ex cep tion ally reg u lar, al most ide ally lon gi tu di nal
(see Fig. 4). Nei ther pla nar nor pipe-like zones have been ob -
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Fig. 5. Main sed i men tary and tec tonic fea tures in the Krákorka Quarry

A, B – bound ary be tween the Devìt køížù sand stones and the Peruc-Koryèany Fm.; C – in jec tion cir cu lar struc -
tures and soft-sed i ment faults; D – col lapse cir cu lar struc tures; E – col lapse de pres sions and ring faults; F–H –
synsedimentary faults, zon ally re ac ti vated in the “tec tonic” phase of de for ma tion



served be low the in jec tion cir cu lar struc tures; if pres ent, they
would rep re sent relicts of path ways along which con cen trated
flows of fluidized ma te rial ap peared from be neath. Struc tures
sim i lar to those de scribed above are known from sed i ments rep -
re sent ing dif fer ent ages and sed i men tary en vi ron ments (see
com pi la tions in Hurst et al., 2011; Van Loon and Maulik, 2011).
Such phe nom ena are usu ally con sid ered as seis mic phe nom -
ena sensu lato. Some au thors have in di cated the re la tion ship
be tween injectites and synsedimentary faults (e.g., Carter and
Norris, 1986; Vanneste et al., 1999; Neuwerth et al., 2006;
Moretti and Sabato, 2007; Mazumder et al., 2009; Bonini, 2009).
Anal o gous lac co lite struc tures have been ob tained in soil (sed i -
ment) fluidization mod el ling in con di tions of cy clic over bur den
(shocks) (e.g., Rodrigues et al., 2009; Bu reau et al., 2014). 

Lac co lite struc tures have been pre served prob a bly due to
the fact that the sed i ment sur face was sta bi lized by mi cro bial
mats. This is ev i denced by microbially in duced sed i men tary
struc tures com monly oc cur ring on bed ding planes, some times
re ferred to as �wrin kle struc tures� (Prave, 2002) or as “el e phant
skin” (Porada and Bouougri, 2007), and per fectly pre served
des ic ca tion (syneresis?) cracks, de spite the com plete lack of
pelitic sed i ments within the sand stones (Fig. 6A, B). Sim i lar as -

so ci a tions of mi cro bial mats and vol ca noes are rel a tively com -
mon in shal low-ma rine peritidal en vi ron ments (Taj et al., 2014).
Al though not al ways in duced by seis mic shocks, but for in -
stance by the pro duc tion of biogas in the sed i ment, most au -
thors agree that the in crease of pore pres sure (e.g., due to
wave swell ing, ris ing tide, but also due to seis mic ity) is the main
driv ing fac tor for the for ma tion of sand vol ca noes (Dornbos et
al., 2007; Mar tin-Chivelet et al., 2011; Taj et al., 2014).

Col lapse cir cu lar struc tures dif fer sig nif i cantly from the pre -
vi ous struc tures. They do not rep re sent three-di men sional
struc tures (space, sed i ment), but de for ma tions of the top sur -
face of the sed i ment. Usu ally, the struc tures are a se ries of sim -
i larly shaped cir cu lar em bank ments (folds) with a wave length
from 3 to 7 cm and am pli tude up to 1 cm. A sin gle struc ture is
com monly com posed of 3 to 5 rings, whose am pli tudes grad u -
ally de crease out wards (cf. Fig. 5D). Some of the col lapse
struc tures from the Krákorka Quarry are extensional in char ac -
ter, i.e. they rep re sent frag ments of de col lated beds, which form 
iso lated “swim ming pil lows� on the fluidized sed i ment (see e.g.,
Moretti et al., 1999; Bu reau et al., 2014).

Col lapse de pres sions and ring faults oc cur in the south ern
part of the Krákorka Quarry (Figs. 4, 5E and 6C, D). The di am e -
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Fig. 6. Mi cro bial re liefs (A, B) and col lapse ring struc tures (C, D)

Note di rec tion of wa ter flow as sim pli fied by long white ar row



ters of the ob served col lapse de pres sions reach 5 m. Sub se -
quent struc tural steps within them de crease to wards the south -
west, which prob a bly may in di cate the palaeoslope gra di ent
(Fig. 6C; see Audemard et al., 2005). The to tal depth of the
struc ture vis i ble in the Krákorka Quarry ex ceeds 25 cm. In ter -
est ingly, frag ments of the em bank ments have been washed out 
and form dis tinct path ways of wa ter flow, per fectly doc u mented
by cur rent rip ple-marks (Fig. 6D). This means that the col lapse
took place in sub ma rine con di tions or forced the wa ter to flow in
a spe cific di rec tion. 

The spa tial dis tri bu tion of synsedimentary fis sures, clastic
injectites and col lapse struc tures cor re sponds to the prob a ble
po si tion of the palaeoslope, but is also dis tinctly re lated to the
palaeogeographic po si tion of the Devìt køížù sand stones. Al -
though the sand stones fill up a struc tural de pres sion, they are
marked in the pres ent-day land scape as a dis tinct, NNW–SSE
ori ented mor pho log i cal ridge. The ori en ta tion is re corded also by
synsedimentary fis sures and clastic lac co lites within them. The
lat ter struc tures oc cur as clus ters with a slightly oblique ori en ta -
tion with re gard to the fis sure (fold) traces, which may sug gest
their dextral, strike-slip and extensional char ac ter. The pos si bil i -
ties of us ing the shape and spa tial dis tri bu tion of seismotectonic
struc tures for this pur pose has been ev i denced by many au thors
(see re view in: Bonini  and Sani, 2000; Bonini,  2009; Hilbert -Wolf 
et al., 2009).

FAULTS AND JOINTING

In the Krákorka Quarry, nor mal faults, extensional frac tures, 
and joints oc cur in the Devìt køížù sand stones. The old est
faults were most likely cre ated in a fairly lithified or even
unlithified sand de posit (cf. Fig. 5F–H). Dis place ments on the
faults are not sig nif i cant and do not ex ceed a few centi metres.
The fault sur faces are usu ally non-pla nar, but con sist of seg -
ments dip ping at dif fer ent an gles. Some of the faults that most
prob a bly de vel oped in the unlithified ma te rial, dis play a trend for 
the de crease of the dip an gle at the floors of some beds. In
some beds, the fault sur face is par al lel to the floor (Fig. 5F–H).
In such listric sec tions of nor mal faults, quartz fi brous min er ali -
sa tion was ob served on the sur faces of nor mal faults on the
low est quarry level (Fig. 7).

The sed i ment was also ex tended af ter lithification, and some
of the ear lier cre ated nor mal faults were re ac ti vated en tirely or
zon ally (cf. Fig. 5F, H). Dis place ments from this phase of dis tor -
tion/de for ma tion are min i mal (a few centi metres in range) and

ac com pa nied by nu mer ous, steep-dip ping exten sional frac tures,
cut ting across the main fault sur face (cf. Fig. 5F, H). 

Both older and youn ger nor mal faults, sur veyed in the east -
ern part of the quarry, have sim i lar ori en ta tions and usu ally dip
to wards the north-east (cf. Figs. 5G, H and 7). Typ i cally, the sur -
faces of the main nor mal faults, cre ated in an unlithified de posit, 
dip to ward the north-east, but in many places they are ac com -
pa nied by smaller nor mal an ti thetic faults with op po site dip di -
rec tions, to ward the south-west (cf. Figs. 7 and 8). The dip of
the sur faces of nor mal faults is usu ally in the range of 35–65°,
al though the dom i nant dips of these nor mal faults are about 50°
(Fig. 8A). The dom i nant di rec tion of the strike sur faces of the
youn ger nor mal faults cre ated af ter lithification is about
NW–SE, rarely NNW–SSE (Fig. 8B). The dip of their sur faces is 
also vari able, but usu ally close to 50° (Fig. 8B).

The joint sur faces are al most ver ti cal (Fig. 9A). Two joint
sets dom i nate in the quarry, with strike sur faces ori ented at
close to the NW–SE and NE–SW (Fig. 9B). The ori en ta tion of
these two joint sets in di cates the pres ence of an or thogo nal joint 
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Fig. 7. Quartz fi brous min er al iza tion on the sur faces 
of a “dou ble-sided” nor mal listric fault

Fig. 8. Ori en ta tion of (A) pre-lithification nor mal faults, and
later (B) post -lithification nor mal faults formed in a brit tle re -
gime, the ar rows show the ori en ta tion of the ex ten sion (pro jec -
tion on the lower hemi sphere and rose di a grams of the strike
and dip an gle of the nor mal fault sur faces)



sys tem. Sur faces of this joint sys tem cut the sur faces of older
nor mal faults (cf. Fig. 5A, G). The strike di rec tions of the or -
thogo nal joint sys tem are of ten al most par al lel or per pen dic u lar
to the dom i nant strike di rec tion of the youn ger nor mal faults (af -
ter lithification), which may sug gest that the for ma tion of both
de for ma tion sys tems in the Devìt køížù sand stones could have
been re lated to sim i larly ori ented ten sion fields.

Ver ti cally seg mented nor mal faults are sur faces ob served
in dif fer ent bed ded rocks (Stew art and Han cock, 1991; Childs
et al., 1996; Walsh et al., 2003). The nor mal faults of the old est
sys tem of de for ma tion in the above-de scribed Tri as sic de pos its 
from the U Devìti køížù lo cal ity are an ex am ple of seg mented
faults with contractional off sets. Nor mal faults solely with
contractional off sets were de scribed by Childs et al. (1996).
Such ver ti cally seg mented faults may orig i nate also from faults
with sur faces dip ping at a con stant an gle as a re sult of
post-fault ing com pac tion (see Wang, 1995).

SUMMARY

Quartz fi brous min er ali sa tion on the “pre-lithification� fault
sur faces was found ex clu sively on the low est quarry level. Due
to the low sol u bil ity of quartz it usu ally sel dom fills subsurface
frac tures. How ever, it can be trans ported and pre cip i tated sub -
aerially in unlithified de pos its; al though the pro cess is re garded
to last for many tens of years (Maltman, 1994). The old est nor -
mal faults have been cre ated in a stress field with a NE–SW
ten sion.

Af ter lithification of the Devìt køížù de pos its, the sand stone
beds were cut again by nor mal faults with fea tures typ i cal of a
brit tle re gime. It seems that the ori en ta tion of the stress field did
not change and these youn ger faults were also formed dur ing
NE–SW ex ten sion (az i muth N55°). There fore, some of the older
faults were re ac ti vated. Dis place ments along these faults were

not sig nif i cant, and the re ac ti va tion was usu ally ac com pa nied by
the de vel op ment of al most ver ti cal extensional frac tures.  

The Tri as sic sand stones are cut by two sets of joints, which
form an or thogo nal joint sys tem. The first joint set with a
NW–SE ori en ta tion (az i muth N47°) of the strike sur face is a
sys tem atic joint, and the sec ond joint set is NE–SW-ori ented
and or thogo nal to the first joint set. Joint is an open ing-mode
frac ture that de vel ops in a di rec tion per pen dic u lar to the lo cal
ori en ta tion of the max i mum ten sile stress (see e.g., Han cock,
1985; Pol lard and Aydin, 1988). There fore, for ma tion of an or -
thogo nal cross joint re quires ro ta tion of the lo cal stress field by
about 90°. Ro ta tion of the re gional prin ci pal stress could have
been caused by changes in fluc tu a tions of re gional stresses
(Han cock et al., 1987). How ever, in this case, the or thogo nal
joint sys tem has an ori en ta tion closely re lated to the ori en ta tion
of nor mal faults (see Dunne and Han cock, 1994). The sys tem -
atic joint has strike sur faces sim i larly ori ented as the strike sur -
faces of nor mal faults, and the or thogo nal cross joint is also per -
pen dic u lar to the strike sur face of nor mal faults. Such ori en ta -
tion of nor mal faults and joints may sug gest the for ma tion of an
or thogo nal joint sys tem re lated to the de vel op ment of youn ger
nor mal faults in a brit tle re gime (see Kattenhorn et al., 2000).

The U Devìti køížù area re cords a con se quent struc tural de -
vel op ment in sim i lar geodynamic con di tions from the Perm ian
un til pres ent-day. Syntectonic ter res trial sed i men ta tion com -
menced in the area in the Early Perm ian (Rotliegend, Autun),
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Fig. 9. Joints in Tri as sic sand stones – (A) or thogo nal joints,
(B) di a grams of the strike of the joint sur faces (left)

and the dip an gles of the joint sur faces (right)

Fig. 10. Sche matic evo lu tion of the Èervený Kostelec Trough
and “U Devìti køížù” el e va tion: Early Perm ian (A), Tri as sic (B)

and post-Cre ta ceous (C)

Thick ar rows show re gional palaeokinematic trends, thin ar rows
in di cate the re gional palaeotransport of sed i men tary ma te rial; 

for other ex pla na tions see Fig ures 1 and 2  



when an ini tial, rhomb-shaped pull-apart ba sin was formed in
the Intrasudetic Shear Zone (Wojewoda 2007a, b, c; Fig. 10A).

The U Devìti køížù area is lo cated al most cen trally within a
struc ture that was com posed, at that time, of the pres ent-day
ba sin struc tures – the Trutnov and Nachod bas ins. This area
was the ba sin depocentre in the Early Tri as sic (Up per
Buntsandstein, Röt). The area formed a lon gi tu di nally elon -
gated ba sin that rep re sented land pe ri od i cally flooded by the
Röt Sea. The re cord of this in ter val points to ter res trial and shal -
low-ma rine sed i men ta tion cou pled with high tec tonic and seis -
mic ac tiv ity (Fig. 10B). Due to the per ma nent me rid i o nal elon -
ga tion of the ba sin, the area be gan its pas sive stage of de vel op -
ment, be com ing an el e va tion within the ba sin (first stage of in -
ver sion). At that time, me rid i o nal synsedimentary ex ten sion
(synsedimentary listric faults) was par tic u larly in tense. The next 
stage is the Cre ta ceous trans gres sion, dur ing which the U

Devìti køížù area prob a bly rep re sented a dis tinct mor pho log i cal 
el e va tion. This is ev i denced, e.g. by a dis tinct ero sional bound -
ary be tween the Devìt køížù sand stones and the Peruc -
-Koryèany For ma tion. Gen er a tions of joint ing de vel oped al -
ready dur ing and af ter the for ma tion of the Cre ta ceous cover. In 
the last stage, most prob a bly dur ing the Mio cene, a sub se quent 
in ver sion took place, and the Nachod and Trutnov bas ins be -
came dis tinctly sep a rated from each other by the U Devìti køížù
mor pho log i cal el e va tion (Fig. 10C). Listric faults were most
prob a bly formed in this in ter val; to a large de gree they fol low the 
fault traces or use older synsedimentary de struc tion zones.
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